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Great Reality #4

There's more to performance thon asymptotic
complexity
Constart factors matter tool

« Eozily see 10:1 performance range deperding on how coda
is written
« Must optmize at multiple levels:
saigerithm, data reprasentations precedures and leaps
Must understand system to optimize performance
« How programs are compiled ard exacuted

« How to meazure progrom performance ond dentify
bottlanecks

« How to improve performance without destroying code
medularity and generality
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Optimizing Compilers

Provide efficient mapping of program to machine
= Fegister allocation

= code selection and ordering

= &liminating minor inef ficiencies

Don't (usually) improve asymptotic efficiency

= up ta progrommer to select best overall algorithm

= big-0 savings ore (offen} more importart thas constont
factors
= but caratant factoes alse mathe

Haove difficulty overcoming "optimization blackers"
= potential memory aliasing
= potential procedure side-effects

Limitations of Optimizing Compilers

Operate under fundamental constraint

« Must rot couse any chonge in progrom behovior under ary
pozsible condition

qust
Maost analysis is performed only within procedures
« whole-program analysis is foo expensive in most cases
Most analysis is based only on sfafic information

« compiler has diffioulty anticipating rus-time irputs
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Machine-Independent Optimizations

= O'ptmizotions that should be dome regordless of
processor / compiler

Code Motion

= Reduca frequercy with which computation performed
o IF it will always preduce same rasolt
» Espacinlly maving cedt aut of leap

Boxr (1 = #r 4 « mr 1asp |

Por [ =« Br 1 « oz 14+a}
foc {f = 02 § < =r §es]

am*l + ) = B[]lz

ink Bl = m&i:
for {f = O1 § <« =mr &}
minl # §I = BII+

Compiler-Generated Code Motion

« Mozt compibers do a good job with arroy code + simphs
loop structures

For {1 = Or 4 = mr 1as] {

Code Generated by 0C int mi = mhdr
izt *p = meads
or [ =« @r 4 © ma 1+af far [f = B2 § < mr Je4)
for {f = O § < mr Jes] *p+s = BfIr
mijotd + §] = BIj]x

imnll Embr baer B ifn

movl & (bnbp] , edd (Y
Llaml {kmdi, hmax, 4}, bedr # p = msitm (mcaled by &)

Strength Reduction®

= Rizplace costhy operotion with simpler ore
= Shift, odd instead of multiply or divide
16*T - X o 4
# Utility maching degandent
o Deperds of 2ot of MUltiply oF divide insTeucTien
# Om Fentium IT ar IIT, infegee rultiply enly reguires 4 P eycdes

= Rzcognize sequerce of products (induction wor analysiz)

Make Use of Registers

« Rzading ard writieg registers much faster than
recdirg/writing memary
Limitation
« Limitad number of regicters

« Compiler conrot always determirs whethear varicble
can be held in register

« Possibility of Ahasing
« Jee examphs loter

ink md = @u
for [1 = @r 4 < mz L4} Eor {1 = ®r 4 « mr 1+8p |
for {f = O f <« =r &) | — for § = On § -« or Je+]
min*l + | = E[]]: mfjod = ] = B[flr
al += mr
i
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Machine-Independent Opts. (Cont.)
Share Common SubexpressionsT

= REuse portiors of exprassions
= Compilers aften not very sophisticated in exploiting

grithemetic properties
| #* Sum oeaigtbors of 1.9 *f iot io] = if%m & fr
P = vl [{i-11%= + Jlr up = val[in] - mj=
| gowm = TEL[{is1]*m + 1ir dows = vEl[im] + @)=z
| left = w=l[i*m # J-11r lInft = wvml[inj - 1)z
right = wvml[i+m # f+llr | | righit = wml[io] + 1f=
—-q-lt-+l.lll.-l-ﬂ#r'l'_-lq:+t—+1-lnl-ﬂ#l
3 multiplas: i*n, (i-1}*n, (=1)}*n 1 multiply: i*n

lIoal -1 Med), ool 1-1
Imoil Smbx . imcx F [1-11°%m

Iosl 1 (fedx) Gosr §F 131
1mmll Smbr, bear
1mmll fnia e

# [leli®m
& im
'I ALl

=A s D Skl E B S, | )

s

Measuring Performance: Time Scales
Absolute Time

= Typically use nonoseconds
» 10 spennds
= Time scole of computer instructions

Clock Cycles

= Most computers controlled by high frequency clock
signal
= Typical Rarge
w 100 MHz
u 108 ppchis i S cand
o ek pericd = 10es

= & &EHz
m 2 3 107 cyrcles par seoend
= Clock pirtisd = 08508

= Figh machines: BBED MHz (1.8 nz clock period)

Measuring Performance

For mary programs, cycles per element (CPE)
= Ezpecially trus of programs thaot work on lists/vectors
= Total time = fored overhead + CPE * length-of-list

Told reoml ik nb

{

imk 12

roid vemmd (it =]

1

int A

for (1 = Oz d1cmr das]
i)l = =m[i] + Bid]r

Bor [ = @r 1-mr fe=lf
=[] = =i} + B[A]Y
=[i#1l] = m[i+1l] = B[E+1]:=

i

- MELRE oy morics of EYe A
- VEUME IS ah @xangd of sap oRrslling.

Cycles Per Element

« Corvenient waoy fo express performance of o program
that cperotes on vactors or lists

«Length=n
- 1T = CPE*R + Overhacd
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