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This documentdescribeghe processosimulatorsthat accompan the presentatiorof the Y86 processor
architecturesn Chapterd of ComputerSystems:A Programmers Perspective Thesesimulatorsmodel
threedifferentprocessodesigns SEQ,SEQ+,andPIPE.

1 Installing

The codefor the simulatoris distributedasa Tar format le namedsim.tar . You cangetacopy of this
le fromtheCS:APPWebsite(csapp.cs.cmu.edu ).

With thetar le in thedirectoryyou wantto installthecode,you shouldbeableto do thefollowing:

unix> tar xf sim.tar
unix> cd sim

unix> make clean
unix> make

By default, this generate$sUl (graphicuserinterface)versionsof the simulators which requirethatyou
have Tcl/Tk installedon your system If not,thenyou have theoptionto install TTY-only versionghatemit
their outputas ASCII text on stdout. See le READMEor a descriptionof how to generatehe GUI and
TTY versions.

Thedirectorysim containghefollowing subdirectories:

misc Sourcecode les for utilities suchasyAs (the Y86 assembler)y s (the Y86 instructionsetsimula-
tor), andHcL2c (HCL to C translator).It alsocontainstheisa.c  sourcele thatis usedby all of
the processosimulators.

seq Sourcecodefor the SEQandSEQ+simulators.Containsthe HCL le for homevork problems4.34
and4.35.Seele READMEHor instructionson compilingthedifferentversionsof the simulator

pipe Sourcecodefor the PIPEsimulator Containghe HCL les for homeavork problems4.37—4.42 See
le READMEor instructionson compilingthedifferentversionsof the simulator

y86-code Y86 assemblyodefor mary of theexampleprogramsshaown in thechapter You canautomat-
ically testyour modi ed simulatorson thesebenchmarkprograms.See le READMHEor instructions
on how to runtheseaests.As arunningexample,we will usetheprogramasum.ys in thissubdirec-
tory. This programis shavn asCS:APPFigure4.6. Thecompiledversionof the programis shavn in
Figurel.

ptest Scriptsthat generatesystematicregressiontestsof the differentinstructions,the different jump
possibilities,and differenthazardpossibilities. Thesescriptsare very goodat nding bugsin your
homevork solutions.See le READMEor instructionson how to runthesetests.
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6032
7457000000

b058
90

# Execution begins at address 0
.pos O
init: irmovl  Stack, %esp # Set up Stack pointer
irmovl  Stack, %ebp # Set up base pointer
jmp Main # Execute main program
# Array of 4 elements
.align 4
array: dong 0Oxd
dong  OxcO
dong  0xb00
dong 0xa000
Main: irmovl  $4,%eax
pushl  %eax # Push 4
irmovl  array,%edx
pushl  %edx # Push array
call  Sum # Sum(array, 4)
halt
# int  Sum(int *Start, int  Count)
Sum: pushl  %ebp
rrmovl  %esp,%ebp
mrmovl 8(%ebp),%ecx # ecx = Start
mrmovl 12(%ebp),%edx # edx = Count
irmovl  $0, %eax # sum = 0
andl %edx,%edx
je End
Loop: mrmovl (%ecx),%esi # get *Start
addl %esi,%eax # add to sum
irmovl  $4,%ebx #
addl  %ebx,%ecx # Start++
irmovl  $-1,%ebx #
addl  %ebx,%edx # Count--
jne Loop # Stop when 0O
End:
popl %ebp
ret
.pos 0x100
Stack: # The stack goes here

Figurel: Sample object code le . This code is in the le asum.yo in the y86-code subdirectory.



2 Utility Programs
Onceinstallationis completethemisc directorycontainsgwo usefulprograms:

YAS TheY86 assemblerThistakesa Y86 assemblycode le with extension.ys andgeneratea le with
extension.yo . Thegeneratede containsanASCII versionof theobjectcode,suchasthatshavnin
Figurel (thesameprogramasshavnin CS:APPFigure4.7). Theeasieswayto invoke theassembler
is to useor createassemblycode les in they86-code subdirectory For example,to assembléhe
programin le asum.ys in thisdirectory we usethecommand:

unix> make asum.yo

YIS The Y86 instructionsimulator This programexecutesthe instructionsin a Y86 machine-lgel pro-
gramaccordingto the instructionsetde nition. For example,suppose/ou wantto run the program
asum.yo from within thesubdirectory86-code . Simplyrun:

unix> ../misclyis asum.yo

Y Is simulateghe executionof the programandthenprintschangego ary registersor memoryloca-
tionsontheterminal,asdescribedn CS:APPSectior4.1.

3 ProcessorSimulators

For eachof the threeprocessorsSEQ,SEQ+,and PIPE,we have provided simulatorsssim, ssim+, and
PSIM respecirely. Eachsimulatorcanberunin TTY or GUI mode:

TTY mode Usesa minimalist, terminal-orientednterface. Printseverythingon the terminaloutput. Not
very corvenientfor deluggingbut canbe installedon almostary systemandcanbe usedfor auto-
matedtesting. The default modefor all simulators.

GUI mode Hasa graphicuserinterface,to bedescribedshortly Very helpful for visualizingthe processor
actvity andfor detuggingmodi ed versionsof the design.However, requiresinstallationof Tcl/Tk
onyour system.nvoked with the-g commandine option.

3.1 CommandLine Options
You canrequesta numberof optionsfrom the commandine:

-h  Printsa summaryof all of thecommandine options.

-g Runthesimulatorin GUI mode(default TTY mode).



-t RunsboththeprocessoandthelSA simulatorscomparingheresultingvaluesof thememory register
le, andconditioncodes.If nodiscrepanciearefound,it printsthemessagélSA CheckSucceeds.
Otherwisejt printsinformationaboutthewordsof theregister le or memorythatdiffer. Thisfeature
is very usefulfor testingthe processodesigns.

-l m Setstheinstructionlimit, executingat mostm instructionsbeforehalting (default 20000instruc-
tions).

-V n Setstheverbositylevelto0 <= n <= 2 (defaultn = 2).

Simulatorsrunningin GUI modemustbeinvoked with the nameof anobject le onthecommandine. In
TTY mode,theobject le nameis optional,comingfrom stdinby default.

Herearesometypicalinvocationsof the simulatorgfrom they86-code subdirectory):

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

The rst caseprints a summaryof the commandline optionsfor ssim. The secondcaserunsthe SEQ
simulatorin TTY mode readingobject le asum.yo from stdin. Thethird caserunsthe PIPEsimulatorin

GUI mode,executingtheinstructionsobject le asum.yo . In boththe secondandthird casestheresults
arecomparedvith theresultsfrom the higherlevel ISA simulator

3.2 SEQand SEQ+ Simulators

The GUI versionof the SEQprocessosimulatoris invoked with anobjectcode lename onthecommand
line:

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

wherethe “&” at the end of the commandline allows the simulatorto run in backgroundmode. The
simulationprogramstartsup andcreategshreewindows, asillustratedin Figure2—4.

The rst window (Figure 2) is the main control panel. If the HCL le wascompiledby HCL2cC with the
-n name option,thenthetitle of the maincontrolwindow will appeams“Y86 Processor: name”
Otherwisét will appeamassimply“Y86 Processor ."

The main controlwindown containsbuttonsto controlthe simulatoraswell asstatusinformationaboutthe
stateof the processorThedifferentpartsof thewindow arelabeledin the gure:

Control: Thebuttonsalongthetop controlthe simulator Clicking the Quit button causeshe simulatorto
exit. ClickingtheGo buttoncauseshesimulatorto startrunning.Clicking the Stop buttoncauseshe
simulatorto stoptemporarily Clicking the Step buttoncauseshe simulatorto executeoneinstruction
andthenstop. Clicking the Reset button causeghe simulatorto returnto its initial state,with the
programcounterat addres®, theregisterssetto 0s,the memoryerasedxceptfor the program,and
theconditioncodessetwith ZF = 1, CF= 0, andOF= 0.
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l File

.. /yBE-code fasum. vo Load < ; Control
FO08e00010000 init: Aiomowl Stack, %esp # set vp stack pointer
08700010000 Lomowl Stack, %ebp # Set vp base pointer :

FO24000000 Jmg Hadn # Execute maln progoamn
0A000GH0 arcap: . Llong Oxnd :
cOooooog Loy Oxel

O00obOo00n . Long Oxb00

00 a0000g - Lowuy Oz a0

20g004 0000008 Main: Lomowl 54, %eax

alog pushl e acr # Push 4

082140000008 Lomowl accay, %edx

alzg pushl %edx # Push acoap

032000000 call sum # Sumifaccay, 4)

10 halt

al7a S pushl %ebp

2067 ool %esp, Bebp

So170a000000 mimowl 8¢%ehpd seox # eox = Sharct

502 70e 000000 momewl 12¢sebp), ®edx  # edx = count Assembly
SO08000000000 Lomowl 50, %eax # som o= 0 Code
B2z22 andl wedar, Sedn

F374000000 je End

SO41000000008 Loop: monowl (%ecx) , %esi  # get *s5bact

E040 addl %esi, %eax # 3dd to sum
SDSSD4DDDDDDIA iomowl 54, %ebx &

E02d 1 addl sebx, %ecx # sumt++

BOBIELEEEEESE iomowl §-1,%ebx &

EO32 addl ssehor, feeda # cownt--

457000000 Jjne Loap # stop when 0

bO73 End: popl %ebhp E
a0 ret

Object code

Currently executing instruction

Figure3: Codedisplaywindow for SEQsimulator

0x00f 0 0x00f 4 0x00f 8 0x00f c

Figure4: Memorydisplaywindow for SEQsimulator



Thesliderbelow the buttonscontrolthe speedof the simulatorwhenit is running. Moving it to the
right makesthe simulatorrun faster

Stagesignals: Thispartof thedisplayshavs thevaluesof thedifferentprocessosignalsduringthecurrent
instructionevaluation.Thesesignalsarealmostidenticalto thoseshavn in CS:APPFigure4.21.The
maindifferences thatthe simulatordisplaysthe nameof theinstructionin a eld labeledinstr, rather
thanthe numericvaluesof icode andifun. Similarly, all registersareshavn usingtheir nameswith
“---- " indicatingthatno registeraccesss required.

Register le: This sectiondisplaysthe valuesof the eight programregisters. The registerthat hasbeen
updatedmostrecentlyis shavn highlightedin light blue. Registercontentsare not displayeduntil
afterthe rst timethey aresetto nonzerovalues.

Remembethatwhenaninstructionwritesto a programregister theregister le is not updateduntil
the beginning of the next clock cycle. This meanghatyou muststepthe simulatoronemoretime to
seetheupdatetake place.

Status: This shaws the statusof the currentinstructionbeingexecuted.The possiblevaluesare:

AOK No problemencountered.

ADR An addressingerrorhasoccurredeithertrying to readaninstructionor trying to reador write
data.AddressegsannotexceedOxXOFFF .

INS: Anillegalinstructionwasencountered.
HLT: A halt instructionwasencountered.

Condition codes: Theseshav the valuesof thethreeconditioncodes:ZF, SF, andOF.

Remembethat whenan instructionchangeshe condition codes the condition coderegisteris not
updateduntil the baginning of the next clock cycle. This meanghatyou muststepthe simulatorone
moretime to seethe updatetake place.

The processostateillustratedin Figure?2 is for the secondexecutionof line 32 of theasum.yo program
shawvn in Figurel. We canseethatthe programcounteris at 0x065 , thatit hasprocessedhe instruction
addl %ebx %ecx, thatregister%eax holdsOxcd , the sumof the rst two arrayelementsand %edx
holds 3, the countthatis aboutto be decremented Register %ecx still holds0x18 , the addressof the
secondarrayelementhput thereis a pendingwrite of 0x01C to thisregister(sincedstE is setto %ecx and
valE is setto 0x01C). This write will take placeatthestartof thenext clock cycle.

Thewindow depictedin Figure3 shaws the objectcode le thatis beingexecutedby the simulator! The
editbox identi es the le nameof the programbeingexecuted.You caneditthe le namein this window
andclick the Load buttonto load a new program.Theleft handsideof the displayshaws the objectcode
being executed,while the right handside shawvs the text from the assemblycode le. The centerhasan
asterisk(*) to indicatewhich instructionis currently beingsimulated. This correspondso line 32 of the
asum.yo programshowvnin Figurel.

10n somewindowing systemsthis window begins life asa closediconif the object®le is large. If this happenssimply click
ontheiconto expandthewindow.



Thewindow shavn in Figure4 shavsthecontentof thememory It shavs only thoselocationsbetweerthe
minimumandmaximumaddressethathave changedincethe programbeganexecuting. Eachrow shaws
the contentsof four memorywords. Thus,eachrow shavs 16 bytesof the memory wherethe addresses
of the bytesdiffer in only their leastsigni cant hexadecimaldigits. To theleft of the memoryvaluesis the
“root” addresswherethe leastsigni cant digit is shavn as“-". Eachcolumnthencorresponds$o words
with leastsigni cant addresdligits 0x0, 0x4, 0x8, and0xc . The exampleshawvn in Figure 4 shavs
memorylocationsOx00f0 , 0x00f4 , 0x00f8 , and0Ox00fc .

The memorycontentdllustratedin the gure shaw the stackcontentsof theasum.yo programshawvn in
Figurel duringthe executionof the Sumprocedure Looking at the stackoperationghathave takenplace
sofar, we seethat%espwas rst initializedto 0x100 (line 3), andthenwe pushedhevalues4 (line 15)
and0x014 , theaddres®of array (line 17) beforemakingthe call to Sum(line 18). This call pushedhe
returnaddres9x039 ontothe stack. The rst instructionof Sumpushes¥%ebp onto the stack(line 22),
having value0x100 . Thataccountdor all of thewordsshawvn in this memorydisplay

Figure 5 shaws the control panelwindow for the SEQ+ simulator whenexecutingthe sameobjectcode

le andwhenat the samepointin this program.We canseethatthe only differenceis in the orderingof
the stagesandthe differentsignalslisted. Thesesignalscorrespondo thosein CS:APPFigure4.31. The
SEQ+simulatoralsogenerategodeand memorywindows. Thesehave identicalformatto thosefor the
SEQsimulator

3.3 PIPE Simulator

The PIPEsimulatoralsogenerateshreewindows. Figure6 shavs the controlpanel. It hasthe samesetof
controls,andthe samedisplayof theregister le andconditioncodes.Themiddlesectionshavs the stateof
the pipelineregisters.Thedifferent elds correspondo thosein CS:APPFigure4.53. At the bottomof this
panelis a displayshaving the numberof cyclesthat have beensimulated(not includingtheinitial cycles
requiredto getthepipeline o wing), the numberof instructionsthathave completedandtheresultingCPI.

As illustratedin the close-upview of Figure 7, eachpipeline registeris displayedwith two parts. The
uppervaluesin white boxesshav the currentvaluesin the pipelineregister Thelower valueswith a gray
backgroundshav the inputsto pipelineregister Thesewill be loadedinto the registeron the next clock
cycle,unlesstheregisterbubblesor stalls.

The o w of valuesthroughthe PIPE simulatoris quite differentfrom thatfor the SEQor SEQ+simulator
With SEQandSEQ+,the controlpanelshavs thevaluesresultingfrom executinga singleinstruction.Each
stepof the simulatorperformsonecompleteinstructionexecution. With PIPE,the controlpanelshawvs the
valuesfor the multiple instructions o wing throughthe pipeline. Eachstepof the simulatorperformsjust
onestages worth of computatiorfor eachinstruction.

Figure 8 shavs the codedisplayfor the PIPEsimulator The formatis similar to thatfor SEQandSEQ+,
exceptthatratherthana singlemarler indicatingwhich instructionis beingexecuted thedisplayindicates
whichinstructionsarein eachstateof the pipeline,usingcharacter$, D, E, M andW for thefetch,decode,
execute memory andwrite-backstages.

ThePIPEsimulatoralsogenerates window to displaythe memorycontents.This hasanidenticalformat
to theoneshavn for SEQ(Figure4).
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The exampleshawvn in Figures6 and 8 shav the statusof the pipelinewhen executingthe loop in lines
29-350f Figurel. We canseethatthe simulatorhasbegunthe secondterationof theloop. The statusof
the stagess asfollows:

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

Memory: Themrmovl instruction(line 29) hasjust readOx0CO from addres€x018 . We canseethe
addresdn valE of pipelineregisterM, andthevaluereadfrom memoryattheinputof valM to pipeline
registerW.

Execute: This stagecontainsa bubble. The bubblewasinserteddueto the load-usedependencbetween
themrmov! instruction(line 29) andtheaddl instruction(line 30). It canbe seenthatthis bubble
actslike anop instruction.This explainswhy thereis no instructionin Figure8 labeledwith “E.”

Decode: Theadd! instruction(line 30) hasjustreadOx00D from register%eax. It alsoread0x00D from
register%esi , but we canseethatthe forwardinglogic hasinsteadusedthe value Ox0OCO thathas
just beenreadfrom memory(seenasthe input to valM in pipelineregisterW) asthe new value of
valA (seemastheinputto valA in pipelineregisterE).

Fetch: Theirmovl instruction(line 31) hasjustbeenfetchedfrom addres®x05f . Thenew valueof the
PCis predictedto be 0x065 .

Associatedvith eachstageis an exceptionstatus eld Exc. This eld shaws the statusof the instruction
in that stageof the pipeline. Status’AOK” meanghat no exceptionhasbeenencounteredStatus‘B UB”
indicatesthat a bubbleis in this stage ratherthana normalinstruction. Other possiblestatusvaluesare
“ADR” whenaninvalid memorylocationis referenced;INS” whenanillegal instructioncodeis encoun-
tered,PIP” whenaproblemarosen the pipeline(this occurswhenboththe stallandthe bubblesignalsfor
somepipelineregisteraresetto 1), and“HLT” whena haltinstructionis encounteredThe simulatorwill
stopwhenary of thesdastfour caseseacheshewrite-backstage.

Carryingthe exceptionstatusfor anindividual instructionthroughthe pipelinealongwith therestof thein-
formationaboutthatinstructionenablegprecisehandlingof the differentexceptionconditions,asdescribed
in CS:APPSection4.5.11.

4 SomeAdvice

Thefollowing aresomemiscellaneousps, learnedfrom experiencewe have gainedin usingthesesimula-
tors.

Getfamiliar with thesimulatoropemtion. Try runningsomeof theexampleprogramsn they86-code
directory Make sureyou understandhow eachinstructiongetsprocessedor somesmall examples.
Watchfor interestingcasesuchasmispredictedranchesloadinterlocks,andprocedureeturns.

You needto huntaroundfor information. Seeingthe effect of dataforwardingis especiallytricky.
Thereare seven possiblesourcedor signalvalA in pipelineregisterE, andsix possiblesourcedor
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signalvalB. To seewhich onewasselectedyou needto comparethe inputto thesepipelineregister
elds to thevaluesof the possiblesourcesThe possiblesourcesare:

R[d_srcA] Thesourceregisteris identi ed by theinputto srcA in pipelineregisterE. Theregister
contentsaareshavn atthe bottom.

R[d_srcB] Thesourceregisteris identi ed by theinputto srcB in pipelineregisterE. Theregister
contentsaareshavn atthe bottom.

D_valP Thisvalueis partof the stateof pipelineregisterD.

e_valE Thisvalueis attheinputto eld valE in pipelineregisterM.

M_valE Thisvalueis partof the stateof pipelineregisterM.

m_valM Thisvalueis attheinputto eld valM in pipelineregisterW.

W_valE Thisvalueis partof the stateof pipelineregisterW.

W_valM Thisvalueis partof the stateof pipelineregisterM.

Do not overwrite your code Sincethe dataand code sharethe sameaddressspace,it is easyto
have a programoverwrite someof the code,causingcompletechaoswhenit attemptgo executethe

overwritteninstructions. It is importantto setup the stackto be far enoughaway from the codeto
avoid this.

Avoid large addressvalues. The simulatorsdo not allow ary addressegreaterthan OXOFFF . In
addition,the memorydisplay becomesunwieldy if you modify memorylocationsspanninga wide
rangeof addresses.

Beaware of some'features” of the GUI-modesimulatos (PSIM and SsIMm).

— If youarerunningin GUI modeon a Unix box, remembeto initialize the DISPLAY erviron-
mentvariable:

unix>  setenv DISPLAY myhost.edu:0

— With someUnix X Window managersthe “Program Code” window begins life asa closed
icon. If you dont seethis windov whenthe simulatorstarts,you'll needto expandthe expand
manuallyby clicking onit.

— With someMicrosoft Windows X seners,the “Memory Contents"window doesnot automat-
ically resizeitself whenthe memorycontentschange.In thesecasesyou'll needto resizethe
window manuallyto seethe memorycontents.

— Thesimulatorswill terminatewith a segmentatiorfaultif you askthemto executea le thatis
notavalid Y86 object le.

— Whenrunningin GUI mode,thesimulatorswill single-stegastahalt instruction.
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