Part 1. I8

EREE P
katurada @ meiji.ac.jp (@& ASCII De), 910 5=

201344 H16 H, 2019 48 H 26 H

L ETIZ, BEZOHLDODA v baZ2ED T, 4L b WVWTHFEE 3,

(AL, WHZEC P> THh 6, BHEZHAL. 20 5@mEICR>TETL o2 D HN
LIEY, £0) OHEYI LB L Tw5, 2 DERRE (hR [1]) OR ) D3R, RO
Do, W ZMIICRAICE LD TLES2Z o 0DH 5, )

B X
0 A>vhk0O 2
1 faREmIE 3
L1 AEEZOEMR 3
1.2 B ., 4
L3 220 GWBAD) . . . . 6
L4 F20E GRERD) . ... . 7
1.5 [EflE, EEMEFIC X 600 .. 7
1.6 (BEW) avCa—y—CmBl#E . . .. ... ... ... ... ... ... 10
1.7 WEMEEIC X ZEEH . . 11
1.8 &5l . o 13
1.9 miSC . . . 14
1.9.1 3, RME. B 14
1.9.2 WG, Padeth, BB 14
2 REEIRE 15
2.0 [EIRFGES: B CRAMHIBROEAEZRTES ... .. . 15
2.1 bR (AmEEBIEL, ). . 15
22 MEEOD) , TTRTD, Y .o 16
23 THETZ,, "™dd,,3 18
2.4 #HEOBEWEGOME (EEELK, THBP) ..o 20
241 FEST . 20
242 @tAN (HAFEDXADELN) . ... . 21
243 BWEEOMER . . . 22
2.5 BRZELMEOIIE ..., 23
2.6 BMEMBLIOMEAL, BRCEEME L 25
A EEDESEIERL 27



B h—hAY— 27

C 1_7 IJ ‘y I\“wl\lgiﬁ — EIEHEGJE%?\ 28
D EXWEGHEE - EEEL 28
D.1 FEHROPTOHTDER . . . . 28
D.2 ANBHREE 29
E BZEDETT 30
F @ 30

(B LELEVEESTOLZ0ETE, BEDEIHA )

CDBERTORRS &

EHEPEINZRTUMNOHNT { } 2HHL 2w, (HF@EOEFDT X A FTld, XRH
5, ZD {} BEAZEL T 2D, BI2XKL T30, HEDHEIHZIEET 579
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U@?%W@T%%Qﬁﬁumﬁfrg%&?%xf“%ht%?J&@ 7)o

ZOMEFE TR L 2BEBEE (P 1) &, SREICOWTHAL Ch RN THETH S LI,
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FPHFCHV AR EE, RTHETC L REMEET 2, ATHET T & THEOHEIIHH
% B, TREWRT 5 Z L TRISER, RIS (RIS o) AT 5 2 Lo L
FI(EBSHhEVT b, BB LN ERED ),

BRHELDN DAL T VEEEEL =5 IFTEL (b ETHBEIY), N 2] HEFE
1% <L EBICERRE L b g, FiIE (3] 1FMBEEOHEMRIC X 2. WIERATOIH D R
TOHIAHZAFIETH S, P LINEH, BANLLE LT DT CEHCITIZE) TS
RWdim U745k 4] 2 H1FTE L,

FREI L, WEETHUHE LT, BN LSRR S HOBIITIE. BEYD
FoEh LALECH800< onb 5. b3 A LEFA DK il < - <& (@
ZAZET (5], WO [6]). EI5 72 DI - X D L 23ISR A BBt L7205, 40 & &
BEDEOD o Tk,

1 fpRERIE

i & SIS 23T — (~T%W), A (200), V (F413), = (2 51F) 13, EHfHE

ZEDDHNV—NVIZE> TR o s, WAGICE>TUIEKRZEZEZTIC (7) EERHES L,

:@%fi HHEOMEALG O SNEEMEO B %M S w2 k) Bz E
Poeth (GAREE)) Icow Tk, XE NdREERE, <)),

1.1 ®EEZFDER
(AT, HEOBHEZ T 208, BEENRERE VLI DI TIRERY, )

IELWIEL < vede, BEANITHIBTTZ 2 15k (CEPA) o Z & 72%% (proposition) &
H¥VS;O

(EE: IEL W, IEL KR EiE, EREN - 3R - N2 EE2 55T 50 TlER Wy,
B HEICAKT DD, LwHIEThHS, )

Bl1.1 "1+1=2 IfmETHZ, "MHERIEHETHS . Tsinl 131 LhKE\w, 136
HThb, "MERRKEV) IMETHEY, =

D I EZ p,q, -, p1, D2, - DX BEXFRHTTET,
HHEPIEL W LR TZoamE] iE"C%% (true)s. TZDaEIZRD 2D, T2 Dfiy

LAD DB
DAL T %), T2 OmEOBEEE (truth value) 1 T TH 55 Lo, fEIEL { 2w
&% r%@ﬁ‘ﬁ%ﬁ@i%f‘%% (false [f3:s], T7 4=V A ) . TZ2DamEIIED /s, T2
DEEIZEAZ L 72\, T2 OMBEOEIEIE F TH5) L), 2F 0, & 2anEHo EIfE
Lk, ZOMEPETH LD, THLI»% T,F LWIHIRLBTHRLLLDTHS, T b
Diz 1, F ofb iz 0 EFELED H 2 (L 2K D a v ¥ 2 — % — TOHRIEE I RIS
T5),

Bl 1.2 LTFTD 42D

TabW 2 BOBERTHFEMEDOZ EZ LT3, A5, 5, 22335, 3, L) BICBHT 2HEEIED
MHHRTEBRNICEREI N TV L DI,



pp 1+1=2

po MEARIIEHETDH 5,

p3 e>27 (7L e IFHANBDIK)
= 1

o
n=1

P4

DOEFEIZIEIC T, F, T, T. m

EAETH 5 2 & 2imPEICRd 2 & 22 BT % (prove) &\ ) (H 5\ IdZ D
EZEEBE (proof) &M, BEHI N 7-fndEd Z & Z R (theorem) &S,
~ Jiit: GiEBH o LR ~

Br O IEEMZ 2R W TITEETDH 5, MEIETH 5 2 & 2R 7D ITIFFED
WETH B, FHIGERT Yy TRASI N, —~RICT I (BREOEV) o
FKe,

FLIZHYFUTDIIIZLATA (=2 Yy F)ickb, 20O ToORFEOEKX
DS TG (AP 7 A7) LI FE T IcFLd sk (B.C.3C H, £13%), N5
(or 9), ¥E (5) 28RO T 465 DELFEHI N T2, ZhoDamdid, BIETH T

k&TELw(ﬁ%K@X@ﬁﬁotD?%ﬁﬁE)k%i%hfw%o )

- EBL L, A7, R .

1% 72 »
BeED T % A N RBET, EL AT &) ERTOEME, EH (theorem), B (4l
FAR

BiERE, lemma), v (proposition), & (corollary) D K HIZXHIL CHERZ 3D 5, Z
HIRD X ) I s T3,

o BHEMIZT S E, BBE L hoT, BEHIDKHMBOEIZ WDT, FrIcHEEX
LD NER, LS,

o EFMZIIMHTAHMWTHEINS YN ODOEM” %2 T, LIRS,
o EMZ o3 ICEIND YUNZIODEM & 1%, LIESR,
o ZDMhd YNZIDHDEM” % Tan@E, EIEER,

J

R 1.3 1IHDL SO OFHZ TRED D Ltk (FH L T 2 HRE 2 D% 4
LTWVREDT ), o, A, V, =, < ZREELE LV, MEZRT BB 1YY 2 p,q, ...,
p1, P2, ... REZMBEIEL), DRI T OEMEZFOMELZETES T LORICF D
Bz RO OmEZ R TS L 28AL (T, L oROOIZ Yy, A 2)KbH B, EHv)
F2EMT 20 3EEOWENH 5 L H 7%, ). mBEEE )2, WwlEls. mElHE,
EHEMGERE T, 20 2S5 — LV THAGDLE 72 D2k 2 R & s,

T, L, v, A&, TpX TlEZ0nZ 4 \top, \bot, \curlyvee, \curlywedge &£ AJJT %, m

1.2 BE

|

il p T2V, Tp Thvy Ew)mlEiz, p DBE (negation) WP, —p TR, i
LEEIX Tp TRV F7201F Tnot py &£V,

HEBETIFEALTOAREVDZEITE, bio izl { TH->TW3,
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BZIET1I+1=2%2pT2LE, pld "1+1#£2) TH2, i#rJ_>WJ%pa
T2LE, i3 TVI0< 1) THZ, (TRIFIIKELZETIERAVII RRDLT B,
HOUERR AC B DREIF ADB TWE%R, A¢BTH2, )

p DEEZRTDIC, pR ~p L, pUADILTZHVE I L, COFHETIEE
FE—HLT-p &I,

(FLHGER) —p 13 TEX Tl \neg p %5\ >3 \1lnot p L ASTT %,

RD2ODIEZRET S (MO TERT ).

Fwbw) ho

PErR# (the principle of excluded middle) ™
EREDOME p IZDOWT, p £k —p DEL LD LD, )
L LwAbho

|EF B (the law of noncontradiction) ™
FEDOME p I2OWT, p & —p BREBIZK D ZOZ L3R, )
TLwh

FME (contradiction) &1, » 5 p & ZOMEME Tp Thyvy PFEKICETHS Z &

2\, DEDEEPIEH LI, FEPFELRG, E0») IETHS,

ER 1.4 LIETo#ER ) — P T3, HEFXERO Z L 2 FIEREFA TR, Bt vy F
LR EBDLLBZECD L2, FEDRRVEWVIBERZDEDLS ., THEPIER, L, F
JEZBET 5 KD BRBUTT XRETIE RV, HEFEE Lv)BEEFA>T0DT, K
FEH L WIBEIIDLLD0R?2E-BSE, BRALZIVRIBTELRDH L Z LoD o7,
EVIbiFT MEFER ) LIl =

2> 1 DDfE p IZOWT, p & —p DAL D LT, EEOAE p IZDOWT, p &
—p BERHZETH S Z EMFEHER S, bLZI Lo b F X7 F ¥y THD3, FEdhk
sl —UIHER 2\, 220 S PRI IS A TH B LFEZ SN TS

1+1=2%7>4 D) BAEIIOVTUL (BERBT a0 5D T), iR o2
EIFHWZED, ERPESICHETER WL ) BEIZ OV TS ELE o000 2D T &2k
ET DOV TH S, ZOZ EITAERLEEE LT, BERERREL VI DEZELRL
7203 (5447 D 1% Brouwer?), AN T3P 2 {E L Tz 17 9,

BEE
i p BXETH 5 Z EZFHT 5701, pz‘)i‘ﬁ‘/ibjf:&m DED —p DY D EREL

> hiE )

T, FEPEDPNL ZE2R T, &) TERD 5, uﬂ’dbfﬁiizf(proofby contradiction
— EHRT2E THRHICKBEH, ) Lvw,

HEPERICE D, p D> —p DT NDDIRD 2D, —p DI D D EARET % L FIEVEL 5
ol ERERELID —p 3V ZBWI EPEPNSL, DI p DD IIZD, )

SHIZIE, 1+1#£2D1+1=3bHETHLILICk %,
4Luitzen Egbertus Jan Brouwer (1881 fE~1966 4F) 1%, EBIEREFORIGE £ L THHE 4D, Brouwer
DARERERBLED MR —D W TH L R ERmERL %,

bt



RIEfER

EREOGE p IOWT, —p OEMI{EIX, p DEHEEN T THNI F, p DEMELS F T
HIUT T THB, TDTE2FIDE) BFEATHRL b D2 REEBIER (truth table, Ef%
) LIPS,

H |

-p
F
T

S|

£ 1 p EZDOHE —p ODEMYER

(RDT=D) fTTLICHEDITTHDL DT DOEE p I F,p B FDEE —p I T T
H5),

1.3 HD (GREHE)

20D p £ g ITHLT, TpTHY, O g TH3, L)@z pAg EEL, Tp»
2 qi. "pand q) EFEL,

nAFA

p & q DFREETE (logical conjunction), #F (conjunction) &£ F ) (INLDFEEIH X Ol
HBRDT, BARLTHRLLL Litkw),

TZ2LTu. Tl Ly BRAOHMTES, E568 Moy LREUTHS (HEFEE L TE
znzn, g, HEET, =27 VY RIZRL 5D,

pAq DEIMEIZ, p & q DEHENLEDICT THEHLEIIT T, 29 THVWEEZRIF T
b5,

plqlEZENZENDRT,F &) 2 00HEHEZINS DT, ZDil (p,q) DEHMEIZ 4 DD
BanH 5, 21T pAq DEIMEIZ, K2 DX ) REMAERTEE S,

pAq

eSS R Rl s
SIS

| 3 >

% 2: p, q & Z DB p A g DEBER

R 1.5 (IBHEIKDOWT) 420882 ED KL ) ITHRZ IO WTIE, TR, 2 v
52 xml o (BIEMEZ > CEREICES EZ) %5137,
TOHFNF kb, £33E, FOEXDEFICKS, FOLGBT kb, £335E

Pl ql|prAg
F|F F
F|T| F
T|F F
T|IT| T

%%, m
(GHGE%) TEX TlE, p \wedge q ® %\ idp \land q L ANTT 5,
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1.4 £l (GREM)

2’)0) il p & ql2NLT, Tp TH2D, £/iF ¢ THS) L)z pvg EFEL,
p 721k qu. "porqi EEtis,

HATA

p & q DFHEEF (logical disjunction), #F (disjunction) £ F ) (ZNLDFEDEZ &S
THRWVDY),
pVq DEIfEIZ, RDEK3 DLIITED S,
P|q|pVag
T|T T
T|F T
F|T T
F|F F

# 3 p,q &Z DN pVv g DEHfER

2,3, 4 fTHIXEY I e W EE I D, 117H. 2F0p BT, ¢ BT THEHEEZ, pVvgld T
EVI)DIE, BEHZEL 2 AP0 Litky, HEMEET T£id, tvwinid, &b

FwiTEL2ADD

‘575‘#757”\ a3, &) R (BEtRYEREER (exclusive or) £ W I)) IO GAE L HH 6 TH
b BT TERIT) Ew)Did, 2R EL -T2, L) BRTHEINETHS (29T
ZHHIE. %29 Ltﬁ#naaﬂ:i)v/?w ZBR55E80% 06 Th %),
FROBRLICHAED, p L qgDEDBICT THEEZ pVglE T LI DL, BFANEHEZFE
RLTWEEVRI DD, ZH0IH XIHICV EWIH)RBEEZERL T2 (BEOKRT
H5)o

(FHER) TeX Tl p \vee q H5 I p \lor q EANTT 5,

CEXTODIEDHEEE

CZET, ardEOBEME T, F &, andICBT 2 3 oD0E -, A, v ZE AL,

DT, 2o oAz latbe @ a0 8812,

OB T BUHE x, + 12T, Ty aTHEEL TV RWVLAR L) x Z2ICEHE
?%Jkbﬁ%@ﬁ%?%ﬁ\A,vmiwrmy%m%®;5tﬁ%ﬁ%t&vmmﬁ%aﬁ%éo
ZDD, ELoERBICGEIET 02T 500, fill2SHT I Lk b, D2 OET
E. p & gxr Dz p+gxr EFTBE0, @WEHTIE, p & gAr DFEANZ pV (gAr) D
IO ICFEILRIER S B (FEIlZEB LT pVaAar k&iii)ﬁ:ﬁb))o N THYRIELD N,
UIRDWTHRET, AU(BNCO) DX I IHEIRZNT 200 EETH %,

BB, Mo A TEGOERN YERT 2L 20 5,

1.5 [ElfE, BIBfEFRIC & S5
2200fmEp & ¢ ITRHL T, (ZOEMEHNLZARFICEDS T, ZOEMEDAITIEHL )
p & q DEMENS T H L Z,. Z2D2ODfhE il_.lfﬁ B (equivalent) TH 5 &V, p=¢ T
SHIAIE, BITHRS Tab=01%, a=0 £/ b=0 LAfi) &I NEZ, HHEGHIERIO T3,

TEHITZLEEIRBFETIUIRBOVD?2F 7, Tabe=013, a=0Fldb=c FHiZ c=0 EFfHE 12DV TIZ
EI9;?




i'%j-o
BlIZIE, 1+41=2¢sinl<1FELLLETHENS

1+1=2 = sinl<l.
p ZIEEOMELE TS L E
p || —p | ~(—p)
T/ F T
F| T F
THDHE, —(—p) (CHUTHIZ ~—p L HEL) & p RAMTHZ, DFD
(1) -—p=p (REE).

FREIC L CULTDZ EWEEHTE 3,
(2) fEEDOGE p ITDW T, p/\(ﬁp) IHICTh 5 (BFER). MEOMEp ITDOWVT,

[E3RR=Y 2]

pV (—p) BIEICETH S ('1'3|5|=F1$ law of excluded middle),

(UF MEROME, tHECDESIELLTHEI, ZHVIHRTHOTH S Z LI
/u\mtib)fﬁkLb) )

(3) pVa=qVp, pAg=qip (RIBEE).

4) pV(gVr) =V Vr,pAlghr)=(pAg) Ar (FEERR).

(5) pV(gAp)=(pVaq) Ap=p (TRINE).

6) pV(@AT) =@V APV, pA@@VT)=({@AQV(pAT) (FER).

_RELH)HD

(7) pVp=p, pAp=p (BFR).
(8) =(pAq) = (-p)V (=q), ~(pV q) = (=p) A(=q) (K « EIFH Y DER (de Morgan DUERI)).

(LRI SEAE. SCHE, WA ) o RER AR (lattice) &3, 61T —Ib
F LTI D REGH D B 5 FHIBENT 2), 2 DWBEIC% > T 5,

Z ZTIRaBHD—D,
() pA(gVvr)={@AqV(pAT)

ZAFAL X9, ZHUIROEBEED S IFHTE %6,

pla|r|agVvr|pA(gVr)|pAg|pAr|(pAgV(pAT)
TIT|T| T T T T T
TITIF| T T T F T
TIF|T| T T F T T
TIF|IF| F F F F F
F|T|T| T F F F F
F|T|F| T F F F F
FIF|T| T F F F F
F|F|F| F F F F F

CEOBDFFHN DOFE & 572 0 | BAEDBSHIRME L 272\ DT, §RTOEAIT OV THE L T
DB EV)FRVERTH D (ZOERTIFFEOBOHERMAOFEHL D 5 L),
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(BEHICOWTORER: £1,2350ciHEH, 28 =8k EL iz, BIEXZ &
BLERV, ERAEF LS ->THRY, )

FIEE D 5 FIH & 8FIHOEIEDS T2 DT, (M) BEHILD, =

1.

(@) pVgAr)={@VgyAN(pPVr)
ZEEHE X (R X p. 30)
M 2. F - byl z EMiER% /- CHEHE &,

F 'y oiENL, EEDOHEREICEET 27K & L TERTHEALZADZL LB AN,
EAHICBETZE - BT Ol (BIRRDZE L )

EAOHIEGZ LIC — 22 TRITILICT S L,

ANB=AUB, AUB=ANB.

0z ~(pAg)=(—p)V(=q), ~(pVq) = (—p) A (nq) ERERTHE I,
Bl 1.6 pg 2ZNZFN "&OENPHSZ 5, , THOERLLZ2 %) tw)mEL T35,
BDBRBL 5D, 1o ROBRBL 525, (lifiboA3)

"BEDENG A%\ £d THORRL A5 (D Eb—THEb 5 2%

Th 5,
—Ji

TBDRNL5A5, hiE ROBRBL 525, (D ELAAIEL5A3)

DB 6 2%\ D THROBBL L A0 (EB565H5627%4%W0)

ThHhb, n

(70, %2 TEBOh—HREFIAIRIT 2 & FICE) G o, haltd
— BT S EZICEH) EERELALI ET, i@io&%ﬂm&ﬁ@% RHIEICHEE
T3,

R 1.7 HHOFHEZ T A, FOXIHICHEEIC X 2029846035 203, KMk
ZIHOWV) DIFmED & ET, %@E%%k?%ﬁﬂ%?%%iv&%@fitwo%Wﬁ%
DA THDD, TH625, LIdEINH) e, ZRZROLE, BELZ EBX3005, n

RK 1.8 (b—bOY—) MELHZ GTWMAD, TR CTOaEZLTIHD AHE 2 EREIS 0 L
T, HWICEE RS LE, Z2omMHAz b—bAOY— (HEF, tautology) &S5, 21 pV (—p)
Fhr—tuey—Tbhs, =



1.6 (HFlF) AvE1—9—THERE
(CTIEFBZLBEETIEAY P THILICR S, )
AVE2L—F—D7ur T IV IEED C TR, BEAE T — 7100 L GaliERE S K %,

D AZEAINTH 2D, 0 1F F, 0 IANADOEEKIZ T & LTifbin s,

S L VIR LA & TRHETESZ (B FMEETO |, & LIRFAL 20X ) ITHER),

e logical.c ~

#include <stdio.h>

int main(void)
{
int p,q;
printf("p !p\n");
for (p = 1; p >= 0; p--)
printf("%d %d\n", p, 'p);

printf("p q pllq p&&q p->q\n");
for (p = 1; p >= 0; p--)
for (q = 1; q >= 0; gq--)
printf ("%d %4 %d %d %d\n", p, q, pllqg, p&&q, !'pllq);
return O;

C Y

~ FATHRIR
cc logical.c
./a.out

'p

0

1

q pllq p&&q p—>q
1 1 1

J

O = O =

1 0 0
1 0 1
0 0 1

N O O~ rT O LT A &H

[
-

iRz T, F TR 7 dICE < BILhE,
e logical2.c ~

#include <stdio.h>

int main(void)
{
int p,q;
char TF[] = {°F’,’T’};
printf("p !p\n");
for (p = 1; p >= 0; p—-)
printf("%c %c\n", TF[pl, TF[!'pl);

printf("p q pllq p&&q p->q\n");
for (p = 1; p >= 0; p—-)
for (q = 1; q >= 0; g—-)
printf ("%c %c e %he %c\n",
TF[pl, TF[ql, TF[pllql, TF[p&&ql, TF[!'pllql);
return O;
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AV AV QTR ~
gcc logical2.c ; ./a.out
]

‘P

pllq p&&q p—>q
T T

e e I B B o B B B o B -

I
T
T F F
T F T
F F T

L3

-
N

1.7 REMERRIC K SEEH
FLPMEFIC & EEWIE, TATHDRS ) LI ERTIRIBAITH S, L L, BRI

() (V) A(rVs)=@AT)V(PAS)VI(GAT)V (gNS)

ZitHE k. EEOND LHFEITH DT, p, g, r,s & 4DHBHDT, 24 =16 fTAHEITK B,
WIRGERCTZN 2 I T LAV 503, HSDBRE, A TF 2y 7T 5770 KRZ, [HEZ
TLEANYEDITLZDIRELWL (167D Ho76, EILTIAZLTHLADBRDT,
DTTBENEEZDLRENLESL)),

BB 2 XoFEH GHE) L FBkIC, BRI RZER L =L e XD 2 o0& % H
Wi, B L Y AR 3,

KEELQE%@@%Q%TKWLT )
p=q D q=r
%olX
L p=r. )
BT 2HERICO>VTD Tp =g D qg=r 551 p=ry &) EHOMERIEMT
b5, )

SEEH p=qld. p & q DEBP—-HT LI LZERT S, S5 L,
p EgDBMEFEDLETHS, Fhidp bt ¢Vl ELHBTHS

) ZEERT,
ZNEFIRFIC g =1r DR DD T,

3ODME p, g, r MIXRTETH S, £LE3O20ME p, g, r BWIXRTHTH 3
N AVRYASTE St
pEr DM EDLETHE, $hidp bt r VljHELHTH S

DK ND, WA p=r. m

"BOBED (p+q)(r+s) =pr +ps+qr+qs [SHIBEL T3,
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-
I 1.10 LEOME p, ¢, r I LT

s
Il
Q

AN EN

(1) =p=—q

(2) pAr=qAr
(3) pvr=qVr

NI AV BRYASON
N

/
(BB T 25X o ld, FROMPAICHEUCEZR LD, 2F72) LTy, FHlfon s,
V) EBICHNYS T 5, Z2omEmHEkTh s, MUANTES) LWIHIRGTHTES, )
BEER (1) O ARG % (fld [AERIC L CREITE %),

p=q DR IEDT EIF (EFICL-T)

pl gD EDETHS, £l p L ¢ MM EBBTH 2
EWwHZETH 3,
() plgPMGFEBETHLLEE, —p L ~qFMTEBHTH 2,
(i) p & gD E B THZEE, —p & ~q M ELETH S,
WTNDOEED, p & g DEMBIE T 5, WA

—p=—qgn

Bl 1.11 (pvo Ar=(pAr)V(rAr) ZatHE X,
SEAUIBRICEERA L 72 EREE L T a0 b Ltz wds, §1.5 I 2D

pA(@Vr)={@AqV(pAT)

THY, L THOC LISERT 5.

—J7. §1.5 Ty ACDWTEHFE pAg=qgAp DID VD Z LIFIBERTH 2,

D202 fAGEDLENITR,
(REHH)

PV Ar=rn(pVag)

=(rAp)VI(rig)
=(pAr)Vi(gAT)
BRI = T (LEH 1.10), XD = THRGH., RO = T3¢ (L@ 1.10) 2 HvwT

W3,
W22 (B 1.9 2 H\wT)

(Vo Ar=(pAT)V(gATr)m

B9 3. (1) (&) ZEWE X, (2) (#) TA &V EANELLAEIHEE X,
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1.8 #5E

MBI 2B L WHEE LT TholE (=) 2HATS,

20D p £ gl LT, Tp%5lE ¢ THS (If p, then q)1 LVIHMlEE p=q L
T, ZOIEMELR BRI CTERT 5,

(RICE>TE, p=2qDIEZp—q EFHSDBDYDH S, IHIT, p— q DEFEN T T
HhHrIt%p=q EFHOTKHLTETZILELH S, )

EDXIHIWCERT 5D, TITRHEIEREZHAVWTERT % (£4),

SRR
T LR S
&3

%4 p = g OEHEE

Bl 1.12 "1+1=2= V2 3EHE, 3E, "1+1=3= V2AIHFHE IE. =u

WHIE p VBEDEZDILELDEBEABRV (ZDLE ¢ BEILELZEI D) LK) BRENT S
D, p MDD EEDL, R2MOTELDTH S,

PR L 72 R97 275 B 12 & DfifSE ?
p= g DETHL7OITE, p PETHIUL ¢ PETH2 2 EDBKET, p a0 L X3
¢ RETHBTLELSTHLRL (EL5TY p= ¢ BETH ), —H., p NETHZD
2. g DBTHBEAE. p=q ZBTH B,

LEDERD p= q DEHEIX (—p) Vg DEMHEIC -T2, 2T Tp=q &lE. (-p)VqgD
CLLEEETLHEIEDDH S, (EBLHLTPoTHRWVIITED, AN TERT 2D T 0
7200, ) LTHIRBL L) BRDBT 5, )

& 4. (—\p) V q O)Eii'fﬁ%%%bj’o
HIEECTERTZICLTH, (-p) VgD I EELTERTZICLTH,

(2) p=q=("p) Vg
Ths, TNFFVEDBHERZTEI I,
Tp 2513 gy ODEED., XKDEIITE « BEAT Y OEAZHWTHETE 38,
~(p=q)=-((-p) Vg
= (=) A (mg)
=pA(mg).
W Z (T
(3) ~(p=q) =pA(~9).
BELEAAEMERZHOCEEHT 22 L HKS, wTnicl A, BHELZEMHTH 5,
'p 61X g ODEREIE TpTHHDIZ g TR EEH &, FHAPHE7259 072
SCNRAALIET, ChAOHENEEIY 755 —DL L1 2) 7 EBAED b,
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ER 1.13 BTHTRS “Gff GREE) e LTk, ML T = 2H0nw3 2L
BN Z RO AP LR T 2, £7 42013 ORIBICECTH S I L3, [rdt
WOHDICBHRL 72 2 LT, BIEDERE, BEVBZOFEROLIICEZ L0 FHETH 59,
FDXIICERTEE, T1+1=2%5613 V2 IFEIE, ZEAdEE 250, Bl
T, BB BT 20 TRZV» (1+1=2THB I L, V2 BEHETH S 2 LICBR
DVHDDIES)H?), EEFROBCETH, DANIMEICH LT TR 618 2o T,
BHEDRESED AL T, T2 5613 BEFOHEAIRELTWE L) Ths (ME
mEEL T\w3), =

1.9 misc

(ZTERED L ZIZHATVRERTRDOT, HETERAX Y 7T b Lk, )

1.9.1 #, B, =

q=p %, & p=q O (reverse) & M5,
729
(—q) = (-p) Z. & p = q OB (contraposition) & W5,
)
(—p) = (—q) 2. M p=q DEEMLR (5 L\ — BEETIIBE Ifib ),
i p = ¢ PETH-TH, ZOMi g=p PETH S LTRSS ( NInT LHER
575 ),

EE 1.14 EEOmE p & g ITNL T, @ p=q £ ZDXE (—q) = (—p) DEMRIZ—
Zj&‘é—%o
p=q=(~q) = (p)

SERA W% (BERMERZFH T IEDD S5, = 2HOTICR L THBEEFZLTORY), =
B 5. @ 1.14 23 X,

1.9.2 BERME, +o5EHE. DETIFHE

(ZOBBETIE. p, q BAMTH D, ZATRAVOT, PLELLLEEELD LI AR
DT B h%-§2 DBEERIE (TR ED?)

i p= ¢ DEMES T THZ E X, pld q DFREE (p 13 ¢ B LODD+435
). q 13 p ORBESFH (¢ 13 p DD 2D 72D DTS LIRS,

fEp=q & ¢q=p DEMEVBLBIC T THLLE, pld g DREFTHEBETH S (p X
q BRSO T2 DDA TFMETH B) WS, DI E%Z pesq TR,

BHEAAL p L qIZOVTHIRDT, p &k g Z ANEZTHR,

SRHTH B JaH AR~ Y AR GA TR b BEHICE L 5 D ODSEYI RN, BE A (5%
B ) L EoTT, AU D L, EENI -T2 k) aEs L0 I, Wk
HATHHAL L,
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2 i’_nl:lnﬂﬂii
ZI06 (Po8)BHO LD (FLLRNEDDH 2amEDFLRTE 3),

TR 1 ODOBUANNRZR I GEIZZUZ EL <L BEC(UIX UIEERRE) oBeannt
RN L TP EKRT 2D0HETH 5, mxir¥EW®¢«f@ AIICOWT, 2D 3
DONADOANL180° TH S 1, ZIH\I) bDZID ) DITREEGRIEDSHIEIZ 7 5,

R 2.1 "TRPFUIERDOBIE DT, MRZERT L7202, e-N ik, e-0 imE &I DY
HO, Z2H90VH EZATHRERMMBMNIINICR D) EVIHIIIBBHROZENBLIFLIEFE DN
%, MEHEIZEWI EHS LoD T, gl THEWLZRHZX r&%&ikj EoDEN, B
CEZTHD L, e-N ik, e-0 BB 7256 TIE R 2 3T L 5, RECRO RO
. BEERMOROEFT, LFTHSIAHTS S, n

2.0 RRNER: HF TR ESHOESZRIRLS

EHIZOOLTIE, OB TR T 220, HlzEH oz, #H2 % @Mz T ToiRS
% HifE L CHEA L“Ca% <o

rDEGEADEETHAI 2 2 A o WEE ADERTREWILZ a g A EFL,

AL | RIBR H12k

N HABREDOES N={1,2,---} natural numbers (A%
Z BEBAAROES 7 = {0,41,42,---} | Zahl (F A ViE: %)

Q HHE R OEE quotient (k)

R EL EINOL Sy real numbers (%))

C BEBEROES complex numbers (23%%X)

X 1: B BoEEDFRS

(b & EITKT (bold face) N, Z, Q, R, C ZHBIcH & &, XFO—f%2 _HT 3
ETRFAEOALZ LT ZEELH > T, 20— MbL7cEwIH)I T ES5 LV, TRX T
(. \mathbb{N} ® X 9T AT %23 bb & blackboard bold DEEZE & 2>, EHANT 5 & THEMR
KF) TT4h, )

2.1 REE (WRERREK, &)
Tz >3) 13 () ¢ DEZED D L EBIHEE L CRiich s, COL)RER » 24

LwoZ

TFEEZ, 2 122V TDOEMH (condition), J!an (predicate), fRRERIER & M55,
z IOV TDOERMZ, p(), ¢(x), -+ DX IICET (BCEN TV 2HDEE LTERS N
BB DR TR 2 DT, HEVEFUIRLTH A ) ),

A CHA L 7B 9 235 -, A, VvV, = &, SFFICBELTOEHT 2, (-, A 1ZAI
LT VR = EZI0)EEPDHT, Lo WELSNDIDTIERWEAL)HN?)

WNEEER B ClX, EMECS (quantifier, REELS & b)) EMEIN2G5TY, I VEHETH 5,

G2, fEAERID X9 3B, BRIt ExR &
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2.2 HEE®D, , "I9XRTD,) ,V

BETHTRAMED S X, Mhd 5 —EDHPHD S DIZTDOVT, 1 D2DOHIM D 7 < ]2
DRLT 5. EVITBD L DL, ZD X)Lz £FMARRE (universal proposition) &
9o WA ERBUT EREDOOOIZR L T~D3KL D 37D 4,

"EED) 1F TIRTD) EHF0 (ZDHVHEEIGES TRIEREZHOAD VLD L
nw), NI LTy 13 NieowTy EbF v, TN, 13 T d %) /43 T
HbH) EHBEIL, AMINE I EHLH B,

BETETLEZIE, TTXRTD) P EED) BEBINDE T LHE,

"(TRTO, fEED) ZAFICOWT, (ZO=AEO3O0) NADOHIZ2EMTH 5, |
"(FRTD, EED) oy RE 2 BIEIIER TH 5

"EED 2 1T LT p(z) 23D 2Dy v fmdEz

Vo p(z)

ERT,
ViZ “All” ORIHD LT A’ ZivE X TE-@dsTh 3,
(FHER) TpX Tld \forall & AJJT % LV 5,
BIZIE TTRTD 2 IR L T, 2 BFEELSIE 22> 0D 2D) L)%

Ve B =22>0

L#T,
WAL (), [] &>

Vo (z DYEE = 2 > 0),

Vo o [z EE = 2? > 0]
DEHTHEH 22 ZDDFIFIE, ) ADUFHRE VI, D7 h L LITKTSH %,
AV ELD ~
p(x) 2 z IZOWVTDEM (x ZEO D L pla) DEERD) £ 5,
“For all x, p(x) (holds)”, MEE®D x IZXf LT p( )(ﬁ)ﬂib_L/) TH3), TTRTO
212DV T pla) (DD LD, T%Z;) £ ) i

Vo p(x) H5HWIE Va(p(x))

FOBIEEDRZ S TH D LI, B THEICHNS
Vo p(x)

DIEDAET, p(x) 13% < @f e, pi(z) = po(z) EVITBEZ LT 5, pi(x) & THRSAT: |
TSR D& ) ITE 2
(Ve : pi(2))  pa(z)

HORIFHRR) BIZIE "M+1=2TH5,, "I+1=2HEDD2; EF->THRWLA, JUz "M+1=2, &
TLOPEETHA I, bo L HEFETIX, “14+1=2" I “one plus one equals two.” & % \>Ix “one plus one
is equal to two.” EFLBDT, 1+ 1 =2 ZNHEDITERLL (H 2V IEH) IZE>TWELEEZLINETHH
Jo HEFETH, M+1=2) 2 TobZTLBIRIITHS, LG RELD LAV, HEVIEHAFETIED
EDHE TTHD IFAMAMAET TuE T WVHIIIC) TLEARTREDND,
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EFELSZEDD D, Tpi(x) WY ILD K ) BAEED 2 1T LT po(x) BIRD D) DX I I
P,
EopITix
(Vo : 2 I3FE) 27 >0,

FEOREEM) &, T ldF8L 13 TeeRy EHIT 2, 5L
(Vr:x€R) 22>0
ERDbIFED, LIFLIF
(Ve eR) z2>0

LHgEIE NG, THETH S LI BEED 2 ITRHLT 22>0), HB0IE UEEDOER « Ik
L‘f 1’2 Z OJ &_g}ﬂlitfo
ZDGDERDOIMND S, v € RIFUARDHHREEZEZTEBTLZELDH S,

(Vo) 22 >0

(ZOHEHETIE, 2R ZIVIEIE L\ LICT 508, WHHEDEFOARTIIRGZ H 5, )

l7zr—2 &L T .
(Vo : x> 0) :c—|—522

(Vz > 0) :c—l—iZZ
EE(ZELH B,
)= swflzHifTE L,

(VA : A IZ=MTE) A D3 2DNMDANE 180°.

AR 2.2 (RBREOWVWEWTRARNIZEEIK) AFEICE, TTXTo) MEED) DEWRICEE
BHIXEC RV EWVWI IR EBFNTH 503,

TOODHBETDO TR TOZEBEIZEH L 7.
GREFUCBERT 2 & (Vo 2 3OO0 DZEE) « 136k L 7)

LW MR, 2ORBEZRL ANV EE, BETHED, ZTNEBBETH L, i
FEHSTR Y, LEIADBL LD TIERWES I D, BFETIERERL 2 AR WIEA,
LOFRIZETHS EART, S22 L, BFHELLTO TTXT) MEE) FZH0
IEHRTH D EHT B, (D 2?7 THH) —EHHAEZ TS, )m

RiX 2.3 (BARNBGERADS) . H5 (M2 22 ZHAK > 7) EBORE § T2

FF AR DEAAFE L 20 0 & AR B o te. L THE) 1A L7 C k5 5,
RTHEHTYH, 2 LW z2H T EBKRFATH S, EW0IRLESOLNIZLEDOK
FHIEWETIHRFETH o7, MBICOWTEZT L2700 RVEHEFITLH S, ZDTEHD
AL EARICIERE D3 23 dp o Fe, B 510 HREZ M7 THERD z 122V T, Pz)y &)
EOEH T, ZOiFHIZIEL (., ERETH->7%, MEVTIEZRWY, Fre vy Ak (o
BICH V) EHTH o7, EVIDIITHS, »
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RK 2.4 (BDEDHKRRER) &M po) 27T 2 2EDELE LV DE

{z|p(@)}, {z;p)}, {z:p)}
HETORT EH- 20D,

1
Vz|xz>0) z+=>2 (ZHIZE)
T

DEHITELIAD () BN endH2 (| £ F0DOTHRL LI I 2 L& L
T3 ?), s ey EZi 2RO INRE, 2HIVIFEEHE LTI AREZRALZEIZER
v, VOMEFRGEERT O | BEIRETERVEE), »

2.3 THEHETS,, "3, 3

"~ 27z (&)%) OODBET 5. THLO00VEEL T, ~DED D, TH 50
OIFLT, ~DRYZD), THEO0D ~ Z2iii7- 7, LI FoaE (BRIFENDFHL)
HRIHTKERS,

M3 — 2 +1=0%2WTEEK 2 DFET 5,

"HBHFE e BEAEL T, 23—+ 1=0 DD LD, (ZORHZHRET 2, )

THLHEB 2 ITRHLT, 23 —2+1=02DH D,

MBS o ZHEUE, 23 — 24+ 1 =023 D 7D,

DI EERD X HATERT,
o zeRAZ—2z+1=0.

Al 3 BT 5 “exists” DARIHDO T ‘B 2FKL TfE-o7EFbTws (HXFL
WIRD, I AITHTES, ),

(FHE) TEX Tl \exists EANIT 5L I M5,

E L EHSHEZ 2 AR L 05, HAANREDTE AN "3 3R {RAD BTV 5 4,

ROk 1A B 2 L hS e,
dx (QZERAwg—ZE+1:O)-

Jr [t €RAZ’—x+1=0)].
3 ERRS)

p(x) 2 2 IZOVTDEMN (x ZED D E p(x) amEHE R D) LT 5,

“There exists x such that p(z) (holds)”, T® % z PEIEL T, p(z) (DY D, TH
%), "®2 1L T (22WQ), plx) (BEDLD, TH D)y, "p(z) BIEKD D K
V% x DMFET 5, L) mdEz

~

Jr p(z) HHVIE Fz(p(x)) HEHWIE Tz [px)] HDWIE Fz st plx)
TET,
\_

EDBIDZ ) TH B X ), BATEEICENS

Jr p(z)
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D OwET ( ) 3% DB, pi(a) Apa(e) LV ITBELTOT, pi(a) 5z DEHED
Wb (17213 To BEBTH2,, TreR) &E) ZRLTVRS, ZH0H L&,

3z pi(x) A pa(z)

LI @iliE, Tpi(x) BT 2 T pala) DR LD bOIEET B, DX ) ICHE L
23 B CURDHIEE pi(z) £ 72 5 THROSD E4T312), ZHUSRHEL T

Bz :pi(x))  pa(2)

DEHITELS I ENS W,
EoflTix
Bz:z€eR) 2°—2+1=0

b, INEIHIC
Az eR) 2°—2+1=0
EMRT A2 EDS 0, (F 2 Tl — o+ 1= 02T OODEET S, , "H2EM
DIELT, 22 —x+1=02RD VD) &L Lo DT 5,
Ak 12
Jr (z>0A22=2)

%
Bz >0) 2*=2

DX HITEL Z EDBL N,

AR 2.5 (s.t. IED2WT) 3 & TN T, 3 DEHIC, LIFLIE “st. ~ ( T~D k9
7%, such that DAMEIE) p3Mib s, B2

BreQ) 2°=2

%
BreQ) st 2*=2

EHEL, JFh2 M) NE, “There exists # € Q such that 22 = 2.7 ( T2? =2 IRH 2D X
I € QVHIET 5.1 ) EMUBDT, st. Z2F2DBL > DKEDTHA9, st. &
HoTHBLTHRY, ZOHEETIEIOTRVLI LITT 5,
ROV T—OFELTEI), Ir e Qst. 22 =2 OREMEZRES &Sk LI,
s.t. 2L T
VeeQ st. 22#2

ETBANBTRICwINE, ZNRIEFSZDELTH S, (U TIRTD 2 e Q ITHfL
Ta?#2BRY D) ERBAT, '~DXIH)%) LETHELV), =

REIZI1IZEOHTIE, ceR ThWwE 28 —24+1 LWIXZDHDBF ey RAEWIZELHD, zeR &
-+ 1=0BHHELEVLHIECIZLEVTHS I,
BzofmElihcd s, BB rlicdifs s, RLAEMINEZD TI2DT, &Dkd,
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2.4 BROEMZEUWE (FEFEUMNR, ITFHEH)
2.4.1 EEAH

FEDHIT 2 DDOELDID 25413, Bfila S 2 D8 5, Px,y) 13z, y ICBAT 55
thchHhsrLd2, ZOLE,HIZIE VY Pla,y) 1F, 2 BT I54:THZDT, 3o (Vy P(z,y))
ZEIC RS, ZORZREIMEZEEL T 3o Vy P(z,y) £ DFEL, BDD 435 — v 2%
j‘% &.\

dx (Vy P(x,y)) %2 3z Vy P(z,y)
Vo (Jy P(z,y)) % Vo Iy P(x,y)
Vo (Yy P(x,y)) % VaYy P(z,y)
dx (Jy P(x,y)) %2 3z Iy P(z,y)

k%‘a‘o
3ODEMZEULG SRR T, MIZAIXVe 3y (V2 P(x,y,2))) Z Ve Iy Vz Plr,y, 2) EFH <,

fnatEnid 2 BIROGG AR TH 5, 2% D
o (Va) P(z) = Q(z) & (Va: P(x)) Q)
o (3x) P(x) A Q(z) & (3z: P(x)) Qx)
ERTRD I, HEOBERI S OGEICO V. ZOHAHRD X ) IHHilZHT,

Vx e Z)((Fy e Z)y > x)
"EEOBER 2 1T LT, o KO RZVEE y LT 5

=
Ve eZ)(FyeZ)y>x

LT,
5l 2.6 (EY 35 A# (Pythagorean numbers))
Jrdy3dz (e NAyeNAzeNAz?+9° =27

I3
Bz eN)(FyeN)(FzeN) 2% +y* =72

DEHIIZETS, =m

Bl 2.7 CEGBEBDER) B f 295 o THEBITH 2 LI, &ff MEREOES 1T L T,
TN BIER 6 BFEL T, |z —a| <6 ZWileTTXTD 2 I LT, |f(z) — f(a)] < el
DRI D T EEERT D, 2D (f & a BT 3) FfFIR, ZOHITHEAL ZZFHEIC I HUT

(Ve >0)(30 > 0)(Vx: |z —al <0) |f(z)— fla)| <e

LB, T Ol (AR iAW) TE O, »ADHEEIThND 5 A2
(BKH 5 NI L THS E L0, =

20



242 HmHH (HFEEOXNDEULFR)

BRI 2 DODEATHHT 5, HRGEO X ZRICEMT 2 LS L8 ), HAFE~ADEL S
BtiHh I B0, FAELTIZ. RDOLIICEILSHITEMICEIERL THtrZ & 2810 5,

o Vo Vy Plx,y) HMEEDz LEED y IZNLT P(z,y) 23D 22, EED 2,y
WX LT Pla,y) DD 2D ) — D 7S (Va,y)Pr,y) EMEET 22 E03H 5,

o Vr Jy P(x,y) "EEDO I LT, 2% y DFLELT Pa,y) 2D 2D
o JxVy P(z,y) &2 xdMHEL T, EED y TN LT Pz, y) 23D 32D

o Jv Iy P(x,y) Td2xEdHs yWFELT Pa,y) IR NEDY 1 TH D x y DIFFLE
LT P(z,y) WD LD — GO S o, y)P(r,y) EMEELT H 2 03D 5,

Bl 2.8 (1) (Vz € R) (Vy € R) 2%+ 42 > 2ay.
"EROFEY x, y 1T LT, 22 +y? > 2zy..

(2) VzeR) (IyeR) z>y.
"EEDOFEB 2 I LT, 5y BHFELT 2> y.y

(3) FxeZ) Vel x+y=uy.
T DHHE o« DEEL T, TEOER y N LT r4+y=y.J

(4) 3z € N) (Jy € N) 2% + y*> = 25.
"HHEHARB v,y BDEEL T, 22+ =25 m

N, Ao HIEICAZZED, vO 281 MEEOOIKR LT, 30 28h i3
THZO0PFEL Ty ETE2DDHAT, HFIFRL TAIUEZ W L THD, DT
FEEETITRRICRED A U 220y, HARGECTIIHERZ DA AR LR DI DL TH S, 2D
e, HAFEE L THRLE IR X ICTREZT A S, LrL, 2o TEHA I
BToTLESD (VWeZ) BreZ)a+y=y LERELBVIEAL)D?), ALk
7203 20T (B 5 M Ld %5 @f%biti BEaDT, 2H90IH)bnrEHAKRLH

BICL &) B2 ANVEZATH, DPA> TP V#2004 FTHB), AL LT
. TEEIEIER 8 2 B8#IO T 5,

ER 2.9 (BWABIERASHOEVWIR) o, BWAEIERTTE2MF & Tk < T,
o VaIyP(x,y) Z T XRTD 2z 1T LT, Plz,y) THDLI% y BFAET 5
o JyWaP(z,y) Z TTXRTD 2 IZHNLT Pz,y) THDE L)% y DFET 5

EUAD WS (FEa T IHER), HAFEE LT, H50IE25 6 0RID TG &K
CAAD0EE Ltz wnd, BEAPTOUOTHERLLABRLOTH S ) (FiRDE T
TE, HO7ZT TR BV EBLVIES ) ), bo & EFLRIUILVL DS ) D

ORI, BIFLE 28D o7 L E 62T 5D, BRI CTOMANZfEmIER D X
I >T W3,

W IHEED 2 IS L T, fFED y KN LT Pla,y) DDy EE-> THREVTIE BV ER I, 29
TEANELHVEIT, PLEL T30 ED L) TH 5,

15 TH2 o HELT, % yDIEEL T Pz,y) BIRD VD) EF5THHEVTIEBZWER I, 297
Z2ANEAHCE)T, ALEL T2 DKL) ThH 5,

B 21X, BE Q TERSI N f: Q — R Ol 5t %2 &3 5mEA

Ma e Q)(Ve>0)(F>0)(Vz e Q: |z —a| <) |f(z)— fla)<e
Z, B A2 AT 2w X )i, HAGELE LTHRICHTDIE 22 DEEL »,
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o BMIICEIERL . 2 25ie 2 LI 2 D0, fiRiEa 2 kB3 —FE,

o #UEZEMELIZ, MEUCHAGRICEHS 2\, &9 LTH HAGEICE T SEI, HiLF
EridmezEEL Tzhzelvs 28T, MuimiicHSEL 2 BT HAGEICHER
ER-E

ZOREIZ, WEEE HAEDECICERN L TWBIHZAH % & 9 hEd T 5 (Wikk o 1 3BR%
R&GEAEMS &, RICTHOLIEZF > 72X HRICHK ), »

2.4.3 EWESODIERF

BWEl T DI 25419 2 & £ %5725 )0 VL, IR THRMETH %,
Tihbb

(1) (Vo) (Vy) P(z,y) = (Vy) (Vo) P(z,y)
(2) (3z) Fy) P(z,y) = (3y) (3z) P(z,y)

V& 3T EFEEE IZRS v, PIZIE (Fz) (Vy) Pr,y) DPEZGIE, (Vy) (3)
P(z,y) bETH 2, (Vy) (3z) P(z,y) WETH>TH, (3z) (Vy) P(z,y) WELIZRS
&l{)o

#1210 TEALBICHLTH, ZRLHDRELEBH 5, 13
VreR)(FyeR) y>=x

EtERIN, At TH 50, BRZ ANVFA T
(JyeR)(VzxeR) y>=z

i TEALBEDORECE (Fr v EX VDB DL, Lw)uERICRD, (ZAKT
EdHHZBVDT) BamETH S, u

BE ~
VIt d50vid I AR, HEZ AL TOHHOAFRIEDS L, vV & DA
TIIATUAZ 5 ERRDPE D> TLE ),

(2.6 TR X H12) —MRIC “GyWaP(z) = VaIyP(x,y)” DD LD 6, I DEICEINS
TG FRTH 5,

J

Bl 2.11 (UpAlFA) 3EPOR2EE T={<), b &, I¥H } 12, XD X% 2 HERK
- ZBAT 5,
CIH9-=Bx&, Br&s-WEd, Wb <9

DN DEGEIE, = EARZE TS (HET 212 TURATAL DBELATDOHE), Bl 21X,
EhyfbrE 2975,
Vte J)3Fkeld) k=t

(EALTFITRHLTH, ZRUBEOFT k23D %) IZETH 5D5,
(Fke)Vteld) k>t
(EALTITNLTOHHE->TLE ) “DBET EH2) 3METHS, =
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B 2.12 (Archimedes DAE) 2 SOEDFEM a, b £ o7 & F (b BEARITKE L TH,
HBVIE a MEARINECTH), a 2 H07 SARLTRIUS b ZBLIK<,

(Va > 0)(¥b > 0)(In € N) na > b.
CHNRERE) (BT, BERGETH 5037,
(Va>0)(3In e N)(Vb>0) na>b

BB TH5, m

ROBNIE /P OREETH 5 (R o 1L s HEICRBEIHE LTI 7794 v 7
S H L),

Bl 2.13 (EHREE—KERM) I 2 R OXE, f: I R ZEHETSE, f 23] THETD
LEW) ZEEmBE T TEL L

Ve e )(Ve>0)(F0>0)(Vyel:|lz—yl<d) |f(x)—fly)]<e

Ex%, Fh. [ ] THRERTHZ L) Tz, wmi

p={1(}

L THES &
Ve>0)(Fd>0)Vee)(Myel:|lz—yl<d) |f(x)—fly)]<e

&%,
il & —RRERME X R 2R TH 225, 20DV, I DIEFOE LT TRIN TS

2.5 =ENZEESTMmEADIIHA

CROMGERIFHE X ) 1L T 7Y — 29 3Hilz,

EAL (IEL W) GG EFHER 2 X 95 R TEOHEIZ 20D (2909 bbb, s
FHIFEF LR 0DETE), RORTREZ L 2T 3,

%@Cm<a(»g()%ﬁ%?5 2iE XY T2 d Pi(z) W TERDE, LTS L
IERDZ ERESHL T, Py(z) THEZEMAHUTEROLEZTAHL),

i 2.14
(4) (Ve €R) 22>0

ZAHL X9 9256, £7 To 2ERBOFEHE TS, EHSHEL, 2 >028 L%
HIEE L TEZ S,
(GEH) z 2 ((EED) FEEE TS L, 2>0,2=0,2 <0 DVTNDDRD 2D,
r>0DGG. *=2-2>0 2 2DIEDOEDREIFIL).
r=0 D54, 2=02=0.
r<0DEH. —2>0ThHs256, 22 =(—2)?>0 (2 2DIEOBDREITIE).
WINDEHED 2 >0 THE0 6, (4) 2EEIIHKZ, =

VRO LA Z IR T 2z 1T ) e, GEHATRE il (EBE) &2 %08, Zhz3E-> T, #HEL
HRDEEDFO VL O DOWE %“@ktfﬁ@f%ﬁ%%béi%fi RN T L0HED3H 5 (D NHD
SIFEINEV) TEDHLMETH S,
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i (Jz: Pi(2)) Py(z) 12, (3z) Pi(z) A Py(x) E VI ERTH 2026, P(z) & Py(z) %
ARSI 72T & ) 7% o ZHEBICHDT 2 228 TENLX, ZNTREHIZRE T TH 5,

Bl 2.15
(5) (Fzx eR) 2?2 —-3x+2=0.

GIHEHRRIC 22 =32+ 2= (z — 1)(z —2) £FWVT, HEADMHEN 1,2 TH 2 Z L23ndrh
X, DT X ) BEENET S, )
GEH) z=1LtF2&, R,

2’ —3r+2=1"-3-1+2=1-3+2=0.
W ZIZ (5) DR D IED, =
Bl 2.16
(6) Ve eZ)(FyeZ) xz+y=0.
(GEH) 2 ZEBDOBELE TS, Z2DLE y=—a tESL, yeZTHD,
r+y=x+(—x)=0.
WA (6) DSEFIHIK 7z, m
Bl 2.17
(7) (FxeZ)\VyeZ) xz+y=uy.

JeHEDY Jr THH 6,z ZEENICHS T S UER Y, (VY e Z) z+y=yy 27T X
Ve LV DT BIEL ) D,
GEH) 2 =0 92, 2€ZTHYH, POEED yeZ ITXHL T,

r+y=0+y=y.

W Z A2 (7) DYEEHHE R 7, =
bHAA, WOHLZ )0 HMIREETHELOIT TR,

Bl 2.18
(8) (FrecR) 2°—2+1=0.

CONBRTEENIBTIZ I EbRwd, DLEL WS,
GEH) B fF R-R % f(z) =23 -2+ 1 TED B L, f(z) 1 2 DEHATHLI2 05, f
(ESLLETHE Ih /N

f(0)=1>0, f(-2)=-8—(-2)+1=-5<0.
FEOEBIZE D, Fr e (-2,0) f(z)=0. 2OEE s BFEHTH —2+1=0 (QZIC
(8) HSAEMHH K7z, ) m

BCardano DARZEMH &, v =— 3/3(9_2\/@) -1 9’1@ MEBIRESD D, I 23— +1=0 &k
TZEDERD—HTIEDLLDI5 0,
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iy
M 2: fla)=a®—a4+1DTT77

2.6 EMfEREDZE., HICEEME
T OAR (1)~(7) 28 (FERDIBEE P(x), Q(x) I22WT ) & h Lo,
(1) ~(VzP(z)) = 3x)(=P(z)).
(2) ~(3zP(z)) = (Va)(=P(z)).
(3) Va(P(x) AQ(x)) = (VeP(z)) A (VeQ(x)).
(4) Jz(P(x) v Q(x)) = (FzP(z)) V FrQ(x)).

EE 2.19 (RH) mIonRiz, MEED o ot LT P(z) 23R D D) DEEIF TP(x) 73
DSk S o BFEIET 5 L) 2T, BRBEETEAL TREL Evw) SHEE2E
WHHTADWETHA ), Vo P(x) L) EZ LTIy LT, KBlE w9 DiE —P(x)
e TEMEMNE 2 DI EERIFT, )0 2 BHRTELLEE, (Jr) -P(x) ZETH 3.
DFD, fHlEROT S ETHREMEZGHL, b EOmEBRTH S I LAFEHTE 7,
EWwHZETHS, =

ER 2.20 3) TADBHITV ELEZDD
Vz(P(z) vV Q(z)) = (Vx P(z)) vV (Vz Q(x)) (ZOHUFIEL < %2 \v)

ZR D M7, AL P(z) % To DMEBCH 2, Qa) & Ta &M CH2, LT B L E,
FABZETH 205, HiAITH 5,
¥4 TVORbHIZAELLDLD

A(P(z) AQ(x)) = 3z P(x)) A Bz Q(z))  (ZDFUFIEL £ 72 \0)
YDA RYA AR
(5) YaVyP(z,y) = YyVzP(z,y).
(6) 32Ty P(z,y) = JyIzP(x,y).

(7) IyVaP(z,y) = YaIyP(x,y).
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EE 2.21 (1) FUEHESTRL, = THEILICERLL), —STELD2EVHL IH
B2 AR Z TH X Wwdd, V & 32 A2 52 LIETER VL (BRMBLED>TL
J)o m

MHFSPE X O BFR (Ve A(x)), G Ax)) KR LT, |- & AREOARAR D 7o,

RPID DO EMERT 5

(Vo : A(z))P(x)) = - (V2 A(z) =

= ((Fz: A(z))P(x)) = = (FzA(z) A P(z)) = Vo—-(A(z
Vr—A(z) V - P(z) = VrA(x) = -P(z)

= (Vx : A(x))~P(x)

>
3
&
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i

A ESDOELIESL

BREOWBGL SV EEN X N2H L&, FADHEFEZzETOICA Yy az2Hv5,
BZIE, pA(gVvr) & (pAqVr BHIEIZI>TpAgyr ELTLE D & EHRBTD
5% 5%,

BOVIHGHEETZ 9 Lz k) ic, wHRIco>0wTh, Ay azHo -0, HEICELIHE
P, fRlZ2EEICAIgT 5,

1. = ¢

2. -, Vo, dx

3. N\, V

4. =

5 &

(= & & OEREMIZFET, LwIADVE, )
% Z13
(p=q) < ((-p)Va)
X
p=q< pVg
EELSZEDBHRS,

o —nizBwTH, A LV IFFEIUCELEN DT, A LV 2RE 2 TIE, 2i1ED
Hva () &DOFBIENBATHS I EETETELEND B, (A &R, v & HM L
S0, BOEHE E OIS A ZELEL T, pAqQVr Z pAqVvr EFT S, LML
TVBLADRL WL ) BRADT B0, £ TlEkw, )

{a,b} ={z|lxr =a Vv =1}

B k—bkOY—

il P, Q, -+ ZEREARLE (V, A, -, =, &) Z2ffioTilAadbE mET, P, Q, ---
DO 5ETH->TH, PRICETHS LI HHDE, F—FBa¥— (tautology) 713
THE S & -5,

flE& LT, PV (=P)

=Bk
9) (P=Q)A(@=R)=(P=R)
W1 11 = B

(10) (PA(P=Q)=Q

(11) (P=R)AN(Q@= R))= ((PVQ)=R)
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C a1—7Yv RDRw — FEEADEIR

AR, VS Y BERICRESH B EINTWS, TeR7 77 2AD=HH) THISTW»
5% FZADER7 T T A (B.C. 450-420) DSREHDFEHETH 2 L\ ) FHT 6 L\ Gk
8)e FLESLETHESTVWEHDLELTIE, MEE->TH T2—2 Vv FliG [7] WE£4
ThH s,

r2—27Vy PG &, 7vXH Y FU 7D 7 LA TR (Bukdewdns, B. C. 3 HidH,
PEEGEATIE BEuclid 2—27 Vv F) BWF LA M7 A 7 (Srovxera, HEETIE Elements, HA
Tl T ) L) EVTH S, ZOURETHROLNTVREEDL S YZERL b D,

HWEED L) 2L, o EDEHEOHLETH D, BIROBALEDEE 2RO TS K
VR ETAWH B, &L TEREY: (REAMLETORS) 13, P LB EBT EZ9) %o
TOLRWOT, THEAICEETifE (b LT 5 EnBMELD Lk v) I35,

Z o Sesi oo AL (Hfose e =7 HRz 2 7 b EURE) TREE2MfThb e
Pk, ZOBOFHRAINILLVIFHIR VI I TH S, (Hx DFEFEIL, FEL EED
HREAINTVWEDIC, GEHT 2 LI ITARBIIHER INEDL -7 ?)

i, 2 13E0 5 72 5 (P, MO (“RMIREC), MOME, FICNE: - sHEes
5 %), Wb, bR OXIE~OIGH, Bem (34), MR, ARXIE, E - 438, (200
) WK ODDERE (23+2+114+7+18444+22+0+0+(4+6+6)+294+04+0 = 132) &, 5 (or
9) DDORE, 5 DDRUENG | 465 (= 484+14+37+16+25+33+39+27+36+115+39+18+18)
el D a2 G L 72,

SIVCBURDOBIAD 513, FEICE A MDD S 203, 81T 6 - H A IC [HhE
WIEEWEFSOLNTVS, JIUIEFICEIRZILTH S,

9 DDA (MEfiH)
5 DD (HEfiH)

QED DJIL—Y S THIEHDOHE DO DI QED LEL 2 E2H 503, TIULEGRD 7 7 v iEd
THmEDGE DR ITE DTV % “quod erat demonstrandum” (b EDF Y ¥ ¥FETIE dnep
£deL OeiCon. YEFETCTE 9 & “which had to be deomonstrated”, 'ZNDEEFHITREZ L TH-o
721 LWV EKR) OEMIETH 5,

D EXRGHEE - SFEW
D.1 HROFTOTSOESR

1 DDBFENINRE . LFRXLTF2HAGLELDHED 1 DDHESTET I LR fTb
nas,

'p 2 ET 5,

My ZEROERET S,

'A, B%Z2HEHETHEE, )

FrlicZn g coigmicin 7Rz o7 X TH LOLRRZELZL T, 2z —2D50 5T
KTLE, =R B, £ THE =R 75, LFEL PR 2, y PEBRICER
FHTHHELT, Tz=(z+y)? B DEHYITHWELD T2,

VEIZE, FIEEGRIZ. ZDROARIY 7 LA FRAOEENH 576 Lwds, ZNEBEmICIEEENTES
T, BUETIIE > Tk (B o8l 7 Ko =4 20 M Ic - Tib ok ESbinTwn3),
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Ta & bDYFEL V) EWIHaEEIE, a=b &ibl“@bb—a EFHOTH, EFLE5THREILCC
LM, COEBEDGAR 2= (v +y)? DIBHIMT, (z+y)? =2 &1FHES L3P %,
HAFETIEZ, 2 Ta+y)? 2RT LTS, L0IF To+y)? 2 2 TRT) OPHRZ
IBRDT, ET2E Naty?P=2z 8, (—LT2E TH=57) cEEZHIThk
DM, ZIUITETHR VW E IND, EFETIE, FIZIE “Let 2 be (v +1y)?" LW I RBLUIR 2
DT, 2 D5, (z+y)? . EWVIDZHRITEL S5 L\,

(BERRIZ 22 228, BASIC &£\w9) 7mr s/ o 3 /7§%Ti A2 B ZRAT @3 % LET
A=B tFEHL, Bz Eo 7 ANDHDHT “Let A equal B” £ 2>, “Let AbeB” &> T\ 5D
7259, 29wz, Pascal DX )% ALGOL DT #TH S5k Tld, AN a:=b & FH
(DTHoT, )

#2T27.00%FF, B 2HX2MRT 27005 L3R L LEZLREDHA
v, LIELIE 2 S (a49)2 0k 90 L 269 2 ndb s, 20N 2= (a2 +y)? &
WHIEESH DD, = BALORDOERTHDZ LD ETET LV I BREZA TV S,

LIFLIX (z+y)? =2 LI ESHOHICTE2I LD S, (v+y)? & 2z DFBMEL ",

Mo T30, = ORWT, LU T, G5 Ew) I ENHKTH 5,

D.2 RE&E

NP E 3D, EEZRHEE L O CTEEEFHIC B EH - T T, L IZRD - DODEERDEH - T
W5 (2 ZTRIARSIS5IHLT) .

(a) AEBAATIRECH % & & DT, FAFAZMLE LS TEBEICAHOE L L ORZE I 1t 6y
O & 72 DR,

(b) & % HGma Tl E S N5 HARE, ZoLa, AMIZAHZEM TR, A% L
bﬁuiﬂf%i%o%of%%“@ﬁf“@f%%ﬁ%%\@@ﬁﬁﬁ BWLTIEAH
GAFtHHEINAEME R D e, TR L3H 5,

2—7 Yy FEEmICE T 5228 (axiom, common notion) &, A¥#E (postulate) % (a) DE
WCTORTH %, Buclid KD ABUSHERIRAN 72 TR IV =L % EDO WO % i D
72D DRAT, RUEEBEMEDTDHD THHOHE E LTARREI N SmE) TH 5,
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E REDET
E9 09 S ATHET B hOBEILT 510,

1A 30~40 BRREDH A ¥V A %79 (ZHUF T OXE EFHOBERNIHE-D ), §1.3 »
§1.4 £ CiED 2, PIRIZOTHEEIZR L,

2l WibloE D olbo, §1.5, §1.7 BWERNR L RS, EEEZ T (WFIFEHHERIC X
ZEEH, b LT 2 EEEEBIC X 2REH G ),

531 PHEOMH, §1.8 H7 D HEH- T2, fiv > TH 281 DdFEmEL, ICA %, §2.2,§2.3
2O LRV, HEIZERZEOMmEOR (X < X)),

Al EEOMSL, 6§24, §2.5, §2.6 fEMET oL D, §22 IZBEAEDHFHEE T DL ZAICR->TW
(b, IR, #EoEmz &LE, Bz 2UadE0iit, #&FE1RTE~
A7 =R BADBL D, FTRRPDE T4 7L,

I3

BEE 1. HHfERI
pla|r|aAr|pVgAr) | pVg|pVr| (Vg A(pVr)
T|/T[T| T T T T T
T|IT|F| F T T T T
TIF|T| F T T T T
TIF|F| F T T T T
FIT|T| T T T T T
F|IT|F| F F T F F
FIF|T| F F F T F
F|F|F| F F F F F

E7% %, 54IH L 8HIHDHEBEN—ET 2D T, (V) 2L 2D, =

BE 2. (CNEASTP,TAL), WETELLLHZ2REZ2B3TTHINS, ZOHE
PELTHI—~HEHD TP CHL, DVEENREZEETTH S, )

BEE 3. (1) mMICHERRE L TE <, T TI

(12) pA(gVT)=(Aq)V(pAT)
V) TREEHUIERTH b, faf & FAEZEFIC XD

(13) (pVa)Ar=@AT)VI(gAT)

DD VDZ EDBThroTw5b, rvs %z M LEBL &,

pVa ANM
pAM)V (g N M)

PV A (rvs)=(
(
(pA(rVs))VI(gA(rVs))
(
(

pAr)VpAs)V((aAT)V(gAs))
pAT)V(PAS)V(gAT)V (gNS).
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(=p) Vg

q
T
F
T

SRR

333 g

T
F
T
T

F
—p) V q DEIER)

—~
—

BBE 5. MEEIBIC K> TAEHT %, p=q¢=(-p)Vq D p, ¢ 1T, ZNEFIN ~q, p ZIUAT
5

(mg) = (=p) = (=(=q)) V (-p)
=qV (-p)
=(-p) Vg
=p=4q.

WZIZ p=qg=(-q) = (—p). m
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% 5l

corollary, 4 PEpft, 5, 8
| A HEE, 5
emm, S, 8
negation, 4 WFEAS75AF, 14
proposition, 3, 4 BT, 14
MIE, 4
quantifier, 15 )
7=V, 8
tautology, 9 TR, 8
truth value, 3
WA, 8
H 14
fieH, 4
%, 3
Wi 14 Y, 5
Ve W ey ERL, 5, 8
%, 4 fivi, 3
fiet, 8 B, 15
sHafE, 8
fEHEL 9
Tordeft, 14
avEE, 15
FAF, 15
Ak, 4
AtHd %, 4
3
HHMHE, 3
FRES, 6
S, 16
H, 8
X, 14
ER 4
[FlfiE, 7
F—tmrT— 9

R« ELh Dkl 8
%613, 13

P Em AL, 7
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