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Abstract In compile optimization data flow analysis is a key factor. When it comes to realizing a high performance op-
timizing compiler, it is necessary to research techniques of data flow analysis. In.the article the basic concept and prin-
ciple of data flow analysis are introduced, and a technique is discussed as well. Data flow analysis technique used in

GCC (GNU Compiler Collection) is analyzed briefly in the article.
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out [S]=gen [S]U (in [S]—kill [S]
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FFRECHE I A 72, AT AT LAAR 20— o e DR 20008 WAL (I R Y
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RUEAZ A FOR in Ml out Bh.
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PRIt ¥ R BRI M EH 2B X
XA, B BB MBI E— M RIEE—METE,
XAMETUEEREMR, RERITE, AR E MR,

R R B AL 5 FE R JL T BT B (a1 R AR B — 4~ | Y, B
# BT (forward) , B, & 17 & B (backward) , XX [a] (bi-
directional) (IR E R R &} FI AT I A6 3%, 3 B —MBERT
WHEARXMFREM L AmAEET ., R, ERAHR
FEERAE R D . TS T AR S A B A R B ) 4
BT
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)ik % 3 (readching definitions) %5k 52 X I6 s & it
BRI E LT UAERERNE—MER. F
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T A 4 ik X (available expressions) 7] i iAR A EH
EEABRNEN S S RARXETTHN, EXATTHABE
YR MADEZENET— R L FEEZERRN—
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EEZATHHASEBEBRAHENRE. THELARM
) Bt % B I AT ) ﬁ“”ur‘]%ﬂﬁﬁ — 3 R ek R

—EX,
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f1 L& & 4% A (upwards exposed uses) I, [H] B € 7
BES e RMERTTURENEXMEE. XE—
MER RN ENE, - M EERNE—MEAEMN TR
AN L, EREIRE LHXHEREE. Bk E L iEE
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REFARM,

# B 4: 3% 57 (copy-propagation analysis) HE{E#& 4
FEN—TESRE, LR z<y, BER « WERNE
— &R EEATEAEXT y MBRE., XR—MERIMERIE
BT, R BN E - ER—RE.

% ¥ 4% 3% & ¥ (constant-propagation analysis) % 8%
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XRE—EETEE,
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HERHEAEERPITHRE EHEIT T KRS K, MR
YEBAE XS R 2 R U R AR .,

TR AL B B B AR b E 3 A9 5 26 B8 i (5] &3
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BRIEEHFRFE;

Lk g i)

i B R (slotwise) 43 #f .
BIMNEERF BT HBERLAMIENRE,
BEREENRE A EE R, M TEWEHNEBF R

JHEEH FRRE N, S FTEEH RMNREF R AE

WA RBRERRE TS, BRI R R,

BEHE—SERE BT, KBHER TRITBRZERN S

B RBERT TR SRR k.

KIBEE LB AR RINRBFECHEETH
Hk:

BAVHENEAR BE X out [B],gen [B] ,kill [B] F
in[B], AX &, 81k BAIUEER— I RENREEBAH
B, BRBECEHED T E P gen 1 kill, ?‘Zﬂ]TUﬁ'J
EWAMin 5 out FRMHFE.

In[B]= m%ﬁjm out [P]

out [B]=gen [B] U(in [B]—kill (B

BE—HABERETXHAMESKA, B in[(B]JEK B
KRB BT B A EX B, E-HAFEUNERIIFEIE
BB MBAR R AR, WRMESR n MEAH, RIEE
B 20 MHFE. BIATEFHE in A out A4 BIAIXFIX 2n
Bk, N EEMHFBATUEL, /8 out 4513, in
HEATE out £ HNTEINNE, HilL, BITATLUIAEH in £4
Fih. BEMBERINT.

BWACLEHRE/5 BH kil [B]F gen (BIMHA.

Bt B8 B in (B out [B],

Fris BT RERE AR B, in [B]=% 1,
RIFZEEWHE in Flout MIHEEME., HARNSLAMEE RN
—H 3 inCout) Y &, MATAA — MM /RZE R change KiEF
EXRNEG-RART n BERETEL. BEERNT.

/* FRAL out, JRILRT BT A B B,mE }=7’ */
(1) for 48 B do out [B]: =gen

(2) change; =ture; / * #1718 while fEH4kE T £ » /
(3) while change do begin

© @ N e

(€Y) change; =false;

(6] for &4~ B do begin

()] In[B]= out [P];

D oldout; =out E

(8 out [B] = gen [ B] U (in [B]—kill [BD;
(€©))] if out [B] # oldout then change: =true

end
end
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NMEET. BAFEEHEESEARN RAEHE—R while
TRA R GRS (9T EA N oldout=out [N], change
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GCC B T E R H flow. ¢ UHRERH.

XA & EREDBR P OBERS, B RE
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ERIADEEE lifeanalysis, F KI A TH AR life—
analysis FREOR TR, BB B B4 K 5 R life_ analysis
BB R E ST RSB — 2 RS R B 4 m E A,
find_ basic— blocks SEFXMES . HE TR EH lifeanaly-
sis UL EBNFHAHEEKN, BN FEHCEHET,

find_ basic-. blocks #4724 BT H B rtl 55 B F N E A
MRS RRE(CFG, EAR{EBIEFRE basic.
block— info BAF B ; T CFG WIFFLE T 15 m) E A H 093 B9 454
¥, [[8F,find_basic-. blocks 1 % B @ #: AR 7] B ik B 76 35 3
BRBEAl.

4 F find_basic- blocks 453 J5 , life_analysis & %t
A, CRAEEARNE BRI ER - LEFAERHIF
R RIEKRN.

RTEREFFRREERNVEEFETEAN TS+ —
B # 4 89 REG-NOTES 1, — /N7 7E F 6] & basic.
block—global_live_at_start H1, basic— block— global_live_
at_start JHNMEEARBEEF - TE XM TERE—ML
g, AP ENRR N LFFRAERIFES. &
NEEARB TR FFRRERY, BAX—(I3E 1.

PR LRI TR BB B — 148 4 #) REG_NOTES,
St TR 25 UL, 76 T 51 0 A4 0L 48 o1 B A 4, — A
REG- DEAd ig B —~54 #) REG_NOTES .

I BT FHESVEESRENESTHRAERE;

2. IFWAVAEFAXNFHHREEZFHELF
HENBERT . B—-FHESPHERLAEESER MW
ek Bl—1 REG_DEAD fJig%) .

HERBSHBER T, — 48R 7 REG-DEAD $ %t &
SERSPHER. AR REORES . BIn—1E4EH
BRI EFHHFER MANA BN FFEHERLEN
HASPEMHER, EXMFR T  REG- DEAD #iRiC I & G
ZHRESPAETENTHFRAS. E— M HSEA LW
AREMPLHFFAHEXHN B FHOBRES P # A, X
XM REG-DEAD IERH AL (ERSP BB, Bk
MREE— &SP MM 1 REG_DEAD it # B 7 % #&
H, T ELSCBE (3 i 5 3% REG_DEAD i B9 8 24 5) i 48
BHAEIEH RSN,

REG- UNUSED ig # & A e 5 4 Frit B B 7ERE
EHBABRERNTFFSRTESYN. RS- MHIZAE
AHRENTFHRARAHER, MAX&KSHEEER
WA ERAHME side-effect, B 43X #3545 BT IR
), BUI— M E2FHLFFRNARIERENES PR
/B84 REG- UNUSED it ¥ bRic #5238 A B4 F A3
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HRESRREMEFFIRREBRN, T UNRAR T
WALFF RS . RERICHEELSRETHANFE
% M F S LAEXHERIET.

life_ analysis A =2 % . BEMN IR H . life_anal-
ysis ({, file, flags), 3t file BB A SATHI M4, { BB
B — 14, flags B—HBHATHERERFELH
PROP- « flags, E8 FEREHEWITERBMR 47, Fat,
BT THINEE:

+ life_analysis #3764 /) LOG_ LINK X, X 2H K
XMEERERNE .

» life—analysis MERARLLFEE 4, X LFE S HME—1ER
REHFE T M KEEASEFERNER.

s life_analysis FEBIXHE—-MBER, - FEHEN
—AN AR AR R R AT LS A X N SRR B B RT Y
RERMENMUEBREREEE, XM, X MM E N R
W A4 4 g M R T 5X 1 3tk K B A R — 4~ POST-
INC 8 ALY rix,

cBRY R EE R R oA, —
REG- INC JTE# 8 #2454 i) REG-NOTES 71[%.

* life_analysis #H— M HEW R BT HEXTEET
FFEHFEFEHN{ER :REG_N_REFS, REG_ N_DEATHS,
REG_N_SETS, REG_LIVE_LENGTH, REG_N_CALLS_
CROSSED #1 REG_BASIC_BLOCK,

« R0 R B 8 SOR R )38 4T, life_analysis i 8
current— function_sp_is_ unchanging,

flow. ¢ X4 h#Y life—analysis BT 4347 ) % 77 8% B0 W5 BRAE
O, R B A A EROBIE R e R 8, ki
BEAHRE in BEF out /A . 7E lifeanalysis PEAT T
flow. c HEXHFZHE R MEXRRA——NET.,

&ZXRE HEl GCCHEEMMTBELRARARMTE, B
FE—ENARMEES—SHRNDF, FEQRE  ITE
PR TP R REZ MR X RS B LR B SR W4
FGRFRRAL R ; AT AR SR 22 P 1 R AR e B BB L 4
Hrifr ek s il 4t 3T AR R &4, AR AR Z B
HREREERSITNEESE. XERERTEL 2
o, AT SGAIA MR ST E &, B RS FRARER.
#AEA B GCC MBBM AT A8, TUF A E MK S,
BEERBRA, FRERIT - MHARAER IR ERE
HALGRIFAFHT T 2R,
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