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A Detection Method of Transition to Abnormal State
in Service Interaction

Kazumasa Takamit Yasvuakr Inoue!t and Tapasur Onraft

When a new service is added to a telecommunication system, designers must resolve
service interactions between the new service and existing services. These service interac-
tions become a serious obstacle tc rapid development of new services. Therefore, the
service interaction detection method is an important issue. In contrast, as a characteristic
trend of service development in IN (intelligent network), a new service design support
method that facilitates new service software design by service designers (so-called non-
experts who have no professional knowledge of communication systems), is studied. In this
paper, service specifications are described with formal description language by non-experts.
The service interaction is formally defined as a semantically inconsistency of state transi-
tion. An automatic detection method based on the definition is proposeéd. In this paper,
a state transition model based on terminal states and its events is adopted as a specification
description model. Also, the state transitions are described by a set of if-then type rules
whose rule represents one state transition. A transition to abnormal state, that is not
prescribed in individual service specifications and that is generated when executing two
services simultaneously, is defined as a semantically inconsistent. An automatic detection
method of the transition to abnormal state is proposed. Moreover, experimental results
of the proposed method are described.
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50NV —VOBRBOTMESERYD, ARy —~EZD
BREE 50 2AERT 5.

$i=C8rzCCSry

(2) s: BDEBICHET 20E 5 DOHE
PIHPREED S, FSRBBHBE LB ¥ T,
R:URy KRBT B M—NEIBRER L, ZOBRick
WCHER UCREBOIRIE si BEAT 354, Ik
B s ZRBICHETARETHL EHET S Gt
12) BH).

(3) W—DERTEDEERY — 2 DIREDOILH
RHE s BT, 7. #8AL, BRRORIESs, &
EHT B,

si=W(raz, si)

(4) By - 2OREDOHH

KEE s, IKBY B Y H—ERERRT ZIREE sy, %
M 3. MBREUTICRY.

Sy

=terminal-state(s;, terminal(sy:))
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Urelation-state(s;, relation(sy:))

(5) EEIKE~DEHOHE

AT w7 (4) THIH SNIIREE 590 A8, ¥ H—ER
ORAEE UTHET 2 0EHET S, A7 v 7 (2)D
FHREBALT Y 4 —ERERERE LI v—viE
& Ry ZHIHRED S JERER L, IXTOr -V %
B UKD > THIREE s PEBRINEORKICERT
RE~OBBTH S ZHEST S, CORR, SRy —
ERIREE si, 55 BIUOEBH—EZDN—I 72 & 7y
N5,

25w F (1) e RA7 7 (5)DNEAE, X &Y
F—EZDTRTON— VOB AL LUTITS
TEICEY, AR LUIREBICBNT X ¥ — X%
HWEUIov—VEETT 5 E & ICRET 2REIORE
~OBBHERHET S, AROFEERANT, AL
RBICBNTY 4 — E2EBEEBE Uy — v 2 EfT
T2 & FiCRET BREINRE~NOBE AR T 5,

5. RBLREADEBOBRLH

3EDEX 3 TR L if-then BV —ARRICE
SRR REEL LT, STR EE 4 &A
L, zokflZ23A4 5%, R2iK, £licRanhk
2OOREER A STR EEABVLTRR U AHAER
7. AETIZ, o STR EEAFVWTER LY —
e 2 ERAEFNCEY, K6 TRUCEESIREEED
BHBICOWTUTIRY. 4, DTFOBATHE,
X6 0RAE s ORFIL i=1, j=2 LT 5.
AT

ERERY — B EEHEET Y - 20—

Jan. 1995

WARELTOBV—E LT, 2R UIHEA
(rees & 7etv) ZRHNVS.
AT w7
(1) AR UIIREEOHEL
Tees & ety DENRAEEARD 5K 5 TRTRE s1 %
HERT 5.
$1= CSrtes U CSretv
= {dial-tone(z1), idle(ts), m-tcs(ts, £1)}
U {dial-tone(¢1), path(zs, £3),
path(zs, £2), m-civ(ze, £4), idle(zs)}
= {dial-tone(#1), path(zz, #3), m-cfv(z, 24),
path(zs, 2), idle(z4), m-tes(zs, £1)}
(2) st BEBICHETI0E S LOYHE
Co¥EE CrEk 12) KB L TREICEEINT
VBT, TETREZOHRHAEKT L.
(3) W—WOETROAKY — ZDREOIH
WEE s1 IKBWT retv ZFETT B, ZHIE, 7etv D
RIRBICGEBR I N TV 2 TN TORERBERE R
FBICERIN TV BT NTORECRERICE SH|E
BT LICK->TERTEHCENTES. UTIiC, Rk
s1 DEBHDOIREE s2 ZUTFICRT.
s2= {ringback(¢1, £4), path(¢e, 3),
m-cfv(zs, ta), path(ss, #2), ringing(z4, £1),
m-tes(zs, £1)}
(4) BEHETY - RDOREOHH
RIE 2 ICBY BZHEEHEY — ERAOWRE sz B
H3 %, UFicpl%ERg.
stes2=terminal-state(sz, terminal(stes:
))Urelation-state(ss,

relation(stcs1))

# 2 STR BEICL 34— & RETBRH
Table 2 Examples of service description in STR language.

BEEEY-EX

BEEEY-EX

dial-tone(t1), path(t2, t3), path(t3, t2),
m-cfv(t2, t4), idle(t4)

A dial(t1, t2) :

ringback(t1, t4), ringing(t4, t1),
path(2, 13), path(t3, t2), m-civ(t2, t4).

dial-tone(t1), m-tcs(t4, t1), idle(t4)
dial(t1, t4) :
busy-dial(t1), m-tcs(t4, t1), idle(t4).

B

HBRICEWTEA VL= E>THEY
(dial-tone(t1)). 12WEH IR EBEL TH
¥ (path(t2, 13), path(t3, 12)). »* DHHEICEx
FEETRL TEY (m-civ(t2, 14)). 14RKH 2
ZIREE (idle(td) & B> TWBRKEIZE VT,
HIRE DRI FRICHMET 3 &(dial(t1, 12)).
HIRE A RK EIFOH L TSR
(ringback(t1, t4), ringing(t4, t1))IBBT 3,

HERICBEWTEAYILh=2D > THY)
(dia-tone(t1)), D DR » St4lEERADH
EEFIET I HEEN BB E W TE Y (m-tes(t4,
). t4SHR AR FARAE & 4 o T B (idle(14))
KEBICH VT,

HIHE D4R ICRIF T 3 L (dial(tl, t4)).
HEBKRICEWTREN TEhb T EER
&N % B IREE(busy-dial(t1))ICBB T 3,
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=terminal-state(sz, terminal(
{dial-tone(z1), idle(z4), m-tcs(z4, 21)
1)) Urelation-state(sz, relation
({dial-tone(z1), idle(zs),
m-tes(ts, £1)}))
=terminal-state(ss, {£1, 24} )U
relation-state(sz, {{z1, t4)})
= {¢} U {ringback(z1, 24),
ringing(z4, £1), m-tes(zs, £1)}
= {ringback(z1, #1), ringing(#4, ¢1),
m-tes(zs, 21)}
(5) EEIREBBROHE
BEETY — & 2B ERE Ulov —vic K D R
INBRBICI AT v 7 (4)iICBOTHIEH S (7o E
sz GHEEHEBY —ERTREELTWV 2R 12H
FLREWD. fE->T, KREE sew BRBEET Y —EX L
BicRBEISNTORNRETH 5 LWL, K50
REE 51 D> SAREE 52 ~OBBIIEFIDRENDER T
H5.
W7
BEREAOBBARE LB EETY—EX &
EEERY —E AR AR UICEIRE s1 SIREE s,
BIUOZOBBICETAE NI res & 7w DHITTX
na.

6. AL IUBE

FHiEEW (CFV), HFEHT (TCS), REHESL (OCS)
D 3DDY—EAKEA STR EFEEHOTCRHAL,
BEUCBEESRE~NOBBREEOEEL I E
BICEDEMG L. 38, BT va ) XADESE
3, EX2XVDHOHLTHS.

6.1 #% 1 E B

FRTHW STR EEck L CFV & TCS
OEAHBOF AN LICRT. ChO5OHL DY —
EZDEBIBRKOREBEORT AT =4~V a v
MICERTE 3 STR ZEDA v 2 7Y 2 VA2 HNT
ATV, EBTIR, CFV & TCS BXU CFV
& OCS D2 DD AEHEE AWMRTIT . Fh
ENDON—VORESERR LT, 1 v427Y 2k
DBREFIRBBSBELI TN Y X LLHHE-T
BEEIREANOBBEON LRIHERZT > 72, Bl
BAERIWCRT., £30F 1ITOREDEKIT, YT
DEBYDTHB.

T V= AR TR U — £ R RS LR

P-ECRBACBYEREERNRE~OEBORBE 101

STV B ETHRESIREBE O,

Tav: B INTCEEIRENOBBOK.

Ta: RIS N BNEV—EXBAEOK.

Tan/ T: D ABE,

6.2 & ¥ E

W—VERTER U7z — 2 ERE S Uc B4
WREFHEZAOTRETE 2 2B ORE~DEBB D
BHBER, 20FMAF M35 L TEELR
5. IR SE, dLINTREIhZTNL, &Y
DR INI P - TREBEZ ROodHd7cdic, &
B LRI & E N 5 ETHRER TN TOREBB =
BRETEPHETNTCHRET 2HEND D, BENICR
HURBRBEL 505 TH 5, LhERLIL3D
OH#—E 20D CFV & TCS, CFV & OCS #2h %
NHASDEEADOBRIBERET -2, CZOKRE,
BEINICERETRE~OBH ORI, Brldha~
EY—ERABARTNTETNTOID, BESR
EADOBEHOBRMICLY, REBBOBERNTEICE
KT 29 —E2BREORBXTE L THHGTHEC &
HHERT & .

6.3 AFCL2BHHIFEHR

W— VR TR LT 220 — 2L EAE AL
bET, FNEFNDOY —C 2EEEEET 2K Y —
EAEREOEFIC BT, -2 FEAEASDE
5T L L THEBRINBRAED, ARY — Rk
ELTEONSRETH A0EHE RN LIS
WS, BEAEEDDNENRD 5. BEFHRICLD,
D X D ISFRFHESERE U 01373 & 1R AE 4 B
HICRIT & 7%, FEFEN 2 DD — X%
B ADE BT T RTINS & RE
TEMENEL LD, BEINIORER T IR AD
Bz, FEtOBMEBEND.

CFV & TCS, CFV & OCS ##hZhiisdb
HHEOMHEROME (X3) 5, KOAAR
BBEE 0.1 &8, AFHICKDREBIRER LR
SR S OREEDS 10 00 L icllBshicc &%

xR 3 Y- RSB OFERELR
Table 3 An experimental result of service
specification interaction detection.

HY—E2D

Hashe T Tab Ta T /T
CFV+TCS 112 7 1 0.06
CFV+0OCS 168 23 1 0.13
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RLTH3B.

6.4 EB] FoRHE

BRFHAERT IESORIEEICHET 22 &
LT, 418 CRNERIETAVTYXLADRT v T
(2) KB BERY —C 2D REE s BERICELET
L EAYET ZFHROEHENEEL NS, gk
B, v—wOELSELTERRUY — XL BD
T, INTORENOTFEEOHETHD, O
BEEHEESEERE T LVT ) RAD I N—RiCH
s, V- VTERLUY — R RETIE, R
WAL TY — e 2 ORENBERT 270, BEBIC
KE LTI NTOY - REBERIN D, 31
BONPDED>TL 5. FIZE, BAK OB IE
BRENBREBICIZ, ¥ — & RIREE 50 13 LIZIODS,
nt1 OBHWTI s DEAET IHEENEI OGNS, T
R, WmAEE2 L LUTHRE TV ) RAEEF LR
BARCBRETRERRE SNV, BREE n+1
ELUTRBT AT Y X8 52EF USSR, BEl
REPBREI N LTRSS B EAEFLTNE, #
HRSEA 100% &9 570icid, BRBABEET2
WENHY, EENRBELTE, UL, v—rTH
WU It — 2 ERIC BT B A EEREORIZ, ME
BOBMIE L TH2MABI LTl #mLisdns
CTEMFEHINTOEY®, #-T, LIz EE:
RIEDEIRIT BIKBDELEL, 20OWEABAESZ 2
CEICKDTNTOEERESRETE 3. BB
HEY —ERORIEXIEY 27 LT3, BREOES
RERELFREL, WEEE X —2LUTHES L
THROBUEFTIZEICIDERTE S, 127701,
CDESBHARBOERICET 3 ERITITHL, &
HBOBETH 5.

6.5 N—INESOREBRIICHTIEE
ARMTREUNCFEREEOV-VEAITHL W
N VEREBIMUICEADO NV —VEARIOFEIE
T%%%T&é.cmiﬁmﬁ%mﬁﬁﬁﬁmEOQ
BTOHRINTEY, FEMF T 2REETE
B EOEE P S g - 5T 5,

(1) FEFEFFICHT 2 F4

BEN—VERTCH LV —VEBS LB LIRS
O —EAMOF GRS, BFERESEDFREL
T, FEERAIE T TMS, ATMS 2BHEEX T
7P ChoOFRTIR, V- VEAEOFEOK
MR S EIBASERETH B2, JEHPIRICH L
Tid, UTOLS5REND 3,
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a) FEMREENAT TN —VEAROFBE LR
L ThE, 8, bUBRHELIS ELEEAKR
3, BREOTNTON—LEZN LD —LEADHS
MRS N DR TEEFIR DT B 0TS B,
b) &7, FHEMRGMEF EAZELLLTY, ¥R
TALLDETRBELNSG,
FRTRELLFHR, Lida) CEURSEE-
T3, b5, FHEMEREEDO L —VESICE
DEZRI NIV — O 28, BAMICII B—0kEs
BEEBRLCEAOV—LOBEREZN DL —AE
BRI 2T EICK > THERIN BT RCOREEH %
MO8 THEREIDRENDEL & UTFEI BT
WRIETE S, k7, LEDb) ko0, #BlLx
RETDRENOBEZRETE BBV —VE LT
EBETEZZLIHRELTAY, UL, JEHMR
W UTIE, BBV — v DB 15 BB S 4 s &
EBATBY, BENLGTFHICOVTE, 4A%08ET
b5,

(2) FiEks:
W“”%éﬁ@ﬁ%?lvﬂébff—ﬂ&—x%
THLOUTO B FERBENS 29, coFiklR, &
MEF— 2 2 GERECRERBORENOES L L
THRZ, RENBFEE L TRBT 2HETH S, C
DFHETE, REORBNFE, AZITREALZD
BERE —A L0 FERRUTE 20, BT
FERBRIETERV. AR TIEET 2F 3, if-then
D —NVESTHRE I NIREBB O BRI FED
BEZH-TO3. $bb, BRWLFELREL
RE~OBB & LTHRANCERL, 2085
SAFEOBHT VT ) RAZRBELTN S,

. H & Hh &

BEV-ECRERFECHERT 2000, EEILEE
ThHEY—E2ABEREZ BT 200 FEIC DN
TREL. BANIKE, REBR = FvicESNT
MRS NCBEY -2 FENRELT, 2208
Wy — & AHEBRAE SR Lo e BT 2 BRI B O
BMHIZ BRI EIC OO TR U, EREFEE LT,
[RETRE~NOBY ] OEHL R Lk, ik, BE
ﬁﬂ%“Qéﬁ%%mﬁmﬁﬁiékbwﬁﬁ&m%
B EF~OERENER LI, 2OBREEIC
FEDELB I NIERA B L7 BE DRI REE~
OBBZRIET LT T Y RARDOTRE L, &
I, EBOY - 2484 STR §&ickhaEbdL T
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FERETY, $—EABAE UTHRIESRIELLD
UTTS SIEVIREBH O 1 Blickk b ALy & 8
TE5T ERRLI.

ABOBELE LT, UTFoHBARET 5.
(BEET7ATY) X2 EZRAECIDERL, A%
KT 5.

(2)LSSGR™® THEINTVBLIDEL ORBIEY —
E2HBEROTEREZITY, BELUCFEOMESHIL
EED D,

(8) BENRE~OBR OB ROBE ZBIEOR
FqETD.

WWE APIELED B LT, CHEEEFE LAV
720 ERESBEERRINMAFRERERLE, ATR
BIEY R T LAAEFHFEARICES B#OLET.
F7, HRWHEBHREPTEOK ATR BEY X5 LK
DOERFICRHE LT T,
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{8 STR
Egulzl]

EEEmEY — v R(CFV) LEEET Y — £ X (TCS)
OEAMRCHETT 2ERAL T ICORT. ERTI,
ORI 2EHMOBEE Y —ER (RAFBZH—¢
) AR UL OOV -V E N TIT - 1.
(1) BHfEm&EY-—x (CFV)

) dial-tone(A) cfv(A): cfv-tone(A).
2) dial-tone(A), m-cfv(A, B) cfv(A): cfv-tone(A).
3) cfv-tone(A), idle(B) dial(A, B):
confirm-tone(A), m-cfv(A, B), idle(B).
4) cfv-tone(A), not[idle(B)] dial(A, B):
confirm-tone(A), m-cfv(A, B).
5) cfv-tone(A) dial(A, A): busy-dial(A).
6) dial-tone(A), cond :idle(B), idle(C),
cond :m-cfv(B, C) dial(A, B):
ringback(A, C), ringing(C, A).
7) dial-tone(A), not[idle(B)], idle(C),
cond m-cfv(B, C) dial(A, B):
ringback(A, C), ringing(C, A).
8) dial-tone(A), cond :idle(B), cond :m-cfv(B, C),
not[idle(C)] dial(A, B) : busy-dial(A).
9) dial-tone(A), not[idle(B)], cond :m-cfv(B, C),
not[idle(C)] dial(A, B) : busy-dial(A).
10) cfv-tone(A) onhook(A): idle(A).
11) confirm-tone(A) onhook(A) : idle(A).

i

BREB3Y—Ext#HD

—
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(2) HEHEEFYr— R (TCS)

1)
2)
3)
4

5)
6)

7

8)
9)

dial-tone(A) tes(A): tes-tone(A).

dial-tone(A), m-tes(A, B) tes(A): tes-tone(A).

tes-tone(A), idle(B) dial(A, B):
confirm-tone(A), m-tcs(A, B), idle(B).
tes-tone(A), not[idle(B)] dial(A, B):
confirm-tone(A), m-tcs(A, B).
tes-tone(A) dial(A, A): busy-dial(A).
dial-tone(A), cond :m-tcs(B, A), idle(B)
dial(A, B) : busy-dial(A), idle(B).
dial-tone(A), cond im-tcs(B, A), not[idle(B)]
dial(A, B) : busy-dial(A), idle(B).
confirm-tone(A) onhook(A) : idle(A).
tes-tone(A) onhook(A) : idle(A).
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