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Abstract: A technology of binding time analysis for implementing partial evaluation of object-oriented
programming languages is proposed in this paper. By tracing context-sensitivity of reference variables and pointer
variables, the new approach can deal with elements of partly static data structure, such as attributes of each object
and elements of each array. The new approach uses a two-level BTA environment to hold BTA states for static
variables and local variables. The objects created at different program points are represented by a kind of specific
handle. The BTA state of a reference variable is represented by a set of such handles. The algorithm of a forward
analysis and backward analysis are presented. They are used to annotate source program, with BTA environment to
trace binding time of various kind of variables including identifier of array, object and reference. The binding time
analysis has been implemented for Java. It is able to analyse most single thread Java programs and support partial
evaluation for Java with higher performance.
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BTA 335 R R IZ A% & FP B & 2T A0 5| A R 0902 0T M ZH AR 2 A F E I Java 42 5 69 95 2 0 19 47,
BEB A BOOSAT K % BB RARE Java 25,0 F I G M AL Java 25 34 RAERE T L 200 F K.

KEIR: SRR BT AT 3 R AL & @) 2 S AR F iR E S Java B

HREGESES: TP311 SCHERARIRED: A

41 52 B W) 4347 (binding time analysis)fF 4 —Fi AR 7 # A W B AR, 400 Bl T8 5 W vE 5 36 4 Sk { (partial
evaluation) 1) 75 20 ST TE bR B0 R 55 A0 2 BYAE 55 10358 40 SRAE H2 A v RS 18 00 45 5 I8 18] 20 B S 28 i 2 v 72
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Table 1 Case on binding time analysis

=1 G b i) S 6

1. void fun (int x, int y) void fun (int x°,int y")

2. { {

3. MyObj o; MZ\)/Obj o,

4. o=new MyObj( ); 0’P=Pnew’” MyObj( );
5. 0.a=x; o.aSD=SDxS;

6. while (x>10)  { while® (x*>510%)  {

7. 0.a=o0.a+tx; 0.a’=Lo.aP+Px 2

8. o.a=0.a*y; 0.a°=Po.a"*")P;

9. x=x-2; P52

10. i i

s )
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SD [R138 3 5% F P AS B B I o 55030 2 06 1) DR b, 223 350 90 SR AR F2 3 v PR T8 B 138 ) e A e ol — AL 38

75 BTA 4387 o1 06 T 7ERR 5 A [ 47 25 h B ) A% i, 75 B2 RS e AT vh i 248 1 5 | RBRAELI 5, 23 ) 8R4 T b
BB a FEEE 4~6 17,20 B AR E R SD,S F1 D.[A I, BTA 43 B H 0 20 BR 548 S 1) | R SCRIUEME A AT fig
i ff b K 38 3 SR AR Y

T C W S RV S IR R G M 5 A A R S M AR BTA 40 a1 e R s % 45 1 b 7 7 v 14
WS T SR 4y S T SCRBUBE 3 A 6 T I8 T () 45 4 1R BT A AR S R AR AN S5 4 43 i 7R BTA 20 B b i HE—
1) BTA Fryd. HE5, A6 [FAE 0 05 2 8 F T 10 )0 BB & 6 T 3EAN R0 DA 0 R RS B A8 1, 7F BTA
I3 M A T B M BTA Arid A8 S0 il peax A il 4R 758 1R 5 k.

2 ERMRIETH LT BTA 94

N TSP GRS B3 AR (1 LR SCREUBAE BTA 73 B, A SCHRAE T 17 X B3 35 v 6 B (14 T vk, 45 5 BTA 7
AT B0 R A R 2
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2 YW T BTA 23 A oy 414t (0 485 SR AR 0 2 T2 3 1 3 4140 1 45 R, 2 0 0 R s U ) ) A2 B e b
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Table 2 Results of two parse phases in binding time analysis

F 2 BTA M P #4528

1. void ~ fun (int x°,int y°) void fun (int x°,int y")
2 {

B. MyObj o; MyObj 0°?;

4. 0'=%new MyObj( ); 0P="new’” MyObj( );
5. 0.a="x"; o.aSD=SDxS;

6. while® (x*>%3%)  { while® (x*>°10%)  {
7. 0.a=0.a +DxS; o.a ="0.a+ xS;

8. 0.a="0.a"*"y", 0.a"="0.a"*"y";

9. =S558, XSS 555,

10. } }

1|y )

SR 7 T SR (AN T 1) T 8 BTACR A 105/ b 7L 2858 1 R34 b 3 T A5 B 10 BTA R A
S TR BTA KRV P o ,SUDD D%t T 31 F S48 sl 1 A5 e, T DI 45 3 AT 10 L
FORTEUR /N ESE T SE AE S B ST SR JOR B AR X G BTARZS B A7 A5 I AT DR XS 52k 7 2
BT 1) BTA {3 A3 S5 4104 5.
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75 BTA 73 AT A SR 2 414 ) 75 208 C4 00 € 1) BTA IR SUS o BTA RvE 0175 v 51 1 AN Bir B s
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R i A AL B A B AZFRIE K SD; K Ut WS e v 3 28508 534 T 18 70 SR AR, 1 G A 5 23 sty BLAE
T PR R PR B A AT

3 XWMEE

AFTUAK 3 sl Java 155 TN, A G0 IS T8 70 1) FESEM AL Z T RO R TH . X%k
Mo — 4 BRI BN PRERE DR B E A SR TH 0 N SOE B I EEA TR,

BTA #5704 AN 4%, il R IE R M 5% W INER A, B E R H%GE 18
FARE) AR A S 1) 43 AT VR BB 2 49 4). 26 4 i) T Rk 70 4 0% 7 45 € 18 BTA #1385 v R ok G KE
3 BTA RS T RIA X b A A & 5 HOIE AT bR BTA RAS State (I A PIRME O T &
H [ BTA R4 Bta LUK T 51 R B AN ES . H T Java B2 77 5 S35 R A sl A8 AL i, R T )P
R EAR BAE A IZ RIS S 1) BTA {5 B, AT 57 T 51 1A & 550k e 22 T ) SR K.

Table 3 Subset of Java language
Fz3 Javalrm T

Syntax domain:
stmteStmt  statement
expreExpr expression
Idelden identifier
conste Const constant
Abstract syntax:
stmt=»Id=expr;

stmt=>1d,;=New Id,[expr]; array (including object array)
stmt=>1d,;=New Idy(exprj,...,expr,); object construction
stmt=>1d;.Id,=expr; object’s member
stmt=>Id[expr]=expr;

stmt=>Id(expry,...,eXpr,); method invocation for this class
stmt=>Id,.Id,(expry,...,expr,); method invocation

stmt=>If (expr) stmt; Else stmt, condition statement

stmt=>» While (expr) stmt loop statement

stmt=>» {stmt,...stmt, } compound statement

stmt=> Type Id; declaration statement
expr=>const constant

expr=>Id

expr=21d,.I1d, object’s member

expr=>Id [expr] element of array

expr=2UnOp expr unary operation (including cast)
expr=expr; BinOp expr, binary operation

expr=>(expr)

TEREAT BTA 43 BT 2 T, 75 B4 58 AN J7 12 1 SRS 2t agh 2 1 8 BRAN 7 VR I i N 2 0R i 1 2 40 BTA
R T XS E S A TVE NS BTS2 S 50 8 DL R VR R 51 2SR ORI A R R AR
HH 2 0000 5 A (L 1D 28 RS R 5 A i 4 7 o

FEIX PP G 770 BTA 43 #7700l RR 3 AT 1A ek R, R B AN O vk R R 1 SR AR =X i e R A A ik
16 R FH IR 25 30 23 SRR X 33 28 0 B AN U7 32 7 M — R SRELASE 5. ) I, D A X G 0 45 4 A i BTA 15 B R4
M ALTEE M) BTA RA XA G 206 BTA 4387 805 0] LR eR 808 5 10 BTA S Hr B, BRT i e, A SOA
BTN A,

25 VLT T HS 1 am A b T A 1 2 AT SRR SR AR R S 4 HEE A HE SN 43 b i e S 4EY BTA B
P AR E K BTA A iR £ 8 A0 BTA RS, 7 B oy RIE BTA bevEE it BTA 55,

© HHEREBAAIGUT http:/ www. jos. org. cn



WE EmE T ZAL A RITE S ST ] AT AR 419

Table 4 Annotation for an expression in binding time analysis
&z 4 BTA pHrh &IE A BTA it oR{H

Representation for value:

State=Bta+Iden” BTA state

bteBta BTA annotation
bt::=S|D|SD

Key=>Iden+Iden.Iden+Iden[Expr]

veEnv=Key=>State BTA environment

BTA evaluation rules for expression:
EB [Expr] Env>Bta

EB [const] v =S
EB [Id] v =v [Id] variable
EB [Id,.Id,] v =v [1d,.Id;] object’s member
EB [Id [expr]] v =v [Id[expr]] element of array
EB [UnOp expr] v =EB [expr] v
EB [expr; BinOp expr,] v =EB [expr;] VUEB[expr,] v
EB [(expr)] v =EB [expr] v

Comment:
Initialization:
The initial value of v is a two-level BTA environment for the current method
Function:

bt;Ubt, evaluation of the least-upper boundary of the two BTA states

Table 5 Forward analysis algorithm for a statement in binding time analysis

*= 5 BTA HHTHIEA)IE W 2 Mk

Representation of value:
ineEnv Premise BTA environment for analyzing the current statement
oute Env Post BTA environment for analyzing the current statement
Forward analysis rules for statement:
SFB [Stmt] Env>Env
SFB [Id=expr;] in=in++(id>bt)
where bt=EB[expr]in
SFB [Id,;=New Id, [expr];] in=in++(id; > bt)
where bt=in[New.where]
SFB [Id,=New Id, (ey,...,e,);] in=out.getOutEnv(Id, Id,)
where out=in++(id;>in[New.where])
SFB [Id;.Idy=expr;] in=in++(Id;.Id,>bt)
where bt=EB [expr] in
SFB [Id [expr]=expr,;] in=in++(Id[expr]>bt)
where bt=EB[expr,] inUEB [expr;] in

SFB [Id(ey,...,e,);] in=in.getOutEnv(this,Id)

SFB [Id,.Idy(ey,...,e,);] in=in.getOutEnv(Id,,Id,)

SFB [If (expr) stmt; Else stmt,] in=

if bt==S then out else out.setDyn(stmt;, stmt,)
where bt=EB [expr] in
out=SFB[stmt,] inUSFB[stmt,] in
SFB [While (expr) stmt] in=
if bt==S then out, else out, setDyn(stmt)
where bt=EB[expr] out,;
in;=in
out=SFB [stmt] in; fori=1,...,n and in,=out,
SFB [{s;...s,}] in=out,
where out=SFB [s;] out;_; fori=1,...,n
outy=in
SFB [Type Id;] in=in++({Id->null)
Comment

Initialization: the initial value of in is a two-level BTA environment for the current method with
each parameter’s BTA state, which is set in BTA analysis for method.

Auxiliary function: in++(id->bt) to update BTA environment by assigning id’s BTA state with bt.
env.getOutEnv(class,method) to get the post BTA environment for the method class.method.env.SetDyn
(stmt) to assign dynamic BTA states of the variables those are assigned in the statement stmt.bt;Ubt,
evaluation of the least-upper boundary of the two BTA states.in;Uin, union of the two BTA states.

Attribute: New.where to representation the position of the statement in program’s text.
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0B A IE ) 23 87 550025 o % P AL V8 10 19 AL B o S 2SRk vH SR 5 A ik XK BTA RS, 2R 5 TE 7 BTA
IRBE ARG S 20 A8 5 L B2 0 2 B 5 53 ) BTA IR Z o6 X0 5 30 728 42 i AU ZE X % 5 1 BTA Wi
BLIEBTA JRZHEh DA W E T 448 5 AR, IR AE T AH BV 5 5 BTA RAS LA B G 53 FI 44 TG % 1 BTA
ARA AEA N 2238 3120 B v, 7T LU BTA R85 b 423545 S AT BTA R4

G 7 VR R R A R AR BE V28 4 510 BTA 43T o 58 3 HL 7 SR L 7 V840 2 800 BTA RASKEH 4
AT BTA FREE. 4 1HTE AU 0 AL EE 2 5 FI T 46 F 38 UK BTA IR R G LE M PIAN 9 3038 A) 2 5, BT BTA
BRI 5 9F 78 BTA MG 300 58 o, 75 2 X AN R BTA WA E e R R & FRIERK
[ BTA R A 348, W75 20K o SO A g B TG R R 10 BTA IRA R E 3l ARG 80U (0 A 2 2
TR BT A3 2 AR B BTA R TR R AT P AT sk A8 4k B, 2% 1 WP 7 AT S i B &
o.a TERIRAIHT R bR A A (AR ARS8 8 AT BAs A 3 75 R ST AR A B 4 B v 5 | BRI S 4 A 4y Bl X
TR Z SR BTA 4047 I S AL BRAGHRE 1), H 4 BTA FREE X S675 5 1) BTA RSN TR 428404 11

TEWE R 1) 40 BT T 75 B4 RS TR P AT A e 1 U 388 A6 43 #1526 1 1) TR 8 4 TR R e S RN S TR
(i BTA RS, M Ik 8 T ) PR b v ARk 4% e 1) BTA IR 28 20 B 37 AR 55 U 19 BTA IR 2. [7) I o 4506
B U 1) 1) BTA IR BR T4 I, AR SO PR A 4R SR I P4l 0 3R,

BTA 43§ o ) 0 ) 43 A7 B8 ) | 10) 43 17 43 R IR R 3 3047 — i 4148, U 85 8 3 BV AR AR (1) 1B R)IEE
B FAHE;(2) $HITE A 4 B p BTA S858 (1 & 9018 500 3 S iER 45 AN n OE L, JE 38 E BB TR &
BB m RS HIE A AN B kARG IR TG U (10 A 3 n] 8 75 2 I B A AT I R AR B 8 2 B0 O T IR TN
UEUINT 3 kBRI, AT LA K 7 S A ity A AR5 450 18 6] I 1) 40 T (R oE BB R 2 R O(ntm* k) R 11T, B84 BTA 3Bt
IR E TR T X 507 BTA 40 B 6 T H A S 2% )3 U7 V8 F B FR 7, J5 % BTA 0 h 35 22 R E R
PRFRE P SO A RS A 52 BT 2807 ¥ 1A SRAE B 5 18 1) 1 1) 43 T 00 1 5 o AR 8 A 3o 01 D7 V2R I s 20770 BTA
Sy M A ).

4 Java iBES B BTA &4

TACLLIT A Java i FWMGEEN W2 R R RGBT 2L 7H LB RELISM T
17 Java FEIF SR QI 1 FT7R, R GEE Jeilad — ML P AL P K Java REIPASH ) — A Java TAEMIRINTE)Y,
AR R Oy WA 3R T R A 0 SR A R, R GER X 807 % BTA Z3 M e e e R P 2B 4T 17 7%
B, BRI IR T — A SRAEBCHIE TS EON s 240 BTA PRS2 1M RATE ) 1E 17 23 AT LR,
I AN T3 E AT BTA A5 R ) BTA RS, V5 AR 7 25 8 20 (K BTA IR 2 Bt B i 1
1) BT 3 AT FE IR 93 A AN TR I E 3,58 O A AR BEANE SR ARVE, ZE T B BTA BRVEHT Java F2F7.

| Program transformation |<—< Java source C

Java subset source }| BTA for methods |< Requirement for PE
Forward BTA analysis > PE pattern for methods
Java program with Java program yvith BTA
BTA state >| Backward BTA analysis |—> annotation

Fig.1 Binding time analysis system for Java
1 Java iEF I BTA R4
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