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CSE 32 Autumn 2016: Midterm Exam

(closed book, closed noteto calculatory

Instructions: Read the directions for each question carefully befosgvaring. We will
give partial credit based on the work ywrite down, so show your work! Use only the
data structures and algorithms we have discussed in class so far.

Note: For questions where you are drawing pictures, please circle your final answer

Good Luck!

Total: 100points. Time50 minutes.
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1. (20pts) Big-Oh

(2 pts eachlror each of theperations/functiongiven below, indicate theghtest bound
possible (in other words, giving O{Ras the answer to every question is not likely to
result in many points). Unless otherwise specified, all logs are basau?.answer
shoul d be as fti ght OForaquedtions thastgboueronnirrgs

time of operations, assume that the most efficient implementation isResesiray

based structures, assume that the underlying array is large eRougfestions about

hash tables, assume that no values have been deleted (laziigrovise).

You do not need to explain your answer. O Q N>

a T(N)=T(N-1)+50

b) Printing all elements in &inary search treeontaining (N >
N elements frorfargest to smalles{worst casg

c)f(N) = log (N + N) + N (log N)? OQM O% M>

possi bl

L
d) Finding the maximum value inbénary min heap @ QN (\_) l\\> \\’Cs\ek;:/\%v\

containing N elements(worst case)

(OQ\D ES Ypu Wave 2Cass Yo \,{\Ad{v{&jmz aw)tj
€) remov€k) on abinary min heapcontaining

N elements. Assume yoave a reference to the key k O ( \ )
og N

that should beemoved (worst case)

f) Creating abinary min heapfrom the elements in a CN >
binary searchtree containingN elementgworst case)

g) Dequeue ira FIFOqueue containing N elements O C\ )
implemented using linked list nodes (worst case)

h) Finding the minimum value in ak\VL tree containing OC\ D% T\O

N elementgworst case)

i) T(N) = 2 T(N/2) + N O (\N (ng )\' >

j) f(N) = logao (2%) O ( N )
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2. (12pts) Big-Oh and Run Time Analysis: Describe thevorst caseunning time of
the following pseudocode functions in Bi2h notdion in terms of the variabl@.
Your answer shoul d be as Sliowingydutworkisnd fAsi mp
not required

Runtime:

I.  void haunted(int n, int sum) {
for(inti=1;i<n*n;i++){

for (intj = 0:j < n; j += 3){ 23
sum-++; OCV\ )

}

}
for (int k =0; k <n*n ; k++){
sum-++;

}

Il. int  sweet (int n, int sum) {
if (n < 5){

return  sum; 2
} else { _ O( r\ )

for (int i =0; i <n; i++) {
sum-++;
}

}

return  sweet (n - 2, sum);

Il int treat (intn){
if (n< 10) {

return n;
} elseif (n < 100) {
returnn + 1; O V\
}
return n* treat (n / 2) + treat (n /2 )
}
IV. void spook y(int n, int sum) {
intk =n;
while (k > 0) {

for (inti=0;i<n*n;i++) { 5
ifi% 2 ==0){ OCV\)
for (intj=0;j<i; j++) {
sum-++
}

}
}
k-]
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3. (15pts)Big:O, Bi gQvY, Big

(2 pts eachlor parts (a) (e) circle ALL of the itemg(if any) that are TRUEYou do
not need to shownywork or give an explanation.

a)N log (N?) is:
Q(NlogN) QN
b) N log (logN) is:
Y (N logN) Y (N log?N)
05 logN+N* s

d)NlogN +N Io

@ @ O (N log N) Q (N log )

&) N2+ log N is:
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4. (10pts) Draw the AVL tree that results fromserting the key§, 2, 5, 7, 9, 8 in that
orderinto aninitially empty AVL tree You are only required to show the final tree,

although if you draw intermediate treetease circle your final resulfor ANY credit.
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5. (8 pts) Heaps & Trees-

a) (4 pts)Given a 3heap of height h, what are the minimum and maximum number of
nodes in the heap? Give your answer in closed form (there should not be any
summation symbols). The list of summations on the last page of the exam may be
useful.

Minimum: \f\
3l
Z
Maximum:

b) (2 pts) Give gost-order traversal of thé\VL tree you drew on the previous page

Z/6/5/ 8/ C/; %

c) (2 pts) Given an AVL tree of height 5, what is thaximum number of rotations we
might have to do when doing an insert? Give acerumber, not a formula
single rotation = 1 rotation, a double rotation = 2 rotati&xglain your answer in
one sentence.

2 otahions (oruL dokols rofstion ) i e WX

e ever weed o do on s AL nsert \I‘F
e YT with an RVL *r«t/&“-{r ngertion,
~ W S locshim o Hg st wvubalance di
j’lxe Ln bacle T et vost. A Saf‘jlt o 3}
I\n§%'¥ Y double Yo‘\fﬁov\ Wl eshwe Hat

. : TnS<ron
nod e % s \/\eta\/\'\' b{‘%rﬁ % | In
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6. (5 pts) Recurrences

Give abase case andracurrence for the runtime of the following functidteel free to
use cl, c2 in your recurrence (you do not need to attempt to count the exact number of
operationk YOU DO NOT NEED TO SOLVE this recurrence.

int  boo (int n) {

if (n < 2)

return n+ 5;
else {

for (int i =0; i <1000 ; i++) {

print i

}

ret urn n *boo (n /2 ) +4*boo(n/3) ;
}

}
= C

- A\ ——/ N
= C, T </i g l(g
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7. (8 pts) Solving Recurrences

Suppose that the running time of an algorithm satisfies the recurrence relationship

T(1) =5.
and

T(N)=2*T(N/2) +9 for integersN > 1

Find the closed form for TN You may assume that N is a power of.2our answer
shouldnotbe in BigOh notatiori show the relevargxactconstants in your answer (e.qg.
donodtcl,ods ei My o uYou should moiehave anyisimation symbols in your

answer. The list of summations on the Iast pa e of the exam may be BeMour
work.

EIORECRRE L

T(N)> 2 TCe) 7
XZ{;,TG&) )
L,( Qﬂ),\_ 2_"(7’\’7
LZ L?>%C]\]" %(7 »
T) A UTr 29w B2
%T(”> 7 S
T (B« (0

; N*’T(ﬂ 5 ()T
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8. (10 pts) B-Trees

a) (5pts)Given M=7 and L=20, what is the minimum number of data items inTae®
(as defined in lecture and in Weiss) of height 4? Give a single number for your
answer, not a formul&xplain briefly how you got your answer.

Vhin & potrtrs 2 dabn ks
R G et

gvg Min # \\L (\/\/\ h
D;Jw =2 - 4. 4.4 .0
Nons 2
S 240 - 128 0 = 280
~\f vwode

b) (5 pts)Given the following parameters for atBe with M=22and L =5:
Key Size =8 bytes

Pointer Size 4 bytes
DataSize= 50 bytes per recordr{cludesthekey)

o

Assuming that M and L were chosen appropriatghat is the likely size of a disk
block on the machine where this implementation will be deployed? Give a mumeri
answer ane short justification based on two equationssing the parameter values

above. \}.
Qize S wod
5() S 2 2950byts & b BIOCK lbé Lutes .
A ]\\,«( 25 y,
Dalb» 3” S\ve Must
S © Swec DY b byt S
< = b be a3 \f}g:erz‘f/ r\o'je
o X ‘ — d be o /
pov! D LE %uam{.’—i\m»&*\(ﬂ,
¥+ 1638 - S \est 256 by¥s
e and orobab/ n¥r more BF
2 b =b glx ?ue, uajulo\ Ihave wade

M \avger e ned 1qurc

A t7 b\y\‘ﬂﬁ 9’0:* —*ID:’ag@:)f 11 )
Since 2% s dlso 2 P 0 ‘s s e bkely Llock Size .



9. (12 points) Data Structure Analysis
A new Aviation Management System &bout to go liveand theywantan analysis of its
data structures. The system is designed to keep track of planes that are due to arrive at all
airports. The proposedhtastructure is an AVL Tree where the key is a unique airport
number and the value is a binary min heap of planes due to arrive at that airport. The
priority of each plane is the scheduled arrival tifwhere the arrival time is represented
as the number afeconds since January 1, 2016 1Raiot all airports neessarily have
any incoming planes scheduled.

A = total number of airports in theystem

P = total number of planes currently in the system
Since you have no idea how P relates to A, you will need to keep all factors of P and A in
your answers (e.g. yoshould NOT assume that P > A, or that either one is a constant).
Assune that all heaps have sufficient capacity for new inserts

a) (3 points)What would be the worst case Hgrurttime of a
insertPlane(airport_num, plane)operation on this data struct@né the given
airport_num is not yet in the system, it will be added and then the plane will be
added. Explain your answer briefly.

Oyt + {30

'Fmok INg W‘\' \nsert ?\QV\Q “ho \I\QP

rigef €)oo e )

b) (3 points)Assuming that our data structure is up to date, and any planes that have
arrived have been removed from the systetratwvould be the worst case fgrun
time of afindNextPlane(airport_num) operation on this data structyfends the
next gane due to arrivat the given airpotbut does not remove ®Explain your
answer briefly.

O 09 1) = 0 Clog A)

_4%qu_ &\('
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