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Mé& dau

Tinh cAp thiét ctia dé tai. Phan cum dit liéu 1a k§ thudt nén ting dé khai théc tri
thiic trong bdi canh dit liéu 16n va da dang (web, van ban, anh), véi nhu cau ngdy cang
tang vé mo6 hinh hod ciu triic an va gidm chiéu/khdm pha cum [1]. Cdc phuong phap
phan cum 1o rang (crisp) gap han ché khi dit liéu chong 1an; Fuzzy C-Means (FCM)
ké thita ¥ niém tdp md ctia Zadeh [2] va trd thanh phuong phap kinh dién nhd gan do
phu thudc mém [3], dude phat trién manh mé trong cc nghién citu gan day [4]. Dau
vay, FCM van dé sai & ranh giéi cum, nhay khdi tao va kém on dinh v6i nhiéu. Phan
cum ban gidm sit md (Semi-supervised fuzzy clustering - SSFC) b sung tri thitc ngoai
(nhan , cap rang budc, dd phu thuoc cho truée) dé cai thién chat lugng [5] [6], song d&
bi 4&nh huéng béi nhan khong déng tin cdy, dac biét ¢ bién cum. Hoc tich cuc (Active
Learning) cho phép truy van cé chon loc cdc diém mo hd/bién, gidm chi phi gdn nhan
va tang do tin cay [7, 8], phit hop cho SSFC va céc bai toan phan doan anh (y té, vién
thadm, gidm sat) von mo ho tai ranh gisi vung [9, [10]. Cac tiép can SSFC hién hitu con
thiéu co ché xéc dinh va hiéu chinh nhan sai & bién cling nhu khai théc tri thtic mién
c6 hé thoéng va chién luge truy van t6i wu dé han ché lan truyén sai. Chinh vi khoang
tréong khoa hoc nay, ludn 4n huéng t6i viée nghién cttu nang cao chat luong phan cum
trong diéu kién dit liéu nhiéu, cau tric cum phtic tap va chong lan dua vao viéc 4p
dung hoc tich cuc trong phan cum ban giam sat mo.

Muc tiéu nghién cttu. (1) Khéo sat toan dién SSFC/Active Learning hién dai, thuc
nghiém trén bo dit liéu chuan dé dinh vi vu—nhude—diém. (2) Dé xuat cdc phuong
phéap méi cho SSFC dua vao hoc tich cuc tap trung xit Iy vung bién va nhan khong
tin cdy. (3) Ung dung vio phan doan anh, ddc biét bai todn phét hién ving li.

Pbi tuong, pham vi va phuong phap. Luin an nghién cttu SSFC, SSFC md, va
SSFC m¢ tich cuc trén dit liéu nhiéu, mo ho viing bién; st dung bo dit liéu chuan
(UCI) va dit lidu anh. Danh gia bang cdc chi sé chuan hoé chat lugng phan cum va
hiéu qua. Phuong phap tiép can gom: (i) tong quan va phan tich 1y thuyét; (ii) Toi
uu, cai tién thuit toan, dé xuat thuit toin méi va danh gid thuc nghiém.

Déng goép chinh. (1) Dé xuit phuong phdp phdn cum bdn gidm sdt mo tich cuc dua
vdo bién cum, xac dinh va tinh chinh diém bién dé nang cao d6 chinh xdc phan cum
ving bién noi kha nang phan cum sai nhiéu nhat cting nhu diéu chinh tdm cum dua
vao tdm vimng bién lam co nhd vung bién khién hiéu qua phan cum dudc chinh xéac
hon. (2) Dé xuat phuong phap phdan cum bdn gidm sdt mo tich cuc an toin v6i rang
budc cap theo bién, cAn bang gitta cai thién dd chinh xac va kiém soat rii ro lan truyen
sai. C4 hai déu nham tang do chinh xéc, d6 viing trong bdi canh cum chong lan va dit
liéu nhiéu, véi chi phi gan nhan tiét kiém nhd truy van chon loc.

CAu tric ludn an. Chuong 1 trinh bay tong quan phan cum, SSFC/SSFC mg, hoc
tich cuc va thude do danh gid; néu van dé va dinh vi khoang tréng khoa hoc. Chuong
2 de xuat va danh giad phuong phap SSFC md tich cuc dua vao bién cum trén dit liéu



UCI va anh. Chuong 3 phat trién bién thé an toan véi rang budc cip theo bién va
thuc nghiém phat hién ving 1. Két ludn tong hop két qua va hudéng nghién citu tiép
theo.



Chuong 1

Tong quan vé phian cum ban giidm sit md,
hoc chu ddong va bai toan tng dung phan
cum ban gidm sat trong thuc tién

1.1 Téng quan phan cum ban gidm sit md

1.1.1 phin cum md

Phan cum m& (Fuzzy /Soft Clustering) 14 mé rong phan cum “cting” bang céch
gan cho moi diém mot vector dé phu thudc vao ¢ cum, véi cdc thanh phan trong [0, 1]
va thuong chuan hod tong bang 1. Biéu dién mém nay phan anh t6t hon thuc té khi
ranh gidi cum mo ho, cum chong lan hodc dit liéu nhiéu, vi mot diem cé thé dong thoi
lién quan dén nhiéu cum véi mitc do khac nhau.

1.1.2 phan cum ban giam sat

Phan cum ban gidm sat (SSC) két hop dit liéu khong nhan quy md 16n véi mot
luong nhé thong tin gidm sdt nham ning cao chit luong phan cum, gidm chi phi gan
nhan va tdng 6n dinh mé hinh so v6i hoc thuan khong gidm sat. Ngudn gidm sit pho
bién gom: (i) nhdn it cho mot s6 diem [9]; (4) rang budc cdp must-link/cannot-link
néu quan hé thuéc—khoéng thudce cung cum [11]; va (i) do phu thudc cho trudc trong
khung phan cum mao |12} |13].

1.1.3 Phan cum ban gidm sat mao

Trong phan nghién cttu tong quan nay, ching t6i xem FCM nhu nén tang ctia phan
cum md: thudt todn toi wu ludn phién dé phu thudc cac diém va tAm cum, thudt
toan da chiing minh tinh hiéu qua trén nhiéu linh vic (phan doan &nh, nhan dang, y
khoa. .. ) nhung van nhay cam véi khéi tao, dé bi nhiéu/ngoai lai va gia dinh hinh hoc
cum gan dang phuong [14]. Nhidu bién thé da dugc dé xuit dé gia ting do bén va linh
hoat—tit rough /kernel /robust, Wasserstein, trong s6 khong gian, Iua chon fuzzifier, lai
t6i 1, t6i rang budc gid tri riéng va cdc hang phat chong don diéu [15]. Khi nhan khan
hiém nhung can phtt hgp ngit nghia, phan cum bén gidm sat mo (SSFC) dua tri thitc
mién vao muc tiéu thong qua nhan it, rang budéc ML/CL va d6 phu thudc cho trudc;
cdc nhanh Kernel SSFC (ké c& da nhan) ting kha nang mé hinh hoé phi tuyén nhung
khé hiéu chinh tham s6, nhanh thich nghi xit 1y dit liéu dong/da chiéu, va nhanh “an
toan” gidm téc dong nhan sai bang trong s6 tin cdy/dd thi cuc bo [16/18]. Dang chi ¥,
TS3FCM sang loc nhan déng tin, khdi tao do phu thudc rdi t6i wu toan cuc, cai thién
hiéu qua nhung vain chiu 4nh hudng khéi tao v ving bién nhidu [12]. O huéng két



hop hoc sau, cdc mo6 hinh neuro-fuzzy /Deep SSFC hoc biéu dién (AE/CNN) dong thsi
v6i muc tiéu FCM c6 rang budc, cho két qua tdt trén dit liéu phitc tap nhung nhay
siéu tham s6 va chi phi huan luyén 16n [19, 20]. Cudi cuing, hoc chti dong cho SSFC
chon truy van/cip tai viing bién khéng chac chan—AFCC (FHV), K-GBS?FCM (d6
thi KNN “an toan”), SFCM-PM (prior+entropy)—gitp dat chat lugng cao véi rat it
nhan, song con phu thudce tham sé va chi phi xay do thi [5, 8, [21]. Nhitng quan st nay
chi ra céc khodng trong can giai quyét: tich hop chat ché chon cap chi dong véi co ché
“an toan” chéng nhan sai, tdi wu doéng thoi bicu dién-rang budc-chon mau, cling cac
thiét ké it nhay tham s6 va md rong tét trén dit liéu 16n.

1.2 Hoc chu dong

Hoc chti dong (Active Learning) nham gidm chi phi gdn nhan bang céch chii
déng chon nhiing mau giau thong tin nhat dé héi chuyén gia, thay vi thu thip/ghi
nhan ngau nhién nhu hoc thu déng (passive learning). Gid thiét c6t 16i: néu bo hoc
dugc phép chon mau dé héi, c6 thé dat hiéu nang tuong duong (hodc tét hon) véi 7t
nhan hon. Céch tiép can nay dac biét hitu ich khi dit lieu tho doi dao nhung nhan
khan hiém /dit d6; da chiing minh hiéu qua trong phan loai vin ban, trich xuat thong
tin, &nh-—vién tham-y sinh, lva chon cdm bién, hoc cau tric mang va phéan tich phan
mém [22].

Loai truy vAn & tiéu chi chon. Ba dang truy van thudsng ding: (i) nhdan diém
(point-label); (ii) rang budc cap ML/CL—pho bién vi dé héi [7]; (iii) truy vin cdu
triic/so sdanh (triplet, “peak” trong DPC) [23| [24]. Tiéu chi utility tiéu bicu: bat dinh
(entropy/margin, bat dong committee), dai dién (mat do/kNN), dnh hudng/ky vong
doi mo hinh (expected model change), va da dang dé tranh triing lip trong truy van
theo 16; két hop nhiéu tiéu chi thudng hiéu qua hon dung don 1& [25-27].

1.3 Céc nghién citu lién quan phan cum ban gidm sat md gan day
1.3.1 Phan cum ban giam sat md chia dong

A. Bbi canh va déng luc

Phan cum bén gidm st ms (SSFC) két hop dit liéu chua nhan véi thong tin bo trg
nhu nhan diém, rang buéc ML/CL ho#ic d6 phu thudc cho truée, qua dé cai thién do
chinh xdc so v6i phan cum md& khong gidm sat [7, 27, 28]. Tuy nhién, SSFC van do6i
mat nhiéu thach thitc: chi phi nhan cao, su nhiéu va cdc diém bién gay sai léch, tinh
nhay cam véi tham s6 va sé cum, khd nang xuat hién rang budc mau thuan va chi
phi tinh todn 16n. Hoc chi dong duge xem 1a gidi phap kha thi khi chi truy van “it
nhung ding chd”, tip trung vao viung bat dinh dé cting ¢b ranh giéi cum va tang do
bén vitng md hinh [25] [26].

B. Chién lugc truy van

Trong SSFC, phan hoi c6 thé ¢ dang nhan truc tiép (khi biét sé6 cum), rang budc
ML/CL von than thién v6i ngudi dung [7, [8], hodc ciu tric so sdnh nhu triplet/peak



phit hop v6i md hinh dua trén mat do [24]. Viéc chon truy van cht yéu dua trén bon
tiéu chi: mitc do bat dinh ctia diém, tinh dai dién, mtc d6 da dang va tac dong d6i véi
mo hinh [25].

C. Céc nghién citu tiéu biéu

Céc huéng nghién cttu quan trong gom: AFCC (2008) stt dung Fuzzy Hypervolume
dé chon rang budc tai vung bién, dat d6 chinh xéc cao nhung chi phi 16n va nhay tham
s6 [8]; ASC (2017) tdi wu rang budc trén do thi KNN gitp xdc dinh s6 cum va gidm
truy van du thita [29]; K-GBS3FCM (2024) lan truyén nhan an toan dua trén KNN
nhung phu thuéc manh vao lwa chon K [21]; va SFCM-PM (2025) tich hgp dd phu
thuodc cho truée hitu ich cho dit litu mat cAn bang nhung dé nhiéu néu prior thiéu tin
cdy [5].

D. Han ché chung va khoang tréng nghién citu

Mac dit cdc phuong phép trén déu gidm dude chi phi truy van, phan 16n van chua
xtt Iy hiéu qué ving bién chong 1an — noi sai s6 tap trung va noi moé hinh mo thé hién
mttc bat dinh cao [27]. Dong thdi, viéc tdi wu hod truy van dua trén ciu tric do phu
thudc con han ché [8], va hau nhu chua c6 phuong phdp nao chi trong manh dén tinh
bén vitng trude nhicu va diém ngoai lai [25]. DAy 13 khodng tréng nghién ctu déng ke.

E. Pinh huéng va déng gép cua luan an

Luén 4n hudng t6i khai thic cAu tric mo clia cum bang cich xac dinh ré ving bién
theo do bat dinh va mat do, tit dé thiét ké chién ludce truy van chi dong uu tién céc
diém nam tai ranh giéi cum — noi phan hoi ctia chuyén gia mang gid tri cao nhéat.
Trén co s6 d6, ludn an dé xuét thuit todn phan cum bén gidm sat md cht dong dua
trén vung bién, giup gidm chi phi nhan, ting do chinh xic va ting kha ning chong
nhiéu, huéng dén hiéu qua cao hon trong céc tng dung thi gidc mdy tinh thuc té.

1.3.2 Phan cum ban giam sat md an toan

A. Bbi canh va dong luc

Trong phan cum bén giam sat md (SSFC), d6 tin cdy cta du liéu c¢6 nhan va rang
buoc ML /CL déng vai tro then chdt. Khi cdc nguon thong tin nay bi nhiéu, thiéu nhat
quan hoac mang tinh thién léch, mé hinh rat dé khuéch dai sai léch thong qua qué
trinh lan truyeén nhan, t6i wu sai huéng do gén trong sb cao cho diém kém tin cdy,
hoac hoi tu cuc b tai cac viung bién cum. Vi vay, hoc an toan trong SSFC chi trong
vao viéc nhan dién va diéu tiét do tin cdy & cd mic diém, mic cip va mic cum, nham
duy tri su on dinh ctia qué trinh t6i uu.

B. Cac phuong phiap SSFC an toan gan day

Nhiing nghién cttu gan day da tich hop co ché trong sé va thich ing nham nang cao
tinh 6n dinh cho mé hinh. S’FCM, LHC-S3FCM va CS3FCM [18, 130] st dung do tin
ciy két hop do thi 1an can dé diéu chinh mitc déng gép ctia nhan. TS3FCM [12] tang
cudng kha nang hoi tu va do bén vitng thong qua loc nhan va khai thic do phu thuodc
cho trudc, dic biét hiéu qua trong moi truong dit liéu nhiéu.

C. Panh gia dic diém va han ché

Mac du cac phuong phép trén cai thién dang ké mic d6 an toan, ching van con phu



thudc manh vao khdéi tao ngadu nhién va phan bé méat do khong dong déu, xit Iy chua
hiéu qua ving bién chong 1an hodc diém nhiéu, va kha nang kiém soét rii ro clia rang
budc con han ché khi cdc cum md giao nhau.

D. Khoang tréng nghién citu

Hién van thiéu co ché bao dam an toan ¢ mitc do cuc b cho ving bién mo ho, noi
sai s6 tap trung cao nhat. Mic do tin cdy ctia nhan va rang budc ciling chua dudc tich
hop mot cach tu nhién vao cau tric md, khién mo hinh khé can bang gitta an toan va
chi phi gidm sit — déc biét trong cic bai todn c¢é do nhiéu 16n.

E. Pinh huéng va déng gép cua luan an

Luan 4n huéng dén nhan dién va xt 1y ving bién mo ho dua trén bat dinh va mat
d6; thiét ké co ché tu diéu chinh trong s6 theo mitc d6 tin ciy dé han ché tac dong cta
nhiéu; va xay dung mo hinh SSFC an toan, hiéu qué cho céc ing dung thi gidc mdy
tinh, noi yéu cau vé do tin cdy va kha nang chiu nhiéu dac biét quan trong. Muc tiéu
cudi cling 1a tang do bén vitng trudc nhiéu va cai thién chat lugng phan cum trong
cac kich ban thuc té phtc tap.

1.4 M6 hinh va di liéu danh gia

Dé kiém chimg hiéu qua trong bdi cdnh bién md, chong lan cao va nhiéu thuc té,
chting t6i st dung ba nguodn dit liéu bo trg: (i) benchmark UCI (10 bd dit liéu kinh dién
nhu Iris, Wine, BCW, Glass, Thyroid, Soybean(small), Haberman, Australian Credit,
Spambase, Waveform-5000) dé so sanh dinh luong c6 d6i sanh chuan [31]; (i) dit liéu
t1 sinh ¢6 kiém sodt chong 1an (GEN2D) nham c6 1ap va diéu khién mtic chong lan (ty
18 p) va @6 mo bién (hé sé tron «) phuc vu phan tich do nhay theo dd nhiéu, s6 cum va
bang thong mat do; (iii) dit liu 4nh gom (a) Landsat-8 khu virc ven bién Thanh Hoéa
cho bai todn phéan 16p phii dat (6 16p) véi bién phtic tap va khong dong nhat pho; (b)
tap phan doan viing ngdp gom khodng 290 4nh (mask nhi phan “ngap/khéng ngap”)
dé kiém dinh trong kich ban duong bién manh va nhiéu phan xa.

D6 do danh gii. Luan 4n st dung bo do gom céc chi s6: RI, F1, NMI, DB, PC, PE,
DB_ fuzzy

1.5 Két luin Chuong 1

Chuong 1 da hé théng hod nén tdng cho phan doan anh: tit tdp md, co ché sit dung
d6 phu thudoc va FCM, mé rong t6i phan cum ban gidm sit mds (SSFC) v6i nhan
hat giong, scribbles, rang budc ML/CL va thong tin 1an can. Chuong lam 16 vai tro
ctia hoc chti dong trong SSFC (chon truy van diém/cdp/cau tric & viung bién, dai
dién, 4nh hudng 16n) nham gidm manh chi phi nhan, dong thoi két ndi véi hoc sau
(FCN/U-Net/DeepLab, ...) dé vita gitt ranh giéi phiic tap via tiét kiém gan nhan.

Bo6 do do dudc stt dung thong nhat gom RI, F1 theo cip va NMI (céc chi sé ngoai
tai), ciing v6i DB (chi s6 noi tai) dé danh gid dong thsi mitc d6 khép nhan va do
chat—tach cta cac cum. V6i dit liéu mo, viéc tinh RI, F1 va NMI duge thuce hién sau
buée defuzzification bang quy tic tao ra phu thudc 16n nhat, trong khi cic thuée do



diic trung cho phan cum md nhu PC va PE duge ding dé phan anh mttc dd phan biét
gifta cdc cum va mitc d0 md ciia toan hé théng. Chi s6 DB_ fuzzy duge stt dung song
song v6i DB nham mé ta do chit cum trong khong gian dé phu thudc, dic biét hitu
ich khi cdc cum c6 ranh giéi mém. Tt phan tong quan, ¢ thé thiy khoang troéng con
ton tai lién quan dén viéc bdo toan ving bién trong khéng gian md, nang cao do tin
cdy ctia nhan va phat trién co ché truy van cht dong quy mé 16n; cic van dé nay tao
dong luc cho nhitng phuong phap va mé hinh duge trinh bay trong céc chuong tiép
theo.

T tong quan, cac khoang tréng vé bao toan bién, do tin cdy nhan va truy van chi
dong quy mo 16n dude xac dinh cho cac chuong sau;



Chuong 2

Pé xuit phuong phiap phan cum ban giam
sat chu dong dya vao bién cum

2.1 Bién gita cac cum va van dé lién quan dén phin cum ban giam sat
mao

Bién cum la viung do phu thudc ctia dit litu mo ho, dé gy gdn nhan sai—mnhat 1a
trong anh va sinh hoc—khién SSFC du c6 rang budc cap van nhay khéi tao va khé xt
Iy chong 1an /nhidu. Hoc chii dong c6 thé cai thién bang cach wu tién truy van cac diém
“giau thong tin” ngay tai bién va 4p dung ML/CL dé c6 dinh ving bién v6i chi phi
nhan thap. Can co ché x4c dinh bién déng tin, tiéu chi truy van bén vitng v6i nhiéu
va muc tiéu mo ¢6 “phat mém” dé gidm tdc déng nhan sai, huéng t6i SSFC+AL theo
chién lude bién—trong tam.

2.2 Y tudng va chi tiét thuit toin

Thudt todn dé xuat gom ba ¥ chinh, tap trung vao xi I ving bién noi do phu thuodc
ctia dit liéu mo ho: (i) chay FCM ban dau dé thu dudc phan cum mém va phdt hién
bién—cac diem c6 dd phu thudc phan tén gitta nhiéu cum; (ii) 4p dung hoc chii déng
chi trén viing bién: chon loc céc diém mo ho, truy van oracle dé hiéu chinh nhan/do
phu thudc, nhd dé ¢d dinh viing bién cuc bd véi chi phi nhan thap; (iii) tinh chinh lai
bang mot ham muc tiéu phan cum méi tan dung céc diém/“tAm bién” da hiéu chinh.

Quy trinh ciia thudt todn gom nam bude chinh. Trude hét, mé hinh dude khéi tao
bang cdch chay FCM trén toan bé dit litu dé thu duse d6 phu thudc ban dau U va
tap tAm cum V(@ lam nén cho cdc bude ban gidm st tiép theo. Sau d6, thuit todn
phét hién viing bién bang cdch do d6 mo ho cia ting diém, chang han théng qua chi
6 do chénh Ay = miny, [ug, — ug,|, va chon ra N, diém c6 mitc bt dinh nhd nhét
lam céc tmg vién bién. Tiép theo, co ché hoc chii ddng duoce ap dung 1én cac diém nay:
mé hinh truy van oracle dé thu nhan ho#c thong tin prior, tit d6 xay dung ma tran
d6 phu thudc cho truée U phan anh tri thitc gidm sat cuc bo dang tin cdy. Dua trén
cac diem duoc gidm sat tai bién, budc ban gidm sat tiép theo t6i wu ham muc tiéu
v6i diéu chinh d6 phu thudc sao cho tiém cin cic gia tri wu tién trong U. Cudi cling,
thuit toan thuc hién qué trinh 18p cAp nhat U va V cho dén khi tAm hoi tu (sai s6
khong viot qud €) hodc dat sé vong lip t6i da.
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Hinh 2.1: M hinh phin cum bén gidm sdt mo chit dong dua trén ving bién cum (ASSFBC).

Ham muc tiéu

N C L
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Cap nhat tham sb
Membership. Véi rang buoc X; ug; = 1:
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Thuat toan 1 ASSFBC

1: Pau vao: Tap dit liéu X, s6 diém N, s6 cum C, t§_1&_hat_gibng, ngudng hoi tu e, s6 vong 1ip t6i da Tiax
2: (FCM) Khéi tao ma tran thanh vien U© va tdm cum V() bang thuit toin FCM.
3: (Bién) Tinh d6 mo hd Ay, va chon N, = [t§_1&_hat_giéng- N| diém & ving bién.
4: (Hoc chii dong) Truy van chuyén gia = tinh chinh U trén cic diém bién.
5. bat t < 1.

6: Lap khi ¢ < Thpax:
7

8

9
10

Cap nhat U® theo cong thitc 2.2 .
cap nhat V® theo cong thiic tAm cum 2.3.
Néu max; Hv§” . v](»t_l)H < ¢ thi dung lap.
Tang t <t + 1.

11: Két thic lap

Do phic tap
Véi Iy vong FCM khéi tao, T’ vong tdi wu, N, < N:

Time = O(NC*(Iy+T) + O(Nlog N))

2.3 Két qua thuc nghiém

Véi mong muén chitng minh hiéu qua ctia phuong phap dé xuat trong trudng hop
c6 nhiéu diém nhiéu tai viing bién céc cum dit liéu, thi nghiém duge thuce hién nham
so sanh va dé xudt cac kich ban thit nghiém trén ba loai dit liéu sau: dit liéu tiéu chuan
UCI, tap dtt liéu duge tao thu cong, va du liéu anh.

Céc thi nghiém duoe thuc hién bang MATLAB trén mdy tinh xach tay LG Gram,
dugc trang bi bo vi xtt Iy Intel(R) Core(TM) i5-6200U CPU @ 2.30GHz dén 2.40GHz va
8GB RAM. Céc thi nghiém dugc tién hanh dé so sanh phuong phap dé xuit ASSFBC
v6i cac phuong phéap lién quan nhu: FCM [4], SSFCM [29], eSFCM [44], AFFC [45],
va AFFC [46]. Céc chi s6 dudc sit dung dé danh gid chat luong phan cum la: RI, F1,
NMI, DB, PC, PE, DB fuzzy. Sau khi tién hanh céc thi nghiém trén tap dit liéu, két
qué duge thé hién chi tiét trong cdc Hinh , va , tuong Ung véi tap do
lidu UCI, dit liéu téng hgp, va dit liéu anh.
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Hinh 2.2: Minh hoa phan doan 16p phti dat trén d4nh Landsat-8

Alfgg:}t‘m FCM | SSFCM | eFCM | AFFC(2008) | AFFC(2017) | ASSFBC
IRIS
RI 0.8741 | 0.9018 | 0.9094 0.9253 0.9492 0.9939
F1 0.8364 | 0.8491 | 0.8614 0.9086 0.9304 0.9898
NMI 0.7381 | 0.7704 | 0.7825 0.8241 0.8463 0.9744
DB 0.9414 | 1.3615 | 1.4173 1.5471 1.6932 1.2294
PC 0.7803 | 0.8112 | 0.8324 0.8517 0.8831 0.9418
PE 0.4216 | 0.3897 | 0.3712 0.3431 0.3124 0.2135
DBfuszy 0.3827 | 0.4721 | 0.5834 0.5219 0.5028 0.4617
Breast
RI 0.7594 | 0.7594 | 0.7641 0.7689 0.7731 0.7848
F1 0.7894 | 0.7894 | 0.7961 0.8044 0.7971 0.8667
NMI 0.4751 | 0.4751 | 0.4928 0.4974 0.5002 0.5123
DB 0.7485 | 0.8156 | 1.3481 2.3923 0.9658 0.9144
PC 0.7412 | 0.7427 | 0.7529 0.7638 0.7714 0.7925
PE 0.4829 | 0.4817 | 0.4698 0.4523 0.4427 0.4235
DBfuszy 0.7124 | 0.6942 |0.6028 0.7729 0.8157 0.9526
Glass
RI 0.8214 | 0.8192 | 0.8258 0.8310 0.8322 0.8494
F1 0.5983 | 0.5942 | 0.6029 0.6058 0.6091 0.6154
NMI 0.6891 | 0.6804 | 0.6875 0.6971 0.6582 0.7584
DB 0.6383 | 2.8204 | 1.9192 1.4598 2.1304 1.1964
PC 0.6921 | 0.6834 | 0.7019 0.7128 0.7256 0.7517
PE 0.5318 | 0.5524 | 0.5247 0.4928 0.4719 0.4125
DBtuzzy 0.5231| 1.8827 | 0.7216 1.0029 1.5324 2.2612

Béang 2.1: So sanh tong hop cac do do danh gia trén cac tap dit liéu IRIS, Breast va Glass.
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Ali‘l’gg‘m FCM |SSFCM |eFCM | AFFC(2008) | AFFC(2017) | ASSFBC
Wine
RI 0.7199 | 0.7418 | 0.7367 0.7556 0.7583 0.7689
Fl 0.5868 | 0.6234 | 0.6166 0.6417 0.6459 0.6578
NMI 0.4295 | 0.4537 | 0.4469 0.4604 0.4671 0.4955
DB 0.8365 | 1.6125 | 0.8490 0.8367 0.9608 2.2867
PC 0.7213 | 0.7328 | 0.7394 0.7517 0.7596 0.7729
PE 0.5074 | 0.4931 | 0.4989 0.4728 0.4627 0.4382
DBtuszy 0.6934 | 1.5142 | 0.7249 0.8157 0.9345 2.1479
Soybean
RI 0.8234 | 0.8408 | 0.7865 0.8441 0.8464 0.8677
F1 0.6819 | 0.7124 | 0.6081 0.7168 0.7194 0.7571
NMI 0.7002 | 0.7544 | 0.5454 0.7568 0.7671 0.7784
DB 3.7219 | 3.7587 | 4.7462 2.4579 2.7805 2.7581
PC 0.8124 | 0.8317 | 0.7829 0.8368 0.8441 0.8619
PE 0.3881 | 0.3627 | 0.4786 0.3579 0.3425 0.3287
DBtuszy 3.4972 | 3.6045 | 4.5289 2.3841 2.6974 2.6812
Thyroid
RI 0.6394 | 0.6513 | 0.6655 0.7175 0.7258 0.7649
F1 0.6314 | 0.6338 | 0.6485 0.6872 0.6988 0.7367
NMTI 0.3135 | 0.2968 | 0.3301 0.3635 0.3671 0.5284
DB 2.0871 | 2.4405 | 4.8259 2.6492 2.5697 2.1271
PC 0.6329 | 0.6463 | 0.6617 0.7018 0.7163 0.7524
PE 0.5871 | 0.5783 | 0.5692 0.5393 0.5284 0.4189
DBituszy 2.0471| 3.3829 | 4.6985 2.7987 2.5234 2.4481

Bang 2.2: So sanh téng hop cac do do danh gid trén cac tap dit liu Wine, Soybean va Thyroid.

Dua trén két qua thuc nghiém, ASSFBC nhat quén vudt troi vé cac chi sé RI, F1,
NMI ciing nhu cdc do do md nhu PC va PE trén hau hét bo dit lieu. Hai do do nay
cho thdy ma tran do phu thudc trd nén sac nét hon (PC cao) va mitc d6 m gidm déng
ké (PE thap), phan 4anh viéc stta bién gitip giam su nhap nhang & céc diém khé phan
loai. D6i v6i cdc do do noi tai nhu DB va DB_ fuzzy, gid tri cia ASSFBC cao hon
so v6i FCM. Diéu nay xuat phat tit viec FCM chi t6i uu khoang cich diém-tam cum
nén tao ra cdc cum rat tron, gon va doi xing, khién DB va DB fuzzy thadp mot cich
tu nhién. Tuy vay, so v6i cac thuat toan phan cum ban giam sat mo khac, ASSFBC
thuong dat DB va DB fuzzy t6t hon ho#ic canh tranh, cho thiy viée diéu chinh ving
bién khong lam suy gidm cau tric cum ma van dam béo 6n dinh.

Trén IRIS, Breast, Glass, Wine, Soybean, Thyroid, Data2 va Satellite, ASSFBC dan
dau ba thuéc do theo nhan; riéng Thyroid con dat DB thap nhat, chimg té viéc sia
bién van gitt dude cum gon. 0 mot vai tap dit lieu nhu Glass, Wine, Data2, Satellite
va Breast, DB cao hon phan anh hién tuong cum hoi dan khi thudt toan wu tién siia
bién dé khép nhan trong bbi canh chong lan 16n, nhung diéu nay khong anh hudng
dang ké dén chat luong theo nhan. Tong thé, ASSFBC én dinh va manh vé cac thude
do theo nhan, trong khi PC cao, PE thap va DB _fuzzy canh tranh cho thay su can
bang t6t gitta dd 16 ctia d6 phu thude va mitc do chit cum.
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AlIgr‘l’;gilm FCM |SSFCM | eFCM | AFFC(2008) | AFFC(2017) | ASSFBC
Datal
RI 0.9523 | 0.9725 | 0.8941 1.0000 1.0000 1.0000
F1 0.9320 | 0.9624 | 0.8927 1.0000 1.0000 1.0000
NMI 0.9013 | 0.9317 | 0.7094 1.0000 1.0000 1.0000
DB 1.8451 | 2.3049 | 3.0185 0.9282 0.9347 0.9433
PC 0.9321 | 0.9340 | 0.8875 0.9687 0.9714 0.9751
PE 0.1184 | 0.1127 | 0.1548 0.0417 0.0372 0.0294
DBtuzay 1.0500 | 1.2800 | 1.6500 0.4800 0.5100 0.5200
Data2
RI 0.7194 | 0.7426 | 0.7892 0.8131 0.8378 0.8725
F1 0.6694 | 0.6825 | 0.7024 0.7529 0.7391 0.8148
NMI 0.4895 | 0.5731 | 0.6152 0.6418 0.6184 0.6761
DB 0.7724| 1.0081 | 1.5849 3.6928 4.5824 4.3715
PC 0.7216 | 0.7429 | 0.7714 0.7948 0.8162 0.8467
PE 0.5174 | 0.4831 | 0.4518 0.4236 0.4379 0.3927
DBtuzzy 0.6800 | 0.9100 | 1.4800 3.4500 4.3150 4.1800
Satellite Image
RI 0.7068 | 0.7309 | 0.7162 0.8278 0.8367 0.8589
F1 0.6847 | 0.6968 | 0.7061 0.7953 0.8075 0.8368
NMI 0.6314 | 0.6456 | 0.6593 0.7289 0.7494 0.7879
DB 0.5978 | 0.6081 |0.5506 0.7371 0.7268 0.7498
PC 0.7051 | 0.7283 | 0.7152 0.8257 0.8354 0.8609
PE 0.5258 | 0.5006 | 0.4909 0.3952 0.3805 0.3457
DBtuzay 0.6108 | 0.6204 |0.5653 0.7457 0.7324 0.7608

Béang 2.3: So sanh téng hop cac do do danh gid trén cac tap dit liéu tu sinh va dit liéu anh.

2.4 Két luan

Luén 4n da gi6i thieu mot cach tiép can dbi véi phuong phap phan cum ban gidm
sat mo chu dong, tap trung vao viéc tinh chinh vung bién cum. Phuong phap nay giai
quyét thach thic vé su khong chic chan trong cdc ving bién cum bang céach tich hop
hoc chtt déng dé cai thién d6 chinh xdc ciia viéc gan thanh vién tai cic diém quan
trong. Céch tiép cdn nay nang cao do tin cdy cia két qua phan cum va dé xuit mot
mé hinh két hop gitta phan cum md va hoc chti déng dé tinh chinh ving bién cum.

Céc két qua thuc nghiém trén cac tap dit liéu chuan cho thiy phuong phap dé xuat
ASSFBC dat hiéu nang vudt troi so véi cdc thuat toan phan cum md truyen théng va
cac phuong phap ban gidm sat khac, thé hién qua céc chi s RI, F1 va NMI luén cao
hon. Céc do do md nhu PC va PE ciing dudc cai thién: PC ting cho thdy ma tran do
phu thudc sac nét hon, con PE gidm chiing t6 miic d6 md dude thu hep & céc diem khé
phan loai. Déi véi céc chi s6 noi tai nhu DB va DB fuzzy, ASSFBC thudng thap hon
hoiic canh tranh so v6i da sb phuong phép ban gidm sat, du khéng thip bang FCM
do chi t6i wu khodng cach diém-tam. Tuy véy, phuong phap van dat su can bang t6t
gitta do6 chat cum va do chinh xac theo nhan.

Két qua clia chuong nay dudc cong bé trong cong trinh CT1, CT2.
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Chuong 3

Pé xuit phuong phiap phan cum ban giam
sat an toan tich cuc véi cip lién két dua
vao bién cum

3.1 Y tudng thuit toin

M6 hinh két hop phdn cum m¢ (bicu dién bat dinh & bién), bdn gidm sdt (tan
dung {t nhan/rang budc) va hoc tich cuc (chon truy van “ddng gid” tai viing mo ho).
C6t 161 1a dung rang budc cap ML/CL do oracle x4c nhén & bién cum dé hi¢u chinh
membership va cap nhat tdm, qua dé thu hep viing chong lan, ting tach biét cum va
bén vitng truée nhan nhidu. Quy trinh lap: FCM khéi tao — phét hién viing bién —
héi/ap dung ML/CL — téi uu lai phan cum. Cach tich hop nay dat dod chinh x4c cao
khi nhan khan hiém va cau tric dit liéu phtic tap, dong thoi gitt kha nang dién giai
tot nho céc rang budc mien.

3.2 Phuong phap hoat dong

Phuong phap AS3FCPC gom bén giai doan lién hoan nham giam bat dinh & ving
bién cum khi nhan khan hiém: (i) khdi tao hoc tich cuc + FCM trén phan di liéu cé
nhan, (ii) phdn cum bdn gidm sdat mo lap trén toan bo du liéu, (iii) tinh chinh bién
cum bang hoc tich cuc va sinh rang budc cdp chon loc, (iv) téi wu hod ldp cho dén hoi
tu. C6t 16i 1a chi truy van/diéu chinh cdc diém mo hd (membership sét nhau), sau dé
lan truyen thong tin qua muc tiéu ban gidm sat va rang budc ML/CL.

Thuét toan dudc trién khai qua bén giai doan lién tiép. Trong giai doan dau, hoc
tich cuc duge 4p dung lén phan dit liéu ¢6 nhan bang cach xdc dinh 14n cn cta mdi
di¢m thong qua ban kinh R = (dpay — duin) . Mot diem duge xem 13 mo hd khi duéi
50% hang x6ém mang cung nhan; nguge lai, néu da sd hang xém thudc nhan khéc thi
nhan ctia diém sé duge hiéu chinh theo ludt da s6. Sau budce loc nay, FCM dugce ap
dung dé thu dusc U va V khéi tao 6n dinh, 1am nén cho giai doan ban gidm sat.

0 giai doan thw hai, phan cum ban gidm sat mo dudc thuc hién trén toan bd di
litu bang cach st dung U tit giai doan trude nhu cac neo gidm sat. Cac bude cap nhat
U va V tudn theo nguyén 1y FCM két hop v6i hang phat lam gidm dd léch so véi U,
gitip lan truyen thong tin nhan dédng tin sang phan dit liéu chua dude gdn nhan.
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Bit dau

Xéc dinh di léu ving bién

—> gilta cac cum
Tap dit liéu )
Truy vén céc dir lidu
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Hinh 3.1: M6 hinh phan cum ban gidm st md an toan tich cuc véi cap lién két dia vao bién cum (AS3FCPC).

Tiép theo, giai doan thit ba tip trung tinh chinh ranh giéi cum. Bién cum dugc
phét hién dua trén do chénh membership nhé gitta hai cum canh tranh; cic diém nay
dugc truy van oracle dé x4c nhan hodc diéu chinh nhan, tit d6 sinh ra cic rang budc
must-link va cannot-link mdt céch chon loc, chti yéu tai cac ving chong lan — noi mo
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hinh dé nham lan nhat.

Cudi cling, trong giai doan t6i wu va hoi tu, thuat toan tbi thieu héa ham muc tiéu
tich hop bao gom thanh phan md, thanh phan ban gidm sat va cac rang budc cap; qui
trinh 1ip dimng lai khi sai léch tam cum thod ||[V® — V1|| < € hosc khi dat sb vong
lap t6i da.

Ham muc tiéu

. N L C 2
i ) = 3 e+ XS 3 (v — )
’ : : Zzl ]C:1

c c (3.1)
Z Wi Uje+ D D Uik Ujk |-
xz,x])e/\/l k

(:L'i,flij)ec k=1

rang bude X ui = 1, wg, Ui € [0, 1] va d?, = ||z; — vi]|%.
Ap dung hé s6 nhan Lagrange cho mdi k = 1,..., N, ta tinh dugc:

N C
LUV = JUV) + XN X w —1) (3.2)
=1 Nk=1
Ta c6 d6 phu thuoc dudce tinh nhu sau:
C
(28 . 2
U _ Gk — A )\._?Z:ldzzr+a (3.3)
zk_2(d12k+a)a i — i 1 .
r=1 d22r + «
Cap nhat tam cum:
N
) u?k:cz
v =" (3.4)



17

Phan cum bén gidm sat m& an toan tich cuc véi cip lién két dua vao bién
cum - AS3FCPC

Thuat toan 2 AS3FCPC

1:

2:

b

10:
11:

Pau vao:) X = {z;}}¥,, s6 cum C, s6 mau c¢6 nhan L(< N), neo U, ngudng hoi tu e, s6 vong 13p t6i da maxStep,
hé sé rang budc a.
Gd.1 (Hoc tich cyc + FCM trén phan cé nhan): phit hién diém mo hd bang lan can ban kinh R, truy
van/diéu chinh nhan; chay FCM trén phan c6 nhan = thu U,V khéi tao.
Gd.2 (SSFCM lap): cip nhit U,V trén toan bo dit licu v6i hang bén gidm sat (u;x — tix)2d2,; cling ¢b U.
Gd.3 (Bién + rang budc cap): xc dinh bién qua |, ) — wik,)| < &; truy van oracle cic diém bién; sinh rang
budc M (must-link), C (cannot-link) ¢é chon loc.
Gd.4 (Téi wu hoi tuy):
bat t « 0.
Lap cac budc:

t—t+1.

Cap nhat ma tran d6 phu thudc: tinh u;; theo 3.3

Cap nhat tam cum: vy theo 3.4
Cho dén khi |[V® — V{=D| < ¢ hosic t > maxStep

Do phiic tap cua thuat toan AS3FCPC

O(NC*(I'+T) + NlogN)

trong dé I’ 14 s6 vong lap TS3FCM, T la vong tinh chinh cudi, con FCM trén tip cé
nhan L < N va diéu chinh N, < N la khong dang ké (O(LC?I), O(N,C)).

Vi T < I', phan tang chi phi do tinh chinh bién (hoc tich cuc + rang budc cip) 1a
khiém t6n so véi 1gi ich vé do chinh x4c/6n dinh trén dit liéu chong 1an.

Tém lai, chi phi tinh todn cht yéu giéng TS3FCM vé bac, nhung AS3SFCPC dat hiéu
nang cao hon nho stta bién c¢6 dinh huéng.

3.3 Két qua thuc nghiém

Origin Image Image’s Mask Flood Dectection

-

Hinh 3.2: Hinh 4nh minh hoa phan doan anh xdc dinh viung ngap

Luin 4n danh gid AS3FCPC trén ba nhém dit lidu: (i) cdc tap UCI da dang vé s6

chiéu va s6 16p; (i) anh ving ngap cé bién mém va nhiéu cao; va (iii) dit liéu tong
hop dudc thiét ké v6i mitc do chong 1an manh & ria cum. Hiéu nang mo hinh duge do
bang cac chi s6 RI, F1, NMI (cang 16n cang tot), DB (cang nhé cang tot), cling cac
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do do mo PC, PE va DB fuzzy nham phan 4nh sic nét clia ma tran dé phu thudc va
do chat cum trong khong gian ma.

Method | IRIS | Wine | Australian | Spambase | Waveform | Breast | Haberman | Glass | Flood
RI
FCM 0.812 | 0.632 0.498 0.514 0.531 0.691 0.471 0.788 | 0.819
SSFCM 0.864 | 0.671 0.503 0.527 0.546 0.736 0.503 0.796 | 0.832
CS3FCM 0.887 | 0.693 0.513 0.562 0.512 0.748 0.518 0.804 | 0.873
TS3FCM 0.899 | 0.703 0.518 0.551 0.528 0.755 0.524 0.816 | 0.884
AFFC (2017) | 0.928 | 0.715 0.563 0.582 0.566 0.761 0.536 0.822 | 0.869
AS3FCPC 0.955 | 0.742 0.598 0.618 0.589 0.772 0.559 0.833 | 0.917
F1l-score
FCM 0.793 | 0.513 0.497 0.502 0.529 0.632 0.512 0.525 | 0.788
SSFCM 0.800 | 0.573 0.504 0.521 0.516 0.675 0.539 0.537 | 0.812
CS3FCM 0.829 | 0.623 0.514 0.542 0.507 0.714 0.530 0.558 | 0.861
TS3FCM 0.839 | 0.633 0.508 0.532 0.505 0.726 0.552 0.584 | 0.867
AFFC (2017) | 0.874 | 0.645 0.552 0.573 0.560 0.739 0.566 0.609 | 0.860
AS3FCPC 0.911 | 0.659 0.576 0.597 0.574 0.761 0.559 0.618 | 0.894
NMI
FCM 0.658 | 0.362 0.442 0.457 0.486 0.413 0.453 0.603 | 0.732
SSFCM 0.702 | 0.398 0.466 0.492 0.502 0.452 0.468 0.614 | 0.746
CS3FCM 0.728 | 0.422 0.473 0.511 0.491 0.474 0.482 0.623 | 0.753
TS3FCM 0.740 | 0.434 0.478 0.522 0.499 0.485 0.493 0.647 | 0.766
AFFC (2017) | 0.801 | 0.451 0.528 0.547 0.538 0.501 0.508 0.662 | 0.854
AS3FCPC 0.833 | 0.472 0.563 0.594 0.563 0.527 0.517 0.684 | 0.883
DB
FCM 0.902 | 0.826 1.143 1.609 3.513 0.731 1.258 0.629 | 1.252
SSFCM 1.348 | 1.513 1.234 1.943 4.552 0.843 1.372 2.318 | 1.944
CS3FCM 2.785 | 3.028 4.313 4.034 5.684 1.932 1.198 1.347 | 3.524
TS3FCM 2.864 | 3.194 3.512 3.613 6.228 1.884 1.330 1.436 | 3.628
AFFC (2017) | 1.349 | 0.983 2.816 2.098 2.432 0.942 1.417 2.334 | 2.528
AS3FCPC 1.222 | 0.937 2.275 1.843 2.118 0.963 1.528 2.485 | 1.327

Béang 3.1: So sanh téng hop hiéu ning cic phuong phap theo cic d6 do RI, F1, NMI va DB

Két qua thuc nghiém cho thay AS3FCPC nhat quan dan dau RI, F1 va NMI trén
hau hét cac bo dit liéu, vuct cadc phuong phap FCM, SSFCM, CS3FCM, TS3FCM va
AFFC (2017). Mitc cai thién noi bat trén IRIS, Waveform, Spambase, Glass (chong
lAn manh) va bo anh Flood images (nhiéu cao). Cac do do mo PC va PE ciing cho
thdy do phu thudc ctia AS3FCPC séic nét hon: PC cao hon va PE thap hon phan 16n
d6i thi, khéng dinh mé hinh gidm manh mtc d6 mo hd tai cic diém bién. Vé chi sb
no6i tai DB va DB fuzzy, phuong phap thudng dat mtc t6t nhat so véi cdc thuét toan
ban gidm sat mS khac hodc canh tranh, chi thap hon so véi FCM.

Nhin chung, co ché sita bién chi dong két hop rang budc cap chon loc gitp gidm
nham lan gitta cdc cum lan cén, duy tri cau tric phan tach va nang cao céc thude do
ngoai sinh. Trong céc kich ban yéu cau khép nhan tin ciy trong diéu kién nhan han
ché va ranh gi6i mo ho (vi du phan tich dnh vién thdm), AS3FCPC cho thiy hiéu
niang 6n dinh va manbh.
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Method | IRIS | Wine | Australian | Spambase | Waveform | Breast | Haberman | Glass | Flood
PC
FCM 0.780 | 0.720 0.611 0.605 0.626 0.741 0.591 0.691 | 0.705
SSFCM 0.811 | 0.736 0.629 0.618 0.640 0.765 0.615 0.706 | 0.728
CS3FCM 0.835 | 0.748 0.641 0.646 0.653 0.776 0.631 0.715 | 0.741
TS3FCM 0.851 | 0.761 0.655 0.659 0.670 0.782 0.646 0.725 | 0.755
AFFC (2017)| 0.876 | 0.772 0.685 0.691 0.703 0.791 0.661 0.736 | 0.768
AS3FCPC 0.910|0.795 0.706 0.721 0.726 0.805 0.686 0.761 | 0.811
PE
FCM 0.422 | 0.511 0.612 0.629 0.656 0.487 0.668 0.533 | 0.526
SSFCM 0.393 | 0.496 0.598 0.613 0.639 0.462 0.643 0.549 | 0.502
CS3FCM 0.371 | 0.487 0.583 0.598 0.617 0.454 0.628 0.523 | 0.476
TS3FCM 0.355 | 0.471 0.572 0.583 0.598 0.447 0.612 0.506 | 0.459
AFFC (2017) | 0.329 | 0.460 0.556 0.566 0.584 0.440 0.589 0.492 | 0.433
AS3FCPC 0.303 | 0.446 0.526 0.540 0.556 0.427 0.566 0.469 | 0.406
DBfuzzy
FCM 0.921 | 0.690 1.210 1.872 2.413 0.713 1.246 0.613 | 1.243
SSFCM 1.430 | 1.513 1.384 2.105 4.563 1.028 1.383 2.318 | 1.973
CS3FCM 2.510 | 3.046 4.383 4.108 5.725 1.948 1.213 1.366 | 3.548
TS3FCM 2.620 | 3.216 3.546 3.658 6.266 1.918 1.343 1.453 | 3.673
AFFC (2017) | 1.320 | 0.983 2.846 2.133 2.485 0.952 1.430 1.538 | 2.563
AS3FCPC 1.270 | 1.715 2.316 1.875 2.158 0.972 1.543 2.528 | 1.363

Béng 3.2: So sanh téng hop hi¢u ning cic phuong phap theo cic chi s6 PC, PE va DBtuzzy

3.4 KET LUAN

Tém lai, AS3FCPC két hop phan cum md, ban gidm sat va hoc tich cuc dé xit 1y
hiéu qua cac bai toan c6 it nhan va ranh giéi cum khong ro rang. Thuat toan dudc
khéi tao mot cach on dinh théng qua co ché truy vAn ¢6 chon loc céc diém dit liéu
bat dinh va lan truyén cc rang budc cap, qua dé dinh hinh ciu tric cum ngay ti giai
doan dau. Trong céc bude tdi wu tiép theo, mé hinh tiép tuc diéu chinh do phu thuodc
va cAp nhat tAm cum dudi tdc dong cia cdc rang budc must-link /cannot-link, gitp c6
dinh bién, gidm nham lan gitta cdc cum lan cdn va ting mic dd tach biét, dac biét
hiéu qua trong cac ving c6 muc chong lan cao. Két qua thuc nghiém trén nhiéu bo dit
liéu cho thay cac chi sb ngoai sinh nhu RI, F1 va NMI ctia AS3FCPC luén dat gia tri
cao hon so véi cadc phuong phép so sanh, trong khi cdc do do ms PC va PE lan lugt
dat muc cao, phan anh phan hoach md sic nét va mic do bat dinh duge kiém soét
t6t. Dong thoi, cac chi s6 noi tai nhu DB va DB fuzzy nhin chung dudc cai thién hoac
duy tri § mitc tot so véi cac thudt todn phan cum ban gidm sit md khéc, cho thay cau
tric cum thu duge vita phit hop véi nhan thue, vita ddm bao tinh ¢6 dong va 6n dinh.
Nh¢ nhitng dic diém nay, AS3FCPC dic biét phit hgp cho cac tng dung thuc tién nhu
phan vung ngap trong anh vé tinh va da dugc trinh bay trong cong trinh CT3.
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KET LUAN

A. Nhitng két qua chinh ctia luan an

Luén 4n nghién ctu phan cum béan gidm sit mo, tong hop céc nén tang vé tdp md,
FCM, ban giam sat va hoc chi déng, hoc an toan, tit d6 dé xuat hai phuong phap
chinh:

1. ASSFBC: tinh chinh ving bién cum bang co ché truy van chi dong céc diém
quan trong, nang do chinh xac gan thanh vién va do tin cdy phan cum.

2. AS3FCPC: két hop phan cum md, hoc ban gidm sat an toan va hoc cht dong;
khai thdc dong thoi dit liéu c6/khéng nhan ngay tit khdi tao, diing rang budc cip
dé c¢b dinh tAm va ranh gi6i cum.

B. Nhitng déng gép mdi cua luan an

o Tich hop hoc chii dong vao phan cum ban giam sat md theo huéng tap trung ving
bién, cai thién chat luong phan cum véi ngan sach nhan nho.

e Mo hinh AS3FCPC dung hoa mo—béan giam sat an toan—hoc chi dong, tan dung
rang budc ciap dé tiang chinh xac va 6n dinh.

« X&c thuc thuc nghiém toan dién, cho két qua vudt trdi vé do chinh xéc, do tin cay
va hiéu qua moé hinh.

C. Huéng phat trién tiép theo

Céc huéng nghién cttu tiép theo tap trung vao viéc t6i wu hod ASSFBC/AS3FCPC
cho dit liéu 16n, dong thoi khai thac ngit cAnh theo mién (nhu y té, vién tham, mang
xa hoi) nham téng tinh thich tmg ctia md hinh. Bén canh d6, can phét trién chién Iugc
hoc chit dong dong phit hop véi ludng dit lidu truc tiép va méi trudng nhiéu, ciing nhu
két hop cac ky thudt hoc sdu dé xdy dung mo hinh phan cum ban gidm sit md chi
dong manh hon.
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