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Abstract. In order to improve the running speed of hardware and the utilization rate of resources,
firstly, this paper use genetic algorithm to realize serial and pipeline hardware implementation. Then,
the genetic algorithm is improved on the implementation method. In the process of improvement, the
pipeline is introduced into the parallel mechanism. Finally, the TSP problem and function extreme
value problem are used to verify the resource consumption and running speed of FPGA respectively.
The experimental results in this paper show that the two schemes are less expensive in terms of
hardware implementation, less expensive in operation and high in efficiency, and the algorithm can
also be widely used in the occasions with higher applicability.
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1. Introduction

Genetic algorithm is a highly parallel, random and adaptive search algorithm developed on the
basis of mimicking the natural selection and evolution mechanism of natural organisms[1]. After
several decades of rapid development, genetic algorithm in combination optimization, pattern
recognition, image processing, artificial intelligence, machine learning and etc. has been widely used.
FPGA has a regular internal logic array and rich networking resources, the emergence of a new
generation of field programmable gate array (FPGA) and the use of hardware description language
Verilog HDL enable genetic algorithm to be realized by hardware[2]. This paper gives the basic
structure of each module implemented by hardware, designs the serial and pipeline structure of the
algorithm, and effectively introduces the parallel mechanism. The program used in this paper uses
Altera's EP2C35F672C6N chip, using Verilog HDL design language, and selected the Quarters 11
13.0 platform programming.

2. Algorithm Structure Analysis

Genetic algorithm is a multi-point parallel iterative search algorithm[3]. The population diagram
of genetic algorithm is shown in Fig.1.
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Figure 1. Population diagram of genetic algorithm

The idea of genetic algorithm is inspired by the natural selection and genetic mechanism in the
biological world [4]. In the process of realization, it draws on the natural selection and the mutation
and mating in the genetic process. Genetic operators are mainly composed of selection, crossover and
mutation operators. The operation process of the genetic algorithm is shown in Fig. 2.
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Figure 2. Flow chart of genetic algorithm

Coding, genetic operators and adaptive function calculations are described below.

2.1 Individual Coding

Genetic algorithm can solve some complex problems, such as TSP problems and function extreme
problems, individual codes in TSP and function extreme problems use binary coding[5]. Assuming
that N cities are needed to solve the TSP problem, and the serial number of each city is represented
by binary code, each individual can be expressed as:

Dn-l, m-an-l, m-2, ..., Dn-l,O, Dn-2, m-1Dn-2, m-2, «.., Dn-2,0, ey DO, m-lDO, m-2, ..., D0,0

The total length of the individuals can be expressed as M by N. In order to facilitate the description
of the problem, assuming the number of cities N=8, then the binary digit number of each city can be
obtained as M=3. The following is the solution function for the extremum of the function: f=x,? +
X2,0 < xq,X, < 255

2.2 Genetic Operator

The key of genetic algorithm is genetic operator, which can be defined as follows in the process
of hardware implementation in this paper.

Selection Operator: Due to the convenience of FPGA hardware in the implementation process, this
paper uses the random league selection method.

Crossover operator: In this paper, double-point crossover is more suitable than single-point
crossover, so double-point crossover is selected.

Mutation operator: Mutation operator generally adopts the selection bit variation. The specific
number of selection bit variation is determined according to the individual length, and the selection
criterion is that it does not produce much damage.

2.3 Fitness Calculation

One of the important indicators affecting the acceleration of genetic algorithms is the adaptive
function calculation.

The adaptation function of the function extremum is: f = x,2 + x,2,0 < x;,x, < 255.

The adaptation function selected by TSP is: min | = od(t;, t;4,)(i=0,1,---,n—1) n=8.

According to the adaptation function selected in the above TSP problem, each city can be
represented by a 3-digit binary code, and the travel plan can be a kind of city starting from (t0, t1, t
I,...,tn-1)arrangement. Xd (ti,ti+ 1) (i=0,1, ..., n-1) represents the cost of a travel plan.
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3. Hardware Structure

3.1 The Overall Structure of the Hardware

For simple genetic algorithms, the traditional implementation is serial [6], but In Fig 3, the serial
genetic algorithm implementation design does not implement parallel operation. In order to solve this
kind of problem, the design of each module is carried out according to the pipeline mode, and adds
parallel mechanism on the basis of pipeline, as shown in Fig. 4.
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Figure 4. Flow water genetic algorithm

In this paper, pipeline mechanism and parallel mechanism are added to the improved genetic
algorithm. The improved system has a total of 12 functional modules. And each module in parallel
will greatly save running time and evolution time, while also reducing the use of chip data.

3.2 System Main Function Module Design

3.2.1 Selection Module

The selection module performs a selection operation in the genetic algorithm[7]. This article will
use random league competition to select individuals. Whenever the start signal of the selection
module gradually becomes effective, the module will start to work normally, and each time two
groups of individuals will be read. First, the two groups will be selected twice, and the individuals
with larger adaptation values in each group will be selected for output. The state machine is shown
in Fig.5.
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Figure 6. Select module port design
Fig.6 is the design drawing of the selected module port, and the simulation is shown in Fig.7.

N

Figure 7. Select module simulation diagram

Fig.7 is a simulation result of the system when it is executed. It can be seen from the figure that
the output port of the selection module will maintain the previous value, and the max signal in the
figure represents the maximum value of the fitness function of a generation. The experimental results
show that the simulation results are consistent with the actual calculation results.

3.2.2 Control Module

The control module is the core part of the whole design, which controls the flow of the whole
design and the flow of data. Each module works orderly on the basis of the control module. The
control module can also be represented by a state machine. And Fig.8 is a control module state
machine.

overinit=1

Figure 8. Control Module State Machine
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The control module as a whole contains four states. Idle is the reset state, stop is the end state, and
both state 1 and state 2 are working states. The transition of these four working states can be obtained
by the control module.

Fig.9 is the design drawing of the control module port, and the simulation is shown in Fig.10.
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Figure 9. Control module port design
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Figure 10. Control module simulation diagram

In the simulation diagram of the control module in Fig 10, when the evolutionary algebra gen
changes from "111111" to "000000", the state of current_state will remain unchanged. In this case,
we=0 is expressed as read, and start1=0 and start2=0. In other words, the selection and crossover
mutation module is in idle state.

3.2.3 Storage Control Module

Fig.11 shows the state machine of the storage control module. Idle is in idle state. When the start
signal is started, the module will start immediately and the system enters a state. In a state, the module
gives the memory address and write control signal, which are output to multiple address and
read/write signal gate module. When the storage generation is complete, the system reenters state b.
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Figure 11. Storage Control Module State Machine
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4. Fpga Performance Test based on Genetic Algorithm

The system was designed in Altera's Quartus Il 13.0 integrated development environment,
simulated in ModelSim 9.0, and finally downloaded to the DE2 development board with
EP2C35F672C6N as the main control chip for board level debugging. Fig.12 is a simulation result of
the modelsim simulation of the extreme value of the genetic algorithm.

4.1 Experimental Result

According to the experimental data obtained by our experiments and the results of modelsim
simulation, when the system starts, there will be two individuals per cycle. Assuming that the
parameters we set are consistent, then we use FPGA serial scheme and FPGA flow scheme
respectively to solve TSP problem and function extreme value problem. Finally, the following results
are compared in the resource consumption of the system to obtain the results as shown in Table 1.

Simulation Taveforms

Simulation mode: Functional
Iy Master Time Bar Ops <} »| Pointer 26317 ns Interval 26317 ns Start: End
A 190 0 ns 200 0 ns 210.0 as 220 9 ns 230.0 ns 240.0 as 250.0 ns 260.0 ns ”
B’ L]
& [@o reset
1 a0 g T M Oy sy 0 gt T g oy 0y B v T s 1y N s 0 7
>z . 1 ) S
4 @3 Eve 1
®, [ & vadda [T (1B It Y _1b ¥ [
— |@&10 = vaddb 1A X1 (" ic Y 1p i iF X 00 ¥ o1 _
co. [T 18 B fvadde [ 17 X158 (19 1A (1€ X 10 X 1E X 1F
Sz | @ fean *-:xz)f— 3 XiE X0 X 1E X iv oo X_or_
8l o= @& outa [23C0 2080y C7Ca 3 63E2 ¥ oBCs 4400 Ca04
i as & outb G657 @’W}W\( FOFF X(1D¥3 X CSFF_
Gvee | @ results ARZ T TZDA9 (0509 (D94CS (02500 ¥ 130CL XGEDCD X OETHS 01210
L =0 E rezultb 088210301 Y 09FS1 (OSSAS X 049AS ) 03!91 04285 Y OCAS! 1DFO1
o> owverinit
e | @ stksetia Cat)(B2zz (2200 (2200 H(E800 40 (8000 X T5C Y CTCa X(BBC8 X400
@115 | @ mikgetsd  [o000 X 490 ) 5665 Y 4400 X 2000 X, T
TP 133 B nikgetic OFFF 43C3 C3FF CO3F 3CEF
P 187 | G ndkfits pA520/(Eekng (00354 (00554 (04640 X 2210 Mlxﬂ (DETES 1210
TP 185 & nikfitb Pa540X(02210 305050 (01210 X 00400 ) 05240 (0Z=00 04204 {084ca
200 | @ mtkfite FEE? (10062 (13002 Y(10F01 (001e2 X 0AB1Z @mm
Dzl | @ et [ro2 o0 ) 1010 0T TaL Y aFEE X Tomez CEDE G e aeny
@ 233 flagadd
P 240 flagdate
- 241 startsel 1 I
@242 | @ randedda [BCSs CA XD X8 X3 X8 X @ X2 X1 X8 X ¢ X XF X7 X B X5
O | @-wae Lo X e XCEXEXICE X e XEXCT XTI XEXE CH XD 5
Zp2s2 | @ randadde [6 O XCE X(CF X7 X9 X5 X & Xp X8 X5 X9 X & X2 X1 X8 XC
257 | @ randaddd hﬁ’—Yﬁ(—K_Yﬁ_)’_Yﬁ(ﬁh(mﬂ_Ya_ - |
<

Flgure 12. Simulation results of function extremum
Table 1 show the usage and operation schedule of FPAG resources. It can be seen from the data
in the table that the flow of water is less than that of serial use in resource use, and the improved flow
genetic algorithm can shorten the running time and increase the clock frequency.

Table 1. FPGA resource usage table

Extreme value TSP problem
Serial Resources Total I . problem P
nstructions
number name resources Number of Number of
resources used resources used
FPGA serial GA 680 2006
1 Logical unit 66500 FPGA flow 700 2015
water GA
FPGA serial GA 240B 496B
2 Storage unit 120KB FPGA flow 4808 9928
water GA

5. Conclusion

This paper proposes a genetic algorithm for both serial and pipeline solutions. And the hardware
structure of the FPGA is adopted. In the implementation of the serial scheme is inefficient, the
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pipeline scheme is used. And the parallel mechanism is also introduced in the pipeline, which greatly
improves the running speed of the algorithm. In order to verify both serial and pipeline solutions.
This paper uses the function extremum and TSP problem to test. The experimental results show that
the two schemes are faster than the software in the implementation method. The running time of the
algorithm is greatly shortened, and the resource usage is better than the software, which provides the
possibility for the practical application of the genetic algorithm.
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