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Solving maximum Clique problem using Bees algorithm

ThS. P4 Minh Vii®, ThS. Mai Truong Hoang Thong®
WTruong THPT chuyén Tran Hung Dao, Binh Thuan
@Cbng ty Hé thong théng tin FPT

TOM TAT

Bai toan clique 16n nhit (Maximum clique problem) 13 bai toan t6i wu t hop dugc Gmg dung trong
nhiéu linh vuc nhu mang xa hdi, tin sinh hoc, tai chinh, 14p lich... va dd dugc chimg minh la bai toan
thudc 16p NP-Hard. Nghién ctru ndy dé xuét giai thuat bdy ong giai bai toan clique 16n nhit dua trén hé
thong dir liéu thyc nghiém chudn DIMACS gdm 37 bd dit liéu thuc nghiém. Két qua thuc nghiém cua
giai thut dé xudt cho két qua dat tir 72% dén 100% so véi 10 giai ky luc hién nay.

Tir khéa: bai toan Clique Ion nhdt, Gidi thudt bdy ong, Gidi thudt Heuristic, Gidi thudt Metaheuristic,
NP-Hard

ABSTRACT

The Maximum clique problem is the combination optimization problem with practical application in
many fields such as social networking, bioinformatics, finance, scheduling... and has been proved as a
NP-Hard problem. This paper proposes the Bees algorithm to solve the maximum clique problem on 37
datasets standard of datatable DIMACS. The experimental results show that the proposed algorithm
achieves the results from 72.0% to 100.0% compared to the current optimal results.

Keywords: maximum Clique problem, Bees Algorithm, Heuristic Algorithm, Metaheuristic Algorithm,
NP-Hard

1. Gi6i thiéu Pinh nghia 2. Clique 16n nhat

1.1. M{t sé dinh nghia C dugc goi 13 mot clique 16n nhét cia

Muc nay trinh bay mot s6 dinh nghia 6 thi G néu C 1a mot clique va C c6 sb
vé bai toan clique 16n nhét dinh 16n nhat trong sb cac clique cta G. S&

DPinh nghia 1. Clique luong dinh cia clique 16n nhat trong dd thi

Cho d6 thi vo hudng lién théng G ky hiéu 12 o(G) va goi 1a chi s6 clique
G=(V,E); trong d6 V 1a tap dinh, E 1a t3p  cua dd thi G [1-2].

canh. Tap dinh C < V dugc goi 1a mdt Dinh nghia 3. Bai toan clique 16m nhét
clique cua dd thi G néu moi cap dinh (u,v) Cho dd thi vo hudéng lién thong
trong C déu 1a canh thudc tap E. G=(V,E); trong d6 V la tap dinh, E la tap

S6 luong dinh (hay kich thudc) cia  canh. Bai toan clique 16n nhat 1a bai toan
mot clique C ky hiéu 1a |C| [1-2]. tim mot clique 16n nhét trong do thi di cho.
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Néu G = (V,E) 1a d6 thi khong co trong sb
thi ®(G) =max{|C|: C 12 mdt clique cta dd
thi G}. Trong trudng hop téng quat, bai
toan clique 16n nhat da dugc chimg minh

thudc 16p NP-kho [1-2].
Vi du: Cho d6 thi vo6 huéng G c6 6
dinh va 11 canh nhu Hinh 1.

Hinh 1. D4 thj v6 hudng véi Clique 16n nhét 1a {1,2,3,6}

1.2. Ung dung cia bai toan clique lgn
nhat

Clique 16n nhat 13 bai toan t6i wu to
hop c6 nhiéu ung dung trong khoa hoc va
ky thuat nhu mang xa hgi, may hoc, ma
hoéa, thi gidc may tinh, mang vién thong,
1ap lich, thu hoi thong tin, tin sinh hoc, tai
chinh, hoa hoc,... [3-5].

1.3. Gidi thudt by ong

Giai thuat biy ong co ban duogc dé
xuat boi D. Pham va cong su (2005, 2006)
[6], [7] va Yang (2010) [5], [8] nhu sau:

1: Khoi tao quan thé ban dau véi n
ving; mdi ving chira mot ca thé ong;

2: Panh gia do thich nghi cta quan
thé;

3: while ( diéu kién dimng chua thoa)

4: Trong n ving ban dau, chon ngiu
nhién p ving (p<n) dé thuc hién viéc tim
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kiém 1an can va trong p ving nay chon tiép
ra e ving c6 d¢ thich nghi cao nhét.

5: Tuyén thém nep ong dé thuc hién
viéc tim kiém lan can cho mdi ving quanh
no trong e vung duogc chon;

6: Tuyén thém nsp ong dé thyc hién
viéc tim kiém lan can cho mdi ving quanh
no trong p — e vung (nep>nsp);

7: Mbi ong trong N — p ving con lai s&
dugc thay thé bang mot ong ngau nhién;

8: Panh gia lai do thich nghi cho céc
ong trong tirng vung;

9: Mdi ving s& chon ra duy nhat mot
ong c6 do thich nghi cao nhit dé xay dung
quan thé ong & thé hé tiép theo;

10: end while.

* (Giai thuat Bees bao gém mot tap cac
tham sd:

n: sb ong do tham (twong tng s
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ving); p: s6 ving dugc chon trong n ving
dugc tham; e: s ving t6t nhat trong p
vung duogc chon; nep: sb ong dugc cu dén
mdi ving trong e ving; nsp: sd ong duoc
ctr &én p — e ving; np: sé ong duoc cir dén
n —p vung con lai.

1.4. Vin dé dat ra can gidi quyét
trong bai bao nay

Clique 16n nhat (MCP - Maximum
Clique Problem) 14 bai toan t6i wu to hop.
Pé giai quyét bai toan nay da co rat nhiéu
tai liéu nghién ctru tir nhiéu linh vuc trong
nhimg nim qua dé giai quyét bai toan trén.
Pic biét, cac huéng tiép can thudc nhom
phuong phdp heuristic va metaheuristic
dang dugc quan tdm nhiéu hién nay. Trong
nhém cac phuong phdp metaheuristic thi
Giai thuat Bees dugc dé xuit boi nhom tac
gia [7-8] dang duoc tmg dung nhiéu trong
cac bai toan thudc nhiéu linh vuc khac
nhau. Do vay, Bai b4ao nay dé xuit giai
thuat bay ong gidi bai toan clique 16m
nhét (Solving Maximum Clique Problem
using Bee Algorithm).

2. Giai thuat bees gidi bai toan
clique 16m nhat

Muc nay s& dé& xuat giai thuat BEE-
MCP dé giai bai toan MCP. Trudc hét,
chung toi s& trinh bay mot s van dé lién
quan khi ap dung giai thuat vao MCP.

2.1. Ma hoa loi gidgi cho bai toan
clique Ién nhdt

Str dung phuong phdp ma hoa dang
dinh dé ma hoéa 10 giai bai toan. Loi giai s&
1a mot diy nhi phan n bit (mdi bit ung voi
mdi dinh cta d6 thi, néu dinh i thudc Clique
thi bit thir i bang 1, nguoc lai néu dinh i
khong thudc Clique thi bit tht i bang 0).

2.2. Tao quan thé ban dau

Céc cé thé trong quan thé ban dau can
dugc phan b sao cho chung co thé cé mit
trong hau hét cac ving cua khong gian tim
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kiém nham tao duoc tinh da dang cua quﬁn
thé. Trong bai bao niy, chung téi chon
cach sur dung giai thuat heuristic HEU1 cua
nhom tac gia Vi Pinh Hoa va cac cong su
[9] dé khoi tao cac c4 thé ban dau cho quan
thé. Poan ma gia tao quan thé ban dau n ca
thé boi cach thir nhat nhu sau:
initializePopulation(G,n)
{
population = @;
while (i<=n)
{ C = HEUL(G,i); population
= population U C; }
} >
2.3. D¢ thich nghi cua ca the
Do thich nghi ctia mdi ca thé 1a kich
thude cua clique twong Gng véi ca thé do.
Poan mi gia dé danh gia do thich nghi
clia cac ca thé cta quan thé duoc mo ta nhu
sau.
caculateFitness()
{ ~ N 9
for (moi clique C thudc quan th¢)
Tinh kich thuéc ctia mdi clique;
} 7
2.4. Phan chia vang tim kiém
Trong n ving ban dau chon ngau nhién
p ving (p < n), tiép theo sap xép p ving
nay theo do thich nghi giam dan. Ta sur
dung ham Quicksort dé thuc hién viéc sép
xép. Khi do6 trong p ving ndy chon ra e c&
thé dau tién co6 do thich nghi cao nhat s&
thudc e-viing, p — e ca thé tiép theo thudc
pe-vling, n — p ca thé con lai ma chua duoc
sdp xép s& thudc np-viing. Mdi ving trong
e ving s& dugc tuyén thém nep ong dé tim
lan can quanh nd6. Mdi ving trong p - e
vung dugc chon s& dugc tuyén thém nsp
ong dé tim 1an cén (trong d6 nep > nsp).
Mbi ong trong n - p ving con lai duoc thay
thé bang mot ong ngdu nhién khac. Panh
gia do thich nghi cho tat ca cac ong & mdi
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viing. Mdi ving chon ra duy nhat mot ong
¢6 do thich nghi cao nhét.

Poan mi gia chon cac ca thé cho mdi
loai vung nhu sau:

selectSites()

{

d=0;

populationtemp = @;

dachon[population_count];

khoi tao céc gia tri 0

while (d<p) {

k = random(population_count) +1;

if (dachon[k]=0) { populationtemp=

populationtemp U Cg; dachon[k]=1;}

d++;}

Sap xép cac ca thé trong quan thé
populationtemp va chon cac vung nhu sau:

// chon céac c4 thé dwa vao e-ving

For (i=1; i<=e;i++) e-vung=e-vung U
Ci;

// chon céc ca thé dua vao pe-ving

For ( i=e+l; i<=p; i++) pe-vung=pe-
vung v Ci;

// chon cac c4 thé dua vao np-viing

For (i=1; i<=population_count; i++)

If (dachon[i] =0) np-vung=np-vung
uCi;

} r

2.5. Tim kiém lan cgn

Viée tim kiém 1an can C’ cho mét
cliqgue C duoc thuc hién nhu sau: Thém
mot dinh v ngﬁu nhién vao clique hién tai,
néu viéc thém dinh nay vao clique hién tai
van dam béo tap dinh méi 1a mot clique thi
tang kich thude clique 1én mot, con néu sau
mot s6 1an thém cac dinh vao ma khong thé
lam ting kich thudc clique thi tién hanh
loai bé6 mot dinh ma tap cac dinh con lai
cia clique c6 nhiéu dinh Gng vién nhat.
Sau modt s6 lan bot di ma ciing két qua
ciing khong t6t hon thi ta ding qué trinh

//mang
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tim kiém 1an can C’ cta C.

O mdi budc lap cua giai thuat, cac ong
do tham s& dugc phan cong vao ba loai
vung: loai e-vung, loai pe-vung va loai np-
vung. Mbi vung thudc e-ving s& tim kiém
lan can dé sinh thém nep clique. Mdi viing
thudc pe-vung sé duoc tim kiém lan can dé
sinh thém nsp clique.

Muc dich ctia viée tim kiém 1an can la
nhiam ting cudng siu hon kha ning tim
dugc két qua tot nhat ¢ nhiing ving c6
khong gian 10 giai tiém ning. Sau day la
cac doan ma gia cho viéc tim kiém lan can
ciia mdi loai ving:

eSitesNeighSearch(C,e,nep)
kiém 14n can dé sinh thém nep clique

{

[ITim

for (mdi clique C thudc ving e-

vung

for (i=1; i<=nep ; i++){
findNeightC(C,C"); /I C’ la
lan can cua C
if (caculateFitness(C”)
caculateFitness(C))
C=C"}

>

}
peSitesNeighSearch(C,pe,nsp) //Tim

kiém 1an can dé sinh thém nsp clique

{

for (mdi clique C thudc ving pe-

vung)

for (i=1; i<=nsp ; i++){
findNeightC(C,C"); /I C’ la lan
cancua C
if (caculateFitness(C”)
caculateFitness(C))
C=C"}}

findNeighSC(C,C’) [/ Tim clique lan

can {
while (thyc hién k2 1an bo bét dinh){
while (thyc hién k1 lan thém dinh) {

>
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Thém ngau nhién mot dinh vao clique;

Néu c6 thé thém duoc thi ting kich
thuoc clique 1én mot; }

bénh gia lai d6 thich nghi cua clique
hién tai;

X6a ngau nhién mot dinh bét ky;}

} r -~

2.6. Tim kiém ngau nhién

Viéc tim kiém ngiu nhién dién ra ¢
giai doan cudi cua mdi bude lip khi n —p
ong dugc cir di tim kiém ngu nhién. Mdi
ca thé trong s6 np-ving nay s& dugc thay
thé tryc tiép bang mot 1an can ngau nhién
ma bo qua diéu kién 1a ca thé ngiu nhién
nay co6 tot hon ca thé truée d6 & mdi ving
d6. Viéc thay thé mdi cé thé trong np-vling
bang mot ca thé ngiu nhién khic nhim
muc dich kham pha cic khong gian tim
kiém moi dong thoi giup tranh viée tim
kiém roi vao t6i vu cuc bd. Cudi mdi bude
lap ctia qué trinh tim kiém 1an can va tim
kiém ngau nhién thi mdi ving chi chon
dung mot ca thé co do thich nghi cao nhat
dé xdy dung quan thé ¢ thé hé tiép theo.
Trong qua trinh thuc hién giai thuat, ta can
Iuu lai céc c4 thé tt dé tim ca thé tot nhat
sau nay.

Sau day la doan ma gia thyc hién viéc
tim kiém ngiu nhién

npSitesRandSearch(C,np)

/ITim Clique ngau nhién

{ ~ ~

for (mo6i Clique thugc moi vung
ctia Np-vung)
{ randSearch (C"); C=C";}

} ~

randSearch(C) // Tao Clique ngau

nhién {

Xét tap dinh tempV=V,;

While (tempV>0)

Duy¢ét cac dinh thudc tap V;

Chon ngau nhién mot dinh v khéng
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thudc U;

Xoba tit ca cac dinh u khong ké voi
dinh v ra khoi tap V

Cap nhat bac cua cac dinh lién quan
dén dinh vira bi x0a;

end while;

} by

2.7. Diéu kién darng

C6 nhiéu diéu kién dung di duoc ap
dung trong cac giai thuat metaheuristic nhu:
Loi giai tot nhat cua bai toan dugc tim thay,
s6 lan lap cua giai thuat dat dén mot gié tri
dinh trugc, giai thuat chay hét mot luong
thoi gian. Trong giai thuat MCP, ching t6i
dé xuét diéu kién dung la giai thuat két thuc
sau mot s6 1an lap dinh trudc.

2.8. Tim ca thé tét nhdt cia qudn thé

Pé dua ra clique dugc chon lam 1oi
giai t6t nhét ciia bai toan, ta tién hanh so
sanh clique t6t nhat véi cac ca thé thudc
quan thé khi két thiic qué trinh tim kiém.
Sau day la doan ma gida mo ta viéc tim ca
thé tot nhat ctia quan thé.

findBestIndi(population)

/1 Tim c4 thé t6t nhat ctia quan thé {

Chest = 0;

for (mdi clique C thudc quan thé

population)

if (calculateFitness(C)>Cbest) Chest =

calculateFitness(C)

return Chest;}

Cubi cung giai thuat bees giai bai toan

clique 16n nhat (giai thuat BEE-MCP)

duoc mo ta nhu sau.

Pau vao: Do thi vo huéng G(V,E).

Pau ra: Kich thudc Clique 16n nhat

tim duoc.

BEE-MCP() {

initiate_population(G,n);//tao quan thé

ban dau

calculateFitness(population; //danh gia

d6 thich nghi quan thé
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while (diéu kién ldp chiea théa){

SelectSite(population,n,p,e); // Chon

c4 thé cho mdi vung

eSitesNeighSearch(C,e,nep);//Tim

kiém 1an c4n dé sinh thém nep clique

peSitesNeighSearch(C,pe,nsp);// Tim

kiém 14n can dé sinh thém nsp clique

npSitesRandSearch(C,np); //  Tim

clique ngau nhién

PushIntoPopulation();// Chon cac ca

thé cho quén thé ¢ thé hé sau

dem++;}

findBestIndi(); / Tim ca thé tot nhat

cho quan thé }

3. Thuc nghiém va danh gia

3.1. Di# ligu thuc nghiém

Giai thuat BEE — MCP duoc thuc
nghiém trén hé théng dir liéu thyc nghiém
chuin DIMACS c6 37 b dir liéu [10]. D6
thi thua 1 d6 thi c6 sb canh thoa man bét
dang thirc m > 6n. Néu theo tiéu chudn nay
thi cac do thi trong hé thong DIMACS la
cac d thi day vi luon théa m > 35n.

3.2. Méi trwong thuc nghiém

Giai thuat BEE-MCP dugc cai dat
bang ngdn ngit C++, sir dung trinh bién

dich C-Free 5.0 professional va chay trén
céu hinh may tinh Hé diéu hanh Microsoft
Windows 10 Pro, 64 bit, RAM 4GB,
Intel(R) Core(TM) i3 CPU M380 @
2.53GHz, 2.53 GHz.

3.3. Tham sé thurc nghigm

Trong thuc nghiém giai thuat BEE-
MCP, dé xuit cac gia tri cua tham s6 nhu
sau: s6 ca thé trong quan thé 1a n = 200; sb
vung dugce chon dé tim kiém 1an can p =
2n/3; e = p/3; sb ong dugc cir dén mdi
ving thudc e-viing la nep = 7; sé ong dugc
ctr dén mdi ving thudc pe-ving la nsp = 5;
s6 lan thuc hién thém maot dinh vao clique
1a k1 = 5; s 1an thuc hién viéc x6a bt mot
dinh trong tim kiém 1an cén 1a k2 = 3; Diéu
kién dimg dugc lap lai sau 30 lan.

3.4. Két qud thuc nghiém

Két qua thyc nghiém cia giai thuat
BEE-MCP va céc giai thuat HEU1, HEU2,
HEUl IMPROVE, HEU2_IMPROVE
[11] trén cac bo dir lidu cua hé thong
DIMACS. Véi mdi bo dit liéu, cac chuong
trinh duoc chay 20 1an va két qua tot nhat
ctia 20 1an chay duoc ghi nhan lam két qua
cua giai thuat.

Bang 1. Két qua thwe nghiém céc giai thuit trén hé thong DIMACS

Instance Nodes | Edges KE(e)?/:[/n HEU1 [HEU2 |I_|mEpUr3)\_/e Frfp%i@e II\3/|ECEP
C125.9 125 6963 34" 32 31 34 34| 34
C250.9 250 27984 44" 40 40 42 43| 44
C500.9 500| 112332 57 50 48 53 54| 54
C1000.9 1000| 450079 68 58 57 60 64| 64
C2000.9 20001799532 80 66 63 66 62| 71
DSJC1000_5 1000| 499652 15" 9 14 13 14| 14
DSJC500 5 500| 125248 13" 11 12 13 13| 13
C2000.5 2000| 999836 16 12 14 14 16f 15
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Instance Nodes | Edges KE?)?I:[/I’] HEU1 [HEU2 ||_|rrl1zpuré\_/e ||_|rrI1EpL|Jf§\_/e II?/IECEP
C4000.5 40004000268 18 14 15 16 16| 16
MANN_a27 378| 70551 126" 125 125" 126 125| 125
MANN_a45 1035| 533115 345" 342| 341" 343 342| 343
MANN a81 33215506380 1100f 1096| 1096 1096 1096| 1096
brock200 2 200 9876 12" 8 10" 11 12 11
brock200 4 200| 13089 17" 13 14" 16 17| 16
brock400 2 400| 59786 29" 21 20" 24 24| 24
brock400 4 400 59765 33" 20 22" 24 33| 24
brock800 2 800| 208166 24" 15 18" 19 200 20
brock800 4 800| 207643 26" 15 17" 19 19 20
gen200_p0.9_44 200 17910 44" 37 35 38 42| 40
gen200_p0.9 55 200] 17910 55" 39 39 43 51| 52
gen400_p0.9_55 400 71820 55 46 46 50 50 50
gend400_p0.9 65 400| 71820 65" 45 43 48 50| 51
gend400 p0.9 75| 400| 71820 75" 43 47 52 54| 54
hamming10-4 1024| 434176 40* 32 32 34 33| 36
hamming8-4 256| 20864 16" 16 16" 16 16| 16
keller4 171 9435 117 10 117 11 11 11
keller5 776| 225990 27" 22 22" 23 27| 27
keller6 33614619898 59 44 45" 43 49| 51
p_hat300-1 300| 10933 8" 7 8" 8 8| 8

p_hat300-2 300 21928 25" 21 24" 25 25| 25
p_hat300-3 300 33390 36" 33 26" 35 35/ 35
p_hat700-1 700| 60999 117 7 9 11 11 11
p_hat700-2 700| 121728 44" 42 26" 44 43| 44
p_hat700-3 700| 183010 62 57 57 60 62| 62
p_hat1500-1 1500| 284923 12" 8 11 11 11 11
p_hat1500-2 1500| 568960 65 60 59 64 53| 63
p_hat1500-3 1500| 847244 9 86 81 91 700 90
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3.5. D¢ phurc tap cua gidi thudt BEE-
MCP

Thoi gian tinh cua mot vong ldp cua
giai thuat BEE-MCP c6 thé dugc danh gia
nhu sau: Ham sip xép quan thé co thoi
gian tinh 1a O(N log N), Ham xtr 1y cho e-

ving c6 thoi gian tinh 1a O(N?), Ham xir Iy
cho p-viing c6 thdi gian tinh 1a O(N?), Ham
xu ly cho np-ving c6 thoi gian tinh la
O(N). Téng cong médt vong lip cua giai
thuat BEE-MCP doi hoi thoi gian tinh la
O(N log N + N?) ~ O(N?).

3.6. Minh hoa két qud dat dwoc bing do thi

C250.9 C2000.9

WMHEUL MHEUZ

Maximum clique problem

£en200_p09_55 hammingl0-4

HEU1_IMPROWE MHEUZ_IMPROVE ™ BEE-MCP

ke llers p_hat700-2  p_hat1S00-2  p_hat1500-3

Hinh 2. Minh hoa kich thuéc clique 16n nhét cta cac giai thudt qua mot s6 bo dit liéu cua
hé théng dir liéu thyc nghiém chuén DIMACS

3.7. Panh gid két qua thwe nghiém

Tir két qua thuc nghiém trong bang 1,
c6 thé nhan théy rfmg vol 37 bo dir liéu
trong hé théng DIMACS thi: giai thuat
BEE-MCP cho chat luong 10 giai tot hon,
bang, kém hon giai thuat HEU1 1an luot 1a
91.9%, 8.1%, 0% tuwong ung véi 34/37 bd
dir lidu c6 chat luong 10 giai tot hon, 3/37
bo dit liu c6 chit luong bang. Giai thuat
BEE-MCP cho chit luong 10 giai tot hon,
bang, kém hon giai thuat HEU2 1an luot 1a
81.1%, 18.9%, 0% tuong tmg vdi 30/37 bd
dir liéu c6 chat lwong 101 giai tot hon, 7/37
bo dit liéu c6 chat luong bang. Giai thuat
BEE-MCP cho chit lugng 10i giai tot hon,
bang, kém hon giai thust HEU1 IMPROVE
1an luot 1a 43.2%, 48.6%, 8.1% twong ung
v6i 16/37 bo dir lidu c¢6 chét luong 161 giai
t6t hon, 18/37 bo dit lidu co chit luong
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bang va 3/37 bo dit liéu c6 chat lugng kém
hon. Giai thuat BEE-MCP cho chét lugng
101 giai tot hon, bang, kém hon giai thuat
HEU2 IMPROVE lan luot 1a 29.7%,
56.8%, 13.5% tuong tmg voi 11/37 bo dir
lidu c6 chat lwong 10i giai tot hon, 21/37 bo
dir lidu co chit lwong bang va 5/37 bo dir
liéu co chat lwong kém hon. Giai thuat
BEE-MCP cho két qua dat tir 72.0% dén
100.0% so v&i két qua ti wu.

4. Két luan

Trong nghién clru nay, ching to61 da
dé xuét giai thuat Bees giai bai toan
Clique 16n nhat, déng thoi ching t6i da
cai dat cac giai thuat va thyc nghiém
chiung trén hé théng di li¢u thyc nghi¢m
chuan DIMACS. Két qua thuc nghiém cho
thay rang giai thuat dé xuét cho chét luong
101 giai t6t hon cac giai thudt heuristic
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hiéu qua hién biét, dic biét ddi véi cac dd  cac nghién ctru tiép theo ddi véi bai toan
thi co kich thudc 1on. Cac két qua trong  clique 16n nhat cling nhu doi voi giai thuat
bai bao nay ciing l1a théng tin c6 ich cho  bay ong.
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