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An Automatic Generation of Object Modeling Diagrams from
Japanese Requirement Statements

MINORU HARADA,?! YOSHIHIDE NOMURA,? KOUJI YAMAMOTO,12
MasasHI OoNO, HIROKI TAMURA'* and SHIRO TAKAHASHIS

The purpose of our study is to develop a system CAMEO (Computer Automated Modeling
Engine for Objects), which automates object oriented analysis and design activity. CAMEO
inputs requirement statements written in Japanese. First, CAMEO parses and analyses each
input sentence into the semantic frames of verb, noun, and adjective. Next, CAMEO ex-
tracts and classifies modeling elements from those semantic frames. These modeling elements
are classes, attributes, attribute values, roles, associations, aggregations, inheritances, events,
computations and scenarios. The condition parts of analysis rules consist of the predicates
specifying the identifier of the concept represented by the frame, the type of the relationship
with other frames, the upper-concept of the concept represented by the frame, and what
specific word the frame contains. Finally, the extracted modeling elements are automatically
layouted into object diagrams and event-trace diagrams.
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(3) AT EERLED.

(4) FEOBEIEBEHS.

(5) TTERBIRIBOLETIMEST, FLTITERS V2T

(6) HILN—FRHITIK, FEHRES 1S 10 BET
»5%.

(7)  ANFZVLR—IcHd LIFEERORY v 2y

(8) Ay VIMTEXBOB/EELZI B EFITT 5.
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(10) ZLR—FRIETZEF7HBE, £TRY 2 ALK 5.

(11) RIZEBAHSFEYD, RBICFT2HES.

(12) TV R—FRROEKRMED B VIIEEH~BET 5.

(13) 1B, 10BZKRE, 7072 DOLTIFERS U
»5.

(14) LEFIFERY T EETT5.

(15) BRLZAZZVLR—FIHPREDLLEDHFEHDETFERY
YiRHTT 5.

(16) ERMHVEHAICIE, TLR-FEFTEHEDT, BEE%
77 CELEL, ROERERD.

(17) ETo7u7RBFLAESESFZONTNT, L R—
BB ETOERIIEL 3.

(18) TUNR—FRILR—FAILOTERHEIH LT, B
FHchEoT, EFRCEES.

(19) TLR—FITE, 10BETREILMTES.

(20) ZOMOFMIEROTILR—FOREFEELTEL L.

1 clA—-yHEOERL
Fig.1 Requirement statements of the sample elevator
problem.
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1 ELIETORBT, TLA—SZ4LA MBI RTINS

[vﬁxﬁﬁﬁx . ] 2 NFBRTRPTSUHLLRETS

3 AIFTEEREERHD

- hinshi(ID, INP), % ENE -7 b

¥+relation(consist, _, ID), %A R IE DR GE TII oW A

relation{consist, ID, VID),

( HNS='JVE; HNS="PR'; HNS='JN1; HNS="SA",

hinshi(VID, HNS), %813, AEM., 4F. VEBFL -0
relation(modify, VID, NID),

result(0, class, NID), !,

debug_message([HNS, Té 5" VID,'d3, 7 F XA Téh %' NID,

ZIEM LTV B, EOBRKIEID, % —L b LT LES ).

@A T xH HER
ST

frame(1, £ /L, €V, INT, E/L 'none’,'none','0f512f',[1,1).
frame(2,' 1'%, IN3',' 1*,'none’,'none’, 000000',(},1).
frame(3,'0',“& A", IN3',' 0*,'none','none','000000',[1,1).
frame(4, B&', 1 A ' ING','BE' 'none’, none', 3bc7cf [1,1)

B30 4 ING. H mone' none 3bcTct {1, EFY LY
---------- BEUABFERSL
frame(15,1# X 54TV 5" 'none’, PR 2 HAL TN B,

GOREFILTY XL
H=&k2BEMLAT7Y BB

‘none’,'none’,'000000",[[consist,12],[consist,13],

I,

%2
5
Y

\_

active,[1]]

A,class( ), [10]]++++wrreerse

R—4 active,1,7,9,10,12,15,16,17,18,191]
% laSS(f\) t}’Pﬁ() mul(),[3]f-++=
R TUVB,from(T LA—4),10(EJL),mul(),[1]]

[ *Toxy H‘aﬁ?ﬁﬁ@lj

ATV=y M ASEE R AR

VEEOR4E sender(),receiver(),argument(),

®2 CAMEO ¥ X7 AHEEL
Fig.2 The architecture of CAMEO.
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5. BATRED

6. EAE FEOFHE (FF L)

7. 5B FEOBER (BFICE L)

8. #: 2 ID EDR BEHELEARILLFEAT X
ELTRERELL 350N ABEHEANTF

9. AT HFORKOHIEH (subject, at % &), &
M oOBHER (modify), & % OMEERMR
(consist)

10. BXYEE FEOBLLERLOEFS

BT L — A DOIEREAL, HERTICBIT 2

AREDHZRTHUTOLH L L, ThoziedT
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frame(1,” ¥ V>, €V *JN1’,” €1’ 'none’,’none’,’0£512f",[],1).

frame(2,’1’,” \»5°,°JN3’,’1’,’none’,’none’,’000000’,[],1).
frame(3,’0’,” ¥'%°,”JN3’,’0",’none’,’none’,’000000’,[],1).
frame(4,” B, 7 4°,")JN6’,” &’ ’none’,’none’,’3bc7cf’,[],1).
frame(5,” &', 5 7°,"’JB1’,’ #&’,’none’,’none’,’1f5a3d’,[],1).
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frame(6,’10 F§#¥’,’,” none’ ,’JNP’,’10 F£##’,’'none’,’none’,’000000’, [[consist,2], [consist,3], [consist,4], consist,5]],1).
frame(7, ©, #7,3ID, 72, ¥IZF, ¥ 515 R, 2621ba’,[],1).

frame(8,’10 B¥E T, 'none’, *JPR’,’10 T, none’,’none’, *000000’,[[consist,6], [consist,7], [subject,1]],1).
frame(9,” TLX— %2 T L X—%'2JN1,’ L X— %" 'none’,’none’, '0eb8fe’,[],1).

frame(10,’4’,” £ A’,"”JN3’,’4’,’none’,’none’,’000000’,[],1).
frame(11,” &’ %°JN6’,” #’,’none’,’none’,’0eba98’,[],1).

frame(12, iz’ VF 2 2IVE’) i 27, BEEE’, KRR, 0£886e,[],1).
frame(13,” 5h T, 51T’ ’JID’,’ 515, none’,'none’,’000000,[],1).

frame(14," V» %’ \»5°°JJD’,’ \*5’,’none’,'none’,’000000°,(],1).

frame(15,” iz 5h T\ %, none’, *JPR’,” M 2 51TV 2° ’none’, none’,’000000’,[[consist,12], [consist,13],consist,14],[subject,9],

[range,10],{to,1]],1).

frame(222, BEL T, V7 7 4 ISA’,) Mg’ F B, & FEH 7 °,'3d0123",[[object,221]],20).
frame(223, 2 &) B v H L IVE',) Z 2, BEEF, &4 °,'3cfas5’, [[object,216]],20).
frame(224,” % L THZ &’,’none’, "JPR’,” #5E L T# X &7,’none’,’none’,’000000”, [[consist,222], consist,223]],20).

B3 FORMTEAER LR V-4
Fig.3 Semantic frames generated by the semantics analysis part.
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2, EBROBER, 7Yy VRS BELT S
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F7 Y27 MRIAGH OFHIEE  OFERH IS
BRENTVBEIDIE LarLZolhbss, AF
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BB BARBI
Subject (EK) [~ (<)) M~
Object (xt%) [~% (%2)] [~0%]
Sender (52 F) [~25 (#%3)]
Receiver (¥ F) [~~~ (%2)] [~ic]
At GHFT) [~ic (BT T~~T~%][~T]
From OGBf7 - #hm) [~»5 (%3))
To (AT - #41) [~~ (%2)] [~k [~%C]
Start (ZAIKHE) [~55 (~ick3)]
Goal (#K7E) [(~55) ~i2 (5)]
Cause (KA - #il) [~o7220 (KL [~i2]
[~&5]) [~T]

Tool (F& -#ER) [~T (HOIT~%)T~ic)
Component (#%) [~256 (WEEhz)] [~7T]
Condition (%ff) [~%61E B T~TIJ~%5]
[~ofb ] T~icid) T~Zkic]
[~56 ~FT (AT [~
[~E»Y ] [~0&] [~
[~ZZ][~<Bw]
Assert (H)%E) [~72]
Predictive (B) [~& (SoTwa)]/[~bok ]
Manner (£) [~ (kFB)T~7T]
Topic (%) [~ (~F52e8) I ~oT ~%]
[~%&IT~%Ad] [~%AT]
[~EE (~F2) I T~&X ] T~Th]
[~F6]~#oT]
[(~oBmH) 26 (RE$) ]
[EREH % EOFEDEM%ERT )
[BBEEOHIKERTH DBRELRT ]
[~n~]

B4 BB
Fig.4 Relational operators.

Range (#EBE#E)

Degree (&)

Viewpoint (#111)
Modify ({5#iRaf%)
Consist (FERFE)
Owner (FTH#)
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L — L OB EE BT, V-V EERIET %
VENHD., LIehoTHEHAIL, HETR/2EKRY
L—airb, 79X, BY, BUYME v—n, BHE,
By, ANV, BHE, YFUTO10HEDEFY v
FERTHE - ST ARBEOGH N — VERIER L.
SHRERIE, BIEROBEHL AT Y F AT AITE
Bil, EFY) VI EZEILICHAS ICRT L)%
BEHDAT v b %2 RSL (Requirement Specifica-
tion List language) &I 2 Y A MR THI S
N5, FBOEETRSL RELEDFE LW LidB~
LW, BARBICIE, F1ERCEIRHBINETY

[elsl, 2 7 R, ¥V, active,[1]]

[els2, 7 T A, L ~X—%, active,[1,7,9,10,12,15,16,17,18,19]]
[els3, 7 T &, A, active,[2,3,7,10,11,15]]

*[clsd, 7 5 A, 7H7, active,[2,13,16,17]]

[cls6, 2 A, F&, active,[3,5,7,8,9,12]]

*els7, 7 7 A, LK, active,d]

[attl, B, 475%RE, class(A),type(),mul(),[3]]

*latt2, BY, LT, class(FAK),type(),mul(),[5]]

[att3, B, 1T E%AKS ~, class( L X— %) type(),mul(),[6]]
*lattd, BYE, K2 >, class(17 & %H),type(),mul(),[7]]

[att5, B, 2 DO LTFITERSY », class(7 827 ),type(),mul(),[13]]
[roll, B —, 47 X5EH, class(F&),(3,5]]

*[rol3, T—Jb, fT&%KS ¥, class(FK¥ ¥),[6]]

[rol4, 1 —Jv, KD BN, class(A),[10]]

[rols, @ —J, FB A, class(N),[11]]

*[rolg, W—b, LTIFEHRS >V, class(F¥ ¥),[14]]

[assl, B, X 5N TW5, from(T L X—7%), to(¥N),
mul(),[1]]

*levtl, ARV M, i 5N T3, sender(LLX—7%), receiver( ¥
V), argument(), retrun(),[],{1]]

levt2, £ X b, 34§ 5, sender(A), receiver(), argument(),
retrun(),[],[2]]

levt3, £ XV b, FEOREE, sender(), receiver(), argument(),
retrun(),[],[4]]

[emt1, 34, %475, subject(A), contents(EET %),[],[2])
*emt2, 318, FEOFE, subject(), contents(FEDTEA),[],[4]]
*lemt3, 518, V%, subject(), contents(fv25),[],[4]]
[emt9, &, ST T 3, subject(K ¥ ), contents(s 4T3
%),[1,{8l]

[scel, ¥+ %, type(E#), event(55), receiver(), return(),
argument(), source(#9),[7]]

5 TLAR—-YHEOSHHER (RSL HK)
Fig.5 The analysis result in RSL format for the elevator
problem.
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»5.
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ABREPIZE ST, BIGRLA W0 EHEOET) V7
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prolog TEE L7z k— M & S Hb . HH N —
PR TAER—VEOAY FEIE, H6 1TRTLII
result(0, €7V V7 EHE%, ID) OEAELTE
D, BT CSEEZCBEOBEL (MRS
EINBOTI0+1=1112%5) AL, FF 158
2, BEF VI BEREIHET AR R TIRED
FIEND. ZOEGEHERT2HMEIIRE RO 3
DOEICFTIT A LN TED.
o FEEDMFIC X BREE hinshi
Bl ; FEHRAGEIND RCHEH JPR ThEHhE
) ERT &M

o EDR BEFILHEOHAERFE,LBOLNS L
it &% KT IhEE is_upconcept_c
Bl K6 D (1) IRT LI, FZOEPEFAT,
HEMORRBT, [ABEIIARLU -EE
WET S FEK 322911 ], [ BRI D 5 ViZHZR
BOFETEY '444e30 ], [ b 0444486’ O L
® ARSI D, [Wedicotd 2 HRM I
Frod444e3f| % [EYOREM '444dbl’ | % EATHE
AW bIE, FOEE T AL LTHIH
5.

o MOFEL OB (BART) %K TihEE relation
Bli6 D (2) IRT LIS, BhF (Bl %)
B FGATHBLEH (Bl N) 2EHLTWE L
& (modify STHRLTVS) 25, 208K
BEChILFM (FIIEDLAN) 2O— e LTH
B35,
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1)

result(0, class, ID) :-
hinshi(ID, *IN1),%Z DB LHTH B L X
relation(consist, ID1, ID), % AREDHBEDHE
hinshi(ID1, "JNP"), % Z DA BENMEEH o715

relation_tail(consist, ID1, ID), %% D EBKEOKRBHETHNIT

debug-message([I D, 13k F4)",ID1,” DFKREFE nl}),
include_concept(ID, CID),

(UPCID = '322911° % AW % 7213 AR & DR % 5 E45

; UPCID = '444e3f’ % BAMD 2\ XS T
s UPCID = *444d86’ % b ®

)7
is_upconceptc(CID, UPCID),

\-+is_upconcept_c(CID, ’444e3f’), % [HoWioxt 3 BERIEHR ] TidZewn
\+is_upconcept_c(CID, ’444db1’), !, % [FHOBM| Tidnw
debug-message([ID, * D LRI, UPCID, ' % 57:%, 75 AL LTHHL T3, nl]).

(2)
result(0, role, ID) :-
hinshi(ID, *JNP"), %S4 5725

\+relation(consist, -, ID),%EHADEEETIIRVEE

relation(consist, ID, VID),

(HNS ='JVE’; HNS =JPR’; HNS = 'JN1’; HNS = "JSA’),

hinshi(VID, HNS), %87, g4, %#H, YEHAL -5

relation(modify, VID, NID),
result(0, class, NID), !,

debug_message([HNS,’ TH %, VID, ¥, 77X TéHb’, NID,’ i T30, Z0O&KEE, ID, ¥ a—nk

LT L 37, nl)).

(3)

result(0, association, ID) :-
hinshi(ID, *JPR"), BB E o725
relation_tail(consist, ID, GOBIID), %A HEDER
midashi(GOBIID, GOBI),
(GOBI =’%’; GOBI =*'T&%’)

debug message([ID, * DRI, GOBI, > 4% Y % L7, l]),

include_concept(ID, CID),
(UPCID = ’444dd8' %3547 %
sUPCID = '307e5'% B
;UPCID = 308017 %5},
UPCID = ’3f9856’ %%:1t),
is_upconcept_c(CID, UPCID), !,

( CASE = object; CASE = to;
CASE = at; CASE = secondary ),
relation(CASE, ID, NID),
result(0, class, NID), !,

debug_message([’ BE4,ID,’ DFEHHY, GOBI, > Th b, &6 LMD, UPCID, %% ), £6i2°, CASE, ' #%

#2F5A%OT, WEE LTHiH L3, nl)).

Be 77T HoHL— ()
Fig.6 Analysis rule for class element.

o EEIPFEDDNTH DI L EFETIREE nidashi
Bl:E6 D 3)IRTLIIZ, IRITE, BE,
%g, B LeRTHERY, BRI [VwAE] %
[C&5] %%b, 77 A%KRTHEES object, to,
at, secondary I OHA, BEICSET 5.
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