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The total score of this examination is 100. The score of each question is indicated in a pair of parentheses.
1. (10) Explain the following terms.

(2) (2) Vector machine

(b) (2) Microinstruction

(c) (2) Two-way set-associative cache
"(d) (2) Memory interleaving

(e) (2) Bus-grant line

2. (10) The internal architecture of a modern microprocessor is shown below.

1 i
Memory Management Unit 1 ; Graphics 1
(MMU) A i Unit !
"""""" [t ! t Bus Interface Unit Processor
Segmentation 1' Paging : ! ! local
Unit ' Unit ' ' \ bus
| <:>
i N H
| ' ' '
t 1 ' 1
! t |, i
i
1
_____________ LR
pmmmeme e I e
1 Cache or queue for
) Daa cache 1 | prefeiched inscuctions
e L g
- Fl-oazing-Poim : Integer Execution Main Contrsl Unit / Inter-
Unit ] Unit module
' ! conuol
! 5 signals
1
t
i .
! Inura-module control signals
Figurel.. Internal P of 1 microp (Comp within dashed lines

are (ound in some but not all microprocessors. }

(a) (6) Give at least three reasons to explain why it is more powerful than before.
(b) (4) What functions can the MMU perform?

3. (10) Assume that a computer has eight pages of virtual memory,
successive references to the same page omitted): _
1461571632732602314315753254264236153

For each of the following page-replacement policies, determine (2) the sequence of pages loaded, and
(b) the number of page faults.

four page references (i.e., with

(a) (5) LRU — The CPU #eplaces the least recently used page. ‘
(b) (5) FIFO — The CPU replaces the oldest (least recently loaded) page in the set.

4. (10) Assume we want to design a microprocessor-based 41 digital volt meter and connect it to our
PC. Inside this meter a single-chip microprocessor such as Intel 8052 is used as the controller.
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(2) (3) Use a block diagram to describe the hardware architecture of this volt meter.
(b) (3) Use a flow chart to show the software structure of this meter.

() (4) Explain how to connect this meter to a PC and how the PC gets the data.
5. (10) An even parity checker which counts the number of 1's in a bit-serial input stream and assert

its output when the input stream contains an even number of 1’s. Design this logic circuit by first
giving the state diagram and then implement it using a D flip-flop.

6. (12)
(a) (5) Derive a formula for the maximum number of nodes on level i of a binary tree. Use induction
to prove the correctness of your formula.

(b) (7) Derive a formula for the number of different binary trees that have only one leaf and have
a depth of k. Use induction to prove the correctness of the formula.

7. (16) A generalized band matrix Diap is an n x n matrix in which all the nonzero terms lie in a band
made up of a — 1 diagonals below the main diagonal, the main diagonal, and b — 1 diagonals above
the main diagonal as shown in the figure below.
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(2) (3) How many elements are there in the band of D, .47
(b) (4) What is the relationship between i and j for the elements dij of Dpayp?

(c) (5) Assume that the band of Dy ap is stored sequentially in an array e(k] by diagonals, starting
with the lowermost diagonal, where & is the number of elements in the band. Write a C function
value(n,q,b,1,7, ¢) that determines the value of element d;; in the matrix D, ;.

(d) (4) Give a situation where you may use a generalized band matrix to represent somne data.

8. (12) Assume a sequence has the following characteristic: A(0) =2, A(1) = 3, and A(n) = An-1)+
A(n —-2) for n > 1. Write a recursive C program to generate the first k items of the sequence, where
k should be provided by the user. Determine the time and memory complexities of your program.

9. (10) Define a T-order as a linear ofdering of the vertices of a directed graph such that, for any two
vertices 1, 7, if j is a predecessor of i in the graph then 1 precedes j in the linear ordering. Write a

linear time algorithm to generate a T-order of the vertices of a directed graph. Clearly describe the
data structure you use.






