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Abstract: Register-transfer level mapping (RTLM) algorithm for technology mapping at RT level is presented,

which supports current design methodologies using highdevel design and design reuse. The mapping rules imple—

ment a source ALU using target ALU. The source ALUs and the target ALUs are all represented by the general

ALUs and the mapping rules are applied in the algorithm.The mapping rules are deseribed in a table fashion. T he

graph-clustering algorithm is a branch and bound algorithm based on the graph formulation of the mapping algo—

rithm. The mapping algorithm suits well mapping of regularly structured data-path. Comparisons are made between

the experimental results generated by l-greedy algorithm and graphclustering algorithm, showing the feasibility of

presented algorithm.
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1 Introduction

Current VLSI designs have reached complexi-
ties of millions of gates; they are expected to be
grown even higher in the coming years. Systems of
such complexity are very difficult to design by
handcrafting each transistor or by defining each
signal for logic gates since human designers can not
do an effective job for problems involving huge
number of objects. For systems of such complexi-
ty, even the traditional design automation tools
such as logic synthesis and physical design tools
fail to provide good solutions in reasonable amount

of time. There is a need to develop design method-
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ologies that can handle systems of higher complexi-
ty. So, the idea of high-evel design'" and design

12]
reuse

came into being.

Technology mapping is a very important step
in digital system design, which transforms the
technology-independent structure description to
the technology-dependent library. Based on the
complexity of cells used in mapping, the library
mapping could be categorized into different levels.
At the logic level, library-mapping implements a
logic level design using logic level cells from a li-
brary. IBM"" used a heuristic algorithm in logic
synthesis. Structural (tree-based), Boolean match-
DAGON"!" and

ing techniques are applied in

MIS”': OBDD' is also proposed to solve this prob—
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lem. In the system level, mapping can be performed
between system-level components such as proces—
sors, memories and interface units. MICON'" is a
system that tries to reuse off the—shelf system-ev-
el parts such as processors, memories and peripher—
als to build a single-board computer system. Jha'”
presented a rule-based algorithm for technology
mapping in high-evel synthesis. Similarly, library
mapping could be applied at RT level through RT
level design.

The output of high-evel synthesis includes
datapath netlist in RTL and state transition graph.
However, module compiler and logic synthesis tools
can not effectively reuse the data book libraries of
higherdevel components commonly used in design
practices. In this paper, we present register-trans—
fer level mapping (RTLM) to implement the RTL
datapath using technology dependent RTL library

f:omponents.

2 Problem description

According to Ref. [ 8], we defined the follow-
ing RTLM terms: a source component (S), a target
component (T) and a set of mapping rules (R).In
order to describe source and target components,
each component is described in terms of a set of
RT Hunctions that are defined using a canonical
representation of the component. A rule in R de-
scribes an alternative for implementing a function
in S using a function in T; each source function can
be potentially implemented by different target
functions. T he task of RTLM, then, reduces to se—
lecting a set of rules, one for each function in
source component S, that realizes the best mapping
of S on T with respect to the cost function (e. g.,

area and delay) .
2.1 Assumptions

(1) All data and operation use 2°s complement
representation.
(2) A source component can only perform one

function at a time. For example, a comparator can

implement several RT functions (e.g.,EQ,NEQ,
GT, LT, etc.), but only one function is performed
at a time.

(3) We restrict ourselves to arithmetic, logic
and comparison functions.

(4) All RT functions are defined by using
canonical functions or their simples.

(5) S and T should have the same bit-width.

2.2  General ALU representation and canonical
ALU functions

To have a reference model for RTLM, we de-
fined a universal ALU model (in Fig. 1) to perform
a set of ALU canonical functions: five arithmetic
functions (ADD, SUB, RSUB, INC, DEC), 16 logic
functions (all Boolean functions of two variables),
and 6 comparison functions (EQ,NEQ,GT,GEQ,
LT, LEQ). So we can generate total 27 canonical
ALU functions. Any other ALU function can be
generated by using these canonical functions. Note
that not every ALU should use all of the ALU
ports. Figure 1 shows a universal ALU, which has
the following ports:

In0: Primary left input.

[nl: Primary right input.

Caln: Carry input.

OutO: Primary output.

Out I: Secondary output.

CaOut: Carry output.

Con: Control input.

In( Inl

Caln \/ Outl

Con Outl

GaOut

Fig. 1 General ALU representation
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Fig. 2

2.3 Description of library components

The representation of S and T should not only
grasp the function of ALU, but also facilitate the
comparison of them. T he method based on canoni-
cal function supports these demands. The function
of the library components is composed of these 27
canonical ALU functions, so the component could
be described through the Boolean relation between
the ports of the library component and the ports of
the universal component. The Boolean relations be-
tween the component ports are described in a tabu—

lar fashion.

3 Description of mapping rule

A mapping rule describes how to implement a

RTLM of an ALU

canonical function by another canonical function so
that the cost function is optimal. We use SF and
TF to stand for the source canonical function and
target canonical function, and use CS and CT to
stand for source component and target component.
The mapping rule is described through the map-
ping of the ports of CS and CT so that SF can be
implemented using TF. Table 1 lists some of the
rules. Each row in the table gives the name of the
rule, source function, target function and port map-
ping information. The input and output entries in-
dicate the connectivity and the additional logic re—
quired to implement the mapping rule. For exam-
ple. the fourth rule SA in the table implements the
source function SUB with the target function ADD

by inverting the right input (SInl).

Table 1 Table representation of some mapping rules
. . Input_ports Oull]ut ports
Rule name SF TF

TIn0 Tlnl T Caln SOutd SCaOut SOutl
AA ADD ADD SIn0 SInl SCaln TOut0 T Caout TOutl
AS ADD SUB SIn0 Sinl SCaln TOut0 T Caout TOutl
SS SUB SUB SIn0 SInl SCaln TOut0 T Caout TOutl
SA SUB ADD SIn0 Sinl SCaln TOut0 T Caout TOutl
RA RSUB ADD SIn0 SInl SCaln TOut0 T Caout TOutl
RS1 RSUB SUB SIn0 Sinl SCaln TOut0 T Caout TOutl
RS2 RSUB SUB Sinl SIn0 SCaln TOut0 T Caout TOutl
1S INC SUB SIn0 1..17 1’ TOut0 T Caout TOutl
DA DEC ADD SIn0 0..17 0’ TOu0 T Caout TOutl
DS DEC SUB SIn0 1..17 1’ TOut0 T Caout TOutl

ANAN AND AND SIn0 SInl — Tout0 — —

ANNA AND NAND SIn0 SInl — TOut0 — —_

From the table, we note that each source func-
tion could be implemented by several source func—
tions using different rule. For example, ADD can be

implemented using rule AA1 and AS1;SUB can be

implemented using rule SS and SA. Note that not
only can each source function have a variety of rule
choices, but also the rule choices for each source

function are interdependent. For example, if we
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choose rule AS to implement source function
ADD, rule SA to implement the source function
SUB, we will generate a good design because two
right inputs are all SInl so that they can share the
same input port. Thus a strategy is needed to select
a mapping rule from multiple alternatives for each

source function.

4 Mapping algorithm

The inputs of the mapping system are S, T,
and R. The first step is to choose the target canoni-
cal component to realize the source component.
Then the target canonical component is mapped to
the feasible target component. The output of the
system is an implementation of source component S
with target component T plus some additional
( glue) logic surrounding. We focus on the first
step because the second step, such as matching of
port names, is relatively more simple.

The graph clustering algorithm is a branch
and bound algorithm based on the graph formula-
tion of the mapping problem. We define a graph G
= (V.E),in which V denotes the set of vertices
and E denotes the set of edges.

V:{v| v is a rule mapping an S to T}.

p(v):represents the partial solution associated
to node v.

E:{e= (vi,v2) There is a possibility that the
two sets of rules associated with »1 and v2 are used
together} .

wle):Let e= (vi,v2). Then w(e) is defined to
be the cost of the partial solution that is generated
if v1 and v2 are combined.

Given the graph G= (V,E),we define the fol-
lowing function to combine two connected v1 and
v2, which generates a new vertex v and generates
new edges which connect v and other vertices in
the graph G.The algorithm is as follows.

Algorithm I: Combination(v1, v2)

Create a new node v

p(v)=p(vi) Up(v2)

Add » to G.

Delete edge(v1,v2)
V oi| 3 (v1,06) and (v2,08)
Create an edge e= (v, vt)
Calculate w(e)
[nsert e in the edge list
Return v
Now we illustrate the clustering algorithm.
We first build an initial graph by generating a set
of nodes, one for each mapping rule. Then the algo-
rithm connects each pair of nodes that do not map
the same source function. The edges are sorted in
the increasing order by their weight. From the ini-
tial solution, the algorithm selects the first edge, i.
e. the one with the smallest edge weight, and
merges the corresponding pair of vertices. This al-
gorithm is repeated till we have a node represent—
ing a complete solution. T he complete algorithm is
shown in algorithm 2.
Algorithm 2: Graph clustering algorithm
INPUT:f(S).f(T).r(ST)
OUTPUT: A set of rules, one for each fune-
tion in £ (S), with minimum cost
V rE€f(ST) creates a node
V (v, 02)| f (01) Nf (v2)= &

Create an edge e

Caleulate w(e)
Create edge-ist by sorting all the edges
done= False
While not done
if (edge-ist= # then done= True: exit
Let e= (v1,v2) be the first edge
v= Combine(v1,v2)
if » has one rule for each function in f(S)
done= True
Return p ()
end While
Return ¢
The graph clustering algorithm is a united al-
gorithm of branch-and-bound and dynamic pro-
gramming algorithm. The algorithm guarantees to
get the optimal result. In the worst case, we should
consider all possible combination of source func-

tions and mapping rules.
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S Experimental results

Considering the variety of ALUs of our

RT LM, we chose a variety of source and target li-

braries for the experiment. They come from differ-
ent libraries. The function and bit-width are var—
ied. All the experiments are run on SUN Sparc-5

workstation. T he experimental results are listed in
T able 2.

Table 2 Experimental results of RTL ALU mapping

18]

Igreedy algorithm Graph clustering algorithm

Experiment  Width  Source function  Targel function Cost Area Delay Run time Area Delay Run time
/GC ns /s /GC /ns /s
| 16 ADD. SUB. RSUB ADD. SUB Area 432 42.1 1.36 421 44.7 10.9
A S Delay 457 39.3 1.29 457 39.3 12.8
ADD,SUB, Area 418 49,94 3.42 412 50.6 547.04
2 1 ADD,SUB
INC, DEC Delay 436 42.4 3.56 436 42. 4 607.26
3 3 ADD,INC, ADD. RSUB. Area 638 71.06 19. 88 628 73.7 1042. 6
NEQ.GT AND.NOR Delay 687 61.7 19.56 673 63.4 1141. 8
RSUB. OR. . Area 704 58. 68 32.14 694 59.3 3070.2
4 3 ADD,SUB
OR.AND Delay 708 51.9 33.02 692 55.6 3468. 8

From table 2, we can find that the algorithm
can get not only area optimal but also delay opti-
mal design. Moreover, the run time of graphelus—
tering algorithm is far longer than greedy algo-
rithm, because the computation complexity of this
algorithm is exponential with respect to numbers

of source functions nS.

6 Conclusion

The methodology in this paper is applied in
the VHB system developed by LSI research insti-
tute of Shanghai Jiaotong University. In this pa-
per, we apply a graph clustering ALU RTLM ap-
proach. We can get both area optimal and delay op—
timal design by using this algorithm. With different
library and different width, we design an experi-
ment, the result of which proves the effectiveness

of this algorithm.
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