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Selection_sort (d1[i], N);  time complexity = N^2
else  time complexity = 0
f(n) = O(g(n)) iff there exist positive constants c and n0 such that f(n) ≤ c∙g(n) for all n, n≥n0
f(n) = Ω(g(n)) iff there exist positive constants c and n0 such that f(n) ≥ c∙g(n) for all n, n≥n0
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'3 Recursive MAX

int RMAX(int array[], int size)

{ your code goes hert
int m;

if (size == 1) return array[0];

int m1 = RMAX (array, size/2);
int m2 = RMAX (array+size/2, size-size/2);

if (m1>m2) m=m1;
else m=m2;

return m;

Time Complexity

« T(size) = 2 T(size/2) + 1

=4 T(size/4)+2+1
=8 T(size/8) +4+2+1
L4241
[SR—
log (size)





image8.png
2 Data Structures Midterm 2017 spring (solution) - PDF-XChange Editor
HEC) FER MHE) TR EM(A) SharePoint REW) HEAH)

Bh&e § 1 M &
FEAT Add  E REEE TR, XFHR, 81
I Text  Form |,

= N W og N
=ow o ()

Nlog ()

Nlog ()

1-2 Time Complexity





image9.jpeg
B8 Data Structures Midterm 2017 spring (solution) - PDF-XChange Editor
. BEG) WHE =RV THO) ZWO FER ARG IR0 A Shacont ZEW B0
B ¢ Ean& W (mE W ] § ) /85.08Ax. Qs Ox, & Lus18, /@
ARAS Add  Edt 3 ., LU AP ANE - NKel L) BE OmmIn Q)

7-2 Structured vs

* Structured program cannot always achieve better
speed than a non-structured one

« Structured programs are

‘which are non-

structured programs

7-3 Access levels of objects

« Changing the access levels of objects cannot affect
the function of a program
+ Access levels are NOT designed for realizing functions
* gosslevl e T desnen forprotcti SRR

Access levels are for maintaining a clean object
terface
Preventing object users from accldently messing up the
internal values of the object
+ Preventing object usersfrom relying on the Internal
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Please anwer the folowing Questions 3bout object orented program (00P)
a) Howcan 0OP help debugging? Picase give an exampl.
4 Objects can be ndiidualy tested and debugged

Re-used objects are typical less prone 1o bugs, 50 one can focus on newly
Implemented objects.

Member funclions are the anly interfaces accessing prvate member data.
TS nartows down the scope of bugs that reated o priate member dat.

4 Oblectinheritance reduces code redundancy and thuseases debugging.

Can 0P help lowering th time complesity of an lgorthm? Please ive some.

reasons o support your answer.

4 00P cannot lower the time complexity of an algoritm because time
complexty is an inheited charactyjet of an algorthm.  For exampe,
Selection St has quatlratic ime complexty i th worstcase 1o matter i i
1n00P or non-00P.

“The ather point of view is that any 0P program is SlEAHAN COMBIEA S

such a the assembly anguage. Inother words, 3 non OOP anguage always
can achve the same complxiy that of an 0OP langusge.

) 1sthere any drowsack o dogting 007
4 Latency of acessing o prate dota member sightly ncesses because the
necto ke member fnctos,
 WRBGRINAAE ncreses because of the member fnctons fo accessng
prate dta.

Plase desin a memory efficent bjec of Sparse M
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24 Exclusive Mode
CH3 Stacks and Queues  *

Parentheses Handling

* We want the stack algorithm to
handle parentheses similarly to
handling operators

* Specialized rules for left
parenthesis
* Incoming left parenthesis has the
highest priority (i.e., always gets In-coming (
pushed onto the stack) Unary minus (£3f), !
* In-coming priority (ICP) =0
* Only gets popped from the stack
upon a matched right parenthesis
* Otherwise, behaves as one with
the lowest priority
* In-stack priority (ISP) =

PNOUE WN RO

In-stack (

41

Example

" W 254.0mm X : 250.9mm
1 Options.. ~ £2H:1305mm & Y: “694mm

L [HooRR.

LKas 41/3)e) | @)
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CH2 Arrays

BEE).

Polynomial Addition Algorithm

(10x7 + 11x%) + (2x®+3x>+4x2+5)

aPosmp| 10 4m bPos
(2) output 10x” “ > (1) output 2x®

™~ -
> (3) output (11+3)x°

output the
remaining terms

Polynomial Addition

iz oo 2070 2|8 5 [HookR .=

5 W: 254 0mm
| Options... ~ *H: 130 5mm
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Sparse Matrix Representation

* 2D array representation wastes not only memory space but
also computing time
* Dynamic array of (row, col, value) is better
* Each triple stands for a non-zero term
* Terms are ordered by row and then by columns
row col value

smArray[0]
1
[2]
131
[4]
[5]
(6]
71

Eight non-zeros

—

0 0
0 3
0 3
1 1
1 2
2 3
4 0
5 2

Sparse Matrix Representation

Iclass SparseMatrix; //forward declaration
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T, top);

tenplate <class T>
void LinkStack <T>::Pop( )
{// elete top node from the stack
1f (IsEapty() throw “Stack 1s enpty. Cannot delete.”
ChainNode <T> *delNode = top;
top = top->link; // remove top node
delete delliode; // free the node

}

Linked Queue Operations

e cclass T
vord Linkeaquene <T>¢ Push const Ta ¢)

1F (IsEapty( )) front = rear = new ChainNod(e,0);
Ise rear = rear->link = new Chainhode(e,®);
J/attach node and update rear

tenplate <class T>

void LinkedQueve <T»: :op()
7/ Delete first clanent in queue
4 (IsEapty()) throw “Queve is enpty. Cannot delete.”
ChatnNodecT> *delNods = front;

front = front->link; // remove first node fron chain
delete deltode;
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Recursive Permutation Generator

Solve the recurrence
Q(t(k, m)) = (m-k+1)xO(t(k+1, m)) + ©(1) Eq. (1)
O(t(m, m)) = O(m) Eq.(2)

Let k=0 and m=(n-1)
@(t(0, n-1)) = n x ©(t(1, n-1)) + (1)
x (n-1)x0(t(2, n-1)) + ©(1) + 6(1)

n-1equations

X (n-1) X (n-2) ... X 2 X©(t(n-1, n-1)) + (n-1)xO(1)
Nt s

n-1terms
=nl X O(t(n-1, n-1)) + ©(n-1)
1% 0(n-1)+©(n-1) ... because of Eq. (2)
=e(nxnl)

Binary Search
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6. Please design a program that receives a string with () [] } and some other characters
and checks the parentheses balance of the string, i.e., each opening parenthesis has a
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return the result in q1;
}

8 Short answer questions / explanation of terminologies
A What issue does G+ template aim to address?
Classes and functions with different data types contain duplicate code.

What are the pros and cons of data encapsulation?

Pros:

1. Encapsulation allows us to change one part of code without affecting other part
of code.

2. Encapsulation prevents bugs caused by unexpected access to internal data of an
object.

3. Encapsulation hides object details and thus makes an object easy to use.
Cons:

1. Encapsulation tends to increase code size because of the need to access private
data indirectly.

2. Encapsulation tends to decrease performance because of the need to access
private data indirectly.
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‘6 Asymptotic Notations
F(N) + G(N) = O(N1)

> exist natural numbers c and N, such that
F(N)+G(N) = cNI for N

FIN)*G(N) = (F(N) + G(N))?/4
= c2/4(N!) for N = Ny

(N!)2<(2N)!
Letc' = c?/4 Ny'=Ng
F(N)*G(N) = ¢’ (2N)! = O((2N)!) for N = Ny’ QED

X: 448 7mm
0o 3t ine





image4.jpeg
8 Data Structures Midterm 2015 spring (solutions) - PDF-XChange Editor
 BEO WEE WAV XHO) BRO TER MHE TR0 EER)  SharePoint BEW) RHH)

28> OMOCRENEG § o B & = & 1 f.guq,,)/”o.. Q;ml,ouax‘,(ﬂaI
| !Ilv(O).. H‘Q. £} “' H/EAE m i Fs’d‘i\" K!E&ﬂ A8, XFHR, ®1, X, RS, BS, SR WS, B8,

+ Exclusive Mode | 2 BIE@)...

G208 We wont to desan circlor queue clsstht s implemented i terms of 5 16-clement
integer aray an consore up o 15 ntegers.  Plesse show 3. remavel)
cperaton usng peudo code. - Thesecperations hould il beof O(1) e complexty.

int dotal 16}

ehereturn 16+bock front





image5.png
2 Data Structures Midterm 2015 spring (solutions) - PDF-XChange Editor
« BEF KRBE BRAV) XHO) HBO = SharePoint  REW) ZREH)

AT F T S § ¢ #:.0n

3.4 B, BiRE, B8, GFk KEE, BE, 2 o5 Cl&®

. 154 Exclusive Mode | ¢ BIE(P).-

CH1 Basic Concepts v * Data Structures Midterm 2015 fall (solution) * i+

P log(n) nlog(n)

g8 a8 aN

10xlogn)  (og(m)* 20%) 10

AR

logm) =] log(wm) n

269

@ Please consider the KMP algorithm.
A Please analyze the failure function of the following pattern strin

B. Please compose a pattern string that exhibits the following failure function. ~ Please
try to compose as long a string as possible and mark an X’ to denote the position (if
any) where the failure function becomes invalid.

o] EERN
[elolalelalolafc]

~_fpaazabacxx
b b

3. Please consider the infix expression A*((B-A)+3@C/D), in which ‘@" is a binary operator
whose priority is higher than +' and - but lower than " and ‘/". ~Please fill in the
following table that shows the procedure of infix-to-postfix using a stack.
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