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{z|P(x)} 0000000000000 ORussell 000 (0000D00)000000000000000OO0DODDOO
ooo

12



23 U0OO0OOOOO

00 AQO0O BOOOOUOOOOODOOOOODOOOOOOOOOOOOOO AcBOOO
goooooBoAOOOOOOOO.

Ve (re A = x€B)

0J00DDADO0OOOOOO0 BOOOOODODDODOOOODODODODDOD.ODOODO AO BO
0000 (subset) DO OODOO.
A=BOUOACBABCADOQOODODOOO

0 24

{a} C {a,b}
NCR

24 0000OOOOOO

241 AcBOOOO

000 zxe A0 xe BOOOOOOOOOODOO

O 25 Prime(x) D02z 000 (prime number) 000000000000 00O0A = {z |
Prime(z) A42 <z <51}, B={z |z =4k+3Ake N} OOODAC BOOODODO.

acA0D00O0OOa=43Vva=47000.

e=430000
a=4x10+3,10c NOOOOO a€B
e=470000

a=4x11+43,11eNODOOOO a€B
ooooo,AcBOO0OO

242 Ag¢gBOOOO

ACBUOODOODOOOODO A¢BOOUODODODOODODOOO0ODxze ADDDO xz¢BOO
00000000

026 A={3k+1|keN},B={4k+1|keN} OO0, A¢BOO B¢ ADOOOO

1€ A0D0 4¢B
5¢BO05¢A

243 A=B0O0O0OO

AcBOUOBcCcAOOO.

027 A={z 200000 12<2<18}, B={z|3ke{3,4}x=4k+1} 00, A= B0
oo.
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ACBOOD.2€AA(z=13va=17)000013=4x3+1,17=4x4+1
BCAOOD.z€B,a=4x3+102=4x4+10000000,12<z<18
oooo.

000,A=DRB

2.4.4 00000 (Pigeon hole principle) ()

goboobooobooboboooboobbobooobboobde.00obO0 mOO0OO0ODO
gooooobo.»m>n000000000100000 200000000000000O
gbooobooooboon

028 000 367r0pooo0obDoooooob0obOoooobooooooob 1bboooo

029 1002x000000000000,+1000000000000000000000
00000000000000

000000000000B={keN |1<k<22}00000001<k<200000 k
O00000Ay,={k-29]|(0<a) A (k-2°<20)} 000000000 4,0 kO 100 200
0000000000000 nO00000000B=A4,UA3U---UAy,_, 00000000
0000 BOOrn+100000000000000000 4,00 200000000000
000000000 4,00002000000000000000000000000000
oooooooo

25 0OO0O0O0

gboooboog3soooboobboooobbobboooooooboobooboobooboboo
oboooooboboobooboobomotoomoobomooomoobmoooooon

2.5.1 0O0O0OO

OO0 A0DO0O0O0O (powerset) 000 AO0O0DODOODOOOOOOODOOODOOOOOOOOOO
240 P(A)0000DODO0OO0OOODODOOOOOOOOO

Ve, (z €2t e xC A)
oo «000b0ooobboboobbooa
0 30 A={a,b,c}0000O

2% = {¢,{a},{b}, {c}.{a, b}, {a,c}, {b,c}, A}

25.2 0O00OO0OOOOO

20000b0obbbo000booo0ob bbb bOoob o

U 000 (OO0, union)

N 0000 (000, intersection)

00000ABOOODOODOODODAUBO ANnBOOUOODOODOOOOOOOOODODOO

gooooo
gooooboooboobboood

14



Ve.(x € AUB < (x € AVz € B))
Ve.(x € ANB < (x € ANz € B))

031 A={1,2},B=1{2,3,4}00000
AUB ={1,2,3,4}
ANB=1{2}

gooooo

(a
(b

AUgp=A

AUB=BUA(DDOOD)

(d) AUA=A(DDODOOD)

)
)
(¢c) Au(BUC)=(AuB)uC (DOODO)
)
) ACB&AUB=RB

(e

()0 OO

(1) AcB=AUB=BO0O00OODO
AcBOOOOOO

(a) (AuBcCcBOOO)
re AuBOOOO x€eAvaeeBOOOO
re ADODD,AcBO0OzeB
O0000DO0ooDo0oO0 xeBOOOO

(b) (BC AUBODOO)
reBOOOO xzeAvezeBOOODO
000 zeAuBOOO0O

(2) AUB=B=ACBOO0OOOO
r€A0000000000D00002z€AuBO0O0O0
AUB=BOO zeBOOOO

goooood

(a
(b

ANg=¢
ANB=BNnA(@OODO)

(d

)
)
() AN(BNC)=AnB)NnC(0D0O0OO)
) ANA=A((00000)

)

() ACB& AnNB=A

oood
(a) AN(BUC)=(ANB)U(ANC)

(b) AU(BNC)=(AUB)N(AUC)

15



2,53 0O0O0O
00 A0O0OO BOODOUOOD A-BOOODODODOOOODOOODODOOOOOODOODOO
Ve(r€e A—B& (€ ANz & B))
0 32 A={a,b,c},B={c,d} 0000 A—- B={a,b}

000000000000000000000000000000000000000000
O0O0(AUB)-B=A0 (A-B)UB=A00000000000

2.5.4 000 (1)

gbooOoooboooboobooocoobb100o0b0Oo0oo0oo0obOO00ooooooooooan.
000000000000 000000O00O000000000 NOODODDOOODOO

0000000000 ADOO0OO0OO0,A0D000000O00O00 AOOOO (complement)
000,A000. 0000000000000 0000A=U-AD00000D0DOO000OOO
gbooboooobooooooan

Ve.(rc Az g A

oooOoooOoooobooveD c0DOO0OOO0DOOOOUOUOOOO

goooog

() AUB=ANB, ANB=AuB@O0000000OO)
()ooo

ACB=BCAOODO
reBUOOO0x¢BOODODODOOD ¢ AD00000000OOzEA
ACBOO zeBOOOOOOODOO

000000zeAOOOO

BcA=AcBOOO
r€AD0D. ¢ BO0O0O0O (0000 z€B),BCAD0D,z€c A 00D,x¢A
000,00.00000,2z€B. 0000 AcCB.

255 U0OOOOO
0O (0D00OOtuple) 0000000 UOODOODOOOODOUOOUOOOOOOOOOOODO (1,2,3)

gboooboooooboobooboooboobbobobobbobboooo
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0 33
e (0)..00000000
e (0,1,1)... 3000000000 ((0,1)00000)
e (0,1,1,1,2). .. 5000000000 ((2,1,1,0,1)0000000000)
e (00000O0DDODOO.

000 200000 (00 O0pair)000. O (z1,22,...,2,) 0000, 20 i 000000
oo.
00 A0 BOOODODO (cartesian product) Ax BOOOOOOODOOODO0OOOOOO

Vz.(r € Ax B) < 3z Jy ((z={(z,y)) N(xr € A) A (y € B)))
gooobooobobooooobobobbobooboobbOooooon
Yo Yw ((v,w) € Ax Be (ve AANw € B))
0 84 A={a,b}, B=1{0,1,2y000.

A x B = {{a,0),{a,1),{a,2),(b,0),(b,1), (b,2)}

PxB=Bx0=10
00 A,,...,A,0000,0000000000.

Ap % x Ap = {{ar,...,an) | a1 € ALA - Aan € An}

n

—_——~
OO0 A0 0000 Ax---xAQO A"0OOOC

A"={()}0O00o ¢goooo0D)

A'={{a) |a € 4}

035 A={0,1}000.

A% ={()}
Al = {(0), (1)}
A? = {(0,0),(0,1),(1,0),(1,1)}

AlD A0DDDDODOODODOOOO20

2000000000000A'=A0000000000000

17



26 0000000000 (1)

dbooboooooooboooooboooooooooooobooo0obooOooooon
doooooooooooobooooooooobooobooobooboboobooboobooooa
000000000000 UoD (0oo0oD)0oDooooOo

00 ADDOOOO0DO0O (00000, denumerable) 00 AODDOOOOOOO100020
003000---000 (000000000)000000000%0000000000000
AODO0OOOOOOOOOOOOOODAOOOUOOOOOODOOOOOOODOOOOOO0

036 00000000000 NOODODODOOODOUOO0O0Oooooooooooooooo
ooooo zobgoooooooooooo,1,-1,2,-2,.--0000000000000C0CO
CcO0000000O000000D0O00O0O0000000U00O0 (00000 UoooDooo

oOocOO0O0o00o00oO0o0ooO0oooO00oOo0ooO) 0000000 oOoUoO0ooOoooOo

0000000 000ooooooo0o0oOoooooouoASClIDOdODoDooooOoODn bit

000000000 U0oo000D (boooUO0)l0ooo0oUDOD0oOODDOOoOoOoOooOoooUo

O0o0CcU0O00000o00o000000o00o0o0o000Uoo0U0o (o0oooooon

O bitOO0OOO0OCOOOOO0O0OU00O0OO0OOOOOoDOooon)O

gd 1
e 10 ADUDDOOODOUOOODADOOOOO (countable set) 00 OO0
o DU 0OUO0OUOUODODLOOUOOUUODLDOO
e 00D DDOOO,O00O (uncountable) 00O O OO
037 0000000000000 NODOODOOOOODOODOOOODOOOODOOOO

038 00000000 {z€Q|0<2}00000000.

C Wl N R
B VISR
—lw

000000000000 o0. (000000 2000000000DO0000O0OO0O0O200
OO00ooooooooooon)

039 duboobobooogooobboooboobooboooobon

A=AyUA UAsU---UA,U---

0000, 4y, 4,,---0000000000,

Ag = apo, ao1 ap2
A= aio, a1
A = ago,

S00000ADO0DOO0DDODOOOOOON -—AD000D00O0D0O0O0O0OOOOOODOOOODOOOOO0O0
goo0oo0o0ooooooooo
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ago, ao1, 610, Go2,011,--- 0000 0000000000000 00O00000OO. 000, A4
0oooo4o

gboooboboobbooboobobbobobobbooooobobobboobooooo
goo0oooooOO0o00oooO0obOoOo0oO0gobD goooooooooooon

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD2NDDDDD
gboooboooo

oo 12VNooooooo.

oo

T=2NOooooroooDODOODODODOO00OO00DO0O0O

0000O000,70000, So,S1,---,8,---0000000000000000
00000 vooo.

V={neN|né&S,}

VoooooooooovocANOOOooovVeToooooooov Qg Sy, Sy,---
Ooooooooooov=S,00000000

keV < k¢S
& kEEV

g0o000db0kevOOOOOOOOODODOODODOODOODDOODO

goooobooooooboboroooooobooboooooroooooboooo
gooooon

00000000000000000000000000000000000000000
0000000000000000000 ROOODOO0O0000000000000000
00000000000000000000000000000ROO000000000000
0oo0o0O00oo0o0on

oo 2N ooDOoOODDODODODODO0O0D ROOODOOOO0O0000

noo Ae2N oooono

0.do 0 dy 0ds 0---

000 20000000000000%000004;0 ADODDOOODO0DO00OO (00
00 100000)0000

. _ {1 ieAnnm
‘10 i¢gADDO

goooOooooooooo

0.1000100010001000 - - -
gooboobooobogobooooboobo

0.0010001000100010 - - -

000000000000 00000000000000000000000000000000000000
000000000 dod1...000010000 00000000000SO000000000000000O000
ooo
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gobooooooooood
DDDDDDDDDA,BGZNDDDD ABODOOOODODOOOOOOOOOOOOOO
gogoooooooobobobooooo RDDDDDDDD2NDDDDDDDDDDDDD
ooooDoOoOoO0oDODbOOoOoROOODOOODO
gooooooooboooooboboooooobobooobooobooooROObDDbDOD
gogoboboooboboooooooobooobobbobooooboobooooooo
gboooooooood

20



30 Ui

A, BOOOOOOOOO0D ADODODOUOOUOOOOO BOOOOOOOOODOUOOOO (function)d
0000000 (map 000 mapping)000.

0d00O0dddo0odD AO0DOD BOODOODOOOO ADODOODODOO BOOOOO
000000000 A0DDOO0DOO0ODOO0O0O0O00O0O0ODOOOOODDOOD BOODOOO 100

gboooboood

040 DOO0OOOOOOOOOO.

032000000 (0: 0000000 200000: ¢c0000000O0OODO)

3.1 Ugoogg

fO000 A0D00O0O BOOOOODOOOO f:A—-BOOOOODOOODAD fOO0OO
(domain), BO fO000 (range D000 codomain) 000 . 0000000 z€ A0 yeB
00000000 (0000)000 fo)=y000020 f000 (00000 argument)dy
O f000 200 (OOOO0OvalueyDO0OO

21



3.2 UOO0Oogoooouon

gbobooOooooboboboooooooboooooo 200000000000OO00O000O0

00000 (D000, binary function): f: (Ax B) — C

O000000AxB—CO0000000000000z€A, yeBOOOO f({z,y) O
000 f(z,y)0ODOOO

041 00000000000000000. plus: N xN — N. plus((z,y)) =0 yO0O.
o000, plus(z,y)0O00O.

0000o00000O0o0o0U00o (Doboo)ooooooo
f:A xAsx---xA, > B

042 n000000000000000 maxO0Omazr: N"—->NDOOOOO

goobooobobobobooboboo nOO0ODOO0ODOODOOOOO0OOO0OODOO0O0DODOd
000 (00000o0o0)0000000O00DU00O00000DOo0DOoOoooOoODUOoOUo
gboooobooooooobooboooooboooooooban

3.3 0O (image)
00 f:A—-B0O 00D CCADODOODfOOO0COD f(C)0000000000
(@) ={f(x) e BlxeC}

g33000

0330000000 CO0 £(O).

goooo,0ooooooooo.

ye f(C)eIreCy=f(r)

3.4 00O (inverse image) (7)
f:A-BO DCBOOOODOfO00 DOOD f~4P)0000000000000

(D) ={z €Al f(x) € D}

22



0 3.4: f~Y(D).

goooog,goobooooon.
re f1(D)e flx)eD

043 0 350000000 fOD00OD00O A= {a,b,c},fl:ll:ll:ll:l B={1,2,3}, f({a,c}):
{152}7 f(A) = {152}7 f({a}) = {1}7 f({a’b}) = {1}7 f_l({l,Z}) = {a>b’ C}a f—l({1,3}) =
{a,0}, f71({3}) = ¢, f71(B) = {a,b,c} = A.

0 35 00 f.

3.5 UOOOoOn0n

goooopoOooo 20000 f:A—-B,g:A—-BOOOOOOOOOOOOOODOOO
ooo

Vee A f(x) =g(x)

o000 f=gy00O0. 000000000000 0OOOCOOOOOOOODOUODOOOOOO
000000000000 (extensional equality) 00 OO

0 44 f(zx)=2x,¢9(z)=2x+20000 f=9g0000

3.6 00000 (composition)

20000 f:A—B,g:B—»CO00000f0 ¢000000000000000OO
O00Ogof:A—CDOO(gof)(z) =g(f(x)) 0000D0000000000

O000O0gof0000 f,¢000000000000O00f000000000 ¢g0000
00000000000 gof000000000000000000(gof)(z)=g(f(z)) 00
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oooooooooOoboOooooooooOoDbDOooOOD4000000000 RoTDOOOODO
gooooo0 ROOOOOOODODOD TODOOOODOOODODOODOOOODODODOOO
o000 O00OO0ODOOOOOODOOOOUDODODOOUOODLODLDOOOLOOODOODOOOOn
gbooooooobboooooboobooobooonog

000000000 (C0O0D)0DOO:

(ho(gof))(@)="n((go f)(x))=h(g(f(x))) = (heg)(f(x)) =((hog)e f)(x)
Od000fog=gofO0O000DO0OO

0 45 f(z) =% g(a) =2+ 1. (fog)@) = fla+1) = (& + D)% (go f)(2) = g(a?) = a? + 1.

3.7 0000 (identity function)

00 ADO0OO0O0OO4da:A— A0004dda(r)=2 000000000000
f:A—BOOO, foida= f=1idgof.

3.8 00O (0DOO0O0O, one to one, injection)

00 f:A—-BOOODODODDOODOODO0O0OOO
Vee Avye A (f(x) = fly) =z =y)

00000000000 VzeAVyeA(z#£y= fz)#f(y)0000000000.00
00AODDODOOOD BOOOOOOOOOOOOOOOO0OOOOO

0 46 (O 3.7)

036:00 f:A—-BOOOODOOOO g:A—B.

0 47 f(z)=az+b(0000e#£0000)00000000 f:R—-ROOOOOO.
g(x)=az® +br+c(0000e£0000)00000000¢000000.

0 48 A={6k+4|keN}, B={3k+4|keN}, f:A—B, f(x)=2c+300000. fO
O0.00000z#y=x+3#y+3.

24



3.9 00 (000000 onto, surjection)
00 f:A—»BODDOOOOOOOOOODOOO0O000
Vye BIre A f(z)=y

000000 f(A)=BO0OD0OO0O0O0OUOOOOOOfO0OD0 ADDODOO BOOODOO
goooooood

0 49 (O 3.7)

03700 f:A-BOOOODOOOO g:A—B.

050 f:AxB— A, f(z,y)=2x00000 f000000000000.

051g9g:A—-AxAgx)=(r,z) 00000 ¢g00D00ODO0OODOOOO.

3.10 OO0 (bijection) O OO0 (inverse function)

0000000000000000000
f:A—-BOOOOOOODOOOOOOOOOG:B—A000OOO0g0O000 fO000O
ooooo

Ve e AVye B (f(z) =y z=yg(y))

O00000gof=ids, fog=idg 000000

0 52 E,0000000000000000000000f:0 —E, f(z)=2—10g:E — O,
glz)=2+10000
f¢00000000g¢0 fO00D000f0 ¢g00000000

3.11 0000 (partial function)

gobooooooobooobooobooobooooooboboooboboooooooo
000000 AD0ODOOOOOODOOO0OO0O0O0 BOOOOOOOO 100000000000
goooooooooooooof0O00 AODODOO BOOOOOODOODOODOODf,A— B
gooo

00000 10000000000000 10000000000

25



0583 dioD000000000000O0DDOODOdiv D RxROOROODOODODODOOO
OO000div;RxR—ROOOO
00 div(z,0) (000 x e R)0000O0O0OO0O0OOOO0OO0O0OODOOOOOOOOOOOO

gbooobdobooobbobobobbobooooobobobooboboobobobooo
000000000000 (total function)00OOOOOOO

gdboobooooooobboooooboooboooooooboooobobooooooon
gooboboooobooboobooooboboobbobooboobooobbobo
00000 (00000000 0)0000000000000O00000DO0O0O0O0O0OO0O
gdooooboboooooooobbobobobooooOoooooboooooobonn

gboooooboobobOoobooooobooooobooooobooobooobooooon
gbooooboobobboboboooooobbobobooboboobobobobobbobobn
gboogoboboobooboobobobooobb
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40 UOU

4.1 0OUO

Ay, A,000000000A;x---x4,000000 4;,---,A4,00 nO00 (relation)
000000O0OO0ORO A,--+,4,00 000000000

RC A x---x A,

oooooooooA; =---=4,0000000A4,00n000000000080n=200
00 A, 000000 (binary relation) 00 0 0000000000000 0OOCOOOOOOO

054 A={a,b}, B={1,2,3}0000R, = {{a,1),(6,2)} O Ry = {(a, 1), (a,2), (a,3)} O O
ogoooood

ROOUOOO0ODOO(z,y) e ROODOOU 2Ry 000D0. 000000eR10 aR3000
ggo

055 A={1,2,3} 0000000 Rs,Ry0 AODODODOOOOODO

Ry = {<1al>7<2a1>7<2a2>7<3a1>7<3a2>7<353>}
R4 = {<151>7<252>7<3a3>}

R;0 >(00)0000000OOR, 0 =(000)000O0ODOOOO

4.2 0OOO0O0OOO

ROODO ADODOOOOOOOOOODOOORCAxAODODOO
o000 ROOOOOOOOOODOODODOODOOODOOODOOO

e ROODOD (reflexive): Vz(xRx)

e ROOOD (symmetric): VaVy(zRy = yRx)

e ROODD (transitive): VaVyVz((zRy AyRz) = xzRz)

e ROODDOO (antisymmetric): VaVy((zRy A yRx) = = =y)

056 000000 ANOODOODOOOOO,=<,<,%4R,S000000000R,S0000
00000000000

rRy<20 y0 7000000000

Sy & lv—yl <1

gooodoboobooobbooobooboooooobo
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oo 000 |0b0bO (ooo |bogd
= o o o o
< o X o o
< X X o o
#+ X o X X
R o o o X
S o o X X

0000000 ROODODOODODOOOOODOOOOODODOOzZRyOO yRzOD000OO
O00(xz—y)mod7=000 (y—2)mod 7=0000000000 (z—2)mod7=0000
OO00OzRz000000

OooOoo sOooooOoooooosioO 1s2000000520000

4.3 0OU

00 AD0DD0O00O0000O0000000000000000000UADOOO (order)d
0000000000000 0000000000000000D00000000 (partial order)
goooooooo

0 57 NOUODOOOO >0 <0 =0000000000
O00ONDOOOOOD <0000000000000000O0

058 A000000000240 ADDDODODOOOOOODODOOA000000000
0O cO0oodboo0cOopbooooooogooBcCcCcooCccphpod Bcboboooo
gbooogno

gboooooooooo

00 A0D0O0O0 RODOODOODOODOOOOOOOODODODOODOOOOzRyODODOOODOO
UOz0 ROODODUODyOOODDOODOOOOODOODDOOOOOOOOOOODOODOODOO
oo

e 000 (maximum element) e 00 Vo € A(zRa) D000 ADDODODODOOD

e 000U (minimum element) b00 Vx € A(bRz) D0OO0 ADDOODOOODOO

e 000 (maximal element) c00 Vz € A(cRx =c¢=2) 0000 ADDOOOOOOOO
e 000 (minimal element) d00 Vxr € A(xRd=2x=d) 0000 AODOOODOODOO

gobooboooobooboobboogooooobooooooobooobob 10oboooboooooboo
gioooboboboboboooboboboboobpoobooboobboooliooobbobooo

059 NOOOOD <000000000000000000000O00O0O0OO0 000O0ooo

060 A={1,2,3}0000240000000000000000000000000000
00oo
000000000000 ¢0000(4000000 S00000 ¢CcS00000000)
000000000000 AD0OORAODODOD SOO000O0 ScADO0OO0O
ooo)
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061 A={1,2,3}000024—-{4}000000000000000000000000000
0000ADOOOODOO0OOO00O0O0DO0O00(2A000000 S00000 SCT
00000000 7TO0000000)00000{1,2},{2,3},{3,1}030000

ooo

00 ADOOO ROUODOODOOOOOODODDOO (total order)0 000
Vo € AVy € A (zRy V yRx)

00000000 2000000R0O0000000 DO00O00O0O0)0000ROOOO
000000000 ONDD >0 <o000000o002Y 00D00oD cooonoooo
00000{1,2}0 {2,3}00c00000000000

0O0oooooo ()

R,R, 000000ODO A,A,0000000000000DQ0DDDO AixA,00DOCOO
000 2000000000010

e JOODO P:

(z1,91) P (22,92) & (1 R122 A Y1 R2y2)

e JOOODO L:

(1,91) L (x2,92) < (71 # 22 A1 R172) V (21 = T2 A Y1 R2y2))

R, R, O0000000D0DO000COLOODOODOODODOOOODOO0O0OR,R,O0D00D0O
oboOoouoboobooooboobooooboboobooboboOooobooobobobOooooooa
0jooo0ooO0o0o000o00 (bOooO0ooU0UO0OO0O0DO0O0OOO)000D0D0OOOOO0

4.4 0000

00 AODUO0O0OO0OO0OOO0OOO,000,000000000 AODDOOOOO (equivalence
relation) 0 00. 00000,00000000000000000000O0O0ODOOOOO.

062000000 ANDODOOODODOOOODOODOOOOO
{{n,n) |n e N}
00000 ROODOOOOOOODOOODOOOOOO
{{a,b) | a,beR OO |a| = |b|}

O00ONDOODO >0 <0000000000

0000000000000 000000 Vz; 000000000000000 OVz1VeeVyVye 0000000
ooooo
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0oo ()

ROOD A0UDUOOUO0OUOOD.2€A00 0000020000 [2)00000O0O0OO
goooan

] ={y| y€ A N 2Ry}

0000 RODOODOOOOODDOOOODOODORODOOOODOOD 2D0ODDOOO
ooooooooooo

0oo (1)
00 AD0D0DDOO ROOODDODOOO0 A/RO0DDDOOODDO0OOOOD0000O
A/R = {[z] |z € A}
063000000000 ROODOOOOOOO.

a Rb< (amod5=bmod5)

gboboooooboooooon.

[0] = {0,5,10,15,.. .}
[1] = {1,6,11,16,...}
2] = {2,7,12,17,.. }
3] = {3,8,13,18,.. .}
[4] = {4,5,14,19,.. }

N/RO,00000000.

4.5 0OOO0OO

R,SO0O000 A BOOOOOOOB,CO000O0O0OOOOOOOOORC AxB,SC BxC
000. RO SOO0O0O0ODOOO0 RoSOOOODDOODODOOO?0

z(RoS)y < 3z € B(zRz A zSy)

064 OO0ODOOOOOODO R, SOOOO.

R = {{z,z+1)|zeN}
S = {{z,22) |z €N}

0000,00000,RoR,RoS,SoRODDODOOODOOD.

RoR = {(z,2+2)|xzeN}
RoS = {(z,2(x+1))|zeN}
SoR {{z,22+1) |z e N'}
00000000000000000 RO SO000000000O0O0OOODOOO0OODO0ODOOOOOnOoog

0000 4000000000000000000000D000DO00000000000D0000000DO0000
gooooooo
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065 ROODOOOO >0 <OO0OOO
(o (>) =R xR

00000,000 2,y0000,00 »00000,2<200 :>y000000 000
000000000(:=2z+y+10000000)

00000000 ooOoUU00 (Doo)ooooo.
Ro(SoT)=(RoS)oT

00 2 RO ADODOOOO nOO0O0OOO,0RDO (0OO0O0OO0)OOOOOOO RO
ooooooooooo®o

R = {{a,a) |a € A}
R = R'oR=RoR"
U 66 R:{<a,b>,<b,c>,<c,d>}
R a b >C >d
— T
R? a b c d
\/
—_ T
R a b c d

4.6 00O (closure) (1)

gbbooboooobooboboobooboooboooobooooobobpbObObobOOOn
ooboo. 00 RO pOODOOOOOOOROOO,pObO0O0OO0O0DOODOOOODODOD
(000 0p000000000D0OO00OD0OOOODOOOOODODOO)
pUldO0OO0O0O0O0O0DOmMOOOO0O0mWOoOOOOO0OOoOobOoOobOoOooOOooooOooOoOonn

e ROUOUUODO+(R)O0D ROODDDUDDOUODOOOUODDO
e ROUUOD s(R) 00U RODUUDDODDOODOODOUDOO

e ROODUDO R UDDRUDOODOODOIDOODOOOUDO

0000000000000000000000000000000D0000O0O00O (00
00o0oO00o0ooo0ooo)ooooooooo

0 67 A={a,b,c}, R={{a,a),{a,b),(b,a),(b,c)} 0O OO

3000000000000000000000000000 »000000000000000O0O00O0OO0O0
gooo0oo0o0oo0oo0ooooo0ooboobO0oooobO0oO0oO0o0oo0ooooboooDooOn
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r(R) = {{a,a),{a,b),(b,a),(b,c), (b;b),{c,c)}
s(R) = {(a,a),(a,b), (b,a),(b;c),{c,b)}
t(R) = {{a,a),(a,b),(b,a),(b,c),(a,c),(b,b)}
000 S ={{ab),{bc),(c,d} 00000
r(S) = {{a,b),(b,c),{c,d),(a,a),(b,b),(c,c),(d,d)}
s(S) = {{a,b),(b;c),{c,d), (b,a),(c,b),(d,c)}
t(S) = {{a,0),(b,c),(c,d),(a,c), (b,d),({a,d)}

gooooo
RO AODOD0ODDDOODOOOOOOODOOOOODODOOOOOODOOODOOOOOOOO
(a) r(R)=RUR°

(b) s(R)=RUR®
000 REOOROODOOOOOOOOOOO ROOOOOOOOOO

R = {{z,y) [ (y,7) € R}

(c) A0 n0D0D00O0O0O0DODOOOO
t(R)=RUR?U---UR"

(d) ADDODODDODOOOROOOOO#R) 00000000000 DDOOODODO (OO)
oooooooo
t(R)= RUR?UR3U---

O 68 A={a,b,c,d, e}
R = {{a,b), (b,c), (b,d),(d,e)}

C C
a—— as—
N Fzz\\‘k d

l
'
<
R
i~
'
'
\ '
\ '
\ '
A 1
\

/ S

O0DO0O0OR*=R=¢0000

069 R={(z,x+1)|zeN}DODODDO0O

R = {not+1)|ze)
R* = {(z,2+2)|zeN}

RF = {{z,xz+k)|zeN}
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O0D0O0#R) D00 < (000000, “less-than’) 0000

070 NOOODOOOO less-than (00000 ), not-equal (00 O000)00000000O0O
oobooooboooboon

r(less-than) = {(x,y) |z <y}

s(less-than) = {(z,y) |z # y} (= not-equal)
t(less-than) = {(z,y) |z <y} (= less-than)
r(not-equal) = N xN

s(not-equal) = {(z,y) |z # y} (= not-equal)
t(not-equal) = N xN

071 00000000 Webpage OOOODODO WODOOOOOOOOODO ROODOODOO
gboooooogon

eRb & 200 bOOODOODO 1000000

ROOODOUOOOO n(R)ODOODOUOO(e,byer(R)D0a000000000O0 bODOODO
gooogoobooboo
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50 bbb

5.1 000

000 (graph) 000000000 (O0vertex) 10000000000000 (edge) OO
00000000000

0000000000 (000000000000)000000 (0000000000)0
oooooo

5.1.1 00000

gbobobooobobobbo 20bbo0obbobooboobooooooobobog 30 1,2,3
goooobbo200000b0bo0o00oboobon

Z: 3
00000 GOO0O000OO0 VOOOODO E0OO00OO0O0OODOODO! 000000000
oo0Oo0 GOooogooood

G = (V,E)
vV ={1,2,3}
E={{1,2},{1,3}}

O 72000000000.000000D00D0D0OO.

000000000000 e0O00 (degree) DD 000000 DOO0DOODOOOOOO
goooboobooo1l100i0o0 2,00 20000030000 10000

5.1.2 00O 0Od

00000000000 0D0O0OO0O000O0O (directed graph) 0O 0.

07330000 abec000000ODOOOOO

a

I\

bh——sc

0000000 2000000000000000000000000000000000 200000000 2
O0000o0o0O0o00000000o00
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O00000000«00 b0D0O0D00O00OVOOD «aO0O0D0OOD0O0eO0O VOOOODOO
0000000000000V OODOODOO

00000 GoOooooOooOooU0oooooooOoooUooo. Dgooooooooooo
oboboobOoboobooooooooooobooooooobboboboooooboobooooooonoag
(00)ooooOoooo

U 74 00000000000

G = (V,E)
vV o= {1,2,3,4}
E = {(1,2),(1,4),(4,3),(3,3)}

FO VvxvVO0OOOOODODODOOOvVOOOOOOOOO200000000000000A0
goobooooooobooobooboooboboooon

goboooobobobooobboboboobooboobobbD 20000000 e0000O0ODO
« 000000 (¢000000D0)000D0000O0O00O000O0eO0DO0ODOO (eDDOOO
00)oooooooo

gbooboboooboooooboooboobobobboobo

5.1.3 000000

000 G=(V,EF)0Oooooooo (bovOoooD)0 Goooooooooo (Do E
0000)0 GOO00O0O0U000O0O000O0OO00OU0O0O0D00DOOODUUOOoUUOooOo

5.1.4 0 (00)000 (0OOO)

00000000 (v, v1), (v1,02), (va2,v3), -+, (vp_1,v,) 0000000000 000000O
v 0000 v, 000 (00, path) 000w 000000000, 0000000nr0000
0Doooooo

000000000000000000 (v, v1,v2--vp_1,vp) 0000000000000

g 75 0000000000000

N/

20000000 200000000000000000000000000000
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(1,2),(2,3),(3,4)000 10000 40000000000 (1,2,3,4) 00000000000
00000 30000
0000040000 10000000000

godg 220bboboobobbdboooboooo bbb booobboooo
0oooooooobooooooooooob oo ooooo oo
O000Uo0ooooOoooooooooo

OO0 (000O0,cycle) 000000000 O0O0OOOUOOOOO0OOOOOONO(,2),(2,3),(3,1)
gopboooooooboobbon

0000000000000000000 (directed acyclic graph, 00 0 dag) 00 0. dag
ooo0o0oOooooooooo

5.1.5 0O0OO0OOOO

000 Gy =(Vi,E) O Gy = (Va, B,) 100 (isomorphic) 010 0000000000000
20000000000000000

000000000000000000000000000000000 (00000300
00000)00000000 f:V, -1, 0000000002000000000000000

e fODDDODO

o Ve e ViVy € Vi.(((z,9) 0 E10 D) & ((f(2), f(y) D Ex00))

5.1.6 UO0OUOOU

000 G=(V,E)000oUoouooG =(V,EyoOoVvV cviOO EcCcEQOOODODO
gooo

O 76 D0ODODOO0OO0O0OOOO0OODODO.

| ——————3
O

000000000 o00o0o00oo0ooo0oooo0ooU. (ooooooo)

D —
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5.1.7 0000000 (4)

000000 (connected) 00000000 20000 00000000 000000
goooboog

000 GoOO0000o0ogooGoodooooooooooood0. oooooGooOogag
000 ¢00000GF 00000 GO00O000O000O00O00O00ODOO0ooOoOoDO
ooo

5.1.8 0000000020000 (1)

gooboobobobobbooooooooboobobooooooooobog n0bOoOog
00 K, 00000000 0Ks 00000 50,00 1o00000D00DOO

goooopoooOoOoOoO00O0 A0 BUOOOOODDAOOOOODODOOUOD BOOOO
gooOoo0OoO00oO00oUOoOoO0o0oUOOoOoUOUOooOoOobD 200000O0OO0ADOOO
00 nO000BOO0OOO0O0OO0 mOO0O0O0O0O00O0O0 200000 K,, OOOOOOOOOO
Un+mO00000 »mmO00000000O

o 77

3 4
2
5
~ 4
0oo0oo 0020000

5.1.9 000000 (1)

goobooooooobooboooobobobboobboobooooobooooooooboo
goboooboooooobooboboo.ooboooboooobobobboobobobo

0 78 [Konigsherg 00 (O 5.1)]7000000000000000000O00O0OQO. Euler 00

O 5.1: Konigsberg 0 O

gooobooobobobobboooo.obooooboooobobbobooo
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Konigsberg 0000000000 O0DOOO0O0O0ODOO00OO0ODOO0O0O00O0O0ODOOODOOOOO
gooooboooboooobo1googooogooobobobobboboobooobooooboo

gbobobooooboobooboooboooooooboooooooooboboooboaon
goboooooobooo 2000000000000 00O0O0000ODOCOODOODOODOOOO
O OKonigsberg 0 0O0O00OD0O0DOOO0OO0OODOOOODODODOO

gooooooob 40000000000DDOOO

5.2 0O (tree)

gobodobooooobboooooooobooooouooooobooooooooann
gbooooooooboobooboobbooooooo

e [ (root) 0000 ODUOOOOO 100O0DOODO

e JIODOOOOOOOODOODODOOODODOO
gooooooobgobobobogo

e 0 (root) DODDOOOODOOO 100DO0DOOO

e NODDOOOODODO
googobboboboboboooooboobobbon

079 A0O0OOO

(A)
B © O

®©E® .
i3

goboobooboobooboooobooooboobooooooboooboOono 1boooboaooo
O0000000000000 (depth) D0 00000000000 000000 »O0000O
goobooooooooooooboobooboobobooooooooDb FO0OOO 2000 B,BO
000 1000 A A0Q0O00 oOOQOOCCODOO

00 AU OO0 BOUOOOOUOBO AUUDDOOOOUDOOOODO (leaf)DOODOO
OO0OO0OOEFIHDOODOOOOOO0OOO0OOO0OOD0OO00O (DO00Onode) 00000000
ggd
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goooboooobooobooooboooooooooooooooooooooooooboon
000000o00o0oo0o0ooo0o0UoooO0o0@UOOoO0DL0OOoU0oOoOUoDOoo
gbobooooboobooooobbooooobobbooobooooooobDoobooobobonog
000000 0o000oO0o0ooOo0oU0Oo0oO0o0oO0)00oU000DO0oO0oDOUO0oO0OoOOoUOoOoOoOOOn
0000 (ooooo)yoooo

0000 (height) DO0O0D0D0000000O0OO0O0O0OD0O0O0ODOODO0OOOOOOOOOO
30000

0oo0o0ooo0o0oO00O0OUO0O0O0 nOUDOODOO0O0O0DOORPOO (DOOOO)ODDOOO
gogobobobooobo sgobobboobbosboooood

O00000000000000 (forest) 0000000000000 O00OOOOOOOOOO
gooooood

5.2.1 00O

gbooobbooobiliobboboooooobboobooboboboobobbooobo
0o0o0oo(@CoOoo00oOooooUO0oO0oUoDUoOoUOOoDoOooooon)

godobooboogoooooobooboobooooooooooooooooooobooooon
ooooooooooOooooooAO0ODOOOO B, DO0OOODOBOOOOODOOOOCOC
gooboooobooopobooooobobobooboooboboboobboobDooDbOoogo
ocooodce,p,pO00000O00O0OOO0ODODOOOODODODODOODLODOOO

gboooboooobobooboobOoooboooooooboooobooobooooboboooobooon
gooooboboooobobooooboobooobboobooooooonag

gboboooooooobbobbboobooobboobobobobooboboboboboo
gboooooboobooooooboooobobooobobobooooooooboboobob
goooo

080 3+(4x8)00000O0O.

3/ I \l‘{
4/ \8

O000000000000003+(4x8) 0 (3+4)x8000000000000000OO
000003+ (4x8)03+(8x4)000000000000000O0OO0OOOOODOODO
gbooobooboboooooon

gooooooooboooooboboobobooboobooobbooboobbo1Iobooo
000000000000 0U00 (ODO0O00OO00ODO00O0O0O0)0DoDO00DU0DOoDOoUoooOo
00000000000 (00000000 @000000)00000000000000030

000000000000 10000000000000000000000000000
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el UOUOULOUOOUO

0000000000000 0000O0000000O00O (induction) DO0O0OOOO
000000000000 (mathematical induction) 00 0000000000 OOO PO
00000000 o00oo0ooooooOoooo0oooooP(OO) D OO0DOOOOODODOOOO
OPx)0D0O0O00OOPK+1) 00000000000 O0O00O0 n0O0O00O0OPM)ODOODOOO
gooooOoooboobooobon
gbbdobooogoboooobooboooboooboboooboobbobbbobobo
gbodobobooooooobooooobooobobooboooobooooboobobod
dooboooobooboobooboobooooooooooboobobOooooobOoon
obooboboobobobooobooooobobobooooooobbooboobooboooooooo
oooooobooooooobobooooboobooooooo

6.1 UUOOooooooon

0000000000000 0000D000000000000000 (inductive definition)
gooodg

00 A0D0ODODOOO0ODO0OO0O0O0O0OO0 ADODOQOOOOODOO

e (basisUOD)000O00ODD (DO0OUDOOOOOOODOO)ODODOD AODDODOOO
gooood

e (induction stepd 0000 ) 000 ADODUOOODOUOOOOOOOOOOOOOOOO
AODODOOOOOOOOOOO

e (closure0000) 0000000000 00DODOOODOOOOOO AODOOOOOOO
ood

0000000000 dclosure 000000000000 O00DOO0ODODOODOOOOOOOO
081300000000 A0DOOoOoon

e3€cA

ercA=>x4+2€ A

e 0000D00D00D0O00O0O0 ADDDOOOD@MOOO0DADDDOODODOOOO
oooo.)

0003000 closwre 000000000 AODDOOOODODODOOOOOOOODOOOOO N
U l,2000000000000D0O00000000DOCDODOOOOOOODOOOOODOOO0
OO00O0OO0000DO0OO0OOOcdoswre00000O0D0OOO0OOCOO0OOOOODOOOOOODOOOO

082 000000 WN.
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e 0eN.
encN=n+leN

0 83 A={1,3,7,15,31,...}
o lc A

erxcA=2z+1c A

6.1.1 00O

000 (list) D00 (sequence) D 000000000 DO0OO0ODOOODOOOOODOOO
ooo

000000000 (bOooo0U0)U00: 00 ADODUDODODOUOOOOOOOO AODOO
000.00000AQ000O00O0 Lista000000O0CCDOOCODO

Lista = {{(x1,...,2n) |In>0AVi.(1<i<n=ux;,€ A}
goodooboopoob..oobooooboobboboobboboobo

08 00000OO:
0, (1,2),(2),(3,2,1)

000 00000 (00000000000 D 000000000
O00000O000D0ODO0000 cons, head, tailO OO

cons(z, (T1,...,Zn)) = (T, X1,...,Tn)
head({z1,...,2,)) = o1

tail((z1, ..., zn)) = (z2,...,2pn)

head O tail 0 0000000000000 OOOOOOOODO (Lista000O0O0OO0OOOOO)
oooooooooobooooo

0 85
head({a,b,c)) = a
tail({a,b,c)) = (b, )
cons(a, ()) = (a)
cons(a, (b, )) = (a,b, )

000 xze€AO Le Lista 0000 0Oz = head(cons(z, L)) O L = tail(cons(z, L)) 0 000
0.000LOD0000000000L = cons(head(L), tail(L)) D000 0.

Ub00b0b00oooboobodbbDeconsd0O00OOCOOO0DOODODODODOOOOconsOO
gobooooboboooooobboooboobobouoooboboboo

00000000000 A00000ADOODOOODO List,0000000000000
goooao

o () € Lista
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o € ANL € Listy = cons(x, L) € Listy

cons(z, L) 0000000000 OOOOUOODO =0000 «z:LO0O0OUOODODOOO

az (b (c())
= cons(a, cons(b, cons(c, ())))
= cons(a, cons(b, (c)))
= cons(a, (b, c))

= (a,b,c)
08 00 10 00000000ODOOODO sSsOoOooOoag
e (0)eS.
o (1) e S.
o L € SAnhead(L) =0=-cons(1,L) € S.
e L € SAnhead(L)=1= cons(0,L) € S
D0O0O00O000s={(0),(1),(0,1),(1,0),(0,1,0,(1,0,1),...} 00 OO

000000O0O000ooooO (L,2,3) 000000000 0oo0o0Doooo0oooOoUoOoo
obooboooooooo

e Lisp0d Scheme 00000 0OOODO: (123)

e MLOOOOOOOOO: [1,2,3]

6.1.2 00U

000 (string) 00O 0000000000000 OOOOOOOOOOOOOODOOOODO
abc 0000000000 0000000O00O0O0O0O0ODOO ADODO.

00 (D000O000)0000 ¥00o0o0U0xX0o0oUoooooxoUoouUo0oon (oo
0)ooooooo.

0O 87 0000000 {e,b}000OOO.
A, a,b,aa,ab,ba,bb,- -

Yoooooooo ¥»oboobbooooboboboooboo
(X0000ooUoUooooooooy)

e AeX*
ez EXNSEY = se X*

gooooooboboobbobooboogboboobo
(X00000ooooooooo 2

D000000000000000000000 ”abc’00000000000000O0000
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e Ae¥*

e xrceXANseEY =>sre X
(X00000U0Uooooooo 3)
e Ae¥*

erxecX=zxecXt

e sCcY"NteX = stc X"

gobO30bo0o0oobOoobooooooboong
o0 1obo2000000000000bODOODDOO0O0DL ¥»oouooooobooboo
O0000000000000000 babe{a,b}*0000000O0ODO

o Ae{a,b}"

e 000 be{a,b}000ObE {a,b}*
e 000 a€e{a,b}000abe {a,b}*.
e 00O be{a,b}00O0Obab € {a,b}*.

00000 babe{a,b}* 000000000

00000 3000000s,t,vex*000300000000000000000O0 stu O
000000000 200 (00)0DODOUDODOOODDODOOOOO

e UseX*000teX*0000st e ¥* 000000000 w e 20000 stu € ¥*00
ooo

e JteXU00Nue¥ 0000t eX*J0DO0ODODO0ODOOseX*0000O stuw € 00
ooo

0000000000000000000000000000000000000000000
00000000 (eb)eO albe) 000000000000000000020

08 A={0,1}00000000000000O0 O0OOO0OOOO0 LOOOOOOO

e 0e L.

e sc L =1se L.

O 89 S ={a,b,ab,ba,aab,bba,aaab,bbba,...} 0000000

eacS bes.

bseS (s=al0)

scSo ase S (s=b00)
as €S (s#a00 strhead(s)=a00)
(

bse S (s#b00 strhead(s)=0010)

000 strheed000000000O0O0OO0OODO (COOO)OOOO

200000000000000000000000000000000000000000000000000AABAC
0 (AAB)ACDOOO0OOOODOOODOODOOOODODO
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6.1.3 200 (binary Tree)

00000020000 000000000000000000OOOOODO0UOD 200 (OO
000000000000 200)00000000000O0000O00OOOOOOOOO0O0
ooooo20000000000000 2000000

gobooobo20000000020000000000000000 2000000000
OoO0O0ODO

00 3 [000 200 BinTree]
e o € BinTree
e (L € BinTree A R € BinTree) = (L, R) € BinTree.

e [ € BinTree = (L) € BinTree.

00000000 1000000000000 (2000000UO00DOOO0OUOU o200
0000000 10000000000000000000)

O

L R

gooo gooo

000 (L,R)00200 LU ROOUDOUDOOOUOOD 200000000000000DOOO
0000000000 o{(L, R 000000 0D00UOO0O0OUDOO0OOULOOODOoDO
000ooo {L,R}0D000O00OD0UOOO (L,R)UUDO0O0OLOUDOODOOUDOROODO
goooooooo

00000000 2000000000000000O0 (D0O)000O0 AODOOOO2000
0 (000000)000 AOOOO 100000000 200000000

e o € BinTreey

e (€ ANL € BinTreeq A R € BinTrees) = (L, z, R) € BinTree,.

o0 000000000 L0000000OROOODOODOODODOO.

o (r € ANL € BinTrees) = (L, z) € BinTree4.
oooooo 1go0ooooooooooon

g 90 BinTreeNDDD (0000D0D0DO0DOO0O0O0UDOO 200)
o
(0,1, 0)
{{0,2,0),1,0)
({0,2),1,0)
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0000000000 200000000(L,2,RY00000 Tree(L,z,R) 0000 (L,z) 0
0000 Tree(L,z)00O0O.

0 91
Tree(Tree(o,2,0),1,0)
Tree(Tree(o,2),1,0)
0000000 head, tail00000000D0D 20000000000000000000.
label(Tree(t1, z,t2)) = x

label(Tree(t1,x)) =
left(Tree(ty, x,t2)) = t1

left(Tree(t1,x)) = t4
right(Tree(t1, z,t2)) = ta

0000000000000 00000000000DO00DOD right 00DD0OOOD0O 10
gobooboooboooobooboo

0 92 BinTree, 000000000000 OODODO TL,O000000000O00OO
e ocTy.

o x € ANt €Ty = Tree(t,z,t) € Ta.
0 0
l/ \l 0/\
VAVEVAN

093 {0,1}00000000000DO0O0UOOO0 200000000000D0O0O0UOOOOO
gooogooo10000000DOoOoOoOn Opps.

DDDDDDD)

L O’ <O7 O’ O>7 <O’ ]‘7 O> 6 Opps'

Tree(t, x, Tree(right(t), 1, left(¢))) € Opps, if label(t) =
Tree(t, x, Tree(right(¢), 0,left(t))) € Opps, if label(t) =

AN
A A

x e {0,1} A tEOpp5:>{

DDDDDDD)
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6.1.4 BNFOO (1)

BNF OO (Backus-Naur Form 00O Backus Normal Form) 00000000000 00O0O
goobi1oooobboboooobboboobobobuoooobbbobobboooboo
000o0oooooOBNFOODODODOODOODODOODODODODOODOODOOOOoOoOooboooo
gboooooboooooboooooonn

000000000 BNFOODODODODOOOOOOOOOOOOOOOOO0ODOOOO0O00O0
goodoood

094 [D00000O0OO0OOOO0O]

000000000000 OoU0bO00o0oUoOUoOOo0oO0o0oUoOoooOo0Oda,b,e,--,2}40
oooooooooodo,1,2,---,9}00000000000O0O0O0UOOO0O BNFOOOOO
000 (expression) 00000000000 OCOOOOOOO

(0) == (00)[(00)[(0)+(0)]{0)-(0)

(0)o(Oo)opDoOUOoOOOUDODOUODOUDOOOOOOODODOODOODOOOUOD | DOOOD
000000 (basis O induction step) 00000000000 BNFOOOOOOOOOOO
goooo

e NODODODODOOO
e JODODODODOO
e x000 yOODOD z+yOOOODODO
e xJ00 yODOOOO z-yODODOODOO

D000 Oabe+231-500 00000
BNFOOOOO100DOOO

(O0) == (00 ):=(0)|begin (OO0 ) end
| while (O Y do (O ) | if (O ) then (O ) else (O )
(000) == (0)[(000);(0)

000 whileDOOOOOODOOOODOOOODOOOOOOOO (statement) 000000000
goboooboboobobogooobboo 200000000 oobbooobooboooooooo o
gboboobooooooood

z:=3; y:=0; while x do begin y:=y+3;x:=2-1 end

6.2 U0O0OOOOOOOOO

OO00000000DOOD0O0000O0 head, tall 00000 O0OODOOOOOOOOODODOO
gobOobOooboobooooobooobooboobooboooboboooobobOooooooa
00000000000 (o00o0o0)00ooo0oooooooo

00 4 [00 f:A—-BOOODO AODOOOOOQOOOOOO]
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e (basis) ADODOOOUODO basisUOOOODO 200000 f(x) D00 BOOOOOOO
oooooo

e (induction step) ADDOOOOD inductionstep00a€ ADO be ADDOODOO
00000000 f(e) 00000000 f(b)e BOOODOOOO

00 A000D00OQ00DODO0ODOO00O0O0O00000O0O00D0OoOOOoOO0fO0O0ODODOOOO
goooooooogooof:-A—-BODOO
000000 NDODODDOf:N—-BOOOOO fO0000OOOOODOOODOOO

e 0eNDOOOD f(0)00D0O0D0DODO
eneNDOOOODOf(n)00DOOO0OOf(n+1)0000000

gbooobbooooboboooooao

I (n=000)
f(n) {'”ﬂmy”(n—m+1DD)

O00O0Orn=m+10000 fm)OOO f00000D000DO0OO0 (DO0OOODOOOOOO
0)0OooOoOoOf(n+1)00000O0O

0 (n=000)
fln+1)+3 (n=m+100)

0000000000000 000030

09 f:N—->N,neNOUOOD 100 2n+10000000000000 f(r)OOOODO
gogbooboooobobn>1000

fn)

143+ -+2n-1)+1)+(2n+1)
fn=1)+2n+1)

ooooooooooooUooooogooogo fooooood

e (n=000)
ﬂm{f@ﬂ+2n+1 (n=m+100)

0 96 OO factorial(n).

1 (n=000)
n x factorial(m) (n=m+100)

factorial(n) = {

097 00 add: N x N — N.
000000 2000000000000 D0OOO0OU0DO0D NOOOOOoOOobOOoooog 20
goooooooooooao

=000
add(n,m) = " (n )
add(p,m)+1 (n=p+100)
S00000000000000 fn)=---fn+1)---0000 fO0DO0D00O0OO0DODOO fOOO0O0DODODOOO

0000000000 (recursive function) 0000 000000000000 D0OOO0OODOOOOOODOOOOOO
0000000000 (inductively defined function) 0 0000000000000 000O0O0O0OOODOD fO0000OO
o0oooooooooo
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n (m=000)

m“m"”_{zmdmp%+l(m—P+1DD)

oooobooobooooobboboooDb +100000ob0oooooooooboooobog +1
(00OO0oUooOooOo0oUUoOULOOD)0o0OOo

O 98 00 times: N x N — N.
000000 200000000000000000 10000000

0 (n=000)
times(p,m)+n (n=p+100)

times(n, m) = {

099 upooboobbobboobbbobobg f:N—>ListN|:| fn)y=(n,...,1,00 000
goo

L_] o (n=000)
J { cons(n, f(p)) (n=p+100)

F(8) = cons(3, £(2)

( )
= cons(3,cons(2, f(1)))
(3, cons( L, f(0))))
(3, cons(

= cons(3, cons(2, cons(1,(0))))

= cons(3, cons(2, cons(

gbobooobbodn=00000»>10000000000000000000 n=
0,1,---,k 0000 n>k0000000000000000O0000f(n)0DOOOOOO
m<nO000 f(m)OOOOODOODOOODO

O 100 FibonacciOO fib(n) DO OO0 O0OOOOOOOOOOO

fib(n) — 1 (n=1,200)
~ | fib(n—1)+fib(n—2) (n>200)

0 101 000000000000 head; Lista — A, tail; Listy — List,.

head(z) = | 000 (z=(00)
Y (x =cons(y, L) 0 0O)

g -{ 900 1£-009)

0 102 000000 length : Listy — N.

0 =0gg
length(z) = (=0 )

1+ length(L) (z=c
ogoooo 2|:||:||:||:|1+1ength(tail(x))DDDDDDDDDDD
0 103 000 OO0 (concatenation) @ : Lista X Lista — Lista.

0oo)
cons(z,L)00)

v y=1 Y (
cons(z, L @ y) (x
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0 104 2000000000000 nodes : BinTreeq — N.

0 (e=(00)

d —
et { 1+ nodes(L) + nodes(R) (x = Tree(L,y, R) 0 1)

0 105 2000000000000 -:¥x¥X =¥ 00000 00000000 100
gbooboooobooooooo

&t_{t (s=A0D)
z(u-t) (s=zuO0)

O0000O0s,t,ueX2* 000 22X 0000000000 100002x2eX0 veX* 00O
s=zu 000000 sOOO00DOOO0O0O0O0O0O0OCOOOOOO0OO0O00DOOOODOOO00
ob20000b000o00obo0obobooobobobooooDog

&t:{s (t=AD0D)
(scw)ax (t=uwxOD)

6.3 UUOOOooonon

oooooooboooo0 ADooooAQ0O0OooDoOoOoooooUOooDOD PODODOOO
00000000000 000 (induction) D000

6.3.1 000000

0000000000000 00000O0000D0U00 20000, P(x)0O0OOODO
goobobobobo 200000000004

e (basecase) P(0) 0 O0DO0OO0ODODOO.

e (induction step) 000 2 e NOOODODOOP(x)OO000000000%C000P(z+1)
oooooooooo.

0106 00 0000 0000000 (20)000 2edlentl) oopg
00: P(p)00000000MIOO0O0O000000

e P(O)OD0*=%-10000000000

e P(n)J0000O0ODOOOUOOO n+10000000000

n(n+1)2n+1)
6

(n+1)(n+2)(2n+3)

+(n+1)? = G

000000P(R+1)00000

e J0UDOOOO neNDUODOUD Pr)OOOOO

00000000000 0OvVReN.P(n)0ODODOUOODOOUODOODOODOOOOODOODOO
gobobooobogoo

{000D00000000000 (induction hypothesis) 0000
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e n 00000 OOOODODODOO:

n>k 000000000000 Pn)DOOUOOOOOOOOOObase case 000
P(k) 000 Oinduction step000 >k 00000000 n00000P(n) 0000
0O Pn+1)00000000000O0O0OO

e nJOODODOODODODOODO:

00000000000 Pn)DOOODOODODOOODOODODbase cased n=1000
induction step 00 O P(2k+1)00000 P(2k+3)0000000

e JOOOOOOOODOOO:

induction step 00O P(n) 00000 0<k<nODO0O00 kOO0D P(k)0OOOO
0000000 P(OOOOOOOOO

0107 OO0 fpbO00000000n>000000

o= ((%52) - (59) )

goboooboooooogoon
0000000000 gn)DOODODOOOOO

C 1 (148" [(1-VB)"
9(”)—E B - B
ogooo

0000.00000000000000 Va.(n>0= fibn)=g(n)000.

en=1000

- ((55)-(5) oo
en=2000

w15 (249)- (555 1o
en>2000

k<nOOO0OOOOOODO £OOODO fib(k)=g(k)DO0DD0O0OODOOOO.n—-20 n—1
ooooboogd k=n-20 k=n—-100000000000000000DO

fib(n) = fib(n —2)+ fib(n —1)
= g(n=2)+g(n-1)

(e )
()
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6.3.2 UJUOOOOOOOO

00000000000 0DO00O0OOO0O000O0O0 LeLista,0000,P(L)D0OOO0O
goboooooob 2000000000,

e P(()DDOODODOO.

e 00 LeList, 0000 e ADDDUOUOP(L)DOOOOOODDOOOO Pla:L)O
gbooooooog.

0108 000 z,yec List, 0000000 ODO0ODO0ODOOODOOODOO
length(z @ y) = length(z) + length(y)

(00)U00 0000000000000 0D000 z€ List, 00000y € Listg.length(z®
y) = length(z) + length(y) 0000000000 MMDOO00 P(z) 0000

o (basecase) x=()00. 000 ye List4, 0000

length(() @ y) = length(y) = length(()) + length(y)
0000000 Plx)000O0OODO

e (induction step) z =a = z00. 000 ye List, 0000

(0D0) length((a::2)®y) = length(a:: (zdy)) (@0D0000O0O)
= length(z®y)+1 (lengthDOOOODO)
= length(z) +length(y)+1 (0000 DO0OO00O0O0O P(:)000)

(O00) length(a: z) + length(y) = length(z)+ 1+ length(y) (length OO OO O0O)

0000000 Ple:2z)0O00OOO
00000000 zeList4 0000 Plx)DOOOOO

gbooboooobooobboboooboboobooobooobobobbbooobooon
goooooobboooobooooboooobobboobboooobobobooboboo
obooooooobboobooooobooooooooobobobooobobooooboooooon
000000000000000000000000000000000000000000
gbbooboooooobobboooobbooobooobooobobbobbooooogon
goo

0000000000000 0 yOOO 20000000000000002:0000000000000 y0O
gobo0oo0oo0oo00ooooooooooooooooooo0oboooooooooo0ooo0ooooooon
‘000000000000 00000000000D0O0D0O00000000
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6.3.3 0000000000 (4)
0000 z€BinTree, 0000, P()000000000O0O0OOOOO 2000000000
e Plo)00DDOOODOO.

e 00O z,y € BinTree4 00000 a€ ADDODOP(z), P(y) 00000000000
00 P(Tree(z,a,y)) 0000000000,

booboooboboooooooobooooobbooooooooobobooooobooann
000000000000 (structural induction) 0000 OO
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