Ky yéu Hpi nghi Qudc gia lan thir VL vé Nghién ciru co ban va tmg dung Cong nghé thong tin (FAIR); Ha Ngi, ngay 9-10/7/2015

MO HINH LUC CHO BIEU DIEN DO THI PHAN NHOM

Trwong Quéc Pinh', Taoufiq Dkaki’

'Khoa Cong nghé thong tin & Truyén thong, Trudng Pai hoc Can Tho
*Institut de Recherche en Informatique de Toulouse

tqdinh@cit.ctu.edu.vn, dkaki@irit. fr

TOM TAT - Pé thi (graph) la cdu triic cho phép mé hinh héa nhiéu logi dit liéu phire tap thudc nhiéu linh viee trong thé giGi
thue. Bén canh dd, d@é thi con la céu tric dugc sir dung chu yé'u cho viéc biéu dién thong tin. Khi biéu dién mot luwong lon thong tin
thi viéc xdc dinh dwoc cac nhom dir liéu ciing nhu moi lién hé giita cdc nhom la mot muc tiéu quan trong can dat dwoc. Trong badi
bdo ndy, ching 16i dé xudt mot gidi phdp vé do thi gitip hién thi mét cdch rd nét cau triic phin nhém cia div liéu ciing nhuw sie lién
ket gitta cdc nhom. Trong pham vi nghién citu cua bai bao ndy ching 10i chi tdp trung vao khia canh hién thi théng tin va gid sir
rang dit lidu di dwoc phdn nhoém theo mét tiéu chi ndo dé. Ching t6i dé xudt giai phdp vé 6 thi dwa trén mé hinh luc (energy-based
model) trong dé cac nhom sé duoc hién thi trong cdc ving riéng biét va khong trimg ldp. Cdc vimg hién thi riéng biét khong trung
lap nay co the do nguoi dung tu dinh nghia hodc do gidi thudt ty tinh toan. Trong ca hai truong hop, gidi phdp do chiing t6i dé xudt
déu lam néi bt dwoc cdu tritc phdn nhém ciing nhie cdu triic tong thé ciia di lidu.

Tir khéa - D6 thi, do thi phan nhém, vé do thi.
1. GIOI THIEU

V& d6 thi tur dong 1a linh vic nghién ctru s6i dong ké tir nhiéu thap nién tr lai day va trd nén quan trong hon rat
nhiéu khi cdu triic do thi ngay cang dugc tmg dung nhiéu trong thuc t& boi 1& n6 c6 thé md hinh hoa cho da dang cac
loai dit lidu phuc tap. That vay, cdu tric do thi da chimg minh dwgc tam quan trong ctia minh trong rat nhiéu linh vic
nhu: mang xa hoi [1], k§ nghé phan mém [2], thiét ké mach dién [3], thiét ké co so dir liéu [4] ... Mot cach tong quat
hon, céu trac do thi c6 thé mé hinh hoa cac loai dir liéu thé hién dudi dang tp cac dbi tugng va quan hé giita cac ddi
tuong do.

Rét nhiéu chién luoc duoc dé xuét cho viéc v& db thi tu dong. Cac giai thuat phd bién nhat déu dya trén giai
phap tuong d6i don gian d6 14 mé hinh lyc ¢6 hudng (forced-directed model) [5, 6] va cho két qua tét (it su giao cit
giita cac cung, cau trac can dbi) déi véi cac do thi c6 kich thude nhoé (vai trim dinh). Mot sé giai thuat khac [7, 8] dwa
trén qué trinh tinh toan nhiéu pha da chimg t6 kha ning thich ing vé6i cac dd thi co kich thudc 16n (vai nghin dinh).
Céc giai thuat nay kha thanh cong trong viéc hién thi cau trac nhom ctia d6 thi khi ma cac nhom nay dugc sinh ra mot
cach “ty nhién” dua trén ciu tric nodi tai ciia do thi. Tuy nhién cac giai thuat duoc xay dung dua trén cac giai phap vira
néu “ludn khong thanh cong” trong viéc hién thi cAu trac nhém duoc xay dung dya trén thudce tinh siéu dit liéu cia cac
dinh.

Mot yéu té quan trong trong viéc hién thi mot d6 thi phan nhom (clustered graph) d6 1a cac dinh cta ciing mot
nhom phai gan nhau va tach biét voi cac dinh thudce vao cac 16p khac. Ving bao phu boi cic nhom phai khong tring
nhau va 1a cac ving bao 16i (convex hull). Ching ta c6 thé tach biét hai truong hop: ving bao phii cia m&i nhém dugce
dinh nghia sin, ving bao phu ciia mdi nhom dwoc tinh toan boi giai thuat. That vy, trong da phan cac trudng hop,
viing bao phu ctia méi nhém di dugce dinh nghia trude. Vi du nhu trong linh vure thiét ké mach dién, s6 luong 16n cac
linh kién thudc vé mot board mach s& phai dwoc bd tri trong mot ving khong gian gidi han.

Trong bai bao ndy, ching t6i dé xudt mot mo hinh luc cho phép vé dd thi phan nhom dam bao cac diéu kién
rang mdi nhom s& dugc hién thi bén trong mét ving bao 18i phan biét véi ving hién thi ciia cac nhém khéc ciing nhu
t6i wu hoa hinh thirc hién thi ciia timg nhém. Trong pham vi nghién ctru nay, ching t6i gia sir ring cac nhém da dugc
tinh toan va biét trude, co thé la duge tinh toan boi mot giai thut phan nhom d6 thi nao d6 (dua theo cau trac lién két
gilta cac dinh) hodc tinh toan dwa trén dir liéu thudc tinh gan két v6i cac dinh cia do thi. Mo hinh ching t6i e xuat
cling phai cho két qua tot trong ca hai truong hop: ¢ rang budc hodc khong ¢ rang bude vé vung hién thi cho mbi
nhom. M6 hinh ma ching t61 de xuat s& phai tao ra dwoc mot “burc v&” sao cho ngudi dung c6 thé s dung né dé xem
xét va kham pha cac yéu t6 tiém 4n bén trong dit liéu thong qua viéc nhan rd dwoc cac lién két lién nhom va cac lién
két noi tai trong mdi nhoém. Mo hinh chiing t6i dé xudt 1a mot sy diéu chinh ctia mé hinh duge dé xuat boi [5] va tiép
nbi cong trinh nghién ctru dwoc gidi thidu trong [9]. Mot trong sb nhitng wu diém ndi bat ciia mo hinh do chung t6i dé
xudt so v6i nhirng mé hinh khac d6 13 su thanh cong trong viéc “tach rdi” cac nhom ngay cé trong trudng hop sd luong
cung gin két cac dinh trong mot nhom 1a rat thap.

Phan con lai ctia bai bao duoc td chirc nhu trinh bay sau day. Trong phan II chung t6i s& néu dinh nghia vé cau
trac do thi phan nhom va téng quan cic van dé vé v& do thi ty dong. M6 hinh lyc cho biéu dién d thi phan nhom duoce
trinh bay trong phan III. Phan IV s& md ta két qua dat dugc cua mo hinh dé xuét thong qua 3 vi du ap dung. Trong
truong hop co rang budc vé ving hién thi cia mdi nhém, trudc tién ching t6i sir dung dir liéu vé mang trich dan
(citation network) rut trich tir [10], thuc hién phan tich Hub va Authority va dung gia tri Authority ciia mdi dinh dé vé
db thi theo kién triic phan tang. Tiép theo chiing t6i sir dung dir liéu lién quan dén khoang 1000 hop dong [11] mua ban
rudng dét giita ndng dan va cac lanh chaa trong viing Lot, mdt ving nhé ¢ mién Tay Nam nuéc Phap va hién thi chung
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trén ban dd Kohonen. Ca 2 vi du trén déu cho thiy tinh hiéu qua ctia mé hinh ma chung t6i d& xuat. Phan V s& thao
ludn mét s0 wu nhuge diém ciia moé hinh dé xuat cung dinh hudng nghién ciru trong tuong lai.

II. TONG QUAN
A. Céu triic do thi phin nhém

Do thi G 1a cap (V, E), trong d6 V 1a tép hiru han cac dinh (ntit) va E  V x V 1a tép hitu han cac cung. bo thi
phén nhom CG la mot b ba (V, E, P), trong d6 V 1a tip hitu han cac dinh (nut), E € V x V 1a tap hitu han cac cung va
P 14 phan nhom xac lap trén V. S6 phan tir cta P chinh 14 s6 nhom cua G. Hinh 1 minh hoa ciu triic dd thi phan nhom
v6i s6 nhém 14 3.

Hinh 1. Minh hoa db thi phan nhom

B. Cdc cong trinh co lién quan

V& d6 thi ty dong 1a van dé nghién ciru cta ca linh vuc toan hoc va khoa hoc méy tinh. Trong gan 2 thap ky tro
lai day da c6 nhiéu cong trinh nghién ctru duoc tién hanh. Mot vai trong s6 d6 pht hop véi ciu triac chung cta dd thi
nhu: giai phap ve€ truc giao (orthogonal drawing) [12], giai phap vé theo duong tron (circular layout) [13] trong khi mot
s6 chi phu hop véi cau triic dic biét nhu cdu trac cay [14].

Eades [15] phat trién mot trong s cac chién lugc v& db thi dwoc sir dung nhiéu nhét trong cong dong véi tén goi
mo hinh lyc. M6 hinh ndy xem db thi nhu 1a mét céu trac co hoc trong do céc dinh cta dd thi duge xem nhu cac vién bi
thép va cac cung dugc xem nhu cac 10 xo két ndi cac vién bi. Cac dinh s& di chuyén theo luc hut/ddy phat snh béi cac
10 x0 va vi tri cua cac dinh tai trang thai can bang (c6 mirc ning lwong nho nhét) chinh 13 hinh v& ctia db thi. Dya trén
chién luge nay, Kamada va Kawai [6] ciing nhu Fruchterman and Reingold [5] da d& xuét 2 giai phap duoc sir dung
nhiéu nhét trong cong ddng. Kamada va Kawai dé xuit luc hit cia cac 10 xo s& phai ty 1€ v6i khoang cach dd thi (46
dai duong di ngan nhat) giita hai dinh. Trong khi d6 Fruchterman and Reingold b sung khai niém nang lugng dién vao
mdi dinh cho phép hai dinh s& day nhau thay vi chi hit nhau khi co cung no6i. Bén canh d6 nhom tac gia ciag bd sung
khai niém “cooling temperature” nham giam khoang cach dich chuyén t6i da sau mdi lan lap dua trén gia thuyét cach
bd tri cac dinh & 1an lap sau da t6t hon cach bd tri ¢ lan lap trude.

Céc giai phap trén, tuy nhién, khong c6 dugc sy 6n dinh trong viéc tao ra cac hinh v& cua cing mot db thi khi
ma & giai doan khai tao vi tri cua cac dinh dwoc khdi tao mot cach ngau nhién. Gajer [16] dé xuét giai phap bao gém
nhiéu pha duya trén phép phan tich tp con doc lap 16n nhét (maximal independent set filtration) trong do tdp nho nhét
chi bao gdm ba phan tir. O mdi pha chi c6 cac dinh khong thudc tap cac dinh da xéc dinh vi trf ¢ pha lién Tude duge
khoi tao vi tri va dich chuyén. Chinh chién lugc nay da day nhanh tdc d6 thuc thi cia giai thuat ciing nhe dam bao
duoc tinh 6n dinh cta giai thuat khi ma chi c6 ba dinh (pha dau tién) duoc khai tao vi tri ngau nhién ban dau.

Trong ngir canh dd thi phan nhom khong c6 quéa nhiéu cong trinh nghién ctru dugc thyc hién. Céc cong trinh
nay c6 thé dugc xép vao ba nhom tiép can dic trung duoc dé xuét boi [17], [18] va [19]. Ho [17] dé xuit phuong phéap
v& d6 thi phan nhém trong khong gian ba chidu dwa trén hudng tiép can chia de tri. M&i nhom s& duoc vé riéng biét
trong khong gian hai chiéu va biéu dién ba chiéu ciia dd thi phan nhém sé& 1a sy t6 hop cac hinh v& khong gian hai chiéu
ctia mdi nhém. Chuang [18] dé xuét gidi phap b sung mét dinh gia cho mdi nhém ciing Iyc hiit manh tir diah nay dén
céc dinh khéc trong nhom dé thuc hién vi€e “niu gitt” cac dinh thugc cung mot nhom & gan nhau. Giai phap dé xuét
duoc ap dung cho truong hop ving bao hién thi ciia mdi nhom dugc ngudi dung dinh nghia truée. Khong nhu hai
nhém giai phap vira trinh bay, Balzer [19] dé xuét cach tiép can phan cip cho van dé v& do thi phan nhom. Cau trac
phan nhom cua d6 thi (co thé 1a cdu tric phan cap - cay) s& dugc biéu dién. Tai mdi thoi diém nguoi ding ¢6 thé chon
“kham ph4” cdu tric bén trong ciia nhom twong g duge chon.

Giai phap cho bai toan vé& dd thi phan nhoém ma chung t6i dé xuit phan biét véi cac giai phap trude dé ¢ hai khia
canh: cach thire dinh nghia cac nhom ciing nhu cach thirc tac dong cua luc 1én sy dich chuyén cua céc dinh. Tac gia cua
céc cong trinh néu trén dinh nghia nhom 1a tap hop cic dinh vdi rat nhicu cung két ndi cac dinh trong nhém va rat it
cac cung két nbi dén cac dinh ngoai nhém. Tuy nhién diéu nay khong phai lic nao ciing ding trong thyc té vi cac dinh
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¢6 thé duge nhom lai theo mot rang budc bat ky nao d6 chir khong phai chi dya trén ban chit méi lién hé gitta cac dinh.
Vi du nhu ddi v6i mang trich dan (citation network), cic nhom co thé dugc xay dung dya trén sy twong dong vé mat
dia ly gitra cac dinh (tac gia cua cac bai bao thudc cung mot truong, mot qudc gia ...). Va trong truong hop nhu thé thi
cac giai phap dé xuat ¢ trén _khong cho két qua m§ man. Chiing toi ciing tin rang, mot ban vé “dep” cho do thi phan
nhém can dap Ung cac yéu cau sau:

e MObi mot nhém phai duoc b tri trong mot ving bao 10i
e Vung bao 16i cia cac nhém khong bao pha nhau
e Giam dén muc t6i thiéu sy giao cit giita cac cung két nbi cac dinh trong ciing mot nhom
e Giam thiéu sy trung lap vé vi tri gita cac dinh
I1.MO HINH PE XUAT

Mb hinh ma ching t0i dé xudt 1a sy diéu chinh cia md hinh lyc dé xuét boi [5] va cling bao gom nhiéu lan 1dp
v6i hai bude chinh ¢ moi lan 1ap: tinh toan lyc hat va lyc day cho moi cap dinh, tinh khoang cach va huéng dich
chuyén cia moi dinh dwa trén khoang cach dich chuyén t6i da. Chung t6i clng st dung khai niém “cooling
temperature” da trinh bay trong [5] d€ giam khoang cach dich chuyén toi da qua moi lan 1ap. Y tuong cua viée giam gia
tri khoang cach dich chuyén nay do 1a “ban v&” s€ t6t hon sau moi lan lap vi thé viéc dich chuyén s& phai nho dén sau
moi lan lap.

Diém diéu chinh quan trong so vai [5] d6 1a chung t6i phan bi€t 2 loai lyc: lyc tac dong boi dinh thude cung mot
nhom va luc tac dong boi dinh khac nhom dong thoi bo sung luc hat gitra cac dinh khong c6 cung ndi ctia cing mot
nhom (cung gid).

e Noi luc: luc hl'lt/dé”iy gitta cac dinh thudc cung mot nhom
e Ngoai lyc: luc hiit/day giita cac dinh khac nhom
e Luyc gia: lyc hat giita cac dinh khong c6 cung ndi thudc cing mot nhom.

Cac luc duoc dinh nghia thong qua khai niém khoang cach t6i wu. Khoang cach t6i wu 1a khoang cach giita cac
dinh khong c6 cung ndi va dugce dinh nghia nhu sau

kich thudc ving hién thi

optDist = — ——
so dinh ctia d6 thi

Néu goi f,, f, 1an luot 1a lyc hut va lyc day va d 1a khoang cach euclide giita hai dinh, khi d6 f, va f, c6 thé dinh
nghia nhu sau:

f,(d) = d*/optDist
f,(d) = -optDist’/d

Trong md hinh chung t6i d& xuét 2 loai lyc (ndi luc va ngoai luc) vi thé can dinh nghia 2 loai khoang céach t6i
uu: optDist — khoang cach t6i wu giita cac dinh khong thudc ciing nhom va optDistCluster — khoang cach t6i wu gitra
cac dinh thudc ciing mot nhom. Va chung téi ciing tin rang khoang cach gitra cac dinh thudc cting nhom phai nho hon
khoang cach gitra cac dinh thudc cac nhom khac nhau (optDist = a * optDistCluster véi a > 1) vi kich thudc ving hién
thi cia mdi nhém s& nho hon kich thuée ving hién thi toan bo dd thi. Khi chon optDist < optDistCluster chung t6i gia
thuyét rang cac dinh bén ngoai nhom s& it ¢6 tac dong dén sy dich chuyén ctia mot dinh hon 14 cac dinh thudc cing
nhom. Mot van dé nita cling can dugc quan tam d6 1a cac lyc gia (lyc hut) sé phai c6 cuong d6 nhé hon lyc hut ndi luc.

A. Ving hién thi cho nhém khéng dwoc dinh nghia trudc

Nhu da d& cép ¢ phan trén, trong trudong hop nay ching t6i b6 sung thém céc cung gia gin két cac dinh thudc
cung mdt nhom nhung khong ¢6 cung két ndi. Viéc bd sung cac ‘cung gia nay cho phép niu gilr cac dinh thude ctng
mdt nhom & gan nhau. Tuy nhién, bén canh viéc thé hién dugc cau tric phan nhom cua do thi thi cau trac noi tai cia
mbi nhom clng phai duoc quan tam. That vay cach biéu dién mdi nhom trong do thi phén nhom s€ 1a t6i wu néu nhu nd
duoc biéu dién nhu 1a mot dd thi riéng lé. Dé dam bao dugc diéu nay thi cac luc gia can co trong sd thap hon so véi cac
luc that. N6i mot cach khac, viéc bd sung cac cung gia s& phai khong gy qua nhiéu tic dong dén cdu tric that cua
nhom. Trong mo hinh cta ching t6i, cuong do cua cac luc gia sé dugc tinh toan dua trén ty 1€ cung gid so véi cung that
ctia dd thi. Hinh 2 md ta céc loai luc s& duoc tinh toan trong qua trinh dich chuyén céc dinh. Phan trén cta hinh minh
hoa db thi can dugc vé& véi 2 nhom va cac cung ndi nhu hinh. Phin hinh bén duéi minh hoa cho céc loai luc hut s& tac
dong 1én timg dinh khi ap dung md hinh ma ching t6i dé xuét. Giira 2 dinh ludn ton tai lyc day cho du 1a ¢6 hay la
khong c6 cung ndi, dé don gian cic luc nay s& khong minh hoa trong hinh 2.
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Hinh 2.M6 hinh lyc cho vung hién thi khong duogc dinh nghia
B. Ving hién thi dwoc dinh nghia truée

Trong truong hop nay thi ving hién thi (ving bao 16i) ctia m&i nhém duge dinh nghia trude. Day 1a mot truong
hop g dung ma hau nhu chua c6 cong trinh nghién ciru nao trude day dé cap dén. Véi truong hop nay thi vige b6
sung cac cung gia nham tao nén cac lyc hut gia cho cac dinh thudc cung mot nhom nhung khong ¢d cung noi 1a khong
con can thiét. Thay vao d6 s& c6 cac luc day gitra dudng bién cua ving hién thi véi cac dinh bén trong n1om tuong
tmg. Luc day nay s& manh khi khoang céch tir dinh dén duong bién 1a nhé va nguoc lai. Tuy nhién tai cting mot thoi
diém, do c6 nhiéu luc ddng thoi tac dong 1én trén mot dinh nén s& din dén truong hop luc du 16n dé day dinh ra khoi
ving hién thi. D¢ tranh trudng hop nay, khi khoang céch tir dinh dén dudng bién bang hodc nho hon khoang cach ti
thiéu (khoang cach dich chuyén t6i da tai mdi budc lap) thi lyc ddy s& duoc nang 1én cuc dai. Néu goi f; 1a luc dy cua
duodng bién va d 1a khoang cach tir dinh dén duong bién thi f; duoc dinh nghia nhu sau:

e =oonéud < optDistCluster
e = optDistCluster/k’®
Hinh 3 minh hoa viéc bd sung cac luc day tir bién

................ luc ddy tir bién

== s == = == =« 10iluc

Hinh 3. Minh hoa tic dung luc déy véi duong bién
C. Gidi thugt
Tham s6 diu vao
Db thi phan nhom CG trong d6 cac dinh cua d6 thi da dugce phan thanh cac nhom khac nhau (bit budc).
Vung hién thi (vung hinh chir nhat x4c dinh bdi dinh trén bén trai va chiéu dai, chiéu rong) cua mdi
nhom (ty chon).
Két qua
Hinh v& ctia d9 thi (tao d6 x, y ctia mdi dinh cta dd thi)
Gidi thuat
— truong hop viing hién thi khéng dwoc dinh nghia
Khéi tao ngau nhién vi tri ctia cac dinh
— trwong hop viing hién thi dwoc dinh nghia
Khoi tao vi tri cac dinh bén trong viing hién thi ctia 16p tuong tmg
while temperature > 1 begin
for v e V do begin
— trueong hop ving hién thi dwoc dinh nghia
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Tinh Iyc day tir bién 1én dinh v
for u#vinV do begin
tinh lyc ddy tac dung trén v va u
end
end
for (u, v) € E do begin
tinh lyc hit tic dung [énu va v
end
— trieong hop viing hién thi khéng dwoc dinh nghia
for (u, v) ¢ E vau, v thudc cuing nhém do begin
tinh lyc hit gia tdc dung [énuvav
end
for v e V do begin
tong hop cac lyc 1én v
dich chuyén v dya trén ham cooling temperature
end
giam gia tri temperature
end

Ciing giéng nhu mo hinh gdc, mé hinh chung t6i d& xuét 1a mot qua trinh 13p bao gdm 2 bude. Trudc tién ching
t6i tinh toan tac dong cua toan bd cac luc 1én trén mdi dinh. Tiép theo 14 tinh toan khoang cach dich chuyén ctia mdi
dinh theo ham cooling temperature. Ham cooling temperatue xac dinh khoang cach dich chuyén tdi da & mdi bude lip,
ban dau khoang cach t6i da nay co thé dugc xéac lap gid tri bing v6i khoang cach ti uu giita cac dinh, sau méi budce lap
khoang cach dich chuyén tdi da co thé giam di 1. Gia tri temperature don gian c6 thé 1a s6 lan l3p cua giai thuat.

Qui trinh dich chuyén khoi ngudn tir cdu hinh khoi tao ngéu nhién lic dau. DAi voi truong hop ving hién thi ciia mdi
nhom khong xdc dinh thi cac dinh dugc khai tao vi tri ngau nhién trong pham vi khung v&. Ngugc lai trong truong hop ving
hlen thi ciia mdi nhém duge dinh nghia trude thi cac dinh phai dugc khoi tao vi tri bén trong ving hién thi turong ing cua
mdi nhém. O bude tinh toan luc tac dong lén mdi dinh, néu 14 dinh thudc cing mot nhom thi sir dung khoang cach t6i uu
optDistCluster, néu 14 truong hop thudc hai nhom khéc nhau thi sir dung khoang cach t6i wu optDist.

IV. KET QUA VA PANH GIA

Trong phan nay, ching t61 gidi thiéu va thao ludn két qua thong qua ba vi du cu thé dé tir d6 khang dinh tinh kha
thi cia m6 hinh ma chung t6i dé xuat.
A. Vidu I - Mang cong tic

Vi du dau tién ching toi sir dung d6 1a mot mang cong tac bao gdm 32 dinh va dugc phan lam 8 nhom trong d6
mdi dinh biéu dién cho mot nguoi cy thé (nghién ctru vién). O vi du ndy viéc bang cach nao phan nhom cac dinh vao 8
nhoém nhu trén khong phai 1a van dé chinh. Trude tién, ching t61 ap dung mé hinh dé xuét bai [5], két qua thu duoc
nhu hinh 4. Chung ta c6 thé dé dang nhan thay két qua khi ap dung mo hinh [5] la tot tuy nhién lai khong thé hién duoc
cau trac phan nhom cuia do6 thi.
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Hinh 4.Hinh v& sir dung mé hinh dé xuét boi [5]
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Chung t6i 4p dung m6 hinh dé xuét cho mang cong tic trén trong ca 2 truong hop: ving pién thi khong duge
dinh nghia (hinh 5) va ving hién thi dugc dinh nghia truge (hinh 6). Trong ca 2 truong hop c6 thé nhén thay rang cau
triic phan nhoém ciia mang cling nhu cau triic ndi tai cia moi nhom deéu duge thé hién ro.

Hinh 5.Hinh v& sir dung md hinh d& xuét — Trudng hop ving hién thi mdi nhém khong dwgc dinh nghia

Hinh 6.Hinh vé sir dung m6 hinh d& xut — Truong hop ving hién thi m&i nhém dugc dinh nghia
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B. Vidu 2 — Mang trich déin

Trong vi du nay, chung t6i s dung mang trich dan trong linh vuc Graph Drawing [10]. Mang la mot d6 thi gdm
¢6 311 dinh va 647 cung. Néu nhu 4p dung mo hinh [5] cho mang trich dan nay thi ching ta c6 thé dé dang nhén xét
rang khong the rut trich tri thirc gi tir hinh v€ ciia mang (Hinh 7).
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Hinh 7.Hinh v& mang trich din cac bai bao khoa hoc thudc linh vuc Graph Drawing trong giai doan 1994 - 2000

Tuy nhién trong mot mang trich dan thi gia tri authority ctia mdi nut 1a mot gia tri quan trong ma cac nha phan
tich mang xa hdi quan tdm. Chung t6i 4p dung phuong phép phan tich Hub — Authority dua trén viéc so sanh cac dinh
cua hai do thi ma ching t6i da d¢ xuat trong [20]. Céc bai bao cé gia tri authority cao nhat dugc trinh bay troag bang 1.

Béang 1. Top 10 bai bao theo gia tri Authority trong linh vuc Graph Drawing tir 1994-2000

Authority
GD 96, 139 Eades, ... Two Algorithms for Three Dimensional Orthogonal Graph Drawing.
GD 94, 1 Cohen, ... Three-Dimensional Graph Drawing
GD 95, 254 Foessmeier, ... | Drawing High Degree Graphs with Low Bend Numbers
GD 94, 286 Garg, .... On the Compuational Complexity of Upward and Rectilinear Planarity Testing
GD 95, 419 Papakostas, ... | Issues in Interactive Orthogonal Graph Drawing
GD 95, 99 Bruss, ... Fast Interactive 3-D Graph Visualization
GD 94, 388 Frick, ... A Fast Adaptive Layout Algorithm for Undirected Graphs
GD 95, 8 Alt, ... Universal 3-Dimensional Visibility Representations for Graphs
GD 97, 52 Papakostas, ... Incremental Orthogonal Graph Drawing in Three Dimensions
GD 95, 234 Fekete, ... New Results on a Visibility Representation of Graphs in 3D

Chung t6i 4p dung mo hinh dé xuét trong ngit canh ving hién thi cia mdi nhém duoc dinh nghia san. Ching t6i
phén céc bai bao vao 8 nhom khac nhau dya trén gia tri authority cta bai bao d6. Cac nhom s€ dugc hién thi trong cac
viing hinh chir nhat duoc dinh sin tir trén xudng dudi theo gia tri authority. Nhém trén cung 1a nhom céc bai bao c6 gia
tri authority cao nhat (hinh 8). Cach biéu dién nay gilp thiy rd mot didu 1a cac bai bao c6 gi tri authority cao nhan
dugc rat nhiéu trich dan tir cac bai béo ¢ gid tri authority thip. Mot diém thi vi nita 13 cac bai béo co gié tri authority
thudc ciing mot nhom hau nhu khéng trich dn 1an nhau.
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Hinh 8. Hinh v& mang trich dn trong do6 céc dinh dwge nhom theo gi tri authority va dwoc hién thi trong ting tueng tmg

C. Vidu 3 — Mang hop dong mua bin rujng dit

Dir liéu trong mang 1a cac hop ddng giao dich rudng dit trong d6 c6 d& cap dén thong tin ctia ngudi ndng dén,

tén lanh chia cta ving cing nhu nguoi lam chimg cung cac thong tin khac nhu ngay thang giao dich, vi tri manh ruong

. Céc nong déan dugc biéu dién boi cac nat (615) ciia mang, cac cung (4195) c6 trong so thé hién s6 lan giao dich mua

ban gilta cac noéng dan. Ching t61 4nh xa mang vira néu vao chu trac mang Kohonen [21] va st dung m6 hinh dé xuit

dé biéu dién két qua (hinh 9). Két qua thé hién dugc nhidu diéu 1y thu. Trude tién, ngudi két ndi phan trén bén trai cia
mang v6i phan dudi bén phai 1a “Pierre Fornie”, mot nguoi duge gidi nghién ctru lich sir Phap biét tén. Tiép theo, cac
nhan t6 quan trong ¢ nua trén bén trai mang 1a “Trapas” va “Tessendier” lai cung mot gia dinh voi “Pierre Fornie”

Cudi cing, phan trén bén phai mang lién két voi phan dudi bén phai mang chi bodi cic thanh vién trong gia dinh
Aliquier.
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Hinh 9. Mang giao dich ruéng d4t [10] 4nh xa 1én ban d6 Kohonen st dung mé hinh v& d thi phan nhém
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V.KET LUAN

Trong bai bao nay, ching toi da gidi thidu mot mé hinh Iyc méi dya trén mo hinh dé xuat boi [5] dé c6 thé vé
dugc cac do thi phan nhom theo cac yéu cau nhu da dé cap ¢ phan II. Hai hudng tiép can khi v& dd thi phan nhom da
dugc dé xuit bao g6m ¢6 hodc khong co diéu kién rang budc vé vung hién thi cia cac nhom.

Mo hinh dé xuit da duoc thir nghiém trén nhiéu dd thi phan nhom khac nhau véi kich thude tir vai chuc dinh
dén vai traim dinh. Ba vi du tiéu biéu cho cac linh vuc ap dung khac nhau cia m6 hinh dé xuat da dugc gioi thiéu va
thao luén. Cac vi du nay da phan nao khang dinh tinh dung din ciia mé hinh. M6 hinh nay thiét nghi c6 the mé rong de

tich hop yéu t6 dia 1y khi thyc hién phan tich cac mang cong tac, vi du nhu cac chu thé cting mot ving mién, mot qudc
gia s& duoc phan thanh mot nhom va duge biéu dién trong pham vi dudng bién dia Iy twong tmg trén ban dd.
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A NEW ENERGY-BASED MODEL FOR CLUSTERED GRAPH DRAWING
Truong Quoc Dinh, Taoufiq Dkaki

ABSTRACT - Graph structure can model many kinds of data in various domains. Moreover, graphs are especially used for
information visualization. When dealing with a large amount of information, the way to identify groups and subgroups among data
becomes important. In this paper, we present a new graph drawing approach that helps to better identify the cluster structure in
data and also the interactions that may exists between clusters. In the context of this work, we focus on the visualization aspects and
assume that the clusters are already created. We propose an energy-based model for clustered graph drawing that produces a
drawing that ensures each cluster will occupy a separate zone within the layout. The drawing areas assigned to the clusters can be
user-specified or automatically crafted. In both two cases, the approach we suggest successfully point out the cluster structure of the

graph.



