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e JOUODOUOD...0OD0DOODLOODLDDOODLOODLD: O0DbLOOODbLDOOLOD
e JOUUOOODLODOOO...ODODUOUOLODLDLDOOOUUODLDDLDOOOUODLO

— 000000 (operational semantics)..0000000000000000O

— 000000 (denotational semantics)..0 00 000000000000O00O0O
000000 (0o00000oooo0o0oUoooooooooooooO (oo
0)yooooo)

— 000000 (aziomatic semantics)..000000000000000D00O0 (cf.
O00000ooon)
e JUUIUIUUUODDD =000000O0OODO
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1. 0000000 (00000000 0o0ooD)0000D00oooo (60%).A0000
gboooboobodnr00

2. 0000000000000O00O0ODOO0O0O0O0O00O0 (40%)
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Benjamin C. Pierce. Types and Programming Languages. The MIT Press. 2002. A\ O
0000000000000 0DODO00DOo0ooO00oDoOOoO0oDoOooO

Robin Milner. Communicating and Mobile Systems: the w-Calculus. Cambridge Uni-
versity Press, 1999. 00000000 0000000 0O0OO1999 00000000
0000000000000 000O00oDo0oooDoooooo
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Case 1: 10000 =00000
e (1+5)* (3-5 000000 -120000000
(1+5) % (3-5 — 6x(3-5)
— 6 * (-2)
— -12
0000000000 -12000000000

e(1+5)x(3-5000000000(+5)x(-2)0000000000000
000000000000000000000000

e (1+5) % (3-5 000000000 (2%*4)-(6+14)0000000000
0oo

0000000000000..
e 0(1+5)* (3-5M6+*(3-500000000000000000: Aexpl

e 000000 UUOUOODDOODOO: — (C Aexp x Aexp)d

e 100000 DOODOOODODOODODDODOODODO: =(C Aexp x Aexp)U
000000 (@ooooOOo0o0o0ooooooooooon)
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— 1+42=37
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e JO00OD0O:000D00UODOOOLDOOODOODDOO:-ODOODDOOO S, V,000O

e 0000 (00000000000D)000000D (0000000000000
oooo)

+0000: Vo,y € Aexp.Vz € Num.(z+y — -+ — 2 <= y+z — -+ — 2)
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Al 0OOO0OOO

000 A, BOOOO (proposition) 0000000000000 (statement, 000000
O0000D0)000000000000 statement 0 00O (predicate) 00000000000
godoobooooooboooooooboog: 20000 P(x,y)d:ef(xSy)DDDDDD
00000000 0000000O (logical connectives) 0000000000
O00000000000000 (quantifier) 0000000000000 OOOOOOOOO
0oodoooooooooooooooboooooboooonoooooooooon
00D0DDoD&OO00000DODO000DO0ODODO0O0O0DOOO0O0O010D0O0O00004d

gd gad
) ADO0D0O0D (not)
A& B AO0O0O BOOOO (and, conjunction)
Aor B AO00O0 BOOODO (or, disjunction)
A= B 00 AD000 BOOOO (if-then, implication)
A< B AO0O0 BOUOODDAODDODO BOOOOOOOOO
(if-and-only-if, logical equivalence)
g, ..,z Play,...,2,) | 00 2q,...,2, 0000 P(xq,...,2,) 0000 (there exists)
Vey, ..., 2, P(xy,...,x,) | 000 2q,...,2, 0000 P(ay,...,2,) 0000 (for all)
VY € X.P(x) Verxe X = Px) 0000 000000000000
Jo € X.P(x) Vzzxe X&P(x) 00002:000000000000
dlx.P(x) (Jz.P(x)) &Yy, 2. (P(y) & P(z) =—=y=2) 0000
OPx) 000 200000000000

A2 0O0O0O0OO0O

O 1. gboood

gobbobooobboboooobobobuago200b004d

A3 0O0OO0OOO

n000 00 X,,..

,X,000000000P(X,x---xX,) 0000 Xy,..

L X, OO n

000 (n-ary relation) D0 O0O0O000ROOOO0O (binary relation) 00 0000(z,y) € R

UzRy 000000



00 00 ooooo
D00 (00D000000)00 | {abe,...}
ooooo a€X
oooo Xcy VzeXzeY
DooooO X=Y XCY&yYcCX
ooo 0 (Vo.x & 0)
ooooo {reX|P(x)}| XOOODODOPOODOOODOOODOO
0(00)00 P(X) {Y|Y CX)}
X000ooooooooo
0oo XUY {a]aeXoraeY}
Doooo Ux {a|FzecXacxr} 00 XOOODOOO
U,es % 1000000
o000 XnY {alae X&acY}
Dooooooo X {a|VzeXacz} OO XOOOOOO
Nics Ti 000000
oo00oo0d X xY {(a,b) |lae X &beY}
00 XY {(0,a) |ae XYU{(1,b) |be Y}
O X\Y {r|lzeX&rgY}
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Vo, y,y . (r,y) € f& (v,y) € f)=y =1y

000 ((@0O0O)00 fePXxY)D X OO Y OOOOOO (partial function) 00 OO
(z,y) € f000D000f(z) =y 000000000000 fO 20000 0000
O (defined) 000020000 Vy.(z,y) € fO00 20000 00O (undefined) 00O
goon

XO0oyYyuoooooobooooo X—=YUOooooo

0000 XOOYOOOOOO yOOVee X3yeVYf(z)=yOOOOODOODDODO
O (total function) OO OO

XO0oYUoououoboboooooob X —-=YUOoooooo

00 XO0O0OO ldy € X —» X = {(z,2) |z € X} 0 X 00000 O (identity function)
goon

00 feX—-YOOOOO3geY - X.VeeXg(f(z)=a&VyeY.fgly)=y) O
O000000X O YO10 100(1-1 correspondence) 00O DO0O0O0O0O0O0O0O0OO
0g¢g0 fO0000Gmerse)yD000000ONatOOOOOO 1010000000000
O (countable) D0 00000

00000000
RO XOYDOODOOOSO YO ZOOOOOOOOORO S 000 (composition) O
SoRZ {(z,2) | Iy € Y.(r,y) € R& (y,2) € S}

O00000SoRO XUO zZOODOOODOOOODOOODOOODOOODOOO
gobooodg
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XOOOO ReP(XxX)OOOOOODOODOOOOOO (equivalence relation) O O
gooon

e 000 (reflexivity): Vo € X.xRx
e 000 (symmetricity): Vx,y € X.xRy — yRx

e 000 (transitivity): Va,y,z € X.(xRy & yRz) = xRz
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00 ROOOO0OO00000ROOOOOOOOOOOOOOOOOOOOOOOOOOO
0000000000000000000
00 R={(n,n+1)|neNat} 000

e RODODODOOOOD 1000000000 {(n,n+1)|neNat}U{(n+1,n)|ne
Nat} 0000

e ROODOUODOOD<OODOO
e ROUDOODOUODODO <OODOO

e {(n,n+5)|neNat) 000000000 (0000)00500000000000
000000000

A4 0OO0OODOO

0000000 z0000P(xO000000
1. P(0)0D0ODO
2. 000000 nO00000P(R) 00O P(n+1)00000

goooobbbbboobooooooag
(P(0) & Vn € Nat.(P(n) = P(n+1))) = Vx € Nat.P(x)
Oo00O0P(n+1) 00000000 Pn)OODOOOOOODODOO
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