91.305ComputerArchitecture,Fall 2003
Assignmen®d: Optimizingthe PipelinedY 86
Out: Fri Nov 14, Due: Fri Nov 21

1 Introduction

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

Using a benchmarkprogram,you will optimizethe performanceof the Y86 processar You are
allowedto make ary semanticpreservingransformationso thebenchmarkprogram,or to make
enhancement® the pipelinedprocessaqror both. Whenyou have completedhelab, youwill have
akeenappreciatiorfor the interactiondbetweercodeandhardwarethataffect the performanceof
your programs.

2 Logistics

You maywork with oneotherpersonon this lab. You mustwrite up your own descriptionof the
work (seethefirst bulletitemin the Evaluationsectionof this handout).

Any clarificationsandrevisionsto theassignmenwill be postedonthe courseWebpage.

3 Pipelined CPU Optimization

Make sureyou arelogged in to Mercury when working on the code!

You will beworking in directorypi pe. Thefiles for this assignmenarelocatedin a directory
namedpi pe. This pi pe directorymust beinsideyour existingassi gnnment 7 directory Get
this correctby first cd’ing to yourassi gnment 7 directory andthensaying:

assi gnnent 7> tar xvf “fredm/305/file s/ student -pip e. tar



1/*

2 * ncopy - copy src to dst, returning nunber of positive ints
3 * contained in src array.

4 */

5 int ncopy(int *src, int *dst, int |en)
6 {

7 int count = O;

8 int val;

9

10 while (len > 0) {

11 val = *src++;

12 *dst++ = val ;

13 if (val > 0)

14 count ++;

15 l en--;

16 }

17 return count;

18 }

Figurel: C version of the ncopy function. See assi gnrment 7/ pi pe/ ncopy. c.

Whenyoudo an“ls” insideassi gnnent 7, shouldshouldseen sc, pi pe, pt est, seq, and
y86- code. (Whenstill workingon assignment, you shouldhave renamedhesi mdirectoryto
now beseq.)

The ncopy functionin Figurel copiesal en-elementinteger arraysr ¢ to a non-overlapping
dst , returninga countof the numberof positive integerscontainedn sr c. Figure2 showsthe
baselineY86 versionof ncopy. Thefile pi pe-ful | . hcl containsacopy of theHCL codefor
PIPE,alongwith a declaratiorof the constanwaluellADDL.

Your taskin Part C is to modify ncopy. ys andpi pe-ful | . hcl with the goal of making
ncopy. ys run asfastaspossible.Pleasenote— theinitially suppliedncopy.ys andpipe-
full.hcl are correct; your job is to make themrun faster

Youwill behandingin twofiles: pi pe-ful | . hcl andncopy. ys. Eachfile shouldbegin with
aheadercommentwith thefollowing information:

e Yourname.

e A high-level descriptionof your code. In eachcase,describenow andwhy you modified
your code.
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ncopy.ys -
Return the nunber of positive ints (>0) contained in src.

Copy a src bl ock of

len ints to dst.

Descri be how and why you nodified the baseline code.
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ncopy:

Loop:

Npos:

Done:

Figure2: Baseline Y86 version of the ncopy function. See si ni pi pe/ ncopy. ys.

# Function prol ogue. Do not nodify.
pushl %ebp # Save ol d frame pointer
rrmovl %esp, %ebp # Set up new frame pointer
pushl %esi # Save cal |l ee-save regs
pushl %ebx
nr movl 8(%bp), Y%ebx # src
nrmovl 12( %ebp), %ecx # dst
nrmovl 16( %ebp), %edx # len
# Loop header
xorl %esi, %esi # count = O,
andl %edx, %edx # len <= 0?
j1 e Done # if so, goto Done:
# Loop body.
nrnovl (%bx), %ax # read val fromsrec...
rmmovl %eax, (%ecx) # ...and store it to dst
andl % ax, %eax # val <= 0?
j1e Npos # if so, goto Npos:
irnovl $1, %edi
addl %edi, %esi # count ++
irnovl $1, %edi
subl %edi, %edx # len--
irnovl $4, %edi
addl %edi, %ebx # src++
addl %edi, %ecx # dst ++
andl % edx, %edx # len > 07?
jg Loop # if so, goto Loop:
# Function epilogue. Do not nodify.
rrnovl %esi, %ax
popl %ebx
popl %esi
rrnovl %bp, %esp
popl %bp
ret
3

#
#
#
# I nclude your nanme and ID here.
#
#
#



Coding Rules

You arefreeto make any modificationsyou wish, with thefollowing constraints:

e Your ncopy. ys function mustwork for arbitrary array sizes. You might be temptedto
hardwireyour solutionfor 64-elemenarraysby simply coding64 copy instructions put this
would beabadideabecauseave will be gradingyour solutionbasedon its performanceon
arbitraryarrays.

e Yourncopy. ys functionmustrun correctlywith vis. By correctly we meanthatit must
correctlycopy thesr ¢ blockandreturn(in %eax) thecorrectnumberof positive integers.

e Yourpi pe-full.hcl implementatiormustpasstheregressiortestsin . . / y86- code
and. . / pt est (withoutthe-i | flagsthattesti addl andl eave).

Otherthanthat,you arefreeto implementthei addl instructionif you think thatwill help. You
arefreeto alterthe branchpredictionbehaior or to implementtechniquesuchasloadbypassing.
You may make ary semanticgpreservingtransformationgo the ncopy. ys function, suchas
swappinginstructions,replacinggroupsof instructionswith single instructions,deletingsome
instructions andaddingotherinstructions.

Building and Running Your Solution

In orderto testyour solution, you will needto build a driver programthat calls your ncopy
function. We have provided you with the gen-dri ver. pl programthat generates driver
programfor arbitrarysizedinput arrays.For example,typing

uni x> make drivers
will constructhe following two usefuldriver programs:

e sdriver. yo: A smalldriver programthattestsanncopy functiononsmallarrayswith 4
elementslf your solutionis correct,thenthis programwill haltwith avalueof 3 in register
% ax aftercopying thesr c array

e | driver.yo: A largedriver programthattestsanncopy functionon largerarrayswith
63 elementslf yoursolutionis correct thenthis programwill haltwith avalueof 62 (0x3e)
in register%eax aftercopying thesr c array

Eachtime youmodify yourncopy. ys program,you canrehuild thedriver programsby typing



uni x> make drivers

Eachtime your modify your pi pe-f ul | . hcl file, you canrekuild the simulatorby typing
uni x> make psim

If youwantto reluild the simulatorandthedriver programstype

uni x> make

To testyour solutionin GUI modeon asmall4-elementrray type

uni x> ./psim -g sdriver.yo

To testyour solutionon alarger63-elemengarray type

uni x> ./psim -g Idriver.yo

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

e Testingyour driver files on the ISA simulator Make surethatyour ncopy. ys function
worksproperlywith vis:

uni x> cd sim/pipe
uni x> make
uni x> ../misclyis sdriver.yo

e Testingyour codeon a range of blodk lengthswith the ISAsimulator The Perlscriptcor -
rect ness. pl generateslriver files with block lengthsfrom 1 up to somelimit (default
64), simulategshemwith YIS, andcheckgheresults.lt generateareportshaving the status
for eachblock length:

uni x> ./correctness. pl -f ncopy.ys

If you getincorrectresultsfor somelength K, you cangeneratea driver file for thatlength
thatincludescheckingcode:

uni x> ./gen-driver.p | -n K -c > driver.ys
uni x> make driver.yo
uni x> ../misclyis driver.yo



The programwill endwith register¥eax having valueOxaaaa if the correctnessheck
passesPxeeee if thecountis wrong,andOxf f f f if the countis correct,but the words
arenotall copiedcorrectly

e Testingyour simulatoronthebendmarkprograms.Onceyour simulatoris ableto correctly
executesdri ver.ys andl dri ver. ys, you shouldtestit againstthe Y86 benchmark
programsn . ./ y86- code:

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

Thiswill runpsi monthebenchmarkprogramsandcompareesultswith yis.

e Testingyour simulatorwith extensiveregressiontests.Onceyou canexecutethebenchmark
programscorrectly thenyou shouldcheckit with the regressiontestsin . . / pt est . For
example,if yoursolutionimplementghei addl instruction,then

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

4 Evaluation
This partof the Lab is worth 100 points:

e 20 pointseachfor your descriptionsn theheader®f ncopy. ys andpi pe-ful | . hcl .

e 60 pointsfor performanceTo receve credithere,your solutionmustbe correct,asdefined
earlier Thatis, ncopy runscorrectlywith vis, andpi pe-ful | . hcl passesll testsin
y86- code andpt est .

We will expressthe performanceof your function in units of cyclesper element(CPE).
Thatis, if the simulatedcoderequiresC cyclesto copy a block of N elementsthenthe
CPEis C/N. The PIPEsimulatordisplaythe total numberof cyclesrequiredto complete
the program. The baselineversionof the ncopy function running on the standardPIPE
simulatorwith alarge 63-elemenarrayrequiresl037cyclesto copy 63 elementsfor a CPE
of 1037/63 = 16.46.

Sincesomecyclesareusedto setupthecall to ncopy andto setuptheloopwithin ncopy,
youwill find thatyouwill getdifferentvaluesof the CPEfor differentblocklengths(gener
ally the CPEwill dropas/N increases)We will thereforeevaluatethe performanceof your
function by computingthe averageof the CPEsfor blocksrangingfrom 1 to 64 elements.
You canusethe Perlscriptbenchmar k. pl in the pi pe directoryto run simulationsof
yourncopy. ys codeoverarangeof block lengthsandcomputethe averageCPE. Simply
runthecommand



uni x> ./benchmark.pl -f ncopy.ys

to seewhat happens.For example,the baselineversionof the ncopy function hasCPE
valuesrangingbetween5.0 and16.45, with anaverageof 18.15. Notethatthis Perlscript
doesnot checkfor the correctnes®f the answer Usethe scriptcor r ect ness. pl for
this.

You shouldbe ableto achieve anaverageCPE of lessthan12.0. Our bestversionaverages
7.43.

By default, benchmar k. pl andcor r ect ness. pl compileandtestncopy. ys. Use
the-f amgumentto specifya differentfile name. The - h flag givesa completelist of the
commandine aguments.

5 Hand In Instructions

Youwill behandingin two files,ncopy. ys andpi pe-ful | . hcl .

Make sureyou have includedyour nameandmercuryusernamen a commentat the top of each
of your handinfiles.

To handin yourfiles,log in to mercuryandtype:

uni x> submit fredm assn9 ncopy.ys pipe-full.hcl

After thehandin,if youdiscoveramistake andwantto submitarevisedcopy, justre-dothesubmit.
Thenew fileswill overwritetheold ones,somake surethatyou sendbothtogether

6 Hints

By design,bothsdri ver. yo andl dri ver . yo aresmallenoughto dehug with in GUI
mode.We find it easiesto dehugin GUI mode,andsuggesthatyou useit.

If yourunningin GUI modeonaUnix box, make surethatyou haveinitializedtheDISPLAY
ernvironmentvariable:

uni x> setenv DISPLAY myhost.edu:0

With someX seners,the “ProgramCode” window begins life asa closedicon whenyou
runpsi mor ssi min GUI mode.Simply click ontheiconto expandthe window.

With someMicrosoft Windows-basedX seners,the “Memory Contents”window will not
automaticallyresizeitself. You'll needto resizethewindow by hand.

7



e The psi mandssi msimulatorsterminatewith a segmentationfault if you askthemto
executeafile thatis notavalid Y86 objectfile.

e Whenrunningin GUI mode,the psi mandssi msimulatorswill single-steasta hal t
instruction.



