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Abstract—In this work, the application of symbolic
computation to problems of electrical engineering has been
presented. In particular, a method has been designed for
deriving a symbolic equivalent impedance of a circuit
comprising an arbitrary number of resistors, capacitors, and
inductors, connected in series or in parallel. The supporting
environment for performing symbolic computations is Prolog
programming language. This is a computing environment
capable of effectuating symbolic computation and logical
inference, and as such, it is a member of a wide domain of
Artificial intelligence (AI). In this work, the main development
ideas, the illustrative parts of the created Prolog code, and the
results of its execution on sample networks, have been
presented.
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L.

Linear dynamic electrical circuits composed from
resistors, inductors, and capacitors (RLC networks) are
ubiquitous in all domains of electrical an electronic
engineering, from power supply systems to wireless
communication systems [1], [2]. There are good software
solutions for simulating such networks, and for optimising
the values of their components [3], [4], [5], [6], [7], [8], [9]-
Nevertheless, in searching for new solutions, it may be
important to try novel circuit topologies. Such task will be
greatly facilitated if symbolic analytical mathematical
expressions describing such circuits are known. Symbolic
computation in cases of RLC networks entails application of
a sequence of transformations of symbolic expressions.

INTRODUCTION

Performing only numerical simulation of such circuits
may be done readily and very efficiently. The results may be
presented in the form of tables, or graphically. However, for
a true insight in the behaviour of a circuit, an analytical form
of a circuit's characteristics is needed.

Symbolic computation in cases of RLC networks entails
application of a sequence of transformations of symbolic
expressions. All the steps in these transformations are of
light or moderate complexity, and are easily performed by
humans. However, in case of complex circuits, operating on
a large number of symbols presents an increased cognitive
load, which may be a source of errors [10]. For this reason,
there is a need for utilisation of computer aided symbolic
computation when working with RLC networks. Computer,
i.e. software systems enabling symbolic computation will be
a great aid to engineers and designers.

Nowadays, pre-trained transformer and generative
neuronal networks trained on large data sets, commonly
known as the LLM, are being used in all and sundry cases
pertaining to text and image applications [11]. Such systems
are developed by using extremely large data sets with
information in a correct form [12]. This is, so called, the
example based artificial intelligence (Al). Whilst
applications of the LLM for symbolic computation seem to
be appearing recently [13], [14], it is doubtable that there
exist sufficiently large sets of examples of symbolic
computations with electrical circuits, necessary for their
training.

Thus, for these kinds of applications, the author proposes
to recourse to an older kind of artificial intelligence, now
largely abandoned, which is the knowledge based artificial
intelligence (Al) [15], [16], [17]. In this kind of artificial
intelligence, the machine performs reasoning by applying
transformation rules set by knowledgeable humans [18], [19].

II. SYMBOLIC COMPUTATION WITH PROLOG

Programming language Prolog has been originally
devised as an aid to proving mathematical theorems [20],
[21]. This is performed by repeatedly applying
transformations to a symbolic expression representing the
theorem to be proved, until the conformance of this
expression with previously established true symbolic sets, i.e.
with axioms, has been achieved [22], [23], [24]. But the
usefulness of Prolog goes beyond this, as the ability of
Prolog for manipulation of symbolic expressions may be
profitably used also in deriving mathematical descriptions of
electrical circuits.

Programming paradigm of Prolog is the declarative
programming. Declarative programming has been rather
neglected in the recent years, and it has conceded place to
object oriented programming, imperative programming, and,
to some extent, to functional programming. Declarative
programs are essentially composed from lists of
transformational rules, called the clauses in Prolog. The
rules are being applied exhaustively to symbolic expressions
by the Prolog inference engine, until an expression of the
correct form, i.e. the programme goal, has been reached.

In order to be able to deal with all manner of symbolic
expressions, there is only one data structure in Prolog : the
list. List data structure is truly universal, though its use has
to be carefully deliberated. Its use in the case of electrical
circuits is explained in the next section.

It has to be mentioned that Prolog is not the only
programming system able to perform arbitrary symbolic
computations. Some commercial software systems for
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numerical or general mathematical computations, such as
Matlab, and Mathematica, are being used in engineering
practice for these very purposes. In fact, any of the
programming languages of the broader Lisp family and their
decendants, such as Common Lisp, Scheme, Clojure, Haskel,
and even Javascript, can be also be used. Which software
system is more efficient will depend on the implementation,
and the convenience will depend on the skills and habits of
the engineer using it. In the present work, Prolog has been
used in order to demonstrate the validity of the approach
using symbolic computation. Once the principles have been
confirmed, they may easily be transferred to another, more
efficient or more convenient platform.

III. ELECTRICAL CIRCUITS AND PROLOG

A. Textual representation of electrical circuits

Electrical circuits treated in this work are composed from
resistances (R), inductances (L), and capacitances (C)
connected in series or in parallel. At the beginning of the
processing, the circuit elements are represented
conventionally, by a letter indicating the type of the element,
R, L, or C, followed by the element determinant ( a letter, a
number, or a combination of these ).

In order to facilitate entering the circuit description into
the Prolog symbolic computation system, a textual circuit
description has been used. This textual circuit description
has been devised as a slightly modified electricians' notation.
Together with the symbols representing circuit elements, it
uses two symbols indicating a composition operator : " | |"
for a parallel connection, and "--" for a series connection.
In addition, the symbols of round brackets are used for
element grouping. The examples of textual representation of
RLC networks are given for circuits in Figures 1, 2 and 3.
The textual representation proposed there for the circuit in
Figure 1 is "La--Rb", for that in Figure 2 is "Ca| |Rb",
and for the slightly more complex circuit presented
schematically in Figure 3is " (L1--R2--C3) | | C4".

B. Representation of electrical circuits in Prolog

Firstly, the circuit elements are represented in Prolog as
lists, as it has been announced in the previous section. For
each element, the list contains two elements, a textual symbol
of the type of the element, and a textual symbol of the
determinant part of the element symbol. Examples of the list
representation for the elements used in this work are shown
in Tables 1, 2 and 3.

Then, also in Tables 1, 2, and 3, Laplace domain
impedances and their Prolog representations are shown. The
Prolog representations are formed as nested lists, which will
be explained below.

It is important to notice that impedances in Laplace
domain are rational functions. It may be shown that, in
general, the form of an impedance in Laplace domain is

La Rb
_W—:l_

Fig. 1. Series L R network

Ca Rb

Fig. 2. Parallel R C network
m .
s'q,
Z(s) Q(sy):; ’:q0+sq1+szq2+...

P|s] Z":Sipi p0+sp1+52p2+...(1)

i=0

In Prolog, a rational function will be represented as a list
with two members : "Z=[Q, P]", where "Q" and "P" are
polynomials. The representation of a polynomial is also a
list. E.G. polynomial Qs |= qotsq,+ s’ q, is represented
as "O=[[0,90],[1,gll,[2,92]]1" Further on,
coefficients of the polynomials, which are in the form of a
sum of products are also represented in Prolog as lists. For
example, for coefficient X =ab+cde +fg its Prolog form is
"X=[[a,bl, [c,d,e]l, [f,9]]1" . One exception is the
case where the polynomial coefficient is a numerical
constant. Then, the coefficient is represented by the number
itself. E.G. if the polynomial in question is
Q(s]:1+s(ab+c)+sz(de+fg) , its representation in
in Prolog is

Q=1100,11,1[1,[[a,b],[c]]],
(2,[0d,e]l, [£,9]]]]

C. Symbolic computation of impedances in Prolog

Let two impedances connected in series be
S S
Zl(s):(lgl(( | d Zz:Qz‘ ) The resulti
s| an P,ls| e resulting

impedance is the result of the series transformation, denoted
functionally as f s, is the sum of the impedances :

Q,Q_Q,PHQ,P,
P, P, PP,
(2)

Z:fS

Z,,2,|=2,+Z,=

Resulting impedance of a parallel connection of the same
two impedances is computed by a transformation denoted

functionally as [ p:

2=1,/2,, 2= =L ([(12).1,(2,))

-128-



TABLE L. REPRESENTATION OF RESISTANCES
Circuit element symbol R1
Prolog representation of ['R','1']
the element
Impedance in Laplace R
domain 1

Prolog representation of

0, 'R','1’ ,[[0,1
the impedance [C00, [ 11111,010,1111

where f is a function transforming an impedance into
its reciprocal value.

Z it f(Zl):fr(_) @)

_61_ r Pl

Clearly, after any such transformation, the form of the
impedance remains the rational function. The transformation
itself requires just operations of addition and multiplication
of polynomials. Prolog clause producing the reciprocal value
is extremely simple:

z_rec([Q,P], [P,Q])

Functor for performing impedance transformation in case
of parallel connection, "z par" , is performed through
Prolog functor performing impedance transformation in case
of series connection, "z _ser" , and through the functor for
producing the reciprocal value, "z _rec".

z par(z21,22,7) :-
z rec(z1,RZ1) ,
z _rec(z2,Rz2) ,
z_ser (RZ1,RZ2,RZ) ,
z _rec(RZ,Z)

Functor "z _ser" is a bit more involved, as it uses further
functors performing addition and multiplication of
polynomials.

z ser([Q1l,P1], [Q2,P2],[Q,P]):-
p _mult(Ql,P2,AQ1) ,
p_mult(Q2,P1l,AQ2) ,
p_add(AQl,AQ2,0Q) ,
p_mult (P1l,P2,P)

Circuit e L] R2 C3

Prolog re
the

Impedai

¢ Ca

Prologre,.. .o.cccoeevns .
Fig. 3theimpedance netwo

41([[[0,1]],[[1,[[['0','1']]]]]]

Prolog clauses for addition "p_add" and multiplication
"o mult" of polynomials are recursive, which requires
some care with treating special cases. They are not presented
here in full, however, the main direction of their development
is briefly sketched. Adding polynomials requires adding
their coefficients. Thus we have

\ab+cd|+|fg+h)=(ab+cd+fg+h) (5)

In Prolog, this can be achieved rather simply as :
c add(Cl,C2,C) :- append(Cl,C2,C)

Then, we would have the following sequence of clauses
passing as correct, i.e. as true :

Cl

(la,b], [c,d]] ,
([£,9],[h]] ,

c _add(ci,cz,c) ,

¢ = [[la,b], [c,d], [£,9],[h]],

c2 =

Multiplication of coefficients requires double recursion.
Thus, the Prolog code is somewhat longer, though, it is
conceptually neither more complex nor more difficult to

analyse. For example, if the required computation is as
follows :
\ab+cd||fg+h|=(abfg+abh+cdfg+cdh) (6)

then a corresponding Prolog functor is :

coef mult(C1,C2,C) :-
coef mult a(Cl,C2,C, [] )

coef mult a([]l, ,S,S)

coef mult a([ACl|RC1],C2,S,81) :-
coef mult b(AC1,B,M, []) ,
append(S1,M,S2) ,
coef mult a(RC1,B,S,S2)

coef mult b( ,[],M,M)

coef mult b(AC1l, [ACZ2|RC2],P,M1) :-
append (M1, [ [AC1l,AC2]],M2) ,
coef mult b (AC1,RC2,M,M2)
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TABLE III. REPRESENTATION OF INDUCTANCES

Circuit element symbol L1

Prolog representation of

[ ILI , ' 1 ] ]
the element
Impeda:;ce n} Laplace sL, )
omain

Prolog representation of

the impedance rcex, ree's','1'11111, 000, 1111

When applied to polynomial coefficients, this functor
produces the followint result :

Cl =
C2 =

[la,bl, [c,d]l] ,

[[£,9],[h]] ,

c mult(Cl,Cc2,C) ,

C =[[la,b,£f,q9],[a,b,h], [c,d,£,9],
[c,d,h]] ,

Finally, the complex list structures, representing
impedances in Laplace domain, are put in a text form that is
more easily readable by humans.

With the help of this Prolog code, initial textual
descriptions of RLC circuits have been transformed into a
form of human readable symbolic expressions of Laplace
domain impedances.

IV. EXAMPLES

Symbolic computation of impedances of RLC networks
has been tested, and the results of the tests are presented
below. The examples of circuits are rather simple, but they
are deemed appropriate for the purpose of illustrating the
principle of working of the system.

A. Example 1 (Figure 1)

The circuit in Figure 1 is represented by an initial textual
representation of the circuit :

L1 -- R2

Entry form for transformation by Prolog is produced by
the clauses below. In order to facilitate the analysis, the
results of the processing are also given.

zL(['L','1"],21) ,
ceex, coc'e, 1731111, 000,1111
zR(['R',"'2'],22) ,
cceo, tee'rY, '2 11111, 000, 1111

After the symbolic transformation has been applied, the
resulting expression is :

z1 =

Z2 =

z ser(zl1l,22,72) ,

Z=[[[0, [T['R",'2"]]]],
(1, e’ "2711111, 000,2111
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This expression is further transformed into a human
readable form :

R2 + s ( L1)

B. Example 2 (Figure 2)
The expressions for the circuit in Figure 2 are as follows :

Textual representation :

Cl || R2

Initial Prolog representation :

zc([r'ec','1'1,21) ,

(eeo, 131, te1, reeret, "1 111111,
zR(['R'",'2'],22) ,

(eeo, 'R, '2'11111, 00,1111,

Transformed impedance : .

721 =

722 =

par( z1 , 722 , Z )

Z = [[I0,[[['R","2"]11111,
(t0,11, 11, [(I'R","2'],
('c¢','1'111111

The human readable form of the obtained impedance is :

(R2) / (1 +s (R2C1))

C. Example 3 (Figure 3)

Somewhat more complex circuit is given in Figure 3. The
expressions for this circuit are as follows :

Textual circuit representation :

(L1 -—— R2 -- C3 ) || C4

Initial Prolog representation :

zL(['L','1'],21) ,

ceex, cee'et, 211111, 00,1111,
zR(['R','2'1,22) ,

(eeo, ('R, 211111, 000,1711
zC(['C','3'],2Z3) ,

(cro, 111, 00, ree'e',"3'111111
zC(['c','4'1,z24) ,

(eeo, 131, e, reerer, "4 111111 -,

Transformed impedance : .

z1 =

722 =

Z3 =

724 =

ser( Z1 , 22 , 7Zx )

2y )

par( 2y , 724 , Z )

z = [[[0,1],
(L, rre'e','3'1, ['rR','2'1111,
(2, cre's', 'y, 0'e','3'11111,
(e, ree'e', '3y, rr'e', 41111,
(2, [rr'r",'2"1,1'Cc", '3'1,
(rer,'4'1111, 03, 00'", "1,
(rer, '3y, e, t4at 111111,

ser( Zx, 73 ,



It has to be remarked that it is almost impossible for a
human to understand the list representation of the impedance
produced by Prolog symbolic computation.  This is,
however, quite normal and is to be expected, as this
representation is not at all intended to be read by humans.
This list has to be transformed into a human readable form,
and the result of this transformation is : .

(1 +s (C3R2) +s"2 (L1LC3) )/
(s (C3 +C4 ) +s"2 (R2C3C4) +
s®3 (L1 C3 C4 ) )

V. REMARKS AND DISCUSSION

The presented method for symbolic calculation of RLC
circuit impedances using Prolog is, at the moment, of limited
applicability. In both power distribution systems, and in sub-
microwave radio circuits, an essential circuit element is the
transformer. If an RLC be initially formed by series and
parallel connections of elements, which allows for an easy
analysis, inserting a transformer would certainly require a
fully developed system for solving circuit equations.
Furthermore, a reasonable scope of use of a method for
symbolic circuit analysis would necessarily require an ability
to analyse two port circuits, and produce their input, output,
and transfer parameters. At some time in the future, a
Prolog method for symbolic solution of general circuit
equations will be developed. It is for this reason that not
much effort has been invested here into an input formulation
of a circuit formed by parallel and series connections. A
general circuit composition requires stating corresponding
sets of nodes and branches. A suitable circuit grammar has
already been defined by SPICE system for numerical circuit
simulation, and it may be used in future variegations of this
work.

VI. CONCLUSION

A Prolog system for symbolic computation in electrical
engineering has been presented. This system takes a textual
description of a circuit composed from resistances,
inductances, and capacitances. These elements are combined
by parallel and series interconnections. The initial textual
representation of the circuit is transformed into a symbolic,
analytical representation of its impedance in Laplace domain.
This impedance is then further transformed into its textual
representation that is more easily readable by humans. Such
a system may be of great use for the engineers, in circuit
analysis and design, and, of course, for the students of
engineering.

Another remark emanating through this work is that the
methods of knowledge based artificial intelligence, and, in
particular, Prolog programming language, have been
wrongfully neglected in recent years. Admittedly, these do
go contrary to the present hype of LLM and other systems
based on example based artificial intelligence. On the other
hand, these older methods are still of considerable use in
engineering practice. Especially, this work also shows that
the scope of use of Prolog programming language is not
limited to the theoretical computer science and mathematical
logic, and that it can be very useful in other domains, too,
such as electrical engineering.

The presented system is, of course, not without its
shortcomings. Firstly, not all circuits may be composed only
by series and parallel connections. It is necessary to

implement a more general method of circuit solving. An
important circuit element both in radio engineering and in
power systems is the transformer. The system has to be
augmented by an appropriate representation of the
transformer and a model of its effect in a circuit. Finally,
perhaps also a better human readable form should be
conceived.
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