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Rezime

0.1 Motivacija

Razvoj informacionih tehnologija (IT): ra£unarstvo u oblaku, ra£unarstvo orijentisano na usluge,
ve²ta£ka inteligencija, analiza podataka, pra¢enje i predvi�anje itd. podrºani su od strane velike
ra£unarske infrastrukture, kao ²to su centri podataka. Tako�e, IT £esto koriste beºi£ne i mobilne
mreºe, paralelne i distribuirane sisteme. Distribuirani sistem je sistem £ije se komponente nalaze
na razli£itim ra£unarima, koji su umreºeni, komuniciraju i koordini²u svoje procese prenose¢i
poruke me�u sobom. Stoga, moºemo zaklju£iti da su distribuirani sistemi pogodniji za re²ava-
nje problema u pore�enju sa sekvencijalnim sistemima. Ipak, treba imati na umu da prilikom
modeliranja i implementacije sistema, distribuirani sistemi name¢u odre�ene prepreke. U svim
softverskim sistemima komunikacija i interakcija postali su centralne karakteristike sistema. Ta-
ko�e, analiza i veri�kacija softvera je sloºen i izazovan zadatak jer postoji op²ta pretpostavka da
softverski sistemi moraju da rade neograni£eno i bez neo£ekivanog prekida. Tokom prethodnih
nekoliko decenija, infrastruktura poput one koja podrºava ra£unarstvo visokih performansi po-
rasla je u obimu i sloºenosti. Njihova snaga, �eksibilnost i pogodnost idu zajedno sa potrebom
za e�kasnom potro²njom energije.

Veliki ra£unarski sistemi sve £e²¢e doºivljavaju prekide ili gre²ke, a mehanizmi/tehnike za
njihovo prevazilaºenje su od presudne vaºnosti. Formalne metode su tehnike koje omogu¢avaju
formalnu speci�kaciju i veri�kaciju sloºenih (softverskih i hardverskih) sistema, zasnovane na
matematici i logici. Postoji veliki broj formalnih metoda koje se koriste za pobolj²anje razvoja
softvera, koji radi na velikim ra£unarskim infrastrukturama. Formalne metode imaju primarni
zadatak, da predvide mogu¢nost pojave gre²ke u aplikacijama i obezbede pravovremenu reak-
ciju. Tako�e, one treba da obezbede da ne do�e do nepotrebnog rasipanja resursa (kao ²to je,
na primer, energija). Jedna od naj£e²¢ih formalnih metoda koji se koristi za analizu sloºenih si-
stema je proceni ra£un (ili procesna algebra). Procesni ra£uni su raznovrsna porodica povezanih
pristupa za formalno modeliranje sloºenih sistema. Stoga procesni ra£uni se mogu koristiti za iz-
raºavanje razli£itih koncepata, na primer, nedeterminizma, paralelizma, distribucije, problema u
realnom vremenu, stohasti£kih fenomena, itd. Kako je navedeno u [38], procesne algebre dolaze
sa preciznim matemati£kim okvirom koji ima dobro de�nisanu sintaksu i operacionu semantiku.
Operaciona semantika opisuje i veri�kuje svojstava konkurentnih komunikacionih sistema. Da-
kle, procesna algebra se fokusira na speci�kaciju i manipulaciju procesnim termima baziranih
na kolekciji simbola operatora [18], koji se koriste za konstrukciju: kona£nih procesa, paralelno
izvr²avanje, komunikaciju i oblik rekurzije za izraºavanje beskona£nog pona²anja. Primarna
komponenta procesne algebre je sintaksa. Kada je jezik sintaksno de�nisan, onda je klju£no
obezbediti na£in da se opi²e pona²anje sistema koji se modelira, ²to se postiºe uvo�enjem opera-
cione semantike. Operaciona semantika treba da opi²e na£in na koji se proces realizuje/redukuje.
Tokom proteklih £etrdeset godina, istraºiva£ki rad na procesnim algebrama je veoma intenzivan i
objavljen je zan£ajan broj rezultata. Kratak istorijski pregled razvoja procesne algebre predsta-
vljen je u radu [3]. Milnerov π-ra£un [33] u novije vreme je postao zna£ajan kao procesni ra£un
za razmi²ljanje o mobilnim sistemima. Postoji zna£ajan broj ra£una za teoriju konkurentnih
sistema u kojima se π-ra£un koristi kao osnova [1, 12, 20, 24, 23, 28, 41, 47, 29, 30, 49].
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Analizom softverskih aplikacija ustanovljeno je da je veliki broj istih zasnovan na dugoro£nim
transakcijama (eng. long-running transactions) kao osnovnom gradivnom elementu. Dugoro£ne
transakcije se £esto primenjuju u servisno orijentisanim sistemima [17], i opisuju vremenski op-
seºne aktivnosti koje uklju£uju nekoliko distribuiranih komponenti slabo povezanih resursa. U
ra£unarskim naukama: atomi£nost, doslednost, izolovanost i trajnost (eng. atomicity, consi-
stency, isolation, and durability � ACID) je skup svojstava transakcija £iji je cilj da garantuje
validnost £ak i u slu£aju da se pojave gre²ke, do�e do nestanka struje ili neke druge nepredvi�ene
situacije. Dugoro£ne transakcije ipak ne zadovoljavaju sva navedena svojstva. Ta£nije, one ne
zadovoljavaju izolovanost jer izvo�enje jedne dugoro£ne transakcije nema za cilj blokiranje celog
sistema. Odnosno, zbog prirode ovih sistema i vremenskog trajanja aktivnosti, nije mogu¢e
zaklju£ati (nelokalne) resurse. Za upravljanje dugoro£nim transakcijama, otkazivanje upravlja-
nja je osetljiv aspekt: potrebno je eksplicitno programirati mehanizme za otkrivanje gre²aka i
vra¢anje dugoro£ne transakcije u konzistentno stanje. Budu¢i da je projektovanje i potvr�ivanje
ispravnosti ovih mehanizama sklono gre²kama, specijalizovani konstrukti, kao ²to su izuzeci i
kompenzacije, predloºeni su da ponude direktnu programsku podr²ku.

Literatura nudi razli£ite konstrukte. U Javi, na primer, nalazimo konstrukciju �obrada izu-
zetka�, eng. try P catch e Q, gde je proces Q zaduºen za upravljanje izuzetkom e koji je podignut
unutar procesa P ; u WS-BPEL [2] nalazimo napredne mehanizme koji koriste gre²ku, prekid i
kompenzaciju za re²avanje gre²ke u kodu.

U ovoj disertaciji fokus je na istraºivanju programskih konstrukata koji podrºavaju upra-
vljanje gre²kama u centru mehanizama koji otkrivaju kvarove i vra¢aju sistem u konzistentno
stanje. Kao ²to im ime sugeri²e, mehanizmi za kompenzacije imaju za cilj da kompenzuju £inje-
nicu da je dugoro£na transakcija nai²la ne gre²ku ili je otkazana (tj. nije uspela da se realizuje).
Po prijemu signala gre²ke, od mehanizama za kompenzaciju se o£ekuje da instaliraju i aktivi-
raju alternativna pona²anja za oporavak doslednosti sistema. Takvo kompenzaciono pona²anje
moºe se razlikovati od po£etnog pona²anja dugoro£ne transakcije. �iroko prou£avani u servisno
orijentisanim sistemima, mehanizmi za upravljanje kompenzacijama tako�e nalaze primenu u
kolektivno adaptivnim sistemima (bar konceptualno), posebno zato ²to se autonomni ure�aji
po£inju koristiti u tradicionalnim transakcionim aktivnostima, poput distribucije i isporuke, na
primer, Amazon Prime Air i DHL-ov Parcelcopter.

U literaturi su predloºeni razli£iti ra£uni za konkurentne sisteme sa konstruktima za upra-
vljanje kompenzacijama (na primer, [5, 10, 31, 11, 17]). Nadovezuju¢i se na procesne ra£une kao
²to su Milnerov ra£un komunikacionih sistema (eng. Calculus of Communicating Systems �
CCS) [32], Hoareov ra£un komunikacionih sekvencijalnih procesa (eng. Communicating Sequ-
ential Processes � CSP) [27] i Milnerov π-ra£un [33], oni obuhvataju razli£ite oblike oporavka
sistema usled gre²ke i nude tehnike rezonovanja (npr. bihevioralnu ekvivalenciju) o komunici-
ranju procesa koji sadrºe konstrukte za kompenzacije. Sli£nosti izme�u mnogobrojih razli£itih
predloga (ra£una) nisu uvek sasvim jasni, a u literaturi postoje radovi koji imaju za cilj formalno
upore�ivanje ekspresivnosti predloºenih mehanizama. Konkretno, ekspresivna mo¢ takvih pro-
cesnih ra£una prou£avana je u radovima [11, 8, 29, 30]. Lanese sa koautorima u radu [29] bavi
se ovim pitanjem razvijaju¢i formalno pore�enje razli£itih pristupa dugoro£nim transakcijama u
konkuretnom i mobilnom okruºenju. U [29] autori razmatraju procesni jezik koji sadrºi razli£ite
mehanizme za rukovanje gre²kama.

Detaljnije, Lanese sa koautorima u [29] de�ni²e osnovni ra£un sa kompenzacijama, koji pro-
²iruje Milnerov π-ra£un sa slede¢im procesima:

� transakcija t[P ,Q], gde procesi P i Q predstavljaju podrazumevanu i kompenzacionu ak-
tivnost, respektivno,

� za²ti¢en blok 〈Q〉 i

� aºuriranje kompenzacije instbλX.Qc.P , koji ponovo kon�guri²e kompenzacionu aktivnost
Q.



iii 0.1. Motivacija

Kompenzabilni procesi (Stati£ki oporavak) � C Oznaka

Ra£un za kompenzabilne procese sa semantikom odbacivanja CD

Ra£un za kompenzabilne procese sa semantikom o£uvanja CP

Ra£un za kompenzabilne procese sa semantikom prekida CA

Kompenzabilni procesi (Dinami£ki oporavak) � Cλ Oznaka

Ra£un za kompenzabilne procese sa semantikom odbacivanja CλD
Ra£un za kompenzabilne procese sa semantikom o£uvanja CλP
Ra£un za kompenzabilne procese sa semantikom prekida CλA

Adaptivni procesi Oznaka

Ra£un za adaptivne procese sa subjektivnim aºuriranjem S

Ra£un za adaptivne procese sa objektivnim aºuriranjem O

Slika 1: Oznake za procesne ra£une koji se koriste u tezi.

Procesni ra£un sa kompenzacijama sa£injen je od stati£kog i dinami£kog oporavka. Ukoliko
nije dopu²teno aºuriranje kompenzacione aktivnosti onda za procesni ra£un sa kompenzacijama
kaºemo da je sa stati£kim oporavkom, u suprotnom je sa dinami£kim oporavkom. U ovom
procesnom ra£unu odgovor na gre²ke moºe se realizovati uz pomo¢ tri semantike:

� semantike odbacivanje (eng. discarding semantics),

� semantike o£uvanja (eng. preserving semantics),

� semantike prekida (eng. aborting semantics).

Jezik u [29], shodno gore navedenom, ima ²est razli£itih formalnih ra£una koji sadrºe osnovne
elemente za kompenzacije, Slika 1.

Blisko povezan sa mehanizmima za rukovanje kompenzacijama, ali na druga£iji na£in, pre-
dloºen je procesni ra£un za adaptivne procese. Procesni ra£un za adaptivne procese je predloºen
za speci�kaciju dinami£kog aºuriranja u komunikacionim sistemima [7]. Adaptivni procesi odre-
�uju oblike dinami£ke rekon�guracije koji su pokrenuti usled nekog neo£ekivanog doga�aja, ali
ne nuºno katastrofalnog. Jednostavan primer je rekon�guracija speci�£nih jedinica rojeva robota
(eng. robot swarm), ²to je obi£no te²ko predvideti i podrazumeva promenu pona²anja ure�aja.
Adaptivni procesi mogu se primeniti na lokacijama, koje sluºe kao grani£nici za dinami£ka aºu-
riranja. Proces P koji se nalazi na lokaciji l, ozna£en sa l[P ], moºe ponovo da se rekon�guri²e
pomo¢u pre�ksa za aºuriranje l{(X).Q}.R, gde proces Q ozna£ava rutinu prilago�avanja za
lokaciju l, parametrizovanu procesnom promenljivom X. Sa ova dva konstrukta, dinami£ko aºu-
riranje se ostvaruje prema slede¢em redukcionom pravilu, u kojem C1 i C2 ozna£avaju kontekste
proizvoljno ugneºdenih lokacija:

C1

[
l[P ]

]
| C2

[
l{(X).Q}.R

]
−→ C1

[
Q{P/X}

]
| C2

[
R
]

(1)

Ovaj tip aºuriranja nazivamo objektivnim aºuriranjem: locirani proces se ponovo kon�guri²e u
svom kontekstu koriste¢i pre�ks za aºuriranje, koji se nalazi u drugom kontekstu.
Zaista, pre�ks aºuriranja l{(X).Q} komunicira sa procesom aºuriranja l[P ] i preme²ta proces
Q iz konteksta C2 u kontekst C1, tako da je rekon�gurisano pona²anje Q{P/X} ostavljeno u
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kontekstu C1. Procesna promenljiva X se moºe pojaviti nula ili vi²e puta u procesu Q. Na-
pominjemo, ako Q ne sadrºi X, kao rezultat aºuriranja trenutno pona²anje P ¢e biti obrisano.
Na ovaj na£in, dinami£ko aºuriranje je oblik mobilnosti procesa, implementirano kori²¢enjem
komunikacije procesa vi²eg reda (eng. higher-order process communication). Ovakav oblik ko-
munikacije nalazi se u jezicima kao ²to su, na primer, π-ra£un vi²eg reda [51], Kelov ra£un [52]
i Homer [25].

Alternativa objektivnom aºuriranju je subjektivno aºuriranje u kojem se rekon�guracija pro-
cesa odvija u suprotnom pravcu: proces P na lokaciji l se pomera iz svog konteksta u kontekst
u kojem je sme²ten pre�ks za aºuriranje:

C1

[
l[P ] | R1

]
| C2

[
l{(X).Q}.R

]
−→ C1

[
0 | R1

]
| C2

[
Q{P/X} | R

]
(2)

Kao i objektivno aºuriranje, subjektivno aºuriranje se oslanja na mobilnost procesa. Me�utim,
kao ²to je ve¢ napomenuto, pravac pomeranja procesa se razlikuje. U (2) proces P se preme²ta
iz konteksta C1 u kontekst C2, a rekon�gurisno pona²anje Q{P/X} ostaje u svom kontekstu C2.
Primer koji sledi, ilustruje objektivno i subjektivno aºuriranje.

Primer 1. Poredimo subjektivno i objektivno aºuriranje pomo¢u primera koji smo pruzeli iz [7]
i adekvatno prilagodili. Posmatramo operator prekida koji zapo£inje izvr²avanje procesa P , ali
moºe napustiti njegovo izvr²avanje radi izvr²avanja procesa Q. Kada Q emituje signal za prekid
tQ, operator se vra¢a da izvr²i ono ²to je preostalo od procesa P . Koriste¢i adaptivne procese,
ova vrsta pona²anja mo²e se opisati kao ²to sledi u nastavku:

Sys = l1
[
l[P ] | R1

]
| l2
[
l{(X).Q | tQ.X}.R2

]
gde su l, l1 i l2 razli£ite lokacije, a ime tQ je poznato samo procesu Q. Proces Q ne sadrºi
procesnu promenljivu X. Ako proces P evoluira u proces P ′ neposredno pre nego ²to bude
prekinut, koriste¢i sematiku sa objektivnim aºuriranjem imamo slede¢i scenario:

Sys −→∗ l1
[
l[P ′] | R1

]
| l2
[
l{(X).Q | tQ.X}.R2

]
−→ l1

[
Q | tQ.P ′ | R1

]
| l2
[
R2

]
−→∗ l1

[
P ′ | R1

]
| l2
[
R2

]
Na ovaj na£in dobijeno je da proces P i njegov derivat P ′ ostaju na lokaciji l1. Treba uo£iti
da bi izvr²avanje Sys upotrebom semantike sa subjektivnim aºuriranjem dovelo do druga£ijeg
pona²anja, jer bi proces P ′ (kao i proces Q) pogre²no bio preme²ten na lokaciju l2:

Sys −→∗ l1
[
l[P ′] | R1

]
| l2
[
l{(X).Q | tQ.X}.R2

]
−→ l1

[
R1

]
| l2
[
Q | tQ.P ′ | R2

]
−→∗ l1

[
R1

]
| l2
[
P ′ | R2

]
Ovo pokazuje da bi se za postizanje planiranog pona²anja prekida u subjektivnom okruºenju
Sys trebao izmeniti, kako bi se proces P ′ na kraju vratio na lokaciju l1. Slede¢a varijacija Sys
to postiºe:

Sys′ = l1
[
l[P ] | l′{(X).X}.R1

]
| l2
[
l{(X).l′[Q | tQ.X]}.R2

]
gde se koristi l′ kao pomo¢na lokacija koja treba da posluºi da se proces P ′ iz lokacije l2 vrati
na lokaciju l1.

Na osnovu prethodnog pregleda procesnih ra£una sa kompenzacijama i adaptacijama, vaºno
je da primetimo da su kompenzacije i aºuriranje intuitivno sli£ni. Sli£nost ovih ra£una ogleda se
u tome ²to oba odre�uju kako se osobina konkurentnog sistema menja u vremenu kao odgovor
na neo£ekivani doga�aj. Sa druge strane, treba naglasiti da su ovi ra£uni tehni£ki veoma razli£iti.
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Slika 2: Kodiranje CD, CP, CA u S i O. Strelica ozna£ava kodiranje.

Cilj ove teze je da formalno poveºe programske apstrakcije za rukovanje kompenzacijama
(tipi£ne za modele namenjene za usluge i dugoro£ne transakcije) i dinami£kog aºuriranja tokom
izvr²avanja. U disertaciji, porede se mehanizmi za rukovanje kompenzacijama i dinami£kim aºu-
riranjem u ra£unima za konkurentne sisteme. Analizirala se relativna ekspresivnost pomenutih
ra£una. Konkretno, razvijeno je dvanaest kodiranja : ²est procesnih ra£una za rukovanje kom-
penzacijama u dva ra£una za adaptivne procese. Pregled rezultata ilustrovan je pomo¢u Slike 2
i Slike 3.

Tako�e, kodiranja ra£una sa kompenzacijama u ra£un sa adaptacijama zadovoljavaju (sve ili
odabrane) dobro poznate kriterijume kodiranja, koje je predstavio Gorla u radu [22]:

(1) kompozicionalnost

(2) invarijantnost kodiranja u odnosu na izbor imena

 strukturni kriterijumi

(3) operaciona korespodencija (kompletnost i valjanost)

(4) re�eksija divergencije

(5) osetljivost na uspeh

 semanti£ki kriterijumi

Studije o ekspresivnosti procesnih ra£una imaju dugu istoriju i predstavljaju veoma aktivnu
oblast istraºivanja. Nedavni prikaz savremenih pristupa o formalnim pore�enjima razli£itih
procesnih ra£una predstavljen je u [44]. Analizirati kvalitet kodiranja i isklju£iti trivijalna ili
besmislena kodiranja je zadatak kriterijuma za kodiranje ([45, 39, 37, 40, 22]). Kao ²to je ve¢
prethodno navedeno, za formalizaciju kodiranja u ovoj disertaciji koriste se kriterijumi koje je
predstavio Gorla u [22]. Izabrani kriterijumi kvaliteta omogu¢i¢e da dobijeni rezultati kodira-
nja budu razumni i uporedivi. U odnosu na kriterijume iz [22], de�nicija validnog kodiranja
(De�nition 2.3.5) sadrºi slede¢e razlike:
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Slika 3: Kodiranje CλD , CλP , CλA u S i O. Strelica ozna£ava kodiranje.

(1) kako bi se uzele u obzir putanje ρ u kojima se nalaze transakcije, razmatra se pojam
kompozicionalnost koji je manje �eksibilan od Gorlinog,

(2) oslanjamo se na oblik operacione korespodencije � kompletnost koja, za razliku od Gorline,
eksplicitno opisuje broj koraka u ciljanom formalnom ra£unu potrebnih za opona²anje
koraka u izvornom formalnom ra£unu i

(3) razmatra se novi kriterijum kodiranja, nazvan e�kasnost, koji omogu¢ava da se precizno
uporede kodiranja.

U vezi sa ta£kom (3) treba napomenuti da se ne zna za radove koji koriste kriterijum koji je sli£an
kriterijumu e�kasnosti. Najbliºu povezanost moºemo na¢i sa radom koji su predstavili Lanese,
Vaz i Fereira [29] kao i sa radom Lanese i Zavataro [30]. Rad u [29] analizira ekspresivnu mo¢
ra£una sa kompenzacijama fokusiraju¢i se na tri razli£ita mehanizma speci�kacije za kompenza-
cije: stati£ki oporavak, paralelni oporavak i dinami£ki oporavak. Autori pokazuju da se paralelni
oporavak (gde se kompenzacija dinami£ki gradi kao paralelni sastav kompenzacionih elemenata)
moºe kompoziciono kodirati pomo¢u stati£kog oporavka. Tako�e, autori u [29] pokazuju ne-
mogu¢nost kodiranja dinami£kog oporavka pomo¢u stati£kog oporavka. Rad u [30] predstavlja
fundamentalne razlike izme�u stati£kog i dinami£kog oporavka: pokazano je da je prekid (tj.
odsustvo beskona£ne putanje ra£unanja koja po£inje od datog procesa) odlu£ivo svojstvo za
procese sa stati£kim oporavkom, ali neodlu£ivo za procese sa dinami£kim oporavkom.

Rezultati o ekspresivnosti, predstavljeni u disertaciji, dopunjuju rezultate predstavljene u [29,
30] implementacijom stati£kog i dinami£kog oporavka u kompenzabilnim procesima koriste¢i
razli£ite okvire procesa de�nisane za adaptivne procese. U istom kontekstu, ali manje povezano,
Vaz i Fereira [29] prou£avaju kriterijume kada su kompenzabilni procesi ispravni i uspostavljaju
da je �self-healing� kompenzacija korektna. Kriterijumi predstavljeni u [29] su razli£iti od dobro
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formiranih kompenzabilnih procesa koje smo mi razvili kako bismo formalizovali kodiranje, za
koje je noti�kacija gre²ke od krucijalne vaºnosti.

Braveti i Zavataro [8] porede ekspresivnost ra£una koji predstavlja varijantu Milnerovog
CCS-a pro²irenog sa operatorom prekida iz CSP: �obrada izuzetka� (eng. �try-catch�) operator
za rukovanje izuzetkom, operatori replikacije i rekurzije. Njihovo pore�enje zasnovano je na
(ne)odlu£ivosti egzistencijalnih i univerzalnih problema prestanka: prvi se ti£e postojanja jednog
zavr²nog ra£unanja, dok se drugi pita da li se sva ra£unanja zavr²avaju. Autori dokazuju da u
CCS-u sa replikacijom nema razlike izme�u prekida i �obrade izuzetka�: univerzalni prekid je
odlu£iv, dok egzistencijalni nije. Nasuprot tome, u CCS-u sa rekurzijom i �obradom izuzetka�,
univerzalni problem zavr²etka postaje neodlu£iv, otkrivaju¢i tako jaz u ekspresivnosti u odnosu
na jezik sa rekurzijom i prekidom.

U nastavku su predstavljeni konkretni doprinosi ove teze.

0.2 Doprinosi disertacije

Disertacija doprinosi teoriji konkurentnih sistema sa originalnim rezultatima o relativnoj ekspre-
sivnosti procesnih ra£una koji poseduju mogu¢nost adaptacije i dinami£kog aºuriranja tokom iz-
vr²avanja. Rezultati predstavljeni u disertaciji su jedinstveni u literaturi. Tako�e, predstavljeni
rezultati produbljuju i pobolj²avaju razumevanje teorije konkurentnih sistema u celosti.
Preciznije, glavna tema disertacije je upore�ivanje procesnih ra£una za rukovanje kompenzaci-
jama sa dinami£kim aºuriranjem, sa stanovi²ta relativne ekspresivnosti.

Postoje opravdani razlozi za prou£avanje ra£una za rukovanje kompenzacijama, formalizo-
vanom u [29] i za dinami£ko aºuriranje, formalizovanom u [7]. S jedne strane, ra£un za kom-
penzacije u [29] je dovoljno ekspresivan da obuhvati nekoliko razli£itih jezika koji su predloºeni
u literaturi. Analize izraºajnosti u [29] su prili£no iscrpne i donose istovetnost u prou£avanju
formalnih modela za dugoro£ne transakcije. Zbog svoje izraºajnosti, ovaj ra£un predstavlja
odgovaraju¢u polaznu ta£ku za dalja istraºivanja. S druge strane, ra£un za adaptivne procese
predstavljen u [7] je jednostavan procesni model dinami£ke adaptacije i rekon�guracije, zasnovan
na nekoliko procesnih terma i operacionoj semantici, koja podrºava dve vrste aºuriranja: objek-
tivno i subjektivno aºuriranje. Nasuprot tome, kao ²to ¢emo prikazati, ra£un za kompenzacije
oslanja se na zamr²en ozna£eni tranzicioni sistem. Kao takvi, adaptivni procesi obezbe�uju �ek-
sibilan okvir koji koristimo za razja²njavanje osnova mehanizama za rukovanje kompenzacijama,
iz nove perspektive.
Preciznije opisan doprinos disertacije predstavljen je u nastavku:

(1) Pruºamo objedinjenu, sveobuhvatnu prezentaciju dvanaest preslikavanja izme�u ra£una
za kompenzacije u ra£un za adaptivne procese, uzimaju¢i u obzir objektivna i subjektivna
aºuriranja. Pratimo i pobolj²avamo rezultate o ekspresivnosti koje smo predstavili u [16]
i [14], respektivno.

(2) Utvr�ujemo ispravnost posmatranih dvanaest preslikavnja. Ta£nije, utvr�ujemo da su
prevodi CD u S i O validna kodiranja � zadovoljavaju kompozicionalnost, invarijantnost
kodiranja u odnosu na izbor imena, operacionu korespondenciju, re�eksiju divergencije i
osetljivost na uspeh � svojstva koja svedo£e o robusnosti preslikavnja. Za prevo�enja CλD ,
CA, CλA u S i O utvr�ujemo da zadovoljavaju osobine: kompozicionalnost, invarijantnost ko-
diranja u odnosu na izbor imena i operacionu korespondenciju. Analize ostalih kriterijuma
ostavljene su za budu¢i rad. Utvr�ujemo i da prevodi CP i CλP u S i O zadovoljavaju kri-
terijume invarijantnosti kodiranja u odnosu na izbor imena i operacionu korespondenciju,
dok su analize ostalih kriterijuma ostavljene za budu¢a istraºivanja.

(3) Koristimo uvedenih dvanaest preslikavanja kako bismo jasno razlikovali subjektivno i
objektivno aºuriranje u ra£unima za konkurentne sisteme. Razmatra se novi kriterijum
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kodiranja, nazvan e�kasnost, koji omogu¢ava da se kodiranja precizno uporede. E�kasnost
se de�ni²e apstraktno, uzimaju¢i u obzir broj koraka redukcije koji su potrebni ciljnom
jeziku da bi imitirali pona²anje izvornog jezika. U disertaciji je dokazano sa su subjek-
tivna aºuriranja bolje prilago�ena za kodiranje kompenzabilnih procesa jer ostvaruju bolje
rezultate operacione korespondencije.

(4) Razvili smo klasu dobro formiranih kompenzabilnih procesa za formalizovanje kodiranja.
Preciznije, ova klasa procesa onemogu¢ava odre�ene nedeterministi£ke interakcije koje
uklju£uju ugneºdene transakcije i obave²tenja o gre²kama.

Ta£ku (3) je potrebno dodatno objasniti. �vrsto verujemo da postoji opravdana potreba za
konstruisanjem i dokazivanjem dvanaest preslikavanja. Glavni razlog je ²to tri razli£ite semantike
sa stati£kom kompenzacijom: odbacivanje, o£uvanje i prekidanje implementiraju razli£ite nivoe
za²tite. Intuitivno:

� kompenzabilni procesi sa semantikom odbacivanja vode ra£una samo o kompenzacionoj
aktivnosti u transakciji i za²ati¢enom bloku,

� kompenzabilni procesi sa semantikom o£uvanja pored za²ti¢enih blokova tako�e ²tite i
ugneºdene transakcije. Svi procesi koji nisu zatvoreni u za²ti¢enom bloku se odbacuju,

� kompenzabilni procesi sa semantikom prekida zadrºavaju sve za²ti¢ene blokove i kompen-
zacijske aktivnosti u podrazumevanoj aktivnosti, uklju£uju¢i one u ugneºdenim transakci-
jama.

Kao ilustraciju posmatrajmo proces P = t
[
t1[P1,Q1] | t2[〈P2〉,Q2] | R | 〈P3〉,Q5

]
. Dakle, u zavi-

snosti od izbora semantike dobijamo slede¢e:

CD : t | P τ−−→D 〈P3〉 | 〈Q5〉;

CP : t | P τ−−→P 〈P3〉 | 〈Q5〉 | t1[P1,Q1] | t2[〈P2〉,Q2];

CA : t | P τ−−→A 〈P3〉 | 〈Q5〉 | 〈P2〉 | 〈Q1〉 | 〈Q2〉.

U semantici odbacivanja sa£uvani su samo za²ti¢eni blokovi na najvi²em nivou. Stoga se vodi
ra£una samo o kompenzacionoj aktivnosti za transakciju t i za²ti¢enom bloku 〈P3〉. Semantika
o£uvanja ²titi i ugneºdene transakcije t1 i t2. Proces kao ²to je R, bez za²ti¢enog bloka, se
odbacuje. Kona£no, semantika prekida zadrºava sve za²ti¢ene blokove i aktivnosti kompenzacije
u podrazumevanoj aktivnosti za t, uklju£uju¢i i one u ugneºdenim transakcijama, kao ²to je
proces 〈P2〉.

Tako�e, u disertaciji razmatramo kompenzabilne procese sa dinami£kim oporavkom. Glavna
razlika u pore�enju sa kompenzabilnim procesima sa stati£kim oporavkom je u tome ²to proces
P iz transakcije t[P ,Q] moºe da aºurira kompenzacionu aktivnost Q. Aºuriranje kompenzacione
aktivnosti zapravo vr²i novi operator instbλY.Rc.P ′, gde je funkcija λY.R aºuriranje kompenza-
cije (Y se moºe pojaviti unutar R). Primena takvog aºuriranja kompenzacije na kompenzacionu
aktivnost Q proizvodi novu kompenzacionu aktivnost R{Q/Y }, nakon internog prelaska. Treba
imati na umu da se proces R moºda ne¢e pojaviti u nastaloj kompenzacionoj aktivnosti, a moºe
se pojaviti i vi²e puta. Na primer, λY.0 bri²e trenutnu kompenzacionu aktivnost.

Na osnovu prethodno predstavljene intuicije za razli£ite semantike, koristimo slede¢i primer
da jo² jednom ilustrujemo kompenzabilne procese sa semantikom odbacivanja.

Primer 2. Posmatrajmo jednostavan scenario rezervacije hotela, u kojem hotel i klijent stupaju
u interakciju kako bi klijent rezervisao i platio sobu, a potom razmenjuju fakturu. Ovaj scenario
moºe biti predstavljen kori²¢enjem kompenzabilnih procesa na slede¢i na£in:

Reservation
def
= Hotel | Client
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Client
def
= book.pay.(invoice+ t.refund)

Hotel
def
= t[book.pay.invoice,refund]

Pona²anje hotela predstavljeno je kao transakcija t koja omogu¢ava klijentima da rezervi²u sobu
i da je plate. Ako je klijent zadovoljan rezervacijom, hotel ¢e mu poslati ra£un. U suprotnom,
klijent moºe otkazati transakciju; u tom slu£aju hotel nudi klijentu povrat novca. Pretpostavimo
da klijent odlu£i da otkaºe svoju rezervaciju. Kao ²to ¢emo videti, postoje £etiri koraka prelaska
za proces Reservation:

Reservation
τ−−→D t[pay.invoice,refund] | pay.(invoice+ t.refund)
τ−−→D t[invoice,refund] | invoice+ t.refund
τ−−→D 〈refund〉 | refund
τ−−→D 〈0〉 | 0.

Kako bismo jo² jednom uputili £itaoca na sli£nosti i razlike izme�u kompenzabilnih i adap-
tivnih procesa, prethodni primer analizira¢emo i u kontekstu adaptacija.

Primer 3. Razmotrimo ponovo scenario rezervacije hotela iz Primera 2, ovaj put izraºen kori-
ste¢i ra£un za adaptivne procese:

Reservation
def
= Hotel | Client

Client
def
= book.pay.(t.refund+ invoice)

Hotel
def
= t[book.pay.invoice] | t.t〈〈(Y ).0〉〉 | pt[refund]

Koristimo CCS procese sa lokacijama i (subjektivnim) pre�ksima aºuriranja. Pona²anje
klijenta uklju£uje slanje zahteva za rezervaciju i pla¢anje sobe, nakon £ega sledi prijem ra£una
od strane hotela ili gre²ka na t koja ozna£ava kraj transakcije i zahtev za povrat novca. O£ekivano
pona²anje hotela nalazi se na lokaciji t: hotel omogu¢ava klijentu da rezervi²e sobu i plati je. Ako
je klijent zadovoljan rezervacijom, hotel ¢e mu/joj poslati ra£un. Speci�kacija hotela uklju£uje:

(i) subjektivni pre�ks aºuriranja t〈〈(Y ).0〉〉 (na isti na£in moºe se koristiti objektivno aºurira-
nje t{(Y ).0}), koji bri²e lokaciju t sa njenim sadrºajem u slu£aju da klijent nije zadovoljan
rezervacijom i

(ii) jednostavnu proceduru povrata novca koja se nalazi na lokaciji pt, koja upravlja interak-
cijom sa klijentom u tom scenariju.

Ako klijent odlu£i da otkaºe rezervaciju, koraci redukcije za proces Reservation bi bili slede¢i:

Reservation −→ t[pay.invoice] | t.t〈〈(Y ).0〉〉 | pt[refund] | pay.(t.refund+ invoice)

−→ t[invoice] | t.t〈〈(Y ).0〉〉 | pt[refund] | t.refund+ invoice

−→ t[invoice] | t〈〈(Y ).0〉〉 | pt[refund] | refund
−→ pt[refund] | refund
−→ pt[0].

U ovom primeru mogli smo da upotrebimo i objektivno aºuriranje t{(Y ).0} umesto subjek-
tivnog aºuriranja t〈〈(Y ).0〉〉. Upotrebom objektivnog aºuriranja, pona²anje procesa Reservation
je veoma sli£no prikazanom.

Razvili smo kodiranje za razli£ite semantike kompenzabilnih procesa u adaptibilne procese
u dva slu£aja, tj. za subjektivno i objektivno aºuriranje. Kodiranje u adaptibilne procese
sa objektivnim aºuriranjima otkriva izvesna ograni£enja: predstavljaju¢i �relokaciju� za²ti¢enih
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blokova raspore�enih unutar ugneºdenih transakcija, objektivna aºuriranja ostavljaju procese
na �pogre²noj� lokaciji. Ova situacija podse¢a na razlike prikazane u Primeru 1. Da bi se to
ispravilo, kodiranje koristi dodatne sinhronizacije za dovo�enje procesa na odgovaraju¢e lokacije.
Ovo se zna£ajno odraºava na cenu opona²anja koraka izra£unavanja izvornog ra£una, mereno
brojem povezanih koraka ra£unanja ciljanog ra£una (koji su navedeni u tvr�enjima o operacionoj
korespodenciji). Kodiranje u ra£un sa subjektivnim aºuriranjima nema ovo ograni£enje, pa je u
skladu sa tim e�kasnije od kodiranja koje koristi objektivno aºuriranje.

Rezultati kodiranja pokazali su da je kodiranje kompenzabilnim procesa sa semantikom pre-
kida (sa stati£kim i dinami£kim oporavkom) u adaptibilne procese (sa subjektivnim i objektiv-
nim aºuriranjem) najsloºenije. Ovakvi dobijeni rezultati su o£ekivani, jer je semantika prekida
pokazala da ima najvi²i nivo za²tite.

0.3 Publikacije i struktura disertacije

Publikacije Disertacija objedinjuje, revidira i dopunjuje rezultate iz rada predstavljenog na
me�unarodnoj konferenciji:

• J. Dedei¢, J. Pantovi¢, and J. A. Pérez. On compensation primitives as adaptable
processes. In S. Crafa and D. Gebler, editors, Proceedings of the Combined 22nd
International Workshop on Expressiveness in Concurrency and 12th Workshop on
Structural Operational Semantics, and 12th Workshop on Structural Operational
Semantics, EXPRESS/SOS 2015, Madrid, Spain, 31st August 2015., volume 190 of
EPTCS, pages 16− 30, 2015 ([16]).

U ovom radu predstavljamo translacije iz ra£una za kompenzabilne procese u ra£un za
adaptibilne procese sa objektivnim aºuriranjem. Nastavak istraºiva£kog rada inspirisan je
istom temom. Kao rezultat daljeg istraºivanja objavljen je slede¢i rad:

• J. Dedei¢, J. Pantovi¢, and J. A. Pérez. E�cient compensation handling via subjective
updates. In Proceedings of the Symposium on Applied Computing, SAC'17, pages
51− 58, Marrakesh, Morocco, April 3− 7, 2017. ACM ([14]).

U ovom radu predstavili smo translacije iz ra£una za kompenzabilne procese u ra£un za
adaptivne procese sa subjektivnim aºuriranjem i uporedili ih sa rezultatima iz [16]. Izveli
smo zaklju£ak da su translacije/kodiranja sa subjektivnim aºuriranjem bolja, u smislu
e�kasnosti, od kodiranja sa objektivnim aºuriranjima, jer produkuju bolje rezultate ope-
racione korespondencije.

Istraºivanje smo nastavili, jer smo uo£ili da prethodni rezultati koje smo objavili zahtevaju
dodatnu analizu, veri�kaciju i pro²irenja. Novodobijeni rezultati objavljeni su u:

• J. Dedei¢, J. Pantovi¢, and J. A. Pérez. On primitives for compensation handling
as adaptable processes. Journal of Logical and Algebraic Methods in Programming,
page 100675, 2021 ([15]).

Ovaj rad prikuplja i pobolj²ava preliminarne rezultate iz radova [16] i [14]. Dok smo
u [16] prou£avali kodiranje u adaptibilne procese sa objektivnim aºuriranjem, u [14] smo
prou£avali kodiranje u adaptibilne procese sa subjektivnim aºuriranjem i upore�ivali ih
sa rezultatima iz [16]. Glavna razlika izme�u radova [16, 14] i rada koji je objavljen u
£asopisu ([15]) je u tome ²to se u konferencijskim radovima koncentri²emo na odre�eni
izvorni ra£un, naime na ra£un u [29] sa stati£kim oporavkom i semantikom odbacivanja
(Figure 2, kodiranje CD u S i O). Istraºivanje u radovima [16, 14] uzima u obzir i izvorne
ra£une sa dinami£kim oporavkom i/ili semantikom o£uvanja i prekida. Ra£un sa stati£kim
oporavkom i semantikom odbacivanja nedvosmisleno de�ni²e najjednostavnije pode²avanje
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za oba kodiranja, u kojem se klju£ne razlike izme�u kompenzacionih i adaptibilnih procesa
mogu preciznije predstaviti. Tako�e, fokus na semantici odbacivanja nam omogu¢ava
saºetu prezentaciju rezultata. U radu iz £asopisa pro²irujemo analizu (e�kasnog) kodiranja
izvornih ra£una sa semantikom koju smo razmatrali u [16] i [14].

U nastavku navodimo klju£na pro²irenja rezultata koji su razvijeni u radu iz £asopisa:

(1) Razvijamo klasu dobro formiranih kompenzabilnih procesa za formalizovanje kodira-
nja, za koje su obave²tenja o gre²kama klju£na. Preciznije, ova klasa procesa onemo-
gu¢ava odre�ene nedeterministi£ke interakcije koje uklju£uju ugneºdene transakcije i
obave²tenja o gre²kama.

(2) Pro²irujemo kriterijume uklju£ene u de�niciju validnog kodiranja. Dodati su slede¢i
kriterijumi: invarijantnost kodiranja u odnosu na izbor imena, re�eksija divergencije
i osetljivost na uspeh. Stoga smo pro²irili rad sa dodatnim de�nicijama i teoremama
koje imaju za cilj da veri�kuju da kodiranje zadovoljava novouvedene kriterijume.

(3) Razvijamo dodatne de�nicije i teoreme potrebne za dokaze operacione korespodencije
(potpunost i valjanost).

Struktura disertacije Disertacija je organizovana u sedam poglavlja.

Prvo poglavlje prikazuje osnovne motive za razvoj translacije procesnog ra£una za kom-
penzacije predstavljenog u [29] u procesni ra£un sa adaptacijama predstavljenog u [7].
Tako�e, ovo poglavlje daje pregled literature koja je povezana sa temom istraºivanja
predstavljenoj u disertaciji.

Drugo poglavlje pruºa pregled teorijskih osnova za disertaciju, uvodi osnovnu termino-
logiju i pojmove koji se koriste u disertaciji. Tako�e, pruºa fundamentalni pregled
ra£una za kompenzabilne procese i ra£una za adaptivne procese. Najpre na nefor-
malan na£in, kroz primere, uvodimo procesne ra£une, a zatim sledi njihov formalan
prikaz kroz detaljnu analizu sintakse i operacione semantike. Ovo poglavlje sadrºi i
de�niciju dobro formiranih kompenzabilnih procesa, klase procesa koja onemogu¢ava
odre�ene nedeterministi£ke interakcije. Dobro formirani kompenzabilni procesi pred-
stavljaju, izme�u ostalog, originali nau£ni doprinos ove disertacije. Pored navedenog,
drugo poglavlje predstavlja glavna pitanja analize ekspresivnosti procesa u konku-
rentnim sistemima i daje pregled literature o studijama ekspresivnosti i tehnikama
koje su kori²¢ene.

Tre¢e poglavlje ima za glavnu temu, da predstavi translaciju/kodiranje ra£una za kom-
penzabilne procese u ra£un za adaptivne procese sa subjektivnim aºuriranjem. Dakle,
uvodimo osnovne pojmove i oznake, zatim predstavljamo kodiranja CD, CP i CA u S.
Dokazujemo da kodiranja zadovoljavaju sve ili odre�ene osobine de�nisane za validno
kodiranje.

�etvrto poglavlje predstavlja translaciju/kodiranje ra£una za kompenzabilne procese u
ra£un za adaptivne procese sa objektivnim aºuriranjem. Dakle, uvodimo osnovne
pojmove i oznake, zatim predstavljamo kodiranja CD, CP i CA u O. Dokazujemo da
kodiranja zadovoljavaju sve ili odre�ene osobine de�nisane za validno kodiranje. Ta-
ko�e, u ovom poglavlju bavimo se pitanjem e�kasnosti kodiranja. S obzirom da
su u disertaciji razvijene dve vrste kodiranja kompenzabilnih procesa u adaptibilne
procese, u smislu: kodiranje sa subjektivnim i objektivnim aºuriranjem, u ovom po-
glavlju upore�ujemo njihovu e�kasnost. E�kasnost se de�ni²e apstraktno, uzimaju¢i
u obzir broj koraka redukcije koji su potrebni ciljnom jeziku da bi imitirali pona²a-
nje izvornog jezika. Preciznije, dokazujemo da su kodiranja koja koriste subjektivno
aºuriranje e�kasnija od kodiranja koja koriste objektivno aºuriranje.
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Peto poglavlje pro²iruje sintaksu za kompenzabilne procese za dinami£ko aºuriranje
kompenzacione aktivnosti. Tako�e, diskutuju se odgovaraju¢a pro²irenja dobro for-
miranih kompenzabilnih procesa. Me�utim, glavna tema ovog poglavlja je predsta-
vljanje prevo�enja kompenzabilnih procesa sa dinami£kim oporavkom, CλD , CλP i CλA u
adaptivne procese sa subjektivnim aºuriranjem, S. Zatim se dokazuje da de�nisana
kodiranja zadovoljavaju odabrane osobine iz de�nicije validnog kodiranja.

�esto poglavlje predstavlja translacije/kodiranja kompenzabilnih procesa sa dinami£kim
oporavkom, CλD , CλP i CλA u adaptivne procese sa objektivnim aºuriranjem, O. Nakon
de�nisanja kodiranja sledi postupak dokazivanja da kodiranja zadovoljavaju odabrane
osobine iz de�nicije validnog kodiranja. Ovo poglavlje se tako�e bavi pitanjem e�ka-
snosti kodiranja kompenzabilnih procesa sa dinami£kim aºuriranjem. Ta£nije, ponovo
je dokazano da su kodiranja koja koriste subjektivno aºuriranje e�kasnija od kodiranja
koja koriste objektivno aºuriranje.

Sedmo poglavlje sadrºi zaklju£ak disertacije. Tako�e, prikazuje diskusiju o aktuelnim i
budu¢im pravcima istraºivanja kandidata.
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Abstract

Identifying uniform and rigorous ways of comparing di�erent models of computation from the
point of view of their expressiveness is a longstanding and important research theme in con-
currency theory. In the case of process calculi, these comparisons aim at clarifying to what
extent the process constructs in already existing calculi relate to each other. We see this as
an essential prerequisite step towards the de�nition of sensible, widely applicable programming
abstractions. This dissertation contributes to foundational studies of the relative expressiveness
of process calculi. We concentrate on calculi with constructs for compensation handling and dy-
namic update, which are increasingly relevant in the rigorous speci�cation of reliable computing
systems. Compensations and updates are intuitively similar: both specify how the behavior of a
computing system changes at runtime in response to an exceptional event. Process calculi with
these constructs, however, are technically quite di�erent. We study the relative expressiveness
of these calculi by developing encodings: language translations that enjoy precise correctness
properties, which bear witness to the quality of the translation. Encodings can be seen as formal
compilers that correctly translate process terms from a source language (in our case, a calculus
with compensation handling) into a target language (in our case, a calculus of adaptable pro-
cesses, which implements dynamic update). We consider two di�erent target languages, which
account for complementary forms of process mobility: the �rst consists of adaptable processes
with subjective updates, in which, intuitively, a process recon�gures itself; the second target lan-
guage considers objective updates, in which a process is recon�gured by another process in its
context. Our main technical contributions are encodings that preserve well-known correctness
properties, namely compositionality, name invariance, operational correspondence, divergence
re�ection and success sensitiveness. Our encodings not only represent a non-trivial application
of process mobility as present in adaptable processes; they also shed light on the intricate se-
mantics of processes with compensation.
Key Words: concurrency, semantics of programming languages, process calculi, compensation
handling, dynamic update, expressiveness.

xiv
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CHAPTER 1

Introduction

1.1 Motivation

Recent information technology (IT) advances: cloud computing, service-oriented computing,
arti�cial intelligence, data analytics, monitoring and predicting, etc., are supported by large
computing infrastructures such as data-centers. Also, IT frequently uses wireless and mobile
networking, parallel and distributed systems. A distributed system is one in which the com-
ponents are spread across multiple networked computers, which communicate and coordinate
their actions by sending messages to one another. Therefore, distributed systems are more
convenient than sequential systems for solving a problem. In sequential computing, each step
is carried out one at a time, while in distributed computing, a problem is distributed across
multiple computing devices. Sequential computing has drawbacks: takes a long time and is
very expensive in programs with large number of steps. Nonetheless, when modeling and im-
plementing correct systems, distributed systems impose greater obstacles such as: unreliable
network, slow processes, unexpected load, etc. In all software systems, communication and in-
teraction have become central features. Also, analysis and veri�cation of software are complex
and challenging assignments since there is a general assumption that software systems have to
operate inde�nitely and without unexpected termination. Over the last few decades, infrastruc-
tures such as those supporting high-performance computing have grown in scale and complexity.
Their power, �exibility, and convenience go hand-by-hand with the need for e�cient energy con-
sumption. Large systems may experience a variety of faults or errors with increasing frequency,
and mechanisms/techniques for overcoming them are of crucial importance. Formal methods
are techniques suitable for the formal speci�cation and veri�cation of complex (software and
hardware) systems based on mathematics and logic. There are plenty of formal methods for
improving software development that runs on large computing infrastructures. Formal methods
have the primary task of anticipating the possibility of errors in applications and ensure a timely
response. They should also avoid unnecessary waste of resources (such as energy, for example).

Building on what has been said before, many software applications are based on long-running
transactions (henceforth LRTs) as a fundamental building block. Frequently found in service�
oriented systems, [17], LRTs describe time-extensive activities that involve several distributed
components, and loosely coupled resources. In computer science, ACID (atomicity, consistency,
isolation, and durability) is a set of attributes for transactions that ensures their validity even
in the face of errors, power outages, and other problems. LRTs do not satisfy isolation since
the execution of a single LRT is not intended to block the whole system, i.e., due to the nature
of these systems and the time duration of the activities, it is not feasible to lock (non-local)
resources. For LRTs management, handling failures is one sensitive aspect: mechanisms for
detecting failures and bringing the LRT back to a consistent state need to be explicitly pro-
grammed. As designing and certifying the correctness of such mechanisms are error prone,

1



Chapter 1. Introduction 2

specialized constructs, such as exceptions and compensations, have been put forward to o�er di-
rect programming support. The literature o�ers a variety of constructs. In Java, for instance, we
�nd the construct try P catch e Q, where Q is in charge of managing exceptions e raised inside P ;
in WS-BPEL [2] we �nd advanced mechanisms exploiting fault, termination, and compensation
handlers to handle errors.

We are interested in researching programming constructs that support failure handling at
the heart of mechanisms that detect failures and bring the system back to a consistent state.
As their name suggests, compensation mechanisms are meant to compensate the fact that an
LRT has received a failure signal. Upon receiving a failure signal, compensation mechanisms are
expected to install and activate alternative behaviors for recovering system consistency. Such
compensation behavior may be di�erent from the LRT's initial behavior. Widely studied in
service-oriented settings, forms of compensation handling also �nd an application in Collective
Adaptive Systems (at least conceptually), especially as self-autonomous devices begin to be
used in traditional transactional activities, such as distribution and delivery � consider, e.g.,
Amazon's Prime Air and DHL's Parcelcopter.

A variety of calculi for concurrency with constructs for compensation handling has been pro-
posed (see, e.g., [5, 10, 31, 11, 17]). Building upon process calculi such as CCS [32], CSP [27], and
the π-calculus [33], they capture di�erent forms of error recovery and o�er reasoning techniques
(e.g., behavioral equivalences) on communicating processes with compensation constructs. The
relationships between the di�erent proposals are not clear, and there has been work aimed to
formally compare the expressiveness of the proposed mechanisms. The expressive power of such
proposals has also been studied [11, 8, 29, 30]. Lanese et al. [29] address this question by devel-
oping a formal comparison of di�erent approaches to LRTs in a concurrent and mobile setting.
They consider a process language on top of which di�erent primitives for error handling are
uniformly considered.

More in detail, Lanese et al. [29] de�ne a core calculus of compensable processes, which
extends the π-calculus with transactions t[P ,Q] (where processes P and Q represent default
and compensation activities, respectively), protected blocks 〈Q〉, and compensation updates
instbλX.Qc.P , which recon�gure a compensation activity. To this end, compensations may
admit static or dynamic recovery (depending on whether compensation updates are allowed)
and the response to failures can be speci�ed via preserving, discarding, and aborting semantics.
The language in [29] thus leads to six distinct calculi with compensation primitives.

Related to compensation handling, but on a somewhat di�erent vein, a process calculus of
adaptable processes was proposed to specify the dynamic update in communicating systems [7].
Adaptable processes specify forms of dynamic recon�guration that are triggered by exceptional
events, not necessarily catastrophic. A simple example is the recon�guration of speci�c units
of a robot swarm, which is usually hard to predict and entails modifying the device's behavior;
still, it is certainly not a failure. Adaptable processes can be deployed in locations, which serve
as delimiters for dynamic updates. A process P located at l, denoted l[P ], can be recon�gured
by an update pre�x l{(X).Q}.R, where Q denotes an adaptation routine for l, parameterized by
variable X. With these two constructs, dynamic update is realized by the following reduction
rule, in which C1 and C2 denote contexts of arbitrarily nested locations:

C1

[
l[P ]

]
| C2

[
l{(X).Q}.R

]
−→ C1

[
Q{P/X}

]
| C2

[
R
]

(1.1)

We call this an objective update : a located process is recon�gured in its own context by an
update pre�x at a di�erent context. Indeed, the update pre�x l{(X).Q} interacts with update
process l[P ] and moves process Q from C2 to C1, such that the recon�gured behavior Q{P/X}
is left in C1. After the located process l[P ] synchronizes with the appropriate update pre�x, the
location name l is deleted. As expected, X may occur zero or many times in Q; if Q does not
contain X then the process P will be erased as a result of the update. This way, dynamic update
is then a form of process mobility, implemented using higher-order process communication as
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found in languages such as, e.g., the higher-order π-calculus [51], the Kell calculus [52], and
Homer [25].

An alternative to objective update is subjective update, in which process recon�guration
�ows in the opposite direction: it is the located process that moves its process (e.g., P ) to a
(remote) context with an update pre�x:

C1

[
l[P ] | R1

]
| C2

[
l{(X).Q}.R

]
−→ C1

[
0 | R1

]
| C2

[
Q{P/X} | R

]
(1.2)

Same as an objective update, subjective update relies on process mobility; however, the direction
of movement is di�erent: above, process P moves from C1 to C2, and the recon�gured behavior
Q{P/X} is left in C2, not in C1. Thus, in an objective update, the located process �recon�gures
itself�, which makes for a more autonomous semantics for adaptation than subjective updates.1

Example 1.1.1. We contrast objective and subjective update by means of an example, adapted
from [7]. Consider an interrupt operator that starts executing process P but may abandon its
execution to execute Q instead; once Q emits a termination signal tQ, the operator returns to
execute what is left of P . Using adaptable processes, this kind of behavior can be expressed as
follows:

Sys = l1
[
l[P ] | R1

]
| l2
[
l{(X).Q | tQ.X}.R2

]
where l, l1, and l2 are di�erent locations and name tQ is only known to Q. Process Q does
not contain process variable X. If P evolves into P ′ right before being interrupted, under a
semantics with objective update we have

Sys −→∗ l1
[
l[P ′] | R1

]
| l2
[
l{(X).Q | tQ.X}.R2

]
−→ l1

[
Q | tQ.P ′ | R1

]
| l2
[
R2

]
−→∗ l1

[
P ′ | R1

]
| l2
[
R2

]
This way, P and its derivative P ′ reside at location l1. Notice that executing Sys under a
semantics with subjective update would yield a di�erent behavior, because P ′ (and Q) would
be moved to l2:

Sys −→∗ l1
[
l[P ′] | R1

]
| l2
[
l{(X).Q | tQ.X}.R2

]
−→ l1

[
R1

]
| l2
[
Q | tQ.P ′ | R2

]
−→∗ l1

[
R1

]
| l2
[
P ′ | R2

]
This shows that to achieve the intended interrupt behavior in a subjective setting, Sys should
be modi�ed in order to eventually bring process P ′ back to l1. The following variation of Sys
achieves this:

Sys′ = l1
[
l[P ] | l′{(X).X}.R1

]
| l2
[
l{(X).l′[Q | tQ.X]}.R2

]
where we use l′ as an auxiliary location that �pulls back� P ′ from l2 into l1.

Based on the previous overview of compensable processes and adaptable processes, it is
important to keep in mind that compensations and updates are intuitively similar. The similarity
is that both specify how the behavior of a concurrent system changes at runtime in response to
an exceptional event. On the other side, these calculi are technically very di�erent.

The context of this thesis is to formal connect programming abstractions for compensation
handling (typical of models for services and LRTs) and for runtime adaptation. In Figure 1.1, we
present notations, which will be used in the thesis, to denote di�erent calculus of compensable
processes and di�erent calculus of adaptable processes.

1We use adjectives `subjective' and `objective' for updates following the distinction between subjective and
objective mobility, as in calculi such as Ambients [12] and Seal [13]. As explained in [13], Ambients use subjective
mobility (an agent moves itself), while Seal uses objective mobility (an agent is moved by its context).



Chapter 1. Introduction 4

Compensable processes (Static recovery) � C Notation

Calculus of compensable processes with discarding semantics CD

Calculus of compensable processes with preserving semantics CP

Calculus of compensable processes with aborting semantics CA

Compensable processes (Dynamic recovery) � Cλ Notation

Calculus of compensable processes with discarding semantics CλD
Calculus of compensable processes with preserving semantics CλP
Calculus of compensable processes with aborting semantics CλA

Adaptable processes Notation

Calculus of adaptable processes with subjective update S

Calculus of adaptable processes with objective update O

Figure 1.1: Notation of process calculus.

In particular, we compare in a systematic way mechanism for compensation handling and
dynamic update in calculi for concurrency. We have analyzed the relative expressiveness of these
calculi. More concrete, we develop twelve encodings of six process calculi with compensation
handling into two calculi of adaptable processes. These results are illustrated in Figure 1.2
and Figure 1.3. The encodings preserve all or some of the following well-known correctness
properties, namely: compositionality, name invariance, operational correspondence, divergence
re�ection and success sensitiveness. The encodings not only represent a non-trivial application
of two sensible types of mobility for adaptable processes, they also provide new insight into the
complex semantics of compensable processes.

Studies on the expressiveness of process calculi have a long history and constitute a vibrant
research area. A recent account of modern approaches to formal comparisons between di�erent
process calculi is presented in [44]. To analyze the quality of encodings and to rule out trivial
or meaningless encodings, they are augmented with encodability criteria ([45, 39, 37, 40, 22]).
In this dissertation, we have followed Gorla's framework for formalizing encodability and sep-
aration results [22]. With respect to the criteria in [22], our de�nition of valid encoding (cf.
De�nition 2.3.5) presents the following di�erences:

- �rst, to account for the paths ρ in which transactions reside, we consider a notion of
compositionality that is slightly less �exible than Gorla's. More precisely, we consider
compositional contexts that depend on an arbitrary list ρ of external transaction names.
Nevertheless, encoding still preserves the main principles of the notion of compositionality.
We can translate compensable terms by translating their operator without need to analyze
the structure of the subterms,

- second, we rely on a form of operational completeness that, unlike Gorla's, explicitly
describes the number of steps required to mimic a step in the source language, and

- �nally, we consider a new criterion, called e�ciency, which allows us to precisely compare
encodings (De�nition 4.1.7).

We do not know of prior works using criteria similar to e�ciency. The e�ciency clari�es funda-
mental di�erences between subjective and objective updates. Since subjective updates induce
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Figure 1.2: Encoding CD, CP, CA into S and O. An arrow indicates encoding.

tighter operational correspondences, we can formally declare that subjective updates are more
suited to encode compensation handling than objective updates. The closest related works are
by Lanese, Vaz, and Ferreira [29] and by Lanese and Zavattaro [30]. The work in [29] ana-
lyzes the expressive power of the compensation calculus focusing on three di�erent speci�cation
mechanisms for compensations: static recovery, parallel recovery, and dynamic recovery. The
authors show that parallel recovery (where the compensation is dynamically built as the parallel
composition of compensation elements) can be compositionally encoded using static recovery;
they also show the impossibility of encoding dynamic recovery using static recovery. The work
in [30] sheds further light on the fundamental di�erences between static and dynamic recovery:
it is shown that termination (i.e., the absence of an in�nite computation path starting from
a given process) is a decidable property for processes with static recovery but undecidable for
processes with dynamic recovery.

Our expressiveness results complement the �ndings in [29, 30] by implementing static and
dynamic recovery in compensable processes using the di�erent process framework de�ned by
adaptable processes. In the same line, although slightly less related, Vaz and Ferreira [54] study
criteria for determining when a compensable process is correct and establish that self-healing
compensations are correct. The criteria in [54] are di�erent from the notion of well-formed
compensable processes that we developed to formalize encodings, for which error noti�cations
are crucial.

Bravetti and Zavattaro [8] compare the expressiveness of variants of Milner's CCS extended
with the interrupt operator of CSP, the try-catch operator for exception handling, and operators
for replication and recursion. Their comparison is based on the (un)decidability of existential
and universal termination problems: the former concerns the existence of one terminating com-
putation, whereas the latter asks whether all computations terminate. They prove that in CCS
with replication there is no di�erence between interrupt and try-catch: universal termination is
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Figure 1.3: Encoding CλD , CλP , CλA into S and O. An arrow indicates encoding.

decidable while existential termination is not. In contrast, in CCS with recursion and try-catch,
the universal termination problem becomes undecidable, thus revealing an expressiveness gap
with respect to the language with recursion and interrupt.

In the following section, we present the original contribution of this thesis.

1.2 Contributions

The dissertation presents novel and unique results on the expressiveness for process calculi with
dynamic update and runtime adaptation. As a result, this dissertation contributes to the theory
of concurrency. More precisely, the purpose of this thesis is to compare process calculi with
compensation handling (as formalized in [29]) and with dynamic update (as formalized in [7]),
from the point of view of relative expressiveness.

There are good reasons for focusing on compensation handling as formalized in [29] and on
dynamic update as formalized in [7]. On the one hand, the calculus of compensable processes
in [29] is expressive enough to capture several di�erent languages proposed in the literature;
the analyses of expressiveness in [29] are rather exhaustive, and bring uniformity to the study
of formal models for LRTs. Because of its expressiveness, this calculus provides an appropriate
starting point for further investigations. On the other hand the calculus of adaptable processes
in [7] is a simple process model of dynamic adaptation and recon�guration, based on a few
process constructs and endowed with operational (reduction) semantics, which can support
both objective and subjective updates. In contrast, as we will see, the calculus of compensable
processes relies on an intricate labeled transition system. As such, adaptable processes provide
a �exible framework to elucidate the underpinnings of compensation handling, from a fresh
perspective.

We present our contributions as follows:
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(1) We provide a uni�ed, comprehensive presentation of twelve processes translations between
the calculus of compensation handling into the calculus of adaptable processes, considering
both objective and subjective updates. We follow and re�ne the expressiveness results in
[16] and [14], respectively.

(2) We establish the correctness of the twelve process calculus translations. Precisely, we prove
that translations of CD into S and O are valid encodings � they satisfy compositionality,
name invariance, operational correspondence, divergence re�ection and success sensitive-
ness properties that bear witness to the robustness of translations. For translations of
CλD , CA, CλA into S and O we prove that they satisfy: compositionality, name invariance
and operational correspondence. We establish that translations of CP and CλP into S and O
satisfy name invariance and operational correspondence, the analysis of the other criteria
are left for future work.

(3) We exploit our twelve translations to clearly distinguish between subjective and objective
updates in calculi for concurrency. We state it in terms of e�ciency: subjective updates
are better suited to encode compensation handling because they induce solid results of
operational correspondence.

Point (3) deserves further explanations. We strongly believe that there is a justi�ed need to
construct and prove twelve translations. The main reason is that the three di�erent semantics
with static compensation: discarding, preserving, and aborting implement di�erent levels of
protection. Intuitively, the discarding semantics only concerns the compensation activity for
the transaction and the protected block. The preserving semantics also protects the nested
transactions, all processes without an enclosing protected block are discarded. Finally, the
aborting semantics preserves all protected blocks and compensation activities in the default
activity, including those in nested transactions. We also consider dynamic compensations where
using compensation updates one may specify an update for the compensation behavior in default
activity.

We developed encodings for all di�erent semantics of compensable into adaptable processes in
two cases, i.e., for subjective and objective update. The encoding into adaptable processes with
objective updates reveals a limitation: in the representation of the �recollection� of protected
blocks scattered within nested transactions, objective updates leave behind processes in the
�wrong� location. The situation is reminiscent of the di�erences shown in Example 1.1.1 for the
�interrupt� behavior. To remedy this, the encoding uses additional synchronizations to bring
processes into the appropriate locations. This re�ects prominently in the cost of mimicking a
source computation step, as measured by the number of its associated target computation steps
(which are spelled out by statements of operational correspondence). The encoding into the
calculus with subjective updates does not have this limitation, and so it is more e�cient than
the encoding that uses objective update.

Ultimately, results of encoding presented in the dissertation have shown that encoding of
aborting semantics (with static and dynamic compensation) into adaptable processes (with sub-
jective and objective update) is the most complex. These are expected results since aborting
semantics provide the highest level of protection.

1.3 Publications and Structure

Publications This thesis distills and brings together results from the workshop paper:

• J. Dedei¢, J. Pantovi¢, and J. A. Pérez. On compensation primitives as adaptable
processes. In S. Crafa and D. Gebler, editors, Proceedings of the Combined 22nd
International Workshop on Expressiveness in Concurrency and 12th Workshop on
Structural Operational Semantics, and 12th Workshop on Structural Operational
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Semantics, EXPRESS/SOS 2015, Madrid, Spain, 31st August 2015., volume 190 of
EPTCS, pages 16− 30, 2015 ([16]).

Particularly, in this paper we present translations from the calculus of compensable pro-
cesses into the calculus of adaptable processes with objective updates. The continuation
of our research work has been inspired by the same topic. Therefore, we got the next
conference paper as a result:

• J. Dedei¢, J. Pantovi¢, and J. A. Pérez. E�cient compensation handling via sub-
jective updates. In Proceedings of the 32nd ACM SIGAPP Symposium On Applied
Computing, SAC'17, pages 51 − 58, Marrakesh, Morocco, April 3 − 7, 2017. ACM
([14]).

In this conference paper we presented translations from the calculus of compensable pro-
cesses into the calculus of adaptable processes with subjective updates, and compared
against those in [16]. We state that encodings with subjective update are better than
encodings with objective updates in terms of e�ciency.

The previous results required additional analysis, veri�cation, and extensions that are
published in:

• J. Dedei¢, J. Pantovi¢, and J. A. Pérez. On primitives for compensation handling
as adaptable processes. Journal of Logical and Algebraic Methods in Programming,
page 100675, 2021 ([15]).

This journal paper distills, improves, and collects preliminary results from our papers [16]
and [14]. A main di�erence between [16, 14] and the journal paper ([15]) is that here we
concentrate on a speci�c source calculus, namely the calculus in [29] with static recovery
and discarding semantics (cf. Figure 1.2, encoding CD into S and O). Indeed, the devel-
opments in [16, 14] consider also source calculi with dynamic recovery and/or preserving
and aborting semantics. The calculus with static recovery and discarding semantics ar-
guably de�nes the simplest setting for both encodings, one in which the key di�erences
between compensable and adaptable processes can be more sharply presented. Also, this
focus allows us to have a concise presentation. In this thesis, we extend the analysis of the
(e�cient) encoding to source calculi with the semantics that we considered in [16] and [14].

Below we list the key extensions of the results that are developed with respect to the
journal paper [15]:

1. We develop the class of well-formed compensable processes to formalize encodings,
for which error noti�cations are crucial. More precisely, this class of processes disal-
lows certain non-deterministic interactions that involve nested transactions and error
noti�cations.

2. We extend the criteria included in the de�nition of valid encoding. The following
criteria have been added: name invariance, divergence re�ection and success sensi-
tiveness. Therefore, we included additional de�nitions and theorems that establish
that encoding satis�es these new criteria.

3. We develop additional de�nitions and theorems necessary to complete the proof of
operational correspondence (completeness and soundness).

The work presented in the thesis builds on the work presented in the journal paper ([15]) by
providing a more pedagogical introduction to the model and incorporating all additional
results. Results presented in the thesis extend results of other source calculi by following
the insights in [16, 14]. More precisely, the extension of results was done through a detailed
analysis of the remaining semantics of compensable processes: preserving, aborting, and
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dynamic recovery. In the thesis, we also prove that translations from the calculus of
compensable processes into the calculus of adaptable processes with the subjective and
objective update are valid encodings. In such a way, twelve di�erent encodings of the
calculus with compensation into calculus with the dynamic update have been obtained and
proved.

We point out that in the dissertation, there are: de�nitions, theorems, lemmas, proofs,
examples with their relevant explanations, and notation conventions, taken in the original
from the papers [14, 15, 16]. The other materials in the dissertation which came from
another source are cited adequately.

Structure of the thesis. The thesis consists of seven chapters.

Chapter 1 Introduction. Describes the main subject and goals of the research and
provides motivation for the development of the encoding presented in Chapter 3 to
Chapter 6. Also, this chapter provides an overview of the literature related to the
research topic.

Chapter 2 Preliminaries. This chapter introduces the theoretical foundation for the
dissertation. It provides a fundamental overview of the calculus of compensable pro-
cesses and the calculus of adaptable processes. First, we introduce process calculi
informally, through examples, and then present their formal presentation follows
through a detailed analysis of syntax and operational semantics. This chapter also
contains a de�nition of well-formed compensable processes. Well-formed compensable
processes represent a class of processes. As noted, this class of processes disables cer-
tain non-deterministic interactions. Well-formed compensatory processes represent,
among other things, the original scienti�c contribution of this dissertation. Also, it
provides a general overview of the expressiveness of concurrent languages, an overview
of the literature, and the techniques used in them.

Chapter 3 Encoding compensable into adaptable processes with subjective up-
date. In this chapter, we study the expressive power of the encoding calculus for
compensable processes into the calculus of adaptable processes with the subjective
update. Precisely, we present translations of calculus for compensable processes with
static recovery, CD, CP, CA into calculus of adaptable processes with subjective update,
S. We also prove that translations satisfy all or selected properties de�ned for a valid
encoding.

Chapter 4 Encoding compensable into adaptable processes with objective up-
date. This chapter studies the expressive power of the encoding of calculus for com-
pensable processes into calculus for adaptable processes with objective update. First,
it introduces the basic concepts and notions, and then we de�ne the translations, CD,
CP, CA into O. Afterward, it proves that translations satisfy all or selected properties
de�ned for a valid encoding. Also, in this chapter, we deal with the e�ciency of
encoding, i.e., we introduce a new criterion. Since in the dissertation we develop two
kinds of encodings of compensable processes into adaptable processes: encoding with
the subjective and objective update, in this chapter we compare their e�ciency. We
de�ne e�ciency in abstract terms, considering the number of reduction steps that
a target language requires to mimic the behavior of a source language. We prove
that encodings that use subjective updates are more e�cient than encodings that use
objective updates.

Chapter 5 Encoding dynamic compensation processes into adaptable processes
with subjective update. This chapter introduces preliminaries for encodings of
Cλ into A. Also, it studies the expressive power by the encoding of a calculus for
compensable processes with dynamic recovery, CλD , CλP , CλA into calculus for adaptable
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processes with subjective update, S. We prove that translations satisfy selected
properties de�ned for a valid encoding.

Chapter 6 Encoding dynamic compensation processes into adaptable processes
with objective update. This chapter studies the expressive power of the encoding
of calculus of compensable processes with dynamic recovery, CλD , CλP , CλA into calculus
of adaptable processes with the objective update, O. We also analyze the question of
the e�ciency of encodings. Speci�cally, we have again proved that encodings that use
a subjective update are more e�cient than encodings that use an objective update.

Chapter 7 Conclusions and perspectives. We conclude with an overview of the con-
tributions of the thesis. We additionally provide suggestions/ideas on how the work
presented in the dissertation can be enhanced and extended. We state several open
questions that we plan to consider as a part of further research work.
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CHAPTER 2

Preliminaries

In this chapter, we introduce the theoretical background for the dissertation. The chapter is
formed of the following three sections, in which we give a brief introduction to the most important
concepts related to the development of the thesis:

Section 2.1 introduces the basic terminology and concepts used in the dissertation. More
precisely, it gives a brief introduction to process calculi � compensable processes and
adaptable processes.

Section 2.2 intuitively, by using examples, introduces core calculi for compensable processes
([29]) and adaptable processes ([7]). In the continuation of the section, we formally present
the corresponding calculi through their syntax and operational semantics. Also, this sec-
tion contains the de�nition of well-formed compensable processes. Well-formed compens-
able processes present a class of processes that disallows certain non-deterministic interac-
tions involving nested transactions and error noti�cation names. Well-formed compensable
processes present, among others, an original contribution of our work.

Section 2.3 presents the most signi�cant issues of the analysis of the expressiveness of concur-
rent languages. We provide an overview of expressiveness studies as well as the techniques
utilized to conduct them.

2.1 Process Calculi

The complexity of programs increases, and naturally, this a�ects the complexity of the models
required to reason about them. As stated in [48], formal methods are used for the analysis
of properties of complex systems. The design and veri�cation of software systems should be
mathematically based since ensuring the reliability and correctness of software systems is very
di�cult. Formal methods are techniques based on mathematical and logical frameworks, and
they are used for the speci�cation and veri�cation of complicated systems. In terms of the formal
speci�cation, a system is de�ned with a modeling language. A modeling language employs
accurate mathematical syntax and semantics. Also, when formal speci�cation is created, one
can demonstrate a set of properties of the system. Mathematical proofs are used to verify the
theorems. In the following, we list some formal methods for concurrency, as examples of formal
approaches that one may use to specify and verify application behavior: Petri nets [46, 50],
communicating state machines [6], and process calculi [26, 32, 33, 34].

One of the most used formal methods for the analysis of complex systems is process calculi
(or process algebra). The process calculi are a diverse family of related approaches for the formal
modeling of complex systems. Therefore, they can be used to express di�erent concepts, e.g.,
nondeterminism, parallelism, distribution, real-time, stochastic phenomena, etc.

12
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As stated in [38], process algebras come with a precise mathematical framework that has
well-de�ned syntax and semantics. Semantics permit describing and verifying properties of com-
municating systems. Therefore, process algebra focuses on the speci�cation and manipulation
of process terms as induced by a collection of operator symbols [18]. The operator symbols are
used to build �nite processes, parallel execution, communication, and some form of recursion to
express in�nite behavior. The �rst component of process algebra is syntax. It contains all the
necessary rules to build terms from the operators and other language constructors. When the
language is syntactically de�ned, then it is crucial to provide a way to describe the behavior of
the system being modeled. The prior goal will be achieved if we introduce semantics. Semantics
should describe the way a process reduces.

Over the past forty years, research work on process algebras has been very intensive, and
a large number of results have been published that started with the introduction of CCS [32],
CSP [26], and ACP [4]. A brief historical overview of process algebra is presented in the paper [3].
The π-calculus [33] has become more recently prominent as a process calculus to reason about
mobile systems. There is a large number of calculi for the concurrency theory in which the
π-calculus is used as a core: [1, 12, 20, 24, 23, 28, 41, 47, 29, 30, 49]. Our interest is in CCS and
π-calculus.

2.2 The Calculi

In this section, we introduce formally the calculus of compensable processes and the calculus
of adaptable processes. To focus on their essentials, both calculi are de�ned as extensions of
CCS [32].

We especially emphasize subsection � 2.2.2 where we identify/develop a class of well-formed
compensable processes. This class of compensable processes is very useful in our developments.
We start by de�ning some relevant base sets for names.

De�nition 2.2.1 (Base Sets). We assume the following countable sets of names:

• Nt is a �nite set of transaction names, ranged over by t, t′, s, s′, . . ., also used as error noti�-
cation names;

• Nl is a set of location names, ranged over by l, l′, t, t′, s, s′, . . ., also used as input names;

• Ns is the set that collects all other (input/output) names, ranged over by a, b, c, . . ..

For compensable processes, we shall use the set Nc = Nt ∪Ns; for adaptable processes, we shall
use the set Na = Nl ∪Ns. Some assumptions on these sets are in order. First, Nl ∩Ns = ∅ and
Nt ∩ Ns = ∅. Also, Nt ⊆ Nl: our encoding will map each transaction into a process residing at
a location with the same name. Finally, we shall use x, y, w, x′, y′, w′, . . . to denote elements of
the three sets when there is no need to distinguish them. For adaptable processes, we shall use
X,Y, Z, . . . to denote process variables.

Figure 2.1 illustrates base sets of names that are given in De�nition 2.2.1.

2.2.1 Compensable Processes

In the �eld of concurrent and mobile systems, the concept of a long-running transaction is
utilized to solve challenges caused by unexpected events that commonly occur during application
execution (such as the Internet or wireless networks). As stated in [9], compensable programs
o�er an appropriate paradigm to carry out long-running transactions. They provide a structured
and modular approach to the composition of distributed transactional activities. The main idea
is that a particular activity has its compensation and that the compensable program �xes the
order of execution of such activities.

Throughout the following subsections, we assume the following notation conventions:
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Na

Nc
Ns
• a• b

• c

Nt
• t• t′

• s• s′

Nl

• l

• l′

Figure 2.1: Base sets of names.

� CD denotes the calculus of compensable processes with discarding semantics and static
recovery;

� CP denotes the calculus of compensable processes with preserving semantics and static
recovery;

� CA denotes the calculus of compensable processes with aborting semantics and static re-
covery.

2.2.1.1 Compensable Processes, by Example

The process language with compensations that we consider here is based on the calculus in [30]
(which is, in turn, a variant of the calculus in [29]). The calculi in [30, 29] were introduced as
extensions of the π-calculus with primitives for static and dynamic recovery. We consider a vari-
ant without name mobility and with static recovery; this allows us to focus on the fundamental
aspects of compensations. Later, in the thesis, we will extend our focus and analyze dynamic
recovery in detail (Chapter 5). The languages in [30, 29] feature two salient constructs:

1. Transactions t[P ,Q], where t is a transaction name and P,Q are processes;

2. Protected blocks 〈Q〉, where Q is a process.

A transaction t[P ,Q] is a process that consists of a default activity P and a compensation
activity Q. Transactions can be nested: process P in t[P ,Q] may contain other transactions.
Also, they can be cancelled: process t[P ,Q] behaves as P until an error noti�cation (failure
signal) arrives along name t. Error noti�cations are output messages coming from inside or
outside the transaction. To illustrate the simplest manifestation of compensations, consider the
following transitions:

t[P ,Q] | t.R τ−−→ Q | R t[t.P1 | P2,Q]
τ−−→ Q (2.1)

The left (resp. right) transition shows how t can be canceled by an external (resp. internal)
signal. Failure discards the default behavior; the compensation activity is executed instead. In
both cases, the default activity (i.e., P and both P1, P2) are entirely discarded. This may not
be desirable in all cases; after the compensation is enabled, we may like to preserve (some of)
the behavior in the default activity. When compensation is executed, then the system must be
returned to a consistent state. This consistent state may be di�erent from the state in which
the transaction started. To this end, one can use protected blocks to shield a process from failure
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signals. These blocks are transparent: Q and 〈Q〉 have the same behavior, but 〈Q〉 is not a�ected
by failure signals. This way, the transition

t2[P2,Q2] | t2
τ−−→ 〈Q2〉,

says that the compensation behavior Q2 will be immune to failures. Now consider process

P = t1
[
t2[P2,Q2] | t2.R1,Q1

]
,

in which transaction t2 occurs nested inside t1 and P2 does not contain protected blocks. The
semantics in [30, 29] re�nes (2.1) by providing ways to (partially) preserve behavior after a
compensation step. This is realized by the extraction function on processes, denoted extr(·). For
process P , the semantics in [30, 29] decree:

t1
[
t2[P2,Q2] | t2.R1,Q1

] τ−−−→ t1
[
〈Q2〉 | extr(P2) | R1,Q1

]
.

There are di�erent choices for this extraction function: in the discarding semantics that
we consider here, only top-level protected blocks are preserved (cf. Figure 2.2); hence, in the
example above, extr(P2) = 0.

We consider discarding, preserving, and aborting variants for extr(·). They de�ne three
di�erent semantics for compensations (cf. Figure 2.2). Noted extrD(·), extrP(·), and extrA(·),
respectively, these functions concern mostly protected blocks and transactions. Given a process
P , we would have:

• extrD(P ) keeps only protected blocks in P . Other processes (including transactions) are dis-
carded.

• extrP(P ) keeps protected blocks and transactions at the top-level in P . Other processes are
discarded.

• extrA(P ) keeps protected blocks in nested transactions in P , including their respective com-
pensation activities. Other processes are discarded.

As an example, consider the process P = t
[
t1[P1,Q1] | t2[〈P2〉,Q2] | R | 〈P3〉,Q5

]
. We then have:

CD : t | P τ−−→D 〈P3〉 | 〈Q5〉;

CP : t | P τ−−→P 〈P3〉 | 〈Q5〉 | t1[P1,Q1] | t2[〈P2〉,Q2];

CA : t | P τ−−→A 〈P3〉 | 〈Q5〉 | 〈P2〉 | 〈Q1〉 | 〈Q2〉.

Notice that the three di�erent semantics provide varying levels of protection. In the dis-
carding semantics only top-level protected blocks are preserved. Therefore, it only concerns the
compensation activity for transaction t and the protected block 〈P3〉. The preserving seman-
tics protects also the nested transactions t1 and t2; a process such as R, without an enclosing
protected block, is discarded. Last but not least, the aborting semantics preserves all protected
blocks and compensation activities in the default activity for t, also including those in nested
transactions, such as 〈P2〉.

With these intuitions in place, we illustrate compensable processes with discarding semantics,
by means of an example.

Example 2.2.1. Consider a simple hotel booking scenario in which a hotel and a client interact
to book and pay a room, and to exchange an invoice. This scenario may be represented using
compensable processes as follows (below we omit trailing 0s):

Reservation
def
= Hotel | Client
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Client
def
= book.pay.(invoice+ t.refund)

Hotel
def
= t[book.pay.invoice,refund]

Here we represent the hotel's behavior as a transaction t that allows clients to book a room
and pay for it. If the client is satis�ed with the reservation, then the hotel will send his/her an
invoice. Otherwise, the client may cancel the transaction; in that case, the hotel o�ers the client
a refund. Suppose that the client decides to cancel his/her reservation; as we will see, there are
four transition steps for process Reservation:

Reservation
τ−−→D t[pay.invoice,refund] | pay.(invoice+ t.refund)
τ−−→D t[invoice,refund] | invoice+ t.refund
τ−−→D 〈refund〉 | refund
τ−−→D 〈0〉 | 0.

2.2.1.2 Compensable Processes, Formal Description

This section formally introduces the semantics for the language of compensable processes with
static recovery. Likewise, compensable processes with dynamic recovery will be discussed in
Chapter 5.

2.2.1.2.1 Syntax - Static recovery processes

The calculus of compensable processes considers pre�xes π and processes P,Q, . . . de�ned as:

π ::= a | x

P,Q ::= 0 | π.P | !π.P | (νx)P | P | Q︸ ︷︷ ︸
CCS processes

| t[P ,Q] | 〈Q〉︸ ︷︷ ︸
extension

Pre�xes π include input actions (a), output actions (a) and error noti�cations (t). Processes
for inaction (0), action pre�x (π.P ), guarded replication (!π.P ), restriction ((νx)P ) and parallel
composition (P | Q) are standard. Protected blocks 〈Q〉 and transactions t[P ,Q] have already
been motivated. Name x is bound in (νx)P , i.e., name x is known only to the process P .

2.2.1.2.2 Operational Semantics

Following [29, 30], the semantics of compensable processes is given in terms of a labeled
transition system (LTS). Ranged over by α, α′, the set of labels includes a, a, t, t and τ . As in
CCS, a denotes an input action, a denotes an output action, t denotes an error noti�cation and
τ denotes synchronization (internal action). As explained in � 2.2.1.1, this LTS is parametric
in an extraction function, which is de�ned in Figure 2.2. Error noti�cations can be internal or
external to the transaction: if the error noti�cation is generated from the default activity then
we call it internal; otherwise, the error is external.

Formally, we have three di�erent LTSs, corresponding to processes under discarding, pre-
serving, and aborting semantics. Therefore, for each κ ∈ {D, P, A}, we will have an extraction
function extrκ(·) and a transition relation α−−→κ. The rules of the LTSs are given in Figure 2.3.
As a convention, whenever a notion coincides for the three semantics, we shall avoid decorations
D, P, and A. This way, e.g., by writing extr(〈P 〉) = 〈P 〉 we mean that the extraction function for
protected blocks is the same for all three semantics. Figure 2.3 gives the rules of the LTS; we
comment brie�y on each of them:

• Axioms (L-In) and (L-Out) execute input and output pre�xes, respectively.
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extrD(t[P ,Q]) = 0 extrP(t[P ,Q]) = t[P ,Q]

extrA(t[P ,Q]) = extrA(P ) | 〈Q〉 extr(P | Q) = extr(P ) | extr(Q)

extr(〈P 〉) = 〈P 〉 extr((νa)P ) = (νa)extr(P )

extr(π.P ) = 0 extr(!π.P ) = 0

Figure 2.2: Extraction function for static recovery.

(L-In)

a.P
a−−→ P

(L-Out)

x.P
x−−→ P

(L-Rep)

π.P
α−−→ P ′

!π.P
α−−→ P ′ | !π.P

(L-Par1)

P
α−−→ P ′

P | Q α−−→ P ′ | Q

(L-Par2)

Q
α−−→ Q′

P | Q α−−→ P | Q′

(L-Res)

P
α−−→ P ′ α /∈ {x, x}

(νx)P
α−−→ (νx)P ′

(L-Comm1)

P
x−−→ P ′ Q

x−−→ Q′

P | Q τ−−→ P ′ | Q′

(L-Comm2)

P
x−−→ P ′ Q

x−−→ Q′

P | Q τ−−→ P ′ | Q′

(L-Block)

P
α−−→ P ′

〈P 〉 α−−→ 〈P ′〉

(L-Rec-Out)

t[P ,Q]
t−→ extr(P ) | 〈Q〉

(L-Scope-Out)

P
α−−→ P ′ α 6= t

t[P ,Q]
α−−→ t[P ′,Q]

(L-Rec-In)

P
t−→ P ′

t[P ,Q]
τ−−→ extr(P ′) | 〈Q〉

Figure 2.3: An LTS for compensable processes.

• Rule (L-Rep) deals with guarded replication, i.e., the replicated process executes an action
while simultaneously activating a copy of the original process.

• Rules (L-Par1) and (L-Par2) allow one parallel component to progress independently.

• Rule (L-Res) is the standard rule for restriction. A transition of process P determines a
transition of process (νx)P , where the side condition provides that the restricted name x does
not occur in α.

• Rules (L-Comm1) and (L-Comm2) de�ne synchronization on x, i.e., performs communication
between output and input action.

• Rule (L-Block) speci�es that protected blocks are transparent units of behavior.

• Rule (L-Rec-Out) allows an external process to abort a transaction via an output action
t. The resulting process contains two parts: the �rst is obtained from the default activity of
the transaction via the extraction function (cf. Figure 2.2); the second corresponds to the
compensation activity, executed in a protected block.

• Rule (L-Scope-Out) allows the default activity of a transaction to progress in case there is
no internal error noti�cation.

• Rule (L-Rec-In) handles failure when the error noti�cation is internal to the transaction.
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To de�ne the semantics and to capture the fundamental properties of language constructs, we
use structural congruence. In the following, we de�ne structural congruence (≡) and evaluation
contexts for compensable processes.

De�nition 2.2.2 (Structural congruence). Structural congruence is the smallest congruence
relation on processes that is generated by the following rules:

P | Q ≡ Q | P (νx)0 ≡ 0

P | (Q | R) ≡ (P | Q) | R (νx)(νy)P ≡ (νy)(νx)P

P | 0 ≡ P Q | (νx)P ≡ (νx)(P | Q) if x /∈ fn(Q)

!π.P ≡ π.P | !π.P t[(νx)P ,Q] ≡ (νx)t[P ,Q] if t 6= x, x /∈ fn(Q)

P ≡ Q if P ≡α Q 〈(νx)P 〉 ≡ (νx)〈P 〉

The �rst column in De�nition 2.2.2 contains standard rules: commutativity, associativity and
neutral element for parallel composition. We rely on usual notions of α-conversion (noted ≡α).
The second column contains garbage collection of useless restrictions, swapping of restrictions,
and scope extrusion for parallel composition. Rules for transaction scope and protected blocks
are in red because these are rules created due to the extension of CCS syntax (cf. Paragraph
2.2.1.2.1).

De�nition 2.2.3 (Evaluation Contexts). The syntax of evaluation contexts of compensable
processes is given by the following grammar:

C[•] ::= [•] | 〈C[•]〉 | t[C[•],P ] | C[•] | P | (νx)C[•],

where P is a compensable process.

We write C[Q] to denote the process obtained by replacing the hole [•] in context C[•] withQ.
In the following we will use E[•], D[•] to denote contexts. Before the proof of Proposition 2.2.3,
we present the following auxiliary lemma:

Lemma 2.2.2. Let P be a compensable process.

(a) If P a−−→ P ′ then P ≡ C[a.P1] and P ′ = C[P1];

(b) If P t−→ P ′ then P ≡ C[t[P1,Q1]] and P ′ ≡ C[extr(P1) | 〈Q1〉];

(c) If P x̄−−→ P ′ then P ≡ C[x̄.P1] and P ′ ≡ C[P1],

for some context C[•], names a, t, x and processes P1, Q1.

Proof. The proof is by induction on the derivation of P α−−→ P ′, where α ∈ {a, t, x}. �

The following proposition is key to operational correspondence statements.

Proposition 2.2.3. Let P be a compensable process. If P τ−−→ P ′ then one of the following
holds:

(a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]],

(b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extr(P1) | 〈Q〉] | D[P2]],

(c) P ≡ C[t[D[t.P1],Q]] and P ′ ≡ C[extr(D[P1]) | 〈Q〉],

for some contexts C[•], D[•], E[•], processes P1, P2, Q and names a, t.
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Proof. The proof proceeds by induction on the inference of P τ−−→ P ′. We will show that the
proposition is true for the base cases, whereas the inductive step follows directly.

By LTS (cf. Figure 2.3), in accordance with Rules (L-Comm1), (L-Comm2) and (L-

Rec-In) we have two possible cases, for E[•] = [•] and some contexts C[•], D[•], process
P1, P2, P

′
1, P

′
2, P

′′
1 , P

′′
2 , Q,Q1 and names a, t:

� Case (L-Comm1): By Rule (L-Comm1) we have: P ≡ P ′1 | P ′2, P ′1
x−−→ P ′′1 , P

′
2

x̄−−→ P ′′2 ,
P ′ ≡ P ′′1 | P ′′2 and by Lemma 2.2.2, we conclude that:

(a) P ′2 ≡ D[a.P2], P ′′2 ≡ D[P2], P ′1 ≡ C[ā.P1], and P ′′1 ≡ C[P1], or

(b) P ′2 ≡ D[t̄.P2], P ′′2 ≡ D[P2], P ′1 ≡ C[t[P1, Q1]], and P ′′1 ≡ C[extr(P1) | 〈Q1〉].

� Case (L-Rec-In): By Rule (L-Rec-In) we have: P ≡ t[P ′1, Q], P ′1
t̄−→ R, P ′ ≡

extr(R) | 〈Q〉 and by Lemma 2.2.2, we conclude that: P ′1 ≡ D[t.P1] and R ≡ D[P1].

�

Remark 2.2.4 (Reductions). We de�ne a reduction semantics for compensable processes by
exploiting the LTS just introduced: we shall write P −→ P ′ whenever P τ−−→ P ′′ and P ′′ ≡ P ′,
for some P ′′. As customary, we write −→∗ to denote the re�exive and transitive closure of −→.

2.2.2 Well-formed Compensable Processes

We shall focus on well-formed compensable processes: a class of processes that disallows certain
non-deterministic interactions involving nested transaction and error noti�cation names. Concise
examples of processes that are not well-formed are the following:

P = t1
[
a | t2[b,b̄],ā

]
| t1 | t2 ×

P1 = t1[a,b] | t2[t1,d] | t2 ×
P2 = t1[t2,a] | t2[t1,b] ×

(2.2)

Processes P , P1 and P2 feature concurrent error noti�cations (on t1 and t2), which induce
a form of non-determinism that is hard to capture properly in the (lower level) representation
that we shall give in terms of adaptable processes. Indeed, P features an interference between
the failure of t1 and t2; it is hard to imagine patterns where this kind of interfering concurrency
may come in handy. For the same reason, we will assume that all transaction names in a well-
formed process are di�erent. In contrast, we would like to consider as well-formed the following
processes:

P ′ = t1
[
a | t2[b,b̄],ā

]
| t2.t1 X P ′′ = t1[a,ā] | t2[b,b̄] | t1 | t2 X (2.3)

In what follows, we formally introduce well-formed compensable processes. We require some
notations: (a) sets of pairs Γ,∆ ⊆ Nt × Nt, (b) sets γ, δ ∈ Nt, and (c) boolean p ∈ {>,⊥}.
These elements have the following reading:

- Γ is the set of (potential) pairs of parallel failure signals in P ;

- ∆ is the set of (potential) pairs of nested transaction names in P (with form (parent,child));

- γ is the set of failure signals in P ;

- δ is the set of top-level transactions in P ;

- p is > i� P contains protected blocks.
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(W-Nil)

∅; ∅ |−−−−∅;∅;⊥ 0

(W-Out1)

Γ; ∅ |−−−−
γ;∅;⊥ P

Γ; ∅ |−−−−−−−−
γ∪{t};∅;⊥ t.P

(W-Out2)

Γ; ∅ |−−−−
γ;∅;⊥ P

Γ; ∅ |−−−−
γ;∅;⊥ a.P

(W-In)

Γ; ∅ |−−−−
γ;∅;⊥ P

Γ; ∅ |−−−−
γ;∅;⊥ a.P

(W-Res)

Γ; ∆ |−−−−
γ;δ;p

P

Γ,∆ |−−−−
γ;δ;p

(νx)P

(W-Block)

Γ; ∆ |−−−−
γ;δ;p

P

Γ; ∆ |−−−−
γ;δ;> 〈P 〉

(W-Rep)

Γ; ∅ |−−−−
γ;∅;⊥ π.P

Γ; ∅ |−−−−
γ;∅;⊥ !π.P

(W-Trans)

Γ1; ∆1 |−−−−−−γ1;δ1;p1
P Γ2; ∆2 |−−−−−−γ2;δ2;p2

Q ft(P(P ),P(Q)) = (Γ,∆) Γs ∩∆t = ∅

Γ,∆ |−−−−−−−−−−−−−−−
γ1∪γ2;{t};p1∨p2

t[P ,Q]

(W-Par)

Γ1; ∆1 |−−−−−−γ1;δ1;p1
P Γ2; ∆2 |−−−−−−γ2;δ2;p2

Q f(P(P ),P(Q)) = (Γ,∆) Γs ∩∆t = ∅

Γ,∆ |−−−−−−−−−−−−−−−
γ1∪γ2;δ1∪δ2;p1∨p2

P | Q

Figure 2.4: Auxiliary relation for well-formed compensable processes.

We say P is well-formed if Γ; ∆ |−−−−
γ;δ;p

P , can be derived by means of the rules in Figure 2.4. We
write P(P ) to denote the parameters Γ, ∆, γ, and δ associated to P , i.e., P(P ) = (Γ,∆, γ, δ).
We brie�y comment on the rules in Figure 2.4:

• Rule (W-Nil) states that the inactive process has neither parallel failure signal nor nested
transactions; it also does not contain protected blocks.

• Rules (W-Out1), (W-Out2), and (W-In) enforce that protected blocks or transactions do
not appear behind pre�xes (i.e., p =⊥, δ = ∅). Rule (W-Out1) says that if the name of the
pre�x is the failure signal then it will be collected by γ. Rule (W-Out2) says that if the name
of the pre�x is not the failure signal then the set of the failure signals will be as in the process
that appears after the pre�x. For example, by (W-Nil) and two successive applications of
(W-Out1), we can infer

∅; ∅ |−−−−−−−−−{t1,t2};∅;⊥
t2.t1.

• Rule (W-Res) says that if P satis�es the predicate for some parameters, then (νx)P satis�es
the predicate with the same parameters.

• Rule (W-Block) speci�es that if P satis�es the predicate for some parameters, then 〈P 〉
satis�es the predicate with the same Γ,∆, γ and δ. The �fth parameter for 〈P 〉 speci�es that
it contains protected blocks (p = > in the conclusion). This way, for example, we have

∅; ∅ |−−−−−−−−−{t1,t2};∅;>
〈t2.t1〉.

Rules (W-Rep), (W-Trans) and (W-Par) rely on the following auxiliary notations. First,
given sets γ1, γ2, δ and a name t, we introduce the following sets:

γ1 × γ2 = {(t′, t′′) : t′ ∈ γ1 ∧ t′′ ∈ γ2} {t} × δ = {(t, t′) : t′ ∈ δ}. (2.4)
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Also, we write Γs and ∆t to denote the symmetric closure of Γ and the transitive closure of
∆, respectively. We will use, respectively the following functions ft and f for conditions in
Rules (W-Trans) and (W-Par):

ft(P(P ),P(Q)) = (Γ1 ∪ Γ2 ∪ (γ1 × γ2),∆1 ∪∆2 ∪ ({t} × (δ1 ∪ δ2 ∪ γ1 ∪ γ2))) (2.5)

f(P(P ),P(Q)) = (Γ1 ∪ Γ2 ∪ (γ1 × γ2),∆1 ∪∆2) (2.6)

where P(P ) = (Γ1,∆1, γ1, δ1) and P(Q) = (Γ2,∆2, γ2, δ2).

We may now discuss Rules (W-Rep), (W-Trans), and (W-Par):

• Rule (W-Rep) says that the set of pairs of parallel failure signals in !π.P is γ × γ, where γ
is the set of failure signals in π.P . This is directly related to the transition rule (L-Rep) in
Figure 2.3. All other parameters of the predicate satis�ed by !π.P are the same as for π.P .
For example, we can derive:

{(t1, t1), (t1, t2), (t2, t1), (t2, t2)}; ∅ |−−−−−−−−−{t1,t2};∅;⊥
! t2.t1

• Rule (W-Trans) speci�es the conditions for t[P ,Q] to be well-formed. First, δ = {t}. The
set of pairs of parallel failure signals is the union of the respective sets for P and Q and set
whose elements are pairs of failure signals; in the pair, with the �rst component belonging to
the set of failure signals of P and the second component belonging to the set of failure signals
of Q. This extension with γ1 × γ2 is necessary for t[P ,Q], because P may contain protected
blocks which will be composed in parallel with 〈Q〉 in case of an error. The set of pairs of
nested transaction names is obtained from those for P and Q, also considering further pairs
as speci�ed by ∆(t, δ1 ∪ δ2 ∪ γ1 ∪ γ2) (cf. (2.4)). The rule additionally enforces:

(Γ1 ∪ Γ2 ∪ (γ1 × γ2))s ∩ (∆1 ∪∆2 ∪∆(t, δ1 ∪ δ2 ∪ γ1 ∪ γ2))t = ∅

For example, we can derive:

∅; {(t1, t2)} |−−−−−−−−∅;{t1};⊥
t1[a | t2[b,b̄],ā].

• Rule (W-Par) speci�es the cases in which process P | Q satis�es the predicate provided that
P and Q individually satisfy it. The set of pairs of parallel failure signals is obtained as in
Rule (W-Trans). The set of pairs of nested transactions is obtained as the union of sets of
pairs of nested transactions for P and Q. Also, it must hold that:

(Γ1 ∪ Γ2 ∪ (γ1 × γ2))s ∩ (∆1 ∪∆2)t = ∅.

For example, for processes P ′ and P ′′ in (2.3) we have

∅; {(t1, t2)} |−−−−−−−−−−−−{t1,t2};{t1};⊥
t1
[
a | t2[b,b̄],ā

]
| t2.t1 and

{(t1, t2)}; ∅ |−−−−−−−−−−−−−−−{t1,t2};{t1,t2};⊥
t1
[
a,ā
]
| t2[b,b̄] | t1 | t2.

One should notice that processes from (2.2) do not satisfy the predicate, since their sets of
pairs of parallel failure signals and nested transaction names are not disjoint: they are both
equal to {(t1, t2)}.

We then have the following de�nition:

De�nition 2.2.4 (Well-formedness). A compensable process P is well-formed if

(i) transaction names in P are mutually di�erent, and
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(ii) Γ; ∆ |−−−−
γ;δ;p

P holds for some Γ,∆, γ, δ, p.

The following theorem captures the main properties of well-formed processes: they do not con-
tain subterms with protected blocks or transactions behind pre�xes; also, they do not contain
potential parallel a failure signals for nested transaction names. Since the former is required to
hold also for compensations within transactions, we introduce speci�c evaluation contexts (cf.
De�nition 2.2.3) as follows:

Cwf [•] ::= [•] | 〈Cwf [•]〉 | t[Cwf [•],P ] | Cwf [•] | P | (νx)Cwf [•] | t[P ,Cwf [•]].

Proposition 2.2.5. Let Γ; ∆ |−−−−
γ;δ;p

P, for some Γ,∆, γ, δ and p. Then the following holds:

(i) if P ≡ Cwf [π.P1] then Γ′; ∅ |−−−−
γ′;∅;⊥ P1, for some Γ′ and γ′, and

(ii) Γs ∩∆t = ∅.

Proof. (i) By induction on the structure of Cwf [•].

(ii) By induction on the derivation Γ; ∆ |−−−−
γ;δ;p

P .
�

In the following, we are going to prove that well-formed processes always evolve into well-
formed processes. Before giving the statement we present several auxiliary results.

Lemma 2.2.6 (Inversion Lemma). For some Γ1,∆1, γ1, δ1, p1,Γ2,∆2, γ2, δ2, p2, the following
holds:

1) If Γ; ∆ |−−−−
γ;δ;p

0 then Γ,∆, γ, δ are empty sets and p =⊥;

2) If Γ; ∆ |−−−−
γ;δ;p

t.P then there is γ′ such that γ = γ′ ∪ {t} and Γ; ∅ |−−−−−−
γ′;∅;⊥ P and ∆ = ∅.

3) If Γ; ∆ |−−−−
γ;δ;p

a.P then Γ; ∅ |−−−−
γ;∅;⊥ P and ∆ = ∅ and p =⊥;

4) If Γ; ∆ |−−−−
γ;δ;p

a.P then Γ; ∅ |−−−−
γ;∅;⊥ P and ∆ = ∅, δ = ∅ and γ = ∅;

5) If Γ; ∆ |−−−−
γ;δ;p

(νx)P then Γ; ∆ |−−−−
γ;δ;p

P ;

6) If Γ; ∆ |−−−−
γ;δ;p

〈P 〉 then p = > and Γ; ∆ |−−−−
γ;δ;p′

P for some p′ ∈ {>,⊥};

7) If Γ; ∆ |−−−−
γ;δ;p

!π.P then Γ′; ∅ |−−−−
γ;∅;⊥ π.P and Γ = γ × γ and ∆ = ∅, δ = ∅ and p =⊥;

8) If Γ; ∆ |−−−−
γ;δ;p

P | Q then Γ1; ∆1 |−−−−−−γ1;δ1;p1
P and Γ2; ∆2 |−−−−−−γ2;δ2;p2

Q and Γ = Γ1 ∪ Γ2 ∪ (γ1 × γ2)

and ∆ = ∆1 ∪∆2 and γ = γ1 ∪ γ2 and δ = δ1 ∪ δ2 and p = p2 ∨ p2 and Γs ∩∆t = ∅;

9) If Γ; ∆ |−−−−
γ;δ;p

t[P ,Q] then Γ1; ∆1 |−−−−−−γ1;δ1;p1
P and Γ2; ∆2 |−−−−−−γ2;δ2;p2

Q and Γ = Γ1 ∪Γ2 ∪ (γ1×γ2)

and ∆ = ∆1 ∪∆2 ∪ ({t}× (δ1 ∪ δ2 ∪ γ1 ∪ γ2)) and γ = γ1 ∪ γ2 and δ = δ1 ∪ δ2 and p = p2 ∨ p2

and Γs ∩∆t = ∅;

Proof. The proof follows directly from the auxiliary relation for well-formed compensable pro-
cesses, cf. Figure 2.4. �

In the following we introduce auxiliary statements that are needed for proving that well-
formedness of compensable process is preserved by the rules in Figure 2.3.

Lemma 2.2.7. If Γ; ∆ |−−−−
γ;δ;p

t[P ,Q] then there are ∆1, δ1 such that Γ,∆1 |−−−−−−γ;δ1;> P | 〈Q〉 and
∆1 ⊆ ∆.
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Proof. Let Γ; ∆ |−−−−
γ;δ;p

t[P ,Q].

- By Lemma 2.2.6 it follows Γ′1; ∆′1 |−−−−−−γ′1;δ′1;p′1
P and Γ′2; ∆′2 |−−−−−−γ′2;δ′2;p′2

Q where Γ = Γ′1∪Γ′2∪(γ′1×γ′2)

and ∆ = ∆′1 ∪∆′2 ∪ ({t}× (δ′1 ∪ δ′2 ∪ γ′1 ∪ γ′2)) and γ = γ′1 ∪ γ′2 and p = p′1 ∨ p′2 and Γs ∩∆t = ∅.

- By formation on Rule (W-Block) we get that Γ′2; ∆′2 |−−−−−−γ′2;δ′2;> 〈Q〉.

- By formation on Rule (W-Par) we get that Γ,∆1 |−−−−−−γ;δ1;> P | 〈Q〉 where ∆1 = ∆′1 ∪∆′2 and
it is clear that ∆1 ⊆ ∆.

- It should be noted that for ∆1 ⊆ ∆, based on basic properties of set operations from Γs∩∆t =
∅, that it follows Γs ∩∆t

1 = ∅.

�

Lemma 2.2.8. If Γ; ∆ |−−−−
γ;δ;p

P then there are Γ1,∆1, γ1, δ1 and p1 such that
Γ1,∆1 |−−−−−−γ1;δ1;p1

extr(P ) and Γ1 ⊆ Γ,∆1 ⊆ ∆ and γ1 ⊆ γ.

Proof. The proof proceeds by induction on the derivation Γ; ∆ |−−−−
γ;δ;p

P.

Base case: If Γ; ∆ |−−−−
γ;δ;p

P was derived by (W-Nil) then P = 0, extr(0) = 0. Γ = Γ1 = ∅,
∆ = ∆1 = ∅, γ = γ1 = ∅, δ = δ1 = ∅, and p1 = ⊥.

Induction step: There are six cases, depending on the last rule applied in the derivation.
Below we present three cases since the proof follows directly for the other cases.

� Case 1 (W-Par): Assume that Γ; ∆ |−−−−
γ;δ;p

P ′ | Q′ follows from Γ′1; ∆′1 |−−−−−−γ′1;δ′1;p′1
P ′ and

Γ′2; ∆′2 |−−−−−−γ′2;δ′2;p′2
Q′,

- By (W-Par) it follows that Γ = Γ′1∪Γ′2∪(γ′1×γ′2) (cf. (2.4)), ∆ = ∆′1∪∆′2, δ = δ′1∪δ′2
and p = p′1 ∨ p′2, and holds that Γs ∩∆t = ∅.

- By de�nition of extraction function (cf. Figure 2.2) we get: extr(P ′ | Q′) =
extr(P ′) | extr(Q′).

- For process P ′ by induction hypothesis there are Γ′′1 ⊆ Γ′1 and ∆′′1 ⊆ ∆′1 such that:
Γ′′1; ∆′′1 |−−−−−−−−γ′′1 ;δ′′1 ;p′′1

extr(P ′).

- Similarly, for process Q′ by induction hypothesis there are Γ′′2 ⊆ Γ′2 and ∆′′2 ⊆ ∆′2
such that: Γ′′2; ∆′′2 |−−−−−−−−γ′′2 ;δ′′2 ;p′′2

extr(Q′).

- By formation on Rule (W-Par) we get: Γ1; ∆1 |−−−−−−γ1;δ1;p1
extr(P ′) | extr(Q′) where Γ1 =

Γ′′1∪Γ′′2∪(γ′′1×γ′′2 ), ∆1 = ∆′′1∪∆′′2, δ1 = δ′′1∪δ′′2 and p1 = p′′1∨p′′2, also holds Γs1∩∆t
1 = ∅.

- It is easy to conclude: Γ1 ⊆ Γ,∆1 ⊆ ∆ and γ1 ⊆ γ.

� Case 2 (W-Block): Assume that Γ; ∆ |−−−−
γ;δ;> 〈P

′〉 follows from Γ; ∆ |−−−−
γ;δ;p

P ′. By de�ni-
tion of extraction function (cf. Figure 2.2) we get: extr(〈P ′〉) = 〈P ′〉. Therefore, it is easy
to be concluded that the statement holds.

� Case 3 (W-Trans): Assume that Γ; ∆ |−−−−
γ;δ;p

t[P ′,Q′] follows from Γ′1; ∆′1 |−−−−−−γ′1;δ′1;p′1
P ′ and

Γ′2; ∆′2 |−−−−−−γ′2;δ′2;p′2
Q′.

- By Rule (W-Trans) we get: Γ = Γ′1 ∪ Γ′2 ∪ (γ′1 × γ′2), ∆ = ∆′1 ∪∆′2 ∪ ({t} × (δ′1 ∪
δ′2 ∪ γ′1 ∪ γ′2)), δ = δ′1 ∪ δ′2 and p = p′1 ∨ p′2, also condition Γs ∩∆t = ∅ holds.
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- By de�nition of extraction function (cf. Figure 2.2) we get extr(P ) = 0. Therefore,
statement holds directly.

For all other cases for the proof follows directly, because of de�nition of extraction function.
�

Lemma 2.2.9. If Γ; ∆ |−−−−
γ;δ;p

P | Q then there are Γ1,∆1, γ1, δ1 and p1 such that
Γ1,∆1 |−−−−−−γ1;δ1;p1

extr(P ) | Q and Γ1 ⊆ Γ,∆1 ⊆ ∆ and γ1 ⊆ γ.

Proof. Let Γ; ∆ |−−−−
γ;δ;p

P | Q .

- By Lemma 2.2.6 we get Γ′1; ∆′1 |−−−−−−γ′1;δ′1;p′1
P and Γ′2; ∆′2 |−−−−−−γ′2;δ′2;p′2

Q where Γ = Γ′1 ∪ Γ′2 ∪ (γ′1 ×
γ′2) (cf.(2.4)),∆ = ∆′1 ∪∆′2, γ = γ′1 ∪ γ′2, δ = δ′1 ∪ δ′ and p = p′1 ∨ p′2 and condition Γs ∩∆t = ∅
holds.

- For process P by Lemma 2.2.8 there are Γ′′1 ⊆ Γ′1, ∆′′1 ⊆ ∆′1, and γ′′1 ⊆ γ′1 such that:
Γ′′1; ∆′′1 |−−−−−−−−γ′′1 ;δ′′1 ;p′′1

extr(P ).

- For processes extr(P ) and Q by formation on Rule (W-Par) the following holds:
Γ1; ∆1 |−−−−−−γ1;δ1;p1

extr(P ) | Q where Γ1 = Γ′′1 ∪ Γ′2 ∪ (γ′′1 × γ′2),∆1 = ∆′′1 ∪∆′2, γ1 = γ′′1 ∪ γ′2, δ1 =

δ′′1 ∪ δ′2 and p1 = p′′1 ∨ p′2 and Γs1 ∩∆t
1 = ∅ holds by basic properties of set operations.

�

We may now prove a soundness result, which ensures that well-formedness is preserved under
LTS rules.

Theorem 2.2.10. If Γ; ∆ |−−−−
γ;δ;p

P and P α−−→ P ′ then there are Γ′ ⊆ Γ and ∆′ ⊆ ∆ such that
Γ′; ∆′|−−−−−−

γ′;δ′;p′
P ′.

Proof. The proof proceeds by induction on the depth of the derivation P α−−→ P ′.

Base cases: In the following we consider four base cases.

• Case (L-Out1): Assume that Γ; ∆ |−−−−
γ;δ;p

t.P and t.P t−→ P . By Lemma 2.2.6 Case 2) we
get Γ; ∅ |−−−−−−−−

γ∪{t};δ;⊥ P .

• Case (L-Out2): Assume that Γ; ∆ |−−−−
γ;δ;p

a.P and a.P a−−→ P . By Lemma 2.2.6 Case 3) it
holds that Γ; ∅ |−−−−

γ;δ;⊥ P .

• Case (L-In): Assume that Γ; ∆ |−−−−
γ;δ;p

a.P and a.P a−−→ P . By Lemma 2.2.6 Case 4) we have
that Γ; ∅ |−−−−

γ;δ;⊥ P .

• Case (L-Rec-Out): Assume that Γ; ∆ |−−−−
γ;δ;p

t[P ,Q], and t[P ,Q]
t−→ extr(P ) | 〈Q〉.

- By Lemma 2.2.7 there are Γ′,∆′, γ′, δ′ and p′ such that ∆′ ⊆ ∆ and the following holds:
Γ′; ∆′ |−−−−−−

γ′;δ′;> P | 〈Q〉.

- By Lemma 2.2.9 we �nally get: Γ′1; ∆′1 |−−−−−−γ′1;δ′1;p′1
extr(P ) | 〈Q〉 where Γ′1 ⊆ Γ,∆′1 ⊆ ∆ and

γ′1 ⊆ γ.

Induction step: In the following we consider seven cases. We omit symmetric cases (L-
Par2) and (L-Comm2).
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• Case (L-Par1): Assume that Γ; ∆ |−−−−
γ;δ;p

P1 | Q and if the last applied rule is (L-Par1) then

P1 | Q α−−→ P ′1 | Q is derived from P1
α−−→ P ′1.

- By Lemma 2.2.6 Case 2) the following holds: Γ1; ∆1 |−−−−−−γ1;δ1;p1
P1 and Γ2; ∆2 |−−−−−−γ2;δ2;p2

Q such
that Γ = Γ1∪Γ2∪ (γ1×γ2) (cf. (2.4)),∆ = ∆1∪∆2, γ = γ1∪γ2, δ = δ1∪ δ2 and p = p1∨p2

and condition Γs ∩∆t = ∅ holds.
- By induction hypothesis there are Γ′1 ⊆ Γ1 and ∆′1 ⊆ ∆1, such that Γ′1; ∆′1 |−−−−−−γ′1;δ′1;p′1

P ′.

- We get that condition (∆′1∪∆2)t∩ (Γ′1∪Γ2∪ (γ′1×γ2))s = ∅ holds based on basic properties
of set operations.

- For processes P ′1 and Q by formation on Rule (W-Par) we get: Γ′; ∆′ |−−−−−−
γ′;δ′;p′

P ′1 | Q where
Γ′ = Γ′1 ∪ Γ2 ∪ (γ′1 × γ2),∆′ = ∆′1 ∪∆2, γ = γ′1 ∪ γ2, δ = δ′1 ∪ δ2 and p = p′1 ∨ p2.

Therefore, we obtain that the conditions of the theorem are satis�ed.

• Case (L-Comm1): Assume that Γ; ∆ |−−−−
γ;δ;p

P | Q and if the last applied rule is (L-Comm1)

then P | Q τ−−→ P ′ | Q′ is derived from P
x−−→ P ′ and Q x−−→ Q′.

- By Lemma 2.2.6 Case 2) the following holds: Γ1; ∆1 |−−−−−−γ1;δ1;p1
P and Γ2; ∆2 |−−−−−−γ2;δ2;p2

Q such
that Γ = Γ1 ∪ Γ2 ∪ (γ1 × γ2),∆ = ∆1 ∪ ∆2, γ = γ1 ∪ γ2, δ = δ1 ∪ δ2 and p = p1 ∨ p2 and
condition Γs ∩∆t = ∅ holds.

- For process P ′ by induction hypothesis there are Γ′1 ⊆ Γ1 and ∆′1 ⊂ ∆1, such that
Γ′1; ∆′1 |−−−−−−γ′1;δ′1;p′1

P ′.

- For process Q′ by induction hypothesis there are Γ′2 ⊆ Γ2 and ∆′2 ⊂ ∆2, such that
Γ′2; ∆′2 |−−−−−−γ′2;δ′2;p′2

Q′.

- We get that condition (∆′1∪∆′2)t∩ (Γ′1∪Γ′2∪ (γ′1×γ′2))s = ∅ holds based on basic properties
of set operations.

- For processes P ′ and Q′ by formation on Rule (W-Par) we get: Γ′; ∆′ |−−−−−−
γ′;δ′;p′

P ′ | Q′ where
Γ′ = Γ′1 ∪ Γ′2 ∪ (γ′1 × γ′2),∆ = ∆′1 ∪∆′2, γ = γ′1 ∪ γ′2, δ = δ′1 ∪ δ′2 and p = p′1 ∨ p′2.

Therefore, we obtain that the conditions of the theorem are satis�ed.

• Case (L-Rep): Assume that γ × γ; ∆ |−−−−
γ;δ;p

!π.P and if the last applied rule is (L-Rep) then

!π.P
α−−→ P ′ | !π.P is derived from π.P

α−−→ P ′.

- By Lemma 2.2.6 Case 7) we get Γ′; ∅ |−−−−
γ;∅;⊥ π.P and ∆ = ∅.

- By induction hypothesis there is Γ′1 ⊆ Γ′ such that Γ′1; ∅ |−−−−−−
γ′;δ′;p′

P ′.

- For processes !π.P and P ′ by formation on Rule (W-Par) we get: Γ1; ∆1 |−−−−−−γ1;δ1;p1
P ′ | !π.P

such that Γ1 = Γ′1 ∪ (γ × γ1),∆1 = ∅, γ1 = γ ∪ γ′, δ1 = δ ∪ δ′ and p1 = p ∨ p′. Condition
Γs1 ∩∆t

1 = ∅ holds by basic properties of set operations.

Therefore, we obtain that the conditions of the theorem are satis�ed.

• Case (L-Rec-In): Assume that Γ; ∆ |−−−−
γ;δ;p

t[P ,Q] and if the last applied rule is (L-Rec-In)

then t[P ,Q]
τ−−→ extr(P ′) | 〈Q〉 is derived from P

t−→ P ′.

- Using the assumption and by Lemma 2.2.6 Case 9) we get that for process P the following
holds: Γ1; ∆1 |−−−−−−γ1;δ1;p1

P for some Γ1,∆1, γ1, δ1, p1, and for process Q the following holds:
Γ2; ∆2 |−−−−−−γ2;δ2;p2

Q for some Γ2,∆2, γ2, δ2, p2.
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- By induction hypothesis there are Γ′1 ⊆ Γ1,∆
′
1 ⊆ ∆1 such that Γ′1; ∆′1 |−−−−−−γ′1;δ′1;p′1

P ′.

- For transaction t[P ,Q] by Lemma 2.2.7 there are ∆′, δ′ such that Γ1; ∆′ |−−−−−−
γ;δ′;> P | 〈Q〉 and

∆′ ⊆ ∆.

- For process P ′ by formation on Rule (W-Par) and by set operations' properties the following
holds: Γ′2; ∆′2 |−−−−−−γ′2;δ′2;> P ′ | 〈Q〉, where Γ′2 = Γ′1 ∪Γ2 ∪ (γ′1× γ2), ∆′2 = ∆′1 ∪∆2, γ′2 = γ′1 ∪ γ2,

δ′2 = δ′1 ∪ δ2.

- Applying Lemma 2.2.8 on process extr(P ′) and Applying Lemma 2.2.9 we �nally get:
Γ′′2; ∆′′2 |−−−−−−−−γ′′2 ;δ′′2 ;> extr(P ′) | 〈Q〉 where Γ′′2 ⊆ Γ′2,∆

′′
2 ⊆ ∆′2, δ

′′
2 ⊆ δ′2 and γ′′2 ⊆ γ′2.

• Case (L-Scope-Out): Assume that Γ; ∆ |−−−−
γ;{t};p t[P ,Q] and if the last applied rule is

(L-Scope-Out) then t[P ,Q]
α−−→ t[P ′,Q] is derived from P

α−−→ P ′.

- By Lemma 2.2.6 Case 9) we get: Γ1; ∆1 |−−−−−−γ1;δ1;p1
P and Γ2; ∆2 |−−−−−−γ2;δ2;p2

Q and Γ = Γ1∪Γ2∪
(γ1 × γ2), ∆ = ∆1 ∪∆2 ∪ ({t} × (δ1 ∪ δ2 ∪ γ1 ∪ γ2)), γ = γ1 ∪ γ2, δ = {t} and p = p1 ∨ p2,
also condition Γs ∩∆t = ∅ holds.

- By inductive hypothesis there are Γ′1 ⊆ Γ1,∆
′
1 ⊆ ∆1 and δ′1, γ

′
1, p
′
1 such that

Γ′1; ∆′1 |−−−−−−γ′1;δ′1;p′1
P ′.

- Based on set operations' properties for Γ = Γ′1 ∪ Γ2 ∪ (γ1 × γ2) and ∆ = ∆′1 ∪∆2 ∪ ({t} ×
(δ1 ∪ δ2 ∪ γ1 ∪ γ2)) the condition Γs ∩∆t = ∅ holds too.

- For process Q and obtained process P ′ by formation on Rule (W-Trans) we get:
Γ′; ∆′ |−−−−−−

γ′;{t};p′ t[P
′,Q], where Γ′ = Γ′1 ∪Γ2 ∪ (γ′1× γ2), ∆′ = ∆′1 ∪∆2 ∪ ({t}× (δ1 ∪ δ2 ∪ γ1 ∪

γ2)), γ = γ′1 ∪ γ2, δ = {t} and p = p′1 ∨ p2.

Therefore, we obtain that the conditions of the theorem are satis�ed.

• Case (L-Res): Assume that Γ; ∆ |−−−−
γ;δ;p

(νx)P and if the last applied rule is (L-Res) then

(νx)P
α−−→ (νx)P ′ is derived from P

α−−→ P ′.

- By Lemma 2.2.6 we get: Γ; ∆ |−−−−
γ;δ;p

P.

- By inductive hypothesis there are Γ′ ⊆ Γ,∆′ ⊆ ∆, γ′, δ′, p′ such that Γ′; ∆′ |−−−−−−
γ′;δ′;p′

P ′.

- For process P ′ by formating on Rule (W-Res) the following holds: Γ′; ∆′ |−−−−−−
γ′;δ′;p′

(νx)P ′.

• Case (L-Block): Assume that Γ; ∆ |−−−−
γ;δ;> 〈P 〉 and if the last applied rule is (L-Block) then

〈P 〉 α−−→ 〈P ′〉 is derived from P
α−−→ P ′.

- By Lemma 2.2.6 we get: Γ; ∆ |−−−−
γ;δ;p

P.

- By inductive hypothesis there are Γ′ ⊆ Γ,∆′ ⊆ ∆, γ′, δ′, p′ such that Γ′; ∆′ |−−−−−−
γ′;δ′;p′

P ′.

- For process P ′ by formating on Rule (W-Block) the following holds: Γ′; ∆′ |−−−−−−
γ′;δ′;p′

〈P 〉′.

�

The following is immediate from De�nition 2.2.4 and Theorem 2.2.10:

Corollary 2.2.11. If P is a well-formed compensable process and P −→∗ P ′ then P ′ is also
well-formed.
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2.2.3 Adaptable Processes

Process calculi have certain limitations for the description of the pattern of dynamic evolution
and adaptable processes are introduced as a way of overcoming these limitations. As stated in
[7], such patterns rely on direct methods of controlling the behavior and location of running
processes. Therefore, adaptable processes are at the heart of the adaptation capabilities present
in many modern concurrent systems.

This section is divided into two parts:

Section 2.2.3.1 illustrates most salient features by means of a simple example for better
understanding the concept of adaptable processes introduced by Bravetti et al. [7].

Section 2.2.3.2 presents formal description of adaptable processes, through their syntax and
operational semantics.

2.2.3.1 Adaptable Processes, by Example

The calculus of adaptable processes was introduced as a variant of Milner's CCS [32] (without
restriction and relabeling), extended with the following two constructs, aimed at representing
the dynamic recon�guration (or update) of communicating processes:

1. A located process, denoted l[P ], represents a process P which resides in a location called
l. Locations can be arbitrarily nested, which allows to organize process descriptions into
meaningful hierarchical structures.

2. Update pre�xes specify an adaptation mechanism for processes at location l. We write
l〈〈(X).Q〉〉 and l{(X).Q} to denote subjective and objective update pre�xes; in both cases,
X is a process variable that occurs zero or more times in Q.

This way, in the calculus of adaptable processes an update pre�x for location l can interact with
a located process at l to update its current behavior. Depending on the kind of pre�x (objective
or subjective), this interaction is realized by a reduction rule ((1.1) or (1.2), see also below).

We illustrate adaptable processes by revisiting example in Section 2.2.1.1:

Example 2.2.12. Consider again the hotel booking scenario in Example 2.2.1 , this time ex-
pressed using the calculus of adaptable processes (below we omit trailing 0s):

Reservation
def
= Hotel | Client

Client
def
= book.pay.(t.refund+ invoice)

Hotel
def
= t[book.pay.invoice] | t.t〈〈(Y ).0〉〉 | pt[refund]

We use CCS processes with the located processes and (subjective) update pre�xes. The client's
behavior involves sending requests for booking and paying for a room, which are followed by
either the reception of an invoice or an output on t. If the client sends output on t, then it follows
the request for a refund. The expected behavior of the hotel is located at location t: the hotel
allows the client to book a room and pay for it; if the client is satis�ed with the reservation, the
hotel will send him/her an invoice. The hotel speci�cation includes also (i) a subjective update
pre�x t〈〈(Y ).0〉〉 (in the same way, can be used objective update t{(Y ).0}), which deletes the
location t with its content if the client is not satis�ed with the reservation, and (ii) a simple
refund procedure located at pt, which handles the interaction with the client in that case. If
the client decides to cancel his reservation, the reduction steps for process Reservation can be
as follows:

Reservation −→ t[pay.invoice] | t.t〈〈(Y ).0〉〉 | pt[refund] | pay.(t.refund+ invoice)
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−→ t[invoice] | t.t〈〈(Y ).0〉〉 | pt[refund] | t.refund+ invoice

−→ t[invoice] | t〈〈(Y ).0〉〉 | pt[refund] | refund
−→ pt[refund] | refund
−→ pt[0].

In this example, we could have used objective update t{(Y ).0} instead of subjective update
t〈〈(Y ).0〉〉; with the objective update, the behavior of process Reservation is quite similar. Once
we formally de�ne our translations, a detailed derivation and explanation for this scenario will
be provided later on.

2.2.3.2 Adaptable Processes, Formal Description

Below is a formal and detailed description of the core calculus for adaptable processes.

2.2.3.2.1 Syntax

We consider pre�xes π and processes P,Q, . . . de�ned as:

π ::=

CCS pre�xes︷ ︸︸ ︷
x | x |

extension︷ ︸︸ ︷
l〈〈(X).Q〉〉 | l{(X).Q}

P,Q ::= 0 | π.P | !π.P | (νx)P | P | Q︸ ︷︷ ︸
CCS procesess

| l[P ] | X︸ ︷︷ ︸
extension

We consider input and output pre�xes (denoted x and x, respectively) as well as the update
pre�xes l〈〈(X).Q〉〉 and l{(X).Q} for subjective and objective update, respectively. We assume
that Q may contain zero or more occurrences of the process variable X. Although here we
consider a process model with both update pre�xes, we shall consider target calculi with only
one of them: the calculus of adaptable processes with subjective and objective update will be
denoted S and O, respectively. The syntax includes constructs for inaction (0); action pre�x
(π.P ); guarded replication (!π.P ), i.e. in�nitely many occurrences of P in parallel, each of them
are triggered by pre�x π; restriction ((νx)P ); parallel composition (P | Q); located processes
(l[P ]); and process variables (X). We omit 0 whenever possible; we write, e.g., l〈〈(X).P 〉〉 instead
of l〈〈(X).P 〉〉.0.

Name x is bound in (νx)P and process variable X is bound in l〈〈(X).Q〉〉. Given this, the
sets of free and bound names for a process P � denoted by fn(P ) and bn(P ) � are as expected
(and similarly for process variables). We rely on expected notions of α-conversion (noted ≡α)
and process substitution: we denote by P{Q/X} the process obtained by the (capture-avoiding)
substitution of Q for X in P .

2.2.3.2.2 Operational Semantics

Adaptable processes are governed by a reduction semantics, denoted P −→ P ′, a relation on
processes that relies on structural congruence (denoted ≡) and contexts (denoted C,D,E).

De�nition 2.2.5 (Structural congruence). Structural congruence is the smallest congruence
relation on processes that is generated by the following rules, which extend standard rules for
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(R-In-Out)

E
[
C
[
x.P

]
| D
[
x.Q

]]
−→ E

[
C
[
P
]
| D
[
Q
]]

(R-Ob-Upd)

E
[
C
[
l[P ]

]
| D
[
l{(X).Q}.R

]]
−→ E

[
C
[
Q{P/X}

]
| D
[
R
]]

(R-Sub-Upd)

E
[
C
[
l[P ]

]
| D
[
l〈〈(X).Q〉〉.R

]]
−→ E

[
C
[
0
]
| D
[
Q{P/X} | R

]]
(R-Str)

P ≡ P ′ P ′ −→ Q′ Q′ ≡ Q
P −→ Q

Figure 2.5: Reduction semantics for adaptable processes.

the CCS calculus with scope extrusion for locations:

P | Q ≡ Q | P (νx)0 ≡ 0

P | (Q | R) ≡ (P | Q) | R (νx)(νy)P ≡ (νy)(νx)P

P | 0 ≡ P Q | (νx)P ≡ (νx)(Q | P ) if x /∈ fn(Q)

!π.P ≡ π.P | !π.P (νx)l[P ] ≡ l[(νx)P ] if l 6= x

P ≡ Q if P ≡α Q

Contexts are processes with a hole [•]; their syntax is de�ned as follows:

De�nition 2.2.6 (Evaluation Contexts). The syntax of contexts is given by the following gram-
mar:

C[•] ::= [•] | l[C[•]
] | C[•] | P | (νx)C[•].

We write C[Q] to denote the process resulting from �lling in the hole [•] in context C with
process Q. Reduction −→ is the smallest relation on processes induced by the rules in Figure 2.5,
which we now brie�y discuss:

• Rule (R-In-Out) formalizes synchronization between processes x.P and x.Q, enclosed in
contexts C and D, respectively.

• Rules (R-Sub-Upd) and (R-Ob-Upd) formalize the equations (1.1) and (1.2) given in the
Introduction. They implement subjective and objective update of a process located at location
l that resides in contexts C and E. In general, we shall use one of these two rules, not both.

• Rule (R-Str) closes the reduction relation under structural congruence.

Remark 2.2.13. We write −→∗ to denote the re�exive and transitive closure of −→.

We close this section with the following example because we want to emphasize the di�er-
ence between subjective and objective updates. We note once again that the di�erence in the
movement through updates is crucial for encodings.
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Example 2.2.14. Let s, t, l1, and l2 be location names. Let us consider reduction steps for the
following processes P1 and P2 for subjective and objective update, respectively:

• For subjective update we have the following two reduction steps:

P1 = t
[
l1[a] | l1[b] | c

]
| outds(l1, l2, 2, Q)

= t
[
l1[a] | l1[b] | c

]
| l1〈〈(X1).l1〈〈(X2).(l2[X1] | l2[X2] | Q)〉〉〉〉

−→ t
[
l1[b] | c

]
| l1〈〈(X2).(l2[a] | l2[X2] | Q)〉〉

−→ t
[
c
]
| l2[a] | l2[b] | Q

• For objective update we have the following two reduction steps:

P2 = t
[
l1[a] | l1[b] | c

]
| outdo(l1, l2, 2, Q)

= t
[
l1[a] | l1[b] | c

]
| l1{(X1).l1{(X2).(l2[X1] | l2[X2] | Q)}}

−→ t
[
l1{(X2).(l2[a] | l2[X2] | Q)} | | l1[b] | c

]
−→ t

[
l2[a] | l2[b] | Q | c

]
The di�erence between subjective and objective update:

- by using subjective update, after two reduction steps, processes on location l1 that are
nested in location t, have been relocated to location l2 and moved out of location t;

- by using objective update, after two reduction steps, we got that processes on location l1,
nested in location t, have been relocated to location l2. They are still nested in location t.
Therefore, if we want to relocate processes on location l2 out of the location t, we need to
perform at least one more reduction step.

2.3 Expressiveness of Concurrent Calculi

In this part of the dissertation, we provide a general survey of the most signi�cant approaches
to the expressiveness of concurrent languages. Throughout the following subsections we assume
the following notation conventions. We use L1,L2, . . . to range over languages and Ls,Lt to
range over source and target languages, respectively.

2.3.1 Generalities

Calculi are subject to evaluation and an important criterion for assessing their signi�cance is their
expressiveness. The theory of concurrency lacks a distinctive argument on a formal de�nition of
the expressive power of a language. Although a uni�ed theory would be ideal, a large number and
variety of concurrency models suggests that there is no single theory for language comparison
that incorporates all of them [42].

As explained in [43], for the study of expressiveness, the notion of encoding is of crucial
importance. The encoding is a function J·K from the terms of a source calculus into the terms of
a target calculus that satis�es correctness criteria which cover structural and semantic criteria
of function J·K. Because many criteria arise from di�erent practical needs, de�ning these criteria
is the main di�culty in de�ning a unique theory for language comparison. Several times in the
literature (e.g., in [39, 37, 40, 22]), it is stated that there is no consensus on what set of criteria
constitutes a reasonable and meaningful encoding. It is common to create criteria based on the
requirements of the current analysis. Also, in [40] author states that with the signi�cant increase
in the number of process models, their comparison in a systematic way represents an important
aspect of research in the �eld.
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The question of the purpose of the existence of expressiveness can be posed. In this regard,
expressiveness studies usually consider: encodability and non-encodability results. Naturally,
encodability is studying the existence of an encoding. The non-encodability, on the other hand,
deals with the opposite problem. Let us consider languages L1 and L2, if we want to con�rm
that L1 is more expressive than L2, we have to provide the existence of both results: we should
present/prove an encoding J·K : L2 −→ L1 and, simultaneously, we should provide a formal
argument demonstrating that an encoding J·K : L1 −→ L2 does not exist.

The literature also has another classi�cation of expressiveness. As explained in [42, 43],
there are two approaches to evaluate the expressive power of a language that consider absolute
or relative expressiveness:

- If we consider the expressive power of a single process calculus, we yield an absolute
result. We usually get a positive absolute result by proving the ability to solve some
kind of problem. Otherwise, we obtain a negative absolute result by demonstrating the
inability to solve a problem ([40], [22]). In [40] has been explained that this question entails
determining exactly the transition systems that are expressible in a given language. The
term absolute expressiveness is used to describe the expressive power of a language and its
semantics. As a result, the emphasis is on the expressiveness of the terms of the language,
as well as the kind of operators that can be expressed in it. The answers to these questions
are contingent on the use of appropriate denotations of LTS. Hence, only basic process
calculi with simple labels have been reported to have absolute expressiveness ([40]).

- Relative expressiveness, which is studied in this dissertation, measures the expressive power
of a language L1 by taking some language L2 as a reference. When we want to show that
L1 and L2 have the same expressive power, we use this type of expressiveness. The goal
is to get two encodability results, one for each direction. Other situation is to determine
the impact of a speci�c operator or construct on the expressiveness of a language L1. The
language L2 is the fragment of L1 without the operator(s) of interest. Precisely, one goal
can be that we want to show that L1 cannot be encoded into L2. If this is the case then
the di�erence in the expressive power between the two languages exists. The di�erence is
in the operators that L1 has but that L2 lacks, and in the literature, this scenario is known
as a separation result. It examines a construct that separates the world with it from the
world without it ([56, 55]).

A more detailed historical overview of the evolution of the de�nition of encoding starting
from proposal, within programming language at large and concluding with the most relevant
proposals for concurrent languages can be found in [42].

2.3.2 The Notation of Encoding

As we previously stated, an encoding function is a function from the set of processes of the source
calculus into the set of processes of the target calculus. The existence of an encoding shows that
the target language is at least as expressive as the source language. Conversely, proving the
non-existence of such an encoding shows that the source language can express some behavior
not expressible in the target language. By combining these encodability results (positive and
negative), the di�erences in expressivity between languages can be established.

Also, it is common to interpret the translation as a mapping of the syntax of the language, Ls
into the language Lt and Ps and Pt are set of process terms of the source and target language,
i.e., J·K : Ps −→ Pt. Such de�ned functions can be obtained by doing some trivial mappings. One
trivial example can be that we de�ne the encoding that translates every process to the inaction.
This is a reasonable assumption because the inaction is a part of every process calculus. It
is important to remember that such encoding says nothing about the expressive power of the
considered calculi. Therefore, if we want to analyze the quality of encodings and also to rule
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out trivial or meaningless encodings, encodings are augmented with a set of correctness criteria,
which attest to their quality. Overview and discussion of commonly used correctness criteria
can be found in [40, 22, 35, 36, 55, 21, 43].

Our objective is to relate the calculus of compensable and the calculus of adaptable processes
through valid encodings (simply encodings in the following). Here we de�ne a basic abstract
framework that will help us formalize these relations.

To de�ne valid encodings, we adopt �ve correctness criteria formulated by Gorla [22]:

(1) compositionality

(2)name invariance

 structural criteria

(3) operational correspondence

(4) divergence re�ection

(5) success sensitiveness

 semantic criteria

Structural criteria describe the static structure of the encoding, whereas the semantic criteria
describe its dynamics � how the behavior of encoded terms relates to that of source terms, and
vice versa. As stated in [40], structural criteria are needed in order to measure the expressive-
ness of operators in contrast to expressiveness of terms. As for semantic criteria, operational
correspondence is divided into completeness and soundness properties: the former ensures that
the behavior of a source process is preserved by the translation in the target calculus; the latter
ensures that the behavior of a translated (target) process corresponds to that of some source
process. Divergence re�ection ensures that a translation does not introduce spurious in�nite
computations, whereas success sensitiveness requires that source and translated terms behave
in the same way with respect to some notion of success.

Following [22], we start by de�ning an abstract notion of calculus, which we will later in-
stantiate with the three calculi of interest here:

De�nition 2.3.1 (Calculus). We de�ne a calculus as a triple (P,−→,≈), where:

• P is a set of processes;

• −→ is its associated reduction semantics, which speci�es how a process computes on its own;

• ≈ is an equality on processes, useful to describe the abstract behavior of a process, which is
a congruence at least with respect to parallel composition.

We will further assume that a calculus uses a countably in�nite set of names, usually denoted
N . Accordingly, the abstract de�nition of encoding refers to those names.

De�nition 2.3.2 (Encoding). Let Ns and Nt be countably in�nite sets of source and target
names, respectively. An encoding of the source calculus (Ps,−→s,≈s) into the target calculus
(Pt,−→t,≈t) is a tuple (J·K, ϕJ·K) where J·K : Ps −→ Pt denotes a translation and ϕJ·K : Ns −→
Nt denotes a renaming policy for J·K.

The renaming policy de�nes the way names from the source calculus are translated into the
target calculus. A valid encoding cannot depend on the particular names involved in source
processes.

We shall use the following notations. We write −→∗ to denote the re�exive, transitive
closure of −→. Also, given k ≥ 1, we will write P −→k P ′ to denote k consecutive reduction
steps leading from P to P ′. That is, P1 −→k Pk+1 holds whenever there exist P2, . . . , Pk such
that P1 −→ P2 −→ · · · −→ Pk −→ Pk+1.
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For compositionality, we use a context to combine the translated subterms, which depends
on the source operator that combines the subterms. This context is parametrized on a �nite set
of names, noted N below, which contains the set of free names of the respective source term. In
a slight departure from usual de�nitions of compositionality, the set N may contain transaction
names that do not occur free in the term. As we will see, we have an initially empty parameter
on the encoding function that is accumulated while translating a source term.

For the operational correspondence we follow more strict criteria than Gorla in [22]. We rely
on a form of operational completeness that, unlike Gorla's, explicitly describes the number of
steps required to mimic a step in the source language.

For divergence re�ection we will use the following de�nition:

De�nition 2.3.3 (Divergence). A process P diverges, written P −→ω, if there exists an in�nite
sequence of processes {Pi}i≥0 such that P = P0 and for any i, Pi −→ Pi+1.

To formulate success sensitiveness, we assume that both source and target calculi contain
the same success process X; also, we assume that ⇓ is a predicate that asserts reducibility (in a
�may� modality) to a process containing an unguarded occurrence of X. This process operator
does not a�ect the operational semantics and behavioral equivalence of the calculi: X cannot
reduce and n(X) = fn(X) = bn(X) = ∅. Therefore, this language extension does not a�ect the
validity of the encodability criteria.

De�nition 2.3.4 (Success). Let (P,−→,≈) be a calculus. A process P ∈ P (may)-succeeds,
denoted P ⇓, if it is reducible to a process containing an unguarded occurrence of X, i.e., if
P −→∗ P ′ and P ′ = C[X] for some P ′ and context C[•].

In the following de�nition, we formally present the �ve criteria for valid encoding where
n-adic context C[•1, . . . , •n] is a term such that n occurrences of 0 are replaced by the holes
[•1], . . . , [•n]:

De�nition 2.3.5 (Valid Encoding). Let Ls = (Ps,−→s,≈s) and Lt = (Pt,−→t,≈t) be source
and target calculi, respectively, each with countably in�nite sets of names Ns and Nt. An
encoding (J·K, ϕJ·K), where J·K : Ps −→ Pt and ϕJ·K : Ns −→ Nt, is a valid encoding if it satis�es
the following criteria:

(1) Compositionality: J·K is compositional if for every n-ary (n ≥ 1) operator op on Ps and for
every set of names N there is an n-adic context CN

op[•1, . . . , •n] such that, for all P1, . . . , Pn
with fn(P1, . . . , Pn) ⊆ N it holds that Jop(P1, . . . , Pn)K = CN

op [JP1K, . . . , JPnK] .

(2) Name invariance: J·K is name invariant if for every substitution σ : Ns −→ Ns there is a
substitution σ′ : Nt −→ Nt such that (i) for every a ∈ Ns : ϕJ·K(σ(a)) = σ′(ϕJ·K(a)) and (ii)
Jσ(P )K = σ′(JP K).

(3) Operational correspondence: J·K is operational corresponding if it satis�es the two re-
quirements:

a) Completeness: If P −→s Q then there exists k such that JP K −→k
t≈t JQK.

b) Soundness: If JP K −→∗t R then there exists P ′ such that P −→∗s P ′ and R −→∗t≈t JP ′K.

(4) Divergence re�ection: J·K re�ects divergence if, for every P such that JP K −→ω
t , it holds

that P −→ω
s .

(5) Success sensitiveness: J·K is success sensitive if, for every P ∈ Ps, it holds that P ⇓ if
and only if JP K ⇓.
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2.3.2.0.1 Concrete Instances

We now instantiate De�nition 2.3.1 with the source and target calculi of interest:

Source Calculus: CD, CP and CA The source calculus will be the calculus of compensable pro-
cesses de�ned in � 2.2.1. The set of processes, which we denote CD, CP and CA will contain
only well-formed compensable processes (cf. Section 2.2.2). We shall consider the reduc-
tion relation −→ de�ned at the end of Section 2.2.1. We shall use structural congruence
(De�nition 2.2.2) as behavioral equivalence.

Target Calculi: S and O There will be two target calculi, both based on the calculus of
adaptable processes de�ned in Section 2.2.3. The �rst one, with set of processes denoted S,
uses subjective updates only; its reduction semantics is as given in Figure 2.5, with updates
governed by Rule (R-Sub-Upd). Similarly, the second calculus, with set of processes
denoted O, uses objective updates only; its reduction semantics is governed by Rule (R-
Ob-Upd) instead. In both cases, the structural congruence of De�nition 2.2.5 will be used
as behavioral equivalence.

In the de�nition of operational correspondence (De�nition 2.3.5 (3)), the purpose of ≈t is to
abstract away from �junk� processes, i.e., processes left behind as a result of the translation that
do not add any meaningful behavior to translated processes. As we will see, in our translations
the inactive process 0 will be the only possible junk process; as such, it is inactive junk in the
sense that it does not perform further reductions on its own nor interact with the surrounding
target terms. This is why it su�ces to use structural congruences on source and target processes
as behavioral equalities.

Brief summary of the chapter:
This chapter introduced: (i) basic concepts and terminology; (ii) core calculi for compensable
and adaptable processes; (iii) a class of well-formed compensable processes that disallows non-
deterministic interactions involving nested transactions and error noti�cation names; (iv) an
overview of expressiveness studies and the techniques utilized to conduct them.

In the next chapter, we introduce all preliminaries for encodings C into A. It also presents
the encoding compensable into adaptable processes with subjective update (encodings CD, CP
and CA into S).
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CHAPTER 3

Encoding Compensable into Adaptable

Processes with Subjective Update

The main purpose of this chapter is to present valid encodings of calculus for compensable
processes into calculus of adaptable processes with subjective update. In the following, a brief
structure of the chapter is given:

Section 3.1 introduces all preliminaries for encodings C into A.

Section 3.2 at the beginning introduces the translation of CD into S in an informal way to
acquaint the reader with the basic intuition. Then it follows the formal de�nition of
encoding CD into S. The main contribution is a valid encoding CD into S.

Section 3.3 presents the translation of CP into S informally and formally. Then it follows
the formal de�nition of encoding CP into S. We prove that the encoding satis�es name
invariance and operational correspondence (completeness and soundness).

Section 3.4 presents the translation of CA into S informally, then goes on to give a formal
de�nition of the encoding. We prove that encoding CA into S satis�es the following crite-
ria: compositionality, name invariance, and operational correspondence (completeness and
soundness).

3.1 Preliminaries

Recall the base sets de�ned in De�nition 2.2.1; in particular, Nt denotes the base set of trans-
action names. Encodings of CD, CP, CA into S rely on the following notion of path, a sequence of
transaction names:

De�nition 3.1.1 (Paths). Let N k
t (with k ∈ N) be the set of sequences/tuples of length k

of names in Nt. These sequences will be denoted by µ, µ′, . . .; we assume they have pairwise
distinct elements. We write ε to denote the empty path. The concatenation of such sequences
with ε at the end will be referred to as paths and denoted by ρ, ρ′, . . . (i.e., ρ = µε, ρ′ = µ′ε, . . .).
We will sometimes omit writing the tail ε in ρ (i.e., µε = µ, µ′ε = µ′, . . .). By a slight abuse of
notation, given a transaction name t and a path ρ, we will write t ∈ ρ if t occurs in ρ.

We also require sets of reserved names. We have the following de�nition:

De�nition 3.1.2 (Reserved Names). The sets of reserved names N r
s and N r

l are de�ned as
follows:

� N r
s = {hx, jx, rx, kx | x ∈ Nt} is the set of reserved synchronization names, and

36
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Na

Nc Ns

• a• b
• c

Nt

• t• t′

• s• s′

Nl• l• l′
N r
s

•ht• jt
• rt • kt

N r
l

• pρ
•βρ

Figure 3.1: Base sets of names and reserved names.

� N r
l = {pρ, βρ | ρ is a path} is the set of reserved location names.

If t1, t2 ∈ Nt such that t1 6= t2 then ht1 6= ht2 , pt1 6= pt2 and βt1 6= βt2 . We let N r
l ⊆ Nl \Nt and

Ns ∩N r
s = ∅. In what follows we shall use the set Na = Nl ∪ (Ns ∪N r

s ) for adaptable processes.

Figure 3.1 illustrates base sets of names that are given in De�nition 3.1.2.
We will �nd it convenient to adopt the following abbreviations for adaptable processes.

Convention 3.1.1. Recall that l〈〈(X).Q〉〉 and l{(X).Q} denote subjective and objective update
pre�xes, respectively.

• We write
n∏
i=1

l[Xi] to abbreviate the process l[X1] | . . . | l[Xn].

• We write t〈〈†〉〉 to denote the subjective update pre�x t〈〈(Y ).0〉〉, which �kills� both location t
and the process it hosts. This way, for instance:

s[t[c]] | t〈〈†〉〉 −→ s[0] (3.1)

Similarly, we write t{†} to stand for the objective update pre�x that �kills� t and its content.

• We write t〈〈(Y1, Y2, . . . , Yn).R〉〉 to abbreviate the nested update pre�x :

t〈〈(Y1).t〈〈(Y2). · · · .t〈〈(Yn).R〉〉 · · · 〉〉〉〉.

For instance:

s
[
t
[
l1[a] | l1[b] | c

]
| l1〈〈(X1, X2).(l2[X1] | l2[X2])〉〉

]
−→∗ s

[
t
[
c
]
| l2[a] | l2[b]

]
.

Similarly, t{(Y1, Y2, . . . , Yn).R} will stand for the objective pre�x:

t{(Y1).t{(Y2). · · · .t{(Yn).R} · · · }}.

Below, this chapter contains three sections. They present the encoding source calculus
presented in [29] with static recovery and discarding (Section 3.2), preserving (Section 3.3) and
aborting (Section 3.4) semantics into adaptable processes.
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3.2 Translating CD into S

In this section we concentrate on a speci�c source calculus, namely the calculus in [29] with
static recovery and discarding semantics. Before giving a formal presentation of the encoding
we introduce some useful conventions and intuitions.

3.2.1 The Translation, Informally

In compensable processes: transactions, protected blocks, and the extraction function (cf. Fig-
ure 2.2) represent the most interesting process terms to be addressed in encodings.

We shall use paths (cf. De�nition 3.1.1) to represent the hierarchical structure induced by
nested transactions. That way, we can represent and trace the location of the transactions and
protected blocks in a process. Our translation of CD into S will be indexed by a path ρ: it will
be denoted J·Kρ (cf. De�nition 3.2.3 below). This way, e.g., the encoding of a protected block
found at path ρ will be de�ned as:

J〈P 〉Kρ = pρ
[
JP Kε

]
where pρ is a reserved name in N r

l (cf. De�nition 3.1.2).
A key aspect in our translation is the representation of the extraction function. As we have

seen, this function is part of the operational semantics and formalizes the protection of transac-
tions/protected blocks. Our translation explicitly speci�es the extraction function by means of
update pre�xes. We use the auxiliary process outds(l1, l2, n,Q), which moves n processes from
location l1 to location l2, and composes Q in parallel. Using the notations from Convention 3.1.1,
this auxiliary process can be de�ned as follows:

outds(l1, l2, n,Q) =

Q if n = 0

l1〈〈(X1, . . . , Xn).
( n∏
i=1

l2[Xi] | Q
)
〉〉 if n > 0

(3.2)

Example 3.2.1. Consider the process:

s
[
t
[
l1[a] | l1[b] | c

]
| outds(l1 , l2, 2, Q)

]
We have two reductions:

s
[
t
[
l1[a] | l1[b] | c

]
| l1〈〈(X1, X2).(l2[X1] | l2[X2] | Q)〉〉

]
−→ s

[
t
[
l1[b] | c

]
| l1〈〈(X2).(l2[a] | l2[X2] | Q)〉〉

]
−→ s

[
t
[
c
]
| l2[a] | l2[b] | Q

]
.

The �rst reduction corresponds to the synchronization between l1[a] and
l1〈〈(X1, X2).(l2[X1] | l2[X2] | Q)〉〉, while the second is the synchronization between l1[b]
and l1〈〈(X2).(l2[a] | l2[X2] | Q)〉〉. Figure 3.2 depicts these interactions using boxes to denote
nested locations.

The auxiliary process outds(l1, l2, n,Q) will be used in De�nition 3.2.2 � see next.

3.2.2 The Translation, Formally

Our translation of compensable processes into adaptable processes relies on an auxiliary process,
denoted extrd〈〈t, l1, l2〉〉, that explicitly represents the extraction function. Its de�nition uses
some additional functions, which we present below:

De�nition 3.2.1. Let P be a closed adaptable process.
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s

t

a
l1

| b
l1

| c | outds(l1, l2, 2, Q) −→2

s

t
c | a

l2
| b

l2
| Q

Figure 3.2: Illustrating outds(l1, l2, 2, Q) in Example 3.2.1.

1. Function nl(l, P ) denotes the number of locations l in process P . It is de�ned as follows:

nl(l, l[P ]) = nl(l, P ) + 1 nl(l1, l2[P ]) = nl(l1, P ) if l1 6= l2

nl(l, (νx)P ) = nl(l, P ) nl(l, P | Q) = nl(l, P ) + nl(l, Q)

nl(l,0) = nl(l,X) = 0 nl(l, π.P ) = nl(l, !π.P ) = 0

2. For a name t and a process P , function ch(t, P ) returns ht.0 if P equals to an evaluation
context with the hole replaced by ht.P ′ up to structural congruence (for some P ′), where
the hole is not located within pt,ρ, and returns 0 otherwise. It is de�ned as follows:

ch(t, ht.P ) = ht.0 ch(s, ht.P ) = 0

ch(t, l[P ]) =

{
0 if l = pt,ρ

ch(t, P ) otherwise
ch(t, P | Q) = ch(t, P ) | ch(t, Q)

ch(t, !π.P ) = 0 ch(t,0) = ch(t,X) = 0

ch(t, π.P ) = 0 if π 6= ht ch(t, (νx)P ) = ch(t, P )

We assume that functions nl(·, ·) and ch(·, ·) operate only over closed processes and, in the
style of a call-by-need evaluation strategy, we assume that they are applied once they are provided
with an argument. We are now ready to de�ne process extrd〈〈t, l1, l2〉〉:

De�nition 3.2.2 (Update Pre�x for Extraction). Let t, l1, and l2 be names. We write
extrd〈〈t, l1, l2〉〉 to stand for the following (subjective) update pre�x:

extrd〈〈t, l1, l2〉〉 = t〈〈(Y ).t[Y ] | ch(t, Y ) | outds(l1, l2, nl(l1, Y ), t〈〈†〉〉.ht)〉〉. (3.3)

Intuitively, process extrd〈〈t, l1, l2〉〉 serves to �prepare the ground� for the use of
outds(l1, l2, n,Q) which is the one that actually extracts processes from one location and relo-
cates them into another one. Once that occurs, location t is destroyed, which is signaled using
name ht.

We are now ready to formally de�ne the translation of CD into S.

De�nition 3.2.3 (Translating CD into S). Let ρ be a path. We de�ne the translation of com-
pensable processes into subjective adaptable processes as a tuple (J·Kρ, ϕJ·Kρ) where:

(a) The renaming policy ϕJ·Kρ : Nc → P(Na) is de�ned as:

ϕJ·Kρ(x) =

{
{x} if x ∈ Ns
{x, hx} ∪ {pρ : x ∈ ρ} if x ∈ Nt

(3.4)
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J〈P 〉Kρ = pρ
[
JP Kε

]
Jt[P ,Q]Kρ = t

[
JP Kt,ρ

]
| t. (extrd〈〈t, pt,ρ , pρ〉〉 | pρ[JQKε])

Ja.P Kρ = a.JP Kρ
Ja.P Kρ = a.JP Kρ
J t.P Kρ = t.ht.JP Kρ

J0Kρ = 0

J(νx)P Kρ = (νx)JP Kρ
JP1 | P2Kρ = JP1Kρ | JP2Kρ

J!π.P Kρ =!Jπ.P Kρ

Figure 3.3: Translating CD into S.

(b) The translation J·Kρ : CD → S is as in Figure 3.3.

Some intuitions are in order. The renaming policy focuses on transaction names: if x is
a transaction name, then it is mapped into the set of all (reserved) names that depend on it,
including reserved names whose indexed path mentions x. Otherwise, x is mapped into the
singleton set {x}.

We now explain the process mapping in Figure 3.3, which is parametric into a path ρ that
records the hierarchical structure induced by nested transactions. This way, top level process
P ∈ CD is translated as JP Kε.

Unsurprisingly, the main challenge in the translation is in representing transactions and
protected blocks as adaptable processes. More in details:

• The translation of a protected block found at path ρ will be enclosed in the location pρ.

• In the translation of t[P ,Q] we represent processes P and Q independently, using processes in
separate locations. More in details:

- The default activity P is enclosed in a location t while the compensation activity Q is
enclosed in a location pρ. That is, Q is immediately treated as a protected block.

- The translation of P is obtained with respect to path t, ρ, thus denoting that t occurs nested
within the transactions described by ρ.

- In case of a failure signal t̄, our translation activates process extrd〈〈t, pt,ρ, pρ〉〉 (cf. De�-
nition 3.2.2): it extracts all processes located at pt,ρ (which correspond to translations of
protected blocks) and moves them to their parent location pρ.

- The structure of a transaction and the number of its top-level processes change dynamically.
Whenever we need to extract processes located at pt,ρ, we �rst substitute Y in process outs

(cf. (3.2)) and in functions ch(t, ·) and nl(l1, ·) (cf. De�nition 3.2.1), by the current content
of the location t.

- We use the reserved name ht (introduced by extrd〈〈t, pt,ρ, pρ〉〉) to control the execution of
failure signals; it is particularly useful for error noti�cations that occur sequentially (one
after another in the form of a pre�x, e.g. t.t1. . . . .tn).

- Once the translation of protected blocks has been moved out of t, the location only contains
�garbage�: we can then erase the location t and its contents. To this end, we use the pre�x
t〈〈†〉〉 (cf. Convention 3.1.1), which is also introduced by extrd〈〈t, pt,ρ, pρ〉〉).
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- In case of an internal error noti�cation t, function ch(t, ·) does the following: it searches for
processes of the form ht.P within the current content at t and replaces them with ht.0. This
is done before the update pre�x t〈〈†〉〉 deletes both location t and processes located at t, as
described above. Notice that we would need to preserve synchronizations between input ht
and its corresponding output ht.

With the above intuitions, translations for the remaining constructs should be self-explanatory.

3.2.3 Translation Correctness

We now establish that the translation J·Kρ is a valid encoding. To this end, we address the
�ve criteria in De�nition 2.3.5: compositionality, name invariance, operational correspondence,
divergence refection, and success sensitiveness.

Our results apply for well-formed processes as in De�nition 2.2.4. Consider P =
t1
[
a | t2[b,b̄],ā

]
| t1 | t2, the ill-formed process presented in (2.2). Intuitively, P is not well-

formed because it can either compensate t1 or t2 in a non-deterministic fashion:

- if t1 is compensated then the failure signal on t2 will not be able to synchronize;

- if t2 is compensated then t1 can still be compensated.

That is, P −→∗ 〈b〉 | 〈a〉. Consider how this possibility would be mimicked by JP Kε, the encoding
of P :

JP Kε = t1
[
a | t2

[
b
]
| t2.

(
t2〈〈(Y ).t2[Y ] | ch(t2, Y ) | t2〈〈†〉〉.ht2〉〉 | pt1 [b]

) ]
| t1.

(
t1〈〈(Y ).t1[Y ] | ch(t1, Y ) | outds(pt1 , pε, nl(pt1 , Y ), t1〈〈†〉〉.ht1)〉〉 | pε[a]

)
| t1.ht1 | t2.ht2

−→ t1
[
a | t2

[
b
]
| t2.

(
t2〈〈(Y ).t2[Y ] | ch(t2, Y ) | ht2〉〉 | pt1 [b]

) ]
| t1.

(
t1〈〈(Y ).t1[Y ] | ch(t1, Y ) | outds(pt1 , pε, nl(pt1 , Y ), t1〈〈†〉〉.ht1)〉〉 | pε[a]

)
| t1.ht1 | ht2

−→ t1
[
a | t2

[
b
]
| t2〈〈(Y ).t2[Y ] | ch(t2, Y ) | t2〈〈†〉〉.ht2〉〉 | pt1,ε[b]

]
| t1〈〈(Y ).t1[Y ] | ch(t1, Y ) | outds(pt1 , pε, nl(pt1 , Y ), t1〈〈†〉〉.ht1)〉〉 | pε[a] | ht1 | ht2

−→ t1
[
a | t2[b] | ch(t2, b) | t2〈〈†〉〉.ht2 | pt1,ε[b]

]
| t1〈〈(Y ).t1[Y ] | ch(t1, Y ) | outds(pt1 , pε, nl(pt1 , Y ), t1〈〈†〉〉.ht1)〉〉 | pε[a] | ht1 | ht2

−→ t1
[
a | t2[b] | t2〈〈†〉〉.ht2 | pt1,ε[b]

]
| pt1,ε〈〈(X1).

(
pε[X1] | t1〈〈†〉〉.ht1

)
〉〉 | pε[a] | ht1 | ht2

−→ t1
[
a | t2[b] | t2〈〈†〉〉.ht2

]
| pε[b] | t1〈〈†〉〉.ht1 | pε[a] | ht1 | ht2

−→ pε[b] | ht1 | pε[a] | ht1 | ht2
−→ pε[b] | pε[a] | ht2

Hence, when applied into ill-formed processes, encoding induces target processes with �garbage
processes� (such as ht2 above), which do not satisfy operational correspondence as de�ned in
De�nition 2.3.5. Speci�cally, the soundness property would not hold, because JP Kε would have
behaviors not present in P . A similar conclusion can be drawn for the other two ill-formed
processes presented in (2.2).

3.2.3.1 Structural Criteria

We prove the two criteria, following the order in which they were introduced in De�nition 2.3.5,
i.e., compositionality and name invariance.
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3.2.3.1.1 Compositionality

Compositionality is not a trivial criterion at all. It should be borne in mind that well-known
encoding from the asynchronous π-calculus into the join-calculus in [19] is not compositional.
Also, in the recent work [49] is presented that the encoding from π-calculus into Cπ calculus is
not compositional.

The compositionality criterion says that the translation of a composite term must be de�ned
in terms of the translations of its subterms. The translation is initially parametrized with ε (i.e.,
without external names); afterwards, when applied to nested subterms, the list of parameters
is extended with transaction names ρ, as speci�ed in De�nition 2.3.5. Accordingly, we consider
compositional contexts that depend on an arbitrary list ρ of external transaction names. Nev-
ertheless, encoding still preserves the main principles of the notion of compositionality. We can
translate compensable terms by translating their operator without need to analyze the structure
of the subterms. Another peculiarity appears in the process extrd〈〈t, pt,ρ, pρ〉〉, which is de�ned
in De�nition 3.2.2. It depends on the function nl(l1, Y ) that dynamically counts the current
number of locations l1 in the content of t. To mediate between these translations of subterms,
we de�ne a context for each process operator, which depends on free names of the subterms:

De�nition 3.2.4 (Compositional context for CD). For every process operator from CD, we de�ne
a compositional context in S as follows:

C〈〉,ρ[•] = pρ
[
[•]
]

Ct[,],ρ[•1, •2] = t
[
[•1]
]
| t.
(
extrd〈〈t, pt,ρ, pρ〉〉 | pρ

[
[•2]
])

C | [•1, •2] = [•1] | [•2] Ct.[•] = t.ht.[•]

Ca.[•] = a.[•] Ca.[•] = a.[•]

C(νx)[•] = (νx)[•] C!π.[•] =!π.[•]

Using this de�nition, we may now state the following result:

Theorem 3.2.2 (Compositionality for J·Kρ). Let ρ be an arbitrary path. For every process
operator in CD and for all well-formed compensable processes P and Q it holds that:

J〈P 〉Kρ = C〈〉,ρ [JP Kε] Jt[P ,Q]Kρ = Ct[,],ρ [JP Kt,ρ, JQKε] JP | QKρ = C | [JP Kρ, JQKρ]

Ja.P Kρ = Ca. [JP Kρ] Jt.P Kρ = Ct. [JP Kρ] J(νx)P )Kρ = C(νx) [JP Kρ]

Ja.P Kρ = Ca. [JP Kρ] J!π.P Kρ = C!π. [JP Kρ]

Proof. Follows directly from the de�nition of contexts (De�nition 3.2.4) and from the de�nition
of J·Kρ : CD → S (Figure 3.3). Indeed, for all operators and all well-formed compensable processes
P and Q we have:

JP | QKρ = C | [JP Kρ, JQKρ] = JP Kρ | JQKρ
Jt[P ,Q]Kρ = Ct[,],ρ [JP Kt,ρ, JQKε] = t

[
JP Kt,ρ

]
| t. (extrd〈〈t, pt,ρ, pρ〉〉 | pρ[JQKε]) .

J〈P 〉Kρ = C〈〉,ρ [JP Kε] = pρ
[
JP Kε

]
Ja.P Kρ = Ca. [JP Kρ] = a.JP Kρ
Ja.P Kρ = Ca. [JP Kρ] = a.JP Kρ
Jt.P Kρ = Ct. [JP Kρ] = t.ht.JP Kρ

J(νx)P )Kρ = C(νx) [JP Kρ] = (νx)JP Kρ
J!π.P Kρ = C!π. [Jπ.P Kρ] =!Jπ.P Kρ.

�



43 3.2. Translating CD into S

3.2.3.1.2 Name invariance

Below we consider name invariance but �rst, we have the following remark:

Remark 3.2.3. We will say that a function σ : Nc → Nc is a valid substitution if it is the
identity except on a �nite set and it respects syntactically the partition of Nc into subsets Ns
and Nt, i.e., σ(Ns) ⊆ Ns and σ(Nt) ⊆ Nt where σ is injective (due to the condition that we
observe only well-formed compensable processes for the translation). If ρ = t1, . . . , tn, ε, we
write σ(ρ) to denote the sequence σ(t1), . . . , σ(tn), ε.

We now state name invariance, by relying on the renaming policy in De�nition 3.2.3 (a).

Theorem 3.2.4 (Name invariance for J·Kρ). For every well-formed compensable process P and
valid substitution σ : Nc → Nc there is a σ′ : Na → Na such that:

(i) for every x ∈ Nc : ϕJ·Kσ(ρ)(σ(x)) = {σ′(y) : y ∈ ϕJ·Kρ(x)}, and

(ii) Jσ(P )Kσ(ρ) = σ′(JP Kρ).

Proof. We de�ne the substitution σ′ as follows:

σ′(x) =


σ(x) if x = a or x = t

hσ(t) if x = ht

pσ(ρ) if x = pρ.

(3.5)

Now we provide proofs for (i) and (ii):

(i) Since Nc = Nt ∪Ns, we consider two sub-cases for x:

• if x ∈ Ns then it follows that:

{σ′(y) : y ∈ ϕJ·Kρ(x)} = {σ′(y) : y ∈ {x}} = {σ′(x)} = {σ(x)} = ϕJ·Kρ(σ(x)).

• if x ∈ Nt then:
- by De�nition 3.2.3:

ϕJ·Kσ(ρ)(σ(x)) = {σ(x), hσ(x)} ∪ {pσ(ρ) : σ(x) ∈ σ(ρ)}

- by de�nition of σ′:

{σ(x), hσ(x)} ∪ {pσ(ρ) : σ(x) ∈ σ(ρ)}
= {σ′(x), σ′(hx)} ∪ {σ′(pρ) : σ′(x) ∈ σ′(ρ)}
= {σ′(y) : y ∈ {x, hx}} ∪ {σ′(y) : y ∈ {pρ : σ(x) ∈ σ(ρ)}}
= {σ′(y) : y ∈ ϕJ·Kρ(x)}

(ii) The proof proceeds by structural induction on P . In the following, given a name x, a path
ρ, and process P , we write σx, σρ, and σP to stand for σ(x), σ(ρ), and σ(P ), respectively.

Base case: The statement holds for P = 0: Jσ(0)Kσρ = σ′(J0Kρ)⇔ 0 = 0.

Inductive step: There are six cases, but we show only the following three cases: trans-
action scope, protected block, and input/output pre�x. The proof for all the other cases
proceeds similarly.
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• Case P = t[P1,Q1]: We �rst apply the substitution σ on process P :

Jσ(t[P1,Q1])Kσρ = Jσt[σ(P1),σ(Q1)]Kσρ.

By expanding the de�nition of the translation in De�nition 3.2.3, we have:

Jσ(t[P1,Q1])Kσρ = σt
[
Jσ(P1)Kσt,σρ

]
| σt. (extrd〈〈σt, pσt,σρ, pσρ〉〉 | pσρ[Jσ(Q1)Kε])

By induction hypothesis it follows:

Jσ(t[P1,Q1])Kσρ = σt
[
σ′ (JP1Kt,ρ)

]
| σt.

(
extrd〈〈σt, pσt,σρ, pσρ〉〉 | pσρ[σ′ (JQ1Kε)]

)
(3.6)

On the other side, when we apply de�nition of substitution σ′ on JP Kρ the following
holds:

σ′ (Jt[P1,Q1]Kρ) = σ′
(
t
[
JP1Kt,ρ

]
| t. (extrd〈〈t, pt,ρ, pρ〉〉 | pρ[JQ1Kε])

)
= σ′t

[
σ′ (JP1Kt,ρ)

]
| σ′t.(extrd〈〈σ′t, pσ′t,σ′ρ, pσ′ρ〉〉 | pσ′ρ[σ

′ (JQ1Kε)]).
(3.7)

Given that it is valid σ′(t) = σ(t) (cf. (3.5)), it is easy to conclude that (3.6) is equal to
(3.7).

• Case P = 〈P1〉: We apply substitution σ on process P :

Jσ(〈P1〉)Kσρ = J〈σ(P1)〉Kσρ

By De�nition 3.2.3, Jσ(〈P1〉)Kσρ = pσρ
[
Jσ(P1)Kε

]
, and by induction hypothesis:

Jσ(〈P1〉)Kσρ = pσρ
[
σ′(JP1Kε)

]
. (3.8)

On the other side, when we apply substitution σ′ on JP Kρ the following holds:

σ′(J〈P1〉Kρ) = σ′(pρ
[
JP1Kε

]
) = pσ′ρ

[
σ′(JP1Kε)

]
. (3.9)

Based on de�nition of the function σ′, i.e. σ′(pρ) = pσ(ρ) and σ′(t) = σ(t) (cf. (3.5)), it
is easy to conclude that (3.8) is equal to (3.9).

• Case P = π.P1: Here we distinguish two sub-cases. In the �rst sub-case we consider
input on name a ∈ Ns (proof follows similarly for output). In the second sub-case we
consider that the output message is an error noti�cation on name t ∈ Nt.
• Case P = a.P1: We apply substitution σ on process P :

Jσ(a.P1)Kσρ = Jσa.σ(P1)Kσρ.

Next, we apply De�nition 3.2.3: Jσ(a.P1)Kσρ = σa.Jσ(P1)Kσρ. By induction hypothesis
it follows:

Jσ(a.P1)Kσρ = σa.σ′(JP1Kρ). (3.10)

We now apply substitution σ′ on JP Kρ:

σ′(J(a.P1)Kρ) = σ′(a.JP1Kρ) = σ′a.σ′(JP1Kρ). (3.11)

By de�nition of σ′ (cf. (3.5)), σ′(a) = σ(a) and so we conclude that (3.10) is equal to
(3.11).
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• Case P = t.P1: We apply substitution σ on process P :

Jσ(t.P1)Kσρ = Jσt.σ(P1)Kσρ.

Next, we apply De�nition 3.2.3: Jσ(t.P1)Kσρ = σt.hσt.Jσ(P1)Kσρ. By induction hypoth-
esis:

Jσ(t.P1)Kσρ = σt.hσt.σ
′(JP1Kρ). (3.12)

We apply substitution σ′ on JP Kρ:

σ′(J(t.P1)Kρ) = σ′(t.ht.JP1Kρ) = σ′t.hσ′t.σ
′(JP1Kρ). (3.13)

By de�nition of σ′ (cf. (3.5)), σ′(t) = σ(t) and so we conclude that (3.12) is equal to
(3.13).

�

3.2.3.2 Semantic Criteria

We prove the three semantic criteria, following the order in which they were introduced in
De�nition 2.3.5: operational correspondence, divergence re�ection, and success sensitiveness.

3.2.3.2.1 Operational Correspondence

Among the semantic criteria, operational correspondence is usually the most interesting one,
but also the most delicate to prove. We are interested in giving a statement of operational cor-
respondence that includes the number of reductions required in S to correctly mimic a reduction
in CD, CP and CA. Indeed, this will allow us to support our claim that subjective updates are more
e�cient than objective updates (cf. De�nition 4.1.7). To precisely state completeness results we
introduce some auxiliary notions: pbD(P ), pbP(P ) and pbA(P ). Whenever a notion coincides for
the all semantics, we shall avoid decorations D, P and A.

De�nition 3.2.5. Given a compensable process P , we will write pb(P ) to denote the number
of protected blocks in P � see Figure 3.4 for a de�nition.

Given a transaction t[P ,Q], the following lemma ensures that the number of protected blocks
in the default activity P is equal to the number of locations pt,ρ in JP Kt,ρ (De�nition 3.2.1).

Lemma 3.2.5. Let t[P ,Q] and ρ be a well-formed compensable process and an arbitrary path,
respectively. Then it holds that pbD(P ) = nl(pt,ρ, JP Kt,ρ).

Proof. The proof is by induction on the structure of P .

� Case P = 0 or P = π.P1 or P =!π.P1: By De�nition 3.2.1, De�nition 3.2.5 and De�ni-
tion 3.2.3, we can derive nl(pt,ρ, JP Kt,ρ) = 0 = pbD(P ).

� Case P = 〈P1〉: By De�nition 3.2.1, De�nition 3.2.5 and De�nition 3.2.3,

nl(pt,ρ, J〈P1〉Kt,ρ) = nl(pt,ρ, pt,ρ
[
JP1Kε

]
) = 1 = pbD(〈P1〉).

� P = s[P1,Q1]: By De�nition 3.2.3,

Js[P1,Q1]Kt,ρ = s
[
JP1Ks,t,ρ

]
| s. (extrd〈〈s, ps,t,ρ , pt,ρ〉〉 | pt,ρ[JQ1Kε]) .

Noticing that nl(pt,ρ, JP1Ks,t,ρ) = 0, by application of De�nition 3.2.1 and De�nition 3.2.5,
we get nl(pt,ρ, Js[P1,Q1]Kt,ρ) = 0 = pbD(s[P1,Q1]).
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pb(〈P 〉) = 1 pbA(t[P ,Q]) = 1 + pbA(P )

pbD(t[P ,Q]) = pbP(t[P ,Q]) = 0 pb(!π.P ) = pb(π.P ) = pb(0) = 0

pb(P | Q) = pb(P ) + pb(Q) pb((νx)P ) = pb(P )

Figure 3.4: Number of protected blocks for CD, CP and CA

� Case P = P1 | Q1: By De�nition 3.2.1 and De�nition 3.2.3,

nl(pt,ρ, JP1|Q1Kt,ρ) = nl(pt,ρ, JP1Kt,ρ|JQ1Kt,ρ) = nl(pt,ρ, JP1Kt,ρ) + nl(pt,ρ, JQ1Kt,ρ).

By induction hypothesis, we conclude nl(pt,ρ, JP1|Q1Kt,ρ) = pbD(P1) + pbD(Q1).

� Case P = (νx)P1: By De�nition 3.2.1 and De�nition 3.2.3,

nl(pt,ρ, J(νx)P1Kt,ρ) = nl(pt,ρ, (νx)JP1Kt,ρ) = nl(pt,ρ, JP1Kt,ρ).

By induction hypothesis and De�nition 3.2.5,

nl(pt,ρ, J(νx)P1Kt,ρ) = pbD(P1) = pbD((νx)P1).

�

The following example illustrates this claim.

Example 3.2.6. Notably, P = t[P1,d] is a well-formed compensable process, with default
activity P1 = 〈a〉 | 〈b〉 | c. By Figure 3.4, we have pbD(P1) = 2. Also, by De�nition 3.2.3, we
have:

JP Kρ = t
[
JP1Kt,ρ

]
| t.
(
extrd〈〈t, pt,ρ, pρ〉〉 | pρ

[
d
])
,

such that JP1Kt,ρ = pt,ρ
[
a
]
| pt,ρ

[
b
]
| c. Now, by De�nition 3.2.1 it is clear that nl(pt,ρ, JP1Kt,ρ) =

2.

We shall now prove that the translation J·Kρ satis�es operational correspondence (complete-
ness and soundness).

Theorem 3.2.7 (Operational Correspondence for J·Kρ). Let P be a well-formed process in CD.

(1) If P −→ P ′ then JP Kε −→k JP ′Kε where for

a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] it follows k = 1,
b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrD(P1) | 〈Q〉] | D[P2]] it follows k = 4 +

pbD(P1),

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrD(F [P1]) | 〈Q〉] it follows k = 4 + pbD(F [P1]),

for some contexts C[•], D[•], E[•], F [•], processes P1, Q, P2 and names t, u.

(2) If JP Kε −→n R with n > 0 then there is P ′ such that P −→∗ P ′ and R −→∗ JP ′Kε.

In the Theorem 3.2.7, Case (1) concerns completeness while Case (2) describes soundness.
Case (1)(a) concerns usual synchronizations, which are translated by J·Kρ. Cases (1)-(b) and (c)
concern synchronizations due to compensation signals; here the analysis distinguishes four cases,
as the failure signal can be external or internal (cf. (2.1), Page 14) and the transaction can be
replicated or not. In all cases, the number of reduction steps required to mimic the source tran-
sition depends on the number of protected blocks of the transaction being canceled. Therefore,
in the proof we will consider completeness and soundness (Parts (1) and (2)) separately.

Due to the complexity of the proof for Theorem 3.2.7 we �rst present some auxiliary results
for completeness and soundness, respectively.
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3.2.3.2.2 Auxiliary Results for Completeness

For the proof of operational correspondence, we introduce a mapping of evaluation contexts
for compensable (cf. De�nition 2.2.3) into evaluation contexts for adaptable processes (cf. Def-
inition 2.2.6). For this mapping we rely directly on translation CD into S (cf. De�nition 3.2.3).

De�nition 3.2.6. Let ρ be a path. We de�ne mapping J·Kρ from evaluation contexts of com-
pensable processes into evaluation contexts of adaptable processes as follows:

J[•]Kρ = [•]
J〈C[•]〉Kρ = pρ[JC[•]Kε]

Jt[C[•],Q]Kρ = t
[
JC[•]Kt,ρ

]
| t. (extrd〈〈t, pt,ρ, pρ〉〉 | pρ[JQKε])

JC[•] | P Kρ = JC[•]Kρ | JP Kρ
J(νx)C[•]Kρ = (νx)JC[•]Kρ

Convention 3.2.8. We will use JCKρ[P ] to denote the process that is obtained when the only
hole of context JC[•]Kρ is replaced with process P .

Lemma 3.2.9. Let P be a well-formed compensable process, C[•] an evaluation context, ρ an
arbitrary path, and ρ′ the path to the hole in C[•]. Then, JC[P ]Kρ = JCKρ[JP Kρ′ ].

Proof. The proof proceeds by induction on the structure of C[•].

Base cases: Assume that C[•] = [•] then C[P ] = P , and JC[P ]Kρ = JP Kρ.

Inductive step: There are four cases to consider. They all proceed by De�nition 3.2.3,
De�nition 3.2.6, and the inductive hypothesis:

• Case C[•] = 〈C1[•]〉: Then C[P ] = 〈C1[P ]〉 and

JC[P ]Kρ = J〈C1[P ]〉Kρ
Def.
= pρ[JC1[P ]Kε]

I.H.
= pρ[JC1Kε[JP Kρ′ ]] = pρ[JC1Kε]

][
JP Kρ′

]
Def.
= JCKρ

[
JP Kρ′

]
• Case C[•] = C1[•] | Q: Then C[P ] = C1[P ] | Q and

JC[P ]Kρ = JC1[P ] | QKρ
Def.
= JC1[P ]Kρ | JQKρ

I.H.
= JC1Kρ[JP Kρ′ ] | JQKρ
= JC1 | QKρ[JP Kρ′ = JCKρ

[
JP Kρ′

]
• Case C[•] = t[C1[•],Q]: Then C[P ] = t[C1[P ],Q] and

JC[P ]Kρ = Jt[C1[P ],Q]Kρ
Def.
= t

[
JC1[P ]Kt,ρ

]
| t. (extrd〈〈t, pt,ρ, pρ〉〉 | pρ[JQKε])

I.H.
= t

[
JC1Kt,ρ[JP Kρ′ ]

]
| t. (extrd〈〈t, pt,ρ, pρ〉〉 | pρ[JQKε])

=
(
t
[
JC1Kt,ρ

]
| t. (extrd〈〈t, pt,ρ, pρ〉〉 | pρ[JQKε])

)[
JP Kρ′

]
= JCKρ

[
JP Kρ′

]
• Case C[•] = (νx)C1[•]: Then C[P ] = (νx)C1[P ] and

JC[P ]Kρ = J(νx)C1[P ]Kρ
Def.
= (νx)JC1[P ]Kρ

I.H.
= (νx)JC1Kρ[JP Kρ′ ] = JCKρ

[
JP Kρ′

]
.

�
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3.2.3.2.3 Auxiliary Results for Soundness

For the proof of soundness, we will need the converse of Lemma 3.2.9, which is stated by the
following two results.

Lemma 3.2.10. Let P be a well-formed compensable process and ρ a path. If JP Kρ ≡ C[P ′]
then there are C1[•] and P1 such that C[•] = JC1[•]Kρ and P ′ = JP1Kρ′ , where ρ′ is the path to
the hole in C1[•].

Proof. The proof is by induction on structure of context C[•].

Base case: If C[•] = [•] and JP Kρ = P ′ then it follows directly that C1[•] = [•] and P1 = P.

Inductive step: We consider the following three cases:

• Case C[•] = l[C ′[•]]: Let JP Kρ ≡ l[C ′[P ′]]. By De�nition 3.2.3, we have that l = pρ and there
is P ′1 such that JP ′1Kρ = C ′[P ′]. By the induction hypothesis, there are C ′1[•] and P1 such that
C ′[•] = JC ′1[•]Kρ and P ′ = JP1Kρ′ , where ρ′ is the path to the hole in C ′1[•]. By De�nition 3.2.6,
C[•] = pρ[JC ′1[•]Kρ] = J〈C ′1[•]〉Kρ, and hence C1[•] = 〈C ′1[•]〉.

• Case C[•] = (νx)C ′[•]: Let JP Kρ ≡ (νx)C ′[P ′]. By De�nition 3.2.3, there is P ′1 such that
JP ′1Kρ = C ′[P ′]. By induction hypothesis, there are C ′1[•] and P1 such that C ′[•] = JC ′1[•]Kρ and
P ′ = JP1Kρ′ , where ρ′ is the path to the hole in C ′1[•]. Now, we have that C[•] = (νx)JC ′1[•]Kρ =
J(νx)C ′1[•]Kρ and hence C1[•] = (νx)C ′1[•].

• Case C[•] = C ′[•] | Q: Let JP Kρ ≡ C ′[P ′] | Q. By De�nition 3.2.3, we have two possibilities:

(i) If Q = t. (extrd〈〈t, pt,ρ, pρ〉〉 | pρ[JQ′Kε]) and C ′[P ′] ≡ t[JP ′1Kt,ρ] for some t, P ′1, Q
′, then

JP ′1Kt,ρ = C ′1[P ′] for some C ′1. By induction hypothesis, there are C ′′1 [•] and P1 such that
C ′1[•] = JC ′′1 [•]Kρ and P ′ = JP1Kρ′ , where ρ′ is the path to the hole in C ′′1 [•]. We complete
the proof by choosing C[•] = t[C ′′1 [•],Q′] and P ′ = JP1Kt,ρ′ .

(ii) If C ′[P ′] = JQ1Kρ and Q = JQ2Kρ for some Q1, Q2, then, by induction hypothesis, there
are C ′1[•] and P1 such that C ′[•] = JC ′1[•]Kρ and P ′ = JP1Kρ′ , where ρ′ is the path to the
hole in C ′1[•]. In this case, C[•] = C ′1[•] | Q2.

�

As a direct consequence of Case 3 in the previous proof, we can identify two possibilities for a
process that is obtained via our translation and equals to a parallel composition of processes.

Corollary 3.2.11. Let P be a well-formed compensable process and ρ a path.
If JP Kρ ≡ C[P ′] | D[Q′] then either:

(i) There are C1[•], D1[•], P1, and Q1 such that:

� C[•] = JC1[•]Kρ,

� D[•] = JD1[•]Kρ,

� P ′ = JP1Kρ′ and Q′ = JQ1Kρ′′ , where ρ′ and ρ′′ are paths to holes in C[•] and D[•],
respectively.

(ii) There are C1[•], P1, Q, t such that Q′ ≡ t. (extrd〈〈t, pt,ρ, pρ〉〉 | pρ[JQKε]), D[•] = [•], and
C[•] = t[C1[•]].
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The proof of soundness proceeds by induction on n. The base case uses the following lemma. In
cases (b) and (c), we use a process of the form I

(1)
t (JP Kt,ρ′′ , JQKε) and O

(1)
u (JF Kρ[hu.JP Kρ′ ], JQKε)

where t, u are names and �1� intuitively denotes the �rst intermediate process in the translation.
In fact, processes of the form I

(p)
t (JP Kt,ρ′′ , JQKε) and O

(q)
u (JF Kρ[hu.JP Kρ′ ], JQKε) with p, q ≥ 1,

that are introduced in Figure 3.6 and Figure 3.7, will be important in the proof of soundness.

Lemma 3.2.12. Suppose JP Kρ −→ R. Then one of the following holds for P and R:

a) P ≡ E[C[a.P1] | D[a.P2]] and R ≡ JEKρ
[
JCKρ1 [JP1Kρ′ ] | JDKρ1 [JP2Kρ′′ ]

]
, or

b) P ≡ E
[
C[t.P1] | D[t[P2,Q]]] and

R ≡ JEKρ
[
JCKρ1 [ht.JP1Kρ′ ] | JDKρ1 [I

(1)
t (JP2Kt,ρ′′ , JQKε)]

]
where

I
(1)
t (JP2Kt,ρ′′ , JQKε) = t

[
JP2Kt,ρ′′

]
| extrd〈〈t, pt,ρ′′ , pρ′′〉〉 | pρ′′ [JQKε], or

c) P ≡ E[u[C[u.P1],Q]] and R ≡ JEKρ
[
O

(1)
u (JCKu,ρ1 [hu.JP1Kρ′ ], JQKε)

]
where

O
(1)
u (JCKu,ρ1 [hu.JP1Kρ′ ], JQKε) = u

[
JCKu,ρ1 [hu.JP1Kρ′ ]

]
| extrd〈〈t, pu,ρ1 , pρ1〉〉 | pρ[JQKε],

for some contexts C[•], D[•], E[•] and processes P1, P2, Q. Also, paths ρ, ρ′, and ρ′′ are paths to
holes in contexts E[•], C[•], and D[•], respectively.

Proof. The proof is by induction on the reduction JP Kρ −→ R. There are three base cases,
which can be obtained by applying Rule (R-In-Out)) with x = a or x = t.

a) JP Kρ = E′[C ′[a.P ′1] | D′[a.P ′2]] −→ E′[C ′[P ′1] | D′[P ′2]] = R.
By Lemma 3.2.10, Corollary 3.2.11, De�nition 3.2.3 and Lemma 3.2.9, we get the following
derivation:

JP Kρ = JEKρ[JSKρ1 ], (1)

= JEKρ[JCKρ1 [JS1Kρ′ ] | JDKρ1 [JS2Kρ′′ ]], (2)

= JEKρ[JCKρ1 [a.JP1Kρ′ ] | JDKρ1 [a.JP2Kρ′′ ]], (3)

= JEKρ[JCKρ1 [Ja.P1Kρ′ ] | JDKρ1 [Ja.P2Kρ′′ ]]

= JE[C[a.P1] | D[a.P2]]Kρ
where

(1) JSKρ1 = C ′[a.P ′1] | D′[a.P ′2],

(2) JS1Kρ′ = a.P ′1, JS2Kρ′′ = a.P ′2,

(3) JP1Kρ′ = P ′1, JP2Kρ′′ = P ′2,

and JDKρ1 [•] = D′[•], JC[•]Kρ1 = C ′[•], and ρ1, ρ′ and ρ′′ are paths to holes in E[•], C[•] and
D[•], respectively.

b) JP Kρ = E′[C ′[t.P ′1] | D′[t.P ′2]] −→ E′[C ′[P ′1] | D′[P ′2]] = R and D′[•] 6= [•].
By Lemma 3.2.10, Corollary 3.2.11 and De�nition 3.2.3, we get the following derivation:
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JP Kρ = JEKρ[JSKρ1 ], (1)

= JEKρ[JCKρ1 [JS1Kρ′ ] | JDKρ1 [JS2Kρ′′ ]], (2)

= JEKρ[JCKρ1 [t.ht.JP1Kρ′ ] | JDKρ1 [t[JP2Kρ′′ ] (3)

| t.
(
extrd〈〈t, pt,ρ′′ , pρ′′〉〉 | pρ′′ [JQKε]

)
], (4)

= JEKρ[JCKρ1 [Jt.P1Kρ′ ] | JDKρ1 [Jt[P2,Q]Kρ′′ ]]

= JE[C[t.P1] | D[t[P2,Q]]]Kρ
where

(1) JSKρ1 = C ′[t.P ′1] | D′′[t[P ′′2 ] | t.P ′2]

(2) JS1Kρ′ = t.P ′1, JS2Kρ′′ = t[P ′′2 ] | t.P ′2
(3) P ′1 = ht.JP1Kρ′ , P ′′2 = JP2Kρ′′ ,
(4) P ′2 = extrd〈〈t, pt,ρ′′ , pρ′′〉〉 | pρ′′ [JQKε]

and JDKρ1 [•] = D′′[•], JC[•]Kρ1 = C ′[•], and ρ1, ρ′, ρ′′ are paths to holes in E[•], C[•], D[•],
respectively.

c) JP Kρ = E′[C ′[u.P ′1] | D′[u.P ′2]] −→ E′[C ′[P ′1] | D′[P ′2]] = R and D′[•] = [•] and
C ′[•] = u[C ′′[•]].
By Lemma 3.2.10, Corollary 3.2.11 and De�nition 3.2.3, we get the following derivation:

JP Kρ = E′[u[C ′′[u.P ′1]] | u.P ′2]

= JEKρ[JSKρ1 ] (1)

= JEKρ[u[JP ′′1 Ku,ρ1 ] (2)

| u. (extrd〈〈u, pu,ρ1 , pρ1〉〉 | pρ1 [JQKε])] (3)

= JEKρ[u[JCKu,ρ1 [Ju.P1Kρ′ ]] | u. (extrd〈〈u, pu,ρ1 , pρ1〉〉 | pρ1 [JQKε])]

= JE[u[C[u.P1],Q]]Kρ.
where

(1) JSKρ1 = u[C ′′[u.P ′1]] | u.P ′2
(2) JP ′′1 Ku,ρ1 = C ′′[u.P ′1] = t[P ′′2 ] | t.P ′2
(3) P ′2 = extrd〈〈u, pu,ρ1 , pρ1〉〉 | pρ1 [JQKε]

and JC[•]Kt,ρ1 = C ′′[•] and ρ1 and ρ′ are paths to holes in E[•] and C[•], respectively.
Note that since we analyze only one (�rst) reduction step, i.e. JP Kρ −→ R, the case of a
reduction derived by Rule (R-Sub-Upd) is excluded by de�nition of translation.

Finally, the inductive step considers cases when the last step was derived by Rule (R-Str).
In that way, we get case with �≡" instead of �=" in the three base cases. �

Starting from an adaptable process P that results from our translation, we single out those
processes that P reduces to but that do not correspond to the translation of any compensable
process. Such processes always appear after a synchronization on some name t and before
synchronization on the reserved name ht. We will �rst consider computations of a process that
results from translating the parallel composition of a transaction and its failure signal (possibly
with some continuation).

Recall that function ch(t, R) (cf. De�nition 3.2.1) checks whether R is structurally equivalent
to a process of the form C[ht.S], for some context C[•] and process S: if this is not the case,
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then ch(t, R) = 0. In a process obtained from our translation, process ht.S always occurs within
a process of the form t.ht.S (cf. Figure 3.3), directly implying that any process JP Kρ cannot be
congruent with C[ht.S]. This is stated by the following lemma.

Lemma 3.2.13. Let P be a well-formed compensable process. If JP Kρ=π.Q then π = a or
π = ā or π = t̄, for some a ∈ Ns and t ∈ Nt.

Proof. Follows directly from de�nition of the translation (cf. De�nition 3.2.3). �

The following lemma holds also for all translations that will be considered in the thesis, i.e.,
for translation CD into O, CP and CA into S and O.

Lemma 3.2.14. Let P be a well-formed compensable process, t a transaction name, and ρ a
path. Then, it holds that ch(t, JP Kρ) = 0.

Proof. By contradiction. Suppose, for the sake of contradiction, that ch(t, JP Kρ) = ht.0. Then,
JP Kρ ≡ C[ht.S]. By Lemma 3.2.10, there are C1[•] and Q such that JC1[•]Kρ = C[•] and JQKρ′ =
ht.S, where ρ′ is the path to [•] in C1[•]. But this contradicts Lemma 3.2.13: it is not possible
that JQKρ′ = ht.S since, necessarily, ht is a reserved name in N r

s ; by De�nition 3.1.2, N r
s ∩Nt = ∅

and N r
s ∩Ns = ∅. �

In studying the processes that are obtained by translating the parallel composition of a transac-
tion and its (externally triggered) failure signal (and its computation), we come to the lemmas
that identify processes that are created before a synchronization on ht.

Lemma 3.2.15. If JEKρ[P ] | Q ≡ C[S] where S = π.R or S = X then there exist contexts
E′[•], E′′[•], and E′′′[•] such that:

1. JE[•]Kρ = JE′[•]Kρ | JE′′Kρ[S] and for S = π.R it holds π ∈ {x, x}, or

2. P ≡ E′′′[S], or

3. Q ≡ E′′′[S].

Proof. The proof proceeds by induction on the structure of context C[•]. �

The following de�nition formalizes all possible forms for the process I(p)
t (JP Kt,ρ, JQKε). Recall

that function nl(l, P ), de�ned in De�nition 3.2.1 (1), returns the number of locations l in process
P .

De�nition 3.2.7. Let P,Q be well-formed compensable processes. Given a name t, a path ρ,
and p ≥ 1, we de�ne the intermediate processes I(p)

t (JP Kt,ρ, JQKε) (Figure 3.6) depending on
m = nl(pt,ρ, JP Kt,ρ):

1. if m = 0 then p ∈ {1, 2, 3};

2. otherwise, if m > 0 then JP Kt,ρ =
m∏
k=1

pt,ρ[JP ′kKε] | S and p ∈ {1, . . . ,m+ 3}.

Figure 3.5 illustrates how intermediate processes relate to the encoding of well-formed com-
pensable processes. The main role of these processes is to extract all processes pt,ρ[·] from JP Kt,ρ
using the process outd.

Lemma 3.2.16. Let P1 be a well-formed compensable process such that

� JP1Kε ≡ JEKε
[
JGKρ

[
JCKρ′

[
Jt[Pt,Qt]Kρ′′

]
| JDKρ′

[
Jt.StKρ′′′

]
|M1

]
|M2

]
|M3 and
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m > 0

m = 0

Jt[P ,Q]Kρ | JtKρ′

I
(1)
t I

(2)
t I

(3)
t

I
(1)
t I

(2)
t

. . . I
(m+2)
t I

(m+3)
t

JextrD(P ) | 〈Q〉Kρ

Figure 3.5: Process I(p)
t .

(p) I
(p)
t (JP Kt,ρ, JQKε) for nl(pt,ρ, JP Kt,ρ) = 0

(1) t
[
JP Kt,ρ

]
| extrd〈〈t, pt,ρ, pρ〉〉 | pρ[JQKε]

≡ t
[
JP Kt,ρ

]
| t〈〈(Y ).t[Y ] | ch(t, Y ) | t〈〈†〉〉.ht〉〉 | pρ[JQKε]

(2) t
[
JP Kt,ρ

]
| t〈〈†〉〉.ht | pρ[JQKε]

(3) ht | pρ[JQKε]

(p) I
(p)
t (JP Kt,ρ, JQKε) for nl(pt,ρ, JP Kt,ρ) > 0

(1) t
[
JP Kt,ρ

]
| extrd〈〈t, pt,ρ, pρ〉〉 | pρ[JQKε]

≡ t
[
JP Kt,ρ

]
| t〈〈(Y ).t[Y ] | ch(t, Y )

| outds(pt,ρ , pρ, nl(pt,ρ, Y ), t〈〈†〉〉.ht)〉〉 | pρ[JQKε]

(j + 2), 0 ≤ j ≤ m− 1 t
[
JP Kt,ρ

]
| pt,ρ〈〈(X1, . . . , Xm−j).

(m−j∏
k=1

pρ[Xk] |
j∏

k=1

pρ[JP ′kKε]

| t〈〈†〉〉.ht
)
〉〉 | pρ[JQtKε]

(m+ 2) t
[
JP ′Kt,ρ

]
|

m∏
k=1

pρ[JP ′kKε] | t〈〈†〉〉.ht | pρ[JQKε]

(m+ 3)
m∏
k=1

pρ[JP ′kKε] | ht | pρ[JQKε]

Figure 3.6: Process I(p)
t (JP Kt,ρ, JQKε) with p ≥ 1.

� JP1Kε −→n−1 R,

R ≡ JE1Kε
[
JG1Kρ

[
JC1Kρ′

[
I

(p)
t (JP ′tKt,ρ′′ , JQ

′
tKε)
]
| JD1Kρ′

[
ht.JStKρ′′′

]
|M ′1

]
|M ′2

]
|M ′3,

where I(p)
t (JPtKt,ρ′′ , JQtKε) in R is as in De�nition 3.2.7. If R −→ R′ then either

I) R′ ≡ JE1Kε
[
JG1Kρ

[
JC1Kρ′

[
I

(p+1)
t (JP ′tKt,ρ′′ , JQ′tKε)

]
| JD1Kρ′

[
ht.JStKρ′′′

]
|M ′1

]
|M ′2

]
|M ′3

or

II) R′ ≡ JE2Kε
[
JG2Kρ

[
JC2Kρ′

[
I

(p)
t (JP ′′t Kt,ρ′′ , JQ′′t Kε)

]
| JD2Kρ′

[
ht.JStKρ′′′

]
|M ′′1

]
|M ′′2

]
|M ′′3 .

where:

� n > 1;

� ρ is the path to holes in JE[•]Kε and JEk[•]Kε and k ∈ {1, 2};

� ρ′ is the path to holes in JG[•]Kρ, and JGk[•]Kρ and k ∈ {1, 2};
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� ρ′′ is the path to the hole in JC[•]Kρ′ and JCk[•]Kρ′ and k ∈ {1, 2};

� ρ′′′ is the path to hole in JD[•]Kρ′ and JDk[•]Kρ′ and k ∈ {1, 2}.

Proof. By De�nition 3.2.3, we get:

JP1Kε ≡JEKε
[
JGKρ

[
JCKρ′

[
t
[
JPtKt,ρ′′

]
| t.
(
extrd〈〈t, pt,ρ′′ , pρ′′〉〉 | pρ′′ [JQtKε]

)]
| JDKρ′

[
t.ht.JStKρ′′′

]
|M1

]
|M2

]
|M3

(3.14)

We continue with the proof by case analysis for the step, R −→ R′, that can be realized.
The analysis depends on the shape I(p)

t (JP ′tKt,ρ′′ , JQ′tKε). Hence, there are multiple cases, for
p ∈ {1, . . . ,m + 3} and m ≥ 0. We detail only one case, namely p = 1; all other cases proceed
similarly.

If p = 1 then

R ≡ JE1Kε
[
JG1Kρ

[
JC1Kρ′

[
I

(1)
t (JP ′tKt,ρ′′ , JQ

′
tKε)
]
| JD1Kρ′

[
ht.JStKρ′′′

]
|M ′1

]
|M ′2

]
|M ′3. (3.15)

In the analysis, we will use the following representation of process R:

R ≡ JE1Kρ[P ′] |M ′3 where

P ′ ≡ JG1Kρ
[
JC1Kρ′

[
I

(1)
t (JP ′tKt,ρ′′ , JQ

′
tKε)
]
| JD1Kρ′

[
ht.JStKρ′′′

]
|M ′1

]
|M ′2

(3.16)

For R −→ R′ we analyze the following two sub-cases, based on the rules from reduction semantics
for adaptable processes: Rule (R-In-Out) and Rule (R-Sub-Upd) (cf. Figure 2.5).

A) By using Rule (R-In-Out):

R ≡ E
[
C
[
x.P

]
| D
[
x.Q

]]
−→ E

[
C
[
P
]
| D
[
Q
]]
≡ R′.

Therefore, we have:

R ≡ E′[x.Q] where E′[•] = E[C[x.P ] | D[•]] and
R ≡ E′′[x.P ] where E′′[•] = E[C[•] | D[x.Q]].

In (3.16), based on Lemma 3.2.15 for R ≡ E′[x.Q], the following holds:

(i) JE1[•]Kρ = JE′1[•]Kρ | JE′′1 Kρ[x.Q], or

(ii) P ′ = E′′′[x.Q],or

(iii) M ′3 = E′′′[x.Q].

In the following, we present detailed analysis only for case (i). Proofs of cases (ii) and
(iii) follow in a similar way, i.e., with the case analysis that is result of applying Lemma 3.2.15.

Therefore, if (i) holds then R ≡ JE1Kρ[P ′] |M ′3 = JE′1Kρ[P
′] | JE′′1 Kρ[x.Q] |M ′3. For R ≡

E′′[x.P ] the following holds based on Lemma 3.2.15:

(a) JE′1[•]Kρ = JE′2[•]Kρ | JE′′2 Kρ[x.P ], or

(b) P ′ = E′′′2 [x.P ], or

(c) M ′3 | JE′′1 Kρ[x.P ] = E′′′2 [x.P ].

In the following we analyze the sub-cases. It should be noted that in all sub-cases, obtained
process R′ corresponds to the case II) from the statement:
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(a)

R ≡ JE′2[P ′]Kρ | JE′′2 Kρ[x.P ] | JE′′1 Kρ[x.Q] |M ′3
−→ JE′2[P ′]Kρ | JE′′2 Kρ[P ] | JE′′1 Kρ[Q] |M ′3 ≡ R′, or

(b) R ≡ JE1Kρ[E′′2 [x.P ]] | E′′1 [x.Q] |M ′3 −→ JE1Kρ[E′′2 [P ]] | E′′1 [Q] |M ′3 ≡ R′,or
(c) we distinguish two cases based on Lemma 3.2.15:

� M ′3 ≡ Eiv1 [x.P ] and it follows

R ≡ JE′1Kρ[P
′] | JE′′1 Kρ[x.Q] | Eiv1 [x.P ] −→ JE′1Kρ[P

′] | JE′′1 Kρ[Q] | Eiv1 [P ] ≡ R′, or

� JE′′1 Kρ[•] = JEiv1 [•]Kρ | JEv1Kρ[x.P ] and it follows:

R ≡ JEiv1 Kρ[P ′] | Ev1 [x.P ] | | E′′
1 [x.Q] |M ′3 −→ JEiv1 Kρ[P ′] | Ev1 [P ] | | E′′

1 [Q] |M ′3 ≡ R′.

B) By using Rule (R-Sub-Upd):

R ≡ E
[
C
[
l[P ]

]
| D
[
l〈〈(X).Q〉〉.S

]]
−→ E

[
C
[
0
]
| D
[
Q{P/X} | S

]]
≡ R′.

Therefore, we have that R ≡ E′[l〈〈(X).Q〉〉.S] such that E′[•] = E[C[l[P ]] | D[•]]. In (3.16),
based on Lemma 3.2.15, the following holds:

(i) M ′3 ≡ E′′′[l〈〈(X).Q〉〉.S], or

(ii) P ′ ≡ E′′′[l〈〈(X).Q〉〉.S].

By De�nition 3.2.3, for every process P1 a location name in JP1Kε is either a transaction
name or a reserved name ps,ρ for some s, ρ. Therefore, if interaction on them exists then
they should be part of some process I(p)

s (JP ′sKs,ρ, JQ′sKε), i.e.,

I(1)
s (JP ′sKs,ρ, JQ

′
sKε) ≡ s

[
JP ′sKs,ρ′′

]
| s〈〈(Y ).s[Y ] | ch(s, Y )

| outds(ps,ρ′′ , pρ′′ , nl(ps,ρ′′ , Y ), s〈〈†〉〉.hs)〉〉 | pρ′ [JQ′sKε]

(cf. Figure 3.6 for the other forms). This directly provides that process in the form s[P ] (i.e.,
ps,ρ[P ]) and update s〈〈(X).Q〉〉.S (i.e., ps,ρ〈〈(X).Q〉〉.S) have to be in parallel composition.
In the following, we analyze cases (i) and (ii). It should be noted that in all obtained cases
and sub-cases, except sub-case (2.2.2) below, we have that process R′ corresponds to the
case I) from the statement. Process R′ obtained in (2.2.2) corresponds to the case II).

(1) If (i) holds, then R ≡ JE1Kρ[P ′] | E′′′[l〈〈(X).Q〉〉.S], cf. (3.16). In the following we
analyze where location l[P ] can occur. We have the following cases:

- E′′′[•] = E′′′1 [•] | l[P ] and for this case it follows that:

R′ ≡ JE1Kε
[
P ′
]
|M ′′3 where M ′′3 = E′′′1 [Q{P/X} | S] | 0, or

- JE1Kρ[•] ≡ E2[•] | l[P ] |M ′3

R′ ≡ JE2Kε
[
P ′
]
|M ′′3 where M ′′3 = 0 | E′′′[Q{P/X} | S].

(2) If (ii) holds then

E′′′[l〈〈(X).Q〉〉.R] ≡ JG1Kρ[JC1Kρ′ [I
(1)
t (JP ′tKt,ρ′′ , JQ

′
tKε)] | JD1Kρ′ [ht.JStKρ′′′ ] |M ′1] |M ′2.

In the following analysis we consider two sub-cases:
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(2.1) By exploiting (i) it holds that JG1Kρ[P ′′] |M ′2 where

P ′′ ≡ JC1Kρ′
[
I

(1)
t (JP ′tKt,ρ′′ , JQ

′
tKε)
]
| JD1Kρ′

[
ht.JStKρ′′′

]
|M ′1 and

M ′2 ≡ E′′′1 [l〈〈(X).Q′〉〉.R′.

We have that E′′′[•] = E′′′1 [•] | l[P ] and for this case the following holds:

R′ ≡ JE1Kε
[
JG1Kρ

[
P ′′
]
|M ′′2

]
|M ′3.

(2.2) By exploiting case (ii) it holds that JG1Kρ[P ′′] |M ′2

P ′′ ≡ E′′′[l〈〈(X).Q〉〉.R]

≡ JC1Kρ′
[
I

(1)
t (JP ′tKt,ρ′′ , JQ

′
tKε)
]
| JD1Kρ′

[
ht.JStKρ′′′

]
|M ′1.

We consider the following two sub-cases:
(2.2.1) By exploiting case (i) it holds JC1Kρ[P ′′′] |M ′1 for

P ′′′ ≡ JC1Kρ′
[
I

(1)
t (JP ′tKt,ρ′′ , JQ

′
tKε)
]
| JD1Kρ′

[
ht.JStKρ′′′

]
M ′1 ≡ E′′′1 [l〈〈(X).Q′〉〉.S].

We have that E′′′[•] = E′′′1 [•] | l[P ] then the following holds:

R′ ≡JE1Kε
[
JG1Kρ

[
P ′′′ |M ′′1

]
|M ′2

]
|M ′3.

(2.2.2) By exploiting case (ii) it holds JC1Kρ[P ′′′] | Q′′′ for

P ′′′ ≡ E′′′[l〈〈(X).Q〉〉.R] ≡ I(1)
t (JP ′tKt,ρ′′ , JQ

′
tKε) and

Q′′′ ≡ JD1Kρ′
[
ht.JStKρ′′′

]
|M ′1,

and follows directly that

I
(1)
t (JP ′tKt,ρ′′ , JQ

′
tKε) −→ I

(2)
t (JP ′tKt,ρ′′ , JQ

′
tKε) for nl(pt,ρ′′ , JPtKt,ρ′′) > 0, or

I
(1)
t (JP ′tKt,ρ′′ , JQ

′
tKε) −→ I

(2)
t (JP ′tKt,ρ′′ , JQ

′
tKε) for nl(pt,ρ′′ , JPtKt,ρ′′) = 0.

Therefore, process R′ is as presented in the following, where I(2)
t (JP ′tKt,ρ′′ , JQ′tKε

has an appropriate form, that is described above:

R′ ≡ JE1Kε
[
JG1Kρ

[
JC1Kρ′

[
I

(2)
t (JP ′tKt,ρ′′ , JQ

′
tKε
]
| JD1Kρ′

[
ht.JStKρ′′′

]
|M ′1

]
|M ′2

]
|M3

(3.17)

�

The following lemma formalizes all possible forms for the process
O

(q)
u (JF Kρ′′ [hu.JPuKρ′′′ ], JQ′uKε) for m ≥ 0 and q ∈ {1, . . . ,m+ 4} .

De�nition 3.2.8. Let P,Q be well-formed compensable processes. Given a name u, paths
ρ, ρ′, and q ≥ 1, we de�ne the intermediate processes O(q)

u (JF Kρ[hu.JP Kρ′ ], JQKε) (Figure 3.7)
depending on m = nl(pu,ρ, JF Kρ[hu.JP Kρ′ ]):

1. for m = 0 we have q ∈ {1, 2, 3, 4}, and

2. for m > 0 and JF Kρ[hu.JP Kρ′ ] =
m∏
k=1

pu,ρ[JP ′kKε] | S we have q ∈ {1, . . . ,m+ 4}.
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(q) O
(q)
u (JF Kρ[hu.JP Kρ′ ], JQKε), nl(pu,ρ, JF Kρ[hu.JP Kρ′ ]) = 0

(1) u
[
JF Kρ[hu.JP Kρ′ ]

]
| extrd〈〈u, pu,ρ, pρ〉〉 | pρ[JQKε]

≡ u
[
JF Kρ[hu.JP Kρ′ ]

]
| u〈〈(Y ).u[Y ] | ch(u, Y ) | u〈〈†〉〉.hu〉〉 | pρ[JQKε]

(2) u
[
JF Kρ[hu.JP Kρ′ ]

]
| hu | u〈〈†〉〉.hu | pρ[JQKε]

(3) hu | hu | pρ[JQKε]

(4) pρ[JQKε]

(q) O
(q)
u (JF Kρ[hu.JP Kρ′ ], JQKε), nl(pu,ρ, JF Kρ[hu.JP Kρ′ ]) > 0

(1) u
[
JF Kρ[hu.JP Kρ′ ]

]
| extrd〈〈u, pu,ρ, pρ〉〉 | pρ[JQKε]

≡ u
[
JF Kρ[hu.JP Kρ′ ]

]
| u〈〈(Y ).u[Y ] | ch(u, Y )

| outds(pu,ρ , pρ, nl(pu,ρ, Y ), u〈〈†〉〉.hu)〉〉 | pρ[JQKε]

(j + 2) u
[
JF Kρ[hu.JP Kρ′ ]

]
| hu | pu,ρ〈〈(X1, . . . , Xm−j).(m−j∏

k=1

pρ[Xk] |
j∏

k=1

pρ[JP ′kKε] | u〈〈†〉〉.hu
)
〉〉 | pρ[JQKε]

0 ≤ j ≤ m− 1

(m+ 2) u
[
JF ′Kρ[hu.JP Kρ′ ]

]
|

m∏
k=1

pρ[JP ′kKε] | hu | pρ[JQKε] | u〈〈†〉〉.hu

(m+ 3)
m∏
k=1

pρ[JP ′kKε] | hu | pρ[JQKε] | hu

(m+ 4)
m∏
k=1

pρ[JP ′kKε] | pρ[JQKε]

Figure 3.7: Process O(q)
u (JF Kρ[hu.JP Kρ′ ], JQKε) with q ≥ 1.

We now continue with the analysis of adaptable processes that can be obtained starting
from the translation of a transaction that contains failure signal in its body, which is triggered
internally.

Lemma 3.2.17. Let P1 be a well-formed compensable process such that

� JP1Kε ≡ JEKε
[
JGKρ

[
JLKρ′

[
Ju[F [u.Pu],Qu]Kρ′′

]
|M1

]
|M2

]
|M3, and

� JP1Kε −→n−1 R,

R ≡JE1Kε
[
JG1Kρ

[
JL1Kρ′

[
O(q)
u (JF1Kρ′′ [hu.JPuKt,ρ′′′ ], JQ′uKε)

]
|M ′1

]
|M ′1

]
|M ′3,

where O(q)
u (JF Kρ′′ [hu.JPuKt,ρ′′′ ], JQuKε) in R is a process from De�nition 3.2.8.

If R −→ R′ then either

I) R′ ≡ JE1Kε
[
JG1Kρ

[
JL1Kρ′

[
O

(q+1)
u (JF1Kρ′′ [hu.JPuKt,ρ′′′ ], JQ′uKε)

]
|M ′1

]
|M ′2

]
|M ′3, or

II) R′ ≡ JE2Kε
[
JG2Kρ

[
JL2Kρ′

[
O

(q)
u (JF2Kρ′′ [hu.JPuKt,ρ′′′ ], JQ′′uKε)

]
|M ′′1

]
|M ′′2

]
|M ′′3 ,

where:



57 3.2. Translating CD into S

JP Kε

JP ′Kε

R

∗

n

Figure 3.8: Diagram of Lemma 3.2.19.

� n > 1;

� ρ is the path to hole in JEKε [•];

� ρ′ is the path to hole in JGKρ [•] and JGkKρ [•] and k ∈ {1, 2};

� ρ′′ is the path to the hole in JLKρ′ [•]; JLkKρ′ [•] and k ∈ {1, 2};

� ρ′′′ is the path to the hole in JF Kρ′′ [•] and JFkKρ′ [•] and k ∈ {1, 2}.

Proof. By De�nition 3.2.3, we get

JP1Kε ≡JEKε
[
JGKρ

[
JLKρ′

[
u
[
JF Kρ′′ [u.hu.JPuKρ′′′ ]

]
| u.(extrd〈〈u, pu,ρ′′ , pρ′′〉〉 | pρ′′ [JQuKε])

]
|M1

]
|M2

]
|M3,

and the proof continues by case analysis for the step, R −→ R′, that can be realized. The
proof follows the same idea that is presented for the proof of Lemma 3.2.16. �

Remark 3.2.18. We will use the following abbreviations, where we use i, c, k, w as indexes of
t, u and F :

I
(p)
ti,k,w

= I
(p)
ti,k,w

(JP ′ti,k,wKt,ρ′′ , JQ′ti,k,wKε),

O(q)
uc,k,w

= O(q)
uc,k,w

(JFc,k,wKρ′′ [huc,k,w .JPuc,k,wKρ′′′ ], JQ′uc,k,wKε).

The following lemma is crucial for the proof of soundness, and it is illustrated in Figure 3.8.
In Figure 3.8 we have JP Kε −→n R and lemma will provide the shape of process R. On the other
side, lemma will provide the shape of the process P ′. The proof of soundness will provide that by
successive application of completeness on the derivation P −→∗ P ′ it holds that JP Kε −→∗ JP ′Kε.

Lemma 3.2.19. Let I(p)
ti,k,w

and O(q)
uc,k,w be processes from De�nition 3.2.7 and De�nition 3.2.8,

respectively. If JP Kε −→n R, with n ≥ 1, then

1)

R ≡
z∏

w=1

JEwKε
[ sw∏
k=1

JGk,wKρw
[ lk∏
i=1

JCi,k,wKρ′k,w
[
I

(p)
ti,k,w

]
|

rk∏
j=1

JDj,k,wKρ′k,w
[
htj,k,w .JStj,k,wKρ′′k,w

]
|
mk∏
c=1

JLc,k,wKρ′k,w
[
O(q)
uc,k,w

]]]
(3.18)

and P −→∗ P ′, where P ′ is of the following form:
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2)

P ′ ≡
z∏

w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
ti,k,w[Pti,k,w ,Qti,k,w ]

]
|

rk∏
j=1

Dj,k,w

[
tj,k,w.Stj,k,w

]
|
mk∏
c=1

Lc,k,w
[
uc,k,w[Fc,k,w[uc,k,w.Puc,k,w ],Quc,k,w ]

]]
,

(3.19)

for some Ew[•], Gk,w[•], Ci,k,w[•], Dj,k,w[•], and Lc,k,w[•] where w ∈ {1, . . . , z}, k ∈ {1, . . . , sw},
i ∈ {1, . . . , lk}, j ∈ {1, . . . , rk}, and c ∈ {j, . . . ,mk}.

Proof. The proof proceeds by induction on n.

Base case: Assume that n = 1, i.e. JP Kε −→ R. By application of Lemma 3.2.12
there are three possible cases:

� Case P ≡ E′[C ′[a.P2] | D′[a.P1]] and R ≡ JE′Kε
[
JC ′Kρ[JP1Kρ′ ] | JD′Kρ[JP2Kρ′′ ]

]
:

In this case we have: z = 1 and s1 = 0 and it holds E1[•] = [•] | E′
[
C ′[a.P2] | D′[a.P1]

]
and P = P ′.

� Case P ≡ E′
[
C ′[t[P2,Q]] | D′[t.P1]] and

R ≡ JE′Kε
[
JC ′Kρ[t

[
JP ′2Kt,ρ′

]
| extrd〈〈t, pt,ρ′ , pρ′〉〉 | pρ′ [JQ′Kε]] | JD′Kρ[ht.JP1Kρ′′ ]

]
:

In this case we have: z = 1, s1 = 1, l1 = 1, r1 = 1 and m1 = 0. Therefore, the following
holds: E1[•] = [•], G1,1[•] = E′[•] C1,1,1[•] = C ′[•], D1,1,1[•] = D′[•], Pt1,1,1 = P2, Qt1,1,1 =

Q,St1,1,1 = P1 and I(1)
t1,1,1

≡ t
[
JP ′2Kt,ρ′

]
| extrd〈〈t, pt,ρ′ , pρ′〉〉 | pρ′ [JQ′Kε] and P = P ′.

� Case P ≡ C ′[u[D′[u.P1],Q]] and

R ≡ JC ′Kε
[
u
[
JD′Ku,ρ[hu.JP1Kρ′ ]

]
| extrd〈〈u, pu,ρ′ , pρ′〉〉 | pρ′ [JQ′Kε]

]
:

In this case we have: z = 1, s1 = 1, l1 = 0, r1 = 0 and m1 = 1. Therefore, the following
holds: E1[•] = [•], G1,1[•] = C ′[•], L1,1,1[•] = D′[•], Pu1,1,1 = P1, Qu1,1,1 = Q and

I
(1)
u1,1,1 ≡ u

[
JD′Ku,ρ[hu.JP1Kρ′ ]

]
| extrd〈〈u, pu,ρ′ , pρ′〉〉 | pρ′ [JQ′Kε] and P = P ′.

Inductive hypothesis: Assume that the statement holds for n − 1 reduction steps, i.e. if
JP Kε −→n−1 R1 then the statement holds.

Inductive step: We consider that JP Kε −→n−1 R1 −→ R. We know, by inductive
hypothesis:

1) R1 has the following form:

R1 ≡
z∏

w=1

JEwKε
[ sw∏
k=1

JGk,wKρw
[ lk∏
i=1

JCi,k,wKρ′k,w
[
I

(p)
ti,k,w

]
|

rk∏
j=1

JDj,k,wKρ′k,w
[
htj,k,w .JStj,k,wKρ′′k,w

] mk∏
c=1

JLc,k,wKρ′k,w
[
O(q)
uc,k,w

]]]
,

2) P −→∗ P ′′ such that P ′′ has the following form:

P ′′ ≡
z∏

w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
ti,k,w[Pti,k,w ,Qti,k,w ]

]
|

rk∏
j=1

Dj,k,w

[
tj,k,w.Stj,k,w

]
|
mk∏
c=1

Lc,k,w
[
uc,k,w[Fc,k,w[uc,k,w.Puc,k,w ],Quc,k,w ]

]]
.
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We continue with the proof by case analysis for the last step, R1 −→ R, that can be realized.
In the following we consider six interesting cases.

(1) Let I(1)
t is a process that has the form as presented in De�nition 3.2.7 where t = t1,1,1, G1[•] =

G1,1[•], C1[•] = C1,1,1[•], D1[•] = D1,1,1[•] and

R1 ≡ JE1Kε
[
JG1,1Kρ1

[
JC1,1,1Kρ1,1

[
I

(1)
t1,1,1

(JP ′t1,1,1Kt,ρ′′ , JQ
′
t1,1,1Kε)

]
| JD1,1,1Kρ1,1

[
ht1,1,1 .JSt1,1,1Kρ′′1,1

]
|M ′1

]
|M ′2

]
|M ′3.

According to the Lemma 3.2.16, it follows that R1 −→ R such that R has the form

I)

R ≡ JE1Kε
[
JG1,1Kρ

[
JC1,1,1Kρ′

[
I

(2)
t1,1,1

(JP ′t1,1,1Kt1,1,1,ρ′′ , JQ
′
t1,1,1Kε)

]
| JD1Kρ′

[
ht1,1,1 .JSt1,1,1Kρ′′′

]
|M ′1

]
|M ′2

]
|M ′3, or

II)

R ≡ JE′1Kε
[
JG′1,1Kρ

[
JC ′1,1,1Kρ′

[
I

(1)
t1,1,1

(JP ′′t1,1,1Kt1,1,1,ρ′′ , JQ
′′
t1,1,1Kε)

]
| JD′1,1,1Kρ′

[
ht1,1,1 .JSt1,1,1Kρ′′′

]
|M ′′1

]
|M ′′2

]
|M ′′3 .

(3.20)

Here we comment case II), while case I) follows the idea that is given in case a) from Base
case.
In case when we get the form II) it directly follows that P ′′ = P ′.
Similarly, for all I(1)

t (JP ′tKt,ρ′′ , JQ′tKε) with t ∈ {t2,1,1, . . . , tlsz ,sz ,z}.
Similarly, for cases I(p)

t1,1,1
(JP ′t1,1,1Kt1,1,1,ρ′′ , JQ

′
t1,1,1Kε) where p ∈ {2, 4, . . . ,m+ 3}.

(2) LetO(1)
u is a process that has a form as presented in De�nition 3.2.8, where u = u1,1,1, G1[•] =

G1,1[•],L1[•] = L1,1,1[•], F1[•] = F1,1,1[•] and

R1 ≡ JE1Kε
[
JG1,1Kρ1

[
JL1,1,1Kρ′1,1

[
O(1)
u1,1,1(JF1,1,1Kρ′′ [hu1,1,1 .JPu1,1,1Ku1,1,1,ρ′′′ ], JQ

′
u1,1,1Kε)

]
|M ′1

]
|M ′2

]
|M ′3.

According to the Lemma 3.2.17, it follows that R1 −→ R such that R has the form

I)

R ≡ JE1Kε
[
JG1,1Kρ

[
JL1,1,1Kρ′

[
O(2)
u (JF1,1,1Kρ′′ [hu1,1,1 .JPu1,1,1Kt,ρ′′′ ], JQ

′
u1,1,1Kε)

]
|M ′1

]
|M ′2

]
|M ′3 or

II)

R ≡ JE′1Kε
[
JG′1,1Kρ

[
JL′1,1,1Kρ′

[
O(1)
u1,1,1(JF ′1,1,1Kρ′′ [hu.JPu1,1,1Ku1,1,1,ρ′′′ ], JQ

′′
u1,1,1Kε)

]
|M ′′1

]
|M ′′2

]
|M ′′3 .

(3.21)

Here we comment on the case II), while case I) follows the idea that is given in case a) from
the base case.
In case when we get the form II) it directly follows that P ′′ = P ′.
Similarly, for all O(1)

u (JF Kρ′′ [hu.JPuKt,ρ′′′ ], JQ′uKε) with u ∈ {u2,1,1, . . . , umsz ,sz ,z}.
Similarly, for cases O(q)

u (JF Kρ′′ [hu.JPuKt,ρ′′′ ], JQ′uKε) where q ∈ {2, 4, . . . ,m+ 4}.
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(3) Let I(3)
t is a process that has the form as presented in De�nition 3.2.7, where where t =

t1,1,1, G1[•] = G1,1[•], C1[•] = C1,1,1[•], D1[•] = D1,1,1[•] and

R1 ≡ JE1Kε
[
JG1,1Kρ1

[
JC1,1,1Kρ1,1

[
ht1,1,1 | pρ′1,1 [JQ′t1,1,1Kε]

]
| JD1,1,1Kρ1,1

[
ht1,1,1 .JSt1,1,1Kρ′′1,1

]
|M ′1

]
|M ′2

]
|M ′3.

According to the Lemma 3.2.16, it follows that we can derive R1 −→ R such that R has the
form of (3.20) or

R ≡ JE1Kε
[
JG1,1Kρ1

[
JC1,1,1Kρ1,1

[
pρ′1,1 [JQ′t1,1,1Kε]

]
| JD1,1,1Kρ1,1

[
JSt1,1,1Kρ′′1,1

]
|M ′1

]
|M ′2

]
|M ′3.
(3.22)

In case when we get the form (3.22) it holds that P ′′ −→ P ′ where:

P ′ ≡ E1

[
G1,1

[
C1,1,1[〈Q′t1,1,1〉] | D1,1,1[St1,1,1 ] |M ′1

]
|M ′2

]
|M ′3

≡ E1

[
G1,1

[ l1∏
i=2

C ′i,1,1
[
ti,1,1[Pti,1,1,Qti,1,1 ]

]
|

r1∏
j=2

D′j,1,1
[
tj,1,1.Stj,1,1

]
|
m1∏
c=1

Lc,1,1
[
uc,1,1[Fc,1,1[uc,1,1.Puc,1,1 ],Quc,1,1 ]

]]
|

z∏
w=2

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
ti,k,w[Pti,k,w ,Qti,k,w ]

]
|

rk∏
j=1

Dj,k,w

[
tj,k,w.Stj,k,w

]
|
mk∏
c=1

Lc,k,w
[
uc,k,w[Fc,k,w[uc,k,w.Puc,k,w ],Quc,k,w ]

]]
,

such that:

- C ′2,1,1[•] = C2,1,1[•] | N , where N = C1,1,1[〈Q′t1,1,1〉] and C ′i,1,1[•] = Ci,1,1[•] for i ∈
{3, . . . , l1}, and

- D′2,1,1[•] = D2,1,1[•] | N1, where N1 = D1,1,1[St1,1,1 ] and D′i,1,1[•] = Di,1,1[•] for i ∈
{3, . . . , l1}.

Similarly, for all I(3)
t (JP ′tKt,ρ′′ , JQ′tKε)with t ∈ {t2,1,1, . . . , tlsz ,sz ,z}.

Similarly, for I(m+3)
t (JP ′tKt,ρ′′ , JQ′tKε) in De�nition 3.2.7.

(4) O(3)
u is a process that has a form as presented in De�nition 3.2.8, where, where u =

u1,1,1, G1[•] = G1,1[•],L1[•] = L1,1,1[•], F1[•] = F1,1,1[•] and

R1 ≡ JE1Kε
[
JG1,1Kρ1

[
JL1,1,1Kρ′1,1

[
hu1,1,1 | hu1,1,1 | pρ′′ [JQ′u1,1,1Kε]

]
|M ′1

]
|M ′2

]
|M ′3.

According to the proof of Lemma 3.2.17, it follows that and R1 −→ R such that R has the
form (3.21) or

R1 ≡ JE1Kε
[
JG1,1Kρ1

[
JL1,1,1Kρ′1,1

[
pρ′′ [JQ′u1,1,1Kε]

]
|M ′1

]
|M ′2

]
|M ′3. (3.23)

In case when we get the form (3.23) it holds P ′′ −→ P ′ where

P ′ ≡ E1

[
G1,1

[
L1,1,1[〈Q′u1,1,1〉] |M

′
1

]
|M ′2

]
|M ′3
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≡ E1

[
G1,1

[ l1∏
i=1

Ci,1,1
[
ti,1,1[Pti,1,1,Qti,1,1 ]

]
|

r1∏
j=1

Dj,1,1

[
tj,1,1.Stj,1,1

]
|
m1∏
c=2

L′c,1,1
[
uc,1,1[Fc,1,1[uc,1,1.Puc,1,1 ],Quc,1,1 ]

]]
|

z∏
w=2

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
ti,k,w[Pti,k,w ,Qti,k,w ]

]
|

rk∏
j=1

Dj,k,w

[
tj,k,w.Stj,k,w

]
|
mk∏
c=1

Lc,k,w
[
uc,k,w[Fc,k,w[uc,k,w.Puc,k,w ],Quc,k,w ]

]]
,

such that L′2,1,1[•] = L2,1,1[•] | N , where N = L1,1,1[〈Q′u1,1,1〉] and L′i,1,1[•] = Li,1,1[•] for
i ∈ {3, . . . ,m1},

Similarly, for all O(3)
u (JF Kρ′′ [hu.JPuKt,ρ′′′ ], JQ′uKε) with u ∈ {u2,1,1, . . . , umsz szz}.

Similarly, for case of O(m+3)
u (JF Kρ′′ [hu.JPuKt,ρ′′′ ], JQ′uKε) in De�nition 3.2.8.

(5) In this case let us consider the following context:

G1,1[•] = G′1,1[•] | C(l1+1)1,1

[
t(l1+1)1,1[Pt(l1+1)1,1

,Qt(lk+1)1,1
]
]
| D(r1+1)1,1[t(r1+1)1,1.St(r1+1)1,1

].

(3.24)

Therefore, the following holds:

R1 ≡ JE1Kε
[
JG1,1Kρ1

[ lk∏
i=1

JCi,1,1Kρ′1,1
[
I

(p)
ti,1,1

]
|

rk∏
j=1

JDj,1,1Kρ′1,1
[
htj,1,1 .JStj,1,1Kρ′′1,1

]
|M ′1

]
|M ′2

]
|M ′3

≡ JE1Kε
[
JG′1,1Kρ1

[ lk∏
i=1

JCi,1,1Kρ′1,1
[
I

(p)
ti,1,1

]
|

rk∏
j=1

JDj,1,1Kρ′1,1
[
htj,1,1 .JStj,1,1Kρ′′1,1

]
| JC(l1+1)1,1Kρ′1,1 [t(l1+1)1,1

[
JP Kt(l1+1)1,1,ρ

′′
1,1

]
| t(l1+1)1,1.(extrd〈〈t(l1+1)1,1, pt(l1+1)1,1,ρ

′′
1,1
, pρ′′1,1〉〉 | pρ′′1,1 [JQKε])]

| JD(r1+1)1,1Kρ′1,1 [t(r1+1)1,1.ht(r1+1)1,1
.JSt(r1+1)1,1

Kρ′′1,1 ] |M ′1
]
|M ′2

]
|M ′3.

For process R, which is obtained from R1 −→ R, one possible reduction is caused by
synchronization on name input t(r1+1)1,1, as presented in the following:

R ≡ JE1Kε
[
JG′1,1Kρ1

[ lk∏
i=1

JCi,1,1Kρ′1,1
[
I

(p)
ti,1,1

]
|

rk∏
j=1

JDj,1,1Kρ′1,1
[
htj,1,1 .JStj,1,1Kρ′′1,1

]
| JC(l1+1)1,1Kρ′1,1 [I

(1)
t(l1+1)1,1

] | JD(r1+1)1,1Kρ′1,1 [ht(r1+1)1,1
.JSt(r1+1)1,1

Kρ′′1,1 ]

|M ′1
]
|M ′2

]
|M ′3,

(3.25)

where

I
(1)
t(l1+1)1,1

= t(l1+1)1,1

[
JPt(l1+1)1,1

Kt(l1+1)1,1,ρ
′′
1,1

]
| extrd〈〈t(l1+1)1,1, pt(l1+1)1,1,ρ

′′
1,1
, pρ′′1,1〉〉

| pρ′′1,1 [JQt(l1+1)1,1
Kε]

In case when we get (3.25) it follows that P ′′ = P ′.
It should be noted that here we considered one particular case. Precisely, we consider
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scenario where for transaction t(l1+1)1,1[Pt(l1+1)1,1
,Qt(l1+1)1,1

] error noti�cation comes from
context D(r1+1)1,1[•], but that is not the only possible case. For the other cases, when the
error noti�cation t(l1+1)1,1 comes from some other context, i.e. from Dj,1,1[•], j ∈ {1, . . . , r1}
or Ci,1,1[•], i ∈ {1, . . . , l1} or G′1,1[•] or E1[•], discussion follows similarly.

(6) In this case let us consider that:

G1,1[•] = G′1,1[•] | L(m1+1),1,1

[
u(m1+1),1,1[F(m1+1)1,1[u(m1+1),1,1.Pu(m1+1),1,1

],Qu(m1+1),1,1
]
]

(3.26)

Therefore, the following holds:

R1 ≡ JE1Kε
[
JG′1,1Kρ1

[ mk∏
c=1

JLc,1,1Kρ′1,1
[
I(q)
uc,1,1

]
| JL(m1+1),1,1Kρ′1,1

[
u(m1+1),1,1[JF(mk+1),1,1Kρ′′1,1 [u(mk+1),1,1.hu(m1+1),1,1

.JPu(m1+1),1,1
Kρ′′1,1 ]]

| u(m1+1),1,1.(extrd〈〈u(m1+1),1,1, pu(m1+1),1,1,ρ
′′
1,1
, pρ′′1,1〉〉 | pρ′′1,1 [JQu(m1+1),1,1

Kε])

|M ′1
]
|M ′2

]
|M ′3

For process R, which is obtained form R1 −→ R, one possible reduction is caused by a
synchronization on name u(m1+1),1,1, as presented in the following:

R ≡ JE1Kε
[
JG′1,1Kρ1

[ mk∏
c=1

JLc,1,1Kρ′1,1
[
O(q)
uc,1,1

]
| JL(m1+1),1,1Kρ′1,1

[
O(1)
u(m1+1),1,1

|M ′1
]
|M ′2

]
|M ′3,

(3.27)

where

O(1)
u(m1+1),1,1

= u(m1+1),1,1[JF(m1+1),1,1Kρ′′1,1 [hu(m1+1),1,1
.JPu(m1+1),1,1

Kρ′′1,1 ]]

| extrd〈〈u(m1+1),1,1, pu(m1+1),1,1,ρ
′′
1,1
, pρ′′1,1〉〉 | pρ′′1,1 [JQu(m1+1),1,1

Kε].

In case when we get (3.27) it follows that P ′′ = P ′. �

Lemma 3.2.20. Let processes I(p)
t (JP ′tKt,ρ′′ , JQ′tKε) and O

(q)
u (JF Kρ′′ [hu.JPuKρ′′′ ], JQ′uKε) be de�ned

as in De�nition 3.2.7 and De�nition 3.2.8. For any contexts C[•], D[•], and L[•] the following
holds:

C
[
I

(p)
t (JP ′tKt,ρ′′ , JQ

′
tKε)
]
| D
[
ht.JStKρ

]
−→∗ C

[
Jextr(P ′t)Kρ′ | J〈Q′t〉Kρ′

]
| D
[
JStKρ

]
and (3.28)

L
[
O(q)
u (JF Kρ′′ [hu.JPuKρ′′′ ], JQ′uKε)

]
−→∗ L

[
Jextr(F1[Pu])Kρ′ | J〈Q′u〉Kρ′

]
(3.29)

Proof. The proof proceeds directly by application of the reduction rules from Figure 2.5. �

Lemma 3.2.21. If P and Q are well-formed compensable processes such that P ≡ Q then
JP Kε ≡ JQKε.

Proof. The proof is by induction on the derivation P ≡ Q, and perform the case analysis on the
last rule applied. In all cases the proof follows directly. �

3.2.3.2.4 Proof of Operational Correspondence � Theorem 3.2.7

Due to the complexity of the proof for Theorem 3.2.7 we �rst present an overview of the
proof.
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3.2.3.2.5 A Roadmap for the Proofs

Part (1) of Theorem 3.2.7 is completeness, i.e.,

If P −→ P ′ then JP Kε −→k JP ′Kε

where k ≥ 1 is given precisely by our statement. This property ensures that our translation
faithfully simulates the behavior of compensable processes. The proof is by induction on the
derivation of P −→ P ′ and uses:

� Proposition 2.2.3 (Page 18) for determining three base cases.

� De�nition 3.2.3 (Page 39), i.e., the de�nition of translation.

� Lemma 3.2.9 (Page 47), which maps evaluation contexts in CD into evaluation contexts of
S.

� Lemma 3.2.14 (Page 51), which concerns function ch(·, ·).

Part (2) of Theorem 3.2.7 is soundness, i.e.,

If JP Kε −→n R then there is P ′ such that P −→∗ P ′ and R −→∗ JP ′Kε

This property ensures that target terms never exhibit behavior that can not be attributed
to some compensable process. As usual, proving soundness is more challenging than proving
completeness.

The proof of soundness is by induction on n, i.e., the length of the reduction JP Kρ −→n R.
We rely crucially on two lemmas (Lemma 3.2.19 and Lemma 3.2.20). Lemma 3.2.19 concerns
the shape of processes R and P ′, whereas Lemma 3.2.20 ensures that the obtained adaptable
processR can evolve until reaching a process that corresponds to the translation of a compensable
process. More in details:

� By analyzing the processes obtained by translating the composition of a transac-
tion and its externally triggered failure signal (and its computation), we come to
Lemma 3.2.16 (Page 51), which identi�es processes that are created before a synchro-
nization on ht.

� Similarly, the analysis of the processes obtained by translating a transaction and its inter-
nally triggered failure signal (and its computation) leads us to Lemma 3.2.17 (Page 56),
which identi�es processes that are created before a synchronization on hu.

� In the statement of Lemma 3.2.16 and Lemma 3.2.17 we use the de�nition of intermediate
processes given by De�nition 3.2.7 and De�nition 3.2.8, respectively. The proofs proceed
by case analysis for the step R −→ R′.

� Lemma 3.2.19 (Page 57) is about the shape of process R, and also ensures that there is a
process P ′ with an appropriate shape. The proof proceeds by induction on n. The base
case uses Lemma 3.2.12 (Page 49); in the inductive step, we exploit the fact that the target
term R1 has a speci�c shape, which is in turn ensured by Lemma 3.2.16 and Lemma 3.2.17.

� Lemma 3.2.20 (Page 62) ensures that the adaptable process obtained thanks to
Lemma 3.2.16 and Lemma 3.2.17 can evolve until reaching a process that corresponds
to the translation of a compensable process.

Using these guidelines as a proof sketch, we now repeat Theorem 3.2.7 (Page 46) and present
its proof in full detail:

Theorem 3.2.7 (Operational Correspondence for J·Kρ). Let P be a well-formed process in CD.
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(1) If P −→ P ′ then JP Kε −→k JP ′Kε where for

a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] it follows k = 1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrD(P1) | 〈Q〉] | D[P2]] it follows k = 4 +
pbD(P1),

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrD(F [P1]) | 〈Q〉] it follows k = 4 + pbD(F [P1]),

for some contexts C[•], D[•], E[•], F [•], processes P1, Q, P2 and names t, u.

(2) If JP Kε −→n R with n > 0 then there is P ′ such that P −→∗ P ′ and R −→∗ JP ′Kε.

Proof. (1) Part (1) � Completeness: The proof proceeds by induction on the derivation of
P −→ P ′. We consider three base cases, corresponding to cases a), b) and c) of Propo-
sition 2.2.3 (Page 18). In all cases, we use De�nition 3.2.3, Lemma 3.2.9 (Page 47), and
Lemma 3.2.21.

a) This case concerns an input-output synchronization on a name a ∈ Ns. Therefore, we
observe that P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]], and we have the
following derivation:

JP Kε ≡ JE
[
C[a.P1] | D[a.P2]

]
Kε

= JEKε
[
JC[a.P1] | D[a.P2]Kρ

]
= JEKε[JCKρ[Ja.P1Kρ′ ] | JDKρ[Ja.P2Kρ′′ ]]
= JEKε

[
JCKρ[a.JP1Kρ′ ] | JDKρ[a.JP2Kρ′′ ]

]
−→ JEKε

[
JCKρ[JP1Kρ′ ] | JDKρ[JP2Kρ′′ ]

]
= JEKε

[
JC[P1] | D[P2]Kρ

]
= JE

[
C[P1] | D[P2]

]
Kε

≡ JP ′Kε

(3.30)

Therefore, the thesis holds with k = 1.

b) This case concerns a synchronization due to an external error noti�cation for a trans-
action scope. We consider P ≡ E[C[t[P1,Q]] | D[t.P2]], with m = pbD(P1), and
P ′ ≡ E[C[extrD(P1) | 〈Q〉] | D[P2]]. We have the following derivation:

JP Kε ≡ JE[C[t[P1,Q]] | D[t.P2]]Kε

= JEKε
[
JC[t[P1,Q]]Kρ | JD[t.P2]Kρ

]
= JEKε

[
JCKρ[Jt[P1,Q]Kρ′ ] | JDKρ[Jt.P2Kρ′′ ]

]
= JEKε

[
JCKρ

[
t
[
JP1Kt,ρ′

]
| t.
(
extrd〈〈t, pt,ρ′ , pρ′〉〉 | pρ′ [JQKε]

) ]
| JDKρ[t.ht.JP2Kρ′′ ]

]
−→ JEKε

[
JCKρ

[
I

(1)
t (JP1Kt,ρ′ , JQKε)

]
| JDKρ[ht.JP2Kρ′′ ]

]
−→m+2 JEKε

[
JCKρ

[[
I

(m+3)
t (JP1Kt,ρ′ , JQKε)

]
| JDKρ

[
ht.JP2Kρ′′

]]
−→ JEKε

[
JCKρ

[
JextrD(P1) | 〈Q〉Kρ′

]
| JDKρ

[
JP2Kρ′′

]]
= JEKε

[
JC[extrD(P1) | 〈Q〉]Kρ | JD[P2]Kρ

]
= JE[C[extrD(P1) | 〈Q〉] | D[P2]]Kε
≡ JP ′Kε
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Since we have that the error noti�cation is external, in extrd〈〈t, pt,ρ′ , pρ′〉〉 (cf. eq. (3.3))
we get that ch(t, JP1Kρ) = 0. (cf. Lemma 3.2.14 for more details). The order/nature of
these reduction steps is as follows:

i) The �rst synchronization concerns t and t.
ii) The following m+ 2 synchronizations can be explained as follows:

- First, we have a process relocation through the update of location t, as enforced
by the de�nition of process extr. Process I(1)

t (JP1Kt,ρ′ , JQKε) is as in De�ni-
tion 3.2.7 (Figure 3.6); as shown in Figure 3.5, there are two possibilities for
reduction, depending on m.

- Subsequently, due to process

outds(pt,ρ′ , pρ′ , nl(pt,ρ′ , JP1Kt,ρ′), t〈〈†〉〉.ht)

we have m reduction steps that relocate processes on location pt,ρ′ to location
pρ′ , as also shown in Figure 3.5.

- The �nal reduction corresponds to the erasure of the location t with all its
contents, obtained by updating pre�x t〈〈†〉〉.

iii) Finally, we have a synchronization between ht and ht, which serves to signal that all
synchronizations related to location t have been completed.

Therefore, we can conclude that for JP Kε −→k JP ′Kε where k = 4 +m.

c) This case concerns a synchronization due to an internal error noti�cation (i.e., the error
comes from the default activity of transaction). Here we have P ≡ C[u[F [u.P1],Q]], with
m = pbD(F [P1]), and P ′ ≡ C[extrD(F [P1]) | 〈Q〉]. Then we have the following derivation:

JP Kε ≡ JC
[
u[F [u.P1],Q]

]
Kε

= JCKε
[
Ju[F [u.P1],Q]Kρ

]
= JCKε

[
u
[
JF [u.P1]Ku,ρ

]
| u. (extrd〈〈u, pu,ρ, pρ〉〉 | pρ[JQKε])]

]]
= JCKε

[
u
[
JF Ku,ρ[u.hu.JP1Kρ′ ]

]
| u.(extrd〈〈u, pu,ρ, pρ〉〉 | pρ[JQKε])

]
−→ JCKε

[
O(1)
u (JF Ku,ρ[hu.JP1Kρ′ ], JQKε)

]
−→m+2 JCKε

[
O(m+3)
u (JF Ku,ρ[hu.JP1Kρ′ ], JQKε)

]
−→ JCKε

[
O(m+4)
u (JF Ku,ρ[hu.JP1Kρ′ ], JQKε)

]
≡ JCKε

[
JextrD(F [P1])Kρ | pρ[JQKε]

]
= JC

[
extrD(F [P1]) | 〈Q〉

]
Kε

≡ JP ′Kε

Process O(q)
u (JF Ku,ρ[hu.JP1Kρ′ ], JQKε), where q ∈ {1, . . . ,m + 4}, is as in De�nition 3.2.8

(Figure 3.7). It should be noted that the location on name u and its content will be
erased before interaction on name hu and hu (cf. Figure 3.7 for q = (m + 2) and
q = (m + 3)). Therefore, in this case, the role of function ch(u, ·) is central: indeed,
ch(u, JF Ku,ρ

[
hu.JP1Kρ′

]
) provides the input hu which is necessary to achieve operational

correspondence.
The order/nature/number of reduction steps can be explained as in Case b) above. We
can then conclude that JP Kε −→k JP ′Kε for k = 4 +m.

(2) Part (2) � Soundness: Given JP Kε −→n R, by Lemma 3.2.19, process R has the following
form:

R ≡
z∏

w=1

JEwKε
[ sw∏
k=1

JGk,wKρw
[ lk∏
i=1

JCi,k,wKρ′k,w
[
I

(p)
ti,k,w

]
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JP Kε

JP ′′Kε

R

JP ′Kε

∗

n

∗

∗

Figure 3.9: Diagram of the statement of soundness for J·Kε

|
rk∏
j=1

JDj,k,wKρ′k,w
[
htj,k,w .JStj,k,wKρ′′k,w

]
|
mk∏
c=1

JLc,k,wKρ′k,w
[
O(q)
uc,k,w

]]]
.

Also by Lemma 3.2.19, we have P −→∗ P ′′ where

P ′′ ≡
z∏

w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
ti,k,w[Pti,k,w ,Qti,k,w ]

]
|

rk∏
j=1

Dj,k,w

[
tj,k,w.Stj,k,w

]
|
mk∏
c=1

Lc,k,w
[
uc,k,w[Fc,k,w[uc,k,w.Puc,k,w ],Quc,k,w ]

]]
,

where by successive application of completeness it follows that JP Kε −→∗ JP ′′Kε.

By Lemma 3.2.20, i.e., by lk successive applications of (3.28) and mk successive applications
of (3.29) on process R, it follows that:

R −→∗
z∏

w=1

JEwKε
[ sw∏
k=1

JGk,wKρw
[ lk∏
i=1

JCi,k,wKρ′k,w
[
JextrD(P ′ti,k,w)Kρ′′k,w | J〈Q′ti,k,w〉Kρ′′k,w

]
|

rk∏
j=1

JDj,k,wKρ′k,w
[
JStj,k,wKρ′′k,w

]
|
mk∏
c=1

JLc,k,wKρ′k,w
[
JextrD(Fc,k,w[Puc,k,w ])Kρ′′k,w

| J〈Q′uc,k,w〉Kρ′′k,w
]]]

≡ J
z∏

w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
extrD(P

′
ti,k,w

) | 〈Q′ti,k,w〉
]
|

rk∏
j=1

Dj,k,w

[
Stj,k,w

]
|
mk∏
c=1

Lc,k,w
[
extrD(Fc,k,w[Puc,k,w ]) | 〈Q′uc,k,w〉

]]]
Kε ≡ JP ′Kε.

Therefore, it follows that

P ′ ≡
z∏

w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
extrD(P

′
ti,k,w

) | 〈Q′ti,k,w〉
]
|

rk∏
j=1

Dj,k,w

[
Stj,k,w

]
|
mk∏
c=1

Lc,k,w
[
extrD(Fc,k,w[Puc,k,w ]) | 〈Q′uc,k,w〉

]]]
.
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JP Kε = Jt[〈a | a〉,0] | t | u[u,0]Kε
= t
[
pt,ε[a | a]

]
| t. (extrd〈〈t, pt,ε , pε〉〉 | pε[0]) | t.ht

| u
[
u.hu

]
| u. (extrd〈〈u, pu,ε , pε〉〉 | pε[0])

I
(1)
t | ht | u

[
u.hu

]
| u. (extrd〈〈u, pu,ε , pε〉〉 | pε[0])(

I
(1)
t ≡ t

[
pt,ε[a | a]

]
| extrd〈〈t, pt,ε , pε〉〉 | pε[0]

)
J〈a | a〉 | 〈0〉 | u[u,0]Kε

I
(1)
t | ht | O(1)

u(
O

(1)
u ≡ u

[
hu
]
| extrd〈〈u, pu,ε pε〉〉 | pε[0]

)
I
′(1)
t | ht | O(1)

u(
I
′(1)
t ≡ t

[
pt,ε[0 | 0]

]
| extrd〈〈t, pt,ε , pε〉〉 | pε[0]

)
R = pε[0 | 0] | pε[0] | O(1)

u

JP ′′Kε = J〈a | a〉 | 〈0〉 | 〈0〉Kε

JP ′Kε = J〈0 | 0〉 | 〈0〉 | 〈0〉Kε* *

*

*

3

Figure 3.10: Example for operational soundness.

Also, by Proposition 2.2.3, i.e., by lk successive applications of case b) and andmk successive
applications of case c) on process P ′′, it follows that: P ′′ −→∗ P ′.
By successive application of (1) � Completeness on the derivation P ′′ −→∗ P ′ it follows
that JP ′′Kε −→∗ JP ′Kε. The proof scheme is shown in Figure 3.9.

�

We illustrate the encoding with the following examples.

Example 3.2.22. The example presented in Figure 3.10 illustrates the statement of soundness
(Figure 3.9).

Example 3.2.23. Notably, P = s
[
t[〈a〉 | 〈b〉 | c,d],0

]
| t.s is a well-formed compensable process.

By the LTS of CD (cf. Figure 2.3), we have:

P
τ−→D s[〈a〉 | 〈b〉 | 〈d〉,0] | s̄ τ−→D 〈a〉 | 〈b〉 | 〈d〉.

The encoding of P is obtained by expanding De�nition 3.2.3:

JP Kε = s
[
t
[
pt,s
[
a
]
| pt,s

[
b
]
| c
]
| t.
(
extrd〈〈t, pt,s, ps〉〉 | ps

[
d
])]

| s.extrd〈〈s, ps, pε〉〉 | t.ht.s.hs

−→6 s
[
ps[a] | ps

[
b
]
| ps
[
d
]]

| s.extrd〈〈s, ps, pε〉〉 | s.hs

−→7 pε[a] | pε
[
b
]
| pε
[
d
]

= J〈a〉 | 〈b〉 | 〈d〉Kε.

Let us write P1 to denote the process 〈a〉 | 〈b〉 | c (the default activity of transaction t) and P2 to
denote the process 〈a〉 | 〈b〉 | 〈d〉 (the process obtained above). Our operational correspondence
result ensures that k in JP Kε −→k JP2Kε is equal to

k = 4 + pbD(P1)︸ ︷︷ ︸
for transaction t

+ 4 + pbD(P2)︸ ︷︷ ︸
for transaction s
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= 6 + 7 = 13

Let us analyze in detail these reduction steps:

i) The �rst step corresponds to the synchronization between t and t.

ii) Once process extrd〈〈t, pt,s, ps〉〉 is released, the second step is a synchronization
on update pre�x t〈〈(Y ).t[Y ] | ch(t, Y ) | outds(pt,s , ps, nl(pt,s, Y ), t〈〈†〉〉.ht)〉〉 and location
t
[
pt,s
[
a
]
| pt,s

[
b
]
| c
]
.

iii) Since we get process outds(pt,s , ps, 2, t〈〈†〉〉.ht), the third and fourth steps correspond
to synchronizations between locations pt,s[a] and pt,s[b] with the (nested) update pre�x
pt,s〈〈(X1, X2).ps[X1] | ps[X2] | t〈〈†〉〉.ht〉〉, which relocates the encoding of protected blocks.

iv) The �fth step is the synchronization between update pre�x t〈〈†〉〉 and location t[. . .], whereby
the location is deleted together with its content (cf. equation (3.1));

v) The sixth reduction step is a synchronization on name ht, which enables behavior corre-
sponding to the encoding of transaction s.

To encode the failure of transaction s, we repeat the exact same steps as before. For location
s we have one more reduction step, because in process outds(ps , pε, 3, s〈〈†〉〉.hs) we have three
locations ps[. . .] that have to be relocated on location pε[. . .].

We illustrate the encoding also on the Hotel booking scenario discussed earlier (Example 2.2.1,
Page 15).

Example 3.2.24. Recall the hotel booking scenario (� 2.2, Example 2.2.1) where the client
wants to cancel a reservation after booking and paying.

JReservationKε = t
[
book.pay.invoice

]
| t.(extrd〈〈t, pt, pε〉〉 | pε[refund]) | book.pay.t.ht.refund

−→ t
[
pay.invoice

]
| t.(extrd〈〈t, pt, pε〉〉 | pε[refund]) | pay.t.ht.refund

−→ t
[
invoice

]
| t.(extrd〈〈t, pt, pε〉〉 | pε[refund]) | t.ht.refund

−→ t
[
invoice

]
| t〈〈(Y ).t[Y ] | ch(t, Y )

| outds(pt , pε, nl(pt, Y ), t〈〈†〉〉.ht)〉〉 | pε[refund] | ht.refund
−→ t

[
invoice

]
| ch(t, invoice) | outds(pt , pε, nl(pt, invoice), t〈〈†〉〉.ht)

| pε[refund] | ht.refund
≡ t

[
invoice

]
| outds(pt , pε, 0, t〈〈†〉〉.ht) | pε[refund] | ht.refund

= t
[
invoice

]
| t〈〈†〉〉.ht | pε[refund] | ht.refund

−→ ht | pε[refund] | ht.refund
−→ pε[refund] | refund
−→ pε[0]

Therefore, we get JReservationKε −→7 pε[0]. There are three reduction steps as a result of
synchronizations on input pre�xes: book, pay and t with corresponding outputs. Now, the
structure of the default activity of transaction is changed and we have one reduction step for
updating its current content. After that, there are three more reduction steps: one for erasing
the location t and its content, and two reduction steps as result of synchronizations on input
names ht and refund with corresponding outputs.
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npb(〈P 〉) = 1 + npb(P ) npb(P | Q) = npb(P ) + npb(Q) npb((νx)P ) = npb(P )

npb(!π.P ) = npb(π.P ) = 0 npb(t[P ,Q]) = 1 + npb(P ) + npb(Q) npb(0) = 0

Figure 3.11: Number of protected blocks.

3.2.3.2.6 Divergence Re�ection

In the following, we are going to prove that the encoding does not introduce divergent
computations. We need the following de�nition, which counts all protected blocks in process P .

De�nition 3.2.9. Given a well-formed compensable process P , we will write npb(P ) to denote
the number of protected blocks in P � see Figure 3.11 for a de�nition.

Notice that npb(P ) is di�erent from pb(P ) in De�nition 3.2.5. The di�erence is in the
de�nition for processes 〈P 〉 and t[P ,Q]. In De�nition 3.2.5 we count all processes that may
become protected, e.g., after a reduction of the considered compensable process. Intuitively, with
npb(P ) we are looking for protected blocks at all levels of the observed compensable process.

To establish divergence re�ection, we relate a sequence of adaptable processes and a sequence
of compensable processes. One reduction of an adaptable process from the sequence corresponds
either to one reduction of the corresponding compensable process or to equal subsequent com-
pensable processes. This re�ects that a single reduction of a compensable processes is mimicked
by several reductions of a corresponding adaptable process. The following lemma proves that
such a relation does exist, providing also the upper bound for the number of successive, non-
equivalent, adaptable processes with the property that their corresponding adaptable processes
are equal. This last property directly induces that the set of compensable processes is in�nite,
too.

Lemma 3.2.25. Let {Ri}i≥0 be a sequence of adaptable processes such that Ri −→ Ri+1, with
R0 = JP0Kρ, for some compensable process P0 and path ρ. Then for every i ≥ 1 there is Pi such
that:

(i) Ri −→∗ JPiKρ,

(ii) Pi−1 = Pi or Pi−1 −→ Pi, and

(iii) Ri 6≡ Ri+1 6≡ . . . 6≡ Ri+m and Pi = Pi+1 = . . . = Pi+m imply m ≤ 4 + npb(P0).

Proof. The proof for (i) and (ii) proceeds by induction on i.
Base case: Assume that i = 1. By the proof of Lemma 3.2.19, i.e. its Base case , we have
three cases:

a) P0 ≡ E[C[a.P ′1] | D[a.P2]] and R1 ≡ JEKε
[
JCKρ[JP ′1Kρ′ ] | JDKρ[JP2Kρ′′ ]

]
= JP1Kρ, it follows

P0 −→ P1 (cf. Proposition 2.2.3 (a)).

b) P0 ≡ E
[
C[t[P2,Q]] | D[t.P ′1]] and

R1 ≡ JEKε
[
JCKρ[t

[
JP ′2Kt,ρ′

]
| extrd〈〈t, pt,ρ′ , pρ′〉〉 | pρ′ [JQ′Kε]] | JDKρ[ht.JP ′1Kρ′′ ]

]
. There is P1

such that by Lemma 3.2.20 (3.28) it follows R1 −→∗ JP1Kρ. Also, it follows P0 −→ P1 (cf.
Proposition 2.2.3 (b)).

c) P0 ≡ C[u[D[u.P ′1],Q]] and R1 ≡ JCKε
[
u
[
JDKu,ρ[hu.JP ′1Kρ′ ]

]
| extrd〈〈u, pu,ρ′ , pρ′〉〉 | pρ′ [JQ′Kε]

]
.

There is P1 such that by Lemma 3.2.20 (3.29) it follows R1 −→∗ JP1Kρ. Also, it follows
P0 −→ P1 (cf. Proposition 2.2.3 (c)).
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Inductive step: By inductive hypothesis, there are processes P1, . . . , Pi−1, Pi such that
Ri−1 −→∗ JPi−1Kρ and either Pi−1 = Pi or Pi−1 −→ Pi. Let us now consider Ri −→ Ri+1

(i.e., JP0Kρ −→i Ri −→ Ri+1). By the proof of Lemma 3.2.19, i.e., its Inductive step, we get
that there is Pi+1 such that either Pi = Pi+1 or Pi −→ Pi+1 (cf. for example (3.20) and (3.22)).
By Lemma 3.2.20 it follows Ri+1 −→∗ JPi+1Kρ.
Now, we are going to prove the last assertion in the statement, (iii). In the following, we give
guidelines on how to obtain the proof since it follows from (the proof of) Lemma 3.2.19:

(1) The form of process Ri is given with (3.18), and process Pi has a form given with (3.19).

(2) In the proof, its Inductive step, we consider only cases such that Ri 6≡ Ri+1 and Pi =

Pi+1. Therefore, we consider the cases in which intermediate processes I(p)
ti,k,w

and O(q)
uc,k,w

inside process Ri (cf. De�nition 3.2.7 and De�nition 3.2.8, respectively) have been changed.

(3) From Figure 3.6 and Figure 3.7 we obtain the form and the number of all intermediate
processes. We remind the reader that the number of intermediate processes directly de-
pends on the number of protected blocks in the observed transaction, more precisely in its
compensation activity (cf. for example Figure 3.5).

(4) We conclude, for each l ∈ {1, . . . ,m} it follows that m is at most 4 + npb(P0), i.e.,
m = 4 + pb(Q′) ≤ 4 + npb(P0), for some Q′ that appears in P0.

�

The following theorem concerns in�nite reduction sequences: it says that an in�nite reduc-
tion sequence originating from a target term can only arise from an in�nite reduction sequence
of a corresponding source term. Hence, it su�ces to establish divergence re�ection, as in De�-
nition 2.3.5:

Theorem 3.2.26 (Divergence Re�ection for J·Kρ). Let {Ri}i≥0 be an in�nite sequence of adapt-
able processes such that

(1) R0 = JP0Kρ for some P0 and ρ, and (2) Ri −→ Ri+1 for any i ≥ 0.

Then there is an in�nite sequence of adaptable processes {P ′j}j≥0 such that

(3) P ′0 = P0, and (4) P ′j −→ P ′j+1 for any j ≥ 0.

Proof. By Lemma 3.2.25, there is a sequence {Pi}i≥0 such that

(i) Ri −→∗ JPiKρ and (ii) Pi−1 = Pi or Pi−1 −→ Pi.

Consider now a sequence of compensable processes P ′0, P
′
1, P

′
2, . . . such that

(1) P ′j−1 −→ P ′j , for any j ≥ 1, and

(2) for every i there is j such that Pi = P ′j .

By Lemma 3.2.25, at most 4 + npb(P0) reduction steps from the sequence {Ri}i≥0 correspond
to one reduction step of {P ′j}j≥0. Hence, the number of processes in {P ′j}j≥0 is not less then
the number of processes {Ri}i≥0 divided by 4 + npb(P0). Since the sequence {Ri}i≥0 is in�nite,
the same holds for {P ′j}j≥0. �
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3.2.3.2.7 Success Sensitiveness

To prove that the translation satis�es success sensitiveness we need �rst to extend De�ni-
tion 3.2.3 with JXKρ = X.

Further, we adapt the de�nition of may-succeed (De�nition 2.3.4) to adaptable and com-
pensable processes. It is de�ned in exactly the same way for the two calculi, but it relies on
di�erent de�nitions of operational semantics and evaluation contexts.

De�nition 3.2.10. Let P be an adaptable/compensable process. We say that P may-succeed,
denoted P ⇓, if P −→∗ P ′ and P ′ = C[X] for some process P ′ and evaluation context C[•].

Theorem 3.2.27 (Success Sensitiveness for J·Kρ). Let P be a well-formed compensable process
and ρ an arbitrary path. Then P ⇓ if and only if JP Kρ ⇓.

We shall prove that success sensitiveness holds for the translation J·Kρ. The �rst part of the
statement

P ⇓ implies JP Kρ ⇓
follows directly from operational completeness (Theorem 3.2.7 (1)) and Lemma 3.2.9. The proof
for the opposite direction

JP Kρ ⇓ implies P ⇓
is derived through the following steps:

� By De�nition 3.2.10, if JP Kρ ⇓ then JP Kρ −→k R and R = C[X] for some context C[•].

� By Lemma 3.2.19, we conclude that process R has the form given in (3.18).

� Assuming that R = C[X], we identify all possible positions of X in the form (3.18). For
that purpose, we introduce some auxiliary lemmas:

� By Lemma 3.2.15, either X appears at top level of some context (in parallel), in a
form JC ′[X]Kρ, or it is nested inside some locations. There are four additional nested
places that we consider separately and list in the following items.

� Lemma 3.2.28 considers the case with I
(p)
t (JP1Kt,ρ, JQ1Kε) = C ′′[X] and

nl(pt,ρ, JP1Kt,ρ) = 0 and p ∈ {1, 2, 3}, where I(p)
t (JP1Kt,ρ, JQ1Kε) is given in Figure 3.6.

� Lemma 3.2.29 considers the case with I
(p)
t (JP1Kt,ρ, JQ1Kε) = C ′′[X] and

nl(pt,ρ, JP1Kt,ρ) = m > 0 and p ∈ {1, 2, . . . ,m+ 3}, where I(p)
t (JP1Kt,ρ, JQKε) is given

in Figure 3.6.

� Lemma 3.2.30 considers the case with O
(q)
u (JF Kρ[hu.JP1Kρ′ ], JQ1Kε) = C ′′[X] and

nl(pu,ρ, JF Kρ[hu.JP1Kρ′ ]) = 0 and p ∈ {1, 2, 3, 4}, where O(q)
u (JF Kρ[hu.JP2Kρ′ ], JQ1Kε)

is given in Figure 3.7.

� Lemma 3.2.31 considers the case with O
(q)
u (JF Kρ[hu.JP1Kρ′ ], JQ1Kε) = C ′′[X]

and nl(pu,ρ, JF Kρ[hu.JP1Kρ′ ]) = m > 0 and p ∈ {1, . . . ,m + 4}, where
O

(q)
u (JF Kρ[hu.JP2Kρ′ ], JQ1Kε) is given in Figure 3.7.

� Finally, after identi�ying the place of X, using (3.19) of Lemma 3.2.19, we get the proof.

We proceed to introduce the auxiliary lemmas that consider nested appearances of X.

Lemma 3.2.28. Let t be a name, ρ a path, and P,Q well-formed compensable processes such
that nl(pt,ρ, JP Kt,ρ) = 0. If I(p)

t (JP Kt,ρ, JQKε) = C[X], for p ∈ {1, 2, 3} and some context C[•],
then

(i) either JP Kt,ρ = C1[X], (ii) or JQKε = C1[X]

for some context C1[•].
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Proof. There are three possible forms of I(p)
t (JP Kt,ρ, JQKε), given in the �rst three rows of Fig-

ure 3.6.

� p ∈ {1, 2}: If t
[
JP Kt,ρ

]
| R | pρ[JQKε] = C[X] and (R ≡ t{(Y ).t[Y ] | ch(t, Y ) | t{†}.ht} or

R = t{†}.ht), by De�nition 2.2.6, we have the following two possibilities:

(i) C[•] = t
[
C1[•]

]
| R | pρ[JQKε] and C1[X] = JP Kt,ρ, or

(ii) C[•] = t
[
JP Kt,ρ

]
| R | pρ[C1[•]] and C1[X] = JQKε.

� p = 3: If ht | pρ[JQKε] = C[X], by De�nition 2.2.6, C[•] = ht | pρ[C1[•]] and therefore
C1[X] = JQKε.

�

Lemma 3.2.29. Let t be a name, ρ a path, and P,Q well-formed compensable processes

such that JP Kt,ρ =
m∏
k=1

pt,ρ[JP ′kKε] | S with nl(pt,ρ, JP Kt,ρ) = m. If I(p)
t (JP Kt,ρ, JQKε) = C[X], for

p ∈ {1, . . . ,m+ 3} and some context C[•], then

(i) JP ′kKε = C1[X], or (ii) JQKε = C1[X], or (iii) S = C1[X]

for some context C1[•] and k ∈ {1, . . . ,m}.

Proof. The proof is similar to the proof of Lemma 3.2.28 and follows directly from De�nition 2.2.6
and the process de�ned in Figure 3.6. �

Lemma 3.2.30. Let u be a name, ρ a path, and P,Q well-formed compensable processes such
that nl(pu,ρ, JF Kρ[hu.JP Kρ′ ]) = 0. If O(q)

u (JF Kρ[hu.JP Kρ′ ], JQKε) = C[X], for p ∈ {1, 2, 3, 4} and
some context C[•], then

(i) either JF Kρ[hu.JP Kρ′ ] = C1[X], (ii) or JQKε = C1[X]

for some context C1[•].

Proof. The proof is similar to the proof of Lemma 3.2.28 and follows directly from De�ni-
tion 2.2.6, and the process de�ned in Figure 3.7. �

Lemma 3.2.31. Let u be a name, ρ a path, and P,Q well-formed compensable pro-

cesses such that JF Kρ[hu.JP Kρ′ ] =
m∏
k=1

pu,ρ[JP ′kKε] | S with nl(pu,ρ, JF Kρ[hu.JP Kρ′ ]) = m. If

O
(q)
u (JF Kρ[hu.JP Kρ′ ], JQKε) = C[X], for p ∈ {1, . . . ,m+ 4} and some context C[•], then

(i) JF Kρ[hu.JP Kρ′ ] = C1[X], or (ii) JQKε = C1[X], or (iii) JP ′kKε = C1[X]

for some context C1[•] and k ∈ {1, . . . ,m+ 4}.

Proof. Similar to the proof of Lemma 3.2.28 and follows directly from De�nition 2.2.6 and the
process de�ned in Figure 3.7. �

Now we will give the proof of the success sensitiveness (cf. Theorem 3.2.27):

Proof of Success Sensitiveness � Theorem 3.2.27. (⇒) Let P ⇓, i.e., P −→∗ P ′ and P ′ = C[X].
By Theorem 3.2.7 (1) � Completeness we have that JP Kρ −→k JP ′Kρ = JC[X]Kρ. By Conven-
tion 3.2.8 and Lemma 3.2.9 it follows:

JCKρ[X] = JC[•]Kρ[JXKρ′ ],
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where ρ′ is a path to hole in context C[•]. By JXKρ = X we have that JP Kρ −→k JC[•]Kρ[X].
This implies that JP Kρ ⇓.
(⇐) Conversely, Let JP Kρ ⇓, i.e., JP Kρ −→k R and R ≡ C[X]. By Lemma 3.2.19 it follows:

C[X] ≡
z∏

w=1

JEwKε
[ sw∏
k=1

JGk,wKρw
[ lk∏
i=1

JCi,k,wKρ′k,w
[
I

(p)
ti,k,w

]
|

rk∏
j=1

JDj,k,wKρ′k,w
[
htj,k,w .JStj,k,wKρ′′k,w

]
|
mk∏
c=1

JLc,k,wKρ′k,w
[
O(q)
uc,k,w

]]]
(3.31)

By Lemma 3.2.15, Lemma 3.2.28, Lemma 3.2.29, Lemma 3.2.30, and Lemma 3.2.31 we analyze
all possible places where X occurs in (3.31). By Lemma 3.2.15,

(1) either

C[X] ≡ JE′′Kε[X] |
z∏

w=1

JE′wKε
[ sw∏
k=1

JGk,wKρw
[ lk∏
i=1

JCi,k,wKρ′k,w
[
I

(p)
ti,k,w

]
|

rk∏
j=1

JDj,k,wKρ′k,w
[
htj,k,w .JStj,k,wKρ′′k,w

]
|
mk∏
c=1

JLc,k,wKρ′k,w
[
O(q)
uc,k,w

]] (3.32)

(2) or, there are ω ∈ {1, . . . , z} and C1[•] such that

C1[X] ≡
sw∏
k=1

JGk,wKρw
[ lk∏
i=1

JCi,k,wKρ′k,w
[
I

(p)
ti,k,w

]
|

rk∏
j=1

JDj,k,wKρ′k,w
[
htj,k,w .JStj,k,wKρ′′k,w

]
|
mk∏
c=1

JLc,k,wKρ′k,w
[
O(q)
uc,k,w

]]] (3.33)

By Lemma 3.2.15,

(2.1) either

C1[X] ≡ JG′′wKρw [X] |
sw∏
k=1

JG′k,wKρw
[ lk∏
i=1

JCi,k,wKρ′k,w
[
I

(p)
ti,k,w

]
|

rk∏
j=1

JDj,k,wKρ′k,w
[
htj,k,w .JStj,k,wKρ′′k,w

]
|
mk∏
c=1

JLc,k,wKρ′k,w
[
O(q)
uc,k,w

]]] (3.34)

(2.2) or, there are C2[•] and k ∈ {1, . . . , sω} such that one of the following three cases
holds:

(2.2.1) C2[X] ≡ JCi,k,wKρ′k,w
[
I

(p)
ti,k,w

]
:

(2.2.1.1) either C2[X] ≡ JC ′′i,k,wKρ′k,w [X] |
lk∏
i=1

JC ′i,k,wKρ′k,w
[
I

(p)
ti,k,w

]
(2.2.1.2) or, there are C3[•] and i ∈ {1, . . . , lk} such that

C3[X] = I
(p)
ti,k,w

(JP ′ti,k,wKt,ρ′′ , JQ′ti,k,wKε).
Assume that nl(pt,ρ′′ , JP ′ti,k,wKt,ρ′′) = 0 and p ∈ {1, 2, 3} (other cases are
similar). By Lemma 3.2.29,
(2.2.1.2.1) JP ′ti,k,wKt,ρ′′ = C4[X], or
(2.2.1.2.2) JQKε = C4[X]
for some C4[•].
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(2.2.2) C2[X] ≡ JDj,k,wKρ′k,w

[
htj,k,w .JStj,k,wKρ′′k,w

]
: By Lemma 3.2.15,

JDj,k,wKρ′k,w
[
htj,k,w .JStj,k,wKρ′′k,w

]
= JD′j,k,wKρ′k,w

[
X
]
| JDj,k,wKρ′k,w

[
htj,k,w .JStj,k,wKρ′′k,w

]
.

(2.2.3) C2[X] ≡ JLc,k,wKρ′k,w
[
O

(q)
uc,k,w

]
:

(2.2.3.1) either C2[X] ≡ JL′c,k,wKρ′k,w
[
X
]
| JL′′c,k,wKρ′k,w

[
O

(q)
uc,k,w

]
(2.2.3.2) or, there are C4[•] and c ∈ {1, . . . ,mk} such that

C4[X] = O
(q)
uc,k,w(JFc,k,wKρ′′ [huc,k,w .JPuc,k,wKρ′′′ ], JQ′uc,k,wKε).

Assume that nl(uc,k,w, ρ
′′′, JFc,k,wKρ′′ [huc,k,w .JPuc,k,wKρ′′′ ])) = 0 and q ∈

{1, 2, 3, 4} (other cases are similar). By Lemma 3.2.30,
(2.2.3.2.1) either JFc,k,wKρ′′ [huc,k,w .JPuc,k,wKρ′′′ ] = C5[X]
(2.2.3.2.2) or, JQ′uc,k,wKε) = C5[X]
for some C5[•].

In all the cases listed above, it follows directly by Lemma 3.2.19 that P ⇓ since

P ≡
z∏

w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
ti,k,w[Pti,k,w ,Qti,k,w ]

]
|

rk∏
j=1

Dj,k,w

[
tj,k,w.Stj,k,w

]
|
mk∏
c=1

Lc,k,w
[
uc,k,w[Fc,k,w[uc,k,w.Puc,k,w ],Quc,k,w ]

]]
,

(3.35)

Other cases are similar. �

3.3 Translating CP into S

In this section we concentrate on a speci�c source calculus, namely the calculus in [29] with
static recovery and preserving semantics. Before giving a formal presentation of the encoding
CP into S we introduce some useful conventions and intuitions.

3.3.1 The Translation, Informally

The translation CP into S, denoted L·Mρ, uses very similar ideas as the encoding J·Kρ. This way,
the translation of a protected block found at path ρ, is de�ned as:

L〈P 〉Mρ = pρ
[
LP Mε

]
.

To encode a preserving semantics we use the base sets given in De�nition 3.1.1. We use the
set of reserved location names with name βρ, because besides protected blocks we have to keep
transactions that are in default activity P (cf. Figure 2.2) in the case that a failure signal is
�red. We use a revised auxiliary process, denoted outps(t, P, l1, l

′
1, l2, l

′
2, n,m), which:

(i) moves n processes from location l1 to location l′1;

(ii) moves m processes from location l2 to location l′2.

To de�ne process outps, we need some auxiliary notions. In the case when we move m processes
from location l2 to location l′2 it will be necessary to remove some names from the path in
processes that are enclosed in l′2. The following function removes a name from a path:

De�nition 3.3.1. Let ρ = t1, . . . , tn be a path and r be a name in Nt. We de�ne the function
ρ/r as follows:

ρ/r =


t1, t2, . . . , ti−1, ti+1, . . . , tn if ti = r

ρ if ti 6= r for 1 ≤ i ≤ n.
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It should be noted that name r can occur only one time in ρ (cf. De�nition 2.2.4 (i)).
The following de�nition serves to remove names mentioned in an adaptable process. This is

important: if a transaction t had nested transactions and location name t is lost, then we have
to remove t from all the paths that contained it.

De�nition 3.3.2. Let P be a closed adaptable process, and let ρ be a path that contains name
s. The function E(P, s) is de�ned as follows:

E(l[P ], s) = l[E(P, s)] if l /∈ N r
l E(pρ[P ], s) = pρ/s[E(P, s)]

E(βρ[P ], s) = βρ/s[E(P, s)] E(P | Q, s) = E(P, s) | E(Q, s)

E(π.P, s) = π.E(P, s) E(!π.P, s) =!π.E(P, s)

E((νx)P, s) = (νx)E(P, s) E(0, s) = 0

E(X, s) = X

The auxiliary processes outps should depend on all location names which derive from the
names of nested transactions (e.g., t1, . . . , tm). The following de�nition has just that role, to
denote the list of location names from adaptable process P that are nested (at top level) in l.

De�nition 3.3.3. Let l be a name and P an adaptable process. Function top(l, P ) denotes the
list of location names from P that are nested (at top level) in l. It is de�ned as follows:

top(l, l′[P ]) =

{
{l′′} if l = l′ and P = l′′[Q] | R for some Q and R and l′′ ∈ Nt
∅ otherwise

top(l, P | Q) = top(l, P ) ∪ top(l, Q) top(l,0) = top(l,X) = ∅

top(l, (νx)P ) = top(l, P ) top(l, π.P ) = top(l, !π.P ) = ∅

The following example illustrates this de�nition.

Example 3.3.1. Given P = βt,ρ[t1[m1] | pt,ρ[m2]] | βt,ρ[m3 | t2[m4] | t3[m5]], by De�nition 3.3.3
we have the following list of location names from P :

top(βt,ρ, P ) = {t1, t2, t3}.

We assume that function E(·, ·) operates only over closed processes and, in the style of a call-
by-need evaluation strategy, we assume that it is applied once it is provided with an argument.

For the de�nition of outps(t, P, l1, l′1, l2, l
′
2, n,m) we introduce the following auxiliary pro-

cesses:

outps1(t, l1, l
′
1, n) = l1〈〈(X1, . . . , Xn).

(
n∏
i=1

l′1[Xi] | t〈〈†〉〉.jt.rt

)
〉〉;

outps2(t, t1, . . . , tm, l2, l
′
2,m) = l2〈〈(Y1, . . . , Ym).(

rt.

(
m∏
k=1

(
l′2[E(Yk, t)] | jtk .l

′
2〈〈(X).X〉〉.rtk .htk

))
| t〈〈†〉〉.jt

)
〉〉;

outps3(t, t1, . . . , tm, l1, l
′
1, l2, l

′
2, n,m) = l1〈〈(X1, . . . , Xn).l2〈〈(Y1, . . . , Ym).(

n∏
i=1

l′1[Xi] | rt.
(

m∏
k=1

(
l′2[E(Yk, t)] | jtk .l

′
2〈〈(X).X〉〉.rtk .htk

))
| t〈〈†〉〉.jt

)
〉〉〉〉.

We are now ready to de�ne process outps(t, P, l1, l′1, l2, l
′
2, n,m).
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s

t

a
l1

| b
l1

| c outps1(t, l1, l
′
1, 2)| −→2

s

t
c | a

l′1
| b
l′1

| t〈〈†〉〉.jt.rt −→

s

a
l′1

| b

l′1
| jt.rt

Figure 3.12: Illustrating outps1(t, l1, l
′
1, 2) from Example 3.3.2 .

The auxiliary process outps(t, P, l1, l′1, l2, l
′
2, n,m), where top(l2, P ) = {t1, . . . , tm} form > 0,

is de�ned as follows:

outps(t, P, l1, l
′
1, l2, l

′
2, n,m) =



t〈〈†〉〉.jt.rt if n,m = 0

outps1(t, l1, l
′
1, n) if n > 0,m = 0

outps2(t, t1, . . . , tm, l2, l
′
2,m) if n = 0,m > 0

outps3(t, t1, . . . , tm, l1, l
′
1, l2, l

′
2, n,m) if n,m > 0

(3.36)
The following example illustrates process outps (cf. (3.36)). A more detailed explanation is

given later on.

Example 3.3.2. We illustrate the revised auxiliary process:

s
[
t
[
l1[a] | l1[b] | c

]
| outps1(t, l1, l′1, 2)

]
= s
[
t
[
l1[a] | l1[b] | c

]
| l1〈〈(X1, X2).

(
l′1[X1] | l′1[X2] | t〈〈†〉〉.jt.rt

)
〉〉
]

−→ s
[
t
[
l1[b] | c

]
| l1〈〈(X2).

(
l′1[a] | l′1[X2] | t〈〈†〉〉.jt.rt

)
〉〉
]

−→ s
[
t
[
c
]
| l′1[a] | l′1[b] | t〈〈†〉〉.jt.rt

]
−→ s

[
l′1[a] | l′1[b] | jt.rt

]
Above, the two reduction steps are used for relocation of l1[a] and l1[b] that are nested in

location t (with omitted trailing occurrences of 0). The third step is the synchronization between
update pre�x t〈〈†〉〉 and location t[c], where the update deletes the location and its content. This
is illustrated in Figure 3.12.

3.3.2 The Translation, Formally

In order to give a precise account of the number of computation steps, i.e., reductions required
in S to correctly mimic a reductions in CP we use pb(P ) as presented in the De�nition 3.2.5
(cf. Figure 3.4). We need the following de�nition for tsP(P ), which counts all transactions in
process P . Since translations CA into S and O will also need tsA(P ), in the following de�nition
we will include it.

De�nition 3.3.4. Given a compensable process P , we will write tsP(P ) and tsA(P ) to denote
the number of transactions in P for CP and CA, respectively � see Figure 3.13 for a de�nition.

Whenever a notion coincides for the both semantics, we shall avoid decorations P and A. It
should be noted that the number of protected blocks and transactions in the default activity
of the transaction corresponds to the number of locations pt,ρ[·] and βt,ρ[·] after encoding of
protected blocks and transactions in this transaction. The last ingredient we need to translate
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tsP(t[P ,Q]) = 1 tsA(t[P ,Q]) = 1 + tsA(P ) ts(π.P ) = ts(〈P 〉) = 0

ts(P | Q) = ts(P ) + ts(Q) ts((νx)P ) = ts(P ) ts(!π.P ) = ts(0) = 0

Figure 3.13: Number of transactions.

L〈P 〉Mρ = pρ
[
LP Mε

]
Lt[P ,Q]Mρ = βρ

[
t
[
LP Mt,ρ

]
| t. (extrp〈〈t, LP Mt,ρ, pt,ρ, pρ, βt,ρ, βρ〉〉 | pρ[LQMε])

]
| jt.βρ〈〈(X).X〉〉.rt.ht

Lt.P Mρ = t.ht.LP Mρ

Figure 3.14: Translating CP into S.

CP into S is the following auxiliary process, where we use functions nl(l, ·) and ch(t, ·) de�ned
in De�nition 3.2.1. Note that, we assume that functions nl(·, ·) and ch(·, ·) operate only over
closed processes and, in the style of a call-by-need evaluation strategy, we assume that they are
applied once they are provided with an argument.

De�nition 3.3.5 (Update Pre�x for Extraction). Let t, l1, l′1, l2, l
′
2 be names and P is an adapt-

able process. We write extrp〈〈t, P, l1, l′1, l2, l′2〉〉 to stand for the following (subjective) update
pre�x:

extrp〈〈t, P, l1, l′1, l2, l′2〉〉 = t〈〈(Y ).t[Y ] | ch(t, Y ) | outps(t, P, l1, l′1, l2, l′2, nl(l1, Y ), nl(l2, Y ))〉〉
(3.37)

Now, we may formally de�ne translation L·Mρ:

De�nition 3.3.6 (Translating CP into S). Let ρ be a path. We de�ne the translation of com-
pensable processes with preserving semantics into (subjective) adaptable processes as a tuple
(L·Mρ, ϕL·Mρ) where:

(a) The renaming policy ϕL·Mρ : Nc → P(Na) is de�ned with

ϕL·Mρ(x) =

{
{x} if x ∈ Ns
{x, hx, jx, rx} ∪ {pρ, βρ : x ∈ ρ} if x ∈ Nt

(3.38)

(b) The translation L·Mρ : CP → S is as in Figure 3.14 and as a homomorphism for other
operators.

As in previous presented encodings, here again the main challenge in the translation is in
representing transactions and protected blocks as adaptable processes. More in details:

• The translation of a protected block found at path ρ will be enclosed in the location pρ.

• In the translation of t[P ,Q] we represent processes P and Q independently, using processes in
separate locations. More in details:

- As in the encoding J·Kρ (cf. Figure 3.3), the structure of a transaction and the number of
its top-level processes dynamically changes if there is a failure signal.
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- Whenever we need to extract processes located at pt,ρ and βt,ρ we will �rst substitute Y in
process outps (cf. (3.36)) by the content of the location t and count the current number of
locations pt,ρ and βt,ρ.

- The translation of the transaction body P with location t is nested in location βρ, and the
compensation activity Q is encoded as a protected block and nested in location pρ.

- If P contains n top-level protected blocks andm top-level transaction scopes (with n,m > 0)
when the failure signal t̄ is activated, after synchronizations on t and updates, the translation
will release n+m successive update pre�xes by using auxiliary processes outps.

- Indeed, thanks to processes outps, n protected blocks at location pt,ρ and m transaction
scopes at location βt,ρ will be moved to their parent locations (pρ and βρ, respectively).
Subsequently, there is a synchronization on location t that discards it with its content.

- After that, there are synchronizations on names jt, βρ, rt, and ht. If transaction t had nested
transactions and location name t is lost, we have to take the name t out also from all the
paths that contained it. To this end we use function E(P, s) (cf. De�nition 3.3.2).

• With the above intuitions, translations for the remaining constructs should be self-explanatory.

The next subsection provides correctness of the translation presented in De�nition 3.3.6 and
includes proofs of structural criteria and operational correspondence.

3.3.3 Translation Correctness

In this section, we address the two criteria in De�nition 2.3.5: name invariance and operational
correspondence. We will investigate the other criteria as a part of future work. Our results apply
for well-formed processes as in De�nition 2.2.4.

3.3.3.1 Semantic Criteria - Name invariance

We now consider name invariance. For name invariance we use Remark 3.2.3. In the following
theorem we state name invariance, by relying on the renaming policy in De�nition 3.3.6 (a).

Theorem 3.3.3 (Name invariance for L·Mρ). For every well-formed compensable process P and
valid substitution σ : Nc → Nc there is a σ′ : Na → Na such that:

(i) for every x ∈ Nc : ϕL·Mσ(ρ)(σ(x)) = {σ′(y) : y ∈ ϕL·Mρ(x)}, and

(ii) Lσ(P )Mσ(ρ) = σ′(LP Mρ).

Proof. We de�ne the substitution σ′ as follows:

σ′(x) =



σ(x) if x = a or x = t

hσ(t) if x = ht

jσ(t) if x = jt

rσ(t) if x = rt

pσ(ρ) if x = pρ

βσ(ρ) if x = βρ

(3.39)

Now we provide proofs for (i) and (ii):

(i) Since Nc = Nt ∪Ns, we consider two sub-cases for x:
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• if x ∈ Ns then it follows that:

{σ′(y) : y ∈ ϕL·Mρ(x)} = {σ′(y) : y ∈ {x}} = {σ′(x)} = {σ(x)} = ϕL·Mρ(σ(x)).

• if x ∈ Nt then:
- by De�nition 3.3.6:

ϕL·Mσ(ρ)(σ(x)) = {σ(x), hσ(x), jσ(t), rσ(t)} ∪ {pσ(ρ), βσ(ρ) : σ(x) ∈ σ(ρ)}

- by de�nition of σ′:

{σ(x), hσ(x), jσ(t), rσ(t)} ∪ {pσ(ρ), βσ(ρ) : σ(x) ∈ σ(ρ)}
= {σ′(x), σ′(hx), σ′(jx), σ′(rx)} ∪ {σ′(pρ), σ′(βρ) : σ′(x) ∈ σ′(ρ)}
= {σ′(y) : y ∈ {x, hx, jx, rx}} ∪ {σ′(y) : y ∈ {pρ, βρ : x ∈ ρ}}
= {σ′(y) : y ∈ ϕL·Mρ(x)}

(ii) The proof proceeds by structural induction on P . In the following, given a name x, a path
ρ, and process P , we write σx, σρ, and σP to stand for σ(x), σ(ρ), and σ(P ), respectively.

Base case: The statement holds for P = 0: Lσ(0)Mσρ = σ′(L0Mρ)⇔ 0 = 0.

Inductive step: There are six cases, but we content ourselves by showing the case for
transaction scope. Proof for all other cases are similar as in the proof of Theorem 3.2.4.

• Assume that P = t[P1,Q1]. We �rst apply the substitution σ on process P :

Lσ(t[P1,Q1])Mσρ = Lσt[σ(P1),σ(Q1)]Mσρ.

By expanding the de�nition of the translation in De�nition 3.3.6, we have:

Lσ(t[P1,Q1])Mσρ = βσρ

[
σt
[
Lσ(P1)Mσt,σρ

]
| σt.

(
extrp〈〈σt, Lσ(P1)Mσt,σρ, pσt,σρ, pσρ, βσt,σρ, βσρ〉〉

| pσρ[Lσ(Q1)Mε]
)]

| jσt.βσρ〈〈(X).X〉〉.rσt.hσt

By induction hypothesis it follows:

Lσ(t[P1,Q1])Mσρ = βσρ

[
σt
[
σ′ (LP1Mt,ρ)

]
| σt.

(
extrp〈〈σt, σ′ (LP1Mt,ρ) , pσt,σρ, pσρ, βσt,σρ, βσρ〉〉

| pσρ[σ′ (LQ1Mε)]
)]

| jσt.βσρ〈〈(X).X〉〉.rσt.hσt

(3.40)

On the other side, when we apply de�nition of substitution σ′ on LP Mρ the following
holds:

σ′ (Lt[P1,Q1]Mρ) = σ′
(
βρ

[
t
[
LP Mt,ρ

]
| t. (extrp〈〈t, LP1Mt,ρ, pt,ρ, pρ, βt,ρ, βρ〉〉 | pρ[LQMε])

]
| jt.βρ〈〈(X).X〉〉.rt.ht

)
= βσ′ρ

[
σ′t
[
σ′
(
LP Mt,ρ

)]
| σ′t.

(
extrp〈〈σ′t, σ′

(
LP Mt,ρ

)
, pσ′t,σ′ρ, pσ′ρ, βσ′t,σ′ρ, βσ′ρ〉〉

| pσ′ρ[LQMε]
)]

| jσ′t.βσ′ρ〈〈(X).X〉〉.rσ′t.hσ′t

(3.41)

Given that it is valid σ′(t) = σ(t) (cf. (3.39)), it is easy to conclude that (3.40) is equal
to (3.41).

�
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3.3.3.2 Semantic Criteria - Operational Correspondence

We now shall prove that the translation L·Mρ satis�es operational correspondence (completeness
and soundness). We now state our operational correspondence result:

Theorem 3.3.4 (Operational Correspondence for L·Mε). Let P be a well-formed process in CP.

(1) If P −→ P ′ then LP Mε −→k LP ′Mε where for

a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] it follows k = 1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrP(P1) | 〈Q〉] | D[P2]] it follows k = 7 +
pbP(P1) + tsP(P1),

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrP(F [P1]) | 〈Q〉] it follows k = 7 + pbP(F [P1]) +
tsP(F [P1]),

for some contexts C[•], D[•], E[•], F [•] processes P1, Q, P2 and names t, u.

(2) If LP Mε −→n R with n > 0 then there is P ′ such that P −→∗ P ′ and R −→∗ LP ′Mε.

In Theorem 3.3.4, Case (1) concerns completeness while Case (2) describes soundness.
Case (1)(a) concerns usual synchronizations, which are translated by L·Mρ. Cases (1)-(b) and
(c) concern synchronizations due to compensation signals; here the analysis distinguishes four
cases, as the failure signal can be external or internal (cf. (2.1), Page 14) and the transaction can
be replicated or not. In all cases, the number of reduction steps required to mimic the source
transition depends on the number of protected blocks and nested transactions of the transaction
being canceled.

Before we present the proof with all details, we �rst present all ingredients of the proof for
Theorem 3.3.4.

3.3.3.2.1 Auxiliary Results for Completeness and Soundness.

Given a transaction t[P ,Q], the following lemma ensures that the number of protected blocks
and transactions in the default activity P is equal to the number of locations pt,ρ and βt,ρ in
LP Mt,ρ, respectively.

Lemma 3.3.5. Let t[P ,Q] and ρ be a well-formed compensable process and an arbitrary path,
respectively. Then it holds that pbP(P ) = nl(pt,ρ, LP Mt,ρ) and tsP(P ) = nl(βt,ρ, LP Mt,ρ).

Proof. The proof is by induction on the structure of P . In what follows, we illustrate two cases,
P = 〈P1〉 and P = s[P1,Q1]. The proofs for the other cases proceed similarly as in the proof of
Lemma 3.2.5.

� Case P = 〈P1〉: By De�nition 3.2.1, De�nition 3.2.5, De�nition 3.4.5 and De�nition 3.3.6
we have:

nl(pt,ρ, L〈P1〉Mt,ρ) = nl(pt,ρ, pt,ρ

[
LP1Mε

]
) = 1 = pbP(〈P1〉), and

nl(βt,ρ, L〈P1〉Mt,ρ) = nl(βt,ρ, pt,ρ

[
LP1Mε

]
) = 0 = tsP(〈P1〉).

� P = s[P1,Q1]: By De�nition 3.3.6,

Js[P1,Q1]Kt,ρ =βt,ρ

[
s
[
LP1Ms,t,ρ

]
| s. (extrp〈〈s, LP1Ms,t,ρ, ps,t,ρ, pt,ρ, βs,t,ρ, βt,ρ〉〉 | pt,ρ[LQ1Mε])

]
| js.βt,ρ〈〈(X).X〉〉.rs.hs.

Noticing that nl(pt,ρ, LP1Ms,t,ρ) = 0, by application of De�nition 3.2.1 and De�nition 3.2.5,
we get nl(pt,ρ, Ls[P1,Q1]Mt,ρ) = 0 = pbP(s[P1,Q1]).
Also, nl(βt,ρ, LP1Ms,t,ρ) = 0, by application of De�nition 3.2.1 and De�nition 3.4.5, we get
nl(βt,ρ, Ls[P1,Q1]Mt,ρ) = 1 = tsP(s[P1,Q1]).
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�

To simplify proofs of correctness, we start by de�ning a mapping of evaluation contexts for
compensable (cf. De�nition 2.2.3) into evaluation contexts for adaptable processes (cf. De�ni-
tion 2.2.6). For this mapping we rely directly on translation CP into S (cf. De�nition 3.3.6).

De�nition 3.3.7. Let ρ be a path. We de�ne the following mapping L·Mρ from evaluation
contexts of compensable processes into evaluation contexts of adaptable processes:

L[•]Mρ = [•]

L〈C[•]〉Mρ = pρ[LC[•]Mε]

LC[•] | P Mρ = LC[•]Mρ | LP Mρ

L(νx)C[•]Mρ = (νx)LC[•]Mρ

Lt[C[•],Q]Mρ = βρ

[
t
[
LC[•]Mt,ρ

]
| t. (extrp〈〈t, LC[•]Mt,ρ, pt,ρ, pρ, βt,ρ, βρ〉〉 | pρ[LQMε])

]
| jt.βρ〈〈(X).X〉〉.rt.ht

The following de�nition formalizes all possible forms for the process I(p)
t (LP Mt,ρ, LQMε). Recall

that function nl(l, P ), de�ned in De�nition 3.2.1 (1), returns the number of locations l in process
P .

De�nition 3.3.8. Let P,Q be well-formed compensable processes. Given a name t, a path ρ,
and p ≥ 1, we de�ne the intermediate processes I(p)

t (LP Mt,ρ, LQMε) (cf. Table 3.1) depending on
n = nl(pt,ρ, LP Mt,ρ) and m = nl(βt,ρ, LP Mt,ρ):

1. if n = 0 and m = 0 then p ∈ {1, . . . , 6};

2. if n > 0 and m = 0 then then LP Mt,ρ =
n∏
k=1

pt,ρ[LP ′kMε] | S and p ∈ {1, . . . , n+ 6};

3. if n = 0 and m > 0 then LP Mt,ρ =
m∏
i=1

βt,ρ[LP ′kMε] | S and p ∈ {1, . . . ,m+ 6};

4. otherwise, if n > 0 and m > 0 then LP Mt,ρ =
n∏
k=1

pt,ρ[LP ′kMε] |
m∏
i=1

βt,ρ[LP ′kMε] | S and p ∈

{1, . . . , n+m+ 6}.

Table 3.1: Process I(p)
t (LP Mt,ρ, LQMε) with p ≥ 1. We use abbreviation outps for process

outps(t, LP Mt,ρ, pt,ρ, pρ, βt,ρ, βρ, nl(pt,ρ, Y ), nl(βt,ρ, Y )).

(p) I
(p)
t (LP Mt,ρ, LQMε) for n,m = 0

(1) βρ

[
t
[
LP Mt,ρ

]
| t〈〈(Y ).t[Y ] | ch(t, Y ) | t〈〈†〉〉.jt.rt〉〉 | pρ[LQMε]

]
| jt.βρ〈〈(X).X〉〉.rt.ht

(2) βρ

[
t
[
LP Mt,ρ

]
| t〈〈†〉〉.jt.rt | pρ[LQMε]

]
| jt.βρ〈〈(X).X〉〉.rt.ht

(3) βρ

[
jt.rt | pρ[LQMε]

]
| jt.βρ〈〈(X).X〉〉.rt.ht

(4) βρ

[
rt | pρ[LQMε]

]
| βρ〈〈(X).X〉〉.rt.ht
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(5) rt | pρ[LQMε] | rt.ht

(6) pρ[LQMε] | ht

(p) I
(p)
t (LP Mt,ρ, LQMε) for n > 0,m = 0

(1) βρ

[
t
[
LP Mt,ρ

]
| t〈〈(Y ).t[Y ] | ch(t, Y ) | outps〉〉 | pρ[LQMε]

]
| jt.βρ〈〈(X).X〉〉.rt.ht

(2 + j) βρ

[
t
[
LP Mt,ρ

]
| pt,ρ〈〈(X1, . . . , Xn−j).

( n−j∏
i=1

pρ[Xi] | t〈〈†〉〉.jt.rt
)

|
j∏
i=1

pρ[LP ′i Mε] | t〈〈†〉〉.jt.rt〉〉 | pρ[LQMε]
]
| jt.βρ〈〈(X).X〉〉.rt.ht

0 ≤ j ≤ n− 1

(2 + n) βρ

[
t
[
LP ′Mt,ρ

]
|

n∏
i=1

pρ[LP ′i Mε] | t〈〈†〉〉.jt.rt | pρ[LQMε]
]

| jt.βρ〈〈(X).X〉〉.rt.ht

(3 + n) βρ

[ n∏
i=1

pρ[LP ′i Mε] | jt.rt | pρ[LQMε]
]
| jt.βρ〈〈(X).X〉〉.rt.ht

(4 + n) βρ

[ n∏
i=1

pρ[LP ′i Mε] | rt | pρ[LQMε]
]
| βρ〈〈(X).X〉〉.rt.ht

(5 + n) rt |
n∏
i=1

pρ[LP ′i Mε] | pρ[LQMε] | rt.ht

(6 + n)
n∏
i=1

pρ[LP ′i Mε] | pρ[LQMε] | ht

(p) I
(p)
t (LP Mt,ρ, LQMε) for n = 0,m > 0 and

Nestedt =
m∏
k=1

βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

(1) βρ

[
t
[
LP Mt,ρ

]
| t〈〈(Y ).t[Y ] | ch(t, Y ) | outps〉〉 | pρ[LQMε]

]
| jt.βρ〈〈(X).X〉〉.rt.ht

(2 + s) βρ

[
t
[
LP Mt,ρ

]
| βt,ρ〈〈(Y1, . . . , Ym−s).

(
rt.
(m−s∏
k=1

(
βρ[E(Yk, t)]

| jtk .βρ〈〈(X).X〉〉.rtk .htk
)
|

s∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| t〈〈†〉〉.jt

)
〉〉 | pρ[LQMε]

]
| jt.βρ〈〈(X).X〉〉.rt.ht

0 ≤ s ≤ m− 1

(2 +m) βρ

[
t
[
LP ′Mt,ρ

]
| t〈〈†〉〉.jt | rt.

(
Nestedt

)
| pρ[LQMε]

]
| jt.βρ〈〈(X).X〉〉.rt.ht

(3 +m) βρ

[
jt | rt.

(
Nestedt

)
| pρ[LQMε]

]
| jt.βρ〈〈(X).X〉〉.rt.ht

(4 +m) βρ

[
rt.
(
Nestedt

)
| pρ[LQMε]

]
| βρ〈〈(X).X〉〉.rt.ht

(5 +m) rt.
(
Netsedt

)
| pρ[LQMε] | rt.ht
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(6 +m) Netsedt | pρ[LQMε] | ht

(p) I
(p)
t (LP Mt,ρ, LQMε) for n,m > 0

(1) βρ

[
t
[
LP Mt,ρ

]
| t〈〈(Y ).t[Y ] | ch(t, Y ) | outps | pρ[LQMε]〉〉

]
| jt.βρ〈〈(X).X〉〉.rt.ht

(2 + j + s) βρ

[
t
[
LP Mt,ρ

]
| pt,ρ〈〈(X1, . . . , Xn−j).βt,ρ〈〈(Y1, . . . , Ym−s).

( n−j∏
i=1

pρ[Xi]

|
j∏
i=1

pρ[LP ′i Mε] | rt.
(m−s∏
k=1

(
βρ[E(Yk, t)] | jtk .βρ〈〈(X).X〉〉.rtk .htk

)
|

s∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| t〈〈†〉〉.jt

)
〉〉〉〉

| pρ[LQMε]
]
| jt.βρ〈〈(X).X〉〉.rt.ht

0 ≤ j ≤ n− 1

0 ≤ s ≤ m− 1

(2 + n+m) βρ

[
t
[
LP ′Mt,ρ

]
| t〈〈†〉〉.jt |

n∏
i=1

pρ[LP ′i Mε] | rt.
(
Nestedt

)
| pρ[LQMε]

]
| jt.βρ〈〈(X).X〉〉.rt.ht

(3 + n+m) βρ

[
jt |

n∏
i=1

pρ[LP ′i Mε] | rt.
(
Nestedt

)
| pρ[LQMε]

]
| jt.βρ〈〈(X).X〉〉.rt.ht

(4 + n+m) βρ

[ n∏
i=1

pρ[LP ′i Mε] | rt.
(
Nestedt

)
| pρ[LQMε]

]
| βρ〈〈(X).X〉〉.rt.ht

(5 + n+m)
n∏
i=1

pρ[LP ′i Mε] | rt.
(
Nestedt

)
| pρ[LQMε] | rt.ht

(6 + n+m)
n∏
i=1

pρ[LP ′i Mε] | Nestedt | pρ[LQMε] | ht

De�nition 3.3.9. Let P,Q be well-formed compensable processes. Given a name u, paths
ρ, ρ′, and q ≥ 1, we de�ne the intermediate processes O(q)

u (LF Mρ[hu.LP Mρ′ ], LQMε) (cf. Table 3.2 )
depending on m = nl(pu,ρ, LF Mρ[hu.LP Mρ′ ]) and n = nl(βu,ρ, LF Mρ[hu.LP Mρ′ ]):

1. if n = 0 and m = 0 then q ∈ {1, . . . , 7};

2. if n > 0,m = 0 then LF Mρ[hu.LP Mρ′ ] =
n∏
k=1

pu,ρ[LP ′kMε] | S we have q ∈ {1, . . . , 7 + n};

3. if n = 0,m > 0 then LF Mρ[hu.LP Mρ′ ] =
m∏
i=1

βu,ρ[LP ′kMε] | S we have q ∈ {1, . . . , 7 +m};

4. otherwise, if n > 0 and m > 0 then LF Mρ[hu.LP Mρ′ ] =
n∏
k=1

pu,ρ[LP ′kMε] |
m∏
i=1

βu,ρ[LP ′kMε] | S we

have q ∈ {1, . . . , 7 + n+m}.

Table 3.2: Process O(q)
u (LF Mρ[hu.LP Mρ′ , LQMε]) with q ≥ 1. We use abbreviation outps for process

outps(u, LF Mρ[hu.LP Mρ′ ], pu,ρ, pρ, βu,ρ, βρ, nl(pu,ρ, Y ), nl(βu,ρ, Y )).

(q) O
(q)
u (LF Mρ[hu.LP Mρ′ , LQMε]) for n = m = 0
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(1) βρ

[
u
[
LF Mρ[hu.LP Mρ′

]
| u〈〈(Y ).u[Y ] | ch(u, Y ) | u〈〈†〉〉.ju.ru〉〉

| pρ[LQMε]
]
| ju.βρ〈〈(X).X〉〉.ru.hu

(2) βρ

[
u
[
LF Mρ[hu.LP Mρ′

]
| hu | u〈〈†〉〉.ju.ru | pρ[LQMε]

]
| ju.βρ〈〈(X).X〉〉.ru.hu

(3) βρ

[
hu | ju.ru | pρ[LQMε]

]
| ju.βρ〈〈(X).X〉〉.ru.hu

(4) βρ

[
hu | ru | pρ[LQMε]

]
| βρ〈〈(X).X〉〉.ru.hu

(5) hu | ru | pρ[LQMε] | ru.hu

(6) hu | pρ[LQMε] | hu

(7) pρ[LQMε]

(q) O
(q)
u (LF Mρ[hu.LP Mρ′ , LQMε]) for n > 0,m = 0

(1) βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| u〈〈(Y ).u[Y ] | ch(u, Y ) | outps〉〉

| pρ[LQMε]
]
| ju.βρ〈〈(X).X〉〉.ru.hu

(2 + j) βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu | pu,ρ〈〈(X1, . . . , Xn−j).( n−j∏

i=1
pρ[Xi] |

j∏
i=1

pρ[LP ′i Mε] | u〈〈†〉〉.ju.ru
)
〉〉 | pρ[LQMε]

]
| ju.βρ〈〈(X).X〉〉.ru.hu

0 ≤ j ≤ n− 1

(2 + n) βρ

[
u
[
LF Mρ[hu.LP ′Mρ′ ]

]
| hu | u〈〈†〉〉.ju.ru |

n∏
i=1

pρ[LP ′i Mε] | pρ[LQMε]
]

| ju.βρ〈〈(X).X〉〉.ru.hu

(3 + n) βρ

[
hu | ju.ru |

n∏
i=1

pρ[LP ′i Mε] | pρ[LQMε]
]
| ju.βρ〈〈(X).X〉〉.ru.hu

(4 + n) βρ

[
hu | ru |

n∏
i=1

pρ[LP ′i Mε] | pρ[LQMε]
]
| βρ〈〈(X).X〉〉.ru.hu

(5 + n) hu | ru |
n∏
i=1

pρ[LP ′i Mε] | pρ[LQMε] | ru.hu

(6 + n) hu |
n∏
i=1

pρ[LP ′i Mε] | pρ[LQMε] | hu

(7 + n)
n∏
i=1

pρ[LP ′i Mε] | pρ[LQMε]

(q) O
(q)
u (LF Mρ[hu.LP Mρ′ , LQMε]) for n = 0,m > 0 and

Nestedu =
m∏
k=1

βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

(1) βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| u〈〈(Y ).u[Y ] | ch(u, Y ) | outps〉〉
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| pρ[LQMε]
]
| ju.βρ〈〈(X).X〉〉.ru.hu

(2 + s) βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu | βu,ρ〈〈(Y1, . . . , Ym−s).(

ru.
(m−s∏
k=1

(
βρ[E(Yk, u)] | juk .βρ〈〈(X).X〉〉.ruk .huk

)
|

s∏
k=1

(
βρ[LP ′kMε]

| juk .βρ〈〈(X).X〉〉.ruk .huk
))

| u〈〈†〉〉.ju
)
〉〉

| pρ[LQMε]
]
| ju.βρ〈〈(X).X〉〉.ru.hu

0 ≤ s ≤ m− 1

(2 +m) βρ

[
u
[
LF Mρ[hu.LP ′Mρ′ ]

]
| hu | u〈〈†〉〉.ju | ru.

(
Nestedu

)
| pρ[LQMε]

]
| ju.βρ〈〈(X).X〉〉.ru.hu

(3 +m) βρ

[
hu | ju | ru.

(
Nestedu

)
| pρ[LQMε]

]
| ju.βρ〈〈(X).X〉〉.ru.hu

(4 +m) βρ

[
hu | ru.

(
Nestedu

)
| pρ[LQMε]

]
| βρ〈〈(X).X〉〉.ru.hu

(5 +m) hu | ru.
(
Nestedu

)
| pρ[LQMε] | ru.hu

(6 +m) hu | Nestedu | pρ[LQMε]
]
| hu

(7 +m) Nestedu | pρ[LQMε]

(q) O
(q)
u (LF Mρ[hu.LP Mρ′ , LQMε]) for n,m > 0

(1) βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| u〈〈(Y ).u[Y ] | ch(u, Y ) | outps〉〉

| pρ[LQMε]
]
| ju.βρ〈〈(X).X〉〉.ru.hu

(j + s+ 2) βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu | pu,ρ〈〈(X1, . . . , Xn−j).βu,ρ〈〈(Y1, . . . , Ym−s).( n−j∏

i=1
pρ[Xi] |

j∏
i=1

pρ[LP ′i Mε] | ru.
(m−s∏
k=1

(
βρ[E(Yk, u)]

| juk .βρ〈〈(X).X〉〉.ruk .huk
)
|

s∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| u〈〈†〉〉.ju

)
〉〉〉〉 | pρ[LQMε]

]
| ju.βρ〈〈(X).X〉〉.ru.hu

0 ≤ j ≤ m− 1

0 ≤ s ≤ n− 1

(2 + n+m) βρ

[
u
[
LF Mρ[hu.LP ′Mρ′ ]

]
| hu | u〈〈†〉〉.ju |

n∏
i=1

pρ[LP ′i Mε] | ru.
(
Nestedu

)
| pρ[LQMε]

]
| ju.βρ〈〈(X).X〉〉.ru.hu

(3 + n+m) βρ

[
hu | ju |

n∏
i=1

pρ[LP ′i Mε] | ru.
(
Nestedu

)
| pρ[LQMε]

]
| ju.βρ〈〈(X).X〉〉.ru.hu

(4 + n+m) βρ

[
hu |

n∏
i=1

pρ[LP ′i Mε] | ru.
(
Nestedu

)
| pρ[LQMε]

]
| βρ〈〈(X).X〉〉.ru.hu

(5 + n+m) hu |
n∏
i=1

pρ[LP ′i Mε] | ru.
(
Nestedu

)
| pρ[LQMε] | ru.hu
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(6 + n+m) hu |
n∏
i=1

pρ[LP ′i Mε] | Nestedu | pρ[LQMε] | hu

(7 + n+m)
n∏
i=1

pρ[LP ′i Mε] | Nestedu | pρ[LQMε]

For the proof of operational correspondence we also need the following statement:

Lemma 3.3.6. If P and Q are well-formed compensable processes such that P ≡ Q then
LP Mρ ≡ LQMρ.

Proof. The proof is by induction on the derivation P ≡ Q, and perform the case analysis on the
last rule applied. In all cases the proof follows directly. �

3.3.3.2.2 Proof of Operational Correspondence � Theorem 3.3.4

Before we provide the proof of operational correspondence (cf. Theorem 3.3.4) in detail in
the following we present the roadmap of the proof. The proof follows the idea that is presented
in Paragraph 3.2.3.2.5 with modi�ed: de�nitions, lemmas, and theorems for translation L·Mρ.

3.3.3.2.3 A Roadmap for the Proofs

Part (1) of Theorem 3.3.4 is completeness, i.e.,

If P −→ P ′ then LP Mε −→k LP ′Mε

where k ≥ 1 is given precisely by our statement. The proof is by induction on the derivation of
P −→ P ′ and uses:

� Proposition 2.2.3 (Page 18) for determining three base cases.

� De�nition 3.2.3 (Page 77), i.e., the de�nition of translation.

� Lemma 3.2.9 (Page 47), which maps evaluation contexts in CD into evaluation contexts of
S. This lemma completely applies for mapping evaluation contexts in CP into evaluation
contexts of S (cf. De�nition 3.3.7).

� Lemma 3.2.14 (Page 51), which concerns function ch(·, ·). It holds also for the L·Mρ, and
the proof proceeds in the same direction.

� De�nition 3.3.8 and De�nition 3.3.9 (Page 81 and Page 83, respectively). These de�nitions
are signi�cant because they formalize the intermediate processes which appear during
derivation.

Part (2) of Theorem 3.3.4 is soundness, i.e.,

If LP Mε −→n R then there is P ′ such that P −→∗ P ′ and R −→∗ LP ′Mε

Proof is by induction on n, i.e., the length of the reduction LP Mρ −→n R. We rely on several
auxiliary results:

� Lemma 3.2.19 (Page 57) holds also for translation L·Mρ. We emphasize that for translation
CP into S this lemma uses De�nition 3.3.8 and De�nition 3.3.9. To remind the reader:
Lemma 3.2.19 is about the shape of process R, and also ensures that there is a process P ′

with an appropriate shape. The proof proceeds by induction on n. We will omit the proof
since it can be derived in the same way for translation L·Mρ.
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� Lemma 3.2.12 (Page 49) holds also for L·Mρ. For the proof we use Lemma 3.2.10 and
Corollary 3.2.11 (Page 48) that are adapted to LP Mρ. Also, the proof uses De�nition 3.3.6.

� The statement of Lemma 3.2.16 (Page 51) and Lemma 3.2.17 (Page 56) hold also for L·Mρ.
These lemmas use the de�nition of intermediate processes given by De�nition 3.3.8 and
De�nition 3.3.9, respectively. The proofs proceed by case analysis for the step R −→ R′

and uses Lemma 3.2.15.

� Lemma 3.2.20 (Page 62) also holds also for L·Mρ, and use De�nition 3.3.8 and De�ni-
tion 3.3.9.

Using these guidelines as a proof sketch, we now repeat Theorem 3.3.4 (Page 80) and present
its proof in full detail:

Theorem 3.3.4 (Operational Correspondence for L·Mε). Let P be a well-formed process in CP.

(1) If P −→ P ′ then LP Mε −→k LP ′Mε where for

a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] it follows k = 1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrP(P1) | 〈Q〉] | D[P2]] it follows k = 7 +
pbP(P1) + tsP(P1),

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrP(F [P1]) | 〈Q〉] it follows k = 7 + pbP(F [P1]) +
tsP(F [P1]),

for some contexts C[•], D[•], E[•], F [•] processes P1, Q, P2 and names t, u.

(2) If LP Mε −→n R with n > 0 then there is P ′ such that P −→∗ P ′ and R −→∗ LP ′Mε.

Proof. We consider completeness and soundness (Parts (1) and (2)) separately.

(1) Part (1) � Completeness: The proof proceeds by induction on the derivation of P −→ P ′.
We consider three base cases, corresponding to cases a), b) and c) of Proposition 2.2.3
(Page 18). In all cases, we use Lemma 3.3.6, De�nition 3.3.6, and Lemma 3.2.9 (Page 47)
which holds for L·Mρ .

a) This case concerns an input-output synchronization on a name a ∈ Ns. Therefore, we
observe that P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]], and we have the
following derivation:

LP Mε ≡ LE
[
C[a.P1] | D[a.P2]

]
Mε

= LEMε
[
LC[a.P1] | D[a.P2]Mρ

]
= LEMε[LCMρ[La.P1Mρ′ ] | LDMρ[La.P2Mρ′′ ]]
= LEMε

[
LCMρ[a.LP1Mρ′ ] | LDMρ[a.LP2Mρ′′ ]

]
−→ LEMε

[
LCMρ[LP1Mρ′ ] | LDMρ[LP2Mρ′′ ]

]
= LEMε

[
LC[P1] | D[P2]Mρ

]
= LE

[
C[P1] | D[P2]

]
Mε

≡ LP ′Mε

(3.42)

Therefore, the thesis holds with k = 1.

b) This case concerns a synchronization due to an external error noti�cation for a transaction
scope. We consider P ≡ E[C[t[P1,Q]] | D[t.P2]], with n = pbP(P1) and m = tsP(P1),
and P ′ ≡ E[C[extrP(P1) | 〈Q〉] | D[P2]]. We have the following derivation:

LP Mε ≡ LE[C[t[P1,Q]] | D[t.P2]]Mε
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= LEMε
[
LC[t[P1,Q]]Mρ | LD[t.P2]Mρ

]
= LEMε

[
LCMρ[Lt[P1,Q]Mρ′ ] | LDMρ[Lt.P2Mρ′′ ]

]
= LEMε

[
LCMρ

[
βρ′
[
t
[
LP1Mt,ρ′

]
| t.
(
extrp〈〈t, LP1Mt,ρ′ , pt,ρ′ , pρ′ , βt,ρ′ , βρ′〉〉 | pρ′ [LQMε]

)]
| jt.βρ′〈〈(X).X〉〉.rt.ht

]
| LDMρ[t.ht.LP2Mρ′′ ]

]
−→ LEMε

[
LCMρ

[
I

(1)
t (LP1Mt,ρ′ , LQMε)

]
| LDMρ[ht.LP2Mρ′′ ]

]
−→n+m+5 LEMε

[
LCMρ

[[
I

(n+m+6)
t (LP1Mt,ρ′ , LQMε)

]
| LDMρ

[
ht.LP2Mρ′′

]]
−→ LEMε

[
LCMρ

[
LextrP(P1) | 〈Q〉Mρ′

]
| LDMρ

[
LP2Mρ′′

]]
= LEMε

[
LC[extrP(P1) | 〈Q〉]Mρ | LD[P2]Mρ

]
= LE[C[extrP(P1) | 〈Q〉] | D[P2]]Mε
≡ LP ′Mε

The order/nature of these reduction steps is as follows:

i) The �rst synchronization concerns t and t.
ii) The following n+m+ 5 synchronizations can be explained as follows:

- First, we have a process relocation through the update of location t, as enforced
by the de�nition of process extrp. Process I(1)

t (LP1Mt,ρ′ , LQMε) is as in De�ni-
tion 3.3.8 (cf. Table 3.1 ); there are four possibilities for reduction, depending
on n and m.

- Subsequently, thanks to process

outps(t, LP1Mt,ρ′ , pt,ρ′ , pρ′ , βt,ρ′ , βρ′ , nl(pt,ρ′ , LP1Mt,ρ′), nl(βt,ρ′ , LP1Mt,ρ′))

we have n+m reduction steps that relocate processes on location pt,ρ′ and βt,ρ′
to locations pρ′ and βt,ρ′ , respectively.

- Next reduction corresponds to the erasure of the location t with all its contents,
obtained by updating pre�x t〈〈†〉〉.

- The following reduction step is synchronization on jt and jt.

- Next, it follows to delete the location name βρ′
[
. . .
]
with βρ′〈〈(X).X〉〉

- The �nal reduction corresponds to the synchronization on names rt and rt.
iii) Finally, we have a synchronization between ht and ht, which serves to signal that all

synchronizations related to location t have been completed.

Therefore, we can conclude that LP Mε −→k LP ′Mε for k = 7 + n+m.

c) This case concerns a synchronization due to an internal error noti�cation (i.e., the error
comes from the default activity of transaction). Here we have P ≡ C[u[F [u.P1],Q]], with
n = pbP(F [P1]) and m = tsP(F [P1]), and P ′ ≡ C[extrP(F [P1]) | 〈Q〉]. Then we have the
following derivation:

LP Mε ≡ LC
[
u[F [u.P1],Q]

]
Mε

= LCMε
[
Lu[F [u.P1],Q]Mρ

]
= LCMε

[
βρ

[
u
[
LF [u.P1]Mu,ρ

]
| u.
(
extrp〈〈u, pu,ρ′ , pρ′ , βu,ρ′ , βρ′〉〉 | pρ[LQMε]

)]]
| ju.βρ′〈〈(X).X〉〉.ru.hu

−→ LCMε
[
O(1)
u (LF Mu,ρ[hu.LP1Mρ′ ], LQMε)

]
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−→n+m+5 LCMε
[
O(n+m+6)
u (LF Mu,ρ[hu.LP1Mρ′ ], LQMε)

]
−→ LCMε

[
O(n+m+7)
u (LF Mu,ρ[hu.LP1Mρ′ ], LQMε)

]
≡ LCMε

[
LextrP(F [P1])Mρ | pρ[LQMε]

]
= LC

[
extrP(F [P1]) | 〈Q〉

]
Mε

≡ LP ′Mε

Process O(q)
u (LF Mu,ρ[hu.LP1Mρ′ ], LQMε), where q ∈ {1, . . . , 7 + n + m}, is as in De�ni-

tion 3.3.9 ( cf. Table 3.2 ). In this case, the role of function ch(u, ·) is central: indeed,
ch(u, LF Mu,ρ

[
hu.LP1Mρ′

]
) provides the input hu which is necessary to achieve operational

correspondence.
The order/nature/number of reduction steps can be explained as in Case b) above. We
can then conclude that LP Mε −→k LP ′Mε for k = 7 + n+m.

(2) Part (2) � Soundness: The proof of soundness follows the explanation presented in
Roadmap 3.3.3.2.3 and the similar derivation that that we present in the proof of soundness
for translation CD into S (cf. Theorem 3.2.7).

Given LP Mε −→n R, by Lemma 3.2.19 which holds also for L·Mε, process R has the following
form:

R ≡
z∏

w=1

LEwMε
[ sw∏
k=1

LGk,wMρw
[ lk∏
i=1

LCi,k,wMρ′k,w
[
I

(p)
ti,k,w

]
|

rk∏
j=1

LDj,k,wMρ′k,w
[
htj,k,w .LStj,k,wMρ′′k,w

]
|
mk∏
c=1

LLc,k,wMρ′k,w
[
O(q)
uc,k,w

]]]
.

Also by Lemma 3.2.19, we have P −→∗ P ′′ where

P ′′ ≡
z∏

w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
ti,k,w[Pti,k,w ,Qti,k,w ]

]
|

rk∏
j=1

Dj,k,w

[
tj,k,w.Stj,k,w

]
|
mk∏
c=1

Lc,k,w
[
uc,k,w[Fc,k,w[uc,k,w.Puc,k,w ],Quc,k,w ]

]]
,

where by successive application of completeness it follows that LP Mε −→∗ LP ′′Mε.

Lemma 3.2.20 also hols for L·Mρ. Therefore, by lk successive applications of (3.28) and mk

successive applications of (3.29) on process R, it follows that:

R −→∗
z∏

w=1

LEwMε
[ sw∏
k=1

LGk,wMρw
[ lk∏
i=1

LCi,k,wMρ′k,w
[
LextrP(P ′ti,k,w)Mρ′′k,w | L〈Q′ti,k,w〉Mρ′′k,w

]
|

rk∏
j=1

LDj,k,wMρ′k,w
[
LStj,k,wMρ′′k,w

]
|
mk∏
c=1

JLc,k,wKρ′k,w
[
LextrP(Fc,k,w[Puc,k,w ])Mρ′′k,w

| L〈Q′uc,k,w〉Mρ′′k,w
]]]

= L
z∏

w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
extrP(P

′
ti,k,w

) | 〈Q′ti,k,w〉
]
|

rk∏
j=1

Dj,k,w

[
Stj,k,w

]
|
mk∏
c=1

Lc,k,w
[
extrP(Fc,k,w[Puc,k,w ]) | 〈Q′uc,k,w〉

]]]
Mε ≡ LP ′Mε.
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Therefore, it follows that:

P ′ ≡
z∏

w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
extrP(P

′
ti,k,w

) | 〈Q′ti,k,w〉
]
|

rk∏
j=1

Dj,k,w

[
Stj,k,w

]
|
mk∏
c=1

Lc,k,w
[
extrP(Fc,k,w[Puc,k,w ]) | 〈Q′uc,k,w〉

]]]
.

Also, by Proposition 2.2.3, i.e., by lk successive applications of case b) and andmk successive
applications of case c) on process P ′′, it follows that: P ′′ −→∗ P ′.
By successive application of (1) � Completeness on the derivation P ′′ −→∗ P ′ it follows
that LP ′′Mε −→∗ LP ′Mε.

�

The following example illustrates the translation.

Example 3.3.7. Let P be a well-formed compensable process such that P =
s
[
t[v[b,0],c] | 〈d〉,0

]
| t.s. By the LTS (cf. Figure 2.3), we have

P
τ−−→P s[v[b,0] | 〈c〉 | 〈d〉,0] | s̄ τ−→P v[b,0] | 〈c〉 | 〈d〉.

We have that pbP(P ) = 0 and tsP(P ) = 1. Let P1 = t[v[b,0],c]: by Figure 3.4 it follows that
pbP(P1) = 0; by Figure 3.13 we have tsP(P1) = 1. We have a sequential error noti�cation such
that activation starts from nested transactions on name t. By expanding De�nition 3.3.6, we
have the following translation and derivation:

LP Mε = βε

[
s
[
βs

[
t
[
βt,s

[
v
[
b
]
| v. (extrp〈〈v, LbMv,t,s, pv,t,s, pt,s, βv,t,s, β,t,s〉〉)

]
| jv.βt,s〈〈(X).X〉〉.rv.hv

]
| t.
(
extrp〈〈t, Lv[b,0]Mt,s, pt,s, ps, βt,s, βs〉〉 | ps

[
c
]) ]

| jt.βs〈〈(X).X〉〉.rt.ht | ps
[
d
]]

| s. (extrp〈〈s, LP1 | 〈d〉Ms, ps, pε, βs, βε〉〉)
]
| js.βε〈〈(X).X〉〉.rs.hs | t.ht.s.hs

= βε

[
s
[
βs

[
t
[
βt,s

[
v
[
b
]
| v. (extrp〈〈v, LbMv,t,s, pv,t,s, pt,s, βv,t,s, β,t,s〉〉)

]
| jv.βt,s〈〈(X).X〉〉.rv.hv

]
| t.(t〈〈(Y ).t[Y ] | ch(t, Y )

| outps(t, Lv[b,0]Mt,s, pt,s, ps, βt,s, βs, nl(pt,s, Y ), nl(βt,s, Y ))〉〉 | ps
[
c
]
)
]

| jt.βs〈〈(X).X〉〉.rt.ht | ps
[
d
]]

| s. (extrp〈〈s, LP1 | 〈d〉Ms, ps, pε, βs, βε〉〉)
]
| js.βε〈〈(X).X〉〉.rs.hs | t.ht.s.hs

−→8 βε

[
s
[
βs

[
v
[
b
]
| v. (extrp〈〈v, LbMv,s, pv,s, ps, βv,s, βs〉〉)

]
| jv.βs〈〈(X).X〉〉.rv.hv | ps

[
c
]
| ps
[
d
]]

| s. (s〈〈(Y ).t[Y ] | ch(s, Y ) | outps(s, LP1 | 〈d〉Ms, ps, pε, βs, βε, nl(ps, Y ), nl(βs, Y ))〉〉)
]

| js.βε〈〈(X).X〉〉.rs.hs | s.hs

−→9 βε

[
v
[
b
]
| v. (extrp〈〈v, LbMv, pv, pε, βv, βε〉〉)

]
| jv.βε〈〈(X).X〉〉.rv.hv | pε

[
c
]
| pε
[
d
]

= Lv[b,0] | 〈c〉 | 〈d〉Mε

Therefore, the number of reduction steps is k = 17. Indeed, we have 8 reduction steps for
location t and 9 reduction steps and for location s:
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i) the �rst step is a synchronization on name t;

ii) now the process extrp〈〈t, LbMt,s, pt,s, ps, βt,s, βs〉〉 is released and the second step is synchro-
nization on update pre�x and location, respectively:

t〈〈(Y ).t[Y ] | ch(t, Y ) | outps(t, Lv[b,0]Mt,s, pt,s, ps, βt,s, βs, nl(pt,s, Y ), nl(βt,s, Y ))〉〉,

t
[
βt,s

[
v
[
b
]
| v. (extrp〈〈v, LbMv,t,s, pv,t,s, pt,s, βv,t,s, βt,s〉〉)

]
| jv.βt,s〈〈(X).X〉〉.rv.hv

]
;

iii) as a result, process outps(t, v, pt,s, ps, βt,s, βs, 0, 1) triggers the third step: the synchroniza-
tion of location βt,s[. . .] with update pre�xe βt,s〈〈(X1).βs[X1] | t〈〈†〉〉.jt〉〉;

iv) the fourth step is the synchronization between update pre�x t〈〈†〉〉 and location t[. . .], where
the update deletes the location and its content (cf. (3.1));

v) the �fth step is a synchronization on name jt;

vi) the sixth step is a synchronization between βs〈〈(X).X〉〉 and βs

[
. . .
]
, which deletes the

location βs;

vii) the seventh step is a synchronization on name rt;

viii) the eighth step is a synchronization on ht, which activates visit to location on name s.

At this point, we have the same reduction steps but for location s. We have one more reduction
step, though, since in process outps(s, t, ps, pε, βs, βε, 1, 1) we have a location ps[. . .] that has to
be relocated to pε[. . .]. Consequently, we have 9 reduction steps for handling the location on
name s.

We illustrate the encoding also on the Hotel booking scenario discussed earlier (cf. Exam-
ple 2.2.1, Page 15).

Example 3.3.8. Recall the hotel booking scenario where the client wants to cancel a reservation
after booking and paying. In compensable processes for preserving semantics we have that:

Reservation
τ−→P t[pay.invoice,refund] | pay.(invoice+ t.refund)
τ−→P t[invoice,refund] | invoice+ t.refund
τ−→P 〈refund〉 | refund
τ−→P 〈0〉.

We apply the translation (cf. De�nition 3.3.6) on process Reservation: Reservation:

LReservationMε = βε

[
t
[
book.pay.invoice

]
| t.
(
extrp〈〈t, book.pay.invoice, pt, pε, βt, βε〉〉 | pε[refund]

) ]
| jt.βε〈〈(X).X〉〉.rt.ht | book.pay.t.ht.refund

−→ βε

[
t
[
pay.invoice

]
| t.
(
extrp〈〈t, pay.invoice, pt, pε, βt, βε〉〉 | pε[refund]

) ]
| jt.βε〈〈(X).X〉〉.rt.ht | pay.t.ht.refund

−→ βε

[
t
[
invoice

]
| t.
(
extrp〈〈t, invoice, pt, pε, βt, βε〉〉 | pε[refund]

) ]
| jt.βε〈〈(X).X〉〉.rt.ht | t.ht.refund

−→ βε

[
t
[
invoice

]
| t〈〈(Y ).t[Y ] | ch(t, Y )
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| outps(t, book.pay.invoice, pt, pε, βt, βε, nl(pt, Y ), nl(βt, Y ))〉〉 | pε[refund]
]

| jt.βε〈〈(X).X〉〉.rt.ht | ht.refund

−→ βε

[
t
[
invoice

]
| t〈〈†〉〉.jt.rt | pε[refund]

]
| jt.βε〈〈(X).X〉〉.rt.ht | ht.refund

−→ βε

[
jt.rt | pε[refund]

]
| jt.βε〈〈(X).X〉〉.rt.ht | ht.refund

−→ βε

[
rt | pε[refund]

]
| βε〈〈(X).X〉〉.rt.ht | ht.refund

−→ rt | pε[refund] | rt.ht | ht.refund
−→ pε[refund] | ht | ht.refund
−→ pε[refund] | refund
−→ pε[0]

Therefore, LReservationMε −→10 pε[0]. There are three reduction steps as a result of synchro-
nizations on names book, pay, and t. Now, the structure of the default activity of transaction
is changed and we have one reduction step for updating its current content. After that, there
are six additional reduction steps: one for erasing location t and its content, a synchronization
between jt with jt, an update on location βε

[
jt.rt | pε[refund]

]
with βε〈〈(X).X〉〉, and three

reduction steps that result from synchronizations on names rt, ht, and refund.

3.4 Translating CA into S

In this section we concentrate on a speci�c source calculus, namely the calculus in [29] with
static recovery and aborting semantics. Before giving a formal presentation of the encoding CA
into S we introduce some useful conventions and intuitions.

3.4.0.1 The Translation, Informally

The translation CA into S, denoted /· .ρ, relies on the key ideas of encoding CD into S, J·Kρ. The
most interesting processes for translation are protected block and transaction.

The translation of a protected block 〈P 〉 found at path ρ is de�ned as before:

/〈P 〉 .ρ = pρ
[/P .ε

]
.

To translate a transaction t[P ,Q] we use the base sets in De�nition 3.1.1. Also, we use auxiliary
process outds (cf. (3.2)) that is de�ned for encoding CD into S. As expected, this translation
also requires the introduction of some additional auxiliary processes.

The aborting semantics keeps not only top-level protected blocks of a transaction, but also
protected blocks from nested transactions (cf. Figure 2.2). To handle this, we de�ne the ac-
tivation pre�xes of a process, which captures the hierarchical structure of its nested locations.
Nested locations arise as a result of a translated transaction with its nested transactions. The
activation pre�xes contain the names of the nested locations. These names originate exclusively
from its corresponding transaction name and the names of its nested transactions (i.e., locations
on names pρ are not included in the activation pre�xes).

De�nition 3.4.1 (Activation Pre�xes). Given a located process l[P ], we denote by St(l[P ]) the
containment structure of process l[P ]: the labeled tree (with root l) in which nodes are labeled
with names from Nt such that sub-trees capture nested locations. The activation pre�xes for
l[P ], denoted Tl(P ), are obtained by a post-order search in St(l[P ]) in which the visit to a node
labeled li adds pre�xes rli .kli .
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l

l1

l2

l3

l4 l5

Figure 3.15: Tree for process P in Example 3.4.1

Example 3.4.1. Given l[P ] with P = l1[l2[pρ[m1]] | m2] | l3[m3 | l4[m4] | l5[m5]], by De�ni-
tion 3.4.1 we use post-order search, therefore the root node l is visited last. First, we traverse
the left subtree, then the right subtree, and �nally the root node (cf. Figure 3.15). In that
manner we have the following activation pre�xes:

Tl(P ) = rl2 .kl2 .rl1 .kl1 .rl4 .kl4 .rl5 .kl5 .rl3 .kl3 .rl.kl.

Once again, it should note that locations on names pρ are not included in the activation pre�xes.

We assume that Tl(·) operates only over closed processes and, in the style of a call-by-need
evaluation strategy, we assume that they are applied once they are provided with an argument.

3.4.1 The Translation, Formally

As we discussed before, a failure signal extracts all nested protected blocks and erases nested
locations; our translation does the same with the corresponding located processes and nested
locations. We de�ne the following auxiliary process, where we use functions nl(l, ·) and ch(t, ·)
de�ned in De�nition 3.2.1. Note that, we assume that functions nl(·, ·) and ch(·, ·) operate only
over closed processes and, in the style of a call-by-need evaluation strategy, we assume that they
are applied once they are provided with an argument.

De�nition 3.4.2 (Update Pre�x for Extraction). Let t, l1, and l2 be names and outds(·) is
de�ned with (3.2). We write extra〈〈t, l1, l2〉〉 to stand for the following update pre�x:

extra〈〈t, l1, l2〉〉 = t〈〈(Y ).t[Y ] | ch(t, Y ) | outds(l1, l2, nl(l, Y ), t〈〈†〉〉.kt)〉〉. (3.43)

Now we can present the translation /· .ρ formally. It is de�ned as follows:

De�nition 3.4.3 (Translation CA into S). Let ρ be a path. We de�ne the translation of com-
pensable processes with aborting semantics into adaptable processes as a tuple (/· .ρ, ϕ/· .ρ) where:

(a) The renaming policy ϕ/· .ρ : Nc → P(Na) is de�ned with

ϕ/· .ρ(x) =

 {x} if x ∈ Ns

{x, hx, kx, rx} ∪ {pρ : x ∈ ρ} if x ∈ Nt

(b) The translation /· .ρ : CA → S is as in Figure 3.16 and as a homomorphism for other
operators.

In the following we comment encoding more in details:

• The translation of a protected block found at path ρ will be enclosed in the location pρ.
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/〈P 〉 .ρ = pρ
[/P .ε

]
/t[P ,Q] .ρ = t

[/P .t,ρ
]
| rt. (extra〈〈t, pt,ρ, pρ〉〉 | pρ[/Q.ε]) | t.t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉

/ t.P .ρ = t.ht./P .ρ

Figure 3.16: Translating CA into S.

• As in the previously presented encodings, the translation of t[P ,Q] represent processes P and
Q independently by using processes in separate locations:

- The presence of a failure signal dynamically changes the structure of a located process
on transaction name (e.g. t) and the number of its nested processes. Therefore, we need
�rst to substitute Y in activation pre�xes Tt(Y ) by the content of location t.

- For the same reason, whenever we need to extract processes located at pt,ρ we will
substitute Y in process outds by the content of the location t.

- We count the current number of locations pt,ρ using function nl(·, ·) (cf. De�nition 3.2.1).

- We use the reserved name ht to control the execution of failure signals.

• Translations for the remaining constructs should be self-explanatory.

3.4.2 Translation Correctness

In this subsection we give proof of correctness of the translation presented in De�nition 3.4.3
which includes proofs of structural and semantic criteria.

3.4.2.1 Structural Criteria

In this subsection we prove the two criteria compositionality and name invariance.

3.4.2.1.1 Compositionality

For the proof of compositionality criterion, we need to de�ne a context for each process
operator, which depends on free names of the subterms. This de�nition relies entirely on the
de�nition of compositional context for CD (cf. De�nition 3.2.4, Paragraph 3.2.3.1.1) by using /· .ρ
instead of J·Kρ. The process extra〈〈t, pt,ρ, pρ〉〉, is de�ned in De�nition 3.3.5 and it depends on
the function nl(l1, Y ) that dynamically counts the current number of locations l1 in the content
of t. Another main point is Tl(Y ) that dynamically generates activation pre�xes. To mediate
between translations of subterms, we de�ne a compositional context for each process operator,
which depends on free names of the subterms:

De�nition 3.4.4 (Compositional context for CA). For all process operator from CA, instead
transaction, we de�ne a compositional context in S as in De�nition 3.2.4. For transaction
compositional context is:

Ct[,],ρ[•1, •2] = t
[
[•1]
]
| rt. (extra〈〈t, pt,ρ, pρ〉〉 | pρ[[•2]]) | t.t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉

Using this de�nition, we may now state the following result:
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Theorem 3.4.2 (Compositionality for /· .ρ). Let ρ be an arbitrary path. For every process
operator in CA and for all well-formed compensable processes P and Q it holds that:

/〈P 〉 .ρ = C〈〉,ρ[/P .ε] /t[P ,Q] .ρ = Ct[,],ρ[/P .t,ρ, /Q.ε] /P | Q.ρ = C | [/P .ρ, /Q.ρ]
/a.P .ρ = Ca.[/P .ρ] /t.P .ρ = Ct.[/P .ρ] /(νx)P ) .ρ = C(νx)[/P .ρ]
/a.P .ρ = Ca.[/P .ρ] /!π.P .ρ = C!π.[/P .ρ]

Proof. Follows directly from the de�nition of contexts De�nition 3.4.4 and from the de�nition
of translation /· .ρ : CA → S (cf. Figure 3.16). Therefore, considering these de�nitions we have
similar derivation as the proof of Theorem 3.2.2. �

3.4.2.1.2 Name invariance

We now state name invariance, by relying on the renaming policy that is presented in
De�nition 3.4.3 (a) and using Remark 3.2.3.

Theorem 3.4.3 (Name invariance for /· .ρ ). For every well-formed compensable process P and
valid substitution σ : Nc → Nc there is a σ′ : Na → Na such that:

(i) for every x ∈ Nc : ϕ/· .σ(ρ)(σ(x)) = {σ′(y) : y ∈ ϕ/· .ρ(x)}, and

(ii) /σ(P ) .σ(ρ) = σ′(/P .ρ).
Proof. We de�ne the substitution σ′ as follows:

σ′(x) =



σ(x) if x = a or x = t

hσ(t) if x = ht

kσ(t) if x = kt

rσ(t) if x = rt

pσ(ρ) if x = pρ

(3.44)

Now we provide proofs for (i) and (ii):

(i) The poof uses substitution σ′ (cf. (3.44)) and has the same derivation as the proof of
Theorem 3.2.4 (i).

(ii) The proof proceeds by structural induction on P . In the following, given a name x, a path
ρ, and process P , we write σx, σρ, and σP to stand for σ(x), σ(ρ), and σ(P ), respectively.

Base case: The statement holds for P = 0: /σ(0) .σρ = σ′
(

/0 .ρ
)
⇔ 0 = 0.

Inductive step: There are six cases, but we content ourselves by showing the case for
transaction scope. Proof for all other cases are similar as in the proof of Theorem 3.2.4.

• Case P = t[P1,Q1]: We �rst apply the substitution σ on process P :

/σ(t[P1,Q1]) .σρ = /σt[σ(P1),σ(Q1)] .σρ.
By expanding the de�nition of the translation in De�nition 3.4.3, we have:

/σ(t[P1,Q1]) .σρ = σt
[/σP1 .σt,σρ

]
| rσt. (extra〈〈σt, pσt,σρ, pσρ〉〉 | pσρ[/σ(Q1) .ε])
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| σt.σt〈〈(Y ).σt[Y ] | Tσt(Y ).hσt〉〉

By induction hypothesis it follows:

/σ(t[P1,Q1]) .σρ = σt
[/σ′P1 .σt,σρ

]
| rσt.

(
extra〈〈σt, pσt,σρ, pσρ〉〉 | pσρ[/σ′(Q1) .ε]

)
(3.45)

On the other side, when we apply de�nition of substitution σ′ on /P .ρ the following holds:
σ′ (Lt[P1,Q1]Mρ) = σ′

(
t
[/P1 .t,ρ

]
| rt. (extra〈〈t, pt,ρ, pρ〉〉 | pρ[/Q1 .ε])

| t.t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉
)

= σ′t
[
σ′(/P .t,ρ)

]
| rσ′t.

(
extra〈〈σ′t, pσ′t,σ′ρ, pσ′ρ〉〉 | pσ′ρ[/Q.ε]

)
| σ′t.σ′t〈〈(Y ).σ′t[Y ] | Tσ′t(Y ).hσ′t〉〉

(3.46)

Given that it is valid σ′(t) = σ(t) (cf. (3.44)), it is easy to conclude that (3.45) is equal
to (3.46).

�

3.4.2.1.3 Semantic Criteria - Operational Correspondence

The analysis of operational correspondence follows the same ideas as in the translations CD
into S.

Precisely, for the proof of operational correspondence, we fully rely on Roadmap 3.2.3.2.5,
Paragraph 3.2.3.2.2 and Paragraph 3.2.3.2.3. We use /· .ρ instead J·Kρ.

In the following we present de�nitions that di�ers from those represented in the Roadmap
3.2.3.2.5 and some additional auxiliary de�nitions. Also, we introduce some auxiliary notions to
precisely describe the number of required reduction steps.

De�nition 3.4.5. Given a compensable process P , we will write tsA(P ) to denote the number
of transaction scopes in P � see Figure 3.13 for a de�nition.

Remark 3.4.4. The number of protected blocks pbA(P ) is as in Figure 3.4. Also, it should be
noted that directly from Figure 3.4 and Figure 3.13 the following holds:

� If pbA(P ) = 0 then tsA(P ) = 0;

� If pbA(P ) = m and m > 0 then tsA(P ) = n and 0 ≤ n ≤ m.

In addition to the listed functions, we need two more functions, denoted with d(P ) and S(P ),
that are given in the following de�nition:

De�nition 3.4.6. Let P be a well-formed compensable process.

1. Function d(P ) denotes the set of default activities of transactions in P . It is de�ned as
follows:

d(t[P ,Q]) = {P} ∪ d(P ) d(P | Q) = d(P ) ∪ d(Q)

d((νx)P ) = d(P ) d(!π.P ) = d(π.P ) = d(0) = d(〈P 〉) = ∅

2. Function S(P ) is de�ned as follows:

S(P ) =

pbA(P ) if |d(P )| = 0

pbA(P ) +
n∑
i=1

pbA(Pi) if d(P ) = {P1, . . . , Pn}
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The following de�nition formalizes the intermediate processes that appear during derivation,
denoted with I(p)

t (/P .t,ρ, /Q.ε). As in previously presented encodings, it plays a signi�cant role
in proving completeness and soundness.

De�nition 3.4.7. Let P,Q be well-formed compensable processes. Given a name t, a path ρ,
and p ≥ 1, we de�ne the intermediate processes I(p)

t (/P .t,ρ, /Q.ε) (cf. Table 3.3) depending on
n = nl(pt,ρ, /P .t,ρ), m = tsA(P ) and s = S(P ):

1. if n = 0 then p ∈ {1, . . . , 6};

2. otherwise, if n > 0 and m ≥ 0 then /P .t,ρ =
n∏
k=1

pt,ρ[/P ′k .ε] | S and p ∈ {1, . . . , 6 + n+ 4m}.

Table 3.3: Process I(p)
t (LP Mt,ρ, LQMε) with p ≥ 1.

(p) I
(p)
t (/P .t,ρ, /Q.ε) for n = 0

(1) t
[/P .t,ρ

]
| rt. (extra〈〈t, pt,ρ, pρ〉〉 | pρ[/Q.ε]) | t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉

(2) t
[/P .t,ρ

]
| rt.

(
t〈〈(Y ).t[Y ] | ch(t, Y )

| outds(pt,ρ, pρ, nl(pt,ρ, Y ), t〈〈†〉〉.kt)〉〉 | pρ[/Q.ε]
)
| rt.kt.ht

(3) t
[/P .t,ρ

]
| t〈〈(Y ).t[Y ] | ch(t, Y )

| outds(pt,ρ, pρ, nl(pt,ρ, Y ), t〈〈†〉〉.kt)〉〉
)
| pρ[/Q.ε] | kt.ht

(4) t
[/P .t,ρ

]
| pρ[/Q.ε] | t〈〈†〉〉.kt | kt.ht

(5) pρ[/Q.ε] | kt | kt.ht
(6) pρ[/Q.ε] | ht
(p) I

(p)
t (/P .t,ρ, /Q.ε) for n > 0

(1) t
[/P .t,ρ

]
| rt. (extra〈〈t, pt,ρ, pρ〉〉 | pρ[/Q.ε]) | t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉

(2 + 4m+ s− n) t
[/P ′ .t,ρ | s−n∏

i=1
pt,ρ[/P ′i .ε]

]
| rt.

(
t〈〈(Y ).t[Y ] | ch(t, Y )

| outds(pt,ρ, pρ, nl(pt,ρ, Y ), t〈〈†〉〉.kt)〉〉 | pρ[/Q.ε]
)
| rt.kt.ht

(3 + 4m+ s− n) t
[/P ′ .t,ρ | s−n∏

i=1
pρ[/P ′i .ε]

]
| t〈〈(Y ).t[Y ] | ch(t, Y )

| outds(pt,ρ, pρ, nl(pt,ρ, Y ), t〈〈†〉〉.kt)〉〉 | pρ[/Q.ε] | kt.ht
(4 + 4m+ s− n+ j) t

[/P ′ .t,ρ | s−n∏
i=1

pρ[/P ′i .ε]
]
| pt,ρ〈〈(X1, . . . , Xn−j).( n−j∏

k=1

pρ[Xk] |
j∏

k=1

pρ[/P ′k .ε] | t〈〈†〉〉.kt
)
〉〉 | pρ[/Qt .ε] | kt.ht

0 ≤ j ≤ n− 1

(4 + 4m+ s) t
[/P ′ .t,ρ] | n∏

k=1

pρ[/P ′k .ε] | t〈〈†〉〉.kt | pρ[/Q.ε] | kt.ht
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(5 + 4m+ s)
n∏
k=1

pρ[/P ′k .ε]kt | pρ[/Q.ε] | kt.ht
(6 + 4m+ s)

n∏
k=1

pρ[/P ′k .ε] | pρ[/Q.ε] | ht

The following de�nition formalizes all possible forms for the process O(q)
u (/F .ρ[hu./P .ρ′ ], /Q.ε).

De�nition 3.4.8. Let P,Q be well-formed compensable processes. Given a name u, paths ρ, ρ′,
and q ≥ 1, we de�ne the intermediate processes O(q)

u (/F .ρ[hu./P .ρ′ ], /Q.ε) (Table 3.4) depending
on n = nl(pu,ρ, /F .ρ[hu./P .ρ′ ]), m = tsA(F [P ]) and s = S(F [P ]):

1. for n = 0 we have q ∈ {1, . . . , 7}, and

2. for n > 0 and /F .ρ[hu./P .ρ′ ] =
n∏
k=1

pu,ρ[/P ′k .ε] | S we have q ∈ {1, . . . , 7 + 4m+ s}.

Table 3.4: Process O(q)
u (LF Mρ[hu.LP Mρ′ ], LQMε) with q ≥ 1.

(q) O
(q)
u (/F .ρ[hu./P .ρ′ ], /Q.ε), n = 0

(1) u
[/F .ρ[hu./P .ρ′ ]

]
| ru. (extra〈〈u, pu,ρ, pρ〉〉 | pρ[/Q.ε])

| u〈〈(Y ).u[Y ] | Tu(Y ).hu〉〉

(2) u
[
end/F .ρ[hu./P .ρ′ ]

]
| ru.

(
u〈〈(Y ).u[Y ] | ch(u, Y )

| outds(pu,ρ, pρ, nl(pu,ρ, Y ), u〈〈†〉〉.ku)〉〉 | pρ[/Q.ε]
)
| ru.ku.hu

(3) u
[/F .ρ[hu./P .ρ′ ]

]
| u〈〈(Y ).u[Y ] | ch(u, Y )

| outds(pu,ρ, pρ, nl(pu,ρ, Y ), u〈〈†〉〉.ku)〉〉
)
| pρ[/Q.ε] | ku.hu

(4) u
[/F .ρ[hu./P .ρ′ ]

]
| hu | pρ[/Q.ε] | u〈〈†〉〉.ku | ku.hu

(5) pρ[/Q.ε] | hu | ku | ku.hu

(6) pρ[/Q.ε] | hu | hu

(7) pρ[/Q.ε]
(q) O

(q)
u (/F .ρ[hu./P .ρ′ ], /Q.ε) for n > 0

(1) t
[/F .ρ[hu./P .ρ′ ]

]
| ru. (extra〈〈u, pu,ρ, pρ〉〉 | pρ[/Q.ε])

| u〈〈(Y ).u[Y ] | Tu(Y ).hu〉〉

(2 + 4m+ s− n) u
[/F .ρ[hu./P .ρ′ ] |

s−n∏
i=1

pu,ρ[/P ′i .ε]
]
| ru.

(
u〈〈(Y ).u[Y ] | ch(u, Y )

| outds(pu,ρ, pρ, nl(pu,ρ, Y ), u〈〈†〉〉.ku)〉〉 | pρ[/Q.ε]
)
| ru.ku.hu

(3 + 4m+ s− n) u
[/F .ρ[hu./P ′ .ρ′ ] |

s−n∏
i=1

pρ[/P ′i .ε]
]
| u〈〈(Y ).u[Y ] | ch(u, Y )

| outds(pu,ρ, pρ, nl(pu,ρ, Y ), u〈〈†〉〉.ku)〉〉 | hu | pρ[/Q.ε] | ku.hu
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(4 + 4m+ s− n+ j) u
[/F .ρ[hu./P ′ .ρ′ ] |

s−n∏
i=1

pρ[/P ′i .ε]
]
| pu,ρ〈〈(X1, . . . , Xn−j).( n−j∏

k=1

pρ[Xk] |
j∏

k=1

pρ[/P ′k .ε] | u〈〈†〉〉.ku
)
〉〉 | hu | pρ[/Qu .ε] | ku.hu

0 ≤ j ≤ n− 1

(4 + 4n+ s) u
[/F .ρ[hu./P ′ .ρ′ ]

]
|

n∏
k=1

pρ[/P ′k .ε] | u〈〈†〉〉.ku | hu | pρ[/Q.ε] | ku.hu
(5 + 4m+ s)

n∏
k=1

pρ[/P ′k .ε] | hu | ku | pρ[/Q.ε] | ku.hu
(6 + 4m+ s)

n∏
k=1

pρ[/P ′k .ε] | hu | pρ[/Q.ε] | hu
(7 + 4m+ s)

n∏
k=1

pρ[/P ′k .ε] | pρ[/Q.ε]

For the proof of operational correspondence we need the following statement:

Lemma 3.4.5. If P and Q are well-formed compensable processes such that P ≡ Q then

/P .ρ ≡ /Q.ρ.
Proof. The proof is by induction on the derivation P ≡ Q, and perform the case analysis on the
last rule applied. In all cases the proof follows directly. �

We now state our operational correspondence result:

Theorem 3.4.6 (Operational Correspondence for /· .ρ). Let P be a well-formed process in CA.

(1) If P −→ P ′ then /P .ε −→k /P ′ .ε where for
a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] it follows k = 1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrA(P1) | 〈Q〉] | D[P2]] it follows k = 7 +
S(P1) + 4 tsA(P1),

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrA(F [P1]) | 〈Q〉] it follows k = 7 + S(F [P1]) +
4 tsP(F [P1]),

for some contexts C[•], D[•], E[•], F [•] processes P1, Q, P2 and names t, u.

(2) If /P .ε −→n R with n > 0 then there is P ′ such that P −→∗ P ′ and R −→∗ /P ′ .ε.
Proof. As in all previously presented encodings, in the following we consider completeness and
soundness (Parts (1) and (2)) separately.

(1) Part (1) � Completeness: The proof proceeds by induction on the derivation of P −→ P ′.
We consider three base cases, corresponding to cases a), b) and c) of Proposition 2.2.3
(Page 18). In all cases, we use Lemma 3.4.5, De�nition 3.4.3, and Lemma 3.2.9 (Page 47)
that applies also for /· .ρ.
a) This case concerns an input-output synchronization on a name a ∈ Ns. Therefore, we

observe that P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]], and we have that
derivation corresponds to the derivation presented in (3.30). Therefore, the thesis holds
with k = 1.
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b) This case concerns a synchronization due to an external error noti�cation for a transaction
scope. We consider P ≡ E[C[t[P1,Q]] | D[t.P2]], with n = pbA(P1), m = tsA(P1) and
s = S(P1), and P ′ ≡ E[C[extrA(P1) | 〈Q〉] | D[P2]]. We have the following derivation:

/P .ε ≡ /E[C[t[P1,Q]] | D[t.P2]] .ε
= /E .ε

[
/C[t[P1,Q]] .ρ | /D[t.P2] .ρ

]
= /E .ε

[
/C .ρ[/t[P1,Q] .ρ′ ] | /D.ρ[/t.P2 .ρ′′ ]

]
= /E .ε

[/C .ρ
[
t
[/P .t,ρ

]
| rt. (extra〈〈t, pt,ρ, pρ〉〉 | pρ[/Q.ε])

| t.t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉
]
| /D.ρ[t.ht./P2 .ρ′′ ]

]
−→ /E .ε

[
/C .ρ

[
I

(1)
t (/P1 .t,ρ′ , /Q.ε)] | /D.ρ

[
ht./P2 .ρ′′

]]
−→2+4m+s−n /E .ε

[
/C .ρ

[[
I

(3+4m+s−n)
t (/P1 .t,ρ′ , /Q.ε) | /D.ρ

[
ht./P2 .ρ′′

]]
−→n+3 /E .ε

[
/C .ρ

[[
I

(6+4m+s)
t (/P1 .t,ρ′ , /Q.ε) | /D.ρ

[
ht./P2 .ρ′′

]]
−→ /E .ε

[
/C .ρ

[/extrA(P1) | 〈Q〉 .ρ′
]
| /D.ρ

[/P2 .ρ′′
]]

= /E .ε
[

/C[extrA(P1) | 〈Q〉] .ρ | /D[P2] .ρ
]

= /E[C[extrA(P1) | 〈Q〉] | D[P2]] .ε
≡ /P ′ .ε

The order/nature of these reduction steps is as follows:

i) The �rst synchronization concerns t and t.
ii) In the next step we have a process relocation through the update of location t.
iii) There are 4m+ s−n reduction steps and their description is given in the following:

• 4m reduction steps correspond to:
- relocation through the update of (nested) location ti, where i ∈ {1, . . . ,m},
- synchronization on names rti , kti with corresponding rti and kti , respectively.
These steps come from activation pre�x Tt(/P .t,ρ) and,

- erasure of the location ti with all its contents, obtained by updating pre�x
ti〈〈†〉〉.

• s− n reduction sreps occur as a consequence of relocation all processes that are
on location pti,t,ρ′ to location pt,ρ′ (i.e., in the calculus of compensable processes
this means that we have to extract all protected blocks from transaction that
are nested in t[P ,Q]).

iv) We have reduction step as a synchronization on rt and rt.
v) We have again a process relocation through the update of location t, as enforced by

the de�nition of process extra.
vi) Subsequently, thanks to process

outds(pt,ρ′ , pρ′ , nl(pt,ρ′ , JP1Kt,ρ′), t〈〈†〉〉.kt)

we have n reduction steps that relocate processes on location pt,ρ′ to location pρ′ .
vii) Next reduction corresponds to the erasure of the location t with all its contents,

obtained by updating pre�x t〈〈†〉〉.
viii) Next reduction corresponds to the synchronization on names kt and kt.
ix) Finally, we have a synchronization between ht and ht, which serves to signal that all

synchronizations related to location t have been completed.
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Therefore, we can conclude that for /P .ε −→k /P ′ .ε such that k = 7 + 4m+ s.

c) This case concerns a synchronization due to an internal error noti�cation (i.e., the error
comes from the default activity of transaction). Here we have P ≡ C[t[F [u.P1],Q]], with
n = pbA(F [P1]), m = tsA(P1), s = S(P1) and P ′ ≡ C[extrA(F [P1]) | 〈Q〉]. Then we have
the following derivation:

/P .ε ≡ /C[u[F [u.P1],Q]
] .ε

= /C .ε
[/u[F [u.P1],Q] .ρ

]
= /C .ε

[
u
[/F [u.P1] .u,ρ

]
| ru. (extra〈〈u, pu,ρ, pρ〉〉 | pρ[/Q.ε])

| u.u〈〈(Y ).u[Y ] | Tu(Y ).hu〉〉]
]]

= /C .ε
[
u
[/F .u,ρ[u.hu./P1 .ρ′ ]

]
| ru. (extra〈〈u, pu,ρ, pρ〉〉 | pρ[/Q.ε])

| u.u〈〈(Y ).u[Y ] | Tu(Y ).hu〉〉
]

−→ /C .ε
[
O(1)
u (/F .u,ρ[hu./P1 .ρ′ ], /Q.ε)

−→2+4m+s−n /C .ε
[
O(3+4m+s−n)
u (/F .u,ρ[hu./P1 .ρ′ ], /Q.ε)

]
−→n+4 /C .ε

[
O(7+4m+s)
u (/F .u,ρ[hu./P1 .ρ′ ], /Q.ε)

]
≡ /C .ε

[/extrA(F [P1]) .ρ | pρ[/Q.ε]
]

= /C[extrA(F [P1]) | 〈Q〉
] .ε

≡ /P ′ .ε
Process O(q)

u (/F .u,ρ[hu./P1 .ρ′ ], JQKε), where q ∈ {1, . . . , 7 + 4m + n}, is as in De�ni-
tion 3.4.8 (Table 3.4). In this case, the role of function ch(u, ·) is central: indeed,
ch(u, /F .u,ρ

[
hu./P1 .ρ′

]
) provides the input hu which is necessary to achieve operational

correspondence.
The order and number of reduction steps can be explained as in Case b) above. We can
then conclude that /P .ε −→k /P ′ .ε such that k = 7 + 4m+ s.

(2) Part (2) � Soundness: For the proof of soundness we use auxiliary results presented in
Paragraph 3.2.3.2.3 applied to encoding of aborting semantics instead encoding of discarding
semantics. Also the proof use De�nition 3.4.7 and De�nition 3.4.8. Therefore, the proof of
soundness follows the explanation presented in Roadmap 3.2.3.2.5 and the same derivation
that is presented in the proof of soundness for translation CD into S (cf. Theorem 3.2.7 �
Soundness).

�

The following example illustrates the translation CA into S.

Example 3.4.7. Notably, P is well-formed compensable process from Example 3.2.23. By the
Figure 2.3 we have:

P
τ−→A s[〈a〉 | 〈b〉 | 〈d〉,0] | s̄ τ−→A 〈a〉 | 〈b〉 | 〈d〉.

We apply the translation /· .ρ on P and illustrate its behaviors:

/P .ε = s
[
t
[
pt,s
[
a
]
| pt,s

[
b
]
| c
]
| rt.

(
extra〈〈t, pt,s, ps〉〉 | ps

[
d
]

| t.t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉
)]

| rs.
(
extra〈〈s, ps, pε〉〉

)
| s.s〈〈(Y ).s[Y ] | Ts(Y ).hs〉〉 | t.ht.s.hs

−→2 s
[
t
[
pt,s
[
a
]
| pt,s

[
b
]
| c
]
| rt.

(
extra〈〈t, pt,s, ps〉〉 | ps

[
d
])]

| rt.kt.ht
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| rs.
(
extra〈〈s, ps, pε〉〉

)
| s.s〈〈(Y ).s[Y ] | Ts(Y ).hs〉〉 | ht.s.hs

−→7 s
[
ps
[
a
]
| ps
[
b
]
| ps
[
d
]]

| rs.
(
extra〈〈s, ps, pε〉〉

)
| s.s〈〈(Y ).s[Y ] | Ts(Y ).hs〉〉 | s.hs

−→2 s
[
ps
[
a
]
| ps
[
b
]
| ps
[
d
]]

| rs.
(
extra〈〈s, ps, pε〉〉

)
| rs.ks.hs | hs

−→8 pε
[
a
]
| pε
[
b
]
| pε
[
d
]
.

The total number of reduction steps is k = 19. There are 9 steps for location t and 10 steps
for location s. In the following we provide explanation for these steps:

i) the �rst step is a synchronization on name t;

ii) the second step is the synchronization between t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉 and
t
[
pt,s
[
a
]
| pt,s

[
b
]
| c
]
;

iii) the third step is synchronization on name rt, where rt comes from Tt(pt,s
[
a
]
| pt,s

[
b
]
| c) =

rt.kt;

iv) now the process extrp〈〈t, pt,s, ps〉〉 is released and the fourth step is the synchronization
between update pre�x and location, respectively:

t〈〈(Y ).t[Y ] | ch(t, Y ) | outds(pt,s, ps, nl(pt,s, Y ), t〈〈†〉〉.kt)〉〉 | t
[
pt,s
[
a
]
| pt,s

[
b
]
| c
]
;

v) we get process outds(pt,s, ps, 2, t〈〈†〉〉.jt), which triggers the �fth and sixth re-
ductions: the synchronizations between pt,s[a] and pt,s[b] and update pre�xes
pt,s〈〈(X1, X2).ps[X1] | ps[X2] | t〈〈†〉〉.jt〉〉;

vi) the seventh step is the synchronization between update pre�x t〈〈†〉〉 and location t[c], where
the update pre�x deletes the location together with its content (cf. (3.1));

vii) the eighth and ninth reduction steps are synchronizations on names kt and ht.

At this point, we have the same reduction steps for location s. We have one more reduction
step, though, since in process outds(ps, pε, 3, s〈〈†〉〉.ks) we have 3 locations ps[. . .] that have to
be relocated to pε[. . .]. Consequently, we have 10 reduction steps for handling location s.

We illustrate the encoding also on the Hotel booking scenario discussed earlier (� 2, Exam-
ple 2.2.1, Page 15).

Example 3.4.8. Recall the hotel booking scenario where the client wants to cancel a reservation
after booking and paying. Using compensable processes with aborting semantics we have the
following derivation:

Reservation
τ−→A t[pay.invoice,refund] | pay.(invoice+ t.refund)
τ−→A t[invoice,refund] | invoice+ t.refund
τ−→A 〈refund〉 | refund
τ−→A 〈0〉.

We apply the translation in De�nition 3.4.3 to process Reservation:

/Reservation.ε = t
[
book.pay.invoice

]
| rt.

(
extra〈〈t, pt, pε〉〉 | pε[refund]

)
| t.t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉 | book.pay.t.ht.refund

−→ t
[
pay.invoice

]
| rt.

(
extra〈〈t, pt, pε〉〉 | pε[refund]

)
| t.t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉 | pay.t.ht.refund
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−→ t
[
invoice

]
| rt.

(
extra〈〈t, pt, pε〉〉 | pε[refund]

)
| t.t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉 | t.ht.refund

−→ t
[
invoice

]
| rt.

(
extra〈〈t, pt, pε〉〉 | pε[refund]

)
| t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉 | ht.refund

−→ t
[
invoice

]
| rt.(t〈〈(Y ).t[Y ] | ch(t, Y )

| outds(pt, nl(pt, Y ), t〈〈†〉〉.kt)〉〉 | pε[refund]) | rt.kt.ht | ht.refund
−→ t

[
invoice

]
| t〈〈(Y ).t[Y ] | ch(t, Y )

| outds(pt, nl(pt, Y ), t〈〈†〉〉.kt)〉〉 | pε[refund] | kt.ht | ht.refund
−→ t

[
invoice

]
| outds(pt, pε, 0, t〈〈†〉〉.kt) | pε[refund] | kt.ht | ht.refund

≡ t
[
invoice

]
| t〈〈†〉〉.kt | pε[refund] | kt.ht | ht.refund

−→ kt | pε[refund] | kt.ht | ht.refund
−→ pε[refund] | ht | ht.refund
−→ pε[refund] | refund
−→ pε[0]

The three steps taken at the beginning are explained in all variants of this example (cf.
Example 3.3.8). The fourth step is the update on location t; the �fth step is a synchronization
on name rt; the sixth step is again an update on the location t; the seventh step is a synchro-
nization on name kt; the eighth step deletes location t with its content; the last two steps are
synchronizations on names ht and refund. Therefore, we get /Reservation.ε −→10 pt[0].

Brief summary of the chapter:
In this chapter, we introduced all preliminaries for encodings C into A and informally acquainted
the reader with the basic intuition of encoding. Also, the main result is the valid encodings of
calculus for compensable processes into the calculus of adaptable processes with the subjective
update (encodings CD, CP, and CA into S).

Encodings CD, CP, and CA into O, which is analyzed in the next chapter, follow and mimic
the basic intuition of the encoding presented in this chapter. Therefore, we believe that it will
be easier for the reader to follow and adopt the results from the upcoming chapter.
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CHAPTER 4

Encoding Compensable into Adaptable

Processes with Objective Update

In the previous chapter, we provided a detailed explanation of the translation of the calculus
of compensable processes with static recovery (CD, CP and CA) into the calculus of adaptable
processes with subjective update (S). This chapter turns our attention to the translation of
CD, CP, and CA into adaptable processes with objective update (O), where a located process
is recon�gured in own its context by an update pre�x residing in a di�erent context. Also, it
introduces an encodability criterion called e�ciency. In the following we present a brief structure
of the chapter:

Section 4.1 introduces the translation of CD into O in an informal way to acquaint the reader
with the basic intuition and the di�erence concerning the translation of CD into O. Then
the formal de�nition of encoding follows. The main result is valid encoding CD into O.
Also, in this section we introduce a criterion called e�ciency. We prove that encoding CD
into S is better suited than the encoding CD into O because they induce tighter operational
correspondences.

Section 4.2 presents the translation of CP into O informally and formally. Then the formal
de�nition of encoding follows. Also, we prove that encodings satisfy name invariance and
operational correspondence (completeness and soundness). We compare encodings CP into
O with encodings CP into S. Based on the e�ciency criterion, we prove that encoding CA
into S is better suited than the encoding CD into O because they induce tighter operational
correspondences.

Section 4.3 presents the translation of CA into O informally, then goes on to give a formal
de�nition of translation. Then the formal de�nition of encoding follows. We prove that
the encoding satis�es compositionality, name invariance, and operational correspondence
(completeness and soundness). By using the e�ciency criterion, we prove that encoding CP
into S is better suited than the encoding CA into O because they induce tighter operational
correspondences.

4.1 Translating CD into O

In this section we concentrate on a source calculus with static recovery and discarding seman-
tics. Before a formal presentation of the translation we introduce some useful conventions and
intuitions. It is important to emphasize that the encoding of CD into O relies on the basic
idea/intuition that we presented in the encoding of CD into S (cf. Section 3.2, � 2.2.3).

105
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4.1.1 The Translation, Informally

To encode transactions and their extraction function we use the auxiliary process
outdo(l1, l2, n,Q), which is similar to the process outds(l1, l2, n,Q) (cf. (3.2)) that we used
in the encoding J·Kρ. Using objective update pre�xes, we de�ne this auxiliary process as follows:

outdo(l1, l2, n,Q) =

Q if n = 0

l1{(X1, . . . , Xn).zt{(Z).
n∏
i=1

l2[Xi] | Q}}.zt[0] if n > 0.
(4.1)

It is instructive to compare processes outds (3.2) and outdo (4.1), because di�erences between
them will re�ect directly on the e�ciency of encodings.

Remark 4.1.1 (Comparing outds and outdo). We consider two cases:

� If n = 0 then we have that both processes outs and outo are equal to some process Q.
Therefore, these processes are identical, and the di�erence is re�ected in the use of an
appropriate update.

� Consider the case n > 0. In outdo the process
n∏
i=1

l2[Xi] | Q appears enclosed inside an

update pre�x on name zt, while in outds this is not the case. In outdo, once n updates

on name l1 have been executed, the resulting process
n∏
i=1

l2[Pi] | Q will be enclosed in a

location (say, t). Process
n∏
i=1

l2[Pi] | Q must be relocated and t must be deleted. In (4.1),

this relocation is achieved via a synchronization on name zt. In contrast, because outds

uses subjective updates, process recon�guration follows in the opposite direction. This

ensures that, after n updates, process
n∏
i=1

l2[Pi] | Q will remain in its original location, and

so no relocation using zt is needed � see Example 3.2.1 and Figure 3.2.

Example 4.1.2 (Example 3.2.1, revisited). Consider process

P ′ = s
[
t
[
l1[a] | l1[b] | c

]
| outdo(l1, l2, 2, Q)

]
,

similar to process P in Example 3.2.1. P ′ has the following reductions, which are illustrated in
Figure 4.1:

P ′ = s
[
t
[
l1[a] | l1[b] | c

]
| l1{(X1, X2).zt{(Z).l2[X1] | l2[X2] | Q}}.zt[0]

]
−→ s

[
t
[
l1{(X2).zt{(Z).l2[a] | l2[X2] | Q}} | l1[b] | c

]
| zt[0]

]
−→ s

[
t
[
zt{(Z).l2[a] | l2[b] | Q} | c

]
| zt[0]

]
−→ s

[
t
[
c | zt{(Z).l2[a] | l2[b] | Q}

]
| zt[0]

]
−→ s

[
t
[
c
]
| l2[a] | l2[b] | Q

]
In this case, the wrong location is t: the last reduction is needed to move process l2[a] | l2[b] | Q
out of zt.

Notice that the number n of protected blocks in the default activity of the transaction scope
is directly related to the number of reduction steps induced by our translations. If n = 0 then
the number of reduction steps will be the same for subjective and objective updates; otherwise,
if n > 0, the translation with subjective update will exhibit less reduction steps than the
translation with objective update.
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s
t

a
l1

| b
l1

| c | outdo(l1, l2, 2, Q) −→2

s
t

c |zt{(Z). a
l2
| b
l2

| Q} | zt[0]−→

s

c
t

| a
l2

| b
l2

| Q

Figure 4.1: Illustrating outdo(l1, l2, 2, Q).

J〈P 〉Koρ = pρ
[
JP Koε

]
Jt[P ,Q]Koρ = t

[
JP Kot,ρ

]
| t. (extrd{t, pt,ρ, pρ} | pρ[JQKoε])

J t.P Koρ = t.ht.JP Koρ

Figure 4.2: Translating CD into O.

4.1.2 The Translation, Formally

The function for determining the number of locations nl(·, ·) in an adaptable process and the
function ch(t, ·) are as introduced in De�nition 3.2.1. We assume that function nl(·, ·) and
ch(t, ·) operate only over closed processes and, in the style of a call-by-need evaluation strategy,
we assume that they are applied once they are provided with an argument. We now de�ne
process extrd{t, l1, l2}:

De�nition 4.1.1 (Update Pre�x for Extraction). Let t, l1, and l2 be names. We write
extrd{t, l1, l2} to stand for the following (objective) update pre�x:

extrd{t, l1, l2} = t{(Y ).t[Y ] | ch(t, Y ) | outdo(l1 , l2, nl(l, Y ), t{†}.ht)}. (4.2)

The intuitions for process extrd{t, l1, l2} are just as for process extrd〈〈t, l1, l2〉〉 given in
De�nition 3.2.2. We can now formally de�ne the translation of CD into O:

De�nition 4.1.2 (Translation CD into O). Let ρ be a path. We de�ne the translation of
compensable processes into objective adaptable processes as a tuple (J·Koρ, ϕJ·Koρ) where:

(a)

ϕJ·Kρ(x) =

{
{x} if x ∈ Ns
{x, hx, zx} ∪ {pρ : x ∈ ρ} if x ∈ Nt

(4.3)

(b) J·Koρ : CD −→ O is as de�ned in Figure 4.2 and as a homomorphism for other operators.

The intuition for the translation of t[P ,Q] is as in the case of subjective update. For erasing
the location and all unnecessary processes in it, we need an update pre�x denoted with t{†}
(cf. Convention 3.1.1).

4.1.3 Translation Correctness

We prove that the translation J·Koρ is a valid encoding (cf. De�nition 2.3.5). We thus consider
�ve criteria: compositionality, name invariance, and operational correspondence, divergence
re�ection, and success sensitiveness.
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4.1.3.1 Structural Criteria

We consider two criteria compositionality and name invariace.

4.1.3.1.1 Compositionality

The �rst property is compositionality. Compositionality for J·Koρ as well as compositionality
for J·Kρ (cf. Theorem 3.2.2) includes a path ρ in its formulation. Initially, we need to de�ne a
compositional context.

De�nition 4.1.3 (Compositional context for CD). For every process operator from CD, instead
transaction scope, we de�ne a compositional context in O as in De�nition 3.2.4. For transaction
scope a compositional context is de�ned with:

Ct[,],ρ[•1, •2] = t
[
[•1]
]
| t.
(
extrd{t, pt,ρ, pρ} | pρ

[
[•2]
])

Using this de�nition, we may now state the following result:

Theorem 4.1.3 (Compositionality for J·Koρ). Let ρ be an arbitrary path. For every process
operator in CD and for all compensable processes P and Q it holds that:

J〈P 〉Koρ = C〈〉,ρ [JP Koε] Jt[P ,Q]Koρ = Ct[,],ρ
[
JP Kot,ρ, JQKoε

]
JP | QKoρ = C |

[
JP Koρ, JQKoρ

]
Ja.P Koρ = Ca.

[
JP Koρ

]
Jt.P Koρ = Ct.

[
JP Koρ

]
J(νx)P )Koρ = C(νx)

[
JP Koρ

]
Ja.P Koρ = Ca.

[
JP Koρ

]
J!π.P Koρ = C!π.

[
JP Koρ

]
Proof. Follows directly from the de�nition of contexts, De�nition 3.2.4, and from the de�nition
of J·Koρ : CD → O (Figure 4.2) and has the same derivation as the proof of Theorem 3.2.2. �

4.1.3.1.2 Name invariance

The second property is name invariance with respect to the renaming policy in De�ni-
tion 3.2.3 Case (b).

Theorem 4.1.4 (Name invariance for J·Koρ). For every well-formed compensable processes P
and substitution σ : Nc → Nc there is σ′ : Na → Na such that:

(i) for every x ∈ Nc : ϕJ·Ko
σ(ρ)

(σ(x)) = {σ′(y) : y ∈ ϕJ·Koρ(x)}, and

(ii) Jσ(P )Koσ(ρ) = σ′(JP Koρ)

Proof. The proof proceeds in the same way as the proof of Theorem 3.2.4 by using J·Koρ instead
of J·Kρ. �

4.1.3.2 Semantic Criteria

We consider three criteria operational correspondence and divergence re�ection and success sen-
sitiveness.

4.1.3.2.1 Operational Correspondence

In this section we shall prove that operational correspondence (completeness and soundness)
holds for the translation J·Koρ.

As before, we are interested in precisely accounting for the number of computation steps
induced by our translation. We need the following de�nition:
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De�nition 4.1.4. Let P be a well-formed compensable process, then function Zd(P ) is de�ned
as follows:

Zd(P ) =

 0 if pb(P ) = 0,

1 if pb(P ) > 0.

The number of reduction steps required for translating transaction scopes depends on the
number of protected blocks in the default activity of that transaction. As already mentioned,
if the transaction scope in the default activity contains at least one protected block then in
the translation of such transaction there is an update location on name zt (it occurs in process
outdo, see equation (4.1)); otherwise (if the number of protected blocks is zero) the number of
reduction steps is the same as in the subjective case. This fact is presented by using the function
Zd(P ) in the following theorem for operational correspondence.

Most of the lemmas, de�nitions, and theorems we have introduced to prove the operational
correspondence for the translation with subjective update (cf. Theorem 3.2.7), can be adapted
for the translation with objective update. Therefore, we will reuse the following statements for
J·Koρ, assuming the expected modi�cations:

� De�nition 3.2.6 (Page 47) and Lemma 3.2.9, (Page 47), that are related with a mapping
of evaluation contexts for CD into evaluation contexts of S.

� Lemma 3.2.10, (Page 48) and Corollary 3.2.11, (Page 48), are the converse of Lemma 3.2.9.

� Lemma 3.2.14, (Page 51), shows that ch(t, JP Koρ) = 0 for all JP Koρ and use Lemma 3.2.13,
(Page 51), for the proof.

� Lemma 3.2.15, (Page 51), identify processes that are created before a synchronization on
ht.

We �rst present an overview of the auxiliary results (and proofs) that are di�erent from those
presented in Paragraph 3.2.3.2.2 and Paragraph 3.2.3.2.3. The following de�nition formalizes all
possible forms for the process I(p)

t (JP Kot,ρ, JQKoε).

De�nition 4.1.5. Let P,Q be well-formed compensable processes. Given a name t, a path ρ,
and p ≥ 1, we de�ne the intermediate processes I(p)

t (JP Kot,ρ, JQKoε) (Figure 4.3) depending on
n = nl(pt,ρ, JP Kot,ρ):

1. if n = 0 then p ∈ {1, 2, 3};

2. otherwise, if n > 0 then JP Kot,ρ =
n∏
k=1

pt,ρ[JP ′kK
o
ε] | S and p ∈ {1, . . . , 4 + n}.

The following lemma formalizes all possible forms for the process
O

(q)
u (JF Koρ′′ [hu.JPuK

o
ρ′′′ ], JQ

′
uKε).

De�nition 4.1.6. Let P,Q be well-formed compensable processes. Given a name u, paths
ρ, ρ′, and q ≥ 1, we de�ne the intermediate processes O(q)

u (JF Koρ[hu.JP Koρ′ ], JQKoε) (Figure 4.4)
depending on m = nl(pu,ρ, JF Koρ[hu.JP Koρ′ ]):

1. for n = 0 we have q ∈ {1, 2, 3, 4}, and

2. for n > 0 and JF Koρ[hu.JP Koρ′ ] =
n∏
k=1

pu,ρ[JP ′kK
o
ε] | S we have q ∈ {1, . . . , n+ 5}.

The following lemmas, which we established for the translation with subjective update J·Kρ,
hold also for translation with objective update J·Koρ; the di�erence is that they use De�nition 4.1.5
and De�nition 4.1.6 instead of De�nition 3.2.7 and De�nition 3.2.8, respectively:
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(p) I
(p)
t (JP Kot,ρ, JQKoε) for nl(pt,ρ, JP Kot,ρ) = 0

(1) t
[
JP Kot,ρ

]
| extrd{t, pt,ρ, pρ} | pρ[JQKoε]

≡ t
[
JP Kot,ρ

]
| t{(Y ).t[Y ] | ch(t, Y ) | t{†}.ht} | pρ[JQKoε]

(2) t
[
JP Kot,ρ

]
| t{†}.ht | pρ[JQKoε]

(3) ht | pρ[JQKoε]

(p) I
(p)
t (JP Kot,ρ, JQKoε) for nl(pt,ρ, JP Kot,ρ) > 0

(1) t
[
JP Kot,ρ

]
| extrd{t, pt,ρ, pρ} | pρ[JQKoε]

≡ t
[
JP Kot,ρ

]
| t{(Y ).t[Y ] | ch(t, Y )

| outdo(pt,ρ , pρ, nl(pt,ρ, Y ), t{†}.ht)} | pρ[JQKoε]

(2) t
[
JP Kot,ρ

]
| pt,ρ{(X1, . . . , Xm).zt{(Z).

( m∏
k=1

pρ[Xk]

| t{†}.ht
)
}}.zt[0] | pρ[JQtKoε]

(2 + j) t
[
JP Kot,ρ | pt,ρ{(X1, . . . , Xm−j).zt{(Z).

(m−j∏
k=1

pρ[Xk] | t{†}.ht
)

|
j∏

k=1

pρ[JP ′kK
o
ε]}}

]
| zt[0] | pρ[JQtKoε]

1 ≤ j ≤ m− 1

(2 +m) t
[
JP ′Kot,ρ | zt{(Z).

m∏
k=1

pρ[JP ′kK
o
ε] | t{†}.ht}

]
| zt[0] | pρ[JQKoε]

(3 +m) t
[
JP ′Kot,ρ

]
|

m∏
k=1

pρ[JP ′kK
o
ε] | t{†}.ht | pρ[JQKoε]

(4 +m)
m∏
k=1

pρ[JP ′kK
o
ε] | ht | pρ[JQKoε]

Figure 4.3: Process I(p)
t (JP Kot,ρ, JQKoε) with p ≥ 1.

� Lemma 3.2.19,(Page 57)), is about the shape of process R in JP Kε −→n R, and also ensures
that there is a process P ′ with an appropriate shape. The proof proceeds by induction on
n.

� Lemma 3.2.12,(Page 49), is used as the base case in the proof of Lemma 3.2.19.

� Lemma 3.2.16 (Page 51) and Lemma 3.2.17 (Page 56) are used in the inductive step of the
proof of Lemma 3.2.19.

� Lemma 3.2.20,(Page 62), ensures that the adaptable process obtained thanks to
Lemma 3.2.16 and Lemma 3.2.17 can evolve until reaching a process that corresponds
to the translation of a compensable process.

For the proof of operational correspondence we need the following statement:

Lemma 4.1.5. If P and Q are well-formed compensable processes such that P ≡ Q then
JP Koρ ≡ JQKoρ.

Proof. The proof is by induction on the derivation P ≡ Q, and perform the case analysis on the
last rule applied. In all cases the proof follows directly. �
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(q) O
(q)
u (JF Koρ[hu.JP Koρ′ ], JQKoε), nl(pu,ρ, JF Koρ[hu.JP Koρ′ ]) = 0

(1) u
[
JF Koρ[hu.JP Koρ′ ]

]
| extrd{u, pu,ρ, pρ} | pρ[JQKoε]

≡ u
[
JF Koρ[hu.JP Koρ′ ]

]
| u{(Y ).u[Y ] | ch(u, Y ) | u{†}.hu} | pρ[JQKoε]

(2) u
[
JF Koρ[hu.JP Koρ′ ]

]
| hu | u{†}.hu | pρ[JQKoε]

(3) hu | hu | pρ[JQKoε]

(4) pρ[JQKoε]

(q) O
(q)
u (JF Koρ[hu.JP Koρ′ ], JQKoε), nl(pu,ρ, JF Koρ[hu.JP Koρ′ ]) > 0

(1) u
[
JF Koρ[hu.JP Koρ′ ]

]
| extrd{u, pu,ρ, pρ} | pρ[JQKoε]

≡ u
[
JF Koρ[hu.JP Koρ′ ]

]
| u{(Y ).u[Y ] | ch(u, Y )

| outdo(pu,ρ , pρ, nl(pu,ρ, Y ), u{†}.hu)} | pρ[JQKoε]

(2) u
[
JF Koρ[hu.JP Koρ′ ]

]
| hu | pu,ρ{(X1, . . . , Xn).zt{(Z).

( n∏
k=1

pρ[Xk]

| u〈〈†〉〉.hu
)
}}.zt[0] | pρ[JQKoε]

(2 + j)

1 ≤ j ≤ n− 1 u
[
JF Koρ[hu.JP Koρ′ ] | pu,ρ{(X1, . . . , Xn−j).zt{(Z).

(m−j∏
k=1

pρ[Xk]

| u〈〈†〉〉.hu
)
|

j∏
k=1

pρ[JP ′kK
o
ε]}}

]
| hu | zt[0] | pρ[JQKoε]

(2 + n) u
[
JF Koρ[hu.JP Koρ′ ] | zt{(Z).

( n−j∏
k=1

pρ[Xk] | u〈〈†〉〉.hu
)
}
]
| hu | zt[0]

|
j∏

k=1

pρ[JP ′kK
o
ε] | pρ[JQKoε]

(3 + n) u
[
JF ′Koρ[hu.JP Koρ′ ]

]
|

n∏
k=1

pρ[JP ′kK
o
ε] | hu | pρ[JQKoε] | u{†}.hu

(4 + n)
n∏
k=1

pρ[JP ′kK
o
ε] | hu | pρ[JQKoε] | hu

(5 + n)
n∏
k=1

pρ[JP ′kK
o
ε] | pρ[JQKoε]

Figure 4.4: Process O(q)
u (JF Koρ[hu.JP Koρ′ ], JQKoε) with q ≥ 1.

In the following we prove that operational correspondence hols for translation J·Koρ.

Theorem 4.1.6 (Operational Correspondence for J·Koε). Let P be a well-formed process in CD.

(1) If P −→ P ′ then JP Koε −→k JP ′Koε where for

a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] it follows k = 1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrD(P1) | 〈Q〉] | D[P2]] it follows k = 4 +
pbD(P1) + Zd(P1),

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrD(F [P1]) | 〈Q〉], it follows k = 4 + pbD(F [P1]) +
Zd(F [P1]).
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for some contexts C[•], D[•], E[•], F [•], processes P1, Q, P2 and names t, u.

(2) If JP Koε −→n R with n > 0 then there is P ′ such that P −→ P ′ and R −→ JP ′Koε.

Proof. We consider completeness and soundness (Parts (1) and (2)) separately.

(1) Part (1) � Completeness: The proof proceeds by induction on the derivation of P −→ P ′.
We have three base cases, corresponding to cases a), b) and c) of Proposition 2.2.3 (Page 18).
Also, we prove all cases by using Lemma 4.1.5, De�nition 4.1.2, and Lemma 3.2.9.

a) This case corresponds to an input-output synchronization, such that a ∈ Ns. Therefore,
we observe that P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]]. The derivation
that corresponds to this case is as the derivation presented in Part (1) � Completeness
case (a) for translation with subjective update (cf. Derivation 3.30). Therefore, the thesis
holds with k = 1.

b) This case corresponds to a synchronization due to an external error noti�cation for a
transaction scope. Therefore, for this case we consider that P ≡ E[C[t[P1,Q]] | D[t.P2]]
and P ′ ≡ E[C[extrD(P1) | 〈Q〉] | D[P2]]. We will consider two sub-cases depending on
whether process P1 contains or not protected blocks. Below, we will use that n = pbD(P1).

(i) In this sub-case n = 0. Therefore, we have the following derivation:

JP Koε ≡ JE[C[t[P1,Q]] | D[t.P2]]Koε

= JEKoε
[
JC[t[P1,Q]]Koρ | JD[t.P2]Koρ

]
= JEKoε

[
JCKoρ[Jt[P1,Q]Koρ′ ] | JDKoρ[Jt.P2Koρ′′ ]

]
= JEKoε

[
JCKoρ[t

[
JP1Kot,ρ′

]
| t.
(
extrd{t, pt,ρ′ , pρ′} | pρ′ [JQKoε]

)
] | JDKoρ[t.ht.JP2Koρ′′ ]

]
−→ JEKoε

[
JCKoρ

[
I

(1)
t (JP1Kot,ρ′ , JQKoε)

]
| JDKoρ[ht.JP2Koρ′′ ]

]
−→2 JEKoε

[
JCKoρ

[
I

(3)
t (JP1Kot,ρ′ , JQKoε)

]
| JDKoρ

[
ht.JP2Koρ′′

]]
−→ JEKoε

[
JCKoρ

[
J〈Q〉Koρ′

]
| JDKoρ

[
JP2Koρ′′

]]
= JEKoε

[
JC[〈Q〉]Koρ | JD[P2]Koρ

]
= JE[C[〈Q〉] | D[P2]]Koε
≡ JP ′Koε

Thus, the number of reduction steps is k = 4. Notice that here −→2 tells us that
there have been two reduction steps: the �rst one is an update on location name
t; the second reduction step �kills� with t{†} both the location t and the process it
hosts.

(ii) In this sub-case we consider n > 0, i.e., this is when there is at least one protected
block in the default activity P1. We have the following derivation:

JP Koε ≡ JE[C[t[P1,Q]] | D[t.P2]]Koε

= JEKoε
[
JC[t[P1,Q]]Koρ | JD[t.P2]Koρ

]
= JEKoε

[
JCKoρ[Jt[P1,Q]Koρ′ ] | JDKoρ[Jt.P2Koρ′′ ]

]
= JEKoε

[
JCKoρ[t

[
JP1Kot,ρ′

]
| t.
(
extrd{t, pt,ρ′ , pρ′} | pρ′ [JQKoε]

)
] | JDKoρ[t.ht.JP2Koρ′′ ]

]
−→ JEKoε

[
JCKoρ

[
I

(1)
t (JP1Kot,ρ′ , JQKoε)

]
| JDKoρ[ht.JP2Koρ′′ ]

]
−→n+3 JEKoε

[
JCKoρ

[
I

(n+4)
t (JP1Kot,ρ′ , JQKoε)

]
| JDKoρ

[
ht.JP2Koρ′′

]]
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−→ JEKoε
[
JCKoρ

[
I

(n+5)
t (JP1Kot,ρ′ , JQKoε)

]
| JDKoρ

[
ht.JP2Koρ′′

]]
≡ JEKoε

[
JCKoρ

[
JextrD(P1)Koρ′ | pρ′ [JQKoε]

]
| JDKoρ

[
JP2Koρ′′

]]
= JEKoε

[
JC[extrD(P1) | 〈Q〉]Koρ | JD[P2]Koρ

]
= JE[C[extrD(P1) | 〈Q〉] | D[P2]]Koε
≡ JP ′Koε

Therefore, k = 4 + n+ Zd(P1) = 5 + n, where:
- 4 steps are as described in Theorem 3.2.7 and under a semantics with objective
update, after n updates, processes located at pt,ρ′ will stay at location t, and

- Zd(P1) gives 1 more step; to avoid leaving such processes in the wrong location,
the translation in [16] use an (objective) update on auxiliary location zt, so to
take them out of t once m updates on pt,ρ′ have been executed. This additional
synchronization step on name zt is the key to the e�ciency gains when moving
from objective to subjective updates (cf. De�nition 4.1.4, Page 109).

c) In this case we consider that error noti�cation arrives from the default activity of transac-
tion; the error noti�cation is internal. Again, according to Proposition 2.2.3 we consider
the following case. Let P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrD(F [P1]) | 〈Q〉]. Letting
n = pb(F [P1]), we consider two cases n = 0 and the second is when n > 0:

(i) If n = 0 then there is the following derivation:

JP Koε ≡ JC[u[F [u.P1],Q]]Koε
= JCKoε[Ju[F [u.P1],Q]Koρ]

= JCKoε[u
[
JF [u.P1]Kou,ρ

]
| u. (extrd{u, pu,ρ, pρ} | pρ[JQKoε])]

= JCKoε[u
[
JF Kou,ρ[u.hu.JP1Koρ′ ]

]
| u.(extrd{u, pu,ρ, pρ} | pρ[JQKoε])]

−→ JCKoε
[
O(1)
u (JF Koρ[hu.JP1Koρ′ ], JQKoε)

]
−→3 JCKoε

[
O(4)
u (JF Koρ[hu.JP1Koρ′ ], JQKoε)

]
≡ JP ′Koε

Therefore, the number of reduction steps is k = 4.

(ii) If n > 0 then there is the following derivation:

JP Koε ≡ JC[u[F [u.P1],Q]Koε
= JCKoε[Ju[F [u.P1],Q]Koρ]

= JCKoε[u
[
JF [u.P1]Kou,ρ

]
| u. (extrd{u, pu,ρ, pρ} | pρ[JQKoε])]

= JCKoε[u
[
JF Kou,ρ[u.hu.JP1Koρ′ ]

]
| u.(extrd{u, pu,ρ, pρ} | pρ[JQKoε])]

−→ JCKoε
[
O(1)
u (JF Koρ[hu.JP1Koρ′ ], JQKoε)

]
−→n+3 JCKoε

[
O(n+4)
u (JF Koρ[hu.JP1Koρ′ ], JQKoε)

−→ JCKoε
[
O(n+5)
u (JF Koρ[hu.JP1Koρ′ ], JQKoε)

]
= JCKoε

[
JextrD(F [P1])Koρ | pρ[JQKoε]

]
= JC[extrD(F [P1]) | 〈Q〉Koε
≡ JP ′Koε

Therefore, the number of reduction steps is k = 4 + n+ Zd(F [P1]) = 5 + n.
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(2) Part (2) � Soundness: The proof for soundness follows the approach described in detail
for encoding with subjective update (cf. page 65). Therefore, Given JP Koε −→n R, by
Lemma 3.2.19 (which also applies to J·Koρ), process R has the following form:

R ≡
z∏

w=1

JEwKoε
[ sw∏
k=1

JGk,wKoρw
[ lk∏
i=1

JCi,k,wKoρ′k,w
[
I

(p)
ti,k,w

]
|

rk∏
j=1

JDj,k,wKoρ′k,w
[
htj,k,w .JStj,k,wKoρ′′k,w

]
|
mk∏
c=1

JLc,k,wKoρ′k,w
[
O(q)
uc,k,w

]]]
,

where I(p)
ti,k,w

and O(q)
uc,k,w are processes from Figure 4.3 and Figure 4.4, respectively.

Also by Lemma 3.2.19, we have P −→∗ P ′′ where

P ′′ ≡
z∏

w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
ti,k,w[Pti,k,w ,Qti,k,w ]

]
|

rk∏
j=1

Dj,k,w

[
tj,k,w.Stj,k,w

]
|
mk∏
c=1

Lc,k,w
[
uc,k,w[Fc,k,w[uc,k,w.Puc,k,w ],Quc,k,w ]

]]
,

where by successive application of completeness it follows that JP Koε −→∗ JP ′′Koε.

By Lemma 3.2.20 (which also applies to J·Koρ), i.e., by lk successive applications of (3.28) and
mk successive applications of (3.29) on process R, it follows that:

R −→∗
z∏

w=1

JEwKoε
[ sw∏
k=1

JGk,wKoρw
[ lk∏
i=1

JCi,k,wKoρ′k,w
[
JextrD(P ′ti,k,w)Koρ′′k,w | J〈Q′ti,k,w〉K

o
ρ′′k,w

]
|

rk∏
j=1

JDj,k,wKoρ′k,w
[
JStj,k,wKoρ′′k,w

]
|
mk∏
c=1

JLc,k,wKoρ′k,w
[
JextrD(Fc,k,w[Puc,k,w ])Koρ′′k,w

| J〈Q′uc,k,w〉K
o
ρ′′k,w

]]]
≡ J

z∏
w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
extrD(P

′
ti,k,w

) | 〈Q′ti,k,w〉
]
|

rk∏
j=1

Dj,k,w

[
Stj,k,w

]
|
mk∏
c=1

Lc,k,w
[
extrD(Fc,k,w[Puc,k,w ]) | 〈Q′uc,k,w〉

]]]
Koε

≡ JP ′Koε.

Therefore, it follows that

P ′ ≡
z∏

w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
extrD(P

′
ti,k,w

) | 〈Q′ti,k,w〉
]
|

rk∏
j=1

Dj,k,w

[
Stj,k,w

]
|
mk∏
c=1

Lc,k,w
[
extrD(Fc,k,w[Puc,k,w ]) | 〈Q′uc,k,w〉

]]]
.

Also, by Proposition 2.2.3, i.e., by lk successive applications of case b) and andmk successive
applications of case c) on process P ′′, it follows that: P ′′ −→∗ P ′.
By successive application of (1) � Completeness on the derivation P ′′ −→∗ P ′ it follows
that JP ′′Koε −→∗ JP ′Koε.
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�

The following example illustrates the operational correspondence property:

Example 4.1.7. Let P be a process as in Example 3.2.23 (Page 67). Expanding De�nition 4.1.2
the following holds:

JP Koε = s
[
t
[
pt,s
[
a
]
| pt,s

[
b | c

]
| t.
(
extrd{t, pt,s, ps} | ps

[
d
])]]

| s.extrd{s, ps, pε} | t.ht.s.hs

= s
[
t
[
pt,s
[
a
]
| pt,s

[
b
]
| c
]
| t.
(
t{(Y ).t[Y ] | ch(t, Y )

| outdo(pt,s , ps, nl(pt,s, Y ), t{†}.ht)} | ps
[
d
])]

| s.extrd{s, ps, pε} | t.ht.s.hs

−→2 s
[
t
[
pt,s
[
a
]
| pt,s

[
b
]
| c
]
| outdo(pt,s , ps, 2, t{†}.ht) | ps

[
d
]]

| s.extrd{s, ps, pε} | ht.s.hs

−→2 s
[
t
[
zt{(Z).ps[a] | ps

[
b
]
| t{†}.ht}

]
| zt[0] | ps

[
d
]]

| s.extrd{s, ps, pε} | ht.s.hs

−→3 s
[
ps[a] | ps

[
b
]
| ps
[
d
]]

| s.extrd{s, ps, pε} | s.hs

−→8 pε[a] | pε
[
b
]
| pε
[
d
]

= J〈a〉 | 〈b〉 | 〈d〉Koε.

We have JP Koε −→k JP2Koε with k = 15:

k = 4 + pbD(P1) + Zd(t[〈a〉 | 〈b〉 | c,d])︸ ︷︷ ︸
for transaction t

+ 4 + pbD(P2) + Zd(s[〈a〉 | 〈b〉 | 〈d〉,0])︸ ︷︷ ︸
for transaction s

= 4 + 2 + 1 + 4 + 3 + 1 = 15.

We brie�y analyze the reduction steps that are related to the translation of transactions on
name t and s:

- For location t there are 7 reduction steps: synchronization on t and t, updating location t,
two steps as relocation of process on location pt,s by process outdo to location ps, update on
location zt, erasing location t using t{†} and synchronization ht with corresponding output ht.

- For location s there are 8 reduction steps, one more step than for location t; because now
location s contains three processes on location ps that has to be relocated on location pε by
process outdo.

Example 4.1.8. Recall processReservation from the hotel booking scenario (cf. Example 2.2.1,
Page 15). We use encoding with objective update:

JReservationKoε = t
[
book.pay.invoice

]
| t.(extrd{t, pt, pε} | pε[refund]) | book.pay.t.ht.refund

−→3 t
[
invoice

]
| t{(Y ).t[Y ] | ch(t, Y )

| outdo(pt , pε, nl(pt, Y ), t{†}.ht)} | pε[refund] | ht.refund
−→ t

[
invoice

]
| ch(t, invoice) | outdo(pt , pε, nl(pt, invoice), t{†}.ht)

| pε[refund] | ht.refund
≡ t

[
invoice

]
| outdo(pt , pε, 0, t{†}.ht) | pε[refund] | ht.refund

= t
[
invoice

]
| t{†}.ht | pε[refund] | ht.refund
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−→3 pε[0]

Therefore, we get JReservationKoε −→7 pε[0] and so the number and justi�cation for the obtained
reduction steps is the same as in Example 3.2.24. This is because the transaction t does not
contain protected blocks. In turn, in encodings, this means that there are no di�erences between
processes outds and outdo, i.e., they are equal to some process Q. In this example, Q = t〈〈†〉〉.ht.

4.1.3.2.2 Divergence Re�ection

We are going to prove that the encoding does not introduce divergent computations. We
need De�nition 3.2.9, also we need to revise Lemma 3.2.25 as in the following.

Lemma 4.1.9. Let {Ri}i≥0 be a sequence of adaptable processes such that Ri −→ Ri+1, with
R0 = JP0Koρ, for some compensable process P0 and path ρ. Then for every i ≥ 1 there is Pi such
that:

(i) Ri −→∗ JPiKoρ,

(ii) Pi−1 = Pi or Pi−1 −→ Pi, and

(iii) Ri 6≡ Ri+1 6≡ . . . 6≡ Ri+m and Pi = Pi+1 = . . . = Pi+m imply m ≤ 5 + npb(P0).

Proof. The proof follows the same idea as a proof of Lemma 3.2.25. Therefore, the proof for (i)
and (ii) proceeds by induction on i. The proof for (iii) is obtain from (the proof of) Lemma 3.2.19
which holds also for J·Koρ.

�

Theorem 4.1.10 (Divergence Re�ection for J·Koρ). Let {Ri}i≥0 be an in�nite sequence of adapt-
able processes such that

(1) R0 = JP0Koρ for some P0 and ρ, and (2) Ri −→ Ri+1 for any i ≥ 0.

Then there is an in�nite sequence of adaptable processes {P ′j}j≥0 such that

(3) P ′0 = P0, and (4) P ′j −→ P ′j+1 for any j ≥ 0.

Proof. By Lemma 4.1.9, there is a sequence {Pi}i≥0 such that

(i) Ri −→∗ JPiKoρ and (ii) Pi−1 = Pi or Pi−1 −→ Pi.

Consider now a sequence of compensable processes P ′0, P
′
1, P

′
2, . . . such that

(1) P ′j−1 −→ P ′j , for any j ≥ 1, and

(2) for every i there is j such that Pi = P ′j .

By Lemma 4.1.9, at most 5 + npb(P0) reduction steps from the sequence {Ri}i≥0 correspond to
one reduction step of {P ′j}j≥0. Hence, the number of processes in {P ′j}j≥0 is not less then the
number of processes {Ri}i≥0 divided by 5 + npb(P0). Since the sequence {Ri}i≥0 is in�nite, the
same holds for {P ′j}j≥0. �

4.1.3.2.3 Success Sensitiveness

Theorem 4.1.11 (Success Sensitiveness for J·Koρ). Let P be a well-formed compensable process
and ρ an arbitrary path. Then P ⇓ if and only if JP Koρ ⇓.

Proof. The proof proceeds similarly as the proof for Theorem 3.2.27. �
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4.1.4 Comparing Subjective vs Objective update

In this section we exploit the correctness properties of encodings to distinguish between sub-
jective and objective updates in calculi for concurrency. We introduce an encodability criterion
called e�ciency. Since subjective updates induce tighter operational correspondences, we can
formally declare that subjective updates are more suited to encode compensation handling than
objective updates.

Having introduced encodings of compensable processes with discarding semantics into adapt-
able processes, here we compare their e�ciency. We de�ne e�ciency in abstract terms, consid-
ering the number of reduction steps that a target language requires to mimic the behavior of a
source language:

De�nition 4.1.7 (E�cient Encoding). Let Li = (Pi,−→i,≈i) (with i ∈ {1, 2, 3}) be calculi
as in De�nition 2.3.1. Suppose J·K1 : P1 −→ P2 and J·K2 : P1 −→ P3 are encodings as in
De�nition 2.3.5. We say that J·K1 is as or more e�cient than J·K2 if for every process P from
P1 the following implication holds (with k1, k2 > 0):

If P −→ P ′ and JP K2 −→k2 JP ′K2 then there is k1 such that JP K1 −→k1 JP ′K1 and k1 ≤ k2.

The following statement is a corollary of Theorem 4.1.6, where Zd(·) is de�ned in De�ni-
tion 4.1.4.

Corollary 4.1.12. Let P be a well-formed process in C. If P −→ P ′ and JP Koε −→k JP ′Koε then:

b) If P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrD(P1) | 〈Q〉] | D[P2]] then k ≥ 4+pbD(P1)+
Zd(P1),

c) If P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrD(F [P1]) | 〈Q〉] then k ≥ 4 + pbD(F [P1]) + Zd(F [P1]).

for some contexts C[•], D[•], E[•], F [•], processes P1, Q, P2 and names t, u.

We then have the following theorem:

Theorem 4.1.13. The encoding J·Kρ : CD −→ S is as or more e�cient than J·Koρ : CD −→ O.

Proof. Let P −→ P ′ and JP Koε −→k2 JP ′Koε. By Theorem 3.2.7, there is k1 such that JP Kε −→k1

JP ′Kε and

a) k1 = 1 if P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]],

b) k1 = 4 + pbD(P1) if P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrD(P1) | 〈Q〉] | D[P2]],

c) k1 = 4 + pbD(F [P1]) if P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrD(F [P1]) | 〈Q〉].

By Theorem 4.1.6, Proposition 2.2.3 and Corollary 4.1.12 we have the following three cases, for
some contexts C[•], D[•], E[•], F [•], processes P1, Q, P2 and names t, u:

a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] and k2 ≥ 1 = k1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extr(P1) | 〈Q〉] | D[P2]] and k2 ≥ 4 + pbD(P1) +
Zd(P1) ≥ 4 + pbD(P1) = k1,

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extr(F [P1]) | 〈Q〉] and k2 ≥ 4 + pbD(F [P1]) + Zd(F [P1]) ≥
4 + pbD(F [P1]) = k1.

Thus, in all three cases k1 ≤ k2; by De�nition 4.1.7 we conclude that J·Kε is as or more e�cient
than J·Koε. �
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Let us dwell a bit on the content of the previous theorem, to understand better the di�erences
between the two encodings (and between objective and subjective update). Recall that the main
di�erence between encodings is in the auxiliary processes

extrd〈〈t, l1, l2〉〉 and extrd{t, l1, l2}

which are used in the encoding of transaction scopes in the subjective and objective case,
respectively. In turn, those auxiliary processes rely on processes outds(l1, l2, n,Q) and
outdo(t, l1, l2, n,Q) (cf. (3.2) and (4.1), respectively), which extract n processes located at l1
in Q and relocate them to l2.

A closer look at outds(l1, l2, n,Q) and outdo(t, l1, l2, n,Q) reveals that they di�er in the use
of name zt, which is used in the objective case (when n > 0) but not in the subjective case. The
use of zt appears indispensable: under a semantics with objective update, after n updates, the
located processes will stay at the wrong location (i.e. t). To avoid this, we use zt as an auxiliary
location. This auxiliary location enables us to move processes out of t and to relocate them to
their parent location.

This synchronization step on name zt is the key to the e�ciency gains obtained when mov-
ing from objective to subjective updates�clearly, the improvement will be proportional to the
number of compensation operations in the source process. Consider again Example 3.2.23 and
Example 4.1.7, which translate process P = s

[
t[〈a〉 | 〈b〉 | c,d],0

]
| t.s using subjective and ob-

jective updates, respectively. Here the subjective encoding outperforms the objective encoding
by two reduction steps. In Example 4.1.7, these two steps correspond to two synchronisations
on name zt, which are not needed in Example 3.2.23.

Finally, as the proof of Theorem 4.1.13 makes explicit, the two encodings are equivalent, in
terms of e�ciency, when n = 0 in outds(l1, l2, n,Q) and outdo(t, l1, l2, n,Q). This is because
in this case we do not need to save any process from the default activity of the transaction
scope�we need an equal number of reduction steps for achieving operational correspondence.

4.2 Translating CP into O

In this subsection we concentrate on a source calculus with static recovery and preserving se-
mantics. Initially, we introduce some useful conventions and intuitions for the encoding and
then we give the formal presentations of the encoding.

4.2.1 The Translation, Informally

To encode transactions and their extraction function we use De�nition 3.3.1 and De�nition 3.3.2.
Also, we need auxiliary process outpo(t, P, l1, l

′
1, l2, l

′
2, n,m), which is similar to the process

outps(t, P, l1, l
′
1, l2, l

′
2, n,m) (cf. 3.36) that we used in the encoding L·Mρ. Therefore, auxiliary

process outpo(t, P, l1, l′1, l2, l
′
2, n,m):

(i) moves n processes from location l1 to location l′1;

(ii) moves m processes from location l2 to location l′2.
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Initially, for the de�nition of outpo(t, P, l1, l′1, l2, l
′
2, n,m) we introduce the following auxiliary

processes:

outpo1(t, l1, l
′
1, n) = l1{(X1, . . . , Xn).zt{(Z).

(
n∏
i=1

l′1[Xi] | t{†}.jt.rt

)
}}.zt[0];

outpo2(t, t1, . . . , tm, l2, l
′
2,m) = l2{(Y1, . . . , Ym).

zt{(Z).

(
rt.

(
m∏
k=1

(
l′2[E(Yk, t)] | jtk .l

′
2{(X).X}.rtk .htk

))
| t{†}.jt

)
}}.zt[0];

outpo3(t, t1, . . . , tm, l1, l
′
1, l2, l

′
2, n,m) = l1{(X1, . . . , Xn).l2{(Y1, . . . , Ym).

zt{(Z).

(
n∏
i=1

l′1[Xi] | rt.
(

m∏
k=1

(
l′2[E(Yk, t)] | jtk .l

′
2{(X).X}.rtk .htk

))
| t{†}.jt

)
}}}.zt[0]

The auxiliary process outpo(t, P, l1, l′1, l2, l
′
2, n,m) where top(l2, P ) = {t1, . . . , tm} for m > 0 is

now de�ned as follows:

outps(t, P, l1, l
′
1, l2, l

′
2, n,m) =



t〈〈†〉〉.jt.rt if n,m = 0

outpo1(t, l1, l
′
1, n) if n > 0,m = 0

outpo2(t, t1, . . . , tm, l2, l
′
2,m) if n = 0,m > 0

outpo3(t, t1, . . . , tm, l1, l
′
1, l2, l

′
2, n,m) if n,m > 0

(4.4)

We compare processes outps (3.36) and outpo (4.4), because di�erences between them will
re�ect directly on the e�ciency of encodings.

Remark 4.2.1 (Comparing outps and outpo). Di�erences appear when parameter n > 0 and/or
m > 0. In these cases, it should be noted that in outpo (cf. (4.4), i.e., outpo1, outp

o
2, outp

o
3)

appears processes that are enclosed inside an update pre�x on name zt, while in process outs

(cf. (3.36)) this is not the case. In outpo, once:

- n updates on name l1, in the case n > 0,m = 0, or

- m updates on name l2, in the case n = 0,m > 0, or

- n+m updates on names l1, l2 in the case n > 0,m > 0,

have been executed, the resulting processes:

n∏
i=1

l′1[Xi] | t{†}.jt.rt (4.5)

rt.
( m∏
k=1

l′2[E(Yk, t)] | jtk .l
′
2{(X).X}.rtk .htk

)
| t{†}.jt (4.6)

n∏
i=1

l′1[Xi] | rt.
( m∏
k=1

l′2[E(Yk, t)] | jtk .l
′
2{(X).X}.rtk .htk

)
| t{†}.jt (4.7)

will be enclosed in a (wrong) location (say, t). Such a location should be deleted, but before
doing so process enclosed in update pre�x on zt, must be relocated. In eq. (4.4), this relocation
is achieved via a synchronization on name zt. In contrast, because process outps uses subjective
updates, process recon�guration follows in the opposite direction. This ensures that, after n,
or m, or n + m updates, the processes given with (4.5, 4.6, 4.7) will remain in their original
location, and so no relocation using zt is needed.
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L〈P 〉Moρ = pρ
[
LP Moε

]
Lt[P ,Q]Moρ = βρ

[
t
[
LP Mot,ρ

]
| t.
(
extrp{t, LP Mot,ρ, pt,ρ, pρ, βt,ρ, βρ} | pρ[LQMoε]

) ]
| jt.βρ{(X).X}.rt.ht

Lt.P Moρ = t.ht.LP Moρ

Figure 4.5: Translating CP into O.

At this point, we are going to specify an important fact: the number n of protected blocks
and the number m of nested transactions in the default activity of the transaction is directly
related to the number of reduction steps induced by our translation. If n = 0 and m = 0 then
the number of reduction steps will be the same for subjective and objective updates; otherwise,
if n > 0,m = 0, or n = 0,m > 0, or n,m > 0 the translation with subjective update will
exhibit less reduction steps than the translation with objective update. Therefore, translation
with the subjective update will be more e�cient than the translation with the objective update
(cf. De�nition 4.1.7). We will prove this statement in Section 4.2.4.

4.2.2 The Translation, Formally

The function for determining the number of locations nl(·, ·) in an adaptable process and the
function ch(t, ·) are as introduced in De�nition 3.2.1. Also we use De�nition 3.3.4 to count the
number of nested transactions.

We now de�ne process extrp{t, P, l1, l′1, l2, l′2}:

De�nition 4.2.1 (Update Pre�x for Extraction). Let t, l1, l′1, l2, l
′
2 be names and P is an

adaptable process. We write extrp{t, P, l1, l′1, l2, l′2} to stand for the following (objective) update
pre�x:

extrp{t, P, l1, l′1, l2, l′2} = t{(Y ).t[Y ] | ch(t, Y ) | outpo(t, P, l1, l′1, l2, l′2, nl(l1, Y ), nl(l2, Y ))}
(4.8)

Now, we may formally de�ne L·Moρ, and the intuition for the translation of t[P ,Q] is as in the
case of subjective update.

De�nition 4.2.2 (Translating CP into O). Let ρ be a path. We de�ne the translation of
compensable processes with preserving semantics into (objective) adaptable processes as a tuple
(L·Moρ, ϕL·Moρ) where:

(a) The renaming policy ϕL·Moρ : Nc → P(Na) is de�ned with

ϕL·Moρ(x) =

{
{x} if x ∈ Ns
{x, hx, jx, rx} ∪ {pρ, βρ : x ∈ ρ} if x ∈ Nt

(4.9)

(b) The translation L·Moρ : CP → O is as in Figure 4.5 and as a homomorphism for other
operators.

In the upcoming section, we prove the correctness of the translation for CP into O.

4.2.3 Translation Correctness

To this end, we address the two criteria in De�nition 2.3.5: name invariance and operational
correspondence. We will investigate the other criteria as a part of future work. Our results apply
for well-formed processes as in De�nition 2.2.4.
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4.2.3.1 Semantic Criteria - Name invariance

We prove name invariance with respect to the renaming policy in De�nition 3.2.3 Case (b).

Theorem 4.2.2 (Name invariance for L·Moρ). For every well-formed compensable processes P
and substitution σ : Nc → Nc there is σ′ : Na → Na such that:

(i) for every x ∈ Nc : ϕL·Mo
σ(ρ)

(σ(x)) = {σ′(y) : y ∈ ϕL·Moρ(x)}, and

(ii) Lσ(P )Moσ(ρ) = σ′(LP Moρ)

Proof. The proof proceeds in the same way as the proof of Theorem 3.2.4 by using L·Moρ instead
of J·Kρ. �

4.2.3.2 Semantic Criteria - Operational Correspondence

In this section we shall prove that operational correspondence (completeness and soundness)
holds for the translation L·Moρ. We need the following auxiliary de�nition.

De�nition 4.2.3. Let P be a well-formed compensable process, then function Zp(P ) is de�ned
as follows:

Zp(P ) =

 0 if pbP(P ) = 0 and tsP(P ) = 0,

1 if pbP(P ) > 0 or tsP(P ) > 0.

The number of reduction steps for the translation of transaction scope depends on the number
of protected blocks and transactions in the default activity of that transaction. This dependence
occurs if the transaction scope in the default activity contains at least one protected block or
at least one transaction. In the translation of such transaction, there is an update location on
name zt (it occurs in process outpo, see equation (4.4)). Otherwise, if the number of protected
blocks and transaction is equal to zero in a default activity of transaction, which is attacked
by an abortion signal, then the number of reduction steps is equal in both considered updates.
Therefore, update on name zt make a signi�cant di�erence, in terms of e�ciency to achieve
operational correspondence, between translation with the subjective and objective update. In
the following, we prove that translation with the objective update also satis�es operational
correspondence.

Most of the lemmas, de�nitions, and theorems we have introduced to prove the operational
correspondence for the translation with subjective update (Section 3.3.3, Theorem 3.3.4), can be
adapted for the translation with objective update. We �rst present an overview of the auxiliary
results (and proofs) that are di�erent from those presented in Paragraph 3.3.3.2.1. We start with
the following de�nition which formalizes all possible forms for the process I(p)

t (LP Mot,ρ, LQMoε).

De�nition 4.2.4. Let P,Q be well-formed compensable processes. Given a name t, a path ρ,
and p ≥ 1, we de�ne the intermediate processes I(p)

t (LP Mot,ρ, LQMoε) (cf. Table 4.1 ) depending on
n = nl(pt,ρ, LP Mot,ρ) and m = nl(βt,ρ, LP Mot,ρ):

1. if n = 0 and m = 0 then p ∈ {1, . . . , 6};

2. if n > 0 and m = 0 then then LP Mot,ρ =
n∏
k=1

pt,ρ[LP ′kM
o
ε] | S and p ∈ {1, . . . , 7 + n};

3. if n = 0 and m > 0 then LP Mot,ρ =
m∏
i=1

βt,ρ[LP ′kM
o
ε] | S and p ∈ {1, . . . , 7 +m};

4. otherwise, if n > 0 and m > 0 then LP Mot,ρ =
n∏
k=1

pt,ρ[LP ′kM
o
ε] |

m∏
i=1

βt,ρ[LP ′kM
o
ε] | S and p ∈

{1, . . . , 7 + n+m}.



Chapter 4. Encoding Compensable into Adaptable Processes with Objective Update 122

Table 4.1: Process I(p)
t (LP Mot,ρ, LQMoε) with p ≥ 1. We use abbreviation outpo for process

outpo(t, LP Mot,ρ, pt,ρ, pρ, βt,ρ, βρ, nl(pt,ρ, Y ), nl(βt,ρ, Y )).

(p) I
(p)
t (LP Mot,ρ, LQMoε) for n,m = 0

(1) βρ

[
t
[
LP Mot,ρ

]
| t{(Y ).t[Y ] | ch(t, Y ) | t{†}.jt.rt} | pρ[LQMoε]

]
| jt.βρ{(X).X}.rt.ht

(2) βρ

[
t
[
LP Mot,ρ

]
| t{†}.jt.rt

]
| pρ[LQMoε] | jt.βρ{(X).X}.rt.ht

(3) βρ

[
jt.rt | pρ[LQMoε]

]
| jt.βρ{(X).X}.rt.ht

(4) βρ

[
rt | pρ[LQMoε]

]
| βρ{(X).X}.rt.ht

(5) rt | pρ[LQMoε] | rt.ht

(6) pρ[LQMoε] | ht

(p) I
(p)
t (LP Mot,ρ, LQMoε) for n > 0,m = 0

(1) βρ

[
t
[
LP Mot,ρ

]
| t{(Y ).t[Y ] | ch(t, Y ) | outpo} | pρ[LQMoε]

]
| jt.βρ{(X).X}.rt.ht

(2 + j) βρ

[
t
[
LP Mot,ρ

]
| pt,ρ{(X1, . . . , Xn−j).zt{(Z).

n−j∏
i=1

pρ[Xi]

|
j∏
i=1

pρ[LP ′i M
o
ε] | t{†}.jt.rt}

)
}.zt[0] | pρ[LQMoε]

]
| jt.βρ{(X).X}.rt.ht

0 ≤ j ≤ n− 1

(2 +m) βρ

[
t
[
LP ′Mot,ρ | zt{(Z).

n∏
i=1

pρ[LP ′i M
o
ε] | t{†}.jt.rt}

]
| zt[0] | pρ[LQMoε]

]
| jt.βρ{(X).X}.rt.ht

(3 + n) βρ

[
t
[
LP ′Mot,ρ

]
| t{†}.jt.rt |

n∏
i=1

pρ[LP ′i M
o
ε] | pρ[LQMoε]

]
| jt.βρ{(X).X}.rt.ht

(4 + n) βρ

[
jt.rt |

n∏
i=1

pρ[LP ′i M
o
ε] | pρ[LQMoε]

]
| jt.βρ{(X).X}.rt.ht

(5 + n) βρ

[
rt |

n∏
i=1

pρ[LP ′i M
o
ε] | pρ[LQMoε]

]
| βρ{(X).X}.rt.ht

(6 + n) rt |
n∏
i=1

pρ[LP ′i M
o
ε] | pρ[LQMoε] | rt.ht

(7 + n)
n∏
i=1

pρ[LP ′i M
o
ε] | pρ[LQMoε] | ht

(p) I
(p)
t (LP Mot,ρ, LQMoε) for n = 0,m > 0 and

Nestedt =
m∏
k=1

βρ[LP ′kM
o
ε] | jtk .βρ{(X).X}.rtk .htk

(1) βρ

[
t
[
LP Mot,ρ

]
| t{(Y ).t[Y ] | ch(t, Y ) | outpo} | pρ[LQMoε]

]
| jt.βρ{(X).X}.rt.ht
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(2 + s) βρ

[
t
[
LP Mot,ρ

]
| βt,ρ{(Y1, . . . , Ym−s).zt{(Z).

(
rt.
(m−s∏
k=1

(
βρ[E(Yk, t)]

| jtk .βρ{(X).X}.rtk .htk
)
|

s∏
k=1

(
βρ[LP ′kM

o
ε] | jtk .βρ{(X).X}.rtk .htk

))
| t{†}.jt

)
}}.zt[0] | pρ[LQMoε]

]
| jt.βρ{(X).X}.rt.ht

0 ≤ s ≤ m− 1

(2 +m) βρ

[
t
[
LP ′Mot,ρ | zt{(Z).t{†}.jt | rt.

(
Nestedt

)
}
]
| zt[0] | pρ[LQMoε]

]
| jt.βρ{(X).X}.rt.ht

(3 +m) βρ

[
t
[
LP ′Mot,ρ

]
| t{†}.jt | rt.

(
Nestedt

)
| pρ[LQMoε]

]
| jt.βρ{(X).X}.rt.ht

(4 +m) βρ

[
jt | rt.

(
Nestedt

)
| pρ[LQMoε]

]
| jt.βρ{(X).X}.rt.ht

(5 +m) βρ

[
rt.
(
Nestedt

)
| pρ[LQMoε]

]
| βρ{(X).X}.rt.ht

(6 +m) rt.
(
Netsedt

)
| pρ[LQMoε] | rt.ht

(7 +m) Netsedt | pρ[LQMoε] | ht

(p) I
(p)
t (LP Mot,ρ, LQMoε) for n,m > 0

(1) βρ

[
t
[
LP Mot,ρ

]
| t{(Y ).t[Y ] | ch(t, Y ) | outpo}

| pρ[LQMoε]
]
| jt.βρ{(X).X}.rt.ht

(2 + j + s) βρ

[
t
[
LP Mot,ρ

]
| pt,ρ{(X1, . . . , Xn−j).βt,ρ{(Y1, . . . , Ym−s).

zt{(Z).
( n−j∏
i=1

pρ[Xi] |
j∏
i=1

pρ[LP ′i M
o
ε] | rt.

(m−s∏
k=1

(
βρ[E(Yk, t)]

| jtk .βρ{(X).X}.rtk .htk
)

|
s∏

k=1

(
βρ[LP ′kM

o
ε] | jtk .βρ{(X).X}.rtk .htk

))
| t{†}.jt

)
}}}.zt[0]

| pρ[LQMoε]
]
| jt.βρ{(X).X}.rt.ht

0 ≤ j ≤ n− 1

0 ≤ s ≤ m− 1

(2 + n+m) βρ

[
t
[
LP ′Mot,ρ | t{†}.jt | zt{(Z).

n∏
i=1

pρ[LP ′i M
o
ε] | rt.

(
Nestedt

)
}
]
| zt[0]

| pρ[LQMoε]
]
| jt.βρ{(X).X}.rt.ht

(3 + n+m) βρ

[
t
[
LP ′Mot,ρ

]
| t{†}.jt |

n∏
i=1

pρ[LP ′i M
o
ε] | rt.

(
Nestedt

)
| pρ[LQMoε]

]
| jt.βρ{(X).X}.rt.ht

(4 + n+m) βρ

[
jt |

n∏
i=1

pρ[LP ′i M
o
ε] | rt.

(
Nestedt

)
| pρ[LQMoε]

]
| jt.βρ{(X).X}.rt.ht

(5 + n+m) βρ

[ n∏
i=1

pρ[LP ′i M
o
ε] | rt.

(
Nestedt

)
| pρ[LQMoε]

]
| βρ{(X).X}.rt.ht

(6 + n+m)
n∏
i=1

pρ[LP ′i M
o
ε] | rt.

(
Nestedt

)
| pρ[LQMoε] | rt.ht
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(7 + n+m)
n∏
i=1

pρ[LP ′i M
o
ε] | Nestedt | pρ[LQMoε] | ht

De�nition 4.2.5. Let P,Q be well-formed compensable processes. Given a name u, paths
ρ, ρ′, and q ≥ 1, we de�ne the intermediate processes O(q)

u (LF Moρ[hu.LP Moρ′ ], LQMoε) (cf. Table 4.2)
depending on n = nl(pu,ρ, LF Moρ[hu.LP Moρ′ ]) and m = nl(βu,ρ, LF Moρ[hu.LP Moρ′ ]):

1. for n = 0 and m = 0 we have q ∈ {1, . . . , 6};

2. for n > 0,m = 0 and LF Moρ[hu.LP Moρ′ ] =
n∏
k=1

pu,ρ[LP ′kM
o
ε] | S we have q ∈ {1, . . . , 7 + n};

3. for n = 0,m > 0 and LF Moρ[hu.LP Moρ′ ] =
m∏
i=1

βu,ρ[LP ′kM
o
ε] | S we have q ∈ {1, . . . , 7 +m};

4. otherwise, for n,m > 0 and LF Moρ[hu.LP Moρ′ ] =
n∏
k=1

pu,ρ[LP ′kM
o
ε] |

m∏
i=1

βu,ρ[LP ′kM
o
ε] | S we have

q ∈ {1, . . . , 7 + n+m}.

Table 4.2: Process O(q)
u (LF Moρ[hu.LP Moρ′ , LQMoε]) with q ≥ 1. We use abbreviation outpo for process

outpo(t, LP Mot,ρ, pt,ρ, pρ, βt,ρ, βρ, nl(pt,ρ, Y ), nl(βt,ρ, Y )).

(q) O
(q)
u (LF Moρ[hu.LP Moρ′ , LQMoε]) for n,m = 0

(1) βρ

[
u
[
LF Moρ[hu.LP Moρ′

]
| u{(Y ).u[Y ] | ch(u, Y ) | u{†}.ju.ru}

| pρ[LQMoε]
]
| ju.βρ{(X).X}.ru.hu

(2) βρ

[
u
[
LF Moρ[hu.LP Moρ′

]
| hu | u{†}.ju.ru | pρ[LQMoε]

]
| ju.βρ{(X).X}.ru.hu

(3) βρ

[
hu | ju.ru | pρ[LQMoε]

]
| ju.βρ{(X).X}.ru.hu

(4) βρ

[
hu | ru | pρ[LQMoε]

]
| βρ{(X).X}.ru.hu

(5) hu | ru | pρ[LQMoε] | ru.hu

(6) hu | pρ[LQMoε] | hu

(7) pρ[LQMoε]

(q) O
(q)
u (LF Moρ[hu.LP Moρ′ , LQMoε]) for n > 0,m = 0

(1) βρ

[
u
[
LF Moρ[hu.LP Moρ′ ]

]
| u{(Y ).u[Y ] | ch(u, Y ) | outpo}

| pρ[LQMoε]
]
| ju.βρ{(X).X}.ru.hu

(2 + j) βρ

[
u
[
LF Moρ[hu.LP Moρ′ ]

]
| hu | pu,ρ{(X1, . . . , Xn−j).zt{(Z).

( n−j∏
i=1

pρ[Xi]

|
j∏
i=1

pρ[LP ′i M
o
ε] | u{†}.ju.ru

)
}}.zt[0] | pρ[LQMoε]

]
| ju.βρ{(X).X}.ru.hu

0 ≤ j ≤ n− 1

(2 + n) βρ

[
u
[
LF Moρ[hu.LP ′Moρ′ ] | zt{(Z).u{†}.ju.ru |

n∏
i=1

pρ[LP ′i M
o
ε]}
]
| pρ[LQMoε]
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| hu | zt[0]
]
| ju.βρ{(X).X}.ru.hu

(3 + n) βρ

[
u
[
LF Moρ[hu.LP ′Moρ′ ]

]
| u{†}.ju.ru |

n∏
i=1

pρ[LP ′i M
o
ε] | pρ[LQMoε]

| hu
]
| ju.βρ{(X).X}.ru.hu

(4 + n) βρ

[
hu | ju.ru |

n∏
i=1

pρ[LP ′i M
o
ε] | pρ[LQMoε]

]
| ju.βρ{(X).X}.ru.hu

(5 + n) βρ

[
hu | ru |

n∏
i=1

pρ[LP ′i M
o
ε] | pρ[LQMoε]

]
| βρ{(X).X}.ru.hu

(6 + n) hu | ru |
n∏
i=1

pρ[LP ′i M
o
ε] | pρ[LQMoε] | ru.hu

(7 + n) hu |
m∏
i=1

pρ[LP ′i M
o
ε] | pρ[LQMoε] | hu

(8 + n)
n∏
i=1

pρ[LP ′i M
o
ε] | pρ[LQMoε]

(q) O
(q)
u (LF Moρ[hu.LP Moρ′ , LQMoε]) for n = 0,m > 0 and

Nestedu =
m∏
k=1

βρ[LP ′kM
o
ε] | juk .βρ{(X).X}.ruk .huk

(1) βρ

[
u
[
LF Moρ[hu.LP Moρ′ ]

]
| u{(Y ).u[Y ] | ch(u, Y ) | outpo}

| pρ[LQMoε]
]
| ju.βρ{(X).X}.ru.hu

(2 + s) βρ

[
u
[
LF Moρ[hu.LP Moρ′ ]

]
| hu | βu,ρ{(Y1, . . . , Ym−s).zt{(Z).(

ru.
(m−s∏
k=1

(
βρ[E(Yk, u)] | juk .βρ{(X).X}.ruk .huk

)
|

s∏
k=1

(
βρ[LP ′kM

o
ε]

| juk .βρ{(X).X}.ruk .huk
))

| u{†}.ju
)
}}.zt[0]

| pρ[LQMoε]
]
| ju.βρ{(X).X}.ru.hu

0 ≤ s ≤ m− 1

(2 +m) βρ

[
u
[
LF Moρ[hu.LP ′Moρ′ ] | zt{(Z).u{†}.ju | ru.

(
Nestedu

)
}
]
| zt[0] | hu

| pρ[LQMoε]
]
| ju.βρ{(X).X}.ru.hu

(3 +m) βρ

[
u
[
LF Moρ[hu.LP ′Moρ′ ]

]
| u{†}.ju | ru.

(
Nestedu

)
| hu

| pρ[LQMoε]
]
| ju.βρ{(X).X}.ru.hu

(4 +m) βρ

[
hu | ju | ru.

(
Nestedu

)
| pρ[LQMoε]

]
| ju.βρ{(X).X}.ru.hu

(5 +m) βρ

[
hu | ru.

(
Nestedu

)
| pρ[LQMoε]

]
| βρ{(X).X}.ru.hu

(6 +m) hu | ru.
(
Nestedu

)
| pρ[LQMoε] | ru.hu

(7 +m) hu | Nestedu | pρ[LQMoε]
]
| hu

(8 +m) Nestedu | pρ[LQMoε]

(q) O
(q)
u (LF Moρ[hu.LP Moρ′ , LQMoε]) for n,m > 0

(1) βρ

[
u
[
LF Moρ[hu.LP Moρ′ ]

]
| u{(Y ).u[Y ] | ch(u, Y ) | outpo}
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| pρ[LQMoε]
]
| ju.βρ{(X).X}.ru.hu

(j + s+ 2) βρ

[
u
[
LF Moρ[hu.LP Moρ′ ]

]
| hu | pu,ρ{(X1, . . . , Xn−j).βu,ρ{(Y1, . . . , Ym−s).

zt{(Z).
( n−j∏
i=1

pρ[Xi] |
j∏
i=1

pρ[LP ′i M
o
ε] | ru.

(m−s∏
k=1

(
βρ[E(Yk, u)]

| juk .βρ{(X).X}.ruk .huk
)
|

s∏
k=1

(
βρ[LP ′kM

o
ε] | juk .βρ{(X).X}.ruk .huk

))
| u{†}.ju

)
}}}.zt[0] | pρ[LQMoε]

]
| ju.βρ{(X).X}.ru.hu

0 ≤ j ≤ n− 1

0 ≤ s ≤ m− 1

(2 + n+m) βρ

[
u
[
LF Moρ[hu.LP ′Moρ′ ] | zt{(Z).

n∏
i=1

pρ[LP ′i M
o
ε] | ru.

(
Nestedu | u{†}.ju

)
}
]

| zt[0] | hu | pρ[LQMoε]
]
| ju.βρ{(X).X}.ru.hu

(3 + n+m) βρ

[
u
[
LF Moρ[hu.LP ′Moρ′ ]

]
|

n∏
i=1

pρ[LP ′i M
o
ε] | ru.

(
Nestedu | u{†}.ju

)
| hu | pρ[LQMoε]

]
| ju.βρ{(X).X}.ru.hu

(4 + n+m) βρ

[
hu | ju |

n∏
i=1

pρ[LP ′i M
o
ε] | ru.

(
Nestedu

)
| pρ[LQMoε]

]
| ju.βρ{(X).X}.ru.hu

(5 + n+m) βρ

[
hu |

n∏
i=1

pρ[LP ′i M
o
ε] | ru.

(
Nestedu

)
| pρ[LQMoε]

]
| βρ{(X).X}.ru.hu

(6 + n+m) hu |
n∏
i=1

pρ[LP ′i M
o
ε] | ru.

(
Nestedu

)
| pρ[LQMoε] | ru.hu

(7 + n+m) hu |
n∏
i=1

pρ[LP ′i M
o
ε] | Nestedu | pρ[LQMoε] | hu

(8 + n+m)
n∏
i=1

pρ[LP ′i M
o
ε] | Nestedu | pρ[LQMoε]

For the proof of operational correspondence we need the following statement:

Lemma 4.2.3. If P and Q are well-formed compensable processes such that P ≡ Q then
LP Moρ ≡ LQMoρ.

Proof. The proof is by induction on the derivation P ≡ Q, and perform the case analysis on the
last rule applied. In all cases the proof follows directly. �

In the following we prove that operational correspondence hols for translation L·Moρ.

Theorem 4.2.4 (Operational Correspondence for L·Moρ). Let P be a well-formed process in CP.

(1) If P −→ P ′ then LP Moε −→k LP ′Moε where for

a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] it follows k = 1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrP(P1) | 〈Q〉] | D[P2]] it follows k = 7 +
pbP(P1) + tsP(P1) + Zp(P ),

c) P ≡ C[u[F [u.P1],Q]] it follows k = 7 + pbP(F [P1]) + tsP(F [P1]) + Zp(F [P1]),

for some contexts C[•], D[•], E[•], F [•] processes P1, Q, P2 and names t, u.

(2) If LP Moε −→n R with n > 0 then there is P ′ such that P −→∗ P ′ and R −→∗ LP ′Moε.
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Proof. We consider completeness and soundness (Parts (1) and (2)) separately.

(1) Part (1) � Completeness: The proof proceeds by induction on the derivation of P −→ P ′.
We consider three base cases, corresponding to cases a), b) and c) of Proposition 2.2.3
(Page 18). In all cases, we use Lemma 4.2.3, De�nition 4.2.2, and Lemma 3.2.9 (Page 47)
which holds for L·Moρ.

a) This case concerns an input-output synchronization on a name a ∈ Ns. Therefore, we
observe that P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]], and we have that
derivation corresponds to eq. (3.42) (Page 87). Therefore, the thesis holds with k = 1.

(i) In this sub-case n,m = 0. Therefore, we have the following derivation:

LP Moε ≡ LE[C[t[P1,Q]] | D[t.P2]]Moε

= LEMoε
[
LC[t[P1,Q]]Moρ | LD[t.P2]Moρ

]
= LEMoε

[
LCMoρ[Lt[P1,Q]Moρ′ ] | LDMoρ[Lt.P2Moρ′′ ]

]
= LEMoε

[
LCMoρ[t

[
LP1Mot,ρ′

]
| t.
(
extrp{t, LP1Mot,ρ′ , pt,ρ′ , pρ′ , βt,ρ′ , βρ′} | pρ′ [LQMoε]

)
]

| LDMoρ[t.ht.LP2Moρ′′ ]
]

−→ LEMoε
[
LCMoρ

[
I

(1)
t (LP1Mot,ρ′ , LQMoε)

]
| LDMoρ[ht.LP2Moρ′′ ]

]
−→5 LEMoε

[
LCMoρ

[
I

(6)
t (LP1Mot,ρ′ , LQMoε)

]
| LDMoρ

[
ht.LP2Moρ′′

]]
−→ LEMoε

[
LCMoρ

[
L〈Q〉Moρ′

]
| LDMoρ

[
LP2Moρ′′

]]
= LEMoε

[
LC[〈Q〉]Moρ | LD[P2]Moρ

]
= LE[C[〈Q〉] | D[P2]]Moε
≡ LP ′Moε

(4.10)

Thus, the number of reduction steps is k = 7, and it has the following description:
• The �rst synchronization concerns t and t.
• Notice that here −→5 tells us that there have been �ve reduction steps:

- the �rst one is an update on location name t;
- the second reduction step �kills� with t{†} both the location t and the process
it hosts;

- the third reduction step is synchronization on name jt and jt.
- the fourth reduction step is an update on location name βρ;
- the �fth reduction step is synchronization on name rt and rt.

• The last synchronization concerns ht and ht.
(ii) In this sub-case we consider the following: n > 0,m = 0 or n = 0,m > 0 or

n,m > 0 , i.e., this is when there is at least one protected block and/or transaction
scope in the default activity P1. We have the following derivation:

LP Moε ≡ LE[C[t[P1,Q]] | D[t.P2]]Moε

= LEMoε
[
LC[t[P1,Q]]Moρ | LD[t.P2]Moρ

]
= LEMoε

[
LCMoρ[Lt[P1,Q]Moρ′ ] | LDMoρ[Lt.P2Moρ′′ ]

]
= LEMoε

[
LCMoρ

[
t
[
LP1Mot,ρ′

]
| t.
(
extrp{t, LP1Mot,ρ′ , pt,ρ′ , pρ′ , βt,ρ′ , βρ′}
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| pρ′ [LQMoε]
)]

LDMoρ[t.ht.LP2Moρ′′ ]
]

−→ LEMoε
[
LCMoρ

[
I

(1)
t (LP1Mot,ρ′ , LQMoε)

]
| LDMoρ[t.ht.LP2Moρ′′ ]

]
−→6+n+m LEMoε

[
LCMoρ

[[
I

(n+m+7)
t (LP1Mot,ρ′ , LQMoε)

]
| LDMoρ

[
ht.LP2Moρ′′

]]
−→ LEMoε

[
LCMoρ

[
LextrP(P1) | 〈Q〉Moρ′

]
| LDMoρ

[
LP2Moρ′′

]]
= LEMoε

[
LC[extrP(P1) | 〈Q〉]Moρ | LD[P2]Moρ

]
= LE[C[extrP(P1) | 〈Q〉] | D[P2]]Moε
≡ LP ′Moε

Notice that by Lemma 3.2.14 we know that ch(t, LP Moρ) = 0. The order/nature of
these reduction steps is similar as in the proof of Part (1) � Completeness 1 for
translation CP into S (cf. explanation 1b). The di�erence is in the synchronization
on update pre�x and location with name zt. This extra step we need for the
relocation of processes pρ′ [·], which are enclosed on location t. Therefore, we can
conclude that LP Mε −→k LP ′Mε where k = 8 + n+m.

Process I(p)
t (LP1Mot,ρ′ , LQMoε) is as in De�nition 4.2.4 (cf. Table 4.1).

b) This case concerns a synchronization due to an internal error noti�cation (i.e., the error
comes from the default activity of transaction). Here we have P ≡ C[u[F [u.P1],Q]], with
m = pbP(F [P1]) and n = tsP(F [P1]), and P ′ ≡ C[extrP(F [P1]) | 〈Q〉]. Then we analyze
the following two cases:

(i) In this sub-case we consider n,m = 0, and we have the derivation that is
like derivation presented with eq. (4.10). The di�erence is that in this case
we use O

(q)
u (LF Mou,ρ[hu.LP1Moρ′ ], LQMoε) with q ∈ {1, . . . , 6} (cf. Table 4.2) instead

I
(p)
t (LP1Mot,ρ′ , LQMoε) with p ∈ {1, . . . , 6} (cf. Table 4.1). Thus, the number of re-
duction steps is k = 7.

(ii) This sub-case analyses scenarios in which: m > 0, n = 0 or m = 0, n > 0 or
m > 0, n > 0. We have the following derivation:

LP Moε ≡ LC
[
u[F [u.P1],Q]

]
Moε

= LCMoε
[
Lu[F [u.P1],Q]Moρ

]
= LCMoε

[
u
[
LF [u.P1]Mou,ρ

]
= LCMoε

[
u
[
LF Mou,ρ[u.hu.LP1Moρ′ ]

]
| u.(extrp{u, LF [u.P1]Mou,ρ, pu,ρ, pρ, βu,ρ, βρ} | pρ[LQMoε])

]
−→ LCMoε

[
O(1)
u (LF Mou,ρ[hu.LP1Moρ′ ], LQMoε)

]
−→7+n+m LCMoε

[
O(8+n+m)
u (LF Mou,ρ[hu.LP1Moρ′ ], LQMoε)

]
≡ LCMoε

[
LextrP(F [P1])Moρ | pρ[LQMoε]

]
= LC

[
extrP(F [P1]) | 〈Q〉

]
Moε

≡ LP ′Moε

Process O(q)
u (LF Mou,ρ[hu.LP1Moρ′ ], LQMoε), where q ∈ {1, . . . , 7 + n + m}, is as in De�-

nition 4.2.5 ( cf. Table 4.2 ). In this case, the role of function ch(u, ·) is central:
indeed, ch(u, LF Mou,ρ

[
hu.LP1Moρ′

]
) provides the input hu which is necessary to achieve

operational correspondence.
The order/nature/number of reduction steps can be explained as in Case b) above.
We can then conclude that LP Moε −→k LP ′Moε where k = 8 + n+m.
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(2) Part (2) � Soundness: The proof of soundness follows the explanation presented in
Roadmap 3.3.3.2.3 and the same derivation that is presented in the proof of soundness for
translation CD into O (Theorem 4.1.6).

�

4.2.4 Comparing Subjective vs Objective update

In this subsection, we provide that subjective updates are better suited to encode compensation
handling with preserving semantics than objective updates, again because they induce tighter
operational correspondences.

The following statement is a corollary of Theorem 4.2.4.

Corollary 4.2.5. Let P be a well-formed process in C. If P −→ P ′ and LP Moε −→k LP ′Moε then:

b) if P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrP(P1) | 〈Q〉] | D[P2]] then k ≥ 7 +pbP(P1) +
Zp(P1),

c) if P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrP(F [P1]) | 〈Q〉] then k ≥ 7 + pbP(F [P1]) + Zp(F [P1]).

for some contexts C[•], D[•], E[•], F [•], processes P1, Q, P2 and names t, u.

We then have the following theorem:

Theorem 4.2.6. The encoding L·Mρ : CP −→ S is as or more e�cient than L·Moρ : CP −→ O.

Proof. Let P −→ P ′ and LP Moε −→k2 LP ′Moε. By Theorem 3.3.4, there is k1 such that LP Mε −→k1

LP ′Mε and

a) k1 = 1 if P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]],

b) k1 = 7 + pbP(P1) if P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrP(P1) | 〈Q〉] | D[P2]],

c) k1 = 7 + pbP(F [P1]) if P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrP(F [P1]) | 〈Q〉].

By Theorem 4.2.4, Proposition 2.2.3 and Corollary 4.2.5 we have the following tree cases, for
some contexts C[•], D[•], E[•], F [•], processes P1, Q, P2 and names t, u:

a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] and k2 ≥ 1 = k1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrP(P1) | 〈Q〉] | D[P2]] and k2 ≥ 7 + pbP(P1) +
Zp(P1) ≥ 7 + pbP(P1) = k1,

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrP(F [P1]) | 〈Q〉] and k2 ≥ 7 + pbP(F [P1]) + Zp(F [P1]) ≥
7 + pbP(F [P1]) = k1.

Thus, in all three cases k1 ≤ k2; by De�nition 4.1.7 we conclude that L·Mε is as or more e�cient
than L·Moε. �

4.3 Translating CA into O

In the this subsection we concentrate on a source calculus with static recovery and aborting
semantics. We introduce useful conventions and intuitions for the translation and then we give
the formal presentations of it.
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/〈P 〉 .oρ = pρ
[/P .oε

]
/t[P ,Q] .oρ = t

[/P .ot,ρ
]
| rt. (extra{t, pt,ρ, pρ} | pρ[/Q.oε]) | t.t{(Y ).t[Y ] | Tt(Y ).ht}

/ t.P .oρ = t.ht./P .oρ

Figure 4.6: Translating CA into O.

4.3.1 The Translation, Formally

The translation CA into O, denoted /· .oρ, also relies on the key ideas of encoding /· .ρ, Section 3.4.
We use paths and reserved names given in De�nition 3.1.1 and De�nition 3.1.2, respectively. For
encoding protected block we use the same intuition as in all previous presented encodings. To
encode transactions and their extraction function we use the auxiliary process outdo(l1, l2, n,Q),
given with eq. (4.1).

A failure signal extracts all nested protected blocks and erases nested locations; our trans-
lation does the same with the corresponding located processes and nested locations. We de�ne
the following auxiliary process:

De�nition 4.3.1 (Update Pre�x for Extraction). Let t, l1, and l2 be names and outo(·) is
de�ned with 4.1. We write extra{t, l1, l2} to stand for the following update pre�x:

extra{t, l1, l2} = t{(Y ).t[Y ] | ch(t, Y ) | outdo(l1, l2, nl(l, Y ), t{†}.kt)}. (4.11)

Now we can present the translation /· .oρ formally. It is de�ned as follows:

De�nition 4.3.2 (Translation CA into O). Let ρ be a path. We de�ne the translation of
compensable processes with aborting semantics into adaptable processes as a tuple (/· .oρ, ϕ/· .oρ)
where:

(a) The renaming policy ϕ/· .oρ : Nc → P(Na) is de�ned with

ϕ/· .oρ(x) =

 {x} if x ∈ Ns

{x, hx, kx, rx, zx} ∪ {pρ : x ∈ ρ} if x ∈ Nt

(b) The translation /· .oρ : CA → S is as in Figure 4.6 and as a homomorphism for other operators.

The basic intuition for the translation of 〈Q〉 and t[P ,Q] is as in the case of the encoding
CA into S. The di�erence is in the processes outs and outo, and it has been explained in
Remark 4.1.1.

4.3.2 Translation Correctness

In this subsection we give proof of correctness of the translation presented in De�nition 4.3.2
which includes proofs of structural criteria semantic criteria.

4.3.2.1 Structural Criteria

In this subsection, we prove the compositionality and name invariance.
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4.3.2.1.1 Compositionality

The �rst property is compositionality. For the proof of compositionality criterion, we need
to de�ne a context for each process operator, which depends on free names of the subterms.
This de�nition relies entirely on De�nition 3.2.4 by using /· .oρ instead of /· .ρ.
De�nition 4.3.3 (Compositional context for CA). For all process operator from CA, instead
transaction we de�ne a compositional context in O as in De�nition 3.4.4. For transaction
compositional context is:

Ct[,],ρ[•1, •2] = t
[
[•1]
]
| rt. (extra{t, pt,ρ, pρ} | pρ[[•2]]) | t.t{(Y ).t[Y ] | Tt(Y ).ht}

Using this de�nition, we may now state the following result:

Theorem 4.3.1 (Compositionality for /· .oρ). Let ρ be an arbitrary path. For every process
operator in CA and for all compensable processes P and Q it holds that:

/〈P 〉 .oρ = C〈〉,ρ[/P .oε] /t[P ,Q] .oρ = Ct[,],ρ[/P .ot,ρ, /Q.oε] /P | Q.oρ = C | [/P .oρ, /Q.oρ]
/a.P .oρ = Ca.

[
/P .oρ

]
/t.P .oρ = Ct.[/P .oρ] /(νx)P ) .oρ = C(νx)[/P .oρ]

/a.P .oρ = Ca.[/P .oρ] /!π.P .oρ = C!π.[/P .oρ]
Proof. Follows directly from the de�nition of contexts (De�nition 3.2.4) and from the de�nition
of /· .oρ : CA → O (Figure 4.6) and has the same derivation as the proof of Theorem 3.2.2. �

4.3.2.1.2 Name invariance

The second property is name invariance. We analyze this property with respect to the
renaming policy presented in De�nition 3.2.3 (b).

Theorem 4.3.2 (Name invariance for /· .oρ). For every well-formed compensable processes P and
substitution σ : Nc → Nc there is σ′ : Na → Na such that:

(i) for every x ∈ Nc : ϕ/· .oσ(ρ)(σ(x)) = {σ′(y) : y ∈ ϕ/· .oρ(x)}, and

(ii) /σ(P ) .oσ(ρ) = σ′(/P .oρ)
Proof. The proof proceeds in the same way as the proof of Theorem 3.2.4 by using /· .oρ instead
of J·Kρ. �

4.3.2.2 Semantic Criteria

In the following we prove that translation CA into O satis�ed operational correspondence. We
leave the analysis of divergence re�ection and success sensitiveness for future research.

4.3.2.2.1 Operational Correspondence

In this section we shall prove that operational correspondence (completeness and soundness)
holds for the translation /· .oρ.

We are interested in precisely accounting for the number of computation steps induced by
our translation. We need the following de�nition.
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De�nition 4.3.4. Let P be a well-formed compensable process, then function Za(P ) is de�ned
as follows:

Za(P ) =



1 if P = 〈P1〉,

1 + Za(P1) if P = t[P1,Q1],

Za(P1) + Za(P2) if P = P1 | P2,

Za(P1) if P = (νa)P1,

0 otherwise.

Motivation for this de�nition is similar with the motivation in the discarding and preserving
semantics. When the number of protected blocks is at least one we have that there exist update
location on name zt. The level of protection that has abortion semantics orders that when the
number of nested transactions is at least one (there exists at least one nested transaction), the
structure of these transactions must be researched. When in nested transaction, the number of
protected blocks in default activity is at least one, the number of update location on name zt
will be increased for one.

Most of the lemmas, de�nitions, and theorems we have introduced to prove the operational
correspondence for the translation with subjective update (cf. Theorem 3.4.6), can be easily
adapted for the translation with objective update.

The following de�nition formalizes the intermediate processes that appear during derivation,
denoted with I(p)

t (/P .ot,ρ, /Q.oε). As in previously presented encodings, it plays a signi�cant role
in proving completeness and soundness.

De�nition 4.3.5. Let P,Q be well-formed compensable processes. Given a name t, a path
ρ, and p ≥ 1, we de�ne the intermediate processes I(p)

t (/P .ot,ρ, /Q.oε) (Table 4.3) depending on
n = nl(pt,ρ, /P .ot,ρ), m = tsA(P ) and s = S(P ):

1. if n = 0 then p ∈ {1, . . . , 6};

2. otherwise, if n,m > 0 then /P .ot,ρ =
n∏
k=1

pt,ρ[/P ′k .oε] | S and p ∈ {1, . . . , 6 + 4m+ s}.

Table 4.3: Process I(p)
t (/P .ot,ρ, /Q.oε) with p ≥ 1.

(p) I
(p)
t (/P .ot,ρ, /Q.oε) for n = 0

(1) t
[/P .ot,ρ

]
| rt. (extra{t, pt,ρ, pρ} | pρ[/Q.oε])

| t{(Y ).t[Y ] | Tt(Y ).ht}

(2) t
[/P .ot,ρ

]
| rt. (extra{t, pt,ρ, pρ} | pρ[/Q.oε]) | Tt(/P .ot,ρ).ht

≡ t
[/P .ot,ρ

]
| rt.

(
t{(Y ).(t[Y ] | ch(t, Y )

| outdo(pt,ρ, pρ, nl(pt,ρ, Y ), t{†}.kt))} | pρ[/Q.oε]
)
| rt.kt.ht

(3) t
[/P .ot,ρ

]
| t{(Y ).(t[Y ] | ch(t, Y )

| outdo(pt,ρ, pρ, nl(pt,ρ, Y ), t{†}.kt))} | pρ[/Q.oε] | kt.ht
(4) t

[/P .ot,ρ
]
| pρ[/Q.oε] | t{†}.kt | kt.ht

(5) pρ[/Q.oε] | kt | kt.ht
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(6) pρ[/Q.oε] | ht
(p) I

(p)
t (/P .ot,ρ, /Q.oε) for and n,m > 0

(1) t
[/P .ot,ρ

]
| rt. (extra{t, pt,ρ, pρ} | pρ[/Q.oε]) | t{(Y ).t[Y ] | Tt(Y ).ht}

(2 + 4m+ s− n) t
[/P ′ .ot,ρ | s−n∏

i=1
pt,ρ[/P ′i .oε]

]
| rt.

(
t{(Y ).(t[Y ] | ch(t, Y )

| outdo(pt,ρ, pρ, nl(pt,ρ, Y ), t{†}.kt))} | pρ[/Q.oε]
)
| rt.kt.ht

(3 + 4m+ s− n) t
[/P ′ .ot,ρ | s−n∏

i=1
pρ[/P ′i .oε]

]
| t{(Y ).(t[Y ] | ch(t, Y )

| outdo(pt,ρ, pρ, nl(pt,ρ, Y ), t{†}.kt))} | pρ[/Q.oε] | kt.ht
(4 + 4m+ s− n+ j) t

[/P ′ .ot,ρ | s−n∏
i=1

pρ[/P ′i .oε] | pt,ρ{(X1, . . . , Xn−j).

zt{(Z).
( n−j∏
k=1

pρ[Xk] |
j∏

k=1

pρ[/P ′k .oε] | t{†}.kt
)
}}
]
| zt[0]

| pρ[/Qt .oε] | kt.ht
0 ≤ j ≤ n− 1

(4 + 4m+ s) t
[/P ′ .ot,ρ | zt{(Z).

n∏
k=1

pρ[/P ′k .oε] | t〈〈†〉〉.kt}
]
| zt[0] | pρ[/Q.oε] | kt.ht

(5 + 4m+ s) t
[/P ′ .ot,ρ] | n∏

k=1

pρ[/P ′k .oε] | t〈〈†〉〉.kt | pρ[/Q.oε] | kt.ht
(6 + 4m+ s)

n∏
k=1

pρ[/P ′k .oε]kt | pρ[/Q.oε] | kt.ht
(7 + 4m+ s)

n∏
k=1

pρ[/P ′k .oε] | pρ[/Q.oε] | ht

The following de�nition formalizes all possible forms for the process O(q)
u (/F .oρ[hu./P .oρ′ ], /Q.oε).

De�nition 4.3.6. Let P,Q be well-formed compensable processes. Given a name u, paths ρ, ρ′,
and q ≥ 1, we de�ne the intermediate processes O(q)

u (/F .oρ[hu./P .oρ′ ], /Q.oε) (Table 4.4) depending
on n = nl(pu,ρ, /F .oρ[hu./P .oρ′ ]), m = tsA(F [P ]) and s = S(F [P ]):

1. for n = 0 we have q ∈ {1, . . . , 7}, and

2. for n,m > 0 and /F .oρ[hu./P .oρ′ ] =
n∏
k=1

pu,ρ[/P ′k .oε] | S we have q ∈ {1, . . . , 7 + 4m+ s}.

Table 4.4: Process O(q)
u (/F .oρ[hu./P .oρ′ ], /Q.oε) with q ≥ 1.

(q) O
(q)
u (/F .oρ[hu./P .oρ′ ], /Q.oε), n = 0

(1) u
[/F .oρ[hu./P .oρ′

]
| ru. (extra〈〈u, pu,ρ, pρ〉〉 | pρ[/Q.oε])

| u{(Y ).u[Y ] | Tu(Y ).hu}

(2) u
[/F .oρ[hu./P .oρ′ ]

]
| ru. (extra{u, pu,ρ, pρ} | pρ[/Q.oε])

| Tu(/F .oρ[hu./P .oρ′ ]).hu
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≡ u
[/P .ou,ρ

]
| ru.

(
u{(Y ).u[Y ] | ch(u, Y )

| outdu(pu,ρ, pρ, nl(pu,ρ, Y ), u{†}.ku)} | pρ[/Q.oε]
)
| ru.ku.hu

(3) u
[/F .oρ[hu./P .oρ′ ]

]
| u{(Y ).u[Y ] | ch(u, Y )

| outdo(pu,ρ, pρ, nl(pu,ρ, Y ), u{†}.ku)}
)
| pρ[/Q.oε] | ku.hu

(4) u
[/F .oρ[hu./P .oρ′ ]

]
| hu | pρ[/Q.oε] | u{†}.ku | ku.hu

(5) pρ[/Q.oε] | hu | ku | ku.hu

(6) pρ[/Q.oε] | hu | hu

(7) pρ[/Q.oε]
(q) O

(q)
u (/F .oρ[hu./P .oρ′ ], /Q.oε) for n,m > 0

(1) t
[/F .ρ[hu./P .ρ′ ]

]
| ru. (extra〈〈u, pu,ρ, pρ〉〉 | pρ[/Q.ε])

| u{(Y ).u[Y ] | Tu(Y ).hu}

(2 + 4m+ s− n) u
[/F .oρ[hu./P .oρ′ ] |

s−n∏
i=1

pu,ρ[/P ′i .oε]
]
| ru.

(
u{(Y ).u[Y ] | ch(u, Y )

| outdu(pu,ρ, pρ, nl(pu,ρ, Y ), u{†}.ku)} | pρ[/Q.oε]
)
| ru.ku.hu

(3 + 4m+ s− n) u
[/F .oρ[hu./P ′ .oρ′ ] |

s−n∏
i=1

pρ[/P ′i .oε]
]
| u{(Y ).u[Y ] | ch(u, Y )

| outds(pu,ρ, pρ, nl(pu,ρ, Y ), u{†}.ku)} | hu | pρ[/Q.oε] | ku.hu
(4 + 4m+ s− n+ j) u

[/F .oρ[hu./P ′ .oρ′ ] |
s−n∏
i=1

pρ[/P ′i .oε] | pu,ρ{(X1, . . . , Xn−j).

zt{(Z).
( n−j∏
k=1

pρ[Xk] |
j∏

k=1

pρ[/P ′k .oε] | u{†}.ku
)
}}
]
| zt[0]

| hu | pρ[/Qu .oε] | ku.hu
0 ≤ j ≤ n− 1

(4 + 4m+ s) u
[/F .oρ[hu./P ′ .oρ′ ] | zt{(Z).

n∏
k=1

pρ[/P ′k .oε] | u{†}.ku}
]
| zt[0]

| hu | pρ[/Q.oε] | ku.hu
(5 + 4m+ s) u

[/F .oρ[hu./P ′ .oρ′ ]
]
|

n∏
k=1

pρ[/P ′k .oε] | u{†}.ku | hu | pρ[/Q.oε] | ku.hu
(6 + 4m+ s)

n∏
k=1

pρ[/P ′k .oε] | hu | ku | pρ[/Q.oε] | ku.hu
(7 + 4m+ s)

n∏
k=1

pρ[/P ′k .oε] | hu | pρ[/Q.oε] | hu
(8 + 4m+ s)

n∏
k=1

pρ[/P ′k .oε] | pρ[/Q.oε]

For the proof of operational correspondence we need the following statement:

Lemma 4.3.3. If P and Q are well-formed compensable processes such that P ≡ Q then

/P .oρ ≡ /Q.oρ.
Proof. The proof is by induction on the derivation P ≡ Q, and perform the case analysis on the
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last rule applied. In all cases the proof follows directly. �

We now state our operational correspondence result:

Theorem 4.3.4 (Operational Correspondence for /· .oρ). Let P be a well-formed process in CA.

(1) If P −→ P ′ then /P .oε −→k /P ′ .oε where for
a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] it follows k = 1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrA(P1) | 〈Q〉] | D[P2]] it follows k = 7 +
S(P1) + 4 tsA(P1) + Za(P1),

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrA(F [P1]) | 〈Q〉], it follows k = 7 + S(F [P1]) +
4 tsP(F [P1]) + Za(F [P1]),

for some contexts C[•], D[•], E[•], F [•] processes P1, Q, P2 and names t, u.

(2) If /P .oε −→n R with n > 0 then there is P ′ such that P −→∗ P ′ and R −→∗ /P ′ .oε.
Proof. We consider completeness and soundness (Parts (1) and (2)) separately.

(1) Part (1) � Completeness: The proof proceeds by induction on the derivation of P −→ P ′.
We consider three base cases, corresponding to cases a), b) and c) of Proposition 2.2.3
(Page 18). In all cases, we use Lemma 4.3.3, De�nition 4.3.2, and Lemma 3.2.9 (Page 47)
that applies also for /· .oρ.
a) This case concerns an input-output synchronization on a name a ∈ Ns. Therefore, we ob-

serve that P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]], and we have that deriva-
tion corresponds to the derivation presented in (3.30) but here we use De�nition 4.3.2
instead De�nition 3.2.3. Therefore, the thesis holds with k = 1.

b) This case concerns a synchronization due to an external error noti�cation for a transaction
scope. We consider P ≡ E[C[t[P1,Q]] | D[t.P2]], with n = pbA(P1), m = tsA(P1) and
s = S(P1), and P ′ ≡ E[C[extrA(P1) | 〈Q〉] | D[P2]]. We consider the following two cases
and their derivation. Process I(p)

t (/P1 .ot,ρ′ , /Q.oε) is presented in the Table 4.3.

(i) In this sub-case n = 0. Therefore, we have the following derivation:

/P .oε ≡ /E[C[t[P1,Q]] | D[t.P2]] .oε
= /E .oε

[
/C[t[P1,Q]] .oρ | /D[t.P2] .oρ

]
= /E .oε

[
/C .ρ[/t[P1,Q] .oρ′ ] | /D.oρ[/t.P2 .oρ′′ ]

]
= /E .oε

[
/C .oρ

[
t
[/P .ot,ρ

]
| rt. (extra{t, pt,ρ, pρ} | pρ[/Q.oε])

| t.t{(Y ).t[Y ] | Tt(Y ).ht}
]
| /D.oρ[t.ht./P2 .oρ′′ ]

]
−→ /E .oε

[
/C .oρ

[
I

(1)
t (/P1 .ot,ρ′ , /Q.oε) | /D.oρ

[
ht./P2 .oρ′′

]]
−→5 /E .oε

[
/C .oρ

[[
I

(6)
t (/P1 .ot,ρ′ , /Q.oε) | /D.oρ

[
ht./P2 .oρ′′

]]
−→ /E .oε

[
/C .oρ

[/extrA(P1) | 〈Q〉 .oρ′
]
| /D.oρ

[/P2 .oρ′′
]]

= /E .oε
[

/C[extrA(P1) | 〈Q〉] .oρ | /D[P2] .oρ
]

= /E[C[extrA(P1) | 〈Q〉] | D[P2]] .oε
≡ /P ′ .oε

Therefore, we can conclude that /P .oε −→k /P ′ .oε where k = 7.
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(ii) In this sub-case n > 0 and m > 0. Therefore, we have the following derivation:

/P .oε ≡ /E[C[t[P1,Q]] | D[t.P2]] .oε
= /E .oε

[
/C[t[P1,Q]] .oρ | /D[t.P2] .oρ

]
= /E .oε

[
/C .ρ[/t[P1,Q] .oρ′ ] | /D.oρ[/t.P2 .oρ′′ ]

]
= /E .oε

[/C .oρ
[
t
[/P .ot,ρ

]
| rt. (extra{t, pt,ρ, pρ} | pρ[/Q.oε])

| t.t{(Y ).t[Y ] | Tt(Y ).ht}
]
| /D.oρ[t.ht./P2 .oρ′′ ]

]
−→ /E .oε

[
/C .oρ

[
I

(1)
t (/P1 .ot,ρ′ , /Q.oε)

]
| /D.oρ[t.ht./P2 .oρ′′ ]

]
−→2+4m+s−n /E .oε

[
/C .oρ

[[
I

(3+4m+s−n)
t (/P1 .ot,ρ′ , /Q.oε) | /D.oρ

[
ht./P2 .oρ′′

]]
−→4+n /E .oε

[
/C .oρ

[[
I

(7+4m+s)
t (/P1 .ot,ρ′ , /Q.oε) | /D.oρ

[
ht./P2 .oρ′′

]]
−→ /E .oε

[
/C .oρ

[/extrA(P1) | 〈Q〉 .oρ′
]
| /D.oρ

[/P2 .oρ′′
]]

= /E .oε
[

/C[extrA(P1) | 〈Q〉] .oρ | /D[P2] .oρ
]

= /E[C[extrA(P1) | 〈Q〉] | D[P2]] .oε
≡ /P ′ .oε

The order/nature of these reduction steps is similar as in the proof of Part (1) �
Completeness 1 for translation CA nto S (cf. explanation 1b). The di�erence exists
in the synchronization on update pre�x and location with name zt. This extra step
we need for the relocation of processes pρ′ [·], which are enclosed on location t out of
it.
Therefore, we can conclude that /P .oε −→k /P ′ .oε for k = 8 + 4m+ s.

c) This case concerns a synchronization due to an internal error noti�cation (i.e., the error
comes from the default activity of transaction). Here we have P ≡ C[t[F [u.P1],Q]], with
n = pbA(F [P1]), m = tsA(P1), s = S(P1) and P ′ ≡ C[extrA(F [P1]) | 〈Q〉]. Then we
consider two cases and have the following derivations.
(i) In this sub-case we consider that n = 0.

/P .oε ≡ /C[u[F [u.P1],Q]
] .oε

= /C .oε
[/u[F [u.P1],Q] .oρ

]
= /C .oε

[
u
[/F [u.P1] .ou,ρ

]
| ru. (extra{u, pu,ρ, pρ} | pρ[/Q.oε])

| u.u{(Y ).u[Y ] | Tu(Y ).hu}]
]]

= /C .oε
[
u
[/F .ou,ρ[u.hu./P1 .oρ′ ]

]
| ru. (extra{u, pu,ρ, pρ}) | pρ[/Q.oε]

| u.u{(Y ).u[Y ] | Tu(Y ).hu}
]

−→ /C .oε
[
O(1)
u (/F .ou,ρ[hu./P1 .oρ′ ], /Q.oε)

]
−→6 /C .oε

[
O(7)
u (/F .ou,ρ[hu./P1 .oρ′ ], /Q.oε)

]
≡ /C .oε

[/extrA(F [P1]) .oρ | pρ[/Q.oε]
]

= /C[extrA(F [P1]) | 〈Q〉
] .oε

≡ /P ′ .oε
Therefore, we can conclude that /P .oε −→k /P ′ .oε for k = 8.

(ii) In this sub-case we consider that n > 0 and m ≥ 0.

/P .oε ≡ /C[u[F [u.P1],Q]
] .oε



137 4.3. Translating CA into O

= /C .oε
[/u[F [u.P1],Q] .oρ

]
= /C .oε

[
u
[/F [u.P1] .ou,ρ

]
| ru. (extra{u, pu,ρ, pρ} | pρ[/Q.oε])

| u.u{(Y ).u[Y ] | Tu(Y ).hu}]
]]

= /C .oε
[
u
[/F .ou,ρ[u.hu./P1 .oρ′ ]

]
| ru. (extra{u, pu,ρ, pρ})

| pρ[/Q.oε] | u.u{(Y ).u[Y ] | Tu(Y ).hu}
]

−→ /C .oε
[
O(1)
u (/F .ou,ρ[hu./P1 .oρ′ ], /Q.oε)

]
−→2+4m+s−n /C .oε

[
O(3+4m+s−n)
u (/F .ou,ρ[hu./P1 .oρ′ ], /Q.oε)

]
−→n+5 /C .oε

[
O(8+4m+s)
u (/F .ou,ρ[hu./P1 .oρ′ ], /Q.oε)

]
≡ /C .oε

[/extrA(F [P1]) .oρ | pρ[/Q.oε]
]

= /C[extrA(F [P1]) | 〈Q〉
] .oε

≡ /P ′ .oε
Process O(q)

u (/F .ou,ρ[hu./P1 .oρ′ ], /Q.oε), where q ∈ {1, . . . , 8 + 4m + s}, is as in De�ni-
tion 4.3.6 (cf. Table 4.4). In this case, the role of function ch(u, ·) is central: indeed,
ch(u, /F .ou,ρ

[
hu./P1 .oρ′

]
) provides the input hu which is necessary to achieve opera-

tional correspondence.
The order/nature/number of reduction steps can be explained as in Case b) above.
We can then conclude that /P .oε −→k /P ′ .oε for k = 8 + 4m+ s.

(2) Part (2) � Soundness: The proof of soundness follows the explanation presented in
Roadmap 3.2.3.2.5 and the same derivation that is presented in the proof of soundness for
translation CA into S (Item 2).

�

4.3.3 Comparing Subjective vs Objective update

In this subsection, we provide that subjective updates are better suited to encode compensation
handling with aborting semantics than objective updates.

The following statement is a corollary of Theorem 4.3.4.

Corollary 4.3.5. Let P be a well-formed process in C. If P −→ P ′ and /P .oε −→k /P ′ .oε then:
b) if P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrA(P1) | 〈Q〉] | D[P2]] then k ≥ 7 + S(P1) +

4 tsA(P1) + Za(P1),

c) if P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrA(F [P1]) | 〈Q〉] then k ≥ 7+S(F [P1])+4 tsA(F [P1])+
Za(F [P1]),

for some contexts C[•], D[•], E[•], F [•], processes P1, Q, P2 and names t, u.

We then have the following theorem:

Theorem 4.3.6. The encoding /· .ρ : CA −→ S is as or more e�cient than /· .oρ : CA −→ O.

Proof. Let P −→ P ′ and /P .oε −→k2 /P ′ .oε. By Theorem 3.4.6, there is k1 such that /P .ε −→k1

/P ′ .ε and
a) k1 = 1 if P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]],

b) k1 = 7 + S(P1) + 4 tsA(P1) if P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡
E[C[extrA(P1) | 〈Q〉] | D[P2]],
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c) k1 = 7 + S(F [P1]) + 4 tsA(F [P1]) if P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrA(F [P1]) | 〈Q〉].

By Theorem 4.3.4, Proposition 2.2.3 and Corollary 4.3.5 we have the following tree cases, for
some contexts C[•], D[•], E[•], F [•], processes P1, Q, P2 and names t, u:

a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] and k2 ≥ 1 = k1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrA(P1) | 〈Q〉] | D[P2]] and k2 ≥ 7 + S(P1) +
4 tsA(P1) + Za(P1) ≥ 7 + S(P1) + 4 tsA(P1) = k1,

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrA(F [P1]) | 〈Q〉] and k2 ≥ 7 + S(F [P1]) + 4 tsA(F [P1]) +
Za(F [P1]) ≥ 7 + S(F [P1]) + 4 tsA(F [P1]) = k1.

Thus, in all three cases k1 ≤ k2; by De�nition 4.1.7 we conclude that /· .ε is as or more e�cient
than /· .oε. �

Brief summary of the chapter:
In this chapter, we have two main results: (i) we presented the encodings of calculi for com-
pensable processes into the calculi of adaptable processes with the objective update (encodings
CD, CP, CA into O); (ii) we exploit the correctness properties of encodings to distinguish between
subjective and objective updates in calculi for concurrency. We introduce an encodability crite-
rion called e�ciency. Since subjective updates induce tighter operational correspondences, we
can formally declare that subjective updates are more suited to encode compensation handling
than objective updates.

In the next chapter, we introduce dynamic compensation processes. We proved encodings of
dynamic compensation processes into adaptable processes with subjective updates (i.e., encod-
ings CλD , CλP , and CλA into S).
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CHAPTER 5

Encoding Dynamic Compensation Processes

into Adaptable Processes with Subjective

Update

Previous chapters of the thesis have dealt with encodings of the calculus of compensable processes
with static compensations under discarding, preserving, and aborting semantics into the calculus
of adaptable processes with subjective mobility. In this chapter, we discuss how to extend
the previous encodings to account for compensation updates instbλY.Rc.P . Therefore, we
developed encodings of calculus of compensable processes with dynamic compensations, denoted
Cλ, under discarding, preserving, and aborting semantics into calculus of adaptable processes
with subjective mobility. In the following is given a brief structure of the chapter:

Section 5.1 introduces preliminaries for encodings of Cλ into A. More speci�cally, the section
contains an extension of syntax for compensable processes presented (cf. Section 2.2.1) for
a dynamic update. We also discuss the appropriate extension of well-formed compensable
processes.

Section 3.2 presents the translation of CλD into S. Then the formal de�nition of the encod-
ing follows. We prove that the encoding satis�es compositionality, name invariance and
operational correspondence (completeness and soundness).

Section 5.3 presents the translation of CλP into S. We introduce the formal de�nition of encod-
ing. We prove that the encoding satis�es name invariance and operational correspondence
(completeness and soundness).

Section 5.4 presents the translation of CλA into S. Then the formal de�nition of the encod-
ing follows. We prove that translation satis�es compositionality, name invariance and
operational correspondence (completeness and soundness).

5.1 Compensable Processes with Compensation Update

Compensable processes, which realize general dynamic recovery, extend static recovery processes
presented in Paragraph 2.2.1.2.1. In the following, we present compensable processes with
compensation update.

5.1.0.0.1 Syntax.

The calculus of compensable processes considers pre�xes π and processes P,Q, . . . de�ned as:

π ::= a | x

140
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P,Q ::= Static recovery processes | Y | instbλY.Rc.P

The main di�erence comparing with static recovery is that in compensable processes, the
body P of transaction t[P ,Q] can update the compensation Q. Compensation update is per-
formed by a new operator instbλY.Rc.P ′, where function λY.R is the compensation update
(Y can occur inside R). Applying such a compensation update to compensation Q produces a
new compensation R{Q/Y } after the internal transition. Note that R may not occur at all in
the resulting compensation, and it may also occur more than once. For instance, λY.0 deletes
the current compensation. A compensation update has priority over other transitions; that is, if
process P in transaction t[P ,Q] has a compensation update at top-level then it will be performed
before any change of the current state.

5.1.0.0.2 Operational Semantics

Following [29, 30], the semantics of compensable processes with compensation update is
given in terms of an LTS. The LTS is parametric in an extraction function, which is de�ned as
in Figure 2.2 and additionally extended with the following rule:

extr(instbλY.Qc.P ) = 0. (5.1)

As before, error noti�cations can be internal or external to the transaction. The rules (L-
Out), (L-In), (L-Rep), (L-Par1), (L-Res) and (L-Block) are as in Figure 2.3. The other
LTS rules (L-Scope-Out), (L-Recover-Out), (L-Recover-In), (L-Inst) and (L-Scope-

Close) are presented in Figure 5.1. The �nal two rules are peculiar of processes with dynamic
compensations. We comment brie�y on each of them:

� Rules (L-Rec-Out) and (L-Rec-In) have the explanation as in Figure 2.3, with the
addition of a premise noComp(P);

� Rule (L-Scope-Out) allows the default activity P of a transaction to progress, provided
that the performed action is not a compensation update and that there is no pending
compensation update to be executed. The latter is ensured by condition noComp(P), this
condition guarantees that there is no pending compensation update in P and is de�ned in
De�nition 5.1.1). The condition is true if and only if process P does not have compensation
update which waits for execution. This means that a compensation update has priority
over other transitions;

� Rule (L-Inst) performs a compensation update;

� Rule (L-Scope-Close) updates the compensation of a transaction.

De�nition 5.1.1 (noComp(•) predicate). The predicate noComp(P) that veri�es that there are
no pending compensation updates inside P is true in the cases speci�ed in Figure 5.2 and false
otherwise.

The following proposition and Proposition 2.2.3 are key to operational correspondence state-
ments. First, we present one auxiliary result that is needed for the proof of the Proposition.

Lemma 5.1.1. Let P be a compensable process. If P λY.R−−−→ P ′ then P ≡ H[instbλY.Rc.P1]
and P ′ = H[P1] for some evaluation context H[•] and processes P1 and R.

Proof. The proof is by induction on the derivation of P α−→ P ′. �
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(L-Scope-Out)

P
α−→ P ′ α 6= λY.Q noComp(P)

t[P ,Q]
α−→ t[P ′,Q]

(L-Recover-Out)

noComp(P)

t[P ,Q]
t−→ extr(P ) | 〈Q〉

(L-Recover-In)

P
t−→ P ′ noComp(P)

t[P ,Q]
τ−→ extr(P ′) | 〈Q〉

(L-Inst)

instbλY.Qc.P λY.Q−−−→ P

(L-Scope-Close)

P
λY.R−−−→ P ′

t[P ,Q]
τ−→ t[P ′,R{Q/Y }]

Figure 5.1: LTS for compensable processes with compensation update.

noComp(0) noComp(〈P〉) if noComp(P)

noComp(π.P) noComp(t[P;Q]) if noComp(P)

noComp(!P) noComp(P|Q) if noComp(P) and noComp(Q)

noComp((νa)P) if noComp(P)

Figure 5.2: No pending compensation update predicate.

Proposition 5.1.2. Let P be a compensable process. If P
τ−−→ P ′ then P ≡

C[s[H[instbλY.Rc.P1],Q] and P ′ ≡ C[s[H[P1],R{Q/Y }]], for some contexts C,H processes
R,P1, Q and name s.

Proof. The proof proceeds by induction on the inference of P τ−→ P ′. We will show that the
proposition is true for the base cases, whereas the inductive step follows directly. By LTS
(cf. Figure 5.1), in accordance with the Rule (L-Scope-Close) we have the following: if

P ≡ s[P ′1,Q] and P ′1
λY.R−−−→ P1 then P ′ ≡ s[P1,R{Q/Y }] and by Lemma 5.1.1, we conclude that

P ′1 ≡ H[instbλY.Rc.P1] and P1 ≡ H[P1] for some process P1. �

5.1.1 Well-formed Compensable Processes

For compensable processes with compensation updates, the de�nition of well-formed processes
must account for compensation updates. Therefore, in the following, we present revised well-
formed compensable processes presented in Section 2.2.2.

Remark 5.1.3 (Well-Formed Processes with Dynamic Recovery). We revisit the notion of well-
formed compensable processes, now with compensation updates. An example of a process that
is not well-formed is the following:

× P1 = t1[instbλY.t2[X,a]c.b,c] | t1 | t2
τ−−→ t1[b,t2[c,a]] | t1 | t2. (5.2)

Process P1 has concurrent error noti�cations (on t1 and t2), and a pair of nested transactions
(i.e., (t1, t2)) that is hard to capture properly in the representation that we shall give in terms of
adaptable processes. In contrast, we would like to consider as well-formed the following processes
(where t1 6= t2):

X P = t1[instbλY.t2[X,a]c.b,c] | t1.t2
τ−−→ t1[b,t2[c,a]] | t1.t2. (5.3)
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For Cλ processes, the relation for well-formed compensable processes (cf. Figure 2.4) should be
extended with the following rule:

(W-Inst)

Γ1; ∆1 |−−−−−−γ1;δ1;p1
P Γ2; ∆2 |−−−−−−γ2;δ2;p2

Q Γ3; ∆3 |−−−−−−γ3;δ3;p3
R Γs ∩∆t = ∅

Γ; ∆ |−−−−−−−−−−−−−−−
3⋃
i=1

γi;
3⋃
i=1

δi;
3∨
i=1

pi

t[instbλY.Rc.P ,Q]

where

Γ(γ1, γ2, γ3) = {(t′, t′′) : t′ ∈ γ1 ∧ t′′ ∈ γ2 ∪ γ3} , ∆(t, δ) = {(t, t′) : t′ ∈ δ}, (5.4)

P(P ) = (Γ1,∆1, γ1, δ1), P(Q) = (Γ2,∆2, γ2, δ2), P(R) = (Γ3,∆3, γ3, δ3) and

fλ(P(P ),P(Q),P(R)) =
( 3⋃
i=1

Γi ∪ Γ(γ1, γ2, γ3),
3⋃
i=1

∆i ∪∆(t, δ1 ∪ δ2 ∪ δ3 ∪ γ1 ∪ γ2 ∪ γ3)
)

= (Γ,∆)

(5.5)

Rule (W-Inst) speci�es the conditions for t[instbλY.Rc.P ,Q] to be well-formed; it relies
on the key ideas of the Rule (W-Trans). Therefore, δ = {t}. The set of pairs of parallel
failure signals is the union of the respective sets for P , Q and R and the set whose elements
are pairs of failure signals; in the pair, one element belongs to the set of failure signals of P ,
the second element is from the union of sets of failure signals of Q and R. This extension with
Γ(γ1, γ2, γ3) is necessary for t[instbλY.Rc.P ,Q], because P may contain protected blocks which
will be composed in parallel with R{Q/Y } in case of a failure signal. The set of pairs of nested
transactions is obtained from those for P , Q, and R also considering further pairs as speci�ed
by ∆(t, δ1 ∪ δ2 ∪ δ3 ∪ γ1 ∪ γ2 ∪ γ3) (cf. (5.4)). The rule additionally enforces that the sets of
parallel failure signals and nested transaction names in the parallel composition are disjoint. For
example, for process (5.3) above we can derive:

∅; {(t1, t2)} |−−−−−−−−−−−−{t1,t2};{t1};⊥
t1[instbλY.t2[X,a]c.b,c] | t1.t2.

In contrast, process (5.2) does not satisfy the predicate, since its sets of pairs of parallel failure
signals and nested transaction names are not disjoint: they are both equal to {(t1, t2)}.

Building upon the syntax de�ned in Section 2.2.1, we shall write CλD , CλP , CλA to denote
compensable processes with compensation updates. Also, translations of CλD , CλP , CλA into S and
O will be de�ned for well-formed compensable processes.

5.2 Translating CλD into S

The translation CλD into S, denoted J·Kλρ , extends the key ideas of the encoding J·Kρ (cf. Sec-
tion 3.2).

Remark 5.2.1 (Reserved names). The translation requires sets of reserved names and therefore
we need to revised De�nition 3.1.2 as in the following:

(i) the set of reserved location names N r
l is unchanged and,

(ii) the set of reserved synchronization names is extended such that

N r
s = {hx,mx, kx, ux, vx, ex, gx, fx | x ∈ Nt}.
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Remark 5.2.2. The function for determining the number of locations (cf. De�nition 3.2.1)
should be extended with the following:

nl(l, instbλY.Rc.P ) = nl(l, P ), and (5.6)

ch(t, instbλY.Rc.P ) = ch(t, P ) (5.7)

We will use process outds as de�ned for J·Kρ (cf. (3.2)). We need some additional auxiliary
process.

De�nition 5.2.1 (Update Pre�x for Extraction). Let t, l1, and l2 be names. We write
extrd〈〈t, l1, l2〉〉 to stand for the following (subjective) update pre�x:

extrd〈〈t, l1, l2〉〉 = t〈〈(Y ).
(
t[Y ] | ch(t, Y ) | outds(l1, l2, nl(l, Y ),mt.kt.t〈〈†〉〉.ht)

)
〉〉 (5.8)

The intuition for the process extrd〈〈t, l1, l2〉〉 is the same as in the translation of CD into S
with static recovery (cf. De�nition 3.2.2). The only di�erence is in the third parameter for
process outds, which enables us to have a controlled execution of adaptable processes, which is
important to establish operational correspondence. The pre�x t〈〈†〉〉 and name ht have the same
roles as in J·Kρ. The di�erences concern names mt and kt: while name mt ensures that every
translation of compensation Q is updated if the translation of compensation update exists, name
kt controls the execution of failure signals.

Using well-formed compesable processes (cf. Section 5.1.1), the translation of CλD into S
extends De�nition 3.2.3 (see Page 39) as follows:

De�nition 5.2.2 (Translating CλD into S). Let ρ be a path. We de�ne the translation of
compensable processes with dynamic recovery into (subjective) adaptable processes as a tuple
(J·Kλρ , ϕJ·Kλρ ) where:

(a) The renaming policy

ϕJ·Kλρ (x) =

 {x} if x ∈ Ns

{x, hx,mx, kx, ux, vx, ex, gx, fx} ∪ {pρ : x ∈ ρ} if x ∈ Nt.

(b) The translation J·Kλρ : CλD → S is as in Figure 5.3.

Key elements in Figure 5.3 are the translations of t[P ,Q] and instbλY.Rc.P1, which are
closely related to each other. Indeed, these translations share location names ut, vt, and et (as
well as names ft and gt) in order to account for the possible replacement of Q in t[P ,Q] with R in
instbλY.Rc.P1, using updates. As stated earlier, instbλY.Rc.P produces a new compensation
behavior R{Q/Y } after an internal transition.

5.2.1 Translation Correctness

We now establish that the translation J·Kλρ is a valid encoding. To this end, we address the three
criteria in De�nition 2.3.5: compositionality, name invariance, and operational correspondence.
Other criteria have been left as a research topic for future work.

5.2.1.1 Structural Criteria

We prove the two criteria, following the order in which they were introduced in De�nition 2.3.5,
i.e., compositionality and name invariance.
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J〈P 〉Kλρ = pρ
[
JP Kλε

]
Jt[P ,Q]Kλρ = t

[
JP Kλt,ρ

]
| t.
(
extrd〈〈t, pt,ρ, pρ〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

])
| vt
[
ut〈〈(Z).(Z | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
JinstbλY.Rc.P Kλt,ρ = ut

[
et〈〈(Y ).(gt.ut〈〈(Z).(Z | et[JRKλε ]

| ft.et〈〈(X).X〉〉.gt)〉〉)〉〉.(ft.et[0])
]
| JP Kλt,ρ

Jt.P Kλρ = t.ht.JP Kλρ
JY Kλρ = Y

Ja.P Kλρ = a.JP Kλρ
Ja.P Kλρ = a.JP Kλρ

J0Kλρ = 0

J(νx)P Kλρ = (νx)JP Kλρ
JP1 | P2Kλρ = JP1Kλρ | JP2Kλρ

J!π.P Kλρ =!Jπ.P Kλρ

Figure 5.3: Translating CλD into S.

5.2.1.1.1 Compositionality

As previously stated, the compositionality criterion states that a composite term's translation
must be de�ned in terms of its subterms' translations. To mediate between these translations
of subterms, we de�ne a context for each process operator, which depends on free names of the
subterms:

De�nition 5.2.3 (Compositional context for CλD ). For all process operator from CλD , instead
transaction we de�ne a compositional context in S as in De�nition 3.2.4. For transaction and
compensation update compositional contexts are as follows:

Ct[,],ρ[•1, •2] = t
[
[•1]
]
| t.
(
extrd〈〈t, pt,ρ, pρ〉〉 | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

])
| vt
[
ut〈〈(Z).(Z | et[[•2]] | ft.et〈〈(X).X〉〉.gt)〉〉

]
Cinst,ρ[•1, •2] =ut

[
et〈〈(Y ).(gt.ut〈〈(Z).(Z | et[[•1]] | ft.et〈〈(X).X〉〉.gt)〉〉)〉〉.(ft.et[0])

]
| [•2]

CY [•1] = [•1]

Using this de�nition, we may now state the following result:

Theorem 5.2.3 (Compositionality for J·Kλρ). Let ρ be an arbitrary path. For every process
operator in CλD and for all well-formed compensable processes P and Q it holds that:

J〈P 〉Kλρ = C〈〉,ρ
[
JP Kλε

]
Jt[P ,Q]Kλρ = Ct[,],ρ

[
JP Kλt,ρ, JQKλε

]
JP | QKλρ = C |

[
JP Kλρ , JQKλρ

]
Ja.P Kλρ = Ca.

[
JP Kλρ

]
Jt.P Kλρ = Ct.

[
JP Kλρ

]
J(νx)P )Kλρ = C(νx)

[
JP Kλρ

]
Ja.P Kλρ = Ca.

[
JP Kλρ

]
J!π.P Kλρ = C!π.

[
JP Kλρ

]
JY Kλρ = CY

[
JY Kλρ

]
JinstbλY.Rc.P Kλt,ρ = Cinst,ρ[JRKλε , JP Kλt,ρ]
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Proof. Follows directly from the de�nition of contexts (cf. De�nition 6.1.3) and from the de�ni-
tion of J·Kλρ : CλD → S (cf. Figure 5.3). Therefore, considering De�nition 6.1.3 and Figure 5.3 we
present derivation for: transaction, compensation update, process variable and all well-formed
compensable processes P,Q and R. The other operators have the same derivation as in the
proof of Theorem 3.2.2. Therefore, the following holds:

Jt[P ,Q]Kλρ = Ct[,],ρ

[
JP Kλt,ρ, JQKλε

]
= t
[
JP Kλt,ρ

]
| t.
(
extrd〈〈t, pt,ρ, pρ〉〉 | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

])
| vt
[
ut〈〈(Z).(Z | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
JinstbλY.Rc.P Kλt,ρ = Cinst,ρ[JRKλε , JP Kλt,ρ]

= ut

[
et〈〈(Y ).(gt.ut〈〈(Z).(Z | et[JRKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉)〉〉.(ft.et[0])

]
| JP Kλt,ρ

JY Kλρ = CY

[
JY Kλρ

]
= JY Kλρ

�

5.2.1.1.2 Name invariance

We now state name invariance, by relying on the renaming policy in De�nition 3.2.3 (a).

Theorem 5.2.4 (Name invariance for J·Kλρ). For every well-formed compensable process P and
valid substitution σ : Nc → Nc there is a σ′ : Na → Na such that:

(i) for every x ∈ Nc : ϕJ·Kλ
σ(ρ)

(σ(x)) = {σ′(y) : y ∈ ϕJ·Kλρ (x)}, and

(ii) Jσ(P )Kλσ(ρ) = σ′(JP Kλρ).

Proof. We de�ne the substitution σ′ as follows:

σ′(x) =



σ(x) if x = a or x = t

hσ(t) if x = ht

mσ(t) if x = mt

kσ(t) if x = kt

uσ(t) if x = ut

vσ(t) if x = vt

eσ(t) if x = et

gσ(t) if x = gt

fσ(t) if x = ft

pσ(ρ) if x = pρ.

(5.9)

Now we provide proofs for (i) and (ii):

(i) The poof uses 5.9 and has the same derivation as the proof of Theorem 3.2.4 (i).

(ii) The proof proceeds by structural induction on P . In the following, given a name x, a path
ρ, and process P , we write σx, σρ, and σP to stand for σ(x), σ(ρ), and σ(P ), respectively.
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Base case: The statement holds for P = 0: Jσ(0)Kλσρ = σ′
(
J0Kλρ

)
⇔ 0 = 0.

Inductive step: There are seven cases, but we show only the case for transaction scope and
compensation update. Proof for all other cases are similar as in the proof of Theorem 3.2.4.

• Case P = t[P1,Q1]: We �rst apply the substitution σ on process P :

Jσ(t[P1,Q1])Kλσρ = Jσt[σ(P1),σ(Q1)]Kλσρ.

By expanding the de�nition of the translation in De�nition 5.2.2, we have:

Jσ(t[P1,Q1])Kλσρ = σt
[
Jσ(P1)Kλσt,σρ

]
| σt.

(
extrd〈〈σt, pσt,σρ, pσρ〉〉

| mσt.pσρ
[
vσt〈〈(X).(X | uσt[fσt.gσt.kσt])〉〉

])
| vσt

[
uσt〈〈(Z).(Z | eσt[JQ1Kλε ] | fσt.eσt〈〈(X).X〉〉.gσt)〉〉

]
By induction hypothesis it follows:

Jσ(t[P1,Q1])Kλσρ = σt
[
σ′(JP Kλt,ρ)

]
| σt.

(
extrd〈〈σt, pσt,σρ, pσρ〉〉

| mσt.pσρ
[
vσt〈〈(X).(X | uσt[fσt.gσt.kσt])〉〉

])
| vt
[
uσt〈〈(Z).(Z | eσt[σ′(JQ1Kλε )] | fσt.eσt〈〈(X).X〉〉.gσt)〉〉

] (5.10)

On the other side, when we apply de�nition of substitution σ′ on JP Kλρ the following
holds:

σ′
(
Jt[P1,Q1]Kλρ

)
= σ′

(
t
[
JP Kλt,ρ

]
| t.
(
extrd〈〈t, pt,ρ, pρ〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

])
| vt
[
ut〈〈(Z).(Z | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

])
= σ′t

[
σ′
(
JP1Kλt,ρ

) ]
| σ′t.(extrd〈〈σ′t, pσ′t,σ′ρ, pσ′ρ〉〉

| mσ′t.pσ′ρ

[
vσ′t〈〈(X).(X | uσ′t[fσ′t.gσ′t.kσ′t])〉〉

])
| vσ′t

[
uσ′t〈〈(Z).(Z | eσ′t[σ

′(JQKλε )] | fσ′t.eσ′t〈〈(X).X〉〉.gσ′t)〉〉
]
).

(5.11)

Given that it is valid σ′(t) = σ(t) (cf. (5.9)), it is easy to conclude that (5.10) is equal
to (5.11).

• Case P = instbλY.Rc.P1: We apply substitution σ on process P :

Jσ(instbλY.Rc.P1)Kλσt,σρ = JinstbλY.σRc.σP1Kλσt,σρ

By De�nition 5.2.2

Jσ(instbλY.Rc.P1)Kλσt,σρ = uσt

[
eσt〈〈(Y ).(gσt.uσt〈〈(Z).(Z | eσt[σ(JRKλε )]

| fσt.eσt〈〈(X).X〉〉.gσt)〉〉)〉〉.(fσt.eσt[0])
]
| Jσ(P1)Kλσt,σρ

and by induction hypothesis:

Jσ(instbλY.Rc.P1)Kλσρ = uσt

[
eσt〈〈(Y ).(gσt.uσt〈〈(Z).(Z | eσt[σ′(JRKλε )]

| fσt.eσt〈〈(X).X〉〉.gσt)〉〉)〉〉.(fσt.eσt[0])
]
| σ′(JP1Kλσt,σρ)

(5.12)
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On the other side, when we apply substitution σ′ on JP Kλρ the following holds:

σ′(JinstbλY.Rc.P1Kλt,ρ) = σ′(ut

[
et〈〈(Y ).(gt.ut〈〈(Z).(Z | et[JRKλε ]

| ft.et〈〈(X).X〉〉.gt)〉〉)〉〉.(ft.et[0])
]
| JP Kλt,ρ)

= uσ′t

[
eσ′t〈〈(Y ).(gσ′t.uσ′t〈〈(Z).(Z | eσ′t[σ

′(JRKλε )]

| fσ′t.eσ′t〈〈(X).X〉〉.gσ′t)〉〉)〉〉.(fσ′t.eσ′t[0])
]
| σ′(JP Kλt,ρ)

(5.13)

Based on de�nition of the function σ′, i.e. σ′(pρ) = pσ(ρ) and σ′(t) = σ(t) (cf. (5.9)), it
is easy to conclude that (5.12) is equal to (5.13).

�

5.2.1.2 Semantic Criteria

In this subsection we prove that translation CλD into S satis�es operational correspondence (com-
pleteness and soundness). The other two criteria, divergence re�ection and success sensitiveness,
are left for future work.

5.2.1.2.1 Operational Correspondence

The following statement formalizes the encoding of process R{Q/Y }, and holds also for L·Mλρ
and /· .λρ :
Lemma 5.2.5. Suppose R is a well-formed compensable process. Then JR{Q/Y }Kλρ =

JRKλρ{JQKλρ/X}.

We are likewise interested in giving a precise account of the number of calculation steps
for establishing operational correspondence in encoding dynamic compensable processes into
adaptable processes. We claim that subjective updates are more e�cient than objective updates,
and this is to support it.

The following de�nition formalizes all possible forms of the process I(p)
t (JP Kλt,ρ, JQKλε ). Also,

due to the simplicity of writing for the process I(p)
t (JP Kλt,ρ, JQKλε ), we will use the abbreviation

I
(p)
t in all places where we do not violate the rationing of the content.

De�nition 5.2.4. Let P,Q be well-formed compensable processes. Given a name t, a
path ρ, and p ≥ 1, we de�ne the intermediate processes I

(p)
t (JP Kλt,ρ, JQKλε ) depending on

n = nl(pt,ρ, JP Kλt,ρ):

1. if n = 0 then p ∈ {1, . . . , 10} and

I
(1)
t = t

[
JP Kλt,ρ

]
| extrd〈〈t, pt,ρ, pρ〉〉 | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
≡ t
[
JP Kλt,ρ

]
| t〈〈(Y ).

(
t[Y ] | ch(t, Y ) | outds(pt,ρ, pρ, nl(pt,ρ, Y ),mt.kt.t〈〈†〉〉.ht)

)
〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(2)
t = t

[
JP Kλt,ρ

]
| mt.kt.t〈〈†〉〉.ht

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(3)
t = t

[
JP Kλt,ρ

]
| kt.t〈〈†〉〉.ht | pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
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| vt
[
ut〈〈(Z).(Z | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(4)
t = t

[
JP Kλt,ρ

]
| kt.t〈〈†〉〉.ht | pρ

[
ut〈〈(Z).(Z | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉 | ut[ft.gt.kt]

]
I

(5)
t = t

[
JP Kλt,ρ

]
| kt.t〈〈†〉〉.ht | pρ

[
ft.gt.kt | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt

]
I

(6)
t = t

[
JP Kλt,ρ

]
| kt.t〈〈†〉〉.ht | pρ

[
gt.kt | et[JQKλε ] | et〈〈(X).X〉〉.gt

]
I

(7)
t = t

[
JP Kλt,ρ

]
| kt.t〈〈†〉〉.ht | pρ

[
gt.kt | JQKλε | gt

]
I

(8)
t = t

[
JP Kλt,ρ

]
| kt.t〈〈†〉〉.ht | pρ

[
kt | JQKλε

]
I

(9)
t = t

[
JP Kλt,ρ

]
| t〈〈†〉〉.ht | pρ

[
JQKλε

]
I

(10)
t = ht | pρ

[
JQKλε

]

2. otherwise, if n > 0 then JP Kλt,ρ =
n∏
k=1

pt,ρ[JP ′kK
λ
ε ] | S and p ∈ {1, . . . , n+ 10}, 0 ≤ j ≤ n− 1

and

I
(1)
t = t

[
JP Kλt,ρ

]
| extrd〈〈t, pt,ρ, pρ〉〉 | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(j+2)
t = t

[
JP Kλt,ρ

]
| pt,ρ〈〈(X1, . . . , Xn−j).

( n−j∏
k=1

pρ[Xk] |
j∏

k=1

pρ[JP ′kK
λ
ε ] | mt.kt.t〈〈†〉〉.ht

)
〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(n+2)
t = t

[
JP ′Kλt,ρ

]
|

n∏
k=1

pρ[JP ′kK
λ
ε ] | mt.kt.t〈〈†〉〉.ht | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(n+3)
t = t

[
JP ′Kλt,ρ

]
|

n∏
k=1

pρ[JP ′kK
λ
ε ] | kt.t〈〈†〉〉.ht | pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(n+4)
t = t

[
JP ′Kλt,ρ

]
|

n∏
k=1

pρ[JP ′kK
λ
ε ] | kt.t〈〈†〉〉.ht

| pρ
[
ut〈〈(Z).(Z | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉 | ut[ft.gt.kt]

]
I

(n+5)
t = t

[
JP Kλt,ρ

]
|

n∏
k=1

pρ[JP ′kK
λ
ε ] | kt.t〈〈†〉〉.ht | pρ

[
ft.gt.kt | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt

]
I

(n+6)
t = t

[
JP Kλt,ρ

]
|

n∏
k=1

pρ[JP ′kK
λ
ε ] | kt.t〈〈†〉〉.ht | pρ

[
gt.kt | et[JQKλε ] | et〈〈(X).X〉〉.gt

]
I

(n+7)
t = t

[
JP Kλt,ρ

]
|

n∏
k=1

pρ[JP ′kK
λ
ε ] | kt.t〈〈†〉〉.ht | pρ

[
gt.kt | JQKλε | gt

]
I

(n+8)
t = t

[
JP Kλt,ρ

]
|

n∏
k=1

pρ[JP ′kK
λ
ε ] | kt.t〈〈†〉〉.ht | pρ

[
kt | JQKλε

]
I

(n+9)
t = t

[
JP Kλt,ρ

]
|

n∏
k=1

pρ[JP ′kK
λ
ε ] | t〈〈†〉〉.ht | pρ

[
JQKλε

]
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I
(n+10)
t =

n∏
k=1

pρ[JP ′kK
λ
ε ] | ht | pρ

[
JQKλε

]
.

The following lemma formalizes all possible forms for the process
O

(q)
u (JF Kλρ′′ [hu.JPuK

λ
ρ′′′ ], JQ

′
uKλε ) for n ≥ 0 and q ∈ {1, . . . , n + 11}. Due to the simplicity

of writing for the process O(q)
u (JF Kλρ′′ [hu.JPuK

λ
ρ′′′ ], JQ

′
uKλε ), we will use the abbreviation Q

(q)
u in

all places where we do not violate the rationing of the content.

De�nition 5.2.5. Let P,Q be well-formed compensable processes. Given a name u, paths
ρ, ρ′, and q ≥ 1, we de�ne the intermediate processes O(q)

u (JF Kλρ [hu.JP Kλρ′ ], JQKλε ) depending on
n = nl(pu,ρ, JF Kλρ [hu.JP Kλρ′ ]):

1. for n = 0 we have q ∈ {1, . . . , 11}, and

O(1)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| u〈〈(Y ).

(
u[Y ] | ch(u, Y )

| outds(pu,ρ′ , pρ′ , nl(pu,ρ′ , Y ),mu.ku.u〈〈†〉〉.hu)
)
〉〉

| mu.pρ′
[
vu〈〈(X).(X | uu[fu.gu.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[JQKλε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
O(2)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu | mu.ku.u〈〈†〉〉.hu | mu.pρ′

[
vu〈〈(X).(X | uu[fu.gu.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[JQKλε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
O(3)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu | ku.u〈〈†〉〉.hu | pρ′

[
vu〈〈(X).(X | uu[fu.gu.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[JQKλε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
O(4)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu | ku.u〈〈†〉〉.hu

| pρ′
[
uu〈〈(Z).(Z | eu[JQKλε ] | fu.eu〈〈(X).X〉〉.gu)〉〉 | uu[fu.gu.ku]

]
O(5)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu | ku.u〈〈†〉〉.hu | pρ′

[
fu.gu.ku | eu[JQKλε ] | fu.eu〈〈(X).X〉〉.gu

]
O(6)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu | ku.u〈〈†〉〉.hu | pρ′

[
gu.ku | eu[JQKλε ] | eu〈〈(X).X〉〉.gu

]
O(7)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu | ku.u〈〈†〉〉.hu | pρ′

[
gu.ku | JQKλε | gu

]
O(8)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu | ku.u〈〈†〉〉.hu | pρ′

[
ku | JQKλε

]
O(9)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu | u〈〈†〉〉.hu | pρ′

[
JQKλε

]
O(10)
u = hu | hu | pρ′

[
JQKλε

]
O(11)
u = pρ′

[
JQKλε

]
2. for n > 0 and JF Kλρ [hu.JP Kλρ′ ] =

n∏
k=1

pu,ρ[JP ′kK
λ
ε ] | S we have q ∈ {1, . . . , n + 11} and 0 ≤

j ≤ n− 1.

O(1)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| u〈〈(Y ).

(
u[Y ] | ch(u, Y )

| outds(pu,ρ′ , pρ′ , nl(pu,ρ′ , Y ),mu.ku.u〈〈†〉〉.hu)
)
〉〉

| mu.pρ′
[
vu〈〈(X).(X | uu[fu.gu.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[JQKλε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
O(j+2)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu
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| pu,ρ〈〈(X1, . . . , Xn−j).
( n−j∏
k=1

pρ[Xk] |
j∏

k=1

pρ[JP ′kK
λ
ε ] | mu.ku.u〈〈†〉〉.hu

)
〉〉

| mu.pρ′
[
vu〈〈(X).(X | uu[fu.gu.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[JQKλε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
O(n+2)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu |

n∏
k=1

pρ[JP ′kK
λ
ε ]

| mu.ku.u〈〈†〉〉.hu | mu.pρ′
[
vu〈〈(X).(X | uu[fu.gu.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[JQKλε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
O(n+3)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu |

n∏
k=1

pρ[JP ′kK
λ
ε ]

| ku.u〈〈†〉〉.hu | pρ′
[
vu〈〈(X).(X | uu[fu.gu.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[JQKλε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
O(n+4)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu |

n∏
k=1

pρ[JP ′kK
λ
ε ] | ku.u〈〈†〉〉.hu

| pρ′
[
uu〈〈(Z).(Z | eu[JQKλε ] | fu.eu〈〈(X).X〉〉.gu)〉〉 | uu[fu.gu.ku]

]
O(n+5)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu |

n∏
k=1

pρ[JP ′kK
λ
ε ]

| ku.u〈〈†〉〉.hu | pρ′
[
fu.gu.ku | eu[JQKλε ] | fu.eu〈〈(X).X〉〉.gu

]
O(n+6)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu |

n∏
k=1

pρ[JP ′kK
λ
ε ]

| ku.u〈〈†〉〉.hu | pρ′
[
gu.ku | eu[JQKλε ] | eu〈〈(X).X〉〉.gu

]
O(n+7)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu |

n∏
k=1

pρ[JP ′kK
λ
ε ] | ku.u〈〈†〉〉.hu | pρ′

[
gu.ku | JQKλε | gu

]
O(n+8)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu |

n∏
k=1

pρ[JP ′kK
λ
ε ] | ku.u〈〈†〉〉.hu | pρ′

[
ku | JQKλε

]
O(n+9)
u = u

[
JF Kλρ [hu.JP Kλρ′ ]

]
| hu |

n∏
k=1

pρ[JP ′kK
λ
ε ] | u〈〈†〉〉.hu | pρ′

[
JQKλε

]
O(n+10)
u =

n∏
k=1

pρ[JP ′kK
λ
ε ] | hu | hu | pρ′

[
JQKλε

]
O(n+11)
u =

n∏
k=1

pρ[JP ′kK
λ
ε ] | pρ′

[
JQKλε

]
.

The following de�nition formalizes all possible forms for the process
U

(r)
s (JHKλs [JP Kλs,ρ], JRKλε , JQKλε ). Due to the simplicity of writing for the process

U
(r)
s (JHKλs [JP Kλs,ρ], JRKλε , JQKλε ), we will use the abbreviation U

(r)
s in all places where we

do not violate the rationing of the content.

De�nition 5.2.6. Let P,Q,R be well-formed compensable processes. Given a name s, a path
ρ, and r ≥ 1, we de�ne the intermediate processes U (r)

s as in the following:

U (1)
s =s

[
JHKλs [JP Kλs,ρ]

]
| s.
(
extrd〈〈s, ps,ρ, pρ〉〉
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| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| vs
[
es〈〈(Y ).(gs.us〈〈(Z).(Z | es[JRKλε ]

| fs.es〈〈(X).X〉〉.gs)〉〉)〉〉.(fs.es[0]) | es[JQKλε ] | fs.es〈〈(X).X〉〉.gs
]

U (2)
s = s

[
JHKλs [JP Kλs,ρ]

]
| s.
(
extrd〈〈s, ps,ρ, pρ〉〉

| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| vs
[
gs.u〈〈(Z).(Z | es[JRKλε{JQKλε/Y }]

| fs.es〈〈(X).X〉〉.gs)〉〉 | fs.es[0] | fs.es〈〈(X).X〉〉.gs
]

U (3)
s = s

[
JHKλs [JP Kλs,ρ]

]
| s.
(
extrd〈〈s, ps,ρ, pρ〉〉

| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| vs
[
gs.u〈〈(Z).(Z | es[JRKλε{JQKλε/Y }]

| fs.es〈〈(X).X〉〉.gs)〉〉 | es[0] | es〈〈(X).X〉〉.gs
]

U (4)
s = s

[
JHKλs [JP Kλs,ρ]

]
| s.
(
extrd〈〈s, ps,ρ, pρ〉〉

| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| vs
[
gs.u〈〈(Z).(Z | es[JRKλε{JQKλε/Y }]

| fs.es〈〈(X).X〉〉.gs)〉〉 | gs
]

U (5)
s = s

[
JHKλs [JP Kλs,ρ]

]
| s.
(
extrd〈〈s, ps,ρ, pρ〉〉

| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| vs
[
u〈〈(Z).(Z | es[JRKλε{JQKλε/Y }]

| fs.es〈〈(X).X〉〉.gs)〉〉
]
.

Corollary 5.2.6. Let P be a well-formed compensable process and ρ a path.
If JP Kλρ ≡ C[P ′] | D[Q′] then either:

(i) there are C1[•], D1[•], P1, and Q1 such that

� C[•] = JC1[•]Kλρ
� D[•] = JD1[•]Kλρ
� P ′ = JP1Kλρ′ and Q

′ = JQ1Kλρ′′ , where ρ
′ and ρ′′ are paths to holes in C[•] and D[•],

respectively.

(ii) there are C1[•], P1, Q, t such that

Q′ ≡ t.
(
extrd〈〈t, pt,ρ, pρ〉〉 | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

])
| vt
[
ut〈〈(Z).(Z | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
P ′ ≡ut

[
et〈〈(Y ).(gt.ut〈〈(Z).(Z | et[JRKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉)〉〉.(ft.et[0])

]
| JP1Kλt,ρ,

and D[•] = [•], and C[•] = t[C1[•]].

Lemma 5.2.7. Suppose JP Kλρ −→ R. Then one of the following holds for P and R:

a) P ≡ E[C[a.P1] | D[a.P2]] and R ≡ JEKλρ
[
JCKλρ1 [JP1Kρ′ ] | JDKρ1 [JP2Kρ′′ ]

]
, or

b) P ≡ E
[
C[t.P1] | D[t[P2,Q]]

]
and R ≡ JEKλρ

[
JCKλρ1 [ht.JP1Kλρ′ ] | JDKλρ1 [I

(1)
t (JP2Kλt,ρ′′ , JQKλε )]

]
where

I
(1)
t (JP2Kλt,ρ′′ , JQKλε ) is given in De�nition 5.2.4. or

c) P ≡ E[u[C[u.P1],Q]] and R ≡ JEKλρ
[
O

(1)
u (JCKλu,ρ1 [hu.JP1Kλρ′ ], JQKε)

]
where

O
(1)
u (JCKλu,ρ1 [hu.JP1Kλρ′ ], JQKλε ) is given in De�nition 5.2.5.

d) P ≡ E[s[C[instbλY.Rc.P1],Q]] and R ≡ JEKλρ
[
U

(1)
s (JCKλρ1 [JP1Kλs,ρ′ ], JRKλε , JQKλε )

]
where

U
(1)
s (JCKλρ1 [JP1Kλs,ρ′ ], JRKλε , JQKλε ) is given in De�nition 5.2.6.
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for some contexts C[•], D[•], E[•] and processes P1, P2, Q,R. Also, paths ρ1 is path to holes in
contexts E[•] and N [•], ρ′ is path to holes in contexts C[•] and H[•] and ρ′′ is path for D[•].

Proof. The proof is by induction on the reduction JP Kρ −→ R. There are three base cases,
which can be obtained by applying Rule (R-In-Out)) with x = a or x = t, and this follows
the same idea presented in the proof of Lemma 3.2.12. There are one base cases, which can be
obtained by Rule (R-Sub-Upd) and the proof is in the following. We consider

JP Kρ = E′[C ′[P ′1] | D′[s.P ′2 | P ′3]] −→ E′[C ′[P ′′1 ] | D′[s.P ′2 | P ′′3 ]] = R

and D′[•] = [•] and C ′[•] = s[C ′′[•]]
The proof use Lemma 3.2.10, Corollary 5.2.6 and De�nition 5.2.2.

JP Kρ = JEKλρ [JSKλρ1 ] (1)

= JEKλρ [s[JP ′′1 Kλs,ρ1 ] (2)

| s.
(
extrd〈〈s, ps,ρ, pρ〉〉 | ms.pρ

[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
(3)

| vs
[
us〈〈(Z).(Z | es[JQKλε ] | fs.es〈〈(X).X〉〉.gs)〉〉

]
(4)

= JEKλρ [s[JCKs,ρ1 [JP1Kλρ′ ]]

| s.
(
extrd〈〈s, ps,ρ, pρ〉〉 | ms.pρ

[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| vs
[
us〈〈(Z).(Z | es[JQKλε ] | fs.es〈〈(X).X〉〉.gs)〉〉

]
= JE[s[C[instbλY.Rc.P ′],Q]]Kρ.

where

(1) JSKρ1 = s[C ′′[P ′1]] | s.P ′2 | P ′3
(2) JP ′′1 Kλs,ρ1 = C ′′[P ′1], and

P ′1 =us

[
es〈〈(Y ).(gs.us〈〈(Z).(Z | es[JRKλε ] | fs.es〈〈(X).X〉〉.gs)〉〉)〉〉.(fs.es[0])

]
| JP ′Kλs,ρ

(3) P ′2 = extrd〈〈s, ps,ρ, pρ〉〉 | ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

]
(4) P ′3 = vs

[
us〈〈(Z).(Z | es[JQKλε ] | fs.es〈〈(X).X〉〉.gs)〉〉

]
where JC[•]Kλt,ρ1 = C ′′[•] and ρ1 and ρ′ are paths to holes in E[•] and C[•], respectively.

�

In the following, we analyze adaptable processes obtained from the translation of a transac-
tions that contains a failure signal in its body, which can be internal or external. For this we use
the Lemma 3.2.17 and Lemma 3.2.16, where we use J·Kλρ instead J·Kρ. In the following lemma we
will consider analysis of adaptable processes that can be obtained starting from the translation
of a transaction that contains compensation update.

Lemma 5.2.8. Let P1 be a well-formed compensable process such that

�

JP1Kλε ≡ JEKλε
[
JGKλρ

[
JNKλρ′

[
Js[H[instbλY.Rsc.Ps],Qs]Kλρ′′

]
|M1

]
|M2 |M3

]
|M4 and

� JP1Kλε −→n−1 R,

R ≡ JE1Kλε
[
JG1Kλρ

[
JN1Kλρ′

[
I

(p)
t (JP ′tKt,ρ′′ , JQ

′
tKε)
]
|M ′1

]
|M ′2 |M ′3

]
|M ′4,

where I(p)
t (JPtKt,ρ′′ , JQtKε) in R is as in De�nition 5.2.4. If R −→ R′ then either
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I)

R′ ≡ JE1Kλε
[
JG1Kλρ

[
JN1Kλρ′

[
U (r+1)
s (JH1Kλρ′′ [JPsK

λ
t,ρ′′′ ], JR

′
sK
λ
ε , JQ

′
sK
λ
ε )
]
|M ′1

]
|M ′2 |M ′3

]
|M ′4,

or
II)

R′ ≡ JE2Kλε
[
JG2Kλρ

[
JN2Kλρ′

[
U (r)
s (JH2Kλρ′′ [JPsK

λ
t,ρ′′′ ], JR

′′
sK
λ
ε , JQ

′′
sK
λ
ε )
]
|M ′′1

]
|M ′′2 |M ′′3

]
|M ′′4 .

where

� n > 1;

� ρ is the path to holes in JE[•]Kλε and JEk[•]Kλε and k ∈ {1, 2};

� ρ′ is the path to holes in JG[•]Kλρ , and JGk[•]Kλρ and k ∈ {1, 2};

� ρ′′ is the path to the hole in JN [•]Kλρ′ and JNk[•]Kλρ′ and k ∈ {1, 2};

� ρ′′′ is the path to hole in JH[•]Kλρ′ and JHk[•]Kλρ′ and k ∈ {1, 2}.

Proof. The proof follows the same idea that is presented for the proof of Lemma 3.2.16. �

The following lemma is crucial for the proof of soundness. We use abbreviation as presented
in Remark 3.2.18 and additionally we use

U (r)
sφ,k,w

= U (r)
sφ,k,w

(JHφ,k,wKλρ′′ [JPsφ,k,wKλρ′′′ ], JR
′
sφ,k,w

Kλε , JQ
′
sφ,k,w

Kλε )

Lemma 5.2.9. Let I(p)
ti,k,w

, O(q)
uc,k,w and U (r)

sφ,k,w be processes from De�nition 5.2.4, De�nition 5.2.5
and De�nition 5.2.6 respectively. If JP Kλε −→n R, with n ≥ 1, then

1)

R ≡
z∏

w=1

JEwKε
[ sw∏
k=1

JGk,wKρw
[ lk∏
i=1

JCi,k,wKρ′k,w
[
I

(p)
ti,k,w

]
|

rk∏
j=1

JDj,k,wKρ′k,w
[
htj,k,w .JStj,k,wKρ′′k,w

]
|

ok∏
φ=1

JNφ,k,wKρ′k,w
[
U (r)
sφ,k,w

]
|
mk∏
c=1

JLc,k,wKρ′k,w
[
O(q)
uc,k,w

]]]
(5.14)

and P −→∗ P ′, where P ′ is of the following form:

2)

P ′ ≡
z∏

w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
ti,k,w[Pti,k,w ,Qti,k,w ]

]
|

rk∏
j=1

Dj,k,w

[
tj,k,w.Stj,k,w

]
|

ok∏
φ=1

Nφ,k,w

[
sφ,k,w[Hφ,k,w[instbλYφ,k,w.Rφ,k,wc.Pφ,k,w],Qφ,k,w]

]
|
mk∏
c=1

Lc,k,w
[
uc,k,w[Fc,k,w[uc,k,w.Puc,k,w ],Quc,k,w ]

]]
,

(5.15)

for some Ew[•], Gk,w[•], Ci,k,w[•], Dj,k,w[•], Nφ,k,w[•], Hφ,k,w[•] and Lc,k,w[•] where w ∈
{1, . . . , z}, k ∈ {1, . . . , sw}, i ∈ {1, . . . , lk}, j ∈ {1, . . . , rk}, φ ∈ {1, . . . ok} and c ∈ {1, . . . ,mk}.
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Proof. The proof proceeds by induction on n and follows the same idea as presented in the proof
of Lemma 3.2.19. �

Lemma 5.2.10. Let processes I
(p)
t (JP ′tKλt,ρ′′ , JQ

′
tKλε ), O

(q)
u (JF Kλρ′′ [hu.JPuK

λ
ρ′′′ ], JQ

′
uKλε ) and

U
(r)
s (JHKλρ′ [JPsK

λ
s,ρ′′ ], JRsK

λ
ε , JQsKλε ) be de�ned as in De�nition 5.2.4, De�nition 5.2.5 and Def-

inition 5.2.6, respectively. For any contexts C[•], D[•], H[•], N [•] and L[•] the following holds:

C
[
I

(p)
t (JP ′tK

λ
t,ρ′′ , JQ

′
tK
λ
ε )
]
| D
[
ht.JStKλρ

]
−→∗ C

[
JextrD(P ′t)K

λ
ρ′ | J〈Q′t〉Kλρ′

]
| D
[
JStKλρ

]
, (5.16)

N
[
U (r)
s (JHKλρ′ [JPsK

λ
s,ρ′′ ], JRsK

λ
ε , JQsK

λ
ε )
]
−→∗ N [Js[H[Ps],Rs{Qs/Ys}]Kλρ′ ] (5.17)

L
[
O(q)
u (JF Kρ′′ [hu.JPuKρ′′′ ], JQ′uKε)

]
−→∗ L

[
JextrD(F1[Pu])Kρ′ | J〈Q′u〉Kρ′

]
(5.18)

Proof. The proof proceeds directly by application of the reduction rules from Figure 2.5. �

For the proof of operational correspondence we need the following statement:

Lemma 5.2.11. If P and Q are well-formed compensable processes such that P ≡ Q then
JP Kλρ ≡ JQKλρ .

Proof. The proof is by induction on the derivation P ≡ Q, and perform the case analysis on the
last rule applied. In all cases the proof follows directly. �

Operational correspondence for the translation of dynamic compensable processes with dis-
carding semantics into adaptable processes with subjective update is given in the following
theorem:

Theorem 5.2.12 (Operational Correspondence for J·Kλρ). Let P be a well-formed process in CλD .
We have:

1. If P τ−−→ P ′ then JP Kλε −→k JP ′Kλε where either

a) P ≡ E[C[a.P1] | D[a.P2]] and and P ′ ≡ E[C[P1] | D[P2]] it follows k = 1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrD(P1) | 〈Q〉] | D[P2]] it follows k = 11 +
pbD(P1) or

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrD(F [P1]) | 〈Q〉] it follows k = 11 + pbD(F [P1]),

d) P ≡ C[s[H[instbλY.Rc.P1],Q]] and P ′ ≡ C[s[H[P1],R{Q/Y }]] it follows k = 5,

for some contexts C[•], D[•], E[•], F [•], H[•], processes P1, Q, P2, R, and name t, u, s.

2. If JP Kλε −→n R with n > 0 then there is P ′ such that P −→∗ P ′ and R −→∗ JP ′Kλε .

Proof. Case (1) concerns completeness and Case (2) describes soundness. Case (1)(a) concerns
usual synchronizations, which are translated by J·Kλρ . Cases (1)-(b) and (c) concern synchroniza-
tions due to compensation signals. The fault signal can be external or internal to the transac-
tion, which implies that the analysis has two cases. Case (1)-(d) concerns synchronization due
to dynamic update of compensation in transaction. In all cases, the number of reduction steps
required to mimic the source transition depends on the number of protected blocks of the trans-
action being canceled. In the following, we consider the proof of completeness and soundness
separately.

(1) Part (1) � Completeness: The proof proceeds by induction on the derivation of P −→ P ′.
We consider three base cases, corresponding to cases a), b) and c) of Proposition 2.2.3
(Page 18). In all cases, we use Lemma 5.2.11, De�nition 5.2.2 and Lemma 3.2.9 (Page 47).
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a) This case concerns an input-output synchronization on a name a ∈ Ns. Therefore, we ob-
serve that P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]], and we have a derivation
that is as Part (1) � Completeness for discarding semantics and static recovery processes,
in case a) (cf. page 64, (3.30)). Here we use De�nition 5.2.2 instead De�nition 3.2.3.

b) This case concerns a synchronization due to an external error noti�cation for a trans-
action scope. We consider P ≡ E[C[t[P1,Q]] | D[t.P2]], with n = pbD(P1), and
P ′ ≡ E[C[extrD(P1) | 〈Q〉] | D[P2]]. We have the following derivation where we use De�-
nition 5.2.4 for process I(p)

t (JP Kλt,ρ, JQKλε ), p ∈ {1, . . . , n+ 10}:

JP Kλε ≡ JE[C[t[P1,Q]] | D[t.P2]]Kλε

= JEKλε
[
JC[t[P1,Q]]Kλρ | JD[t.P2]Kλρ

]
= JEKλε

[
JCKλρ

[
Jt[P1,Q]Kλρ′

]
| JDKλρ [Jt.P2Kλρ′′ ]

]
= JEKλε

[
JCKλρ

[
t
[
JP1Kλt,ρ′

]
| t.
(
extrd〈〈t, pt,ρ′ , pρ′〉〉

| mt.pρ′
[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

])
| vt
[
ut〈〈(Z).(Z | et[JQKλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
| JDKλρ [t.ht.JP2Kλρ′′ ]

]
−→ JEKλε

[
JCKλρ

[
I

(1)
t (JP1Kλt,ρ′ , JQKλε )

]
| JDKλρ [ht.JP2Kλρ′′ ]

]
−→n+9 JEKλε

[
JCKλρ

[
I

(n+10)
t (JP1Kλt,ρ′ , JQKλε )

]
| JDKλρ [ht.JP2Kλρ′′ ]

]
−→ JEKλε

[
JCKλρ

[
JextrD(P1) | 〈Q〉Kλρ′

]
| JDKλρ

[
JP2Kλρ′′

]]
= JEKλε

[
JC[extrD(P1) | 〈Q〉]Kλρ | JD[P2]Kλρ

]
= JE[C[extrD(P1) | 〈Q〉] | D[P2]]Kλε
≡ JP ′Kλε

Therefore, k = 11 + n.

c) This case concerns a synchronization due to an internal error noti�cation (i.e., the error
comes from the default activity of transaction). Here we have P ≡ C[u[F [u.P1],Q]], with
n = pbD(F [P1]), and P ′ ≡ C[extrD(F [P1]) | 〈Q〉]. Then we have the following derivation:

JP Kλε ≡ JC
[
u[D[u.P1],Q]

]
Kλε

= JCKλε
[
Ju[F [u.P1],Q]Kλρ

]
= JCKλε

[
u
[
JF [u.P1]Kλu,ρ

]
| u.

(
extrd〈〈u, pu,ρ, pρ〉〉 | pρ[JQKλε ]

)
]
]]

= JCKλε
[
u
[
JF Kλu,ρ[u.hu.JP1Kλρ′ ]

]
| u.(extrd〈〈u, pu,ρ, pρ〉〉 | pρ[JQKλε ])

]
−→ JCKλε

[
O

(1)
u (JF Kλu,ρ[hu.JP1Kλρ′ ], JQKλε )

]
−→n+9 JCKλε

[
O

(n+10)
u (JF Kλu,ρ[hu.JP1Kλρ′ ], JQKλε )

]
−→ JCKλε

[
O

(n+11)
u (JF Kλu,ρ[hu.JP1Kλρ′ ], JQKλε )

]
≡ JCKλε

[
JextrD(F [P1])Kλρ | pρ[JQKλε ]

]
= JC

[
extrD(F [P1]) | 〈Q〉

]
Kλε

≡ JP ′Kλε

Process O(q)
u (JF Kλu,ρ[hu.JP1Kλρ′ ], JQKλε ), where q ∈ {1, . . . , n+ 11}, is as in De�nition 5.2.5.

In this case, the role of function ch(u, ·) is central. Therefore, k = 11 + n.
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d) We have that P ≡ C[s[H[instbλY.Rc.P1],Q]] and P ′ ≡ C[s[H[P1],R{Q/Y }]].We will use
De�nition 5.2.6 for process U (r)

s (JHKλs,ρ[JP1Kλs,ρ′ ], LQMλε ) where r ∈ {1, . . . , 5} and have
the following:

JP Kλε = JC[s[H[instbλY.Rc.P1],Q]]Kλε

= JCKλε
[
s
[
JHKλs,ρ[JinstbλY.Rc.P1Kλs,ρ′ ]

]
| s.
(
extrd〈〈s, ps,ρ′ , pρ′〉〉 | ms.pρ′

[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])]
| vs
[
us〈〈(Z).(Z | es[JQKλε ] | fs.es〈〈(X).X〉〉.gs)〉〉

]
= JCKλε

[
s
[
JHKλs,ρ[us

[
es〈〈(Y ).(gs.us〈〈(Z).(Z | es[JRKλε ]

| fs.es〈〈(X).X〉〉.gs)〉〉)〉〉.(fs.es[0])
]
| JP1Kλs,ρ]

]
| s.
(
extrd〈〈s, ps,ρ′ , pρ′〉〉

| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| vs
[
us〈〈(Z).(Z | es[JQKλε ] | fs.es〈〈(X).X〉〉.gs)〉〉

]]
−→ JCKλε

[
U (1)
s (JHKλs,ρ[JP1Kλs,ρ′ ], JQKλε )

]
−→4 JCKλε

[
U (5)
s (JHKλs,ρ[JP1Kλs,ρ′ ], JQKλε )

≡ JC[s[H[P1],R{Q/Y }]]Kλε

Therefore, k = 5. Let us analyze these reduction steps:

i) In JinstbλY.Rc.P1Kλs,ρ we �nd process JRKλε on location us, which is composed in
parallel with process JP Kλs,ρ. This location may synchronize with the update pre�x
on name us that is implemented in Js[P ,Q]Kλρ : such a step would move JRKλε from
location s to location vs, leaving JP Kλs,ρ in s.

ii) In the translation of s[P ,Q], process JQKλε resides in location es. This location
may synchronize with the update pre�x implemented in JinstbλY.Rc.P1Kλs,ρ, which
contains JRKλε : such a step allows us to obtain JRKλρ{JQKλρ/Y } (cf. Lemma 5.2.5).

iii) The translations use synchronizations on fs, es, and gs to preserve operational cor-
respondence.

(2) Part (2) � Soundness: Given JP Kλε −→n R, by Lemma 5.2.9, process R has the following
form:

R ≡
z∏

w=1

JEwKλε
[ sw∏
k=1

JGk,wKλρw
[ lk∏
i=1

JCi,k,wKλρ′k,w
[
I

(p)
ti,k,w

]
|

rk∏
j=1

JDj,k,wKλρ′k,w
[
htj,k,w .JStj,k,wKλρ′′k,w

]
|

ok∏
φ=1

JNφ,k,wKλρ′k,w
[
U (r)
sφ,k,w

]
|
mk∏
c=1

JLc,k,wKλρ′k,w
[
O(q)
uc,k,w

]]]
Also by Lemma 5.2.9, we have P −→∗ P ′′ where

P ′′ ≡
z∏

w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
ti,k,w[Pti,k,w ,Qti,k,w ]

]
|

rk∏
j=1

Dj,k,w

[
tj,k,w.Stj,k,w

]
|

ok∏
φ=1

Nφ,k,w

[
sφ,k,w[Hφ,k,w[instbλYφ,k,w.Rφ,k,wc.Pφ,k,w],Qφ,k,w]

]
|
mk∏
c=1

Lc,k,w
[
uc,k,w[Fc,k,w[uc,k,w.Puc,k,w ],Quc,k,w ]

]]
,
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where by successive application of completeness it follows that JP Kλε −→∗ JP ′′Kλε .

By Lemma 5.2.10, i.e., by lk successive applications of (5.16), ok successive applications of
(5.17) and mk successive applications of (5.18) on process R, it follows that:

R −→∗
z∏

w=1

JEwKλε
[ sw∏
k=1

JGk,wKλρw
[ lk∏
i=1

JCi,k,wKλρ′k,w
[
JextrD(P ′ti,k,w)Kλρ′′k,w | J〈Q′ti,k,w〉Kρ′′k,w

]
|

rk∏
j=1

JDj,k,wKλρ′k,w
[
JStj,k,wKλρ′′k,w

]
|

ok∏
φ=1

JNφ,k,wKλρ′k,w
[
Jsφ,k,w[Hφ,k,w[Psφ,k,w ],Rsφ,k,w{

Q′
sφ,k,w/Y }]Kλρ′′k,w

]
|
mk∏
c=1

JLc,k,wKλρ′k,w
[
JextrD(Fc,k,w[Puc,k,w ])Kλρ′′k,w | J〈Q′uc,k,w〉K

λ
ρ′′k,w

]]]
≡ J

z∏
w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
extrD(P

′
ti,k,w

) | 〈Q′ti,k,w〉
]
|

rk∏
j=1

Dj,k,w

[
Stj,k,w

]
|

ok∏
φ=1

Nφ,k,w

[
sφ,k,w[Hφ,k,w[Psφ,k,w ],Rsφ,k,w{

Q′
sφ,k,w/Y }]

]
|
mk∏
c=1

Lc,k,w
[
extrD(Fc,k,w[Puc,k,w ]) | 〈Q′uc,k,w〉

]]]
Kλε

≡ JP ′Kλε

Therefore, it follows that

P ′ ≡
z∏

w=1

Ew

[ sw∏
k=1

Gk,w
[ lk∏
i=1

Ci,k,w
[
extrD(P

′
ti,k,w

) | 〈Q′ti,k,w〉
]
|

rk∏
j=1

Dj,k,w

[
Stj,k,w

]
|

ok∏
φ=1

Nφ,k,w

[
sφ,k,w[Hφ,k,w[Psφ,k,w ],Rsφ,k,w{

Q′
sφ,k,w/Y }]

]
|
mk∏
c=1

Lc,k,w
[
extrD(Fc,k,w[Puc,k,w ]) | 〈Q′uc,k,w〉

]]]
.

Also, by Proposition 2.2.3 (i.e., by lk successive applications of case b) and andmk successive
applications of case c)) and by Proposition 5.1.2 (i.e., by ok applications of it) on process
P ′′, it follows that: P ′′ −→∗ P ′.
By successive application of (1) � Completeness on the derivation P ′′ −→∗ P ′ it follows
that JP ′′Kλε −→∗ JP ′Kλε .

�

5.3 Translating CλP into S

The translation CλP into S, denoted L·Mλρ . This translation relies on the main idea and principles
of encoding CP into S (cf. Section 3.3).

Remark 5.3.1 (Reserved names). We require sets of reserved names and need to revised De�-
nition 3.1.2 as in the following:
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(i) the set of reserved location names N r
l is unchanged and,

(ii) the set of reserved synchronization names is extended such that

N r
s = {hx,mx, kx, ux, vx, ex, gx, fx, jx | x ∈ Nt}.

Accordingly, the function that counts the number of protected blocks is as Figure 3.4, while
the function that counts the number of transactions represents the extension of the function in
Figure 3.13, as in the following:

De�nition 5.3.1 (Number of transactions). Let P = instbλY.Rc.P1 be a well-formed com-
pensable process. The number of transactions which occur in P , denoted tsP(P ), is equal to
tsP(P1).

Below we give a formal de�nition of the translation CλP into S. We instruct the reader that
this translation relies directly on the ideas that are presented in Section 3.3.1 and Section 3.3.2.

5.3.1 Translation Correctness

We need auxiliary processes extrP, that represent appropriate extensions of processes (3.37).
For extrP we will use process outps(t, P, l1, l′1, l2, l

′
2, n,m) which is de�ned similarly as L·Mρ (cf.

(3.36)). Therefore, the auxiliary process outps(t, P, l1, l′1, l2, l
′
2, n,m): (i) moves n processes from

location l1 to location l′1; (ii) moves m processes from location l2 to location l′2.
For the de�nition of outps(t, P, l1, l′1, l2, l

′
2, n,m) we introduce the following auxiliary pro-

cesses for n,m > 0:

outps1(t, l1, l
′
1, n) = l1〈〈(X1, . . . , Xn).

(
n∏
i=1

l′1[Xi] | mt.kt.t〈〈†〉〉.jt.rt

)
〉〉;

outps2(t, t1, . . . , tm, l2, l
′
2,m) = l2〈〈(Y1, . . . , Ym).(

rt.

(
m∏
k=1

(
l′2[E(Yk, t)] | jtk .l

′
2〈〈(X).X〉〉.rtk .htk

))
| mt.kt.t〈〈†〉〉.jt

)
〉〉;

outps3(t, t1, . . . , tm, l1, l
′
1, l2, l

′
2, n,m) = l1〈〈(X1, . . . , Xn).l2〈〈(Y1, . . . , Ym).(

n∏
i=1

l′1[Xi] | rt.
(

m∏
k=1

(
l′2[E(Yk, t)] | jtk .l

′
2〈〈(X).X〉〉.rtk .htk

))
| mt.kt.t〈〈†〉〉.jt

)
〉〉〉〉.

The auxiliary process outps(t, P, l1, l′1, l2, l
′
2, n,m), where top(l2, P ) = {t1, . . . , tm} (cf. De�-

nition 3.3.3) for m > 0, is now de�ned as follows:

outps(t, P, l1, l
′
1, l2, l

′
2, n,m) =



mt.kt.t〈〈†〉〉.jt.rt if n,m = 0

outps1(t, l1, l
′
1, n) if n > 0,m = 0

outps2(t, t1, . . . , tm, l2, l
′
2,m) if n = 0,m > 0

outps3(t, t1, . . . , tm, l1, l
′
1, l2, l

′
2, n,m) if n,m > 0

(5.19)

De�nition 5.3.2 (Update Pre�x for Extraction). Let t, l1, l′1, l2, and l′2 be names and P is
an adaptable process. We write extrp〈〈t, P, l1, l′1, l2, l′2〉〉 to stand for the following (subjective)
update pre�x:

extrp〈〈t, P, l1, l′1, l2, l′2〉〉 = t〈〈(Y ).t[Y ] | ch(t, Y )

| outps(t, P, l1, l′1, l2, l′2, nl(l1, Y ), nl(l2, Y ))〉〉
(5.20)
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L〈P 〉Mλρ = pρ
[
LP Mλε

]
Lt[P ,Q]Mλρ = βρ

[
t
[
LP Mλt,ρ

]
| t.
(
extrp〈〈t, LP Mλt,ρ, pt,ρ, pρ, βt,ρ, βρ〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

])
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

LinstbλY.Rc.P Mλt,ρ = ut

[
et〈〈(Y ).(gt.ut〈〈(Z).(Z | et[LRMλε ]

| ft.et〈〈(X).X〉〉.gt)〉〉)〉〉.(ft.et[0])
]
| LP Mλt,ρ

Lt.P Mλρ = t.ht.LP Mλρ

Figure 5.4: Translating CλP into S.

The intuition for the process extrp〈〈t, P, l1, l′1, l2, l′2〉〉 in preserving semantics with dynamic
recovery is the same as in static recovery (cf. De�nition 3.3.5). The only di�erence comparing
with static compensation is the third parameter. This parameter enables us to have a controlled
execution of adaptable processes due to achieve the operational correspondence. The explanation
of names mt and kt is the same as presented in the encoding discarding semantics with dynamic
update.
Based on the above modi�cations, the encoding of processes with dynamic compensations is
given with the following de�nition:

De�nition 5.3.3 (Translating CλP into S). Let ρ be a path. We de�ne the translation of
compensable processes with preserving semantics into (subjective) adaptable processes as a
tuple (L·Mλρ , ϕL·Mλρ ) where:

(a) The renaming policy ϕL·Mλρ : Nc → P(Na) is de�ned with

ϕL·Mλρ (x) =

{
{x} if x ∈ Ns
{x, hx,mx, kx, ux, vx, ex, gx, fx, jx, rx} ∪ {pρ, βρ : x ∈ ρ} if x ∈ Nt

(5.21)

(b) The translation L·Mλρ : CP → S is as in Figure 5.4 and as a homomorphism for other
operators.

5.3.1.1 Structural Criteria

In the following, we prove that translation CλP into S satis�es name invariance (cf. De�ni-
tion 2.3.5). Analysis of compositionality is left for future research work.

5.3.1.1.1 Name invariance

We now state name invariance, by relying on the renaming policy in De�nition 5.3.3 (a).

Theorem 5.3.2 (Name invariance for L·Mλρ). For every well-formed compensable process P and
valid substitution σ : Nc → Nc there is a σ′ : Na → Na such that:

(i) for every x ∈ Nc : ϕL·Mλ
σ(ρ)

(σ(x)) = {σ′(y) : y ∈ ϕL·Mλρ (x)}, and

(ii) Lσ(P )Mλσ(ρ) = σ′(LP Mλρ).

Proof. The proof follows the idea presented in the proof of Theorem 5.2.4. �
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5.3.1.2 Semantic Criteria

In this subsection we prove that translation CλP into S satis�es operational correspondence.
Analysis of divergence re�ection and success sensitiveness are left for future research work.

5.3.1.2.1 Operational Correspondence

We use Lemma 5.2.5 for the proof of operational correspondence. Also, as in previously
presented encodings, we are interested in giving a precise account of the number of computation
steps for achieving operational correspondence. We claim again that subjective updates are more
e�cient than objective updates. We will use De�nition 3.2.1 (1) and Remark 5.2.2 (eq. (5.6)),
since we need function nl(l, P ) to give us the number of locations l in process P .
The following de�nition formalizes all possible forms for the process I(p)

t (LP Mλt,ρ, LQMλε ). Due to

the simplicity of writing for the process I(p)
t (LP Mλt,ρ, LQMλε ), we will use the abbreviation I(p)

t in
all places where we do not violate the rationing of the content.

De�nition 5.3.4. Let P,Q be well-formed compensable processes. Given a name t, a
path ρ, and p ≥ 1, we de�ne the intermediate processes I

(p)
t (LP Mλt,ρ, LQMλε ) depending on

n = nl(pt,ρ, LP Mλt,ρ) and m = nl(βt,ρ, LP Mλt,ρ):

1. if n = 0 and m = 0 then p ∈ {1, . . . , 13};

I
(1)
t = βρ

[
t
[
LP Mλt,ρ

]
| extrp〈〈t, LP Mλt,ρ, pt,ρ, pρ, βt,ρ, βρ〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

≡ βρ

[
t
[
LP Mλt,ρ

]
| t〈〈(Y ).t[Y ] | ch(t, Y )

| outps(t, LP Mλt,ρ, pt,ρ, pρ, βt,ρ, βρ, nl(pt,ρ, Y ), nl(βt,ρ, Y ))〉〉
| mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(2)
t = βρ

[
t
[
LP Mλt,ρ

]
| mt.kt.t〈〈†〉〉.jt.rt | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(3)
t = βρ

[
t
[
LP Mλt,ρ

]
| kt.t〈〈†〉〉.jt.rt | pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(4)
t = βρ

[
t
[
LP Mλt,ρ

]
| kt.t〈〈†〉〉.jt.rt | pρ

[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

| ut[ft.gt.kt]
]]

| jt.βρ〈〈(X).X〉〉.rt.ht

I
(5)
t = βρ

[
t
[
LP Mλt,ρ

]
| kt.t〈〈†〉〉.jt.rt | pρ

[
ft.gt.kt | et[LQMλε ]

| ft.et〈〈(X).X〉〉.gt
]]

| jt.βρ〈〈(X).X〉〉.rt.ht

I
(6)
t = βρ

[
t
[
LP Mλt,ρ

]
| kt.t〈〈†〉〉.jt.rt | pρ

[
gt.kt | et[LQMλε ] | et〈〈(X).X〉〉.gt

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(7)
t = βρ

[
t
[
LP Mλt,ρ

]
| kt.t〈〈†〉〉.jt.rt | pρ

[
gt.kt | LQMλε | gt

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(8)
t = βρ

[
t
[
LP Mλt,ρ

]
| kt.t〈〈†〉〉.jt.rt | pρ

[
kt | LQMλε

]]
| jt.βρ〈〈(X).X〉〉.rt.ht
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I
(9)
t = βρ

[
t
[
LP Mλt,ρ

]
| t〈〈†〉〉.jt.rt | pρ

[
LQMλε

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(10)
t = βρ

[
jt.rt | pρ

[
LQMλε

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(11)
t = βρ

[
rt | pρ

[
LQMλε

]]
| βρ〈〈(X).X〉〉.rt.ht

I
(12)
t = rt | pρ

[
LQMλε

]
| rt.ht

I
(13)
t = pρ

[
LQMλε

]
| ht

2. if n > 0 and m = 0 then then LP Mt,ρ =
n∏
k=1

pt,ρ[LP ′kMε] | S and p ∈ {1, . . . , n + 13},

0 ≤ j ≤ n− 1 and:

I
(1)
t = βρ

[
t
[
LP Mλt,ρ

]
| extrp〈〈t, LP Mλt,ρ, pt,ρ, pρ, βt,ρ, βρ〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(2+j)
t = βρ

[
t
[
LP Mλt,ρ

]
| pt,ρ〈〈(X1, . . . , Xn−j).

n−j∏
i=1

pρ[Xi] |
j∏
i=1

pρ[LP ′i Mε]

| mt.kt.t〈〈†〉〉.jt.rt
)
〉〉 | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(2+n)
t = βρ

[
t
[
LP Mλt,ρ

]
|

n∏
i=1

pρ[LP ′i Mε] | mt.kt.t〈〈†〉〉.jt.rt

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(3+n)
t = βρ

[
t
[
LP Mλt,ρ

]
|

n∏
i=1

pρ[LP ′i Mε] | kt.t〈〈†〉〉.jt.rt | pρ
[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(n+4)
t = βρ

[
t
[
LP Mλt,ρ

]
|

n∏
i=1

pρ[LP ′i Mε] | kt.t〈〈†〉〉.jt.rt | pρ
[
ut〈〈(Z).(Z | et[LQMλε ]

| ft.et〈〈(X).X〉〉.gt)〉〉 | ut[ft.gt.kt]
]]

| jt.βρ〈〈(X).X〉〉.rt.ht

I
(n+5)
t = βρ

[
t
[
LP Mλt,ρ

]
|

n∏
i=1

pρ[LP ′i Mε] | kt.t〈〈†〉〉.jt.rt | pρ
[
ft.gt.kt |

et[LQMλε ] | ft.et〈〈(X).X〉〉.gt
]]

| jt.βρ〈〈(X).X〉〉.rt.ht

I
(n+6)
t = βρ

[
t
[
LP Mλt,ρ

] n∏
i=1

pρ[LP ′i Mε] | kt.t〈〈†〉〉.jt.rt | pρ
[
gt.kt | et[LQMλε ]

| et〈〈(X).X〉〉.gt
]]

| jt.βρ〈〈(X).X〉〉.rt.ht

I
(n+7)
t = βρ

[
t
[
LP Mλt,ρ

]
|

n∏
i=1

pρ[LP ′i Mε] | kt.t〈〈†〉〉.jt.rt | pρ
[
gt.kt | LQMλε | gt

]]
| jt.βρ〈〈(X).X〉〉.rt.ht
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I
(n+8)
t = βρ

[
t
[
LP Mλt,ρ

]
|

n∏
i=1

pρ[LP ′i Mε] | kt.t〈〈†〉〉.jt.rt | pρ
[
kt | LQMλε

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(n+9)
t = βρ

[
t
[
LP Mλt,ρ

]
|

m∏
i=1

pρ[LP ′i Mε] | t〈〈†〉〉.jt.rt | pρ
[
LQMλε

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(n+10)
t = βρ

[ n∏
i=1

pρ[LP ′i Mε] | jt.rt | pρ
[
LQMλε

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(n+11)
t = βρ

[ n∏
i=1

pρ[LP ′i Mε] | rt | pρ
[
LQMλε

]]
| βρ〈〈(X).X〉〉.rt.ht

I
(n+12)
t =

n∏
i=1

pρ[LP ′i Mε] | rt | pρ
[
LQMλε

]
| rt.ht

I
(n+13)
t =

n∏
i=1

pρ[LP ′i Mε]pρ
[
LQMλε

]
| ht

3. if n = 0 andm > 0 then LP Mt,ρ =
m∏
k=1

βt,ρ[LP ′kMε] | S and, p ∈ {1, . . . ,m+13}, 0 ≤ j ≤ m−1

and:

I
(1)
t = βρ

[
t
[
LP Mλt,ρ

]
| extrp〈〈t, LP Mλt,ρ, pt,ρ, pρ, βt,ρ, βρ〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(2+j)
t = βρ

[
t
[
LP Mλt,ρ

]
| βt,ρ〈〈(Y1, . . . , Ym−s).

(
rt.
(m−s∏
k=1

(
βρ[E(Yk, t)]

| jtk .βρ〈〈(X).X〉〉.rtk .htk
)
|

s∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| mt.kt.t〈〈†〉〉.jt

)
〉〉 | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(2+m)
t = βρ

[
t
[
LP Mλt,ρ

]
| rt.

( m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| mt.kt.t〈〈†〉〉.jt | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(3+m)
t = βρ

[
t
[
LP Mλt,ρ

]
| rt.

( m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| kt.t〈〈†〉〉.jt | pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(4+m)
t = βρ

[
t
[
LP Mλt,ρ

]
| rt.

( m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| kt.t〈〈†〉〉.jt | pρ

[
ut〈〈(Z).(Z | et[LQMλε ]

| ft.et〈〈(X).X〉〉.gt)〉〉 | ut[ft.gt.kt]
]]

| jt.βρ〈〈(X).X〉〉.rt.ht
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I
(5+m)
t = βρ

[
t
[
LP Mλt,ρ

]
| rt.

( m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| kt.t〈〈†〉〉.jt | pρ

[
ft.gt.kt | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(6+m)
t = βρ

[
t
[
LP Mλt,ρ

]
| rt.

( m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| kt.t〈〈†〉〉.jt | pρ

[
gt.kt | et[LQMλε ] | et〈〈(X).X〉〉.gt

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(7+m)
t = βρ

[
t
[
LP Mλt,ρ

]
| rt.

( m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| kt.t〈〈†〉〉.jt | pρ

[
gt.kt | LQMλε | gt

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(8+m)
t = βρ

[
t
[
LP Mλt,ρ

]
| rt.

( m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| kt.t〈〈†〉〉.jt | pρ

[
kt | LQMλε |

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(9+m)
t = βρ

[
t
[
LP Mλt,ρ

]
| rt.

( m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| t〈〈†〉〉.jt | pρ

[
LQMλε

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(10+m)
t = βρ

[
rt.
( m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| jt | pρ

[
LQMλε

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(11+m)
t = βρ

[
rt.
( m∏
k=1

βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk
)
| pρ
[
LQMλε

]]
| βρ〈〈(X).X〉〉.rt.ht

I
(12+m)
t = rt.

( m∏
k=1

βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk
)
| pρ
[
LQMλε

]
| rt.ht

I
(13+m)
t =

m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

)
| pρ
[
LQMλε

]
| ht;

4. otherwise, if n > 0 and m > 0 then LP Mt,ρ =
n∏
i=1

pt,ρ[LP ′i Mε] |
m∏
k=1

βt,ρ[LP ′kMε] | S and p ∈

{1, . . . , n+m+ 13}, 0 ≤ j ≤ n− 1, 0 ≤ s ≤ m− 1 and:

I
(1)
t = βρ

[
t
[
LP Mλt,ρ

]
| extrp〈〈t, LP Mλt,ρ, pt,ρ, pρ, βt,ρ, βρ〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(2+j+s)
t = βρ

[
t
[
LP Mλt,ρ

]
| pt,ρ〈〈(X1, . . . , Xn−j).βt,ρ〈〈(Y1, . . . , Ym−s).(m−j∏

i=1

pρ[Xi] |
j∏
i=1

pρ[LP ′i Mε] | rt.
( n−s∏
k=1

(
βρ[E(Yk, t)] | jtk .βρ〈〈(X).X〉〉.rtk .htk

)
|

s∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| mt.kt.t〈〈†〉〉.jt

)
〉〉〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
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| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(2+n+m)
t = βρ

[
t
[
LP Mλt,ρ

]
|

n∏
i=1

pρ[LP ′i Mε]

| rt.
( m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| mt.kt.t〈〈†〉〉.jt | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(3+m+n)
t = βρ

[
t
[
LP Mλt,ρ

]
|

m∏
i=1

pρ[LP ′i Mε]

| rt.
( n∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| kt.t〈〈†〉〉.jt | pρ

[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

]
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(4+n+m)
t = βρ

[
t
[
LP Mλt,ρ

]
|

n∏
i=1

pρ[LP ′i Mε]

| rt.
( m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| kt.t〈〈†〉〉.jt | pρ

[
ut〈〈(Z).(Z | et[LQMλε ] |

ft.et〈〈(X).X〉〉.gt)〉〉 | ut[ft.gt.kt]
]]

| jt.βρ〈〈(X).X〉〉.rt.ht

I
(5+n+m)
t = βρ

[
t
[
LP Mλt,ρ

]
|

n∏
i=1

pρ[LP ′i Mε]

| rt.
( m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| kt.t〈〈†〉〉.jt

| pρ
[
ft.gt.kt | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(6+n+m)
t = βρ

[
t
[
LP Mλt,ρ

]
|

m∏
i=1

pρ[LP ′i Mε]

| rt.
( n∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| kt.t〈〈†〉〉.jt

| pρ
[
gt.kt | et[LQMλε ] | et〈〈(X).X〉〉.gt

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(7+n+m)
t = βρ

[
t
[
LP Mλt,ρ

]
|

n∏
i=1

pρ[LP ′i Mε] | t
[
LP Mλt,ρ

]
| rt.

( m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
| kt.t〈〈†〉〉.jt | pρ

[
gt.kt | LQMλε | gt

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(8+n+m)
t = βρ

[
t
[
LP Mλt,ρ

]
|

n∏
i=1

pρ[LP ′i Mε] | rt.
( m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

))
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| kt.t〈〈†〉〉.jt | pρ
[
kt | LQMλε |

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(9+n+m)
t = βρ

[ n∏
i=1

pρ[LP ′i Mε] | t
[
LP Mλt,ρ

]
| rt.

( m∏
k=1

(
βρ[LP ′kMε]

| jtk .βρ〈〈(X).X〉〉.rtk .htk
))

| t〈〈†〉〉.jt | pρ
[
LQMλε

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(10+n+m)
t = βρ

[ n∏
i=1

pρ[LP ′i Mε] | rt.
( m∏
k=1

(
βρ[LP ′kMε]

| jtk .βρ〈〈(X).X〉〉.rtk .htk
))

| jt | pρ
[
LQMλε

]]
| jt.βρ〈〈(X).X〉〉.rt.ht

I
(11+n+m)
t = βρ

[ m∏
i=1

pρ[LP ′i Mε] | rt.
( n∏
k=1

βρ[LP ′kMε]

| jtk .βρ〈〈(X).X〉〉.rtk .htk
)
| pρ
[
LQMλε

]]
| βρ〈〈(X).X〉〉.rt.ht

I
(12+n+m)
t =

n∏
i=1

pρ[LP ′i Mε] | rt.
( m∏
k=1

βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk
)
| pρ
[
LQMλε

]
| rt.ht

I
(13+n+m)
t =

n∏
i=1

pρ[LP ′i Mε] |
m∏
k=1

(
βρ[LP ′kMε] | jtk .βρ〈〈(X).X〉〉.rtk .htk

)
| pρ
[
LQMλε

]
| ht

The following lemma formalizes all possible forms for the process
O

(q)
u (LF Mλρ′′ [hu.LPuM

λ
ρ′′′ ], LQ

′
uMλε ) for n,m ≥ 0 and q ∈ {1, . . . , n + m + 14}. Due to the

simplicity of writing for the process O(q)
u (LF Mλρ′′ [hu.LPuM

λ
ρ′′′ ], LQ

′
uMλε ), we will use the abbreviation

O
(q)
u in all places where we do not violate the rationing of the content.

De�nition 5.3.5. Let P,Q be well-formed compensable processes. Given a name u, paths
ρ, ρ′, and q ≥ 1, we de�ne the intermediate processes O(q)

u (LF Mρ[hu.LP Mρ′ ], LQMε) depending on
n = nl(pu,ρ, LF Mρ[hu.LP Mρ′ ]) and m = nl(βu,ρ, LF Mρ[hu.LP Mρ′ ]):

1. for n = 0 and m = 0 we have q ∈ {1, . . . , 14} and

O(1)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| extrp〈〈u, LF Mρ[hu.LP Mρ′ ], pu,ρ, pρ, βu,ρ, βρ〉〉

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gt.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

≡ βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| u〈〈(Y ).u[Y ] | ch(u, Y )

| outps(u, LF Mρ[hu.LP Mρ′ ], pu,ρ, pρ, βu,ρ, βρ, nl(pu,ρ, Y ), nl(βu,ρ, Y ))〉〉
| mu.pρ

[
vu〈〈(X).(X | uu[fu.gu.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(2)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu | mu.ku.u〈〈†〉〉.ju.ru

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gt.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(3)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu | ku.u〈〈†〉〉.ju.ru

| pρ
[
vu〈〈(X).(X | uu[fu.gt.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu
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O(4)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu | ku.u〈〈†〉〉.ju.ru

| pρ
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉 | uu[fu.gt.ku]

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(5)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu | ku.u〈〈†〉〉.ju.ru

| pρ
[
fu.gt.ku | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(6)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu | ku.u〈〈†〉〉.ju.ru

| pρ
[
gt.ku | eu[LQMλε ] | eu〈〈(X).X〉〉.gu

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(7)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu | ku.u〈〈†〉〉.ju.ru

| pρ
[
gt.ku | LQMλε | gu

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(8)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu | ku.u〈〈†〉〉.ju.ru | pρ

[
ku | LQMλε

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(9)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu | u〈〈†〉〉.ju.ru | pρ

[
LQMλε

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(10)
u = βρ

[
hu | ju.ru | pρ

[
LQMλε

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(11)
u = βρ

[
hu | ru | pρ

[
LQMλε

]]
| βρ〈〈(X).X〉〉.ru.hu

O(12)
u = hu | ru | pρ

[
LQMλε

]
| ru.hu

O(13)
u = hu | pρ

[
LQMλε

]
| hu

O(14)
u = pρ

[
LQMλε

]
.

2. for n > 0,m = 0 and LF Mρ[hu.LP Mρ′ ] =
n∏
k=1

pu,ρ[LP ′kMε] | S we have q ∈ {1, . . . , 14 + n} and

0 ≤ j ≤ n− 1 and

O(1)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| extrp〈〈u, pu,ρ, pρ, βu,ρ, βρ〉〉

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gt.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(2+j)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu

| pu,ρ〈〈(X1, . . . , Xn−j).

n−j∏
i=1

pρ[Xi] |
j∏
i=1

pρ[LP ′i Mε] | mu.ku.u〈〈†〉〉.ju.ru
)
〉〉

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gt.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(2+n)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

n∏
i=1

pρ[LP ′i Mε]

| mu.ku.u〈〈†〉〉.ju.ru | mu.pρ
[
vu〈〈(X).(X | uu[fu.gt.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(3+n)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

n∏
i=1

pρ[LP ′i Mε]

| ku.u〈〈†〉〉.ju.ru | pρ
[
vu〈〈(X).(X | uu[fu.gt.ku])〉〉

]
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| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(4+n)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

n∏
i=1

pρ[LP ′i Mε]

| ku.u〈〈†〉〉.ju.ru | pρ
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉 | uu[fu.gt.ku]

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(5+n)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

n∏
i=1

pρ[LP ′i Mε]

| ku.u〈〈†〉〉.ju.ru | pρ
[
fu.gt.ku | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(6+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

m∏
i=1

pρ[LP ′i Mε]

| ku.u〈〈†〉〉.ju.ru | pρ
[
gt.ku | eu[LQMλε ] | eu〈〈(X).X〉〉.gu

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(7+n)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

n∏
i=1

pρ[LP ′i Mε]

| ku.u〈〈†〉〉.ju.ru | pρ
[
gt.ku | LQMλε | gu

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(8+n)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

n∏
i=1

pρ[LP ′i Mε]

| ku.u〈〈†〉〉.ju.ru | pρ
[
ku | LQMλε

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(9+n)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

n∏
i=1

pρ[LP ′i Mε]

| u〈〈†〉〉.ju.ru | pρ
[
LQMλε

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(10+n)
u = βρ

[
hu |

n∏
i=1

pρ[LP ′i Mε] | ju.ru | pρ
[
LQMλε

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(11+n)
u = βρ

[
hu |

n∏
i=1

pρ[LP ′i Mε] | ru | pρ
[
LQMλε

]]
| βρ〈〈(X).X〉〉.ru.hu

O(12+n)
u =

n∏
i=1

pρ[LP ′i Mε] | hu | ru | pρ
[
LQMλε

]
| ru.hu

O(13+n)
u =

n∏
i=1

pρ[LP ′i Mε] | hu | pρ
[
LQMλε

]
| hu

O(14+n)
u =

n∏
i=1

pρ[LP ′i Mε] | pρ
[
LQMλε

]
.

3. for n = 0,m > 0 and LF Mρ[hu.LP Mρ′ ] =
m∏
k=1

βu,ρ[LP ′kMε] | S we have q ∈ {1, . . . , 14 +m} and

0 ≤ j ≤ m− 1 and:

O(1)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| extrp〈〈u, LF Mρ[hu.LP Mρ′ ], pu,ρ, pρ, βu,ρ, βρ〉〉
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| mu.pρ
[
vu〈〈(X).(X | uu[fu.gt.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(2+j)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu

| βu,ρ〈〈(Y1, . . . , Ym−s).
(
ru.
(m−s∏
k=1

(
βρ[E(Yk, u)] | jtu .βρ〈〈(X).X〉〉.rtu .htu

)
|

s∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| mu.ku.u〈〈†〉〉.ju

)
〉〉

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gt.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(2+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu

| ru.
( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| mu.ku.u〈〈†〉〉.ju

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gt.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(3+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu

| ru.
( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| ku.u〈〈†〉〉.ju

| pρ
[
vu〈〈(X).(X | uu[fu.gt.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(4+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

ru.
( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| ku.u〈〈†〉〉.ju

| pρ
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉 | uu[fu.gt.ku]

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(5+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu

| ru.
( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| ku.u〈〈†〉〉.ju

| pρ
[
fu.gt.ku | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(6+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

ru.
( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| ku.u〈〈†〉〉.ju.ru

| pρ
[
gt.ku | eu[LQMλε ] | eu〈〈(X).X〉〉.gu

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(7+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu | ru.

( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
|
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ku.u〈〈†〉〉.ju | pρ
[
gt.ku | LQMλε | gu

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(8+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu | ru.

( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| ku.u〈〈†〉〉.ju | pρ

[
ku | LQMλε

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(9+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu | ru.

( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
|

u〈〈†〉〉.ju | pρ
[
LQMλε

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(10+m)
u = βρ

[
hu | ru.

( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| ju | pρ

[
LQMλε

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(11+m)
u = βρ

[
hu | ru.

( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| pρ
[
LQMλε

]]
| βρ〈〈(X).X〉〉.ru.hu

O(12+m)
u = ru.

( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| hu | pρ

[
LQMλε

]
| ru.hu

O(13+m)
u =

( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| hu | pρ

[
LQMλε

]
| hu

O(14+m)
u =

m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

)
| pρ
[
LQMλε

]
.

4. otherwise, for n,m > 0 and LF Mρ[hu.LP Mρ′ ] =
n∏
i=1

pu,ρ[LP ′kMε] |
m∏
k=1

βu,ρ[LP ′kMε] | S we have

q ∈ {1, . . . , 14 + n+m} and 0 ≤ j ≤ n− 1 and 0 ≤ k ≤ m− 1 and

O(1)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| extrp〈〈u, LF Mρ[hu.LP Mρ′ ], pu,ρ, pρ, βu,ρ, βρ〉〉

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gt.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(2+j)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu

| pu,ρ〈〈(X1, . . . , Xn−j).βu,ρ〈〈(Y1, . . . , Ym−s).( n−j∏
i=1

pρ[Xi] |
j∏
i=1

pρ[LP ′i Mε] | ru.
(m−s∏
k=1

(
βρ[E(Yk, u)] | juu .βρ〈〈(X).X〉〉.ruu .huu

)
|

s∏
k=1

(
βρ[LP ′kMε] | juu .βρ〈〈(X).X〉〉.ruk .huk

))
| mu.ku.u〈〈†〉〉.ju

)
〉〉〉〉

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gt.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(2+n+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu | |

n∏
i=1

pρ[LP ′i Mε]
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| ru.
( n∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| mu.ku.u〈〈†〉〉.ju

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gt.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(3+n+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

n∏
i=1

pρ[LP ′i Mε]

| ru.
( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| ku.u〈〈†〉〉.ju

| pρ
[
vu〈〈(X).(X | uu[fu.gt.ku])〉〉

]
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(4+n+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

n∏
i=1

pρ[LP ′i Mε] |

ru.
( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| ku.u〈〈†〉〉.ju

| pρ
[
uu〈〈(Z).(Z | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu)〉〉 | uu[fu.gt.ku]

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(5+n+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

n∏
i=1

pρ[LP ′i Mε]

| ru.
( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| ku.u〈〈†〉〉.ju

| pρ
[
fu.gt.ku | eu[LQMλε ] | ft.eu〈〈(X).X〉〉.gu

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(6+n+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

n∏
i=1

pρ[LP ′i Mε] |

ru.
( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| ku.u〈〈†〉〉.ju.ru

| pρ
[
gt.ku | eu[LQMλε ] | eu〈〈(X).X〉〉.gu

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(7+n+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

n∏
i=1

pρ[LP ′i Mε] |

ru.
( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| ku.u〈〈†〉〉.ju

| pρ
[
gt.ku | LQMλε | gu

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(8+n+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

n∏
i=1

pρ[LP ′i Mε]

| ru.
( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| ku.u〈〈†〉〉.ju

| pρ
[
ku | LQMλε

]]
| ju.βρ〈〈(X).X〉〉.ru.hu
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O(9+n+m)
u = βρ

[
u
[
LF Mρ[hu.LP Mρ′ ]

]
| hu |

n∏
i=1

pρ[LP ′i Mε] |

ru.
( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| u〈〈†〉〉.ju

| pρ
[
LQMλε

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(10+n+m)
u = βρ

[
hu |

n∏
i=1

pρ[LP ′i Mε] | ru.
( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
|

ju | pρ
[
LQMλε

]]
| ju.βρ〈〈(X).X〉〉.ru.hu

O(11+n+m)
u = βρ

[
hu |

n∏
i=1

pρ[LP ′i Mε] | ru.
( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| pρ
[
LQMλε

]]
| βρ〈〈(X).X〉〉.ru.hu

O(12+n+m)
u =

n∏
i=1

pρ[LP ′i Mε] | ru.
( m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

))
| hu | pρ

[
LQMλε

]
| ru.hu

O(13+n+m)
u =

n∏
i=1

pρ[LP ′i Mε] |
m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

)
| hu | pρ

[
LQMλε

]
| hu

O(14+n+m)
u =

n∏
i=1

pρ[LP ′i Mε] |
m∏
k=1

(
βρ[LP ′kMε] | juk .βρ〈〈(X).X〉〉.ruk .huk

)
| pρ
[
LQMλε

]
The following lemma formalizes all possible forms for the process

U
(r)
s (LHMλs [LP Mλs,ρ], LRMλε , LQMλε , ) for r ∈ {1, . . . , 5}. Due to the simplicity of writing for

the process U (r)
s (LHMλs [LP Mλs,ρ], LRMλε , LQMλε , ), we will use the abbreviation U

(r)
s in all places where

we do not violate the rationing of the content.

De�nition 5.3.6. Let P,Q,R be well-formed compensable processes. Given a name s, a path
ρ, and r ≥ 1, we de�ne the intermediate processes U (r)

s (LHMλs [LP Mλs,ρ], LRMλε , LQMλε , )

U (1)
s =βρ

[
s
[
LHMλs [LP Mλs,ρ]

]
| s.
(
extrp〈〈s, ps,ρ, pρ, βs,ρ, βρ〉〉

| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| vs
[
es〈〈(Y ).(gs.us〈〈(Z).(Z | es[LRMλε ]

| fs.es〈〈(X).X〉〉.gs)〉〉)〉〉.(fs.es[0]) | es[LQMλε ] | fs.es〈〈(X).X〉〉.gs
]]

| js.βρ〈〈(X).X〉〉.rs.hs

U (2)
s = βρ

[
s
[
LHMλs [LP Mλs,ρ]

]
| s.
(
extrp〈〈s, ps,ρ, pρ, βs,ρ, βρ〉〉

| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| vs
[
gs.u〈〈(Z).(Z | es[LRMλε{LQMλε/Y }]

| fs.es〈〈(X).X〉〉.gs)〉〉 | fs.es[0] | fs.es〈〈(X).X〉〉.gs
]]

| js.βρ〈〈(X).X〉〉.rs.hs

U (3)
s = βρ

[
s
[
LHMλs [LP Mλs,ρ]

]
| t.
(
extrp〈〈s, ps,ρ, pρ, βs,ρ, βρ〉〉

| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| vs
[
gs.u〈〈(Z).(Z | es[LRMλε{LQMλε/Y }]

| fs.es〈〈(X).X〉〉.gs)〉〉 | es[0] | es〈〈(X).X〉〉.gs
]]

| js.βρ〈〈(X).X〉〉.rs.hs
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U (4)
s = βρ

[
t
[
LHMλs [LP Mλs,ρ]

]
| s.
(
extrp〈〈s, ps,ρ, pρ, βs,ρ, βρ〉〉

| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| vs
[
gs.u〈〈(Z).(Z | es[LRMλε{LQMλε/Y }]

| fs.es〈〈(X).X〉〉.gs)〉〉 | gs
]]

| js.βρ〈〈(X).X〉〉.rs.hs

U (5)
s = βρ

[
s
[
LHMλs [LP Mλs,ρ]

]
| s.
(
extrp〈〈s, ps,ρ, pρ, βs,ρ, βρ〉〉

| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| vs
[
u〈〈(Z).(Z | es[LRMλε{LQMλε/Y }]

| fs.es〈〈(X).X〉〉.gs)〉〉
]]

| js.βρ〈〈(X).X〉〉.rs.hs.

Operational correspondence for the translation of dynamic compensable processes into adapt-
able processes with subjective update, is given in the following theorem:

Theorem 5.3.3 (Operational Correspondence for L·Mλρ). Let P be a well-formed process in CλP .

(1) If P −→ P ′ then LP Mλε −→k LP ′Mλε where for

a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] it follows k = 1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and and P ′ ≡ E[C[extrP(P1) | 〈Q〉] | D[P2]] it follows k =
14 + pbP(P1) + tsP(P1),

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrP(F [P1]) | 〈Q〉] it follows k = 14 + pbP(F [P1]) +
tsP(F [P1]),

d) P ≡ C[s[H[instbλY.Rc.P1],Q]] and P ′ ≡ C[s[H[P1],R{Q/Y }]] it follows k = 5,

for some contexts C[•], D[•], E[•], F [•], H[•], processes P1, Q, P2, R, and name t, u, s.

(2) If LP Mλε −→n R with n > 0 then there is P ′ such that P −→∗ P ′ and R −→∗ LP ′Mλε .

Proof. Case (1) concerns completeness and Case (2) describes soundness. Therefore, in the
following we consider completeness and soundness (Parts (1) and (2)) separately.

(1) Part (1) � Completeness: The proof proceeds by induction on the derivation of P −→ P ′.
We consider three base cases, corresponding to cases a), b) and c) of Proposition 2.2.3
(Page 18). In all cases, we use De�nition 5.2.2 and Lemma 3.2.9 (Page 47).

a) This case concerns an input-output synchronization on a name a ∈ Ns. Therefore,
we observe that P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]], and we have a
derivation that is as Part (1) � Completeness for preserving semantics and static recovery
processes, in case a). Here we use De�nition 5.3.3 instead De�nition 3.3.6.

b) This case concerns a synchronization due to an external error noti�cation for a transaction
scope. We consider P ≡ E[C[t[P1,Q]] | D[t.P2]], with n = pbP(P1) and m = tsP(P1),
and P ′ ≡ E[C[extrP(P1) | 〈Q〉] | D[P2]]. We have the following derivation where we use
De�nition 5.3.4 for process I(p)

t (JP Kλt,ρ, JQKλε ), p ∈ {1, . . . , 14 + n+m}:

LP Mλε ≡LE[C[t[P1,Q]] | D[t.P2]]Mλε

= LEMλε
[
LC[t[P1,Q]]Mλρ | LD[t.P2]Mλρ

]
= LEMλε

[
LCMλρ [Lt[P1,Q]Mλρ′ ] | LDMλρ [Lt.P2Mλρ′′ ]

]
= LEMλε

[
LCMλρ

[
βρ′
[
t
[
LP1Mλt,ρ′

]
| t.
(
extrp〈〈t, pt,ρ′ , pρ′ , βt,ρ′ , βρ′〉〉

| mt.pρ′
[
vt〈〈(X).(X | ut[ft.gt.kt])〉〉

])
| vt
[
ut〈〈(Z).(Z | et[LQMλε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
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| jt.βρ〈〈(X).X〉〉.rt.ht
]
| LDMλρ [t.ht.LP2Mλρ′′ ]

]
−→ LEMλε

[
LCMλρ

[
I

(1)
t (LP1Mλt,ρ′ , LQMλε )

]
| LDMλρ [ht.LP2Mλρ′′ ]

]
−→m+n+12 LEMλε

[
LCMλρ

[[
I

(m+n+13)
t (LP1Mλt,ρ′ , LQMλε )

]
| LDMλρ

[
ht.LP2Mλρ′′

]]
−→ LEMλε

[
LCMλρ

[
LextrP(P1) | 〈Q〉Mλρ′

]
| LDMλρ

[
LP2Mλρ′′

]]
= LEMλε

[
LC[extrP(P1) | 〈Q〉]Mλρ | LD[P2]Mλρ

]
= LE[C[extrP(P1) | 〈Q〉] | D[P2]]Mλε
≡ LP ′Mλε

Therefore, k = 14 + n+m.

c) This case concerns a synchronization due to an internal error noti�cation. Here we
have P ≡ C[u[F [u.P1],Q]], with n = pbP(F [P1]), m = tsP(F [P1]) and and P ′ ≡
C[extrP(F [P1]) | 〈Q〉]. We have the following derivation where we use De�nition 5.3.5
for process O(q)

u (LF Mλρ′′ [hu.LPuM
λ
ρ′′′ ], LQ

′
uMλε ), and q ∈ {1, . . . ,m+ n+ 14}

LP Mλε ≡ LC
[
u[F [u.P1],Q]

]
Mλε

= LCMλε
[
Lu[F [u.P1],Q]Mλρ

]
= LCMλε

[
βρ

[
u
[
LF [u.P1]Mλu,ρ

]
| u.
(
extrp〈〈u, pu,ρ, pρ, βu,ρ, βρ〉〉

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gu.ku])〉〉

])
| vu
[
uu〈〈(Z).(Z | eu[LQMλε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]]]
| ju.βρ〈〈(X).X〉〉.ru.hu

−→ LCMλε
[
O(1)
u (LF Mλu,ρ[hu.LP1Mλρ′ ], LQMλε )

]
−→13+n+m LCMε

[
O(14+n+m)
u (LF Mλu,ρ[hu.LP1Mλρ′ ], LQMλε )

]
≡ LCMε

[
LextrP(F [P1])Mρ | pρ[LQMε]

]
= LC

[
extrP(F [P1]) | 〈Q〉

]
Mε

≡ LP ′Mε

We can then conclude that LP Mλε −→k LP ′Mλε where k = 14 + n+m.

d) We have that P ≡ C[s[H[instbλY.Rc.P1],Q]] and P ′ ≡ s[C[P1],R{Q/Y }],. We will use
De�nition 5.3.6 for process U (r)

s (LHMλs,ρ[JP1Kλs,ρ′ ], LQMλε ) where r ∈ {1, . . . , 5} and have
the following:

LP Mλε = LC[s[H[instbλY.Rc.P1],Q]]Mλε

= LCMλε
[
βρ

[
s
[
LHMλs,ρ[LinstbλY.Rc.P1Mλs,ρ′ ]

]
| s.
(
extrp〈〈s, ps,ρ′ , pρ′ , βs,ρ′ , βρ′〉〉

| ms.pρ′
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| vs
[
us〈〈(Z).(Z | es[LQMλε ] | fs.es〈〈(X).X〉〉.gs)〉〉

]]
| js.βρ〈〈(X).X〉〉.rs.hs

]
= LCMλε

[
βρ

[
s
[
LHMλs,ρ[us

[
es〈〈(Y ).(gs.us〈〈(Z).(Z | es[JRKλε ]

| fs.es〈〈(X).X〉〉.gs)〉〉)〉〉.(fs.es[0])
]
| JP Kλs,ρ′ ]

]
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| s.
(
extrp〈〈s, ps,ρ′ , pρ′ , βs,ρ′ , βρ′〉〉

| ms.pρ′
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| vs
[
us〈〈(Z).(Z | es[LQMλε ] | fs.es〈〈(X).X〉〉.gs)〉〉

]]
| js.βρ〈〈(X).X〉〉.rs.hs

]
−→ LCMλε

[
U (1)
s (LHMλs,ρ[LP1Mλs,ρ′ ], LQMλε )

]
−→4 LCMλε

[
U (5)
s (LHMλs,ρ[LP1Mλs,ρ′ ], LQMλε )

]
≡ LC[s[H[P1],R{Q/Y }]]Mλε

Therefore, k = 5. The explanation for the reduction steps is as in the proof of Theo-
rem 5.2.12 (Part (1) � Completeness 1�(d)).

(2) Part (2) � Soundness: The proof of soundness follows the explanation presented in the
proof of Part (2) � Soundness for Theorem 5.2.12 (cf. 2).

�

5.4 Translating CλA into S

The translation CλA into S, denoted /· .λρ , relies on the idea and principles of encoding CA into S (cf.
Section 3.4). We also require sets of reserved names as in Remark 5.2.1 and we use function for
determining the number of locations as in Remark 5.2.2. We will use process outds as de�ned
for J·Kρ (cf. (3.2) and Example 3.2.1). We need some additional auxiliary processes.

De�nition 5.4.1 (Update Pre�x for Extraction). Let t, l1, and l2 be names. We write
extra〈〈t, l1, l2〉〉 to stand for the following (subjective) update pre�x:

extra〈〈t, l1, l2〉〉 = t〈〈(Y ).
(
t[Y ] | ch(t, Y ) | outds(l1, l2, nl(l, Y ),mt.jt.t〈〈†〉〉.nt)

)
〉〉 (5.22)

The intuition for the process extra〈〈t, l1, l2〉〉 is the same as in the translation of CA into S with
static recovery (cf. Section 3.4.0.1 and Section 3.4.1). The di�erence is in the third parameter for
process outds, which enables us to have a controlled execution of adaptable processes, which is
important to establish operational correspondence. The pre�x t〈〈†〉〉 and name ht have the same
roles as in /· .ρ. The di�erences concern names mt and jt: name mt ensures that every translation
of compensation Q is updated if the translation of compensation update exists, name jt controls
the erasing of location on name t with its contents. Using well-formed compesable processes,
the translation of CλA into S is as follows:

De�nition 5.4.2 (Translating CλA into S). Let ρ be a path. We de�ne the translation of
compensable processes with dynamic recovery into (subjective) adaptable processes as a tuple
(/· .λρ , ϕ/· .λρ ) where:

(a) The renaming policy

ϕ/· .λρ (x) =

 {x} if x ∈ Ns

{x, hx,mx, kx, rx, ux, vx, ex, gx, fx, jx, nx} ∪ {pρ : x ∈ ρ} if x ∈ Nt.

(b) The translation /· .λρ : CλA → S is as in Figure 5.5 and as a homomorphism for other
operators.
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/〈P 〉 .λρ = pρ
[/P .λε

]
/t[P ,Q] .λρ = t

[
/P .λt,ρ

]
| rt.

(
extra〈〈t, pt,ρ, pρ〉〉 | pρ[/Q.ε]

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.jt.nt.kt])〉〉

])
| t.t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉

| vt
[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
/instbλY.Rc.P .λt,ρ = ut

[
et〈〈(Y ).(gt.ut〈〈(Z).(Z | et[/R.λε ]

| ft.et〈〈(X).X〉〉.gt)〉〉)〉〉.(ft.et[0])
]
| /P .λt,ρ

/t.P .λρ = t.ht./P .λρ

Figure 5.5: Translating CλA into S.

As in previous introduced encodings, key elements in Figure 5.5 are the translations of t[P ,Q]
and instbλY.Rc.P1. Indeed, these translations share location names ut, vt, and et (as well as
names ft and gt) in order to account for the possible replacement of Q in t[P ,Q] with R in
instbλY.Rc.P1, using updates. As stated earlier, instbλY.Rc.P produces a new compensation
behavior R{Q/Y } after an internal transition.

5.4.1 Translation Correctness

We now prove that /· .λρ satis�es the three criteria in De�nition 2.3.5: compositionality, name
invariance, and operational correspondence. The other criteria are left as a research topic for
future work.

5.4.1.1 Structural Criteria

In the following, we prove the two criteria, compositionality and name invariance which are
introduced in De�nition 2.3.5.

5.4.1.1.1 Compositionality

As we described in the previous encodings, to mediate between translations of subterms, we
de�ne a context for each process operator, which again depends on free names of the subterms:

De�nition 5.4.3 (Compositional context for CλA ). For all process operator from CλD , instead
transaction we de�ne a compositional context in S as in De�nition 3.2.4. For transaction and
compensation update compositional contexts are as follows:

Ct[,],ρ[•1, •2] = t
[
[•1]
]
| rt.

(
extra〈〈t, pt,ρ, pρ〉〉 | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.jt.nt.kt])〉〉

])
| t.t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉 | vt

[
ut〈〈(Z).(Z | et[[•2]] | ft.et〈〈(X).X〉〉.gt)〉〉

]
Cinst,ρ[•1, •2] =ut

[
et〈〈(Y ).(gt.ut〈〈(Z).(Z | et[[•1]] | ft.et〈〈(X).X〉〉.gt)〉〉)〉〉.(ft.et[0])

]
| [•2]

CY [•1] = [•1]

Using this de�nition, we may now state the following result:
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Theorem 5.4.1 (Compositionality for /· .λρ). Let ρ be an arbitrary path. For every process
operator in CλA and for all well-formed compensable processes P and Q it holds that:

/〈P 〉 .λρ = C〈〉,ρ

[
/P .λε

]
/t[P ,Q] .λρ = Ct[,],ρ

[
/P .λt,ρ, /Q.λε

]
/P | Q.λρ = C |

[
/P .λρ , /Q.λρ

]
/a.P .λρ = Ca.

[
/P .λρ

]
/t.P .λρ = Ct.

[
/P .λρ

]
/(νx)P ) .λρ = C(νx)

[
/P .λρ

]
/a.P .λρ = Ca.

[
/P .λρ

]
/!π.P .λρ = C!π.

[
/P .λρ

]
/Y .λρ = CY

[
/Y .λρ

]
/instbλY.Rc.P .λt,ρ = Cinst,ρ[/R.λε , /P .λt,ρ]

Proof. Follows directly from the de�nition of contexts (cf. De�nition 5.4.3) and from the de�ni-
tion of /· .λρ : CλA → S (cf. Figure 5.5). Therefore, considering De�nition 5.4.3 and Figure 5.5 we
present derivation for: transaction, compensation update, process variable and all well-formed
compensable processes P,Q and R. The other operators have the same derivation as in the
proof of Theorem 3.2.2. Hence, the following holds:

/t[P ,Q] .λρ = Ct[,],ρ

[
/P .λt,ρ, /Q.λε

]
= t
[

/P .λt,ρ
]
| rt.

(
extra〈〈t, pt,ρ, pρ〉〉 | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.jt.nt.kt])〉〉

])
| t.t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉 | vt

[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
/instbλY.Rc.P .λt,ρ = Cinst,ρ[/R.λε , /P .λt,ρ]

= ut

[
et〈〈(Y ).(gt.ut〈〈(Z).(Z | et[/R.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉)〉〉.(ft.et[0])

]
| /P .λt,ρ

/Y .λρ = CY

[
/Y .λρ

]
= /Y .λρ

�

5.4.1.1.2 Name invariance

We now state name invariance, by relying on the renaming policy in De�nition 5.4.2 (a).

Theorem 5.4.2 (Name invariance for /· .λρ). For every well-formed compensable process P and
valid substitution σ : Nc → Nc there is a σ′ : Na → Na such that:

(i) for every x ∈ Nc : ϕ/· .λσ(ρ)(σ(x)) = {σ′(y) : y ∈ ϕ/· .λρ (x)}, and

(ii) /σ(P ) .λσ(ρ) = σ′(/P .λρ).

Proof. The proof proceeds in the same direction as the proof of Theorem 5.2.4. �

5.4.1.2 Semantic Criteria - Operational Correspondence

The analysis of operational correspondence follows the same ideas as in the translations CA into
S (cf. Section 3.4). Therefore, we use De�nition 3.4.5, Remark 3.4.4 and De�nition 3.4.6.
Below we state the premise (theorems and lemmas) that are necessary for the proof of operation
correspondence.

The following de�nition formalizes the intermediate processes that appear during deriva-
tion, denoted with I

(p)
t (/P .λt,ρ, /Q.λε ). Also, due to the simplicity of writing for the process

I
(p)
t (/P .λt,ρ, /Q.λε ), we will use the abbreviation I

(p)
t in all places where we do not violate the

rationing of the content. As in previously presented encodings, it plays a signi�cant role in
proving completeness and soundness.
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De�nition 5.4.4. Let P,Q be well-formed compensable processes. Given a name t, a path ρ,
and p ≥ 1, we de�ne the intermediate processes I(p)

t (/P .λt,ρ, /Q.λε ) depending on n = nl(pt,ρ, /P .t,ρ),
m = tsA(P ) and s = S(P ):

1. if n = 0 then p ∈ {1, . . . , 14};

I
(1)
t = t

[
/P .λt,ρ

]
| rt.

(
extra〈〈t, pt,ρ, pρ〉〉 | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.nt.kt])〉〉

])
| t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉 | vt

[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
≡ t
[

/P .λt,ρ
]
| rt.

(
t〈〈(Y ).

(
t[Y ] | ch(t, Y ) | outds(pt,ρ, pρ, nl(pt,ρ, Y ),mt.jt.t〈〈†〉〉.nt)

)
〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.nt.kt])〉〉

])
| t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉

| vt
[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(2)
t = t

[
/P .λt,ρ

]
| rt.

(
t〈〈(Y ).

(
t[Y ] | ch(t, Y ) | outds(pt,ρ, pρ, nl(pt,ρ, Y ),mt.jt.t〈〈†〉〉.nt)

)
〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.jt.nt.kt])〉〉

])
| rt.kt.ht

| vt
[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(3)
t = t

[
/P .λt,ρ

]
| t〈〈(Y ).

(
t[Y ] | ch(t, Y ) | outds(pt,ρ, pρ, nl(pt,ρ, Y ),mt.kt.t〈〈†〉〉)

)
〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.jt.nt.kt])〉〉

]
| kt.ht

| vt
[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(4)
t = t

[
/P .λt,ρ

]
| mt.jt.t〈〈†〉〉.nt | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.jt.nt.kt])〉〉

]
| kt.ht

| vt
[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(5)
t = t

[
/P .λt,ρ

]
| jt.t〈〈†〉〉.nt | pρ

[
vt〈〈(X).(X | ut[ft.gt.jt.nt.kt])〉〉

]
| kt.ht

| vt
[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(6)
t = t

[
/P .λt,ρ

]
| jt.t〈〈†〉〉.nt | pρ

[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

| ut[ft.gt.jt.nt.kt]
]
| kt.ht

I
(7)
t = t

[
JP Kλt,ρ

]
| jt.t〈〈†〉〉.nt | pρ

[
ft.gt.jt.nt.kt | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt

]
| kt.ht

I
(8)
t = t

[
JP Kλt,ρ

]
| jt.t〈〈†〉〉.nt | pρ

[
gt.jt.nt.kt | et[/Q.λε ] | et〈〈(X).X〉〉.gt

]
| kt.ht

I
(9)
t = t

[
JP Kλt,ρ

]
| jt.t〈〈†〉〉.nt | pρ

[
gt.jt.nt.kt | /Q.λε | gt

]
| kt.ht

I
(10)
t = t

[
JP Kλt,ρ

]
| jt.t〈〈†〉〉.nt | pρ

[
jt.nt.kt | /Q.λε

]
| kt.ht

I
(11)
t = t

[
JP Kλt,ρ

]
| t〈〈†〉〉.nt | pρ

[
nt.kt | /Q.λε

]
| kt.ht

I
(12)
t = nt | pρ

[
nt.kt | /Q.λε

]
| kt.ht

I
(13)
t = pρ

[
kt | /Q.λε

]
| kt.ht

I
(14)
t = pρ

[/Q.λε
]
| ht

2. otherwise, if n > 0 then /P .t,ρ =
n∏
k=1

pt,ρ[/P ′k .ε] | S and p ∈ {1, . . . , 14 + n+ 4m}.

I
(1)
t = t

[
JP Kλt,ρ

]
| rt.

(
extra〈〈t, pt,ρ, pρ〉〉 | mt.pρ

[
vt〈〈(X).(X | ut[ft.gt.jt.nt.kt])〉〉

])
| t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉 | vt

[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
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I
(2+4m+s−n)
t = t

[
/P ′ .t,ρ |

s−n∏
i=1

pt,ρ[/P ′i .ε]
]
| rt.

(
extra〈〈t, pt,ρ, pρ〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.jt.nt.kt])〉〉

])
| rt.kt.ht

| vt
[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(3+4m+s−n)
t = t

[
/P ′ .t,ρ |

s−n∏
i=1

pt,ρ[/P ′i .ε]
]
| extrd〈〈t, pt,ρ, pρ〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.jt.nt.kt])〉〉

]
| kt.ht

| vt
[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(4+4m+s−n+j)
t = t

[
/P ′ .t,ρ |

s−n∏
i=1

pt,ρ[/P ′i .ε]
]
| pt,ρ〈〈(X1, . . . , Xn−j).

( n−j∏
k=1

pρ[Xk] |
j∏

k=1

pρ[/P ′k .ε] | mt.jt.t〈〈†〉〉〉〉.nt
)

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.jt.nt.kt])〉〉

]
| kt.ht

| vt
[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(4+4m+s)
t = t

[
/P ′ .t,ρ

]
|

j∏
k=1

pρ[/P ′k .ε] | mt.jt.t〈〈†〉〉.nt

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.jt.nt.kt])〉〉

]
| kt.ht | vt

[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(5+4m+s)
t = t

[
/P ′ .t,ρ

]
|

j∏
k=1

pρ[/P ′k .ε] | jt.t〈〈†〉〉.nt | pρ
[
vt〈〈(X).(X | ut[ft.gt.jt.nt.kt])〉〉

]
| kt.ht | vt

[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]
I

(6+4m+s)
t = t

[
/P ′ .t,ρ

]
|

j∏
k=1

pρ[/P ′k .ε] | jt.t〈〈†〉〉.nt | pρ
[
ut〈〈(Z).(Z | et[/Q.λε ]

| ft.et〈〈(X).X〉〉.gt)〉〉 | ut[ft.gt.jt.nt.kt]
]
| kt.ht

I
(7+4m+s)
t = t

[
/P ′ .t,ρ

]
|

j∏
k=1

pρ[/P ′k .ε] | jt.t〈〈†〉〉.nt | pρ
[
ft.gt.jt.nt.kt | et[/Q.λε ]

| ft.et〈〈(X).X〉〉.gt
]
| kt.ht

I
(8+4m+s)
t = t

[
/P ′ .t,ρ

]
|

j∏
k=1

pρ[/P ′k .ε] | jt.t〈〈†〉〉.nt | pρ
[
gt.jt.nt.kt | et[/Q.λε ]

| et〈〈(X).X〉〉.gt
]
| kt.ht

I
(9+4m+s)
t = t

[
/P ′ .t,ρ

]
|

j∏
k=1

pρ[/P ′k .ε] | jt.t〈〈†〉〉.nt | pρ
[
gt.jt.nt.kt | /Q.λε | gt

]
| kt.ht

I
(10+4m+s)
t = t

[
/P ′ .t,ρ

]
|

j∏
k=1

pρ[/P ′k .ε] | jt.t〈〈†〉〉.nt | pρ
[
jt.nt.kt | /Q.λε

]
| kt.ht

I
(11+4m+s)
t = t

[
/P ′ .t,ρ

]
|

j∏
k=1

pρ[/P ′k .ε] | t〈〈†〉〉.nt | pρ
[
nt.kt | /Q.λε

]
| kt.ht
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I
(12+4m+s)
t =

j∏
k=1

pρ[/P ′k .ε] | nt | pρ
[
nt.kt | /Q.λε

]
| kt.ht

I
(13+4m+s)
t =

j∏
k=1

pρ[/P ′k .ε] | pρ
[
kt | /Q.λε

]
| kt.ht

I
(14+4m+s)
t =

j∏
k=1

pρ[/P ′k .ε] | pρ
[/Q.λε

]
| ht

The following de�nition formalizes all possible forms for the process O(q)
u (/F .ρ[hu./P .ρ′ ], /Q.ε).

Also, due to the simplicity of writing for the process O(q)
u (/F .ρ[hu./P .ρ′ ], /Q.ε), we will use the

abbreviation O(q)
u in all places where we do not violate the rationing of the content.

De�nition 5.4.5. Let P,Q be well-formed compensable processes. Given a name u, paths
ρ, ρ′, and q ≥ 1, we de�ne the intermediate processes O(q)

u (/F .ρ[hu./P .ρ′ ], /Q.ε) depending on
n = nl(pu,ρ, /F .ρ[hu./P .ρ′ ]), m = tsA(F [P ]) and s = S(F [P ]):

1. if n = 0 then p ∈ {1, . . . , 15};

O(1)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| ru.

(
extra〈〈u, pu,ρ, pρ〉〉 | mu.pρ

[
vu〈〈(X).(X | uu[fu.gu.nu.ku])〉〉

])
| u〈〈(Y ).u[Y ] | Tu(Y ).hu〉〉 | vu

[
uu〈〈(Z).(Z | eu[/Q.λε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
≡ u

[
/F .ρ[hu./P .ρ′ ]

]
| ru.

(
u〈〈(Y ).

(
u[Y ] | ch(u, Y )

| outds(pu,ρ, pρ, nl(pu,ρ, Y ),mu.ju.u〈〈†〉〉.nu)
)
〉〉

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gu.nu.ku])〉〉

])
| u〈〈(Y ).u[Y ] | Tu(Y ).hu〉〉

| vu
[
uu〈〈(Z).(Z | eu[/Q.λε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
O(2)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| ru.

(
u〈〈(Y ).

(
u[Y ] | ch(u, Y )

| outds(pu,ρ, pρ, nl(pu,ρ, Y ),mu.ju.u〈〈†〉〉.nu)
)
〉〉

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gu.ju.nu.ku])〉〉

])
| ru.ku.hu

| vu
[
uu〈〈(Z).(Z | eu[/Q.λε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
O(3)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| u〈〈(Y ).

(
u[Y ] | ch(u, Y )

| outds(pu,ρ, pρ, nl(pu,ρ, Y ),mu.ku.u〈〈†〉〉)
)
〉〉

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gu.ju.nu.ku])〉〉

]
| ku.hu

| vu
[
uu〈〈(Z).(Z | eu[/Q.λε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]
O(4)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| hu | mu.ju.u〈〈†〉〉.nu | mu.pρ

[
vu〈〈(X).(X | uu[fu.gu.ju.nu.ku])〉〉

]
| ku.hu | vu

[
uu〈〈(Z).(Z | eu[/Q.λε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]
O(5)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| hu | ju.u〈〈†〉〉.nu | pρ

[
vu〈〈(X).(X | uu[fu.gu.ju.nu.ku])〉〉

]
| ku.hu

| vu
[
uu〈〈(Z).(Z | eu[/Q.λε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

]
O(6)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| hu | ju.u〈〈†〉〉.nu | pρ

[
uu〈〈(Z).(Z | eu[/Q.λε ] | ft.eu〈〈(X).X〉〉.gu)〉〉

| uu[fu.gu.ju.nu.ku]
]
| ku.hu

O(7)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| hu | ju.u〈〈†〉〉.nu | pρ

[
fu.gu.ju.nu.ku | eu[/Q.λε ]

| ft.eu〈〈(X).X〉〉.gu
]
| ku.hu
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O(8)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| hu | ju.u〈〈†〉〉.nu | pρ

[
gu.ju.nu.ku

| eu[/Q.λε ] | eu〈〈(X).X〉〉.gu
]
| ku.hu

O(9)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| hu | ju.u〈〈†〉〉.nu | pρ

[
gu.ju.nu.ku | /Q.λε | gu

]
| ku.hu

O(10)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| hu | ju.u〈〈†〉〉.nu | pρ

[
ju.nu.ku | /Q.λε

]
| ku.hu

O(11)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| hu | u〈〈†〉〉.nu | pρ

[
nu.ku | /Q.λε

]
| ku.hu

O(12)
u = hu | nu | pρ

[
nu.ku | /Q.λε

]
| ku.hu

O(13)
u = hu | pρ

[
ku | /Q.λε

]
| ku.hu

O(14)
u = hu | pρ

[/Q.λε
]
| hu

O(15)
u = pρ

[/Q.λε
]

2. otherwise, if n > 0 then /P .t,ρ =
n∏
k=1

pt,ρ[/P ′k .ε] | S and p ∈ {1, . . . , 15 + n+ 4m}.

O(1)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| ru.

(
extra〈〈u, pu,ρ, pρ〉〉

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gu.ju.nu.ku])〉〉

])
| u〈〈(Y ).u[Y ] | Tu(Y ).hu〉〉 | vu

[
uu〈〈(Z).(Z | eu[/Q.λε ]

| fu.eu〈〈(X).X〉〉.gu)〉〉
]

O(2+4m+s−n)
u = u

[
/F .ρ[hu./P .ρ′ ] |

s−n∏
i=1

pu,ρ[/P ′i .ε]
]
| ru.

(
extra〈〈u, pu,ρ, pρ〉〉

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gu.ju.nu.ku])〉〉

])
| ru.ku.hu

| vu
[
uu〈〈(Z).(Z | eu[/Q.λε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
O(3+4m+s−n)
u = u

[
/F .ρ[hu./P .ρ′ ] |

s−n∏
i=1

pu,ρ[/P ′i .ε]
]
| extra〈〈u, pu,ρ, pρ〉〉

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gu.ju.nu.ku])〉〉

]
| ku.hu

| vu
[
uu〈〈(Z).(Z | eu[/Q.λε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
O(4+4m+s−n+j)
u = u

[
/F .ρ[hu./P .ρ′ ] |

s−n∏
i=1

pu,ρ[/P ′i .ε]
]
| hu | pu,ρ〈〈(X1, . . . , Xn−j).

( n−j∏
k=1

pρ[Xk] |
j∏

k=1

pρ[/P ′k .ε] | mu.ju.u〈〈†〉〉〉〉.nu
)

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gu.ju.nu.ku])〉〉

]
| ku.hu

| vu
[
uu〈〈(Z).(Z | eu[/Q.λε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
O(4+4m+s)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| hu |

j∏
k=1

pρ[/P ′k .ε] | mu.ju.u〈〈†〉〉.nu

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gu.ju.nu.ku])〉〉

]
| ku.hu | vu

[
uu〈〈(Z).(Z | eu[/Q.λε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
O(5+4m+s)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| hu |

j∏
k=1

pρ[/P ′k .ε] | ju.u〈〈†〉〉.nu
| pρ
[
vu〈〈(X).(X | uu[fu.gu.ju.nu.ku])〉〉

]
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| ku.hu | vu
[
uu〈〈(Z).(Z | eu[/Q.λε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
O(6+4m+s)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| hu |

j∏
k=1

pρ[/P ′k .ε] | ju.u〈〈†〉〉.nu
| pρ
[
uu〈〈(Z).(Z | eu[/Q.λε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

| | uu[fu.gu.ju.nu.ku]
]
| ku.hu

O(7+4m+s)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| hu |

j∏
k=1

pρ[/P ′k .ε] | ju.u〈〈†〉〉.nu
| pρ
[
fu.gu.ju.nu.ku | eu[/Q.λε ] | fu.eu〈〈(X).X〉〉.gu

]
| ku.hu

O(8+4m+s)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| hu |

j∏
k=1

pρ[/P ′k .ε] | ju.u〈〈†〉〉.nu
| pρ
[
gu.ju.nu.ku | eu[/Q.λε ] | eu〈〈(X).X〉〉.gu

]
| ku.hu

O(9+4m+s)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
|

j∏
k=1

pρ[/P ′k .ε] | ju.u〈〈†〉〉.nu
| pρ
[
gu.ju.nu.ku | /Q.λε | gu

]
| ku.hu

O(10+4m+s)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| hu |

j∏
k=1

pρ[/P ′k .ε] | ju.u〈〈†〉〉.nu
| pρ
[
jt.nt.kt | /Q.λε

]
| ku.hu

O(11+4m+s)
u = u

[
/F .ρ[hu./P .ρ′ ]

]
| hu |

j∏
k=1

pρ[/P ′k .ε] | u〈〈†〉〉.nu | pρ
[
nt.kt | /Q.λε

]
| ku.hu

O(12+4m+s)
u = hu |

j∏
k=1

pρ[/P ′k .ε] | nt | pρ
[
nt.kt | /Q.λε

]
| ku.hu

O(13+4m+s)
u = hu |

j∏
k=1

pρ[/P ′k .ε] | | pρ
[
ku | /Q.λε

]
| ku.hu

O(14+4m+s)
u = hu |

j∏
k=1

pρ[/P ′k .ε] | | pρ
[/Q.λε

]
| hu

O(15+4m+s)
u =

j∏
k=1

pρ[/P ′k .ε] | | pρ
[/Q.λε

]
The following de�nition formalizes all possible forms for the process

U
(r)
s (/H .λs [/P .λs,ρ], /R.λε , /Q.λε ). Due to the simplicity of writing for the process

U
(r)
s (/H .λs [/P .λs,ρ], /R.λε , /Q.λε ), we will use the abbreviation U

(r)
s in all places where we do

not violate the rationing of the content.

De�nition 5.4.6. Let P,Q,R be well-formed compensable processes. Given a name s, a path
ρ, and r ≥ 1, we de�ne the intermediate processes U (r)

s as in the following:

U (1)
s = s

[
JHKλs [JP Kλs,ρ]

]
| rs.

(
extra〈〈s, ps,ρ, pρ〉〉

| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ns.ks])〉〉

])
| s〈〈(Y ).s[Y ] | Ts(Y ).hs〉〉

| vs
[
es〈〈(Y ).(gs.us〈〈(Z).(Z | es[JRKλε ]

| fs.es〈〈(X).X〉〉.gs)〉〉)〉〉.(fs.es[0]) | es[JQKλε ] | fs.es〈〈(X).X〉〉.gs
]
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U (2)
s = s

[
JHKλs [JP Kλs,ρ]

]
| rs.

(
extra〈〈s, ps,ρ, pρ〉〉

| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| s〈〈(Y ).s[Y ] | Ts(Y ).hs〉〉

| vs
[
gs.u〈〈(Z).(Z | es[/R.λε{/Q.λε/Y }]

| fs.es〈〈(X).X〉〉.gs)〉〉 | fs.es[0] | fs.es〈〈(X).X〉〉.gs
]

U (3)
s = s

[
JHKλs [JP Kλs,ρ]

]
| rs.

(
extra〈〈s, ps,ρ, pρ〉〉

| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| s〈〈(Y ).s[Y ] | Ts(Y ).hs〉〉

| vs
[
gs.u〈〈(Z).(Z | es[/R.λε{/Q.λε/Y }]

| fs.es〈〈(X).X〉〉.gs)〉〉 | es[0] | es〈〈(X).X〉〉.gs
]

U (4)
s = s

[
JHKλs [JP Kλs,ρ]

]
| rs.

(
extra〈〈s, ps,ρ, pρ〉〉

| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| s〈〈(Y ).s[Y ] | Ts(Y ).hs〉〉

| vs
[
gs.u〈〈(Z).(Z | es[/R.λε{/Q.λε/Y }] | fs.es〈〈(X).X〉〉.gs)〉〉.(fs.es[0]) | gs

]
U (5)
s = s

[
JHKλs [JP Kλs,ρ]

]
| rs.

(
extra〈〈s, ps,ρ, pρ〉〉

| ms.pρ
[
vs〈〈(X).(X | us[fs.gs.ks])〉〉

])
| s〈〈(Y ).s[Y ] | Ts(Y ).hs〉〉

| vs
[
u〈〈(Z).(Z | es[/R.λε{/Q.λε/Y }] | fs.es〈〈(X).X〉〉.gs)〉〉

]
For the proof of operational correspondence we need the following statement:

Lemma 5.4.3. If P and Q are well-formed compensable processes such that P ≡ Q then

/P .λρ ≡ /Q.λρ .
Proof. The proof is by induction on the derivation P ≡ Q, and perform the case analysis on the
last rule applied. In all cases the proof follows directly. �

We now state our operational correspondence result:

Theorem 5.4.4 (Operational Correspondence for /· .λρ). Let P be a well-formed process in CA.

(1) If P −→ P ′ then /P .λε −→k /P ′ .λε where for

a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] it follows k = 1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrA(P1) | 〈Q〉] | D[P2]] it follows k = 15 +
S(P1) + 4 tsA(P1),

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrA(F [P1]) | 〈Q〉] it follows k = 15 + S(F [P1]) +
4 tsP(F [P1]),

d) P ≡ C[s[H[instbλY.Rc.P1],Q]] and P ′ ≡ C[s[H[P1],R{Q/Y }]] it follows k = 5,

for some contexts C[•], D[•], E[•], F [•], H[•] processes P1, Q, P2, R and names t, u, s.

(2) If /P .λε −→n R with n > 0 then there is P ′ such that P −→∗ P ′ and R −→∗ /P ′ .λε .
Proof. As in all previously presented encodings, in the following we consider completeness and
soundness (Parts (1) and (2)) separately.

(1) Part (1) � Completeness: The proof proceeds by induction on the derivation of P −→ P ′.
We consider three base cases, corresponding to cases a), b) and c) of Proposition 2.2.3
(Page 18). In all cases, we use Lemma 5.4.3, De�nition 5.4.2 and Lemma 3.2.9 (Page 47)
that applies also for /· .λρ .
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a) This case concerns an input-output synchronization on a name a ∈ Ns. Therefore, we
observe that P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]], and we have that
derivation corresponds to the derivation presented in (3.30). Therefore, the thesis holds
with k = 1.

b) This case concerns a synchronization due to an external error noti�cation for a transaction
scope. We consider P ≡ E[C[t[P1,Q]] | D[t.P2]], with n = pbA(P1), m = tsA(P1) and
s = S(P1), and P ′ ≡ E[C[extrA(P1) | 〈Q〉] | D[P2]]. We have the following derivation:

/P .λε ≡ /E[C[t[P1,Q]] | D[t.P2]] .λε
= /E .λε

[
/C[t[P1,Q]] .λρ | /D[t.P2] .λρ

]
= /E .λε

[
/C .λρ [/t[P1,Q] .λρ′ ] | /D.λρ [/t.P2 .λρ′′ ]

]
= /E .λε

[/C .λρ
[
t
[

/P .λt,ρ
]
| rt.

(
t〈〈(Y ).

(
t[Y ] | ch(t, Y )

| outds(pt,ρ, pρ, nl(pt,ρ, Y ),mt.jt.t〈〈†〉〉.nt)
)
〉〉

| mt.pρ
[
vt〈〈(X).(X | ut[ft.gt.nt.kt])〉〉

])
| t〈〈(Y ).t[Y ] | Tt(Y ).ht〉〉

| vt
[
ut〈〈(Z).(Z | et[/Q.λε ] | ft.et〈〈(X).X〉〉.gt)〉〉

]]
| /D.λρ [t.ht./P2 .λρ′′ ]

]
−→ /E .λε

[
/C .λρ

[
I

(1)
t (/P1 .λt,ρ′ , /Q.λε )

]
| /D.λρ [t.ht./P2 .λρ′′ ]

]
−→2+4m+s−n /E .λε

[
/C .λρ

[[
I

(3+4m+s−n)
t (/P1 .λt,ρ′ , /Q.λε ) | /D.λρ

[
ht./P2 .λρ′′

]]
−→n+11 /E .λε

[
/C .λρ

[[
I

(14+4m+s)
t (/P1 .λt,ρ′ , /Q.λε ) | /D.λρ

[
ht./P2 .λρ′′

]]
−→ /E .λε

[
/C .λρ

[/extrA(P1) | 〈Q〉 .λρ′
]
| /D.λρ

[/P2 .λρ′′
]]

= /E .λε
[

/C[extrA(P1) | 〈Q〉] .λρ | /D[P2] .λρ
]

= /E[C[extrA(P1) | 〈Q〉] | D[P2]] .λε
≡ /P ′ .λε

Therefore, we can conclude that /P .ε −→k /P ′ .λε for k = 15 + 4m + s. Process
I

(p)
t (/P1 .λt,ρ′ , /Q.λε ), where p ∈ {1, . . . , 15 + 4m+ n}, is as in De�nition 5.4.4.

c) This case concerns a synchronization due to an internal error noti�cation (i.e., the error
comes from the default activity of transaction). Here we have P ≡ C[t[F [u.P1],Q]], with
n = pbA(F [P1]), m = tsA(P1), s = S(P1) and P ′ ≡ C[extrA(F [P1]) | 〈Q〉]. Then we have
the following derivation:

/P .λε ≡ /C[u[F [u.P1],Q]
] .λε

= /C .λε
[/u[F [u.P1],Q] .λρ

]
= /C .λε

[
u
[/F [u.P1] .λu,ρ

]
| ru.

(
extra〈〈u, pu,ρ, pρ〉〉

| mu.pρ
[
vu〈〈(X).(X | uu[fu.gu.nu.ku])〉〉

])
| u.u〈〈(Y ).u[Y ] | Tu(Y ).hu〉〉

| vu
[
uu〈〈(Z).(Z | eu[/Q.λε ] | fu.eu〈〈(X).X〉〉.gu)〉〉

]
]

−→/C .λε
[
O(1)
u (/F .λu,ρ[hu./P1 .λρ′ ], /Q.λε )

]
−→2+4m+s−n /C .λε

[
O(3+4m+s−n)
u (/F .λu,ρ[hu./P1 .λρ′ ], /Q.λε )

]
−→n+12 /C .λε

[
O(15+4m+s)
u (/F .λu,ρ[hu./P1 .λρ′ ], /Q.λε )

]
≡ /C .λε

[/extrA(F [P1]) .λρ | pρ[/Q.λε ]
]

= /C[extrA(F [P1]) | 〈Q〉
] .λε
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≡ /P ′ .λε
Process O(q)

u (/F .λu,ρ[hu./P1 .λρ′ ], JQKε), where q ∈ {1, . . . , 15 + 4m + n}, is as in De�ni-

tion 5.4.5. The role of function ch(u, ·) is central. Indeed, ch(u, /F .λu,ρ
[
hu./P1 .λρ′

]
) provides

the input hu which is necessary to achieve operational correspondence.
The order and number of reduction steps can be explained as in Case b) above. We can
then conclude that JP Kε −→k JP ′Kε where k = 15 + 4m+ s.

d) We have that P ≡ C[s[H[instbλY.Rc.P1],Q]] and P ′ ≡ C[s[H[P1],R{Q/Y }]].We will use
De�nition 5.2.6 for process U (r)

s (/H .λs,ρ[/P1 .λs,ρ′ ], LQMλε ) where r ∈ {1, . . . , 5} and have the
following:

/P .λε ≡ /C[s[H[instbλY.Rc.P1],Q]] .λε
= /C .λε

[
s
[

/H .λs,ρ[/instbλY.Rc.P1 .λs,ρ′ ]
]

| rs.
(
extra〈〈s, ps,ρ′ , pρ′〉〉 | ms.pρ′

[
vs〈〈(X).(X | us[fs.gs.ns.ks])〉〉

])]
| s〈〈(Y ).s[Y ] | Ts(Y ).hs〉〉 | vs

[
us〈〈(Z).(Z | es[/Q.λε ] | fs.es〈〈(X).X〉〉.gs)〉〉

]
= /C .λε

[
s
[

/H .λs,ρ[us
[
es〈〈(Y ).(gs.us〈〈(Z).(Z | es[/R.λε ]

| fs.es〈〈(X).X〉〉.gs)〉〉)〉〉.(fs.es[0])
]
| /P1 .λs,ρ]

]
| rs.

(
extra〈〈s, ps,ρ′ , pρ′〉〉 | ms.pρ′

[
vs〈〈(X).(X | us[fs.gs.ns.ks])〉〉

])]
| s〈〈(Y ).s[Y ] | Ts(Y ).hs〉〉 | vs

[
us〈〈(Z).(Z | es[/Q.λε ] | fs.es〈〈(X).X〉〉.gs)〉〉

]]
−→ /C .λε

[
U (1)
s (/H .λs,ρ[/P1 .λs,ρ′ ], /Q.λε )

]
−→4 /C .λε

[
U (5)
s (/H .λs,ρ[/P1 .λs,ρ′ ], /Q.λε )

≡ /C[s[H[P1],R{Q/Y }]] .λε
Therefore, k = 5.

(2) Part (2) � Soundness: For the proof of soundness we use auxiliary results presented
in Paragraph 3.2.3.2.3 by use of encoding of aborting semantics instead of encoding of dis-
carding semantics. Also the proof use De�nition 5.4.4, De�nition 5.4.5, and De�nition 5.4.6.
Therefore, the proof of soundness follows the explanation presented in Roadmap 3.2.3.2.5.
Also, the proof uses the same derivation that is presented in the proof of soundness for
translation CλD into S (cf. Item 2 � Soundness).

�

Brief summary of the chapter:
In this chapter, we introduced all preliminaries for encodings Cλ into A and informally acquaint
the reader with the basic intuition of the encodings. Also, the main result is the valid encodings of
calculus for compensable processes with dynamic update into the calculus of adaptable processes
with the subjective update (encodings CλD , CλP , and CλA into S).

Encodings CλD , CλP , and CλA into O, which is analyzed in the next chapter, follow and mimic
the basic intuition of the encoding presented in this chapter. Therefore, we believe that it will
be easier for the reader to follow and understand the results from the upcoming chapter.
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CHAPTER 6

Encoding Dynamic Compensation Processes

into Adaptable Processes with Objective

Update

In this chapter, we developed translations of compensable processes with dynamic compensa-
tions, denoted Cλ, under discarding, preserving, and aborting semantics into adaptable processes
with objective mobility. In the following is given a brief structure of the chapter:

Section 6.1 presents the translation of CλD into O. Then the formal de�nition of the encoding
follows. We prove that the encoding satis�es compositionality, name invariance and op-
erational correspondence (completeness and soundness). Also, in this section we discuss a
e�ciency criterion. The encoding CλD into S provides tighter operational correspondences
result. Therefore, we prove that the encoding CλD into S is better suited than the encoding
CλD into O.

Section 6.2 presents the translation of CλP into O. Also, we present the formal de�nition
of the encoding. We prove that the encoding satis�es name invariance and operational
correspondence (completeness and soundness). The encoding CλP into S provides tighter
operational correspondences result. Therefore, we prove that the encoding CλP into S is
better suited than the encoding CλP into O.

Section 6.3 presents the translation of CλA into O. Also, we present the formal de�nition of
the encoding and prove that it satis�es compositionality, name invariance and operational
correspondence (completeness and soundness). The encoding CλA into S provides tighter
operational correspondences result. Therefore, we prove that the encoding CλA into S is
better suited than the encoding CλA into O.

6.1 Translating CλD into O

The translation CλD into O, denoted J·Kλoρ , extends the key ideas of the encoding J·Koρ (cf. Sec-
tion 4.1).

Remark 6.1.1. The translation requires sets of reserved names and therefore we need to revised
De�nition 3.1.2 as in the following:

(i) the set of reserved location names N r
l is unchanged,

(ii) the set of reserved synchronization names is extended with name zx such that:

N r
s = {hx,mx, kx, ux, vx, ex, gx, fx, zx | x ∈ Nt}.

187
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J〈P 〉Kλoρ = pρ
[
JP Kλoε

]
Jt[P ,Q]Kλoρ = t

[
JP Kλot,ρ

]
| t.
(
extrd{t, pt,ρ, pρ} | mt.pρ

[
ut[ft.gt.kt]

])
| vt
[
ut{(Z).(Z | et[JQKλoε ] | ft.et{(X).X}.vt{(X).X}.gt)}

]
JinstbλY.Rc.P Kλot,ρ = ut

[
et{(Y ).(gt.vt{(X).(vt

[
ut{(Z).(Z | et[JRKλoε ]

| ft.et{(X).X}.vt{(X).X}.gt)})
]
}}.(ft.et[0])

]
| JP Kλot,ρ

Jt.P Kλoρ = t.ht.JP Kλoρ

Figure 6.1: Translating CλD into O.

We use the function for determining the number of locations as in Remark 5.2.2. Also, we
use process outdo as de�ned for J·Koρ (cf. (4.1)).

We need the following additional auxiliary process:

De�nition 6.1.1 (Update Pre�x for Extraction). Let t, l1, and l2 be names. We write
extrd{t, l1, l2} to stand for the following (subjective) update pre�x:

extrd{t, l1, l2} = t{(Y ).
(
t[Y ] | ch(t, Y ) | outdo(l1, l2, nl(l, Y ),mt.kt.t{†}.ht)

)
} (6.1)

The intuition for the process extrd{t, l1, l2} is the same as in the translation of CλD into S
(cf. De�nition 5.2.1).

Using well-formed compesable processes (cf. Section 5.1.1), the translation of CλD into S
extends De�nition 3.2.3 (see Page 39) as follows:

De�nition 6.1.2 (Translating CλD into S). Let ρ be a path. We de�ne the translation of
compensable processes with dynamic recovery into (subjective) adaptable processes as a tuple
(J·Kλρ , ϕJ·Kλρ ) where:

(a) The renaming policy

ϕJ·Kλρ (x) =

 {x} if x ∈ Ns

{x, hx,mx, kx, ux, vx, ex, gx, fx, zx} ∪ {pρ : x ∈ ρ} if x ∈ Nt.

(b) The translation J·Kλoρ : CλD → O is as in Figure 6.1 and as a homomorphism for other
operators.

6.1.1 Translation Correctness

We now establish that the translation J·Kλoρ is a valid encoding. To this end, we address the three
criteria in De�nition 2.3.5: compositionality, name invariance, and operational correspondence.
Other criteria are left as a research topic for future work.

6.1.1.1 Structural Criteria

We prove the two criteria, compositionality and name invariance.
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6.1.1.1.1 Compositionality

As previously stated, the compositionality criterion states that a composite term's translation
must be de�ned in terms of its subterms' translations. To mediate between these translations
of subterms, we de�ne a context for each process operator, which depends on free names of the
subterms:

De�nition 6.1.3 (Compositional context for CλD ). For all process operator from CλD , instead
transaction we de�ne a compositional context in O as in De�nition 5.2.3. For transaction and
compensation update compositional contexts are as follows:

Ct[,],ρ[•1, •2] = t
[
[•1]
]
| t.
(
extrd{t, pt,ρ, pρ} | mt.pρ

[
vt{(X).(X | ut[ft.gt.kt])}

])
| vt
[
ut{(Z).(Z | et[[•2]] | ft.et{(X).X}.gt)}

]
Cinst,ρ[•1, •2] = ut

[
et{(Y ).(gt.ut{(Z).(Z | et[[•1]] | ft.et{(X).X}.gt)})}.(ft.et[0])

]
| [•2]

CY [•1] = [•1]

Using this de�nition, we may now state the following result.

Theorem 6.1.2 (Compositionality for J·Kλρ). Let ρ be an arbitrary path. For every process
operator in CλD and for all well-formed compensable processes P and Q it holds that:

J〈P 〉Kλoρ = C〈〉,ρ
[
JP Kλoε

]
Jt[P ,Q]Kλoρ = Ct[,],ρ

[
JP Kλot,ρ, JQKλoε

]
JP | QKλoρ = C |

[
JP Kλoρ , JQKλoρ

]
Ja.P Kλoρ = Ca.

[
JP Kλoρ

]
Jt.P Kλoρ = Ct.

[
JP Kλoρ

]
J(νx)P )Kλoρ = C(νx)

[
JP Kλoρ

]
Ja.P Kλoρ = Ca.

[
JP Kλoρ

]
J!π.P Kλoρ = C!π.

[
JP Kλoρ

]
JY Kλoρ = CY

[
JY Kλoρ

]
JinstbλY.Rc.P Kλot,ρ = Cinst,ρ[JRKλoε , JP Kλot,ρ]

Proof. The proof proceeds in the same direction as the proof of Theorem 5.2.3. �

6.1.1.1.2 Name invariance

We now state name invariance, by relying on the renaming policy in De�nition 6.1.2 (a).

Theorem 6.1.3 (Name invariance for J·Kλoρ ). For every well-formed compensable process P and
valid substitution σ : Nc → Nc there is a σ′ : Na → Na such that:

(i) for every x ∈ Nc : ϕJ·Kλo
σ(ρ)

(σ(x)) = {σ′(y) : y ∈ ϕJ·Kλoρ (x)}, and

(ii) Jσ(P )Kλoσ(ρ) = σ′(JP Kλoρ ).

Proof. The proof proceeds in the same direction as the proof of Theorem 5.2.4. �

6.1.1.2 Semantic Criteria

In this subsection we prove that translation CλD into O satis�ed operational correspondence
(completeness and soundness).

6.1.1.2.1 Operational Correspondence

For the proof of operational correspondence we need the following statement:

Lemma 6.1.4. If P and Q are well-formed compensable processes such that P ≡ Q then
JP Kλoρ ≡ JQKλoρ .
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Proof. The proof is by induction on the derivation P ≡ Q, and perform the case analysis on the
last rule applied. In all cases the proof follows directly. �

Operational correspondence for translation of dynamic compensable processes with discard-
ing semantics into adaptable processes with objective update is given in the following theorem:

Theorem 6.1.5 (Operational Correspondence for J·Kλoρ ). Let P be a well-formed process in CλD .
We have:

1. If P τ−−→ P ′ then JP Kλoε −→k JP ′Kλoε where either

a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] it follows k = 1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrD(P1) | 〈Q〉] | D[P2]] it follows k = 11 +
pbD(P1) + Zd(P1) or

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrD(F [P1]) | 〈Q〉] it follows k = 11 + pbD(F [P1]) +
Zd(F [P1]),

d) P ≡ C[s[H[instbλY.Rc.P1],Q]] and P ′ ≡ C[s[H[P1],R{Q/Y }]] it follows k = 6,

for some contexts C[•], D[•], E[•], F [•], H[•], processes P1, Q, P2, R, and name t, u, s.

2. If JP Kλoε −→n R with n > 0 then there is P ′ such that P −→∗ P ′ and R −→∗ JP ′Kλoε .

Proof. The proof proceeds in the same direction as the proof of Theorem 5.2.12. �

6.1.2 Comparing Subjective vs Objective update

In this subsection, we provide a theorem which states that subjective updates are better suited
to encode compensation handling with dynamic compensation and discarding semantics than
objective updates.

The following statement is a corollary of Theorem 6.1.5.

Corollary 6.1.6. Let P be a well-formed process in Cλ. If P −→ P ′ and JP Kλoε −→k JP ′Kλoε
then:

b) if P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrD(P1) | 〈Q〉] | D[P2]] then k ≥ 11+pbD(P1)+
Zd(P1),

c) if P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrD(F [P1]) | 〈Q〉] then k ≥ 11+pbD(F [P1])+Zd(F [P1]),

for some contexts C[•], D[•], E[•], F [•], processes P1, Q, P2 and names t, u.

Theorem 6.1.7. The encoding J·Kλρ : CλD −→ S is as or more e�cient than J·Kλoρ : CλD −→ O.

Proof. The proof proceeds similarly to the proof for Theorem 4.1.13 by using: Theorem 5.2.12,
theorem 6.1.5, Proposition 2.2.3, and Corollary 6.1.6. �

6.2 Translating CλP into O

In this section the translation CλP into O, denoted L·Mλoρ is presented. This translation relies on
the idea and principles of encoding of CP into O (cf. Section 4.2) and encoding of CλP into S (cf.
Section 5.3).

Remark 6.2.1. We require sets of reserved names and need to revise De�nition 3.1.2 as in the
following:



191 6.2. Translating CλP into O

(i) the set of reserved location names N r
l is unchanged and,

(ii) the set of reserved synchronization names is extended such that

N r
s = {hx,mx, kx, ux, vx, ex, gx, fx, jx, rx, zx | x ∈ Nt}.

Accordingly, the function that counts the number of protected blocks is as in Figure 3.4,
while the function that counts the number of transactions is as in De�nition 5.3.1.

Below we give a formal de�nition of the translation CλP into O. We instruct the reader that
this translation relies directly on the ideas that are presented in Section 5.3.

6.2.1 Translation Correctness

For process extrp we will use process outpo(t, P, l1, l′1, l2, l
′
2, n,m). Initially, for the de�nition of

outpo(t, P, l1, l
′
1, l2, l

′
2, n,m) we introduce the following auxiliary processes:

outpo1(t, l1, l
′
1, n) = l1{(X1, . . . , Xn).zt{(Z).

(
n∏
i=1

l′1[Xi] | mt.kt.t{†}.jt.rt

)
}}.zt[0];

outpo2(t, t1, . . . , tm, l2, l
′
2,m) = l2{(Y1, . . . , Ym).

zt{(Z).

(
rt.

(
m∏
k=1

(
l′2[E(Yk, t)] | jtk .l

′
2{(X).X}.rtk .htk

))
| mt.kt.t{†}.jt

)
}}.zt[0];

outpo3(t, t1, . . . , tm, l1, l
′
1, l2, l

′
2, n,m) = l1{(X1, . . . , Xn).l2{(Y1, . . . , Ym).

zt{(Z).

(
n∏
i=1

l′1[Xi] | rt.
(

m∏
k=1

(
l′2[E(Yk, t)] | jtk .l

′
2{(X).X}.rtk .htk

))
| mt.kt.t{†}.jt

)
}}}.zt[0]

The auxiliary process outpo(t, P, l1, l
′
1, l2, l

′
2, n,m) where top(l2, P ) = {t1, . . . , tm} (cf. De�ni-

tion 3.3.3) for m > 0 is now de�ned as follows:

outps(t, P, l1, l
′
1, l2, l

′
2, n,m) =



mt.kt.t{†}.jt.rt if n,m = 0

outpo1(t, l1, l
′
1, n) if n > 0,m = 0

outpo2(t, t1, . . . , tm, l2, l
′
2,m) if n = 0,m > 0

outpo3(t, t1, . . . , tm, l1, l
′
1, l2, l

′
2, n,m) if n,m > 0

(6.2)

This process is similar to the process (4.4). The di�erence is in the process that is placed in
the objective update on the name zt. In (6.2) there is additional name mt.

De�nition 6.2.1 (Update Pre�x for Extraction). Let t, l1, l′1, l2, and l′2 be names nd P is
an adaptable process. We write extrp{t, P, l1, l′1, l2, l′2} to stand for the following (subjective)
update pre�x:

extrp{t, P, l1, l′1, l2, l′2} = t{(Y ).t[Y ] | ch(t, Y )

| outpo(t, P, l1, l′1, l2, l′2, nl(l1, Y ), nl(l2, Y ))}
(6.3)

The intuition for the process extrp{t, P, l1, l′1, l2, l′2} in preserving semantics with dynamic
recovery is the same as in static recovery (cf. De�nition 4.2.1).
Based on the above modi�cations, the encoding of processes with dynamic compensations is
given with the following de�nition:

De�nition 6.2.2 (Translating CλP into O). Let ρ be a path. We de�ne the translation of
compensable processes with preserving semantics into (subjective) adaptable processes as a
tuple (L·Mλoρ , ϕL·Mλoρ ) where:



Chapter 6. Encoding Dynamic Compensation Processes into Adaptable Processes with
Objective Update 192

L〈P 〉Mλoρ = pρ
[
LP Mλoε

]
Lt[P ,Q]Mλoρ = βρ

[
t
[
LP Mλot,ρ

]
| t.
(
extrp{t, LP Mλot,ρ, pt,ρ, pρ, βt,ρ, βρ} | mt.pρ

[
ut[ft.gt.kt]

])
| vt
[
ut{(Z).(Z | et[LQMλoε ] | ft.et{(X).X}.vt{(X).X}.gt)}

]]
| jt.βρ{(X).X}.rt.ht

LinstbλY.Rc.P Mλot,ρ = ut

[
et{(Y ).(gt.vt{(X).vt[ut{(Z).(Z | et[LRMλoε ]

| ft.et{(X).X}.vt{(X).X}.gt)})]}}.(ft.et[0])
]
| LP Mλot,ρ

Lt.P Mλoρ = t.ht.LP Mλoρ

Figure 6.2: Translating CλP into O.

(a) The renaming policy ϕL·Mλρ : Nc → P(Na) is de�ned with

ϕL·Mλρ (x) =

{
{x} if x ∈ Ns
{x, hx,mx, kx, ux, vx, ex, gx, fx, jx, rx, zx} ∪ {pρ, βρ : x ∈ ρ} if x ∈ Nt

(6.4)

(b) The translation L·Mλoρ : CλP → O is as in Figure 6.2 and as a homomorphism for other
operators.

6.2.1.1 Structural Criteria

We prove that translation CλP ito O satis�es name invariance (cf. De�nition 2.3.5). Analysis of
compositionality is left for future research work.

6.2.1.1.1 Name invariance

We now state name invariance, by relying on the renaming policy in De�nition 5.3.3 (a).

Theorem 6.2.2 (Name invariance for L·Mλoρ ). For every well-formed compensable process P and
valid substitution σ : Nc → Nc there is a σ′ : Na → Na such that:

(i) for every x ∈ Nc : ϕL·Mλo
σ(ρ)

(σ(x)) = {σ′(y) : y ∈ ϕL·Mλoρ (x)}, and

(ii) Lσ(P )Mλoσ(ρ) = σ′(LP Mλoρ ).

Proof. The proof follows the idea presented in the proof of Theorem 5.2.4. �

6.2.1.2 Semantic Criteria

In this subsection we prove that translation CλP into O satis�es operational correspondence.

6.2.1.2.1 Operational Correspondence

For the proof of operational correspondence we need the following statement:

Lemma 6.2.3. If P and Q are well-formed compensable processes such that P ≡ Q then
LP Mλoρ ≡ LQMλoρ .
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Proof. The proof is by induction on the derivation P ≡ Q, and perform the case analysis on the
last rule applied. In all cases the proof follows directly. �

Operational correspondence for the translation of dynamic compensable processes into adapt-
able processes with objective update, is given in the following theorems:

Theorem 6.2.4 (Operational Correspondence for L·Mλoρ ). Let P be a well-formed process in CλP .

(1) If P −→ P ′ then LP Mλoε −→k LP ′Mλoε where for

a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] it follows k = 1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrP(P1) | 〈Q〉] | D[P2]] it follows k = 14 +
pbP(P1) + tsP(P1) + Zp(P1),

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrP(F [P1]) | 〈Q〉] it follows k = 14 + pbP(F [P1]) +
tsP(F [P1]) + Zp(F [P1]),

d) P ≡ C[s[H[instbλY.Rc.P1],Q]] and P ′ ≡ C[s[H[P1],R{Q/Y }]] it follows k = 6,

for some contexts C[•], D[•], E[•], F [•], H[•], processes P1, Q, P2, R, and name t, u, s.

(2) If LP Mλoε −→n R with n > 0 then there is P ′ such that P −→∗ P ′ and R −→∗ LP ′Mλoε .

Proof. The proof uses the same ideas as Theorem 5.3.3. �

6.2.2 Comparing Subjective vs Objective update

In this subsection, we provide a theorem which states that subjective updates are better suited
to encode compensation handling with dynamic compensation and preserving semantics than
objective updates.

The following statement is a corollary of Theorem 6.2.4.

Corollary 6.2.5. Let P be a well-formed process in Cλ. If P −→ P ′ and LP Mλoε −→k LP ′Mλoε
then:

b) if P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrP(P1) | 〈Q〉] | D[P2]] then k ≥ 14+pbP(P1)+
tsP(P1) + Zp(P1),

c) if P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrP(F [P1]) | 〈Q〉] then k ≥ 14 + pbP(F [P1]) +
tsP(F [P1]) + Zp(F [P1]),

for some contexts C[•], D[•], E[•], F [•], processes P1, Q, P2 and names t, u.

Theorem 6.2.6. The encoding L·Mλρ : CλP −→ S is as or more e�cient than L·Mλoρ : CλP −→ O.

Proof. The proof proceeds in a similar manner to that employed in Theorem 4.2.6 by using:
Theorem 5.3.3, Theorem 6.2.4, Proposition 2.2.3, and Corollary 6.2.5. �

6.3 Translating CλA into O

The translation CλA into O, denoted /· .λρ . This translation relies on the idea and principles of
encoding CλA into O (cf. Section 4.3). We also require sets of reserved names as in Remark 5.2.1
and we use function for determining the number of locations as in Remark 5.2.2. We will use
process outdo as de�ned for J·Koρ. We need some additional auxiliary processes.
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/〈P 〉 .λoρ = pρ
[/P .λoε

]
/t[P ,Q] .λoρ = t

[
/P .λot,ρ

]
| rt.

(
extra{t, pt,ρ, pρ} | pρ[/Q.λoε ] | mt.pρ

[
ut[ft.gt.jt.nt.kt]

])
| t.t{(Y ).t[Y ] | Tt(Y ).ht}
| vt
[
ut{(Z).(Z | et[/Q.λε ] | ft.et{(X).X}.vt{(X).X}.gt)}

]
/instbλY.Rc.P .λot,ρ = ut

[
et{(Y ).(gt.vt{(X).(vt[ut{(Z).(Z | et[/R.λoε ]

| ft.et{(X).X}.vt{(X).X}.gt)}))]}}.(ft.et[0])
]
| /P .λot,ρ

/t.P .λoρ = t.ht./P .λoρ

Figure 6.3: Translating CλA into O.

De�nition 6.3.1 (Update Pre�x for Extraction). Let t, l1, and l2 be names. We write
extra{t, l1, l2} to stand for the following (subjective) update pre�x:

extra{t, l1, l2} = t{(Y ).
(
t[Y ] | ch(t, Y ) | outdo(l1, l2, nl(l, Y ),mt.jt.t{†}.nt)

)
} (6.5)

The intuition for the process extra{t, l1, l2} is the same as in the translation of CA into S
with static recovery (cf. Section 3.4.0.1 and Section 3.4.1). Using well-formed compensable
processes, the translation of CλA into O is as follows:

De�nition 6.3.2 (Translating CλA into O). Let ρ be a path. We de�ne the translation of
compensable processes with dynamic recovery into (subjective) adaptable processes as a tuple
(/· .λoρ , ϕ/· .λoρ ) where:

(a) The renaming policy

ϕ/· .λoρ (x) =

 {x} if x ∈ Ns

{x, hx,mx, kx, rx, ux, vx, ex, gx, fx, jx, nx, zx} ∪ {pρ : x ∈ ρ} if x ∈ Nt.

(b) The translation /· .λoρ : CλA → O is as in Figure 6.3 and as a homomorphism for other
operators.

6.3.1 Translation Correctness

We now establish that the translation /· .λoρ is a valid encoding. To this end, we address the three
criteria in De�nition 2.3.5: compositionality, name invariance, and operational correspondence.
The other criteria are left as a research topic for future work.

6.3.1.1 Structural Criteria

We prove the two criteria, compositionality and name invariance which are introduced in De�-
nition 2.3.5.
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6.3.1.1.1 Compositionality

As we described in the previous encodings, to mediate between translations of subterms, we
de�ne a context for each process operator, which again depends on free names of the subterms:

De�nition 6.3.3 (Compositional context for CλA ). For all process operator from CλD , instead
transaction we de�ne a compositional context in O as in De�nition 3.2.4. For transaction and
compensation update compositional contexts are as follows:

Ct[,],ρ[•1, •2] = t
[
[•1]
]
| rt.

(
extra{t, pt,ρ, pρ} | mt.pρ

[
vt{(X).(X | ut[ft.gt.jt.nt.kt])}

])
| t.t{(Y ).t[Y ] | Tt(Y ).ht} | vt

[
ut{(Z).(Z | et[[•2]] | ft.et{(X).X}.gt)}

]
Cinst,ρ[•1, •2] =ut

[
et{(Y ).(gt.ut{(Z).(Z | et[[•1]] | ft.et{(X).X}.gt)})}.(ft.et[0])

]
| [•2]

CY [•1] = [•1]

Using this de�nition, we may now state the following result:

Theorem 6.3.1 (Compositionality for /· .λoρ ). Let ρ be an arbitrary path. For every process
operator in CλA and for all well-formed compensable processes P and Q it holds that:

/〈P 〉 .λoρ = C〈〉,ρ

[
/P .λoε

]
/t[P ,Q] .λoρ = Ct[,],ρ

[
/P .λot,ρ, /Q.λoε

]
/P | Q.λoρ = C |

[
/P .λoρ , /Q.λoρ

]
/a.P .λoρ = Ca.

[
/P .λoρ

]
/t.P .λoρ = Ct.

[
/P .λoρ

]
/(νx)P ) .λoρ = C(νx)

[
/P .λoρ

]
/a.P .λoρ = Ca.

[
/P .λoρ

]
/!π.P .λoρ = C!π.

[
/P .λoρ

]
/Y .λoρ = CY

[
/Y .λoρ

]
/instbλY.Rc.P .λot,ρ = Cinst,ρ[/R.λoε , /P .λot,ρ]

Proof. Follows directly from the de�nition of contexts (cf. De�nition 5.4.3) and from the de�-
nition of /· .λoρ : CλA → O (cf. Figure 6.3). �

6.3.1.1.2 Name invariance

We now state name invariance, by relying on the renaming policy in De�nition 6.3.2 (a).

Theorem 6.3.2 (Name invariance for /· .λoρ ). For every well-formed compensable process P and
valid substitution σ : Nc → Nc there is a σ′ : Na → Na such that:

(i) for every x ∈ Nc : ϕ/· .λoσ(ρ)(σ(x)) = {σ′(y) : y ∈ ϕ/· .λoρ (x)}, and

(ii) /σ(P ) .λoσ(ρ) = σ′(/P .λoρ ).

Proof. The proof proceeds in the same direction as the proof of Theorem 5.2.4. �

6.3.1.2 Semantic Criteria - Operational Correspondence

The analysis of operational correspondence follows the same ideas as in the translations CλA into
S (cf. Subsection 5.4.1.2). Therefore, we use De�nition 3.4.5, Remark 3.4.4 and De�nition 3.4.6.
Also, we need the following lemma:

Lemma 6.3.3. If P and Q are well-formed compensable processes such that P ≡ Q then

/P .λoρ ≡ /Q.λoρ .

Proof. The proof is by induction on the derivation P ≡ Q, and perform the case analysis on the
last rule applied. In all cases the proof follows directly. �
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We now state our operational correspondence result:

Theorem 6.3.4 (Operational Correspondence for /· .λoρ ). Let P be a well-formed process in CA.

(1) If P −→ P ′ then /P .λoε −→k /P ′ .λoε where for

a) P ≡ E[C[a.P1] | D[a.P2]] and P ′ ≡ E[C[P1] | D[P2]] it follows k = 1,

b) P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrA(P1) | 〈Q〉] | D[P2]] it follows k = 15 +
S(P1) + 4 tsA(P1) + Za(P1),

c) P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrA(F [P1]) | 〈Q〉] it follows k = 15 + S(F [P1]) +
4 tsA(F [P1]) + Za(F [P1]),

d) P ≡ C[s[H[instbλY.Rc.P1],Q]] and P ′ ≡ C[s[H[P1],R{Q/Y }]] it follows k = 6,

for some contexts C[•], D[•], E[•], F [•], H[•] processes P1, Q, P2, R and names t, u, s.

(2) If /P .λoε −→n R with n > 0 then there is P ′ such that P −→∗ P ′ and R −→∗ /P ′ .λoε .
Proof. The proof follows idea presented in Theorem 3.4.6 and Theorem 5.4.4. �

6.3.2 Comparing Subjective vs Objective update

In this subsection, we provide a theorem which states that subjective updates are better suited
to encode compensation handling with dynamic compensation and aborting semantics than
objective updates.
The following statement is a corollary of Theorem 6.2.4.

Corollary 6.3.5. Let P be a well-formed process in Cλ. If P −→ P ′ and /P .λoε −→k /P ′ .λoε then:

b) if P ≡ E[C[t[P1,Q]] | D[t.P2]] and P ′ ≡ E[C[extrA(P1) | 〈Q〉] | D[P2]] then k ≥ 15+pbA(P1)+
4 tsA(P1) + Za(P1),

c) if P ≡ C[u[F [u.P1],Q]] and P ′ ≡ C[extrA(F [P1]) | 〈Q〉] then k ≥ 15 + pbA(F [P1]) +
4 tsA(F [P1]) + Za(F [P1]),

for some contexts C[•], D[•], E[•], F [•], processes P1, Q, P2 and names t, u.

Theorem 6.3.6. The encoding /· .λρ : CλA −→ S is as or more e�cient than /· .λoρ : CλA −→ O.

Proof. The proof proceeds similarly to the proof for Theorem 4.3.6 by using: Theorem 5.4.4,
Theorem 6.3.4, Proposition 2.2.3, and Corollary 6.3.5. �

Brief summary of the chapter:
In this chapter, we have two main results: (i) we presented the encodings of calculi for compens-
able processes into the calculi of adaptable processes with the objective update (encodings CλD ,
CλP , CλA into O); (ii) we exploit the correctness properties of encodings to distinguish between
subjective and objective updates in calculi for concurrency. We again analyzed the e�ciency
criterion of the encoding. We concluded that subjective updates induce tighter operational cor-
respondences. Therefore, we can formally declare that subjective updates are more suited to
encode compensation handling than objective updates.

In the next chapter, we conclude the dissertation by providing a review of the work presented
in the thesis and some insight for future work.
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CHAPTER 7

Conclusions and Perspectives

Finally, we conclude by providing a review of the work presented in the thesis and other research
conducted by the candidate during her PhD studies. Also, this chapter suggests future research
subjects that may be of interest to the reader.

7.1 Concluding Remarks

The quest for programming abstractions that suit emerging computational settings is a multi-
faceted issue. Rather than creating new languages from the ground up, one option is to build
on existing languages for mobile, autonomic, and service-oriented computing.

In this thesis, we have developed connections between programming abstractions for com-
pensation handling (typical of models for services and long-running transactions) and run-time
adaptation. Speci�cally, we compared from the point of view of relative expressiveness two re-
lated and yet fundamentally di�erent process models: the calculus of compensable processes [29]
and the calculus of adaptable processes [7].

We provide a uni�ed, comprehensive presentation of twelve processes translations between
the calculus of compensation handling (with static and dynamic compensations under discarding,
preserving, and aborting semantics) into the calculus of adaptable processe swith subjective and
objective mobility.

We have proved that encodings satis�ed all or some well-established criteria [22]. Precisely,
we prove that translations of CD into S and O are valid encodings � they satisfy compositional-
ity, name invariance, operational correspondence, divergence re�ection and success sensitiveness
properties that bear witness to the robustness of translations. For translation of CλD , CA, CλA into
S and O we prove that they satisfy: compositionality, name invariance and operational corre-
spondence. We establish that translations of CP and CλP into S and O satisfy name invariance and
operational correspondence, the analysis of the other criteria are left for future work. The encod-
ings not only constitute a non-trivial application of two sensible forms of mobility for adaptable
processes, but they also shed light on the intricate semantics of compensable processes.

We exploit our twelve translations to clearly distinguish between subjective and objective
updates in calculi for concurrency. Therefore, we compared our encodings from the point of view
of e�ciency. E�ciency is a new comparison criterion, de�ed in abstract terms, considering the
number of reduction steps that a target language requires to mimic the behavior of a source
language. In this sense, subjective mobility allows us to encode compensable processes more
e�ciently than objective mobility. The e�ciency gains induced by subjective mobility depend on
the number of compensation actions in the source process. In the thesis, to formalize encodings,
we developed the class of well-formed compensable processes, for which error noti�cations are
crucial. Precisely, this class of processes disallows certain non-deterministic interactions that
involve nested transactions and error noti�cations.

198
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Interestingly, the work presented in the thesis uncovers an interesting dichotomy: should
one appeal to objective or subjective updates? A subjective update would appear more �au-
tonomous� than an objective update because it is determined by a located process itself, not
by its environment. Still, we believe that the choice between objective and subjective updates
is largely dependent on the application at hand: it is easy to imagine real-world scenarios of
dynamic recon�guration where each form of the update is more appropriate. Hence, a general
speci�cation language should probably include both objective and subjective updates.

During the candidate's PhD studies, in addition to the research work presented in the thesis,
she has been also involved in research in the �eld of distributed computing particularly in edge
computing as a service (micro clouds). Brie�y, the results in [53] show how geodistributed edge
nodes can be dynamically organized into micro data centers to cover any arbitrary area and
increase capacity, availability, and reliability.

7.2 Future work

We intend further study the relationship between subjective and objective updates in future
research work. An initial insight is the following: subjective updates can represent objective
updates, at least in an ad-hoc manner. Consider process S = C1

[
l[P ] | R1

]
| C2

[
l{(X).Q}.R2

]
,

which, as we have seen, reduces to C1

[
Q{P/X} | R1

]
| C2

[
R2

]
. Now consider S′, a process

similar to S but with subjective update pre�xes:

S′ = C1

[
l[P ] | l1〈〈(X).X〉〉 | R1

]
| C2

[
l〈〈(X).l1[Q]〉〉.R2

]
In S′, we assume that name l1 does not occur in P , Q, R1, and R2. Using two reductions, S′

emulates the movement induced by the reduction step originated in S:

S′ −→ C1

[
0 | l1〈〈(X).X〉〉 | R1

]
| C2

[
l1[Q{P/X}].R2

]
−→ C1

[
Q{P/X} | R1

]
| C2

[
0 | R2

]
That is, the update pre�x l1〈〈(X).X〉〉 serves as an �anchor� to bring the recon�gured process
Q{P/X} back to its original context C1[•].

Similarly, we can represent subjective updates using objective pre�xes. Consider process
L = C1

[
l[P ] | R1

]
| C2

[
l〈〈(X).Q〉〉.R2

]
, which reduces to C1

[
0 | R1

]
| C2

[
Q{P/X} | R2

]
. Now

consider process L′:

L′ = C1

[
l[P ] | R1

]
| C2

[
l{(X).l1{(Y ).Q}.0}.R2 | l1[0]

]
As in process S′, in L′ we assume that name l1 is fresh; also, we assume that P and Q do
not contain free occurrences of variable Y . Process L′ uses two reduction steps to mimic the
reduction step originated in L:

L′ −→ C1

[
l1{(Y ).Q{P/X}}.0 | R1

]
| C2

[
R2 | l1[0]

]
−→ C1

[
0 | R1

]
| C2

[
R2 | Q{P/X}

]
Here, we use location l1[0] to bring the recon�gured process Q{P/X} back to its original context
C2[•].

Crucially, these examples show that the ability of emulating a certain style of process mobility
(subjective or objective) comes at the price of additional reduction steps, which could entail
ine�cient encodings. This observation reinforces our claim that a speci�cation language should
natively support both forms of update.

We addressed the encodability of compensable processes into adaptable processes. We also
plan to consider the reverse direction, i.e., encodings of adaptable processes into compensable
processes. We conjecture that there is no encoding of adaptable processes into a language with
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static compensations: compensation updates instbλX.Qc.P seem essential to model an update
pre�x l{(X).Q}.P � the semantics of both constructs induces process substitutions. Even if we
consider a language with dynamic compensations, an encoding of adaptable processes is far from
obvious. This claim is based on the fact that the semantics of compensation updates dynamically
modi�es the behavior of the compensation activity, the inactive part of a transaction. As a part
of future work, it will be interesting to see how these (non) encodability claims can be formalized.
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