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Logic Simulation with C/C++
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Logic Simulation with C/C++
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Logic Simulation with C/C++

Containing Event Based ® Hierarchal Modeling of
Timing e Digital Components

jie %nclude & & Wire functionalities

To include in gates Gate 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 hiler;ar%l?lalescnp lon

Structures

A generic gate definition
Gates to include timing

Building structures from
objects
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Logic Simulation with C/C++
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with timing
Using struct for timing and
logic
Gates that handle timing
Utility functions
Timing in logic structures
Overloading logical operators
Using Boolean expressions

® More Functions for Wires

and Gates
Gate classes
Carrier centric modeling
Compatible scalar and vector




Hardware Modeling

. Data
Memory
Data
Compress

m
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C++ Environment

= |11 | | [ | [

‘ Solution Explorer = I | CPPBasicsh # X W

| com e-eadnd’
tion Explorer (Ctrl- P~

|Eserns o W) |
1  #include <iostream> —
2  using namespace std; = Namespace std .
R e Ree il Basics.h

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

include

Source File _
eI declarations

Source File

statements

an

cout << "Starting Simulation ..." << "\n";
cout << "Enter A: “; cin > A

cout << "Enter B: “; cin »> B;

C=A+B;

cout <<« "Add result is:
return @;

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

Starting Simulation ...
Enter A: 4
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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

_

Floating-point Type Double Precision not less than float

Long Double Precision not less than float

Boolean Type _
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Using Boolean Type

Boolean Type.h = X -

[*] Boolean Type - (Global Scope) —

1 #include <iostream>

using namespace std; BOOlean Type.h

Boolean Type.cpp ® X -

ude "Boole

Boolean Type.cpp

operations
bool b(1);
kool anding;
int go;
cout << "Performing Lg Simulation . . .W\n";
anding = a && b;
cout << Ma:" << a << "; b:" << b << ") anding:” << anding << "Wn";
cout << "Enter @ to exit:™;
cin >> go;

return @;




A

Types and Operators for Logic
Modeling

A\ Yo X4
Character Type.h R X Converts 0 and

‘1’ to 0 and 1 for VAN

#include <iostr Boolean OPeratlonS

using namespace

Character Type.h

Macro declaration

> P~ (GiobaiScopo g

#include "Charag

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

I

Flint main ()
r

C e na- o Character Type.cpp

char i2
char op;

T [ T W B ST I )

== o~ )
while (go) {
cout << "Enter Operation (A, 0, X) followed by input values: ";
cin >> op >»> il >> i2;
switch (op) {
case 'A': case 'a':
cout << i1 << " AND " << 12 << M dis: M <« (BIT(il) && BIT(i2)) << "\n’;
break;

Default case case '0': case 'o0':
statement cout << i1 << " OR ™ " dis: " << (BIT(i1) || BIT(i2)) << '\n

break;

case 'X': case 'x': . . Procedural

cout << il << ™ XOR " €< 12 << ™ dis: " <¢ (BIT(il) !'= BIT
break; .
i statements:
cout << “"Wrong operation \n";
) If else
cout << "Enter @ to end:™; ci 3 .
While

Switch case
-,imwwkh(§%£+

return @;



Using Enumerators

Four Value System.h & X =

[®] Enum Type

[

W L P

o

~

F#include < ream 'NUM t-Y‘pe

|_#1r1c1udv.=. \:-tr"ln g>
sing H std;

uing namepece Four Value System.h

enum lwv4 {1x, 18,11, 1Z%};

const lvavalue [4] = {1

const string lv4Image [4] =

Constant arrays
for converting

Four Value System.cpp + € -

=

=

0 00 =] & W s W R

#include "Four Walue System.h™

Ellv4 ANDlv4 (lv4 a, lva b)
r

T Four Value System.cpp
if (a==1X || b==1X || a==1Z || b==1Z) w=1X;

else if (a==11 && b==11) w=11;

else w=1@;

return w;

12 HElv4 ORIv4 (1v4 a, 1ve b)[{ ... 7|

Flvs XORlv4 (lv4 a, lvd b)[ { ... 7|

mint main ()T 7]




Using Enumerators

Four Value System.cpp + > R EITERAY= TN

| Enum Type - (Global Scope)

1 #include "Four Value System.h”

;@ lva ANDLva (1v4 a, lva b)[ { ... } |
Elva ORlva (1v4 &, lvd b)[ [ ... ]|
M1lv4 XORlv4 (1va a, Iva b)[ { ... 1|

[Flint main ()

{

Iva i1 = 1X;
l.

i2 = 1x;

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

} while (go);

= |1 [ S| [ NI

BC.

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': 0 = AND1v4 (i1, i2); break;
case '0 0 ORlv4 (i1, i2); break;
case 'X': XOR1lv4 (i1, i2); break;
default: out = 1X;
¥
cout << i1 << " " << op << " " << 125
cout << ", is: " << out << "\n';
cout << lv4Image[il] << ™ " << op << " " << lv4Image[i2];

cout << ", is: " << Iv4Image[out] << "\n'; ConverSion to StI‘il’lg
cout << "Enter @ to end:™; cin >> goj for prlntlng
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Waveform Generation

String Character.h + X -

Y 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 0s. Turn into

int i, 1;

1 = seq.length(); WaVGfOI’m

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

{

if (seq[i]=="8') cout << “__"; .
else cout << "--";
! String Character.cpp

cout << "hn';
return 1;

—lbool char2bocl (char c)

Equivalent to BIT
macro

if (c=="8") return 8;
else return 1;

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 && inZ

glse if (fn == "OR" || fn == "or™) out = inl ||

else if (fn == "XOR" || fn == "wor™) out = inl != in2;
else out = @;

return out;
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Types and Operators tor Logic
Modeling

= |1 [ S| [ NI

String Character.cpp + X -
[ String Characters - (Global 5cope) ~| @ operation(string fn, bool in1, bool in2) -

17 Hbool char2bool (char c)| { ... } |
Hbocl operation (string fn, bocl inl, bool ir'u;T;'j

Fint main ()

string ilSeq, i2Seq;

string logic; String Character.cpp
int 1, illen, iZ2len, cutlen;

bool il=0, i2=0, out=8;

o,

40 while (go) { MIN macro

4 cout << “Enter logic type and input sequences 1 1 5
Output the cin »»> logic »»> ilSeq »> i2Seq; calcu atlng

waveform for illen=wave (ilSeq); output waveform
. i2len=wave (i25eq); length
bR o\ o )b liF-T-Yo b[-Volel-W" outlen = MIN (illen, i2len); g

45 string outSeq (outlen, '@8');

for (i=8; i<outlen; i++) { .
i1 = char2bool (ilSeq[i]); Apply a certain

i2 = char2bool (i25eq[i]); logic operation
out=operation(logic, i1,i2);

outSeq[i] = out ? '1" : 3 Output the
¥
outlen=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

B to end:1
logic type and input

B to end:1

logic type and input

any key to continue

SequUences:

SequUences:

Sequences:

OR B811180@11018 1080811118081

A0R AUAA1111116888 11111111 8AAAGH
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Logic Simulation with C/C++
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Basic Logic Simulation

= |11 | | [ | [

logicGates.h # X =

] Logic Simulation - (Global Scope)
i #include <jiostream:
using namespace std;

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

nand (boocl a, bool b);
nor (bool a, bool b);
wor (bool a, bool b);

and (bool a, bocl b, bool& w); Primitives-h

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 (bool a, bool b, woid (*f) (bool, bocl, booll)); Gate function
and5 (bool a=true, b=true, // up to 5 inputs prototypes

bool c=true, d=true, bocol e=true);
ors (bool a=false,

bool c=false, bool e=false);
xors (bool a=false,

bool c=false, bool e=false);

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

2014-2019, Zainalabedin Navabi - Logic Simulation
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Logic Functions

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

(NI I I RV R T

13 Hbool not (bool a}l

= |11 | | [ | [

b

Flbocl and (bool =, bool b)

1

}
#Hbool or (bool a, bool h)

return (a2 && b);

Primitives.cpp

nand (bocl a, bool b:l
nor (bool 3, bool h}
xor (bool 3, bool h}

and (bool &, bool b, boold w) Functions are

overloaded for
various type of
procedure and

vector format

Pass by
wo=a && b; reference.

Value can be
returned via
this argument

or (bool a, bool b, bool& w)
3 Hwoid not (bool a, bool& w)
nand (bDDl dy bool bJ bool& .:] | _.

a void

53 Hwvoid nor (bool &, bool b, bool& w)| { ... 1]

#void xor (bool a, bool b, bool& w) [ ... 1|

logic (bool a, bool b, void (*f) (bool, bool, bool&)) Function passing. Function
pointer is passed to logic
(*F) (=, b, w); as an argument

return (w);

0 = & I_‘F; TR
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Using Detfault Values

logicGates.h # X =

] Logic Simulation - (Global Scope)
#include <jiostream:
using namespace std;

- (Global Scope)
and (bool a, bocl b);
or (bocl a, bool b);
not (bool a);
nand (boocl a, bool b);
nor (bool a, bool b);
wor (bool a, bool b);

and (bool a, bocl b, bool& w); Primitives-h

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
ool

bool c=true, b« d=true, bocol e=true);

ors (bool a=false, bocl b=false, - -
bool c=false, bool d=false, bool e=false); TO use thls funCtlon

xor5 (bool a=false, bool b=false, Wlth fewer arguments ,
bool c=false, bool d=false, bool e=false});
all arguments must
and (bool[], beoecl[], bool[], const int);
or (bool[], bool[], bool[], const int); have default wvalues
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Building Higher Level Structures

primitives.cpp logicGates.cpp™ = X

[l Loglc Simulation - (Global Scope)

F#include "logicGa
[#1nc1ude "primitives.h"

logicgates.cpp

ci, bool& co, bool& =u

a 0 X0 3/ uses: void xo 'hEn:ll, bool 3 bool&) o o
o o ' Use logic function and

T e TS pass specific function

(ab, abc, or);
1uElC (axb, ci, xor);

}

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

{

bool ab, bc, ac;

ands (a, b);

and5 (b, ci);

and5 (a, ci);

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

Full-adder implementation

A Bl EEHE
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Building Higher Level Structures

p logicGates.cpp® += >

ulation - (Global Scope)
F#include "logicGa h"
L#include "primitives.h

i

FEwveid fullAdder (bool a, bool b, bool ci, bool& co, bool& sum)

{

bool axb, ab, abc;

axb = xor (a, b); .

o = xor (2. 0); logicgates.cpp
abc = and (axb, ci);

co = or (ab, abC:Ij

sum = xor (axb, ci);

bocl a, b, c, co, sum;
¥ ¥ ¥ ¥ ¥

dt:l {
cout << "Enter a, b, c:

3 cin »» a »*» b »» cj

fullAdder (a, b, ¢, co, sum); Ca]_l_lngfu_”-adder

" w

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

cout << "\n" << "Continue?"; 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
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Handling 4-value Logic

1 #include <iostream:
2  using namespace std;

CharacterFunctions.h

characterPrimitives.h + X

(%] Character Logic - (Global 5cope) -

char and (char a, char b);
char or (char a, char b}; . o
char not (char a); ChaIaCterPrlmltlveS.h
char tri (char a, char c);

char resolve (char a, char c);

char xor (char a, char b);

1 andichar a, char k)

a

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

© 2014-2019, Zainalabedin Navabi

- Logic Simulatio'with C/C++
= 1] | A | [ 1




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 - (Global Scope)
Binclude "characterPrimitives.h™

et

=lchar and (char a, char b)

if ((a=="@"}||(b=="@")) return '@';

e o = e rEaT L CharacterPrimitives.cpp

else return 'X';

|
3
4
5
[
7
a
3
-

12 FHchar or (char a, char h)
char not (char a)
char tri (char a, char c}

Flchar resolve (char a, char b)

if (a=='Z' || a==b) return b; But the drawback

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

clse return X' is that we have to

: char xor (char a, char h} generate Our OWH

I Hwoeid fullAdder (char a, char b, char ci, char & co, char & sum) ]Ogjca.l functhHS.
{ .

char axb, ab, abc; Th.ls happens One

axb = xor (a, b); and can easily be

ab and (a, b);

abc = and (axb, ci); eused

co = or (ab, abc);
sum = xor (axb, ci);
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Handling 4-value Logic

= 1] | A | [ 1

characterPrimitives.cpp characterFunctions.cpp = >

[¥] Character Logic - (Global Scope)
Binclude "characterPrimiti h"
|_#ir1c1ude "characterFunctions.h™

CharacterFunctions.cpp

Fwoid muxStd2T0l (char a, char b, char& w, char sel)

multiplexer

selB, selB_ce, sel_oe;
asel;

Multiplexer
with OF sels = not(sel);

and(selB, oe);

and(sel, oe);
tri(a, selB _oe);
tri(b, sel_oe);
solve(asel, bsel);
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Logic Vector

vectorFunctions.h = X vectorFunctions.cpp ® X -

%] Logic Vector Simulation - (Global Scope) -

1 H#include <iostream>
2 |_#:i.r1|::1ude <string>

VectorFunctions.h

3 using namespace std;

LY Legic Vector Simulation - (Global Scope) |5 and(bool 3, bool b)
1

hool and (bocl a, bool b);
2  bool or (bool a, bool b);
3 bool not (bool a);

void and (bool a[], bocol b[], bool w[], const int SIZE}; VeCtorPrlmltlveS'h
void or (bool a[], bool b[], bool w[], const int SIZE);

Arrays are
passed by
reference to
first location
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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 1; Loop and index
for (i=8; i<5IZE; i++) {

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

}

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

Logic vectors
overloaded
basic
functions
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Logic Vector

vectorFunctions.cpp # X

vectorame, int numBits, bool wvalues[])

T

wertorilame << ": "3

cin »» wvaluess;

for (i=8; di<nus 5 1 ot - . Read Strj.ng and

if (valuesS[i] == '

else values[i] = false; turns it into an
) array of bool

FHwoid putBits (string v
Fweid two20neMux (bool a[], bool b[], beool

{

bocl as [8];

bool bs [8];

int i 5 o
for [i=d5 i<S i+ Array indexing

as[i]

(i=8;
bs[i] =

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

J o
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’NCY 1Y

mhenl Y’

nia S

-

F ' N4 Y F Y

Enter & hitz of bhU: 811188681
Enter 1 bhits of sell: 1
woZ20neMux uszing and. or,. not
U= 118681111
A11106681
T A111686681
wo20neMuxB using ¥:
U= 118681111
A11106681
W) B111686861

ontinue €@ or 1371
Enter 8 bits of al: 118681111
Enter 8 hits of bU: B1i1166881
Enter 1 bits of =ell: A
wo20neMux using and. or,. not
118681111
B11168861
oz 11881111
wo20neMuxB using 7:
U- 118681111
B11168861
oz 11881111

31



Logic Vector

1l

characterVectorFunctions.cpp characterVectorFuncticns.h characterVectorPrimitives.h -+ €

[¥| Character Vector Logic - (Global Scope) -

Fl#include <i
L#include :
using namespace std;

char nd (char a, char B); characterVectorPrimitives.h

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

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

woid and (char a[], char b[], char w[]); ShOWS arrays Of

woid or (char a[], char b[], char w[]);

wolid 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

int i=8;

while (a[i] != "\@') {
w[il = and (s[i], b[il); Null character
S marks the end

of the vector

8 Hvwveid or (char a[], char b[], char w[])} { ... }

58 Wwvoid tri (char a[], char c, char '.-.'[])

58 Hweid resolve (char a[], char b[], char w[])

{

int i=8;

while (a[i] '= "\@') {
w[i] = resolve (a[i], b[i]);
it

#char xor (char a, char h)

» [lwoid fulladder (char a, char b, char ci, char & coc, char & sum)

char axb, ab, abc;

xor (a, b);

and (a, b);

and (axb, ci);
or (ab, abc);
= xor (axb, ci);

© 2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++
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[¥] Character Vector Logic - (Global Scope) -

38 [Hweid and (char a[], char B[], char w[])

characterVectorPrimitives.cpp




Logic Vector

= |11 | | [ | [

F

characterVectorFunctions.cpp + > characterVectorPrimitives.h characterVectorPrimitives.cpp

[®] Character Vector Logic - (Global Scope) -

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

T

FY

Ewvoid muxB5Std2TOl (char a[], char b[], char w[], char sel}

int i-0; characterVectorFunctions.cpp

do {

i

(]

=

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

a
s @0 o

, char b , char =el, char ce

char selB, selB_oe, sel_oe;
char asel [9];

char bsel [9]; 8'Blt Chal’actel’ VeCtOI‘
based mux

selB = not(sel);
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-
bits are entered,

main ()

char atv [9], bV [9]; using cin
char sel, 0w automatically
char wCW [9]; ; ;
puts ‘\0’ at the
end of string

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

© 2014-2019, Zainalabedin Navabi - Lo
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Sequential Circuit Modeling

sequentialFunctions.h # X characterPrimitives.cpp sequentialFunctions.cpp -

%] Sequential Model - (Global Scope)

1 H#include <iostream>
#include <fstream:
#include <string>
using namespace std;

char and (char a, char b);

char or (char a, char b); CharacterPrimitives.h

DFFaLRhE =
D filp flop
active low

reset active

high enable

© 2014-2019, Zainalabedin Navabi
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Sequential Circuit Modeling

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

1 har and (char &, char b) { ... I |

7

8 Echar or (char &, char b)[ [ ... ||
14
» Flchar not (char a)

Elwoid dff PAH (char D, char clk, char reset, charQ)

// Posedge, Asynch, active-Low Characterprimitives . Cpp

D flip flop with
asynchronous reset




Sequential Circuit Modeling

Moore 110 sequence detector

E_
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Sequential Circuit Modeling

characterPrimitives.h sequentialFunctions.h

characterPrimitives.cpp sequentialFunctions.cpp B
%] Sequential Model - (Global Scope)

Fl#include "characterPrimitives.h™

L#include "sequentialFunctic

S T S

FElint main ()

string invee; SequentialFunctions.cpp

T
string outVec = “,,,,";
char ain('®"), reset, clock;

9]

o

-

char Y1{'X"), vy@('x"), D1, D8,

it
: @ W00

£y File handling

)3

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

finp >> inVec;
ain = inVec[@];
reset = inVec[1];
clock = inVec[2]; Conve.rt
{ combinational parts in proceduaral fashion

f followed by the sequential parts Strjng to
= or(and(¥1, Y8), and (ain, Y@)); char.

= ainj;

and(¥1l, not(Ye)); Operatjons
outVec[®] = w; // se values are after .
outWec[2] 1; plication of the in Char

outVec[3] = : previous inputs
fout << outVec+"\n™ << inVec << ™ -> "3

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

© 2014-2019, Zainalabedin Navabi - Lo
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Sequential Circuit Modeling

indata.tst >

Indata.tst

Ain, reset, clock

‘ - © 2014-2019 Zainalabed-in Navabi - Logic Simulation with C/C++
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Sequential Circuit Modeling

===

indata.tst

© 2014-2019, Zainalabedin Navabi -

=]

B

Cutput, Next =tate

X, XX
X, XX
X, XX
X, XX
0,X1
0,00
0,00
0,01
0,11
1,10
0,00
0,01
0,11
0,11
1,10
0,01
0,11
1,10
0,01
0,11

outdata.tst

W and 2 bits of states

Clock by
clock
output

Logic Simulation with C/C++




Using Pointers for Logic Vectors

pointerFunctionsFileData.h

pointerFunctionsFileData.cpp

STl S T T SR pointerP rimitives.cpp

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

void
void
void
void
void

(W S T

1]

void
void
void
void
void

W |

void

void

= |11 | | [ | [

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

© 2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++




Using Pointers for Logic Vectors

pointerFunctionsFileData.h pointerPrimitives.h LIS TR RSl pointerFunctionsFileData.cpp

‘atyy 2 Overloading AND

8':
1)) 2 "1':

Hwvoid or (char a, char b, char & w}| |

pointerPrimitives.cpp

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) = "\@";
FHwvoid 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)

- © 2014-2019 Zainalabed-in Navabi - Logic Simulation with C/C++
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Using Pointers for Logic Vectors

pointerFunctionsFileData.h imitives. interPrimitives.cpp® # > interFunctionsFileData.cpp

(Global Scop - resolve(char * a, cha

int i=8;

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

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

*wti) = "\@';

pointerPrimitives.cpp

(sel=="1") ? *(b+i) : *(a+i); Pointer referencing in
} while (*(a+i) != "\@'); a multi bit multiplexer

*(wti) = "\@°;
Hvoid mux8Tri2T01 (char *a, char *b, char *w, char sel, char oe)

do {
if (oe 3 vt s 1"y ? *(b+i) : *(a+i);
else *(w+i) 3
14+

} while (*(a+i)

*(wti) = "\@°';

© 2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++

=]




Using Pointers for Logic Vectors

pointerFunctionsFileData.h pointerPrimitives.h pointerPrimitives.cpp™ pointerFunctionsFileData.cpp = X -
[%] Pointer Logic File Data (Global Scope) -
1 H#include "pointerPrimiti
[#include "pointerFunctic

 int main O pointerFunctionsFileData.cpp

{

clare and initialize inp
declare and initialize out

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) us]ﬂg- I'fstream 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';

- © 2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++
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Using Pointers for Logic Vectors

===

B11 wector lengths are 8

Inputs are a, b vectors and =el,

Std Mux: 11001111
Tri Mux: ZZZZZZZZ
Inputs are a, b wvectors
Std Mux: 11110001
Tri Mux: 11110001
Inputs are a, b wvectors
Std Mux: 11110000
Tri Mux: ZZZZZZZZ
Inputs are a, b wvectors
Std Mux: 11001100
Tri Mux: 11001100
Inputs are a, b wvectors
Std Muax: 11101010
Tri Mux: 11101010
Inputs are a, b wvectors
Std Mux: 00111110
Tri Mux: ZZZZZZZZ
Inputs are a, b wvectors
Std Mux: 00101001
Tri Mux: ZZZZZZZZ
Inputs are a, b wvectors
Std Mux: 00001110
Tri Mux: 00001110

11001111

11110001

10101011

11001111

111310000

00111110

01110001

00001110

11110001 O 0

Outdata.tst
00010101

11110000

11001100

11101010

00110011

00101001

01010101
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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
Passing logic functions Overloading logical operators
Using default values Using Boolean expressions
Building mgher level ® More Functions for Wires
structures and Cates

Handling 4-value logic
Logic vector
Sequential circuit modeling

Using pointers for logic
vectors

Gate classes
Carrier centric modeling
Compatible scalar and vector
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Using Struct for Logic and
Timing

| ===

(=

5w

W =] WA

[
=

I | ] 1

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

Elstruct tlogic { [ ]

© Clogi | ) ..
char logic timedPrimitives.h

tlogic and (tleogic a, tlogic b, int delay);
c b, int delay);

ocgic xor (tlogic a, tlegic b, int delay};

= (=] o

Structure to
accommodate
time as well as

logic
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Gates that Handle Timing

timedPrimitives.h timedPrimitives.cpp + < [llEs e laTy E

timedFunctions.cpp
[®] Timed Logic Structs (Global S5cope) ~|@ not(tlogic a, int delay)
#include "timedPrimitiwves.h"

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

a.logic=="@")||(b.logic=="8")) { . . oy 0
€1.logic = 03 ' timedPrimitives.cpp
if (a.logic=="8") tl.time = a.time + delay;

else tl.time = b.time + delay;
} . .
else if ((a.logic=='1')8&(b.logic=="'1")) { And logic function

tl.logic = '1'; with timing

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;

e o1 A more accurate
delay

ogic b, int delay)[{ ... } | .
gic not (tlogic a, int delay)[{ ... } | propagatlon
Etlogic xor (tlogic a, tlogic b, int delay) requires the gate
tlogic t1; function to be
if (2.logic==b.logic) tl.logic = '@';

else tl.logic = "1'; aware ijtS

if (a.t:i.me. > b.t:i.me.; tl.time = a.time + delay; .
clse t1.tine = b-tine + delay; previous output
value
© 2014-2019, Zainalabedin Navabi = Logic Simulation with- §/@% +
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Utility Functions

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

] Timed Logic Structs (Global 5cope) =@ main()
1 H#include "timedPrimitives.h™
L#include "timedFunctions.

#define MAX(a,b)axb?a:b; . .
#define MIN(a,b)a<b?a:b; tlmedFunCtlonS.Cpp

pvoid getVect (st ec e, int numBits, tlogi
/ er according to significance
ing wvaluessS;

int i, bits, delay;

cout << "Enter " << numBits << ™ bits of " << vectorName << ™

cin »> valuesS; . R Entered: 1011

bits = MIN (valuesS.length(), numBits); // if fewer
cout << "Enter vector delay: "; cin >> delay; V'a]uess- ]0]]

for (i=bits-1; i>=9; i--) { Val 1101
( ‘ alues.

time = delay;
ime = delay;

Pointer referencing

int i, delay;

g:j‘:y<: 3:;ch'|r“r-larre g " "y Thjs methOd

for (i=num -1; i»=8; i—J—) T
cout << values[i].logic; ’ StaI’tS from

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

} bit 0 and

cout << " AT " << delay << "\n";

J treat bit 0 as
35 Evoid fullAdder (tlogic a, tlogic b, tlogic ci, tlogick co, tlogick -surr) ]Og’jca] LSB

45

void nBitAdder (tlogic a[], tlegic b[], t c cif], tl co[], tle sum[], int

value

- © 2014-2019 Zainalabed-in Navabi - Logic Simulation with C/&4+
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Timing in Logic Structures

timedFunctions.cpp B > Ty NaU=H3 timedPrimitives.cpp
[®| Timed Logic Structs - (Global 5cope)
Fwoid fullAdder (tlo tlogic b, tlogic ci, tlogic& co, tlogic& sum)

timedFunctions.h

tlogic axb, ab, abc;

axb xor (a, b, 5);

ab and (a, b, 3};

abc and (axb, ci, 3);

co = or (ab, abc, 4);
xor (axb, ci, 5);

nBitAdder function using timed logic

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

fullAdder(a[i], b[i], <[i], c[i+1], sum[i]); 4b1t addel‘made Of.fourF.AS
co[@] = c[bits];

}
9 mint main O[{ . 1]

© 2014-2019, Za
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Timing in Logic Structures

timedPrimitives.cpp timedFunctions.h

- (Global S5cope)

*av, *bv, *ci, *co, *sumV;

timedFunctions.cpp

int bits, go(l);

while (go)
r

1
"

cout << "Enter number of bits of operations: ™; cin >»> bits;

aV ic[bits];

bv = ic[bits];
R Sl Char based adder

c1

<o el with tlogic

sumy

getWect ("av", bits, aV); putVect ("av", bits, aVv);
getWect ("bv", bits, bV); putvVect ("bw", bits, bv);
getWect ("ci", 1, ci); putVect ("ci", 1, ci);

cout << "\n";

nBitAdder (av, bv, ci, co, sumV, bits); // calculates all propagaticns

putWect (" av", bits, aV); putVect (" bv", bits, bv);
putWect (" ci", 1, ci);
putWect ("sumV™, bits, sumV); putVect (" co", 1, co);

delete [] av;
delete [] bv;
delete [] ci
delete [] co;
delete [] sumVv;

i

cout << "\nEnter @ to exit: "; cin >

© 2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++
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nter numbher
nter 8 hits
nter vector
U: 14441441
nter 8 hits
nter vector
U: BiBRBREHE

1 hits

vector

AT 7

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

)



~ 5 0 ° ~ -

- -l o o N Ba - N -

1@ PNCY 1Y STUVrI110' 71T VA

« T =

mn I el W Wl sk %W’ N’ e VR W S Viasia b NS
_—

nter number of bits of operation
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

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

53



- N - - - - ~

1YY YT N eY 17 ’NCY1 0 STYVI1I 0 T1T e Q
mie e e B B e B N sanin b shel S’ W) i Sd N Sela VR W & Vhels % N
- e
B O

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

CAWINDOWS\system32\cmd.exe =

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

delay: 3

AT 3

of hll: BEBABH6A

delay: &

AT &

54



Overloading Logical Operators

timedFunctions.cpp timedFunctions.h timedOperators.h™ += > timedOperators.cpp -

%] Timed Logic Overloading - (Global Scope) -

1 ‘

char logic;
int time;

operatori (t
ic operator| (t
¢ operator~ (T
ic operator® (tlog

(S T I N . ST [ S TR SR

e

timedOperators.h

- © 2014-2019 Zainalabed-in Navabi - Logic Simulation with C/C++
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Overloading Logical Operators

timedFunctions.cpp timedFunctions.h timedOperators.h™ timedOperators.cpp™ = <

[ Tirmed Logic Overloading (Global Scope) -
3 h

Ftlogic operator& (tl

Htlogic operator| (tlogic a, tlogic t-}

3 Cltl c operator~ (tl

if (a.logic=="1") tl.logic = '@";
else if (a.logi "y tl.logic =
else tl.logic==

t1.time = o.time; timedOperators.cpp

return tl;

"1y

[ BN |

[T T T

b.logic) tl.logic
1
time) tl.time
else tl.time = b.time;
return tl;

i

Overloaded
Operators
for struct




Using Boolean Expressions

timedFunctions.cpp = >C EIgls IS0, Lailaly B timedOperators.h™ timedOperators.cpp™

[*] Tirmed Logic COwerloading - (Global Scope) ~| @ nBitAdder(tlogic a[], tlegic b[], tlogic ci[ -
1 H#include "timedOperators.h™
L#include "timedFunctions.h™

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

7 Hwoid getVect (st g vectorMame, int numBits,

vold putVect (string vectorName, int numBits,

Elvgid fullAdder(tlogic a, tlegic b, tlegic ci, tle Full adder
Full adder . :
(2 &b ) | (2 & ci) | (b & ci); considers ]OglC

4 ' o and timing
Boolean

ex I’essjons void nBitAdder(tlegic a[], tlegic b[], tlegic tlog g sum[], int
1 it .o ]

There are

i no inside
- wires to
. propagate
i delay values

© 2014-2019, Zainalabedin Navabi -
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= CAWINDOWS\system32\cmd.exe - =

nter number of hits of operations:
nter 8 hits of alU: 1113111141
nter vector
Uz 44441444
nter 8 hits of bU: 0BBOBBAEN
nter vector delay:
U: AA0ABEEAA AT 5
1 bhits of ci- 1
vector delay: ¥
AT 7

11111111 AT 3
agvBERAA AT 5

1 AT ?
ageeenEa AT 7
1 AT ?

B to exit: 1
number of bits of operations:
8 bits of al: AP@A1111
vector
alda1111 3
nter 8 hits of bU: 0ABGBBAEN
nter vector delay: 5
U: AA0ABEAA AT 5

BN CAWINDOWS\system32\cmd.exe =

nter number of hits of operations:
nter B hits of al: 1860168811
nter vector
U: 1098109611
nter B hits
nter vector
: 11118118
1 bits
vector
AT 7

18818011 AT 3
11116118 AT 5
1 AT 7
18881P18 AT 7
1 AT 5

%1113113

B to exit:- A
any key to continue

g

[:]
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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
Passing logic functions Overloading logical operators
Using default values Using Boolean expressions
Building higher level © More Functions for Wires
structures and Cates

Handling 4-value logic
Logic vector
Sequential circuit modeling

Using pointers for logic
vectors

Gate classes
Carrier centric modeling
Compatible scalar and vector
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Gate Classes

= |11 | | [ | [

class3Functions.cpp class3Primitives.cpp

] Class3 Logic - (Global Scope)
1 Eelass and| { ... }; |

T b o Memoer
3 ' public: Varj&b]e

or (); // constructor

void inp (char a, char b) {il=a; i2=b;}
wvoid evl ()3

wvold out (cha w) {w=0l1j;}

¥
class r1-::tm Membel"

Feclass xor| { ...

function

external

iImplementation

class3Primitives.h

Inline
implementation
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Gate Classes

class3Functions.cpp class3Primitives.cpp ¥ > class3Primitives.h -

] Class3 Logic - (Global Scope)

#include "class3Primitives.h™

:: and::and() {ol="X';}
| om0 e class3Primitives.cpp
18 | or ) {o1="X";}

Flvoid or::evl () {
if ((i1l=="1"}||(i2=="1")) ol="1";
else if ((i1=="06')&&(i2=="8"')) ol="0";

else o1="X"; OR class member
function

not::not() {ol="X";}

18 Ewvoid not::evl (}

wor() fol="X";1}

orizevl O ... 1]




Gate Classes

class3Functions.cpp B > [[eEE= T RS Rauly) class3Primitives.h class3Functions.h i

[*] Class3 Logic (L—nlobal Scope)

F#include ™
#include ™

=

d W00 s WA s LU b e

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

r
1

9 mint

- . © 2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++
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class3Functions.cpp

char axb, ab, abc;
®or worl, wor2;

d andl, and2;
or orl;

e o0 Full adder
it o function using
gate classes

andl.evl();
andl.out(ab);
and2.inp(axb, ci);
and2.evl();
and2.out{abc);
orl.inp(ab, abc);
orl.evl();
orl.out(co);
xor2.inp(axb, ci);
xor2.evl();
xor2.out(sum);

man O 7]




Gate Classes

char
char
char ciC;
char coC;
char sumC;

int aij
do {

cout << “Enter a: ";

cin »>» al; cout << aC <<

cout €< "Enter b: ";

cin »>» bC; cout << bC <<

cout << "Enter ci: "3

cin »» ciC; cout << ciC

and (aC, bC, wC);

cout << "and:" << wl <«

or (aC, bC, wC);

cout << "or: << wC <<

fullAdder (aC, bC, ciC,

cout << "Carry:
cout << " Sum:

cout << "\n" << "Continu

} while (ai=@);

<<

"\n';

"\n';

<< col <<
<< sumC <<

"\n';

unctions.h | X -

class3Functions.cpp




Carrier Centric Modeling

TAAL AL
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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 evl.
Every invocation of evl puts the internal output values on
the evl return value.

+* Destructor is introduced.

© 2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++
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Pointer Based Logic Classes

= |11 | | [ | [

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

] Class2 Pointer
Eelass and {
char *il1, *i2, *ol;
public:
and ()i //
rand () :
wvold ios

=

(char& a, charf b, char &) § i1 = &a; i2 = &b; ol = 8w; }

I ’
o ctass o T 11| class2PointerPrimitives.h

9 Eclass not| { ...

GO o= oW s L R

[

class xor| { ...

class ‘Full.-'l.ddE’

5 Elclass halfadder { ChaI’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; pojnts to eres.
Wires as holders
of values and

transmitters

wvoid evl();

Wires are of
char type

© 2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++




Pointer Based Logic Classes

class2PointerFunctions.h
[ Class2 Pointer - (Global 5cope)

El#include "class2PointerPrimitives.h™

L#include "class2Pointerfunctions.h™ e

and::and() {} o o o 0
Flvoid and::ewl () {
R rial A — class2PointerPrimitives.cpp

else if ((*il=="1"')&&E(*i2=="1")) *ol="1";
else *ol="X";

classZPointerPrimitives.h class2PointerPrimitives.cpp + X

[

O 0O ] 0 W1 o L pa

Pointers to wires
not::not() {}

19 Hwoid not::ewl (:1
9.

worsixor() {}

void cevl () ... 1]
void fulladdersord OLfo 1] A processing
% et e elementhasno
7 wire. A structure
has wires. Only
Structures has
wires and those
are only for
internal wires

- © 2014-2019 Zainalabed-in Navabi - Logic SimulatioWwith C/C++
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Pointer Based Logic Classes

= |1 [ S| [ NI

class2PointerFunctions.h class2PointerPrimitives.h class2PeinterPrimitives.cpp # ¢

[®] Class2 Pointer - (Global S5cope)
7 halfadder::halfadder() {}
71 Elvodid halfAd srevl () {
f/ halfadder Local wires
char aL{'X"), bL({'X");

char coL{'X"), sumL({'X");

wor *worl
and *andl

Or

. .
xorl.ios() Order evl()

// via the HA pointers, read wire values that connect to functjons accordjng

// the HA from ocutside, and assign them to HA Local wires

al = *il; bL = *i2; to logic

// Evaluate gates in the proper order

xorl->evl();

andl->evl();

// Take calculated local wire wvalues and assign the values
f/f to the outside wires via pointers of FA

*a0l = col; *02 = sumL;

Structures also
have gates that
have no

internal wires

© 2014-2019, Zainalabedin Navabi - Logic Simulation with\C/C++




Pointer Based Logic Classes

[ g ]y D]

class2PointerFunctions.h class2PointerPrimitives.h class2PointerPrimitives.cpp + >

%] Class2 Pointer - (Global Scope)

Adder::fullAdder() {}
Elwoid fullAdder::zevl () {

/{ fulladder Local wires . . . .

char al('X'), bL('X'), €iL('X"); class2PointerPrimitives.cpp
char col("X"), sumL({'X"});

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

// Declare necessary gate instances
*xorl=new
*xor2=new
*andl=new H
*and2=new and;
*orl= new orj

// Associate ports of the gates with the Local FA wires

xorl->ios{alL, bL, axbL}); LR
andl->ios{alL, bL, abL); Po‘rt assoc‘lat‘lo'n
and2->ios{axbL, cil, abcl);

orl-»ics(ablL, abclL, col);

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

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

/f Evaluate gates in the proper order

worl-revl();

andl-xevl(); OI‘I]}’ eV]()

andz et functions must be
arl-revl();

xor2-xevl(); Ordered

/f Take calculated local wire values and assign the values
// to the outside wires wvia pointers of FA
*0l = colL; *02 = sumL;

© 2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++
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Pointer Based Logic Classes

class2PointerPrimitives.h class2PointerPrimitives.cpp class2PointerFunctions.cpp A X >

[%] Class2 Pointer - (Global Scope) -
Fl#include ZPointerPrimiti .
L#include "class2PointerFunctions. -

=

[T

o+

Flint main ()

char aC(*X"), BC('X'), ciC(*X'), colF(*X'), sumCF (" classZ2PointerFunctions.cpp

1
coCH{ "' ), sumCH{"X");

)]

[}

7
.

fulladder *FAj
FA=new fulladder(};
halfAdder *HA;
HA=new halfadder(};

FA-»ios(aC, bC, ciC, colCF, sumCF);
HA-»ios(aC, bC, coCH, sumCH};

int ai;

o Shows main for full
) 1-ccn-u‘t <¢ "Enter a: "3 cin »» aC; adde.r and .ha.lf
3 cin > bes adder functions

3 cin =» ciC;

w

cout << "Enter b:
cout << "Enter ci:

FA-»evl(};
HA->evl();

- w

€< colF << ™3 Sum: << sumCF << "“n';
€< colH << ™3 Sum: ™ << sumCH << "\n';

a

cout << "FA - Carry:
cout << "HA - Carry:

-

cout << "\n" << "Continue?”; cinm »>> ai;

¥ while (aix@);




Gate Classes with Power and
Timing Calculation

©)
[ g ]y D]

timedLeogicFunctions.h timedLogicPrimitives.h + 2>

timedLogicUtilities.cpp

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

Hclass wire {

timedLogicPrimitives.h

I
SO

EventTime to | public:
char wvalue;
propagate EEEERLE Wires have
d ] int activityCount=@;
eiay constructor
wire(char c, int d} : walue(c), eventTime(d) { for Value and
e wire F
ACt‘lVItycou‘nt 2 void pbt(char a, int d) { walue = a; eventTime = d; } .
to Cal’l’y 13 vold get(char& a, int& d) { & = walue; d = eventTime; } eve-nt t'lme'

int actiwvity() { return activityCount; 7}

power . They have put
Consumptlo-n Ficlass and { and get fOI’
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) {}{ IZVERIEILE
~and()};
void evl(); access

function to
Fclass or| [ ... 1: actiVityCOu

time

Declare wire
to contain

Fclass r1|::t nt
more
8 Mclass =or| { ... }; . .
information
8 Eclass dff_ar { . .
- wire *D, *clk, *R, *Q; than just logic
int clkQDelay, rstQDelay;
int lastEvent; // last time output changed Va]ue

100 % -
014-2019, Zainalabedin Navabi - Logic Simulation Wifh‘C/C++
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Gate Classes with Power and
Timing Calculation

timedLegicFunctions. timedLogiclUtilities.cpp timedLegicFunctions.h timedLegicPrimitives.h # >
%] Timed Logic Classes - {Global S5cope) -
48 [Fclass {
Xor : wire *il, *i2, *ol;
COI‘lStructOI’ E int gateDelay, lastEvent;

char lastvalue = 'X'; * * * LIV

just ties port : Sbric. timedLogicPrimitives.h

g xor(wire& a, wire& b, wire& w, dint d) : i1(&s), i2(&b), ol(&w
poin ters to nxor();

o vodid evl();

wires b
Felass dff_ar {

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

int clkQDelay, rstQDelay;

int lastEwvent; // 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

. /# Structures based on above primitives begin here
Olisa

Flclass fullddder {

pointer. This wire *i1, *i2, *i3, *ol, *02;
pointer is tied P
to pointer of w xor *xorl;

*worl2;
*andl;
*and2;
*orl;

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

[ g ]y D] e



Gate Classes with Power and
Timing Calculation

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

[%] Tirned Logic Classes - (Global Scope) -

/f Structures based on above primitives begin here

Elclass fulladder {
| e T, a2, v, o, o timedLogicPrimitives.h
// Declare necessary & inc .

*worl;

xor *xor2; Full adder class

and *andlj; o 040
and *and2; deﬁn]t.lo.n deClaTeS
or *orl; o
gates and internal
/f fulladder Local wires 0
aL, bL, cil; wires

col, suml;
awbL, abL, abcl;

4
g

— Full adder constructor
ullAdder(wire& a, wire& b, wire& ci, wire& co, wire sum) : ties ports of the full
i1(&a), i2(&b}, i3(&ci), o0l(&co), o2(&sum), .
al('x', @), bL('X", @), cil('X", 8), adder to external wires
ey Tl and initialize internal
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

& Elclass halfAdder

wire *il, *i

© 2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++
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Gate Classes with Power and
Timing Calculation

timedLogicFunctions.cpp timedLogicltilities.cpp timedLogicFunctions.h timedLogicPrimitives.h # <

[*] Timed Logic Classes - (Global Scope)

6 Eclass halfAdder {
2

wire *i1, *i2, *ol, *o02; . . . ..
| . timedLogicPrimitives.h
// Declare necessary gate instances

wor *worl;
and *andl;

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

half adder constructor

, ties ports of the full
public: ]
halfAdder(wire& a, wire& b, wire& co, wire& sum) : adder to eXtel’nal wlires
i1(&a), i2(&b), ol(&co), o2(&sum}, . .. .
al{'x', @), bL{'X', ®), colL('X', @), sumL('X', @){ and initialize internal

// Associate ports of the gates with the Local HA wires wires
xorl = new xor(al, bL, sumL, 5);
andl = new and(aL, bL, colL, 3);

Lialﬂ!«dder(); Then It has evl()
void =0; function that call
gate classes in
proper order

- © 2014-2019, Zainalabedin Navabi = Logic Simulation with C/C++
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Gate Classes with Power and
Timing Calculation

timedLogiclltilities.h = X timedlLogicFunctions.cpp timedLogicPrimitives.cpp -

[ Timed Logic Classes - (Global Scope) = ) inpBit(string, wire &)

El#include "timedlLogicPrimitiwves.h™
#include "timedLogicFunctions.h™

wvoid inpBit(string, wire&);
void outBit(string, wire);

timedLogicUtilities.cpp = >

%] Tirned Logic Classes - (Global Scope) -

#include "timedLogicUtilities.h™

Ellvcb:i.d inpBit(string wireName, wire& waltim) { timedLogiCUtilitieS-CPp

1

=

char wvalue;

int time;

cout << "Enter value followed by @ time for ™ << wireName << "

cin »» walue; cin »> time;

valtim.put({value, time); " - .

s |} For implementing this
1e oqe
11 Evoid outBit(string wireName, wire valtim) { we need Several Ut-l-l-lty
12 char wvalue; 0 0 o
. ot times functions. For inbit and
N valtir.get(value, time); outbit to get time and
15 cout << wireName << ": " << wvalue << " @ " << time << "\n";

16 value for wires

[0 - BT ]

m

a1 =l

© 2014-2019, Zainalabedin Navabi -
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Gate Classes with Power and
Timing Calculation

timedLogiclHiliti timedLogicltilities.h
[®] Tirned Logic = | =2 fullAdder ~|@ evl]
El#include "timedLogicPrimit

#include "timedLogicFunctio

timedLogicFunctions.cpp timedLogicPrimitives.cpp B <

[

woR

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

s

timedLogicPrimitives.cpp

s3]

int calculateEventTime(char lastValue, char newVa
= int inllLastEwvent, int in2LastEvent, int gateDelsa

1 =]

if (lastValue == n alue)

S If output has changed, the
else , N last event time on output is
return gateDelay + MAX (inllLastEwvent, in2LastEvent); .
the larger of the inputs
calculateEventTime(char lastVs Value plus gate dela}’
— : = - ) r

int inllast nt, int gs

if (la

return las
else

return

if ((il-»walue == 8" ))
ol-»value = ' 3

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);

© 2014-2019, Zainalabedin Navabi - Lo
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Gate Classes with Power and
Timing Calculation

Logic part 0->value = °

part(timing)

part(power)

= |1 [ S| [ NI

timedLogiclltilities.cpp timedLogicUtilities.h
[%] Tirmed Logic Classes = || =2 fullAdder =@ ev])
Fwoid xor:zevl () {

timedLogicFunctions.cpp timedLogicPrimitives.cpp = <

if ((il-z>value == '
(i1->value == '

LOgIC pa-rt ol-»value = "X';

El

timedLogicPrimitives.cpp

else if (il-»value==i2->
ol-*value="8";
else

ol-»value="1";

Event

ol-reventTime = calculateEventTime(lastValue, ol->value,
part(t]m]ng’) il-»eventTime, i2-reventTime, gatelelay, lastEvent);
m ol-ractivityCount = il-sactivityCount + i2-ractiwvityCount +
o lastValue == ol-»*value) ? @ : 1);
Activity (€ > )3

pa_rt(power) lastEvent = ol-»eventTime; Retaj_n Iast
lastvalue = ol-»value;
event and last

§void dff_ar::evl() { vaiue
if (R-»>value == '

Q-reventTime = calculateEventTime(lastValue, Q->value,
R-rewventTime, rstQDelay, lastEvent);
¥
else if (clk->wvalue == 'P"'}) {
‘ Q-»value = D->value;
Q-reventTime = calculateEventTime(lastValue, Q->value,
clk-reventTime, clkQDelay, lastEvent);

Event

}

Q-ractivityCount = D->activityCount + 2 +

ACtIVIty ((lastvalue == Q->value) ? 8 : 3);

2014-2019, Zainalabedin Navabi = Lo
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Gate Classes with Power and
Timing Calculation

timedLogicFunctions.h
[*] Timed Logic Classes -

Ewoid fullAdder::evl () {

= 4 via the FA Flljir'lt'
f{ the FA from outs

<RI tirmedl ogicFunctions.cpp

(Global 5c 1 calculateEventTime(char lastValue, char -

ire values that connect to
gn them to FA Local wireg

aL = *il; bL = *i2; cilL

// Evaluate gates in the proper order

xorl->evl();
andl->evl();
and2-»evl();
orl-xevl();

xor2->evl();

/ Take calculated local wire walues and assign the values

the outside wi

colL; *02 = sumL;

rrzewvl () {

/ Vvia the HA pointers

{ the HA from outs
al = *il; bL = *i2;

via pointers of FA

read wire wvalues that connect to

de, and assign them to HA Local wires

// Evaluate gates in the proper order

xorl->evl();
andl->evl();

{ Take calculated lc
£ the outsi i

*al = col; *o02

[ g ]y D]

©

al wire wall sign the wvalues
ria point

2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++

=]

timedLogicPrimitives.h

%H

timedLogicPrimitives.cpp




Gate Classes with Power and
Timing Calculation

timedLogiclUtilities. timedLogicUtilities.h timedLogicFunctions.cpp = >0 [yl | MaTe el Ty o Ty AR el u T}

Logic Classes - (Global Scope)
=lint main ()

A, B timedLogicFunctions.cpp

clk, rst, Th{'xX"',8);
sum, carry;

*FA = new fullAdder(s, B, fb, carry, sum);
= new dff_ar(carry, clk, rst, fb, 4, B);

Serial Adder
inpBit(

inpBit("Serial input

inpBit("FF Clock input™,

inpBit("FF

FA->evl();
outBit("Carry output ", carry);
outBit("Serial output™, sum);

FF->evl();
outBit("Feedback™, fb);

cout << ™ << "Continue? "; cin »>> aij;
} while (a
<< "Activities:
<< "; Carry:

-

<

Feedback:

© 2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++
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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



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 28

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

followed
followed
followed

: 1 AT 65

1 AT 78

1 AT 62

A AT 42
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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: Mal'n

wirevV({string v, int d, int size); y

ey 0ss difference

~wirev(){}; with wire

void put(str a, int d);

void get(s a, int& d);

int activity() { return activityCount

..ast value for
9 Elclass andv { tjmj.ng

wireV *il, *i2, *ol;

Wire vector has an
int gateDelay, lastEwvent; CaICUIath.n event tjme fOT a
char* lastValue; .

public: group of wires and

=] andV({wireV& a, wireV& b, wireVd& w, int d) :
i1¢&a), i2(&b), ol{&w), gateDelay(d) { 177
lastvValue = new char‘[w.nil]j : an aCt'lVItycount for
¥s .
mandV()(}; a group of wires.
wvoid evl();

¥ This model is not
Ul i e, accurate since all
thars lasvarses individual wires

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

P A

- © 2014-2019 Zainalabed-in Navabi - Logic Simulation with/C/C++
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Wire and Gate Vectors

timedVectorLogicUtilities.cpp ® X timedVectorLogicPrmitives.h R X timedVectorLogicUtilities.h >

% Timed Vector Logic Classes - (Global Scope)

#include “"timedVectorLogicUtilities.h"

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

o,

1

Elvoid outBit(string wireName, wire valtim) { Ut.l].lty fOI’
char wvalue; . . .
int times individual
valtim.get(value, time); eres
cout << wirelame << ": " << wvalue << " @ " << time << "\n";

1

Elvoid inpBit(string wireName, wireV& wvaltim) {

- o,

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

b
Elvoid outBit(string wireName, wireV wvaltim) { Ut_l]]tyfor

string value;
int time; al’l’ays
valtim.get(value, time);

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

- © 2014-2019 Zainalabed-in Navabi - Logic Simulation with C/C++
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Wire and Gate Vectors

timedVectorLogicltilities.h timedVectorLogicPrimitives.cpp® + >

timedVWectorLogicUtilities.cpp

6 PwireV::wireV(string v, int d, int size)} : eventTime(d), n(size) {
int i;

wvalue = new char[n + 1];
v.resize(n, 'X'); 3 : : 147
for (1 =8 1 <ng b+43{ *(L + value) = v. timedVectorLogicPrimitives.cpp

*(n + value) = "\a';

3 Hwoid wireV:i: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 (1= @ 1 < m; 144)] (i + value) predefined string class
}

9 Elvoid wireV::get(string& a, int& d){
int i
d = eventTime;
a.resize(n, '8");

for (1 = 8; 1 < n; i44){ a.at(d) = *(1 + value); }; EvI() function for wireV. Since
they are clusters, individual
Elveid andvizevl() {
tice delay and power do not apply

while (il-»>value[i] != "\@'){

if (((i1->value[i]) @'y || {(i2->walue[i]) == '@’
ol-»value[i] = '@

else if ((il-»>wvalue[i] == "1') && (i2-»walue[i] == '1°'
ol-»value[i] = '1°;

else
ol-»value[i] = "X';

i++;

IH
}

198 Sjvoid orvizevl() {
int i = 8;
while (il->value[i] != "“@'){

© 2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++
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Wire and Gate Vectors

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

=lint main ()
r

1

wireV aWv("lele1111™, e, 8), bwv("eallesaa”

, B, 8), cWv("eeael11l", @, 8),
...... e, 8);

new andV{aWy, bWV, wWv, 8);
new orV{awWv, bWy, yWv, 8);

inpBit("wWire a'
inpBit("uire timedVectorLogicFunctions.cpp
AND->evl();

OR->evl();

outBit("Wire w AND result™, whV);
outBit("Wire w OR result™, yWW);

cout << "\n" << "Continue? "; cin »»> aij Vectors have
1 while (ai>@); character pointer
instead of char

= © 2014-2019 Zainalabed-in Navabi - Logic Simutation with C/C++
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. CAWINDOWS\system32\cmd.ex
Enter value followed by B time for Wire a:- 118681181 3

Enter value followed by B time for Wire b: 18811118 &5
Jire w AMD vesult: 1006116800 @ @

Jire w OR result: 116811111 @ @A

ontinue?

e

86



Logic Simulation with C/C++

Containing Event Based @ Hierarchal Modeling of
Timing — T Digital Components

To %nclude I wires Wire functionalities

To include in gates Gate 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 higar‘c’:ﬁalescnp 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 -

] 16 lass gates { ]
Accessible by [ e Different constructors

17
gate classes B wire *i1, *i2, *ol; -i -1
t.h t 19 int gatelelay, lastEwvent; forz IHPUt and] IHPUt
at are = char lastValue; gates and no
inheri tid from initailization '
gates

e : InheritedLogicClassPrimitives.h
gates(){

= 1r»
wold evl();

Timing activity

functions for 1 vold timinghctivity2(); EvI() is needed for
. 1) wold timingActivityl();
and 2 input  ZEEE each gate. Each gate
g’ateS 3 Feclass and: public gates jHStance use Its (0)7741] -
35 am;l('u.'i"e& a, wire& b, wiref w, int d) : gates(a, b, w, d) eVI() funCt'lO'n
regand [: :| 3 ’ .
All gates : A An inherited I
inherit from NS
class that
il gate class 4@ [lclass or: public gates {
4] public:
- or{wire& a, wire& b, wire& w, int d) : gates(a, b, w, d) {} does nOt ==
i e R0y have its own
s
. evl() can B
o Eeclass not: public gates {
public: depend on =
49 not(wire& a, wire& w, int d) : gates(a, w, d) {}
58 ~not();
51 /f woid evl() does not exist, will use gates::evl() the base m
- class

100 % -

© 2014-2019, Zainalabedin Navabi -
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Inheritance in Logic Functions

1

inheritedLogicClassesPrimitives.h

@ evl])

Value, char n
ent, int

return la
else
return

calculateEventTime(char stV char newvValue,

int inlLastEwvent, int int lastEw r'ut}

/4 dnverts its input 1

if (il-»value == '8")

ol-»value = "1";

else if (il-»walue == "1")
ol-»value = '@'";

else
ol-»value = "X';

InheritedLogicClassPrimitives.cpp

s:rtimingActivityl();
s:rtimingActivity2() {

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

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

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

Fwvoid gates::timingActivityl( }

2014-2019, Zainalabedin Navabi =togic Simulation with C/C++
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Inheritance in Logic Functions

inheritedlogicClassesFunctions.cpp inheritedl ogicClassesPrimitives.cpp  + < [l Ty [Reds [Tal @F L2300 Ty TGN

Calculate output
7] Elwoid and::evl() {
value and call
if ((i1->value == '@') || (i2->value == '8'})

ol->value = "@’; t.lm.l.ng aCtIV.lty at
else if ((il->value == '1') &8 (i2->value == '1'})

ol-»value = "1"; g’ateS
else

ol->value = "X';

gates::timingActivity2();

i_':

inheritedLogicClassPrimitives.cpp
if ((il-»value == '
(il->value == "I’ i2-s e
ol->value = ' NO eVl() fOI’
ol->value="8"; nOt to use
wise that of

ol-»value="1";
gates

0O 0O oo

O 0 o~ oh ki

[FS I T T s o]
P @

gates::timingActivity2();

0 W0

}

Elwoid dff_ar::evl() {

[T Ts

w

w

if (R-»>value == "1") {
Q-»value = '@";
Q-reventTime = calculateEventTime(lastValue, Q->value,
R-»eventTime, rstQDelay, lastEwvent);

o
oI I R T B Y|

= @ W0
=

Nl
®
R

else if (clk-»value == 'P') { -

© 2014-2019, Zainalabedin Navabi - Lo
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Structures from Inherited Gates

inheritedlogicClassesFunctions.cpp inheritedLogicClassesPrimitives.cpp i i gicClassesPrimitives.h 5

] Log lass Inheritance - (Global 5cope) -
Elclass fullAdder {
wire *i1, *i2, *ji

{ Declare necessary gate instances
*worl;
*xor;
*andl;
*and2;

~or1; inheritedLogicClassPrimitives.cpp

f/ fulladder Local wires
wire aL, bL, cil;

wire colL, sumL;

wire axbL, abL, abclL;

=]
[

[Ts}
@

public:
fullAdder(wire& a, wire& b, wire& ci, wire& co, wire& sum)
il({&=z), i2(&b), i3(&ci), ol(&co), o02(Bsum),
al{'x', @), bL{'X', B), cilL{'x', @),
col('X", @), sumL{'X", @),
axbL("'X", @), abL({'X", @), abcL({'X", @) {

[/ Associate ports of the gates with the Local FA wires
xorl = new (aL, bL, axbL, 5); // 5 is gate delay Fu.” addel’ uses

xor2 = new (axbL, cilL, sumL, 5);

andl new (aL, bL, abL, 3); jn-herjted gateS-

and2 new and(axbL, cil, abcL, 3); 99 o
orl = new or(abL, abclL, col, 3); W'lr'lng 1s done
; here.

~fullAdder();
wvoid evl();
}s
|
Elclass halfadd

wire *il,

© 2014-2019, Zainalabedin Navabi = togic Simulation-with C/C++
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Inheritance in Logic Structures

ire values that connect to

the FA fro i gn them to FA Local wires
al = *il; bL
andl->timingfct
// Evaluate gates i oper ordeg 2 . . . 2 4
L 5 proper inheritedLogicClassPrimitives.cpp
andl-xevl();
and2-xevl();
orl-revl();

wor2-xevl(); EVI() Of.fu.l]
wire wval E i e values adde-r (0) 4 der the
via pointers gates

}

ire values that connect to
gn them to HA Local wires

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

al wire wval ign the wval
/ the outs i ia point
*0l = col; *o:
————————————————————— Vector Logics --------------------

swirev(string v, int d, int size)

© 2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++
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Inheritance in Logic Structures

dL (OIEE= S T d G B T R S inh eritedl ogicClassesPrimitives.cpp inheritedLogicClassesPrimitives.h -
lass |

4

[

=int main ()
r

1

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

new fulladder(aW, bW, ciW, coWF, sumWF);
r{aW, bW, coWH, sumWH);

new not(aW, dW, 5); // or use gates as below
new not(aW, dW, 5); // "not™ can do everything that “"gates™ can.

inheritedLogicClassFunctions.cpp

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

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

outBit("FA
outBit("

outBit("HA
outBit("

- Carry™, coWF);
sum”, sumkF);

- Carry™, coWH);
Sum”™, sumkH);

outBit("NOT - Gate™, duW);

cout << "
1 while (ai»a@);
1

E/*int main ()

= |11 | | [ | [

\n

a

<< "Continue? "; cin »> aij;
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Logic Simulation with C/C++

Containing Event Based ® Hierarchal Modeling of
Timing = Digital Components

To %nclude I wires Wire functionalities

To include in gates Gate functionalities

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

Wire and gate vectors Functions overwriting

Flip flop description

@ Inheritance in Logic hierarchal

Structures
A generic gate definition
Gates to include timing

Building structures from
objects
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Logic Testability Analysis

~, Wicen = Q1o * Dicom
!
I
.'I

- Wacan = Qocon * Docen

Wicon = Q1con + Meon = Qicon * Dicon

....__._-._______::: .

Wicon = 1 = Qycon

‘ - © 2014-2019 Zainalabed-in Navabi - Logic Simulation with C/C++
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Wire Functionality

pol}rmorphlsmLoglcCIassesFunctlonsh polvmorphlsmLoglcCIass:sanrtlvv:s h* & >

Elclass wire {

" Only a copy of it is

lebl;_.:-zEjtic int numberOfWires; generated fOI’ every

c.h:r VE].:—T—,: - jnsta.nce Of ere
e PolymorphismLogicClassesPrimitives.h

public:

int wireIdentifier; —

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

mmberOTWAres i ; increments number of
wires

I L

D @

}

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; }

Flclass g:
pr'i:rtec

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

int Eate[)elay, lastEvent;

char lastWalue; 9
has wire

wold timingActivity2(); . )

wold timingActivityl(); Iden t.lﬁer

static int numberOfGates; .
public: N and static

int gateldentifier;

fleoat -:u.ljtput{:clntrl'cllabilit:y = 1.8; number Of

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

©) ZU14-ZU1Y, ZdinNdldDedIin Navabl - LOgIC Slmulation witn L/L+ (N
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Polymorphic Gate Base

polymorphismlogicClassesFunctions.h polymorphismbLogicClassesPrimitives.h® B 3

[*] Logic Class Polymorphism - (Global Scope)

Eelass gates {
protected:

wire *il, *i2, *ol;
int gateDelay, lastEvent;
char lastWValue;

Void timingACELVEtyL0; PolymorphismLogicClassesPrimitives.h
static int numberOfGates;

public:

5

float getProb(gates*);

int gateldentifier; Gates Constructor

float outputControlability = 1.8; ) .
gates(wire& a, wiref w, int d) : assigns an id and
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({){};

Virtual can be overwritten by
classes that inherit from it. If not

23 [Hclass and: public gates {

public: overwritten, the same evl() of

= |11 | | [ | [

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

© 2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++




Polymorphic Gate Base

= |11 | | [ | [

polymorphismlogicClassesPrimitives.h 45 20 [fafalifyTalyal Ty s WaTe 18411 o0 Ty T (00 LR

[l Logic Class Polymorphism - (Global Scope)

23 [Elclass and: public gates {
public:
and{wire& a, wire& b, wire& w, int d) : ga
~and();
void evl();
void prob();

Is

Elelass or: public gates {
public:
or{wire& a, wire& b, wire& w, int d) : gates
~or();
vold evl();
vold prob(); .
b Each gate just uses the

o Ciclass not: public setes constructor of gates and
publics D declares member

not(wire& a, wire®& w, dint d) : g:

~not(); functions to overwrite evl()

vold evl();

void prob(); and prob() Ofgates

Is

Elclass xor: public gates {

public
xor(wire& a, wire& b, wire& w, int d} : gates(a, b
~xor();
wvoid evl();
vold prob();

i

I

Elelass flipflop {
protected:
wire *D, *clk, *rst, *cen, *Q;
int clkQDelay;
int rstQDelay;

© 2014-2019, Zainalabedin Navabi - Logic Simulation with C/C++




Polymorphic Gate Base

| =
szzevl() { // put=\§
1-»*value = il-»value;

gates:timingActivityl(); lee a one
Elwvord g srrtamingActivity2 H Input buffel’

ol-reventTime = calculateEventTime alue, ol-»value,
il-reventTime, i2->eventTime, gat , lastEvent);

ol-ractivityCount = il-ractivityCount + tivityCount +
((lastvalue == ol->value) ? @ : 1);

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

gates:rtimingActivityl() {

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

ol-ractivityCount = il-ractivityCount + ((lastValue == ol->wal

lastEvent = ol->eventTime; Static initialization
lastValue ol-»value;
must be done as

member functions are

Elfloat getProb(gates®* GATE){ deﬁned
{ return GATE utputControlability;
E‘I

1
int gates::numberOfGates=1;

k

wold and::evl() {

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

- © 2014-2019 Zainalabed-in Navabi—=togic Simulation with C/C++
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Polymorphic Gate Base

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

[ Logic Class Polymorphism - (Global Scope)
L4 |

void and::

s Redefine virtual
if ((il-»value =

ol->value = : functjons O.fgate
if ((il->valu : i2-> 3 -

rtimingActivity2();

vold and::prob() {
outputControlability = il-»controlability * i2->controlability;
ol->controlability = outputControlability;

DFF is inherited
if (clk-»>valu T 0
Q->value = v 1ur‘:T-:|L:;adj. fI’Om ﬂ]p ﬂOp

reventTime =

. EBE (1 BB ,

C++
e



Polymorphic Gate Base

7 [Efloat evl(gates

j ==

return GA

I | ] 1

I—
. PolymorphismlLogicClassesPrimitives.cpp
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Polymorphic Gate Base

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

] Logic Class Polymorphism - (Global Scope) -

Flint main()
-

1

1Y, 58), c('X', @);
w('a', 3), y('1", 5); 3
Base-pointer type

= new not(y, w, 5); ey g
new and(a, b, v, 7}; Compatlblllty

new or{v, c, ¥, 6);

]
o0

00 0O 0O
=

b

AND->prob();

ORL->prob(); PolymorphismlLogicClassesFunctions.cpp

NOT->prob();

LA

int ai; int time

oo oo

inpBit("Wire a", a, time);
inpBit(“Wire b™, b, time);
inpBit("Wire c”, c, time);

0w

w0

cout << evl(AND) << :ANDNN™ ;
cout << ewvl{OR1l) << ™
cout << ewvl(NOT) << :NOT\N" ;

[Ts)
T B S YR R - T

[FaRY= R s]
<J

o
[+4]

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

[Fs]
0

<< w.activity() <<

bk
D ®
&

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

" w

'

T

[
=
[}

I'I'I
[
&=
=

=B E
7

EIJ."#
int main()

CO o Cd Ch
J
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Polymorphic Gate Base

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

FEllLo ass Polymorphism - (Global Scope)

Eclass flipflep {
protected:
wire *D, *clk, *rst, *cen, *Q;
int clkQDelay;
int rstQDelay;
int lastEvent; // last time output changed
char lastWValue;
bool containsReset = false;
fleat clockControlability = 8.5;
static int numberOfFlipflops:
public: . . o o 0
int flipflopIdentifier; PolymorphismlLogicClassesPrimitives.h
float cutputControlability = 1.8;
flipflop(wire& d, wire& c, wire& q, int dC)
D{&d), clk{&c), Q(&q), clkQDelay(dC}) {
flipflopIdentifier = numberOfFlipflops;
numberdfFlipflops++;

(S e = =
LTI i

TR Ts]
= ®

Pure virtual functions

: public flipflop {

public: . .
DFF(wire& d, wire& c, wire& g, int dC) : flipflop(d, c, g, dC) First Level Derived
{ containsReset = false; }; .
~DFF(){}3 flip-flop classes
virtual woid evl();
virtual wvoid prob(};
virtual void init(float, char);

Eclass DFFsR : public DFF
public:

© 2014-2019, Zainaltabedin Navabi =10
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Flip Flop Description Hierarchies

polymorphismlogicClassesPrimitives. h™ pelymorphismlbogic...ssesPrimitives.cpp B X

- (Global Scope)
int flipfleop::numberOfFlipflops = 1;

char valueToload = '@';

if (!containsReset) v
1se valueTol«

if (clk-»value
Q->value =

Basic DFF with
synchronous reset

ntTime = calculateEventTime(lastValue, Q->valu
clk-»eventTime, clkQDelay, lastEvent);

Q-ractivityCount = (D->activityCount + clk-»activityCount) * 2 +
((lastValue 7@ 3);

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 DFFsR::prob(){ . . .
outputControlability = (D-»controlability + rst->controlability - DFFSR 1S Inhel’lted
D-»controlability * rst->controlability ) *
clockControlability; from -DFF
Q-rcontrolability = outputControlability;

. EBE (1 BB ,

- © 2014-2019 Zainalabed-in Navabi - Logic Simulation with C/C++
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Flip Flop Description Hierarchies

= |1 [ S| [ NI

polymorphismbLogic...ssesPrimitives.cpp polymerphismbeogicClassesPrimitives.h += > =
— ic Class Polymorphism - (Global Scope) Inherited from DFF
Second Leve] 8 Jclass DFFsR : public DFF {

o public: Same members but
DerIVatIOn 2 DFFSR('-'-.'i -?& d, wir E& = |- red s wirel Qs int d[:, int d F!:I = DFF [:IjJI Cy Qs lj[:) { assjgns Value to
containsReset = true;
24 rst = &r; oty o
No evl(), so rstQDelay = dR; exzstmg rst of ﬂlp
’ ¥
N flop
uses the one of ~DFFSR(){};
.DFF virtual woid prob();

A= E : public DFFsR {
. 2 public:
Third Level ; DFFsRE(wiref d, wire® c, wire r, wirek e,
derjvatjon wire& q, int dC, int dR) : DFFsR{d, c, r

cen = &=;
}s

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

141 |

142 /f Structures based on above primitiwves begin here
143

144 [class fullAdder

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

// Declare necessary gate instances
*worl;
*wor2;
*andl;
*and2;
*orl;

/i fulladder Local wires
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Flip Flop Description Hierarchal

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

] Logic Class Polymaorphism - (Global Scope)

» Elwoid DFFsR::prob(){
autputControlability = (D-:controlability + rst->controlability -
D->controlability * rst->controlability ) *
clockControlability;
Q->controlability = cutputControlability;

¥

Elwoid DFFsRE::evl() {
if (en-»walue == '1') DFFsR::evl();
}

|..-"..-" Structures bas on above primitives i POlymorphismLOgiCClaSSGSPIimitiveS.Cpp

Elwoid fullA rrprob(){

[ g ]y D]

f/f Calculate probabilities in the proper order
xorl-=prob(); DFFsRE calls

andl->prob();
and2->prob();
orl->prob(};

xor2->prob();

olControlability = getProb(orl};
o2Controlability getProb(xor2);

rrevl () {
the FA po

" the FA from cutside
al = *il; bL = *i2; cil

// Evaluate gates in the proper order
xorl-»evl();
andl-»ewvl();
and2-xevl();
orl-revl();

© 2014-2019, Zainatabedin Navabi - Lo
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Flip Flop Description Hierarcha

polymorphismLogi sesPrimitives.cpp polyrmorphismLogicClassesUtiliti

ass Polymorphism (Global 5cope)
Fweid inpBit(strin eName, wire& waltim) {
char wvalue;
int time;
cout << "Enter walue followed by @ time for ™ << wirelName << ": ";
cin *» wvalue; cin »> time;
valtim.put(value, time);

b

Elwoid inpBit(string wireNams, |
char wvalue;
cout << "For @ time " <<
cin »>» wvalue;
valtim.put(value, time);

}

Ewoid outBit(string wireName, w
char value;
int time;
valtim.get(value, time);
cout << wireName << ": " << value << " @ " << time << "\n";

b

Elwoid inpBit(string wireNames, wireV& valtim) {
ring walue;
int time;
cout << "Enter walue followed by @ time << wireName <<
cin »» wvalue; cin »> time;
valtim.put(value, time);

1

Elwoid outBit(string wireName, wireV
ring wvalue;
int time;
valtim.get(value, time);
cout << wireName << ": "

<< value << " @ " << time << "\n";

© 2014-2019, Zainalabedin Navabi = togic Simulation with C/C++
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Flip Flop Description Hierarchal

pelymorphismlLogicClassesUti

=& rmain

wire a(’ 1 a), rst('xX"', 8),
en(’
Qu(’

wire v('

flipflop *FF1 =
flipflop *FF2
flipflop *FF3 =
I->1inx
FF2->init{fleat(@.37), '1')

Fr3_>inte(float(e.37), '17) PolymorphismlLogicClassesFunctions.cpp

= new not(y, w, 5);
= new and(a, b, v, 7)
= new or{v, c©, ¥, 6);

AND->prab(); .
OR1->prob(); Pointer

NOT->prob(); TR
FFl->prob(); Compat.lb.l.l.lty

FF2->prob();
FF3->prob();

cout <<
cout <<
cout << "NOT

(]

Id: ™ << AND->rgateldentifier << "“n';
Id: " << ORl-»rgateldentifier << "“n';
Id: ™ << NOT-rgateldentifier << "hnin";

m m m

U'EII:I:'EIIUTI
oot

(]

cout << "DFF2 cutput l-probability: <4 2 <4
cout << "DFF3 cutput l-probability: <4 - <<

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

cout << "DFF1l ocutput ability: << FFl-»outputControlability <<
cout << "DFF2 output ability: << FF2-routputControlability <<
cout << "DFF3 cutput l-probability: << FF3-routputControlability <<
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Flip Flop Description Hierarchal

wire aW('@’', 3

pelymorphismlLogicClassesUtilities.cpp

%] Logic Class Polyrmorphism

inpBit
inpBit
inpBit
inpBit(
inpBit("™

inpBit(“Ena

AND->evl();
OR1->evl();
MNOT->evl();
FF1->evl();
FF2->evl();
FF3->evl();

outBit("

- (Global Scope)

int ai; int time

e a¥, a, time);
e b", b, time);

c”, ¢, time);
k input™, clk,
input™, rst,
le input™, en,

outBit("DFF1
outBit("DFF2
outBit("DFF3 output:

cout -
cout -
cout -
cout -

AA A A
MM A A

time
cout <

} while (ai>@);

int main()

4

| e ] ¥ D

output

v count:
y count:
y count:
r count:

esFunctions.cpp = <

=

v.activity() <

Mo A A
MM A A

PolymorphismlLogicClassesFunctions.cpp

-
<
-
<

Ql.activity() -
.activity() -

-
<
-
<

03.activity() -

L BW(TLY, 5), ciW('X", @), colWF('X", @), sumWF('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
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