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Effective Reuse of Specification Change Processes
— Imitating the Imitating Process —

SAEKO MATSUURAT* and SHINICHI HONIDENT.##

Our goal is to formalize the program development method so that it may be incorporated
into automatic and intelligent programming environment. In this environment, a program
can be altered to meet the specification change using a program deriving process from the
specification. We have proposed a systematic method for reuse on a single unified frame-
work where specification, process and program could be expressed without ambiguities by
a wide spectrum language Extended ML. On this framework, a specification change process
was formulated, so that it could be manipulated easily and concisely. It consists of a differ-
ence defining process and an imitating process on the program deriving process. Specification
change is often expressed by a collection of several known experiences. It seems that it is
inefficient to imitate a single process every time the specifications are changed though we had
an experience of imitating it. In this paper, we extend our framework for reuse so that it can
realize more effective reuse of good programming experience. On the extended framework, we
propose a procedure for reusing not only one specification change process but also an effective
composition of processes. This procedure leads to automatic synthesis of a program meeting
the specification change.
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Fig. 1 How to use our method.
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Emodcs DEREE LT 5. T T, Spec; H* Emod;
DEBREETHH LI, Spec; kii7zT70s 5
LEVERLARBTHS Emod; WHETAHI L

{mod_mp;;} .
TH5%. $7, Spec; ———— Spec; H* Emod;
{mod_mp;;,procemp;;}
d > Emod; ODMBRERTH 5 L 13
{mod_mp;;}

& HAMEE Spec; ————— Spec; WxtLTERK
7uhx%§hf7ni?A%%&Ltﬁ%f%%
Emod; fmotmes 'pmc_mpul Emod; FETAHI L

ThH5b, O, DED () Fd (2) PRI T HE

WERFRTIRBILITESL,

(1)  Specc1= Specca. ZDH, HRDIREY 2—
M Emodes Thp. 22 T=RFA—0Rk
TERT 5.

(2) Specor 7% Emodc: DHEREZETHLIhE

{mod-mpo1,proc-mpo1}

y Emodc1 75
L, Specco= Specca #2 mod-mpor &
mod.mpes IR FRFTHE, TO_DOND
ThATEVWIELUDEhE LIRS, m

(2) DEBEIFLEE b OEFTL2HBIFLET S

ZLThHbH. ZOE, Emodeos {mOd-mpza,P'I‘OC—mpzsi'

Emodcs % ¥ 7z}l % Emodc: WHEEL, HY

D Emodos ZERTHFIH%E 4 EETRT. MUH%E

DEWATIERIN ATV 2 — N dEOE LT L

ZERFERHoTWA, 22T, —HOREMHED 2

WIRERT TR L, HEOEE LD X ) ICHE

DERFEF->THFOEFRFEBIEL, BESHLZ
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Table 2 Formulation of extended specification change process.

7oA SES

B FB

HEEDERFETRETTER O FhE

LY iw: 10F $ 21 £V a— Lk

EETUtLANThEF Tha7U0tR

AETatA0EhE

HUOAK T oA T hE 70 A

Fhh% Emodc, BB TAZ LD TEA, Lo
EEIZLY, 33 HTHRNLERALICRED &, HWES
NABREES U A0RMICBTsThE2Ths
TOERIR2DEICRD.

4. FhFH%eERD

ARETI 3BTRS F b Ah =X L% Extended
ML 2 W CEMKET 5. ¥, ThhHeERTL
OOTODTHEAERL, 2EIIINLE2EFhEF
JEZ BT 5. HBICIE 2 EBTRALHZHGD,

4.1 HROESEHEOEX

HBDEDEHES DL ZITFHROE Y 2 — VERIER
BoOBEHEoT, BERMBREV 2 - VEBIET 5 FH
ETHbH. A7UL AT ML OBETHLEI 2 -1
BIEMMEAASDE ML OBEE LTEREER
5. 1AL DBTERY - ALOEEMRL, T
RERTHBOEDERE T UL AT TERINS,
LUToOEBICBIFBENAT vy TR LADHKE EH
TAHBIIHWZE Y 2 VBEEZHBEL W5, 46
AZDAA/MIBWT [ CTHERLXOAKTD
1), datapattern_trans S4%F ¥ o — VBB T
5.

(1) FVIPFNDYRAT LB EZREDT — %

("book’) IFEH (Ptitle’) L&EH (*author’) N7 4

—IVEESOYBWLEERT T ThHDH. K (B

) BRICL Y, RSN EDT — % *book’ 12

L, 14 A4 D book DL ) ICHEDF — ¥ DFA

bIITHIEFHERT — ¥ 2 W cBEOT—5 L L

TENT A, DEDEY 2 — VEBELTS.

(a) FVIYFNDT— & {4k (functor Library)
W2 LT, 7= 5 BDEREZ T\ datatype
DEHZZEEL, LT — ¥4 (functor
EIS Library) & ¥ 5.

(2) 2EOEV2—-NVBET,[BLEL (lend)| 0

AT ETHERT - 7 IO TE R RNBICETE TS,

(a) AUYFNOT g sk (signature
LIBRARY) #"MH “Card {book=Book {title=t,
author=a}, id=n, record=rs}” % &7 51,
DEDT = I NY —VEBRTITS.

(A) 7 — 585 — v 25

[datapattern.trans D.series®’Card
{book=Book {title=t, author=a},
id=n, record=rs}’ ’Card {book=Book
{obj=b}, id=n, record=rs}’]

B [datapattern_trans D.series
b ’0bj {title=t,author=a}’]

B) 7T — 585 —EH
[datapattern.trans D_sum ’Card {book=
Book {obj=b},id=n,record=rs}’ ’Card
{book=Elt {obj=e},id=n,record=rs}’]

(b) (a) CEEBROBEICET 7Y v HEBOAE

I LOEDZODERET

(A7 72 a YO RNEOFIRE TA card
DEH c DI “0k ¢ EETHERA “not
A" OB TRIT T, RHK ook
c=Book {obj=b}**% and DEIFETEMT
5.

B)Y7 7 v a YHEBOAEORIRE TR card
DER < DHE “0x ¢ % EHLHERDT “not
wENX” OBRXTHIT T, HEX #book
c=Eit {obj=e} % and DBIRTEIMNT 5.

() AHOFRIEIFHER #book c=Elt {obj=e} ¥

EH, PORNBIFRELRAITE “Lend tag (Library

{rec=cs, reserve=t})” PEL 65X, 2ok

BAALICBIT S5 T VOEE 2 H%EIH “Copy ¢

charge recieve” LB &R 5.

LROT T LADLH/BONBMARO T AFIEOED
LBNTHL. HIRE, HFRAZOTF -5/ -V
L

[datapattern_trans Recursive

’Library {id=i,rec=cs,reserve=t}’
’Network {host=Library {id=i,rec=cs,

reserve=t}, local=ls}’ axiom *¥%]
&, BRY - EAKCBT 5 EY 2 - ViRfEO—DT
H5.
ZOK, EEIHPS

[datapa.‘ctern_trans Recursive

* D_series, D_sum $3E Y 2 — VI BT 257 — 5 R0
FEOMEAFTERTHS. T/, ©Va— VEREEKAO
O IREREHEROEE ML 07— S L7 b O TH B,
T Lo FLI-FDT 4~ F o O/FPIDHTERTHD.
HEE axiom WEMHROREEXT A FHETH L.
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BB —EXMEV AT ADRR T OER

¥
[patterm_make ’library’ ...]

[case_analysis ...]

[Transitivity ...] || (Transitivity .. || [Transitivity ...

[case_intro ...]

[let_intro ...}

|
l
I
I [pattern_analysis .....= Env]
|
|
[ [ref_intro ...]

¢
lend 70T F L

7O+ X ‘

RRY —~ l:"z{tl lend DEREHLTHE
¥

[pattern_make ‘library’ ...] ]

[case_analysis ...] I

[Transitiity .. " [Transitivity 1' {Transitivity 1H [Trensitvity ]I [Transitivity 1u [Transitivity 1'

[pattern_analysis .....= Env’]

Inew pattern | Inew gattern

[Transitivity )I [Transitivity ]| | [Transitivity ]I {Transitivity ]u [Transitivity ]I

T T
[ —

]

\| T [case_intro ...] I T }
[let_intro ...] |
[ref_intro ...] l

u:ii*f—e:u't lend O 705 A

e AE7utxzIhb
Fig. 6 Imitate a synthesis process.

’Library {id=i,rec=cs,reserve=t}’
’Network {host=Library {id=i,rec=cs,

reserve=t}, local=ls}’]

PERGTHSL. COMBESY VT VOREIER
T 5 LR - C AL SNV AT L DT — 5 12K
SNTRBEEET.
EotBoEFEHRT TR (2)-(c) DEY 2.—
VR

[£1 axiomi =

if expl then replace exp2 axioml else a.xioml]
LELLET R L,

f1] ERFTHS. BMORNHICHERT L LEW
DHLWAENELNLIEHKTHSL. 22T, expl i
DK, exp2 FEEXHEZ ONER, axioml IIWED
NEBERT, replace I I THWEEROEY 2—V
PRIER% AR L CRR LB CTH S, £V -
BUEPEHEEATVREDT, TRAHIELRST ¥
ERTid % CHRAB TR L 2BBI ko T3,
4.2 BRTOLR%FHB3T0OEX

BELT, RIERLBLYAT2DT 73y [RL
HL (lend)| OERT T XX & 2 ERT, HRY—
C2LSN7V AT 2128135 [HLHEL (lend)
TEET AFMO—ELHHET L. 4.1 HTHHALL

HEED T RS &M ->T, FRTULR & 2BET 2.
DTFoHFHET || THEN ST 0 A%fEr &Y.
6 NOESIZUATORPHIET 2. H6 B}
BIARIRERENT 7T LR %, [ REEORE
BERLTNAD,

(1) 7rzvary [HLHEL Qend)] WEThET
BHBT— 88 — JEHF, datapattern_trans
Recursive ’Library {rec=cs,reserve=t}’
’Network {host=Library {id=i,rec=cs,
reserve=t},local=1s}’ % ® IZ#HH T 5.
WHERDER O A% & £¥5,

[apply_transexp (datapattern_trans
Recursive ’Library {rec=cs,reserve=t}’
’Network {host=Library {id=i,rec=cs,

reserve=t}, local=ls}’) ®].

2) AVIVTNVORBONREBIFLEESIATNS
eI, TRODFhFE/NY — U BIEICE
FERTAH. FlziE e ICBIFAEAEICH
L, 8 A.3 ® ¢21=[naxiom21=if ...] % B
T5.

{apply module pattern ¢21 &']

3) AWMTULRIIMNEFA2IRLE ) %NS

—VBREEREATYAY, FEOLETHL
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VS — VBN L NG, 38 — v AL
LARBZEERT 5. SOBEITIE, /¥
— Y A=p2 => F=E2’ BS/N¥ — 1 A=p2 = Bl
=> F=E2’ orelse A=p2 => B2 => F=E2°’’ [I%
LT3, HRA3ICBITS2 220K “nax-
iom21” ¥ “naxiom22” %2 NICHHYT 5.
[synthesis ’(A=p2 => Bl => F=E2’ orelse
A=p2 = B2 = F=E2’’)’=result]

(4) (2 TRAOGEBIEBERLILEROT TS
O+ ADF (result) 75 & 1281 54 1) YL
DR TTRLADTIEBEHRIONE.
[change_apply to_pattern result 9]

4.3 ERFEEHBZFR
DE, ®F?2 (2) PHECEWOT U Z LR

L7:HDFIRERY. AFIRIMEDO TR E ERT

BHOFEHBREART ATy T EERT L AD

FRFEIRTHRNOER O EAB LTS F 4

EBLATVTHOLES.

4.3.1 RO ERLFEERBFIR
4.1 HiTER LLBFHERYT - C AL SN HEE

L LY AT A DOBREHAROZESEHRT T LADEA

7T, Y o - VBRI Lo TERS T

5. DFRIHBROEIRETH L ERBEZIEBY —E X

ILSN7-REELE L VAT 2OREHIER LT,

M —EAZEBRLHEFR LML VAT A 0KEHME

BeHLTFHRETH 5.

1) F-yEERR A1 1)-() 2ERY-¥
AMESNTBREHERR DT — & {14 (datatype B
) ICEET .

(2) A3 [HLEL (lend)] DAEIZA1E
(2)-(a) DF — 735 — Y EHBERX (A) BLUT(B)
FRKERT 5. COBERFHEONY -V E
REPEEHRVOTEERE LS.

(3)  ©DWT 41 H (2)-(b) DE Ak (A) BLU(B)
ZIERERT A, 2ED L) LEED 'book’
TS T ARESER SIS, AR, B
FIEH Elt {obj=e}’ F— 7 ICHTHAEL &
HEhs.
axiom Ok c=card_search tag cs

andalso #book c=Book {obj=b}
= lend tag (Network {host=Library {id=i,
rec=cs,reserve=t},local=1s})
=(Network {host=Library {id=i,
rec=cards_update cs ¢ tag,
reserve=t},local=1ls}, Lend c)

(4) LEoFRETEESINL [RLEL (lend)]
DRBIIH L, 4.1 HOBFHFEHRY — L X{LD

HAREE T 0+ A OFR 2 BFIH 2675

TUERICBIF D TR (2)-(c) % FRTHER
T5.

2T, ThATIRL LI, BEFERY-CAML
SNZ-HEE LB LI RAT 2B 2 T hlEER
Y—C2MLEN VAT LORBLA- T2 T
HbH. COFHREZADBELLITR. DEOFHE
TiTbh s,

4.1 85 (2)-(c) DEY 2 — VBRERRZIEBY - X
LN/ -HEFLE LY AT A LOBBICERT 2.

BB — C RO ZoDMEBD F K datapattern_
trans D_parallel... & datapattern_trans
EBR 4.1 i (2)-(c) DEY 2 — LifE
FVBONBIRGIERT S, BROKER, 2¥0
TRAP/BONG.

[(AEDORRE A WA #book c=Elt {obj=e} %
ﬁ&,#oﬁﬁ%%%ﬁﬁ‘ﬁmnq(wmm
{host=Library {id=i, rec=cs, reserve=t}, local=
15} 2E0%5E, CORBREGLCBITIE5 7L
D 2% IH “Copy ¢ charge recieve’’ LB X2
5. | EBEh-EhA% (3) TERSNAAEICH
AT5. BRHLLER 2E0REPBEONE. 20
$ICERFEHERT BANC—H OO £ 2k %
HOHBOERFIC I > THBIELTRIAT 5 2 &9,
HBOERFTEERDE LV L THE®.

axiom Ok c=card_search tag cs
andalso #book c¢=Elt {obj=b}
= lend tag (Network {host=Library {id=i,
rec=cs,reserve=t},local=ls})=
(Network {host=Library {id=i,rec=
cards_update cs ¢ tag, reserve=t},local=ls},
Copy ¢ charge_recieve)

4.3.2 SR7OANER 52 Th3FIB
431 HOFIET, Zo0H~VCARIFI T A5 4
DREHIARIEO N, —F, GBSO RA 2T hi:
R, HFAOY—CARFIREELH LY AT A
BIFS [HLHEL (lend)] BPEZEIN TN,
UT, A7 0t A0 hFEThsFIEESHET
5. 333 HOER,PL, BRTULAD T I3
DFRF LA T O ARERBEHEOESDR
HEPSEREINDLDOT, Y a— VEBROEEICIE
BELZV. T HOFFIUTOERSLHET5.
(1) BEFEHRY-CAtoAdRTSuEADThEIC
EEY —ECA{boBoFhFEEE LT, B
DEESLEIT.
(2) EBY—YAMLOEHT O ACBFHERYT —

Recursive ...

* F R OBAERICEY Sy — I k) FRIL L TRET 3
FiEbH B, KEORE LFHMIIERT .
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BRTOEADERE
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(W] L]
(@ EEY—EX{E lend OREHIE BE&LEhLERTOEX
¥
& RkhIHHisSy
i.g EAARUIIIIIIINIUI NI
|
¢
z
1t
[
F-S
Z v R NN
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t By —EX{blend DTOT 54
Z
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] N
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3
v
(4) 22DY—EXEFLD lend DTOT T4
7T Ihhrinb
Fig. 7 Imitating the imitating plan.

VAL D TR EEH LT, HoEAL
2179,

3) (2) PERBOLNIART TEAI (1) THS
NIBERTUEADERGEERT 5.

4) B)PHEREBONLENTOLADEBEOYT
TaRADHAD, TOoDY— VY AERE
TEHHOT QS S ATHA.

5. & =
5.1 BEF BEOFE

VI b2 THBICBWIENETANRIZETE

FTHHD, F2T, FTTRLDICTUT I LOEE
OBF BN OBRR L, o7 o X EFE LB
HOMRICOVTHERT 5.

o TUVFAREHEEBNHTAENI wbWwiE
KESFERLY 7 by =2 78GR EEARLTELA, o
XD L) MENS5.

ST RAFGAXNE, 7ur I L BRETESL
IRBHODPUOMBLL THERTAEHRTH L. A
TR EY 2= VEIERT ABEICIE, T0 L) %
SILEHHVVLETH S, L L, o LOMEETE
TS E SE SABRERE RIS T 5001, T
TG L% THINT A= bT AT LT L.

A7V 7 MEEPICBIT AMERI T TS S ADE
BOBMBEZIREE TS, LAL, ZEHCETD
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SCEUEIEL LTRHETERZEVWSIZETHS., &
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FE S BRI i,

o —F7USTLDERICBVTEEDERZRE
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HLPL Vo BRHEORRSFETHY, BFNHD
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T,

AEEOEBIE, B9 TRELAZBAAIEC L
T, 7’7 S AOMENEBREETICELTHAS.
R EFAHE S IERBFEOEA L >THIT S
MREFHEZ %, BROTOT 5 LADOHEIRIES NS,
VI b2 THRBIIBWCABDOATES NS D%
DRERVPPRHEENDIDTHS. LROBEIIEIE,
Z0XHBBROBEIIBVTbbhOFEDEF
A% M 5.

FTE—I, SETRLLLIICTOS S ABRIC
BUIARERIIBEICHY, ERCLUTCHABETES
LRV ERLR S, HREBEERICBWCI, [EaoH
BE~DIITERL] LI AT TiER L, BT,
[YATFaE~tT 2] &) &I, BEOFEN
ERENBZLDDHEA), E—ORREBELD
N R > = B N = IOV 2 L R =1 o ¥ el
LRERIC, Z2ORBOLITI-T, #N5%20L 5T
OtA, SLIZEMATLITOERA LV ERERER
ERFHMCERLFAAT I LPEETHY, AT
WAR7HFEE SO ZAOBRHMITFORMELE D S 5
EEZL.

BRI, ABMOFERZBEZENTOIE, o
ED L) ICHRL VDR L BAL NV oHR %2R
ALTIT) ZEVEHRTHY, £ - E=0HRIH
FEhs, bRONORETZ270S T ABRBORM
F—REREREICBIT 2 ARER LV I EEFEE D
D, TN LI, ABROPEE SRR D EENERIC
FoT7uys62BRILEE3THAE. LoL,
bR OEDZoOBEHDS, HEL AT L %]
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Fig. 8 Imitating system functions.
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707 AOMEREEEERIET S ETEET
5.

e AMIZL->THBLRSTWHBOLAVIZBITS
F—yHEOBUME - 77 v a v OBEUME Vo
STETLMECERLT, FhHTLICEST
ANEOMEZRS L72BES2REVTEICR 5.

5.2 BEAEHEOHEES

ThF%ThEIEOBABICIONVTERETS. &
BEF - RERICH LT, BHIOY AT MBI 5
R FAROWELZ OEDLINATIZ L TE S,
M8 FOEFIEILUTORSLFIETS.
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BRSO ADERF R FTRTTOT T LB
THIEWNTES,

B ERY [RBEELHLVATA] ON—V 3
VT T DL BREMOY AT AT AERTHN
ITBE OB TR TN TERH, oLy F Ly
AT LT A ERICH LT H RO EERER

HHZEE T 1 & 2 ORISR & B A 2677

2RET A0, DEORER SR L 2Tk
5w,

B0, EBREEERIOH LBEFOREHERO F 2
S A B R % EAERTICGEIR LR T IUER 5 2w,
T i, BHIN— AR %O BAN L6 % BRH
TLROBELCHEETH L., ABFEREERL+5IC
BEEL, 9L C, EYRBRFEOREMHR L BN
BILHLETHE., bRbhO{BEE 0L AD
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Al HEMIHROH — HEELHL S 27 A
(* signature 2*5 end I THHEFLH LI AFADE
Ta= WAL T 1 - ADERTHY, val X7 7V a v
BHERT. *
signature LIBRARY= sig
val card_search:lendingtag -> card set -> reply
val lend:lendingtag -> library -> library*thing
(* axiom!d, 77 a vORABOERTHA.
Extended ML ONE Y, —WREHRBIC BT HHER
T®H Y, #47F not,andalso,orelse, > L HELE
exists,forall Z VTR S E. *)
G 727YaY [HLEL Qend) | D7 7 ¥ a2 Y HEOE
ER)
axiom Ok ¢ = card_search tag cs
=> lend tag (Library {rec=cs,reserve=t})
=(Library {rec=cards_update c¢ tag cs,
reserve=t}, Lend c)
axiom No tag c= card_search tag cs
=> lend tag (Library {rec=cs,reserve=t})
=(Library {rec=cs,
reserve=Reservation.rtable_add tag c t},
Reserve(Reservation.rtag_issue tag c (plan c)))
axiom None = card_search tag cs
=>lend tag (Library {rec=cs,reserve=t})
=(Library {rec=cs,reserve=t}, Notice "Nothing")
end
(x functor 2*5 end TS, TV 2— VAKEREHLTW
4. datatype i3, Extended ML DF— ¥ Th 1), 50 TEHE
SNLEEL L 2T — I D EH SIS, functor IF/35 X —
FELDEV2— VAKE, structure (359 A— % 4 7
BVEYVa—VAEEET. I Tid Library i3 functor
THDY, Reservation & \») structure ¥/55 A—% & L
TdD. %)
functor Library(structure Reservation):LIBRARY=
struct
local open Reservation
in
G BRLHMLEDOF— 5 O%EH. LT, Lending BL U
Library @ & 3 Z%FEIRXFEORER, 7~ & 2 BRT 2
EHEFTHE. *)
datatype lendingtag
=Lending of {title:title, author:author,
borrower:user,ymd:date}
(x BALOEERT Library THESIT 5728 BEK
F card set, table DERIIHOERBRETH S
ZIZT, of Dk AD{field:type,...}Hd, La—FEH®
TA4=WFEEZORERT. )
datatype library
=Library of {rec:card set, reserve:table}
x BLELA-FOF—FDEH *)
datatype card
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=Card of
{book:book,id:num,record:lendingrecordset}
datatype lendingrecord
=Rec of {borrower:user,ldate:date, rdate:date}
datatype book
=Book of {title:title, author:author}
(x HLO | i, BOEMEGREFET. *
datatype reply=0k of card
INo of lendingtag * card |None
datatype thing=Lend of card
| Reserve of rtag | Notice of message
end )
(x BEEN/-TTY T A (lend). I T library 3B
HOEETH), 1 WMEOBEE (= PMEORAERT.
val lend : lendingtag -> thing
fun lend tag =
let val Library {rec=cs,reserve=t}=!library
val result = card_search tag cs
in case result of
Ok ¢ =>(library:=
Library {rec=cards_update c tag cs,
reserve=t}; Lend c)
| No tag ¢ => (library:=
Library {rec=cs,
reserve=Reservation.rtable_add tag ¢ t};
Reserve(Reservation.rtag_issue tag c (plan c)))
| None => Notice "Nothing"
end

A2 EH7OEROYTTIOER
(* 1 Some-elimination BRI ONHEANGIEHE S
5. #BREROFEIPOTHA. 2o (AH, #EI, B
FTTOEAERT. *)
@ exists c.member ¢ (match t (insert b bs))=true
andalso vacant c=true
=> card_search t (insert b bs) = 0Ok ¢
@ equal t b => member b (match t (insert b bs))
=true
< vacant b=true => card_search t (insert b bs)
=0k b
(* 27 7vavi‘lend’ ORNBPHEIRA-ER, B
¥ pattern_analysis XD 2EDL S % [y — 8
Bl HFHBONDL., ZITANPEIRIONIABOEAET
Y, REONRY -V EEROEFESNE. )
Env {binding=[(’A’,’card_search tag cs’),
(’pl’,’Ok C’),
(’F’,’lend tag (Library {rec=cs,reserve=t})’),
(’E1’,’(Library {rec=cards_update c tag cs,
reserve=t}, Lend c)’),
(’p2’,°No tag c’), (’E2’,’Library {rec=cs,
reserve=Reservation.rtable_update tag c t}’),
(°p3’,’None’),
(’E3’,’(Library [rec=cs,reserve=t},
Notice "Nothing" )’)],
pattern=[’A=pl=>F=E1’, ’A=p2=>F=E2’,
’A=p3=>F=E3’]}

A.3 IHEE — LKEY—-E XMt
signature WAS_LIBRARY= sig
(* relation B E Va2~ VHERLERTTFHETH A
difference LT RREMEBDOESTH B,
Z R i, WAS_LIBRARY 2SR E B ILEHBRIC LT
LIBRARY S5 ERENDB T LR EL TS, %)

HBEET 02 ROHRN 2 BF B 2679

relation [(LIBRARY,
Inherit.Structureextension)]
difference
(x FybT—7 EO@ADY AT DEBIT B72010, #K
(EREEF)) BRICL->T, DEOF— ¥ TRIFTONES. *)
(k =Ny~ DEHR .
[datapattern_trans D_parallel
’(Library {rec=cs,reserve=t})’
’(Library {id=i,rec=cs,reserve=t})’] *)
(k =815~ DER
[datapattern_trans Recursive
’(Library {id=i,rec=cs,reserve=t})’
?(Network {host=Library {id=i,rec=cs,
reserve=t},local=1s})’] *)
(x BEENIRBRICE 5T, 7273V 32 lend’ O BIZ—0
DHEEEHRD» SEBORBOREEHRICEESNDS. %)
(x FIHEFERT 2 HEPHCORBETE L LTS
I, FVTVFNOBELHELRE 'lend’ &[FUREEAT
. %)
axiom Ok c¢ = card_search tag cs
= lend tag (Network {host=Library {id=i,rec=cs,
reserve=t},local=1s})
=(Network {host=Library {id=i,
rec=cards_update cs c tag,reserve=t},
local=1s}, Lend c)
(* [naxiom2i=
if change? oaxiom2=true
then
let val tl=and_add
’(exists 1.(card_search tag (#rec 1))=0k ci
andalso (member 1 ls)=true)’ Last oaxiom?2;
val t2=argument_replace ’rtag_issue’ 4
’2nd(order (Network {host=
Library {id=i,rec=cs,reserve=t},
local=1s}) i (#id 1) tag (Ok cl1))’ ti1;
val t3=argument_replace ’rtable_add’ 1
’id:num’ ’(#id 1)’ t2;
in t3
end else oaxiom2 ]
Z I T¢oaxiom2’’ 134UV FNVOREREICBITET 2
varilend’’ D2FEHORBILROF— 735 — V&
BB LIAEERLTWS,
—7 ‘‘naxiom21’’ BEBEINLOEDOAETHS. *)
axiom No tag c = card_search tag cs andalso
(exists 1.(card_search tag (#rec 1)=0k cil
andalso (member 1 1s = true))
=> lend tag
(Network {host=Library {id=i, rec=cs,
reserve=t},local=1s})
=(Network {host=Library {id=i,rec=cs,
reserve=rtable_add (#id 1) tag c t},
local=1ls},
Reserve(rtag_issue (#id 1) tag cl
2nd(order (Network {host=
Library {id=i,rec=cs,reserve=t},
local=ls}) i (#id 1) tag (0k c1)))))
(x DEDAHED ‘oaxiom2’’ ZHDET 2 — VEIZ L -
TERBLZZAETH A, AL T ‘naxiom22’’ L HFPNT
Wb, %)
axiom No tag ¢ = card_search tag cs andalso
not(exists 1l.card_search tag (#rec 1)=0k ct
andalso (member 1 1s)=true))
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=> lend tag
(Network {host=Library {id=i,rec=cs,reserve=t},
local=1ls})=
(Network {host=
Library {id=i,rec=cs,
reserve=rtable_update i tag c t},
local=1s}, Reserve(rtag_issue tag (plan c)))
end
functor WAS_Library(structure Reservation)
:WAS_LIBRARY=
struct
local open Reservation
in
datatype library
=Library of {id:num, rec:card set,
reserve:table}
datatype was_library
=Network of {host:library,
local:library set}
end

A4 HEEE — ETHEERY -EXME
signature EIS_LIBRARY=
sig relation [(LIBRARY,Inherit)]
difference
axiom Ok c = card_search table cs =>
((#book c=Book {obj=b} =>
lend table (Library {rec=cs,reservest})=
(Library {rec=cards_update c tag cs,
reserve=t}, Lend c))
orelse
(#book c=Elt {obj=e} =>
lend table (Library {rec=cs,reserve=t})=
(Library {rec=cards_update ¢ tag cs,reserve=t},
Copy ¢ charge_receive)))
axiom No tag c= card_search tag cs
=> lend tag (Library {rec=cs,reserve=t})=
(Library {rec=cs,
reserve=Reservation.rtable_update tag t},
Reserve(Reservation.rtag_issue tag c))
axiom None = card_search tag cs
=> lend tag (Library {rec=cs,reserve=t})=
(Library {rec=cs,reserve=t},Notice "Nothing")
end
functor EIS_Library(structure Reservation)
: EIS_LIBRARY=

struct

local open Reservation

in

(« B (EF) BRICLY, — RIS AHEOT -
% book XML, BFHEHRT -y 2H - HET— 5 D%

RIS

Nov. 1995

EbITELTEMT . *)
datatype book=Book of {obj:object}
| El1t of {obj:object}
datatype object=
Obj of {title:title, author:author}
end
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