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ABSTRACT

A Directional Transition Logic Circuit( D.T.L.C. )is a
circuit built with directional transition level-multipliers, transition
or-gates, and ordinary logic gates,.

A directional transition level-multiplier, named, 'K-element!,
is a circuit with two level inputs of which one is regarded as a transition
input while the other is treated as ordinary level input, and two outputs.
One of the outputs responds to the upward level change of the transition
input, but the other output depends on the downward level change of
the transition input. During any level change of the transition input,
the ordinary level input must maintain a constant voltage level.

A transition or~gate, named 'M-element' is a circuit with
at least two transition inputs and only one transition output, which
produces a transition signal whenever a transition signal occurs on
an inpat terminal,

This thesis considers the problem of realization of the
K-element, and applies the concept of directional transition logic in
the design of asynchronous circuits. Straightforward methods of
realizing asynchronous circuits by directional transition logic are
introduced. .

The use of K-elements and the concept of directional
transition logic avoid complicated race and hazard problem, result in
circuit with simpler structure and bring closar the theories of synchr-

onous and asynchronous sequential machines.
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CHAPTER 1

INTRODUCTION

1.1 Survey of the major problems

The concepts of transition signal and transition logic are
first introduced by Chuang(1). 'Inhis paper, he regards a transition
logic circuit as a circuit coastructed from two basic transition logic
elements, _ called G-element ( a transition level-multiplier ) and M-element
( a transition or-gate ), together with ordinary gates, He points out
that the synthesis method for asynchronous machine, by applying the
idea of transition logic, is simpler than ordinary level sequential
synthesis method, mainly because there is no need to consider race
and hazard difficulties. This approach also avoids the construction
of a level flow table which is generally much larger than the transition
flow table describing the circuit.
Chuang considers a transition signal as a change of binary
level, either from 0 to 1, or from 1 to 0, regardless of the direction,
and he handles the asynchronous problem by using G-elements. This
kind of elements can change the input-o'utput relationship of any level .
curcuit from asynchronous form to transition form.
We are going one step further by considering the transition
signal as a directed change of binary level. A directional transition
signal is a transition signal with its level changes classified into
.upward ( from low level to high level ) and downward ( from high level

to low level ) transitions. Neither two upward transitions, nor two dow_n-
ward transitions can occur consecutively due to the fact that when a
signal changes from lbw level to high level atA the first time, it must
return from high level to low level at the second time, or vice versa.
This property of a directional transition signal. is fundamental for

the realization of directional transition logic circuits.
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Principally, directional transition logic circuits are level
sequential circuits. Therefore, the conventional synthesis method for
level logic circuits can be applied. Unfortunately, the level logic
circuits synthesis becomes laborious as the number of tranéition
variables increases.

For the purpose of realization of diréctional transition
logic, a new element, named 'K-élement', is de'veloped, which is
able to change an asynchronous problem into transition form, and
to distinguish between the direction of level changes of the transition
input affecting the outputs of the circuit as well.

The synthesis method used here is similar to the one used
by Chuang except that K-elements are used instead of G-elements.
But, in some cases a simpler circuit realization with relatively few
interconnections between elements can be obtained, such that, the cir-
cuit would respond to directional change of inputs rather than to simple \
change of inputs,

In Chapter 1, an effort is made to orient the reader and
to survey the major problems to be discussed.

In Chapter 2, first, we introduce the structure of flow
table of the directional transition logic circuits. Then we provide
a coﬁprehensive studies of describing, analyzing, and synthesizing
the K~-element. Its level logic cimui:t, together with the transition
logic representation, is also shown. Next, we discuss the characteristics
of the M-element and its application in general. Finally, we present
the circuit configuration of directional transition logic circuit, the
functional expressions of its state variables and output variables and
the methods of dealing with hazard and race difficulties,

The synthesis procedures for directional traausition circuits
are outlined in Chapter 3. Also, some examples are presented to

demonstrate these synthesis procedures.




Chapter 4 is the conclusion of this work, and suggestions
for further study will also be discussed."

An Appendix is included at the end of this thesis with some
related topics, such as 'Relation between G-element and K-element',
'Synthesis of G-element with K-elements', 'Synthesis of K-element with

G-elements’, and.'Circuit realization with G-elements' for completeness.

1.2 Transition logic circuits (1)

Before we introduce the directional traasitioa logic, the
transition logic will be discussed in this section.
We will not study the characteristics of this logic in detail at this
moment, however, certain items will be brought out to describe thé N

operation of a transition circuit in the followings.

A transition logic circuit is a circuit built with transition
level- multipliers ( G-elements ), transition or~gates (M-elements),

and ordinary logic gates, which is shown in Figure 1.1.
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Here X's are the transition inputs of the circuit
d's are the level inputs of the circuit
Z's are the transition outputs of the circuit
i.e.
If X =1, it implies the level signal x has a level change.
If X = 0, it implies the level signal x has no level change.
According to Chuang's result, a G-element is a transition
level-multiplier with two outputs and two level inputs, of which one
isregarded as a transition input while the other is treated as ordinary
level input., Its black box representation in transition form can be

shown as Figure 1. 2.

N
1
o
e

Figure 1, 2

A G-element is characterized by the operation that an
occurrence of a transition signal at input X ( with no distinction between
the directions of its level change ) of the G-element produces a trans-
ition signal at output Z1 or output, ZZ depending on whether the input
level at the level input d is 0 or 1.

In order to form the logical sum of product terms representing
transition signals, another element, named 'M-element' was also
developed by Chuang, which produces a transition signal whenever )
a transition signal occurs on one of its input terminalS, This element
will be studied in Sec. 2.3 in ﬁore detail,

From the transition flow table ( 1,2 ) of a transition ci rcuit,

which is similar to a flow table of a Mealy machine, we can derive its
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excitation functions and output functions in transition level form as

follows:

P .
Y, = = f j = e .
_ Xiij(d’Y)i J 1’2’ Ir

P
Zk= P: Xigik(d’Y)’k=1’2""’m'

where ' £ ' represents Boolean sum Xi, Yj and Zk represent the
transition signals of input variables, state variables, and output
variables of the circuit respectively. Also, fij (d,y) and gik(d,y)
are level signals and generated from the level combinational logic

network in which 'y' is the level signal representing.the internal state E

variable and 'd' is the level input of the transition circuit.

The flow table of an asynchronous circuit which satisfies
the operation conditions for a transition circuit can always be transformed
into transition flow table, and synthesized with transition logic. In
conclusion, this kind of synthesis avoids race and hazard difficulties
usually found in asynchronous circuits as well as avoiding the construc-
tion of a large size level flow table. Also, the circuit realizations of

this kind of circuit will be given in Appéndix for reference.

1.3 Definitions and operation conditions of Directional
Transition Circuits.

Definition1 A level signal change from 0 to 1 or from low level
to high level is called an up;nard transition of the
signal as shown in Figure 1.3 ( a ). g

Definition 2 A level signal change from 1 to 0 or from high level
to low level is called a downward transition of the

signal as shown in Figure 1.3 ( b ).




0 — _ —— 0
CLd (a) (b) T
Figure 1.3 ( a,b)
Definition 3 A transition input of a transition circuit is a level
input signal, such that the output behavior of the

circuit depends on the level change of this level

input signal, . \
Definition 4 A directional transition input is a transition input - ’
with the directions of its level change ( upward or
downward )‘ specified.
A 'Directional Transition Signal' is a change of binary
level which is either an upward signal transition or a downward signal
transition. In a broad sense, a 'Directional Transition Logic Circuit!
is a switching circuit with at least one of its input variables represented
as a directional transition signal, such that the outputs of the curcuit
respond to different types of level change of the transition inputs.
This kind of circuit appearsto be quite useful in asynchronous system
realizations, because of the great convenience resulted from the
avoidance of consideration of race and hazard difficulties.
Transition logic and level sequential logic are buttwo
different views of the same object, since a circuit specified in terms
of transition variablescan be described in terms of level variables by
treating each- of.the transition signals as a binary change of a level -

signal., Similarly, a level sequential circuit is always describable in

terms of transition variables.




We can synthesize a directional transition logic circuit by
considering it as a level sequential circuit and applying Huffman's
conventional method ( 6 ). This kind of synthesis method becomes very
laborious as the number of transition variables is increased, because
the size of level flow table would increase rapidly as the number of
transition variables increases. In order to by pass this difficulty, a
simpler synthesis method by using the transition concept directly is
desired.

. The black box representation of a general directional
transition logic circuit, with two types of inputs and two types of outputs,
is given in Figure 1, 4, where ( Xl' X

PO 'Xs ) relpresents 's' transition
inputs,, while ( 11, 12, y s lt ) represents 't' level inputs. ( le’ 221, N
» s s s Zm1 ) represents one set of transition outputs which respond

to the upward transition of the transition inputs, while ( le, 222’ s s s

Z 2 ) is another set of transition outputs which depend only on the

downward transition of the transition inputs.

X —— R—2
XZ—-————— Directional z21
IXS ] Transition Zml

) ————— : ’ le‘
1 Logic circuit : 7z

2 ‘ 22
1

t | Zrnz

Figure 1. 4

The transition logic circuits which can be realized by the

model of Figure 1. 4, are characterized by the following operating

conditions.

(1) The input level can change only when the circuit is internally

stable ( fundamental mode ).
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(2) (a)

No more than one level change can occur at the transition
input terminals at each time.
(b) Level input change is not permitted, unless the level

change of the transition input is completed.

While only one level change is permitted to happen at

the transition input terminals at each time, simultaneous
changes at level input terminals ar.e allowed.

( 3) Changes of internal states occur merely in response to level

changes at transition input terminals.

(4) The nature of the transition inputs is known. That is, the upward

or downward transition of the inputs must be well defined.
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CHAPTER 2

DIRECTIONAL TRANSITION LOGIC CIRCUIT

2.1 Flow Table of the Directional Transition Logic Circuit

A general form of flow table for the directional transition
logic circuits which satisfy above operating conditions is shown in Table
2.1. Itis a complete description of the.circuit to be realized. This
table has a column on the left hand side rdpresenting the set of present
states, and columns with headings, Xl,‘XZ, s s s Xs. Each of these
columns has two subcolumns which are called the subtable of the flow

and X, so that, we can easily find out under
i . :

table and labeled Xil 2’
what kind of level change of a transition input ( downward or upward ),

the state transition would occur, Furthermore, for each subtable

there is a row of minterms representation of the set of level variables
(1's ) to indicate the variation of the level inputs during the transition.
Each non-empty entry of the table is a pair whose first element is a next
state, and the second element is an m-bit binary number denoting

output transitions, 'l' representing a transition, which can be either

an upward transition or a downward transition, and '0' representing no
transition.

Referring to this Mealy type finite state machine flow table,
we can do the circuit realization by following the familiar pulse sequential
circuit synthesis method. That is we treat the transition signals as
pulses and the result is a circuit with K-elements, M-elements and
ordinary gates connected together, which has the abi lity of distinguishing
the effects of the directional transition of the inputs upon the outputs.

Because, there are many asynchronous problems that can be conveniently

described in terms of level transition, the transition logic point of view

is advantageous.
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TABLE 2,1

| 4

Directional Transition Flow Table of A Directional Transition Circuit

I
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) - - - y2h

0 - - - 12Y
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NmN

1 - - - u2Y

AL - - - 12Y

no transition

Each entry is a pair whose first element is a next state,
and the second element is an m-bit binar

y number denoting
[} :
output transitions, 1 represents a tra
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Any asynchronous circuit described by a primitive level

flow table can be realized with directional transition logic, and every

primitive level flow table can be transformed into a directional transi-

tion flow table. The algorithm as developed below can be used to

carry out this transformation.

Algorithm A

SteE 1

Step 2

Step 3

Step 4

Step 5

Consider each of the level outputs as a transition output and

each of the level inputs as a directional transition input.

Use the different directional transition input variables as the

column headings of the directional transition flow table.

Use the upward transition variable and downward transitién " \
variable of the corresponding directional transition variable |
as headings of the two subtables includea in each of the

columns.

Transform all state transitions and output transitions as shown

in the primitive flow table in the directional transition flow

table by inserting state numbers and binary numbers repre-

senting state transitions and output transitions in the proper

entries of the directional transition table.

Treat those entries in the directional transition table as 'don't

care’ terms corresponding to which the state transition or

output transition does not exist in the primitive flow table.

The resulting table is the directional transition table derived

from the corresponding primitive flow table.

Similarly, any directional transition table can be transformed

into a primitive level flow table as well. The transformation is carried

out by applying the following algorithm.
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Algorithm B

Step 1 Consider each of the transition outputs as a level output and
each of the transition inputs as a level input,

Step 2 Usc the different minterm representations of the level input
variables as the input states and the level output variables
as the column headings of the output vectors of the primitive
flow table,

"Step 3 ' Consider the entry of the first row and first column (column
containing all zeros as its heading) of the primitive flow table
as the starting stable state, then, transform all state transi-
tions and output transitions as shown in the ‘directional tran-
sition flow table in the primitive flow table by inserting state
numbers and binary numbers in the proper entries of the primitive €
level flow table, respectively. These state numbers and binary
numbers represent the stable states and level outputs of the

circuit.

TR

Step 4 Treat those entries in the primitive level flow table as 'don't
care' terms which correspond to the state transitions or out-
put transitions that do not exist in the directional transition
table, and insert a state number in the appropriate entry re-
presenting an unstable state which correspondé to a final
stable state for each state transition. The resulting table is
the primitive flow table obtained from the corresponding dir-

ectional transition table.
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The following is an example for illustration, where a level
flow table is first derived from the given verbal de scription of a counter
to be designed as shown in Table 2.2. If we freat both inputs as transition
inputs X1 and X.2 ( no input is treated as level input in this case ), and
X ,and X _, X

1’ 21 12 22
downward transition representations, respectively,; of the inputs ( Xl’ X2 Y,

choose the symbols X as the upward transition and
then Table 2.2 can be changed to the form of Table 2. 3. Itis important
that those empty entries in the table can be treated as ! don't care terms '

because of the property of the directional iransitions of the input signals,

Example 1

Modulo-Four-Counter. The device to be designed has two

outputs z and z_, which can represent the decimal numbers 0, 1, 2 and

1
3 in binary notation. There are two push button switches ( X, and x, )
used as inputs. When %) is depresscd, X%, = 10, the output advances by
" one, thatis 0~1-2-3-0. Whenx_ is depressed, xlx? = 01, the

output is decreased by one, that is, 0 -23 -2 ~-1-0. Onlyone of the
push button switches can be activated at a given time; thus between
any two activations of the inputs, the input combination becomes xlx2 = 00,
and the output remains the same as determined by the previous input
combination.

In Table 2. 3, columns N1 and N2 represent the transition
of the outputs under the influence of different kind of level change of

the transiton inputs, 1 denotes the occurrence of a transition of the

output, 0 denotes no transition.

-

Example 1 has given us a general idea of transforming an
ordinary level flow table into a directional iransition flow table.
Details of circuit‘realization of the D.T. L. C., and the transformation
of a primitive level flow table into a directional transition flow table

will be given after the synthesis procedure is discussed.
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TABLE 2.2 Level Flow Table of the Modulo~Four-Counter

00 01 11 .10 2 2,
1 @) 9 - 2 0 0
. 2 3 - - ©) 0 1
3 ©) 12 - 4 0 1
4 5 - - ® 1 0
5 ©) n - 6 1 0
6 7 - - ® 1 1
7 Q) 10 - 8 1 1
8 1 - - ® 0 0
9 7 - - 1 1
10 5 do - - 1 0
11 3 ) - - 0 1 N
12 1 @ - - 0 0
TABLE 2.3 Directional Transition Flow Table of The Modulo-Four -
Counter
! X,
X X2 Xa1 X22
1 2, 01 - 9, 1 -
2 - 3, 00 - -
3 4, 1 - 12, o1 -
4 - 5, 00 - -
5 6, 01 - 1, 1 -
6 - 7, 00 - -
7 8, 1 - 10, o1 -
8 - 1, 00 - -
9 - - - 7, 00
10 - - - 3, 00
1 - , - - 3, 00
12 - .' - - 1, 00
NN, NN, NN, NN,
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2.2 K-element -- A Directional Transition Level-Multiplier

( A) Analysis
In order to change the input-output relationship of a level
sequenfial circuit from asynchronous form ( fundamental mode flow
table ) into transition form ( directional transition flow table ), as
mentioned before, a K-element is developed for .this purpose, A
K-element is a level logic circuit withlone transition input ( X ), which
is an input variable, one level input{ d ) which is a level function of
the present internal state variables ( ys ) and/or the level input variables
(1s) of the D. T. L. C., and two different outputs ( W1 and W2 ) depending
on the nature of the level change of X. An occurrence of an upward
transition signal at input terminal X of the K-element produces a
transition signal at output terminal WI’ an occurrence of a downward k
transition signal at input terminal X produces a transition signal at )
output terminal WZ' while in both cases, the level input ( d ) should
maintain at a constant level ( d = 1),
It is noted ( refer to Table 2.4 ) that for each time, only
one output transition can occur. Whenever W_ or W_ has a transition

1 2
occurred at its terminal, the other must remain at its previous value

(loxr 0).

The K-element satisfies the above set of operating conditions,
and the initial levels at input X and d as well as both outputs, are '0',
So far as transition concept is concerned, the transition logic represent-
ation of a K-element can be shown as Figure 2.1, and an example of
the wave forms of its transition signals is given in Figure 2. 2, together

with a table ( Table 2.4 ) illustrating the input-output relationships of

the K-element,
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Referring to the table shown above, we realize that there

are six cases to be considered:

Case 1
When d-input is at high level, and X-input changes from high

to low ( a downward transition ), then, an upward transition will occur
at the output terminal W2 , and W2 will stay at that state until another
downward transition occurs at X-terminal. again. At the same time,

Wl has no change and stays at low level.

Case 2
When d-input is at high level, and X-input changes from low

to high ( an upward transition ), then, an upward transition occurs at
the output terminal Wl' and W1 keeps on staying at that value, until
another upward transition occurs at the X~input terminal, but Wz
maintains its previous state after its latest transition ( in this cases,

it maintains a high level, because it had an upward transition in case 1).

Case 3
When d-input is at high level, and X~input has a downward

transition, then Wz changes from high to low and W1 stays at its previous
state after its latest transition ( in this case, it maintains a high level,

because W. had an upward transition in case 2).

1

Case 4 )
When d-input is at high level, and X-input has an upward
transition, then W1 changes again ( from high to low ) and W‘2 stays at its

previous state after its latest transition ( in this case, it maintains a

low level, because W2 had a downward transition in case 3).
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Case 5 and Case 6

When d-input is at low level, neither W1 nor W2 would
change, even X has a downward or upward transition, on the contrary
both outputs remain at their previous state.

It is noted that, for all cases, only one output can be
influenced and changed because of the transition of input X, and d-input
has always to be kept at high level. In order to obtain the output transi-
tions when K-element is in case 5 or case'6, an inverter has to be conn-

.ected to the level input lead of the K- element which is shown in the follow-

ing circuit diagram,

Figure 2.2 (a)

In conclusion, a K-element is actually a logic circuit
with level inputs and level outputs in which one of its inputs (X) is treated
as a transition input, for the reason that only the influence of this

transition to the outputs is considered.
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( B) Synthesis

-(a) Synthesis of K-element with ordinary logic gates

As mentioned above, a transition circuit can be synthesized
by Huffman's method and, therefore, it is natural that the
K-element is also realizable with level logic synthesis method. The
result is a level sequential circuit with level variables instead of
transition variables as used in Figure 2.'1.-

Table 2.5 is a primitive level flow table, which describes
the actual operating behaviour of the K-element considered as a level
logic circuit. Checking the primitive level flow table, we discover .it

can be reduced further by state merging. Then, a reduced flow table

-

( Table 2.6 ) with eight rows results. Carrying on the synthesis procedure

of secondary assignment for asynchronous circuits ( 9 ), we can easily
find a set of state assignments such that the transition between any two

stable states is one shot and the Y-Matrix and Z vectors are obtained

as in Table 2. 7.

From Table 2.7, the minimal-sum-of-producte representations

of the excitation and output functions of K-element are derived, together

with the level circuit diagrams as shown in Figure 2.3( a ),
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TABLE 2.5 Primitive Level Flow Table of K-element
dx

S 00 01 11 10 w, w,

1 ©) 2 - 3 0 0

2 1 ® 4 - 0 0

3 1 - 13 ® 0 0

4 - 2 @ 5 0 0

5. é - 10 ® 0 1

6 ® 8 - 5 0 1

7 - 8 @) 3 0 1

8 6 7 - 0 1

9 11 - 7 ® 1 1

10 - 12 @ 16 1 1

11 a 12 - 9 1 1

12 11 @ 10 - 1 1

13 - 14 3 9 1 0

14 15 W) 13 - 1 0

15 B 14 - 16 1 0

16 15 - 4 1 0

TABLE 2,6 Reduced Level Flow Table ( A )
00 01 11 10 w w,

A(1, 3) @) 2 13 ® 0 0
B(2 4) 1 ©) @ 5 0 0
C(5, 6) ® 8 10 ® 0 1
D(7, 8) 6 @ 3 0 1
E(9, 1) a 12 7 ® 1 1
F (10, 12) 11 © 16 1 1
G (13, 14) 15 9 E) 9 1 0
H(15 16)| @ 14 4 1 0
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TABLE 2.7 Reduced Level Flow Table ( B )

00 o1 11 10 w, oW,
0000 |A(1, 3) 000 100 010 000 °o o0
100 | B(2 4) 000 100 100 101 o o
101 |G(5,6) 100 ool 1 101 o 1
001 | D(7,8) 100 001 o001 000 o 1
o [ E(9, 1) o1 m 001 ou 11
m | F(10,12) | o 1 m mw [ 1 1
010 | G(13, 14) 110 o010 010 o | 1 o
10 | H(15,16) | 10 ol 100 1m0 | 1 o

The excitation and output functions are :

v, =dfx @ (y, @ y,)] + ay
= &[x @ (y, @ Y3)] +ody, 4+ Yl[x @ (y, @ y3):|

Y, =y, (&) + (&) (3, @ v,)
=y, (dx) + (dx)(y @ v;) +y,{y, @ y,)
Y, = y3(_?b‘<—) + (&) (y, @ y,)

= yg(dx) + (d=)(y @ v, )+ yaly, ©) v, )

A preset signal has been inserted in the circuit of Figure 2. 3 (a)
in order to achieve the initial conditions which the K-element has to satisfy
at the beginning of operation, that is, before the inputs ( x or d ) start to

change, the K-element must be in the state of x =0, d = 0, w, = o, w, = 0.
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( b) Synthesis of K-element with wired-or gates

If we set W T Y, W R Y w! = Y

1 =
WZ Y

and substitute them into those sets of excitation and output functions
displayed above, we can get a set'of expressions of slightly different
form, from which a much more symmetric circuit configuration can be
achieved. A

The circuit is shown in Figure 2,3 (b), and the excitation

and output functions are :

W= dx(y @w,) + wl(dx) + (Y ®w, )]

w) d§(y®w1) + wzﬁdi) +(y®wl)]

Y =[x @(w @ w, ’]”(d t[x @ (w ®w2ﬂ)

Referring to Figure 2. 3( b ), the actual expressions for the

outputs can be written as below, when a preset signal is used.
w =[xy O W iy ¢ d’?%‘ﬁ( yOw, )+ »
= E(dx(y @ WZ) + wl( dx) + wl( y @ wz))

W) =([d>‘:(y @ wlﬂﬁﬂz (—_EZ[ENZ(Y @ wlm+ p
= BlaR(y @ w) + w, (&) + w,(y @ w)

The purpose of applying a pré set signal P into the circt.’tit

is same as that explained before.



‘ w
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Figure 2,3( b))
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After knowing the circuit realization of the K-element and
by inspectiﬁg the structure of the flow tdble for these two kinds of
logic circuits, itis not hard to show that the flow table for transition
logic circuit (1) is capable of being transformed into the flow
table for directional transition logic circuit, by splitting each of the
transition inputs of the transition flow table into its upward and downward
transition signal form or vice versa. | This shows that the concept
of directional transition logic can always be applied to the problems
where the concept of transition logic is applicable., There will be
many 'don't care terms' in the directional transition flow tables because
of this kind of transformation of tables. With the application of these
don't careentries , a simpler circuit realization with relatively few
interconnections between elements can be obtained, if the circuit is

realized by K-elements instead of G-elements.

-
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2.3 M-element ( Transition Or -gate )

For the purpose of forming the Boolean sum of two or more
transition signals, an 'M-element!' was developed by Chuang ( 2 ).

To show how to synthesize this element, let us take an M-element with
two transition inputs and one tran sition output as shown in Figure 2.4 (b)
as an example, and its characteristics can be stated as the following :
'The output ( Z ) of the M-element will produce a transition signal
whenever there is a transition at either one of the two transition inputs!'. |

According to this verbal description, we can derive a level
flow table for this M-element, and synthesize it by Huffman's method( 6).
The result of the circuit realization in this case is eventually
an exclusive~or gate as shown in Figure 2.4 (a), and the output function ofthis
M-element in level logic form is ' z = X @ x, '. Since only one «
transition input change is permitted at each time, the output function
of this M~element can be rewritten in tra..nsition level form as ' Z = X1+ XZ"
where the operation of Boolean addition is applicable. Referring to
this equation, a black box representing this element in transition logic
can be derived as in Figure 2.4 ( b)),

For the case of more than two transition inputs, the synthesis
method of an M-element will be similar to the oneAused for the two inputs
case described above. Because a modulo-2 summer ( 2 ) shown as in
Figure 2.4 ( c ) satisfies the operating conditions of the M-element in this
case, it can be used as the M-element to be designed. The level
output function of the modulo-2 summer is. z = X O) yvooo NO) X T,
where k is the total number of transition inputs of the M-element.

Similarly, the black box representing the M-elemgnt in transition lbgic‘

can be shown as in Figure 2.4 ( d ) with the output function written in

e ]
t.ra:nﬂs1‘t1‘oi1. level form as 7 = Zi Xi '
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(b)

z, z'=x1@~)::c2

z, z=:'=l(+)x2®‘---®xk”

(d)

Figure 2.4 ( a,b,c,d)
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Referring to Figure 2.5, it should be noted that inputs of
an M-element is non-directional transition output signals from the -
K-element, and the output of an M-element is either a transition signal
representing an internal state variable A ( level variable ) when the
Mfelement is used in the realization of excitation function, or a
transition output Zi when it is used in the realization of ihe output function,
both of the directional transifion circuit.

We have synthesized the M-element with restriction that at
most one transition input change is permitted at each time. When the
case of simultaneous transition input changes has to be considered,

the M-element can be synthesized by applying the same technique. The me-

thod of solving this problem will be discussed briefly in Chapter 4.

2.4 General Circuit Configuration of Directional Transition

Logic Circuit.

We have given a black box representation of the directional
transition circuit in Figure 1. 4 in Chapter 1. A more detailed
description of this circuit model is given in this section.

The circuit configuration of D, T. L. C. in block diagram
form is shown in Figure 2.5 . The block marked K-elements or the
block' marked M-elements is generally a network of K-elements or

M-elements in parallel connections. The level functions g’il " (lLy),

.(1,y), and f._ . (1l,y) are generated by the block
B (1Y) fy,5( Ly ), and £, .

of level combinational logics.

H

-

In some situations where the effect does depend on the
direction of transition ( upward or downward ), one block of M-elements
in parallel configuration with the outputs from K s as its inputs, shown

in Figure 2.5, can be saved. Therefore, only one set of outputs is

presented in this case, thisis Zkl or Zkz (k=1 2. .., m. ).
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Also, it is noted that the set of level inputs of a transition
circuit shown in Figure 1.1 or Figure 2.5 will not be used in the
realization of an asynchronous circuit when the concept of transition

logic or directional transition logic is applied.

e |
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2.5 Hazards and Races.

Hazards and races are the causes of incorrect circuit

operation encountered in asynchronous circuits., A transient hazard( 7,14 )

is said to exist, if momentary false outputs appear at the output terminals

of the circuit. An essential hazard ( 10,14 ) is said to occur in a

fundamental-mode flow table, if and only if the circuit is initially in

a total state S, the state reached by one change of a certain input ( x )

is different from the state reached after three consecutive changes in ( x ).
Race ( 9) occurs in a flow table, if more than one state variable

must change in the course of a transition.
If the final stable state reached as a result of

the race depends on the order of change of the variable, the race is
called critical. In order to eliminate these difficulties, many methods
have been introduced recently ( 7,10,14,15 ). g
The directional transition circuit ( refer to Figure 2.3 ( a ),
2.3(b) and Figure 2.5 ) is free from hazard and race difficulties :
First -, the outputs of each K-element are free from
transient hazards ( false outputs ) because of adding the hazard removing
terms ( 10 ), ( those terms underlined ). in its level logic circuit
equations. In order to avoid the malfunctions due to conditions
corresponding to essential hazards, three delay elements (pure or
inertial delay ) are inserted in the state branches of the K-element
of Figure 2.3 ( a ) and in the state branch ( y and Y ) and the feedback
paths of W) and w, of the K-element of Figure 2.3 (b). The only
requirement these delays must meet is that they should be greater than'v
the maximum response time of the K-element to its input signals.”
In other words, by using these delay units, the state variable Change
does not actually occur until the input change 'has been seen throughout
the circuit, and then a proper operation is ensured, = For avoi&ing

race troubles, we have chosen such state assignment for the K-element
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that only one state variable changes during each transiton (9,10).
Also, because of the operation condition that a lével change would
occur at the transition input terminals only when the level signals
from the. combinational logics as the level inputs to each of the K-elements
have been in stable state, then single level change is obtained and
malfunctions due to races will not happen.
Second the outputs of the dir.ectional transition circuit
are hazard free because the M-elements are hazard free. This is
due to the fact that outputs of the M-elements are the transition outputs
of the directional transition circuit (refer to Figure 2.5) and each
of the M-elements never has a level change on more than one of its
inputs at a time, and no adjacent input states produce the same output
level. It is easy to show then (e.g. by Theorem 7.5-1 of McCluskey (10)),
that each of the M-element is hazard free, Outputs of the D.T.L.C. are, .
therefore, hazard free, ‘
Finally, only the stable level signals (fih,'j (1,y), gih,k (1,y)
generated by the combinational logics are considered as the level input
signals to the K-elements. Therefore, momentary hazards appearing in
f‘h,j(l'y) and gih,k(l’Y) would not affect the operation of the D.T.L.C.

and this concludes the hazard and race free properties of a directional

transition circuit.
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CHAPTER 3

-

REALIZATION OF DIRECTIONAL TRANSITION LOGIC CIRCUITS

3.1 The Synthesis Procedures

Asynchronous circuits can be realizeci by applying the concept
of directional transition logic. Knowi-ng the characteristics of the
K-element, M~element, and the derivation of the flow table of D, T. L. C., |
the synthesis procedure for this kind of circuits which is similar to

pulse sequential circuitssynthesis method can be stated as follows.

Step 1. Transform the level flow table into directional transition
flow table and reduce it with applicable merging techniques,

Step 2. Assign binary code to each of the present states, and next
states to obtain the transition table and the output table.

Step 3. Perform the modulo-2 addition between the coded present
state and all coded next states for each row of the transition
table to obtain the excitation table.

Step 4. Derive excitation functions and output functions from the

excitation table and the output table respectively.
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These functions expressed in transition level form are ;

8
2 " iz X1 & LY

(A) , k=1,2,3, ..... , m.

8
%42= fl i2 82,41V

8
YNy = 2 % 0
i=1 ] )
(B) . L i=1,2,3, ..., 1.

Yom 2 Ky, Ly

where ' Z ' means Boolean sum

t'st!, *'r' and "'m ' are the total nuinber of transition inputs,
internal state variables and outputs respectively.
In above equations, Xil and X, 12 are the upward and downward transitions
of X Zkl or ZkZ is the k th output variable (Zk) which responds to xﬂ

or X_ respectively. The j th excitation variable le or Yj ( a transition

variable ) represents the change of the J hmterna,l state variable Yl or.

( a level variable ). lel lor sz 1 implies a change of Yl or v, i2.

fﬂ,j(l’Y) or fiz,j(l’Y) and g;l,k(l'Y) or giz,k(l’w represent
level signals and are Boolean functions of level input variables ( 1's )

and internal states variables( y's ). .(-1,y) is obtained from the

11 j
th
J  component of entries in the X, i1 subtable, 02 ( l,y)is obtained

from the j th component of entries in the Xi2 subtable, both of the excit-

ation table.

Similarily, g, (l,y) and g, (1,y) are obtained from
th il, k 12,k .
k~ component of entries in the Xil and Xiz subtable of the output table.

If Zk1= 0 or ZkZ =k0, then the result will be a transition

3
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circuit which does depend on one direction of transition of the input

signals.

If Zkl # 0 and ZkZ # 0, then the outputs of this circuit
depend on both kinds of transition of transition inputs and, in this case,
an M-~-element can be used to combine Zkl and Zkz together, such that
e ti b = .

quation ( A ) becomes Zk Zkl + ZkZ |
Step 5. Construct a circuit according to the excitation functions and

output functions.

3.2 Synthe sis Example

Example 1 (cont'd) Let us return to example 1 of the modulo-four-

counter problem;j the counter starts to operate from stable state D

( Table 2.2), when X changes from 0 to 1. The counter will go to

1

stable state @ ; therefore, an entry of row 1 in subtable Xl1 of Table 2. 3

’
is filled with the state number ' 2 ! indicating the state transition.

Also during.this state transition the outputs change from 00 to 01, This

indicates that during this state change, only output Z2 has transition,

So, beside the state number ' 2 !'in row 1 of Table 2.3, we write down
0l representing the outputs transition when this state change happens.
0 indicates that Z1 has no transition, 1 denotes that ZZ has transition.

On the other hand, if X_ changes first from 0 to 1, when

2
the counter is in state @ then the counter will go to state @ , and
during this state change, the outputs transition become 11, because
both outputs would change from 0 to 1, acéording to Table 2. 2,
With the same reasoning for other state .transitions, we obtain the -

transition Table 2. 3.
Step 1. Checking with Table 2. 3, we can see that this table can be

reduced further by applying the implication graph technique

and state merging. Thus a transition table with four rows
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instead of twelve is obtained as shown ( Table 3.1 and Table
3.2).

Step 2. Since Table 3.2 has four rows exactly, two state variables
have to be assigned. The resultis shown in Table 3. 3.

Step 3. Performing the modulo-2 addition among each coded present
state with all coded next states in the same row, an excitation
and output table is obtained ( Table 3.4 ).

Step 4. Referring to Table 3. 4’, we obtain the excitation functions and
output functions of the counter,

Step 5. According to the excitation functions and output functions,
we get the circuit realization with K-elements, shown in

Figure 3.1.

Table 3.1 Reduced Directional Transition Flow Table { A)

X, X,

X1 X2 X X22
A(1,5) B, 01 - E, 11 -
B(2,6) - c,00 |. - .
C(3,7) D, 11 - F, 01 -
D( 4,8) - A, 00 - -
E(9,11) - - - C, 00
F(10,12) . - - A, 00 ) ,
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Table 3.2 Reduced Directional Transition Flow Table ( B )

%) X
X11 XlZ. XZI XZZ
I(A,B) I, 0.1 II, 00 III, 11 -
II(C,D) II, 11A I, 00 Iv, 01 -
or( ) - - - I1, 00
IV(F) - - - I, 00
Table 3.3 Secondary Assignment
. X1 . X2
X1 12| Fa | %e
00 I( A,B) 00 01 1 -
Ol{II( C,D) 01 00 10 -
11 |[III( E) - - - 0l
10 IV( F) - - - 00
Table 3.4 Excitation ;and Output Table
Xl XZ,
*1n X12 X2 X2
00 I( A,B) 00, 01 01, 00 1, 1 -
01} II( C,;D) 00, 11 01, 00 11, 01 -
1] III(E) - - | - 10, 00
10 IV( F) , - - - 10, 00
YIYZ’ ZIZZ Y1?{2’ ZIZZ YIYZ’ Z1 ZZ YIYZ' le

2



- 36 -

Excitation Functions and Output functions of the Modulo-Four

Cdunter -
Y = Xy T X, =X,
Y, = X, + Xy




Figure 3.1 Circuit Realization of the Modulo

-four binary counter :
Vs, < A
¢ 2 | Xntvy)
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Example 2. A level flow table is given as follows.

00 o1 n 10 z

1 @ 2 - 5 0
2 - ® 3 - 0
3 - 4 | ©) 8 0
4 1 ® - - 1
5 - - 6 ® | o

8 1 - - .0
Step 1. Take the transition inputs X, and X, of both x| and x, énd the
transition output Z of z.
X, X,

X1 12 X2 %22
1 5,0 - 2,0 -
2 3,0 - - -
3 - 4,1 - 8,0
4 - - - L1
5 - - 6,0 - .
6 - 7,0 - 8,0
7 - - - 1, 0
8 - 1,0 - -




Step 2.

000
110
101
001
010
111
011

100

000

| 110
101
001
010
111

011
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Secondary Assignment,

X:l X2
1 12 | *a X232
010 - 110 -
101 - - -
- 001 - 100
- - - 000
- - 111 -
- 011 - 100
- - - 000
- 000 - -
Step 3. Perform the Modulo-2-addition,
X1 XZ
Xn X2 X2 X22
010, 0 -~ - 110, 0 -~1 1
o1, 0 1= 1 1-1 - -1 -
-1 - 100, 1 1-- - 001, O
-11 -~ 1-- 1 11~ ~ 001 1
-11 - 1-- 1 101, O -11 -
-1~ - 100, O 1‘-1 - 0i1 ©
-1- =~ laew - 1-1 =~ 01r O
-1~ - 100, 0 1-- - ol -

100
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Step 4. The excitation and output functions can be expressed as below.

Yy = X, t Xy

Yo = Xp *F Xpfor, 2 (Ly) + Xpfs, o (Ly)
= X.f

Y3 = Xpfp, 3 (Ly) + X065 3(1’Y)+Xzz

7 % X8 (Ly) + XZZgZZ,l(l’Y)

where le’ 2 (l,y)

1}

<
Y

5
N

n
~
(3

f21,3(1’Y) = YZ

glz'l(l.y) = Y,¥g t ¥,Y,

82,1 {Y) = WY,

In this example the fih,j (1l,y) and gih,k (1,y) functions are
Boolean functions of state variables alone, because no input signals at
all have been selected as level inputs, Also, 1t should be noted that
in this example the merging technique for flow table reduction is no
longer applied, because it is not always guaranteed that a simpler

circuit realization can be achieved by applying the state merging method.




Step 5. Circuit Realization ‘

- 4] -
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CHAPTER 4

CONCLUSIONS

In this thesis, we have presented an approach to the design
of asynchronous circuits by applying the concept of directional transitioﬁ
logic, in an attempt to eliminate race and hazard difficulties and bring
closer the synchronous and asynchronous switching theories.

A directional transitibn circuit has been shown as a circuit
constructed from directional transition level multipliers, transition or-
gates, and ordinary logic gates. With the application of K-elements, a
directional transition circuit whose output changes responding to differ-
ent level input changes is obtained. |

Both-G-element and K-element can be used as a module to
realize an asynchronous problem and because of the present integrated
circuit technology, it is believable that these elements can be made as
a single logic element. .

Although, a K-element is more complicated than a G-element
due to its response to directional change of inputs rather than to simple
change of input but a simple circuit realization with fewer interconnections
between elements is always possible as a result of the using of K-elements.

We have also shown that race and hazard problems are considered
and solved at the time of synthesizing the K-element, and only stable
signals representing gih,k(l'y) and fih’j(l;y) functions would exist;
whenever a transition input change happens at the input terminal, There-

fore, simultaneous change of level inputs of the circuit are permissible

’
-

and would not cause incorrect circuit operation.

A table (Table A-1) has been given in the Appendix as a summary
to point out the different results of the same problem by using the two me-

thods, one employing K-elements, and the other employing G. elements.
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From that table, we can see that for some cases, the directional transi-
tion logic synthesis method is better than the transition logic synthesis
method in that the number of elements used is reduced.
The use of 'Directional Transition Logic Method' for the syn-

thesis of asynchronous circuit has the following advantages.
(1) The circuit realization is simple and straightforward.
(2) The race and hazard problems need not be considered, because

these difficulties have been eliminated in the design of the K-element,
' (3) It is able to distinguish the different transition input changes

which affect the transition output changes of a circuit by applying

~ this method.

(4) We have shown in Appendxx that X d= Xlld + X d and de =

X ld + Xlzd where the terms representmg d1rect1ona1 transition ‘

signals on the right hand side of these equations are independent

of each other, and can be combined together by an M-element to
form a nondirectional transition signal shown as the term on the left
hand side of the equations. This indicates that all kinds of transi-
tion signal can be obtained, if K-elements are used. Therefore,
the method suggested in this thesis is applicable to transition pro-
blems with situation where either the effect does depend on the dir-
ection of transition or the effect does not depend on the direction of
transition.

(5) The approach introduced in this thesis can be extended to the case
of multiple transition input changes. The way of solving this pro-
blem is to design the M-element by first obtaining its primitive level
flow table for multiple input changes ca.se; and then applying the ~

- synthesis method which is applicable to those realizations permitting

multiple input changes (15). The circuit realization of this M-element
will be an asynchronous circuit, whOSé circuit complexity is increas- .
ed as the number of inputs increases. It is important to note that

the circuit realization of the K-element would not alter, because
the operation of a K-element is not affected when multiple input

changes occur,
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APPENDIX

A-1 .Relation between G-element and K-element

From the definitions of G-~element and K-element, we know
that two K-elements in parallel connection, incorporated with an inverter
and two M-elements ( Figure A. 2 ) would function as good as a G-element
(Figure A. 1), and the outputs of this network re spond to different types
of level change of X, and the value of d or d. '

Since K1 and K2 are directional transition multiplier, their
parallel connection which realizes a G~element can be regarded as a
directional G-element as well ( refer to A- 2).

Similarly, a K-element can also be realized by using two

G-elements and an M-element as well as logic gates, This will be

shown in Sec A-2 and Sec. A-Z.' .

Figure A. 1




Figure A.2
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A- 2. Synthesis of G-element with K-elements,

. The level flow table of the G-element( 1) is given below.

d=0 d=1

00 01 n 10 z, z

1 ©) 2 - 3 0 0
2 1 ®@ 4 - 0 1
3 1 - 5 ©) 0 0
4 - 2 @ 6 0 1
5 - 7 ® 3 1 0
6 8 - 4 ® 1 1
7 8 @ 5 - 1 0
8 7 - 6 1 1

Step 1. Treat x as transition input X, and d as a level input

K X
1 X12

d d d d
1 2, 01 - - -
2 - - 1, 01 -
3 - 5, 10 - -
4 - - - 6, 10
5 - - - 3, 10
6 - 4, 10 - - 4
7 - - 8, 01 -
8 7, 01 - - -

* Because only those state changescaused by the level change of transition
input areconsidered, the state change caused by level change of leve.l input
(i.e. d) in the original level flow table is not shown in the directional
transition flow table and those entries in the directional transition

flow table for this type of state changes are treated as 'don.t care' terms.
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Reduced Transition Flow Table

X
*1n X2
d d d d
A(l, 8) B, 01 - - -
B(2,7) - - A, 01 -
C(3,6) - D, 10 - -
D(4,5) - - - C, 10
Step 2 Secondary Assignment
X
n X12
d d d d
00 | A(1, 8) 01 - - -
01 B(2,7) - - 00 -
11 C(3,6) - 10 - -
10 D(4, 5) - - - 1
Step 3 Excitation and Output Table
X . 4
X1 %12
d d d d
00 | A(1, 8) 01, 01 - - -
01 | B(2,7) - - o1, 01 -
n|ces6) - o1, 10 - -
10| D(4,5) - - - o1, 10
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Step 4. Excitation and Output Functions

Y1=0

Y. = dX._. + 3
2 p t X, +dXx, +dx),

& -
(d+d)x, +(d+d)x,

= X
2 54X, +dX),
= Xd
Z. =4d d
, = dX, +dx,
= Xd

Step 5. Circuit Realization

Xn d
x 5
le d
X.21 d
K2 _
X22 d

. Mz
It happens to be that the transition outputs are
independent of the transition state variable. Hence
the feedback logic is not necessary to appear.
It is noted that this circuit is éxactly the circuit ZZ

shown in Figure A.2. Therefore the relation of
the se two elements is proved.

N
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A-2! Synthesis of K-element with G-elements

The level flow table of a K-element is given below,

d=20 d=1

00 01 11 10 w w

1@2- 3 {0 o0

3 | 1 - 13@ 0 0

8 6 7 - 0 1
9 11 - 7 @ 1 1
10] - 12 16 1 1

n| @ w2 - 9 11
12| 1 @ 110 - 11
13| - 14 O 9 10

14} 15 13 - 1 0
15 | @ 14 - 16 1 0 .
16 | 15 - 4 10

Step 1, (a) Treat both inputs and outputs as transition inputs and transi-

tion outputs then form a transition flow table (1) of the K-element and as

 shown below.
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Transition flow table of a K-element

D X

1 3, 00 2, 00
2 4, 00 |- 1, 00
3 1, 00 13, 10
4 2, 00 5, © 01
5 6, 00 10, 10
6 5, 00 8, 00
7 8, 00 3, 01
8 7, 00 , 00
9 11, 00 7, 10
10 12, 00 16, 01
11 9, o0 - | 12, 00
12 10, 00 11, 00
13 14, 00 9, 01
14 13, 00 15, 00
15 16, 00 14, 00
16 15, 00 4, 10

(b) Reduce the transition flow table by finding a miaimal closed collection

of compatibles (15) that cover all the states of the transition flow table.
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A complete, minimal, closed collection of compatibles is given
below. The reduced transition flow table of a K-element corresponding

to the collection is shown in Table A-2"',

I=(,6,11,15)
I1=(2,8,12,14)
III= (3,5,9,16)
Iv= (4,7,10,13)

Table A-2' Reduced transition flow table of the K-element,

D X
I 111, 00 II, 00
I Iv, 00 . I, 00
oI I, 00 1v, 10
v 11, 00 i1, 01

Step 2 Secondary Assignment

D X
00 ) § 11 01
01 I 10 00
11 I 00 10
10 v 01 11

Step 3 Excitation and output table

D X . | .
00 |1 11, 00 o1, 00
o1 |m | 1, o0 | o1, 00
11 | 11, 00 01, 00
10 | 1v 11, 00 " o1, 00
.Y, ZZ, Y Y, z 2,
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Step 4 Excitation functions and output functions of the K-element.

Yl =D

YZ =D+ X
= X

Zy =N,

Z2 = y‘lyz X

Step 5 Circuit realization of the K-element with G-elements, |

A 4

A\ 4
N

AR
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A - 3 Circuit Realizations with G'-ele'_rnents

In order to illustrate the différences between the application
of G-element and K-element, we repeat the synthesis of each of those
éxarnples shown in Sec.3.2. First we obtain the transition flow table
.frdm the given original level flow table, Next,. we apply the same
state assignment which had béen used for K-element realization in 3. 2
to the ‘problem. Then, we do the modulo-two addition to get the
excitation and output table. Finally, we derive the excitation and output
functions in transition-level form from the excitation and output table,
together with the circuit realized with G-elements, M-elements and
ordinary logic gates. At the end of this section, a table will be given
to show the different results of circuit realization wifh G-elements and *

K-elements of these examples.
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Step 1 Simplified Transition Flow Table A ( By combining equivalent
state )
X1 XZ

A(1,5) B, o1 E, 1

B(2,6) C, 00 - -

C(3,7) D; 11 F, 01

D(4, 8) A, 00 - -

E(9, 1) - - c, 00

F(10,12) - - A, 00

Simplified Transition Flow Table B (By state merging)

x1 : XZ
A(l, 5) B 01 E 11
B(2,6)E(9, 1) C 00 C 00
C(3,6) D 11 F 01
D(4,8)F(10,12) A 00 A 00
Step 2. Secondary Assignment

X %
00 I(A) 01 01
01 II({ BF) n 1
1 III( C) 10 10
10 IV(DF) 00 00 -
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Step 3 Excitation and Output Table
x1
00 I(A) 01 01 01 11
01 II( BE) 10 00 10 00
11 III( C) 01 11 01 01
10 IV(D,F) 10 00 10 00
YIY 2 Z1 ZZ YIYZ z1 ZZ
Step 4. Excitation and Output Functions :

Step 5.

¢

Y1 = X1 (vly2 +,V1Vz) + X‘,_(y,p'2 + ylyz)

Y

, = X lyy, tyy,) X0y, oy,

Z, = Xl(ylyz) + XZ(YIYZ)
Z2 = XI(YIYZ + YIYZ) + Xz( Y * YIYZ)

Circuit Réalization
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Example 2' ( Repeat the Synthesis of Example 2 )
Level Flow Table

00 o1 11 10 z

1 ©) 2 - 5 0
2 - @ 3 - 0
3 - 4 ® 8 0
4 1 @ | . . - 1
5 - - 6 0
6 - 7 ® 8 0
7 1 @ - - 0
8 1 - - 0

Step 1. Transition Flow Table

X X,
1 5, 0 2, 0
2 3, 0 - -
3 4,1 8, 0
4 - - 1, 1
5 - - 6, 0
6 7, 0 8, 0
7 - - 1, 0
8 1, 0 - - /




Step 2.

Step 3.
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Secondary Assignment

000
110
101

001

010

111

o1l
100

000
110
101
001

010
111

011
100

x1 xZ
1 010 110
2 101 -
3 001 100
4 - 000
5 - 111
6 o1 100
7 - 000
8 000 -~
Excitation and Output Table
%) X2
1 010, O 110, O
2 o1, 0 - -
3 100, 1 001, O
4 - - 001, 1
5 - - 101, O
6 100, © o1, o
7 - = 011, 0
8 100, O - -
Y1Y2Y3 Z YIYZY 3 Z
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Step 4 Excitation and Output Functions

=
1

1 ° X lyg +yy,) + X, (y,)

o
i

2 Xl(y1 + YZY3) + Xz(yzyr3 + Y2Y3)

)
!

3 = X (yy3) + X0y, + yiy,)

Z = Xl(yzy3) + Xz(ylyzy3)
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Step 5. . Circuit Realization
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Total no. of
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TRANSITION LOGIC SYNTHESIS

Total no. of Total no. of
G-elements M-elements ILogic gates Comparisons
Used Used Used
Example 1
1 NOR More
1 AND M-elements -
Example 1" 4 4 1 Ex-OR Used, More
. Complicated
3 Logic
Example 2
3 Inverter More
7 AND Complicated
Example 2' 8 4 3 OR Logic And 8
1 Ex~-OR G-elements

14

Used



TABLE A -1( Cont'd)
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DIRECTIONAL TRANSITION LOGIC SYNTHESIS

Total no. of

Total no. of

Total no, of

K-elements M-elements Logic gates Comparisons
Used Used Used
Less
M-elements
Example 1 4 3 1 Inverter Used less
Complicated
Logic
Example 1!
2 Inverter Less Logic
2 AND Gates And
Example 2 5 4. 1 OR Only 5
1 NOR K-elements
6 Used

Example 2'
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