1. (a Whatis meant by thieme complexity of an algorithm?

In particular, what is meant when we say tha@gigqular algorithm’s time
complexity isO(n)? O(log n)? O(1)?

An algorithm’s time complexity is a measure of grewth rate of the time |t
' requires, as a function of the algorithm’s input.

. O(n) means that the time grows proportionately to
i (wheren is the algorithm’s input, or size of input).
. O(log n) means that the time grows proportionately toriog
: O(1) means that the time is constant.
(b) Recall that alist is an indexed sequence of elements. How you would
represent a list (i) by an array and (ii) by a édKist?

lllustrate your answer by showing both represeomatiof the following lists
of words:

«'time’, ‘flies’»

«'I', ‘think’, ‘therefore’, ‘', ‘am’

------------------------------------------------------------------------------------------------------

. [Notes + unseen problem]

(i) Represent a bounded list (maximum lenggh) by an integetength plus
. an arrayelemg[0...cap—1]. lllustrations:

1 cap—1
eems| time | flies | | | | | | | |
Iength

0 1 cap—1
elems| | |think |therefor<| | | anm | | | | |
Iength

(i) Represent an unbounded list by a doubly-linksetiwhose header
| contains an integeength. lllustrations:

F—>{s time *f<—lo flies ‘|<_|

first
last
length

first
|ast
length

>l | <o think J<—Tsherefoflele | %<ls ar SL_‘

[o]efe] [o[e]e]

[Alternatlvely use a singly-linked-list with link® both first and last nodes]
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(c) Assuming (i) the array representation of listsd afi) the linked-list
representation of lists, as in your answer to (@rtbriefly outline algorithms
to do the following:

« fetch the element at indexof a list (e.g., ifi = 0 then the answer
should be the list’s first element);

e insert a new element at indexf a list (e.g., ifi = 0 then the new
element should be inserted before the list's &tstment);

* insert a new element at the end of a list (iadter the list's last
element).

Also write down the time complexity of each algbnit.

_____

. [Partly seen problem]

' (i) Array representation:

To fetch the element at indexf the list, fetchelemg[i]. Time compIeX|ty
is O(1). |

To insert a new element at indieaf the list, shiftelemd]i...length—1] to
the right and incrememéngth. Expand the array if it's full. Time
complexity isO(n).

To insert a new element at the end of the listesit inelemg]length] and
incrementength. Expand the array if it's full. Time complexity @(1)
normally, butO(n) if the array must be expanded. [Bonus ¥2 mark for
pointing out that the amortised time complexit¥id) if the array grows
geometrically when expanded.] :

(ii) Linked-list representation:
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To fetch the element at indewf the list, followi+1 links from the header
Time complexity iO(n) or O(i).

To insert a new element at indeaf the list, followi links from the headefr
then insert a new node. Time complexity@) or O(i). [Bonus %2 mark
for noting that right-to-left traversal of a DLL faster when >n/2.]

To insert a new element at the end of the listeit a new node after the
last one. Time complexity 9(1).



(d) What factors would you take into account in chngsbetween arrays and
linked-lists to represent lists in a particular laggtion?

[3]

: [Unseen problem]

If the application needs lists that are highly abke in length, linked-lists
i would be best. An array would waste space whetighes short, and Would
. have to be expanded occasionally when the listtgettong. |

If it is known which list operations are likely bee most frequent in the
i application, prefer a representation that makesasy of these operations as
. possibleO(1) rather thar©(n).
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2.

(@

You are given the following requirements fostack abstract data type:
* It must be possible to make an existing stacktgmp
* It must be possible to push a given element angtack.
* It must be possible to pop the topmost elemamhfa stack.
* It must be possible to test whether a stack istgm

Write a contract for Afomogeneous stack abstract data type, expressing your
contract in the form of a Java generic interfaci\suitable comments.
[5]

------------------------------------------------------------------------------------------------------

. [Seen problem]

public interface Stack <E> {
/| EachSt ack object is a homogeneous stack with elements @‘Eyp

publ i c bool ean empty ();
/' Return true if and only if this stack is empty.

public void clear ();
/| Make this stack empty.

public void push (E el en;
/| Add el emas the top element of this stack.

public E pop ();
/1 Remove and return the element at the top of thiskst

_____________________________________________________________________________________________________

_____________________________________________________________________________________________________

Represent a bounded stack (maximum degpi by an integedepth plus an
. arrayelems[0...cap-1]. The stacked elements are hel@lamg0...depth-1].

0 depth cap-1
elems | [ [ | | | |

| [Alternatively, represent an unbounded stack binglglinked-list]
Considerstack-machine code consisting of the instructions summarised in
Table 1. Each of these instructions acts on a sibitkegers.

Any integer expression can be translated to stiabk-machine code. After
the code is executed, the stack will contain alsimgeger, which is the result
of evaluating the expression. For example:
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Expression Stack machine code Expected result

1-(3x4) LOAD 1; LOAD 3; LOAD 4; -11
MUL; SUB
9+(6/3)-5 LOAD9; LOAD 6; LOAD 3; 6
DIV; ADD; LOAD 5; SUB
9+6)/3-5 LOAD 9; LOAD 6; ADD,; 0

LOAD 3; DIV; LOAD 5; SUB

Draw diagrams showing the contents of the staftkr sexecuting each
instruction in the stack-machine code “LOAD 1; LOAD LOAD 4; MUL,
SUB”. Assume your stack representation of part (b).

[4]
[Notes]
Assuming the array representation:
After “LOAD 1" [ 1 ] | | | | |
After LOAD 3 [ 1 | 3 | [ [ | |
AfterLOAD 4™ [ 1 [ 3 [ 4 ] | | |
After “MUL"; [ 1 ] 12 ] | | | |
After“sus” [ 11 | [ [ | | |
(d) Assume the following representation of stack-maghnstructions:
public class Instruction {
/| Eachl nstructi on object is a stack-machine instruction.
public byte opcode; // LOAD, ADD, SUB, MIL, orDl V
public int operand; // usedonlyifopcode =LOAD
public static final byte LOAD = O,
ADD =1, SUB = 2, ML = 3, DV = 4
}
In terms of your stack contract of part (a), iempent the following Java
method:
static int execute (Instruction[] instructions);
/| Execute the stack-machine code mst r uct i ons, and return
/'] the result.
[8]
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i static int execute (Instruction[] instructions) {

1 Stack<lnteger> vals = new ArrayStack<l nteger>();

. for (Instruction inst : instructions) {

5 switch (inst.opcode) {

case LOAD:

| val s. push(i nst. operand);

br eak:

| case ADD: {

int i2 = vals.pop(), i1l = vals.pop();

| val s. push(il + i2);

i break; }

E case SUB: {

; int i2 = vals.pop(), il = vals.pop();

i val s. push(il - i2);

: break; }

E case MUL: {

int i2 = vals.pop(), i1l = vals.pop();

! val s. push(il * i2);

break; }

| case DIV: {

int i2 = vals.pop(), il = vals.pop();

i val s.push(il / i2);

break; }

.

. return vals. pop();

1 S
Table1l Stack machine instructions (Question 2).

Instruction Effect

LOAD i Push the integeron to the stack.

ADD Pop two integers off the stack, add them, amshgthe result
back on to the stack.

SUB Pop two integers off the stack, subtract tipenost integer
from the second-topmost integer, and push thetrbaak on
to the stack.

MULT Pop two integers off the stack, multiply theamd push the
result back on to the stack.

DIV Pop two integers off the stack, divide the setdopmost
integer by the topmost integer (discarding any iedex), and
push the result back on to the stack.
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3.  (a) Inthe context of abstract data types, define wieatnean by aet.

(b) You are given the following (simplified) requirents for a set abstract data
type:
* It must be possible to make an existing set empty
e It must be possible to add a given element teta s
* It must be possible to remove a given elememhfeoset.
e It must be possible to determine the cardinalftg set.
* It must be possible to test whether a given vawemember of a set.

Write a contract for domogeneous set abstract data type, expressing your
contract in the form of a Java generic interfac \wuitable comments.
[5]

------------------------------------------------------------------------------------------------------

. [Seen problem]

public interface Set <E> {
. /] EachSet objectis a homogeneous set whose elements aypedt.

public void clear ();
/| Make this set empty.

public void add (E elem;
/1 Add el emto this set.

public void renove (E elen;
/| Removeel emfrom this set.

public int size ();
/ | Return the cardinality of this set.

publ i c bool ean contains (E elem;
/| Return true if and only ] emis a member of this set.

(c) Explain how a set can be represented tysed-bucket hash-table (CBHT).

lllustrate your answer by showing how the set daites {05/11/1946,
06/06/1962, 05/11/1964, 05/05/1978, 23/02/1983,002007} would be
represented by a CBHT with 13 buckets and thevialig hash function:

hash(date) = month number aflate
[6]
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. [Notes + unseen problem]

A CBHT is an array of buckets, where each buckat$s L containing O or
. more elements. A hash functibash(e) translates each elemesto a bucket :
i numberb; element is inserted, deleted, and searched for in buazket

: lllustration:

[ ]
" —{ououz00d
[ —{zaerise
[ ]
0
S —{oommror
(0806196
[ ]
o |
o |
o |
o]
[ ]

© 0OoO~N OO0~ WDN PO

=
o

=
=

| * T 05/11/1948—>{ 05/11/1964

12

(d) Consider an application that uses a set of ab@dtdhtes. Explain why hash
function of part (c) would be a poor choice in thpplication.

Suggest a better hash function, and explain wisyhetter.

[Unseen problem]

The hash function of (c) would be poor becausdaae factor (100/13) is far;
: too high, resulting in long search times. Alsanight distribute the elements$
i unevenly among the buckets, and in particular bu@keould always be

. empty.

A better hash function would be:
hash(date) = (date measured in days since some fixed date) modulo 15;0

This would distribute dates evenly and thinly amtmgbuckets. The load
+ factor (100/150) is well within the recommendedga0.5 ... 0.75.
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4.

(@

Write a short account of the Java Collectionsr@aork (200—300 words).
Your account should cover the most important ctbec classes and
interfaces. lllustrate your account with a clasagdam showing how these
classes and interfaces relate to one another.

(Note: You should describe each class and interfacelyrigientioning only
its most important features. You need not coveaites and comparators.)

" Interface Collection<E> covers collections withralents of type E. It specifies
. general collection operations, e.g., iSEmpty()e@izcontains(E), add(E), and
. remove(E).

. Interface List<E> extends Collection<E> with opévas on elements at particular

. positions in the list, e.g., add(int,E), removeyiset(int,E), get(int). Class .
i ArrayList<E> represents a list by an array. ClaskedList<E> represents a list by a
. doubly-linked-list.

 Interface Set<E> extends Collection<E> but spesifie further operations. Interface!
| SortedSet<E> extends Set<E> with operations thplbéxhe fact that the elements are
. kept in ascending order, e.qg., first(), last().SldlashSet<E> represents a set by a
. hash-table. Class TreeSet<E> represents a sottegt asearch-tree.

. Interface Map<K,V> covers maps with keys of typad values of type V,

i specifying operations such as isEmpty(), size@t@iosKey(K), get(K), put(K,V),
. and remove(K). Interface SortedMap<K,V> extends May> with operations that
. exploit the fact that the entries are kept in adoenorder by key, e.g., firstkey(),
 lastKey(). Class HashMap«<K,V> represents a map hgsh-table. Class

. TreeMap<K,V> represents a sorted map by a seaeeh-tr

Class diagram:

«interface» Key: % extends
Collection<E> A
? ? 1 implements
1
«interface» «interface» «interface»
List<E> SetE> Map<K,V>

_____ T T ?_‘ T H

] ] ] ]

i i i «interface» i «interface»
! ! ! SortedSet<E> ! SortedMap<K,V
| | | |
1 1 1 1
! ! ! !

IAY IAY

ArrayList<E> LinkedList<E> HashSet<E> TreeSet<E> HashMap<K,V>|| TreeMap<K,V>
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(b) The Java Collections Framework does not supgaphs. How might the
Framework be extended to support graphs? lllustsater answer by
extending your class diagram of part (a).

. [Unseen problem]

. Add an interface Graph<E,A>, covering (directed andirected) graphs

. whose elements are of type E and whose edge aétsilawe of type A, and
1 specifying operations to add and remove nodes dgeése get all connecting:
. edges of a given node, etc. Graph<E,A> should @reeianer interfaces Node!
. and Edge. Node should specify operations to gesahthe node’s eIement

i Edge should specify operations to get and setdbe’s attribute.

Add an interface Digraph<E,A> that extends GraphxByith operations
- specific to directed graphs, e.g., get all out-sdufea given node.

Add at least one class that implements Graph<Egpresenting a graph by
. (say) adjacency sets. Similarly add at least oagsdhat implements
+ Digraph<E,A>, representing a directed graph imailar way.

Addition to class diagram:

«interface»
Graph<E,A>

_____ i ?_‘

1

i «interface»
! Digraph<E,A>
1

1

1

1

yay

AdjacencyGraph<E,Aj|AdjacencyDigraph<E,A

2
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