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@ Steven S. Muchnick, Advanced Compiler Design and
Implementation

e

Scalar replacement of array references
| Data-cache optimizations

C1

C2

Procedure integration
Tail-call optimization, including
tail-recursion elimination

Scalar replacement of aggregates
Sparse conditional constant propagation
Interprocedural constant propagation
Procedure specialization and cloning
LSparse conditional constant propagation

Y

[ Global value numbering
Local and global copy propagation
Sparse conditional constant propagation

L Dead-code elimination

Y

Constant
folding

Local and global common-
C subexpression elimination
Loop-invariant code motion

Algebraic
simplifications,
including
reassociation

b - — ]

C3

l Partial-redundancy elimination J

C4

N

Dead-code elimination

Code hoisting

Induction-variable strength reduction

Linear-function test replacement

Induction-variable removal

Unnecessary bounds-checking
elimination

| Control-flow optimizations

B et et =

J

Y

(from bt;x D)

In-line expansion

Leaf-routine optimization

Shrink wrapping

Machine idioms

Tail merging

Branch optimizations and conditional
moves

Dead-code elimination

Software pipelining, with loop
unrolling, variable expansion, register
renaming, and hierarchical reduction

Basic-block and branch scheduling 1

Register allocation by graph coloring

Basic-block and branch scheduling 2

Intraprocedural I-cache optimization

Instruction prefetching

Data prefetching

Branch prediction

(to constant folding, algebraic
simplifications, and reassociation)

Interprocedural register allocation
Aggregation of global references
Interprocedural I-cache optimization
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® LLVM F #1547 /A4 (pass)
o ZHMMME —HAM— T

Basic-Block Vectorization
Profile Guided Block Placement
Break critical edges in CFG
Merge Duplicate Global

Simple constant propagation
Dead Code Elimination

Dead Argument Elimination
Dead Type Elimination

Dead Instruction Elimination
Dead Store Elimination

Deduce function attributes
Dead Global Elimination

Global Variable Optimizer
Global Value Numbering
Canonicalize Induction Variables

Function Integration/Inlining
Combine redundant instructions
Internalize Global Symbols

Interprocedural constant propoa.

Jump Threading

Loop-Closed SSA Form Pass
Loop Strength Reduction
Rotate Loops

Loop Invariant Code Motion
Canonicalize natural loops
Unroll loops

Unswitch loops

Promote Memory to Register
MemCpy Optimization

Merge Functions

Unify function exit nodes

Remove unused exception handling
Reassociate expressions

Demote all values to stack slots
Sparse Conditional Cons. Propaga.
Simplify the CFG

Code sinking

Strip all symbols from a module
Strip debug info for unused symbols
Strip Unused Function Prototypes
Strip all 11vm.dbg.declare intrinsics
Tail Call Elimination

Delete dead loops

Extract loops into new functions
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o & Rt (global optimization)
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void quicksort(int m, int n)

int i, 3

L RILATASE S

if (n <= m) return;

[* ABEFH */

= n; v = al[nl;

while (1) {
doi=1+1; while (a[i] < v);
do j =3J - 1; while (a[j] > v);
if (i >= j) break;

} e el = aljl; aljl = x;

x = ali]; a[i] = a[n]; a[n] = x;

e 1

BEREESOrtn, ) quicksort(i + 1, n);

BB1

if t3 < v goto (BB2)

Jsind —*1
LS
BB3 |15 - art4]
if t5 > v goto (BB3)
BB4 |if i >= j goto (BB6)
=4 * i |¥// \\“t11= 4 * i
x = a[t6] xo.=al tild]
b et £12 =
t8 = 4 * j £13 = 4 * n
BB5 |t9 = a[t8] BB6 | t14 = a[t13]
el ey = a2
A £15/ 4
et = aEEIEl N
goto (BB2)
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o= ek
o =reliaved
e S
£8 = 4 * j
ER= ol Ge ]
BTl
£10 = 4 * ]
G el =
goto (BB2)
BB5

N I \\|/

7N _,‘)/_ZKM\_ BEN

L6 kel

X = ealdeon
£8 = 4 * j
9 = a[t8]
=it =
allbSls=
goto (BB2)

BB5
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/\fFZZl_

I \\|/

A T\,7

=

% =m -1
BB1%1_=n4*n
= a[tT]\\\\\
R
e \
R =
BB2 t3 = a l
if t3 £ v Yoto (BB2)
e BN
el
ek
BB3 (15[ ik
' v goto (BBJ)
i A

BB4 if/ >= j goto (BB6)

[ AW

th = 4 * i / e
x = a[t6] x = a[t11]
ey ISR E N
£9 = a[t8] BBO6 [ 114 - a[t13]
a[t6] = t9 a[t11] = t14
alt8] = x AR =%
goto (BB2)

I
j=n
BB1 t1 - 4 * n
v = a[t1]
v
L= e
2= =y (e
BBZ |5 _ ,to]
if t3 < v goto (BB2)
v
ilr: j4_*1'
R J
BB3 |5 - art4]
if t5 > v goto (BB3)
v
BB4 |if i >= j goto (BB6)
N 4
x = a[t2] el i2]
By | BB6 tl4 =l
BB5 [alt2] = t9 aft2lE =
a[t4] = x et
goto (BB2)
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e I
= sn
BBT f47 - 4 « BBY f17 4 «
= a[t1]\\\ v =Rt
v\ v
=it \ R = L
e SN L2 i e
BB2| .5 - arto BB2| 3 _ arte]
e /\)\goto (BB2) if t3 < v goto (BB2)
T N v
ol SR
4% b4 = 4 % ]
if t5 >/v goto (BB3) if t5 > v goto (BB3)
it N v
BB if/i/>: j goto (BB6) BB4 |if i >= j goto (BB6)
i | T
x = alte] / x = alt2] v X = t3 X = t3
t9 = alt4] wilids =g ] alt2] = %5 t14 = a[ti1]
BBS |a[t2] - to BB6 |12 - t14 BBS| 4] - « BB6 [.rt07 - t14
alktaile= x Gl lE=tes goto (BB2) aFE =
goto (BB2)
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@ copy propagation

@ Wi x=y & RIEE RN B FiEq

o £ FiE#HE

B x B3 R y, A LR x =y

-

X = t3 X = t3
G2 =5 a2 =,
il | =" b e
goto (BB2) goto (BB2)
BB5 BB5
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R AL N=1

o AR (dead code): H it B & R AKZE AR SHAE A H3E 6

= 13
X R K al t2]

SIRD2] = 5 —} a[t4] ;
t3

q

Al e goto (BB2)
goto (BB2)
BB5 BB5
if false goto (BB2) goto (BB1)
BB1 BB2 BB1

3T
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@ constant propagation

o WEREFENZIESE NPT EXNERT T, 507 UL H 2
X BT R IZ T BAR

=3 X = 3
= =l

Z = X +y = » 7 e 7 S
s T (i
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FERBRENEREAEX

Sl

= 3

y =2
o 7=

=7~ 3

=)

L — NF A RXEMERTE E, 307 UE
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(AVELIE7S
o TEFA T XK SR (loop-invariant code motion, LICM)
© BHRAREX: REM/IFMAT Z V RAAF 2|48 B 45 R AT £ A X

SHC TATE
e BB1 |i = 0

R

N i

BB2 |[R = L +

if i <R goto (BB2) if 1 <R oote .

20

2025 4 & & 5 47 (% R 2R (R I0PL) ) ERFTFENER



R ESERL (1)

o VAWM T & (induction variable) : 7838 ¥ H8 x HIRAE R & 2
W — AN B, WAR x BRIZEFE—NENE &

k==l
BB1 %1::n4*n 5
v ] o 1 (BB2}:
* °
1 S 0:01,t2

BB2 2= R
if t3 < v goto (BB2)

! o 1831 {BB3}:
TR .
BB3 %g jjg[;j' S
if t5 > v goto (BB3)
if i >= j toto (BB6) ® ?):EL}K\ {BBZ, BB3, BB4, BB5}

@,
T Al T
BB6 |alt2] = t14
e

21
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REER (2)

o I, PRI KNE B |67 X FHATTAE
i=m-1
TS = | ]
j=n BB1|t1 =4 *n
BB1 i o V=gt lE
vV = [tﬂ Lo =S
v v
e ] A T Bl g
£2 = 4 * i i 1w £2 = 4 * i
BB2 {15 - arto] 3 R R 3 BB2 | (3 - afte]
if t3 < v goto (BB2) if t3 < v goto (BB2)
i ¢
S | SRR
BB3 t4-4*“"/‘> = LATH R A g3 |4 =t - 4
05 = ail] t4 = t4 - 4 th = a[t4]
if t5 > v goto (BB3) if t5 > v goto (BB3)
I 2R % 25 t4 7
BB4 |if i >= j goto (BB6) AT A RE AL if 1 >= j goto (BB6)
a2 = th o=t o il t14s=alkug
BB5|a[t4] = 3 T BB6 |alt2] = t14 BB6|a[t2] = t14
goto (BB2) =52 alt s
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RE B (3)

4 FRIEIREY, BB AN E

2 B Sh | 84 7 R AT TAE

=S ]
j=n
BB11t1 =4 *n
e e
th = 4 * ]
v
T T Sl
7=
BBZ| (5 _ ,rio]
if t3 < v goto (BB2)
v
i4=—jt2 1 4
BB3| (5 - art4]
if t5 > v goto (BB3)
v
BB4|if i >= j goto (BB6)
SlikE2iE="t5 il —a il
BB5|alt4] = t3 BB6 |alt2] = t14
goto (BB2) =52

i=m-1
j=n
AR
BB, - i1
HO S =S S
b4 = 4 * 3
g |
s = A A
BB2| (5 _ oo
if t3 < v goto (BB2)
T
e
BB3 |5 - are
if tb > v goto (BB3)
if i >= j goto (BB6)
t14s=alkug
BB6|a[t2] = t14
al ]
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© WR—AIFMTENTMHY

P — B, W T LA JEVH FR— ik

fR=ns e i=m-1
j=n j=n
BB1 SIS N BB1 AR
v = a[t1] V= alkcll
£2 = 4 * i £2 = 4 *
i S ifo £2 =0
v ¥ — 5
T T Sl
[F2R=—S T2 E Y
BBZ| (5 _ to]
if t3 < v goto (BB2) AR 2, if t3 < v goto (BB2)
o v H R — y
= = ﬂﬁi—
th = t4 - 4 th = t4 - 4
BB3 (15 - aft4] BB3 f15 - aft4]
if t5 > v goto (BB3) L if t5 > v goto (BB3)
A :
BB4 if€>= j)goto (BB6) "1 A BB4 |if t2 >= t4 goto (BB6)
SlikE2iE="t5 il —a il = s B4 =R
BB5|alt4] = t3 BB6 |alt2] = t14 BB5 |alt4] = t3 BB6|alt2] = t14
goto (BB2) =52 goto (BB2) alt s
24
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Z LIS R

i=m-1
j=n
BB1t1:4*n i:m_1
v = altl] i=n
T =
* BB1 R Rl
e tor g e
t2 = 4 s 1 t4 = 4 * j
BB2 |5 _ o[to] ;
if t3 < v goto (BB2)
¢ G2 =G A
BB2 [t3 = a[t2]
Tl if t3 < v goto (BB2)
th = 4 * ]
BB3 f15 - art4] v
if t5 > v goto (BB3) W e
v BB3|t5 - a[t4]
if tb > v goto (BB3)
BB4 |if i >= j goto (BB6) T
if t2 >= t4 goto (BB6
o Sl h/ \t11=4*i BB4 |1 goto (BB6)
x = a[t6] = taa )]
ot L B S .
E; : 2 i Jl Eé : 2 % i alt2] = t5 t14 = alti1]
i 0 t4] = 13 £27 = t14
BB5 [t9 = a[t8] BB6 |t14 = a[t13] a[ t4] BB6 |alt2] -
goto (BB2) al CNERES
Eluyal=t 10 el e
t10 = 4 * j (AT S
a[t10] = x B ="
goto (BB2)
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o B 4 B RALTE 6 R B A A S AL
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o N &IFRT £ 5 6935 F4F
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o AR AR T EAL AR E O & EK

© DAG & T &N T = m /a8 5 MHE1EA < &
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AR (R TREZAE)
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$ FEAx=yop
o AERNBEREILEAN, 155 A op
* NG THERA y 7 SRR L &
% 4 x40 N xEBk
R el =y
& RNELIE R
o &y REEIN, AR 4 x WAEAKEE N
© AWMERE, NTHAAH UATHROTE x, B x RENE A IXE
R R
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30

2025 4 & & 5 47 (% R 2R (R I0PL) ) ERFTFENER



DAG FJ15 1

(P Lhi(Gp RSN @ T € D)

0 e
=
IR G

do

o

2025 F & % % A

(i R (£ 50 3E) )

AT RFH HEAFER

<



DAG EN1E
o DAG ## T &/ B RUGE5 M 4(E80 % &
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SR Yk N

\\\I/|Zé>\ i_ll g /A/\j/_ﬁj\i\_fﬁ

/7
) X4

R/
) X4

L% % 3% X (local common subexpression)

BIENGEEMZF, B EREHFLE—NEEN, EAMEAR
ME A EEF T4 5 (R F 4R )

o WwBELEE WATEARFHES, ANETM

B:b + ¢c £ ALTF R KXG?

g — Dt Cc
pE=ria —
GRS C
d=a-d
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SIS LD ]
= |37_‘\§ Q'PQE—J
o JBHIF 7R (dead code)
* 1 DAG LIEFR LA M ImESKT EaR4E 5
o BEX—AEIAEET RN EA L S EEFHIEIR

wE b AREFRLE

(€D Bek 6B B @R A )
IS
» T
I +
D16

I
QO
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X1

N \|l/

= A N | A
[BEFNEHITE
X 2518 ¥ K (algebraic identity)

H R T K

ey L 0=0+x=x,x X1 =1Xx=x, x— 0= =8

& & JH & (reduction in strength)
$ Bldeix = xXx,2Xx=x+xx/2=x%05

% & 47 & (constant folding)
o Blhor ZIAKX 2 * 314 T AR B 6.28

S X AR, R E B DAG L F R R
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WA HEEFE =N

o FIA: THRAF,a[i] AL FREKXG?

= Sl
aljl =y
7= =k

© ali] A= a[j] T A AH & (alias) X &, Xt a[ j] &A1& =T #E
XET ali] &1E

o BARMEMEH x = a[i] TN EFHFA =[] 894 =,
A TSR A a1, MEEXMEFARKLTE

o MuEBRMEAEE a[j] = yHRF—AEELA []= 094 4,
EHF TSN a iy, HERAFAERBT a 94 &
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DAG 89451 F

= ol ]
aljl =y
7=l
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TEET MR EAIIT A2 IR FE
Bl R PR Y BB AS), TR REATARYG FE 57
© RN XA AT A Am APk F A9 BRK

°© TE4FWAE
* REGx=%p; *q=y T, mEEF A pEpAqgELHEE—E
2 1%%’—4?51&:
X = REALELTE, B mANRALEHE IR
SRR =y ET d#%%?ﬁ‘iwﬁﬁ E3 N R P TN I )
7] VLA i 384T 40 AT (pointer analysis) 3 4 A & X A 5] #R

o IAZIR
 RFBI: — IR BARFERAKETTY TR © e 0] & 235
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\ N

M DAG B FE AR

© HIE:
o NEAGEEME N HAEE S, T EX Y AR
 ERNZREREL —NERTE
 WwRAESASZNRIEKGTE, WA E %556 #ATRIE
o O FEHEE| A, FARAA. TAZE AN, B3 E A RGE G AR

w® b.c.d & w® c.d A H
O 4b EBK O 4b 7F Bk
aib+c g

0 sl

5 di= " ar =

D=

i C /=70 Shale

Ce= G e

=8
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TEZ2NA
o AL AE T B Ak
o BERALAL: A dg AL
o AERitAL: HILMA
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I (peephole optimization)

AN\

o EA—NENE O (B B3, peephole) kAe & B #4645, £ HL
A HERERE RS RERE D F LT
< LT LUE T R R AL b AT

o T L& HILMAL:
DA AN
o EHRAMA

> R B

o NLER4FA J8 5 B fE A

41

2025 4 & & 5 47 (% R 2R (R I0PL) ) ERFTFENER



HBRTARIES

© % 4&u LD A ST 454

EBERT -5
Sl <R

A IR F — KigS4t

© ANF[IARA 4 R 4= debug — & & 0

iERdenug == 1 goto L1

o I if debug '= 1 goto LZ

42
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Mg

AL

goto LT

BRG0G0 L2

goto L2

L1 a1 S ) o [olive R

SO0 -2

B0l (12

B o] (6[e)ir) L2

EEG [l eor =

o B O E — NPk L] & BkEE

ofejiclope i

e goito 12

ey <SS [ RSN
goto L3

15555
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© EULTFAEF

R BE S X

LD R2, #0
ADD R3, R1, R?

X B L B

LD R2, #1
MUL R3, R1, R?

LD R3, R

fRR2, 2
MUL R3, R1, R?

LD R3, R1

ADD R3, R1,

R

2025 F & % % A

(i R (£ 50 3E) )

AT RFH HEAFER
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L]

MestF B8 <THMER

© CISCHAET, M — N zB 345 (7)) THA £ F

® ttde, B3&xH INC A= DEC #6 4 | o — | Ao [ — |32

LD R2, #1
ADD R1, R1, R? | INC R
LD R2, #]

SUB R1, R1, R2 |DEC R
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FTHERNR
o MNALMKALE & B 7 =

® BeRMmA: AR A AL
® AR L B ILARAL

o A Bt 3B BT

AP RS E T AR T I T IR 8 (R AT BOR D) RAZ 89 3R A
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© EIEL: BIRMAL F B AT
o MR A A1 A
» 5 FBAKMERAAEARK
o WS HELE GRS L

© BIFEMNMAE—ME BN
o DHTENEABREAE A
o 05 NEARPREME A A A K
¢ HEFHEEENEARABRANDRE OLHNEE
o AT E, EARRANFERBEIAES H B OREAEE
o BT X AE B R AT A B

47
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ENTRY 0
P l {}
Bp1 |2 = read() o
e e d () i
BB2
BB3 /
= i *
e = read() o g = O
e i+ ¢ e write(g)
Gicee = f ) =g
{a,b,q}
BBS5|a = a + ¢

EXIT

{a,q}
{a,q}

T AR zh FAL 61 B
Rk T & AR RE EZ
J& BIAZ 5 JLAT F £

2025 F & % % A

(i R (£ 50 3E) )

AT RFH HEAFER

48




BB1

BB2

BB3

- N7 SUR I (S W
HNTFAZ R EARF

ENTRY Xe T =2 Z=E
l = ,y=%,z=E
g - 100 MRSy SISy E R
— ] =iy Y= 2,27
y y l X:_[E_’y:_[E_’Zz_[E_
X=#k,y=1E,z=1E
if y < z goto (BB3)
l X=#%,y=1E,z=1F
X=#%,y=iE,z=iF
U *
i(/ : ; + 11@@ X=Fk,y=1E,z=1E
goto (BB2) X=#%,y=1E ,z=1E
X=#x,y=1E,z=1F

EXIT

T 5 v e B &80 A &
= AT A & E4 )

% ={0}

= { TR & )
= {FT A a9}

X=#k,y=iE,z=1iEF

<

2025 F & % % A

(3% B 28 (236 3E) )

T A EAE R

49



i%w; ;/llj %

EABE
* A F & (program point) : 538 613 L E A & APDARF A
v BARNFHEKIEZA s;8,, 8 BHRFRE s, AT 248 F
+ B2 (path): 5 & py, Py ..., p, MBI FI], S THEE 1 L<i<n:
* B p AR P B—FEGR. EARMET A R
> mop HEEARBREGLER, B p,, | T8 EZE ARG E S 4k 6Tk

o BRI IS FEMEE S p
< B (forward) 2 #7: VA p AL B TA B ESMH R
% Ja M (backward) 7 4T: WA p A AR & & FT A B2 60 & 4 60 1

&

L)

50
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N/

1 |

BB1

BB2

o] AT

5. &

x=-1,y=0,z=100

ENTRY
=k liele
e e
if y < z goto (BB3)

x:—1@@@@,y£2,z:1@e x=108,y=1,2=100

e =00
et
goto (BB2)

X:%%’yz_ﬁ_’zz_ﬁ_

EXIT

l”nlﬂ
AL

-
L:J

e

A Pein S AL &1 &

FNTEAZH é@?ﬁf_}%’”fﬂ
TRETHREEHN G

A

~

/-\‘7\

7

=[BT A & B34 )
=

= {FTA &1 2k}
= { AT A A 4%}

2025 F & % % A

(i R (£ 50 3E) )

AT RFH HEAFER

ol




SHHBIT ERTE

ENTRY
l T B AR AL 6913 s
i A F T2
J& AR AT o (P

@D

—

BB5

952
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IR RTC (1)

o IENIEF & f0— IR 7HAE (data-flow value) < Bk A2 5k |
FIT A =] Be A BB IRABA A BT & A A A Z AT &9 3% (domain)
 EHRTESTH: TENEL

=

_%__
 TEFFTOAN:ZERNE]TE]CTAL TRR] ey p s

© XMHENEAEB,
6 2 A5 AR
o XFFHEAEa s, A IN[s] 7= OUT[s] T K H 7l /& &I A(E

* wR BWE. REGA 5.5, R4 IN[B] = IN[s].
OUT[B] = OUT]s, ]

IN[B] #= OUT[B] e % E AU Ao i O 4

-

® ¥ 3E 1A AR (data-flow problem) : K it BT A & IN A= OUT

53
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LIEA DRIV (2)

o 1£i# &% (transfer function)

fp B REAR B ND A i
OUT[ENTRY]‘ 2l O 4L B A% B BT R A
IN[BB1] l BB1 © BT

Ji 5 e
OUT[BBH‘ % BE”\ * OUTIB] = f,(IN[B])
IN[BB2— 22 = IN[EGS e e

J8B2 /883 <+ IN[B] = fz(OUT[B])
OUT|BB2] OUT]|BB3]
- aE o fy MY EAK BHER, &
EXIT N IENTT HE A AR N G A A
% K4 f BAFE

54
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UNI P

I189%

%I/
[
23
I
>
Eéiii
H
AY

BAE AT B2 2

S X n _y NN/ AT > \</
Bl : LAz B AR, KR
A) X =) S \
2 R F 4L FE
B 6] s, BIfEE RS B 6] s, B1EE K f
] 2
x=1F X:Z X:)ﬁ\ X:}f:% x=1F X:Qj{ X:ﬁ’l X:%%
x= x= x= x= X=%k x= il x= X=%k
y=1E y=1E
y=1E y=1E y=1E y=1E y=1E y=1E y=1E y=1E
- x="K x="5 x="K x="K - X=F% x= M x= M X =%k
5 e s y=% | & s
. A Sala i MES N & X:}?% X:jzl\ X:fl X:%%
PR =i | oyt | y=h | yes PR y=m | oyt | y=h | yes
_p X =%k X =%k X=#k X=%k _m X=%k x= x= X=%k
Y y=Fk V=A% V=A% y=4k Y y=4k V=A% y=Hk V=A%
58
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S1: SRl
(i e G Gl

o RARBMEBIK =1, of , £F o ATHKLA, WHAN
(fo o £ =£.(.(); Bt thIth T EIE S AR —AF B AT

x=E  x=&  x=fi.  x=#k
S e R e e St

y=ik
y:__E_ y:iE_ y:_[E_ y=_.|:E_
yzg X:z Xzf'; X:fl_: X=E"I;
=% | y=% | y=F | y=%
o
~ y:ﬁﬁ y:ﬁzl\ y:ﬁzl\ y:ﬁ\
y=2% S NS R ED.GE R S
V=A% y=#k y=#k y=#k

: g : 56
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@ Om ﬁjﬁ
IN[BB2] = OUT][BB1]
IN[BB1] l BB1 TN EXT ="
.
OUT[BB1] / \ e © ENLEH A
IN[BB2] . o 2 ii IN[BB3] VAV =V, E V=)
Y ey Vi AV, = B, ZEFER
_y e Y X=
OUT|BB2 i - OUT[BB3] o 4% &4 4L 32 :
\ / y-’ﬁ% IN[EXIT] IN[EXIT] = OUT[BB2] A OUTIBB3]
EXIT
IN[Bl=  /\ Ol
P& B B IR

S
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o [BR%:BB2 A M w[3R BB1 A=

ENTRY =
l SoE BB3, i BB3 #4& 4
=0,y=%,2= A > g@ o] 5 .
i |5 7 S T o ANE—/HEA AR A:
e e
l S IN[BB2] = OUT[BB1] A OUT[BB3]
OUTI(BB2] = fpo(IN[BB2])
l OUT[BB3] = fgg3(IN[BB3])
BB3|[y =y + 1
goto (BB2) anne o BAr: K3 rf—i*ﬁ-ﬁﬁj b fil
EXIT <
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BB1

BB2

BB3

FENHT: B (2)
=0T 1BIR
ENFY (e A
= ¢~ -160
= +
e ot l SHES= Tz =]
if y < z goto (BB3)
l x=T,y=T,z=T
Xi=x ~ =160
et
goto (BB2)
x=T,y=T,z=T
EXIT <

®

3 3 BB AA T, A
4 TRAA (top) , £ % A A
A LT 12

HEREREE T OCEF
TH g 5 iy =

(F H T kB HARF S 608
P& RAE

EMIAREF, BITFF A1
B3R AR R

510

2025 F & % % A

(i R (£ 50 3E) )

AT RFH HEAFER



o BTN LM AAE

ENTRY L
| o BRI —ARKR, BHT
-t y=5 7=
i T % IN #= OUT
Vi A
X =T 22T IN[Bl = /N O
l P BE B IR
BB2 |if y < z goto (BB3) OUTI[B] = f(IN[B])
x=T,y=T,z=T
l o EEZIAAI KA ALK
B E A
o=l el
BB3|y =y + 1
goto (BB2)
x=T,y=T,z=T

EXIT <

60

2025 4 & & 5 47 (% R 2R (R I0PL) ) ERFTFENER



BB1

BB2

BB3

N /J
ENTRY
|
X = x * -100
e e
|
if y < z goto (BB3)

|

b= — 100
=
goto (BB2)

x=T,y=T,z=T

EXIT

o BTN LM AAE

© FRIEF—EAK, EIC
71 IN A= OUT
IN[Bl = /N O
P& B B IR
OUTI[B] = f,(IN[B])

o HEEZIAEAER KA AR
e

2025 F & % % A

(3% B 28 (236 3E) )

61
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BB1

BB2

BB3

N /J
ENTRY
|
X = x * -100
e e
|
if y < z goto (BB3)

|

b= — 100
=
goto (BB2)

EXIT

o BTN LM AAE

© FRIEF—EAK, EIC
71 IN A= OUT
IN[Bl = /N O
P& B B IR
OUTI[B] = f,(IN[B])

o HEEZIAEAER KA AR
e

2025 F & % % A

(3% B 28 (236 3E) )

62
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BB1

BB2

BB3

ENTRY
X = x * -100
=
if y < z goto (BB3)

o BITERLMEAA
© HRFEF—NEARE, EHTC
71 IN A= OUT

IN[B]i= "

Pt B B 3R
OUTI[B] = fz(IN[B])

OUTIP]

|

b= — 100
=
goto (BB2)

EXIT

T 2 AR E B R A AR
& A

2025 F & % % A

(3% B 28 (236 3E) )

63
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BB1

BB2

BB3

N a8,

ENTRY
= ¢~ -160
e e

if y < z goto (BB3)

|

X = x * -100
et
goto (BB2)

EXIT

B KRR AR

BREHF—NDEARK, EHE

& IN A= OUT
IN[B] = /\ OUTJP]
P BE AT 3K
OUT(B] = f,(IN[B])

T8 2 ARH B R AR
e S &

Ll

2025 F & % % A

(3% B 28 (236 3E) )

AT RFH HEAFER

64



BB1

BB2

BB3

N /J
ENTRY
|
X = x * -100
e e
|
if y < z goto (BB3)

|

b= — 100
=
goto (BB2)

EXIT

®

8 1 AR kA A2

FRAF—DEARS, &
71 IN A= OUT
IN[Bl = /N O
P& B B IR
OUTI[B] = fz(IN[B])

HE ZIAAEFRR AR
wEEHM

2025 F & % % A

(3% B 28 (236 3E) )

AT RFH HEAFER
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BB1

BB2

BB3

ENTRY
X = x * -100
e e
if y < z goto (BB3)

X:%%’y:’[E I Z:’EE

|

ewa 00
et
goto (BB2)

EXIT

<

X=#k,y=1iE,z=1E

X:%%’y:’ﬂi ? Z:'I:E

X=%7?(; y=—'£ ) Z=1E

X:%%,yz_ﬁ_’zz_ﬁ_

o BTN LM AAE

© HRFEF—NEARE, EHTC
71 IN A= OUT
IN[Bl = /N O
P& BY] BT 3R
OUT(B] = f,(IN[B])

o HEEZIAEAER KA AR
e

2025 F & & ¥ 41 (i RIE (B L))

66
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INES . BT D ATRRT

© BERMMEBIRV, WILEFA:VXVS>V,TMET €V

© BNEARARBHEEIH fr: Vo> VIKATEEO)

o WK1 OUT[ENTRY] = vEnTRY

o #1¥1a: OUT[B] = T (B # ENTRY)

© HAZA: & B # ENTRY, A

IN(B]= /\ OUT[P]
P BHI BT IR
OUTIB] = f,(IN[B])

67
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N =

\—

IR E 0N 1B

®

s;: e = read() def, = {e}, use, = @
a1l e R de]gz: {f},useS2= fe,c}
SRR def, = {g},use; = {e,f}

St EE s, EX T EA:
* def, & s RAAN T &
* use T SERNTE

6] s R ML AN s BRERE R RS, B A
sHEERTERS(FRTESHTAE—N/ERTH)
e O) = (O — def ) U use,

68
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SEIR T =M HAL

ta,b,c} s;: e = read() defgl = {e},usesl =
I Bls,: f=e+c def, = {f},use, = {e,c}
{a,b,q} e g a’ejg3 = {g},uses3 — T

defB {e’f7g} Us€p = {C}
© &6 5w XH: f(O) = (0 —def,) Uuse,

o AR BUIERIYfy =1 of, of; BRMILE B/

J8(0) = f, (f,,(/,(0)))
= (( ) — defsl) U use
- (a’ejg3 U a’efs2 U deﬁl)) U ((((uses3 - defb) & usesz) - defsl) U usesl)

f5(0) = (O—defp) U useg

69
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EREEMT: A

BB2 OUT][BB3] = IN[BB5]
IN[BB?2
| ]g ) OUT(BB4] = IN[BBS]
BB3 BB4 > S
IN[BB3] abich NI oo © CXRTERA:
e = read gE=rhraad s
e write(g) O Or
[0 = U P s BP . A5G 4k P S SR IA A
OUTI[BB3: by OT e R &
IN[BB5]—2BBS » fa b, g} © X EIALE:
2l L T £
OUT(8E5 OUT]BB2] = IN[BB3] A IN[BB4]
OUT[B]l= /A WINjS]
SAE B J& 4k

70
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ENlRY o A (top) N = &
{}
B ad )
il E=Read()
= {}
Seeadl)
BBZ |, _ a+c
BB3 / \ bb4
e iead() =900 0
L wrlte(g)
(e DE=ErEs
BBS5|a = a + ¢ )
l {}
EXIT

il

2025 & & 7 2 Hp (% R 2R (R I0PL) ) ERFTFENER



BB1

BB2

ERT BN 1B

QD)

{}

i}

BB3 / \ BB4

gh=abiEd
write(g)
SEE NS

3

e = read()
f=e+cC
Gicee = f
BBS5|a = a + @
EXIT

{3,098
{}

i}

o BTN LM AAE

© FRIEF—/NEARB,
## el IN A OUT
OUT[B] = /\ IN[S]
SAE BJG 4k
IN[B] = f3(OUT[B])

FERIAAER LA
FEABE B E

®
m\

2

2025 F & % % A

(i R (£ 50 3E) )

AT RFH HEAFER



3

e il 7|‘|‘\§/\7|:)-’|- S ==
/ Etj’( == : ’f)/
ENTRY
l {}
2 R )
el e e d ()
y {}
o SUEER @)
BB2 e
BB3 / \ BB4
&%= raad() 13,0} E=abed
e i+ ¢ write(g)
S b=g-5
e fa, 9} / §
= {a,g}
BB5|a = a i 0
{}
EXIT

o BTN LM AAE

© FRIEF—/NEARB,
## el IN A OUT
OUT[B] = /\ IN[S]
SAE BJG 4k
IN[B] = f3(OUT[B])

FERIAAER LA
FEABE B E

®
m\

Y08

2025 F & % % A

(i R (£ 50 3E) )

AT RFH HEAFER



THER =

BB1

{}

BB2

BB3 /

{a,q}

e = read()
e i+ ¢ write(g)
S b=g-5
e fa, g} -
T /{a,g}
BB5|a = a i 0
{}
EXIT

o BTN LM AAE

o FHREF—NEARIR,

## v a7 IN A= OUT

OUTIB] = /\ IN[S]
SA BJE 4k
IN[B] = f;(OUT[B])

FERIAAER LA
FEABE B E

®
m\

2025 F & % % A

(i R (£ 50 3E) )

AT RFH HEAFER
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THER =

BB1

{}

BB2

BB3 /

{a,q}

e = read()
e i+ ¢ write(g)
S b=g-5
e fa, g} -
T /{a,g}
BB5|a = a i 0
{}
EXIT

o BTN LM AAE

o FHREF—NEARIR,

## v a7 IN A= OUT

OUTIB] = /\ IN[S]
SA BJE 4k
IN[B] = f;(OUT[B])

FERIAAER LA
FEABE B E

®
m\

2025 F & % % A

(i R (£ 50 3E) )

AT RFH HEAFER
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BRE =N &3 (6)

ENTRY o BN LM TAE
al = read%) t ® 'éiZﬁ:552455"‘/T\é%§2$;i;5,
BB1 S
et () F# T e IN #2 OUT
OUTI[B] = /\ IN[S]
BB2 SAE BJG 4k
IN[B] = fg(OUT[B])
BB3 /
e iead(®) o EEZIAER LA
i EARTEBEH
g=-e
BBS5|a = a + @

EXIT

16
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ERT RN EF (7)

Enrv o HEITENXEMETAE
4 Py { o FHREF—NEARIR,
b= (e &3 v a9 IN A= OUT
ouT[Bl= /\ IN[S]
BB2 3 z SAE BJE 4t
IN[B] = fg(OUT[B])
BB3
s {a,b}c} © H EWL%_E_? AR
g=e ™ f
{a,b}g}
BBS5|a = a + ¢
EXIT

vl
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Enrv o BTN LM AAE
4 Py { © FRBEF—NEAR,
b= (e &3 v a9 IN A= OUT
ouT[Bl= /\ IN[S]
BB2 3 z SAE BJE 4t
IN[B] = fp(OUTI[B])
BB3 /
e {a,b,c} © H 2173\%‘-]5_@ AR
{a,b,g}
BBS5|a = a + ¢
EXIT

18
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Enrv o HEITENXEMETAE
4 Py { o FHREF—NEARIR,
b= (e &3 v a9 IN A= OUT
ouT[Bl= /\ IN[S]
BB2 3 z SAE BJE 4t
IN[B] = fz(OUTI[B])
BB3 /
e {a,b,c} ® —Ea 2173\%‘-]5_@ AR
g=e ™ f
{a,b,g}
BBS5|a = a + ¢
EXIT

179
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SEIR £

BB1

BB2

BB3 /

e = read()
f=e+cC
Gicee = f

BB5

a=a*+g

l

EXIT

8 3L R AR AR T AR

FREF-NEAK,

## v a7 IN A= OUT

OUTIB] = /\ IN[S]
SA BJE 4k
IN[B] = f3(OUT[B])

28 ZIARAER LA
ARG E B F ¥

M\

2025 & & & 1 (FiERIE(LE))

AT RFH HEAFER
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SERTEoN: B (1)

ﬂw " o BT HR KM AL
BB1 = read() {} @ E:)Kz\i%%//l\%j&ij{)
Db F ¥ & IN f= OUT
OUTIB] = /\ IN[S]
BB2 3 5 SR BJE Uk
IN[B] = fz(OUTI[B])
BB3 /
= read () Rk o BEEZIAABRLE
b AAREEEH
{a,b,g}
BB5|a = a + @
EXIT

31
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NS BRI AR

© BERMMEBIRV, WILEFA:VXVS>V,TMET €V

o HAEAKBHIESZIS,: Vo V(KETHAD)

© U FA: IN[EXIT] = viygT

o #¥1E: IN[B] =T (B # EXIT)

o AL MHE B+ EXIT, A

OUTJB] = /\ IN[S]
SAE BH J= 4k
IN[B] = f(OUT([B])

82
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o XEEDHT (1)

e 7] iA 1A (reaching definition)
o THLEELBRZINA-NEFENIEFLx=... 6:E6)
< BRI, (BN EAEN R4S
> ik HEH

BB1 d1: d = 1 {dl}
l idvd, a:
if ... goto (BB4) L
l {dlde)d3}
adea re
(ot ke tdy,d, d3}
dy: a = 243
goto (BB2) {d,,d,}
/
d.
BB4 bl

83
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X EEDN (2)

© NEFFIEE s, EX T HAE:
* gen: B a] s ARE EANES
> kil %6 5 47 0 2 AAH R

o FEsXxBAE, W F£%]TATAELCH x 8 E1E
» fEE KA f() = — kill) U gen,

o EARBHMEREKKfy=1F o...0f, of,

T AET A fI) = (I — killg) U geng

o EMUTFERTENH T defﬁﬂ use
o RTEHL: L AL =1 UL, AMEREATIRT AR AN & TAH
o A (top): =&

34
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i}

i}

8

i}

genpp| = {d, dy, d3}
killggy = {d,, ds, dg, d7}

genppp = {dy, ds}
killggp = {d,, d,, d7}

gengp3z = {dg}
killpgz = {d5}

gengp, = {d;}
killggs = {d;,d,}

2025 F & & ¥ 41 (i RIE (B L))

AT RFH HEAFER




{}
{}

{&,17d2’d3}

8

i}

genpp| = {d, dy, d3}
killggy = {d,, ds, dg, d7}

genppp = {dy, ds}
killggp = {d,, d,, d7}

gengp3z = {dg}
killpgz = {d5}

gengp, = {d;}
killggs = {d;,d,}

2025 F & & ¥ 41 (i RIE (B L))

AT RFH HEAFER




{}
{}

id),d,,d3}
{d17d2yd3}

{&i37d47d5}

i}

genpp| = {d, dy, d3}
killggy = {d,, ds, dg, d7}

genppp = {dy, ds}
killggp = {d,, d,, d7}

gengp3z = {dg}
killpgz = {d5}

gengp, = {d;}
killggs = {d;,d,}

2025 F & & ¥ 41 (i RIE (B L))

AT RFH HEAFER




ENTRY
{}
\ 4
{}
BB1 jl l ; : % §€NBRT = {dlad29d3}
i killgg1 = {dy. ds, dg, d7}
g =lu,| {d17d27d3}
j_ = 1 H 1 {d17d2;d3} genBBz — {d4,d5}
o= s s i b killggy = {d,, d,, d7}
td,d,}ds} genpp3 = {dg}
\%f,ds.da killggz = {d5}
\ 4
T genppy = {d;}
{3 killgpg = {d,, dy}
\ 4
EXIT
2025 A F ¥ (% 732 (R 30 BE) ) T RFHENFER
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ENTRY
{}
v
{}
s Ll e
BB1 dl' j=n genpg1 = {d}, d,, ds}
i killgg = {dy, ds, dg, d7}
z l‘” (d, ,d,,d;}
d,,d»,d
L o genppp = {dy, ds}
J ~ J = {d37d47d5} klllBBZ = {d17d29d7}
td3,dypds} genpp3 = {dg}
d47d5-d6} killBB3 = {d3}
v
2R {d3’d4’d57d6} genpp4 = {d7}
{H3’d5’d6’d7} killBB4 == {dla d4}
v
EXIT
2025 F A& ZF F (ERIE(FILHE)) Ry
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ENTRY
{3
\ 4
{3
2 et S | e
BB1 dl. j=n gengg1 = {d|, dy, ds}
o killggy = {d,, ds, dg, d7}
_lu,l {d17d27d3}
d,,d,,d;}ds,d.,d
= ] bbb, o} gengpy = {dy, ds}
1 ek e killggp = {d,, d,, d7}
td,d,}ds} genpp3 = {dg}
d killggs = 1d;}
\ 4
i idy,d,,ds,dg} gengp, = {d;}
S dd i killggs = {d, dy}
\ 4
EXIT
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ENTRY 0
\ 4
{}
BB1 jl l ; : i gengg1 = {d|, dy, ds}
2 killggy = {d,, ds, d, d;}
lUT {d17d27d3}
i-1e1 |l g = (d,d)
12 e o i killggp = {d,, d,, d7}
bds}de} genpg3 = {dg}
Ldg} killggs = {d5}
\ 4
3 {d3’d4’d57d6} 8€NBB4 = {d7}
S dd i killggs = {d, dy}

EXIT
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BB1

ENTRY
\ 4
s =

vd57d6}

EXIT

{}
{}

{d,,d,,d;}
{d17d2’d37d5’d67d7}

{d37d4?d57d6}

{d3’d4’d57d6}
{d3;d5’d6’d7}

8€NBR1 = {dl’ d27 d3}
killgg1 = {d,, ds, d;, d-}

genppp = {dy, ds}
killggp = {d,, d,, d7}

gengp3 = {dg}
killgps = {ds)

gengps = {d;}
killgpy = {d;, d,)

2025 F & % % A
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BB1

ENTRY
\ 4
s =

vd57d6}

EXIT

{}
{}

{d,,d,,d;}
{d17d2’d37d5’d67d7}

{d37d4?d57d6}

&%¢&¢%¢%}
&%ﬁgﬁkﬁh}
{d37d5’d6’d7}

8€NBR1 = {dl’ d27 d3}
killgg1 = {d,, ds, d;, d-}

genppp = {dy, ds}
killggp = {d,, d,, d7}

gengp3 = {dg}
killgps = {ds)

gengps = {d;}
killgpy = {d;, d,)
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(3% B 28 (236 3E) )
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JAFRIR AT (1)

e 7 A% ik KX (available expression)

* BRX—NEF AN EFRAEATEFLAXE KRB, FEZEEXNRA
— R KRAB G BAE A o T E A BAZ, WARE & —AFT A &R K

* B ESAM, (BFAXRBXORE

& HE: AT ERIEIEFR

106

1 e R PO Bp1t1 =4 %1 |
e o
.. O BE2]li =
A4 /sy v
Balta -4 v 1 | po3[t3 - 4 * 100 I
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JAHRIZTLOMT (2)

SNBSS, X TFRA:
» e_gen;:3&e] s ERMERXNESL
» e _kill: &6 s | F]GEREXNE AL
o FEsXTxBAE, M FX]TAHAAEECER x 8 ERE K
» 2 JB f () = —e_kill)Ue_gen,

EAR B #1535 X S =fSn ot <>fS2 <>fS1

» T UAERTA fu(l) = (I — e_killy) U e_geng

o KT ERLTESMN T & def A= use. 7T 3L TABLSH F &1 kill 7= gen
XLBE LAL=1NnL, BREEFIEFHET A A AN T A

1A (top) : 2% (A 47?)

88

2025 F A& &% H (% RIE(F I IE) ) HERFHHEHNFR



ENTRY
\ 4
<} =
i == qoitor .

3

{x+y,i<n,i+c,x==0}

BB2|* ~ ¢
Ry
{X+y,1 n,i+c,x==0}
R
5 1f RSOGO, (i
PRl BB5[d = x + vy
1 by SN = e
{X+y,1<n,1+c’xz:8} ‘// {X+y,1<n’1+c’xz=
EXIT

B}

e_genggl = {x+y, x==0}
e_killgg) = {}

e_gengpy = {x+Y}
e_killggy = {x+y, x==0}

e_genppa = {x+y, i<n}
e_killgga = {i<n, i+c}

e_gengpy = (x+Y}
e_killggs = {i<n,i+c}

e_genpps = {X*y}
e_killggs = 1}
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UNI P

YEK
@
&,
4118.6

I898%

ENTRY
{}
a=x+y' {3
il == B goto .
{x+y, ¥<n@}+c,x==0}

{x+y,i<n,i+c,x==0}

{x+y,i<n,i+c,x==0}

BB2|" ~ °
R e
{x+y,1 n,i+c,x==0}
R
}/Bmlf R RG] WO
BB4§ ng/ BBS [d = x + y
{x+y,i<n,i+c,x==0} /
EXIT

e_genggl = {x+y, x==0}
e_killggy = {}

e_genggy = {x+y}
e_killBBz = {x+y, x==0}

e_gengpa = {x+y, i<n}
e_killgga = {i<n, i+c}

e_gengps = {x+y}
e_killBB4 = {d<nisrch

e_gengps = {x+y}
e killppe =8l
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UNI P

YEK
@
&,
4118.6

I898%

ENTRY
{}
e {3
4l if x == 0 goto .
{x+y,x==0}

{x+y,i<n,i+c,x==0}

{x+y,i<n,i+c,x==0}

e 7
R
TN e
}/mif R RG] WO
BB4§ X+Z/ BB5 |d = x + y
{x+y,i<n,i+c,x==0} /
EXIT

e_genggl = {x+y, x==0}
e_killggy = {}

e_genggy = {x+y}
e_killBBz = {x+y, x==0}

e_gengpa = {x+y, i<n}
e_killgga = {i<n, i+c}

e_gengps = {x+y}
e_killBB4 = {d<nisrch

e_gengps = {x+y}
e killppe =8l
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UNI P

YEK
@
&,
4118.6

I898%

ENTRY
{}
e {3
4l if x == 8 goto

] 4] {X+y,x==@}
1X+y,x==0}
=7
=1 G v y \iziiziﬁ‘

TN e

{x+y}

{x+y,i<n}i+c,x==0}

X

BB2 |,
BB4 |°© y
1 e (©

BB5
{x+y,i<n,i+c,x==0}

/if 10755 A (o o
X /

d =

Xia ke,

{x+y,i<n,i+c,x==0}

L

EXIT

e_genggl = {x+y, x==0}
e_killggy = {}

e_genggy = {x+y}
e_killBBz = {x+y, x==0}

e_gengpa = {x+y, i<n}
e_killgga = {i<n, i+c}

e_gengps = {x+y}
e_killBB4 = {d<nisrch

e_gengps = {x+y}
e killppe =8l

e
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BB4

UNI P

PEK7
@
&,
4118.6

I189%

ENTRY
{}
e {3
il == qoitor .
{x+y,x==0}
% 1x+y,x==0}
3 2
ol
T {x+y}
4 L1 I la o o Pl oS
/ \ {X+y’i<n}
{}wzn}
(i’ e Z BBS [d = x + y
{x+y}i<n,i+c,x==0} {x+y,i<n,i+c,x==0}
y

L

EXIT

e_genggl = {x+y, x==0}
e_killggy = {}

e_genggy = {x+y}
e_killggy = {x+y, x==0}

e_gengpa = {x+y, i<n}
e_killgga = {i<n, i+c}

e_gengps = {x+y}
e_killggs = {i<n,i+c}

e_gengps = {x+y}
e killppe =8l
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BB4

UNI P

P EK s
@
&,

4118$

I189%

ENTRY
{}
R = {3
4l @SS goibor ..
{x+y,x==0}
: 1X+y,x==0}
R
Q‘
e {x+y}
4 11 e e o R o s
‘/////,/f”’—— \\‘ {X+y,i<n}
Ef;y4fi;}
g e Z BB5|d = x +y
{x+y} {x+y,i<n,i+c,x==0}

L

EXIT

e_genggl = {x+y, x==0}
e_killggr = { }

e_genpggy = {x+y}
e_killggy = {x+y, x==0}

e_genppy = {x+y, i<n}
e_killgga = {i<n, i+c}

e_genpps = {x+y}
e_killggs = {i<n,i+c}

e_genggs = {x+y}
e killppe =8l
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BB4

UNI P

P EK s
@
&,

4118$

I189%

ENTRY
{}
R = {
il EE==0F gotor ..
{x+y,x==0}
: 1X+y,x==0}
Bpal| T = :
Q‘
e {x+y}
4 11 e e o R o s
/ N
{}y,{zn} {x+y,i<n}
g e Z BB5|d = x +y
{x+y} {x+y,i<n}i+c,x==0}

L

EXIT

e_genggl = {x+y, x==0}
e_killggr = { }

e_genpggy = {x+y}
e_killggy = {x+y, x==0}

e_genppy = {x+y, i<n}
e_killgga = {i<n, i+c}

e_genpps = {x+y}
e_killggs = {i<n,i+c}

e_genggs = {x+y}
e killppe =8l
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BB4

BB1

ENTRY
{}
T {3
o} =
if x == 8 goto

] ... {X+y’X==@}
]me}
= Z
=1 G v y {X+y}

X
BB2 5
e
4 11 e e o R o s
‘/////,/f”’—— \\‘ {X+y,i<n}
{}y,{zn} {x+y,i<n}
0o BB5|d = x + v
i F e
{x+y} / {x+y,i<n}
{x+y}
EXIT

UNI P

P EK s
@
&,

4118$

I189%

e_genggl = {x+y, x==0}
e_killggr = { }

e_genpggy = {x+y}
e_killggy = {x+y, x==0}

e_genppy = {x+y, i<n}
e_killgga = {i<n, i+c}

e_genpps = {x+y}
e_killggs = {i<n,i+c}

e_genggs = {x+y}
e killppe =8l
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NG BRI T

MAEALFF SN & B /A BB PR B AR 6 5 6% R T

®
N
&

3% TENES AR & A FBERXHEE
1A kg A
(O — defp) U usep (I — killp) U geng (I —e_killy) U e_geng
IN[EXIT] = @ OUT[ENTRY] = @ OUTI[ENTRY] = &
oLz g U U N

\ OUT[B] = |} s.sucegyINLS]|  IN[B] = U P.pred(B) OUT[P]| IN[B] =) P pred(B) OUT|P]
IN[B] = fy(OUT[B])  OUT(B] = f,(IN[B]) OUTI[B] = f3(IN[B])
IN[B] = @ OUT[B] = & OUT[B] = 4%

© HMABANSHELEL SN 0.3 T EAAME. A, I8
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lei PNz
o MRAMAE E B A%

® AEABEMA
b BEALTRAASS. BARDER. KBS R

© IILAL
< BARRAMLAE E B Ak
@ ;zkﬁl( ;IL}% \/\}lﬁb 57\ #ﬁ—
o TREMAE.FKXKTE. THERXIGEARAE X

© BV TR
o #UMPEIMLAL. T BRERLTF
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A o)

® %ﬁé}%i%%%z‘éf’%’%%f—;ht%?ﬁ]é@ﬁtﬂc%z% (4= -01, -02, -03), EA
AT NE Z 47 2 FRAE B R A RS E & A& 5 7

o MRAMMA B F E AN G A AL 8 AT B [8] £ K /> 2 8] 3
. BT AT &% IS EXAT A

®© At B mAE K B & A A7 A & 4% 1% U B 1% A0
a] F KB AR R BE? & S A R 2 B SE B A R?

© AT ATEFRMAINT TRAARTFHREALANEE? IR T R
. BIH I, RITRE A B A A R R BE?

o ANLAFRMAA, £F % @ EALEEF 3 A AL H e AT
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