64 (A), July 1983. Pp, 159-162.

ppdisa 105t 58 Xt ce, Printed in India.
In

dian Ipstitute of

.
0

nort Communication

—

Migimization of TANT networks

« NAMACHIVAYAM* axp S. K. SRIVATSA**
\oa University, Madras Institute of Technology Campus, Chrompet, Madras 600 044, India.

Received on May 4, 1982 ; Revised on June 20, 1983,

Abstract

This paper presents @ method for generating tail factors which realize some principal tail factor of
am operational rrime permissible implicant (OPPI). Defects of the Gimpel’s method and its conse-

mence on the minimization of TANT networks are pointed out. The validity of the new method
has been proved.

Key words : TANT networks, Gimpel’s algorithm.

L Introduction

A TANT network is a three-level network composed solely of NAND gates having
mly uncomplemented (True) inputs. An algorithm for finding for any Boolean func-

L i optimal TANT network was presented by Gimpel'. In his algorithm, certain
inctions realiza

S ble by input gates or second-level gates are preselected as candidates

netwpg:il le use in an optimal network. Candidates with which alore a minimal TANT

Anencnc:an' be obtained are called operational prime permissible implicants (OPPI).
l}eensu:m t0 2 prime implicant table known as CC-table (Cover and Closure Table)

S e, 1[:'bﬂt:u:-.strutcted.. This table is used for choosing a subset of OPPI. A network
- Odamed by using this subset of OPPI.
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160 N. NAMACHIVAYAM AND S. K. SRIVATSA

The principal expression for any OP?I is of the form HT/ T 7
Ty, Ty T - -+ +» Ta 21€ 3 pro@uct of different uncomplementey z"ar; b T Ve,
the Boolean constant 1). H 1s called the head of the eXpression an?l les' (§ may[!'
principal tail factors. In the CC-table, there is one colump - eachT¢§aF5%
factor of each OPPI and there is one row for every tail factor Which leIl'Clpa[ Q
principal tail factor of an OPPI. Therefore, before constructing the r

: o . CC. g
factors which realize some principal tail factor of an OPPI muyst b, C-table, the

generateg

2. Gimpel's method and its defects

Gimpel' bas presented a method to generate these tail factors mechapicy

follows : - iy

Let T° be a principal tail factor of an OPPI with head H. Let ¢ be 3 Product ¢
complemented variables of all the variables not in H or T. Let H,, H,...
the set of heads of the fundamental products of 77. Then the set of tai]fa:r.m
realizing 7" is H,’, H,',..., Hp'. Thus the problem reduces to one of findny g
the fundamental products of a disjunction of terms of the form 7v.

Let us now analyse this method. Let us consider the OPPI* xzy’. For this examgk
H = xz and T = y. w and y are the variables not in H and w, x, and z are the varizbis
not in 7. Therefore, the set of variables not in H or T is (w, y, x, z). All the possik
products of the form ‘¢’ are w'y’, w x', w2/, y' X', y 2/, x' 2, wyxJii
wx'z,wyz,wy x z. Now if we find the terms 7¢ using the above produs
some of them will become zero if they contain )’ as one of the literals. The @
zero terms of the form Tt are yw' x', yw' z', yx’ z’ and yw’ x’ z’. Let Dbethe &

junction of these terms. Then,

D =yw'x" 4+ yw'z’' 4+ yx'z' + yw' x' 2’
= yWX (24 2) + yw'z’ (x + X) + yx' 2’ (w+ W)+ yW¥7
- yzwrxr + yw:xrz; + xywrz: + ywxrz!
=X
Thus, the heads of the fundamental products of 7Tt are H, = ¥z H, =,y ’(:;;r. Rl
and H . = Wy. By the above method, we get the tail factors y', (¥2)’ () it Al
(xzy)’ 1s also a tail factor which realizes y’ and we are not able to genefﬂli: ﬁg;hm?
if we fﬁplﬁcfﬁ y' by (Wy)' in the expression for the OPPI considered, ! Jired O
expression will not be an expression for the OPPI. So (wy) is not 2 =
of tail factor even though it realizes y'. )
o (0
We can mathematically prove that the above method will yield such factor
whenever there exists one or more variables not in both H and T.

* This is an OPPI for the function considered by him on page 25, fig. 9-
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proof
 consider a function of n vaniables. Let the set of variables be § = (S, Sy, - -5

Let u]_et T be a principal tail factor of an OPPI with head H. Let V, be the set of

f;)n"ables not in H or T. Let V; be the set of variables in T only.

Let V; be the set of variables not in both H and T.

f ¥, is Dot a null set, then et S; € ¥5. Now consider 2 product ¢, of the form ‘¢’
formed uSing variables in ¥V, exc?pt S Lot t“ =5;85.,..--S and let J = (j,j + 1,
..., ). Since all the variables mn r, are not m V,, Tt;# 0. The heads of funda-
—ental products of 71, are of the form TSy where Spe S and R ¢J.

Now S;€S and 1 ¢J, therefore TS, 1s one of the heads of the form TS,. Hence,
the method has yielded (7'S;)" to be a tail factor. If we replace I” by (7'S,)’ in the ex-
pression H,' T' .+« T of the OPPI considered, we get H(TS,) 'T', .-- T, as the
expression for the OPPL. Since H(TS) 'Ty' ... T, =HI'Ty ... T, + HS, 'Ty’ ...
T, and HS,'Ty' ... T, # 0, H (TS,) 'T'y.. T,' is notan expression for the OPPI consi.
dered.

We have observed two things. First, Gimpel’s method will not generate the fulj
set of tai] factors required and secondly it will sometimes yield odd candidates. Let
us next see the effect of this on the minimization of TANT networks.

Every third-levei gate in a TANT network realizes some principal tail factor of those
OPPI which are selected for forming a minimal network. We have already observed
'hat, in a CC-rable, a column is provided for every principal tail factor and a row for
Pety tail factor which realizes some principal tail factor. This is done to minimize
‘hff Il_llmber of third-level gates as follows. If a tail factor 7" realizes more than one
Pricipal tail factor, instead of generating these principal tail factors separately using

;{Hﬂeﬂt gates, we can replace these gates by a single gate which realizes the tail factor

PILC;_;S con?ider }he same example xzy’. We got (wy)' as a tail factor which_ realizes
diigs prigle',) realize some of these principal tail factors and Y’ has _not-reallzed any
0 s F‘Pal_tall factor. Then, the CC-table reduction technique will give (wy')!, a5

*Mtial tail factor to be used in the minimal network and this replaces y'. This

Netw . _
otk will not realize the given function.

mjg?l Ehﬁ Other hand, if we are not able to generate (xzy), this may lead to a mon-
lh:ee-levg‘m?ork'. It (xzy) is already selected for forming minimat network, a
teplace thesg: :w will be required for (xzy)’ and another gate for)y’. We can
. Xy, © gates by one if we are able to observe that y’ may be replaced by
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3. New method
This method is based on the Boolean identity

’ ’
XX, = XXy XX = X (xix,)

(xi xj)’ realizes xj' and the function will not be affected if we replace o
Let T’ be a principal tail factor of an OPPI with head A. © ¥ by (i
Augment the principal tail factor T with the head variable or variables, y
1’ can be thought of as a variable in any head H’. The set of factors obtaimdmk
augmentation is the required set of tail factors. Once the tail factors are Iy by
TANT network can be synthesized as usual. We next prove that the set of tai? :
obtained by this method is the required (full) set of tail factors. e

Proof

Let HT,' T,/ ... T;... T,” be an OPPI. Let it be required to find the tail fiuy
which realize Ti’. Let V be the set containing all the variables in H. Let He¥, I
Ty, = HpTi. 1If we replace Ti' by TR’ the function will not be altered* a7,
realizes T,. Therefore, T, 1s a required tail factor.

On the other hand, let H, ¢ V. Then, if we replace T, by Ty, the functioa
be altered. The terms obtained by augmenting the variable or variables in ¥ au &
terms obtained by augmenting the variable or variables not in V together fom &
full set (R) of terms which realizes the given principal tail factor 7.

The elements of R which are obtained by augmenting head variable or v ¥
alone the required tail factors and no other tail factor which realizes Ty e
TV,

4. Conclusion

Mere augmentation of the head variable or variables gives the required 1) tfmmfﬂ“
lns_tcad of the cumbersome methods, leading to more systematic meth
zation of TANT networks.

Reference
N
1. GmMPEL, J. F. The minimization of TANT networks, JEEE TP%
Computers, 1967, EC-16, No. (1), pp. 18-3%

P '
This fact is presented by Gimpel on page 31, lemma-4.



