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Physical layout automation is an important in VLSI’s field. With the
advancement of semiconductor technology, VLSI is coming to VDSM (Very Deep Sub
Micrometer), and the scale of the random logic IC circuits goes towards million gates.
Physical design is the process of determining the physical location of active devices and
interconnecting them inside the boundary of the VLSI chip the earliest and the most
critical stage in VLSI layout design is the placement. The background is the rectangle
packing problem: given a set of rectangular modules of arbitrary sizes, place them
without overlap on a plane within a rectangle of minimum area. The VLSI placement
problem is to place the object in the fixed area of die with out overlap and with some cost
constrain. Such as the wire length and area of the die. The wire length and the area
optimization is the major task in the physical design. We first introduced about the
major technique involved in the algorithm.
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The task of the very large scale
integration (VLSI) placement is to assign exact
location to various circuit components within the
chip area. It involves number of objective such as
wire length, area of the die, timing and power.
Placement treats the shapes of all blocks asfixed;
i.e., it only determines the location of each block
on the chip. The variables are the xy locations of
the blocks; most blocks are standard cells the y-
locations of cells are restricted to standard- cell
rows. Placement instance sizes range in to the
tens of millions and will continue to increase.
Placement isusually divided into two steps: global
placement and detailed placement!. Global
placement assigns blocks to certain sub regions
of the chip with out determining the exact location
of each component within its sub region. As a
result, the blocks may still overlap. Detailed
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placement starts from the result of global
placement, removes all overlap between blocks,
and further optimizes the design. Placement
objectivesinclude the estimated total wire length
needed to connect blocks in nets, the maximum
expected wiring congestion in subsequent routing,
and thetiming performances of thecircuit. To solve
suchlargescalemixedsize VL Sl placement problem.
Many algorithms are used to solve the placement
problem in VLS| among these a gorithm memetic
algorithmisused to solve these placement problem
consider here.

The placement algorithms are classified
into constructive and iterative improvement
methods'2. The constructive algorithm startswith
the empty set and builds up the partition by adding
one element at atime. These algorithms are faster
but the quality of result is not good. An iterative
algorithm starts with initial placements and
repeatedly modifiesit. These algorithms give good
result but it takes long time.
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The placement problems are, the wire
length? and area of the di€® routability, power
minimization and delay?. Out of these mention
problem the areaminimization and thewirelength
minimization arethe most critical part. For thearea
and wirelength optimization amodern placer needs
to handle the large-scale design with millions of
object, heterogeneous object with different sizes
and various constrained placement such as
preplaced blocks and chip density. Thetraditional
approach in placement is to construct an initial
solution by using constructive heuristic algorithms.
A final solutionisthen produced by using iterative
improvement techniques where a modification is
usually accepted if a reduction in cost occurs,
otherwiseit isrejected. The solution generated by
constructive algorithms may be far from optimal .
Thus an iterative improvement algorithm is
performed next to improve the solution the
computation time of such algorithmisalso large.

For many combinatorial optimization
problems, no effective algorithms capable of
finding guaranteed optimum solutionsin short time
areavailable. Therefore, powerful heuristics have
been devel oped that deliver the guarantee optimum
solution, but have shown to be highly effectivein
many test cases. A specia class of heuristics is
investigated. The algorithms under consideration
are called memetic algorithms, which are- roughly
speaking - hybrids of evolutionary algorithmsand
problem-specific search algorithms, such as
greedy heuristics and local search.

Memetic algorithms (MAs) are
evolutionary algorithm (EAS) that apply the local
search processto refinetheindividual MAsinclude
abroad of metaheuristics™*** Thismethod isbased
on the population of agents and proved to be of
practical successinavariety of problem domains.
We can be sure that MAs constitute one of the
most successful approaches for combinatorial
optimization in genera, and for the approximate
solution of NP optimization problems.

The reminder of this paper is organized
as follows section 2 gives the memetic algorithm
flow. Section 3 involves the equation involvesin
the placement problem. Section 4 experiment result
for the problem consider.

Memeticalgorithms

Memetic Algorithms are class of

stochastic global search heuristics in which
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Evolutionary Algorithm based approaches are
combined with problem-specific solvers. Later local
search heuristicstechniques areimplemented. This
hybridisation isto either accelerate or to discover
good solution from the population. Where the
evolution alone would take long time to discover
or to reach the solution. Memetic Algorithms use
heuristiclocal searcheseither approximate method
or exact method to get the local refine solution
from the popul ation.

There are several reasons for the
hybridising evolutionary algorithms with local
searchers some of them are mention bel ow.

1 Complex problems are decomposed to
different sub problems could be better solved by
different methods

2 The hybridisation of evolutionary
algorithmwithlocal search algorithmresultinfine
tuning or repairing the best solution(s) produced
by the evolutionary algorithm. The powerful local
searcher introduced diversity into the solution.

3 The sub problemsare deal by the various
operators for example cross over and mutation or
by the local searcher. Thus the search process is
done with in the search space region.

4 In some cases the available exact or
approximate methods for the sub problems are
include with the evolutionary algorithm.

5. The heuristic or local search used to
repair the solutions found by the evolutionary
algorithm. The heuristic or local search do the same
inthe Memetic algorithm such heuristic are called
Meteheuristic algorithm.

Memeticalgorithm flow

Memetic algorithms try to simulate
cultural evolution rather than the biological one,
as evolutionary algorithm do. They are a
combination of population based global
optimization and heuristic local search. First
individualsareinitialized randomly. Starting with
each single individual, one local search is
performed. After that, the individuals start to
interact either competitively (in selection form) or
by cooperatively (in recombination form) thesetwo
steps are repeated until the stopping criterion is
met.

From this context of above we can know
that memetic algorithm astwo level optimization
algorithm; thetop level agorithmisan evolutionary
algorithm otherwise a popul ation based algorithm
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and at the bottom levelsasingleindividual optimizer
like hill climbing or simulated annealing or some
other local search algorithm.

Evolutionary Algorithms + Local Search =
MemeticAlgorithms

Combining global and local search
algorithm used for many hybrid optimization
approaches. Memetic algorithm (MAs) are
Evolutionary Algorithm (EAs) along with that we
apply some sort of local search algorithmto further
improvethefitnessof individual inthe population.
Memetic Algorithm have been shown to be very
effective in solving many hard combinatorial
optimization problems’. The approach combinesa
hierarchical design technique, Genetic Algorithms,
constructive algorithms and advance local search
to solve the VLSI layout in various steps like
partitioning and placement.

The efficient optimization a gorithm used
to solve hard problems usually employs a hybrid
of at least two techniques to find a near optimal
solution to problem consider. The main motivation
for this hybridisation is to increase the efficiency
that isto get the good quality solutionin specified
time.

The above figure identifies the Memetic
algorithm template. The structure is the basic
evolutionary algorithm structure the black mark

Offspring

Fig.1. Algorithm Template
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place on the particular block is to mention to
hybridisation is take place in that block. Each of
the black mark provides a opportunity for
hybridisation. For example the initial population
could be seed with solutions arising from
sophisticated problem for specific heuristics. The
cross over and mutation operator could be
enhanced with domain specific and representation
specific constrain asto provide better search ability
to Evolutionary Algorithm. More over local search
could be applied to any or al of the intermediate
set of solution for example offspring set. Themore
problem specific knowledge is incorporated with
in aMemetic algorithm the better it will perform.
Themost popular form of hybridisationsisto apply
one or more phase of local search, based on some
probability parameter, to individual members of
population in each generation.
MemeticAlgorithm for Circuit Placement

The placement isthe arranging the circuit
componentsin layout. In general-cell and standard-
cell placement, we want to position the components
of thecircuit such that the layout areais minimized.
The area measure used here comprises the area
taken up by the circuit components as well asthe
areaneeded for the wiring the circuit components.
The placement problem has the dua flavour of a
two dimensional packing problem and connection
cost optimization problem. The packing problem
is concerned with fitting a number of cells of
different sizes and shapestightly into arectangle.
The connection cost optimization aims at
minimizing the amount of wire necessary.

The proposed Memetic Algorithm for
circuit placement’ is based on the Genetic

M W >

5 3

Fig. 2. Six block placement
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Algorithm?®. In each generation, aTile-based local

search heuristic is performed on part of the

population to improve their fitness. The local

search may introduced in genetic algorithm is to

offspring population, it may be in cross over or

elsewhere. For thecircuit placement problem, the

pure Genetic Algorithmiscombined with Tile-based

local searchin three different ways, referred to as

performing local search on part of the population:

(i) beforethe crossover (ii)after the crossover (iii)

before and after the crossover’.

1. Encode solution space for placement

2. Set popul ation size, max-gen, generation=0;

Set crossover-rate, mutation-rate;

3. Generatetheinitial population

4. Evaluatetheinitial population

5. While (generation < max-gen)

Apply genetic algorithm

Apply tile-based local search to population

Endwhile

6. Return the best solution in current population
A Memetic algorithm for the circuit

placement ispurely based on the Genetic algorithm.

From the abovefigure we can under stand that the

memetic algorithm for the circuit placement isstart

with the initial random population generation

beforethat we haveto set the size of the population

, maximum number of generation, crossover rate,

and mutation rate. Next we apply the Genetic

Fig.3. Examplefor vertical constrain graph (VGH)
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algorithm; the genetic algorithm start with the
selection process, the selection process is based
on thefitnessfunction. Using thisfitnessfunction
was selecting the chromosome for the cross over.
Crossover isthe base point for the next generation
population. The cross over technique used in
Genetic algorithmis, onepoint crossover, two point
crossover, cut and splicecrossover , uniform cross
over and half uniform cross over. After the cross
over themutation process, isto maintain the genetic
diversity from one generation to next generation.
In this mutation the genetic sequence will be
changed fromitsoriginal by generating arandom
variable for each bit sequence. After the mutation
accepting offspring isplaced in the new population
for further iteration. The next step in memetic
algorithmfor circuit placement isto apply thelocal
search agorithm in between this genetic algorithm
as told before the local search is apply in three
ways they are mention below
(i) Before the crossover
(ii) After the crossover
(iii) Before and after the crossover.
Placement problem description
AreaEstimation
Givenaset of moduleM,, M,,....M_and
set of ninterconnectsN_,N,...... N, theobjective
of the placement is to obtain the non overlapping
package of all the modules which achieves some
optimization objective such asminimizing thearea
of package| 3], theinterconnection length as show
inthe below figure
Horizontal constrain
If(-XY)=(...a...b...,
isisat right side of the block a

a...b.. .)Blockb

Fig. 4. Example for horizontal constrain graph
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Vertical constrain
If(X,Y)=(...a...b...,b...a...) Blockb
is at the below side of the block a
Based on “left of ' constraint of (X, Y), a
directed and vertex-weighted graph G, (V, E) (V:
vertex set, E: edge set), called the horizontal-
constraint graph (HCG) is constructed asfollows:
(MV={S}U{t}U{bi=1,...,M},
Where b, correspond to the block
S, is the source node representing the left
boundary
t is the target node representing the right
boundary

(QE={(S,b)i=1,...M}U{(bt)i=1,..M}U
{(b,b) ...b... b}
If existing, edge (b,b,,) edge (b,
(b,b.,) then (b,b ) omitted
3) Vertex Weight equal's the width of the block b,
but zerofor § andt, similarly thevertical constrain
graph (VGH) as show in the below figure
Vertical constrain graph G (V,E) is
constructed using “above” constrain and the
height of the each block. Asfor the example show
in the above figure. The corresponding constrain
graph G (V,E) and G (V,E) areasshow inthefigures.
BothG,(V,E) and G (V,E) arevertex weighted acydlic
graph so longest path algorithm can be applied to
find the x and y coordinates of each block. The

b.,,) and edge

hpui mana

Fig. 5. Input image for Ami49 circuit

mgrmaniod naga uming K koo Tachnigu with kiz:ima Thoshodng

Fig. 7. Input image for apte circuit
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coordinates of the block coordinate of the lower
left corner of the block.
Wirelength estimation

We are addressing the problem of VLSI
standard Cell placement with the objectives of
minimizing wire length?, power consumption, and
timing performance (delay), while considering the
layout width as a constraint.
Wirelength measurement and Cost

InVLSI placement the cells present inthe
module are connected by wire. The estimation of
wire length? required for connection is cal culated
by theformula
Wi re|eng[h: “Wiyj ((Xi _Xj)2 + (y| - yj)Z)

>

Where
W, , weight of the connection between cell x and
y

(x,—x) distancein X direction
(v, - yj) distanceinY direction

Inter connect wire length of each net in
thecircuit is estimate during Steiner tree and then
total wire length is computed by adding the
individual estimates

Wire:_HI i
1 €M
Where| isthe wire length estimation for
neti and M denotestotal number of netsin circuit.

Cost

P LI M T B BT LI P e M

Fig. 6. Out put image for Ami49 circuit

Inmee Scomaniaion whn FCM aksibm

Fig. 8. Output image for apte circuit
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Table 1. Performance statistics for MCNC circuits

Performance statistics for five

MCNC Benchmark circuits

Circuit Cels Nets Finalwire Final chip

length(mm)  area(mm?)
apte 9 97 590.6 61.8
XErox 10 203 1038 32.6
hp 11 83 365 429
Ami33 33 123 2785 1.23
Ami49 49 408 2077

Experimental result

The Memetic algorithm for VLS| cell
placement problem wastested on real life circuits
chosen from abenchmark suitethat for design work
shop in early 1990's and it is often referring to as
MCNC benchmark. They wereoriginally released
and maintain by North Carolina sMicroelectronics,
computing and networking centre and now it
changesto CAD Benchmarking Laboratory (CBL).

All results of our Memetic algorithm
presented in this section were obtain by
implementation of Memetic algorithm for placement
herefirst theinitial populationisgenerate for that
evaluate the fitness function based o that fitness
selection of parents for the cross over after this
process the normal mutation and inversion
operation aretake place . in addition to this process
for each subpopulation local search is apply to
refinethefitness of each individual to get the most
optimal solution

We implementing our algorithm in ¢
language as (genetic algorithm + local search) ,
and the experiment was executed on the Intel
Pentium processor (3.1GHz, 512 RAM) machine
running windows xp . The memetic algorithm
(genetic algorithm + local search) isembedded in
our algorithm the block placement by implementing
our algorithm results are show in below table

CONCLUSON

The hybrid approach for the
combinatorial placement problem is memetic
algorithm, this memetic algorithm may also called
ashybrid genetic algorithm, herethe hybridisation
is genetic algorithm with some local search
technique. First the memetic algorithm start with
the genetic algorithm it find the global minimum
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solution to further refine the individual and to get
thelocal minimum weintroducealocal search

The main future of the approach
introduced here, in comparison with other
approaches, isthe manner inwhich block flexibility
is treated. During the iteration several
implementation such aswirelength cal culation and
area estimation are consider and some shape
functions are introduced for the block. The
common hill climbers in genetic algorithm for
combinatorial optimization problem randomly
explore the solutions neighbouring the candidate
solution encodein the current individual and accept
those with better fitness. In hybrid approaches,
local search techniques explore the solution space
closeto the sample points by applying specialized
heuristics. When including problem specific
knowledge during creation of individual, like in
our approach, it is possible to identify
unfavourable or redundant partial solutions and
consider only the most promising ones. Therefore,
each individual in our hybrid genetic algorithms
encodes aset of high quality solutions, the best of
whichisalocal optimum.

This paper explored the memetic algorithm
strategiesfor amulti objective VLS| cell placement.
Result produced by implementing memetic
algorithmismost optimal solution compareto other
set of algorithm used for VLS| cell placement. In
thispaper wirelength estimation and areaestimation
are consider. For future work: width cost, delay
cost, power cost and power minimization.
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