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Abstract 

A new genetic algoriihm for channel routing in $he 
physical design process of L'LSI circtiis i5 pres t s fed .  
The algorithm is bused on a problem specific represen- 
iadion scheme and problem speciJc genetic operators. 
The genei ic  encoding and our genelic operators are 
descrabed in defoii. The performance of . the algoriihnt 
i s  tested on difleerrnl benchmarks and it  is shown tha t  
the results obdained using the proposed algorithm are 
ei ther  qttalatatiuely simo'lar t o  o r  better than the  best 
published results. 

1 Introduction 

In the physical design procm of very large scale 
integrated (VLSI) circuits the logical structure of a 
circuit is transformed into its physical layout. Detailed 
routing is one of the tasks in this proces. A detailed 
router connects pins of signal nets in a rectangular 
region under a set of routing constraints, such as the 
number of layers, the minimal space between wires and 
the minimum wire width. The quality of this detailed 
routing has a strong influence on the perfoxm&nce and 
nroduction costs of the circuit. 

The detailed routing in a rectangular region with 
pins exclusively located on the upper or lower bound- 
ary of the routing region is called channel routing. 
Channel routing is one of the most commonly occur- 
ring routing problems in VLSI circuits. A simple ex- 
ample of a channel routing problem and a possible 
routing solution is shown in Figure 1. 

The channel routing problem is NP-complete I331 
and therefore, there is no known deterministic alge 
rithm to solve it in a polynomial time. Hence, al- 
though many different algorithms have been proposed 
(e.g. [12], 1191, [28], [32], [34]), the problem of finding 
the globally optimized solution for channel routing is 
still open. 
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Figure 1 : An example of a channel routing problem (a) 
and a p w i b l e  routing solution (b). Solid lines repre- 
sent interconilections on one layer, the poly Layer; and 
dashed lines represent interconnections on the other 
layer, the metal layer. 

New approaches are necessary to solve this prob- 
lem. The evolution process in nature optimizes, for 
example, the fitness of an individual in its environ- 
ment and thus, can be used as a strategy for math- 
ematical optimization. Genetic algorithms are a new 
cIass of heuristic search methods based on the biologi- 
cal evolution model. During the last few years, genetic 
algorithms have been applied more and more s u c c m  
fully to find good heuristic solutjons to NP-complete 
optimization problems [13], 114. 

The strength of a genetic algorithm results from 
the ability to perform a fairly efficient search in the 
search space even if the available knowledge is limited 
to an evaluation procedure that can measure the qual- 
ity of any point in the search space[l6]. Consequently, 
genetic algorithms belong to the category of the s e  
called weak methods, i.e., problem solving methods 
that make few assumptions about the problem d e  
main; hence, they usually enjoy wide applicability. 
However, as stated by many authors (e.g. [fl, [26j), 
these well-theorized, binary coded, pure genetic algo- 



rithms cannot handle a lot of highly constrained prob- number of rows of the channel) can vary depend- 
lems. To solve this dilemma, many application-specific ing on the area required for routing. It is desir- 
variations of genetic algorithms have been developed. able to use the leat area, i.e., the least number 
These variations enhance the traditional genetic alg* of rows. 
rithm by incorporating problem specific knowledge in 
both appropriate coding schemes and genetic opera Net length 
tors (e.g. [15], [25], [26]). The shorter the length of the interconnection ilets 
We present a genetic algorithm For channel routing the smaller the propagation delay. 

that is based o i s u &  a problem specific representi 
tion scheme and problem specific genetic operators. 
The algorithm starts by performing a random path 
search to create different routing solutions of the chan- 
nel. These non-optimized routing structures are seen 
as individuals of an initial population. They are coded 
in Bdimensional chromosomes with integer represen- 
tation. Based on certain quality factors, these routing 
structures are improved by genetic operators to even- 
tua1Iy present a globally optimized routing result. It is 
shown that the resulting routing structures are either 
qualitat,iveIy similar to or better than the best results 
available i n  the literature. 

2 Problem description 

The channel routing problein is defined as follows. 
Consider a rectangular routing region, called channel, 
with a number of pans located either on the  upper or 
the lower boundary of the channel. The pins that be- 
long to the same net have to be connected, subject to 
certain constraints and quality factors. The conner- 
tion has to be made inside the channel on a symbolic 
routing area consisting of horizontal rows and vertical 
columns (see Figure 1 (b)). 

The constraiilts for the interconnections include the 
following: 

A net is to be routed using a Manhattan georne 
try, i.e., only horizontal and vertical net segments 
are allowed. 

Number of vias 
The introduction of a via between the two  inter- 
connection layers means longer propagation de- 
lays and lower fabrication yield. Consequently, 
the fewer the number of vias the better the rout- 
ing quality. 

3 Genetic algorithms in VLSI layout 
design 

Because of ita complexity, the physical design p r p  
cess of VLSI circuits is usually separated into four 
consecutive phases, namely, partitioning, placement, 
routing and compaction. I n  the following, we will give 
a brief overview of genetic algorithms that have been 
successfully applied in these major steps of VLSI lay- 
out design. 

Partitioning The task of partit.ioning is to divide 
the components of a circuit into subse.et.s to reduce the 
problem size of the layout design. 

In [17] and [18], different coding schemes for the 
problem of circuit partitioning are jnve~tigated to find 
the most suitable coding. The proposed genetic a l p  
rithrn is tailored for the partitioning of circuits with 
complex bit-slice components using a special two-step 
coding of partitions. The genetic algorithm in 163 is 
based on a pop~llat~ion structure that involves subpop- 
ulations which have their isolated evolution occasion- 
ally interrupted by inter-population communication. 

Two layers are available for routillg (see Figure 1). Placement The   la cement procedure is res~onsible 

A net may change from one layer to another using 
a contact window called a via .  

Different nets cannot cross each other on the same 
layer and must respect a minimum distance rule. 

+ The perimeter of the channel is not used for rout- 
ing. 

Three quality factors are used in this work to judge 
the quality of the routing rmult: 

Minimum routing area 
The horizontal dimension of the channel along 
which pins are located is fixed but the vertical 
dimension which has no pins (expressed as the 

for the assignment bf the circuit's components to their 
locations on the  chi^. According to variation in sizes 

w 

and locations of these components, placement algo- 
rithms can be divided into algorithms for standard 
cell layout, macto cell layout and gate-matrix layout. 

After the pioneering work of Cohoon et al. [5], fur- 
t h e  applications of genetic algorithms [29], [30] and 
evolution strategies [20], [21], [35] for standard cell 
  la cement have been ~resented. These a~~roaches  
broduce high quality &cements a t  the c&t of long 
run times. In [24], the run time has been reduced 
significantly by using a parallel implementation of a 
genetic algorithm. 

We are aware of three papers in wltich genetic a l p  
rithrns for macro cell placement are discussed [3], [a], 
191. The approach in [3] is bzrsed on a twedimensional 



bitmap representation of the macro cell placement 
problem. Another representation scheme, a binary 
tree, is applied in [8]. In [9], a combination of a ge- 
netic algorithm with a simulated annealing strategy 
is presented. The experimental results suggest that 
a mixed strategy performs better than a pure genetic 
algorithm for the macro cell placement problem. 

An application of a genetic algorithm for the place- 
ment of gatematrix layout,s h a s  been published in [31]. 

Routing As already mentioned in Section 1, routing 
is the process of connecting pins subject to a set of 
routing constraints. VLSI routing is usually divided 
into global routing (to assign nets into certain routing 
regions) and detailed routing (to assign nets to exact 
posit.ions inside a routing region). 

To our knowledge, only one evolutionary algorithm 
for global routing has been reported [4]. 

According to the position of the pins, detailed rout- 
ing can be separated into channel routing (pins are 
only located on two parallel sides of the routing area) 
and switchbox routing (pins are placed on all four sides 
of the routing area). 

Three papers have been published in which strate- 
gies derived from the concept of genetic algorithms 
are applied to the channel routing problem [I l l ,  [23], 
[27]. In [23], a rip-up-and-rerouter is presented which 
is based on a probabilistic rerouting of nets of one 
routing structure. However, the routing is done by a 
deterministic Lee algorithm [22] and main components 
of genetic algorithms, such as the crossover of differ- 
ent individuals, are not applied. The router in [I 11 
combines t.he mcalled steepest descent method with 
features of genetic algorith;ns. The crossover opera- 
tor, however, is restricted to the exchange of entire 
nets and the mutation procedure performs only the 
creation of new initial individuals. The proposed al- 
gorithm in [27] is limited to the restrictive channel 
routing problem. Here, all vertical net segments are 
located on one layer and all horizontal segments are 
pLaced on the other. Furthermore, swcalled doglegs1 
are not allowed, i.e., the horizontal segments of each 
net must be placed on only one horizontal row. Due 
to these restrictions. this algorithm cannot be used for 
routing structures i i t h  loo& in the vertical constraint 
graph, as is often the case in practice2. Moreover, the 
resulting routing area is generally larger than neces- 
sary. 

lThe term U&gleg" js used in VLSI literature to describe a 
vertical net segment that connects two horizontal segments of 
the same net located on diffmnt rows. 

a~ vertical constraint graph ia a directed graph with its 
nodes representing the neta of the c h e l  and i t s  branches 
representing the relative position of the horizontal parta of a 
net horn the top to the bottom of the channel. The forming of 
the vertical constraint graph i based on the assumption that 
each net can have at most one horizontal s e p c n t .  A Loop in 
Ihe horizontal constraint graph indicates that a routing solution 
cannot be achieved with this assumption, i.~., a1 Ienst one net 
bas to be divided into different horizontal segments. 

The algorithms in Ill], [23] are also applied to 
switchbox routing. 

Compaction Compaction is usually the final step in 
the physicat layout design of VLSI circuits to trans- 
forin the synlbolic layout to a mask layout with the 
goal of minirrlizing the size of the resulting circuit lay- 
out. 

To the best of our knowledge, the only application 
of a genetic algorithm for compaction has been ad- 
vanced by Fourman [lo). He describes two prototypes 
of genetic algorithms which perform compaction of a 
symbolic circuit layout. Although his results are lim- 
ited to very simple layout structures, he proposes a 
new problem specific representation lor layout design 
that includes constraints of the compaction process. 

4 Description of our algorithm 

4.1 Survey 

Genet,ic algorithms, in general, carry out optimiz* 
tion by simulating biological evolutionary processes. 
The environment in which individuals live affects their 
ability to survive and the individual b e t  suited for the 
environment has the highest probability of survival 
and reproduction. The descendants t h a t  inherit de- 
sirable characteristics for survival in the environment 
also have a high probability of survival and teproduc- 
tion, while other, less fit individuals die ou t .  This 
principle is known as "the survival of the fittest" and 
can be used in optimization [13]. 

In our channel routing problem an individual can 
be defined as a channel routing result, i-e., a rout- 
ing structure. The quality of this routing structure 
according to the above ~rlentioned quality factors can 
be evaluated t,o produce a measurement of the jndi- 
vidual's fitness. First, we generate an ina'tn'al popu- 
lation of randomly created, and thus different, rout- 
ing structures for a given channel routing problem. 
This population is subjected to a simulated evolution 
process consisting of three main components, namely, 
selection, crossover and mzllation. If the simulation 
works, better and better evaluated individuab will 
predominate in the population because they have a 
higher probability of reproducing descendants which 
can inherit the best characteristics of their predecw 
sora. Thm best evaluated individuals are the best 
routing solutions according to our quality factors. 

An overview of the genetic algorithm presented in 
this paper is shown in Figure 2. The number of in- 
dividuals /P,I is kept constant throughout all gener- 
ations. Our mutation operator is applied after the 
reduction procedure, j.e., the modifications caused 
by the mutation operator remain "unpunished" in 
the population during the next mate selection and 
crossover procedure. This separation of the crossover 




















