CS 536 Announcements for Wednesday, April 24, 2024
Course evaluation — log into heliocampusac.wisc.edu using your NetID

Last Time

e optimization overview
e peephole optimization
e |oop optimizations

Today
e wrap up optimization
e Ccopy propagation

Optimization Review
Goal: Produce "better" code that does the "same thing" as the original code.
ebetter = Sester wdl, Fewer lnutenctions

e same thing = A(,{e\-nine\}\ \o.1 °\5eew\au' \oe,\kwm o& (oJ.L

When?
e before code generation ((?.\ ON \nkerediate Cepce %‘\'G‘V\\h\

e after code generation (\‘Q)on osu\a“w\'eb mML\rC (.o(\n,\

Important considerations
e performance/profitability — want to be sure optimization is "worth it"

e safety — orginal source code, non-optimized target code, and optimized target code all do
the "same thing" / have the same "meaning"

Look at optimizations that
« are sound transformations 0= a\\ CLSS AheR @ O ot ofe A \‘(,\
e recognize a behavior in a program & replace it with a "better" version
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Copy propagation

copy statement

y.
s SEEEER———
definition of x _—’———J * ‘5 o L"’V“\M?.

use of y : N Vo o Revalnl 12 N | con oL @
varale\e oc \iagral
Idea: Suppose we are at use U of x and a definition D of x (of the form x = y) reaches U
o |If

1) no other definition of x reachés U and
2) y does not change between D and U
¢ then we can replace the use of x at U with y

Example
x = 3.
y = 5. %—use\esb AD‘\M"\on (CWs be (‘e«wv&x-
. :/’5 port of dead cod? o\\mvwm‘en\
if w/> 9
4.
o . w,y
else [ do ({om w;:\m\m\ow-t\.\s 1D

— 5%p N dwmzq, X0 X
B . ¢ u\() c)\O\M\c ‘)-Bo-s n o J
s =z t+ Xx. PMSs ot CD?\‘ (Deapcssa-l'\\”\
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How is this an optimization?

e can create useless code (which can then be removed)

'\S; a._\\_ (VAN XS o(«; ¥ cemu\n ‘3\1 B e (‘&e\ﬁt@d,
hon 8eSiinon D o e cemoved (e q-9)

e can create improved code

,L-; S"‘\'A QNS tvvu'\(‘eg (X « nin‘\mun\ 2 \oasab.&

0ne o

‘t‘ S, ?\\)\S (’C(ya\\‘(,s 01\\\1 ﬁ. \ua.(\ & '1. 66&

(can wee \mmediote vlue v add it\s-\r\
e constant folding
2=22%5 4%, — 2=\0x35 5 22\
7\

NV An 0oy Qfogm\o«ke -‘?\n\‘s
0ek o 2

o if done before other optimizations, can improve results

X=2. Gy X2 sther
\“: x <7 I .‘Pﬂ)(’) W& 24T s i mrtionly) ®=2,
Hostenes % aredy — % Srmrg

3 1
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Copy propagation (cont.) aet Y & e
Recall: Suppose we are at use U of x and a definition D of x (of the form x = y) reaches U
o If

1) no other definition ofgeaches U and

P
L hogiant

opu.&
2) Ldoes not change between D and U vere

e then we can replace the use of x at U with y

- =

So, to do copy propagation, we must make sure two properties hold:
Property 1) No other definition of x reaches U
Property 2) y does not change between D and U

How?

Property 1) No other definition of x reaches U

e How? Do a reaching-definitions analysis
e one way: data flow analysis
e another way: create control flow graph (CFG)

- é'o “\aao\Lvan}sn sem).\ '=1c\r1\'msm \A

- ‘:\QQ %()\0(‘;'\03 a \o\‘W\'\ osr A s&wu"\
when we Q) o LGS o ¥

(\om Lontinal ovaal) %6@'0\\\
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Example

CrG
— et T 225 )
| —1 ‘&;‘:‘;;3\ \\%:)\: x\&ex x () condhar
ifw* x> 09 [ i—1L

- r i
while x < 10 [ Aéﬂ‘n\ FZ"LK\)*X “

_ . L
Z = X + w V.
x = x + 1. x(3) st
] \LT

X

NO ConhtA % Q) ceavhes
Can Gy C\; (1) gty

ove &

| n Gy g @
else [

z =2 *y +t x AQ&*B
]
TR | W ceahes

N 1$5‘)(P 4/9 - )
s = z + X. Cas.\m(,oﬂpp
£ =5+ [ X(l),ﬁ).x(&\gm_; 532\”‘ \b@\(:’:% Y‘:\\h\s\

teory | W
\1(\) Ceo.(),\% _—
Con Copm
eioe
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Copy Pro&ggtiﬁr: (cont.)
(of x)

Property 2) y does not change between D and U

e If yis a constant, then this is trivially true.
e If on any path through the CFG from D to U there is a definition ofl, then
e If yand z are aliases and there is a definition of_;_between D and U, then

IeeRec 4o Soml Y SL'\ change

Spq-\' \n r\QH\U\I =

X=N3
I wde o nee &2 ot
225
w ixtdy €2— Conx VG2 % widh y
Toden,

K=Y

*z= :’\ *2 &\I AL Same \e\w.e.

W =Xy e Meray
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Example (cont.)

x = 3.

y = W.
>

p = X.

x = 4.
while x < 10 [

z=x+w*1.v

x =x + 1
]
]
else | W
z=2*,y+)(.

]

q=5*p. 0N & 2@ PArY> PU\ Ceadhes
s =z + x. & o Cogy QNP(“\‘\\Q. Consront ‘S\

t = s +,y.‘"/ o Q0x ", 0\;5%‘-5.

Optimization Wrap-up

oo end
xg O(K‘\N\'ilqr & — (,ogu\ ?(*aeatsﬁ-\’\’of\

!

‘ o\
™C \2e5 (Q%.P‘
\ e\ 20 J OQ*\\'\\‘LMW
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