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ABSTRACT 

The paper describes a new algorithm for the scheduling 
and resource aJ.location problem in high-level synthesis. The 
algorithm can not only efficiently treat flattened signal flow 
graphs, but also handles graphs with embedded control constructs 
such as conditional branches and loops. Based on simple and 
clear, but powerful principles, the algorithm simultaneously 
minimizes the number of execution units, the number of registers 
and the amount of interconnections. The algorithm has been 
implemented and we present the first results, which are very 
promising. 

1. INTRODUCTION 

1.1. Motivation and Goals 

The scheduling and resource allocation operations are 
essential in high level synthesis and have therefore been studied 
extensively. A variety of algorithms (each with different solution 
quality and run time characteristics) have been published. An 
excellent overview of the different schools of thought has been 
given in [McF88]. Some other approaches, not mentioned there, 
include the work by Devadas [Dev87], Lawler [Law87], Koren 
[Kor88] and Goossens [Go087]. To the best of our knowledge, 
none of those approaches is hierarchical (with the exception of 
[Go087]) and all of them treat execution unit allocation, memory 
assignment and interconnect design in a sequential fashion, lead
ing to a non-global solution. 

However, the size of the signal flow graph, when treated in 
a flattened way, can expand very rapidly. Moreover, it is very 
hard to preserve regularity and structure in the graph during the 
scheduling process. This results in a dramatic growth in the size 
of the control unit, which will easily offset the eventual gains in 
data path hardware. The ordering of the scheduling operations, 
such that execution unit allocation, memory assignment and 
interconnect design are treated in a sequential fashion tends to 
bias the obtained design towards a solution with fewer numbers 
of execution units at the cost of higher register usage and large 
amounts of interconnect. However in the currently available tech
nologies, the cost of a register with included test-hardware is 
almost as high as the cost of an adder. Interconnect is especially 
expensive: a short look at existing data paths for high perfor
mance signal processing reveals that about half of the area cost is 
in the interconnect! Some other typical problems of the currently 
available scheduling mechanisms are the difficulty of user 
interaction, the lack of mechanisms for knowledge acquisition 
and the highly sequential nature of the algorithms, which makes 
it hard to run them on parallel machines. 
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The algorithm presented in this paper is capable of resolv
ing the above mentioned problems. It starts from a well defined 
hardware model (which has proven to be area and time efficient 
in practice for a broad spectrum of applications). The algorithms 
are incorporated into the HYPER system [Chu89], which is an 
automated{mteractive design system targeted at high performance 
signal processing applications (such as speech recognition, image 
and video processing). 

1.2. Paper Organization 

After a short description of the HYPER environment and 
the assumed hardware model, we will describe the scheduling 
and resource allocation algorithm operating on flattened graphs. 
This algorithm will then be extended to handle conditional 
branches and hierarchy (such as subroutines and loops). The 
overall properties and performance of the presented algorithms 
will be summarized in chapter 5. Finally, some conclusions will 
be drawn and some extensions of the algorithms will be dis
cussed. 

2. SCHEDULING 
HARDWARE MODEL 

ENVIRONMENT 

2.1. Environment and Assumptions 

AND 

As mentioned, the presented scheduling and resource allo
cation algorithms are part of the HYPER environment, targeted at 
high performance signal processing applications. Although the 
routines could be used separately, they have been designed with 
some of the basic properties of that system in mind: interactivity, 
modularity, speed, flexibility and high quality solution. The 
scheduling algorithms are part of the basic interactive design loop 
and that speed of execution is therefore of prime importance. 

An overview of the HYPER system is given in [Chu89]. 
The design process starts with a graphical/textual flow graph 
description of the algorithm. In the first pass, the algorithm is 
transformed in such a way that a close matching between 
memory, chip I/O and computation hardware is obtained. After 
the scheduling of the optimized graph, the data path, controller 
and interface hardware structure are derived and mapped into the 
available hardware libraries. The final structure is then mapped 
into a physical design (using macro cells or gate arrays) with the 
aid of the Lager-IV system [Shu89]. Since high efficiency and 
performance are musts, the HYPER system allows for user 
interaction and entry at every level of abstraction. 

2.2. Hardware Model 

A black box view of the adopted hardware model is given 
in figure 1. The register files are connected in a hard wired 
fashion to the input ports of the execution units (which may be 
adders, comparators, multipliers or combinations of those primi
tive units). The output of a cell can be connected to the registers 
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