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H évvoiwa tng evidueong avaItaQdotoong

m EvSudueon avastapdotacn (IR: intermediate representation):
asTAoTTOINUEVN, GRULAGLOAOYIKA LGodUvaun Loeen Tou
Tnyolou TTEOYQEAUUATOS

m Efvow n ‘kown’ (koine) yAwGGa n omoia yonculotoleitol yio
Tnv emikowvmvia TAnoeoeiag yla to mnyaio mwEoyeouua
agtd to frontend cto backend Tov ueTayA®TTIGTA

m ITapdyeton agtd ta aenenuéva GuvtakTikd 8évépa (AST:
Abstract Syntax Tree) gta ogroia agrodoyelton To JTNRYALO
TEoYeauua aItd to frontend

m Xto emimedo tng IR vAomolovvton uetacynuatiGuol yio tnv
£QOQUOYN PEATIGTOTTOINGEDV OVEEAQRTNT®WY ATTS TNV
OQXLTEKTOVIKI TOU GTOYXEVOUEVOU ETEEEQYOUGTN
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Agtoyn TOU UETAYADTTIIGTA ATTO

Tnv TTAgvEd tng IR

,\
s




TVgtor IR

m H eayoyn tng IR elvon To amotédecua tng AEKTIKAG,

GUVTAKTIKAG KOl GRUAGLOAOYIKAG avdAuong Tou mnyaiou
TEOYQAUULATOG

frontend
*AeKTIKR
avdaAuon

ZUVTOKTIKR I R
avdAuon | /
*ZnuacioAoyikn

avdAuon

m Extizredn Siaudppmon e Lopen evIoA®V: KOOKAS TOLWV
SievBvveewv (Three-Address Code, cuxvd 3AC n TAC)
B ATAR Soun, katdAAnAn yio BEATIGTOTIOAGELS
B Alopudppwon tiTtou yedoou: Tpdgog Porig
EAéyxov-Aedopévwv (CDFG: Control-Data Flow Graph)
B ITeQlGGATEQO ATTOKAAUVTITIKIA Yl TO XOQOKTNELGTIKA TOU
Tnya{ov TEOYEAUUATOS, KOTAAANAR yio Yévvnon KOS
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Baowd otoyeio amd tm Oewela Tpdpwv (1)

m ‘Evog un katevBuvéuevog ypdpog (undirected graph) eivan éva
Swatetayuévo gevyos G = (V(G), E(G)), émov V(G) givar to GUvoro
KkoQUOP®VY Tou G kol E(G) elvarl To guvolo akudv tov G. Kdbe axkun
(edge) elvan éva dueAéc guivolo To otrolo astoteAeiton aTtd §Yo KoEUEPELS,
oL 0TT0{eg KAAOUVTOL TEQUATIKA GTOLXElOL TNG AKUAG

® Mia kopuen ovopdgetor 1oduvapo kol kOupog (node) 1 kdbetog (vertex)

B Xe kd0e kOuPo N ok wiroel va avatebel auuntiki Twi, n ool
agtokaleitar Bdog (weight) ywa tnv agtédoon kdrolas €vvolag KGGTOUS
GTOV avTtiGTolyo KOuPfo N akun

m ITopddetyua yedoou
v=1, 2, 3, 4, 5, 6
E= (1,3, (1,6, (2,5,
3,4, 3,6
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Baowd atoyeia agd tm Oewela Tpdpnv (2)

B X0QoKTNELOTIKA €VOS YEAPOU

B Av u,v € E(G), 1éte oL u ko v €fvol YELTOVIKEG KOQUPES GTO
vedgo G

m H akun (u,v) elvar stpoomisttovca (incident) GTic KOQUEES 1
KoL v

m "Evag Bpdyog eivol wio akyi tng oItolag To TEQUATIKRG anuelo
GUUTTITTTOUY, OTIWGS Yo TToeddeyua n (i, u)

B ATIAGS Ypd@og eivar kGBe ypdpog mou Sev €xel Bpdyoug 1
TLOAAATIAES ARUES

m H tdgn evég ypdopov G, tnv omtola cuupoiicovue we n(G),
elvar 0 aEBUOC TV KOEUE®V Tov yedpov G

m ‘Evag un katevbuvouevos yodpog artokaleltor apoids
(sparse) av 0 GUVOMKAS aELOUAC TV arUWV elvan UkEOS GE
aUykelon e tov uéyiato duvato (N X (N —1))/2)) i sturvoe
(dense) 6tav cuuaiver To avtiBeTo
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Baowd otoyeia amd tnh Oewpia [pdpwv (3)

m KatevBuvduevog ypdeog (directed graph) eivon éva Siatetayuévo gevyog
G = (V(G), E(G)), 6ov V(G) etvar to GUVoAo KopupaVv tou G kot E(G)
elvar To gUvolo akuwv touv G. Kdbe axun eivar éva Statetayuévo gevyog
(ordered pair) asotedovuevo amd dU0 KOQUPES

m T tny akui (1, v), n koQuUEN 1 attotedel Tnv oved tng (tail), eved n
KOQUON vV Tnv ke@aAn tng (head)

m O Pabudg €£66ov (out-degree) HLog KOQUENGS elval 0 AEBUOC TOV AKLOV
JTOV EEKVOUV QTTO TRV KOQUON QUTH

m O BaBudg e1g6dov (in-degree) wiog kopuUENG eival o aELOLOS TV AKRLWY
JTOVU KOTAAMLYOUV GTRV KOQUON QUTh

m ITopdSetyua katevbBuvopevou yedpou
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Baowd atoyeio agtd tn Oewela Tpdewv (4)

= ‘Eva yovortdt (path) asmd tnv koguen u otnv x eivar wa akolovdia

KOQUO®V (Vg, V1, ..., V) €TGL OGTE Vo = U KOL Vi = X KOL Ol OKUES Vo, Vi, ®S
Vi—1, Vk QVAKOUV GTOV YEA@o. To uiKkog evig téTolou LovoTtatioy lgoUTol
ue k

B Mia koQuont x atrokaleitor TEoOGRAGWN TG TRV KOEUEN 1 dTav
VTTEQYEL LWOVOTTATL ATTO TNV 1 UEYEL TNV X

m 'Evo govortdtt ovopdgetar amdd, dtav kauio koQuern Sev megéyeta
TLEQLGGOTERES ATTO Ula POQES

m ‘Eva govostdtt agtotelel KUKAO dtav Siayapduevo agtd uio koQuen,
KOTOAyeL GTny (Sto koQuEN

m 'Evag ypdpog ovoudiceton
KATEVOVVOUEVOS ARUKAKGS YRApOg
(DAG: directed acyclic graph) étav
agtotedel évav katevbBuvéuevo yedpo
GTOV OTtol0 dev GNUELWOVETOL KUKALKO
UoVoTTATL
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Tedgrol avamapdotacng yodowv: ITapddetyuo yio un
ratevBuvouevo yeApo

[Tivaxag yertviaong (adjacency matrix)

vi | v2 | v3 | v4 | v5 | V6
vl 0 0 1 0 0 1
v2 | 0 0 0 0 1 0
v3 | 1 0 0 1 0 1
vd [ 0 | O 1 0 0 0
vs | 0 1 0 0 0 0
ve | 1 0 1 0 0 0
Alota akpadv (edge list) Alota yerrviaong (adjacency list)
vl | v2 Kopuopnn | Ilpookeiueveg KO-
el 4 3 QUEPES
e2 |1 3 1 3,6
e3 | 2 5 2 5
ed | 6 1 3 6,4,1
ed | 3 6 4 3
S5 2
6 3,1
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ZnTAgaTo Tov emtnEedcovy to oxediacud wog IR

B Ta x0QoKTnELoTIkA Tng Jnyaiog Kol TG GTOXEVOUEVIS YAOGGAS
= Ta 30QaKTNELOTIKA TeV GXeSladuevwy PEATIGTOTIONGEWY
m Emiloyn tou katdAAnAov ‘ematédou’ yia tnv IR
B ITio kovtd otnv mnyaio YAdoco
B 1 700 KOVTA 6TV YAWGGA GTGX0, UE OTTOTEAEGUOL TV AITTOAELD. SOUKAG
TANQEOPOQELAG, T.X. TS 0QYAVOGONS TOU TNYOLoU TTEOYQAULATOS
B Beltigtomouicelg 6TTwe n Soyeduutcn GuvdeTneng Kot ot

uetaoxnuaticpol emavayenoyoitoinong dedouévav xpetdcovron
TANQO@OEIA Yol TNV 0EYAVMOGN TOU Tnyaiovu TTEOYEGUUATOS

B O KOTAUEQLGUOS KATAXWENTOV Kl N SLOYXETEUGN AOYLGUKOU
egumneetovvtal agtd IR yaunAov emimtédov

B Xg TEOYUOTIKOUS UETAYAOTTIOTES 6Ttwg ov Phoenix, COINS, vAomolovvton
TreQLocoTepes tng wag IR: HIR (High-Level IR), LIR (Low-Level IR)
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YmofBacuods (amodouncn) civietwv ekPEAGEDY

m ITpoypoauuatiotikég Souég ol omoleg arrodouovval Ge
ATTAOVGTEQES

B eVTOAEG eAEYXOU KO eTTAvAAnpnG

B TEOCTEAAGELS Ge GTolyel TTivaka

B TIQ00TTeENdoELS GE GToLEla GUVOETWV dopwv SeSouévmv (ITws
eltvan n struct otnv ANSI C kow n record otnv Pascal)

B oUvBeTeg aQLBUNTIKES ERPEAGELS

m ITapddetyuo: avdyveon Tou GTotyelov Tou Tivaka a GTn
Sievbuvon i*WIDTH+(j+2) kou avdbeon otnv yetapinti b

b = afil[j+2]; => tl = j+2;
t2 = WIDTH * i;
t3 = tl + t2;
t4 = 4 * t3;
t5 = address(a);

t6 = t4 + t5;
t7 = *t6;
b = t7;
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Aopnpnuévo guvtaktikd §€vdpo (AST: Abstract Syntax
Tree)

= Quokn avartopdotacn Tng €£680V TOV GUVTAKTIKOY AVAAUTA YLl TO
TInyaio TTEOYQOLULUOL

B Ot k6uPoL avaTtaQLeTOUV AEKTIKES WOVASES TOU TTnyalov TTOYQAULULOTOS

m ITopdSetyua: to AST yua tnv ékgeacn a+ax (b —-c)+ (b —-c)xd
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KatevBuvduevor akvkAikol ypodgotr (DAGS) yia tnv
OVOITORAGTACN EKPEAGE®V

m H avasmtapdotacn DAG wag €k@eacng avayvmitel Tig Kowég vrtoekeedaels (CSE:
Common Subexpression), Sni. exkelveg TIC ekPEAGELS TTOU EUPAVITOVTOL
TEQLOGOTERES ATtd uio oed oto AST

® 'Evac kéufog N mov avastapiotd wa CSE éxel mepuocdtepoug amd évav
KOUPOUG-TTOUSLE

m Xe éva AST n KOWNR VTTOEKREEAGN EWPAVITETAL GE TOGA AVTITUTTA OGES POQEES
supavigetar TNy oYK €kEEacn

m ITopdderyua: to DAG ya thy ékgpeacn a+ax (b—c¢)+ (b —-c)xd

2
&
) A
VN

VNN
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Kodwkag towwv dievBuveewv (TAC: Three Address Code)

m Toauukomoinpévn avastapdotaon evég AST n DAG

B AxoAovbia amtAdv evToAdV, Ol 0TTOIES XENOWOTIOLOUV KATd WéyloTo Teio opiouata:
800 oplopata avdyvmong Kol £va eyyeaeng

m O koddwkag TAC duuiter Tic evTOAES GUUBOAOUETAPEACTI £VOS ATTAOY £TTEEEQYATTI
RISC ue tn Sapoed 6Tl yivetar avagpopd oe cuupolkés el arobrikevong

m o to TToeddetyuo:

tl = b - c;

t2 = a * tl;
t3 = a + t2;
t4 = tl * d;
t5 = t3 + t4;
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[Tepuypapn evtodmv kow dtevBuveewv e kwdwo TAC (1)

B O kOdkAc TELWV StevBiveewv agrotedeiTonl agtd eVTOAES
TTov pouv TAvw Ge dedouéva Ta 0TTOlo VITOSEIKVIOVTAL
aTd Sevbuvvaeelg

m O Stevbivoelg autés oe UeTayeveéaTeQo GTAdLo Tng
UETAYADTTIONGS aTTod{Souv uetaPfAntéc TTOU aITodNnKeVOVIL
G€ (PUGLKOUG KATOXWwENTES N 6e J€oels uvnung dedouévov

m O SievBvvoels ge eviodés TAC umopel va eivor ovéuata,
otabepég, N TEOCGWELVES UeTAPANTES

m Ovéuota: 6TTg ovouata LeTaPANTOV Tou TTnyoiou
TLEOYEAUUOTOS (ULETABANTES KADOMKNAG N TOTIKAG euPEAELOC)

B Xtofeéc: apuBunTikeés n GuUBOMKES

m I1poGwQwég uetafAnTéc: Tig TTadyel 0 UETAYAWTTIGTAS KATd
TNV agrodoéuncn touv mwnyaliov JTEOoYEAULOTOS
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[Tepuypapn evtoAwv kar dtevbuveewv e kwdwo TAC (2)

m TuTol evioAwv ce TAC
B XvupoMkéc eTikéTteg (Symbolic labels) yia Tov kaboioud
GUYKEKQUEV®V GNUEl®V GTN QO TOV TTEOYEAWLATOS
B XToyeVovTol aItd EVTIOAES UETAPOQEAS EONG EAEYX OV
m Ilaigvouv oQuoTikég TwéS (Belktn evioMic) amd €va devtepo
mépacua (backpatching)
B Evtolég avdBeong tng woeng: X = y op z; émwou op eivon
TEAEGTAG AQLBUNTIKAG, AOYIKOGC I GUYKQELONG
B Evtolég avdBeong yia uovadiaiovg 1eAecTés: X = op y;
OTwe elval Ol TEAEGTES AVTIGTROMNG, AOYIKIAG dovnong, Kot
UETATEOTING TUTTOV Sedouévav (casting)
B EvtoAég avtypapng tng wopeng x = y;
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ITeprypapn evtodwv kot dievBiveewv Ge kwdwa TAC (3)

m Tvmor evioAwv e TAC (cuvéyeia)
B Aluata xweis cuvlnkn: goto LABEL;
B Alyato vIté cuvBnkn tng wopeng if (x) goto LABEL; kaw if (!x) goto
LABEL;
B KAon vmoTtQoyeduuatos we n opliouata

param x1;
param x2;

param xn;
call p, n;

y = call p, n;

B Emoteoen Twig (xeion oe virompoyeduuata): return y;
B Avabécelg oe ogtoyetla mivaka 6Ttwg x = y[i]; ko x[i] = y; mwwou
ERPEATOVV AerTouEyies ORTWOoNG aItd kot aTtobiikevong ce uviun
B Asiktodotnuéveg avabécels
B x = &y; n avdBeon tng dievbBuvong Tng UeTABANTAC ¥y GTnv X
B x = *y; n i wov Beloketar gtn Sievbuvon y avatibetor Gtn
ueTafAnTi x
B *X = y; n Twn n oyola dewtodoteitan agtd Tov Seiktn x 1covTal
TAEOV ue y
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MetayAwttion tnyaiov kwdika ce TAC

® ‘Eotw T0 €§1¢ TURPa Tnyolov KOSk

do
{
i=1i+1;
} while (a[i] < v);

m Metatgonn oe TAC

L: t1 =i + 1;

i= t1;
t2 = 1 * 4;
t3 = a[t2];

if (t3 < v) goto L;

m ITapadeiyuata xoriong TAC Peickouvue GToug
uetaylwttotég GCC (umd tnv popern GIMPLE) katr LANCE
[Leupers, 2003] wg exkteAéoiwo kwdika C yaunAot ematédov
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Avasapdotacn evilduecou KOOKA GE “TETEAdES
(quadruples n quads)

m H tetpdda’ amotelel Soun dedouévov katdAinin yio xeriion aid to
UETAYAWTTIGTA TTEOKEWEVOL Tn Satiipnon tng stAngo@opios kddika TAC

B O te1pddeg éxouv éva-mpoc-éva avtiotoyia we Ti¢ evioAés TAC kar astotelovvTal
aTtd Ta EENG ETMUEQOVS GTOLKEl: Op Yo TOV TEAEGTN, argy, args yia T dVYo €vieda
avdyveoong, kou result yio To €vielo eyyeapng 6To omrolo yedgetal Tuxov
atotéAlecua tng evtoAis. ‘Eva i mtepuocdtepa amd ta media argy, args, result
ugtopel va efvan kevd

m Ta orogelo wag tetpddag vAomolovvtar wg wéAn wog struct tng C

= [ waeddeyua n evioAl Z = X + Y; OVILITEOCKOIEVETAL ATTO Thy TETEAS
¢+, %, y, 2)
m o to TTopddetyua:

tl = b - c; op arg) | argy | result
t2 = a * tl; 0 | subtract | b c t1
t3 = a + t2; 1 multiply | a t1 t2
t4 = tl * d; 2 | add a t2 t3
t5 = t3 + t4; 3 | multiply | tl d td

4 | add t3 t4 t5
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To Bacwd usrAok (BB: basic block) (1)

® ‘Eva facikd umtdok arotedel ulo arkolovBia diadoykwv
evTOA®V ue éva onuelo elodov kol éva onuelo €£680v ue Tig
akoAovbeg BLOTNTES:
m H ot eAéyxov umopel va puetapepdel 6to Pacikd uirAor
uovo Srauécou tng Ing eVtoAMG Tov
m H pont eAéyxou e&pyetan agtd To PAGIKG WITAOK OTTd TNV
Tedevtaia evTOAL Tou n oTtolal €fvol n UGvn TTOV ETLTEETTETAL
VO UETOPEQEL TN QON EKTEAEGNS TOV TTEOYQEAUWLATOS GE Un
Swadoyikn Stevbuven
m To Bacikd umAok asotedel tn JeueMddn povdda
UETAYADTTIGNG GTNV OTTol0L £POQUOTOVTAL BAGLKES
BeATIGTOTIOINGELS OTTWG N ETTLAOYI EVTOAWV (instruction
selection) Kol 0 KOTOUEQLGUOG KATAXWENTOV (register
allocation)
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To Bacwd umrAok (BB: Basic Block) (2)

m [TopdSeyua

1 data = inp; 1 L1:

2l count = 0; 2 data = inp;

3 3 count = 0;

4 while (data != 0) 4 goto L2;

5 { 5

6| count += (data & 0x1); 6 L2:

7 data = data >> 0x1; 7 temp = data & 0x1;

8} 8 count = count + temp;
9 data = data >> 0x1;
10 if (data != 0) goto L2;
11
12 L_EXIT:
13
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To Baocwd usrdok (BB: basic block) (3)

m H évvola tov Bacikot) prAok yencuyromoteitol amd to
emimedo tng IR uéxpr kaw Tov TeMKO k®OSka (assembly) yia
TN GTOXEVOUEVN WOV

m H pon eAéyyov uetapépetar 6to BB amd mponynbévta
(predecessor) BB kot petopépetar oe diddoya (successor) BB

B Xnueio aAAoyng Qong eAgyyou

m Aueoeg N guueces, Stakladwoelg (branches) kol dAgato
(jumps), ye 1 xwElg Guvdinkn

® KAron vitompoyeduuatog

m Etoupéoeis (exceptions)

B AAYOQLOUOG €E0YOYIGS PAGIK®OV WITAOK

"EGto t0 TTedyeauua oe poperi TAC

H Tw kdbe evioli

Ewayoyn emicnyoaveng oplov BB, av n evtoAi petagépel i
S8éyetan Tov €leyxo amtd dAlo onuelo Tov TEOYEAUULATOS

Awaywoiopds tov BB
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TFpdpog Egdptnong Aedouévwov (DDG: Data-Dependence
Graph)

m 'Evag T'pdoog Egdetnong AeSouévwv (DDG) eivan o katevbuvduevog
akUKAKES Yedeog (DAG) Ttov avTiitpocnItevel Ti¢ eEapTioels dedouévmv
e wa akoAovbia StaSoytkwv eVTOA®Y

m Tumol ggdptnong Sedouévmv

B Etdotnon gong (flow dependence): agstaitnon ovdyvoong uetd asd
eyyoapn (RAW: Read-After-Write), TTQOKELTAL L0l TTQOYUOLTIKIA
€gdptnon Adym tng @uUong tng alyoQuOwkiig Qong

B Avtiegdptnon (anti-dependence): astaitnon eyypagng ce wo déon
agtobrikevong uetd asd avdyveon amd avti. Edv n eyypapn
gtponynfel tng avdyvmoong, n avdyveoon da Adfer Aavbaouéva
Sedouéva. IMpokaleitar agrd avadiogydvmon Tou KOSKL

B Etdotnon €£68ovu (output dependence): agtaitnon eyypaeng uetd
amd eyypapn gtnv (o Y€on amobnkevong

m IToAAES @oEég avt” avutov yenowottoteital o 6pog I'pdpog Pong
Aedouévwv (DFG: Data Flow Graph)
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To BB DAG

Definition (DAG Bacikoy LITAOK)

Kalovvtar G(V, E) ot katevBuvduevor akvukMkol ypdopot (DAGs)
TIOU AVAITTOQRLOTOUV T QON KoL TS ££0QTACELS Sedouévav e KAOe
Baotkd wItAok - ol kouBor V' avoItopleToUV GTOLYELMIELS
Aertovpyles ko oL aKkUES E avaItapletovv e£0QTNGels dedousvmy.
Kdbe ypdopog G avtictoiyeitan Ge Evav yodpo

G*(VUUV*, EUE"), o omolog mreguloufdver miatpdchetoug
koupovs V* kar emugtpdcbetes akués ET. Ou emuatpdodetor
koupor V* avastapletovv uetafintég (évreda/opicuata) el6o80u
Kol €£680v aTd To Bacikd urtAok. O emiwedcbetes akués EY
cuvSéouv kGuPovg touv V7 ue kéuBovg tov V, ko kéuBoug V ue
Toug VT,
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I'odpog Pong EAéyyxouv (CFG: Control Flow Graph)

m ‘Evag T'pdpog Porig EAéyyxov (CFG) amotelel wa
ovoTtaedoTacn GAwv Tev Stadeoudy Ta oTtolo WIToEel va
SraPel n gon exktéAeong Tov TEOYEAUUATOS. Ol KOQUEES TOU
CFG agtotedovv Bacikd UITAOK KOL Ol OKWES TOU
OVTLITROGMITEVOVV AAULATA GTh QON EAEYXOL

m ‘Eva CFG avTturpocwitevel €va vItoTteoyQoLLa (I,
function tng C) ko €16l éva Tinyaio TEoyAULUA
avarapicTatar ard éva givoro amd CFG

m ‘'Eva CFG uitopel va agtotedel kKukMKS yodpo

m Elikn onpacio otn Aettovgyia alyopifuwv avdlvong orng
eAéyxou kaw dedouévav ge CFG €yxouv 1o WITAOK €1G080V Ko
TO UITAOK €£680V TOv, Ta oTtola uirogel Kal va elvan
elkovikd (source, sink blocks)
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I'odpocg Pong EA€yxov-Aedouévwv (CDFG: Control-Data
Flow Graph)

m H IR eivon opyavoown ce poeon Tpdeou Porig EAéyyxov-AeSouévov
(CDFG) ywa kdbe guvdenon tou Tnyciou TTeoyQdiuatog

m O CDFG eivar évag 1epayikos yed@og dvo ematédmv
B Avitego emimedo: CFG movu €yel g kopueés ta BB tng cuvdgtnong kot og

OKUES TIS EENQRTNGELS EAEYXOU UETAEY TOUG
B Koatwtego emimedo: BB mwov aviirpocnttevetal agté tov DDG tou

® H opydvwon tng IR oe CDFG ypnowodtote{tan tiaitepa agtd ta epyaleio
gUvBeong vyniov emaédov (HLS: High-Level Synthesis)

m I'evikd o CDFG umogel va opiotel wg n ATATETATMENH TPIAAA
(3-tuple) CDFG(V, E, D) émouv: V 10 GUVOAO TV AELTOVQYLOV, GTOOEQHDV
TWAV KOl UETABANTAOV 1 0QLOUAT®V £1GG80V GTO TUWAWO TOU
Jrpoyeduuatos, E ol oyéoelg avduesa oe koQuUPES Tou guvolou V, kaw D
ol £UPUTES XQOVIKEG KABUGTEQNGELS (TT.X. GE NS I G KUKAOUGS WNYOVIG)

ylol TNV OAOKANQE®GN TV AetToveyldv V/
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OMAokAnpwuévo Ttapddeypa: Amd thv C gto CDFG (1)

m Yuvdptnon vitoloyiouot aréiving Twng ge C

int iabs(int a)

{
int temp;
if (a < 0)
temp = -a;
else
temp = a;

return temp;

PRINT temp
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OMAokAnpwuévo Ttapddeypa: Ao tnv C oto CDFG (2)

m Kddikag TAC ya tn m To CDFG 1ng iabs
guvdptnon iabs B8 0

iabs:
v2
v3 0;
v4 (v2 < v3);
if (v4) goto L1;
v = v2;
goto L2;

L1:
vs = -v2;

L2:
return v5;

a;
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H SUIFvm IR

m XounAov emgtédou (tvmov TAC) IR tov petayldwttiotin Machine-SUIF
m Evowouatdver tnv tingo@opia Tng £@aQUOYNRG
B IIow TOV KOTAUEQLGUS KATUXWENTOV

| IIow tov katayepiowd TAauciov atn gtoifa (stack allocation)

EvtoAn Moppn kddka TELV dtevdiveemwv

ADD, SUB, MUL, DIV, REM, LSL, rdst = rsrcl binop op2;

LSR, ASR, AND, IOR, XOR, MIN,

MAX

NEG, NOT, ABS rdst = unop rsrcl;

SEQ, SNE, SLT, SLE rdst = rsrcl condop op2;

RET return [rsrc];

CVT (castop)rsrc;

LOD rdst = *addr;

STR *addr = rsrc;

BFALSE, BTRUE, BEQ, BNE, BLE, if (srcl condop op2) goto

BLT, BGE, BGT target;

JMP goto target;

CAL [rdst =] func-name ({argl}? {,
argn}*®
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Evdudueon avasapdotacn ue xenon LToTKAG ATIANG
AvdbBeong (SSA: Static Single Assignment)

® H Zrtatkin AmAn Avdbeon (SSA) [Cytron, 1991] astotedel IAIOTHTA wiog
IR ce Gxéon pe To TG ETMAEYOLUE VO XELQLGTOVUE TIS UETAPANTES

Definition (I&tdtnto TnG GTATIKAG OTTARG avdbsong)

"Eva mdypauua Beioketor oe woeen SSA av kdbe uetofAntii opitetar GTATIRG
70 TWOAY pia @od, dni. Sev vTtdpyouv Vo ToTToBEGIES GTO TTEAYEALLO OL
omoies va avabétouv gtnv (Sia petafintit

m TAC m SSA-TAC
p=a+b; pl = a + b;
q=p - ¢ ql = pl - c;
p=aq*d; p2 = ql * d;
p =e - p2; p3 = e - p2;
qa=Dp + 4q; q2 = p3 + ql;
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H cuvdptnon ¢ (1)

H {6ia uetofAnti ugtopel vo oguatel uéomw Yo N TAQATAV® LOVOTTATIOV
QEONG eAEYXOV GE €val TTEOYQOULLLOL
® 'EGTo TO TURRo KOSk

if (flag)
x = -1;
else

[
Rl

1;

y aj;

m Xtn pwoeen SSA yenowotolovue SLa@oeTikd ovéuaTa yio tn uetaBAnti
x ot §Yo yovordTia

® H cvuvdgtnon ¢ (phi) emavacuvdéer tig x1,x2 gtn x3 €xovtag Tnv T tng
ulag 1 tng dAAng avdAoya pe thv i tng cuvlnkng flag

m 'E1Gl €ouvue

if (flag)
x1 = -1;

x2 = 1;
x3 = phi(xl, x2);
y = x3 * a;
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H cuvdptnon ¢ (2)

m H guvdptnon ¢ @épel 1660 opicuata éoa eivar Kot Ta
Baotkd uItAok To otola lvar TTeonyndévta (predecessors)
Touv BB (08nyovv tn pon eAéyyov) Gto omolo JredKkelTal va
yonowotownBel (SnA. 6Geg elvon oL e1GEQEYOUEVES OKUEG)

B Kdbe Spiopa cuvdéetal ue wovadikd TeoTto ue évo kot wévo
atd ta reonynBévta BB

m To agrotélecua pag cuvdeTnong ¢ eivar exkelvn n ekdoyn
TG UETAPANTAG N 0Ttolo TTROEEYETOL OTTO TO LWOVOTIATL QONG
eAéyyov To oTroio TeMKA odnyel katd Tnv ekTéAECN TOL
TTEOYEAULOTOS GTO ev Adyw BB

B O1 GUVOQRTAGELS ¢ TOTTOBETOUVTOL TV AITTO TIS TTEAYUOATIKES
evToAéc ge éva BB katl Jewpelton tL vitoAoyitovton
TavToyEova
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AgtAn u€Bodog ylo Thv KOTAGKEVN TNG LoRENG SSA

B AM\y6pBuog Vo @doewv [Aycock and Horspool, 2000] yia
v arAn yévvnon SSA
Ewoayoyn ¢-cuvapticewv yia kdBe uetafAnti oe kdbe BB ue
apud oploudtwv {(Go Ue Tov aELBUS TV ELGEQXOUEV®V
OKUL®OV
Ddon eAAXGTOTOINGNG TWV P-GUVAQTAGEWV
2.1 Awoyan TV ¢-GUVIQTAGEMY TNG LORPNG:
Vi (Vi Vi,..., Vi)
2.2 Auoyaon Twv ¢-GuVaQTAGE®V TG LORONG

Vi = oV, Via, ..., Vi), 610V X1, X2, .., X € {i, ]}

Amapibuncn twwv (value numbering) yia tn dewktoddtnon
KkdBe véou opLouoy Wog HeTafAnTig (eravodaufdvetor)
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[Mapdderypa mnyaiov rpoyeduunatos kot To TAC IR tovu

IBB1:
m IInyaio sredypauua i=123
j=1i*73
i = 123; [BB2
i=1i*3j; PRINT (3)
do t=3~>3
{ ﬁ / F
PRINT(j);
if (j > 5) BB?:i + 1 i
{
1=1+1; BEa:
} goto BB6
else
{ BB5:
break; t =1 <= 234
}
} while (i <= 234); \E j
IBB6 :
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Etaywyn SSA amd mnyalo meoypoauua: Brnua 1

BB1:
m IR i0 =
jo =
il = 123

BB1: 41 = il * 30
i1 = 123; ¥
i1 = i1 * jo; BB2:

BB2: . PRINT (j)
PRINT(j); t=3>5
t=73>5;

BB3:
i=1i+1;

BB4: f \E
goto BB6; BB3: PB4

BB5: i=41i+1 tr| goto BB6
t =1 <= 234;

BB6:

Y
BBS :

t =1 <= 234
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Efaywyn SSA amd mnyalo meoypouua: Braga 2

BB1:
m IR 10 =
jo =
i1 = 123

BB1: 41 = i1 * 50
i1 = 123; i
i1 = i1 * jo; BB2:

BB2: o i2 = phi(il, 16)
i2 = phi(il, i6); j2 = phi (31, 35)
j2 = phi(j1, j5); PRINT (32)
PRINT(j2); t=32>5
t = j2 > 5;

BB3: ,/4 \E
i=d+1 BB3: BB4:

BB4: i=41i+1 tr| goto BB6
goto BB6;

BB5:
t= i <= 234; Y

BB6: BBS:

t =1 <= 234
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Efaywyn SSA amd mnyalo meoypauua: Baya 3

BB1:
m IR i0 =
jo =
il =123

BB1: j1 =4i1 * 30
il = 123; i
i1 = i1 * jo; BB2:

BB2: L . i2 = phi(il, i6)
i2 = phi(il, i6); j2 = phi (31, 35)
j2 = phi(j1, j5); PRINT (32)
PRINT(j2); t=432>5
t = j2 > 5;

BB3: f \E
i3 = phi(i2); j3 = phi(j2); BB3: BB4:
i4 = i3 + 13 i3 = phi(i2) | goto BB6

BB4: j3 = phi(32)
goto BB6; i4 = i3 + 1

BBS: ™Y
t =1 <= 234; [BB5 :

BB6: t =i <= 234

X
IBB6:
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Etaywyn SSA amd mnyaio mwedyeauuo: Bnua 4

m IR

BB1:
il = 123;
j1 = i1 * jo;

BB2:
i2 = phi(il, i6);
j2 = phi(j1, j5);
PRINT(j2);
t = j2 > 5;

BB3:
i3 = phi(i2); j3 = phi(j2);
i4 = i3 + 1;

BB4:
i5 = phi(i2); j4 = phi(j2);
goto BB6;

BB5:
t =1 <= 234;

BB6:
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BB1:
i0 =
jo =
il = 123
41 = il * 30
BB2:
i2 = phi(il, i6)
j2 = phi(31, 35)
PRINT (32)
t=132>5
Vi X
BB3 BB4:
i3 = phi(i2) T i5 = phi(i2)
33 = phi(j2) 34 = phi (j2)
i4 = i3 + 1 goto BB6
BBS :
t =i <= 234
X
IBB6:




Efaywyn SSA amd mnyaio mwedypouua: Brnya 5

m IR

BB1:
il = 123;
j1 = i1 * jo;

BB2:
i2 = phi(il, i6);
j2 = phi(j1, j5);
PRINT(j2);
t = j2 > 5;

BB3:
i3 = phi(i2); j3 = phi(j2);
i4 = i3 + 1;

BB4:
i5 = phi(i2); j4 = phi(j2);
goto BB6;

BB5:
i6 = phi(i4); j5 = phi(j3);
t = i6 <= 234;

BB6:
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BB1:
i0 =
jo =
il = 123
41 = il * 30
BB2:
i2 = phi(il, i6)
j2 = phi(31, 35)
PRINT (32)
t=132>5
f \E
BB3 BB4:
i3 = phi(i2) Ir| i5 = phi(i2)
33 = phi(j2) 34 = phi (j2)
i4 = i3 + 1 goto BB6
[BBS =
16 = phi(i4)
§5 = phi (33)
t = i6 <= 234
X
IBB6:




Efaywyn SSA amd mnyalo meoypauua: Braya 6

m IR
123
BB1: 41 = il * 30
il = 123; i
i1 = i1 * jo; BB2:
BB2: i2 = phi(il, i6)
i2 = phi(il, i6); j2 = phi (31, 35)
j2 = phi(j1, j5); PRINT (32)
PRINT(j2); £ =325
t = j2 > 5; ’/4 \E
BB3:
i3 = phi(i2); j3 = phi(j2); BB3: BB4:
i4 = i3 + 1; i3 = phi (i2) | i5 = phi(i2)
BB4: §3 = phi(j2) j4 = phi (j2)
i5 = phi(i2); j4 = phi(j2); i4 =13 + 1 goto BB6
goto BB6; o
BB5: [BBS :
i6 = phi(i4); j5 = phi(j3); 16 = phi(is)
t = i6 <= 234; 35 = phi (33)
BB6: t = i6 <= 234
i7 = phi(i6, i5); \f
j6 = phi(j5, j4);
[BB6:
i7 = phi(i6, i5)
j6 = phi (35, j4)
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Efaywyn SSA amd mnyalo meoypauua: Braua 7

, BB1:
m Efoudetépmon 10 -
7, 7 jo =
TCEQLTTWV EKBOYWV d-ws
jl =141 *3
(versions) tng ¥
A y BB2:
U“STOLBAHT”’Q l i2 = phi(il, i4)
j2 = phi(31, 35)
PRINT (32)
t=192>5
) L. i3 = iz ’/4 \E
iz < ¢, i6) 5 =i BB3: BE4:
is < ¢(iz) ic =i . . j3 = phi (52) 4 = phi(j2)
i5 — Z(LZ) lG:M { L2 & ¢(llvl4) §4 = lii)z +]1 " c];oto 586 ’
: ; i7  Plia,i
is — d(ia) 7 < Plig. i) <
i7 < ¢(is, i5) bas:
j5 = phi(j3)

t = 14 <= 234

X

[BB6 :
i7 = phi(i4, i2)
jé = phi(35, 3j4)
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Etaywyn SSA amd mnyalo meoypauua: Brnya 8

, BB1:
m Efoudetépmon 10 -
7, 7 jo =
TEQLTTAOV EROOYWV it-12s
. jl =il * 30
(versions) tng ¥
A 7 2:
UETOPANTAG j P52 - phiil, 19)
PRINT (j1)
t=41>5
) o J3 =J2 f \E
J2 < #(1.Js) ja=jo - —
Jjz < ¢(j2) js=ja=j3 i4 =42 41 l| goto mm6
Jja < ¢(2) =
Js < 9(s) ~
Je < ¢lis, i5) s
t =14 <= 234
. oo liz=h
J2 < ¢(1,j2) = none \f

[BB6:
i7 = phi(i4, i2)
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Kivntpa yia tnv yonoen SSA

m H yopopn SSA mpotindtal GTig Lovtépves oxedidoels
uetaylwttotov (GCC 4.0, LLVM 2.5, Machine-SUIF 2,
libfirm 1.17.0) yia Toug €€rig Adyoug:

O avaAvcelg pong dedouévwv (data flow analyses) elvar
TLEQLGGOTEQO ATTOSOTIKES

ALeUROAVVETAL N EQAQUOY GUYKEKQULEV®V TUTTWV
BeATLOTOTTONGEWV

Optauéveg avaiiacels Kol BEATIGTOTTOINGELS OTTWS N
€€0udeTépwaon KON vItoekEEAcews (CSE) eivan éuputeg
GTNV AvOTTORAGTOCN (TIRAYLATOTTOLOUVTOL KATA Ty €Eaymyn
ng SSA)

O aAvuaidec ypononc-optouol (def-use chains) eivon epupaveis
O aAvacides opiauov-yenong (use-def chains) eivon
EUKOAGTEQO VO OVALTTOQRAGTAOOVV
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