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Abstract

Alias is a set of variables and expressions which possibly refer to the same location during execution.
We had proposed an alias analysis method for object-oriented programs, which takes reusability and
modularity of its results into account, and we had implemented this method as JivAalias analysis
libraries. In this paper, we implement a prototype tool for analyzing aliases for Javaprograms as an
user-interface to those libraries. which focuses on visualizing analysis results, too. We apply this tool

to program debugging, and discuss its effectiveness.
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1 FzaLE

IAYTFTR (Alias) &%, 3IBOBREL - BREK -
RA VB RN UEESRARETELS, BINFRRERS
MBRAILAETVEE (72 M) 2T mEtoH B8
BRIUCROES (LR, BizTa )7 X%ES (Alias Set)
EBET) THY, ZIZTiE, F—#INFTHEC AT Y SR
EHRITER -XbA VT REAREDD. IusJ 0%
BATLA VT RERGRHEEIETIA) 7 ABFT (Alias
Analysis) 1, ®A VB, BREFEFOSEMNILL
FIRASNTWAEE, FALICHT2KGFBERNT (7o
T3 LXZA4RX (Prgram Slice) [13])), 24 S K&
TR ZEDTERVWLDTH .

¥, BEOFulS ABRREICRBVT, ChEnE
BeEMEFELT TR, Java(6), C++2] % Vb s 4~
V7 MEMSHEOFMANEE-oTWA., F0HEHEL LT
X, A7V MRRETFAREED, IERASM, #igik,
A T'ME, BV 2—AME, BFIAY, BB ENETS
o A7V MEREREICIE, REROFHXREER
IR0 IR, B, BIERE, RVEA T XD EHL
WEEEREAINTEY, ThoiZx$5x A U7 REH
DBERLRENTVS [15]. Bx OFEIN—FThH, iR
FREROBFRAYE, TV a—AMERB-T A ) 7 @
FHEOREEITV, Java =4 YT RIS A TSV L L
TEDOFELERBR L. [14].

AR DX Sz A U T AT OO NNy 7 B
ELTORAREL, MITEREZOLDE 2 —FIRRT
BILEREZERINTHRWY., LIhL7ul I 6Ty, 7
77 AEBIIBNTRE, AV T XEFOREILLEER
THHLEZTEY, FIBBERIIEIDA VT AN4E
BENBJava Tik, TOMTRERPB2—F DA a5 A
BRSOV & R0\,

AR TIE, Java A U T A S54 75 Y ~D2—
YA B T2—2L LT, Java =4 UV 7T AT —NVER
fEL, BEART Ny /el AN TEOEMELEET 3.

CARE, 2. Tid=A U 7 AT OWTRRAT L, 3. TiIhr
RIN—TBREBE U A Y7 AT FiE L BB HAT
5. 4. THEIRELEJava =1 V) 7 AT Y — L ORE
LHERIZHOWTERS, 5. TEDOY—AOERBIFBVTH
PEERIET 5. 6. TELDHESBRDOBBEIZHOVTRRS,

2 AT/ MMERMTOTITLIZET
5T A1) 7 REEIF

2.1 I A YT R

TA YT AEWTIE, KRELKFS T4 7 X8 (Flow-
Sensitive Alias Analysis (LABE, FS#RATLBES), FIT A
Y7 X8I (Flow-Insensitive Alias Analysis) (LAM, FI
FRATLBET) D2 OB BZ LN TE B,

I nf ormation, and Conmuni cation Engi neers

FS =A U7 Zf#HT (10, 16] &1, a2y T AXDEST
JEZEZER L= A U 7 R FiEEZV, BFETA V7R
;A (Reaching Alias Set) 2FATS. K 1(a) XK ¢
CKEM#E) O FS=A Y72 (HHE) %, K 1(b)i
FOHBIZCHNEBED S VT RESETRT.

Flx=A U7 AT (1, 12) 1%, 7075 LXDOEFTIE
EEELR2VA YT AR FEEZN, A VT R (%
72i, Point-to) ZZ 7 &#FIHATA. K 1(a) IZEHK c (@
HE) OFI=A YT X (W@#E) %, K1(c)itx=AU7T
RATT T RRT.

FSHATIZT 0 75 AXDOERTIREZER L T 5728, FI
FRAT L LER LRSI R, THHARZLEL T8, @
WOBEIIE. AFERTIIFSMITICERT S, B
DFFM72 BT [11] TRENR TV B,

2.2 ATz V MERTATSLIZBTR T A
1) 7 X BT

BEFEOF 7= MERT 0 /S AMIBIT B, YT R
T FERR, BRI TV AFREMEED AT
AR FEE ATV MERISBIIER L b0 E 2o
TWaER, EoilETaMEE, FOoRAFIEIZONT
ERT5.

B HEROBF A

BETA YT RAES RAGS) X, XsBEENEZFurS
LAEEOBITIZL VEHINE O TH B0, ot
DEREINT=& &, RA(Gs) ¥ BHE LRThIER G2V
EMELFETSD. Zhig, =4 VT ABIREREDE  a—
A, BRI TW W Z LRt A7 9=
7 MR e 7T AT, MkHEEER Y, S8 ERHFNEF
AEEZER L bDLRoTWAEYD, BRENEZIFTZD
FIAHERRED T ST A EEELRY. £, 75
ARER D EALICHFET B 7 T R3BHE, AV v FARIEE
NTVEED—EEBINDIEEBINDZ iR,
EDEYD, BERERDI TRARA Y v FENTOEY 2—
iz, BIEa X POBIRICAS THE EEZ LN S.
R—V 5 ADRBEZA R ABMEORY &L

A7V MRS Z AT, B34 7022 ¢
FToRE (BH) LEEN (AY v R) IIMSIThr-
B, B2 OFITIX {x5, Aus}, {ys, Aus}id=a U7 R
LERADH, A—I7RADA VAFVAREONEIER Y
FETD (BEWICIE, {xs ys, Aus} BoA U7 XL
RB) ZEIIEENETICORNE, 20D, AV RH
class A {

Integer s:

R

.= 80

B2 A7 MR 7T A (Java)
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X (s) EmT 1 ) 7 A%EA (RA(s))
1: Integer a, b, c; 1 p;
:2: B = mew Integerl( 1.)); 2 )
3: b = new Integer(2); 3 {(2, a), (2, new Integer)}
41 ¢ =b; ) 4 {(2, a), (2, new Integer)}, {(3, b), (3, new Integer)}
5: System.out.println( ¢ ); 5 {(2, a), (2, new Integer)}, {(4, ), (3, b), (3, new Integer)}
6:[c] = [a} . 6 W
7: System.out.printIn(El); 7 {(6. c), (2, a), (2, new Integer)}, {(3, b), (3, new Integer)}

(a) 7l F L

(b) Bz A V) 7 2B

()ZAVTRI5 7

X 1: FSx—A UT REYT & FI =4 U7 R

VAT LT TARNEOA VT AEREFLEBZFEN
EZ2 N30, BMIZA VA ADEET=A4 VT R E
BEARTDELERREM2 R N2 EST S, £#2C, G
T4 YT ABRERDOZOIZHTS.

o RNEIT A 7 ABAMK (Inner Alias Relation)
NEPLDOEBEZITRNVDLO (FHx, AV YR,
I ANTHL =AY 7 2AEHK)

o NI 47 ABAK (Outer Alias Relation)
AEPLDOEBEZTIHD ([ AF L ABMBDT
A VT ABFERA S RE VA EERLSA YT R
BI£R)

D LT, NE=A V7 ABEROZAETL > THHTL, S5
TA YT RABERIZITA U T AFHARCEREH T D FES
Zzbhb.

3 AFGIZ&kdIAY)T7RABWFE

Boid, BIZBRR7-FBRITaX NOBM, =1 V7 A%
FRERDE  2—N{t, RB=A VT RABEORILDOD
D, =AY TFTRT7a—757 (AFG) #%EHE, AFG Ik
BIA YT AFHEFELRBEL TS, [14]

IAVT7ATIB—Y37T (Alias Flow Graph, AFG) i3,
FS=A V7 AEMRE /S5 7 TRBRLEZLDOTHY, FS=
AVTAQOHER 7 7 OB ERBICBE®RRD. 7T A,
AV y FEWTRETA VT RERICL A U7 AT
2TV, 75 R AFG, AV v FAFG ¥ ENEFIBET 5.
Z#AFG MBI LT a—LE LTHEL, ints72
TR, AV FREFENRVRIRETHY, “RERE
~OZREB LI REOBRANRAETHD. AFG NP4
Y7 ABBROREFLTEY, A=A Y 7 RAEFKIT=—
FNOOERNBH o= & FBRBTT 5.

BT, BFECOWTHRIZERD. FMICOWTIE[14]
EBRINTZV.

3.1 IAY7ARI70—4957 (AFG) #EE

ZZTit, AFG OBBRERTH D AFGHA, AFG®
DEBRBIUFOHHEFEIZSWTERS,

AFG iR

AFG iR (AFG Node) 1%, X¢AT7 V=7 b~DB
BOMTHS., ATV b~AOBREE, A1V RAF R
ERK, BREK, FA U FEH L rEESRIXOWT
iy, R LEA#ESEXL, CRCH+ERA %
PETAEB/BTHWS. ¥z, ITH0EREZRHFICAFG
BMEA A (AFG Normal Node) EFES.

FREOFEHALRVWE—7 075 AZBWTiX, AFG
BEEHADOHLANDZ L TAFG #BETHENTE 5.
UL, 7V MEMZT BT ATRAY Y R, 4~
RAEVABMREETDEED, Zhod2 ALtz VTR
OZFELEZRLRZTNIERLRW. F07). K1
2T BAFG %R (AFG Special Node) Z#HT-12:8M
5.

AFG i

AFG il (AFG Edge) 1%, 2o0 AFG i i, R—
EHBR, RAX, 5I1KoSIcEpEEO= A Y 7 2H
RERT. =AUV 7 ABEREHIIRMBEBRTH 52D ER
WTHERAMETIEDAIN, =4 V7 XBEROEBEY
FTTHDIARLTERELTWS. BED AFG 0 THRE
ENEBIT, 28AEO HEBKRIZRY SID) MEO=
A V7 ABFRERT. AFG WIXBFEZA Y T RESEF|
AL ThiHEh 3.

A VRRVABYE, A VAR VAAVYY ROER
F7Vx2 MERAIT S5 AT, abcRde() 228,
A VABVABHERA VAZURRAY v RERB LA TN
IERo20 D, fVREVR L FORBE (AYYR) %
ZTAFG HiABCHFREAREERL TS, K4IZFD

Bl (BROFML) 27T, ZOBRIITA Y 7 RFER
CHIAERS.

AFG Ok

AFG 13, HIHE N7 AFG HABLWAFG &AW,
AV R, J7RBAITHEEIND. XYy NERITL
BEINDZAYVY FAFG (Method AFG) 1X, AV v K
NEBENTEITFTADY 5 XAFG (Class AFG) IZBT
5. K4, M52 72X AFGE#RLTEY, £V v NAFG
EREALTWEDRNE.
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& 1 FEEI A

R

BE

Actual-Ahas-in (AA-in)
Formal-Alias-in (FA-in)
Actual-Alias-out (AA-out)
Formal-Alias-out (FA-out)
Method-Alias-out (MA-out)
Method

Instance-Alias-in (IA-in)
Instance-Alias-out (IA-out)

Ex A V7 A8 &K (FIKIZEY, XYy RCEERBTA VT R)

ReA Y7 2513 (R3I1%ICLY, 2y RiCEEhAZA YT R)

Ex A Y7 RBI% (E3¥IZEY, AV y FECHLTICEIRZ A )T X)

RxA U7 R518 RSIEICEY, AV y FREGCH L et B A Y 7T X)
RoxAUT7TRE (BVEICLY, AYy FREVHLTIZEESRE A U T X)

AV FEERHL (XY v FORVMEIZEY, AYy FROBELTIREENLEZA Y TR,

AA-in (out) EROHEHR)

A YT AR (BEICEY, 2Yy FRIZEZNDZZA YT X)
TAYTARYE (BHEIZLY, AV Yy FAMIEShDZZA YT R)

3.2 AFGIZ&k3ITH4UT7AFHEFZE

H &t

AFGIZ X A=A U T AHE X, AFG DY 7 7HERE
WBXBZOND., TOHEIILUTOFEHIHES

1. BEHEEHEHADT A Y T ALEHTHES, T
FORBMROTA VT AFHAMERRREIES (Th
&Y, = VT AT RBFEEA v R E SRR
BEhd)

2. MA-out ®° FA-in (out) SRz ¥, AV >y FNEzEER
=AY T ABEROEHOBIZIE, RUHLE (W
HLID) AYy FERZKL, 5T 5 Method Him<
AA-in (out) EiAMND AFGI%(ES

A7z baVTHEXEL

TAYTREEPEETZIA TSz baVYTHERL
(Object Context) &i%, P BFHim& LTHD Method Hi
RPLHEMENS, PAEHD L IRSEMICRETHT
FREHDH DAY v RESEZHE L, Object-Context(P) &
&7

HERCHIND A Y v FEid, Method BiAiZHind
Ay RERT (PHroEHINIBNERY 7RIk
D%E, MGTH2AY Yy FEEBIIRDAEERH D) .
FERICFECHEND A Yy REEX, BEERUHEND A
Yy RBNHCTHRECHTEEOH ZE—A 2 RF AD
AV FEET.

ITA Y7 AHEH

TAYVTRAFEOHE LT, H3DBSBEHK « (K@
HE) oA ) 7 AOMEFENERA2RASTS.

1. BREEK cITHET D AFG Bimsb AFGEE
Y, Method &/ result() (CEIZET 5.

2. Method & result() ILBRER b 2RO, HER
bDxA YT REREITY, Method RO AU T
2AHBEICEETHAN A RE U RERBET S,

(a) BIEbDOZAVTABRFHETS (K4).
(b) BIZFET DAV RZ L AERANLHR D O
& XEHES B [Cale 7 T R,

public class Calc {
Integer i
public Calc() {
i = new Integer(0);

public void inc() {

i = new Integer class Test {
(i.intValue() + 1); Calc a, b;
} Integer c;
public void add(int c) { Test() {
i = new Integer a = new Calc();
(-3:.intValue() + c); = new Calc();
} a.inc();
public Integer result() { b.add(1);
return(j); & = b.result();
} }
} }

B 3: 3 c = bresult() D c iZTH=A U T R (REHER)

(c) Object-Context(B) % & ® 3 % [{Calc::Calc(),
Calc::add(int ¢), Cale:result()}].

3. BIRbIXCalc 7 7RADA VRF UV A~DBRTH D
Z EM6, Calciresult() @ MA-out HiRAH AFG 2
YD (W5) .

(a) AFGZ% 7=V, IA-in[i] ICBIET 5.

(b)) BE i DA YT RACEBEEZRI DAY Y
K, 3735 Object-Context(this) = Object-
Context(B) @ [A-out[i] Him2 6 AFG B & E
% (Calc::Cale(), Cale::add() b FIER) .

K 3k, c oA U7 R (EHEHE) B XV Object-
Context(B) ( FHRE) MBR X TWw 53, Object-
Context(B) IZ& £V Caletine() I A U 7 RFHE*t
ENLBRAZINTWBORS05.

4 JavaI A )T RAEIFY—IL

AEHTIE, AFGILBA Y TRABFTFEELER L
Java =4 U T AP — T DWW THRBAT A,

NI | -El ectronic Library Service



Institute of Electronics, Infornmation, and Conmunication Engi neers

Class Test
\Cald\a (‘ak,b mteqs-rr,

}Test()

?b@s u}

!
l
1
L (a nc(): Biadd(1); ]
J

~(iA-out(c] ) -

S|

, il wouter:

X 4: H3 DX c=bresult() Dbi E@'?‘E)I’l' U722 (¥
HE)

pubtic C ss Calc

E - public integer result() - W[
g 7 talue() + c);

A,
mlgrnm
- WAL

5: 3 D3 ¢ = b.result() ® b.result() I+ 21 Y
7R (REHED)

4.1 HERR

V=N OBEER 6 IR, Y — VITHTER (Java =
AVT R SATTY) ba—HFArF7T7=—RF (L
Be, UIEREEET) THRRINTERY, AT U115
DERIJSCT=A U T RAHFEEIT2, EOFRERT
BIZET. UIEid —FOERIZS C TSI U T
AHAEEEKEL, TORRERTTS.

Ahaj-rox«(;raph
Semanucfreeg
BT 1 E% fv«%%&

- hbanﬂr Tbjavamm

SourceFile ParseTree

JibAFG ™ ‘

Q\Jery‘ "Answer

T T
ULES

X 6: »—ABRR

BHE (Java TA U7 ABIFS4T3Y)

RITEIX C++TRBR XA TH Y, IbANTLR, lib-
javamm, libAFG @3 2D F A4 75 ) THREATWS
libANTLR “FAIEYT, UM, WU AR~DOA v &

7 x— M
libjavamm BT, BWRMIFTARA~DOA L FT7 =2 —2R
IibAFG AFG#%, AFG~DA L FZT7xz—X, =AY T
AEHHE

A—-HA14 o2 7x—X (UL %

UL 5k C++TRABEINTRY, GUIZA 75U E LT
Gtk——[B] ZERALTW5. LU, UIHORHBLICED
HEEIC YW TR~ B,

TANTLRM4] i3, EB L OXEL #5252 LT L OFaMNFT, &
XN —F & C++6 L iJava TERTD Y —ATh 5.

SeeSoft[7]

WA RLIC T T LB
LRR L DOHRFRT HEKIE Btk L BRERBICR D5 ®

FHFRCHBOTORBE K
— A YT RAEEEERRD
I =AY TRl;év)ﬁxéﬂftam mﬂam{%mmt

FERPOLL KT

Y —Aa— FOMRMBT
cxA YT AR
s A YT RSy

et | A Y T A Y —(Z kBRI
A v K MOBER R TR
LEBL Y —Ra— Fors | ®EA U T AORMINR
CBADB B LKL J

I«{UTz‘yU—&/r‘/Fﬁ]

cEAYT AT -hED
FTrAnt—7r

7: Ul SRt Hét L £ EHR
4.2 A—HYA R8T T —XHH

BEH R

R [9] 12, BFROERILICBNTHLEREKRE LTL
TOLORFETFTLERTWVWS

MER2 L ODOBREFRT B L

& LFEMERRICR S FE

MR T — & OEFE~D~ v BTk
HEhL A 77 hFik

BIELRDT VA EZ T2 —2R

(7, Ful 7 AR ROERILICETAEL LT,

ZAR—RIT AT&T THFE S 7z SeeSlice[17] A3
H5B. SeeSlice IIT7 T T LARATA ZADRELELBHIE L,

1. 27 A REENSDOEREIIE UT-AfARR, AT/ 2R
PFEERVEREICETAIFEROEERET o MER
b DOOIZRFRT DEIE]

2. TR TTLEIFER (TN, FeE, X)) IIHHE,
R Y — R a— KNOFR & [LELHEMELRR
IR B HiE)

ERBELTWA., SeeSlice iIFFMEM IS LDRT A
REXMHFELLTVWEN, 5EfT25Java 72520
A VT RERCBWTHIGHATRETH S,

Rt Het

BRI % 5% 2, AR TIIKRD 2 A% Ul BORE

HEET s,

L =AU T AERGOHRNRETR & [HLBERLODH
FRT D ik

2. =AU T ARG EEBROME L EMOBELL o £
R EFMERIRRCRD i)

B 7TICSEWER L7 UL ORI H#ts L OEB FiE%

AT U, TERRT4URY, A UTAY Y= 4

YRY, U4 RYBOEZRICOVWTENFILERRS,

NI | -El ectronic Library Service



43 THFAMIA4VED
IA YT ARAEOERICLY, HRT 0T T AT

o A YT RERTEETNAH Y ... T4 )T IR
(Alias part)

o TA VT AEBRTEENLRVESS . I A )T REB
4 (Non-alias part)

DLIDIXKLYEND. THRA T4V RUTHE, 2—F0OH
By, A VT AR EBESERTNETRORNE, =
LU T RIS & A YT RS OEFHLD T2 —
FOEMIC L > THRLTHD. Lobit, =4 VT 2XAD%
BEY—RAa— FRIZ 5D 388 EA VT ARG BE
B £, AFRTIRIETA YT AHSORFEICES
BN UTF, =4 U7 RES, A YT AL DOR
ROV TEFNENIRAS.

A YT AES

A YT REBHIE, FEROEE, EREOERICLVIHF
A VT REy L DOERLEE B, e, BEROZA VT
ZELERIFHCETT AR, A UTRERT LI
R rBEREaPERT 5.

T AT AES
A Y TRESIE, BROKISCTRIRAER 3 >OXK
REHEYEBR L. BAFIZR 8 IRT

BN - AIE: oA YT RESSEOEBIZIECTFEREOK
X XEMIT D, ZhCE Y, &0 XE»REE#
EERBLENOZA YT ARFCEBTEIZENT
&% (X 3(a)) .

fN — B =AU T RAMABEELRVITERICE
MLETTE. V—Ra— FOFRFMEBBHIBEN S
0, TAYTRABSICOBER LIZWEEXFRHTH
5. %, ®MBLEBXDA TV MIBBLITED
EXIIMEEEND D, oA U T AWMy OKRENR
HELIRETAZNTES (X 8(b)) .

B A UTAHE®LY—RXRa— RFORFHEEZH
Bta V—Ra— K& REeNnbxA U T AERR
ZITH2BECAVWS (E3(c)) .

4.4 IAVNVTFAYY—"T4 20 KD

TA YT REFIBEAY v Rl TRIETHZ L
NEL, BEOT7ANBLEZ DRI, =4
TAYY— 4 RoL, TR M7 4 RUTRELWY
A VT RAEGEROEREETS.

IAYTRAYY =T 4 RiE, =4 UTRAYVY —LiE
BRERIRAIDLOERERLTWVWS., =2 YT RV Y —T

Institute of Electronics, Infornmation, and Conmunication Engi neers

b addt 1; !
¢ = boresuit(; }
System. out. printini(®); | & = b, result(;

i ! | Systenm. out. prmtlmg;

(b) ¥/l - #oL

[

Polass Test 1
Calc § = |
Test (3 ‘

B add1); |
g= E,resultl’); ‘
ki o System out, printinig);

it O L ’ J

System, out, printIn(8;

}
\

(c) BRTF (BB TORE A1 (b) P& TORTF)
X 8: A )T AEIDORFFE

J— FE2BRT S L 2 OERIERZRY X MIRREN
5. A VTRV —ZH IR ITEBELRL, =4 U7
RIEE (A VT AHBERREL2DZK), 75 R4, XV
K&, ZA VT ARED /) —KERD., A YTRARYJ—
7 4 ¥ FoOFEE 10 (2R T

e 3 A YT ADHET D 2T A,

;r N P —— N Y Y R T ]
1 r(n{ri‘?—l)""—m([l<,j~3'5rr4']',":',

|

1

i ‘vﬁ;{}e.

Trcw“ fre oy :Lk{g (
i OBJECT

& ALIAS(O)
& Cal

i
javalanginteger

instance variable

homedkirkondouSlices) avarJAVAICale java
8

CK e

B10: =AY TAY I —T 4D

4.5 T4 v RIMOER

FRERAMIA LU RIBIPA VT AV —D 4 /KD
12, HARERIRRAILA YT RAESERBALZHLDT
HY, TNHEFBBREEHI L TRITEREY LV DRI
BT AILNTER, 22007 42 ROZEKR 2R T
LY RERMORMGEBBRY SLL, VA TEI— VIV
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# 2. U 4 v FUBOEGR

TH¥AR TAVYTAVY— OB QX G

var Ry v Ry R
EBXR A YT R J—F | formuts - malll {
BEER (ZrAN) RRT7AN Tr AN torde - pere e fo, ok 0 01
WATE® (T) H =Y NALE TES !

LT e T

A YT AEESDOXY HREADEW TV Y—DFEN

BE), SREOLEE, FAREEL VB TEKREERLT
W5,

5 Y—ILOFERB LU BENMEDOREE

B3Ry —VOFHBENL LTT Ay Y, TalFn
Hfg, 7a7T MEFEEZTVEN, BREEATIIERIC
EBY—NEBIOTA YT AT OFDEFMEEIT- T
R, KETIRT Ay F 72— X TOT7 +—N MIBHE
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