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This documentdescribesthe processorsimulatorsthat accompany the presentationof the Y86 processor
architecturesin Chapter4 of ComputerSystems:A Programmer's Perspective. Thesesimulatorsmodel
threedifferentprocessordesigns:SEQ,SEQ+,andPIPE.

1 Installing

Thecodefor thesimulatoris distributedasa Tar format �le namedsim.tar . You cangeta copy of this
�le from theCS:APPWebsite(csapp.cs.cmu.edu ).

With thetar �le in thedirectoryyou wantto install thecode,you shouldbeableto do thefollowing:

unix> tar xf sim.tar
unix> cd sim
unix> make clean
unix> make

By default, this generatesGUI (graphicuserinterface)versionsof the simulators,which requirethat you
haveTcl/Tk installedonyoursystem.If not,thenyouhave theoptionto installTTY-only versionsthatemit
their outputasASCII text on stdout. See�le READMEfor a descriptionof how to generatethe GUI and
TTY versions.

Thedirectorysim containsthefollowing subdirectories:

misc Sourcecode�les for utilities suchasYAS (theY86 assembler),YIS (theY86 instructionsetsimula-
tor), andHCL2C (HCL to C translator).It alsocontainsthe isa.c source�le that is usedby all of
theprocessorsimulators.

seq Sourcecodefor theSEQandSEQ+simulators.ContainstheHCL �le for homework problems4.34
and4.35.See�le READMEfor instructionson compilingthedifferentversionsof thesimulator.

pipe Sourcecodefor thePIPEsimulator. ContainstheHCL �les for homework problems4.37–4.42.See
�le READMEfor instructionson compilingthedifferentversionsof thesimulator.

y86-code Y86 assemblycodefor many of theexampleprogramsshown in thechapter. Youcanautomat-
ically testyour modi�ed simulatorson thesebenchmarkprograms.See�le READMEfor instructions
onhow to run thesetests.As arunningexample,wewill usetheprogramasum.ys in thissubdirec-
tory. Thisprogramis shown asCS:APPFigure4.6. Thecompiledversionof theprogramis shown in
Figure1.

ptest Scriptsthat generatesystematicregressiontestsof the different instructions,the different jump
possibilities,anddifferenthazardpossibilities. Thesescriptsarevery goodat �nding bugsin your
homework solutions.See�le READMEfor instructionsonhow to run thesetests.
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1 | # Execution begins at address 0
2 0x000: | .pos 0
3 0x000: 308400010000 | init: irmovl Stack, %esp # Set up Stack pointer
4 0x006: 308500010000 | irmovl Stack, %ebp # Set up base pointer
5 0x00c: 7024000000 | jmp Main # Execute main program
6 |
7 | # Array of 4 elements
8 0x014: | .align 4
9 0x014: 0d000000 | array: .long 0xd

10 0x018: c0000000 | .long 0xc0
11 0x01c: 000b0000 | .long 0xb00
12 0x020: 00a00000 | .long 0xa000
13 |
14 0x024: 308004000000 | Main: irmovl $4,%eax
15 0x02a: a008 | pushl %eax # Push 4
16 0x02c: 308214000000 | irmovl array,%edx
17 0x032: a028 | pushl %edx # Push array
18 0x034: 803a000000 | call Sum # Sum(array, 4)
19 0x039: 10 | halt
20 |
21 | # int Sum(int *Start, int Count)
22 0x03a: a058 | Sum: pushl %ebp
23 0x03c: 2045 | rrmovl %esp,%ebp
24 0x03e: 501508000000 | mrmovl 8(%ebp),%ecx # ecx = Start
25 0x044: 50250c000000 | mrmovl 12(%ebp),%edx # edx = Count
26 0x04a: 308000000000 | irmovl $0, %eax # sum = 0
27 0x050: 6222 | andl %edx,%edx
28 0x052: 7374000000 | je End
29 0x057: 506100000000 | Loop: mrmovl (%ecx),%esi # get *Start
30 0x05d: 6060 | addl %esi,%eax # add to sum
31 0x05f: 308304000000 | irmovl $4,%ebx #
32 0x065: 6031 | addl %ebx,%ecx # Start++
33 0x067: 3083ffffffff | irmovl $-1,%ebx #
34 0x06d: 6032 | addl %ebx,%edx # Count--
35 0x06f: 7457000000 | jne Loop # Stop when 0
36 0x074: | End:
37 0x074: b058 | popl %ebp
38 0x076: 90 | ret
39 0x100: | .pos 0x100
40 0x100: | Stack: # The stack goes here

Figure1: Sample object code �le . This code is in the �le asum.yo in the y86-code subdirectory.
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2 Utility Programs

Onceinstallationis complete,themisc directorycontainstwo usefulprograms:

YAS TheY86 assembler. This takesaY86 assemblycode�le with extension.ys andgeneratesa �le with
extension.yo . Thegenerated�le containsanASCII versionof theobjectcode,suchasthatshown in
Figure1 (thesameprogramasshown in CS:APPFigure4.7).Theeasiestwayto invoke theassembler
is to useor createassemblycode�les in they86-code subdirectory. For example,to assemblethe
programin �le asum.ys in thisdirectory, weusethecommand:

unix> make asum.yo

YI S The Y86 instructionsimulator. This programexecutesthe instructionsin a Y86 machine-level pro-
gramaccordingto the instructionsetde�nition. For example,supposeyou want to run theprogram
asum.yo from within thesubdirectoryy86-code . Simply run:

unix> ../misc/yis asum.yo

Y IS simulatestheexecutionof theprogramandthenprintschangesto any registersor memoryloca-
tionson theterminal,asdescribedin CS:APPSection4.1.

3 ProcessorSimulators

For eachof the threeprocessors,SEQ,SEQ+,andPIPE,we have provided simulatorsSSIM, SSIM+, and
PSIM respectively. Eachsimulatorcanberun in TTY or GUI mode:

TTY mode Usesa minimalist, terminal-orientedinterface. Printseverythingon the terminaloutput. Not
very convenientfor debuggingbut canbe installedon almostany systemandcanbe usedfor auto-
matedtesting.Thedefault modefor all simulators.

GUI mode Hasa graphicuserinterface,to bedescribedshortly. Veryhelpful for visualizingtheprocessor
activity andfor debuggingmodi�ed versionsof thedesign.However, requiresinstallationof Tcl/Tk
on yoursystem.Invokedwith the-g commandline option.

3.1 CommandLine Options

Youcanrequesta numberof optionsfrom thecommandline:

-h Printsa summaryof all of thecommandline options.

-g Runthesimulatorin GUI mode(default TTY mode).
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-t RunsboththeprocessorandtheISA simulators,comparingtheresultingvaluesof thememory, register
�le, andconditioncodes.If no discrepanciesarefound,it printsthemessage“ISA CheckSucceeds.”
Otherwise,it printsinformationaboutthewordsof theregister�le or memorythatdiffer. Thisfeature
is veryusefulfor testingtheprocessordesigns.

-l m Setsthe instructionlimit, executingat mostm instructionsbeforehalting (default 10000instruc-
tions).

-v n Setstheverbositylevel to 0 < = n < = 2 (default n = 2).

Simulatorsrunningin GUI modemustbeinvokedwith thenameof anobject�le on thecommandline. In
TTY mode,theobject�le nameis optional,comingfrom stdinby default.

Herearesometypical invocationsof thesimulators(from they86-code subdirectory):

unix> ../seq/ssim -h
unix> ../seq/ssim -t < asum.yo
unix> ../pipe/psim -t -g asum.yo

The �rst caseprints a summaryof the commandline optionsfor SSIM. The secondcaseruns the SEQ
simulatorin TTY mode,readingobject�le asum.yo from stdin.Thethird caserunsthePIPEsimulatorin
GUI mode,executingtheinstructionsobject�le asum.yo . In boththesecondandthird cases,theresults
arecomparedwith theresultsfrom thehigher-level ISA simulator.

3.2 SEQand SEQ+Simulators

TheGUI versionof theSEQprocessorsimulatoris invokedwith anobjectcode�lename on thecommand
line:

unix> ../seq/ssim -g asum.yo &

wherethe “&” at the end of the commandline allows the simulator to run in backgroundmode. The
simulationprogramstartsup andcreatesthreewindows,asillustratedin Figure2–4.

The �rst window (Figure2) is the main control panel. If the HCL �le wascompiledby HCL2C with the
-n name option,thenthetitle of themaincontrolwindow will appearas“Y86 Processor: name”
Otherwiseit will appearassimply “Y86 Processor .”

Themaincontrolwindow containsbuttonsto control thesimulatoraswell asstatusinformationaboutthe
stateof theprocessor. Thedifferentpartsof thewindow arelabeledin the�gure:

Control: Thebuttonsalongthetop control thesimulator. Clicking theQuit buttoncausesthesimulatorto
exit. Clicking theGo buttoncausesthesimulatorto startrunning.Clicking theStop buttoncausesthe
simulatortostoptemporarily. Clicking theStep buttoncausesthesimulatorto executeoneinstruction
andthenstop. Clicking the Reset buttoncausesthe simulatorto returnto its initial state,with the
programcounterat address0, theregisterssetto 0s,thememoryerasedexceptfor theprogram,and
theconditioncodessetwith ZF = 1, CF = 0, andOF= 0.
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Figure2: Main controlpanelfor SEQsimulator

6



Control

Object code

Assembly
Code

Currently executing instruction

Figure3: Codedisplaywindow for SEQsimulator
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Figure4: Memorydisplaywindow for SEQsimulator
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Thesliderbelow thebuttonscontrol thespeedof thesimulatorwhenit is running. Moving it to the
right makesthesimulatorrun faster.

Stagesignals: Thispartof thedisplayshowsthevaluesof thedifferentprocessorsignalsduringthecurrent
instructionevaluation.Thesesignalsarealmostidenticalto thoseshown in CS:APPFigure4.21.The
maindifferenceis thatthesimulatordisplaysthenameof theinstructionin a�eld labeledInstr, rather
thanthenumericvaluesof icode andifun. Similarly, all registersareshown usingtheir names,with
“---- ” indicatingthatno registeraccessis required.

Register�le: This sectiondisplaysthe valuesof the eight programregisters. The register that hasbeen
updatedmostrecentlyis shown highlightedin light blue. Registercontentsarenot displayeduntil
afterthe�rst time they aresetto nonzerovalues.

Rememberthatwhenaninstructionwritesto a programregister, theregister�le is not updateduntil
thebeginningof thenext clock cycle. This meansthatyou muststepthesimulatoronemoretime to
seetheupdatetake place.

Status: This shows thestatusof thecurrentinstructionbeingexecuted.Thepossiblevaluesare:

AOK: No problemencountered.

ADR: An addressingerrorhasoccurredeithertrying to readaninstructionor trying to reador write
data.Addressescannotexceed0x0FFF .

INS : An illegal instructionwasencountered.

HLT: A halt instructionwasencountered.

Condition codes: Theseshow thevaluesof thethreeconditioncodes:ZF, SF, andOF.

Rememberthat whenan instructionchangesthe conditioncodes,the conditioncoderegisteris not
updateduntil thebeginningof thenext clock cycle. This meansthatyou muststepthesimulatorone
moretime to seetheupdatetake place.

Theprocessorstateillustratedin Figure2 is for thesecondexecutionof line 32 of theasum.yo program
shown in Figure1. We canseethat theprogramcounteris at 0x065 , that it hasprocessedthe instruction
addl %ebx %ecx, that register%eax holds0xcd , the sumof the �rst two arrayelements,and%edx
holds3, the count that is aboutto be decremented.Register%ecx still holds0x18 , the addressof the
secondarrayelement,but thereis apendingwrite of 0x01C to this register(sincedstE is setto %ecx and
valE is setto 0x01C). This write will take placeat thestartof thenext clockcycle.

Thewindow depictedin Figure3 shows theobjectcode�le that is beingexecutedby thesimulator.1 The
edit box identi�es the �le nameof theprogrambeingexecuted.You canedit the �le namein this window
andclick theLoad buttonto loada new program.Theleft handsideof thedisplayshows theobjectcode
beingexecuted,while the right handsideshows the text from the assemblycode�le. The centerhasan
asterisk(* ) to indicatewhich instructionis currentlybeingsimulated.This correspondsto line 32 of the
asum.yo programshown in Figure1.

1On somewindowing systems,this window begins life asa closedicon if theobject®le is large. If this happens,simply click
on theicon to expandthewindow.
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Thewindow shown in Figure4 showsthecontentsof thememory. It showsonly thoselocationsbetweenthe
minimumandmaximumaddressesthathave changedsincetheprogrambeganexecuting.Eachrow shows
thecontentsof four memorywords. Thus,eachrow shows 16 bytesof thememory, wheretheaddresses
of thebytesdiffer in only their leastsigni�cant hexadecimaldigits. To theleft of thememoryvaluesis the
“root” address,wherethe leastsigni�cant digit is shown as“- ”. Eachcolumnthencorrespondsto words
with leastsigni�cant addressdigits 0x0 , 0x4 , 0x8 , and 0xc . The exampleshown in Figure 4 shows
memorylocations0x00f0 , 0x00f4 , 0x00f8 , and0x00fc .

Thememorycontentsillustratedin the �gure show thestackcontentsof theasum.yo programshown in
Figure1 duringtheexecutionof theSumprocedure.Looking at thestackoperationsthathave takenplace
sofar, we seethat%esp was�rst initialized to 0x100 (line 3), andthenwe pushedthevalues4 (line 15)
and0x014 , theaddressof array (line 17) beforemakingthecall to Sum(line 18). This call pushedthe
returnaddress0x039 onto the stack. The �rst instructionof Sumpushes%ebp onto thestack(line 22),
having value0x100 . Thataccountsfor all of thewordsshown in this memorydisplay.

Figure5 shows the control panelwindow for the SEQ+simulator, whenexecutingthe sameobjectcode
�le andwhenat thesamepoint in this program.We canseethat theonly differenceis in theorderingof
thestagesandthedifferentsignalslisted. Thesesignalscorrespondto thosein CS:APPFigure4.31. The
SEQ+simulatoralsogeneratescodeandmemorywindows. Thesehave identicalformat to thosefor the
SEQsimulator.

3.3 PIPE Simulator

ThePIPEsimulatoralsogeneratesthreewindows. Figure6 shows thecontrolpanel.It hasthesamesetof
controls,andthesamedisplayof theregister�le andconditioncodes.Themiddlesectionshowsthestateof
thepipelineregisters.Thedifferent�elds correspondto thosein CS:APPFigure4.53.At thebottomof this
panelis a displayshowing thenumberof cyclesthathave beensimulated(not including the initial cycles
requiredto getthepipeline�o wing), thenumberof instructionsthathavecompleted,andtheresultingCPI.

As illustratedin the close-upview of Figure 7, eachpipeline register is displayedwith two parts. The
uppervaluesin white boxesshow thecurrentvaluesin thepipelineregister. Thelower valueswith a gray
backgroundshow the inputsto pipelineregister. Thesewill be loadedinto the registeron the next clock
cycle,unlesstheregisterbubblesor stalls.

The�o w of valuesthroughthePIPEsimulatoris quitedifferentfrom that for theSEQor SEQ+simulator.
With SEQandSEQ+,thecontrolpanelshows thevaluesresultingfrom executingasingleinstruction.Each
stepof thesimulatorperformsonecompleteinstructionexecution.With PIPE,thecontrolpanelshows the
valuesfor themultiple instructions�o wing throughthepipeline. Eachstepof thesimulatorperformsjust
onestage's worthof computationfor eachinstruction.

Figure8 shows thecodedisplayfor thePIPEsimulator. Theformat is similar to that for SEQandSEQ+,
exceptthatratherthana singlemarker indicatingwhich instructionis beingexecuted,thedisplayindicates
which instructionsarein eachstateof thepipeline,usingcharactersF, D, E, M, andW, for thefetch,decode,
execute,memory, andwrite-backstages.

ThePIPEsimulatoralsogeneratesa window to displaythememorycontents.This hasanidenticalformat
to theoneshown for SEQ(Figure4).
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Figure8: Codedisplaywindow for PIPEsimulator
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The exampleshown in Figures6 and8 show the statusof the pipelinewhenexecutingthe loop in lines
29–35of Figure1. We canseethat thesimulatorhasbeguntheseconditerationof theloop. Thestatusof
thestagesis asfollows:

Write back: Theloop-closingjne instruction(line 35) is �nishing.

Memory: The mrmovl instruction(line 29) hasjust read0x0C0 from address0x018 . We canseethe
addressin valE of pipelineregisterM, andthevaluereadfrommemoryattheinputof valM to pipeline
registerW.

Execute: This stagecontainsa bubble. Thebubblewasinserteddueto the load-usedependency between
themrmovl instruction(line 29) andtheaddl instruction(line 30). It canbeseenthat this bubble
actslike anop instruction.Thisexplainswhy thereis no instructionin Figure8 labeledwith “E.”

Decode: Theaddl instruction(line 30)hasjustread0x00D from register%eax. It alsoread0x00D from
register%esi , but we canseethat the forwardinglogic hasinsteadusedthevalue0x0C0 that has
just beenreadfrom memory(seenasthe input to valM in pipelineregisterW) asthe new valueof
valA (seenastheinput to valA in pipelineregisterE).

Fetch: Theirmovl instruction(line 31)hasjustbeenfetchedfrom address0x05f . Thenew valueof the
PCis predictedto be0x065 .

Associatedwith eachstageis an exceptionstatus�eld Exc. This �eld shows thestatusof the instruction
in thatstageof thepipeline. Status“AOK” meansthatno exceptionhasbeenencountered.Status“BUB”
indicatesthat a bubble is in this stage,ratherthana normal instruction. Otherpossiblestatusvaluesare
“ADR” whenaninvalid memorylocationis referenced,“INS” whenanillegal instructioncodeis encoun-
tered,“PIP” whenaproblemarosein thepipeline(thisoccurswhenboththestallandthebubblesignalsfor
somepipelineregisteraresetto 1), and“HLT” whena halt instructionis encountered.Thesimulatorwill
stopwhenany of theselastfour casesreachesthewrite-backstage.

Carryingtheexceptionstatusfor anindividual instructionthroughthepipelinealongwith therestof thein-
formationaboutthatinstructionenablesprecisehandlingof thedifferentexceptionconditions,asdescribed
in CS:APPSection4.5.11.

4 SomeAdvice

Thefollowing aresomemiscellaneoustips, learnedfrom experiencewehave gainedin usingthesesimula-
tors.

� Getfamiliar with thesimulatoroperation. Try runningsomeof theexampleprogramsin they86-code
directory. Make sureyou understandhow eachinstructiongetsprocessedfor somesmallexamples.
Watchfor interestingcasessuchasmispredictedbranches,loadinterlocks,andprocedurereturns.

� You needto hunt aroundfor information. Seeingthe effect of dataforwardingis especiallytricky.
Thereareseven possiblesourcesfor signalvalA in pipelineregisterE, andsix possiblesourcesfor
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signalvalB. To seewhich onewasselected,you needto comparetheinput to thesepipelineregister
�elds to thevaluesof thepossiblesources.Thepossiblesourcesare:

R[d srcA] Thesourceregisteris identi�ed by the input to srcA in pipelineregisterE. Theregister
contentsareshown at thebottom.

R[d srcB] Thesourceregisteris identi�ed by the input to srcB in pipelineregisterE. Theregister
contentsareshown at thebottom.

D valP This valueis partof thestateof pipelineregisterD.

e valE This valueis at theinput to �eld valE in pipelineregisterM.

M valE This valueis partof thestateof pipelineregisterM.

m valM Thisvalueis at theinput to �eld valM in pipelineregisterW.

W valE This valueis partof thestateof pipelineregisterW.

W valM Thisvalueis partof thestateof pipelineregisterM.

� Do not overwrite your code. Sincethe dataand codesharethe sameaddressspace,it is easyto
have a programoverwritesomeof thecode,causingcompletechaoswhenit attemptsto executethe
overwritteninstructions.It is importantto setup the stackto be far enoughaway from the codeto
avoid this.

� Avoid large addressvalues. The simulatorsdo not allow any addressesgreaterthan 0x0FFF . In
addition,the memorydisplaybecomesunwieldy if you modify memorylocationsspanninga wide
rangeof addresses.

� Beaware of some“features” of theGUI-modesimulators (PSIM and SSIM).

– If you arerunningin GUI modeon a Unix box, rememberto initialize theDISPLAY environ-
mentvariable:

unix> setenv DISPLAY myhost.edu:0

– With someUnix X Window managers,the “ProgramCode” window begins life as a closed
icon. If you don't seethis window whenthesimulatorstarts,you'll needto expandtheexpand
manuallyby clicking on it.

– With someMicrosoft Windows X servers,the “Memory Contents”window doesnot automat-
ically resizeitself whenthememorycontentschange.In thesecases,you'll needto resizethe
window manuallyto seethememorycontents.

– Thesimulatorswill terminatewith a segmentationfault if you askthemto executea �le that is
notavalid Y86 object�le.

– Whenrunningin GUI mode,thesimulatorswill single-steppastahalt instruction.
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