CSE 373 Spring 2008: Midterm #2

Name \’Q/“’Y
U

Email address:

(closed book, closed notes, NO calculators allowed)

Instructions: Read the directions for each question carefully before answering. We may
give partial credit based on the work you write down, so if time permits, show your
work! Use only the data structures and algorithms we have discussed in class or that
were mentioned in the book so far.

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

any credit.

Good Luck!

Total: 67 points. Time: 50 minutes.
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1) [15 pointstotal] Worst CaseRunning Time Analysis: Give thetightest possible
upper bound for the wor st case running time for each of the following in terms of N.
Choose your answer from the following, each of which could be re-used:

O(N?), O(N log N), O(N), O(N? log N), O(2"), O(N?), O(log N), O(1), O(N™)

**Eor any credit, you must explain how you got youranswer — be specific as to why

the bound you give is appropriate (eg. Worst case running time for Find in abinary
search treeis O(N) because you might need to traverse from root down to lowest level of
tree to find the value, and worst case depth of nodeisN.)

Assume that the most time-efficient implementation is used and that all keys are distinct.
Use the N to represent the total number of elements. Bases of logarithms are assumed to
be 2 unless otherwise specified.

a) Insert an element into ahash tableof tablesize N, containing N elements where
separate chaining (each bucket points to an unsorted linked list) isused.
Explanation: £ yesn % all vales s in Mo ey, nsey

YT e Uit Qb the hash Fwachien 4o nd e corved bucked
a,’ry‘\\zj“

+hserhn nwF »f s unseed  List (oW ‘

@OD E‘w ?QWLA ‘\':“{4 OCI\I) N wwst case, )
b) Inserting an element into a binary min heap (implemented using an array) containing
N elements.
Explanation: Add. eltmadt ot end 5C a0 LOU))/ e calf

(Pe/rcala’re. up. For 2 com plote ‘lv-tb/\,\u.—fm— isU p UOH,,\O_SO >
most O LO@/\D ccm?aw'.sms/swz\os I Ruired

c) Merging two leftist heaps each containing N elements.

Explanation: |, [efHst \/\oa[as/ e rnt P—»H?\.s S (@Wm(u&
do be v most Ly OClo NY e»\nq\"\ pas ‘N'/\Lg L
3‘“ Worle on —B\.Q_, rl + P&—'HA«S/ CU heve Swerl = hedes
T Suappiag 1€ nedid D, Se sl usvie 15 aF mosy OO'-'Z"\D.

d) Deleting-the minimum value from a skew heapcontaining N elements.
Explanation: | n skew) hesps € Wave o woit 35,

WwSVanity own ‘PB:W\ L?A/L s , 2o Wt Cm\d hauve ?Lﬂ/\é 6‘@
et OCA/) “ SWore T Simily~ 1o leftst "\W’S/ CXLO-P‘l" o
(,\/\ h\l/\. + HPdé—hf:é; I\[PL Ky V\Qﬁ,&a& S'b '{'bﬁ[ Woyle 1S OLfQ}

) Finding the imum value in abinary min heap (implemented using an array)
containing N elements.

* N e/
EXplanation: U\\ﬁﬂ& -|9 .e&awuv\& \IQ"V\LS. \\’Lm bD'HDVV\. rbtb\)
v€ e leep (= "’\”l_z'__ﬂ-—i;—\"g) (Bven £ wo cxamwa?\
Ualues T e \/\cef C_Uha exts (vole G,am«r ?'JVCW\’ "Ht%t?h.))
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2) [8 points] Hashing: Draw the contents of the hash table in the boxes below given the
following conditions:

The size of the hash table is 9.
Open addressing and quadratic probing is used to resolve collisions.
The hash function used is H(k) = k mod 9

What values will be in the hash table after the following sequence of insertions? Draw the
values in the boxes below, and show your work for partial credit.

10, 35, 18, 19, 26

10 med 7= \
=~ 2
35 moiﬁ
0
1 Lio L:\ L% moi? ~ 0D
5 11 _
5 ! LCZ Moiq“’ \
Lﬁ\ + = 2.
3
2k
4 Z(a VM.O4.CI\. :B
*\-‘3 7&«.04‘.7 -0
5 +Y> ]Lm&? =3
6
7
s| 29, 2bo
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3) [12 pointstotal] Disjoint Sets Given the array representation of up-trees discussed
in class (wheresi ze[ x] = total number of valuesin set x, and up[ x] ==-1
indicates that node x is aroot node), for example (si ze isunspecified for non-root

@) ®
O

1 2 345 6 7
up -1]11]-117]7|5]-1
size | 2 1 4

a) [8 points] Fill in the remainder of the code below for Union by Size(weighted Union)
and Find (without path compression) below (does not have to be perfect Java code).

int up[N;
int size[N;

void Union(int x, int y) {
/1 Assuming x and y are the roots of two sets,

[l fill in code to inplenment union by size (weight)
int wx = size[Xx];
int w = size[y];

I C_wx < wa) { [[ % sheld —Pc.}er—lsa
MPD‘]“’“&,‘

sire Ty d = “JX-HA)\a’;
S e\se %

“p E\K’«] = X/l

Stec ¥\ = ux*“’gi
5
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int Find(int x) {

/1 Assuming x is an elenment, fill in code to

/1l return the root of the set x belongs to.
[/ Wer b e [[Reeursiv &

—Q (_utf EX—] ’\> f
\.\)\M\c(' L,LFE)(S (": —-1> E
cetuvn X/

K = up D{]/' e,\Sc,%_
3 refurn Find Cuﬁ T
Feturn X/' E

b) [2 points] What is the worst caserunning time of a single Union-by-size (weighted
Union) operation (assuming you are given roots as parameters as in your code above)
where N = total # of elementsin all sets?

Foon costs, dll ppershong SIS

OQ> Mi‘\'&'\‘\’ Ywne !

¢) [2 points] What is the worst caserunning time of a single Find operation (without
path compression), assuming that Union-by-size has been used, where N = total # of

dementsin all sets?
\& Union —loy—s12¢, Vs \ASC& Hae

OCKO M - H/\ G'Q an Vl'DleJ 1S I\W
? > %ﬂo/fm \VEVN o A)

Cl,{,- 0Clo /\\> re,curgw{, 62“8\0(‘

OCIDOA\) [o2p frshms 0

e oo SARIE
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4) [12 pointstotal] Binary Min Heaps

—————
a) [8 points] Draw the binary min heap that results from inserting 11, 3, 2, 15, 4, 25, 6, 8,
1 in that order into an initially empty binary heap. You do not need to show the array
representation of the heap. You are only required to show the final tree, although if you
draw intermediate trees, please circle your final result for ANY credit.

-
T W 2 2z e 2 s /
¥ /5 /s /L2 T
2 [ (1 z n 3 /
o+ S
o = 5
7\
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Binary Min Heaps continued

b) [4 points] Draw the result of doing 2 deletemins on the heap you created in part a.
Please show what the tree would look like after each deletion. 1n addition, please circle

your final result for ANY credit.

T Do 7
] | 5\ / ke /" \
/ \ PUC d.OVJA L‘\ 3\
2 2 —> /N
5 Il =zg ¢
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NPL w M)
5) [8 points] Leftist Heaps e
Draw the leftist heap that results from inserting: 98, 21, 11, 50, 12, 41, 14, 3 in that
order into aninitially empty heap. You are only required to show the final heap,
although if you draw intermediate heaps, please circle your final result for ANY

credit.
21 I U 5 1 | L
78—_? /Z( -  / —2—-7 / {\’ V2 /S z/( N
2l 2\ 50, —7 U =5 o o
?gD / I ° / ° 7 / /
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— WP /N 50,
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6) [6 pointstotal] B-trees Bothe be o et be /

Using the method described in class and in the book, insert the values:

2,3,9,4,6,1,7,8 (inthat order) mto aB treewithL=2and M 3

i >~ wDﬁ%fﬁ]

o % ¢ i %
2 /j\/R/_/)L U
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7) [6 pointstotal] Memory Hierarchy:

[Note: Fedl freeto answer both Options 1 and Options 2, you will however only get a
maximum of 6 points for this question. Option 1 isthe one | would prefer, but if you
are not confident of your Option 1 answer, you can try Option 2 for up to 2 points.
Points from the two options will not combine.]

Option 1 [6 points]: Describe how D-heapscan have both spatial and temporal locality
(on data). Be specific about what exactly in the D-heap has locality and when (on what
operations).

Spatial locality on data: 5 V\%\) \/a'\V\Q,Q-

On » dd @,W\\n rcpla@ ot we
'Pffcb lste  down, u\"“""\ yecol lah 5OWV\ ST C/XEMJI\;
D children o Fid the < llesT . A sf %ﬁad +mv\
= Lo wexdt to each ote 0 MUY JT &C—M Ny
- | lowality When accestin -le\ Sf, Uenivs
sp:»%; el )

o be s ol wiss, bt ks S LJ’S shonld be 24
T pora Locality on data:
Ddt;\’-cym:n oPex;hbms ;\wa%s QS S —HM,—grs-]- & | a%“k’ {’/\{/W\W\TS wm

Jelming

N‘ |- ™ 00 Senevw
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C_%\ 2 "IN heef WLM\GQ \Aw(_, 3 Sl \'bcp\ CQ%—\—
Option 2 [2 points]: Alternately, for [2 points] define spatial and temporal locdlity (hint,
a 3-4 word answer to each of theseis not good enough to get the 2 points).

Spatial |oca|ityO°°"( ‘t‘j N SP“"’)

£ an dem s acaid, ks Jhog addess

‘e close C\e, closR In Space )
e -—b \0& &C(LSJ{(& Sow\‘
Temporal Locality: <
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