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“Anomaly Detection of Functional Programs Based on Global

Dataflow Analysis

Mizuhito OGAWA T and Satoshi ONO |, Members

Hoil —HBOBEKATHFERNRLLT, KET - 270 —BICESFRBARRHT LT ) XAk

RETH, TRIMKREE, FELCORECYBY 5L LORVWREF TS =7+,
N—TEROEELEVWREA 7O =2 D2 AIEDOWTITS.,
BB R 5B R S@T e EZ ST 5,

3L OGHET 5 & ER
o T AT ) XAk, HEEREY S 2 A
LD, BICEXNRER BREREYENHTH57 A

V7 vV AR L D BVBREED RS 5T B, A7 AT ) Xav VS L, HAMKIIERREY A b &k
BAN) —axAWRT s ARBOTELRT, HERREKT A 7ORBRHKEEDTHS.

1. XA » &
L

BRAEERAFAY R LAEEREEDO—2T
H5, BEERESEOERO—2L LT, oM AN
CIDEHEDOERTEAEETSH v A Y7 b RRWO
BEF LR, flzid, HEHCIEREELLD Y R
MEETHDAMNY —AREETHIENTE, Th

BN LEERONBHECT - 22 S ELREY

ROFELELT, ILFERHERTWAS,

ANV —2ZAWRHETE, BRCLERRESO
HEF i 21T 5 ERME O (Call by Need) sHE® 2LET
b5, ERFOHER, BRLTVAEETTRE
WS+ B EPEO (Call by Value) SHE® ik, —i
WCREAE o, FERREHLIVED, BERRO
PERPCBEHBL TR 7 7 ATHFENAVLR
5, COBHBzB VAL IR VREEARLTS S
LREELL, F— A SO VBT ONTE,
( DO T A TY 7("AﬁiﬁiE’}h’(b\é(e)’m'(m’(“)_ L
nlL, ALY —ale L OBIRNT - 2 BEX S OHE

DHBEHEDFELOWTIE, FEELMACIAT

f:b\ :
ﬁi&%h%@%?%%@?%(LW§)#,E

T NTT v 7 b v = 7BH5eFT, REE® )
NTT Software Laboratories, Musashino-shi, 180 Japan

ET 20 (ERFDO) a7 e s I <iEEIR5BE
KBVTIE, KK, BERXFORTRE L ZAHRERS
LT ULEY, SFERRBLTLE S N7 DNELRT
W, 20X 5By LT, BIEENT Y AT,
R7BELEBRROPST — 2 DIREHRFRORE 2K
H3 % E A4 (Anomaly Detection) 23 7%%3)1 é
5(16)
7n 73 AL, F— 2 KEERCEREL
HY, =5 RO NERFEXTOITMELEOD
HRAX VY, BEAFTTFLR LT,
CEBINENBREINEVEERA T D=2 b,
s BEBLEBRERINCEKERA 7TV =7 b,
°£ﬁ§h%ﬁ%®@ﬁ%%m%§&5ikb$¥

A7 =2 b,

ﬁﬁﬁMDokuﬂmﬁmhmbﬁiL&u%ﬁ
FTT = b,
RENRETS (L, 72 = 7+ &i3B%, BI%KS|
¥, RFERKEXET).

WX, FREMEZFcK T, 7 — 2 DKRFER
BENTT B IR 2T, BRERETET
N ) RLDRRPILINTCELDO, Thbid, FHt
ECLICHNIE BN BT T e edd, BROCESR
EhtcA 72 =7 bERIBERBTEF LTI, 8
WED VAN Y 7 A%RBEL, +o k@i Tcdis
Biote, El, TR7TAOBIHEEESBERY

B HEEEFSHYE D Vol J71-D No.10 ppl94g-1958 1988 % 10 A 1949



BEFHERBEFLHMEE '88/10 Vol. J71-D No. 10

BET D7 R A 7y vy AR TR, RER/AB
BATC =2 MVIBRHTEL DD, TE/FEHA TS =
7+ OBHIBTEed o T,

ARXTR—EORERI 7 = 75 sk WH L LT,
B &Ric bl IR T — &2 7 v —@H e dn
TR BHMBRHT V=) R ARRETS,

RE/ R A 7o = 7 b OB, BROS KGR
DB R WTET 54 ZE A (External anomaly )
&, —OoDOBRAGAOFHE S TAL 5T
# (Internal anomaly) D =" -2D ARV TCFF 5, #HO
R, SAEEHM & LT, TELBEES Kk X 0%
B8 ER, AHAANLE LT, AELRIEK
BLUEBT HRAEBERETHS.

AR ORBE & 5B LT, AMEAM
RIGT 5LV A TR, T rr T askr R
BT HEHMBIT L5 8KEBHES
(Parameter Dependency Property Set : Ll F,
PDPS &BEF) @002 2 Bvn, Fi, WHZE
RIMEZ I B A v~ Tk, PDPS BRI
F O ZBRARGH OHERER *BRT AR ERTE
# % & (Partial Resulting-Value Dependency
Property Set : LLF, VDPS & B&3) @47 209 %/
VW, ELTERERD LV RACHGT, AEERE
TBRINDEDRWTEF T V=7 + O, 7
BB BERMEA — 7 o 3BERA — 7 L i 5 RE
AT =2 OBRERTTS,

ARLOWRITKD L350 Tho, 2. CHERAE
O/ VANY 7 b AAR Y OEHE RN 7 &3
LA OCTHBETS, 3. CRIRETA TS
) X & DOBE I OWTHRNS, LT, 4 CREET
BTNV XRADEINCOWTHRT S,

2. BB TIRSSLD/ RN FRR

21 F—2BENLTVWHEEBEN /MY I FRR

JVALY 2 PERRAEZATIO—HBEERETHE
BREVIKREL S v a0MER\ D, T, BK
Sz, X2y 0, 22) BEHUET B Fo Dz Dtalc TXTOF |
DFHESSLEEL 2B E XA Y 7 VEAK, £5 Chu
LE/ VAP 2 NEABEVS, HlziE, 2ty i, M
BRDH DT RCOFROFMALE R D A |
V7 VEABLTH Y, if(x,y, 2) ik x Dtrueebify @
&, ¥t x P false 7 HiE 2 DLOFHETRERHIE S
noledr/ v A+ Y 7 VB TH B, = —vEBREHK
COWTLERET, 7vbh—~vEK

1950

ack(x, y)=if x==0 then y-+1
elseif 'y=0 than ack(r—1,1)
else ack(x—1, ack(x,y—1))
ALY 7 VBTH Y, 27 ABAK
tarai(x, ¥, z)=if zx=y
then tarai(tarai(x—1,y, z),
tarai(y—1, z, 1),
tarai(z—1,z,v))
else y

i1, (r,9,2)=(2,3,2)DXo5K, z0ELLLTHRE
NEEBLHEENHLOT, / VALY 7 FBAKTH S,
JVALMY 27 b xR, EREBEFHBECK\WT, B
B (2, 22,00, 2n) ICFHEERDECICE ZDEF | H x4
~OFEEREBHDO & —v L LTERREh 5, P
EROGRD & — X, F— 2 EEDRVWEELET
i, BROGBHT 5 80E»bRL2EACL VRS
ENTES, Flzid, BF rty kT {{x, v}
ThDH, ¥, BRif(r, v, z) ekt {{x, v}, {x,
ZI}ThY, ThEh, x i true-false DB EXILL
TW5,

BAE /(s xn) TRL, ZDX 55 HOMERE
/N F5 2 B3| % 4 (Minimally Sufficient Parameter
Set 1 LIF, MSPS &Bg3)0009, 7 MSPS &
LisAEE%, PDPSOM® Lir, - D(f(x1, ***, X))
T, FiuE, Dx+y)={{x, y}}, D(f(x,y,z))
={{r, v} {x, 2}} & 725,

22 F-A@ENHIBEHEN/ R PR

F— 2B R WCEIRIC B\ TIE, F— X IR
THBIPFHEZERDOFThnThD, LT —2H#
BOHAHRKCENTE, F—2a2vR+F72EF
ZbNRBRICE » T, MOWCEHE S hicT — 243
EUBREER D5, FlziE, Common-Lisp 5%
cons %, F—2EEERERTHENC car FecdrF &
LI FHE T % 2%, Scheme® Iz 3813 % cons-stream (I
cdr MABILSHEY 352 v A 5278 THD, cdr ¥
TARFHMEDOE EV A M RAER TS, FARIEC, car Fecdr
L HITBEETHET 5 =2 A b T 7 % lazy-cons i3, car
Hecdr ME B IKTHEDOEE Y A M 2R TS, cons
DI>ANVYV 2 RAVEFTIZEEAN)Z FTF—
Z2avRNF 7R, 5Tl cons-stream, lazy-cons
&R/ VANV IR T—=Ra VAT 7R LERS,
JVARMNYVIZMNTF—RavANIZEAEREAWS L,

intseq(»)=cons-stream(#, intseq(z+1))
DESCHANCIERR LT -2 BE (XY —



B EET — 2 7 n - BATICES < BHE S 7 7 5 A OISR

L)DBERTE B,

T — 2 BENDH B I _E OBk T, intseq
(n) DEFHEARMEHND cons-stream O X 512, BRI
MERAERLTH, FIHBOFMELECRDET
BIEICLIBEL DD, fE-C, Mo/ va b2
bR ARRETAHIE, £ MSPS Ao &5 | #icskt
LEHZRB =~ rO2 3075, BIRCEHEER N
EUE &, HFHEER % -~ (MSPS) KR\ T
FlE BE XN B5]%% D = — 1 (Delayed Mode),
X 55|18 % S = — ¥ (Strict Mode) &FETY, &
DE=-VFIELY, ZRENDOFHEROEHD <5 —
vEERTS, LT, zoksie— V& PDPSY?
%, B PDPS ¥, £ MSPS@ET5D=—+
DFEDOZ A -0 2 7y oY, flxd, b
it cons(x, ), cons-stream(zx, y), lazy-cons(z, y)
D PDPS W, £ h £ h, {{r,s}}, z, 7}}, £,
THNTHB, F—rEE0R VAR OB T,
MSPS AD& B [ HOBRIETNTS = FChD, =—
FEZEREHC oV T LRI,

filx,y)=if z==0 then cons(x,y)

else cons-stream(x, y)

e l, D(filx, y)={{z, v}, {x, 7} oL & 725,
2.3 FOBMEFTHEREN GIBREREESHRIT)
BB s 2 G- EABMO PDPS b &L, =—¥F

BB © PDPS % & < FEp PDPS g4 100209

T»%., PDPSEMTBHOFERC L hEHTHHE

BRDBD, T eI A rRRCHETT 2B

RN & T o T B,

EOT AT ) XA EHBCHBTH L, K2 —FE
ERIF K5 PDPS 0 1 ki % ¢ &5, L
T, ZEARB% D PDPS &= —¥EHRBEKDOHE n STl
o PDPS &_ﬂo Lz, =—vEHREKD PDPS 0%F (n
T REURFHET S, ZOBRFEEXTRNTO=2—¥E
FHBIZ D PDPS AR T 5 E TR VIET, FHLCIRX
BRa0; (12, xSRI i,

PDPS B ORBIIKRO=H[TH 5.

(1) MSPS *BA¥ O ERER BRI 55 (KoM
LA Lick &, PDPS BITIEREALH S HRICE
ETHHERKOR TS, o TTNTOFHER
BRI b St ESRET 5 BEE PDPS %8
BEetehdoteAVWTHRHTES, Bz

intseq(#)=cons-stream(#, intseq(z+1))

intseq’(#)=cons(#, intseq’(2+1))

diverged(x, y)=if x+y<0

then diverged(x+1, )

else diverged(x—1, y)
Xt L D(intseq (n))=D(diverged(x, y))=¢ & &
Y, intseq’ (x), diverged(z,y)i%, &bICHEET B
L, Zhiex L, Dlintsea(n))={{n}} &%
b, intseq(n) ¥, FRPEE > ZHERREIOZL
Hohb,

(2) MSPS£&&oThyx&dz itk LA
$ (Strict Parameter : BIS# 35 £ T FRRM L
RTRECT R WGE)OO BB bh, FUovEsz e
=X b A5 (Relevant Parameter | BI¥U% 53
5 ECFHEALELEE S B F)O HEL NG, i
zi,

easy(z,y)=if =0 then 1 else

easy(x—1, easy(y, x))
=if x=0 then 1 else fi{lx—1uy

+1)*y
s\ T, PDPS xhthD(easy(x,v))={{z}},
D(felx, yN)=Ux}, {x, 9}} £leb, RASIFEZ LB
xTHY, BRASIEEEhEFR (x}, {r,y)THBZL
Dbk, Tibb, PDPSEHE, AbV27 XA
OO D LR oM@ E w25,

(3) #H=—vEZRBKO PDPS BTERYH VT
LZEBARGADOEMSRNOHERKYBRTLZ &0
T&%., LOFEIRETRNT HBEABITH 5
VDPS @#79209 =5 %, PDPS #&#r & VDPS f##7r
&b CEHE KK MY (Computation Path
Analysis)®? & /.5,

2.4 - BABIAIETHEERRARIT (BB EKTEBIER SRRT)

BARA A OIS exp O EBEKE, BIHAMEN
DEBBOHN T L ERHRED B TE 7~
Z#s (Labeling Transformation) #EFIICIT 5 L i©
v, Kexp FHliT2 LCURELLY S B2EH (BT
BREZEL) OB 0RTIENTES,

OB B PNTRRIMSEES (Minimally Sufficient
Value Set : LI'F, MSVS &#7), MSVS £&h 5
len%E 4% VDPS LY, ¥ (exp) &3 (EL, FAT
ZE# an VDPS X a DRFTERAGED VDPS &3
%), VDPS i s\~ T % PDPS #47 & FfRC, S
-V, DE-FOERE—- A5, £ MSVSK
4En5 D E— FOZEHIL, PDPS &7 &R b
ERA—FZIEONBIERIVET.

B AR O £SO VDPS %, PDPS #EiT#
BExd LiRD LN VDPS BT Ch 5. il

folzx, Zl)

1951
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a) {xa} .

b) {ny’a)b’d)e}

o {xy.ab,cd,e}

M1 B filr,y) ® MSVS &5 — % 71— 7 57 £ DBIR
Fig.1 Relation between MSVSs of function fz(z, y) and dataflow graphs.

BT TR LR v
folx,y)=if =0 then 1 else folx—1,¥

+1)*y _ :
I35\~ T PDPS @ DR D(folx, )= {{z}, {x,
y}y Eisn, heH L folx, y) HORBK , — FOH
- DT ERERE (VB ETS) RELCEEA G
XA b L letrec R ©FT 5 AT ERY
T &, ,
folz,y)={letrec a=zx=-0;b=x—1;c=y

+1; :
d=fub c); e=d*y;

result=if ¢ then 1 else e-
in result}

Lizh, oL ¥, BH filx) DHII result ® VDPS
V(result) & {{x, a}, {x, v, a, b, d, e}, {x, v, a, b, c,
doe}} biss, ThZhoMSVSIER 10X 5 ke
PDPS @itk R D(folx, v))={a} {x, vl c X v &
IhB &7 — FPOSKREXEE L ThZh o Bk
(KB TRTRIN L BIEH result ic 7o 5 5HEER)
XL LT3, VDPS o7 v= ) Xaid, PDPS
BTHERICL VEINDEF — 2 DKFBERIEL, BF
BRGBAOEZMORDOKIET 2 EHOEE OB
‘@ (Transitive Closure) % & 5 & & IcHY4T5, #L
<RITERMY, WERBRBIhicN, '

3. FAMKRHZILIITY X LOBE

3.1 FRIMBHFLIY X LDEFHEZS
Fuy s ADFRM LR, F2KkEEROREY
W, ZDFRRICI Y, UTo4B8EEIS,
c BBBBEVDICEBBINDIREREA T =7 §,
s BRBINKVOREENDHIREBBA TS =2 1,
cBREINAEBRTOEIERCHEY S 2 oVWRE
T = b, : ’

1952

» BHET 5 LERA — FIE 0 B L TRk 7
DIENY/ 2 N '

Fi, FOEUBVARE Y, BEO5 ¥ - EE
ORI B\ TAE L BHEAM, L0, BEERE
AOFEEBWCETLSAMERAMY, 0_DDLr N
KXFIEh?, Z0db, RER/FKEBATT=21
OMEBEEHE - EEED 7 RY) 77V ¥V R
(cross-reference) I X W BHwis¥hsb, £ZTHUTF
T, RE/REA 7S =27 F OBEICOVWTDORELE
35, o

ZRIEBEHOGE, AFERIEE LT, TEH
51 d X ORECT HBEER, AFERIME LT,
TEERFER B LR TIRFEREETDH 5.
BH7 A=) XAk, B2RT X5 c it E R EN
DOV_exin LT, BEHME - B o= oo v <L
TfTY. Tihbb, BEEMEGERRENTCHS PDPS
AT R T, ABERREORERT Y. B,
PDPS AT#ERICE S AR ERBMET CH 2
VDPS iz ¢, WHEARoBRHEETTS.

(1) SEZEEIM L PDPS 847 & OB
- PDPS 0&EHTHS5 MSPS 12, BIROSERE
BRINBFHOETH D, £ T, HREAERD
1%, PDPS @i R4, UFDX >l T,

Y, BESTRERT R bonE 5k, BIMo
Winte s MSPS TH BB IN\G | EHD B 0BT
HET 5, Bz, B f(x, v, 2) D PDPS % {{z},
{r,y)} £T5&, Bl z 3v-Fho MSPS td &%
NISVDOT, REFRTHDZ Lhbnb,

B AVE BT 55 & 5 nid, PDPS WZEEAT
HHENENTHET S, ¥ieb, MSPS i, B0
EIETHHERR LI L TV 505 THD (BEHRBEH
D PDPS i, { }okl, {({ )}, Tiby, 1@
DEEETHD MSPS ORIV IL-» T35 2 LIER
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Global Analysis

Anomaly Detection

Inter-functional Analysis
(PDPS Analysis)

Intra-functional

¥

.................... —

External
Anomaly Detection

Intra-functional Analysis
(VDPS . Analysis)

-Diverged functions
- Irrelevant parameters

\‘\\\Inter-fuhctional

_

Internal
Anomaly Detection

- Diverged local
variable definitions
- Irrelevant local variables

K2 2v-~rOZERINRE & RBENT & OBIfR
Fig. 2 Relation between 2-levelled anomaly detections and
' global dataflow analyses.

i),

(2) AFWMEAMEE VDPS #EHTOBILR
VDPSOFZEFRTH S MSVS 1%, BFOHERR
LB EIND5 |5 - RIEHK 5 NV EROHETH B,
T, NELRIIERK L URESTBEIERES
T EDOREERIMIL, MSPS & MSVS LiaEz 5o
Lk, AREAEREOBE LRFCLTT LS,
{EL, VDPS ##713 PDPS @i L 387 h, EREA—
TERYARERKT HHERRLFEMERCEDTL
5, ELC, HERRRE2HEETBHERKO
ZEBHT B iy, Ficler— FEEANEL o
%,
C EAMIE, ERA-T3, RO VDPSKHESH
ERENZrBEPTHET S, Al EHao
VDPS # ({8, c}, {a, b, c}} T H BB L, BED
MSVS i3ZH a ¥ BA TV 5, T, B a Dk
FET20ER a DEBEHFVBBHETHD LW 5ER
EBLBRL, BRAL— T THDI Lhbh5b,
BIES A b ORI EFO L — THRIETE, A b
V) — A LERAL - TERFIT R D, BHBRE—F
NEELBREYFELT. FlE,

{letrec a=cons(l,a);

b=cons-stream(1, %) ;
c=car(a) ; -}

L35 L, via)={{al}, V(6)={{b}}, V(c)=
{a}} &2, a, bOFEERILEDCA—T -
T3, B DEBRBEREBL LI REHLCLE
S5O, HHE(1 1 1 =) EndAt)—ak

2%, oWER, HadDMSVSHELES £—F
THBL, EsDOMSVSIIELH® D £— FTHRBL
TWABZEnBHFITES, Thbb, HOES £—
FEBRLTVWAHE (LT, S®— FA—7LIEs)
3, EEEHRLLOREHETLIORKL, DE—FTE
BLTWAEAIE, ANY —avERT5S,
BHEEEDOEIT, ThiBRT 5ERO Kk
YEEYE 2L, PlzE, LoflickitsEcD
MSVS DX 5k, BT a* S = FTER
+% MSVS $¥#T5, £2T, VDPS @RI
D5z bhbT — 2 ORFEGIESE, RiLE
Wresroticrbh, BEETHHEREROLZTHIFIL
T3, »
3.2 SBEAIMRE OB
HE Tl X 5w, TERBEKS IS L Ok
LERERT, KoL > L THETS,
o x: DBAR f (21, o, x0) DRES K
=1, £:EMSPS for YMSPS
ED(f(x1, =, Tn))
« flxy, o, 20) R FECT DB
SD(f(x1, oy 22))= ¢
Z ik, MSPS EEOEET5HEZRICISVT
BIRTH5IHOETH B DT,
« EDOMSPS b 5| H xs, T: BT HTR,
= EOFEWERGTERBICRTh 2 % S
E—F+DE— FRELTERBLAL,
« MSPS B L 72\,
SEETRE T ERBAFLEL L,
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LBRTELELLTH D,

BFrsnwt, ThZhokhflzEgs,

(Bl) easy(x,y)=if x==0 then 1 else
easy(x —1, easy(y, x))

PDPS f&#7 & v, D(easy(x, y))={{zx}} £ 5D

T, y BRES|HTHDZ Lbbhb,.

(#1) diverged(x, y)=if x+y<0
then diverged(x+1,y)
else diverged(x—1,y)

PDPS f##7 & b, D(diverged(x,y))=¢ L7 %D
T, diverged(x, y) RFEK TS L23bh b,

3.3 ABZERMERHOF

BHA VA OBRMBEEILY — AT R 75 AT
~AHBERE R LT » 7 5 4D VDPS @ OB
BREESWTThbh b,

(7= 75 4]

foolx, ¥, 2)
={letrec a=x+y ; b=cons(y, b) ;
c=cons-stream(y, ¢) ;
d=if a>0 then car(d) else
car(c) ;
in easy(q, diverged(y, 2)* d)}

({BL, diverged(x,y), easy(x,y) 3283 TEZHZh

Tl ETH,)

D7 e s T AfimsTiE, PDPS BIEE, 7
AT EBRER, VDPS BT R, ko X itk
B,

[PDPS #4#7] D(foolx, v, 2)={{x, v}} (z BAFE)
[7 ~ A E#RER]
foo(x, ¥, z)
={letrec a=x-+y ; b=cons(y, b) ;
 ¢=cons-stream(y, ¢) ; d1=a>0 ;
d2=car(b) ; d3=car(c) .
d=if dl then d2 else d3.
e=diverged(y, z) ., f=d* e,
result =easy(a, f) ;
in result}
[VDPS #2#7]

V(result)={{x, v, a}}, ¥ (a)={{x, v}},

rin)={{, 8}}, v(c)={{z, c}}, ¥(e)=¢,

v(id)={{x,v,a b, d1,d2},
{z,9,a c ¢ dl,d3}},

v(N={z,v,a b d dl, a2},
{r,v,a ¢ ¢, d, dl,d3}},

1954

etc.

31~k S, RELFRERZ, KOXdK
LTHHET 5,

cRTEE - 7NV ER e PRERER

| ==q, a&EMSVS for YMSVSEY (result)

(i.e. ED return RO EER K Th a % S =—
FeDE—FeEHTBRLA,)

Bz, foolx,y, z) TR\ TiX {2, b, ¢, d, dl, d2,
d3, e, f} X result ® VDPS B\ O TARELBAT

CBREHES RS,

R+ s BEREREOHE 7 L) X AXR 31T
TTXoE, BREHRLRDS =~ FAr—THT
% Stepl,. XV, HHEIREHEETMORIER
EZRBIOZTOHBEEK T LE R EE5 Step 2~4 H»
LERINS,

[Stepl] EEEHELEKBHSE—FA—70OBH

(Initial Path Anomaly Detection)

BT 5 B ESEROTEIMESL LC, S2— K-
7L e HFTEREE MSVS) 2 b o RFTEREH V5,

FlziE, BAE foo DAICR VT, K4 DOKBEIRST
3% b=cons(y, b) ® MSVS{y, b} ¥ (b) 1% b=
{v,b} THHDT, SE—=FL—TTH5,

[Step2] EHEZERHLREFTEREE~RBEEOER

Step 1
Strict Mode Loop Detection
[ Initial Value of Path Anomaly ]

Step 2 r
Anomaly Propagation :
from Paths to Local Vars

[ Initial Value of Var Anomal_y]

Step 3
Anomaly Propagation :
from Local Vars to Paths
[Final Value of Path Anomaly ]

Step 4 l
Anomaly Propagation :
from Paths to Local Vars

[ Final Value of Var Anomaly ]

Repetitive
propagations
are not required.

Result

-3 ABEEMRET AT A
Fig. 3 Internal anomaly detection algorithm
for diverged objects.



R IRET — % 7 v — BN ESBEEE S e 75 A0 RIMRH

Strict mode loop

N4 SE-—FA-7ORH(RF»71)
Fig. 4 Strict model loop detection (Step 1).

7 7 diverged
% function
if
: g,
....... Eror
result

X5 RAER~OREBMOGERH (AT »72)
Fig. 5 Anomaly propagation to local variables (Step 2).

(Anomaly Propagation : Initial Var Anomaly)
Step 2% Step 1 TRDILS - VA —-F I AT

% MSVS o Rtk %, %o MSVS 03B 7T % RATE$

EHBENER SRS, BROBUIRICRT ERDT

BB, FlziE, M5B WTKRFETRINDBFHRESR

bDRFTEH b=cons(y,b) 1%, =5 —L 3

MSVS{y, b} LirdbfefgvD T, £l THxToD

MSVS 3= — , @HLL, =5 - LHEIhD, E
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warning Anomaly is not

;result propagated.

6 RFAEE~ORBEMHOER (A7 7 4)
Fig. 6 Anomaly propagation to local variables (Step 4).
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