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Architecture for Hardware Implementation of Genetic

Algorithm and Prediction Model for Circuit Size *

Tatsuhiro Tachibana

Abstract

Single Objective Genetic Algorithms (SOGAS) are approximation methods to solve
combinatorial optimization problem. Multi-Objective Genetic Algorithms (MOGAS)
are enhancement of SOGASs to solve multi-objective optimization problem. Since GAs
require high computation power, there is a demand to execute GAs at high speed. For
this purpose, some research efforts have been made to implement GAs on hardware
platform. Also, in order to use GAs in embedded system, it is required to implement
GAs on Field Programmable Gate Array (FPGA) as GA chips. To do so, GAs must
be described in Hardware Description Language (HDL) so that gate level logic cir-
cuits (called GA circuits) are synthesized using synthesis tools. In order to implement
GAs on FPGA, GA circuits need to satisfy constraints (performance, power consump-
tion, problem size, etc). So, in this thesis, we propose a method to implement SOGA
on FPGA adequately and the tools to support the design of SOGA circuits. We also
propose an architecture and hardware implementation method for MOGASs.

In order to implement SOGAs on FPGA, there are the following two problems.
Problem (1) is that it is not known whether generated SOGA circuit can fit on the tar-
get FPGA device until synthesizing it. Problem (2) is that it is necessary to redesign
SOGA circuits when different problem and different parameters are given. In order
to solve problem (1), it is necessary to predict the SOGA circuit size without synthe-
sizing it. In order to solve problem (2), we need an architecture which is suitable to

* Doctoral Dissertation, Department of Information Processing, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-1IS-DD0461017, February 1, 2007.



implement various SOGA circuits. Thus, we developed an architecture to design var-
ious circuits (called SOGA architecture) and a method to predict SOGA circuit size
(called prediction model). In proposed architecture for SOGA, Minimal Generation
Gap (MGG) model which is suitable for hardware implementation is adopted. SOGA
circuits based on proposed architecture consists of several basic modules so that it can
be applied to various problems by changing modules and designers can easily increase
the number of concurrent pipelines. Based on our architecture and prediction model,
we have developed a tool to generate GA circuits written in VHDL (which is one

of HDL). This tool outputs register transfer level VHDL description of SOGA circuit
from given parameters (target device, problem type, the number of solution candidates,
the number of concurrent pipelines, etc).

Next, we propose an architecture for hardware implementation of MOGA (called
MOGA architecture). MOGA architecture is enhancement of SOGA architecture.
MOGASs require a mechanism to preserve diversity of individuals. However it is diffi-
cult to implement existing methods (which are niching methods, ranking strategy, etc)
as pipelined circuits. Thus, in order to keep diversity of solution candidates, we devel-
oped a new mechanism which can be implemented as pipelined circuits and adopted it
in MOGA architecture.

For evaluation, we compared performance of GA circuits developed with our meth-
ods with software SOGA and software MOGA, respectively. As a result, we confirmed
that our GA circuits have up to 3,270 times higher search efficiency than software SO-
GAs. Finally, we compared the predicted circuit size with actual circuit size to evaluate
accuracy of our prediction model. As a result, we confirmed that our prediction model
can predict the actual circuit sizes within 3% error.

Keywords:

genetic algorithm, multi-objective genetic algorithm, FPGA, hardware implementation
method, prediction model for circuit size
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library IEEE;

use IEEE.std_logic 1164.all;

use IEEE.std_logic unsigned.all; (a)
use IEEE.std _logic arith.all ;

entity parallel _ga is

generic (
population_size : integer := %population_size% ;
address_bit :integer := %address_bit%;

NUM_INIT _VALUEH4 : integer:= 65000); b

port ( > (b)
clk :in std_logic;
reset :in std_logic;

clken rate ) :in std logic); .
end parallel_ga;

architecture rtl of parallel ga is
component ga is
generic (
population_size : integer := 64 ; >‘
address_bit  :integer := 6;
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interface%num% : interface

generic map(
fitness_bit => fitness_bit ,
num_evaluate_bit => num_evaluate_bit)

port map( clk => clk ,
din_num_evaluatel => line_interface%num_le%_evaluate ,
din_num_evaluate2 => line_ga%num_2%_num_evaluate ,
din_best_fitness1 => line_interface%num_1f%_best fitness ,
din_best_fitness2 => line_ga%num_2%_best_fitness,
dout_num_evaluate => line_interface%num_e%_evaluate,
dout_best_fitness = line_interface%num_f%_best_fitness);
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0200000000000

Problem Basic Architecture

Problem Size | Processingtime MOF SGA
16 7.09 (ns) 141 (MHz) | 0.508 (uS)
Knapsack] 32 7.25 (ns) 138 (MHz) | 0.765 (us)
Problem 64 9.26 (ns) 108 (MHz) | 1.36 (us)
128 8.47 (ns) 118 (MHz) | 2.24 (uus)
51 1.28 (us) 135 (MHz) | 2.07 (us)
TSP 76 2.06 (us) 120 (MHz) | 2.25 (us)
101 2.99 (us) 113 (MHz) | 3.32 (us)

O3000000000000o0og

concurrent| our parallel | simple parallel
pipeline | circuit (MHz) | circuit (MHz)
2 106 139
3 119 107
4 109 93
5 114 96
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Knapsack Problemm  FPGA(s = 32) 362 (mW)
FPGA(s = 64) 427 (mW)
FPGA(s = 128) 700 (mW)
FPGA(s = 51) 476 (mW)
TSP FPGA(s = 76) 511 (mW)
FPGA( = 101) 611 (MW)
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fitness?, chromosome?, selected_flagy],

overwrite_addressid found_flag?.

If found_flag? == false then goto 5.

fO00O 200040000000 0000 thenfree_flag! < true.
Goto 11.

If (selected_flagF == true andi == overwrite_address?) == false then goto
7.

fitness! «— fitness?,

free_flag! « false,

found_flag? « true,

goto 11.
f00 4000 2,00000 then
If found_flag? == false then
found_flag? « true,
selected_flag? « false,
goto 11.
else
removed;lag; — true,
goto 11.
else goto 8.
f00 2,000 3000 then
free_flag! < ture.
. (free_flag! == false orselected_flag? == true) then goto 11.
fitness! «— fitness?,

free_flag! « false,
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found_flag? « true,
selected_flag; « true,
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overwrite_flag = true 0 0 0 OO
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gsbgoodoogogogn

selection | Size of circuits | MOF
module | (Logic Elements) (MHz)
normal (1) 7,484 85.7
normal (2) 15,472 76.3
normal (3) 23,156 81.6
normal (4) 30,843 76.9
normal (6) 46,284 85.5
none (1) 6,821 107.7
none (2) 14,141 74.6
none (3) 21,161 86.9
none (4) 28,181 78.2
none (6) 42,300 78.1
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oedoooooogn

selection | found lap time (30 solutions) | lap time (40 solutions)
module | solutions| evaluations| time (msec.)| evaluations time (msec.)
normal (1)| 45.6 182,000 2.12 542,000 6.32
normal (2)| 50.3 192,000 2.52 418,000 5.48
normal (3)| 50.8 76,000 0.931 208,000 2.55
normal (4)| 51.5 87,000 1.13 227,000 2.95
normal (6)| 52.0 88,000 1.03 178,000 2.08
none (1) 43.1 355,000 7.65 586,000 12.6
none (2) 50.1 252,000 3.38 400,000 5.36
none (3) 49.6 243,000 2.80 427,000 491
none (4) 50.7 186,000 2.38 284,000 3.63
none (6) 51.3 185,000 2.37 294,000 3.76
biased (3)| 50.5 64,000 0.784 124,000 1.52
biased (4)| 51.4 49,000 0.637 121,000 1.57
biased (6)| 52.0 42,000 0.491 97,000 1.13
NSGA-II 43.8 96,000 10.1 x 10? 352,000 | 37.0 x 103
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