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Tém tit

Bai toan Nguwoi du lich (TSP - Travelling
Salesman Problem) dwoc xem la mot trong nhitng
bai todn kinh dién ciia téi wu héa, da va dang dwoc
ung dyng rong rai trong nhiéu linh viee nhw ldp ké
hoach, thzet ké vi mach, phan tich gen,.. TSP véi
loi gidi tong qudt thudc I6p bai todn cé dd phire
tap khong phai da thirc (NP - day di), vi vdy viéc
tim kiém loi giai 16i wu cho bai todn la khéng kha
thi. P c¢é nhiéu nghién ciru nham néng cao hiéu
nang cho TSP trong pham vi vai chuc ngan thanh
pho nhu sik dung gidi thudt tim kiém Tabu, mang
Noron nhdn tgo, gidi thudt Di truyén (GA -
Genetic Algorithm),.. Trong bai bao nay, nhom tac
gid dé xudt giai phdp ting cwong mikc dp song
song héa gidi thudt GA nham cdi thién hiéu ning
ciia gidi thudt nay khi gidi quyét bai toin TSP
bang cdch song song héa thudt todn OX1 (Davis'
Order Crossover) trén nén ting FPGA (Field-
Programmable Gate Array) voi True Dual - Port
RAM (T2P-RAM).

Tw khéa: Bai toan Nguwoi du lich, giai thudt di
truyén, Davis' Order Crossover, FPGA.

Abstract

Travelling Salesman Problem (TSP) is an
optimization problem. It has several applications,
such as scheduling, VLSI, logistics, supply chain
optimization. TSP is a NP-Hard problem, so it is
impossible to find an optimal solution in
polynomial time. There is much research that
improves TSP performance for thousands of
cities, such as Tabu algorithm, neural network,
genetic algorithm (GA). In this paper, we suggest
a proposed solution to improve parallelization of
GA in order to reduce processing time when
applied to solve TSP by parallel OX11 step using
True Dual Port RAM of the Field-Programmable
Gate Array (FPGA).

Keywords: Travelling Salesman  Problem,
Genetic Algorithm, Davis' Order Crossover,
FPGA.

1. Mé dau

Bai toan Nguoi du lich (TSP - Travelling
Salesman Problem) dugc xem la mot trong nhiing bai
toan kinh dién cua toi wu hoa, da va dang duoc tmg
dung rong rai trong nhiéu linh vuc nhu lap ké hoach,
thiét ké vi mach, phan tich gen,... [1]. D3 c6 nhiéu
nghién ctru nhim nang cao hiéu ning cho TSP trong
pham vi vai chuc ngan thanh phé nhu sir dung giai
thuat tim kiém Tabu [2], mang Noron nhan tao [3],
giai thuat Di truyén [4],... Tuy nhién, giai phap dua ra
hién dung lai ¢ cac phuong phap tinh toan va xu ly
tudn ty, chua khai thac duge thé manh cua céc giai
thudt tinh toan song song ciing nhu sy phat trién cua
ki thuat phan ctng.

Tinh toan song song hi€u ning cao dugc xem la
mot xu thé phat trién cho cac hé théng hién nay. Lap
lich va déng b gitra cac tac vu la mot trong céc thach
thirc dé c6 thé song song hoa qua trinh xir 1y [5]. Mot
s6 mo hinh di dugc dé xuit khi thuc hién song song
hoa cac phan mém trén nén tang ciia CPU hodc GPU
[6]. Tuy nhién, viéc song song hoa nay ton tai nhiing
han ché nhat dinh vé& mat thoi gian khi thyc hién trao
dbi dir liéu va dong bo giita cac tién trinh [7]. Khi do,
giai phap dé ra 1a trién khai song song hoa tryc tiép
trén cac hé thong phan ctng thong qua viée t6i wu thiét
ké cho céc co ché giao tiép cua cac don vi xir Iy. Giai
phap thuc hién song song hoa giai thuat GA trén nén
tang FPGA cho bai toan TSP duoc dé xuit. Trong bai
b4o nay, nhom tac gia dé xudt giai phap ting cudng
mirc do song song hoa giai thuat GA nhiam cai thién
hiéu nang cua giai thudt nay khi giai quyét bai toan
TSP bang cach song song héa thuat toan OX1 trén
FPGA v6i True Dual Port RAM (T2P-RAM).

No6i dung bai bdo bao gdm: Muc 1 - Mé& dau;
muc 2 - M6 hinh kién tric hé théng; Muc 3 - Song
song hoa thudt toan OX1 st dung T2P- RAM va
cudi cung 1a Két luan va huéng nghién ciru tiép
theo ctia nhom.

S0 69 (01-2022)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

=JOURNAL OF MARINE SCIENCE AND TECHNOLOGYJ

2. M6 hinh kién tric hé thong

M5 hinh kién triic hé théng duoc chi ra trong Hinh 1.

Khéi Core: Dam nhiém nhiém vu chinh dé tuong
tac giita cac ludng dir lidu, dong thoi chia quan thé
khéi tao ban dau.

Khoi Logger: Nhan dit liéu vé c4 thé tot nhat sau
mdi thé h¢, luu trit vao b nho.

Khoi RandSelection: Tao ra 2 gi tri ngau nhién 1a
vi tri trong quan thé nhim Iya chon hai c4 thé ban déu.

Khoi Tournament: Két hop dir lidu tir hai khdi
RandSelection dé lwa chon ra cé thé dua vao qua trinh
lai ghép theo giai thuat 2-way tournament.

Khéi Replacement: Xac dinh vi tri cac ca thé bi
thay thé béi cac ca thé moi.

Khéi InvariantCrrl: Sinh hai gia tri ngiu nhién
theo thir tu nham chon ra hai diém trén chudi gen phuc
vu cho qua trinh trao ddi chéo va dot bién.

KHOA HOC - CONG NGHE

Cum Computing: Bao gdbm nhiéu khéi xir Iy nho
hoat dong theo co ché duong 6ng nham hd tro viéce tao
ra ca thé méi thong qua viéc trao ddi chéo va dot bién.

Trong do:

Khéi OXI: Thuc hién trao ddi chéo dua theo giai
thuat OX1.

Khoi Invert: Thuc hién dot bién chudi gen dwa
theo giai thuat dao ngugc.

Khoi DnaSplitter: Nhan ban ludng dit liéu Nhiém
sic thé (DNA) thanh hai ludng giéng nhau véi mot
ludng dua ra ngoai va ludng con lai di t6i khéi
LookupDemux.

Khoi LookupDemux: Phan tach chudi DNA ma
hoéa chu trinh thanh cac doan dudng can di chuyén va
phan loai chung vé& cac ludng tim kiém chi phi cho
doan do6.

M&i khéi trong cum dugc trién khai thanh mot don
vi xtr 1y doc 1ap trén FPGA, dong thoi chung ciing
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duoc lap lich dé hoat dong déng b6. Thém vao d6, cac
khéi dugce két ndi voi nhau thong qua mot hodc nhiéu
két ndi AXI Stream nhim chuyén dir liéu theo mot
chiéu tir khéi nay sang khéi khac. Tir d6, cho phép
viée xir Iy ctia cac khoi nay duge song song & mirc tac
vu theo co ché duong dng. Nho vy, viée can bang tde
d6 xtr Iy cua cac tac vu trong dudng dng s& dam bao
hi€u qua khi khong co6 tac vu nao phai cho dgi dugc
xu ly.

3. Song song héa thuat toan OX1 sir dung True
Dual port RAM

Luu d6 thudt toan OX1 tuan ty nhu chi ra trong
Hinh 3.

Banh dau vi tri bat diu |a dau doan
Iya chon
Chuyén sang gen & vi Panh diu gia tri gen
tri k& tigp hién tai da xuét hién
A

Néu vi tri hién tai theo nam trong doan gen ;- Docgia ‘IT‘ gen hien
ai

sai

Chuy&n dif liéu sang
budc tiép theo

Hinh 3. Luu dé thudt todn OXI tuén ti

Vi cac budc:

Buwéc 1: Danh dau diém bat dau xu 1y 1a diém dau
trong doan gen dugc chon;

Bude 2: Kiém tra néu diém can xir Iy ndm trong
doan gen dugc chon chuyén sang budc 3, néu sai thi
chuyén sang budc 6;

Budc 3: Doc gia tri gen hién tai;

Buée 4: Danh dau gia tri gen hién tai da xuét hién;

Budc 5: Chuyén sang gen & vi tri ké tiép va quay
vé bude 2;

Buwéc 6: Chuyén dit liéu sang phan xtr 1y ké tiép.

B6 nhé hién dang sir dung trong khéi OX1 ¢ thé
céu hinh & ché d6 lam viéc T2P-RAM. Biéu nay cho
phép viéc doc ghi c6 thé dién ra dong thoi trén ca hai
cong ciia bo nhé RAM. Dé tan dung duoc loi thé nay,
nhém thyc hién song song hoa giai thuat OX1 trén nén
tang FPGA, luu dd thuit toan song song hoa OX1
duoc chi ra trong Hinh 4.

Véi cac budc:

Buéde 1: Danh dau diém bit dau xu 1y 1a diém dau
trong doan gen dugc chon;

Budc 2: Kiém tra néu diém ké tiép nam trong doan
gen dugc chon chuyén sang budce 3, néu sai thi chuyén
sang budc 6;

L JOURNAL-OF MARINE-SEIENEE-AND-FECHNOLOGY-

Banh diu vi tri bat ddu la d3u doan
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Chuyén sang gen & vi
tri gen tigp theo
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Hinh 4. Luu dé thudt todn OX1 song song

Buwéc 3: Poc gia tri gen hién tai va gen ké tiép;

Buwéc 4: Danh du gia tri 2 gen vira doc da xuét
hién;

Buwéc 5: Chuyén sang gen & vi tri ké tiép va quay
vé bude 2;

Buwéc 6: Kiém tra s6 lugng gen trong doan dugc
chon 1a chin thi chuyén sang budc 9, néu sai thi thuc
hién budc 7;

Budc 7: Doc gia tri gen hién tai;

Buwdéc 8: Danh dau gia tri gen vira doc dd xudt hién;

Buwéc 9: Chuyén dit liéu sang phan xir 1y tiép theo.

O cic bude 3 va bude 4 s& tan dung bd nhé T2P-
RAM dé thuc hién duge thao tac doc va ghi dugc 2 6
nhé mot cach ddng thoi. Pidu nay sé gitp giam sé chu
ky can thyc hién di khoang mot nira. Tuy nhién, ciing
can bd sung thém budc xir Iy bd sung khi s6 lugng gen
trong doan can chon 1a 1é.

Céc phan con lai trong cac khéi xur 1y cua OX1
dugc thiét ké lai theo phuong phap tuong tu dé cé thé
tan dung duoc loi thé ciia T2P-RAM trén FPGA cho
phép doc ghi dong thoi trén ca hai cong ciia bd nhé
RAM.

4. Két luan

Nhu d trinh bay trong muc trude, TSP tong quat
1a bai toan thudc 16p NP-day di. Dé téi wu hoa bai
toan TSP tdng quat cho t&i thoi diém hién tai 1a khong
kha thi. Dé kiém chimg cho d& xuit cia minh, nhém
tién hanh thir nghiém cai dat giai thuat OX1 song song
da dé xuat (trong pham vi 250 thanh phd), so sanh toc
do tinh toan va xur ly cua giai thudt nay véi giai thuat
OX1 tuan tw. Dit liéu cho miu thir dwgc sinh ngau
nhién cho céc 1an thtr véi 10000 nhidm séc thé trong
quan thé d danh gia hiéu ning cia don vi xt 1y cho
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Hinh 5. So sdnh thoi gian tinh todn, xit li bai todn TSP béi OXI song song va tuin tw

(centos) 54.89.135.120
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Hinh 6. Thong sé hé thong khi chay thit nghi¢m

gia thuat OX1 duoc thiét ké trén phan cing FPGA.
Hinh 5 chi ra sy so sanh vé thoi gian thyc hién giai
thuat OX1 tuan tu (phién ban v3.0.0-lite) va OX1 khi
dugc song song hoa.

Biéu db trén Hinh 5 cho thiy, thoi gian xu 1y trén
OX1 song song chi chiém khoang 60% thoi gian xir
1y so v6i giai thuat tuan ty. Diéu nay khang dinh giai
thuat OX1 sau khi tan dung loi thé ciia T2P-RAM da
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giam thoi gian xir Iy duge gan 2 1an. Diac biét, khi sb
lugng cac thanh phd ting 1én, hiéu ning cla giai thut
dugc cai thién 1o rét.

Bén canh d6, cac thong sb hé thong trong qua trinh
chay thir nghiém cua phién ban v3.1.0-lite (Hinh 6)
cling cho thdy tan s lam viéc cua don vi xtr Iy duoc
thiét ké trén FPGA (BO0) va toc do truyén dir lidu giita
FPGA va may tinh (A0) hoan toan dong bo (227 MHz).
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Déng thoi, mire @6 ti€u thu ndng lugng trung binh cua
thiét ké trong qua trinh thir nghiém (~13W) thap hon
nhiéu so v6i cac bo xir Iy thong thuong thiét ké cho
may tinh ca nhan (~45W). Diéu nay khang dinh sy két
hop gitrta FPGA v6i cac mdy tinh thong thudng lam
gia tang hiéu nang cho hé thong, khi d6 FPGA déng
vai tro nhu mot by dong xir 1y cho cac hé théng nay.
Thém vao do, viéc xtr 1y cac tac vu hay cac bai toan
con (bai toan lai ghép trong GA, nhén dang anh,...) cd
thé duge xir Iy mét cach doc 1ap trén cac h¢ FPGA
chuyén dung 1a hoan toan kha thi.
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