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Abstract: Clustered architecture is selected for high level synthesis, and a simultaneous partitioning and scheduling

algorithm are proposed. Compared with traditional methods, circuit performance can be improved. Experiments

show the efficiency of the method.
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1 Introduction

DSM (deep submicron) makes chip designers
face many new problems, among which are design
complexity and interconnect effects. With feature
size shrinking, more and more transistors can be in—
tegrated into a single chip, and earlier design space
explorations become indispensable. On another as—
pect, wire width shrinks and routing density in-
creases, physical effects bring on great mismatch
on circuit performance between physical implemen—
tation and prediction in high level synthesis. How
to avoid design iteration is really a challenge.

Besides researching on pure high level'" or
physical level'”, lots of researches have been done
in exploring simultaneous high level synthesis and
physical design. Fang et al. introduced floorplan in-
formation to influence synthesis decision'”. Pedram
method' . Al

above adopted traditional register transfer architec—

provosed incremental svnthesis
ture where global wire delays still contribute high

percentage to clock period.
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An in-depth research of design methodology in
DSM era was made by Sylvester'”, with the help of
extensive experiments, conclusion can be drawn
that even when pessimistic noise consideration
were introduced, design method and tools can be e-
volve to make precise timing analysis for systems
less than 50k gates. Hierarchical method is a
promising and in future entire system consists of
macros or subsystems in such size. With the similar
point of view, clustered architecture has been intro-
duced in ASIP design. Clock periods of clustered
architecture are much less than that of non-clus-
tered architecture with same number of functional
units and registers'®.

[n our research, clustered architecture is se—
lected for high level synthesis. Datapath is com-
posed of several clusters and global interconnect
delays are eliminated from critical path in clock pe-
riod. Different from ASIP design, there is no pre-
determined architecture and resources in hich level
synthesis and every cluster can have its distinctive
configuration. Designer can explore hardware re-

source capability to the best in a custom design. We
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give formal description of the synthesis tasks and
propose a heuristic algorithm. Experiment results

show efficiency of this method.

2 Simultaneous partition and sched—-
ule algorithm

Figure | is the RTL (register transfer level)
architecture for synthesis in our approach. First,
according to technology parameters, maximum size
of cluster is determined so that it is possible to
make precise timing analysis within a cluster with
consideration of wire delays. Second, after floor—
planning clusters, number of clock cycles for com-
munication between clusters are extracted, it will
be the additional data dependency constraints for
data transfers between operators that are not parti-
tioned into the same cluster. Then, operators are
scheduled to control steps and partitioned into
clusters simultaneously to minimize total steps of

control.

= el el =

Fig. 1 Object architecture in our approach
Table 1 Symbols
G(V.E) DFG (data flow graph)
A Set of operators
E Set of data transfers
TN Number of resource types
AP(1) Area of the ith resource
AT max Area constraint
MS Set of clusters
lf, NU]’]]}I{'?I' ('If l'l'll!-':l{'fl':‘i
AMI{) Area of the ith cluster
AM max Area constraint for cluster
VSi Set of operators in the ith cluster
es(v) Control step for operator v
Cs Total number of control steps
ms(v) Cluster operator v belong to
gel i) Global communication in control step i

cp Number of clock eyeles for inter—cluster communication

Symbols used in this paper are listed in Table

We define the simultaneous partitioning and
scheduling problem below.

The input is DFG (data flow graph) and area
constraints, including total area constraint AT wa,
area constraints for cluster AMu.. Data transfers
between clusters are realized through multi—cycle
global communication mechanism, CP is deter—
mined by technology and the scale of the design.
The outputs are the scheduling results and parti-
tion results.

Input: G, AT maxy AMma
Output: es(v), WEV,MS, VS, i= 1,2, -, P
Minimize: CS

Constraints:
es(vi) = es(vi) =L if (vi,v;) EE and ms(vi) = ms(v;)

es(vi) = es(vi) ZCP+ Lif (vi,v;) €EE and ms(v:) Fms(v;)

1

STAP() < ATww (2)
i=1

AP(i) SAPuw, VIS <P (3)
U Vsi=V (4)
VSiNVS= BVI<i,j<P,i#j (5)

Equation (1) presents data dependency con-
straints, if vi and v; do not belong to the same clus—
ter, the difference of control step of them should be
long enough for global data transfer completion. E-
quations (2) and (3) present area constraints, total
area and cluster area respectively. Equation (4) as
well as Eq. (5) presents constraints for partition. It
means that each operator should be partitioned to
one and only one cluster.

For ILP (integer linear program) formulation
above is NP problem. In practice, we adopt heuris—
tic algorithm to solve the problem. Following gen-
eral modeling methods of high level synthesis, area
constraints are expressed as constraints for number
of functional units. The key procedure is to con-
struct r _ list and ¢ _ list to preferentially schedule
operators in critical path and localize data transfer

as much as possible.
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1. Control step 1= 1;

2. while( there exist unprocessed operators)

3. Construct priority list r _ list of ready operator:

4. while( there exist unprocessed operator in r _ list)

5. Current operator is set to head elements in r _ list:

6. Construct priority list ¢ _list of clusters for current operator;

7. Search e _ list orderly to find cluster with available resource
for current operalor. if success, schedule it to control step
and partition it to the current cluster, if fail, continue search
¢ _ list until to the end;

8. current operalor is removed from r _ list;

}

= s

=]

r _list is a set of operators that are ready for
current control step. Notice should be taken that if
the operator opi has predecessors whose scheduled
step is more than (¢i— CP— 1),it is in r _ list only
on condition that all these predecessors have been
partitioned into the same cluster. Because if it is
not true, there is no enough clock cycles for inter-
cluster communication. T he priority used in r _ list
construction is computed according to:

prio( opi) = asapMaxTime( G) — alap(opi)
asapM axT ime( G) is the total control steps of G in
ASAP scheduling and alap(op:) is the control step
of opi in ALAP scheduling. The higher prio(op:)
is, the more urgent opi should be scheduled because
at least prio(op:) steps are needed for completing
all operations in G even if op: is scheduled to cur-
rent control step. Priory function for ¢ _ list con—
struction can be mathematically expressed as
prio(ci) = s1 X suce(OP _SET 1(«)) -

s2 X test(OP _SET2(e)) + s3 X inter(ci, opi)
OP _SET 1(ci) is a set of scheduled operators in r _
list which have already been partitioned into ci. OP

SET2(¢i) is unscheduled operators in r _ list
whose only feasible cluster are c¢i. suce will encour—
age Lo partition operators with common successors
into the same cluster. Test returns 0 if OP _SET2
is empty, else returns l.In order to schedule more
operators in current step, clusters which are feasi—

ble for operators in OP _ SET 2 are not preferable

to be selected for current operator opi. inter returns
the number of data transfers between current oper—
ator and operators previously partitioned into ¢i.
T his item encourages allocating more data transfer
locally. si1, s2, and s3 are weighed coefficients, in

practice, s1> s2> s3.

3 Experiments and analysis

Compared with traditional architecture for
high level synthesis, inter-cluster communication
puts more constraints for scheduling. There will be
more cycles for scheduling DFG. But clock period
could be reduced greatly, for example in Ref. [ 4],
over 350% of period could be reduced. The main
tasks of methods based on clustered architecture
are to have inter-cluster communication in unecriti-
cal path of the DFG and minimize additional num-
ber of cycles. We take EWF (ellipse wave filter)
and DCT (discrete cosine transform) benchmark in
experiments. Figures 2 and 3 are results of control
steps versus resource for EWF and DCT respec—
tively. Non—cluster presents the traditional archi-
tecture and clustered presents architecture pro-
posed in this paper with parameters { Number of
cluster= 2, CP= 1}. Resource configurations sam-
pled throughout design space, from minimum re-
source requirement to that more resources will not
reduce control steps due to the original data depen-
dency constraints. Table 2 gives the details, (M, A)
means the number of multipliers and adders in one
cluster. The additional control steps are controlled

within 12% in all circumstances and in many cases

even Zero.
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Fig.2 Experiment results for EWF
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Fig.3 Experiment results for DCT

Table 2 Resource configurations for EWF and DCT

experiments
(M.A):(M.A)
cl (L0):(0. 1)
c2 (L. 1):(0,1)
c3 (LD: (1)
cd (L2):(1. 1)
c5 (2.2):(1. 1)
cb (L.2):(2.1)
c7 (1.2):(1.2)
cB (2.2):(2,2)
c9 (3.3):(3.3)

Next, we compare our methods with PARAS!".

PARAS is a concurrent partitioner and scheduler
for multi-ASICs. Limitations are that the resource
configuration of different ASICs should be the
same and the only feasible number of partitions is
two. In order to compare the results, we take the
benchmarks and resource configurations used in
Ref. [ 5], multiplier occupies two control steps in

this experiments. T able 3 shows that our algorithm

Table 3 Experiments comparing with PARAS

Benchmark (M,A): (M. A) PARAS OURS
(LD:(11) 19 18
ARF (2,1):(2. 1) 14 14
(3. 1):(3. 1) 14 14
(1L, 1):(1.1) 19 19
EWF (1.2):(1,2) 18 18
2,2):(2,2) 17 17
(1, 1):(1,1) 12 12
FIR (1,2):(1,2) 12 11
(2,2):(2,2) 11 11

could get the same or better results in the scope, so
Reference | 7|

method is more flexible. Clusters could have their

could take effect. Actually, our

distinctive resource configurations and number of
partitions could be any one according to the appli-

cation.

4 Conclusion

In this paper, clustered architecture is selected
for high level synthesis. A formal description of si-
multaneous partitioning and scheduling algorithm
is proposed and an efficient heuristic algorithm is
formulated in details. Compared with traditional
methods, clock period is reduced while additional
number of cycles could be well controlled. As a re-
sult, cireuit performance could be improved. Exper—

iments show the efficiency of our method.
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