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5. Y = ACD + AB(CD + BC)

Convert to sum-of-products form and construct the K-map:-

CD | oo | 01 | 11 | 10
AB

00|l o|o]o
("1

Y = ACD + ABCD + ABC 01| O 0

11 0 0 0

10 0 0 0

To simplify, encircle largest rectangular groups of 1s.
Y = ACD + ABC (1)

Note that this is not hazard-free. To make it so, the additional term BCD (shown encircled in dashed line)
must be ORed in to the expression. The expression (1) can be rewritten:-

Y = ACD + ABC = ACD.ABC
which can be implemented using three-input NAND gates and inverters as follows:- _ .,
F\g (‘\ below
The hazard-free implementation thus requires one additional three-input NAND gate.

To implement the expression for Y using NOR gates, first determine the expression for Y by inspection of

the K-map:-

Y=C+A.B+A.D (2)
-Hence Y=C+A.B+A.D
By de Morgan:-

Y =C +(A+B)+ (A + D)
which can be implemented using two/three input NOR gates and inverters as follows:- _. .,
.F\ca (“) \n\ow

Note that the original expression for Y (1) can also be transformed using de Morgan to give:

Y =A+B+C+A+C+D
This also requires three NOR gates, three inverters to invert the signals A, Band C, plus one further inverter
to generate Y from ¥ .
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6. An unused state in a sequential logic system is a possible combination of states of the bistable
outputs which is not actually required. Unused states may lead to simplification of the design if they may be
regarded in the same way as 'don't care' states; however, in critical designs it may be important to define the
behaviour of the system if it should enter an unused state (for example, at power-on or because of electrical
noise).

In this instance the unused states are 000, 011, 100, 110.

The next state of Q4, Qp, and Q is clearly determined by their present state, but also by the state of M.
The state transition table shows the permitted transitions. Unused states are assumed not to occur. The
required values of J5 - K¢ are determined by referring to the J-K excitation table in the Data Book.

Current state Next state Required J & K values
M|loa|lo9%|%||% ]| %% ]| dalKa|Ip]| K| Jdc | Kc
0 0 0 1 0 1 0 0 X 1 X X 1
0 0 1 0 1 0 1 1 X X 1 1 X
0 1 0 1 1 1 1 X 0 1 X X 0
0 1 1 1 0 0 1 X 1 X 1 X 0
1 0 0 1 1 1|1 1 X |1 X X 0
1 1 1 1 1 0 1 X 0 X 1 X 0
1 1 0 1 0 1 0 X 1 1 X X 1
1 0 1 0 0 0 1 0 X X 1 1 X
Jn and Kp
0,0 0,0
QCQ B 00 01 11 10 Qcﬁ B 00 L 01 11 4 10
oo [ v 1 U U ) 00 u kx U ) U
01 U 0 U U 01 # u \ X U (U
11 | 1 U X ”?() 11 XJ U 0 Q
10 0 U X X 10 X / U 1 } 0
Hence JA = ac.l‘_fi + QCM KA = QBM + 53M
By inspection, Jg = 1 Kg =1
Jdc and K¢
%% | 00 01 10 9% | o0 0 1 1
ok 11 o N , 1,} 1 0
00 U 1 u U 00 \ u U U

01 . U 1 U U 01 U

%)
X
11 X U X X 11 0 U 0 k\jkl
A

10 X §) X X 10 { 1 0 0
34 SN
Hence JC =1 KC = QAQBM + QAM

There are alternative ways of drawing the loops which will give different expressions for the J and K inputs.

The counter may possibly enter an unused state at the moment of applying power (when the state reached by
each bistable may be uncertain), or if electrical noise is introduced. To determine what will happen should
the counter enter an unused state, it is necessary to complete the state transition table so it incorporates all
unused states (for both values of M). The equations derived above are used to determine all three J/K inputs
in terms of the corresponding Q values. From this can be deduced the next state the counter will enter.

-3 -
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7(a) Tri-state logic has a third output state 'Z' in addition to 0 and 1. In the Z state, the resistance of the
output circuit is set to a high value. Effectively, this means that the device is no longer connected to the
external circuit at its output pin. An extra ‘enable’ input pin allows the device to be placed either in its
normal state, or the high impedance state; for example, a tri-state inverter might have the following
characteristic:-

A E Y
0 0 Z
A Y 1 | o | =z
0 1 1
1 1 0
E
This feature can be used in two ways:-
1) to allow two or more devices to have their output terminals connected together. Only one device is
enabled at a time.
ii) to allow the same pin to serve both as an output AND an input. The output circuit is set to Z to

allow data to be input via the pin. This is the principle of operation of the bidirectional bus.

Both modes of operation are used in typical microprocessor circuits. Tri-state logic is commonly used for
the transmission of data via the Data Bus between microprocessor, memory devices and I/0 devices.

2K words
Al X8 bits
p0-No| x N
Address lines o Ccs
Al
AN ——-DO—
' 2K words
X8 bits
Cs

7(b)  Twos complement notation is based on the idea that adding the twos complement of a number is
equivalent to subtracting that number. In this notation, the MS bit indicates the sign of the number: if 1, it
indicates a negative number; if 0, the number is positive. To form the twos complement:-

1) form the ones complement by substituting 0 for 1, 1 for 0
i) add 1 to the number.

The concept is important in information processing because it means computers can add and subtract binary
numbers using the same hardware.

Binary numbers can be determined using one of the standard methods, e.g. by successive division by two and
writing down each remainder. This gives the appropriate string of bits starting with the LS bit.

Number Bit 7 6 5 4 3 2 1 0
5179 0 0 1 1 0 0 1 1
+1267 0 1 1 1 1 1 1 0
Ones comp 1 0 0 0 0 0 0 1
Add 1 1 0 0 0 0 0 1 0]
-1264 1 0 0 0 0 0 1 0
9819 0 1 1 0 0 0 1 0

9.
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7(c) Withoutputs 0 and Q':
0=S5.0=5+70

Q" =R.Q0=R+0

wn
D
nl

=

The outputs obey the table below:

s R Q Q' R - )\ R D_‘L___Q‘
0 0 no change . N ) A

0 1 0 1

1 0 1 0

1 1

not allowed

When S=R=1 goes to S=R=0, the circuit should (in theory) oscillate between Q=Q'=1 and 0=Q'=0. In
a real circuit, one of the output gates will operate slightly faster (here we cannot predict which) than the
other, and the circuit will enter one of the states in which Q" is truly complementary to Q. Hence it is not
possible to predict the next state, and S=R=1 is therefore a forbidden input combination.

\D-
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8. The Microprocessor Data Book lists the bits comprised in the CCR. The I (interrupt mask) bit is not
described here. The effect on other bits of any instruction are listed in the Data Book under MPU
instructions - for example, ADDA (arithmetic operation) affects H, N, Z, V and C; ANDA (logical
operation) affects N and Z only; ROLA (logical operation) affect N, Z and C (and V).

C - Carry bit - used in arithmetic operations on signed numbers, when it represents the Carry out of Bit 7.
Also required for unsigned binary addition and subtraction for numbers larger than 8 bits. Several of
the Shift and Rotate instructions shift data via the Carry bit. This allows for easy testing.

V - 2s complement overflow - set to 1 whenever overflow is detected in 2s complement signed arithmetic.
This is the logical XOR of the carries out of Bits 6 and 7.

Z - Zero - set 1 whenever an arithmetic operation generates a zero result.
N - Negative - set 1 when the MS bit of the result of an arithmetic or logical operation is 1.

H - Half-carry - set 1 when an arithmetic operation causes a carry to be generated out of bit 3. Used in
BCD arithmetic.

The CCR also:
provides various forms of Carry and Borrow in binary multiple precision arithmetic;

provides a means by which results of comparisons, tests and subtractions are recorded (TST and
CMP) before being acted on by conditional branch instructions.

CLR $40
LDX #0
LOOP1l LDAA $80,X

Set value stored at location Hex 40 to zero

Load index register with immediate zero

Load Acc A with data value stored at

location (Hex 80 + the value in X) - indexed addressing

LDAB #8 Load Acc B with immediate 8
LOOP2 ROLA Rotate Acc A to left, placing MS bit in C
BCC +3 If C is set (i.e. MS bit was 1)
INC $40 . increment the value at location Hex 40
DECB Decrement the value in B
BNE LOOP2 Has inner loop been executed 8 times? If not, repeat
INX Increment the value in X
CPX #10 Compare the value in X with 10

BNE LOOP1 If it's not reached 10 repeat the outer loop

Finished

Ns Ne e Se Ne N Ne Ne Ne Ne Ne %o Ne N

LOOP1 and LOOP2 are labels and are the objects of conditional branch instructions. Note that # signifies
immediate data, while $ signifies that a hexadecimal value follows.

The inner loop executes 8 times, on each occasion progressively rotating ACCA (ROLA) so the MS bit
passes through C. The Carry bit is tested (Bcc) to see ifitis 0 or 1. Ifit's 1, the value in $40 is
incremented. Hence the inner loop counts the number of bits set to 1 in ACCA.

The outer loop is executed (decimal) 10 times, and a new item of data is fetched in ACCA each time. Hence
at the end of the code segment, $40 contains the total number of 1 bits set in the ten data values. If these are
0,1, ... 9, the total will be 0+1+1+2+1+2+2+3+1+2=15.

To process 100 pieces of data, change CPX #10 to CPX #100. If the data were arbitrary, 10 elements
could contain a maximum of 80 bits set to 1. This will never overflow the 8 bit counter $40. If there are
100 data values, the 8 bit counter is liable to overflow. A 16 bit counter could be implemented by inserting
extra statements after INC $40 :-

BNE +3
INC $41 ; High 8 bits of counter held at $41

Note that $41 would have to be zeroed at the start of the code using CLR, and the BcC +3 would have to be
adjusted to BCC +8.
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