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Behavioral Synthesis for Control Circuits Using
Protocol Specification Language

TeTtsuo Kosavasuyh* Tosuiakl Miyazakih** and Tamio HosHinot

This paper presents a new high-level design methodology for synthesizing interface and
control circuits from the protocol specification language SAL. We have developed algo-
rithms for mapping sets of partial protocol specifications into finite state machines (FSMs).
The FSMs are specified using either of two register transfer level hardware description
languages, UDL/I and SFL. To demonstrate its effectiveness, we have applied our design
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methodology to the specification and design of the OSI FTAM application layer.
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Fig. 1 An example of message sequence chart.
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stage interface{
state_name statel;
state_name state2;

state_name state32;

state statel par{
operational_o_reg := Obi;
operational_out = operational_o_reg;
goto statel;
¥
state state2 par{
any{( operational_in) : par{
bus_o_reg := 0bi;
bus_out = bus_o_reg;

goto state3;
}
}

else : par{

goto statel;

B 6 SFL ickz4— b= b viddamkonl
Fig. 6 An example of automaton description in SFL.
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Fig. 7 FTAM functional model.
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£ 2 WEEMOHR [WRITE & (EXBEE) 0BA]
Table 2 State compaction performance. (WRITE
operation in normal mode)

SAL PST  ##itk R0 UDL/1 SFL
FSM # @i RE - R Rk T3 %

T8 R (%)
c_fsu 25 35 8 77 22 25
c_ferpm 48 85 42 51 52 67
c_fpm 54 76 21 65 43 51
r_fpm 61 80 22 73 37 50
r_ferpm 45 85 41 52 52 67
r_fs 32 37 9 T4 17 21

FSM A&+ 265 398 149 63 223 281

3 REBEMOR (READ #E (EREHE) OBA]
Table 3 State compaction performance. (READ
operation in normal rhode)

SAL PST  #Z#itk {RRBo UDL/I SFL
FSM & @ RE R Bk 7% %

T8 REEH (%)
c_fsu 28 37 16 57 25 27
c_ferpm 51 85 41 52 51 53
c_fpm 60 81 25 69 52 53
r_fpm 55 82 27 67 39 43
r_ferpm 45 83 41 51 52 54
r_fs 26 39 13 67 20 24

FSM 4% 265 407 163 60 239 254

%¥81 L7z FSM T% % PST B L CORERE,
ZNZFIR LIRS X OBRE R AT > T —
FYxT7OEFNVCERLUIBORERARIE LS
DTH5. 7z, &8 L7z UDL/L, SFL ZZRDOTH
bHDETRT. Kb, FSM ZORID c_3EEHHT
bBC LA, rASEMOD FSM ThHBI EAZTNE
hELTVAS.

#£2BLUE3HD r fpm & c_fpm © FSM >
WTORBMEROMENKE L. Chid, SR
BT, Ay =Y DRERND»SZEMO FSM icxt
LT, F—FRicESR LU THEELT S0 bavhs
WedThB.

F7, —fRiC, EAARTRIEREOEOCALRE
75 HDL 44 LciEe, DRBERMnd 3
B, RYRAFL0E4E, A SAL s2ak& iy HDL
EROTHEITIZIZZE L. CiZ EROFESEOSEDS
KEWEL B2, EfRahic HDL &akid, REA
Ry — VI XD REARARE TS 5 C &2 HA L.

6.3 BREBIHEED D OERE ‘

Fo bavinE LSI e BT, EEBO
B, co¥Ed» s koS BRO T 5 —
REROAAMBOLRNEL SN S L0 S BENS

Fa b avEBREREBEAN LT B MBOBREAR 349

EEY—~ 52115~ 452115
s TZ (Eiﬁijﬁ:ﬁﬁ&) (EEANEH)
mi_1 mi_1 m1'__1
[ [} y
mi_2 mi_2 mi_2
1 . I L
mi_3write  mi_3wite m173wr|te
2 2 m?
error#llzE errorflE errorfllE
H
eric | [En ]
err2 er2
1
m3'_1 m3_1
i
m3_2 mal_2
[
err3 err3
i
erric errir
X
m3_1 mS:J m3r1
ma.2 m3_2 m3_2
1 i
m3_3 m3_3 m3_3

f |

8 k< —YHlov—F v
Fig. 8 Sequences to be merged in the FTAM
WRITE operation.

mi_1
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mi_2
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m1_3write
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m3_3

9 HE=—-YHoOv—4 X
Fig. 9 Sequences after merge operation in the
FTAM WRITE operation.
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K4 {tR~—-Y0%RE [WRITE #EOHA]

BROBFERRICGE

Table 4 Merge operation performance (WRITE operation).

SAL PST [t R#Eo UDL/I SFL
H B & iR EBE OREK EEER TR %
T8 REH (%)
EEy—4rvx 25 398 149 63 223 281
r7521x5— 464 901 347 61 390 490
Gty 3is)]
sy5Ax1x7— 43 919 354 61 398 499
OB REH)
B4 B — 2218 850 62 1011 1270
-tk HDL tept — 1464 562 62 667 838
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