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VYo s. Ex® o s= (Casto (Snd (New® s)) = Cast o s)

(¢ <* e and d <* €)
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DIFF_CAST_NEW

[Vo s. Cast§ o (Snd (New® s)) = Castios (c 4" e or d 4* e) )
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NOT_EX_GET

a

[Vo s. ~(Ez¢ 0 s) = (GetS o s = Unknown?) (a € Mgg,(c)) ]

godgbooboboobbbbbbbbibboobobooooobbodaugao
gbobboooobbooogbooo

NOT_EX_SET

[Voxs. —(Ex°0s)= (Setiox s=ys) ]
gobboouooooboboobuooooboooooo

SPR_GET
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25.

26.

27.

28.

[Vo s. Get? 0 s = Get® (Cast? 0 s) s (c <t d and a € attr(c)) ]
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SPR_SET

[Vo s. Setd o x s = Set (Castl 0 s) v s (c <" dand a € attr(c)) ]
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GET_SET

[Vo s. Ex¢ o s = (Get o (Seté o x s) = x) ]
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29.

30.

31.

32.

OOoooOOobboOooboobooOobo0oooboboooo?bobbOoboo
gobboobuboooooobobobbooo

GET_NEW

[VS. GetS (Fst (New® s)) (Snd (New® s)) =V(d,a) (a € Maur(d)) ]

guobdoobobbbbuoobboobubooubooboboobbobb
gggbobouoougoboobabbob

GET_NEW_CAST

Yo s. (0o = Cast? (Fst (New? s)) (Snd (New? s))) =
(Gets o (Snd (New? 5)) = V(e,a)) (c <t d and a € My,(€))

godgdgbouboogobuogobobouougobbbuobboobogn
gogboboooogboboogogbbboboubbooboobon

EX_GET_NEW

[Vo s. Ex¢ 0 s = (Gett o (Snd (New? s)) = Get¢ 0 s) (c <* d) ]
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[Vo s. GetS o (Snd (New? s)) = GetS 0 s (c 4* d) ]
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33. SET_SET

[Voxys.Setgox(Setgoys):Setgoxs )

goouobooooobooobbb eodouoooobonobbbbn
gbobogoooooo

34. DIFF_OBJ_SET_SET

Vo1 00 z y s. =(01 = 0y) =

(Seté o) x (Sets oy y s) = Set 0y y (Setl 01  s))

goouud oot 0o, guougubibubioibibib ool a
goggbboouogbobobobobooobobodd

35. DIFF_SET_SET

Yoy 03 T y s. SetS oy x (Setf 0y y s) = Setd oy y (SetS oy x 5)

((c 4* d and d 4* ¢) or (a # b))
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goboogogd

36. EX_SET_NEW

Vox s. Ea¢os=
(SetS o x (Snd (New? 5)) = Snd (New? (Seté o x s))) (c <* d)
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Ubbo0U0000O0OOeoOODOOOUOUODLOOOODOOOODLODLOn
gotdbobboooouogbbobbobogboboooouogooooon
goooon

37. DIFF_SET_NEW
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38.

39.

40.

41.

[Vo z 5. Seté o x (Snd (New? s)) = Snd (New? (Seté o x s)) (c 4* d) ]

OobO cO000D000O0 oOOOO0OO0ODODOcODOOOOOOOOdOO
gogbbboogbobuogoobobobbooooobbboodded
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DIFF_NEW_NEW

Vs. Snd (New® (Snd (New? s))) = Snd (New? (Snd (New? s)))
(not relative(c, d))

gooboooooboobbedibboboooboboooooobbong
gdd

SET_GET

[Vo s. Set¢ o (Geté 0s) s=s )

goobouooouoboogooooobbbodaobbbbboboboboo

FST_NEW_SET

[Vo r 5. Fst (New® (Set? o x s)) = Fst (New® s) ]

ggodogdbubbouboobobbodooooobobbooooboo
godgbooggd

DIFF_FST_NEW_NEW

[VS. Fst (New® (Snd (New? s))) = Fst (New® s) (c 4* d) j

ot cotdodouugbogoobgbobboboooouoogad
OdcOoooboboobobdJdobbobobobobbobobooboboobobn
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26 UJO0oboooobooood

gobbboouboooooboobbobdooobobobobuoooogg
goodgdbooooobobuooobbob

2.6.1 0000

O0000D0getU00OOset 00 0Onewd OO Ocast 000000 OHOLO
gbobogouogbbuoogubobbboubbdibD figd 0000 movell O
UO000DOmoveU D2 U000y O0000O0D0DdxOdy 0 oggoooogn
O0D0000x0yOOOOOOODODODO getO00OD0Oset00OO0OHOLDOO
0o0oobooooobobo v000ooooooboooooooo

fig_move : fig -> int -> int -> store -> store h
fig move f dx dy s =
let x = fig get_x f s in
let y = fig_get_y f s in
let s1 = fig set_x f (x+dx) s in
fig_set_y f (y+dy) sl
. /

2.6.2 0JO0OOOOO

godgbgoobobobbooooboobbobbobooobonobo
gobbooobooooboouoboobobbobooobbobboon
guobboobbbibobodbouoobbodobbbidibid rect0ygn0O figlh

Uil moveUl ODOOUOODOOOOOLOOOODODLOOODLDDOODOO
e N

rect_move : rect —-> int -> int -> store -> store

rect_move r dx dy s =

let f = rect_cast_fig r s in

fig_move f dx dy s
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2.6.3 UO00Ooogg

gobdboouobbbooobbbodobboboooooobobooon
00000 crectU 0 0UOrectDUUOUO movel D OOUOOUOODOOO
U000 moeve UUOODUODOOODOODLDODUUOD red00U000OOOO0O

gbobobooodogoo
‘ N

crect_move : crect -> int -> int -> store -> store

crect_move c dx dy s =
let r = crect_cast_rect ¢ s in

let sl = rect_move r s dx dy s in

crect_set_color c red si

N J
goggoobbobuobooobobobbooboobbboobboouogo
gobobbdobbboouougbo

264 0U0OOODOODOOO

0000000000 generic function0 00000000000 DOODOOOO
ooobbooboooboooooboboooboobobooobooboboooooo
OO00D0O0O00O00isbODbODO t00b00b0oboooooDoog

v_fig movel figUUUOUOUOODOUOUOOODOOOU mvell DOUOOOON
gbobobooooobdbbubOfigddbibbn fig, rect, crect U0 O
goodoboguodgbudil fig_is_fig, fig is_rect, fig_is_crectl U
gbobobbuoobobbdoooobob 2300
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4 N

v_fig move : fig -> int -> int -> store -> store
v_fig move f dx dy s =
if fig_is_fig f s then
fig_move f dx dy s
else if fig is_rect f s then
rect_move (fig_cast_rect f s) dx dy s
else if fig is_crect f s then

crect_move (fig_cast_crect f s) dx dy s

else s

fig_is _Tig

» Tig_move

fig_Is _rect

v_Tfig_move » rect_move

fig_1s_crect
» crect_move

U 23 isdgguoboagn

2.6.5 UJUooooooobobgd

gogobbboouoboboogoobboboboduogoboboooooboooba
gouoguoggbuogoooooboobbbbobaobobobaboboogbgn
gdd

publicO private U0 OO0 OO0 OOO0OODOOOODOODO HOLOOOODODOO
gbogbbobooobogoboobboobbboougooooooooobo
goboodobbbbouoouoboboboboooboooobobboba
godobuogooboobuoobbboooo

gobboguooobboabobouabbobbooobboobbboboboon
gobooboobooboobboooboboobboboooboobDbO HoLOo DO
overload_on U UUUDOUOLOOLDOOOOOOUODLDOOODLOOOOOO

goougbobbdbobdddfigbd movel OO OOOOOOOO
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ggodggbogggbgoubboobooouuabbbtigbbgoboog

gogoobabobooobbuobood

o N
v_fig move f dx dy s =

if fig is_rect f s then
rect_move (fig_cast_rect f s) dx dy s
else if fig_ is_crect f s then

crect_move (fig_cast_crect f s) dx dy s

else s

gogodbbbobuoogbbbooooooooo

2.7 04U

2.7.1 Deep embedding vs shallow embedding

O000000b0ob0ooobOboOooOdnddeep embedding O shallow embed-
dingd 20000000000 600000000 0OOOOOOOOOOOOO
gooogobbouobbudooobbbouobbuoobobbobbobd
gobbbbboooboobbbuoooouooooobobbboobbod
gbbouggogbbobbtouodgoboboobboooobobbbbon
gbbobooobobubbobbbooouuoooug«b0O0 100000
gobbbuobboduuoboooobbobobbdoboubbobbooubon
gbogooogbobbboododooooboobobooooobobbboo
OO000o00ob0o0oboobOoHOLOOODOOODOOOODObOoUOboODbDOOO
guoogoouogobbobooood
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gogobooboobbobobbogoboobbobobobuoobooboboboo
gbogdbobobbobooboobobboobbuobbboooooobobono
gboobobbooouboboooouboobobboboobboddbdlrectd
ot -r0odbogbobobbbdxb0vObOOOO0O0O0OOxd figd O
gogboooobobooob st0boobbodootdxbodvgooooo
gbobgooooboo 22000000000 00

|- 'r v s. rect_ex r s ==>

(fig_get_x (rect_cast_fig r s) (rect_set_x r v s) = v)

gbbgogubobuoobbooobbooboooboboobbbobobobd
goooo

|- Ib v s. book_ex b s ==>

(item_get_iid (book_cast_item r s) (book_set_iid b v s) = v)

00000000000 fig, rect, xO0OODO O item, book, iild0 000000
0D00000000000000000000000000000000000
00000000000 0000000000000000000000000
0DooQ
00000000000000000000000000000000000
00000000000000000 MLOOOOOOODOO00OO00000000
0000000000000 00000000000000000000000
0000000000000 0000000000000000000000n
0000000000000 000000000000000000000000
000000000000 0000000000000000000000000
000000000000 000000000000000000000000
000000000000 0000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000

SPR_GET_SUB_SET : {Get:term, Set:term} -> thm
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\

SPR_GET_SUB_SET{Get: ‘ ‘fig_get_x‘‘, Set=‘‘rect_set_x‘‘};

val it = |- !r v s. rect_ex r s ==>

(fig_get_x (rect_cast_fig r s) (rect_set_x r v s) = v) : thm

\

SPR_GET_SUB_SET{Get: ‘ ‘item_get_iid‘‘, Set=‘‘book_set_iid‘‘};

val it = |- !'b v s. book_ex b s ==>

(item_get_iid (book_cast_item r s) (book_set_iid b v s) = v) : thm
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JawvaO O ONULLODODOOOOOOOOoOOOOooooooobooooboobooon
O00000oooboooooooobooobooDbDbOn NullPointerException,
ClassCastException D00 O 0O0O0OODOOOOOOOOOOOOODOOOO
goboobooobooboboHoOLOOobOOOooOoboooooOooobooboogoo
gbbbobbouboooobboobbobbbobbbooooobon
godbbboooooboon

e NULLOODODDODOODODOUODDDODOOUODDLOObOOOOLODODODO
O0ooooooooboobobod Unknown,DODODOOOOODOODOO
godgooooogobobobbuoooob 22,2300

e U0 0OO0OO0ODLDOOODLOOODLDUDLNULLODDODDODODDOODDO
g 1200

gboboutuoboguogubgbdbboobobobooobbobobboooobo
gogboobdobobooobobbbobobobbbooouboobbougo
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Axioms

New Get | Set

Cast

Is

Null

NOT_EX_EMP

NOT_EX_NULL

EX_IS

O

NOT_EX_FST_NEW

NOT_EX_FST_NEW_CAST

010|000

ISIMP_NOT.IS

IS_.CAST

IS.NEW

IS .NEW_CAST

DIFF_IS_NEW

O 10 |0

IS_.SET

DOWN_NULL

O|1010]0|0 |00

NOT_EX_CAST

UP_11

DOWN_11

O

UP_DOWN

DOWN_UP

CAST_CAST

EX_CAST_NEW

O 10

DIFF_CAST_NEW

O

OO0 |10]0 |00 |0]0 |0

021: 00000 (1)
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Axioms

New

Ex

Get

Set

Cast

Is

Null

Unknown

NOT_EX_GET

O

NOT_EX_SET

O

SPR_GET

O

SPR_SET

GET_SET

DIFF_OBJ_.GET_SET

DIFF_GET_SET

O 10|00

GET_NEW

GET_NEW_CAST

EX_GET_NEW

DIFF_GET_NEW

O 10|00

O 1010000 |0

SET_SET

DIFF_OBJ_SET_SET

DIFF_SET_SET

EX_SET_NEW

DIFF_SET_NEW

O 00|00

DIFF_ NEW_NEW

O 10 |0

SET_GET

FST_NEW_SET

O

OO0

DIFF_FST_NEW_NEW

O

022 00000 (2
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3.1 OO0
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O 0Ofig_cast_rect U0 UO0OOMO fighUODUODUOOOOOOO0OOOOU
OO0 rectU0O0O0O00UO0OOUOOOgetU U0 Oset DO ODOOOOOOONO
gbodgbououoboogbbubugbooobbuobbobboooobbobsgnon
goobboobobobobooobbbooooobobbooboboobobooooo
gooboobooooobbooboobbbooobbooooobooooooo
goddboooboboboobbuobOon figdbooboboobo£s1000d
UfigdDODODO0O0DO000DLO0O0000U0b00ObDOfigd 000 rectd g
OO0 NULLOOOODOOf 20000 rect 000000 0OODOOOOO0O
b0 0fig00 rect U0 00OOODOOOOOOOOrect UL crect
gooooboDD NULLOODO£30000 crect00000O00OO0ODOODOO
oo dfigU0 rectU00OOOOOrectdU0ONO crect U OO
ogoobbdoooodoooboobooooboobbobbooboobo
goboboobooobbodfigggooobboobobobobbobobbn
gbogooiobisbogobobboouobobooooouoooboooo
oboogobobooooobbobuooobobobbobooobouooobd
260 2700000000DOOOO0OOOODOOOO0ObO0O0O0bLOObLDbOn
ooogbobooboobobooobboob 14b 160 000000DO0O0OLODO
gbooobooobobooobooboooouoooooooooboooon
gobobboooooobobbuooobboooooouoooboboboboobn
gooobogooobobbobboouoooooooboooooooboon
goooboobooobbooboobbooobobooobon

3.2 0OUOOOOOoooo

3.2.1 OOUOOOOOOOO

00000000000 000000000DO0D0D0O0 'elist0DODO0ODOO
guogdbuoobuodgbooooobbobbobobbobdoog o, 1, 2,..00
O00000000000000 )]0 000000000O000O 00 NULLODO
0000000000 nudl :'«0000000000O0O0OCOOOOOCOOO
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00 0O O add, valid, read,write 0 4 000 3.2000000

4 N

add :'a — 'a list — 'a list

add x 1 = (Length 1, Append [ [z])

valid : num — 'a list — bool

valid n 1 = (0 < n) A (n < length l)

read : num — 'a list — 'a
read n | =if valid n | then ready, n | else unknown

where

(read; 0 1 = Hd l) A (ready (Sucn)l=read, n (Tl 1))

write : num — 'a — 'a list — 'a list
writen x | =1f valid n | then write; n x [ else [
where
(writey 0 x l =x = (TL1)) A
(write; (Sucn) x 1= (Hd]I) :: (writey n x (T 1)))

U 32 000000boooboo

add0 000000000000 -:0000000000O0O0O00O0DDODOOO
O0b0oobOdObwelidD0O0OO0OO0O0ODODOOO0000000000D00O
gogdbuoobbobobbubuododoguuooboooobooonoobn
OO0D0OO000O0D0obob00OODbDreed0D00D0ODODOOODO 00000000
OO0o00O0o0oooooobbo0oob0obobQunknown 00 0000O0O0O0ODO0O
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3.2.2 JUO0OOOO0oooon

guobogobbobbobuoboouogboboooooboboobbooon
gbbodgogoboobgobbodobb cobooobbobboobon
goboguon

HOL _datatype ¢ = AbsObj. of num
RepObj. (AbsObj. n) =n

O0 AbsObj, 000000 cO0ODOODOO0OODOODODOO RepObj.00 cOODOO
googuoggbobobboon
NULLOOODOOOO obboobobboogn

[Nullc = AbsObj.. 0 ]

3.2.3 0OU0OOOO0OOO0OOO

guobdgoboobboboboooobobbboboouoooobooaobn
gbgobobbuogbbobbobbog cubbbbuboouoouagbod
gubbggbbibogobuadgbn

tuple, = attrs. x d* ey % ... x e, (d < c<ej)
where

attrs. =T (c,a1) * ... * T (¢, a,) (a; € Maur(c))

goboooobbbaattrs. 000 cO000O00OOOODODODOOOOO0OOO
goooobooboJ000bobobbboooooboobboboboo moogog
e,..,e,, HOOOO0OODOOODLDOOOODOO0OODODOOUOOOO0OLODbDDDOO
bbb ooubooobooobobobobbbboceggn
guodbobooggoobboga

[heapC = tuple,. list ]

goobbodobobbuoboooobobbboouoooobbobbboo
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gooobobboogoooboobobbbbooboo

[Heap = heape, * ... x heap., (¢; € C) ]
Heap heap_c
A\ /
c 4

tuple_c \

V I d |[|lel]|----|e.m

\

attrs_c \

T(c,a 1) |----]|T(c,a_n)

033 0b0b0o0gbgoago

0000000000000000400000 Adde, Valid®, Read’., Writet O
034000000Velic00DO00O00O000000 00000000000
0000000000 0000000000000Add0000 0000000
000000000000000000000Read, WritecOOOODO0000
000000000 «000000000000000000000000000
00 Ou€ {a,d,e,....e,,) 0000u=¢000000000000000000
0T =attr. Ju=d0000000000000000000007T=d(d<c)0
w=¢;000000000000000000000 T T=¢,(c<de;)0000

000 OgetBlem?, setElem? 0 0¢00000000000 0000000
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Adde : tuple® — Heap — ¢ * Heap
Add® x H =
let (n,l) = add = (getElem’y H) in
(AbsObj¢ n, setElem’ | H)

Valid® : ¢ — Heap — bool
Valid® o H = valid (RepObj° o) (getElem’y H)

Read : ¢ — Heap — T
Read{ o H =
if Valid® o H then getElem’,; (Read® o H) else (unknown : T)
where

Read® o H = (read (RepObj© o) (getElem’y H))

Write, :c =T — Heap — Heap
Write, o x H =
if Valid® o H then
let t = setElem’, = (Read® (RepObj¢ 0) H) in
Write® (RepObj© o) t H
else H
where
Write¢ ot H =
let | = write (RepObj© o) t (getElem’y H) in
setElem'y | H

034 00000000000
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00000b0o0o0oooMODOOD0ODO CcOoOoOooOoOoOoOo:0000 cOO
goobooobobooooooboobbobooooooNDOoo cooog
gbo00odoooooboooobooobbobobbOoyoobbboDbbU00wdgd
00 000getElemt, setklemb 0 Op, DU OO0 DODO0DOOO0ODOOOOO0

s N

;

t

Fstt
getEleml t =

(

(
Fst (Sndgy (.(Sndp-n 1)) (1<p<qOOO)
|Sndy (--(Snd-n 1) (

x (¢g=1000)

setElemy v t = § (getElem} t, ..., get ElemP™" ¢,

x, getElem?*' t, ... getElemd t) (1<qO00)

\

3.24 0UU00O0OOLOOOOLDOOLOOOLDOOLObOOOOOnO

000o0ooooooboooobooooboooooooooooood EmpO
000 Ex¢, Casty, Get®, Set®, New®, Is;0 HeapO OO 00O EmpRep, CastReps,
GetRep®, SetRep®, NewRep®, IsRep;0 000000000 ete, Setc0 0000
clO0oooodoouoobobooooooooooooooooooooon
00 cO00000000000 1000000000000D0D00000 0 Get*,
Set000D0O0000D00O0OO0OOOOOGet;, Setc00O0D0O00O0O0OOODO
go0ddooooooooooooooooooooooooboooooogo
ddooooooooooouoooooooooonoooooooooogn
gddodobooooooonoooooooood

EmpRep0 00000000000

EmpRep : Heap
EmpRep = ([null : tuple.,], ..., [null : tuple.,]) (c¢; € C)
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gbodgboobbbooobbboooobbobooouoobbbobgao
EzRep’0 00000 0OOOODOO

ExRep® : ¢ — Heap — bool
ExRep® o H=Valid® o H

000 Validc0OOOOOOO0OO0O0O0000 c00000000000000
0000000000000 0000000000000000000000
ooooo

GetRep®, SetRepr 0000 000000000000

\
GetRep® : ¢ — H — attr,
GetRep® o H = Read, o H
N J
~
SetRep® : ¢ — attr. — H — H
SetRep® o x H = Write; o x H

N J
gobcOobobbgoougoogoobooubuoobooobouboon
gogoggbuooooooobuoboon

CastRep;0000000DO0ODOOO

CastRep :c — Heap — d
CastRep o H =
if ExRep® o H then Read o H else Null® (c <1d or d < c)
CastRepS (CastRepS o H) H ((c <e,e 9T d) or (d < e e <¢))
- /
CastRep;0 000 cOdOO0D0OOO0OODOOOO0O 2000000000000
ob0obooodbco0oboobboodoboonoobobobobonbn Read;
Jododoodbboboooobooobboooboobbodobbbobooon
oo oo oobooooooo
OO0NULLOOOOOO N0 000000000O0¢0d000000000
gogoooboogouooooooooobboobbbooboobooobon e
O000o0oboDooooobobDe00b00OO0O0OD0O0O00O0O0d00OOOoOO
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NewRepO OO O Ooonooonog

4 ) I
Adde default, H (cODODODODOOO)
let (01, H) = NewRep® H in

NewRep® H =
let (0q, Hy) = Add® default. Hy in
let Hy = Link? 0 0o Hy in (09, H3) (d < c)
where

Link? 0y 09 H=Write§ 0y 0, (Writed oy 0y H)
default, = (V(c,a1), ..., V(c, a,)), Null?, Null®, ..., Null®™)

(a; € Maur(c),d < c,c <ej)
N Y

NewRepr 0000 ¢c00000000000000000000¢000000
D000000000000000000000000000000000000
0D000000000000000000000000000000000000
D00Add, 0000000 ¢000000000000000000000000
00000000000000000000000000000000NewRep®
0D000000d0000000000000000Add¢0000000 ¢00
D0000000000000000000000000000000000 o,
0,0 Links0 00000000 LinksD OWrite?, Write0 000 Doy, 0,000
00000000000000000000 0y,0,0000000000000
000000000 c00000000000000 default, 00000000
«0000000000000000 (V(6a),...V(¢a)00000 d0000
0e0000000000000000000NULLOOOOOO0 Nulld, Null®
0ooo

IsRepc0 00000000000

IsRep o H=
ExRep® o H N N\; ~ExRep (CastRep;, o H) H (c=d,c<ej)

ExRep® o H N\ IsRepS (CastRept o H) H (c<ee<*d)

IskRep; 00 O0DO0ODO cOO00OOO0O0OODOOO0OOOOdODOOOOODOOOOOO
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0000000000000 e=d0 ¢c<«td0d 200000000000000
c=d000000c00000000000O00O0 ;000000000000
goooooooooochOdbOdubdboode0Ddoooooodaoan
00000000000000000c¢<td000000c00000000O0
d0000000000e00DOOODODOOd0000000O0O0OOODDOOO
gboodb cobouobbudououoogbboobobooon

3.3 Ubobooouoboougoot

gogbbboobbbooooobbobbboooboooooobbboobd
gbobddstere oo bbboobbuogbbuoouoouooogn
ggo

3.3.1 UOooognd

O store0 00 HeapOOOOOODODOODOODOOHOLODODOOODOOO ¢
gogoubbuibogobobooooobbobooog

1. tL.0000040000000000000p:tp—=bool00O0O0OOMO
2. 0000000000000 00U0bDU0DU00U0bDOdz.p20DO0ODOO

3. nddpdboudbgo bbb ibouoooobuognoogo
gobon

O00OHeapOOOODOOODODOOOODO IsStoreRep0 00 00O00OODOO
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/IsStoreRep H=VP Isinrv P= P H
where
IsInv P =P EmpRep N\
A.Nox H. P H= P (SetRep® = H)) A
A.VH. P H= P (Snd (NewRep® H)))

J
IsStoreRep0 00000000 HeapDOOOUOUOUOHeapO OOODOODOO
goobooboboobobbo pPOODDODDOOOOOO

e UUDOUNOEmpRepll POUODODOODOOOOOO

e JODODOOPODOD HeapUOODUOUODOOODDODODOODOO SetRep”
U000 NewRepeOUOUOOOOOOOLOOOOOOOD POODOOODOOOO
000000 2Cc|0000 00

000000 0OIsStoreRep0 00000000 HeapO OO OOOOEmpRepOd
O 0 EmpRepd SetRep 000 NewRepOODOODDOODODOODODOOOODODO
0000000000000 0O00DO0bODODOODODOO0ODO00O0DOoOoooOOoOo
0000000000000 0000o0ooooo

0000000000 0DbODO0ODODDO0000o0ooDbOOobOooOoobOoDon
O0o00oooooooon

[th =t IsStoreRep EmpRep ]

O000Ostored HeapO OOOODOOOOOOOODOODOOOODODDOOODO
00 HOLO OOOO ML OO new_type_de finition(store,th) 0 00 00000
OoooO00OO0OoooooOoOo0oO0oooooooooooooooo

RepStore : store — Heap
AbsStore : Heap — store

gobbobobdb0dstored oo oog3dsguuobobooobogn
goooobuooboogdaod
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Heap

store

IsStoreRep
AbgStore(H)

= ®

|

RepStore(s)

U35 guuuobouogooonooboon

3.3.2 UO0O0OO0O0

gobgdgbbbbddbooooobobobuobbooboooobaoboo

0000000000000 0000000000000 RepStore AbsStore
gobbboguogboobad

/

-

~
Emp = AbsStore EmpRep
Ez¢ 0 s = ExRep® o (RepStore s)
Get® 0 s = GetRep® o (RepStore s)
Set® o x s = AbsStore (SetRep® o x (RepStore s))
Cuast§ o s = CastRep o (RepStore s)
Is§ 0 s = IsRepS o (RepStore s)
New® s = let (0, H) = NewRep® (RepStore s) in (o, AbsStore H)
/
Geté, Setc O Get®, Setc000000000DO0OODOOO
~
Geté o s =
(
if Ex o s then getElem’; (Get® o s)
else Unknownt (a € Myu,(c))
Getd (Casts o s) s (d < c,a € attr(d))
\
/
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Seti ox s =
(

1f Ex¢ o sthen

let t = setElem’y x (Get® o s) in

Set¢ots
else s (a € Maur(c))
Setd (CastS o s) v s (d < c,a € attr(d))
\
. J

Get;UUOUOD O OODO cOODODOODODOODDOOOOOODODOODO
gbobugbodgobb 200000000000000e«0 cODDOOOOOU
O00Get*000 ¢cO0000000O0D0O0O0O0O0OOOOgetElem, 00000
obobe000ooboobbbouNdO cOODOOOODOOOODDLOOO
U000 gogubdteebbobgddcbbguouunobbooooon
OO00o0oo0ooo0ooobooooog Unknown, 00000 O000O0OO d00O0O
O0000oob0bocO0bDO0ObObOd0bbO0o0nDGets0DOOOO

Set: 0000 200000000000000«0 cOOOOOOOCOOOO
GettODO0O cO0000O0O0DO0O0O00OOOOOOsetElem,00000000O
Oc0D0000D00DODODODDOOO0OD Setc000000ODO0DOODOOOCcO
obobobobobooooobbooboob0oobobo0bbenobodonoO
O0000oobobcO0obDObObOdoboooooSee,0ooogon

3.3.3 UO0OOoOng

gouobbbobbooobobogobbbooooouoobbooboboboon
gogdboobbbouoobouboboobouoboboboobboooogno
gobbobobuobbboooooboooguogn

gogooodoogooob 200b0boboogoooboobobooboboood
gogbbbbuobgoouoouobiboboooooboobobooobboogo
gooood 3,7 14,15, 16, 17000000000 Islnn0O0O0O0OO0OOODOOO
godbooooobboboobouobboobbbodgog
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goooboboooodebbbbbO0ObOo0obo0ooUobOoUobOod Invd
gooobdkrVs. InnsO oo

Inv s =Vo. Ex®os=1s3 0sV..VIsy os (d; € {d]|c<"d})
J00ooooobooooooooood InnRep0 OO0 OO0 ooog
InvRep H =Vo. ExRep® o H = IsRepy, o HV ...V IsRepg o H
OO0 0OnvRep0 000 000O00O0DO0OOOOOOODOOODOOO

F IsInv InvRep

O00booooooobblIsinn0 0000 DOO000O0O0OOODOOOOOnDO
l+2)C|CO0000O0OoO0oooOO

F InvRep EmpRep
FYox H. InvRep H = InvRep (SetRep® x H)) (c € C)

FVH. InvRep H = InvRep (Snd (NewRep® H)) (c € C)
00000000 IsStoreRepO0 000 OOODO
FVH. IsStoreRep H = InvRep H

OoboooobobboHAO0bDO0bO0O00Db0o0bLuobDoDo0nDn InvRepd O
goboboboodgo

gbdbooooooubooobobbbbooouoobbbbobbabo
goguogboooubboogo

FVs. IsStoreRep (RepStore s)
g 20000000000000000
FVs. InvRep (RepStore s)

Dbobood sgobobbobobboobobbddl InvRepd 0oy
000000000000 e, [s§O000000000O0DOOOO0

FVs. Inv s
Oooooo

ggdbobboobobobugoboooooo
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gobodguboououoggooobbobobbooboobobooooodad
gogobobbbobouoogoooboobboboboobooobbobooouoog
0000000025260 00000000000000CO0O0ODOOOOOO
gogdbobboooobiobooouoobbooboobobuoboon

gbodogobbogbooooobbb4i1obobogooobooobogog
goubbobobboobooooobb420bogoobooonobbobon
gubboooobbuobboo43bggooboboonoooobbooon
gbobooogbbbooou440ddgoobooboooobboboobod
gboggbobboouobuoobo4sbbbooouboaa

4.1 UOO00U0OOOOOOOOO

gogbboobgobiobbuogogbooobobobboobbooboo

000 25| 000000000000 00000000DO0OOOO0DObOOOO
goodgbobbbbouooubboguobubogoobooobboooogd
goouMLOOOOOoobObOOooobobooooboboooooobogo
ggbboobouobbddgbobbuouoooooobbobbbboooog
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oo oooooooooooodooooooooooooon
goooooooooooooodoooobooooooooooooooon
doboooooooooooooooonoooon

0410 0counter 0000000 OD0OODO0OOOODOOOOOOOOO0OO
E1/A/E20 00000000 1000000000 0000 ADO0O0O0OoOooa
0o0dodoodooo e 0000 oooooAd 2000000 ooo
E1//E20 E1/A/00 0000000 counter 1 0000 0000 OO0 number O
UO00Onumber 0000000000000 0O0OOO0OOOOOO0O 0OODOOO0N

counter o INC/number :=number+1/
— - number:=0
number:int s1 S2

INC/number :=number+1/
DEC/number :=number-1/

O 4.1: counter 1 O OO OO

0000000000000 Ao ooooo
GA(x) = (0 <= x)

gogbobsigs200ddbooodt oaigra2ioogoooooooood
goon

LA1(x)

(0 <= x)

LA2(x%) (1 <= x)

gboboggobobuogobbobooobobooobboboboobon
gooooogd

Base step:

|- LA1(0)

Induction steps:

|- !'x. LA1(x) ==> LA2(x+1)
|- !'x. LA2(x) ==> LA1(x+1)
|- !'x. LA2(x) ==> LA1(x-1)
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gooouoobbodddd At numberd 0000000 0OO0O0OOOOOO
gobooooooboobobobooboobobobbobooboobooo oo
gobooobooobobooobobooboobooboobobobobobobdLalb
LA20 0000 A0 0000 boubGeAl DU counter U OO ODDOUODODOOOO
gbooooobooogn

ooooooooooboooboobobooobbobobobooobooobon
goboboooobooooooooooobboboooooooooooboobo
ooooboooobooobobbooobboobbbobobbobbbobobn
gogboboobboboooooooobooboooobooboob 42000000
U personl counter U O OUUODOOOUOMN counterU 00O OOOOON
number U UOUOUOOO person U0 U0 OUOOOOOOO INCODECU O OODO U
gobbooobobobddbpersonJ 0000000 0OOOODOOOOOOO
goboooobboobbobobobbbbooobbuodgbbObcounter
gboobobooobooooobboobobooobobbobooobob1bOoO
UOOUOOOcounterU JOOOOOOOOperson 00 OOOOOOOOOON
goooog

person counter
number:int

-~ : N : ~

INC/
TURN/ZINC number :=number+1
: : : : number:=0 /
TURN//DEC DEC/
number :=number-1
N J / Y,

0 42: 000000 personld counter J OO OO0

googbobbbbubuooouodbboboooouoboooobboo
gogbobuoobuugoooobuboouooobboobobboooon
ggbbuoogbobbooboobouabbbob

000 2600 00000000000000000O00O0DO00O00O0OO0OO0OO0O
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0000D0D00bO0d00o0ooooooooodoDooooDoooooooooon
O00000000000000000000 TSE (Transition Sequence Expression)
0000000000000 000000b000 TSEDDODOOooDooooon
TSEOODOO0OO0ODOO0O0ODOO000O00O0O000o0oDoDoooooooooooon
O0000O000ooOOoo0oOoOO0DOO000ooooooDoooooooOoon
OO0TSEO OO0 O00ODDOO0ODOODODOO0OO0DODO0O0DODODODOO0O0bO0o0ooOooono
0000000000000 00b00ob0obOOoooD42000000000 4.3
O00D0D0D00D0000D0Operson000000O0O0O0DODOOO INCODECO O
O0000000OOcounter000000000000ODODODOOOODOOOODO
0000000000000 0D0DO00D0000O00D0D00D0 Onumber 000 0O
0001000000000000O0D0000000

L INC/number :=number+1/
number:=0
S1 S2
DEC/number :=number-1/

0 43: 00000 counter 0O OO OO

googbbobbuobbogobboogoboooboobooboooobo
gobobbobbbobuoobooobooubouoouobouoobuoooobo
goubgoougoooobobobbuooodouonoboobbobooan
gogbobbooobobooobbbbooguooooooboboobbon
goodugobdobbbbobodobouobobbooouoooooubo
goobgobgobbbbooouogobboobouoboooboobboboo
gobogn

4.2 OJ00OOOOOOOOOOO0OO0

guouuduobooobuouogobobobbbobbuooooboooboan
gogoobbbbobuooooobbbobouobobbobbbbooood
gboobbbbdoobuogobouobbuououooooobbobobuood
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gobogobobobooooobooboobuooooooobboobooo
gogobobobooobiboooboooboboggoooooboboboobo
gobbobobooboobbobobbboboooboboobooga

4.2.1 O00O0O0OO0O0OO0OOOOOOODOO

gogbodobbobodbuooobboobodubbuooooboobobooog
gogooboogboobodobooobbbbooboobobboboogo
googoon

System = (S, F)

Si000b0OU00obO0o0o0o0oboooobbobUub spboboboroobooog
gooooooboooboooobooooboobooboobOooOo f: S-S5
opooofO frint— S —string«xSO000000000O0O0O0O00OO0O0O0OO
ggoobboboaoobobon
gbbbooooodgbuabboouoooobobuobuoobobbobobn
gobogbodobuooboooooooobuoooooo
gbouboooooboboododooobobboobooobbbobbo
goboooboooooooooobooobobD PO SOODOOOODOD

e DDDODOF P(s0)
e UODOOORVs.P(s)= P(f(s)) (feF)

goobbood

4.2.2 0O0O0OOO

gbooboboog44000000oboboooboboboobooooouoooog
godgobbbbdobuoodgobbuodogoooooobobboboboon
0000000000000 HOLOOOOOODOO Moscow ML 3]0 000 0O
gbooobbooboobbbuobuobobobbobbgobooboobooogd
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MLOOOOOOODOODOOODOODODOOOOoOobDbOOoOoOOobDO HOLOOO
goooobobuogbdgoogobobbbboooobbooobbood
googobbbbbbuoubuogobbuoboboooooobuoooobbood
gbobooobogboobodad
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7T AET IV ——et PR S ————— HOL — Q.ED

TR L— 3, ’

%
RIEFH D T3

044 00000

4.3 OO0

41d0duooogbodooddubobuoobouoooboobooboobon
guogbubuoogogguoboobbboudobuooooobobbboon
gbobboduougbogobbobobbdbdododi4.100 personl] counter
gogboobuooggo 4200000000

4.3.1 O0O0O0OOOOOO

godgbboogg4,50000000 personl UnextU U U0 nextU OO 0N
next U UOOOO0OO0OOOOO0OOOOO

next = inc | dec

JddbdUpersonU0O0OOOO counter U0 OO OOOOOOOOON
000000 0Onext000O incO00O00O0O0D0OO0OO0ODODOODOODOOOO
U00OdecO OO0 O0O0O0O0DOOOOODOODOOO0OOOOOCcounterddgn
counter U O UODOOOOOpersonJU LN OOOOOOON counter U OO
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JoougbboobbidddUcounterd 000 0int U U U U number [ [
UO0number U OUOODOOOOOODOOO

person counter
next:next number:int
push() incQ)
dec(Q)

0 4.5: personJ counter J OO OO0 O

4.3.2 0O0O0OOOOO

gobobboodooooboobbooboooobbobbboobbooo o
ggdooobobtboodoobooboobbbobuoobobboboog
gobbooooobon

counter U UOUOUOUDOUOOODOOOOUOO new_counterJU g
goooo

new_counter : store -> counter # store

new_counter s

let (c,sl) = counter_new s in

let s2 = counter_set_number c¢c O sl in

(c,s2)

new_counterJ U Onew O counter_newl DU O DO O counterd 0 01
J0000000000000000000 Oset OO counter_set_number [
O000O0Onumber0 0000 OCOD0O0OOOODO0O0OODOOOOOOOOO0O
OO000D0D0OO00O0O0o0obO0oooooobog

O00 person 0000000000 DOOOOO0OOOOOOOODOOO

new_person : counter -> store —-> store
new_person c s =

let (p,sl) = person_new s in
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let s2 = person_set_next p inc sl in

let s3
(p,s2)

person_set_counter p ¢ s2 in

new_personJ JUU D person U O OO0 OOOOUOOO nextdUUOOO inc
gobbdbbbbdbpersonl0 0 0OUOO0OOOODOOOOOOLUOOODONO
U0odobobbibUd counterJUDOUOUODOOO counterJ 0oy d
oooooon

ooooobboooboooooooobbbobbobboobooooooooobo
U000 sys_initudoooogoogon

sys_init : store —-> person # store

sys_init s =

let (c,sl) = new_counter s in
let (p,s2) = new_person c sl in

(p,s2)

godoobbobdgboboobbbbobdobbiodoobobdbb O person
ggdbuogdgbubbbboobuobobbubbbbi0dbl store_emp
gugdbuooooboboboooobbboobobobdobboogboo
Uob00personU0 00000000000 SOUOPERSONUD O ODDOOOU
gobon

SO = SND (sys_init store_emp)
PERSON = FST (sys_init store_emp)

oooooooboooooobboooouogbobb4e60000

4.3.3 UO0OOOOOOOOOO

UUOOpersonUUOOO0OLO counterU 000
gboooooooobaoood

200000000 oboobooobbboooooo470booobbooon
goooobobd 20000000 20000000000 DODO0ODODODO
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store_emp

sys_init SO

| -person —— -counter |

next=i1nc number=0

U446 0000ogobon

00000000000 person000000D0DOO0OO0 pushOQODOOOOODO
000000 pushOOOODO nextJ OO incO0O0 counter 00000000
O00 incOUOO0O000OdecO0OD0 decODOODODOODOOOO inc(), decO)
O00numberJ 0000000000000 0O0ODODOOOOOODOOnextd0O
O0000000000incOUO0OO0OOO decdOdecOUODOOODOON inc
oooooo

0000 push(), inc(),decO U HOLOOOOOOO OO DO OO person_push,

counter_inc, counter_dec U OO OO0 OO

person_push : person -> store —-> store
person_push p s =
let ¢ = person_get_counter p s in
if person_get_next p s = inc then
let s1 = counter_inc ¢ s in
person_set_next p dec sl
else
let s1 = counter_dec ¢ s in

person_set_next p inc sl

counter_inc : counter -> store -> store
counter_inc ¢ s =
let x = counter_get_number ¢ s in

counter_set_number c (x+1) s
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counter_dec : counter -> store -> store
counter_dec ¢ s =
let x = counter_get_number ¢ s in

counter_set_number c¢ (x-1) s

-person counter
pushQ——»

[next=inc]linc()

number :=number+1

« |
:| next:=dec

-person counter

pushQ———» [next=dec]dec()

number :=number-1

«
:| next:=inc

047 000000000000000

gogubdgbboboubboboobobbobooougobobooboo
gd480000

4.3.4 0O0O0OO0OO0OO

J0o0boboo0ooooobooboobobooooboobobogo ocl
(Object Constraint Language [4]) 00 000000000000

person

0 <= counter.number <= 1
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| -person —— -counter |

next=inc number=0

I person_push

| -person —— -counter |
next=dec number=1

048 000000000000 O0O0O0O0O000OO

UOOOpersonJ0 00000000 context O OOUOUOOOOOU counter
goboodobibUOnumberddogg o1 oboonbuouonogog
OoooooooocLobobobobooonoooouoboooooooooonong
oboobobooobobboooooboboboooooobbobobooog
OoO0oooobboobobO0O0Operson 000000 OOODOODOOOOOO
gbooooooobbboobbbbboooobboooooooboboboooo
HoLooooOoDDOOoOOooOOooooooobobobooooo

Invl : person -> store —> bool

Invl p s = person_ex p s ==>

let ¢ = person_get_counter p s in
let x = counter_get_number ¢ s in

(0 <=x) /\ (x <= 1)

InviOUOOO0DOO0O0000 personJU0U0O0OO0OOOO0O0O00ONO person
goboboobobobbobb0bbooddobibUddUperson_,ex p sO0O0
ooog
gooooboobooboooobuooboobboobboooooboogog
UO0000Invi0D00O000000O0O000000O00b00oobObboogo

Inv2 : person -> store —> bool
Inv2 p s = person_ex p s ==>

let ¢ = person_get_counter p s in
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counter_ex c s

Inv3 : person -> store -> bool

Inv3 p s = person_ex p s ==>

let ¢ = person_get_counter p s in

if person_get_next p s = inc then

(counter_get_number c s = 0)
else
(counter_get_number c s = 1)

Inv20 UpersonU 000000 OOOOOOOOUODOOOODOOOOODN counter
odogboodogbiobuodboddbddUInvdd Uperson 0 OOOO
gboobbobbobbdddlcounter 00 0UUMN numberd 00 00 OOO
gboooobo1gbbobooobooo

ooooobbooboobooouboboboobobobobooooboooo
ood

Inv : person -> store -> bool

Inv ps=1Invl ps /\ Inv2 ps /\ Inv3 p s

4.3.5 0O0OOOOOO

guobgooobboobboboobobouoooboooboboobboobbbg
godgoooobobbbodogug sogbbooooouooobobooogon
person_push U000 OO O0OO00DOO0O0OUOO0OInvOOUODODOOOOO0
gogobobogobgobooogn

Base step:
|- Inv PERSON SO
Induction step:

|- 'p s. Inv p s ==> Inv p (person_push p s)
Invd InviOOOO0DOOO0ODOOOOODOOOODOOOOO
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4.4 0O00OOOOOOOOOO

guoggbobouobbooguoboodguogbbubboooboobbobb
gboouboooobbbobobbbbbobuoooboougooooboo
gogdbbbuoobobboogg

4.4.1 0OO00OOOOOOO

Oo0oooobobD4900001livrary 000000000000 O0O00O0O0
oooooobooobboooooboboboooooobooboob oo
O000Omax, days0 00000000 0O0OOO0ODODOODOODOOOOOOOO
nextcidJ U DO OOUOOOOOODDOOOODOOOOIDOODDOOODOO, nextiid
goboooboobobboboooob Iboooo

customer U U DDUOOUOO0OOOODUOOUOO0OO0OODODODOO cid, name
gooboboobo Ibbboodoooboboboobobooouooooog
ooooogo

item 00000000 DOODO0ODOOOO0ODOOOO0ODOO 4iid, titled O
OIbooobooooboobobooboboooo Cbb 200000b0DO0ODO
itemJ0 00000 ODODO book, cdDI D Obook DD OO ISBNOODO OO isbn
oood

lend0 000 customerJ 0 00 item 00000000 0OOO0OOOOOOO
Doooboboobooboobobboooouoobooboobob days
oboboobobbobooboooobooobobobbobobobboboon
gobbobobooubbbbobiboobbbDb Olivrary0 0000 customer
ool dlibraryd 00000 customerlist : customer list [l
oobobooboboooobooooooobuobboob obbbobObOoDbOO
goboooooooooobbobobbobooonbD MAP, FILTERUOO O O
gboogoobogbooobooooobbbobuoooooobboobboon
goooo
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library
max:num
days:num
nextcid:num
nextiid:num

customer lend item
cid:znum days:int iid:num
name:string title:string
| |
book | cd
isbn:num

049 00d0ogoooogoooo

4.4.2 OU0O0OOLOOOOOOO

oobbOo0obOo0ooooboobooooocboooboboobooooooog
oo uuoogoogbuoooon

gbogooboboboobb4io0b0obooboboobbobbiiUlibrary
OO0000000 lendOQUDOOOOOOOOOOOD IDODOOIDODOODOOO
0000000000000 000000O00O000O00OoO (LHyoooooo
gobooobooo Ibbob Ibobooogoboboobooooooooon
ggoobbbbbououbogbbiobbobboobooobbobboouady
goboobbobbbooooobbobooboboboooobbooobbboood
gooooooboooIDO00O0O0 customerd000000itemd0 000
O library00 0 0000000000000 OOOO0O (1.2,1.3) 000000
000000000 (14 00001lendd000000OCDOOOOOOOOOODOO
00000000000 (1.5.1)0000000 lendd00O000O0O0O O customer
O0000004item0000000O0O0ODOOOOOODODOO (1.5.2-1.5.5)000
000000 lendd 000000 library000000000OC0ODO (1.6)0

OoboooooboboHEOLObOObOoOn41,41200 00000000
410000000000 000000b0000bOoobboobbOoouoobobonDg
HOLOOOOOOOOOOObOoOoooOooobboooooobooboooob oo
gbbgbouuooubobobboboobbouobbbooobooobuagon
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1:Iib-|end(cid,iid)¢
clibrary

1.5:Ind:=new_lend(cst, itm,d)‘

1.1:[lib.check_lend(cid,iid)]
1.2:cst:=lib.get_customer(cid)
1.3:itm:=lib.get_item(iid)
1.4:d:=lib.get_days(Q
1.6:1ib.add_lend(Ind)

<<new>>

customer

1.5.4:cst.add_lend(Ind) 1.5.5:i1tm.set_lend(Ind)
1.5.1:Ind.set_days(d)
1.5.2:Ind.set_customer(cst)
1.5.3:Ind.set_item(itm)

0 410: 0000 O0o0OOOoobOoOo

guobbdobdoggobol20dbbdddd il 1ibrary_get_customer
gooobobboooooooooobobdb ciab00 IDOOO customer
bbb Udgetl 0O library_get_customerlist
UO0 library U0 OO UOOO00O0OO00OO customer U 0o oggg
000000000 #HoU FILTERD OO get U U U customer_get_cidU 0O 00U
cidigoogoooobbooogooodbobooobobbooboboooo
15000000000 1end0 0000000 DOOOO0O0DODOODODOO new_lend
oboooboooboubbog 1400000000000 customer_add_lend
godoubobbdobodddibdgetd D customer_get_lendlistU setU
00 customer_set_lendlist0 00 0000 ::(cons)J 000000000 lend
ool mmdd0gooobobogn
gobobooooobboobbooooobuobboobooobg

e JUUOOOLDOOODLDLODLDUDLOODLOODLLOUOOOODLUUOO
IDOOOOOO

library_register_customer :

library -> string -> string # num # store
e JOOODODODDOISBNOOOODDODOODUODO IDODODOODO

library_register_book : library -> string -> num -> num # store
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library_lend : library -> num -> num -> store -> string # store
library_lend lib cid iid s = 1%
if library_check_lend lib cid iid s then 1.1 %)
let cst = library_get _customer lib cid s in 1.2 %

let itm = library_get_item lib iid s in 1.3 %
let d = library_get _days lib s in 1.4 %
let (Ind,sl) = new_lend d cst itm s in (* 1.5 %)
let s2 = library_add_lend lib Ind sl in (* 1.6 %)
( ok ,s2)
else
( fail ,s)

new_lend : num -> customer -> item -> store -> lend # store
new_lend d cst itm s =
let (Ind,s1) = lend_new s in

let s2 = lend_set_days Ind d sl in (* 1.5.1 %)

let s3 = lend_add_customer Ind cst s2 in (* 1.5.2 %)

let s4 = lend_add_item Ind itm s3 in * 1.5.3 %)

let s5 = customer_add_lend cst Ind s4 in (* 1.5.4 %)

let s6 = item_add_lend itm Ind s5 in (* 1.5.5 %)
(Ind,s6)

library_check_lend : library -> num -> num -> store -> bool
library_check lend lib cid iid s =
if library_check cid lib cid s /\
library_check_iid lib iid s then
let cst = library _get customer lib cid s in
let itm = library_get_item lib iid s in
customer_get lendnum cst s < library_get max lib s /\
customer_check_over cst s /\
item_is_available itm s
else
false

library_check _cid : library -> num -> store -> bool
library_check _cid lib cid s =
let 1 = library_get_customerlist lib s in
MEM cid (MAP (\x. customer_get cid x s) I)

library_check_iid : library -> num -> store -> bool
library_check_iid lib iid s =

let I = library_get_itemlist lib s in
MEM iid (MAP (\x. item_get_iid x s) I)

O 411 HOLOOOOOOOOOoOoOoooODbOoo
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library_get_customer : library -> num -> store -> customer
library_get_customer lib cid s =
let 1 = library_get_customerlist

lib s in
HD (FILTER (\X. customer_get cid x s =

cid) 1)

library_get_item : library -> num -> store -> item
library_get_item lib iid s =

let I = library_get_itemlist

i

ib s in
HD (FILTER (\x. item_get_ X =

|
id s
customer_get_lendnum : customer -> store -> num

customer_get lendnum cst s = LENGTH (customer_get_lendlist cst s)

customer_check_over : customer -> store -> bool
customer_check_over cst s =
let 11 = customer_get lendlist cst s in
EVERY (A\x. 0 <= lend_get days x s) 11

item_is_available : item -> store -> bool
item_is_available itm s = (LENGTH (item_get lendlist itm s) = 0)

customer_add_lend : customer -> lend -> store -> store
customer_add_lend cst Ind s =
let I = customer_get_lendlist cst s in
customer_set_lendlist cst (Ind::I) s

library_add_lend : library -> lend -> store -> store
library_add_lend lib Ind s =

let 1 = library_get_lendlist lib s in
library_set_lendlist lib (Ind::1) s

0 412 HOLOOOOOOOOOOoOoooooobooogoo
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e CODODODOODUODODODOULOODDDODOIDOODLODOODO

library_register_cd : library -> string -> num # store

e UOUDOIDODOOODOODODODOOOODLDODODDODLOO

library_return : library -> num -> store -> string # store

e IUDUDUIibraryU U D UOUOUOLOOUODOOUOODOOOOO lenddD OO
0000 daysd 100000

library_clock : library -> store -> store

44.3 O0O0O0OOOOOOO

gbogubbdboobubboobogbooboobobbobboobo
g0d0o0dobo0oooboboooobooooboobbooob ocLooooonoon

library
customer.get_lendnum()->sum() =

item->select (not(is_available()))->size

OO0 Oget_lendnum()0 is_available O U UOOOO0OOO0O0OOO0OOO0O0OOOO
gooobooooooooobooboobobobooo

HOLOO Invi0ODOODO 4130000000000000000DDODOOOO
OCLODODDOOO0OOUOD customer.get_lendnum() OO OO OO MAPOODO
Udbbobbbb0O0getd U0 1ibrary_get_customerlistU OO OOOON
customer 1 UDOOOOOOOOUOOOOOOO OOOLO customer_get_lendnum
OO00DoO0ooobo0obobobooooboob0oooDooCLbOdy select,
size U OO DOUOO OO FILTER, LENGTHU OO O U0 U OO Ucustomer_get_lendnuml]
item_is_available 0O U0 DO 41200000000

InviODODODOO0OOO0OODODOOOO000bOobObOO0bOo0o0oOoDboDbDbobo
U0livrary0 0 0 00O0O0O0OO0OODOOO customer U0 000000000
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Invl : library -> store -> bool
Invl lib s = library_ex lib s ==>

(library_get_customer_lendsum lib s = library_get_item_lendsum lib s)
library_get _customer_lendsum : library -> store -> num
library_get_customer_lendsum lib s =

let 1 = library_get_customerlist lib s in

SUM (MAP (\x. customer_get_lendnum x s) )

library_get_item_lendsum : library -> store -> num
library_get_item_lendsum lib s =

let I = library_get_itemlist lib s in
LENGTH (FILTER (\x. ~(item_is_available x s)) )

O 4.13: HOLOOOOODOODOOOO

bbb ol customer0U00OODOOOODOOOOOOOOOOOODOO
bbbt mv20000000040
InviOOOOo0OOOO00bOoobooooobboouooon

Base step:
|- Invi LIBRARY SO
Induction steps
|- !'1ib s. Invl lib s /\ Inv2 lib s ==>
Invl 1ib (SND (SND (library_register_customer lib name s)))
|- !1ib s. Invl lib s /\ Inv2 lib s ==>
Invl 1ib (SND (library_register_book lib title isbn s))
|- !1ib s. Invl lib s /\ Inv2 lib s ==>
Invl 1ib (SND (library_register_cd lib title s))
|- !1ib s. Invl lib s /\ Inv2 lib s ==>
Invl 1ib (SND (library_lend lib cid iid s))
|- !1ib s. Invl lib s /\ Inv2 lib s ==>
Invl 1ib (SND (library_return lib iid s))
|- !1ib s. Invl lib s /\ Inv2 lib s ==>
Invl 1ib (library_clock lib s)

UOOOLIBRARYU D UOODODDOOODODODUODO Iivrary 00 dogso
gbggbobbbooddeoooboobuouboobb ebbbogn
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googoobboodgd
InviJUOO0OO04oooogobobbobbddguddiblendb0ooooon
gboogdgoobbuoogooobogobbbobooooogn 20000
gbooogugo8sbbgouboogogbboboboobobuobooobo
gboogguboogbbooood
goodbboooogboooooooboo

e HOUOOUDLDOOLUOODDLODLDLDOUDLDODOODO

library

customer->forall(cst | cst.lend<=self.max)
e 00000 20000000 OUDOOOUDLDOO

library

item->forall(itm | itm.lend<=1)
e 0O UIOOOUIODOOUDOUOUUOUIDOOOUODODOUUOUODODOO

library

item->forall(itml,itm2 | itm1<>itm2 implies itml.iid<>itm2.iid)

4.5 U0

4.5.1 O0OOOOOOO

gooobbbbobooubooboboobbodoouuoooboooogd
ggbbogbbooobbooouboooobbooobobbooougo
gogoobbbobobooubgbbooobbooobooooboooboogd
ggooodgbbbobbobbddugoboooooouoobbbobbboo
guogobbbobbooobooobbbooboooooobbobbooo
gbobbbotbugooobobbuoboooubbooobboobbobon
gbguoboobbbbbbdooboobobooobouoobboboon
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gboogbobobobobboboooobobobobuobbobobooboboo
gobbougooggbbbboooouboouobbboouoobooonooba
goggbogoouogobgboobbboogooboboboobobbooobod
gogbogbuooboooooobbooobobbboooobobboboboboad
guobogbouguuooouoboouguobbbobboobooboboooon
gobobogguobgobobooooooobbooboobboboboboon
gbbogbotboboobooooobbobboouoboobboobbood
ggoodbooboooobbbdooboboubobbooooo
gbbbuodguougbdoooobbboooububoooboboboooon
gobuobbuoooogbobbobbbbouodooubooboobbod
oodobooobooobboboobbboooouooobooob4100000
gbbobooboooooboobbbbobboooboobbobobooon
gbouuuggbbbobboooooobbbooboooboobboo
ggd
gobobbobbooooobobbobobbbobboobboobooobo
gbbobdoodgbboobuoobuoobboobooobbbobboood
OO0 OHOLO Goal-Oriented Proof 0 DO O OOODOOOOOMLODOOODOOO
gbobobbubuudoouuobobbooobuoobooooooboboboo
ggboboouugbbbobuouoboobbuobboobuooobbaboo
godgbbbobuooobbuoobboboobooooobbboboooan
gogbooboobobibdooooooobboououobbobbooobda
gbododbooooboboooooboboooooogbbonoboobon
gbooooobbgbbddgubooobbbooubooobbooood
gobobbdooobobbuooooooboooobgooog

4.5.2 OJU0O0OOOOOODOOOOOOO0OO

gogooobooobbobbouoobbouoooobobobobobooobn
guogobboboobbbobuoobbobbooobbbbooubobooo
OO0 HOLOOOOoOoooOobooOooooooooboooooooooooooo
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oo0obbooO0obOOoobOOo0ooob0oooooobDooobooDOoOobDOobHOL
gogbbobbboobuoooooubobooobboboobbbobooboba
godbgbuogbbgobboooboboobbobbobobbboobobbad
gogbogoogouobobbbobbooooooooboobobobobooon
gbobobobbooooobobbobboobboouoobooboobobooogan
obooobboooobooooobuoboooboboobbbooouMLOOOO
0000000000 0000000000O00OO 23j0oUMLOOOOOOO
000000000000 0000000 240000

4.5.3 0O0O0OOOOO

personl] counter U U UOperson U LN UOOOOOOUOOOOOOON
UO00Ocounter 00000000000 DODOODOOO0OODOOODOOOOODOO
obodbododd person 000000000 counter o
personU0 0000000 0O0O0OOODOOODODOODOODOOODOODLOOO0
goobooboobobobboboooobobbooboobboobbooobooo
googooboboboboboboooboboboobooboboobobooboon
gobbdoooogooboobooooooooooboooboboboobo
gogboooboobbobobobboobbooooooobDooobobooo
gooooooooboooboboooboobbooobbooobbbbo

65



1 50

Juootddn

O0O0OOOHOLOOODOO opjLind0d00DOOO0ODODOODOODODOD
gbbooobobobbogogobboodab 200b0b0400ooo

e OO OOODLDOOODODDODO

e LD UOUOODLDOOOLODUDUODLOODLDOOOODLDO

U000 UOMLOUO mk_theory_script, mk_theory_simurator U0 OO OO0 O

g g s.100

7T AET IV ——

objLib

mk_theory_script |—

mk_theory_simurator |—

- Pk A7 U 7 b

L S =2 L— g UETERE

0 5.1: objLibO OO

gbbooobobobobboobbuoboubbobbboobobbbobadad
gogbbboooobbobooboouoboooobbn
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5.1 0OOUOOOO

gboboougoubbbddobooboooogboogb s2bb 2100
guobdbbooodoobudbl figure.cm 00O 0

_ N
class fig
attr x holtype : int | O mltype : int | O
attr y holtype : int | O mltype : int | O
class rect extends fig
attr w holtype : num | O mltype : int | O
attr h holtype : num | O mltype : int | O
class crect extends rect
attr ¢ holtype : color | black mltype : color | black
N J

U s20000u0bboogggad

ggooooooog
class C extends S

gogdgobuogguooobbcbogbbsbubbuoobbooubbbobob
ggboabo

attr X holtype : HT | HD mltype : MT | MD

gbodobobobooooooobooxoHoLoooooboboboooooobo
OO0 HT, DUMLOOOOOODOOODODOO0gogov,mp00gogooog
HoLoooooooboooooooooboooooooobooMLODDDOO
gbooooobboooMLOOOOOO0OOOOO0ODOO0bODO0w, h00O0O000O0O0
numJ 0O MLOOOOODOOODintdOooOOoOOO0O
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5.2 UO0ODOUOOUOLOOOOOOOO

5.2.1 UOU0UOOOUObLObLOO0OOOoO

HOLODOOOOOODOOoOooOooooOoooOoobobooooooboooboo
O0o0ooOooo0ob0 HOLOOOoOOODOOoOooooDooboooobOOoooooo
Holmake 0 00O HOLOODODODOOOOOOOODOOODOOOODOMLOO
objLib.mk_theory_scriptU UL D0 0UO0OOOOO0OOUOO0OOOO0OOO0OO0
OoOoobooooobobobooobooboboobooobobooooboobo
ooooo

gobOoo0odgdibd figure.cm mk_theory_scriptd UUOUOO00OOUOOOOO
figureScript.smlU DO DOUOOOUOO0UOO0O0O0O0O0O000OO0O0ON Holmake
oguduguboobdgbobdil figureTheory.sm1 O OOUOUOOOOO
UdQ store, figh U OO fig new, fig_ get_xUU0 0O 0OOOOOO0OOOOOO0

objLib.
mk_theory _script Holmake

figure.cm ——» figureScript.sml | ————» figureTheory.sml

g s3: 0b0ugan

5.2.2 UOOOOOO

gboguboooboobobobbubbbdoooouoobbobooobod
gogobobouogbbobbboobbobodbbooobooboooboa
goooooooboboo4aa0o0oobooobobobobo 4100 MLOOOO
gbdooboogooouooobobuoouoboboobboobbboooboo
goobooood

objLib.GET_SET : {Get:term} -> thm

UUegetDUUOODDOOOUODOOO 2600000000 00get00000O0OODO0O
gobboobooubbboooobobbbbbbooooboobboo
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gbbgbooboboboobbobboboooobgoog

> objLib.load{File="/.../figure.cm"};
- val it = () : unit

> objLib.GET_SET{Get=‘‘fig_get_x‘‘};

- val it = |- !'o x s. fig_ex o s ==>

(fig_get_x o (fig_set_x o x s) = x) : thm

gobobbubogbooouboooobboboouooobooboboboboan
gogoboobboooobboobobbbboouooboobobbbbbood
goooboboobob MLOOmk_thm0O 000000000000 0OOOOO
gbbodboboodgoboobbobooobboobbooboobooboobo
o000 HOLOOO0OOOoOOoooboobboboooobooooboooooooon
guobogdgubogbobdogobbbobbbuooooubobbbbboon
ggbuoooogbboobobboboboooobobuboboobbbo
gbogobouoboodgboooobbbbbuboooobboouoooon
ggbobbbodobbooboobuobuoobobobodgbon

5.2.3 UO0UOOLOO

goooooobooooooooooooboooobooooooooooo
dodoobooooooooooooboboooooooooooooooood
0oddoooooooooooooooooooooon

UU000d0douibdOsSLICE_TACU 0BJ_SIMP_TACU 2 0000 0OSLICE_TACU
O000000000000D0000000ExO000D0 GetOOOOOOOOO
OO0 NewODODOO Set0 00000000 ODOODOODODODOODOOODODODODO
fig get_x £ (fig set_y £ y s)00000000000000D00 2800
D0 Ofi set.yDOOODODOD Ofig get_x £ s0 000000 0BI_SIMP_TAC
goooodoboooooooooooooooooooooooooooooon
00000000000 fig_get_x £ (figset_x f x s) 000000000
goddgobbb2ebbbogoga
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gb 2000000000000 0b0booooooubobobuobooounao
U000 - SLICE_TACU U - 0OBJ_SIMP_TACU LD UODOOOODODOOOU
Uobobboobbibdddddllenddd D000 DODD customer U U
goouboobbb 1dg0bouubggobbobodg g obogd
googoon

- g ‘lcst s. customer_ex cst s ==>
(customer_get_lendnum cst (SND (new_lend d cst itm s)) =
g

customer_get_lendnum cst s + 1) °‘;;

goobuogbooobuodbgobuoubbduuudUdUbREWRITE_TACU DO O
googuobobuoobbbooobobubibo00ddubiOULET_PAIR_TAC
O0Olet (x,y) =z in ...00000000000000000

- e (REWRITE_TAC [customer_get_lendnum,new_lend,customer_add_lend]
THEN LET_PAIR_TAC);;
> val it =
!cst s. customer_ex cst s ==>
(LENGTH
(customer_get_lendlist cst
(item_set_lend itm (FST (lend_new s))
(customer_set_lendlist cst
(FST (lend_new s)::
customer_get_lendlist cst
(lend_set_item (FST (lend_new s)) itm
(lend_set_customer (FST (lend_new s)) cst
(lend_set_days (FST (lend_new s)) d
(SND (lend_new s))))))
(lend_set_item (FST (lend_new s)) itm
(lend_set_customer (FST (lend_new s)) cst
(lend_set_days (FST (lend_new s)) d
(SND (lend_new s)))))))) =
LENGTH (customer_get_lendlist cst s) + 1) : goalstack

N J
OO00D0GetOODO customer_get_lendlist OO0 O OO0O0O0O0O Set0 OO

item_set_lendl lend_set_item New O O[O lend_newd OOOQOOOOOO
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godgbgdggsLicE_TAcuudogubogooogoooobbboboo
gooooo

- e SLICE_TAC;; h

> val it =
lcst s. customer_ex cst s ==>
(LENGTH
(customer_get_lendlist cst
(customer_set_lendlist cst

(FST (lend_new s)::customer_get_lendlist cst s) s)) =

LENGTH (customer_get_lendlist cst s) + 1 : goalstack

. /
O000000GetdOO customer_get_lendlist D000 OO0 Set 00O

customer_set_lendlist0 00 O0O0O0OOOOODOODOOO 0BJ_SIMP_TACO OO
OO000oooopooooono

~
- e 0OBJ_SIMP_TAC;;

> val it =
lcst s. customer_ex cst s ==>

(LENGTH (FST (lend_new s)::customer_get_lendlist cst s) =

LENGTH (customer_get_lendlist cst s) + 1) : goalstack

N J
OO0 oBJ_SIMP_TACUOUDDOOOOLOOUODOUOO 260000

'i x s . customer_ex i s ==>

(customer_get_lendlist i (customer_set_lendlust i x s) = x)

gogbooboogoobobdobbbbouoobobooouobbbbobooo
gboobguoouougobouoobbogobn

. N
- e (RW_TAC list_ss [1);;

> val it =
Initial goal proved.
|- !'cst s. customer_ex cst s ==>

(customer_get_lendnum cst (SND (new_lend d cst itm s)) =

customer_get_lendnum cst s + 1) : goalstack

N J
gouogbbdobouooooboboboobobbbobbaobooog
SLICE_TACU OBJ_SIMP_TACUUDUOUDOOODLDODODODO

71



GetS 0 (Sete 0y x s)0 Gett o (Snd (New® s))0 00000000 0BJ_SIMP_TAC
bbb ooooobbobobobooobboboooooooboo
oddbbbdoodbdbdldd GET_SET_CASES_TACL GET_NEW_CASES_TAC
goddooooobnoobbobbobbbobbobboboooobboooooo
goooogo

GET_SET_CASES_TACO OO t0O O GetS o (Set oo xs) 000000 O0O0ODO
01,00,2,s 000 0000000000000 {(«p0w0000¢t000000O0
gdgood 3ouoogboooooaao

{u, =(Ex° 01 s)} t [Unknown;/Get; o, (Set;, oy x s)]
{u, =(01 = 09)} t [Get: o s/Get o1 (Set;, 0y x )]
{u, Ez° 01 s, 0 =03} t [x/Get;, 0, (Set;, 0y x s)]

gboobogooobboogd
s N

- g ‘item_get_title itml (item_set_title itm2 x s) = y*;

> ...
- e GET_SET_CASES_TAC;
> val it =

item_unknown_title =y

“item_ex itml s

item_get_title itml s =y

“(itml = itm2)

0. itml = itm2
1. item_ex itml s

: goalstack

N J/
GET_NEW_CASES_TACO OO ¢t0 0O Get; o (Snd (New® s))0 000000000
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o,s00000000C0DCO0DODODOO0 {u}t000 3000000000000O0

{u, =(o = Fst (New® s)), =(FEz° 0 s)} t [Unknown/Get; o (Snd(New® s))]
{u, Ex° o s}t [Get, o s/Get: o (Snd(New® s))]
{u, o= Fst (New® s)} t [V(c,a)/Get; o (Snd(New® s))]

gogoouougoooboo
e N

g ‘item_get_title itm (SND (item_new s)) = y°‘;

e GET_NEW_CASES_TAC;
> val it =

item_unknown_title =y

0. ~(itm = FST (item_new s))

1. “item_ex itm s

item_get_title itm s

I
<

itm = FST (item_new s)

: goalstack

5.3 UUOUODUOUOOoObOUuobOoOoooond

g4b0oogooobgbbogbouobooooobobobbooouoon
gbobuboboooguouogooouobbobdoooobboboboobobo
OOOHOLOOOOOODOOOOOOOobOoooobboobooobbooboooo
gogbboboboobbboogobboboobobobbboboooboooobobo
gobooobobbooouobooobouobooboobbooooboobon
gbooggoboboobbbobooobooooouoooobuooubonoo
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O0000b0o0b00b0opjLib0O00O0O0ODOOOODOODOOOOOOOOODO

oobbooobobooboooobboboboboooooooooooon
gboooboobooobooMLOOODODOOOOOOODOODOOOOOOO00O0
Ub0O00b00O00OMLOO objLib.mk_theory_simulatorJ 00 0O00O0OOO0O
ooOoboobooboooboooooooboooMLODDOOOOOODOOO

gboboduoddd figure.cmUO OO figure.sml OO OO0 OOOOO0OU
goooogs4bobobobOooobobobobobOobobboooobooooobn
ooodaog

4 N

> val (r,sl) = rect_new store_emp;

- val r = <rect> : rect

- val sl = <store> : store

> val s2 = rect_set_x r 10 si;
- val s2 = <store> : store

> val f = rect_cast_fig r s2;

- val f = <fig> : fig
> fig_is_rect f s2;
- val it = true : bool

> fig_get_x f s2;

- val it = 10 : int

Us4000000o00ooggn

UUOUOrect_new OO OO0 store_empU U0 OUOO0OOUOOOUOOOOMO
UrectU0 D000 r 0ol s10000000000nLooonon
gbooboooooobooobooooobobDbDibOn rect_set_x0 00O
rU00x000 10000000000 rect_cast_fighhUO rO gy fig
Joboogbf0b0000 figdddoob f0 rect 000000 0ODODOOO
UOO00O0Ofig is_rectU OO UOOOMO trued 0D O0O0OOOOfig_get_xU 0
O0f000x00000000000000O00O00O00O00OO0O000 100000

74



gdd
gooooooobooobooobobooooooMLObDbboboboDO
gooogoooboooobooobbobobobooooMLOoooooooooo
oobO0obbOoooooOoboboobooHOLODOOObOOoDOOoOooboDobDDOOo
O0b0oooobo0oooOo0oooooooooMLO HOLODOODODOOooOoDOo
googobobbboobbooobuouuooooubboboboboboobbon
goboboooooooboooooobbooboobboboooooMLOODO
o000 HOLOODOOOOOoooobooobooooooooo MLO HOL
gogobbodbuoooobbboboboboooooobooobooobo
MLO HOLOOOOOOOOOOoOOoooOoooboooooobooooobooooo
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1 el

HREENEN

6.1 O0O0OO0OODOOOO0OO0OO0Oooooon

6.1.1 O00O0OO0O0OOobObObObOoooooobd

Berg D (LOOP[R)00JMLOOOOOOOO Jawvad 00000000000
0000000000000 Isabelle/HOLO PVSO 0000000000000
000000000000000000000000000000 JavaOOOO
000000000000000000000000000000000000
00000000000000000000

int list # bool list # ref list

OO000Javad OOOO0OO int, bool, refJ 30000000 Oref00ODOO
gobboboooubboobbboodooboobbbooooooooog
UboooboogobodbbdintdDOO x=2, y=3UboolUDU DU b=TU DU
gooooon

([2,31, 11, [

gbobobodobubbgbooougoobbooboobouobboboooboon
godbobobbooooobbooobooboobobobo Javatdoo
goooobboboouobobobboubgbboooobbon
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OoboObooOobObO0obO0o0obooboOo0oooooboboooboboobobonDdJava
bbb ooobobbobbobooobobbooo
gogoboooobbuouooboboobbbbbouooobooboboboogd
gooogubbbbbouoooobbbbbooouooboonoobobobod
o0bbO0o0O0O00ob0 HOLOOoOooOoOOooOOooboobooooooooobo
gobogbobbogbuoubbobooouogbbooooooooboog

oooLroorpOOO0OOODOOOJavalDO0OOO0OODOODOOODOODOODO
gobogdgbbobbboboubobbbibobboouooobobobbouood
ooobogoooooooooooboboHoLgoooooobbooooooon
gogboobbbuobbuooboboobboobbooobbbboobooo
OoooboobooboobooooobobooobbooobboooboboDbOono HOL
gogogoboooboouobbobbobboobbbodoboboogd
gogbbodoobuooooboooobboobboobboobbbood
goooubooogon

6.1.2 Extensible recordO0 0000000 OOOOO

NaraschewskiO [11]0 Olsabelle/ HOLO OO0 OO0 0000 O extensible record
OOoooooooooobbOodDDdd Extensible record U {x=3,y=5, ...}
goouodboooobogooaob ....gbbgbboboboobbobodod
O0{x=3,y=5,f=true, ... 1 000000000 OOOO0OOOOODOOOOO
UO00D0000000 int#int#’a 000000000 ’all bool#’all 0O U
gobboboobbgugbooobbooboouogoooobooooobogd
goddooogobbooouooogn

gogdubobbbobogoobobooobbbbooooouuoooboboo
guogdgououoodgbooougboobooboobobbooooubod
goubboobobouoguboobbobibogooouoobobouobbuoooooon
gbbobobbbooboobbboboooboboooobobobbuababo
gbboubooobbobobobbodoooobuobobooobboooon
gooogbobbbbobobdooobboobuobooobbobbboboo
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gbbogbobuoogoboooboobn

6.1.3 UOOUOOO0OOOO0OOOOOOd

A. Poetzsch-Heffer[12] 0 0 O Java0 D0 00000000000 0ODOOOOO
O00dooogooooboobbobobobooouooobboooooboon HOL
00000000000 00D0000 dget, set, new, alived 4 00 0O 0O O alive
Uil ebODbOO0ODbOOOOUOUOODLDODLOOODLOUOUDLDbLOOODLO
gobbboobooboobuobbobboboobooobobbobobbbon
OecastUUOUOD sOODO0O0O0ODOOODODOO0ODODOODOODOODODOOOOOO

6.2 UUO0OOOOODOUOOOOOOOO0O

6.2.1 BUOOOOOOOOUMLOOOOOO

UML/OCLOOO0O00000000000 [15[16/0000000000000
UMLO OCLOOOO0O0O00000BOOOOOO0O0O0O0O0000000000O
0D00000000000000000000000000000000000
D000 Ateile-BO0 00000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000 HOLOOOOOOOO0O0O0O0000000000

6.2.2 0O0O0OOOOOOOOUMLOOOOOOOO

000 [25]0 UMLOOOOOOOOOO0OO0O0OO0OO HOLOOOOOOOOOO
goboo41bbooboobobbooooobobobobobbooobon
gobgggbbobbooobooobobbuoogooobboouobobda
gogbooobobbogbboogooooooobuobbooobuooooanodgd
gobogobobbgobobibooououboboboooobooobooboogd
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gogboobbobbooooooobbboboouoooobbboobboo
OO0o00OO00o0oHOLODOOoOoOoOOobooooooooooboobooooogo
gobbobouoouooboobbboobobn

6.3 UU0OUOUODOOUOOO0OO0Oooooonn

00000000000000D0 1700000000000 0oooooo
goddogobboobbbouobotboobooobooooooooboboon
gbobobobobbdoooooouoob bbb ooboooo
godobbbouoobuooooooobbobooobouobbouooooo
gogoooobbobbbodoooouooooobooooboobboon
gogdgoobbobobobooubbobob bbb oo oooon
gogbobobooobooobooobbuoboboouobobobobooon
2180000000000 00000000000000D0OOO0o0OOOg
gubgob bbb boooboboooooooubbooooooon
gogoobbodggbbgbuododooooobooooooboobooonooo
0000000000000 00D00000D0000000 (Collaboration-based
design) 00O O.

guobdgbdooboobboooobouboubobbooboooubd
00000 201900 0000000000000 00000O0O00O0O0O0O0OO
gbooodoaoobbobubooboobobgooooooboboboboogna
gbbobodooooobouooobooboobbboobbobobbbooauoa
goooobooooboooodcTLogboobbouoooooooouoobooog
000000000000 0ACL200000000000 [22]0ACLOODOO
guoogboobotbdgbgbouooobboboooobbbooboooon
oot oooboboobuooooon
0000000000000 000o00ACl200000000DOO0D0DODOOO
OO00000000000000bO0000bObO0o00obOoOooobOHOLODOOOO
guobogobooooobooobtbooobbbuoooobuoouooo
bbb oooouobobbobooboboo

79



0 70

HRNENEN

gOooobooboooOoObOobOOobOobbooobobbOobObobD HOLDODDOOo O
gouogboobboobobooooubbboogooboboa

gogdobobudbooobbobobooooobobobboboobooon
gobbbboboogboboodboobuoobbobouobbobobboboboon
O0000000000000DODO0O0D0ObObO0ObDOD definitional Extension
gogbbuoooougobogbuoobbuoooobobbbooooobouogobda
godoobooboboboooboobbbbodboooooboboubobo
goooooooooboobooob MLObobObDboOooooobuooboboo
gbbboooggbobooobbbooboo

goouoduobgoobuoggboboobboobouboooobooobn
gogobobbbooouougobooboboobuoooobobbobbood
gboodoboobuoubbooobuoboboouogbooboooboood
gbooooobbbbbbobodououboobbobbooouoboboboo
ggbobbooooobbo

goboboboobobobbobbbuoboboooooooobbuouon
gogoboobbobdubbooobbbbooobuodgbboobooogd
gobooobooon

80



1 Al

Jo0dd HOL

HOLO Cambridge0 OO M.C.J GordonO O OO ODO0O0ODOOODOODOODO
O0000000000000000 ChurchO0O0O0O000 (A—=-Church)0 00O
00000000000 oo0ooobOOooooo0ooooooogoooog
000000000000 D00 HOL4 Kananaskis-3 0 0 00O

A.1 0000 moscowML

HOLO moscowML[3] OO0 0000000000000 MLOOOOOOOO
UboooobuobbuobodgoduibdbdUholtype, term, thmJ O D004
oooobooboooboobobo MLODObOoOOoODoDDbOooooobo

A.2 HOLOOOOOO (theory)

HOLOOOOOOOOO,0b0,00,00D0400000000000OMLO
gbobbobobodboobobobbddd intdd0 00 intTheory.sml [
gboboouoobbbuodubboodoobboobobobbouodl min g
gugduuoodbougudbdnin0000O00DLOO0OOOOOOOOODOO
OO0000O0bO000obobo0o0bO0oooobobobobOoboobOooOoHOLD OO
gobobooudbbibdtveeclldupbbbobboooboooooog,
gogbobbuooooooobooooooog.
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A3 OO0

O000bbOOoo0oooo0bbobo0o0bO0bOdDn O Forward Proof O Goal
Oriented Proof] 2 000 0O 0O OForward Proof 0 DO DO OO0 OOOOOOOO
O00oo0ooooboobooooboooobboboOonDDOdn Goal Oriented Proof
guougbobodboobbooboobobobbooobbboobooobo
godgbbobooogboboo

A4 0OO0OOOO

O0D00000 Goal Oriented Proof 1 0O 0D OO00O00OO0ODOOOOOOODO
gobobooooboechbobobbbobet,.anddboboMLOODODO
tacticUOUOUOOOO0OO0OOOODOO0OOOOOUOOODODOOOOO0bOounDO0
OoobobooobobooooboooooD lvoooboo

CONJ_TAC : tactic

O00 wlP/\QLODODO0OO0O [ulp, lQUODOOO

EQ_TAC : tactic

O00 lP,RQUO0O0O00O000O0 [ulP==>Q, [ulB==>A000000

INDUCT_TAC : tactic

gbobogbbooobboobbooboboobbooooooobood
0,000 uln.PO00O0OOOCOOOCOO [uwlP[0/n], [u,P]JP[SUC n’/n] [
gooo.

REWRITE_TAC : thm list -> tactic

oooooo [re,...,mlO000000O0OTL,...,Tmn00000000O0DOOO
godo

HOLOOOOOOOOODOODDOUOODO RW_TACU PROVE_TACOO OO O
gboobbodboodogo
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ASb5 OOOOoOg

gbbobbooobooobobboobboobboooooobooboo
gogobbboobboobobbbbboobbbbiobooubooooboo
gbouoogboggbobbobbbodgbuobbooobooouoobouaaay
gubbboodobobobobo

e THEN : tactic -> tactic -> tactic

gobbibgoooboobobobin,20b0ddobbdibnb OTL THEN T2
oo dud nitggobooboboobodgbbuobobod 200
gbbooooobboooooood

e THENL : tactic -> tactic list -> tactic

guooobguououoooouoooooT,. mouogoooogd

OOT1 THENL [T1,...,Tn]0 00000000 OO0 OOOoOoOO
guobbodaet,...anbbobuo i, Tn000000000O0O0OO OO0
goooo

e REPEAT : tactic -> tactic

gobdoobbbbodoobobbTthbbb0obbb0000UOREPEAT T
gobdobortoboodbobooboobobooobbobooobd
gdd

A6 OOOOO

HOLOOOOOOOOOOOoOOooOooOobOooOoooooboooooooo
gbboubobbdabbbb. Ubd intlib0 000000000 0O0O0O0O0O0
gobobbbuoouougobD ARITH.TACOD UOUOOODOOOOOObOod
I O A I I
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A7 OOOOOoOO

OOooboooooobOHOLOOoOoooooooooooon

HOLOOOOOO (ODbOO0obDbOo RN
T T O
F 1 O
- - RN
/\ A oo
\/ \% oo
==> = 0O
! v gd
? 3 00
\ A RN
# * gd
FST F'st gogooooo
SND Snd gogoooon

O A1 0O00QCOOO
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0 BO

oo gooood

gobobb4400b0000odbobooooobbobooobgoon

B.1 00OO0O0OOO

g49bpoduopooggobodbodgbbooooobboobouoobboon
gbobooobbobbogd

class library

attr max holtype : num | O mltype : int | O
attr days holtype : num | O mltype : int | O
attr nextcid holtype : num | O mltype : int | O
attr nextiid holtype : num | O mltype : int | O

attr itemlist holtype : item list | [] mltype : item list | []
attr lendlist holtype : lend list | [] mltype : lend list | []
attr customerlist

holtype : customer list | [] mltype : customer list | []
class customer
attr cid holtype : num | O mltype : int | O

attr name holtype : string [ "" mltype : string | "
attr lendlist holtype : lendlist | [] mltype : lendlist | []
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class item

attr iid holtype : num | O mltype : int
attr title holtype : string | "" mltype : string
attr lend holtype : lend | lend_null mltype : lend

class book extends item

attr isbn holtype : num | O mltype : int | O
class cd extends item

class lend

attr days holtype : num | 0 mltype : int
attr item holtype : item | item_null mltype : item
attr customer

holtype : customer | customer_null mltype : customer

B2 0O0O0O0OO

ggboboboddlbl Invidgoobuooobogoa

11ib cid iid s.
Invl 1lib s /\ Inv2 1ib s /\ Inv3 1lib s ==
Invl 1lib (SND (library_lend 1lib cid iid s))

| 0

| lend_null

| 0

| item_null

| customer_null

gboooobbbbobiodidmmvidg 41300000 0bobooobobooog
library_lendU UJ 4.1100 4.120 00000000000 00000 UInv2, Inv3
UInviODOODODO0O4O0ODoOO0obObOooboboboobbbooooobon

Inv2 : library -> store -> bool
Inv2 1ib s = library_ex lib s ==
let 1 = library_get_customerlist 1lib s in
!x. MEM x 1 ==> customer_ex x s /\ (COUNT x 1 = 1)
Inv3 : library -> store -> bool

Inv3 1lib s = library_ex 1lib s ==
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let 1 = library_get_itemlist 1lib s in
Ix. MEM x 1 ==> item_ex x s /\ (COUNT x 1 = 1)

Inv2, Inv3U UOUOOUO1library0 0000000000 customer U U0 U
Ub0bdb0itembO0O0O00O0O0ODOOOO0OOOOOOOOOO0OOO0OOOOO
gbogobboobbobbobbbooboboobibcounT x 10000 100
ooob0OxobOobooooo

InviODOOO0OO0oOooOobooobogbooobobgooobogbobbogo
gobbbobuooobgobuooouooobobooboboobooobon
goooboooobooooboboboooboo 10ob0oobobobobon
goooboboooboo 1ocobooboooooboooobobboooboon
obobobooooobooobooboobooooooboooobooboobon

g 1oobogbobobobdabbon
gob 2000000000000000 200000000

|- '(x:’a) £ g 1.
((COUNT x 1

/NN Ex=gx+ 1) /\
ly. "(x=y) ==> (fy =g y)) ==
(SUM (MAP £ 1) = SUM (MAP g 1) + 1)

|- '(x:’a) £ g 1.
((COUNT x 1

D /N x/\ “(g=x) /\
ly. "(x=y) ==> (fy =g y)) ==
(LENGTH (FILTER £ 1) = LENGTH (FILTER g 1) + 1)

logbobobobobobobboobobbobboob x0000 10
1ubboogoobodgb 10bbubb x000 f0000bobogoooo
UdghbbOOoobuobbo0 1u0gogobobobuob 200000000
UdxbODbooouodgbbbuobbooooouobbosuoboobguobdd g
guobbooudguogubobogbbuabboobdo 3sbooooobobiood
gboddoooobboobbosfbobbuoboguouogoob gubbo
guobubbooobb1boobog.o

2000000000000 0000000bo0ooUbLO0 x0obOoD 10
lgoooobooobboob1obbbboxggdg tobuooboboobbbbo
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godooooob 20000bbgbgbobooooboobobobbbon
b 3dbobobooobogboxuggoboobbonobobooobbbiosn
goouobdbodb gbggouobdbooobbuoooobbbbod 30
gbogdgbboboibobooobobogobbobobobobosfodouobon
gbgubobboutdtdgdoubobbbbbooobooonb 10000

0.00B1000000000000OO0000O00
10000000« f,g 100000

library_get_customer 1lib cid s
\x. customer_get_lendnum x (SND (library_lend lib cid iid s))
\x. customer_get_lendnum x s

library_get_customerlist 1lib s
D000D20000000%,f,g, 100000

library_get_item 1lib iid s
\x. "item_is_available x (SND (library_lend 1lib cid iid s))
\x. “item_is_available x s

library_get_itemlist 1lib s

guogdubobooogbgbbooobbooobooouoboboobobog 20
gooogobbobbgooooobbbbouonoobobbbboobood
gbgobbboobuouboobobbbbbboobobbbbuooubod
OOob0B20000000O00OODODOO

(kkk 1 *kkx)

val MEM_MAP_MEM_HD_FILTER = prove
(““'x £ 1. MEM x (MAP f 1) ==>
MEM (HD (FILTER (\y. f y = x) 1)) 1°°¢,

Induct_on ‘1 THEN RW_TAC list_ss [listTheory.FILTER]);;

(Hk% 2 kkk)

(x 000O0DOO0O0O0000ODO0O0DO0O0DOODOOOOODOOOooOog

val library_check_lend MEM_library_get_customer = prove
(€“11ib cid iid s. library_check_lend lib cid iid s ==>
MEM (library_get_customer lib cid s) (library_get_customerlist lib s)‘‘,
REWRITE_TAC [library_check_lend] THEN LET_TAC THEN
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a(x)
[1[0]3[2]1]0]~=7

¢+1 $+1
[|1[0]3[3[1]0]=8
T(X)

g(x)
[(TTFIFITITITITIFITIT] =
v AR
(TFT T[T ITITIFITIT] =
)

U Bl1.000O0O0O0ODOO

RW_TAC bool_ss [] THEN

ASSUM_LIST (fn thl => THM_UNDISCH_TAC (el 5 thl)) THEN
REWRITE_TAC [library_check_cid] THEN LET_TAC THEN
REWRITE_TAC [library_get_customer] THEN LET_TAC THEN
SIMP_TAC bool_ss [MEM_MAP_MEM_HD_FILTER]);;

(H%% 3 kkk)
x JO000obOO0oooDooboobbooboooobooboooobobooooooonD =
val library_check_lend_customer_ex = prove
(€“11ib cid iid s. Inv2 lib s ==> library_ex 1lib s ==>
library_check_lend 1ib cid iid s ==
customer_ex (library_get_customer 1ib cid s) s‘°¢,
EVERY
[REWRITE_TAC [Inv2], LET_TAC, RW_TAC bool_ss [],
IMP_RES_TAC library_check_lend_MEM_library_get_customer,
RES_TACI) ;;

(H%% 4 *kkx)
x JO000oooooooboboobooobooboooooobooooog =
val library_get_customerlist_library_lend = prove
(¢“11ib cid iid s.
library_get_customerlist lib (SND (library_lend 1lib cid iid s)) =
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library_get_customerlist 1lib s,

EVERY

[RW_TAC list_ss [library_lend],

LET_PAIR_TAC, RW_TAC list_ss [new_lend], LET_PAIR_TAC,
REWRITE_TAC [library_add_lend,customer_add_lend],
LET_TAC, SLICE_TACI);;

(*%% 5 *kkx)
x JOo00ooobobobboooboboboobobooo 1 obobo o x
val customer_get_lendnum_library_lend = prove
(¢“11ib cid iid s. Inv2 lib s ==> library_ex lib s ==
library_check_lend 1ib cid iid s ==
(customer_get_lendnum (library_get_customer 1ib cid s)
(SND (library_lend 1ib cid iid s)) =
customer_get_lendnum (library_get_customer lib cid s) s + 1)°¢°¢,
EVERY
[RW_TAC bool_ss [library_lend], LET_PAIR_TAC,
REWRITE_TAC [new_lend], LET_PAIR_TAC,
REWRITE_TAC [library_add_lend,customer_add_lend,customer_get_lendnum],
LET_TAC, SLICE_TAC,
IMP_RES_TAC library_check_lend_customer_ex,
OBJ_SIMP_TAC, RW_TAC list_ss [11);;

(k%% 6 **x)
(0O0bO0OO0b0O000oooobooooooboooooooooDoOg =
val diff_customer_get_lendnum_library_lend = prove
(¢“11ib cid iid s cst.
“(library_get_customer lib cid s = cst) ==
(customer_get_lendnum cst (SND (library_lend 1ib cid iid s)) =
customer_get_lendnum cst s)‘°,
EVERY
[RW_TAC list_ss [library_lend], LET_PAIR_TAC,
REWRITE_TAC [new_lend], LET_PAIR_TAC,
REWRITE_TAC [library_add_lend,customer_add_lend,customer_get_lendnum],
LET_TAC, SLICE_TAC, OBJ_SIMP_TAC]);;
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(kxk 7 kkk)
local
val lemmal = prove
(““'(x:’a) 1. (COUNT x 1 = 0) ==> !ly. MEM y 1 ==> "(x = y) ‘¢,
RW_TAC list_ss [COUNT,NOT_MEM_COUNT]);;
val lemma2 = prove
(““1(x:’a) 1.
((COUNT x 1 =0) /\'y. "(x=y) ==> (fy=gy))
==> (SUM (MAP f 1) = SUM (MAP g 1))‘‘,
Induct_on ‘1 THEN RW_TAC list_ss [COUNT]);;
in
val SUM_MAP_lemma = prove
(““1(x:’a) £ gl.
((COUNT x 1 = 1) /\ (f x

g x+ 1) /\
ly. "x=y) ==> (fy=gy))
==> (SUM (MAP f 1) = SUM (MAP g 1) + 1)°¢,
Induct_on ‘1¢ THENL
[RW_TAC list_ss [COUNT],
EVERY
[RW_TAC list_ss [COUNT],

IMP_RES_TAC lemmal, IMP_RES_TAC lemma2]])

end;;

(kxkx 8 *kxkxk)
xoopooboboooogoooo
oboooobobbbobbooobobuoooboooooooooo =)
val library_check_lend COUNT_library_get_customer = prove
(€“11ib cid iid s. Inv2 lib s ==> library_ex 1lib s ==>
library_check_lend 1ib cid iid s ==
(COUNT (library_get_customer 1ib cid s)

(library_get_customerlist 1ib s) = 1)°‘¢,
EVERY

[REWRITE_TAC [LET_RULE Inv2], RW_TAC bool_ss [],

IMP_RES_TAC library_check_lend_MEM_library_get_customer,
RES_TACD) ; ;
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(kk%x Q k%)

(xODOooOOoOo0oOoOooobOoDbOOooDDoOobOOO 1 oDoOoO =

local
local
val t_x = ‘‘library_get_customer lib cid s‘¢;
val t_f =
¢“\x. customer_get_lendnum x
(SND (library_lend lib cid iid s))‘¢;
val t_g = ‘‘\x. customer_get_lendnum x s‘‘;
val t_1 = ‘‘library_get_customerlist 1lib s‘¢;
in
val lemma =
BETA_RULE
(SPECL [t_x,t_f,t_g,t_1]
(INST_TYPE [{redex=‘‘:’a‘‘,residue=‘°‘:customer‘‘}] SUM_MAP_lemma))
end
in

val library_get_customer_lendsum_library_lend_1 = prove
(¢“11ib cid iid s.
Inv2 1ib s ==> library_ex lib s ==
library_check_lend 1ib cid iid s ==
(library_get_customer_lendsum lib (SND (library_lend lib cid iid s)) =
library_get_customer_lendsum lib s + 1)‘¢,
EVERY
[REWRITE_TAC [library_get_customer_lendsum], LET_TAC,
REWRITE_TAC [library_get_customerlist_library_lend],
RW_TAC bool_ss [],
IMP_RES_TAC library_check_lend_COUNT_library_get_customer,
IMP_RES_TAC customer_get_lendnum_library_lend,
ASSUME_TAC
(SPECL [¢‘lib:library‘‘,‘‘cid:num‘‘,‘‘iid:num‘‘,‘‘s:store‘ ‘]
diff_customer_get_lendnum_library_lend),
RW_TAC bool_ss [lemmall)

end;;

(k%% 10 *x%)
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(x 000O0OOO0ODOO0O00bOO0ODOOOU0ODODObODOOODOOOgOnO %
val library_get_customer_lendsum_library_lend_2 = prove
(““11ib cid iid s. “(library_check_lend lib cid iid s) ==>
(library_get_customer_lendsum lib (SND (library_lend lib cid iid s)) =
library_get_customer_lendsum lib s)‘‘,

RW_TAC list_ss [library_lend]);;

(k% 11 *xx)
x JOoo0oboOoooooboobbooboobobooboobooboobboogon =
val library_check_lend MEM_library_get_item = prove
(““11lib cid iid s. library_check_lend 1lib cid iid s ==
MEM (library_get_item lib iid s) (library_get_itemlist 1ib s) ‘¢,
EVERY
[REWRITE_TAC [library_check_lend], LET_TAC, RW_TAC bool_ss [],
ASSUM_LIST (fn thl => THM_UNDISCH_TAC (el 4 thl)),
REWRITE_TAC [library_check_iid], LET_TAC,
REWRITE_TAC [library_get_item], LET_TAC,
SIMP_TAC bool_ss [MEM_MAP_MEM_HD_FILTER]]);;

(%% 12 *xx)
x JoooboOoobooobooooboobooboboobobobbobobobobooooog =
val library_check_lend_item_ex = prove
(€“11ib cid iid s. Inv3 lib s ==> library_ex 1lib s ==>
library_check_lend 1ib cid iid s ==
item_ex (library_get_item 1ib iid s) s,
EVERY
[REWRITE_TAC [LET_RULE Inv3], RW_TAC bool_ss [],
IMP_RES_TAC library_check_lend_MEM_library_get_item,
RES_TACI) ;;

(%% 13 *xx)

x JO000o0oooooboobooobbobbOoobobOoboboogno =)

val library_get_itemlist_library_lend = prove
(¢“11ib cid iid s.
library_get_itemlist lib (SND (library_lend lib cid iid s)) =
library_get_itemlist 1ib s*°,
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EVERY

[RW_TAC list_ss [library_lend], LET_PAIR_TAC,
RW_TAC list_ss [new_lend], LET_PAIR_TAC,
REWRITE_TAC [library_add_lend,customer_add_lend],
LET_TAC, SLICE_TACI);;

(kkk 14 *x%)
OooboOoOoboOoOoOoDbooboobOoDoOogo x
val item_is_available_library_lend = prove
(€“11ib cid iid s. Inv3 lib s ==> library_ex lib s ==>
library_check_lend 1ib cid iid s ==
“(item_is_available (library_get_item 1lib iid s)
(SND (library_lend lib cid iid s)))‘°,
EVERY
[RW_TAC list_ss [library_lend], LET_PAIR_TAC,
REWRITE_TAC [new_lend], LET_PAIR_TAC,
REWRITE_TAC [library_add_lend,customer_add_lend], LET_TAC,
REWRITE_TAC [item_is_available], SLICE_TAC,
IMP_RES_TAC library_check_lend_item_ex,
OBJ_SIMP_TACI);;

(kx*x 15 *%x)
ooboOo0ObO0oOoDboOoboobOOooOoboOoooOoOoDbooboooOon =
val diff_item_is_available_library_lend = prove
(““11ib cid iid s itm. “(library_get_item 1lib iid s = itm) ==>
(item_is_available itm (SND (library_lend lib cid iid s)) =
item_is_available itm s) ‘¢,
EVERY
[RW_TAC list_ss [library_lend], LET_PAIR_TAC,
REWRITE_TAC [new_lend], LET_PAIR_TAC,
REWRITE_TAC [library_add_lend,customer_add_lend],
LET_TAC, REWRITE_TAC [item_is_available],
SLICE_TAC, 0BJ_SIMP_TAC]);;

(k%% 16 *xx)

local

94



val lemmal = prove
(““1(x:’a) £ gl. (COUNTx1=0) /\ (ly. "(x=y) ==> (Ey=gy))
==> (LENGTH (FILTER f 1) = LENGTH (FILTER g 1))‘°,
GEN_TAC THEN GEN_TAC THEN GEN_TAC THEN
Induct_on ‘1¢ THENL
[RW_TAC list_ss [listTheory.FILTER],
GEN_TAC THEN Cases_on ‘x=h‘ THEN
RW_TAC list_ss [COUNT,listTheory.FILTER]])
in
val LENGTH_FILTER_lemma = prove
(““M(x:’a) £ gl.
((COUNT x 1 = 1) /\ £ x /\ "(g x) /\
ly. "(x=y) ==> (fy=gy)) ==
(LENGTH (FILTER f 1) = LENGTH (FILTER g 1) + 1)¢°¢,
GEN_TAC THEN GEN_TAC THEN GEN_TAC THEN
Induct_on ‘1¢ THENL
[RW_TAC list_ss [COUNT],
GEN_TAC THEN Cases_on ‘x=h‘ THENL
[RW_TAC list_ss [COUNT,listTheory.FILTER] THEN
IMP_RES_TAC lemmal THEN ASM_SIMP_TAC arith_ss [],
RW_TAC list_ss [COUNT,listTheory.FILTER]]])

end;;

(kxkx 17 *%k)
x oopooboboooooooo
ooobbobOooobooobuobboobuouoobooooo =)
val library_check_lend COUNT_library_get_item = prove
(€“11ib cid iid s. Inv3 lib s ==> library_ex 1lib s ==>
library_check_lend 1ib cid iid s ==
(COUNT (library_get_item lib iid s) (library_get_itemlist lib s) = 1)‘°¢,
EVERY
[REWRITE_TAC [LET_RULE Inv3], RW_TAC bool_ss [],
IMP_RES_TAC library_check_lend_MEM_library_get_item,
RES_TACI) ;;

(*%% 18 *xx)
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x JO00oboO0ooooboobboboobbboobobobobobogoo =

val library_check_lend_item_is_available = prove
(““11lib cid iid s. library_check_lend 1lib cid iid s ==
item_is_available (library_get_item 1lib iid s) s‘¢,
EVERY
[REWRITE_TAC [library_check_lend], LET_TAC, RW_TAC bool_ss [11);;

(kkk 19 *%%)

(xO0OobOOoOOo0oOo0O0oobOoDbO0O0bOOoOoobOOO 1 oDoOoO =

local

local
val t_x = ‘‘library_get_item 1lib iid s‘‘;;
val t_f =
‘‘\x. "item_is_available x (SND (library_lend lib cid iid s))‘‘;;
val t_g = ‘‘\x. "item_is_available x s‘‘;;
val t_1 = ‘‘library_get_itemlist lib s‘‘;;
in

val lemma =

REWRITE_RULE []

(BETA_RULE
(SPECL [t_x,t_f,t_g,t_1]
(INST_TYPE [{redex=‘‘:’a‘‘,residue=‘‘:item‘‘}]

LENGTH_FILTER_lemma)))
end
in
val library_get_item_lendsum_library_lend_1 = prove
(¢“11ib cid iid s.
Inv3 1lib s ==> library_ex lib s ==
library_check_lend 1ib cid iid s ==>
(library_get_item_lendsum 1ib (SND (library_lend lib cid iid s)) =
library_get_item_lendsum lib s + 1)‘°,
EVERY
[REWRITE_TAC [library_get_item_lendsum], LET_TAC,
REWRITE_TAC [library_get_itemlist_library_lend],
RW_TAC bool_ss [],
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IMP_RES_TAC library_check_lend_COUNT_library_get_item,
IMP_RES_TAC library_check_lend_item_is_available,
IMP_RES_TAC item_is_available_library_lend,

ASSUME_TAC

(SPECL [¢‘lib:library‘‘,‘‘cid:num‘‘,‘‘iid:num‘‘,‘‘s:store‘ ‘]
diff_item_is_available_library_lend),

ASM_STIMP_TAC bool_ss [lemmall)

end;;

(k%% 20 *xx)
x JO000OOoooooboobbooobooboobobooboooon =
val library_get_item_lendsum_library_lend_2 = prove
(““11ib cid iid s. “(library_check_lend lib cid iid s) ==
(library_get_item_lendsum 1ib (SND (library_lend 1lib cid iid s)) =
library_get_item_lendsum lib s) ‘¢,

RW_TAC list_ss [library_lend]);;

(kkk 21 *xkk)
x D0000000000000D00O0D00DOOOo0DoOoooDOooDoooO *)
val library_ex_library_lend = prove
(¢“11ib cid iid s.
library_ex 1lib (SND (library_lend 1ib cid iid s)) = library_ex lib s‘°,
EVERY
[RW_TAC list_ss [library_lend], LET_PAIR_TAC,
REWRITE_TAC [new_lend], LET_PAIR_TAC,
REWRITE_TAC [library_add_lend,customer_add_lend],
LET_TAC, SLICE_TACI);;

(kkk 22 *kkx)
x OOobDOoOoOooOOooDpboOoooo =
val Invl_library_lend = prove

(¢“11lib cid iid s.

Invl 1ib s /\ Inv2 1lib s /\ Inv3 lib s ==>
Invl 1ib (SND (library_lend lib cid iid s)) ‘¢,
EVERY
[REWRITE_TAC [Inv1], REWRITE_TAC [library_ex_library_lend],
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RW_TAC bool_ss [],

Cases_on ‘library_check_lend lib cid iid s‘ THENL

[ASM_SIMP_TAC arith_ss
[library_get_customer_lendsum_library_lend_1,
library_get_item_lendsum_library_lend_1],
ASM_SIMP_TAC arith_ss
[library_get_customer_lendsum_library_lend_2,

library_get_item_lendsum_library_lend_2]1]1]);;

]
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