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Abstract

A synthesis system generating sequential circuits from a high-level hardware description language
CHDL, modelling language for Thor functional/behavioral simulator, is developed. In this paper,
we describe the semantic analysis process, state minimization and state assignment algorithms.
Proposed assignment algorithm generates optimal state vectors using constraint matrix and similarity
graph.

Expremental results for MCNC benchmarks, standard test circuits, show that the system
implementing the proposed algorithms can be a viable tool for designing large finite state machines.
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# define START 0 struct cube_struct |
# define STAEL 1 char  *In; /% input signals %/
# define STATE2 2 ) 0 .
# define STATE3 3 char % Out; /% output signals %/
£ define STATE4 4 char % Pstate; /% present state %/
MODEL (example) | char % Nstate; /% next state %/
/% Interface Section %/ int SymPstate; /% symbolic present state */
IN-LIST int SymNstate; /% symbolic next state */
SIG (insig 1) ; int mark;
SIG (insig2) ;
i ("_)Slg) struct cude_struct % next;
GRP (ingrp, 2) ; / % 2-bit signals */ -
ENDLIST; !
OUTLIST
SIG (outsig) ; I3, Fz7 el A1z
GRP (outgrp, 2) 1/ % 2-bit signals %/ Fig. 3. Data structure of intermediate form.
ENDLIST;
ST.LIST
GRP (state, 3) ;/ % state register is 3-bit wide */
ENDLIST; 5
X o3 7] of] 4 o ol 2l A|lFE g
/% Initialize Section %/ :1 ]0” ‘1 In’ Out Hy® ‘li = bymPState
INIT 9} SymNstate= @] 4belel b2 Ao gl
°“'5ig:(ONE; symbolic ¥& 0|11, Pstate, Nstate: &z} A, o}
funpack (state, 0,2, START) ; L s P
e & A E dEE vE e Fol de g 5
/% Behavioral Description Section %/ 2 o” /('1 ;d 5” Z] H‘—E- Bi!E“ %‘ 2'1 ;})L?ﬂ":{'. 6\1”\7\4 CHDL
swite k(state . :
switch(fpack (state. 0,2))1 ofl 4 2= Ao} FH(if-, switch statements) ol
case START:if (insigl= = ONE){ B = o ;
outsig— ONE; o g 'Zév‘i% FAE7] St 2R FRE a8l el ¥
funpack (state, 0,2, STATE) ; 9}\ E} _1 (a) Oﬂ /l—] Cond_next—‘:— e E] 2 9] ‘case
| oelse | N “ . .
- STAT E4:1f(! (ingrp[0:1] = — 1|l insig2— = ZERO) )’
outsig= ZERO;
outgrp| 0:1] =3; 9}’ 7}'01 OIEi /{]9‘—‘9] izlo] 01‘( [l ) and(&&) not
funpack (state, 0, 2, START) : (y ) ] COHHQCUOH‘_‘ 7%%_ f[_ 0] o wg o] ;(] .‘?d

t
break;
case STATEL:outgrpl 0:1] =0;
funpack (state, 0, 2, STATE4) ;

8t7] $lste] ARg-Hrf

break; struct condition_struct 1
case STATEZ: switch(ingrp[ 0:1]){ char *in; /% input signals %/
case l:funpack (state, 0, 2, STATE3); int ps; /% symbolic present state %/
break;

struct condition_struct % cond_next;
case Z2:outsig= ONE;

struct condition_struct  *next;
funpack (state, 0, 2, STATEL : struct condition_struc nex

I % condList, *ifcondList;

break;
defautt:outgrp 0:1] = 1 ; (a)
funpack (state, 0, 2, STATE2) ;
t struct switch_struct }
break; int high; /% high position in bit pattern %/
case STATES:if (ingrp[0:1] = =0} int low; /*low position in bit pattern */
outgrp( 0:1] =1 int status; /% distinguish "In”and “ SymPstate’ %/

funpack (state, 0, 2, STATE2) ; - ,
i struct condition_struct % cndt;/ % for ‘default statement % /

break struct switch_struct * next;
case STATE4:if (! (ingrp{0:1]= =1 insig2~ = ZERO)) I % switchList;

funpack (state, 0, 2, STATEL) ; (b)

break;
default: :IEZI 4. Xﬂ o% 'F""“f ’%Q Z]'E-:TL»J—
! + MeE 4 AaFz

| (b) sw1tch-‘r el 2 Y gz
Fig. 4. Data structures for control constructs.

O3l 2. CHDL =& & o (a) data structure for if statement,

Fig. 2. An example CHDL program. (b) data structure for swith statement.
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Table 1. State transition table from the CHDL
description  of figure2.
1--- START STATE1 011
01-- START START 1--
- STATE1 STATEA4 -00
--11 STATE?2 STATE? -01
--10 STATE?2 STATE1 1--
--01 STATE2 STATE3 -
--00 STATE2 STATE? -01
--00 STATE3 STATE2 -01
-100 STATE4 STATE1 ---
-11- STATE4 STATE] --=
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--01 STATE4 START 1--
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Table 2. Adjusted state transition table.

00-- START START 1--
01-— START START 011
1---  START STATEl  1--
-~ STATEI STATE4  -00
--11 TTATE2  STATEZ -0l

--00 STATE2 STATE2 -01

--10 STATE2 STATE1 1--
--01 STATE2 STATE3 ===
‘--01 STATE3 START 1--
--1- STATE3 START 1--

--00 STATE3 STATEZ  -01 |
| --01 STATE4 START 1--

'-100 STATE4  STATEl  ---
-11-  STATE4  STATEl  ---
-0--  STATE4  START  1--

state) 5 £3Heli= A7 2ok o o] AEiat init-
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Table 3. State table before state minimization.
1  start state_ 7 0
0 state.?2 state_ 2 0
1 state_2 state_ 3 0
0 state.3 state_6 0
state.. 3 start 1
state_4 state_6
0 state_5 state_ 2 0
1 state_5 state_5H 0
0 state-6 state_ 7
1 state_b state_5 0
0 state.7 start 0
B 4. Ad Axs 5o s
Table 4, State table after state minimization.
0 statel stated 0
1 statel statel 0
0 state2 state3 0
1 state2 stated 1
0 state3 statel 0
1 state3 state2 0
0 stated state2 1
1 stated state4 0
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