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Hardware Modeling
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C++ Environment

‘ Solution Explorer * 0 X | CPPBasicsh + X

SO e-@ @i " strting CPP P Woalscopg -]

. 1 #include <iostream: e
tion Explorer (Ctrl- P' 2 using namespace std; o Namespace std

for cin and cout L (e:N1l

arting CFP
. @ External Dependencies
Header Files
B CPP Basics.h
Recource Fils

include

Source Fil
++ CPPBa

Source statements

an

cout << "Starting Simulation ...
cout << "Enter A: “; cin > A
cout << "Enter B: “; cin »> B;
C=A+B;

cout <<« "Add result is:
return @;

£< "-"l,n"j

<< C << "\n";
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= CAWINDOWS\system32\cmd.exe =

Starting Simulation ...
Enter A: 4
Enter B: 7
idd result is: 11
rezsz any key to continue . . .
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Types and Operators for logic
Modeling

Character Types Char Exactly one byte in size. At least 8 bits

Signed Char Same size as char. At least 8 bits

Integer Types (signed) Signed Int At least 16 bits

Unsigned Char Same size as char. At least 8 bits

Integer Types (unsigned) Unsigned Int At least 16 bits

Float

Floating-point Type Double Precision not less than float

Long Double Precision not less than float

Boolean Type

Void Type No storage
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Using Boolean Type

Boolean Type.h # X
[*] Boolean Type (Global Scope)
1  #include <iostream:

§ using namespace std; Boo:lean Type.h

100 % __~|
joolean Type.cpp R X

] Boolean Type - (Glebal Scope)

declarations

Boolean Type.cpp

//bool b :

beel a(@); operations

bocl b(1});

kool anding;

int go;

cout << "Performing Lg mulation . . .Wn";

anding = a && b;

cout << Ma:" << a << "; b:" << b << ") anding:” << anding << "Wn";
cout << "Enter @ to exit:™;

cin >> go;

return @;




Types and Operators for Logic
Modeling

Converts ‘0’ and

‘1’ to 0 and 1 for |V

#include <iostr Boolean OPeratlonS

using namespace

Character Type.h R X

Character Type.h

Macro declaration

> P~ (GiobaiScopo g

#include "Charag

-_‘

#define BIT(c) c=="8"28:1

==
F

Hint main ()
1

char il

char i2

char op;

T [ T W B ST I )

== o~ )
L] 1] while (go) {
12 cout << "Enter Oper 0 4 %5
<] 13 cin >> op >> il >>

switch (op) {

case 'A': case 'a':
cout << i1 << " AND " << 12 << M dis: M <« (BIT(il) && BIT(i2)) << "\n’;
break;

Default case case "0': case 'o':
statement cout << i1 << " OR ™ " dis: " << (BIT(i1) || BIT(i2)) << '\n

break;

case 'X': ca?a ':-<'1:' - N . . . . . . PI’OC'eleI’a]
cout << il << XOR €€ 12 << is: << (BIT(il) '= BIT
e statements:
; cout << “"Wrong operation \n"; If else
cout << "Enter @ to end:™; ci 3 o
While
Switch case

for

return @;

.
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Using Enumerators

Four Value System.h & X

[®] Enum Type (Global Scope)

1 H#include <iostream>
|_#:i.r1c1udv.=. <strings
using namespace std;

enum lwv4 {1x, 18,11, 1Z%};
const 1va IwvaValue [4] = {1X, le, 11, 1Z};
const string lv4Image [4] = {"1x", "la", "

Four Value System.cpp R >

Constant arrays
for converting

¥ Enum Type -I (Global Scope)

#include "Four Walue System.h™

Ellv4 AND1v4 (1v4 a, 1va b)
1

1vad wj

if (a==1X || b==1X || a==1Z || b==1Z) w=1X;
else if (a==11 && b==11) w=11;

else w=1@;

return w;

T
Mlve ORLv4 (lva4 a, Lva b)[{ ... } |
Flvs XORlv4 (lv4 a, lvd b)[ { ... 7|
Eint main () [ ... 1]

Four Value System.cpp




Using Enumerators

Four Value System.cpp + > R EITERAY= TN

| Enum Type - (Global Scope)

#include "Four Value System.h”

3 @lva ANDLva (lv4 a, 1va b)[ { ... } |
4 ORlva (1v4 a, lva b)[{ ... } ]
v4 XORlv4 (1v4 a, 1va b)[{ ... } |

main ()

Four Value System.cpp

1vd out = 1X;
int Iil, Ii2, Tout;
char op;

cout << "Enter operation (4,0,X), then inputs (8 to 3): ";
cin >> op >> Til >> Ii2; Convert Integer value to
il=1vavalue[Iil]; i2=1v4Value[Ii2]; .
switch (op) { Iv4 enumeration type
case 'A': out = ANDlwv4 (i1, i2); break;
case '0': out = ORlw4 (il, i2); break;
case 'X': out = XORlw4 (i1, i2); break;
default: out = 1X;

h

cout << i T L op €< 7 " <4 125

cout << 53 << out << "\n';

cout << lv4Image[il] << ™ " << op << " " << lv4Image[i2]; . .
cout << ", is: " << Iv4Image[out] << "\n'; COIIVGISIOII to Stl‘lng

cout << “Enter @ to end:"; cin »»> go;

while (go); fOI lentlng
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Waveform Generation

String Character.h + X -

[l String Characters - (Global Scope) - _

String Character.h

g Character.cpp R X

(Global Scope) ~| @ aoperation(strina fn. bool inl, boal in2)
MIN Macro , - -

Got a sequence of Is
and Os. Turn into
int i, 1;
1 = seq.length(); Waveform

for (i=6; i < 1; i++)

{

if (seq[i]=="@") cout << "_"; .
else cout << "--";
! String Character.cpp

cout << "hn';
return 1;

—lbool char2bocl (char c)

Equivalent to BIT
macro e T e s Bool is good for
logical operations

Elbool operation (string fn, bool inl, bool ir'n'.'-;'}l

{

bool out;

if (fn == "aND" || fn == "and") out = inl && in2;
else if (fn == "OR" || fn == “or™) out = inl || in2;
else if (fn == "XOR" || fn == "wor™) out = inl != in2;
else out = @;

return out;
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Types and Operators tor Logic
Modeling

String Character.cpp + >
[ String Characters 'I (Global 5cope) vllf! operation(string fn, bool inl, bool in2)

17 Hbool char2bool (char c)| { ... |
22

23 HEbool operation (string fn, bocl inl, bool in2_}|
32
33 [Hint main ()
34 ({
35 string ilSeq, i2Seq;
36 string logic;
37 int i, illen, i2len, outlen;
38 bool il=0, i2=0, out=8;
39 hogl eFollls
40 while (go) { MIN macro
cout << “Enter logic type and input sequences o
Output the cin »»> logic »»> ilSeq »> i2Seq; calculatlng
waveform for SlessanE g output waveform
. i2len=wave (i25eq); length
R bAoA -T-Ye BL=Yotel- W outlen = MIN (illen, i2len); SRS
string outSeq (outlen, '@8');
for (i=8; i<outlen; i++) { c
i1 = char2bool (ilSeq[i]): Apply a certain
i2 = char2bool (i25eq[i]); logic operation
out=operation(logic, i1,i2);

outSeq[i] = out 2 '1" : '8'; Output the
¥
cutlen=wave (outSeq); cout << '\n'; waveform for
cout << “Enter @ to end:™; cin »>»> go; output sequence

¥
return 8;
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nter logic type and input segquences:

B to end:1
logic type and input seguences: OR 8811180011618 18886811116880681

sequences: XOR ABAA1111116860 111111116860608H

& any key to continue . . .
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logicGates.h +

Logic Simulation

] Logic Simulation (Global Scope)

1 #include <jiostream:
2 using namespace std;

primitives.h B ¢

LogicGates.h

%] Logic Simulation 'I (Global Scope)

1 bool and (bocl a, bool b);
bool or (bool a, bool b);
bool not (bool a);
bool nand (bool a, bocl b);
bool nor (bool a, bool b);
bool xor (bocl a, bool b);

and (bool a, bocl b, bool& w);
or (boocl a, bool b, bool& w);
not (bool a, bool& w);

nand (bool a, bool b, boold& w);
nor (bool a, boocl b, bool& w);
wor (bool a, boocl b, bool& w);

logic (bocl a, bool b, wvoid (*f) (bool, bool, bool&));

and5 (bool a=true, bool b=true, // up to 5 inputs
bool c=true, boocl d=true, boocl e=true);
ors (bool a=false, bocl b=false,
bool c=false, bool d=false, bocl e=false);
xors (bool a=false, bool b=false,
bool c=false, bool d=false, bocl e=false);

and (bool[], beoecl[], bool[], const int);
or (bocl[], boeol[], bool[], const int);

Primitives.h

Gate function
prototypes
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Logic Functions

primiti'.res.cpp RS ogicGates.cpp i
] Logic Simulation - (Global Scope) -
E
—

Flbocl and (bool =, bool b)

1

}
#Hbool or (bool a, bool b)
13 Hbool not (bool a}l
nand (boel a, bool l':l:]
nor (bool a, bool h}
xor (bool a, bool h}

and (bool a, bool b, bool& w)

b

return (a2 && b);

B0 ) WA L

Primitives.cpp

Functions are
overloaded for
various type of
procedure and
vector format

Pass by
reference.
Value can be
returned via
this argument

= a && b;

or (bool a, bool b, bool& w)[ { ... 1|
not (beol a, bool& w)[ { ... 1|

nand (bool a, bool b, bool& w)[[{ ... 1]
Hvoid nor (hool a, bool b, bool& w)[ [ ... 1|
58 Hvoid xor (hool a, bool b, bool& w)[ [ ... 1|
logic (bool a, bool b, void (*f) (bool, bool, bool&)) Function passing. Function
pointer is passed to logic
as an argument

(*f) (2, by w);
return (w);

J © 2014-2015, Zainalabedin Navabl.Lo ic Simulation with C/C++
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Using Detfault Values

logicGates.h # X

] Logic Simulation (Global Scope)

1 #include <jiostream:
2 using namespace std;

primitives.h B ¢

LogicGates.h

%] Logic Simulation 'I (Global Scope)

bool and (bocl a, bool b);
bool or (bool a, bool b);
bool not (bool a);

bool nand (bool a, bocl b);
bool nor (bool a, bool b);
bool xor (bocl a, bool b);

void and (bool a, bool b, bool& w);
void or (bool a, bool b, boold& w);
void not (bool a, bool& w);

void nand (bool a, bocl b, bool& w);
void nor (bool a, bool b, bool& w);
void wxor (bool a, bool b, bool& w);

bool logic (bool a, bool b, woid (*f) (bocol, bool, booli));

bool and5 (bool a=true, bool b=true, // up to 5 inputs
bool c=true, boocl d=true, boocl e=true);
boocl orS (bool a=false, bocl b=false,
bool c=false, bool d=false, bocl e=false);

Primitives.h

xor5 (bool a=false, bool b=false,
bool c=false, bool d=false, bool e=false});

and (bool[], beoecl[], bool[], const int);
or (bocl[], boeol[], bool[], const int);

To use this function
with fewer arguments,
all arguments must
have default wvalues
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Building Higher Level Structures

primitives.cpp logicGates.cpp™ = X
%] Logic Simulation vI (Global Scope)

C#include "logicGates.h™
[#include "primitives.h"™

logicgates.cpp

Fwoid fullAdder (bool a, bool b, bool ci, bool& co, bool& sum)
1

bool axb, ab, abc;

axh
ab
abc
co

logi s by H : woid bool, bool, bool& . 0
vl e (e (et oot et Use logic function and

rogic (axb, ci, and); pass specific function

logic (ab, abc, or);
logic (axb, ci, xor);

Sum

L}

Ewoid fullAdder (bool a, bool b, bool ci, bool& co, bool& sum)
!

bool ab, bc, ac;

o

ands (a, b);
and5 (b, ci);
and5 (a, ci);
or5 (ab, bec, ac);
sum = xor5 (a, b, ci);

QO oo
[al el

]
Q

L3

@int main O[T 1]

Full-adder implementation
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T h--_



Building Higher Level Structures

primitives.cpp logicGates.cpp® &

[ Logic Simulation 'I (Global Scope)
1 [H#include "logicGates.h™
2 L#include "primitives.h"
3
4 [Hwvoid fullAdder (bool a, bool b, bocl ci, bool& co, bool& sum)

1
bool axb, ab, abc;
b (a, b); . -
2~ and (o by: / logicgates.cpp
abc = and (axb, ci);

co = or (ab, abc);
sum = xor (axb, ci);

1

lI,-'1: s =:|";
TEEEEY
S

Flint main ()

1

kool a, b, ¢, co, sum;

do {
cout << "Enter a, b, c:

3 cin »» a »*» b »» cj

fulladder (a, b, c, co, sum); Calling full-adder

w w

cout << "Carry:" << co << " Sum:™ << sum << "\n";

cout << "n" << "Caontinue?”; cin »>» a;
} while (a != false);




4-value Logic

Value | Description

0 | Forcing 0 or Pulled 0

Forcing 1 or Pulled 1

Float or High Impedance

Uninitialized or Unknown

= Four-Value Logic System

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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Handling 4-value Logic

1 #include <iostream:
2  using namespace std;

CharacterFunctions.h

characterPrimitives.h + X

[* Character Logic - (Global 5cope) =63 and(char a, char b)

char and (char a, char b);

char or (char a, char b}; . oy

char not (char a); ChaIaCterPIImltlveS.h
char tri (char a, char c);

char resolve (char a, char c);

char xor (char a, char b);

void fulladder (char a, char b, char ci, char & co, char & sum);

Using char for
easier and more
expressive in
and out instead
of directly input
logic value
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Handling 4-value Logic

c
a W —_— Tri-state

4 And resolution

x,0,71,7 function
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Handling 4-value Logic

characterPrimitives.cpp + > QayElgTa Sy iy ladlaly IRl

] Character Logic 'I (Global Scope)

I#:i_nclude "characterPrimitives.h™

=lchar and (char a, char b)

{

}

if ((a=="@")||(b=="8")) return '@';
else if ((a=="1")&&(b=="1")) return '1';
else return 'X';

#Hchar or (char a, char b)
#Hchar not (char a)
#Hchar tri (char a, char c}

Flchar resolve (char a, char b)

{

1

if (a=="Z' || a==b) return b;
else if (b=="Z') return a;
else return 'X';

#Hchar xor (char a, char b}
Hwoeid fullAdder (char a, char b, char ci, char & co, char & sum) ]Og.lca] funCtIO.nS.

1

char axb, ab, abc;
axb = xor (a, b);

ab and (a, b);
abc and (axb, ci);
co = or (ab, abc);
sum = xor (axb, ci);

CharacterPrimitives.cpp

But the drawback
iIs that we have to
generate our own

This happens one
and can easily be
eused.
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N h--_



Handling 4-value Logic

characterPrimitives.cpp characterFunctions.cpp = >
[¥] Character Logic vI (Global Scope)

1 Elkinclude "characterPrimitives.h”
2 L#include "characterFunctions.h™

5 CharacterFunctions.cpp

4 [Hwoid muxStd2TOl (char a, char b, char& w, char sel)

multiplexer

9 Fwoid muxTri2TOl (char a, char b, char& w, char sel, char ce)

char selB, selB ce, sel oe;
char asel;

Multiplexer char bsel;
thh OE selB = not(sel);

selB oe = and(selB, ce);
sel oe = and(sel, oe);
asel = tri(a, selB_oe);
bsel = tri(b, sel_oe);
w = resolve(asel, bsel);

wine matn O[T 1]
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Logic Vector

vectorFunctions.h = X vectorFunctions.cpp ® X - ‘

%] Logic Vector Simulation - (Global Scope) -

1 H#include <iostream

2 | #include <string> VectorFunctions.h

3 using namespace std;

LY Loglc Yector Simulation (Global Scope) |5 and(bool 3, bool b)

wool and (bool a, bool b)j;

bocl or (bool a, bool b);

bocl not (bocol a);

void and (bool a[], bool b[], bool w[], const int SIZE); VectorPrimitives.h

void or (bool a[], bool b[], bool w[], const int SIZE);

Arrays are
passed by
reference to
first location

H
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Logic Vector

vectorPrimitives.cpp R ¢ [Zade] (ST Taulaly LN aa]s]

¥ Logic Vector Simulation - (Global Scope) -

Binclude “wectorPrimitives.h™

Ebool and (bool a, bool b)
-

1
return (a &% b);

} VectorPrimitives.cpp
Hbool or (bool a, bool l-:::l

13 Hbool not (bool a)

8 Flvoid and (bool a[], bool b[], bool w[], const int SIZE)

i

oS T T [ T, B S TV S =

int i Loop and index

for (i=8; i<5IZE; i++) {

w[i] = a[i] 2& b[i]; need size
h

FHwvoid or (bool a[], bool b[], boocl w[], const int SIEE)

Logic vectors
overloaded
basic
functions

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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Logic Vector

wopa

= mon

]

w

vectorFunctions.cpp # X

include "wectorPrimitiw

torName, int numBits, bool walue

wortorlame << ": "3
cin »» valuess;
for (i=08; i<numBi

if (waluess[i] Read S‘tI’I'I‘lg a.nd
else values[i] = false; tur.ns It II‘ltO an
) array of bool

16 Ewvoid putBits (string vectorName, int numBits, bool walue

Flweid two20neMux (bool a[], bool b[], bool w[], bool =
{
bocl as [8];

bool bs [8];

int i . .

for (i=0; i<SIZE; i++) Array indexing
as[i] = and (a[i],

(i:ﬂ_‘j i<s 3 i"_")
bs[i] = and (b[i], =

3
Fwoid two20neMuxB (bool a[], bool b[], bool w[], bool sel, int SIEE=S:1

51 @int main O ... 1]
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PN Y 1 7)Y
il %’ ) s Nl

aVYelhiau's

V¥V N\ LNJ L

=

=X L.

Enter B bits of al: 11881111
Enter & hitz of bU: Biii@d@a1
Enter 1 bhits of sell: 1
wo20neMux uzing and. or. not
U: 11881111

@111 686681
WA Bli11686861
wo20neMuxB uszing 7:
U: 11881111

@111 686681

#1111 686681

ontinue ¢H@ or 1371

Enter 8 hits of bU: BiiiB66881
Enter 1 bits of =ell: @A
wo20neMux using and,. or. not
11861111
B11168861
oz 11881111
wo20neMuxB using 7:
U: 11861111
B11168861
oz 11881111

WWINDOWS\system32\cmd.exe
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Logic Vector

characterVectorFunctions.cpp characterVectorFuncticns.h characterVectorPrimitives.h -+ €
[¥| Character Vector Logic (Global Scope)

1 El#include <iostream:>
L#include <string>
using namespace std;

char and (char a, char b);
char or (char a, char b);
char not (char a);

char tri (char a, char c);
char resolve (char a, char c);

wvoid and (char a[], char b[], char w[]}; S.hOWS arrays Of

woid or (char a[], char b[], char w[]);
wvoid tri (char a[], char c, char w[]); Characters

wvold resolve (char a[], char b[], char w[]);

char xor (char a, char b);
woid fullAdder (char a, char b, char ci, char & co, char & sum);

Char-based
primitives and
their vector
overloading
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Logic Vector

characterVectorFunctions.cpp characterVectorPrimitives.h characterVectorPrimitives.cpp # >

[¥] Character Vector Logic vI (Global Scope)

-|

38
39
48
41
42
43
Lo
45
46
47
48
=]
58
a7
3]
B89
7a
71
72
73
T4
75
76
Ir
78
a4
85
86
87
88
89
1%
91
92
93
94
95

Flweid and (char a[], char b[], char w[])
{

int i=8;
while (a[i] != "\@") {

L}

FHwveid or (char a[], char b[], char w[])

w[il = and (a[il, b[il); Null character
: marks the end
of the vector

svotd wri (char ol cher . char v[D) _ / characterVectorPrimitives.cpp

Fweid resolve (char a[], char b[], char w[])
1
int i=8;
while (a[i] != "\@") {
w[i] = resolve (a[i], b[i]);
i++;
Ti
w[i] =

L}
#char xor (char a, char b)

Fweid fulladder (char a, char b, char ci, char & co, char & sum)

{

char axb, ab, abc;
axb = xor (a, b);
ab and (a, b);
abc and (axb, ci);
co = or (ab, abc);
sum = xor (axb, ci);

© 2014-2015, Zainalabedin Navabi
[ e |

7 v o |

iLO ic Simulation with C/C++
h-



Logic Vector

characterVectorFunctions.cpp + > characterVectorPrimitives.h characterVectorPrimitives.cpp
[®] Character Vector Logic (Global Scope)

E#include “"characterVectorPrimitives.h™
[#include "characterVectorFunctions.h™

Fwvoid mux85td2T0l (char a[], char b[], char w[], char sel)

bt o / characterVectorFunctions.cpp

do {
w[i] = (sel=="1") ? b[i] : =[i];
} while {(a[i++] != "W@');

L1

It\mid mux8Tri2T0l (char a[], char b[], char w[], char s=l, char ce) I

1

char selB, selB_oe, sel_oe;
char asel [9]; .
char bsel [9]; 8-Bit character vector

selB = not(sel); based mux

selB_oe = and(selB, oe);
sel_oe = and(s=l, oe);
tri(a, selB_oe, asel);
tri(b, sel_oe, bsel);
resolve(asel, bsel, w);

If fewer than 8-
main () bits are entered,

char atv [9], bV [9]; using Cin

char sel, oe; automatically
char wCV [9];

int ai; puts ‘\0’ at the

do L .

Icout << "Enter eight bits of alV <space> bCV: ™; cin »> alV >> bc‘u"jl end OfStﬂﬂg
COUL 2% cheer ool pacesr oer 3 oIn Tel ==}

mux85td2T01 (alV, bCV, wCV, sel);
cout << "The ™ << strlen(wlV) << " bits of wC become as follows: Wn™j;

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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Sequential Circuit Modeling

sequentialFunctions.h # X characterPrimitives.cpp sequentialFunctions.cpp

%] Sequential Model - (Global Scope)

1 H#include <iostream>

2 | #include <fstream:>
#include <string>
using namespace std;

characterPrimitives.h + 2

%] Sequential Model - (Global 5cope)

char and (char a, char b);
char or (char a, char b);

DFFaLRhE =
D filp flop
active low

I
.
il
reset active
high enable
= © 2014-2015, Zainalabedin Navabl.Lo ic Simulation with C/C++
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Sequential Circuit Modeling

characterPrimitives.h sequentialFunctions.h characterPrimitives.cpp R > [ [I20E] S0 Fadlely 0T
® Sequential Model --I (Global 5cope) --Ilfl and(char a, char b]

1 Hfhar and (char a, char b) {---1

7

8 Hchar or (char a, char b}

14

15 Hchar not (char a)

21

22) Hvoid dff_PAH (char D, char clk, char reset, charQ) r

23} | // Posedge, Asynch, active-Low . 2

| CharacterPrimitives.cpp
25 if (reset=="1") Q="8";
26 else if (clk=="P") Q=D;
27
28
29

D flip flop with
asynchronous reset




Sequential Circuit Modeling

Moore 110 sequence detector
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Sequential Circuit Modeling

characterPrimitives.h

sequentialFunctions.h

characterPrimitives.cpp

sequentialFunctions.cpp B

%] Sequential Model

-|  (Global Scope)

1

2
3
4
5
6
7
8
9

1@
11

13
14
15
16
17
18
19
2@
21
22

23] |

24
25
26
27
28
29
3@
31
32
33
34
35
36
37

"characterPrimitives.h™
"sequentialFunctions.h™

El#include
L#include

FElint main ()

{
string invec;
string outVec = “,,,,";
char ain('®"), reset, clock;

char Y1({'X"), vy@('X'), D1, DB, w;

ifstream finp ( "indata.tst™);
ofstream fout ("outdata.tst");

fout << "Inp -» Output, Mext statein”;

do {
finp >> inVec;
ain = inVec[@];
reset = inVec[1];
clock = inVec[2];
// combinational parts in proceduaral fashion
// followed by the sequential parts

D1 = orfand(¥l, ¥Y®), and (ain, Y@));
D@ = ain;
w = and(¥l, not(Ye));

outVec[®] = w; // These wvalues are after
outVec[2] = ¥1; J// application of the
outVec[3] = ¥@; // previous inputs
fout << outVWec+"'\n" << inWVec << " -> "

dff_PaH (D1, clock, reset, Y1);
dff_PaH (D@, clock, reset, ¥@);
¥ while (!finp.eof());

File handling

Convert
string to
char.
Operations
in char

© 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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Sequential Circuit Modeling

indata.tst >

Indata.tst

Ain, reset, clock

- © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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Sequential Circuit Modeling

indata.tst ‘

Cutput, Next =tate

outdata.tst

W and 2 bits of states

X, XX
X, XX
X, XX
X, XX
0,X1
0,00
0,00
0,01
0,11

e Clock by

0,00
0,01 clock
0,11
0,11 output
1,10
0,01
0,11
1,10
0,01
0,11

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++ 4
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Using Pointers for Logic Vectors

pointerFunctionsFileData.h STl S T T SR pointerP rimitives.cpp pointerFunctionsFileData.cpp

[/ Pointer Logic File Data - (Global 5cope) - _

=

[RTR]

sy B -

W |

void
void
void
void
void

void
void
void
void
void

void
void

and (char a, char b, char & w);
or (char a, char b, char & w);

not (char a, char & w);

tri (char a, char c, char & w);
resolve (char a, char c, char & w); . . ..
pointerPrimitives.h
and (char® a, char* b, char® w);

or (char *a, char *b, char *w);

not (char *a, char *w);

tri (char *a, char *c, char *w);

resolve (char *a, char *b, char *w);

mux85td2T0L (char®, char®*, char®, char);
mux3Tri2T0l (char*, char*, char*, char, char);

Pointers
instead of
arrays

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++ 4
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Using Pointers for Logic Vectors

pointerFunctionsFileDa pointerPrimitives.h LIS TR RSl pointerFunctionsFileData.cpp

Overloading AND

Hwvoid or (char a, char b, char & w}| |
Fweid not (char a, char & w)[ { ... }
Hwvoid tri (char a, char c, char & w)| { ... }
Fwveid resolve (char a, char b, char & :1
Hvoid and (char* a, char* b, char® w)
int i=8; . .
do { And with Pointer
and (*(a+i), *(b+i), *(wi));
te; Arguments
} while (*{a+i) != "\
*(wid) = "\@";
or (char *a, char *b, char *'.-.')
FHwvoid not (char *a, char “‘w)
Hweid tri (char *a, char *c, char *'.-.')
#woid resolve (char *s, char *b, char “'.-.':1

E||v-:|id mux85td2T01 (char *a, char *b, char *w, char sel)

pointerPrimitives.cpp

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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Using Pointers for Logic Vectors

pointerFunctionsFileData.h

%] Pointer Logic File Data

FHwveid resolve (char a, char b, char & w

7 Elwveid and (char* a, char® b, char* w)

and (*(a+i), *(b+i), *(w+i));
i++;

} while (*(a+i) != "\

*(wti) = "\B';

pointerPrimitives.cpp

or (char *a, char *b, char *w)| {
not (char *a, char *w)[ { ... }]
id tri (char *a, char *c, char *w) [ ... } |
|v-:l:i.d resolve {char *a, char *b, char “‘u._)

Ewveid mux85td2T01 (char *a, char *b, char *w, char sel)

int i=8;

de { . . .
*(wH) = (sel=="1') 7 *(b4D) + *(a+d); Pointer referencing in
it . . .

} while (*(a+i) != "\@'); a multi bit multiplexer

*(wti) = "\@';

=]
(=4}

[=5)
[rs)

w
®

=]
=t

Hvoid mux8Tri2T01 (char *a, char *b, char *w, char sel, char oe)

oo
=

.
[Ys]

w
(=]

(sel=="1") ? *(b+i) : *(a+i);

D @ O
O R Y=]

" © 2014-2015, Zainalabedin NavabliLo ic Simulation with C/C++ :
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Using Pointers for Logic Vectors

pointerFunctionsFileData.h pointerPrimitives.h pointerPrimitives.cpp™ pointerFunctionsFileData.cpp = X -

[%] Pointer Logic File Data - (Global Scope) -
F#include “pointerPrimitives.h™
[#include "pointerFunctionsFileData.h”

r

Sint main ( pointerFunctionsFileData.cpp

eclare and initialize i
declare and initialize o

int ii;
inp »» iij
out << “All vector lengths are ™ << ii << ™ bits.\n";

char sel, oe;

char* aC = new char [ii+1];
char* bC = new char [ii+1];
char* wC = new char [ii+1];

Testing Multiplexers
while (inp >> aC >»> bC >> sel »>» oe) USIHg jfstream and

.
i
out << "Inputs are a, b vectors and sel, oe bits: ™; Ofstream
out €< aC €< " " €< bC << " " €< sel €< " " << oe << "3

mux85td2T01 (aC, bC, wC, sel);
out €< "Std Mux: " << wC << "\n';

mux8Tri2T01 (aC, bC, wC, sel, oe);
out << "Tri Mux: ™ << wC << '\n';

" © 2014-2015, Zainalabedin NavabliLo ic Simulation with C/C++
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Using Pointers for Logic Vectors

B11l wector lengths are L

Inputs are a, b wvectors ] bit=s: 11001111 111310001 O O
Std Mux: 11001111

Tri Mux: ZZZZZIZZZ Outdata.tst
Inputs are a, b wvectors = : 11110001 00010101
Std Mux: 11110001

Tri Mux: 11110001

Inputs are a, b wvectors ] : 10101011 11110000
Std Mux: 11110000

Tri Mux: ZZZZZZZZ

Inputs are a, b wvectors ] : 11001111 11001100
Std Mux: 11001100

Tri Mux: 11001100

Inputs are a, b wvectors ] : 11110000 11101010
Std Muax: 11101010

Tri Mux: 11101010

Inputs are a, b wvectors ] : 00111110 00110011
Std Mux: 00111110

Tri Mux: ZZZZZZZZ

Inputs are a, b wvectors ] : 01110001 00101001
Std Mux: 00101001

Tri Mux: ZZZZZZZZ

Inputs are a, b wvectors ] : 00001110 01010101
Std Mux: 00001110

Tri Mux: 00001110

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++ 4
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Logic Simulation with C/C++

® Procedural Languages for © Enhanced logic simulation
Hardware Modeling with timing
® Types and Operators for Using struct for timing and
Logic Modeling logic
® Basic Logic Simulation Gates that handle timing
Logic functions Utility functions
Function overloading Timing in logic structures
Passinglogic functions Overloading logical operators
Using default values Using Boolean expressions

Building higher level ® More Functions for Wires

structl}res . and Gates
Handling 4-value logic Cate classes

Logic vector : . :
g Carrier centric modeling

PREEIIE] e TR e i ) Compatible scalar and vector
Using pointers for logic

vectors
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Using Struct for Logic and
Timing

timedFunctions.cpp (g U [T T R Sl tirmed P rimitives.cpp timedFunctions.h

=

Elstruct tlogic {
char logic;

[

timedPrimitives.h

5w

W =] WA

[
=

Structure to
accommodate
time as well as

logic

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++ 4
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Gates that Handle Timing

timedFunctions.cpp timedPrimitives.h
[*] Tirmed Logic Structs

#include "timedPrimitiwves.h"

(Global S5cope)

3 Bltlogic and (tlogic a, tlogic b, int delay)
r
1

a.logic=="@")||(b.logic=="8")) {
tl.logic B';

= El
if (a.logic=="8") tl.time = a.time + delay;
else tl.time = b.time + delay;

}
else if ((a.logic=="1")&&(b.logic=="1")) {
tl.logic = "1";

if (a.time > b.time) tl.time = a.time + delay;

else tl.time = b.time + delay;
}
else {

tl.logic = "X';

if (a.logic != '1') tl.time = a.time + delay;

else tl.time b.time + delay;

i

return tl;

ic b, int delay)[{ ... 7|
5 EHtlogic » tlogic a, int dl':lﬁj,-')

55 Htlogic wor (tlogic a, tlogic b, int delay)
r
1

tllj:gi'c tlj

if (a.logic==b.logic) tl.logic = "&';

else tl.logic = "1°;

if (a.time > b.time) tl.time = a.time + delay;
else tl.time = b.time + delay;

return tl;

© 2014-2015, Zainalabedin Navabi
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timedPrimitives.cpp + < [llEs e laTy E

~|@ not(tlogic a, int delay)

timedPrimitives.cpp

And logic function
with timing

A more accurate
delay
propagation
requires the gate
function to be
aware of its
previous output
value

togic Simulation with C/C++
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Utility Functions

timedFunctions.cpp > Qs TR timedPrimitives.cpp timedFunctions.h

] Timed Logic Structs - (Global 5cope) =@ main()

F#include "timedPrimitives
L#include "timedFunctions.

#define MAX(a,b)axb?a:b;

#define MIN(a,b)acb?a:b; timedFunCtionS.Cpp

PR T, N ST

! ame, int numBits, tlogic values[])
rder acc“rdl g to bit significance
string valuesS;
int i, bits, delay;
cout << "Enter " <¢ numBits << ™ bits of " <¢ vectorName <¢ ™

R T . L Entered: 1011

bits = MIN (valuesS.length(), numBits); // if fewer are entered

cout << "Enter vector delay: "; cin »>> delay; Va]uess_- 1011

for (1—b1‘tf 1; i»=8; i--)} {

es[i].logic = char(value*".-»[bnf -1-i]); // reverse bits Values,' ]]0]

time = delay; // This or two below are good

o ooa

2=
s o

time = delay;
ime = delay;

Pointer referencing
Elvoid putVect (string vectorName, int numBits, t

int i, delay;

g:j‘:y<: '@J torName <¢ ": "; Thjs methOd

for (i=num 1; i»=08; 1 : {
cout << values[i].logic; StartS from

if (values[i].time > delay) delay=values[i].time;

} bit 0 and

cout << " AT " << delay << "\n"; .
treat bit 0 as
Evoid fullAdder (tlogic a, t h, tlogic ci, tlogic& co, tlogick sum)[ { ... 7] log'ical LSB

void nBitAdder (tlogic a[], t1 h £ c ci[], tlogic ce[], t sum[], int

value

© 2014-2015, Zainalabedin NavabliLo ic Simulation with C/C++ - 4
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Timing in Logic Structures

timedFunctions.cpp B > Ty NaU=H3 timedPrimitives.cpp timedFunctions.h

[®| Timed Logic Structs 'I (Global 5cope) vI
35 Hwoid fullAdder (tlogic a, tlegic b, tlogic ci, tlogic& co, tlogic& sum)
36 |
37 tlogic axb, ab, abc;

38 . .
39 axb = xor (a, b, 5); / timedFunctions.cpp

48 ab and (a, b, 3);
41 abc and (axb, ci, 3);
42 co = or (ab, abc, 4); . . .
43 sum = xor (axb, ci, 5); Full adder using timed logic
4 |5
as
45 [Fvoid nBitAdder (tlogic a[], tlegic b[], tlegic ci[], tlegic co[], tlegic sum[], int bits)

47 i

43 // assumes @ is LSB . . . 3 5
a9 int i; nBitAdder function using timed logic
58 tlogic* ¢ = new tlogic[bits+1];
51 c[e] = ci[8];

52 for (1 = @; i<bits; itt+)

53

{
54 fullAdder(a[i], b[i], <[i], c[i+1], sum[i]); y
55 . 4 bit adder made of four FAs

56 co[@] = c[bits];
57 |1

58
mint main O[L 1]

94

© 2014-2015, Zainalabedin
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Timing in Logic Structures

timedFunctions.cpp B >0 sy U= timedPrimitives.cpp timedFunctions.h
[¥] Timed Logic Structs 'I (Global S5cope)
58 |
59 Hint main ()
68 | {
Bl tlogic *av, *bv, *ci, *co, *sumV; . .
62 timedFunctions.cpp
63 int bits, go(l);
B4
65 while (go)
1]
67 cout << "Enter number of bits of operations:
63 aV = new tlogic[bits];
69 bv = new tlogic[bits];
B Ci = new tlogic[1]; Char based adder
71 co = new tlogic[l]; ; 4
72 sumV = new tlogic[bits]; Wlth tIOgIC
73
74 getWect ("av", bits, aV); putVect ("av", bits, aVv);
75 getWect ("bv", bits, bV); putvVect ("bw", bits, bv);
76 getWect ("ci", 1, ci); putVect ("ci", 1, ci);
77 cout << "Yn";
78
79 nBitAdder (av, bv, ci, co, sumV, bits); // calculates all propagaticns
88
81 putWect (" av", bits, aV); putVect (" bv", bits, bv);
82 putWect (" ci", 1, ci);
83 putWect ("sumV™, bits, sumV); putVect (" co", 1, co);
84
85 delete []
26 delete []
87 delete []
28 delete []
29 delete []
9@
91 cout << "\nEnter @ to exit: "; cin > go;
92
93
94

i

; cin »» bits;
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min sl Bn Buole win Bn wlin i

| W - - - - ~

1rryitmry 1v7v PN Y 1Y

et el

FNT 11V

- TV ~
N S sin Y %W S Wksia Nab
-

nter numbher
nter 8 hits
nter vector
U: 14441441
nter 8 hits
nter vector
U: BiBRBREHE

1 hits

vector

AT 7

CAWINDOWS\system32\cmd.exe

of hits of operations: 8
of all: 11414111

delav: 3

AT 3

of bll: BAABBADA

delay: 5

AT &

of ci: 1

delay: 7

111113111 AT 3
#BBBBAAA AT S
1 AT 7
A0BBAEAA AT 64
1 AT 66

B to exit: 1
numher of bits of operations: 8
8 bits of al: AABAA1111
vector delav: 3
U: 8aBB1111 AT 3
nter 8 bits of blU: BBBEBBHEA
nter vector delay: &
U: BEBBERBEA AT S

52



o - - - - - o

1 rri1ry\fc Yy 1r N Y 1Y STV 1100V Q’
mim  nlis i B Suoals mis En i b sl YW’ Wl ik S N e VW b Vsls % NS
. At
CAVIBITCA S cvetarm 2 Y mrd e - O
4. CAWINDOWS\system 3 2\cmd.exe

nter number of bits of operations: 8
nter 8 bits of al: 188180811
vector delavw: 3
U: 188168811 AT 3
nter 8 bits of bU: 11118118
vector delay: 5
AT &
of ci: 1
vector delay:z 7
AT 7

18818811 AT 3
11118118 AT &

1 AT 7
188816818 AT 31
1 AT 12

B to exit: A
any key to continue . . .




| N -

~

- - - ~

1YYy itmreyYy 11 NCY 10 STV I110'T1T Vo Q
we e b ek bW ke b W W) AW NS Ve AW L VA N NS
\/ \/
e E:Eﬁ — - _
/IV = I~ UG
/ >
G4 CAWINDOWS\system32\cmd.exe / - B g
g, -

nter numher
nter 8 hits
nter vector
U: 14441444
nter 8 hits
nter vector
U: B88BBHAaA
nter 1 hits
nter vector
iz 1 AT ¢

of bhits of operations: 8
of all: 11144141

delay: 3

AT 3

of hll: BEBABH6A

delay: &

AT &

of ci:

delay:

: 11111111 AT 3
: AAABEARGA AT 5

i: 1 AT 7

: I9BPAEeE AT o4
: 1 AT 66

B to exit: 1

numher
8 hits
vector
U: Boaai1111
nter 8 hits
nter vector
hll - BERBBHAA

of bhits of operations: 8
of all: @@BA1111

of hll: BEBABH6A
delay: &
AT 5

o



Overloading Logical Operators

timedFunctions.cpp timedFunctions.h timedOperators.h* = X timedOperators.cpp
[*] Timed Logic Overloading (Global Scope)

1 Hstruct tlegic {
2 char logic;
int time;

T

tlogic operator& (tlegic a, tlogic b); Ope-rato-r OVel’loadng
tlogic operator| (tleogic a, tlogic b); 0
tlogic operator~ (tlogic a); for t]OgIC

tlogic operator™ (tlogic a, tlogic b);

SR =T = R [ Y R R Y

e

/ timedOperators.h
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Overloading Logical Operators

timedFunctions.cpp timedFunctio timedOperators.h® timedOperators.cpp™ = <
[ Tirmed Logic Overloading (Global Scope) 'I

1 #include "timedOperators.h"™
2

3 Etlogic operator& (tlogic a, tlogic b}

23

24 Mtlogic operator| (tlogic a, tlogic b}
S

45 [Eltlegic operator~ (tlogic a)

45 | {

a7 tlogic tl;

a8 if (a.logic=="1") tl.logic = '@";

49 else if (a.logic=="@") tl.logic 13

58 else tl.logic=="X";

51 t1l.time = a.time: timedoperators.cpp

52 return tl;
53 |}

54

tlogic operator™ (tlogic a, tlogic b)
s6 |1
57 tlogic t1;
58 if (a.logic==b.logic) tl.logic 'e";
59 else tl.logic = "1°;
(1] if (a.time > b.time) tl.time = a.time;
61 else tl.time = b.time;
B2 return tl;
63
&4
65

Overloaded
Operators
for struct

type




Using Boolean Expressions

timedFunctions.cpp = >C EIgls IS0, Lailaly B timedOperators.h™ timedOperators.cpp™
[*] Tirmed Logic COwerloading vI (Global Scope) 'I @ nBitAdder(tlogic a[], tlogic b[], tlogic ci[ -

H#include "timedOperators.h™
L#include "timedFunctions.h™

#define MaX(a,b)axb?a:b; /

#define MIN(a,b)a<b?a:b;

Hwvoid getWect (string wvectorName, int numBits, tlogic values[])m
Hwvoid putWect (string wvectorName, int numBits, tlogic values[])m
Hwoid fullAdder(tlogic a, tlegic b, tleogic ci, tlogic& co, tlogic& sum) Fu.” addel’

Full adder : :
(2 & ci) | (b & ci); considers logic

using ‘s d timi
Boolean and iming

expressjons void nBitAdder(tlegic a[], tlegic b[], tlegic ci[], tlegic co[], tlegic sum[], int
bits)

Hint main(}m

There are
no inside
wires to
propagate
delay values

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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nter number
nter 8 hits
nter vector
U: 1413143131
nter 8 hits
nter vector
U: A80ABEEA
1 hits
vector
AT 7

of bits of operations: 8
of al: 11141144

of bU:
delay:
AT 5

of ciz 1
delay: 7

alalalslslslsls)

11111111 AT 3
agvBERAA AT 5

1 AT ?
ageeenEa AT 7

1 AT ?

B to exit: 1

numhe

8 bhits
vector
alda1111
nter 8 hits
nter vector
U: AA0ABEEA

nter number
nter B hits
nter vector
U: 1098109611
nter B hits
nter vector
11118118
1 bits
vector

AT 7

of bits of operations:- 8
of al: #@@A1111

3
of bl: B0BBE0BEE
delay: 5
AT 5

CAWINDOWS\system32\cmd.exe =

of bits of operations:- 8
of al: 18818811

11116118

18818011 AT 3
11116118 AT 5

1 AT 7
18881P18 AT 7
1 AT 5

B to exit:- A
any key to continue

abbhalVars 4 ~ N _— YNV LLQQT N o
' N vl wlin B st Nl Nl wlia N avia I el v i P whn Nl Pl Pl wha Nt
e Ll
= CAWINDOWS\system32\cmd.exe - =

58



Logic Simulation with C/C++

@ Procedural Languages for ® Enhanced logic simulation
Hardware Modeling with timing
® Types and Operators for Using struct for timing and
Logic Modeling logic
® Basic Logic Simulation Gates that handle timing
Logic functions Utility functions
Function overloading Timing in logic structures
Passinglogic functions Overloading logical operators
Using default values Using Boolean expressions

Building higher level ® More Functions for Wires

structures
and Gates
Handling 4-value logic Cate classes

Logic vector : . :
g Carrier centric modeling

PREEIIE] e TR e i ) Compatible scalar and vector
Using pointers for logic

vectors
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Gate Classes

class3Functions.cpp class3Primitives.cpp class3Primitives.h + X
[®] Class3 Logic (Global Scope)

1 Eclass and j t;

9

N O SR / class3Primitives.h
= public: variable

13 or (); // constructor
Inline

14 void inp (char a, char b) {il=a; i2=b;}
id out (chald 1; . .
vord out (L Bl implementation

15 wvoid evl ();

Is

mclass not[ { ... }; | Member
Fclass xc-r‘ 1

| function

external
implementation

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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Gate Classes

class3Functions.cpp cs3Primitives.cpp B class3Primitives.h
] Class3 Logic (Global Scope)
#include "class3Primitives.h™

and::and() {ol="X";}

mvold and:ievi OLL ] class3Primitives.cpp
crizor() fol="X';}
Flvoid or::evl () {
if ((i1=="1")||(i2=="1")) ol="1";
else if ((il=='@')8R(i2-="8")) ol="8";
else ol="X'; OR class member

function

not::not() {ol="X

FHwvoid not:ievl (}_

wor::xor() {ol="X'

FHwvoid wor:ievl (}_




Gate Classes

class3Functions.cpp # X ss3Primitives.cpp class3Primitives.h C nctions.h | X
[*] Class3 Logic vI (Global Scope)

F#include “"class3Primitives.h"™
#include "class3Functions.h™

El\Eo:i.d fullAadder (char a, char b, char ci, char & co, char & sum) / ClaSS3FunCtionS.Cpp

char axb, ab, abc;
®or worl, wor2;
and andl, and2;
or orl;

xorl.inp(a, b); Fu.l.l addel’

xorl.evl();

xorl.out(axb); function using

andl.inp(a, b});
andl.evl()};
andl.out(ab); gate ClaS.S'eS
and2.inp(axb, ci);
and2.evl();
and2.out{abc);
orl.inp(ab, abc);
orl.evl();
orl.out(co);
xor2.inp(axb, ci);
worZ.evl(};
wor2.out(sum);

man O 7]

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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Gate Classes

class3Functions.cpp + > faF! imiti Prirmnitin
[l Class3 Logic (Global Scope)

28
29 [Hint main ()
3@ | {

31 char aC; .

n | Geres class3Functions.cpp
33 char ciC;
34 char coC;
35 char sumC;
36
37 int aij
38
39 do {

4

41 cout << “Enter a: ";

42 cin »» al; cout << aC << '"‘“n';
43
A4 cout €< "Enter b: ";

45 cin »>» bC; cout << bC << "‘n';
46

A7 cout << "Enter ci: "3

48 cin »» ciC; cout << ciC << '“n';
49

and (aC, bC, wC);
cout << "and:" << wC << "\n';

or (aC, bC, wC);
cout << "or: M << wC << "\n';

fullAdder (aC, bC, ciC, col, sumC);

<< col «< '"‘\n';
<< sumC << "Yn';

cout << "Carry:
cout << " Sum: ™

cout << "\n" << "Continue?"; cin »» ai;

} while (ai=@);




Carrier Centric Modeling

s

I

ju

l © 2014-2015, Zainalabedin Navabi -
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Pointer Based Logic Classes

*** Classes do not hold values. Since the lines are just pointers, ‘
someone else has to declare them and allocate them.

¢ evl and out are combined and evl does both. Actually, since
the outputs are pointers they will just be updated by euvl.
Every invocation of evl puts the internal output values on
the evl return value.

+* Destructor is introduced.

i

© 2014-2015, Zainalabedin Navabi -
I
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Pointer Based Logic Classes

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
= | e h--_

class2PointerFunctions.cpp class2PointerFunctions.h class2PointerPrimitives.h™ 4 >

] Class2 Pointer
Eelass and {
char *il1, *i2, *ol;
public:
and (); // constructor
rand(y: /S destructor

I ’
6 metass o T T class2PointerPrimitives.h

9 Hclass

=

GO o= oW s L R

[

class xor

Heclass ‘Full.-'l.ddE’m

49 Elclass halfadder { Chal’acter
15 char *il, *i2, *ol, *02; Pojnte_rs

public:
halfadder (); // constructor
~halfAdder(); // destructor

Gates only
\Ei:bid ios(char& a, char& b, char& co, char& sum) process and
il = &a; i2 = &b; o0l = &coj; 02 = &sum; . .
Y points to wires.
wvoid evl(); .
Wires as holders
of values and

transmitters

Wires are of
char type




Pointer Based Logic Classes

class2PointerFunctions.h
[ Class2 Pointer - (Global 5cope)
El#include "class2PointerPrimitives.h™
L#include "class2Pointerfunctions.h™

and::and() {} o o o 0
Flvoid and::ewl (:1 T
(T o S| iz fatees class2PointerPrimitives.cpp

else if ((*1l=="1'})&R&(*i2=="1")) *ol="1";
else *ol="X";

classZPointerPrimitives.h class2PointerPrimitives.cpp + X

[

O 0O ] 0 W1 o L pa

1 cr:zor() {}
12 Ewvoid -::—::‘ELvl (}I

not::not() {}

19 Hwoid not::ewl (:1
9.

worsixor() {}

void xor:zevl () { ... } |

[ 4 e A processing
8 g0 clementias o
57 | wire. A structure
has wires. Only
Structures has
wires and those

are only for
internal wires

© 2014-2015, Zainalabedin Navabl.Lo ic Simulation with C/CH¥
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Pointer Based Logic Classes

class2PointerFunctions.h class2PointerPrimitives.h class2PointerPrimitives.cpp # X
%] Class2 Pointer --I (Global S5cope) --I
78 halfadder:thalfadder() {}
71 Hwoid halfAdder::evl () {
72 // halfadder Local wires
73 char al{'X"), bL('X");
74 char coL{'X"), sumL({'X"}); /
75
76 // Declare necessary gate instances

I7 xor *xorl new xor;
and *andl new and;

Or Lssocigte pocis of fhe gates with the Local HA wires

* : xorl->ios(alL, bL, sumL};
Xor]..lOS() andl->ios(alL, bL, col); order eV]()

// via the HA pointers, read wire values that connect to functions accordjng
// the HA from ocutside, and assign them to HA Local wires

al = *il; bL = *iz; to ]Ong

// Evaluate gates in the proper order
xorl->evl();
andl->evl();

// Take calculated local wire wvalues and assign the values
// to the outside wires wia pointers of FA
*a0l = col; *02 = sumL;

Structures also
j) > b have gates that

have no

:)—D co internal wires

- © 2014-2015, Zainalabedin NavabiiLo ic Simutation with C/C++
R h-_



Pointer Based Logic Classes

class2PointerFunctions.h class2PointerPrimitives.h class2PointerPrimitives.cpp + >
%] Class2 Pointer vI (Global Scope) vI

32 fullddder::fullAdder() {7}
33 Ewvoid fullAdder::evl () {
34
35 /{ fulladder Local wires

36 char aL{"X"), bL{"X"), cilL{'X"); ”

37 char col("X"), sumL({'X"});

38 char axbL{"X"), abL{'X"}, abcL({'X"};

39
48 // Declare necessary gate instances
41 wor *worl=snew xor;

42 wor ¥*xor2=new xorj

43 and *andl=new and;

44 and *and2=new andj;

45 or *orl=s new orj

45
47 // Associate ports of the gates with the Local FA wires
43 xorl->ios{alL, bL, axbL});

49 andl->ios{alL, bL, abL);

56 and2->ios{axbL, cil, abcl);

51 orl-»ics(ablL, abclL, col);

52 wor2->ios{axblL, cil, sumLlL};

53
54 /f via the FA pointers, read wire wvalues that connect to
55 /{ the FA from outside, and assign them to FA Local wires
56 al = *il; bL = *i2; cil = *i3;

57
58 /{ Evaluate gates in the proper order

59 worl-»evl();

(1] and1—>EV1H; On'ly eV]()

N and2->evl(); functions must be
62 arl-revl();

63 xor2->evl(); ordered

B4
65 // Take calculated local wire values and assign the values

65 // to the outside wires wvia pointers of FA
*0l = colL; *02 = sumL;

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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Pointer Based Logic Classes

class2PointerPrimitives.h classZPointerPrimiti class2PointerFunctions.cpp R
[%] Class2 Pointer (Global Scope)

1 Fl#include "class2PointerPrimitives.h™
L#include "class2PointerFunctions.h™

Flint main ()

2

3

4

5 I F
6 char aC('X'), bC('X'), ciC('X'), coCF('X'Y, sumCF( %},

7

8

9

coCH{ "' ), sumCH{"X");

fulladder *FAj

18 FA=new fulladder(};
11 halfAdder *HA;

12 HA=new halfadder(};
13
14 FA-»ios(aC, bC, ciC, colCF, sumCF);
15 HA-»ios(aC, bC, coCH, sumCH};

16
17 int ai; .

18 po Shows main for full
19 o

208 cout << "Enter a: "; cin »> aC; adde.r and .ha.lf
21 cout << "Enter b: "; cin > bC; o
adder functions

22 cout << "Enter ci: "; cim »» ciC;
23

24 FA-»evl(};

25 HA->evl();

26
27 cout << "FA - Carry:
23 cout << "HA - Carry:
29
38 cout << "\n" << "Continue?”; cin »>> ai;
31
32 ¥ while (aix@);
33

- w

<< colF << "3  Sum:

w

<< colH << "3 Sum:

a

<€ sumCF << "‘\n';
<< sumCH << "‘\n';

- a




Gate Classes with Power and
Timing Calculation

timedLeogicFunctions.h timedLogicPrimitives.h + 2>

timedLogicFunctions.cpp timedLogicUtilities.cpp
[ Tirned Logic Classes - (Global Scope) -
int calculateEventTime(char lastValue, char newValue,
int inlLastEwent, int in2LastEwvent, int gateDelay, int lastEvent);

EveniTime fo NEINPPEIAaEE timedLogicPrimitives.h
char wvalue;

propag'ate int ewventTime; Wj_res have
d ] int activityCount=8;
eiay constructor
wire(char c, int d} : walue(c), eventTime(d) {

lActjvit Count wireU)ifs for value and
y 2 vold put(char a, int d) { value = a; eventTime = dj; } .
to Cal’l’y 13 vold get(char& a, int& d) { & = walue; d = eventTime; } eVent t.lme.

int actiwvity() { return activityCount; 7}

power . They have put
consumption ESCTEETE and get for
18 wire *il, *i2, *ol; . .
int gateDelay, lastEwvent; aCCGSSII'lg' thell’
char lastvalue; Value and eve.nt

public:
and{wire& a, wire& b, wire& w, int d) : .
i1(%a), 12(8&b), ol(&w), gateDelay(d) {}{ IR
~and()};
void evl(); access

function to
Heclass or| § ... 1: actjvjtyCOU
FHeclass r1|::t nt

time

Declare wire
to contain

more
8 Hclass xor| { ... }; . .
information 7
Eleclass dff_ar { . . A
wire *D, *clk, *R, *Q; than ]lJSt IOQ'IC'
[1E] int clkQDelay, rstQDelay;
61 int lastEvent; // last time cutput changed Va]ue

100 % -

© 2014-20 alnalabedin Navabi - Logic Simulation wit +4
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Gate Classes with Power and
Timing Calculation

timedLegicFunctions.cpp timedLogiclUtilities.cpp timedLegicFunctions.h timedLegicPrimitives.h # >
%] Timed Logic Classes vI {Global S5cope)
48 [Flclass xor {
Xor 49 wire *il, *i2, *ol;

COHStI’uctOI’ 5@ int gateDelay, lastEvent;
51 char lastvalue = 'X';

just ties port 52 public: tlmedLog icPrimitives.h

. xor(wire& a, wire& b, wire& w, int d) : i1(&s), i2(&b), ol(&w
pOInterS to ~xor();

o vodid evl();
wires b

Felass dff_ar {

wire *D, *clk, *R, *0Q;

int clkQDelay, rstQDelay;

int lastEvent; // last time output changed
char lastValue;

public:
dff_ar(wire& d, wire& c, wiref r, wire& q, int dC, int dR)

D(&d), clk(&:c), R(&), Q(&q), clkQDelay(dC), rstQDelay(dR) {};
~dff_ar();

vold evl();

b

O] . [/ Structures based on above primitives begin here
Is a

Flclass fullddder {

wire *il, *i2, *i3, *ol, *o02;

pointer. This

pointer is tied .
. /{ Declare necessary gate instances
to pointer of w xor *xori;

wor *worl2j;
and *andl;
and *and2;
or  *orl;

// fulladder Local wires
wire alL, bL, cil;




Gate Classes with Power and
Timing Calculation

timedLogicFunctions.cpp timedLogicltilities.cpp timedLogicFunctions.h timedLogicPrimitives.h + >

[%] Tirned Logic Classes (Global Scope‘l -

// Structures based on above primitives begin here

4

Elclass fulladder {
wire *il, *i2

re i1, *i2, *i3, *ol, *o2; timedLogicPrimitives.h
[/ Declare ne sary e ins ==

*xorl;

*xor2; Full adder class

;nr1|'1 *andl; o,

and *and2; definition declares
or *orl; o

gates and internal

o - l:rl__J c:i_L; . ) eres

e col, sumlL;
e axbL, abL, abclL;

Full adder constructor

ullAdder(wire& a, wire& b, wiref ci, wire& co, wiref sum) : ties ports of the full
i1(&a), i2(&b}, i3(&ci), o0l(&co), o2(&sum), o
aL('X', @), bL('X', @), cil('X", @), adder to external wires

“’L("."’. 0}, 5“"'“::":’ 9. and initialize internal

, , wires
orts of the gates with the Local FA wires

(aL, bL, axbL, 5); // 5 is gate delay
(axbL, ciL, sumL, 5);

new and(aL, bL, abL, 3);

new and(axbL, cilL, abeclL, 3); Thenlt has eVl()

new or(abl, abcl, col, 3); function that call
~fulladder(); gate classes in

oid 1(y;
void =0 proper order

ss halfadder {
2

wire *il, *i2,

; © 2014-2015, Zainalabedin Navabl.Lo ic Simulation with C/C++
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Gate Classes with Power and
Timing Calculation

timedlLogicFunctions.cpp timedLogicltilities.cpp timedLogicFunctions.h

timedLogicPrimitives.h # <

[®] Timed Logic Classes 'I (Global Scope)

185
186
187
188
189
11e
111
112
113
114
115
116
117
118
119
12@
121
122
123
124
125
126
127
128
129
13e

Eelass halfadder {

wire *i1, *i2, *ol, *o02;

// Declare necessary gate instances
wor *worl;
and *andl;

// halfadder Local wires
wire aL, bLj;
wire col, sumlL;

public:
halfAdder(wire& a, wire& b, wire& co, wire& sum) :
i1(&a), i2(&b), ol(&co), 02(&sum),
al{'x', @), bL{'X', ®), colL('X', @), sumL('X', @){

// Associate ports of the gates with the Local HA wires
xorl = new xor(al, bL, sumL, 5);

andl = new and(aL, bL, colL, 3);

1s

~halfAdder();

vold evl();

timedLogicPrimitives.h

half adder constructor
ties ports of the full
adder to external wires
and initialize internal
wires

Then It has evl()
function that call
gate classes in
proper order

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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Gate Classes with Power and
Timing Calculation

timedLegicltilities.h + > timedLegicFunctions.cpp timedLogicPrimitives.cpp
[ Timed Logic Classes (Global Scope) ) inpBit(string, wire &)

1 E#include "timedLogicPrimitives.h™
2 | #include "timedLogicFunctions.h™

3 . . . . .
¢ veld impeit(sicing, wircd); timedLogicUtilities.h

void outBit(string, wire);

timedLogicUtilities.cpp = >
[ Tirned Logic Classes 'I (Global S5cope)
#include "timedLogicUtilities.h™

| o . oMo o
Elvoid inpBit(string wireMName, wire& waltim}) { tlmedLog]-CUtllltleS-Cpp
char wvalue;
int time;
cout << "Enter value followed by @ time for ™ << wireName << "
cin »» walue; cin »> time;
valtim.put({value, time);

} For implementing this 1
Elwvoid outBit(string wireName, wire wvaltim) { we need Severa-l Utj.l-lty
char value; . . .
int times functions. For inbit and
valtim.get(value, time); outbit to get time and
cout << wireName << ": " << walue << " @ " << time << "\n"; !

value for wires

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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Gate Classes with Power and
Timing Calculation

timedLogicltilities.cpp timedLogicltilities.h timedLogicFunctions.cpp timedLogicPrimitives.cpp B <

[%] Tirned Logic Classes vl-) fullAdder

1 El#include "timedLogicPrimitives.h"
2 | #include "timedLogicFunctions.h™

FoeTine ma(e,by ((hyrase) Ve timedLogicPrimitives.cpp

int calculateEventTime(char lastValue, char newValue,
=] int inlLastEwvent, int in2LastEvent, int gateDelay, int lastEvent){

L T [ R 5 I O

if (lastValue == newValue) Ifoutput has Changed, the

return lastEwvent;

else , , last event time on output is
return gateDelay + MAX (inllLastEwvent, in2LastEvent); .
the larger of the inputs

calculateEventTime(char lastWValue, char newValue, p]us gate de]ay

int inlLastEwent, int gateDelay, int lastEvent){

e
[

if (lastValue == newValue)
return lastEvent;
else
return gateDelay + inllLastEvent;

void and::zevl () {

if ((il->walue == '@') || (i2->walue == '8'))
ol-»value = '@";

else if ((il-»value == "1") && (i2->value == "1"})
ol-»value = "1";

else
ol-»value="X";

ol-reventTime = calculateEventTime(lastValue, ol->value,
il->eventTime, i2-»ewventTime, gateDelay, lastEvent);

ol-ractivityCount = il-activityCount + i2-activityCount +
((lastValue == ol->value) ? 8 : 1);

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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Gate Classes with Power and
Timing Calculation

timedLogiclltilities.cpp timedLogicUtilities.h timedLogicFunctions.cpp timedLogicPrimitives.cpp = <
[%] Tirmed Logic Classes vl-) fullAdder

81 Hwoid xor:zevl () {
82

if ((il-z>value == "X’ (i2->value
o (i1->value == 'Z°' (i2->value 'z . . . g
Logic part ol >value = 'X'; timedLogicPrimitives.cpp
else if (il-»value==i2->value)
87 ol-*value="8";
a8 else
20 ol-»value="1";

Event ol-reventTime = calculateEventTime(lastValue, ol->value,
part(t]m]ng’) il-»eventTime, i2-reventTime, gatelelay, lastEvent);

ol-ractivityCount = il-sactivityCount + i2-ractiwvityCount +
((lastvalue == ol-»value) ? 8 : 1);

Activity
part(power) lastEvent = ol-»eventTime; Reta_ln last

lastvalue ol-»value;

event and last

jvoid dff_ar::evl(} { vdiue

if (R-»walue == "1") {

Logic part 0->value = '8';

Q-reventTime = calculateEventTime(lastValue, Q->value,
R-rewventTime, rstQDelay, lastEvent);

}
else if (clk-»value == 'P'}) {

Event Q->value = D->value;

Q-reventTime = calculateEventTime(lastValue, Q->value,

part(tlmlng) clk-reventTime, clkQDelay, lastEvent);
}

Q-ractivityCount = D->activityCount + 2 +

ACtIVIty ((lastvalue == Q->value) ? 8 : 3);
part(power)
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Gate Classes with Power and
Timing Calculation

timedlLogicFunctions.h timedLogicPrimitives.cpp R < Jlgylle[Wals [Tl S 0To P la]y Lol o] timedLogicPrimitives.h
[*] Timed Logic Classes --I (Global Scope)
128
121 Hwoid fullAdder::evl () {
122
123 & // Via the FA pointers, read wire values that connect to
124 | // the FA from outside, and assign them to FA Local wir‘e/
125 alL = *il; bL = *i2; cil = *i3;
1286
127 // Evaluate gates in the proper order
128 xorl->evl();
129 andl->evl();
138 and2-»evl();
131 orl-xevl();
132 xor2->evl();
133
134 o // Take calculated local wire wvalues and assign the wvalues
135 | // to the outside wires wvia pointers of FA
136 *ol = colL; *02 = sumL;
137 |}
138
139 Hwoid halfAdder::evl () {
148
141 0 /4 wia the HA pointers, read wire wvalues that connect to
142 | /4 the HA from outside, and assign them toc HA Local wires
143 al = *il; bL = *i2;
144
145 // Evaluate gates in the proper order
146 xorl->evl();
147 andl->evl();
148
149 [ // Take calculated local wire walues and assign the values
158 // to the outside wires wia pointers of FA
151 *a0l = col; *02 = sumlL;
152
153

timedLogicPrimitives.cpp

15, Zainalabedin NavabiiLo ic Simulation with C/C++
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Gate Classes with Power and
Timing Calculation

timedLogicUtilities.cpp timedLogicUtilities.h timedLogicFunctions.cpp = >C Tt | Kadu Tl Ty Tid)0
[ Timed Logic Classes --I (Global Scope)

38

31 Hint main ()

2 [t : : :
33 wire A, Bj

= A B aixnes timedLogicFunctions.cpp
35 wire sum, carry;
36
37 fulladder *FA = new fullaAdder(A, B, fb, carry, sum);
38 dff_ar *FF = new dff_ar(carry, clk, rst, fb, 4, B);
39
4@ int ai=1;

N i Serial Adder

L

43 inpBit("Serial input A",
44 inpBit("Serial input B™,
45 inpBit("FF Clock input™,
45 inpBit("FF Async Reset™,
47
43 FA->evl();
49
58 outBit("Carry output ", carry);
51 outBit("Serial output™, sum);
52
53 FF->evl();
54
55 outBit("Feedback™, fb);

56

57 cout << "\Wn" << "Continue?
58 } while (ai»@);

59
&R cout << "Activities: Sum: << sum.activity()
61 << "; Carry: " << carry.activity()

62 << "; Feedback: " << fb.activity() << "\n’

3 cin »>> ai;
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. - 1T rrYriT"i1Iryr v ol A2 1 0 R Y0
]
min slnnln B Bk nle b N e AL\ AL LA AL
o

Enter value followed hy
arry output = B @ Y61

Serdial output: 1 @ Y6A

Feedback: 8 @ 1004

ontinue? 1
value followed hy
value followed hy
value followed hy
value followed hy
output = @ @ 761
erial output: B @ 1118
B @ 1064

ontinue? 1
value followed hy
value followed hy
value followed hy
value followed hy
arry output = B @ Y61
erial output: B @ 1118
eedback: 8 @ 1264

ontinue? @

Activities: Sum: 181; Care

CAWINDOWS\system32\cmd.exe
@ time for FF Async Reset: @ 5H

Serdial input A=
Serdial input B:
FF Clock input:
FF A=zvnc Reset:

Serdial input A=
Serdial input B:=
FF Clock input:
FF A=zunc Reset:

: 181 ; Feedhack: 186

80
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. - 1T rrYriT"i1Iryr v ol A2 1 0 R Y0
Bt
.| CAWINDOWS\system32\cmd.exe - B

nter value
nter value
nter value

followed
followed
followed

: 8 AT 11

1 AT 25

: 8 AT 3

nter wvalue
nter wvalue
nter wvalue

A — Carry:
Sum:
A — Carry:
Sum:

ontinue? 1
nter value
nter value
nter value

1 AT
1 AT

1 AT 28

followed
followed
followed
A AT 11
B AT 47
B AT 3
B AT 42

followed
followed
followed
65
1 AT 78
62
42

A AT



Wire and Gate Vectors

timedVectorLogicFunctions.cpp timedVectorLogicUtilities.cpp timedVectorLogicPrimitives.h +R >

[*] Timed Vector Logic Classes - ‘I; halfAdder |5 el

Hiclass wirev {
ublic: . . . o .
" chart vaues timedVectorLogicPrimitives.h

int eventTime;

int activityCount = @; .

public: Ma.l.n
wirevV({string v, int d, int size); djfference

wirev(){};

cwireV(}{}s with wire

void put(string a, int d};

e
=

void get(s ng& a, int& d);

int activity() { return activityCount

..ast value for
timing
calculation

Wire vector has an
event time for a
char* last\!alue; .
public: g'I’OlJp Of WITeS and

andV(wireV& a, wireV& b, wireV& w, int d} :
Tt Sk el B A an activityCount for
Ym0 a group of wires.
e e This model is not
IV SO accurate since all
int gateDelay, lastEvent;

char* lastValue; ' jndjdeua.l WjTeS
public:

orV(wireV& a, wireV& b, wireV& w, int d) : are trea t ed t _h e

il(&a), i2(&b), o0l(Bw), gateDelay(d) {

lastvValue = new char[w.n + 1]; Same
© 2014-2015, Zainalabedin Navabl.Lo ic Simulation with C/C++ -
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Wire and Gate Vectors

timedVectorLogicUtilities.cpp + X timedVectorLogicPrimit > timedVectorLogicUtilities.h
[l Timed Vector Logic Classes (Global Scope)

1

Lo R [ VRN R A WU N

WL RS RS RI RS RS ORI ORI BRI ORI R R R
e R PO -~ O O VI N S~ P A O S Y N S

#include "timedVectorLogicUtilities.h™

Elvoid inpBit(string wireName, wire& wvaltim) {
char wvalue;

int time;

cout << "Enter wvalue followed by @ time for
cin »» value; cin »>> time;
valtim.put(value, time);

- o,

<< wireName <<

1

Elvoid outBit(string wireName, wire wvaltim) {
char wvalue;

int time;

valtim.get(value, time);

cout << wirelame << ": " << wvalue << " @ " << time << "NWn";

1

Elvoid inpBit(string wireName, wireV& wvaltim) {
string value;

int time;

cout << "Enter wvalue followed by @ time for
cin »» value; cin »>> time;
valtim.put(value, time);

- a

<< wireName <<

1

Elvoid outBit(string wireName, wireV wvaltim) {
string value;

int time;

valtim.get(value, time);

cout << wirelame << ": " << wvalue << " @ " << time << "NWn";

",
¥

¥

timedVectorLogicPrimitives.h

Utility for
individual
wires

Utility for
arrays
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Wire and Gate Vectors

timedVWectorLogicUtilities.cpp timedVectorLogicltilities.h timedVectorLogicPrimitives.cpp® + >

ettt L " L I_'I. dL Inf:n
= | | j

FlwireV::wireV(string v, int d, int size) : eventTime(d), n(size) {
int i;
wvalue = new char[n + 1];

v.resize(n, "X'); /
for (i = 8; i < n; i++)}{ *(i + value) v.at(i); };

*(n + value) = "\@’';

E|_\‘r~:|-id wireV::put(string a, int d){ Add]ng’ \0 to make 1t
int i o .
eventTime = d; Compatlb]e W.lt.h t.he C++

a.resize(n, '@");

for (i = @; 1< n; i+t){ *(i + value) = a.at(i);}; predefined string class

L}

Elvoid wireV::get(string& a, int& d){

int i

d = eventTime;

a.resize(n, '8");

for (1 =05 1 < n; i+){ a.at(i) = *(1 + value); }; Evi() function for wireV. Since
they are clusters, individual

Elvodid andv::evl() {

int i = o delay and power do not apply

L}

while (il-»value[i] != "‘@'){
if (((il->value[i]) == '@') || ((i2->value[i]) == '@"})
ol->value[i] = '@’;
else if ((il->wvalue[i] == '1') && (i2->»walue[i] == '1"))
ol-»value[i] = '1°;
else
ol-»value[i] = "X';
i++;
1s
L}

E||v~:|-id orvizevl() {
int i = 8;
while (il->value[i] != "“@'){

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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Wire and Gate Vectors

timedVectorLogiclltilities.cpp timedVectorLogicPrimitives.cpp™ timedVectorLogicFunctions.cpp + <
[%] Tirned Vector Logic Classes 'I (Global Scope) vI

54

65 [Elint main ()
66 | {

57 wireV aWv("18181111", @, 3), bWv("eelleese”, @, 8), cWJ/("eeesllll”, @, 8),
58 WV "BRRel111l", @, 8), yiWV("X0oXeese”, @, 8);

69
78 andy *AND = new andV({awWV, bWy, wWv, 8);
71 orV *OR = new orV{aWy, bW, yiWv, 8);
r2
73 int ai;
74
75 do {

76 inpBit("Wire

= inpBit("Wire b” ' 7 timedVectorLogicFunctions.cpp

79 AND->evl();
2. OR->evl();

81
82 outBit("Wire w AND result™, whV);
83 outBit("Wire w OR result™, yWW);
54

85 cout << "\n" << "Continue? "; cin »> aij
86 Vectors have

" } while (ai>e); character pointer
8a instead of char
96

- © 2014-2015, Zainatabedin NavabiiLo ic Simulation with C/C++
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B e 'l e o By @ Y e * 301 ) \\ aaVYalhit"eal's
| —_— - - _— — ——
V ¥V e S Ve WA % WUk W\ ¥ N’ %d & Y wia
. CAWINDOWS\system32\cmd.exe - O

Enter value followed by B time for Wire a:- 118681181 3
Enter value followed by B time for Wire b: 18811118 &5
Jire w ANMD vesult: 1006116800 @ @
Jire w OR result: 116811111 @ @

ontinue?

86



Logic Simulation with C/C++

Containing Event Based @ Hierarchal Modeling of
Timing o Digital Components

To %nclude In Wires Wire functionalities

To include in gates Cate functionalities

Gate-based structures Polymorphic gate base
Gate pointers and objects Virtual functions

Wire and gate vectors Functions overwriting

' i - Flip flop descripti
@ Inheritance in Logic hig;arcc):%mescnp 101

Structures
A generic gate definition
Gates to include timing

Building structures from
objects
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Inheritance in Logic Functions

inheritedLogicClassesFunctions.cpp inheritedLogicClassesPrimitives.cpp inheritedLogicClassesPrimitives.h # 2C

(11 oqic Class Inheritance = || *z fullidder - |

ACCéSSib]e by 16 Eclass gates

o 17 [orotecer: Different constructors
ga e classes 18 wire *i1, *i2, *o1; -7 -1
19 int gatelelay, lastEwvent; fO.rZ IanIt and] IanIt
that are
. h t df = ch?r lastValue; g‘ates and no
s —— 22 E_ater(;-.l e® a, wire& w, int d) : In.lta.l.llzat.lon
gates gatevelay(d) {}
gates({wire& a, wire& b, wire& w, int d) : - - - b
l = 'ZE(;,, iz(g;,, rla . atioeray (L O InheritedLogicClassPrimitives.h
gatesO{};
Timing activity ota i)
functions for 1 vold timingActivity2(); EvI() is needed for
. 1) wold timingActivityl();
and 2 input & each gate. Each gate
gates 5 fclass and: public gates instance use its own
A

evl() function

and{wire& a, wire& b, wire& w, int d} : gates(a, b, w, d)

~and(); o .
All gates : BRAT An inherited
inherit from |[GlBE
> class that
gate class @ Flclass or: public gates {
public:
. or{wire& a, wire& b, wire& w, int d) : gates(a, b, w, d} {} does nOt -
f | R0 have its own
Is
. evl() can y
junl 7 EHeclass not: public gates {
public: depend on |
not(wire& a, wire& w, int d) : gates(a, w, d) {} \
~not();
/f woid evl() does not exist, will use gates::evl() the base
class

" © 2014-2015, Zainalabedin Navabl.Lo ic Simulation with C/C++ -
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Inheritance in Logic Functions

inheritedLogicClassesFunctions.cpp inheritedLogicClassesPrimitives.cpp = >0 gyt M TS
[*] Logic Class Inheritance vl-) or vIEl evl()
4 #define Max(a,b) ((axb)?a:b)

int calculateEventTime(char lastWalue, char newValue,
H int inlLastEvent, dint in2lastEvent, int gateDelay, int lastEvent){

if (lastWValue == newValue)
return lastEwvent;
else
return gateDelay + MAX (inllLastEvent, in2LastEwvent);

}

int calculateEventTime({char lastWalue, char newvalue,

int inlLastEvent, int gateDelay, int lastEuent}

Ewoid gates::evl() { // inverts its input 1

TS T / InheritedLogicClassPrimitives.cpp
e i G )
else

ol-»value = "X';

gates:rtimingActivityl();

1

FElweid gates::timingActivity2() {

al-reventTime = calculateEwventTime(lastWalue, ol-»>value,
il-reventTime, i2->ewventTime, gateDelay, lastEwvent);

al-ractivityCount = il-ractivityCount + iZ2-ractivityCount +
((lastWalue == ol->wvalue) ? @ : 1);

lastEvent = ol-reventTime;
lastValue = ol-»wvalue;

L1
Fwvoid gates::timingActivityl( }

- © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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Inheritance in Logic Functions

inheritedl ogicClassesFunctions.cpp inheritedl ogicClassesPrimitives.cpp  + < [l Ty [Reds [Tal @F L2300 Ty TGN
%] Logic Class Inheritance vl-) dff_ar Calculate Output
57] Elvoid and::evl() {
value and call
if ((i1->value == '@') || (i2->value == '8'})

ol->value = '@'; timing activity at
else if ((il->value == '1') &8 (i2->value == '1'})
ol-»value = "1"; gates

elze
ol-»value = "X';

gates::timingActivity2();

L}

59 Hwvoid or:zevl{)[ { ... } P
f*void not::evl () { // uses gates::evl(); }*/ inheritedLogiCCIaSSPIimitiveS-Cpp

Hwveid xor:izevl () {

if ((il-»>value == "X

MY || (iz2-svalue == 'X') ||
(i1->value == 'Z') || (i2->value == 'Z'})

ol-»value = "X'; NO eVl() fOI’
else if (il->value==i2->value) not to use

ol-»value="8";

else that Of

ol-»value="1";
gates

gates::timingActivity2();
L}
Elwoid dff_ar::evl() {
if (R-»>value == "1") {

Q-»value = '@";

Q-reventTime = calculateEventTime(lastValue, Q->value,

R-»eventTime, rstQDelay, lastEwvent);

¥
else if (clk-»value == 'P") {

- © 2014-2015, Zainalabedin NavabiiLo ic Simutation with C/C++
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Structures from Inherited Gates

inheritedlogicClassesFunctions.cpp inheritedLogicCl rimitives. inheritedLogicClassesPrimitives.h # 2

[*] Logic Class Inheritance 'I (Global Scope) vI
76 Eclass fullAdder {
77 wire *4il1, *i2, *i3, *ol, *o02;
78
79 // Declare necessary gate instances
a8 war *worl;
81 wor *xor2;
82 and *andl;
83 and *and2; . . . . o 0
s or Forss inheritedLogicClassPrimitives.cpp
85
86 [/ fulladder Local wires
a7 wire alL, bL, cil;
88 wire col, sumL;
89 wire axbL, abL, abcl;
9@
91 public:
92 fullAdder(wire& a, wire& b, wire& ci, wirel co, wire& sum)
a3 il(&a), i2(&b), i3(Bci), ol(&co), o2(&sum),
94 al{'x', @), bL('X', 8), ciL{'x', @),
g5 coL{'X", @), sumL('X", @),
96 axbL('X', @), abL{'X', @), abcL{'X', @) {
o7
98 // Associate ports of the gates with the Local FA wires
a9 xorl = new xor(al, bL, axbL, 5); // 5 is gate delay Fu.” addel’ uses

xor2 = new xor(axbL, cil, sumL, 5);

andl new and(alL, bL, abL, 3); jn-herjted gateS-
and2 = new and(axbL, cil, abcl, 3); erlng I-S do.ne

orl = new cr(abL, abcL, colL, 3);

I3 here.
~fullAdder();

wold evl();

l};
Elclass halfAdder {
wire *il, *i2, *o0l, *o02;

// Declare necessary gate instances

- © 2014-2015, Zainalabedin NavabiiLo ic Simulation with €/C++
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Inheritance in Logic Structures

inheritedLogicClassesFunctions.cpp inheritedLogicClassesPrimitives.cpp = > JLITG{ |WaTs [T - E2T0 2l Ty T R A
[®] Logic Class Inheritance vl-) xOF vlﬁl evl()

116

117 Ewodid fullAdder::ewvl () {

118

119 O f/ via the FA pointers, read wire wvalues that connect to

126 | // the FA from outside, and assign them to FA Local wires
121 al = *il; bL = *i2; cil = *i3;
122 andl->timingfctivityl();
123 f/ Ewvaluate gates in the proper Dr‘dy
124 worl-xevl();
125 andl-xevl();
126 and2-xevl();
127 orl-revl();
1238 wor2-revl(); EVI() Of.fu.l]
129
13 f/ Take calculated local wire walues and assign the wvalues adde-r Order the
131 f/ to the outside wires wia pointers of FA
132 *0l = col; *02 = sumlLj . gates
133
134
135 Ewoid halfAdder::evl () {
136
137 ff wvia the HA pointers, read wire wvalues that connect to
138 S/ the HA from outside, and assign them to HA Local wires
139 al = *il; bL = *i2;
148
141 // Evaluate gates in the proper order
142 andl->evl();
143 xorl->evl();
144
145 // Take calculated local wire values and assign the wvalues
145 // to the cutside wires wvia pointers of FA
147 *0l = colL; *02 = suml;
148
149
158 Vector Logics
151
152 [;wi'ev::wirev(st'ing v, int d, int size) : eventTime(d), n(size) {

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++
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Inheritance in Logic Structures

inheritedLogicClassesFunctions.cpp A >C gl s | Bads T8t o i o T 40 =l a inheritedLogicClassesPrimitives.h
[%] Logic Class Inheritance 'I (Global S5cope) 'I
3 Hint main ()

{

wire aW{'@"', 3), bW('1', 5), ciW('X', @), coWF('X', @), sumWF('X', @),
coWH( "X', @), sumWH{'X', @);
wire dW("X", 4), eW('X", 4);

fulladder *FA = new fullAdder({aW, bW, ciW, coWF, sumWF);

halfAdder *HA = new halfAdder({awW, bW, coWH, sumWH);

//not *NOT = new not(aW, dW, 5); // or use gates as below

gates *NOT = new not(aW, dW, 5); // "not™ can do everything that “"gates" can.

ine i | inheritedLogicClassFunctions.cpp

do {
inpBit("wWire a", aW);
inpBit("wWire b", bW);
inpBit("wWire c", ciW);

FA->ewvl();
HA->ewl();
NOT->ewl();

outBit("FA - Carry”™, coWF);
outBit(" sum”, sumkF);

outBit("HA - Carry™, coWH);
outBit(" Sum”™, sumkH);

outBit("NOT - Gate™, duW);
cout << "\n" <« "Continue? "; cin »> ai;

1 while (ai»a@);
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Logic Simulation with C/C++

Containing Event Based ® Hierarchal Modeling of
Timing | Digital Components

To %nclude 1l Wires Wire functionalities

To include in gates Cate functionalities

Gate-based structures Polymorphic gate base
Gate pointers and objects Virtual functions

Wire ‘and gate vectors Functions overwriting

. . . : ﬂ . o
@ Inheritance in Logic ﬂgag’l aﬁeSCﬂPtlon

Structures
A generic gate definition
Gates to include timing

Building structures from
objects
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Logic Testability Analysis

., Wicen = @1con * Picom
—

- Wacen = Qocon * Docon

Wicon = Q1con + Moon = Qicon * Dicon

W

Wicon = 1 = Qycon

irrr..-...
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Wire Functionality

pol}rmorphlsmLoglcCIassesFunctlonsh poh,rrnorphlsrnLoglcCIass:sanrtrw:s h* & >

3 [Elclass wire {

" Only a copy of it is
lebl;_.:-zE:tic int numberOfWires; generated fOI’ every
c.h:r Val:_Tj - j.nsta.nce O.f ere
e PolymorphismLogicClassesPrimitives.h

public:

int wireIdentifier; —

N = wire(char c, int d) : wvalue(c), eventTime(d) { Anynew wire
wireldentifier = numberOfWires;

mmberOTWAres i ; increments number of
wires

}

wire()3{};

void put(char a, int d) { value = a; eventTime = d; }
vold get(char& a, int& d) { a = value; d = eventTime; }
int actiwvity() { return activityCount; }

pr'i:rt ec

ire *i1, *i2, *ol; Wire class

int Eate[)elay, lastEvent;

| char lastvalue; o
fi has wire
wold timingActivity2(); . o po
| wold timingActivityl(); Iden t_lﬁer
. static int numberOfGates; .
public: and static
| int gateIdentifier;
float outputControlability = 1.8; number Of

gates(wire& a, wire& w, int d) :
i1(&a), ol(&w), gateDelay(d) { 0
gateldentifier = numberOfGates; wires
numberOfGates++;

© ZU14-ZU1D, ZdinNdlabDedin Navabl -
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Polymorphic Gate Base

polymorphismlogicClassesFunctions.h polymorphismbLogicClassesPrimitives.h® B 3

[*] Logic Class Polymorphism - (Global Scope)

4 protecte
wire *il, *i2, *ol;

int gateDelay, lastEvent;

char lastWValue;
) PolymorphismlLogicClassesPrimitives.h 'i
static int numberOfGates;

public:
int gateldentifier; Gates Constructor

float outputControlability = 1.8; ) .
gates(wire& a, wiref w, int d) : agygnsan1dand
il(&=z), ol(&w), gateDelay(d) { .
gateIdentifier = numberOfGates; II‘ICTemeI‘ltS t.he gate
numberOfGates++;
' count
gates(wire& a, wirel b, wire& w, int d) :
il(&=), i2(&b), ol(&w), gateDelay(d) {
gateIldentifier = numberOfaates;
numberOfoates++;

}
gates(){};
' r -

e

virtual void evl();
virtual wvoid prob({){};
}i =
float getProb(gates*); Virtual can be overwritten by

| classes that inherit from it. If not |

23 [Hclass and: public gates { .
public: overwritten, the same evl() of

and(wire& a, wire& b, wire& w, int d) : gates(a, b, w, d} {}

~and()3 gates will be used for an

volid evl(); . .
void prob(); inherited class 0

= © 2014-2015, Zainalabedin NavabiiLo ic Simulation with C/C++ 0
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polymorphismbLogicClassesPrimitives.h B < [falalifgulaTyaTyTEyy] aTe [T-48

Polymorphic Gate Base

rimitives.cpp

[l Logic Class Polymorphism --I

(Global Scope)

-

53
54
55
56
57
58
59
=1%]
61
582
B3
B4
B85
1]
a7
(]
B89
e
71
72
73
T4
75
76
i
78
Fi
86
81
82
83
g4
85
86
87
88
89

FElclass and: public gates {
public:

and({wire& a, wire& b, wire& w, int d)
~and();

void evl();

void prob();

: gates(a, b, w, d) {]

Is

Elclass or: I
public:
or{wire& a, wire& b, wire& w, int d)
~or();
vold evl();
vold prob();

public gates {

L1
Elelass not: public gates {
public:
not({wire& a, wire& w, int d)
~not();
vold evl();
volid prob();
ks
Flclass wor:
public:
xor(wire& a, wire& b, wire& w, int d)
~xor();
wvoid evl();
vold prob();

public gates {

Ti
|
Elclass flipflop {
protected:
wire *D, *clk,
int clkQDelay;
int rstQDelay;

*rst, *cen, *Q;

©

PolymorphismlLogicClassesPrimitives.h

: gatesia,

: gates(a, w, d)} {}

b, w, d) 1}

Each gate just uses the
constructor of gates and
declares member
functions to overwrite evi()
and prob() of gates

: gates(a, b, w, d)} {}
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Polymorphic Gate

polymorphismlLogicClassesPrimitives.h polymorphismlogic...ssesPrimitives.cpp + >

[*] Logic Class Polymorphism 'I (Global Scope) vI
23
24 int wire::numberOfWires = 1;
25

Jvoid gates::evl() { // puts input 1 on output
. ol-»value = il-»value;

lee aone gates::timingActivityl(); I

input buffer L

Fwold gates::timingActivityZ() {

ol-reventTime = calculateEventTime(last
il->eventTime, i2-»eventTime, gateDelay,

ol-ractivityCount = il-»activityCount + i2-»activit
((lastvalue == ol->value) ? @ : 1);

Static initialization
must be done as
'} member functions are

lastEvent = ol-reventTime;
lastvalue ol-»value;

FElwoid gates::timingActivityl() {
defined

ol->eventTime = calculateEventTime(lastValue, ol->value
il-reventTime, gateDelay, lastEvent);

ol-ractivityCount = il-ractivityCount + ((1= —ue == ol->wvalue)?@:1);

lastEvent = ol-reventTime;
lastValue = ol-»value;

k

int gates:inumber0fGates=1;

Elfloat getProb(gates®* GATE){
return GATE->outputControlability;

Elwoid and::evl() {

if ((il->walue == '@") || (i2-»value == '8'))
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Polymorphic Gate Base

Logic Class Polymerphism - (Global Scope)

56

polymorphismlLogicClassesPrimitives.h polymaorphismlogic...ssesPrimitives.cpp # X

L4 |
Hvoid and::ewl() {

if ((il-»>value == '@') || (i2->value == '8')) Redeﬁne virtual

ol-»value = '8'; functjons O.fgate
else if ((il-»value == "1") && (i2->value == "'1")) -_
ol-»value = "1";

else
ol-»value = "X";

PolymorphismlLogicClassesPrimitives.cpp
rtimingActivity2();
Hvoid and::prob() {

outputControlability = il-»controlability * i2-»controlability;
ol->controlability = outputControlability;

0[]
prob() L - 1]

e[ 1]

Hwoid not::zprob()] [ ... 1]

oid

char valueToload = '@';

if (!containsReset) valueToload = D->value;
else valueToload = (rst->wvalue == ")y ? '@’ : D->value; .. .
DFF is inherited
if (clk-»>value == 'P") { .
Q-»value = valueTolLoad; f1’0m .ﬂ]p ﬂop

Q->eventTime = calculateEventTime(lastvalue, Q->value,



Polymorphic Gate Base

I— |
. PolymorphismlLogicClassesPrimitives.cpp

5|
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Polymorphic Gate Base

polymorghismbLogic...ssesPrimitives.cpp polymorphismlLogic...ssesFunctions.cpp W X ¥

] Logic Class Polymorphism (Global Scope)

73
74
75
76
7
78
79
88
81
82
83
84
B85
86
87
88
89
98
21
92
93
94
95
96
217
98
90

Flint main()

1
wire a('a', 3), b('1", 5), c('X', 8);
wire w('@', 3), w('@', 3), y('1', 5);

Base-pointer type
gates *NOT = new not(y, w, 5); ey a7
gates *AND = new and(a, b, v, 7); COITIpathIIIty

gates *OR1l = new or(v, c, ¥, 6);

AND->prob(); o . .
ORL->prob() / PolymorphismlLogicClassesFunctions.cpp

NOT->prob();

int ai; int time

do {
inpBit(“Wire a” time);
inpBit(“Wire b, time);
inpBit(“Wire c”, time);

cout << evl(AND) " ANDAN™;
cout << ewl({OR1) " 10R1NN™;
cout << ewl({NOT) " NOT\n™;

outBit("AOI output: ", w);
cout << "AOI output activity count:

<< w.activity() << "\n';

time += 17;
cout << "\n" << "Continue? "; cin »» ai; cout << "\n";
1 while (aiz@);

BEl/*
int main()

{
© 2014-2015, Zainalabedin NavabiiLo ic Simulation with €/C++
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Polymorphic Gate Base

polymorphismbLogicClassesPrimitives.h™ = >C [fallifyolelyel s Ty 1 MaTo [T o i To ) T AU u T}

F| Logic Class Polymorphism 'I (Global Scope)

a4

85 Hclass flipflop {

86 | protected:

87 wire *D, *clk, *rst, *cen, *Q;

88 int clkQDelay;

89 int rstQDelay;

98 int lastEvent; // last time output changed
9l char lastWValue;

92 bool containsReset = false;

a3 fleat clockControlability = 8.5;
94 static int numberOfFlipflops:

a5 public: . . o o 0
o int futprioprdentieiers | PolymorphismlLogicClassesPrimitives.h
a7 float cutputControlability = 1.8;
98 flipflop(wire& d, wire& c, wire& q, int dC)
93 D(&d), clk(&c), Q(&q), clkQDelay(dC) {
flipflopIdentifier = numberOfFlipflops;
numberdfFlipflops++;

b . .
~flipflop(){}; Pure virtual functions
virtual wvoid evl() = @;
virtual void prob() = @;
virtual woid init(float, char} = @;

Is

Iclass DFF : public flipflop {

public:
DFF{wire& d, wire& c, wire& q, int dC) : flipflop(d, c, q, dC) First Level Derived

containsReset = false; }; .
EDFF{){}; ! flip-flop classes
virtual woid evl();
virtual wvoid prob(};
virtual wvoid init(float, char);

BE
|

[Fclass DFFsR : public DFF {
public:
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Flip Flop Description Hierarchies

polymorphismlogicClassesPrimitives. h™ morphismlLogic...ssesPrimitives.cpp R X
[®] Logic Class Polymorphism - (Global Scope)
int flipfleop::numberOfFlipflops = 1;

void DFF:zevl() {
char valueTolLoad =

set) valueTolLoad
= (rst-»value ==

if (clk-»value == 'P"} {
Q-»value = valueToload;

Q->eventTime = calculateEventTime(lastvalue, Q->value, 0 0
clk-»eventTime, clkQDelay, lastEvent); BaSIC DFFWIt‘h
synchronous reset

tTime = calculateEventTime(lastValue, Q->value,
ventTime, clkQDelay, lastEvent);

>activityCount = ractivityCount) * 2 +
((lastValue ==

lastEvent
lastvalue

Elwvoid DFF::prob(){
cutputControlability = D-»controlability * clockControlability;
Q->controlability = outputControlability;
L
Elwoid DFF::init(float clkCon, char inidut) {
clockControlability = clkCon; Q-»value = in
}

Ewoid D R::prob(){ . . .
outputControlability = (D-»controlability + rst->controlability - DFFSR 1S Inhel’lted

D-»controlability * rst->controlability ) *
clockControlability; from -DFF
Q-rcontrolability = outputControlability;
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Flip Flop Description Hierarchies

polymorphismlogic...s

‘c Class Polyrmorphism vI (Global Scope) 'I Inherlted f_rom DFE

1 FFsSR : bli FF
Second Level ;ﬁicf R i public DFF { Same members but

Derivation : DFFsR(wire® d, wiref c, wire& r, wiref g, int dC, int dR) : DFF(d, c, g, dC) { assigns value to

containsReset = true;

rst = &r; existing rst of fli
\'/e) eVI(), SO rstQDelay = dR; g P

E flo
uses the one of EDFFsR(){}; P
DFF i virtual woid prob(); ’

ives.cpp polymerphismbeogicClassesPrimitives.h += >

1
T ——— PolymorphismlLogicClassesPrimitives.
Third Level (i

DFFSRE(wire& d, wire& c, wire& r, wire& e,

derjvatjon E wire& q, dint dC, int dR) : DFFsR(d, <, r, q, dC, dR) {

cen = &=;

}s
~DFFsSRE( }{};
virtual void evl();

IS
|

/f Structures based on above primitiwves begin here

Elclass fullAdder {
wire *il, *i2, *i3, *ol, *o02;

/{ Declare necessary gate instances
gates *xorl;
gates *xor2;
gates *andl;
gates *and2;
gates *orl;

/i fulladder Local wires
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Flip Flop Description Hierarchal

polymorphismbLogicClassesPrimitives.h™ polymorphismbLogic...ssesPrimitives.cpp B >

] Logic Class Polymaorphism 'I (Global Scope) vI

155

156 Hwoid DFFsR::prob(){

157 autputControlability = (D-:controlability + rst->controlability -
158 D->controlability * rst->controlability ) *
159 clockControlability;

168 Q->controlability = cutputControlability;
161 |}

162

163 [Fwoid DFFsRE:z:zewl() {

164 if (en-»walue == '1') DFFsR::evl();

165 _l}

166 I o . o o 0
167 // Structures based on above primitives begin POlymorphlsmLogICClaSSGSPIImltlveS.Cpp
168

169 Ewoid fullAdder::prob(}{
17e
171 /f Calculate probabilities in the proper order

172 xorl-=prob(); DFFsRE calls

173 andl->prob();
174 and2->prob(); DFFSR When

175 orl->prob(); value is one
176 xor2->prob();

177
178 olControlability = getProb(orl);
179 o2Controlability getProb(xor2);
180 |}

181 Bwvoid fullAdder::evl (} {

182
183 = /f Via the FA pointers, read wire values that connect to
184 | /f the FA from cutside, and assign them to FA Local wires
185 al = *il; bL = *i2; cil = *i3;

186
187 // Evaluate gates in the proper order
188 xorl-»evl();

189 andl-»ewvl();

198 and2-xevl();

191 orl-revl();
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Flip Flop Description Hierarchal

polymorphismlLogic.. sPrimniti polymorphismbLogicClassesUtilities.cpp R X
[* Logic Class Polymorphism vI (Global 5cope) 'I

3 Blvoid inpBit(string wireName, wire& waltim) {
char wvalue;
int time;
cout << "Enter wvalue followed by @ time for
cin *» wvalue; cin »> time;
valtim.put(value, time);

" " w

<< wireName << ": ";

b

Elwoid inpBit(string wireName, wire& wvaltim, int t3
char wvalue;

cout << "For @ time " << time << ", enter logic value Tor << wirelame <<
cin »>» wvalue;

valtim.put(value, time);

}

Ewvoid outBit(string wireName, wire waltim}) {
char value;

int time;
valtim.get(value, time);
cout << wirelame << ": " << value << " @ " << time << "\n";

b

Elwoid inpBit(string wireNames, wireV& valtim) {
string value;

int time;

cout << "Enter walue followed by @ time for
cin »» wvalue; cin »> time;
valtim.put(value, time);

<< wireName <<

1

Elwvoid outBit(string wireName, wireV wvaltim) {
string value;

int time;

valtim.get(value, time);

cout << wireName << ™: " << value << " @ ™ << time << "\n";
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Flip Flop Description Hierarchal

pelymorphismLogicClassesUtilities.cpp pelymerphismbLeogic...ssesFunctions.cpp = ><

[®] Logic Class Polymorphism vI (Global Scope) vlffl main(}
=lint main()

i

wire a{'@', 3), b('1', 5), c('X', @), clk('X', @), rst('X"', @),
en('X", @),
QL{'X", @), Q2('X", 8), Q3('X', @);

wire w('@', 3), w('@', 3), y('1', 5);

flipflop *FF1 = new DFF(a, clk, Q1, 481);

flipflop *FF2 = new DFFsR{a, clk, rst, Q2, 582, B6);
flipflop *FF3 = new DFFsRE(a, clk, rst, en, Q3, 683, 7);
Frl->init(Tloat(¥.37), "1 );

FF2->init(float(®.37), "1’ }F
FF3-»init{fleat(@.37), '1'34

gates *NOT new not(y, w, 5);:
gates *AND = new and(a, b, v, 7)]
gates *OR1 = new or(v, c, ¥, 6);

AND->prob(); 0
OR1->prob( ) Pointer

NOT->prob(); compatibility
FFl->prob();
FF2->prob();
FF3->prob();

cout << "AND gate Id: " << AND->gateldentifier << "“n';
cout << "OR1l gate Id: " << ORl->gateldentifier << "“n';
cout << "NOT gate Id: " << NOT->gateldentifier << "“nn";

cout << "DFF2 cutput l-probability: ™ << FF2-routputControlability <<
cout << "DFF3 cutput l-probability: << FF3-routputControlability <<

cout << "AO0I output l-probability: << getProb(NOT) << "n';

cout << output l1-probability: << FFl-»outputControlability
cout << output l1-probability: << FF2-routputControlability
cout << output 1-probability: << FF3-»outputControlability
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Flip Flop Description Hierarchal

pelymorphismlLogicClassesUtilities.cpp polymorphismlegic...ssesFunctions.cpp = >

%] Logic Class Polyrmorphism (Global Scope) vI
39
48 int ai; int time
41
42 do {
43 inpBit("Wire a", a, time);
Lo inpBit("Wire b", b, time);
45 inpBit("Wire c", c, time);
45 inpBit(“Clock input™, clk,
47 inpBit(“Reset input™, rst,
43 inpBit(“Enable input™, en,
49
58 AND->evl();
51 OR1->evl();
52 NOT->evl(); l . . .
- RGNS PolymorphismLogicClassesFunctions.cpp
54 FF2->evl();
55 FF3->evl();
56
57 outBit("AOT output: ™, w);
58 outBit("DFF1l output: ™, Q1);
59 outBit("DFF2 output: ™, 0Q2);
&R outBit("DFF3 output: ™, Q3);
61
62 cout << "AOI output activity count: w.activity() << "\n';
63 cout << "DFF1l output activity count: Ql.activity() << "\n';
%3 cout << "DFF2 output activity count: Q2.activity() << "\n';
65 cout << "DFF3 output activity count: Q3.activity() << "\nin";
66

67 time += 17;

68 cout << "\n" <« "Continue? "; ai; cout << "\n";
B9
78 } while (ai>@);
71 |}
72 =)=
73 int main()

74 |{

75 wire aW('@", 3), bW('1", 5), ciW('X", @), coWF('X", 8), sumkWF('X", @),
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Conclusion

This chapter presented: ‘

® Procedural Languages for Hardware Modeling
® Types and Operators for Logic Modeling

@ Basic Logic Simulation

@ Enhanced logic simulation with timing

@ More Functions for Wires and Gates

@ Inheritance in Logic Structures

® Hierarchal Modeling of Digital Components

s

I
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