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Tém tat. Truy van thé trong hé thdng RFID la bude then chdt d€ nhan dang cac thé xudt hién
trong vung doc. Nhiéu giao thitc truy van thé da dugc dé xudt, tuy nhién viéc giam s6 khe
xung dot thuong kéo theo su gia tang s6 khe nhan i, anh hudng dén hiéu sudt truy van.
Trong mét s6 kich ban trién khai, s& luong thé, mién dinh danh thé va phan bd thé c6 thé
duoc biét truede; cac théng tin nay tao thanh “tri thiie” va da duoc khai thac d€ xay dung cac
giao thitc truy van dua trén tri thire. Bai bao nay danh gia cac giao thic cay truy van dua trén
tri thitc dwdi hai ki€u phén bd thé: dong nhét va khong dong nhét. Két qua cai ddt cho thay
cac giao thirc cay truy van dua trén tri thirc luén dat hiéu suét truy van cao hon so véi giao
thirc truy van ciy truyén thong, trong d6 QTKS va QTKS_TE cho két qua tot nhat. Phan tich
va thuc nghiém cting chi ra rﬁmg, mtc d6 khai théc tri thikc cang cao thi hiéu suét truy van thé
cang dugc cai thién.

Tw khoa: Hé thong RFID, cdy truy van dwa trén tri thitc, phan bd thé RFID, hiéu sudt truy van

Evaluation of knowledge-based query tree protocols with
different RFID tag distributions
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Abstract. Tag query in RFID systems is a key operation for identifying tags that appear in the
reader’s interrogation zone. Many tag query protocols have been proposed; however,
reducing the number of collision slots often comes at the cost of increasing the number of idle
slots. In certain deployment scenarios, the number of tags, the tag ID space, and the tag
distribution can be known in advance; this information constitutes knowledge and has been
exploited in several knowledge-based query algorithms. This paper evaluates knowledge-
based query tree protocols under different tag distributions: uniform and non-uniform.
Implementation results show that knowledge-based query tree protocols consistently achieve
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better query efficiency than the traditional query tree protocol, with QTKS and QTKS_TE
providing the best performance. The analytical and implementation results also indicate that
the more knowledge is exploited in the protocols, the higher the achievable query efficiency.

Keywords: RFID systems, knowledge-based query tree, tag distributions, query efficiency
1 Giéi thiéu

Nhan dang bang tan s6 vo tuyén (Radio Frequency Identification — RFID) la cong nghé
nhéan dang te dong st dung séng vo tuyén dé trao d6i dit liéu hai chiéu, khong tiép xtc gitta thé
(tag) va dau doc (reader) [1]. Mot hé thong RFID gém ba thanh phéan chinh: thé, dau doc va hé
théng (mdy tinh) quan ly/xt ly dit liéu. Thé (g6m chip va dng-ten) dwoc gén 1én ddi tuong &€ luu
trit thong tin va truyén khong day dén dau doc; hé thong quan ly/xt ly dix liéu ti€p nhan va xw
ly thong tin nay. Thé RFID duoc phan loai thanh thé thu dong, ban thu dong va cha dong; tuy
nhién, do bai bao chi tap trung vao giao thirc truyén thong chong xung dot, cac loai thé nay dwoc

xem la twong dwong trong pham vi nghién ctru.

Khi dau doc phat ban tin truy van dén toan b vung doc, nhiéu thé c6 thé phan hoi dong
thoi, gay xung dot, budc dau doc phai truy van lap lai, lam tang chi phi lién lac va thoi gian nhan
dang. Do d6, can cac giao thirc chdng xung dot hiéu qua, ddc biét trong cac hé thong IoT cb s6
luong thé 16n. Céc giao thirc chong xung dot RFID chu yéu gom hai nhom: dua trén Aloha [1-3]
va dura trén cay [4-6]. Cac giao thitc Aloha (nhw Slotted Aloha, Framed Slotted Aloha — FSA) wéc
luong s6 luong the d€ gan s6 khe thoi gian thich hop, giam xac sudt xung dot. Cac giao thiec duya
trén cay, nhu Cay nhi phéan (Binary Tree — BT) [7, 8] va Cay truy van (Query Tree — QT) [9, 10],
chia dan tap thé xung ddt thanh cac tap con cho dén khi mdi tap con chi con mot thé dwgc nhan
dang; BT dung s8 ngau nhién nhi phan, trong khi QT dua trén ID thé. Giao thitc QT cd yéu cau
thap hon vé nang luc thé, nhung hiéu sudt bi anh huwong dang ké boi phan bo ID theé.

Mot s6 hé thong RFID duoc trang bi co sd dit liéu, nho d6 dau doc co thé biét trude s6
luwong thé can nhan dang [11], mién gia tri ID thé c6 thé xuat hién [12] hodc kiéu phéan bé cta cac
thé [11, 13]; tap thong tin nay duoc goi chung la “tri thiec” (knowledge). Trong mét sd kich ban,
dau doc thuee sw biét toan bo mién ID ctia cac thé tiém nang. Chéng han, hé thong RFID trong siéu
thi thuwong c6 co so dit liéu luu trit ID thé cha tat ca hang hoéa duoc nhap dé ban; twong tu, hé
théng RFID trong nha may thuong quan ly co sé dix liéu chira ID thé cta toan bd san pham duoc
san xuat tai d6. Tuy nhién, do cac thé nay c6 thé xuat hién (appearing tag) hodc khong xuat hién
trong titng phién lam viéc cu thé, nén hé thong thuong phai dinh ky thuc hién qua trinh nhan
dang. Vi dy, trong siéu thi, méi khach hang chi mua mot tap con hang hoéa (twong ting véi tap
con thé xuat hién) va cac thé nay can duwoc nhan dang dé phuc vu thanh todn. Mt cach ti€p can
treec quan la [an luot truy van ting thé tiém nang (potential), song hiéu qua nhan dang sé rat thap
khi s6 thé thuc sy xudt hién chi chiém mdt phan nho trong tap thé tiém nang. Hién nay da cé mot
sO nghién ctru vé giao thirc chdng xung dot thé khai thac loai tri thitc nay. Trong mot s giao thire,
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dau doc lién tuc nhan dang cac thé xuat hién trong hé thong; vi vay, giao thic ¢6 tri thikc vé cac
thé da duwoc nhan dang trudc d6 va c6 kha nang phat hién viéc cac thé nay con hién dién hay da
roi khoi vung pht song. Nguoc lai, mot sd giao thike gia dinh dau doc 6 tri thie vé toan bd ID
thé c6 thé xuat hién. Do d6, néu giao thirc chdng xung dot RFID khai thac hiéu qua cac dang tri

thitc nay, qua trinh nhan dang thé c6 thé dugc tang tdc dang ké.

Gan day, moét s6 nghién ctru da dé xuét cac giao thirc chong xung dot dua trén tri thike, tiéu
biéu gom Cay truy van tri thiec (Knowledge Query Tree — KQT) [1], Cay truy van heuristic
(Heuristic Query Tree — HQT) [12] va Cay truy van v6i phan tach dua trén tri thic (Query Tree
with Knowledge-based Splitting — QTKS) [13]. KQT phan chia mién ID thé da biét thanh nhiéu
khoang, dau doc lan luot truy van céc thé trong ting khoang ID, qua d6 gidi han s luong thé
phan hoi dong thoi. HQT xay dung cay quyét dinh cho tap thé da biét va lién tuc chon bit truy
van “hiéu qua nhat” cho mdi budc dya trén viéc duyét cay quyét dinh. QTKS st dung co so dir
liéu tri thiec d€ xay dung cdy truy van va ap dung cac ky thuéat rat gon, phan giai trong qua trinh
nhan dang.

Bai bdo nay tap trung phan tich cac giao thirc ciy truy van dua trén tri thie trong hai kich
ban phan bd thé: phan bd dong nhat (ngau nhién, déu) va phan bs khong dong nhat (phan bd
Gauss). Cac dong gop chinh gom: Phan tich va so sanh ly thuyét cac giao thirc cay truy van dua
trén tri thiee hién c6; Cai ddt va danh gia hiéu sudt cac giao thic nay voi hai md hinh phéan bg theé
dong nhat va khong dong nhat.

Phén con lai cia bai bao dwoc td chire nhw sau. Phan 2 trinh bay cac nghién cttu lién quan,
bao gom giao thirc QT va céc bién thé duya trén tri thirc cua nd, cu thé 1a KQT, HQT, QTKS va
QTKS c6 uwdc luong s6 thé (QTKS_TE), kem theo phén tich va so sanh ly thuyét. Phan 3 mo ta chi
tiét viéc cai dat va danh gia hiéu suét cac giao thirc cay truy van dua trén tri thitc trong hai truong

hop phéan bo thé. Cudi cung, Phéan 4 dua ra két luan va dinh huéng nghién ctru tiép theo.

2 Giao thitc QT va cic bién thé dua trén tri thitc cia QT

Trong bai bao nay, ching t6i tap trung nghién cttu giao thirc cay truy van va cac bién thé
giao thitc cay truy van dwa trén tri thirc. Do cach tiép can chu yéu la phén tich thuét toan cta giao
thitc, cac thuat ngl “giao thirc cay truy van” va “thuat toan cay truy van” duoc sit dung thay thé
14n nhau trong toan bai. Phan duéi day trinh bay chi tiét phan tich giao thitc cay truy van (QT)

va cac bién thé dua trén tri thitc ctia nd.

2.1  Giao thirc QT

Giao thurc cay truy van (giao thtec QT), hién la giao thirc chong xung dot pho bién nhat.

Cau 1énh truy van cta giao thtcc QT c6 chudi tien t8 c6 thé thiét lap dong. D& phan hoi dau doc,
chi nhitng thé c6 dinh danh (ID) khép véi chudi tién t8 (prefix) méi cung cap phan ID con lai
111



Nguyén Dtrc Nhat Quang va CS.

Tap 134, S6 24, 2025

(remainder) ctia né sau khi loai bo chuoi tién t8. Cac thé xung dot sé duwoc dua vao mdt nhom

méi d€ dwgc truy van lai, vi vay qud trinh nay duoc ldp lai cho dén khi chi con mot thé tra 1oi.

A

Néu dau doc phat hién tin hiéu xung dot thi sd “0” va “1” sé duoc bd sung trong chudi tién t6.
Thuét toan QT duoc trinh bay ¢ Thuat toan 1.

Thuat toan 1. QT

Input: Cac thé trong vung doc;

Output: 1D _list;

idle, success, collision;

// Danh sach ID cac thé doc thanh cong

// Céc bién dém s6 khe nhan r6i, thanh cdng va xung dot

=

© ® N > O &= LW DN

e e e S S S = W S G Y
o ®©® N S O B~ W D = O

idle « 0; success < 0; collision « 0;
ID_list « @;

L« @;

Push(Q,1); Push(Q,0);

while (Q = 0)

q < Pop(Q);

L < Broadcast(q);

if IL| =0 then

idle « idle + 1;

elseif |IL| ==1 then
success «— success + 1;

ID_list.append(q+L[0]);

else

collision « collision + 1;

Push(Q, q1);
Push(Q, q0);
end
end
end

// Danh sach cac theé tra 1i tai mdi vong truy van

// Initialize Q

// Pop up chudi truy vén q tlt ngan xép S

// Broadcast prefix q dén cac thé;

// Khéng co thé nao tra 1oi (idle)

// Chi mét thé tra 101 (success)

// Thém thé doc thanh cdng (q+L[0]) vao ID_list

// Tach nhanh bang cach push chubi
// Truy van q1 va q0 vao ngan xép S

Do dai va phan b ID thé anh huong dang ké dén hiéu suat ctia giao thirc QT. Khi nhiéu
thé chia sé tién t6 dai, dau doc can thém cac tin hiéu phan tach d€ chia tap thé thanh cac nhém

nho hon, do dé nhiéu cai tién cho QT da dwgc dé xuat. Nhin chung, cac giao thitc chéng xung

dot dang cay c6 thoi gian xt¢ ly va cau trac cay tuong d6i phtic tap, nhung bu lai dat thong

lwong cao.
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2.2 Giao thitc cdy truy van duya trén tri thicc
Giao thirc KQT

Giao thire KQT la bién thé cta giao thirc QT, khai thac tri thie vé s luong thé can nhan
dang va phan bd ID ctia ching [1]. Y twong chinh ctia KQT 1a han ché sS thé phan hoi dong thoi
wpr d€
chia mién ID thé thanh N, khoang. Mbi khoang thit i dwoc ky hiéu I; = [SP;, EP], trong d6 SP,

dé€ xt ly xung dét hiéu qua hon. Ban dau, dau doc st dung sd lugng thé da biét, ky hiéu N,

va EP,; Tan luot 1a diém dau va diém cudi cta khoang ID; vé mat ly thuyét, moi khoang cé thé chi

chira mot the.

Sau d6, dau doc tién hanh nhan dang trong N, chu ky, mdi chu ky tuong tng véi mot
khoang I;. Trong chu ky thwt i, dau doc truy van cap gia tri (SP;, EP,); tat ca cac thé c6 ID thudc
khoang I; sé phan hoi ID ctia minh. Néu chi ¢c6 mét thé phan hoi, thé d6 duoc nhan dang thanh
cong va dau doc chuyén sang chu ky tiép theo. Néu xay ra xung dot, dau doc ap dung quy trinh
QT co ban trén tap thé trong khoang d6. Qua trinh nay duoc ldp lai cho dén khi xtr ly xong tat ca
cac khoang. Do tri thitc st dung trong KQT duwa trén moét tap ID thé cu thé, giao thirc nay cho
hiéu suét cao hon QT trong truong hop cac ID thé phan bé tap trung trong mot vung nhat dinh.
Thuét toan KQT dwgc minh hoa trong Thuét toan 2.

Thuat toan 2. KQT

reader procedure

Input: N_exp; // S8 luong thé wdc tinh

g(.); // Ham gia dinh xac suét roi rac ctia phan phoi ID thé
Output: ID_list; // Danh sach ID cac thé doc thanh cong

idle, success, collision; // Cac bién d&m s8 khe nhan rdi, thanh céng va xung dot
1. makelntervals(g(.), N_exp, L, R); // Chia N_exp khoang tit L dén R theo ham g(.)
2. idle < 0; success < 0; collision « 0;
3. ID_list < @; // Danh sach cac thé tra 101 tai mbi vong truy van
4. for (i=0; i <N_exp; i++)
5. broadcast(act, sp[i], eplil); // Broadcast 1énh activation dén cac thé trong (spl[i], ep[i])
6. receiveAnswer;
7. if (channelStatus == 1) then // Chi mot thé tra 101 (success)
8. success «— success + 1;
9. ID_list.append(receivedID); // Thém thé doc thanh cong (receivedID) vao ID_list
10. elseif (channelStatus > 1) then // C6 nhiéu hon 1 thé tra 10i (collision)
11. collision « collision + 1;
12. broadcast(sub, spli], h); // Broadcast 1énh subtract dén cac thé trong (sp[i], h)
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13. QTProcedure(); /] Thuc hién giao thitc QT
14. else // Khéng co thé nao tra 1oi (idle)
15. idle « idle + 1;
16. end
17. end
tag procedure
1. identified « false;
2. while (not identified)
3. receive(command, sp, ep);
4. if (command == act) A (sp <= myID <=ep) then // Cac thé trong (sp, ep) nhan lénh activation
5. send myID;
6. if (received Ack) then
7. identified « true;
8. end
9. end
10. if (command == sub) A (sp <= myID <=ep) then // Cac thé trong (sp, ep) nhan lénh subtract
11. tmpMyID « last h bits of myID - sp;
12. receive(prefix);
13. offset «— prefix.length;
14. if (prefix == tmpMyID|0..offset-1]) then
15. send tmpMyID;
16. end
17. if (received Ack) then
18. identified « true;
19. end
20. end
21. end
Giao thec HQT

Giao thttcc HQT mo rdng giao thiec QT nham khai thac tap ID thé da biét d& nhan dang cac
thé xuat hién [2]. HQT xay dung mot cay quyét dinh dua trén tri thic va tai mobi budc sé lza chon
bit truy van “hiéu qua nhat” cho lan truy van ké tiép. Dong gop tht nhat cua HQT la co ché

heuristic: giao thirc sit dung tap thé da biét nhu cac tng vién, tir d6 lwa chon bit truy van t6i vu
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va truy van thé mot cach linh hoat. Péng gép thit hai 1a tinh thuc tién: nhiéu thé da biét c6 thé
dong thoi dugc stt dung lam tng vién cho cac thé xudt hién trong viung doc cua dau doc. Déng
gop thit ba 1a tinh hiéu qua: HQT c6 kha nang mo rong tot voi do phire tap thoi gian O(log n).
Thuét toan HQT dwgc minh hoa trong Thuét toan 3.

Thuat toan 3. HQT
Input: C4c thé cb thé trong co so dit liéu; Cac thé xuat hién trong vung doc;

Output: Cay quyét dinh T; Tap cac ID thé dugc nhan dang trong viung doc;

reader procedure

tree construction procedure

1. T =null; dif_t=null
2. do InsertNode (T, tags) for all possible tags in database // Chén moi thé trong CSDL
3. procedure InsertNode(T, tags):
4. if T is null then
5. T = create_new_node(tags) // Tao node méi voi tags
6. directly end procedure
7. else
8. entropy <« calculate_entropy(tags) // Tinh entropy ctia node goc
9. if entropy > 0 then
10. best_attribute « find_best_attribute(tags) // Chon thudc tinh t6t nhat
11. left_tags, right_tags = split_tags(tags, best_attribute) // Chia tags
12. T.left « InsertNode(T left, left_tags) // Bé quy nhanh trai
13. T.right < InsertNode(T.right, right_tags) // Bé quy nhanh phai
14. end
15. end
16.  end
identification procedure
1. procedure TraceTree(n: the node, p: prefix, d: the depth) // Thu tuc TraceTree
2. decide the most efficient bit to query the tags // Chon bit hiéu qua nhét
3. send query based on the most efficient bit
4. receive response from tags // Nhan phan hdi thé
5. if collision then // C6 nhiéu hon 1 thé tra 1oi
6. TraceTree(left sub-tree of n, q, d+1) // Bé quy cay con trai
7. TraceTree(right sub-tree of n, q, d+1) // Bé quy cay con phai
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8. elseif readable then // Chi mét thé tra 161
9. Retrieve the tag ID
10. end

Trén thuc t& HQT mo hinh hoa bai todn chdng xung dot dya trén tri thirc nhu mot bai toan
phéan loai dit liéu. Giao thic st dung entropy va thuat toan ID3 dé xay dung cay quyét dinh,
trong d6 bit truy vdn & mdi nut duoc chon dua trén d6 loi thong tin 16n nhat. Cay truy van
heuristic dugc phat trién cho dén khi mdi nhanh chi con mot thé. Trong qua trinh nhan dang, dau
doc ludn chon bit c6 entropy 16n nhét d€ truy van va lap lai cho dén khi nhan dang hét cac the

xuat hién.

Giao thirc QTKS

Giao thirc QTKS gia dinh dau doc c6 co s¢ dir liéu chira ID cua toan bd cac thé cd thé co
[13]. Trwdc tién, dya trén tap ID nay, dau doc xay dung mot cay truy van dua trén tri thike, goi la
k-tree. Day 1a cay nhi phan ma mdi ntt ludn cé dung hai ntt con, trong d6 mdi ntt 14 tiong ting
v6i mot thé tiém nang nham tranh cac xung d6t khong can thiét va giam cac khe nhan r6i. Trong
giai doan nhan dang, dau doc str dung k-tree dé sinh ra cac truy van dang chudi bit thich hop, ti
d6 xac dinh tat ca cac thé xuat hién trong vung doc. QTKS ap dung thém hai ky thuét: (i) rat gon
d€luge bd cac truy van du thira trén k-tree, va (ii) phan giai cdp doi, cho phép truyén dong thoi
hai ID trong cung mot khe va bo qua cac truy van du thira khi chi con hai thé c6 thé. Nho vay,
QTKS rut ngén dang ké thoi gian nhan dang so véi KQT va HQT. Thuét toan QTKS dwgc minh
hoa trong Thuét toan 4; ngoai ra trong phién ban mdé rong dwoc st dung trong nghién ctru nay,
thuat toan QTKS dwgc b sung thém mot bude wde luong s6 thé (Tag Estimation) tai Dong 7-9
ctia quéa trinh nhan dang. Budc udc lugng s thé dua trén s6 khe xung dot/nhan rdi trong cac truy
van gan nhat d€ udc lugng nhanh s6 thé dang hoat dong. Thong tin wdc luong nay duge dung
d€ diéu chinh mtrc phan tach hodc chién lugc chia nhanh, giup giam cac truy van khong can thiét
khi s6 thé thuc t€ nho hon tap thé tiém néng. Giao thitc QTKS c6 tich hgp budc wde luwgng sd theé
nay duoc ky hiéu la QTKS_TE (QTKS with Tag Estimation). Day la mét cai tién nho nhung mang
tinh thyee tién, nham nang cao hiéu suat trong cac mdi trudng cd sd thé bién dong hodc phan bg
khong dong nhat.

Thuit toan 4. QTKS va QTKS_TE
Input: Cac thé cb thé trong co so dit liéu; Cac thé xuat hién trong vung doc;

Output: Cay k-tree T da dwoc xay dung; Tap cac ID thé duoc nhan dang trong vung doc;

reader procedure
k-tree construction procedure

1. T =null; dif_t=null
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2.

1.

do InsertNode (T, tid) for each tid of all possible tags in

database

procedure InsertNode(T: tree, tid: tag ID)

end

else

if T is null then

create new n as the root node of T with nS = tid

directly end procedure

n « the root node of T; 1 « the length of nS
k « the length of common prefix nS and tid
if k <1 then
m « new node values and sub-nodes of n
mS « different part of nS against tid
nS « common prefix nS against tid
nV <« nV +1if nis leaf node
clear the child nodes of n
if first bit of mSis ‘0’ then

| set m as left sub-node of n

elseif first bit of mSis ‘1’ then

set m as right sub-node of n

end

end
nV«<—nV+1
dif_t « different part of tid against nS
if first bit of dif_t is ‘0’ then

| InsertNode(left sub-tree of n, dif_t)
elseif first bit of dif tis ‘1’ then

| InsertNode(right sub-tree of n, dif_t)

end

end

identification procedure

level « -1

Transmit the command starting a frame

// Cheén tiing thé trong CSDL

// Tao ntit g6c T

//n:gbc T, 1: InS|

// Do dai tién t6 chung

// m: nit mai tir n

// mS 1a phan khac nhau

/I nS la tién t6 chung

// Tang nV néun la 1a

/] Xba cac nut con ctia n

// Bit dau cia mS ="0'

// Dat m la nut con trai cia n
// Bit ddu cta mS="1"

// Pdt m la nuit con phai ctian

// dif_t la phéan khéc nhau
// Bit dau dif_t="0'

// Bé quy cay con trai

// Bit dau dif_t="1"

// Bé quy cay con phai

// Khoi tao level
// Bt dau khung
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3. do TraceTree(root, , 0) // Duyét cay tte gbc
4. Transmit the command terminating a frame // Két thiic khung
5. procedure TraceTree(n: the node, p: prefix, d: the depth)  // Tha tuc TraceTree
6. q«—p+nS
7. if d <level and n has sub-tree then /[ d <level va c6 cay con
8. TraceTree(left sub-tree of n, q, d+1) // Nhanh trai
9. TraceTree(right sub-tree of n, q, d+1) // Nhanh phai
10. else
11. Transmit q
12. Receive tag response and detect the status // Nhan phan hoi thé
13. if collision and n has sub-tree then /I Néu c6 xung dot & co cay con
14. TraceTree(left sub-tree of n, q, d+1) // Nhanh trai
15. TraceTree(right sub-tree of n, q, d+1) // Nhanh phai
16. elseif readable then // Chi mét thé tra 1oi
17. Retrieve the tag ID
18. end
19. level « d if (no collision and level < 0) // Cap nhat level lan dau
20. end
21. end
tag procedure
1. Receive message m from the reader // Nhan m tir reader
2. while r != the command terminating a frame do // Chua két thuc khung
3. if r is a query then // 114 truy van
4. if prefix(ID) = r then Transmit ID /] Néu prefix(ID)=r thi gii ID
5. end
6. Receive message r from the reader // Nhan r méi
7. end
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Mot danh gia tdng quan cac thuat todn cay truy van dua trén tri thize duoc tém tat trong

Bang 1.
Bang 1. Danh gia cac thuat toan dwa trén tri thiee KQT, HQT va QTKS
Thuat s . - . cipea .
to:ﬁ Gia thiét tri thirc Céach thuc hién Danh gia hiéu qua
- Biét 50 the N, va chia mién - Néu s8 the duoc bidt/uwde
ID the thanh Ne,;, khoang; luong chinh xac va viéc
KQT - Biét phan bé thé (dong nhat - Ap dung thuat toan QT d6c  chia khoang hop ly (moi
hosc khong dong nhat) dé lap trén tirng khoang da chia. khoang xap xi mdt thé),
viéc chia khoang twong ting la KQT dat hiéu qua nhan
déu hodc theo ham phan bé. dang rat cao.
- Xay dung cay quyét dinh
dua trén phéan b8 cic thé da
biét; - Viéc stt dung entropy dé
- Biét phan bd thé va mién ID - Chon bit truy vdn “hiéu qua  chon bit t6t nhat giup hau
HQT ia L A o L S .
cta tap thé tng vién. nhat” theo heuristic; nhuw loai bo cdc khe nhan
- St dung thuét toén ID3 véi roi.
do loi thong tin lam tiéu chi
chon bit.
- Qua trinh t dn thé
- Biét trlI07C Hjle.fl pha7n bAO IAD trén co s& dit liéu ID thé da hoﬁ' 8 F1d
QTKS va ’s‘ong ccz scz div hey thtidetxay biét; ;
ung cay truy van; viéc tru ., . - Khi cb thé wéc |
QTKS_TE & cay fruy Yo Thuee hién truy van mot tap ' o the uoc luong

van mot tap con thé sau do
dua hoan toan trén cay nay.

con thé duya trén cdu trac cay
truy van da xay.

duoc s thé can truy van,
hiéu qua truy van dwgc cai
thién dang ké.

Sau day 1a phan danh gia thue nghiém d6i véi cac giao thire (thuét todn) cay truy van dua

trén tri thiec.

3 Mo phong va phan tich két qua

Céc thuat toan QT, KQT, HQT, QTKS va QTKS_TE duwoc cai dat va md phong trén may
tinh ca nhan stt dung bo xtt ly Intel(R) Core(TM) i7-12700 @ 2.10 GHz, RAM 24 GB, véi ngén ngit
lap trinh Python 3.11.4. D€ danh gia hiéu suat nhan dang thé cua cac giao thitc dua trén cay,

chiing t6i st dung cac tiéu chi sau:

S6 khe xung dot (collision slots) va s khe nhan 6i (idle slots);
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Hiéu suét truy van (Query efficiency), duoc dinh nghia la ty 1€ gitta s6 khe thanh cong va

tong s6 khe truy van:

S

— 1
S+C+1 @

Quer}’efficiency =

trong do S 1a s6 khe thanh cdng (success slots), € la sd khe xung dot (collision slots) va I la s6 khe

nhan rbi (idle slots).

Theo m6 hinh nang luong trong [14], tong ndng luong cho modt vong nhan dang la
E=E;+E +E;VOiE;=Sxes E. =C Xe, E; = I X ;. Hiéu sudt ndng luong duoc dinh nghia
la

E; S X e

EE = =
Es+E. +E SXes+CXe . +1Xe

(2)

. . s
Khi cac nang lwong trung binh xap xi nhau (e, ~ e, ~ ¢;), ta ¢cO0 EE ~ ——, titc EE ~
g luong trung p (es ~ec = e;), vt

Query_efficiency. Do d6, t6i wu hiéu sudt truy van dong thoi t6i vu hiéu sudt nang luong.
Chting t5i xem xét hai tredng hop phan bd thé: phan bd dong nhat (ngau nhién, déu) va
phan bd khong dong nhat (Gaussian) dwoc mo ta boi:

_=-w?
202

f&) =

exp( ) 3)

V2mo?
trong do6 u la gia tri trung binh, o la 6 1éch chuan, = la héng s0 PI va exp(+) la ham mii.

Céc tham s6 md phong duogc tém tat trong Bang 2.

Bang 2. Céc tham s6 md phong

STT Tham s6 Gia tri
1 Chiéu dai ID thé 48 bit
2 Tong thé cé thé 1000
3 S6 thé co thé xuat hién 100-1000
4 Phan bo thé g () boéng nhét va Gauss

3.1 Soséanh s4 khe xung dot

Hinh 1 so sanh s6 khe xung dot (collision slots) ctia cac thuat toan QT, KQT, HQT, QTKS
va QTKS_TE theo s6 luong thé xudt hién khac nhau trong vung doc, v6i hai dang phan bd the:
dong nhat (Hinh 1(a)) va khong dong nhat (Hinh 1(b)).

120



jos.hueuni.edu.vn Tép 134, S6 24, 2025

g
8

§
I
9
3
§

g
3
g
<
\
!

]
5]

Collision slots
3
o
=1
[
E!
I\
Collision slots
3
o

i

8
-]

K

o

100 200 300 400 500 600 700 800 500 1000 100 200 300 400 500 600 700 800 900 1000
Appearing tags Appearing tags

(a) (b)

Hinh 1. So sanh s6 khe xung dot cua cac thuét toan QT, KQT, HQT, QTKS va QTKS_TE: (a) phan b6 dong
nhat; (b) phan bs khong dong nhat

K&t qua cho thay cac thuét toan cay truy van dua trén tri thiec ludn tao ra s6 khe xung dot
thdp hon so véi QT, nho khai thac “tri thic” vé co sé dir liéu thé, mién phan bd va s6 luong thé
ma dau doc ¢6 duoc, qua dé tranh dwgc nhiéu nut xung dot khi duyét cay. Trong nhom nay,
QTKS_TE dat s6 khe xung dot thap nhat, dac biét hiéu qua khi s thé xuat hién xap xi s6 thé trong
co so dir liéu, do vira xay dung cdy truy van trén co so dit liéu thé, vira wdc tinh duoc s6 thé can

oo

truy van; muc “tri thte¢” cang cao thi truy van cang hiéu qua.

Tuy nhién, khi so sanh hai dang phan b8, QTKS_TE c¢6 thé tao ra s6 khe xung dot kha cao
trong mot sO treong hop phan b khong dong nhat. Hiéu sudt cia QTKS_TE phu thudc chiat ché
vao cdu truc cay duoc xay dung va vi tri thuc t€ cta cac thé xudt hién trong vung doc; néu phan
bd thé budc thuat toan phai duyét qua hau hét cac nat cua cay dé truy van hét thé, s6 khe xung

dot cia QTKS_TE sé kho duoc giam xudng.

3.2 So sanh so khe nhan r6i

DGi véi cac cai tién ctia thuét toan QT dugc cdng bo trude day, viéc giam s6 khe xung dot
thuong di kém véi viéc ting s6 khe nhan rdi (idle slots). Tuy nhién, véi cac thuat todn dua trén
tri thikc, s khe nhan rdi ¢ xu huéng bién thién khac nhau, nhw thé hién ¢ Hinh 2.

KQT 6 s6 khe nhan rdi cao hon QT. Vé ban chit, KQT thue hién QT doc lap trén tiing
khoang dwoc chia. Néu viéc chia khoang chinh xéc (mSi khoang xap xi c6 mot the), KQT dat hiéu
qua tdt; nguoc lai, khi mdt khoang khong chtra thé nao hodc chira nhiéu hon mot the, KQT lai

hoat dong twong tu QT trong khoang do, dan dén xuit hién thém cac khe nhan rdi so véi QT.

béi voi HQT, do lwa chon bit truy van “t6t nhat” dya trén entropy, hau nhu khong xudt

hién khe nhan rdi.
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Hinh 2. So sanh s8 khe nhan réi ctia cac thuat toan QT, KQT, HQT, QTKS va QTKS_TE: (a) phéan bé dong
nhét; (b) phan bd khong dong nhat

Dai véi QTKS va QTKS_TE, khi sd thé xuat hién trong vung doc tang, sd khe nhan roi giam.
Nguyén nhan Ia cay truy van duoc xay dung san tir co s¢ dit liéu thé da biét; néu s thé can truy
van it, qua trinh duyét cay c6 thé di qua nhiéu ntt ma khdng gap thé, tao ra khe nhan r6i. Khi s§
thé xudt hién tang lén (tiém can sd thé trong co so dit liéu dung dé€ xay cay), xac suat mdi nhanh
dan t6i mot thé duoc nhan dang thanh cong cao hon, do d6 s6 khe nhan rdi giam, nhw trong
Hinh 2.

Trong truong hop phan bd thé khong dong nhat, QTKS va QTKS_TE cho s6 khe nhan rdi
xap xi nhau. Viéc QTKS_TE udc lugng dugc s6 thé thue t€ khong giup giam dang ké s6 khe nhan
16i, boi voi dang phan bd khdng dong nhat duoc xem xét, thuat toan van phai duyét gan nhu

toan b cay dé truy van hét toan bd thé.

3.3  So sanh hiéu suét truy van

Hiéu suat truy van dugc xac dinh theo (1), tic 1a ti sO gitra sd khe thanh cong va tong s6
khe can thiét d€ truy van hét cac thé trong vung doc. Hinh 3 trinh bay so sanh hiéu sudt cta cac
thuat toan QT, KQT, HQT, QTKS va QTKS_TE d6i véi hai dang phan bd thé: ddong nhat (Hinh
3(a)) va khong dong nhat (Hinh 3(b)).

bai véi QT, KQT va HQT, hiéu sudt hau nhu khong thay d6i dang ké khi s6 thé xuat hién
trong vung doc tang. Nguyén nhan 1a KQT vé ban chat chi thwe hién QT trén tiing khoang da
chia, nén hiéu suét caa KQT chu yéu phu thudc vao d¢ chinh xac cua viéc chia khoang, it bi anh
huong boi s6 thé can truy van; do d6, hiéu suat caa QT va KQT gan nhu khong bién dong khi s6
thé tang. Vi HQT, s6 khe nhan roi gan nhu bf?mg 0, nén theo (1), viéc sd khe thanh cong va s&
khe xung dot cung tang khi s6 thé xudt hién ting cting khong lam cai thién dang ké hiéu suat

truy van.
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Hinh 3. So sanh hiéu suat truy van cua cac thuéat toan QT, KQT, HQT, QTKS va QTKS_TE: (a) phan bo
dong nhat; (b) phan bd khéng déng nhét

Nguoc lai, hiéu sudt cua QTKS va QTKS_TE phu thudc ro rét vao so thé trong vung doc.
Nhu da phan tich, khi s8 thé xuat hién ting, sd khe nhan r6i trong QTKS va QTKS_TE giam, lam
giam mau s& trong (1) va do d6 lam tang hiéu sudt truy van. Riéng véi QTKS_TE, nho s8 khe
xung dot cling giam khi sd thé xudt hién tang (Hinh 1), hiéu suét truy van cua QTKS_TE tang

vuot troi so vdi cac thuat toan con lai.

O truong hop phan b thé khong dong nhét, hiéu suét cia QTKS va QTKS_TE khong duoc
cai thién dang ké so v6i HQT. Ly do 1a trong cdu hinh phan bé nay, QTKS va QTKS_TE khong
giam duoc nhiéu ca s6 khe xung dot 1an s6 khe nhan r6i, nén theo (1), hiéu suat truy van cua

ching kho ¢6 thé tang thém.

4  Kétluan va huong phat trién

Hiéu sudt truy van thé c6 anh hudng truc ti€p dén hiéu qua hoat dong ctia hé thong RFID,
trong d6 dau doc dong vai tro then chét. Khi dau doc khong ¢6 tri thire vé s6 luong thé, mién ID
thé va phan bd thé trong vuing doc, s6 khe xung d6t va khe nhan rbi thuwong cao, lam suy giam
hiéu sudt truy van. Trong nhiéu tng dung thuc t€, mién ID va phan bd thé ¢ thé duoc biét truede
va duoc xem nhu “tri thtee” ctia hé théng. Dua trén tri thitc nay, cac giao thikc truy van thé truyén

thong co thé duoc cai tién d€ nang cao hiéu suat.

Bai bao da phan tich va danh gid cac giao thirc cy truy van dua trén tri thiec thong qua mo
phong v6i hai mo6 hinh phan bg thé: dong nhat (uniform) va khong dong nhat (non-uniform).
Mac du gia thiét tri thirc va cach khai thac tri thitc ctia tiing giao thitc la khac nhau, két qua cho
thdy hiéu suat truy van phu thudc rd rét vao lwong tri thikc s&n c6: tri thitc cang nhiéu, hiéu suat
truy van cang cao. Tuy nhién, cac giao thitc cay truy van dua trén tri thitc cting bi anh hudéng
manh boi phan bé the, ddc biét trong treong hop phéan b6 khong déu. Diéu nay cho thdy ban than
phén bo thé ciing la mot dang tri thirc ma néu dwoc tich hgp vao thiét ké giao thirc, hiéu sudt truy

van ¢ thé ti€p tuc dugc cai thién cho titng dang phan bé cu thé.
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Huwdng phat trién tiép theo cua nhanh nghién ctu nay la xac dinh va mo hinh héa thém
cac dang tri thic khac c6 thé xudt hién trong thuec t€ (Chéng han tri thic theo thoi gian, theo khu
viee, theo nhom ting dung) va khai thac ching dé thiét ké hodc cai tién cac giao thitc truy van thé.
Viéc thé RFID thu dong ngay cang duoc trién khai rong rai trong nhiéu linh vuec tng dung mé ra
thém nhiéu kich ban thuec t€, qua d6 tao co hoi tiép tuc phat trién va hoan thién cac giao thirc cay

truy van dua trén tri thiee.
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