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QI
Figure 1a (final page of paper) illustrates a block diagram for a single cycle computer system. The
diagram highlights control and datapaths,

a  Define a clear and complete signal data dictionary for each Program Counter Controf Unit
input and output signal
{include signals IMP, zeroFlg, endProg, execlnstr, clk, st, PCOffset, PC] 4 marks

b Referring to the data dictionary, describe how these signals control each mode of
operation of the Program Counter Control Unit 3 marks

¢ Create a synthesisable VHDL model for the Program Counter Control Unit 6 marks

d  Figure 1b illustrates the symbol for an 8-bit barrel shifter

-
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8-bit barre|
shifter
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Figure 1b An 8-bit barrel shifter symbol

€  List a complete function table for the barrel shifter, 3 marks

f  Write a synthesisable VHDL model for the incomplete process in listing 1a to describe
the 8~bit barrel shifter. Recommendation : do NOT use a for loop. 4 marks

library IEEE:

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.&LL:
uze IEEE. STD_LOGIC IINSIGNED.ALL:

Entity barrelShftrBBit is
Port | SRIn > in st.dhlczgi::_vector('? downto 0);
8ROut : out st.d_lugic_vect.cr(‘? townto D}:

[elShft : in std_*logic:_vect.or (2 dovnto 0});
entd harreiShftrBsit;

architecture comb of barrelShftrBRit 1g
begin

-~ cowplete code for process
shftProc: process

end process:
end conb:

Listing la : 8-bit barrel shifter VHDL model template,
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Q2.
Figure 2a illustrates the function table for the Arithimetic and Logical Unit (ALU) element of the single
cycle computer (of fig 1a). Figure 2b illustrates the ALU Adder X-input logic function table.

FS(2)  FS(3) FS(1:0)

[self2})] [Cin] [self1:0)] ALUOut Function
0 Q 00 aBus transfer aBus
0 1 00
0 0 01
0 1 01
0 0 10
0 1 10
0 0 11
0 1 11
1 X 00
1 X 01
1 X 10
1 X 11
Figure 2a ALU Function Table
.....:FS(1‘0) .. ..'_ i‘j :_'_. S
ALU Adder {Sggjwﬁn alf 0, i _AF as s:gnainames for FS{4 O)
......... x H{p ngfC I - _;bBus - CI?ZFOS.(_SF)S 2 T i - ) ’
function table - e bBus .- SPHZ0MFSE: °) _____
- 19 all s’

Figure 2b ALU Adder X»mput 10glc functlon table

a Complete the Function table of fig 2a, including each ALUQut signal value for each FS(3:0)
ioput signal combination. Refer to figla as required to derive this information 8 marks

Figure 2c illustrates a 5-bit binary multiplier block diagram,

b  Design a suitable Multiplier Datapath Transfer Unit. 6 marks
¢ Explain the requirement and operation of each element of the multiplier. 3 marks
d  Design a flowchart describing the behaviour of the ASM unit. Include a key. 3 marks
data |5
WMR| __ A T 1
MOl foli \_§i9 MuiGipher
ist 2, reqis
= Algorithmic Pir
3 State Machine
|
: (ASM) ; Multiplier datapath transfer
i & unit {single cycle)
1 bitCodnt(2:0) Inciudes register PP(9:0)
H H
I i Muitip! -»
L1ds Muitiply
: sequence = {10
: down counter PP
L S —— p =07 ——{-——q-—-—- Jen Mulfiplier
R . T K
ST -+ output register
j—
{10
done multCut
W

Figure2c  5-bit binary multiplier block diagram
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Q3.

Define the fundamental mode rule as applied to asynchronous sequential system
behaviour. How is this rule manifested by manufacturers in typical devices provided for
use in synchronous circuit designs ? 2 marks

Describe the meaning of a static-0 hazard. IHlustrate with a timing diagram.,
Describe a technique which can be used to detect the existence of a static hazard in 2 logic
circuit and to ensure that the hazard is removed, 2 marks

The circuit of fig 3a describes an asynchronous sequential system.

[

Fig 3a Asynchronous state machine circuit diagram

Use a clear reverse engineering methodology to generate 2 minimal state diagram
representing the functionality of the circuit. Include input & output signal values and
state names on the state diagram and a key explaining the state diagram format. 6 marks

Use the state transition diagram derived in part ¢ to complete the timing diagram of fig 3b
[Fig 3b is also included on a separate page which may be submitted with the exam script]

A ]

Fig 3b Asynchronous state machine timing diagram (to be completed)
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The timing diagram of figure 3¢ illustrates the behaviour of ar asynchronous sequential
system. Imputs : X;, X, Quiput:Z

e Design an asynchronous sequential circuit to implement the system £ marks

Ensure that you use the full timing diagram in figure 3¢ in your analysis. Use a clear
design & documentation methodology.

[Fig 3¢ is also included on a separate page which may be submitted with the exam script]

X1 %

X0

Fig 3¢ Asynchronous sequential system timing diagram



Q4.

a  Draw a detailed functional partition illustrating a dedicated multiplexer-based datapath transfer
architecture . Include all signal names and explain its operation. 3 marks

b i) Draw a detailed functional partition illustrating a tri-state bus transfer architecture. Include
all signal names and explain its operation. 3 marks

ii) Create a synthesisable VHDL model for the tri-state bus transfer implementation. Use the
same signal names as in part 4b(i) 6 marks

¢ Explain the operation of each part of the circuit test structure (figure 4a) and reason for its
usage. 3 marks

‘—D_DQ D Q-t—pQ——{PQ
-

Circuit under test

V
vV
\/

-
Qutput
Figd4a Circuit test structure
B

d A partially completed fault detection table for the combinational circuit of figure 4b is
illustrated in fig 4c (see attached sheet at end of examination paper). Complete the fault

detection table and derive a minimal test vector set for the circuit. 5 marks
Submit figure 4¢ with your answer sheet. Include your detailed test set derivation work.

) d
b
g
[ e
f ]
c

Figure 4c Combinational circuit to be tested



