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Compiler Design (CS603)

Unit -V @

Fi. INTRODUCTION

1. Introduction :
hiz.rnwdlahcnd&tnpmdmmecl_uivnlznt I:nrsgf.
wdathnthm;ffhanihtumsojtﬂmd
sPo.uThc.mewunﬂorusuLtofﬂn&Fruﬂrm
[ Baalill Goala Olirsinion )
Reduce execution time .
Red.umnwnm-ﬂusnﬂe.
Im.Frov‘e ti'uouahpdzondl:u-_fwm
Kuppruamm size small .

SRR SRS

Hiﬂh Level ln-xﬂuoﬂes Pmdu.r.e mﬁmznt code .

Naive translation leads to redundant computations .
Better performance is required for real-time systems.
To reduce cost and improve ruhol:alll.tﬁ

To utilize m&mtsr‘s and. memory zﬁ.m*\ﬂ.ﬁ

To odapt mdzjw d.;ﬁereni target machines .

+¥ 4+ ¥+ 3+ 4+ |2

3. Exo.rrfpl.e (Neex:l LI[ OPt'Lm.i.zo.fion):

Consider the founwir-.ﬁ code szﬁmud: !

Un.oPtimi.z.r,cl Code OFtinﬁzecl Code
ti =a+b

t2 = a +b ti = a +b

t3 =t » ¢ t2 = t1 ¢

th = t2 * ¢ d = t2 + 2
d = t3 + t4

In optimized code, redundant computations are eliminated .

4. Phases o‘r Ophmznlm in Compi.ler x

— P
{ Lade opti&;mH G&H by \
Beersbiin |

B. THpes o'r Optirnizatian =
# Local (Machine Independent) Optimisotion. :
#*  Machine DaPzndan.t OPtn.wuznhm

Defmnds on En.raet machine architecture .

—_—_———

# Correctness must never be sn:.n.fq.ced.

e e s e sy e ey S . S e — T S—. T— ) e, e . S St

|
|
!
* Ow.r-eP{im.iznhm may increase code. size . I
|

10 CoDE OPTIMIZATION _

o

OPﬁnﬂmﬂm Levels -

Peaphal.n OPi:i.n-.izni:i.m (Vend local ) .

Basic Block Level Optimizotion (Local).

Loop Level Optimizakion. .

(Global OF{'muznbm (across basic blacks / whole Pmﬂmm) ;

7. General Model u:f Code Opﬂmi.znﬂm:

Input " ]
o T Analyze St || mesat |
Where :

Analyze : Find inefficiencies, redundancies, dependencies .
Tmfom : APP"j DPf.wuzut-l.m ';ei:}uutu.l.e-s

ImPortnw:e o{ Code Op’c.um.zni.m <

* O R oE E * |0

9.

Tnproves erformance. o prograns.
Increases Mﬂhl’“t'
Ium-{mdj‘aramhddulnrdmi-ﬁnunﬂ)Umﬂnns.

Where Opﬁrm.zd.m Can Be. Applﬁ.&.d ?

* ¥ * & *

~
Duri.nﬂ or nﬂq:cr intermediote code Smbm

On basic blocks .
Across basic blocks (Sl.nlm.l) 1
Tnside Loops.

Durin.ﬂ mdeatnzruilmfor Luracl‘- machine . J|

10.

EmrnPlg to Understand Othmzaimn :

Un.nEimiuA Code -

OEﬂnﬁzeACad.e:
t1 =a+b
12 =1 » k1
u = t2

=a+hb

= a+h

=z +0

%
b
z=x%y
w
u=we*i

L

i1 Su.mm ;

*
*
#*

*
#*

Cod&nptmuiwntsmassenhnl Pha.senf cwmpd.er
It improves the l:l'ua.hf.l‘.j and eﬁ:idmc:l of tnraet code .
Tt eliminotes redundoncies and makes betker uuc:f

resources .

It can be applied obf various levels.
Oﬂm&zﬁhﬂnwﬂipﬂs&rﬂhwusm&lmmﬁafﬂu
Pmﬂm.
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2. Sources oF OpTiMizATION
!.;Inkroduc.ﬁm: . ®
A compiler con perform optimizakion ot different &) THP“'“ o:r {)Fb.miznhm O'PParbuubc.s
ﬂmhﬂmwwhajiﬁumm @ E ! o Lok |
These sources help the compiler to apply proper K*‘"‘t’"‘“ ® Reduca sirangth of operations W‘*‘”
optimization techniques to improve code ¥ et ® Dnprovs regiter allacabion G ‘apinibs 45
* target code Jacen: il
@Rﬂdﬂumuna-ﬁmarm F
2Mm5m1rmoj‘o?ﬂnumhon @ 1 g hedul must choose best
- ® Uneoll Locps one..
2. Loops in Flow Graphs Loops couse repeated execubion Oplimizing ) =
foope ol o} AsPu.L Local Souw Globel Sources
3. Global Data Flow | Informobion obout data volues across Information | Within o basic block Across basic blocks
Informakion basic blocks helps in globol ptimization _ = Whde egem
& Redundank / Dead | Code which does not offect oubpub Exomgle. Goabads G, Common. subexpr,
Cadi Eliminaki & 3 sﬁma f. deod code elim elim., code motion
5.E=Frua&.m.smd. Common  subexpressions , constant expressions, [ Co"'f"’""'hd me"‘?l"‘ Hm“’"‘?""“
provide optimization chances | Seeys s ""P'“‘“‘“*
7. Register ond Babher wse of ragistars and mamory 6. Exomple — Different Sources :
M'mn"d U&nﬁ: olinen. Voo v GP.M Consider the fo”.ms code :
§F|.owGrn.P!no.sq.Sourcz e 1 O-Pﬁrrd.mﬂmswmh\.qumdg:
HaAﬁmPlL(CFG}quwnhuLﬂmaoj'«mmm. Uom oD *Mmdm\lupruﬁn\'n-bi-r.
]lhnlfawnpnlarﬁndu&nfamm.lowpsmi & d 0 u.sed.nﬁn.i.n.i.n3=n.+c
Pd]“furwm i.j. (e > 0) * e=4d+0 n«c'é.-\r\ﬂormrem)
_________ :r-e.-i-o. "”"-'3'1 I'mlli-flvmsi(mnm)
[ Swes Tnfoomation - i # Dead code : if resulb unused
| i.:f (3?‘10) )
| # Loop (if any) not shown here
¥ Lapw. 6 ol | B8 gy
[ A
|
: ?. Smﬂ

________ S !Saumnj‘eﬁunun@mﬂuplammu:mphrﬁ

Sl rgramearh Sppllaloiis

* M&Jw mrmmhamblmluloopudn.{aflnu h\fumuﬁm.
dead code “Fusiw\sma.wxf.rolj“.au

* Helm . pajeieny dds fle dahpss
# Provides structure for optimizabion

RS e e e e e e S i S e e B R S S e

!meudgnhajt&ummh&dsbajfm
QPI:imi.zulcodr.

. P

J'E E'l L 4 2 4

|
f
| % Helps in idenkifiing blocks and. locps.
|
|
|

;
1
|
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3. OpmiMizaTion oF Basic Brocks .

. Driroduction. 6. Esiingls 0 Basic Block
e ek = psmmatea, = 1 = Optimizotion in o ic =
A basic block is o sequence of instructions - T \;__ E
i single ey ond siogle esb Opfimiing [ gy T )| Unepinied Gl Optimised. Cole
M&Miﬂﬂuﬁmﬂ&duﬂmtw | ofin.ll " |
| ] B ;s wes
fmuferhmuhmnnﬁnm&smn&u- I'(R”'m"wi. @ @
: = 20 E 2 ; t2 = a+ b
U'Illlmmaofthgrmsm |\f1mrrmn.a?ud. [ @ £33 = 44 "2 :>
|\v"Rd.u4m:hﬁn.}| @] =31 ®
2. What is o Basic Block ? e —— a5 @ £5 & 0+ 43 (Redundant code
removed. )
A bosic block is o straight line code with : ®©)| tt5
# Single enbry point (first instruction).
# Single exit point (last instruction). Explanation :
Eﬂ& hz:”d%%hdimma—‘mhuﬁ.
[f-;_'_":_:b _____ I This e buate Block Step 3 : Adding O does nothing — remove line 5.
| | 5 o+ b
= = & ?. MLGCQLO" L .
| t3 d F Bk % T b - F Im.paf plimizations
[\_‘hf ekt b (if condition) Optimizakion. Before After Explanation.
Constant. Folding N £ 7 Compute constant
3 FLnu GrnPh. ufﬂ.&iﬂa:—BlﬂGk “?rmm
______________________ Cauhnhpminﬂnhm as5 a5 Rtfln.u‘.vonnu.t
{ E \ § bras2 b1 by constont.
| o | conunmSu.th tl=a+h ti=a+b Same expression
} 4 db & ore lskrailione | Eliminabion e ath 2. 4 Sl Gk
| (2) in o boate Block I Deod Coda Leash teath Voriable x is newr
] I Eliminakion xet 3010 used
| ° Enir:l—bnodc.i I y = 10
| Exit — node n | Algebraic taxtd b ax Using algebroic
] o I Sl‘mFi‘lfl:lltiM w o= 5 + 0 w s H -h t-t-".
Il I woeE R we Eowz
\___Eil ________________ / 5""‘3"‘ tex*8 t
4. Opportunities in Basic Block Optimization i :
1i. Ebnmahru&nnﬂa:&mpmm A R AR 8 BmeLsﬁj‘En.sm BID:L Ophrruznhmm
5. Strength reduckion ore: performed without # Inproves cache ubilizabion
7. A].sd;m.i;. ”ﬂ#‘j‘lmhm obout other blocks . * Inwuamllpn'fwmm
8. Code mokion . q s
. Summary :
5 Tujﬂnul ues .fcn- Basic Block Oftmzakm : e e e e 5\
| # A basic block has single entry and single exit. ]
Technique Purpose | » Mmmuwfmawmujm !
C |_ R“_l‘_ n R SRp T TR g i | M«&m,dﬁ-ﬁmw\ﬁnﬁ:ﬂuﬂ,iﬁmﬂ& rwa'nd‘.im. |
DMJ.M_-FI"'-' R mdthnunatmf_fuL | |'nmopﬁﬂmkwwwtpmu“u‘lﬂvmﬂmkﬁwdeeffmﬂu |
S St | e dipbis Weldis b egifyerb R e e ¢
Copy Propagetion Reploce variobles by their copies. | # Alvoys identify bosic blocks first. |
I'l sltmhfﬂand.sjhr:aﬂnmm I
o ¢ RGPV Notes Hub E& e o
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. 4 | oops IN FLow GRAPHS.

1. Introduckion :

Inn.j‘ln.lﬁmrﬁ,nla:f[urc&cj&)i&auho‘f
m&lw&lmn?oﬂlfmmmdehtk;ut

back to the same node. LonFs couse mpca}.ul
execubion nf a group ef statements OPimmﬁ

Aloo?m*.smmﬂmdavnﬂtufuwrcua?oﬂm

froan a rode Eo.r.k to o dominator node .

Tt has :

* Er\b‘“ node U,mp header) |

* BoaLu (set of nodes  inside loo?)

# Exit node(s).

5. Types of Lowps :

@ Notural LmF ¢ Has smﬁl.n en.trﬁ.

@ Irreducible LooP : Has mulﬂp[g enir:, Po..n.i:.s
B Soge- oy + SR eniiiion: e Tony KT

4. Exemple = Flow Grogh with o Leop :
Entry

————————— S Flow :
(a7
| while (i ¢ n) { |
| Mism*a[i.]'] F i
¥ ) int (sum)
I L= L+ 1 ]| T ®F
| 3 1 e
| print(sum) | (3) sam = sum + o]
Mop e o e e e e A

(4) i i+t
* Al.ourl'm.lq.si,r\sh entr‘u (nabural lvop)

* Iﬁrrm&hmewwlhrlc exits
*
*
*

It contains ok least one back a&ﬁn.
LouF u?b.mtzokion S.Lﬂmfu:wlﬂld u-\PrMs Pcrfom

LWPS mm Emt-m L\-’“‘

MNested loops are more expensive .

Lm‘: optimizabion is mest important in :anJ.u-
Always identify loops in flow graph first.

¢ RGPV

X%

Notes Hub

Noe : it |
Dnminnj:arofuxnode:

:ﬂ-PFw‘SmGVBrSIﬂthl

T Dete.cb.ma mes. in H,nuGru.Plu;
to o dominator node d where d dominakes n.
Back edge indicates o loop.

| Jrom: Enteg to .
Eﬂf&: :
Blowinbues Node
o i {1}
2 {1,2}
o o 4 {1,2,3,4}
5 {1.2.5}
(4) 6 {1.2.3.6)

Bcn:kedﬁes:é—'a (since 3 dominates 6)
Se loop:uds’c.s with header 3.

Loops are execubed mony times .
Redamnwnarbm.

Lnfn-uuc.s cache P:r_fnﬁm.

g Opportum“.uaa n E..oop Opl;l.mlr.o.hm
Oﬁnur{urdia

* ® O® = B

Move M\Puhhmu out uf locq: that
RaFlcu:z expensive nP-emi‘im,r. with
cheaper ones.

Loop Iworiant Code Mokion

Strength Reduction

Tnduction Variable OFthlznb.un

LwP Unrouinﬂ DILPLu:nf.-e Iaop hod.u to reduce
Code Motion Move. cmputn.tms inside or outside l-nep

{0, Enample = Loop Luoviont Coda Mokion :

Beim Oahmlmﬂm. Ajter OM izakion :

for (L= 4y L & n; 4] { t = a*bh; S moved  oubside
t = a*h; A wworiant ‘::> .fnr =4 Lt ng i) {
efi] » t + d[i]; e[i] = t + d[i];

}

u.bhhwmmln@,mmmdmﬁm,umrmw

o g gk s st il
‘Nﬂhﬂullaﬂfshnuasinﬁhmbamdmwmusﬂh.
% Loops can be detected using dominators and back edges.
#* Loop optimizotion is essential for efficient code.
# Vorious techniques ore used to optimize loops

[EIE)
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g 5. Deap Cope ELIMINATION

1. Introduction : ’
Sy ¥ Tigws: of Dol Sl
Dendcndgunl:m—tcjpmafmihn}. 2 =
does not affect the output of the progrom. Type Description
Dead code elimination is the process of Unused. Variables Variables whose volues are computed but
remaving su&uslckanmhsfmmﬂw never used .
P, B il a0a 4. .o0d Unrenchatie Tode G ok il b aramibed e
Rad.m\dmifanﬁxiaimm Cm\fauiu.l:i.mswh.nmmuﬂ:smmn.ﬁﬂnn
2. W 1o Disd Coe 1 3
# Dts resull is never used. o._.,LPu}_
!Edoesn&aﬁdw&ﬁfuh&:mpubﬂm. P"ﬂs\'w“-'?utput
* hm@ﬂhﬂuww 8 DehuLma Dzn.d[:ud:.{Dn.tn. Flﬂhl APFI‘DQL']‘!.)
r

3. Examgle : Live Variable Analuysis (Backiard)
Cnnsi&grthlfauaui.nﬁmd:: . — i
_____________ Compute Compute If voriable is .
{ B e } LIVE OuT LIVE IN net LIVE OUT, MEL“ “‘i’
| d=e+f ‘ 5 et 4 does for each node for each node iks compukation
Ia. g=-a+d I |:‘> wilh fjct ot il
l4.x=3-z // dead code | So ik is dead code. | | Where :
| & Pri'“{'(ﬁ) | LIVE QUTLn] = Set of variables Lve after node n.
L T SRR - LIVE INIn] = Sk of variobles i befows node o
4. Flow Groph Representation : If o voridble: ds nek b offer o dbobomont ; B bk sbobamend i dead.

o EEEI,M.,L;M-, [8s: Euﬂuflz = Usin_»ﬂ Live Variable ﬁmlﬂsis:

0 0 # Node 4 (x = y*2) has no path Node | Statement LIVE OUT | LIVEIN |  Action

# So node 4 s dead. 4 x-a'z {3} {3} |xno+.i.'wu—DDmi?
e # Tt does not conbribube to outpul. |
3 3=a+d. {x,s} {n,&} Sl.sla.vz.

SN.BWLHUH for Dead Cede Eliminokion : 2 J-;;_f {a,d} {u_q_‘j‘}. d is live
@Mfﬂunmhbsubuwluamudinnufput. i a=b+ec | {u,e,f} I{B.c,c,j} a is live
@Mw‘kaﬂlhﬁﬂm\i&”ﬂlaﬂ“ﬁl}mmﬂﬂe& -
® T Liasd ir\,ﬂ'\.«.flm.-.lswfl'\.. Se, stalement ab node &4 is dead and ean be eliminated
® Mark oll siobements that offect marksd variobles 0 Busadiha o Dok Gake: Eliotinilion

________________________ # Reduces code size.
¥ ; o
| Point : ﬁ | # Reduces execubion time.
| #  ork backward fwm outputs | L ] Imfmwu memaory utilizakion .
I * R};mnve. ET‘@. do ot n.ﬁ!.d. f"""‘l‘ nuﬁpuk. I * Sl.mrl.l.fuu other !Pﬂ.m.i.znuon. posses .
Lt b s oo, o R J # Inproves readablity of code.
- e cree | T S ke, Dund cod diinkin
Ii a=bhb+e | |in.=!:|ic. I 'Defenﬂxmmurnhdﬂhfhwmfmﬂabm issn.fei i
|2 d=e+f Jl |2d f | -‘Somgd.m.&mdnmnﬂafspwo.ﬁarnﬂm dusnet:honsalhz
= & ¥
: 3 gr=a+d ] I:> | : nplmnhons aa!'.,m!.afrroam
I 4 = wy"ez Hd.gn.dm-d.r.| | 3 9 = a + d 19
i 5 Ll ”M“'"‘| I i P'r'Ln.t(S) I -——5—
e ————— e e —

e i R ) M J || # Dend code does net affect program output. ﬁ, |
Stokements 4 and 5 are removed becouse their resulls ore never | * = = j‘.ou nnnluln.s o mﬂiﬂ" : |

| # It veduces code size :l.n.d.l.rnProm Fu.rfcrrrm |
gk W pioal Toukput L;n“mwmmwm |

& L RGPV Notes Hub L 4 2 4
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_6. Loor OPTIMIZATION .

1. Introduchion :
cod.einaiﬂcnloopmﬂmiﬂwloopmiu
mmcumwtm,smnﬂbnpmmnh
Perfmnmsuhs.

2. th Lnop Opfb-nim.ﬂon. is Irn.pa-riu.ni?
* Loapsmmmkz:lmpenladiﬂ_
* Cpnunnr\.i.ruruum.ricnlnrdunoﬂ intensive programs .

Technique Description

!.aupL\mrim\i.Cn-d.; Mmmmpuhﬁmathniﬂamtchnnﬁgmﬁds
Motion o 5 i Wi R

Sd:rmﬁthﬁednmﬁm RAFI.I:EA mrmwofm-nham(lﬂu. L
with ctngn.Pur o?ernhma (like +*, <<).

OFLmnlm m.mf)l.nfﬂﬂﬂﬂrmp&nh&

LaaPUn.ruu.;Aﬁ Dufhcdhi.eerindﬂlaudnmmrhsaiuj
loop control.

Dead Code Elimination Remove stotements inside loop thot do not
affect output

Code Motion (Hot',sl’.inﬁ

Move computations upuard (hoist) or downward

drnplify Smaialng leop

same doka
kFi.m‘..m;(E':ral‘i.lzj',;.-\ﬁ) SFhi.anmﬁlg.iuminm.JLFhlnopa )
&, Exomp’f. = Loop Tovariant Code Meobion :
B:jcrt Oéunnoiwn : Ai& OE{:umub.m. :
P e e W T Ara N Tt e = e ™
|fw(L-O;L¢n-,L++){'l |t =a*b; / moved oubside

| E=a® L'. 7 u'wnrwd:i | or (L= 0; L < n; i+4)
|l s it =t el
| eli] = b+ d[i]; I [ elil =t + d[il;

e e e S el T e =
M a*b = same in avery iterotion , so mm.Fd.e it once .

5. Exn.m.PLc. = S‘trr.ns“n. Reduckion :

l(__ _________ ‘.I l,I‘__ d e ¥ "'_'_ﬂ\
|fo|- (i = i; iodn ong i.-#){ | | 3 = 2;-

I 3-3.2; M ".lI‘:>Ifor(i.=i;i.<-n;i,++){

13 I | 4554y A
S e ST T A |3

Al e e e =)
_EMML&FWGGG&%,MML&ML
e S k!
| Poink : |
| % Alsoys try to reduce work dome inside the loop. L |
| # Mo invariant code oulside the loop. I
. |

L

o RGPV Notes Hub .

6. Example - Loop Unrolling :

After (Unrolled by 2) :

i« ]
|:for(i.-0;i,<n.;i--i.+2){

& k]
|_far (i=0;i «<n; i++){ |

| sum = sum + al[i]; I sum = sum + alil;
i.J' (iel < n)

|

| 3 | |
[ sum = sum + ali+d];
|

loupcmhnlmrhzndisru&xmd.

7. Fow Grogh Example of Loop :

Er\i'.r:j
I ~
Mﬂ" :
Nodti!Er\.i’rﬂ
Node 2 : Locp header
Nod.ls:l.nnl}lxn:lﬂ
Mode # : Euxit
Bﬂr.kedﬁe 3=>2
4
This & o naburel loop )
it

LooF Pub'nﬂ Execute j‘wd:deruilmmupnrnldﬂ l.n:imp!.i.j':j
g by

Loop Fusion Combine two loops thal use same data and
knvcmhﬂundl

BluckinafTiknﬂ) Break loop inta blocks be improve cache
locality .

Be.nafil‘.s chr LonF Dphnd:ni:i.on.:
Reduces execution btime
Better utilizotion oj CPU rescurces .

# % & % % | o

. Limitokions :
# Nt ol foope van be oplimizad

Use G}‘IMPII' oPr.ﬂ:J.i.ons and reduce lnnp averhead .
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7. INTRODUCTION TO (GLOBAL DATA FLow ANALYSIS

@
1. Introduction :

K poasmeis i of ey Budie Blodke
onalysic works inside o bosic block
Global dota flow analysia works on the whele p V' Leom facts obout
program (flow graph). It collects informabion | ~ voricbles ob each
from wll Mok al cobias %t el ke ) PO pot
that hold ob different poinks in bhe program

2. Need jnr‘ Global Dub!-FLnu .Flma-lﬁs-is 3

# Program statements in one block moy offect other blocks.
# Helps in debecting properbies ke variable vlue, liveness,
Provides informakion needed for global eptimizations
like code motion, dead code elimination, ete

*

3. What is Global Data Flow Analysis ?

Ituﬂhapmugrnajmmhnﬂmj'mnnhmlhnﬁmﬁh
grigh of & progrose,

@ Data Flow Fact : Iﬂformn.i.i.oﬂnbnd. r_vrusmfa.a.,
® Data Flow Equetion : Mathematical relobion used
I::.oanuh.INnnAOUTsd:sojao:.hlnlmk_
@Mad.oPgrufarOPerntwﬂ'\nimmkmmjmnim

®

Jrom different paths (e.g., U, NJ.
ijer qu;hoﬂ. : Du.u.n.lu.-l how o bl.n-c.l!. l:.rnr\alfm

5. Global Data Flow Fromework :

‘ Tranafen FMMJ
Fs
;

OUTLB] = Fg (IN[B]) ;
IN[B] = Moo U nj' OuUTLP] 'for all F...J..umr P

Edgas

Bi —- B2 , B1 — B3
B2 - B4 , B3 — B4
Predecessors :
Pred(B1) = { }

Pred(B2) = { Bi }
Pred(B3) = { B1 }
Pred(B4) = { B2 , B3 }

L 4 4

@
6. Dota Flow Equetions (Generol Form) :

IN[B] = () ouTlP]

j‘qulF-th.uuuPnjB{muﬂberl:o)

OUT(B] = Fy (IN[B])  (Fp is tromsfer funchion of block B)

U(mbn)huud.hrrﬂb{mumkuwhbhunnlﬂ.ﬁs.

1. T5Pes oj Data. Flow Ar\njﬂsi..s i

THP*' Direckion Meet Operator Em\PLu 1
mr | meg e | woamey | Poeey Bl \
Available Expressions
Backward | Exit — Entry U (Union) Linw Vorinhlos
sis be true U (Union) Reaching Definitions
g oy Live Voriables I
| '\hra Bu53 Expressions J

8. 5‘|.‘st in Global Data Flow Anai:jsi,s h

@ Construck the flow graph of the program

(@ Ldenbify GEN and KILL sebs for each block (if required).
Muﬂgdu}nftaww‘wadeouTseh.
Initiolize IN ond OUT sets

The final IN and OUT sebs give the solubion.

9. Er.nmPJ.r_ = Rmzjﬂmﬁ D:jm.nhm.s (Forward Mmd ﬁmnlzjsi.s)'.

N T b
o T |
: BL : a =1 I I
| B2 : bh=a l |
I B3 : a =2 I I
I B : ¢c =+ b I I
Moy = o o A |
=t
Block |  GENLB] KILLB] | INCB] (Lukiol) | OUTLB] (Tnitial) |
BY {a=t} {a=2} i} £}
82 | ibwa} | {heal g | &F |
B3 {a=2} {a=i} £ 3 )
B4 {c=as+b} {c=ash} £ ] £
Tterate using eg(unhm :
IN[B] = U OUTLP] (P = predecessors of B)

OUT(B] = GENCR] U (INCB] - KILL[B])

Gl G WS R e et ol e W) SR e enny e e T
Mmﬂmualumdmahjmmmmwam.ﬁ?l

R R TR ST ORI Qe e }
! Maek operators (U or M) combine informabion from diffarent poths |
| # It & the foundabion for many globsl code optimizations I

RGPV Notes Hub L 4 ¢
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Unit - V

1. Ini‘.rud.nm{'.im .

on the intermediote code to obtain
meq'uivq.hntmhu\nli-smwu’.
hmhlwi,mwumﬂn
mdmohﬂuwhmsffwi«\i

8. Cope IMPROVING TRANSFORMATIONS

6. Strength Reduction :

Rcyhucmﬂﬂwg(m',/,w}w&hwﬁm

L Hul.ln- in bekter mﬁi.nbsr allocation .

‘ IA\PM mclu. Pl"m.

# Leods to foster and smoller code.

3. Bosic ldea :
o e g
LT R e e R =y

[ s Dassriphton

Eliminati pite f

Dead Code Elimination Rmaudgl}uldusmtajfukmlrui
febigtine Usilie Replace induckion variables with simple valuss.
kEi. . !.

O x+0 = =x @ x-= = 0
@ x*1 = = B =x*2 = x+=x
@ x*0 = 0 ® (x+y)+z = x+(y+z)
Example
Before :  tL = a4+ 0 ﬁ%
2= bt |:> i -
£3 = ¢ - ¢ & =0

of the code, only the form

B e e Y e e e e e R s e et e i et e S

(ke +, -, <<, >>, increment, decrement).
Excm\fl.t:

Before After (Strength Reduced) :
P n = = T =% Ty o e e =
|j'or (i=0;ten;iss){| llti'oi I

1 Bl B mad

ﬁ +.1=|'..8; l 1j‘ur' {1. O,Ldnlg-l--l-){ |
| arr[ki] = x; : II W‘T[ti] = x; I
: } I } Ho= 4L+ 8, u.u....u.;,..%I
I [ |} |
R T J b oo o k
Explonobion :  Mulbiplication is replaced by addition

?. CDH’IM\ Sulnx!:\reaswn. El.u'ru.na‘l‘.ton (CSE}

and reuse the result

e
Before After (CSE) -
e USRS = W
|li'n+b ‘\l Efl.ilm.*'h ‘\|
[ 2 e v d | itz.c.d |
| 3= a+b | o=kt e g2 !
1

]|“' t e 42 I | 65 =k <0 W bdiogn]
1Ll:f- {a +b) - e e o Rt T | Y o T o J

8. Constant FoU.in.ﬁ %

Evaluote constont e.:Pmsiorui ok mmFJ.-_ time .

E :

ﬂgj_&" , At CCanatint Fbdad) <
________ F R e R e
:ru-2+3-q“‘| |t o= 14 |
| £2 = t4 + 5 | | t2 = 49 |
| t3 =10 7 2 | | t3 = 5 |
i T S J Rl S Yol J
M 2+ 3 o4 = 44, 14 +5=19, 10/2 =5

Example :
i s

Before After (Constant Propagated) :
P e, Faem \
I o = 10 | | o |
1 b= a + 5 | b= 10+5 |
i“"*d: | c =15 « 10 |
e I e B i =P
Explanation :  Replace variable 'a’ by constant 10
10 SwwnarL
| # Code improving. branaformaions prodace on egpivelen muu.,m&*
I * Tlnﬂ reduce execubion bime and mameory usage :
| » Thﬂ are assential port .,,:r code aptimization F““‘“
| #  Common t'“ﬂl-.fmhgn; i dﬂtb"“"-ﬂ. T bckiiei
| ‘

CSE, :m\shni.j‘a“u\a. mﬁen}.rmmﬂ}.wurd;

¢ RGPV Notes Hub N .
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|
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Unit -V (3)

9. Data Frow Anawsis oF Structure Frow GraeH

L
1. Introduction :

A Shudure: Flows Grogh (SFE) veprasants e

nj’ an SFG. It is used to obtain informo.ti.nﬂ

that is mj'vl jnr program optimization and

2. Wi Dids Fla Asaliis 7

* Mpﬂmmhnﬁ variable usage , live variables, available
“Prum' ,rcu]’unﬂ' é.af'uu!a.nn@ , ete

6. Example - Structure Flow Graph (SFG) :

Proarm: F Graph

1. a=bsc Desotpions -

9 d=e+_f 1:a=b+te

3.5-:1.1-&. 2:dwesf

4. i (3>0) gotold i Mg

5. h'ﬁ-i 4:L{[3)013&1‘¢Li
5 =gq-

% gt a:sntaau

Li: h=gq+1 7. h-3+1

LR gkl 8 ¢ prink(h)

* Hul.Pi in dead code eliminabion .
#  Helps in register ollocolion ond code optimization . YOI Pl E L - R ins Da‘f s il k) :
. 3 o u“ﬁ‘- ng‘i.r\a.hm A dsfmxinm of o wvorioble v ot node n reaches o
3- Bﬂ-s;a:. CﬁmPts . Pou'd'. P Lf there exists o Poﬂﬂ. j‘mm n to P without any other
of struckured program., Let's fl.n.d. rua.c.]"u.na dr.‘fmdwm :ror vorioble 'a'.
@ Node : Reprasents bosic block (sequence of stalements) [ Node GEN[n] KILLLA] INCn] 0UT[A]
@Eiseﬁepnw\hﬂmJojm&wlhtumhlodu i {1 {3} £3 {1}
is live, expression is availoble, definition reaches a point, ete.). 3 £33 {q1 = {31 |
6 () {3 {5} {51
4. Data Flow sic  Framework : i 13} 13 {3} 154
A"'O-[ﬂ 8 £} {1} £ 537 5%}
Where GEN[n] : Set nj Stf'm}.«on; Q{ 3 ﬂﬂ-uﬂ-.hd in node n

Trun_‘fer Fu.n,:.l'..nm Fh 3 De.s.unl:u heow Jslnt.ft " trﬂl‘\sj‘um!
IN[n] t» OUTLn].

KILLER) © Set of other definitions of g killed by node n.
Eq*.wﬂnms {Forward Must) :
# IN[a] = U OUT[p] for oll p & Pred(n)
# OUT[n] = GEN[A]l U (INCn] - KILLLAJ)

_________________________ =
{ IN[n] = { ( OUT[p] for oll p & Pred(n)) I # (initiolly IN(Entry) = & OUT[Entry] = £y
|
I _O_UIE:]'_ : _F“_ (_ EN_L“'_JE ___________ J,l 8. Dota Flow Emmple - Live Voriobles (Bnl:}u-lnrd Maﬂ) :
Where Definition : A variable is lve ol o point if its value may be
INCn] i Informakion evailable ot entry o:f block n iied ,,_[,:,ﬂﬂ some  path j‘,.m thal point to program exit.
FUp s T e S P T ki Neds | USE(a] |  DEFCn] OUTLA] INCa]
el b fnad it E | eer | @) (5 )
5. Types of Data Flow Problems : |8 ) L1 {g} __ %3}
g e ) A8 ) Sew ] Gk} {g} {g}
Type Direction 4 fa) {1 {q} (g}
Ferward Ar\.mlﬂm Iﬂ.fwwhm "ﬂ.ewl in  direction #j contral jlau L _3 = I { hf‘} _'[__ﬂ i i 3!‘ L i a, ll-_}
(Entry — Exit). 2 {e.f} {d} {a,d} fa,e. {1}
Backward Analysis Information flows opposite to control flow 1 {b,c} {al {a,e f} 5 T

(Exit —> Entry).

Infumn{i.m moy be true on some ?mﬂu

Hnﬂ Ann!ﬂm

Must Ano,lﬂul :f ation st be true paﬂu J

P Forward problems  use Unien (U ) ts combine U\.formnhnn
P Backward problems wse Union (U ) to combine information .
}MPMMM(ﬁ)bmmj‘m-

9 Si;uf:s to Psrfar-m Dota Flow AJm.Lu]sLs : -!Ir
T % ||

I Tterative computation is necessary becouse change in ona ..,a.,i 1

i may affn:i. other nodes . 1 [

1 |

| I
M o s e e e e e e e e e T T — . f— i . e e !

¢ ¢ RGPV Notes

Equetions (Backward May) :

# OUT[n] = U IN[s] for all 5 € Suce(n)

# IN[n] = USELn] U (OUTLn] - DEFC[al)

* (inibially OUT[Ext] = { }, IN[Ewt] = {})

iﬁehﬂewannlﬂshumhmslmhmjleuwkofrmﬁrm.
# Must P«-uhl.nm‘ use Intersection (M) to Sd nfc mfummh.un
*

S
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'10. SymeoLic Desuceing oF Optimizep Cope :

7. Debecking Errors Symbolically :

1. Inbroduckion :
When = Freaﬁam is oPturu.:AJ.Hu oﬂ.au'\.al

kil = J.iji.aii ol Division !"d Zero If denominator expression becomes 0.
R g gl A g Null / Undefined 5 Genpronsiins: Mbosinas: WAL 0 ool

Owarj.lnm Ifwmmnd&mumnaﬂ
2 Why Symbolic D ing 7
#  Actual dgbuﬁsmﬁ becomes d.uffmﬂ. n.ff.a'r q:’r-mn.znhm oL-:u.\‘.Ji j'olu
# \oricbles moy be renomed , eliminoked or combined
# Tt helps in tracing the flow of symbolic values. 8. Example - Division by Zero :
* in H aults in i SEHES 0 o b e SR e T e e e e e e X
H.GLPI Lﬂ(.a.l;u-\ﬁ:r uP{uwu.eA .f' el ~ i L E 7 :
3. Basic Idea : B g Step 4: o = B-C

Imkanﬂ.cjmaulunlm,mw@\wuhh

| |

| |

| |

|

with o symbolic expression . As the program executes, these |2.r.|.-¢_f.1 |
L |

|

ot G SR TSR . = N SRR S - S WSS, S | A -, S S g -

detecked symbolically .

Step 2: 4 = E/ (B-C)
c A N N RN =
7 £ Sc.LjB-C{hmdivhiatbu:mmudlmr.
@ SﬂmbuLi.c Volue : An expression in terms qj. pregrem
@ Symbolic State : A seb of symbolic values for all T —— b el —
P 2 # We raintain a mapping table bebween oF‘;urund. inm.Fam:j
® SHMbGLLG Execution : Execute pregrom u.sm.a sﬁw\hali.c eblear el wiﬂw o
vuwmtnadoj‘ucmvnhaﬂ ‘Thululplbkrmemubn&ktoonﬂuwlmmda
@ ror Sl f ol I p—_——————— -~
5- pmmm i Ty 3 . oL T i
__E:“:‘P_I‘___ﬁ___ s I Optimized Veriable | Mapped From (Original) !
; Original Code : q\l | Optimized Code: | | 1 bo+e |
| - A o " b+ e [ | 1 b = b+ | | |
|20 d=ave | :2 B2 = £ * e I | f‘ (h_+c:)°f |
| 3 i (4> 0) goto L1 | |3 (42500 goto Lt | |43 (true poth) d o+ 1 ]
| % Fou=y | |4 B=82-1 | |
I | | | (folse poth) d - 1 I
| 5 gote L2 | | 5. goto L2 | 83 (falee ot % ]
fLi: fomded | Iu.ts-uw I _________________
| ) ; | L2 prink (3} L v i
ol SR ) T ikt
6. Symbolic Execution of Optimized Code : o G, Al At (s pRed sl Sl
4 iilumholic. ] v Works even when voriobles are eliminoted or renomed
e St et et et e e e et e e et ~ v deu n anrlnd deteckion ej' errors
B LEERELE T LAl v Useful for oubomated debugging tools.
"_Sl:f_ Statemant I ‘_E_‘);jwﬁulaz. inlu-_fﬁun.:hhm
t B o= b+ e t = B C {f  Limitotions :
vl t2 m il t2 =« (B+C) +« E
x E i become. too e ond r.u-nPLw.nhd i
3 | f €4250) goba L1 | Condibion : (B+C) ¢ E>0 b S :
e | | B M it e L g oo 5P L RS == t 3 MQWM-WP&M?&A
True (Goba L1) t3 = 2 41 = (BoC) s Eeid ®  Connot debeck oll run-time errors.
| — _F_:i.u (N"_‘ni’_l‘_‘“j___tfn_' k2 -4 = (B+CY «E -1 ® Huﬂ require biskical bochi::
6 | prink (£33 Output = t3
e ND{;'._.,"._.____-_-___lm_“ b e e o R T T A R T T T )
l" Mo actual rumbers are used: | ! "“L""L“i“k’“ﬁ“l’*‘"“'“‘*‘“‘d‘ I
| » 4 Iﬁntrn;luhnundmbuliam‘ﬂpuuuvuﬂkhw. i
% Enpsbcnn W 4 e Stie 8 elaled: l | # Helps in debacting arvors lka division by mere, mull usage, |
| Lol
' i |




