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Abstract
Full Text

ELECTRICAL ENGINEERING
M. L. TSETLIN

ON THE COMPOSITION AND PARTITIONS
OF NONPRIMITIVE CIRCUITS

(Presented by Academician M. V. Keldysh on 19 VII 1957)

In the present note we consider circuits formed by the composition of nonprimi-
tive circuits, as well as by the partition of nonprimitive circuits into subcircuits.
The definitions and notation correspond to those adopted in (1).

1. Let X = (2',...,2P) and Y = (y!,...,y%) be sets of quantities z* (i =
1,2,..,p), ¥/ (j = 1,2,...,q), taking the values either 0 or 1, and let
X = (7% ...,22771) Y = (§°,..., 5?7 !) be the corresponding simple vec-

tors. We shall call the set Z = (2!,...,2P"9) such that 2! = 2!, ... 2P =
P, 2Pt =yl .. 2PT9 = 49 the union of the sets X,Y. In this case
the set Z will correspond to the simple vector Z = (Z°,...,22PT9 — 1),

which is the union A9f t}flve simple vectors X , Y. We shall use the notation
Z=XxY, Z=XXxY. Between the coordinates of the simple vectors
X,Y and Z the following relations hold:

B prqre Yps 1 YoM - L1 PprqreerVpsn ) (1)

Loty = \/ B pqreTps1 Y1)

Ypigrtpin — \/ AP AR (2)
Y15 Vp

Formulas (1), (2) are readily extended to unions of three or more sets and the
corresponding simple vectors.

2. Let a primitive circuit P have s feedbacks ¢!,...,°% n input buses

z', ..., 2™ and p output buses f!,..., fP, and let a nonprimitive circuit Q
have r feedbacks !, ...,9"; m input buses y!,...,y™ and ¢ output buses
g',...,g%. Suppose, further, that to the circuit P there corresponds the

state matrix

A:Ha

1 n
oo (@ ™)
Qoo pj0 .0 ’ ’
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Fig. 1

Figure 1: Fig. 1

and the reaction matrix

L= Hlan,.“,al;ﬁp,m,ﬁl (4,01, ey (pg)

)

and to the circuit ) there correspond the state matrix

B Hbar,---,al;a’,,...,ai (y17 sy yr>

7

and the reaction matrix

M= Hmam,.”,ai;ﬁq,...,ﬂl (wlﬂ 7¢T)H .

If 5t+1 and @tH are the simple state vectors, 5(;“ and i};ﬂ are the simple

input vectors, and f’t 41 and C:'/t 41 are the simple output vectors of the circuits
P and Q, respectively, then the relations ((1), formulas (7) and (12)) hold:

Dy = P A(X 1); Uy =V, B(Y,14); (3)
Fo= Xt+1L(cI)t>§ Gt+1 = Y;‘/JrlM(‘I’t)' (4)
where X, ; = (xt1+17~--7x?+1)§ Y = (yi}Jfl""ayﬁl); o, = (@%7"'7@?)3 v, =

(1, ..., 47). We construct the composition R of the networks P and Q, putting
ft1+1 = ?/t1+1a s S = Y xt1+1 = 79%’ e Ty =045

Vi1 = Giers s ¥y = g y; v <min(p,m); u < min(n,q). (5)

The presence of delay lines ¥, ..., 9" is necessary so that contradictory expres-
sions of the type = & do not arise. If the functions f,..., f¥ do not depend
on the variables z!, ..., 2%, or if the functions g',..., ¢* do not depend on the
variables y', ..., 4", then the use of additional delay lines is not necessary. The
composition R of the networks P and @ is shown in Fig. 1, where the connec-
tions corresponding to (5) are indicated by dotted lines*.

Fig. 1
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The network R obtained in this way will have kK = m +n — u — v input buses,
l =p+ qg—u—v output buses, and w = r + s + u feedback links. Introduce the

notation:
1 u+1 n—u __ ,n . n—u+l __ , v+l k _.m

Ziel =TT A S R 2 S Yt e Zi1 = Yits (6)

1 _ 1 S __ A8 s+1 _ /1 s+r s+r+1 __ ql w __ Qu.

Of = PiyeensOf = @5, 0F  =Pi,e, 00 =1, 0} =V, ..., 00 =0
(7)

v+1 p—v D p—u+l u+1 l

t+1 =i hin = fis i =98 hi = 9t+1 (8)

The state of the network R at the moment ¢+ 2 is described by the simple vector

S = (6%, ..,524°1). From relations (7) it follows that
Y1 = P Vi1, ()
where f,,, = (99, ,...,92% ") is the simple vector describing, at the moment

t + 2, the state of the feedback links 91, ..., 9%

By formulas (9), (3), (4), (5), using relations (1) and (2) and the notation (6),
(7), (8), the elements of the state matrix C' = |lc, 4 ian.0! (Zh1, 2|

and of the reaction matrix K = [k, . .55, (o}, ...,0%)| of the nonprimitive
network R are computed:

1 k _
Caw,...,al;a{w.“,a’l (ZtJrl? Tt Zt+1) -

_ 1 n—u
- aas,...,al;a’s,...,a’l (as+r+17 vy Qs B 1y oo By )X
Bpyr-sP
Yg—usrV1
n—u+1 k
X bas+,.,...,a5+1;agﬂ_,...,agﬂ (51’ e 61/7 zt+1 PR Zt+l) X
X lZﬁ:fﬂ 21Oy Oy 1385 B (al’ o aS) X
KT | 28 By P @ sl g (st 1o 2000 Ol ) (10)

* Note that as delay lines 9, ..., 9% one may use part of the lines ¥ (i = 1,...,7), and as f7 (j =1, ...,v)—pa
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l 1 w\
kak,---’aﬁﬂz;---,[ﬂ (Ut 1o O ) -

— 1 s
= \/ L sy 08 088 By 8y (T3 2005 OF ) X
[ I
Vs V1
s+1 S+
Xmakv---»o‘n ’u,{1;61)7“‘751;5l1"'7ﬁp w1 Vs V1 <Jt e O—t ) (11)

We shall call a composition of nonprimitive circuits direct if © = 0. We shall
call a direct composition successive if, in addition, m = p = v. In the cases of
direct and direct successive compositions, formulas (10) and (11) are simplified.
Thus, for the case of a direct successive composition R of circuits P and @), the
number of input buses is k = n, the number of output buses is [ = ¢, the number
of feedbacks is w = s + r, and the corresponding formulas have the form

1 n _ 1 n
caw,m,al;aﬁu,...,ai (Zt+17 ’Zt+1) - \/ aas,...,al;a/s,...,o/l (Zt+17"' 72t+1)><
BpsesB1
Xbaw,...,asﬂ;a{u,“.,agﬂ (ﬂly 7Bp) lzgrl,.‘.,ziﬂ;ﬁp,...,ﬂl (o‘b s O‘s); (12)
k (o} o) =
anv-uval;ﬁqr-wﬂl treo e
— 1 s s+1 w
- \/ lan,”.,al;'yp,.“,fyl (Jta 7Ut>m'yp,...,'yl;ﬂq,.4.,,81 (Ut y ey Oy ) (13)
Ypor V1

Formula (13) corresponds to the product of the matrices L and M (1).

As an example, let us consider the direct successive composition of s trigger
cells, i.e., of identical nonprimitive circuits, each of which has one input bus
x%, one output bus f?, one feedback ¢’, and is described by the state matrix
A = |y, (x},1)] and the reaction matrix L = |15 4 (¢})|:

: : 1 0
A= 33§+1 @ : L= <1 i) ; i=1,2,...,s. (14)
Ty T P Pt

The formulas for the elements of the state matrix and the reaction matrix of
the composition easily follow from (12) and (13) and have the form

Cas,“.,al;ag,m,a/l (x%le) = \/ a’al;o/l (l'%+1) aaz;aé (61) "'a’as;a’s (BS_1>X
ﬁs—lwwﬂl
XZI;H?,Bl (al) lﬁl?ﬁz (042), T lﬁs 23Bs 1 (O{S*l); (15)
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ka;o/(go%a teey 9029) =

= \/ la;,ﬂl (90%) 151;/32 (‘Pf) ZBS,Z;ﬂS,l (%f*l) Z,BH;o/ (90?) (16)
ﬁs*lw‘wﬂl

Writing out, by these formulas, the state and reaction matrices of the composi-
tion, we obtain:

Ty 1T 0 - 0 0
0 2aTi - 0 0 1 0
O = ) : — : S K= (M (pl...<ps> :
0 0 0 o 2% AR
)i 0 0 .. 0 Ty

(17)
The corresponding circuit (a binary-counting circuit) is often used-

is used in experimental physics (see, for example, (?), where numerous concrete
schemes for its implementation on thyratrons, electronic tubes, etc. are given).

3. Let R be a nonprimitive circuit having w feedbacks o,...,0"; n input
1 1 L.
buses z', ..., 2™ and [ output buses f*, ..., f*;
— 1 n _ 1 w
C= Hcaw,...,al;aﬁu,...,ai (xt+17 7xt+1)“= K = Hk"an,...,al;,@l,.u,ﬁl (Ut y ey O )H

are the matrices of states and reactions of the circuit R. We indicate circuits
P and @ whose composition is the circuit R. We give one of the possible
decompositions of the circuit R into the subcircuits P and Q.

The circuit P has s feedbacks o', ..., 0%; n+w—s input buses o°*, ..., 0%, z!, ..., 2",

and p + s output buses o', ..., 0%, fI, ..., fP. The circuit Q has w — s feedbacks
i 1

+1

ot ...,0%; n + s input buses o', ...,0% ', ..., 2", and | — p + w — s output
buses o1 ..., 0%, fP*1 ... f. To the circuit P there correspond the state
matrix
— s+1 w .l n
A= ||aas,...,a1;a;,...,o/1 (Ut y ooy O s Liyqseee 7xt+1)||
and the reaction matrix
— 1 s
L=la,, s sityesrss (50Dl

and to the circuit @ there correspond the state matrix
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B= Hbawfg;~~~,0¢1;a;75>~~,0¢’1 (o}, ...,0%, xt1+1, ,fo)H

and the reaction matrix

— s+1 w H
M=o, cnify o s (@850t

computed by the formulas:

s+1

w .l n —
aas,...,al;a’s,...,a/l <Ut 3oy Og 3 Lpgqyeee 7xt+1) -

1 n
O s Y15 @ ooy O Wy yeeer Y 5Oy (th’ ’xtH)X

/Yi/u—sr")’)/}
Yw—sr71

(18)
s 1 n —
baw,s,...,al;a{”fs,.“,o/l (Gt y ooy Oy Lpyqyeee amt+1) - (19)
_ 1 n 117, 515 -
- Cltyy goes Q1 5V 3o V130 g reees O Y (@gs1s - Ty [og 70 o]
"/.;ww’)’}
Vs V1
1 s\
lanﬂu,s,...,al;ﬂp+s,...,,81 (Ut PR Ut) -
— 1 s
- \/ Qs s Qs 413V pses V15 Bs D Bs 41 (Jt yeeey Oty Olpyeee ’awfs)x
Yi—por-T1
1 s .
x[ot]Pr .. (a7)Ps; (20)

s+1 w
man#»sv"-val;Bl—gﬂ»w—sv“'vﬁl (gt 10 s Tt )

w—s+1 w
Cppsrs Qi1 Bl piw—sr-sBuw—si1VprsV1 (ah ey O, O <y Oy )X

x[oft)Pr L (o) Pus,

(21)
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