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Multicore-based Implementation of Island Genetic Algorithm
on SOPC System
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ABSTRACT

This thesis presents a novel distributed genetic algorithm (GA) architecture for the
design of vector quantizers. The design is based on a multi-core architecture, where each
island of the GA is associated with a hardware accelerator and a softcore processor for
independent genetic evolutions. An on-chip RAM with a mutex circuit is adopted for the
migration of genetic strings among different islands. This allows a simple and flexible
migration for the implementation of hardware distributed GA. Experimental results shows
that the proposed architecture has significantly lower computational time as compared

with its software counterparts for GA-based optimization.

Keywords : Distributed GA ~ SOPC - Multi-core System ~ Vector Quantizers
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Given P,P, ,b,L.

Initial S = set of P randomly selected strings.
r =string in § having lowest fitness value.
D=Dofr.

Randomly select r, and -, from S.

Y

1. Obtain the child string ¢ by the crossover operation of | and r,
| 2. Mutation ¢ ( with P, and b).

Y

Apply fitness function to the child string ¢
Compute average distortion D of ¢

1.In §, replace r by c.

2. Sort all strings in S according to their Ds.
3. Find new rin S.

4. D=Dofr.

1. m=n
2. ry =randomly selected string from S

Are child strings not survival for
L consecutive times?

Stop

B 2-4. Steady-State GA i~ 2. F]
# 1% #% (Selection) ~ % fie(Crossover) ~ % % (Mutation) ~ # 35 (Survival)fe B~ it
(Replacement) & # 38 % #73 £ 5 pF > H N & - B AT A 5] g b4 - 2 3
e @ @ ,@ oL & 4 enRT+ (K F A FH 55 E 5 (Survival Rate)#- ¢ ,@ iﬁ [GNRIE:

I BPFR] 0 AT N3 E R R R ot pE o R I ¢ B2 0k 5 @ Steady-State GA
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Given integers M>0,R>0,K>0.

Divide genetic strings into M groups,
Where each group is called an island

For i=1to M loop

for generating R child strings
(survival or not).
End loop

Apply Steady-State GA to the Island i

The R strings generated by
every island are not survival?

No

Yes

4

Stop

For i=1to M loop
Island i import K strings from Island j
and export K strings to Island k ,
where j, k is randomly selected.

End loop

B 2-5.
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L A8 45 1 3% 5 (Hardware description language, HDL) 33 #ici> T B+ 45887 3 pF
FFom® (8K SEGEDLSERG A TR E R EET FPGA L &
AR BILN IC Kt endiFijn o P oan FPGA s seenB 2 > urficfiee i 4y
LR kES LR PICKT > B RERFFESE AT 3 mikal o
Ethernet PHY Buttons,
Chip LEDs, efc. LCD Screen
A [ A
Altera FPGA
l Y
S A v
Nios Il DMA Ethernet General- LCcD
Processor Controller MAC Pu:,pgse Display
M M M s s
] '} '} y 7
Y h J h J A A J
’ Avalon Switch Fabric (Avalon Bus) ‘
A A A / A
Y h 4 h 4 A Y
S S S S s
Custom User .
SDRAM ; On-Chip Sys
Controller Legic RAM Mutex Timer
A
Y

SDRAM
Memory
Chip

E‘ Avalon Slave Port
¥ 2-6.
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Altera = ?%3:}7%7% fe i % ﬁ F F BgNFS AR ka9 FPGA B3
¥ &7 3 4_% NIOS development kit ¥ ¢ Stratix EP2S60 s 5o 2 45 + &7 st

PE e A FFE 2 o & NIOS i sed 1 — 2 & 4% NIOS BU2 B¢ * chie

NS

F_L
£l

i

i (Bus) > 417 Avalon i3t (Avalon Bus) » @ i€ * # 3K 3+ M e i (

hAT g
Steady-State GA % )42 3 i€ * & p 37 #B4&(Custom User Logic) » 4= ] 2-6 #77 «
B R 0 BAEAR S TR AR B kA o BBk bt
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A% 0 T B 2-7 Prom oo

Hardware Design Software Design

Piesian Cosiom ke Use SOPC BUIId;:I;E) run the NIOS 11

Use NIOS II IDE to setup a software
. project
Set up a new SOPC project

Write the C program

Add the Custom Logic to the SOPC
project

Compile the C program

Compile the SOPC system }
Download the compiled code to the
SOPC system

Program /Configure the FPGA in the Observe the execution results from
development board NIOS II IDE

B 2-7. FPGA & 3* in A2
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1. Altera 2 P “7#% & 57 NIOSII IDE £~ Bi# /16 B HF 1L R F 7
R BRSNS (VSRR A2 RRAES TSR o AR
¢ 7% C#E 3 eV B2 >3 HAL(hardware abstraction layer) & ;¢
B oo 27 HAL &3¢ B3 Bk 3t — @ es e & ketp B 25 8 API(Application
Program Interface) » 4= 2-8 #7177 » K- F ¥ * CETHER AN TS

i HAL AP v v %2R 3 % ch%E % 18 17 o

UUser Program

C Gtardard Library

HAL AP

Device Device Device
Criver Driver = Driver

Mios |l Processor System Hardware

B 2-8. HAL API

2. # %7 Compact Flash + (50 ® fj £ CF + )5 Beat i GR35 4 7 MU
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Fli CA Rz t4ed {2 il sru2bd g 67 kP M ded 2 B>
VLSI & Bkt o

From Survival Test & Update Unit

write_address write data
Random
Number o Population Memory Unit
Generator - (M-RAM of Stratix II)
(RNG)
read data

To Crossover & Muataion Unit

W32 %¥ERHEAldWER
3.1.2 %% % ¥ =~ (Crossover & Mutation Unit)

Bl 33 2 YRR F¥E~dhiRgg B9 e 70 = B F FShift
Register ) » & %32 R AFEI I~ RAFEI Rpfed fELFEZ|Cc> M2

I%

AL ERE S FAFUAPEF TR R A o 0 Ok
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SHIFT REGISTER 2 v
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SHIFT REGISTER 1
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Counter

A 4

Mutation Unit

Y

SHIFT REGISTER 3
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To Fitness Evaluation Unit
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I
RNGla

Comparator 1
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1-st element of the codeword
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I W
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— |
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RNGwb
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%75 ** SHIFT REGISTER 3 e+ it & 7]2 T 354 2 g (Average Distortion) o 4- ]
35T WA B HE AT R 0 20 T B~ £ E_N-Stage Pipeline -
FHo B¢ NS F ndicp o 2t Pipeline % #4-§ 5+ & — B pF%( Clock)ix # » B~
- B E xeX o del 35 A N EEX P g ie R AT A
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B o
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c. D_in : Stage (i-1)?" e € & B 3T/ F b | JEYE

d. index_in : Stage (i -1)s% i 7% % %

(2) output ports : a. training_vector_out : ﬁg?] Dl R

b. D_out : Stage i 3" € & B 1T F Nd | JEMLE

c. index_out : Stage i = i 7% F & 31
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3.1.4 4 33 { #7H = (Survival Test & Update Unit)

From Fitness Evaluation Unit

Fitness Value of String ¢ Content of String ¢

Sorting Circuit

v

Write Enable Address Content of String ¢
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# DMA %2+ % (Direct Memory Access) ' % — i softcore NIOS Il z g2 % - A %8
e BH kdeid Lop § g ) Steady-State GA iz /i » @ gt 4eid B AT R HEAe

4 &R 3-1 A7 o

NIOS Il CPU

A

A

DMA Controller

Architecture for
Steady-State GA

v
Avalon Bus
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|

Activate Steady-State GA

architecture
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s it necessary to start DM A
or Fitness Evaluation Unit2

Yes
v
1. Activate the DMA
controller
2. Wait until the DMA
transfer to complete

Has Steady-State GA
operation completed?

hould the string migration
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Stop

Is Mutex available?

1. Import K strings from
on-chip memory

2. Export K strings to
on-chip memory

B 3-12. NIOS Il CPU #, {7 425" 2_ i 42
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< Module 1
< Module 2
< Module M
< Mutex
< String Migration Memory
< Program Memory
v
Avalon Bus
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mutex & {34354k R AE o b — A B mutex ¥ 1Yy (Tinut Rl Aﬁ » T FE
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PRI A o A7 AR LM muteX 287 T A B AR R @ B
Hi 22 @ FEFTAEY hd e 23 B2 kadp £ TRl (Tes) 2 T3
2 (Set)> @ ¥ B - BB aEIT B plzE & 5 (succeed) ¥ P EF * «h(availability) -
P- PFRY - BREDRILES 3F5 ERIFENH 0 BHRDIF €3 A BAILE
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41 BRETBEFRBRRAIE

*#h < 11 Altera &0 Stratixll EP2S60 FPGA B # 4 5 T 5 > 4o 4-1 #7177 5 A

FEHVFPGA X REHRHEMAMT R ZF 5 VAN ks ¥ (SystemOn

e

a Programmable Chip » SOPC) ¥ 17 P-i ch#-m K- F B % » ¥ 0 2§ ¢
_a Ay

I Ag B S £ R T FPGA A AT R A Y KN R

o4& & 4-2 E_Altera Stratix 1| EP2S60F672C5ES FPGA B 3 45 chnflm e 3 3

W] 4-1. Altera Stratix 11 B % = * g[12]
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Feature Stratix I
Device EP2S60F672C5ES
Adaptive Logic Modules (ALMSs) 24,176
Adaptive look-up tables (ALUTS) (1) 48,352
Equivalent Logic Elements (LES) (2) 60,440
M512 RAM Blocks (512 bits + Parity) 329
M4K RAM Blocks (4 Kbits + Parity) 255
M-RAM Blocks (512 Kbits + Parity) 2
Total RAM bits 2,544,192
DSP block 9-bit elements 288
Total PLLs 6
Total DLLs 2
Total Pins 493

# ¥ 4-2.  Altera Stratix 11 EP2S60F672C5ES FPGA B & ch3R#[12]

Notes :
(1) One ALM contains two ALUTs. The ALUT is the cell used in the Quartus® Il software for logic
synthesis.

(2) This is the equivalent number of LEs in a Stratix device (four-input LUT-based architecture).
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B] 4-4. Altera SOPC Builder

*F %+ i * 7 Linux GCC(GNU Compiler Collection) % § %% if# 2 71

A0 H R P RE BB AT R S 2E 2 R 0GCC S P w Linux TR ¥ * hC T
W, F ¢ 25 R 7 (multithreading) 5 2 358 & N A TR B 2 SoR iR
#2358 o g * F B Tlena, 512x512 bmp A% ' ke £ ek ik o 4o@ 4-5 97
T F B R G 2x2 ih 4 s (ie, w=4) #7215 65536 B E o
ARSHE AR AR R P A F D CBEED > P R B P P

e e F Rl K R 0 HICR AT AL B B8 Al et o
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MO RF RIER
Device : Altera Stratix EP2S60
CPU : NIOS II softcore
Memory : 16-Mbyte SDRAM
Flash Memory : 16-Mbyte
CF Card : 16-Mbyte
% >t Linux T ik B R
Server : HP ML570
CPU : Intel(R) Xeon(TM) CPU 2.60GHz , 8 Cores
Memory : DDRII 2.0 G

Compiler : GCC (GNU Compiler Collection)

B 4-5. Lena B3& 8
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R

B B B 2o iR

42 R EREHROEREFE

*F & EHF I U FPGAR T2 F Y8 st cndicdp BB o AP 4R * Altera Stratix 11

2S60ES [12] % % 1+ # i 4T 482k 2+ cHFPGAR 5 9 %1% » &+ ¥ % ¢ - adaptive logic

modules(ALMS)#c & 4%, & % 24176 - 2 i 4% * Altera Quartus I1:2 2 SOPC builder

Kg FHMEI DT L o FHRYBIFDAR SW=2%x2> 2 &2VQ” € 7 32BHF

(e, N=32) > @

%S5 5P,=0.03125 -

Steady-State GA Circuit

SOPC with only one

SOPC with three module

module (M =1) (M=3)
Logic Utilization 17% 28% 94%
Estimated ALMs 3096(13%) 7162 (30%) 24139 (99%)
Block Memory Bit 16384 (3%) 613120 (24%) 643968 (25%)

DSP Block 9-bit

128 (44%) 136 (47%) 288 (100%)
Elements
Total Pins 77 (16%) 183 (37%) 183 (37%)
Combinational
3606(7%) 11955 (25%) 41019 (85%)
ALUTS
Dedicated Logic
6250(13%) 9539(20%) 27209 (56%)

Registers

% #.4-6. ¥ SOPC x 3t ¥ Steady-State GAZ Island GA: # F ki 42 &

# $:4-6:4 & Th.Steady-State GAZE # #rij 4= ¢Area Costr % Island GAZ #

T orif 4 ehArea Cost 0 B 7 & — i g2 B - i3 Steady-State GA:7E 1+ @ Island
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o R PRI TR VR

GA g et % 2 53(le,M=3)» & — i § e A 7|5 7|8 P P& 25 16(ie.,
P =16) - 4-% $:4-6%77 » Steady-State GAF i F i % 7 3096 ALMs [13] - & **
EH R aOT A2 Y FPGAGR q‘ﬁ;ﬁ 2z i 48 (Block Memory Bit) » &~ F %
FEHEH R T OIBBAFAE > F- BAFIEISR2BF LR F - BBHFA
2x2wenpixel & = > F]yt & Steady-State GAR B e e o [l £ ) 4£ 7 16x32
x4x8 = 16384bits - ¥ ¢t » Steady-State GAT .~ & * 7 FPGAp 7128 i digital

signal processing(DSP) block 9-bit elements % 9 1§ i B3+ & H ~ ) apedg T > 2>

B e

“f pt z_ ¢k » NIOS softcore CPU [14]4= DMA (Direct Memory Access)[15]45 ] %
A g A - LA MW R o FI Island GA k SLIE AR hE R4S ¢ ¢ Steady-State
GA i SR hF R 4= K ehF — & - 2@ o Island GA Jk seE T @@ * 7 24139
B ALMs > izt et &) & FPGA B 2 47 #73% e ALMS B 8k ik 7 99% - Island GA
AATEHEF Z0 Z B G A 2 - B mutex § B fo SDRAM 41 F 0 Flt 0 B
B Island GA ik st =i 42 e0 ALMs = 9 5 & — 1B § a2 & So 28 H 953 42 e

ALMs = & -
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Times

. Nzan
. /4
. Y/ S\
. )4

47 48 49 50 51 52 53 54 55 56 57 58 59

Distortion

== |sland GA (16+16+16 genetic strings) ——Steady-State GA (48 genetic strings)

B 4-7. 4p ke 38R F] 5 5T Steady-State GA ¢ Island GA h4 E &4 # §)

Bl 4-73m 7 BN AR 802 g plic® 5 3p5(e,M=3) T34 B B A
WA e B R EE AR AT 200 KN A TR > B - B
G FIE AR 5 16 B(ie, P=16)> Fli ArxF %Y KT := B L Fp A
TR AL 48 o ¥ b T 1 3B TLena, 512x512 BWIAH s v e £

kR d A E B R S 2x2=4 4 T A P E B (512/2)x(512/2)=65536

q-\t

Pl £ o gt s A £ Steady-State GA i suZE (e, M= 1) R E
kRt g0 gt Steady-State GA kSt 1R e 30 Mk 48 B FIA ] o @
B 4-7 2.5 87 I ek Fliw B i3 (e fr At Al 1R en gk BB B b A et i

Bl 4-7 #7 5% BLenE_d iE4p L end S A i 0 F IS fﬁ%rﬂ,ﬁ.ﬂ,,} Sk B AT
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31
S|
Hele
Retis
A
»%c
S
3%
S
A
'Et

AP A SRS R RM T - BE L R EVQ R £ § A

B AL e AT E 2 a0 R arcE (2 E BehA ).

Average Distortion Average Execution Time
Hardware Island GA
54.11 1293.8 ms
(M=3)
Hardware Steady-State
54.03 1424.6ms
GA(M=1)

Z ¥ 4-8. 1P B H F1A 5| T Steady-State GA £ Island GA & (7 B 7 1t &

24 4-8 RHE AT wH NP Ho d 2t H - 48 BRAFA A caciBig v ¥
— 16 B A F1 B 7 e aci Az o Island GA 1% g4 1 #— BHcP 3 48 LT
Beois &z et g - Bap 16 0 FIA 14 i1t o4 4 4-83 7 Island GA
o SR3E A2 Steady-State GA i MuZf & T 354 L B AT (4Bl 4-7 ch% B A )
FERT HERER LR o A ik Island GA iR L 1293.8ms A
Steady-State GA # (7 FF ¥ 5 1424.6ms > F]* - Island GA #p ¥+3t Steady-State GA
h Speedup ) 5 110 {945 0] 4-7 "2 % 2 42 4-8> AT L pER I AR K ek

MRS A TR ARR LT A P T e F (R E AR o
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Average Distortion Average Execution Time
Software Island GA
54.06 85208.7 ms
(single-thread)
Software Island GA
54.24 38555.9 ms
(multi-thread)
Hardware Island GA 54.11 1293.8 ms

%4 4-9. %A &Y Island GA T 3o (7 RV b

R A9 v AT DR (F HE RS A )T RGeS A TR E 2 PR
PR o AR R BRIEET AW T3 F R M 5 e A TR B e
P M=3> 5 - B a7 A 5|Hcp P=16 B 5 %P N=32> » £ 2R W=
2x2 0 e BB P 5 65536 ¥ o HMF BB LY AP 1 (TR T S(F B
i AJZE 5 Intel(R) Xeon(TM) CPU 2.60GHz) » % 7 — 4B 44 {7 i eh= i > 24 i
R * 5 37 2 (multi-threading) = 2 K F Rz 0 F - B HuEGF VAR R Y L
Pz a7 B RO FRFE A RDIF RO 3 R T AT 5
SUF AR T LT (T AT iR SR TR 2 AR E R T 2 e
FenSpeedup ¥ 2212 E 5 3) s A AT RIEE LiE* NIOSI AU
Eif B L SOMHZ > 4rd 44 4-9 4757 > AT P AR LR D AR Sin g 42l A F)
R ARk SLIE R AR PR S g R MO B e R CRR  Sendd R R
B Glde b s T B2 AR AR AR R & 12038ms 0 A B 0

49



LR e E s T

H 7GR AR AR Ar S i 85208 7Tmsc £ F b 0 AP Senk a4 T
R AR AR T R nE 4 7 S iRk sz Speedup 5 65.9

B s TR B AT R S AR T E B en R BRI s
Speedup % 30 &> &t Speedup s _& & #8347 BF I (2.60GHz Intel(R) Xeon(TM)

CPU)*% 4 A & SOPC it £4% {7 p¥  (50MHz NIOS-based softcore CPU) ©

Entire System Entire System ) ) ) )
P Average Distortion JAverage Execution Time
Embedded Memory Bits ALMs
4 619392 (23%) 22145 (92%) 58.24 869.5 ms
8 627584 (24%) 22829 (94%) 57.41 991.2 ms
12 635776 (24%) 23493(97%) 55.53 1153.7 ms
16 643968 (25%) 24139 (99%) 54.11 1293.8 ms

2% 4-10. 2 FAFIEFBEP THWMT R L THLF G2 THOREFEF VR

KB A107 i bk #13 e SOPC A AT &5 - BLugh
PR ARFRANA PR ESHB TR T BN EARR LR o
AREHAITERNTIHL B ENUEFEFFTLTHHE RS - AR
4-10 7 v {8 5v > f A F) A S BB P 4o chpF iz 0 AR 0 e SOPC Jk SLZR HE T

FARWMETRE G MR 4 A TIHOHEREF O 9T 2 AFAR7 8K PR

iy

B Ao gttt FAFIRS|HD P RaAR L > T304 F Fa € FTF M o
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T Software Execution Time| Hardware Execution Time Speedup
1024 1012.4 ms 83.7 ms 12.1
2048 1911.8 ms 127.5 ms 15.0
4096 3519.7 ms 187.2 ms 18.8
8192 5863.1 ms 291.7 ms 20.1
16384 10123.5 ms 445.9 ms 22.7
32768 19202.8 ms 732.9 ms 26.2
65536 38555.9 ms 1293.8 ms 30.0

2H 41 2R R L BT TART R - THLFENZ THBRFREF LR
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25
20 /

Speedup

15

10

1024 2048 4096 8192 16384 32768 65536

Training Vector Size

W 4-12. 7 B33 £ 23T ™ & # 49 $> 804 o Speedup
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LR e E s T

0B HEP AR TR D B ol A K 411 BB 412 WP

- )

L Al

BARVRe E LT SREEFMESR R AR AT ER 2 Hox
R e AR B AIEE - R L f P M=3>F - B gl FIR S|k pP P=16"
BEIHEPIN=32> 2 B2 HREW=2x2 e B0 5 %8k KERLLUL T UER

B & en% L o AHAR T S0 9 IE 7 <0 Speedup 7t § BT F H 4e o

JFls

SEF RS

BEFFREFEE AP NI R AR DR

ABRFII R B R L

BB Lpnoris ity o Pl a0 g4 4 i

o

Boput 2 oh o i foandiclig * 258 (2) » ATl A BATSR AR § 1B

AP Y 0 R E yHE ¢ ZH* DMA (Direct Memory

EESN _%{ e

Access) {r Pipeline $jte & §T 84 % 2078 e BB G BFRF M2 R EF Y
PR R Fe Rende D g R P AT RO RER G

B TR 3 B iyt o b4 § 9 Re £ B#ci 65536 FF 0 A 88 SOPC

AR R TR G 12938 mse @ H k0 S 3T AR e R

Al E_38555.9ms > »xiy bt 5 30 B o F]t AR B ATRIE ip s [ AR BIRT UL Ao

PP AP A ARk SLZERE AL W g oniE o
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A DD T G s AT IR GRS ATIREE o d v E - B
gz i 3 N a8 Steady-State GA 0 1 T AN a 53 0 M A R 4 i B R o
otz o HR AR ARA > AL E - B RRE - B gL B
YE - BA AR F o SR AT ik AT AR I B AR B R T A

Gy o APAT UK A EHE T A E M T E Ea A EFE S AT

AN

a2

e m SEFIRE £ BB H A 0 A 3 A MK L AR ET U andit R

s e R §RDLF o FI o AR LEIELRG TOFARLT

o BT ETEFE AT G RY E- B ER
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