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ABSTRACT

M ost basic t a sk s i n e l ec t r i ca l n e t w or k a n a l y s is ar e c a l c u l a t i ons o f d r i v i n g

point impedances of one-ports and the t ransfer funct ions of two-por ts .

The program NAOMI ( Netzwerkanalyse ohne Matrizeninversion / n'etwork
analysis wi thout m a t r i x i n v ersion ) uses a simple language to describe
c omponents an d n e t w o rk s an d t o i mm e d i a t e l y i n v ok e su i t ab le a r i t h m e t i c
operations.

T he fol lowing example calculates the admi t tance of a o n e-por t b u i l t b y
connecting two series RC-circuits in paral lel.

6 0 HZ IS-FREQUENCY R1 C 1 + + R2 C 2 + +

T his a p p r o ach a v o id s i n con t r a s t t o sys t e m s l i k e S P ICE n u m b e r i n g o f
nodes and storing and invert ing large matr ices.
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INTRODUCTION

Right at the beginning of any ins t ruc t ion in e lect r ical network theory you
learn how t o c a l cu late t h e i m p edance of a o n e -por t ( o r t w o - t e rm ina l
network ) which c onsists of one-ports i n s e r ies. You h ave to add t h e i r
i mpedances. S i m i l a r l y you c a l c u l a te th e a d m i t t a n c e o f on e - p o r t s i n p a r a l ­
l el as the sum o f t h e i r a d m i t t a n c e s .

Even quite compl icated ci rcu its can be buil t by connect ing components or
t wo-te r m i na l sub n e t w o rk s i n p ar all e l or ser i e s . En gi n e er s u se t h i s
a pproach v er y o f t en . B ut n or m a l l y t h e y w or k b y s y m b o l i c m a n i p u l a t i o n s
o f ra t i ona l f u n c t i on s an d t h e n e v a l u at e t h e m f o r t h e d e s i red f r e q u en c ies
by hand or computer .

The prob lem i t s e l f w o u l d b e t r e a t a b l e i n " p o c k e t - c a l c u l a to r s t y l e " i f t h e
appropriate types of data and operations were implemented and could be

• used simply.

Most common network programs expect the numbers of nodes and the

components connecting them as input . The user chooses the results to be
displayed from a se t o f op t i ons. The program does a topological analysis
o f the n e t w or k a n d ca l c u l a te s a c o m p l e t e d e s c r i p t i o n ( state vector ) of
t he network b e h av ior by s om e k i n d o f m a t r i x a n a l y s i s .

This approach has several disadvantages: The user has no access to the

i nternal working of the p rogram. Th erefore he has to be content with the
limited set of opt ions inc luded in the program. The topological analysis is
d one even i n ca s e s w he r e t h e st r u c t u r e c o u l d b e r ec o g n i zed e a s i l y b y
i nspection. Then a lo t o f s t ate var iables are calculated only to boi l t hem
d own to on e s i ngle q u an t i t y l i k e i n pu t c u r r en t o r o u t pu t v o l t age. Th i s
approach i s q u i t e u n i v e r s a l : You on e ca n c a l c u l a t e even th e t i m e b e h av io r
o f non l i near c i r c u i t s , bu t y o u h a v e t o p a y a p e n a l t y i n t h e f o r m o f l a r g e
m emory r e qu i r em e n ts , s low execu t i on , and i n f l e x i b i l i t y .

The engineer , especia l ly i n p o wer e n g i n eer i ng , has t o d o a l o t o f s i m p l e AC
analysis of passive linear circuits. He does not want to pay the price for
t hese un iversal p r o g rams. N AOMI was d e velopped w i t h t he s e s i m p l e
applications in mind.

HOW NAOMI WORKS

The input l anguage ist the f i rs t t h ing you learn about a ne twork analysis
program. I decided to let Forth words be the elements o f t h e i n pu t
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language. They can be invoked interactively and exchange data mainly via
the s t a ck : To h a ve a l l " el e c t r o t e ch n i ca l i t e m s " r ep r e s en ted by ~ta ed
data. turned out to be quite comfortable. So a capacitor is represented
b y a f loat ing point number and a 16-bi t number as a tag on top o f : i t . A
c alculated i m p e d ance i s r e p r e sen ted a s a f l o a t ing p o in t c o m p lex n u m b e r
and a tag .

T he most i m p o r t an t h i g h l e ve l wo rds ar e + + , I I , a n d / / . T h e word ++ (" in
series" ) takes any two o n e - p o r t s f r o m t h e s t ack and l eaves the i m p e d an c e
of t h e i r ser i e s c o n n e c t io n as a com p l e x nu m b e r pl u s a t ag. If t h e
operator's ++ operands are admittances their reciprocal values will be

calculated . I f t h e y ar e c o m p o n ents l i ke i n d u c t ors t h e i r i m p e d an ces wil l be
calculated by multiplication with je . T h e appropr iate decisions how to
c alculate th e i m p e d ance a s t h e r e q u ' i red s t andard r e p r e sen ta t ion i s d o n e
i n the word ->Z ("make i mpedance").I t expects to f in d an y o n e - p or t i . e . a
resistor, capacitor, inductor, impedance, or admittance on stack and

l eaves i t s i m p e d ance w i t h t h e a p p r o p r i a t e t a g . A n i t e m of an o t h e r t y p e
e.g. a voltage would cause an error message and execute QUIT. The total

impedance is calculated by adding two complex numbers.

The operation of I I ("in paral lel" ) is analogous to + +. The o n e - p o r t s o n

s tack are co nv er ted t o a d m i t t a n ces by t h e w or d - > Y ("make admit tance" )
f irst and t hen a d d ed .

The word // i s u sed to c a lcu late the t r ansfer funct ion of s imple vol tage
dividers and ladder networks which can be looked upon as chained
d ividers . I t acce p t s a v o l t ag e an d t w o o n e - p o r t s a n d l e a ves t h e d i v i d e d
v oltage and t h e o u t p u t a d mi t t a n c e o f t h e d i v i d er . A n e x a m p l e i s s h o w n .
on the app l i ca t ion sc reen .

The user has n ever t o w o r r y w h e t he r t h e i m p e d ance o r a d m i t t a n c e o f e .g .
a n i n d u c t or , w h i c h s ho u l d b e con n e c te d t o anot h e r ci r c u i t , h as b e e n
calculated. The tagging guarantees that the'necessary transformations to

s uitable r ep r esenta t i ons can be i nvoked t r a n sparen t ly . T h a t m e an s he c a n
a lways th ink as i f he has r ea l t w o - t e r m i n a l n e tworks on th e s t ack w h ich h e
can solder t ogether w i th o p e r a t o r s l i ke ++.

FURTHER. DETAILS

The i n t e r na l ca l c u l a t i on s a r e d o n e w i t h f l o a t in g p o in t n u m b e r s . I n my
Forth system f rom Computer One ( similar to LMI Forth ) running on the
S inclai r QL a n e x t e n s ive se t o f f l o a t i n g p o in t w o r d s i s i mp l e m e n t ed , an d
e ven the gr aph ics fac i l i t ies use th em .
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This program s h ould b e u sable a lmost w i thout any k n owledge of For th .
T herefore I decided to r es t r ic t t h e " n o rm al " i n pu t o f p a r ameters to t h e
f orm < i n t e g er ) < u n i t ) i . e . 10 0 KHZ . T h e o p e r a t o r s f o r t h e u n i t s l i k e H Z ,
KHZ, MEGAHZ take an in teger number f rom the stack, change it to f loat ing
p oint f or m a t an d p u t a t ag on t h e s tack , T h i s app r o ac h a v o i d s a l l

c ompl ica t i ons o f t h e i n p u t o f f l o a t i n g p o i n t numbers. ' The user c a n u s e

NAOMI w o r d s i n si de col on d efini t i on s a lm o s t wi t h o ut r est r i c t i o n s .

O therwise on e w o u l d h a v e h ad t o in t r od u c e c o n c e pt s l i k e s t a t e - s m a r t ,
execute-only or more di f f icul t Forth words l ike [COMPILE].

The set of f l oat ing point words was supplemented with a f ew words wi th
obvious meanings l ike F . a n d F ) R . A s e t of wo r d s f o r fl o a t ing p o in t
c omplex n u m b er s was w r i t t e n i n h i g h l e ve l u s in g t h e f l o a t in g p o in t w o r d s .
T hey are p r e f i xed w i t h FC l ike i n FC* . T h e i r i m p l e m e n t a t i ons ar e no t l i s t e d
here.

For ease of use the defining word COMPONENT was made to work like a

glorified CONSTANT. I n co m p i l in g i t t ak e s a s i n g l e t a g ged f l o a t in g p o i n t

number from the stack. The w o r d s d efi n e d by i t t h en . p u t s t h i s

"component" on stack.

T he whole system i n c l ud ing t h e complex f l oa t ing po int words occupies
about two k i l obytes. Ex tensive use is m ade of t h e r e t u r n s t ack to s t o re
intermediate results.

REMARKS AND FUTURE

Work is under way to implement operations on two-ports using their ABCD
m atr i ces an d f u r th er u t i l i t i e s l ike del t a - w y e t r an s f o r m a t i o ns . My

experience s h o wed m e t h a t t h e p r o s p e c t ive u s er s w an t a ve r y e x t e n s i ve
s ystem wi t h l o t s o f o p t i on s a l r e ady coded because they do no t r e a l i ze t h a t
Forth /NAOMI is easily extensible.

Before I wr o t e t h e F o r t h ve r s i o n I h a d al r e a d y w r i t t e n N AOMI,. includ ing
t wo-por ts , i n F o r t r a n . T he r e I i m i t a t e d t h e F o r t h s t y l e b y h a v in g a s t a c k

in a named COMMON block.

Paul Penf ield f r o m MI T e m b edded a network d e s c r i p t i o n a n d . a n a l y s i s

system MARTHA in an APL environment I see his ar t i cle in R. %. Jensen and
L. P . M c Namee (eds.), Handbook o f Ci r c u i t A n a l ysis L anguages and

Techniques; Prent ice Ha l l , 1976 ) . Both, MARTHA and NAOMI, work in a

similar sp i r i t ; bu t I h op e t ha t t h e a dvantages of the Forth approach wi l l
make NAOMI more popular than her older distinguished, but heavyweight

sister MARTHA.
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