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FSM Inputs and Outputs
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States
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Moore FSM State Transition Table

SlsoTATBS S SlsoTATBS
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10X0[11 $8Ts = 10X 0|1 = 5,®S,
10X1(10 S,S,T ~ 10X 1|1
11X X|00 11 X X|0
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States
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Moore FSM (1)

4 N
Compute NextSt from
) CurrSt, Ta, Tb
inputs
NextSt
Next Current CurrSt X‘/ )
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State This NextSt becomes
S'1 Sl a new CurrSt
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Compute NextSt
clk ’
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00: SO

015 S1 outputs (LA/LB)
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Moore FSM

inputs Inputs
Current State
Next Current
State State Next States
1 S I
s 7 g = 5,5,T,+ 5,57,
DQ
clk
outputs E Current State S, }
states
00: SO
01: s1
10: S2
11: S3 Outputs
outputs (LA/LB) La=5, Ly =S5,
00: Green _
01: Yellow AO:SlSO LBO_S S
10: Red
11: X
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Verilog Gate Level Design - testbench

“timescale 1ns/100ps

module traffic_controller_testbench; initial
begin
parameter cycle = 40; clock = 1,
reset = 1,
reg clock; TA=1;
TB =0;
always
begin #1;
#(cycle/2) clock=~clock; #(cycle)  reset =0;
end #(cycle) TB=1;

#(cycle) TA=0;
#(cycle*3) TA=1,;
TB =0;

traffic_controller DUT (.clock(clock),
#(cycle*3) TA=0;

.reset(reset),
.TA(TA), end
TB(TB), o
.LA(LA), initial
LB(LB)); begin
$dumpfile(“traffic.vcd");
reg reset; $dumpvars(0, DUT);
reg  TA, TB; #(cycle * 10);
wire [1:0] LA, LB; $finish;
end
endmodule
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Verilog Gate Level Design - traffic_gate.v

module traffic_controller(clock, reset, TA, TB, LA, LB);

input clock, reset;
input TA, TB;
output [1:0] LA, LB;

reg [1:0]S;
wire [1:0] NextS;

always @(posedge clock)

not #8 (S1b, S[1]);
not #8 (SOb, S[0]);
not #8 (TAb, TA);
not #8 (TBb, TB);

xor #8 (NextS[1], S[1], S[0]);

bﬁcg('rr(‘a’sitE)Q or #8 (NextS[0], NS1, NS2):
#8 S = 2'b00: and #8 (NS1, S1b, SOb, TAb);
clse ’ and #8 (NS2, S[1], SOb, TBb);
#8 S = NextS;
end
buf #8 (LA[1], S[1]);
and #8 (LA[O0], S1b, S[OD);
not #8 (LB[1], S[1]);
and #8 (LB[O], S[1], S[O]);
endmodule
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VCD Output with zero delay

GTKWave - fhome/young/WorkSpace/Verilogf/Traffic/traffic.ved

File Edit Search Time Markers View Help
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VCD Output with gate delays

GTKWave - fhome/young/WorkSpace/Verilog/Traffic/traffic.vcd

File Edit Search Time Markers View Help

do = = E 1= = S 7 §e o2 From|0 sec |To:[400 ns ~  Marker: 160 ns | Cursor: 53500 ps
= SS5T Signals Waves
: [ 1038 ns 200 ns 300 ns AQ0
e e ] ] Time
traffic_controller _testben: T
MWSZ =
TA=
TE=
NextsS[1:0] = | EEEREREE]
s[1:0] o | ENEE
1 ¥
LA[1:0] =
- Sianal - Le[1:0] =
PRl Sob =
iy Sib =
wire S1b TAb =
reg 5[1:0] TBb = =
e TA 1
reset =
wire TAb
wire TB |
wire TBb
wire clock
wire reset
Filter: ‘
Append| | Insert Replace - - _
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VCD Output with gate delays
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Divide By N Counter FSM

Input: none

reset
Output: Y=1 every 3 cycles
s1 \

DJ State Transition Table Output Table

Curr St Next St Curr St Output
SO S1 SO 1
S S2 S1 0
S2 SO S2 0
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Encoding States

State Transition Table

Output Table

State Transition Table

Output Table

Curr St| Next St Curr St| Output Curr St| Next St Curr St| Output
SO S1 SO 1 SO S1 SO 1
S1 S2 Sl 0 S1 S2 S1 0
52 SO S2 0 S2 SO S2 0

Sl So S'l SIo Sl So Y Sz Sl So S'25'18'0 Sz Sl So Y

0O 0fO0 1 O O 1 00 1(01 0 001 1

O 1(1 O 0O 1 0 010(100 010| O

1 0(0 O 1 O O 100/001 100 O
§'1=5,S, Y=S§,S, §',=5,5,S, =8, Y=5,5,S, =S,

_ §1=85,5,S, =5,

S'0=55 $'0=5,5S, =8,
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Resolution Time
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FF Timing (ldeal)
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Sequence of States

®)" ()" (@2)"  (3)"  (@4)"  (t+5)"
edge edge edge edge edge edge

A A 1 T A f____

Q,, Q) Q(t+1) Q(t+2) - Q(t+4) Q(t+5) Outputs of FFs

®" )" @2)" (3" ()" ()"
edge edge edge edge edge edge

A A A A A I\
2o ? ? ? ? ? ? Find inputs to FFs
Qs Q) Q(t+1) Q(t+2) Q(t+3) Q(t+4) Q(i+5) which will make outputs
in this sequence
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When NextSt becomes CurrSt
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Finding FF Inputs

A A A A A A
2 2 2 2 2 2
3:0 ' ' ' - ! - Inputs to FFs
Qa0 Q) Q+1) Q(t+2) Q(t+3) Q(t+4) Q(t+5) Outputs of FFs
D, 0 y L C N During the t" clock edge period,
L ‘ )o Compute the next state Q(t+1)
D, Q, using the current state Q(t) and
»>DQ — other external inputs
“ |
b, Q N Place it to FF inputs
p D Q —p \ /s‘
D, Q, ‘ \/ / After the next clock edge, (t+1)™",
Moo | A - the computed next state Q(t+1)
/ L/ becomes the current state
\\\7 ﬂ//}\ /
f \7 /
Inputs
FSM Young Won Lim
21 11/6/15

Examples



Method of Finding FF Inputs

Find the boolean functions
t+1 t+2 t+3 t+4 t+5) Q(t+6 D3, D2, D1, DO
Q1) QM) Q3 Q) QE) Q) PR b2BLDO
and external inputs
o QY Q(t+l) Qt+2) Q(t+3) Qt+4) Q(t+5) for all possible I?:ases.
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State Transition

A A A A \ )
D3:0 Q(t+1) _\
Compute the next state
Q.0 Q) | Q(t+1) using the current state
and external inputs
/\/—\ in the current clock cycle
/ @ \‘\

> e
. L

:
.y .0 = Qe

/‘
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\\ 4
\*N \‘
After the next clock edge,
Inout } the computed next state (FF Inputs)
puts becomes the current state (FF Outputs)
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Moore FSM
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Mealy Machine
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