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- No supplementary m at erial - No aids - Scantron - 3 hours 
This question sheet has Questions on pages 1- 14. Please answer all questions on the provided Scantron 

Select only a for each qUllstioll. In case multiple answers are corred , select a single 
answer that best. or most precisely, the question. 

1.  The running time of the methods set (i) a.nd r emove(i) for an ArrayList are 

(a) 0(1) and 0(1), respectively 
(b) 0(1 + i) and 0(1 + i). respectively  
(e l 0 (1) and 0(1 + i). respectively  
(d ) 0 (1 + i) and 0(1 + si ze D - 1). respecth'dy 
(e) 0 (1) and 0(1 + sizeO - i), 

2. The running time of the method!! get(i) and remove(i) for a LinkedList . as implemented in the 
J ava Collections Framework , a re 

(a ) 0 (1 + i) and 0(1 + i l, respectively 
(b) 0(1 ) and 0(1+ sbeO - i) , respect ively 
(e) 0(1 + sizeO - i ) fin d 0 (1), N!spectively 

(@» 0(1 + min{ 1. :s i ze () - in and 0 (1 + mint i. sizeO 
(e) 0(1) and 0(1 + sizeO -1), I'cspccti\'d y 

3.  public static void 1, 
for  (int i ,. OJ 1 < nj iH) {  

l.add(O, 1);  
}  

}  

The above method is 

(a) much fast er whl;!l1 I an Ar rayList  

fw;ter whl;!!1 1 is a Li nkedList  

- i }). respectively 

i n t n) { 

(e) abont the Slime speed independent of whether I is an ArrayList or a Link9dList 

4. Recall that an ArrayStack stort:S n elements in a backing array a at locations a [0] , ... ,a [n-l): 

publi c class ArrayStack<T> extends {  
T O a;  
int n;  

} 

Also recall that, immediately after the backing array a is resized by groll() or shrink it has a. l ength =  
2n.  
When adding an element, the ArrayStack grows the backing array a if it is ful L i.e. i f a . length = n.  
If are currently tlh()ut t() eow. the btlcking array a , what can you say tlhout the Ilumber of add O and  
removeD operlltiolls (1:1::1 11. fUllction of the cmrent value of n) since t he last t·ime the ArrayStack Wa.':i  

resized?  

(a) 'At least n/2 add () operatiom have occurred since then 
(b) At least 2n/3 add() operations have occurred since then 
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(c) At least n/ 2 r6moveO operations have occurred since then 
(d) At least 20/ 3 removeD operations have occurred since then 
(e) We can not bound either the number of add () nor remov@() operations 

5.  Recall that we §bri!l:..k the backing array a when 30 < a .length. If we are currently about to shrink  
the backing Ilrrtly a , what can you say about the number of add 0 and removeO operations since the  
last time the ArrayStack was resized?  

(a) At least 0/2 addO operations have occurred since then 
(b) At least 2n/3 addO operations have occurred Ili nr.e t hen  
(c») At least n/2 remove 0 operations have occurred since then  
(d) At If!allt 20/3 remove 0 operations have occurred since then 
(e) \Ve can not bound either the number of add () nor r emoveO operations 

.>< 6. Recall that an ArrayOeque stOfes n elements at lOCAtions a [j] . a C(j+l) %a . length] ,... ,a [ (j +0-1) I.a . length] : 

publ i c c l ass ArrayDeque<T> extends AbstractLi st<T> {
Tn a; 
int j; 
iot n; 

} 

v,.'hat i::; the amortized running time of the add(i, xl and remove ( i) operations? 
'/

(a) 0(1 + 1) 
(b) 0(1 + I' - n/' I) 
(0) 0(1 + n - ') - ....-
(df. 0( 1+ min{i,n - i})  
(e) 0( 1 + mill{i - n , n - iD 

7.  Recall tha t a DualArrayOeque implements t ile List interface rn; ing two ArraySucks : 

public cl ass DualArrayDeque<T> extends AbstraGtLi s t<T> {  
ArrayStaGk<T> front;  
ArrayStaGk<T> baGk;  

} 

In order to implement get (i) we ll!:!ed to get it from th!:! ArrayStaGk, front or back.. \\'e can  
this <U!  

(a) front.get(i) 
(b) front .get(front.size( ) -i-l ) 

(c) baGk.get(i-f r ont .sizeO) 

(d) lEitht: r (b) or (c) depending 0 11 t he value of i and front. size ( ) 

(e) Either (a.) or (c) depending on the value of i and front .sizeO 

8.  If a RootishArrayStaGk has 10 blocks (so b .8izeO = 10) , then how nul.IIy eleme nts can it s tore'!  

). ...' \\  
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(a)  90 
(b )  11 0 
(0) 45  

(id); 55  
(e) none of t ht! above 

9. In 8. RootillhArrayStack , a call to get (13) wit! re t urn 

(a l  blocks . get(O ) [13] 

(b) bloCks .get(13) (0]  
(c)··'blockB.get(4) [3)  

(d) b l ocks.get(3) [4]  

(el b l ocks . get(S) (4)  

10.  Reca ll tht! follvwi ng implementat ion of a singly-linked Ii:.t (SSLList) 

p rot ec t ed Node {  
T x;  
Nodo next ;  

I 
publ ic c l ass SLLiat<T> extends Abs trac tLiat<T> {  

Node bead ;  
Hod . t.ail;  
int D;  

}  L 
, ,>,-

Consider how to implement Ii Queue-"as an SLLiat . When we e nqueue (add ( x» an element. where 
does it go? \Vhen we dequeue (ieDoveO ) an clement . where doc! it come from? 

(al  We enq ueue (add(I» at the head and we dequeue (rellloveO ) a t t he t ail 
(b) We enqueue (add(x» at the t.ail a nd we dequeue (relllove O ) ttt. t he head  
(el We enqueue (add(x) at t he bead and we dequeue ( r emove O ) a t the head  
(d ) We enqueue (add(x) ) at the tail and we dequeue ( removeD ) a t t.he tail 
(e) None of the abow 

II.  Consider how to implement a Sta.ck as an SLLi 8t . When we push an elemellt where does it go? \\Thell 
we pop an ,dement where does it come from? 

(a l  We push Il t Ihe haad I;I. nd we pop at the tail 
(b)  We push at the tail and we pop at t he head 

•.<i.fAVe push at the we pop at the he ad 
(d) We pllJolh a t the tail a nd we pop at t he tail 
(e)  or the above 

12.  Using the best method yo u can I.hink o f, how quickly ca n we fi nd in an SLLisL? 

(a) in 0(1 + i l t ime 
(b)  in 0 (1 + n - i ) time 
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•(el in 0(1 + n - 1) time 
(d) inO(1+min{1,n-i})time 
.0 in 0(1 + Illin{i , n· (n - i-I)}) time 

'/ 13. Recall the multiplicative hash (unetioH hash (x) .. (x.hashCodeO • z) »> w is the 
number of bits in an integer. How large is the table that is used with this hash function? (In other 
words, what is t he range of t.his hash runel.ion'?) 

la)  {0, ... , 2d} 
/ ''';} d.. , 2 - l} 

(0)  {0 , .... 2·- d } 
(d) [0..... 2·-d - l} 
Ie)  {O, ... , 2' - l} 

Recall that 1\ skiplist st.ores elements in a of smaller and smaller lists LUI ' .• , L k . L; is obtained 
frOI1l £; -1 by tossing a coin for each element in £ ,_1 and including the element in Li if that coin comes 
up heads. 

14.  \\"hich of the following pictures illustrates t he 5el\rch path for 6 in the skiplist? 

(al  Ih) 

Id) 

 TOtiSiug a will and counting ILOw lIIa ll)' t imel:! it COIlICS up heads before t ile firlit tail is closely related 
to which of the following quantities in a skiplist? 

(a)  The total size of the skiplist 
(b)  The number of steps the search path at a particular level 
(cl The number of lists a particular element x takes part in  

The total length of the search path  
(e)  Both (bl and (c) 

16.  If the list 1.0 contains !! values, what is the expected number of elements in the list .li? 

(a)  2i_ 

(b)  ' / 2 
(c)  2i 

g))n/2' 
(e)  n2 
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17.  The expected length of 8. search path ill a. skiplist, is at most 2 log n + 2. This means the expected time 
to search in a skiplist is _=-:-::" . ...=-
(a) 0(1) 

_(b»:>(log n) 
(e)  O« logn) ') 
(d)  O(n) 
(e)  0(2") 

18.  Which of the following best illustrat es a trace of lhe Sum Algorithm for computing 
the uPP€r hull?") 
• 

• • 
• • • • 

• • 
. > • 

., 
(a) / '--_.... • 

(b) 

'--• • 
• • • • 

• • 
• • 

(e) Id) 

19. The following picture ilJu::;trates a numbering of the nodes of a binary tree 

u(a) By subtree size 
(b) By the order nodes are during a preorder traversal 
(c) By the order nodes are processed during a potitorder traversal 
(d) By the order uodes arp. processed during an inorder traversal  

(f..j:> By depth 2  

3 

20. The following picture illustrates a numbering of the nodes of a bina ry tree 

(a) By subtree size 
(b) By the order noda; a fe proces.sed during a preorder traversal 
(c) By the order nodes are processed during a postorder tmver.;al " @ By the order nodes a re processed during an inorder traversal 

(el By depth 0 

5 

2 
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21. The followi ng picture illustrates a numbering of the nodes of a binary tree 
u 

(a) By subtree size  
C!!!} By the order node!:l are processed during a preorder traversal  

(c) By tht- order nodes are processed during a postorder traversal 6 
(d) By the order nodes are processed during an inorder traversal 
(e) B.Y dppth  2 7 

5 

22.  The following picture a numbering of the nodes of n binary tree 
7(a) By subtree size 

(b) By the order nodes are processed during a preorder traversal  
t he order nodes are proCCS!ied during a postorder traversal  6 

(d) By the order node:; are during an inorder traversal 
(e) By depth 

5 

2 

The next few questions are all asking about this binary 

3 

7 

"t." • ./
23. The above binary search t.ree can be obtained by inserting the follow ing sequence in order: 

- (aj (3, 7,5, 2,1,4,0,6) 
(hj (3,4,5. 1,2,7,0,6) 

._ <§ (3,7,5. U' 4, U, 6) 
(dj (3,4,5,1,2, 7,0,6) 
(oj (3, 7,5, 0,2,4,1,6) 

24 . In order to delete the root node the standard deletion algorithm for binary search trees would 

(a) Remove 3 and then merge the subtrees 1 and 7 
(0) Delete 4 and store 4 at the root 
(c) Delete 7 and store 4 at the root 
(d) Delete 2 alld store 4 at the root 
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(e) Delete 0 and store 7 at the [lXlt 

25 .  If we insert the values _,+5 and Q05 into this t ree, the newly created nodes would become 

(a) T he right child of 4 and the right child of 4.5 . respecti\"ely  
,J!lJ The right child of 4 and the Left child of 6. respectively  

(c)  The right chi ld of 4 a nd the left child of 6, respect ively 
(d )  The left child of 6 a nd the right child of 6, respectively 
(e) T he left child o f 6 alld the left ch ild o f 5.5. re:-;pectively 

26.  Suppose the above tree represents a quicksor\..Lecursion tree. Then , this means that rl!CUTsivtl invoca-
tions o f quicksort have been called to sort t he sets 

la) P ) , {l , 7) , fO , 2, 5).f4.6) <.. 
... .,. ! -Ib) fO, .. . 7) ,fO, .. . 2) , f4, .... 7) · f4 , ... 6) , .  

loJ fO..... 7) ,fO, .... 3) , f4, .. .. 7) · f. , 5)  LiJ fO. 1,2). (3), (7) , f5. 4. 6)  
(,) {3}, {l ). (7). (5) \ . ", , ,.  

The following pictures shows a b inary search tree where  
each node is also assigned a Does this picture  
show a valid tn>ae- (i.e., bot h t he  

27 .  proper!jesL? 

(b)  
(e)  Not. enough information to decide 

The next two questions refer to the \ , ' .  , 
\ . \,, :21  I, , ,:\ " 

.' 

,. 
, .2 

\ 

(), 

LZ 
28. If we insert the \'a lue t he prioritv .35 , then. -,  -. ., 

(a) 5.5 will become a. right child of 3  

'- _@ 5.5 will become a left child of 7  
(c) 5.5 will become a right child o f ;) 
(d ) 5 .5 will become Ii left child of 6 

7 
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(e) None of the above 

29.  If we remove the value 3 - 
(a)  1 will become t.he root  

7 will become the root 
(,)  4 will become the root 

(d)  2 will become the root 

(e)  None of the above 

30.  \Vhen we analyze the cost of deletion ill a treap of size J1..' we can relate this cost to  

! cost of insertion in a tWltp of r;ize n 
(b) The cost of insertion in a treap of size n - I  
(el The depth of a node ill heap  
(d)  The depth of a node in a nlOdom binary search tree 
(e)  The depth of a node in a random 2red-4black tree-heap with sprinkles 

")<:J I. Ilcr.all t.hat t he defi nit ion of a scapegoat. node is 9. nofil'l u. parent such that size (u) > (2/3)51 ze (u. parent ) . ,-
Is Ihe following tree H. valid SCttpegoat tree (.a = 17:q = l7) '?  

"  

, . 

16 

(a ) Yes 

S§l  "" 
(el  Not enough information to 

32. In the following scapegoat we have just inserted the wt.lue 3.5 
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(a) 3 is a scapegoat 
(b) 4 is a scapegoat 
(c) 5 is a scapegOAt 
(d) 2 il> tl $C'tIpegoo.t g None of the above 

33. In the fo llowing scapegoat t-r{'(' , v.'e have just inserted the value 3.5 

(a) 3 is a scapegoat 
(b) 4 is a scapegoat  

d.§D5 is a scapegoat  
3 >' --(d) 2 is a scapegoat 

(c) None of the above 
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34.  Suppose that the following tree is a scapegoat t.tee. -
16 

"' 

How mally insertions/deletions have been performed since the last time the root. node was rebuilt? 

(.) at least 1000 ".:;c>£ 
(b) at least 14 WI 1"-=1 " 
(e) at least 16 

@ atmost 14 ",.-'1\ .. , 
(I:!) at most 1000 

35.  Consider a complete biuary ..,ht!.UP'. stored in an array using the Ey.tzinger Method. The formula (in 
Java) for the parent of a node stgfE!!.d at location i in the is 

(8)  2_(1+1) -1 

(b) 2.(1+1) 
(c) 1/2 

(@) (1-1)/2 
(e)  ( 1+1) /2 

36.  The formula (in Jays) fur the.1d1. child, of a node stored at 1 ill the array is 

(0) 2"'(1+1)-1 

lPl 2. (1 +1) 

(e)  2.1 

(d) (i-O/2 

(") (1+ L)/2 

37.  The formula (in Java) for the right child of a node s tored at i in the array is 

(a) 2 * (HI)-1 

2_(1+1) 

(e)  2_1 

(d)  (i-1)/2 

(e)  (i+ l )/2 
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38.  When implementing a complete binary heap using the Eytzinger method. the DeleteMin operation 
replaces the root with the value 

(a)  a [0] 

(b) a[1]  

a[a.length-l]  

-YiJ .[n-1] 

(e)  None of the above 

39.  This picture represents a binary heap represented using the Method : , 
o  1 2 3 -1 ;; 6 7 8 9 10 11 12 13 14 

If we insert the priority 0.7, it will get stored at index 

(a)  0 
(b)  2 

@3 
(d) 8 
(e)  11 

40.  This pict ure represents a bina.ry heap represented uSillg t.he 8yt:.t.inger 
.  '. . 

o 2 3 4 .5 6 7 R 9 10 11 12 13 14 

If we c<tll the value 1.9 will get at indt;lx 

(a) 0 
(b)  2 
@6 
(d) 8  
(.) 10  -, 

41.  The HeapSort a.Ig"(l rithm is sometimes prefera.ble to 

(a ) it builds a. heap and then extracts tbe elements one at a t ime  
·l"bjAt works entirely in-place and doe:m·t need to allocate extra a rrays  
(c)  it rullS in O(Jl log n) worst-ca:;e time 
(d)  i f TI is!l power of 2 the n it does no more than '1 tog:zn compa risons 

42.  The is sometimes preferable to Heap$ort bect\use 

(a) it builds a heap and then extrll.Cts the elements one at a time 
(b)  it works entirety ill-place !lnd doe;n 't need to allocate extra arrays 
(c) it nms ill O{n logn ) won;t-case time  

.(d) if n is Ii power of 2 then it does no more than n iog2 n comparisons  
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43.  is sometimes preferable to MergeSort because 

(a) it builds a hea p a nd then extracts the element:; one a t a time  
@ it works ent ire ly in-place a nd need to al locate extra arrays  

(c)  it mns in O(n log n} worst.-ca:;e time 
(d)  if 11 is a power of 2 then it dOt's no more than 11 log:;! 11 comparisons 

44.  ThctBcapSoibaigorithlll is sometimes preferable to QuicksortYe<:!:Iu:.e- --
,.1a))t builds a heap a nd tiHm extracts the elements one at a time  
(b) it works entirely in-place and doesn't need to allocate extra t:trmys  
(el it runs ill O(n]ogn) worst-case t ime  
(d )  if n i., it power of 2 then it does no more than 7l log2 n comparisons 

45.  The HeapSort algorithm does at moot 2n log n + 5.11 comparisol1s. This means t hat the number of 
comparisons done by HeapSort is in 

(a ) O (IOgll) 
(b)  0 (.) 

Td) 0(.') 
(e)  O(Tl2!og n) 

The next few qllestions are about the Bentley-Ottman p lane s.....eep a lgorit hm applied to t his set of 3 
lines: 

c 
a 

46.  The intersection evcnt for a-Md b'ls added to the event queue when 
- -- . ._.._t, 

(a)  processing a n event for a 

(b)  an left-end poin t event for b 

(c) proct$Sing 3 11 left -endpoint event for c  
8 cr()ssing event for the pair (a . b)  

(e)  processing a crossing event for the pair «(l, c) 

47. T he intersection event for a and c iR added to the llvunt queue when 

(a)  processing till left-endpoint event for a 

(b) processing an left- endpoint event fo r b  

<@procC5Sing an left-endpoint event for c  
(d)  proce&>in g a crossing event for t.he pair (a, /I) 
(e) processing a crossing event for the pair (a,c) 
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48.  The event for band c is added to the event queue when 

'- (a) processing an left-endpoint event for a 
(b) processing an left-endpoint event for b 
(el processing an left-endpoint event for c 
(d) processing a crossing event for the pair (n. b)

® processing a cTOSliing event for the pair (0, c) 

49, Yes Of No: The following two trees f\re valid 2-4 trees 

(a) Yes and yes  
6-)Jy<.->:; and no  
(e) No and yes 
(d)  No and no 

50.  Yes or No: The following picture shows a 2-4 tree and a roo-black that represents l h&t 2-4 tree (red 
nodes are drawn 88 circle$) black nodes a.s diSks) -=------- ,/ 

((.,j) y.,. 
(b)  
(el  T\ol. enough information to decide 

51. Yes or T he following picture shows a 2-4 tree and a red-black t1H1.t represents that 2-4 tree (red 
nodes are drawll as hlack nodes as disks) 
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(a) Yes 

(el Not enough information to decide 

The followi ng is a p icture or 
(a) Jon  

@ RonG rahlinl  
(c) Avrilll 

52 . (d) Thomas Ottman 
(e) Coofried 'Thd'ssaint , 
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