
91.305ComputerArchitecture,Fall 2003
Assignment9: OptimizingthePipelinedY86

Out: Fri Nov 14,Due: Fri Nov 21

1 Introduction

In this lab, you will continueworking with the Y86 processordesign. Here,we will focuson
pipelining.

Using a benchmarkprogram,you will optimizethe performanceof the Y86 processor. You are
allowedto makeany semanticspreservingtransformationsto thebenchmarkprogram,or to make
enhancementsto thepipelinedprocessor, or both.Whenyouhavecompletedthelab,youwill have
akeenappreciationfor theinteractionsbetweencodeandhardwarethataffect theperformanceof
your programs.

2 Logistics

You maywork with oneotherpersonon this lab. You mustwrite up your own descriptionof the
work (seethefirst bullet item in theEvaluationsectionof thishandout).

Any clarificationsandrevisionsto theassignmentwill bepostedon thecourseWebpage.

3 Pipelined CPU Optimization

Make sure you are logged in to Mercury when working on the code!

You will be working in directorypipe. The files for this assignmentarelocatedin a directory
namedpipe. Thispipe directorymust beinsideyour existingassignment7 directory. Get
this correctby first cd’ing to yourassignment7 directory, andthensaying:

assignment7> tar xvf ˜fredm/305/file s/ st udent -p ip e. ta r
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1 /*
2 * ncopy - copy src to dst, returning number of positive ints
3 * contained in src array.
4 */
5 int ncopy(int *src, int *dst, int len)
6 {
7 int count = 0;
8 int val;
9

10 while (len > 0) {
11 val = *src++;
12 *dst++ = val;
13 if (val > 0)
14 count++;
15 len--;
16 }
17 return count;
18 }

Figure1: C version of the ncopy function. See assignment7/pipe/ncopy.c.

Whenyou do an“ls” insideassignment7, shouldshouldseemisc, pipe, ptest, seq, and
y86-code. (Whenstill workingonassignment7, youshouldhaverenamedthesim directoryto
now beseq.)

Thencopy function in Figure1 copiesa len-elementinteger arraysrc to a non-overlapping
dst, returninga countof thenumberof positive integerscontainedin src. Figure2 shows the
baselineY86 versionof ncopy. Thefile pipe-full.hcl containsacopy of theHCL codefor
PIPE,alongwith adeclarationof theconstantvalueIIADDL.

Your task in Part C is to modify ncopy.ys andpipe-full.hcl with the goal of making
ncopy.ys run asfastaspossible.Pleasenote– the initially suppliedncopy.ys andpipe-
full.hcl arecorrect; your job is to make themrun faster.

Youwill behandingin two files: pipe-full.hcl andncopy.ys. Eachfile shouldbegin with
aheadercommentwith thefollowing information:

� Your name.

� A high-level descriptionof your code. In eachcase,describehow andwhy you modified
yourcode.
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1 ##################################################################
2 # ncopy.ys - Copy a src block of len ints to dst.
3 # Return the number of positive ints (>0) contained in src.
4 #
5 # Include your name and ID here.
6 #
7 # Describe how and why you modified the baseline code.
8 #
9 ##################################################################

10 # Function prologue. Do not modify.
11 ncopy: pushl %ebp # Save old frame pointer
12 rrmovl %esp,%ebp # Set up new frame pointer
13 pushl %esi # Save callee-save regs
14 pushl %ebx
15 mrmovl 8(%ebp),%ebx # src
16 mrmovl 12(%ebp),%ecx # dst
17 mrmovl 16(%ebp),%edx # len
18

19 # Loop header
20 xorl %esi,%esi # count = 0;
21 andl %edx,%edx # len <= 0?
22 jle Done # if so, goto Done:
23

24 # Loop body.
25 Loop: mrmovl (%ebx), %eax # read val from src...
26 rmmovl %eax, (%ecx) # ...and store it to dst
27 andl %eax, %eax # val <= 0?
28 jle Npos # if so, goto Npos:
29 irmovl $1, %edi
30 addl %edi, %esi # count++
31 Npos: irmovl $1, %edi
32 subl %edi, %edx # len--
33 irmovl $4, %edi
34 addl %edi, %ebx # src++
35 addl %edi, %ecx # dst++
36 andl %edx,%edx # len > 0?
37 jg Loop # if so, goto Loop:
38

39 # Function epilogue. Do not modify.
40 Done: rrmovl %esi, %eax
41 popl %ebx
42 popl %esi
43 rrmovl %ebp, %esp
44 popl %ebp
45 ret

Figure2: Baseline Y86 version of the ncopy function. See sim/pipe/ncopy.ys.
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Coding Rules

You arefreeto makeany modificationsyouwish,with thefollowing constraints:

� Your ncopy.ys function mustwork for arbitraryarraysizes. You might be temptedto
hardwireyoursolutionfor 64-elementarraysby simplycoding64copy instructions,but this
would bea badideabecausewe will begradingyour solutionbasedon its performanceon
arbitraryarrays.

� Yourncopy.ys functionmustrun correctlywith YIS. By correctly, we meanthat it must
correctlycopy thesrc block andreturn(in %eax) thecorrectnumberof positive integers.

� Yourpipe-full.hcl implementationmustpasstheregressiontestsin ../y86-code
and../ptest (without the-il flagsthattestiaddl andleave).

Otherthanthat,you arefreeto implementtheiaddl instructionif you think thatwill help. You
arefreeto alterthebranchpredictionbehavior or to implementtechniquessuchasloadbypassing.
You may make any semanticspreservingtransformationsto the ncopy.ys function, suchas
swappinginstructions,replacinggroupsof instructionswith single instructions,deletingsome
instructions,andaddingotherinstructions.

Building and Running Your Solution

In order to test your solution, you will needto build a driver programthat calls your ncopy
function. We have provided you with the gen-driver.pl programthat generatesa driver
programfor arbitrarysizedinput arrays.For example,typing

unix> make drivers

will constructthefollowing two usefuldriverprograms:

� sdriver.yo: A smalldriver programthattestsanncopy functiononsmallarrayswith 4
elements.If your solutionis correct,thenthis programwill halt with avalueof 3 in register
%eax aftercopying thesrc array.

� ldriver.yo: A large driver programthat testsanncopy functionon largerarrayswith
63elements.If yoursolutionis correct,thenthisprogramwill haltwith avalueof 62(0x3e)
in register%eax aftercopying thesrc array.

Eachtimeyoumodify yourncopy.ys program,youcanrebuild thedriverprogramsby typing
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unix> make drivers

Eachtimeyour modify yourpipe-full.hcl file, youcanrebuild thesimulatorby typing

unix> make psim

If you wantto rebuild thesimulatorandthedriverprograms,type

unix> make

To testyoursolutionin GUI modeon asmall4-elementarray, type

unix> ./psim -g sdriver.yo

To testyoursolutionon a larger63-elementarray, type

unix> ./psim -g ldriver.yo

Onceyour simulatorcorrectlyrunsyour versionof ncopy.ys on thesetwo block lengths,you
will wantto performthefollowing additionaltests:

� Testingyour driver files on the ISA simulator. Make surethat your ncopy.ys function
worksproperlywith YIS:

unix> cd sim/pipe
unix> make
unix> ../misc/yis sdriver.yo

� Testingyour codeon a rangeof block lengthswith theISAsimulator. ThePerlscriptcor-
rectness.pl generatesdriver files with block lengthsfrom 1 up to somelimit (default
64),simulatesthemwith YIS, andcheckstheresults.It generatesareportshowing thestatus
for eachblock length:

unix> ./correctness. pl -f ncopy.ys

If you get incorrectresultsfor somelength
�

, you cangeneratea driver file for that length
thatincludescheckingcode:

unix> ./gen-driver.p l -n � -c > driver.ys
unix> make driver.yo
unix> ../misc/yis driver.yo
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The programwill endwith register%eax having value0xaaaa if the correctnesscheck
passes,0xeeee if thecountis wrong,and0xffff if thecountis correct,but thewords
arenot all copiedcorrectly.

� Testingyoursimulatoronthebenchmarkprograms.Onceyoursimulatoris ableto correctly
executesdriver.ys andldriver.ys, you shouldtest it againstthe Y86 benchmark
programsin ../y86-code:

unix> (cd ../y86-code; make testpsim)

Thiswill runpsim on thebenchmarkprogramsandcompareresultswith YIS.

� Testingyoursimulatorwith extensiveregressiontests.Onceyoucanexecutethebenchmark
programscorrectly, thenyou shouldcheckit with the regressiontestsin ../ptest. For
example,if yoursolutionimplementstheiaddl instruction,then

unix> (cd ../ptest; make SIM=../pipe/psi m TFLAGS=-i)

4 Evaluation

Thispartof theLab is worth100points:

� 20pointseachfor your descriptionsin theheadersof ncopy.ys andpipe-full.hcl.

� 60 pointsfor performance.To receive credithere,your solutionmustbecorrect,asdefined
earlier. That is, ncopy runscorrectlywith YIS, andpipe-full.hcl passesall testsin
y86-code andptest.

We will expressthe performanceof your function in units of cyclesper element(CPE).
That is, if the simulatedcoderequires� cycles to copy a block of � elements,then the
CPEis ����� . ThePIPEsimulatordisplaythe total numberof cyclesrequiredto complete
the program. The baselineversionof the ncopy function runningon the standardPIPE
simulatorwith a large63-elementarrayrequires1037cyclesto copy 63elements,for aCPE
of �
	���
����������
������� .
Sincesomecyclesareusedto setupthecall toncopy andto setuptheloopwithin ncopy,
youwill find thatyouwill getdifferentvaluesof theCPEfor differentblock lengths(gener-
ally theCPEwill dropas � increases).We will thereforeevaluatetheperformanceof your
functionby computingtheaverageof theCPEsfor blocksrangingfrom 1 to 64 elements.
You canusethe Perl scriptbenchmark.pl in thepipe directoryto run simulationsof
yourncopy.ys codeovera rangeof block lengthsandcomputetheaverageCPE.Simply
run thecommand
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unix> ./benchmark.pl -f ncopy.ys

to seewhat happens.For example,the baselineversionof the ncopy function hasCPE
valuesrangingbetween������	 and �
������� , with anaverageof �
����� � . Notethatthis Perlscript
doesnot checkfor the correctnessof the answer. Usethe scriptcorrectness.pl for
this.

You shouldbeableto achieve anaverageCPEof lessthan �
!���	 . Our bestversionaverages

������ .
By default,benchmark.pl andcorrectness.pl compileandtestncopy.ys. Use
the-f argumentto specifya differentfile name. The-h flag givesa completelist of the
commandline arguments.

5 Hand In Instructions

You will behandingin two files,ncopy.ys andpipe-full.hcl.

Make sureyou have includedyour nameandmercuryusernamein a commentat thetop of each
of yourhandinfiles.

To handin yourfiles, log in to mercuryandtype:

unix> submit fredm assn9 ncopy.ys pipe-full.hcl

After thehandin,if youdiscoveramistakeandwantto submitarevisedcopy, justre-dothesubmit.
Thenew fileswill overwritetheold ones,somakesurethatyousendbothtogether.

6 Hints

� By design,bothsdriver.yo andldriver.yo aresmallenoughto debug with in GUI
mode.Wefind it easiestto debug in GUI mode,andsuggestthatyou useit.

� If yourunningin GUI modeonaUnix box,makesurethatyouhaveinitializedtheDISPLAY
environmentvariable:

unix> setenv DISPLAY myhost.edu:0

� With someX servers,the “ProgramCode” window begins life asa closedicon whenyou
runpsim or ssim in GUI mode.Simply click on theicon to expandthewindow.

� With someMicrosoft Windows-basedX servers,the “Memory Contents”window will not
automaticallyresizeitself. You’ll needto resizethewindow by hand.
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� The psim andssim simulatorsterminatewith a segmentationfault if you ask them to
executeafile thatis notavalid Y86 objectfile.

� Whenrunningin GUI mode,thepsim andssim simulatorswill single-steppasta halt
instruction.
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