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Abstract

This paper describes the results of a new synthesis
tool (xBm2pPLA) for asynchronous state machines [2].
XBM2PLA generates the boolean functions for an asyn-
chronous circuit. XBM2PLA is compatible to several
other tools but often generates smaller results. More-
over, XBM2PLA allows a more flexible description of asyn-
chronous circuits than other existing tools.

1. Introduction

The synthesis procedure for asynchronous state ma-
chines applies severa restrictions on the specification of
asynchronouscircuits. R. Fuhrer and S. Nowick [4] defined
afile format (,burst mode specification') which considers
such restrictions and allows the specification of valid asyn-
chronous state machines. An extension for this file format
(»,extended burst mode specification”) has been introduced
by Yun[10, 11].

At the moment there are two important programsthat de-
rive the boolean function of an asynchronous circuit from a
burst mode specification: 3D and MINIMALIST. In the re-
maining part of the paper we will compare XxBM2PLA with
3D and MINIMALIST according to the input format and the
results.

2. Input Format

The ,burst mode specification” is a simple file format
which describes the behaviour of a state machine and its
output signals. Transitions of the state machine areinitiated
by falling or rising edges of input variables. Rising and
falling edges are written as v+ and v~ (Figure 1). There
are also some more restrictions which can be studied in [4].
Thisbasicfileformat can be processed by 3D, MINIMALIST
and XBM2PLA.

The ,,extended burst mode specification additionaly al-
lows ,conditionals' and ,,directed don’t cares'.

e Conditionals. A variable can be checked for alogical
vaue. Thisiswritten as [v™] for logical high and [v ]
for logical low.

e Directed don’t cares: A variable might either keep its
state or might change exactly once. Thisis written as
U*k.

This file format can be parsed by 3D if the ,extended
burst mode specification meets another condition: A vari-
able must either use [v "] ([v~]) or vt (v™). The mixture of
[vF] (Jv~]) with v (v™) is not allowed.
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Figure 1. Burst-mode specification (Mutual
exclusion)

For xBM2PLA, we removed this additional restriction.
Any mixtureisalowed: Conditionals([v*], [v~]) and edge
transitions (v*, v™). Figure 2 isan examplefor such a mix-
ture. It shows an equivalent specification of Figure 1.

Figure 2. Extended burst mode specification
(Mutual exclusion)

Both specifications can be reduced by xBM2PLA to the
same boolean functions:

ap = 1 (a2 +72)
(a2 +77)

cay + rp -T2 = T

az = T2 - a2 + T T2 = T2 -

Further ssimplification will lead to the circut in figure 3.
3. Optimization Procedure

In general, xBM2PLA tries to find an minimal solution
for al subproblems. xBM2PLA appliesthe following steps:

1. Congtruction of the state machine[3].
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Figure 3. Digital circuit (Mutual exclusion)

2. State-minimization [5].

3. Minimal asynchronous state encoding [9, 7]. The out-
put values of the state machine are used for dichotomy
reduction and state separation [4].

4. Exact and hazardfree minimzation of the boolean ma-
chinefunction [6].

XBM2PLA includes a new approach for the asynchronous
state encoding: If a cube is interpreted as a dichotomy,
the following function calculates every ,prime (largest) di-
chotomy from aninitia list. If F isbinate:

PD(F) = scc(z; - PD(F,,) UT; - PD(Fz7)).

If F isunate: PD(F) = [, cp Bi- A cover agorithm se-
lects aminimum subset of these dichotomies.

4. Results

The following tables use two key values for comparison:
The number of additional state bits (sb) and the sum of lit-
erals and product terms (I+p). Table 1 shows the results of
the synthesis procedurefor several extended burst mode de-
scriptions.

3D XBM2PLA

infst/fout | sb I+p| sb I+p

alul 3/7/5 2 63| 2 74
au2 5/14/7 | 3 187| 2 138
mull 3/4/3 1 61| 2 47
mul2 3/3/3 0 25| 0 19
biu-dma2fifo 4/7/2 3 69| 4 79
fifocellctrl 2/3/2 1 16| 1 16
scsi-init-send 5/9/3 3 109| 3 96
dff 2/4/1 2 19| 1 30
sbuf-ram-write| 5/6/5 1 47| 1 51
ram-read-sbuf | 5/7/5 0 33| 0 32
sbuf-send-pkt2 | 3/4/2 2 2711 24
18 656 |17 606

Table 1. Examples: Extended Burst Mode

Table 2 lists the results of the synthesis procedure for
some larger non-extended burst mode machines.

3D contains very good heuristic procedures. Often 3D
generates a result which is nearly as good as an exact
calculation. 3D aso alows the calculation of larger cir-
cuitswhere MINIMALIST produces an out-of-memory error
(freg8). MINIMALIST often finds the minimal solution by
increasing the number of state bits. In contrast XBM2PLA

3D |MINIMALIST [XBM2PLA

sh I+p| sb I+p| sb  I+p

dram-ctrl 1 714 O 51| O 62
pscsi-isend 4 105 3 70| 3 90
pscsi-tsend 4 771 3 66| 3 76
scsi-tsend-bm| 2 92| 2 89| 2 100
pe-send-ifc 2 89 3 87, 3 100
ring-counter | 1 220| 2 137 1 217
bincnt3 2 58| 9 152| 3 55
freq7 9 112| 4 72| 4 74
freq8 11 135 error 4 89

Table 2. Examples: Burst Mode

always uses the calculated minimum number of state bits
which sometimes creates alarger circuit (ring-counter).

5. Conclusion

XBM2PLA accepts the most flexible description and usu-
aly calculatessmaller or similar results compared to 3b and
MINIMALIST. A further optimization of XxBM2PLA might
include new and heuristic algorithms for state encoding [1]
and hazardfree minimization [8]. XBM2PLA isa part of the
DGC project [2] and is published under the GNU general
public license.
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