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O 1.1: The waterfall model of the software life cycle

goobbuoooobobooooobobobobboooobbbooooooboobo
gobobooggobobooooobbbooboobobooobobuoooobobobooo
gbobooooogoboobbobobboobooobboooobobbouooubouoo
gobobobdodobooooobobbooooboboboooobboooobooboa
goobodooooboobbooooobobuooobbboooobbooooobobboon
000000000000000000000000000000000000 21000
goboobooooobbbooooobboooga

e IO DOOOODUOOOLOOOLOOLDDOUOLODLUOOUOUObLbOODbLbLbOODLDO
gooboogno

e U0 DOO0ODOUODLUOUODLULOUODLUOOUDUODLDDOUODbLbLOUODLbLObLO
gobodo

e 00O DOODOODLODLUOODUUODLODLUbLOUOODLUOLOODLODLObLOObLODO

e 00 (0ODDUODO)ODODODOOODODODODUODODODODODDODOODODOOODDODOO
goboogoboobogbooboooboooboobboobooobbooon



gbooogbogbodgbobobbooobobobobobbobooobobboan
gbooobobooogboobobooobobn

wooooooooboooob bbb booobDooobDbboooo
0o0oooboboboooooobobbooooobbobobbbooooobbobooob oo
O00000000000000 (exploratory programming) 0000000000000
oo0obooooobbobooooobobboooobbbooodoobbooobooboog
O00000O0000ODO0D0O000b00D00000bO00000BeehmOOOOO0O00OO
00000 30000000 1.2)

000000000000 bbooobooooobobbooboooooobobog
goo0oooooboobobobobobobboboooubbbooouobbooo-
Oo0o0bo00oo00o0oboo0ooobobooboobbbuooouoo

0ooooooobooooobobboooobbobooobbbooooboooo
000000000 ooobbbooobooooooooooooobooo
Joooobobooodobbbooobooboooubb bbb bOoooUoD o

goobobooooobobobooooooooooobobboooobo b booobo
Joodooobboooooobbuooooobobbooobb oo boboood
od0o0obbooooobooooobobbobbooobo oo oDoboOoDbo
oo0o0bo00ooobbuooooobboboob0ooboob o000 oobooo
oo0o0bo00ooooboboooooboboooobbooooobobbbooooboog
oo0o0oooooobooboooooboboooobobbooooobDbbooobobbo
ooob0dooooboobbooooobbbooobbboooooooooooboboboo
Ooodo0oobboooooooooooobboooooobooooooooooobo
oo0oboooobobooooboooobooooooboboooboobboooooog
ooo0booooobooooobbooooobobooooobobbooogbobboo
Joobo0ooboooobobooooobobbooobb oo obOboooooDobooon
ooooodboboobobbooobooobDooob bbb oooooooo

000019 0000000000000000D000D [2)0

e JUOUODOODLODOOODODLOUOOODLDODDUOOUODLDLOLOOOOO
e 00D (exploratory) D00 DO0O0O0ODOOOODOOOOOODOODOOOOO



A cumulative cost

—

prograss
through steps

evaluate aternatives

determine identify, resolve risk
objectives,
aternatives,
constraints
operational
commitment

prototype
lel's, benchmarks

Review

partition

!

requrements software | T — ———— _
. plan requirements
lifecycle software
plan product

development )
plan requiremetns

validation

integration
and test

design vaildation
and verification

plan

| integration
next phases

develop, verify

l next-level product
. . | acceptance |
impletmentation | test |

|

|

0 1.2: Spiral model of the software process.



e U0 DOOODLODODLDDOOLODOODLOOUOODLOOLOUOLObLDOObLDODLDbDOO
goboboooooboboboooouoboboobbbbuooooobobooo

gobobogobodgdgesodbbboogoobooboooboboobbobooon
0000000000000 000000000 (eperational) 000000000 [4]00
gobobbooooboboooobobobooobbobbooooboboooooboobooboa
gobobbooooobobuoooobobobooobbobboooooboboooobooboa
gobobbooooobbobooooobobooono
goboobobouobobooooobobbooooobbboooob oo oooogoa
gobobooogoouobobobbooooobobobooooobobboooobooo
gobobbodoogobooooooboobbobboboobobuooobobobooo
guogodboobbodogoobboboooooooobobobbbbooooobobboo
goboboogoobbboooobobobuooooobobbboooobobobooog
goboboooobooboooan

1.2 0OO0O0OO0O

goobboooobobooouobbuoooobbobboooooobuooooboo
guobbogogobbodoooobbooobbobobobobbooobobboo
gobogbogbooboboobbobooboboboobooobouobououoaa
goboboooooboboboooboooobbobooooboobbuoooobooo
gooogo
gobobooooobobooobobbooooobbooobobboooubobooo
0000000000000 000000000000000000 (phase) 00000
gobobbodoodobdoooooboboooobboboooobobbbuoooobooo
gobobobdoodgobdoboooooboboboobuooooboboooooboobooboa
000000000000 00000000000OO0O0DO(D 1.3/4)
gobuodbobgobooobbbobboobboobbobbbobboobooa
gboogbogobobobobboooboobobbobooooobbobbuooooon
gogobobodboobbouooboodouooboboooooboobobbon
gboboboboboboobooooobobboooobobobobooobbbuoboobobobo



Problem understanding Requirements Definition System Architechture Algotithms Software System

?w.m — —
v v v v

Requirements Analysis System CoIanp_onent Implementation
and definition Design esgn

O 1.3: principle of top-down decomposition of black boxes

goboboobogoobbooooobobooobobooobbbuooooboboboobo
gbbogooooooooobbouooooboboooooboooooboobooobn
goboboooooobodoooobobuooobbobobbbuoooobobobooo
goobooooobbboobobobbuooouobooboobobobbooooooog
gobobooobobbobooooboobobobuoooobobbouooobobobooo
googdobbooobobobbobobobooobbobobooobobobbooooboobobo
gobobooooooon
gbobbdooooobbooooobobbooobooooboboboouubooboo
O0000000o0o0O0ooO0O0O0O000OoO0 (L)oo ooooUooUoooOo
0000000000 /00D0000 B)00000000000ODODOOOOO0O0O0OOnO
goobobobodobdgbobooooobobooobobobobooobobbooooouo
gboobooooobbbooobobbooooobobooobbboboooboobobooo
gobobboooboobobobooooobobobuoooobobobboooobobobboo
goboboooooboooognn
gogbboooobobooooobobobooobbboooobobooooobobag
gobobboouobboooobbboooobbobbooooobbuooobooo
gogbbooouoobobbooobobobooboobboboobooobooboobobn
O0000000000000000000000O00 Refinement Calculus[6] 000 OO0
gbogobooogobobooooobobooobbobobobbobooooobooo
goboboboogobobooooobobooobbboooooboobuobooobooboa
gobboboogobobuoooobobbuooobbobobobuoboobbobobo



gooboobgoboooobobobtbooooobbuooooubobuoooobooo
gobobboboobobbooooboboboobobobboooouobbbuooooog
goobobooodgbuooooboboooooboboooooobo
gbobobdoodgogbuoboobobbooobbobbooooobbuooooobo
gobbooogobobooooobobboobbbooooobbbuoobooboo
000000000000 000000000000ISDRO 'O000O00O0OISDROO
0000000000000 0000D0DO0000ODOODO0O0ODOD [Mfoo0O0O0ODOO0OO
gbgogobboooobbobobobobbbboobbboooobobobooon
gobobboogdobooooboobbooooobbbooooobobobbooooooog
golsbrROOOOOOODOO0OOODOOOOObLbOObObObOObDbOObDbOoDODOn
gobobbooogbuoooooboobobobobbbobooobbbbobbooo
gbobooboogoboboooooboboooboboobboobbobbooooboooboa
gboogogobbobooodobbdoooobobbuoobobbobboouodobobooon
gboboooboooboobooboobbboooobbbooooboobobboooooboboon
gobobobooooobobooobobn
goodobbobooobobooodobobboobbobboooobobuoooon
gobooogobobooooobobbooooboboooobuooobobobooa
gboboobooooobobbooooobobbooobbuoboobboooobobobooo
goboboogoogobobbbooobbbboooobobboooobboboood
gbobobooooboobouobbuoooobobbuoooobobon

1.3 0000

gooboobobboboboobbobbooooobobooooobobobobobobog
gboobboggogobobbboooobobuooooboboooooobobobo
goobbooooboboooboboboobbbooooobbbuobuoboboo
ooOoogisbROODOOO0OOOobObOOoOobOOoOoobOo0ooDbOooobooobuooobo
gobobbooooooobobob

neremental Software development method based on Data Reification



1.3.1 OD0OUOO0Oo0oOoobobooood

gboodogboobobbobobobbbobobbbobbobbobbobbbbboboouon
00000 21x53%x(—13)00000000000000000O0OODOOOO0OOO0O
goboboboobogobooooboboboobbooobbbuoonobob xbooboo
U xgoobooobobodbbuooooooobbooobbooobobobbobooo
goboboobooboboooooobooboboboooobobobooboobobobobo
00 Pos, Neg, (00000000000 OOOD 1.10000000000000000

(Pos x Pos) x Neg = Pos x Neg = Neg

gooobobbooooobbboooobbooon

X Pos Neg
Pos | Pos Neyg
Neg | Neg Pos

0 0 0

U 1100000000

gobobooooobobooooobobbooboooooobobobooouboobonn
gobobbooooboboooboooobbbooooobbuobooobobobooo
gooboooaod
gboogoggboboboooooboboooobbuoooobbuoooobobobooo
gbobobooooooobbbooboboboobobobbuoooob oo
goooboobogano

abs(xoy) = abs(x) o abs(y) (1.1)

O000es O0O0D0O0ODO0ODOODOOODOODOODOO oDb oOODODODOODODO
gooogo
gobobboogobobobooouobbuoobooobbooooobobobooooobooo
gobbooooobboboooobbbuoooouoooobobuoboobbobooo
000000000000000000Pes+NegOOODODO (1.1)000000D000O0

9



014 00000000000000

000000000 Pos+Neg 0OODO Pos, Neg, 0 0000000000000 OOO
0000000000000 000000000000000000000000000
TOOODOO4 00000 1.200000000000000000000000000

+ Pos Neg 0
Pos | Pos T  Pos
Neg| T Neg Neg

0 Pos Neg 0

T T T T

H o+ H A

01200000000

000000000O000O00 CcO0000000 (1.)Doooooooooooooo
gobobobobobbboooobobobuoooboboooon

abs(xoy) C abs(x) o abs(y) (1.2)

000000000 € 0000000000000000000000000000
35+ (34 (—41) 00000000 1277 0000000 Neg OODODODODDDOOO
Pos+(PosxNeg)0OODOOOO TOOODOO (1.2)00000000
000000000000000D0000000000000000 00000000
D00 00000000000 000000000000000000 L. 0000000
00000000000000000000000000000000000 1.4
D000D00000000000000000000000000000000000
D0000000000D00000000000000000000000D000000

10



gbobogoobboboboobobbbooooboobonn

1.3.2 ISDRUOODOOOOOODO

[SbrROODOODOOOOOOODOODOOO0bOObObOoOobOooooboobOoobOoo
[SbROODOOOO0OO0OOOOOOObOOOODOOObOObOObObOOObDUObDOOobOoobLOon

[SbROODOOOO0OOOOOOOO0O0bLUOO000bOoOobDbOobDboOooooDbobOooD
gbobobooogobbodoooooboboobbboboobbobboboobobo
gboobboooogboobobobobobobobobbobobobbobboooooobobobo
gooboogno

gboobo bbbooooboboooobobn

l.ggoobobooooobobbolgoobobobboooaonoao
2. 0000000 boboooboobn

goobo bboobbooobboooboooboooobooobooooobo
gooogao

l.gggooboobobobobbooooobobobooobbbuoooonbo
2. 000000b0bobobob0obboooono
3. 0boooooobbouoooooououbobaoon

gbobobdogguobobooooobobobbbboooboobbuooooobooobo
o000 NemUOUOOUOOGOOOOOOOOOOODOODOODDODO

plus(Num, Num) = Num

oboooboboo0oooboobboooobooboo NvmOooooooo 3o
OO0 Pos, Neg, 0D UODUO0OD0O0O0OO0ODOOODOO0OOODOODOODODOODDOODOOO

plus(z,x) = =«
plus(x,0) = «

plus(0,2) = «
000020 Pos0,NegD OOODOODOD0D

11



123...

Pos 0 Neg

Nat

O 1.5: ISDROODODOOOOO0OO

ISDROOOOOOOOOOOOOOODOO0O0O <O000oobooooooooooo
oo oooooooboooboooobooooooon
O0o000ooOoooonodNum < Pos, Num < Neg, Num <0 00000000003
oo oo ooooooboonoooooouooonoa
000000000 TOOOOOOOOOOOoooOoODoD (O 1.5)0

000000000000 (1.2)00000000000000O0O00O0ODOOO0O (O
0 8)J00000000000DOOoO000000oooooOOoLOO00DooDooDoOoObOOO
god

0ooooooooooooooooob oo oo oooooooooon
dodooooodotbouoooooooooooooooooooooooonoao
plus(Pos,3) 00000000030 PsOOUOODOOODOOOOODOODO plus(Pos, Pos)
OO0 PsO000000O0O0O0O0O0OODOOOOOOOOOOOOOOOOOOOOOOO
dodooboooooboodoouoooooobooobouooboooooooogo
doodoboooooooobooboooobooooooooooooooooooonoa
dooooooooooooood

14 0O0O0O0OO

000000000000 00000000000o0ooooooO (IsbRO)OoOoooOO
obooobooooboobobooobooboboobobooobooIsbrRbOboooOog
000 4ehbEmy 000000

O0O2000 ISDROOOCOOOCDOO0ODOOODOO0O0OOD 30000 4ehEmydn
gobobodoooobuoooobobooooboobuooooobuoboboobooo

12



goboboooobboboooooboboon
oboo4000000000O00D0ODO0ObODObOOObDOIsbROOObDObDOn
obhooooosobgoboboooJspObobbooooooboooIsbrRuobd
goobooooogd
gbbeboodobbboooobobobbooooboboogonb

13



] 2 [

Jgooboboootdboobobodddd
OO ISDR O O

ooooooisbrROObObDOODOObDObODOOO0bOObOObOOObOoOobODbOoobOg
gogdoobobobobbboobobbobobobbobobuobooooon
gboboooooooboboooooboboboboobbboobbbuoouubobobooo
gbobobobodboouooooboboooobbobboobobobbbuoooobooo
goboboobbbbioodoooooobboooobboobbobobboooon
gobobbooodooboboboooobooooobboooobboboobooboobooboa
gboobobobooooooobbboooooobobuoobooooooobobobobon
goobooooobbboooobobobn
gboobbdogdoobobooooobooobbbboooobobbuooooboobo
ooooooooolsbrROooobooooboobobooobooboooobuobobo
gobobooooobbobobobobobobobbbbooooobobon
gobbboooooboboobobbuoooobbobboooobobbooboboobo
gobobooooobobuoooobooboboobbbdooobobbooobobooboba
gobobooogobobbooobooooooobobooooobuooouoboboaon
goobooogobobbooooobobboon
Ooboobobooobobboooobbooobooobooooonoboboogoo ISbr
goobooooobobbuoooobobobn

gbob bODoboooobbbooodoobobo

14



100 1200000000000

1300 19000000000 0teent 000

e 20009900 DLODLOOOOOODOOOOOODODOOODN

e 3000000 Othir0DODODO

O00000D0OD0O0O00 130000000000 thirteenO0DOOO3200000 thirty-two
good
[SDROOOO0O0OODO0O00O00O0O0O0O0O0000O00OoooooooooO@m 2.0)

goobo0o bboboooobobobooobobn

l.ggoobobooooobobbolgoobobobboooaonoao
2. 0000000 boboooboobn

goobo bboobbooobboooboooboooobooobooooobo
gooogao

l.gggooboobobobobbooooobobobooobbbuoooonbo
2. 000000b0bobobob0obboooono
3. 0boooooobbouoooooououbobaoon

gobobboooooobobooouobbooooobbodooobooouobooo
obhooboobobobobobooboooIsbrRoboboboboboobobooboon

oboooboboobooooboooisbrROobboooooobbobobobobooon
gobobobobobboooobobobboooooo

2.1 OO

[SbROODOOOOOODOO0ODbOOOODbODOO0ObObOObObOOObDbOOOoOooooDDboD
goobbdoodgoooogooobboooooboboobobobobobobon

goboboobdoobbbooooboboooobbbooobobobobbooo o
OO0 (D00 oO0ooooo)oooooo
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ooo >

oooooooooo
og _—

N
1001200000000000 oo
1300190000000000 teend 000
2000900 000000000000000,

130000000 thir 0000 oono
20002000000 twenty 0000 noooo } )/ )/
9 ) { )

O 2.1: ISDROOODOO

b1 0O00odogd
ooboboooooboobooooooob sgbobobbouobobbo <xbobobooboooo

D = (S,<)
0000SO data(D), <0 rel(D) 0000 |

obooooosobooooboobooooboobobooboooooooobooog
gobogooboobooboobobbbdooobobbuoooboobobobbuoooon
goodoobooboodgnn

O0OOo0od 2200 DO0ObOOOOOOOOOObLOD NetO100 120000000
D000 UnitsD1300 1900000000000 Teensd2000 9900000000
000 TensUODODODUODODOODOOODOO TenwpOOODO ODODOOODOOOODODDOO

D = ({Nat, Units, Teens, Tens, Tenup},

{Nat < Units, Nat < Teens, Nat < Tens, Nat < Tenup})
dooooooooooooooboooooooooooao

002 00000000000
D[z <S]000 000 DOO date(D)000SOO0Orel(D)0000 00 SO0
0000000000000000000

D[z < S] = (data(D)US,rel(D)U{z <y | Vy € S})
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Units Teens Tens Tenu_p\-!

R ——

U22.000000000000000

0000DO0OC0O0O00OO0O00000000000000000D[z; <S1,...,2: < Sy
ooooooo i

O0Oo0oOo0obooono 2200 DO0O0O UnetsO 100 120000000 TensO 200
099000000000000000000 D' DO00D00OO00DOoOoOoon

D’ = D[Units < {n|l <n An <12}, Tens < {n|20 < n A n < 99}]
= ({Nat, Units, Teens, Tens, Tenup,1,...,12,20,...,99},
{Nat < Units, Nat < Teens, Nat < Tens, Nat < Tenup,

Units < 1,..., Units < 12, Tens < 20,..., Tens < 99})
dooooob ooooooooboooooooooooooo

g 3 Ooogo
gobog pbPreg OUODD FOODOODOO AFSODOD ODODOOOD DSO 3000
gooogo

Prog = (F,AFS,DS)

O000FO00000O0OOOOOOOO00000AFSOOO0O00000OOOOOO
O000000000DSOO0O00O0O000000N0NO0NDDONDONONONOoNo0 ooogoag
oooono i

OOoobooboboobobooboooobn PregbOobOobOo0obOoOobOon
gobobogobobobbooooobbooobobbooooboboodobbbog
Prog, 00 0OUO0O0OO nUOD0ODOOOODOODODOOO Preog,000O0DODOOO nOOOOO
gooond
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22 0OJ0O0O0OO

221 0O00O0OOOO

[SbROOOOOO0OOO0OOO0ODODOOO0bLOObObOOOoO0bbOOobDbOOoOoOooUoobo
ooodobooooboobbobo1oboobbooboobooIsbroobogoobg
goobbooooobbooobobboooobobobbooooobobobooonn

gboboboooobbbooooobobbobobbboooooboboboooboboag
O Nt PrpnO000000O00O0O0OCOOODODOOODOOODOOO DéDDDD o DS)
goobooodgod

Dy = {({Nat},0)
DY = ({Prm},0)

222 0JO00O0O0OOOOOO

gbgouoboooooboboboboobooboobooobuooboougobooaon
gobobdoodoobbooooobbooobbooooobobbuoooobobooa
god

obooobobobobooobobobooooouobooo0 Kooboooob oo
oool

fun Fy(Nat) = Prn;

gbogoboogdboogoobobodoooobobboooboboooobobooo
gobobbdodgbuoooooboobbooooboboboooobobobbuoooboboa
gboobobdbobobbbboooobobbuoooobbbooouoobobogoo
gbogogobbobboooouoboooobbooooobobon

23 0O00O0OOO

gbobodooodoguooooobobbooodoobobooooobuoooooboba
gooogao

0000000000000 Standard MLODOOODOOODO
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23.1 00OOO0OoOobOoOoo

gobbobbooobobobbooooobobboobobboobobbboobooboon

ggoobobbooouooboboboboobbooooobbuoooooboboobbooon
goboobooooobbbooooobobooobbboooobobbooooooog
goobooogoboobboooobbboobboooobobbuoooobobobooo
gooboobgoobooboobbbooobobobbbobboooooobobooo
gobobooooobobbooboboboboob boboooobobobuoooobboo
gbobbodoouboooooboobbooooobboooooboobooobbboo
gboboboobooobobbuoooooobobn

00 4 ODO0OOOOO0OOOO0O
l.odododoooodo
V(z,y),(a",y) €erelD)y =9y = x=2'
2. 000o00ooooodgo
V(x,y) € rel(D).(y,x) & rel”(D)
. 0dboooooouoooooooboooood

Va,y € data(D), 3z € data(D).
(z,2) € rel"(D) A (z,y) € rel”(D)

0000reD)0 re(D)DO0O0O0O000000 i

gobbboogobobobooooobobbooboboosgbbobooooooobn
b goobbboooobbobobooobobobooooonon

goobod booobbooobboobooobooobboobbboooboobo
gobobobogbbobooooboobn
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gogobbb oboodobuoobbuoodbooobuoboobboobbooobobobo
gboboogbogbboooboobobooobooboooboooubobobaon
gogoboobobbobooooobobbooooboon

000000000000 00O000O0000O000O00DO00O0O0DO0bOO0O0O0O0OUISbR
O000250000000000000000000D0O0DOD00DOODOOOOOOO
O000o0boO0obOoooboOooooag

0000000000000 0obO0bO0oboooobDOoboDobOooobOoooo
000000000000 000O00D0000OODO00Db00O NetODOODDOODODOODO
00010012000 Units, 1300 19000 Teens,2000 99000 Tens, 00000
O Tenup OO O OOOO

OO000000000DO000bO000bOO0o0obOOoooooon

0o 5 0oouoodgd
OO000D,0000b0 b,ooobobobobooobobooooboboooooobobooooDn
gooon

data(D;) C data(D;) A rel(D;) C rel(D;)

D000O0OD,CcD,0000 |

000002200 DO DOD0O0O0O0O0O0O0OOODCDO00OOOOOOO

232 JO0O00OO0OooboO

gbogogobobobbdoooobodooooobbuoooobbobbooobbooboo
gooboooooboooobobooboobobbbooooobobbuoooobooo
gboogboobodobobooooboobn

gd 6 DO0ODOooooooo
1D = {dé€ data(D)|Vd" € data(D).(d,d') ¢ rel(D)}

O00000000D00000D000 FOOOOODODDODO00O0O0OD0OO0O0O0O0DO00 DY
D°OO000O0TD! - D° 00000000 FO0DO0O0OD 1DIOD00O0O00ODOOO0
O000000OD0O00O0OO0OoOooOod
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0000022200 DO0COOOTDOOOODOOOOODN
D = {Units, Teens, Tens, Tenup}

DO0O000O00MMO0O0O000D0DO Units, Teens, Tens OO OODOOOODOOO

fun F, (Units) = "unit”
| F1 (Teens) = "xteen”
| F1 (Tens) = 7uaten”;

00000220000 D0 DO0O0C0O0O0O0O0OOD'OD0000O0O00OO0OO0OOOOO
D" = {1,...,12, Teens, 20,...,99, Tenup}

OO000000000000000o000o0o0ooooooonoo1go 12000000
OO00000oO0o0O02000900000000000000000000DO00O00O0
val nty = ["twenty”, " thirty”,” forty”,” fifty”,” sizty”,” seventy”,” eighty”, " ninety”];
fun Fy(n) = if 20 <n A n <99 then
combine2(n div 10,n mod 10);
and combine2(x,0) = nth(nty,z — 2)

| combine2(x,y) = nth(nty,x —2)"7"-""F(y);
doodobooooooooooooboo1ob 1200000000 ooooood

gobooboooooobono
gobbog ProgOOODOOODOOOODLODOODDOOO

OO0 7000000004
Prog = (F,AFS,DS) 0D O0O0OO

Vfe {F}UAFS,3ID,D'e DS. f:]D 1D’

gobobbodooooooobobooooobobobuoouoooobobbuoouoooobon
gbobodbooouobbooooboboooooobbuooooboobn

008 000000
00 f0 f00000000000f0007TDIx1D2x...x 1Dm—1D, /000
TDUx 1D2x...x 1D/ -7 D000000000CO00O0O000O00OO
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DICDUA ... ADRCDm ADC D' A
Vel €7 D1,...,2m €] Dm,Vzl’ €7 D1',...,am’ €7 Dm/.

flal,oooam)=y A fllal/,..;am) =y Ael el A .o Aam 2am/ =y <y’
OD00D0fC £/OO00OO |

0000000000000 f/O0D000DO0O0O0OD0OO fO0DO0DO0OO0ODOODOODODOOO
O00o00o00ooof0000 fO0DOO0ODO0O0ODODOOODOOOO0
obooboobgooooIisbrRooboooobbooboboobobobooboooog

00 9 ooodoooooo
00000 Prog’0 Prog0 000000000 OProg = (F,AFS,DS)0Prog’ = (F', AFS’, DS’)
dooooooooooooooooooad

FC F' AAFS C AFS' A DS C DS’
00000 Prog C Prog0 000 |

gobobboogoobobboooooboboboboooboooobobobuooooobo
OoogisbROO0OO0OOobOoOolgboobobobobooobuooboobbo20000b
goboboboboogooobobosgoboobbobboooooooobobbob 3on
gooboogo

24 0O0O0O0O0OOOOOOO

gobobobobooobooboooooobobboobboboboobobobobuooooboobo
goobobobobbdoooobobuooooboobboobobobbobooobbooog
gobbdoooobboooubobooboobbobboooobobbuoooboan
0000000000000 00000000000O00O00O000?2d

gobobod200000bbo0oob sgbogguoboobbooogooboboao
gobobbooouoboooooobbboooobbobbooooobobbuoooboboag
gooboooodgoad

ooDf0000000000DODO0ODOOOO

Joo0000000O000D0000O0O0O0O0o0O
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gLiDL- D, fnea/Pea 1Ba

gmi:Dm- 1D},

023 0000001

D, = ({A},0)
D, = ({B},0)
fun f,:7D, -1 D/

fun f.(A) = B

ooooooboOOoboboboooD f,0000b00000bOobOOobOOobOOoOoDDbo

goobobobdgogobbodoooobobbboobbobooobbobbbuoooobooo
gbobobodoodbooboooooboboboooboooobbbboooobobbooUo
gobobodooodboboobooboboooobboooobobbobooooog
gobbbboouogoooobd200obbbobo0oooooobbobbobod
gboobbooooobobbooooobobboon

24.1 J0OUO0OOO0O 1: 000U0buoobuoobbooboo

0o f,000 AD 0O0OOOD (C1,C2,...,Cm)00000000/f,000000
f000D0D0000(0 2.39)

D,,, = D[4 < {C1,C2,...,Cm}]

30 23000 260000DL,...,DmDY, ..., D 000000CL,...,Cm, C,...,C'000
000000 oOoooooo
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024000000 2

fun f.11(C1) = g1(C1)

| fapa(Cm) = gm(Cm)
and ¢1(C1) =B

and gm(Cm) = B;

gbbygl,...,gm 0000000000 0O0O0O0O,0000000000000000D0O0
obooobdob gb chooboobooboobooboooobuoobood

24.2 JUOO0O0O0O 2z 00000000O000OO0O0OODOO

0o f,000 BO 000000 (C1,C2,...,Cm)00000000f,000000
f000D0D0000(0 24)

D/

L =DLB=<{C1,C2,...,Cm}]

fun f,11(A) = if cond1(A) then g1(A)
else if cond2(A) then ¢2(A)

else if condm(A) then gm(A)

and g1(A) =C1

and gm(A) = Cm
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gl:1D1- D1’ fn+1:TDn+1_’ 1Dy

h:1D1}%...x:Dmi~ 1D,

025 0000003

and condl(A) = bool

and condm(A) = bool;

O0OO0OObool DODOOOODDOO BoolODODDODOOODOODDOODOOOO trueD
false 0000000 DOODOODOOO00O0O0DODODODOODOODOODDOO trueO false O
gogbooodaoad

24.3 0UOOO0OOO0O 3: 00Uugboubbuobbooon

00 f,000 AOD »O000000000000 (C1,C2,...,Cm)000000C0O0O
000000 f,00000000(0 2.5)
D,y = DA < (C1,C2,...,Cm)]
fun fa((CL .. Cm)) = h{gl(A)...... gm(Cm))
and ¢1(C1) = E1
and gm(A) = Em
and h(F1,...,Em) = B;

oog FL, ..., bmO0000000O0O00OOOOOOODOODOODOODDOODOODO
gobobooooobooon
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11Dy~ 1D;
n+1i[zn DA gm 1D, ~ 1D

s
/

\ D D1’

N /

(CLC2,..,Cm)
A fhiD B B

026 000000 4

g0:1D;,

O 270000005

244 0U0OUO0OO0O 4: 000000OOO0OOOOOOO

00 f,000 BO mOOOOOOOOODOOO (C1,C2,...,Cm)00000000O
£000000 £,,,00000000(0 2.6)
D', = D,[B < (C1,C2,....Cm)|
fun fn-l—l(A) = (gl(A)7 . 7gm(A))

and g1(A) =C1
and gm(A) = Cm;

24.5 0OOOOOO S 0L00ODLDOOOOOOOUOOUODbLDLDOO

OO0 f,000 A0 OD0DODODOODODOODODODOOO  coobOOoOoDbOoOf00D0000
f,000D000D0(D 2.5)
D,.1 =D, [A<C] where C =Nul|(Cl,...,Cm,C)
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fun s (Nu) = 60()

| o ((CL, 0, Om, €)= h(gL(CL),. . gm(Cm), f(C))
and ¢0() = B
and g1(C1) = Fl

and gm(Cm) = Em

and h(F1,...,Em,B) = B;

dooooooooooooooooooooooooooboooooooobooon
OOO000OFL, ..., En000000D00OC00O00OOOODOOOOO0OOODOO0O00 fux
00000 fO25000000000000000000000O0DODODODOOOOODOAO

dooooooooboobooooboudoooobbboobooboooonoonodn
doodobooooooobooouoooooobooobouooooobooooo
gooooood

fun f,(Nul) = g0()

| fur1((C1,....Cm,C)) =¢(C1,...,Cm,C)
and ¢(C1,...,Cm, Nul) = ¢g0'(C1,...,Cm)

| g(C1,...,Cm,(Cl',...,Cm/,C)) = h(gl(C1),...,gm(Cm),g(C1',....,Cm/, C))
O00oooooooooooooo (cr,...,cm)OO0O0O0O0OgO 000000000

ooooooooo (c1,...,Cm) 0000000000000
gboobbooooboouoboobboboboboboooobobbouoobobbo
oOoooooo0ooogooooboob00 RO00D0DODOOODOOOODODObODODD
gobodoooobobooobobbbooobobobboobobobobboooooooaon
goobobooobobbooobouobdooboboooobobooooboobobooo
gobooobdobobboboooobbbooobuoboobbobuooooboobobon
gboboogoobobooooboobn
OO0O00ooooooobooooobo0oobbo0oooDooooDooxw@’oboooo
gboobbooooobooooobobbobooo sonoouoobobobobooann

fun o1 (Nul) = g0()

| faralel@e2) = h(g(el), f(e2))
and h,1(F,B)=B

O000g¢y000000O00OOOO0DO0OODOOODDODOODDOOODOOOOO fOoOO
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f e Dp‘ ?Dr’\-*l

028 0000006

000000000000 00OprpO0DOOO0O0O0OODOOOOODOODOODOORMDODOO
gbogoobbobooooboobboooonoo

OO000o00bDOO0o fObbOO0obObOO0o0obOOobobOOobOobOOoOobOOooboDobOoOobobooOoD
00000000 000000ooooooo‘0o000o“@oo0ooooooooon
goboboobooobobooogoooobobbooobobbuooooboboboooo

24.6 UUOO0OOO 6 ULULODLDOOOOOLOUOLOUODLDOO

OO0 f,000 BO ODO0ODDOODDOOOOODOOO COOoobOOoDooOOfR,00D0000
£n00000D00D0(0 2.6)
D)., =D/[B <C] whereC = Nul|(C1,...,Cm,C)
fun f,.(A) = if Cond(A) then Nul
else (g1(A),...,gm(A), f(pre(A)))
and g1(A) =C1

and gm(A) = Cm

and pre(A) = A

and Cond(A) = bool;
O000pred ADOOODOODOOOOOOOOOOOOOOO (A<)ODOOOOOO
O00000000000000 pre*(z) <2 0000000000000 0OOO (L)OO
000 Cond(L)=true000000O

i000000000000000Obool 0000D0DO0ODODOODOOODOOOODODOODODOOOO
googo
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25 OUOO0oOooOooogon

gobobobobooobbooobooobobobobboooobobobooan

gobooboooboobooobooboobobooobbooboboooooIsbrOobO
gobobooboobbboooboobbooobbboobbbuoooobobobooo
goboogboouoooogooboboooooboobobuooobuoooboboobbooad
gbobogboobodboobobobobboobooboobobooobboouooo
gbobogoobobuoooobobboooobboobbbuooooboboboonn
gobobobdodgoobboooobobooooooobbbuooodooobobooo
0 FO0000F000000000000D0000D00000D00000DOO00O0
gubobobooobbboooobobooobobooon

00 10 000000000 FO007T DI, x...x T Dm, —7 D,, £,,00071
Dl, x...x T1Dm, 4 —1D, , 00000

1. F,000000000000

F,:1Dl, x...x T Dm, — data(D,)

2. 00000000000 FRODO0OO0ODO0FO0000(F,=R)

3. 00000 ~-0000F,0000000 F,000000000000000000
000000000000 000D0000000000000F,.,000000

N Fo(zl,...;2m)=y0 00O
Folel,22,...,am) = {y (Fal )=y )
y (000DO0O)

000021 €7 Dlyey A oo Aam/ €7 Dmyq A (21’ 21) €rel (D1,) Ao A(zm!,am) €
rel*(Dm,) 0000 0F,_(z1',...,am') =y'000 O |

D000D0000000D0000 nO0000 FOOODOFODOOOODOOOOOOO

gboboboooobobobogobbboooobobooooobooboobon
OoOOoboOob AFSOO000O00OO0OOO0O0ODO0O00O0o0ooooobDobOobDOobDoo

goobosgoobobboooboobooooboboboooooobbobobbbooo
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gobobooboobobobooobobobooobobobbooooboobobuooobobon
good

gboboob2200 2300000000000 FODF1DF2DDDDF2(32)DDDDDD
googoobood

Fy(32) = Fx(32)
= combine2(3,2)
= nth(nty, I)A”—”AFQ(Q)
= nth(nty, 1)A”—”AF1(Unit5)
= Tthirty-" " Fy(Units)
= T"thirty-” "7 unit”

= 7thirty-unit”

gboboboouoboooooobboooobboooobbobooboooboobooboag
gobobooognn

26 00000 —0OOOOOOOO —

obooooolsbrROOObOO0OO0OO0bOO0OO0OO0OOo0oOooOoooDOoobDboOobOoooD
gobobbooooobobobobobobooobbobbooboobobobuobooooo
0000000000000 0O0O000OOoO0Oo0UOoOoooO0 (DoDOooo)oooo
goobboooooboboboooobbbbob

OO00000000O00O000O00O00ooogoObool “*@»O0D0O0DODODOOO
gobobbdoodgobooboobobboooobooooobobobboooooboobooboag
gbdodgboogbobbbbooboonobobobbooboobuoobbobbon
gobobooogobobooobboboooobbobboobbbuooooboboobo
gobobooooobooognn

OoOoobooboobob BNFOODDOODOoooboo

exp = exp where bexp end

OO0 exp0O00000OObexpO000O0OOOO
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gbodboooooobooobboooonoo

(exp,0) — (exp’,0’)  (bexp,o’[exp'/it]) — true

(exp where bexp end, o) — (exp’,0’)
0000000000000 ooooboooboooonooonD «00004aad
doododoooooooooooonoo
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3 [

ISDROOOOOOOOOOOLO 4AchEmy

OoooooisbrROODOOUODOOODOODD 4crbEmy000000O0OO0ODOOOO
ooooooIisbrRoboooooboobooboboboboboboboboboobobo

oogmsbROODOOODOOOOD ALODODODOO0OOOOOoobDooDbooboboon
gbobobooogoboooooobobobob

3.1 0U00O0dooooooon AL

obhooooIlsbrROOOO0OOOOODOO ALODODDOOOOOobooboboOooogoon
gobobooooobbbooooobobboon

e HUUOOODODOOOODOODODOOODO
e J0UI00DODODOOUODOUDOU@EULODOOULDDODODODDOD)

gbogogobbbodgobooooooboon

gboboboooobbooooboboboooonoo

gbooboogobbobboooboboboobobobobobbboood

goboogooooon

oboboboobooooboboboobbobobuobooooboooALbooboooo
OoOooALO0O0ODOOOObOOO0OO0O0ObDOoObOOoO0boOobOoOooobDUobOoOoOoO AL

32



goooooooOooOono r ~
. 7 version 0; O
“» 7 Y gomain I nput ; 0
onmai n Qut put ;
0O00OOMI00000 Ml P Qoooooooo
q 0
Gerdl 9 |L I
dong|
dong| 4~ ~
dongl | fun F (Input) = g(lnput)
nggfﬁ/fz and g (I nput) = CQutput; B
|42 (Qooooooooo
ail
el g
un ar|
and ¢ o J 0
and i
and 1 ~ ]
and 7 \- ]
L J|

O 3.1: ALOO0O0Qo0onDgn

gobbooooooobobobbbboobobooooboboboboobooALOOO
goodgbobooood

3.1.1 000000

OO00OALOODOOOOO 3a0bb0o0ooobbOooboboobOooboboOonOOO
gbogogobbobooodboooodobobuoooobbobobobbbonbn
gboobdbuogoobbbdoooooboboobboooooboann

ALOODOOODOO Standard MLO COREOD RlODO00D'0000O0O0OOO
gbobobhobogobbooobbod version U ODOODOOO0OOOOOOOOODOO
U0b0bD00000 demain UOOODOOOOOOODOOOO0OONO reified 000
gboboboooooon

gbobooooooboboooonod

e version (n): n 000000000000 OOOOODOO
odomain<name>:DDDDDDD Jdodododgoooooooooogooono

e (name) reified [(namel), (name2)...: OO0 0 nameOd O namel, name2, ...000

good

lALO00DOO0OO0D0D0DOO0000 A20000000
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O00O0Oreified0OO00O0OD0DALOOODODOOOODOOOODODODODOODOO
OO0O0oobOoOoo <7gboboobooo

e:j. k0:00;000kK000000000O00ODODODODOOODDOODOOODOO
{nn=i+j+mAm=0,1,... An<k}

OO000:0000000000000DO000D00DO0DO00O0ODbDDOOODyOkD
OooooobOyb0b0b0ob0O0:0000y0b00b00bO0DODAODODODO
0000000000000

e .0 y00—0000000DOODOODODOO0O0ODODDODOOO0O0ODODODOO
{njn=i—j3+m Am=0,1,...}

oooo.0ogbooboboobbooboobobooobboboooooo.0n
oboooobobOoyooboooboooobo

OO000O%Tens” 0 2000 99 000000000DO0O0O0O0O0O0ODOOODDODOOO
god

Tens reified [20..99];

obooboobob0 ALOobboobooboobbooboobuoobboobooo
oboobooboooboobbooobobo0obOo0ob ALObDooboooobbuoobo
gobobboooouobooooobbbooooboboboooooboobbuooobobon

Tens reified [(fn n=>(n>=20) andalso (n<=99))];

ISDROODOOOO0OCOCOOOCO00OOODOOOOOONOOODONONDOOOONnoog
0000000000 00000000000ALOOCO 310000000000000
O000000000000000000000000000000000000000
O0a b,c0000000000

00000000000 000000ALOODOOOCOOOOOO0O

ZStandard MLO OO OO DO “7, “ 0000000000 ALOODOOOODOOODOOOOOOOO
OOALOQOOStandard MLOOOOOOOOOODOCOOOODOOCOOCOOQO Standard MLOOOO
gooooooooooon
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gooboooon HEN H

bool 0o true, false
int 00 321, ~32
real 0o 35.2, "12e3

string goo "Hello"

(’a % b x ’cx ...) | 0000 | (Pos,0,Int)

‘a list ogoo [Pos,0,Int]

O 3.1: ALO00000D00oooooog

version 0; G 00000 o0OOOOOO =)

domain Month; (x <-| *)

domain Year; (x <-+- JO0O0O0O0OOoOoOg )

domain Output; (x <-| *)
(x --———- JO0OO0O0 ---- %)

fun F (Month, Year) = Output;

version 1; G 000001000000 %)

domain WanD; (x <-| *)

domain Wtmp; (x <-+- JO0O0O0O0OOoOoOg )

domain Day; (x <~ *)

Output reified [[WanD]]; (x <--- 0 0O0O0ooooog )
(x» -———— 00000 ---- %)

fun F (mth, yr) = week(fstday(mth, yr),Day,month(mth, yr))
and week (Wtmp, Day, Day) =
if daygrt(Day, Day) then []
else WanD::week(Wtmp, Day, Day)
and fstday (Month, Year) = Wtmp
and month (Month, Year) = Day
and daygrt (Day, Day) = Bool;

3.1.2 ALO00O0O0O0O0ODOOOO

oboobooooboboobo ALODooboobuoobuouobuooboobooo
god

l.ggobbboooobbodoooboon
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version 0; Oooooo Quitput

domain Output;

version 1;

domain WanD; oooogl [VM&HD]
Output reified [[WanD]];

version 2; goooo?2 (DofW, Day)
domain DofW;

domain Day;

WanD reified [(DofW, Day)l];

version 3; 000003
DofW reified [Sun, Mon, Tue, )
Wed, Thu, Fri, Sat]; Sun Mon Tue Wed Thu Fri Sat

03200000000
2. 000000000Db00000O
3. 0boogoobobboooobobuoooonon

() 000000000
(b)) 000000000000000000000

() 00000 O0OOOOOOOOOOOOOOOOOOOOOOO

gboobogogobboooooboobobobbbbooouobboooooobobooo
gobbogbooooboobobob

3.1.3 00UOooon

goboboogboboogbbbobbooobbbuooobobobobobobobo
gobobobbooooobobbooobobbobooobbooooobobooooooboobo
000 32000 owpwtOO OOO0DOODODOODOO

3.1.4 0OOOOO

ALO00O0OOOOO0OOO0OOOooOOoboobOooobobobboboobobDuoobobooog
gobobobdodobuooooob ooooooboboobbooboboboboobobooboa
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Fe:obFM: T (APPl)Fl_M:U—)T '-N:o
'FXe:oM:0o—r71 'EM N:7

(ABST) (cOOODODODO)

(1F) I'FL:bool ITFM:0 TFN:o
I'Fif L:boolthen ' M :0elsel'F N:0o

(FIX)F,:L':UI—M:U
'Fux:0M:o

(CON) (ceTD) (BooOL)

I'Fe:TD I' F bool : bool

I'-M:6) -7 THFN:0o
I'EMN:7

(APP2) (cO0000 Aano' #0)

I'EM:o (
' M : data(D) o

(TOTAL)

~1D)

O 3.2 ALO0ODO0O0ODOO0

gbobooboooobobobooobbbiooooouoobobooogdad

ALOOOO0OO0OO0O0D0OD0ODO 3200000000000 (ABST), (APPL), (IF), (FIXx) O O
0000000000° 0000000000 (con), (BooL), (App2), (TOTAL) O AL [0
obobobooooobobobooorcoooobobobobobobbobobooog
goboooboooboboboooooobboooodbbooboobobon

00 (coN)J0ALOOOOOOOOOOOOOOOOODOOOOODOOOOOOOO
000000000 (Boor) OO bool OO ture, false 00000000 boolDOOOO
goooood

00 (apP2)000000000C0O0OCOOOODOODOOODOOOOOOOOOOOOO
00000000000000000000000000D0D0ooDoooDO {Neg,0,1,..}
O000 ine0000D0O00DOD0ODO %=",“+"0000000000O00O00

inc (%, y) = if (x <= 0) then x+1

gboodoooooobobobbbbbobbobbobobobbobobobbbuooouon
gobobboooobobbuoooooobooobbobooboobobon

(trorAaL) 0000000000000 OOOOOOODOOOOOOOOOOOOOOO
gboogoobboboooobobobboobonobon

0000000000000 000D00000[YOo0000o0oon
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gboboobooooboboboooobobobooobobooboobo
goboobobbdogubobooooboobbooooobbobonb

Month = ({Month}, ()

Year = ({Year},0)

Output = ({Output}, )

fun F

(Month, Year) = Output;

gobobooogoooooobooobn

Fo : 1T Month* | Year — Output

gbodboogb1boboooooboboboooobbbooobobn

Month = ({Month},0)
Wtmp = ({ Wtmp},0)
Year = ({Year},0)
Day = ({Day}.0)
WanD = ({WanD},0)
Output = ({Output < [WanD]}, {Output < [WanD]})

fun F (mth,yr) = week(fstday(mth,yr), Day, month(mth,yr))
and week (Wtmp, Day, Day) = if daygri( Day, Day) then []

and fstday (Month, Year)
and month (Month, Year)
and daygrt (Day, Day) =

else WanD :: week( Wtmp, Day, Day);
= Wimp
= Day
bool;

gbobooogobobbbboooobobooooobbuooooboobn

daygrt : T Dayx T Day — bool

month : T Monthx T Year —T Day

fstday : T Monthx T Year —T Wtmp

week : T Wtmpx T Day* T Day —T Output
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(BOOL1) (BOOL?2)

bool = true bool = false

(IFl)if ture then M else N —= M

(F2) t rlve then 1 olse N — N

FIX
( )ux:U.M:>M[x::ux:a.M]

a:o

AN z:oM)a= Mz :=d]

(APP)

fio—=71 ffa=ad" d:7
fa=da

(SELECT)

(a/ja///\(flgfvfgf/))

fio—T1 d:o
fa=fd

(ABST)

(a" 2 a)

O 33 ALO0ODO0DOO0

OO00fFO000O0OO0OOO0ODOO0O
Fi o T Monthx T Year — Output

gobobooogoobobobuoooobbbbobobbbooooboboboood
oboooboboooobodoobbooboobooboobDboOobDOo0 FOOUODO
goboboogoobbbooooboboobn

3.1.5 0OO0OOOO

ALOOO00O0O000C00D000000000000000000000000000
0000000000000000000000000000
ALOO0O000000 3300000000000 (iF1), (1F2), (FIX) 00000000
00004000000000000 ALOOOOOOOODO

i0000000000000000000000D 900000000
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00 (Boorl)ODODO (Boorn2) DO OO bool 00D DUDODODODODOOODODOODOODOO
00000 (apP)000C00O00OO0O0O0O0OOO0OCOOOOOOOOOOOOOOOO
(apP2) 00000000000 DOCOOODOOOOOOOOOOODOO

30000 (app), (SELECT), (ABST) DO OOOOOOOOOOOOODODOODODOODO
gobobboooobboboooouobbooonuo

1. 00 (seLecT) 00000000000 OOOOOODOOO

2.00 (aBsT)00O0O000O0O0OOOODOOOODOOOOOODOOO
3. 00 (app)000000O0DODOODOODDODO

4. 00000000000

00000000000 000000O (seLecT)000000000OOOOOOOOOO
0000000 (setecT) 0000000000000 O0OO0O0OOO0OOO0OOOO0OO
gobobooouoobooboobobbooooboobbooooboooooboobooboa
000000000000 00 JJO0D000000000000DO00DODO0000O0 &
O fe¢e000D00ODOODOOOOODOODOODOODOOODODODOOOODOODOOO
0000000000 (aBsT)OOODO

00000 (seLecT) 000000000000 0O00OO0OO0OCOOO0OOOOOOOOO
gbobobboboggooboobbooooobbbog spboboboouooboobooo
gobobooooobbbooooobobbuooobbooon

O000000000000000 (sececT) 0000000000 OOOOOOOO0O
gbobobooogoboboonoo

3.1.6 ALUOUO0OOOOOO

goboobogboboboboooodobobbobobbbooooboboobbuoobbobo
gbogobobbobobbooooboobobobuoobbobuoooboobooooboon
O00000000D000000000ALO Standard MLOOODODOODOOOOODO
OO00OStandard ML OOOOO OOOODOOOOOODOOOODOOOODOOODOOODOO
OO000Standard MLOODODODOODOOOOODOOOODOALODOOO Standard ML O
oboooooboobooALOboobobooboboboboobboog
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gbobobosMmobooo

ALDDODO0
fun £ (X) = g (

» fun T (xX) = app (9", X, Outp

OO
0o
OO
0o
OO
0o
y

= D
+
sMOooooOoOooooo@Looooo)

fun app (f, x, Output) F

S

7

O 33 ALO0OD0O0ODO0

OO000DALOOOOOOO Standard MLOODDODOOOODOODOOOOODOOOO
obooooboooboob ssbodbodbooboouoALO0oobobooobonog
0000000000000 0000000000000O0Standard MLOOODOOOO
OO0000000000000D0O0 Standard MLODODOOOODOODOODOODOOODO
ObooooooobboobooeppbdO0b00O0ObDALOODODOODODODOOODO
gboobboogobobooobbbiboobidg eppugoobbboooooa
00000000000 ALOOOO0OODOODOO0OO0O0DOOOb0OStandard MLOOOODO
O000OStandard MLO OO OODO SML/NJOOOOOOOODOOOOOOOOOO
gobobooodgoad

gobboobod 3200000000000 oooooobobbobbbn 3.30
b eppUbodoobobbooogn

goobooooogn

000000000000000000000 WOOOOOOOO0O0O000000000
WwOOOOOOOOI0D E000000000000-000000000000000
ro0o0o0 so0o0o0o0n

00 SO000 STFE:r000D0000 WI,E)=(S,r)000000WODOOO
00 E000000000000000000

‘D000“=’ 00000000000 MLOODOOOOO
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1. FOO0D00O000O «e0DODO

(o) '00 «000000O0OOODOODOODO-,O00O0O0O0O0O0pBO000O0

() '0O0 «OD0DORnOODODOODOOOOOOROOOO
0000000 S=/d0000)00nf
2. B0 if ¢ then ¢; else ¢,0 0 0O

T = Uiomn

S = UloSQOSIOUooSO
goooodooao

W(T',e) = (S0, 70)

Uy = uni fy(ro, bool)

W((Ug o So)l',e1) = (51, 71)
W((S10Uyo So)l,eq) = (52, 72)
Uy = unify(Syry, m3)

oogd
3. FOpx.eO OO

T = (UoS)p
S = UOSl

goooooon
W(I+(b:f),e)=(S,n) O0O0D0OOODODO
U=unify(Si6,m)

oooo

4. FO e 000

T = Up
S = UoSy0S5]05;

gobodgoogo
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W(l',e) = (51,71 — o1)
ooocoOn00CO000O0nOO0O00000DODOOCOOOA[RDOOODOO SjO000
Hn000000000S=1d0000

W(S1S11,e’) = (52, 72)

U=unify(S,5(r —oy),»— ) 00000000000

good

5 FOlw.eOOO

T = 51 f—omn

gobodgoogo

W+ (w:8),e)=(S,n) 00000000000
afalulls

000000 wify00OOD0O0OO0ODOOOODOOO®O
oooood FfOb0000o0oooooboobboboboobooboobbooboboboo

goboboooooon

ALODOODOO0O0OO 3300000000O0Standard MLOOODOODO appO0O000O0
00000 0eppOO0O0O0O0O0OO0ODOO0OOOLDDOOODLOOODOD cwtODODOO
O0O000b00o0b0o0ubdbbeppobboobooboboobo0onO ALO
gobobooogoboboooooobobooobboobooonooooooooon

app0 000000000000 Standard MLOOODOODOODOOODOOOOOOOO
goboboboogoboboooboobn

fun app(f,a,out) =
app_sub(f,) 000000000000 ow00000000000

‘000000D00000000000 1000000000
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and app_sub(f,a) =
let
val newf = fOO00O00O0O00O0OOODOOO
in
O00D0000000D000 newfOOO0O0O handle
ABSTRACTION_FAIL => (*0000000O0O0O%)
doodoooooooooooooooooon
| Match => (*000000000000O0OOOOO0O%)
doodoooooooooooooooooon

end

3.1.7 ALOU0OODOO0OOO

obooborboALOOO0OOOOOO0ObObOOO0ObO0ObDbDbOOoObODbODODOObDDbOoOD
goboboboooboboboooboooaoa
Dohooboobboobobobooboboiogvyrbooboobbooooonog

[(Wed1), (Thu,2), (Fri,3), (Sat4),

(Sun,5), (Mon,6), (Tue7), (Wed8), (Thu)9), (Fril0), (Satll),
(Sun,12), (Mon,13), (Tuel4), (Wed15), (Thu,16), (Fril7), (Sat18),
(Sun,19), (Mon,20), (Tue?2l), (Wed22), (Thu223), (Fri24), (Sat?25),
(Sun,26), (Mon27), (Tue?28), (Wed229), (Thu,30), (Fri31)]

OooOO0 goolsbrROOOOOOOOOOOOODOOOOOOOD ALOODODOOOO
ooobboobobboodd Menth UOUOOUOUOO Year O OOOOODOOOOD Output
goooogao

version O;

domain Month; G OJO0O0oOOoogg )
domain Year; (x« JO0O0OOoogg )
domain Output;

fun F (Month, Year) = Output;
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versionl 000000000 COO0O0O0OOOOOOOO0O0ODOODODOOODOOOO
OOoooboboooobo werpO OODODDOOOOODOOOODOODOOOODO
O0010 ALO0O0ODOODOOODObDOO

version 1;

domain WanD; (x JO00Ooooooooods=x)
domain Wtmp; CHERRRERERRRRRRRRED)
domain Day; (x OdOOooOoono =)

Output reified [[WanD]];
fun F (mth, yr) = week(fstday(mth, yr),Day,month(mth, yr))

and week (Wtmp, Day, Day) = (x 00000 oooogodox)
if daygrt(Day, Day) then []
else WanD::week(Wtmp, Day, Day)
and fstday (Month, Year) = Wtmp (xmthO 10000000 =*)
and month (Month, Year) = Day nO0O000000000O0 =)
and daygrt (Day, Day) = Bool; (x OO0Ooooog )

OOoooooobobooobOdyOO0OODOOOO0O kD 1O0DODO0OODOODOODOODO
gboboboboooobobuoooobboooobooon

version 2 OO0 0OWerDOOOOOOODOO DofWOOODOODDOOO DayDDOOO
Obooobboobooouobobo ALoboobuobobobobog

version 2;
domain DofW; (x« D000 O00 Oogdox)
WanD reified [(DofW, Day)l];

fun F (mth, yr) = week(fstday(mth, yr), Day, month(mth, yr))
and week (Wtmp, Day, Day) = G 000000 ooooodox)

if daygrt(Day, Day) then []
else (DofW, Day)::week(Wtmp, Day, Day);

version3 000000000000 O0O0O0ALDOOOOOOOOODOOOOOO0O

version 3;
Day reified [condi (fn n=> n>0 andalso n <= 32)];
Month reified [condi (fn n=> n>0 andalso n <= 12)];
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un Mon Tue Wed Thu Fri Sat 0 1 ..

%

(DofW, Day)
0 1 .. 9999 01234567

!
V1

Year Wimp Output

0 34: 0000000000
fun F (mth, yr) = week(fstday(mth, yr), 1, month(mth, yr))

and week (Wtmp, st, en) = G OJO000ooooooogox)
if daygrt(st, en) then []
else (DofW, st)::week(Wtmp, st+l, en)
and month (m, Year) = GGnd0O0O0O000O00O000O00O0 =)
if (m <> 2) then
nth([31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31],m-1)
and daygrt (mi, m2) = (m1 >m2); (x OODOOOOO =)

goobb11 dododod2b0d0oooooboobobbobobbobdoooooo
O0000ooOoboOobOooboooD F (1o, Year) OOOOODOODOOODODO

- F (10, Year);
val it = [(DofW, 1), (DofW, 2),(DofW, 3),(DofW, 4),..,.(DofW, 31)]

version4 0000000000 00DO0OO0O0O0OO0OOOOOO0OOOOODOODOOOO
gobobooogobbboboobbbdoooobobboobobb 40000
goobooboooboooboboo ALobbooboboboobonoo

version 4;
DofW reified [Sun, Mon, Tue, Wed, Thu, Fri, Satl];

Wtmp reified [condi (fn n=> n>=0 andalso n < 7)];
Year reified [condi (fn n=> n>=0 andalso n < 9999)];

val daynames = [Sun, Mon, Tue, Wed, Thu, Fri, Sat];
fun F (mth, yr) = week(fstday(mth, yr), 1, month(mth, yr))
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and week (w, st, en) = G 000000000000 0=x)
if daygrt(st, en) then []
else (nth(daynames, w), st)::week(Wtmp, st+l, en)
and janlst (yr) = G OJO0O0Ooooooog )
(yr+(yr-1) div 4 - (yr -1) div 100 + (yr-1) div 400) mod 7
and months (0, yr) = 0 G 0000 n000000O0O0 =)
| months (n, yr)
let

val (i m) = month(n, yr)
in

m + months(n-1, yr)
end

and fstday (mth, yr) = (xmthO 10000000 =*)
(months(mth-1, yr)+janist(yr)) mod 7;

goobo2 ODbhodgbobdoobobboooooboobooboobobobooonn
goooogno

e |00 0O0ODLOOODLOUOOD400000DLO0OODLODOODO

Fi(1,1997) = [(Wed,1),(Thu,2), (Fri,3),...]

e 200 00O0ODLODOODLOOUODL200000L000OLODOOODO

Fi(2,1997) = week(fstday(2,1997),1, month(2,1997))
(month:(2,1997) = Day 000000000000 00D)
F5(2, Year) = week(fstday(2, Year),1, month(2, Year)) (DO OODO)
Fy(Day, Year) = week(fstday( Day, Year), Day, month(2, Year))
= [(DofW, Day), (DofW, Day), (DofW, Day), .. ]

e 300U UO0OODODLDOOOOD 3OUUObUOUbLDDbLDbbOUOOUOnOO

Fy(3,1997) = week(fstday(3,1997), 1, month(3,1997))
(monthss(3,1997) 000000000000
F5(3, Year) = [(Wed, Day), ( Thu, Day), (Fri, Day), .. ]
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@Dooooooo afsjulsfsluisls

Calendar

val daynames =[Sun, Mon, Tue, Wed, Thu,
fun F (mth, yr) = week(fstday(mth, yr), 1,
and weeek (w, st, en) =

fn n=>n>0 andal

if daygrt(st, en) then []
else (nth)(daynames, w) st)::week(Wt
and janlst (yr) =

Sun Mon Tue Wed

(yr+(yr-1) div 4 - (yr-1) div 100 + (yr- month of version 3 <]
[ — fun month (Month, Y ear) = Day;

version 4
template

3 month: Day * Year -> Day
2 months: Day * Year -> Day
3 daygrt : Day * Day -> bool

fun month (1, Year) = ?
| month (2, Year) =72
| month (3, Year) =72
| month (4, Year) =7
| month (5, Year) =?
| month (6, Year) =?
| month (7, Year) =?
| month (8, Year) =?

(®ooooooo

context:

week(Wtmp, Day, Day) ooooooooo
daygrt (Day, Day) istrue or false? oooooooono
[DDDDDDDDDD]

Evaluate
- F(1,1997);
val it = [(Wed, 1),(Thu, 2),(Fri, 3),(Sat,
(Sun, 5),(Mon, 6),(Tue, 7),(Wed, 8),(T
(Sun 12), (Mon 13), (Thu, 14), (Wed, 1
@Woooo@ooo) (ani i et !

(Sun 26), (Mon 27), (Thu, 28), (Wed, 2

= ]

O 3.5: gchEmy0O 000

3.2 AchEmyO OO

0000 4ehbmy00Java0 0000000 O0OOOOOOOO0OOO0OOODODOOO
00000 ISbROODODOOOOOOOOODOO(O 3.5)

1. 0000 obdobog bboooboooboobboobobboooon
obooboboboooboboobobooobooooGulIbooobooboooboboog
obooobOob0 ALOboobooobbobbboboooboobuoobobboobbo
gooogao

2. 00000000 boboobooobobbboobobbooobboobbooboon
gobbbodododouoooobobbooooboboooooboboooobobod
goobobobdoobobboooobobobooobbodoooobobbooooobon
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gooboboobobobooobobooooobobooooobobboobo

3.4. 00000000 O0OOLOOOODOODODOOALDOOOOOOLOODOODOO
00000 Standard MLOODOOOOODOOODOOODDODOOOOODOOODOOO
OO00Standard MLOODOOOOOOODODOODOODOOODOODOO Standard ML O
goodbooooboboooboboboooobobbooooboouoooobobobooo
000000000000 00b00DO0DObO00O0b0obO0o0oDOoDODbODbOOOboolOO
OO00D00O00000000000000000 twreD 000 falseDO0D0OOOOODO
gobboooooboobn

3.2.1 0OOOOOOO

4chbEmy 0000 DOOD0O0OODOOOOODOODOODDOODODOOODOOOODOO
gooboogod

e HUUOODLODODOOOOODLUOODLDOO
e O UOUOLODLODOOOUOOLDDOODLO
e HUOOOODDOUOOODLDLODOODLO

gobobboooobboboooooboboobbobobbooooboobon

gobobooooobbboooboooooo

ooooisbrROOOOO0OOOO0OO0OOOOOoOOoOobObOobObOoObDbOOoOobOoOoooD
ObooooobgoooisbrROoood232000000000000O001DO0Db0OOOOd
gobbodobbdoodo20gbgogobobobbboooboobosboonoboba
gobobbooogobooosgbobooooobooboboobobobobboooooboao
gubbboodooboobuoooobod

gobobodoogoboobbo40b0bbbo0oboobbbuoboooobbboon
gbboggboobooboobbob obboobobobbuooboobboobuoond
gboogdobbobbogoobobbobbdooooboboboboobobbboooobo
goboooooooobbooooobbboobbbooooobobbooogobooa
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e

ooooo
A A DOoooog o /
RGN \ ’
N A /\v
N 7
~ d
~ /7
D N ’ D’
poooon

036 000000bbboooooboon

gobbbodobooboooboooboobboboboooboobbobboobo
gooboboooboboboobobobboooobbobuooooboboodoooboao
00000000 (0 3.6)0000000C00000000OO0OOO00O0O0O0O0O00O0
gubdgogoobooooboboooobbobuoobobobobbooonon
gbdbogoooobbobobboobuogobboooooobooobuoobobon
goobbooospobobobbobbbdooooobbboooboboobbobooo
gboboobdooooboboooooboboboooobuooooboboooooboao
goboboooooouooooboboooobbobuooobbobbboooobooa
gooboboobobboboboboogo spbobobooobouonoooboobboooa
0000000000000 0000000000000000007000000000
gobobobooogbooboobobbboooobobobboooboboboboobobboa
gogbbooooobobooooooboboboobuoooobbobboooouobooo
goboboooobobboooobboodoubobuoooobobuoooobbon
goboboboboooboooooboobobobobbobbooobobbbuooobobobag
gbbobobooooooooobobbobobbobooobuoboobooobobobn
goobbooobobboobobbooooobbooobboobooooboboooobo
gbdbuogouopoboooooboboobboooooooobbobobuooboooo
goobboboboogoooobboooobbboboooooooobobooboboboan

‘00000000000000000000000000000000000000O0OD0D0O0000
googbobooooooboobooboooboboobobobobbobobbobboobbobOoooboon
gooooboooo
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gobdboobboobboobbbuoooboooobbooobbuooboboobo
goooogbgobobboooobbobobodoooobobbuoooobobobooo
gbobobboooooooobbobbbioodooooobobobbboobobooo
goobogoood
goobbogoobobobooooboobobboobbobooobobbooooooobo
gboobdoboooboboooobobobobobbboooobbobboooooboobooboog
gobbbooodboouoooooboonoooobbbuoooobo

gboobboooobbbooooobon

4chbEbmy 000000000 OOOOOO0ODOO0ODOODODOOODODO0OOOOODODO
gboogdobbboooobobboboobbooooooboboobobooboboboobo
gbobooogouoboogoboboooobobobooooobobboooobooo
gboboboooooboooobobobobbbbbooooobobbooboboboon
gobobboogoobobbooooooobbbooooobbbooooboboboood
gobobbooooogoobob

OO000D0r»+1000 fO0O0OOO

priority(f) = | def(f,1)*w(n—1)

O0000def(f,)000 f00000O0 ;0000000001 000000000
ocobobdoobobddbiwbooobbbooooboooouooobooo
00000000000 ((ooooo)oood

goboboooooobbuooooobon

gbobbz400000000b0000bObOO0Ob0o00obLDOobbOo0bOooboboogon
gboobooooobbboooobooooouoobobbobooobbuoooobood
guboboogoobboobboobooboooooobobbobobobboood
goboboboooboboooobobobooooboobobboooobbuooboobod
gobobooobobbbdoodobooooobobooobobobboooobobo
goobogno
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1 4 [

ISDRUOOOOOOO

4.1 0OO0O0OO0O0OO

gbobobobz2400000000000000O00DLD0ODLDOOO0OOLODOOODOOO
gobbbooooobobboooobobooobbobobobbobbboooood
gobobodoboobobobooobboooobbooooobooooooobooboa
gboobogboobobooab

00000 00000000 hpet0O000000000 Ouwput00DOOO0D0DO00O
D0000000D0000O000D0000000ononon

Dé = ({Input},0)
DY ({ Output},0)

O00o0b0ooooooooonO /00000000 Input0 0 Output OO O ODOOOO
fun Fy(Input) = Output;

version 1 — Output 0000 — 0OO000O00O0ODOOO0O0O0OO0ODOOOOOOOO

O00000000 HeaderAOOODO StocksOO OO0 TradlerDO0DO00O00O0O0O0ODO

Output DO OO0 (Header, Stocks, Trailer) 0000000
doooooboooooooboobooooo ooon DéDDDDDDDD

DY = DQ[Output < (Header, Stocks, Trailer)]
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ooboombOboooboo40000b0bO0oboboboboOoo

fun Fi(z) = (h(x),rep(x),t(x))
and hi(z) = Header

and rep,(x) = Stocks
and t1(x) = Trailer
version 2 — Stocks U000 — 00000000000 O0DOOOOOOOODOOO

O00O0O00000D0O0OD0OD0O0O00OOStecksDOOODODO SteckOOOOODOODOODO
OO000000000D0OStecksDODODODOOOO SEstODODODOODOOODOOODO
goboboooobbobooobobon DiDDDDDDDD

DS = D9[Stocks < Slist]
where Slist = Nulstock | (Stock, Slist)

OO0OdpPreg, 00O DOOO6000O0O0O0OOOOOODOOO

fun rep, (x) =
if cond(x) then Nulstock
else (calc(take(x)), rep(drop(x)))
and takey(Input) = Input
and drop,(Input) = Input
and calcs(Input) = Stock

and condy(Input) = bool

OO00000 F,h tDO Prog, 000000000 0ODOODO0ODOODOcalcO takeO O OODO
OO000D0000 100 SteckDDODOODOODDODOODODtkeD dropO0DODOOODO
goooboboooboon

take(x)Qdrop(x) =

OO000O000 “="00000bbo0ob00ooboob0obooboobooooo 200000
gobobboobooobobooodgoo
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version 3 — Input 0000 — 0000000000000 OOOOOO0OOInputd
O00O ReptO OO0 ODOO0ODODOOODLDOOODOODDMpwtOOODOOODODOO
RistODOODODOOODO0OOOODOODODOODOOODOOOODOOODOOO DSDDDD
god

D! = Dl[Input < Rlist]

where Rlist = Nulrept | (Rept, Rlist)

O00O0dPreg;,00OOODOOO SO 6O00O0OO0O0OO0OOODOODOO
fun takes(Nulrept) = Nulrept

| takes(x,y) = takesub(x, (x,y))
and takesubs(x, Nulrept) = Nulrept
| takesubs(x, (y,ys)) =
if samegrp(x,y) then (y,takesub(x,ys))
else takesub(x, ys)
and drop;(Nulrept) = Nulrept
| drops(x,y) = dropsub(z, (z,y))
and dropsubs(x, Nulrept) = Nulrept
| dropsuby(a, (3,55)) =
if samegrp(x,y) then dropsub(x,ys)
else (y, dropsub(x,ys))
and samegrps(x,y) = bool
and conds(Nulrept) = true
| conds((x,y)) = false
and cales(x, Nulrept) = initstock(x)
| cales(x,y) = upd(cal(x), cale(y))
and initstocks(x) = Stock
and cals(Rept) = Res
and upds(Res, Stock) = Stock;
00 F, h, t, rep0 Prog, 1000000000000000000e0000000
0000000000000 0D0 RsOUODODOOOOOwpdOOOOOOODDOOOO
000000000000 00D0O0D0DOO000000D teked dropO0O0O0DODOOO
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A BC Int

I?t StrTing W /‘

Id, N
A B C (Num, Com) ( T um)
‘N(m Rés:) String (Stock, Sist) Nulstock  String
(Rlptwrept (Header, Stocks, {er)'
Input Output
041: 000000 04.2: 000000

guboooooobobooooouoboboobbooooobbbuooooboag
O00O000000000O00D00O0 takesubO dropsub0 00 00O00OODOOODOOODO
gboboboboogobobooooboboobsbebgoobbbuobooboun
OD0tekesud OO DODOOOO0O0O0O 500 AODOOOOOOODOODOODOOODOOOODO
goodobobbooooboboogb e prebdgogg

version 4 — Rept 0000 — 00000000 O0DODOODOO0OOCOODODOOReptOd
0000 MdOODOD0O00000000000Rept0 0000 (Id, Rest)y DOODODOOOO
goobogoboobobooboboobooobon DSDDDDDDDD

D, = Di[Rept < (Id, Rest)]

O00O0Preg;,U00OODOOO 3000000000 Preg,00O0DODODODO

fun caly((Id, Rest)) = makel(getqty( Rest))
and makel 4(Num) = Res
and getqty,(Rest) = Num
and samegrp,((e1,71), (¢2,r2)) =
if sameid(i1,:2) then true
else false
and sameidy(i1,12) = bool
00000 Preg; 000D DOOO0OODODOO
0000000 OO A, B,CO3000000000000O0O0sameeid00000O0O
doooooooboooooooooooboooooboooboooooooooo
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fun sameid4(:i1,:2) = if (i1 = ¢2) then true

else false

gbbobooodobooboooobooboobooboooobooobobooboo
goobbodoodoobobooooboobobooob bbb oboooooboobooboag
gogoobbbooodaod

F((A, Rest),((B, Rest), ((A, Rest), Nulrept)))
= (Header, (Stock, (Stock, Nulstock)), Triler)

bbb ogugobobboodou 414200 0000000000000000
OO0 As3.10000

4.2 O00O0OOOOOOOOO

gbobbooboboboboooooobobbboooooooobobboboboo
goboboboooboboooobobooooobbbboooboboobbuoooboboag
obooobobobbboobOoobuoobooboob IsbrRboobobobobOobDbDOO

obooboooobooooboobooobobobooobooooboo IsbrRoobobooO
goond

4.2.1 0O00O0OOOO0OOOOOOOOO

00000000000000O00O0O000 [11j000Do00 2000000000
gooboobooobbboooooboobn

gobobbboogoguo 430bbbooooobbboouoooboobobbooo
goobobbobobbbobdoobbodoooobbobobobbbboobbo
gbobbooogobobobobbooooboboann

godboboooboboboooboobbboooobo

e NODO0DOUDOODOOOOWAREHOSE"ODODODODO*#"00000000DODOOO
gboodbbdoooooobboobboboboooobboooboboboooon
gooogo

56



noooooo w: oooo Q: 00

-gpoono T:Oo0OoOo0o0o

|
C: 0000 E:D0O0OOO00O
D: 0O A: 0000

@ 0ooooo00o00o00
oboobogod

gobooooboog gobooooboog

[wi1 |c|ofo] T]e[a] [wli]cp]o[Te]a]

[t{]|B 000 | (0000, . j00do [t1]|B 000 | (0000, . j00do

26000 0 T1: 000000000000
T2 : 0000000

T3 : 0000000DOOOO
T4 : 000000
— T5 : 0000000

62000
T6 : OO0DODODOOOO0OODO

U 43: 00000000000O00O0O0

e 0O ODODOOOODLDD 3OUOUUOLDDLDLODUOOOOLDDLDbDODbUOOUD
obooo1gdT1iooobooooo TMoobooobo z20bobobobobobobooo

gboboboooooobboooobobbobboboobobuoouoa

e 200 00000DO0ODOLUOOLOODLODDOODOODOODOUODOUODOO

1000000000000000000000 100 ™MOOO0O0O000000
O0000000C,E D, Q TO00000000N0ONOD0NONDNONONDONonod
000 ADDODOOOOD 40000000000

0000020000 T40000000000000000000 (TOTAL NET
MOVEMENT)O T40 000 0O0O0ODOOO

e 0000 DODODOUUDDOOOODDODDO (TOTAL)D T40DDODO 10DDODODO
T40000 10000000

oboo2000000b00b00boobo0oooboobooboboOoog T4
goboboooogboooooo
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e |U00OODODOODDODOIDOODDODOOLD T4DOOOOODODOO

4.2.2 ISDROOOOOO

gobobobbouooooooobboboboooboobobbboooboobboa
oooobobobobobobobooboobobobobbbooobogJspooboonbd
obobobooobobooooboboobobboboboboobooIsbrRooboooboooOog
0000000000000 00000000O00DO0Doo0ooooooooont

goo

D000000000D000000 INPUTSOODOO000000000000 FICHES
D0000000000000000DI00000O0D by00000oooon

0}

DY = {(FICHES),0}

D, = {{(INPUTS),

OoOobobooooooooboo oo npuwt0D O FICHESODODODOODOO

fun Fy(INPUTS) = FICHES,

version 1

ObhooobobooboooboooooooooboboobooboooINPUTSO INPUTO
gooooooogFrFICHESO FICHEOOOOODOODDODO
gbobooboogooobobooooobobobn

D; = D{[INPUTS < [INPUT]
DY = D{[FICHES < [FICHE]

0000RKO0000000000
fun  £(]]) = |

| Fi(z:axs) = if bool then FICHE :: F(xs)
else F(xs)

lDoo00O0O0000000551 0000000
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version 2

000000000000 0000oDoo0oO(FICHE)ODODODODOOOOOODOOOOO
gobooboooboobooobuboboobn izvwUTOOOOOOoOooboo wo
gobobobooooobooobn

D) = Di[INPUT < (W,0W)]

gooobobooooobobooooooo
fun Fy(xs as ((w,-) : xss) = let
val (ws, wrest) = div_whouse(w, xs,[])
in
makeFiches(ws) = F(wrest)
end
and makeFiches,([]) =]
| makeFichesy(w :: wss) = if bool then FICHE :: makeFiches(wss)

else makeFiches(wss)

and div_whousey(w, [], h) = (rev h,[])
| div_whouses((w, xsasx :: xss, h)) =
if belong_w(w,x) then div_whouse(w,xss,x :: h)
else (rev h,xs)

and belong_w,(w,x) = bool;

OO0DDO0O0OD00O0DOmakeFiches 0000000000000 OODODOOODODOO
OO00D0D0O0O0OD0D0DOO0O0O0OdivwhouseJ00 20000000000 1000000
0000000000000 00000O0b0obO0o0O0Ob0DODbelongw DD 2000
gooboboooo1i1obobooooobobobooobbboono

version 3
O0o0dooooooooogooog o
D. = DLW <int]
000000 belongw 000000000 OODOO
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fun belong_ws(w,(wid,)) = if (w = wid) then true

else false;

version 4

oooboboooobobooboboboob FiBOoDYODUOOODOODODOODODO
O FBODYODOODOOD0O0O0O0ODOOOOOOOOOOOOO0OO0O0O0O0O0OOOO (FIBODY)
oboooooooboooobbooboooooboboowoobuoo /Iboobobog
OooobogrFICHEDOODODOO FipOpYOUOOUOOooOooboooog

D, = DLOW < (I,01)]

DY DS[FICHE < [FIBODY]]

goboobogbobobooobobbboooa

fun makeFiches,([])) = |
| makeFichesy(xs) = fillF(makeFbody(xs))

and makeFbody,(]]) = |]
| makelbody(xsas(w, (i,)) 2 xss) =
let
val (is,irest) = div_item(¢, xs,[])
in

makeFbodyl (is) :: makeFbody(irest)

end
and div_itemy(id,[], ) = (rev h,[])
| div_itemy(id,x i xs,h) = if belong;(id,x) then div_item(id,xs,x :: h)
else (rev h,x :: xs)

and belong_i (1,2) = bool

and makeFbodyl ,(x :: xs) = if bool then FIBODY :: makeFbodyl(xs)
else makeFbodyl (xs)

and fillF,(zss) = fillFin(xss,[])
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and  fillFin,([[]],]) = [[l]

| fillFin,([[]], zs) = [rev (FIBODY :: zs)]

| fillFin,([] :: xs, zs) = if bool then fillFin(xss,[FIBODY] :: zs)
else fillFin(xs,zs)

| fillFin,(xss,[]) = fillFin(xss, [FIBODY])

| fillFin,(xssas(x : xs) = ys,zs) =
if bool then (rev (FIBODY :: zs)) i fillFin(xss,[])
else fillFin(xs :: ys,x = zs)

OO0000D0000OmakeFbodyO OO0 FIBODYODOOOOODODODOO IFOODO
goodbogogbboobbooobooobboooboobobooouobboboon
O00000Omakelbody0 0000 100 FiIBODYDOOOOODOOODODODODOOODO
gooogo

version 5

D000000000000000000
D! = D![/ <int]

000000000 belongi0D0OO0O00O00O0O3
fun belong_is(¢,(-, (id,2))) = if (i =id) then true
else false
version 6

gboogboobobooobbooboobboboooboboobuooboobobo
00000290 (FRAMEMAX)DOOOOOO 1000000000000 O00OOFICHE
OoOo0ooood Mooooooogob TeoooooboboFICHEODOO 300000
obooboboboboooooboooboboobboboooooorBODYDDODODOODO
O7Moooo rTednd FRAMEOUODOODDO

DY = DQ[FIBODY < {T'l,FRAME, T6}]
0000000000000 0000ooon
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fun makeFbodylg(x : xs) = if bool then FRAME :: makeFbodyl (xs)
else makeFbodyl (xs)

fun fillF4(xs) = fillFin(xs,[],0,1,false)

» Y

and  fillFing([[],[.0. ) _—
| fillFing([[]], 28, - - -) = [rev (MFtail() :: zs)]
| fillFing([] = (xssas(x 2 ) = 0),z8,n,m,b) =
if (n < 30) andalso (b = false) then
fillFin(xss, MFhead(x,m) :: zs,n, m, true)
else fillFin(xss,zs,n,m,b)
| fillFing(xssas((x 2 2) = 2),[], o, m,b) = fillFin(xss,[MFhead(x,m)],0,m,b)
| fillFing(xssas(x : xs) = ys,zs,n,m,b) =
if (n > FRAMEMAX) then
(rev (MFtail() :: zs)) = fillFin(xss,[],0,m + 1, false)
else fillFin(xs :: ys,x :: zs,n 4+ 1,m,b)

and MFheadg(-,_) = T1

and MFtails() = T6;

version 7

0000000 (FRAME)DDDOOODOOODOOOO FRBODYODDODOOOODOOO
goboodgz2ugggbbobobogob1bbooboboooobbboobooooog
Ooo00 FREODYOOUOOOOOOOOODOObOOOobOoOobOobbooooo

goodboooooooobboboooobobognn

DY = DQ[FRAME < [FRBODY]

fun makeFbodyl.(xs) = makeFramel(xs,]])

62



and makcFramels(1,0) = [
| makeFramel([], zs) = [rev (FRBODY :: zs)]
| makeFramel:(xs,]]) = makeFramel (zss,[FRBODY)
| makeFramel,(x :: xs,zs) =
if bool then (rev (FRBODY :: zs)) :: makeFramel(x = xs,[])
else if bool then makeFramel(x :: s, FRBODY :: zs)
else makeFramel(x, FRBODY :: zs)

version 8

gobooboooobooboobobobboooobobooobobboooooo oo
ocbooooooboboooliooobooboooobL r140bboboobbooobo
Ob0s3sgoboobbor4dobbobor4be2000010000000DOD0O0ODLOODOO
gooooooboobooboooobob r4boboboboboboboobobDo

goodoooooooobbbooooboboonn

DY = DP[FRBODY < {T2,73,T4,15}]

fun makeFbodylg(xs) = fillFR(makeT4s(xs, smylinit())))
and makeT4ss([], s) = s
| makeT4sg(x :: ws,s) = if bool then T4 :: makeT4s(x 2 xs,s)

else T4 :: makeT4s(xs, addsmyl (s, x))

and fillFRg(zsas((_,(¢,-)) =) = fillFRin(xs,[],0,7,1)
and FRheadss(-,-) = [12,T3]
and FRtails() = T5
and addsmylg(_,-) = [I'4,T4,T4]
and smylinitg() = [T4,T4,T4]
and  div_T4sg([], zs) = (zs,]])
| div T4ss(x i ws,zs) = if bool then div_T4s(xs,x :: zs)

else (zs,x :: as);

63



and

flERing([)[,0, )
fillERing([], 28, - - -)
fillFRing(xs,[],0,¢,m)
fillFRing(xs,zs,n,t,m)
let

[[]
[rev (FRtail() :: zs)]
fillFRin(xs, FRheads(1,m),0,¢,m)

val (t4s,rest) = div_T4s(xs,][])

in

if (n + length(tds) > TAM AX) then

(rev (FRtai() :: zs

else

)) =

fillFRin(xs,[],0,¢,m + 1)

fillFRin(rest,t4sQzs,0,4,m + 1)

end

O000000000O0O0O0O00000O FRAMEODOO (FRBODYOOOO)DOOOO
OO000000OmekeT4sO0 T4000000000OANFRODOODO 6200000000
goboboogoboobobooganb

version 9

Obooobooboz2000booboboobobbobbobooolIcbo coboooobon

good

Dy =

Di[OI < (C,0C)]

OO0D00000O0 makeT4s OO ODODOO

fun

makeT4sq9(]], )

== S

makeT4so(xsas((,(,(c,))) y,8) =

let

val (cs, rest) = div_cust(c,zs,]])

and (t4c, ss) = makeT4e(cs, smyCinit()))

in

t4cQmakeT4s(rest, addsmyl2(s, ss))

end
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and div_custq(c,[],ys) = (rev ys,|[])
| div_custg(c,x s xs,ys) = if belong_c then div_item(c,xs,x :: ys)

else (rev ys,x :: as)

and belong_cq(c,x) = bool
and makeT4cqo([], s¢) = sc
| makeT4eg(x = xs,s¢) = rec2T4s(x)@makeT4c(xs, addsmyC(se, )
and rec2T4sg(-) = if bool then T4 :: rec2T4s(x)
else [T4]
and addsmyCqy(_,_) = [T4,T4]
and smyCinity() = [T4,T4]
and addsmyl29(_,_) = [T4,T4,T4];

version 10

gbobooooogbbobooooboobn

D0 = Dl[C < int]

goon

fun belong_cio(c, (o (o (ci,-)))) = if (¢ = ci) then true

else false

version 11

000000000000 000 (A)0000000 100 740000000000
OobO20074000000000000000

Di1 = D0[OC < (A, D)]

OO0 version 90 rec274s 0000 00000O0O0O0OQO
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int R [ int

\V/ stringstringstringstring

string (Q, T,E) ‘ ‘ 1 1
T2 T3 T4 715

v -

string [FRBODY] string

int (C, 0C)
T1 FRAME T6

N\ N
\./

(W, OW)

[FICHE]
[INPUT]

FICHES
INPUTS

U044 00000000
fun  rec2T'4s11((,(,((ay))))) = if nulA(a) then [T4]
else [1'4,T4]

and nulA(a) = bool

obooboo, Moo f7sdboboobooboobbooboobooboon
gogogboogoaod
gbooboooooboobod 440000000
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1 5 [

L] [

5.1 ISDROOO0O

ooooo IsSbrROODOOOooboooboooboobooo

5.1.1 0OO0OOOOO

[SbROODOOOOOOOODOOOOOObOObObOOObODbOObDbOObDbDOOODbOo
gobooooogooobooan

O00000000000000000000 Balzer OOOD [12] 0000000000
gobobooogobobooooooobn

e UUUOODODDOUOOOOO
e UUUOODODDOUOOOOO
e UUOODODDOUOOOOO

ooogisbROOOO0OOOO0OObOO0OObOO0ObOO0ObDO0OO0OoOobDOoOoboobOoLDD
godbobobooooobbobooobooobbooobooobboooonoboboon
gobobooouoboouobooboboooobobobobobbbboouobobobobo
gooboboboooobobbbobobooolsbrROoboooboobbooboooo
goboogooboooboognn
gobobobooooboooboboobboooobbboooobobooobobog
gobobobodobooobbobboooobobobooooubobuooooboobo
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goobobboooooboboobboooboboobbooboboboboooobobooboon
gobobbdodoouooouoobooboboboobuoooobobobbooogubooo
gooooogoboon

gobobboooooboboooooobobboobbbobbooobooooooboobo
gbobobobooodoboooooboboboobbboobouobobboooooboboobo
goobogoood

5.1.2 0O0OOO

gooboobobboboboobbobbooooobobooooobobobobobobog
gboobbdogoooobbbboooobobuoooooboooooobobobooo
oobooobpobbooobobobobobobobooobDobobobOoboIsbrO
gboobboodoouoooobobooooboobobooboboobbuoooobooa
gooboooaod

gobobbogoobobooouobbooobbbuoooobobobobobobnobo
gobobbooogoboobobobobbboooobobobbooboboboooooboobooboa
gobobodoooooobooouooobobooobooobbbuooboobbooo
goooboooobogoboogbooboobbobobooobooobooboonbn
googbboboboobobbobodooboooboboobobbobobbooon
goobooogoboobboboobbbooobbooooobobbouobobbobooo
gobobbdooggboooooboobobobobobooooobbbuooobobbo
oboooboooobbobooobobo0oobooboooobooIsbrRoooooobd
goboboogoobobobuooooboobn

5.2 ISDROOOOO

[SbROODOOODOO0ODLOOOOOOO0O0bOO0OO0LDbOOoOoobooobboooDboO
googdoobbobobobbobbodoooobbooooobobbobooon

gboogobgbdoboobobobogooboboooooobooboobobooon
gobogbobobboobobooboboboooooobobbooobbobooboo
obooboooobobooobobboobDobooboobooooobOobgbuIsbr
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oboobobobobooobboooboboboobbobooboobooboIsbrO
gooboooooooboooobboboooboon
gbobobogoobobooooobobboobobboob bbobooooobo
gobobobodboouooooboboooobbbooooobobobooobooo
gboboodgbboogobooobooobo - sbobudgbooogobdirns, rns,
rnsO03000000000O000000O0O00O0DLO0O0bO00OUbLbOoOoooOon
goobboooobbboooobobboboooobbbuoooobobobooog
gobobooooobobooooobobbobodobobbbobooooobbbuoooo
gbobobooooobobboooooboboobbbboooob bobooooobobb
ooooisbrROOOOODOOOOOODOOObOOOOODOOODbOOObOObOD
goboboooooboboooooobobooon
gobooodoboobobboooooobboooobobbobuoooobbobooon
gobobbobobgoboboboooooboboooobuooboobobooooobooo
goobooogbboooobobbooooobbbuooooboboo
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[SbROOOODOOOOOOOOOOOO0O0OODO (DODOOO)ODoOoOOoOoooUoOoDOO
gobdooboooogbbobobbobbdodbouooobobuoooobooboboobo
gobobodoogoboboobobobobooobbobboouoguobooooobooo
goboboobbooboobooboobbbbboobboboboobboobob bbb
obooooboob sbooboooooobbobobooIsbrRobbooboboobO
gooogao
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atexp ::= scon

| <op>var
| <op>con

I (exp )
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exp ::= atexp
exp atexp  (* application *)
exp 1d exp

exp : ty

fn match
match ::= mrule < | match >
mrule ::= pat => exp
dec ::= val valbind

| (* empty declatation *)
| dec <;> dec

valbind ::= pat = exp < and valbind >

atpat ti=
scon

<op>var
<op>con

( pat )

pat ::= atpat

<op>con atpat

pat con pat

pat : ty

<op»>var<: ty> as pat

ty (= tyvar
|  tyseq tycon
|ty -> ty
I Cty )

bbb odooobbbodoooobboooonoo

dec ::= domain tycon

|  tycon refied dombind
dombind ::= domcon <: ty> < | conbind>

| any : ty < | conbind>
domcon ::= tycon

| scon

| scon,<scon>

| scon,<scon> .. scon

|

<scon,>scon
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A3 OO

A3.1 0O0O0O0O0OOO0

gbobb41g0bobobboogdobbbooobbbodooubobuoooon

fun F(z) = (h(x), rep(x), 1))
and rep(x) = if cond(x) then Nulstock
else (calc(take(x)), rep(drop(x)))
and take(Nulrept) = Nulrept
| take(z,y) = takesub(x,(x,y))
and drop(Nulrept) = Nulrept
| drop(x,y) = dropsub(z, (x,y))
and takesub(x, Nulrept) = Nulrept
| takesub(x,(y,ys)) =
if samegrp(x,y) then (y,takesub(x,ys))
else takesub(x, ys)
and dropsub(x, Nulrept) = Nulrept
| dropsub(z, (3, ys)) =
if samegrp(x,y) then dropsub(x,ys)
else (y, dropsub(x,ys))
and cond(Nulrept) = true
| cond((x,y)) = false
and calc(x, Nulrept) = initstock(x)
| cale(x,y) = upd(cal(x), cale(y))
and samegrp((il,rl), (¢2,72)) =
if sameid(i1,:2) then true
else false
and sameid(e1,:2) = if (11 = ¢2) then true
else false

and cal((id, (num,rst)) = makel (getqty(rst))
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and upd(n,(id,m)) = (id, add(n,m))
and makel(n) = n

and getgty(n,_) = n

and add(n,m) = n+m

and initstock(id, (n,-)) = (id,n)
and h(x) = "header of report”

and t(x) = "trailer of report”;

A32 O00O0O0O0OODOOO
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gobobobbdoooobbbuoooodoobbboodoouooouobobbuoooobo
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Ooooo00 = {Li,Be,Na,Mg,K,Ca,Se,T,V,Cr,Mn,...}
00000000 = {He B,C,N,O,F, Ne,Si,P,5,ClL Ar, As ...}

gooboooodon

0000000,00000000000000000000000000000000
D0D00000000000D000000 Metel, 000000000000 O000OOO
NonMetel DO DOOODO0DO0DO000D0D0DO0D0DO0D00O00O UnknownO
0000000000000 D,, D, 000000 Djyo0000oooon

Dy = ({Metal},0)
Dy = ({NonMetal},)
DY = ({Unknown}, ()

obooboobooboboo rRpboobooooooboo

fun Fo(Metal, NonMetal) = Unknown
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Metal ) NonMetal 2

O Al 000000DO0O0DOOd O A2 000000D00O0DOO0

gobobo1

D0000 0000000000000000000000000000000000
0000000000000 000000000000000000000000000
D000000D0000D000000 NonMetalDOODODODOD Raregas 000
O00D00000 NonRaregqasO O OO ODOOOOOOOOO0O UnknownOOGOODOOO
D00D00000 Ioniz0 000000000000 O000 NonlonizeDDOOD OO O
0000000000000 00000000000 DY, DY, oooooo DPOo0on
000000

D! = Dj
D} = D{[NonMetal < Raregas, NonMetal < NonRaregas]

DY = DQ[Unknown < Ionize, Unknown < Nonlonize]
0000000 /boooooboooooo
fun Fy(Metal, Raregas) = Nonlonize

goooo 2

goobb ooobobobooooobboooobbobbooobbooboobobbo
gboboogbooogboobbbooobobboob,obboobbooobbooooba
gbobooogodgobobooooobbboobbooooboobooobobobooo
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O00000D0D0000000000 NonRaregasO O OOODODODOODOO Halogen OO
0000000000 NonHalogenDOOOOODOOOODO MetelD SO0ODO0D0DOO0O0
00 OrbitS, FOODOOODOOOO OrbitF, DOOODOOOOODOOO OrbitD, PO
D000000000 OorditPO0DO0D00O00DO00DO lonize0 00000000
0000000 Stronglon 0 000000000000000 WeaklonODODOOOD OO
D0000D0O000DL, DL oooDoooD0000000000

D) = Di[Metal < OrbitS, Metal < OrbitF', Metal < OrbitD, Metal < OrbitP]
D; = D%[NonRaregaS =< Halogen, NonRaregas < NonHalogen]

DY = D%[lonize < Weaklon, lonize < Stronglon]

obooobonbo ;pmbobobobobobobonboo

fun Fy(OrbitS, Halogen) = Stronglon
| Fy(OrbitD, Halogen) = Weaklon
| Fy(OrbitP, Halogen) = Nonlonize

gooog 3

00000 DOOOOOOOOOD400,500,60000000000DO0O0OO0
00000000000 00000000000000000000000000000
000000000000 30000000000000 OritPO 4000000000
00 OrbitD4, 500000000000 OrbitD5500000000000 OrbitD500
0000000000000 WedklonDOOOODOODOOO WWWlon, WWion, Wlon O O
D000000D000000000000000 DL, D, 000000 DY000O0OO0
0ooo

D. = DI[{OrbitD < OrbitD4, OrbitD < OrbitD5, OrbitD < OrbitD6]
D! = D!
DS = DY[{ Weaklon < Wion, Weaklon < WWlon, WeakIon < WW Wlon]

ObOoobobD mbobobooboboboboo

fun F5(O0rbitD4, Halogen) = Wlon
| F3(OrbitD5, Halogen) = WWlon
| F3(0rbitD6, Halogen) = WWWlon
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D, = DL[OrbitS < AlkaliM, OrbitS < AlFarthM]
D, = D!

D¢ = D?[Stronglon < Slon, Stronglon < SSIon, Stronglon < SSSlon]

ObooobonD ssbob0bobobobobonboo

fun Fy(AlkaliM, Halogen) = SSlon
| Fy(AlFEarthM, Halogen) = Slon
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