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Transition-based Object-oriented Programming Systems
(TOPS) for Hardware Simulation

Doohun Eum'

ABSTRACT

A transition-based object-oriented programming system (TOFS) is a transition~based object—orient-
ed system suitable for development of various concurrent systems. A TOPS consists of a collec-
tion of interacting structural active objects (SAQs), and their behaviors are determined by the
transition statements provided in their class definitions. Furthermore, SAOs can be structurally,
and hierarchically composed from their component SAOs like bardware components. These fea-
tures allow SAOs to model components for circuit simulation more naturally than passive objects
used in ordinary object—oriented programming. Also, we can easily add new kinds of com-
ponents by using the inheritance mechanism. Executions of transition statements may be event-
and/or time-driven, and hence digital, analog, and mixed—-made simulation is possible. Prototype
simulation programs with graphical user interfaces have been developed as TOPS programs for
digital, analog, and mixed-mode circuit simulation.
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class Gate {
public:
bool output;
}

class AND_Gate :
public:
Gate *inputl, *input2;
private:
always output=inputl — >output & & mput2—_>output;

public Gate {

)

(28 1) AND_Gate Sal22f TOPS 7|&
(Fig. 1) TOPS Description of Class AND_Gate
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class DLatch { // class definition for a D-laich
public:
Int* clk; // mput port for clock
Int* d; // input port for D-latch mput

alias q=norloutput;  // output port for D-latch output
alias gNot=nor2.outpul; // output port for negated D-lateh output
private:

Not not with {input = d};

And and]l with {inputl = &notoutput, mput2 = clk};
and? with {inpmtl = clk, input2 = d};

Nor norl with {mputl = &andLoutpul, mpui2 = &nr_!rZMpm};
nor2 with {inputl = &norLoupt, pul? = &andZoutput!;

(32 3) DlLatch S22 TOPS 7|2
(Fig. 3) TOPS Description of Class DLatch
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tj& Not E3:~e ARl not, And S8
At#) 9]l andi®} and2 2|3 Nor Z&~2] A}
gl norl# nor2® FAHAck olEF AAEL
with F(Clause)® A&l d7de] wHAFEcH o
& =°], not AelE8 <l¥ ZE inputd
DLatche] ¢i® ZEql do} 1253 andl #e]
=9 gi¥ ZE<q] inputl¥d} input2i= not Alel=
2] outputs Dlatch®] clkell 2tz <375}

DLatch Sadl~9] A2o|4 DLatched] =
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class Gate { // base class for classes And, Nor, Not, ect,
public:

Int qutput; // gate output valve, output port

(38 4) 80| 22~ Gateg| TOPS 7|&
(Fig. 4) TOFS Description of Base Class Gate
clazs And © public Gate { // class for AND gates
pubfic:
Int *inputl, "input2;
private;
always output = (inputl->routput & & input?- >output);

// mput ports for input values

(13 5) And Sef~2| TOPS 7|=
(Fig. 5) TOPS Description of Class And
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A2 Gate FH2E BB £9 TEq output
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= ZE inputls®} input2E ztEc). o] TOPS
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class Nor : public Gate {
public:
Int *inputl, *input2; // input ports for input values
private:
always output = not {nputl —>>outpwt // input2— >outpul);

// class for NOR gates

(2% 8) Nor Zeji~2| TOPS 7|=
(Fig. 8) TOPS Description of Class Nor

(223 6)o] Bl Nor Zdl~% And =29
vjest A Fo)=o] always el 9& AelE=
89 A7} And Fe29 th2ch Not S

o A3t TOPS A5 (Z# 7)o Balth

class Not : public Gate {
public:
Int *input:
private:
always output = not (input->»output);

// class for NOT gates

// input port for input value

(28 7) Not Sz TOPS 7|&
(Fig. 7) TOPS Description of Class Not

o]2l§t TOPS Z2aE2 TOPS wH#r]e
8 C++ T2Igho 2 wi@sch
TE4 5% AAGA0) e dastr] ¢
3 C++2 H8% And a2 dial el
7)€

class Gale! public Segments { // base class for classes And, Nor, Not, elc
public:
Int output; // output value, output port
Gate(int n): Segmerns(n) {); // constructor

(18! 8) Gate2] C+ + e~ FHof
(Fig. 8) C+ + Class Definition of Gate

(2% 8)& Gate FH29 C++ Feolrh.

Ru Z2ql Segment= Ale|Ed| h3 2
3 L AFEe. 7 Alelxs] weke A A
= (Line Segment)Sol] &) o]Fo] ).

class And: public Gate | // class fer AND gates

publie:
Int *inputl; // input ports 1
Int *input2; // input ports 2

And() : Gate(4) {};

virtual void initialize();

// constructor
// initialization routine

void whenlnpuiChanged(); // functionality

(T2 9) Andel C++ Saf2 Fol
(Fig. 89) C+ + Class Definition of And

Gate E~2 %El %551 (23 9)¢ And
Zell22) Int L Aol g 27 WFE
Ebfich 27 W -‘e =34 gAE(Trigger
List)g} Helx= 4+ =Z2le(Pinter to func
tion)Eel Wig BAEE FAgch 27 H9)
el A== =&]M =lAE9 Y4 (Element)
o 28] ZdYEE §rrt %) And 29
29l A%, (27 10)s] 2q 4 whenlnput-
Changed()7} 1¥gte] WEg wwic} F2hge).
&, E7]A 2l2Ee] 23] always Fol o2& 9
A1 39071 .

void And::whenlnputChanged(} {
output = (int) *nputl && {(int) *input2: //
compuie output

}

(38 10) And Ho|ES| T B &
(Fig. 10) Functionality Definition of an And Gate
void And::initialize() {
Gate’ .initialize(); // base class initialization
// trigger setwups
PROC pf=PROC(& And: :whenlnputChanged()});
inputl—>>11.addTE(this, pf, "whenlnputChanged()™);
input2— > tladdTE(this, pf, "whenlnputChanged()");
1

(a8 11) And Hlo|E2] =715t &
(Fig. 11) Initiglization Function of an And Gate

(23 11) B<ql &4 initialize()7} 33}
= 59 3A4L 9 715¢ A% EUNESE £
Hlst= Zeldh, ¥4 whenlnputChanged()= 4
HAE § o= Aolgtm WSt 7| FH ook
#ug A7l 5 addTEQ) 28 72+ 9%
o F7}€c}
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e Auxzge] Ao= ¥ initialize( )
2] Aow TFHch T initialize( )] FH
Pee (23 13)3 o] quatEs 923
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~N

class DLatch ; public Segments {

public:
Int* clk; // input port for the elock
Int* d; // inpul port for the signal
Int q; // output value atl q
Int gNot; // output value at gNot

Dlateh():Segment(0){); // constructor
void initielize();  // initialization

private!
VNot notl; // Not gate with vertical orientation-
And andl, and2; // And gates used for gating circuht-
Nor norl, nor2; // Nor gates used for SR flip-flop

(28] 12) DLatche] C4++ 2l Fe|
(Fig. 12) C++ Class Definition of a DLatch

void DLatch: Iinitialize() {

Segments: linitialize(); // parent class initialization

nor2.inputl
nor2.input2

&and2.output;
&norl.output;

notlinput = d; // provide connections
andl.inputl = &notl.output;

andl.input?z = clk;

and2.nputl = d;

andZ.input2z = clk;

norlinputl = &andl.output;

norl.input? = &nor2.output;

(18l 18) DlLatche| %75}
(Fig- 13) Initialization of DLatch
(2% 14)¢] DLatchs ®Hl~E37] 98 A&
222 A2E Ralrh o] HEZe gk TOPS
z2aade FAs7] 3]s DigiClock, SigGen
Z22]3. DigiRecorderd] AH|7] S 2Fo] F7}
Ao, A4l a) FARE Fol AolE
(Duty Cycle)& #= 4% 247](Signal Gen-
erator)7} C++ A< SigGend] 23] A 2]

class DLatchSys: public TopLevel {

public:
DigiClock c¢lk1; // a clock
SigGen sgnl; // a signal generator
DLatch dlchl; // a DLatch

DigiRecarder recrdl, recrd2, reerd3; // various recorders

DLatchSys(char* n): TopLevel(n) {);
void initialize();

(21 14) Dlatch Z&hsbs CiX|E (2| C++
Sl He
(Fig. 14) C+ + Class Definition of Circuit Containing
a Dlatch

=5z ZdA DigiClocke ZFed2 SigGens}
o} Int el A& & E]7] $s8] DigiRecorder
7} AH8-Et}. Float 3 4154l o g2 4154
Hsf & Recorderr} &gl (23 15)«
(2 )] 29 A% 2 24T 2 AdE
= A3,

// external clock output is connected clock input port

dlchl.clk = &clkl.output;

// signal genevator oulput is connected 1o signal inpur port
dlchl.d = &spnloutput;

// external clock output is connected o the recorder input port
reerdlanput = &clkl.outpur;

// signal generator output is connected Lo recorder input port
recrdZinput = &sgnl.output,

// oaput of the D latch connected Lo recorder input port
recrdd.input = &dlchl.q;

{23 15) DlatchSysol AFRE &AISY HA
{Fig. 15) Interconnections Among the Components
in DLatchSys

71%7](Recorder)= 42] SAO% T-#=v
2AE o] 71%7]el AAE7) A A 2319 &
H(Output) & 712719 gj=(input)el] AZAH
. 718712 sl= o) TOPS Azl wa} %
FEE= T+ aocsTimeChanged()el] s T35
ok

(2% 16)e] Xl Zzke] oz =AY D-
FYEF[17]& 94 TOPS T2y & 7
3tk

2 Ao AE tAY 32 AR HE TEH
4 el s, FA A2 FE T
FAsE el dis d9stelch €1 D-A

Aol D-EPEFL ohA] Bt E 324 AFH
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(28 16) D ERIZE
(Fig. 16) D Flip—Flop
1 ],
] [-1]
edr
output =ignal
10,00
5.00
0,00
5.0
=10.00
=

(28 17) ojgE Algefolg
(Fig. 17) Analog Simulator
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A. ot 2] &2 AlZslold

B Aol4]i= TOPSe)| 23 opg2 1 A]EH o]
6o 7 dagn. Yxg AgdHe|He 2
A GE e, b2 AlFHlE M 2d A}
2= ALV (Integrator) F-& <l=Hgrel Wi
wolyel AlAg Azke] wWigd) iz HahE
gulch &3-S b A4ksleer o= e
th (2% 17)e)] B4l 32 v w4
y=2% (5—y-—-05y) =& ZdFE A2PE
Al EHeldstE Aele). w3t =7 Bogard
(187l ol#f AM&-=ich.

(2 18)-& (2¥ 17)9] o}FE 1 A]Ed o]
o] 9g TOPS Zd& Aol 71w =

class AnalogSim: public TopLevel { // analog simulator class

public :
FloatSouree  src; //source providing reference value 5.0
Adder adr; //en adder to add three input values
RScaler scll, scl2; // reverse coefficient scalers
Scaler 5ci3; // coefficient scaler
Integrator integl, integ2; // integrators

Recorder recrdr; // analog signal recorder
AnalogSim(char* n):TopLevel(n), 2dr(3) {};//constructor
void initialize();

(218 18) o221 AjEsolE AnalogSim=)
Selx Fo|
(Fig. 18) Class Definition of Analog Simulator
AnglogSim

adr.input[0] = &src.output;

//source output connected to input0d of adder
adrinput[1] = &sclZ.output;

// scaler? ouiput connected to inputl of adder
adr.input[2] = &scl3.output;

// scaler3 output connected to input2 of adder
scllinput = &adr.output;

// adder output connected to scaler 1
integl.input = &scll.output;

// scalerl output connected to integrator input
integ2.input = &integl.output;

// integl output connected to integ2 input
scl2.input = &integl.output;

// integl output connected to scaler? input
scldinput = &integ2.output;

// integ? output connected to scalerd input
recrdr.input = &integ2.output;

// integrator2 output connected to recorder

(38 19) &X5 2o A#
{Fig. 19) Interconnections Among the Cormponents

~(Reference—Value Source)ql src, olgdE
A% 7}417](Adder) ]l adr, Al7R<] uH—’i‘-?]
(Secaler) scll, scl2 223 scl3, F709 BHEr
integl® integ2 @I opFEI 43 7]%7]
recrdri T34, o] A5 (¥ 19)¢
A5 ;1 {FA o:]?ﬂﬂu]. }-74_4 e ot]e_-l
FlRale TAH Hgdl EH Fagtes A
o] ol"e] gk AHE7
22 7| integl.mltVal = 0%} Integ2.
initvVal = 02 sj=sch
A28 FEzql v7h #Esd pel AZEd
=2AE S48 sl Ase
el S8 B4 259 FHRS ALY o
#?g 2R ES EAE r:Jr aAEAA A
st 2Hg QAL & ¢ de=E W
37} A=}=]=(Propagating) &3 €A 2ok

= o
nE 2A5L

class Integrator ; public Segments {
public :

Float* input; // input port pointer
int inputTime; // sampling time of newlnVal
float newlnVal; // input value at inputTime
float oldInVal; // inpul value at inputTime-1
float  sum; // intergrated value
float oldSum; // intergrated value at inputTime-1
Float output; // output port
Float mitVal; // initial value
Integrator(); // eonstructor
void initialize(); // initialization routine
void integrate(); // perform integration

(22 20) Integrator2l C++ e~ e
(Fig. 20) C++ Class Definition of Integrator

void Integrator: Jintegrate() { // integrator funclionatity definition

H#(a0sTime & & acsTime == inputTime + 1) { // new system Lime
oldSum = sum; // save integrated value at aosTime-1
oldInVal = newlnVal; // move new input value to old input value
mnputTime = gosTime; // update input time

!

mewlnVal = *mput; // read current input value

il (aosTime) { /{ not initiation time
float deltaOut= (oldlnVal+ newlnVal)/2.0*DELTA; / /compute delta
sum = oldSum + deltaOut; // perform inlegration
if (absf(sum-eutput) > EPSILON) // propagate output value

output = sum; // il change is significant

(32 21) Integratore| 7| &E
(Fig. 21) Functionality Definition of an Integrator
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ole{q Watel g} ol zb 4zpe 2ue
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(2§ 20)e C++ Feh2< Integratore)
Helg 2ol o2 AFdAolEel A4HE
Z27HE] oA FHHE RS 7)eeh. W
input-2- o4& e}d22 4219 outpute] HF
QElelw] W4 outpute Integratore] & o]
™. HE7] Integrator: Ajrle]z =2 why
(Trapezoidal Integration Method)el] 2l&] #}
44 FH9 A% =z (Successive Input
Value) 2 f#1¢th. &, ¥4 newInVale input-
Timed 2] <l=ge F-x8le) A oldlnVale
inputTime-1vf 2] §J&gt-e fA e} =g W=
sum-2 inputTime =] ALzke & )59
oldSum-2- inputTime-1wje] AL7re o A}

(28 2Dl Alt}EE AR gyle] AL oty
2] Fel dig TS 2ok 4 integrate():
aosTimeo] 7157} Integratore] <l=ighoe]
WEg w 715y o2l o8 Aighe g
Wagh-g A4k,

float deltaOut = (oldInVal+newInVal) /2.0*DELTA:

Fo}A aosTimeoll F integrate()7} FHal
°l4 7159 4 dlow d4¥E 1% wrig »
c} A AL sume ARl L W)
# deltaOut-2 sumel] T&R)E Ao] ofyxw
aosTime-1 = 2] FE g4 oldSumsl] o= A}

A4bE HE3k sume] 4 outputo B 2|7
™ mow FZ(Feedback Loop)E Eghsl
B2 W Me 2z aosTimes] €5 integrate
O7F Y5 @] N5 g o] FAE s
A3 sum3t outpute] Azt AAH FAZS
EPSILON W 5] & wo|= Integrators) &
g sume 2 AAeA ok wepa] Aex)
+ =& A== EPSILON®] zhe 42 (Con-
vergence)2 HF A7t Integratore] AE-zkol
gt A& =5 AojstA ).

(¥ 22)2] Adder S¥j2= 714712 44
St71 A6 ASE 2 slabr)e qluEziEe) o)
2 AdstA Ao 48 Ak At
23] @A AH(Constructor) 9] ol42 m |5 ojo}
Pt (2Y 23)9) ¥4 whenlnputChanged()
= YEHBES Yos Ade FYgn). wery
°l & 2 inputell 9J#) T I=EE Float &

He) EelA fase] frl5olel g

class Adder :
public:
Float** input; //array of input ports
Float output; //output value
int nlnputs; //number of inputs, specified by user

public VCObject {

Adder(int);
void initialize(); //mitialization routine
void ‘whenInputChanged(); //perform addition

//conslructor

(23 22) Adderg| C++ Zalfl~ He|
(Fig. 22) C++ Class Definition of Adder

void Adder; :whenInputChanged()( //functionality of an Adder
float sum = 0;
for(int | = 0; i < nlnpuis; -+ +1)
sum += ((float) *input[i]);
output = sum;

(328! 23) Adder2| 7|5 H&
(Fig. 23) Functionglity Definition of Adder

7] AHERbel o AAHE wig Azt
(Multiplication Factor) multFactorE AZ3l=
b o] UAE % mE EFE HT 5 Ak
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o} A A LR}, S84 RScaler= Scalerg] Hdu
Z# 2= (Subclass)oln F Fdla 7He Aol
o FE Relod (23 16)e] mel o4
Wl==71e] wi4r QQAHER ZH7b scll.multFactor=
—1.0, scl2multFactor=—0.5 =83 scl3.
multFactor=2.03} 7te] A=),

FloatSource |~ float & Abzhe AT
sto) ¥2  Z#xql Sourcedd FEHD.
FloatSource= 2 ZFE7} ¢gloo aAlL=x}7)
FloatSourceel| 2]#] AF=HE= gte srcoutput=
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(Fig. 24) Mixed-Mode Circuit Simulator
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class MixSimSys © public TopLevel {

public:
// analog part
Integrator integl, integ2;
Scaler scll scl2;
Inverter inv;
// interface between analog and digital part
Comparator comp;
// digital part
IntSource sre;
JKFlipFlop Jf1,3kf2,5kf3,ikf4;
// recorders
Recorder recrdl;
DigiRecorder recrd2;

“MixSimSys(char *n) : Toplevel(n) {};
void initialize();

(33 25) ESDE AIZH0|M 32 MixSimSyse]
Saya Ho|
(Fig. 25) Class Definition for Mixed-Mode Simulation
Circuit MixSimSys

class Comparator : public Segments {

public K
Float* input; // input port
Int output; // output value

Float refVal; // reference value for comparison

Comparator(): Segments(0) {}; // constructor
void initialize(}; // initialization
void whenlnputChanged(); // functionality

(& 26) Comparatore] C++ a2 FHe|
(Fig. 26) C++ Class Definition of Comparator

void Comparator :: whenlnputChanged() [
if(*input. > refVal)
oulput=1; // output is high when Vi is above Vr
else
output=0; // output is low when Vi is below Vr

}

{23 27) Comparator?) 2|5 H9
(Fig. 27) Functionality Definition of Comparator
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