
II; tt:f II; ... 

2. a-:JJfln~-nuuL~£Ju 

I 
~ 

UYIYI 2 

3. L ~~1:~:~u a-:JJt1n't.J~:a-uf1113J~1L~'it1lun1~L~£Ju 
n1L~1£Je:JJi'uief1113J 1. LLa: 2. Luu'itl~\1 L~1ie\I£Je:JJi'u11ief1113J 3. Luu'itl~\1 

.... ... 1 A A .... ~ , 

-nelf1113J 1. LLa: 2. L~£Jn11 a'3J3J9'1~1'U'V\~B-nEl9'1\l (hypotheses or prem1ses) -nEl\1 .. ~ 

n1~el1\IL'V\9l~a LLa:ief1113J 3. L~£Jn11-n'ElmU'V\~eie£J~ (conclusion) n1~el1\IL'V\9l~aL'lfud' .. .. .. .. 
L~£Jn11 n1~el1\IL 'V\9l~aLL1J1JU~U£J (deductive reasoning) n1iea-~t.Ji.~'it11na'1111~~1U,~\I .. .. .. ~ 

Luu LUCi113Jnn Lnmsn'Yl1\19l~~nfl1a"9lf L ~1n ~1111n1~a1\l L 'V\9l~a a-11 L 'V\9la":JJ~a (valid) 
~ .. .. 

.- U ,..,.. "" d ca... ,.. "" .. I .-d o l 
9l~~nfl1a'Cii~L 'U 11ln1~el1\l L 'V\9'1 ~a'Yl £Jel11~1J L ~ £J\I-n Ela'~u9'113Jn n Ln nL'Yl'Yln1'V\'U~ 'U9l~~n-.. .. ~ 

ff1a-9lfityan1Ym L~1'it1: lit1111 t.J~:~'it11l'L ~ eel'1"~"~"t.J~: 1£Jf1uenL~1 'V\~et.J~: 1£Jf1t.J~ Lt~li 

2.1 tl1tft\l" (proposition M~O statement) 

tl .. A tl 1 I A tl 1 .,1"" ,d tJ A A tJ ~ I l 
~:~'itl'U flel ~: £Jfi1JElnLa1'V\~el ~: £Jf1ul)La'1l 'lhH 'U'itl~\I'V\~ElL 'UL'Yl'it1El£J1\I ~ 

1 .d 1 ~ t.J .. I I A tl .. ... .,I .. ... .,.~, 1 ... Q; .d l 
El£J1\I'V\U.\IL'Yl1'U'U ~:~'itl'UEl£J1\I\11£JfiEl ~:~'itl'UL~£J\Iu~:~'itl'ULfi£J1'Yl 3J3J9'11L'lfElll fl '] 

'Ylni Elf1113J9i El i.tHlLiJutl~:~'itl,r .. 
1. n~\1 L 'Yl~3J'V\1'Ufi~LiJULiJ el\I'V\ a1\l-n B\lti~:L 'YlffL 'Yl £J .. 
2. trnri\1 LiluLiJ El\I'V\ a1-3-n El\IU~:L 'Ylfla11 

3. -3 + 4 = 1 

4. 6 + (-8) = 2 

t.J~:~'itl,r 1. LLa: 3. LUU'itl~\1 LL9it.J~:'r4'it11l' 2. LLa: 4. LU'UL n'itl 
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tl 1 "'' I !'I al ....... .., I I "'' .. l..r 111" "i: r.Jfl L3JLu\hJ"i:'rf;)'U,~-3<il1EltJ1-3<ilel L1.1U 

1. 3T"fl~n1~ni'3J~:L vh l1 
q 

2. L iun L~tJUEhUi Elfl113J1.JUn"i:<il1U 

3. X+ 3 = 5 

4. X+ y = 10 

u1: 1r.Jflfl1t11ll 'V\'iElth: 1r.Jflf'i1i" llii ~ Ltluu"i::Yf;JU ,t u~ eJ u1: 1r.Jfl 1. LL~:u1: 1r.Jfl 2. 

l3J1erll.J"i::Yr;JUL ~"i1::Llia-13J1"it1-;i1LL un l~111.J1:: 1tJfl,fuLtlu~~"'V\'ieJLUUL ii~ u1:: 1r.Jfl~ij 
~1LLU"ieJ[j3Jn llii~ Ltluu1:~~,r L iteJ-3~1ntJ-3Lli Ltlu~~-3'V\'ieJ LUUL ii~ 1~tJ~<il1 LLU"iL uu1:: 1 r.Jfl 

CIJ 

Cl,;"'' 1 O 1 Aad ... u ... al 1 Cl,; Cl,; ... I ... "'' ... r.J-3 L3Jt1fifi1'V\U~fl1 11l'Yl~:a'"i1-3 "i::~~U~1nu"i: tJfla'tu~n"JYmL"lf'U,IIJJEJ 3. LL~:: 4. ~:: L~ 
CIJ ~ 

n~11LU<ilElU'V\i-3 

~1EJ£j1-3 ~"~~11m111u1: 1r.Jf1Lu-NEJL~Ltluth::~~,r 

24 

a ,¥ ...1..,. "'' 
1) a'3Jfl"i~:'lfel"it1r.J'V\Elel: L"i 

A ..f a..,. "'1 .. 1 .., """ .. 1 ..,. 
2) flUUa'3Jfl"i<ilel-3 Lu-31U1ULfi~"iel-3u"i:1l1U~1r.JU: 

3) 1~n~1-311JJEJ-3 1~nu-3feJueJ£j 
CIJ 

4) a-u 'Yl"iriLtlun1LEJn-n El-3L 'Y1 tJ 1ueri1-3EltJ1ltJ1<ileJUU~1 tJ 
q CIJ q 

5) 2y + 3 = 9 

1) u1:1r.Jfl "a-3Jfl;~:4El"it1nieJEJ::l"i" LuutJ"i::1tJflfl1{)13J~"'11Ltluth::~~,r 
2) U"i: 1r.Jfl "flu Ua-3Jfl;i El-3 LU-31U 1uL n~"iel-3U"i:1l1U~1 r.JU::" LU UU"i: Lr.Jfl fl1 i"~" 

lll L U'U,U"i::~~,r 

3) u1:: Lr.Jfl "L~n~1-311JJEJ-3 1~niJ-3feJueJti" LtlutJ1:: LtJfiUElnL~1 LtlutJ"i:~~,r LL~::ij 
CIJ 

fl1 fl113J~~" LU'U,~~" 

4) tJ1: 1r.Jfl "a'U'Yl"i1iLtlun1 LElniiJJEJ-3L'YltJ 1ueri1-3EltJ1ltJ1<ileJUU~1tJ" Ltluu1: LtJflUElnL~1 
'I CIJ 'I 

LUUU"i::~~ULL~:ijfi1fl113J~~" LUUL ii~ 

5) U"i:1r.Jfl "2y + 3 = 9" LUUU"i::1r.Jfl~ij~1LLU"i tJ-3UEJnl3Jl~11Ltlu~~"'V\;EJLiluLii~ 

~"ir"llii~LtlutJ"i:~~,r 
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LLlJlJ1Jn~ft 2.1 

I I ~ I VJ .. I ..t !'I .. I .. ..s \1 I !'I .. I .. 1. ';l"CilEl1J11LLiil~:"lJEJCilEl LuU LuUu~:~';lU V\~El L3JLuUu~:~';lU 

1. ~1lJL~ului1uV\a"EJ1fl1~ 
.,.LA \1 

2. Rllf'fn~ ';l:nU"lJUlJ LV\lJ 

3. 1u~ 31 iu11fl11 ~.fl. 2548 LtJuiuV\tJiil 
'I 

6. 5-8= -3 

7. 4 + 9 :I; 5 + 8 

8. X+ 5 = 12 
... .. I t d !'I .. I .. d... I A !'I A .. I .. .d... I .... 

2. ';l"L"lJtJUu~:LtJfl'Y1LuUu~~';lU'Ylllfl1fl11lJ';l~"LuU';l~" LL~:u~:~';lU'YllJfl1fl11lJ';l~" 

LUULrl';llJ1Elth"~: 5 tJ~::LtJfl 

2.2 fl1,-L~£UJt.J,-~Yf;),{ 

LU'Y11"1il~~nf'f1Riilf L~1';l:LL'Yluu~::~';l,r~1tJeln~~lun1~1e1"nf1~ Leri'l.t p I q I r I 

A ,_, A \1 ~ 1 A ~ ~ c:;' 1 A 
s I ... LL~:'l.ttJ13Jiil1L~El3J (connective) LlilLLn "LL~::" "V\~EJ" "en ... LL~'l" LL~:: "nlilEJLllEl" 

~1lJJ"n1~ittJ13J uitLR])" "1J El"U~::~';}U L ~1 El1';} L~tJntJ~:~';lUEl th"J1 tJi" LL<ii REl"U'l:~';},r 
.¥ VJ.,I.d "" ~ ,_, A ,_, 1 ,_, d .o!'( Q; I al .. .,1 
"lJ'l.t Lu'YlL~Elll~1tJiil1L~EllJiil1 Clllil'lV\1-t" V\~ElV\~1tJiil1 11u~:~';lUu~:nau (compound 

statement) tJ~:~';lU';l:ClnLLtJ~" l~atilu~tJiruin~m LL~:'t'i1l ~EJtilu~tJ ati1"J1tJ LL~1~" 
~ ~ ~ v ~ ~ 

LLU ~" n au LUUi El fl11lJ 111 ~1 

';l1filJ'YlittJ13J~U!1U"lJEJ"u~:~';lU ';l:L v;u l~11 fl1fl113J';l~" (truth value) "1J El" 

tJ~:~';lU1CII ') ';l:LUU ';}~" (true) lii1tie:J T V\;ElLrl';l (false) lii1tia FEJU1"L"ElU1"V\;1" 

L 'Yi1J" LL~:fi1fl11lJ';}"i""lJ El"th:~';}UU~:n EllJ EJ1';} LU'l.t';l"i"v.~EJ L n';l ;r'l.te:J tinufi1fl11ll';}"i" 
~ 

"1J EJ"u~:~';l,re:J ti1"J1 tJ l ULL<ii ~:n~nt ~"';l::c;l El"lil~'l';l REllJ LCII tJ li'nL]"lJ a"n1~L ~ElllU~:~';l,r 
IJ.I A ,_, 0 A 

Ci)1 tJ1J'Yl'l.ttJ1lJ"lJ El"lil1CII1 L U'l.tn1~ (operator) 
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I ~~ .-. 

n11'LiiilaJtJ,-~~';)"6l'J!H;t'JL~iliJ "LL~~, (and) 
.,I fl' .,1 fl' A ca.-,. '}llo I II .,1 fl'.,l 
u"'i:Vf;)\UU:h1u"'i:~-;,UR11JTHlL ~£l3JnU Lflll L~fl111 "LLa:" R"'i1~u"'i:~';IUu"l:n £llJ 

~~Lilln11 n1"1L~£l11 (conjunction) -n£1~ p LLa: q 'tiiqJin~m p I\ q (e:hui1 p LLa: q) 

.. 1 .. 0 ... 

q LL'YlU u"'i:~';IU "~1lln1a~111" 
q 

II 

i~,Xou, p I\ q LL'YlU "~Url1ft~CilnLLa:~1llrl1a~111" 
q 

fi1fl1111';)~~-n£J~th:v.-;,\{tJ,-:n£Ju p A q -;,:Ltlu1tJ~111R11u~<ii£JLtJU 

... I .J A tJ fl'dtJ fl'l\1.,1..t 
lil1Elli1~'Yl 2 ~';11"'inl.1 "'i:V.';IUR "'i:~';)Ufl£1 LuU 

(1) 2 + 5 = 6 ua: 2 + 2 = 4 

(2) 2 + 5 = 7 LLa: 2 + 2 = 5 

(3) 2 + 5 = 7 LLa: 2 + 2 = 4 

{4) 2 + 5 = 6 LLa: 2 + 2 = 3 
,. ... ... II .J !'I .... I II .. !'I " .. !"I .... ... 
Lflll T 1 11 L ~ ll~ II}) £l (3) 'Yl LuU';I"l"' R1U'll £l ElU ') LuUL 'Yl';l L U£l~';J1n L u U';l"l~ L ~ ll~ 

th:~-;,,rL~ ll1~~£l 1~ijtJ,-:~-;,u1fl Ltlu-;,~~ 

L "11 R1111"'ifl Li'~1"11~ LLRfl~ T 2 1~ ~~ L Un1"1R~1~Cil1"11~ LLRfl~fl1fl1111';1~~'11 El~ 
.. I .. .JtJ II .. I .. tJ .. ... ... I 2 ... ... 
u"'i:~-;,u 'Yl "l:n£llJfl1llu"l::~-;,uR£l~ "'i:~-;,u-;,:11n"'im~1~ ') 2 = 4 n"'im fl~~1"11~ 2.2.1 
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p q p/\q 

T T T 

T F F 

F T F 

F F F 

..:!!( ~~.~ QJ ~ .. 

n1"'iL!fiUJU1'~Y4,'"611!JCJI1LDiUJ "M"'iil" (or) 

tl 
.. tl .. A Q..o,. , ... 0 I 4 .., tl .. tl 

~::Vf;JU~Eh1 ~::'rf;)U~13J1~flL'.D'El3JnULfl[J L'lffl111 "'V\~El" ~~1\1 ~::~'iilU ~::nalJ 

~\IL~un11 n1~L;an (disjunction) ena\1 p LL~:: q liiryin~n! p v q 

tl 
.. 0 Q..o 

q LL'YlU ~==~';)U "~1Un1~\I:IJ1" 
'I 

~\l,fU p V q LL'YlU "~urhi\l<iln'V\~El~1Ufi1i\I:IJ1" 
'I 

fi1fi11:1J';l~\lena\ltl~::~';lutl~::nau p v q ';l::Li1uLtlfl1:1J~:IJ1J~tiiaLtld 

T 2 : n1 p Li~)u';l~\1 'V\~a q LUU';l~\1 'V\~ai\l~a\lti~==~';)U LUU';l~\1 LLtr1 p v q LUU';l~\1 

uan';l1n,fuLLtr1 p v q LUUL fl'iil 

4 I 'WI .., I 4 tl .- !"I ~ a ...1 I tl .- !"I ~ 
'V\~Eln~11 Lfl11 n1~L~anen El\1 a'El\1 ~::~';1\I.Lu\I.L 'Yl';)Lu ~1::n~nL 'Yl LLfl~:: ~::~'iilULuUL 'Yl'iil 

Q..o I ...1 A tl .. t; tl .. I 'Witl..r 
<ii1El[J1\I'Yl 4 ~';)1~~1 ~==~';)\I,'V\1 ~::~'iil\l.filEl L \1, 

4 

(1) 2 + 5 = 6 'V\~el 2 + 2 = 4 
4 

(2) 2 + 5 = 7 'V\~El 2 + 2 = 5 
4 

(3) 2 + 5 = 7 'V\~El 2 + 2 = 4 
4 

(4) 2 + 5 = 6 'V\~El 2 + 2 = 4 
4 

(5) 2 + 5 = 6 'V\~El 2 + 2 = 5 
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t ... A ... !'I .... d ... I ... d .. I tr .d :=1 .... 
~H.J T 2 enEJ (1) fi\Jllj)EJ (4) LuU';J"i\1 LUEl\1';11n11EltJ1\IUEltJ'V\U\Iu"i:~';JU'YlLuU';J"i\l 

..,. ..,. "" .d :=1 ~ !'I " ~ .. I tr 
lJL~tJ\1 1JEl (5) 'YlLuUL'Yl';J L~"i1:LuUL'Yl';J'Yl\la'El\lu"i:~';JU 

Cil1"i1\ILLa'~\lfl1fi111J';J~\Illj)EJ\I p v q t~tJfl1'V\U~ lip v q LUULfl';JL~El,.f\1 p LL~: q 

LUULfl';J uEJn,t'u p v q LUU';I~\1 LL~~"i.~ti\1Cil1"i1\l 2.2.2 

Cil1"i1\l 2.2.2 Cil1"i1\l LL~~\1 p I q LL~: p v q 

p q pvq 

T T T 

T F T 

F T T 

F F F 

.l.. ""' "" .. I tr !'I ""' ""' • I tr ~ !'I ~ "" • I tr !'I ~ U Ufl El fl1u"i:~';JULuU';J"i\l UL~trl.IO\Iu"i:~';JU U U';J:LuUL 'Yl';J LL~:fl1u"i:~';JULuUL 'Yl';J 

..,. .. 1 tr~ !'I ..... 
ULa'1r'll El\lu"i:~';JU U U';J:Lu\.L';I"i\1 

~,,,.m,tl,-:~,,r 

.. I .... .. I tr• :WI I il .... .J .. I d ... I ... 

"HUfln" UL~lr'JJ£1\Iu"i:~';)UfiEl "LlJL Ufl11lJ';l"i\I'YlHUfln" 'lf\11Jf1111J'V\1J1tJL"lrUL~tl1 

nu ~~~'" i.liCiln" 
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r 3 : n1 P Ltl'",-1;~ LL&r1 "'P LU\tLn';l LLa:n1 P LU\tLn';lLL&r1 "'P LU\t';)i'~ 

'V\'ifln~11L~11fi1fl1.11J-;J'i~-neJ~itu~·li-neJ~ti~:~-;JU-;J:~r~~,r13Jnufi1fl111J';l'i~-neJ~ 

tJ~:~';),r:~L~1J 

1)2+4=7 
ca.- ,.t !'II ca..-

2) 1\t\tLu\t1\t~li 
q 

- ca.--
3) AB 11\t1\tn1J CD 

~f)lJ 1) 2 + 4 * 7 

2) 1\t'ifilil~1'"~1i 
q 

3) AB Lli11\t1\tn1J CD 

p:3+5=7 

q:3x5=15 
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r: 5 + 15 =· 3 

s: 4- 9 = -5 

';l~~';JT'HU1111.h:rr;nl'1.h:n EllJ l ULL«ii a:,Y t1 LUU';l~~'V\~El LUUL fl';J 

1) p v q 

4) p 1\ s 

2) p V r 

5) _,p 1\ q 

"' 
CilElu 1 > P LiJuLn';l q LiJu,~~ i~uu P v q LiJu,~~ 

2) p LUULfl';J r LUULfl';J i~tfu p V r LUULfl';J 

3) p LUULfl';J q LUU';l~~ i~,!u p 1\ q LUULfl';J 

4) p LUULfl';) s LUU';l~~ i~tfu p 1\ s LUULfl';) 

3) p 1\ q 

6) _,p V r 

5) _,P LUU';l~~ q LiJu,~~ i~,!u _,P 1\ q LUU';J~~ 

6) _,P LU\4';1~~ r LUUL fl';) i~,!u _,P V r LUU';J~~ 
~ 0 !'I A A !'I R !'I A A !'I R 

1JilA'J,-\»1 p Lu'U';l")~Llltl _,p Lu'UL 'YI';l LLa: _,p Lu\4';1")~ Lllu p Lu'UL 'YI';l 
~ 

lunT~'V\1\tLa'F'lJEl~U"):~';JU~Sjf\111 J~'V\liCil (all) 1~ij (none) 'V\~ElijU1~ (some) 

uni1e1th~ itLa"F'lJEl~U"):~';JU "unL;tJU'YinfluijlJYu")")nCil" fltl "L~LUUfl11li';J~~~unL;uu 
q 

'YinfluiilJYu,")nCil" ~~ijfl11li'V\ll1 u L'liuL~u1nu "ijun L;uuu1~flu l3-iijl3Ju")")nCil" l U'YI1~ 
q 

A ft' 0 I ... "' .... ... I "' A 
fiiU.Cilff1a'Cil") fl111ll1.11~ (some) 'V\ll1r.Jtl~l1Elr.J1~Utlr.J'V\U~ (at least one) 

ijt1ciu1~~1li 
cu ... .., 

111.11~ lliij 

Sj enh!1~ ~1li ~ 
'YI ~ 'V\ ll Cil 

cu 

lliij 
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LU~1J1\Ji1UU L~ 

LU~1J1\J i1 Lliflu 

LU~'Ylni1aanLan 
'I 

Lliihtl~i1l~ a an Lan 

"" A I ·1} UnL"HJU'YlnflU'lfalJL~ULnll 
'I 

"" A A (i' 

2) un L "HJU1J1\JflU'lfa1Jfl t\4'ilfl1 ~'il1" 
... 0 "" .d 

3) :IJ"il1U1UU1J x 6Jf\J 5x = 24 

LliiiLiJ~i1l~flu L~ 

LU~'Ylni1flu 
'I 

LU~1J1\Ji1 Lliaan Lan 

Ltl~u1\Ji1 a an Lan 

4) R1'V\i'u~1U1UU1J x 'Y1n~1u1u x + x = x x x 
'I 

'ilalJ 1) UnLi-tJU1J1\JflULli'lfa1JL~ULn11 

2) L3,j£iun Li-tJuflu l~'lfauflm'ilfl1~1ilf 

3) Lliij~1U1UU1J x ~\J 5x = 24 
... 0 "" .J 

4) :IJ"il1'U1UU1J X 'Yl X+ X ;:t; X x X 

1)p 1\ q 

4) -p 1\ q 

2) -p 

5) -(-p) 

"".... t:t 
LL~~ q LL'Yl'U \t'U111"1\Jn1tJLL1J\JLL1"\J 

3) -(p 1\ q) 

'ilau 1) p 1\ q 'V\:JJ1tJn\J ,tunua1'V\11"fln'V\trn ln'1ru1n1,. LL~~,tuiii1\Jn1£JLLen\JLL1"\J 
'LI 

2) -p 'V\:JJ1tJn\J,tunua1'V\11"L3,jnn'V\an ln'1ru1n1,. 
'LI 

3) -(p 1\ q) 'V\:JJ1tJn\J LliLtlUfl11:JJ"il~\J~11 ,tuiiua1'V\11"fln'V\an ln'1ru1n1,. LL~~ 
'LI 

.... t:t 

111"1\J n1 tJ LL 11\J LL 1"\J 

4) -p 1\ q 'V\:JJ1tJn\J ,tunua1'V\11"Llinn'V\;n 1n'lfu1n1,. LL~~iii1\Jn1£JLLon\JLL,." 
'LI 
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5) -(-p) 'VUJ1r.Jtl'l lliLi~ht,fl11ll"il~'~~'~hQ'unue1v.T~llitlnv.~n L1lGjfU1nT~ ~"~~ 
'U 

fl113J'V\ll1 r.J L v.iieunu ,r unUEJ1'V\1"ltln'V\ ~n L1l8jf'U,1fi1"1 
'U 

n1"iL~iliJtJ,-~vt\lt!~'l!.lcA'lL~ilaJ "ll1 ... LLa'l" 

tl .. 0 I) ..... .. I') tl ... ... tl .. ..1 1 tl 
"l:~"ilU"il1U1Ull1n ~UflnLCi\fl1a'<il"l "il:Elr.J ~U"l tl1 p LLa'l q "l:~"ilU'YlLLa'~'l U"l 

'U 'U 'U 

ti1 p LLa'l q L;r.Jn11tJ,-:~"ilULL1JUih~eul'lJ v.~en1"1LL"il'IL'V\cn~~a (conditionals or 
II'U 

implications) LLa:L;ir.JULL'YlU~'lr.J p ~ q ~'IU"l:~"ilU81ll1"ltlehul~Ltlu "p implies q" 

~un p i1tl"l:~"il.U\t1 (antecedent) LLa:Lir.Jn q 11 tl,-:~"il.Ucn1ll (consequent) 

ft\l1,-nL1A'l1aJLiJ~ ltJl~LL'UUtli! ltJd' 

fl113JLiJU 'ttJlfliLL1J1J'lJ El'l a'llllii~1U LLa:,Y Ela'"l'U L utJ,-:~"ilU'lJ El'ln1"1LL"il'l L 'V\Ci\~~a 
II a II II 'U 

p q 

1) T T 1 L ... ...1 A 1 ..... ltJ ..1 ... 1 I na"lla'£l1J ~'Yl'V\U'I : na-li~1U1l1~"1 L'Ylr.J'lLGjfr.J'I 'V\ll 
II II 

2) T F 1 L ... ..~ A 1 l I ..... ltJ ..1 ... 1 I na"lla'El1J ~'Yl'V\U'I : nRll li~1U1l1~"1 L'Ylr.J'lLGjfr.J'I 'V\ll 
II II 

3) F· T 1na-lla-eu'tlll~~v.i1'~ : 1na-li~1U1l1~"1LtJL~r.J1L~r.J'~lv.li 
II II 

F F 1 L IL ... ...1 A 1 L I ..... ltJ ...1 ... l I 4) na"lla"El1J ll ~'Yl'V\U'I : na"ll li~1U1l1~"1 L 'Ylr.J'lLGjfr.J'I 'V\ll 
II II 
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T4 nTHL"ihH'V\<iltf~~ p ~ q Ltht,'i\l~\ILUn~m~h\1 ') tJnL1un~m~ p LUU'i\l~\1 LL~~ q 
qcu 

LUULii'i\l 'V\~Elna11l~11 n1~LL'i\l\IL'V\<iltf~~'i\l~LUULn'i\lLUn~mL~tJ1 flEl L~ElL'V\<ilLUU'i\l~\1 
qcu q 

LL~~~LUULn'i\l n~m UElnJu n1~LL'i\l\IL'V\<iltf~~LUU'i\l~\l 
qcu 

u'YiittJ11JIIJJEl~n1~LL'i\l~ L 'V\<il t(~ ~~1111~n ~~u'l.~~~<il1~1~ 2.2.4 
qcu q 

p q fi1~LL'i\l~L'V\<iltf~~ 
qcu 

p~q 

T T T 

T F F 

F T T 

F F T 

n1~LL'i\l~ L 'V\<iltf~~El1'i\lna11 L~'V\~1 uuuu L -rlu 
qcu 

1) n1~U<iln LL~TrlEl~U1'i\l~LUtJn (n1 p LLa1 q) 

2) n1~U<iln nr.NU1'i\l~LUtJn (n1 p , q) 

3) nEl\IU1LUtJn n1~U<iln (q n1 p) 

4) ~U<iln ~~Ju nEl~U1LUtJn (p ~.:~Ju q) 

5) n1~U<iln ~~JunEl\IU1LUtJn (n1 p ~~Ju q) 
.. I !"I AI 'VI ....1 ... I 0 .... "' ~I !"I d 'VI ...I ... 

6) HU<iln LuUL~ ElU LIIJJ'YI~ ElL ~~~~'V\~lJ'YI El~U1 LutJn (p LuUL\1 ElU LIIJJ'YI~ ElL~ tJ\1 

i1 'V\ i'u q) 

7) nEl\IU1LUtJnLUUL~ElULIIJJ-;i1LUUi1'V\i'U~U<iln (q LUUL~ElUL-n-;i1LUUi1'V\i'u p) 
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I .... tl .. I ....1 CL.- CL.- .. CL.- CL.- ..t 
nTHL';l~L'V\~a't-J~ p ~ q 11 ~~Vi-;JUnTHL';l~L'V\<ila't-J~'Yla':IJViUliflU~~U 

q 'll q 'll 

ti~~Vi';),r n1 P ua1 q P ~ q 

ca..- "' "' U'Yln~lJ {11 q LL~1 p 

CL.- I ....1 .... Q..- Q..- t,l Q..- ....1 0 Q..- I tl .. I Vltl..t 
<il1EUJ1~'Yl 9 ';l~LenliU 1J'Ylfl~1J ~flt-JU LL~~LLll~a'~U'Yl a'1'V\~ULL<il~~ ~~Vi';lU<ilEl L U 

"' "' {1) tl1 "3x +1 = 12 LL~1 X = 4 

(2) tl1,tuen1ll~tlliU<il1~ ,tu-;J~LtiL~ll1~1~ti~~L'Ylfl 
......... 0 ca..- "' "' 
11i'Yl1 {1) U'Ylfl~lJ : tl1 X = 4 LL~1 3x + 1 = 12 

ca..- "' "' ~n~u : tl1 3x + 1 * 12 LL~1 x * 4 

"' ca..- ....1 "' "' LLll~a'~lJ'Yl : tl1 X * 4 LL~1 3x + 1 * 12 

(2) u'Yln~u : n1 ,tu'1t1L~ll1~1~th~L'Yl~ ua1 ,tu-;J~en1u~nuu~1~ 
~n~u : tl1,tUen1ll~tlliU~1liL~ LLa1,tU-;J~LliLtiL~ll1<ii1~ti~~L'Ylfl 

"' ca..- ....1 "' ca..- VI •VIti ....1 I tl "' ca..- ~ •VI "' 
LLll~a'~lJ'Yl : tl1~U Lll L L'Ylll1fl1~ ~~L'Ylfl LL~1 uUen1ll~tlliU<il Lll L~ 

-;J1n i1 El ~1~ ti~~Vi-;JULL~~t-Jn ~luen EJ~ti~~Vi-;Ju,!u '11i-;J1 LUU~ El~ijfi1f111 :IJ-;J'i~ 

<il1~1~ 2.2.5 ';l~LLa'~~11 LU~tJJ11t1 ti~~Vi';)Ufl1~LL';l~L'V\~a-~~ LL~~ti~~Vi-;JU LLrJ~ 
'll q'lJ 

CL.- ....l.d I A ,.:!1 CL.- A I .... CL.- CL.- tl .. 
a-~U'Ylllfl1f1111l';l~~L 'V\11Elunun~m~Eln~m LL~~u'Yln~u LL~~~n~uen El~ ~~Vi-;JUn1~LL';l~ 

L 'V\<il~~~~fi1fi11:1J';)'i~L 'V\iiEJunun~m~Eln~nt i~fi1~1~~El 'ttld' 
q'lJ 
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LL';J~L'V\~8~H~ 
~ ~ ~ ~ d 

p· q "'P --q U'Yln~u r:.Jnr:.Jcu LL thHHUJ 'Yl 
'1'1.1 . 

p~q q~p "'P ~ "'q. "'q ~ "'P 

T T F F T T T T 

T F F T F T T F 

F T T F T F F T 

F F T T T T T T 

t • • I 
I I 

!1oft\JLflfl p ~ q ijfi1fl113J';J~~LU'ULfl';JLllEI~n·niLL~FJ1 flEI LdEJ p iifi1fl113J';J~'1 

LU'U';J~~ LL~: q ijfi1fl113J';)~~LU'ULfl';) n~m~'U ') p ~ q ';J:ijfi1fl113J';J~'1Ltl'U';J~~ 

I cf"' I f;t I 

fl1,-L~iUJt.l,-tvtv\M;l"l!.li1 L~il3J "flGi£1 L&iil" 

u~:~';JU~EJtiL'U~U p n<iiEJL~El q (p if and only if q 'V\~El p iff q) L1FJn11 u~:~';JU 
'1.1 '1.1 

LL1J1JiiL~El'UL.sn&fEJ~'Yl1~ LL~:LiiFJ'ULL'Yl'U~1FJ p ~ q 
d I d .. 1 ~ ..... d VI ~ ..... d 0 .:., ~ I ..... 

L3J Eln~11tl~u~:~';J'ULL1J1J3J L~ El'U L8jjffEJ'1'Yl1~ El1';J~ El~fl"tl~fl13J'UffnJnJ1 L1f'U Gf3J:JJ~ 
Ql Ql 'I 

1n ff3J l ~f'h1i'cuiruru1nuitn1~~11 ",tcu';J:~, LliEJ i.u L ~ FJ1<ii1~u~:L 'Yl f'ln<ii EJ L~ EJ,r'" i.~'Ylu 
'I Ql Ql 'I 

n1~~n1Y1~1~u~:L 'Ylfl" ti11n~:JJU~Uil~1:JJityqp u~:~';JULL1J1J ~ L~EIU LenffEI'1'Yl1~';J~~ 
LL&f~~':hu~:~';Ju 1nff:JJ';):~1itn1~~i.uL~FJ1<ii1~u~:L'Ylf'l LL~:u~:~';Ju 1nff:JJ i.~'Ylufin1Y1 

'I 'I 'I 

T 5 : ti1 p LL~: q ijfi1fl113J';J~~L'V\5jEI'Url'U LL~1 p ~ q LlJ'U';J~~ ti1 p LLfl: q 

~fl1fl113J';J~~~~~,j'13Jrl'U LL~1 p ~ q LlJ'ULfl';J 
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p q p~q 

T T T 

T F F 

F T F 

F F T 

p q p ---)> q q ---)> p (p ---)oq ) 1\ (q ---)> p) p~q 

T T T T T T 

T F F T F F 

F T T F F F 

F F T T T T 
... .. 

i~,fou,~~ai3J1"'tlL;jtJou, (p ---)> q) 1\ (q ---)> p) LL'Yl'U.~1tJ p ~ q ~~tl1l~';l:eh'U.11 
p n<iieJL~el q (p if and only if q) 

36 

p LL 'Yl'U. 2 = 1 + 1 

r LL 'Y1 'U. 2 -:¢= 4 

q LL 'Yl'U. 2 = 3 + 1 

s LL'Yl'U. 2 - 4 = 4 - 2 

ME 504 



1)p~q 

2) p~ r 

3) r~q 

4)q~ s 

1~f1~ 1) p LUU~~~ q LUULfl~ i~Ju p-H> q LUULfl~ 
"' 

2) p LUU~~~ r LUU~~~ i~"ttu p -H> r LUU~~~ 

"' 3) r LUU~~~ q LUULYl~ i~"ttu r -H> q LUULfl~ 

"' 4) q LUUL 'ti~ s LUUL 'ti~ i~"ttu q -H> s Lflu~~~ 

r:5+15=3 

1) ""(q 1\ r) 

~· Q,; lL1J1JHfl-vi61 2.2 

q : 3 X 5 = 15 

s : 4- 9 = -5 

2) ""( q V r) 

4) ""r 1\ ""S 

5) ( ""P 1\ ""q) V ( ""r 1\ ""S) 

I I I "' I VJtJ..t tJ tJ ... A VI I tJ ... tJ .... 2. ~'l1~~EllJ11LL~a~IIJJEl~El L UL U ~~Vi~U'V\'l'El L11 LLa~~'l'l~~EllJ 'l~Yf'ilUL U"il'l~ 

'V\~El LUUL il~ 

1)2+5=8 2) il~tJ,-~~ l~'V\ua £J 
cu 

3) iju,uiLflui~'V\1~ 
q 

4) L 1 a1 L 'Yh L,. 
5) 6 X 5 = 30 6) 4x = 32 

7) 2x 2 > x + 1 8) 3 LUUfh~auana~~11n1'l 4x - 2 = 10 

9) A c B n~aLda ~111~nYJni111JJEl~ A LUU~ll1~nana~ B 

10) { 1 1 2 1 3 1 6 1 -7} ct { 1 1 2 1 3 1 6 1 -7} 
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o,..o A .... o 'II 'II 

1) 'V\U\I~£lli';J1U1U'V\U1 250 'V\1.1,1 

2) R1'V\i'u-;l1u1uLti11 x Lfl ') x. - 5 = 5 - x 

3) 11iL'lf-;l1U1U'll''U'Yln-;l1U1'U~'V\11~1ll 3 1~~\li1 .. 
4) 'V\nU£llln11~'ULLU~ 

5) LLfi\ILUUflU~£111 

6) 3 X 5: 18 
.... .... ..1 

7) n11\I'Yln~111-n1~-n1 .. 
8)~'ll'-nnni111l1J11111~ .. .. 

VI I !'I A ..1 .. I ..I ..1 !'I .. I ..I ..1 .... .... 
9) Lll LuUfl11ll';l1\I'Yl1u ~L 'V\ ~ li1Jllll\t1n LuU 1u ~L 'V\ ~ llll';l Cil1~ 

'U .. 'U .. 
0 .... 0 .... 0 

1 0) ~1'V\1'U';l1U1UU'U X 'Yln';l1U'1U X + 6 = 6 + X .. 
11) 'll'nL;liU'U1\IfiU'lf£l'Uilti\IU£l\l 

1. 
'; 0,..0 A 

12) LLli1'Ylnfl1nU'V\U 
.. 'U 

4. Lil11Ci1111\lfl1fl1111';1;\lti e1 1ud 

1) 

q .....,q _,(.....,q) 

T .... . ... 
F .... . ... 

2) 

q .....,q q V.....,q q 1\ .....,q 

T .... . ... .... 
F .... .... . ... 

4) ';11n-li£l 4 -Ji£JU£lll 2 q v .....,q Ltlu~llli~Li\1Cil,.,.nfi1~Cilfnu q 1\ .....,q 'V\1£1111 
'U 

5. l~ q LL'YlU ~UCiln 

p LL'YlU 'll'nL;uulli111l~\IL;tJU 

';1\1 L ;j liULLtl a::-Ji £l ti £l lt.JdlflliL 'lfity a n~m 

38 ME 504 



1) t:JuftnLLft:::'t!nL~tJ'UL~3J1 t,-\JL~tJ'U 

2) un Li'tJu Lli3J1 t ,.\) Li'tJu 'V\"i£1 t:J'U~n 

3) unL~tJ'Ull1 1,-\JL~tJ'ULLa:::t:JuL~~n 

4) L~LU'Ufl113J~~\J~':h~u~nLL~:::'t!nL~tJ'UL~ll1 t ,.\JL~tJu 
6. i11 p Lilu~~\J LL~::: q LU'UL fl~ ~\J'V\1fl1fl113J~~\J11 £1\Ji e<ii e LtJd 

ME 504 

1) p v "'q 

3) "'("'q) 1\ p 

5) p V "'P 

p q 

T T 

T F 

F T 

F F 
., A 

"'P 

A ~ 

2) p 1\ "'q 

4) "'("'q) v "'q 

6) P 1\ "'P 

"'P V q 

... 
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p LL 'YlU 5 < 8 - 3 

r LL'YlU 2 -:;:. 4 

1) p ~ q 

3) p ~ r 

5) r ~ q 

7) q ~ s 

q LL 'Y1 U 6 = 4 + 2 

s LL'YlU 3 - 5 = 5 - 3 

2)p~q 

4)p~ r 

6) r~q 

8)q~s 

2.3 ~1A'J13Jv~"!.lih1U1'tWv"'tJ1'tnutJ 
'I ...r ..... I ..... ..1 .... 1 ,. 'I"' r:: A 0 .., 

LU~tlUULT1"ii::Yf'il1''HU.1fl1fl11ll"ii,-"'11Eh'h.J"':Vf'ilUu"'::nen.J L~tl L-.rf1"L~lJL~tl1.Jtln~1~1.J 

-na"n11~1Litun1"' (order of operations) -na"tJ,-::~"ilU L'liu -(p A q) 'V\ll1tltl" itL~lrlJtl" 
.. 1 .. I I 'VI •'I I ... ..J 0 .., A ..... 
u"'::~"iiU "p LL~:: q" LL~::tl1U11 Lll L-.rfn"'tu'Yl p LL~:: q LL~::Gf1'V\"'1.J -p A q 'V\ll1tlll" UL~li 

-na" p LL~::tl"'::~,,r q 'V\~aehui1itLR1i p LL~:: q 

i1a£h"~ 1 rh'V\U~ l~ p iifi1fl11ll"il;"LiiU"il;" q iifi1fl11ll"il';"LUULil"il "ii"'V\1fl1fl11ll"ii';" 

-n a"tJ,::~"il'Ll'u,-::n au -(p v q) v <P A q) 

1n'Yl1 L;itJULLa'~"fl1fi112J,n" ~1tl T LL~:: F -na"tJ,-::~"iiUElr.h"J1tJ LL~::u"'::~"ilUU"'::nfllJ 

lu~111~1iu ltrtJ,-::~"ilutJ,-::nau~Ltlu L"ii'Ylrf l~i"d' 

40 ME 504 



-(-~p v q) v (p 1\ q) 

"-/ 
F V

I I t ~ 

/ 
T 

i'Hl£h-\l~ 2 L~ p iifi1fl11ll';l~-\ILUU';l~-\l q iifi1fl11ll';l~-\ILUUL Yl';l LL~: r iifi1fl11ll';l~-\l 

LUUL Yl';l ';l-\I'V\1fl1fl11ll';l~-\l-nEI-\IU~:~-;JU 1) (-r) v (p " q) 2) (-p vq) " r 

uuu1Jni~ 2.3 

rl1'V\U~L~ pI q ~- r Is It LL~: u LtJut.J~:~-;JU ~iifi1fl11ll';l~-\ILUU -;J~-\1 -;J~-\1 LYl-;J 

L Yl-;J -;J~-\1 L Yl-;J ~111~1iu -;J-\J'V\1fl1fl11li-;J';-\J-nEJ-\IU~:~-;J,rt.J~:nau<iialt.Jd' 
1) (p A q) v r 

3) (p " q) ~ r 

5) (p " r) ~ s 

7) p ~ r 

9) (p ~ t) ~ ( -p v t) 

ME 504 

2) (p v q) " r 

4) (p " r) v q 

6) (s " t) ~u 

8) [(p ~ r) " p] ~ r 

10) [(p ~ s) " (s ~ p)] ~ (p ~ s) 
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.. 1 cf .. l .-=I a.. c( 2.4 lJ,.~,;,"lJ,.~niltJYiftaJaJan"YI1\J(;l,.,.nA1ft(;l"'i ... 
1-tEJn-;nn';l: lifl111-3 a-,-tlfi1fi1111'\J~-3-neh'Jtl,-:Vi';lutl,-:n e1u LLa1 ET-3li~1,.1-3fh 

q 

fi11:1J';)~-3 ~,.1';) a-ilu':htl,-:Vi';lutl,-:n £Ju a-£1 "tl,-:Yi';l'll'ijfi1fl11 :IJ';)~-3 L 'V\ ij il'ijnun,-iit~ e1n,-iit 

'V\'ieJ ,11 n1ijfhfi11:1J';l~-3L 'V\ij £11-trlUn"l"m~ £l11"l"m L"iun11 a':IJ:IJ~rlU'Yl1-3~"l""l"nfl1a'<il'f (logical 
'U 

equivalent) 

I 

U"l":fi';)U U"l":n £) 1J a'£1-3 U"l":Yi';l'll'a'~J :IJ ~ rl\t 'Y11-3 ~,.,.n fl1 a-~f n ~ £) L~ el tl"l":Vi';l ,r 
'U 

11,-:n e1utf-3 a-£J-3tt uijfi1fl11 :IJ';)~-3 L 'V\ij £11-tri'l-tn,-iit~ £ln,-iit 

Q..oO I ...1 'l~ A A C' 

~1EltJ1-3'Yl 1 ';l-3L~~1"l"1-3L'Yi£lLLa'fl-3 p 1\ q ~L~: q 1\ p a':IJ:IJ~L~-3fl"l""l"nfl1a'~"l" 
'U 

1~'Yl1 li~1"l"1-3LLa'fl-3fl1fi11:1J';)~-31J£l-3 p /\ q LL~: q 1\ p '~i-3U 
p q p/\q q/\p 

T T T T 

T F F F 

F T F F 

F F f I 
I I 

q/\p 

p q, p~q q~p (p ~ q) 1\ (q ~ p) P~q 

T T T T T T 

T F F T F F 

F T T F F F 

F F T T T T 
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... 
L'rf11:~:UU (p ~ q) 1\ (q ~ p) LLa: p ~ q H1J1Janu Lii£JULLl'lU~'UJ 

'U 

(p ~ q) 1\ (q ~ p) = p ~ q 

Q; I ...1 1\'ltl..t I Q; 

~18£11-\Jl'l 3 ~1'11-\1~8 L ULLH~-\111 (p ~ q) LLa: "'P V q H1J1Janu 
'U 

p --p q p~q --p v q 

T F T T T 

T F F F F 

F T T T T 

F T F T T 

p q "'P --q "'P V --q p/\q "'(P 1\ q) 

T T F F F T F 

T F F T T F T 

F T T F T F T 

F F T T T F T 

+ • 
... 

Q; I ... I ... A Q; ... I .o:tG.IG.I 

H-\1Ln~11 "'P V "'q LLa: "'(P 1\ q) 3JTI1TI113Hl'l-\JL'V\1J8UnUn'lnt~8n'lm ~-\JUU 

tJ,-:rr;n!tJ,-:n8udju HaJ1JaL;a-\J~'l'lnfl1R~f teriuL~£J1nUR13J1'lfiLLH~-\JL~11 "'P A --q 
'U 

G.IA ~ t' 
2.4.1 ft3J1J<iltlil\Jft3J3JiHD\J<il"i"iflfl1ft<il"i 

" 
H111J'1i 1 H1Ju'1in1'lH~1J~ (commutative properties) 

(1) p A q LiJuH1Ja.JaL;a-\J~,.,.nfi1H~fnu q A p 
'U 

(2) p v q LiJuH1Ja.JaL;a-\J~,.,.nfl1R~fnu q v p 
'U 

ME 504 43 



~11Ui 2 ~1lmlnT'nt1iuu'V\~ (associative property) 

(1) p 1\ (q 1\ r) LUU~1JllaL~-\I<il'l'lnfl1R<ilfnu (p 1\ q) 1\ r 
'LI 

(2) p v (q v r) LUUR1JlJaL~-\I<il'l'lnfl1~<ilfnu (p v q) v r 
'LI 

~3Jml 3 ~lJmln11LL1lnLL11-\I (distributive properties) 

(1) p 1\ (q V r)LUU~lJllaLi-\l<il'l'lnfl1~<ilfnu (p 1\ q) V (p 1\ r) 
'LI 

(2) p v (q 1\ r) LUU~lJlJaL-i-\l<il'l'lnfl1~<ilfnu (p v q) 1\ (p v r) 
'LI 

.._ . .,. .. 
~lJU<il 4 nL]~lJO'lLLnu (De Morgan's Laws) 

A .. o; 

(1) ,...,P v ,...,q ~lJ1JaLIIJf-\l<il'l,nfl1~<il'lnu ,...,(P 1\ q) 
'LI 

LL1J1J1Jn\1~ 2.4.1 

1) ,_(p 1\ q) LLa:: ,_p 1\ ,_q 2) _,(p /\_ q) LLa: ,_p V ,_q 

3) ,_(p V q) LLa: ,_p 1\ ,_q 4) ,_(p V q) LLa: ,_p V ,_q 
.. 1 ~~~ .a .. A .a II ')II .. o; 

2. ';1-\lu'l:tln<il LI!Jf nn~lJO'lLLnU L ~OLIIJ.Iti'UIIJJOfl11lJ L'V\~lJlJa'Yl1-\l<il'l'lnfl1~<il'ln1J 
• ~ 'LI 

II do ')II 

IIJJElfl11lJ'Yln1'V\U~ LV\ 

1) lliLUUfl11lJ11;-\1~~1-\IL~OU~01JfHlt<ilfl1~<ilft~LillJ LLa:~01J111~1el-\lnq~ 
,~~-\1~~ 

'LI • 

\'1 I !'I A ..I + \'1.1 .. ... \'1 .. 1 ' J' 
2) L1JLu'Ufi111J111-\I'YlLn11!:Lu~111~ti'U<il'l'V\101l:Lu11tl~1 

3) ~'" l1i<iln'V\~0~1~lli1uLL'l'' 
4) LLn16Ji'n~1lli~:01~ LLa:'Yi101'V\11lliEliOtl 

Ia; .. Ia; ~ 

2.4.2 i'f;)\41\Uil1 

-n Ofl11lJ'Yl1-\l <il'l'lnfl1 ~<il,~-\1-N 0 ~'lU~lJlJ a nu-N 0 tT-\1 ~tln11 i11iti'u<ilf 
• 'LI 

A .. I .I ... 1 ...l.a I A !'I A " .,. I 

(tautology) '1f-\I'V\lJ1tltl-\111 u1:~11Uu'l:::nou 'YllJfl1fl11lJ111-\ILuU111-\I L unnn'lmiiJJO-\Ifl1 • 
fl11lJ';l'i-\l-nO-\IU1!:~11UeUh-\1~1tiLLU1Jtl1-\l ') ~un11 i';l\li'~~f 
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A tl ... I "'tl...r 
~';JT'HU1 1:~-;J'U,<;l El L 'U, 

t:Ju~n 'V\~a t:Ju Lli~n 

tl1:~,..r-n1~'iiu L;itJuluJtlityanlYm1~L"liu p v ("'P) LLa:LL~<il~fl1fl1111-;Ji~L~ 

p "'P p V ("'P) 

T F T 

F T T 

A.... A ..., .., II,; A II,; ...... ·' tl ... ....~ !'I A ... I 

11l'V\'U~'Yl-;,:~11~~-;,u1'U~1fl£l-w.1 1:~-;J'U'Y1Lu'U~1JllaLIIJf~f111nfl1~~1 LIIJf'U p ~ q 
cu 

A.., II,; II,;.- .4:=1 A"' ~~.;.,f 
LLa: "'q ~ "'P 111L'lfEl1J<il1tJ~tyanlYm ~ 'lf~Lu'UL~El'U L'li~El~'Y11~ fi~'U 

(p ~ q) ~ ("'q ~ "'P) 
A ct. .... I A ... II,; .... I .... 

Lua~-;,1n'Yl~ p ~ q LLa: "'q ~ "'P 11fl1fi1111';11~L'V\11Elunun1m~an1m 

i~~'" (p ~ q) ~ ("'q ~ "'P) Lilui-;,itfu~f 

1) (p ~ q) ~ ("'P V q) 

3) "'(P V q) ~ ("'P 1\ "'q) 

2) "'(P 1\ q) ~ ("'P V "'q) 

4) r V (p 1\ q) ~ (r V p) 1\ (r V q) 

5) r 1\ (p V q) ~ (r 1\ p) V (r 1\ q) 

l .... dtl ... tl .... tl ... I tl ... ....~"! l'l I A II,; II,; 

un1m'Yl 1:~-;,u 1:nau 11 1:~-;,u~1~ ') a111 1:~-;,u'Yl Lll L'lf'UL~li'lla~nuLLa:nu 

lun11~'i1~~111~LL~tl~fi1fl1111,i~'lla~tl1:~-;,\l' -;,:tl1:nau~1t1n1mc;h~ 'l 2 3 = a n1m 

i~LL~u111~'iiu 1aj LLa:fl111~ 2.4.2 
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<111~1~ 2.4.2 fl1fl11ll~~~-nEl~ r V (p 1\ q) ~ (r V p) 1\ (r V q) 

p q r p/\q r V (p 1\ q) (r V p) (r V q) (r V p) /\(r V q) 

T T T T T T T T 

T T F T T T T T 

T F T F T T T T 

T F F F F T F F 

F T T F T T T T 

F T F F F F T F 

F F T F T T T T 

F F F F F F F F 

t t 

2.4.2 

p q P~q (p ~ q) 1\ p [(p ~ q) 1\ p] ~ q 

T T T T T 

T F F F T 

F T T F T 

F F T F T 
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1) [(p ~ q) A "'q] ~ "'P 2) (p ~ q) ~ ("'q ~ "'P) 

3) ( p ~ q) A (q ~ r) ~ (p ·~ r) 

5) p ~ (p v q) 

4) (p A q) ~ p 

';l\l<il""I1';18Eltri1-NEl 1) - 5) Lth.~i';liti'u~f 1~ua-f1\l<il1""I1\I<il""I1';18El1J 

'I !=I CVACV _. .1 .-.. 1 .dd 1).1 cv d 
L Un1""I<il""I1';l 8El1J fl1111 LuU8';lU "'IU<il~ El\lu"'I:::Y-4';1 Uu""I:::n Ell.J 'YI L GJl'Elll ~1 tl <il1 L GJl'El :tJ 

"li1 - LLLt1" 1~u1in1""Ivn-NEli~LLU\I ~\1';1:::81111il1~u""I:::'Y'!';)U'i.J""I::n£lu~n1'V\U~ 1~LuuL ii';) 
q 

A A .d' 'VI 1).1 ... ... • d • I .. 0 !'I A • I .. !'I ~ 1).1 "" 

'D'\I';l::Ln<il~U L~n".it\U~U1 flel L11Elu"i::'Y'!';l'UU1 LuU';l"'I\1 LL~::u"i::'Y'!';lU<il111LuUL 'YI';l LL~1';l\l 

'V\1fi1fi111J';)~"~El"u"i::'Y'!';JU£l u1~1 u 'V\1n~iEli~ LLu\lnu~a1111iil1 LLa~\li1u""I::'Y'!';lu 
q 

• I ct !'I cv A cv .. 1).1 'VI I ... 1).1 cv 1).1 I • I ... I ct ... ... .d !'I ~ 
u""I::nEllJU ULuU8';lU1U~1 tl1 Lllli~El~~LLtl\1 LL8~\111u1:::Y-4';1Uu"i:::n£l1.J UU11n1m'YI LuUL 'YI';l 

1u LLl.JlJ'll El\IU"i::'Y'!';lU~\ILli Luui';l\ti'u~f 
cu 

cv 1 .d .I .-.1 !'I cv.-cv _..S\11 
<il1ElU1\I'YI 8 u1:::Y-4';1Uu"i:::n£l1J [(p ~ q) A "'q) ~ "'P LuU8';lU"i'U~1'V\"iEl Lll 

1il11 81111ii [(p ~ q) A "'q] ~ "'P Sjfi1fi111J';)~\ILUULii';) 
q 

[(p ~ q) A """'q] ~ "'P 

F 
.. ~ 

T F 
~ ....... 
T T 

~ 

i1a~1"~ 9 u""I:::'Y'!';JUU""I:::nau [(p ~ q) A q] ~ "'P Luui';lili'u~f'V\;Ellli 

1il11 8:tJ11tl [(p ~ q) A q] ~ "'P ilfi1fi111J';)~\ILUULii';) 
q 
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((p ~ q)A q) ~ ~p 

F 
~ 

F 

';l:L~ul~11R1lJTH1ri1'V\u~fi1-nEh1 p l~Luu T 'V\~ElLuu F nl~ LL~fl'1n1'V\u~1~ p 

LiJu T ';l:LliLn~iai~LL£J\I ..tu~ern.JLLuu-nEJ\Ith:~';l,riin~m~LuuLii';) ~\ILliLuui';likiu~f 
'U 

'iiJ\1~~1'iiJRElUfl11:JJLuui';litfu~f 1~r.J1in1~'V\1-n'Eli~u£J" 

1. [(p ~ q) A ~p] ~ ~q LiJui'iiJiti'u~f'V\~El Lli 

2. [(p ~ q) A q] ~ p LiJui'iiJiti'u~f'V\~El Lli 

""' 2.4.3 fl11"il1"L11G1Na • 
~ 'I 11"4 ""I .d ... tl t( 

n1~El1\IL'V\~~fHU'YI1\I"~~nfl1R"~ flEl n1~El1\111Ll1El:IJ ~:~';leu, P 1 I P 2 I 

d "" U\1 "" .. I tl" ca; d \1 "" "" U "" P 3 1·. ·1 Pn ~~'V\U\1 LL~1R1111~I1R1 L~u~:~'iiJU C ElUV\U\1 L~ n1~El1\ILV\~~~ ~:nEltJ~1r.J 

s1ui1fl'tyREl\IS1u ~El Rll~iif1u V\~El~\ln1V\U~ l~ L~LLri P 1 I P 2 I P 3 I •• ·1 P" u~:enElL1'1tl 
L~LLri c n1~el1\IL 'V\~~~El1'iiJRlJL V\"Rll~~ V\~ElLliRliL V\~Rll~~nL~ ~\IEl1'iiJ"~1';1RElUfl11:1J • • • 
R:IJLV\"Rli~~L~L~tJLii1L~Elll 1\ L~ElliRlllJiiqnuvT\IV\11~ LL~:lii1L~Elll ~ L~El:IJ~1U . . ~ 
~LUURllllii~1UrlU iElR~tl i\lif . ~ . 

{PI 1\ p 2 1\ p 3 1\ · · · 1\ p n) ~ C 

tl1tl~:~';l,!tl~:nElu (P 1 1\ P 2 1\ P 3 1\ ... 1\ Pn) ~ C LUUi'iiJiti'u~f 

LLR~\111n1~el1\IL V\"~~t1'1JL V\"Rll~~ {valid) • • 
tl1tl~:~';l,rtl~:nElU (P 1 1\ P 2 1\ P 3 1\ ... 1\ Pn) ~ C LliLiJui'iiJiti'u~f 

LLR~\111n1~el1\IL V\~~~ LliR:IJL V\"R:IJ~~ (invalid) • • 
.d tl ... tl .J .d "" Q; .d "" "" :'1 ~ 111 "" ... ... LUEl\l';l1fi ~:~';leu, ~:nEJU'YIL'lfElll"1r.J"1L'lfElll "n1 ... LL~1" ';l:LuUL'YI'iiJ L~fi~t\U~r.J1 

~El R:JJ11iiq;1u LUU';l~\1 u~:iEJR~t1Li1uLn';l uEJn'iiJ1n1i"~1';)REJu 1~r.J1in1~'V\1-n'Eli~utY" . ~ . 
i\l~fi~11LLa1EJ\IR1111~n"~1';1RElUfl1111RliLV\"t1'll~~ ~\IEl1';Jfl1L~n1i'V\it\I~Elr.JEl:IJftJ11 • 
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ijfi1fl11ll"il;\l Ltlu"il;\1 LR11£J L 'l1n~1Ti1n1,-ei1\l L 'V\~~.u~ Rll L 'V\~Rll~ft LL<iin1an£JR'lt1£J1"ilij 
q q q 

fi1fl11ll"il;\l LU'l.t"il;\I'V\~£1 LUUL fl"il L 'l1n~11'hn1'lel1\l L 'V\~~ft LliRll L 'V\~Rll ~ft 
q q 

"il1nn1'l~"il1'lm1 tJ,-~~"ilutJ,-~n£Jti~Ltlui"ililfu~f L'l1L~'lt1uuun1'lel1\IL'V\~~a~ 
~ q 

..4 o 'VI .. ll ~ ~ """' l """' ~ .. I " I ~.d a.. ..t 
RliL'V\~Rll~ft 6Jf\l"il~\t1 LlJ 'lfL'l.tn1'l£11\l£l\l Un1'l~~"il\t~IJLL1J1Jen£l\IIJ'l~~"il\t£l\t ') ~\1\t 

.J 
'lULL1J1J'Yl 1 R1111ii~1\t 1. p ~ q 
~ q ~ 

2. p 

ci£JR'lU q 
q 

.J .... 
'lU LL1J1J'Yl 2 R1111~~1\t 1. p~q 
~ q ~ 

2. "'q 

an£JR'lU "'P q 

.J .... 
'lU LL1J1J'Yl 3 R1111~~1\t 1. p~q 
~ q ~ 

2. q~r 

an£JR'lt1 p~r 
q 

.J .... 
'lU LL1J1J'Yl 4 R1111~~1\t 1. p~q 
~ q ~ 

an£JR'lU "'q -~ "'P q 

\'\~£Jan£) R'ltJ "'P \/ q 
q 

.J 
R1111ii~1\t 1. 'lU LL 1J 1J 't1 5 pVq 

~ q ~ 

2. "'P 

ci£JR'lU q 
q 

.J .... 
'lU LL1J1J'Yl 6 R1111~~1\t 1. p~q 
~ q ~ 

2. r~s 

3. pVr 

an£JR'lt1 qVs 
q 
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.d .... 
~thLUlJ'Yl 7 ~1111Cil~1'l-L 1. 
'U q ~ 

-NEJ~~tl 
q 

'V\ '1El-N El ~~tl 
q 

.d .... 
~tJ LL1J1J'Yl 8 ~1111Cil~1'l-L 
'U q ~ 

-NEJ~~tl 
q 

(1) ~11~~~1" 1. s 1\ t 

2.s~q 

3.U~"'q 

-NEJ~"itl u V r 
q 

(2) ~11~~!1" 1. s ~ t 

2. u ~ "'t 

3. "'U 

p/\q 

p 

q 

p 

pVq 

1irh (1 > 1. s " t (n1'V\"~> 

(fl1'V\t.L~} 

(fl1'V\t.L~} 

2.s~q 

3.U~"'q 

4. s (-NEI 1 1tluuu~ 7) 
'U 

... ... .. 1 .d 
(sne:J 2 LL~!:IIj]EJ 4 1JJLL1J1J'Yl 1) 

'U 
5.q 

6. "'U 
... ... .. 1 .d 

(sne:J 3 LL~!:IIj]EJ 5 "iJJLLlJlJ'Yl 2) 
'U 
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........ 0 

11i'Y11 (2) 1. s ~ t 

2. u ~ "'t 

3. "'U 

4. t ~ "'U 

5. S ~ "'U 

{n1'V\U<il) 

{n1'V\U<il) 

{n1'V\U<il) 

'V\'7aa1';l LLR<il-\1-n'a (2) 1<iltJR1111iil~ti,-:Y-4';1Uth:nau LUUL ii';l 11-n'aa-,-u ~L~';l:LiJu 
q q 

au1-\IL7 

1~rh RlllJil{[(s ~ t)A{U ~ "'t)] /\ "'u}~ s ijfi1fl11lJ';l;-\ILUULfi';l 

{[{s ~ t)A {U ~ "'t)] A "'U }~ S 

F 
,~ 

T F 
~ ...... 
T T 

F~ 

';l:L ~ul~11n1n1'V\u<ill~ s Ltlu F ';l:lliLn<il-n'a-i<iiLLEJ-\1 lli11';l:n1'V\u<ilfi1 t Luu 

';);\I'V\'7aLtluL ii';) Jufi au,-:v-t';luu,-:n au~ n,.m~ LUUL ii';) ~"lli Ltlui';liti'u<ilf 

LL1JtJflnifl 2.4.2 

.... I ... I 'VI .. I.r'l .. 1... ... ... 0 

1. ';1-\IL-ntJULLtl~:-netleJ LlJ'UL'U~IJa'ty~nljmL11£ln1'V\U<il 

p LL'Yl'U~'Utln 

q LL 'Yl 'U fl 'U 'ULU tJ n 
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£9 

n. 

~~~t\s1.tl.fl1 ~ I; 

v09 3V'J 

::~t1.B ~1t'-t~t~11U~ti.MLU, ti.~M.::.t.(lrtU.t.tt>~L~U.t..t.tt>t'-.ao 1 ~rcrt~u. ti.~M.::.t.(ltl.fl rr., t'-& · L P "' I" "' _, ~.s ..,. f'.S "" 

"ti.Lt'-L!fl 
b 

fll,. U.t.ft!-ftl,.::~ti.B ~1 t'-t~ U~fl\,. tl.loJL~, fl\,. ~~\si.~r-:1 fl~ll>\s-1. 1 fl~~f1\,. B~JI.~M.::.t.(lj\ t 

~Ht'-~::~ uti.Lt'-LU.f11 U.t.ftrt.::~ti.B~11.'-t~ U~ti.MLU, l.'-t~tl.rt1U.ti.~M.::trti.'-Lt~ti.B~11.'-t~ ·g I 0 lA ~ p I " "' .... 1,:' F'., I • "' p 

n. 1\b 

fl Lft!BL"~ fl\,. B~\s-1.~1,.~1.'-t~~ 1tl.jl1t1.~1.'-Brt.ri.~UU.rt::l:111l:1H-tl~\s1. 1 l.'-~11.t.LU ·g 

J ~ ( d_, 1\ d) ( v 

(b 1\ d) +--J v (b 1\ d) (c; 

J 1\ (b 1\ d) +--J v (b v d) (g 

J ~ (d_, v d) (£ 

b +--(J v d) ( ~ 

t'-Brt.l.'-~~flLtljL~L\s-1.1.'-~ l.'-~~tl.jl1 S ::t:111 l.'-~~tl.jl1 J ~~1 tl.(l1 b l.'-~~tl.(l1 d L~ ·v 
(s +--d) +--(s +--b) V (b +--d) (g 

(J 1\ b_,) ~ (J +--b) (v (b_,)_, ~ b (£ 

J +--(J v b) (c; (d/\b)+--b(~ 

~f1\,. (3 ~ B ,lL::l:1 ~11 ft,!-\s-1. L~ 1.'-~~11 Ltlj L~I.'-LtL~ 1.'-Lk~ '£ 

JttfC11~~1l~rlLrt.I.'-B~::~m~c.,~,, t~t1.~1t1.~1~tm~L~ (v 

ti.LU.::tf1rt,!-~\,.!f.\,.t!::~t~11t~11 !Jl,.L'-rl~1t~11L~ (£ 

rlttL.t.::~B!11 tl:111Ut1.\s1.ti.LI.'-LU.B!11LU (('; 
~ "' ~ 0 "' 

t'-t111.'-rt.11M.Lllrt.kli'C::~B!11tl:111 fltl.ll~B!11LU ( ~ ~ .... "' F' "' 
1\b 

~ft~~L'-,(111::l:111 ti.~UH rt~UU.rtL\s-1.1.'-~ ~f11,.B~l:1H-tlll>\s1.11.'-~11tLUrt£-\s1.L~ '('; 

Utl>ti.MBf11B~UUrlrt1tl.ti.U (L I" F' I ~ IP. 

U ll> fl\,. tl.~ t~11 Url(l1 fl\,.~ t1. UL~ (g 

Ull>t1.~t~11Url(l1fll,.tl.ti.ULll (g 

Ull>tl.~t~11Url(l1tl.ti.UL~ (v 

Ufl(l1fC1,. tl.ti.Ut~11 U~tl.loJ Lll (£ 

Ull(l1t1. ti.Ut~11U~fl\,. tl.loJ L~ (('; 

Url(l1tl.t1.Ut~11U~t1.(':1L~ ( ~ 



1) [(p ~ q) 1\ p] ~ q 

2) [(s ~ t) 1\ _,t] ~ _,s 

3) [(m ~ n) 1\ (n ~ r)] ~ (m ~ r) 

4) [(m ~ n) 1\ (n ~ r) 1\ .....,r] ~ _, m 

5) [(p ~ q) ~ [(p 1\ s) ~ q] 

6) (_,p v _,q) ~ (p ~ _,q) 

7) (p 1\ q) ~ (p v q) 

8) p ~ (p v q) 

9) (p 1\ q) ~ q 

10) (_,p v q) ~ (p ~ q) 

11) [(_,p v q) 1\ _,q] ~ _,p 

12) [(m ~ n) 1\ n] ~ m 

13) [(m ~ n) 1\ (n ~ r) 1\ m] ~ r 

14) [(m ~ n) 1\ (n ~ r) 1\ _,m] ~ _,r 

9. ~"~-;n,-nb111i£l~,-u-;nn~1111fi~1uc;i£l lud'~ll L 'V\ ~~11~a'V\~El l3,j 
q q .u q 

.... .... ......... .r .... .... .... 0 ca.- d" .... .... 0 cv 
tl1 LLn1nL-\JU'lf£l1J'lU LLn1~ El-\J'Y11-\J1U 'V\UnGJJU tl1 LLn1'Y11-\J1U'V\Ufi 

cu 
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lf~1flTl 

~ .......... ~~ tl' ~ ..t 
Il11f11 Gi1 ~11 L\1 ~ L 1f'V\ ~ lf~ 1 flTl t;~ 1 flTl''il: £HHJ n 111 n-n ~ 

'LI 

1;~1fl1~l~t1~~~n~1n~~ 
'LI 

11. "il\ILLGi~\11n-'Yi1';h-iJ~Gi~UCii~LUUa'11L'V\~Gi~~~'V\~~L~ 
q q 

~ 

1) en~i\1 1. tl1flnLL~~~~1.1~~ LLa1fltu."il:il~·1\ln1~LLsn\ILL~\I 
q q q 

2. tl1flmiji1\ln1~LLsn\ILL~\I LLa'lfltu.~1J1Li~1~ 
q q 

3. flnLL~~~~1.1~~ 
q q 

-n~Gi~tl : flm~1J1li~1~ 
q q 

~~ ~ IV ~ ~ .d 

2) en~~" 1. n1flm~1.1"1~~1n LL~'lfltu."il:~~"~~~~n 
q q 

2. tl1fltu.~~~~n LLtr1fltu."il:'Yi1\11~ L~ijti~:~'Yli11TV~ 
q q 

3. ti'1fltu.'Yi1\11~l3Jijti~:~'Ylirn'Vi fltu."il: 1~~~n"1~ 
q q 

4. fltu.i'1.1\11~111n 
q 

-ir~Gi~tl : fltu."il: l~~~n\11~ 
q q 

3) ,r~ct" 1. tl1flmi'uti~:'Yl1~~1'V\1~l3Jnn'V\an LLtr1flm"il:ij1~f1.n~ 
q 'LI . q 

~ A IV ~ ..... ,;: 

2. Il1 fl mn~~n LL~1 fl tu."il:~~1\l n1 ~ LL 1.1\1 LL ~\I 
q q 

3. tl1f1miji1\ln1~LLsn\ILL~\I LLtr1 fltu."il:L~ijL~f1n~ 
q q 

4. f1mn~~n 
q 

-ir~Gi~tl : f1mfuti~:'Yl1~~1'V\1~nn'V\an 
q q 'LI 

2.5 t1Gl1'1'fllJt1 (fallacies) • 
1.11\lf1f\ln1~Gi~ti~~L~Gi11L'V\~Gi~~~ l~"i1-ir~U"il:LLGi~\li1~£11\11.1~\ln1~a-~tl~fl~L3J 

q q q 

2.5.1 t1Gl"i"intJt1tlil"tJnnau (fallacy of the converse) 
q 
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i1El~1\l~ 1 ';1\ILLftfl\l';h tJ,-:V.';IUGlEl,tJif'llia-liL'V\<ilftll~a 
q 

.. .. ... .... .. .. ...1 ... .... ....... 
fl1fl1<il11';lnTru1ou,'ll£l\l'"nL1EJ'"LLa1 fl1';J:'Yl"fl1J'liElllaLnEJ1nu~an11L1EJ'"'liEl\l'"nL1EJ'" 

'll 'll 'll 
.. ...1 ... .... ....... 

fl1'Yl111J'll£lllfl Ln EJ1nu~an11L 1EJ'U,'ll £1\IOU,n L 1EJ'" 
'll 'll 

~ .. 
L ~11:~:'"'" fl1<il11';ln111J1'" 

'll 

1i'.Yh th:~';IU-N1\ICilou,L;iE.Jou, l~ou,,-tJ 

p~q 

g 

:. p 

'll 

L<il EJ~';J11m1<il111\lfl1fl11ll';li\l L 1181ll11fl<il11';1 ft£l1Jfl11llftll L""' <ilftll ~a 'II EJ\In11 

p 

T 

T 

F 

F 

q 

T 

F 

T 

F 

p~q 

T 

F 

T 

T 

(p -~ q)Aq 

T 

F 

T 

F 

q 

[(p ~ q)Aq] ~ p 

T 

T 

F 

T 
f:t 'VI .. I .... .... I A .. I C( I ...1 0 l .. .. I .... I 

\I:L ""'" Lfl11 li1J1\In1m'll El\lfl1fl1'"13J';J"h111JJEl\lu1:~\I'"E.I £lE.I'Yl'Yl1 'V\ u1:~\I'U,u1:n El1J 

LU'U,L n\1 i\IJ'U, n11811.J,lia'liL 'V\<ila'll~a 
q q 

CIJ 

2.5.2 f1Gl"i"ifltJfl!lih1NflN" (faUacy of the inverse) • 
A .,I C( I \'l.,l..,f 
~\111tu,1u1:~\IU<ilfl LuU 

fi1Lli<il11';ln11U1U'lla\lun~~E.Ju 
'll 

~ 'VI I lal ...1 Q; A Q; A 

L ~11:~:UU fl1 Lllfl111JIIJJ flllflLnEJ1n1Jn11L 1E.IUIIJJEl\IUn L 1E.IU 
'll 'll 

LL1111fl1sinn1llfl1flu~u 'V\i'El ~1.Jnfl1El\l-n EJ\Iun ~E.Ju fl1n a1\I'Yl11u-N all a L~ EJ1nu 
'll 'll 'll 'll 'll 

~an11~EJUIIJJEl\IUn~E.Ju lCil :A\ILLftfl\111n11811.J~a Lli ftliL 'V\<ilftll~a :A \I LLftfl\lfl1fl11ll\li\l-n El\1 
q q 

tJ,-:~\I~tJ,-:naulc;\';11n<il111\l [(p ~ q)A (-p)] ~ (-q). 
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p q p~q -p (p ~ q)A(-p) -q [(p ~ q)A (-p)) ~ (-q) 

T T T F F F T 

T F F F F T T 

F T T T T F F 

F F T T T T T 
" 1 t; I .... .... I A 11 .. I ....1 0 l t;11 .. 11 ';l:L'V\'" ~11 1J1J1-\In~m-neh1fl1fi111J';l~-\11Jeh1 ~:~';)'"EJEJU 'Yl'Yl1 'V\ ~:~';)'" ,-:nau 

Lthuii';l i",f'" n1~a-~11~3,ja-1JL'V\Cila'3J~a 
'I 'I 

t; .... A t; .... A 
rl1 L1lEI1J L-\1'" LLa1 L1lEJ';J:1JL ~ El'"3J1n 

LllEI lajih~'" 
~ .... A \'1 I 

L~~1:\t:'"'" L1lEI1JL~El'" L3J1J1n 

1irh L;ju'"iru~n1YmLLa-~"11~:~';lu-n1"i'"l~i"d 
p~q 

.:Q 

:. -q 

.., 

';l:L ~'" ~~';h n1~el1-\IL 'V\Cil~ad LU'"'YlCil~~n1J'Yl1JEJ-\I~n~'"~L ?i"n~113J1 ,!'"~ Eln1~ 
'I 'I 

eJ1-\I L 'V\Cil~ad1~a-1J L 'V\Cila'3J ~a 
'I 'I 

p~q 

P ~r 

:.q ~r 
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th~rr;n! th~n au [(p ~ q) A (p ~ r)] -~ ( q ~ r) 

p q r (p~q) (p~r) (q~r) (p~q)A (p~r) [(p ~q) A (p ~r)] ~(q ~r) 

T T T T T T T T 

T T F T F F F T 

T F T F T T F T 

T F F F F T F T 

F T T T T T T T 

F T F T T F T F 

F F T T T T T T 

F F F T T T T T 

~~L?;'U,~11 iju1\ln,-tit-n a\ln1,-rl1V\'U~fi1fl113J~~\I-n El\IU,.~'Vi~uu a tJ 
d 0 1 t; 'Yl'Yl1 ,., 

u .. u iJ " ... ~ UA ' I ,-~'Vi~'U, ,-~nEllJL 'UL'Yl~ ~\I'U'Un1,_~,- ~\1 3J~3JLV\tla'3JJ:.H~ 
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p~q 

g 

:. p 

• 

p~q 

::Q 

.·. -q 

• 

LLtJtJ'iJn..rfl 2.5 

p~q 

p ~ r 

:.q ~ r 

1. ~\ILL~tl\111 [(s ~ t) A -t] ~ -s LiJ'Ui~iti''UtliltltJn1,-~i'1\ltl1,.1\l 

2. ~\ILL~~\111 [(-p ~ q) A (q ~ r) A -r] ~P LU'Ui~iti''U~il~tJn1,-ri1\lfl1,.1\l 
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1) p ~ q 2) p ~ q 

__g -g 

:.-p :. p 

3) p ~ q 4) p v q 

-g -p 

:.-p :.q 

5) p v q 6) p ~ q 

-g p 

:. p :.q 

7) p ~ -q 8) -p ~ q 

a -p 

:.-p :.q 

5. ~\Jiil,.1~Rau11'11aR,-tJlu'l1a 1) - 6) Ltlu'l1aR,-tJ~RlJL~CilRlJ~fl~1a1ajvnn 
'I 'I 'I 

~11 L ~fiR11~flL iuan~a LL1JlJ'lJEl\Jn1,-e11\JL ~Cil~fl LLfl::ti1 LliRll L ~Cil Rll~fll ilil,-1~Rau'l1 a 
'I 'I 'I 

flfl1fl Lfl~ ElU L Un1,-ei1\J L ~Cil ~fl 
'I 

1) ti1;lunn Rfl1naa11iuLLd'1 ;lu~::4a1 ,.,,-'Ylf'fu1~li 
\1 

Q; A 

u unn ~fl1n a EllJRU 
\1 

L Vf~1:: u::,f u ;l u ~ ::4 a1,., ,-...r f'f\.L1 ~ li 
"' 2 tJ 0 ...J "' tJ 0 ...J 2) fl1 X L U~1U1Ufl LLfl1 X L U~1U1Ufl 

X LtJU-,)1U1Ufl 
\1 

"' L~,-1::\l.::UU X
2 LlJU-,)1U1Ufl 

\1 

' Q; Q;Q; 

3) \JL~1'Ylnfl1fifl1~\J~ElU 
\1 'I 

aCil1~ni1~\J~ElU'Ylni111Utt1L~ 
'I 

L ~,-1::\l.::,f U\1 L 'V\11'1 n i111 utt1 L~ 
\1 'I 
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4) LL3J1'Ylni1EJEJnanLiJuci1 
q 'LI 

luieF\Iifi~~it;t{~EJEJnar'lLiJui"l 
'LI 

L Vi'l1:\\:,_f 'U L 'U i El-\lifi~ii LL3J1 

5) n1QUL~-;hr.J~h'Yli'vi~iu~1una1-\l LLa1'V\U1U1UQU';l:L~uci~'1~~1 
uu '11i-;i1r.Jfl1'Yli'Vi~iu~1"Utna1-\l 

L Vi'l1:tt:,f u ~u1u1uQ' u l~uci~ '1 ~~1 
6) n1L-nt;titl.3Jiici'h11';l~LL~ LL~1LIIjjt;tU';l:~~i'1r.J2J1fi 

'LI 'LI 

..r.... ...... 'Ill I 

Lt!jjt;t'U2J~'l1r.J L2J2J1n 
'LI 
~ ..r .... 0 

L Vi'l1:\\:'UUL-nt;t'U2Jt;1111';l~LL~ 
'LI 

7) n1LijEI-\I~a1-\lii'lf:lL~~1L~~'ULUEJ-\I~-\11i'Utfi LLa1';l:LLni1ty~1fi1'l';l'l1';l'lL~3J1n 
L~ EJ-\1~ ~1-\1 LLni1ru~1n1'l';l11';11Lli'1~2J1n ... 

~ A 'Ill I... 'Ill ... 1 .. ':1 l"'A 'Ill .. I a.- ~ .... 
L'Vi'l1:\\:U'UL2JEI-\I~a1-\l L3J1J'lf:l L-n-n1 t;'l~'U L1Jr.J-\IH-\11l'U'lJ'l 

q 

~ A G.- c., A 

L'Vi'l1:tt:'U'U 'lJ'l~'Yl PIT ~~'l:'lJ'lJ~ 

9) n1H2Jfli'8JfEI'lJLi'r.JutJi'8Jfty1 LLa1H2Jm"i1:8JfEJ'lJ18Jf1t;t'l'lfifl1Ht;t{ 

RaJfli'Lli8JfEJ'lJ Li'r.JutJi',-ru1 ... 
~ A\'1 I A .. 

L Vi'l1:\\:'UUH2Jfl'l L2J8JfEI'lJ''l8Jf1t;t'l'lnfl1ftt;t'l 

1 0) n1111a'Yl1-\11U~1-\I L1a1 Ll>El';l:L~i''lJ~UL ~2J;f'U 
111a'11i'1~i'u L~'UL ~11;ru 

~ .... .., I 0 I 

L'Vi'l1:tt:uu 111a L2J'Yl1-\11"a1-\IL1a1 

11) ti12J1a'11iiiin'lr.J1u L1lEJ,:iEJ-\ILilultJu1n'lfEJr.J 

2J1 aLli~ El-\1 LilU LUU1n'lfEI r.J 
~ ........ QJ 

L Vi11:\\:UU 2J1a2J"iin1r.J1U 
... ... 

12) rn 2x - 4 = 12 LL~"l x = 8 

X'¢ 8 
~ 

L'Vi11:tt:uu 3x- 4 * 12 
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~ + A .., 

L ~11::u::ouou 'V\OULL';l1nout:.Jn'l.l11 
\1 

14) t11~liL';)~in,-r.nou i.u.Yh-\11ou ~liL';l';l:erl1ll'lf1~u,-:'V\r.J~u~ou 
~lll';) i,3,j~in1u1ou i.u'Yl1-\11ou 

L ~11:u:,fou ~liL';l i.3.lerl1ll'lf1~U1:'V\ r.r~ L~ou 
Unf1 m~fl1~~f'Ylnf1"ULU'Uf1"Uii L ,.,~~a 

q q 
15) 

f1ouii L ,.,~ ~a'Ylnf10ULU"Uf1"Uua1~ 
q q 

~ 

L ~11::u:uou unf1m~f'l1~~f'Ylnf1"ULU'Uf1"Uua1~ 
q 

16) tl1'1!110U1i.3,ji.~J1';11nf1a~-\l'l!au,-:'Yl10U~ou~11';1:~1u 
~ou~11i.3,j~1u 

L ~11::u::,fou '1!11"U1 i.~J1';11nf1a~-\l'l!au1:'Yl1"U 
6. ';l1n~~ 1)- B) LL<?ia:~~ 1';)'YlEJfi1"'"~~~:-\l,.,~~~llll~\i1oulnl~ ';l-\lli'i~i-\1 

q ""' 

'Yl ni ~,.,1,Y ~ ~,-u~ ~11 L,., ~ ~ll t:.J a 
q q q 

ME 504 

A 

4) a = 0 ,.,,.~ b = 0 

b * 0 
~ ~ A 

5) rn m n = 0 LL a 1 m = 0 'V\ ,.~ n = 0 

m * 0 LLa: n * 0 
~ ... ,~ .J 

6) fl1 LL~~~~n LLa1~~n lJ';l::L 'V\£.11 

t11~~ni.~L~li1LL~1 ';l::'ll1ll~~ni.mlli.~ 
uou';l:ih~ouli' t11'1.11ll~~ni.m~ 
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7) tl1fHl.LL~E.J'U8J1Jtfiruru1LEJn LLLf1flfU,tlEJ-3'Yi1-31U~1UnTH~1J~fH.J~<il 
q ~ ~ q 

n1EJ-3fln~L~jUfl-3 LL1i1 flnLL~L~'Yi1-31U~1Un1~L~ll~a~~<il 
q 

.. ~ 
EJ-3 fl n~lJUfl-3 

8) n1tJ~::~1~uij-31U'Yi1 LL1f1 i'!1J1L'I';l::Ln1J111{;L~1J1n 

n1tJ~::~1~uij-31U'Yi1 u1i1 tJ~::'lf1'1fU';J::L~E.J1n,u 
tJ~::'lf1'1fUij-31U 'Yi1 

2.6 U"f::L!.IALiJ~ (open sentence) ua::i'lU\JU~&I1nL (quantifiers) 

tJ7:: lt~flLU~ f\ etJ~:: 1E.Jfl1JEJnL~1'V\;etJ7:: lt~fltJ~ L~ll~ijc;l1LLU7 L~ LtlutJ7::~,.u LLa:: 

L~EJLL'Yl'l-Lfhi1LLU7~1E.I~1J1inluLEJn11~ft1J~'YlfLLa1L~tJ7::~';lt! 
i1 EJ Eh-3 1.1 EJ-3U7:: lE.Jfl LU~ 

x + 3 > 8 LtlutJ~:: lt~fl Ltl~ 

(x + 4)(x- 7) = o LilutJ~::luflLU~ 

L71lii'!linHm L'liu P(x) I Q(x)~ ... 'Vli'EJ P(x I y) I Q(x I y) I' •• LLnutJ7::1E.JflLU~ 

L'li'l-Lrl1'V\U~ P(x) LL'YlU x + 3 > a ,.,;EJ P(x I y) LL'Yl'l.i x 1Xat~n11 y Liluiu 
.. I ,.. tJ ..r... .... I .. ~ "' .... .... .. :CI .. I .. ,.. ..I .... I .. ~ 
u7:: LE.Ifl L ~'Yl1J <il11J-3u~1J1 m LLL'I::LOn11~~1J~'Ylll LuUu7::~';JU L~ E.I'Yl <il11J-3u~ll1 m 

tJ7::neu~1E.Jfhc;i1-3 ') L'liu tn'V\-runni1 (all) nn ') (every) iju1-3i-3 (some) ua::ij (there 
q • 

exists) 

" 2.6.1 cA'lU\J~aJ1nLft1\'l-r1Jnni'J \'l~ilcA'lU\J~aJ1nLLLft~\Jn\J\'IaJ~ (universal • 
quantifiers) 

i11J-3tJ~111 mtn'V\-runni1 'Vli'EJ i11J-3tJ;ll1 tu.LL~<il-3,f-3'V\ 11~ ,::~1~~-3 n-3 
q 

A ~ l 
~ll1'1fn'Yl-3'V\3J~ ULIJ191 

A t.l I \'l.,l..r 
~';11~ni.1~EJfl113J91£l LuU 

·'1 fl1 n~'Yl n flU iT~1 u" 
q 

L ~1 R11J11t1L ;j uutl1::~,,ri .. l-3tl'udl~Lilu "n11Jflfl a LiJu1fl1n1LLLi1 L ~1,:: 
q . 

i111U" 

" ~ " "'" t11L11LL'YlU'Y1~1JflflR LLR::L~1f11[J X ';1:: Lfl • 
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.. tr, x Ltlu1ff1n"i LLa1 x i1"i1tJ" 

.... .. I T I .¥ I .. I 1 ~I d .... !"I ... 
'L "i1L "itJnu"i:: LtJfiL'lfUU11u"i:: tJfiLufl L UEh1';J1n 1Jelf1113J "x LuU1ff1n"i" LL~:: 

; \1 1 1 A \1 .... I d .... d 1 d 
.. X "i1"i1tJ" Lll"13..11"it1~1fl1fi113J';J"i\l Lfl LLf~LliElLL'YlU X fl1tJ'll'El1Jflfl~ ~Uflfi~~U,\1 -;J:lJEln 

'I 'I 

l~·-.h LUU,';l~\I~~El LuuL rJJ ~\I Luuu"i::~';J.u 
L"i1L'lfityan1Ym ~L1un11i1u\lmll1mR1~i'uYJni1 (universal quantifier) 

I I A 0 ca, I ca, ca, ~ 0 ca, ca, 

"'\/" El1U11 all ~"iEl"1~"iU'Yln L'll'U "tu~n1Ym '\/X LL'YlU "1~"i1J X 'Ylnfl1 
'I ~ 'I 

l~ E LUULsn'fl'lJEl\11ff1n"i'Ylnflu R LUULsn'fl'lJEl\lfiUi1"i1tJ'Ylnftu i\ltfu "xe E" 
fi 'I I 'I 

A .f"l """ A .f'l o 
~3..11tJtl\l "x LuU1ff1n"i" "x e R" ~3..11tJtl\l "x LuUfiU"i1"i1tJ" 

i\ltfuu"i::~';J\l' ·'1ff1n"i'Ylnflui1"i1tJ" L-iuuLL'Ylul~~1uiruin1Ym 
'I ~ 

'\/ x[x e E ~ x e R} 

th:: 1tJfl '\/ x[P(x)] ijfi1fi113J,~\ILUU';l~\l n~ElL~El LL'YlUi1LLU"i X lu P(x) 

~1 u a-3..11~n LL~ii ~::i1l uLElnn~ ili~'YlnLLa1l~u"i:~';J.u~ ijfi1fi113J';)~\I Luu';l~\IJ\I~llfl 
U"i::1tJfl '\/ x[P(x)] ijfi1fi113J';J~\ILUULn';J nliiElL~El LL'YlUi1LLU"i X lu P(x) 

~1 u"ll,~n El th\luEl u~rt\li1 t uLElnn~ili~'YlnLLa11~u"i::~';J.u~iifi1fi113J';)~\I LiJuL fl';) 

... . 1 .... !'I tl 1 iJ .... .. I ~ !'I ... ~ I d I 1J'YlUtJ13J 2.5.1 ~ P(x) LuU "i:: tJfiL fl LL~1 u"i::~';JU, "'\/X P(x)" LuU';J"i\1 nf~ElLliElLLfl~: 

,jElfl11li~L~-;J1n P(x) 1fltJn1"iLL'YlU x ~1tJ"ll1:anluLElnn~ili~'Yln Ltlu-;J~\1 i1~i'u'Yln x 
'I 

'\/ x [x + 3 < x + 4] U"i: 1tJfiLUfl ~El x + 3 < x + 4 L~ElLL'YlU x ~1tJ 5 L"i1';J:l~ 
8 < 9 fA\ILUUU"i:~-;J\l'~LUU';J~\1 

'\/ x [x 2 ~ x + 21 LUU';l~\IR1~i'uLElnn~ili~'Yln~LtJu~1u1u';l~\ll\luCii -1 n\1 2 

LL~ii '\/X [x 2 ~ X + 2] LUUL n-;JR1~i'ULEln11~ili~'Ylf~LUU~1U1U,';l~\l L'lfu -;J:Li~u 
l~11 L~ElLL'YlU x ~1tJ 3LU x 2 ~ x + 2 -;J::L~ 9 ~ 5 fA\ILUULii';J 
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A tl .. tl .. I "tl...t ~';JT'HlL1 ~:~';l'U,a'eh1 ~:~-;J'U,flel L 'U, 

''1fl1n~nnflu i1~1 u" LL nu~1 uiruan~m 
q 411 

"\/ x[x e E ~ x e R] 

LL~: "fl'U,i1~1 tJ'YlnflUEI ~U1'U,'V\ a-31 V\ W" LL 'Yl'U,~"J uiruan~m 
q 'IJ 411 411 

Y;f x[x e R ~ x e B] 

tl 
.. tl .-...t \'1 ..... tl -;nn ,-:~-;J-u,a-e-3 1':~-;J-u,-u, -;J: L~'llEI~,. 

q 

"1fl1n,-nnfluEI ~u1u'V\ a-31 'V\ ni" LL ~u~1 uiruan~m 
q 'IJ 411 411 

.. .t 
'lJEI~-3 q ~ r 

-n'Ela-1'tl :. p ~ r 
q 

'Yltl~~tJ'Yl 2.6.1 l~ P(x) LiJutl,-: LtJflLil~ LL~: l~ a LU'Ua'3J1#Bn l~ ') luLenn~i11~'Yli LL~1 
ti,-:~-;JU Y;f x[P(x)] ~ P(a) LU'U';l~-3 

~~-;JU ti,-:~-;JU Y;J x[P(x)] -;J:LUU-;J~-3'V\;EILUULn-;JEI~1-3L~E1~1-3'V\i{-3 
'IJ 

1. a-1111ii Y;J x[P(x)] LUU~-3 l~uun·itu111 2.5.1 -;J:l~11 L~ EILL'Yl'U x ~1tJa'in#Bn Lfl ') 
q 

l Q; Q; .. \'1 .... 1 .-..1 !'I A Q; .t !'I A .t 
't.UEln11~~11~'Yl1i -;J: L~u1':~-;JU'YlLu'U';l1'-3 ~-3'U'U P(a) Lu'U';l1'-3 L~1'1:~:-u,-u, Y;f x[P(x)] ~ 

P(a) LU'U-;J~-3 
A !'I • Q; .t !'I A .d tl .. ...t 

2. ~11119'1 Y;f x[P(x)] Lu'UL'Yl';l ~-3'U'U Y;f x[P(x)] ~ P(a) Lu'U-;)1'-3 L'UEI-3';11n 1':~-;J-u,-u, 
q 

El~l-u,,-tl 
'IJ 'IJ 
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gg vas 311\1 

}~tL!-lJ.~,!ItL!l1ftl J(x)O +--[(X)d]X A +--([(X)O)X A +--[(X)d)X A), 

_lt~M.::trtL~~~»11~~ ~1!1~rll ::trttL!l1 (X)O ::~11 (X)d it~ 'L 

}~tL~U~!1tLil1 "([(x)o]x A v [(x)d]x A) +--[(x)o +--(x)d]x A, 

Jt~M.::trtL~~~»11 ~~ ~1!1 ~rll ::trttLil1 (x)o ::~11 (x)d it~ ·g 

}~tL~U~!1tLfl1 .. [(Z)O v (Z)d]Z A +--[ (Z)O] z A v [(Z)d]Z A), 

Jt~M.::trtL~~~»11~~ ~1!1~rll ::trttL!J1 (z)o ::~11 (z)d it~ ·g 

}~tL!-U~!1tLil1 "([(A)O]A A v [(A)d]A A) +--[(A)O v (A)d]A A II 

Jt~M.::trtL~~~»11 ~~ ~1!1 ~rll ::trttLil1 (x)o ::~11 (x)d itt ·v 
}~tL~U~!1tL!l1 Ju)d v (W)d +--[(X)d)X A, _lt~M.::trt L~~~»11 

~~ _¥U.~Il!1M.LtUl31 ~(3 rt.U~Lil»tL!l1 U ::~11 W ::~11 ~1!1 ~rll ::trttL!l1 (X)d it~ '£ 

U.l Lfhfb~[trt~:ttLrl~1tL~UiA.L-FtU~U,!l. tL,!L~~ u.1 Lfhfb~ 
" 

rt~:ttLrl~1tL~UiA.L-FtU~tLUtLiA.n.~~w L-FtU~tLUtLiA.n.~~k tL~UiA.L-FtU~U,!t (z 

~(3 !:1tLU tLL~L~~ ttL» 
1\ " 1\ 

ll~lltLrt.rlLtLtL,!l~~ rlLllo,t:JtLIJ11l~lltLrt.rlLtL : ~l3!:1tLUtLL~L~~~tL»tL~UU.rlLllo!:J ( ~ 
" 

" : ~Hil»~\t1.11l»tLrl1 l3~1lLt~l3rt.Lt~~»11~~ ·z ,f"lvL\ 1 " I 

[1 3 x ~ s 3 x]x A (g 

[S 3 A +--1 3 A]A A v [1 3 x +--S 3 x]x A (L 

[S 3 n +--1 3 n]n A (g 

[1 3 l +--S 3 l]l A (g 

[(1 3 z)-]zA-(v 

[(1 3 z)-]z A (£ 

[1 3 A]AA (z 

[S 3 X)XA (~ 
1\ 

~M.L~rl t~,Prtl l3 ~_lt~M.::trt~~»11 ~~ ~~ !:1tLU 

~ttL»L-FtU~U,!ttLU.11 1 }ll>»L~Iltt.ltrl~LrlU.~L\ttllL-FtU~U,!t~l3rt,~JI,1tLU.11 S itt . ~ 

(~) g·z l4J~UfLRR11 



2.6.2 m"lti"t1~3J1nLft1'M-rui"13j\l~" (The Existential Quantifie-r} · 

<il1u~tA1hmi1'V\i'ui1ii~~" ~::rn~~~ii~ij~111:an-nehn'D'~ i~LL<ii'V\it~ 'V\'ieJ 

111nn11 'V\'iflfl1~'l111fl111Jn~J~,.,11~ luLsu<ilnL~ 
~~1'ltu.1U'l::Vi~U "'il'nLitJU1.J1~flUL;li'U.Lflii" 1.J1~'V\'ieJu1~ (some) lurn~ 

A 6' A ... ~ I A d" VI,. I 
flnb<ilfl1~<il'l'V\3J1lltl~1J<il~ LL~'V\'U.~II}J\1. LlJ 

lV: s LUUL'lf~-nel~'t!nLillu'Ylnflu LL~::lV: c LUUL&])'~anel~flU~L;li~Lflij'Ylnflu 
q q 

i~Ju u'l::Vi~'\1' "'il'nL;tJuu1~fluL;tJuLflii" Lilu~~~rl'1u1: 1t.~flLiJ~ lu1u "x e s " x e ·C" 'U . 

I lt;A al . r.J iJ A ~ I A ,. 1 rd" Vl,.l 
ne1 vnn~u'l:Vi~U'YlL U~'l~ ~~LL<ii'V\U~u,·::Vi~U -nu Lu 

R1'V\i'U<il1u~tfi3J1tu.ft1'V\i'u<il1ii~~~ ~~ U'U.rJU11ij e1 cl1~Ue1li'V\ .n~ liiru an ~nr 
Ill 

3 LL'YlU<il1u~m111mR1'V\i'u<il1ii~~~ (The Existential Quantifier) 
Q;~ VJt; A I I ... It; A A 
~~U'U. L'l1~: L~ 3 X[X E S /\ X E C) &])'~£11\1.11 "3Je1li1~'U.e1li'V\'U.~ X&])'~ X E 

s 1\ X E C" :A~ity~n~nr 3 x[ X E s 1\ X E C] Liluityan~ntLL'Yl'U.U'l:Vi~U "'t!nL;liU 
... ... 

1.J1~flUL 'lli'U.Lfl3J" 

U'l:1llfl3 x[P(x)] ~fl1fl11ll~~~LU'U.~~~ n<iie1L~e1 LL'YlU<il1LLU'l X lu P(x) 

~1t.1~111:an EJ ci1~UeltJ'V\it~<il1l ULe1n11Vi ili~'Yli'LL~1 L~U'l:Vi~u~iifi1fl1111~~~ LiJu~~~ 
U'l:: 1tJfl3 x[P(x)] ijfi1fl11li~~~LUULfi~ n<iieJLdEJ LL'Yl'U.i1LLU'l X lu P(x) 

~1t.1~111:an LL<ii ~:<il1l ULe1n11Vi ili~'Yli'LLa 1 1~u'l::Vi~'\1'~ijfi1fl1111~~~ LiluL -n~..r~,.,ll~ 

u'YlittJ111 2.6.2lV: P(x) Liluu'l: 1llflW~ LL~1u'l::Vi~u 3 x[P(x)] nfi1111Lilu~~~n<iie1L~£1 
LL<ii~::iflfl1111~L~~1n P(x) 1~lln1'lLL'YlUfl1 x ~1t.1~111:an luLelnn'Viili~'Yli' Liluu'l:Vi~,r 

... 1 ~; d .. I r .. I r 1 ...t'.J iJ .... 
LL~:ll e1li1~'U.e1li'V\'U.~u'l:Vi~U~1nu'l::Vi~UL 'V\ ~1\1. 'Yl L 'U.~'l~ 

2.6.3 ftaJ3Ja ua~itLft6,.il"tJ,.~ tuAvla:ii"lti"tJ~aJ1m 
" 

u1: 1tJflW~ Lerlu P(x) ~ O(x) Lde1LL'Yl'U. x ~1t.1~111:an l~ ') luLelnrrv~ili~'Yli' 
., 

~::L~u'l::Vi~u1u'lu p ~ q LL<ii p ~ q ~1111~nu "'P v q i~'t!u L'l1~:nfi1111 P(x) ~ 
'U 'U 

Q(x) ~1111~nu .-P(x) v Q(x) 
'U 
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[P(x) ~ Q(x)] 1\ [Q(x) ~ P(x)] RlllJLHltJ Q(x) ~ P(x) 
'U 

P(x) 1\ Q(x) a'111JtHltJ Q(x) 1\ P(x) 
'U 

P(x) v Q(x) R1Jli&HltJ Q(x) v P(x) 
'U 

P(x) 1\ [Q(x) v R(x)] Rllli&HltJ [P(x) 1\ Q(x)] v [P(x) 1\ R(x)] 
'U 

P(x) v [Q(x) 1\ R(x)] Rll~~nu [P(x) v Q(x)] 1\ [P(x) v R(x)] 

V X [P(x) ~ Q(x)] 1\ [Q(x) ~ P(x)] R111JLHltJ V X [Q(x) ~ P(x)] 
'U 

v x [P(x) 1\ Q(x)] Rllll~nu v x [Q(x) 1\ P(x)] 
'U 

V x [P(x) 1\ [Q(x) v R(x)] ]a'1Jll~nu v x [P(x) 1\ Q(x)] v [P(x) 1\ R(x)] 
'U 

3 x [P(x) ~ Q(x)] 1\ [Q(x) ~ P(x)] a'llll~nu 3 x [Q(x) ~ P(x)] 
'U 

3 x [P(x) v Q(x)] Rllll~nu 3 x [Q(x) v P(x)] 
'U 

3 x [P(x) v [Q(x) 1\ R(x)] ]Rllll~nu 3 x [[P(x) v Q(x)] 1\ [P(x) v R(x)]] 
'U 

:3x [P(x) ~ v x Q(x)] Rllll~nu :3x [-P(x) v v x Q(x)] 
'U 

.A .A .J 1 1 VJtJ .J" !=I tJ tJ 6".d 
'Yltl~~tJ'Yl 2.6.3.1 LL~: 'Yltl~~tJ'Yl 2.6.3.2 'Yl';l:n~11~ El L U LuU~ LLtJtJIIJJ El"l1 ,-:;~';1\t 'Yl 

a'llll~nu, LL~:LiJUilLRllrlU 
'U 

'Ylfl~~tJ'Yl 2.6.3.1 - v x [P(x)] Rll~~nu :3x [-P(x)] 

LciitJu1u~tJiqJ~n~n!- V x[P(x)] = 3 x[-P(x)] 

~R';IU L ,-1<i1El"I1LLR~"I1':htJ,-:~,u-- v x[P(x)] u~:tJ,-:~,u-3 x[-P(x)] RlllJ~nu 
'U 'U 

~ U~ Elijfi1~111J';Ji'"l1 L 'V\ ij ElUrlU 1 ULL<ii~:n,-m 

V x[P(x)] ijfi1~11li';Ji'~ LUUL .y;, 1 u,n,-tit ~ij El th~ll'El tJ'V\it~tJ,-:~-;n!~ijfi1~11ll';l~~ 
LUUL .y;, 'V\1eJij eJ ci1~UeJ tJ'V\it"l1tJ,-::~,,r~L~';11nn1,-LL 'Y1Ufl1 x 1 u -P(x) ~1 t1 a"ll1;an 1 u 

LeJnn~ RlJ~'Ylli LtlutJ,-:~';lU~ LlJU';li-"11 i"I1Ju 3 x[ -P(x)] LUU';Ii-"11 sffu<ii eJ LtJ ffllll ~11 
q 
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!'I fit .... ~ ... I A !'I A .... ~ I .. I .. .,'VI ~ 
- 'V x(P(x)] L1J'UtL'YI11 ~h'J'Ut'Ut 'V x(P(x)] 11fl1fl11111l,~L1J'Ut1l,~ ~~'Ut'Ut LL~a:1J,:~1l'Ut'YI L~111n 

n1,LL'YI,uh x lu P(x) ~1t.Jft111inluLenn~i11vinf LiJu11'i~ LLa:,t'ufie LL<iia:tJ,:~11u~ 
l~-;nnn1,LL'YI'Utfl1 x lu -P(x) LUULfl11 ~~,f'" 3 x[-P(x)] LUULfl11 

'Yifl'IY!lun 2.6.3.2 - 3x [P(x)] a-11~anu ''if x [-P(x)] 

L;jt.J\4LUJ11ityin1jm- 3x [P(x)] = t1 x [-P(x)] 

1~L;jt.JULLft~~n1,~ft11ULiJuLLUU~n~fl 
\1 

,Yei~Lnfl 'Yitl1j;;1J..., 2.6.3.1 n~h1LiJufi1~~11 we~-nef11111fiieltJila-1111anu 
~ \1 \1 

"LliLU'Utfl11111l'i~~11 R1'V\11J'Yiri a e A I P(a) LUU1l'i~" 
'I! 

..,. A !'I fit 

LLa: " 11 a e A 'lf~ P(a) L1J'UtL'YI11" 

L 'liuLiiu1nu a-e~-n efl11119ie ltJdft1111anu 
\1 

~ I !'I A ..r I ... A !'I /A 

'' UJL1J'Utfl11111l,~'YI11 11 a e A llf~ P(a) L1J'Ut1l,~" 

LLa: "R1'V\11Jnn a e A I P(a) LUULfl11" 
'I 

Q; I ..r 
'il1elt.J1~'YI 1 

.. 1 .. !'I .. 1 .. ..~!'I A A A 
1) 1J,:~11u .3.x[x + 2 > 8] I U = N L1J'Ut1J,:~11U'YIL1J'Ut1l,~ LUeJ~111nL11eJLL'YI\4 x 

''" x + 2 > 8 ~1t.JR111iner.h~ueu'V\i1~i11u u LL~1n1l~tJ,:~111l'Ltlu11'i~ L'liu LLnu x 

~1 tJ 7 1l:L~ 7 + 2 > 8 LUU1l'i~ 
.. 1 .- !'I .. 1 .-..1 !'I fit A A 2) 1J,:~11u 3 x[x + 2 > 8] I u = 1- L1J'Ut1J,:~11U'YIL1JUL'YI11 L'UteJ~111nL11eJLL'YIU x 

L\4 x + 2 > 8 ~1t.Jft111inLLfia:i11u u LL~1L~t.h:~111l'LiJuLi11l'Yf~'V\11~ 
3) tJ,:~111l' 3 x[x 2 + 1 < 7] I U = {1 I 2 I 3 I 4} LUUt.h:~111l'~LiJu11'i~ Liie~111n 

L~eJLL'YIU x L'Ut x 2 + 1 < 7 ~1t.lft111cWneJr.h~Uelt.J'V\\1~i1L'Ut U LLa1YhL~tJ~:~11ULUU11~~ 
L'li'Ut LL'YI'Ut X ~1t.J 2 1l:L~ 4 + 1 < 7 LU'Ut1;);~ 

4) tJ~:~111l' 3 x[x 2 + 1 < 7] I u = {3 I 4 I 5} LtlutJ,:~11U~LUULfl11 Liie~111n 
LdeJLL'YIU x lu (x 2 + 1 < 7] ~1t.Jft111cWnLL'iia:i1LU u LL~1L~tJ,:~111l'LtluLi11l'Yf~'V\11~ 
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1 ) 3 x[lxl = x] 

2) 3 x[x 2 = x] 

3) 'v' x[x + 1 > lxll 

4) 'v' x[lx + 31 ~ lxl] 

i1enh"~ 3 ';l"vnitL~lMJ£1" tJ1:'Vi';JU1uLL9ia:,j£l lu~1£lth"~ 1 

lile:tlJ 1) -3 x[lxl = x] = 'v' x[-(lxl = x)] = 'v' x[lxl -:;; x] 

2) -3 x[x 2 = x] = 'v' x[-(x 2 = x)] = 'v' x[x 2 
-:;; x] 

3)- 'v' x[ x+1 > lxl] = 3 x[-(x + 1 > lxl)] = 3 x[x + 1 =:;;; lxll 

4) - 'v' x[lx+31 ~ lxl] = 3 x[-(lx + 31 ~ lxl)] = 3 x[lx + 31 < lxl] 

itLft6tJih'l11ilA')13JU\JU~&J1nL 
d ... ... I 

';11n'YlL1ti'U3J1LLa1 L11'Yl111J11 -(p 1\ q) = -p V -q 

-(p v q) = -p 1\ -q 
I ... Q; 

L"lf'UL~tJ1nU 

-( 'v' x[P(x)] 1\ 3 y[Q(y)]) - - 'v' x[P(x) v - 3 y[Q(y)] 

- 3 x[-P(x) v 'v' y -Q(y)] 

-( 'v' x[P(x)] v 3 y[Q(y)]) - - 'v' x[P(x)] 1\ - 3 y[Q(y)] 

- 3 x[-P(x)] 1\ 'v' y[-Q(y)] 
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'i11e1~1\l~ 4 "il\1~1ltL~1MIB\I-NEJf111aJ~eJLtlil 
1 > n1i\11Cil~1eJ1'V\11 Lti1 i\11Cil"il:'ta'lhn11\l 

2) 1ud'i\11Cil~aJ LLa:n11~e1EJn'V\1nu 
A .... 0 Q.oO I Q.oO ~ 
11i'Y11 1) ~\ILflCil11 -(p ~ q) = p 1\ -q Cil\IUU 

11iLtluf1113J,n\1~11n1i\11Cil~1Bl'V\11LLi1 i\11<il"il:La'cJ.hn11\l :11\1~3JaJanui\11Cil 
'U 

~1 B1'V\11 LLc;ii\11Cil 11i1a'.ti1n11\l 

"" 
2) i\1Ln<il11 -(p 1\ q) = -p v -q ~"'"'" 

13-i LUUf11111"il"i\l~~:h1u di\11Cil ~aJ LLa:n11\l EJBn'V\1nu~ :11" ~aJaJanui\11Cil Lli~ll 
. 'U 

'U'YlLL'tr~n 2.6.2.1 - 'V x[-P(x)] = 3 x[P(x)] 

'U'Y1LL'Y11n 2.6.2.2 -3 x[-P(x)] = 'V x[P(x)] 

'U'Y1LL'Y11n 2.6.2.3 -3 x[P(x)] = 'V x[-P(x)] 

.. .... "" ..... "" .... l ......... ~ .. 
"LL Vi'Yl £J'U1\If1U3J1J1U~1 £J fl'U.aJ'U1lb~1 £J'Ylflf1U3Jfl113J~IIJJ U'Jf1<il L Vi11:\l,:U 'U.LL Vi'Yl £J 

q q 

'U1\If1Uijf1113J~IIJJLU:a1<il" 1Lfl11:~-NEJf1113J Li E LL'Yl'U.L'1fCiliiJJB\ILLVi'YlrJ'Ylf.lf1U R LL'YlUL'lfCil 
q q 

...~ ..... "" ...~.... 'I ........ Q,oo ~ 
IIJJ eJ\1 flU 'Y1 n f1 U 'Y1 aJ 'U1 U~1 £J LLa: H LL 'Y1 UL'D'CiliiJJ eJ\1 f1U 'Y1 n f1U 'Ylllf\113.1 ~IIJJ L U'Jf1 Cil <il\IU U"il1 n 

q q q 

-NBf111lli1\lcflULLtla\ILUUiruin1YmL<il~\lif 
v 

~llaJ~~1u : 3 x[x e E A x e R] , 'V y(y e R ~ y e H] 
q .... 

ie1~1tl : 3 z[z e E A x e H] 
q 

L ~ EJLL~<il\111-N EJf111aJil~aJ L 'V\Cil~aJ ~a L ,-,CilEJ\ILL~<il\111-N EJ~,-tl Luu"il"i\IL uLLc;i a:n,-tit 
q q 

IIJJB\1~1f1113J'ili\l 1l1£JLtl~aJaJil~1UJ\I~EJ\IiEJ LUU"il"i\1 ~\1 3 x[x e E A x e R] LUU"il"i\1 
q .... 

~ .... I .. A I A .. 

LVi11:u:UU"il:aJ'Uflfla L'Jf'U. U1tiLLVi'YltiLfl'htaJ '1f\lfl1f1113J'ii1\IIIJJEJ\I "U1tiLLVi'YltiLfl'htaJ e E 
q . 

.. iJ A A .do I A .. 

A 'l-L1tiLLVi'YltiLn1YaJ e R" L U'i11\l '1f\ll'UJ1tltl\111 fl1fl113J'ii1\IIIJJEJ\IU1ttLLVi'YltiLn1YaJ e E 

LUU"ili\1 ua:fi1fl11aJ'ili\lenEJ\IU1tiLLVi'YlrJLnHaJ e R LU'l-L"ili\1 Li1EJ\I'il1n 'V y[y e R ~ 
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iJ 
A l .... I A .r \'1 "'I f( f( 

y e H] L U';l~-\1 un~mfl1fi111J';)~-\J'U. ';): L~11 U1liLLV'4'YlliLn~ll e R ~ U1liLLV'4'YlliLfiM1J 

e H" d:Ju';l1-\l LV'4~1:~:~U fl1fi111J';l1-\I~El-\l U1liLLV'4'YlEJLfiM1J e H Liht-;J1-\J i-\l,fU 

iJ 
A l A I A ...1 0 'I ........ I "' ...1 

3 z[z e E A z e H] L U';l~-\1 un~m~El-\lfl1fl1111';l~-\I'Yln1~U~ L~6Jl'-\ILLff~-\111~Elfi111J'Yl 

I .r 
n~11U fflJL~91fflJJ:.J~ 

't 

"' ...l\'1 I l ........ "' I 'WI .. I.r 
fi1~LLff~-\I~Elfi111J'Yl L1Jff1JL~91ff1JJ:.J~ ~V'4';)1~m1~Elfi111JCilEl LuU : 

't 

u,XnL'iliUV'4li11J1~'YlnfiUi'nEl1;ar4V'4li11J1~ ; fiUi'neJ1;a"V'4V'4li11J1~1J1-\IfiULUU\.b1i'n ; 
't ... 

ca,... ca,... A I ca,... 

L V'4~1:~:U 'U. un L ~liU V'4li11J1 ~1J1-\IfiU U1~n" 

L~ S LL'YlUL6Jl'91~El-\11XnL'iliUV'4li11J1~'YlnfiU 
't 

ca.- .... 
C LL 'YlUL'lf91~ El-\lfiU~n El18Jf"V'4V'4li11J1~ 

G LL 'YlULSJl'Cil~El-\lfiU \i1i'n'YlnfiU 
't 

-;J1n~Elfi1111~1-\I~U';l:L~ 

ff1J1J~;)1U : Vx[x e S ~ x e C]: 3x[x e C A x e G] 
't "' 

~ElH~tJ : 3 x[x e S A x e G] 
't 

Lrj ElLLff~-\111~ Elfi1111Ut1i ff1JL ~91 ff1JJ:.J~ L~~ El-\lri1-\ln~mfi1fl1111';l"i-\1111liL~ 91111 ~;r1U 
't 't "' 

~ "' iJ A "' al iJ fit .d iJ A I 
'Yl-\lffEl-\I~El L U';l~-\ILL~:~Elff~uL UL'Yl';l 6Jl'-\IL UL~El-\l-\11ll 

't 

l~ a-11q~ e s LiJuLil';) a'llfl~ e c LiJu';l"i-\1 u~: a-11q~ e G Liht';l"i-\1 rhl~ 
.... ...1 iJ .... 0 I .... .d l "' I .. I .. ...I \'I "' ... 

ff111J91;)1U'Yl ffEl-\IL U';l~-\1 n1~U~fl1fi111J';)~-\JLV'4El ~LL91~:u~:V'4';1U'Yl L~';J1fin1~LL'YlU X ~'lll 
't "' 

A l iJ fit I .,I ft...l\'1"' "' A I) 
fflJ1GJrn UL6Jl'91 S L UL'Yl';l LL~:LL91~:u~:V'4';1U'Yl L~';l1fifi1~LL'YlU X Cil1llff1118Jffi LUL6Jl'91 G 

!'I .... .d 0 l "' .... ~ iJ .... I .. I iJ fit .d I "' 

LuU';l~-\1 6Jl'-\l';l:'Yl1 ~fflllJ91;)1'U.'Yl-\lffEl-\IL U';l~-\1 LL91J:.J~ff~uL UL'Yl';l 6Jl'-\ILLff~-\111~Elfi111J 
't "' 't 

~1-\1 ~ U Lli ffll L ~ 91 ffll J:.J ~ 
't 

91EJuUl~L~'1~';11~m1'Ylfl~~L~ll1nui1U-\Il.J1111mi1~i'ui1ii';l1-\l 

'YlflM~U'Yl 2.6.3.2Li P(x) LL~: Q(x) LiJutJ~: lf:)fiLU~ L~ ') i-\l..fu tJ~:V'4';lU 
3 x[P(x) A Q(x)] ~ 3 x[P(x)] A 3 x[Q(x)] LiJui';l\ti'u~f 

~ff';)U ~';)1~m1n~nt 3 x[P(x) A Q(x)] LUULfl';) ';l:L~tJ~:V'4';lULLUUiiL~ElUL~LiJU-;J1-\J 
'IJ 

~';)1~m1n~m 3 x[P(x) A Q(x)] LUU';l"i-\1 ';l:L~11 3 x[P(x)] LL~: 3 x[Q(x)] LUU-;J1-\J 

~ I \'1 "' .. I .. .... .d \'1 iJ .... 
'Yl-\lfl ';l: LCilu~:V'4';lULL1J1JlJL-\!ElU L~L 'U.';l~-\1 

'IJ 
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Q,, I A .I ... ...~ ... Q,, I • ~ .... ~ A .... 

91 'Hl t.l1 \1 El u ') -n El \lu ,-::vr;, u 'Yt 11 ~ 1 '1J \lu,.ll1 mLL 8fl\l tUJ1-n"n 'YI \1 'V\ 11 fi-n El \1 L 'If 91 'V\,. El LL8fl \18111 -n-n 
I Q,,-t 

'1J1 \1 ~1 u -n El \1 L 'If 91 fl \1 u 
~ ...... ~ 

1)~EJn-n"'lJ1'YI\I'V\11fi118Ufi\I('YI\I'V\11~) 
Q..l ... I A ... ~ 

2) un L ,-uu nnflU8EI'lJ ~1\.Lfl mtlfl1 L1r91,. {'YI\I'V\11~) 
'l 

0 Q..l 0 fit I 0 ~ 
3) 81'V\,-'1J';l1\.L1\.LL9l11 X LL91~::';11\.L1'U, X + 0 = X ('YI\I'V\11fl) 

...... ... I 

4)fiEJn-n"'lJ1'1J1\IfiEJn118Ufl\l (11EitJ) 
'U 

5) ~-.ij1\.L1U'l!'lJ~UEitJn118111~Liju-,)1u1U~ {iiEI~) 
... .., A ...1 I A ... I 

6) 11~'V\nJ\I'YI8\In11 190 L'lf\.L9lL11fl~ {11Eit.l) 
'U ., 'U 'U 

1.., ... ... .I ... ...~ ... Q,, I -~ Q,, I 

L ,-,81111,-tl en'LL~\.L1l1'ViL 1\.L \.L-EI£1 tJ L~ EI,-LL8~\Iu,-::'Vi';l\.L 'YI11fi1'1J\Iu,-111m tJ n911 El t.11\l 

fi1'Vi1J,-::n El'lJ 2.6.3.1 LL8fl\11h::'Vi';l,rt u-n' El 1) 1l1'VitJ,-::n EI'JJ 2.6.3.2 LL8fi\IU,-::'Vi';l\t' 1 u-n' E1 4) 

1l1'Viu,-::n EJ'lJ 2.6.3.1 1l1'Viu,-::nEJ'lJ 2.6.3.2 

uuu1n~fl 2.6.3 

1. n1'V\U~ A = { 1 I 2 I 3 I 4 I 5 I 6 } LtlULEJnn'Vii11~'Yif ';l\ltl,.1';18EI'1Jfl1fl11ll';l1\l 

-nEJ\IU,-::'Vi';l\t'c;iEJ ltJd' 1 \.LLEin1l'Vii11~'Yif A 

1) 3 x[x + 3 = 5] 

2) V' x[x + 3 < 1 0) 
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3) \7' x[x + 3 < 9 1 

4) 3 x[x + 3 < 9 1 
2. 'ih1'V\1ULa'1MJEh1U1~~~-u.1ou.LL'ii~::iEJEJEJtJliJJEl\l-n'El 1) 

1 A tl ~ 1 "" 1 \'ltl.r ,d o !'I 3. ~\1~11~a'El1Jfl1fl1111~1\lliJJEl\l "i::~~'U.L'U.LL~~::liJJEl~El L ULiJElnTV\'U.~ R Lu'U. 
~ ~ 

LElnfl~~:ut:-J~ 

1) 3 x[x 2 = x1 

2) 3 x[x 2 -2x + 5 = 01 

3) \7' x[x 2 = x] 

4) V x[x - 2 < x] 

4. n1'V\'U.~ A = { 1 I 2 I 3 I 4 I 5 } LU'U.LElnt.l~Rli~'Ylli ~\1~11~a'El1Jfhfl11:1J~'i\l 

-n EJ\Itl1::~~u'ii El ltld 

1)3x[x+3<41 

1 
3) \7' x[- x < 1 01 

2 

2) 3 x[x + 3 > 41 

4) \7' x[x 2 + 2x ~ 3] 

5. ~\I'V\1ULa'1MJEl\IU1::~~-u.1 'U.LL'ii~::i El EJ El tJ-n El\li El 4) 

A "" I \'ltl..r 6. ~\I'V\1'U.La'1MJEl\lliJJElfl11:1J~El L 'U. 

1)unfln~1'Yln~-u.~nl-u.~EJ~nunfln~1 
1 . 

2) unfln~11sn"1 LElfifl m~fl1 ~~f'Yl fifl'U.LU'U.~sn'1 tJ 
1 'U 

~A ~ + .... ~A 

3) unfln~11J1\Ifl'U.l~JJU1t1 Ln\1 :u1 L "itJ'U. ~ 'U.\1 a-EJ 

A "" I \'ltl.r 7. ~\I'V\1'U.La'1MJEl\lliJJEl~11:1J~El L 'U. 

1) n1fl1L3,j EJ EJtl niril\11'U.LLa1un L"{tJuu1\lflou.~== l3,j ei1-u. 'V\ u\1 ~El 
'U 'U "" 

2) un L;tJ'U.'Ylnfl'U.Yl1n11U1'U.L~~~ LL~::fl1El EJtl nu'1l\11'U. 
1 'U 'U "" 

3) un ~tJ'U.1J1\Ifl'U. 't11n11U1'U. L3,j La'~~ 'V\~Elfl1L3,j El EJtlnu'1l\11'U. 
'U 'U "" 

~ 1 o ~ 1 tl ~ 1 \'ltl.r ,d 1 tl ~ f'l f't ,d 8. ~\ltJnfi1EltJ1\1~1~11JLL~~:: 1::~~'U.~El L 'U. L~ElLLa'~\111 "i::~~'U.Lu'U.L'Yl~ L:IJel 

n1~'U.~ 1~ A = {1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 } LU'U.Lelnll~Rli~'Ylli 

1 ) V x[x + 3 < 12] 

2) \7' x[x LUU-;i1'U.1'U.L~~1::) 

3) 'v' x[x 2 > 11 

4) \7' x[x LU'U.-;i1'U.1'U.fl1 
'U 
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ca... 1 o ca... I tl. cr' I 'VItl..r A I tl C( !"I ~ A 
9. \h1tln<il1£HJ1\181'V\1'1JLL<il~~ 1~'1/i';J'UCilEI L U L~EILL8<il\111 1~~';)ULu'UL'Yl';) L3JEI 

n1'V\u~ 1~ A = {1 , 2 , 3 , 5 , 1 } LtluLEJnn~i3J~'Yln 

1) 'v' x[x Luu-;i1U1UL~ ~1~] 

2) 'v' x[x LiJu-;11U1U~] 

3) 'v' x[lxl = x] 
~ I 'VItl..r 10. ';J\1Cil11';)8El'1Jf\113J83J L 'V\Cil83J ~~'lJEI\In11El1\l L 'V\Cil ~~CilEI L U 

'I 'I 

1 ) 1tl Gn3Ji El El Eln LL'lJ'lJ i1'V\fu ~ nfl'1~ LUULLlifl'1 'tli ij ~{I~ El El n LL'lJ'lJ ~1'V\fu ~ n fl'1 
~ ~ 

...1 .fl I ~ d ~ 'VI I d ~ ...~ ... 
'Yl LuULLllfi13Jfl t\Ul1~8{1 L ~11~~~UU L3J3J'l'tl813J~El'Yl3Jflt\Ul1~8\l 

'I ~ 'I ~ 

2) '11i~'Yl'V\11~Lli EIEJnfi1~{1n1u fl1'lJ1\IflUEI Elnrh~\ln1 t1 ~\l,f U'Yl'V\11'lJ1\IflU 
~ 

3) LL3J1'lJ1\Ii1El1fltiEI r.iuun L'll""l 'Yln~\1~ El1fl t1 EJr.iuun L '111 LiJufi1\l L ~11~~~,f u 
~ ~ 'I ~ ~ 

LLll1tJ1\Ii1LUUfl1\l 

4} 1tl Lfl\l'lJ1\IflU l,YJ13Juil L'lf~~ 1tl11'lfn11'lJ1\IflU l,YJ13JUL'lJU'ftU Lliihtl L fi\1 

~Liju·H11"1'lfn11" L~1"1~\t~tf'U1tl1"1'lfnT~'lJ'l\lflUL~liJ13JUL'lJU'ftu 
r ..,.U ...1 ..,. !"I ...1 

5) LL~'Ylti'YlnfiU 8'11111~~ 1~-n'1'lfU'Yl8'lJ1l1~~'YlnfiU LuUfiU\t~1~ fiU'Yl\t~1~ 
'I 'I 'I 'I 

tJ1\IfiULUUfl1" L ~1"1~LL ~'Yl EJ'YlnfiULUUfl1 
~ 'I ~ 

6) fiU\11U'lJ1\IfiULfltl';)fi11U L~:0fiU~Lfltl';)fl11ui1Titl Cil\IJU LliijfiU\11Ui11"1tl 

6"~ ~ ~ a.. QJ I ~ a.. 
2. 7 t.l ,-tvr;, '"Yl L n u-:~ !I £h1 n tJ Gl-:lt.J" t.l,. 3J1 m \"1 a1u '1 Gl-:1 

ca... ~ ..r .... tJ ,. ~I A ... ca... .. I I A ca... A .... .....~ ... 
'V\1'1JEIU';J~~';J11"tu,1 1~Ltlf1Lu~ p(x , y , ... ) '1f\13JCil1LLu13J1nn11'V\U\ICil1 '1f\IU~';J'U'Yl3J 

i1U\Im111mi1'V\f'lJLLCii~~i1LLU1L'liu 
A 

'v' X 3 y[P(x , y)] 'V\1El 3 X 'v' y 'v' Z [P(x , y , z)] 

LUUU1~~';),{ LL~:';):iifi1fi113J';)"i\l LUU';)"i\I'V\;El LUUL fl';) El r.i1\IL~ El r.i1\I'V\it\l 

~';J11m1i1 El r.i1\IU1::~';),{ 
\ 

o o do A o ca... ca... fi' 
n1'V\U~';J1U1U X ';)~3J';J1U1U y '1f,1 X + y = 1 LL~~n1'V\U~8ty~n'1Ym 

'v' x[3 y[x + y = 1]] 
ca... ~ tl .. ...1 0 l ~ !"I .... ~ I A. !"I .... ca... I 

~\IUU ')~~';JU'Yln1'V\U~ 'V\LuU';J1,,n<ilEIL3JEI 3 y[x + y = 1] Lu'\.1.';11\1 tln<i11Eltl1\l 

~ 'VI ~.1 .. A' !"I .... ~ I A. 0 

LL'YlU X ~1E.J· 2 L1T;)~ L~u1~~';)U 3 y[2 + y = 1] '1f{ILuU';J1{1n<ilEIL3JEI y = -1 'Yl1UEI\I 
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L~t.nnuLL~a:th:v-riilu~l~-;nn 3 y[x + y = 1] 91'V\i'1JLL~a:tiheneh1 x luLEJnn~i:uvi'Ynf 
ff1:U1,.fiLLff~h'I11LUU'iiJ~-\J ~-\J~U 'v'x[3y[x + y = 1]] LUU'iiJ~-\1 

Vi-;J1,-n.L1t1,-:~-;J,r 
,.. o d .d U o o d .. 1 tr"..t l .. I 
lJ';)1'U,1\.L X 'll'-\1 X· y = 0 LlJEl y L 'U,';)1U1U';l1'U,1'U,'V\\.L-\J u,-:~';)'U,'U,LLff"-\1 u,-u 

\1 

.... .... I("' 

f(qJan'l!-m~nll 3 x['v' y[x · y = O]] 

.. I I( ..t iJ A "' I .d .. I I( ..IVJ "' .. I 1 ~I !"I 
u,-:~';l'\.1,\.LL U'iiJ,.-\Jn<ilElL:UEl u,-:~'iiJU'Ylt~'iiJ1nu,-: llfiLu~ 'v'y[x·y = 0] LuU 

.. I I( .J !"I A .d "' 'VI "' .. I I( .. I 1 ~I 
u,-:~';l'U,'YlLu'U,';),--\1 LlJEl LL'YlU X ~1ll 0 L,-1'iiJ:t~u,-:~'iiJU 'v'y[O·y = 0] u,-: llfHu" 

0 l !"VV "' .. I 6'..1 !"I A .t !"I A .... .t 0· y = 0 'Yl1 'V\ t~u,-:~';l\.L'YlLuU'iiJ,.-\1 L~,.1:~:uu 'v'y[O· y = 0] LuU';l,.-\1 "-\JUU 

3 x[ 'v' y[ x · y = 0]] LUU'iiJ~-\1 

A .. I I( .J !"I "' 
~';)1,-m1u,-:~'iiJU 'Yl LuUL 'Yl';) 

,.. o d .d l r:t ..1 !"I o o d .. 1 tr"..t 
lJ'iiJ1\.L1'U, y 'll'-\1 X + y = 0 L:UEl <iln<il1lJ'Yl X LuU'iiJ1U1\.L';l1'U,1'U,'V\'U,-\I u,-:~';)'U,'\.1, 

n1'V\U~L<ilL<illl 3 y['v' x[x + y = 011 
L ,.,c;1 EJ-\Jn1,-Viff'iiJu 11tJ,-:~'iiJu~n1'V\u<ill ~LiJuL il'iiJ 

\1 

9111.1~11 tJ,-:~'iiJULUU'iiJ~-\1 ~-\J,futJ,-:1llfiLiJ~ 'v' x[x + y = 0] riElfi1Lil"Elci1-\JUElr.J 
'I 

d .. I I( .J !"I A l "' iJ 0 0 d .d "' I 'VI "' 
'V\U-\Ju,-:~'iiJU'YlLuU'iiJ,--\1 'V\ a L U'iiJ1U1U';l1U1U'V\U-\J L:UEILL'Yl'\.1, y ~1llfl1 a -;J: L" 'v' x[x + 

a = 0] LiJutJ,-:~'iiJU ~-\J,fU 'v' x[x + a = 0] LUU'iiJ~-\1 <il1lJfflJ~~!1U LL~tJ,-: 1llfiLiJ" x + a 
I l "' A .. I tr".J ~I A .d I "' 'VI "' .. I I( = 0 -;J:nEl 'V\Ln~u,-:~'iiJU'YlLu'U,';),--\JL~~1:L:UEl LL'YlUfl1 X ~1ll 1 + (-a) L,-1-;J: L<ilu,-:~';)1-1, 

[1 +(-a)+ a= 0] i-\J,fU 3y['v'x[x + y = 0]] ~-\JLUULYl';l 
I 'VI .. ll ... .. I I( .J ... .... I .. ~ .... .d 

<ilEl tu un1,-Lenlluu,-:~-;JU'YllJ<il11J-\Ju,.lJ1m'V\a1ll ') <il1 L~Elfi11:U9:~1nL,-1-;J: 

L;illu 1"lla:1-\JL~1J1J1-\11-\JL~1JLGJiU-;J:L;illu 3 y'v' x[P(x I y)] LL'YlU 3 y['v' x[P(x I y)]] 
... 

-;J:Lenllu 'v' x3 y[P(x I y)] LL'YlU 'v' x[3 y[P(x I y)]] 

lu,-tJ...t1liJ L,-,-;J:na1111fil1ti-\JmlJ1m'Yl1-\J'l11llenEJ-\11-\JL~ul'V\ruLiJufil1L~EJ:u'V\srn~EJ-\J 
\1 ~ 

tJ,-:~-;JU i1Elci1-\JLGJilt 'v'x'v'y'v'z[x + (y + z) = (x + y) + z] 'V\lJ1llii-\J 'v'x['v'y['v'z[ x + 

(y + z) = (x + y) + z]]] 
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.., .., ~ 

L El n 1l Vi a'll VfYI 1i 

1 ) 3 x 'v' y[x 2 < y + 2] 

2) 'v' x3 y[x 2 + y 2 < 13] 

3) 'v' x'v' y[x 2 + y 2 < 10] 

1n-.Yh 1 > Lilou';)~-\J L'lioun1 x = 1 LLa1 1 < y + 2 iTvriiJLL~a:fh-nEJ-\1 y ~-\JLilou"ii1u1u lou 
.., .., ~ 

L El n 11 Vi a-11 Vi 'Ylli 

2) LUU11-\J L'liu 1~ y = 1 ~-\J,fu x 2 + 1 < 13 LUU-;)1-\JiTvri'uLLiiia:fh-nEl-\J x ~-\JLuu 
"ii1u1u 1 ouLEJnnfiillvi'Yln 

::1 • d ~ "' ~ 'VI ~ 2 2 d 3) Lu'UL'Yl';l L'UEl-\J';J1n t11LL'Yl'U X ~1tJ 2 LLfl:LL'Yl'U y ~1tJ 3 ';): L~ 2 + 3 = 13 'D'-\J 

l~'IXEltJn11 1 o 

Q.- I .J 0 f'l Q.-Q.-~ I 

<i11EltJ1-\J'Yl 2 nTV\'U~ A = f 1 I 2 I 3 I 4 , 5 , 6 } Lu'ULEinllfiRllfi'Ylli ';J-\JCil,.1';la'EI1J11 

th:LtJfil~ElLud' LU'UU,-:fi';JU'V\~EIU,-:LtJfilLtJ~ n1LUouu,-:fi';)U';l-\J'V\1fhfi1111';)1-\J-nEI-\JU,.:fi';)U 

n1Ltluu,-: LtJfilLU~ ';)-\J'V\1fl1f11111';)1-\J-nEI~LL~a:tJ,-:Vi';JU L'ULEinllfiillvi'Yln A 

1) 'v' x 3 y[x + y < 8] 

3) 'v'x[x + y < 10] 
....... 0 

11i'Y11 1) 'v' x3 y[x + y < 8] 

2) 'v'x'v'y[x + y < 12] 

4) 3 y[x + y < 1 0] 

tJ,-: LuflLtl~ 1ua-e-\Ji1LL1.J,-ijc;l1u-\J1lill1mi-\Ja-e-\Ji1 ~-\JJou~-\JLtlutJ,-:Vi';JU LLa: 
!'I .. I ~..I f'l A • .... I d 

Lu'Uu,-:fi';l'U'YlLuU';l,--\1 LUEI-\J';l1n ';1:11 y L'lfU y = 1 'D'-\J 

X + 1 < 8 LUU-;)1-\J iTV\'i'1JLLfi~:fi1-nEI-\J X E A 

2) 'v' x'v' y[x + y < 12] 

tJ,-: LtJfiLtl~ lua-e-\Ji1LLtJ,-ijfi1u-\Jmll1mJ"a-e"i1 i"Ju~-\JLtlutJ,-:Vi';lU LLa: 
f'l .,I ~.J f'l t:l A A 'VI ~ 'VI I ~ I 

LuUu,-:Vi';lU'YlLu'UL'Yl';l LUEI-\J';l1n Llltl X= 6 LLfl: y = 6 ';1: L~ X+ y = 12 LliUEitJn11 12 

3) 'v' x[x + y < 1 0] 

tJ,-: 1uf1Ltl~ lua-e-\Ji1LLtJ,-Sji,u"tfill1mLViu"i1LLu,-Lilu1 ~",fu~-\JLtlutJ,-: lufl 
~I .... I .J 0 l ~ .. I ,. f'l - .. .J f'l A Lu'il LLa: ';l:llf\1 y 'Yl'Y11 'V\u,-:LtJflLuU-;J,--\JflEI y 'Y1LuUa'll1'lfn-ne-\J { 1 , 2 I 3} 
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4) 3 y[x + y < 1 0] 

U'l:: t£JflLtlfllua-£l-\li1LLU'lii<il1ti-\1~111nLL ~£J-\I<il1LLU'lL~ll1 <il-\!Ju~-\1 EJ-\Ifl-\ILUU 

.. 1 t ~~ ... I ...,! o 1..,,.1 t iJ "" tJ "" ca; l u'l:: llflLufl LL~:: ';J!:1Jfl1 X 1'11'11 'V\u'l:: llflL U';J'l-\1 L 'U,a'1J111jfn1'lnfl1 UL'D'Cil A 
" 

..,. ,.., U .. 1 t ~I ...I ...I .., ""' ""' .. 1 .., .. 1 s-
1'ltp~~1J1'1 2.7.1 'V\ P(x, y) L Uu'l:: llflLufi1'1Ln£J111j)£l-\Jn1JW£l-\ICil1LLu'l LL~1u'l::~-;,u, 

3 x V y[P(x , y)] ~ V y 3 x[P(x , y)] Luou,i-;,itfuflf 

~a-'il,! ~'il1'lnL1fl1fl1111'ii~-\ILL~~::n'lm ~-\1 3x'v'y[P(x , y)] LU'U,'il~-\1 'ii::L~11~ a lou, 
\1 

Lilnn~ill~nlf ~-\IU'l::~-;,'1! Vy[P(a , y)] LUU-;J~-\1 <il-\!Jou, <il1ti-\1~111mlu,'llJ P(a , y) 
\1 

I 0 .... .. I s-...1 tJ .... A "" I .. I 6" tJ .... d l "' d n£ln1L'U,fl Lu~1!:u'l!:~'iiU1'1L 'U,';J'l-\1 'll'-\I'V\111llfl-\111u'l::~-;,u P(a , b) L 'U,'il'l-\1 L11£l flnlil1ll1'1 

b LUU,a'll1-in lou,L£lnn~i11~nlf LL~U'l::~-;,,r Vy 3 x[P(x , y)] LUU';J~-\In~ilL~il U'l::~'iltt 
3 x[P(x , y)] ri£ln1LUfiL~li-\IU'l::~-;,u~Lilou,-;,~-\l lv; b LUUW111-inlfl 'J luLilnn~ill~nlf 
L'l1'ii!:LLWfi-\111U'l::~-;,u 3 x[P(x ' b)] LU'U,';J~-\1 LL1'l'U, X ~1£.1 a luu'l:: t£JfiLUfl P(x ' y) L'l1 

'ii::L~ P(a, b) LUUU'l::~-;,u~LUU';J~-\1 L~'l1::tt::Ju, U'l::~-;,u 3x[P(x, b)] LUU,';J~-\1 L~illfl 
nlil111~ b LU'U,W111-in l U,L£lnn~i11~nlf 

0 I .... ..I 6" I 'VI .. I..t d ""' ""' 6" iJ 1. fl1U1 nLfl1fl111J';J'l-\l-n £1-\lu'l!:~';J'U,fl £l LuU Lll £l Liln11~ W11~1'lli L 'U,L'lJ'Cilllj) il-\1 

-;i1'U,1U';J~-\I 

1 ) 'v' X \:1 y[ X • y = y · X ] 

2) VxVy[x < y] 

3) V x 3 y[x < y] 

4) \:1 X \:1 y[x < y ~ X - 6 < y - 6] 

5) 3xVy[x < y] 

~) V x V y V z[x(yz) = (xy)z] 

7) VxVyVz [x(y + z) = xy + xz] 

8) V x[x · x = 3] 

9) 3 X[ X· X = 3] 
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1 0) \f X( X • X = 31 ~ 3 X( X • X = 31 
• A • tl .. . 'VIti.¥ A !'I 2. ';l~'il11';la'£l1Jfl1f111ll';l1~-n£l~ LL'ila: 1:~-;JU'it£1 L u Lll£1 { 1 I 2 I 3 } LuU 

Q,oo Q,oo ff' 

L £l n 11 ~all~ 'Ylli 

1 ) 3 x V' y V' z[x 2 + y 2 < 2 z 2 1 

2) 3 x 3 y V' z[x 2 + y 2 < 2 z 2 1 

3. iiTV\U~ A= { 1 I 2 I 3 I 4 , 5 I 6 I 7 I 8 I 9 I 10} LUUL£lnn~ili~'Ylf 
I A tl ff' ,S tl r iJ l ... I 'VIti.¥ ';l~~"j1';)a'£)1Jfl1fl11ll';l"j~,£)~ 1:~-;JU'V\1eJI ,-:LE.JfiL ~ U-n£1 1)- 4) ~£) L U 

1) V' x 3 y[x + y < 13] 

2) V' x V' y[x + y < 131 

3) V' x[x + y < 131 

4) 3 y[x + y < 131 

4. ';l~'V\1itLa"li-n£l~ 

1) 3 xV' y[P{x I y)] 

2) V' x V' y[P{x I y)] 

3) 3 x3 y[P{x I y)] 

4) 3 x3 yV' z[P{x I y I z)] 

5) V' X 3 y(P{x)] v (Q{y)] 

6) 3 x V' y[P{x I y)] ~ Q[(x , y)] 
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