Today: Mre Verilog and Sequential Logic

Finite State Machines and Verilog

Reasoning about Moore and Mealy machines
“highlight-the-arrows” method

Example: Traffic Light Controller in Verilog

o
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Verilog Structural View of a FSM

General view of a finite state machine in verilog

nmodul e FSM (CLK, in, out);

i nput CLK;
i nput in;

out put out;
reg out;

/] state variable
reg [1:0] state;

/1 local variable
reg [1:0] next_state;

al ways @ posedge CLK) // registers
state = next_state;

al ways @state or in)
/1 Conpute next-state and output |ogic whenever state or inputs change.
/1 (i.e. put equations here for next_state[1:0])
/1 Make sure every local variable has an assignnment in this bl ock!
endnodul e
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Moore Verilog FSM

Reduce 1% example

“define zero 2’'b00
“define onel 2'b01 <«— state assignment
“define twols 2’ bl0

nodul e reduce (CLK, reset, in, out);
i nput CLK, reset, in;
out put out;
reg out;
reg [1:0] state; /] state variables
reg [1:0] next_state;

al ways @ posedge CLK)
if (reset) state = "zero;
el se state = next_state;
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Moore Veril og FSM (conti nued)

always @in or state)
<\ crucial to include

case (state) ) all signals that are
zero: // last input was a zero

begi n input to state and
if (in) next_state = onel; output equations
el se next _state = "zero;
end
‘onel: // we've seen one 1 note that output only
begin depends on state
if (in) next_state = “twols;
el se next _state = "zero;
end

“twols: // we've seen at |east 2 ones al vays @st ate)

begin . case (state)
if (in) next_state = "twols; “zero: out = 0
el se next _state = "zero; ‘onel: out = d
end “twols: out =1
endcase endcase
endnodul e
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Mealy Verilog FSM

nodul e reduce (CLK, reset, in, out);

input CLK, reset, in; -
p Remember the Highlight-

out put out;
reg out; The-Arrows Method
reg state; /'l state variables
reg next_state; 0/0
al ways @ posedge CLK)
if (reset) state = "zero;
el se state = next_state;
always @in or state)
case (state) 0/0 1/0
‘zero: // last input was a zero
begi n
out = 0;
if (in) next_state = "one;
el se next _state = "zero;
end
‘one: // we've seen one 1 171
if (in) begin Input Output
next _state = “one; out = 1;
end el se begin
next _state = “zero; out = O;

end
endcase
endnodul e
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Synchr onous Mealy FSM

nodul e reduce (clk, reset, in, out);
input clk, reset, in;
out put out;
reg out;
reg state; // state variables 0/0

al ways @ posedge cl k)

if (reset) state = "zero;
el se
case (state)
bezg?rno. /1 last input was a zero 0/0 1/0
out = 0;
if (in) state = "one;
el se state = "zero;
end
‘one: /1 we've seen one 1
if (in) begin 1/1
state = “one; out = 1;
end el se begin
state = “zero; out = O;
end

endcase
endnodul e w
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Exanpl e: Traffic Light Controller

Specification of inputs, outputs, and state elements

nmodul e FSM HR, HY, HG FR FY, FG ST, TS, TL, C reset, dKk);
HR

out put

out put HY;

out put HG “define hi ghwaygreen 6' b001100

gz: ES: Eff “define hi ghwayyel | ow 6'b010100

out put FG’ ) def! ne farnroadgreen 6'b100001
“define farnroadyel | ow 6' b100010

out put ST;

i nput TS,

: EEE: 2" assign HR = state[6];

) . assign HY = state[5];

i nput reset; B

i nput ak: assi gn HG = state[4];
assign FR = state[3];

. . assign FY = state[2];
reg [6:1]  state; assign FG = state[1];

reg ST,
specify state bits and codes

for each state as well as
connections to outputs
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Exanpl e: Traffic Light Controller (cont’d)

initial begin state = "~highwaygreen; ST = 0; end

always @posedge O k) case statement

begi n .
igf (reset) triggerred by
begin state = "hi ghwaygreen; ST = 1; en clock edge
el se
begi n
ST = 0;

case (state)
" hi ghwaygr een:
if (TL & O begin state = "hi ghwayyel low; ST = 1; end
“hi ghwayyel | ow.
if (TS) begin state = “farnroadgreen; ST = 1; end
*f arnr oadgr een:
if (TL] 'O begin state = “farnroadyellow; ST = 1; end
*farnroadyel | ow
if (TS) begin state = "highwaygreen; ST = 1; end
endcase
end
end

endnodul e o
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Timer for Traffic Light Controller

Another FSM

nmodul e Tiner (TS, TL, ST, dKk)
output TS
out put TL
i nput ST
i nput dk;
reg[7:0] value

assign TS
assign TL

(value >= 4); // 5 cycles after reset
(value >= 14); // 15 cycles after reset

al ways @ posedge ST) value = 0; // async reset
al ways @ posedge d k) value = value + 1;

endnodul e
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Conpl ete Traffic Light Controller

Tying it all together (FSM + timer)

Note, of course, that this structural Verilog does not work in
DesignWorks. Use a schematic instead.

nmodul e mai n(HR, HY, HG FR FY, FG reset, C, dk)
output HR, HY, HG FR FY, FG
input reset, C dKk;

Timer part1(TS, TL, ST, dKk)

FSM part2(HR HY, HG FR FY, FG ST, TS, TL, C reset, dk)
endnodul e

oC
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