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A
1. Data organization; Algorithms and complexity @Ug

Each item z in a set S has a unique key key[z]. We need to implement the following operations.
(a) Search (S, key)

(b) Insert (S,z)

(c) Successor (S,z)

(d) Predecessor (S, z)

Give the 4 running times as an O() for the following implementations:

(a) Ordered (sorted) array, =,

(b) Ordered doubly linked list, Od'd/f/' 6 % o K 5 ~Of [UU\‘( . 4' JQ
(¢) Min-Heap, and . . ! Dl < '
(d) Hash table Weses sewihr eshimaes ab™ 7

O (g (Sny sed

w) 8o g\»oJcﬁ e OG\) = vt sty R wd e et

D) Toudk dodd Vo OUD = worsh ey neds do S0 ek
‘e (5 loyedhd)
o O Cﬂfs (}-o o ‘/med Clemerd fn :_wlt»c,j (ESf_\

5) Ordued  Jobley ik it
oﬁ\ fewhn 5 o(m) = lreor g o
Y) ek G oy = Sare us Sparch Go onter wsinfetme

ety = Q(L0)

gb SUISev” — &07 JDJWL,« \M(uj =) Md;yj

J\) Qfg/dyoc,gso/‘

()3 Hosta ke ble ‘
o[ Sewdn § et dodd Yo DOS (nel 22)
of M) T Hink D(),q’? Need Lo Jecde ol
Wwerlh £ N S Y Dsest/ cnerllesd-
Some s glee)?



(D W‘:\n’w - T v{,alkz D'l kaoe Aok s s,
Meber sock o0 “lghr = suallar ™ boe? 07 somefliyf

“ B == B b ot odeed? [ BSTY

/NS
61+ T s
G

N

TR

) 3053y

S.{’,cvc/\n‘, (Sﬁ M) Mw?,(,(_, O(!‘ (OA,/B?

addibon O C,ﬂ 7 nedds o mulce st 2 Selleck =2 et
F needs Lo cto «f He ket Dud =206k of
Swaps. Magle, oy O (lyg 1 Hogsh =2 el
on Pephn of dree.

pedanessor” o7 . = l}.,tt‘de Lsé
Whﬂ“g OL?e (SJEF &° (’?/(}OU) ()(\Mto(,@mjn#\%?



Student Name: Ph.D. Comprehensive Examination 3

2. Program control and structure; Programming language and notations
Suppose that procedure swap is declared as follows:

procedure swap( x, y: integer);
procedure f{): integer;
var z: integer;

oy i .
begin // f O% e T \
Z = X; X = y; return z; -

end // f et e N
begin // sw G = e

Quassioe
end // swa]; ¥ Q/w\\

Describe the effect of the procedure call swap(i, A[i]) under each of the following parameter passing &5
methods: ) A['s]
(a) Call-by-value

(b) Call-by-reference
(c) Call-by-value-result
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f
3. Software engineering OOA?

From the software engineering point of view, any software development process can be divided into
several sub-disciplines:

(a) Requirement Analysis

(b) Functional Specification

(c) Architectural Design

(d) Implementation

(e) Testing and Evaluation

(f) Maintenance

Choose three sub-disciplines or tasks within these sub-disciplines that involve a mathematical approach,
and illustrative them with examples. ¢ ==

ol e,J's’WlY Sae ok LLIX
embdls

© Teshy b Tumloctror
- G Lnmple st His mishb e ot Jestoy {k#«dr—rm —denelopmend
corale  w (:v/ow?‘ve}—u’qvo> [CA(' Co é,’«-bv wid o cole, &44\)[1}‘
P“'J‘) W W/‘:d'o r“&.l ((Q(RQ, SW{" J'(A.v-‘— {F PM(;@S J‘(—U )"‘Jk
- v, umt deub o o caddisg Lohon (o &z

Ak fegb_wdd Caddl AN

-2 T e o e e dX
);z 3 £a é; Y

sSeh  dr b D =25
# N“w-/‘ao Ao repsi co,.;wu}—z,J-:uJV?
oSsed edd b Gyx) ==

(9D Fonctisnal. pedbicdion (or wuler (DR yianet Autis?)
- Milaves” 6 u:»ue»-«e)L (4&/ Heos S5 So e L
(JOL i Tt S e SISV o _(P(,Jgfc&f&&r\z?} (o T}uLSS (‘*377 '

3. et prioriaty caginments (i i
L %ﬁk v vlp/:g—wuﬂoﬁww V\QM Scele who T
(J/ wrobe Mao, 8 2. Q’ 5 dosaloke Uigrest QP‘/:M17J

S @/*5\0/517 vk fled ?,AFO/QLVV\'F



(K—) Mot‘ml(»n el s

- 006 impaded cspedk F pwinfeecicw S eashon
corhol  Cle Jnro-du*a, whal veston S He oo
(v kg uLuPta\re,dB.
~ dh—)ﬁnﬂ“—\-{; Al G Laon don 7/ vedion nombel
Cress \)\.03, eke y with meror relewses pedioes
MWW‘@% o) vestion & (V ’Z,,O) UZ.0) g WIS
pobehes [ Mecliane  tncumnbiy selosesamt velots (v il12)3

- C/V\Q/O V*Q/LQAMI—' ™ H/‘S—é ckl((,dés{‘o/\ < ersia <onbl
S\[;k‘v“" Cé.ucz\/\ c S gﬁ(' Q.AJ Sd&dx/UJ??)r\B. ﬂ/u—e/ d‘(O(/
br (romevically D Tl smmed albopohs

—

AU s eosS  Madines, Ot aml vegisAs.




Student Name: Ph.D. Comprehensive Examination 5

4. Systems OC)L\) E

(a) linked libraries can support shared library code, allowing one
copy of a library routine to be used by_several different processes.

absolute relative static dy11&34‘#“1.;11._-(;j none of these is correct

(b) When it is not known at compile time where a process will reside in memory,
code must be generated.

T
logical physical absolute ¢Trelocatable )

(c) A UNIX process calls fork() to create a child process as shown: pid = fork();
i. What value will be assigned to pid in the parent process by the call to fork()?

the parent’s process id ﬂ// chlld’s process i 1d » zero none of these

ii. What value will be assigned to pid in the child process by the call to fork()? ; .-:: . . "L bz f(__j
the parent’s process id  the child’s process id @@?ﬁ%a 5 o ilals 75 (Jp.?.,mjd-.
(d) The Banker’s algorlthm is used for deadlock p/'v\/f/"\”\ > dechlode = Prsk Z m‘hg
d}nial Prcvcntmn avoidance reclqvery U}J vty 14 ;’ ¢ l/‘/‘eu& K2
b vin J""”.? e ‘45 u_\)o’uﬂ (_5’
(e) Belady’s anomaly can affect the performance of the _ page replacement algo- ¢ o\
FIFO-/ LRU optimal SJF € i 5
des
(f) access files are made of fixed length records that allow programs to read and 3 V::;? "

write records in no p‘ni.wu}'u order.

sequential @t y logical none of these is correct

(g) When an I/O request is being handled for a user’s process, which term refers to the policy of
returning control to the user process before the I/0 is completed?
Do e
synchronous I/0 @ch_r(’)nous I/b " delayed I/O none of these

(h) Which multithreading model requires that a new kernel thread be created for each new user
thread?

many-to-one (onc-to-oric many-to-many none of these is correct

(i) A process that does not affect, and is not affected by, another process is referred to as:
static in&éﬁéﬁﬁélfb-‘ cooperating dynamic unbounded
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5. Software, Programming Techniques UDNE
Given that

B(z) means "x is a bear”
F(z) means "x is a fish”, and

E(z,y) means "x eats y”, ' ﬁ—f o\ ,(\333 V
what is the best English translation of '\‘L €S Qvgb
V[ F(z) = Vy(E(y, z) = B(y))]? ~
_ S o\ HERCY
(a) All fish eat bears. \ ) o,
@ Every fish is eaten by wbem’.x (' Ko e ! \7

(c) Bears obly eat fish. )= v Ce o g

gEvery bear eats fish.
Only bears eat fish. )
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6. Networking and Communications Ua\)é

(a) Draw a diagram showing layers of the Internet Protocol Stack and briefly discuss role of each
layer.

(b) Describe functions of each layer when a file is transferred from a source to destination using (file
transfer protocol (FTP).
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7. Algorithms and complexity Mg

Describe an algorithm that takes two input lists of integers A = a4,...,a, and B = by,...,b,, and
delivers the list of all the elements that belong to A but not to B. A and B do not contain redundant
elements, however, the elements of A and B might have a large range.

The algorithm should run in O(nlogm + mlogm) time.
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5
8. Automata and language theory 5:
Consider the following grammar: / ﬁ
{
G— S5 $% f éf
S—AM [
M — Sle K ln}f}é
A—aE|bAA B0 e & w‘{“ﬁ
E—aB|bA]|e v
B—bE|aBB 2
o g ¢

) e
(a) Describe the language that the grammar generates in English.

(b) Show a parse tree for the string a b a a.
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9. Discrete Structures PONg

Recall that the Hamiltonian Cycle Problem is the problem of deciding, on input graph G, whether G
has a cycle that visits all the nodes exactly once. Show that this problem is polynomial time decidable
if the input is restricted to the graphs with the property that each node has at most two neighbors
(i.e., at most two adjacent nodes).
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10. Other Topics ‘ -

Give a detailed explanation of any one approach to machine learning. Give a substantial example that
illustrates the technical operation of the approach, and demonstrates interesting knowledge learned.
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