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Kinh g quy dgc gid Chuyén san Cac cdng trinh nghién ciu, phat trién va izng dung
cdng nghé thdng tin va truyén théng.

Niam 2020, nganh Thdng tin va Truyén théng tap trung thuc day viéc chuyén doi s6. Tap
chi Théng tin va Tuyén thdng va an pham khoa hoc Chuyén san c6 nhiéu d6i méi dé cac
cong trinh nghién ciu khoa hoc trong linh vuec CNTT va truyén thdng thuc sy gop phan
dang ké vao cong cudc chuyén di nay.

Phat huy truyén thong 12 mot tap chi khoa hoc uy tin hang dau qudc gia trong linh vuc
cong nghé thong tin va truyén thdng, budc ra hoi nhap qudc té, Chuyén san dat muc tiéu
dugc vao danh muc trich dan tap chi cua cac nuéc ASEAN (ACI) trudc nim 2022 va
muc tiéu dai han vao danh muc SCOPUS.

Pé thuc hién muc tiéu do, thang 6 vira qua Tap chi da thanh 1ap Thuong truc hoi dong
bién tap bao gdm 10 nha khoa hoc ¢ céac linh vuc, dén tir nhiéu co s¢ dao tao va qudc gia
khac nhau: Viét Nam, Dai Loan, Anh, Y, v&i Chu tich 14 GS.TS. Lé Hoai Bac.

Trong thoi gian téi, Chuyén san sé tiép tuc trién khai quy trinh binh duyét bai theo tiéu
chuan quéc té mot cach nhanh chong dap tng mong mudn Vvé tién do cua tac gia giri bai.

Bén canh d6, Chuyén san ciing xay dyng chuong trinh h trg cu thé cho cac tac gia va
nhét 1a cac ban nghién ctu sinh thdng qua viéc to chuc hoi thao, xay dung tai liéu huéng
dan, tro gilp chuyén ddi ngdn ngir sang tiéng Anh (néu can). Hoi dong bién tap sé& tich
cuc tham gia, tai trg cac hoi nghi khoa hoc, phat hién cac noi dung nghién ciru phét trién
t6t c6 thé guri bai cong bd két qua trén Chuyén san.

Nhan dip nay, cho phép t6i mot lan nita guri 1oi cam on téi cac thé hé Ban Bién tap (nay la
Hoi ddng bién tap) Chuyén san cac thoi Ky trong 21 nim qua, déng gop Vao su trudng
thanh hém nay cua Chuyén san ndi riéng va Tap chi Thong tin va Truyén thong noi
chung.
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Tém tat: Ciy Steiner nhd nhit (Steiner Minimum Tree-SMT) 12 bai todn t6i uu t3 hop c6 nhidu ing dung quan trong
trong khoa hoc va ky thuat. Py 1a bai toan thudc 16p NP-hard. Tru6c day da c6 nhiéu cong trinh nghién ciiu theo céic
huéng tiép can khac nhau dua ra cic thuit todn dé giai bai toan SMT. Bai bdo nay dé xuét thuat toan Hill climbing search
d€ giai bai toan Cay Steiner nhd nhét, trong d6 dé xuét cach thifc tim kiém lan cin tit dinh va cach thiic két hop tim kiém
lan can tit dinh véi tim kiém 14an cin ngiu nhién dé€ gidi quyét bai toan CAy Steiner nhd nhit. Két qua thuc nghiém véi
hé théng dif liéu thuc nghiém chuin cho thiy thuit todn dé xuit ctia chiing t6i cho 1i giai véi chét lugng tot hon so véi

mot sd thuit todn heuristic hién biét trén mot s6 bo dit lidu.

T Khéa: thudt todn tim kiém leo doi, Cady Steiner nho nhdt, thudt todn heuristic, thudt todn metaheuristic, ldn cdn tdt

dinh, ldn cdn ngdu nhién, t6i uu cuc bé.

Title:
Abstract:

Hill Climbing Search Algorithm For Solving Steiner Minimum Tree Problem
Steiner Minimum Tree (SMT) is a complex optimization problem that has many important applications in science and

technology. This is a NP-hard problem. In the past, there were many research projects based on different approaches
offering algorithms to solve SMT problems. This paper proposes a Hill climbing search algorithm to solve the SMT
problem; which suggests how to search nearby and how to combine with random nearby searches to solve local
optimization problems. Experimental results with the standard experimental data system show that our proposed
algorithm offers better quality solution than some existing heuristic algorithms on some data sets.

Keywords:

Hill climbing search algorithm, Steiner minimum tree problem, heuristic algorithm, metaheuristic algorithm, neighboring
deterministic, random nearby, local optimization.

I. GIOI THIEU

Gia st chiing ta can xay dung mot hé thong giao thong
ndi mot sb dia diém trong khu do thi. VAn dé dit ra 1a phai
thiét ké sao cho hé théng giao thong d6 c6 do dai ngan nhét
nhiam gidm kinh phi xdy dung. Yéu cdu cta bai toan cho
phép thém vao mot s dia diém trung gian dé gidm thiéu
tdng chiéu dai hé thdng can xiy dung. Pay Ia bai toan c6
thé van dung kién thiic bai todn Ciy Steiner nhé nhit dé
giai.

Bai toan Cay Steiner nho nhét hién dudc nghién ciu &
mot sd dang sau: Bai todn thi nhét 13 bai todn Ciy Steiner
nhd nhét véi khoang cach Euclide [11} 27, 28]. Bai toan
thd hai 12 bai toan Cay Steiner nhd nhit v6i khodng cich
chit nhat [11]. Bai toan thd ba la Cay Steiner nhd nhét

v6i khoang cich dudc cho ngiu nhién [4]]. Pay la gi6i han
nghién cifu vé bai todn Cay Steiner nhd nhét ciia chiing toi
trong bai bdo nay [28].

Muc nay trinh bay mét sb dinh nghia va kha ning tng
dung ctia bai toan Cay Steiner nhd nhat.

A. Mot s6 dinh nghia

Dinh nghia 1: Ciy Steiner [4]

Cho G = (V(G), E(G)) 1a mot don dd thi vo huéng lién
thong va c6 trong sd khong 4m trén canh, V(G) 1a tip gdbm
n dinh, E(G) 1a tip gdm m canh, w(e) 1a trong s6 ctia canh
e v6i e € E(G). Cho L C V(G), cay T di qua tit ca cdc
dinh trong tap L, tic v6i L C V(T') dudc goi la Cay Steiner
ctia L.
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Tap L dudc goi la tdp terminal, cic dinh thudc tip L
dudc goi la dinh terminal.

Dinh thudc cay T ma khong thudce tdp L dugce goi la dinh
Steiner ctia cay T d6i véi tap L.

Dinh nghia 2: Chi phi Cay Steiner [4]

Cho T = (V(T), E(T)) 1a mot Cay Steiner ctia do thi G.
Chi phi ctia cay T, ky hiéu 1a C(T), 1a téng trong sb cda
céc canh thudc cdy 7, tic la ta ¢6 C(T) = X cp(r) w(e).

Pinh nghia 3: Cay Steiner nhd nhit [4]

Cho dd thi G dudc mo ta nhu trén, bai todn tim Cay
Steiner c6 chi phi nhd nhét dugc goi 12 bai toan Cay Steiner
nhd nhét (Steiner Minimum Tree problem - SMT) hoic
dudc goi ngin gon la bai toan Cay Steiner (Steiner Tree
problem).

SMT la bai toan ti wu t& hop ctia Iy thuyét dd thi. Trong
trudng hop téng quit, SMT da dugc chiing minh thudc 16p
NP-hard 4, 13]].

Khac véi bai toan cay khung nhd nhat (Minimum Span-
ning Trees Problem) - d6 la bai toan don gian. Cay Steiner
12 cAy di qua tit ci cdc dinh thudc tip terminal L va c6
thé thém mot sé dinh khéc nita thuoc tip V(G) chit khong
nhét thiét phdi di qua tit cd cic dinh cta do thi.

D€ ngin gon, trong bai bdo nay tir do thi s& dugc hiéu
la don do thi, vo huéng, lién thong va c6 trong s6 khong
am trén canh.

DPinh nghia 4: I-ldn cdn cia Cay Steiner T

Cho d6 thi G va T 1a mot Cay Steiner clia G. Ta goi
I-ldn cdn ctia Cay Steiner T 1a tip tt ci cic Ciy Steiner
ctia do thi G sai khac v6i T diing mot canh. Néu 77 1a mot
Cay Steiner thudc I-ldn cdn ciua T thi ta n6i T va T’ la
1-ldn cdn vG6i nhau.

Trong mot sb trudng hop chiing ta con sit dung nhiing
lan can rong hon so véi I-ldn cdn. Khai niém k-ldn cdn
duéi day 1a mé rong truc tiép ciia khai niém I-ldn cdn.

Dinh nghia 5: k-ldn cdn cia Cay Steiner T

Cho db thi G va T 1a mot Cay Steiner ctia né. Ta goi
k-ldn cdn ctia Cay Steiner T 1a tap tit cd cic Cay Steiner
clia do thi G sai khic vi T khong qua k canh. Néu 7' 1a
mot Cay Steiner thudc k-Idn cdn cia T thi ta néi T va T’
1a k-ldn cdn v6i nhau.

Pinh nghia 6: Lan can tit dinh va lan cin ngiu nhién

Néu cdc Cay Steiner trong 1an cin dugc x4c dinh khong
phu thudc vao yéu t& ngiu nhién thi ta néi vé 1an cén tat
dinh, con néu ngudc lai, ta n6i vé 1an cén ngﬁu nhién.

B. Ung dung cta bai toan Ciy Steiner nhé nhét

Bai todn SMT c6 thé dugc tim thiy trong céc dng dung
quan trong nhu: Bai toan thiét ké mang truyén thong, bai

toan thiét ké VLSI (Very Large Scale Integrated), cac bai
toan lién quan dén hé théng mang véi chi phi nhd nhét
13, 4 12 (17, 131]].

Doéng gép chinh cua ching t6i trong bai bao nay la da
dé xuét cach thic tim kiém 1an can mdi dé giai bai todn
Cay Steiner nhd nhit dong thdi cai dit thuc nghiém thuat
toan trén hé thong dit liéu thuc nghiém chudn.

IL. KHAO SAT MOT SO THUAT TOAN GIAI BAI
TOAN CAY STEINER NHO NHAT

Hién tai, c6 nhiéu huéng tiép cin gidi bai toan Cay
Steiner nhd nhét nhu cdc thuit toan rit gon dd thi, cic
thuat toan tim 10i gidi ding, cic thuit todn tim 15i giai gan
ding can ti 1€, cac thudt toan heuristic va cac thudt toan
metaheuristic.

A. Cic thuat toan rit gon do thi

Mot s6 nghién citu trinh bay cac ky thuit nhim giam
thiu kich thudc ciia dd thi. Chang han cong trinh cia
Jeffrey H.Kingston va Nicholas Paul Sheppard [10], cong
trinh cuia Thorsten Koch Alexander Martin [26], C. C.
Ribeiro, M.C. Souza [5],...

Y tudng chung ciia céc thudt todn rit gon do thi 1a nhim
gia tang cac dinh cho tap terminal va loai bd cac dinh cua
dd thi ma né chic chin khong thudc vé Cay Steiner nhd
nhét can tim. Chét lugng cic thuit todn giai bai toan SMT
phu thudc vao dd 16n ctia hé sb n — |L|. Do vay, muc dich
clia cdc thuit todn riit gon do thi 1a lam giam thiéu tdi da
hé s6 n — |L|.

Ciéc thuat todn rit gon do thi cling dudc xem 1a budc
tién xt 1y dif liéu quan trong trong viéc gidi bai toin SMT.
Huéng tiép can nay 1a rit cAn thiét khi tiép can bai todn
SMT bing cic thuit toan tim 15i giai ding [16].

B. Cac thuit toan tim 16i giai ding

Céc nghién ctru tim 16i giai ding cho bai toan SMT nhu
thudt toan quy hoach dong cia Dreyfus va Wagner [33]],
thuat toan dua trén phép néi 16ng Lagrange cia Beasley
[9], cac thuat toan nhanh cin cta Koch va Martin [26],
Xinhui Wang [15} 130]....

Uu diém cta huéng tiép can nay la tim dudc 10i giai
chinh xdc, nhugc diém ctia huéng tiép can nay la chi gidi
dugc cac bai toan c6 kich thudc nho; nén kha nang tvng
dung cta ching khong cao. Viéc giadi ding bai toan SMT
thuc su 1a mot thach thic trong ly thuyét t6i wu t& hop.

Hudng tiép can nay 12 co sd quan trong c6 thé dudc si
dung d€ danh gia chit lugng 15i gidi clia cac thuat todn gidi
gan ding khic khi gidi bai toan SMT.



C. Cic thuét toan gan ding can ti 1

Thuit todn gan ding cin ti 1é o nghia 12 18i giai tim
dugc gan diing mot cin ti 1& o so véi 16i gidi tdi uu.

Uu diém ctia thuit todn gin ding cén ti 1& 1a ¢6 su dam
bao vé mit toan hoc theo nghia cén ti 1 trén, nhugc diém
ctia thudt todn dang nay 1a can ti 1é tim dudc trong thuc té
thudng 14 kém hon nhiéu so v6i chét lugng 10i giai tim dudc
béi nhiéu thuit toan gin ding khac dua trén thuc nghiém.

Thuat toan MST-Steiner cia Bang Ye Wu va Kun-Mao
Chao c6 can ti 1& 2 [4], thuét toan Zelikovsky-Steiner c6
can ti 18 11/6 [4]. Can ti 1& t6t nhit tim dudc hién tai cho
bai toan SMT la 1.39 [6] (18] 24].

D. Cac thuat toan heuristic

Thuét toan heuristic chi ra nhiing kinh nghiém riéng biét
dé€ tim kiém 10i gidi cho mot bai todn tdi uu cu thé. Thuat
toan heuristic thuong tim dugc 18i gidi c6 thé chip nhan
dudgc trong thoi gian cho phép nhung khong chic d6 1a 10i
giai chinh xdc. Cdc thuit todn heuristic ciing khong chic
hiéu qua trén moi loai dit liéu d6i v6i mot bai toan cu thé.

Ci4c thuat toan heuristic dién hinh cho bai toan SMT nhu:
SPT [21], PD Steiner [21] (bai bdo nay sé goi tit 1a PD),
SPH [5]], Heu [26], Distance network heuristic cua Kou,
Markowsky va Berman [34].

Uu diém cia cdc thuat todn heuristic 13 thdi gian chay
nhanh hon nhiéu so v6i cdc thuit toan metaheuristic. Giai
phép nay thuong dudc lua chon véi cac dd thi c6 kich thudc
16n [11}, 20} 211, 25]].

E. Cac thuit toan metaheuristic

Thuét todn metaheuristic st dung nhiéu heuristic két hop
véi cic ky thuat phu trg nham khai pha khong gian tim
kiém, metaheuristic thudc 16p cdc thuat todn tim kiém t6i
uu.

Hién da c6 nhiéu cong trinh st dung thuit toin meta-
heuristic giai bai toan SMT. Chang han nhu thuat todn local
search st dung cic chién lugc tim kiém lan cin node-
based neighborhood [19], path-based neighborhood [19],
thuét toan local search [[7]], thudt todn tim kiém 1an cén bién
déi [23]), thuat toan di truyén [2], thuit toan tabu search [5],
thuat toan di truyén song song [[14], thuat todn bees [22].. ..

Tir nhitng huéng tiép can trén, bai bo nay dé xuit mot
thuét todn metaheuristic dang c4 thé. Cu thé 13 thuat todn
Hill climbing search dé gidi bai toan SMT. Céch tiép cin
ndy c6 thé gidi dudc cdc bai toan SMT c6 kich thudc 16n,
c6 chit lugng tot hon so véi cic huéng tiép cin heuristic,
cdc thuat toan gan ding can ti 1& va c6 thdi gian chay nhanh
hon so véi céc thuit toidn metaheuristic dang quan thé [32]].
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III. THUAT TOAN HILL CLIMBING SEARCH
A Y tuéng thuit toan Hill climbing search

Thuat toan Hill climbing search 12 mdt trong nhiing ky
thuat dung d€ tim kiém t6i vu cuc bo cho mot bai todn t6i
uu [1].

Thuét toan Hill climbing search 1a mdt trong nhiing giai
phdp dé giai bai toan tdi uu, dic biét 1a dang bai todn wu
tién vé thoi gian tinh nhu bai toan dang thiét ké.

B. So do tong quat thuat toan Hill climbing search

Thuat toan Hill climbing search lién tuc thuc hién viéc
di chuyén tir mot 15i giai S dén mot 16i giai méi 7 trong
mdt ciu triic 1an cin x4c dinh trudc theo sd do sau:

Buéc 1: Khéi tao. Chon 15i giai xult phat S, tinh gia tri
ham muc tiéu F(S).

Budc 2: Sinh lan can. Chon tip lan can N(S) va tim
161 giai S’ trong tap 1an cén nay v4i gid tri ham muc tiéu
F(S").

Buée 3: Test chap nhan. Kiém tra xem c6 chip nhan di
chuyén tit S sang S’. Néu chip nhén thi thay S bang S’;
trdi lai gitt nguyén S la 16i giai hién tai.

Buéc 4: Test diéu kién ding. Néu diéu kién ding thda
min thi két thiic thuat todn va dua ra 16i giai t6t nhit tim
dudc; trai lai quay lai bude 2.

C. Giai quyét van dé t6i wu héa cuc bd

VAn dé 16n nhit ma thuat toan Hill climbing search gip
phai 12 n6 dé rai vao bay tbi vu cuc bd, d6 1a lic chiing ta
leo 1én mot dinh ma chiing ta khong thé tim dudc mot 1an
can nao t6t hon dugc nita nhung dinh nay lai khong phai
la dinh cao nhét.

D€ gidi quyét vin dé nay, khi leo dén mot dinh t6i uu
cuc bo, dé tim dugc 1i giai tot hon nifa ta c6 thé lip lai
thuat toan Hill climbing search véi nhiéu diém xuét phat
khéc nhau dudc chon ngau nhién va luu lai két qua t6t nhat
6 mdi lan Lip. Néu sb 1an 1ip dd 16n thi ta c¢6 thé tim dén
dugc dinh t6i uu toan cuc, tuy nhién véi nhiing bai todn

s 9. A

ma khong gian tim kiém 16n; thi viéc tim dugc 16 gidi t6
uu toan cuc 1a mot thach thic 16n [11 29].

Dé gidi quyét van dé t6i uu cuc bd, trong bai bdo nay
ching t6i d& xuit viéc két hop thuat toan Hill climbing
search vdi chién lugc tim kiém 1an cin ngiu nhién dé€ hy
vong nang cao chét lugng 15i gidi cha thuat todn.

IV. THUAT TOAN HILL CLIMBING SEARCH
GIAI BAI TOAN CAY STEINER NHO NHAT
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A. Y tuéng thuit toin

Cho d6 thi vo huéng lién thong c6 trong sb G. Bit dau
tit Cay Steiner T clia G dugc khdi tao ngiu nhién, chén
lan lugt ting canh e € E(G) — E(T) vao Cay Steiner 7.
Néu Cay Steiner T khong chia chu trinh thi canh e khong
can dudc xem xét; néu E(T) U e chita mot chu trinh thi
tim mot canh e’ trén chu trinh nay sao cho viéc loai né
din dén Cay Steiner 7’ c6 chi phi nho nhét. Tiép theo, néu
C(T") < C(T) thi thay T bing 7’. Thuit toan ditng néu
trong mot 1an duyét qua tit ci cic canh e € E(G) — E(T)
ma khong cai thién dudc chi phi cia Cay Steiner 7.

Ching t6i ddt tén thudt toan Hill climbing search giai
bai toan SMT la HCSMT.

B. So do thuit toan HCSMT
C. Mot s6 ban luan thém
a) Vin dé tao 10i gidi ngdu nhién ban ddu

Ciing luu y rang Cay Steiner ban dau dudc khéi tao ngiu
nhién théng qua hai giai doan nhu sau (dong 3 cua thuit
todn HCSMT):

Bat dau tlf cdy chi gdm mot dinh nao d6 cda dd thi, tiép
theo, thuat todn sé thuc hién n— 1 budc lip v6i n 1a s6 dinh
cia dd thi dang xét. O mbi budc lip, trong sd cic dinh
chua dugc chon dé tham gia vao ciy, ta chon mot dinh ké
véi it nhit mot dinh nam trong ciy dang dugc xiy dung ma
khong quan tim dén trong sd clia canh. Pinh dudc chon va
canh ndi n6 véi dinh cla ciy dang dudc xdy dung sé& dudc
bd sung vao ciy; thudt todn ndy st dung y tudng cha thuat
toan Prim.

Duyét céc dinh treo u € T, néu u ¢ L thi x6a canh chiia
dinh u khdi E(T), x6a dinh u trong V(T) va cip nhét bac
ctia dinh ké véi dinh u trong T. Lip lai budc nay dén khi T
khong con su thay ddi nao nita; budc nay goi la budc x6a
cac canh du thta.

b) Vin dé tim kiém ldan cdn

Thao tac tim chu trinh trong Cay Steiner 7" sau khi chen
thém mot canh e dudc tién hanh nhu sau: Khi chén canh
e = (u,v) vao T, duyét Cay Steiner T theo chiéu siu bat
dau tir u, luu vét trén dudng di bang mang p (dinh trudc
ctia mot dinh trong phép duyét). Tiép theo, bat dau tit dinh
v, truy vét theo mang p dén khi gip u thi két thic, cic
canh trén dudng truy vét chinh 12 cdc canh trong chu trinh
can tim.

Thuat toan HCSMT ngoai viéc 15i giai ban dau dudc khéi
tao ngiu nhién thi cdc Cay Steiner 14n cn tim dudc trong
qué trinh tim kiém 12 kiéu /-ldn cdn tit dinh. Hiéu qua cla
thuét todn HCSMT c6 thé dugc cdi thién khi ta thay ddi thi
tu cac canh dugc duyét trong tdp E(G) — E(T); nghia la
ta s& duyét tap canh ndy theo mot hodn vi dudc sinh ngiu

Thuat toan 1: Thuit toin HCSMT

Péu vao: DS thi G = (V(G), E(G))

Pau ra : Cay Steiner c6 chi phi nho nhét tim dugc

stop = false;

d = 0; //d 1a s6 lan ting cudng

T 1a Cay Steiner dudc khéi tao ngiu nhién;

Tpes: = T: /Muu lai Cay Steiner tot nhét trude khi thuc
hién chién lugc da dang héa;

W N =

s while (d < N){ // N 1a s6 lan lip dinh truéc
6 stop = true;
7 S=E-E(T);
8 for (vdi méi canh e € S){
9 min = +00;
10 if (canh e c6 2 dinh (u,v) € T){
1 F=TUe;
12 Xac dinh chu trinh Cycle trong F chia e;
13 for (véi méi canh e’ € Cycle)
14 if (C(F —¢’) < min){
15 min=C(F -¢');
16 ‘ Ghi nhan T’ = F — ¢’;
17
18 if (min < C(T)){
19 T=T
20 ‘ stop = false;
21 }
22 }
23 }
24 if (stop){
25 d++; //ting s6 bién dém ting cudng
26 if (C(T) < C(Tlgest)) Tpest =T;
27 while (Thoa diéu kién da dang hoa){
28 Loai bd mot s6 canh ngiu nhién ctia Cay
Steiner dang xét;
29 Chon ngiu nhién mét sb canh trong cic
canh con lai ciia d6 thi G cho dén khi cay
T lién thong tré lai (diéu kién canh thém
vao la: Phai ¢6 dinh thuéc T méi duge
thém vao d€ tranh trudng hop thém vao
qué nhiéu 1an nhung T khéng lién thong trd
lai). St dung dinh nghia k-ldn cdn & trén;
30 Néu thém qui nhiéu 1in ma khong lam cho
T lién thong tré lai, thi tiép tuc da dang
héa lai v6i cac canh khac;
31 }
32 }
33}

34 return Tp.g;;

nhién chii khong theo mot thi tu cb dinh & tit ca cdc lan
duyét.
c¢) Vin dé két hop véi tim kiém ngdu nhién

Thuat toan HCSMT chi yéu st dung tinh ting cudng,
thé hién qua cdc chién lugc tim kiém Cay Steiner lan can.
Tinh da dang dugc st dung vao cdc thdi di€ém sau: thi nhat
1a khi khéi tao 18i gidi ban dau, thd hai 1a thay ddi thd tu
duyét clia cdc canh trong tip canh ting vién (nhu da dé cap
& doan trén), thi ba khi viéc tim kiém 1an can khong céi
thién qua mot s6 1an 1ip thi tién hanh chon ngiu nhién méot
s6 canh ctia cdy dé€ bat diu trd lai viéc tim kiém lan cén.



V. THUC NGHIEM VA PANH GIA

Phin nay chiing t&i mo ta chi tiét viéc thuc nghiém thuat
toan HCSMT do chiing t6i dé xuit; dong thdi dua ra mot
s6 so sanh, danh gia vé cdc két qua dat dugc.

) Bang 1
KET QUA THUC NGHIEM THUAT
TOAN TREN NHOM PO THI STEINC

HC
SMT
steincl.txt 500 | 625 85 85 85 85 85
steinc2.txt 500 | 625 144 144 144 144 144
steinc3.txt 500 | 625 755 762 754 754 754
steinc4.txt 500 | 625 1080 | 1085 | 1079 | 1079 | 1080
steinc5.txt 500 | 625 1579 | 1583 | 1579 | 1579 | 1579
steinc6.txt 500 | 1000 55 55 55 55 55
steinc7.txt 500 | 1000 102 102 102 102 102
steinc8.txt 500 | 1000 510 516 509 509 509
steinc9.txt 500 | 1000 715 718 707 707 707
steinc10.txt | 500 | 1000 1093 | 1107 | 1093 | 1093 | 1093
steincll.txt | 500 | 2500 32 34 33 32 32
steincl2.txt | 500 | 2500 | 46 48 46 46 46
steinc13.txt | 500 | 2500 262 268 258 258 258
steincl4.txt | 500 | 2500 324 332 323 324 324
steincl5.txt | 500 | 2500 557 562 556 556 557
12500 | 11 12 11 11 11
12500 | 19 20 18 18 18
12500 | 120 123 115 117 115
12500 | 150 159 148 148 149
12500 | 268 268 268 267 268

Test n m Heu PD VNS | TS

steincl6.txt | 500

steincl7.txt | 500

steinc18.txt | 500

steinc19.txt | 500
steinc20.txt | 500

A. Du liéu thuc nghiém

D¢ thuc nghiém cdc thuat toan lién quan, ching toi st
dung 60 bo dif liéu 1a cac dd thi thua trong hé thdng di liéu
thuc nghiém chuin ding cho bai todn Céy Steiner tai dia chi
URL http://people.brunel.ac.uk/~mastjjb/jeb/orlib/steininfo
html[8]. Trong dé6 nhém steinc c¢6 20 dd thi, nhém steind
¢6 20 d6 thi, nhém steine c6 20 dd thi (cac dd thi nay c6
tap |L| tdi da 1250 dinh).

B. Méi truong thuc nghiém

Thuat toan HCSMT dugc chiing ti cai dit bing ngdn
ngt C++ st dung moi truong DEV C++ 5.9.2; duge thuc
nghiém trén mot may chii a0, Hé diéu hanh Windows server
2008 R2 Enterprise 64bit, Intel(R) Xeon (R) CPU E5-2660
@ 2,20 GHz, RAM 4GB.

Tip 2020, S6 1, Thing 6

) Bang II
KET QUA THUC NGHIEM THUAT
TOAN TREN NHOM PO THI STEIND

HC
SMT

Test n m Heu PD VNS | TS

steind.txt 1000 | 1250 106 107 106 106 106

steind2.txt 1000 | 1250 220 | 228 220 | 220 220

steind3.txt 1000 | 1250 1570 | 1771 | 1565 | 1567 | 1565

steind4.txt 1000 | 1250 1936 | 2174 | 1935 | 1935 | 1936

steind5.txt 1000 | 1250 3252 | 3511 | 3250 | 3250 | 3250

steind6.txt 1000 | 2000 70 70 67 70 67

steind7.txt 1000 | 2000 103 111 103 103 103

steind8.txt 1000 | 2000 1092 | 1287 | 1073 | 1078 | 1073

steind9.txt 1000 | 2000 1462 | 1773 | 1448 | 1450 | 1448

steind10.txt 1000 | 2000 2113 | 2550 | 2111 | 2112 | 2113

steind11.txt 1000 | 5000 29 29 29 30 29

steind12.txt 1000 | 5000 | 42 44 42 42 42

steind13.txt 1000 | 5000 510 | 643 502 502 507

steind14.txt 1000 | 5000 675 851 671 667 674

steind15.txt 1000 | 5000 1120 | 1437 | 1116 | 1117 | 1118

steind16.txt 1000 | 25000 | 13 13 13 13 13

steind17.txt 1000 | 25000 | 23 25 23 23 23

steind18.txt 1000 | 25000 | 238 301 228 230 231

steind19.txt 1000 | 25000 | 325 424 318 315 321

steind20.txt 1000 | 25000 | 539 691 538 538 539

C. Két qua thuc nghiém va danh gia

Két qua thuc nghiém ctia cdc thuit toan dudc ghi nhin
& cac Bang LILIIL Cac bang nay c6 cAu tric nhu sau: Cot
dau tién (Test) 12 tén cdc bo dif liéu trong hé thong dit lidu
thuc nghiém, s dinh (n), s6 canh (m) cda ting d thi, cac
cot tiép theo ghi nhan gid tri chi phi Cay Steiner 1an lugt
ung véi hai thuit toan hueristic: Heu [26], PD [21]. Hai
thuit toan metahueristic: VNS [23]], TS [5] va thuit toan
HCSMT.

Bo6 tham s dugc xdc dinh nhu sau qua thuc nghiém:
S6 1an chay méi bo dit lieu 1a 30, sd lan ting cudng la
50; s6 canh loai bd ngiu nhién ctia méi 1an ting cudng 1a
0,05%|E(T)|.

D. Panh gia két qua thuc nghiém

Muc nay nham so sanh chit lugng 16i giai clia thudt toan
HCSMT véi hai thuat toan heuristic: Heu [26], PD [21] va
hai thuét toan metaheuristic: VNS [23], TS [5]. Noi dung
cta Bang IV,V,VLVII cho biét sb6 lugng (SL) va ti 1& phﬁn
trim (%) tuong dng véi sd luong bo dit lidu cho chit lugng
16i gidi t6t hon (ghi nhan béi ky hiéu "<") hoiic cho chét
luong 15i giai bang nhau (ghi nhan bsi ky hiéu "=") hoic
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Bang III

KET QUA THUC NGHIEM THUAT
TOAN TREN NHOM PO THI STEINE

Test n m Heu | PD | VNS | TS HE
SMT
steinel.txt 2500 | 3125 111 111 111 111 111
steine2.txt 2500 | 3125 | 214 | 214 | 214 | 216 | 214
steine3.txt 2500 | 3125 4052 | 4570 | 4015 | 4018 | 4015
steine4.txt 2500 | 3125 | 5114 | 5675 | 5101 | 5105 | 5101
steine5.txt 2500 | 3125 | 8130 | 8976 | 8128 | 8128 | 8130
steine6.txt 2500 | 5000 | 73 73 73 73 73
steine7.txt 2500 | 5000 149 150 145 149 145
steine8.txt 2500 | 5000 | 2686 | 3254 | 2648 | 2649 | 2648
steine9.txt 2500 | 5000 | 3656 | 4474 | 3608 | 3605 | 3608
steinel0.txt | 2500 | 5000 | 5614 | 6847 | 5600 | 5602 | 5600
steinel I.txt | 2500 | 12500 | 34 34 34 34 34
steinel2.txt | 2500 | 12500 | 68 68 67 63 68
steinel3.txt | 2500 | 12500 | 1312 | 1704 | 1292 | 1299 | 1312
steinel4.txt | 2500 | 12500 | 1752 | 2304 | 1735 | 1740 | 1735
steinelS.txt | 2500 | 12500 | 2792 | 3626 | 2784 | 2784 | 2799
steinel6.txt | 2500 | 62500 | 15 15 15 15 15
steinel7.txt | 2500 | 62500 | 26 27 25 25 25
steinel8.txt | 2500 | 62500 | 608 | 804 | 583 | 595 | 594
steinel9.txt | 2500 | 62500 | 788 1059 | 768 | 778 | 768
steine20.txt | 2500 | 62500 | 1349 | 1753 | 1342 | 1352 | 1342

cho chét lugng 15i giai kém hon (ghi nhan béi ky hiéu ">")
khi so sanh thudt toan HCSMT véi cac thuat toan: Heu
[26], PD [21], VNS [23] va TS [5].

V6i 20 bd dit liéu nhom steinc, thudt toan HCSMT cho
chét lugng 10i giai (tot hon, bing, kém hon) thuat toin Heu
26] (35,0%, 65,0%, 0,0%). Két qua so sanh thuét toan
HCSMT véi thuét toan Heu [26] trén cdac nhéom di liéu
steind, steine ciing dd dugc thé hién chi tiét & Bang IV.

) Bang IV
SO SANH CHAT LUONG LOI GIAI CUA THUAT
TOAN HCSMT vGI THUAT TOAN HEU

ciing da dugc thé hién chi tiét & Bang V.

_Bang V
SO SANH CHAT LUONG LOI GIAI CUA
THUAT TOAN HCSMT vGI THUAT TOAN PD

Nhém dé | HCSMT<PD | HCSMT=PD | HCSMT>PD
thi SL, % |SL, % |SL, %
steinc 15! 75% | 5 ! 25% | 0! 0%
steind 181 9% | 2 1 10% | 0 1 0%
steine | 14, 70% | 6 , 30% | 0 , 0%

Tong cong: | 47 ‘ 784% | 13 ‘ 21,6% 0 ‘ 0%

Két qua so sanh thuat toan HCSMT véi thuit toan VNS
[23] trén cac nhém di liéu steinc, steind, steine ciing da
dugc thé hién chi tiét & Bang VL

Panh gid chung trén toan bd 60 bo du liéu, thuit toan
HCSMT cho chit lugng 16i giai (t6t hon, bang, kém hon)
thudt toan Heu [26] (46,7%, 51,7%, 1,6%). Thuit toan
HCSMT cho chét lugng 16i gidi (tdt hon, bang, kém hon)
thudt toan PD [21] (78,4%, 21,6%, 0,0%). Thuat toan
HCSMT cho chét lugng 16i gidi (tdt hon, bang, kém hon)
thudt toan VNS [23] (1,7%, 70%, 28,3%). Thuat toan
HCSMT cho chét lugng 16i gidi (tdt hon, bang, kém hon)
thuét toan TS [5]] (26,7%, 46,6%, 26,7%).

Thoi gian tinh trung binh cta thuit toin HCSMT trén cac
dd thi Ung v6i nhém dit liéu steinc 1a 2,54 gidy. Tuong tu
v6i nhém db thi steind 12 16,78 gidy, v6i nhém dd thi steine
1a 214,81 giay. Thoi gian chay chuong trinh ngoai viéc phu
thudc vao do phic tap thoi gian tinh cta thuit todn, con
phu thudc vao moéi trudng thuc nghiém, ky thudt 1ap trinh,
cAu tric di liéu chon cai dit, cac bo tham sb,...va thong
thuong, thdi gian chay cua thuit toan heuristic nhanh hon
thuat toan metaheuristic. Tuy vay, thsi gian chay cla thuit
todan HCSMT nhu trén ciing cho ching ta thong tin tham
khdo can thiét vé thuit toan nay.

) Bang VI
SO SANH CHAT LUONG LOI GIAI CUA THUAT
TOAN HCSMT VvGOI THUAT TOAN VNS

Nhém d6 | HCSMT<Heu | HCSMT=Heu | HCSMT>Heu
thi SL | % SL | % SL | %
steinc 7 35% 131 65% 0 ! 0%
steind 101 50% | 101 50% L%
sieine | 11, 55% | 8 , 40% | 1, 5%

Tong cong: | 28 ‘ 46,7 % 31 ‘ 51,7% 1 ' 1,6%

Tuong tu, két qua so sanh thuat toan HCSMT vdi thuat
toan PD [21] trén cac nhém dir liéu steinc, steind, steine

Nhém dé | HCSMT<VNS | HCSMT=VNS | HCSMT>VNS
thi SL | % SL | % SL | %
steinc 1 5% 15 | 75% 4 20%
steind 0% 12 1 60% 8 | 40%
steine L 0% 151 75% | 5 1 25%
Tf;ng ! ! !

1 ' 1,7% 2" 70% 17 ' 283%
cong: | | |

Két qua so sanh thuit toan HCSMT véi thuét toan TS [55]
trén cac nhém di liéu steinc, steind, steine cling da dudc
thé hién chi tiét 6 Bang VIL.



Bang VII
SO SANH CHAT LUGNG LOI GIAI CUA
THUAT TOAN HCSMT vGOI THUAT TOAN TS

Nhém dd | HCSMT<TS | HCSMT=TS | HCSMT>TS
thi SL, % |SL, % |SL, %
steinc L os% |15 1% | 4l 20%
steind 51 25% | 7 1 35% | 8 1 40%
sieine | 10 | 0% | 6 |, 30% | 4 |, 20%

Tong cong: | 16 | 267% | 28 | 466% | 16 ' 267%

VL

KET LUAN

Bai bdo nay dé xuét thuat toan HCSMT dang thuit toan
Hill climbing search d€ gidi bai toan Cay Steiner nhd nhét.
Déng gop cia ching toi trong bai bdo nay 1a da dé xuit
cch thic tim kiém 1an cn két hop vé6i tim kiém lan cin
ngiu nhién nang cao chit lugng cla thuit toan. Chiing toi
da thuc nghiém thuit toian dé xuét trén hé théng gom 60
bd dit liéu thuc nghiém chuin. Két qui thuc nghiém cho
thy rang thuit ton nay cho chit lugng 15i gii t6t hon hoic
bing hai thuit toan dang heuristic va cho chét lugng 16i giai
t6t hon, bﬁng, kém hon hai thuat todn dang metaheuristic
tot hién biét trén mot s6 bo dif lidu thuc nghiém chuin.
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Tém tat: Thiét ké ngif nghia tinh todn ctia cdc tif ngdn ngi trong co s luat va biéu dién cAu tric ctia ching déng vai
trd quan trong trong viéc ning cao hiéu suit ciing nhu tinh gidi nghia dudc ctia hé dua trén luit md. Bai bdo niy trinh
bay phuong phép thiét ké ngit nghia tinh toan dua trén tip md dang ham S dudc sinh bdi dai s6 gia ti md rong va dugc
bi€u dién dudi dang ciu tric phan hoach m& ddm bdo tinh gidi nghia dudc clia hé phan 16p dua trén luat md. Két qua
thuc nghiém véi 23 tap dif liéu chudn cho thdy hé phan 16p véi ngit nghia tinh todn dua trén tdp mo dang ham S cho do
chinh xac phan 16p tét hon so v6i ngii nghia tinh toan dua trén tip md tam gidc va hinh thang cling nhu chi ra tinh hiéu
qua ctia biéu dién cAu tric phan hoach m& dam bao tinh gidi nghia dudc ctia hé phan 16p so vdi ciu tric phan hoach da

dugc d& xuét trude do.

T khéa: dai s6 gia tit, thit tw ngit nghia, ham thudc, hé phdan I6p dwa trén ludt mo.

Title:

Abstract:

A Design Method of Computational Semantics of Linguistic Words for Fuzzy Rule-based Classifier

The design of computational semantics of linguistic terms in the fuzzy rule bases and structural representation of them
play important roles in improving the performance and the interpretability of fuzzy rule-based systems. This paper
presents a method of designing computational fuzzy sets-based semantics in form of S-shape membership function
generated by the enlarged hedge algebras and represented as fuzzy partition structure to ensure the interpretability of
the fuzzy rule-based classifiers. Experimental results over 23 real-world datasets have shown that the classifier with the
fuzzy set-based computational semantics in form of S-shape membership function gives better classification accuracy
than the ones previously proposed with triangular and trapezoidal fuzzy sets based semantics as well as shown the
efficiency of the fuzzy partition structure representation which ensures the interpretability of the fuzzy rule-based

classifiers in comparison with the existing ones.
Keywords:

hedge algebras, order-based semantics, membership function, fuzzy rule-based classifier.

I. GIOI THIEU

HE phan 16p dua trén ludt md (Fuzzy Rule Based
Classifier —- FRBC) c6 nhiéu ting dung trong linh vuc khai
pha di liéu [1H4] [18422] do md hinh phéan 16p nay cé uu
diém 1a dé hi€u véi nguoi dung va c6 thé st dung céc tri
thiic dang luat if-then dudc trich rut tu dong tu dit liéu nhu
la tri thdc ctaa ho.

Trong [4, [5], Ishibuchi va Yamamoto dé xuit phuong
phép trich rdt hé luat md tdi gian cho FRBC tif cAu triic
phan hoach m& da thé hat dugc thiét k& sin bang cach ap

dung mot s6 ky thuat trong khai pha dit liéu nhu dd tin ciy,
dd ho trg va trong s luat két hop véi thuit toan di truyén
da muc tiéu. Alcala va cac cong su dé xuét trong [1]] mot
s6 phuong phap Iya chon mot don thé hat tot nhét trong s
cac thé hat dugc thiét ké sin ban dau do ho quan niém ring
cAu tric phan hoach m& da thé hat khong gidi nghia dudc.
Sau d6 thuit toan di truyén dugc dp dung dé€ lua chon hé
luat tdi uu ddng thdi véi téi uu cac tham sb ctia cac ham
thudc. Mot gian do tién héa da muc tiéu nhanh va hiéu qua
dugc Antonelli v cic cong su dé xuit trong [2]] c6 tén 1a
PAES-RCS. Pay 1a mot tiép can tién héa da muc tiéu thuc
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hién huén luyén dong thdi co s& luat va co s6 dit liéu cla
FRBC. Trong pha dau, tip ludt md tng cti vién dugc sinh
tif cdc phan hoach m& dugc thiét ké sin bang thuat todn
C4.5. Sau d6, thuit toan tién héa da muc tiéu dudc thuc
hién d€ lya chon mot tap ludt md tir tap ludt dng cl vién
ddng thdi véi Iva chon cac diéu kién ciia luat md ciing nhu
hiéu chinh cic tham s6 ctia ham thudc. Trong [5], Rey va
cdc cong su d& xuit thém mot muc tiéu 1a tinh thich hop
cua luit (rule relevance) bén canh hai muc tiéu la tinh chinh
xac (accuracy) va tinh giai nghia dugc (interpretability) cho
giai thuat tién héa da muc tiéu Iya chon hé luat t6i wu cho
hé dua trén luat mo. Trong [18], Rudzinski dé xuit thuat
toan tién héa da muc tiéu thiét k& hé phan 16p dua trén
luat md huéng tinh giai nghia dudc. Trong qud trinh huén
luyén, cdc tham s6 ctia cic ham thudc va ciu tric ctia co
s& luat dugc tién héa dong thdi. Cac do do vé sb tip mo
hoat dong va s6 bién diu vao hoat dong (tic dudc st dung
béi it nhat mot luat) ciing véi do dai trung binh cla luat
dudgc stt dung d€ ddnh gi4 tinh gidi nghia dugc clia hé phan
16p. Mot md rong clia gidi thuat Chi ndi tiéng thiét ké hé
phén 16p dya trén ludt md phan tan cho phén 16p dir li€u
16n bang cach ap dung khung lam viéc dit liéu 16n phd bién
Apache Hadoop, dudc dé xut bsi Elkanoa va cic cong su
trong [[19]. Trong [20] va [21]] cac tac gia dé xuét xdy dung
cic hé phan 16p dua trén luat mo dic thu dp dung trong
céc linh vuc y t& va danh gid rii ro tin dung. M6t phuong
phép thiét ké FRBC st dung gii thuat tién héa lugng tir da
dan s6 (Multi-population quantum evolutionary algorithm)
v6i su tdi tao lai ludt mau thuin dugc Zhang va cic cong
su dé xuét trong [22].

Nhu da dugc trinh bay & trén, cac phuong phap thiét ké
FRBC trén co s 1y thuyét tap mo [1-4] [18-22]] trich rit
céc luat md tr cac phan hoach md dugc thiét ké sin trén
mién gia tri cda cdc thudc tinh s dung cic tip mdS. Dé
nang cao hiéu qua phan 16p, gia tri ctia cac tham sd ham
thudc dugc hiéu chinh thich nghi bang giai thuat t6i uu. Do
khong c6 co s hinh thifc két ndi giita ngit nghia clia céc
ti ngdn ngl véi cac tdp md nén ngl nghia tinh todn dya
trén tdp mo khong phan anh diung ngit nghia thuc cla cac
ngdn ngif sau qua trinh t6i vu va 1am dnh hudng dén tinh
giai nghia dugc ctia hé ludt phéan 16p.

Dai s6 gia tit (DSGT) [6H8] da c6 nhiing ting dung hiéu
qua trong khai pha dit liéu [9-12], diéu khién ms [13]], xi
ly anh [[14], lap lich [13], ... PSGT khai thic tinh thi ty vé
ngit nghia clia c4c tlf trong mién gid tri ngdn ngi clia bién
ngdn ngit d€ hinh thanh modt co sé hinh thic todn hoc cho
viéc lién két ngit nghia tinh todn dua trén tip mo v6i ngi
nghia vbn c6 cda cic tir ngoén ngii. Trén co sé d6, DSGT
da dudc dng dung hiéu qua dé thiét ké t6i uu cic tir ngon
ngli cing v6i ngt nghia tinh toan dva trén tdp md hinh tam
giac [9] va hinh thang [10] cho cac FRBC. Ngit nghia tinh

10

todn dua trén tdp md hinh thang c6 wu diém so vé6i hinh
tam gidc 13 biéu dién dugc 16i ngit nghia khoang ciia céc
tl ngdn ngid. Tuy nhién, ca hai dang tip md nay déu c6 céc
canh dudc bi€u dién bdi ciac ham tuyén tinh c6 do dbc 16n
nén chua that mém déo va gdy mét mat thong tin 16n. Mot
phuong phap thiét ké ngit nghia tinh todn dua trén tip mo
dang ham § va dugc sinh béi PSGT md rong [10] cho cac
FRBC dudc trinh bay trong bai bao nay. Do ham S 1a ham
phi tuyén nén phu hop véi su bién thién vé ngit nghia von
c6 clia cic tif ngdn ngli trong khi van biéu dién dudc 16i
ngl nghia khoang cta céc tit ngbén ngi.

Mit khac, d€ ddm bdo tinh gidi nghia dudc cia hé dua
trén luat md dudc thiét ké theo tiép can DSGT, trong [11]
cdc tac gia da dua ra bdn rang budc trén ngit nghia tinh
toan ciia cac tif ngdn ngit. Cac phuong phap thiét ké ngit
nghia tinh todn dua trén tdp md cho FRBC ciia cic cong bd
trong [9, [10] déu chua thoéa tit ci bdn rang budc nay. Cu
thé, mot tif ngdn ngi ~x dugc sinh ra tif tf ngdn ngi x bdi
gia td i c6 ngli nghia cu thé hon x nhung vin gilt nguyén
ngit nghia gbc ctia x. Vi du, tif ngdn ngit “rdt tré” dudc
sinh ra tif tif ngdn ngi “tré” bdi gia tif rdt c6 ngit nghia
cu thé hon “tré” nhung van giit dudc ngit nghia gbc clia
“tré”. Do d6, dé théa rang buodc thif ba trong [L1]], trong
biéu dién ciu tric phan hoach md st dung céc tip md thi
do hd trg clia tip md tng Vi tif ngdn ngd hx phai nim
tron trong dd hd tr¢ clia tip md Gng v6i tif ngdn ngi x.
Tuy nhién, céc thiét ké phan hoach md trong [9} [10] khong
thda tinh chit nay. Bai bdo niy trinh bay mot phuong phap
biéu dién ciu tric phan hoach md st dung cdc tap md c6
dang ham S théa tit ca boén rang budc trong [11]], tic dam
bdo tinh giai nghia dugc cia hé phan 16p dya trén ludt mg.

Phan con lai cta bai bdo dudc bd cuc nhu sau: muc 2
trinh bay tom tat DPSGT md rong va hé phan 16p dua trén
luat mo véi ngti nghia dya trén tdp md dang ham S; muc
3 trinh bay két qua thuc nghiém va thdo luin; mot sd két
luan ridt ra trong muc 4.

II. NOI DUNG NGHIEN CUU
1. Mot s6 khai niém c¢ ban vé dai sb gia tir mé rong

DSGT md rong [10] dudc xdy dung bang viéc bd sung
mot gia tif nhan tao 4y nhim md hinh héa 16i ngit nghia
clia cac tit ngdbn ngd.

Mot ciu tric AX" = (Xep, G, C, H,,, <) dugc goi 1a
DSGT mé rong (DSGTMR) ctia DSGT tuyén tinh va sinh
tu do AX néu thda céc tién dé bd sung sau:

(A1) hox ¢ H(G) = {oc |c € G} va hhox = hox ludn 1a diém

bat dong.

(A2) hpx 2x = hgx <...< h_1x < hox < hyx £...< hpx
hpx <x = hpx <...< x < hox < h_jx <...< hgx.

Mot ham fm: X, — [0, 1] dugc goi 1a d6 do tinh mo
ctia PSGTMR AX*®" néu n6 thda céc tinh chét sau:



(F: fm(0) + fm(c™) + fm(W) + fm(c*) + fm(1) = 1;
(F2): Y fm(hx) = fm(x) v6i Vx € H(G);

heH,,
(F3): Vx,y € H(G),Vh € H, ty 1& fm(hx)/fm(hy) =
fm(x)/fm(y) khong phu thuoc vao bit ky tif ngon ngit
nao trong X,., dudc goi la do do tinh md cua gia tG & va
dugc ky hiéu 1a u(h).
Do do tinh mo cia mot tir ngdén nglt cia PSGTMR X,,,
thda cdc tinh chit sau:

D Y fmGx) =1,k >0 Véik=1thi fm(0)+
xeX(k
ey + frm(W) + fm(c) + fm(1) = 1;
2 X u=1
heH,,
3) fm(hx) = u(h)fm(x), v6i Yh € H,.,, Vx €

H({c™,c*}) va hx # x;

@) fm(x) = u(hy)...u(hy) fm(c), trong dé x = hy,...hjc,
c € {¢7,c*}, la biéu dién chinh tic clia x € X,,.

Cho d6 do tinh m& fm : X., — [0, 1] cia m6t DPSGTMR
AX" clia bién mot ngit X va mdi tif x € X,, dugc lién
két v6i mot khoang J(x) € [0, 1]. Cic khodng nay dugc
goi 12 cdc khoang tinh m& tng v6i céc tif clia X néu thoa
céc diéu kién sau:

(FID): |3 (x)| = fm(x) v6i Vx € X va |I(x)| bi€u thi do
dai ctia khoang J(x);

(F12): Tap {J(hx)|x € X.,,} tao thanh mot phan hoach ctua
J(x) va cé thi tu tuong dong véi thi tu clia cac tif ngdn
ngit lién két v6i chiing.

Khoang tinh md mic k cia x dugc ky hiéu 1a I (x).
Quy udc riang cac khoang tinh ma 1a mé phai va déng trai,
khoang tinh md ciia hing ti 1 13 dong ca hai phia.

Anh xa ngit nghia dinh lugng khoang f(x) ciia tit ngon
ngt x duge xac dinh 1a ham f(x) = J(hox),x € X, va
khang dinh nay da dugc ching minh trong [10].

2. Thiét ké FRBC véi ngit nghia tinh toan dua trén
tap mo dang ham S

Bai toan thiét k& hé phan 16p dua trén luit mo P dudc
dinh nghia nhu sau: Mot tap P = {(d,,, Cp)|d, € D, Cp, €
C,p=1,...,m} gom m miu di liéu, trong d6 d, =
ldp1,dpa,....dpn] 1a dong thi p', C = {C|s =1, ...,
M} 1a tip gdm M nhan 16p, n 1a sb thudc tinh.

Hé co s6 ludt cho bai todn phéan 16p dugc st dung trong
bai bdo nay la tap lut c6 trong s6 dudi dang:

Luat R, : If X; is A, 1 and ... and X, is A, ,

thenC, with CF,, forq=1,..., N (1)

trong d6 xy = {X;,j = 1,...,n} 1a tdp n bién ngdn ngit
ung v6i n thudc tinh cua tap dit liéu P; A, ; la cac gia tri
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ngén ngit cia thudc tinh thi j, F;; C, 1a nhan 16p va CF,
1a trong s6 cta luat R,. Luat R, dugc viét gon lai nhu sau:

A, = C, with CFy, v6ig=1,...,N 2)
trong d6 A, 1a tién dé cia luat thi g.

Giai bai toan P 1a trich xuat tir tap dit liéu P mot tap
luit S c6 dang (1) nhd gon, dé hiéu véi ngudi diung va cé
do chinh xdc phan 16p cao. Phuong phép thiét ké hé phan
16p dua trén luat mS theo tiép can DSGT gdm hai budc
(xem Hinh [T)):

1) Thiét ké t6i uu cdc tif ngdn ngii cling véi ngit nghia
tinh toan dya trén tdp mdJ cia ching st dung gii thuat
tdi uu. Sau budc nay ta thu dudc bo tham sb ngit nghia
t6i uu.

Trich xuit ti tdp di liéu huin luyén tap luat t6i wu
cho hé phan 16p trén co s6 thda hiép gitta tinh dé hiéu
va do chinh xac cua hé phan 16p st dung giai thuét

2)

t6i uu.
N ]?()C gid tri 101 uu cua
cac tham so ngir nghia
DPoc dir liéu Sinh tap ludt khoi dau
8 tir dir liéu bang thu
l tuc IFRG

Téi wu cac tham sb
ngilt nghia voi qua
trinh sinh luat sir
dung thu tuc IFRG

Toi wu tap luét khoi
dau S str dung thuat
toan tdi uu
Xuét hé luat t5i wu S
cho FRBC

Giai doan 2: tbi vu hé luét

A 4

Xuét gi tri cac tham
s0 ngir nghia toi vu

Giai doan 1: t8i wu céc
tham so ngilt nghia

Hinh 1. Phuong phdp hai budc thiét ké FRBC

DSGTMR la cung cip mot co sé hinh thic cho phép
ngli nghia dinh tinh x4c dinh gia tri ngti nghia dinh lugng
khoang cuia cac tir ngdbn ngit, va trén c¢d sd do ngit nghia
dua trén tip mo c6 16i 1a mot khoang cuia ching dudc xay
dung. Trong bai bio nly chiing tdi sit dung DPSGTMR dé
sinh ngt nghia dya trén tdp md c6 dang ham S c6 16i 1a
mdt khoang cho hé phan 16p dua trén luit mg.

Méi BPSGT AX j" dugc lién két v6i mot thude tinh thi j
cua tap du liéu cam sinh cdc tu ngbn nglt X;, (x;) c6 do dai
16n nhit k; theo thd tu ngit nghia cta ching. Vi ngit nghia
dinh lugng khoang f(x; ;) = J(hox; ;) € I(x;;) biéu thi
16i ngit nghia cua t ngdn ngit x;; nén dugc ding dé bi€u
dién dinh cta tap md dang ham S Gng véi it x; ;. Céc gid
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tri trong khoang dinh cua tdp md phu hgp véi ngt nghia
dinh tinh cla tif nhit nén c6 gid tri 1a 1.

Ky kiéu £(*) va R(*) 1an luct 1a diém muit trai va mit
phdi cia mot khoang bat ky. Gid st diat a = R(f(x;,i-1)),
c=L(f(xj:), d=R(f(x;.:), g = L(f(x},+1)), khi d6
b=a+(c—a)/d,e=d+(g—e)/4 viv 1a mot diém dit
liu. Ta c6 ham biéu dién d6 thudc ctia v vao nlia trai clia
ham S, S;.r; nhu sau:

0, 0<v<a
(v-a)?
S, . =1 Taca <v<b
left = (v=c) <
T e bsvsc
1, v>c

va ham biéu dién do thudc clia v vao nita phii ctia ham S,
Srigh: nhu sau:

1, 0<v<d
(v=d)?
Sy =1 | @og dsvse
right = (v—g)2 < <
e=d)(g-d)’ esv=§g
0, v>g

Tap m& dang ham S dugc biéu dién nhu Hinh

Trong bai bao nay, tip md dang ham S dudc si dung
d€ phan hoach mién gia tri thudc tinh ctia tip dit liéu dudi
dang céu tric da thé hat dugc dé xuét trong [10], dudc goi
12 phan hoach k; va dudi dang ciu tric da thé hat dugc dé
xudt trong [L1]] v6i mic k = 1 dugc tich thanh hai mic O
va 1, dudc goi la phan hoach ko.

Hinh 2. Biéu dién tip md dang ham S

Trong céu triic phan hoach k; mdi thé hat dugc phan
hoach bdi cac tip ma tng véi cac tif ngdn ngit c6 do dai
bing nhau va hai phan tit 0 va 1, va theo thi tu ngit nghia
clia cdc tif ngdn ngi tuong ting. CAu tric phan hoach kg
khéc véi k; 12 miic k = 1 gébm cdc tif ngdn ngit c6 do dai
bing 1 dudc tach thanh hai thé hat: thé hat thi nhit (mic
k = 0) gdbm cdc hiang tit 0p, W va 1y, va thé hat thi hai
(mic k = 1) gdm 4 tit ngdn ngit 01, ¢~, ¢t va 1;. V6i cich
thiét ké nay, do hd trg clia tip mo tGng v6i tif ngdn ngit
x hoan toan chia dd hé trg clia tf ngdn ngit sx va trong
[11] da chung minh phan hoach ky dam bao tinh giai nghia
dugc cia hé dua trén luat mo.

V6i céc tit ngdn ngit khong phai 1a cac hing ti 0 va 1,
gia tri clia a 1a gia tri ddu mit phéi ctia gid tri dinh lugng
khoang clia tif gan nhét bén trai c6 cung do dai va gia tri
g 12 dAu miit trai cda gia tri dinh lugng khoang ctia tif gan
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nhét bén phai c6 cung do dai. Vi du, Hinh [3| biéu dién ciu
triic phan hoach k; va Hinh[4]biéu dién c4u tric phan hoach
ko, st dung cdc tdp md dang ham S vé6i do dai t6i da cla
cdc tir ngdén ngit k; = 2. Trong d6, tdp md ung véi tif Le*
¢6 miit trdi a = R(f(Lc™)) va mit phii g = L(f(Vch)),
tuong tu véi cac tdp md khac.

V6i gia tri cu thé clia cdc tham sb nglt nghia bao gdm
fm(e). fm(W)), fm(0)). fm(1,), u(hy ). pu(hyo) Ta 4
do tinh m§ tuong tng cia ;s W;, 0;, 1;, hj;, hjo va
vOi gid tri cu th€ cia k;, cac khoang tinh m& Iy (x;;),
Xji € Xjr,k < kj va cdc ngit nghia dinh lugng khoang
f(x;.i) dugc tinh todn. Cic khodng tinh mo Ty, (x; ;) tao
thanh phin hoach mic k; trén mién gia tri ctia thudc tinh ;.
C6 duy nhit mot khoang tinh mo trong sd cdc khoang tinh
md Iy, (x;,;) chia diém dit liéu d), ; cha miu dit liéu d,,.
Tét ca céc khoéng tinh md miic k; chia d,, ; (0 < j < n)
tao thanh mot siéu hop H,, va chi sinh cac luat mo tir cac
siéu hop loai nay. Ludt mo cd sd c6 do dai n dudc sinh tu
‘H), véi nhan 16p C,, ctia mau di liéu d,, c6 dang sau:

if X] is X1,i(1) and ... and Xn is Xn,i(n) then Cp (Rb)

Cac luat md thi cip c6 do dai L < n thu dugc bang cach
bd bét n — L thudc tinh cé dang sau:

if Xj] is Xj1,i(j1) and...and th is xjt’,-(j,)then Cq (Rsnd)

trong d6 1 < j; < ... < j; < n. Nhan 16p C, cuta ludt R,
dudc xdc dinh bdi do tin cdy c(A, = Cy) [3| 4] cia R,:

Cy=argmax(c(Ag = Cp) | h=1,...,M) 3)

Do tin cdy cha luidt mo dudc tinh nhu sau:

CAg=C = Y @) s, (dy) @
p=1

dpeCy,

trong d6 pa, (dp) la do dbt chdy ciia miu dit liéu d,, doi
véi tién dé luft cia R, va thudng dudc tinh bing biéu thiic
toan ti nhan theo cong thiic sau:

Ha, (dp) = l_[:“q,j (dp.j) - o)
j=1

VOi pg,j(dp,;) 1a do thudc clia di€m di lidu d,, ; vao tap
mo Aq,j.

Tap luat ung vién thu dugc sau khi sang loc cac ludt
khong nhét quan bang d6 hé trg. Tiép theo, mot tiéu chudn
saing dudc st dung d€ chon ra tip ludt khéi diu Sy gom
NRy = NBy x M luat v6i M 1a sb nhan 16p va NBy 1a s6
luat danh cho mdi 16p. Tiéu chuin sang dugc chon cé thé
1a dd tin cay c¢ (cong thic ), do hd trg s hoic tich ¢ X s.
D6 hd trg dudc tinh theo cong thife sau [3]:
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Hinh 3. Céu triic phan hoach kj véi tip md dang ham S va kj=2
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0, c c" 1,
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Hinh 4. Céu tric phan hoach k¢ véi tip m& dang ham S va k j=2

SAg=C)= D pa,(dp)/m. ©)

d,eCy,

Mbi luat duge gan mot trong s6 dé niang cao do chinh
x4c phan 16p. Trong bai bdo ndy, trong s6 luit dudc tinh
theo cong thic [3|:

CFq =cC (Aq = Cq) — Cq.,2nd> (7)

trong d6 ¢,,2nq 12 dO tin cly 16n nhit cta cic luat c6 cung
tién dé A, nhung khac két luén C,:

cg2nd =max(c(Ag = Class h) | h=1,....,M; h#Cq) (8)

Qua trinh sinh luat trén 1 thii tuc sinh tap luat khéi du
IFRG(I1, P, NRy, L) [9], trong d6 IT la tap gid tri cda cac
tham s6 ngit nghia va L 1a s6 tién dé t6i da ctia mdi luat.
Thii tuc ndy dudc tryc quan héa nhu duge thé hién trong
Hinh [5| Do phiic tap cta thd tuc sinh tap luat khdi dau
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IFRG 1a da thic dbi v6i s6 mau va sb thuodc tinh cda tap
di liéu D va da dugc chiing minh trong [9].

MBbi loai dit liéu c6 su phan b dit liéu khac nhau cin
bd tham sb ngit nghia phit hop d€ nang cao hiéu suit phin
16p. Do d6, mot thuit toan t6i uu duge dp dung dé tim bd
tham s6 ngif nghia t6i vu va chiing dugc st dung dé sinh
tap luat khdi dau 1am du vao cho thd tuc lya chon tap luat
nhé gon va dé hiéu cho hé phan 16p trén cd s théa hiép
gitta d6 chinh xac va dd phuc tap cta hé phan 16p.

IIl. KET QUA THUC NGHIEM VA THAO LUAN

Muc nay trinh bay cdc két qui thuc nghiém ctia cic hé
phan 16p dua trén luat md st dung cAu tric phan hoach kg
va k; v6i ngtt nghia tinh todn dya trén tdp md cé dang ham
S cla céc ti ngdn ngilt va so sanh danh gia véi cac hé phan
16p khac d€ minh ching tinh hiéu qua ctia cc hé phan 16p
dugc dé xuét.
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Bit dau

Sinh céc khoang tinh mo muc &;,
anh xa ngit nghia dinh lugng
khoang va cac tdp mo tur gia tri
clia cac tham sé ngit nghia cho
tht ca cac thudc tinh

Sinh cac luat co s¢ do dai n tir
céc khodng tinh m¢ mirc £; chira
dir ligu

!

Tinh d6 tin cdy va do hd tro ctia
luat va sinh céc luat thar cap do
dai L tir cac luét co so do dai n

v

Sang luft véi mot tiéu chuén
sang cu the dé thu duoc tap luat
khoi dau Sy

:

Tinh trong s cho cac luat trong
tap luat khoi dau S

Két thac

Hinh 5. Luu dd thd tuc sinh tip luit khéi dau

1. Cai dat thuc nghiém

Cic thyc nghiém dugc dudc cai dit bang ngdn
ngli C# chay trén Windows 7. Cac tdp du liéu thuc
nghiém dugc ldy t ngudn KEEL-Dataset tai dia chi
http://sci2s.ugr.es/keel/datasets.php. Phucng phdp kiém tra
chéo 10 nhém dugc dp dung d€ huin luyén va kiém tra.
Dé dam béo su khac biét cta cic két qua thuc nghiém cla
cdc hé phan 16p dugc so sanh la cé y nghia, phuong phap
kiém dinh gia thuyét théng k& Wilcoxon [16] dudc st dung
d€ kiém tra gia thuyét Hy (null hypothesis) c6 do tin ciy
1a 90% (a = 0,1) véi gia dinh ring cic két qua ctia cdc
phuong phap dudc so sanh la tuong duong nhau.

Nham gidm khong gian tim kiém trong qua trinh huin
luyén, cic rang budc vé gia tri clia cac tham sb ngit nghia
dugc 4p dung nhu sau: sd gia tif am va sb gia td duong
la 1, gia t& am la “Less” (L) va gia t& duong la “Very”
W)y 1<k <302 < {fm (¢5) . £ (5 } < 0,7;
0,00001 <{fm(0,), fim(1;)} < 0,01; 0,0001 < fm(W;) <
0,2; fm (0;)+fm (c]‘.)+fm (W;)+fm (c;)+fm (1;,)=1;
0,2 < {u(Lj),u(Vj)} <0,7;0,01 < u(ho ;) <0,5; and
p(Lj) + pu (Vi) + p(ho,j) = 1.
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Thuét todn t&i uu bay dan da muc tiéu (PSO) [17] dugc
st dung cho cic bai toan tdi uu. Trong tdi uu cic tham sb
ngil nghia: s6 thé hé 1a 250; s6 c4 thé mbi thé hé 1a 600;
hé s Inertia 1a 0.4; hé sb nhan thic cd nhan 13 0,2; hé
s6 nhan thic xa hoi 1a 0,2; sb luat khdi tao bang sd thudc
tinh; do dai tdi da ctia luat 1a 1. Trong ti wu hé luat: s6 thé
hé 1a 1500; s6 luat khdi tao 1a ISgl = 300 x sd 16p; do dai
tdi da ctia luat 1a 3. Phuong phap lap luin phéan 16p dudc
stt dung trong tt ci cdc thuc nghiém la single winner rule
[3 4], tiéu chudn sang ludt 1a ¢ X s va trong s6 luat dudc
tinh todn theo cong (7).

2. Két qua thuc nghiém

Ky hi€u hé phan 16p v6i ngit nghia tinh toan duya trén tap
md dang ham § v6i phan hoach kg [[11] va phan hoach k;
[10] tuong ung la FRBC_S_kO0 va FRBC_S, hé phan 16p
vd6i ngli nghia tinh todn dua trén tdp md hinh thang véi phan
hoach ko va phan hoach k; tuong tng la FRBC_TRA_kO
va FRBC_TRA, hé phan 16p v6i ngit nghia tinh toan dua
trén tAp mo tam gidc trong [9] 1a FRBC_TRI. Bang [I| thé
hién céc két quéa thuc nghiém va so sanh giita cic hé phan
16p néu trén, trong d6 chit dam thé hién két qua tot hon
so v4i cac hé phan 16p con lai. Ky hiéu #RxC la do phic
tap clia hé phan 16p (tich ctia s6 luat trung binh va sb diéu
kién trung binh cla céc luat), P, la do chinh xac phan 16p
trung binh trén tap ki€m tra.

Cic két qua thuc nghiém trong Bang [I| cho thiy, hé phan
16p FRBC_S_KkO0 c6 do chinh xéc phan 16p trén tap kiém tra
cao hon so véi cac hé phan 16p FRBC_S, FRBC_TRA_kO,
FRBC_TRA va FRBC_TRI tuong dng dbi véi 15, 18, 17
va 20 trong sd 23 tap dit liéu dudc thuc nghiém. So sinh
dya trén d6 chinh xac phan 16p trung binh cta 23 tap di liéu
dugc thuc nghi€m, hé phan 16p FRBC_S_KkO0 c6 d6 chinh
xédc phan 16p trung binh 1a 83,04%, cao nhit so véi cic hé
phéan 16p con lai. So sanh dya trén d6 phic tap cia hé phan
16p, cac hé phan 16p khong c6 su chénh léch nhiéu. Ngoai
ra, hé phan 16p FRBC_S c6 dd chinh xic phan I6p trung
binh 1a 82,79%, cao hon so véi hé phan 16p FRBC_TRA va
FRBC_TRI lan lugt c6 do chinh xdc phan 16p trung binh
1a 82,67% va 81,92%. Cac két qua kiém dinh gia thuyét
théng ké Wilcoxon [16] véi do tin cdy 90% (@ = 0, 1) st
dung dit liéu trong Bang [I| véi gid thiét do chinh x4c phan
16p va do phtc tap tuong ting cta hai hé phan 16p la tuong
duong nhau (Gia thuyét Hy) dugc thé hién trong Béang [l va
Bang Cic gia tri Exact p-value trong Bang [l| déu nhd
hon @ = 0,1 cho biét ring gia thuyét tuong duong Hy vé
d6 chinh xac phan 16p gitta cac hé phan 16p dudc so sanh
bi bac bd. Diéu nay c6 nghia 1a hé phan 16p FRBC_S_k0
c6 do chinh xac phan 16p cao hon so véi cac hé phan 16p
FRBC_S, FRBC_TRA _Kk0, FRBC_TRA va FRBC_TRI;
hé phan 16p FRBC_S c6 d¢ chinh xac phén 16p cao hon so
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Béang 1
KET QUA THUC NGHIEM CUA CAC HE PHAN LGP FRBC_S_KgO, FRBC_S, FRBC_TRA_KO0, FRBC_TRA vA FRBC_TRI
STT | Tap dit lie FRBC_S_k0 FRBC_S FRBC_TRA_KkO FRBC_TRA FRBC_TRI
ap du lieu #RXC Pre | #RXC Pre #RXC Pre | #RXC Pre #RXC Pre
1 Appendicitis 23,30 88,73 17,35 88,48 19,90 88,64 16,77 88,15 21,32 87,55
2 | Australian 46,23 87,54 35,93 87,25 46,16 87,49 46,50 87,15 36,20 86,38
3 | Bands 59,40 73,00 55,80 73,40 61,80 72,95 58,20 73,46 52,20 72,80
4 | Bupa 177,72 72,03 221,65 72,19 186,05 71,97 181,19 72,38 187,20 68,09
5 | Cleveland 509,54 61,73 433,16 61,86 703,17 61,14 468,13 62,39 657,43 62,19
6 | Dermatology 240,11 96,26 254,98 94,50 216,50 96,17 182,84 94,40 198,05 96,07
7 | Glass 467,18 72,97 364,08 72,30 400,20 72,32 474,29 72,24 343,60 72,09
8 | Haberman 12,00 77,42 16,00 77,43 12,00 77,41 10,80 77,40 10,20 75,76
9 | Hayes-roth 117,14 85,21 136,65 84,36 128,44 84,58 | 114,66 84,17 122,27 84,17
10 | Heart 117,24 84,94 95,25 84,69 124,75 85,43 12329 84,57 122,72 84,44
11 Hepatitis 26,10 91,22 36,63 89,99 25,95 91,22 25,53 89,28 26,16 88,44
12 | Ionosphere 98,81 92,32 92,83 91,65 96,91 92,22 88,03 91,56 90,33 90,22
13 | TIris 16,52 98,00 17,76 97,33 21,73 97,78 30,37 97,33 26,29 96,00
14 | Mammogr. 77,87 84,36 76,84 84,25 49,67 84,33 73,84 84,2 92,25 84,20
15 | Newthyroid 44,55 96,59 49,98 95,84 41,50 96,00 39,82 95,67 45,18 94,42
16 | Pima 62,11 76,45 47,55 77.17 57,70 717,09 56,12 77,01 60,89 76,18
17 | Saheart 95,24 71,07 68,13 70,42 89,79 70,71 59,28 70,05 86,75 69,33
18 | Sonar 59,29 77,98 62,32 79,43 53,86 717,95 49,31 78,61 79,76 76,80
19 | Tae 163,80 61,22 176,48 61,44 176,06 61,43 210,70 61,00 261,00 59,47
20 | Vehicle 177,29 68,48 207,91 68,88 163,80 68,41 195,07 68,20 24279 67,62
21 Wdbc 27,88 96,19 35,85 95,90 28,00 96,72 25,04 96,78 37,35 96,96
22 | Wine 36,73 98,87 46,79 98,51 36,37 98,50 40,39 98,49 35,82 98,30
23 | Wisconsin 91,27 97,34 73,66 96,80 79,82 97,05 69,81 96,95 74,36 96,74
Trung binh 119,45 83,04 114,07 82,79 122,61 82,94 114,78 82,67 126,53 81,92
Bang 11

SO SANH PO CHINH XAC GIUA CAC HE PHAN LGP FRBC_S_KO0, FRBC_S, FRBC_TRA_KO(,

FRBC_TRA vA FRBC_TRI BANG PHUONG PHAP KIEM DINH WILCOXON VOI &

0,1

So sanh (@ =0,1) R* R~ Exact P-value Gia thuyet Hy

FRBC_S_k0 vs FRBC_S 196,0 80,0 0,0802 Bi bac bd

FRBC_S_k0 vs FRBC_TRA_k0 188,0 65,0 0,04616 Bi bac bd

FRBC_S_k0 vs FRBC_TRA 208,0 68,0 0,03266 Bi bac bd

FRBC_S vs FRBC_TRA 188,5 64,5 0,04433 Bi bac bd

FRBC_S vs FRBC_TRI 240,0 36,0 0,0011184 Bi bac bd

Bang III

SO SANH PO PHUC TAP GIUA CAC HE PHAN LOP FRBC_S_K0, FRBC_S, FRBC_TRA_KO0,
FRBC_TRA vA FRBC_TRI BANG PHUONG PHAP KIEM PINH WILCOXON VOl = O,1.

So sanh (@ = 0,1) R* R Exact P-value | Gia thuyét Hy

FRBC_S_kO0 vs FRBC_S 133,0 1430 > 0,2 Khong bi bac bo

FRBC_S_kO0 vs FRBC_TRA_kO0 126,0 150,0 > 0,2 Khong bi bac bo

FRBC_S_kO0 vs FRBC_TRA 99,0 177,0 > 0,2 Khong bi bac bo

FRBC_S vs FRBC_TRA 115,0 161,0 > 0,2 Khong bi bac bo

FRBC_S vs FRBC_TRI 161,0 115,0 > 0,2 Khong bi bac bo

v6i hai hé phan 16p st dung cling cdu tric phan hoach k;
la FRBC_TRA va FRBC_TRI. Céc gia tri Exact p-value
trong Béng [[I] déu 16n hon « = 0,1 nén gia thuyét tuong
duong Hy vé do phiic tap ctia cic hé phan 16p khong bi
bac bd. Do d6, ta c6 thé khang dinh ring, véi cing mot
céach biéu dién phan hoach md thi cic hé phan I6p dua trén
ludt mg véi nglt nghia tinh toan dya trén tdp md cla cac
ti ngdn ngt ¢6 dang ham § dugc sinh bdi DPSGT mé rong
cho d¢ chinh xac phéan 16p cao hon so véi dang hinh tam
gidc va hinh thang do ham S biéu dién sy bién thién vé
ngil nghia tot hon. Ngoai ra, ciu tric phan hoach k¢ cho
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hiéu suit phan 16p t6t hon cu tric phan hoach k; ddng
thdi ddm bao tinh giai nghia dugc clia hé phéan 16p nhu da
dudc chiing minh trong [[11]].

Nham thé hién tinh hiéu qua ctia hé phan 16p v6i ngit
nghia tinh toan dua trén tdp md dang ham S dugc sinh béi
DSGT mé rong dugc dé xuit so véi tiép can ly thuyét tap
md, cic két qua thuc nghiém cda hé phan 16p FRBC_S
dugc so sanh véi cac két qua cla hai hé phan 16p PAES-
RCS va FURIA [2]. Két qui so sanh trong Bang cho
thiy, hé¢ phan 16p FRBC_S cho do chinh xédc phan 16p trén



Cdc cong trinh nghién cifu, phat trién va ing dung CNTT va Truyén théng

Bang IV
KET QUA THUC NGHIEM CUA HE PHAN LGP FRBC_S, PAES-RCS vA FURIA

FRBC_S PAES-RCS

FURIA

STT | Tap dir liéu IRRC Prs IRXC 2% #Pse #RxC IRRC Prs #Pse #RxC
1 Appendicitis 17,35 88,48 35,28 85,09 3,39 -17,93 19,00 85,18 3,30 -1,65
2 | Australian 35,93 87,25 329,64 85,80 1,45 -293,71 89,60 85,22 2,03 -53,67
3 | Bands 55,80 73,40 756,00 67,56 5,84 -700,20 535,15 64,65 8,75 -479,35
4 | Bupa 221,65 72,19 256,20 68,67 3,52 -34,55 324,12 69,02 3,17 -102,47
5 | Cleveland 433,16 61,86 1140,00 59,06 2,80 -706,84 134,67 56,20 5,66 298,49
6 | Dermatology 254,98 94,50 389,40 95,43 -0,93 -134,42 303,88 95,24 -0,74 -48,90
7 | Glass 364,08 72,30 487,90 72,13 0,17 -123,82 474,81 72,41 -0,11 -110,73
8 | Haberman 16,00 77,43 202,41 72,65 4,78 -186,41 22,04 75,44 1,99 -6,04
9 | Hayes-roth 136,65 84,36 120,00 84,03 0,33 16,65 188,10 83,13 1,23 -51,45

10 | Heart 95,25 84,69 300,30 83,21 1,48 -205,05 193,64 80,00 4,69 -98,39
11 Hepatitis 36,63 89,99 300,30 83,21 6,78 -263,67 52,38 84,52 5,47 -15,75
12 | Ionosphere 92,83 91,65 670,63 90,40 1,25 -577,80 372,68 91,75 -0,10 -279,85
13 | TIris 17,76 97,33 69,84 95,33 2,00 -52,08 31,95 94,66 2,67 -14,19
14 | Mammogr. 76,84 84,25 132,54 83,37 0,88 -55,70 16,83 83,89 0,36 60,01
15 | Newthyroid 49,98 95,84 97,75 95,35 0,49 -47,77 100,82 96,30 -0,46 -50,84
16 | Pima 47,55 77.17 270,64 74,66 2,51 -223,09 127,50 74,62 2,55 -79,95
17 | Saheart 68,13 70,42 525,21 70,92 -0,50 -457,08 50,88 69,69 0,73 17,25
18 | Sonar 62,32 79,43 524,60 717,00 2,43 -462,28 309,96 82,14 -2,71 -247,64
19 | Tae 176,48 61,44 323,14 60,81 0,63 -146,66 43,00 43,08 18,36 133,48
20 | Vehicle 207,91 68,88 555,77 64,89 3,99 -347,86 2125,97 71,52 -2,64 -1918,06
21 Wdbc 35,85 95,90 183,70 95,14 0,76 -147,85 356,12 96,31 -0,41 -320,27
22 | Wine 46,79 98,51 170,94 93,98 4,53 -124,15 80,00 96,60 1,91 -33,21
23 | Wisconsin 73,66 96,80 328,02 96,46 0,34 -254,36 521,10 96,35 0,45 -447.44
Trung binh 114,07 | 8279 | 35523 | 80,66 281,49 | 80,34
Bang V
SO SANH PO CHINH XAC CUA HE PHAN LOP FRBC_S so v61 PAES-RCS
vA FURIA BANG PHUONG PHAP KIEM DINH WILCOXON VOI & = 0,1

So sanh (@ = 0,1) R R Exact P-value | Gia thuyet Hy

FRBC_S vs PAES-RCS 275,0 1,0 2,622E-5 Bi bac bo

FRBC_S vs FURIA 227,0 49,0 0,005414 Bi bac bd

Bang VI
SO SANH PO PHUC TAP CUA HE PHAN LGP FRBC_S so vG1 PAES-RCS
vA FURIA BANG PHUONG PHAP KIEM DINH WILCOXON VOI & = 0,1

So sanh (@ = 0,1) R R Exact P-value | Gia thuyet Hy

FRBC_S vs PAES-RCS 275,0 1,0 4,768E-7 Bi bac bo

FRBC_S vs FURIA 225,0 51,0 0,00671 Bi bac bd

tap kiém tra cao hon hé phan 16p PAES-RCS va FURIA
1an lugt 1a 21 va 15 trén 23 tap dif liéu dugc thi nghiém.
Xét trén gia tri trung binh ctia d0 chinh xdc phan 16p, hé
phan 16p FRBC_S c6 gia tri trung binh la 82,79%, cao
hon 14n luot 1a 2,13% va 2,45% so véi hé phén 16p PAES-
RCS va FURIA c6 gid tri trung binh 1an lugt 1a 80,66%
va 80,34%. Phan tich trén do phtc tap cia hé phan 16p, hé
phan 16p FRBC_S c6 do phiic tap phan 16p thip hon rat
nhiéu so véi hai hé phan 16p con lai, tuong dng 1a 114,07
so véi 355,23 va 281,49.

Cic két qua kiém dinh gia thuyét théng ké Wilcoxon véi
do tin cay 90% (a =0, 1) stt dung dir liéu trong Bang
dbi v6i do chinh xdc phan 16p va do phiic tap ctia hé phan
16p dugc thé hién tuong tng trong Bang E] va Béang
Ta thdy rang, cic gia tri gid tri Exact p-value d&u nhd hon

@ = 0,1 nén gia thuyét tuong duong vé d6 chinh xdc phan
16p va do phtc tap cia hé phan 16p cia FRBC_S tuong
ting so vdi hai hé phan 16p dugc dbi sanh PAES-RCS va
FURIA bi bic bd. Do d6, ta cé thé khing dinh ring hé
phan 16p FRBC_S t6t hon hai hé phan 16p con lai trén ca
hai ti€u chi do chinh xac phin 16p va do phic tap cda hé
phan 16p. Do hé phan 16p FRBC_S_KO sit dung ciu triic
phan hoach ko t6t hon so véi hé phan 16p FRBC_S st dung
phin hoach ki nhu da dugc so sanh & trén nén ta c6 thé
két luan ring hé phan 16p FRBC_S_kO t6t hon hai hé phan
16p PAES-RCS va FURIA.

IV. KET LUAN

Ngit nghia dinh tinh cda cdc tit ngdén ngl trong cd sb
luat ctia hé phan 16p dua trén luat mo khong ding d€ tinh
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todn dugc. Do do, viéc biéu dién ngilt nghia tinh toan phu
hgp véi ngit nghia dinh tinh cia céc tif ngdn ngt dong vai
trd quan trong. Bai bdo nay trinh bay phuong phap biéu
dién ngit nghia tinh todn dya trén tip m& dang ham S dugc
sinh ra bdi PSGTMR cho céc tit ngdn ngit dugc st dung
dé€ biéu dién céu tric phan hoach da thé hat dang ko va
k;. Cac két qua thuc nghiém va kiém dinh gia thuyét théng
ké Wilcoxon cho thdy tinh hiéu qui clia cic phuong phap
dugc dé xuit khi 4p dung cho hé phan 16p dua trén luat

ma.
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Tém tat: Xay dung va phat trién céc trung tam dit liéu (DC — Data Center) kich thudc vira va nhd dang dugce cac doanh
nghiép Viét nam quan tim. Mdt thich thic 16n & day 1a thiét ké t6-pd lién két c6 chi phi trién khai thip ma dam bdo tinh
linh hoat cao nhu dé md rong va ddp tng diéu kién han ché vé khong gian nhu: két hop nhiéu phong mdy chi ¢ dién
tich san bi gi6i han, khong lién ké (ddi khi & cdc ting khac nhau trong toa nhd). Céc kién triic t6-pd mang lién két dugc
ting dung phd bién trén thé gi6i 1a khong thuc su phu hop cho nhiing diéu kién thuc té dic thi nay. Trong bai bio nay,
ching to6i dé xuit mot giai phap to-pd mang lién két dang lai, ky hiéu Bus-RSN, c6 thiét ké dic thu phu hop cho viéc
lap dit cac DC cd vita va nhd nhim théa man cic muc tiéu trén. To-pd dé xudt dudc tao ra bing cach lai két hop t6-pod
dang Bus va t6-pd RSN (Random Shortcut Networks) [8], trong d6 thanh phan bus déng vai tro 1a dudng truc két nbi cac
viing mdy chi lién tuc (tuong ting mot phong hay san) ma mdi ving dugc lién két biang mot ciu tric RSN, phu hop véi
gi6i han khong gian riéng biét clia mdi phong mdy chd. So sdnh vdi cdc gidi phap t6-pd hién cé ding quan tAm thong
qua thuc nghiém vé6i cong cu phan mém [[1]], ching toi thiy gidi phap dé xuét c6 thé dem lai mot lua chon c6 tinh thuc
tién cao: giam dudgc chi phi thiét bi ding ké trong khi yéu t6 hiéu niing quan trong nhit (d6 tré truyén tin) bi 4nh hudng
giam tuong d6i nhd. Ching han v6i mot cu tric khong gian gdm 2 san lap dit riéng biét, Bus-RSN c6 thé tiét kiém chi
phi thiét bi mang dén 26% so véi to-pd hién dai hang dau 1a JellyFish [2] ma chi thua kém 12% vé do tré truyén tin.

T khéa: 16-p6 mang, mang lién két dang lai, thudt todn dinh tuyén, mang ngdu nhién.

Title:  Bus-RSN: An Interconnect Topology for Medium-Size Data Centers, Saving in Cable and Fitting to Incremental
Expansion to Non-continuous Space
Abstract:  The demand of building Industrial Data Centers in small and medium sizes is growing significantly in Vietnam. One
faces a challenging task in designing interconnection topologies that are flexible and incremental, of initial cheap cost,
and suitable for being deployed in separate rooms. Existing popular interconnect topologies are not good enough in
these mentioned special conditions. In this paper, we propose a hybrid interconnect, dubbed Bus-RSN, that is specially
designed for these mentioned purposes. Simplistically speaking, this interconnect is created by combining a Bus structure
and a random shortcut network (RSN [8]) wherein the bus is used as a backbone to connect the separate server rooms
while each server room is locally connected by a RSN structure. Using our simulation-based software tool [1] we
compare our proposed interconnect with popular suitable existing ones, including JellyFish [2], and R3 [3]], and obtain
encouraging results: ours loses a bit in latency (12%) but saves a lot in cable cost (26%) comparing to JellyFish, the
popular for fast communication.

Keywords:  network topology, hybrid-network, routing algorithm, random network.

I. GIOI THIEU nghiép Viét nam dang trd nén phd bién, vi du nhu tai cac
ngin hang, thu vién di liéu s, trung tim bdo chi. Ngoai

Nhu ciu xdy dung va phat trién riéng cac hé théng DC phuong 4n thué dia diém dit mdy chd tai cdc DC 16n cia
(Data Center, viét tit: DC) c& vita va nhd tai mot sé doanh cdc doanh nghiép cong nghé hang dau nhu Viettel, VNPT,
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FPT ..., cac doanh nghiép du 16n ciing dang md rong thém
phuong 4n dau tu xdy dung méi cic DC ¢ nhd (khodng
vai chuc dén vai trim mdy chii), nhdm chi dong trong viéc
dau tu, khai thac hé théng. Ban diu cic DC nay c6 thé
chi phuc vu hoat dong riéng clda doanh nghi€p nhung sau
d6 né c6 thé mé rong 1én khi doanh nghiép mé rdng kinh
doanh va c6 thé két hop cho bén ngoai thué bao khai théc.
Vi thé, nét dic thi clia xu hudng nay 1a viéc thiét 1ap khong
gian cho DC can mang tinh linh hoat, mém déo d€ c6 thé
md rong dan, thich hop véi viéc cac DC c6 thé ting trudng
kich thuéc lién tuc (tif ¢d nho, vai chuc dén hang trim may,
1én c6 vua, hang nghin may).

Khéc véi viée xay dung cac trung tdm dit li€u 16n thuong
bao gdm viéc xay dung nhiing tda nha hay khu vuc khong
gian biét lap véi cac diéu kién ly tudng, viéc 1ap phuong 4n
xdy dung céc DC vita va nhé thudng wu tién tinh kinh t&
bing cach khai thic cic khoang khong gian con trong hay
dugc chuyén déi chic ning trong cdc toa nha doanh nghiép
dd c6 sin. Nhitng khong gian mang tinh huy dong gom lai
ndy thudng c6 nhitng han ché nhu khoéng di rong 16n va
lién tuc, c6 thé 1a su két hop cda nhiéu phong hay mit san
stt dung tach roi nhau (thim chi c6 thé ndm trén nhiéu ting
tach biét ctia mot toa nha). O mot sb tinh hudng khéc, mot
DC ¢d nhd ban dau c6 thé dugc phat trién dan dan vé qui
md va c6 thé “phinh ra” vudt qui su cho phép ciia khdng
gian thiét k& ban diu. Thudng 1a do kha ning huy dong
nguodn vén ban dau, DC c6 thé c6 kich thudc nhd va bd tri
lap dit trong mot khong gian vita phai, nhung néu sau dé
hoat dong hiéu qud, doanh nghiép c6 th€ huy dong thém
von vd muébn tim cich md rong kich thuéc DC mot cach
linh hoat. Do d6 khéng gian ldp dit ban diu c6 thé khong
con chd va phai tién hanh xem xét viéc mé rong sang khu
vuc mdi (mit sin méi) va can tim phuong 4n gidi quyét
viéc két ndi giita 2 khu vuc sao cho hiéu qua nhét.

Cic DC c6 thé dugc md hinh héa dudi dang do thi
G(V,E) vé6i G 1a tap céc dinh biéu dién cho cic niit mang
va E 1a tap cic canh biéu dién cho cic lién két giita chiing,
dudc tao ra bdi céac luat lién két dudc dinh trude. Trong bai
bdo nay, véi N = |V| dinh cho truée, ching t6i nghién ciiu
tim cach sip xép N dinh nay vao khong gian khong lién tuc
va luat lién két gita ching dé xay dung mot mo hinh mang
lién két phu hop nhit, tifc 1a dat dugc hiéu ning va tinh
kinh té thich hgp, cho dang DC c6 tinh dé md rong ting
ddn ddng thdi c6 thé bé tri ldp ddt trong mot khong gian
thiéu lién tuc, tic 1a c6 thé 1a su két hop clia nhiéu mit san
(khong gian 1ap dit lién tuc) tach rdi va c6 khoang cach
nhét dinh gitta chiing. Chiing tdi trudc hét khao st cac mo
hinh mang lién két da dugc dé xuit thudc thiét ké to6-po
mang lién két hiéu niing cao, tir d6 tim cach phat trién mot
dang t6-pd ki€u mdi phll hop véi thuc trang doanh nghiép
nho va vua.
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Theo két qua clia mdt qué trinh khio sét tuong d6i cong
phu ching t6i nhan thiy c6 3 céach tiép can chinh trong
thiét ké to6-pd mang lién két ctia mot DC: theo dang to-
pd chudn tic (regular topology), hodc t6-pd mang ngiu
nhién (random network topology), hoac t6-p6 lai (hybrid
topology) 1a su két hop nhiing dic thu tif ¢4 hai dang trudc
do.

Cic t6-pd dang chudn tic phai tuin theo cdc qui udc
nghiém ngit nhu tinh dbi xting gitia cdc dinh, hay céc tinh
chét cu tric dic biét riéng nén viéc mé rong qui mo 1a gan
nhu khong thé; néi cach khac, cac mang lién két da dugc
thiét ké theo t6-pd dang chuédn tic 1a sé gin nhu dong véi
moi sy thay ddi. Véi céc to-pd chudn tic truyén thong, néu
nhu bat budc phai thay d6i dé€ ting qui mo, gan nhu ngudi
ta sé phai xay dung lai cd hé théng mang. Cac t6-po thé
hé méi, dudc dé xuét gan day nhu Fat-Tree [4, 5], c6 mot
s6 cdi thién vé kha ning md rong tuy nhién vin con kém
linh hoat do vin cin dam bdo tinh ddi xing va bac cda
nit mang 12 khd 16n. Mudn mé rong qui mo, doanh nghiép
s& can phai thay thé toan bo cac thiét bi chuyén mach cii
bing loai méi v6i sd cong (port) cao hon, thudng la dit
tién hon nhiéu, din dén chi phi md rong rit 16n. Ngoai ra
do Fat-Tree c6 bac dinh cao, yéu cau xay dung DC trong
khong gian 12 két hop clia mot sé mit san roi nhau sé gy
rt tén kém vé cdp mang.

Tiép can t6-pd dang mang ngiu nhién ra doi chinh nham
muc dich ddm bio khi ning md rong qui mo ting dan
(incremental growth), trong d6 t6-pd JellyFish [2] 1a mot
dién hinh va dugc gidi hoc thuat quan tim nhiéu. Tuy nhién
céc to-pd dang ndy van it nhiéu c6 tinh dbi xding va bac
dinh cao (JellyFish 1a mot do thi ngdu nhién c6 bac dinh
hing s6 r cho trudc) nén ciing doi hdi huy dong cdp mang
rit 16n néu khong gian 1ap dit khong 1a mot mit san lién
tuc duy nhit.

Mot nhém cic gidi phap to-pd lai ciing da dugc dé xuat,
v6i t6-pd dua trén ciu tric siéu khdi (hyper-cube) va thuc
hién dé quy dé€ mé rong, vi du R3 [3]], BCN [6], DCell [77].
Do dua trén céu tric siéu khéi, nén mot han ché dang ké
clia cdc dang t6-po nay chinh 1a su mé rong, vi du, néu bd
sung thém mot vai nit mang trong mot td-pd thanh phan,
thi cic t6-po thanh phan khac ciing phai dudc bd sung thém
s6 lugng nit tuong ting d€ dam bdo tinh chuin va tinh dé
quy. Piéu nay c6 thé gy ra su du thiia nit mang, gia ting
khong can thiét vé& chi phi thiét bi va trién khai cai dit mé
rong. Hon nifa, cdc to6-pd thanh phan phéi dugc trién khai
trén céc phong mdy chii c6 khong gian dong déu nhau.

Theo khi khdo sit kj cic t6-pd mang lién két da biét
theo ca 3 nhém tiép cin ndi trén, dic biét chd y khéo st
céc dai bi€u clia méi nhém 12 Fat-Tree [4]], JellyFish [2] va
R3 [3], ching t6i rit ra két luan 1a cdc thiét ké to6-pd mang
dugc dé xuit truéc day hudng t6i viec xiy dung cic DC



¢d 16n va mic du khong dé cap dén van dé khong gian 1dp
dit ctia cac phong mdy chd, c6 mot gia thiét ngdm dinh 1a
cic co sd vat chat (khong gian 1ap dit) duge xdy dung sao
cho phui hgp véi thiét ké t6-pd mang tuong ting. Do d6 hau
hét cic t6-pd mang phd bién, bao gdm ca cac td-po lai loai
hién dai hudng t6i tinh mé rong, sé gdp kho khan 16n trong
viéc trién khai trén mot dia ban c6 tinh chét thiéu lién tuc
va khong ddng nhit nhu dé cap trén.

Trong bai bdo nay, ching t6i dé xuit Bus-RSN, mot
md hinh t6-pd lai (hybrid topology) nhu la mot giai phap
chuyén dung, d& xuit riéng cho bai todn xiy dung DC véi
nhiing yéu t6 dic thu néi trén. Kién tric nay 1a su két hop
hai dang t6-pd: 1) Bus — c6 dién va tbi gian, va 2) RSN
(Random Shortcut Networks) [8]; su ra ddi ctia né 1a xuét
phét tif nhiing quan sit thuc té phat trién DC trong nudc
cla chung t6i. V6i mot trung tim DC ¢4 viua hoac nhd,
c6 thé 1ap dat trong khong gian hgp thanh tif nhiéu phong
(san) 13i rac; céc tng dung khai thac ciing thudng yéu cau
mot s6 lugng mdy chi phuc vu khong 16n, phu hop trién
khai trong mot phong may chd nao do. Vi vdy giao th6n
qua lai cia mot ung dung khai thic thuong xuyén sé la
gilta cac mdy chu cung phong, 1a khong 16n. Do dé, chung
t6i dé xuét stt dung céu tric Bus nhu 1a mot “dudng xuong
song” dé lién két cac phong may chd, di cho cdc nhiém
vu quéan ly, kiém soat mang dong thoi thiét kiém chi phi
cdp mang va thiét bi lién quan. P6i v6i mdi phong mdy
chi, ching t6i 4p dung mo hinh lién két ngdu nhién RSN
(ph6i hop giita cAu tric ludi va cic lién két ngiu nhién)
d€ 1am giam dudng kinh mang va van cho phép tiét kiém
cdp mang. Bén canh d6, chiing toi ciing thém vao thiét ké
mot dang lién két ngdu nhién giita cac phong mady, dugc
bé sung vao cic mit mang dic biét (goi 1a bus-node) giit
nhiém vu nhu cdc nit trung tAm ctia cac khoi don vi thanh
phan clia cdc mit san phong mdy lién tuc (ching téi ding
cdc thuat ngit block va zone dé€ goi cic ciu thanh mang
néi trén). Nhiing lién két ngdu nhién loai nay cho phép rit
ngan duong kinh mang (graph diameter) va dam bao ring
ngay ca khi cdc ting dung trién khai trén nhiéu hon mot
mit san (zone) thi vin dudc phuc vu hiéu qua.

Thong qua danh gid bing thuc nghiém, ching toi thiy
BUS-RSN dat dugc nhiing hiéu qué tot hon dang khich 1&
khi so sdnh véi nhiing t6-pd cu thé dai bi€u quan trong
ciia cac nhom ndi trén (Fat-Tree [4} 3], JellyFish [2], R3
[3) khi cung thiét 1ap v6i nhitng diéu kién dic thu cu thé
da dé cap. Ching han nhu dbi vi mot yéu cau thiét lap
mang 128 miit chuyén mach (switch), 1dp dit trén 2 mit
san (zone) biét 1ap (cach nhau 15 mét) mdi san c6 4 khoi
don vi (block), Bang Il cho thiy, thiét lap theo JellyFish
(JE-KSPR-2) sé dat dudc hiéu niing cao nhét vé do tré udc
luong (Estimated Latency) nhung hon thiét 1ap theo BUS-

ISy di chuyén ctia cdc géi tin giita cdc nit mang
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RSN (BR-HRA-2-4) ding tht hai chi khoang 12%; trong
khi d6 BR-HRA-2-4 1a tiét kiém nhét vé cap mang, chi la
18% khi so v6i JF-KSPR-2, va do d6 tdng gia thanh du
kién chi 1a 74% cla JF-KSPR-2.

Bang I
KET QUA THUC NGHIEM BUS-RSN bUGC THIET LAP
2 ZONE, MOI ZONE 4 BLOCKS TREN MANG 128 NUT.

128 niut mang | ARPL | Latency Cable Total cost
BR-HRA-2-4 2,95 326,45 | 1.528,20 | 731.804,30
JE-KSPR-2 2,90 289,89 | 8.273,20 | 986.491,50
R3-SPR-8 4,78 534,62 3.605,2 | 826.216,60
RSN-SPR-2 3,12 34428 | 3.813,00 | 784.523,55

R rang nhiing két qua thuc nghiém nhu thé nay cho thiy
gidi phap dé xuit cla ching toi 1a rit ding dugc xem xét
va c6 th€ 1a mot lya chon hitu ich cho cdc doanh nghiép
trong nudc dang xem xét thiét ké DC vdi cac diéu kién dic
thu dé cap.

Phin con lai ctia bai bio dudc t& chiic nhu sau: phin
trinh bay cdc nghién ctiu lién quan, phin trinh bay
gidi phdp chinh, phan [[V|trinh bay cdc két qua thuc nghiém
cling v6i mot s6 thiét 1ap mang cu thé theo diéu kién dic
thit quan tdm va phan két luan dugc trinh bay trong phan

\v!

II. CAC NGHIEN CUU LIEN QUAN
1. To-p6 mang lién két

CAu triic t6-pd thé hién su sap dit cac it man va cac
lién két gitta chiing. Trong pham vi bai bdo nay, chiing toi
tdp trung vao t6-pd dp dung cho DC ma trong dé cic may
cht dugc két ndi v6i nhau thdng qua ciu triic mang chuyén
dung, sao cho dam bio cic muc tiéu thiét ké cu thé nhu
1a chi phi thiét bi thap, kha ning ddp tng cao, va md rong
nhanh chong.

Cic to-pd truyén thdng trudc diy dudc dé xuit ap dung
cho DC véi kich thuéc mang nhd, vi du Grid, Torus,
HyberCube. Céc dang t6-p6 nay dudc goi 1a cic t6-pd chuin
tic véi cdc quy tic chit ché vé mit két nbi va dam bao bac
dinh déu trén moi nit. Tuy nhién, khi kich thuéc mang (sb
nit mang) ting 1én nhanh chéng do su phat trién manh cda
DC, cic t6-pd truyén thdng trd nén kém hiéu qua khi khong
dép dng dugc khd ning mé rong va tinh mém déo. Cu thé
la viéc b6 sung thém céc nit mang, ting/giam kich thudc
mang c6 thé dugc tién hanh thudng xuyén, nhiéu lan véi
quy mo da dang, nhung van phai ddm bdo hiéu ning mang.
Véi kich thuéc mang ngay cang ting, tinh mém déo doi hdi
cao thi cic van dé nhu tiét kiém chi phi thiét bi va cap két
ndi, tiét kiém ning luong khi tai thap, tré thanh nhiing chi

2vi dy nhu cdc mdy tinh todn hoic céc thiét bi chuyén mach — switch
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dé ding quan tdm. C6 thé thiy vin dé nay dudc dé cap
trong hang loat nghién cifu gin dy vé viéc thiét ké mang
lién két trong DC nhu HELIOS [9], BCube [10]], Dcell [[7],
Scafida [[11], MDCube [12], VL2 [13]]. Do vdy, cic nha
nghién ctdu tich cuc dé xuét nhiing dang kién tric to6-pod
méi phit hgp hon cho céc yéu cau hién dai nhu Smallworld
DataCenter [14], JellyFish [2], Space Shuffle [[15], Fat-Tree
[4, 5], SkyWalk [16], Dragonfly [17].

Mot vai dé xuit gan day d6i v6i cdc mang dung ludng
cao khai thic ciu triic cu thé cho t6-po va thuit toan dinh
tuyén tuong ing. Chiing bao gém Folded-Clos (hay con goi
1a Fat-Tree) [4, [5| [13] [18]], mot vai thiét ké c6 st dung cdc
mdy chii trong viéc chuyén tiép géi tin [7, [10, [12]] va cac
thiét ké st dung cong nghé mang két nbi quang [l [19].
Déi v6i mot sd td-pd cu thé, viéc bd sung thém s6 luong
mdy chid trong khi phdi ddm bao céc thudc tinh chit ché
clia ciu tric s& phai thay thé mot s6 lugng 16n céc thanh
phan mang ciing nhu thuc hién lai viéc thi cong lai tuyén
cap. MDCube [12]] cho phép mé rong mang thém vai nghin
mady chq, trong khi DCell [[7] va BCube [10] cho phép md
rong dén céc kich thu6c mang du kién, nhung phai thiét ké
bd sung cdc cdng két ndi du phong, didu nay din dén su
du thira va chi phi 1dp dit ting 1én.

Trong s6 cac dé xuit, Fat-Tree [4] 5] dugc xem la mot
trong nhitng mo hinh hiéu qua déi véi DC c6 kich thudc
mang 16n (vi du, c6 thé hd trg két ndi 1én dén 65536 may
chti véi thiét bi switch c6 64 cdng) véi viéc t& chic ciu
triic mang thanh 3 tang riéng biét, bao gdm tang 16i (Core
Layer), tang trung gian (Aggregation Layer) va tang két
ndi truc tiép cac host (Edge Layer). Mic du bac dinh cta
céc nit mang trong md hinh Fat-Tree khong déu nhau, tuy
nhién, xét trong cling mot ting, cdc niit c6 cling bac dinh
va chiing dudc két nbi véi nhau theo quy luat mot cach chit
ché. Do vy, Fat-Tree dudc xem 12 mot regular topology thé
hé sau so véi cac Regular Topology truyén théng (vi du nhu
Torus, Grid, HyperCube). Thiét ké ctia Fat-Tree dam bdo
tham s6 oversubcription dat 1:1, ¢6 nghia 1a dam bao tit ca
cdc host c6 kha ning két ndi t6i bat ky host khdc véi bing
thong dudng truyén két nbi dat t6i da. Mic du Fat-Tree c6
nhiéu vu di€ém nhu dudng kinh mang thip, do tré truyén
tin thip, oversubcriptio| dat 1:1, tuy nhién, né ciing ton
tai mot s6 han ché dang ké. Do cAu triic chit ché, nén kha
ning md rong cia Fat-Tree phu thudc vao s6 cong thiét bi
switch dugc st dung trong viéc két ndi mang. Vi du, kich
thudc 3456, 8192, 27648 va 65536 tuong ung véi sb cong

3Cac thiét ké DC dé xuét oversubcription nhu 1a mot tham sé dé lam
gidm tdng chi phi cda thiét ké d6. Oversubcription la ti 1¢ gifta tong
bing thong, trong trudng hop tdi nhit, c6 thé dat dugc giita cic hosts
dbi vé6i tong bing théng cuc dai ciia mét cAu tric t6-pd cu thé. Vi du,
gia tri oversubcription 5:1 ¢4 nghia la bang thong cda host chi dat 20%.
Théng thuong, cic DC dugc thiét ké oversubcription tir 2,5:1 (tuong duong
400Mbps) dén 8:1 (tuong duong 125Mbps) dbi vdi bing thong dudng
truyén 1a cho mang st dung switch thong thudng Ethernet
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switch 1a 24, 32, 48 va 64. Trong trudng hgp gid dinh c6
thé st dung switch 50 c6ng, c6 thé b3 sung thém 3602 may
chli nhung phéi thay thé toan bo cac thiét bi switch ban dau
(48 c6ng). Day chinh 1a han ché vé kha ning md rong va
lam gia ting chi phi thiét bi ctia Fat-Tree.

Mot céach tiép can mdi va hip din gin day la st dung
cac md hinh mang ngau nhién trong viéc thiét ké céc t6 mo
mang lién két ma c6 thé dat hidu quéa dé cung cip chét lugng
hi€u ndng quan trong nhu Ia tinh linh hoat (flexibility),
tinh md réng (scalability) va tinh thich nghi (adaptivity)
ma chiing 12 cic doi hoi quan trong dbi véi cic t6-pd DC
hién dai nhu di dugc dé cap. Thong thudng, t6-pd ngiu
nhién dugc xdy dung biang viéc b sung thém cac lién két
ngau nhién d6i v6i mot do thi co ban don gidn va chinh
tac nhu dang ludi 2-D; céc lién két ngau nhién dudc tao ra
bdi mot phan bd xic suit nao d6, nhung thudng la phan
bd déu. Vi du nhu d6 thi lién két ngiu nhién RSN, dudc
tao ra bdi viéc bd sung cic lién két ngiu nhién giita céc
niit trén do6 thi co s& dang lu6i (grid). Mo hinh xay dung
mang ndy dugc chi ra tai [8]], c6 thé dat dugc dudng kinh
dd thi (va do tré truyén thong) gidm dang ké so véi cic
t6-pd mang truyén théng (v6i cing kich thudc va ciing bac
dinh). Hon nifa, cdc tinh chit quan trong clia viéc md rong
mot céch ty nhién véi mo6 hinh mang ngiu nhién, do dé, né
hﬁp dan dbi véi mang DC Jellyfish [2], Scafida [11]. pé
xuét JellyFish sit dung mo hinh mang ngiu nhién dé hd trg
md rong mang va gid tri oversubcription dat ti 1€ 1:1. Tuy
nhién, JellyFish phdi st dung thuit toan dinh tuyén -SPR
véi kich thudc bang dinh tuyén 16n va st dung cic switch
¢6 bac dinh cao (vi du, 48 céng).

Mic du ca Fat-Tree [4} 5] va JellyFish [2] déu dat dugc
gia tri oversubcription 1:1, nhung bac dinh cta hai dai dién
nay khd cao, ddn dén chi phi thiét bi mang cao. Fat-Tree
con ton tai bit Igi trong viéc mé rong mang trong khi vin
phéi ddm bdo cic tinh chit chit ché cia ciu tric mic du
c6 1gi thé trong viéc thuc hién dinh tuyén dé dang. Ngudc
lai, JellyFish c6 nhugc diém vé viéc xdy dung ludt dinh
tuyén do tinh chit ngiu nhién ctia cdc lién két, tuy nhién,
JellyFish lai c¢6 kha ning hd tr¢ md rong mang (ddm béo
tinh co gidn quy md). Vay c6 tdn tai mot md hinh t6-po c6
thé két hop va khai thiac dugc nhiing vu diém ctia nhiing
t6-pd trén (regular va ir-regular), ddng thoi han ché nhiing
nhudc diém cla ching?

Mot dang mo hinh v6i y tudng dua trén t6-pd lai dang
dugc quan tim hién nay 1a dd thi hén hop (compound
graph). Compound graph cip 1 G(G1) 1a mang lién két
dudc tao ra bdi 2 regular graph G va G1, bang cach thay
thé cdc niit cia G bang G1 va cic lién két ctia G dudgc
thay thé bdi cic lién két mdi gilta 2 ban sao clia G1 tuong
ting v6i 2 niit cla G ma né thay thé. Compound graph cip
cao hon c6 thé dudc tao ra tir cac compound cip thip theo



phuong phip dé quy. Ngoai viéc gift dugc tinh chit ban
dau cta G, compound graph dugc bd sung cic thudc tinh
tot ciia G1. Vi vay c6 nhiéu DC dugc dé xuét theo huéng
st dung mo hinh nay, vi du BCN [6], DCell [7], R3 [3]...
Trong d6, R3 1a t6-po dang chi y khi c¢6 ciu tric kha phu
hogp vdi bai todn ma chung t6i dua ra.

R3 1a t6-pd6 dudc tao ra dua trén md hinh compound
graph, bang cach két hop 2 t6-po: generalized hybercube
(GHC) va random r-regular graph (RRG, trong R3 dudc goi
la cluster). V6i GHC, R3 kha linh hoat trong viéc xdy dung
quy md DC véi sb mit mang cho trudc. Ngoai ra, RRG 1a
to-p6 c6 ddc tinh dudng kinh mang nhd, linh hoat trong
viéc mé rong... Trong khi s& hitu cic tinh chit trén, R3
van ton tai mot s6 nhuge diém. Do dudc tao bdi GHC nén
R3 can c6 su dinh ddi giita duong kinh mang va bac cla
nit. Hon nifa, do cAu tric random ctia RRG va phai lién két
nhiéu RRG theo ciu tric cia GHC, nén viéc truy vét cac
lién két clia t6-pd nay kha khé khin. Néu dp dung R3 [3]
dé€ gidi quyét bai todn da néu trong phan [I| thi c6 thé din
dén chi phi dung cho switch v cdp mang ting cao cing
v6i khé khin trong qua trinh cai dat va bao tri.

2. Thuét toan dinh tuyén

Mot vin dé quan trong trong viéc dé xuét thiét ké t6-po
la xay dung thuit toan dinh tuyén tuong ting dé khai thac
t6i da dic tinh t6-pd nham dam bao cdc yéu t6 hidu ning
mang. Qua trinh dinh tuyén x4c dinh dudng truyén tin gitta
cdc ciip ngudn — dich trong mang. Cac thuit toan dinh tuyén
SPR st dung thuit toan Dijkstra hodc thuit todan tham lam
dé€ xic dinh dudng di ngin nhit giita cic cip ngudn dich.
Do tinh chit ché clia ciu tric, cic t6-pd dang chudn tic
thuong dé dang dp dung céc thuat todn SPR, vi du, 2-D
Torus, 3-D Torus, Fat-Tree [4]. Tuy nhién, d6i véi cac to-
po nghu nhién, vi du RSN, JellyFish, cdc thuit todn SPR t6
ra kém hiéu qua v6i dudng kinh 16n. D€ khiac phuc nhugc
diém d6, cdc thuat toan rit gon (compact routing) dugc dé
xuét dp dung cho cdc d6 thi ngau nhién, vi du, thuat todn
TZ cua tac gia Thorup & Zwick [20], CORRA [21] véi viéc
khai thac thong tin dinh tuyén dudc Iuu trif tai cic nit mang
(bang dinh tuyén tai cic nit mang). Vi du, thuit toin TZ
[20] khai thac thong tin cia nit dai dién (landmark) cta tap
cic nit trong viing ma né dai dién, bang cich dinh tuyén tit
niit nguodn t6i nit dai dién gan nhit ctia mit dich, va sau d6
chuyén tiép géi tin t6i nit dich; hoic thuat toin CORRA
[21], st dung cac lién két dai nhu 13 cdc cau ndi giita cic
viing niit d€ chuyén tiép thong tin. C4c thuat todan Compact
khong tudn theo dinh tuyén ngan nhit, ma né khai thac cic
lién két gilta cc nit xa nhau, tif d6 1am giam dudng kinh
mang va giam trung binh do6 tré truyén tin.

Mot vin dé khd khé khin trong cAu tric t6-p6 lai chinh
12 1am thé nao dinh tuyén géi tin giita cc nit mang trong
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né. V6i mdi dang t6-pod thanh phan sé c6 kich ban dinh
tuyén tuong tng nhiam ddm bao cic tham s6 hiéu ning
mang. Tuy nhién, viéc dua ra dugc luat dinh tuyén chung
cho céu tric to6-pd lai trd nén khé khi ma cic t6-pd regular
thudng dp dung céc thuat todn dinh tuyén theo chiéu DOR
hodc st dung giao thic Duato [22], trong khi do, cac t6-pd
ngiu nhién t6 ra hiéu qua dbi v6i kich ban dinh tuyén it
gon (CANDAR [23], CORRA [21]], TZ [20]. Cac thuat toan
SPR t6 ra kém hiéu qua ddi v6i cic t6-po lai khi phai st
dung qud nhiéu tai nguyén (bd nhé tai moi switch). Trong
truong hop ap dung kich ban dinh tuyén rit gon trén toan
bd chu triic td-pd lai, viéc dinh tuyén trd nén khé khin
khi khong xdc dinh dudc luat dinh tuyén chung. Trong c
hai trudng hop, viéc dinh tuyén khong mang lai hiéu qua
tot. Mot chién luge dinh tuyén R3 [3]], dugc dé xuét nhim
ap dung hiéu qua trén dang t6-pd lai. Y tudng chinh ciia
cich tiép can nay la két hop cic thuit toan dinh tuyén
khic nhau d€ t6i wu hiéu ning mang va cong viéc dinh
tuyén ciing dugc chia ra thanh cic trudng hop riéng biét.
Theo d6, R3 dugc dinh tuyén véi 2 trudng hop: dinh tuyén
ndi ving (intra-cluster, dinh tuyén gitta cic niit mang trong
cling mdt ving) va dinh tuyén lién viing (inter-cluster, dinh
tuyén giifa cdc nit mang thudc hai viing khéc nhau). Trong
truong hgp intra-cluster, 2 nit thudc cung 1 cluster, géi tin
dugc dinh tuyén bing thuit toan K+ (K algorithm) [24]
(1a thuat todn st dung hAim muc tiéu heuristic hiéu qua nhét
hién nay, dudc dp dung dé tim kiém k dudng di ngan nhét).
D6bi véi inter-cluster, 2 nit thudc 2 cluster khac nhau, thuit
toan dinh tuyén dugc két hop bdi cic ky thuat khac nhau:
Thuét todn Dijkstra va thuat to4n dinh tuyén dua trén toa
dd cua cac nut.

Chiing t6i xem xét k§ hon va dp dung cach tiép can két
hop nhiéu thuit todn khac nhau khi dinh tuyén trong mo
hinh Bus-RSN. Trong d6, chiing t6i 4p dung luat dinh tuyén
2 giai doan tuong tuy nhu thuit toan dinh tuyén rit gon [20]
cho Bus-RSN. Giai doan 1, géi tin dudc dinh tuyén dén
bus-node gan nit dich nhit va giai doan 2 1a géi tin dudc
dua dén dich, chi tiét thuit todn dudc md ti tai phan m

III. GIAI PHAP TO-PO LAI PE XUAT

Xét bai todn xay dung DC v6i quy md ban dau nhé, dudc
lip dit tai nhidu phong/san riéng biét, sao cho né c6 kha
ning linh hoat trong viéc md rong ma dam bao thong sd
hiéu néang cao hgp ly.

Y tudng co ban ctia chiing toi 1a két hop lai gitta to-pd
dang Bu va RSN sao cho khai thic uu diém cla ching
mot cach phit hop. Trude hét ching toi du dinh két ndi céc
phong/san bang t6-pd dang Bus do c6 thé dap ting dudc
viéc dinh tuyén va lap dit d& dang va hon nita lai linh hoat

4Mang lién két v6i cdc nit dugc két ndi véi nhau nhu 1 dudng thing,
lién ket véi cac nut lien ké v6i nd, ngoai trit nit dau va nit cuodi cung.
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trong viéc mé rong DC trong luong lai: dé dang trién khai
thém cic phong mdy chii bang viéc thém cdc niit mang dai
dién ctia cac phong d6 vao 2 dau cla dudng Bus, nhu Hinh
a. Tit nhién, t6-p6 nay khong cho hiéu ning mang cao,
do dudng kinh mang qud 16n, bén canh d6, mdi phong lai
¢6 kich thude khic nhau, c6 sb Iugng nit mang khac nhau;
do d6 chiing t6i lua chon kién triic RSN (minh hoa nhu
Hinh [1}b) cho t6-pd lién két ndi bo mbi phong dé vita dim
bao tinh linh hoat vira ¢c6 dudng kinh mang du nho.

Node

Direct link

“~__ Random link

(a) (b)

Hinh 1. a. Bus topology véi 5 node
b. RSN 4x4 tao bdi grid graph va random link

1. Kién truc

Phin coi 1a “bus” trong t6-pd Bus-RSN tao thanh mot
truc doc “bus-way” lién két nhiéu san (khong gian lip dit
ctia mot phong may chii) phan biét ¢6 kich thude khac nhau.
Céc san dugc ky hiéu 1a RSN; (vi du nhu RSN| va RSN,
trong Hinh [2), ma ¢ mdi san do thi lién két ndi bo tao
thanh mot t6-pd RSN (nhu trinh bay ¢ muc [l 13 két hop
clia luéi véi tap cac random linkﬂ tic lién két ngiu nhién),
trén d6 c6 mot sb nit dude chon dé tao ra truc “bus” dudc
goi 12 bus-node (trinh bay dudi day). Cac RSN; dugc két
ndi v6i nhau théng qua Bus-way, dudc tao bdi danh sich
céc bus-node. Mot géi tin di chuyén tli cdc nit thuoc RSN
dén céc nit thudoc RSN, sé can phai di qua nhiéu bus-node
trén Bus-way. D€ tao ra két ndi chit hon giita cic san (tu
d6 ha thip duong kinh dd thi mang), mo hinh t6-po nay
cho phép b sung cic random link (lién két ngiu nhién)
gitfa cac bus-node trén Bus-way. CAu triic hoan thién cda
t6-pd dudc chung t6i trinh bay sau day.

Mot cach khéi quat, Bus-RSN dugc biéu dién nhu db thi
G=G,UGyU...UG,,, mdi d thi G; = (V;, E;) 1a mot
to-p6 dang RSN dudc goi la zone thu i, ky hiéu z;, ing véi
mdi san — khong gian lién tuc biét 14p. Mdi zone dugc chia
thanh k khéi c6 kich thudc giéng nhau dudc goi 1a block.
Trong mdi block, mdt niit dudc chon 1am niit dai dién cho
cdc niit khic, dudc goi 1a bus-node, nam & vi tri trung tim
block. Céc bus-node dudc lién két 1an lugt v6i nhau dé tao
nén Bus-way. Sau khi Bus-way dugc tao ra, cic random
link c6 thé dudc tao bd sung giita 2 bus-node bét ky.

SRandom link (lién két ngdu nhién) 1a cic lién két két ndi giita 2 nit
mang ngiu nhién trong mang lién két
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Hinh 3. M hinh chi tiét cia Bus-RSN

Hinh [3| minh hoa Bus-RSN gdm 4 zone, mdi zone dudc
chia thanh cac block c6 kich thuéc bang nhau. Cac nit dugc
chon lam dai dién ctia cic block dugc danh sb thit tu tir 1
dén 12 va tao thanh Bus-way. Ngoai cdc bus-link, 1a céc
lién két co ban gitia cac bus-node, con cé cac random link
két ndi 2 nit bt ky trén bus-node. Qua trinh tao thanh mot
to-p6 dang Bus-RSN dugc md ta dudi diy c6 kém ma gia
(pseudo-code) minh hoa bdi Algo.

Algo. (1|14 thd tuc dugc minh hoa trong Hinh [4| d€ khéi
tao mang lién két Bus-RSN véi M zone. Kich thuéc cla
cdc zone va sd block clia zone d6 dudc luu tri tai mang
A[] va B[] tuong tng. Vi du zone-i c6 kich thudc 1a A[i]
va cé sb block 1a BJ[i]. Cac tham sbé diu vao déu la céc sb
nguyén duong va 1a bdi s6 cla 2.

Qua trinh tao t6-pd Bus-RSN c6 thé dugc chia thanh 4



Thuét toan 1: Thuat todn xay dung mang lién két
theo md hinh Bus-RSN

Pau vao: int M, sb lugng zone ctia do thi;
int A[],luu trit kich thudc cia M zone;

N int B[],luu trit s6 block ctia M zone;

Pau ra : To-p6 Bus-RSN

i=0;

BusNodes «— 2;

//khéi tao danh sach bus-node cua t6-pd

for (1 =0;i < M;i++){

Zone; = GenerateRSN(Ali]);

Blocks = DivideBlock(Zone;, B[i]);

BusNodeSelection(Blocks);

Update(BusNodes);

o XN R W N =
——

—
<

BuildBusWay(BusNodes);

giai doan nhu sau:

o Khdi tao t0-p6 RSN (GenerateRSN(A[i]): cac to-pd
RSN véi kich thude cho trude duge khdi tao bdi thu
tuc tai dong 4 cia Algo. RSN dudc tao ra bang
cach thém céac random link (cho cac cap nut dugc lya
chon ngiu nhién theo phian b dong nhit) cta td-pd
cd sd dang ludi. Giai doan nay tuong tng vGi Hinh
E|-a, RSN chua dudc chia block va cac bus-node chua
dudc chon.

o Phdn chia t6-pé thanh cdc khéi: Sau khi dudc khéi
tao tai giai doan 1, Zone; cia mang dudc chia thanh
BJi] block c¢6 kich thudc ludi XxY bﬁng nhau. Cac
kich thuéc dudc chia sao cho X va Y 13 bdi sb cia 2
va |X —Y| 1a nhd nhét. Vi du: Zone c¢é kich thudc 128
c6 4 block c6 kich thuéc 1a 4x8.

o Lua chon bus-node: Ngay sau khi zone dugc chia
thanh céc block véi kich thue gidng nhau, cic bus-
node sé& dudc tién hanh chon va dugc luu trit vao
mang BusNodes[]. Cic bus-node la ndt § trung tim
ctia block, dudc thuc hién b8i BusNodeSelection() nhu
Hinh c. Néu bus-node, 12 nit dudc chon, cé chia
random link véi nut khac dugc tao trong quéd trinh
sinh RSN, link nay s€ bi xéa bd. Sau do, cic bus-
node méi dugc thém vao danh sach BusNodes qua thu
tuc tai dong 7.

o Xdy dung Bus-way va tao random link giita cdc bus-
node: dua trén danh sach BusNodes[], dudc thuc hién
béi tha tuc BuildBusWay(BusNodes) dugc minh hoa &
Hinh @}d. Sau khi ¢6 dugc danh sich cac bus-node
tif cdc zone, cac bus-node dugc lién két 1an lugt véi
nhau theo dang t6-pd bus. Sau d6, ciac random link
dugc thém vao giita 2 bus-node bét ky theo phan bd
ddng nhit, nghia 1a cic bus-node c6 bic bing nhau

Niit va lién két giita cac nit

Bus-RSN ¢6 2 loai niit: cic bus-node di dé cip va cic

nit con lai, goi 12 non-bus-node. Do c6 ciu tric co s6 1a
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(d)

Bus-link

<> Bus-node

Hinh 4. Qua trinh RSN dudc chia thanh cac block, chon bus-node
va tao Bus-way

-——-Edge

t6-pd dang 1udi, mot non-bus-node cé 4 lién két ludi tic
grid-link gidp lién két v6i 4 niit xung quanh, nhu Hinh

® ® ©
| I I
P A T @
O ? o © i\.—./i ®
o o o

/_\ Bus-way link

Grid link

Random link (bus-node)

Random link (non-bus-node)

Bus-node Non-bus-node

Hinh 5. Chi tiét v& Non-bus-node va Bus-node

Ngoai ra, non-bus-node con c6 r-random link lién két véi
cdc niit bit ky ciing zone véi né. Chiing t6i khuyén nghi st
dung non-bus-node véi r = 2 random link dé bic cia céic
nit khong ting 1én qui cao. Trong cic to-pd khuyén nghi
nhu thé bic clia cac non-bus-node 12 6.

Trong pham vi zone, bus-node ciing ¢6 thé dudc coi 1a
mot non-bus-node. Ngoai nhiém vy nhu mot non-bus-node,
bus-node gitp cic zone lién két v6i nhau, tao su lién thong
trong dd thi véi 4 grid link, 2 random link. Tuy nhién, 2
random link nay chi két ndi t6i cac bus-node khac. Néu mot
random link c6 2 mit la 2 bus-node thudc cing mdt zone
thi n6 sé tham gia tich cuc vao dinh tuyén noi viing, ngugc
lai, né gitip 1am gidm dang k€ do gidi duong di (hop-count)
trong dinh tuyén lién ving. Ngoai ra, bus-node con cé cic
bus-way link, dung dé lién két cic zone véi nhau, tao su
lién thong cho mang va thuc hién céc nhiém vu diéu khién,
giam sat. Do viy, bic cia bus-node 1a 8, nhu Hinh
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Khuyén nghi stt dung trong thuc tién

Bus-RSN dugc dé xuét cho cic DC ¢ nhd va vira phu
hop méi xu huéng phat trién linh hoat va tiét kiém trong
nudc, nén véi nhitng diéu kién bdi canh cu thé d6 chiing toi
ciing khuyén nghi 1a cdc ing dung thué bao mdy chi trén
DC nén dudgc gan v6i nhém cac mdy thudc cung mot san.
Diéu nay 1a khd phu hgp vi cac khach hang ctia DC loai
ndy ciing thudng c6 nhu ciu khong qua 16n. Do d6 lién két
gitfa cdc san du chi thuc hién han ché trén Bus-way ciing sé
van dam bio dugc nhu ciu truyén tin phuc vu cho quén ly,
ki€m sodt diéu khién hé théng (von giao thong c6 ty trong
rit nhé so véi giao thong dif liéu Ung dung). Viéc st dung
kién tric bus t6i gian nhu thé gitip gidm thiéu chi phi lién
két gifta cdc san c6 thé & khd xa nhau. Trong trudng hop
c6 ting dung yéu cau sb luong mdy chd tuong d6i nhiéu
va bat budc phai trién khai trén nhiéu hon 1 san, hé théng
sé c6 thé b sung cic random link giita cic zone phll hop
sao cho didm bao yéu cau ma khong tén kém (muc IV-2 s&
trinh bay chi tiét thong qua mot case-study cu thé). Pay c6
thé coi 1a wu diém chinh ctia giai phap t6-po6 dé xuit nho
vita ddm bao tiét kiém chi phi thiét bi va ciap mang vira
linh hoat dép ting dugc yéu ciu cao hon phat sinh.

2. Giai phap dinh tuyén cho Bus-RSN

Algo. [1] gidi quyét vin d& sinh mang két ndi Bus-RSN,
tuy nhién dé c6 thé hoat dong dudc, can c6 thuit toan dinh
tuyén dudc giai quyét tai Algo. [2]1a thd tuc tim dudng di
gilta 2 nit mang bat ky ctia Bus-RSN. Dau vao ctia thuit
toan dinh tuyén 1a 2 nit mang, diu ra duong di tif nit ngudn
dén niit dich. Puong di giita 2 nit mang 12 danh sich cdc
niit mang ctia t6-pd, dudc sap xép theo thit tu géi tin di qua
tif ndt ngudn dén nuit dich.

Bang II
DINH NGHIA MOT SO KI HIEU PUGC SU DUNG
Ky hiéu | Dién giai
Zi Dinh danh zone id cta nit i
b; Dinh danh block id ¢
i Node id cta nit i
bn; Bus-node i
cbn; Bus-node gn niit i nhit
nBlock | S6 block trong mot dd thi RSN

Véi céach t6 chiic kién tric Bus-RSN da dugc trinh bay,
12 m6 hinh huéng dén ciac DC dugc xay dung trén khong
gian 10i rac (nhiéu phong, nhiéu ting khac nhau), nén trong
mo hinh ndy st dung cdc random link d€ thu nhé dudng
kinh mang. CORRA 1a thuit toan dinh tuyén uu tién si
dung c4c random link. Vi vdy CORRA c6 thé tin dung dic
diém ctia md hinh mang d&€ c6 modt DC c6 cic tham sb hiéu
niing t6t. Cc két qua dudc thé hién trong Phan [Vl Céc ky
hiéu chiing tdi st dung dudc chi thich trong Bang
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Dia chi cia mot nit trong Bus-RSN bao gdm 3 thanh
phan: dinh danh ving Zone;4(z;), dinh danh cta khbi
Block;q(b;), Node;q(i), dudc cu tric thanh v(z;, (b;,1)).
Nit v(1, (1,8)) trong Hinh [3] 1a nit thudc zy, by va cb i
= 8. Tham s6 z; clia mot mit dudc quyét dinh bdi zone
quan 1y niit do, dugc dung dé phan biét cic nit thudc zone
ndo. Vi du, v6i 2 nit u va v, néu c6 Zone; 4 gidng nhau thi
ching cung thudc 1 zone, ngudc lai, chiing thudc 2 zone
khac nhau. Trong Hinh |3} hai nuit u,v € z;,¢ € z,. Trong
cling mdt zone, can phan biét cac block thudc zone d6. Hai
nut u,s € z;, nhung u € by cho nén b, 1a 1, con s € b3
nén by 1a 3. Cubi cung 1a Node;y dudc dung d€ phan biét
céc nut trong cung mot block. Trong Hinh [3} 2 nut u va v
cuing thudc by, 71, c6 Node;q 1an lugt 12 2 va 8. Nhu vay,
toa do ctia moi niit 1a riéng biét, tir d6 hd trg qua trinh dinh
tuyén trén DC.

Trong mo hinh Bus-RSN, ¢6 2 trudng hop dinh tuyén:
dinh tuyén noi ving (intra-zone) va dinh tuyén lién ving
(inter-zone). Khi 2 nit ngudn dich & trong ciing mdt zone
(intra-zone), chiing t6i trién khai 4p dung thuat todn dinh
tuyén CORRA [21]. CORRA 1a mdt thuit toan rit gon
(compact routing), nén bang dinh tuyén clia cic nit sé
khong phai luu qua nhiéu thong tin. Ngoai ra, véi dic trung
ctia minh, CORRA tin dung t6i da cic random link nhu 1a
cdc cau nbi gilta cac ving hang x6m, tif d6 cai thién céc
tham s hiéu ning clia mang. Khi sit dung thuit todn dinh
tuyén nay, non-bus-node sé thu thap thong tin cic niit ciing
v6i cac random link trong vung hang xém cda nd la tip
hdp cac nit cach ndt dang xét 1la 2 nit trung gian (hop)
néu di chuyén bang grid-link.

Trong trudng hop thi 2, khi cip nit ngudn dich & 2 zone
khéc nhau, géi tin can di qua bus-way. Bus-node c6 nhiém
vu gitip cdc zone lién két v6i nhau nén chiing can luu thong
tin ctia cac bus-node khéac. N6i cach khéc, bang dinh tuyén
ctia non-bus-node # can luu thong tin ctia cdc nit, random
link trong ving hang xém cta u va cac bus-node c6 trong
mang. Bang dinh tuyén ctia bus-node can luu thong tin clia
céc nut trong block ma né dai dién cung véi cac bus-node
khéc c6 trong mang.

Hai truong hop cé thé duge diic ta nhu sau.

Dinh tuyén néi ving: Intra-zone: 1a khi ning xay ra
khi hai niit cing nam trong mdt zone. Vi du, cip nit ngudn
u,v € z; trong Hinh [3] Chiing t6i st dung thuit todn dinh
tuyén CORRA [21]] khi dinh tuyén 2 ndt trong ciing 1 zone
dé€ c6 thé st dung tdi da cac random link, tif d6 hiéu ning
cia mang lién két ciing dugc gia ting.

Dinh tuyén lién ving: Inter-zone: xiy ra khi cip nut
nguon dich thudc 2 zone khac nhau, vidu S € z; va T € z;
trong Hinh [3| Tuong tu thuit toan dinh tuyén TZ [20],
chiing t6i chia qud trinh dinh tuyén cho trudng hop nay
thanh 2 giai doan. Giai doan 1, géi tin tif niit ngudn dudc



dinh tuyén dén bus-node gin niit dich nhit. Giai doan 2,
g6i tin tif bus-node gan véi niit dich nhit di chuyén dén nut
dich.

Thuit toan 2: Thuat todn dinh tuyén cho mo
hinh Bus-RSN

Diu vao: Bus-RSN;
source node S(z;, (b;,i));
destination node T'(z;, (b, j));
Diura : Routing path from S to T
1 if (GetZoneld(S) = GetZoneld(T)){
2 | IntraZone(S,T);
3}
4 else{
5 Phasel (S, cbnr);
6 Phase2(cbnr,T);
7}

IV. PANH GIA BANG THUC NGHIEM

D& thun tién cho cdc doc giad chuyén nganh ching toi
tiép tuc st dung céc thuat ngit k¥ thuat phd bién trong tiéng
Anh (c6 chu gidi tiéng Viét trong xuét hién 1an dau).

Bang IIT
CAC KY HIEU TRONG CAC HINH MINH HQA THUC NGHIEM
To-pd Thuit toan dinh tuyén | Ky hiéu
Bus-RSN | Hybrid BR-HRA-2-4
JellyFish K-shortest path JF-KSPR-2
R3 Shortest path R3-SPR-2
RSN Shortest path RSN-SPR-2

Chiing t6i tién hanh khdo sit cic tham s hiéu ning co
ban ctia mang lién két, bao gdm Diameter (dudng kinh do
thi), Average routing path length — ARPL (d6 dai trung
binh dudng dinh tuyén), Average latency (dd tré truyén tin
trung binh gitta mot cdp nit), Routing table size (kich thudc
bang dinh tuyén), Total cable length (t6ng do cai cdp mang),
Network cost (chi phi thiét bi va cai dit mang), clia to-pd
Bus-RSN cuing véi céc td-pd quan trong da dé cap: JellyFish
[2], RSN [8], R3 [3] thong qua cong cu phan mém danh
gid c6 md phong SSINET [[1].

Ching t6i st dung va giai thich cac ki hiéu dugc st dung
trong cac hinh minh hoa nhu tai Bang Mai ky hiéu bao
gdm tén to-pd, thuit toan dinh tuyén tuong ung, sd zone
dugc sap xép. Riéng Bus-RSN c6 thém tham sb cudi 1a s6
lugng block trong mdi zone, vi du 4 c6 nghia 1a mdi zone
dugc chia thanh 4 khéi. To-pd R3 [3] dudgc t& chiic thanh 8
zone dé dam bao ciu tric hyper-cube ctia né va c6 sb niit
mang tuong duong véi cac to-pd con lai. Cac mang lién két
ciing dudc mo phéng dit vao cic phong (san) c6 dia diém
khéac nhau, cach nhau 15m.
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1. Panh gia hiéu niing mang lién két

Trong phan niy, chiing tdi trinh bay vé cic tham s6 hiéu
nang cua cac to6-po sau khi dugc khao sat theo 2 kich ban.

a. budng kinh mang

64 128 256 512
Kich thuéc mang lién két

~4-R3-SPR-8 JF-KSPR-2 BR-HRA-2-4 RSN-SPR-2

b. Pé dai trung binh dudng di dinh tuyén

64 128 256 512
Kich thuée mang lién két

~4-R3-SPR-8 JF-KSPR-2 BR-HRA-2-4 RSN-SPR-2

c¢. Pd tré truyén tin

64 128 256 512
Kich thuéc mang lién két

—#—R3-SPR-8 JF-KSPR-2 BR-HRA-2-4 RSN-SPR-2

Hinh 6. Danh gi4 tham s6 hiéu ning mang bing phéan tich do thi
theo kich ban 1

Trong kich ban thi nghiém 1, cac t6-p6 dudc thuc hién
khao sit véi ciing kich thudc: 64, 128, 256, 512, dugc lip
ddt & 2 zone cach nhau 15m. Céac zone cia t6-p6 Bus-RSN
dudc chia thanh 4 block.

Hinh |§|-a 1a biéu dd so sanh diameter giita cac mang lién
két. C6 thé thiy JellyFish c6 két qua t6t nhét, khi & ci 4
kich thudc, JellyFish cho diameter thip nhit, dao dong tir 4
dén 6 hop, tiép theo d6 12 RSN-SPR va Bus-RSN. Diéu nay
c6 thé ly giai dude bdi vi cu triic mang cta JellyFish 1a
hoan toan ngiu nhién cung thuat todn dinh tuyén k-Shortest
Path nén diameter (Hinh |§|-a) va do dai trung binh dudng
dinh tuyén (Hinh |§|-b) ctia JellyFish 12 thip nhét, trong moi
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kich thude. To-pd RSN vdéi kich thude nhd nén khi st dung
thuat todn dinh tuyén SPR cho diameter kha nhé (x4p xi
JellyFish). R3 cho diameter cao nhét vi td6-pd c6 clu triic
hyber-cube, nén sé can nhiéu hop hon khi géi tin di chuyén.
Bus-RSN st dung thuat toan CORRA, thuat toan dinh tuyén
vu tién su dung random link, nén dudng kinh mang cda né
ciing kha nho, dao dong trong khoang 5,0 dén 7,7 khi kich
thuéc mang thay ddi tir 64 dén 512.

Do céu tric mang JellyFish bao gdom hoan toan 1a lién
két ngiu nhién, ngoai ra nhd st dung thuit toan dinh tuyén
k-Shortest Path, nén JellyFish c6 d6 dai trung binh dudng
dinh tuyén 1 thip nhit trong 4 t6-pd. Bus-RSN va RSN cho
két qua xAp xi JellyFish & cic kich thu6c thii nghiém khi
kich thudc mang ting tlit 64 1én 512. Két qua trong Hinh E]-b
cho thdy, ddi véi cic kich thuéc dudc thit nghiém, JellyFish
khong qua vugt trdi so véi Bus-RSN. Yéu t6 chinh khién
do dai trung binh dudng dinh tuyén ctia Bus-RSN khong
qué thua kém so véi JellyFish dén tii kich thudc ctia mang
két nbi.

D06 tré trung binh (tinh theo ns- nano second) phu thudc
kh4 nhiéu vao 2 yéu t6: dudng kinh mang va do dai trung
binh dudng dinh tuyén. Trong mo hinh tinh toan, do tré
truyén tin dudc tinh bang téng do tré tai cdc mit mang
(tinh theo s6 hop-count) va téng dd tré trén quing dudng
dinh tuyén (tinh theo mét). Gia tri do tré thip dugc xem 1a
hiéu qui. Nhu da trinh bay trén vé dudng kinh va do dai
trung binh dudng dinh tuyén, nén JellyFish c6 do tré thap
nhit, tiép dén 1a Bus-RSN. O kich thuéc 64, do tré cia
JellyFish khoang 250 , trong khi d6 Bus-RSN khoéng 256.
Nhin chung, Bus-RSN ¢6 do tré cao hon Jellyfish, nhung
trung binh d6 tré toan mang 1a chip nhan dugc, vi du Bus-
RSN ¢6 do tré trung binh cao hon 12,61% so véi JellyFish
& kich thuéc mang 13 128. Két qui do tré truyén tin trung
binh gitta mdt cap nit cia cac t6-pd dugc trinh bay trong
Hinh [6lc.

Sau khi thuyc hién khao sat cac t6-po6 véi kich ban 1,
chiing toi tiép tuc khao sat véi kich thuéc 16n hon: 128,
256, 512, 1024. Trong kich ban nay, cic t6-pd dudc lap dit
tai 8 zone, cach nhau d6i mot 15m. Céc zone cda to-pod
Bus-RSN dudgc chia thanh 4 block.

Hinh [7}a 12 két qua chi tiét v& duong kinh mang clia cdc
t6-pd. Ta c6 thé thiy rang 3 t6-pd Bus-RSN, R3, RSN vdi
céc thuat toan dinh tuyén dudc st dung c6 dudng kinh mang
xép xi nhau, dao dong tir 4 dén 7. RSN va JellyFish st dung
cdc thuat toan dinh tuyén ma ban chét 1 st dung dudng
di ngan nhit nén khong bit ngd khi 2 t6-pd nay cé dudng
kinh mang nhd. Bus-RSN st dung thuit toan CORRA, la
thuat toan dinh tuyén vu tién st dung cic random link. Véi
cAu trdc ctia Bus-RSN, céc lién két ngau nhién xuét hién &
moi node trong t6-pd lam cho dutng kinh mang cla mang
nhd lai. R3 c¢6 dudng kinh mang thip vi cdc node mang
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clia td-pd nay thudc nhiéu zone khac nhau. Nén khi dinh
tuyén, chiing phéi di qua nhiéu nit bién trong R3), khién
cho duong kinh mang ctiia R3 16n hon céc t6-pd con lai.

a. buong kinh mang

128 256 512

Kich thuée mang lién két

1024

~+~R3-SPR-8 JE-KSPR-8 BR-HRA-8-4 RSN-SPR-8

b. P& diai trung binh dudng dinh tuyén

128 256 512

Kich thudc mang lién két

1024

—4—R3-SPR-8 JF-KSPR-8 BR-HRA-8-4 RSN-SPR-8

c. beo tré truyén tin

Théi gian tre (ns)

256
Kich thuée mang lién két

512

~4#~R3-SPR-8 JF-KSPR-8 BR-HRA-8-4 RSN-SPR-8

Hinh 7. Panh gid tham s6 hiéu ning mang bang phén tich db thi
theo kich ban 2

Khi chia mang két ndi thanh nhiéu zone cic nhau, Bus-
RSN cho thiy lgi thé cia minh véi cAu tric nhiéu lién
két ngiu nhién va thuit todn uu tién stt dung chiing. Piéu
nay thé hién trong hinh 5, khi do dai trung binh dudng dinh
tuyén ctia Bus-RSN thap nhit trong 4 t6-pd, dao dong trong
khoang tir 1,8 dén 2.5 véi kich thuée mang tir 128 dén 1024.
Trong diéu kién han ché cdp mang, sé lugng két ndi giam
xubng din dén bic clia cdc nit mang trong mang JellyFish
giam xudng khién mo6 hinh nay mét lgi thé. Po dai trung
binh dudng dinh tuyén ctia JellyFish hon Bus-RSN khoang



60% & kich thude 128 va 20% & kich thude 1024. RSN c¢6
do dai trung binh dudng dinh tuyén xip xi JellyFish. Do
cAu triic mang da dugc gidi thich & phan dudng kinh mang,
R3 c6 do dai trung binh dudng dinh tuyén thip nhét trong
céc to-po véi cac kich thudec duge thir nghiém.

Hinh c 12 két qua thit nghiém chi tiét do tré truyén tin
trung binh gifta mot cip nit cla cic t6-po. PO tré truyén
tin trung binh gitta mot cip nit 12 thong sd phu thude vao
dudng kinh mang va do dai trung binh dudng di dinh tuyén,
nén khong khé hiéu khi Bus-RSN c6 d9 tré truyén tin trung
binh gifta mdt cip nit t6t nhit trong céc t6-pd véi cac kich
thuéc thi nghiém tir khoang 200ns & kich thudc 128 dén
400ns & kich thudc 1024. C6 thé thdy, véi cac kich thude
nhd, Bus-RSN ¢6 1gi thé ddi véi JellyFish.

2. Panh gia chi phi trién khai

Sau khi kho sit cac tham s6 hiéu niing, chi phi dé& xay
dung cac DC theo cic md hinh t6-pd trén dudc chung toi
danh gia theo 2 kich ban da dugc dua ra.

Véi kich ban 1, cac t6-pd dudc thuc hién khao sat véi
cung kich thudc: 64, 128, 256, 512, dudc lép dat & 2 zone
cach nhau 15m. Cac zone cua td-pd Bus-RSN dugc chia
thanh 4 block.

Tong chiéu dai cép (Total Cable length) 1a 1¢i thé dic tha
clia Bus-RSN. Do céu triic ctia Bus-RSN 1a cdc zone téch
biét dugc két ndi thong qua 1 bus-way, cho nén khi DC
dugc ldp dit tai cac phong khic nhau sé chi ton thém chi
cap nbi cho viéc 1ap dit bus-way. Nhung d6i véi JellyFish,
khi xay dung theo mo hinh ndy, cic lién két ngiu nhién sé
bi kéo dai khi DC phai ldp dit tai cic phong (san) riéng
biét.

Két qua trong Hinh a cho théy 16 su bét 1gi vé sb lugng
cip nbi khi mo hinh JellyFish [2] phéi ldp dit tai cac DC
nhu vay. Thi nghiém cho thiy Bus-RSN c6 két qui tot
nhét khi sit dung it cdp nbi va thip hon JellyFish, thip hon
81,53% & kich thudc mang 128 nat.

Chi phi dau tu cho thiét bi mang chiém mot phin quan
trong trong chi phi cai dit mang lién két. D€ don gian héa
mo hinh tinh todn, chiing tdi lua chon chi phi cho mot thiét
bi chuyén mach & mic 500$ cho mdi cdng (port) dua trén
khao sat trong [25]. Mdi cng tuong ting véi mot lién két
clia thiét bi chuyén mach d6 trong mang lién két. Chi phi
cai dit mang con bao gdm ca chi phi cho cdc diy ndi tic
cdp mang (cable) dung dé lién két cic thiét bi véi nhau.
Chi phi danh cho mot két ni bang gia tri ctia day nbi d6
(bao gdm chi phi diy ndi, va chi phi dau két ndi) cong
thém 25% chi phi trung binh danh cho nha san xuét (chi
phi san xuét, phan phdi, tién 1ai) va chi phi dé 1ap dit thuc
té (installation cost).
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Cable_cost = (Cable_length = Cost_per_m+

Connector_Cost) % 1,25 + Installation_Cost

a. Téng sb cap mang

60000 ====mmm - e e e mm e m e ——— -
50000 ====mm-m-mmmemmmmmmmmmmmmmmmmmmmemmme—— - ————
g 40000 =m-m-mcccmcmcmcecmcccmaccmmcsmccmemeeeee e
TWB0000 -
o
820000 — - - oo
10000 — c oo T yz -----
N —_— A s Y
0
64 128 256 512
Kich thuéc mang lién ket
—#—R3-SPR-8 JF-KSPR-2 BR-HRA-2-4 RSN-SPR-2

b. Chi phi xdy dung

4500000
4000000
3500000
8 3000000
2 2500000
%2000000
Z 1500000
1000000 - — - - - - - - -~ — —
500000

0

128 256
Kich thuéc mang lién ket

~4~R3-SPR-8 JF-KSPR-2 BR-HRA-2-4 RSN-SPR-2

Hinh 8. Téng chiéu dai cdp va tdng chi phi trién khai két ndi theo
kich béan 1

Chi phi trung binh cho viéc cai dit cdc két ndi gitta hai
niit mang bén trong mot ti mang yéu cau chi phi 2,5$ va
6,5% d6i v6i két nbi giita hai niit mang & hai ti mang khac
nhau. Chi phi cho mbi mét cidp quang la Cost_per_m =
10/m, va mdi dau ndi Connector_Cost = 1888$. Vay chi
phi cho két nbi nay dudc tinh bang (10+5+188%2) 1,25+
6,5 = 539%. Tong chi phi d€ x4y dung DC dugc tinh theo
cong thuc:

Total _Cost = Cable_cost+

switch_port = 500 x network_size

Sau day chiing t6i thit khio sat chi phi cho mdt s6 truong
hop ting dung c6 thé gip trong thuc tién (case studies). Dau
tién ta khao sat trudng hop nhu da dé cap ¢ muc (phan
khuyén nghi st dung), khi ma c6 ting dung khai thac yéu
ciu str dung vuot qua sd lugng mdy chi trong mot phong,
vi du nhu can tit ci cdac mdy chi tai viing z; va mot phan
mdy chi trong vung z;. Trong trudng hgp do, Bus-RSN
cung cip kha niing linh hoat trong viéc két ndi giita hai
viing xdc dinh bang cach thay d6i mot sé két ndi trong
viing z; t6i mot s6 mit mang trong ving z,. Bang cich
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thay thé cic thiét bi switch (chuyén mach) tai cac bus-node
tif loai 8 cong 1én 12 cdng, 1am gia ting cic cau két ndi t6i
cdc bus-node khéc trong ving z,. DPdng thdi ciu hinh lai
dia chi cua cac nut dugc chon trong vung do, sao cho tuong
dong véi cdc dia chi cdc nit trong ving nhung khong cén
thay d6i vi tri (dia ly) clia cac mit d6. C6 thé thiy 1o 13,
viéc thay thé switch cling nhu chi phi cho cdp mang so véi
tdng chi phi xay dung DC Ia khong dang k€ va cac switch
dugc thay thé c6 thé tan dung lai trong viéc mé rong DC
sau nay. Vi du, yéu cau tinh toan can zone z; va block bs,
bg, thudc zone zp. V6i tinh linh hoat ctia Bus-RSN, hiéu
suét tinh toan c6 thé ting 1én bang cich thém lién két giita
cic bus-node thudc zone z; va bus-node cta block b5 va
bs. Nhu viy, ching ta chi can thay 2 switch cé 8 port, 1
switch tuong tng véi bus-node thudc zone z—1 va 1 switch
tuong dng vdi bus-node ctia bs hoic bg, bang loai switch
12 port. V6i ciu hinh hién tai, mdi bus-node khi lién két
dén zone khiac can 15m cdp mang. Chi phi cho su thay
ddi nay 1a: 12x500x2 + 15x10 = 12.150 (USD), so véi chi
phi xay dung ban dau 1a chi ting thém khoang 2,2% — kha
khiém ton!

Chiing t6i tiép tuc khéo st chi phi véi kich ban 2.

a. Téng sbé cap mang
120000

100000 — - - - e e e e e e e e e o

po dai (m)

128

256 512 1024
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Hinh 9. Tong chiu dai cdp va tong chi phi trién khai két néi theo
kich ban 2

Pugc thiét k& d€ phu hop v6i cic khong gian phan biét
nén Bus-RSN st dung cdp mang it nhit trong 4 to-pod
mang véGi cac kich thuée duge thé nghiém, 1344 m § kich
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thude 128 va 14861 & kich thude 1024. Véi kich thuée 128,
JellyFish st dung nhiéu hon 5,89 1an s lugng cdp mang
ma Bus-RSN cin, con s6 nay 1a 6,5 véi kich thuée 1024.
Két qua chi tiét dugc thé hién trong Hinh [9}a.

Hinh @b 1a két qua chi tiét khi khao sat tong chi phi cho
cac t6-p6 mang dua trén kich ban thi nghiém. Trong cung
mot diéu kién (chi phi 13p dit, chi phi vat liéu. .. ) Bus-RSN
13 t6-pd c6 chi phi thip nhit. Do cic mang két ndi c6 cung
s6 lugng switch, Bus-RSN sit dung it cdp mang nhét (Hinh
7) nén khong khé hiéu khi Bus-RSN ¢6 chi phi ldp dit
tiét kiém nhét trong kich ban thit nghiém, khoing 726.573
USD 4§ kich thuée 64 va 5.914.163 USD 6 kich thude 1024.
Trong khi d6, chi phi cin cho md hinh JellyFish hon 38,9%
so vGi Bus-RSN.

Chiing t6i tién hanh khao sat k§ hon, mo phong viéc lap
dit DC trén cdc san tuong ty thuc té biang 2 cAu hinh. Céu
hinh 1 v6i DC dudc trién khai trong 4 zone c6 khodng cich
dong déu nhau va cach nhau 15 mét. Trong ciu hinh 2, gia
st rang, ban diu DC dugc 1ap dit 2 zone z; va z» canh
nhau, v6i khoang cach cap két ndi 1a 15 mét (cung tang, vi
du tang 1). Sau d6, DC dudc mé rong véi z3 dudc lap dit
& tang trén (vi du tang 2), cich tang 2 1a 15m. Cudi cling,
DC tiép tuc dudc mé rong véi z4, 15m cao hon tang 3.

Véi thiét ké 4 zone, tong chiéu dai cap ctia Bus-RSN thip
hon nhiéu chiéu dai cap cta JellyFish, chi biang 22,18% va
17,43% véi kich thuée 128 va 256 (Bang 4), tuong ung.
V6i ciu hinh 2, khoang cdch gilta cdc zone ting 1én ddng
ké, thi tdng chiu dai cap ctia Bus-RSN van duy tri miic
thip hon ctia Jellyfish, vi du chi chiém 22,75% tai kich
thudc mang 256.

Ngoai ra, chung t6i thuc nghiém véi 4 san c6 kich thudc
va khoang cach khac nhau, cic mat san c6 kich thude z;,
72 va z3 lan lugt 13 32 nit va z4 1a 128, tdng nit toan
mang 1a 224 nit. Két qua thuc nghiém cho thiy, Bus-RSN
st dung it cap mang hon 83,19% va dat tdng chi phi thip
hon 11,2% khi so sanh véi JellyFish. Ly do chinh 1a bdi sd
lugng cap két ndi gifta cic nit mang lién viing ctia t6-pod
nhiéu va td ra bat 10i khi két nbi giita cdc phong mdy chii
dat cach xa nhau. Do vdy, m6 hinh Bus-RSN phu hgp véi
didu kién trién khai thuc té khi cic phong lap dit may chi
dugc bd tri ¢ xa nhau va c6 kich thuée khic nhau.

V. KET LUAN

Trong bai bao nay, ching t6i d& xuit md hinh t6-p6 lai
Bus-RSN nhim gidi quyét bai toan xay dung DC ciia cic
doanh nghiép nho va vira. Véi dic thu thiét ké nhim dén
tinh kinh té va linh hoat, Bus-RSN c6 thé lap dit trong
khong gian gébm nhiéu phong/san phan biét. Ngoai ra, chi
phi dau tu ban dau dé xiy dung DC theo md hinh nay phu
hop v6i cac doanh nghiép c6 ngudn vén han hep. Tinh linh



) Bang IV
TONG CAP MANG TRONG TRUONG HQP KHAC
NHAU VE KHOANG CACH GIUA CAC ZONE

Cau hinh 1 (15 mét deu)

Tong nit | BR-HRA-4-4 | JF-kSPR-4 | Tilé %
64 653,95 3.304,90 19,79%
128 1.734,40 7.819,10 22,18%
256 3.145,05 18.042,40 17,43%
512 7.404,80 46.776,40 15,83%

Cau hinh 2 (khoang cich khong déu)
64 798,70 3.422,60 23,34%
128 1.870,25 8.220,60 22,75%
256 3.293,95 19.058,40 17,28%
512 7.563,20 49.048,10 15,42%

hoat trong kha ning mé rdng gitip doanh nghiép c6 thé mé
rong DC mot cach dé dang.

Cic két qua thi nghiém dugc chiing t6i tdng hop va trinh
bay chi tiét tai phan IV. Véi nhiing két qua dat dudc, c6 thé
thiy ring, Bus-RSN 1a mot mo hinh mang tiém ning khi
s& hitu cac tham s6 hiéu ning t6t va chi phi ldp dit khiém
ton.

Trong kich ban thii nghiém 1, cic tham s6 hiéu ning:
dudng kinh mang, trung binh d6 dai duong dinh tuyén va
d6 tré truyén tin trung binh giita mot cip nut khong phai 1a
diém manh Bus-RSN khi dat gid tri kém hon ctia JellyFish
nhung khong phai 1a kém nhiéu, vi du do tré kém 12,61%
khi so véi JellyFish & kich thu6c mang 128, nhung do tré
nay 1a chip nhin dudc trong céc ting dung nhd, DC vira va
nhd.

Tuy nhién, khi thuc hién kich ban thd nghiém 2, Bus-
RSN cho thay két qua tot khi cdc tham s hiéu ning va chi
phi déu t6t nhat. Vi du: do dai trung binh dudng dinh tuyén
cta JellyFish hon Bus-RSN khoang 60% & kich thudc 128
va 20% & kich thuée 1024.

Trong ca 2 kich ban thit nghiém, tdng chiéu dai cap va chi
chi thiét bi tiét kiém ctia Bus-RSN déu tt hon so véi céc
t0-pd trén. Trong kich ban thit nghiém 1, téng trung binh
cdp it hon 81,53% va nhd thé téng chi phi giam 23,08%
khi so véi JellyFish & kich thuc mang 128. V6i kich ban
2, JellyFish st dung nhiéu cdp mang hon 5,89 1an s6 lugng
cap mang ma Bus-RSN can & kich thudc 128, con sb nay
la 6,5 & kich thude 1024.

CAu tric mang c6 thé lap dit véi switch thuong mai cling
v6i s lugng cap mang nhé din dén chi phi d€ dau tu xay
dung DC theo md hinh Bus-RSN 1a kha tiét kiém so véi
cac mo hinh khac. Nhu vday, m6 hinh Bus-RSN tiém nang,
phu hgp véi cac DC ¢G vita va nho, ma trong dé khong
doi héi téc do tinh todn that cao (chip nhan do tré) nhung
dam bao chi phi 1dp dit thap.

Trong pham vi ctia bai bdo nay, mé hinh Bus-RSN méi
chi dudc phan tich va danh gia thong qua cac thong sb hiéu
ning co s& (yéu td do thi) ma chua dudc thii nghiém trong
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moi trudng gid 1ap thuc t&. Trong tuong lai, ching toi du
dinh sé ddnh gia cdc yéu t6 hiéu ning ning cao nhu thong
lugng va dién ning tiéu thu cla mang d€ c6 thé dua ra
dénh gia day dd nhit vé md hinh Bus-RSN.
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Tém tit: Bai bdo nay dé xudt mot mo hinh hoc sdu tich chap két hop véi mang bd nhé dai ngdn (CNN-LSTM) cho bai
toan phat hién cdc vin dong bét thudng ctia ngudi st dung cam bién deo trén ngudi. Nho tan dung cic dic tinh khong-thsi
gian, kién tric dé xuadt CNN-LSTM da dugc thiét ké dé tu dong hoc va biéu dién céac dic trung hiéu qua trén di liéu cam
bién khong thuin nhit. Két qua thif nghiém trén 4 tap dif liéu dudc cong bd cho thly mo hinh dé xuit da cho két qua cai
tién tot hon tlf 2% dén 7% Fl-score so vdi cic md hinh hoc mdy dua trén trich xult dic trung thd cong SVM, mo hinh
hoc sau tich chap (CNN) va mo6 hinh mang bo nhé dai ngin (LSTM).

T khéa: cdm bién deo, cdm bién gia téc, mang tich chdp, mang bd nhd dai ngdn.

Title:
Abstract:

Human Abnormal Activity Detection with Deep Convolutional Long-Short Term Memory Networks
This work proposes Deep Convolutional Neural Long-Short Term Networks (CNN-LSTM) to address the problem of

human abnormal activity detection using wearable sensors. Our proposed architecture effectively utilizes spatial-temporal
characteristics of sensing data for automatically leanring and representing features from heterogeneous sensing data.
Experimental results have demonstrated that the proposed method has improved from 2% to 7% F1-score better than
several shallow and deep models including SVM, CNN and LSTM on 4 published datasets.

Keywords:  wearable Sensor, accelerometer, CNN, LSTM

1. AT VAN DE

Phat hién van dong bit thudng clia con ngudi 1a linh vuc
nhin dudc nhiéu su quan tim cta cong dong nghién citu
vi day la linh vuc c6 nhiéu ng dung trong thuc t& nhu hd
trg cho ngudi mét tri nhé [1]], theo ddi ngudi bénh dot quy
[2]], theo d&i chim s6¢ ngudi van dong bét thusng [3]v.v. ..
Van dong bét thudng dudc xem la cdc hoat dong ma con
ngudi khong cé chii y va thudng giy ra nhiing hau qua xiu
dbi v6i chii thé. Mot ngudi bi ngd trong khi dang 1am viéc
nha hodc mdt cu trugt chin do dudng tron trugt la cac vi
du v& van dong bat thudng. Nhiing van dong bit thudng
nay khi x4y ra sé gay nguy hiém cho con ngudi (diic biét 1a
ngudi cao tudi). Trong nhiing trudng hop nhu viy, néu cé
mot hé thdng phat hién va dua ra nhiing cdnh bdo hoic tu
dong két ndi dén ngudi trg gitp sé han ché dudc cic rii ro
ciing nhu giam thiéu cic hau qui do van dong bt thudng
dén nguoi.
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Hai phuong phap tiép can phd bién d€ gidi quyét bai toan
van dong bat thuong la: sit dung cam bién dugc tich hop
vao mdi truong [6] va cam bién deo trén nguoi [4, 15} 22].
Trong cach tiép can thi nhét thi cic cam bién hinh anh nhu
camera sd dudc thiét dit d€ quan sit cic hoat dong hang
ngay ciia ngudi [[7] hodc cidm bién dinh danh (RFID) dugc
gin vao trong cdc vat dung trong nha dé phat hién ngudi
st dung nhiing vat dung ndo, tif d6 suy dién ra cic hoat
dong hang ngay va van dong bat thudng clia ngudi mat tri
nhd tam thai [I} 23]. Han ché ctia phuong phédp st dung
camera 1a c6 thé giy ra sy xam lin khong gian riéng tu
va viéc phat hién van dong bat thuong thudng bi gidi han
trong mot pham vi la vung quan sat dugc cia camera hodc
cdc cam bién dugc tich hop vio méi trudng. Ngudc lai,
cach tiép can thit hai biang cam bién deo trén ngudi thudng
khong bi gi6i han bdi moi trudng, dong thdi ciing giam
thiéu dugc viéc xam lan riéng tu. Hon nita, v6i su phat
trién nhanh chéng cta cdc thiét bi dién ti két ndi Internet
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van vt (Internet of Things) thi cdc thiét bi deo ngay cang
c6 sin trén thi trudng véi gia thanh ré. Chinh vi vy trong
nghién ctiu ndy ching toi tiép can bai toan phat hién van
dong bat thudng theo cach tiép can dua trén cam bién deo.

Thoi gian gan ddy, mic du linh vuc nghién ctiu nay dang
dat dugc nhiéu thanh cong, tuy nhién vin con nhiéu thach
thic can phai gidi quyét dé€ c6 thé dua dugc cac hé théng
trén vao dng dung thuc té nhu: 1am thé nao mot hé théng
phit hién dudc cic van dong bat thudng trong cic ngif canh
thuc té khac nhau v6i do chinh xdc cao dé c6 thé st dung
cho cic ting dung cinh bdo. Trong khi d6, di liéu vé van
dong bat thudng thuong rit da dang, phic tap va it ¢6 sén
do cic van dong bat thuong vo tinh xay ra trong khi thuc
hién cdc hoat dong hang ngay (binh thudng). Piéu nay din
t6i kho khin khi huén luyén mo hinh hoc may dé dat dugc
do chinh xdc dd tot cho viéc phat hién cic van dong bét
thudng. Hon thé nita, dit liéu vé van dong bét thuong thudng
mit can bang (Imbalanced) do tan suit cta ting loai van
dong bit thuong khac nhau mot cach tu nhién.

Trong nghién ciiu nay, ching t6i dé xuit moét mo hinh
mang hoc sau tich chap két hop véi mang bo nhé dai ngin
6 kha ning hoc tir dif liéu cdm bién khong thuan nhit. Cu
thé hon, c6 hai déng gép chinh trong nghién cifu nay:

- Chiing t6i dé xuit mot phuong phap hoc bang viéc két
md hinh mang hoc siu tich chiap (CNN) va mang b nhé
dai ngan dé giai quyét bai todn phat hién cdc van dong bét
thudng tir dif liéu cdm bién khong thuin nhit bao gdm cam
bién gia tdc, cam bién con quay hdi chuyén va cam bién tir
tinh. Trong d6, m6 hinh CNN dong vai tro nhu bd encoder
dugc huin luyén dé hoc va bi€u dién cic dic trung tif nho
khai thic dic tinh khong gian cda dif liéu cam bién; con
mang LSTM dung déng vai trd bo suy dién (decoder) tan
dung céc dic tinh vé thdi gian cla dif liéu cam bién.

- Chiing t6i danh gid phuong phap dé xuét trén mot sd
bo dit liéu da dugc cong bd rong rii. Két qua cho thiy
phuong phap dé xuét ctia ching tdi hiéu qua hon so véi
mot sé phuong phap truyén thdng va phuong phap hoc sau
khéc do chua tin dung dugc hai dic tinh khong gian va
thoi gian cda dif liéu cidm bién.

Nghién ciiu cia ching tdi khac biét véi cac nghién ciu
khédc & hai diém chinh. Thi nhdt 1a phuong phip dé xuat
da tan dung két hop dudc cic dic tinh vé khong-thdi gian
(Spatial-Temporal Features) tit dif liéu cam bién dé khai
thdc viéc hoc va bi€u dién dic trung hiéu qua. Thit hai 12
mo hinh dé xuét ctia chiing t6i chip nhan dau vao 1a dif lidu
cam bién khong thuan nhét dén tit cac loai cam bién khéc
nhau két hop lai d€ phat hién cic hoat dong bat thudng.

II. CAC NGHIEN CUU CO LIEN QUAN

Phat hién hoat dong bat thudng da va dang thu hiit dugc
su quan tdm cla cong dong nghién ciu [11]. Trudc day,
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phuong phdp tiép can phat hién hoat dong bat thudng chi
yéu dua trén cdc md hinh hoc mdy trong d6 hoc c6 gidm
sat [12] dugc st dung phd bién. Céc dif liéu (méu) dugc
gan nhin dé€ ciac mo hinh c6 thé hoc va mé hinh dugc huin
luyén s€ dugc danh gia trén cidc di liéu mdi. Do do, trong
trudng hop c6 cac 16p hoat dong binh thudng va bit thudng,
md hinh sé& hoc céc dic tinh clia cic diém di liéu nay va
phan loai ching 12 hoat dong binh thudng hay bét thudng.
Bit ky diém dit liéu nao khong phu hop véi 16p hoat dong
binh thuong sé dugc mo hinh phan loai 1a bt thudng [9].

Aran va dong su [4] da dé xut mot phuong phap c6 thé
tu dong hod quan sat va md hinh hod hoat dong hing ngay
clia ngudi cao tudi, qua d6 gitp phat hién hoat dong bt
thuong tir dit liéu thu dugc bang cim bién. Trong phuong
phép ctia ho, su bat thudng lién quan dén cic vin dé vé tin
hiéu stic khoé. V6i muc dich nay, ho da tao ra mot mo hinh
khong gian xdc suét theo thoi gian d€ c6 thé tém ludc toan
bd cac hoat dong hing ngay. Ho dinh nghia su bat thutng
12 nhitng thay ddi ding k€ tit nhiing hoat dong da dudc hoc
va dudc phat hién, hiéu suét phat hién dugc danh gia bang
phuong phap entropy chéo. Trong nghién ciu cta ho, khi
mot hoat dong bét thudng dugc phat hién, ngay lap tic sé
c6 thong bao dudc gi dén ngudi chim séc.

Ordonez va dong su [14] da thuc hién mot phuong phap
phét hién bit thudng dua trén théng ké Bayes, tir d6 gidp
phét hién hoat dong bit thudng cta con ngudi. Phuong
phdp clia ho c6 khé ning tu dong hd trg ngudi gia, ngudi
khuyét tat sbng mot minh bing cach hoc va du dodn cdc
hoat dong tiéu chuin qua d6 cai thién hiéu suét ctia hé
théng chim séc sic khoé. Thong ké Bayes dugc st dung
d€ phan tich di liéu thu thap dudc, du doan hoat dong dua
trén ba dic trung xdc sult, bao gdm: xdc suét kich hoat
cam bién (Sensor Activation Likelihood), chudi cdm bién
(Sensor Sequence Likelihood) va su kién cdm bién (Sensor
Event Duration Likelihood).

Yahaya va dong su [11] dé xuét thuat toan phat hién dic
trung méi 6 tén mdy vecto hd trg mot 16p (One-class SVM)
gitip phat hién hoat dong bit thudng tir cac hoat dong binh
thuong dién ra hing ngay. Su bit thuong trong ki€u nim
ngt c6 thé dudc coi 1a dau hiéu ctia Sy suy giam nhan thiic
nhe & ngudi cao tudi hodic cic vin dé lién quan dén siic
khoé khac. Palaniappan va dong su [13] lai dic biét quan
tam dén cac hoat dong bét thudng & nguvi bang cach loai
trir tht ca cdc hoat dong dugc coi 1a binh thudng. Céc tic
gia dinh nghia hoat dong bt thudng 1a cic hoat dong bat
ngd xdy ra theo mdt cach ngiu nhién. Phucng phdp SVM
da 16p dugc ho st dung 1am trinh phan loai dé xdc dinh
céc hoat dong duéi dang bang chuyén trang thai. Diéu nay
sé gidp trinh phan loai tranh dugc cdc trang thii khong thé
dua ra dugc (khong thé truy cip dudc) tl trang théi hién
tai.



Hung va dong su [16] da dé xuAt mot phuong phap mdi
két hop SVM va HMM sit dung mot hé théng céc cam bién
thiét 1ap trong nha (homecare sensory system). Mang cam
bién RFID dugc sit dung d€ thu thap cic hoat dong hing
ngdy clia ngudi cao tudi. Mo hinh Markov &n (HMM) dugc
st dung d€ hoc tur dii liéu dugc thu thap, trong khi SVM
dudc st dung dé udc tinh liéu hoat dong d6 ciia ngudi cao
tudi c6 1a hoat dong bat thudng hay khong. Bouchachia va
dong su [17] lai d&& xuit mot md hinh RNN dé giai quyét
cdc vin dé vé nhan biét hoat dong va phat hién hoat dong
bét thudng cho ngudi cao tudi bi chitng mét tri nhd.

Mic di ¢6 mot sb nghién ctiu phat hién hoat dong bat
thudng, tuy nhién tif cic nghién ctiu & trén van ton tai mot
s6 diém han ché nhu: Do chinh xdc du dodn hoat dong bét
thudng ctia cac phuong phap hoc nong phu thudc kha nhiéu
kinh nghiém trich chon cic dic trung theo kinh nghiém
chuyén gia. Trong khi d6, mot sé phuong phap hoc sau lai
chua tan dung ddy du dic tinh khong-thdi gian cia dit lidu
cam bién (dic biét 12 dif liéu cdm bién khong thuan nhét)
ma nghién ctiu nay tip trung gidi quyét.

1. MO HINH MANG HQC SAU TICH CHAP KET
HOP MANG BO NHO DAI NGAN (CNN-LSTM)
CHO PHAT HIEN VAN PONG BAT THUONG

Kién tric mang hoc sau tich chap két hgp mang bd nhé
dai ngdn (CNN-LSTM) dé xuit dudgc trinh bdy trong Hinh
Dit liéu cdm bién dugc tién xd ly trudc khi dua vao
mang. Kién triic mang bao gdm 3 thanh phan chinh: tich
chap, bd nhé dai ngan va 16p dau ra. Chi tiét dugc mo ta
dudi day.

Gia st S = S, k € 1,..,3 tuong dng véi 3 loai cam bién:
gia toc, con quay hdi chuyén, va tir trudng. V6i cdm bién
Sk, n6 tao ra mdt phép do theo thdi gian, cic phép do co
thé dudc biéu thi bang ddi v6i ma tran V cho céac gia tri do
v6i n(k) 1a chiéu cia vects u cho cic diu thoi gian (time
stamps), d(k) 1a kich thuéc cho mdi phép do (vi du: cic
phép do doc theo truc x,y,z dbi véi cam bién), n(k) la sb
phép do. Ching t6i chia cic phép do diu vao V va u theo
thdi gian (céc cot cho V) dé tao ra mot chudi cac chu ky thoi
gian khong chdng 1an véi chidu rong 7, W = (VX ul®)
trong d6 |W| = T; 7 c6 thé khac nhau dbi véi cac chu ky
thoi gian khac nhau. D€ don gian ching toi gia st chu ky
thoi gian 1a c6 dinh. Sau d6, ching t6i 4p dung bién ddi
Fourier cho titng phan ti trongW bdi mién tan s6 chifa cac
tan s6 mau cuc bo tot hon, doc lap vé6i cach t& chiic dit
liéu chudi thoi gian trong mién thdi gian. Ching toi tién
hanh sip xép cdc du ra thanh mot d(k) x 2f x T tensor
X®) trong d6 f la thi nguyén ctia mién tan sb chita cic
cip pha va tan sb cuong do f. Tap hop céc thang do két
qua cho mbi cam bién X = XX s 1a dau vao ctia mo hinh
CNN-LSTM.
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1. Loc va tién xit Iy tin hiéu

Loai bd nhiéu: Tin hiéu cdm bién thudng chia nhiéu tin
hiéu nhiéu, diéu nay 1a do méi trudng xung quanh c6 nhiéu
vit thé 1am bang kim loai hodc do ban than ty cim bién
sinh ra nhifu. Vi viy, cic tin hiéu thu dugc can phai thuc
hién loc bd nhiéu. Trong nghién cifu nay, chiing toi sit dung
bd loc thong thip va bd loc Kalman (nhu minh hoa trong
Hinh [1).

Low-pass filter
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Hinh 1. B0 loc thong thip (Low-pass filter) va bo loc Kalman.

Day 1a nhitng bd loc don gian, khong doi hoéi qua nhiéu
tai nguyén tin toan nhung lai mang hiéu qui cao. D€ tranh
viée tré, mdi chudi dit liéu dugc dua qua bo loc hai lan,
mot 1an theo chiéu thuin va mot 1an ngugc lai.

Tiép dén chiing toi cin chinh, phan chia cic phép do
cam bién va 4p dung bién d6i Fourier cho mdi khéi cam
bién. Dbi v6i mdi cam bién, chiing toi xép cac dau ra mién
tan s6 nay thanh d(k) x 2f x T tenxor XX, trong d6 d(k)
12 kich thuéc do chiéu cam bién, f 1a kich thuéc mién tan
s6 va T 1a s6 chu ky thoi gian.

2. Thanh phan mang tich chap (CNN)

Cic 16p tich chap c6 thé dugc chia 1am hai phan: mot
mang con tich chap riéng cho mdi tensor cidm bién dau vao
X®) va mot mang con tich chap gop duy nhit cho diu ra
cia K cac mang con tich chép riéng 18.

Do ciu triic ctia mang con tich chap riéng cho cdc cam
bién khic nhau 12 nhu nhau nén chiing tdi tip trung vao
mot mang con tich chap riéng 18 véi du vao X %), Can luu
y rang X 1a mot d%) x 2f x T tensor, trong d6 d© cho
biét kich thudc chidu cam bién, f 1a kich thudc ctia mién
tan s6 va T 1a sb luong chu ky thoi gian. P6i v6i mdi chu
ky thoi gian ¢, ma trin X(lf) s& dugc dua vao kién tric CNN
v6i ba 16p tich chap. Pic trung mién tan sb va kich thudc
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s6 chidu dugc nhing trong X%, Mién tin s6 thuong chia
rit nhiéu miu cuc bo & mot s6 tan s6 1an can. Su tuong tac
gitta cac phép do cam bién thudng bao gdm tét ca s chiéu.
Vi vy, trude tién, ching t6i 4p dung céac bo loc 2d cé dang
(d™®, covl) cho X¥ € hoc duge su tuong tac gitta kich
thudc s6 chiéu cam bién va cac miu cuc bo trong mién tan
s6 v6i dau ra X.(.l;’l). Tiép theo, chiing ti 4p dung cic bd
loc 1d vé6i dang (1, cov2) va (1, cov3) theo thif bac d€ tim
hiéu cdc mbi quan hé cip cao hon ciia X*? va x %9,

Sau d6, ching toi tién hanh 1am phing ma tran X.(_If’3)
thanh vecto x.(_]f’3) va ghép tht ca K vectd x_(.’f’3) thanh mot K
dong ma tran X(i) (1a dau vao ctia mang con tich chap hop
nhét). Kién tric ctia mang con tich chap hop nhét tuong tu
nhu mang con tich chdp riéng 1€. Bo loc 2d duge chung t6i
st dung véi (K, cov4) d€ hoc cdc tuong tic gilta cdc cam
bién K véi dau ra X9, sau d6 bo loc 1d vé6i (1,cov5) va
(1, cov6) dugc ap dung ¢ mic do nang cao hon trén X‘(f) ,
X9,

Dbi v6i mdi 16p tich chap, CNN-LSTM hoc véi 64 bo
loc va st dung ReLU lam ham kich hoat. Ngoai ra, viéc
chuin hod theo 16 (batch) dugc 4p dung dé méi 16p gidm su
thay ddi dong bién noi bo. Ching t6i tién hanh lam phang
_(g) . Ghép nbi va chiéu
rong chu ky thoi gian [7] thanh xt(c) lam dau vao clia cic
16p LSTM.

dau ra cudi cung X_(_?) thanh vecto x

3. Thanh phan mang bé nhé dai ngin (LSTM)

Mang than kinh héi qui (Recurrent Neural Networks-
RNN) 1a nhiing kién triic manh mé c6 thé gidp tinh gan
diing va hoc céc dic trung c¢6 y nghia trong cac chudi. Mot
bién thé ctia RNN 12 LSTM c6 thé luu trit dudc su phu thudce
dai han gita cac trang thai (Long-term Dependencies).
Trong md hinh dé xuét chiing t6i st dung ciu triic té bao
(cell) xép chong 1én nhau theo chiéu chifa ludng thdi gian
tir dau dén cudi (Start to End) ctia chudi di liéu thdi gian
(Time Series). CAu triic xép chong c6 thé chay ting dan
khi c6 mot chu ky thdi gian méi, gidp xi ly ludng dit lidu
nhanh hon. Pong thoi ching t6i 4p dung dropout cho céc
két ndi gifta cic 16p dé chudn hoa va dp dung chuin héa
theo bé hoi qui (Recurrent Batch Normalization) dé giam
su thay di dong bién ndi bo gitta cac budc thdi gian (time
steps). PAu vao x'“r v&i t = 1,...,T tir nhiing 16p chap
true d6 duge dua vao LSTM xép chéng va tao dau ra x)
v6i t = 1,...,T 1am dau vao cda 16p dau ra cubi cing.

4. Lép dau ra

DAu ra ciia 16p hdi qui 1a mot chudi cic vects x"”) véi

t =1,...,T. Bbi véi tic vu dinh huéng hoi quy (regression-
oriented), gid tri cia mdi phan tit trong vectd x'” nim

trong +1, xfr) mi hod cdc dai lugng vat 1y tai cudi chu ky
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thoi gian 7. Trong 16p dau ra, ching t6i mu6n hoc mot tu
dién W,,,; (dictionary) Wout v6i mét b,,; bout (bias) dé
gigi ma x”) thanh $; sao cho $; = Wour.x" + bys. Do
d6, 16p dau ra 1a mot 16p duge két ndi ddy dd trén dinh
mdi chu ky vdi chia sé tham s6 W,; va byy:.

D6i v6i tac vu phan loai, x\") 1a vecto dic trung tai
khoang thdi gian ¢. Trudc tién, 16p diu ra can két hop
x") thanh mot vects dic trung cb dinh dé xi 1y thém.
bic trung trung binh theo thsi gian 1a mot Iya chon. Céac
phuong phdp nang cao hon c6 thé dugc ap dung dé€ tao ra
dic trung cudi cung, vi du nhu mé hinh chi y (attention
model) da minh hoa mdt cach c¢é hiéu qua nhiing tac vu
hoc quan trong gin ddy. M6 hinh chid y c6 thé dudc xem
nhu la viéc tinh trung binh cta cac déc trung theo thoi gian
nhung cdc trong s6 dugc hoc bdi cic mang LSTM thong
qua ngii canh. Trong nghién ciu ndy, chiing toi van st dung
c4c dic trung trung binh theo thdi gian d€ tao ra cic dic
trung cubi cung x” = (Z}tT:1 x,(r))/T. Sau do, chung toi dua
x(r) va mot 16p softmax dé tao ra cac loai xdc xuit du dodn

IV. THU NGHIEM
1. Tap dur liéu

Chiing t6i st dung 4 tap dit liéu, bao gom UTD [14],
MobiFall [15], PTITAct [9] va CMDFALL [8]. Chi tiét vé
mdi tap di liéu nhu sau:

- UTD [14]: day la tap di liéu dudc thu thap tu 12 ngudi
deo 2 loai cam bién 1a cidm bién gia tbc va con quay hdi
chuyén v6i tan s6 1iy mau 1a 200Hz. Tap dit liéu bao gom 6
hoat dong binh thudng va 1 hoat dong bét thuvng (nga). DE
hun huyén md hinh CNN-LSTM véi bo dit liéu nay chiing
t6i dong bing (frozen) thanh phan danh cho cdm bién tir
tinh va giam tan s miu (downsampling) xudng con 100
Hz;

- MobiFall [15]]: 1a tap di liéu dugc thu thap tw 15 ngudi
dé dién thoai thong minh trong tii quan. Di liéu cam bién
bao gdm cam bién gia tc va con quay hdi chuyén dugc thu
thap véi tan sb 14y mau 1a 90Hz. Tap di liéu bao gdm 9 hoat
dong binh thudng va 4 hoat dong bat thudng 1a cac tu thé
nga khac nhau. D& huin huyén mo hinh CNN-LSTM véi b
dit liéu nay chiing toi déng bing (frozen) thanh phan danh
cho cam bién tif tinh va tai tao tan s6 14y mau (upsampling)
1én 100 Hz bing phuong phap GAN cho dit liéu chudi thai
gian [18];

- PTITAct [9]: 1a tap du liéu dugc thu thap ti 26 ngudi
gan thiét bi internet van vat két ndi (IoT) & that lung. Thiét
bi dugc tich hgp cam bién gia tc, con quay hoi chuyén, va
tir ké. Dt liéu cam bién dudc thu thap vé6i tin s6 1dy mau
12 50Hz. Tap dif liéu bao gém 8 loai vin dong bat thuong
(nga & céc tu thé khac nhau) va 8 hoat dong binh thudng.
Tru6c khi hudn huyén mo6 hinh CNN-LSTM, dit liéu dudc
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Hinh 2. Kién tric mang hoc sau tich chap két hop mang bd nhd dai ngén (CNN-LSTM)

upsampling méiu dit liéu 1én 100 Hz bang phuong phéap
GAN cho dit liéu chuéi thoi gian [18];

- CMDFALL [8]]: 1a tap dt liéu khd 16n dugc thu thap
tir 50 ngudi deo 2 cam bién tai vi tri c§ tay va that lung.
Tap dit liéu gdm 9 nhin hoat dong binh thudng (nhu di
lai, ndm 1én giudng, ngdi xudng ghé v.v..) va 11 van dong
bat thudng (nhu ngd ngda, nga bén trdi, di loang choang,
trugt chan ...) khac nhau. Do tan s6 liy mau cla tap dit
liéu 1a 50Hz nén khi thyc nghiém trén tap nay, tdp du li€u
dugc upsampling mau dit liéu 1én 100 Hz bang phuong
phdp GAN cho dit liéu chudi thdi gian [[18]); Pay 1a nhiing
tap dif liéu da dugc cong bd va dugc st dung kha rong rai
trong cong dong nghién ctiu vé phat hién ngudi nga va van
dong bat thudng. Cac tap dif liéu déu c6 nhiing thi thach
nhu khong can bing (imbalanced) va c6 nhiéu van dong
bt thudng khd gidng véi cac hoat dong thudng ngay (nga
ra giuong vs. ngdi va nim xudng giudng).

2. b6 do danh gia

Trong nghién ctu nay, ching t6i st dung 3 do do la:
do chinh xdc (precision), dé bao phii (recall) va diém cdn
b[ing gita dd chinh xdc va do bao phit (Flgcore):

TP

—_— 1
TP+ FP M

Precision =
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TP
TP+ FN
2« (Precision * Recall)

Recall = )

Flscore = 3)

Precision + Recall
Trong d6, True Positive (T P) 1a ti 1& do s6 1an m6 hinh phat
hién ding vin dong bit thudng a va sb 1an thuc té xay ra
van dong bat thuong a; vi du ngd nghiéng bén phdi dugc
phat hién diing 1a ngd nghiéng bén phdi. True Negative (TN)
1a ti 1& do s6 1an md hinh phat hién ding khong phéi van
dong bat thudng a va s 1an thuc té xay ra khong phai van
dong bat thuong a; vi du khong phdi la ngd nghiéng bén
phdi dugc phat hién diing khong la nga nghiéng bén phdi.
False Positive (FP) 1a ti 1& do s6 1an m6 hinh phét hién
sai van dong bét thudng a va sb lan thuc té xay ra khong
phéi van dong bét thuong a; vi du ngd nghiéng bén phdi
dudc phat hién sai khong phdi la ngd nghiéng bén phdi.
False Negative (FP) 1a ti 1&¢ do s6 1an mo hinh phét hién
sai khong phai van dong bét thuong a va s6 lan thuc té xiy
ra van dong bat thuong a; vi du khong phdi ngd nghiéng
bén phdi dugc phat hién sai 1a ngd nghiéng bén phdi.

3. Cac md hinh thir nghiém (Baselines)
Chiing t6i thuc nghiém véi mot s6 mo hinh sau:

- Mdy véc to hé tro (SVM): v6i cc bude tién xid ly va
trich xuit dic trung tir dif liéu cdm bién dugc tham khio
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tlf nghién cttu [9]. Céc véc to dudc tinh tif cdc clia s trugt
dugc dung d€ huin luyén mo6 hinh SVM véi tham s6 C =
1, limda 12 két qua cla tim kiém 1udi (grid search) va ham
tich RBF.

- Mang CNN [11]]: dudc hiéu chinh d€ thich hop véi dit
liéu cam bién [5]] ctia tiing tap dif lidu thi nghiém nhu: sb
16p tich chép la 3, ¢6 2 16p max pooling va theo sau la 2
16p két hop ddy du (Fully Connected). S6 diu ra cia 16p
softmax dugc diéu chinh bing sd nhan vin dong bit thudng
trén tiing tap dit liéu. P& cai tién hiéu suit huin luyén va
du dodn, chiing tdi st dung ky thuit tdi vu Rectified Adam
[19]].

- Mang LSTM [16]]: dugc hiéu chinh dé& phu hop cho cic
pha huin luyén va du dodn trén céc tap dif liéu thir nghiém.
V6i dic tinh ¢6 thé nhé thong tin trong mot khodng thdi
gian dai thi nhiing dédc trung & mic cao trich chon tir dit
liéu cdm bién dudc st dung hiéu qua tai budc du dodn.

4. Két qua va danh gia

Ching tdi st dung phuong phdp ki€ém ching chéo 10
lan. Véi phuong phap nay, mdi tap dit liéu dugc chia thanh
10 phan bang nhau; 9 phan dugc liy ra dé huin luyén va
1 phan dudc st dung d€ kiém ching. Qua trinh nay lip
lai cho dén khi ca 10 phan dugc kiém ching va két qua
dugc tinh trung binh. Két qué tong thé dugc trinh bay trong
Bang [l Trong Bang [l SVM 1la bo phén loai da ting cho

Bang I
KET QUA (F1-SCORE) TREN 4 TAP DU LIEU
PP/D.liéu UTD | MobiFall | PTITAct | CMDFALL
SVM 0,85 0,79 0,87 0,45
CNN 0,94 0,88 0,91 0,82
LSTM 0,92 0,85 0,89 0,80
CNN-LSTM | 0,96 0,95 0,93 0,85

két qua kh4 tdt v6i cac dic trung dudgc trich chon thii cong
[9]. Tuy nhién, so véi cac md hinh hoc siu thi SVM thip
hon dang k€. Mo hinh hoc sdu CNN vdi kha ning hoc cac
dic trung ty dong t6t qua cic phép tich chap giita cic bd
loc, da lva chon dugdc cac dac trung véi dac tinh khong
gian (spatial) rit hiéu qua, da cho két qua t6t hon dang ké
so v6i SVM. M6 hinh LSTM cho két qua tuong dbi tot
x4p xi véi md hinh CNN. Mic du hoc va biéu dién céc
dic trung khong gian chua phéi la diém manh cta LSTM,
nhung véi kha ning nhd céc thong tin theo chudi thdi gian
trong khodng thdi gian dai ciing giip LSTM c6 kha néng
du dodn kha tbt, canh tranh dudc véi CNN. Cubi clng 1a
mo hinh dé xuit CNN-LSTM di cho két quéa cao nhit 96%
Fl-score trén tap UTD, 95% trén tip MobiFall, 93% trén
tap PTITAct, va 85% trén tip CMDFALL. Day 1a két qua
cai tién rit ding ké so véi 3 phuong phdp con lai. Piéu
ndy ciing cho thiy mo hinh CNN-LSTM hiéu qua hon ho
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su két hop clia viéc hoc va biéu dién cic dic trung cda dit
liéu theo khong-thoi gian.

) Bang II
KET QUA cUA MO HINH CNN-LSTM PHAT HIEN VAN
PONG BAT THUGNG TRONG TAP DU LIEU CMDFALL

Tén hoat dong Precision | Recall
nga vé phia sau 85,43 79,19
bo trén mat dat 86,31 84,21
nga vé phia truéc 89,56 87,58
nga vé bén trai 87,63 89,14
nam trén giudng va ngi vé bén trai 70,42 67,30
nam trén giudng va ngi vé& bén phdi | 66,43 68,57
nga vé bén phai 91,62 92,25
ngoi trén ghe va nga ve bén trai 83,26 81,98
ngoi trén ghe va nga veé bén phai 79,12 78,67
nhay loang choang 93,02 92,71
di loang choang 84,25 82,59
Trung binh 86,46 % 83,59%

Trong 4 tap dif liéu k€ trén thi tip UTD don gidn nhét
chi v6i 1 van dong bét thudng (ngd), tiép theo tip MobiFall
v6i 4 van dong bat thuong. Trong khi d6 tap PTITAct va
CMDFALL lan lugt 12 8 va 11 van dong bét thuong. Dic
biét tip CMDFALL c6 nhiéu vin dong bit thudng phiic
tap hon céc tap dit liéu khac nén diéu nay ciing ly giai két
qua cdc md hinh trén tip CMDFALL déu thip hon céc tap
dit liéu khac. Béng [IT] trinh bay két qui chi tiét phat hién
van dong bit thudng clia mo hinh d& xuit CNN-LSTM thi
nghiém trén tip CMDFALL. Két qua & Béng [lI] cho thiy,
CNN-LSTM c6 thé dat t6i do chinh xac 12 86,46% va do
bao pht 83,59% trén tap dit liéu CMDFALL. Pay ciing la
két qué tét nhét so v6i cac phuong phap khic. Mot s6 van
dong bat thuong rit phic tap nhu nim trén giuong va nga
cling dugc phat hién chinh xac 1én t6i 70%. Trong khi d6
céc tu thé ngd vé phia trudc, ngd vé bén phii, ngd vé bén
trdi v.v...déu dugc phat hién véi do chinh xic xip xi t6i
90%.

V. KET LUAN

Chiing toi da dé xuit mot mo hinh hoc sau tich chap két
hop v6i mang bd nhé dai ngin CNN-LSTM dé gidi quyét
bai todn phat hién cdc vin dong bét thudng clia ngudi st
dung cam bién deo trén ngudi. Kién tric d& xuit CNN-
LSTM da tan dung dugc dac tinh khong-thsi gian cta dit
liéu cam bién dé tu dong hoc va biéu dién cdc dic trung
hiéu qua trén dif liéu cAm bién khong thuan nhit. Két qua
thi nghiém trén 4 tip dit liéu UTD, MobiFall, PTITAct va
CMDFALL cho thdy mo hinh dé xuit da cho két qué tot
hon ddng k€ so v6i cdc md hinh mdy véc to hd trg (SVM),
md hinh hoc séu tich chap (CNN) va mo6 hinh mang bd nhé
dai ngan (LSTM). Pic viét véi do chinh xic 1én téi hon
85% trén bo dit litcu CMDFALL cho thy kha niing phat
hién t6t cdc van dong bit thudng phic tap. Két qua nay c6



nhiéu tiém ning cho cdc tng dung hd trg theo ddi ngudi
bénh Parkinson, bénh vé van dong va ngudi cao tudi.
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Relationship between Relaxed Functional Dependencies and Generalized Positive Boolean Dependencies
The main purpose in this paper is studying and descripting the variety of the generalized positive Boolean dependencies.
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dependencies are partial of the generalized positive Boolean dependencies.
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1. PAT VAN DE

Phu thudc dif liéu déng vai trd quan trong trong thiét ké
cac hé cd sG dit liu va khai thac tri thic. Viéc phat hién
cdc loai phu thudc khac nhau trong dif liéu 1a mot vin dé
nghién ctu thu vi, c6 y nghia va ciing 1a mot trong nhing
muc tiéu ctia linh viic ddm bao ngit nghia, tinh nhit quin
va khai thac tri thic trén van ban.

Phu thudc dt liéu hay rang budc dit liéu 1a nhitng ménh
dé qui dinh cic tinh chit ctia dif liéu cAn dugc ton trong
trong qué trinh xi Iy va luu trit nhim phéan anh ding hién
thuc khich quan. Sau cong bd nim 1970 ctia Codd vé phu
thudc ham trong co s§ dit liéu, caic nhém nghién cidu da
phat trién va dé xuét nhiéu loai phu thudc di liéu ngay cang
tinh t& hon nhim mé rong va nang cao kha ning mo ta dit
liéu trong thé gi6i thuc. Mot trong nhiing huéng nghién
ctiu quan trong la nhiing phu thuéc ham néi 16ng X—Y,
trong d6 X v Y 1a cdc céc tap thudc tinh, — thé hién su
phu thudc cua tip thudc tinh Y vao tip thudc tinh X vé6i
cdc diéu kién néi 1éng khac nhau [5].
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Vi du, trong giao thong ta thuong c6 cac phu thudc di

liéu sau:
Bang I
BANG GIA TAXI
Xe Diém di Diém dén Khoang | Thanh
cach tien

201 18 Hoang 20 Nguyén Trai 7,3 km 63.000
Qubc Viét

67 20 Hoang 125 Nguyén 5,5 km 50.000
Vian Thai Phong Sac

120 18 Hoang 18 Nguyén Trai 7 km 63.000
Quoc Viét

45 42 Vuong 78 Tran Pang 5,3 km 50.000
Thura Vi Ninh

Theo phu thudc ham kinh dién: Khodng cdch — Thanh
tién thé hién ngit nghia sau: Néu hai chuyén taxi chd khach
di cung mdt khoang cach thi hai xe nhian dudc cung mot
s6 tién.

Phu thudc ham néi 16ng: Khodng cdch (0,2) — Thanh
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tién (0) thé hién ngit nghia sau: Néu hai chuyén taxi chd
khach c6 khoang cach chénh léch khong qua 0,3 km thi hai
xe nhin dudc s6 tién nhu nhau.

Nam 2016, nhom tac gia Loredana Caruccio, Vincenzo
Deufemia, Giuseppe Polese da tap hop va phan loai cac phu
thudc ndi long (relaxed functional dependencies) va phan
tich cic dic trung ctia mot sb dang néi 1ong [5].

Niam 1992, nhém tac gia Nguyén Xuan Huy va Lé Thi
Thanh da d& xuét mot loai phu thudc dit liéu méi 1a phu
thudc Boole duong tdng quit (PTBDTQ) va ching minh
phu thudc ham va mét s6 bién thé ctia phu thudéc ham nhu
phu thudc yéu, phu thudc manh, phu thudoc dbi ngiu la
nhiing trudng hop riéng ctia phu thudc Boole duong tdng
quat [1, 3]. Tiép dén trong cdc nim tit 2012 dén 2016 nhém
nghién citu vé& phu thudc Boole duong téng quét da tiép tuc
ching minh rang cdc phu thudc sai khac [6] va cdc bién
thé nhu cic phu thudc ham xép xi [4] ciing 13 nhiing trudng
hop riéng ctia phu thudc Boole duong téng quat.

Trong bai nay, tiép tuc mach nghién ctu trén, sé chi ra
rang cac phu thudc ham ndi 1dng ciing 1a nhing trusng hop
riéng clia phu thudc Boole duong téng quat.

Il. CAC KHAI NIEM VA QUY UGC

Cho U = { xq, ..., X, } 12 tap hitu han cdc bién Boole
nhin gia tri trong tip tri logic B = {0, 1} Tap cac cong
thic Boole (CTB), ki hiéu L(U), bao gdm cdc biéu thiic
dugc xdy dung tit cac bién trong U, cac hang 0/1 va cic
phép toan logic A, V, -, —

Mbi vector 0/1, v = (v1,...,v,) trong khong gian B" dudc
goi 12 mot phép gan tri. Khi d6 véi mdi CTB f = L(U),
f(v) 1a tri ctia cong thic f dbi v6i phép gan tri v. Ki hiéu e
la phép gan tri don vi, e = (1,1,...,1). Céng thic f = L(U)
dudc goi la cong thiic Boole duong (CTBD) néu f(e)= 1.

Ky hiéu P(U). V6i mbi cong thiic Boole f € L(U), ki
hiéu Ty = { v € B"I f(v) = 1 } 1a bang chdn li ciia f. Mdi
tap cong thifc F € L(U) dugc hiéu 1a mdt hoi logic clia cac
cong thic thanh phan, F = Af | f € F. Khi d6, Tr = Ty
| fe F la bang chdn li cia tdp cong thitc F. V6i hai CTBD
f va g trén U, ta da biét CTBD g dudc suy din logic tif
CTBD f va dudc ky hiéu 1a f — g khi va chi khi Ty €
T,. Tuong tu, néu F la tdp cac CTBD trén U thi F — g
khi va chi khi T C T,. Hai tdip CTBD F va G trén U la
tuong duong nhau khi va chi khi T = Tg.

Theo truyén thong cta ly thuyét co s& dif liéu, ta chip
nhén cac ky hiéu sau day:

Hop ctia hai tip X va Y dugc viét XY; giao clia hai tap
X va Y dugc viét X(Y; phép trit hai tip X va Y dudc ky
hiéu la X-Y.
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Phép hoi hai cong thic logic X va Y dudc ki hi€u la XAY
hoic XY hoic X va Y (trong trudng hop can chi rd dau phép
todn) va dugc goi 1a tich (logic); phép tuyén hai cong thiic
logic X va Y dudc ky hiéu XVY hoac X+Y va dudc goi la
tdng (logic); diu ° thay cho phép phii dinh —. Vi du, biéu
thic ab + ¢ + bd ° 1a mdt biéu dién tuong duong véi cong
thitc logic truyén théng a A b V ¢ V b A(=d).

Vi du, cho tip U={a,b,c} khi d6 cong thiic f:ab—c la
mot cong thic Boole duong vi f(1,1,1) = 1.

Bang II

BANG CHAN LY Ty
a|b | c | ab | f=ab—c
0100 0 1
0101 0 1
0|1 0 0 1
0|1 1 0 1
1 0] 0 0 1
1 0] 1 0 1
1 1 0 1 0
1 1 1 1 1

Néu U = { x1, x2, ..., x, } 12 tAp cac thudc tinh va v 1a
mot b trong quan hé r trén U, x € U thi v.x dugc ky hiéu
1a tri ctia thudc tinh x trong bd v. Néu X C U thi ta dinh
nghia v.X = {v.x | xeX}. V6i tap thudc tinh U cho trudc,
quan hé trén tap thudc tinh U dugc ki hiéu 1a r, khi can
chi o tap thudc tinh ta c¢6 thé st dung ki hiéu r(U).

Céc qui ude va ki phap truyén thdng khac dudc gidi thidu
trong cdc tai liéu kinh dién vé co sé dit liéu va dudc trich
dan trong [1] va [2].

I1I. PHU THUOC BOOLE DUONG TONG QUAT

Cho U = {xi, ..., xy } 1 tap hitu han cdc bién Boole
nhin gia tri trong tap tri logic B = {0, 1}.

Ta quy u6c mdi mién tri d, cda thudc tinh x trong U
¢6 chda it nhét hai phﬁn ti. V6i mbi mién tri dy, xét anh
Xa o di — B thoa céc tién dé sau [2][3]:

Va, bed,

Al) Tién d& phan xa o (a, a) = 1

A2) Tién d& d6i xiing oc.(a, b) = o< (b, a)
A3) Tién dé bd phan 3c € dy: «,(a, c) =0

oc, chinh la quan hé (hai ng6i) bd phén thuc su, thoa cac
tinh chit phan xa va dbi xing trén mién tri d,. Viéc xdc
dinh o, dugc hiéu 1a thiét 1ap mot phép sdnh tri trén mién
tri d cho thudc tinh x

Quan hé biang =, (tam goi 12 quan hé dang thiic) dudc
dinh nghia: Va, b € d: =.(a, b) = 1, khi va chi khi a = b,
1 trudng hop riéng clia phép sanh tri va dugc ngdm dinh
trong rudng hgp khong dinh nghia tudng minh phép sanh
tri cho thudc tinh x.



Ta goi lugc do dit liéu 1a mot cip p = (U, F), trong d6
U 1a tap thuoc tinh v6i cdc mién tri tuong Gng va cic phép
sanh tri trén moi mién tri, F 12 tp cac phu thudc trén U
[1, 2, 3].

Cho lugc dd p = (U, F) va quan hé r trén U. Véi moi
cap bo u = (uy, us,... , un), v=(v1, va,... , v,) trong r, ta
dat tuong ting mot vector 0/1 ¢t = (¢4, 2,... , ty) € B, va ki
hiéu 12 # = oc(u, v), trong d6 thanh phin z.x Ung véi thudc
tinh x trong U chinh la anh cla anh xa t.x = oy (u.x, v.X).

Khi d6 mdi quan hé r sé dudc dit tuong tng véi tip cc
vector O/1, T, = { o<( u, v) | u, v € r}, va dugc goi la bdng
tri cia quan hé r trén LDBDTQ p [2, 3].

Quan hé r trén tap thudc tinh U théa PTBDTQ f (tap
PTBDTQ F) va viét r(f) (r(F)) néu T, € Ty (T, C TF).

MJi cong thiic Boole duong f trong P(U) véi cac phép
sanh tri cho trudc dugc goi la mdt phu thuéc Boole ducong
téng quat (PTBDTQ), lugc dd thu dudc trong trudng hop
nay dudc goi 1a lugc dd véi phu thude boole duong tong
quat.

IV. PHU THUQC HAM NOI LONG

Phu thudc ham néi 16ng [5] dugce xdy dung dudi dang
thic chung: f: X(1) — Y(y); X, Y € U véi cic diéu kién
ndi 16ng A va y nhu sau:

Quan hé r(U) théoa PTHNL f: X(1) — Y(y); X, Y C U
néu T, C Ty

NG6i 16ng cac phép sanh tri trén mdt vai thudc tinh: ngoai
sanh tri ding thitc c6 thé xét cac phép xip xi theo do do,
hodc céc phép so sanh <, <, >, >, =, #. Quan hé r thda phu
thudc ham néi 16ng theo phép sanh tri X (p)—Y va dugc
viét 1a (X (p)—Y) khi va chi khi hai b bét ky trong r sai
khac nhau khong qua ngudng p trén X thi hai bd d6 ciing
sai khac nhau khong qua ngudng p trén Y.

NG6i 16ng theo luc lugng:

#r(X —>Y) <

X (6)—Y) = -

)

Trong d6 #S 1a s6 phan ti c6 trong tip S. Biéu thifc
trén cho biét quan hé r thda phu thudc ham ndi 16ng theo
luc lugng X (6)—Y va dugc viét 1a #(X (6)—Y) khi va
chi khi ty 1& giita s6 luong cac bo con lai théa phu thude
ham truyén théng X — Y va cdc bo ciia quan hé r dat trén
ngudng §. N6i cach khéc, ta c6 thé x6a khodi quan hé r mot
s6 bo véi ty 1& ty 1& ¢ d€ quan hé con lai thda phu thudc
ham truyén théng X — Y.

Dinh nghia chung vé& phu thuéc ham ndi léng téng quat
nhu sau:

Cho U la tap thudc tinh, X va Y 1a hai tap thudc tinh
trong U. PTH néi 16ng c6 dang:
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fX (y)=Y®), X, YCU

Ta néi phu thuéc ham néi 16ng f thda trong quan hé r(U)
néu:

JX (y)=Y@®), X, YU

Véi moi cidp bd u, v € r, néu tan tif y(u.X,v.X) suy ra
dugc tan tu Hu.Xv.Y).

Phu thudc ham néi 16ng dudc hiéu 1a phu thudc ham véi
diéu kién kem theo nhim gidm nhe céc diéu kién ciia phu
thuoc ham chinh théng. Cic diéu kién gidm nhe dugc phat
bi€u thong qua cic tan tif y va ¢

V. CAC LOP BIEN THE CUA PHU THUOC
BOOLE DUONG TONG QUAT

Cic két qua chl yéu clia muc nay cho thdy, tlly thudc
vao cic dang cla cong thiic Boole duong cu thé va phép
sanh tri alpha cu thé ta c6 thé nhin dugc cdc phu thudc néi
16ng khéc nhau ting véi cic luge do dif liéu tuong dng sau
day.

1. Lop IE (Implication Fomula va Equal Comparison)

Lé6p IE 1a 16p cac luge d6 phu thudc ham kinh dién, dudc
x4y dung trén co s& phép toan suy din va phép sanh tri
déng thc.

Cho tap céc thudc tinh U = (x1, x2,... , x,), n=1. Gia st
X, Y € U. Mot phu thudc thudc 16p IE 1a biéu thic dang
[ X—>Y.

Dua trén biéu thic logic X va Y ta phan biét ciac dang
phu thudéc ham sau:

IE-1: Biéu thiic logic c6 dang X — Y, ta c6 phu thudc
ham truyén théng: Cho LPQH (U, F) Cho LPQH (U, F)
va mot phy thudoc ham f:X— Y trén U. Ta ndi quan hé r
thda phu thuoc ham f va ky hiéu r(f), néu hai bd tiy y
trong r gibng nhau trén X thi cling gidng nhau trén Y

IE-2: biéu thifc logic c6 dang \/X — Y cho ta ludc do
phu thudc ham manh: Cho quan hé r trén tap thuoc tinh U,
quan hé R thoéa phu thudc ham manh \/X — Y trén U néu
v6i hai bd u, v bit ky trong r: u va v bang nhau tai mot
thudc tinh nao d6 trén X thi u va v ciing bang nhau trén Y.

IE-3: Biéu thiic logic c6 dang X — \/Y, ta c¢6 lugc do
phu thudc ham yéu: Cho quan hé r trén tap thudc tinh U,
quan hé r théa phu thuéc ham yéu X — \/Y trén U néu
v6i hai bo u, v bat ky trong 7: u va v bing nhau trén X thi
u va v ciing bang nhau tai mot thudc tinh nao d6 trén Y.

IE-4: Biéu thic logic ¢6 dang VX — \/Y , ta c6 lugc
dd phu thuéc ham dbi ngiu: Cho quan hé r trén tip thudc
tinh U, quan hé r thoa phu thuéc ham dbi ngau \/X — \/Y
trén U néu véi hai bd u, v bt ky trong 7: u va v bang nhau
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tai mot thudc tinh nao d6 trén X thi u va v ciing bang nhau
tai mét thudc tinh nao do trén Y.

Bang dudi day tom ludc cac dac ta cho cac 16p con IE1-4

cta 16p IE

Dang phu | Tén goi Pic diém

thuoc

X—Y phu thudéc ham rang budc chit

VX > Y phu thuéc ham ndi 16ng vé trii
manh

X — VY | phu thuéc ham yéu | ndi 16ng vé phai

VX — phu thudc ham d6i ndi 16ng

VY ngiu

X(6) —» Y | phu thuoc xap xi ndi 16ng

Nhu vay, cac dang phu thuéc ham IE-1, IE-2, IE-3, IE-4
la cac phu thuoc ham néi long va ching la nhiing trudng
hop riéng ctia phu thudc Boole duong téng quat.

2. Lop LA (Logic Fomula va Alpha Comparison)

Dua theo diéu kién ndi 16ng, ta chia 16p LA thanh cic
16p con sau day:

LA-1: Lép LA-1 1a 16p cac phu thudc dudc xay dung
trén cd s& phép todn suy din va phép sanh tri alpha.

Cho tap céac thudc tinh U = (xq, x2,... , X,), n=1. Gia s
X, Y CU. Mot phu thudc thudc 16p LA-1 1a biéu thic dang
f: ax — ay v6i cac phép sach tri @ nhu da trinh bay &
phan IIL.

Ta néi quan hé r théa LA-1: ax — ay va viét r(X(a) —
Y(a)), néu véi hai bo bat ky u, v € r, thda cic rang budc
dudc dac ta béi ay trén tip thudc tinh X, thi u va v cling
thda cac rang budc duge dac ta bdi ham sai khac ay trén
tap thudc tinh Y:

rX(a) — Y(a) déf Yuver: o(uX, v.X)
= a(u.Y, v.Y)

Trong 16p LA-1, ta cé cac phu thudc dai dién sau:

- Néu biéu thiic logic dang f: @x — ay, ta c6 phu thudc
sai khac [6], v6i ax va ay la cac ham sai khac dudc dinh
nghia :

Cho quan hé r trén tap thudc tinh U, a € U va do sai
khiac m,. Ham sai khiac a, trén thudc tinh oc ddc ta rang
budc cua do sai khac m,: V6i hai tri x, y € d,, ta dinh
nghia a,(x, y) = 1 khi va chi khi mg(x, y) thda diéu kién
cho @, duéi dang céc bi€u thiic so sdnh véi cac phép so
sanh =, #, <, <, > va >.
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Cho tap thudc tinh X € U. Ham sai khac Ox trén tap
thudc tinh X 1a hoi logic clia cac ham sai khac trén moi
thudc tinh a € X: Ox = Agex 0o

Trong [5], da chi ra ring phu thudc ham sai khac la
truong hop riéng ctia phu thudc ham néi 16ng, trong phan
nay chi ra ring, phu thudc sai khic thudc 16p LA-1.

- Néu biéu thiic logic c¢6 dang f: X(6) —» ¥, 0 < 6 < 1
ta c6 phu thudc ndi long theo luc luong.

Vi duy, khi khdo sat cac khoa cia mot trudng dai hoc
ngudi ta dédnh gid tdng thé moi trudng dao tao cua khoa
theo y kién clia cdc chuyén gia (thudc tinh A). C6 4 miic
cho A 1an ludt 12 a, b, ¢ va d, trong d6 a 1a mic t6t nhét.
Thuoc tinh B cho biét mic d6 hai long clia cic sinh vién
vé truong d6. B gébm 4 miic 1a 1, 2, 3 va 4, trong d6 1 1a
mifc cao nhét. Gia sit két qua khao sit dugc thé hién trong
quan hé (A, B). Ngusi ta mudn biét giita moi trudng hoc
tap (A) va muc do hai long (B) c6 dat trén ngudng 0.6 hay
khoéng, tic la x4c dinh f: A(0,6)—B?

r

= N
SR R S =)

Ta thiy, sau khi x6a bd thi tu khoi quan hé r thi quan
hé con con lai, ky hiéu 14 7* sé théa phu thudc ham truyén
théng A — B. Ty 1 thu dugc lic nay sé la

£r 4

=r - 3 0,8 > 0,6

- Phép sanh tri theo khoang
Mién tri d4 dudc phan hoach thanh k khodng khong giao
nhau:

K
dp = | Jlaiib
i=1
[a; bl N [a; bil=0,1 < i,j < ki #j

V X,y € da: @p)(x, y) =1 khi va chi khi x va y thudc
cung mot khoang:
Vi du, diém tng két ctia hoc sinh dugc chia thanh 8
khoang
Piém F : [0; 3,9]
biém D : [4,0; 4,7]
biém D+ : [4,8; 5,4]
biém C : [5,5; 6,2]
Piém C+ : [6,3; 6,9]
biém B : [7,0; 7,7]



biém B+ : [7,8; 8,4]

biém A : [8,5; 10]
Lop LA-2: LSp LA-2 1a I6p cdc phu thudc duge xay dung
trén co sd phép toan logic Boole va phép sanh tri dang
thic. Pai dién cho 16p LA-2 1a phu thudc Boole duong. [2,
3]
Ldp LA-3: Lép LA-3 14 16p cac phu thudc duge xay dung
trén cd s phép toan logic Boole va phép sanh tri alpha
(muc 4.2). bai dién cho 16p LA-3 1a phu thudc Boole duong
tong quat (phan III), day ciing la 16p phu thudc bao ham
cac phu thudc logic trong cd sG dit liéu da va dang dugc
nghién ciu bdi cdc nhom tdc gia trong va ngoai nudc.

VL. KET LUAN

Viéc phan loai va dé xudt mot md hinh chung cho cic
loai phu thudc dif liéu 12 mot trong nhiing van dé dang dugc
gi6i nghién ctiu dif liéu 16n quan tim. Céc diéu kién can
va di d€ nhan biét cic dic trung ctia mot 16p phu thudc 1a
c0 s6 d€ phan loai va tao ra mdi lién hé giita cac 16p phu
thudc.

Bai bdo mo td mdi quan hé giita phu thudc ham néi 16ng
va phu thuéc Boole duong tong quét trong cd sd di liéu.
Cic két qua chii yéu bao gdm:

1. Xay dung cac 16p phu thudc trong cd sé dit liéu dua
vao hai dic trung cd ban 13 cong thic suy din va phép
sanh tri.

2. Chi ra mdi quan hé giita phu thuoc ham néi 16ng véi
phu thudc Boole duong téng quat. Tur cdc loai phu thudc
ham néi 1éng c6 thé tdng quat héa thanh phu thudc Boole
duong téng quat va ngudc lai, tir ly thuyét phu thudc Boole
duong téng quat c6 thé thuc té héa vé cic phu thudc ham
néi 16ng tiy thuodc tiing trudng hop bién thé cia yéu cau
thuc té.
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