INTRODUCTION

Performance analysis of the machine code generated by a
compiler can be carried out in different ways and can also be
based on application in question. Common methods use some
form of profiling on a running program which generally provides
the statistical information about certain data and events. While
this method does give important insights to a performance
problem, some of the issues are more clearly understood when
the compiled applications is actually run and the dynamic
instructions of hot code execution paths are traced and analyzed

in @ small execution window.

Trace records contain instructions and data, memory addresses
and other information which provide complete visibility into the

workings of an application.
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38B50050 addi
ZBEROOLE addi
JOD17E78 mr

FEE10003 =td
28750010 addi
FEE10000 =td
ESE101ES 1d

2DAZ0N00 . empdi
EBE101FE 1d
EQC30000 1d
FL313040 cmpld
40800688 bge
aa110000 1be
28840085 cmplwi
41850688 bgt
FAAZ0020 clrldi
FAEZ17E4 rldicr
FLEZ420A lwax
7CE34214 add
FLEIOZAE mtctr
4EB00420 botr
a082C20a8 luz
AOEFO000 luz

70041500 capu

->Trace is the dynamic sequence of executed

OOOOO0O00101 3604 ddi 265,r21,.94 c = o

s . i instructions as it occurred when the program
Q00O 360 =ztd ra, 216 (1) t (j

OO0OH00010136:10 addi 3,021, 28

aoooaoaolol 2614 =td r3,2080r1) Was execu e :

OOOOH00010136:18 14 r3, 48801 ]

QORANO00101 361 cmpdi  crd.r3,0

QOOOON00101 3620 14 r3, 5041 ) . .

0000000010136624  1d  rf,0(r3) -> Trace provides complete history of what
OROORO0O10136e28 cnpld  r17.r6

OR0OO0A0101 35 b OOOOOO0OL0137 4b4 H

0000000010138238 1E§ rOL00rLF) happens In a processor When the an

OOOAOOA0101 3634 coplwi  crl,rd,133 . 5
QOO0 2E28 bot crd, Q000000010127 40 d p p | | Cat ION runs.
QOO0 2630 clrldi ri.r4,32

COOROOOCL 012640 rldicr r3,r3.2.61
OOOOCOONL01ZE44 L ra.r3.re
QOOOOOOOL 012648 add ra,ra,ra
W00l 3hede mtoctr 3

QOOOOOONL 01650 btr

QOOOOOOGLO1 2680 luz r4,-15606(r2)
QOOOCOONL 016290 luz r3.00r15)
OOOOOOONL01ZE:94 i rd.r3

QOORROOD 012698 bgt- QOODOOONL 0122814

-> Multiple events as occurred on

Superimposed on the

QOO0 283 1d PE,E%E(P%) ) )
QOO 01 2R ea0 1 4,00 r10
GWMWM$$4 IE Eﬂ%) dynan“CExecunonsequence'

QORANO00101 36825 coplu  r3.r04
OOO00001L013Eea0 bgt- QOOOOOOOLOLEE2E0

Instruction/code block execution can also be

QOOOOA001012E:b0 =t r3,.112(19) . " ” 3
C0O0CIOE  shy 1 AI8(%) -> On right we have a “perf record” Profile of
0000000 O ameny et ) the same which contains cycle event imposed
QOOOOA0N01012Eecd luz rd, 484 (1)

QOOOON01012kec
OOOAOOA010136ecs

rluini r3,rd,12,20,20 on a static profile.

copldi  r1E,0

QOO0 01 25ed0 mtocrf 4,13

QORANO00101 3644 crandc  d*crd+ot, $*ord+gt  4Forb ]t

OOAO0001 01 26ed8 beq- QOAOOOR1 01327 F8 . .

00000000L0136ede bz r3.1(rd6) -> The static profile though useful does not
QOO0 01360 crclr  4*crb+lt

OOAO0O0001 01 2Eeed mr- r14,.r17 H H H

oo e T give complete detail of running program.
Qooonoaol ol 3eeec rlwinm  rd,rd, 20,00

QOO0 ZEeF0 coplwi  r3,30

QOO0 2614 st rd.484(rl)
QOO0 2k F2 begq QOOOANNN101 251
OOOOOONNL01ZEefc coplwi  r3,.62

Instructions trace vs Static profile

WHERE CAN TRACES PLAY A ROLE

r&.r2l, 80
r2h,.r2l, 94
r17.r14

r3,26(r1)
ra.rdl, 28
r3,208(r1)
r3,43801)

crd,rE, 0
r3,.004(r1)
6, 03]
r17 .16

0, 017 )
crl,rd, 133

DER=00007FFFcI6F4508

DER=00007FFFcI6F4500
DER=0OQO7FFFeIEF 4618

DER=00007 FFFcI6F4628
DEA=O0007FF FcIRF49a0

DEA=OOOO0000Z33F 0675

crl, exceeded branch depth

ra.rd, 32
ra.ra.2 .61
r3.r3,ra
ra.r3. 8
ra

[EA=OOO000001 013600
DEA=0OO0000010274148
DEA=0O0000002d7 25020

rd,=159656(r2]
r3,00r15]
rd,.r3

0,05 |10136e04:  addi
0,02 (10136208 mr
0,75 |10136e0c:  =td
0,02 110136210 addi
0,94 |10136e14: =td
0,93 |10136e18:  Id
0,04 (10136elc:  cmpdi
0,08 |10136e20:  1d
0,54 110136e24:  1d
0,04 1013628 cmpld
0,39 [10136e2z: 1 bge
0,34 |10136e30:  lbz
0,04 10136234 cmplwi
0,07 |10136e38: 1 bot
0,10 [1013Ee3c: clrldi
0,11 [10136edn:  rldicr
3,09

10136e44:r  lwax
0,19 (10136243  add
20,29 [10136edz:  mictr
0,02 |10136e50; T botr
0,26 (10136254 luz
0,04 (10136253 1i
10136ebe: addi
0,01 (1013660 mr
0,31 (1013664  =tw
10126e68:  luwz
10136e6c:  =td
0,04 [10136e7:  =tw
0,01 (10136274 luz
0,01 [10136e73:  stw
0,01 [10136e¥e:  stw
10126230 | bat
0,01 (10136284 mr
1012682 1 b
0,22 [10136e8c: 1wz
0,02 (1013690 luz
0,02 (10136254 cmpw
1013698 | bot-
0,02 (1013652 1d
0,02 [10136eals 1wz
0,15 [10136ead:  luz
10136228 cmplw

Compiler optimizations

LEA=0OO000001023391

Sample trace with data addresses

rh,.rel, 94
r17 .14
r3.2160r1)
r3,r2l, 28
F3.2080R1)
r3.4880r1)
cra,ra,n
r3.0040r1)
rE,00r3)
r17.rb
101374bd
FOL00FLT )

i crl.rd, 133

crl, 1013740

i r3,.r4,32

ra.r3,2 .61
ra.ra.re
ra3.r3.r8
3

r3.112(r19)
r5,.110
r16,r16, 4
r4.r17
r3,24(r21)
r3,.116(r19)
res, 40ir21)
r3,280r21)
r3,.—15656(r2)
r3.32(r21)
r5,00r21)
crh, 10137240
r14,r17
1013cb2:
rd,-15656(r2)
r3,00r15]
r4.r3
10132814

ra, 2160k )
rd4,00r10)
r3,00r3)
r3.rd

BRANCH ANALYSIS

0000000010136e04
00000000101 3608
0000000010136e0c
0000000010136e10
0000000010136e14
0000000010136e18
0000000010136elc
0000000010136e20
0000000010136e24
0000000010136e28

0000000010136e38
0000000010136e3c
0000000010136e40
0000000010136e44
0000000010136e48
$000000010136edc

0000000010136e8c

g
0000000010136e94
0000000010156e98
0000000010136e9¢
0000000010136ea0
0000000010136ea4
0000000010136ea8
0000000010136eac
0000000010136eb0
0000000010136eb4
0000000010136eb8
0000000010136ebe
0000000010136ec0
0000000010136ecd
0000000010136ect
0000000010136ecc
0000000010136ed0
0000000010136ed4
0000000010136ed8

000000001013b130

hl)an
000000001013b0ac
00000000101360b0
000000001013b0b4
000000001013b0bS

Attt Sl LA -

addi re5,r2l,94
mr rl7,rld

std r3,216(rl)
addi r3,r2l,28

std r3,208(r1)
1d _ r3,498(r1)

cmpld

1bz r0,00r
cmplwi crl,rd, 133

bge 00000000101374b4 §<S_regmatch+0x3f4>

bgt crl,00000000101374c0 <S_regmatch+0xa00>

clrldi r3,rd,32
rldicr r3,r3,2,61
lwax r3,r3,rs
add

™

=

lwz r3,0(r15)
CHpW réd,r3
bgt-
1d r3,216(r1)
luz rd,0(r10)
luz r3,0(r3)
coply  r3,rd
bat-

r4,-15656(r2)

000000001013a814 <5_regmatch+0x3d54,

0000000010135280 <S_regmatch+0x17c0>

stw r3,112(r13)

luz r3,28(r21)

stu r3,116(r139)

mfocrf r3,4

1d rlb,40(rzZ1)

luz rd,484(r1)
rlwimi
cmpldi
mtocrf
crandc

ri6,0

r3,r4,12,20,20

(000000001015b0a4F <5 _regmatch+0x45ed>
r4,oLr

rldicr r3,r3,1,62

lhzx  r5,rd,r3

1d r3,544(r1)

cmpldi r3,0

bre- 000000001013c23c <S_regmatch+0x577/c>

not taken

taken branch

indirect branches

-> Trace can be used to
derive critical information
on branch

intensive codes.

-> determine which
branches are critical to
performance.

-> for direct branches
determine the % times it
was taken vs non-taken.

-> above can be useful in
optimal branch placements.

-> also evaluate the indirect
branch call destination
distribution.

CODE ANALYSIS

void quick sort r{(int *array, int 1, int r)

{

int partition key, i, j;
if{r <= 1)
return;

i=1-1;

j = r;

partition key = array([r];
while (1) {

while (array[++i] < partition key)

r

while (partition key < array[-—3jl) {

if{ § = 1}
break;

}

if{ i »>= 3 )
break;

swap (array[i], arrav[il):

}

swap (array[i], array[rl):

gquick sort r(array, 1, i-1l);
quick sort r(array, i+l, r);

int tmp array[N];

int =ize;

init();

for{i=0; i<10; it+) {

// Let's read in an array and sort it
read array(tmp array, &size, i);

quick sort(tmp array, size);

CALLNO

10

NUM_INSTR

0.92X

0.90X

0.97X

0.93X

3X

0.92X

0.93X

STACK ANALYSIS

QRONOOORL01 2504
QOOOOOORT 01 2Re08
QOOOOAN0L01 2Eelc
QROOOOOCT01 2510
QOOOOOORT01 2614
QOOOOOORT01 2618
QOONOOORL01 26
QOONOOORL01 2620
QOONOOOR101 2he24
QOONOOOR101 2he28
QOOOOON0L01 2Rec
QOOOOAN0L012Re20
QOOOOOORT01 2634

QOOOOOOCL0] 36e38
AN 11 ZReZn

<5_regmatch+Oxsdd addi
<5S_regmatch+0x348 mr-
<5S_regmatch+Ox3dc ztd
£5_regmatch+x 350 addi
£5_regmatch+Oxihg s =td
<5_regmatch+lx 308 1d
<5_regmatch+lxshes cmpdi
<5_regmatch+Ox a0 1d
<5_regmatch+Oxahd 1d
<5_regmatch+Ox 368
<5S_regmatch+0x3hc bge
<5S_regmatch+Ox37o lbz
C5_regmatch+Oxd 4

£5_regmatch+Ox 3 8 bot.
<5 renmatch+H 1S 0

cmpld

cmplwi

rlr1di

reh,r2l, 94
17, r1d

r3.216(r1) stack usage
ra,r2l, 28

R3,2080r1) /

r3,4880r1)

cra, 3,0
3,504 (1)
r6, 03]
17, rb

QOOOOOOOLOLATdbd <5 _regmatch+x3f4>

rO, 0017
crl,rd, 133

o1, O0O00o0101a74c0 <5 _regmatch+Oxal:

S o

-> Generally useful in comparing two different compiler register
usage and stack accesses.
-> Analyze what percentage of instructions and cycles are used as
stack operations.

-> Stack usage in prologue/epilogue vs hot path.

-> Register spill analysis in critical paths.
*as in above example it can be useful to determine if stack

usage shoots up in a particular call to the function/or a different

execution path is taken.

-> the image shows a push to and
pop from the stack.

-> In a trace keep a count of stack
accesses at different code levels.

-> with help of the instruction
addresses which map to a particular
function total stack access for a
function can be determined.
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Determine hardware
pipeline issues.

Enable cycle and other event analysis at lower code levels, particularly the hot loops or code sections
within a function.
So the above quicksort example cycle impact can be evaluated per function call level.

The traces can further be used to evaluate core pipeline visualizations and determine hardware
issues which cannot be explained by just disassembly analysis.

Disclaimer: This poster is intended to represent the opinion of the author and not on any organization that the author is/was associated or dffiliated with..




