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Administrivia

« Lab demo time slots are out on Ed

= Use comments on the Ed thread to request lab time swaps

+» Lab 1 this week — Basic Logic
= Report + code due on Wednesday @ 2:30p
« Check the lab report requirements closely

= Show up to your demo time with your design synthesized and your
simulations ready to view &


https://edstem.org/us/courses/106459/discussion/8385060
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Today

+» Logic Minimization
+ Verilog Details
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Translating between Truth Tables and Boolean Equations/

+» Terms of equation come from rows of table
"= For “1” inputs, write variable name

" For “0” inputs, write complement of variable
% Sum of Products (SoP)

" From CSE311, “DNF” (disjunctive normal form)
= Take truth table rows that output 1:
- AND the inputs together, OR the rows together

+ Product of Sums '(PoS)

" From CSE311, “CNF” (conjunctive normal form)

= Take truth table rows that output O:
« OR the complemented inputs together, AND the rows together

SoP: C = AB + BA B

L

PoS:C=(A+B)-(A+B)

o

a b|c

NINI=

IOl ||O

Ol |O
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Logic minimization

+» Goal: reduce complexity at the “gate” abstraction level
= Allows us to build smaller and faster hardware
= Care about both # of gates, # of literals (gate inputs), # of gate levels,

s —_——

and types of logic gates l
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Logic minimization

+» Goal: reduce complexity at the “gate” abstraction level
= Allows us to build smaller and faster hardware

= Care about both # of gates, # of literals (gate inputs), # of gate levels,
and types of logic gates Q\@,JP.'UJ ‘M ? \e MQM‘QI\

€ (ot
+ Faster hardware? ( °F M absflac

A+e
" Fewer inputs implies faster gates in som@ 3
" Fan-ins (# of gate inputs) are limited in some technologies

= Fewer levels of gates implies reduced signal propagation delays
= # of gates (or gate packages) influences manufacturing costs

4

= Simpler Boolean expressions = smaller transistor networks — smaller
circuit delays — faster hardware |
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Are Logic Gates Created Equal?

+ No!
+» Can recreate all other gates using

only NAND or only NOR gates

NOT 2
AND c | = Called “universal” gates
= How? x X | nead
OR 6 . —
O o {

NAND 4 = For NAND: <A[Dr- T
= ° » X = X NAND X C g
XOR 8 —_— I —

i | . — — -
XNOR g | \ " X-Y=(XNANDY) \g DetDe—

" X+Y = XNANDY
K——O
o 70
DeMergas law Y-
3~£D0ID:

7
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DeMorgan’s Law

o s Jo-c = g g ¢
;X-l-Y: XY
- XY =X 47 B >0 < gJ )=¢

- In Boolean Algebra, converts between AND-OR and OR-AND expressions
= 7Z = ABC+ ABC + ABC
= 7=(A+B+0)-(A+B+C)-(A+B+0)

» At gate level, can convert from AND/OR to NAND/NOR gates
fa “Bubble pushing”: “Flip” all input/output bubbles and “switch” gate
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DeMorgan’s Law Practice Problem

+» Implement this circuit with only NOR gates:

A A-B o

B AB+CD
F

C

D c*D

A — o

5 X =
CM5>®——I
R4

] F
e
oL

28)es
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Today

+» Logic Minimization
+ Verilog Details

10
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Basic Verilog example

Block Diagram:

A
B A——
F B—

C
C—>
D D—s!

T
8
“AOI ¥

D

// Verilog code for AND-OR-INVERT gate

~>module AOI (F, A, B, C, D);
output logic F;
input logic A, B, C, D;

assign F = ~((A & B) | (C & D));
endmodule

CSE369, Autumn 2026
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Verilog Data

+ Nets: carry bits from one gate to another
= SystemVerilog type: “wire”

" Think of it like an immutable reference to mutable data in C++
SEE——

+» Variables: like a net, but the circuit setting the voltage can change
= SystemVerilog type: “reg” or “logic”
"= NB: nothing to do with “registers” from Assembly (®) !
= “Variable” refers to the source of the data, not the data itself (“driving the voltage”)
= Think of it /ike a pointer whose location is determined by a switch case in C++

% ...In this class, we’ll just use “logic” for everything

12
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Verilog “Execution”

>

Physical wires transmit voltages (electrons) near-instantaneously

= Wires by themselves have no notion of sequential execution
» Gates and modules are constantly performing computations

+ In pure hardware, there is no notion of initialization /

= A wire that is not driven by a voltage will naturally pick up a voltage from the
environment

+ In pure hardware, there is no notion of reassignment

= Verilog variables represent physical wires. The value carried by the wire can
change, but the wire’s endpoints do not

13
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Equivalent implementation

O O o F

AB

cD

// Verilog code for AND-OR-INVERT gate

module AOI (F, A, B, C, D);
output logic F;
input logic A, B, C, D;
logic AB, CD, O;

assign AB
assign CD
assign O
assign F
endmodule

2

OWOZD

>

&
&
|

O O
U\po\.o

// 1ntermediate signals

CSE369, Autumn 2026
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Verilog Primitives

<« @Gates: Gate Verilog Syntax

NOT a ~a

a AND b a &b
aORb a| b
a NAND b ~(a & b)
a NOR b ~(a | b)
a XOR b a b
a XNOR b ~(a M b)

+» Modules: “classes” in Verilog that define blocks of logic
" |nput: Signals passed from outside to inside of block
" Qutput: Signals passed from inside to outside of block

15
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Another equivalent implementation

AB

cD

O O o F

// Verilog code for AND-OR-INVERT gate

module AOI (F, A, B, C, D);
output logic F;
input logic A, B, C, D;
logic AB, CD, 0; // intermediate signals

—

and al(AB, A, B); assign AB = A & B;
and a2(Cb, C, D); ’_\Nas.assign CD = C & D;
or o01(0, AB, CD); "assign 0 = AB | CD;
not nl1(F, 0); assign F = ~0;

endmodule
16
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‘03\( [% fO] \ ’ v '““
Verilog multi-bit signals . ) [3:2]
MeB P

t —
\l’ = K : — /)
Defining an N-bit signal: logic [N-1:0] varname; X ——7[—"' &7 ) -

= Called an “n-bit bus”

= Actually just N wires physically next to eachother
= Access bits and slgces with “array” syntax
(e.g.,bus[1],bus[4:2])

= Drawn in block diagrams as little labelled slashes
(no slash means “1 bit”)

Signal concatenation: {varl, .., varN} —a

" QOrdering matters; left side is MSB, right side is LSB S a,bg
= Result’s width is the combined widths of all signals_

= No standard block diagram notation, just draw a labelled block

Replication operator: {n{m}} .7;/
" repeats value m, n times fz %,%
" No standard block diagram notation, just draw a labelled block
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Verilog data literals

+ Logic Values

= 0=zero, low, FALSE

" 1 =o0ne, high, TRUE
“’)} X = unknown, uninitialized, or contention (“multiple drivers”)
J) Z = floating/disconnected/high impedance/“no drivers”

& Multi-bit constants: n’ r###..
= nis bit width, b is radix/base, #s are the actual digits
" eg.,4'dl2, 4'bl100, 4'hC

l
04 C

18
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Let’s check our understanding

logic [4:0] apple;

logic [3:0] pear;

logic [9:0] orange;

assign apple = 5'd20; &— B'b |0) oo

assign pear = {1'b0, apple[2:1], applel[4]};
0 (O l

+» What’s the value of pear? ’
) —~
% ?ao\(’/“l bO\O\’chS

» If we want orange to be the sign-extended version of apple, what is the appropriate
Verilog statement? |

assign orange = Z %Sfo@r\c[gﬁ}/ AP \QS

4z?2 1 o

19
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Miso Moment

20
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Module Hierarchy

L2: Logic Minimization, Verilog Details

// Verilog code for 2-input multiplexer

module AOI (F, A, B, C, D);

output logic F;

input logic A, B, C, D;

assign F = ~((A & B)|[(C & D));

endmodule

module MUX2 (V, SEL, I, J);

output logic V;

input logic SEL, I, 3J;

logic SELN, VN;

not Gl1 (SELN, SEL);

AOI G2 (.F(VN),
not G3 (V, VN);
endmodule

-A(I),

.B(SEL),

.C(SELN),

2-input MUX

] —

AO| o—v

// 2:1 multiplexer

.D(3));

CSE369, Autumn 2026
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WA/ UNIVERSITY of WASHINGTON

Verilog “control flow”
,\C: ﬂ j I
+ Verilog has synthesizable if and case statements < Ze: 9 <e |

" |n hardware, each “clause” exists in parallel and is always computing its output whether

the condition is true or not
= A multiplexer (“mux”) is placed physically after these blocks to electrically connect one

of them to the output signal

+ Verilog requires us to wrap these statements in an always_comb block

= Block defines the full set of circuits that may drive the value on a Log1 c variable
= |dea: the last assignment in an always block to a given variable is the result that gets

used

+ There are several other kinds of “always” block.

*

= We'll learn about them in a few weeks!

22



WA/ UNIVERSITY of WASHINGTON L2: Logic Minimization, Verilog Details CSE369, Autumn 2026

Getting muxy module majority_three(
input logic A, input logic B, input logic C,

output logic M
3] t Maiorit ); g s C_O/\C.OCF SJ(IMX
-inpu ajority always_comb begin

case ({A,B,C})
Out 3'boo0: M =
3'bo0o1:
3'b010:
3'bo11:
3'bl00O:
3'blol:
3'bl10:
3'b111:
endcase

oo

o o

o \weo

we Wwe wo

I
P PRPOPFPOOO
o

o o

=E=I==X===
I

end
endmodule

Yl e NoNeolNo) b~

R P, OORFRPFR O O|m
R OFR ORrR O Ol
R R RPROROOO

23
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Getting muxier

+ Let’s make a majority circuit for up to three inputs

L2: Logic Minimization, Verilog Details

variable_majority

M

> A
» B
P C
—A 3! count
2

CSE369, Autumn 2026
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Muxes all the way down

variable_majority

A >
B L \
. 0 —» 00
P > A ——» 01 S g
C > —3! B maj M »10 MV
0o—» C —» 11
—3| A
» B maj M
»| C
count
7
2

25
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Muxes all the way down (Verilog)

module variable majority (
input logic A, input logic B, input logic C,
input logic [1:0] count,
output logic M, ont b ‘QQ (1

[
logic maj2, maj3; / On :j RC
majority three two_input  (.A(A), .B(B), .C(1'bo), .M(maj2)); cJ - (Yifkﬂ
majority three three input (.A(A), .B(B), .C(C), .M(maj3)); h&&ﬁ
always _comb begin

if (count == 3°dl) begin
M= A;

end else if (count == 3°d2) begin
M= maj2;

end else if (count == 3°d3) begin
M = maj3;

end else begin
M= 0;

)s

end
end
endmodule

26
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Bad Verilog

module variable majority (
input logic A, input logic B, input logic C,
input logic [1:0] count,
output logic M,
)
logic maj2, maj3;
always_comb begin
if (count == 3°dl) begin
M= A;
end else if (count == 3°d2) begin
majority three two_input (.A(A), .B(B), .C(1'bo), .M(maj2));
M = maj2;
end else if (count == 3°d3) begin
majority_ three three_input (.A(A), .B(B), .C(C), .M(maj3));
M = maj3;
end else begin
M= 0;
end
end
endmodule

27
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Bad Verilog

module variable majority (
input logic A, input logic B, input logic C,
input logic [1:0] count,
output logic M,
)
majority three maj (.A(A), .B(B), .C(C), .M(M));

always_comb begin
if (count == 3°dl) begin
——D M = A;
end else if (count == 3°d2) begin
C = 1°bo;
end else if (count == 3°d3) begin

end else begin
M= 0;
end
end

endmodule

28
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Muxes all the way down

variable_majority ¢e\ D]
A seél E
R [°]
B
> N O—» 00(©°
/ A —>| 01
¢ S —» B maj > 10 (2
0—» C — 11
—3] A
» B M3
»| C
count
7
2

CSE369, Autumn 2026
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  C =  A - B +  B - A


   C ¯ =  ( A + B ) ⋅  (  A - +  B - )


  →


  →


  →


   X - = X   NAND   X


  X ⋅ Y =   ( X   NAND   Y ) ¯


  =  X -   NAND    Y -


    X + Y - =    X - ⋅  Y -


    X ⋅ Y -   =  X - +  Y -


  Z =  A -  B - C +  A - BC + A  B - C


   Z - =  ( A + B +  C - ) ⋅  ( A +  B - +  C - ) ⋅  (  A - + B +  C - )
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