
C{JM.PUTER -AID:E]) CIRC'UIT 

ANTA"l' 'ls"r{~ 4.:. ~ 
,.,. .i...J.! ~ .r...a~ 

,("iIT.rr·Y.:r '~7'"M: '.,'0"£:1' ,t ~'fS ()'N ("~·:RA.Pl!ICAL "·W.I. .1::1. Z:.L. . .t· j:-:Lt"\..~YXI--.... "".J. II 

S(~llE]\'l~~TI CEN~rRrE:S 

BY 
HEN:R1{ OI_u~BO\VA"LI~ AJ]3:I{E 

92/2431 

DEP/~·,r~rl·f.l··~p"n~·'·f\.Jri~ (IF' '17.1 T,~.('"iYl"~RICiAI /C·O·1\.Ii"Tl'l· Tr-r'IT,R 
. ". A~"['\...~ V IL:.,d." .1. . ..[\ ..;.1:..1 ./.1 .1...; J".I..I t.J .. . 12" 

E"NGIl\.:fI.l~ "T,R· '~T C"<-. .' .1 .., .1:..11':...1.1 ~ '\..T 

!vlINNA 

THIS PROJECT IS SUBMITTED TO THE DEEART.MENT Of ELECTRICAJ...!COIvlPUTER 
"l:!0.rr'.l"Nc·~:';·RIN·(-"" fl"! p'':-R-n \ 1 >:;'1 T! P"Yl'!'-- ~r':N;'r' (1':;' ··fJ.:P::'-, ", E::'·)l!~RE7\.11:;· N'T r~()R T'Lj'q !~\,~ 1/.\ ,..,,'') (")'; C., .. .JL 1.;.3;... .. J."'i. ,·t. l.!i .... L X .... L .. 1 ... ,">'.1.;. •. 1 l • .1. A •. < ... f<.. .\. ~,.L ... .r .. ,. •. ~ ,... ! J. .1..,.<. '<' .•. ,£\3, ".< 

BACHELOR OF ENGINEERING DEGREE, 

MARC:}I, 2()OO 



Dedication 

~nlis project is dedicated to God almighty, one who has been my closest cornpanion and 

\vork n13te. Even amidst problems, mistakes and upheaval, lIe leD: Ine no doubt lie is 

beside me. 

b 



Acknowledgements 

I \vlsh to ackmJviledge the foHosvlng people for their supports and encourngernents: 
'~>/lr. Paul Attah my able supervisor, f(Jr his patience and attention. tv!y lale Etther,P'a 

/\an:m Ajere uf blessed memory. M.ymother,Mrs. Esl her Adeboye gave rnc aU 1 ever 

needed to execute this prqject I'm indebted to her. IVtrs. Sipora Daoudu my sister fbI' 

initiating mv education 
~ " Adeboia Kokumo, my hancee fifr her relnarkab1e eH{xts in 

checking my \vorkahoEc excesses. I abo \-vish to acknowledge aU rny sisters, lvII'S 

Funmihyo lsijola, I\Jrs. 'Fatima Abdulrahaman;. ·Mrs. Ahidemi OmoyeIe, Abosede Ajerc, 

Kemi Adeboye, Bukky Adeboye, Sola Adeboye, Abirnbt)la Adehoye and little brother 

tvlathew Adeboye. Also acknowledged is my step EIther \,tr. Oyebiyi Adebnye,my step 

mother .Mrs. Rebecca i\deboye, rny step brother and <iiiend" ORo/imi Adebove ., 
-' " 

Funmdavo Adebove and ail the entire members of Adehoye's filmHy.rrn. gratQttd tt> an ~. ~) , """ 

my friends, Adeolu Tena and Bukola Ogunroie fix their \vords of encouwgelnenc 

'Larnide and Funke, are such two wondemd friends 1 abo thank Jide fix helping in some 

drawings, FinaHy> this acknowledgement \1./ould 110t be compkte if a fhend is not 

mentioned here,tvrr. Ajiboye Johnson, such a kind and lovely rnan.He prinkd i his n::poft .. 

. May God reward him abundantly. (Amen) 

c 



Abstract 

This report presents the software design and development of Computer-aided Circuit 
Analvses (CACA)' prou:mm enFAIasizinQ QTfmhical schematic. entries. The snH\vare "-' '. .(.".. 1 <..,.... .t...... : 

captures the designer~s circuit schematic~which is drav·,:n via the Graphicai User lnterf~~ce 
(CHJ1) provided by the program" and subsequently perfi::mns either AC or DC analyses as 
specified. 

The program, IS designed to nm on anywin32 bHseci operating sofhvare sllch as 
\vindnw9x, windo\.vs NT x. n etc. It vias de\-'e1oped \vith the GUI and Objecj"Oriented 
I>rograrnming (OOP) features of fviicwsoH Visual (:+-1-' 6.0 to simulate the generation and 
sOlution of Modified Nodal /\dmit!ance Matrices CViNAYvl}.The matrix equations are 
solved using LU DH.';torizatJon method to detennine the nodal voltages and unknown 

The results generated lor both AC and DC analyses are presented as tables relating input 
frequency vs. output voltage and input voltage \is, output voltage respee!ive!y. 

The program \viH analyze circuits consisted of passive components 
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Chapter One 

INTRODUCTION 

Compuler- aided design is just beginning to gain more recognition arnong the Nigeria 
academic und industrial comrnunities, Recently, scmm;H3 and \vorkshops \,'.,'ere organized 
hv V'2!'1';}I'~' hO"i;f~q ~"'l(1 {")"O"lnl'z?<t;i1"";: "'('l-{i<~<: i t ,(, "f)"l·lt'l'e<.; 1(" ""1"11;(>h'f>'1 'l~"· l""'f")[i'<":;'nl"l,",j,~ ".,/ ~;c. \.. U .... ~,~, ~.~ ......... .:r.~ .1 ~ ~tJI....~~ _, .. )·~·":~~b ... (~ .. ,~u.~( ~J~ ." ~./._ ~A. ~:.~ .~ ... , ... ,;> ). .. ,... ):Jl!,t~ ..... ~ ~ i., .. t"I.-...- ~ :..I"}"'~'''' (~ .• ~y 

on t!~n lf~dF1{)lo(ni An1Dn(} ~'l.wh "'{"niH"!'" UP" ti'!' qn,' f"'t:w"!ized lp' the NlPOp·." \ocif'i<,' of ' •. .<"-..". ~ ... ,... ...... > t·_.,)~ .. t:~ .. $ w .. v~~,). {..: ... "} J ....... ~>-./ <; . ~.' .]A.t:-; l . ... ~ •. ) '. ~~:.: ....... J'~i.,~ ... ....... J 

Fw:,i!wers (NSf"'; on the inFK'rhno" nfI'Hcin('(,'rhp dC')iur k'! i""dlrU)i''l')in l d{'v,"'lonpF"1t ~./" b' .. J .' "'. ..,!" . . . t- '. J .... 0/ <..... '. >-./ t:.: '. ~ <,..:( .~ ,"A <...~: .. > ....... • '. '\.. f..:.> ./")~ ~ .. ..... ......'. ~., ~ .... )"-

of the nation in Sepicmber1999. The serninars cmph;:wized CAD as a rnajor ;(){)1 for 
.i}'" I" .i' ' . " ,>. " . j I ' I ! (k ecUvc rea lZ.aUon eil engmcenng (iCslgn gmllS. j\,igcnu tCClIhl OglGl ~H:. v,wcemuH rests 

f)11 her 'lbilit'i tq hk0 npVler vl"'ml'Hr;' Offhis fC'c}lrnh,),( '1'11(' "'''''(,fH'('C(' 1"""nrdul bv til'" '\... . $. -" -} ;,.' d. "'''' . t.· '\..!. Ii. ....... y{.~ .. ~.<. .... )v t, .. -:. ...... /~ ; .. · ....... ·5)' ./" :...,,>u-:...· ......... ),.~ p.., <;,.,'\..'..... '\. .... ... v 

t<>",j-l"lnl(~p;(",~! '\'J"~'ln{',,,« "Ii'~·il"r'-l '-'1",,1 {.:\ "'~"1! "')ll."f!'",:,,,", 'I"'" <.>Ht·;L,p:n,'l f<") 1!)". """, ,)f (' i\[l ,." .. , .. ,. J v .. C).~ .·U {~,. ., .... ~.: ........... ~" .. ~ ¥"( .... ·d~. 'J) ~ .. ~ t~l '.\ .... )~ .. ~. '<",10, .. ~(t. s ....... 0 t..' ....... .:'-tt.:$C· ... ( ............ :,,<:.. .. <; .... ,." •. t.:,_ .. v 10, ... "" . .1. _" 

<;v'"<I"'tPs in ll' P :r df''-'i'}!1 and npPtd>c!lnin" nrf'C{'<:':W':, (Feu j9x;,n .. .J" . ......... ~. ."., , ...... J .... ,'.3 'f.:.~~' U.A~. .... .. !";.:;.}.. ./" .... ""~"" " ....... '.. ':. " ... :1,. 

Tlvl<"l)' ill >Ji <r('r i;-' tJl'~f''' "11'1' t"C"','" P('<-h'~'.;{>{l f'Ar) i'V)j"~ I'P "!V' n'~1rk('f' ·<\"h'C"':/,D Fr'!.'<'::W .. , ..... ');' .... ... ~.).... ...~,. A~ •. \,/ <, 0/ . Vy. '.~. .' -:.-:. ... ~.... • •.• ;; --s...J.. .. ./<:.. .... ;, ~ ~ v to. ....,.~ ... (~ .... ) . 10.. . .......... ,,"' .0:: ..... 

14, the current AutoCAD 2000 Hnd ploHers elc. Sonic organization, in:;titutions, 
')/!"f~l'!"«n;'l't' 'l(YI""""';"~?" ";' (~ l' "'(" ;<'f'" ,>" '"ll'''' k' !" i'''''!~1 I"j !)'" i l l'.>l,.; 1'1'" <J'f~':cti \ !I:; nil'!; "'! tiv'" n i) f these ::-~,.( ..... ).) ..•. v s ;;b ...... f..'!.v~-....~/"$H ... $.J )~ ~<.<!'.~Jo .... :~ ............ )<., v. & • .IY)X.t';, .. tv ... .:..~ ... ~ .!;; ..... ~~<; .. ~ ." ......... ... /"A. ~ .. - ,. 

tools. ,Ho\-vever, HhJst of these CAJ) toois make {nore impact on the mechanical ~wd 
architectural desigo;). The :mrne cannot be ~wid in the ele(.!.ricd and electronic designs 
One Hmitation or tbe other impairs the fbv? CAD tools m tillS fideL For example, SPiCE 
(Simu\;:ded Program vinh Integrated Circuit Ernph;uls) versions, vAw:h are COlnrnon In 
Nigeria today, are those based on the outdated DOS platf~nrn. i\,1any versions sUn rely on 
c.o(ls.::d commands for describing circuit connections. 

,\Vin32 based Dperating system bave been designed to exploit the PO\vcrs and features DC 
modem .pc. Thercf(m:. many applications have been produced, which run credibly \veH 
on this pbtfonn. C/\D sonware tools, \vhich success relies on !heir abilities to integrate 
other tools, should no! be exempted. 

Recently, lbere are incrcnsing number of desUQps, \,'.:111ch mnwln32. based opew.Ung 
systern:.., in the country. 
Hence, a CAD tool, ,,\,'hich is designed {~)r !.hi::; pbtfonn. is high!>-' recoH1mended, 'This 
explains the reasons why this project is ern barked upon. 



JJJ F!robffJms, AfJ.flins! CO{11Pl!ter Aided-Ci(cUi(Ana,lysi~ 
Ret~ently, circuit design has nmgressed to the noint where the df~sign nfoccssi;::; iotaHv - ~ ~ { ~ . ~ 

dependent on Computer Aided Design (Bushnell, 1. 988) Increasing number of CAD 

applications has since been on the market CAD application like Designer';:, \Vorkbench 

(1)\'V£), PaHadio, USC Expert Synthesis System, Schema, Demeter and Electric etc 

recorded some successes 1n their r~.::'spective application::; 

Although credible achievements have been recorded in the use ofsorne of these toob, in 

Ivfaioritws have not been desh~ned to run on \Vin32 based {VJeratilH».· environment:;. This .... ....... i' .... 

has restricted their uses in Nigeria "vhere \\lin32 based environment is far gaming 

re(~ognltions. Any CAD tool produced for win32 will be \videly used m this pan of the 

\-vodd. This attests for the popularity' of Au!oCAD (a CAD tools based on vlin32 

platform) in Nigeria. Ho\vever, it (AutoCi\D) has not been utilized proPerly f~:)r circuit 

design and analvsis, .:';';/ ... ' 

1 S:J.1, Pt!rpose~ and ,?ims 9f project: 

To this end, the project aims to; 

(a) Initiate 11 vvinJ2 based Computer Aided Circuit Analysis (CACA) software 

emphasizing schematic circuit entIY, 

(b) Produce menu, tooibar and toolbox driven GUl (Graphical User Interf..1ce), 

(e) JVlnke;::; the soH-ware extensible and ea8Y to integrate \',lith other toob. 

(d) Exploi.t \vin32 features and pov;er. 



(e) Demonstrate the modern sofh\'~u-e deve!opn;ent approach for engmeermg 

solution. 

1,,2 Significance of the Project 

\\/i032 based CAD f()r electrical/electronic design 

ovenvhdming achwvernents recorded with other applications This project wdl increase 

significantly, the CAD solutions to nwst basic circuit design problerns. 

In addition, CAD awareness among the Nin:er1an students studyine electri.cal/electronic 
~ ~ . -

~Jngineering is improved, The project can abo be useful in univerSity fig s!uJy-ing circuit 

analysi~'L If the project is further lmpro\/ed, it can bcc:orne a commercial product 

generating economic values. 

1.3 Limitation o( the f?r,qject 

Modern software has been simplified to make even the most complex: application less 

difficult to develop. This is made possible through the use of advanced tools and 

technologies in software developrnent. Hmvevcr umny application developed today ",vas a 

fesuh of tearmvork among many cie'vdopers. It is alrnosi. HHpossib!t? to deveiop any 

comnlcrcial 50ihvarc product by one developer. For example, it has been reported that 

\Vindo\vs NT 4,0 '..vas produced by a learn comprislng well over 130 SOnV.i:;ire developers 

<teress a net'Nork (f'llicrosofl: cooperation 1(98) Apart frum this, the time wken to design, 



test and deploy the soth,vare arnount to 2yeurs These are the kind of dt;;}rf:.:; and tirne 

required to produce a commercial software product 

To this end, this project does not intend to produce such a tasking product, considering 

the fhct that it was carried out by a single undergraduate student As slat~..:d in the <1.1m8 

and objective, the project only aims at imtiating a "vork in thlS regard, Hence, t.he 

software produced is limited to academic communities and subject to hlrther 

improvement in the hnuf(;, 

Since the solhvare is based on \v1n32 operating system, i.t can only be run on PC 

operatlng \Vindows '95, 98; NT, OS/2, and other \vin32 based operating system. 

In addition, the sofhvare \,vas designed fl)f LINEAR-PASSI\/E Cncuits .. And the types of 

analyses performed are restricted to AC and DC. 

4 



Chapter Two 

Literature Review 
~ >=-

In chapter I, a number of principles ilnd concepts underlying tbe project \vere Fwntlooed ~ 

'fhe main objective, as pointed nut, \,,/1E-, to initiate {hI.'; development of computer aided 

circuit a/loJysis in \vin32-based enviromnen( In ih)s chapter <l.tternpt '>vi!! he rn;ldc 10 

j' , ., l '!" 1 . unner explain i ,e concepts HHw(. ucen In c 13pier r m order 10 determine how this project 

Hi.s into current trend in C/d) solutions In view of this, the di:.;cus:~ion in this chapter \vill 

Cnrv~~:~nt ,·,f de<.:i"'1 ~H1{j a 1m h?~,>i(' '-- \,.,~ .. t- of,.. 'I.... _ ..•.• :::::~ .... A ~> .... ~~~ ~_ .,~. 

( " . l ' ! l' .... 1rcuH oeswn .. ltl(l ana VSI?.';. 
~. ~ 

Types of analysis 
'-!';';:,"d- ;:-1 ill" r'1{",(-le!'''' ".;r"l!l'~ ~;!<>":Ul'l 

- 1'. v~l ~... ~. ". . ... _ ..... L ... -:'.n.~ 'j. ........ t .. J. ...... :n.;..) .... 

n,'" ", ,- . ., .. ,\',J':'d !')""':"f ' ,- d ~ ",' 1"" CU: Hf lh<;..;_ FIliI." '~';~'t,.J; a;1~ !,\;l,;ll) tiL>. 

Concept of l'vlod<:.m sofb.vare and progranuning too1:;. 

Cognifive ;:;cientists bdi~~ve that design is --'{~xdusivdy- a task perforrned by human brain, 

h is defined ,n tbe creative dJilitv to formulate alternative solutions to ar)l'()bk.~m, To this 
v .I 

enct design is seen <)<:. a cognitive activity of human beings (Feu, 1974). It im-'oivcs 



ahemati:ve. Therefore, Hi aH the Helds of engineering, design IS seen as one rnOSl 

Inl!)Ortant activitv. 
t- .' 

Having fonnulated series of alternatives, the next task of course is to ?.:;ciect the l)eSf from 

the ~)eries of ahematives. In doing these, eHGh alternativ'e I;) anaiyzed and evaluated to 

and there are ahvays predefined methods f()f doing it. There ma.)' be mathmnatical 

models, theories" la\-vs and soon, \.vhich are applwd in other 10 analyze an alternative. For 

example, in circuit an.aJ~isls, apphcations of .numerous clrcuit theow.)s, laws and rnodels is 

a corn 111 on practice, Then~f(}re, analysis of most engineerin,g des1gns involve iterative and 

mathematical processes As can been seen anaiysis is a tooL, "!'vhich 15 used to chose, tcst 

and retlne the best design alternative. And a design process precedes it 

When design.ing a circuit there must be a target output. A target output nHght be any of 

the fbi kHving: 

1. Block diagram, 
2, Logic diagram. 
3, Schematic diagram, 
4. rViring diagram, 

Each oft1wse diagranm utdizes symbols that represent the component or package clrcui!s 

that nmke up the overall circuit being designed, The syrnboL} are then conlh.~ckd by 

straight lines in such a w.a}' as. to descri1.1C the circuit. 



Block tiiagrtull 

Block diagrams do not COHlpktdy descnbe an dectncal urcuit but do wdicate the 

<;ornplexltit~s of the circuit, what it 15 supposed to do, and its rnain features, The used 

block diagrams are alm.ost entirely simple rectangles, 

Logic diagram 

m that {hey describe the logical 

progressIon of the electrical signals in a circuit as they go {I'om one component or logic 

dernent to anotberHO\;;/e\ier, the symbols take {()fins that are unique to a particular 

function, and t.he diagrams are used only fbr digiwl control circuits 

S<~hematlc diagrams describe the picture of an electrical circuit 111 filrlher detail, 

supplying enough intDnnation for cornplele analysis of the circuit Standard symbols are 

used and complete electrical connections are shown in such a \vay that the cirCUit can be 

most easily understood, 

fViring diagnnn 

A vviring dwgram IS an actual picture of the circuit as it appears on a completed 

assembly It is used not BJr analysis or explanation of a circuit bot as an assembly 

dra'vving in the shop, 

7 



Each ofthis as said carlier, is 3.n output of any circuit design procc;'}s. Then3fc)!'e it can be 

said that circuit design aims at producing any of the above diagrams based on the 

problem specifications 

\Vhatever the targeted output diagram, BushncH (1988) rcported tbrt design of a circuit 

{espec/aHy VLSf) is inherently an iterative activity, Deslgncrs HHgiH v/ish to generate an 

initial design that is correct in all aspect, so that laUer redesign \votdd not be necessary, 

decisions and \\'hen they initially make those choices, then3{cire sorne chc;ic{~s ,>viE lead to 

The output diagrmns produced as a result of these d.esign process me used for varimn 

tbings ranging fronT explaining or describing the circujts, analyz1l1g the Clf(T!1tS" and 

ass{.~rnbling the cirCuits. For example the cirnm block diagrams arc mainly used in 

exphinmg the circuits complexities at higher level of abstraction, '>viring diagrams aTe 'for 

c1rcuit assemt:ding and schematic diagrams are usedhn circuit an~dyses (tvlachover, 

2.1.2 Cin:uH Amdysls 

Circuh analysis in'v'oh"es application of various circuit theories to dett~rmine circuit 

desired parameters such output current, voltage etc. As noted earlier, circuit anai:,,;sis 

J(Tends on thc schematic output d1agmrn produced at the end of design. And since most 

circuit designs arc known to be itcmtive} circuit analysis hecome lf1separahle frorr! circuit 

design. \Vher! designer designed a schcrnatic diagmm based on the probkm specification, 

8 



the schematic is analyzed to test if it meets design specification. If does, the des.ign is 

cornp!eted, ifit doesn't, the circuit I;; redesi.gned until the specification are rnet BushneH 

(1988} agreed that circuit ana.lysis h part of designed process HO\VCVeL they arc separate 

r~~""'-~"'l 

l Identlfv I I pr{)ble~;1 i 
{.~ ...... -~-j 

1'-.. +_ ..... . 
,DC,sign !...'-~'~"'"'-'~''''''''~"'''''''''"'---' 
j circuit ! i 
L .... -r--.... ~ I 

r···"'~·~····~·-·~····-······l i 
I ~chematJ.c: i 

L ... _~Ja~gJjl'rod~c~_j I 
r~~"'" ···"' .. -~····· .. l No I 
I Analvze : ( 
I Schen~latic j l 
I~ ..... __ ..... ",~.J I 
~*-~~ i .- ----...-- j 

---- ------- J ----- Schematic lv1eet --...------.";5 .. - ............. . 
<..... S,· .v " .-----

----~ pccIJI,(~aUOns'( ._----
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~ I Yes .. 
Circuit designed. to 

specifications 

'F!g2J Iterative Design 

processes in v,;hich one complements the other. 
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In electrical or electronic circuit analysis, there are tl)Uf basic types of analysis. 

(I) 

(Ii) 

(iii) 

(';" 'Y' ~,~ v 

Operating, point 

DC 

AC 

Transient 

Operating Point Anaiysis= - As the mnne suggest, operating, point analysis is used to 

determine the pamrnder value {current, voltage,. pO'Yver etc) of the circuit \v11en no 

input signa!- except f~)r tlH.? power supply-is apphed It is sometimes cal led bias point 

It directly affects tbe gain and linearity characteristics of the cncuit 

DC Analysis: - This me.asures or determines output characteristics of Clrcuit3 as the 

arnplitude of the input signal 15 var1ed.For eXfunple, a circuit rnight be deSign in way 

that its output voltage should not ex.ceed 100V 'The schematic design can be analyzed 

to veril}' this circuit specifkation Schematic can be redesigned, or cornpon.ents 

values adjusted to correct this. UsuaHy what is done is topiot varied input values v"ith 

its (~(Hlsequent outputs, 
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AC Analysis: - Thi~~ determines the output characteristics as the frequency of the 

mput signa! varies. This type of analysis is COl.nmon m ccrnrnunlcauon application, 

where liequency responses of circui.ts are vital, 

Tnmsknt Analysis: ~ This is sonwtimes referred to as thne invariant analysis It 

measures the circuit resnonse to time. For instance a circuit mjgjH be expected to gain 2' .........;.1 

a particular output voltage after the input signa! is applied. 

Years back, circuit designers have to contend with the necessity of budding breadboards, 

fit them \vith \vorst-case or limJt devices (i.e. aC!1ve device \.vhose characteristics were at 

the high or low specification limits), and then see v.,lwther the circuit performed 

satis!llctmHv. The !)rot-:Cssion has come a lor1i~ \-'lav then, and oyer the hE,t few decades the 
vi ...... .,/ . 

complexities of circuits has made it quite difflcult to adapt this mdh.od to design large-

industrial circuits, This incre.a~,ed complex1ty is due both to advanced 1n technology and 

to the need f()f meeting a number of sinmltaneou.s design specifications {Fink, 1984} 

This cornpkxity has forced circuit designer to tum to computeI'. Today, there are 

Computer~aided design, Computer-aided circuit anal~yses and Computer··aided circuit 

manuffwturing packages, which are used fbI' circuit design, analyses and manufacturing. 

In the future, f'vfachover (! 982) predicted the increaslng availability of EXPERT 

programs,\vhich are essentmHy software mimics of the \\fay an expert analyz.cs a probiern 
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and reach a decision. Thi:i is do;~dy as;)Odated Vv'Hh artiflciai iDte1!igence Such features, 

rvIach(rV'l~r (1982) predicted, \vill characterize future CAD/CA1'v1 systent 

2.~ Computer-t\ided Circult Design anfi anaJys!~ 

Computer-aided circuit design is simpiy the use of computet to achieve urcuit design 

objectives. As a speclnc example of the use of computer as a deSIgn tooL consider the 

design ofVLSI circuit During the comse ofthe Jest,gn process, an engineer might usc: 

a) One cornputer program to modd the 2-dimensiioHa! em:ct of seluiconductor 

d· <~Vl'ce-" ..... '.( ...... 

b) Another computer to mode! the fabrication process f()f rnanuhcturing mtegrated 

circuit to determine the process of variation. 

c) A logic simulator to verit:v the logical operation of the deSign. 

d) A layout program to help v.;ith the placement of !he many thous<1.nds of the 

transistors of the VLSI circuit on a chip, 

e} And a circuit sirnu{ator to determine the actual electrical functions ofa circuit. 

AU these processes are automated in a design environm(\nt, and the speed and accuracy to 

whichdk7 are achieved has made the V.LSI Circuit design a reahstic. 

Out of these processes, (e) remains the utrget of this project; computcf1zed determination 

ofactua! electrical functions ofa circuit, refer to as Computer-aided circuit analysis. 
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It was mentioned earlier that circuit analysis is the determmation of circuit desired output 

parameters, However, to analyze a circuit. simuiwneous equations describing the circuit 

arc solved t.o obtain the desi.red. output From tins, two thmgs are obviow.; in analyzing a 

circuit: 

I) Generation ofsimuhancous equation;~ describing the cifcuit 
2) Solutions to the equations. 

For 11 computer, numerical method is the preferred option than Hnaj~ytical InethoJ. And 

the fbHowings are required of computer-aided cm::uit anaiy;:;is soh\vare: 

(i) Algorithm for describing the circuit schematic 

(i.i} Akorithm for !wneratiru< s1nluhaneous equations from the schemat1c. ....... -t....... ~ 

Akorittun for solving ~:;imuh<l.neous CQuaiwns - ~ . 

In thb projecL (i)s..vas achjeved by aHowing schematic description through diagrams. 

Though there are many techniques u.sed in rt)rmulating, :H:t of equations descri.bing an 

ekct.ronic network, the technique employed!!! tins project is the /Vodal Approach (the 

theory behind this approach is explained in the next chapter) Finding a numerical 

solution requiring the solutlon of a set of simultaneous linear (or nonlmear) equations 1~)f 

a DC solution, and a set of sirnu1t.aneous non!in{~ar di1i{'rentia! equzmon h)r a transient 

solution fonns the core of any ci.rcuit analysis proglmn. To tillS end, a rnatrix m.ethod, 

s..vhi.ch is f<mnd suitable for pmgramrning wi!! be used in tins project. 



Not very long ago, brge-scale mission-critical enterprise applications were the exc1us1\/e 

prOVH1ce of massive mainfIame computers (MSDN, 19(8). That's changing rapidly, This 

change is due to the rapid increase in hardware 30pi1l5tication an.d improvement. Software 

industries quickly took advan.tage of thts. 

By this, Ergonomics became the centerhcus in soh\vare production. A leading software 

industry, I\..11crosoft software Inc, took the initiative by first launching its GUI-oriented 

(Graphical User Interface) operating systern by early 90:.,; (1\iJicrosoH corporation, 19(8). 

Prior to this, the corporation Vlns know11 for its popular TUI-onentcd (Text L):;:;er 

InterJace) DOS operating system \Vitb !!Hs operatlng ::;oflware, a User types his/her 

commands at. the cammandpromptH.Gwe\ier, because of the difficulty in !earnmg to use 

thes.e commands, and the needs to make computer systems rnore [/ser-j;';cndZV, the 

cornpany released windows3.0, This wa:, later updat0d to \vindov'/s3,!, J,! I 3. 12 etc 

Hmvever, \Vindmvs 3,}( is made to \vork dependently on DOS, 'lihieh {Hakes it to be an 

expansion of DOS rather than an operatmg system itself Clarnors f(-;r an independent 

operating system led to the release of Windov,!s95, fiJlknvcd by \.vindo\vs98, the current 

windo\vs operating system. TVticrosoH. has announced 'Nind(HVs2000, which is due f()!" in 

frnprovement in the operating software is always greeted '..-viHl improved application 

sofhvare. Hence the advent of \vindo'Yvs operating. software led to t!H~ rdease of senes of 

npphcatlon like \vord pedectl1.H \vindo\vs, oB1ce95-2000, Dbase l{)r \vindows, to 

rnention just few, All these nre characterized by GUl, ol~iect-oriented fi.~;.!!ures, OLE etc. 
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\Vindov,'s applications are made eaSler 10 usc due to nnprovemeni In fhe operating 

software, hke'vv.ise the tools fi)r developing these applications. Fo! knving afe sO.!Tle of the 

tools used in developing some applications' 

(i) Visual Basic '. / 

(ii) V 1suai C/C++ 
fiii) Visual Java 
(iv) Visual FoxPro 

These tools deviate from the tradition of rdying on codes as means of ilbtruction while 

focusing onVlYSTVVYG (\Vhat "{ou See Is Wl'la.t You (.ret) z1pproach of c()uing system, 

For instance, a pmgramnh:T might \vant to draw a rectangle in its appl1cafion, Using the 

traditional approach, the prograrmnerissues series of conunands by typing codes, which 

ar{~ suscepbbk to bugs. Ho'.;.vever, thiS task can be easily perfi:ml1cd in the modern 

programming tools hy simply using a pointing device (mouse). 'fhis task is performed in 

seconds. In the next chapter, some techniques. in modern prognumnmg arc considered in 

det<-1ih 

2.5 Sunlmary 

In this chapter an attenlpl has been made to discuss desi.gn, analysis and the computer 

method ofachk:ving the goals (of design and analysis). 1t Vias explaln€:d that the output of 

any design \vorK 18 a diagram specdVing solution to the problems at hand, Specifica1!y, 

circui.t design aims at producing different circuit diagrams' schematic diagram, logic 

diagrarn, and \viring diagrarn. Schematic diagram is the main input required f~)r circuit 

analysis. Set of simultaneous equations is generated from the schematic diagram. 
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Consequently, the equations are solved. to obtain required output parameter, 'The usc of 

cornputer in doing this \v;:w also explained., 

t .... lodem soflware and programrmng tools open a new "Nay of deve!opmg highly complex 

program !ike CAD The introducfion of modern (JPcuwng systenl coupled with 

sophisticated programming tools changes progra.mming from the old code-oriented to 

vi,sua] oriented approadL 
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3,1 Matrix Ana~yses of network 

Employing 'fhevenin-NDrton theorem or star-delta rransl:bnnatwH, bllov.Jed by 

combmation of ser1es and pamHel combination, can reduce the mtnc.<1SCS In circuit 

analysis, _Hov/ever computer cannot be programmed f()r such task. Hence cornputer needs 

a general predetcnnined method t() perf01TI1 analysis. 

3.2 Modified Nodal Formulation 

The Modified Noda! Approach (J'v1NA) is a hybnd equation {()rmubtion method that 

allows voltage and current variable to be unkno\vns. That is, unlowwn currents and 

voltages are part of the equations generated. In fhcL if circuit contains oniv linear 
.' v' 

conductance and independent current sources, the ivfNA, reduced to the nodz-d equafion 

YVll ~ J, where Y is the ned,al admittance lnatrix, V f , 1S the node vohages (excluding the 

earth) and the J is the current source vector. By allowmg the unk.no\vn current variables 

in thef\>1NA equations, the NINA. is able to accept aU the four types ofcontroHed sources, 

the independent current and voltage sources, any type of non-linearity and linearR, L C 

dements. 

By considering Kirchoffs hnvs at each node< the mDdified nodal equations are generated 

(i,e, the current leaving a node is zero), Hot/,"ever, to (:ollsider curr~..:nt as unkoO\vn 

req<.urcs the branch relati.onship (BR) of the element to be added ;() the set of node 

equations, 'fte result tCH hnear netwurk, 15 a :.)et of equations of the funn 
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the independent current and voltage sources. any Iype ofHon··/inearity and linear R, L, C 

dements 

By c{)nsid~~ring Kirchoff's laws at each node, the modified nodal equations are generated 

(Le the current leaving a node is zem).Ho'vVever, to consider current as unKnown 

reqmres the branch rdatlOn:~IHp (IN?) of the element to be added to the set of node 

equations. The result for linear nehvork, is a sct of equations of the form 

P , .-.,! 
!:~quat!On .J. l 

V,,:" (n - 1))( (n - 1) is the nodal ;1dmit1JllHX~ rW~1rj.\, 
n '" (n- 1) X (n ,1) matrix taking ilC,;:(J!W} the ven,!;n Hnku<Hva brandl CHrr,,!!! leavi.ng 
the node. 

C "" b X (n -I} mair!x expl\~r.%illg certai.u hraw.:.;h relatiouships e.g.~ voHage source 
rdaliow.;!up 

D '''' h X b J1lI!Jrix (lccoHuting for ;;:Qrtilin contn>llcd snUh:(; hnud rel Mion sh ips. 
J, F:: {n ,I), (lnd h-dim<:HsioB<d v(:;.::(nrs, r(:'ip(;":j~rivdy, whi<;:b m<.:~ (::;'!n<:sponding rig1H~ 
haHd~side (lUIS) t:utl"ks. 
H ::: no nfn~){k:s ill HE: dn.:nit 

The modified nodal equations are easilyk~rmulated by considering a stamp for each 

element in th.e circuit 

n:nv of YI' and B bv Vk, Ewd the Kth row of C and D bVk.For mstance, 1 f the l(!h branch ./'. ~. . 

is a conductance Ch, and it i.s connected between nodesi ilnd j, and tlw current through 

the c(Hlductance is not a desired output variable, the slmup \vouiJ be 
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3, '1 Matrix Analyses of networl< 

Ernploving Thevenin-Norton theorem or star-delta trans{;:mnatirm, DDiknved b\,' 
~ ...... . J 

combination of seri~;;!:> and pamEd cOlnbinatiol\ can reduc~;; the intricacies in circuit 
ana!.ys!s. Hov.;ev~~r computer cannot be programmed fbI' such task Hence cornptuer needs 
8. general predetermined method 10 perform analysis. 

3,2 Modified Nodal Formulation 

The Modifled Nodal Approach (\tNA) is a hybrid equationh:mnuladon mt..:thod that 
aUows VOH.<I.ge ami current variable to be unKnov,:ns. That is, l..mkn(p,vn currents and 
voltage::; dre pan of the equations generated. In flet, if cireui t contain!:> only linear 
conductance and independent CUiTent sources. thet\.lNA reduced to the nodal equatfuH 
YV, ... '" r v;here Y is the nodal adrl1ittance ruatri.\, 'V'" is th(~ node voltages {o::.cluding the .. . ." . ~......~..,. 

ealih} and tbe J is the currt..:nt source vector. Hy alknving the unknown current vari.ahles 
in the !'dNA equations, th~ MNA is abk to <'l{;cept an the four typ;;!:> of controlled sources, 
lheindependcnt current and voltage sources, any type of non-linearity and linear R. L, C 
i~lement$ 

By considering Kifi.::hotr:.; h~\vs at each node~ tht'; modi6ed nodal equations are generated 
I; e +e r~u'·r"'ntle,r..;;q<' ,. node i<:; L.~>H'" Ho,\ve\."·'''' to cnn,j,-jer C'lfrer't 'is 'mbl0\YP ~. !, . ~~. ...... ~ ........ ~ ~ ~_ .. ~ .• ~-:; ...... . '. .' ~ :,. .[ • . '. v', ~ . "~ ....... .;". ~. t. '... .•... . 

req:Jire~~ the branch rdationship um.) of the deJut;nt to be added to the set of node 
equations. The re::;ult fbr linear ndv-!orL is a set of equations of the -(;·.nm 

Y)f'j['V" __ . J 
(.~I) ..iL !;: f;' Eqmwon 3.! 



(a) 'rhe current through the specific dement is desired as an output 

(b) Or there are other el.ements in the (::ircuit, either cOHfro!1ed sources or non~ 

Iinearities that depend on the current 

Chven a geneml node bekn>v'y the sfamps hlr the dements are generaU.xl. 'fable] 3 Shows 

stamp,,,, fOf various elenlcnts <~onneded to the node, 

':. 
\G 

r. 
'.' 

3, I Generat to denne stamps for 
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L, (::) 
T'" :,(ccc\ 

.......... 

r ~ .:~ ) 

/" 

(+):/ l,"~ 
/ ....... . ... ~':,:, ... / )..... -,~ 
I j\ (1'\ 
j~, Ir i" , 1''-"'7-

i .... ~ .............. '".~" ............... J .................................... " .......... ~ ......................................... ,J 

lin 
.. ,( 

i 

11aving deftned starnps fbI' elements, an aHemp! will nov.,: tiC made to apply thern to the 

circuit above: 

Applying the stamp for each dement, the fiJIlmving rna!r!x equation are generated: 

M~>;trix equations generated. 
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The example gfven above demonstrates the un of MNA to generate sel of equations, 

which sufficiently descnbe a circuit Next lS the metiJods employed in solvtng the 

equations. 

Thete are many methods for Solving matrix equations. Among the methods are the 

1. Direct solution 

3. LV fhctorization 

LV factorization, .a method employed in this project vdl be discussecL 

LLl/iu:torizatiOf1 rnethoti (!fsolving siJnultane(}us equations 

LU factorization is a numerical pmcedure used in fa(loozing a squate matrix into the 

product offm·ver triangular ma.trix L and an upper triangular matrix of tr 

Considering a square matri" A, where A is to be the product LV of a lower trianguiat 

matrix L in which the leading diagonal dement are unity and an upper tnangtdar matrix 

V such that 

. '" f 1 [J 1 .4, ::::;: L V -.-.. - .. ~ EquatlOo3.3 
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There are n··~ unknm\-11 codl1cienu of Land U and also r/ equations m the expansion of 

equatIOn (3. x). In the method of tnangular decomposit1on these equations are in sequence 

to obtain all the unknO'Nl1 coefficlent:L 

']J1O main use of triangular decDmposition is at the nrs! stage of the solution of a set 

sirnuitaneuos equations of the fonn AX::" H. The \-vhok solution process comprises three 

stages as foHows: 

Stagel:tvtatrix A. is bdori.zed mto .Lv. fA c"Ll)) (Foctorisalirm) 

Stagf'L Solution of matrix Y is obtained by fi:Jr\vard substitution in 

LY = H. (li'orward Substifution) 

/:itage3,' Solution of matrix X is obiaim.,d b:'l backward substitution H1 

UX =\'. (1JacliH'ard ,)'ubSfitUlhm) 

Here Y represents an intermediate v::ldable Although the Im;t tv;o stages both invoh/e the 

solution of simultaneous equations, their computational requi.rements are 10\',' because of 

the triangul.ar f()rm of their coeffkient rnatnces. 

Certain features make the trianguiar decomposition corn.putationaHy easy: 

a) The IHlknnv.'1i coellicientsL and U, can be merged to give an n x n matrix 

i Hll 
i 

,., : l.'l 
A'- ::::1 ' 

Lid 

U j ,., 

lL.!.'l i i . ,. , ., 

.. 
I:,t~ L + t: ····I} 

U'I'I 

b) If solved in WW-Wlse or colunm ····vnt:;e order the elemental equation each 

yields Just one unknown per equatIon. In general, the equation of a,i can. be 



used to detennine either !~j or u:j, whichever IS unknmvn, as ;;ho'vvn hy the 

underlined variables in the fi)llo\Nmg 3 x 3 decoulposition: 

" 

Ii . {l" ::;:: Un 

f il-:>! = I~ju;, : ~ .. ~ ~ 

~1 

/a n1 -;;;.(J..I jj 
c. 

a 12 :;;;Uj:~ 

(1,,::. :::; L21 u 12 + u ~~:~ 

The fon:nulae for computing element AI' are: 

..... -~- Equation 3.4 

-~" .. m~ Equation 3.5 

,.. ""f" ',,' ~(;:2 n .~~ . ~~.! ~.s: b1 -:- ;.'" 2;-; 

c) It is possible to ovenvrite A with t!.H.;~ e1enlents of A F as they are 

f{mned,thereby reducing the computer rnerno!~-l used in the computation. 

d) 'fhe computation of each dement may be carried out '.vitll double precision 

arithmetic by w3ing an inner product routing. 

e) 1n. the fop-vard and back-substitUllOrl operations the matrix 13 rna:>" he 

ovenvri Hen in turn bv Y and then X. . .... 

t) The opf.~ration on the figbt~hand side represented by stages 2 and 3 can be 

carried out independently of the decomposHlOn (Mage 1) 

Capatillsing on 
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FOR! :::1 TO N 

{ 
FOR J"" 1 TO N 

X: "";\ (1, J) 
H'")·I 
FOR K:cc I TO JJ 
{ 

x '" X-A (I" K} * A (K, .l) 
j /! END 'nURD LOOP 

l/!l.:ND Sr.:COND LOC!P 

}!!END FlUSI' LOOP 

}\ pmtical irnpiementation of this algonthm \viH include an error message and escape 

seQuence to be trir.merred when a zero diMwnaI dernent i.s encountered. 
~ ~....... ...... 

To perform the sU1ge2 backsubsti.tution, the following agorithrn is implemented: 

Algorithm to perfom Uacksuhstitution 

There are m right~hand sides 

FORIH.:"TON 
J 
~ 

I ::: N~H<'+ 1 
n '" 1 +1 
F(}R. J ~: 1 ·rO.M 

X::: 13 (1, J) 
FORK'" 11 TON 

x ~ .X~.A (1, K) * 13 (K, .1) 
}1:1~ND Tllm]) LOOP 
n (' l) ""~'1 I" n I,. ""A/:\.{., .} 

}fIEND SECOND .LOOP 
}/fEND FIRST LOOP 

A successful implementation of triangular de(~omposition depends on the divISor being 

non-zero at every stage. However, lvtNA produces wdl~ condltwned matrices., which n1ay 

not encounter zero dH!gom:d dement 
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3,3 Programming fundamentals and basics. 

3.3.1 Object··Odented Fn~gnunming (OOP) 

The world is made up of both physical objects and cOHcepts. To dIi:~ctj've1y rnode! or 

simulate the real world and hUfJJan processes in code, it V¥GuId be good If soh\vare could 

be made up of representations of these real~wodd otuects. That is exactly \.vhat ot~lect-

oriented programs attempt to do. 

Objects are designed to represent rea.! ~objectsl and concepts in codes. Here are some 

examples of these rea! lobjects': 

~ A Component 

~ A Reslstor 

~ A Current 

4 A Bmnch 

~ A Node 

AJJ of those are ot~iects in tho physical \vorld, and the \vhoIe idea behind using software 

objects is to create representations of these sa.me oby:Cl<-> inside software applicatiOrEL 

Then application t~an make these object51nteract with each otherjust as they v./ould in the 

physical vwrld. For instance, current fhnvs 111 and out of the Node. 

Trad.itional programs are centered around the processes and procedures that the prograrn 

is trying to modeL Ot~jccH)fiented programs, on the other hand, are centert'd around the 

real-world objects that the prograrn is trying 1'0 rnode!' Once these objeci.s have be(~n 

identi.fied and Jnodded, one canwnte programs that use these obJect~ to simulate the 
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processes and procedures in a much simpler and deaner \vay' than other programming 

approaches. v,iould accomplish. In this project, as \viH later he shown in the next chapfcr. 

many of such objects are modeled such as: component, resistor, inductor, c3pacitor etc. 

3.3,2 Object Linking And Embedding (OLE) 

OLE is. a mechanism that allo\v::; users to create and edit docurnents containing iterns or 

«objects" created by nrui!iple applications. If apphcation A produce ,.; Aobf' object. and 

applic.ation 13 produces. "Bobj" object Another apphcation C can be used to edit these 

oi~ects as iEthey belong to it. 'fhis foster application inh~gratjon and reduces the burden.s 

of progrmmning For instance a circuit CAD application !night be developed that 

The later can cal! the object produced by the l~}nner, \>'/01'1<. on it \vithout any data 

con verSIon. 

This compris.es. sets. of object classes, \VhlCh can be accessed to pert(mn various tasks. 

Microsoft Foundation Class library (MFC) comprises of classes which deflne vanous 

object used in this project. For instance, Device Cunte.v/, a class tbat encapsulates 

winJov~,~q graphical functions, is part of the TvlFC library. 
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3.3.4 DynamieLinking Library {Ul,L} Vs Static Linking Libnu7 

A dynamic~1ink library (DLL) is an executahle file that (Kt::; a:) ,1 shared HbnH}( of 

flmctions, Dynamic !inbng provH.1eS a '>vay for a process to cal! a hmction that is not P<lrt 

of its executable code. The ex.!~cutabje code f()r the function )s located m a DI .... 1." 'vvbich 

cnntains one or more functions that are compjjed, linked" and stored separately from the 

processes that use thent DLLs 8150 facilitate the sharing of dala and fesCHlrces. ~v1ulfjp1e 

appHcatio!1s can simultaneously access the content:> of a single copy of a DL1., in 

mernory. In stat}c lirlking, the tinker geb all the referenced functions from the static link 

library and places it with code into executable me. l...ising DLLs instead of static link 

libraries makes the 51?:e ofthe ~~xecutabk hIe smaller. If several applications use the same 

DLL, this can be a blg savings in disk space and memory, 

By def;.·w.it,MFC app!icat10n~~ {application based on the Tv1icrosoft f'oundation Cbss 

hbmryi'vlFC) use a programming model that separates a program's data from the disPla}' 

of that data and from mos.t uscr interact"on with the data. In this rnodel, an !vlTC 

docU1nent object reads and wTltes data to persistent storage. The docurnent Inay also 

provjde an interface to the data whcre'ver it residcs (such as in a database), A separate 

vievv" obj'ect mana:,;~es data dist)1av, from rcnderinrr the data in a \vindo'Yv to user selection :../ t ../ ~~ .. 

and editing of data. The view obtains display data horn the JocunH:mt and ConHnU!11C~\(es 

back to the document any' data changes. 

30 



Chapter four 

Design Anti Implernentation 

'fhe last chapter delved into some th(~oretical concepts underlying the project ModIfied 

'Nodal lu}l.nittance (MNI\.) matrices (theordical backbone of tl'l!;) project)~ LU 

factorization methods for solving simultaneous equation de \vere arnung the variOUS 

topics treated. 

In this chapter, the processes and steps that ted to the devdoprnent and subsequent 

impkrnentHion of the project win be explained in stages. Hence the ehapter covers the 

foJh)\ving: 

$ Slagel: PreJirninary 

.. Srnge2: Implernentation and 'resting 

1,1 Stage1: PreHminary 

Because planning constitutes a major step in sonware d0velop,nent, the program 

developed in the course ofthis project undergo!!<: rigorous plannmg exerCIse. The aW.l 

Df this exercise is to setup a proper fi'mT!ework, 'Nhich \vouid guide the de\'(::loprnent 

and the subsequent detem)1nation of what are required inimplerncnting the prognun. 

Theref(we. consistent with this, idlO\vings steps \overe embarked upon in a top-dovm 

design approach: 
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lj. L 1 Step 1 ~ Identifying Prngnun rt':quiremt~nts 

Circuit dcsign0LBsiHf user-friendly iHkd~K·<::. enter:'; tlie s;:;.!wBH!!I;)S ... 
,-,omprising nf cnHv~!ltinnill 0JlnprHl0nt>;; symhols, nodes and 

intoremm.ecting lines~ imo tho systorn. 
The n",s:.r sp;,::ciJies( inputs lhe types of analys(;s b<.:: walilcd TI1<.:: :;;yskm 
later capturcs, vahdaks, and iuterprets the ~;,;: . .hclnaiic to gencrat~) the 
SySklH sV>:dJ1e data (set of sUl1ulb.nc{luS .:quat1orlS) r:::.:quird to fdiy 
,ulalym tho ;;;u·cmt. Sohing, nK~ OqUfl.\iO!1S the g~~;uh,; arc pn>,;:nh::d to 
Hw dcsign~~r in a l<Jml?!i cho''',;;u (tatn:br!gnlph~.:;:a! fOn!b) 

From 1"11.e scerlario descrihed abDve it is required t1mt'. 

i. USCI' interface allows fOf s(~hernanc entries. 

2. There must be mecb.anism for s(:hematic entries 

3. The sys.tem must be able to capture the schematic 

4. There rnust be mechanism for interpreting the s.chemati(~ 

5. There must be mechanism for converting schematic to the system specific data 

(set 11 f s i m uilanco uS eq uat.ons). in other words II", system s h 
0 

U \ d g onera te the 

sin:wHaneous equations reqU1red to analyz.e the circuit. 

7. There are dH'ferent output formats that. can be chosen. 

Ji.1.2 Step2: Identifying Ohjeds. 

001' (Object-Oriented programming) was described in the last chapter as progmmrnmg 

approach, which tends to model-in code- physical objects and their interaction, as they 

would appear in real world. In the reqlllrements enilsted above, there arc functlOnalities 

and objects, whidt can be modeled as programming ennties. Thereiore, m this step, 

attempt is made to identify the objects. The approach used in idcntJfymg the objects is to 



examine the ."vord~·v in the scenarios and the requirements outhned~!hat arc fWi.H1S. Every' 

i<k~ntiHed as the prospective objects' 

t 
n. 
HI. 
IV. 
\/, 
VI 
vn. 
VIII 
IX. 
X. 
Xl 

Circmi dcsIgner. 
User-Friendly interface. 
Circuit Schernutic. 
Com.ponenL 
Symbt)I. 
Connecting Lines. 
Nodes. 
System. 
System Specific Data (fvlN/\fyt) 
.Reguits. 
Output format 

Since objects !l1femcts;vi!h cach other, relationslups (':)(i! between thern. Just as objects 

describe their {Db)' eets) rdationshit}s are identdl..;~d h\! exarnimnQ) verbs tk'ov seern to .... / J .J "-

connect them. Bence the folknving relationships arc obtmnN1: 

1. 
11 
IlL 
IV. 
v. 
VI. 
VH. 
VHI 
IX. 
X. 
Xl 
XII 
XIII. 
XIV. 
XV. 
XVI 

Designer Oscs the Ul .' 
DesIgner EnJct's schemdtic. 
Systeni Captures schen~Mio~ 
System Validafes schematiCs 
System Jntef'pn~ts schernatics 
System Generates AtfN At'lL 
System Soiv«sfv1NAJ'¥1 
Sy'stem Analyzes 
U1 Gets the output formaL 
UI Outputs results. 
Component Is-a Schernatic 
Nodes h-a Schematic. 
Conn(~ctingLine hH~ Schematic. 
Resistor h-a Component. 
Inductor Is-a Corl1ponenL 
Capacitor Is-a Component. 



4.1.4 Step3~ lYlodifying The Objects ~uHI "Relationships 

Clearly, some ofille possible objects listed won't end up being modeled as objects in the 

software. For instance designer object would not need 10 be modeled, hence it is removed 

from the Hsts, 

FinaHy. ()bjects attributes and behaviors are defintxL The diagram beknv surmnanzes 

what was later obtained in the process. 

r"'~''''''''~'''''''''' 

j Designer I 
E:.:,:.::.=:.:.:,:.:::.:] 

", 

i--······~-···--··--~···---' 

j Re .. ult i" 
~ .. ~ ... :. __ :::_._ ... ____ ._.l 
} ....................... j 
l ....... ~fi. ............ ' 

f 

;---~-.--- .. --.- ... -- .. --~-.--- ....... . 

: Output FomBt \ 
;:::~::::::::~:::::::::::::::::::::: ::1 

. -.:·~9~··· .. -.. ~.'" -_ .. --~.'" -_. -' -'" ... 
.... -

Fig 4.1 Objects, attributes. behaviors and relationships 

1.2 Stage2: Implementation 

The previous stage provides a framework that produces the ohjeds., object attributes, 

objects behaviors and object relationships that are required in the codes 111 this stage, 

their software implementations are described. It is also necessary at this stage to state the 

choice orthe programming tools used fbr the implementation. 



ease 1r. employed m implementing the three HH1(iamentai features ofOOP U3!ne!y 

1. Enc.apsulation! Aggregation 

J1!. PolymorphlsHl. 

Since space would not permit to describe these fentures, HUY interested n .. ~ader is hereb~y 

refered to books, which explam the detailed concepts One of ~:;uch book is the 

However, becam:;e the featmes are very important in implementing the objects and 

functiormhties obtained in the course of this pfmectis the ratwnal behind the choic(,: of 
" 

visual C+-+ as the programming tool. Precisely., Microsoft Vi;,;ual Ci'+ (,.0 (part of 

Microsoft Visual Studio 6J)) is used, 

Applying lhe t'vlicwsoft Foundation Class (MFC) application framework and VafFJUS 

features in this 'version of MS \lC++ the f(~Hov.;ing sumrnarizcs the steps undertaken !o 

irnpIement the design requircment obtamed H1 the pf{.~vious, stage. 

4.2.1 Slept ~ Crcnfing Skeleton Application 

App\Vizard- an application generation \vizard provided by the frarnev/ork- creates the 

{l,nd trarfle \.vindows; a reSOUfCt.~ me: a pmy;c( file; and others " .. ~ alI tailored to 

'{' ' speCh1catwDs, 
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App Wizard was run and the options needed were specified in the optlons pages. Optn:mS 

include making the application a COM component, contamer, or both: adding 

Automation; and making the apphcation database-aware. In this project, the following 

options were chosen. 

j. DocurnenVY jew Arch itecture 
il.Multiple Document 1nt('rf:1(":(; (~¥lDn 

I
" /,;""t;\":~'X C':'Y>""')! , L .. ',<.. ,J ~ 1.;:,. " t. H b ~ I 

IV Docking Toolbar 
~/ lrlitia] StattlS t)(lf 

VI. Prin1JPrint Pre\' iew 
\ilL 3D Controls 
Vl!L MfC Standard 
!x,hie Extension C .eel} 
x. CsefvlFC as a shared IlLt· 

AppWizurd integrate these options into the skeleton application genemted See appendix 

C f~)r the classes and files that \vere aUWIl1aticaHy includc(t 

4.2,2 Step2: Building and nnrnjng the skeleton applka~ion 

From the visual c++ Integrated Developmenl Environment, olherw;se known as 

'workspace', the I'rajectJExecute CircuUsYxe cvrnmand are chcked \0 huild and run the 

skeleton applicatioIL 

The running skeleton applieJltion derives many standard File, Edit, V,ew, and Help menu 

commands from the framework. For this project, which IS an MDI apphcatio
n

, idly 

functional Wmdow menu were included and the h'amcwork manage' crealion, 

arrangcment, and destruction oftvtDI child wiuJow~;. 
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4.2.3 Step3~ J\.-lodifying the resources generated in t-he skeleton appHcaHon 

'{'he deffw!t resource file created by App\Vizard ;'Hlppli~:s many of the resource:;; needed, 

Menu resource, toolbar reSOllrce, icon resource and bitrnap resource. In tim; Swp, sorne of 

these resources \ven~ modified and additional resources added Precisely, 

lDR .. cUtCUrrYPE (a menu resource), and IDR.}vlAE'<FRAA'lE (a wolbar resource) 

a} Ana~yse, pop-up menu ~.;vith DC (its resource id is ID .. AN:\L·<{SE ... DC) and 

b) Orientation, pop-up menu s,vith cascaded menu cornlnand:.,>;Horizont~d< 

Vertical pop-up memn 

'1'0 IDR l'vIA£NFRAME too!bac the foHo\vlnR buttons v,n:m; added: .... . ...... 

'1') A button with the an id number ID ANALYSE AC I.shortcut to the < / 

Analyse!1 AC menu command. 

b) A button wlth the an 113 nurnber ID ANAL.YSE J}C (shortcut to the 

Analyse!IDe menu COn1JT!~md.. 

c) A button w-ith an id number ID DELE'rr::AC menu cormnand~ 

An extra tooibar wa;~ also created (it is caned too!hox) ThlS contaws cornmands(;:.H 

creating circuit components. In Addition to the C4bautDfg (!DD.~,A.BOUTBOX) box 

Qenemted in the skeleton ao?)!icaJiorl, two extra dial!».:; boxes \vere· created: 
'>;.;) ... ~ 0..-.. 
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~' , lrom tne user. 

th.f.~ user 

The nwddlcations made to the toolbars and menu bar need handferJttN('tt'on.v (functions 

to he executed vv'hen a. user via the user interface sends any of fhe cornmands 1'0 the 

nro~mnn\.Hm.vevcr, the functions are dd<1ved until t.he dOCUWf.'l'lt obiects arc created. 
j/. ........ l ~ ~-' 

'fhis step utilizes the products ofstagc2 Fortuna.tely, objects such 35 :)'Y,'j·tem and Cll have 

been implcmented in the skeleton apphcat1011 generated hy App\Viz,ard Infact, the 

System obJ'cct \vas irrp)icrnented bv the fhH11e\Vork. (ki(:'um{/ntvic~l' arch1fccturc. Th!s 
~ i ~ 

architecture coutalns CcircudDoc (tor d.ocun.wnt} and (\;J.Cuitf/ieH:· (f(~rview) classes. The 

til \vas implemented by the fmrne\vork 'Yvindo\.vs object:; such ,:IS ('chjidVrame (client 

\vindo\v) and CmainFrame (application windovv). 

The remaining objects: Schematic, Component, Resistor, Inductor, Capa.citor and fhe 

Source were created WIth their implementations listed in the appendix. 

Component Chart 

Ce!ement 
(parent class) 

r---t----~--------------·-l· .. -----.. ··-----------.. ·········-------....... . 
~~~~~~~ r~~~~~~ 

Ccomponent CLine 

i~-· .. ~~_-.... n_ ....... -.... __ ... _mJ. ............... m··r· .. ··· ....... ··; .... ·· .... ·· .... ········l 

CResistor Ccapacitor i C!source 
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The CcircuitDoc class implemented m the skeleton ~1pplic<:ltion l;~ J Document class. 

However, modit1cation is necessary to custornize to suit !h(~ projeCl requircrnents. '1'0 

state precwdy, the hAhnving modifications were rtdded. in the course of implementing 

this class: 

J/ariables: 

a) 111 .... eiementList: ~ a c++ template collection CT'ypedl}!rLis! objecL vvhich contains 

the ekrnents that descnbe a circuit 

b) m~tmcker: - a CRecl'Tracker objects, which provides J visual feedback v!hen an 

ekrnent is sd.ected. 

c} m_codT: - a CArray (2--dimensional array) object, \vhich is the c~.)eft1cient matrix 

of thetv'1NA.hL 

0) m-lnatrhs: ~ a CArra~'l (! vdinJensional array) object, representing the righ!vhand~ 

side vector rnatrix oftbeMNAfv1. 

F'unctions.: 

For the fimctions implemented in the document class refer to the CcircuitDoch header 

me in the appendix. 

'The framework already km)'>vs how to mtemd \vith docurnent data fiks. H can open and 

close 0ocunw,nt Hles, However, to read and write the dClCUinent\ data, and handle other 
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user interf:lces, the document Serialize function \vas irnpk~inented accordmgly, See 

appendix f(}f the listing. 

4.2.6 Step!': hUlllementing the view class 

Just as the CcircuifDoc class modified, the CClrculi.Vievv' c1ass ,;V(lS also modified to 

customi.ze the skdeton application, To this end, kdhnving::; were added'. 

Vilriables ,. 

a} m __ pSdected: - a pointer to Celement object It points to the address location of 

the element currently selected. 

h) 1'vl .. 'pCreated: ~ a pointer to Cdement object It points to the rnernOl"}' address 

location ofa nev/ly created e1ernenL 

Fun ct iolts.' 

'fhe funct10ns Implemented in this class can be f{Jund in the CcircuitViev!. h file of t.he 

appendi)c 

FinaHy,it must be stated here that at each step d.escribe above Bui.lding, Compiling, 

Debugging and Running were perkmnecL lkn,vever, the \vay these \vere carried out Vias 

carEer explained in step2 when building the skeleton applicatioR 
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Chapter Five 

Testing! Results and Discussion Of Results 

The last chapter explains the processes and the implementations that led to the 50flware 

developed in this project 'Ihis chapter aims at expbining the testing and the subsequent 

results obtained, This is done to evaluate the extent 10 which the project initi.al objectives 

have been meL 

5.1 Testing and Results 

Running the debug \'ersion of the appHcation (CircuiJ.t:xej" the circuit beknv svas inputted 

and component values entered accordingly. 

Fig 5. 1 Example Circuit Tested. 

Performing AC analyses i{)f frequency range of 0-50hz step 10, the f()!!owing table 

summarizes the results obtained. 



, 
0,0 #D!V/Ol 

10.0 -3399760907307E-004+6.6940350736855E-004; 
~ 

20.0,2.6153581 3i 94046E-005-9.5522i51 0409382E-00 
{ 

i 
30.0 1.710711 948fJ61 05E-OOG .. 1.G86{}60202059F~005i 

40,0 -4.67155100227535E-006+4.11161 ::331026123E-O 05; 
'" 

~~~.",~ ... ",,,, .. -" .. -"-"-" .... 
, 

50.0 3. 71767931905{)35E·006~3.824215006 i 797 7E-OO 5; j 
"''''-"-" ...... ..n .. n ................... "-",, ..... -" ......... -"-"-" .................. ~~'" 

Table 5.1 Results Obtained For AC analyses 

The same circuit was tested f()f DC anah;s(~s. Given an input voltage range of V-I OOV 
.' -".0..,.. #..,.. 

(magnitude) and keeping the frequency constant at 50hz. >Th{~ tablebebvl smnmarizes the 

i I lnput VoUtage \lout I 
"' 

1 
I 

0.0 -1 ,03952413947598E·OOT·1.0391 0400703'171 E~OO8i 
~,.-" .......... -" ~~ ................................. - ......... ~ ...... ~ ............... ~ .... 

20.0 6£0373932651994E-007-7 .6567448444 i 582E-006i 

40,0 1.42470027925"158E-·OO6··1.53030986487613EA)05i 
"' 

-.;o~;o;o;o;o""",";o;o""";o;o;o"",,;o~;o;o,,,,;o.o.o.o;.o .... 

60,OJ2.18902662585"117Ev006-2.29494524531 068E~OO5i ---
~ 

I 
I 
1 80, ° [2 _ 9 53 35 29 7 2 4 50 76E~ 006-3 . Q2~~.~.~~g~?~':?Xj.?'?:'~!.~~.~.~?'~~.?~ ............ 

'1003) 3-117679-31905035E"006"3.82421600617977E .. 005i 

Table 5,2 Results Obtained For DC analyses 



Analyzing the same circuit manualIy' (by applying circuit rules and theory) yields the 

fbHowing resuits for both AC and DC (using the same values as previously analyzed by 

circuit.exe). 

Tabk 5.3 nHlnuai results for AC 

input VoHtage Vout 

OD -1.67E007-1.67-008i 

40.01,59E006-15103E-006i 

60.0 1 J5E006-3, 1 OEOOSi 

80,0 256E006-3500E-OOSi 

100.0 3.71 E006-3,9200£-005i 

Table SA manual results for DC 

.Ar! »--jfSS 



5.2 Discussion of the resuas 

The results show that: 

a) The gmphkal user interface produced in the :program aHmvs casy and graphical 

schematic entries. Specifically, a designer enters his circuit descriptions by us-trig 

the simple dick-drag-drop features of\vlndmvs OS. 

b) Cornpadng the results ohtained manually and ones obtained by uSIng the 

drcuitexe ShV'NS some variations, which may be due to: Jnem01"Y o'v"crHo\vs" and 

round off errors. t·-.Jeverthe!ess" the resuJts are still viable 



Chapter Six 

Conclusion and Recomrnendation 

'l'hemain aim of this project as stated in chapter one is to produce computer,<uded circuit 

analysis sofhvare tor win32 application plat!{)rm \vhik emphasizing graphical schematic 

entries, The nodal analysis method \.\'3S adopted spcciflcaHy to generate thctvlodif1ed 

Nodal Admittance Matrices (NINAlvO" vvhich describes the circuit Subsequently, the LO 

factorillltion \-vas used to solve the set of equations, 

The processes above were pro gram mati caHy rnode1ed (in codes) using the object-oriented 

features of OOp, 

To this end, this chapter aims to: 

* access the extent to which the objectives were r~;~dized, 

* state and explain the problems encountered in the course of dO','/doping the 

* state the prograrn shortcornings and limitations, and 

• recommend further improvements, -vvhich can be rnade to extend the capabilities 

of the pmgrmR 

6.1 Project Assessments and Conclusion 

'1'her0 are hvo areas in accessing the project, thus: a.reas of schematic entrie,)' and 

ana~yses. 
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In the area of schernatic entries, graphical implementation has been achieved. AU the 

circuit convem.wnaI 3yrnhols 'v'v'er(~ used to descrihe the schematic and this ha.s been verv 

successful. 

Hm,vever, in the area of analyses, the prograrn recorded 801ne abilities to handle passive 

ci.rcuits to a!arger extent Nine out of h:nmeen cIrcuits tested yielded correct results. 

]]uee circuits produced \\'I"ong resui!s \vhen tesl(:d \vhdeb;yo h.i1ed cornpktcly. The 

anomaly noticed in some CHCU1ts may be due largely to runtnnc bUf.V-< v.;hichv/ere not 

discov(~red during the software dev·e!oprnent. 

By and large, it can be concluded that the prcdect has credibly acJneved its maw. 

olJjectives. 

tt2 Problenls encountered in the course of development, 

Pararnount of a11 the problems encountered is bck of adequate int.(}rmatlOl1. Thcrl~ 15 no 

lnateria.i in the library on Win32 pf(}grammingrhi~~ 3ets the work back a great deal as 

valuable time was spent lookingfi:)f rnaterials. 

603 Shortcomings~ Limitations and Recornmendatlon, 

The f~AilY~ving are the shortcomings discovered in tbe progranL 

I. The User Interface (or the prograrn desktop) has no visual 

feedback to indicate the o!~iect selected from the apphc.(ltion desktop 
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2, \Vhen AC menu commands is pressed i.svice in a section, the debug 

, .. <H·<'l·(~~' of'l·11.o ··tppl;,'.<>i;n., a· S"'~><'i" 'T",;<... ;", ''> 1)'1'1 j.t"Ji <'i:~~'(\:; if> 1V ' "')rn:'''',t,''{l '.(:o,..,'L;t' .}~~ Lx1o...· < .t'J .A"-.·M~ ... {V}~ ... v~·}~ ... 2:. 8 ~:!(d }(> 1...( ~ -:""1:::. ~J..: ... ~~ )~ ..... ~· •. 3 .. ~ '-'../ t-v \...' ..... }v ........... , ... , 

The applications is hmited- as rightly pointed In chapter one- to a passive circuit 

elements, However. rt can he, extended by addilh',' acllvc circuit elements such asVSCC , ,~ 

The shortcomings and the limitation are generally due to analyses aspect of the vv·ork. 

1¥lore accuracy '"vill be achjeved if User Interfilce of the applicauoll (cm:::uiLexe) is 

integrated with the SPICE program, SPICE can run in the background as the circuit 

analyzer v<lhik the application converts schematic entered gmplHi:al1y into SPICE 

cO.mmands. 
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CircuitView Header 

If Cif(;,uibVi~)w.h . inkrnl~;;C of tb;; CCircuitsVicw dn~;~; 
; { 
f> 

I f!l! I/II/! II // /1 !f/l///!//f I I//! 1/1/IIIl!! If/Ill!!! II Ii lil/Il!! 1/11 il/.! //1// 

#ir 
ldcfincd(AFX~ ClR.CUITS\/!E\VJ I. 
Nd'.:::fiBCAFX CIRCUITSVIEVl H 

73FCF!OF~\)\)UA ... ! j 1)3 :\,t/\'} .. -,\7,1(,221 ~Al;.{.ri ..... 1NCUjULDJ 
73 FCF)Of:: 99B/\ ! If)) /\'\/\; A7'1·(iLn··/\1.i-U7 lNCl.UUFD 

... -~ 

#if 1v1\( VER> 1000 ...... . .. 

#prugrnH ()11(C 
#clldiff/ tvtSC \'ER> WOO ...... . .... 

dass CCif<:.uitsVicw : 1mbb;; C'liew 

i 
protected: II (:rcak:~ kom :';crln.!izMlon only 

CCirulits~'./k~wO; 

DECLARE ... DYNCRFATF(CCh(:Bl!~;,Vicwi 

!/ AHribHks 
public 

CCifcuitsDo;;'* GdDoeumentO: 
I!CRJx~tTracker nl. tnKL.;r; 

IIOperatiow, 
pHhlk; 

!i Overrides 
Ii Cbss\ViDHd gcuualcd vir!ud HHlc1i.oH ov(:nid(:s 
fl{ {AY.X· ... VUtTUAL(CCirn1ilsVkw) 
pobbc 
',iidual void OrtDuns(CDC:* pf)C'L If ovcrr~ddell In dr;:~v, this'Y lew 
virIna.! DOflL hd.~r::;;I{(:WiB(hw{(:.REA'rESTHJ:C··i.3!. c~;)~ 
virtual void Onlui!inlUpdakU; 
prolCcltxl; 
virtual BOC;L OnPmpamPnn!.ing(CI)riB!lnf(}* plul;J), 
virtud v'oid ()nBcginPrilllillg(C:DC* pPC. CPriHllnii.;* phlthY 
vidual vnid OnLIHlPriuiiug(CDC* pUC. C'PriHl1ni()* p[llhi); 
vir!lJal void OUUpzlUIC(CVi<;;:w* pSew:i~;;L, U\,\RAIv1IHiBL. COby.;;;:!'* pIli!;l): 
if} } i\.r:).:: .... ~~./lr{'r t.J /\1-, 

It' hnp1cmcntatiOll 
puhl.k: 

\·irhwl "VCCl.n.:uit<;Vie\vO; 
#iJ<kfDEBLIG 

vi.rllHtl ','uUl As;;.<;:!iVf.didO cons!; 
virlnal vnid Duwp(CDnmpCzmkxt& tk) U)!ls1; 

#-cndif 



If G(:nerntcd n:wssag<;:, HH!P hm;::;{ions 
proto;;:kf.i: 

CReGt SdF~;;;tnngk:.(CPoint pl.); 
void SdupTraGkcr(CI{t.<;tTHK~.b:r&; tr;;;;;h.x, CGicm.u!l* pHem), 
void IkSck,;;tionO; 
void SdSdoAiou«(\::k:menl* p1",k:'<vSd::::dion): 
Cekruen: t JUrrcslHem(CPoiHt&, pi); 
Cclmnent* m .. 'pCrc;1tt~l.; 

H{ {AFX ... tASG(CCin .. :uitsV·kw) 
llfx nIH!. void OH~AeH,c;esdecHL 

--~. .....' . ...> ." 

arx .. msg void OllNod,:O; 
a.h:.~m;;,g void OnRe::;ish.HO, 
aJ\ .. H1sg void ClnLbcCL 
~tI\JH<;g void Onl ndHdnrO: 
dx...rl1sg void OUCHpJcitnrO; 
;tj\ ... m~g void (JuCllrrcutsnnrceO; 
nr\~mF;g void. Uu.! J5HHon!Jovm{tnNT nFing::., CPnint poin\): 
a!x . .!ll"? void (}l1(ki!;;nb.tionHoni ... eO(): 
~d\ ... m;;;g void ()UUpd,'li<;Oricnta!.iuHl. hH'iLdl(CC;;!dUl" pCmd! H): 
afx .. Hisg vnid OnOrinltAiouiioriRighi(y: 
afY.:.}Hsg void OnlJpI.LlkCkic;ltationHofiRigbW:CwdJ)!:t pC:mdl!I); 
ai\,,,msg void 011{)rienta!innVs::rHJo\vnO; 
ah ... msg void (hIUpdald)l"icHtatiouVntDo,\vu(CC;ndl.:lr. pC m<.! i ilL 
a!" ... Hlsg vnid OnOrkntg{iouVt:rtUpO:. 
d:.,:. ... rnsg void OnUpd<lk:Orkni.ationVcr(Up(('Cmdll!* llCmJtflr 
;J:< ... msg void OnLBuHonDbiClk(tHNT d:lag:,.;. (Point point): 
/II }:\FX ... MSG 
r \ .. ('\ . ., y~ f' • r"":'S' • ("" ".r, r' .) l)'~ . . ~,.I,hJ::,~!\;d:~,),. f·) • ..!1:: ... .!H/, '( 

#ifwkf.))EHUG // debug VcrSll)H in Cin:ui.hVi::,;\.v.CPF 
inFw;; CCtr<..;uilst"kK* CCil\.:uits\/i<J\y::GdDOt;wI1Uli() 

{ rdum (CCin.;uitstkK:*)m ... pDocumeHL ) 
ih:ndif 

jf! 1//.1 Iff/!i fill f l!l!!! ////! ///! II II // //!!!! I/!! f i I /I/!! /fl If! i! // ill /I/! Il! 

!/{ iAFX~U"JSERl ... l.JJCATIONI} 
fi tv1br();'wft Vistw! C++ wiH i.ns!:.r! additional d(:dm;~tio!ls lmHKdialdy hdw'c t\t(: pr;;~:ieu:=; h!(:. 

#endif !i 

CircuitDoc Header 

// 
/ll! i Ii/ill /I/! /I/III! Ill!;! I! /! I! IlJ/!;'! //!/! i! I//! 1/1 Il//l!! Ill/Ill II I/I/I! 
:f!indu<k <cmnpkx> 

u 



#indude <aJ\ winh> 
ifincludc <8Ixk!npLh> 
#if 
rd(JJm;d(A.FX~ cnzcunSDCW .. H 7:}FCF20C .. 'Y)BA 11 U3 ... At!/\. 7./\7 ~t61.}EA;~X:1.7 i r···JCLt::LW.DJ 
#{kf!ll.c A.FX cuzcurrSDOC H 73FCF20(: 99!J:\ 11 P3 :\,1,<\7 .:\7,1622L/\,liU7 H·";C:U.fDELi -. - .. - ... - ... . .. 

Hif r<,,{sc VER > WOO 
... ---

#pragm;i. OB~ 
if~whf!/ _rvtSc~VER> 1000 

using uanwspace std.:. 

f;truct CELt II rkdaxing til!;, .;;cil type 
{ 

I. 
l, 

UlNT (.:OhUUlL n}w~ 

t.~omph;;x<tlo~!!> vahw; 

:-;{rud RES /; for th.;; right !latA side 
{ 

UINT rO'A"; 
cnmpkx <Boat> value: 

Cstarnp Header 
! /l/!//!! I/!I Il!l! II If if ii/if Ii /ll//I//////!! i/I/I/i/! Ill/! If If 1/1// 

clil,:>:;; CSlmnp: public (:Ohjc:d 

{ 

pubtk: 

DECLARE ... SER1AL( CShtmp) 
! Ie OH:,truc:tion 

CSla.mpO; jl empty COHstmc!nr kn' scri<ll.iziliioH 
JfAHribu«;.;s 
t)INT 1),K: 
CAnay <CELL CELL&> m ... \,,~t;Bs: 
CArn~y <RHS, RHS&> Hl_'yh~; 

j !Op(~n! ttn ns 
!!OwnidC5 
virtual void Seriahl.t:.(CArchivc &a.r)~ 

HI 



Cendpoint Header 

IiI! ///II! Ii lili// Ii Il!! flll! If Ii/I if! // Ii Ii l/lIl!/! i 

class Cendpoint : pEtltiC CObje.;;;t 
( 
puhlic: 

l! >'xmf'txuctof 
CeJhlpnintO; !/emply cnas!.nl~inr 
Ccndpoiat(CPoint pl.); I! c.opy (unslrudnr 

DEC LARF~ SERrAL\ (~cndpoiH1) 
!!Attributes 
CPoin! Hu}oinl; 
emUH cmnnpoh,.{ NEC1ATI'v'E, posenv!:; m~J>n!"r; 
un··rr m nNw!d'·.,furnbl"1CUuncdedV!ilh; 
cnum cnUIHS{;l1e {CONt'··JECTED,NCHC'()HNECTLD) m state; 

C Node *m ... pNtH.bCOlH1C;;kd; 

!JOpcrntioB 
V<.lid ({>Bu{:y,,;{O; 

vnid dis<.:-nrmcd(i:, 

virtual void Scrialil.e(CAI'(.hiV(: ,~.{lj:)', 

/Jlmplcm,;;ntatioH 

};!/cnds (endpoint 

Celement Header 

/l/f///!l!lll!lJ/////! II I il! Ifl/I///!! !f/l If ////1 /I! 

// Cek1Ht:Ht tkd.<lrMirm 
!! SCt: the i.mpk:mw(iltion in Cif<.:uifDo;:;.cpp 

class Cd,;mx;ut ; pubik: COhjcd 
{ 

/! i;;OU",!ru",tor .'wd initia!iz,\liUH 
I!DECLARE ... D'y'}·JCRFA fF(Cdt.'u-g:!,t) 

Cek:weu1(j:, /f stawJard Gonstmctor. H.a~.; tn he emptykr ?;CnaJil;)!iOl1 

DECLld<'E ... SERIAt/Cd':IHtHl) 

!/AUrihnk;,; 

1\/ 



C".'·. ." l' " -" 1 ,,)lLC m._ SV;C~ !J (IHigOiWl SaD or nil Ci,;;m~~Bl n::.(;l.<lng,;. 

ilpubhc: 

CR l"d rn ~::>Y1l1bolro,>L 
!i()p,;:ra!iolis 

virtuai boot lJrawSymhe!(CDC *pDc)~ 
!f bon!. i¥Iov(;RcdP~x;{CRc0!. *pNcwRcdP()~,); 
vdud void Si;ri1l1iz,e(C\rchivc 8:m):. 

!/lmp krHcnt~r!.ioHs 
}J! end", Cckmel1! d<.:danl.liou 

Ccornponent Header 

Ifili/illi Il/!! ////I//If/f/! I! i! I! f//'/Ii I///! f! Ilj/!! 
// 
!/ Class {\;.tHnpOlH.:nt 
!/ l:hl.S;~~ dll",~g:Cdcnlcnl 
II ckc.trical (:ompOl.H;nLo:; inhuit-; from it·. 
i! shu1:, C:(x>tnpnnent do)blratioll: 
class CxnnpoHcn! : puhlic CckTHcnl 

:( 

puhEc 

/; Constrw.:Jor!U{;s(llKtnr 

CcompOHl;;n to; 
!)ECLAR1~, .. SER!AIA.C::;o!np(.llv;;'nO 
virtU:ll void SctupO; 
!f A{!ribuk:~; 
Ccndpoiut m_.n.n,lpO!nt; 
Ccmlpoint m ... sccondp(}inl~ 
(Slamp m~S1/lmp; 

CHum uuit( dHHs,hcn.rys,Dlrads,;unps } m~nnit; 
CHum (Jri,:uhtion { HORiZONTAL, VERTI (:\.L,} m .. priculatiotL 
cnwn Dircdion {LEFT, FlGHT, UP, D{)\VN} m .. JilCC!l(n.l~ 

/!()pC-n'fti(;Ht;; 

boo1 SdVuIO; 
//hool g'.:::tCndP!Jln{(j; 
'-,old Sdsixc-O; 

pwt(:ckd; 
hool VJovm(CDC 1<pD;;:" Ccndp{.lintS pi! . Culilpuin!& pO}; 
hor,l Vup(CUC tp[k., Ccnfipoint& pi!., C::;W.lPOiH!& p(2)~ 
bod U;ig.hH,CDC *pDc. O;mlpr~int& pO" C\:ndpoinlS pi/), 
hool \ lkf!.(CDC *p1)c., C(:UdpO!H!8: pi!, CUdpiHBl& pO,): 

, , 
v 



-Appcndix-

boot Draw?1<.;rrniwl.!(CDC "'pDe, Ccndpninlh Vtl. C<..:ildpuint& pt2}, 
Divii.lcH:,;;<;.tFoHr(LPRECT biglUd.!,FRFC·I· snw!lrc'.:;:,;}~ 
DwwAnn{CDC *-pl};;, P(}jNT kOHL j·'CI!l···iT 10). 

Vifliwi boo! DunvlSl.body(CDC "'pD;.;;, ITRECr pnxn~ 
virtual bool Dnnv2mHH)dy(CDC *pDc, LPRLCr prc'~'lr 
Ilil.npkmentatieos 

boo1 vidud Dr<lwSymhnl{CDC "'pOe}; 
virtual void S(~rialin;:{C/uehr<!c &111'):. 
virlu2:.l void SdS!amp(Bf)(H, bAi;;Var "': FALSr',UINT k "O)~ 

}; fiends C.;:ompoH(:.ui dcdamtions 

CResistor Header 

If!!l! Illfl If I! If/ill I j!! fl!! Illil!! /// !l! I !f! 1/ ff/l! 
jf da};s namc:CR<jsi.l0f 
If Ha;=:;e dt\ss: (\xnupow:nl 

class CHDststor: public CCl.1l.npow;:nl 

{ 
pnhlk: 

ij(:.on~;;tHlclor and. l.k"tfudor 
CP.cslstnrO/! i";)1' sedaJuillinn 
vi.rl.nal'lok! Se!;JpO; 
DECLA!.U::_SERjj\L(CR(~~:;i::;i(")r) 

,··CRc"is!mO; 
/fA !!Iibnks 

if OperaHnn. 

boo! DnnvSymbo1{CDC *pLk}; 

pwkdCd: 
boni Dnn.vlsfbody(CT)C *pDe~ LPH.ECT pr::;;.;{r 
boot Dmw2ndbody(CJC * pI}"";;, U"Rr:C'T lH(;dr 

virtu,ll void Seria!i2,c(CAs<;;hiv(: /~iH"); 
Vlfhw.l void SdStampOKKH, b/\5V<lf:" F/\LSF" UIN r k :::::: O}, 

Clnductor Header 

f//I//f!//!!!!!!I!i!I///!!!!/!!!///!/!I//I!//!!!!/// 
/l01m:;s name:Clndudor 
!:1):u,(: 0hs:;;;CC<.HHp(HH.mt 

VI 


