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Abstract

This paper describes hardware flow-chart and SDL-II, which are register-transfer level, to
automate logic design.

Hardware flow-chart specifies behavioral and structural charaterstics of generalized FSMs
(Finite State Machine) using the modified ASM (Algorithmic State Machine) design techniques.
SDL-II describes the hardware flow-chart which specifies the control and the data path of ASIC
(Application Specific IC).

Also many examples are enumerated to illustrate the features of hardware flow-chart and
SDL-IL
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ENDSEQSDL
olc}, SEQSDL bus_Arbiter.
INPUT R; A.
OUTPUT G; T.
m Al # CLOCK CLK.
RESET Sl
A okgl SADS} SDL-T 9 84S Holr] 93 SBEGIN
AA e st o] Ao H&e g2 2o, S0 G, T=0,0;
~C1L
1. 68020 bus arbiter CL(R,A)/ (00,10,x1) / (S1,52, S6).
68020 bus arbiter®) 23 1(a)9} 2 Aejxtn £ SHeIThE
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209t Zeow SDL-T& 7|&std 27 2(c)9} 2}, C1 (R,A)/ (11,10,0x) / (S4,S3, S7).

(604)



132

S4G,T=11
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55 G, T=0, L
-CL
C1 (R,A) /{01, 1x,00) / (S6, S5, S1).
56 G, T~0,1;
=56,
SEND
ENDSEQSDL

(c)

32 1. Bus arbiter?] o

(a) 68020 bus arbiter 2] Ale] %

(b) slede] 2%

(¢) SDL-T 7%

The example of bus arbiter.

(a) State diagram for 68020 bus arbiter.
(b) Hardware flow-chart.

(¢) SDL-]I description.

Fig. 1.
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SEQSDL Any_State,

INPUT X; Y.

OUTPUT Z.

CLOCK CLK.

RESET S1.

SBEGIN

S1 -Cl

CI(!X&!Y, X&Y, X@Y) /(01,02 03).
01 Z=0;

19894 47 EBTLEBEHE
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-51.
02 Z=0;
-82
03 2=1;
-S1L
S2 -»C1
C1(X,Y)/ (10101, 11, 00)/(01, 02, 03).
01 Z=0;
=82
02 Z=1;
-S2
03 Z=1;
-SL
SEND
ENDSEQSDL
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(@) 4olo] el

(b) stedlo] BEXE

(¢) SDL-T 71&

The example of a state diagram.
(a) A state diagram,

(b) Hardware flow-chart.

(¢) SDL-1I description.

Fig. 2.
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SEQSDL Circuit_Sch.

INPUT X; Y; Z.

OUTPUT Q2.

SIGNAL S1; Q1; Q1B; S2; Q2N.

LIBRARY NAND2; DFF; XOR2

CLOCK CLK.

CBEGIN

NANDZ(INPUT:X,Y; OUTPUT:S1).
DFF(INPUT:S1; OUTPUT:QL Q1B; CLOCK:CLK).
XOR2(INPUT:Q1,Z; OUTPUT:S2).
DFF(INPUT:S2 OUTPUT:Q2N,Q2 CLOCK:CLK).
CEND

ENDSEQSDL

(c)

J”3. A9 w2 o
(a) dole] 232 x
(b) slede] ZE%
(¢) SDL-1 7I&
Fig. 3. The example of a logic diagram.
(a) A logic diagram.
(b) Hardware flow-chart.
(¢} SDL-]I description.
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SEQSDL EXAMPLE.
INPUT Al4]; B{4]; S
OUTPUT 2Z[8].
CLOCK CLK.
RESET Sl
SBEGIN

S1-CL

(606)

o} st=slo] 7l Adojol I AT

Cl (8)/(01,02).
01 Z=MULTI{A ?B}{0:7];
=52

02 210:31,214:7)-DIVIA?BI[0: 7);

—~S52.

S2 STOP.
SEND

ENDSEQSDL

SEQSDL MULTI.
INPUT A[4]; Bl4].
OUTPUT Z[8].
MEMORY AC1[4); AC2[4]; COUNT[2); EXTRAI5].
LIBRARY F4[5]; INC[3].
CLOCK CLK.

SBEGIN
S1 ACLAC2«A,B;
EXTRA<5#0;
=S2
52-C1
Cl (ACI1[3}) / (S3,54).

S3 EXTRA<FA4{EXTRA[1:4]+AC2};

=854,

S4 EXTRA,AC1<0,EXTRA,AC1{0: 2};
COUNT«INC{COUNT+1H[1:2);

-ClL
1 (*\NCOUNT) / (S5,82).
S5 Z=EXTRA[1:4],ACL
SEND
ENDSEQSDL

SEQSDL DIV.
INPUT A[4]; B[4].
OUTPUT Z[8].
MEMORY Q[4]; R{4]; C[4].
LIBRARY INC[5]; FS4[5]; MAG[3].
CLOCK CLK.
SBEGIN
S1 C«B;
-S2
S2-Cl.
C1 (MAG{D>B!}{0])/ (01,02).
01 C«C[1:3],0
-S2
02 ReA;
Q<40;
-8S3.
$3-CL
C1 (MAG{C>B}[0]) / (01, S5).
01 Q<Qf1:3],0
C<0,C[1:3];
-S4,
S4-Cl.
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Cl1 (MAGIR>=Di[0:1])
01 Q- FA4{Q+1(1:4];
R<FS4{R—C![1: 4);

/ (01,83).

- S3.
55 STOP.
SEND
ENDSEQSDL
(b)
a3 4. 74 ALUY SDL-T 7%
(a) 44l dd =¥ 7l=S
(b) (@) & H& 39 A 2F 7iES
Fig. 4. SDL-1 description of virtual ALU.
{(a) High-level module description.
(b) Low-level module description for (a).
N. & 2
E w2RolAE =g 44 2535 g A LH
A% dWs] seslo) 32%el SADSH e sle] 7]
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SDL-T1 & A|282 ¥ 43t design library s ©|
£3lw4] A gol AAS] A} design libraryd] 2 F
FA st} ALgstnA & JlgsHE 2E Jleds
270 olatel ZR Al &9 alMe mFo] EAlEH
ol g dhiel mEZ FHIII A slesHe A
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He Alotd Sdude] 2ExY 7 730 19 1
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Jegozd B =19 FEAE dalddct

FH oz A3 SDL-T 9 AlE8 ol
o} Alole HWe =elsigsE A= [17-19]94
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2 £:.SDL-T1 ¢ BNF (Backus Naur Form)

< sdl_program>: : = <sdl_module> {< sdl_module>}
<sdl_module>: :
< behavior_module> :

<structure_module> :

<beh_decl_body>: |

= < behavior_module> | <structure_module>
. == <beh_decl_body> <behavior_body>
;=< str_decl_body> <structure_body>
= < module_name> [ <input_name>>] [ <output_name>] [ < inout_name>> ]

[ <memory_name>] [ <library_name>] [ <signal_name>} [ <clock_name>] [ <reset_name>> ]

<str_decl_body>:

. =< module_name> [ <input_name> ] l [ <output_name>] [ <inout_name> ]

[ <library_name>] [ <signalLname>] [ <clock_name> ]

<module_name>: | = ‘SEQSDL’ <identifier> ‘.’
<input_name> . | =
< output_name>: . =
<inout_name>>:
<memory_name> . | =
<library_name> . . =
<signal_name>: : = ‘SIGNAL’ <variable> {‘.’
<clock_name>: ! = ‘CLOCK’ <identifier> *.’
<reset_name> !

< behavior_body>: : =

(607)

:=‘RESET’ <state_symbol_name> *.”’
‘SBEGIN’ <state_block> {<state_block>}‘SEND’ ‘ENDSEQSDL’

‘INPUT’ <varible> {‘;’ <variable>} ‘.’
‘OUTPUT’ <variable>> {‘;’ <variable>} ‘.’
:="'INOUTPUT’ <variable> {*;’ <variable>!} ‘.’
‘MEMORY’ <variable> {‘;’ <variable>} ‘.’
‘LIBRARY’ <variable> {‘;’ <variable>!} ‘.’
<variable>} ‘.’
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<structure_body> . . = ‘CBEGIN’ <structure_block> {<structure_block>} ‘CEND’ ‘'ENDSEQSDL’
< state_block>: : = <state_box> {< cond_conout_box>}

< state_box> | : = < state_symbol_name> ({<output>} ‘=’ <sdl_symbol_name> *.” | ‘STOP.’)
< cond_conout_box>: I =< cond.box> | <con_out_box>

< cond_box> : : =< cond_symbol_name> (< single> | <multi> | <case>)

<multi> : = ‘(" <expression_list> ‘) / (‘< sbl_symbol_name_list>").’

<case> . .= ‘(" <case_cond> ‘) / (' <case_value_list> ‘) / (* <sdl_symbol_name_list> ‘).’

< con_out_box>>: | =< conout_symbol_name> <output> {<output>} ‘-’ <sdl_symbol_name> ‘.’
< sdl_symbol_name> : : = < state_symbol_name> | < cond_symbol_name> | < conout_symbol_name>
< sdl_symbol_name_list>: : =< sdl_symbol_name> ‘,’ < sdl.symbol_name> {*,* < sdl_symbol_name>}
< state_symbol_name> : : = ‘S’ <number> {<digit>}

< cond_symbol_name> . : = ‘C’ <number> {<digit>}

< conout_symbol_name> : © = ‘O’ <number> {<digit>}

<output>: ! =<transfer> ! <connection>

< transfer>: . = <destination> ‘< <source> ‘;’ «

< connection> | . = <destination> ‘=’ <source> ‘;’

< destination> . . =<variable> {°‘,’ <variable>}

< source> . . =<source> ‘,’ <expression> ; <expression>

< expression> . . =<expression> (‘@ | ‘& | ‘1’) <term> | <term>

<term>: ! ="‘!’<factor> | <factor>

<factor>: . =[ ‘#*\" | ‘+\'] <primaryl> , <primary2>

<primaryl> . . =<variable> | <element>

< primary2> . . =< constant_list> | <library> | <element>

< element>: : = (< expression>)

< expression_list>: . = <expression> ‘,” <expression> {°‘,’ <expression>}

< case_cond> . . =<variable> {°,’ <variable>}

< case_value_list> : = <zero_one_list> {‘,’ <zero_one_list>}

< zero_one_list>: ! =<zero_onel> {<zero_onel>}

<library>: . = <variable> ‘{ <variable> {<operator> <variable>} ‘}’ <bit_list>

<operator>: o= ‘H’ 1 T U egr L brgp L9 Lt i =0T =0 T e
< constant_list> . . =<zero_one> |, <number> ‘&’ <zero_one>

<zero_one>. :=‘0 | ‘1

< zero_onel>: . =<zero_one> | ‘¥’

<variable> : | = <identifier> ! <identifier> <bit_list>

<bit_list>: = [’ <digit> ‘] | [’ <digit> ‘:’ <number> ‘}’

< alpha_numeric_symbol>: | = <alphabet> | <digit> ' ‘—’

<identifier> . = <alphabet> {<alpha_numeric_symbol>}

<alphabet>: ="' | b, ‘¢ ‘A1 I f g R U UK LT T

I P2 A B CT D R
0P QRS T U

[ S Y )

’

y
I
[

A I L R R R

rq 4y v, W X :
PGCUH T UKL M LN
VWX Y 2

<digit>: ! = ‘0’ | <number>

<number>: =1 ‘2" {3 | ‘4 56 ‘T ‘8 ‘Y

1

<structure_block> : ! = <structure_name>> ‘(' <structure_dec>{‘;’ <structure_dec>} 9.7

(608)
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<structure_dec>: ! =[ <structure_input_name>] [ <structure_output_name>> ]
[ <structure_inout_name>] [ <structure_clock_name> ]

<structure_input_name> . . = ‘INPUT:’ <variable> {‘,’ <variable>}

<structure_output_name>: ! = ‘OUTPUT:’ <variable> {‘,’ <variable>}

<structure_inout_name>: | = ‘INOUTPUT:  <variable> {°,’ <variable>}

<structure_clock_name> . = ‘CLOCK:’ <identifier>

<structure_name> . ! = <identifier>
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