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Lo {10%) Lot m acd 1 be two positive integers. Consicer the following
function MAZE,

procedure MAZE(m, Quioteger);
var :
fernp, tesult: integer;
bepin
tempi=rn;
resuli=(:
while fi<==0 do
begin
if (n mod 2)=1 then result=result+rtesmp;
Lepi=Rmp-Hemp;
n:=n div 2;
e
writeln{resiit);
and:

{13 What will be outputied if we perform the following procedure
call MAZE(12, 11)7 (3%) | .

{2) What's the porpose of the shove precedure? (39%)

(3) What's the time complexity (in big-Q notation with respective to
# and n) of the above procedure? (4%}

2. {5%) This problem is to test yoor undemstanding of dynamic
progracuming, Consider the following multistage groph. Show how to
find the shortest path from the node & to the node 7 by dynamic
Programung (siep by step),
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3. (10%) Consider the Following recursive procedore RECTTR

procedure RECUR(n:integer);
begin
i n<=1 then write(n:4)
eisc begin
RECURin div, 27;
wrie{n:4);
RECUR(n div. 3);
end;
. end;

(1) What will be cutpuited if we perform the following procedure
call RECUR{13)? (69

(2) Whar's the time complexity {in big-C} notation with respective 1o
#) of the above procadnre? {47

4. [6%) Please answer the followin g questions briefly:

{a) We can use NAND gates only (o implement all Boolean
Tunctions. Why? (2%)

(b) Is'don't care' helpfulin a K-map? Why? (29

{€} What is the DeMorgan's rule? Please give an example to
show how DeMorgan's rule worls. (2%)
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5. [6%) What is the difference between:

(a) PLAs (pmgnmmahl& logic arrays) and PAL (Programmable
array logie), {2%)

)  One's complement and Two's complement. (2%)

(cy DRAM {dynamic random-access memory) and SRAM (static
random-gocess memory). {2%)

6. (10%) Please use mimimum number of NAND gates (only) to
implement an XOR gate. {495 Please prove that ihe number of gates
1N your circuit 15 munieam. (656)

7. CLO%) Bhow how to maplement o positive edge-triggered D flip-flop
usingr wo SR latches and some addifional smates, .

B, (10%) Assome each integer fakes 1 unil of memory to stare,
Comsicder the array declaration

Var Al areay[1.3, 20,25, 10.15] of mieger,

and this array 1s stored i row major order.
Answer the following quasticns:

(1) How many spaces it takes to store array A7 (2%}

(2Y IF AFL, 244, 10 is stored at address 2000,
what 18 the location of Af3, 20, 1317 {4%)

(3) IF AfL, 20, 10] ig stored at address 2000, what ig the anay
clement at the focation 20307 (4%
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2 {12%) Given aset T of » values, we define m to be the majonty of T
if and ondy if m is in T and the nomber of values, which are equal to
7t 18 larger than /2. For example, 4 15 the majorily of the set [ 1, 4,

3,4,2,4,4,4 1, And the majority of the set | 3, 4, 3, 4, 3,4,3, 41
toes not 2xist,

Given a set T of # valoes, we define £ to be the medium of T if and
only & 1sin 1" apd '
the purnber of values, which ave smaller than k. is less than n?2

and the number of valges, which are smalier than or equal {o &,
is larger than or equal to n/2.

For example, 3 is the medivm of the set { 3, 4, 3, 4, 2,4,3, 4},

{1) Frove the majority (if it exists) should be the medium, (5%)
(2} Briefly explain an algorithm which czn find the Irjarity in iincar
time. (3%
{3) Bricfly explain a data structure that stores values in linsar
spaces and supports the following two operations:
(4} Find the majority of the stored values in constant bime,
{b) Insert an arbiteary value in Jog p time. (49}

Nofice that you should verify your designs to satisfy the time
complexity regiirements,

10. (15%) The Tower of Hanoi game is io place » cirenlar Fmps of
varyiog size ! to n on three pegs A, B and C. Every step you are
allowed to move cae ring from one peg to the other and at any time,
any ring of size § must not be placed on top of the other ring of size ;
if #>j, Initially, alf rings are placed in.peg A and the problem is to
find the optimal number of steps that can move the » rings in peg A
as showa in the following figure to peg C,

A B C
Tower of Hanoj game
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() (3%) The optimal mmber of steps to inove fram peg A to peg C
for n=3 is 7, What is the optimal munher of moves for # = 67

(b) {4%) If the optimat nomber of steps for moving a-1 tings from
peg A to peg Cis a4, what is the reeurrent refation of 4, in

lerms of g, 17

{€) {4%) Prove that the g, you find is indeed the optimal oumber of
steps required to move x 1ings from peg A 1o peg C.

(d} {4%) What is the exact function for &, in lerms of n?

11. (6%} Suppose we remove i upper left corner square and a lower right
corner square of a checkerboard of 636 squares to become a 6x6-2
checkerboard as shown in Fig. 11-a. Now we want io exactly cover
this medified checkerboard with 17 dominoes of two adjzcent sguares
as shown i Hig. 11-h. Can we do it o not? Explain why?

Fig. 1l-a A 6x6-2 checkerboard
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Fig. 11-b. A domino




