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Chapter 9. Princpal Sources of Opfimizations

| elminatan of unressary instructions in object wode
' Code impravemen‘f = lreplacng instruction sequence s with ﬁdw%uivalmT S,

* Local = WI"’hm b“ﬂC block nofe: 3l9ba| is (nu‘_rleadfnq,
+ Global = across basic blocks, mastly baed on dafa=Flow analgsis (later) Ry el Rpark
interprocedaral anaksis

- Three—address ~ statements
- At most three operands  A=B op C
- Easier to frandate fo assembly
- Easier 1o c[efecT common  subexpressions UGTEF)
= ( té = lP*L [ - inti
eg. x=al = 22 o or ¢ a bbyte nfeger

highlights the fact that a hiyh—leve | lqnyqqye
W; I ' '”E’SH H— [n LmCNOIdd b'e rEdtM danc ’n .ra) Before. | o
C0m PMTI'Vy LF*L ﬁr 6\[99 qrrqy offse"' Figure 9.4: Local common-subexpression elimination

Common  subexpressions

An occurrence of an expression E is a commen subexpression if -

@ E was previously computed

@ vabes of yanables in E have ot changed since previows compufaion

- However, while sfuff ke 4% can be elimmated, array acceses like altd may nct be i it goes

‘I'hrough a basic block which assigns To @

Copy Fropaquibﬂ
HssignmenTs of the form u=v are called cop stafements.
: Underlyirg idea: use v for «  wherever possible " after u=v

® \‘:/b Nofe that c=dte cannof be
© repaced by c=a or c=b
since confro| may reach ©
Figure 9.6: Copies introduced during common subexpression elimination a‘F‘,’er @ or ®'

' Dead-Code Elimindtion
- Variable Vv is |ive af a paint 0 a program if ifs valug can be used subseq/uen‘ly
and is dead gt that poinf otherwise.
+ Constant fulding is deducng af compile fime that a vaciable is a contwif and usiry That insfead.

eg. if (DEBU) z=r if (Talse) > nothing

folding elimination

- (Code Mtion
Programs spend a bulk of Their time in Joops
=7 might improve. running fime by decreaiing code in loop, increasing code outside loop
t =limit-2

e.9- while (i<=limf-2) — while (i<=1)



C hap‘[’er q.| Confinued

* Induction yariables
Variable x is an jnduction variable if Jpositive or nequfve constant c

such that each time x is assigned, ify value increases by c.
SJrrengJ‘lj;_‘reduc’non iifwgeplqcrry an expensive operdition by” a cheaper ane
€ th=trxi e

Lecture 2/2

“Basic block = sequence of 3-address sfatoments
- Only the first” statement can be reached from gutside the block, no branches info the middle

- AII” stafemerts are execufed consecutively if the first ane is, no branches or halfs lext majbe df end
- Maximal — cannat be made lar,ef‘ withouf uio‘dh'n9 conditions

"Flow graphs
- Nodes + basic blocks
- Edgest B:»B; iff B can follaw B immediafely in some execution

- Block led by first statemeaf of program is starf (or enfry) node.

. Code hoistin
Eliminate cSpies of identical code on qua"el Paﬂ'u’ in a flw 3mph To reduce code size

- Elimination of Joop index
- Replace fermination bj Tests on other induction variables

Chap‘fer B4 Basic Blocks and Flow Graphs

- Basic blocks
W control will come back as if corfrol never deviated
% handled

- SubtleTy: interrupts can be  ignored. .
hc an irrfermp’r occuls and j§ Tt program crashes with an error anyway

- Par’rifioninj three-address stafements info basic blocks

INPUT | A sequence of Three-address stafements
A list of the basic blocks for fhat sBquence in which
each instruction is dssigned to exactly one basic block.
® Identify leaders, the first insiructions in some basic block.
-The first three-address instruction in the irfermediate code is o leader.
- Png instruction that is the Tqrge’f of @ conditional or uncondional jmp s a leader.
Any insfruction that immediately follows a conditional or unconditional jump is o leader

For each |eader, ifs basi ‘ : N H
O g i R st e T R i “progractins vp o b it

oUTPUT

METHOD




Chapter 3% cont
‘ Nex‘f— Use |nformaTion

1_ M .
I,F iftﬂj :;S'zn%ngﬂ ora nd} TMCV) sfatement j uses The value of x compufed at stafement i}
)

x is live af stafemert i

. Mo as:

eorit] ¢ —3

*To defermine |iveness and next-use Informdtion.

INPUT | Basic block B, assuming symbol fable inifialy shows

all non-temporary variables in B as be?nj live on ex

outeur | At each (x=ytz in B,attach to i the liveness
and next-use informdiion of XY and 2.

METHOD | O Start at the last sfatemert in B.
@ Scan backwards fo The beginnirg of B
OAf eadh isx=ytz in B
@ fttach next ure and liveness of x,y,z from symbd fable o ©
@ ln symho| fable, set x to rof live and no next use
B ln symbol fable, set y and z To live and next uses of y and 2 fo &

Order matfers! Consider X=X+X.

- Flow 9rqphs a’reqéy covered
Tust” note Hhat [sial represedotions are betfer as we may frequenly

change the number and fype of insfructions i a basic” blecK

'Loo S
A ‘set of DOCIES L in a flow 90:,)1') s a |ooP if L corfains |oop en@ node € where:

« e is not ENTRY the entry poivf" To the flow 7(?19\1.
- No node in L besides e has a Pmdchmr autside L.

- Bvery nide in L has a nonempﬁ' Pqﬁn complerj within L o e.

Chapfer 85 Opfimization of fasic Blocks
directed acydic graphs
'Consfrud’(g DAGs Tor basic blocks
O A nede for each initial value of variables in basic block
@ A node N for each statement s (prior 15 5)
N's children are nodes thaf correspond o stalementy that last defined operands used by s.

® N is labeled by the operafor at s.
@ The \ist of varidbles for which if is the last definition in The block s atfached o N.

-With the DHG/ we can:
- elimindte local common subexrmfrions
. eliminafe dead code
- reorder  independent  stutements
} qpply algebraic laws for simplificafion



Chagfer 8.5 codt.

- Local common subexpressions value—number method
‘Before adding new node M) check if existt node N with same children, in same order, with same operufor.

-Dead code elimination
Repeat: delefe any roof with no live variables

-Algebraic  idenfifies
- Some  examples
X+0=0tx=X :
X/=x algebruic
X=X *X ]loms reduction in strength,
2X= XX replacing @xpensive op with cheaper

- Represenfution of anrdy references

x=ald o
aljl=y what if j=¢! _
2=atq ) alE) camdt be naively opfimized

Instead y

@ = ( —_— eD X a0 io o b

X ) q[ LJ Figure 8.14: The DAG for a sequence of array assignments

@ ©

@ alj)=
AR S= KILL all curreritly conrtructed nodes

@ () D/ whoe volue depends on G,
A klled node cannof receive any more labels.

- Pointer assignments and procedure calls
- Assigning ind(recﬂj leou)h Q ﬁomfer
X=%p usy every variapfe } killc all the other
kq=y asigns Sveny variable J  nodes constructed s far in the DAG
- Similarly " procedures called in the scope of x  both uses and kills x’s node

- Reassembling basic blocks from DAGs
- Prefer 10 compufe results into variabler Thaf are live an exit from the block

But if no gldbdl liveness information, may need copy statement
& We , d=btc a=btc

da=btc
b=a-d b“/’) d=a-d d=a-d

c =bfc  cedie b=d
d=a-d W c=dtc

* Rules for DAG  reconstruction .
0 Rerpect DAG node order @\‘/)crm}:ilgmwe ur?ugfhﬁ,l{m $\q§%m
Assignments fo arroy must follw previsus assignments @ (fgiec B3
Fual rycedure call 0r indirect assignments
80%““{0” Y racks ?S?g&‘éxu’&‘%‘?ﬂ”mm © frymvrfp follow all presos @alaatons

MRV(IWS A SSIgNMm
array be ?‘earder/ed f beth dont qurs arsiganﬂ'S












































































































