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Abstract

The discrete—event simulation language Pearl, which is
specifically designed for simulating computer architectures,
features a strong statistical analysis engine. However, the
output of this engine is text-based and postmortem. In this
paper, we introduce a flexible graphical user interface sup-
port library for Pearl, addressing the runtime visualization
of computer architecturesimulations. Thehierarchial struc-
ture of thelibrary is highlighted and, with the help of a case
study that was extracted from previous work, the merits of
thelibrary are presented.

1 Introduction

Performance studies of computer architectures often in-
volves discrete—event ssimulation. The simulation produces
a bulk of data, and postmortem analysis is done to evalu-
ate the performance of the simulated architecture. The Mer-
maid project[8], which focusses on the construction of sim-
ulation models for MIMD multicomputers, showed that it
would be helpful to capture runtime effects which have an
important influence on the overall performance.

In Figure 1 an overview of the Mermaid environment is
given. Within this environment, the capturing of specific
runtime effects should be part of the visualization and anal-
ysistools. We decided that this should have the form of a
Graphical User Interface which can display values from the
simulation that have an important influence on the perfor-
mance. Because it is difficult to predict in advance which
values are (directly or indirectly) responsible for perfor-
manceissues, it was decided that the GUI should haveavery
flexible nature.

The architecture models of the Mermaid project have
been implemented in the special purpose computer architec-
ture simulation language Pearl[ 7]. Becauseit was our inten-
tion to have a flexible GUl—support, it was decided to add
a GUI—support library to the runtime system of Pearl[5] in
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Figure 1. Overview of the Mermaid environment.

such away that it is independent of the Pearl code.

Related work in this field can, for instance, be found in
the simulation of the Data Diffusion Machine[4, 10]. How-
ever, the GUI—-support for that simulation is static and can-
not be used for other simulations. On the other hand, another
example such as the Proteus environment[2] can display
statistics from generic simulations, but only postmortem.
The GUI—support for Pearl inherits aproperty from both en-
vironments: the runtime analysis of the Data Diffusion Ma-
chine simulation, and the generic nature of the Proteus en-
vironment.

The next section gives an introduction to the structure of
Pearl, and specifically the statistical analysisengineof Pearl.
Section 3 gives an overview of the structure of the GUI-
support library. A case study which shows how the GUI—
support library is used, is found in section 4, and finaly, in
section 5 is a summary of this paper is presented.

2 Pearl

Pearl[7, 6] is an object—oriented discrete—event simu-
lation language with method based communication primi-
tives. In Pearl simulations, the objects represent modules
within the computer architecture model, such asaprocessor,
amemory, or a cache.



2.1 Objectsand communication

Objects in Pearl are instances of a class. The classes of
the objects determine their behaviour and are described in
an imperative language, which has a syntax that is similar
toC.

Objectsinteract with each other by sending messages. A
message consists of three parts. the destination, the method
and alist of parameters. The method of a message is a pro-
cedure or function which isinvoked by the object when the
message is received.

When a message is sent, it is queued in the buffer of the
receiving object. This does not mean that the messageisre-
ceived immediately. The receiving object must specify that
it is receptive for this kind of message. Doing so will result
in blocking the execution within the object until a message
of the proper typeis received.

The kind of communication that is described above is
asynchronous communication, which means that the send-
ing object will not block for an aknowledgement of the
message. There is, however, also a set of primitives for
synchronous communication. Synchronouscommunication
is defined in terms of asynchronous communication and a
blocking receive.

2.2 Thevirtual timer

To maintainthe correct execution order, Pearl isequipped
with avirtual clock. When the simulation starts, theclock is
set to 0 and as the simulation progresses, it increments.

Objects can simulate work being done by suspending ex-
ecution for an amount of clock ticks. Next to waiting for
messages, this presents the only other way to suspend ob-
jects. When all objectsare suspended the clock will advance
until the next event, i.e. the first object that was waiting on
the clock wakes up. If thereis no event to be scheduled any-
more, the simulation terminates.

Besides waiting for just the clock, or certain messages, it
isaso possibleto wait for either of them to occur first. This
way, it is possible to simulate, for instance, interupts.

2.3 Statistical analysisin Pearl

The statistical analysisin Pearl based on a notion of the
state of objects. In Table 1 an overview is given of how the
state is defined.

With this notion of state, there are six different types
of statistical analysis provided by Pearl: utilization, con-
tention, profiling, call graph (critical path) analysis, average
bandwidth and statistics from the Pearl-level.

waiting for
clock message | state

- - ready (if not scheduled)

- - running (if scheduled)

X - wait—for—clock

- X wait—for—message

X X wait—for—clock—or—message

Table 1. The state of objects.

2.3.1 Utilization analysis

Whenever an object iswaiting for amessage, it issaid to be
idle, and when it iswaiting for the clock, it is busy. When it
isin the state wait—for—clock—or—message, it is busy or idle
depending on how it iswoken up: if itiswoken up by ames-
sageit wasidleand if itiswoken up by the clock it was busy.
Thetotal amount of virtual time spent asidle or busy istrans-
lated into a percentage, which is displayed at the end of the
simulation for every object.

2.3.2 Contention analysis

The contention analysisand the utilization analysisare com-
bined in the output, as the amount of time the objects were
idleand busy isdifferentiated for the number of messagesin
the message queue. This gives an indication of how much
time is spent with queued messages. If there are messages
gueued for a considerable amount of the time in which an
object is busy, this may be an indication that there exists a
bottle—neck in the architecture.

2.3.3 Profiling analysis

Thevirtual time spent in each method iscounted so the com-
puter architect can determine where timeis spent inside the
object. If it turns out that time is spent mostly in just one
or afew methods, the computer architect can then decideto
optimize those methods.

2.34 Call graph analysis

Themost complicated analysis supported by the Pearl kernel
isthecall graph analysis. Attheendof every idleperiod, the
kernel traces back to see which objects were responsiblefor
the objects being idle. For instance, the call-graph analysis
can determinethat a processor—object is actually waiting for
amemory—object, even though it made arequest to acache—
object (which resulted in amiss).

2.35 Averagebandwidth

The size of the parameters at each method call is added to
atotal. For each two objects, the total size is accumelated



and at the end of thesimulation, it isdivided throughthevir-
tual time. This resultsin an average bandwidth of commu-
nication between objects. This can help the computer archi-
tect to decide how to place the architecture componentson a
board, so the communication between them does not pose a
problem. Note that only the average bandwidth is used and
that peak bandwidth is not taken into account.

2.3.6 Pearl-evel statistics

In case there are statistics from the Pearl ssmulation that are
not supported by the standard statistical analysis, the Pearl
program must accumulate the statistics itself. A typical ex-
ample of thisis, for instance, the hit rate of a cache. At the
end of thesimulation, aspecial methodiscalled in every ob-
ject, inwhich the Pearl program is given the chanceto print
these statistics.

2.4 Interpreting the statistics

When running a Pearl simulation with alarge number of
objects, the postmortem output would be a couple of thou-
sands of lines. It can therefore get very tedious for the de-
signer to get aglobal overview of the performanceissues of
the simulation. A set of tools called RAPID[9] is available
to gather data from vast output files, but it is still cumber-
someto get agood indication of specific performanceissues.

Besides it being awkward to interpret the simulation, the
statistical analysis provided by Pearl does not always give
any insight into why the performance of the simulated archi-
tectureiswhat it is. Often exceptional eventsin the simula-
tion can result in unpredicted behaviour, and Pearl does not
help the designer to trace those events. Consequently, the
designer will add a print statement at every event, redirects
the output to afile which can easily grow to over afew tens
of megabytes. Thisindicates that a better way of presenting
the statistics with, for instance, a graphical user interfaceis
desired.

3 The GUI-support library

As described in the introduction, it was very important
that the GUI—support is flexible in use. This was accom-
plished by shifting the description of the GUI to a seperate
file, and thus making the Pearl program independent of the
GUI. Besides that, the user should be able to make a selec-
tion of which statistics on what events or values, should be
displayed. From these two requirements the framework of
the GUI—support library evolved.

This framework consists of a so called canvas, the main
window, with a few controls which make it possible to run
the simulation in three different modes: continuously, per
time step, and per scheduled event.

On the canvas, small windows can be placed, each win-
dow depicting an object. Every object can have only one
window, but if the object is not interesting, it does not need
to have one. Visualizing widgets, or in short visuals, can be
placed inside the object—windows. Visuals comein various
types and they display statistics from the objects.

Defining visualsis donein three steps:

1. Determining which statistics from the smulation are
interesting.

2. Doing (optional) transformations on these statistics.

3. Determining in what way to present the (possibly
transformed) values.

3.1 Statisticsfrom the ssimulation

The statistics from the simulation that can beretrieved by
the GUI—support lead to types of analysisthat are quite simi-
lar tothe original types of analysiswithout the GUI—support.
Thekinds of analysisthat are supported are utilization, con-
tention, profiling and analysis at the Pearlevel.

3.1.1 Utilization analysis

Todeterminethe utilization of an object theinteresting states
are wait—for-clock, wait—for-message and wait—for—clock—
or-message.

The utilization analysis by the GUI—support is dlightly
different from the origina statistical analysis of Pearl. In-
stead of an object being busy or idle, there is a new def-
inition of the state. In this new definition there are three
states, called work, wait and idle. Their definition is re-
lated to Pearl’s definition of state. An object is in state
work when the Pear| state is either wait—for—clock or wait—
for—clock—or-message. When the Pearl state is wait—for—
message, the object is said to be idle. The only exception
to this, is when an object is waiting for the reply message
from a synchronous communication. Then the object isin
state wait.

The problem that remains is the dubious interpretation
of the Pearl state wait—for-clock—or—message, asit can both
be interpreted as the object being idle or busy. This prob-
lem also existsin the statistical analysis of Pearl without the
GUIl—support. However, it turns out that the way this state
is used, it is amost aways interpreted as busy. Therefore
wait—for-clock—or—-message maps to the state busy.

The advantage of identifyingthe state wait isthat it gives
an opportunity to find objects responsible for other objects
beingidle. Thisisaproperty that is usualy detected by ana
lyzing the statistics from the call graph analysis from Pearl.
Making the statistics of the standard call graph analysis ac-
cessabl e for the GUI—support would not be difficult, but us-
ing it in a GUI would be quite cumbersome. For every pair



of objects in the simulation, a number is stored containing
the statistics on the call graph analysis. That meansthat the
size of the statistical data on call graph analysisisrelated to
the square of the amount of objects. If this should be visu-
alized, then a selection from these statistics must be made.
Theproblemisthat it is often hard to predict wherethe crit-
ical pathreally is. Using state wait is less sophisticated but
givesaclear indication where objects wait on other objects.
For example, the amount of time that a processor object is
in the state wait is the sum of the time it is waiting for the
cache and (indirectly) for the memory.

3.1.2 Contention analysis

As indicated before, the message queue length can be an
indication of the amount of contention around an object.
Whenever a message is sent to an object, it is queued in
a buffer. If the object is unable to enter the appropriate
method, the message remains queued. When the message
gueuelength of an object isnon-zero on aregular basis, itis
an indication that the object suffersfrom contention. There-
fore, the message queuelength i sthe second statistic that can
be derived from a Pearl-simulation.

3.1.3 Profiling analysis

Every time a method is invoked, a counter for that method
isincreased, and when it exits from the method, the counter
is decreased. The values of these counters can be retrieved
by the GUI—support and with these values, a profile of the
object can be made. Because of the way the counter works,
it is also possible to detect recursion.

3.1.4 Pearl-eve analysis

The last means of collecting statistics from the simulation
is from data at the Pearl-Hevel. Thisis done by tracing the
values assigned to global variables.

3.2 Dealing with statistics

Most of the values that are derived from the simulation
have atemporal character; they only provideinformationon
the simulation at the moment that they were derived. When
going through asimulation step by step to get a better under-
standing of what is happening, thisis desirable, but whenthe
simulation is run continuously, asnapshot is not interesting.
Onewould like to see statistics from the simul ation describ-
ing performance behaviour over alonger period of the sim-
ulation. Thisleadsto dividing valuesfrom the simulationin
two catagories.

snapshot values are values that say something about the
simulation at a particular moment in the simulation.

integrated values are values that say something about the
simulation over sometimeinterval.

The objective is to make integrated values out of snap-
shot values. Thisis accomplished by introducing a number
of simpletransformationson raw values. Thesetransforma-
tions form only one of the three steps in the path from the
simulation to the GUI. The complete path is:

e Retrieving raw values.
e Transformations on the raw values.
e Grouping values.

The last two of those steps are optional. To get a bet-
ter understanding of how the transformationswork, they are
represented as some abstract structure. Becausetheinterme-
diateresults onthispath formahandleto the valuesfromthe
simulation, these abstract structures have been called han-
dles.

3.21 Retrievingraw values

To get a better understanding of dealing with the values, an-
other catagorizationis made.

quantative values are values that are a quantity, such as
the hit—rate of a cache object.

event values are val ues that describe an event being raised
or not, such as a value describing whether or not a
cache object is busy fetching a new cache block.

Typicaly, event valuesare of aboolean nature. However,
the message queue length, which indicates the event of an
object suffering from contention, can be any value greater
than 0. The same goes for the method invocation counter,
which aso detects an event, but can be any value greater
than 0. The state of an object is even worse, as it can have
three enumerated values (busy, idle and wait).

For the state of an object, the solution is simple. In-
stead of having only one enumerated value that represents
the state of an object, there are three status values, one for
each state. The values are 1 if the object is in the appropri-
ate state, and O otherwise.

Sometimes the enumerated value can be useful (for in-
stance by associating every state with acolor and displaying
that in one visual). For that purpose, the enumerated value
can be used trandlating to an integer that is either O, 1 or 2.

For the message queue length and the method invocation
counter things are not much different. Sometimesthe actual
number of messages in the queue is what is needed, while
in other situationsit is enough to know there is one or more



messages in the queue. The same goes for the method invo-
cation counter. Therefore, it is possible to specify the val-
ues of the message queue length and the method invocation
counter as booleans. The GUI—support takes care that val-
ues declared as boolean will be O if the actual valueisO0, and
otherwiseit will be 1.

It is possible to pass raw values directly to the GUI-
support library. However, this is only of use when the
value in question is an integrated value. The logic behind
thisis simple. Snapshot values have a tendency to change
very fast. Suppose we were to display the snapshot value
of, for instance, the message queue length, in continuous
mode. Because the message queue length changes rapidly,
the value displayed would never be stable and it would be
impossible to draw conclusionsfromiit.

On the other hand, when going through the simulation
step by step, it usualy is to get a better understanding of
what is actually happening in the simulation. Thisis done
by looking at the events occuring at a certain moment and
their effects on other events. The words “at a certain mo-
ment” already state that what is visualized, must be snapshot
values.

3.2.2 Transformationson raw values

Most values derived from the simulation are snapshot val-
ues. If the simulation is running in continuous mode, it is
required that the snapshot values are being trandlated to in-
tegrated values. Thisisdone by sampling the value at regu-
lar intervals. With the acquired samples of the behaviour of
the value over alonger period can be determined.

Currently, there are four handles that are used to trans-
form snapshot valuesinto integrated values. They arecalled
smooth, history, sum and average.

The fastest way to convert a snapshot value into an in-
tegrated value is by using smooth. When the smooth han-
dieisapplied, the valuethat is being smoothed is sampled at
regular intervals. The smooth handle has three parameters,
thevaluethat is being smoothed, the time between sampling
and the weight for the currently sampled value. Thisweight
is used when calculating the new smoothed value, which is
the weighted average of the old smoothed value and current
vaue. When the weight for the current value is relatively
low, the smoothed value will approximatethe average of the
sampled values.

The second transformation that samples a value on regu-
lar intervalsis history. Unlike what is done by the smooth
handle, ahistory of these samplesiskept. Such ahistory can
either be used for further processing with handles, or it can
be passed directly to the GUI. In that case, the entire range
will be displayed in one visual.

The history handle also has three parameters. Just like
smooth, thefirst two are the sampled value and the time be-

tween samples. The third parameter is the number of sam-
plesthe history keeps.

The sum and average handles are strongly related to the
history handle. Infact, the sum and average are only defined
on histories. Whereas history goesfrom onevalueto arange
of them, sum and average go fromarangeto onevaue. The
names are self—-explanatory: sum sums up al the valuesin
arange, while average calculates the average.

The combination of history and sum or average presents
the second way to convert snapshot valuesto integrated val-
ues. An often used technique is to take a (raw) value that
can be either 0 or 1, make a history of length 100 from it,
and define a sum handle on the resulting history. The result
is an (integrated) value which gives the percentage of time
the raw value was equal to 1. This technique works on all
values that have a boolean character.

The advantage of using the combination of history with
sum and average instead of smooth, is that if enough sam-
ples are used in the history, it is more stable than smooth,
because smooth only averages over two values. The disad-
vantageisthat it takes more memory, because all samples of
the history must be stored.

3.2.3 Grouping values

Thelast step that can be taken before visualizing, isto group
valuestogether so they can be displayed together. The group
handleis used for this. It doesn’'t do anything with the val-
ues, but only tells the GUI the values should be displayed
together in one visual.

3.3 Visualizing widgets

Inthe GUI—support library, there arefive types of visuals
that make use of three different ways of displaying avalue.
These three different ways are: by a colour, by the length
of a bar, or verbatim. Using the length of a bar is conve-
nient when displaying quantitive values. On the other hand,
it turns out, that event values are better interpreted if they
arerepresented by acolour rather than thelength of abar. In
case of step-by-step simulation, the event can be displayed
as being raised or not in two colours. When simulating in
continuous mode, the amount of time an event was raised
can be displayed asarange of colours, but also asthe length
of abar. The choice between those two dependson the char-
acterigtics of the value and what the designer wantsto detect
from them.

To get aclear picture of asimulation as a whole, using
coloursisthe easiest to interpret. Especialy utilization and
contention can be seen in aglanceif for instance the colour
red is associated with high contention, and blue with low
contention. However, valuesthat areinstable, would change
colour al the time and reduce the clarity of the GUI drasti-



cally. Suchvauesareonly of usein step—-by—step simulation
or after they are first made integrated values.

3.3.1 Visualizing avalue by thelength of a bar

Therearetwo visualsthat use thelength of abar to display a
value. They arecalled graph and diagram, and are displayed
in Figure 2.

# cachef

# cached

Graph Diagram

Figure 2. The visual- types graph and diagram.

The diagram takes a group of values and draws a num-
ber of bars of which the lengths are relative to the values.
Asthe value changes, the length of the bar changes as well.
The graph shows the recent past of avaue. It scrolls from
right toleft and new valuesarebeing drawnontheright. The
metrics of the value are omitted because it reducesthe clar-
ity of the GUI.

The diagram is exceptionally convenient if there are
more diagrams displaying the same value but from differ-
ent objects, so it is possible to compare. Objects that show
different behaviour than the others, which are generally the
interesting ones, will be noticed very easily. Thisis a prop-
erty that all visual sthat abstract from the exact val ue posses.

The graph visualizes the behaviour of a value over the
most recent past. It allowsthedesignertolook at atimesdlice
of the simulation and monitor the statistics of which the de-
signer has a suspicion they are influenced by special events.
An example could be when the hit rate of a cache over some
time period is drawn in agraph. When one of the smulated
processors does a context switch, this will be clearly visi-
ble, becausethe hit rate will initially drop. Hence, the graph
alows the designer to see these events happen at runtime
rather than seeing the overall hit rate be emitted at the end
of the simulation.

3.3.2 Visualizing avalue by a colour

There are also two visuas that use the colour to display a
value. They are called history and event, and are displayed
in Figure 3.

The history does with eventike values, what the graph
does with quantities. The same relation also holds for the

# cachefd
# pode 0
NN
History Event

Figure 3. The visual- types history and event.

visual-types event and diagram. When simulating step—
by—step, the event visual is used to display events as being
raised or not, and the history visua to display their recent
past. However, the history and event visuals can do more.
When simulating in continuous mode, it is also interesting
to use them to display quantative values, when wanting to
compare the values with similar values from other objects.
Displaying a quantative value as a colour is done by assign-
ing a colour to the upper and lower bound of the value and
have a number of shades between the two extremes.

3.3.3 Displaying the exact value

Thereis one visua type, that displaysthe exact value. It is
called value, and an example of it isdisplayed in Figure 4.

# cache
hit_rate: 53

Figure 4. The visual- type value.

Thisvisual-typeis used when the exact valueisrequired.
It displays a name associated with the value (such as the
name of the global variable, or a method), followed by the
value. Using thisvisual alot will result in a decrease of the
clarity of the GUI. It should therefore be used with some
care.

3.4 Agile

Describing the gui, using the structures which were de-
scribed in the previous sections, is done with alist of state-
ments in a specid file. For this purpose, a language, called
Agile (A Graphical user Interface LanguagE), has been de-
veloped.

As the name suggests, Agile is a flexible and powerful
language. It is possible to specify a complete GUI with a
minimal amount of effort. Descriptions of GUIs in Agile
consists of three parts. a series of statements setting up the



environment, the placing of the objects, and the declaration
of the visuals.

wi dth 44; pl ace router.* (3,3) (8,8);
hei ght 44; wap router.* 4;
bor der O0; xof fset router.* 10;

col or bg hot pi nk; yof f set router.* 10;

@ (b)

Figure 5. Some examples of Agile statements

The first part describes the environmental parameters of
the canvas. Figure 5a shows a few examples of statements
that are part of this section. Things like the size of the
canvas, its background colour and whether or not object
windows should have a border are defined there. The sec-
ond part, placing the objects, defines where the object win-
dows will be located on the canvas. Figure 5b shows how
a range of windows associated with a range of router ob-
jects are placed in a two—dimensional array with only four
statements. In this particular example, windows are placed
from left to right and wrap around after 4 objects. After it
wraps around, the next window is placed benesath the first
one again.

Thethird part isthe creation and placing of thevisuals. In
Agile, it is possible to describe the raw value, the transfor-
mations, the visual type and the parametersthat are required
in just one statement. For instance, theline

di spl ay
val ue sum (
hi story router.*: method route (100, 10, 100)

)
(0,2) (8,2);

will create avisual of type value in each of the windows
all of objectsr out er . Thetop left corner is at the coordi-
nates (0,2), it is 8 units wide, and 2 units high. The history
contains 100 elements which are sampled at intervals of 10
ticks. Sointhevisual, the percentage of timethat the object
was in the method r out e over the last 1000 clockticks is
displayed.

It turns out that besides being flexible, Agileis aso very
compact. Typically, files used to describethe GUI are some-
where between the 50 and 80 lines.

4 Usingthe GUl-support; a case study

During the design and implementation of the GUI-
support library, asimulation of amulti dimensional network
functioned as one of the testcases. The simulated network
consists of 49 nodes in a 7x7 matrix, which are connected
as either amesh or atorus. It is possible to select between
two routing strategieg[ 1], XY routing or routing based onthe

Bresenham[ 3] algorithm (graphical routing). Messages are
partially generated using a random distribution and a small
percentage of all messagesis always sent to the nodein the
center of the network, thus creating a hotspot.

Within the simulation, every node consists of 6 objects: a
processor, arouter and four channels. Because the processor
doesnot produceany interesting statistics, it isnot displayed
in the GUI.

From the router objects, the average network contention
overhead is displayed. The latency that a message would
have when there is no contention, can be calculated. Every
clock tick that it takes longer, is overhead. When the total
overheadis multiplied by 100 and divided by thetotal of the
expected latency, the result is a percentage of the overhead.
This percentage, which is stored in aglobal variable, isdis-
played in a history visual, so when the simulation reaches
a steady state, this can be detected by the history being just
one colour.

The optimal configuration of a network under a given
load, is when there is as high utilization and as little con-
tention as possible. Because the router objectsare only used
to measure contention, the channel objects are used to ana-
lyze the utilization. There are two possible ways to do so.
The first option would be to look at the time that is spent in
the method that is used by the channel to pass the message
to the adjacent router. However, this entity also accounts
for the time that the channel is waiting on that router before
it is ready to receive the message. This amount of timeis
contention overhead and should not be interpreted as time
in which the channel object was busy. Therefore, using the
state of the object is more appropriate. A history is made
from state work, whichis summed, and then used in an event
visual.

The next step is to tune the visuals so the values are dis-
played in a way that the extremes of the values results in
the extremes of the colours. Because al latencies are sim-
ulated by the channels and there is no routing latency, the
channels can be fully utilized. This means that the interest-
ing values from the channel utilization range from 0% up to
100%. Theloadthat isplaced onthe network israther heavy.
After some experiments, it turns out that in worst case situ-
ations, thereis an overhead of about 115%. Therefore, it is
displayed in arange from 0 to 115%. To give as much con-
trast as possible, al the colours of the spectrum are used to
depict the values. It only takes 5 statements of Agileto pro-
ducethese visuas, of which asingle onelook like this:

di spl ay
event (sum(
history north. #:state 0 (400, 25, 126)
[100]))
(0,0) (2,2)
( bl ue-cyan[ 25] - green[ 25] -yel | oW 25]
-orange[ 25] -red[ 25]);
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Figure 6. XY and Graphical routing in atorus

The syntax of this statement may look somewhat fright-
ning. It may seemthat it isvery error proneto specify aGUI
with Agile. That is one of the reasons we intend to build a
modelling environment which generates these statements.

Once the GUI has been added and the simulation is run,
the performance difference between graphical routing and
XY routing can easilly be visualized, especially with arel-
atively high percentage of the hotspot. Figure 6 compares
XY and graphical routingin atorusfor hotspots of 0%, 5%,
10% and 20% of all the message traffic.

With no hotspot at all, thereis no difference. All routers
and channels behave identically. When the hotspot is 5%,
thedifferenceisaready visible. Therouter and the channels
of the hotspot are dlightly less dark with graphical routing
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Figure 7. XY and Graphical routing in a mesh

than in the case of XY routing. Besides, the nodes north
and south from the hotspot suffer from a higher contention
than the other nodes. At 10% hotspot, the simulation starts
developing a hot region when using XY routing, whereas
the graphical routing still only gives heavy contention at the
hotspot. At 20% hotspot, the difference even gets worse.
The hot region of XY routing shows three nodes where the
contentionisvery high andtwo whereitisaboveaverage. In
graphical routingitisstill only the one hotspot, and adjacent
nodes being just slightly darker.

However, it turns out that when configuring the network
as a mesh, rather than a torus, the drop in performanceis
quite significant.

Without a hotspot, the performance of XY routing isjust



moderately |ess than when the network was configured as a
torus. However, with graphical routing thereis ahot region
of nine nodes and twelve other nodes have a significantly
higher contention than in the torus configuration. When a
hotspot is introduced in the center, the contention gets less.
Thereason for thisis that the central position of the hotspot
makes the total amount of hops decrease, while the number
of messages stays the same. In the torus configuration this
did not influence thetotal number of hops, becausethetorus
wraps around and has no notion of “central”. The behaviour
of XY routing with an increasing hotspot is entirely differ-
ent than with graphical routing because XY routing givesa
better utilization of the channels at the edges of the mesh.

Although a more detailed study would be required to
make a more precise statement, it is not possible to say
which of the two routing strategy is better, since it depends
on the circumstances.

Of course, this conclusion could also have been taken by
using simulation without a runtime GUI. However, using
a GUI makes it much easier to interpret the results of the
simulation. Just a glance at the GUI after it reached steady
stateindicates around which nodes the contention is concen-
trated, and how heavy it is. If the designer wantsto evaluate
the contention of every node without aGUI, it requires dig-
ging through the output of the simulation and extract the per-
centages of the latency overhead. These percentages come
in plain text, and although they are more accurate than inter-
preting acolour, it takes much longer before the same under-
standing is reached as with a GUI.

5 Summary

In this paper, the support for a Graphical User Inter-
face(GUI) for the computer architecture simulation lan-
guage Pearl was introduced, which alows visualization of
runtime behaviour of computer architecture simulations.
Because Pear| providesgreat flexibility in thedesign of sim-
ulations, it was required that the GUI—support be generic.
Thiswas accomplished by making the definition of the GUI
independent of the Pearl code, which aso alows one to
add a GUI to older simulations, which were built before the
GUI—support existed.

Originally, the GUI—support was designed to get a better
and faster understanding of the simulated architecture and
its performance. It turns out, that it can be used in severa
situations in which knowledge about a computer architec-
ture has to be aquired or passed on to someone else. Such
a situation can, for instance, also be part of an educational
process.

The GUl—-support can be used in two distinct modes. In
case the designer wants to get a better understanding of the
simulated architecture, it is possible to go through the simu-
lation step by step, so the eventsthat are greatly effecting the

performance of the simulated architecture can be detected as
they occur. A more broader view is given when the simu-
lation is run in continuous mode. In this mode, an impor-
tant part of the GUI—support is used which alows integrat-
ing raw valuesfrom the simulation over acertaintimeinter-
val.

Because Pearl is an object oriented simulation language,
the GUI is based on the objects that exist in a simulation.
Thedesigner specifiesthe GUI in acompact languagecalled
Adgile, which creates the building blocks of the GUI, such as
transformations on values and the widgets to visualize the
statistics, called visuals. Visuals come in various types and
every type hasthe ability to visualize specific characteristics
of the values from the simulation, such as the behaviour in
time, or just a snapshot of avalue.

Although thereis still alot of work that can be done on
the GUI—support, the case study that was discussed in this
paper showed that clear runtime visualization of computer
architecture simulations can be accomplished with simple
building blocks. Combined with the underlying flexibility
of Pearl, this makes the GUI—support a powerful tool and a
great asset to Pearl.
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