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Abstract

This report presents the softwars design and development of Computer-aided Cireudt
Analyses (CACA) program emphasizing graphical schematic entries, The soflwarp
captures the designer’s circult schematic, which is drawn via the raphucal User Interface
(LD provided by the program, and subsequently performs either AC or D ans fyses

a3

The program, is designed 1o run on any win3Z bused operating software such as
window9z, windows NT x.0 ete. It was developed with the GUY and {bject-Oriented
Programming (OOP) features of Microsoft Visual O 6.0 to simulate the generation and
solution of Madified Nodal Admitiance Matrices (MNAM) The matrix equations are
sedved using LU factorization method to determine the nodal voltages and unknown

CUYTETS,

The results generated for hoth AC and DO analyses are presented as tables relating nput
frequency vs. outpul voltage and mput voltage v, output voltage respectively,

The program will analvze circuits consisted of PASSIVE COmponents.
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Chapter One

INTRODUCTION

Hackaround

Computer- atded desipn iz just beginning {0 gam more recognition among the Nigeria
aeademic and ndustral communities. Roceatly, sennnars and workoshops were organized
by varous bodies and organizations across the countres, o enlighten the professiwonals
on the technology, Among such seminars are the one crganized by the Nigena Sociely *\,i
Fogineers (NS on the %a};g}«:‘sz‘imc:w Hf prigineenng z:;iz-‘:.:s;g;; i technologicat developm

of the nation in September 1999 The ae m;a; s emnphasized CAD as a mggor ool for
pffective realizalion of engineerin g(icq;w BoRls. "\',zz g technological advancement resis
on ber ability to ke proper advaniage of this technology, The successes recorded by the
technological advanced wosiom zz,d Asian counines are aliribuied to the use of CAD
systems w their design and manufaciuring processes (Feu, 19881

wday, m MNigeng, there we fow PObased UALY ools in the warket AuloCAD Heleass
, the cuwment AutolUAD 2000 and plotters efe Some organzation, msbilutions,
poevernment ageacies, and industsies are known o be making effective ntilizaton ofthese
ool However, most of these CAD toels make more mmpant on the mechamcal and
arvhitectural designs. The same cannol be said i the electnca! and clectronic designs.
Cve Dimstation or the other unpairs the few CAD tools w this field. For example, SPICE
{Runulated Program with Infegmated Crircust Emphanis) versions, which are common o
Nigeria today, s {ho”e based on the cutdated DO platform, Many versions s rely on
soded commands for desoribi g coul connsciions,

Win32 based operating system have been designed to exploit the powers and features of
nyodern PO F‘zamfam many spplications have been produced, which run credibly well
on this platonr CAL software wols, which suceoss rebies on thew abilities {o integrate

other tools, should not be exempied.

Feoently ¥, there are incroasing number of deskiops, which ron wind2 based operating
systems i the country,

Hence, a CAD tool, which s (‘§£’sis;m:c:§ for this platfonn, is highly recommended. This
explaing the reasons thi

why this praject s embarked upon,




1.0 Problems Against Computer Aided-Circuit Analysis
Recontly, cirouit design has progressed 1o the point where the desiun process i totally

P

gependent on Computer Aided Design (Bushnell, 1988} Increasing nwnber of CAD
applications has since been on the market. CALD application like Desi pier’s Workbenoh
(W} Palladio, 1SC Expert Synthesis svstem, Schema, Demeter and Electric ete

recorded some successes in their respective apphications.

Although credible achiovenienis have been recorded in the use of some of these tools, in

the ares of schematic capture, advanced method of analysis, wWorst-case analysis, et

Majonties have not been 4 esigned o tan on Winl2 based nperatug environments, Thig
has restricted their uses in Ni gera where Win32 based environment is far gaining
recognitions, Any CAD tool produced for wind? w At be widely used i this part of the
world, This attests for the popularity of AutoCAD {a TAD tosls based on wini2

platform} in Migeria However, it {AutoUALY has not been utilized properly for cironit

design and analysis,

1.8.1. Purposes and aims of project:

To this end, the project aims o
{a} Intiiate g winil i}&wﬁf’i Computer Aided Circuit ralysis (CACAY software
emphasizing schematic cirouit entry.
i} Produce meny, wolbar and toolbox driven GUHGraphical User Interface),
(e} Makes the software extensible and eas sy 10 mndegrate with other tools,

{d} Exploit win32 festures and poOwWer.

[




{v} Demonstrate the modern software dovelopment approach  for engineering

22
Lol

solution.

1.2 Significance of the Project

Win3Z based CAD for electnicalielectronic design 5 very scanty despite the
overwhelming achisvements recorded with other applications This project will increase
significantly, the CAD solutions to most basie cirenit deaign problems.
in addmon, CAD awarencss among the Nigevian studenis studving electrical/electronic
engincoring 18 improved. The project can also be useful i wiversity for studving cirouyd
gnalvsis. H the project s further unproved, ¥ can become g commersial product

generating econome values.

o

1.2 Limitation of the Project

Maodem software has been simplified to make sven the most complex apphication less
difficult to develop. This s made possible through the use of advanced iools and
technologies i software development. However many spphoaton developed today was 2
resudt of teamwork among many developers. I s abnost impossible o develop any
commercial software product by one developer. For example, it has been reported that

Windows NT 4.0 was produced by a team comprising well over 130 software developers

across a network (Microsoft cooperation 1998} Apart from this, the tune faken o design,

Ll




test and deploy the software amount 1o “years. These are the kind of effors and fime

resputred o produce a commercial software product,

Yo this end, this project does not intend to produce such & asking product, vonsidering

the fact that it was carried aut by a single undergraduate student As stated i the aims

¥
S

and obiective, the projest only aims ab initialing a work in this regard, Heoce, the

software produced is limited 1o academic communities and subject o farther

wprovement in the future,

Since the software is based on wind? operaling sysiem, i can only be run on PC

eperaling Windows "94, GR; NT, 0872, and other winid2 hased eperating system.

b addition, the software was des gred for LINEAR-PASSIVE Circuits. And the types of

analyses performed are restrivted to AL and DO




Chapter Two

Literature Review

s chapier 1, a number of principles and concepts undertying the project were mentioned

Tl 76 £ e wgne s 4o 2 et : ‘ > v
Phe main obiective, ag poinied oul, was 0 initlate the development of computer aided

sreudt anslyss o windZ-based eovicopment In this chapier atten apt wilh be made 1o
Barther explain the concepts introduced in chapter §in order to determing how this provect
LS wo current rend in CAD satuations. In view of “this, the discussion in this ohe et wil

focus on the following

Uonoept of design and anaiysis

Cireuit desipn and analysia

Types of gnalysis

Frend i the modern chrouit design.

LComputer Alded Desipn and Asialysis,

Concept of Modem software and programvning tools,

® & & @ B» ¥

2.8 Concept of Deslgn and Analysis

Copnitive scientists believe that design is ~exclusi vely- a task performed by human brain,
it is defined as the crestive ability to formulate alternative solutions 1o o probiom. To this

end, design is seen as a cognitive activity of human betngs (Feu, 1974) 1t invalves

Burnan ability to think, decide, fists, find, relate. oftain and su gest ete. Usually, in

enganesring, a problem is formulated, then the expected outtomes are specified

{specification) and series of solntions are proposed i the bid 1 offer best design




alternative. Therefore, in all the fields of engineering, design is scen as one moat

aportant activity,

o

Having formulated series of alternatives, the nest tsk of course | 5 1o seiect the best from

the series of alternatives. In doing thess, each altemative is analyzed and evalinted 1o

destde if it meets the specifications, Most of the ftme

ey

his process s Hemtive in nargre

and thers are always predefined mothods for doing it There may be mathemationl

madels, theories, laws and saon, which are applied in other 1o analyie an alternative, For

example, i cirouit analysis, apphoations of numerous cirouit theories, laws and models ia

a eommen practice. Therefore, analvsis of mosi enguesting desipns involve Herative and

mathematical processes. As can been seen analysis is 3 tool, which 5 used m oho 058, tes

and refine the best design alternative. And g design process precedes it

£.1 Circuit Desian and Analvsis

LAY Chrenit Design

When designing g cireudt there must be g farget output. A target output might be any of

the following:

Y Block disgram,

2. Logic diagram.

3. Sehemaric diggran.
L Wiring diagrom.

&~

Each of these diaprams utilizes symbols that represent the component or package ciroutts

that make up the overall circuit bemg designed. The svmbols are then sonnesied by

siraight lines (0 such 3 way a3 to deserihe the Cop

£



Block diapram

Block diagrams do not completely describe an electres etrewt but do indicate the

complexitios of the cireuit, what it is supposed 10 do, and it main features, The used

block diagrams are almos st entirely shmple rectangles

Logic diapram
Leogic disgrams are similar o block diagrams, in tha they deseribe the iopical
progression of the elecirical signals in g circuit as they go from one com ponent of logic

element to ancther However, the symbols take forms that are WHGUR 10 & pariioular

function, and the diagrams are uged only for digial controf cirouing

Schemuatic digpram

Schematic diagrams deseribe the picture of an clectrical circuit 1 further detail,
supplying encugh information for complete analysis of the cirouit, Standard symbals are
wsed and complete electrical connections are shown in such g way that the circust can he

mi0st eastly understond,

Wiring diagram
A wirng disgram 5 an actual pictire of the cirouit as it appesrs on a compleied
assembly. It is used not for analysis or explanation of a cirouit but as an assembly

drawing in the shog,

~d




Each of this a5 said earlior, is an output of any ciroutt design process. Therefore it can be
said that cireud design amg gt producimg any of the above diagrams based on the

problem specifications

Whatever the targsted output diagram, Bushnell (1988) reported that design of 3 circut
{especinily VIS & inherently an tterative actovily. Designers mught wish to generaie an
instial design that s correct m all aspect, so that latier redesign would not be necessary.
Unfortunately, designers cannot foresee all the consequences of thew lugh-level design
decisions and when they imtially make those chowces, therefore some chotces will lead to
incorrect design.
The output disgrams produced as a resull of these design process are used for vanous
sungs ranging from explaming or desonbing the cirowits, analvzing the cucuns, and
assembling the ciroutts. For example the cweunt block disgrams are mandy used m
explaiing the crouits complexities at higher level of abstraction, winng diagrams are for

giremt assembling and schematic dmgrams are used for oot gnalyses (Machover,

2.1.2 Civenit Anslysis

Cweuit analysiy involves application of varows cirout theones to determine ciroudd
desured parameters such output currend, voltage ofe. As noted earlier, curcud analys
depends on the schematic output diagram prodused at the end of design. And since most
cirguft designs are known to be iterative, crouit analysis become mnseparable from arcust

design. When designer designed a schematic diagram based on the problem specification,




~

the schematic 5 anafyzed 1o test f it meels design speaification. I does, the design i
compieted, if 1t doesn’t, the cirouit s redesigned untl the specification are met Bushneil

(198X apreed that cooud analysis i3 part of designed provess. However, they are separate
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Tvpex of Analyyis

tn electrical or electronic sireut analysis, there are four basic types of analvsss,

{1} Uperating poimt
fu} D

iy AC

Operating Point Apalysis: - As the name sy ggest, pperating point snalysis is used to
determine the parameler value {current, voltage, power ete} of the circuit when no

nput signal- sxcept for the power supply- 15 appled. 1t is sometimes oalled bias point

it directly affects the gain and hnieanity characteristics of the oironit

B Analysisy - This meastres oy determines ouiput charstenistios of Cirouits as the
amphitude of the input signal is varied. For example, a circuit might he design in way
that its output voltage should not exceed 100V The schematic design can be analyzed
W verdy this cirouit specification. Schematic an be redesigned, or components
values adjusted 1o correct this, Usuall y what is done is to plot varied nput valies with

5 ¢ Snzedguent oy fpats,




AL Analysis: - This determines the vutput charactensiios as the frequency of the
input signal varies. This type of asalysis is common in communication application,
wherg frequency respornses of circuits are vital,

Transient Analyvsize - This s sometimes referred 1o 88 time dnvanant analysis B
measures the cirouit response 1o time. For instance a cireuit might be expected to gain

& particular cutput voltage after the mput signal 13 applied

£.2 Trend in circult desian

Years back, ciroutd designers have w contend with the necessity of building breadboards,

fit them with worst-case or byt devices (Lo, aotive device whose chamctenstios were at
the high or low specification hmits), and then see whether the cioun performed
satisfactorily. The profession has come g long way then, and over the last few decades the
complexities of cirouits bas made o quie difficult to adapt this method 1o design large-
wdustrial circuiis. This tncreased complessty is due both o advanced 1 technology and

to the nesd for meeting a number of sumultaneous design specifications (Fink, 1384}

This complemity has forced ciroust designer io tum to computer. Tuoday, thers am
Computer-aided design, Computer-aided ciroutt analyses and Computer-aided cuouid

manufacturing packages, which are used for cireutt desipn, analyses and manufactuning,

In the future, Machover {1982) predicted the moreasing avatability of EXPERT

programs, which are essentially software mimics of the way an expert analy ses a problem

i1




and reach 2 decision. This i closely assoviated with artificial intelhigence Such features,

Machover {1982) predicted, will characterize future ATV AM sysienm,

2.3 Computer-Aided Circuit Desion and analvsis

Lomputer-gided circuit design is simply the use of computer to achieve cironit design

objectives. As a specific example of the use of computer as a design ool consider the

design of VLST cireuit, Buring the course of the design process, an engmesr might use
ab One computer program to mods! the Z-dimensiional effect of semiconductor
devices.

B} Another computer w model the fabrication provess for manufactoring integrated
cireuit to determine the process of variation,

5} Aldogic simulator to verify the logical operation of the design.

4} A layout program to help with the placerment of the many thousands of the

trangistors of the VLS circuii on a chip.

2} And a croult simulator to detennine the actual electrios functions of g sirouin,

Al these processes are awtomated in a design environment, and the speed and RUCUTACY 10

which they are achieved has made the VLS sireuit desi s g realistio

F

Cut of these processes, (o) remains the target of this project; computerized determination

of actual electrical functions of g cirouil, refer to as Com puter-aided cucuit analyais,



it was mentioned earbior that oot anabysis is the defernunabion of ciroutt desired output
prramsters, However, {0 analyre a cireut, simulianeous equations desoribing the crcuit
have to be generated by applving approprinte circut! theones. Conseguently the sgualions
are solved 10 obtaimn the desired cutput. From this, two things are obviows in analvzing o

cHoutt:

e“-

1y Generation of simultanecus equations describing the circuil,
2} Holutions to the equations.
For a computer, numerical method s the preferred opbon than analviical method, And
the followings are required of computeraided crromt analyss software:
{1} Algorithm for desenbing the circurt schomatic
{1t} Algorithm for generating simulinnenus sguations from the sehematic,
{1}y Algonthm for solving sinultanecus equabions.
in this project, {3} was achieved by allowing schematic desoription through diagrams.
Though there are many technigues used in formulating set of 2quabions desenibing an
slectronic network, the techmgue emploved i this project 15 the Nodal dpproach {the
theory behind this approach s explained in the next chaptery Finding g numerncal
solution requiring the solution of g set of simultaneous linear {or noniinear} equations for
a 1C solution, and 3 set of simudtaneous nondinear differentul equanon for 2 tansient
solation forms the core of any oircuit analysis program. To this ond, a matnk method,

which is found suitable for programming will be used w thug project.




£.4 Modern software and programming tools

Mot very long ago, lrge-scale mission-critical snterpnse applications were the exclusive
province of massive mainframe computers (MEDN, 1998). That's changing rapidly. This
change i5 due 1o the apid increase in hardware 3¢ ophistication and improvement, Software
sdustries guickly ook ad vaniage of this,

By this, Ergonomics became the center focus in softwars produsting. A leading software
mndustry, Microsolt software Inc, took the imtiative by fist launching is S-oriented

™,

{Graphical User Interfuce) operating system by early 90s (Microsoft corparation, 1994}

\wi

Prior 1o this, the corporation was known for i popular TUlonented {Text [ser
Interface} DOS operating system. With this operating sofiware, & User types histher

commands at the command prompt. However, because of the i Hculty i leaming o use
these commands, and the needs to make computer systems more Userdriondly, the
company eleased windoews3.0 This was later updated to wandows3 1, 3,11 312 etc
However, Windows 3.x is made (o work dependently on DOS, which makes it to be an
expanaion of DOS rather than an operaling system itself Clamors for an independent
apesating system led to the release of Wind owss, followed by windows98, the cument

windows opesating sysiem. MicrosoR has announced windows 2000, swhich is due for in

release Febraary 2000 (htip/www.msncom/microsfinpes a2l

Improvement 1 the operating software is always greeted with unproved application
sefiware. Heonce the advent of windows operating soflware led 1o the release of series of
apphication Like word perfect for windows, officeR3-2000, Dhase for windows, o
mention just fow. Al these are charanterized by GUIE, object-uriented featurss, OLE ste,

i



Meodern programming tonls,

Windows apphoations are made sasier to use due ® unprovement in the operating
software, hikewsse the tools for developing these applications. Following are some of the
iooks used in developing some applications:

{1} Y isual Babw

{11} Yisual €

{1y Yisual Eava

(v} Yisual FoxPro
These ooz deviate from the radition of relving on codes as means of instruction while
tocusing on WYSIWY G (What You Bee Is What You Get) approach of coding system
Por wstance, a programurer ought want {0 draw g reclangle i s apphicanon. Usmyg the
tradiional approach, the progranumer issues seres of commands by typing codes, which
are susceptible tu bugs. Howsever, this task can be easidy performed v the modern
programming tools by amply using g pointing device {mouse) Thig task s performed

seconds. In the next chapler, some technigues i modern programong are considered in

detals,

2.5 Summary

In this chapter an attempt has been made to discuss design, analysis and the computer
method of achieving the goals {of design and analysis). Iwas explamed that the cutput of
any design work 15 a diagram specifving solution io the problems ar hand Specifically,
cirewt design aims ab producing different circust dmgrams schematic diagraom, loge
diggram, and wanng diagram. Schematic dipgram e the mam input required for giroust

o~ ¥

anatysis. Set of sunultanecus eguations s generated from the schematic diggram




Consequently, the sguations gre solved to oblain required output parameter. The use of

compuier i domg this was also explained.

Modern software and programming tools open g new way of developing highly complex

program ke CAD The miroduction of modomn opemting system coupled with
3

sephisticated programming focls changes programming from the old code-onented 1o

vigugl onented approach.

16




3.1 Matrix Analyses of network

Employing  Thevenu-Morton  theorem or star-delta  mansformation, followed by
combination of senes and parallel combmnation, can reduce the mircases i circuit
analysis, However computer cannot be programimed for such task. Hence computer needs

a general predetermunced method to perform analvais,

3.2 Modifisd Nodal Formulation

The Modified Nodal Approach (MNA}Y is ¢ hybnd equation formulstion method that
attows veliage and current variable to be unknowns, That is, unknown currents and
voltages are part of the equations generated.  In fact, if oirowit contans only linear

)

conductance and ndependent cwrent sources, the MNA reduced o the nodal equation
YV, = 1, where Y s the nodal admillance matrix, ¥, is the node voliages {excluding the
earth} and the 1 s the curent source veetor, By allowing the unknown current varables
it the MNA equabons, the MNA 18 able to accept all the four types of controlled sources,
the mdependent current and vollage sources, any type of non-hnearigy and honear B, L, O
glements.,

By conaidering Kachofl's laws at sach node, the modified nodal equations are generated
{i.e the current leaving 2 node s zore) However, fo consider curtent as unknown

reguires the branch relationship {85} of the element o be added 10 the set of node

sauations. The result for inear network, 15 2 set of eguations of the form




the independent current angd voliage BOUICes, any type of non- tneanty and linesr R.L,C
elements,

By considering Kircheils laws at each node, the modified nodsl equations are generated
{te. the curment feaving a node g weroh However, 1o consider curent ae unknown
requires the branch relationship (2R of the element t¢ be added 1o the set of node

equations. The result for near network, 15 a set of equations of the form

(ERTET T -
Do 5 T e Eguation 3}
L F

where,

r,, (- 13 X {n - 1Y i the nodad adontanec FEY I

B o 13 3 (0 -1) mairin takiing scvount the corain unkaows branch current ] waving
the node,

C=b X (1 -1} matris expressing oortam branch relationshi W5 eg.l volage souree
olationship

3= X b mateix acoouating for cortsin controliod svme hraneh redationshipg,

LE =0 -1 and bedimensions! ver s, respociively, which sre onrres spromding vight
hased-side (RIS eniries.

8= 10 of nodes in the oireui

The modified nodal squations are easily formulated by conadering a stamp for each
element in the cironis,

Indicating the K column of Yy and € by Vi, the Ko, column of B and D by L, the ¥,
row of ¥rand B by Vi, and the ReprowolfCand D by I For mstance, if the Ky, branch

i a conductance Gy, and it is connected botween nodes 1 and 1 and the cwrrent through

.

he conductance is not a desired suipul vanable, the siamp would be

¥



3.1 Matrix Analyses of network

Ermploving Thevemmn-Morton theorem or star-delta transtormation, followed by
combination of senes and parallel combination, can reduce the intrivacies in circuit
anatysis. However computer cannot be programmed for such tagk. Heave computer needs
a gengral predetermuined method 1o perform analysis,

3.2 Modifisd Nodal Formulation

The Modified Nedal Approach (MNAY 8 5 hybrid equation formalation method that
attows volfage and current vaniable to be unknowns, That s, unkoown currests and
yidtages are part of the eguations generated. In fact, o oot contams only imear
;;:m';cizzc?az';ce and wgdep endent current sourves, the MMA reduced 1o the nodal SQUALICT
Y4, = 1 xhyw‘z is the nodal adnuttance matrix, ¥y, is the node voltages {excluding the
garth} dmi the ¥ is the current BOLICE VeUtor By allowing the unknown current variables
m the MMNA equaiions, the MNA 3 able to avcept all the four -vpsw«s of controfled sources,
the mdependent current and voliage sources, any type of non-hrwarity and finear R L, O

; S8 faws at each vods, the modificd nodal equations are generated
e the ;um ieaving 2 node s 2eroh. ﬂmsﬁ‘ ver, o consider current g5 unknown
S #AY

rcqum,( the brang wemtmzsm; { K of the clement to be added 1o the set of node
equations. The rexult for Huear nevwork, 16 g st of equations of the form

R Foauapion 3.1

is




{a} The current through the specific element is desired a5 an output,
{b} Dr there are other elemenis in the circuit, either controlled sources or non-
tneanties that depend on the cumrent
Giiven g general node below, the srampy for the cloments are generated. Tabled 3 Shows

siamps for vanous elements connected to the node,
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g 3.2 Crowit exgmple
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Having defined staraps for elements, an atterpt will now be made 1o apply them 1o the
cirout! above:

Applying the stamp for each elemant, the following mato equalion are penenaiad:
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Matrix equations genesated.
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Table 3.3 Stamps defintton for elements




The example given aboye demonstrates the use of MNA gonerate set of equy fonis,
which sufficiently deseribe 2 et Next is the methods emploved iy solving the

Bquatingg,

Sebution of the simulianeous eqguationgs,

There are many methods for selving matrix Cquations, Among the methods are the
tollowing:

L Birect solution

2 Gaussian nuatrix reduction,

3014 Bctorization

I8 ﬁﬁ.{;‘imiz&éi(m A method emploved i thig 30160t will he discussed,
, 230 H

LU factorization method of sedving simupltanogus equationy

LI factorization is » mimencal procedure uged in faciorizing » BGUAre mairiy intg the

product of lower triangular matrix 1, aid an upper triangular matrix of 1

Cgmidmﬁg % square mainx A, where A i3 10 be the product L of 5 lower inangular
matred Loin whick the leading diagonal element are unity gnd an upper angudar mairix

8 auch thar
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There are n” unknown coefficients of L and U and also n” equations w the expansion of
aguation {3.x} In the method of tnangular decomposition these equalions e i sequence
o obtain sl the unknown cocfficients.

The matn use of tnangular decomposition s at the first stage of the solution of 2 get
simulianeuos equations of the form AX = B The whole solution process compnises three
stages as follows:
Stage {: Matre A s Bactonzed wioe LU {A = LU (ractorisation)
Stage?: Solution of matrix ¥ 1 obtained by forward substitution i
LY = B Fonweard Substiturion)
Stage 3. Solution of matrix X 18 obteined by backward substitution
VX =Y (Bachward Substitutinn}
Here Y represents an intermediate variable, Although the last two stages both wvolve the
scliution of simulianecus equations, thelr computational requirements are low because of
the wiangular form of thew coefficient matrices.

{Certaun features make the inangular decomposition computationally easy

ay The unknown coefficients L and U, can be merged to give an » & » matnx

My My .. Hy,

A

Ly wy w0

2]

S

ni %1

by If solved in rew-wise or column ~wise order the elemental eguation each

vields just one unknown per equation. In general, the equation of ay can be

2
LA




used o determine either I or uy, whichever 15 uoknown, as showrn by the

undertned vanables i the following 3 x 3 decomposition:

=y, £y =y, dy, =i,

oy =i, yy = zzz“-z:; L o, =i, Ha,

e )
Nt
f}VA = {;113’555 aﬂ;’ = fr:‘tgiil + '{227:“1?12 {gnn = }M zﬁ}.‘ {;.«3:'! + z'inn
ke

The formulae for computing element AY are

il
f, z;’ik Hy
Jruc}

R {j« j} mmm— eation 34
; 7

4
£

i L.
s Ly e— Tauation 305
g mm - ‘f«;’”;&ﬁ&_‘{; > 1} Eguation
RPN Y ]

ke

o} It i possible to overwrite A with the elements of A" as they are
fonmed thereby reducing the sompuier memoery used i the computation

d} The compuatation of each slament may be caried out with double precision
arithimetic by using an inner product Fouting,

e} In the forward and back-substitution operations the mmtrix B mumy be

averwritten in turn by Y and then X,

) The operation on the nght-hand side represented by stages 2 and 3 can be

catned out independently of the decompasition {stagel}

Capatilising  on these featurcs, the tollowing  algorithin s used  for trianguiar

decomposition,



Algarilun for Triangalar Decomposition

§OFORI=TON
{

f

%

FOR I=1TON
K= AL D
=3
FORK= 1 70 1]
$
k]
WA (LK YA LB
L4 ENTY THEREY LODP

VAENDY BECOND LOOP

SHENDY FIRRT LOOE
A pratical implementation of this algorithm will wolude an error message and esoape

sequence o be iggerred when a zero diagonal element is encountered.

To perform the stage? backsubstitution, the following agorithim s wplemented:
Algorithm to perfom Backsubstitution
There gre m night-hand sides

PR IR = TON
f
%

i=
i "'i +4
FORI=1TTOM
?
o B
FORK=UHTOHNW
§
3
K= WAL R BB
}f/%?,m} THIRD LOOP
B D= XALD
YRR SECOND LOOP
VAN FIRET LOOY

A sucoessful implomentation of nangular decomposition depends on the divisor bewg
non-zern at every stage. However, MMNA produces well- condiipned matrices, which may

not encounter zero diagonal clement.




3.3 Programming fundamentals and basics,

331 Object-Oriented Programming ({30 £y

o~

The world ¢ made up of both physical piyects and concepts, To effectively model or
stmulate the real world and human processes in code, it would be good of software could
be made up of representations of these real-world obiects. That @ exactly what obyect-

oriented programs attempt to do.

OUbjects are designed to represent real ‘objects’ and consepts i codes. Here are some

examples of these real 'objeots”

+ A omponent
s A Resistor

o A Current

s A Hmanch

= A Node
All of these are olyects in the physical world, and the whole idea behind usin 2 sofiware
objects 15 10 create representations of these same obisots mnside software applications.

Then application can make these objects interact with each oiber just as they would in the

physical world, For instance, currens Sows in and out of the Node

Traditional programs are centered around the processes and procedures thal the program
4 trying to model Object-oriented programs, on the other hand, are centered around the
regl-workd objects that the program s trving 0 model, Onee these obyjecis have baen
wdentified and modeled, one can wiiie programs that use these objects to simulate the

1]
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provesses and procedures in & mush simpler and cleaner way than other programiming
approaches would accomplish. I this project, as will faser be shown in the next chapter,

many of such objects are modeled such as component, resistor, inductor, capaciior eic.

2.3.2 Object Linking And Fmbedding (O3LE)

GLE 15 & mechanism that allows users o oreate and edit documents containimg tems or
“objects” created by multiple apphcations. If apphication A produce “Aoks” obect, and
apphcaiion B produces “Bobi” object. Another application € can be used 1w aedit these
obyects s if they belong o it This foster application wiegration and reduces the burdens
of prograruming For mstance 3 cwcuwil CAD apphoaton might be developed that
nroduces cirewit sehemaiic diagram. Another CAD developed o perform circusi analyses,

The later can call the object produced by the former, work on ¥ without any dats

CONVarsion.

3.3.3 Class Library

Thiy comprises seis of object classes, which can be accessed to porform vanous tasks,
Microsoft Foundavion {lass bbrary (MFC) compnses of classes which define varn
ohiect used m this project. For nstance, Device Costexs, a class that encapsulates

windows graphical functions, 1 part of the MPC hbrary.




3.3.4 Dynamic Linking Library {1301} Vs Saatic Linking Library

A dynanuc-link hibrary {DLL) 15 an exeountable file that sots as 3 shared hbrary of
functions. Dyaamie bnking provides a way for a provess to call a funclion that is not part
of tis executable code. The exscutable code for the function is located in 3 DLL, which
containg one of more funchions thal are compiled, linked, and stored separately from the
processes that wse them DLLs also faciliate the shavimg of data and rescurces. Multiple
apphicaiions can swnulianecusly access the contents of 2 single copy of 3 DLL i
mesnory. in static lnking, the hnker gets all the weferenced fimetions from the statie link
hibrary and places 8 with code inlo executable Ble. Using DLLs instead of stanie Iink

Libravies makes the size of the executable file smaller, Weeveral applications use the same

DL, this can be a bap savings wn disk space and memory,

3.3.5 O Document/View Arvchitechure,

By default, MFC applications {application based on the blicresoft Foundation Class

library BVCY use o progrmming model that separates a program’s data from the display

of that data and from most user miercoon with the daia In this model, an MFC

dosument obiect reads and wries date to persistent storage. The document may also

provide an interface to the data wherever o resides {such ax in a database) A separaie

view ohiect manages data display, from rendering the daia in g window 1o gser selection
3

and zdiong of data. The view obtains display dais from the document and convnunmeates

back to the docwment any data changes.
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Chapter Four

Design And implementation

The last chapter delved inte some theoreiical concepts undertying the project windified

Modal  Admitance (M MAY mairices {theoretical hackbone of the nroject), P

fnetorization methods for solving simultaneous equation slo wWie :m* ong the Varous

topios trpated.

o this chapter, the processes and steps that led to the development and subsequent

pmplementaion of the project will be ex wplained i stages, Henee the chapter covers the

following!
e Stagel: Prebminary

s Ntagel Traplementalion and Testing

4.4 Stage®: Preliminary

Because planning constitiies 5 mayor step in soliware development, the program

!v

ane rigorous planmng exproise. Thoaum

't

A

developed in the couse of this project underg

of this exeroise i3 (o selup & propel ramework, which would guide the development

and the subseguent determination of what are required in implement ing the program.

Therefore, consistent with this, followings sicps were ermbarked upon 62 top-down

desien approach




it Steply Identifying Program reguiremenis

The requireinenis woe oitained from the scend virs desenbed below

oot dostgner, URIRE wopr-friendly miorface, oniers fae sohonwiiod -
comprising oo copventional | CIHBpIRERE gymbols,  wodss asudh
imterompcting Jnes- mis the sysie.

The uepr sproiiies) mpals the typos of analyses he wanted, The sysi
fater caplures, vahidates, and ioterprets the sohoralio fo penotal
syaens sprcitic data {ser of sumtapoons pepeatinns} soquired 1o ity
spalvze the ewouil Subving the oguiEeas {he yesolls are prosented 10
the destgaer i s fonnat chowen {abularipraph foal Formal.

From the $Cenans desertbed above it s seruired that!

faeory

1iger interfaoe allows for schemaiic epiries.

N
4

7 There must e mechanism for sohemalic Entries

Loy
N

The system must be ahle to capture the sehemalic.

4. There must be mechamsn for interpreting the sehematio

ysier specthic data

There must be mechanisrn o0 converting schemae 1o the 5

WAt

{set of mmulianecus equations}. 1o other wuosds the system should generate the
sunulianenus suations yequred 1D analyze the cirout,
&, There are YpES of analyses.

7 There arns different outpul formais that oan e chosoi
&

1.2 Stepl: Tdeniifying Objects.

P {i}hﬁi&!&iwi)?i%i’im{i Prograguning was deseribed w the last chapter a3 PEOETATITHIG
approach, which tends 10 ma’tsdeieiﬁ code- physical objects and their uieraction, a3 they
wonld appear i ceal world, In the requirgments prlisted above, there are funcnionalines
and objects, which can e modeled as PROETAITHIG ennties. Therefore, 1o this step,

attompt 1 made 10 idennify the obioets, The approach v et i idenufying the ohigcts 810

Al
ES
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examine the words- in the scenancs and the requirements outhined-that are nouns. Every

1w 10 these s potentially capable of betng an obyect. To this end, the following were

sdentified as the prospective ohjecty:
i Caowd designer,
i User-Friendly wmterfuce.
1118 Cirouty Sohematic.

V., Component

Y. Symbol

Vi Connecting Lines.

Wil Moedes

Vi Bystem,

5.8 systemn Specific Datg (MINARM)
X Rewols

X1 Output format,

£1.3  Identifying Object Helationships
Sinoe obiects mieraget with each other, relationshipd exat between them. Just 43 obyects

represents nouns 0 the scenario and the enlisied requirements, the functionglitiss that

describe thew {objects) wlationships gre wWennfied by cxamining verbds that scom 1o
connect them. Hence the following relationships are obtuned:

i Desagner Uses the UL

i Diesigner Enters schemdlic,
HL  Bystem Caplures schemplics
1YV, System Yahidates schematics.
Y. Syatem Interprets schematios.
Vi Syatern Generates MNAM
Wi Bystemn Sobves MMAM

YHE  Sysiom Analyees

X, Ul feets the output format

X VT Chatputs regnity,

21 Component Is-a Schematic
XKil Nodes Is-a Echemate.

X1 Conneciting Line Is-a Schematic
KIY. Resistor Is-n Component.

XY Inductor fs-a Component.
K¥1 Capacitor Is-a Component.

>
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4.1.4  Stepd: Modifying The (¥biects and Relaticnships
Clearly, some of the possible objects Liated won't end up being modeled as objects i the
sofiware. For instance designer object would not need 1o be modeled, henoe i is removed

froprn the Hists,

Finally, objects aftributes and behaviors are defined, The diggram below SUIRINATIZeS

what was later obtained in the process.

Qesigmx»%

+sutpul
H

aPrompt-For

H

- SiEr el
;»Capzz;es?

+parforms

i ol ar

Fig 4.1 Objects, attributes, behaviors and relationships

1.2 Slaged: implementation

£

The previous siage provides a Framework that produces the objects, object atiributes,
ohiccts behaviors and object refationships that are required in the codes. In this slage,
their soibware implementations are deseribed, 1115 also necassaty 4t this siage i state the

chotce of the programming tools used for the tnplement alion.



Visual O+ s widely regarded as a troe objest-oriented programming too! beoause of the

ease 3t employed in unplementing the three fundamental features of BOP vamely:

1 Encapsulation/Aggregation
. Inhentance.
s Polyromhisim

Since space would not permit to describe these features, any interested reader is hereby
refersd 1o books, which explan the detled concents One of such book s ths

‘Professionsl Visnad Basic 5.0 Business object’

However, because the fpatures are very mmportant m implementing the objecis and
functionalities obtaned i the course of this project is the mional bebind the choiwce of
gv.

visual U4+ as the prograsuning ool Precisely, Microsof Visual Od 8.0 ipan of

rcroseft Visual Studio 6.0} 15 used

Applving the Microsol Foondation Class (MEC) applicaton framework and vanous
features o this version of ME VU4 the following summavizes the steps underaken 1o

unplemment the design requiremnent obtumed in the previous siage.

4.2.1 Biept: Ureating Sheleton Application

AppWizard- an application generation wizard provided by the Famework- creawes the

filos for g skeleton application, mclading source Bles for apphoation, document, view,
and frame windows, a resource file; a project file; and others —— all tadored 1o

spociications.

La




AppWizard was Tun and the options soeded were spaoiie d i the options pages. {rptions

include making the apphication 2 CONM component, contamer, of moth, adding

Ean)

.

Automation, and making the application dnabase-aware. In 1S project, the fotlowng

aptions wire chosen.

Trocnment/ 9w »."umzoe«,wrv

i, rultiple Dosument {Inserfuce (M)
1t ActiveX Control

iV, Docking Tootbhar

Initial Status bar

Yi. Print/Print Prev LET

11, 30 Controls

it MFC Standard

§ wilp Extension {%, cotd

X. Tise MFLC asa shared LA
Apg}‘éﬁf‘%z&f{i tegrate thess aptions nto the skeleton Vppma“(csf; generated Hed appent
¢ for the classes bl o files that were autornatically taded.

4.2.3 Step2: Building angd runuing the shipleton apphication
Grom the wisual oF¥ integrated sevelopment pironment, ol herwise wnewi 43
3

workspace’, the Project/ifxecute Cirenits doe cornmand are clicked 10 build and run the

ckeleton application

The running skeleton application derives many crgndard File, Bdit, /e, s Help ment
corpmands from the fpmework, For this project, wehich 1 an MDA apphosiion, fully
fupetional  Window  men were  mciuded and  the framework z‘z‘;:ﬁ';:;s.ge&; Crenation,
arrpnpement, and destruction i M child windows
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4.2.3 blepd: Modilying the resources generated in the skeleton application

The defanlt resource Ble created by AppWizard supplies many of the resowces needed,
Menu resnurce, toolbar resource, con resource and bitimap resovrce. In this step, some of
these  resources  wore  modified  and  additional  resources  added  Precisely,
DR CIRCUTTYPE (0 menn resource}, and DR MAINFRAME (o wolbar rescurce}
were modified 0 the Visual O+ resource editor
To DR CIRCUITYPE, the following wers added:
a}. Awnalvse, pop-up meng with DO Ois resource i 15 1D ANALYSE BCY and
AL (s resource 1d 13 1D ANALYSE DU menu convmands
by Oriepiation, pop-up meny with cascaded menu commands, Hornzonal
Yertical pop-up menus
To IR MAINFRAME toolbar, the folowing buttons were added:

a} A button with the an id number I ANALYSE AL {shortcut o the

Analyse/ AC meny command.

\j"
e

by A baotten with the an ud number 1D AMALYSE DO {shorcut to the
Analyse//DT menu command.
¢y A button with an i number 1D DELETEAC menu comnand.
An exia tootbar was also created (i1 s called toolboxd This containg commands for

creating cirouit components, In Addinon o the CdbesDiy (1DD_ABOUTBOX) box

senersted in the skeleton apphication, two oxira dialog boxes were created;

X




a} Ceompvaldig(iDD_COMPONENT VALLUE)L which accepts a component value
from the user,

by ClsourceDig (10D SOURCE VALUE), which accepts the values of a source from
the user.

The modifications made to the tootbars and meau bar need bandler functions {(functions

16 be executed when a user vin the wser interface sends any of the commands o the

program). However, the functions are delaved uniil the docoment obiects are created.

4.2.4 Stepd: Creating Additional Clagses

This step utihizes the produocts of stage?. Fortunately, obiects such as Sysrent and U7 have

¥
5
i

generated by AppWizard Infact, the

o

been implomented in the skeleton apphoation
Svstem object was wnplemented by the Bamevwork documeniview architecture, This
grobutecture contains CofreutDoc (for documenth and CcicuitView {for view) classes. The
L was umplemented by the framework windows objecs such as Colidddfrome {ohent
window) angd Comaind rame (application window},

The remaming objects. Schematic, Component, Resistor, Inductor, Capacitor and the

Lource wore created with thew smplementations histed in the appendix.

Howsver, the chart below swmmarizes thetr organization as maintained m the code.

Component Chart

Celement
{parerd class)

i

oamponsnt Cline CNode

: z ' z z
CHesistor Chnductor Coapacitor Claource

3%




4,2.5 Btep®: hnplementing Docwment class
The {f.aéi‘z;‘,izitf}(‘zi: class implemented 1 the skeleton application 5 3 Document olass
However, modification 13 necessary 1o custonze o swit the project requirements. o
state precisely, the following modifications were added in the course of unplementing
this class:
Varighics:
a} m elementiiat - a Ob+ teomplate collection CTypedPiriist ebiect, which contains
the elements that desenbe a ciroud,
51w tracker - a CRectTracker objects, which provides a visual feadback when an
element 15 selecied.
¢y m_coefl - 2 CAmay (2-dimensional anay } object, which is the coeflivient malnx
of the MNAR.
4 mematrha - 2 CArray (1 -dimsensional array) object, representing the nght-hand-
sice veotor matni of the MNAM.
Functions:
For the functions implemented in the document olass refer to the CowouuDoch header

filp in the appendix.

The framewaork alresdy knows how to interact with document dats files.  can open and

chase document Hles. However, 1o read and witte the document’s data, and bandle other




user interfaces, the document Seriglize fonchon was umplemented accordingly. See

appendix for the hsting.

o
poed

4.2.6 Steps: haplementing the view class
Fuat as the CcirouiiDoe olass modified, the CowountView class was alse mpdified o
customize the skeleton application. To this end, followimgs were added:
Variables:
a1 m_pSelected: - 3 pointer to Celement object. It points 1o the address location of
the slement currently selected.
by M pCreated: - a pointer to Celement object. It pomis to the memory address
focation of 2 newly created sloment,
Funotions:
The functions implemented i this class can be found in the CcuwountYiew h Gile of the

appendix.

Finally, it must be stated here that at each step deseribe above Buildmg, Compiling,
Debugsing and Running were performed, However, the way these were carnied out was
cartier explained in step? when building keleton application,




Chapter Five

Testing, Results and Discussion Of Resulls

The last chapter explaing the processes and the implementations that led 1o the sofbware
o 2 3 o ey Ly 21 e . M . r _— [ IS - AN £ e " P PR 4
developed in this project. This chapler atms at explaining the testing and the subsequent
results obtained. This is done to evaluate the extent to which the project mutial olpectives

have been met,

5.1 Testing and Resulls

Running the debug version of the application (Clreuit exg), the circuil below was putted

and component values entered acoordingly.

P {"‘ ) 4 N
e oy ¥ ¥
ok L A
¥ ATV & &
$
N
/’- ‘15'3' x__\

. T
2 e el
H ’ H , f,} i$:4 34 {}} ;,
o H

Fig &1 Example Circuit Tested.

£

I3

Performing AC analyses for frequency range of 0-50hz step 10, the foliowing table

sumimarizes the results obtained,
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Frog ¥out
0.0 FNAY
10.01-3 308780807 307E-004+8 8402507 268558004
204

300

281523581 3184048E-005-0 85221 51040838 28005

1. 710711846881 058-008-1 BR6080202088E .- 005

400

-4 87 1E5106227B5E-008+4 111613210261 235005

5
fond

g

2. 1787931908035 006-3 8242160081 747 7E-D05

Table 5.1 Resulis Obtained For AC gnalyses

The same circutd was tesied for DO anslyses

{magmiude) an

4 ke

eping the frequency constart at 50he. The table bel

tven an input volta

YOV SLITITTALTY

16 QO3 3BA2BS1904E- 0077 68674404441 BB 000

4806

1 AR4T00278251 SRE-006-1 5300008848761 35005

5.0

2. 189026025851 1 7E-DOG-2 28484524 531068E-005

0.0

1

000

3, 717678318050350-008-3 824 2180081787 7E-000

Table 5.2 Kesults Obtained For DU analyses

¢4 the




Analyzing the same circuit manually (by applyving cirouit rules and theoryy vields the

fullowing results for both AC and DO (using the same values as previously analyzed by

L3

cirouit exel.

Freg Yout

00100

1003 108-007+8 3600004}

20.0:2 41680054 1328005

20001 810E-D08-1 38E-005]

40.01-4 DOE-DO8+ 3 80E 005

50,013 61E-D0O6-3 T2E-005]

Table 5 3 manual resulis for AC

tnput Yotllage Yout
0.0 -1 8TECOT-1.87-008
200 5901 E007.8.238 006
4.0 1.58E008-1 5103E-0061
G040 1. BEQOS-3 {UEDOY
84.0 2 56E008-3.500E-00%

1008 3 71EG08-3.82008-005

Table 5.4 manual results for DO




8 2 Discussion of the resulls

The resuslts show that -

b

The graphical user interface produced in the program allows easy and graphical

the simple chick-drag-drop features of windows O,
Comparing the results oblained wmanually and ones ohiained by using the
cirouit exe shows some variations, which may be due to! memaory overflows, and

round off errors. Wevertheless, the results are still visble

G




Chapter 5ix

Conclusion and Becommendation

The mam aun of this project as stated 1 chapter one 13 fo produce computer-aded cuouil
aralysis software for wind2 apphoation platform while emphasizing praphical schematic

wally to penerte the Modified

entrigs. The nodal analvsis method was adopted specid
Maodal Admittance Matnces (MMAM), which desontbes the cirom Subsequently, the LU
factonzation was used to solve the set of equations,
The provesses above were programmatically modeled (n codes using the object-onented
features of DOP.
To this end, this chapter atms o

»  aceess the extond 'if} which the obyectives were reahuzed,

#  state and oxplain the problems encountered i the course of developing the

sofiware
»  state the program shorteontings and bmtations, and
e recomunend funther improvements, which can be made 1o extend the capabilities

of the program,

6.1 Project Assessments and Conclusion

There arp two areas w accessing the projoct, thus areas of schematic esries and

ancdyses.




In the ares of schematic entries, graphical unplementation has been achioved, All the

ctreutt conventional symbols were used to describe the schematic and this has been VErY

However, in the ares of analyses, the program recorded some abilities to handle pasaive
crrcurts to a larger extent. Mine out of fourteen ciromits tested vielded correct results

Three cupuits produced wrong resulls when tested while two failed completely. The
anomaly noticed in some cirouits may be due largely to runtime bugs, which were o

discoversd dunng the software development.

By and large, # can be concluded that the projeot has credibly achieved s main

olsjeotives.

§.2 Problems encountered in the course of development,
Paramount of all the problems encountered i3 lack of adequate informatinn. There 15 oo
material in the bbrary on Wind2 pregramming,. This sets the work baok g great deal as

valuable tune was spent leoking for materals.

6.3 Shortcomings, Limitations and Recommendation,

The following are the shorcomings discovered in the program:
& HOE
The User nierface {or the program deskiop) has oo visual
$

feedback 10 indicate the object selected from the application deskiop
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Mormally the button should stay depressed until the selecied component iz

<

drawn,

2. When AU menu commands 15 pressed bvice w a section, the debug

version of the apphlicaiion gsserts. This 13 a bug thal needs {0 be correctad,

The apphicaiions s hmited- as nghtly pointed i chapler one- 10 & passive ciouil
gloments. However, it can be extended by adding active cusuit elements such as VaOT
{Voltage Source Curent Controlled) OSVE (Current Source Voltage Controlled) etp,

which can easily be used to modeled transistors, dindes and soon

The shortconungs and the hmitsbion are gensrally due to analyses aspect of the work
More accumacy will be achieved if User Interfice of the apphication {cuomiere) 13
mtegrated with the SPICE program, SPICE can run in the background as the cuouy
analvzer while the application converts schematic entersd graphweally i HPICE

commands,
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CircuitView Header
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# Guperated message moap functions
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CircuitDoc Header

i eudsitoo s micrface of the CCwoumitslog olags

Hachude <complexs>
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Cstamp Header
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Cendpoint Header

chass Cendpoint © public CObjent
{
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Celement Header
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i Seg the mphsaiation w Cyouilosopp

class Celemeat  publio CObjoct
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i
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Chize na_size I disgonal size of an clement rectangle
et o8y min ooty
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virtual void Setuply
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Ceomponent Header
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