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1. Data organization; Algorithms and complexity

Ph.D. Comprehensive Examination

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)

(¢) Successor (S, z)
(d) Predecessor (S, z)

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

(2) Ordered (sorted) array,
(b) Ordered doubly linked list,
(¢) Min-Heap, and

(d) Hash table

(&) oroleredd arret]
- Search o( l‘f}( r))
- Lpsert 0 (laj(n))
- Successorr  © (leg(n))
= Predecessor 0 (lo§(~))

(b) proterest ctowbly linkesd list
- fea-réu, 0 ("')
= Lasert o (n)
~ Swccescor— O ()
— Preole cessor~ O ()

(¢) Min=Heap
- Search o /ng (n))
- Lgert 0 (legin))
— Successar 0 (tog(r)
— Pedtecessor 0 (le(n)

() Hesh to-ble

= Searcih o(r)
= Linsert o CI)
— Suceesso—  0(1)

— Pre decessor— o([)
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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;

begin // f

Z = X; X = y; return z;

end // f
begin // swap

y = f();
end // swap

Describe the effect of the procedure call swap(i, Afi]) under each of the following parameter passing
methods:

(a) Call-by-value
(b) Call-by-reference
(c) Call-by-value-result

() Proceddure Swop in egfect aSign the vele of
£ to Alt]l | Swee F() change the wue o
2 4o the value oot X, ttatewmest. Y= £() change
the value of Al2] to the rsutt of fc) 1

() (el "’j‘ reference pess the memsry eololre £5 of
the parameters fwap 1n effect switen dhe
aololreSs fetweem 1+ ancl A (7]

(C} el —bsy - value - refult ) eﬂect switeh the

\

‘/&luve- Bemen vorie bl.eJ‘ T e O\-OL A [1.-]
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3. Software engineering
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.

(6) Requitment Analyss nay involve ncattee matieal
arpnaah. Id we r“l“l;t o Sqystem thot prodaces
on “CCMVU above cortaim leve L , of works
,,oo,urtj widh certain oadiclerce (el . We shoutod

g.ulvje, the 7“»(- w-wtl.emc.-ﬂca.uj .

M’) L""Pl"""""‘é“’k@h l‘uVD‘-VC mathe mo=tieel af/l‘caak/
omplex artjon’éhud aften cone wiéL moths
t+heoritical ,backjrpwnoL . We  keecl +o t‘ouph—m%t

the mmethosls 1~ corslance with +he 4hesries _

(e) TC""""j anol Q,U‘G-'Lu_n-'et'ow Showtel Invo Lve i otle patial
a-PfIOacla. Ln order <o evoluckl +the performance )

we neeol -to QM-AM(J'J he eslts anol c,vm.t:’go.

then .
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4. Systems

(a) d 9 ne-mic linked libraries can support shared library code, allowing one

copy of a library routine to be used by several different processes.

absolute relative static dynamic none of these is correct

elo co-'t‘a-b_l—e

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

logical physical absolute relocatable

(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 the child’s process id Zzerg none of these

ii. What value will be assigned to pid in the child process by the call to fork()?
= :
the parent’s process id the child’s process id zero 11610 of these

e

(d) The Banker’s algorithm is used for deadlock Pﬂvm-bl o

denial prevention avoidance recovery

(e) Belady’s anomaly can affect the performance of the FL F o page replacement algo-
rithm.

FIFO LRU optimal SJF

63) M rect access files are made of fixed length records that allow programs to read and
write records in no particular order.

sequential direct logical none of these is correct

(g) When an 1/0 request is being handled for a user’s process, which term refers to the policy of
returning control to the user process b before the I/0 is completed?

synchronous I/0 {s.ynchrunous 1/ O 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 C@/ne-to-on" 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 Eldépendcn'l) cooperating dynamic unbounded

—
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5. Software, Programming Techniques
Given that

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

what is the best English translation of
Vz{F(z) = Vy(E(y, z) — B(y))]?

(a) All fish eat bears.

(b) Every fish is eaten by some bear.
(c) Bears only eat fish.

(d) Every bear eats fish.

(e)! Only bears eat ﬁle.l
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6. Networking and Communications

(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).

()

Applicetdmn loyer hondles the progrems

Applicatior dJor 4rensfering oloto packets

Process Process lsaer' manages Overy) procefses

Ne;bwal‘/‘ Ne.&wark (Q.Jef‘ an'lrou e MMr/t

p‘w J‘WI"“CM o
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7. Algorithms and complexity

Describe an algorithm that takes two input lists of integers A = ay,...,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.

.

Sort List B by uring MergeSort , this shontel tun b
O(m o5 ™) 4ime . Creake o empty |¥t Rerwtt,

Ml whether (£S5 1w [ist

The~ check each iwput
but

A andl Lisk B . L:f {the ;nke7er' > ote Lt A
not ' 3 , Npuw(— ct 40 Resw Lt

Output the reswtt liste

Searchh o (tém gorteol (ot 8 rung in 0(1301.«7.

AJ’;uM c‘wpwt’ si2e h,
iw O0lntlsgn) 4tne | Then <he clgorrdbic has +dhe

run 4tme of 0 (nlogh o mlogm )

c“.‘@klﬁ C—\/el:j ‘:\'Pw‘e rwn“'
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8. Automata and language theory

Consider the following grammar:

G-— S8
S— AM
M — S|e
A—aFE|bAA
E—aB|bA]|e
B—bE|aBB

Ph.D. Comprehensive Examination

)
A~
As | AE

x €

AA

AEB“’ b"‘ P ,
ot [ b‘v"e'“"
(" d

ae bt . BB

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

(b) Show a parse tree for the string a b a a.

(c) Is the grammar LL(1)? If so, show the parse table; if not, identify a prediction conflict.

() The lamguage Generates JStrings that Contain {4,5}

6) aboc

(¢c) LL)
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9. Discrete Structures

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).

The input jmrh: With nooleg thot hove et st

two Ml'jMorS .

np ek
We Coh write, o projvose 4o “4rcverse the np

greph . [t starts with o renclon~ nocle Je[e‘&f
o node thot (onnects +eo the ot whech

hasn't been vispteel and Aocesn't form o

‘ X 4the neighbor
cycle . other wise 't back treck o o

sv[ec,-be.o'L .

which hosnr & been

‘ 4
[§ ™+ teverses all wodler onck comes beck

| X &— a N “:0'» ‘“W c de'
M 'thm l.! H L] L t ’ .

This al,on'{lam rmngd  lu PDLj'\-OMFaL 4ume | Therefore

the f”buf""' I¥s po Ljuuwt-a—l, —l’l-n«c decrdable |
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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.

Reendlo na Forest s o et btme (ear»-?»ﬁ Arpmuoh that
be(anjr +o CMJ'MLC ‘cAfn-‘Wﬁ fma'l.gv

The pwrpese of ewrenile l.earu;ﬁ s b  owline the
predectie power of meny weoak leamerS throuwgli Some
wting mechinisa la the o€ of RF} ot usu-c..l,bb
cont ists of lorge nunber &f Aecisiomn -trees ., Ecch tree
s traineol on @ subset of dhe feature spoce | i€,
ronclomly selecteol Jeotures From the +mining oloar

The ;npwt detee 5 also rurwlom.lj Sampled 67 “_9,;:7

bort strop . Therefore etch tres tn the dorest learng

Some profor-h';z.v of the 'frﬁhw't? doteset

when preclicting new ot somples | eocte  oecision tre€
molkes o Pruy'-fc{'bn on the Lr.-bf,l: . ‘Tlac,. elocsr label
wh ichh jc-éf the 'Mjorl'tj'uﬁt r the Finel resnlt
Sor cLa!.n'o‘.‘Ca.'écBw .

edf Lo o terms of c(arsl‘f.'u:f;;n aceuracay
ect

HF Wrb eg('c"er\’b anol JA-J‘{'. The ronclonirels

lt's alro w7y o 0
‘. deta raw—pL,‘,ﬂ onecl  Jecduwee space partition boost
1~

Lthe perdormaonce &f RF. The methocl of ensenble s
~lyo very pe werdwl  sice 4the major .'{J Vote 1'19'»:3.'0"&'.\»’
fmprove, acct ugru@ COM-PO-N"’L to inol } vidwaol. trees .






