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Synthesis of Asynchronous Control Circuits
Based on Hierarchical CDFG

YuicHI OKUYAMA,"® NATTHA SRETASEREEKUL,tt HIROSHI SAITO,t
TAKASHI NANYA't and KENICHI KURODA'

Asynchronous circuits have the potential to solve the problems related to clock signals of
synchronous circuits. However, current CAD tools for large-scale asynchronous circuits par-
tition specification irrelevantly, because these tools cannot control the granularity of circuit
decomposition. In this paper, we suggest a hierarchical Control/Data Flow Graph (CDFG)
for flexible partition of asynchronous circuits. We also show that a Signal Transition Graph
(STQG) for circuit synthesis can be generated from this structure. This structure represents
asynchronous circuits using fine grain nodes. The nodes have the flexibility to be partitioned
or to be merged into other nodes. In addition, we show an algorithm for a hierarchical CDFG
to generate suitable STG for low-level CAD tools. We have confirmed that this algorithm can
partition asynchronous circuits with flexibility and generate more compact circuits.
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Fig.1 Primitive nodes for hierachical CDFG.
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Fig.4 CDFG primitive nodes and corresponding STGs.
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program partitionCDFG(S : given CDFG; signals : # of maxmum signals);
var $’, result : list of subtree;
begin
/* synchronize 000 00000000000
0000000000000000%/
bindHandshakePair (S);
/*00000000000%*/
partitionControl(S);
/*00000000 DFG OOOOOOO*/
partitionDFG (8);
/*000000000000%/
while (S’ # empty) do
mergeNodes({s|s € S'});
end

procedure bindHandshakePair(S : given CDFG);
var r: node; v: 00000000D00000000000;
begin
foreach {p|p € S, p 0 synchronize 000000000 } do
foreach {q|q € S, q 0 synchrnize 00000 p 000000000 } do begin
ri=p—q0000000;
foreach {s|s 0 r 0000000000 } do begin
vi=v+ s;
sOO0000O0O0OOoOooO » 0000000000
end
end
end

procedure partitionControl(S : given CDFG);
begin
foreach {c|c € S,c 000000 (choice U loop)} do
if root 00000 ¢ 000000000000000000 then
createSubtree({c O subtree});
end

procedure partitionDFG(S : given CDFG);
begin

foreach {D;|D; € S,D; 0 DFG 000 } do
if D, 00000 ! = conditionanal 000 or D; has copy flag then
createSubtree({D; });
end
function sortChildNode (s : subtree of CDFG, n : node) : list of node;
begin

n 00000 n; 0000 totalSignals(s + n;) 0000000000000
return result_list;
end
procedure createSubtree(s : subtree of CDFG);
begin
foreach {r|p € s,q & s,r0 p— q000000000000 } do begin
p — q00000singal 000000000;
v 000000000 signal 000000000}
result := result + v;
end

05 000 CDFGUOOOOOOOOODOOOO10
Fig.5 An algorithm for hierarchical CDFG partition (1).
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procedure margeNodes (s : subtree of CDFG)
var n : node; v:=¢ , traverse : list of node;
begin
traverse := root node of s; /* 00000 */
while traverse # empty do begin
n = getFirst(traverse); remove(traverse, n);
if totalNodes(v + n) > signals then
if n 0000000 then
if n 0 choice 00O then
addFirst(traverse, partitionNode(n));
else
addLast (traverse, partitionNode(n));
else
break;
else begin
vi=1v + n;
if n 0 choice 000 then
addFirst(traverse, sortChildNode(n));
else
addLast(traverse, getChildList(mn));
end
end
create_subtree(v);
s’ =58’ +v 00000
end

function partitionNode (v : node ) : list of node;
var childList, choiceList : list of node;
nodeList:=¢ : set of list; z, nest, ¢, ¢’ : node;
begin
childList := getChildList(v)
x := {nj|n; € childList, totalSignals(n;) is maxmum};
remove(childList, x);
while(z # empty) do begin
nest 1= ¢
while (totalSignals(x + next) < signals) do begin
remove(childList, next);
x = x + next;
next := {n;|n; € childList, totalSignals(z + n;) is minimum};
if(next == empty) break;
end
nodeList := nodeList + x;
z := {n;|n; € childList, totalSignals(n;) is maxmum};
remove(childList, x);
end
foreach {y|y € nodeList, (y is a list of nodes)}
o = y 00000000 choice 0O0ODOO;
choiceList := choiceList + c’;
end
ctop := choiceList 00000000 choice 000000
return c_top + choiceList;
end

06 00O CDFGUOUOOOOOOODOOOO?20
Fig.6 An algorithm for hierarchical CDFG partition (2).
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(c), (d): after partition for (a), (b).
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request.
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Table 1 Syntesis result of IF controller.

IF module partition non-partition ratio
(# of CDFGs) (3) (1)

CDFG area 150 253 1.68
glue area 26 — —
total area 176 253 1.44

cycle time(ns) 18.28 18.96 1.03

oooooO0oooO0000 cO00D0DOO0O DFGOO
O0o0oo0o0oO0 CcbrGOOODOOODOOOOOOOO
goboobooooooooobooooobooon
goooooooooooobooooooooogo
OO0O0EXECOOOOOOOOOOOOOOOOoOoOo
goboooooooo

6.1 00000 AOQIFOOOOOO
00000 AO 200 CDFGOD IFOEXECOOO
gbooooooooob1100000b00000bO
go0obooo0 00000 O0oooboooboooDo
gboooooooooooooa

0 9(a) 0 IF module 0000 CDFG OOOO
09(b)0000UDODOO0ODOO0OODUODOODOO
goodoooooobooooboobo0 n=22000
STGOOOOOOOOOONECO CBC10Y 00O
goboooooooboobobobOooo 1000
ooad

OO0 IFOOOOO0OOO0OPetrify000OO0OCODO
gooooooooooooboboooooooo oo
00oUoo0oo0oo0ooOoo 70o01/14400000
oo0o0ooo0oooooooooooon STGOo
O00opooooooocscoooooooooo
goobooboooooooobocOooooooboooo
00000O0ooo0ooo cscoooooouoooog
gooogoooooo

6.2 JO0OCOOB
goo0O00BO 100 ChbrGOOOOOO0O0OO
gobooO0o0 200000000000 DODOO
gooobooooooo 4000000000000



Vol. 43 No. 5

010 00000 BOOOO CDFGUOOOOO
()00000(b)000000D000()ID0000
Fig.10 CDFG nodes of processor B before/after partition.
(a): before partition, (b): suggested partition, (c):

coarse grain partition.
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Table 2 Synthesis resuts of processor B (total area).

processor B suggested fine coarse ratio

# of CDFGs 8 13 6 (fine/coarse)
non-tm 4184 4336 4443 1.04/ 1.06
CBC10 1099 1130 — 1.03/ —
Petrify 5792 6048 — 1.04/ —
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