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PART A: Vocabulary

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

What is the formula for ---—------ pounds into kilos?

1) assembling 2) converting 3) associating 4) compiling

The government tried to -------—- the book because of the information it contained about the
security services.

1) undertake 2) sanction 3) suppress 4) pursue

The study -----cn--- to show an increase in the incidence of breast cancer.

1) implements 2) contends 3) sustains _ 4) purports

The research indicates that 4 out of 10 passengers ~--=-m- the law by net wearing their belts.
1) eliminate 2) submit 3) revenge 4) flout

You must be able to make all ~~------- plans in the event of enemy attacks.

1) contingency 2) anticipation 3) consequence 4) restraint

In the eyes of the law, these two offences are -----—---— each other.

1) in the course of 2) on a par with 3) in view of 4) on the verge of
In a number of developing countries, war has been an additional -----—---- to progress.

1) retardation 2) supplement 3) impediment 4) mediation

The company is reported to have -------——-- of nearly $ 90,000.

1) liabilities 2) equations 3) insertions 4) ledgers

The —-------n- effect of using so many harmful chemicals on the land could be considerable.
1) compensatory 2) cumulative 3) diminishing 4) distorted

They have saved up a lot of money, so they can ---------- afford to buy a bigger apartment.
1).presumably 2) accessibly 3) analogously 4) equivocally

PART B: Grammar

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

11-
12-
13-
14-
15-

The body needs many different nutrients. These are various substances (11) ---------- provide
energy and the materials for growth, body-building, and body maintenance. Every day millions of
cells in the body die and must be replaced by new ones.

(12) =mmeemmee foods contain all nutrients. So it is not just the quantity of food eaten that is
important, but also the variety. People who have enough (13) ---------- to them may still become ill
because they are eating too much of one kind of food and not enough (14) ---------- .

To stay healthy, we need to eat a balanced diet. This means a diet containing the right
proportions of the main nutrients. Many foods (15) ---------- of these basic nutrients. A balanced

diet also contains enough energy (in the form of food) to power the chemical reactions of living.

1) being necessity so as 2) of necessity so as 3) to be necessary to  4) necessary to
1) Neither each 2) Not each 3) Neither do all 4) Not all

1) food availability 2) food available 3) availability food 4) available food
1) of other 2) another 3) of another 4)i0thers

1) are mixing 2) have mixing 3) are a mixture 4) have mixture
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PART C: Reading Comprehension

Dire:’ctions: Read the following passages and questions and answer them by choosing the best
choice (1}, (2), (3), or (4). Then mark the correct choice on your answer sheet.

. Once an error is generated. it will generally propagate through the calculation .
This leads to the notion of numerical stability: an algorithm is numerically
swble if an error, once it is generated, does not grow too much during the
calculation. This is only possible if the probiem is well-conditioned, meaning that
the solution changes by only a small amount if the problem data are changed by a
small amount. Indeed, if a problem is ill-conditioned, then any error in the data
will grow a lot.

However, an algorithm that solves a well-conditioned problem may or may not be
numerically stable . An art of numerical analysis is to find a stable algorithm for
solving a well-posed mathematical problem. A related art is. to find stable
algorithms for solving ill-posed problems, which generally requires finding a
well-posed problem whose solution is close to that of the ill-posed problem and
solving this well-posed problém instead.

The algorithms of numerical analysis are routinely applied to solve many
problems in science and engineering. Examples are the design of structures like
bridges and airplanes, weather forecasting ; climate models, the analysis and
design of molecules (computational chemistry), and finding oil reservoirs . In
fact, almost all supercomputers are continually running numerical analysis
algorithms.

As a consequence , efficiency plays an important role and a heuristic method
may be preferred above a method with a solid theoretic foundation bécause it is
more efficient. Generally, numerical analysis uses empirical results of
computation runs to probe new methods and analyze problems, though it of
course also employs mathematical axioms, theorems and proofs.

16- Efficiency plays an important role in the design of numerical algorithms and that is why —-eemeemmm may
be preferred.
1) a method with solid theoretical foundation 2) a heuristic method
3) an iterative method 4) a direct method

17- A numerically stable algorithm always finds ---------- problem.

1) a good approximation of the solution of an ill-conditioned
2) a poor approximation of the solution of a well-conditioned
3)7a good approximation of the solution of a well-conditioned
4) a good approximation of the solution of any
18- A numerical algorithm that finds a highly inaccurate solution of a given problem --------- .

1) is a heuristic algorithm 2) is not stable 3) may be stable or not  4) is stable
19- Numerical analysis gains insight into new algorithms by --------- .
1) solving well-conditioned problems ' 2) computational experimentation
3) solving ill-conditioned problems 4) merely analytical proofs
20- Supercomputers continuously run numerical algorithms to —--—---- problems.
1) establish theorems for application of 2) investigate the conditions of
3) probe new methods and analyze 4) solve applied
S sl ey adads ) M)f U")S‘-‘*"L‘” 23 JIgw & 31 S 2 Sz
21- Itis easy to ---------- about what might have happened.
1) theorize 2) overlap 3) reveal 4) decide
22- There are a lot of --—----- surrounding this issue. It is difficult to solve all.
1) investments 2) courses 3).complexities 4) examples
23- Computer Science and --------- subjects are not taught here.
1) defiationary 2) revealed 3) inflationary 4) analytic
74- In the statementY =2X, Y i 2 —--------- of X. '
1) function 2) relation 3) transpose 4) rule
25- Is the picture always ---------- on your TV? Is it not clear?
1) fuzzy 2) across 3) broad 4) dum
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Read the following four paragraphs and answer questions 26-30:

26-

27-

28-

29-

30-

1) is only concerned with geometric deformations
3) does not investigate analytical properties

Topology is a branch of geometry. Euclidean geometry studies properties of
objects that are invariant under rigid motions in Euclidean space . Topology
studies geometric properties that are invariant under any continuous
deformation . It is sometimes called "rubber-sheet geometry" because the
objects can be stretched and contracted like rubber, but cannot be broken.
For example, a square can be deformed into a circle without breaking it, but a
figure 8 cannot. Hence a square is topologically equivalent to a circle, but
different from a figure 8.

A typical question in topology would be how many holes are there in an

object. How can you define the holes in a torus or sphere? What is the

boundary of an object? Is a space connected? Does every continuous
function from the space to itself have a fixed point?

General topology normally considers local properties of spaces, and is closely
related to analysis. It generalizes the concept of continuity to define
topological spaces, in which limits of sequences can be considered.
Sometimes distances can be defined in these spaces, in which case they are
called metric spaces; sometimes no concept of distance makes sense.

Combinatorial topology considers the global property of spaces, built up from
a network of vertices, edges and faces. This is the oldest branch of topology,
and dates back to Euler. He showed that topologically equivalent spaces have
the same numerical invariant, which we now call the Euler characteristic; this
is the number (V - E + F), where V, E, and F are the number of vertices, edges
and faces of an object. For example, a tetrahedron and a cube .are
topologically equivalent to a sphere, and any dissection of a sphere will have
an Euler characteristic of 2.

A branch of topology concerned with equivalence of spaces is -------------- .

1) related to finding limits of sequences 2) built on properties of squares
3) related to dissection of a sphere 4) relatively old
Topology is concerned with -----—---— .

1) invariance properties under continuous deformation
2) geometric formation of space

3) the study of convergent sequences

4) boundary value problems

The notion of distance is --~------- .

1) meaningless for topological spaces 2) irrelevant to metric spaces

3) essential for every topological space 4) useful for metric spaces

Topology ---------- every continuous function from the space to itself has a fixed point.
1) is not concerned with the question whether 2) proves that ’

3) investigates whether 4) disproves the fact that

Topology ---------~- .

2) and analysis have shared common interests
4) is not concerned with combinatorial properties



¥ axiue TS‘;s“”‘.’.)

J.‘ [ X r) e
: + X dX e JI,RK00
1\ COSX

Y
el = Jlada gl b (Y el © jlade (shls ()
Y

e dslins 16 (F 90 Ot Syl gl (7

Bl
v
\ [
: I‘(Ln(—)) dX dpwlxo Cowl glbe
o X

\Wo (¥ ‘ Y ()
YYo (f YE (v

U cawt iy £(X) = I(x+YxY +vx" +--)dx &U gawls

-Y

[=v, )« (=1, ) O
(=v,y] ¢ [y, ]«
Y(m+)(n+Y)--Yn
b ! ).3|)g lim J( )( ) >
n—w n
f
= (v Y ()
€
c
.Q)L)J ijd}(f' ;‘ -
sin x xeQ
! S 30 15 9,lg0 31 S plas f(x)= . x¢Q P
.g"m!‘\;—dmd.]ai;)n)of(v .@Iumbwﬁ)of(\ o
C«..a'd:‘..ay.;)w)o.laijf(f C~a‘d.:.~u9:..: X=k7t JaLBJ)ob.Bsf(\"

T Y'Y
—/YY ¥ —71 A
¥ 4

T

;—(VYVYV —1) (¥ ST (¥

Sowl plas y 2 ¢ @U,ogl,|x|+|y—f|=\ i 31 gromd (535 .“Txy_‘dy+lnyrdx Hlade

' C
Yina (v : o ()
Yinys (f Inyvs (v
- Y
X
. v  (&Y)#E(Ee)
fouwl plaS oo )3 Zate (50,155 f(x,y)= x' +y1’ ’ ’ L
° (X,¥)= (o)
.Q..:la.:...;,.ﬁ..é,i.\..m)of(\‘ .o)laksi}?&i»ng;@i.\.,o)of(\
.:M|,_:>.,._,_§,:;:;.ai.x¢)af(f .Qu‘@}?wxdgwidfa).)f(v

\
Sl yuds ;!ﬁ(xdy—ydx) )Lxﬁ.odu:algém&o&w)o(° 9-V) (0 5\)9(—\3°)5(\5°)u~35)4-3,5&3)»Cd¢;5ué)§
C

Y (Y ° ()
e yQr

_r

-Y



P axio Y9l oob,

il
S al plas I (Inx)" dx

\ )

— (Y e Sl (Y
v Als
-y (¥ v

Sl gmo 4y 35 plos’ f(X,y) = cos(xy) &b ol»

et gy e sl F s ()

3,08 oo ST (0 4 o)«hﬁ)ohﬁf&l:(\’

e gongien g o £ b (¥

55 popis 4l 6 oy 5 pogySle a6 Loty Sy 55, T o (F

d j"" )
b Cowl plyy — dt
R dx Jx t+Xx
\
— (Y o (3
X
¥ v
In(—) ¢ —_——
Y ¥X X
i n
b Gl il (x+28) Kok aml
:.Q.w g S ) >
* o A Yo+ e
(=v,—¥] (-v,-m QO
[—T‘,_Y] (f [—Y5'—Y) 41
n T s a, a,
............... (0 gV gejlyoa, +aX+---a, X =0 aole oKl 0l ao+T+'--+n+\=° 1
Sl s a1 Lo (Y Sl s aty, S5 Jilas ()
3yl s 4ty (F Oyl e aty, S lds (v

Sl Cawyd 3 slbyles 31 WG p108 0,10 oo pownlo S X =€ 0 g cuwl z93 F b
prowies &5 9 31 o pennSle &5 X = —C Lt DS rmd pomins Sy X =—C o f LU (A
S olgioed Solad X =—C o f (i ,lid; 5,00 40 (F D5 s parSle S 5 X = —C 0 L (Y

—¥f.

-1

-fY

-ty

~FF

-¥o



A acxive (Jeal Hlol) &l we ;o

A
Jile o155 ginnd Hl0g0icouly Al ool Vo 0 wlwl yais 5,5 -FF
0/ fF4 . ¢ sl P‘JS ool u.:.ial..»_.o A.a::b RO J.aal?
P 816 (1
o/ ¥ 4 (
: 0o (¥
°, Vb + R "
o/\_. e R s ' é 70 (f
o/ od 4 ' i | fL _________
i Y I Y q 1

Pl bl iy A F g Jols sus asCul Jlaxo! a,.»‘;oa.,o/u)l,&» 03N =8l sus Sy Bolai w0 ) VLY LF O el -FY

"/Jéﬁ,v-//ﬂ}g//g t_/’;p (_/J)wdlj/ ol \
v ¥ L
— (% — ~ (¥ -0
Yo AT ¥ ¥
Ao 0 p4n 90 b ol o (03400 Ky Cu§y il g LRl B0 51 GBolal & 6 pe K el ol 0 pb0 M g dniw g0 pi0 ¥ 51yl (BB -FA

\ .
Lol ; Ipdws 0 30 oudLio il pgod Al o bl ;o U ol jads N Hlade il )8 oo B ,1 4 oud cuslin I,

f (f Y Y 'a
Lo Yoy . T e aa .
ﬂdobwd.g«.imgig'.wl;,;‘;Qﬁiﬁwfq@_}houlﬁwwuﬁw‘Ar 9A‘. ‘A\MM&MG‘W -f4

oo ool lai! A\, aSw aSCut Jlodol el ¥ 89l o0 ool jud aF Jladd slaai 09 o0 U 1 dud jo £ g9 LSS dpz oyl
Lt plas
oy \' \ \"
(Y — (¥
Y+ (T " v+( I \‘+(~) v+ )
;S_:Jsl..»dwldwl WSS G gy AlaBO )0y A F i b cplys wiuTyd 1 are Gilo abiold S jo HUUl Guo 43 999 US (B4 =00
Sl plaS O g Liue 4 aBB0— T alold 40 44

t" _ A e ) -
V——e M (¢ V—e M (v y—e Mo Le™ (v e™ o
v! V!
aadl 5 plg Joaol gl syl Y s X awss (o8 -B)
- X o A Y Y
o ofod ofod ofod ofop
\ ofod  ofy ofod ofod
Y o/ o\ o/ ofod
Y ofod ofod ofol ofoh
foanl plas Y =1 byl 4 X by Jlaso! iU
) \
— X=oY — X=0o\Y,Y
fxym () =1"° ¥ fxym () =42 o
X[y=\X) =1 Xly=1%)=1
— X =\ - X =\
0 0
\ )
— X =oY - =o,Y,¥
0 0
fxjy=y(x) = \ « Sxy=(x) = ¢ (‘"
— X =\Y - X=Y
Vo I\



(Jlazot o) ayly (032

Y
Sl plas Y I X=x &9 obl (X,Y) ~ N(Y,f',\",?,%) WS Py

3
NCx+1.9) N(X+7,%) (v NEx+71,7) (v N(X +7,%)
) Y

ol ) oledlbl b Solad ke Ky X auss 5,8
San! plaS grazes iy 35

V(X)2A (F E(X) >y (v V(X) 214 (¥ E(X") > ¢
Seamt plas P(800 < X <F00) i ylake aith X ~B(\ oo, 0/ YF) uss 5,8
o Y\YAA (f o JAY YA (Y o [YAAY (Y oJAYAY (A

St plas 07yl 5057 5 nsls N(0,07) 395 31 b (odole wiges Sy X ypoens Xy el (5,3
Y

Y
n n
n—\= \ n n+i—
—X" (f E X | « —_— E X |« —X"
n-+\ n(n+y) n+| 4= n
1=

i=\

-y

-0f

-0



W andio (Fgols (Flao) aily (952

el @ 5L (Insertion Sort) ;0 (G5lucd o alawg 4 GOm0 Wyg0 4 Slusl b Ciyw glp p) gleall 51 Sy plas 5o

’ bl oo slast 51 5 y5eS
8a7>63531323334 (f 5,6,7,8’1’2’3,4(\« 8377695-453,2:](Y 2’1’4’3’6’5’8’7 (\
Seal plus F(5) ,lodie
int F(int n) {
if (n <=0) return 0;
else if (n %2 == 0) return F(n + 5);
else refurn F(n/2) + 1;

8 (f 4 (v 5¢v 30
aziliz il sl cnl )0 1y o 3500 9 poudno Hladio 0 1 alubiy 13 oS Cowl 5 pob Alisko b oue M Jold A syl 0 (258
G ol p3¥ Clusit fos wia iy & oy b 0 5700 9 o i 0 bl w32 (735 2.1 bghs ) oledd! Oldes 25

figds CBl o1 300 g porian p0lo
: Min = A[0];
: Max = AJ0];
for(i=l;i<myi++)
if (A[i] < Min)
Min = A[i];

: else if (A[i] > Max)
Max = AJi];

2n+2 3¢ n+1, 3¢ 2n+ 1, 3y n+1,20

Sl plaS 15 oS 4l ghyal loj g4 3o

i 2
While i £ n Do

iei’

0(log, log, n) (f 0(log, n) (¥ B(nlog, n) (¥ 8(n)(

St oS 15 oS 4 ghy2l loj aia 50
‘l.ﬁ‘<—0
For i<~1 To n Do
For j«1To Tli] Do
k<« k+T[j]

ol 23 @yg0 & T alyT Gy ya5 08 om0
el Jol8 250 1
Tli] = ! :
i {0 W90 () peE 50

om?) (¢ o) O(n)(v o)
Tl plaS 55 oS ashad gyl 51 s § jlode
inti=j=0;
int A[5] = {5, -10, 8, 4, 1000};
while (A]i}! = 0){
Afi] - -
j++s
i=(@i+1)%S5;

24 (f 1%y 23¢y 18 (v

-of

-0y

-0A

-04

—%.

-#\



uJ/a/)I/j//u’/‘j(ﬂ‘//W/@/

1Y axino ()),.MU‘SJLLA)“L’ oveye

Sul w3 05 askid glpat jlam A galyT slaaylys yolis £3ae
int A[9]=1{1,2,3,1,2,3,1,2,3}
for(inti=0;i<=8;i++)
Al =A[8-i];
21 (¥ 19 ¢¢ 20 (v 18 (v

sz What 29,5 o 8 ploil What(T,0) &0 4 Lol 4ol ;o What Jlss1,3 51
function what (T: tree; k: integer): integer;
begin
if T=nil then what:=0
else what :=k + what (T . left, k + 1) + what (T . right, k + 1);

end
&)éd.h:ém‘_glma;zgla.aéa?(\' o0 slolF s oo (
S50 glmo )5 slaws (F 0,8 1o 5ls;,8 olaad aex (¥
fu5 (o0 JRz 515 aoliy s C ol po
int r;

do {r = rand;} while ((r <min) || (r > max)? 1: 0);
print f (“%d”, r);
min <r<max o g sb 4T dolai sus S Ll (A
min<r<max a5 g b a4 I dolar sos Ko 5l e e (V
r>max § r<min a5 g b 4 I Jolas sae S ol (¥
r>max b r<minas s,ob el dolas sae G 3 s Ol (F
95 ya8 o0 51,8 Jloallygimd ax A sl « o ; Pattern matching w981 50
int A(string pat, string str){
int i=0; char *s=str, * p=pat;
if (*p && *s)
while (i <= length (s) — length (pat))
if (A) {if ¢ * p) return i;}
else {i + +; s—str+|, p = pat;}
return -1;

¥*pt+l=*s++ *pt+=* 5++; ()
¥*prtr==%s++;(f ++*¥p==++*s; (¥

V-

Al

-r¥

"7y



ool a5t T S Slal &j900 0l 55 bl 421> gairas aitho FYY (ido 5 bl 90 u3U 5 cul) WWAY 31,8 G oS 533 55

4
Yoo o (Y 7\\"/\5‘ Q)
Vood(f 375 (¥

foowt ptaol gy JYuul plas -5V

p—>(q—>1) pvq—#r
~q—>~p (¥ s—=>pat (O
p qVvs
or i~
pAq
pP—rAaq _ pPvVq—>rAs
r—>svit (f ~T . v
~8 Jo~q
ot

ol il AT il Lol 13 (53, pobis plod g samo C g ol 30 B 15 G Dyglme o Fle A 43S 55 ~FA
VE Q)
VY (Y
Vo (¥
YA (F

Sagys ol 51 IS asld £ olgi oo Biyb Wiz a1 0,0 Cawd jo aSLA Y g9 2 1 S £9i F (Mg B S S P4
Y VY
(¥ O
o 14
€Y 1y
f o

ol oS (FX =¥y + YZ 4 0W) " ©)le buny 10 culps plo ggomo -V

v Yoo’ o
v (=0 ey et e ° (¥
Flamrz 515 910 39 B 55158 €50 305 oo 03 =YY
! e \ VE (Y Vo ()
f ¥ V7 (F Wy




] Zarro ddy 35 plos

DI Sgzg e Sy i phizie —A ol VY G1LE P Bss O

el Span Ju Vo b ol £ ool GBS e (Y

el iy 90 998 Lol sae 50 Tado (T Sy, Allss o a5 eolw IF ; (v
‘ S8 S92 e — ¥ ol ¥ ool 1S (F

Sl gato Wnad solw 1,5 O gl ) slod 3F 51 Sy ples

bl ansls He0 90 Bando 315 5 51 ol Jb DY shls o, n G135 S (O

Lol ¥ uui)):o@)o”a,oh:éohdl)?,m)c 4

ol bl 590 90 Gdo b SIS (¥

S5l 0929 plate jomea T Slas 5lete u*'iJ 90 1By 090 9O i.i.:Sa Lshe a0 (F

RRERE(RTI R TRY ,;i widog o 4B g A Lug) a5 cest {2,0,¢,d, } aie ¥ sboacsormo 5 plai G BLE wghy asgame
St oy 30 g gy 35 51 SyplaS bl (4

ol G55k G (¥ el oz ¥ G ()

Db ges § ok 4y y90 el G‘(f e des G (Y

A P (L, Yo aSw g Iy 10 4w o ol & 4w o o b, ¥ 4w oG o U, ) 4w S 31 lgf o0 2 yb Wiz &

Al

; « v

¥ A

Yo(f 4
f

0318 Capuni Slise! £ g0z G 51V o' B Slp AT 5y9b A EeBd Cammi ) {—\ ’ Y} Slae! 31 SarG B1LE 51 L 12 4 pudles 0

Sl ood g el )1 ol 305 GLed1yS 51 Suplas’ (gl . adl yhoo wlpV & hake ol plod a4 oud

41




10 axio

2 S Se L3 0 9 F g5l b RaaS BT 5 5 o 50 a5 310 59ms DY, T, 5,0, 5, ] assarme g9y 65l alul; ol 4z

ARSO P Y
V0 (Y VF ()
Wt ‘ VE (v

Sabl ool zehume B1,5 UG iy Wil jo Alid Wilgl oo 3 Dl yo allds 31 Sy plas
FIS ISR f 0020 YYYYsrsre A Q0
FESISSESY Y AACY YYrrrrferese

S yids ol it F 31 Sy 45 (5595 41 0,5 Wil Py 51U ¥ ol on b aiz 41 bly (gl y 10 o Py 08 (98

fuoubl axdbiod

b conl plp ‘ 9 S Sulioo b gy a9y YXA Judatouns fuildgy Ol slows

Yo ()

. A (Y

4y

VWY

-vy

—YA

-v4

._Ao



¥ axieo Wy 5951 g Wools ylaxs L

dSue 9.) o2l Egoo 4 0,10 3929 Slusl ol 50 Bak 93 UBS audid 4S cady Sl bl X LT 1 S AT padl 4D e Sae B ST
! ‘;.\W P“"S 6‘)“’ Mbsn X Lu.so

O (n) ¢ O(nlgn) o@m?) « O (Ign)

fadilgn S Jgo 9 ol (A3 S35 o ©yg0 0 53 0 i 1) 030 )9R Sy (Gloj Szt 225 53U Uga b ST

T)=1
T(n):T(3)+T(23n)+O(n) . |
2 3
Sl grammuo a3 plas €< g kK >1 (6l
(gn)* =0(n®)=0(/n)=0(ign!) « nf =0(v/n) = Olgn!) = O((lgm*)
n = 0(v/n) = O((Ign)¥) =0(lgn!) (f (Ign)X = O(n%) = 0(gn!) = O(n) (¢

Sl 0yl )l wiz oS p 25 1 10 a0 b sleeyS Sl oyt 53 PrEOTder s & (5l 50 (T Glilony
(Conly &1 oz 1 olgar) Sigad o

0, 1,2 (f 0, 2,2 2,72 ,2 (v 0, 0,10
. n
Sl oIS Jgo 38 paf Aliawg ds o0 oudgi (Gl b <50 T(n)=aT(E +f(n).a21 , b>1 is3b Jeyd
n o ‘g?, . n . < g2 .
Igy GesgSpm La-ary JolS o s (Y Igy, GesgSpn® La-ary cép ()
n .- lgb . . n . e lg% .
Ig” 3ac g S0 Goe bl jue Sy (F gy Gee s Sp 2 bl Jol5 o3y (Y

ezl alo 50 90 3l am ool (535 Go9me Gilwedpo oo sl O (1)2l U wilowd <3 j (J93 ©yge0 41 45 021 0010 (GOl S (B
(ol el 30 593 U yau0 4y Wrosld
48,59, 61,77, 11, 15,19, 26, 1, 5
bl g0 (S1SOTE £ az oul 1,21 oy 595!
Merge sort (f Quick sort (¥ Heap sort(y Insertion sort (A
Toigals ueu,x polie dz b aob slust plas wss oLis asless |) max-heap & pj sdlis )51
23,17,14,6,3,10,1,5,7,11
(a—>Db gx ol pid basa)
10511,1>8 (f 69,3510 758,1415 (¥ 6>12,3->15 ¢
Sl ey B(A) G253 2 3590 5 13 3,13 31 Sy ol
0 ¢ A=0 ’
h(A)=<{1+h(A-1) ¢« Aisodd
1+h(A/2) ¢ otherwise

h(A) € Q(A), h(A)e O(logh ) (¥ - h(A)e ©(A) O
h(A)eQ (logh ), h(A)eO(A) (F h(A) e ©(logh ) (¥
fadl o Jb 4z <5,2> S .able 1,2,3,4,5 conly 4 o3 5l o 5 @ 5 slocee SLS DFS uleny

Back edge (

Forward edge (v
Tree edge (v
Cross edge (f

-MA

~AY

~AY

—A¥

~AD

—-AF

~AY

~AA

-AQ



1Y axiano : Lbﬂ.‘.i.g')gﬂi 9 Weold ylass L

oy 0d Golo iy )98l plas slit e GV, E) G155 ol O( V] +[E]) gloj (Suumn

apaS Loy S0 (335 oy (F s yn g slmaidge 50,5 ey (1

Ligy <3y (50,5l (F Topological sort (v

(ogub gnd slxsl dzrg g 4 b 1 g9 plaS Saleny ooy 50 LY sugainb 10 G = (VLE) jlacus 815 4 BFS gozine }é
tree edge (f cross edge (v forward edge o back edge (A

518 350 U1 Sy90 ol )0 bl G 50 09290 599 Sy 50 JU 5w € E JU G = (V, E) Jlogjs BI85 v 0 5,9
£l il oo JU ol Jolih alunoS

aimen_ aly (F Caly eSSl o (Y bl i e (¥ 35 et o5 ()

Fml o )00 g 35 plas

v P < NP-Complete (A

roedies Jo e A Seh o lalez wiz ey 0 B S b ASp Bl (Y

NP~ Complete ¢ NP —hard v

AS, B=>AeNP (f

fasS oo fauo Jl 35 1) DFS 055800 595 J515 )0 Wiy ;501 51 S plus

ST S 50 590 0, law (Y Topological sort (\
L5 o gloaidye 9,5 gy (F Lo 58 slaailio 59,8 g (F
102 a5 5185 50 1) 325 aliaso
Z Xijw; <M
1<i<n
max inpi
1<i<n

0
s.t X; =
1
Sl Cawy b asg 35 plas
.o)sznwﬁdkLo?J;g&ol)«&ld:.ﬁ.nw_'(T MLGNNPAM&&ML&‘(\
oot NP-hard alsvss S5 alio ol (F Ol ool e e Slden wix o ol bt (Y

-4

-4y

-4y

-ay

-a¥

-4



VA axio S yaolS (§ B i J g0l

Ry - K 3900 Sy J S puak Eacly 45 00djI0 5 Ko JS 1 50 0 ik i LT
page fault (¢ /O error (v exception(Y interrupt(

8 WUNOP jaxws ain 45 Olygaws o Write g execute .operand fetch .decode [Fetch .al> 5o 5 U pipline g S »

Al X iz y 0 Y abidl 4l Sledb! st mov X,[y] 5t jekiie) Sudly 5 pipline 6 &

1-movr,n,

2 —mov | A8

3 -movr, ,[100]

S g 5 090 Ot g Ao p39 9 Jgl o (V 50 P 9 P90 O 9 S0 £33 9 ol o ()
Fio e 9 p90 Ot 9 e 30 9 3l o (F e g p9d Oom g S ped g Jol om (¥
' ' Scowasz (Translation lookaside Buffer) TLB
45 )5 o iesd 350 S2PARE (23T wy0l (5,1 Sl S S A
8,5 )13 02 0,90 SLaPABE (BT slaosls (5l sl AT S (Y
S 050 (59, gvosls s jot anule (gl 8L S (Y
Sead 3)le jlonss 25Ty slaosls (5,105 (sl 8L G (F
sBJgux s g suc Ko page directory sl Jsos slaxi 51 paging alidls Cupae g (G 40 Wb 30T b i S 50
flawl jula alibl> M ,» o jlusl . abl wijls J5ae 1024 plus » a5 suc 2040 page table
512k (f 11k v 4k(v 8k(\
bl g a4l gl P ply Ly A5 wanil 920 ply Ly G 4 ouyiwd ool ol paging of alidlo oo &5 jigaold Sy 50
ol alidls g Ly (35 Goi Ly (55 9 40% pily Ly S misrate ol adl gib Ave yily S 0,1 3 asili i 120 yily Lot
Sl yuiy alibls &y yi50 o yiwd o) .Cowl Ly il
980 (f . 800 (v 39.84(y 112.40\
S s B ol g JSule WS GG A S ol ous a5 B g A Joallygiuwd as goxo 93 31 Jordlygiwd 107 slass b aobp
Sl B podS" 31 Ol ygiumd 3 ohaei 42 ably 2 4oty (Clock Cycle Per Instruction) CPI 1.5 55 o0 oloj JSalu
5x108 (¢ 3x10° ¢ 1x10% (¥ 2.5x108 (1
Sl e 53 5 Mo 51y plas
el 05318y Lawgs il sloeliiud (lacuslys > sy sl o33, POILING bg, (O
el i addg Cas o Jg Cal LSy POIIING g aiBg Jos pogie o 5 > 4o (¥
55 o 3 ool 390 ey Sl o5 03l Aidy bgkas olaws &5 plagle; ,o polling s, (¥
sl i POHING &) o iy g, 0 Shoe (F
il ol oil CLeSbl (6 g (512 &5 398 o0 &l RAM 31 glasasine 4z

ol s o, (8 oF ey oS (¥ of oog slazel e (Y ol ooy (Volatile) 1,5 0

............. 358 295 0 4225 DRAM RAM 5

A2k ansls Kooy slagle; ;o Refresh 4 zlas! (7 .adl axils 5525 o1 sbeadiils 4 4 gloj 8 (oo s (18l ()

Adls Sledlbl 4l &b Sledbsl a4 o s e (F Al 2l 5 s Sledat 45 o yws (yle (¥

§00,5 oolisl Wilgi o0 S yidn 1 jg0 &1 15 SO TS IS 0uijlo 5 S5 0

JrS g o0ls ol e pol G (F 0oo by ol PV S sl g el b (F S el g eols Wb OO

! ameo 5 ey 1SS plas
s 35 multiuser Lo> Multiprocess sl joewels (f siies 55 multiuser lus multiprogram (gl g.esls (A
sl gremo by F plad (F aies 3 multiprogram Lz multiuser o 5saels (¥

95

-4y

-aA

-44

—~Yee

-1

—\’Y

-1-¥

ML

—\09



famd o plxit Lo 4> Direct Memory access oz

S o ol e D0 a4y | 0351 5y 4 akiile 5 ledbl Jlazil ol O

S oo o2l e D jge @i 1) 0ailo 4y (ile ol et il Sl (¥

S o ol )b e g 4 | alidl a4y oiler sbool®ius 51 Sledll JUiil o\l (Y

WS oo ol )3 1) alablr a4y 0uils  eeiens (g s Il (F

el lalé Al.w Pl S gud ooliw! Ladddy 310y (sl daisy chain g 3t )51

Wi by suislay ACK Jgl a5 cut alfaws b pods ()

128 gy Glajer Wilgs oo o8 93 (5,955 i 5H(Y

Sl ozl wlgs e Wigs Juate 003l s 4y ailgS g aS  lmolSons oluss (5,505 a5 (Y

YRS NPT SURRC P ST SLIWI P YO ST IURILION FE-J L gL COFURE VIR AU NI O P ST ot > i o
iz 0331037 (ol 1S 35 Wby 3,0 Ka 1333ty ol U85 551 gl (5T alidlo 3 Caly 4 JSalus 53 10 Wlgi g oWl S
) § !l

7, K333 (¢ 5o 8 1333 (v ,m K 5332(Y 35,0 K 2666 ()

D10 S92 Mult jg2wo 5% g add ya5wo 30% Jmp jeiws 25% store jgiws 20% Joad jgiwd 20% oud aidgi aaly Ky 40
OIW SO add (Sl W e JMP Sl SW S Store jamws (Kb S g0 [0ad janwd a5 )5gumels S (53, 4ol o
| Al Joadtygrms 200 ,_51',13 Aol )51l 00 210 3 0 Gl ol NS 00 mult 4 Yl

Scaml yadz ol (Clock Cycle Per Instruction) CPI

3.5 (¢ 3¢ Iy 2.4 ()

-y

~YeA

344

-y



Tk Lol 5 Blagil o

— — — ——

Sl (TlolS b L iy gvaSme ;S0LeS LR oled g ja0 Job & g8 4odS L3 A 0lod (1Y G 1Y) s INow 39 tpaogi
Nilons didgh wgSao 45

s plio 513 SLGL) S plas il plide S L awis’ (0 5

L'={xelL]3yel x=yy} L'={xel|3dyelL 3Jzel x=yz} (v

L'={XeL{xReL} (f L'={xel|3y xyeL}

S5 o asiiden |y el 2 gl jo tous Glules <ED>g o o a8 {<8f’ +1>, | nzo}‘suw‘pwmo)g;,ms

1(000)°1 ¥ 101)" +10 (v (1000)" +1 (v 100(000) 1+10 (1

by g0 4S5 oloardy Jold A eilogil (53 .cuwat 2 31 {0, 1} LML A (nondeterministic) oxhad il gilogil slaCurdg sloai
Sl oS’ A bawgi ouls a3y () D9 g0 438 3039 A lawgi 35 010 aidsy g audly o3 (i gls 41,8 o2 o oy S5 90

01" (¢ 0(10)" (v 10)" (v 10)°1
by conl i (AUB) ol B g A o 90 0 sl

A'UB' A'B'UB'A” 0

- 2 AB'A (f A"(BA™Y ¢
1 2 ol aidle 4 Cunl (PDA) (glasiy oaile diliie Jlawle (oo & o » oaiilo

?. SV 5By il Hoiwd b &5 Wglds o b 3gud oo A3LST Cudgume How 5l u>

—> o sigdh g0 (POP) )5 Al sl 51 By, oraile 9ass b g (Push) o1y abisl>
390 03 aid pdy oo (yuiilo bwgi 113 SO 31 ST plas . (S Galae)

{xitx | xe {0, fe oLy o {oxl[xe(0,l)" | c{o" 0
{x#xR Ixe {0,1}* } c {0,1,#}*" (f {OXO Ix e 0,1 }g {0,1}* 1\

1) alidls lgs LAl 00,5 S b ades oller 5 wilasky wilgi oo bt wb a5 Cowl (St y57 praidlo o il Ll Kiyy99 cpuiila Ky
Sigd g0 4zd pdy (Siles s SCu 595 Lagmiile buwgd 25 SO 51 ST plas o)l

X € {0,137 ] a2b ¥ X slocsy olass slere X slayio ol } ()
ArXs Sl X (sl yio

X €{0, 11 ] wil i 25 ¥ ol Glacks sl 5 ¥ 5 X slo ko olaws } (Y
AR AONS EIAN P and

X {0,117 | ail piviie ¥ ol locsy ohant 4o X sloyio slass oo yabol> (¥

2o Y RO J P et
[ )5/ ) /{XG{O,I}*IA.;LLJ,:;..:.;\OO X slo e slaws § (F
') 6@3(}/9’9/ e Sl i 1 Jhino 35 0L 5 S el

L={a"b™c* |K={n-m|} ez 50,0 ¥ 9 ) 3)lge ()
L={2a"b™c* |n=mb m<k} ¢t L={a"b™c* |k =mn}
ol G s 25 50155 0590 50 455 plas
S— AB
A—>0|AS
B-—>1
ol ot 5 Jlap 3 el S S (Y ol (Sl Jlag 3 S S O
el (F ol ¢l e 3 5 (Sl Jlai 3L el ST
€5 Unogi oy plaS b lgige fy LT o o7 L= {2"b" [ n 2 0} 51
S—>SA|L S—SS|A
S —>aS|bS|A (f S—aSb|A(

(v O
A —>aAb|A A — aAb]ab

-

-1

-1y

-1Y¥

-4

-\#

-1y

-11A

-4



Yy dxio oyl g Ulegil a3

Pl e a3 s o7 L= {x2| By xyzeL , |x|=ly|=lzf}s LT a5 s -
ok phite T o851 sty e 31 Jites oy o L 51 (Y ot plite 5 L o7 sl plite by 5 L 510Y
e Gy 3 s o lgan L (¥ ol e ) S L olS5T 08 e oy o L 1Y
ol 0 31 i (27 L) @ oto &5 ity BT 2L tn oy plad o3t € 5 o 51 Jitens 5ol ples o5 € 81 1Y
Sl o ALCC o35 550 50 0,135 plas ol&ST
el ol LEA L5 52 O
Sl d52g alie 4ty LPDA ile G Le A ob; 0 sl (Y
.LeA PR LO:.,:le.E.‘;...molgj)nglﬂ(\"
LeA ol ail (s slazy) DPDA (sl G gl L b 31 (F
ol s o135 plas —IYY

) ol e 3 Je L ol5T sl o K5y 55 oomtle 55 oy {0 2L S10)
bgie alie Glo; 0 WEL cus sols g0 ).? Sy aS o) vezg L s b adad X 55 ke Lo e 5 e U5 8 6l (Y

3o sy Sently Joy 0,3 oS S {01} DL el St 5l 5 s (¥
el e 3 Jies el 5 S L (context free) ne 5l Jates b sl o solo ol )5 oo (F
Sl gusme 435 plas —IYY
2,0 5929 L oli; L (nondeterministic) b .é S ,5 caiile alie 58T L e 5 Jites b5 52 sl OO
D)1 079 L ol b ool K58 retle (plize Sy i a2l plite by S L 1Y
, 21 5925 L gl b S5 ontle b {01} 2L 55, sl (1
iyl a2 Lol b 5Ks (oalad Ky cile (oalitdls o1 caslh 09250 L o5 b Sy g8 pmdle SO L o sl S1(F
Olyaads 31 SG plaS  abl o)lei S (deterministic) xbad Koy 7 (glayadilo by oo aid dy ool WS T oLy WS ST -\YF
(oRoo0d i 1) ol e"—.&*?bw;p»@ §gu 503 o () %@Ym ﬁ.)si e 5 50 205
,,%.uyd/;‘/& &U L e Y g1 8l (0
u,.t{ alsbl> gla g Shass 0,5 adlal (Y
(S w8l o G 20 &5 ) Sy Conw 4 daBd e 32 S8 > 05 Sgame (V
(A —transition) 5,00, Jul ot 50,5 aslal (F
a3 S Conl (oo ioles ML) b a9) 0¥ Slaad o3 208 g L 03 & Ky oeile S L by sl Jlowiee Su)98 peiile -ITO
Sw! g0
3n, VL m(L)<n, (¥ 2™0) > m(LR) o s 0

3L m(L) #m(L®) f 27« m(LRY o g (v



Y sxio goue 361

9 17 ous o alold (40,5 5,5 gy 5 uueiilo od, gy b 2 (gl 30 ha slaet Juled olp oals Jloy jalid juow ofiws S 0

ool jodinr 17 31 235,50 908 o 50035

I i |
— (f ¢ — (Y -

2 4 8

- fa+2Ph)—-f(a—-2"Ph
otin st & 207 L (S sus win U iseeels S 0 me P21 ( ‘ 2)1 > @ ) Sly o dmwlxa Hlade
“Ph

(ol aalxo B (padilo 10 9290 <83 L F asST (5,8 b)) .ol Yo il e 51 &5 |h|
2Pty ja] ¢ A PY I WHal 2P a)

U‘PSJ’)’NLY&"JWSM(LS'W-(.;)M) Jalf)s:&oulz.u‘5uu; ‘53» &9)‘;Ax=b‘sb.‘>u§!’é‘&n OKMQASM‘JO)&
Pangeyons SOt wly ;’WU)ogﬁbaluldiﬁZ Gl b 5alcd juow wlawlxo 50 uaiile plB,l i (51 Coml st douwlxo X

A2l Can )3 03, Ky (o X 4 ol Uil oylas ow ol8ST il P21 .2P i (J A | A7 |sm) il <o sus 4 (16 31

{
p=o p=10g} (v p=t—1 (v p=l-t (O

o2l el (o310t (6l sl 0 5 L)Y ol ools Mo S Ay X ol ools JI p G slucal 50 4105 (2 ;3500 5 puleS 0 Wl (S ,8
b Cowl plp & 9wl X = 0X Q)yaqdhnylﬁw)ya

T T

X'y Iyl Il x 1, X'y
= (f X\l 1202y >

x| 1 x1l, Iyl Iyl

w0 ol S5 Q 5 ol kb b (o ol il o Ll 10 a5 cA=LQ g cowl nx D gyl (g 5o S A 0 (83

.................. A2(= AA) Guryilo ©y50 21 39 .(QTQ = 1) ot Jlo i

Sl e (F 0l 230U 0 5l il e (Y N g SOV 41 NG FLNCPRPPS 4
TATTT . "
HURTEV JURIDOA gL Y f[z,z,z,z,z] 4110, 0, 0, 0] ol gl puS s ludie oIS f(x) = sin2x 1
0 4 (\c 2 4 « 2 0« 2 4 a
’3 373 3’ 37 3
1 1) by 9,5 sy 51t 03 ey 3T pod e o i 5o 1y £00) = x¥ = 4x2 +4 6 WY 5 1YY slas
VY] D 15w (5 L) s
pos aiye 3l 93 o slp (¥ sk 9 8 sl O
B> 2 90 0 sl (F p5o 4 ye 5l 6 )R0 g (s (S 6l (Y

e b oS oSl G 4 b ouliSpasine 30 31 (S 4 dnlgl £ 9,0 Al &4 Ay T(X) (g 3lwponionn (5l T 9w Y9 5SS Joe b
RERIE PV sihSa2 (F5 1)

P> &y Stam po gl (V sk 4 o lp ()

(s> 00 paeSle (sl 5 po3 e ol bosiSpenine glp (F (ot oS oo 6l g p30 a0 5l 0ot parmaSle (s (T

0 g0 ol 30 ISl & 3 X, Y €R® 6ll s QX =y s et mxn (QTQ =1, ing) Jloyi o3 il Ky Q uilS 50
| b ol il

Ayl NN

x|l 'yl

r Iyl « ixl, -

-\Y#

~\WwWy

-\YA

-4

_yY.

-

-y

-y

SIYF



Ld

»

- el B . [ R . PPN F ol 2 ] /‘.)A — 7 - /
"gl‘f/ ﬁ-‘;-/),aé )M/J/ Al 0,27, 00 N /] - . v .
‘)f‘. . sy e g =TT A (4(% ’/':/r u’k’&ldj) "(}’)/Uv‘ Z(:_"CT‘\“

............. Af[b] <0 5,5 U a, b] ous ool akold 4o 1955 atwgn @b S dda,y 33,5 a gly Aol (10,5 Guai bg, O /Wé

RUAWIR 9¥.4

[2,b] 5 o aiSaiz sloaty, 5 4 [8, b] o ol alii o 51 23,5 L )

[a,b] ofal as, qfa,b] o ads bl 5, ol a s (Y

[a, b] o f cleasy, ;I o a[a, b] 0 adgl blis 5, sl @ s (¢

fa,b] o falK ez, e [a, b] o adglakais ja jl gq,0 L (F

.............. oud dawlxe Llg> Jas eliaws o sl (sl jame QLRI L (wad 83 gy o

ol S0 5 ale Gedd ez a4 ()

IRELIPPRRIE YL CONP JURE S TRV DL P 4

el o035 Al 385 Glga ay olSST aily axils S8 suilondly S1(Y

ol ot olKons 4y S0 2Bws 380 g (F

O — Sl Gl AX = Ab 6 gz «yg0 ol 2. A2 = A g Consl ke o 5le S5 A0S 5

m22 gl ATX=b (f A 3, 6lla Ax=Ax (¥ mxin||Ax—b||2(\‘ Ax=b(
s 53 51 (QTQ =) ol Jloy 5 i le 53 Q 3 sidainsly oo ol sl K3 Lol 1o & A=LQ asis 5,5
-wvw“)ww}f‘m"i“ | Ax=bll; yAx=b

5l 1y 5 Sy slanslyz (O

2yl Slax Cales o (s090 s ol anilas Llgz el e Sl (Y

il Sglite ol o ilyz Jg 35 AlK sz 99,0 (¥

5o w8y gz oo (Jg 28l 42BN lyz Cansd Ko s (F

............... Conl A o359 5105 K3 X om0 21 39 QA =AQ 3 cesl (QTQ = 1) Jloy 055 s ko Sy Q S 9,3

il A oy o QTX Sl (v a3l A oy o QX 31 ()

ol Q o590 0 X SV g g 51 (Y x5l A oy oy g0 ,m QTX QX 1l 5 1Y

WDy30 o) 30 S3lsn sl A Sl 4l AX =Ab o&iws b £ 0 4T ,0 a5 min | AX—b ||, lws Glez X© uss 58
L min || AX—=Db [}, s

A£EQ FILs 5 5 cadd ho 5l 2855 (Y .lex,ul“uﬁﬂﬁale(\

}\.=1;|LQ,.39;!CAM‘IMJJ})J(‘; .M‘}oﬂ‘xo)lw(\"

-\Y's

-y

-1YA

-1rq

-9Fe



