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Abstract This paper presents a new method to synthesize timed asynchronous circuits directly
from the specification without generating a state graph. The synthesis procedure begins with a
deterministic signal transition graph specification with timing constraints. First, a timing analysis
extracts the timed concurrency and timed causality relations between any two signal transitions.
Then, a hazard-free implementation under the timing constraints is synthesized by constructing a
precedence graph and finding paths in the graph. The major result of this work is that the method
does not suffer from the state explosion problem, achieves significant reductions in synthesis time, and

generates circuits that have nearly the same area as compared to previous methods.
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find_a_multi_cube_network(STG G, transition u*/i, cube C)
{

/x 1 e gz A «/

{V,E5>=<0,0>

/x 2d =t JA = AR ¥/
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Foreach s+ in G
If (occurrence_of_transition(s) = 1 and
ut/i= s+ and s* = ux/; and
(t#/j= sx and not ( #/; | s*) for all #/j,
Aol m/j & C AFHE d27]= Hold)
Sy=SyU s
Foreach s+/j in G
If (Is_a_non_redundant_trigger_transition( s* /5, u*/7 ))
Dy=DyU (W}

V=SNU DN

VAT I e 2 Eo o
Foreach unprocessed node s* in V
Foreach # in G
If (occurrence_of_transition(t) = 1 and
(s% || t or s+ = t*) and &= s* and
Tt = wr/i and wx/i= t*)
V=V U {#}
E=EU {(s*, 1)}

Foreach s, in Sy
Foreach d; in Dy
E,,; = Find_all_possible_extra_signals{ s, d;)

Find_a_minimal_extra_signal_set( E )
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req
RTS
vo ackbuf RTS
req ¥0,
ackbuf
req
k
¥0 o™ ack
req ackload
ackload vo

ackload yO ackload y0
req reqload req regload

0 ¥0
ackbuf ackbuf
y0 regbuf yo
req req reabut
ackload ackload

a9 12 HR A4 Aol Ui T (@) dY FH
T VENR ¥4 2 ) UF FEH 2%
3 I UEYz ¥4 29

st @Y An FRMEQas AF ¥4 ARt Ue
U giek.

¥ 1 4% 23 ATACS9He] ¥l

92 ols ATACS =g

e | gE™ | CPU |FE™¥| CPU
Half Handshake 14 8 003 8 0.03
Full Handshake 16 8 003 8 001
2-4 phase HE7] 19 20 | 04| 20 0
sender-done 9 5 003 5 0.03
mp-forward-pht 2 6 | 06| 14 005
Multiple region 14 7 002 8 002
MMU R 2 | ow | 2 005
master-read 2108 H | 201 H 0.15
AtoD 24 12 | 04 12 004
sbuf-ram-write 5% 18 | on 18 011
ram-read-sbuf 9 21 009 | 2 0.09
elatch 4 10 | 006 10 0.06
VME 19 20 | 006 | 2 0.05
1 SCSI A|9}7] 16 0 o | 0.02
4 SCSI #0]7] 806 40 L17 40 0.2
8 SCSI #l0]7] 404006 | 80 |4937.36| & 1.29
9 SCSI 9]~ NA | NNA | NVA | 9 196
10 SCSI Ao}~ NA | NA | NA | 100 291
60 SCSI Ae17] NA | NJA | NVA | 600 | 10190
120 SCSI Ao} 7] NA | VA | NA | 1200 | 16367
180 SCSL A7) | NA | NA | N/A | 1800 | 8215149
FIFO 1-©7) 29 9 0.06 9 002
FIFO 5-27) 6732 | & | 466 | 45 123
FIFO 6-%7) NA | NA | NA | = 22
FIFO 10-24) NA | NA | NA | 2 1698
FIFO 40-27) NA | VA | A | 360 | 124098
FIFO 100-24] NA | NJA | A | 900 | 1907943
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Half Handshake 14 8 01 8 02
Full Handshake 16 8 01 8 02
2-4 phase W#7] 19 20 01 20 03

sender-done 9 5 0.1 5 03
mp-forward-pkt 2 18 03 14 04
MMU R 2 02 04

master—read 218 | 31 09
1 SCSI #loi7) 16 12 01
5 SCSI #017] 6 | 60 32
10 SCSI Alo17} NA | 120 | 206 136
20 SCSI A|o}7] NA | 240 | 1501 1507
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# 09
12
60
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240

40 SCSI Aol 7} NA | 40 | 10905 | 430 | 13194
70
340
%0
1080

03
16

60 SCSI Alo7] NA | 720 | 33838 64198
70 SCSI Ao}~ NA | NA | NA 11631.2
80 SCSI Ao~ NA | NA | NA 27181
90 SCSI A7 NA | NA | NA 377389
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