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Mealy FSM vs. Moore FSM

= Verilog D& (Mealy FSM)

// state register
always @ (posedge clk or negedge rstb) begin
if (~rstb) state reg <= 0;

else state reg <= state next;
end
module edge detector mealy(
input clk, rstb, // next-state logic and output logic
input strobe, always @* begin
output reg p?2 state next = state reg;
); p2 = 1'b0;
case (state req)
// state ZERO: if (strobe) begin
localparam ZERO = 1'b0, state next = ONE;
ONE = 1'bl; p2 = 1'bl;
end
reg state reg, state next; ONE: if (~strobe) state next = ZERO;
default: state next = ZERO;
endcase
end
endmodule
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Mealy FSM vs. Moore FSM

= Verilog @ = (Moore FSM)

// state register
always @ (posedge clk or negedge rstb) begin
if (~rstb) state reg <= 0;

else state reg <= state next;
end
module edge detector moore (
input clk, rstb, // next-state logic and output logic
input strobe, always @* begin
output reg pl state next = state reg;
)/ pl = 1'b0;
case (state req)
// state ZERO: if (strobe) state next = EDGE;
localparam [1:0] ZERO = 2'b00, EDGE: begin
EDGE = 2'b01, pl = 1'bl;
ONE = 2'bl0; state next = strobe ? ONE : ZERO;
end
reg [1:0] state reg, state next; ONE: if (~strobe) state next = ZERO;
default: state next = ZERO;
endcase
end
endmodule
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module edge detector opt (

input clk, rstb,

input strobe,
output p3

)

reg strobe delay;

// register

always @ (posedge clk or negedge rstb) begin
if (~rstb) strobe delay <= 0;
else strobe delay <= strobe;

end

// output logic

assign p3 = strobe & ~strobe delay;

endmodule
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SEl 25
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IDLE 000 000 000001 00000
READ1 001 001 000010 00001
READ?2 010 011 000100 00010
READ3 011 010 001000 00100
READ4 100 110 010000 01000
WRITE 101 111 100000 10000
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case (state req)

IDLE:
case (state reg) c..
IDLE: ... ERROR: begin
default: state next = IDLE; state next = IDLE;
endcase end
default: state next = ERROR;
endcase
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Arbiter

= Moore FSM A A|

module arbiter moore (
input clk, rstb,
input [1:0] r,
output reg [1:0] g

)

// state

localparam [1:0] WAITR = 2'b00,
GRANTO = 2'b01,
GRANT1 = 2'b10;

reg [1:0] state reg, state next;

// state register

always @ (posedge clk or negedge rstb) begin
if (~rstb) state reg <= 0;
else state reg <= state next;

end

// next-state logic and output logic
always @* begin
state next = state reg;
g = 2'b00;
case (state req)
WAITR: begin
if (r[1l]) state next = GRANTI1;
else if (r[0]) state next = GRANTO;
end
GRANTO: begin

if (~r[0]) state next = WAITR;
gl[0] = 1'bl;
end
GRANT1: begin
if (~r[l]) state next = WAITR;
gl[l] = 1'bl;
end
default: state next = WAITR;
endcase
end
endmodule
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Arbiter

= Mealy FSM & 4|

module arbiter mealy(
input clk, rstb,
input [1:0] r,
output reg [1:0] g

)

// state
localparam [1:0] WAITR
GRANTO

2'b00,
2'b01,

GRANT1 = 2'b10;

reg [1:0] state reg, state next;

// state register

always @ (posedge clk or negedge rstb) begin

if (~rstb) state reg <= 0;

else state reg <= state next;

end

// next-state logic and output logic

always @* begin
state next = state reg;
g = 2'b00;
case (state regq)
WAITR: begin
if (r[1]) begin
state next = GRANTIL;
end
else if (r[0]) begin
state next = GRANTO;
end
end
GRANTO: begin

if (~r[0]) state next =

gl0] = 1'b1;
end
GRANT1: begin

if (~r[l]) state next =

glll = 1'b1;
end

g[ll = 1'b1;
g[0] = 1'b1;
WAITR;
WAITR;

default: state next = WAITR;

endcase
end
endmodule
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l \ l:]’ ..l:
// next-state logic and output logic

A 7:” always Q@* begin
|
FSM = state next = state reg;
g = 2"'"b00;
case (state req)

module arbiter fair(
- WAITRO: begin

input clk, rstb,
input [1:0] r, if (r[0]) state next = GRANTO;
output reg [1:0] g else if (r[1]) state next = GRANTIL;
)/ end
WAITR1: begin
// state if (r[l]) state next = GRANTL;
localparam [1:0] WAITRO = 2'b00, else if (r[0]) state next = GRANTO;
WAITRL = 2'b01, end
GRANTO = 2'b10, GRANTO: begin
GRANT1 = 2'b11; if (~r[0]) state next = WAITRI1;
g[0] = 1'bl;
reg [1:0] state reg, state next; end
o - GRANT1: begin
// state register if (~r[l]) state next = WAITRO;
always Q (posedge clk or negedge rstb) begin glil = 1'bl;
if (~rstb) state reg <= 0; end
else state reg <= state next; default: state next = WAITRO;
end - - endcase
end
endmodule
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FSMD + RTL

» FSMD = FSM(control path) + Data path
» RTL = Register Transfer Level
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FSMD + RTL
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FSMD + RTL
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FSMD + RTL

= O||Al: Fibonacci =&

module fibonacci ( // state register
input clk, rstb, always @ (posedge clk or negedge rstb) begin
input start, if (~rstb) begin
input [4:0] i, state reg <= 0;
output reg ready, done, t0 reg <= 0;
output reg [19:0] £ tl reg <= 0;
) ; n reg <= 0;
end
// state localparam [1:0] IDLE = 2'b00, else begin
OoP = 2'b01, state reg <= state next;
DONE = 2'bl10; t0 reg <= t0 next;
tl reg <= tl next;
reg [1:0] state reg, state next; n reg <= n next;
reg [19:0] t0 reg, tl reg, t0 next, tl next; end
reg [4:0] n reg, n next; end
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FSMD + RTL

O:” A| FlbonaCCI ()E:| OP:i?e?iireQF:O) begin

tl next = 0;
state next = DONE;

// next-state logic and output logic end
always @* begin else if (n reg==l)
state next = state reg; state next = DONE;
t0 next = t0 reg; else begin
tl next = tl reg; tl next = tl reg + t0 reg;
n next = n reg; t0 next = tl reg;
ready = 1'b0; n next = n reg - 1;
done = 1'b0; end
case (state req) end
IDLE: begin DONE: begin
ready = 1'bl; done = 1'bl;
if (start) begin state next = IDLE;
t0 next = 0; end
tl_next = 1; default: state next = IDLE;
n next = i; endcase
state next = OP; f = tl reg;
end end
end
endmodule
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FSMD + RTL
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FSMD + RTL

L] L |
- O:”A| L'|- | 7 reg [1:0] state reg, state next;

reg [N-1:0] rh reg, rh next, rl reg, rl next, rh tmp;
reg [N-1:0] d reg, d next;
reg [CBIT-1:0] n reg, n next;

module divider reg gbit;
#(
parameter N = ¢, // state register
CBIT = Sclog2(N) always @ (posedge clk or negedge rstb) begin
) if (~rstb) begin
input clk, rstb, state reg <= 0;
input start, rh reg <= 0;
input [N-1:0] dvsr, dvnd, rl reg <= 0;
output reg ready, done, d reg <= 0;
output reg [N-1:0] gquo, rmd n reg <= 0;
)7 end
else begin
// state state reg <= state next;
localparam [1:0] IDLE = 2'b00, rh reg <= rh next;
op = 2'b01, rl reg <= rl next;
LAST = 2'bl0, d reg <= d next;
DONE = Z2'bl1; n reg <= n next;
end
end
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FSMD + RTL

LAST: begin

[ ] O:”A| |_|'—||_—7| rl next = {rl reg[N-2:0], gbit};
rh next = rh tmp;
// next-state logic and output logic state next = DONE;
always @* begin end
state next = state reg; DONE: begin
rh next = rh reg; rl next = rl reg; done = 1'bl;
d next = d reg; n next = n reg; state next = IDLE;
ready = 1'b0; done = 1"'b0; end
case (state req) default: state next = IDLE;
IDLE: begin endcase
ready = 1'bl; quo = rl reg; rmd = rh reg;
if (start) begin end
rh next = 0; rl next = dvnd;
d next = dvsr; n next = N; // compare and subtract
state next = OP; always @* begin
end if (rh reg>=d reg) begin
end rh tmp = rh reg - d reg; gbit = 1;
OP: begin end
rl next = {rl reg[N-2:0], gbit}; else begin
rh next = {rh tmp[N-2:0], rl reg[N-1]}; rh tmp = rh reg; gbit = 0;
n next = n reg - 1; end
if (n next==0) state next = LAST; end
end endmodule

s |
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