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The Sahara is the great desert of northern Africa and the largest in the world. (11) --------- 
the Atlantic Ocean on the west to the Red Sea on the east, and from the Atlas Mountains and 
Mediterranean Sea on the north (12) -------- the savannas of the Sudan region on the south. 
(13) --------more than 3 million square miles (8 million sq km), the Sahara is divided among 
many countries. Parts of the desert are known by separate names, such as the Eastern or 
Arabian Desert between the Nile River and the Red Sea, and the Libyan Desert along the 
border between Egypt and Libya. The Sahara has (14) ---------- of 2 million excluding the 
densely settled Nile Va11ey, (15) ---------- apart from the surrounding desert. The principal 
language of the people of the Sahara is Arabic and their religion is Islam. 

Directions: Read the following passage and decide which choice (1), (2), (3), or 
( 4) best fits each space. Then mark the correct choice on your answer sheet. 

PART B: Cloze Test 

1- These ideas are not quite new; they ---------· ancient philosophers. 
l) put over 2) depart for 3) give rise to 4) descend from 

2- The story··-·--··· the lives of people in the last century. 
1) depicts 2) settles 3) persists 4) contends 

3- Strong storms have been ·-·-·--··· our efforts to find flood survivors. 
1) surmising 2) hampering 3) demarcating 4) submitting 

4- The military in most countries uses radar satellites to -·-······· targets through clouds 
and at night. 
l) track 2) disallow 3) overthrow 4) dominate 

5- The asseeiatlon works to promote the of retired people as active and useful 
members of the community. 
1) status 2) posture 3) disclosure 4) standpoint 

6- At the end of the article, the author bridges all the different ----.---- of the argument 
together. 
1) remnants 2) strands 3) conversions 4) dealings 

7- Life ia Britain was transf onned by the --·-·-·--- of the steam engine. 
1) disposition 2) advent 3) undertaking 4) expenditure 

8- There is evidence that a(n) ----------to cancer runs in some families. 
1) dilemma 2) incident 3) predisposition 4) prospect 

9- The journalists insisted on getting to the front line of the battle, ······-··· of the risks. 
1) devoid 2) inevitable 3) unaccustomed 4) heedless 

10- Computers operate using--------·· numbers (the values 0 and 1). 
l} dual 2) scant 3) trivial 4) binary 

Directions: Choose the word or phrase (1), (2), (3), or (4) that best completes 
each sentence. Then mark the correct choice on your answer sheet. 

PARTA: Vocabulary 
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16~ The passage is mainJy about 
1) a new regulation for all airlines. 
2) the defects of electronic devices. 
3) effective safety measures for air travel. 
4) a possible cause of aircraft crashes. 

The biggest safety threat facing airlines today may not be a terrorist with a gun, but the man 
with the portable computer in business class. In the last 15 years, pilots have reported well over - 
100 incidents that could have been caused by electromagnetic interference. The source of this 
interference remains unconfirmed, but increasingly, experts are pointing the blame at portable 
electronic devices such as portable computers, radio and cassette players, and mobile 
telephones. 
RTCA, an organization which advises the aviation industry, has recommended that all airlines 
ban such devices from being used during ''critical" stages of flight, particularly takeoff and 
landing. Some experts have gone further, calling for a total ban during the whole flight. 
Currently, rules on using these services are left up to individual airlines, and although some 
airlines prohibit passengers from using such equipment during takeoff and landing, most are 
reluctant to enforce a total ban, given that many passengers want to work during flights. 
The difficulty is predicting how electromagnetic fields might affect an aircraft's computers. 
Experts know that portable devices emit radiation which affects those wavelengths which 
airplanes use for navigation and communication. But, because they have not been able to 
reproduce these effects in a laboratory, they have no way of knowing whether the interference 
might be dangerous or not. 
The fact that aircraft may be vulnerable to interference raises the risk that terrorists may use 
radio systems in order to damage navigation equipment. As worrying though, is the passenger 
who can't hear the instructions to tum off his radio because the music's too loud. 

Passage 1: 

Directions: Read the following three passages and answer the questions by 
choosing the best choice (1), (2), (3), or (4). Then mark the correct choice on 
your answer sheet. 

PART C: Reading Comprehension 

2) It extends between 
4) There extends from 
2) on 
4) at 
2) With an area of 
4) To be an area with 
2) a population estimated 
4) estimated a population 
2) that is considered 
4) which is considered 

11 - 1) ·It extends from 
3) There extends between 

12- 1) in 
3) to 

13-1) To be an area of 
3) Across an area with 

14-1) a population estimating 
3) an estimated population 

15- 1) that it considers 
3) which it considers 
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PassageZ: 
The history of the computer in the twentieth century is one of dramatic adaptation and 
expansion. The computer had modest beginnings in areas where it was used as a specialist 
tool. The first electronic computer was built in the 1930's and was solely for the use of 
undergraduate students in Iowa State University to handle mathematical computations in 
nuclear physics. During World War n, computers were developed in order to wage 
counter-espionage and break codes used by the enemy. In the post-war years the scope of 
computers was expanded to include the military industrial complex and academia. 
Obviously people needed to communicate around these institutions and so there was a 
need for early network tools. In the 1960's, an early version of the Internet, ARPANET, 
was used in computer science and engineering projects. However, only 10 years later 
computers were starting to change our life style, the way we do business and many other 
things, and by the late 1980's networks were expanding to embrace sections of the general 
pub1ic. The Internet was born. What.are the effects of this dramatic change in the use of 
computers in everyday life? In this paper, we will restrict the focus to changes in learning 
style of US students due to computers. Are the effects all positive-or are there drawbacks 
as well? 

How prevalent is the use of computers in schools? As recently as the early 1980's, 
only 20% of secondary science teachers in the USA were using microcomputers. 
However, since then high schools in the US have computerized rapidly. By 1987, schools 
had acquired about 1.5 million computers with 95 % of public schools having at least one 
computer. Computers can be used as teaching aids both in schools and in homes. In 
schools, for example, teachers can plug a computer into an especially equipped overhead 
projector to bring texts, graphics, sound, and videos into a classroom. By these 
multimedia computer animations, teachers can more readily attract and retain students' 
attention. Ann (1994) concludes that computer-aided teaching can attract and motivate 
students who were dropping out when more traditional methods were being used. 

17- What is said about the over 100 aircraft incidents in the past 15 years? 
1) They may have taken place during takeoff and landing. 
2) They may have been caused by the damage to the radio systems. 
3) They were proved to have been caused by the passengers' portable computers. 
4) They were suspected to have resulted from electromagnetic interference. 

18- Few airlines want to impose a total ban on their passengers using electronic devices because 
1) they don't believe there is such a danger as radio interference. 
2) they have other less-intrusive safety measures to fall back on. 
3) most passengers refuse to take a plane which bans the use of radio and cassette players. 
4) the harmful effect of electromagnetic interference is yet to be proved. 

19- Why is it diflicult to predict the possible effects of electromagnetic fields on an 
airplane's computers? 
1) Because experts lack adequate equipment to do such research. 
2) Because it is extremely dangerous to conduct such research on an airplane. 
3) Because research scientists have not been able to produce the same effects in labs . 

. 4) Because it remains a mystery what wavelengths are liable to be interfered with. 
20- It can be inferred from the passage that the author · 

1) has overestimated the danger of electromagnetic interference. 
2) has over looked the importance of passenger saris faction. 
3) regards it as unreasonable to exercise a total ban on using portable electronic 

devices during flights. 
4)is in favor of prohibiting passengers' use of electronic devices completely. 
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Passage 3: 
Do the names MySpa:ce, Facebook, Orkut, etc. ring a bell? They probably do, because 
they are some of the most popular sites on the Internet today. These sites are all called 
"social networking" sites because they help people meet and discuss things online. Each 
of these social networking sites has its own strengths: MySpace is especially popular 
among teenagers, Facebook is popular with college-age people, Orkut is especially loved 
in Brazil, and CyWorJd is the site to.visft in South Korea. The common thread between 
all of these social networks is that they provide a place for people to interact, rather than 
a place to go to read or listen to "content". 
Social networks are considered to be Web 2.0. What does this mean? To understand this, 
it's important to understand what the original Web did (often called Web 1.0). Back in 
the nineties, the Internet - or Web - was a place to go to read articles, listen to music, get 
information, etc. Most people didn't contribute to the sites. They just "browsed" the sites 
and took advantage of the information or resources provided. Of course, some people did 
create their own sites. However, creating a site was difficult. You needed to know basic 
HTML coding (the original language the Internet uses to "code" pages). It certainly 
wasn't something most people wanted to do as it could take hours to get a basic page just 
right. Things began to get easier when biogs (from Web log) were introduced. With biogs, 
many more people began writing "posts" as well as commenting on other people's blogs, 

21- The main point of paragraph 1 is to: 
1) outline the main causes of computerization 
2) give the author's viewpoint on computerization 
3) outline the main consequences of computerization 
4) give background information on computerization 

22- In paragraph 1 "solely" is closest in meaning to which of the following: 
1) partly 2) entirely 3) justifiably 4) seriously 

23- In paragraph 1 "restrict" is closest in meaning to: 
1) limit 2) narrow 3) contract 4) restore 

24- The main point of paragraph 3 ls to describe: 
1) the potential of networks 
2) the potential of computer storage 
3) the quantitative progress in the use of computers 
4) the potential of computer simulation 

25- In paragraph 3 "simulated" is closest in meaning to: 
1) replaced 2) repeated 3) reproduced 4) simplified 

Computer animation can also speed up the teaching process and make difficult-to-explain 
ideas straightforward. For instance, a curved plane in three-dimensional space may take 
a teacher several minutes to explain or draw by hand. But on a computer, it requires only 
a few keystrokes or mouse-clicks in order to provide a visual representation. Another 
example is visualization by computer software. For example, the relative vibration and 
stretch of atoms in a molecule at different temperatures can be simulated and visualized 
by computer software, making this abstract microscopic behavior easier to understand. 
This means that teachers ean spend more time answering students' questions and 
catering for other needs. Consequently, computer software can shorten the Iearnfng 
process by illustrating.real-word applications of abstract theories. 

': ,. ··~- .... 
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In 2003, a site named MySpace took the Internet by storm. It was trying to mimic the 
most popular features of Friendster, the first social networking site. It quickly became 
popular among young users, and the rest is history. Soon everyone was trying to develop 
a social networking site. The sites didn't provide "content" to people; they helped people 
create, communicate, and share what they loved, including music, images, and videos. 
They key to the success of these sites is that they provide a platform on which users create 
the content. This is very different from the beginning of the Internet which focused on 
providing "content" for people to enjoy. 
Relying on users to create content is the key to the success of Web 2.0 companies. Besides 
the social networking sites discussed here, other huge success stories include: Wikipedia, 
Digg.com, and the latest success - Twitter. All of these companies rely on the desire of 
users to communicate with each other, thereby creating the "content" that others want to 
consume. 

26- Which phrase best describes what people do at social networking sites? 
1) They code pages in HTML. 2) They interact with other people. 
3) They gain access to classified information. 4) They browse articles and other content. 

27- What was the original web mainly used for? 
1) Browsing content 2) Creating pages in IfI'ML 
3) Creating and sending e-mail messages 4) Interacting with other people 

28- Which is the best description of web 2.0 sites? 
1) They are content-driven sites. 2) They are like blogs, but better. 
3) They are faster to browse than before. 4) They are platforms for interaction. 

29- What do web 2.0 sites rely on? 
1) Users creating content 2) Fast internet connections 
3) Articles written by professional journalists 4) Secure communication paths 

30- What is most important for these new sites? 
1) Users' desire to learn coding 
2) Users' desire to acquire technical skills 
3) Users' desire to read interesting content written by professionals 
4) Users' desire to communicate with each other 
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~..;......! J~ ..:;.Jb ~j.l.!, ~~.:.JI>,_, J,:, ~..J~I ~I c.5~ J.S1.r':'I 

0(n) ..:.Jb- 0-!.}~ 9 0(n) ~l..z,o O' 0(nlgn) ..:.JG. 0-!.}.l.!, 0(n) ~l..z,o (\ 

S(nlgn) ..:.Jb. .Y-}~, 0(nlgn) ~l..z..o (f 9(n ') ..:.Jl::. 0-!.;.l.!, 0(nlgn) ~l..z..o ('i 

• ..:.:..........! c,slW. ii.A "'llJ,) ul _,.::.....ii) 1~1 J,) ..:,,l t,,SI> j1.i.il 4S "'-!.~ .,lii J.:i I; o.:il.w (hashing table) tSJl.wii.A J.."I J,~ ~ -c:ir 
~;I, _, o,)L.... i.Sjl.w~ J,:, ~Ir ~ I.! .9 .;.:.....,I (chaining ~ c.Slo ~ j ~li.i ~) (closed) ~ .:;.. J,...:' '4 ~ c.SJL...i~ J.:i 

.w if, .->~is" c:_J.) ~ x .~4 .i.;;..:.1., ~ J,~ _,!I .x ~ ~ [;.:i t.SIJ"! . .:i~IS"' 1"~1 (linear probing) ~ 

J., x u"'r""', ~ ~ ~ "'-!.~ J.9~ '4 ·u~->l..W ;!I)'! c.51~,,iA 41J rsW .r"L;.c .9 ~IS"' J"!I)'! ,., IJ J,~ o jl..i..i1 

. .)~is" [J,) "'-!.~ J,~ 
.)l..W ~~I J.:i ~jA "5 ~ ~~) f.:i¥. ..).A1,_> Jl.l.io ~ t.~ ;.) JS' c.5~..iA • ..l.i~ i!J,) J,~ ~I ;.ll ~ \'l"A'\ .JI 

(.~IS"' c.:fo ~ ~lt I.> lla~ . ..iA c.S~ lo_, ..::.....ii J,~ ;" ~~ 
'i'f'ft.'I ('f n' '( (i \iA'\ ('I' 1 o 'fA (\ 

.::......>J,:, JI (T(*, l)=TO ,*)=a) T(n ,k)=T(n/l' ,k)+T(n,k/f)+kn ~J4 ..s~I; J-> 1.5IH .,SI -of 
~.::...wl _i~.)y )'!.) c.St.~j! jl ~fl~ '4..:.,:;.. J,) e.w) .~ o,)U.......l ..:;.....;J'_;4 

log\' n +Iog, k er log, k ('I' logf nk 0 
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.~ba.i.::...:, ·,,..'l> ab cz · 1.~....lh.6 La.~ W<' ) ft) .~-.9 J ,;>_; er: 1~ IS- ) {' 
(a+b)*(abba+baab)(a+b)* ..:;,1~ ~ IS-llb ~; (1 

• ..l.i).} ba l.s!.9i....;5 .l.i~lS"' 0_,.;.b 4 d.S lSLa. .i;..;.; 4. .J.j}-=> ab C.S..9i....;.9 .l.i,_.:!.lS"' 0p a 4 d.S iS-lA. .i.::..::.; <Y' 
-"~>fi~~a4b.rii.9bJ.ia.fl'"6.:.......IW u~W, W(a+b)*+w(a+b)* ..:..;~~IS-IA..i;.:..1('f 

k ...... 1 ~ ~j! pl.l.S" A~ UA V tJ5 151,b 4? .);Lli ,)~'A ~~t; ~ J.:.o.... ~ G ~JI~ ,,.,.1;! ;.) -P· 
·,j£r..s" r.}~ I;~ 04j ~ (\ 

-~ ~ 0i J,)\...., 04; (l 
. .:....I ~t; 5 04.4(.5! 0i J,)\...., 04; er 
-~1~~'04.4 (S! c) J.:il...., 04J Cf 

{wE(a+b)*:w===wR} (\ 
{anbn .n z e ] (1 

A.fq,l.. {wE(a+b+x)*:n/w)=nb(w)} er 
bll>,t. {<µ(:XE (a+b)*}u{bx:xe (a+b)*} ('f 

~:r..t... 

. ..::......lw 

\f~ 
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'\ 0 ' (\ 

o\\\ (Y 

oo\\ (Y' 

O\\O ('f 

"'1 ~ ~l.6.o ~lw ~~ 15.)M .}I . .::...wl o \\ o. ti Y.11'? (S = ST'STS1S JS ~ ~; Jl.U... t = o ns .UW ;.) -r1' 

~,,,~~Ip Y..i ~)! r"l..i.S ~ Y.'1'? s Jw.. t =AO ns ~ ;.:i • .:i,..:. J4':1 ;l..i..o 

<I>" (\ 
\ \$ (Y 

4>~\ (i 

4>4>+ (f 

lf'Ci c;.,loJ J.) .o~ o.)I.) i:,,t..:..i c:,... ~ w.); apply jl I.)"{ • ..:-.Io~ ...:;.>Lw Reset 4 D 151AF1ip-Flop JI y,.j o..\.iJLo..:i -rr 
\'.1.~~U"'l ~ .:.....IJ ~ JI o..\.i ;Lo..:. c.r:'P 

·~ tY .;r..1 jl Lr Js .. :. ... J .y... j1 .)1) CY ;JL1 O 
• .i..:.:.....Al;;:...... .JI ,)l.,;1.,.) ~ Lr,L1 <r 

.~CY .;r..1 j1L1 Js .:.....,I~) ,)I} CY j1L1 (\" 

.~ ~ jl ,)I) i.J4j s,) j1 i"I~ ~ ('f 

* w1,w.,.e{a,b} =~~IS"PJJl;)!j.AJb.i~ Lr ,L11.51Au4J -fl' 

L,={ w, wrllw, l=lw r I, w1 =1:w,.} 
Lv=] w, w rlw1,w ,.e {o,\}*,na (w1)=nb (w r)} 

w1 ~ L(G) , w'I' E L(G) <' 
w1 E L(G) , w.,. EL(G) ('\' 

w1EL(G) ,w"!CL(G)<i 

. w,~L(G) ,wr(2:L(G)<f 

:..\.iV,,A.o J!J c,.:. ~ w,., w, ~IA.~ H G .1"1_,.r -f'l 

S -> ac BdeAjBAB 

B -> a Sb]ae!E 

A->a AblblE 
w 

1 
= acaaca bbdebdeb 

w = acaacaaeebdebbdeabb r 
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is'b.::iU";->i o~ • .;;.....,f ()'1.~U"J.::ii .l.>1.9 ,.::i J.::ib.o ~_,A)~\'? .t...JS '\'\F ~I &l.l2Sb ~"""";.::ii"-""' ~lo~ ;.::i -'?'\ 

~I ..;fa,S ~ • ..u,_.:,IS" .lS' 1.51.i..o.lS ,,, !J ..s:.,_ ~Li ,.::i ;.>~lo i:.l;,_;....i.::i !J .;.....I (c,Sl<lfilb .9 ~~)~~lo 1..J-!.I ;.::i 

.::..4S ~ .::ilJ.s; .f.s'l.l.> ~ ,j.> ,i) Y.:.:........1.::i J!t"° ~ 1514.o.!S' ,,, .:.IJ,_;......> .::il...W ..::......I .>.l.C '?f 1514.o.!S' ~ ul;~.::i .::il...W 

( . .::i,_.!.IS" o.:iW....I ~lo 1..J-!.1 ;.:> IS"~ 

'\'Or ('f \ rr (i '?f ('\' ' '\'A ( \ 

abed : ' \\ o ---7 " " (\' 
abed : o o oo ---? o o \ o (i 

a bed ; o o \o ---7 o \ \ o ('f c-- .. 
J ~-- .... 
d.--- 

( . .:....ii .J'!l.J'! U.~ <I.GA ~tr) ~.::i,..:.1.5"' ~b i.S,,u, .;..I~~ ;1.l.G Duration l..J-!..f ~'i"° '-!Hazard)'!.) ;l..i..o ;.> -FA 

- abed : \ \\ ' ---? " \ o < \ 
- c:\ '1>·---1 

A<B(r 
A=B <'I" 
A;eB('f 

_...., 
t'..\q,• b1 _ __., 

(/)---__, 

)'!.j .:.I)~ jl ~ f'l.l! J.::ib..o ')d..!.9) ;I.Mi ~,,p. .~~ c..')IJ:: u'~ ~ ,.::i .:il~I B = b,bo .J A= a\ao }'I -'?V 

y ,)~ J.Jbl~ 

A> B (\ 

(\ er 

- 
(J 

.::i,..:O o.::ib J'_j ~lo 41(tJ>j}x1.51.!Ab~ ~, J1JJI ~ ~~ l~I ~) T.:: "'-! . ..:......IJ jlX ~ ..U...:.; i.S!Jb~ _,.fl -'?O 

~ '\! Y ,X ~ <1.b.il; • .>,..:. ~t... (~ ~ ~IJ jl J'-! ,) Y f'li 4! ..s~~ ~ .U..:.; ;l.l.G ~ .ss 1.51.A~,_r;. '-!, 
y,) .t! ..u&I,..> Js..:.. 

. .::i}!..\.11>'~' ~~;.::iY ~X<' 
. .::iJ-i .J..a.l~ Y ~ .r.1.r. X O' 

. .::i}!..\.ll>l~r ~~>Y ~X<f 
. .::i~..IA>l~o}.1.il.::....~~;.::iY ~X<"f 

y.,..:,~l.S"" d ~ J.::ib..o ;l.l.G ~I.>~ . .::....wl o.,..:, .i.:;.>t.... ~ J.!U:a.o <l."tlb A...> i.SIA ,i'-! jl o.)l.A;;,..,I '-! 1.5;1.l.o -Fr 

b j t!. 
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.~4 ;:S;Y. r,..,.A.o .;.j} .r. ~) ~ r~ <' 
-~4 ?1:r. r~ i.?i) ~ ~ '\'n;I ~ r~ ff 

.~4 ~,r r~ J>i) .r. ~ j1 "-;:k r,_...i. <r 
.~4 ~,r r,_A... i.?)} .r. ~ rn jl ~ r,....Ao ('f 

, ~4 Y"Y u~ o1J:..9b ~~ 1' r.slli>.u;~ .)l..W )'I . ..:.....I Set-associative c.ti ;I 15.}~ts' ~ ...s:.i_ u~ ...Wb -V\ 

'i'~ tag ~ 151.Ai~ .)f..w- ~4 u~ 41:;jb y,1)'! ' k ~· .i.Wb 151.A..s ~ .)f..w- 

' o ('\' 'r <' 
.~ ~ .}.Ii o..i.:. o.:ib c..lr.')lbl 4 (f \ '(' ('I" 

~..::......I ..::......J.:il/015tli>~.);_,.., ;.) ~.;!.t°l.15' -Vr 

«o.)b JLli::..il », i<o.)t.:i JlA.':.il «Sl.r. o~.:i 0~ o.:iL.l 1..5ly, ;lh':..il » J>l.Y' y.J;.:i 0..1.i).:i~ Programmed 1/0 J;>,11.:i (\ 

. .)~<..$" 

. .:i,_.;. o.:ill Jli::..il o.:iL.. l o~.:i lJ ~ is" ;lb:;.;l 1..i.il ,) o..l.i ;b J:l Interrupted I/O if _,1 1.:i ('\' 

. .:i~t.5" wb, 1/0 o~ ~ o.:ib Jl.A:.:.;l r.:f ;..:i 0..1.i).:i.x (direct memory access) DMA i.),11.:i (\" 

• ..:i _,r «SjL.o.:i~ .:i)..1.i 1/0 ..::..l;,::.....:i 0i c..1.i).:i ~ 45 ~ 1.:i .b.0.9 ..:_,l_,;t.5" l1 memory-mapped I/O ._;.,,J <f 
~ rn , ~ rn ~.} 414$ (~ f,_A.o) B, (p~) A .::.....~~ .:i..1..£: ,.:i ~ 0..i..:. .1!>.rw 151)'! o.s-3LS", '° j'J .b ~ -VT' 

'i'~ ·~" .:..........9 ~)(:;. ;.:> .~ 

~.J T~r y,IJ-! ~b }U ~ r.J:>) l/ .,,.,;.s i.rl,.!:i o~ 15jl...i~UY. }!J i.f-lJ 41 IJ y,j .::.;!.:: J_FS ;l.i..o ~l~l.S"' -V• 

,>t; jl o.)lli..wf ~ -' 41:;jb ,>U jl o.)~f <.'.>'""? ~ ;.) J,:;-.) }'..J J~ 'Jl.l.o J.) J_,:;.;S J~ \ o o .)I.Mi ' J~.) 

'i'.:;....,I ~ ~ ~ 4! .:...wlJ jl ~·_,; ~ oJa;b 

\r,\oi(\ 

' ' s \ 0 i ('I' 

" ' \" (i 

'r , ' ' ' <f 
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' f,M'/.(1 ' - ' '\o/. (T' r 
0 
~ > '\o t. ('f 

I.SU.job , ;~ 4-eiti o iA 1.5!0 ;,,, u ;¥"'! P, .Mt.I ,S 45lltjob ~ ~ti ~,,, Pr , p1 ~ T _,,.; ,,, ~ ~ ;.> _,.fl -V r 
i:iL..a j , ~u r tt ~'Y.P, ~T ,9 jl job iA 151:P.1 i:,Lo j , ~,...:. .:i h ~ "'! ;~ 4u f ;lb 1510 ;,,, .;;.. ;~ Pr ~,! _,s 
average response )f:-uil; i:,L....j ~~,(utilization) 1.5_,,o~ . ..i..:.~ ~tt l ~ Y.IY. Pr ~T~ jljob ;lb 1.5l;P.I 

~ t ~ y) _,fl' ..::....ii q =' ~Loj ,_;, Y. ~RR l.S~wl. j ~..;~I) Y.:i¥. ~1¥'- 15.:if~I ~ ~ ,r ~ ~ (time 
J.-i.:u.,o (ready queue)~.:Jl...ol ~ ~' a.l;S ...S"" I; o..i.ijl.:i_x k->job ~ ~ ~ ;.>, .:i~ .>_,t, ~ 11.!job 

3job ;-.A .:imUt-t ~I;·~\; ul.ij . ..:......! o.>;S Lb; I; o..Ujl.:ir. ojli ~..::....ii~ ;->.>~¥~job 4 q_,s,1,.),_.:. 

( . .:......!job i:,l i......_,r o..Ujl.:i _x ,y;.j,! ;~I;" uloj ~,1 

\or , H"t::, (' 

\ oA ,\'f\ ('\" 

'\ '\ , n·r '(i' 
....... )~ µ141 u,~ i) l.Slr.-l ' .ll),)<S" b ~ if. ('f 

Pf :codev ( );} \G) 

P(s); } 
code xt ); \o 
V(s); 

~:code Y' O;}fo 

P,. :code f( ) ;}Ao 

P0 :code\( );}la 
P(s); } 
codert ); lA 
V(s); 

Pf :code&>();ha 
P(s); } 
codeP(); 10 
V{s); 

. 
d:P 

. ..w .,1.) ;1_,i ~T ...A.P ;.> p'f IS Po ~"" ~ .~ _,,, o..i..:. 11.>f.) ut.:.i r.SIP.1 ulo j o~ ~ ,(pf u p0 ) ~i:) ~ -VO 

s ;,.01.o-i r.S!J Y. I; (signal(s)) I.I, V(s) , (wait(s)) ~ P(s) ~~ •1) ,,, o~ ~ 1.5lAJ.:it.o ;.> J:i.Qh ~T:) JA 

llt~l,,.i jl cJ-ic.! ui r.Sl~I i:,1...oj J,_L> ~~,, i:,l..::.J lto.>')',Si ,cs ;.:Jo~~_,; .>l~l . ..>:S LS"' l;P.I ~ ~,1 ;I~~ 

i:,Laj J:........,._. :.>,...:.cs-" o.3l:.L....I q-=-t::, p_,....:.ll,S i:,loj 4 (Round Robin) RR ~;~1lAi:,T1.54loJ r.SIJ'! • ..i.;;..;t41$" 
4-5 ,,,,_..:, "'-'!'"¥ f~I ;~ ~ ,r 41;~J.o45~loj 4J,i1.5lto~T,9 .,Uii.il uloJ .b....._,:;.o, (turn around) ~J4 
,...W ;.> ~W 1_, V(s), P(s) 1.5l;P.I i:,loj l:..o..o .~,..:.1$" ~t.:;. <Blocked) o.Mt ~~ .::.JbJIFIFO '-""lwly, ~~T~ 

·""!.~ 

... ., 

• ... • it 

. .. . - 
0 

' 0 (i' 

'f \ (\ 

'fl' ('f 

~ ff ,)ll,C 1 a ~ ulY. .~is" o.l~I Carry-save r.i>'J ~ c,$')';' ,,~ ~ t::o::>: ~b ~bt.o ~ .J'!.J ;l..l..o jl -V'f 

C~l.:i~ ~,,J~_;ko ~ ~ IA';')U ~ IS"'W) '?..:......I j~ r..S":)S ~ 

u)1~,, >lfa-1 ,,,.,,1 '-v , , 0 r-~~~~~~-----~~~~~-- ~ 

Page 18

@youseficlass
021-88922915

youseficlass



W I rA \y VO \"\ o (I \V \' \r rA YO \'\ 0 ('I' 

;~ ~ .J~ ~ jl ..lAi J~ l.SIJ'! f>j"J uloj .('\'\ti o) ..::........! J~ 'o o J.cL.:. dS .J.l..~ .,.Iii J.> IJ ~,) ~ -VA 

.:-ii,,> .J,) ~ . .> )...1.i ..'l~;, .i,;;.:.,;;.! jl ~I,> .J.> .9 ..:.-.ii _;.,,, J4w 153.J r. .a ~ uLi j J.> • .::....ii ~Lo j ..i.>lfJ ~ J'J~ 

• .l.i,..:.fS"' .> ,1, Y.j J,~ &,tho ~ i.SIAul.o j ;.> 

I\ o A o Vo r o 'o o :..:........I,> .J.:i .>'J.9 .,:,Lo j 

\V 'I' 'i'A \'i' VO 'I'\ :o~ .::......l~.J.:i ;~ 

151)-! W...:-....,.,1~ ;.:J 151.r=:-1 ~; • .> .)1...1.i ..:;.$ T" Y. c.S~i; ~.J.:::' .;......1_,> J,) ,).9.J'J •J4w ~.;........., °-! oJJb . ..:;,$ )> l,)lo j ;.:J 

Y~ c_,,_;L..il ~>SCAN ~.J~I 

r A vv 1 1 r v o n o er r A r vv 1 9 v o n o o 

M/f , \o'\'/~ (\ 

VA/Y , \o-1/~ ('I' 

Ao , \ \o1Af ('i 

M/f , "7'/V (f 

~i) ,).9).9 ..:,,l.oj <KB> il.ei .>)¥'~I> !)"'!,,,....., ula J 

Po t ro fo 

P, t+' 'I' 0 fo 

Pr t+r fo 'I' 0 

Pr t+r 'I' 0 fO 

pf t+f \o T'O 

Po t+ai T'O ,0 

(T' o KB>' _x c.SWj 

er o KB>' ~1.:> 1.SWj 

C\ o KB >r .x "5Wj 

(f o KB) Y ~!> .,sUS 

er o KB) r x. i.Su.; 
er o KB)\"~!> 1.51....aS 

(f o KB> f .x 15w.s 
er o KB) 'f ~I> 15w 

~it ~"1. ~.>t.P~1 U"l.wlY. ~I <lli9b ~J-?..l.<l }'1.~~ )ii J,) 1J j.s:...:. J,) o~ o..'ll.> ,;.,L:.; ~.9 4 ~l <\liSb -VV 

•w~ lr=:-1 ~ p0, .... ,p1 ,p0 151A~1.,.9 .9 .l_r:? l"~INext-fit U"l.wly, la •• 1."!J,9"'!~!>15w i.;A.>u°~I, 

~ .J.l T' H c.St....:....9 k....i9 ,'f L:i' o J~ x 151.AW ~ j1 ~I i.f' _,! 4 • .l.i,..:. ~ .> ,1, J!j J3.J.:::' i.:.U:')ll:>I 4 ~tho 

(turn around) ..:;....;.J,;4 ukj .b.....~ ,(o.lJ.:i }' u;.c.i .>ljl 1.9,S 151.A~T) 1.51~1f>la.iltsx,15t.l..ii ~.)) ,:,,) }' .:.ljl t + r o 

Y..::....wl J~ ~-; "-? FCFS i.i>'JJ J.> J,S 151.A.M.i) j J~I ulo J .k.....~ .9 
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i..r"'JJ'! ~T_,s ~<.SL.A~ J.) ~ ;r_#, Lli~i,,.g J.:i (context switch}&'-")'# ~lo ulA.;.,w JI,..., ~I J.:i -V'\ 

Ye-.!~ A:.J_}f f'l.iS' . .l.i~IS" 

. .:1,_!.l.S"' TI..B 0..,,.;;, S~ , (SP} ~ ~; }' •;L!.I ~ ~,.,. IA..1-41} ;.:1 w::..o ~ O 
.~~IS" ~ (PC) ;W <1..oli r. , .)~t.S" o jt ~l.oj ~ ~ ~,.,. !At;; ;.:1 ~ ~ 

• .:1}.l.i 15}5' TLB 4, .:1~<.S° "-"li.J"! <.r-tr.-l 15~l; ~ ~,.,.1A..1..4i} ;.:1 w::..o ~('I" 

• .:1~<.S° TLB 0..i...:. s4. , (SP) ~ ~ o ;L!.I ~ ~,.. lAe? ;.:1 w::..o ~ 
.~IS"~ I; ~~ 15llll.:....~ , .)~<.S° .uli r. <.r-lr.-l 1.5llll.:..W ~ ~,.. llii..1..4l} ;.) w::..o ~ (f 

• .:i_,..:,l.S" 1LB 0..,,.;;,s~, cSP) ~ _,fo}.!.I ~ ~,_.1.iz,c:;; ;.:1 w::..o ~ 
. .),.;.IS" (PC)•}~ .i...li.r. ~, "-"t.r. <.r-lr.-115tA.:..t; ~ ~_,... lA..1-41) J.) ~ ~ <f 

. .a.)l.S"' ~ I; cSP) ~ .} o ;L.Z.I , JJ11.:i~ ~ I; .UC.Sb ~r.,.l.4 J,I~ , Lll>.:...W llht;; ;.) .:.i--4 ~ 
Y.) ,S ~l~l,i ~.) J*L. ~~I-> jl 1; ;~lo~ 1;hi.sA ~i -A• 

. .:11.:. .alp lli ~ .), .;:.....,! .r-~0~' (\ 
. .)}.l.i ~ '.::.....1 .x~0~I ('I" 

·~~ ..:......-i ~ 4! ..i..;l_;<.S° iJ, .::.....I .r.~0~' (i 

. ..i...:.4 ;~1.. ,.) J.ol..:. .laAii , ~~ <1..ollt },• J# J oS .)=> _r. ~ ..::......,! .r-~0~1 <f 

,...~ 
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- 

( IY'A'\ JI.... ol.o~ J 
.~l;.ri jl::<-o ..,..r..- ~lo jl o.)lA;;....,j 

r· :JI;.,.. .)f.l.JU 

.Jl.o!I ._,..)'..I .SJJ+4-':° 

<.S,,G., .:..~ ·r _,.L> .:.. ,1j_, 

,r.s J-j,.i ~ .J\.jL- 

. .),_.:,IS" c:~I ~ .),_.:, c::~I o~I., }'I 

(oi)~l"t...l 

,,.u 
~ .)1,;1.> '°li 

.La.al J.ao 

c 
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y(t)=-e-t +le-rt n 

y(t)=re-t-re-n er 

y(t)=re-'-t_e....:·n er 

-~ i.s915" ,} .)> tSlr. ili-. .:..~)!bl Cf 

~,1 1zi,I_,..:;, "'! ;l.).o i.Jo!.I ~ 1.5.:i919 ~~ • .::.....I Y..) ,jS'...::i ~ ul..J ~ Y..~li~ ~ ;1..i..o r..S.i. ~ ~U- -'f 

Y(s) rs+Y" 
H(s)=--= ~~y'(o)=\Jy(o)=' 

·. X(s) s r + rs+ r 

~.::.......1 ;-!.J ~-~ '°'.l! v 0 (t) ir""~ ~r.:i .::JI> ;w, x.i J.s:..t ;l..u ;.:i -f 

vo(t)=rsin(t) <' 
.n. 

o/(,f:; f. + v (t)=r.Jr°sin(t- re) er I 0 'f 
H Vo v ( o = r .Jr cos( t) er 

1}4 yF 
. •/{), 0 

n: v0(t)=rcos(t+-) ('f 
'f 

.n. 
r 

0 ' 0 (\ 

' 'r er 
1' '(f 

r,,,rt:i<'f 
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D 

3L 

\'/f (\ 

\0 (I 

\ l,'f (\" 
\"f (f 

~ 
! 

,__t\_-t_.,...~/ /lf-----' r 

'°.:.....I (.ll;I,;~) fF ~A 15.>'J' jf o.J..i~ ~:>Lo i;,jl> .o~ o.>I.) U'\'.lc..i~ ;.> -A 

fF 
u1..\:-<> ~t 15,; ~~ cpoly-over-field = 0 ,r --,. <ci_,.o fi-'>'H Y. ->l;l.9~> 

µm 
·. fF 

L =' um .JlilS l.S'J ~~ Cpoly-over-channel = r --,. <C!_,.o ~'H .1! ->f;l.9~) . µm 

y =NOR (A' B)cr y =XOR (A 'B)(\ y =AND (A' B) o Y =NANO (A , B) <'f 

.. ,, . 

B GND 

~.:....ii .r.j el¥ jl ~ "''~ 11..ui }!;l:i.lc..i .J!.j (Stick Diagram) 151"'4-e pl../~.-> -~ 

<~:x ).1..o) Y = B +CD <' 
<~~Ju.>Y=B.c.o er 

(~I ).1..o) Y = A+B+C.D (Y' 

<l::-tl).l..o) Y=A+B.C.D <'f 

Von 

r~ MmJr'\~~ O•\ C .f ~IS 1.5;W.... ~ l.J"'J.) o1.e~ 

f..:;.......,I ~.JS l"I~ .Jtj ~ ;l.14 ~l~I cilJ -0 
1F z(s) = s+\ 

si+'fs+\ 
(\ 

SL s+\ 

'2(S~ 
;-v. v, n. z(s)=-- (\' 

I I s' +' 
1F -' s z(s) = (Y' 

Si+ 'fs + \ 
s z(s)=-- ('f 

s' + \ 
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~' t~l lSJJ"" o..bi; = ((') 5 ~ = (y) ·t~l =(...;JI) (1 

~ = (y) , tWI = <1') = (u'JI) ('i' 

~, tWI t.Sir o..6i; = (c;), ~ = (y) ·tWI = (WJI) <'f 

[..lll) (...-) 

3.SV 1.1 v 

OV 2.3V 2.2V 

·O•V~ osv-9~ MV~ 

~ 1.5IY. I; u-i4.4 ~ ~' ~:,! ,..1..tS • .i...Z.~-o 1f V _,.ily,pMOS J~.}il)' ..slY. .i..il.'i...il jW, J!..i.ii.o .iS 1) ~j 4 -n 
~.::.......! o.:il.:i wl.;J.::....... ;.:i <i:::)' (..,..),(..All) ..::.lb 4.w 

.,) jl...lS"" ol.ff C!.Y" 

A A 
~ 8 

Pr 4 c c 
y, 8 c c 

~ .:i~i.s.G c,Sjl.l.ili:>IJ ~' .1iAi C!..Y"" ~'~ ~ . ..::.....! 15.:il.c i]i,,S ~4 .i..w , C!.~ ~!J} ~4 ~ c.SIJl.:i 01.U,j ~ - \• 
jl ~ ;A ~' C , B , A (Boolean) r.J~ c.slA ~ ~ JI j . ..\.Lli~ J~ 15.:it.c ~,j ..s~~ jl ~ 4. ,.:i 

1.) ~1.-o .:Y..~ 4!L.t... ~ :rw J.:i xi r.Sllb .)~ ,;1 ~ ,..1.» <J~ ~ , J~ n i.\Jl>,) 1.Jt..:,.; 1.) r.S.:i~ iJi,j 1.51A4 

i.ii!J} ~~ i.Sil.l.ilolJ .::...J!J;-P jl IJ o~,j ~..i.o out i.r."!P \'~~..,.o IJl.:i .:iJl.l.it;.....I CMOS~ J.:i i.s""'l..rb ulY. 

ABCDEFGH (\ 
FABEHGDC(r 
CEGF ABDH0" 

8 
D..L. 

y 

(.:..,Tc)) is!lo..il:o: ~~,,...IS"',_,...,..,!$""'~;,) i;il ~~ Y.'l.'~ JIJ..o, ~ J.:i o~ o.:il.:i uL;J Y.iJt:'.4 ;IJ..o ;.:i -1\ 

~ ~ f.5.!l'J' ~' ~lo..i 15jl...,o.:i~ l.J 0T ~.l.J..Y. iJ-'~p+ 'n+ u)~.:i ~I,;,., jl t,Sl~J~ ..::,,Wo,.li ~ ~1-! ...::..!.1.:i 

JIS' IY-l f.SIY. llbf.5.:i'J' jl ~~ ~ .~W ~ 15.:i,....c uJ"" ~ IJ iJ)~.:i J.bL;... <Y..J .i.5 .:i~ ~ 0~ ~.uh! 
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' c = r 0 0 fF (.>1.)1.9,W), µ c = r 0 0 µA ' µ c =,. 0 µA ''Y ee o ' A.= 0 
L ll OX v r p OX v r 

w w 
IV1 f:o1f:l V ,V0D=YV= i..S:.i.15.>m ~ •(y)p =t:l ,(y)0=f1.ti.nMOS l5~ LSl-'1 

Vop o o 
\10 (I 

' (\" 

'I' ('f 

-\f ,W Jl..IA.o ;,) ,.;'J,1' .::,,..i.,,, ~ r.:P~j . .>~IS"'~ ..:ii Jl.M.e ~ !l .;,.....,! jW> '1> J~ l.M:I Y..J ~~.:i ;l..i.,,, ;,) 

(V) .:.J3 ~ x ..;i:... o ,! ;.) 3W, .cj> J~ l'.>..i...:, ...s:.i_ i:,,loj 151.M:I J.> .~I ~. p1> A J~ ;l.U.O . ..:;....ii o~ 1.$~ 
1.:.......1 

y 

VE>o \1\f (\ 

R"'-:. \OIC JI. \/l'f ('( 

"'' (f 
\1M ('f 

~n -1 Tc" 

~~ ~, ~' ,,;,,.~,;'"'..i.,,, Y'!_,,;, ro'J~ 
o1arV-' (r o/ofV-1 (I o/ \ y-\ (\ 

C *AV) ~~.,,:;.. .b.~ u~.r:- c.i-.9) ~ ~'li.o )~ ~ o..;.;;$ ..;»~ ...s:.i. '51Y. 

• ...:.......! ,W wl-J ;,) V00 ~ }W> jl ;JS~ Jio~l "-1; ~Li' '5,)';' Y.;:.......1 

VDD =CJ V, µn Cox= 'l'l)J ~ 'RL = \o k, ( ~ )n = \o 'CL=\ pF (.:)1;1.9~) 'Vtn = \ V v 

01 oO v : (f 

(ns) 40¥" ""'< tPllL ,Jff U~j (tp 

{ K r 
VGS VDS VBS ID(µA) 

ID(sat)=-r-(VGS-VTH) (\+lVns> r tl ., 0 
0 

ID(linear)= ~[r(VGS-VTH)VDs-Vris] 0 0 0 
'f 0 0 

0 CJ -'I" '(Ao 

0 A 0 
'fAo 
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o.:iW.......I \Gbps ..w41.5~ .!./ i):>~';l ..1.i~ ~ jl (Stop & Wait) ;lli:.:.il, ..A],.. u4.~ J# J,S:.i·,.x ;.:i ~ ,J>} -r· 
1)-1.1 (Throughput).$".;:, ;U ;l..W... • ..:.....ii ~.~M' ~ o jl..i..il' ~IS~ \~ y,ly, ~I ~ ~1 ~I.;· .~4 o.:i _,s 

~..:.......I ;..l.S ~ 4}l.i' ~ 
.J.:.il1 .r. ~ ~ rr <'f ~l1 .r. ~ ~ rr <r ~li .r. ~4w11 ('I' yU )'I. ~4 ~ 'ro n 

.~~ ~.:. ;.,'1 .:...o)U: ;1_~ fl>"')U: -¥..; t; ;SI • ..:-.1 wt.....S.i. lfc.iT t~' J~' tJ.S a LS" -¥.!Ji ~ ..::-)Li: r ~ ~ -\'\ 
'i'..~ • .z.4 .bl,;l.S" ~13 y, ~ ~ ,.;~ 1-Y..1 JL.... ;I ~}Ii i:» Jiil..1.> 

\ff ('f 'fr (i oo (\' \Y (\ 

~.:......ii ..:...WJ.,')li ~j! 1"1.i.S' -'A 
. .;:,).:.~LS;~ J~ J...l:> ._,..;IS}~ ;Y"-" roJl> .}LS"~ ,)_r.... (\ 

·..l.!4.l.S" J..A>lr .u...t9 ~1)1 4 ..,........,1.:.::.,, .;:,I) lSW ;" r.S-,,. . .:.lJ c::l5""1 ~I.;:, ('I' 

·~4.i.s" J->_1)1 <.S-L..;..:.,J}°" ~ ,) J~ J:..!1}14 .SJ~~~ 01.r.-o ('\" 
.~4.LS" ~.1)1 ~i ~,... J_,b ~l}I 4 .:ii) I.SW ;.:. r.S-"1 . .:il; c;:l5""1 ~ ,)_r.... ('f 

'i'.;:......,I ~ ~j! ,..1..iS -IV 
. .:._}' .J.i> fa. 4 ,)yi.s" IJ 0~'}1.!1._1..oy;..;I fl.i> (\ 

. .;:,j c::::~l 1; ~ .ss t.S~lb;.. L.Jlil.S" CRC § 4 er 
. .::....! JIA:.il JlilS' ~.r.i ).::.9) j1 ~Li~ ~~y:l (\' 
. .:.-.! Jli::..il jlitr .i;4 t.S~ 4 ..,.......,u.:... ~ )r .it~ 1:.i'Y C'f 

~ r-"' ~ ..::...........! 'f~A ms 0T .).,') ~ r. , ..:..J; ;~I ~ii .r c.S'• ;l,iat.. JlilS' ~. ~_,11 jl i.i'+.! o o o o I.SIA~.} - \r 
..;;..-ljl:i .:.J,.. IAll>"_,.i c.SJl.i..foJ~ c.Slr. ~ ~ Jil.l.> "/.f:JO ~tr i.s!T;IS' <'-! ~~.;:, 1.51)'! • ..l.i~c..s4 o.:>U......} \Mbps 

~ ..i....:.~ Sliding Windo\v JS,;,,,; }"I 
o o <'f r <f rn <r o n 

!V1j=o1~ V ,V00=rV 

p 010{~,Y <' 
y o /l''l"'f <r 

r- 01\ (i 

-I t- o /l''fO ('f 

I- !- J- 
I- 

:¥ ,J>} 'i'.:.......I (V).;;.J,..W: VOL ;l.ll...L>!.).i~ .i'!.i (Pseudo nMOS) W",..wl~~ J.:. - H:i 

.(W) =r,(W) =A,µC =rooµA,µC =f'aµA,"(=o,A.=o L p L n n ox V r p ox V r 
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• ..:.....! L } ~ S J.:i lb.> 1..5LA.<1.il> .:il..w <' 
.J.i ;Ax~ 4 ~15 L , S J,~ ,.:i r.S~ Ci' 

. .:....IL)~ S .>.:i (._r.A>IS" 4 Reduce) R ;_,:;....,.) 4 i.>la,dJl> ,)I.a:; (i 

. ..:.......1 L ) ;;...s S ;,) (J-A>IS'" 4 Reduce) R ;_,:;.....:i 4 tSLA.~l> .:il.i...:; <'f 

S-7AB 
A-7dAa 
A-7A. 
B-7aAb 

I (f r (\ ' ('I' o <' 
S '°U "-! '-"' J4 J,~ ~-SLR 0) U" J~, ..iJ,.. jl c.:.lA.:.i.....ol ~ ~ ..}> ~ • ..:.:......! J>,.,Ao Y-.i t~ 4i , G '°t; 4! SLR <I) _rot}' -TA 
-~,lc.);,l ~.A! L ,eli "-! G 151.r. IS~,) r..J"J4 J,..i.:i:- LALRO) V"J4 ..i.J,.. jl o.)IA.:A.w\ ~ ~ ·~.lo.:iJ,i .:;......~ G I.SI)"! 

• ..::.......!~ J~ "-! 1.5l.i.:....:.J.;it.;A, '°..;....,1~L ,s ,)J'"°J.:.~J '°l..>S 

A-)aA 
B-;Bb 
C-7b 

S-;ABC 8-)D 

-n 

-\'Y' 
A ('f '\ (i 'f ('I' i (' 

U"J,)T, U"J,)I ..i......>t, T J-!IJ-! T t_,; jl ~ yi. 15ty, fj'J .lli.;b }'I . ..:......I J>,;.oA:array[\ •• \o •-l' .. V] of T 11.!.1} 
".::...wl '°1.)5 A ol.!_1) 1.5j\.:::-o t.,_,..::. U"J.)T .~~loo o J!.1.r.A "-I.bi"-! ci4. u"~I Ui9b t.,Y:., 
'\'\'I' ('f \o\'f ('i '\Af ('I' '\V'? (1 

w.:> ~ LL (1) .!"'!_ 1,_.:. ~ r"'i! .;Y.. I ),) ~ ~· o~l! C::jj ~ ~ ~ .. .:......I J>,.,Ao _r.j t.ri "-! G &'-" jl ~ ;-ol_,f 
. .::.....i1~J~"-!151~; ,)wA. ~..i.JJl..i.J lSJlf.it...i 

end case 

Case I of 
r:St1 ; 

\o:St,- ; 
~,f':Str 

Yi;....,lft..U i:,T o~ ~3'· .)5 J.) (Jump Table) J>x J~ ojf..i.;t . ..:......I t:fo'~ y,j c:.,...::. 4! Case J~,) -rr 

' <' I {I 
'f (i 

i ('f 

Sr Rr Rr Gr G7 
A 

Sr Rr Rr Gf 
So 

Rr Rr 
s, Gv 

s, GA 
R, 

R'f 
Ro 

. .;.:.......lo~ c B A s s d b a 

') J,.l....:>: jl •-R-~_.);~ .J,~ '°:""""l;.,o 1.5~<1.il> J,)SR j~.) 0,j.31 ~ . ..:.....! ual,Ao )'!j c:ri "-!SLR(l) U"J~ J,~ -n 
i..S.J....> ~ . .;iJ J.) (Reduce) ._,au-, o~ i.S..i.> ~h ~ ~ ~ ;-> J~ SR J~,) jl ,)~ '{.)~ .,j.;,.... ,)~IS" 

.- .. :.:: 
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µ+(P-a)x(j-i+\)xr (i µ+(i-a)xr+(j-\)xr <'f 

i-o; 
µ+(I,k)xr+(j-\)xr o 

k:=1 

Ot 

µ+(Lk)xi+(j-\)xr (Y 

k=1 

A[f3 , 1] ---------------------------------- A[~,f3-a+ 1] 

A[a+l,2] 

A[cx, 1] 

A[a+l, 1] 

~~ ~~.)l~ljl ~ ~4 r.>""'Jl.o ~ A:int Tarray[a ... ~J; u~l 4ul~15jt.....<1..oli.i-! u4.> ~ ,,,) ~4 -YA 
i.::.-.,,) "-! Y.j ~j! plJ.S" jl A[i,j] ~ rJ" J.:iT ,.),..z. o.:il..u....l _,.....l;.t: r.SO ~.) 451.)! (Row Major) ~,) J i,;,,, jl' ,)~ 

Address(A[ ex, \]) = µ, size(int) = r w;,s ..;P ~ (.~ ~,> Y.J JS'...:. "-!> \' o.l.!T IS" 

j!l..l...>u~~~i"l.lS A.x.(x(Ay.ya)x)y :..1.!_~_,liiJ'>IJ(Lambda Calculus)l~'ly1->uJ~0!.I -YV 
Y..i.;loW:. ~ll\ (free) .)1jl .;;.,J,..., ~ .::..J~ J.:i J4 ~ 

y , a ('f x , s« x , a (Y a (\ 

Y..:.......11"1..i.S' ~ ~ .::.....ilJ jl ~ _; 
'\ ;f (\' 'f ,'f (' '\ ,'\ (i f ,'\ ('f 

g(); 
"-!~IS' o.:i~I (dynamic scope)~~ oj,_:>-, (static scope) ~I oj)l"" jl u4j .is i$db ,,) J.:i ~Uy, 151~1 ~ 

int x=2; 
proc f() 

{print {x*x);} 
proc g() 

{h(f);} 
proc h(p){ 

intx=3; 
pO;} 
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f(i)=max{f(i-\), w. +f(i-r)} (\ 
l 

f (i)=max {f(i-r), w, + f (i-\)} (i 

f(i)=max{f(i-\), w1 +f(i-r)} {I 

f(i)=max{f(i-1) +w1,f(i-r)} ('f 

~j ;fc1L::if)Static chain pointer ,<(DCPi> <~-~ ~j ;f.:.11...!.l)Dynamic chain pointenJ~ ;..., ~jf fl.IS -Y'· 
~..::.....ii -=....... 1,, «SCP» <~. r 

. .:::,.f o.:::,Li:.:....I (display) ~lo.i ..;,) jl .)_,;c.s" 4.~ OjJ> ~1,; 15_;Lo,,')~ !Sly.(\ 
·~ DCP ~ j~ .:::,~lS" o.:::,\.ii:;,,..,I (Static scope rules) ~I •jy- ~l,_9 jl ~j ('I' 

(centeral referencing environment) tS:rS ;-o t4} ~ J,J....:?- jl L}_,;l.S"' ~Io i.P" ~I,.; 15jLo..,~ tSl.r. {i 
. .) .f o.)Li.:;_,I 

-~SCP~;~ ,,~l.S"' o.)U::.....I (Dynamic scope rules) ti.~. oj,3> Cy.-il~ j1 ~9 Cf 
;.l .l.!.~ _;:;.....~. ~ • .;;..11}i.t; ~ .(bn IJ b1 ..slA~IJ) ..:...ii o~ o.:iloi rw~ ~ ..sl..t tol"Y" ~ _'1!!; n ,,.iAI; ..S:Z. 1,, -'f\ 

«~_..., '-rl.~» ~- bi c.S~t;· .Y" c.Sl.l"! . .:i,_.z. ~ f'.w~ ~-_;I .)..\.C ..S:Z. _;I~.!.!.~ ~Ii~ 1.:i, ~ r ~ cS~t; ,.:i 

iJ-:1.I ;;.-.>)? d.S ~I..;,= c)-!.I .\!..>...:.~;·..SJ)-! .l..\.C i:r.,I ~_,A) .:.....I _,.I.!!.> i;ii ...1./ • .:i 01~ c.So.Wl.l ul..:..i d.S o..i...t ~ Wi 
J.) f'-w~- ~ 15ly, ~ ~ lol . ..i.;..;t.:.~ 11 ,,s:..._,, ~ ~~ t. rw~ d.S .:.....I ~.lo/) (...:i,_;,'5"' o~.) ~ jl j~ ~u 

.(.::........it ~IJ _,A 

uT ~ . .:i ~-~ t~ 4S ~ ~ i.~u c)-!.I jl 1.5->l..ui 1,, r1 fi-}!, ~ ~l,.><S"'t.~li c.S<Wb 451.r. i.w ~1.> ~ 
c.SU.,.4!;' (1.Jj3) ...1./.-> ~-~ t~ f(i) ~ rJ>; )lS" c)-!.1151;! . .> ).:::, ~.}!, J>ol; .tJ;...... llS .)!,) wLl..l wl~l.5" .,,'),..:. ~ 
k ............. 1 ..:.;..._, ;-" H.) ~ ;~ c.S~~r1 .;t ~.,.,1...1.S' ..:.:...;""" 0i 1,, • .:i~l.5" ~ ;M->~ u.ul ..s,1 r. /JS .:.....it i 11 1 o 1~ ~ 

(f(l)=w1 , f(o)=o d.S ..:....ii~~) 

7"00,\000('' '\oo ~\\co ('f 

=~~fa~ I; J!j c.sti.c.Y" ;.ll ,':/4 4oli y, '511'! 

• .,.;S cs" dl,.>1} 11 main A.ali Y. d.S Jo~~ jl .).o.tl1;~,, ~ ='f' oo 

.main "-'>Ii .J'! ~ P "!.9; ~l,_>1_,.9 j::u =Yoo 

.<\.oli Y. 45t.c.l!.) o ~ .i.!:i9t:.. c.51~1c.Y"1,,1 =I\ oo 

.main <1.oli J'! 15jL.iJW ,, ;,s" 1 i.Sl~I c.Y" 1..,j a\ o o o 

.A "!1;1 o~.lJaa c.51~1 c.Y"J,,j =\o /:Jo 

P ~,1 c.SJL..Jbi .);,! 1c.Sl~IU"'1,,i .. \\ oo 

~..::........I fl.IS~~ .:.....IJ .;I ··~iij ~Dynamic link ,Static link 11.a.P ""-'JJ,, ~,; .;.,~~' ~~~ 4 

end p 
end main· 

procedure P (integer A; integer B); 
integer T; 
A=A·rl; T=B+I; I=l+I; B=A+T; 
Write (A , B); 

=~.~ fo 1.., ..::....wr j\:;.o (N~tecl Scope)~·;,,¥ c.Slol #JJ ~~ o j_9> c) ;.> "5 IS"""!,_;4.ali J!. i.J4j ~ 1,, I; y,j A.ali J'! -re\ 
Procedure main 

integer I; 
integer A[O: 4]; 
for I= Oto4do A[I]=l; 

L= I; 
P(I , A [I]); 
Write (1, A[I]); 
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~..>..W~ ,?;I>~ ..i.;1,_;·IS"'r ..::.IA...> jl .u:~ J'.J ff..i.S 

Rr, Rr (I R,.. (\' R,1• (\ 

r(R, :D, , R,. .n, , n, :Dr) 
s(R,.:Dr ,Rr:Dr ,Rf:Df) 

~.::........! 1.5;,,,..:. )'!,j .>;1"° jl ~1"1.JS "-!~,;~I;"-'-!. ~I~~· 1.51)'! -'\"~ 
~I; 1.55; j~ .);,_..::..~('I' ~I; 1.5lA...l.,:lS y,I r-.:i!A.. (\ 

[;l> 1..5~_., ;,) ~I; LSlA.~ ~ (f ~!; u_., _!;4 01.. j ;;:, ~I; 1.51Ji.~ _r. . .:il.O..o (f 

~..::.....I.;...;..,),) .)'!j 151.A~j! jl ~r"l.JS 
. ..:....I N -1 Jl..U.. ~.:i t.?: 3.J- )..U.. (I . ..:.....1 N )..U.. ~.:i ,,r. 9.J- ).i.A..o < \ 

. .:i~ l"w .:.J3 ~ ..:.....1 ~ <l.ol; .r. i.Y-' <.Sl.,r.-1 Cf .~ [Jog N] } ;~ ..::...S3 ~ d..ot.; .r. .,:r-1 ,,r.-5;> <I 
(heap) fr-Jb c.S4 '--! ~ l.S~, ~ jl ~1,1,,.; iJ-1.fi-'>5 4 <1....v.!.,_i ,.:i ir'4. 1.5lr. }'I .~LI> 1.5jl....c.:i~ ~.;~I J.:i -\"ti 

( . ..\.i,_:. tSJl..i! .JS ..::......ii ;l,,S d5 .;.....,11.5:'.IJb~.,; .:it~· n) \' .:i~ ..1A>I,> ~ ul 1.51~1 wlo j • .:i,._.;. o.:it.A;;....,I 

8(n lg n) (f 8(n r lg n) (I 8(n r) (I E>(n) O 

1 kf-0 
2 repeat 
3 kf-k+l 
4 for i=l to N 
5 do B[i]f- A[A[iJ] 

6 for i=l to N 
7 do A{i]f-B[i] 
8 unitl \fl~iSN A[i]=i 
9 return k 

:~IS" l~l IJ ~j ~'J • .:......IN 1; \ .:il~I jl ~ r.Sl.::- r.S!ll> c.SIJ.:41 ;.:i d5 A[N] IJ A[\] ~ N 4A c.S<l!.1) tS!IJ .r. -n 
MAYBESORT(A,N) 

~I k ~I~~-~ l;=:u _,....,t:.i: d5 ~ ..}' _,.; _,ljfo..i..,;:; o.:il.:i ~ n .:it..w t~ 4 Ar , A, y:; r i.S~.1) ,.:i -\"f 

-~.;,i ..::.......s.:i ~I; A1 LJ A,. ~ 
".:il.:i '°~' J'!.J ul.oJ ,.,1.JS >.:i 01,;-cs-" I; JlS' i::r..1 

O(lglg n) (f O(n+lgn) (i O(lg" n) (Y O(lgn) <' 

\'~ .;;....,,;.) .r.j 1.5lA>o;lj! jl w ~ -n 
c:Y-}'cli',s' d5 .:i;f.:i "~'~l; ,.> b ~~ ~ y:!I_,.; ..:..> ;.> ;.> e=(u, v) ~ ·~ w'~ ;l.>uJ' ..!I;!"-'-!. ;.:i ;!I .I 

. .>;j!c.s-"e jl ,.:i ..:ii~~ 
~~,_.ii,~ u'"'! ;l.>uj' ...91}' ~ ;.:i I; IAIJ"i; 1.5~ <1-! U"i; ~ jl !Ar--"' IY.}ou,s' 1.5<1.o.A> ir'~ i.S~ JI 

.ci4, O(IEl+IV I) ;H.> ,O(IEI) ;-> 0r,;l.S"' 1>E 1.5Ll>Jl?. i..s.u:~ 
,., rJb c.Jj' i:;r..J.J~ ~'.> J4, uj' ~.}'~ ~ J~ .. 15,1......oU i..slAuJ' 4 ~ u'"'! c.:il...., ;l.:iuJ' ...ii}'"-'-!. >.:i .Ill 

-~ ~ ,&.r,,.; .:....> ;.:i ;.> 
\' (f \ ('\" ' (Y o (' 
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INF(\ 
2NF(1 

BCNFcr 
3NF<f R 

I l • ,, 
x y _.,. z p Q 

. ~ 

\\:: ... ,..,1 ~ 0 jl JA:w.... J!j ulAoo ;!_;! jl ~- rl..\.S' 
. .:.......IA J.LtR ~ . .UIS .¥,S ~ J 

.~ C J.aL.:.R jl u~..utr ..4'J" ~.II 
.~Li .,.o.;C '-Lli -~·.) · ~C •-t..:.R.l.l..UIS IA.US ·J • lll 

.c.:; I.)"" ~- ~ ' I.)"" - 1.5 - J ~ 
II , I ('f III _, lei II .kA! ('I' I .hii! (\ 

~.I ·..I.-!.~ _,...lij ;-> IJ J"?J ~(Functional Dependency) .._r.!1.11.5Lb~1, 4 A(X, Y ,Z,P ,Q,R) ~I; -'f· 
Y..::.......1 Jloj ~ fl..\.S' ;.) ~IJ 

~ i}> _,.J ·..l-.!.~ _,....w ;.) 1J H..) (Functional Dependency) ~t; ~Lb~1,, R(A ,B, C, D, E) ~I; - \"'\ 

A->BC 
CD->E -~~ R .::..l.i..o j1..sl)~ ~~x.i.Y" ..ul_,;is"O ,~ 0 ~1->~ 
0->D 

) ?,,;.,,.:ii-> ,.\Al~ ~li ~ R .:J><:C S 
'\" <r r <' 

(Natural full outor join - ~IS~ J..i~I} : :J><C 

0 ('f 'f (i 

A c D 
1 2 3 
1 3 4 
2 4 5 

R S 

~ 
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.. 
l':lt.. 

d'v dv d~ 
--0 +f-0 +sv =\\'-s +fi (\ 
dt' dt o dt r s 

d'v dv d'i di 
--0 +f-0 +rv =\'-5 +r-5 +'fi (\' 
dt i dt 0 dt i dt s 

d'v dv ill 
--0 +r-0 +iv = \1-8 +lri (f 
ili' ili 0 ili s 

dr v dv d1i di 
~-0 +f-0 +rv =\'-5 +'f-8 +ri ('f 
dt' dt 0 dt 1 dt 5 

+ 
v .n.. 

' 

' - . -\ (\ 
r 

Q \o 
- ,-- (I 
i i 

' - ,\('I" 
'\ 

(:) \o 
- ,- ('f 
i i 

~c......11"'1.J.s' .)'!)~JI""° is "-! V 0 oJ.a.) .lo4i;I ~f_A.) .,J.:i~ -'ff 

T 

k •• _~ V0 jW, J.9jlS ~J ~ J1.l.o J~ -fr 

Jr -jfl\o -e o 
v 

Jr -jfl\o -e er 
'f 

-Jr jfl\o -e 0' 
f 

JY jfl\o -e <'f 
'\ 

\'..:-.1 ~1 ~ .9 .:.J_, ~ ~ <\-! .;;.....,,,IJ jl ~·ii~ x) JS:..!. ;I.Lo l:Jiji J,)l,,o.o .:.:..031.i.i, )l:J.9 -fT' 

o1 iQ (\ 

o I ii (\' 

' er 
'\"('f 
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~-p (\ 
m n 

~(I 
m 

~+p (i m n 

. S-p 
__ n +p ('f m TI 

150.l.i;I.:.,,; m jl o.:.~I 4 ~l,_:>-v;0 IJ ..;....Ip\~ Pr~ ..• ~ pn ~; 4o! 4;1 di.;l.:.J'I. ISi~ f)':I c.Sl.lbul..j d5 ;lS' n -fA 

~ ~L> ..::........~ 41; ~I~! .:.....ii 11} o.l.ijl>lx ~ dS ~IA)S' l~I ;.:i ·J~ Vi.I~-~ l~I !)~.~IS 

~ o.l.ijl.:.J'I. ,,:,,T ~ dS .::........11.$!.IA;lS' ~jl.:..r., c.SIAuloj ~ o.l.ijl.:.J'I. ~ i,SIA;lS' ,oWI i:,loj aS .:......1 ~~-~IS" 

A! IJ 11.S' .iA 'J ~Is" ':-'~I w~o 1t..o.,:, ..s.:.,,..., ~ ~ ~ I; IA 115 aS .:.-.I 4J,f i.:r..~ ~ ~ .:.......~ • .l.ilo~ o.:.I.:. 

ltbo.i.ijl.:..x, y,,L... ~ ~ .(~...J i.:.t!.I Lr) o..i.;jl.:i~ i:i1 A! o~ o.:il.:i ~ 1.51.e;lS' 1.5d,.oJ> 6$ ~.:iu-" ~.:.,; i.Slo.l.ijl.:i.x, 

. .>..i,_:, ... w ..s;·J,j ijl.oj ;.:l 

n 
IJ ..,..1Y. V!.f4t!) <;..;;..,,..,! J~ .::.!!.> i.:r. . .i~ J.:i ~;IS i.S4l.cJ!l f'l.o.i·1 wL.j .f.s'l-1> .::.J,..,. !)!.I 1.:i .S = _2,pi ~ ~.~ ./! 

i=\ 

'I' . (\ 
s +s+r 

rs ---- (\ 
s' +os+r 

' --(i 
s+\ 

' --- ('f 
s+o 

+ 
v, 

rs 

-'fV ~~ _, • I<' .~. !.J.o (Vo ) <IL..:i ~Lr ... , .r.-J ...,...- ) v . '--' 
s 

+' (\ 
+'!' (1 

-\ (i 

- i' ('f 
+ + 
"' 

-'fr 

' - (\' 
(jo 

\ 
- (i 
\o ' - ('f 

ti 

f ..:.......,Lie. 4-S .:;.......I ~l~I i.Jt...A i,Sl;b,).,,? JI} c ujL> It ..Sr' ;,_b ~ aS ~Ir .:.:..o,li.o ~ ~~ts',; ~ ;.:i - f /::) 

' "..:;....,I .:if;l.5 ~ C Jl..i.A.o . .:i :r.:f ;1.,s .:.111.5 - 0.;L> ~ i,Sjl"' 1,1> 'I.! ~' 
'ro 
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o J:t" J~ ("f 

Y ..i..,.;,4..sO ..;;.......,,.:i J!.j .:i ;I,.. jl .:i ;}" ~ -f:J'f 

ul i.Sl.r! ~ .Wlabl.fi J.olS J>cl; ~ J.SI~ o~i ,..u;;,4 ~l.:i .>9,3 d..ilabl!il.i J.olS J>ol; ~IS""!.:>~ 1.51)'! ;fl (\ 

• .:i;l.l ,)9.3 o..e........... 

H .Wlib!STl.i J.-.olS J> ol; ~ J.iil..1.;>o o~i .~~ ~l.:i .)~9 ~1.A>b"i J.olS" J>ol; ~ J.ii!.>..> IS""!.:> 4ll.w.o t.51)'! }'I O' 

• .311.:i ,)~_, .i.c........ uT -sir. 
~ ui I.Sir..)# t.Sl~l.A>lflli J.ot! J> ol; ~ alNi .~4 ~I~ ...,9., 1.5l~LA>lfi J> .. 1; (l-!Jb IS'°!.:> .i.J..M..... i..SIY. }'I (Y" 

. .:i.)l..li.:i~, 

ui o1;-! H t.511.\.ilA>ISi J.olS' J> ol.) ~ o~T .~4 ~l,.ij ,)~' c..sll.\.i!AIS'Tli J.olS' J> olJ ~ l.S""l:> ~ i..SI)'! ./I (f 

. .:i;l..li .:ip, o..e........... 

8(n) (1 8(1gn) (f 8(n lgn) (f 

1.5jl....~,.. t.Sl~I ..:.iloj .~4 ~l.:i j~ C ~ti ul..ij (partition) 1.5~~ ~;~I .quicksort ~..J,s:JI ;.:i ~ ul:.:e- -t:ir 

k:~ (~.:it....u· 1.5U.o.:il.:i) ~.:il..:U ..::JL> ;.:i C/.)""' · 

(\1 VO)n (i 

(HJ°O)n ("f 
\' 

n(I 

-~' 

.::., ;~ ~ U"'.)l.S" .iA 3 ..::......I U" 1.:i U"')IS ~ ul.o j 150~.:iuL.1..i o J4 ~ . ..i.ilo~ o.:il.:i \ ::;; i $; n ~ Ii =[xi , y i) 150 J4 n -t:i• 

r.S~ '\.! .~L:.j j>l..\J 0-'~ ul~ tr~ I~ l~ ('j"1151.Ai.§IJI .:il.l.O:J c:,,.!.,i~ ~!~IS" . .:i,,l.:i JU"!~ Ao! ~~I J.ii;i-....c 
~i.::......ul _;l.oj IS.i .. ,;;Y' ~ jl .~ ..gt;l .:il.l.O:J (r..1~4.151)'! ~..;_,5jl (r..}"&.r . .:il.:i ~ Jt"I LA.U"')IS 

. .:i ;t..i.; r.Sr~ ~ j>ol) Cf O(n lg n) (f O(n r) er O(n r) (\ 

r.S~. ~~I} ftab ~ ~ J>:) .,.~ i;,i ~l.oj ~,.. • .:........! o......:. (r..,~ '°In irll.i~ .:i.J.s: u:a~ r.Slr. .11.J .i..olir. 

int fib(int n) . .;;.......! - \ l~l ,,.:i i;,i ..t!..:ili.o ~ -s ..::.......! 
{ if (ftab [n] >= 0 return ftab [n]; 
If (n = = 0 II n = = 1) {ftab[n] = n; return n;} 
ftab [n] = fib(n - 1) + fib (n - 2); 
return ftab [n]; 

} 

;1 u· ~ ..:.;"° ,} ;.:i .~ .:i4.J -.1.>l, ~- 11 J~ . .fl' uJ' ~ ~ J>:) .\JI fi..SJY. ~ r.SIAc:.ij' ~..!I.if~ ;.:i -'f'\ 

Y~l.:.....;.:i ;-r_j r,SU.OJ!j.5' 

• ..::......1 ~. iJI)' ,.:i ~ ;.:i (S, T) r.S~ i)> Y. .I 

• ..::........! ~- ..SI.if ,.:i ~ r.S~ ~I;)..:;..;. ;.:i .II 
.~ u~ 15U.J4. Jo~ ..Sl_,s' _,.:i ;.:i ~ U"l; ,.:i iitJ. ~ 1)-1 • .f'Jbt" '5 .III 

I ('f I (I a (I . \ ( \ 
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J~ ,Y.l.9 .)9 ~ (monotonic) .;:..>.IA ~1; ~ h ~t; .L{;i h(D) = AJh(C) = 0' h(B):::' )'I (f 

. ..:......,! (admissible) 
J~ -.P.l.9 .)9 .:.:.......1 (monotonic) .;:..>.IA C!t; ~ h ~t; ol.{;i h(D) =A_, h(C) = i' h(B) = i }'I ('f 

.~(admissible) 

,..::......,) 

(admissible) J~ ._Ht; 9 (monotonic) ..::..>!~ ~1; ~ h ~1; .l!;i h(D) = '\Jh(C) = r• h(B) = r }'!<I 

. ..::...,.,! 

(admissible) J~ ._Hts, (monotonic) .;:..:;..t~ ~1; ~ h ~1; olf;l h(D) = AJh(C) = O• h(B) =' }'I(' 

A B c D E 

A 10 A r 
B lo ,. ,. 
c A ,. ,. 
D r ,. '\ 

E r r '\ 

;.,')( o,o) ~, ~ E,_,.:;, 4.b,iij I;~~ 4.il> ,.;;.....! ~ .)_,.:;. ~~ ;~ ~ 4.it.:> ra aS n *n ..s;i'' ~. 1.5,; -M, 

.u~l> w.)~ ..s;lyS:; .;:.........; w'.l..! A IS~ ~)~I .JI.} ~' J,) • ..;:._,! (X 'Y) ~,.., J.) ..ii..lJb 0,; -~.:& (s" ):ii 

.rs"l...1.> •• .:.:>~'b w.)¥. IS;lyS:;.;;...,..,; ~BIS~ ~;~I 9 o}' (O~X+Y+'-l)tf)-\ ~I--'> 

~.j,s:i1 ,,) ~., .:i 1,.., 1,) Y-_; ..sLA~.J' _;1 ~ fl.AS" .~~ ~ ""="''~ ~~ ..i' ~ 11 o ;f rcx + Y)(X + Y + l)- l 

~..:;........,!~ 

· . .~(Depth first)~ J51 ~)y'.JI ,.,') ~ B, A <' 
.~ (Breadth first) 4, J,I ~J~I ,.,') Y" B , Acr 

. .:........,! (Depth first) ~ J,I ~J~I B , (Breadth first) 4; J,I ~;p'.11 A (\" 
• .::........! (Breadth first) ~ J,1 ~.;~1 B , (Depth first) ~ J.!ll ~;p'.11 A ('f 

~.::....WI J_,I ~.)"> ~ ~ « . ..')11.:i ..::-.9.) '.) J.il...1.> 1.5j,..,i~l.:i y»» i.5~ 151_Wj4 o~ o.:il.:i IS~~ . .)$" jl ~.fl.AS' -/:,7' 

Vx,y,student (x) "friend (y,x) => number(y) :2: '\' (\ 
\fx,y,student (x) =>number (friend (y,x)) ~ '\' ('\' 

\fx,y,z,student (x) A friend (y,x) A friend(z,x)=> y-::/= z (\" 
vx.studentfx) => 3y,z, friend (y,x) Afriend(z,x)" y * z ('f 

wt.:..i ~ jl I; ~o}' ~.I ~1, J..ol,.S y,,j J,~ . ..i..:i~ E, D .C .B .Ao}'~- 151;1.) ur!.~ 1.5LA9 ~ i;P} -OV 

..s~ w,...... ~ .b~.)"I o}' ..:.:...o..w ~)a-.~ .k}!_,.o o,,! jl .JS.::.......! ~I o..i..;Jb.) wLl.i J9~ 4.il.:> ,,A;.) .:i..i.s:. .'I~,) . ..1.A..>is" 

• ..i.:,4 ...So.1J1> tr o ;f <lkli ~- 151~~ t-!ti h t-ili , ...;..lA o ~ E o }' ·E,_,.:;, o }'A o }' ;fl ( . .'I JI,) .'I~' .,'),JJ;. J,.k ~ 
~.;.:......,! ~.JU c.SIA~.J! jl ~. fl.lf 
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\".· · ~.; t.S_r.? ~ ~!,; ~ J~.J.::..wl 4 )'l.j .:i),.., ) ~ !'1..IS 

EAP (I KAE=>R " 
L=>-,(KAE) ('f LvP=>-.K ('I" 

E/\R =>B 
E=>RvPvL 
K=>B 
-,(LAB) 

P=>-,K 

~I"-!_!! -r• 

A.l.O,\,'\,\o ,o ,\ ,f('f 

----J'\.~,],\o ,A,o,.\ ,Lf(1 
~ 

o ,\ ,L'\.L'\.1\.1\.\0 (I 

-----? 'a • '\ • A. o. 'f. r, r , ' ,a n 
~ 

~li.J;I )'!.;:,1.io }'1 . ..:.....I csi4.4. .:J~ .i,,;L;;..,; .!J..t..., Min ~.J4 .i..iLlJ oy,,b .Max ~J4 "1.iL;;..i e» ~I.ii.. JI}' J.:. -A'\ 

151Jbo}' ~j • ..i..i_,..;, .Jl>// 4 o~ o.:.j .:.:....o~ uUz.J~ .kU ~-WT U"Y. 4' ~4 [o, \o] ~ .U....1.9 ;:l .J.i.il~ 

'i.:i-"l .al~ Y-; i.SIA~j! jl i..S:./. f>l..i.S' ~ ;.:i ~rJ ~ ~ jl ~ )i ~ ~4.l; 

c (f Def 

~~I f'U ~l.:i~ ~.:i -~Jl.S"" ~ ~ "-! ~w. jl ~ 3 ~lo.:i _:;S r>1 IJ .:i,.> olJ i.S~ ~ 1.5_,A..... J.:> ~ .}' i.9 -M 

"--!~,;Li . ...1..!i4 D ~- C .B .A~ J~ jl ~ ~.4 ~!)!I~ )4.5"' u-i,).o. wl.::.i.i...::. pt .. .:i,..,_,,_,, ~ ~,> 4 ~' ~ 
;/.fo ."Do '-:-'-!1} "-!I.JD ,C .B .A~ J~ jl~JA J.:. J~ J~l~..il.:i ~ ;~ 1)!1 u!S:.o .:iJ,_. J.:i 65 isl'l..i:'.)tkl 

,.::. rA 'l.tJ o ~'"'IS" ~ . ..u&.:il.S"' 6-w4. ,:;;1~1 u4j 4! ,1, ~ ~l.S"" isl'""' i)!Ail JI~ JI ~ =¥'"'cs0 'l. r o , z' o 

~~ ~ ~~ • ..i...;S IS"""~ ,.._;1)';""'1 u4.i d..! D ~ ,..:. J-C "/.Y' o s C ~ ,..:i J-C '/.'f o ..B ~ f'.:.,,, "/.r o .A ~ 

'i~l.:.1.5"' ~ f'l..i.S' J.:> IJ .:i,_> J~I 

A(r B (\ 
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