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Abstract Generally, we employ FSMs for the design of controllers in digital systems. FSMs are
implemented with state diagrams generated from control flow. With HDL, we design and verify FSMs
based on state diagrams. As the number of states in the system increases, the verification or
modification processes become complicated, error prone and time consuming. In this paper, we propose
a control flow oriented hardware description language at the register transfer level called Cycle-C.
Cycle-C describes FSMs with timing information and control flow intensive algorithms. The Cycle-C
description is automatically converted into FSMs in the form of synthesizable RTL VHDL. In
experiments, we design FSMs for control intensive interface circuits. There is little area difference
between Cycle-C design and manual design. In addition, Cycle-C design needs only 10750% of the
number lines of manual RTL VHDL designs. )
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entity handshake is
Port ( clk, cond, reset : in std_logic;
value : out std_logic_vector(1 downto 0) );
end handshake;
architecture Behavioral of handshake is
type StateType is (S0, S1, S2);
signal CS, NS : StateType;
begin
process(cik, reset}  begin
if(reset ='0') then CS <= S0;
elsif rising_edge(clock) then  CS <=NS§;
end if;
end process;
process(clk, cond, reset, CS)  begin
case CS is
when SO =>
if (cond ='1") then
NS <=8§1; value <="10";
else NS <=80;
end if;
when S1 =>
if (cond ='1") then
NS <=8§1; value <="10";
else NS <=82; value <="01";
end if;
when 82 =>
if (cond = '0") then
NS <=82; value <= "01";
end if;
end case;
end process;
end Behavioral;

Core handshake { /* @ 252 0I5 */
out bit{1:0] value;  in bit cond;
0O UEHILE I &
clock clk rising; /* S5 28
reset reset low;
process(cond : value) /* @ T2 MA Dl */ {
while (cond =='0")  wait_edge(); // cond I} ‘0° TNt XI

F2 s ¥

value ="10";
wait_edge();
while (cond ="'1") wait_edge();
value ="01";
while (cond ='0") wait_edge();

}
}
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Core Utopia_Tx {
out hit TxSOC= 0
out bit TxEnbn="1
out byte TxData,
out bit Data delete ='1";
in byte Data;
in bit TxFulln;

/* @ ports */

reset rst_n low; /* @reset */
clock TxClk rising; /* @clock */

Uto: process(TxFulln : TxSOC, TxEnbn, TxData, Data_delete, Data )
{ /* @ algorithm description */
int count, count4;
bit pTxFulln; /* (8) variable declarations */
TxEnbn ="1"%
while(TxFulln =="0") {
wait_edge(); /* ® cycle boundary */
}
TxEnbn ="'0";
TxSOC ='I";
Data_delete ="'1";
count = 52;
pTxFulin="1"
wait_edge();
TxSoC ="'0";
while (count =0 {
TxEnbn ="'0";
Data_delete ='1";
if(TxFulln ="0") {
if(pTxFulln =="1') {

/* @ FIFO operation */

countd = 3; count--;
} else if(countd !1=0) {
count4--; count--;
} else {
Data_delete ='0'; /* do not send data */ TxEnbn ='1%;
}
} else {
count--;

}

pTxFulln = TxFulin;

wait_edge();
} /* while */ } /* process */
netlists { /* ® netlist construct */

TxData = Data;
H
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make_state(node) { // CFG search
if (node != NULL )
if (node.type == WAIT_STATEMENT)  {
compare_state(node); // ¥ del vim
}
make_state(node.true); // Next node of true
make_state(node.false); // Next node of false

}

compare_state(node) {
forall temp & Qdo  // Q: set of state
if (temp.true = node.true ) //true
{ i1 FE > F8 4E AA
forallq € NODEdo /NODE:CFG & TA%E ZE k&
if (g.true == node.true)
Gtrue =temp; //nodetrue @) B3 WA
if (g.false == node.true)
q.false = temp; // node.false 8] P WA
end for
return; // AHER 2FA & A vk
¥

end for
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insert_new_state(node); #/ Qo MZ-& FH F7}
returm;

}

State_generation() { /el A g4
Q=9; /e J% 2718

make_state(Root_node); /# Root_node : CFG ] root

}
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entity Utopia_Tx_test is
port ( TxClk : in std_logic; /* ports */
rst_n :in std_logic;
Data :in std_logic_vector(7 downto 0);
TxFulln : in std_logic; s )
end Utopia_Tx_test;

architecture RTL of Utopia_Tx_test is
type StateType is ( SO, S1, §2, S3);
signal CS, NS : StateType;
signal count : integer range 0 to 63;
signal count_c : integer range 0 to 63;
signal count_n: integer;

begin
process(TxClk, rst_n) /* clocked process @*/
begin
if(rst_n ="1") then
CS <= S0,
count_c <=0;

elsif rising_edge(TxClk) then
CS <=NS§;
count_c <= count_n;

end if;
end process;
process (TxFulln, TXEnbn_c, count60, pTxFulln88, count4104, CS) /* next state ®*/
begin
case CS is
when SO =>
TxEnbn_n<="'l";
TxSOC <='0";
if (TxFulln ='1" ) then
NS <= S1;
else
TxEnbn_n <="'0';
TxSOC <="'1";
Data_delete <="'1";
NS <=82;
end if;

end process;
process(CS , count, countd, pTxFulln, TxEnbn_c, Data, TxFulln ) /* variable processing ©*/
variable tmp_count : integer range 0 to 63;
variable tmp_count4 : integer range 0 to 7,
variable tmp_pTxFulln : std_logic;begin
tmp_count := count;
tmp_count4 := count4;
case CS is
when SO =>
tmp_count =0
tmp_count4 =0;
if (TxFulin ='1" ) then
else
end if;

n_count <= tmp_count;
n_count4 <= tmp_count4;
end process;
/* Concurrent Signal assignment @*/
TxData <= Data;
end RTL;
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X (A) (B) (A) B) °
Des (Master) 64 212 113 40 118 10 19 104
Des (Slave) 64 303 125 51 130 12 17 104
PVCI (Master) 32 151 50 48 50 3 32 100
PVCI (Slave) 32 234 59 53 59 3 23 100
FSM {UTOPIA-TX (Master) 8 409 170 42 176 12 10 103
17 |UTOPIA - TX (Slave) 8 104 185 34 190 8 9 102
UTOPIA-RX (Master) 8 233 315 48 325 14 17 103
UTOPIA -RX (Slave) 8 287 198 44 204 20 16 103
Wishbone (Master) 32 156 241 a7 246 3 30 102
Wishbone (Slave} 32 258 326 42 332 5 17 101
Xbus To Pvci 3232 174 770 80 802 9 50 104
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278 | AMIB To Pvci 32—32 286 571 135 584 5 47 102
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XbustoPVCI 135 278 69 798 51 110
Utopia Tx Master 85 189 52 172.2 61 109.7
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