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Tém tat: Radio Frequency ldentification (RFID) 1 cong nghé vo tuyén tam
ngan dé thu thap dix liéu ty dong xuat hién lan dau tién vao thap nién 1960. Co
hai phuong phap can bang tai cho hé thong RFID da duoc dé xuat vao nim
2007 1a phuong phap Min-Max Cost Assignment (MCA) va Min-Max Tag
Count Assignment (MTA). Trong do, phuong phap MTA la truong hop déc
biét cua MCA. Qunfeng Dong va céc cong su da dé xuat cac thuat toan cho
MTA duya trén Ludng cuc dai (MNF). Trong ludn vin, t6i da dé xuat mot ham
muc tiéu v6i vai tro phan phdi lai thé dya trén ning luong cua bo doc va st
dung thuat toan Ludng cuc dai c6 gia thanh nhé nhat (MCMF) cho MTA.
Trong bai bao nay, chiing t6i tiép tuc nghién ctru thuat toan MCMF cho MTA
trong viéc: Xu 1y rang budc duong vo cung trong ham muc tiéu di d& xuat
trude ddy va d& xuat mot chu trinh doi ludbng mai nham giam gia tri cho ham
muyc tiéu dén mic téi da. Thuat tosn MCMF duya trén chu trinh méi van dam
bao chay trong thoi gian da thirc. Cudi cuing chung t6i ching minh day 1a mot
cai tién so vai thuat toan da trinh bay trong ludn van.

T khéa: MCMF, MNF, MCA, MTA, RFID.

1. GIOI THIEU

RFID la c6ng nghé nhan dang ddi twong bang song vo tuyén, cho phép truyén va nhan di
lieu tir mot diém dén mot diém khac. Cong nghé nay dang tin cay dé phat hién va giam
sat dién tir, mot dang méi clia phuong phép truyén thong tin vo tuyén. Bo doc quét di
liéu cia thé va giri thong tin dén co s dit liéu luu trir dix liéu cua thé. Cong nghé nay cd
ng dung 16n trong thuc tién: Thé c6 thé dugc dat trén kinh chin gié xe hoi dé hé thong
thu phi duong bo ¢ thé nhanh chong nhan dang va thu tién trén cac tuyén dudng. Mot hé
thdng RFID c6 ba thanh phan co ban: The Bo doc va May chu.
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Hinh 1. Hé thong RFID
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Viéc sir dung nang lugng & b doc chi yéu trong giao tiép bo doc-the. Giam thiéu nang
luong nay dugce céc tac gia trong [1],[2] xem nhu 1a van dé Min-Max Cost Assignment
(MCA), vai gia str rang bo doc c6 thé sir dung cac mirc cong sudt khac nhau dé doc cac
thé khac nhau, dugc xac dinh dya trén khoang cach cua thé véi bo doc. Cac phuong phap
sau s& xem xét van dé can bang tai dudi bai toan t6i uu hoa trén do thi.

Céu tric tiép theo cua bai viét nhu sau: myc 2 trinh bay mé hinh bai toan RFID va cac
nghién ctru lién quan; muc 3 mo ta thuat toan dé¢ xuat; muc 4 moé phong danh gia thuat
toan dé xuat va muc 5 la phan ket luan.

2. MO HINH BAI TOAN VA CAC NGHIEN CUU LIEN QUAN

2.1. M6 hinh héa RFID bing d6 thi

Céc tac gia trong [1],[2] di chuyén bai toan can bang tai trong hé thdng RFID thanh mé
hinh d6 thi hai phia c6 trong s6 duong G = <U wV, E> , trong do:

-U ={u,,U,,..,u, }1atap hop m bo doc va V ={v,,v,,...,v,} latap hop n the.
- E={(u,v)jueU,veV }1atip canh sao cho bo doc u va thé v ¢6 thé giao tiép voi nhau.
- ¢; =¢(u;,v; ) >0 1a niang lugng méi Ian bo doc u, doc the v; .

m bo doc n thé

n

Hinh 2. Pé thi mé hinh héa hé thong RFID

2.2. Phwong phap MCA va MTA
Cac tac gia trong [1], [2] tiép tuc dé xuit cac phuong phap can bang tai cho hé thong
RFID trén do6 thi. Ho da@ m6 hinh héa phuong phap MCA nhu sau:
Cho d6 thi G=(UwV,E), chi phi ¢;:(u,v;)>Z* va B eZ". Tim mot phan bd
@:V —U cho cac thé v; vao cic b doc sao cho tong chi phi ning luong ti da trén tat
ca cac bo doc duoc tdi thiéu va thoa rang budc trén mdi bo doc u, V.

G <B, (1)

je[l,n],ui:(p(vj)

Néu ¢; =1 phuong phap MCA dugc chuyén thanh phuong phap MTA (Min-Max Tag
Count Assignment).
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2.3. Pé xuit thuit toan MCMF cho phwong phap MTA

Phuong phap MTA c6 thé duoc giai quyét bang thuat toan Ludng cuc dai trén mang
(MNF) [1], [6], [7]. Ttr m hinh d6 thi G=(U UV, E) biéu dién phuong phap MCA céc
tac gia da chuyén thanh mot Mgng nhu sau:

v(ui’vj ) <k déu c6 kha nang thong qua G :C(ui'vj ) :1.

U =U u{s,t}, s duoc goi la dinh phat, t dugc goi 1a dinh thu.

E=Eu(s,u,) Coy, =C(S,U;) =By

s

Vu. eU voi kha nang thong qua

E=Eu(v;.t) ¢,  =c(v;,t)=1

Vv, €V v6i khd nang thong qua
MTA tr& thanh bai toan tim Luong cue dai (Maximum Network Flow - MNF) trén mang
G=(UWV,E).

Ham muc tiéu cho thuit toan MNF

Dé hé théng dat hiéu qua hon trong viéc sir dung nang luong, bang cach phan bd lai s6
the dya trén muc nang lugng cua bo doc ma khong anh hudng dén so lugng toi da cac the
da dugc phan phoi cho cac bg doc. Tac gia trong [3] da dé xuat mot ham muc tiéu phan

bdnhusau: T = ZUEU

c
fs'“ — min 2)

> “u wueU:f. >0
' eU:
Rang buoc: T =< f,, o (3)

+00 JueU:f , =0
T dwoc goi 14 ti $6 giita nang hrong cua bd doc u va sb the duge gan cho bo doc d6. Gia
tri ham T can nho nhat, bai toan tim Ludng Cuee dai trén mang tr thanh bai toan tim Luong
cue dai Véi gid cyc tieu (Minimum Cost Maximum Flow - MCMF).

Vi du: Chuyén d6i bai toan MTA sang bai toan MNF va MCMF

m bo doc n thé

c =B \"E.i.:1|V(u.,v.)eE"" c =1
f_ 1 j

L’,J‘

Hinh 3. M6 hinh bai todn tim Luong Cuc dai ¢é gid cuc tiéu
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3. CAC THUAT TOAN CAI TIEN
3.1. Thuat toan dwa MCMF véi chu trinh ¢'

Nhu da dé cap ¢ trén, téc gia trong [3] da dé xuat ham muyc tiéu T va thém rang budc
dwong vo cung neu ton tai mot bo doc chua duge phan phoi the. Thlrjat toAn MCMF da
dugc dé xuat trong [3] thuc hién viéc doi luong doc theo chu trinh xuat phat tir dinh phat
s qua hai b6 doc va mét thé - sau khi da tim dugc luong cuc dai - dé giam gia tri ham muc
tiéu. Trong bai bdo nay chiing toi dit tén chu trinh ndy 1a ¢ va tén thuat toan da dugc
trinh bay trong [3] 1a #"MCMF . Tai ddy, chiing t6i thém phan xu 1y rang budc duong vo
cung vao thuat toan va trinh bay lai nhu sau:

Input: ~ Mang G=(U UV, E)

Output:  Luéong cuc dai " sao cho ham muc tiéu T nhé nhdt cé thé.

Function ¢'"MCMF ()

Tim luong cuc dai f trong mang G ;
Tinh gid tri ham muc tiéu T theo cong thuc (3) ;
do {
foreach u.,u, €U do
if (veV sao cho (u;,v),(u,,Vv)eE) then
if (f(u,v)=1va f(u,v)=0 va (doi luong lam giam ham muc tiéu
T hogc giam sé cung (s,u) c6 f,, =0)) then cdp nhat lai luong f ;

if (f(u,v)=0va f(u,v)=1 va (@i luong lam giam ham muc tiéu
T hogc giam sé cung (s,u) ¢ f,, =0)) then cdp nhat lai luong f ;

}

while (ham muc tiéu T da dwoc cap nhat) ;

return f;

Nhu vy, thuat toan ¢"MCMF ¢6 thé gigm ham muc tiéu T sau khi tim dugc ludng cuc
dai, giup phan phéi the vao cac bd doc duge can bang hon [3]. Tuy nhién, thuat toan chi
phan phdi lai thé cho hai by doc bat ky ¢ cling the; boi vi, tat ca chu trinh thay d6i ludng
c6 dang:

¢ =s—=5u—H5v—5u —=>s (Vu,u, eU,WeV) (4)



CAI TIEN THUAT TOAN LUONG CUC DAI CO GIA TRI CUC TIEU... 121

Nén, néu roi vao trudng hop sau, $'MCMF khong thé tiép tuc 1am giam dugc ham muc
tiéu T. That vay, gia st sau khi tim duoc ludng cuc dai tacé T =9.5 (Hinh 4):

Hinh 4. Truong hep thudt toain MCMF khong lam giam ham muc tiéu T
Trong vi du & Hinh 4, thuat toan ¢'MCMF chi xét dugc 2 chu trinh:

#=s—"5u—">v,—>u,— 255 va ¢ =s—"5u,—>V,—>U,— = >s
, cac chu trinh déu khong 1am giam ham T. Néu xét chu trinh qua 2 thé nhu sau
s—=< sy —2sv,—su,—2>v,—>u,— s lam giam ham T. Cy thé, véi chu
trinh moi T =8.5 ciing 1a gi4 tri nho nhat (Hinh 5)

Hinh 5. Luéng méi 6 gid tri T dat cuc tiéu
3.2. Chu trinh ddi ludng méi ¢*

Tur vi du trén, chung t6i dé xuat thuat toan dua trén chu trinh mégi. Chu trinh chira k thé
v6i k >1 va ky hiéu ¢*. Chu trinh ¢* dugc dinh nghia nhu sau:

P =s—=u —ov, ——.—v, —ou, —=>s(l<k<m)  (5)
trong do:

0 .
U —V, (U v, ) €E, fuij ", =0

v, — U o (u,
j j+l

v. )eE, f =1
! 'J) LTI
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3.3. Thuat toan dwa trén MCMF véi chu trinh ¢

Trong bai bao nay, chung t61 dat tén thuat toan moi la ¢k MCMF . Thuat toan duogc trinh
bay nhu sau:

Input: ~ Mgng G=(U LV, E)

Output: Luéong cuc dai f"sao cho ham muc tiéu T nhé nhat.

Function ¢“MCMF ()

Tim luong cuc dai f trén mang G ;
Tinh gia tri ham muc tiéu T theo cong thuc (3) ;
do {
foreach k=[1..n] do
if (¢* lam gidam ham muc tiéu T) then {
Cdp nhdt luong doc theo ¢* ;

Cdp nhdt ham T ;
}

else {
if (T =+) then
if (¢* lam giam s6 cung (s,u) 6 f,, =0) then Cdp nhat luong doc
theo ¢*;
}
}

while (ham muc tiéu T da dwoc cdp nhat) ;
return f;

3.4. Chitng minh céc tinh chét cia chu trinh ¢*

i. Chu trinh ¢* chi phan phdi lai s6 lwgng thé cho 2 bd doc diu va cudi cia né.
Chutng minh: Chu trinh ¢* ¢6 bo doc dau tién la u, va bo doc cudi cung la u; ; moi
bg doc u; con lai ¢6 hai dinh lan can v, ,v; sao cho u, —=v, va u—sy,
. Néu cap nhat ludng doc theo ¢* thitaco f (uij ,viH)z 0va f (uij Vi ) =1, nghia la
s6 luong the da phan bd cho bd doc u, khong thay dbi. Nhu vay, tong sé thé ma cac
bo doc trén ¢* tir 2 toi k khong thay doi.
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ii. Chu trinh ¢* khéng lam thay déi tong ludng ra khéi s. Ching minh: V&i moi chu

trinh lam thay d6i ham T thi ), +f,, =f , +1+f, —1="f +f, véiu,u, la
hai bo doc dau va cudi cia chu trinh. Nhu vy, chu trinh ¢* khong lam thay doi tong
lung ra khoi dinh phat s.

Moi chu trinh 1am giam ham T déu ¢é dang ¢°. Chang minh: C6 hai trudng hop
sau khi tim duoc ludng cyc dai f: (1) vueU:f  =c, va > f. <m; (2

JueU:f,, <c, va >y =m. Ddi véi truong hop (1) thuat toan khong can

eV vt
phai tim ¢* vi lac nay ham T ¢6 gia tri nhoé nhat. DI véi truong hop (2), co thé c6
ludng cuc dai mai lam thay déi ham T nén can phai tim chu trinh thay doi Iuépg. Luac
nay chu trinh can tim phai xuat phat tir dinh phat s va khong thé dén dinh nguon t boi
vi f =1. Vay chu trinh can tim phai c6 dang ¢".

VAEY
Thuit toan ¢*MCMF khéng lip vé han. Ching minh: Thuat toan ¢*MCMF dirng
tai hai trudng hop 1a ham T dat gia tri nho nhat hoac moi chu trinh ¢* dugc tim xong.
Bay gio ta chi can chimg minh ham T s& giam toi gi4 tri nhé nhat vai s6 lan giam 1a
hitu han. Goi f7, ., 1a gid tri luong tir s t6i u khi ham T dat gid tri nho nhat. Mi

chu trinh ¢* dich chuyén f, toi gan f, mot don vi vado f,,, f,, déula sty

s,u’ “su

nhién nén chac chan sau mot s6 hitu han lan f,, = f,

Tinh chét (i), (i) va (iii) khang dinh tinh ding dan cia thuat toan ¢*MCMF . Tinh chat
(iv) khang dinh tinh ding cua thuat toan ¢*MCMF .

3.5. B phiic tap giai thuat tinh toan

Thuat toan ¢*MCMF gom hai giai doan doc lap nhau: (1) Tim ludng cuc dai va (2) Tim
céc chu trinh ¢* cho dén khi ham T khong thé giam.

- Do phtc tap tinh toan cta giai doan (1) da dugc chirng minh 1a
(|U uV|*|E|2) =0(m’n’ +m’n®)

- Do phuc tap tinh toan cua giai doan (2) trong truong hop xau nhat: Do khong biét
trude gia tri nho nhét cia ham T nén tru’ong hop X4u nhat cua thuat toan 1a phai tim
moi chu trinh ¢*. Thay rang, trong ¢™* c¢6 chra m* céc chu trinh c6 it thé hon. Mat
khac, tir mdi chu trinh ¢™* di tim dwoc co thé sinh ra chu trinh ™" méi bang cach
thay thé m—1 thé cii thanh cac m—1 thé méi. Trudng hop Xau nhat, c6 m”*n*m
chu trinh ¢* can tim va viéc doi ludng doc theo ¢* trong trudng hop nay 1a duyét
qua m bo doc.
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Két luan do phuc tap tinh toan cua thuat toan ¢*MCMF :
®(m®n® +m’n® +m*n) =@(m’n(m+n)°) (6)
4. THUC NGHIEM VA PANH GIA KET QUA
4.1. Muc tiéu thuc nghiém
Chuing t6i da chtrng minh dwgc moi chu trinh doi ludng 1am giam ham muc tiéu T tai tinh
chat (iii) va néu ra vi du thuat toan ¢1MCM’F }(héng lam giam dugc ham muc tiéu. Bay
gio, ching t6i tién hanh thir nghiém thuc thé dé so sanh hai thuat toan v&i muc tiéu sau:
- Panh gi4 kha ning 1am giam gi tri haAm muc tiéu cta hai thuat toan ¢'‘MCMF va
#*MCMF .
- So sanh téc doc chay chuong trinh viét theo hai thuat toan: ¢‘MCMF (1) va
¢*MCMF (2). Cong thirc so sanh thoi gian:
_ Thoi gian chay cuia (1) trén dit liéu i - Thoi gian chay cua (2) trén dit liéu i
100

S *100%

- Néu S <0: Thoi gian chay cta chwong trinh 1 nhanh hon 2,

- Néu S =0: Thoi gian chay cia hai chuong trinh bang nhau,

- Néu S >0: Thoi gian chay cta chuong trinh 2 nhanh hon 1.
4.2. Céch thic tién hanh

- Chung t6i cai dét chuong trinh cho ca hai thuat toan can so sanh.

- Thuyc hién chay chuong trinh trén cing m¢t hé thong may tinh.

- Cac bd dir liéu dung so sanh dugc ching toi tao ra voi nhu sau:

Bang 1. M6 ta cdc bé dit liéu ding dé so sanh

Kich , _Phén b thé ,
thwoce (S0 thé moi bo doc co thé giao tiep)
1|R=3T=4 | N,=2,N,=2,N, =2
2 | R=4,T=5 N,=2,N,=2,N,=2,N, =2
3[R=6T=10 | N,=2,N,=2,B,=2,N, =2,

Ning luwgng ciia mbi bo doc

B,=5, B,=3, B,=3
B,—6,B,-58,-3,8B,=3
Bl=1O’BZ=9’B3=9’B4=4’

N, =3,N,=2 B.=4,B,=3

4 | R=6,T=9 N,=2,N,=2,B,=2,N, =2, B,=10,B,=9,B,=9,B,=4,
N, =2,N,=2 B.=4,B,=3

5| R=7,T=22 | Ngau nhién Ngau nhién

6 | R=8,T=24 | Ngau nhién Ngau nhién

7 | R=10,T=50 | Ngau nhién Ngau nhién

8 | R=50,T=71 | Ngau nhién Ngau nhién
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5. KET QUA
Bang 2. Sé thé toi da dwoc phdn phéi cho cdc bé doc
Dirliu | Dirliéu | Ditliéu | Ditlitu | Ditliéu | Dirliéu | Dirliéu
1 2 3 4 5 6 7
#*'MCMF 4 5 10 9 22 44 71
#MCMF 4 5 10 9 22 44 71
Pat mac 100% 100% 100% 100% 100% 88% 100%
Bang 3. Toc dé chay chirong trinh cua hai thudt todn
Thoi gian chay cua thudt toan 1 trén cdc bé dir liéu
0.054 | 0.0740 | 0.075| 0.0810 | 0.155| 0.130| 0.132| 0.224
23 0.060 | -0.01%
£ < 10.070 0.00%
22 | 0.083 -0.01%
NS
§} 2 | 0.069 0.01%
S s |0132 0.02%
o | 0161 -0.03%
2.5 10173 -0.04%
SIS
0.230 -0.01%
40.00
35.00 &
_e---R°7
-, 30.00 o-—-0--"2
@ 25.00 -
O 2000 o
E‘ 15.00 X
s 10.00 &
'E 5.00
E' 0.00
= R=3 R=4 R=6 R=6 R=7 R=8 R=10 R=50
‘s T=4 T=5 T=10 T=9 T=22 T=24 T=50 T=71
O --1 950 1550 23.00 28.00 29.00 30.39 31.39 34.00
2 850 14.00 23.00 25.00 26.00 27.40 29.19 33.40

Biéu db 1. Gid tri ham muc tiéu T dat duwoc cua thudt todn 1: g*MCMF | 2: g*MCMF

Phan tich két

qua:

- B‘iéu dd 1: Cho théy gia tri ham muc tiéu dat dugc boi thuat toan 2 luén bé hon hoac
bang thuét toan 1. ’ o
- Bang 2: Cho thay so lugng thé phan phoi cho cac bd doc cua hai thuat toan déu bang

nhau.
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- Bang 3: Cho thay tbc thuc té caa hai chuong trinh khong chénh léch nhau. Tir ddy
chung t6i c6 thé khing dinh, trong trudng hop sb lugng thé va sé lwong bo doc 16n
hon (thuc té s6 lwong thé ludn 16n hon rat nhiéu s6 bo doc) hai chuong trinh toc d6
chay twong dwong nhau, béi vi d6 phuc tap tinh toan ciia hai thuét toan déu bang voi
d6 phuc tap tinh toan cia budc tim ludng cuc dai.

4. KET LUAN

Dua vao phan vi du dugc thé hién tai Hinh 4, cac tinh chat cua thuat toan ¢*MCMF da
dugc chimg minh va két qua so sanh thuc nghiém theo hai thuat toan tai Biéu dd 1, ching
t6i két luan rang: Thuat toan ¢*MCMF tbi uu duge ham muc tiéu T hon S0 Véi thuat toan
#"MCMF ma van phan phdi duoc téi da sd thé cho cac bo doc.

Chung t6i sé tiép tuc nghién ciru thay d6i ham muc tiéu T dé c6 thé giam dugc rang budc
duong v6 cling trong trudng hop ton tai f,, =0 va cdi tién thuat toan g*MCMF nham

giam d¢ phc tap tinh toan cua no.
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Tilte: IMPROVE ALGORITHM WITH MINIMUM COST AND MAXIMUM FLOW FOR
METHOD MTA

Abstract: Radio Frequency Identification (RFID) which has reseached since 1960 is a short-
range radio technology to collect data automatically. Two solutions were proposed in 2007 to
balance load problem in RFID system were Min-Max Cost Assignment (MCA) and Min-Max
Tag Count Assignment (MTA) [1]. MTA was a special case of MCA. Qunfeng Dong et al
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proposed an algorithm based on the Maximum network flow (MNF) to solve the MTA. In my
dissertation, | proposed an objective function to redistribute tags based on the energy of readers
and used the Minimum-Cost Maximum-Flow (MCMF) algorithm. In this paper, we continue to
research MCMF algorithm for the MTA problem and proposed a new cycle for changing flow to
reduce value of the objective function to minimum, and the computational complexity of this
algorithm is polynomial. Finally, we prove this algorithm is an improvement over the algorithm
presented in my dissertation.

Keywords: MCMF, MNF, MCA, MTA, RFID.



