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The Extended Partitioning Problem: 
Hardware/Software Mapping, Schedul-
ing, and Implementation-bin Selection
ASAWAREE KALAVADE, EDWARD A. LEE, in Readings in Hardware/Software Co-De-
sign, 2002

Abstract

In system-level design, applications are represented as task graphs where tasks 
(called nodes) have moderate to large granularity and each node has several im-
plementation options differing in area and execution time. We define the extend-
ed partitioning problem as the joint determination of the mapping (hardware or 
software), the implementation option (called implementation bin), as well as the 
schedule, for each node, so that the overall area allocated to nodes in hardware is 
minimum and a deadline constraint is met. This problem is considerably harder 
(and richer) than the traditional binary partitioning problem that determines just 
the best mapping and schedule. Both binary and extended partitioning problems 
are constrained optimization problems and are NP-hard.

We first present an efficient (O(N2)) heuristic, called GCLP, to solve the binary par-
titioning problem. The heuristic reduces the greediness associated with traditional 
list-scheduling algorithms by formulating a global measure, called global criticality 
(GC). The GC measure also permits an adaptive selection of the optimization objec-
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tive at each step of the algorithm; since the optimization problem is constrained by 
a deadline, either area or time is optimized at a given step based on the value of GC. 
The selected objective is used to determine the mapping of nodes that are “normal”, 
i.e. nodes that do not exhibit affinity for a particular mapping. To account for nodes 
that are not “normal”, we define “extremities” and “repellers”. Extremities consume 
disproportionate amounts of resources in hardware and software. Repellers are 
inherently unsuitable to either hardware or software based on certain structural 
properties. The mapping of extremities and repeffers is determined jointly by GC 
and their local preference.

We then present an efficient (O(N3+N2 B), for N nodes and B bins per node) 
heuristic for extended partitioning, called MIBS, that alternately uses GCLP and an 
implementation-bin selection procedure. The implementation-bin selection proce-
dure chooses, for a node with already determined mapping, an implementation bin 
that maximizes the area-reduction gradient of as-yet unmapped nodes. Solutions 
generated by both heuristics are shown to be reasonably close to optimal. Extended 
partitioning generates considerably smaller overall hardware as compared to binary 
partitioning.
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XI.B. Computer-aided Printed Circuit Board Design

Starting from the product proposition, in the system design stage a visual model 
and product specification are obtained. By detailed design, a functioned model 
is created. With computer-aided PCB design, it's possible to test the PCB on its 
functionality in an early development stage. After the model is adjusted to work 
properly, a prototype is built and tested. The design documentation consists of all 
data such as plot data, drawings, test data, etc. The latest CAD systems deliver the 
documentation tailored for many kinds of production machines.

An important issue of designing PCBs is fitting in checkpoints (like dimension 
checks). This can be done automatically by the CAD system.

The main modules of a CAPCBD application are

• Schematic design editor, which enables the designer to input schematic cir-
cuits and interactively assigns them to symbol components; the design editor 
also catalogs schematic circuits in the design database
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• Layout editor, which creates board figures, places parts on boards, and wires 
analog patterns

• Schematic explorer, which allows the user to browse the design database.

The created design data can be processed by a manufacturing data conversion 
program to create data for automatic PCB manufacturing machines (NC data) used 
in printed-wiring board manufacture (processing and assembly).
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