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Abstract tuple offinite domain variables
This paper presents an approach to modeling of task T=(1, 3, p) 1)

graphs using finite domain constraints. The synthesis of . i .
such models into an architecture consisting of microproces- Wheret denotes the start time of the subtaSkis duration

sors, ASICs and communication devices, is then defined agindp the resource number which is assigned for its execu-
an optimization problem and it is solved using constraint tion. The data flow precedence relation, represented as an
solving techniques. The presented approach offers an elerc in the task data-flow graph, is expressed daequality

gar;]t_t aTd p;om;erful mOd‘?I””Q hte;[chnique for diﬁ?re_n'i constraint For example, if the subtask precedes subtask
architecture features as well as heterogeneous constrain S'TJ-, the following constraint is imposed:

The extensive experimental results prove the feasibility of
this approach. 140 <7 (2)

1. Introduction To synthesize the previously specified task data-flow

The specification of embedded systems is usually pro_graph, it is necessary to introduce additional constraints on
vided in a form of communicating tasks. The goal of the "€Sources sharing. These constraints forbid simultaneous
synthesis is to find an assignment of subtasks to processordSe of shared resources, such as processors and buses. In the
and ASICs, and communication subtasks to communicationPrototype system we makes use of a rectangle interpretation
devices (e.g., buses or links) as well as their related staticOf @ subtask. The rectangle based resource constraint assures
schedule. The schedule, in this case, is defined as an assigrii@t the 2-dimensional rectanglRs[t;, p;, 5, 1] andR=[t;,
ment of starting times to every subtask and communicationPj: 9 11 representing the subtasksandT, do not overlap.
activity. Different heuristics and Mixed Integer Linear Pro- tiS defined by theiffn/L  constraint. The graphical rep-
graming (MILP) formulations have been proposed for this resentation of this constraint is depicted in Fig. 1.

problem. Constraint Logic Programing (CLP) formulation A Subtask execution time depends on a selected
has been originally suggested by the author [6, 7]. resource, such as microprocessors or ASICs. The mapping

This paper further examines the use finite domain con- whi_ch binds a given execution time to a given resource is
straints to model and synthesize heterogeneous embedde@€fined by thelement3 — constraint.
systems. Constraint solving techniques combined with opti- . iPelining a task data-flow graph can be modeled by

mization methods are then proposed to provide a solution tolntroducingn copies of existing rectangles, starting at posi-
the synthesis problem. tions k, 2Lk, 3Lk, etc. This prevents to place subtasks in

forbidden locations, which are to be used by subsequent
2. Finite Domain Constraints System Model  pipeline computations.

A system is defined by an acyclic task data-flow graph
with nodes denoting subtasks and arcs data precedence relgf'
tions (communications) between them. When the last
subtasks finish their execution the first subtasks are started
again. The target architecture consists of computational

System Synthesis
System synthesis is defined, in our approach, as a pro-

resource

components (CPU’s and ASIC’s) connected by buses. Each - ------------~ T i
subtask has a specified execution time on a selected compu-  p; | i ’ J ‘ I 71
tational component. T Ty
The subtask of a task data-flow graph is modeled as a 3- Pif---- 5 S " lime
1
Supported by the Wallenberg Foundation project “Information Techno- Tj T

logy for Autonomous Aircraft Figure 1. A graphical representation of the rectangle constraint.



cess of finding an assignment to all domain variables which

. g E L. . . tasks/processors/buses
satisfies all constraints and minimizes a given cost function Heuristic

defined as a domain variable. The cost function can be 20031 40/4J2 75/4/2 1301613 200/6/3
defined, for example, as a maximum value among; aib; LDS ~ Afrombest 6.36%  3.09%  -0.60% -133%  0.18%
1 L] ]l l* .

L : ; : : - i Runtime () 049 203 810  50.65  142.77
Mlnlmlz.lng thl.s d.omallT Varlabl.e ylelds the faSteSt Imple Credit Afrombest 6.49% 2.74% -0.80% -2.66% 1.23%
mentation satisfying all constraints. _ (2)  Runtime(s) 063  1.29 692 3723 20462

The optlmal solutions can be obtained using _brgnch.—a}nd— Credit _Afrombest  659%  3.23%  127%  231%  1.94%
bound algorithm (B&B). CLP systems offer built-in mini-  (sartl)) Runtime (s)  0.57 1.13 3.64 12.62  43.06
mization and enumeration (labeling) procedures. Simple Afrombest 11.18% 1259% 6.70%  7.75%  4.65%
Additional labeling strategies, such a®main splitting heurstic Runtime () 005 013 042 131 2.90
strategy [8] anddomain intervalshave also been imple-  Table 2.  Synthesis results for random task graphs using
mented and tested. The advantage of CLP is possibility to heuristic optimization algorithms.

use heuristic search algorithms. In this paper, we have _
examined two meta-heuristicimited discrepancy search ~ intérconnections between them. We have made three exper-
(LDS) [5] andcredit searcH1], which can be used together iments using non-pipelined and pipelined implementations.

with B&B algorithm and selected labeling strategy. 5 conclusions

4. Experimental Results We have presented a new approach to modeling and syn-
For experiments we have used random task graphs [4]thesis. of heter_ogeneous emb_edded systems qsing finite
and an example from [2]. The experiments have been Car_doma!n constraints a_nd constraints solving techniques. The
ried out using a prototype implementation of the synthesis experimental results indicate that the presented method can
system implemented in CHIP 5 [3] on the Pentium 200MHz be used for synthesis of heterogeneous systems offering very
computer. If not explicitly indicated, the runtimes presented 900d performance.
in this paper are the total optimization execution times for
finding a solution and proving that it is the optimal one.
We have used 125 random task graphs divided into 51
groups of 25 task graphs. Each group has at least 20, 40, 75,
130 and 200 computational and communication subtasks. In
Qach group, th(_are are 15 ta_sk gr'aphs With uniform distribu- [2] A. Bender, Design an Optimal Loosely Coupled Heteroge-
tion and 10 with exponential distribution of the subtask neous Multiprocessor System, Rroc. of the European
execution time. The implementation architecture consist of a Design and Test ConferencMarch 11-14, 1996, Paris,
number of processors interconnected by busses. France.
Table 1 presents results obtained with optimal methods[3] CHIP, System Deumentation, COSYTEC, 1996.
with the execution time-out of 10 minutes. In the Table 2, we [4] P. Eles, K. Kuchcinski, Z. Peng, A. Doboli and P. Pop,
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The last example is the video coding algorithm H.261 5
derived from [2]. The task graph contains 12 subtasks and 14[ ]

Labeling tasks/processors/buses - . ? ) .
method [7]1 K. Kuchcinski, An Approach to High-Level Synthesis Using
20/3/1  40/4f2  75/4/2 130163 200/6/3 Constraint Logic Programmingproc. 24th Euromicro Con-
: : g g &
nput Sal'ztz’;fézz"lga' 25/25 1557’202/ 222810/2 324’f 25’101 ference, Workshop on Digital System Desiyfisteréas,
order , - 74%  2.80%  3.44%  2.80% Sweden, August 25-27, 1998.
Runtime (S) 891 2114 1511 1725 37.78 g1 K Mariot and P. J. Stuckerogramming with Constraints:
) solutions/optimal ~ 25/25  23/21  25/12 2317 24/11 An Introduction The MIT Press 1998
Domain worse than LB - 4.38% 2.86% 3.54% 2.12% ! ’
split Runtime (s) 7.79 550 49.89 1493  31.20
solutions/optimal ~ 25/25  25/19 25/6 25/4 25/4
Domain  \yorse than LB - 483% 4.03% 6.51% 2.79% Design Performance ~Stage latency Runtime — B&B
intervals Runtime (s) 0.57 17.43 1.78 26.95 9.13 (time units) (time units) (s) nodes
solutions/optimal  25/25 25/24 25/15  25/9  25/13 non-pipeline, 2 buses 2963 — 03 26
Summary  worse than LB - 400% 2.96% 3.16% 1.84% 3 stage pipeline, 1 bus 3996 2351 19.34 27
Runtime (s) 0.38 11.23 39.78 11.19 234 3 stage pipeline, 2 buses 3373 1154 12.07 261
3 stage pipeline, 3 buses 3329 1110 5.91 261

Table 1: Synthesis results for random task graphs using
algorithms providing optimal solutions. Table 3:  Synthesis results for H.261 example.
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