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Formalizing Software Specification and Design Methods

Motoshi Saeki

Department of Electrical and Electronic Engineering
Tokyo Institute of Technology

This paper presents a modeling technique for software specification and design methods such as Jackson Systems De-
velopment(JSD) etc. Our formalization is based on Entity-relationship model and on intuitionistic logic. We integrate
the software models adopted by the various kinds of methods into a general model. This general model consists of the
general concepts “Event”, “Data”, and “Process” etc. and of their relationships. It represents structure of the products
through the speciﬁcétion and design process according to methods. Properties of the concepts and the relationships
depends on the methods. We specify the properties by a set of V 3-form logical formula, which specialize the general
model to the proper model of a method. If the formula are proved in an instuitionistic logic framework, a mathematical
function can be extracted from the proof. This function produces something suitable for the properties of the concepts
and their relationships in the method. So, we can consider that the proof strategy correspond to a part of the method
because the method specifies the order of activities for making specifications. Furthermore we can derive new methods
from the existing methods and/or the conceptual models of specification languages. In this paper, we illustrate the
derivation of the method for LOTOS specification language.
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Friam=2EUARE, AR DR FRE
H S o R=fKI) ~ FIcERE TD1 >R/ X
NHEIDEE= AR 55X 5 e
EEX BT LTS, AR TOCBIRT, Hi% CRBLLE
HRZOVEFNCH L T ED LS BHMEREEA T T L OhEFR~
Bl itk »>T, NHIBED LS RfEE LI i Sanm s
Hahs, (BRIl 281, % 0 EEAEEsI
< #EHTREY T TV OBRE, ABIMEX 2 HhEED
&>
DY THET T ENTE S,
CDEIIERRZIEOREELTR, FiEmEE /L
MM TE S X B L e TE BT TIY,
1. AR ED & 5 75 NEIDIEEAWE D% Theoretical KHEE, A
e s — > O, HESITAB L.
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2. HFIAAOAE &, ERBBORS &V - BRI REETHER
OFEAE, HERBPICSE N BEEOTHELITIRAS Z &
REEE

3. HHEmER > TORWERIGREE I oW ED & 3 kRN
e EE-> 10, BEOHERCIERP o L WAERESRD
20$ 3, WbWiEEROSKOUMENNSSHS L

EWofel EBELOND, 1L, APIETRAERICH > KR
DRIFSBIR OB Prover TITRB S L LTWAOTRAEW,
b5 HERBEEL TWAIEEDiNE

Tasky,Task,,...,Task;,... .
Task; =< SubGoals;, Lemma; >
SubGoals; : AF » 7 iILBIFBHTIT—VORE
Lemma; : 25 » 7' 1 TEXZHUEEOES

TRY. ISD EOP|TIE, Task;, Taskyid% 4 Entity-Action Step,
Entity-Structure Step Ii%249 5.
Task e BWT, AEMICARIDP SR ITRSRVEE LB
THBITITASERRUTO L 5 cRAldh 3.
ABofEsk
U;j<i(SubGoals; U Lemmaj) b Lemma;
HEIICITA B1E8R (BROIER)
(Uj<i(SubGoalsjULemma;))ULemma; b SubGoals;

ELSfEEL ChE TIFHEWER, 22 chEcofeEchis
N AERE A O TRER LIRS 5799 — Y &> TV 3,

EDL S Lemma; TMA LIS NI SITWMIE, SubGoal; &
25w 71 FTIREH S WARERIREL, CholdBEERcL -
THEZh 3. .

4.3 LOTOSitBi 2fi¥ oM

HIEORHE S 12~ T, LOTOS itk BBRERIEEZRAILL, &
FLTALS., LOTOS REETH Y, BMEROI-HOHERIIBIE
BeahTWahi[s], RSN DIRIEV, LOTOS EENPER
+ BEBMOEHEEEEITE-> TV S &tk -T, LOTOS DEFN &
FELIW 1 >OFERENED Hid & &icia s, ARImcERE Shichl
#i3, LOTOS2 ~ LOTOS7 D&RERIC & - T, BRI TR, Ch
S OROEFEIERZETE - TV, 1 >20ofEofth 2R 4ioRd. K’
1D Event, Process, Data, Component, Interaction Point 12 BHES
EHROBEEEFRL, EE rel, PD rel,CIrel, ED rel, EC rel, EI rel
132 oAt E T 2 8A (2R KT BED Constructor i3,
A% F T Constructor ¢ &, BEAITe 21 DBIT S eA T
H5. h THEE BRI, Lemma S L7-BAEL, > % b ARIDT
DIFNITIE SIEERRT. £/, SETRSEREAORLE,
RELATTON L 2 ERAFROBRE%E, argl, arg2 122 DHOE 1 BF,
2 BRI BB R Y. fEEIR9 oisbh, Thoogs
R TR~ & 5 RER(LEITIRS &, UTokdici3,

Task 1 =< {(1)},{(1)} > Task2=<{(2)},{(2)}>

Task.3 =< {(4),(5)},{(3)} > Task4=<{(6)},{(6)} >

Tasks =< {(®)} (7} >

Task 6 =< {(11),(13),(14), (15)}, {(9), (10)} >

Task.7 =< {(17)}, {(16)} > Task 8 =< {(19)},{(18)} >
- Task9 =< {(21)},{(20)} >

AFSiz, Component, Data 2 (Task 1, Task 2) L7:#%, Com-
ponent HF-> T3 State DI (Task.3) 217 5. LOTOS EiEic
13 State BESHTFEE LW, HEMAD Component H5iF-T 3
State ZHIL, &% b &IC LOTOS BiED Event LTV
3 &4 55 TH 5. i L7z State % Event & 5733 ((9),(10) )
T EiTk > THEE (Task ) BHED SN TV, COfFEIL-TH
5% LOTOS 2cibid, 3k [5] TR~ 5TV 3 State Oriented 73
Style Ic X 2ETRTH 5. TDI &L, LOTOS EiED State Oriented
Style DIGREFBT B HIERDO—2 AR L7 & LiTiE S8,

M 40RBRIC X BB XDy — v B LU, ThEEifE
¥Dy 4 TESRTHLLUTOK SRS,
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Concept 2N 21EE (FpHIIL)

2. Vel € Conceptl 3c2 € Concept2
Conceptl % b &I Concept2 %3

3. Vel € Conceptl 3c2 € Concept2 (cl = c2)
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BFEETHY, Ea—OUDEXET->TVWEILINS,
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BT —nEii R,
JEvent AProcess 3Data AComponent Interaction Point IEE rel 3PD rel 3CI.rel 3ED rel 3EC rel 3B rel
(LOTOS2 A LOTOS3 A LOTOS4 ALOTOS5 A LOTOS6 A LOTOS6 A LOTOS7)
VEERTF S . [i= 3

1. Component D 3Component — (1)

2. Data OIHH 3Data — (2)

3. Component BF->TWW3 | AInteractionPoint (Vc € Component 3i € InteractionPoint) — (3)

Interaction Point DfiH {(3)} F 3CI_rel (Yc € Component 3i € InteractionPoini(< ¢,i >€ Cl.rel)) — (4)(LOTOS3)

{(3)} F Vi € InteractionPoint Ic € Component — (5)(LOTOS3)
4. Component 5¥->T\3 | 3State (Vc € Component 35 € State) — (6)

State DI

5. State & HIRD State, JEvent (Vs1 € State 352 € State 3e € Event) — (7)

Event %1t} {(8),(7)} +3SSE_rel (V51 € State 352 € Siate Je € Event (< s1,82,e >€ SSE_rel)) — (8)
6. State % Event & %71, F V< sl,52,e >€ SSE_rel 3el € Event (s1 = el) — (9)

Event R7E(ED k¥ <sl,52,e>€ SSE_rel 3e2 € Event (52 = e2) — (10)

{(9), (10)} F 3EE.rel (¥ < s1,52,e >€ SSE._rel
Jel,e2 € Event (< el,e >€ EE relA < e,e2 >€ EE_rel) — (11)
{(11)} F V < el,e2 >€ EE_rel 3c € Component — (12)
{(12)} + IEC_rel (¥ < el,e2 >€ EE_rel
Jc € Component (< el,c >€ EC.rel A < e2,¢ >€ EC rel)) — (13)(LOTOSS5)
{(7),(9),(10)} F Vc € Component Je € Event (< e,e.>€ EC rel) — (14)(LOTOS2)
{(7),(9),(10)} F Ve € Event Ic € Component (< ¢,c >€ EC _rel) — (15)(LOTOS2)
7. Interaction Point TREC | F Vi € InteractionPoint 3e € Event(< c¢,i >€ CIrelA < e,c >€ EC rel) — (16)
% Event DRFE {(16)} + AEI rel (Vi € Interaction Point
Je € Event (< e,i >€ EIrelA < e,c >€ EC_relA < c,i >€ Cl.rel)) — (17}(LOTOS4)
8. Data & ¥ Process Offfit} | 3Process (Vd € Data 3p € Process) — (18)
{(18)} + 3PD_rel (Vd € Data 3p € Process (< p,d >€ PD_rel)) — (19)(LOTOS6)
9. Event ICf1Bfd % Data | Ve € Event 3d € Data — (20)
2% i

{(20)}  3ED_rel (Ve € Event 3d € Data (< e,d >€ ED.rel)) — (21)(LOTOS7)
XncBons : ext LOTOS()
=< EVENT, PROCESS,hDATA, hCOMPONENT,INTERACTIONPOINT, ext EE, ext PD, ezt Cl, ext ED, ext EC, ezt EI >

ARES | BohsHH0— ((15)RFET)
fefél makeset(¢)(f) =¢  makesel(c.A)(f) = f(c).make_set(A) I )
(1) hCOMPONENT w SET
(2) | hDATA: SET

(3) INTERACTIONPOINT :» SET INTERACTIONPOINT = make_set(hRCOMPONENT)(hEzi_inp)
hEzt_inp: RCOMPONENT — INTERACTIONPOINT '
(4) ext CI s SET ext_CI = make_set(RCOMPONENT)(ext CI1) ext.CI1{c) =< ¢, hEzt_inp(c) >
(5) | estic:INTERACTIONPOINT — hCOMPONENT ext.i.c(hEstinp(c)) = c
(6). STATE :— SET STATE = make_set(hCOM PON ENT)(hExt._state)
hEzt_state : RCOMPONENT — STATE
(| EVENT o sET EVENT = Event1(STATE)
Eventl(¢) = ¢ Event1(hExzt_state(c).S) = arg2(hEzt_state_event(hExi_state(c))). Event1(S)
hEzt_state event : STATE v (STATE x EVENT)
(8) ext SSE > RELATION ext SSE() = ext . SSE1I(STATE) ’ ext SSE1(¢) = ¢

ezt SSEN(hEzt_state(c).S)
=< hExt_state(c), argL{hExt_state_event(hExt_state(c))), arg2(hExt_state_event(hExt _state(c))) > .ext_.SSEL(S)

9) exteventl : STATE v (STATE — (EVENT — EVENT))) ezt eventl(sl)(s2)(e) = sl
(10) ext_event2 : STATE — (STATE — (EVENT +— EVENT))) ezt_eveni2(s1)(s2)(e) = s2
(11) ezt . EE :» RELATION ezt EE() = ext EE1(SSE rel)

ext EEN(¢) = ¢ ext EE1(< 51,32, > .A) =< ¢, extevent2(s1)(s2)(e) > .(< ext_eventl(s1)(s2)(e), e > .ext EE1(A))
(12) ext.comp: EE_rel —» hCOMPONENT

’ ext_comp(< ext_evenil(sl)(s2)(e),e >) =¢ ext_comp(< e, ext_eveni2(sl)(s2)(e) >) =¢
72 72U s1 = hEzi_state(c) 2 = argl(ext_stateevent(c)(hErt_state(c))) e = arg2(ext.state_event(c){hExt_state(c)))

(13) ezt . EC v RELATION ext EC() = ext ECI(EE _rel)

ext. EC1(¢) = ¢ ezt EC1(< el,e2 > .A) =< e2, ext_comp(< el,e2 >) > (< el, ext_comp(< el,e2 >) > .ext_EC(A))
(14) extce: hCOMPONENT — EVENT ext.c.e(c) = arg2(hExt_state_event(hExt_state(c)))
(15) ext.ec: EVENT » hCOMPONENT ext_e_c(arg2(hExi_state_event(hExt_state(c))) = ¢

4: LOTOS Sz & 588t 7 o2 2 OER(LOH

(8)



