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Overview

Focus: Arithmetic Functional Blocks
Architecture: Combinatory Logical Circuits
Textbook v4: Ch4 4.3, 4.7: v5: Ch2 2.9, Ch3 3.10
Core ldeas:

1. Subtraction |

2. VHDL



PO
Binary Adder

Review

Unsigned Binary Adder



o Half adder

input X, Y
output §, C

1-bit Half Adder

Addend _|_ Y

Sum S



1-bit Half Adder




1-bit Full Adder

e Full adder
input X, Y, Z;
output S, C




1-bit Full Adder

e Half addert
input X, Y
output S’, C’

e Full adder 1-Bit Half
input X, Y, Z; Adder
output S, C e Half adder? 1-Bit Half

Input S/, Z Adder
output S, C”

C=C+C



n-bit Full Adder




n-bit Full Adder

e Ripple Carry Adder




Unsigned Binary
Subtraction |




I Unsigned Binary Subtraction

Borrows

Minuend 1 O 1 1 O
e |nput: Minuend and Subtrahend

. Subtrahend _ 1()()1 1
Previous borrow

Difference

e Qutput: Last borrow, difference



I Unsigned Binary Subtraction

Borrows O

Minuend 1 O 1 1 O
e |nput: Minuend and Subtrahend

. Subtrahend _ 1()()1 1
Previous borrow

Difference

e Qutput: Last borrow, difference



I Unsigned Binary Subtraction

Borrows 1 O

Minuend 1 O 1 1 O
e |nput: Minuend and Subtrahend

. Subtrahend _ 1()()1 1
Previous borrow

Difference

e QOutput: Last borrow, difference 1




I Unsigned Binary Subtraction

somows 110

Minuend 1 O 1 1 O
e |nput: Minuend and Subtrahend

. Subtrahend _ 1()()1 1
Previous borrow

. Diff
e Qutput: Last borrow, difference e 1 1




I Unsigned Binary Subtraction

Borrows 0110

Minuend 1 O 1 1 O
e |nput: Minuend and Subtrahend

. Subtrahend _ 1()()1 1
Previous borrow

iff
e Qutput: Last borrow, difference pierence 01 1




I Unsigned Binary Subtraction

sorows ()01 10

Minuend 1 O 1 1 O
e |nput: Minuend and Subtrahend

. Subtrahend _ 1001 1
Previous borrow

e Qutput: Last borrow, difference pierence 001 1




I Unsigned Binary Subtraction

o 000110

Minuend 1 O 1 1 O
e |nput: Minuend and Subtrahend

. Subtrahend _ 1001 1
Previous borrow

e Qutput: Last borrow, difference pierence OOOI 1




I Unsigned Binary Subtraction

Borrows O()()l 1()
Minuend 101 10 m
e Input: Minuend and Subtrahend
P bvonoron = —10011

e Qutput: Last borrow, difference pierence 0001 1




I Unsigned Binary Subtraction

Borrows O()()l 1()
Minuend 101 10 m
e Input: Minuend and Subtrahend
P bvonoron = —10011

Difference

e Qutput: Last borrow, difference 0001 1

This method works when the Minuend is greater than the Subtrahend!



I Unsigned Binary Subtraction

X>r,r=X-—1Y

e We learned to perform subtraction, by subtracting the smaller number from
the greater number



I Unsigned Binary Subtraction

Borrows
Minuend
e |Input: Minuend and Subtrahend
pu . Subtrahend
Previous borrow
Difference

e QOutput: Last borrow, difference




Unsigned 1-bit Binary
Subtraction

B
Borrows 1

Z
0
1
1

e |nput: Minuend X and Subtrahend Y

. Subtrahend Y __
Previous borrow Z

Difference [

e Qutput: Last borrow B, difference D




Unsigned 1-bit Binary
Subtraction

e |nput: Minuend X and Subtrahend Y
Previous borrow Z

0

e Qutput: Last borrow B, difference D 1

BZ 1

Borrows 1 O 0

Minuend X O 1
Subtrahend Y L 1

Difference [ 1




Unsigned 1-bit Binary
Subtraction

e |mplementation using 3-to-8 Decoder X

1-Bit Binary
e B=2m(1,2,3,7) Y Subtractor

e D =3Ym(1,2.4.7)




P4 UnSIQHGd Blnary Technology
1 bit Unsigned Subtractor

Subtraction

b /
Borrows OOO 1 1 O M
e |nput: Minuend and Subtrahend Minuend £ 101 1()

Previous borrow
Subtrahend /' 1001 1

e Qutput: Last borrow, difference Difference D 0001 1




P4 UnSIQHGd Blnary Technology
Subtraction * 1 bit Unsigned Subtractor

Subtraction

B /
ot i Borrows OOO 1 1 O m
Subtractor

Minuend X,., 1 O 1 1 O

Subtrahend V)., | __ 1001 1
oitterence 0, ()()()] ]

1-Bit Binary
Subtractor




Hardware Description
Language

VHDL (VHSIC-HDL): Very High Speed Integrated
Circuit Hardware Description Language



What is HDL

P2
VHDL

e Designing complex circuits using logic circuit diagrams is inefficient

e Hardware Description Language
e |ike programming language, describes hardware structures and behaviours
 More efficient
e Common languages
e Verilog

e VHDL




B Creating a AND1INV model




2 Creating a AND1INV model

File View Help

MNew Ctrl+N |-

Open... I .

Examples...
New

‘ | OK
Page Setup... Circuit ~ H
e Text Document Cancel

PRSI Device Symbol H
h W

1 Circuit2.cct -

2 3-bit Counter.cct

3 Simulate. CCT

Exit Alt+F4

1. Go to the File menu, select New command. Select Model Wizard and click OK



B Creating a AND1INV model

Simulation Model Wizard po

— Source

{* Create a new, empty model

This selection will allow you to define the port interface and
will generate a shell for the model in the selected format .

(" Select an existing file ~ Erowee

" MNone

Lise this setting to create a symbal alone, with no model
gttached. You can use it just for schematic drawing
purnoses or attach a model later.

— Destination
" Open the new model as an independent design

{* Create a new symbol with the specified model attached

(" Attach the new model to the zelected device zurnbol

2. Source: Create a new, empty model, Destination: Create a new symbol with the specified model attached. Click Next



B Creating a AND1INV model

Simulation Model Wizard po

— Source

{* Create a new, empty model

This selection will allow you to define the port interfface and
will generate a shell for the model in the selected format.

Model Info pod
(" Select an existing file Browse. ..

Select the desired model type

Structural Circuit reate a VHDL language file which can
VHDL e used to describe the function of this
" MNone evice.

Lise this setting to create a symbaol alone, with no model
attached. You can use it just for schematic drawing
purnoses or attach a model later.

Enter a name for the new model “ANW INV]

— Destination

" Open the new model as an independent design

(¢ Create a new symbol with the specified model attached

" Attach the new model to the selected device zprmbol

2. Source: Create.., Destination: Open the.... Click Next . Select VHDL, Enter name AND1INV.



B Creating a AND1INV model

Model Port Interface ho

|Ise the controls at right to add pins to the — Function
interface list. NOTE: I you are attaching this =

. " . model to an existing device symbal, the interface * Input

o Th |S |S Wh ere yO u d ef| N e list must exactly match the pins on the symbal. " Qutput
" MName | Func | Left | Right (" Bidirectional
all inputs and outputs :
MName ‘
e |n P ut: POS << Add Single Bit |
—Vector

1

® IhpUt: NEG Left Bit Number

Right Bit Number |

<< Add Vector

e Qutput: Outt

=» Hemove

Drag and drop to re-order tems in the list

3. Type the Name and select the Function accordingly, then press Add Single Bit, click Finish to create the model file.



B Creating a AND1INV model

Model Port Interface

|Ise the controls at right to add pins to the — Function
interfface list. NOTE: i you are attaching this o
. . model to an existing device symbol, the interface * Input
o Th IS IS Wh ere yO u d ef| ne list must exactly match the pins on the symbal. " Qutput
" MName Func | Left | Right (" Bidirectional
all inputs and outputs :
MName H
® I N p Ut: POS Name Func | Left | Right £< Add Single Bit H
POS In
NEG In B
Out Out Vector ?

® IhpUt: NEG Left Bit Number

Right Bit Number

£ Add Vectkor

e Qutput: Outt

Drag and drop to re-order tems in the list »» Hemove

3. Type the Name and select the Function accordingly, then press Add Single Bit, click Finish to create the model file.



B Creating a AND1INV model

Pin Locations hod

You can now specify where an the symbal you would like the pins to be placed. To move pins,
just drag and drop between the boxes representing the left, top, right and bottom of the symbal.

Top pins | |
Left pins (eft to right) Right pins
Ot 1
NEG
POS
Symbal Label
’ANDHNV
Bottom pins
{left to right)

4. The programme will ask you for Pin Location assignment. Just click Next.



B Creating a AND1INV model

library I1IEEE; -
use IEEE.std logic lle4.all;
hd -1
entity ANDIINV is B
I CSCI 50,k b |
port |
POS : in std logic;
NEG : in std logic;
Cutl : out std logic
); AND1INV
end AND1INV; MEG
- Cut1 —
—{POS5
architecture archl of ANDIINV is
begin
—— Your VHDL code defining the model goes here IF F'I'E-"'.-'IE!'.-'-.'
end archl; FMEE ‘

T — S

w

1| o

¥ ANDTINV dwv




B Creating a AND1INV model

«

library I1IEEE;
use IEEE.std logic lle4.all;
entity ANDIINV is
port |
POS : in std logic;
NEG : in std logic;
: out std logic

)

encd ANDIINWV:

architecture archl of ANDIINV is
begin
—— Your VHDL code defining the model goes here

end archl;

'H-H-} i
L]

Port definition here

ad 3

I CaCIT50.cl d I

AND1INV

MEG

boe  Outl—

v Preview

Filter: ‘

T —

T
w

ANDTINY .dwv




B Creating a AND1INV model

library I1IEEE;
use IEEE.std logic lle4.all;

entity ANDIINV is

port |

POS : in std logic; e
NEG : in std:L::gic; Port definition here

Cutcl : out std logic
) :

encd ANDIINWV:

architecture archl of ANDIINV is

Pegin Internal description
—— Your VHDL code defining the model goes here Where we implement

end archl;

o -1

I CaCIT50.cl d I

AND1INV

MEG

boe  Outl—

v Preview

Filter: ‘

R
w

¥ AND1INV.dwy




B Creating a AND1INV model

<

library IEEE;
use IEEE.std logic lle4.all;

entity ANDIINV is

port |

NEG : in  std logic OUT1 <= POS AND NOT NEG AFTER 1NS;

Cutl : out std logic
) ;

=nd RNDLINV; : Boolean Things do not happen
Transferring ;
Operators simultaneously

architecture archl of ANDIINV is
begin
OUT1 <= POS5S AND NOT NEG AFTEER lNS;I

end archl:;

ANDTINY dwv

5. Type: OUT1 <= POS

AND NOT NEG AFTER 1NS; This is the Boolean description of the OUT1 port



B Creating a AND1INV model

library IEEE;
use IEEE.std logic lle4.all;

entity ANDIINV 1is

port |

NEG : in  std logic OUT1 <= POS AND NOT NEG AFTER 1NS;

Cutcl : out std logic I K\\\v///ﬂ \\\\////ﬂ
)i

=nd RNDLINV; : Boolean Things do not happen
Transferring ;
Operators simultaneously

architecture archl of ANDIINYV i=s

begin

<= POS BND NOT NEG AFTER 1NS;|

end archl:;

¥ AND1INV.dwy

5. Type: OUT1 <= POS AND NOT NEG AFTER 1NS; This is the Boolean description of the OUT1 port



B Creating a AND1INV model

VHDL Window Help
Compile Ctrl+Q L

==

Run Simulation Ctrl+R

library IEEE
use IEEE.std

Auto-compile
Run Batch File...

Open Generated Circuit

entity ANDII Set Top Level Generics...

port | Model Wizard...

S OUT1 <= POS AND NOT NEG AFTER 1INS:

Cutl : out std logic
) ;

=nd RNDLINV; : Boolean Things do not happen
Transferring ;
Operators simultaneously
architecture archl of ANDIINV is
begin
CUT1 <= POS AND NOT NEG AFTER lNS;I

end archl:;

<

¥ AND1INV.dwy

6. VHDL -> Compile. A message should say Compile Completed - 0 errors



B Creating a AND1INV model

VHDL Window Help
Compile Ctrl+Q L

==

Run Simulation Ctrl+R e

library IEEE
use IEEE.std

Auto-compile

Run Batch File...

Open Generated Circuit
SHELEY SBULY Set Top Level Generics...
port ( Model Wizard...

S OUT1 <= POS AND NOT NEG AFTER 1INS:

Cutcl : out std logic I \/ \/
)i

=nd RNDLINV; : Boolean Things do not happen
Transferring ;
Operators simultaneously

architecture archl of ANDIINYV i=s

begin

<= POS BND NOT NEG AFTER 1NS;|

end archl:;

¥ AND1INV.dwy

6. VHDL -> Compile. A message should say Compile Completed - 0 errors



Run Simulation

VHDL Window Help
Compile Ctrl+C
Run Simulation Ctrl+R
Auto-compile
Run Batch File...

Open Generated Circurt

| [F==1*

t 1%
0, ™

Set Top Level Generics...
Model Wizard...

S —In o Ll LA,

1/0 Page

6. VHDL -> Run Simulation. The text should turn grey (not editable). Click Run Button to start simulator, click I/0 panel Page button



Run Simulation

increase value (0 -> 1) decrease value (1 -> 0)

end archl;

<

¥ ANDIINV.dwy \ | /
A\

/[
Browse... | |Scripts\OPakeiDefault hm / | value fixing: O

L= [

pos Z
neg Z
out? u

A » ¥ Timing 4 VHOL 4 1/O Panel }.-’—
7. Play with the buttons in the I/O panel




end archl;

|

E AND1INV.dw |

Run Simulation

Zoom-out

Zoom-in Reset

NS
o x| =|

x|

I Browse... H IScriptS'xIDF’anelD efault. hitml j
pos i
neg z
out 1 U

(LA # ]y Timing A VHDL A I/0 Panel

L= [%

ns

— 7

pos

£

U < v v Timing 4 vHDL A 1jOPanel [

8. Changes are reflected in the Timing Diagram. Use Zoom panel to Zoom In and Out




Exe1: 1-bit Half Adder

e Create a new component in VHDL called

HalfAdderl X ®

e Input: X, Y

e QOutput: S, C D C

e Don’t use AFTER




Exe1: 1-bit Half Adder

architecture archl of HalfAdder 1is

begin X * .
Y ®

S <= X XOR Y;

C <= X AND Y; D C

end archl;




