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* DT —THRENERUEMRMMINBIENERER
> AEINMARARRERAERNZTIER
- LB EEIXEE, BEhE. .
> DAL ELTEFNER! ANExND T ER=SEEEENMNA!
- Et, fFhzEan ®mRFEEMUER! (AAUARNEE, BAER)




T EHE R D Hr(Data flow analysis)

o REPIERDMW (e.g., EFS)
> DIETRRANFTEIHDER (1BX)

- EREERNBMRAIGRBEARARAZT T EBVENEE (RONER, 2 SHILERO
[5? =EIMENHBFTIE? ...

JdF

basic block

instruction 1

instruction 2

instruction 3

instruction n



(2 EE0E R 7 1h(Data flow analysis)

o ERFIEMDNT (DT ET E 7 IR)
- DI T ERIRIIER
> ERERRIARFIANEARRILFIER (BERNREFRER)
- MEBARIRINZFRTE, EFRAAMS IR T EISNEERHITON

- 3R, RAIAAREIDFER, STEERARM TR, NAEE<
(TTIEBERIRA, ﬂ_\mﬁézliﬂi%) BT AT

XMEER IR D ITIRMN (SRENHBERSR)




— TIATJHIRER

Def-usefAE

e W—KIESL a=b+cM=E:
> Uses IMNIRE= (b, <)
> Kills = NHIEX (IHE9aRIE X)
s — THTEIIEX. (a)




— N EARAVER

s ERZMETHKR - — T ERIRIVRBIR

- EERIRAN—Tlocally exposed use (3
PERIRARII XN data itemHJdefinition

> (R —TEETIRANX data itemBIE X B =il IR 2R X TERIR (KE

Y [E Edata itemBIE X

HAth &

S EMEZRIR) | H{FARdata item BEFEIT —

=NIR) HY

- —locally generated definition (ZEZRRERR]) = ZERRNFZFRIX data itemBIE X

tl rl+r2
r2
t2

rl

r2+rl

rl*rl
t3

t3
r2
if r2>100 goto L1

)

Kills definitions: £2

tl Locally exposed use: rl (Note: r2 has been defined previously in this bb)

£2 Locally generated definitions: t2 ( Note: rl and r2 will be redefined later)



¢ FCHAESR:
- ME— T HRINFAF
* ISHAESE:
- AIMERE () ZMelgERRITHEZ

FHEARIE SR

BRSHIRER VS s SATHTT

o HIEMMHR

> AZREXN—/XAT, MEPAAE FIRERIIALT

- EBTRERNBSKRRE—TB1EAE, ZFEXNTRESHRITE ATrue
- WiEFNE—TR, 2WAEFRERNT FXTRINER, AEEL—THRER

F)

-Hd
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.




PIARMEN (Reaching Definitions)

o — INTEXIENX (definition) , B—TIHEIXIxWVIKIE (S rIgEMK{E, [T
— PFEFIET)

- — PN —Rp, HHEE—PBERTMMEp, XD
El:g?éj:, dz:?‘EZkIH d0:y =3 Q: Does d1 reaches this point?

dl:x=10
d2:y =11
If e

ooooooooo Yes



PIARMEN (Reaching Definitions)

o — INTEXIENX (definition) , B—TIHEIXIxWVIKIE (S rIgEMK{E, [T
— PFEFIET)

- — PN —Rp, HHEE—PBERTMMEp, XD
El:g?éj:, dz:?‘EZkIH d0:y =3 Q: Does d2 reaches this point?

dl:x=10
d2:y =11
If e




PIARMEN (Reaching Definitions)

o — INTEXIENX (definition) , B—TIHEIXIxWVIKIE (S rIgEMK{E, [T
— PFEFIET)

- — I ENXd — 1 Ep, S3FE—TEEAUMIElp, X1
B2 b, dAHE kIl

d0: a=x
Q: Does d2 reaches this point?

L1: if input() GOTO L2

dl:b=a
d2:a=y
GOTO L1




€ X FIIABRE R

o X FIARIBARRNOGN “AREXZEER" XFITA
> AIMABTEEEAREACE—TREX =
> REEEXEREXREIA=RERRANR
- WRFNHE, BAFME—TAREXITH!




* |o) EhFEIA
- NiEFHNETESRRD, AEERFNEBTEXNESRENZ b:

- BARO—TEARREF BN LA FHERENXRES (IMMIN[L]) , FIZERRYA]
RENXER (MU )

- BART:

- IN[b], M TbitdlH, BTITERNR—TTEX
» — 1 block bR]AZZN0IXMTE

- BAI T BAMIN[b4F 2 18? 2v&, FdTalAM P HE[S]IN[b]NE

[

C

us
)



— N EAIRAER

e Bio)|o)@(Forward problem): Z8EIN[b], 1TH&
o N LLGH—TERROBVEEIRRZYNS, (thistransfer function abstracts the

execution with respect to the problem of interest)
. OUTIb] = f,(IN[b])

> MBIARYPIIZEX — LERIFHEE X
IN[b]

oK



A — N E A RIER

o — PERIRDb
- generates definitions GEN[b] : BEZRIRbZR M ™ E R E X

- propagate definitions IN[b] — KILL[b]: KILL[p]@TEEAIRARAUTE X H
FRPTE E X

OUT|b| = GEN|[b] U (IN[b] — KILLI|b])




fEHlR AR aRER (FoIRE)

IN[T] GEN i

OUT[1] : (1.2} | {3 4,6)

IN[2] IN[3] y. (34} | {1, 2 6)
OUTI31 3 (5 6} | {1, 3}

OUT[2]

o ZAIELAEWRIMINILITEOUT[b], ERXPINEAKIE? X1 INEHXTEAIRIVBIEKIRAIOUT
RE, WMRAEIABT—TIR, A EERIEHE (HHE)

o BUIRZZTHIIKIRIE? Tl 1FEESH]
> BAIBE—TmeetREXKjoinZ T RIRT RINEHE, MIZEAMIE?

- SFNRENXNMEIRME : IN[b] = OUT[p,]u OUT[p,]U...OUT(p |, EFp,,p,,...p, 5
s ol SN




= %IJ};‘T'?FF'JL_E’WE% (8 I$I)

IN[1]

OUTI[1] €]= KILL
BB2 if input() i > Exit 1 i 2

OUTI[2] 2

INE) 3 {2} {1}

OUTI 3]

o ZRIRFIVIKARAL
- OUTI[b] = GEN|[b] U (IN|b] — KILLI|b))
- IN|b] = OUT|[p,]UOUT|p,|U...OUT|p,]
o {HalfF/RILHIZRIRE: AEIR
o BiFfEA: FERENERXTHE, HEEIAIR, BlWorklist &7




- ABREM M Worklist&i%:

Input: Control Flow Graph CFG = (N, E, Entry, Exit)
- /* Initialize */
1 OUT[Entry] = { } /* could set OUT[Entry] to special defs, if reaching then undefined use! */

| for all nodes i
OUT[i] ={ } /* could optimize by out[i]=gen[i] */

ChangeNodes = N

[* Iterate */

while ChangeNodes = { } {
remove i from ChangeNodes
IN[i] = u (OUT[p]), for all predecessors p of i
oldout = OUT]i]
OUTIi] = f: (IN[i]) /* OUTI[i] = GEN[i] u (IN[i] = KILL[i]) */
if (oldout !'= OUTTIi]) {

for all successors s of |

* add s to ChangeNodes




OUT|b] = GEN[b] U (IN[b] — KILLI[bD])

IN[b] = | | OUT[p]

1€[n]

Init: OUT[b] = @&

BB2

d4:i=i+1
d5:j=j-1

ALATE X Bl-F

IN[T]

OUT[1]

IN[2]

OUT[2]
IN[3]
OUTI[3]

IN[4]

OUT[4]

IN[exit]

Send Pass

0

0

0

0

010

S| OO ||O

O 1O OO |0
O 1O OO |0

First Pass

000|000 0
111111010 0
111111010 0
O0|1(1]1 0
O[0|1(1]1 0
010|011 0
O/0|1(1]1 0
0/0|1(0]1 1
010|101 1

111

Fixed Point
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kT =(Live variable)D 1T

Q: Does v live this point?

— PN EEVERET S pa /GRS
- Mp=FE, VIIERFGEERE Rpath®=BIER 000 v
- BN, XTTEMAEdead Noooe.
* Fi&:
- FiFHENDE (FERESEARN, URENTSAHERK, TOAEDE)
o |l :
> WTFEBTEAR, HAEF—TT=ES XX TERRINLFREIX (IN[b], OUT[b])
- FIBEZENHIEER—Tbiti8




hEAe s . BEASRIVICR (FRIRERZN)

o [Fma)El(Backward problem): ZeEOUT[b], 1TEIN[b]

—FZHITERZ AN

? Def :
VETEIRH, EIERRH INIb] = 1,(OUT]b]) 2
R, EEEEER 5
B RIS LR 4 -
OUTIb) -

- EARAER, ABARRHE &R

> 74 (Generate) EEAE= (WTFRIERME) : Uselb], —To=HEbAMERNES
> £ (Propagate) &A= (M/GMEAI) : OUT[b] - Deflb], XEDeflb]EEbEE

1

1

-

) &
II~
T
Xt
ol
\| mix
V2L
op

YEHREREN: IN[b] = Use[b] U (OUT[b] — Def[b]) ARBIEHRE, EEARAredefine

7, NTFRIERME, MAEK S



AR (EFHER)

OUT[entry]
Use Def
L {J {a, b}
2 {b} {a, c}
IN[2] IN[3] 3 aj {b, d}

!

OUT[2] Note: here d is not a locally exposed use

OUTI[3]

o IN[b] = f,(OUTIb))
® join node: anode with multiple successors

* Meet operator

- OUT[b] = IN[s;] U IN[s,] U ...IN[s, ], /sy, 5,, . .. s, EB =AY G 4L




JEIAT = Worklist /%

Input Control FIow Graph CFG = (N, E, Entry, Exit)
- [* Initialize */

- in[Exit] ={ }

for all nodes i

IN[i] =1}
ChangeNodes = N

[* Tterate */
while ChangeNodes = { } {
remove i from ChangeNodes
OUTIi] = u (IN[s]), for all successors s of i
oldin = IN[i]
IN[i] = £ (OUT[i]) /* IN[i] = USE[i] u (OUTIi] — DEF[i]) */
if (oldin '=IN[i]) {
for all predecessors p of |
add p to ChangeNodes




IN[Db] =

OUTI|b] =

Use|[b] U (OUT|D]

Init: IN[D] =

— Def[b])

BB2

d4:i=i+1
d5:j=j-1

Tk 32 = {5l

OUT|[entry]
IN[1]

OUT[1]

IN[2]

OUT[2]
IN[3]
OUTI[3]
IN[4]

OUT[4]

IN[exit]

1123|456 |7 |8

% m|n |ul|u2{u3| i ||| a

First Pass Send Pass
11111111110(01|0 11111111110(01|0
111711111110(01|0 11111111110(01|0
OI010111111(110 OI010111111(110
O10[0[111(111110 O10[0[111(111110
O0/0/011111010|0 O/0/011111011/0
O0/0/011111010|0 O0/10101111101110
0/|0/0(011]0]010 O0|0/0(111]10(110
0/0/0/0111010|0 O0/0101111101110
0/0/0/0101010|0 O/10101111111110
0/0(0|0|0(0]0]|0 0/0(0|0|0(0]0]|0

Fixed Point




B 0t ESR

Reaching Definitions

Live Varaibles

Domain Sets of definitions Sets of variables
Forward: Backward:
Direction OUT[b] = t,(IN[b]) IN[b] = f,(OUT[b])
IN[b] = A OUT[pred(b)] OUT[b] = A IN[succ(b)]
Transfer function f(IN[b]) = Gen(b) u (IN[b] - Kill(b)) iL(OUT[b]) = Use(b) u (OUT[b] - Det(b))

Meet operation (A) U U
Boundary condition OUT[entry] = & IN[exit] = &
Initial interior points OUT[b] = & IN[b] = &

Other Data Flow Analysis problems fit into this general framework, e.g., Available Expressions




IE, ARAZIR]
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1. BRRNINBGIREINEX, 2. #=7ii (8) B9ES

B RIBERATRIFFIS? B LA INASH

—EE|a) &R

?

H%2 (safe-approximation directed constraints) B LA &






