On the E�ectiv eness of Co de Reordering

Algorithms for theAlpha and IA32 Arc hitectures

TR 97-06-02

Ori Gershon y , Jean-Loup Baer and Dennis Lee

�

Departmen t of Computer Science and Engineerin g, Bo x 352350

Univ ersit y of W ashington

Seattle, W

A 98195

June 30, 1997

Abstract

The impact of instruction cac he misses and branc h mispredictions on p erformance

is b ecoming increasingly imp ortan t for pro cessors that issue m ultiple instructions p er

cycle. Mec hanisms that address these t w o sources of p erformance degradation need to

b e studied and re�ned. In this pap er, w e consider the e�ects of one suc h mec hanism,

namely co de reordering algorit hms.

W e ev aluate the p erformance impro v emen ts of three v ariations of the P ettis and

Hansen co de reordering algorit hm on t w o instruction set arc hitec tures: RISC Alpha

and CISC IA32. W e sho w that the algorithms lead to substan tial impro v emen ts in the

fall-through rate of branc hes whic h results in decreases in instruction cac he miss rates

and branc h mispredictions. W e sho w that the impro v emen t in fall-through rate and

branc h prediction is comparable in b oth ISA’s but that the relativ e impro v emen t in

the instruction cac he miss rate is higher on the IA32 arc hitec ture.

�

This w ork w as supp orted in part b y NSF Gran t CCR-9401689, b y In tel Corp. and b y a fello wship from

National Semiconductor

1 In tro duction

Man y curren t and next generation pro cessors use aggressiv e out-of-order executi on tec h-

niques to hide the p enalt y of high latency op erations suc h as data cac he misses . Unfortu-

nately

, these arc hitectures cannot hide the p enalt y asso ciated with instruction cac he misses

and branc h mispredic tions. Hence mec hanism s that address these t w o sources of p erformance

degradation are b ecoming increasingly imp ortan t. In this pap er, w e consider the e�ects of

one suc h mec hanism , namely co de reordering algorithms.

Co de reordering algorithms impro v e p erformance b y taking pro cedures and basic blo c ks

of a program and reordering them based on pro�le information to tak e adv an tage of sp eci�c

asp ects of the memory hierarc h y and the branc h con trol implemen tation. F or mo dern arc hi-

tectures, this in v olv es mostly increasing the n um b er of fall-through branc hes. A binary that

is reordered this w a y has sev e ral p erformance adv an tages o v er a non-reordered binary

. First,

since man y arc hitectures imp ose a misfetc h p enalt y ev en for branc hes that are correctly pre-

dicted but do not app ear in the Branc h T arget Bu�er (BTB)

1

, co de reordering algorithms

reduce the misfetc h p enalt y b y reducing the n um b er of tak en branc hes . Second, since most

mo dern arc hitectures only store tak en branc hes in the BTB, co de reordering algorithms ef-

fectiv ely reduces the BTB miss rate b ecause a smaller n um b er of branc hes need to use the

BTB. Third, b y placing co de that is commonly used together closer in space, co de reordering

algorithms reduce the n um b er of con ict misses in the instruction cac he and increase the

utilization of cac he lines. F ourth, b y increasing the length of unin terrupted co de sequence s,

co de reordering algorithms increase the e�ectiv e nes s of prefetc hing b et w een the cac he and the

instruction bu�er as w ell as expand the dynamic instruction windo w size. Finally , b y mo ving

rarely used co de to the end of a binary

, co de reordering algorithms reduce the w orking set

size of a program. This compaction can decrease memory requirem en ts , reduce the T rans-

lation Lo ok aside Bu�er (TLB) miss rate, and reduce the tra�c on the pro cessor-memory

bus.

In this pap er, w e ev aluate the p erformance impro v eme n t of the P ettis and Hansen co de

reordering algorithm [P ettis & Hansen 90] on t w o di�eren t Instruction Set Arc hitec tures

(ISA): CISC (In tel IA32) and RISC (DEC Alpha). W e sho w that the algorithm substan-

tially impro v es the fall-through rate of branc hes , reduces the instruction cac he miss rate,

and impro v e s the accuracy of branc h prediction. W e also sho w that the impro v emen t in

fall-through rate and branc h prediction is comparable in b oth ISA’s but that the relativ e

impro v eme n t in the instruction cac he miss rate is sligh tly higher on the IA32 arc hitecture.

The rest of this pap er is organized as follo ws. In Section 2 w e brie y review related

w ork in co de reordering algorithms and describ e in detail our implemen tation of the P ettis

and Hansen algorithm [P ettis & Hansen 90]. Section 3 presen ts our ev aluation metho dology

including our to ols, b enc hmark s and exp erimen ts . Section 4 con tains the results and analyses

of our sim ulations. W e conclude with a summary of our results and suggestions for future

w ork in Section 5.

1

F or example, the MIPS R10000 and the DEC Alpha 21164 imp ose a once cycle p enalt y ev en for correctly

predicted branc hes.

2 The P ettis and Hansen Co de Reordering Algorithm

2.1 Related W ork

Sev eral co de reordering algorithms ha v e b een prop osed o v er the past few y ears. P ettis and

Hansen [P ettis & Hansen 90] in tro duced the algorithm that w e implemen te d for this w ork.

Their algorithm yields an impressiv e reduction in the instruction cac he miss rate and do es not

use inlining whic h can increase the size of the binary

. Hwu and Chang [Hwu & Chang 89]

prop osed a similar algorithm, with inlining, that p erforms la y out of traces (basic blo c ks

whic h tend to execute in sequen ce) instead of basic blo c ks. McF arling [McF arling 89] tak es

a sligh tly di�eren t approac h: instead of trying to p osition related basic blo c ks close to eac h

other, he tries to p osition them in non-con icting cac he lo cations. His algorithm is sensitiv e

to the size of the instruction cac he and do es not giv e a comparable increase in the branc h

fall-through rate, but can yield the lo w es t instruction cac he miss rate. In a similar v ein,

Hashemi et al. [Hashemi, Kaeli, & Calder 97] use P ettis and Hansen as a base and extend

it through cac he line coloring to a v oid con icts b et w een concurren tly executin g pro cedures.

Their algorithm is cac he size and line size sp eci�c. They rep ort a reduction of 17% o v er P ettis

and Hansen in instruction cac he miss rate. Calder and Grun w ald [Calder & Grun w ald 94]

address sp eci�c ally the branc h alignmen t problem and giv e t w o algorithms that impro v e on

P ettis and Hansen’s for the reduction of p enalties due to branc h mispredic tions.

Spurred b y the adv ances in hardw are based t w o-lev e l branc h predictors [Y eh & P att 91],

Krall [Krall 94] and Y oung and Smith [Y oung & Smith 94] ha v e prop osed sc hem es whic h,

b y pro�ling patterns, can recognize correlated branc hes. Prediction p erformance can b e

impro v ed at the exp ens e of increased co de size through duplication of some basic blo c ks.

W e are not a w are of an y study that measures the impact of suc h sc hemes on the instruction

cac he miss rate.

Finally , w e should note that con trol o w predictions based on pro�ling runs are generally

go o d [Fisher & F reuden b erger 92]. Our exp erimen ts con�rm this observ ation. The results

that w e will rep ort in Section 4 are based on input testing sets di�eren t from the learning

input sets.

2.2 P ettis and Hansen algorithm

The P ettis and Hansen co de reordering algorithm consists of t w o main parts: pro cedure

p ositioning and basic blo c k p ositioning. Basic blo c k p ositioning is done separately for eac h

pro cedure so co de from di�eren t pro cedures is not mixed. W e describ e this as the lo c al

approac h in Section 2.3. Dep ending on whether w e k eep the order of pro cedures unc hanged

or w e apply pro cedure p ositioning, there are t w o p ossible lo cal reorderings: 1) basic blo c k

only (bb only) where the original order of pro cedures is left unc hanged, and 2) pro cedure

p ositioning in addition to lo cal basic blo c k p ositioning (pr o c-blo ck). It is also p ossible to

apply P ettis and Hansen’s basic blo c k p ositioning algorithm to the whole binary

, hence

mixing co de from di�eren t pro cedures. W e call this the glob al approac h and describ e it in

Section 2.4.

2.3 A Lo cal Algorithm

2.3.1 Pro cedure P ositioning

The pro cedure p ositioning algorithm tak es an undirected call graph as input, and pro duces an

ordered list of pro cedures as output. In the call graph, v ertices corresp ond to pro cedures, and

edge w eigh ts designate the dynamic call frequency obtained b y the pro�ler. The heuristic

used b y the algorithm is \closest is b est", meaning that if one pro cedure calls another

frequen tly , w e w an t them to end up close to eac h other in the �nal co de. This strategy

helps impro v e p erformance in sev eral w a ys. First, it helps a v oid some instruction cac he

con icts b et w een pro cedures that should often b e in the cac he at the same time. Second,

it reduces the distance of branc hes , whic h can ha v e an impact on the length of the branc h

instructions (suc h as with the In tel IA32 arc hitecture), or on the t yp e of instructions used

for the branc hes (suc h as with the DEC Alpha arc hitecture ). Finally

, this heuristic can help

reduce the n um b er of pages in the w orking set of an application, hence decreasing memory

requiremen ts.

The algorithm tak es a greedy approac h b y examining all the edges in order of decreasin g

w eigh t. A t eac h stage, the t w o no des connected b y the edge of highest w eigh t are merged.

A merged no de con tains an ordered list of all the pro cedures that comp ose it. Hence ev ery

no de in the graph is either a primitiv e no de whic h corresp onds to exactly one pro cedure, or

is a merged no de whic h con tains an ordered list of pro cedures.

The primary observ ation made b y P ettis and Hansen is that when merging t w o no des,

at most four di�eren t con�gurations need to b e considere d, and that these con�gurations are

obtained b y the binary c hoices of rev ersing the �rst no de and rev ersing the second no de. F or

example, when merging A and B , w e only need to consider the follo wing four con�gurations:

AB , A

r ev er se

B , AB

r ev er se

, and A

r ev er se

B

r ev er se

. Note that eac h of these con�gurations has

a dual whic h corresp onds to a no de with the rev erse con�guration, that is, a no de whose

pro cedure list is rev erse d. F or example, the dual of AB is B

r ev er se

A

r ev er se

. Ho w ev er, the duals

need not b e considered at this stage b ecause the pro cedure ordering in the merged no de C

can b e rev ers ed when C is merged with another no de if neces sary

. The b est con�guration

is c hosen via a rank function that tak es the \closest is b est" strategy in to accoun t. In our

implemen tation, w e follo w ed the original pap er and used the sum of the edge w eigh ts for all

adjacen t pro cedures as the ranking function.

2.3.2 Basic Blo c k P ositioning

Once the pro cedures ha v e b een p ositioned, either b y k eep ing the original ordering or b y

applying the ab o v e algorithm, the basic blo c k p ositioning algorithm tries to impro v e p erfor-

mance b y making as man y branc hes fall through as p ossible. W e exp ect that blo c k reordering

will increase the a v erage n um b er of instructions execute d p er cac he line, and reduce the in-

A B

C

10 10,000 1 1

Figure 1:

n example wher e depth-�rst tr aversal c ould pr o duc e a b ad layout if C r ather than

B is sele cte d to b e close to A.

struction he miss rate. W e also ect that it will reduce the er of tries in the

BTB ecause the BTB es not cate tries for fall-through hes), h in turn

reduces the BTB miss rate. er, replacing correctly predicted en hes y cor-

rectly predicted en hes is also a ene�t for some hitecture s. Finally , k reordering should result in longer terrupted, w wise, de sequenc es

and in e ly expanding the dynamic instruction w size and in viding more ortunities for de hin g.

One ma jor di�erence e en the basic kositioning algorithms and the cedure ositioning algorithms is that basic kositioning algorithms deal with directed graphs.

In other ords, since it is t for most hes to fall through, the �nal ordering of

basic ks ust end on the order of the des in the graph, and not just their distance

from h other.

ettis and Hansen osed o basic kositioning algorithms in their original er. The �rst algorithm erforms a simple depth-�rst ersal of the G trol w

Graph), giving preference to edges with higher ts. This algorithm, er,esn’t

ys e great hoices . F or example, ose that oth basic ks A and B e

trol transitions to C, with frequenci es of 10 and 10,000 e ly (see Figure 1). If A

is tere d �rst in the depth-�rst ersal, then C y e placed immediately wing

A, en though a h etter out ould place C immediately wing B. The second

algorithm ercome s this problem y considering all the edges in order of decreasing t.

This algorithm creates ordered lists of basic ks using a ottom-up ersal, eeping the

direction of edges in the original G. F or this er, e ted the second algorithm.

2.4 A Global Algorithm

The h ed in Section 2.3 has ery clean tics , and is ecially ealing

from an implemen tation ectiv e,ecause de from t cedures is not mixed.

h a cal h, ev er, es not e adv tage of the full tial of de re-

ordering algorithms. Mixing de across cedures can tly reduce the orking set

5 of an application. W e us consider a global algorithm where the ottom-up basic kositioning algorithm is used across cedures. In other ords, the input basic k G

is that of the whole program and not just a single cedure. In some sense e e ly

inline part of a cedure where it is used most often. e r, trary to tional

inlining, e do not replicate de and the \inlining" ccurs only once er basic k.

3 Metho dology

3.1 T o ols and the t Pro cess

In practice, there are o main hes for applying de reordering algorithms to pro-

gram binaries: as an optimization phase of the compiler, or as a ost-compile optimization

phase using a binary rewriting engine. The �rst d requires the source de for the

compiler and y require that the tation e compiler eci�c. ev er, other

phases of the compiler ould e the y to e adv tage of the pro�le informa-

tion to generate etterde. W e hose to use the second d, binary rewriting, to share

the same reordering de across o ery t platforms running o t compil-

ers (i.e., cc on the DEC Alpha platform and C on the IA32 platform). The binary

tation ols that e use are A

TOM [Digital Equipmen t oration 94] running

on the DEC Alpha and h [Romer, et. al. 97] running on tium and tiu m Pro.

The tcess consists of three phases:

1. W e t the applications to record pro�ling information. W e then run the

resulting binaries to duce a G where edge ts ond to frequenc ies of

trol transfer. The G and ciated ts are gathered from a le arning input

set for h application.

2. W e use the pro�ling information to generate the optimized out according to one of

the ersions of the ettis and Hansen algorithm ed in the previous section.

3. W e measure the ene ss of the optimized out y ting the binary and

ulating a hine running the optimized binary

. These runs are erformed on a

testing input set t from the learning input set.

Note that e er duce a binary with the new out, ecause e don’t e a ol

that di�es the out of a binary on the Alpha

2

. Instead, the ulator �rst translates

the original addresse s to new addresse s as if the binary ere reordered. This means that

our measuremen ts are not erfectly accurate ecause e don’t dify the trol transfer

instructions to re ect the new out but e e that the error is a small, second order

e�ect.

2 h can pro duce mo di�ed binaries on the IA32, but ehose not to use these so that eould use the

same metho dology on b oth platforms.

6

3.2 hmarks

T able 1 ws some statistics for the six t95hmarks used for this study

. The

same source �les, learning and testing input sets, ere used on oth the IA32 and the Alpha,

and they ere compiled y C 4.2 and Digital Unix cc 3.11 e ly

. Measureme ts

ere en only for user y .

Executable Instr. Executed trol T ransfers he Miss Rate

Size learning/testi ng learning/test ing learning/testi ng

in KBytes in Millions in Millio ns

Applic. IA32 Alpha IA32 Alpha IA32 Alpha IA32 Alpha

gcc 1478 2195 247/ 30 8 349/4 32 62/77 60/74 3.96%/3 .90 % 4.99%/4 .97 %

li 149 172 512/ 55 9 815/8 95 143/ 15 6 158/1 72 1.45%/1 .44 % 2.49%/2 .63 % eg 257 328 649/ 58 0 1018/ 91 0 119/ 10 5 117/1 04 0.00%/0 .00 % 0.03%/0 .03 %

compress 163 106 210/ 41 4 399/7 84 48/97 48/98 0.13%/0 .00 % 0.00%/0 .00 % erl 414 500 12/1 05 7 13/10 25 2.7/ 24 2 2.3/1 92 3.91%/5 .43 % 4.69%/6 .28 %

m88ksim 223 300 82/41 8 76/391 14/69 14/70 0.01%/0 .00 % 4.11%/4 .14 %

T able 1: hm arks used for this study

. The he miss rates are for a direct ed 8K

he with 32 ytes line size. Miss rates of less than 0.01% are wn as 0.00%. Note that

the testing set in erl executed 100 times more instructions than the learning set, compress

testing set executed wice as y instructions, and the testing set in m88ksim e times

as y .

T able 1 ws that the Alpha RISC hitecture generally requires more instructions

to accomplish a en task than the IA32 CISC hitecture (gc c, li, ijp e g, and c ompr ess).

In all cases but one (learning set of c ompr ess), the Alpha instruction he miss rates are

higher than the IA32’s for the 8 KB 32 yte line instruction he size. Exce pt for li, this

trend will e consisten t en when e v ary he sizes , line sizes , and reordering algorithms.

W e ect that the IA32 ould e the etter miss rate since its erage instruction size

is smaller than the Alpha �xed yte instruction size: more instructions can �t in a he

line and a larger text in the he itself. An extreme example is m88ksim where the miss

rate is quite high for the Alpha er 4%) but negligible for the IA32 en though the IA32

execute s more instructions.

While instruction he miss rates end to some t on the ISA, the er of

hes end on the program. W e ect that the absolute er of hes e ery

similar for h application on oth hitecture s. This is indeed the case, with di�erences

of less than 3% on four hmarks out of six (gc c, ijp e g, c ompr ess, and m88ksim). The

outliers are li where the Alpha has 9% more hes and p erl where the IA32 exec utes 14%

more hes. W e will discus s these statistics further in Section 4.

7

3.3 ts

Recall that one of the goals of the de reordering algorithms is to increase the er

of instructions that fall through hence ving the instruction he hit rate and h

prediction. W e will examine w ell this goal is realized y measuring the fall-through rate

of trol transfer instructions.

T o compare the e nes s of the reordering algorithms on o t ISA’s, e

assume that the instruction hes and the h trol hanis ms are the same for oth hitectures. Unless otherwise eci�ed, the instruction he will e an 8 KB directed he with yte line size. The h hitecture will use a 64 try y e BTB and a 512 try gshare attern History T able (PHT) [McF arling 92].

T o estimate the e t in erformance, e measure:

� The instruction he miss rate.

� The reduction in h hes : A h h ccurs when there is a y

in tifying an instruction as a h, or when a correctly predicted h has to

ait for its target address to e calculated.

� The reduction in h mispredic ts: A h mispred ict ccurs when the vior

of a conditional h is predicted incorrectly y the PHT. or when an indirect jump

has the wrong address in the BTB.

Our ectations are that the reordering algorithms will reduce the he miss rate y etter utilizing the he lines and oiding some con ict misses , reduce the BTB miss rate

y decreasing the er of hes that require BTB tries, and reduce the er of

h mispredi cts y decreasing the harmful e�ects of aliasing in the PHT.

W e bine the results of our measureme ts y assigning y cycles to instruction

he misses , BTB hes , and h mispredicts , and computing the er of cycles

ed in the optimized outs. W e recognize that this is only an ximation of the erformance e tecause other factors, h as the lengthening of terrupted de seque nces and using er tries in the TLB could add to the e ts. er,

a h more detailed ulation ould e needed to obtain the exact CPI and execution

time of the hmarks . Nonetheless, y estimating a CPI as orted y other sources and

y wing the er of instructions executed, e can get a d ximation of the tialene�ts due to de reordering.

4 Results

W e measured the erformance of the three v ariations of the ettis and Hansen algorithm

using the metrics osed in Section 3. Section 4.1 discuss es the trol transfer haracter-

istics of the t outs. These haracteristics t ards erformance eme ts

8

Control Transfer Instructions on the

Alpha

0% 10% 20% 30% 40% 50% 60% 70% 80%

or ig in al bb o nl y pr oc -b lo ck gl ob al or ig in al bb o nl y pr oc -b lo ck gl ob al or ig in al bb o nl y pr oc -b lo ck gl ob al or ig in al bb o nl y pr oc -b lo ck gl ob al or ig in al bb o nl y pr oc -b lo ck gl ob al or ig in al bb o nl y pr oc -b lo ck gl ob al

gcc li ijpeg

compress m88ksim perl

Control Transfer Instructions on the

IA32

0% 10% 20% 30% 40% 50%

or ig in al bb o nl y oc -b lo ck gl ob al or ig in al bb o nl y oc -b lo ck gl ob al or ig in al bb o nl y oc -b lo ck gl ob al or ig in al bb o nl y oc -b lo ck gl ob al or ig in al bb o nl y oc -b lo ck gl ob al or ig in al bb o nl y oc -b lo ck gl ob al

forward taken backward taken

Branches on the Alpha

0% 10% 20% 30% 40% 50% 60% 70% 80% gcc li ijpeg compress perl m88ksim

Branches on the IA32

0% 10% 20% 30% 40% 50% 60% 70% 80%

gcc li ijpeg compress perl m88ksim

original

bb only

proc-block

global

gcc Instructions Sequences

on the Alpha 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

0 20 40 60 80 100 120 140 160 180 200

li Instructions Sequences

on the Alpha ijpeg Instructions Sequences

on the Alpha

original local global

gcc Instructions Sequences

on the IA32 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

0 20 40 60 80 100 120 140 160 180 200

li Instructions Sequences

on the IA32 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

0 20 40 60 80 100 120 140 160 180 200

ijpeg Instructions Sequences

on the IA32 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

0 20 40 60 80 100 120 140 160 180 200

compress Instructions Sequences

on the Alpha 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

0 20 40 60 80 100 120 140 160 180 200

perl Instructions Sequences

on the Alpha

m88ksim Instructions Sequences

on the Alpha

compress Instructions Sequences

on the IA32 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

0 20 40 60 80 100 120 140 160 180 200

perl Instructions Sequences on the IA32

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 20 40 60 80 100 120 140 160 180 200

m88ksim Instructions Sequences on the IA32 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

0 20 40 60 80 100 120 140 160 180 200

Alpha Instruction Cache

Miss Rates

0% 1% 2% 3% 4% 5% 6% 7%

gcc li ijpeg compress perl m88ksim

IA32 Instruction Cache Miss Rates

0% 1% 2% 3% 4% 5% 6% 7% gcc li ijpeg compress perl m88ksim

original bb only proc-block

global

Alpha Instruction Cache Miss Rates on gcc

IA32 Instruction Cache Miss Rates

on gcc

0%

2%

4%

6%

8%

10%

12%

1K 2K 4K 8K 16K 32K 64K 128K

original

bb only

proc-block

global

Alpha Instruction Cache Miss Rates on li

0% 2% 4% 6% 8% 10% 12%

1K 2K 4K 8K 16K 32K 64K 128K

IA32 Instruction Cache Miss Rates on li 0% 2% 4% 6% 8% 10% 12%

1K 2K 4K 8K 16K 32K 64K 128K

Alpha Instruction Cache Miss Rates

on perl

0% 2% 4% 6% 8% 10% 12% 14%

1K 2K 4K 8K 16K 32K 64K 128K

IA32 Instruction Cache Miss Rates on perl

0%

2%

4%

6%

8%

10%

12%

14%

1K 2K 4K 8K 16K 32K 64K 128K

Alpha Instruction Cache Miss Rates on gcc

0%

5%

10%

15%

20%

25%

4816 3264128 256

global

IA32 Instruction Cache Miss Rates on li

0%

5%

10%

15%

20%

25%

4 8 16 32 64 128 256

Alpha Instruction Cache Miss Rates

on perl

0%

5%

10%

15%

20%

25%

30%

4 8 16 32 64 128 256

IA32 Instruction Cache Miss Rates on perl

0%5% 10% 15% 20% 25% 30% 4 8 16 32 64 128 256

BTB Misfetches on the Alpha

0%5% 10% 15% 20% 25% 30% gcc li ijpeg compress perl m88ksim

BTB Misfetches on the IA32

0%5% 10% 15% 20% 25% 30% gcc li ijpeg compress perl m88ksim originalbb onlyproc-block global

Mispredicts on the Alpha

0%5% 10% 15% 20% 25% gcc li ijpeg compress perl m88ksim Mispredicts on the IA32

0%5% 10% 15% 20% 25% gcc li ijpeg compress perl m88ksimoriginalbb onlyproc-block global

Cycles Lost Per 100 Instructions on

the IA32

0

10

20

30

40

50

60

or ig in al bb o nl y

pr oc -b lo ck gl ob al or ig in al bb o nl y

pr oc -b lo ck gl ob al or ig in al bb o nl y

pr oc -b lo ck gl ob al or ig in al bb o nl y

pr oc -b lo ck gl ob al or ig in al bb o nl y

pr oc -b lo ck gl ob al or ig in al bb o nl y

pr oc -b lo ck gl ob al

Mispredicts

Misfetches

Icache misses gcc

li

ijpeg compress perl

m88ksim