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* Unsigned Addition

* Overflow — Interpretation
1000

1010 10 Overflow

4 bit unsigned binary
+ 1001 9 19 does not fit in 4 bit unsigned

40011 19

Result in 4 bits is 3

4 bit
Unsigned Binary
Number Line

4 bit
Unsigned
Binary
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* Unsigned Addition
* |/Os must be converted to/from unsigned to allow

addition

-- adder_4bit_unsigned. vhdl
--  by: johnsontimoj

-- cCreated: 12/31/24

-- version: 0.0

-- 4bit unsigned adder

-- inputs: a, b

-—  outputs: sum

Tibrary IEEE;
use ieee.std_logic_1164.all;
use ieee,numeric_std.all;

entity adder_4bit_unsigned is

port{ i_a: in std_logic_vector{3 downto 0);
i_b: in std_logic_vector (3 downto 0);
o_sum: out std_logic_vector ({3 downto 0)
);
end entity;

architecture behavioral of adder_4bit_unsigned s

signal a_sig: unsigned{3 downto 0);

signal b_sig: unsigned({3 downto 0);

signal sum_sig: unsigned{3 downto 0);
begin

a_sig <= unsigned(i_a);
b_sig <= unsigned(i_b);

sum_sig <= a_sig + b_sig;
o_sum <= std_logic_vector{sum_sig);

end architecture;
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* Unsigned Addition

@ <<Filter>>
Flow Status Successful - Tue Jan 07 17:16:56 2025
CQuartus Prime Version 18.1.0 Build 625 09/12/2018 5J Lite Edition
Revision Name general
1 Ih(:) ClN Addo Top-level Entity Name adder_4bit_unsigned
Family MAX 10
. A[3m OUT[3..0] Device 10MS0DAF484C76G
I_a [3"0] I > [ ] + I > O_Sum[3"0] Timing Models Final
. B 3..0 U Total logic elements 4
I—b [3 0] D Total registers 0
Total pins 12
Total virtual pins 1]
Total memory bits 1]
Embedded Multiplier 9-bit elements 0
Total PLLs 0
UFM blocks 0
ADC blocks 0
Value at 0 ps ‘IEDiD ns BEDiD ns 4BDiD ns 64DiD ns BDDiD ns QEDiD ns ‘I.‘I,IE us ‘I.2|8us ‘I.4fl us ‘I.Elus ‘I.?Isus 1.912 us 2.D|8us 2.2|4u5 2.{ us 2.56us
Mame 0ps 0ps
B via uo siearoeiat b RIS SRR AR s et AERRV G o RARN et A LBl vt PR bk ol ncan et AN e AR et ALt ARVt ke bl e
& > b uo D SEEE GFED GFED o 5 46 A7 A D GETYD GETED GEFED G SN AR
® 0 osum  UD A A o A e

CPE 1500

© tj




* Unsigned Addition

* Wrapping on overflow

walue at 120.0 ns 160.0 ns 200.0 ns 240.0 ns 280.0 ns 320.0 ns 360.0 ns 400.0 ns
Name 1 1 1 1 1 1 1 1
Ops
l# > ia uo 9 10 11 12 13 14 15 o 1 2 3 4 5 & 7 8 9 10 11 12 13 1444 15 o 1 2 4 5 B 7 8
w0 ib uo 1 15+ 1 wrapsto O 2
q;.‘q 7 o_sum uo 9 10 11 12 13 14 15 1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 o 2 3 4 =] 7 8 9 10
Name Value at ns ?EDiD ns BDDiD ns 84DiD ns BBDiD ns QEDiD ns QEDiD ns 1.Qus 'I.Dflu
Ops
B v ia uo A2 115 ¥ o ¥ o RSO E
B > b uo 13 +5 wrapsto 2 5
%{ 7 o_sum uo 2 13 14 15 o 1 2 3 5 B 7 8 ) 10 11 12 13 14 15 o 1 2 3 4 B 7 10 4 11 12 13 1
Name Value at s Z.Dflus 2.D|8 us 2.‘I|2 us 2.‘Il|5u5 2.2 us 2.2fl us 2.2:|3 us 2.3|2
Ops
# *ia uo 8 9 10411 472 413 414 415 o] 1 2 3 4 5 & 7 g 9 To005 11 Q12 413 414 45 0 1 3 4 5 & 7
= b uo 13 11 + 13 wrapsto 8 14
m.bq. > o_sum uo 4 5 & 7 g 9 10 4 11 13 4 14 415 o 1 2 3 4 5 & 7 g 9 10 4 11 12 4 14 415 1 2 3 4 5
-
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 Signed Addition

* Overflow — Interpretation
1 Ol

1011 - 5 Overflow

+ 1011 -5 sB Carry-out # carry-in
0110 -10

4 bit signed binary

Result in 4 bits is 6

4 bit
Signed Binary
Number Line
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 Signed Addition

* |/Os must be converted to/from signed to allow addition

-— adder_4bit_signed. vhdl
-—  by: johnsontimoj

-- created: 12/31/24

-- wversion: 0.0

-- 4bit signed adder

-- dinputs: a, b

-- OuLputs: sum

Tibrary IEEE;
use ieee.std_Tlogic_1164.all;
use ieee.numeric_std.all;

entity adder_4bit_signed is

port{ i_a: in std_logic_vector(3 downto 0);
i_b: in 5td_1mg1;_vectmr(3 downto 0);
o_sum: out std_Tlogic_vector(3 downto 0)

:
end entity;

architecture behavioral of adder_4bit_signed is

gned(3 downto 0);
gned(3 downto 0);
gned(3 downto 0);

signal a_sig: 51

signal b_sig: si

signal sum_sig: si
begin

a_sig <= signed(i_a);
b_sig <= signed(i_b);

sum_sig == a_sig + b_sig;
o_sum <= std_logic_vector {sum_sig);

end architecture;
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 Signed Addition

Flow Summary

Successful - Tue Jan 07 17:44:19 2025

18.1.0 Build 625 03/12/2018 SJ Lite Edition

Quartus Prime Version

general

Revision Name

: signed

adder_4bit_si

Top-level Entity Name
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 Signed Addition

* Wrapping on overflow

Narme Value at 'IEDiDns 'IEDiDns 2DDiDn5 240iDr|s 2BDiDn5 32DiDr|s 3EDiDn5 4DDiDr|s
0ps
'# ? i_a S0 5 -5 -4 -3 -2 -1 1 2 3 4 5 & 7 -5 = = -2 -1 o 1 2 3 4 & 7 -8 -7 -
B b 50 ) i 7 + 1 wrapsto -8 Y 3
%R ? o_sum S0 5] -5 -4 A -3 -2 -1 2 3 4 5 & 7 -8 -7 -6 -5 -4 4 -3 -2 -1 0 2 3 4 5 & -8 -7 -6 -5 -
" Value at ?EDiD ns SDDiD ns 84Di0 ns SSDiD ns QEDiD ns QEDiD ns 1.0us ‘I.D|4us
ame
0ps
B ia S0 6454 -44-34-24 1 2 3 4 5 6 4 7 h-8dl -7 e sd-a¥-z¥-20-1%0 1 2 3 4 6 A7 A8 K7
& > ib 50 b
= > osum SO BEITREREDE BERE)E'E
y Value at IE&us ‘I.??us 'I.?llius 1.E:u5 'I.8|4us 'I.BIBus 'I.Q?us ‘I.9I5us 2.
ame
0ps
.# ? ia S0 -8 -7 -& -5 -4 A -3 -2 -1 0 1 2 3 4 5 & 7 -8 4 -7 -& -5 -4 -3 -2 -1 o] 1 2 3 4 5 7
& > b 50 6 b4 -5 -5 +-5 wraps to 6
%{ 7 o_sum 50 2 3 4 5 B 7 -8 -7 -5 -4 -3 -2 -1 o 1 2 3 4 5 & 7 -8 -7 - -4 -3 -2 -1 o 1 3
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* Unsigned Subtraction
* Wrapping — Interpretation

Wrap

0111 7

- 1011 11 -4 does not exist in 4 bit unsigned
M -4 Result in 4 bits is 12

4 bit unsigned binary

Al

4 bit
Unsigned Binary
Number Line

4 bit
Unsigned
Binary
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* Unsigned Subtraction
* |/Os must be converted to/from unsigned to allow

subtraction

--  subtractor_4bit_unsigned. vhdl
-- by: johnsontimoj

-- created: 12/31/24

-- wversion: 0.0

-- 4bit unsigned subtractor

-- dnputs: minuend, subtrahend

-—- outputs: difference

Tibrary IEEE;
use jeee.std_Togic_1164.all;
use ieee.numeric_std.all;

entity subtractor_4bit_unsigned is
port{ i_minuend:

i_subtrahend:

o_difference:

Ik
end entity;

in std_logic_vector(3 downto 0);
in std_logic_vector (3 downto 0);
out std_logic_vector(3 downto 0)

architecture behavioral of subtractor_4bit_unsigned 1s

signal minuend_sig: unsigned(3 downto 0);

signal subtrahend_sig: unsigned(3 downto 0);

signal difference_sig: unsigned(3 downto 0);
begin

minuend_sig <= unsigned{i_minuend);
subtrahend_sig <= unsigned{i_subtrahend};

difference_sig <= minuend_sig - subtrahend_sig;

o_difference <= std_logic_vector (difference_siqg);

end architecture;
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* Unsigned Subtraction

® ==Filter>>

Flow Summary

Flow Status
Quartus Prime Version
Revision Mame

Top-level Entity Name

Successful - Wed Jan 08 07:12:38 2025
18.1.0 Build 625 09/12/2018 SJ Lite Edition
general

subtractor_4bit_unsigned

Family MAX 10
1Ih0 CIN Addo Device TOMS0DAF4B4CTG
h Timing Models Final
i_minuend[3.0] [ —= | A[4.0] (85, OUT[4.0] [ o_difference[3.0] oilios e e 2
. " B [40]w Total registers o]
i_subtrahend[3..0] | > - S -
i Total virtual pins o
Total memory bits o
. . . Embedded Multiplier 9-bit elements 0
Note — this is not an obvious model ol 0
. . UFM blocks o
more info in ELE3510 - .
Valueat ||OPs 1800ns  320.0ns 480.0ns  B40.0ns  800.0ns  960.0ns 112 us 1.28us 144 us 18us 176 us 1.82us 2.08 us 2.24us 24us 2.56us
Mame
0 ps 0 ps

& O i_minuend  B000D

A A A A A

B- > i subtrahend BO0OOD

0000 % 0001 % 0010, % 0011 4% 0100l 4 0107

Y o110 % ‘o111 % 10000 % 1001 % 10100 4 1om

W 11000 % 1101 % 11100 ¥ 1111

% » o_difference B 0000

A A A A A A A
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12

© tj




* Unsigned Subtraction
* Wrapping

s ™ s
Value at 440.0 ns 430.0 ns 520.0 ns 560.0 ns ©00.0 ns 640.0 ns 880.0 ns 720.0 ns
Name i i i i i i i i
0ps
.# 2 i_minuend uo oA N 12 A 13 A 14 A5 2 3 4 5 B 7 9 10 4 11 12 413 A 14 415 o 1 2 3 4 5 B 7 ] 9
.# » i_subtrahend UOQ X 3 X 4
= > o_difference  UD 8 9 10411 42 13 14\ 15 6 7 a 9 10 A 11 12 13 A 14 415 0 1 2 3 4 5
=17 % 2 -3 wrapsto 15
Narme Value at 1.2-|4 us 'I.EIB us 1.312 us 1.3l|5 us 'I.-ff us 'I.4fl us ‘I.4|8 us 1.5|2 us
0ps
.# » i_minuend uo ik 12 413 A 14 o 1 2 3 4 5 B 7 8 9 10 411 472 413 414 415 o 1 2 3 4 5 6 7 8 9 10
.# ? i_subtrahend VO X ] X 9
$ > oaemce vo [T 8 N0G0EENG N 5 8 wraps to 13 PO 7 XXX @G oG
N Value at tus 'I.BIB us 1.912 us 'I.Qlli us 2.[? us 2.Dfl us 2.D|8 us 2.'I|2 us 2.'I§
ame
0ps
.# » i_minuend uo 8 9 10 41T 412 413 414 415 o 1 2 3 4 5 =]
.# » i_subtrahend UOQ X
® > odifference UO 13414 415 % 0 2 43 5 46 4 7 A8 s\h1of ] ED &S SN ¢S 5 4 €5 4 €9 1
. 6-12 wraps to 10
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