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Title of the dissertation: Methodology for designing simulators of computer
architecture and organization

Summary: This paper presents methodological approach to the computer architecture
and organization simulator design. The methodological approach should help students
to bridge the gap between theory and practice in the domain of computer architecture
and organization simulator design, and to design simulators capable to work in a
concurrent and distributed environment. In order to achieve this goal at the beginning of
the paper a survey of undergraduate level courses was given. The courses include those
in the field of computer architecture and organization and in the field of concurrent and
distributed programming. One possible solution to the problem is given after an analysis
of simulators that have available source code. Proposed solution is based on a multi-
layer design where each layer is responsible for different type of processing and
communication. The solution includes five different layers: logic, simulation, execution,
presentation, and physics. For each proposed layer an analytical model that estimates
execution time of simulation in a concurrent and distributed environment is given. The
central part of the paper presents a discrete event simulator names SLEEP developed by
using the proposed methodology. The design is presented through explanations of
simulator structure and simulator usage. Based on the developed simulator and
supporting libraries a set of laboratory exercises and project assignment was presented.
At the end of the paper evaluation of the proposed analytical model and laboratory
excursuses and project assignments was given.

Methodology, for designing simulators of computer architecture and organization, based
on the layered architecture where each layer is responsible for different forms of
communication and processing was developed. The decision to use a layered
architecture for designing simulators of computer architecture and organization that are
capable to work in a concurrent and distributed environment enabled strict separation
between simulation execution and processes communication, process synchronization
and interaction between the layers; Based on the proposed methodology computer
architecture and organization simulator named SLEEP wad developed. The simulator
adopts layered approach and can be uses as a general purpose discrete event simulator.
The proposed approach enables the SLEEP simulator to execute simulations within
single-thread, multi-thread and distributed environment; Based on the evaluation



obtained during the SLEEP simulator usage can be concluded that the process of
designing simulators for computer architecture and organization can be used for
teaching parallelization within a concurrent and distributed programming. Based on the
evaluation of results, obtained from the analytical model and from the performance
measurement, can be concluded that the execution time of simulations, which are used
for teaching computer architecture and organization, can be significantly reduced in a

concurrent and distributed environment in cases of low interaction with the user.

Key words: Simulator design; Computer architecture and organization; Concurrent
programming; Distributed programming; General purpose discrete event simulator;
Analytical model.
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public class BufferLogic {
[] E] E 0] [ ] E] Port<DigitalvValue> a, b; E]
Port<DigitalValue> c, d;
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algorithm TimeDrivenAlgorithm(p : list of components);
inttialize(p);
preCalculate(p);
executionTime := startTime;
while (executionTime < endTime) do
foreach component in p do
call component execute;
end_for;
foreach component in p do
save component new state;
distribute component state to connected components;

end_for;
executionTime := executionTime + iInterval;
end while;
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algorithm TimeDrivenAlgorithmWithDelays(p: list of components);

initialize(p);
preCalculate(p);
executionTime :-= startTime;
while (executionTime < endTime) do
foreach component in p do
it component should be evaluated do
call component execute;
end_for;
foreach executed component in p do
save component new state;
distribute component state to connected components;
schedule connected components for iteration;

end_for;
executionTime := executionTime + interval;
end while;
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algorithm EventDrivenAlgorithm (p: list of components);
initialize(p);
preCalculate(p);
executionTime :-= startTime;
while (eventsExist and executionTime < endTime) do
event := getEventFromList();
call event.component execute;
foreach component new created event do
putEventToList(event);

end_for; ) ) )
executionTime := event.executionTime;
end_while;
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algorithm TimeDrivenParallelAlgorithm(p : list of components
i - node id);
initialize(p, 1);
preCalculate(p, 1);
executionTime := startTime;
while (executionTime < endTime) do
barrier synchronization
foreach component in p do
call component execute;
end_for;
barrier synchronization
foreach component in p do
save component new state;

distribute component state to connected components;

end_for;
executionTime := executionTime + iInterval;
end_while;
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algorithm EventDrivenConservativeAlgorithm (p: list of components);
inttialize(p);

preCalculate(p);

executionTime := startTime;

while (eventsExist and executionTime < endTime) do
do

X 1= getNextSafeMoment();
while ( X < getFirstExecutionTime());
event := getEventFromList();
call event.component execute;
foreach component new created event do
it (event.component is in group(p, 1)) then
putEventToList(event);

else
sendEventToScheduler(event);
end_if;
end_for;
executionTime := event.executionTime;
end_while;
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algorithm EventDrivenOptimisticAlgorithm (p: list of components);
initialize(p);
preCalculate(p);
executionTime := startTime;
while (eventsExist and executionTime < endTime) do
event := getEventFromList();

if (executionTime <= event.executionTime and event <> cancel) then

call event.component execute;
foreach component new created event do
if (event.component is in group(p, 1)) then
putEventToList(event);
else
sendEventToScheduler(event);
end if;
end_for;
executionTime := event.executionTime;
else
undoAllActions(event.executionTime);
sendCancleForRestartedPeriod(i, event.executionTime);

removeUnconfirmedEvents(executionTime, event.executionTime);

putEventToTheExecutedList(event);
end_if;
end_while;
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