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Abstract—In order for reseachers to cope with the design
developmentof increasinglycomplex processorarchitectures,ar-
chitecture simulators must be able to output more information in
an efficient and concisemanner. AmalGUI is a Tcl/Tk graphical
front-end for the Amalgam architecture simulator, AmalSim.
Its multiple-window interface provides an effective method of
presenting the AmalSim output to the user Furthermore, it
shows how Tcl/Tk can be used to create graphical interfaces
for processorarchitecture simulators and presentsa framework
for such a tool.

|. INTRODUCTION

Researchersust be able to keeptrack of humepus pro-
cessorstatesin order to verify proper applicationexeaition
onincreasinty comple proessorarchitectuesduiing design
developmert. Designveiification and perfomanceevaluation
of a new processomarchitectue usually regures the creation
of a simulator Such a simulator can provide the user with
dehugginginformationon the configurationandthe stateof the
architectue’s compneris as the simulator stepsthrough the
execuion of application codeon the architectue. The amoun
of stateinformation, thowh, depeis on the compleity of
the architectue, which affectsthe numker of componerts that
the usermustobsene during the execution of an application
Furthemore, this stateinformationis quicKy invalidatedasa
simulator stepsto anothercycle. As a result, the amouwunt of
informationandoutpu generatd by the simulatorcanbecone
substantialnd will only grow as architectues becone more
compex.

Text basedcommand-line simulatorsdo not offer a method
to output comple stateinformationintuitively and can often
impedethe users ability to compehendthe informationthey
provide. They especiallylack the ability to efficiently represent
compex organizatioms of compments.As a result,thereis a
needfor graphical interfacesthat canpresentthis information
in an effective manne.

AmalGUI is a Tcl/Tk graphcal front-end to AmalSim,
our Amalgam architectue simulator that provides the user
with a multi-window ervironmen. Outpu from AmalSim
is presentedn the apprgriate windows as either text or a
graphcal repesentation(image). AmalSim implements high-
level models for every major compnent in the Amalgam
architectue in C andrunsasa command-lire shell. The shell
suppots commandsfor printing dehugging information and
steppingthroudh the execuion of anapgication on Amalgam
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Fig. 1. AmalgamArchitecture[1]

Il. AMALGAM ARCHITECTURE

Amalgan is a clusteredprogammalbe-recotfigurable pro-
cessorthat integratesmultiple memory progammable and
recorfigurable units onto a single chip, asshavn in Figure 1.
Eachprogrammale or reconfigirable unit is an indepadent
processingesouce known asa cluster Globd communication
betweenclustersand the memoy systemis handledby a
flexible on-chip network. The globd memay systemconsists
of a multi-banked cache and the off-chip memory Every
cluster also incorporates a 32-erry register file for local
storageand comnunicationwith the network.

Whenexecutinganapplication theapplicationis distributed
amory the clustersin orderto explait the applications paral-
lelism. Furthermore the critical regions of the apgication are
implementedin the recanfigurabbe clusters,which can result
in large speedps in perfamance[2].

However, in order to verify the execution of a distributed
applicatian, the user must track the execution on eachclus-
ter. This increaseghe amownt of information the user must
process since each cluster is indeenden and has its own
registerfile. In addition,AmalSim’s network modelis flexible
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enowgh to offer different configuationsthat could impactthe
perfamanceof Amalgam As a result,the usermustalsotake
the network into consideationandobsenre its behaior during
application execuion.

Each programnable cluster (PCluster)is a conventioral
dual-issuen-order microgrocessoras shavn in Fig. 2. When
a programmale clusterexecuesaninstruction, the stateof all
the compamentsin the progammableclustermay be affected
and will needto be obsered. The network interface/luffer
(NIC) directsincoming and outgping network data.The dual
arithmeticlogic units (ALUs) andtheir pipelinesexecue in-
structionsandsendtheresultsbackto theregisterfiles. Finally,
the instrudion cachestoresrecentlyexecued instructions.

Amalgam’s reconfigirable units (RClusters)increasethe
compexity of the architectue. The architectue of Amalgan’s
recorfigurableclusteris shavn in Fig. 3. At the core of each
recorfigurable unit is a recorfiguralde array (RA). The RA
is a versatilefabric of logic blocks (LB) and wires that can
be usedto implement multiple circuits duringan applicatio’s
execution. The RA is interleaved with the clusters register
file and then folded to form an unbiwoken ring that allows
computationto flow in a counterclockwisedirectian. This re-
duceswire congestionandwire lengtts [1]. EachRA segmert
has8 rows andeachrow has32 logic blocks. The sggments
logic blocksreadinput datafrom the 8-entryregisterbankthat
proceedsthe segment(sourcg andwrite to the register bank
that follows the segment(destinatio. For examge, in Fig 3
Sgymen 0 readsdatafrom Register Bank 0 and writes data
to Register Bank 1. Activities on the RClusterare directed
by the clusters Array Contrd Unit (ACU). The ACU also
manag@s the Configuation Cache(CC), a local memay for
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Fig. 4. Logic Block Architecture[1]

storingrecentlyusedRA corfiguratiors.

The logic blocks (Fig. 4) are the fundamentalcompua-
tional units of the recorfiguralde cluster Each logic block
can implement ary function of its inputs using its look-up
table (LUT). The logic block inputs, which the input muxes
deternine by selectingthe appr@riate wires, sene as the
index of the correspading outpu valuein the LUT. Around
eachlogic block is a comgex and flexible systemof wires,
which are configuredto route datafrom logic blocksandthe
sourceregister bank of the sggment to the input muxes of
otherlogic blocks andthe destinationregister bark. For each



5¢ AmalGUI EEE|] —[of <] (T H=1E3)
Fle Commands Debuy Search Windows Help ‘ Search Text | Graph Modes: A
Start Addr: Hierarchical
Create Run i Step: |10 AmalGUI on Toj
| | o o | e
Command: Clear Memory busy until cycle O ‘ Mouse Modes:
— | Buspesees 1ads chrousn 1dab: |
Simulator running at approximately 1,00 kHz, Y sz 0. valus 0x00150000 |||
Step 10, ldﬂci flags 0. value 0x01150004 HNode Connections
Stepeed 10 cucles, CPU bims = 0,02 secs, lssr bime 1450: Flags 0. value 0xOLELS000
S0 secs, 1454: Flags 0. valus Dx01210040 Zoom Tools:
Simulator running at approximately 0.50 kHz. 14681 flags 0. value O0x03150004
Step 10, 145c: Flags 0, value 0x03830000 zoomin |
Stepred 10 cucles, CFU bims = 0,02 secs, lser bime 1480: flags 0. valus 0x03220080
gty 1464; Flags 0, valus Dx0D2A0002 zoom out |
Simulator rumning st approximately 0,50 kHz. 1462: Flags 0. value Dx00270033 | et )
— | 14gc: Flags O walue 0x002800FF B
/] 1470: flags 0 valus 0x08026810 Edze Status:
= 14744 flags 0., value Ox0B2800FF
Cycle: 1646 (0x66e) < T i T—
Cluster 0 PC: 000001154  Cluster 1 PC: Dx00001530 %:;E: H:g: g' x:ﬁz g:gggggggg e l‘fe
Cluster 2 PC: 0x00001850 Cluster 3 PC: 0x00001c0c 1450; Flags D: value 0x00002000 Active:
1484; flags 0. value OxB3c00000 m
1498: Flags 0. valus 0x93900004 !
l FEMORE, | 148c: flags 0. valus Dx000L0FO0 edats
T 1490; flags 0. value Ox0lccO0d0 01 O
1494: Plags 0. value 0x0c00Bd08
\ CACHE | 1498: flags 0. value 0x0c00BE09 1 ]
? ? T ? 149ci flags 0, value OxBd026a04 21 [ W
1420: Flags 0. value DxBe029a0d !
I HETWORKC | 1454: Flags 0, valus Dx0Lcc00dd 2+t n
3 3 :: 1428 Flags O, valus Dx0o00RAOR
Hode In| Hode Oul{Net Stat Routing Tables!Net Cunneclmns' Hetwork Mapé Exit |
PROG PROG PROG PROG —! —g
Co c1 cz2 £ jgﬂ
MENT O 1: | o: [0 ®: @ Unconfigured: []
31 24 16 8 Q
] 1
= = o JOOOOCONN ONONROOCO00000NONNOROOOO
Ext |+ + DODOOOMODO0CNOOND OO0000CRMEO000ON0
= e = 000000 NN O00NORO0O000000NOERO0O0R0
o BEE = : [0000000\00NAO00NE 000000CO[CONE0ONE
S, o Pectural Regtatars CCisic 4 L AR Ra e L R e
+00: 0%00000000 T01: 0x00045018 r02: 0x00040030 ro3: Ux000401 row s 00000000 O0000C0EEO0OCONR Ll 1]
r0d; 0x00000002 r05; 0x00000005 r06f Ox00000001 rO7: Ox000000 ROW 6
r0B: OxQOFFOOFF r03: Ux000DFFOD r10: Ux00000004 ril: Uxdeadbe OooooooooooOmEcoOo0ee ORENOO
r12: 0x00367f2a ri3: 0x0036002a rld: 0x00007F00 ri5: Dx000D00]|- row 7 0000000 O0OCONEROOCONEEERERCRONRD
115; Oxcmadbesf t17: 00340246 +18: 0w0354020d r19: Oxdsadbe
r20; Oxdeadbeef r21: 0x0000 o
20 40s sarten 21 S0:000 EE ACU Control Bits | RegAle | view custerman | Bt |
;33;3;356?‘;2;;;333Rggfgzg 359555 Decode kuffer (C 1) <<<<ec P = BEE|
€002 0x00008000 201 0500: enry 01 PL 0x00001508 (op ADDI, do 1, dr 2, oro 2. srival 8 (¢ | o )
O 000600005 £05: 0x300:|entry i PC 0x0000152c (op ADDI, dec 1. dr 3. sr0 3, sri_val 8 ¢ | Register e ey
: 5 355595555 Pipeling 0 (C 15 445<4<< 5 o |
e s e TR i Stage 0: PC 0x00001520 (op ADDI, sc 1, dc 1, dr 2, sr0 2
= F =g e B fctive Uire |||||| H | | ||H|||
_— stage 23 HULL
T 15555553 Bopaline T ae 19 cccceced B Tractive Wirs
ex stage 03 PC 0x00001524 (op ADDI, sc 1, dc 1, dr 1, sr0 1
br stage 1: NULL | 0x00000793 |
ks stage 2z HOLL
| I 31 24
= s Read Chanmels
Status View Cluster Map i Exit i
ACU Control Bits I RegFile | View Cluster Map | Exit

Mot cannected - press Enter or Space to connect

Fig. 5. AmalGUI Screenshb

applicatian, the configuation of the logic blocks(LUT values,
input muxes, crossbarand moce) and the wire routing can
vary greatly In total, eachrecoriguralde clustercontains1024
logic blocks and 4096 wire seggments.The compexity of the
recorfigurable clustersdemorstratesthe needfor an efficient
presentatio of informationto the user

1. AMALGUI

AmalGUI displays the output from AmalSim as text or
as graphcal represetationsin a multi-window ernvironmer.
Suchanernvironmert letsthe userquickly find the information
pertainirg to a particularclusteror otherAmalgan compaent.
Rather than outputing all of the AmalSim output in one
window, the informationis organizedin specificwindows that
arepositioredonthescreeraccodingto theusers prefeence.
AmalGUI primarily corsistsof a main windowv with multiple
commnent/clster windows that the user can create (Fig.
5). Eachmajor architectual compaentin Amalgam hasits
own window (clusters network, andmemorycache) althowgh
multiple instancesof eachcompmentwindow canbe created
to allow the userto simultaneusly quey different attributes
for the samecompment.

The main window, shavn in Fig. 6, displays importarn
information from AmalSim in a text widget while the cycle

andprogam courter (PC) informationis displayedin a label
widget. In addition a carvas widget is usedto createa map
of the Amalgam archtecture.

AmalGUI uses carvas widges extensiely to efficiently
shav the organizationof the architectue and the status of
its compaents.This gives AmalGUI the ability to take large
amounts of textual informationandpresehit asaimagethatis
both conciseand uncerstandale. The main window’s carvas
map quickly lets usersbecomefamiliar with the architectue
andits configuation, including howv mary progammattke and
recorfigurable clustersare beingusedby the application run-
ning on Amalgan. The mapalsoallows the userto createnen
windows correspading to the compaentthe userclicks on.
Of thesewindows, the progammalte cluster reconfigirable
cluster and network windows eachuse carvaswidgets.

Programmable Cluster Windows:

The windows for the programmable clustersconsistmainly
of a text widget, a carvas widget, and various button widgets
(Fig. 7). The carvasis againusedas a map. Oncea com-
porentis clicked, the carvasis hidden andthe correspondiny
AmalSim outpu is sentto the text widget. The buttors can
sendAmalSim comnandsthat do not have a logical placein
the mapandalsogrid or ungid the map.
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Reconfigurable Cluster Windows:

Reconfiguable cluster windows (Fig. 8) are similar to
progammale clusterwindows. However, anadditiond carvas
widgetis often usedin placeof the defaut text widget. This
seconcdcarvas andthe graphcal representatiorit createsallow
the userto easilyand quicdy compehendthe large amouwunts
of RClusterinformation outputted by AmalSim. The carvas
is especiallypowerful when a singleimagecanrepiesentthe
outpu of several AmalSim commands.

The use of graphcal represetations producesa reconfig-
urableclusterwindow with multiple levels of detail asshovn
in Fig. 8. Initially, the useris preseted with the top most
level of the RClusterarchitectue (Fig. 8(a)). If the userclicks
on a compaent, such as Sggmen 0, the user goesdeeper
into the architectue andthe carvasis redravn at a lower and
moredetailedlevel asshavn in Fig. 8(b), which shaws all the
LB outputsin Segment 0. If the usercontinwes clicking on a
LB, the userwill reachthe lowestlevel where detailsabou
the LB’s configuation and state are displayed (Fig. 8(d)).
Bindings to mouwse everts allow the userto easily traverse
betweenlevels to attainthe level of detail desired
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Network Windows:

The network windows use a carvas to representthe con-
figuration of the on-chp network as showvn in Fig. 9. All
carvas objeds are createdas a result of bindings with the
layou engne in AT&T's Graph\iz Tcl extensiors. Using the
network conrection information attainedfrom the outpu of
several AmalSim commauls, GraphV/iz's graphdatastructue
is created Grapliz then createsa view of how the graph
should be displayedby using a increnental layout engire
(dynadag,geogaph, orthagrid, or fdpgraph)to deternine the
proper locationof graphnodesand edges. Creation,deletion
and chargesin the position of a noce or edgeare bourd to
Tcl proceduresthat create destrg, or move the correspading
carvas objed accodingly.

Updating Windows:

After a step or run command, the information in each
window is updated by re-senéhg the most recet AmalSim
command(s)whoseoutpu wassentto eachwindow. If Amal-
Sim output is sentto updatea text widget, the new output is
compmredto the invalidated outpu storedin the text widget.
Differerces betweenthe two are highlighted to let the user
know thatvalueshave changd.Fig. 10 shovs aprogammale
clusterwindow displayiry its registerfile after an update.
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IV. AMALGUI IMPLEMENTATION

AmalSim is executa as a child proessof AmalGUI via
the use of two command pipelines,one for stdin/stdoutand
the otherfor stderr This allows AmalSimto bekeptasa stand
alonecommand-lineshell. Thegenerabpplicatia architectue
of AmalGUI is shavn in Fig. 11. The interactionsbetween
the userand AmalGUI typically resultin AmalGUI sendimy
commandsto AmalSim to get the necessaryinformation it
needs.These commaids are executedby AmalSim, which
sendstext output backto AmalGUI. AmalGUI thentakesthe
AmalSimoutpu andpresentgheinformationbackto the user

Sending AmalSim Commands:

The architectue that AmalGUI useswhen sendingcom-
mand to AmalSim can be describedas a two-tier structure
that allows for efficient checkirg of a commands aguments.
Before commands can be sentto AmalSim, they must have
valid agunmentsanda destinatiorwindow for their AmalSim
output. The argumentsareimportant sincethey are often used
to helpAmalGUI directinformationto the progperwindow. The
verification of argumentsanddestinationwindows, aswell as
ary otherprepaation neededor AmalSim outpu processing,
are manged by two main procedires: SendCommaul Line
and SendAmalsim Commau (Fig. 11).

Thesetwo procedirestake advantag of the fact that the
commandsAmalGUI sendsto AmalSim can be classifiedas
eitherexterral or internalcommands. Exterral conomandsare
ary commauls with at leastone argumentspecifiedexplicitly
by the user Typically these are commanls that the user
typesin and wantsto sendto AmalSim throuch AmalGUI.
AmalGUI's mainwindow hasanentrywidgetthatallows users
to typein commands.However, userscanmake mistaleswhen
enterirg commandsandasaresult,exterral commandsrequre
verification of the commaunl itself andits arguments.

Interral commandsare AmalSim commandsthat AmalGUI
geneates.All the comnand’s amgumentsare correctand no
verification is requiled. GenerallywhenAmalGUI hasto send



an AmalSim commauml to get information on the state of

Amalgan, it can geneate the prope agumentsitself based
on the configurationinformation andthe window from which

the commaul was invoked. For examge, when a command

is invoked from a clusters window, the cluster nurmber can
be deternined from the cluster window's name and passed
as an argurrent. The destinationwindow is often the win-

dow that invokes the comnand. It can also be generatedy

inspectingthe commai and its arguments. Since interral

commands are always correct,they do not needto be verified

by SendCommau_Line.

SendComman_Line perfoms the verification of exter
nal commals and tries to correct command arguments if
they are incorrect or missing. Basedon the comnand, the
destinationwindow for the comnands AmalSim outpu is
also determired. If AmalGUI is unable to determinethe
corred¢ argumentsor destinationwindown for a commaud, the
AmalSim commau is not sentand an error messages sent
to the main window. SendAmalsim_.Commandsetsup data
structure and performs ary other actiors neededto process
the commanl output, suchas the creationof the destination
window. Finally, the commandand its agumentsare placed
in the command pipe and sent to AmalSim (stdin). The
command, its arguments,and the destinationare then placed
into a global quewe, Commanl Q.

The CommandQ representsthe curren AmalSim com-
mand that have been sentto AmalSim, but have not yet
compgeted.Sincemultiple AmalSimcommairs canbe quickly
placedinto the command pipeline (stdin) and buffered, the
guete allows AmalGUI to correctly associateutpu with the
corre¢ commands. This is very useful when a destination
window requireshe outputof multiple commandsor whenthe
userdecideso quete up subsegantcommails while waiting
for the completian of the current command.

ProcessingAmalSim Output:

Once an AmalSim commau is sent, AmalGUI waits for
AmalSim’s output to arrive via thecommaunl pipe (AmalSim’s
stdout).By default, the child process’stdoutis buffered until
it is termimated.However, this would rencer it uselesgor our
purpose since the two applicdions must interact with each
other Whenbuffering wasdisabledthoudh, the output from a
single Amalsim command was broken up andsentasmultiple
lines of output. AmalSim senta new line to AmalGUI when-
ever a new line charactemwas outputed. Sincea commarl’s
outpu is received one output line at a time, parangeterssuch
as the destinationwindonv must be deternined before the
command is sent. Otherwise,redurdant compuations occur
whenaer AmalGUI receves anew line of output.Considering
thenumter of lines processedsuchan overheadcould quickly
becone significant.

Get Amalsim Output is bourd to the event of new data
arriving in the commaudl pipelines,aswell asbroken pipes.If
the outpu line is a messagdérom a watchpoin or breakmint,
it is sentto the main window's text widget. Otherwise,it is
the outpu of the command at the headof the CommandQ
andis sentto Procesdata, which directsthe processingof

output lines. Procesdata also is resposible for initiating
window updates. ProcessData sendsthe output line to the
appopriateprocessingprocedureshasednthesentcomnand,
its arguments,and the destinationwindow. The proassing
procedures which use regular expressionsextensvely, send
the output line to the destinationwindow’s text widget, parse
the output line for the dataneededto createcarvas objects,
or set their attributes, such as color Sometimes,multiple
comnandsneedto besentin orderto gatherall thedataneedé
to createa carvas. Once all the datais gatrered, AmalGUI
createor updateghe entirecarvas.If thewindows needto be
updated,Updae Windows is calledandsendsthe mostrecent
AmalSim Commandk) for eachwindow. Suchinformation is
storedin a global array with windov namesas the index.
Outpt linesthatarenomally sentdirectly to a window’s text
widget are insteadcomparedto the existing text lines in the
text widget. Usingtext tags,the new outpu line is highlighted
whenit is differentfrom the correspondig text thatit replaced
Oncea commaul’s output is finished,a marker is outputed
that lets AmalGUI know that the command at the front of
Commaunl_Q is doneexecutirg and canbe removed.

V. CONCLUSION

For this application Tcl/Tk hasmary advartages.As mary
have statedbefore Tcl/Tk is a powerful language for mak-
ing user interfaces. It provides most of the necessarydata
structues and commands for such a task. One of Tcl/Tk's
greatestadwartagesis the numbe of widget operatims and
attributes each widget has. This allows AmalGUI to have
greatcontrd over eachwidget,which is necessarfor creatirg
a successfulinterface. This is especiallytrue for the carvas
widgets,which AmalGUI extersively used.For our appoach,
Tcl/Tk's suppat for efficient reguar expressionss also very
important, since mary different lines of AmalSim output are
parsedor information.Finally, asAmalGUI’s codesizegrew,
Tcl/Tk wassstill ableto run with reasonale speed.

However, by calling AmalSim as a child process and
maintairing AmalSim’s commaud-line shell, AmalGUI is de-
penant on the format of AmalSim’s outpu. Changs in
AmalSim’s outpu format could causeAmalGUI to function
incorrectly. Another drawvback is with dowble substitution
Many global variables are specific to a particdar window,
especiallythe bindings for the buttors, carvas, and mouse
everts. Sincemary windows have the sameset of varables,
the variabde namesoften included the name of the window
they arerelatedto in orderto distinguishthem apart. As a
result,whenbeingusedasanarmgument,the nameof a varigble
would often cortain the value of anothe variable (i.e. name
of the window). Arrays were sometime usedinstead,since
the embeded variable, suchasa window name,cansene as
the index.

A prodemwith creatingmary differenttypesof windowsis
thatthe codesize becomegatherlarge becase eachwindow
typeis so different. A gereral appoachwhereone procalure
could produceall the windows wasinitially attemptedHow-
ever, it was soonrealizedthat there was too much variarce



betweenparametes. This includedthe names attributes,and
numter of widgets,bindings, andwindow layouts.

Overall, Tcl/Tk was suitablefor creatinga userinterface
for processomrarchitectue simulatos. AmalGUI helpal redwce
the architectue and applicdaion devdlopmenttime by being
effective at organizinglarge amounts of informationin a way
that the usercan quicky understand.
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