
,,) )',)..;.;,,, 0 "'°' l),_o ,;i ~' 
. .:.....,,; )i+u ..... ~ .,._:,i. jl o.>l.A;....I 

[ If~\" Jl.w- •l.o ~ ) 

•,l-' l1 .,~jl JI,_. >l.t.N ..,II.owl .1,. ~·, 
... , Vf 19 (\.o••'•JUL;;l.J~.• "4s,;SJl.\'LSI • ..,t..,.,:S.ll ..;t..,1 ... 1 ;,.,.,.IS ..;,t......~ ..,..,,, I 

\·~ ,. " (o>I> ·~'< .,.:.__,,tll.,.>1,1> ·.s;t... .. ~,, ..;\4l~) .,L_t,..\!l ,1_,;1,; ~ .,.,,, r 
m l·f If ,.,..,.,...... ,_:.,,. .t.~,~1 _,>1,.i. . .,s:..;:s:i1 ..;i..,1 ... J ....-,:..... .._:.,,...,.....au.,.,,. T' 

~- ~~, .. ; 
"' ·•}• , .. :.r~li o;..i..o 'fA :J1;....1.....; '-dt. ~ ... ··~ , .... 

"'"'-" ;~ ... !"'··· ).'it· ~···· 

,o li 

.sf,) 1,; (.;. ,o li 

.L.Acl J- 

:.1,.1 .,;')L.l ,.,,,...., 

i.S)J~, .:.i~ .. rJ> ..:,,J•j, 

,J,.:.s ~;.,.-i ._~ ~\..j\... 

.• ,.:..,. c)l..,I .::.s.L..o .. ,.:. c)l..,I .~, .. ,11 E::-1 
(o,l ~ ,.i.1 

T oJt...:. ~rt,) 
~~ 
'\ r fl I/IV 
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iy 

\ - (\ 
'\ 

' - (T 
r 
r ('I" 

'\ (f 

' -F \T 

Ix 

v (t) t IA 
cos(t) + 

\H vx 
.-----''YYY'\..-,----..,.---<- t>-- ... 

v+cos t+sin t (\ 

cost +sin I ('I' 

1+rcos(l+fo°) er 
rcos(t+fo0) (f 

+ 

v ¥..:.....I 
t=o + c.-_ 

-\ (\ 
K 

IF -'I' ('I' 

.:.1, T + + \ ('I" v \Q ' rv, 
+r (f 

Jr cos(t- 1t) (\ 
+ f 

v Jr cos(t + n) rr 
+v - • f 

"I R .Jr \'"1t 

l cos(t--) ('I" 
f 

.Jr T'7t - cos(l+-) ('t 
f 

.r;,,,O. .sly, .s'"'~ ~~,fl . .),..:.t.S" ,J>,i Jlo~I ~~ o.J:.:.S ~~· ·iU o..l...!. o.)f.) ul.!..i Js:...:. ;.) -Vf 

~.;:.....,I)!.) )'!,.)l.A.o jl ~,-1..iS )!I)! VR • .:...0,1.A.o r' '.) jW, i.s""!-1.) .::.JI> ~It . ..l...!.4 r cos t 4 )!I)! v. 
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~ 4 4$) fir!:"" Wai yi> • .JJJ>.)l.S"' .:,t..:.i J~.) ~lj ~ u'J J! IJ SjS r;!)•ji ~ ~ r..; js:..:. -A• 
SjS (:l.jf ~ 1$1.~I »W . .:...ii .)1;li,.._J lo .:,jl:> '~1 \o .:...o,lA.o u1J1.) (.::.....1 o......:. o.>I.> ~loJ 
;w, 1J SjS J,;, .>,.- 0i..,; . ..i..i).) .)!Ju~ O,o 0;1:> J4 .s ..::......1 o......:. J...o.;;..i ~ Y'r ulA.:.4J "'! 
RC J..1.o ;n y.)~ .al,> ~lj ~ ~ ~·4' ulo...S ~ jl .. 1..iS Y" ~ SjS ...51,.,UI •. - ,• .: -~ ..}> ~ 

(In r = D ,v ~ Q.)l.Q.;...,I ),...ii r.>li 'o.)I..... 

RBL 

x 
ws-------- 

WBL 
RS=Voo. WS=Yoo (\ 

RS= Yoo . \VS= Yoo \t' 
'I' r 

RS =GND' WS= Yoo ('f 

WS= Yoo .RS=Voo (f 
r 

p ~~~~--~--+-­ 
RS --------- 

.) ),.. ~~ ,:,!,; ulo.> )!)IS' ulJ! .s .).A.).r .:,t..:.i I) U)~;1; '.) DRAM J,i.... ~ r..j Js:..:. -v-. 
"'! P o ,! . .::....I .:,..i..il,> l:.> RBL , ~,; l:.> WBL . ......:.4.,r .:.1, I "'! . .i..iJ· ~ .> r.f .,r /,i o.)IA;...,I 

~......:,4 ~.4 J~ ~b J.) ~,; ulJ'! (RS , WS) _;;ZS ul.oJ~ L~ . .::....Io......:. J.o, GNO 

VDD 

ii 

a .,., 0 NAND (\ 
p-sel .;.~.):: 83 NOR er 

b , ,Ii rzJ XOR(f 
n-sel (Co111oc1) Jl.o;I • XNOR(f 
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u6 }-.1..o J,L u, Ur Ur u, ui> u, 
(\ 

(ns)J,L _r.>t; ' \ ' ' f r 

), ...... J,.L u, Ur Ur u, Uo ll .f 
('I' 

(ns)J,.L _r.>l; ' \ \ ' r r 

)..1 ... J,L u, Ur Ur Lit llo u, er (nS)J,L ~l; r ' ' \ f f 

)..i... J,L u, Ur Ur uf Uo u, (f 
(ns)J,L ~1; T ' ' \ T' f 

Vuo 
1.5.>')' 1.51.A )'.) )'! Y...i )~)ii}" ~ ), ...... ).) -Ar 

(x sa 0) u-::-o.i "-! x 4.bAi Jl..aJl .,r.1,,> ,.> c;,:a4, 1.5IY. 
!.:......I pl.>$ (y Sa 1) ~. ssa ~ y 4bAi Jl.o.l'1 ' 

A-<i 
P-c x x sa 0 }.),r.:ABC=ooo (\ 

B-<i ysa I }.>r.:ABC =oo\ 

x saO }.)r,:ABC = 001 er 
ysa I }.),r.:ABC=1o\ 

A-j y ~B x sa 0 ).:.,r.:ABC =o \o (f 

c-j 
ysa l }.).r.;ABC=o \\ 

- x saO ).>JfABC=101 (f 
y sa I }.>,r.:ABC =)\o 

u5 
u4 

u3 
u2 

ul 

J,.Lw tti ·.I; ~ 

NANJ>X1 fllS 
NA1''DXr r"s 
NANDXT' r•is 
NANDXf 1ns 

.)~' y,.j J,~ .::.),.., ~ · 91-=i:.c t_SlAojl..i.Jl 4 NANO J,.Lw t_,l J~ • .>)l..i.Jt,;;..,.,I J,.Lw ...;~t;S' ~ J.) -A1 
r.>li' 4S ~ wl)o ~ >tJ' 4-! IAJ,_L.. i.Jil 4 IJ y,.j Js:..!. J.> o.....:. o.>1.> 0L.:.i Jl..1.o ~I~ ,.fl . .>JI.> 

r.>\r . .>,_:. Jil.i... JIJ..o JS ._J ,.- 0l)l" ' .....:.4) ~ 0115 jl .)lyt.! ,..,,...... 
t.S~~ 4,W ,;?,! ~ J.> 0'.I.! JI,_..,) ~.....:,4 .1.!.4 J~ Jl..1.o J,_L.. ~ 

(.),.:. J> 1.5.) ')' 
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04.~ _,!I . .i.:.5..r> JIS' ~ ~li J~, .::......IVtls =01f" Jl..i.A.o c.SI~ NMOS J~;il; ~ J~ -AO 

·•- I ·•-• I .. e.t . 1'mA I V 1" 1·1 ' I f111AI V 1'' 1·1 ....,......, J....,, J ..i..Ao ·~'! Y. Y. gs = - c.S J 4-! u"!.~ iY.. ' Y. Y. gs = c.S J 4-! l.J'..J~ 
Y.;......IJ~ -o, v (\ 

-r,'f (1' 
-r1vr ('i 

-r1r ('f 

(...A.II) 

OUt 

(dynamic) 4.~ .~1,;1> J~ IJ c.S~'J' ,~NANO ~ jl c.SjL...•~4 4""' ,.u c.SJ~}l,i c.S"'-Jl:o.>L..i 
~.;......11'1.1.S' Jl:o.>L..i iJ.,,,i.J.:.S ~ iJ...}tJ..r ;I '-:"-i j ~.::.. r »W jl IA~ .)!,I~ ,i . ..i..:..A~IS"' .:,l.!.l 

(~ ~ .::......IJ jl U.~;f J~ ~ ,i) 
((';:)(..,.,)(..All) ( \ 

(..,.,)((';:)(..All) (1' 
(~)(..All)(..,..) ('i 

(..,.,)(..All)(~) ('f 

-AT' 
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).) ..::. J~ i-1..U M ~tj.il.::. )"" J.) ~ V"'"' • o, ci .,! ,JiU J.) tJ MFSK, MQAM 15IA0~'i,J.o -AA 

Y.:......I ~ o~.} _;i.... ;I .:,,t,;· .i.....,:i:.o, ..l.i4 ..s4. .> J"° 
, MPSK JL..} ,),; .b....,::.., ci4 ..H')' MQAM ).) JL..,I 01,.; .h....,::.., MFSK ..l.J4 c.S~ (\ 

. ..u)..u ..s-',_..ou ~ MQAM ..u4 ..s4. 
-~~IS"",...,,....~ ~.ll4 ..s4.' -l..!41.S"' ..Hl;il ._,.:,,)'"_,A;" JL..} 0'¥ .b....,::.. ('I' 

·-'!~.<.>" ~1;!1 ...,:.,; ,.) T' JL.. JI,;!,; .b....,::.. , ..u4 04. ('!' 

• ..i.;.;L.<S" ~ 0'~ .) },.. ·-•:, ~4<.S° ....41)1 MFSK .l.l4 .s4. (f 

(...All> (B) .(~J-(K) .(~>- (L) .(SF (D) .(..,..) (A) .(.)) (F) ·<i> (C) (\ 
(j}a(C) ,(.))•(F) .c,>-(K) .c..,,>-(A) .(.SJ·(E) •((!;)·(B) ,(.))•(F) ('I' 

<.)>-(0) .(;>-(F) .(..S>a(E) .(...All)-(K) ·<i!:>·(C) .c,>-(L) .c..,..>-(A) (f 

<.i>-(C) ,(.))=(f) ·<~>-(B) ·'-">-(A) .c.SJ-(D) .c,>~(K) ,(....:Jl>~(L) Cf 

•Jft .,i..:. 
;-.,. (•) 

.,r.:.,- (81 

ut...b "'"""~~ ¥f (() 
.,._, c,., (l>t 
~il.... )..:.J (E) 

4.1,......"I,-,, (!') 

...... 1--~l (C) 

v.,....v~ (Ml 
J>L' (l<) 

~i,,.1 (L) 

~ .,~ 
..,i..,. ""..,... ,,,. ..... , ,,.. ,,, ,, .s JU-~ .. ~,, ....,,.. ,,,;; (..;II) 

~Jur..,, ~t ..µ. ~,, ~ ~r ,.:...._ J1 dJ~ ~ J>1J,., J ..).>~ ...r .. ~ {.,.) 

,,.,..,. .,i.-1 ~~ """' v....,..., ...,... .s ,;,,-1 , µ "'"' r Id 
_,.,. J.s..- Ir'• u1-"w .w1; l>) 

l."1> fl:JI .Si...-,.. 1' .JJ...' .i...t <-- (.) 

~ J;S..... "" J' ~ eJ;. p ...• ~ ;µ.... ......... ~ ,., ... 11) 
.....:.i..- JU.,..,> rl< .;...I u- "1,~ ,S.1 Jl.J.S..,..,... ;...,. (if 

,,,...,. "P"-- .,.,,., "i.,.,..,. .,i..,v ~ ,,,. ,. ''..,..' "'rv,.::.. t..,. .s _,..,.. (.J'i 

4-! .> Jt° i-1..U . ..::.........! o.....:. o.> ;,i (~ ~·; .:,,,~) U,,_,N 15.>l.ui ~ , o)I' 15.>l.ui Y..i J,1~ ;.) -AV 

k: .... I o.>I.) ul.!.i IJ o.....:. .;1} U,,_;W 4 l.cbo )I' .:.-'!lb.. .S--- J.) 

-ffdBm (I 
-otdBm ('I' 

..::.1, ';;..,,... ~ (f 

..::.1,..;,... 'f 0 0 ('!' 

o.>l.:a Jt.A:.:.il J.!\.S""'.> r o ..ili" ' ji _,aU:... ~ ..l.i4 15 4. 4 _; lilS' jl ~Ii ~ u .Mi ;.> ~ 4 U:.0 ~ J!. li ~ -Ar 
· dBm 

~.:.....ii o.>~ ;~ 41.,a;· o~) i:,,l,S • .....:,4 -IVf H j.!.,J .:,,I,;'_;~ ,fl . .:.....ii o.....:. 
7. 
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. , _; LL(1) J'°IJ ,-1..u~ Or , G, (\ 
. , .. LL(\) ..sU. rlJ ',) J'"' G,. ' G, er 

. .:.......,,; LL(\) J'°IJ ~ Gr L.1 • .::......1 LL(\) rlJ ~ G, er 
• .::......! LL(1} r1~.5 ~ G, w ·~ LL(1) rl.J ~ 01 (f 

. .::......I ,J.>I.,,; ,,;,f J'"' ..ijl,9 ( \ 

. ..::....1 (shift - reduce) ..;..;.IS_~ _p.1.i; ..sl).> (I 

. .:.....I (reduce - reduce) .µ.Ir _ _µ.IS' J:>U; ._sl).> (f 

. ..::....I ._;..,IS_ ._;..,IS' J:>ll; ~,._;....IS'_~ j:>l.J.i c..SI}.> ~ (f 

.( •"; .. ., .V4_~ ~,r .J,,.,., d.i4,ltll J;",r. ...;,,...) Y.:-.1 ~ ,r.j c..SUti;cl}' .>,,.. ;.> o;I,;! l'l..i.S' -\I' 
G1: S-+ bSa laSbl ba 

G,.: S-+ XYa 
X-?alYb 
Y-+cle 

{S-?a.Sb ,S-?a., S-7.aSb, S-+.11} 
k:......I ~.::. ,~ l'l..i.S' J,i ~~ )I o.i..:. l::1_,.;..:....1 ~l,i .> ,,.. ;.> 

. .cl <S'° .Y,; goto ~. , ~ ,,) , _µ.IS' ~ (\ 
. .cl~ .Yi goto,,),~ ,.:i, _µ.IS~ er 

. .cl vs" .y,- goto ~ , ~ ~ ; ,_,.:. ... IS ,,) (f 

. .cl 1.s4 .>~I conflict .a ,),1, I'~ 4! ('f 

~4.l.o.i JJi'. .J,)"") \'.:....I i"l..i.S' ,r.J ,,.1}' c.,Sl,r. (simple precedence) o.>L.... I"~ c..S~& J,.l.:>:' -'\\ 

( . .::....1 o.>,;JI ..s•~lJ X'-+ SX$, t.,,.:. .>W X. ··- ,,• 1Jbd.i4,~ ~4.W +, ~,r ...;,,.,. .Utid.i4,~ll 
X'-+ SX$ 
X-+YIX+a 
Y-+blb+Y 

..:. ,_,.., ~ LR(o) c..SIJbitcm ~~ jl ~ S -7 aSb I a ,,.1)! .>;y. ,.>SLR{') J,~ .>~I tSY. -'\· 
:.:-.I )!.j 

~ _, ~ A fiSIJlS _,A c.,Sljl ~ .;,4.~ ~ _,.> _, C-',_:. ~ ~ jl u-'~1 o.:i!.> Jli;;;l 10 • _ • ~ ;.> -A\ 

)~ , ...... .:r,,I ,,) ,r..1,lS ,!51..i.> • .:i,.:...,o o.>li.:l....l ..,.,_;,,. c.,Sljl 4i! u4.~ ,::!l;lS S-t 't.,,.:. ,:;sl;lS 

~.:-.I 

' - (\ 
r 
A 
- 0' 

" A 
- (f rr 

. .)),) ~) J,b 4i! ~ (f 
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r..L.. JS J>l.i ~ goto ~> ~4.fli ,,;lo ~ """lir. sir.I J,,:.:S ..l.i3J Jb:.. )~-•; .:,Lk.l :.~I (\ 

(t.c.A..li ;!xi 
,; ):. ,; ;~Switch ... case 4 if .... else ..:.I;,.:.....:. j1 ..s}:.:.p. ('I' 

(Interrupt Handlers) t.c.-.A!, 4-1 cs.,!~~ ..slA..15' .:,.::..:.,.; wl.k.l .l~I ('I" 

(Exception Handlers) ..:.Ul:!::.....l ._,....l.it..L.. ..slA..15' .:,.::..:.,.; .:,~I .)~I ('f 

fun f(g, nil)= nil I f(g,x :: xs) = 
(fn a=> g(a,x)) :: f(g,xs); 

(int « boo! ~real)* bool list ~ (int~ real) list (\ 

(bool * int ~int) * real list ~(boo!~ int) list (T 

(int ':' lru ~real)* real list~ (real~ boot) list ('f' 

( bool * real~ int ) * int list ~ (int~ int) list ('f 

fl.JS longjmp , setjmp ..::.IJ,......-> ..:,,...t....:. ci i! }ii ;-> ~-> , is1-ol o.>1.A:i....l C 1.5jl...'-'>li )'! ..:,,4.i ;-> -V· 
~..:....I 

~X oj,_,- ;-> \ r i . ~I •j,_,. ;.l r r T' 0' 
~I •j,_,. ;-> \ 'l' i . 4~ ojp- ;:l T 'f' 'f ('f' 

~I oj,.,.- ;-> \ 'l' 't , 4x oj,_,,. J:. \ l' 'f ('t 

((\ e) e) (\ 

((\ o) r r) (T 

((1 r r) o) 0" 
((\ r r) r r) ('t 

(dynamic scope) 4.~ .lo!.-> ~I-> o j,.,.. ;-> '-'>li )'! .r:-,,> . .:.....1 o.....:. ~,.. C ..:,,4} 4 ..s Y..) ..lS .....i:.i ;-> -'\ f 

~.- -":(static scope) ~.I .lo!..> 4"..ol.> oj,.,.., 

~loj,_,- J.) r,. 'f • 4~ ojp- J.) \ r,.. (\ void fun l (void); 
void fun 2 (void); 
inta=I, b=2, c=3; 
int mainO{ 

c=4; 
fun I(); 
return O;} 

void fun I 0{ 
int a=2, b=3; 
fun20;} 

void fun2 O{ 
printf(" o/od0/odo/od" ,a,b,c); 
} 

(def var a '(\ r T')) 
(def var b (cons a (cdr a))) 

(rplacd a '(o)) 

.~; "-! Jd .::..IJ,.......> ..sl.f!'I jl ~ b ~ , ~ ~~ i;,U:.01 4, ~ o.>1,..1.:> jl .r!li .:,4j ~ J-> -'\ f 

y.) '1 ~ 1,0.. ..Sr" t:. ~ J.o L.:i 
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{I. T,O} (I 

{1.o.1•}(r 
{I. r. V} (t 

{v.v.v-] (f 

c.;,IS..1J.>1.i ,.s.,.., U!,;._;jJlr.jlo>tA;....1-.s..;'-A!.;.> ._;,J ~ J~ ,:i> ,S > _,> ~J,s;JI -\ • • 

..,J,J IJ (.s.,.., >I.I.Ai D!.~..s" ~) ~ ..,.1~ Lo,jl .rl.j .st.o...s;.., u.~ jl ~ ,.1..s .;,, 
·~)!) .,..t.:..li >1.i..U "'! u.~.,.. ..st.~ jl ~..; ,J ~.>$ ~ 

r (t \ (I 
f (f r ('r 

IJ 0 = (V, E) ui'.r., ~.;,,-'! ..Jl,,S ~ 1.HJ .r. .1".J .slA..i:.- jl >I.I.Ai~ -\\ 

J> 0(1 Vi + IE!) ..,la> .;,l.j 1• (DFS) J,1-~ ~}~' jl .,ta;..,,~ .;,1,;..,. 
S>,S 

,".l.X ~ 11 jl <.>..Jl,;> ( \ 

I"" r' ~ ..r.l:,& ·~ n jl 0..Jt,;> (r 
(v.r.r.r.c 11)0..Jt,;> ('r 

(1',r'.r',f',o', u') ..s.J\,l> (f 

..::.>,,.sir. I, ur-- tlii JI .J!,;~ (..! JY. .st.o.11 e,Sljl "'!)xi .st.o...iy, jl ~.-!JS -\A 

.s•,Jt..;,::. J> t. ,;:S'I ,IS' ,1,r.; >l..IAi .s•~>.;,l..!.i t.uJl.:J> .s~t ~.>$ ..,- >~I .r}t.. 

.t..,:!IJIS' >,>;.;.:....I 

\ f, (I 

'0. ('r 

vo- (r 
, , (f 

{n $ \ • •)-'!~ ,J:U J>IJA,. l.i A, c.S"'-~ .r = { \, .... \• •} ~ .,i>,J -\V 
J~ J" . .::....10~ o>b hi C c.S'J r. ,_,u. \Oo ~ R .s~tJ .A, ={I} ~t J> 4f 

, <1 E A,¥, u#,J .ff>iSIJ" ..,.1:>W1 o!,_>.J> '-! IJ (11,b) E R .,....~ jl .fa. 
f>'l'>IJ" }_,i ~·~I.I" .-1'>1A,_y1JAJ .::.J,_.. ,) J> ,., zJ J ,SI .b E AJ 

~.::....11.i ~ r>1'>1 j6' >1..1.AJ .,:SI.Jo> .A, t- .I, U AJ 
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l"f :}S1.l.> ( \ 

r A :_,!.Sl.l.> (l' 

Tf :rs1.l.> ('i 

re :_,!.Sl.l.> (f 

.. :Jil.l.> 

.. :Jil.l.> 

\A :Jil.1.> 

I A :Jil.l.> 

DELETE 
FROM customers C 
WHERE C.cid = '2000' 

~ .i~ .al,> .il.ui ~ Jil~ , _,iS'l~ordcrs , customers J,.i...: ,.> ,.slA.> J,r J .it..ur t~ 

CREATE TABLE customers (cidCHAR(4), 
ename CHAR(20), 
PRIMARY KEY (cid)) 

CREATE TABLE orders (oidCHAR(6), 
odatc CHAR(6), 
custid CHAR(4), 
PRIMARY KEY (oid), 

FOREIGN KEY (custid) REFERENCl~S customcrstcld) ON DELETE CASCADE) 
,.sl ~I jl ~ ,.i...:,4 10 ..sir. lAu!i 11.A... ,.slA.i 1,S 1 .>l..1.Ai , \ • r.lr. 04._,:.!..o ,.slA.> 1,S J .>I~ ..S o,sl ;,.,, J.i 

:;!j ),......) 

)i) 1.> 11 JJlo~ .>~I y_j 15lA 1,._..> ~ ..S (lAu!i JI.A...) orders ' (.:,4,,:..:..0)customcrs J,.>..>; ,.i - \ • l' 

=~A 

(r 11[i.j,.q = {w(;,,;) 
min, S•S,. { dji. r, ,k/T' JJ ~ tilr. j. [ k/YlJ f 

f[ '·] { 111('i,j) k •JI (r 
t ''·)·• = 1oin{rl[i.j,k- 1!,dj1,~·.~'-ll+d!k,j,k-ll} k » •JI 

.~ o>b I' = l 1. r .... , 11} .,i.....,.,t, r.S""~ 4 G = ( \/. £) ,,>~.JI/ -1·1 

i1,.; ~1..u >~' (i, j) J4 I' .,.,a>.,. .:,t..:J ai(i,.f) 4 1, (1. j) J4,.. .:,;, .~1 
.ui(i. i) = • ,.,a>U'° ,1,.; i ..,.,I,,.. .,st;!"!~ .111('i,j) = 4- fO'l>>U'° 

.;,ti .r11 t.,;,.. Ve! r.- tJ-l•'Jf 4~ r.Si!;.,.Uy, .;.,J ;1 c>l1:...14 ,.,.,,...,.. 

d[i.J, nJ ;I.AA. J{.j ..,:.:.s';4 ._sl.t.~JJ ;t ~ ,ol.lS' ._sljl "! ·~J,l .:;...,> "! IJ Jt,f 

~>;! .al,> j , i r.S IAO"I) u,; _.. ,y_,,Jcl:i ~ .l'!I .I'! 

fl .. '·) {'w(i,J) k= I J1 (I t i.j. ,.,. = # 

mi•hSr!n {1Jfi.r.k- IJ + u'('r,j)) k;» I JI 
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NOT EXIST {A) (\ 
EXlSTS (A) ('I' 

EXISTS {A) (f 

NOT EX1STS {A) ('f 

EXISTS {B) 
EXISTS (B) 

NOT EXISTS {B) 

NOT EXISTS (B) 

SELECT• 
FROM parts P 
WHERE ----(A)----- (SELECT S.sid 

FROM suppliers S 
WHERE --(B)-- (SELECT* 

FROM catalog C 
WHERE S.sid = C.sid AND P.pid = C.pid)) 

:~.~ ,J.:U J-> 1, (.S ,JlilS) catalog, (..:.Wai)parts .(01f .;.;.:,s ~)suppliers ~1,"""' -\·O 

suppliers (sid, snamc) 
parts {Jlli!, pname) 
catalog (sid, Jill!) 
t~ ;1, i.r.- JI> ~catalog ,-> pid , suppliers 4! o~:> t~ ,1 , i.r.-;L> ~catalog ;-> sid 

o.J:.:.S ~ 4S ..:......11)!1o~.)0L.:..i catalog J,~ J,)(sJ, pl) :.,,S, :>)":' • .,i...:,4.r' parts 4! o~.) 

.xs .r> ~,; 1; p 1 .w.; sl 

~,; ulf.J:.:.5~ j1 ~la...,; .s .:.,,T ..:.......~ 1J .s'w...i ..:.'.,.;·a J!j SQL ),:;.-.-> .-.-1~ }'1 

~,) r.f ,1}-'-!.4 u-!.i.. ~ ~ (B), (A) ~L> 1.5~ ,:. ,:. .:.,..:.~ 

·-'-!.~ fooi ;-> 1) F i.s"!li 1.51.A~1, -.;:~, R(A, B, C, D, E) ~1; -\· f 

F ={BC-+ A, A -+ 0, D-+ C, D-+ E} 
VJ.j.$~ ..p; 1, BCNF ..>!; i.s"!i;- 1.51.A~1, jl ~ 1"1..iS 

BC-+ A(\ 

D-+C ('I' 

A-+D(f 
D~ E ('f 

=-'-!.~ ,J.:U J-> 1, (l.l"' J-> ..i..>I) take , (l.Al.l"' ,->)courses .(..;4.~1->) students ~1,....., - I· f 
students (sld, sname) 
courses (cid, cnamc, dept) 
take (sid, cid, grade) 
. ...l.ilo.> ,I ..i..>I 1; 'CS' o..iS...:.i1.> ):. o..i..:. ...;1;1 ..,...,;-> <I.Cl.A .s ~ 1~ 1J ~4.~1-> o J~ ~1,.>.r> 

\'c.wi ..:.....I,> J.> .)!_1tSI;!~1.51~1; r.>; ),.:.;....:>,);,..fl.JS 

1rsUl[take + Uaept='cs•(courses)} (\ 

1rsta [take + 1fcld ( Uaept=•CSi (courses))] ('I' 

1l.std [ ( 1rscd (students) X tt ctd ( ua•pt=1cs,(courses))) - 1lsta.c1a(take)] er 
rrs111(scuder1rs) - rrJld [( rr514(s-rudenLs) x ff eta ( ua•pt>:JCS1(courses)) )- rr11d.da(take)j ('f 
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V5(t)= fsinYt.:.1, ,t ~o 

is(t)= fA, t ~o 

+ 

...,- J! t =a+ J::i V0(t) Jl.i.A.o .~4U"' .i.::J,I (.5),)1 u'~ t=o- J::i uJI>, ...il..i ·J!.) JS..!. Jl.i.o J::i -1·A 

10 10 ~.;:.......11"1..U (V) ..::J, 
0 (\ 

rn 10 v. 

rn 
~..::.....I l'l..U J!.j J 1.i.o .::.-# ":--!.rO - l • V 

.Jr (\ 
f 

Jr (1 
r 
r - er 
'" ' - ('f 
f 

+ 
\F 

~..:.:....11"1..U .b , a 1.51A1.5r' jl Req y,_; JS..!. Jl.i.o J::i - 1 • F' 

' - (1 
'\' 

.!. (1 
r 
r (f 
r 
~ ('f 
'\' 
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oe10u(t) ('\" 

oe-nu(t) (f 

u(t) 
t -I rrr 

-I 

l'o{l-e'°)u(t) ('( 

i(t) 

• ..AJ.,.., ..s~ d.! }'I . ..i...:.4"° i( t) = 0(1 - e -n )u( t) y,ly, i (t) , o.)~ ;..o ..AJ.,.., 1.5~,1 u4.~ J!..i Js:..!. )'~ _, · °' 
~.::.....I '°I~ i(t) ,.),_.:. oo)f-> Jl,i r1o F ._,Jt.,> u.it.,> 

r o (1-e-TI )u(t) (\ 
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'o•oo '\oo (' 

\oo '\oo (r 
\ • • J T (T 
\ \ , r (t 

lJ,S-~ ~J~I jl o>li::...14 ~J,>u" .c....l \ )!I)! IAJ4 .J"""' .;,;, _.,;s' uP ,! 
ii> ;l ~J~l ·~~ 1a...,..i, .;~ "( 1'1 .,..I, jl 1, Ii>'*'""° .:y.~ol,;,f u"°" J,I> 
-.I> r ~,),SI .JA)LI" ,l,i ..r ''- )1,. .,.1,.;.,Jl ...,._; J 4 I, li>J4 ,;.- «"'1> r» 
O)~ ,_;• ~ ..s.i!.>,.. ~.::.,...; IAU"'l, <>"°" \i 11, ..s<ll...>Li Ul.,;.i.;,r JS U/,l jl 

~1, IAJ4 ..r J)! . ...,._; J "'! ~,,s:JI (Y-1 J>.lr )I.Mi .)~LI" ..il,:.O ~,,s:JI .~4 
.~.::...ii li ~ .i:...... .r.l 1) IA-.1> r llJ..oi .s•·. • _: J ..:...S . .::.....1 

. ( \ 
r (r 

' (r 
r (t 

• .::.....1 ~MST ~4 ,.1,.u li>J4 .s...,. .;i;, JI • 

.s""r--..s...,. ,)J4v-J.S..,..,..s··- ·..:4~4,.1,.c = (·u. v} J4u.iJ.11 • 
.),; J.AI,_;.. '.\fST ,) (1 0 ,,....;ii)),,, ' II Uo! 

»>I,> ~ io4 MS'r ,J...Z4 ~..ii}',)..;,.;><»! J4 ,:r.J.S..,.., .;i;, ,s'I • .),, 

~.;,,~ •o)\... ..il,s' ~ (~lST) ..:...S ,,,fl,,;.;;;..;.,)),,.,) )!.j ,;!Ao ,1;! jbl...; ~ - \\ T 

·~ .;.,1.i:.o i.,;J 1.>J4 .;i;, ~.:...I .::.... ,) G .i.:.i..,io , ,u.;i;, 

r (I 

o (r 

f (T 

i' (f 

\-To(\ 
n (r 

\-o (r 

r - To (f 

~ ,,S)''' _.,;s' uP _,! •.JW J) ,.;;....,I ~!; )JS ~ o < o < • /0 _.,;s' uP _,! - \\ • 
J.-_ u~ JW...14 ffo11<1ou1izcd QuirkSort ~,,s:.i1 . ..i..)4 ,;~ 11 .s"tl} 
~.s.i.:.i~11 ~ ,,- ,} .,..1,..,1 )! J o),f ..,..1>.:,;1 ,,- .;ii~"-! 1, "ti},...~ ;1 

~4 tl:n ;1 Jv4. ,:;~,r ~ ,;0;1.i..1 ,IS' .;xi 4 .S .;xi jW...l .»>).,. ,.~11, 
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,.),_t..r • .:.lA:......I UC j1 .w.; (\ 

. .),_!.1..5'" o.olA;;.....\ PL j1 .bi.i (\ 

... ,_:.._... o.>lA:.....I PL j1 ~ , UC ;1 I"' (f 

. .:.,_!.~ .,,t.A:....,I PL ~ , UC ;1 ('f 

Constraint ) ~.)'..t.......:u 1.5L..D JI 1.54.IL......o ~ IS'J Arc-Consistency (AC3) ~J~l .,sl~I tr-> J.) ./I -\W 

~... ..t ..s~ ,..a . .),.:. ~L;. ~ ~ 1.5..;...I.) ,( arisfacnon 

·~,.:. ...... ..ii,:..(\ 

.~ ....- (Backtrackj s J ~ (\ 
-~ ss" br- ..::.,L<:.. .:r.,;til ~, ~ .i' CT' 

-~ .,sf "1> J" ~ ;" .s .) }.> ~ ..:r..1 "' ('f 

y-J'I .,.-...:.S ~ OPLL ~J~l jl o.)l.O:;...,I ~ IJ .r...i (Satisfiability) '5Y...l.i. L.>JI 4.lt.....o ~I,.> ..s" -\IP 

• t ...S:....01..i.....S' • t ,...i.....:.l.i ·- '·I.) .;..., .1 I , 1. : i 4.i " w" 1..i.A.o '-' t.....;;I ,IJo · - 4.i " .Lo" 1..i.A.o '-'\.....;;JI J .. ) . _,., ~ . .. ) . )'! r.- . .r- J . 

~~.at,.> o.)IA:....I I.PL;. 4.lt..... V!,I J:> J.) .Pure Literal (PL)' Unit Clause (UC) ._s:_ ·s:; '.) 
{~A v B v C}, {Av ~o v CJ, {Av B v --Cl, {A v B v C} 

O(EI~ I'-\') (I 

O(Vlg \f +£lg£) (r 
0((1' +£)I~ I') (r 

O(Vlgl'+E) (f 

r. 'J Derrease-Key j E.xlr1u:t-~liu J4'1.S .::.....I ..sJl:.>t...o.>b ~ll~ ,o;> -\ \0 
...... ,..,.. .-~10( I) , O(lg11) ..slAul..J J>..,..,,;,,; "! ..s""' t1 ..S""~ ~ ..S'J 

...;1}' ), ~ ..,..;, ,, ..r.i r.- .;yJ•u~ .)ti~ ..s'r. ,~t...~1> .Y..' ;1 J• 
JJ.i~ JIS JS" ..s~iA w.;s •>~I Dijkslra ~J,s:JI JI o>IAM..I ~ G =(V.E) 

~·~.>Alt> 

Cr= ma.x.,s•sr{p. + C,_,} (\ 
C, = max1s;<,.{C, +Cr-•} (r 

Cr= 1nax1s•<r(Jl, + C,._,} (r 

C, - 111ax1s1srfC, + C, , } (f 

~'~, ~) .lir. ~ ..si....;1..;1 °'!1J (~ ).u:)r J,J. "!..,..~~,....it>..,.. _, \ f 
':'~ ....W ~ . ...,Z,,,.i .;;..,i p, .S ,..ib"'° ·~J,l C......) "! IJ ),.., ..:x,,Jv4. Ii 

),..,) C, ..sir. )'!j ..,..c!;~ ..slA~lJ ;I ~,.1..s . .::....I \ ~ I ~ ,. ..s•;l..;l"! 

.::-Jo (r ..s•Jl..UI "'! y~ .s.; ~ .:.w..i .),.,,.i, u>f .s.;..s.:; jl J.,.>b ~ 

.c. = • .J.iS ..,...; ,,.i ~c......1 
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food(x) "-.likes(x. fl)) (\ 

-.food(x) v -.likcs(x, I\)) (t' 

food(x)" -.likes(x. f(x)) ('f' 

-.food(x) v .. Ukes(x. ftx)) ('t 

u.,)~ J~ J!li ~j!.' ,..> p jl \\A JI,... h ~L.:..;SI ~Ir..>;,..;..> .r..i 1.51.A ~y jl ~l..>.S' -1\'\ 

~..::-.I~ (Consistency) 1.5;1.S'jl.w' (Admissibility) 

. .:._.I }S;L .hii (\ 

,,:._,I J ,,i Y.i .hii (t' 

. JI! ;L r"" , • .: ... J J,,i J!U pA (I"' 

)! }-' o.; , ..:....I J ,,_i .}.Ii o.; ('f 

'..) 11.> .;:.........,'.,)I; "x" 1.51..L..: "I" c.J>-.;. ~. 4-S ~~ l)!.l .,r.u 4! liket<("X, I) _,fl."'!.~ p J.> I; J!.j ~ -\T • 

J-!.j ~CNF f') .o..i..:. o.>I.> 1.51.A~_;! jl ~l..>.S' • .:......11.i& t_,; ~ '"X" 45 ......:.~ ~1 ~ 4! food(x) 

. ..::-.I {Skolem) ..,J,S:....I ~Ir~ r' . . . ,., ~ x 'I ~.:....I 

" • ..11 ;1..1.i .:...... ,..> l.l" b..:.I 1.5<1.oA I 1 .)l.i& t.,; ~" 

4 

jl a-~ ~.}'>.(Link) ~ "",l:S .>l~I . ..::....ii J..IJb ~' G 0 ,! 't.,,.:. ~'A 0 ,! . )!.j JI,!;..> -1\A 

v .,).,I...& ~ 1l1! IJ 4il:;....i , .......... ,fl . .:......I.~ ~,; ui U').,) .o ,! ""h ~W.:.SI ~tr ,1..u... . .:......I ~ ul 
J...,,,;- JI,! l.)!.l 1.51.Ao ,! (Visit) .:..Ii~~ j • .:......IJ 4! ~ jl •J!.j 1.51.A ~}! jl ~ f'l..>.S' ·P!.~ p ;..> 

~1,......:. J.>, .>,._..!..r> ~,;- ~· .J,_,,. ~;; ~. ,! ,. 01..11 j) ~.;.; . .JJ>.>.r" ul.:.i 11 LOA* J.,, 
. .),_!.IS" o.>I.> ~,i,1.0.....:. ~,_;· j.>,j ..S 1.510 ,! 4! •..s,i....... 

A. B. D. G (\ 

A.C.D.G(t' 

A, B. D. C. 0, G (\ 

A. C. D. B. F". G ('f 
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\ (\ 

\" 0' 
r (i' 

'f ('f 

1) --.E(t, u) v E( u. t) 

r) --.D(v. w) v .E(f(v). w) 
r) --.E(x, y) v --.E(y. z) v E(x. z) 
'f) D(A, C) 

e) --.E(C. B) 
r) -.D(A, £3) 

~~IS.&:. _;11(clause)1.5U.;':llS' ~I-> 4, (Resolution) ~,i,;J ,_;._,) jl o.>IA.:....14 ~I,> u-" -11'1 

a: _,.Jt t ~..:.J ,! ..>.Al,> ii,,i o.>IA.:....I .> J,.- ~ "° ~- j1 ~IA ;':llS' V!-1 jl ~l..U . .::.....1.::..... Jo> ;el 7 j':llS' 

. • ·- .. (Predicate),,.;........ .E , D, .~Ii~. f .~i; Jl.U.. .C u-11 A.~ 
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