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MG DAU

1. Ly do chon dé tai

Theo céc tac gia Silberschatz, Galvin va Gagne [114] trinh bay cdc khai niem he
diéu hanh, trong d6 néu khéi niem cung cap va chia s¢ tai nguyen (phan cing, phan
mém, dit lieu, truyén thong) nhim dam bao hoat dong thong sudt cho cac tién trinh
dién ra bén trong may tinh. Tai nguyén hitu han nhung nhu cau st dung tai nguyén
thi vo han. Néu cédc tai nguyén khong duge giam sat, quan 1y mot cdch hop 1y va c¢o
sy phan chia rd rang thi sé dan dén tuong tranh, bé tic va thiéu tai nguyén. Do do,
céc chién luge cung cap tai nguyen dugc nghién citu va hinh thanh duya trén cac yéu
t6 nay. Cac he théng cung cap tai nguyén, chuong trinh quan 1y v gidm sat duge xem

nhu 14 mot phan ctia hé diéu hanh m4y tinh.

Tac gia Peterson va Davie [102] trinh bay mot mang may tinh bao gdom céc may
tinh, may chi dugc két ndi véi nhau nham chia sé tai nguyén thong qua céac thiét bi
truyén thong. Trong mot mang mdy tinh, s6 luong kénh truyén, bang thong va luu
luong trong truyen thong duge xét 1a mot trong sé cac loai tai nguyén va dude quan

tam nghién ctu nhu cac loai tai nguyén khac.

Déi v6i cung cap tai nguyen truyén thong trong hé tap trung, truyén thong diém
dén diém (point-to-point) dudc sit dung cho két ndi gitta cAc may chii va unicast 13
d#c trung cho loai két ndi nay. Theo cac tac gid Kwok, Chan, Cheung [64], Serge va
cong sy [41], cdc may chi st dung giao thitc két ndi P2P (Peer-to-Peer) v6i nhau va
trao ddi thong dieép theo titng cip. Do d6, han ché 1a kha nang md rong khi hé thong

duge trién khai 6 quy mo lén.

TAc gid Peterson va Davie [102] néu ra nhuge diém ctia hé tap trung Ia x4y ra tic
nghén truyén thong tai may chii khi c6 qua nhiéu thiét bi dau cudi yéu cau chia sé tai
nguyén truyen thong dan dén hiéu ning cung cap tai nguyen ctia hé théng gidm. Ngoai
ra, nhitng nhuge diém khac ctia hé tap trung nhu: sy ¢6 hé diéu hanh, phan mém,
phan ciing, duong truyen,... ciing anh hudng dén hoat dong cung cap tai nguyen. Bén
canh do6, viec chia sé tai nguyén dung chung xay ra bé tic trong qua trinh cung cap
khi s6 lugng yéu cau tai nguyén 16n hon so véi tai nguyen hién c6. Cac nhuge diém
ctia he tap trung da ducc cdc nha khoa hoc, nha trién khai hé théng quan tam nghien

citu, phat trién vh xay dung hé phan tan (Distributed System).



Hé phan tan 4p dung cac gidi phap va thuat toan khic phuc céc nhude diém cla
he tap trung duge trinh bay boi tac gia Le [65], Tanenbaum [124], Haddad va cong
su [41]. Dé gidi quyét nhuge diém trong truyén thong, hé phan tan thay thé phuong
thitc truyén unicast bang phuong thitc truyén multicast. Chinh vi st dung phuong
thitc truyén multicast nén viéc trién khai cung cip tai nguyén diing chung trong heé
phan t4an phtic tap hon so véi trién khai trong hé tap trung. Céc cong bd clia tac gid
Lé va cong sy trinh bay cac giai phdp nhu: ddm bao tinh gin bé trong hé phan tan
trong nghién citu [66, 68| [70] va xt 1y song song tién trinh trong moi trudong phan
tan trong nghien citu [67] nhdm phong, tranh bé tic trong cung cip tai nguyen dung

chung.

Theo cac tac gia Cao va Singhal trong [10], Ensink va Adve trong [30] trinh bay
cung cap tai nguyén ding chung trong hé phan tan, cac thong diép lién tyc truyén giita
cac may chu véi nhau dé thuc hieén nhiem vu chung duge goi 1a hgp luc (coordinator).
Bén canh do6, tac gid Singhal [115] trinh bay trong qua trinh Agp luc, nhiéu tién trinh
cung tuong tranh tai nguyén dung chung dé dan dén bé tic trong cung cip tai nguyeén.
Néu khong giai quyét t6t van dé cung cap tai nguyén ding chung, mot tai nguyén co
thé dugce cip cho nhiéu tién trinh khac nhau hosic khong cung cip cho tién trinh nao;

diéu nay dan dén thiéu gin b6 va pha vo hoat dong clia hé phan tan.

Cac tac gia Carvalho va Roucairol [I1], Lé [65], Nohamed va Michel [91], Suzuki
va Kasami [120] trinh bay logi tri lan nhaw phan tin hay con goi la logi trit tuong
hé phan tan (distributed mutual exclusion) nham cho phép chi ¢6 mot tién trinh duy
nhat duge thiyc thi trong mién gdng (critical section) tai mot thoi diém ddi véi mot
tai nguyén dé giai quyét bé tic. Céc tac gia Lé [65], Tanenbum va Steen [124] trinh
bay logi tri twong hé phan tdn st dung co ché truyén thong diép (message passing) dé

X1t 1§ cdc tién trinh yéu cau tai nguyén dung chung.

Trong c¢o ché truyén thong diép, cac tac gid Chiu va Hsiao [14], Défago va cong
st [25], Kshemkalyani va Singhal [60, 61|, Lamport [71], Raynal va cong sy [105] dé
cap dén viéc xac dinh trat ty cdc tién trinh yéu cau tai nguyén dung chung trén cac
may chi duge chi trong béi truyén thong c¢6 do tré dan dén trat tu cdc tién trinh trén
cde may chi khdc nhau. Khi cac tién trinh khong nim trén mot trat tu théng nhét
dan dén cac xtt ly trén dit lieu sé khac nhau vd khong nhat quan dit liéu giita cac
méy chii. Dé ddm bao trat ty trén cdc may chi, cac thuat toan Lamport [71], Ricart-
Agrawala [107], Raymond [103], Maekawa [83], Suzuki-Kasami [120], Naimi-Trehel [92]
duge ap dung dé loai trit tuong hd trong chuong trinh diéu khién phan tén trén céc

mday chu. Ngoai ra, cac tac gia Ozsu va Valduriez [99] trinh bay chuong trinh phan tan



phdi hgp vdi hé quan tri co s6 dit lieu phan tan thong qua giao dich phan tan ba pha
(3PC) nhdm dam bao tinh nhat quan di lieu.

Co ché truyén thong diép nhan ban cac thong diép va truyén song song trén cac
kénh trén may chu. Cac tac gid Ho va cong sy [47], Li va cong su [78], Li [80] trinh
bay vé van dé thong tin trong truyén thong nhiéu mdy chi c6 nhude diém 1a du
thita khi truyén multicast cling mot thong diép dén tap dich. Bén canh d6, cac tac
gid Kshemkalyani va Singhal [62] trinh bay trong qud trinh hop luc dé xac dinh gid
tri dong hd 16 gic dé dAm bao trat ty cac tién trinh trén cadc may chdl yéu cau phai
tiép nhan day du thong diép phan hoi mdi duge phép vao mién giang. Cac tac gid
Kshemkalyani v& Singhal [62] néu ra nhuge diém néu mot trong s may chi bi sy ¢b
ho#c that lac g6i tin truyén, nhu vay céc tién trinh phai chd doi ddn dén gidm hieu
ning ctia hé phan tan. Ngoai ra, tidc gid Manoj [63] trinh bay trong giao dich 3PC ¢6
nhuge diém 1a chi phi khoi phuc 16n néu mot trong cac giao dich bi that bai, vin dé

nay lam tang do phitc tap trong hé phan tan.

Vi vay, Luan an tap trung nghién ctu, zay dung by cung cap tai nguyén truyen
thong nhdam toi wu truyén thong diép gitta cde mdy chi va ddm bdo tinh gdn bé trong
hé phan tan. Theo cac tac gid Chou va cong su [17], Koetter va Medard [57] trinh bay
wu diém cta ki thuat mang ma héa hay ma mang (Network Coding) dé gidi quyét van
dé trung lap goi tin tai tap dich. Cac tac gid Ho va cong su [47], Li va cong sy 78],
Xi va Yeh [137] trinh bay wu diém trién khai thuat todn phan tan dya trén truyén
multicast v6i ma mang. Do d6, gidi phap nghién citu ctia Luan an vé diéu khién luu
luong thong tin va dinh tuyén géi tin trong mang dya trén ky thuat ma mang nhim

t61 vu trong qué trinh truyén multicast.

Cac tac gia Langberg va cong su [73], Medard va Sprintson [85] trinh bay khai
niém vé ma mang la k¥ thuat t6i vu luong dit ligu s6 (digital data) trén mang. Ma
mang khong chuyén cdc géi (packet) ctia thong dieép qua mang ma thay vio do 1a
chuyén cic ddu hieu s6 (digital evidence) ctia mot hofic nhidu thong digp qua céc
duong truyén trén mang. Tai nit dich, thong diép cin nhan dudge suy ra tit dau hiéu
50, ké ca truong hop mot vai géi ctia thong diép bi that lac trén dudng truyén. Khi
cac bit ctia ddau hieu s6 dén nat dich, thong diép can truyén sé dude gidi ma tir chinh
n6 chit khong phai 1a qué trinh hgp géi nhu theo cach thong thuong, chinh vi vay toc

do truyén va nhan thong diép sé dugce cai thien mot cach dang ké.

Muc dich ctia Luan an 1 zdy dung bo cung cdap tai nguyén nhim tranh du thita
thong tin, diéu khién ty 16 ngudn va ti wu truyén thong dé dat duge t§ lé nhan cao

tai tap dich va phong tranh tac nghén trong truyén thong. Cac tac gia Chou va cong



sy [17], Szabo va cong sy [122, 121] trinh bay bo cung cap tai nguyen duge xay dung
va trién khai trong hé théng do héa nhim ting tinh linh hoat va mém déo trong céc

hé théng Dién toan ddm may.

Theo Velte va cong sy [I30] trinh bay hé thong Dién toan dam may sit dung cac
tai nguyén tinh toan dong, do d6 chién ludge cung cap tai nguyén mang tinh chat phic
tap hon so v6i cung cap tai nguyen trong hé tap trung va phan tan. Vi vay, cac nghién
cttu vé cung cap, t6i uu tai nguyén truyén thong dang 1a mot trong nhitng thach thic
dbi vai cac nha nghién ctu. Trong cung cap tai nguyén truyén thong, cac tac gia
Chowdhury va Boutaba [18], Haider va cong su [42] trinh bay &o héa mang dang la

mot trong nhitng van dé quan tam va thach thic trong nghien ctu va trién khai.

Cac tac gia Feamster va cong su [34], Jain va Paul [51], Krigslund va cong sy [59],
Metzler va cong su [87] da trinh bay khai niem mang duge dieu khién bing phan mem
(SDN - Software defined networking) 14 phuong phap tiép can méi trong 40 héa mang.
SDN la kién triic mang trong Dién todn ddm may dugc thiét ké cho phép hé thong
mang trd nén linh hoat. SDN 13 kién tric cho phép tach rieng kiém soat ludng mang
(control plane) vé6i luong dit licu (data plane) dya trén giao thitc luong md (Open
Flow). SDN tach dinh tuyén v chuyén cac ludng dit liéu riéng ré va chuyén kiém
soat ludng sang thanh phan mang riéng c6 tén goi la thiét bi kiem soat ludng (Flow
Controller). Digu nay cho phép ludng cac géi dit ligu di qua mang duge kiém sodt theo
lap trinh. Do d6, sut két hgp md mang trong SDN khi cung cap tai nguyén truyén
thong cho hé théng may 4o c6 thé téi vu trong qué trinh truyén va gidm tic nghén.
Huéng nghién citu ctia Luan 4n nhim muc dich t6i wu truyén thong trong mdy do dua
trén ki thudt ma mang ddm bdo cung cap tai nguyén truyén thong va tranh tdc nghén

cho cic dng dung hé phan tan.

Trén co sd cac nghieén citu va trién khai vé cung cip tai nguyén cho hé phan tan
trong may 40 van con nhidu yéu t6 k¥ thuat can xay dung va phat trién; gidi phdp
diéu khién cung cdp tai nguyén cho hé phan tin trong mdy do dua trén ki thudt ma
mang 1a van dé can nghién citu trong giai doan hién nay.

2. Muc tiéu, déi tuogng va pham vi nghién cttu

2.1. Muc tiéu nghién ciu

Muc tiéu chinh ctia Luan an nhim giai quyét bai todn diéu khién cung cap tai
nguyén cho hé phan tan trién khai trong hé théng do héa dua trén kj thudt ma mang

(network coding technique), muc tiéu cu thé:

- Nghién citu, dé xuét gidi phap, thuat toan dieu khién cung cip tai nguyén dam



béo tinh gidn b6 cho hé phan tan thong qua co ché truyén thong diep.

- Nghién citu, dé xuat gidi phap, thuat toan t6i wu va tranh bé tic trong cung cap
tai nguyen truyén thong cho hé phan tan trién khai trong may do dua trén ki

thuat ma mang.

2.2. Dbi tugng va pham vi nghién citu

Dién toan ddm may 14 moi truong hoat dong cung cap dich vy bao gdm céc thanh
phan: ngudi st dung va cac thiét bi dau cudi, moi truong truyén thong, bo diéu khién
cung cap tai nguyén, dich vu ddm may, ha tang vat ly. Mdi thanh phan c6 chitc nang,
vai tro khac nhau nhung lien két tao thanh mot thyc thé théng nhéat khong thé tach
rdi. Luan an tap trung nghién citu, xay dung giadi phap dam bdo cung cip tai nguyén
diing chung cho nguoi st dung trong hé phan tan va toi utu cung cap tai nguyeén truyéen
thong cho hé phan tan trong hé thdong 4o hoa dua trén kj thuat ma mang.

3. Phuong phap nghién ciu

Luan an dudc trién khai v6i cac phuong phép nghién cttu nhu sau:

- Phuong phap 1y thuyét: tim kiém, thu thap tai lieu, két qua nghién citu cac cong
trinh da duge cong bd, cac tap chi, hoi nghi, hoi thao trong vi ngoai nude dé
dwa ra mo hinh bai toan tong quét va hudéng gidi quyét bai toan cho thanh phan

trong nghién cttu.

- Phuong phéap thyc nghiem khoa hoc: st dung céc cong cu mo phong dé thuc
nghiém céc gidi phap, thuat toin. Dua trén cac két qud mo phéng phan tich,

danh gia gidi phap, thuat toan dé xuat.

4. Y nghia khoa hoc va thuc tién

Nhitng déng gop chinh clia Luan an vé mit khoa hoc va thyc tién nhu sau:

- Dé xuat song song héa thuat toan Lamport va thuat toan 4PCoDT dé cai tién
qué trinh trao doi thong diép, ddm bao tinh gin b6 dua trén giao dich 4 pha
trong hé thong phan tan.

- Dé xuat hai thuat toan thém lién két va x6a lien két nhim rit gon cay multicast.
Cay multicast riit gon két hgp song song héa thuat toan Ford-Fukerson tim luu
lugng cue dai trong truyén multicast. Giai phap truyén thong multicast két hop
v6i mad mang trién khai trong hé théng may 3o nhim phong tranh tic nghén,

toi wu cung cap tai nguyén truyen thong cho hé phan tén.



5. Cau tric Luan an

Cau trac Luan 4n nhdm néu 16 cdc phan tich, danh gid cac nghién ctu da cong
bd va giai quyét cac van dé con ton tai, han ché dya trén dé xuat cac gidi thuat, thuat
toan. Ngoai phan md dau, két luan va huéng phat trién, bd cuc ctia Luan an dugc chia

thanh ba chuong:

- Chuong 1 trinh bay tdng quan vé cung cip tai nguyén, cac nguyén 1y va diéu
khién trong cung cAp tai nguyen. Bén canh d6, Chuong 1 trinh bay cédc nghién
citu lien quan dén viec diéu khién cung cap tai nguyen dé tit d6 rit ra mo hinh,
bai toan tong quat cho Luan an vé diéu khién cung cip tai nguyén cho hé phan

tan trién khai trong may 4o dya trén kj thuat mé mang.

- Chuong 2 trinh bay nghién cttu gidi phdp cung cip tai nguyén trong hé phan
tan. Chuong 2 dé cap song song hda thuat toan Lamport nham danh dau va
thiét lap trat tu tong quat cac tién trinh trong loai trit twong hé. Ap dung song
song héa thuat todn Lamport gidi quyét tién trinh duy nhat di vho mién ging
trong loai trit twong hd phan tdn. Két qua gidi phap cai tién trong Chuong 2
nhim dam bao tinh gin b6 trong hé phan tan thong qua thuat toan 4PCoDT.

- Chuong 3 trinh bay giai phap t6i tu cung cap tai nguyén truyén thong trong hé
phan tdn dua trén k¥ thuat ma mang. Gidi phdp nay trién khai trong hé théng
40 héa nhim cac muc dich diéu khién ty 1é nguon véi do thi con duge mé hoa.
Xay dung giai phap diéu khién t§ 1é ngudn dugc phét trién trén thuat toan diéu
khién thich nghi ty lé tuong tng. Hai thuat toan tao to po la thuat toan them
lien két va thuat toan xoda lien két trong viéc xay dung to po truyeén multicast
két hop véi ma mang. Song song héa thuat toan Ford-Fulkerson nhim tim ludong
cic dai trong truyén multicast. Thuat toan xac dinh m& mang dam bao tap dich

nhan thong tin khong bi trung lap va dat duge thong lugng cue dai.



Chuong 1.

TONG QUAN VE CUNG CAP TAI NGUYEN

Tai nguyén la mot trong nhitng thanh phan duge cung cap cho cac tién trinh trong
cac hée théng tinh toan. Nhu cau sit dung tai nguyén ngay cang tang dan dén cac thiét
bi ONTT (mdy tinh, mdy chi, thiét bi truyén thong,...) phat trién ngay cang da dang
va phitc tap. Sy phat trién ciia tai nguyén kéo theo viéc cai tién céc chién luge nhim

toi wu va phong, tranh bé tic trong cung cap tai nguyén.

Heé phan tan dude quan tam nghién citu va trién khai dé gidi quyét cic han ché
ctia he tap trung. He phan tan hoat dong dya vao co ché truyén thong diép dé hop luc
gitta cac may chi v6i nhau nham cung cap tai nguyén ding chung. Diéu nay cho thay,
moi truong truyén thong déng vai tro quan trong trong hé phan tan. Mic dii, khic
phuc duge cac han ché cta hé tap trung nhung hé phan tan gip phai nhuge diém 1a

chi phi cho tai nguyeén vat ly lon va gidi phdp diéu khién cung cap tai nguyeén phic tap.

Cuoc cach mang vé cung cip tdi nguyén tao nén mot sy bitc pha dé 1a sy hinh
thanh linh vuc Dien todn ddm may. Dien toan ddm may tao ra mot sy thay ddi co
ban trong kién tric mdy tinh, phat trién phan mém, cic cong cu va trong cach luu
trit, sit dung, phan tan tai nguyen. Tinh linh hoat ctia Dién toan dim may thé hien
r6 thong qua bo cung cap tai nguyén theo yéu cau. Bo cung cap tai nguyéen tao dieu
kien thuan loi cho viéc st dung cac tai nguyén sin c6 ctia hé théng, cic tai nguyén
duge sit dung nhut mot may tinh gop 4o. Cau hinh hop nhét ciia Dién toan dam may
cung cap mot moi truong & d6 cac tng dung thyc hién mot cach doc lap ma khong

quan tam dén bat k¥ ciu hinh cu thé nao.

Viéc cung cap tai nguyén la van dé dang duge quan tam nghien citu va trién khai
trén cac hé thdng néi chung, hé théng Dién todn ddm may noéi rieng. Vi vay, mo ta
tai nguyen trong pha hinh thanh I3 mot trong nhitng viéc can thiét dé xay dung céc
chién luge didu khién cung cip tai nguyén trong pha van hanh. Dé dat dugc muc dich
t6i uu trong cung cAp tai nguyén, tii nguyén can phai duge diéu khién dya vao céc

nguyen 1y vi giai phap cho ting loai cu thé.



1.1. Diéu khién cung cap tai nguyén
1.1.1. Cac khai niém va van dé cd s cuia tai nguyén

Theo Muc 1.1, Phan 1 clia tac gid Abraham trong [114] trinh bay khai nigm: Tas
nguyén mdy tinh 1a sy tap hgp cac nguodn c6 sdn nhu phan ciing, phan mém, tai lieu,
thiét bi, cac dich vy hd trg vA nguoi sit dung. Theo nghién citu céc tdc gia Frank,
Kahn va Kleinrock trong [36] trinh bay khai niem: Chia sé tai nguyén hay con goi la
Tai nguyén truyeén thong tham chiéu dén dang dit lieu, thong tin va cac thiét bi phan
ciing dé dang truy cap b6i may tinh tit xa thong qua mang cuc bo. Theo Tanenbaum
va Steen [124], tai nguyén ding chung déng vai trd quan trong trong cung cip dng
dung ngudi st dung, trong dé hop luc gitta cadc may chii 1a can thiét dé dam bao tinh
gan bo. Theo Mell va Grance trong [86] dua ra dinh nghia: Dien toan dam may 1a mo
hinh cho phép truy cap phd bién, dé dang va theo yau cau dén mot nhém tai nguyén
Dién todn dam may nhu mang, may chi, luu trit, ing dung, dich vu,... da duce cau
hinh v duge quan 1y hiéu qua trong cung cip, giadi phéng tai nguyén mot cdch nhanh
chéng. Cac gidi phap Dién toan dam may cung cip tai nguyén cho ngudi sit dung va
doanh nghiép c6 kha ning khac nhau dé luu trit va xit Iy dit lieu clia ho trong céc
trung tam di liew [39, 128, 131, I12) 33, 84, 100, 117, 139]. Gidi phap Dien toan ddm
may dua vao tai nguyen ding chung dé dat duge sy gdn bé véi quy mo 16n, tuong tu

nhu mot tién ich qua mang.

Vi vay, khai niém tong quat vé tai nguyén duge Luan an khai quat héa nhu sau:
Tai nguyén la cdc nguon sdn cé (phan cing, phan mém, di licu, bang thong, thiét bi
vao/ra, dich vu,...) cung cap cho may tinh hoat dong va cung cap hoat dong 1ing dung
cho nguoi st dung. Khai niem vé cung cip tii nguyén cta Luan 4n dugc phat biéu
nhu sau: Cung cip tai nguyeén déng vai tro dieu phoi, diéu khién tai nguyén sin cé
nham toi vu cho nhiéu muc dich khdc nhau thong qua cdc gidi thudt, thudt todn va

chién lugc cung cap.

Trong viéc cung cip tai nguyén, can thiét phai mo ta tai nguyen dé tir d6 co cac
chién luge dé dat duge muc dich trong cung cAp tai nguyen. Cac van dé co sd va
phuong phép tiép can dé cung cap tai nguyén dé la: cung cap tha cong, st dung céc
thuat toan dé cung cap ty dong va két hop ca hai. Trong qua trinh cung cép, hieu

nang ctia hé théng cung cip 1a tai nguyen phai duge z lyf toi wu va tranh tuong tranh.

Theo Haddad, Kordon va Petrucci [41], t6i wu tai nguyén dya trén cc giai thuat,
thuat toan nhim cho phép tai nguyéen duge cung cip mot cach hiéu qua nhéit dé dam

bao hiéu ning clia he théng dat duge cao nhat c6 thé. Muyc dich cta t6i wu cung cap



tai nguyén trong hé tap trung dita vao ba yéu to: thyc thi tién trinh nhanh nhat c6

thé, chi phi xt Iy thap nhat v khong vuot qua ngudn tai nguyen sin cé

Trong cung cip tai nguyén, mot trong nhiitng van dé quan tam ciia cac nha nghién
cttu va trién khai tng dung d6 1a twong tranh (concurrency) tai nguyén. Bo cung cap tai
nguyen khong gidi quyét duge tuong tranh triet dé dan dén bé tdc (deadlock) va thiéu
tai nguyén. Theo cac tac gia Tanenbaum, Steen [124], Haddad, Kordon, Petrucci [41]
va Kshemkalyani, Singhal [60], twong tranh tai nguyén 1a trang théi s6 lugng 16n tién
trinh xuat phat tit cdc tng dung doc lap mudn truy cap vao cac tai nguyén vdi sd
lugng c6 han hay truy cap vao théng tin dung chung cing mét lic. Bén canh do, cac
tac gid ciing néu van dé bé tdc hay con goi la khéa tuong hé (mutual) 1 sy ket chéo
1&n nhau ctia cdc tién trinh. Bé tdc dién ra khi hai tién trinh dang st dung hai tai
nguyeén lai phéat yéu cau vé nhu cau st dung tai nguyén ma tién trinh kia con dang st
dung. Thiéu tai nguyén 1a sy cho dgi qua lau clia mot tién trinh ma yéu cau cia nod

tré dén mic khong thé xac dinh duge.

Hai vin dé toi wu tai nguyén, tuong tranh tai nguyén 1a nhitng thach thic trong
cung cap tai nguyén. Vi vay, can thiét phai c6 sy thiét 1ap trat tu hosic ché do uu tién

va phuong an du phong déi véi tai nguyen.
1.1.2. Nguyén ly va giai phap diéu khién cung cip tai nguyén

Theo céc tac gia Tanenbaum, Steen [124], Haddad va cong su [41] va Kshemkalyani,
Singhal [60], bo cung cip tai nguyén la qua trinh xit 1§, tinh todn dé duge cung cap
t6i da tai nguyeén, tranh truong hop tuong tranh, bé tic. Dé nang cao hiéu ning trong
cung cap tai nguyén, can phai c6 sy phan tich, mo ta tai nguyén dua trén cac nguyen
Iy cung cap tai nguyen. Nguyén lj cung cap tai nguyén tap trung vao ba van dé co
ban:

- Phuong phdp: 13 dua ra gidi phap cung cap tai nguyén toi vu cho cdc tién trinh
yéu cau tit cac ing dung véi chi phi t6i thidu. Hidu ning ctia viéc cung cap la tai
nguyén dudge st dung hiéu qud nhat trong qua trinh cung cap, khong c¢6 trang
thai tuwong tranh va céc tién trinh duge dap tng du tai nguyén duge yéu cau.

- Quy trinh: d6 1a cac bude thue hien nham thiét 1ap muc tieu d6i véi tai nguyen.

- Chién luge cung cap tai nguyén: cac chuong trinh tng dung phai xtt 1y, tinh toan

du tai nguyén dé thuc hien cung cép.

Nhu vay, truée khi trién khai tng dung thi nhat thiét phai mo ta chi tiét tai nguyen
trong pha thiét ké dé xay dung bo diéu khién cung cip tai nguyen.



Déi v6i cung cap tai nguyén ding chung, nguyéen 1y cung cip phai phong tranh dé
khong lam gidm hiéu nang hoat dong ctia hé do céac hién tugng "soc" lam ting céc
yeu cau ma khong duge ddp dng clia mot sé tai nguyen. Hai chiic ning can thiét dé

dam bao cung cap:

- Thit nhdt: phan tan cac yéu cau giita cac tai nguyen tuong tng c6 kha nang thoa
méan, chitc nang nay goi 1a phan phdi tai. Trong hé phan tan, day 1a diéu kien
dé tranh tinh trang ma & dé cac yeéu cau dgi dén luot duge thda mén trén mot
may cha bi day, trong khi d6 cdc tai nguyén tuong ng lai rdi rai trén cac may
cht khac.

- Thit hai: gi6i han s6 lugng cdc yéu cau duge phép cho mot sb tai nguyén. Viec
giéi han c6 thé thyc hién bing cAch han ché (tinh hay dong) s6 lugng cac tién
trinh, s6 lugng cac giao dich dugce chon st dung toan bo hay ting phan tai
nguyén, truong hgp nay la diéu khién tai tong quat.

Hai chtic ning nay I diéu kién can déi v6i bo diéu khién cung cAp tai nguyen dimng

chung. Bo diéu khién cung cip tai nguyén dung chung phai dat ducc cac yéu cau sau:

- Tuan thi cic quy tic sit dung tai nguyén nhim tranh xay ra tinh trang bé tic

va thiéu tai nguyen.
- Phan bd tai tuong d6i dong déu giita cac tai nguyén cling loai.

- Gidi han nhu cau nhdm duy tri hé théng hoat dong dat mitc hiéu qua nhat dinh.

Trong Dién toan dam may, cdc nghién ctiu trong [128] 112], B3], 84 100 117] trinh
bay nguyéen 1y cung cip tai nguyen thyc hién cac gidi phap tdi uu cac cung cap dich
vy dita trén nhu cau. Bén canh d6, cung cap tai nguyén va cac thuat toan trong Dién
toan dam may st dung cho céc yéu cau va cau hinh khac nhau 1a rat kho dé bao toan
hiéu nang trong hé théng dam may. T6m lai, bo diéu khién cung cap tai nguyeén trong
Dien todn dim may la dp dung cdc thudt todn dé téi vu qud trinh cung cap doi vdi tai
nguyén vat lij hodc do héa cho cac @ng dung nham nang cao hiéu ning hoat dong cia

dam may.

Trong cung cap tai nguyén clia hé tap trung chi xét két ndi gitta nguoi st dung va
cac may chi theo truyén unicast nhung trong cung cip tai nguyén ctia hé phan tan

xét thém phan truyén gitta cdc may chll véi nhau theo co ché truyén multicast.

Hinh theo Chuong II clia tac gid Lé [65] mo td tap cdc may chu két ndi qua
moi truong truyén thong trong cung cap tai nguyen diing chung. Theo Hinh néu
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xét hoat dong mdi may chii mot cach doc lap, khong c6 sy phdi hop dé chia sé tai
nguyen ding chung thi day 1a hé tap trung. Néu xét cic mdy chi hgp luc dé chia sé tai
nguyén diing chung thi day 14 hé phan tan. Su hop Iyc cac mAay chii 1a sy phdi hop giita
cac may chil v6i nhau dé cung cap tai nguyén diing chung cho ngudi st dung. Khéc
biét giita hé tap trung va phan tan 1a cac dac tinh nhu: tinh gin b6, kha ning chiu
161, s md rong, can bing tai,... Cac nghien ctu trong [62, 105] trinh bay vé truyén
thong trong phan tan dé cap dén co ché truyén multicast. Sy khéac biét co ché truyén
multicast 1a goi tin vao/ra trong mot may chi khong tuan thi nguyeén téc vé luu lugng
nhu truyén unicast. Truyén multicast 1a syt két hop dic biet tit cac may chi két ndi

v6i may cht phat thong tin truyén.

Nguoi st dung dang ky tai nguyén
diing chung truc tuyén

s O
S3 Sl

Hinh 1.1: M6 hinh tong quan két ndi trong hé phan tan [65]

Nghian citu ctia Luan 4n trinh bay céc dic diém truyén multicast hitu ich cho viéc

xay dung chién luge cung cap tai nguyén trong hé thong phan tin nhu sau:

- Dich vu chiu 101 dua trén bin sao (replication): dich vu ban sao bao gom mot
nhém cac may chi két noi thong qua moi trudng truyén thong. Yéu cau may chi
13 truyén thong diép multicast cho tat ci cac thanh vién ctia nhém, cic thong
diép nay thyc thi mot hoat dong nhu nhau. Khi mot s6 thanh vien bi 16i, may

khéch truy cap tai nguyén van co thé duoc phuc vu.

- Dich vu chuyén két néi (migration): thong diep multicast c6 thé duge sit dung

bdi cdc may chil va may khach dé xac dinh vi tri dich vu dé ding ky tai nguyén
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trong hé thong phan tan. Khi mot may chti bi sy ¢6 hodc qua tai, hé thong sé
chuyén ddi truy cap may khach sang mot may chi khéac c6 kha niing xi 1§ cao
hon dé ddm bdo qué trinh diang k¥ tai nguyen ma khong anh hudng dén qui
trinh xr ly.

- Hiéu nang cao (High-performance) thong qua nhan ban di@ lieu: Dit lieu duce
nhan ban dé ting hieu suit ctia viec cung cip tai nguyen, trong mot sé truong
hop ban sao cta dit lieu duge dit trong cac may khach dé viec dang ky thuan
tien hon. Méi lan thay déi dit lieu, gia tri méi dude truyén multicast cho cac tién

trinh quan 1y cac ban sao.

- Nhan ban cdc thong diép: truyén multicast cho mot nhom cé thé duge st dung
dé thong bao cho tién trinh khi dién ra cic hoat dong trén may chi. Truyén
multicast quan trong d6i véi song song hoa thuat toan Lamport [71] dé cung cap
gia tri dong ho 16 gic, thiét lap trat tu tong quat va thuc hien xi Iy tudn tu tren

cac may chu.

Bén canh yéu té truyén multicast trong hé phan tan trong pham vi phat trién cta
céc loai ting dung khéc nhau cung ton tai va phu thudc cac giao thitc trén Internet
cho cac ting dung. Ngoai ra, truyén thong IP dugc thiyc hién trén mot s6 lugng 16n
két ndi va ngdy cang ting clia cong nghe mang. Theo bao cdo cia tac gid Oanh [98]
s6 Iugng IP phién ban 4 sip can kiét va dia chi IP multicast rat han ché. Cac yéu to

trén da dan dén sy quan tam nghién ctu do héa mang.

Theo cac tac gid Chowdhury, Boutaba [18] va Haider, Potter, Nakao [42] trinh bay
do héa mang lién quan véi viec xay dung nhiéu mang 4o khac nhau trén mot mang
hién c¢6 nhu Internet. Mdi mang 40 c¢6 thé duge thiét ké dé hd trg mot ing dung phan
tan cu thé. Cau hoi dit ra la ung dung cu thé dugc zay dung trén mot mang thuc co
thé thue thi trén mot mang do va t6i wu hda cho dng dung nay ma khong thay doi
cic dgc tinh cia mang co ban? Mang thuc da c6 cac chuong trinh xac dinh dia chi,
giao thitc va thuat toan dinh tuyén. Tuong ty, mdi mang 4o ciing ¢6 thanh phan trén
nhung xéc dinh lai dé dap Gng nhu ciu céc loai ting dung cu thé. Xét mang bao phii
(Overlapping Networks) trong cung cip tai nguyén phan tan. Mot mang bao phu la
mot mang 40 bao gdm cac nit va cac lién két 4o, ndm phan trén clia mot mang co

ban va cung cap cac dic tinh khong c6 trong mang co ban nhu:

- C4c dich vu trong mang bao phti dugce thiét ké huéng nhu cau clia mot loai dng

dung cu thé.
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- Cac hoat dong trong mang bao phu hiéu qua hon trong mot moi trudng mang
nhat dinh.

- Mang bao phti ¢c6 thé md rong thém dic tinh nhu truyén multicast hofic bao

mat,...

Duya vao cac dic tinh trén, viéc xay dung hé phan tan trén mang bao phu c6 nhitng

uwu diém:

- Cho phép xéc dinh cac dich vy mang mdi dudc xac dinh ma khong can thay doi
cac dich vu mang co ban. Mot dic diém 13 mang bao phit dua ra mic do tieu

chuan héa ciing nhu viéc stta ddi chitc niang co ban trong cac thiét bi dinh tuyén.

- Khuyén khich thit nghiém vdi cac dich vu mang cai tién, ty phat trién va cac

tuy bién dich vu thuoc tng dung cu thé.

- Nhiéu 16p bao phti ¢6 thé duge xac dinh va c6 thé cliing ton tai. Két qua cubi

ciing 1a tao ra kién tric mang mdi dudc md rong.

Ao héa mang duge trién khai tren cAc hé thong 4o hoa dé cung cip tai nguyen
truyén thong cho cac may chi do. Két qua clia 4o héa mang 1a thiét lap cac mang 4o
két ndi voi nhau thong qua cac bo cung cap va didu khién. Dé trién khai 40 héa mang

nhat thiét xay duyng cac dic tinh cho bo cung cip tai nguyen.

Tom lai, gidi phdp dieu khién cung cdp tai nguyeén phan tan cia Ludn dn tap trung
vao cd ché dinh tuyén multicast dua trén cdc kénh truyén, toi wu chi phi dua vao duong

dén dé dat duoc thong lugng cuc dai dén tap dich dua trén mang do.

1.1.3. B0 cung cap tai nguyén

Theo cac tac gia Tanenbaum, Steen [124], Haddad, Kordon, Petrucci [41] va
Kshemkalyani, Singhal [60], cung cap tai nguyén trong hé phan téan 13 mo hinh mé cho
céc bai toan téi da hoa tién ich cung cap tai nguyén. Bo cung cap tai nguyén duge
xay dung nhim diéu khién, giam sat vd cung cip tai nguyen. Bo cung cip tai nguyén
trong hé phan tan RADS (Resource Allocator in Distributed System) hoat dong dua
trén cac thuat toan cung cip tat ca tai nguyén dung chung sdn c6. Céac tai nguyén
trong hé phan tan dugc cung cap thong qua thong diép yéu cau tit nguoi st dung.
Bo cung cap dap ung tai nguyén sau khi anh xa duge tai nguyén. Ngit canh nay c6
thé dugc nhan thiy thong qua céc chuong trinh cung cap tai nguyen ding chung cho

nhiéu linh vyc nhu: thuong mai dién ti, y té, gido duc, chinh phi dién ti,...
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Nhuge diém ctia RADS la khi tai nguyen t6i han dong thoi véi s6 luong yéu cau
tai nguyén lén dan dén viec xit 1y cung cip tai nguyén chit ché, néu khong cé gidi
phap t6t dé dan dén tic nghén, su c6. Do d6, van dé didu khién RADS lac nay can
thiét duge xay dung véi gidi phap t6i wu. Theo cac tac gia Lamport [71], Le [65],
Tanenbaum, Steen [124] va Kshemkalyani, Singhal [60], d6i v6i cung cip tai nguyen
cho hé phan tdn doi hoi tai nguyén diing chung phai duge cap phat duy nhat, do dé
RADS can phéi c6 su dong bo gifta cac tién trinh trong hé phan tin thong qua su hop
lyc gitta cac may chii. Viéc dong bo héa tién trinh trong hé phan tan dya vao dau, do
la gia tri dong ho 16 gic duge dong nhat trén tit ca cac may chii. Dé dat dugc gia tri
dong ho 16 gic, cac thong diép truyén dong thoi dén cac may chl cung lic dya vao

truyén thong nhom.

Theo Buyya, Broberg va Goscinski [9], dua vao he théng 4o héa theo Hinh b
trong Phan 1.2.5, Phan I [9], cac dam may cung cap dich vu cho ngudi stt dung thong
qua cdc may do. Vi vay, cung cip tai nguyén trén dam may 13 qua trinh cung cip tai
nguyén sin ¢6 mot cach t6i vu va hieu qua nhat cho cac ing dung [112, 33} 184, 100, 117].
Theo céc tac gia Sharkh va cong sy [T12] trinh bay bo didu khién cung cip tai nguyén
nam trong trong hé thong gidm sat may 4o 14 qua trinh lap lich, anh xa cac tai nguyén
sdn c6 vdi cac hoat dong yéu cau. Bo cung cap nay phai giam sat, nhan biét va quan
ly dugde tat cd cac tai nguyén hién c6 va yéu cau tit ngudi sit dung. Bo cung cap tai
nguyén dya trén chién luge quan 1y tat ca hoat dong cung cap vdéi tai nguyén gidi han
trong moi truong dam may dé dap tng nhu cau cic ing dung trong dam may. Cong
viéc nay doi héi vé loai va s6 lugng tai nguyen can thiét cho méi tng dung dé dap tng

yéu cau tit ngudi sit dung truy cap vao ting dung trén cac may ao.

Bo diéu khién cung cip tai nguyéen trong hé théng may chli 40 c¢6 nhiem vu diéu
khién qué trinh chia sé tai nguyen qua Internet trong diéu kién tai nguyen cé gidi han.

Céc loai xit If ctia bo diéu khién cung cap tai nguyen duge xét:
- Dt trude: tai nguyen da duge dat trude va cé cau hinh cuy thé, loai tai nguyéen
nay nén sn c6 va danh rieng véi thoi gian cu thé.

- Tuy kha nang: tai nguyen duge cung cap sém nhit c6 thé, cac yeéu cau tai nguyen

nay dang nim trong hang doi chs xi 1y.

- Tic thi: khi c6 yéu cau dén, tai nguyén duge cung cap ngay lap titc hodc tit chdi

cung cap dya trén nguon tai nguyén sin co.

- C6 thoi han: dua vao qué trinh lap lich ctia bo diéu khién, tai nguyen cé thé

dutge cung cap va hoan thanh trude thoi han da dua ra.
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‘ HEMH ) Giam sat may ao (Hypervisor)
May chi Méy chij
vatly VAT 1Y
Kién trdc truyén thbng Kidn tric 4o héa

(a) (b)
Hinh 1.2: Kién tric truyén thong (a) va kién trac 4o hoa (b) [9]

Dé dam béo t6i uwu trong didu khién cung cip tai nguyén trong hé théng may chi
40, cung cap tai nguyen truyén thong 1 mot trong nhitng yéu té quan trong khi thuc
hién qua trinh hgp lyc gitta cac may chii dé cung cip tai nguyén diing chung. Bén
canh d6, truyén thong déng vai tro di trii ctia hé théng may chi trong dam may va

dap tng dich vu déi véi nguoi sit dung.

B0 cung cap tai nguyén truyén thong duya trén ba nguyén 1y co ban: ddm bao
két ndi, thong lugng cuc dai va thdi gian thyc. D6i v6i nguyén 1y thit nhat, hé thong
truyén thong bao gom nhidu kénh két néi dén tap may chli, néu mot hay mot s6 kenh
bi sit ¢6 khong dnh hudng dén hoat dong ciia he. Nguyeén 1y thit hai dat duge dua vao
cac giai phap va thuat toan trong truyén thong dé ddm bao ring thong tin tit ngudn
dat dugc luu lugng cyc dai khi dén dich. Nguyén 1y thit ba 14 mot trong nhitng van dé
can dugc quan tam tity thuoc vao cac ting dung khac nhau véi yéu cau thoi gian thyc
khac nhau.

Tom lai, bo diéu khién cung cdp tai nguyeén trong hé théng mdy chi do theo nghién
cttu cia Luan dn la bo dieu khién ddm bdo t6i wu qud trinh cung cdp tai nguyén cho

cdc tng dung hoat dong nhim tang hiéu ndng cta hé thong dam may.
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1.2. Cac nghién ctu lién quan
1.2.1. Céc nghién citu lién quan dén diéu khién cung cap tai nguyén
trong hé phan tan

Hé tap trung xudt hién céc han ché khi quy mo6 két ndi ngay cang tiang. Dé dap
ting st phat trién do, he phan tan dugc nghién citu va dua vao trién khai ing dung.
Céc cdc van cin gidi quyét ciia hé phan tén so véi he tap trung thé hien qua Bang[L.1]

Bang 1.1: So sanh gitta hé tap trung va hé phan tan

Thanh Hé tap trung Hé phan tan

phan

Phan Kha ning md rong tai nguyén phan cing rat D& dang thém va md rong tai nguyén vat 1y. Khi mot

cing kho khi tai nguyeén t6i han hodc khong con khd  may chli bi sy ¢6 va roi khoi he théng, he phan tan
nang cung cap. Khi mdy cht gip sy c¢b, heé sé& van hoat dong binh thudong. Hé phan tan s& ding
dimg hoat dong. hoat dong khi tit cd may chii bi sy ¢6 ddng thai.

Phan Phan mém dugc xay dyng doc 1ap cho may chtt  Hiéu nang cao hon so vdi hé tap trung, néu mot may

mém déap tng cho cac ing dung dang truy cap, néu  chii bi st ¢ thi cdc truy cap dudce chuyén cho may
vugt qua s lugng xit 1y, hé théng sé tam ditng  chi khdc trong hé ddm nhiém xt 1y tiép cong viéc.
cung cip tai nguyén diing chung.

Dit lieu  Co s6 dit lieu & trang thai cuc bo, khi x4y ra  Dit lieu trén mot may chli bi mat khong lam méat dit
sit ¢b, hé khong ddm bdo tinh gén bé dbi véi  liéu cho toan bs hé théng. Chia sé tai nguyén ding
nguoi st dung. Khi bi mat hodc hong dit liu, chung: ngudi sit dung truy cap vao tai nguyén cuc bo
dit liéu chi dugc thiét lap lai v6i cac ban da  trén chinh méy chii xt Iy ma khong can biét dén tai
sao luu trude doé. nguyén § cac mdy chu khéc trong hé.

Truyén Dé x4y ra tic nghén truyén thong khi s6 lugng  Heé thong tudng tac ngudi sit dung chii yéu thong qua

théong truy cap vao hé théng vugt nhu ciu cung cdp  truy cap tai may ch@ gan nhat dan dén t6c do truy

tai nguyén. Khi sy ¢6 duong truyén vat 1y, he
s€ khong truy cap duge.

cap cao hon.

Hé phan tan bao gom thanh phan cac méy chi duge két ndi véi nhau va nguoi si
dung thong qua céac tng dung. C4 hai thanh phan nay dugc gén két va hgp lyc véi
nhau dé cung cip tai nguyen diing chung cho ngudi stt dung. Theo Phan 1.3, Chuong 1
ctia Tanenbaum va Steen trong [124], cung cap tai nguyen nguoi stt dung trong he phan
tan phan thanh ba loai co ban: Hé phan tan tinh toan (High performance distributed
computing), Hé phan tan thong tin (Distributed information systems) va Hé phan tan

phitc tap (Distributed systems).

Hién nay, cdc cong trinh nghién cttu va cong bo tai Viet Nam vé linh viie he phan

tan con han ché. Céc cong bd clia tdc gid Lé va cong sy trinh bay cac gidi phap nhu:
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dam bao tinh gin bo trong he phan tan [66] 68| [70], xit 1y song song tién trinh trong
moi truong phan tan [67], giam sat he phan tan [69, 127]. D6i véi cac nghién citu lien
quan dén didu khién cung cip tai nguyén trong hé phan tan, hai nhém gidi phap téc
gid Lé v cong sy tap trung nghién cttu 14 ddm bao tinh gin b6 va xit 1y song song

tién trinh trong he phan tan.

Duta vao céc phan loai hé phan tan, Luan an tap trung vio phdt trién he phan tin
phitc tap dé cung cdp tai nguyén ding chung. Tuy nhién, hé phan tan c6 cac han ché
va thach thic trong nghien citu thé hién trong Bang . Thong qua Bang nhuge
diém clia hé phan tan duge liet ke dya trén bén thanh phan diic trung: phan cing,
phan mém, dit litu v& truyén thong. Dua vao nhimg nhuge diém nay, Luan an tap

trung gidi quyét mot s6 van dé con ton tai thuoc ba thanh phan: phan mém, di licu

va truyén thong.

Bang 1.2: Uu v& nhuge diém ciia hé phan tan

Thanh phéan

Uu diém

Nhuge diém

Phan cing

Phan mém

D@ licu

Truyén théng

Dé dang thém va md rong tai nguyén vat ly. Khi mot
maéy chil bi sy ¢d va rdi khéi hé théng, hé phan tan
van hoat dong binh thuong. He phan tan sé ding hoat
dong khi tat cd may chil bi sy c6 dong thoi.

Higu nang cao hon so v6i he tap trung, néu mot may
chii bi si ¢b thi cic truy cap duge chuyén cho méy chii

khac trong hé ddm nhiém xi 1y tiép cong viéc.

Dit lieu trén mot may chtt bi mat khong lam méat dit
liéu cho toan bd hé théng. Chia sé tai nguyén dung
chung: nguoi st dung truy cap vao tai nguyén cuc bod
trén chinh may cht x Iy ma khong can biét dén tai

nguyén § cac mdy chiu khic trong hé.

Heé théng tuong tac ngudi sit dung chii yéu thong qua
truy cap tai may ch gan nhat dan dén toc do truy

cap cao hon.

Qua tai trén mot may chil khi ¢6 s6 lugng
16n truy cap trong khi cic may chu khac it

tai.

Dé x4y ra bé tic trong qué trinh cung cap
tai nguyén dung chung. Van dé bdo mat
clia hé théng khi chia sé tai nguyén diing

chung.

Quan tri he théng va co sd dit lieu trd nén
kho6 khan khi cac méy cht phan tan. Céc
g6i tin bi triing 13p khi truyén theo phuong

thic multicast.

Hop lyc cac may chit thong qua cd ché
truyén thong diép dan dén tiéu tén tai
nguyén truyén thong. Bang thong khong
dap tng di khi truyén véi dit liéu 16n. That

lac goi tin trong qua trinh truyén.

Hai huéng tiép can nghién citu trong hé phan tan do6 1a giai phdp dam bao gin bo

d6i v6i ngudi stt dung (d6i véi thanh phan phan mém, dit li¢u) va t6i wu truyén thong
diép gitta cac mdy cht (d6i v6i thanh phan truyén thong). Dé gidi quyét cac hudng
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nghién cttu, Ludn dn da tim hiéu va phan tich dé dp dung, cai tién va phdt trién cac

thudt todn truyén thong va diéu khién thong diep.
1.2.1.1. Céac thuat toan truyén thong trong hé phan tan

Trong cac thiét bi phan cting hién nay, hd trg truyén broadcast va multicast dugc
cung cap bdi cac ngin xép giao thifc mang st dung céc bién clia cay bao trim. D6 13
mot co ché hiéu qua cho viéc phan tan thong tin. Tuy nhién, hd trg phan cing hodc
hé tro giao thic tang mang cta IP multicast c6 thé khong c6 hieu qua khi gip céc

dac tinh sau:

Van dé trat tu clia ing dung dic trung dua trén trat ty cung cap cic thong diép.

Thich dng v6i cadc nhém dong thay déi thanh vien.

G1ti multicast dén mot tap bat ky clia cac tién trinh tai mdi sy kién gii.
- Cac vAn dé trong cung cip tai nguyéen thay doi.

Kha nang chiu 16i.

Dé gidi quyét han ché cac dic tinh vita néu, cai tién phuong thic truyén IP
multicast sang truyén multicast. Néu thuat toin truyén multicast yéu cau bo gii 1
moOt phan cta nhom dich, thuat toan truyén multicast dugc goi 1a thuat toan nhém
kin. Néu thuat toan truyén multicast dén nhém n3m ngoai nhém dich, thuat todn
truyén multicast dude goi 1a thuat todn nhéom ma. Cac thuat todn nhém mé tong quat
hon va do d6 khé hon vé gidi thuat dé thiét ké va chi phi cao hon dé thuc hién so véi
nhém kin. Céc thuat toan nhom kin duge st dung trong mot s6 ngit canh nhu: déng
k{ tai nguyeén triyc tuyén, cac hé thong ngan hang dién ti,... noi tién trinh may khach
¢6 thoi gian thye thi ngin va sé lugng truy cap 16n.

Céc loai thuat toan truyén multicast trong Phan 6.9 clia cac tac gid Kshemkalyani

va Singhal [62] trinh bay bon 16p clia cac mdi quan he truyén thong tit nguon dén tap
dich, t0 po theo Hinh thé hien 16p céc nhém ma:

Hinh [1.3|(a): nhém don ngudn va don dich.

Hinh (b): nhém da nguodn va don dich.

Hinh [1.3|c): cac nhom don ngudn va da dich, co thé chong chéo.

Hinh [1.3|(d): cic nhém da ngudn va da dich, c6 thé chdng chéo.
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Hinh 1.3: T6 po céc loai thuat toan truyén multicast [62]

Cac nhém theo Hinh [1.3(a) va Hinh[L.3[c) 1a don gidn dé thuc hien, gia st su hien
dién ciia cac kénh FIFO gitta mdi cip clia cdc tién trinh thi cd hai trat ty toan phan
va trat ty nhan qua duge ddm bao. Nhém theo Hinh (b) do phitc tap dé xit Iy chua
cao, nhung su chuyén doi 16p nay dén nhém theo Hinh (d) thi kha phtc tap. Doi
v6i phuong phap thiét ké cho cac nhéom theo Hinh (d)7 céch tiép can nay thuong
dugc goi 1 tiép can cay lan truyén, st dung mot ciu tric ban tap trung cé cac thuat
todan thich nghi tap trung va duge dé xudt boi cac tac gid Chiu, Hsaio [14] va Jia,
Zhou [52].

Cac thuat toan truyén multicast mo ta diic tinh ki thuat thach thic trong viec
thiét ké to po. Kich ban tong quat nhat cho phép mai tién trinh truyén multicast trong
to po dén mot nhom tity ¥ va nhom thay déi dong ctia tién trinh ¢ mdi bude. Kich
ban tong quat phat sinh chi phi nhidu hon, cic thuat toan thuc hien trén hé théng
thite thuong 1 “tdp trung” hon theo mot huéng. Nhiéu phuong thic truyén multicast
da dugc phét trién va trién khai, nhung tat ca déu c6 thé duge phan loai thudc vé céc

16p sau:

Thuat toan truyén théng dya vao lich sit (Communication history-based)

Céac nghién cttu vé thuat toan trong 16p nay st dung mot phan cta lich sit truyén
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thong dé dam bao trat tu cac yéu cau. Nghien citu thuat toan co ban trat tu nhan
qua phan tan duge trinh bay trong Phan 12.2 trong [104] theo dé xuat bdi Raynal,
Schiper, Toueg va thuat todn t6i wu déi véi trat tu nhan qud tong quat trong [60, 61]
dé xuat bdi Kshemkalyani va Singhal chi ra gidi quyét van dé cung cap trat ty nhan
qud trong trién khai phan tan. Cac thuat toan khong can luu vét cdc nhém rieng va

do d6 lam viéc trén truyén multicast nhom md.

Thuat toan Lamport dugce sit dung dé gan nhan thdi gian cho céc thong diep duge
dé xuét boi Lamport trong [71]. Thong diep duge géan nhan thoi gian chi khi né biét
rang khong c6 thong diép khéac v6i nhan thoi gian thap hon dude gan va truyén mul-
ticast. Giao thitc NewTop dé xuat bdi Ezhilchelvan, Macdo va Shrivastava trong [32]
duge md rong tit thuat toan Lamport cho cac nhém chong chéo ciing ddm bdo cé trat
tit toan phan v nhan qua. Cac thuat toan trién khai trén giao thitc NewTop stt dung

cho cau hinh nhém déng.

(1)Nhom ngubn

(2)Nhom dich

(3)Nhom trung gian

\
I

Servers W I
Servers :

I

!
|
|
|
|
|
\

Hinh 1.4: M6 hinh tuan ty thong diep [104]

Thuat toan duya trén quyén (Privilege-based)

Céac nghién citu vé thuat toan dya trén quyén duge thyc thi theo mo ta trong
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Hinh [1.4la. Mot thé bai (token) tudn hoan giita céc tién trinh giti, thé bai mang s6
tuan tu cho thong diép tiép theo duge truyén multicast va chi ¢6 may cha git thé c¢6
thé truyén multicast. Sau khi mot su kién giri multicast, sé tuan tu dude cap nhat, cac
tién trinh dich cung cap thong diép trong trat ty tang dan sé tuan ty. Bo giii va nhan
can phai nhan biét 1an nhau, do d6 dugce gid dinh cho cdc nhém kin. Nhut vay thuat
toan c6 thé cung cip trat tu toan phan, ciing nhu trat tu nhan qua st dung cau hinh
nhom kin.

Thuat toan di chuyén tuan tu (Moving sequencer)

Cac nghién citu vé thuat toan di chuyén tuan tu duge thyc thi theo minh hoa
trong Hinh b. Cac tac gia Chang va Maxemchuck trinh thuat todn nguyeén thuy
trong [12] va phién ban khéac nhau ctia n6 da dugce dua ra béi cac thuat toan Pinwheel
va RMP. Céc budc thuat toan da duge dé xuat thyc hién theo Bang .

Béang 1.3: C4c budc thyc hién thuat toan di chuyén tuan tu

Cac bugc Thuc hién

Buéc 1 Dé truyén multicast mot thong diép, bo gii giti thong diep dén tat ci cac bo tudn ty.
Bude 2 Bo tuan ty lvu hanh mot thé bai véi nhau. Thé bai mang mot s6 tudn ty va mot danh sich cia tat
uecC 2 e
ca céc thong diép ma sb thit tv da duge gan, d6 la cic thong diép da duge gii di roi.
Khi b tuan ty nhan dugc thé bai, n6 gan sé tuan tir cho tat ca cac thong diép da nhan nhung khong
Buéc 3 theo thit tir. Sau d6 né sé giii cac thong diép tuan ty méi dén cac dich, chén cac thong diép vao danh
sach thé bai, va chuyén cac thé bai dén bo tudn tu ké tiép;
Buéc 4 Céc tién trinh dich cung cip thong diép da nhan trong trat ty ting dan sé tudn tu.

Trong nghién cttu thuat toan di chuyén tuan tu ciia tac gia Lée dé xuat trong [65];
xét mot mang két ndi véi nhau qua giao thitc TCP /TP 1a mot tap hgp bao gom N may
chti, trong dé mot may chi c6 thé lien lac véi cac may chii khac mot cach dé dang.
Mot s6 duy nhéat bao gom tit 0 dén n-1 duge phan phdi mot 1an cho toan bo trén ting
may chii. May chii S; déu ¢6 may chii hang xém bén phai hay con goi may chi ké tiép
sau ma s6 cia may chi d6 1a suc[S;] vd hang x6m bén trai hay con goi 1a may chi
lién ké truéc ma s6 ciia n6 1a pred [S;]. Sy mo ta nay duge goi la mot vong tron o.
Khi hoat dong binh thuong, n may chi duge thé hien day da trén vong tron 4o theo
Cong thiic

suc[S;] = S; + 1 modulo n (1.1)
pred[S;] = S; - 1 modulo n

Thuat toan trinh bay dua trén nguyen tic nhu sau: 4n phong duge cu thé hoa
trén mot vai cau hinh cla cac bién trang théi v di chuyén trén vong tron do theo mot

chidu xac dinh. Dé vong tron 4o c6 thé hoat dong tbt, thi can thiét phai xay dung lai
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vong tron 4o khi c¢6 mot may chii nao dé bi sy ¢6. Phép xit 1§ nay goi 1a cau hinh lai
bao gdm ca viéc cap nhat cac gia tri clia sucli] vA pred|i] clia cdc méay chit hang x6m
bi st ¢6. Viéc cau hinh lai mang duge thyc hien néu méy cha bi sy ¢6 khong pha huy
lien két 16 gic. Khi mot may chii bi su ¢ c6 thé hoat dong trd lai thi phép toan chén
cho phép n6 tham gia vao mang.

Thuat toan di chuyén tuin tu dam bao trat tu toan phan
Thudt todn bo tuan tu co dinh (Fized sequencer)

Cac nghién citu vé thuat toan bo tuan ty ¢d dinh duge thyc thi theo minh hoa
trong Hinh [1.4lc. Phuong phap tiép can nghien citu cay lan truyén thudc vé 16p thuat
toan nay. Cac thuat toan khéac 1a bo tudn tu tong quét Isis do Birman va Joseph dé
xuat trong [4], cac dic tinh truyén thong nhém, thio luan va danh gia vé he thong
Amoeba, Phoenix, Newtop dugc trinh bay bdi cac tac gia Defago, Schiper, Urban
trong [25], Chockler va cong su trong [15].

Tét ca tién trinh duy tri dong ho 16 gic v mdi nhém déu c6 mot bo tuan tu doc
lap. Mot tién trinh thugc vé nhiéu nhém can phai gii thong diep tiép theo (dén bo
tuan tu ¢6 lien quan) cho dén khi n6 da nhan va xit 1y tat cd cac thong diep tit bo
tuan ty khdc nhau; tuong ting vdi cac thong diep trude d6 da gii. Hang dgi FIFO phai
duy tri trat tu tong quat.

Thudt todn chap nhan dich (Destination agreement)

Nghién citu thyc thi thuat toan chap nhan dich theo minh hoa trong Hinh .d.
Trong 16p ciia thuat toan nay, nhitng dich nhan cic thong diép véi mot s6 thong tin
trat tu han ché. Sau d6 cac may chii trao ddi thong tin véi nhau dé xac dinh mot trat
ty. C6 hai 16p con: 1. stt dung nhan thoi gian, 2. sit dung chap nhan hay giao thic

"dong thudn" gitta cac tién trinh.

Dé trién khai céc hé phan tan dua trén truyén multicast, nhitng nghién citu trong
hé théng 4o héa dé xuadt 4o héa mang dé dap tng co ché va cac thuat toan truyen
thong. Nhung trién khai 40 héa mang sé mang lai nhidu van dé phitc tap trong qua

trinh t6i wu tai nguyén truyén thong.

Tém lai, cac thuat toan truyén thong cho hé phan tan dap ng cho cac ing dung
trién khai. Tuy thudc vao timg t6 po va tng dung cu thé dé 4p dung céac thuat toan
khac nhau. Trén co sd nghién citu phuong thic truyén multicast, Ludn dn tap trung
vao phdt trién cdc thudt todn theo Hinh . ¢; do la, thuat toan danh cho nhom kin,

dua trén quyén va di chuyén tuan tu ddm bdo trat tu toan phan.
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D6i v6i thuat toan danh cho nhdm kin va ddm bdo trat tw toan phan, Luan an deé
xuat song song hoa thuat toan Lamport trinh bay Muc 2.1 trong Chuong 2. Doi véi
thuat toan dua trén quyén va di chuyén tuan ty dam bdo trdt tu toan phan Luan an

dé xuat thuat toan 4PCoDT trinh bay Muc 2.2 trong Chuong 2.

Trong cac nghién citu cua cac tac gia Raynal, Tel, Chockler va cong su trinh bay
trong [31} 105 126] ciing chi ra mot phan tdi wu truyén thong dya vao cac thuat toan
xtt 1y trén cay trong truyén multicast. Tuy nhién, han ché clia co ché truyén nay 1
van dé du thira trong truyén thong néu nhiéu may chi cung cung cap thong tin dén
cac may chl dich hodc may khach |72, 53] 16]. Dé khic phuc nhuge diem trén, Luan
an dua ra gidi phap loai bd cac géi tin du thita néu may chit hodic may khach da nhan

dugc, do la ky thudat ma mang.

1.2.1.2. VAan dé ky thuat ma mang diéu khién cung cip tai nguyén

truyén thong

Cac téc giad Tan va cong su trong [123], Sattari, Fragouli, Markopoulou trong [110],
Wu, Chiang, Kung trong [135] trinh bay giai phap diéu khién t¥ 1é ngudn véi ma mang
két hop co ché truyén multicast v thuat toan diéu khién t¥ lé thich nghi v6i dd thi
con két hgp v6i ma mang. Tac gia Tan va cong su trong [123] da chi ra wu diém cay
multicast két hop ma mang dat hiéu qué t6t hon vé ty 1é truyén déi vdi cay multicast
khong c6 ma mang. Tac gid Tan va cong su st dung giai thuat di truyén dé t6i vu thong
luong va phong tranh tic nghén; bén canh do6, déi véi cic géi tin truyén multicast, giai
thuat di truyén cai tién cé thé tim kiém vi xay dung cay multicast st dung t6i thiéu
cac nit trung gian dé tang thong luong. Hudng nghién citu cla tac gia Tan vi cong
sy xay dung cau tric cay sé xét truong hop hau luong géi tin cho bai toan da nguodn
dén da dich.

Cac téac gia Chou, Wu, Jain trong [I7], Deb, Srikant trong [24] va Sarkar, Tassiulas
trong [109] trinh bay céc giai phap tap trung vio didu khién t¥ 1& ngudn va luu lugng
truyén trong mang nhim chéng tic nghén trong qua trinh truyén, dam bao trang thai

can bang trong luu lugng.

Cac tac gia Xi, Yeh [137], Wu, Chiang, Kung [135] va Khreishah, Khalil, Wu [56]
trinh bay cac gidi phap trong ma mang t6i uu truyén multicast trong hé phan tan.
Trong nghién citu ma mang dua ra hai van dé nghién citu truyén multicast do 1a truyén
phi tuyén [80] v truyén tuyén tinh [47, [78] 4p dung cho hai moi truong truyén thong
12 ¢6 day va khong day. Nghién ciu cia Ludn dn chi zét truong hop truyén tuyén tinh

cho cic mang co day.
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Trong quéa trinh truyén thong cac may do, viéc toi vu céc ty 1& truyén goi tin can
quan tam nghién cttu. Khi ty 1é truyén goéi tin ddm bdo viéc truyén thong gifta cac
may 4o sé mang lai lgi ich, hiéu qua 16n trong cac tng dung phan tan. Hé phan tan
trién khai trén may 4o xét truyén thong nhu 13 mot phan tai nguyen dé hoat dong. Do
d6, tai nguyén truyén thong sin c6 dude téi wu thi hé phan tan trao déi thong diep

N PN e
cang hiéu qua.

Téc gia Zhang va cong su [143] trinh bay do hda chitc nang ma mang trén Internet.
Céac tac gid nhan manh bo cung cap tai nguyén phai gidi quyét tot hai vin dé cung
cap tai nguyen tinh toan va tai nguyén mang. Dya vao 4o hoéa chitc ning mang, cac
tac gia dé xudt thuc thi ma mang nhu chitc ning mang mdéi va trién khai trong dam
may phan tan. Két qua nghién cifu clia cac tac gid néu ra hiéu qua clia ma mang trong

truyén multicast t6t hon so véi cac giai phap heuristic.

Céac nghién citu vé ma mang trong cac may ao tap trung vao viéc di tra, luu trit
phan tan va bado mat duge trinh bay trong [142 [6] BI]. Cac nghién ctu nay ciing chi
ra viéc ap dung k¥ thuat ma mang dem lai nhiéu hiéu qué trong truyén thong, doi
vdi truong di tra khi cac méay 4o can tai nguyén va di tra sang he théng do khac thi
nhu cau bang thong lic nay dat mic cuc dai c6 thé gitp cho viec di trd nhanh nhat;
truong hgp Iru trit phan tan ciing mang tinh chat tuong ty déi véi tap tin dung lugng
l6n; dbi véi truong hop bdo mat, day 1a sy két hgp giao thitc bdo mat ma mang va
giao thitc bao mat luu trit dam may. Ngoai ra, ma mang dugc nghién cttu trong trudng

hgp cac dam may di dong duge dé xuit boi Fitzek va cong su [35].

Hudng nghién citu cia Lugn dn dva ra mo hinh toi wu héa va dé zudt cdc thudt
todn thich nghi, diéu khién ty 1é phan tdn cho ma mang dua trén cic dong multicast.
Beén canh dé, gidi phdp toi vu truyén thong multicast véi ma mang la thong tin tai
tap dich tranh trung lap va dat thong lugng toi vu. Gidi phdp duge thuc hién trén cdy
multicast la zay dung lai t6 po két hop ki thudt ma mang dé thong luong dat cuc dai
tai tap dich. Cdc thudt toan trong nghién ctu sé duge thuc nghiém, danh gid va cé thé
duge md rong dé diéu khién truyén thong diép trong nhiéu dng dung khic nhau.

1.2.1.3. Van dé ky thuat trong nhan thoi gian 16 gic

Dua trén phan loai hé phan tan trinh bay trong Muc 1.2.1 va cic thuat toan truyén
thong hé phan tan trinh bay trong Muc 1.2.2. Hé phan tan hoat dong dva trén thuat
todn nhom kin va ddam bdo trat tu toan phan hay con goi la trat tu téng qudat chdat ché.
Trong thudt todn nhém kin, he phan tan khong c6 dong ho vat 1y toan cuc dé gan gia

tri cho céc tién trinh. Do d6, hé phai st dung dong ho rieng 1& dong ho 16 gic hay con

24



goi 1a nhan thoi gian dé gin gia tri va dong bo tién trinh trén cac may cha duge goi
la nhan thoi gian 16 gic.

Nhéan thoi gian 16 gic duge xay dung dya trén thuat toan Lamport trinh bay
trong [82) 65, 124]. Thuat toan Lamport nham cho phép ghi lai cac su kién ciia he
phan tan. Thuat toan tap trung vao nguyen 1y sau: moéi may cha S déu co trang bi
cong to vi cac gia tri nguyén goi 1a Hg,. D6 chinh 14 dong ho 16 gic ting len gitta
hai sy kien ké tiép. M4y chi e phét thong dieép ghi ddu E cta minh dya trén gia tri
hién hanh ctia Hg,. Khi nhan duge thong diép, may chi nhan r cap nhat dong ho Hg,
riéng ctia minh bang giai thuat rat gon theo Cong thic (1.2)):

If ((Hs,) < E) then
Hs = E+1 (1.2)
EndI f

Mot su kien a (sk,) sinh ra trong may cht i (S;) va duge danh dau boi dong ho
cuc bo goi 1a Hg, (a). Néu sk, va sk, déu la hai sy kien gii tit méay cha S; dén S;, ta
ludn luon c6 quan hé xac dinh theo Cong thite (1.3) nhu sau:

skq — sky < Hgi ((I) < Hsj (b) (13)

Trong d6: sk, — sk thé hien sy kién a gii cho sy kien b. < biéu thi cho phép
kéo theo. Hg, (a) < Hg, () thé hien gia tri dong hd may chii ¢ nhd hon gi4 tri dong

ho cuc by may cht b.

Tuy nhién, cdc nhin dong hd nay phai dudce cap nhat vi nhat quan trén tat ci
cac may chi. Néu gia tri khong duge cap nhat thi viéc xi 1y thong diép sé bi sai va
hoat dong clia hé sai trat tiy theo 1y thuyét trat tu nhu Hinh duge trich dan trong
Chuong IV cia tai liéu [65].

Theo Hinh , khi céc thong diep di chuyén qua cac may chi, gia tri gii vi nhan
c6 gia tri khac nhau. Chinh vi gia tri dong ho sai leéch, khi mot médy chi phét lénh xi
1§ dong thoi trén cdc may chii sé din dén sai léch vé cac tién trinh dugc trieu goi dé

xtt Iy. Do d6, di liéu khong nhat qudn trén tat cd cdc may chi.

Cac may chii hoat dong nhan va giti thong diép duya trén dong ho cuc bo clia minh
theo co ché truyén unicast, cac may chi chi biét dude trat tu tung phan trén may chi
ctia minh va khong nhan biét dugc cac hoat dong trén may chi khac. Trat tu ting
phan dnh hudéng dén hoat dong tong quat trong hé phan tan, hai van dé co ban bi

tac dong do6 la: 1. Gia tri dong ho 16 gic trén cadc may chi khong nhit quan; 2. Tién
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trinh yéu cau vao mién ging phai chd dgi cho dén khi nhan du thong diép c6 thé gay
anh hudng dén cac may chi khéc hodc sai lech khi tién hanh cap nhat di lieu. Dé
gidi quyét bai toan trat tu timg phan, Luan an da ap dung va song song héa thudt
todn Lamport dé xay dung trat tu tong qudt chdt ché trén cac may chi dude trinh bay
trong Muc 2.1.1.

A B C
o+ o+ o+
2+ - 3 4 5+
4+ ;' »5 -+ 10+
6+ 9+ m 15+
&1 12 B
10+ 15 1 ms 2571
2+ B 30
14+ ma 20 251
e 24| 40
o ——° 27t 45+
20+ 0 >80t
22 5 e 55t
o4t < e 60|
26— my 291 651
281 e 70
301 45+ 751 l "

Hinh 1.5: Nhan thai gian thong diép khong theo trat tu

Truong hgp vi du cho thuat toan Lamport duge trich tit Muc IV.2 cua tac gia Leé
trong [65]. Hinh [1.6]thé hign loai trit tuong hd nho dau mo tA tién trinh vao mién gang

cla may cht 1 va may chu 2.
Thuat toan loai trit tuong ho c6 thé mo ta nhu sau:
- May chi S; ctia mang c6 thé giti cho cdc may chii khac thong diep c6 dang (T,
Hsg,, S;), trong d6 Hg, 1a diu ctia thong diép ¢6 nghia 1a dong ho 16 gic ctia n6 va

T c6 thé nhan mot trong ba gia tri REQ-CS (yéu cau vao mién giang), REP-CS
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Ao ,
Mién gang cua S

Hinh 1.6: Loai trit twong hé nho dau [65]

(phdn hoi chap nhan yéu cau vao mién gang) va REL-CS (gidi phéng, roi khéi
mién gang). Thong diep REQ-CS duge phat di cho tat cd cac méy chi, khi may
chii S; mudn vao trong mién gang. Thong diep REP-CS dugc gifi bdi may chi
S; cho may chu S; sau khi nhan dugce thong diep REQ-CS. Thong diep REL-CS

duge phat di cho tit cd cdc may chit, khi may cha S; da roi khéi mién ging.

- Mdi may cht quan 1§ mot hang dgi cac thong diép duge siap xép hoan toan bdi
quan hé = theo cap <thoi gian, s6> clia tiing thong diép. Theo cau tric, hang
doi ludn luon chita mot thong diép va chi mot thudng tryc trong moi may chi,
bao gom méay chii cuc bo. Khi ¢6 mot thong diep duge gii di béi may chia S,
dong thoi n6 ciing duge ghi trong hang dgi clia may chi nay.

- Trén m6i may chi, khi nhan duge mot thong diep dang (REQ-CS, Hs,, S;) hay
(REL-CS, Hg,, S;), thong diép nay thay thé thong diep M; bat chip né la gi.
Khi nhan thong diép loai (REP-CS, Hg,, S;), thong digp nay thay thé Mi ngoai
trit néu M; 13 mot yéu cau ma trong truong hgp d6 REP-CS bi bé qua. Do vay,
ta c6 thé tiét kiem viec gt di thong diep REP-CS cho may chti S; khi may chi
nay da gii mot thong diep REQ-CS va khong con thong diep REL-CS.

- M4y chi S; duge quyén vao mién gang khi thong diep REQ-CS clia n6 dén trude

theo nghia ctia quan hé = tat ca cac thong dieép khéc trong hang dgi ctia no.

Nguyen Iy vao mién ging dugc phat biéu nhu sau: Khi mdy chi S; vio mien ging

6 nghia la né da nhan thong diép tu tat cd cdc mdy chi khdc va tat cd cac thong diép
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déu sau thong diep REQ-CS ctia riéng né.

Theo 1y thuyét trat tu ting phan, hoat dong dién ra trén cac may chi trong
Hinh thé hien qua Bang Néu dya vao hoat dong trat tu ting phan, thi trén
moi may chi chi biét cac hoat dong dang dién ra tai chinh may chi ciia minh ma
khong khong nhan biét dugce cac hoat dong trén cac may cht khac. Vi du tai may chi
S1 c6 cac su kien chi dién ra va nhan biét dudc tai cac thoi didm gia tri dong ho 16 gic:
1, 3,7,8,9, 10. Nhu vay, theo nguyén 1y vao mién ging, may chi S; vao mién ging

tai gia tri dong ho 1a 8.

Thong qua Hinh va Bang hai may cht S; v S, phét di yéu cau dé vao
mién gang. Trong trudng hop cac yéu cau nay cliing truy cap vao mot tai nguyén ding
chung dan dén tinh trang tuong tranh tai nguyén. Trong quéa trinh hgp lyc, néu nhiéu
tién trinh cting tuong tranh tai nguyén ding chung dé dan dén bé tic trong cung cap

tai nguyén.

Theo nghién citu ctia Singhal trong [I15], qué trinh bé tic dién ra khi hai hay
nhiéu tién trinh chiém gitt tai nguyén dung chung dugce giéi han va dong thoi tiép tuc
phat di yéu cau tai nguyén dang bi chiém giit tai nguyén khéac. Cac quéa trinh nay tao
ra mot vong tron khép kin lam cho cac tién trinh ket chéo 1an nhau dan dén bé tac

trong cung cip tai nguyén theo mo ta trong Hinh .

Nhiéu gidi phap tinh toan phan tan lién quan dén viéc chia sé tai nguyén dung
chung gitta cdc tién trinh khac nhau doi hoéi tai nguyén phai duge cung cap duy nhéat
cho mot tién trinh tai mot thoi diem. Do d6, loai trit tuong hd 1 gidi phap trong céc
hé phan tan cung cip tai nguyén ding chung. Giai phap loai trit tuong hd duge gidi
quyét dia trén ddng bo héa tién trinh truy cap vao céc tai nguyén diing chung dé dam
béo tinh nhat quan va gin bé trong hé phan tan. Qua trinh dong bo héa bing cach
truyén thong diép gitta cAc may chi diya vao moi truong truyén thong. Loal trit tuong

hé phan tan tuan thl cac yéu cau sau:

e

™ p— 7T

i

7 4— |

Hinh 1.7: Sy ket chéo clia cac tién trinh gay bé tic [115]
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Bang 1.4: Hoat dong dién ra trén cdc may chi trong trat ty ting phan

Gia tri déng hd 16 gic May chii 1 May chii 2 May chii 3

S1 — S2:REQ-CS,1,1
S1 — S3:REQ-CS,1,1

1

S2 — S1:REQ-CS,2,2
Sa — S3:REQ-CS,2,2

3 S — S1:REQ-CS,2,2  S; — S2:REQ-CS,1,1 S — S3:REQ-CS,2,2
4 S3 — S2:REP-CS,4,3
5 S3 — S2:REP-CS 4,3 S1 — S3:REQ-CS,1,1
6 S3 — S1:REP-CS,6,3
7 So — S1:REP-CS,5,2

8 M3y chii S; vao mién ging

9 S1 — S2:REP-CS,9,1

S1 — S2:REL-CS,10,1 S1 — S9:REP-CS,9,1
Sy — S3:REL-CS,10,1

10

11 May chii So vao mién ging

1. Cho phép chi ¢6 mot tién trinh duy nhat duge thyc thi trong mién ging tai mot
thoi diém déi v6i mot tai nguyen.
2. Néu khong c6 tién trinh nao trong mién ging, tién trinh yéu cau vao mién giang

phai duge phép vao va thyc thi trong khoang thoi gian cho phép.

3. Khi c6 nhiéu tién trinh yeu ciu vao mién gang, viec cho phép c6 thé bi tri hoan

cho dén khi dugc cap phép.

4. Tién trinh xi 1y trong mién ging trong khong bi chin béi cac tién trinh khéc.

Hai nhém giéi phéap chinh trong loai trit tuong ho do la:

Nhom thtt nhat 1a phuong phap tiép can dya trén token: Ricart-Agrawala [11],
[120], Mizuno-Neilsen-Rao [91], Helary-Plouzeau-Raynal [45], Raymond [103|, Sing-
hal [116], Naimi-Trehel [92], Mishra-Srimani [90], Nishio [97].

Nhom thit hai 1a phuong phép tiép can dya trén quyén: Lamport [71], Ricart-
Agrawala [I07], Carvalho-Roucairol [IT], Raynal [89], Maekawa [83], Sanders [10§],
Agrawal-El Abbadi [1], Singhal [1].
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Bang 1.5: Hiéu nang clia thuat toan dya trén quyén

Thuét toan Tdng sb thong diép

Lamport 3(N - 1)
Ricart-Agrawala 2(N - 1)

Carvalho-Roucairol 0 dén 2(N - 1)
Raynal 2(N —1)2

Maekawa 3V/N dén 5v/N

Sanders [Ti — {i}| + 2 (|Ri — {i}])
Agrawal-El Abbadi O(log N)
Singhal (N - 1) dén 3(N - 1)/2

Theo Kshemkalyani va Singhal trong [62] trinh bay hiéu nang loai trir tuong ho
duge xac dinh dya trén cdc tham s6: do phtc tap thong diép, do tré qua trinh dong
bo hoa, thoi gian hoi dap va thong luong hé thong. Ben canh d6, hieu nang loai trit
tuong hd duya trén diéu kién cta tai trong hé théng. Trong d6 tai duge xac dinh bdi
ty lé thong diep dén yéu cau thyc thi mién gang. D6i v6i tai thap, s6 lugng tién trinh
phai dgi chd dé vao mién gang la rat thap. Déi v6i tai cao, luon co tién trinh yeu cau
thycthi mién ging phéi cho trong hang dgi. Khéo sat clia Velazquez trong [129] dua
ra danh gia hiéu ning cta thuat toan dua trén quyén thé hien 6 Bang .

Béng 1.6: Phan tich, so sanh hiéu ning cta cac thuat toan loai trir twong hd

Thuéat toin Thai gian hdi dap Do tré déng bé Thong diép tai thdp Thong diép tai cao

Lamport 2T + F T 3(N-1) 3(N-1)
Ricart-Agrawala 2T + E T 2(N - 1) 2(N - 1)
Suzuki-Kasami 2T + F T N N

Raymond T(logN) + E T(logN)/2 log(N) 4

Yadav va cong sy trong [I38] trinh bay tdng quan nghién ctu loai trit tuong hd

trong moi truong phan tan duge chia thanh hai nhém chinh 1a thuat toan tap trung
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va thuat toan phan tan. Phan loai trong thuat toan loai trit tuong hé phan tan, hai
giai phap tiép can la giadi phap dua trén noi dung va giadi phap dua trén diéu khién.
D6i v6i gidi phap duya trén noi dung st dung thuat toan trat tu nhan thoi gian 16 gic
va thuat toan bau chon. Déi véi gidi phap dua trén didu khién sit dung cau tric cay,
cau tric truyén broadcast va ciu tric mang vong [96]. Yadav va cong sy phan tich, so

sanh hiéu niing cta cac thuat toan loai trit tuong hd phan tan thé hién trong Bang

Duya trén khao sat, danh gia hiéu ning Bang va Bang trong [129] [138],
do phitc tap thong diép hai thuat toan loai trit tuong hé phan tan dya trén quyeén
Lamport [71] 1a 3(N - 1) va Ricart-Agrawala [I07] 1a 2(N - 1) trong trudng hop tai
cao. Huéng nghién ctu cua Luan an trinh bay giai phap song song héa thuit toan
Lamport trong loai trit twong hd phan tan dé giam do phic tap thong diép, thoi gian
hoi dap va do tré dong bo thé hien:

1. Pong bo héa cac tién trinh dua trén song song héa thudt todn Lamport dat dudc
trat tong qudt chat ché vdi do phic tap thong diep 3(N - 1). Gidi phdp dugc trinh
bay trong Muc 2.1.1.

2. Cdc may chi hgp luc dé vao mién gang thoi diém sém hon trong thudt todn logi
trie twong ho phan tan vdi thoi gian hoi ddp la (N - 1) + E, do phic tap thong
diep la (N - 1) va do tré dong bo T = 0. Gidi phap dugc trinh bay trong Muc
2.1.2.

1.2.1.4. Van dé ky thuat cung cap tiai nguyén dung chung trong
hé phan tan

Theo Chuong 14 trong [62] clia tac gid Kshemkalyani va Singhal va theo Chuong
IV, V [65] cia tac gia Lée dé cap dén nguyen 1y hoat dong he phan tan dya vao sy hop
lic gitta cdc mdy chi trong he dé cung cap tai nguyéen diing chung. Thong qua si hgp
lie, tai nguyen ding chung dude cung cip duy nhat déi véi ngusi sit dung. Dé dat
duge trang thai nay, cdc may chi xi 1y tai nguyen duéi sy didu khién thdng nhat cia

hé diéu hanh goi 1a hé diéu hanh phan tdn.

Mot trong nhitng nhuge diém ctia hé phan tan 1a phu thuoc vio moi truong truyen
thong c¢6 do tré. Khi tai nguyén diing chung gan t6i han thi qua trinh tranh chap tai
nguyén dién ra cang cao vi s6 luong tién trinh truy cap vao tai nguyén 16n hon nhiéu
so v6i kha nang cung cap, trang thai nay goi 1a tuong tranh tai nguyén. Bén canh do,
mot tién trinh dang chiém gitt tai nguyén lai phat di yéu cau tai nguyén ma dang duge
chiém giit béi tién trinh khac, hién tugng nay tao thanh vong khép kin goi 1a bé tdc

trong cung cip tai nguyéen.
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Hinh 1.8: Hanh dong giao thic 2 pha 2PC [99]

Do dé, dé cung cip tai nguyén diing chung nhat thiét phai xay dung gidi phap
nham phong, tranh tuong tranh va bé tat. Gidi phap cung cip tai nguyén trong hé
phan tan dé xuat duge xay dung duya trén cac dic tinh co ban ciia hé phan tan; trong
do, tinh gan b6 ducc xem 13 mot trong nhitng dac tinh quan trong ciia hé. Thong qua
tinh gin bo, tai nguyén duge cung cap duy nhat trén tit cid cdc méy chi trong he.

Ty thudc mitc do va yéu cau tng dung dé trién khai tinh gin bé trong hé phan tan.

Theo Chuong 12: Nguyén lj cic hé co s¢ di lieu phan tan cia tac gid Ozsu va
Valduriez trong [99] dé cap gidi phap nhat quéan dit licu trén cac may chi thong qua
céc giao dich phan tan dya trén giao thic 2 pha 2PC (two-phase commit protocol)
theo Hinh (1.8 v 3 pha 3PC (three-phase commit protocol) theo Hinh

Trong 2PC theo Hinh ¢6 hai nhuge diém chinh:

1. Giao dich mét nhiéu thoi gian chd két thic, nat diéu phdi va nat tham gia cho

thong diep gii dén dé hoan tat hay hity bé giao dich.
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2. Bo diéu phoi bi 16i sé dan dén 4nh hudng toan bo hé thong.
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Hinh 1.9: Hanh dong giao thic 3 pha 3PC [99]

Giai phap khac 1a giao thiic 2 pha tuyén tinh hay con goi 1a giao thitc 1ong 2 pha
trinh bay bdi Gray trong [40] va giao thitc 2 pha phan tan. Nhuge diém chia cic giao
thitc 13 céc giao dich trude dé khong nim trong trang thai san sang iy thac va trat
tur tong quat chiit ché khong duge thiét 1ap. Didu nay lam ting thoi gian giao dich dé
cap nhat dit lieu va trién khai giao dich phan tan kho hon.

3PC ¢ Hinh [1.9 khac v6i 2PC & Hinh [L.§1a c6 them pha tién Gy théc trude khi
ty théc. Pha tién uy thac cho phép cho dgi, kiem soat cac giao dich dang thuc hien

trén cac may chii trong hé cho dén khi hoan tat pha nay. Néu mot trong s6 may chii
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thite hien khong thanh cong, lap ttc hity bé toan bo giao dich. Nhuge diém ctia 3PC
la giao dich duge iy thac nhung khong khoa (non-blocking), bén canh d6 qué trinh
trao doi thong diep qua nhiéu dé khoi phuc doc lap dit lieu din dén chi phi tai nguyen
truyén thong cao. Theo tac gid Manoj Kumar trong [63] trinh bay so sédnh giita 2PC
v 3PC thé hién qua Bang :

Vé miit thuan loi, 2PC ddm bdo gin b6 chiit ché hon, trao ddi thong diep it hon,
chi phi truyén thong thap va do phic tap thap hon so v6i 3PC. Nhung ngugc lai, 2PC
st dung khoéa trong giao dich thap, hiéu nang cho cac giao dich phan tan thap va kho

khin trong qué trinh trién khai, van hanh.

Theo Chuong IV: Nguyén ly thiét ké cdc chién luoe dong by héa cic tién trinh
trong [65] clia tac gia Le da dua ra cac chién luge cung cip tai nguyen trong hé phan
tan. Chién luge ndy nham dam bao tinh gin b6 nhiéu ban sao trén co s nhd dau nhu
cac thuat toan: Lamport, Lomet, Le Lann, Ellis, Mullery,... Dya vao cac nguyén 1y
ctia hé phan tan, cac nghién cttu md rong vé co sé dit lieu phan tan két hgp giao dich
¢6 khoéa va dau dé dam béo tinh nhat quan trong co s§ dit lieu dong thai didu khién

tuong tranh bang dau.

Bang 1.7: So sanh 2PC va 3PC

2 pha 3 pha
Loai giao dich 2 pha 2 pha mé rong
Pha bau chon x
Pha tién @y théc
Pha uy théc X
Khoéa giao dich thap cao
Trao déi thong diep 4(n-1) 5(n-1)
Chi phi truyén thong thap cao
Ghi log 2n 2n
Do phtc tap O(n?) o(n?)
Higu nang thap cao
Ap dung cho giao dich phan tan  khé6 khan dé dang

Trén co sd d6, nghién citu clia Luan an tap trung vdo g¢idi phdp ddm bdo gdin
b6 manh cho cac tGng dung dang ky tai nguyén tryc tuyén dya vao co ché quéan Iy
nhiéu ban sao. D6i v6i he théng dang ky tai nguyeén tric tuyén, mdi may chi c6 co
s6 dit lieu rieng DB; cho may chi cua minh. Muc dich chinh cho gidi phap dam bao

gdn b6 manh 13 mdi hanh dong dién ra hay cap nhat tai may chi ndo dong thoi
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cap nhat tén tit ca cdc may chi con lai trong hé théng dé ddm bao tinh nhit quéan
DBy, = DBy = ... = DB,. Vi vdy, gidi phdap ddm bdo gan b6 la mot trong nhing gidi
phdp can thiét dé nghién ciu va zdy dung trong hé phan tdn thong qua co ché truyén
thong diép, gidi phdp ddm bdo gdn b6 manh duge trinh bay trong Muc 2.2 cia Ludn

z

an.

1.2.2. Céc nghién citu lién quan dén diéu khién cung cip tai nguyén
trong hé théng ao hoéa

Khéo sat clia cac tac gia Vinothina, Sridaran va Ganapathi trong [I31] trinh bay
tong quan vé chién luge cung cap tai nguyen trong Dien toan dam may. Thio luan vé
chién lugc nay dé cap dén tich hgp hoat dong cung cap doi vdi cac tien ich va dich
vu trong diéu kien tai nguyen gisi han dé dap tng nhu ciu ngudsi sit dung vi cic tng
dung dam may. Céc tac gid cling trinh bay tém tit phan loai cung cip tai nguyén va
tac dong clia n6 trong he théng ddm may. Céc khuyén cédo dua ra trong nghién citu

dbi véi chién luge cung cap tai nguyen do la:

- Truong hgp tuong tranh tai nguyén phat sinh khi hai hay nhiéu tng dung c6
ging truy cap vio nguodn tai nguyén ding chung tai cting mot thai diém.

- Thiéu tai nguyén phat sinh khi tai nguyén 13 hitu han.

- Tinh trang phan manh tai nguyén phét sinh khi cac tai nguyén dang bi co 1ap.

- Vugt qua dy phong tai nguyén phat sinh khi tng dung nhan tai nguyén du thita
hon so véi yéu cau.

- Khong du dy phong tai nguyén xay ra khi itng dung dugce gan it tai nguyén hon

so véi nhu cau.

Ngoai ra, trong khao sat ctia cac tac gia Vinothina, Sridaran va Ganapathi ciling
trinh bay so dd mo ta phan loai cic chién luge cung cap tai nguyén dé xuit trong mo
hinh Dién toan ddm may theo Hinh Trén co sé thao luan ting loai trong so do,
cac tac gia da trinh bay cac thuan lgi va han ché cta viéc cung cip tai nguyén trong

dam may. Céc thuan 1¢i clia viéc cung cap tai nguyén dam may:
- Ngudi st dung khong phai cai dit phan mém hodc phan cing dé truy cap cac
tng dung, phat trién va luu trit tng dung thong qua Internet.

- Khoéng c¢6 gisi han vé dia diém va phuong tien, ngudi sit dung cé thé tiép can
céc ing dung va dit lieu 6 moi noi trén thé gidi, trén bat ky phuong tién c6 két

no6i dén heé théng.
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- Ngudi stt dung khong can phai ton nhiéu tién cho viéc mé rong dich vy, phan

cling va phan mém.

- Céac nhi cung cip dich vu dam may c6 thé chia sé tai nguyen ctia ho qua Internet

trong diéu kién khan hiém tai nguyeén.

Nghién ctu ctia Kong trong [58], Urgaonkar va cac cong sy trong [128], Sharkh va
cac cong sy trong [I12] trinh bay cdc nghién cttu vé giai phap 4o hoa tap trung vao
trung tam di lieu (Data Center). Nghién cttu vé tinh todn luéi (Grid Computing) dé
cap béi hai nhém téac gia Xhafa, Abraham trong [93] v Murphy, Goasguen trong [136].
Nhom tac gia Velte va cong su trong [75], Lee va Zomaya trong [130], Pandey va cac
cong su trong [100], Sontakke va céc cong su trong [117], Yan, Jinkuan va Jinghao
trong [139] trinh bay nhing chién lugc méi trong cung cap tai nguyen. Céc giai phap
nghién cttu thich tng véi ké thita dude st dung trong cac moi truong Dién toan dam
may. Ngoai ra, cdc gidi phap toi uu trong cung cap tai nguyen cho hé thong dam may
dé cap bdi cac tac gid Farooq va Zhu trong [33], Subhash va Thooyamani trong [119],
Akintoye va Bagula trong [3].
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Hinh 1.10: Céac chién luge cung cip tai nguyén trong Dién todn dam may [131]

Céch tiép can dé xit Iy cung cip tai nguyén truyén thong tren Dien toan dam may
dia trén quan diém 13 40 héa mang. Cung cip tai nguyén dua trén moi trudng mang
ao dang duge cac nha khoa hoc quan tam nghién citu. Nhém nghién ctu Buyya va
cong sy trong [8] trinh bay céc gidi phap tap trung t6i wu hoa tieu thu bang thong.
Mai trudng truyén thong duge 4o héa bdi mang 4o duge trinh bay chi tiét bdi cac tac
gid Mosharaf va Boutaba trong nghién citu [I8] dé ddm bao céc két ndi cdc may chi

a0 trong dam may.
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Trong qué trinh cung cip tai nguyen, he théng cung cip tai nguyén co thé dat
duge mic tieu thy bang thong t6i wu bang cach quan sat tieu thu bang thong trong
thoi gian thuyce va dua ra quyét dinh vé tai cung cap. Don cit cho truong hgp nay 14 cac
may 40 di tri dé gidi phéng duge cac may chil sit dung hay cac dit lieu 16n di chuyén
qua cac may ao. Mot mang ao co thé két hop véi mot ting dung phat trién bao gom

mot s6 may chii va co s6 dit lieu cling nhu cac mang két ndi gitta chung.

Qudn ly tiéu thu bang thong 1a tiéu chi quan trong thiét ké toan cuc trong Dién
toan dam may. Theo nghien citu trong [8], Buyya va cong sy trinh bay viéc t6i tu bing
thong 1 mot van dé théach thitc va phitc tap. Nguyén nhan chinh 1 cac itng dung tinh
toan va dit lieu duge phét trién mot cach nhanh chéng trong khi cidc may chi yéu cau
tinh toan ngiy cang 16n va 6 dia can thiét dé xi 1y ching di nhanh trong khodng
thai gian nho nhat. Tuy nhién, tiét kiem bang thong c6 thé dat duge thong qua nhiéu
chién luge, nhu tan dung toi da tai nguyén hien tai, tat hodc thiét 1ap CPU ngu dong

khi may chu trd nén nhan roi, chuyén tai cong viéc,...

Nghién ctu clia Urgaonkar va cdc cong sy trong [128] st dung hang dgi thong tin
dé thuyc hien cip phat ngudn va co ché quan 1y bang thong trong trung tam dit lieu do
héa. Truong hop gid dinh ring méi ing dung tham gia c6 mot s6 luong nhat dinh may
4o dugc t6 chite cling mot s6 may chi vat 1y. Hang doi thong tin cac may chi duoge st
dung dé dua ra quyét dinh diéu khién tryc tuyén theo nhitng thay doi tai cong viec
ctia tng dung. Tiét kiem bang thong dugc thirc hien bing cach chuyén cac may chi
nhan 16i vao ché do khong hoat dong khi tai cong viéc clia ching 1a thap, va kich hoat
lai khi tai cong viéc ting lén.

Bo cung cap tai nguyén bang thong cho trung tam dit lieu 4o hoa duge nghién
citu dé xuat bdi Buyya trong [8], Nan va cdc cong sy trong [95]. Céc nghien citu nay
xem X6t mot moi trudng ma cac nha phat trien dua ra yeéu cau may 4o trong dam
may. Trong truong hop trén, cidc nhd cung cap phai ddi phé véi sut can bang gitta bang
thong va hieéu nang. Cu thé, nha phat trién phai duge tieu thy bang thong tdi thidu
trong khi dat yéu cau phét trién, viéc gidm tieu thu bing thong dude thyc hien bing
cach tit may chi nhan 1di. Do d6, kién tric hé thdng 4o hoa duge dé xuat bao gom

cic bo cung cap, quan 1y toan cuc v quan Iy cuc bo.

Tém lai, cung cdp tai nguyén trong moi truong dém mdy can cé nhidng gidi phdp,
chién luge nham toi wu tai nguyén cho nguoi st dung va cac ing dung dém may. Trong
chién lugc cung cap tai nguyén truyén thong cho ddm may cia Ludn dn, viéc zdy dung
co ché va diéu khién cung cap tai nguyén la dac diém quan trong dé dém bdo tinh gdn

b6 cho hé phan tdn, di tri gida cde dam may va thoi gian thue doi vdi cde ing dung.
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1.2.2.1. Ao héa mang

Ao héa mang 1a tién trinh két hgp cdc ngudn tai nguyén phan cting mang va tai
nguyén phan mém mang thanh mot don vi quan 1y duy nhéat. Muc tiéu clia 4o hoa
mang 14 cung cip cho hé théng mot cach hieu qua véi ngudi st dung, diéu khién va
bao mat chia sé cac tai nguyén mang dudc trinh bay bdi tac gia Rees trong nghién
cttu [106].

Theo bdo cdo cia VMware [125] trinh bay mo hinh 4o héa mang thé hién trong
Hinh san pham cudi ciing ctia 40 héa mang 1a mang do. Mang do dugc phan
thanh hai loai: bén ngoai va noi bo. Mang 4o bén ngoai bao gom mot s6 mang cuc bod
LAN (Local Area Network) dugc quan Iy bsi phan mém nhu mot thye the duy nhat.
Xay dung cac kh6i mang 4o bén ngoai co ban la chuyén doéi phan cing va k¥ thuat
phan mém mang 4o cuc bo VLAN (Virtual Local Area Network). Vi du vé cidc mang
40 ngoai bao gdm cac mang cong tac 16n va cac trung tam dit lieu. Dé kiém soat, thuec
thi vd quan Iy 4o héa mang, mot phuong phap dé tiép can 1a SDN (Software Defined
Networking) duge nghién citu va trinh bay trong [48], [51], [77]. SDN cho phép xay dung
va phat trien chuong trinh tham gia vao qua trinh diéu khién va t6i wu truyén thong,

dac biet doi vé6i viec xay dung gidi phdp ma mang cho hé théng may ao.

Mang 4o noi bo bao gom mot hé théng sit dung may 4o hodc ving c6 giao dién
mang duge cau hinh trén it nhat mot card giao tiép mang vat 1y NIC (Network Interface
Card). Nhitng giao dién mang dugce goi 1a card giao dién mang 4o hosic NIC do VNIC
(Virtual Network Interface Card). Nhitng giao dién nay c6 thé giao tiép v6i nhau nhu
dang cung trén mang cung mot cuc bd, hiéu qua la trd thanh mot mang 4o trén mot

mdy chi duy nhat.

Mot loai dic bigt cia mang 4o noi bo la mang rieng a0 VPN (Virtual Private
Network). Cac mang riéng 4o nay khac véi cac mang rieng 4o khac. Phan mém VPN
tao ra mot lién két an toan point-to-point gifta hai hé thong thiét bi dau cudi. VPN I3
mot mang 4o trén mot hé théng ma khong duge truy cap bdi hé thong bén ngoai. Su
doc lap ctia mang noi bo nay tir he théng ben ngoai khac cé thé dat duge bing cach
cau hinh VNIC qua etherstubs.

Céc nha trién khai c6 thé két hop cac ngudn tii nguyén mang dé cau hinh ca hai
mang 40 noi bo va ben ngoai. Vi du, céc nha trién khai ¢6 thé cdu hinh hé théng ca
nhan véi mang 4o noi bo vao mang LAN 14 mot phan cia hé thong 16n, mang 4o bén

ngoai.
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Hinh 1.11: M6 hinh &0 héa mang [125]

org.cloudbus.cloudsim.network.datacenter la géi thuoc Cloudsim ap dung cho mang
40 ma Luan an ké thira va phat trién. G6i network cho phép cic nha nghién ctiu thém
céc thanh phan va cac thuat todAn md rong va téi vu mang do trong hé thong 4o hoa.
Cac thanh phan ben trong goi duge mo ta trong Bang D6i véi Luan an, cac 16p
phat trién theo céc thuat todn ctia hé phan tan theo thd tu 2, 4, 6, 8, 9, 10 trong
Bang D61 vé6i gidi phap k§ thuat ma mang, ngoai cac 16p st dung trong hé phan
tan, cac 16p con lai duge phat trién va mé rong thém trong Bang cho thuat toan

diéu khién cung cip tai nguyen truyén thong.

1.2.2.2. Mang diéu khién bing phan mém (SDN) va 40 héa chiic
nang mang (NFV-Network Functions Virtualization)

SDN Ia mot cau triic trong hé théng 4o héa duge thiét ké cho phép hé théng mang
trd nén linh dong va c6 hiéu qué chi phi truyén thong. Day 1a mot kién trac linh hoat,
c6 thé quan 1y, hieu qua va thich nghi, 1 tudng cho két néi he théng bang thong rong,
dap tng yéu cau vé tai nguyen truyén thong cho cac tng dung dam may. Kién tric
SDN téch céc chitc ning diéu khién va chuyén tiép mang, cho phép lap trinh truc tiép
cho céc tng dung va dich vu mang. Viéc xay dung céac giai phap SDN dang tap trung
phét trién bo giao thitc OpenFlow.
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Bang 1.8: G6i network trong trung tam dit lieu cua Cloudsim

TT Lép Msb ta
1 AggregateSwitch L6p AggregateSwitch cho phép mo phéng thiét bi chuyén mach
tdng cho mang trung tam dit lieu.
2 AppCloudlet Lép AppCloudlet trinh bay tng dung cho ngudi diing dé thuc thi
trong trung tam dw liéu.
3 EdgeSwitch Lép nay cho phép md phdng thiét bi chuyén mach c6 cau hinh cé
dinh cho mang Datacenter.
4 HostPacket Loép HostPacket trinh bay goi tin di qua mang 4o v6i mot Host.
5 NetDatacenterBroker Loép NetDatacentreBroker trinh bay hoat dong bo moi gisi dai
dién cho bo cung cdp tai nguyén trung tam dir lieu.
6 NetworkCloudlet Lép NetworkCloudlet 13 16p mé rong clia 16p Cloudlet dé hd trg
mo phéng cac tng dung phic tap.
7 NetworkCloudletSpaceSharedScheduler  Ldp CloudletSchedulerSpaceShared thyc thi chinh sach 1ap lich
duge thyc hién bdi mot may ao.
8 NetworkDatacenter Lop NetworkDatacenter 1& mot trung tam d lieu c¢6 danh sach
cac may chi (hostList) dugc 4o héa va ndi mang.
9 NetworkHost L6p NetworkHost 13 16p ma rong ctia 16p Host dé hd trg mo phéng
cac trung tam dit liéu da dugc ndi mang.
10 NetworkPacket Lép NewtorkPacket trinh bay géi tin di chuyén tit may chli nay
sang mday cht khac.
11 NetworkVm L6p NetworkVm 1a 16p mé rong ciia 16p Vm dé hd tr¢g mo phéng
cac trung tam dit lieu da dugc ndi mang.
12 NetworkVmAllocationPolicy L6ép NetworkVmAllocationPolicy 14 chinh sich cung cap tai
nguyén mang cho may &o.
13 RootSwitch L6p RootSwitch cho phép mo phéng thiét bi chuyén mach gbe két
ndi trung tam di lieu v6i mang beén ngoai.
14 TaskStage Lop Taskstage trinh bay cac giai doan tac vy khac nhau ma net-
workCloudlet c6 thé c6 trong qua trinh thuyc thi.
15 WorkflowApp Lép WorkflowApp 1& mot vi du vé AppCloudlet ¢6 ba tic vu giao

tiep.

Theo Hu, Hao va Bao [49], ciu tric ciia SDN bao gém ba tang theo mo ta 6

Hinh [1.12] Giao thitc OpenFlow tiép nhan ludng di lieu tit ting didu khién dé chuyén

va dinh tuyén cac goi tin trong hé thong mang thong qua tang ha tang co s, giao thitc

nay cho phép lap lich va diéu khién luu lugng mang. APT (Application Programming

Interface) cho phép chuyén dit liéu céc ting dung tir tadng tng dung xudng dich vu

mang & tang diéu khién, cdc API cho phép thiét lap, gidm sat hwu luong va trién khai

dich vu.

Dua vao cau tric trén, SDN dang dude quan tam nghién citu va cong bd clia cac

hang 16n nhu VMWare, Cisco trong [87], HP trong [48].,...

Trong cd ché 4o héa, bén canh SDN ¢6 thanh phan di kem d6 1a NFV. Cac nghién

ctu vé NFV ciia hai nhom téc gia Cotrone va cong su [20], Han va cong sy trong [43]
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trinh bay viéc 4o héa cac chitc ning mang nhu: tudng Iita, co ché NAT, can bang tai,...

dé dat dugc tinh linh dong va thic day viec trién khai cung cip dich vu mang.

Hai thanh phan SDN va NVF két hgp v6i nhau tao thanh bo doi dé phat trién
k¥ thuat 4o héa mang cho hé théng Dién todn ddm may. Day 1& co hoi dong thoi 1
thach thitc déi véi viec chuyén doi tir ha tang vat 1y sang ha tang 4o hoa, cac thach
thite trinh bay trong [8| 18] [39, 42, T11] cho hé thong mang 4o tap trung vao cac van

dé: tic nghén, md rong thanh phan, diéu khién, hieu nang vi bio mat.

Téng ting dung C i
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N I

|

bao gbm cac ing dung
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(Contro] Layer) Dich vu mang i
|
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|
|
|
Téng ha téng co o6 }
(]Ufraetruct/ure Laygr) i

bao gbm céc thiet bi phan cing !
|

|

|

Hinh 1.12: C4u trac cia SDN [49]

Qua cac khai niém va dinh nghia vé Dién toan dam may, ro rang rang cadc may
chi 40 mang lai hiéu qud va t6i vu hiéu nang cho hé théng vat 1y sin c¢6. Diéu nay dan
dén nhiéu may 4o sé tranh chap tai nguyen vat 1y, nhat 1a déi vdi tai nguyén truyéen
thong. Tai nguyén truyén thong von hitu han so v6i kha ning cung cap, do d6 dan dén
bé tac khi nhu cau luu lugng tang cao bdi cdc may chii do. Cac nghién cttu trinh bay
trong [13, 22, 23] 144] néu lén cic gidi phap nhim xay dyng co ché didu khién gidm

bé tic trong 4o héa mang.

Trén céc hé thong 4o hoa, vi du nhu hé thong VMWare, Virtualbox va Qemu c6
cai dat sin ma ngudn md bo didu khién SDN/Openflow. Bo diéu khién SDN/Openflow
trén cac hé thong 4o hoa 1a OpenDayLight, ONOS, Ryu vA Mininet. Trong d6 Mininet
rat can thiét, vi né tao ra cac t6 pd chuyén mach giao thitc Openflow, Mininet nhu

mot may ao doc 18p va tuong tac thong qua giao dién MiniEdit. Theo Floodligh

thttp:/ /www.projectfloodlight.org/floodlight
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Floodlight SDN Controller 14 cong cy hé trg 1ap trinh mé rong cho Mininet, cau tric
ctia Floodlight thé hien qua Hinh

Lop Ung dung

App App

A A |

Céac Ung diﬂg Floodlighi

App App

2
B6 chuyén
mach o

App
A
}
App

Lop didu knién mang
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(BG diéu khién OpenFlow)

!

Giao dién Indigo Data Plane

Lop van chuyén dt liéu
| ]

| A 4 | \ 4
Chuyéﬂ mach Chuyéﬂ mach
Hypervisor OpenFlow Vat Iy OpenFlow

Hinh 1.13: Ciu tric cta Floodlight

T6 chitc Open Networking Foundation (ONF) dé thic day cong nghé OpenFlow
va giao thiic chuyén mach OpenFlow Switching Protocol. Theo Hinh Floodlight
14 bo diéu khién mé giao thitc Openflow, hoat dong véi bo chuyén mach vat 1y va o.
Floodlight dugc cap phép bdi Apache, cho phép sit dung Floodlight v6i hau hét céac
muc dich mé rong. Floodlight duge hd trg bdi mot cong ddng cac nha phat trién bao
gdm mot s ki su tit Big Switch Networks. Floodlight duge thiét ké dé hoat dong véi
thiét bi chuyén mach, bo dinh tuyén, chuyén mach 4o va diém truy cap hd tr¢ chudn

giao thitc OpenFlow ngay cang ting.

Tinh ning ndi bat cia Floodlight:
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Dé dang thiét lap

- H& tro cac chuyén mach 4o va vat 1y trén giao thitc OpenFlow

Cung cAp mot he théng mo dun tai giap don gian dé md rong va nang cao

C6 thé didu khién cdc mang giao thitc OpenFlow hén hgp va cdc mang phi giao

thitc OpenFlow - n6 ¢6 thé quan 1y nhiéu nhém thiét bi phan cting chuyén mach

Duoc thiét ké dé c6 hiéu ning cao - hoat dong trén co ché da ludng

HS trg cho nén tdng dam may diéu phdi OpenStack

Vé miit kién tric, theo Hinh Floodlight khong nhing 13 bo diéu khién giao
thitc OpenFlow ("Bg didu khién Floodlight") ma con ¢6 tap hop cic tng dung duge

xay dung phan trén Bo diéu khién Floodlight.
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Hinh 1.14: Méi quan hé gitta Bo diéu khién Floodlight

Floodlight hién thitc héa mot tap hop cac chiic ning phd bién dé kiém soat va

truy van mang OpenFlow, trong khi cac ttng dung trén d6 nhan ra cac tinh nang khac

nhau dé giai quyét cac nhu cau khéc nhau ctia nguoi diing qua mang. Hinh trinh

bay méi quan heé gitta Bo diéu khién Floodlight, cac tng dung ducc xay dung dudi
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dang cdc mo dun Java duge bién dich bang Floodlight va cac ting dung dugc xay dung
qua REST API cua Floodlight.

D6i v6i hé tro td pd, Floodlight hien c¢é hai hoat dong tng dung chuyén tiép

g06i, ¢ cac hanh vi khic nhau va hoat dong véi t6 pé6 duge mod ta nhu sau:

Forwarding: Dugc bat theo mic dinh ngay lap tic khoéi hop, Forwarding cho

phép chuyén tiép goi dau cudi giita bat ky hai thiét bi ndo trong céc t6 po6 mang sau:

Trong mot cum OpenFlow: Khi bat ky thiét bi A nao giti mot goi t6i thiét bi B
trong cing mot cum OpenFlow, Forwarding sé tinh toan mot con dudng ngin nhéat
gitta A vd B. Cac cum OpenFlow ¢6 cac cum phi OpenFlow ndm gitta / trong sb
ching: M&i cum OpenFlow c6 thé c6 chinh x4c mot lien két két ndi v6i mot cum phi
OpenFlow. Ngoai ra, cic cum OpenFlow va phi OpenFlow ciing nhau c¢é thé khong tao
thanh cac vong lap. Mbi thiét bi sé c6 mot diém dinh kem trén mdi cum OpenFlow.
Forwarding tinh todn mot con duong ngin nhat trong mdi cum OpenFlow va cho doi
cac goi sé duge chuyeén tiép & cac cum phi OpenFlow. Cac dudng dan duge cai dit
bing cach hét thai gian chuyén tiép khi khong c6 Iuu lugng nao dude g qua dudng
dan 16n hon khoang thoi gian chs da chi dinh (m#c dinh 5 giay).

Learning Switch: Learning Switch L2 don gian

- dé stt dung trong bat ky s6 luong cum OpenFlow nio, ngay ci véi cac cum L2

phi OpenFlow & giita;
- khong thé hoat dong néu cac by chuyén mach trong t6 po lap cum;

- hiéu nang chuyén tiép kém hon nhiéu so véi cac phuong phap khac.

Ngoai ra, Floodlight ciing cung cap ting dung Static Flow Entry Pusher va tng
dung Circuit Pusher cho phép ngudi diing chit dong cai diit cdc duong dan chuyén tiép

trong mang.

Static Flow Entry Pusher cho phép cai dat chuyén ludng bing bo chuyén mach,
do dé tao duong dan chuyén tiép dya tren lua chon vé cong chuyén mach cia ngudi
dung. CircuitPizer xay dung dua trén Static Flow Entry Pusher, bo quan 1y thiét bi
va dich vu dinh tuyén dya tren REST API dé xay dung cdc mach dudng din ngin

nhat trong mot cum OpenFlow.

Vé mat phat trién, Floodlight cho phép ngudi lap trinh c6 thé xay dung cac
chuong trinh, thuat toan dé thit nghiém dya trén ngon ngit Java. Céc chuong trinh

phét trién c6 thé tham gia vio tit cd cAc thanh phan trong Bo diéu khién Floodlight
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& Hinh [1.14] Céc mo dun c6 thé phat trién trong Bo didu khién Floodlight thé hien:

cac dich vy Floodlight

- Mo dun Bo diéu khién: FloodlightProvider, DeviceManagerImpl, LinkDiscovery-
Manager, TopologyService, RestApiServer, ThreadPool, MemoryStorageSource,
Packet Streamer, High Availability Support, Flow Cache (APT only), OFSwitch-

Manager

- M6 dun tung dung: VirtualNetworkFilter (Quantum Plugin), Forwarding, Fire-
wall, Port Down Reconciliation, ACL (Access Control List)

- M6 dun tai hé thong
Thi nghiém Floodlight véi Floodlight-Test. Floodlight-Test 13 mot framework
thuyc hien thit nghiem duge phéat hanh véi Floodlight dé cac nha phét trién thuc hien

cac thit nghiem tich hop cho Floodlight va bat ky tién ich md rong nao duge thém cho

nha phat trién. Floodlight-Test cho phép cac nha phat trién:

Khdi tao mot hodc nhieu VM (min) bang mininet

Chay Floodlight trén may chii ctia nha phét trién hoic trong may 4o

Chay mot bo kiém tra tich hgp co ban dugce cung cap

Thém thit nghiém tich hgp mdi cho moi tién ich md rong méi duge phét trién

Floodlight-Test dugc phat hanh dé ddm bao chat luong cao ciia Floodlight va bét
k¥ phan md rong nao ciia né. Floodlight-Test khuyén khich vi gitp cac nha phét trién
tuan theo cic phuong phap thit nghiém phu hop trong quy trinh thiét ké clia ho, dong
thoi n6 cling dong vai tro 14 tiéu chuan chat luong cho cic déng gop clia cong dong
vao kho luu trit Floodlight. Theo thiét ké, Floodlight cé nghia 13 mot bo diéu khién
ngudn md cho céc tng dung OpenFlow va / hodc cac tinh ning clia bo didu khién

duge xay dung.

Duya trén nhitng thuan lgi ctia Floodlight, dinh huéng trién khai bo cung cap tai
nguyén dya trén ky thuat ma mang trén hé théng do hoa trong thyc té 1a xay duyng
chuong trinh dya trén ngoén ngit Java va tich hgp vao Floodlight. Bén canh d6, chuong
trinh duge tich hop v6i cac goi hd trg vSphere Java APIL. Dé trién khai chuong trinh
tren VMWare, cac géi hd tro cho Java dé két ndi dén vSphere 1a sim25, vijava5, dom4j,

... Thong qua céac goi hd trg, goi tin tir hé phan tan sé chuyén dén bo cung cip tai
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nguyén mi mang. Bo cung cap tai nguyén mi mang ddm nhiém vai trdo ma hoéa goi

tin va truyén dén cdc may ao trong hodc ngoai hé théng méy Ao theo Hinh [1.13]

Nghién citu ctia Luan an tap trung vao gidi phap cung cap tai nguyén truyén thong
cho hé théng 4o hoa; do d6, huéng nghién citu chinh clia Ludn an tap trung vao giai

phap téi tu truyén thong dya trén ky thuat ma mang.

1.2.2.3. Hé phan tan trién khai trong may cha 3o

Theo tac gid Tanenbaum va Steen trong [124] dinh nghia hé phan tén: He phan
tan la tap cdac mdy chi doc lap cung cap wng dung cho ngudi dung nhu la mot hé thong

gdn b6 duy nhat.

Cac tac gid Tanenbaum va Steen nhin manh hai khia canh: Khia canh thit nhat
la mot he théng phan tdn bao gdm cac thanh phan phan ciing c6 thé tu tri. Khia canh
thit hai 1a nguoi dung (chuong trinh, phan mém) nghi ring ho dang lam vigc v6i mot
he théng duy nhat.

Cac thanh phan tu tri cdn phai hop luc 1a trong tam trong viec phat trién cic he
théng phan tan. Vé nguyeén 1y, ngay ca trong mot he théng duy nhat c6 thé bao gdm

tr cac may chi hiéu nang cao dén cac nat nho trong cdc mang cam bién.

lj’ng dung A ‘ U’ng dung B ‘ Ung dung C
I I

Tang hé phén tan (phé\n mém trung gian)

H2 diéu hanh H2 diéu hanh H2 diéu hanh H2 diéu hanh
cuc bd 1 cuc bb 2 cucbb 3 cuc bb 4

i
Ll

Hinh 1.15: Hé phan tan dudc t6 chitc nhu phan mém trung gian. Tang phan mém
trung gian trai rong trén nhiéu may chi khéc nhau va méi ing dung duge cung cap

cung giao dién tuong tac [124]

Mot dac diém quan trong ctia hé phan tan la sut khac biét cach thitc truyén thong

giita cac mdy chi khac nhau va duge an khoéi ngusi ding. Mot dic diém quan trong

46



khac 1a nguoi diing va ting dung c6 thé tuong tac véi hée phan tan mot cach nhat quan

va théng nhat moi ltc, moi noi.

Vé nguyén tic, cac hé théng phan tdn dé md rong hodc md rong quy mo I6n. Dic
diém nay la cac may chi doc lap va an cach thic cac may chli nay tham gia vio he
thong d6i v6i nguoi dung. Mot he thong phan tan & trang théi sin sang, lién tuc trong
khi mot s6 may chti c¢6 thé tam thoi khong hoat dong. Ngusi diing va tng dung dang
thitc thi khong can quan tam dén cac bo phan dang duge thay thé, sita chita hoac
them méi dé phyc vu nhiéu ngudi diing hon, . ..

Dé hé tro cac may chi vd mang khong ddng nhét, cac hé phan tan thusng dugc
t6 chiic bing mot ting phan mém, nghia 13 dude diat mot cach 16 gic gitta tang trén
(nguoi diing, ng dung) va tang dudi (cac he diéu hanh, cdc phuong tien truyén thong
co ban), nhu trong Hinh Theo d6, ha phan tan nhu vay c6 thé duge goi 1a phan
mém trung gian. Hinh cho thay bén may cht ndéi mang va ba tng dung, trong
d6 tng dung B duge phan tan trén cac may chi 2 va 3. Mdi ting dung duge cung cip
cing mot giao dién tuong tac. Hé phan tan cung cap phuong tién cho cac thanh phan
ctia mot ng dung phan tan duy nhat dé truyén thong véi nhau, nhung ciing dé truyen

thong cho céac ing dung khéac nhau.

Theo cac tac gid Coulouris, Jean va Tim trong [21] dinh nghia vé hé phan tén: He
phan tan la mot hé thong trong dé cde thanh phan phan cing hodc phan mém két noi
thong qua truyén thong mang mdy tinh va hop luc cic hanh dong gitta cdc mdy chi
thong qua truyén thong diép. Dinh nghia don gidn nay bao gom toan by pham vi ciia

cdc hé thong trong dé cac mdy chi ndi mang cé thé duge trién khai mot cach hau ich.

Céac may cht dugc két ndi qua mang c6 thé duge phan chia theo bat ki khoang
cach nao. He théng c6 thé & cac chau luc, trong ciing mot tda nha hoiic trong ciing

mot phong. Dinh nghia vé cAc hé phan tan c¢6 cac dic tinh quan trong sau:

Dong thoi: Trong mot mang may chi, thuc thi chuong trinh dong thoi tuan theo
tieu chuan, quy tdc. Kha nang clia he théng dé xit 1y cac tai nguyen dugc chia sé co
thé dugc tang len biing cach thém nhidu tai nguyén hon (vi du: may chi) vio mang.
Su hop lye clia cdc chuong trinh thiyc hién dong thoi chia sé tai nguyén cing 1A mot

dic tinh quan trong.

Khoéng c¢6 dong ho toan cuc: Khi cic chuong trinh can hgp lye, ching phéi
hop hanh dong bing cach trao ddi thong diep. Hop Iuc phu thude vao chia sé vé thai
gian x4y ra cac hanh dong ctia chuong trinh. Nhung né chi ra ring c¢6 giéi han vé do

chinh xdc ma céc may chii trong mang c6 thé dong bo héa ddng ho ctia ching - khong
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c6 khai niém thdoi gian chinh x4c toan cuc duy nhat. Truyén thong duy nhat 1a bang

cach truyén thong diép qua mang.

Léi doc lap: Tat ci cac he théng may chi c6 thé bi 16i, va trach nhiém ctia cac
nha thiét ké ha thdng 1a 1ap ké hoach stta 16i c6 thé xay ra. He théng phan tan c6 thé
16i theo nhitng cach méi. Loi trong mang dan dén sy co lap cia cdc may chi duge
két ndi v6i n6, nhung didu dé khong c6 nghia 13 hé phan tan ding hoat dong. Trén
thie té, cac chuong trinh trén ching c6 thé khong thé phéat hién xem mang c6 bi 16i
hay trd nén cham bat thuong hay khong. Tuong ty, 16i ctia may cht hoac 161 két thic
chuong trinh trong hé thong (su ¢6), khong duge biét ngay 1ap titc véi cic thanh phan
khac ma né giao tiép. Mdi thanh phan cta hé théng c6 thé 16i doc lap trong khi do

céc thanh phan khac van chay.

Muc dich chinh dé xay dung va sit dung cac hé phan tan bit ngudn tir chia sé tai
nguyén dung chung. Thuat ngit “tai nguyén” kha tritu tugng, nhung dic trung nhat
cho pham vi ctia nhitng thit ¢6 thé duge chia sé hitu ich trong mot hé théng mang may
tinh. N6 md rong tit cadc thanh phan phan cing nhu dia vd may in dén cac thuc thé
duge xac dinh bang phan mém nhu tép, co sd dit lieu va cac doéi tugng dit lidu.

Heé phan tan truyén thong trong [65] duge tac gid Leé trinh bay dinh nghia nhu
sau: He tin hoc phan tdn hay néi ngan gon la hé phan tan (Distributed System) la hé
thong zi ly thong tin bao gom nhiéu bo zt I hodc bo vi z lf ndm tai cdc vi tri khdc
nhau va duge lien két vdi nhau thong qua phuong tién vién thong dudi sy diéu khién

thong nhat cia mot hé diéu hanh.

Hinh thé hien 4 thuc thé ctia he phan tan, he théng nay bao gdm cic may
chii két n6i qua hé théng truyén thong dudi st diéu hanh théng nhat ciia mot he dieu

hanh goi 14 hé diéu hanh phan tén.
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Hinh 1.16: Bén thyc thé ctia hé tin hoc phan tan [65]
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Dya tren cac dinh nghia vé hé phan tan theo [65, 124 21], h¢ phan tdn hay con
goi 1a chuong trinh phan tan ctia Luan an tap trung vao xay dyng hé phan tin diéu
khién cung cap tai nguyen dung chung. Tai nguyen ding chung thé hién trong Luan
4an 13 cic thyc thé duge x4c dinh bing phan mém, d6 chinh 13 co sé dit ligu theo [21].
Bo cung cap tai nguyén trong hé phan tan ctia Luan 4n tham chiéu dén céc truong
trong co sd dit lieu dé cung cip tai nguyen ding chung, ngusi dung thong qua giao
dien tuong tac dé lya chon, diang ky tai nguyén, d6 chinh la cic truong dit lieu trong
¢o s6 dir liéu.

Cac nghién citu vé he phan tan tap trung vao céc van dé nhu:

- Trat ty tong quét chat ché trinh bay trong [14, 60, 65]

- Céc van dé hop lyc trong hé phan tén trinh bay trong [10, 30]

Cac thuat toan truyén thong néu lén van dé truyén multicast trong hé phan tén
va gidl phap tbi uu truyén thong dya trén ky thuat ma mang. Bén canh d6, viéc ap
dung k¥ thuat nay cho hé théng truyén thong trong Dién toan dam may la xu huéng
tat yéu duge trinh bay trong cac nghién citu |35 142].

Cac vu diém cta hé phan tan so v6i he tap trung duge Luan an trinh bay qua céc

diem chinh sau:

- Truy cap tai nguyén sé lwong lon 1a diém thuat 1oi v quan trong cta he ddi véi
nguoi st dung. Trong cac hé tap trung, khi s6 lugng ngudi dung truy cap lén
dan dén tinh trang tac nghén va hiéu nang x1t 1y clia hé gidm dan dén truy cap
khé khan ddi véi nguoi dung. Bén canh d6, néu may chi trong hé tap trung bi
st ¢6 vi bat ¢ nguyén nhan nao thi nguoi dung khong thé truy cap dude. Nguoe
lai, d6i v6i he phan tan, khi s6 luong nguoi diing truy cap vao mot may chii 16n,
mot hé théng canh bao tic nghén sé chuyén truy cap ngudi diing sang may chi
khéc c6 khéi lugng xtt 1§ it hon dé ddm béo truy cap. Hé théng canh bdo nay
goi 1a bo phan phdi tai.

- Tinh trong suot phan tdn déi véi ngusi dung 1a dic diém tiép theo ma ngudi sit
dung khong can biét minh dang truy cap 6 may chii nao, cac qua trinh xit 1y
dién ra bén trong hé. Nguoi dung chi quan tam la tai nguyén minh ding ky truy

cap c6 dé dang va c¢6 duge chap nhan hay khong?

- Tinh gdin b6 1a mot trong nhitng dac diém quan trong clia ha, mot tai nguyéen

dung chung chi cung cAp duy nhat cho mot ngudi st dung va trang thai nay
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phai gidéng nhau trén tit ca cac may chii. Dé dam bao tinh gin b6 nay, sy hop
luc gitta cac may chit phai gidi quyét duge tuong tranh, phong tranh bé tic va
théng nhat gita cic may chii, ddong thoi thuce hién trén cling mot gidi thuat theo

dinh nghia cta hé phan tan néu trén.

- Tinh md 1a kha ning ting cAc may chu xit Iy khi 6 luong truy cap clia cac may
ch d& dat t6i han c6 kha niang xay ra tic nghén béi cac may chti khong thé tu

tang tai nguyén clia minh lén dudc nita do giéi han vé kha nang phan cing.

- Tinh chju 167 1a khi mot hay nhiéu may chii bi sy ¢6 va vao lai sau khi da khoi
phuc thi yéu cau tinh gin b6 phai ddm bao cho toan hé. Hé ding khi tat cd cac

may chu trong hé dirng hoat dong.

Dua vao cac diic tinh ki thuat neu tren, dé trién khai he can thiét phai nghién citu
co ché k¥ thuat di manh. Bo cung cap tai nguyén clia hé duge xay dyng dya trén tinh
gin b6 trong toan he, trong dé cac van dé dugc nau khi nghien cttu va trién khai he
nhu: phong chéng bé tic, loai trit tuong hd, dong bo héa tién trinh, didu khién tai,...
dam bao tinh gdn b6 manh trong toan hée dé cung cip tai nguyen véi thoi gian thuc.

Néu khong ddm bao cac yéu to6 trén dan dén hé sé bi pha vd va khong stt dung dudgc.

Trén cd s6 trinh bay cac diic diém ctia hé phan tan, Luan an tap trung vio gidi

phdp ddm bdo gdan bé dit liéu va toi wu truyén thong trong hé thong do héa.

Theo cong ty DIGISTARtrinh bay so sanh chi tiét Cloud Server va May chi vat
Iy thé hien qua Bang . Bang thé hién cic tinh niang ndi troi khi trién khai tren
moi trudng ddm may so véi moi trusng truyén théng. Cac tinh ning thé hien: Cach
thitc hoat dong, Do 6n dinh, Tinh sin sang, Kha nang mé rong, Chi phi, Cau hinh lai
Server va Sao chép Server. Dé minh chitng tinh hiéu qua trién khai hé phan tan trén
moi truong dam may so v6i moi truong truyén théng, cdc nghien citu va trién khai

thie té trinh bay qua nhiing noi dung sau:

Nghién citu trong [26] ctia tac gid Divakarla va Kumari trinh bay nam dic tinh
thiét yéu clia viec trién khai hé phan tan trong moi trudng dam may: dich vu theo yéu
cau, truy cap mang bang thong rong, nhém céc tai nguyén, do co giin nhanh chéng

va cac dich vu do duge.

Nghién cttu trong [74] ctia Laxmi va Krishnaiah xét ky thuat tinh toan ludi 1a su

lya chon cadc may tinh tir nhiéu noi dé thiyc hien chia sé tai nguyen. Céc téc gid xem

Zhttps://www.digistar.vn /nen-su-dung-cloud-server-hay-may-chu-vat-ly, truy cap ngay
22/12/2019
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lu6i nhu 13 he phan tan thyc hién xit 1y khéi lugng 16n thong tin va ludi duge 14 nhom
céc ngudn tai nguyen dé nhidu ngusi st dung truy cap déng thdi. Ngoai ra, cac téc

gid cling néu cac thuan lgi clia tinh todn htdi trong phan 3.2 clia nghién ctiu [74] nhu:

- Tinh toan luéi c6 thé gidi quyét cac van dé lén, phic tap hon trong thoi gian

ngin hon.
- D& dang cong tac vdi cac hée thong khéc.
- Stt dung cac phan citng hién ¢6 tét hon.
- Stt dung céac tai nguyén nhan rdi hiéu qué hon.
- MBai truong luéi c6 nhiéu mo-dun hon va khong cé diém 16i cuc bo.
- C4c tac vu tu dong khdi dong lai néu xay ra 16i.
- C4c chinh sach duge quan 1y bdi phan mém luéi.
- Nang cap dugc thyc hign nhanh chong ma khong can lén lich ngimng hoat dong.

- Hiéu nang cong viéc duge thyc hién x1t 1§ song song.

Bén canh d6, nghién citu trong [88] clia cac tac gid Nerkar va Shinkar trinh bay
thiét ké va kién triic hé théng clia mot sd ing dung ctia Dién toin dam may, trong dé

néu bat st dung 16i 1a k§ thuat hé phan tan.

Qua Béng cho thiy, higu ning cao ciia viéc trién khai he phan tan trén may 4o
thé hien qua cac tinh nang: Do 6n dinh, Tinh sin sang va Kha ning md rong. Trong
thyc nghiem ctia Luan 4n, khi trién khai trén may 4o theo Hinh . Hé phan tan
dugc trién khai trén may 4o c6 hé didu hanh 13 Windows Server 2012. Trong trudng
hop néu may chi vat 1y bi sy ¢6 vé phan cting thi may 4o thyc thi hé phan tdn van
hoat dong binh thuong hoac di tra sang hé théng may chi 4o khéic trong hée théng da
duge cau hinh. Theo Hinh hé théng thie nghiem c6 3 Cluster duge thiét lap trén
3 he théng may chi vat 1. Cac hé thong may 4o cAu hinh dudi dang Cluster: Clusterl
va Cluster3 bao gom 4 may chti vat 1y, Cluster2 bao gom 3 may chii vat ly. Khi 1 may
chii vat 1y bi sut ¢6 hodc tat, cac may &o phia bén trén lap tic di tri sang may chi vat
Iy khac trong Cluster hodc céc cluster khac ma khong gay gian doan hoat dong. Do
d6, tinh sin sing ctia may 40 nay rat cao dé phuc vu cac két ndi tir phia ngusi diing.
Ngudi dung khong bi gian doan truy cap khi 16i phan cing clia may cha vat 1y vi bat

¢t nguyén nhan nao.
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Déi v6i chi phi khi trién khai hé phan tén trén may 4o, c6 rat nhiéu cach so sanh
khac nhau khi tinh dén chi phi nhu: dau tu phan cting may chi, ban quyén phan mém,
ha tang hd trg, ngudi van hanh, ché do bdo dudng, bao tri, ... Trong Luan an chi dua
ra phuong phap so sanh mitc dau tu chung, khong tinh chi phi stta chita hodc cac tién
ich khac dé hoat dong hé phan tan trén cac may chti d6. Theo Blog clia ServerMani
viéc tinh toan chi phi cho 5 ndm van hanh va st dung sé tiét kiem 74 phan tram chi
phi giita viéc sit dung may chit ddm may so vdi sit dung may chu dau tu tryc tiép.
Theo Blog ctia SherWe viéc tinh toan chi phi cho 5 nam van hanh va st dung sé
tiét kiem 79 phan tram chi phi giita viéc sit dung médy chit dam may so véi st dung

méay chi dau tu truce tiép.

Tit cac cong trinh nghien citu [26] 74, 88] va trién khai thiye nghigm c¢6 thé tém
luge: hé phan tan trong mdy do hoat dong hiéu ndng cao va chi phi thap so vdi trién

khai trén moi truong truyén thong.

Nghién cttu trong [37] clia cac tac gid Galante va Bona trinh bay co ché co gidn
clia cac hé thong dam may trong thuong mai va nghién citu. Cac tac gia ciing da trinh
bay tinh co gidn la dic tinh chinh ctia Dién todn ddm may, day 1a thanh phan phan
biet so v6i cac hé théng hien ¢6 nhu cum méy chi va tinh toan ludi. Do co gidn da
thay doi cach thiét ké vi xay dung ting dung moi trudng may tinh. Theo cac tac gia
Boutaba, Zhang va Zhani trong Chuong 17 [7] trinh bay cac 1oi ich, thach thitc va tiép
can trong moi truong dam may. Trong nghién ctu, cac tac gia da trinh bay sy phu
hop véi ting loai ddm may trong qua trinh di tra véi cac chi phi truyén thong va do
tré. Trong qua trinh di tri, thoi gian chét phy thudc vao ting loai kién triic va nén

tang ao hoa.

Trong thuc nghieém ctia Luan 4n, ciu hinh mot may do thuc thi he diéu hanh thé
hién qua Hinh Céau hinh nay 1a cu hinh 16 gic, nghia 14, cdc tham s6 thanh phan
nhu CPU, RAM, HDD,... ¢6 thé tiy chinh phy thudc vao hiéu niang dang sit dung.
Cac cau hinh 16 gic ndy khong phu thuoc vao phan cing vat 1. Khd ning cung cap
tdi da cho cac tham s6 thanh phan 13 gi4 tri nhan réi con lai ctia hé théng 4o hoéa, vi
du theo Hinh kha nang tang t6i da RAM cho may 4o 1a 4080 GB. Trong trudng

3https://blog.servermania.com /iaas-vs-on-premise-server-cost-comparison,  truy  cap  ngay

22/11/2019
*https://www.sherweb.com /blog/cloud-server /total-cost-of-ownership-of-servers-iaas-vs-on-

premise, truy cap ngay 22/11/2019
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Hinh 1.17: Hé théng 4o hoa VM Ware
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Bang 1.9: So sanh chi tiét Cloud Server va May chu vat ly

Tinh nang

May cha vat 1y

Cloud Server/Cloud VPS

Cach thitc hoat
dong

Do én dinh

Tinh s&n sang

Kha ning mé ron

Chi phi

Cau hinh

Server

lai

Sao chép Server

La mot may chi vat 1y

Khi may chi vat Iy héng thi toan bo hé théng
nglng hoat dong

o} cttng héng sé gay méat dit lieu, dudng nhu
khong thé khoi phuc

Tat ca data s& dugc luu trit trén may vat Iy
(Rui ro cao)

Chi cin 1 HDD bi hdng c6 thé toan bo data
clia ban s& méat

Viéc trién khai backup tén nhiéu chi phi

Nang cap phtc tap vi phai mua thiét bi phan
cing chuyén dung
Thai gian downtime khi cin nang cip kha lau

Tén khé nhidu chi phi dau tu cho toan bo phan
cling

Chi phi van hanh, bio tri hé théng ciing rat
dang ké. Chi phi trién khai backup (sao luu)
cao

Ban phai mua thém cac thiét bi nhu RAM,
HDD trong trudng hgp nang cip va viéc gin
thém c6 thé gay ra nhidu rai ro khong mong

mudn

Phic tap vi server vat 1y khé ma déap dng dugce

viéc nay

Luu trit va hoat dong trén hé thdngha tang Cloud
(dién todn dam may)

Cong nghé Cloud gitip hé théng hoat déng 6n dinh,
kha ning uptime 99.99 phan tram

Tat ca cac thanh phan déu dugc thiét 1lap dy phong,
va ty dong thay thé khi bi hong ddm bao hoat dong
binh thudng nén hé théng thong tin ctia ban ludn an

toan va c6 tinh sdn sang 24/7

Data luwu trit tap trung trén he théng SAN khong luu
trén Server vat 1y

Data duge backup déu din

Né&u c¢6 1 Server vat 1y bi 161, Cloud Server cia ban vin

hoat dong én dinh

C6 thé md rong hodc thu hep ngay 1ap ttc khi doanh
nghiép c6 yéu ciu
C6 thé mé rong va thu hep ngudn tai nguyén khong

gi6i han dung lugng

Chi phai chi trd cho nhu ciu thye té st dung (CPU,
RAM, HDD, ... dugc ciu hinh theo yéu ciu)

Chi phi ¢6 thé linh hoat thay ddi theo yeu ciu ciia
doanh nghiép

Ban c6 thé thiét 1ap lai ciu hinh cho server 1 cich dé

dang trong khodng thoi gian ngin

Don gidn, nhanh chéng

hop can tang s6 lugng may 4o thiyc thi hé phan tan dé dap ting yéu cau ngusi ding,

chiing ta c6 thé nhan ban bing cach thuyc thi Clone. Clone la cach thtic nhan ban mot

may 40 ndo do6 dude tao ra trong VMware thanh nhiéu ban nita giébng hét may 4o ban

dau v6i muc dich tiét kiem thoi gian cho viéc 1ap di Lip lai cai dit cac may 4o co cau

hinh giéng nhau.

Do d6, hé phan tan trong mdy do khong phu thuoc vao phan cing nén cé khd ning

co gian vé mat sé luong cia hé va ¢é thé di tri sang hé thong do héa khdc ma khong

mat ket noi.

Theo tac gia Khan trong [55] trinh bay Dién toan ddm may la mot cong nghé mdi,
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S 2012 Exsi2 - Virtual Machine Properties

@

Hardware | Options | Resources | vServices |

I~ Show All Devices Add... | Remove |
Wl Memory 15184 MB |
Id crus 4

@ Video card Video card
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e SC5I controller 0 L5l Logic SAS

& Hard disk 1 Wirtual Disk

& Floppy drive 1 Client Device

BB network adapter 1 WM Network

BB Metwork adapter 2 WM Natwork

&, co/ovDdrive 1 [datastore1 (3)] 150/W...

-
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—Memaory Configuration
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virtual Machine Version: 11 /34

Memory Size: I 161543: I ME vl
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4 guest 05:
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A performa MB.
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4 guest05: 4G
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4 guest 05: 512 MB.

Hinh 1.18: Cau hinh clia mot may 4o thite thi hé phan tén
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14 sy md rong 16n cta hé phan tan. Vi vay véi co ché dich vu theo nhu cau sit dung,
truy cap bang thong rong va tu dong mé rong hodc gidm thiéu sé lugng cac tai nguyen
may tinh duge phan phdi cho ing dung vao bat ky thoi diém nao theo nhu cau sit
dung (auto scaling) trong moi truong dam may cho phép sd lugng ngudi dung truy
cap bat cit thoi diém nao ma khong gay tinh trang tic nghén cuc bo so v6i méi trudng
truyén thong (cum méy chlt v tinh todn lu6i). Theo BuycPane trinh bay: Ty dong
md rong quy mo trong dién todn dam may 1a ché do trong d6 cac tai nguyén tinh toan
dugc phan bo duge tuy dong tang hosic giam dua trén nhu cau ctia khach hang trong
bat ky giai doan nao. Dién todn ddm may 1a mot cudc cadch mang noéi bat trong viéc
cung cip tai nguyén may tinh. N6 c6 thé xay dung mot thiét lap dam may toan dien
va c6 thé mé rong. Khi itng dung yeéu cau kha ning tinh toan bd sung, ta chi can khéi
chay thém tai nguyén tinh toan theo yéu cau; khi cac tai nguyén tinh toan khong con
can thiét nita, hé théng c6 thé thu hdi lai tai nguyen. Ha phan tan trong may ao co
kha ning hodc dong hiéu ning cao vi co gidn vé mit sé luong dé dap ting nhu ciu
ngudi ding. Do d6, hé phan tdan trong dam may dap ting s6 lugng truy cap cuc dai ti

nguoi dung t moi truong dém mdy lon hon so vdi moi trudng truyén thong.

Vi,

3 N e ] s 05 (09
" Internet/Intranet

A R
. Néntang do héa |

. / e \ Haténg 4o héa |
7%

V/W/ oo V/W/

(a) (b)

VM May o (Virtual Machine)
D& Hé phén tan (Distributed System)

Hinh 1.19: He phan tan trién khai trén he thdng may 4o

Hien nay, cac ing dung ddm may xem nhu la cac dich vu déi v6i nguoi diing trién
khai ¢ 3 tang. Thong qua céc dich vu nay cho phép hé phan tan trién khai trén cac VM
tap trung ting 3 ciia he théng a0 héa theo Hinh [L.19} M&i VM ¢6 thé trién khai mot
hodc nhiéu hé phan tan theo Hinh .b. He phan tan cung cip dich vu tai nguyén

duing chung cho ngudi st dung tai cac thiét bi dau cubi, do d6, hé phan tan trién khai

Shttps://www.buycpanel.com /choose-auto-scaling/, truy cap ngay 22/11/2019
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tai tang 3 ctia moi truong dam may (SaaS). Do d6, he phan tan theo huéng nghién cttu
ctia Luan an la chuong trinh, phan mém trung gian trién khai trén hé didu hanh va
khong trién khai trén Hypervisor. Theo mo t& trong Hinh Hinh va Hinh
pham vi ctia “hé phan tdn trong mdy d¢o” ciia Luan an la cac chuong trinh phan tan,
tinh hd tap clia tai nguyén 13 phan mém trung gian nhim cung cap tai nguyén dung

chung dugc trién khai trong hé théng may 3o.

Duya trén dac tinh hé phan tan trong may ao, Luan &n da thyc hién mod phéng
thuat toan 4PCoDT trinh bay trong Muc 2.3.2. Chuong trinh phan tan duge xay
dung trén ngon ngit Java, hé quan tri co sd dit lieu MySQL thuc thi trén hé diéu hanh
Windows Server 2012 nim trong hé thdng 4o héa VMware vSphere. Khi trién khai

trén moi truong 4o hda, Luan an thuc nghiém véi kich ban:

1. Trién khai 5 may 4o véi chuong trinh phan tan dugc cai dat tren he didu hanh
Windows Server 2008, mdi chuong trinh phan tan c6 co sd dit lieu cuc bo va bo
didu khién cung cip tai nguyen diing chung dé céc client truy cap. Khi yéu cau
tai nguyén nhu CPU 4o, RAM &o, bang thong 4o vuot qua nhu cau sit dung,
chuong trinh phan tan van hoat dong nho co ché ty ndi rong khi van con tai
nguyén nhan réi. D1 v6i moi truong truyén thong, khi tai nguyen vat 1y (RAM,
CPU, HDD,...) t6i han s& lam cham hoic treo cac tién trinh hoat dong, viec

md rong tai nguyén vat 1y phai cho 1ap dit theém va cau hinh lai.

2. Khi tdt mot may chu vat 1y trong hé théng 4o hoa, lap tic cdc may 4o chita
chuong trinh phan tan sé di tra sang cic may cha vat Iy khac trong khi cac
chuong trinh phan tan van hoat dong cung cap tai nguyén dung chung cho ngudi

dung.

3. Khi can tang thém s lugng may chii dé dap tng cung cip tai nguyéen ding
chung khi s6 lugng truy cap lén, tai may 4o dang chita chuong trinh phan tan
duge nhan ban (clone) them may 40 mdi ma khong can phai trang bi them may
chtt vat 1Iy. M4y 4o mdi sau khi nhan ban sé cAu hinh lai tham s6 trén chuong
trinh phan tan va van hanh ngay, khong mat nhidu thoi gian dé cai dit va cau

hinh so vGi cai trén may cha vat 1y trude day.

1.3. Mo hinh va giai phap diéu khién cung cap tai nguyén trong
hé théng may cht do
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1.3.1. Gidi thiéu bai toan

Giai phap diéu khién cung cip tai nguyén truyén thong cho hé phan tan trién khai
trong may 4o 1a bai toan cho cac tng dung 16n trong ddm may nham cho phép truyén
tai thong tin tir nguon dén tap dich mot cach nhanh chéng véi thong lugng cuc dai.
Nhitng linh viie 4p dung ctia nghién citu chlt yéu 1a cac hé thong dang ky, giam sat tai

nguyén tryc tuyén nhu: y té, gido duc, giao thong, kinh doanh tir xa, ...

Vi du dau tién cia hé théng giam sat tryc tuyén cac phuong tién co gidi duong
bo, so do tong quat ctia hé théng thé hien qua Hinh

Céc vé tinh dia tihh GPS (10

INTERNET

' Xac dinh cac
théng sb GPS

Céc phuong tién
co giéi duomg bd

TrackServer A
“ =
"\

Monitoring User

L z E « S
HOP DEN HANH TRINH - | 3

Hinh 1.20: So dd tong quat vé he thong gidm sat phuong tien co gidi duong bo

Thong qua cac hoat dong mo ta trong Hinh cdc thiét bi theo doi hanh trinh
gtii dit lieu vé he théng Server giam sat dé Iuu trit va kiém soat trong sudt qué trinh
van hanh cta phuong tien. Khoadng 5 dén 10 giay, thiét bi gii thong diép vé cho hée
théng Server dé béo tinh trang dang hoat dong ctia phuong tién.

Hinh mo td két ndi truyén thong trong nude clia cadc nhi cung cap dich vu
thé hien két ndi cac tinh thanh vé trung tam cung cap dich vu vién thong tai 3 noi: Ha
Noi, Da Néng va H6 Chi Minh. Trong truong hgp trién khai hé théng giam sat phuong
tién co gidi duong bo, mdi tinh/thanh c6 mot hé thong may 4o dé chita cdc may chi
TrackServer va AppServer. Cac may chi TrackServer va AppServer ¢6 nhiém vu giam

sat, luu trit cac goi tin tit cdc phuong tién co gidi giii vé. Nhu vay, mot phuong tién
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co gidi di chuyén tir dau dén cudi dat nude sé gii dit lieu géi tin vé cac may chil trong

xudt hanh trinh ciia minh.

THA I LAN

RIEN  DONG

[ T TH

Hinh 1.21: Két ndi truyén thong trong nudc clia cac nha cung cap dich vu

Don vi gidm sat phuong tien co gidi (Monitoring User) 1a ngudi dung dau cudi,
bao gom: Doanh nghiép van tai, Cong an giao thong, Thanh tra S6 Giao thong Cong
chinh, ﬂy ban An toan giao thong, Bo Giao thong van tai, ... Monitoring User mudn
truy xuat hanh trinh thi phai truy xuit dit liéu tai tat ci cdc may chi giam sat ma
phuong tien da di qua. Dé thé hien duge thong tin, tai may chi ma don vi gidm sat
phuong tieén co gidi truy cap phai yéu cau truy van dén may chi giam sat dé l1ay thong
tin hanh trinh. Ngoai ra, Monitoring User ¢ thé giam sat dong thoi nhiéu phuong
tien dang hoat dong ma minh dang quan 1y. Vi vay, lugng thong tin di chuyén giita

cic may chu 1a rat lon.

Nhu vay, dé kiém soat qua trinh hoat dong ctia phuong tien da chiém tai nguyén

truyén thong 16n chua ké dén viec trich xuét thong tin ci qua trinh di chuyén. Do dé,
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viéc ddm bao tinh téi wu truyén thong cho cac thong diép trong hé théng 13 van dé
can quan tam, xem xét. He thong gidm sat triyc tuyén cac phuong tién co giéi duong
bo 14 mot hé théng 16n vé quy mo va phitc tap vé mit k§ thuat, van hanh va ¢6 quan

hé mat thiét v6i nhiéu he thong 16n khac.

Trén co s6 dua ra cic két luan vé hé thong nay, thach thitc dua ra trong nghién
cttu vé mat ky thuat dé 13 phuong phap v cong nghé phan tan nhu: dong bo giita
céc tién trinh dang hoat dong & xa, xi 1y song song, van dé tic nghén dudng truyén,
thoi gian 16 gic, sut nhat quan va gan bo thong tin,... can phai duge tiép tuc quan tam,
nghién cttu va phat trién. Dya vao d6, Luan 4n da trinh bay, dé xuit cac hudng tiép

theo cua nghién citu cho vi du:

1. Trién khai he théng gidm sat trén nén tang phan tan trong moi truong dam may
dé dap dng kha nang truy cap véi sb6 luong tién trinh 16n va c6 kha ning mé

rong khong gian luu tri.

2. Xay duyng gidi phap téi wu truyén thong gita cdc hé thong giam sat dya trén k¥

thuat ma mang.

Mot s6 ting dung d6i véi bai todn dang ky tai nguyeén triyc tuyén theo Hinh
nhu: hé thong thuong mai dieén t1, dang ky tin chi tai cic truong dai hoc Viet Nam,...
Trong qué trinh ding k¥, cic thong diep trao ddi gitta ngudi sit dung va Server rat 16n
trong khi thong tin can hién thi déi véi nguoi st dung 1a thong tin thyc dé ngusi sit
dung c6 sy lya chon dang.

Mot vi du tht hai 1ay tit vi du trong Chuong IV cia tac gid Le [65]. Hinh

trinh bay mo phoéng bai todan bai d6 xe, trong do:

1. BV: ngudi bdo vé c¢6 nhiem vu phan phdi chd cho cac xe 6 t6. BV chinh 1 he
théng diéu khién cung cip tai nguyen trong hé phan tan. Trong vi du ¢6 5 BV
tuong tng 5 chuong trinh duge cai diat trén may chu.

2. VT: vi trf cho titng xe 6 to cu thé. VT I tai nguyen diing chung déi véi ngudi sit
dung trong hé phan tan. Vi tri chinh 13 tai nguyén cung cap cho ngudi st dung.

3. Céac mii tén: mo ta ludng vao/ra ciia 6 t0. Mili tén la cac tién trinh yéu ciu tai

nguyén (VT) trong hé phan tén.

Phét bidu bai toan nhu sau:
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\
—» Lubng xe vaolra

[ By ) Ngudi bdo vé& phan phbi chd

VT | Vitrf cho timg xe cu thé

Hinh 1.22: M6 phéng bai toan bai do xe [65]

Tinh hubng thit 1: Gia sit réing bai dé xe 6 t6 13 loai bai 16n c6 mot cong vao dudi
sit kiém soat ctia mot ngusi bdo vé (BV) duy nhat. BV chi biét duge mot phan ciia
trang thai bai dé xe. Trong khi BV nghi ring bai xe da bi day, thi khi d6 lai c6 nhiéu
14i xe dang cho xe chay ra cong. Trong trudng hgp nay, BV khong giai quyét cho céc
xe khéc tiép tuc vao bai nita, mic di lac nay trong bii dang c6 chd tréng. Nhu vay,

BV khong ndm dugc trang thai hien hanh ctia bai.

Tinh hudng thit 2: Néu ta c6 bai dé xe v6i nhidu cong vio va tai mdi cdng vao c6
BV, thi m&i BV chi c¢6 thé dugc biét trang thai véi do tré nhat dinh vi diéu doé dan
dén tinh hudng thit 2. D6 14 tinh huéng c¢6 nhiéu trung tam ra quyét dinh nhu trong

Hinh @l

Trén thiye té, BV ndo do tin ring khong con ché tréng nita, trong khi BV khac lai
vita mdi cho ra khoi bai mot s xe ma BV chua kip bao cho cac BV khac. Ciing co6
thé dién ra truong hop la ciing mot lic cac BV giai quyét cic xe vao cling mot vi tri

trong bai do vi ho thiéu thong tin.

Xét truong hop xay ra khong gdn bo. Mot ngudi bao vé ¢ vai tro nhu la chuong
trinh cung cap cho clia bai dé xe o to. o) day, ché dé xe duge xem nhu 13 tii nguyéen

ctia he. Gia st riing & thoi diém cho trudc ta c6 4 ngudi bdo vé va c¢6 100 chd con
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tréng. Tat cd cac ngudsi bdo vé déu c¢6 thong tin d6. Trang thai clia hé lic nay 1a gdn

b6. Ba trong sd ho phat di cac thong tin trong Bang nhu sau:

Bang 1.10: Thong diép phat di trong hé thong

Ky higu Thoéng tin phat di
M1 Thém 20 chd tréng
M2 D3 ¢6 10 chd bi chiém
M3 Danh 10% chd tréng dé quét don san bai

Bang thé hien két qua khi khong c6 rang buoc nao déi véi trinh tu xit 1y cac
thong diép nhan dudc ciia cac ngudi bao vé thi sé c¢6 s6 lugng chd trong khac nhau.
Didu nay din dén pha vd nguyen 1y hoat dong chung ciia he théng. Dé bdo dam céc
ban cap nhat gidng nhau thi trinh tu cap nhat nhat thiét phai giéng nhau trén tat ca

cac tram.

Bang 1.11: Sy khong gin b6 giita bon ngudi bao ve

Trat tu x@ ly Bao vé 1 Bao vé 2 Bao vé 3 Bao vé 4
Thong diép  Gia tri  Thong diép  Gia tri  Thong diép  Gia tri  Thong diép  Gia tri

100 100 100 100
1 M1 120 M1 120 M3 90 M2 920
2 M3 108 M2 110 M1 110 M3 81
3 M2 98 M3 99 M2 100 M1 101

Nhu vay, cac ngudi bao vé phai hop luc véi nhau dé phan phdi chinh xac cac chd
trong bai. Dac biet 1a s6 luong chd con tréng cang it thi vai tro ctia hop lue cang quan

trong.

Qua hai vi du dién hinh déi vdi tng dung phan tdn, cdc yéu cau ki thuat trong he
phan tan can thiét phdi dude zay dung dé dap ing sé luong lon céc tién trinh va ddm

bdo tinh gdn bé dién ra trong hé phan tan.
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1.3.2. Mo hinh tdng quéat

Duya vao mo hinh cung cap tai nguyén trong ddm may ciia tac gid Goncalves trong
nghién citu [39] va cac van dé co s§ vé cung cap tai nguyén trong he théng may ao,
mo hinh tdng quat Luan 4n dé xuit dugc trinh bay theo Hinh mo ta cac bo dieu

khién cung cip tii nguyén. Mo hinh bao gdm 5 phan co ban:

Phan 1 1 cung cap tai nguyén vat ly.
- Phan 2 cung cap tai nguyen do héa hay con goi cung cap dich vu dam may.

Phan 3 1a bo diéu khién cung cAp tai nguyén 4o hoéa.

Phan 4 13 moi trusng truyén thong két néi véi cac dam may khéac hodic ngusi sit

dung.

Phan § 1a cac thiét bi dau cudi két ndi vao dam may dé yéu cau tai nguyen.

Trong phan 1 cia mo6 hinh thé hién viec cung cip tai nguyen vat Iy phuc vu cac
tng dung trong hé théng 4o héa, ngudn tai nguyen nay I tong ting thanh phan vat
ly duge két ndi. Rang buoc clia tai nguyén 1a khong vuot qua gidi han vat 1y cho phép,
diéu ndy c6 nghia yéu cau tai nguyén clia hé théng 4o héa vugt qua nhu cau cung
cap vat 1§. Trong trudng hop tai nguyeén vat 1y tdi han, viéc md rong bang cach them
cac thiét bi cuing loai dé dam bdo qua trinh cung cip. Trong nghién ctu, Luan an
tap trung gidi quyét cac van dé tuong tranh, bé tdc d6i v6i cung cip tai nguyén ding

chung.

Phan 2 thé hieén hé théng 4o hoa, hé théng nay ddm nhiém vai tro cung cip tai
nguyén nhu 1a dich vy, day 1 thanh phan chinh dé dugc cong nhan 13 dam may. Céc
dich vy dbi véi ngudi sit dung 1 tai nguyen 4o, qua trinh cung cap thong qua chién
luge dé dadm bao t6i wu dbi véi tai nguyen. Dich vu trong phan nay phai duge cung
cap, giam sat va thu hoi mot cach tu dong. Cac dich vu 4o héa 1a van dé dude quan
tam bdi cac nha nghién citu, trién khai vi ciing 1a dau vao cho céc thuat toan t6i uu.
Qué trinh cung cap tai nguyén dung chung doéi véi nguoi sit dung ddm bao cac dac
tinh ctia hé phan tan, Luan an gidi quyét tinh gin b trong hé thong qua gidi phap
cung cap tai nguyén cho hé phan tan. Bén canh d6, Luan an nghién citu gidi phap cung
cip tai nguyén truyén thong dé dam bao hoat dong truyén thong diép clia hé phan

tan trong moi truong ao hoa.

Phan 3 mo ta bo diéu khién cung cip tai nguyén 4o héa ddm nhiém vai trd cung

cap, giam sat toan bo cac hanh vi tai nguyen hién cé trong hé thong. Thanh phan tap
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Hinh 1.23: M6 hinh tong quat cung cip tai nguyén trong hé théng méy 4o

trung nghien citu ctia Luan an 1a by diéu khién cung cap tai nguyén truyén thong ma
mang dong vai tro t6i wu bang thong, tranh trung lip thong tin dong thoi dat thong

lugng cuc dai tai tap dich.

Mai truong truyén thong trong phan 4 la thanh phan quan trong ctia dam may
cho phép nguoi st dung hodc cac dam may khac két ndi nham chia sé tai nguyén dung
chung. Méi trudng truyén thong voén c6 do tré va gidi han bang thong, do do, cung
cAp tai nguyén véi thoi gian nhanh nhat 13 mot trong nhitng bai todn can quan tam
nghién citu. Luan 4n nghién ciu giai phap k§ thuat ma mang dé gidi quyét bai toan
t61 vu trong truyén thong.

Thiét bi dau cudi trong phan 5 14 tap hop tit ca cac thiét bi cho phép két ndi qua
moi trudng truyen thong dé yeu ciu tai nguyén trong dam may. Cac thiét bi dau cudi
c6 thé 1a cac dam may khéc cong tac hodc ngudi st dung ding k¥ tai nguyén ding
chung ctia he thong. Cac thiét bi dau cudi khong quan tam dén qué trinh hoat dong
dién ra trong mdy 4o ma chi quan tam dén tai nguyén c6 duge cap phat hay khong va
thoi gian dap ting tai nguyén.

Viéc mo ta cac thanh phan co ban trong Hinh diit ra bai toan tdng quat qua

trinh cung cap tai nguyén dam may nhu sau:

n
- Céc thiét bi dau cudi trong phan 5 yéu cau n tai nguyen dung chung YC = > y¢;
i=1

dén bo cung cap tai nguyén trong hé phan tan trong phan 2 thong qua méi trudng

truyén thong trong phan 4.
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- Sau khi tiép nhan va xit 1y, YC gtti dén bo cung cap tai nguyén ma mang trong

phan 3 dé xt ly.

- Bo cung cip tai nguyén trong phan 3 chia YC thanh céc véc to, ma hoa va
truyén dén cidc may chl trong hé phan tan thong qua bo cung cap tai nguyén

truyén thong trong phan 2.

- Céc véc to dude truyén dén tap dich 1a cdc S; trong hé phan tan tiép nhan, phan

tich, tinh toan, x1t 1y va hoi dap tai nguyen.

- Sau khi hoan thanh viéc xi 1y tai nguyen dung chung, bo cung cap tai nguyen
truyén thong ma mang tra két qua dén thiét bi dau cudi trang thai tai nguyén

dung chung.

Bai toan tdng quat vira néu dat ra hai yéu cau co ban do 1a dam bdo yéu cau cung
cap tai nguyén dung chung va toi wu truyén thong gita cic thanh phan tham gia vio

hé thong.

Bai toan téng quat ctia Luan an c¢6 thé phat biéu nhu sau: He thong diéu khién
cung cap tai nguyén cho hé phan tan trién khai trong mdy do dua trén kj thuat ma
mang la hé thong dam bdo toi wu truyén thong diép tw nguon mot cich nhanh chéng,
chinh zdc va dat thong lugng cuc dai tai tap dich. Ngodi ra, hé thong can phdi dam

bdo tinh gdn b6, nhat qudn, trong zudt doi vdi nguoi st dung.

Dé dat dugc nhitng muc dich dit ra, Luan an trinh bay mot s6 gidi phap va ciing

la cac dong gép da nghién ciu:

Giai phap ddm bao gan bo dit lieu trong hé phan tan

Giai phap cung cap tai nguyen truyén thong cho hé phan tan trong may 4o

Giai phap diéu khién ty lé ngudn véi ma mang

Giai phap tdi uu truyén thong multicast v6i ma mang

1.3.3. Giai phap ky thuat

Viéc mo ta cac thanh phan co ban trong Hinh diit ra bai toan tdng quat qua
trinh cung cAp tai nguyén dam may nhu sau: cac thiét bi dau cudi trong phan 5 dua
ra tap yéu cau tai nguyén ding chung YC thong qua moi trudng truyén thong trong
phan 4 dén bo cung cap tai nguyen trong phan 3. Bo cung cap tai nguyén trong phan
3 ddm nhiém vai tro tiép nhan, phan tich, tinh toan, xi 1y v hoi dap tai nguyén dén

cdc thiét bi truy cap vdi thoi gian nhanh nhat trang thai tai nguyeén.
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VM: Mdy Go (Virtual Machine)
VN: Mang édo (Virtual Network)
VR: Dinh tuyén do (Virtual Router)

Hinh 1.24: Mang truyén thong phan tan ao

Qué trinh xit Iy dién ra bén trong hé 1a tap cdc may chi 4o U = {S;|i = 0..n}
thong qua hé théng truyén thong phan tan nhu Hinh . Cac may chu 4o S; hoat
dong hop lyc thong qua co ché truyén thong diep dé dap tng va phan hoi tai nguyen.
Céc thong diép nay ciing c6 thé duge xét nhu 13 cac tién trinh di chuyén trong he
thong mang. Viéc thyc thi cac tién trinh phu thuoc vao bo cung cip tai nguyén truyén

thong dé dinh tuyén tit ngudn dén dich.

Luu Iuong

Trong ‘ SQ —>' 55 /‘

R

Gia tri tic nghén TY 18 truyén théng

Hinh 1.25: He théng mang biéu dién dudi dang do thi

Hé théng mang & Hinh c6 thé mo ta dudi dang dé thi G = (U,V) theo
Hinh [1.25} trong d6 U = {S;|i = 0..n} 1a tap cac S; va V = {S;;|i = 0..n,j = 1..m} la
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tap gitta cac S;; trong he, S;; 1a lien két gitta hai nat S; va S; lién ké trong he thong.
Véi méi S;; ¢6 trong s6 nguyén duong tss,, > 0. Ky hiéu P la tap cic phién chuyén
thong dieép trong he, ddi v6i mdi phién p € P 1a duong dan roi rac tit ngudn Sy € U
dén dich Sy € U\ {So}. Ddi véi he thong dang xét, ky hieu tap dich D thi Sy € D. Ky
hiéu Iuu lugng I[P cia mot phién p truyén trong mang la mot gia tri nguyén duong, ta
c60< Zlgij < sg,,.

Giai phap cung cap tai nguyén dung chung cho hée thong ddm may tap trung xi 1y
YC thong qua moi trudng truyén thong dya trén ki thuat ma mang. K§ thuat nay 1
mot ki thuat két néi mang, trong do truyén dit lieu dude mé héa va giai ma dé ting
thong lugng mang, gidm do tré va ting hieu nang truyén thong. Trong ma mang, cac
thuat toan dai s6 dugc 4p dung cho cac goi dit lieu dé tich hgp va truyén trén nhiéu
kénh khac nhau, cac géi tin nhan duge gidi ma tai tap dich. Qua trinh thyc thi yéu
cau bang thong it hon so véi phuong thic truyén truéc day nhung doi héi phéi xi 1y

nhiéu hon tai cdc nit trung gian va nat dich.

Xuét phét tir nghién cttu trong [140] cta céc téc gid Yeung va Zhang dua ra khéi
niém dau tién vé ma mang. Khai niem ma mang dugc trinh bay nhu sau: Trong mot
mang chuyén mach géi truyén thong, dinh nghia luong dit lieu trong la cdc "miéng”
roi rac t nguon dén dich. Tai dich hodc cdc nit trung gian, cic thong diép g di dugc
chia thanh cdc goi, moi trong s6 dé cé chita mot s6 cdc thong diép dit lieu con nguyén
ven hodc phan mdnh. Tat cd cic goi dit lieu khong nhat thiét truyén theo dinh tuyén

tuong tu; nhung tat cd ching dén cung mot dich va rdp lai thanh thong diép ban dau.

Véan dé chinh clia truyén thong 1a khi luu lugng truy cap mang ting dé dién ra
tac nghén, dan dén do tré truyén lén. Bén canh do, cdc gobi tin ¢6 xu huéng nhém tai
cac nut xac dinh, doi khi vuegt qua kha nang xit 1y ching tai cac nat; trong khi doé,
cac dinh tuyén vi cic niat khac c6 thé chua duge khai thac hét hieu nang. Giai phap
chinh cia ma mang I3 t6i wu dinh tuyén dé dat thong lugng cuc dai va tranh tring
lap thong tin tit nguon dén tap dich dong thoi gidi quyét cac van dé tac nghén, lac goi

tin, 161 ndt mang,...

Trong ma mang, bo gidi mé thay thé cho phan mém dinh tuyén va chuyén mach
g6i. Thay vi huéng céc goi tin tdi dich cudi ciia chiing, bo gidi ma truyén siéu dit lieu
(metadata) ¢ dang chiing thyc s6 vé thong diép theo nhiéu duong dan cung mot lac.
Nguge lai, cac sieu dit lieu dén tir hai hodc nhiéu ngudn cé thé duge két hgp thanh
mot géi duy nhat. Gidi phap phan tan géi tin c6 thé lam ting ning lyc xit Iy clia mot
mang bing cach gidm s6 lugng nit truyén va mitc do tac nghén. Khi bo nhan c¢6 du

chitng thitc s6, bo gidi ma c6 thé tinh toan dé tai thiét lap cac thong diep hodc goi tin
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truyén. D61 v6i mot s6 cac gobi tin khi dinh tuyén bi mat hay bi cét, thong diép ban

dau dugce tai thiét lap néu nhan du cac ching thuc sé.

Trong k§ thuat ma mang, dit lieu khong nhitng phu thudc vao thong diép truyén
ma con ddi véi noi dung ciia cac thong diép khéac dién ra dudc chia sé dinh tuyén tai
thoi diém truyén. Giai phap ctia k§ thuat ma mang 13 tron nhidu géi tin vao va dinh
tuyén lai goi tin ra khi di qua mot nit mang. Vi vay, viec cai tién thong lugng cta ki
thuat ma mang phu thudc vao to po va kha ning sinh tic nghén. Theo Hinh hai
bai toan cua ki thudt ma mang la xit Iy trén nat va xit 1y trén canh. Bai toan xtr ly
trén canh véi hai tham s6 chinh 1a luu lugng va trong s6. Bai todn xit Iy trén nit 13
ma hoéa va gidi ma cuing vdi hai tham s6 1a gia tri tic nghén va t¥ lé truyén thong.

Giai phap ky thuat ma mang Luan an phat trién dat dugc ty e thong tin truyeén
t6t hon so véi ty 1é thong tin truyén thong trong hé phan tdn. Mot s giai phap clia hé
phan tan hién vin dugc trién khai theo két ndi ngang hang (P2P) va truyén thong tin
chit yéu theo phuong thitc truyén unicast thé hien & Hinh[L.26la. C4ch thitc truyén nay
gilti tir nat ngudn dén nat dich theo dinh tuyén sin c6. Mo t& trong Hinh [1.26]a, nit
nguodn Sy truyén dén dich S, goi tin Message 1 theo dinh tuyén Sy — S} — S3 — Sy,
tuong tu doi v6i Ss ¢6 dinh tuyén 1a Sy — Sy — Ss. Céch thic dinh tuyén nay dé gay
mét g6i tin trong qua trinh truyén néu mot diém trong dinh tuyén bi su ¢b va ty le
g6i tin nhan duge thap. Néu nat dich S; hoac Ss mudn nhan duge day du 2 géi tin thi

chiing phai yéu cau nat nguon phat tiép goi tin con lai sau khi da nhan goi tin trudc.

Trudng hgp mo hinh mang theo cach truyén multicast thé hien trong Hinh b7
nit dich Sy nhan duge goi tin theo hai tuyén khac nhau, tuyén thit nhat Sp — S; —
S3 — Sy va tuyén thit hai Sy — S; — Sy Nhu vay, goi tin tai nat dich ¢6 ty 1& nhan
cao hon so véi cach truyén unicast. Nhuge diém ctia phuong thitc tuyén multicast 1a
g6i tin c6 thé bi tring lap tai tap dich din dén ling phi tai nguyén truyén thong. Gidi
phap ctia Luan 4n st dung k¥ thudt ma mang loai trit géi tin tring lip bing phép
toan XOR trong quéa trinh dinh tuyén goi tin theo mo t& trong Hinh

Xét mang mo ta trong Hinh chiing ta c6 cac thong tin co ban: tap nit dich: S,
va Ss; nlit nguon: Sy; cac nit trung gian: S;, Sy, Ss va cac lien két: Syi, Spa, Si3, Sia, So3,
Sos, S34, S35; goi dit lieu truyén: Message 1 (M1), Message 2 (M2) va Messagel & 2
(Mig). Nat Sy giri doan ma tham do va cac nat Sy va S5 nhan duge ching. Cac nut
trung gian c6 thé giam sat noi dung clia cac géi dit lieu vao va goi dé chuyén tiép dén
nit khac qua lién két ra ctia ching. Theo phép thit Bernoulli [17], méi lien két bi mat
mot gbi tin véi x4c suat chiing ta khong biét. Luan 4n quan tam dén du doan cac xac

suat mat trong tat cd cac lien két, ky hieu xac suat xgi, To2, T13, T14, T3, Tos, T34, T35
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tuong ting vai cdc lien két trung gian.
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Hinh 1.26: Céch thitc truyén unicast (a) va multicast (b)

Y tudng xit 1§ co ban ctia Luan an nhu sau: nit Sy gii dén nat S; mot géi tin thim
do ¢6 chita cac chudi nhi phan M; = [10]. Tuong ty, nat Sy gii dén nat Sy goi tin
tham do M, = [11]. Néu ntt Ss chi nhan duge M; hodc My, sau d6 nit Sz chi chuyén
tiép cac goi tin nhan duge dén niut dich S, hodc Ss thi tap cac nit dich sé khong nhan
duge day du dit lieu. Néu S3 nhan duge cd hai go6i M, va Ms, sau d6 nit Ss tao ra mot
g6i tin méi két hgp tuyén tinh ctia chiing Mg, = [11] v chuyén tiép dén tap nat dich,
nhu vay, nit dich S, va Ss tiép nhan diy di cac goi tin ban dau. Tong quan hon, ta
c6 Migo = M, @ My, trong do6 st dung phép toan XOR cac bit-wise, tit ca cac hoat

dong xay ra cung mot khoang thoi gian.

Trong moi khodng thdi gian, méa tham do cac goi dit lieu (M;, Ms) duge gii tix
nit ngudn va c6 thé nhan duge tir tap nat dich tuy thudce vio thi nghiem ngiu nhien:
trén moi lien két cac nat trung gian, cac goi dit lieu truyén voi xac sudt x;;. Cac két
qua tai tap cac niat dich Sy va S5 duge trinh bay trong hai c6t bén trai cia Bang
Tam cot bén phai Bang hién thi sy két hop clia su kien mat (thé hién gid tri 0)
va thanh cong (thé hién gid tri 1) trong cac lien két. D6i véi cac sy kien dién ra tren
tap nat dich ¢6 9 sy kién duge phai sinh theo géi tin tham do gui tit nat dich. Theo
Béng két qua nhan duge sy kien thit 8 d6 1a (M, Ms) 1a do céc xac xuat ghi nhan
duge g1 = 0,200 = 1,213 = 0,214 = 0,293 = 1,295 = 1,234 = 1,235 = 1. Tuong tu,
x4c suat cac truong hop con lai ndm trong 8 su kién quan sat duge cac xac suat lien
két mé tham do theo Béng
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Hinh 1.27: Cach thitc truyén multicast két hop v6i ma mang

Bang 1.12: M4 tham do c6 thé quan sat dugc

T Téap nat dich Tap nit trung gian
Sa Ss So1 Soz S13  Sia  Sa2z  Sas Ssa Sss
1 My - 1 0 1 1 0 0 1 0
2 Mo - 0 1 0 0 1 0 1 0
3 (M1g2) - 1 1 1 1 1 0 1 0
4 - My 1 0 1 0 0 0 0 1
5 Mo 0 1 0 0 1 1 0 1
6 (Migg) 1 1 1 0 1 1 0 1
7 My My 1 0 1 1 0 0 1 1
8 Mo Mo 0 1 0 0 1 1 1 1
9 (Migo) (Migo) 1 1 1 1 1 1 1 1

Nghién cttu clia Luan an 1a dy doan xac suét tir cac noi dung ctia cac dau do nhan
dudc tai céc nat Sy va Ss. Bing cach lip lai nhiéu lan dé tham do méi sy kien xay ra,
sau d6 st dung tiéu chuan dy doan Maximum Likelihood (ML) trong [94] dé suy ra
ty le ton thét lien két co ban. Du doan ML xéac dinh t¥ lé mét lien két c6 thé véi xac
sudt cao hon khi trién khai trén cay multicast. Két qua dat duge tap dit lieu cu thé

truyén multicast tit nguon dén tap dich.

Cach tiép can st dung cay multicast xuat phat tit nguon tir Sy va dich tai Sy va Ss
c6 nhitng wu diém do6 14 phuong phap tiép can cay multicast sé gidm t6i da ty le mét
goi tin cac lien két Sp; v Si3, tuong tu ddi v6i Sgy va Soz. Trong thit nghiém, thuat
toan gii mot ma tham do trén mdi lien két, d6 1a cac yéu cau toi thiéu dé cé thé bao

triim toan bo do thi. Bing cach tiép nhan khong chi 6 s6 luong cdc doan ma tham do
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nhan duge ma con 6 noi dung thong tin, tir d6 cod thé suy luan thong tin bd sung.

Huéng nghién citu ctia Luan an vé kj thudt ma mang tap trung vao cac gidi phap:

- Giai phéap diéu khién ty 1é ngudn véi ma mang 1 mot phan trong bo diéu khién
cung cdp tai nguyén ma mang trong phan 3 clia mo hinh tong quat nhim phan

chia goi tin ddm bao ty 1é truyén tit nguon dén tap dich.

- Gidi phdp toi wu truyén thong phan tdan dua trén ki thudt ma mang cho phép
toi vu bang thong, tranh trung lap thong tin dong thoi dat thong lugng cuc dai
tai tap dich.

Két qua danh gia ctia toan bo cac gidi phap ctia Luan an dya trén mo hinh tong

quat trong Hinh thé hien qua Bang
Tiéu két Chuong 1

Trén co s6 tim hiéu khai niém, nghién ctu chién luge cung cap tai nguyéen, Luan
an da dua ra mo hinh tong quat cho bai toan cung cap tai nguyen trong hé thdng ao
héa. Luan an da dua ra vi du hé théng giam sat tryc tuyén cac phuong tién co gidi
dudng bo trinh bay trong cong b6 s6 (1) va chuong trinh bai dd xe trinh bay trong
cong bb s6 (5). Dua vao md hinh tong quat trinh bay trong cong b s6 (6), Luan an
néu lén mot s6 gidi phap ¢ ban nham cho phép tinh toan, xit Iy dit lieu diing chung
tren dam may. Nhom giai phap thit nhat bao gdom cung cap tai nguyen dung chung
cho hé phan tan va cung cip tai nguyén truyén thong phan tan. Nhom giai phap thi
nhat tap trung gidi quyét van dé diéu khién cung cip tai nguyen diung chung trong he
phan tan. Nhém gidi phap thi hai bao gdm diéu khién ty 1é ngudn v6i ma mang va
t61 uu truyén thong multicast dya trén ki thuat ma mang. Nhom giai phap thi hai
nham giai quyét bai toan t6i tu truyén thong cho hé phan tan trong may 4o dya trén

k¥ thudt ma mang.
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Bang 1.13: Danh gid tong quat cac nhom giai phap

Hé théng hién c6

Hé théng nghién citu cta luén an

GIRIPhaP 1 idm Nhuge didm Uu diém Nhuge didm
Bo Sit dung thuat todn Cac giao dich khong st  Thuat todn 4PCoDT ddm Trao ddi thong
cung 3PC trong giao dich dung gid tri ddong hd 160 gic bédo tinh gidn bé manh  dieép nhiéu dan dén
cAp tai phan tan dé dam bdo d& so sanh, sip xép trat trong hé phan tan. Thuat tiéu tén tai nguyen
nguyén tinh gin bé. Cac giao ty wu tién vad xit ly dong toan 4PCoDT si dung gia bang thong. Do
cho hé dich trao d8i thong bo tién trinh. Chi phi khoi  tri dong hd 16 gic dé xit Iy  phic tap thuat
phan diep it. Do phtc tap phuc giao dich cao. dong bo hoéa tién trinh v&  todn cao.
tan thuat todan thép. khong c6 chi phi khoi phuc
giao dich.
Bo6 Bo cung cip tai nguyén  Chuong trinh xay dyng cho B cung cap tai nguyén Viec md  rong
cung truyén thong 4o héa bdo cung cip tai nguyén truyén thong 4o héa mdé chuong trinh xay
cAp tai  cho phép mé&rong, tach  truydn thong do héa chwa rong dya trén cac chuong dung bo cung cép
nguyén cic chitc ning diéu hoan chinh, vAn con thiéu trinh sin c¢6 clia hé théng tai nguyén truyén
truyén  khién vd chuyén tiép tinh ning, con thidu sy hd &0 héa. Chuong trinh xay thong ting do
théng mang, cho phép lap trg. Cac dinh tuyén chwva dung bd cung cip tai phic tap xit Iy tai
40 héa  trinh truc tiép cho cdc  hoan chinh, nhit 14 déi v6i nguyén truyén thoéng mé cac nit, bén canh
ing dung va dich vu phuong thic truyén multi- rong t*t NVF va SDN  d6 bdo mat cla goi
mang. cast, chita xtt Iy hoan chinh  cho phép t6i wu cdc kénh  tin truyén can phai
trung lip thong tin tai tap truyén va xit ly trung lip dudc quan tam,
dich. tai tap dich. xem Xét.
Bo Bo diéu khién cung cdp Bo diéu khién cung cdp Bo diéu khién cung cip Viec xay dung bo
diédu tai nguyén mi mang tdi nguyén mi mang chi tai nguyén mi mang 4p didu khién cung
khién thuan lgi trong viéc &p dung cho phuong thiic  dung cho hé phan tén trién cip tdi nguyén
cung dinh tuyén, cai thién truyén multicast, broad- khaitrong hé théng 40 héa. ma mang thong
cip tai  thong lugng. Bo didu  cast. D8i v6i cac t0 po xdy  Chuong trinh didu khidn qua mi va gidi
nguyén khién cung cip tdi dung chudn thi md mang cung cip tai nguyén mi mi lam ting do
ma nguyén ma mang t6i vu  mdi phéat huy hidu ning d6i mang md rong cdc thanh phic tap tai cac
mang nodi dung truyén, tranh  véi t6i wu thong lugng. phan trong mang 4o (NVF  ndt trung gian va

trung lap tai tap dich
thong qua phép toan
XOR.

va SDN) trén mo phdng
CloudSim. Dé& dat dugc
hiéu nang cia m& mang,
Luan an da trinh bay hai
thuat toan thém vad x6a
lien két nhdm rat gon to
po va thuat toan cai tién
Ford Fulkerson dé téi uu
chi phi trong cady multi-
cast. Bo diéu khién cung
cap tai nguyén ma mang
tranh tring lap ndi dung,
t61 wu thong luong tai tap
dich.

tap dich. Han ché
clia gidi phép trién
khai lam cham kha
ndng x1t ly tai cac

nit trung gian va

niat dich so véi
gidi phap truyén
multicast.
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Chuong 2.

GIAT PHAP DIEU KHIEN CUNG CAP TAI NGUYEN
TRUYEN THONG TRONG HE PHAN TAN

He tap trung ra doi dé gidi quyét nhu cau trao déi thong tin ngusi sit dung tren

toan cau. Tuy nhién, hé tap trung vin con nhitng nhuge diém can phai gidi quyét sau:

- Téc nghén truyén thong khi sé6 lugng truy cap vao hé théng vugt nhu cau cung

cAp tai nguyen.

- Khé niang md rong tai nguyén phan citng khi tai nguyén t6i han hoiic khong con

kha nang cung cap.

- Co 86 dit lieu & trang thai cuc bo, khi x4y ra sy ¢d hé théng khong ddm béo tinh

gan bo déi véi ngudi st dung.

- Khi hé théng gip su b, hé théng sé ding hoat dong.

Hé phan tan duge hinh thanh trén co sd giai quyét cac nhuge diém ctia heé tap
trung. Cac nghién citu va trién khai hé phan tdn da va dang duge quan tam nghién
citu tit trude cho dén nay cho thay hé phan tan vAn con nhidu huéng mé dé tiép tuc
phét trién. Trén co s¢ d6, Luan an da di sau vao cac giai phap clia hé phan tan nhu:
gidi phap cung cap tai nguyén truyén thong phan tan va gidi phap dam bao tinh gin
b6. Cac nhém gidi phap gidi quyét bai toan gin bé dit lieu trong hé phan tan trién
khai trén tang SaaS trong mo hinh téng quat thé hien ¢ Hinh

2.1. Giai phap song song héa thuat toan Lamport trong loai triw
tuwong hd phan tan

2.1.1. Song song héa trong thuat toan Lamport

Muc 1.2.1.3 trinh bay vé van dé k§ thuat trong nhan thoi gian 16 gic dua trén
thuat toan Lamport. Cac may chii hoat dong nhan va gui thong diep dya trén dong
ho cuc bo clia minh theo co ché truyén unicast. Do d6, cdc may chi chi biét dugc trat
ty ting phan trén mdy chi ctia minh va khong nhan biét duge cac hoat dong trén

may chi khac. Trat tu ting phan anh hudéng dén hoat dong tong quét trong hé phan
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tan, hai van dé co ban bi tac dong d6 1a: 1. Gia tri dong ho 16 gic trén cdc may chi
khong nhat quan; 2. Tién trinh yéu cau vao doan ging phai chd doi cho dén khi nhan
dn thong diép c6 thé gay anh hudng dén cac may chi khac hoiic sai lech khi tién hanh
cap nhat dit liéu.

Muc 1.2.1.3 ciing da phan tich nhugce diém thuat toan Lamport bi dong dua trén
trat tu ting phan dé tit do6 cai tién thuat toan Lamport chi dong dua trén trat tu
tong quat chat ché. Dé gidi quyét bai toan trat tu ting phan, nghien ctu ciia bai bao
la song song hoéa thudt toan Lamport dé xay dung trat tu téng quat chat ché trén cac
mdy chu theo Thuat toan

Duya trén truyén thong nhom va thuat toan Lamport dé dé xuét song song hda
thudt toan Lamport theo Thuat toan |1/ ctia Luan an theo cach giai quyét sau: Moi méy
chil § déu c¢6 trang bi cong to v6i cac gia tri nguyen goi 1a Hg,, dong ho 16 gic ting
len khi c6 su kién sk dién ra trén mot méy cht bat ky. Mot may cha ¢ khi phat sinh
sy kién, may chu tang gid tri len 1 va giii song song thong dieép yéu cau dude cung cap

gid tri dong ho dén tat ca cac may chi con lai theo thi tuc:
GETLAMPORT(S,, Hg,, act, sk)

tat cd cadc may chil sau khi nhan dugc thong diep tren kiém tra, so sanh véi gia tri
hién tai Hg, , clia may chi minh Hg, = Hg, , + 1 va phan hoi thong diep chap nhan

gia tri v6i thu tuc:

ACCEPTLAMPORT (Siocat; Siy Hs,, act, sk, boolean)

Sau khi tiép nhan thong diép phan hdi tit cac méy chii con lai, néu tham sb thit 5
nhan duge déu ¢6 gia tri true thi tién hanh 1dy max(Hg,), cap nhat lai gid tri dong ho
theo max(Hg,). Gid tri méi duge danh dau gin cho sy kien may chi yéu cau va cap
nhat lai ddng ho. Thong diep dugce thay doi gia tri dong hd giii song song dén cic may

chtt theo thi tuc dé xac nhan cho su kién sk theo thu tuc:

UPDATELAMPORT(S;, Hg,, act, sk)

Tat c& cac may chu nhan so sanh va cap nhat lai gid tri dong ho theo gia tri dong
hoé hién tai clia may chii S; cung cap, dong thoi ghi nhan nhén thoi gian sy kién sk
cho mdy cht phat yéu cau.

Két qua cia thuat toan 1a tit cd cac may chi cting thyc hién cap nhat gia tri dong

hé va tuan thi theo trat tu toan phan nhu Hinh [2.1] Két qua song song héa thuat
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Thuat toan 1: Song song héa thuat toan Lamport

Input : May chi S;, Gia tri dong ho 16 gic Hg,, hanh dong act, su kién sk

Output: Gia tri dong ho 16 gic Hg, da cap

Khdi tao hoat dong Hg, ., = 0, bién dém count=0, countCS[S;, sk] = 0, s6
lugng may chii S=N, lang nghe sy kién act;

Begin

if (act=REQ-LAMPORT) then

Hs; = Hsypoo + 15

act = REQ;

Thiét lap thong diép yéu cau cung cap gia tri dong ho 16 gic:
GetLamport(Siocar, Hs,,,,,, act, sk);

return multicast(GetLamport(S,, Hg,, act, sk));

Ise if (act=LAMPORT) then

)

return Hg ;

procedure GETLAMPORT(S,, Hg,, act, sk)

if (act = REQ)) then

if (Hg, < Hg,,_,,) then

Xac dinh Hg, bi sai, Hg, da dugc gan cho su kién khac;
act=REP;

return multicast(AcceptLamport(Sioear, Si, Hs,, act, sk, false));

Ise if (Hs, = Hg,,,,, + 1) then

)

Xac dinh Hg, dang;
act=REP;

return multicast(AcceptLamport(Siocar, Siy Hs,, act, sk, true));

| end procedure
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procedure ACCEPTLAMPORT(Soca, Si, Hs,, act, sk, boolean)
if (act = REP) then

if (S; = Sipca&e&true) then

count = count + 1;

if (Jcount = N - 1) then

X4c nhan da s6 lugng thong diép phan hoi REP;
act = ACC,

count = 0;

return multicast(UpdateLamport(Siocar, Hs,,,,,, act, sk));

)

Ise if (S; = Sica&& false) then
HSloca,l = maX(HSl + 1)7
act = REQ;

Thiét 1ap lai thong diép yéu cau cung cap vdi gia tri dong ho 16
gic mdi véi sy kien dang yeu cau;

GetLamport(S,ocat, Hs,,,,,» act, sk);

e;ld procedure

procedure UPDATELAMPORT(S,, Hg,, act, sk)
if (act = ACC) then

| Hsppeu = Hsy;

if (sk = REP-CS) then

count[S;, sk|] = count[S;, sk] + 1;
if (count[S;, sk] = N — 1) then

CriticalSection(sk,S;);

count[S;, sk] = 0;

end procedure
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toan Lamport ctia Luan an l1a diéu kién quan trong d6i vdi giai phép loai trit tuong ho

phan tan duge trinh bay trong Muc 2.1.2.

Sau khi thong diép dudge gin nhan sé chuyén cho bo cung cap tai nguyen truyen
thong xtt 1y. Bo cung cap tai nguyén truyén thong phan tan cta Luan an tap trung
vao cac x1t Iy co ban 1a: cung cip gia tri dong ho 16 gic, didu khién Iru luong va dinh
tuyén truyén thong diép qua cac kénh truyén. Bo cung cip tai nguyén truyén thong
cho phép céc thuat toan duge xay dung va phat trién tham gia vao qué trinh diéu
khién nham t6i wtu truyén thong diep. Theo tac gid Li trong [80] trinh bay co ché
truyén thong diép trong hé phan tan thuodc bai toan NP-kho, do d6 cac gidi phap toi

uu chi mang gia tri dang cho bai todn dang xét.

Truyén thong nhém thyc hién truyén thong diép dya vao duong dan dinh tuyén
da biét dé truyén tir ngudn dén dich. Truyén thong nhém xét hai khia canh dé 13 luu
lugng va cac kénh truyén thong. Luu lugng thé hien gid tri dugc cip phat dé truyén
thong diép, trong khi dé cac kénh truyén thong dude xem xét nhu la tai nguyén clia
bo cung cap tai nguyén truyén thong dé truyén thong diep. Ddi véi cac may chi c6
nhiéu kénh truyén thong thi hiéu qua truyén t6t hon; tuy nhién, van dé nay con phéai

phu thuoc vao luu lugng duge cap phat.

. 2 3 4 5 6 9 1 n *t
May chu & | e ] | e
ov/ 3 N
s/ kS $ <
> & & @
, 1 2 3 ¢ & 5 g9 10 1
May chu S » (¢ & J |
. @ Na v?\ |<— Mién gang cla
G/ \E, KN G méy chil S
o/ (D © ym /G
& (/J © K/ [/
) . L VA | &
May chu & ——F— A |
T2 2 6 & 9 10 N

Mién géng clia M&y chli &

Hinh 2.1: Trat tu téng quat cac thong diep theo thuat toan Lamport sau khi cai tién
so v6i Hinh [1.6]

Bo cung cap tai nguyeén truyen thong phan tan ctia Luan an duya trén co sé truyen
théng nhém theo Hinh Tai mdi may chti ¢6 hai thanh phan: hang dgi va b6 cung
cap tai nguyén truyen thong. Hang dgi trong cidc may chti nham cho phép tiép nhan
cac thong dieép dén 1a cdc tién trinh yéu cau tai nguyén dung chung. Cac tién trinh

yéu cau tai nguyén duge xit 1y va sip xép theo gia tri dong ho; do d6, hé phan tan c6
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thé giai quyét van dé tuong tranh tai nguyen. Bo cung cdp tai nguyén truyen thong
trén mdi may chi trong hé ddm nhiém vai tro vita yéu cau, vita dap ing yéu cau tit
cac Server khic trong hé phan tan. Muc dich ctia truyén thong trong hé phan tan la
dam bao luu luong cuc dai khi qua céc nit dé thong tin dén dich chinh xac va nhanh
chéng. Dé gidi quyét bai toan tbi uu truyén thong, Luan an song song héa thudt todn
Ford Fulkerson trén do thi dé tinh todn luu lugng cuc dai trén cdc kénh truyén trinh
bay tai Muc 3.3.2.3.

Bén phat
Bb cung cép tai
nguyén truyén thong

Bén nhan

Bo cung cép tai
nguyén truyén thong

— 4“(\ /

Hang doi < » Hang doi

Hinh 2.2: Cung cip tai nguyén phan tén cho ciip yeu cau/déap tng

2.1.2. Ap dung song song héa thuat toan Lamport dé giai quyét
loai trit tuong hé phan tan

Qua Hinh dé cac may chi ndm bit dugc su kien dién ra thi mdi sy kien dugc
tao truyén song song dén cac may cha con lai. Trén co sd song song hoa thuat toan
Lamport trinh bay trong Muc 2.1.1, thuat toan loai trit twong h6é phan tan thyc hién
dita trén cai tién thuat toan Lamport dugde trinh bay trong Thuat toan .

Bang thé hien trat tu tong quat trén tit ca cic mdy chi, cac sy kien duge céc
may chii khac nhan biét miac du khong ¢6 sy kién hoat dong trén may chii cta chinh
minh. Theo Bang [2.1] tai thoi diém gid tri dong hd 16 gic 6, méy chii S; nhan biét da
nhan day du 2 thong diep REP-CS. Nhu vay, dén thoi thoi diém gid tri ddng hd 1o gic
6, may chii S; dugc phép vio mién ging. Tai thoi diém gia tri dong ho 16 gic 8, may
chii S, nhan biét duge may cha S; da xit 1§ xong va roi khdi mién giang dira trén thong
diep REL-CS néen tai thoi diém gid tri dong ho 16 gic 8 may chi Sy bit dau viao mién
ging. Hinh [2.1]thé hien trat tu téng quat cac thong diep theo thuat todn Lamport sau
khi cai tién. Sau khi 4p dung song song hoa thuat toan Lamport, tién trinh vao mién

ging som hon trong loai trir tuong ho.

Dé dat dugce két qua tren, thuat toan Lamport can dudc cai tién sang phuong thitc
truyén multicast. Nghien cttu ctia Luan an dé ra giai phap giai quyét trat tu tong quat

chéat ché trong hé phan tan dya trén song song hoa thuat toan Lamport trong loai trit
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tuong hd phan tan. Cac hoat dong clia hé phan tan phy thuoc vao moi truong truyén
thong c6 do tré 1a mot trong nhitng van dé quan tam d6 1a trat ty thong diep tiép
nhan va xit Iy trén cidc may chi. Nghién ctu ciua Luan an ddm bao cac trat tu thong
diép dya trén thuat toan Lamport nhat quéan gitta cac may chii sao cho qué trinh thyc
thi thong diép dan dén gian bo trong toan hé phan tan két hgp thuat toan 4PCoDT
trinh bay trong Muc 2.2.

Bang 2.1: Hoat dong dién ra trén cadc may chil trong trat ty téng quat chat ché

Gia tri ddng hd 16 gic May chi 1 May chi 2 May chii 3
1 S1 — S2:REQ-CS,1,1  S; — S2:REQ-CS,1,1 S1 — S2:REQ-CS,1,1
S1 — Sg:REQ—CS,l,l S1 — Sg:REQ—CS,l,l S1 — Sg:REQ—CS,l,l
9 So — S1:REQ-CS,2,2 S — S1:REQ-CS,2,2 S2 — S1:REQ-CS,2,2
S2 — S3:REQ-CS,2,2 Sy — S3:REQ-CS,2,2 S2 — S3:REQ-CS,2,2
SQ — SliREQ—CS,Q,Q S1 — SQZREQ—CS,l,l SQ — Sg:REQ—CSQ,Q
3 S1 — S2:REQ-CS,1,1 S — S3:REQ-CS,2,2 S2 — S1:REQ-CS,2,2
So = S3:REQ-CS,2,2 Sy — S1:REQ-CS,2,2 S1 — So:REQ-CS,1,1
4 S3 — So:REP-CS,4,3 S5 — So:REP-CS,4,3 S3 — So:REP-CS 4,3
5 S5 — So:REP-CS,4,3 S5 — So:REP-CS,4,3 S1 — S3:REQ-CS,1,1
S1 — S3:REQ-CS,1,1 S1 — S3:REQ-CS,1,1 S35 — So:REP-CS 4,3
S3 — S1:REP-CS,6,3 S3 — S1:REP-CS,6,3 S3 — S1:REP-CS,6,3

Ma&y cha S; vao mién ging

S1 — S2:REP-CS,7,1  S; — S2:REP-CS,7,1 S1 — S9:REP-CS,7,1
May chii So da nhan did REP-CS, chd lugt tiép theo vao mién ging

S1 — S2:REL-CS,8,1 51 — S2:REP-CS,7,1 S1 — S2:REL-CS,8,1
8 S1 — S3:REL-CS,8,1 S1 — S2:REL-CS,8,1 S1 — S3:REL-CS,8,1
S1 — S2:REP-CS,7,1  S; — S3:REL-CS,8,1 S1 — S2:REP-CS,7,1

May chii So vao mién ging

S1 — S2:REL-CS,8,1 S1 — S2:REL-CS,8,1 S1 — S2:REL-CS,8,1
S1 — S3:REL-CS,8,1 S1 — S3:REL-CS,8,1 S1 — S3:REL-CS,8,1

2.1.3. Hiéu nang thuc thi song song héa thuat toan Lamport

Dua vao mo ta cac tién trinh hoat dong trong mién gang va cac tham s trinh bay
trong Muc 1.2.1.3 dé danh gia hiéu nang loai trir tuong hd phan tan theo Hinh

Tham s6 do phitc tap thong diép ciia song song héa thuat toan Lamport duge xac

dinh dya trén s6 lugng thong diép yéu cau trén mot may chit cho mdi thuyc thi mién
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Thuat toan 2: Cdi tién thudt todn logi trit tuong ho Lamport

Input : Tién trinh
tt(start,jeton,lamporty ,lamport,,S _act,type,action,circle,content)
Output: Trat tu tong quat chit ché tién trinh, tién trinh vao mién ging va
loai trit tuong hd nho dau
1 Khdi tao hoat dong Hg, ., = 0, bién dém countCS[S;, sk] = 0, sk = 0, s6
luong may chtt S—=N, hang dgi req _ queue, lang nghe tién trinh tt;
2 Begin
action = tt.action;
if (action=1) then

sk = REQ-CS,
act = REQ-LAMPORT;,

Hs, ,=LAMPORT(S;ocal,act,sk);

l

tt(start,jeton,Hsg, ., ,lamports,Sioca, type, action, circle,content);

req queue(tt);

multicast(RequestCriticalSection sk, tt));
RequestCriticalSection(sk,tt)

Hg,, ., — tt.lamport;;

S; = tt.5 act;
if (sk = REQ — CS&Hs, < Hg,,.,,) then

sk — REP-CS}
act = REQ-LAMPORT:;
Hs, . —LAMPORT(Socal,act,sk);

tt(start,jeton,Hs,,Hg,, . ,S:,type,action, circle,content);

)

Ise if (sk = REP — CS&Hg, < Hg,,_,) then
sk = REP-CS;
act = REQ-LAMPORT;
Hs, . =LAMPORT(S,ocal,act,sk);

writelog(tt(start,jeton,Hs,,Hsg,, ., Siocal, type, action, circle,content) );

return RequestCriticalSection(sk,tt);
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CriticalSection(sk,tt)

content = tt.content;
process(content);

remove_req queue(tt);

sk = REL-CS;

act = REQ-LAMPORT;

Hg, . ,=LAMPORT(S;ocal,act,sk);
Hg, . ,=LAMPORT(S;ocal,act,sk);

tt(start,jeton,lamport,,Hsg,,_,,Si, type,action, circle, content);
return multicast(NextCriticalSection());

NextCriticalSection()
if (req queue != empty) then

pop_req queue(tt);
return CriticalSection(sk,tt)

Hang doi cac  FEQ_CS duoc  May chlivao  May chi roi May chlivao WMay chi roi
yeu cau mién gui di mién gdng  mién gang mién ging  mién gang
ging N\ 7 r r ra

| <
Thoi gian thuc thi | D6 tré qué trinh | Thoi gian thuc thi
mién gang dong bo hoa mién gang

Thei gian hoi dap

Hinh 2.3: M6 ta cac tién trinh hoat dong trong mién ging
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gang. D4i vii song song héa thuat todn Lamport yeu cau (N - 1) thong diep REQ),
(N - 1) thong diep REP, (N - 1) thong diep ACC, do d6, thuat toan yéu cau 3(N -
1) thong diep. Ddi v6i thuat todn cai tién loai trit tuong hod clia bai bao yéu cau (N -
1) thong diep REQ-CS va khong xét thong diep REP-CS va REL-CS trong qué trinh
nhan, do d6, thuat toan yeu cau (N - 1) thong diep khi vho mién ging. Nguyén nhan
do phic tap thong diép thuat toan loai trit twong hd thap bdi vi khi 4p dung song
song hoa thuat toan Lamport, cac thong diep REP-CS va REL-CS da duge nhan biét
va danh dau khi yéu cau gia tri dong ho 16 gic trén cdc may chi. Do d6, may chia yéu
cau vao mién gang khong can phai doi tiép nhan da thong diep REP-CS va REL-CS.
Ngoai ra, trong qué trinh truyén thong diép trong hé thong, thong diep REP-CS va
REL-CS bi phan méanh ho#c that lac khong dnh hudng dén qua trinh vao mién ging

clia may chi.

Tham s6 do tré qua trinh dong bo héa ky hieu 14 T dude xac dinh dya trén
khodng thoi gian yéu cau sau khi may cht bat dau phat thong diep yeu cau REQ-CS
cho dén khi phat thong diép roi khéi mién ging REL-CS hoidc may chii roi mién ging
dé nhudng cho méy chii tiép theo vho mién ging. Trong truong hop tai cao, may chi
tiép theo duge thyc hién mién ging ttc thi sau khi may chi truée vita roi khoi mién
gang. Tic c¢6 nghia 1a cAc may chi yéu cau vao mién gang da nhan du thong diép phan
hoi theo song song hoa thuat toan Lamport trong Thuat toan (1L Trong diéu kien 1y
tudng, T = 0.

Tham s6 thoi gian hoi dapky hieu 1a H dude xac dinh 1a khodng thoi gian tit khi
glii yéu cau vao mién gang cho dén khi ra khoéi mién ging. Theo mo ta trong Hinh
thoi gian hoi dap duge tinh bang Cong thic (2.1]) theo [62:

H=T+FE (2.1)
trong do: T 1a do tré qua trinh dong bo hoa va F 1a thoi gian thie thi mién gang.
D6i vdi truong hgp ap dung song song héa thuat toan Lamport, may chii dugc phép

vao mién gang ngay tai thoi diém may chii cudi ciing bat ddu phan hodi thong diep
REP-CS sau thong diep REQ-CS. Nhu vay, thoi gian hoi dap dugde xéc dinh:

1. Déi v6i truong hgp cho tiép nhan may chi cudi cliing bat dau phat thong diep
REP-CS, nghtala T = (N -1). H = (N-1) + E.

2. D61 véi truong hgp da tiép nhan da thong diep REP-CS va dang nam trong hang
doi chd vao mién ging trong lugt tiép theo, nghia la T — 0. H — F.

Tham s6 thong hugng hé théng ky hieu 14 A duge xac dinh dua trén ty 1é ma he
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thong thyc thi cdc yeu cau trong mién ging duge tinh bing Cong thic (2.2)) theo [62]:

A=— (2.2)

trong d6: H la thoi gian hoi dap. D6i véi truong hop T = (N —1) thit A = 1/(N - 1)
+ E. D6i v6i truong hgp T =0 thi A = 1/E.

D6i véi viec ap dung song song héa thuat toan Lamport trong thiyc thi mién ging,
thoi gian hoi dap clia tién trinh yéu cau mién gang va do tré qua trinh dong bo hoa
duge rat ngan. Két qua so sanh cac thuat toan thé hien trong Bang thuat toan
Lamport cai tién khi 4p dung song song héa thuat toan Lamport dat dugc hiéu nang

loai trit tuong hoé phan tin cao so vdi thuat toan Lamport va Ricart-Agrawala.

Bang 2.2: So sdnh hiéu nang clia thuat toan Lamport cai tién trong loai trit tuong ho

phan tan

Thuat toan Thai gian hdi dap Do tré ddng bé  Thong diép tai thdp Thong diép tai cao

Lamport 2T + E T 3(N - 1) 3(N - 1)
Ricart-Agrawala 2T + E T 2(N - 1) 2(N - 1)
Lamport cai tién T+ E T (N -1) (N -1)

Song song héa thuat todn Lamport cho phép thiét lap mot trat tu téng qudat chat
ché va ghi dau cdc su kién dién ra trén cdic mdy chi. Thudt todn cdi tién gin ddau cho
su kién yeéu cau 3(N - 1) thong diép. Khi dp dung song song héa thudt toin Lamport
trong thudt todn logi tri tuong ho, tién trinh di vao mién gang yéu cau (N - 1) thong
diép. Do dé, gidi phdp cdi tién cia Ludn dn dat hieu ndng cao trong cdi tién thudt
toan loai tru tuong ho phan tdn. Gidi phdp nay la mot phan trong thudt todn ddm bdo
tinh gdn bé trong thudt todn 4PCoDT.

2.2. Pé xuit thuat toan 4PCoDT diéu khién cung cap tai nguyén
trong hé phan tan trién khai trong may ao

Giai phap diéu khién cung cap tai nguyén diing chung trong he phan tan trién
khai trong may 4o dua vio phat trién cic han ché trong Muc 1.2.1.4 ctia Luan an.
Ngoai ra, gidi phap dugc ké thita vi phat trién diya trén thuat toan danh cho nhém
kin, dua trén quyén va di chuyén tudn ty dam bao trat tu toan phan trong hé phan

tan trinh bay trong Muc 1.2.1.2. Hé phan tan thuyc hién ddm bio gin bé thuc hien

83



tren vong tron ao thé hien qua Hinh Céc thong diep di chuyén qua cac may chi
S;li = 1..n thanh vong tron goi 1a vong tron 4o duge trich dan trong [65], mdi vong

thite hién chitc nang goi 14 mot pha trong tién trinh hoat dong.

Tinh gin b6 trong hé phan tan phai dat duge hai yéu t6 co ban: 1. ditf liéu trén
cac may chii phai nhat quén va 2. cdc may chi thyc hién cing mot giai thuat. Céc
thong diép truy cap dén hé phan tan phai qua mot gidi thuat co ban, dé Ia giao dich
thé hien qua thuat toan 4PCoDT mo t4 trinh ty hoat dong trén timng may chi. Thuat
toan 4PCoDT dugc thic hién trong hé diéu hanh phan tén.

Lot _—— ——
JRtad o~

————— » Pha 2: Thyc hién Cap nhat bang tam

Pha 3: Thuc hién Kiém tra qua trinh
dbng bd cac tien trinh

» Pha 4: Thuc hién Cap nhat bang chinh

Hinh 2.4: Thong diép di chuyén theo vong tron 4o

Sy hgp luye, gidm sat va diéu khién trong hé phan tan chi yéu dua vao co ché
truyén thong diep. Do d6, viec xay dyng mot cau triic thong diép rieng biét cho hé 13
didu can thiét. Thong qua ciu tric thong diép, hé phan tan c6 thé phan biet thong
diep danh cho tng dung dang thuc hién, dong thdi tach cic truong diéu khién va noi
dung thong dieép. Dua vio cau tric thong diép c6 thé nghién citu cac giadi phap tang
tinh b4do mat cho hé phan tan dya vao cau tric rieng va ma héa thong diép khi truyéen

trong hé thong mang.

Céc truong didu khién duge tach trong thong diep sé duge cap nhat lai va hru lai
vét khi di chuyén trong hé phan tan. Cac qua trinh hoat dong va dong bo héa trong
hé phan tan dua vao cac trudng trong thong diep dé dam bao tinh gin bo trong toan
he.
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Bang 2.3: Noi dung céc truong diéu khién trong thong diep

Trudng Y nghia
o Thong tin Server bit diu vong tron 4o [65], F1 = 1..n x 4 (n 1a s6 lugng may chi).
Fy Gia tri Jeton [65] hién thi cap nhat thong tin céc Server trong he théng, do dai cla gid tri chinh 13 n.

M&i may chii s& chiém giit gid tri tai vi trf cha may chli minh theo quy dinh. F5[i] = 0 — 4,i = 1..n, néu
gia tri khong thay ddi thi xem nhu may chii d6 bi sy ¢b va roi khdi vong tron do.

F3 Gia tri dong hd 16 gic [71] duge gan va thiét 1ap ché do wu tien thong diep.

Fy Gia tri dong ho 10 gic hien tai dugc gan. Néu F3 = F4 thi day 1a thong diep bdt dau phéat yeu cau tai
nguyén, nguge lai d6 13 thong diep di chuyén trong he théng.

F5 Tén m4y chit duge cap nhat khi di chuyén trong hé théng.

Fs Noi dung tuong itng v6i pha giao dich trong he théng, giao dich thic hien 4 pha co ban dé dam bao tinh

nhit quéan dit ligu.

Fr Cac trang thai hanh dong tuong tng voi pha giao dich trong hé théng Fr = 1 — 4, két thac clia 1 vong
di chuyén, F; tang len mot don vi.

F3g Gia tri vong thong tin ding ky, qué trinh dién ra ding ky hoan tat clia mot giao dich gia tri sé tang lén
mot. Trong qué trinh hoat dong xay ra 16i d6i v6i mot may chii, khi khoi phuc va vao lai vong tron, may

chi d6 chi cap nhat lai dit lieu tit vong bi 16i cho dén vong hién tai dya vao gia tri clia trudng Content.

4
» CAc bien co

Céc trudng diéu khién hé thbng Truong ndi dung

A

09| AR A|AAIR]A]F] 9| Cotet | as |

Hinh 2.5: Ciu triic thong diép di chuyén theo vong tron 4o ctia hé phan tan

Sau khi xay dyng thong diép cho hé théng, hé phan tan diéu khién truyén thong
diép qua moi trudng truyén thong ddm bdo cac géi tin truyén dén tap dich nhanh

chong va chinh xac, ddm bao thoi gian thuec.

CAu trac cia thong diep dua trén hai thanh phan chinh: cac truong diéu khién hé
théng va truong noi dung tac dong dén tai nguyen duoc tach lap béi cde bién co thé
hién qua Hinh .

Céc truong diéu khién dugc tach thanh 8 trudng, noi dung cac trudng mo ta trong
Béang . Céc gia tri tit Fy dén Fy duge cap nhat khi di chuyén qua mdi may chii bén
trong he. Trong d6, gia tri trudng F3 1 truong quan trong dé so sanh gia tri vu tien
nhim gidi quyét tuwong tranh tai nguyén va dong bo hoa cac tién trinh trong hé phan

tan.
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Dira vao ciu tric thong diep, céc qua trinh diéu khién va gidm sat thuc hien dya
tren cac trudng diéu khién he théng. Khi di chuyén qua cac may chi, thong diep duce
luu vét va so khép véi cac may chit khac dong thoi kiem tra qua trinh nhat quan di

lieu sau khi khic phuc sy ¢6 va tham gia vao hoat dong trong hé.

// A \\\
/[ Batdau

“‘\\ Giao dich //"

‘ Hang doi 1 thong digp ‘

v

—

_— T~
_— KiBm tra tinh hop \'\-\,\_
5 T~ l&thdngdiépden _—

2

Ghi laiva téch gia tr]
thdng didp

v

Lg‘y gla tri pha giao dich

va hanh dong cac pha

v

/./—/'//F’ha giao dich =1 &.\"\'\,\7 S
T Hanhdéng = SEND ;

) - T

" FPhagimodich=2& 5

T~ Hanhddng = TEMP

Gén gia tri dﬁng hé loglc \;g) ey ;gg\'\\

-

_— FPhagiao dich 5
Sip xbp trat ty thdngdidp | . Hanhdbng = SYNC’///ﬁ
Cap nhat bang tam T~ //-/'/ A
p _— T
Y ¢ i _— Phagiao dich =4 & —~__
Khoa truong dit liéu Y _ ~ ~__ Hanhdb UPD
Tao béng tam Sap xép trat tu thong digp L2y cac gid trjlién quan dén S \\.im taeng e
trong hang doi 2 giao dich Tl cac may chi T /D/
‘ Cap nhit bang tam ‘ _— ‘\\\\
w o /,///KJé?m tra dbng b6 céc\\\~\> ﬂj\a’t Ignh th"UC hiép C%PA\
'*‘ D T~_oykién trén da Server _— nhat theo gia tr] dong ho
Cap nhat cac gia tri \\\\ //’//
trudmg digu khién s
\ A
A Thuc hign céc tién trinh
LA Chuyén thdng digp di cAp nhat CSDL
chuyén trong vong tron

Hdy glao dich , €
ty giao ale \\GJaa dich /

nl o] .// K&t thic
» E—
L - |

Hinh 2.6: Thuat toan 4PCoDT dam bdo gin bé trong hé phan tén

Dé dam bdo tinh gin b6, dya trén thuat toan 3PC [99] Luan 4n dé xuat thuat
toan x1t 1§ cac pha giao dich thé hien ¢ Hinh Trong pha 1, dya vao song song héa
thuat toan Lamport trinh bay trong Muc 2.1.1 ctia Luan 4n dé lay gia tri ddng hd 16

gic va gan cho thong diép tai truong F; va F,. D6i v6i thong diép yéu cau tai nguyén
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thi gid tri 3 chinh 1a gia tri khéi dau cho qué trinh dang k¥ tai nguyén - gia tri nay
khong thay ddi khi di chuyén trong he thdng - dong thoi diing dé so sanh khi c6 nhiéu
tién trinh cuing tuong tranh mot tai nguyen. Két thic pha 1, truong dit lieu tai tai
nguyén dang ky bi khéa va mot bang dit lieu tam dudc tao ra nham dé ghi lai toan
b6 qué trinh dang ky trude khi cap nhat bang chinh. Khi truong dit lieu bi khoa, tai
nguyén dugce cap phat duy nhat cho tién trinh dang chiém gitt; khéa md khi va chi khi
tai nguyén bi qua han xit Iy hodc tién trinh c6 gia tri wu tién cao hon thong qua gia

tri dong ho 1o gic.

Trong pha 2 st dung hai hang doi ¢; va ¢o, ¢ tiép nhan cac thong diep dén. Fj
dam nhiém vai tro 1a gid tri duge sip xép trong ¢, tai pha 2. Két qua dau ra cia ¢
13 cac thong diep da duge sap xép theo trat tu gid tri F3. Trong qué trinh sip xép,
néu gia tri nao bi thiéu thi may chi yéu cau phat lai thong diep do tir méay chi con
lai trong hé théng. Két thtc pha 2, bang dit lieu tam dude cap nhat trén tat ca cac
may chii; néu pha nay bi hiy, chi can x6a bang tam va mé khoéa trudsng dit lieu dé giai

phéng tai nguyén.

Pha 3 1a pha nham kiém tra qua trinh dang ki dam bao tai nguyén dugc cap phét
duy nhat, pha nay so khép toan bo qua trinh hoat dong clia giao dich dang xit 1y tai
tat cd cdc may chi. Néu qua trinh so khép khong ding, lap tic hiy giao dich.

Pha / thuyc hién xit 1y tuan tur cac tién trinh sau khi sap xép trong pha 2. ¢, ddm
béo gia tri dong ho 16 gic cta thong diep tai dau ra clia hang dgi nhat thiét phai giong
nhau. Lénh yéu cau cap nhat dén tat cd may duge thyc hién béi may chi dang chiém

gitt gia tri [y, dong thoi ting gia tri F3 lén mot don vi.

Két thic qué trinh thyc hién qua thuat toan 4PCoDT, dit liéu trén cac bang ddm
béo tinh nhat quan va phong tranh tuong tranh dit lieu.

2.3. Trién khai gidi phap gin bé trong hé phan tan

Ban dau phan mém DSSim khong ¢6 mang 16p phii. Mang bao phii 13 mot mang
may tinh dugc xay duyng trén nhiéu mang khac. Do d6, mang bao phil sé cung cap
cai nhin tritu tuong vé toan bo mang. Vi vay, viéc cai tién va md rong DSSim c6 thé
mo phong hang ngan nit thé hien § mic vat 1y sé gitp theo déi hoat dong toan bo
he théng. Cac nit trong mang bao phil ¢6 thé duge thiét ké nhu mot tap hop cac nit
trung gian mot-mot tuong ing véi tap hgp cac nat vat 1y duge chon. Cac nut trong
mang bao phii ¢6 thé dugc coi 1a két ndi bing céc lien két 4o hoiic 16 gic; mdi lien két
tuong tng v6i mot duong dan, ¢ thé thong qua nhiéu lien két vat 1y trong 16p mang
bén dudi.
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run:
Khai pha to po - Mo phong...

Dang tao to po...

Tong so nut: 100

Tong so lien ket: 197

token = 'Token[n=5.0], line 3'

S0 AS: 5

So nut tren AS: 20

Dang doc nut...
IDNut=0toadox=536toadoy=233nutAS=-1
IDNut=1toadox=346toadoy=720nutAS=-1
IDNut=2toadox=534toadoy=624nutAS=-1

ID Nut =98 toa do x =893 toadoy =229 nut AS=-1

ID Nut =99 toa do x = 661 toa doy = 284 nut AS =-1

Hoan tat ...... Dang doc cung....

token = 'Token[n=0.0], line 108’

ID lien ket = 0 tu nut = 0 den nut = 1 delay = 522.7513749384118 bang thong =10.0
ID lien ket = 1 tu nut = 0 den nut = 2 delay = 391.0051150560565 bang thong = 10.0
ID lien ket = 2 tu nut = 1 den nut = 2 delay = 211.09239683134015 bang thong =10.0

ID lien ket = 195 tu nut = 99 den nut = 33 delay = 750.3392566033048 bang thong = 10.0
ID lien ket = 196 tu nut = 99 den nut = 88 delay = 217.86234185833956 bang thong =10.0
Them nut logic...

Dang tao nut logicso 0 ...

Dang tao nut logicso 1 ...

Dang tao nut logicso 2 ...

Dang tao nut logicso 3 ...

Dang tao nut logicso 4 ...

Chuyen doi nut va lien ket den do thi...

Hinh 2.7: DSSim doc thong s6 to po
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Nut dang chay = [01]

dia chi nut = [01]
Thong diep da nhan = [02]->[01], "[02]"
nut: [01]
nut: [00]
Thong diep da gui = [01]->[02], "[01]"
thong tin su kien = [su kien = MSG_NODE_SEND, nhan thoi gian = 246, data = [01]->[02], "[01]",node logic = [01]]
thong tin su kien nhan = [su kien = MSG_ROUTE_RECYV, nhan thoi gian = 472, data = [01]->[00], "[01]",node logic = null]
thong tin su kien = [su kien = MSG_NODE_SEND, nhan thoi gian = 246, data = [01]->[02], "[01]",node logic = [01]]
thong tin su kien nhan = [su kien = MSG_ROUTE_RECYV, nhan thoi gian = 406, data = [04]->[03], "[04]",node logic = null]
Thong diep da gui = [01]->[02], "[00]"
thong tin su kien = [su kien = MSG_NODE_SEND, nhan thoi gian = 246, data = [01]->[02], "[00]",node logic = [01]]
thong tin su kien nhan = [su kien = MSG_ROUTE_RECYV, nhan thoi gian = 472, data = [01]->[00], "[01]",node logic = null]
thong tin su kien = [su kien = MSG_NODE_SEND, nhan thoi gian = 246, data = [01]->[02], "[00]",node logic = [01]]
thong tin su kien nhan = [su kien = MSG_ROUTE_RECYV, nhan thoi gian = 406, data = [04]->[03], "[04]",node logic = null]
thong tin su kien = [su kien = MSG_NODE_SEND, nhan thoi gian = 246, data = [01]->[02], "[00]",node logic = [01]]
thong tin su kien nhan = [su kien = MSG_NODE_SEND, nhan thoi gian = 246, data = [01]->[02], "[01]",node logic = [01]]
nut: [01]
thong tin su kien = [su kien = MONITORING_LLINK_CREATION, nhan thoi gian = 246, data =
[Ljava.lang.Object;@63c12fb0,node logic = [01]]
thong tin su kien nhan = [su kien = MSG_ROUTE_RECYV, nhan thoi gian = 472, data = [01]->[00], "[01]",node logic = null]
thong tin su kien = [su kien = MONITORING_LLINK_CREATION, nhan thoi gian = 246, data =
[Ljava.lang.Object;@63c12fb0,node logic = [01]]
thong tin su kien nhan = [su kien = MSG_NODE_SEND, nhan thoi gian = 246, data = [01]->[02], "[00]",node logic = [01]]
thong tin su kien = [su kien = MONITORING_LLINK_CREATION, nhan thoi gian = 246, data =
[Ljava.lang.Object;@63c12fb0,node logic = [01]]
thong tin su kien nhan = [su kien = MSG_ROUTE_RECYV, nhan thoi gian = 406, data = [04]->[03], "[04]",node logic = null]
thong tin su kien = [su kien = MONITORING_PROP_CHANGED, nhan thoi gian = 246, data = {knownHosts=[[01], [00],
[02]], myAddress=[01]},node logic = [01]]
thong tin su kien nhan = [su kien = MSG_ROUTE_RECYV, nhan thoi gian = 472, data = [01]->[00], "[01]",node logic = null]
thong tin su kien = [su kien = MONITORING_PROP_CHANGED, nhan thoi gian = 246, data = {knownHosts=[[01], [00],
[02]], myAddress=[01]},node logic = [01]]
thong tin su kien nhan = [su kien = MSG_NODE_SEND, nhan thoi gian = 246, data = [01]->[02], "[00]",node logic = [01]]
thong tin su kien = [su kien = MONITORING_PROP_CHANGED, nhan thoi gian = 246, data = {knownHosts=[[01], [00],
[02]], myAddress=[01]},node logic = [01]]
thong tin su kien nhan = [su kien = MSG_ROUTE_RECYV, nhan thoi gian = 406, data = [04]->[03], "[04]",node logic = null]
thong tin su kien = [su kien = MONITORING_PROP_CHANGED, nhan thoi gian = 246, data = {knownHosts=[[01], [00],
[02]], myAddress=[01]},node logic = [01]]
thong tin su kien nhan = [su kien = MONITORING_LLINK_CREATION, nhan thoi gian = 246, data =
[Ljava.lang.Object;@63c12fb0,node logic = [01]]
thong tin su kien = [su kien = NODE_END, nhan thoi gian = 246, data = null,node logic = [01]]
thong tin su kien nhan = [su kien = MSG_ROUTE_RECYV, nhan thoi gian = 472, data = [01]->[00], "[01]",node logic = null]
thong tin su kien = [su kien = NODE_END, nhan thoi gian = 246, data = null,node logic = [01]]
thong tin su kien nhan = [su kien = MSG_NODE_SEND, nhan thoi gian = 246, data = [01]->[02], "[00]",node logic = [01]]
thong tin su kien = [su kien = NODE_END, nhan thoi gian = 246, data = null,node logic = [01]]
thong tin su kien nhan = [su kien = MONITORING_PROP_CHANGED, nhan thoi gian = 246, data = {knownHosts=[[01],
[00], [02]], myAddress=[01]},node logic = [01]]
thong tin su kien = [su kien = NODE_END, nhan thoi gian = 246, data = null,node logic = [01]]
thong tin su kien nhan = [su kien = MSG_ROUTE_RECYV, nhan thoi gian = 406, data = [04]->[03], "[04]",node logic = null]
Thoi gian hien tai = 245

Hinh 2.8: Cac su kién trong chuong trinh mo phéng DSSim

2.3.1. Cac hoat dong hé phan tan

Trong cac hé thong mang 16n thudng xuyén xay ra 18i trong qua trinh hoat dong.
Mo phong 16i 13 mot trong nhitng véu té quan trong khong thé thiéu trong mo phéng
thuye té. Vi vay, ta cAn phai mo phong 16i ngiu nhién phét sinh ctia cac hé thong mang.
Céc thuat toan trong cac hé théng phan tan can c6 dé déi pho véi cac 16i mang. Vi
vay, mo phoéng ctia 16i la rdt quan trong, mo phéng cé thé tu dong phuc hdi tir 16i.

Phuc héi 16i dat duge bing cich stta doi cac bang dinh tuyén, cac géi tin sé duge dinh
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tuyén theo bang dinh tuyén méi.

(%) Khai pha to po - o IEN

a8
50

) 2 82
72
- a9 0 67
95 - 17
2
16 62 15
— oy (03] 76 129 a3
97 61 a7 98
a
6 77 64
20 T g Eg [02] 92
66 ey 12 [01] 26
55 - R— 20 2 1
32 14
70 20 3 18 19 a5 22 = 58
46 59
81 56 = 8 55 75
68 2 90
73 45 10 [00] 13
[0a] 69 24 1 -
74
541 1281 135 7
87 a1 21 a8 79 55
n 26 91
57 52 23
42 78

27
9a

Hinh 2.9: Giao dién thé hien két qua thic thi t6 po trén cong cu mo phong DSSim

Cac 16p chinh trong qua trinh thyc thi DSSim la: SimModel, SimEvent, DSSim va
To6 po. Lop SimModel dinh nghia cac thuoc tinh ciia mang duge mo phéng bao gom
boén thuoc tinh 1&: mo6 hinh dinh tuyén, 4nh xa nat, x 1§ do tré nat v xi 1y do tré
dinh tuyén. Mo hinh dinh tuyén xéac dinh chién luge duge stt dung dé tinh cac bang
dinh tuyén trong 16p vat ly. Anh xa nat chita thong tin vé tit ca cac nit 16 gic trong
mang anh xa cdc nit 16 gic tuong ng nit vat 1y. Xit 1y do tré nit 13 thoi gian can thiét
dé xtt 1y thong diep tai nat d6. Xir Iy do tré dinh tuyén I tong thoi gian can thiét xit
I¥ thong diép clia cic nit trung gian dé dinh tuyén thong diep t6i nit dich. DSSim
mo phong dya trén sy kién roi rac, vi vay moi hanh dong dién ra trong hé duge xi
Iy nhu mot sy kien. Lép SimEvent bao gdom cac tap cac su kien dude xac dinh truée
trong DSSim. DSSim cung cap mot s6 t6 po duge xac dinh trude nhu t6 po vong tron

40, t6 po ngau nhieén,...

DSSim phan biét gitta t6 p6 mang vat 1y duge tao ra bdéi bo tao td pd va to po

mang 16 gic dat duge sau khi 4nh xa cac nit tang ting dung thire thi thuat todn phan
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tan trén cac nat vat ly. Céac niit 16 gic truyén thong qua co ché truyén thong diep, mo

phong DSSim dinh tuyén cac thong diép trong t6 po mang vat ly. DSSim st dung thuat

toan phan cap dinh tuyén véc to khodng cach hai 16p tuong tu dinh tuyén Internet

trong cac hé thong ty tri.

Dé thuc hieén mo phéng cac bude thuc hien theo quy trinh:

Budc 1: khai bdo s6 niit 4o thyc hién viéc tiép nhan va xit 1y thong dieép.

Budc 2: khai bao duong dan dén tap tin da duge xuat ra tir chuong trinh BRITE.

Budc 3: thyc hién chay chuong trinh mo6 phong.

Bude 4: nhan két qua thuc hien qua 2 dang: d6 hoa hién thi cac nit hoat dong
trén mit phéng theo Hinh cac hoat dong va su kién dién ra bén trong hé
theo Hinh 2.7 va

Bang 2.4: Cac sy kién do6i v6i nat trong mo phéng phan tan

STT Tén su kién

Y nghia

W o O U W N =

_= = = = =
S T R

UNKNOWN
ALL
MSG NODE_ SEND/MSG NODE_RECV

MSG ROUTE_SEND/MSG ROUTE RECV

ROUTE_BEGIN/ROUTE_END

NODE_ BEGIN/NODE END

NODE CREATION/NODE REMOVAL
NODE TIMER

MSG_DROPPED
MONITORING LLINK CREATION
MONITORING LLINK REMOVAL

MONITORING NODE_ FUNCTION CREATION
MONITORING NODE_ FUNCTION REMOVAL

MONITORING PROP CHANGED

Khong xac dinh sy kién

Tat ca su kién

Nat gti/nhan thong diep

Bo dinh tuyén giti/nhan thong diep
Bo dinh tuyén bdt dau/két thic
Nit bat diu/két thic

Tao/x6a nit

Bo dinh thoi nat

Huy thong diép

Giam sat tao lien két

Giam sat xo6a lien két

Giam sat tao chitc nang nit
Giam sat x6a chitc ndng nit

Giam s&t thay déi

Hinh thé hien két qua doc t6 po bao gdm cac nit va cung tir tap tin BRITE

vao hée théng mo phéng. Dé thuyc hién viec truyén thong diép giita cdc may chi trong

vong tron 4o trong Muc 2.3 ctia Luan an. Sau khi tién hanh khdi tao hoan chinh to

po, phan dudi cing Hinh thé hien cac nat 4o dudc tao, cic ntt nay di chuyén theo

nguyén 1y vong tron do. Céc niat 4o nay dai dién cho tng dung cung cap tai nguyén

d6i v6i nguoi sit dung, cac hoat dong va sy kién dién ra bén trong hé phan tan thé
hién qua Hinh Theo Hinh mot sy kién dién ra trong hé phan tan bao gom céc
truong thong diep thé hien qua Bang .
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W W W2 W N
L > Lignkér
» Nitvat Iy
Nt 16 gich

Dit liéu di chuyén gitta hai Server

Gi4 tri dbng hd logic hién tai dugc gén

vV VvYYy

Tén su kién
Hinh 2.10: Cau tric thong diép trong hé théng mo phéng DSSim

Céu tric cia mot thong diép di chuyén qua hé théng bao gom cac truong mo ta

theo Hinh [2.10l

2.3.2. Trién khai thuat toan 4PCoDT trong hé phan tan

Luan an trinh bay chuong trinh mo phong thuat todn 4PCoDT ctia hé phan tan
trong Muc 2.3 ctia Luan an 1a bai toan bai d6 xe mo ta trong vi du thit hai trong Muc
1.3.1 ctia Luan an. Chuong trinh xay dung trén ngodn ngit Java, hé quan tri co sé dit
lisu MySQL thuc thi trén hé diéu hanh Windows Server 2008 ndm trong hé théng 4o
hoa VMware vSphere.

Giai phap dé xuét ctia Luan an dé giai quyét bai toan didu khién cung cip tai
nguyén dung chung nhu sau:

Céac BV phai hop luc véi nhau dé phan phéi chinh xac céc cho trong bai, diic biat
1a s6 lugng cho con tréng cang it, thi vai tro ctia hop luc cang quan trong. Cac budc

hop luc thé hien nhu sau:

- Budc 1: Phéi hop, st dung dong ho 16 gic dya trén song song héa thuat toan
Lamport dé gin gia tri cho cic tién trinh (xe vho/ra) yéu ciu/gidi phong tai
nguyéen (VT). Sau khi da ¢6 gia tri dong ho 10 gic, lap tic gan gid tri nay cho

tién trinh yéu cau VT.

- Budc 2: St dung 2 hang doi dong dé tiép nhan va sip xép cic gia tri dong ho 16

gic. Tao ra mot bang dit lieu tam dé cap nhat thong tin tién trinh.

- Budc 3: Ra soat lai cac budce da thuc hién trude khi cap phat VT. Bude nay
kiém tra lai cac gid tri dong hd 16 gic da cip phat cho céc tién trinh. Néu tai
nguyén ndo di cip phat cho hai tién trinh trg len, 1ap tic kiém tra, so sanh gia
tri dong ho 16 gic. Gia tri dong ho 10 gic ¢6 gia tri nhd hon duge wu tien. Cac
tién trinh c6 gia tri dong ho 16 gic cao hon thi hily cung cap tai nguyén va thong

bao dén tat cd cac BV dé xac nhan.
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- Budc 4: Xit Iy tuan ty céc tién trinh wu tién sau khi sip xép. Khi dén gia tri
dong ho 16 gic & hang dgi 2 can duge xit Iy, BV nao dang chiém gitt dé cap phat
cho tién trinh phat léenh cho phép céc tién trinh yéu cau/giai phong tai nguyen.

Sau khi hoan thanh, luu vét thong tin toan bo qua trinh thyc hién clia cac tién

trinh
v MySQL Query Browser - Connection: root@localhost:3306 -a n
File Edit View Query Script Tools Window MySQLEnterprise Help
© | @ Transacion () @ Qe | Q2000009 | &
Q Resultset 8 Schemata
~
1|SELECT * FROM “db . serverl ; B
» ] severl
viti bienso hieu mau > W serve2
» server3
» 6 43X123.45 MER D0 =
» ] serverd
D27 43462586 TOYOTA DEN VT
serverS
£72 43812345 TOYoTA DEN information_schema
D61 43012345 TOYOTA D0 -

mysal
peiformance_schema

test

(a)
v MySQL Query Browser - Connection: root@localhost:3306 - a n
File Edit Viewv Query Script Tools Window MySQLEnterprise Help
© @ Tasacion () o Qo | Q200008008 | &
O Resultset 8 Schemata
.l
1|SELECT * FROM “db" . serverl: =
» ] sewverl
i bienso hieu mau b se've'g
server.
» 6 4312345 MER D0 Ml sorvert
027 43462586 TOYOTA DEN VBl sorvess
72 43412345 TOYOTA DEN Ny ————
D61 43012345 TOYOTA 00 vl
o7 43X015.68 TOYOTA DEN » ) performance_schema
> test

Hinh 2.11: Trang théi cidc bang dit liéu trén cdc may chu

Cac budce thye hién néu trén chinh 1a cac pha trong thuat toan 4PCoDT. Muc dich
ctia Luan an la trinh bay giai phap ddm bao tinh gin bo trong hé phan tan, chuong
trinh thyc hién trén tang SaaS ctia mo hinh Dién todn dam may. Thong qua thuat
toan, cac chuong trinh dugc trién khai trén cac may chii 40 nhim cung cip tai nguyen
diing chung déi vdéi nguoi st dung. Cac chuong trinh nay 13 mot nat do thyc hién mo
phong phan 2.5.1 thé hién viéc di chuyén theo nguyén ly vong tron 4o trong to po.

M&di thong diep duoce tao ra va dinh tuyén di trong vong tron 1a cac sy kien duge tao

ra trong Bang

Hinh thé hien trang thai hién tai cdc bang dit lieu trén cac may chi, cac
truong dit lieu thé hien trang thai nhat quan. Chuong trinh tir ngudi stt dung truy cap
dén may chit bat ky trong hé théng dé dang ky vi trf trong bii db thé hien Hinh [2.12h.
Sau khi diang ky hoan tat, thong bdo giti vé bao cho nguoi st dung biét qua trinh thuc
hién da thanh cong.
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(%) He thong Bai do xe o to

Goi-Tra xe I Hien trang }

Server: Server 1 v
Vitri: Khu E v| loso {72
Bien so |43A-123.45

Hang xe Mau xe
vToy‘ota | Den

Thoi gian 16:19:14 17-04-2016

Thong tin

[Da ket noi den Server tai cong 2001
[Thong bao: Vi tri da co xe goi

Da ket noi den Server tai cong 2001
[Thong bao: Da thuc hien thanh cong

1
L Goi xe ‘ Tra xe

Xoa

© N

(@)

[&] Server 2 = O EEM (2 Server 3 - O EEE
SERVER SERVER
d.ang cho ket noi lay Lamport Al Chuyen thong diep, thuc hien khoa truong DL. -

Chap nhan ket noi tu clients2.google.com tai cong 59727
Thong diep nhan: @$1/10000|1|Server1|Locked|1]1238$C17|
431-015.68]Toyota|Den|20:20:23 26-12-2016|SETS@

Chuyen thong diep, thuc hien khoa truong DL.

Server 2is listening on port 2002

Chap nhan ket noi tu clients2.google.com tai cong 59739,
Thong diep nhan: @$3/11111|1|Server3[Temped]2|12355C17]
43x-015.68[ToyotalDen|20:20:23 £

Chuyen thong diep, thuc hien tao

Server 3 is listening on port 2003,

Chap nhan ket noi tu clients2.google.com tai cong 59737.

Thong diep nhan: @$2111111[1|Server4|Temped|2/1238$C17)|
43x-015.68[ToyotalDen|20:20:23 26-12-2016|SETS@ 7
Chuyen thong diep, thuc hien tao bang tam CSDL.

Server 3 s listening on port 2003
e gle.com tai cong 59745
“;erveerUDda(edBHZ}SSm7|
26-12-2016/SETS@

Server 1

SERVER 1

Server 2 is listening on port 2002
Chap nhan ket noi tu clients2.90o
Thong diep nhan: @$1]11111]1]S]
43x-015.68[Toyota|Den|20:20:23 4
Chuyen thong diep, thuc hien cap

[ —————

%) Servi
—————————————SERV
Chap nhan ket noi tu clients2.goo
Thong diep nhan: @$1/11111/1]S]
431-015.68[Toyota|Den|20:20:23 4
Chuyen thong diep, thuc hien tao

Server 4 is listening on port 2004.
Chap nhan ket noi tu clients2.goo;

Server 1 s listening on port 2001

dang cho ket noi lay Lamport

#send

dang cho ket noi lay Lamport

Chap nhan ket noi tu clients2.google.com tai cong 59725,
Thong diep nhan: @$0/00000|1[ClientjSend]1]12385C17]
43x-015.68[Toyota|Den|20:20:23 26-12-2016|SETS@
Thuc hien khoa truong DL. Chuyen thong diep

Server 1 s listening on port 2001

Chap nhan ket noi tu clients2.google.com tai cong 59741
Thong diep nhan: @84]11111|1|Server2[Temped|2|1238$C17]
43x-015.68[Toyota|Den|20:20:23 26-12-2016|SETS@
Ketthuctao bang tam, cap nhat CSDL chinh Quay vong nguoc.

Server 1 is listening on port 2001

Chap nhan ket noi tu clients2.google.com tai cong 59757.
Thong diep nhan: @S4|11111|1|Server2iSynchronymed|4|123
$5C17143x-015.68[ToyotalDen|20:20:23 26-12-2016|SETS@

) nhat bang chinh CSDL.

bgle.com tai cong 59753

Serverd|Synchronymed|4|

n|20:20:23 26-12-2016SETS{

trinh dong bo hoa cac tien trin| !
»

o

rer5 =

'ER 5

bgle.com tai cong 59732.
Serverd|Locked|1]12388C17|
26-12-2016|SETS@

Thong diep nhan: @$3[11111/1|S

Hoan tat giao dich. Ket thuc vong tron ao

431-015.68[Toyota|Den|20:20:23 4
Chuyen thong diep, thuc hien cap nhat bang chinh CSDL.

Server 4 is listening on port 2004.

Chap nhan ket noi tu clients2.google.com tai cong 59751
Thong diep nhan: @$1]11111|1|Server5|Synchronymed|4|
123$$C17]43x-015.68|Toyota|Den|20:20:23 26-12-2016|SET${
Chuyen thong diep, kiem tra qua trinh dong bo hoa cac tien trin

Server 4 is listening on port 2004.

« »

bang tam va Quay vong nguoc.

Server 5 is listening on port 2005.

Chap nhan ket noi tu clients2.google.com tai cong 59749,

Thong diep nhan: @$4]11111|1|Server4|Updated|3|123$$C17]
43x-015.68[ToyotalDen|20:20:23 26-12-2016|SETS@

et thuc qua trinh cap nhat, kiem tra dong bo hoa TT va Quay vong|

Server 5 is listening on port 2005.

(b)

Hinh 2.12: Chuong trinh thé hién thuat toan 4PCoDT

Két qua hoat dong trén cac méy chi thé hien trong Hinh [2.12b. Khi ngudi sit dung

bit dau két ndi yeu cau tai nguyen, gia tri dong hd 16 gic duge khdi tao dé gin gia

tri cho thong diép va bat dau cic pha ciia giao dich. Cac thong diep dich chuyén theo

nguyén 1y vong tron do dé thuc hien 4PCoDT. Khi thong diép di chuyén qua titng

may chit dé thuyc hien xi 1y thong diép, cic truong diéu khién dugc tach ra v xt 1y

dua vao timg truong cu thé. Cac truong sau khi duge xit 1y sé cap nhat lai dé tai thiét

lap trudce khi giti cho may chu tiép theo trong vong tron.

Két thic giao dich, dit liéu trén cdc méy chii cho két qua giéng nhau duge thé hien
& Hinh [2.11pb, trang thai nay goi 1a nhédt qudn da lieu trong hé phan tdn.

2.3.3. Danh gia va nhan xét cac thuat toan trong hé phan tan

Trong qué trinh nghién citu va thyc nghiém, Luan an da dwa ra mo hinh cung

cap tai nguyén cho hé phan téan do. Dac tinh nay quan trong doi vdi cac itng dung

Dién toan ddm may, khi nhu cau tai nguyén diing chung trén dam may khong con phu

thuoc vao hé quan tri co s6 dit lieu cuc bo [28, [76, 10I] ma chi can mo ta ciu tric

cho phép truy van thong qua co s§ dit lieu nhu 13 mot dich vu DBaaS (Database as a

Service).

So v6i cac thuat toan hién tai nhu 2PC, 3PC, thuat toan 4PCoDT c6 sut cai tién,
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dé 1a pha kiém tra dong bo héa tién trinh dya vao gia tri dong ho 16 gic. Gia tri dong
ho 16 gic nhim dé xac dinh do uwu tién trong trat tu tong quat cic tién trinh yéu ciu
tai nguyén dé ddm bao phong, tranh bé tic. Ngoai ra, cic pha thuc hien trong thuat
toan 4PCoDT cho phép tai nguyén cip cho tién trinh la duy nhat, dam bdo su gdin
b6 trong hé thong va nhdt qudan dit liéu trén cic mdy chi do. Qua bén pha thuc hien
trong vong tron 4o, két qua céc tién trinh roi vao mot trong hai trudng hop: duge va
khong ditde cung cap tai nguyén dung chung. D6i v6i céc tién trinh khong duge cung
cap tai nguyén dung chung, cac pha giao dich tién hanh hay bd giao dich va thong
béo cho ngudi sit dung, tranh truong hgp phai mét chi phi khoi phuc giao dich nhu
thuat toin 2PC, 3PC trong [99].

Bang 2.5: So sanh giao thitc 2 pha, 3 pha va 4 pha

2 pha 3 pha 4 pha
Loai giao dich 2 pha 2 pha mé rong 3 pha md rong
Pha bau chon X X
Pha tién 0y thac X
Pha kiém tra dong bo tién trinh x
Pha uy théac X X X
Khoa giao dich thap cao cao
Trao ddi thong diep 4(n-1) 5(n-1) 6(n-1)
Chi phi truyén thong thap cao cao
Ghi log 2n 2n 2n
Do phic tap O(n?) O(n?) O(n%)
Chi phi khoi phuc giao dich thap cao
Hiéu ning thap cao cao
Ap dung cho giao dich phan tdn  khé6 khin dé dang dé dang

Bang thé hien két qua so sanh cac giao dich 2 pha, 3 pha va 4 pha. Giao dich
4 pha c6 uwu diém hon so véi giao dich 3 pha la kiém tra qua trinh dong bo héa céc
tién trinh dién ra bén trong hé phan tin dé dam bao tinh gin bé manh v dat dugc
hiéu nang cao. Bén canh d6, pha kiém tra dong bo hoa tién trinh phat hién céc giao
dich bi 18i 1ap titc thong béo va hiy cac giao dich lién quan dén tién trinh dang quéan
Iy nén khong c6 chi phi khoi phuc giao dich nhu giao dich 2 pha va 3 pha. Ngugc lai,
nhuge diem giao dich 4 pha st dung nhiéu pha hon so vé6i 2 pha va 3 pha nén c6 nhuge
diém 1a lugng thong diep trao doi nhidu hon din dén chi phi truyén thong va ghi log
cao, do phtc tap l6n.
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Tiéu két Chuong 2

Cong trinh nghién citu trong Chuong 2 da trinh bay cdc van dé gidi phdp cung cip
tai nguyén truyén thong trong hé phan tan va thuat toan ddm bdo tinh gin b6 trong
hé phan tan do. Song song hoa thuat todn Lamport trong cong trinh cong b6 sb (2)
nhiam gin dau va thiét lap trat tu tong quat chit ché cac tién trinh hoat dong trong he
phan tan. Ap dung song song héa thuat toan Lamport trong loai trit tuong hé dé dam
béo tién trinh duy nhat vao mién ging va dat dugc hiéu ning cao ctia hé phan tan.
Thuat toan 4PCoDT trong cong trinh cong b6 s6 (4) dam bao tinh gin bé tap trung
vao viec xay dung thong diep, co ché diéu khién, giam sat va dinh tuyén tit ngudn dén
dich. V& ciu trac thong diep thé hien dic tinh méi cho hé phan tan dé xac lap co ché
diéu khién qua lai gitta cdc may chii nhim hgp lyc cung cip tai nguyén ding chung.
Chuong trinh diéu khién thong diep dugc phat trién trén nguyeén 1y vong tron 4o, dua
vao d6 Luan an dua ra thuat toan 4PCoDT nham dam bao tinh gin bé cho hé phan
tan thong qua moi truong truyen thong. Nhuoce diém trong cung cip tai nguyen truyén
thong trong hé phan tan dya trén co ché truyén multicast 1 thong tin bi trung lap
tai tap dich dan dén lang phi tai nguyén truyén thong. Giai phap xit Iy trung lap goi
tin ¢6 nhiéu giadi phap duge trinh bay nhu: phuong phap tiép can ving lan can duge
sdp xép (Sorted Neighbourhood Approach) ctia Hernédndez va Stolfo [44]; gidi phap
thie thé (Entity Resolution) clia cac tac gia Elmagarmid, Ipeirotis v Verykios [29);
phuong phéap tiép can dya trén khoang cach (Distance-Based Approach) clia cac téc
gia Whang, Marmaros va Garcia-Molina [I33]; chién luge dém trung lip (Duplicate
Count Strategy) ciia cac tac gid Draisbach va cong su [27]; ngoai ra, tdc gid Zahid va
Sharif trinh bay giai phap so khdép noi dung (Content Matching) [I41]. C6 nhiéu giai
phap khac nhau dé giai quyét van dé vira néu, xong Luan an chi tap trung vao giai

phép k¥ thudt ma mang.
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Chuong 3.

GIAI PHAP KY THUAT MA MANG TOI UU DIEU

KHIEN CUNG CAP TAI NGUYEN TRUYEN THONG
TRONG HE PHAN TAN

Ki thuat ma mang 1a gidi phap k§ thuat mang cho phép dit lieu truyen duge ma
héa va gidi ma nham ting thong lugng va tranh trung lip goi tin tai tap dich. Szabo
va cong sy trong [121] trinh bay nghién citu ma mang nhu la dich vu. Céc téc gia ciing
da néu lén hieu qua ctia ma mang doi véi thong lugng, do tré, do tin cay, an ninh giita
cac may chu trong hé phan tdn. Cac tac gid ciing nhan manh 3 huéng co ban, 3 huéng

d6 da cing ¢b cho su phat trién ctia Luan an:
1. Giai thich lam thé ndo ma mang cai thién hiéu ning mang.
2. M4 mang két hop v6i SDN.

3. Hiéu nang ctia hé thong st dung ma mang so v6i hé théng khong dung ma

mang.

Ngoai ra, Szabé va céc cong su trinh bay sy phét trién ctia cach mang 5G trong
nghién ciu [122] d6 1a kién tric SDN khai thac ma mang nhu 1a dich vy. Dya vao
nhitng dic tinh va urtu diém ciia ky thuat ma mang, Chuong 3 ctia Luan 4n tap trung
vao giai phap diéu khién ty 1é ngudn v6i mi mang, giai phap t6i uu truyén thong
multicast v6i ma mang va thuat toan x4ac dinh m& mang tuyén tinh. Cac giai phap
trong Chuong 3 giai quyét cac nhom bai toan gidi phap cung cip tai nguyén truyén
thong cho hée phan tan, didu khién t§ lé ngudn va téi wu truyén thong multicast véi
mé mang. Céc nhom giai phap dudc trién khai phan 2 v 3 trén tang SaaS va PaaS
trong he théng 4o héa trong mo hinh téng quat & Hinh [1.23]

3.1. Giai phap diéu khién ty 1&é ngudn v6i ma mang
3.1.1. Cac rang budc trong giai phap co ban cua ky thuat ma mang

Theo tac gia Ahuja va cong su trong [2] trinh bay bai toan chi phi luu lugng nhu
sau: Mang G = (U, V) la mang c¢6 huéng duge xac dinh béi tap U = {S;|i = 0..n} 1a
tap cac nat S; va tap V = {S;;|i = 0..n,j = 1..m} 1a tap céc canh S;; c¢6 hudng. Méi
canh S;; € U c6 chi phi cp;; biéu thi chi phi tréen mot don vi luu lugng tren canh do.
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Ching ta gid dinh chi phi luu luong thay déi tuyén tinh véi luong luu lugng. Ching
ta sé két hop v6i mdi canh S;; € V mot trong sb ts;; biéu thi cho cuc dai htu luong
va can dudi [;; biéu thi luong cuc tiéu luu luong trén canh. Ching ta két hop véi moi
nat S; € U mot ty 1é tl;; dai dien cho yéu cau/dap ting. Néu tl;; > 0, nat ¢ 1a nat yéu
cau; néu tl;; < 0, nat ¢ 1 nat dap ing véi gia tri —¢l;;; néu tl;; = 0, nat ¢ 1 nat trung

gian chuyén tiép thong tin.

Theo tac gia Chou va cong su trong [17], tac gid Ho va cong su trong [46] trinh
bay m& mang dugc xay dung st dung cach tiép can clia ma mang tuyén tinh ngiu
nhién phan tan, trong d6 cdc nit mang hinh thanh cac goi dit lieu ra bang cach két
hop tuyén tinh ngiu nhién cia cdc khéi cac bit tuong ting trong cdc goi tin vao. Su
két hop tuyén tinh tuong dng v6i méi géi c6 thé duge xac dinh bdi he s6 véc to trong
phan dau goéi, duge cap nhat bing cach 4p dung hé sb cac véc to bién ddi tuyén tinh
giobng nhu dit lieu. M6i ntt trung gian nhan goi tin véi xac suat cao l1a tap cac goi tin
v6i hé s6 véc to tuyén tinh doc lap cho phép gidi ma. Bit phan dau cia cic hé sb véc
to phu thuoc vio cac thong sé clia mé mang dudce chon dé tac dong bit phan dau dya

trén hieu nang thyc thi va n6 gidm dan theo kich thuéc cia goi tin.

Ma mang thuc hién cdc dong thong tin (ky higu dt) cho cac nat dich khac nhau
ctia phién multicast dé chia sé dung lugng mang bing cach ma héa ciing nhau: v6i méi
phién multicast don p c6 ty 1é truyén thong ¢” tit ngudn dén cac diém dich. Dong vat
1y (ky hidu dv) thé hien gid tri t&i da truyén thong tin trén mdi lien két (k, 1) theo cau
hinh lién két cac thiét bi dinh tuyén. D6i voi méi lien két (k, 1), Sy, 1a diém ngudn va
S 1a diém dich, k,l € U. Theo nguyén If clia tdc gid Ahuja vi cong su trong [2], cic
rang bugc vé ty 1é dong thong tin trén mdi lien két (k, [) thé hien qua Cong thitc (3.1))

cta Luan an nhu sau:

U U tlP néu k = S,
DU WG @1
(kD) L:(k,1) 0 ngugc lai

trong do: mdi lien két (k, 1): dti‘j’ 14 dong thong tin tir Sy, dén dich S; ctia phién p.
Néu 1a dong thong tin yéu cau tit S, dén S; nhan ty 1 d6i v6i phién p tIP, néu la dong
thong tin dap dng tir S; dén S, nhan ty lé ddi v6i phien p —tIP, d6i véi dong thong
tin 1a diém ngudn Sy hodc diém dich S; nhan gia tri 0.

dvy,; 1a ky higu dong vat Iy trén moi lien két (k, [) ctia phien p véi rang budce thé

hién qua Cong thic (3.2)) nhu sau:

dth < dv ) VS, € DY (3.2)
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phuong trinh can biang dong thong tin (3.1]) ¢6 hinh thitc tuong tu nhu cac dong

phuong trinh can bing dong vat I cho dinh tuyén ciia cac ludng dit liéu trong mang,

nghia 1a dong thong tin truyén khong vugt qua dong vat 1y da ducc ciu hinh. Bat

dang thitc (3.2) phan 4nh didu kién ma mang lién quan ty 1& vat 1y va thong tin duge
xéc dinh theo Cong thic (3.4):

dvf, = ma {dtg?}} (3.3)

Hinh mo t&4 md mang tuyén tinh v6i bién cac dong tuong ting (dvg, dtgi, dtffl).

Khai niém cac goi dit lieu duge phat bidu nhu sau:

Véc to ty le f dap ing cic cic rang buoc theo Cong thie (3.1) va (3.2) khi va chi
khi ton tai ma mang thiét lap mot két noi multicast ¢ mate tuy § gan bing tIP t nguon
So tdi tap dich DP va dua vao cdc goi vdi ty lé tay § gan bang dity, trén moi lién két

(k,1).

D6i v6i truong hop chia sé ctia nhiéu phién trén mang, thong lugng t6i wu dat
duge khi yéu cau mot sd truong hop ma héa qua nhiéu phién. Tuy nhién, thiét ké
ma nhu vay 1a van dé phtc tap va md rong bai toan. Do d6, gidi han ciia Luan an
viéc xem thic hién ma mang cling cic phién, phuong phéap tiép can goi 1a ma chap
(convolutional code) trinh bay bdi Koetter va Medard trong [57] hodc ma héa phién
cuc bo. Tap céac vec to dong thong tin c¢6 tinh kha thi duge xac dinh bdi cac két hop
rang budc va cho méi phién p € P vdi rang budc trong s6 lien két dugce xac
dinh theo Cong thic nhu sau:

P
> dvf, < sy V(k 1) €V (3.4)

p

Cac Cong thitc ti dén Cong thiic thé hien cic rang budc trong truyén
thong tin v6i ma mang multicast. Thong tin nguyén thily dugc chia thanh nhidu go6i
va truyén multicast qua cac kénh truyén dua trén cac ty lé khac nhau tuan thu cac
rang budc trong truyén thong. Vi vay, can phai x4c dinh ty 1é cyc dai truyén trén ting
kenh. Giai phap dé dat dugc ty 1é cuc dai trén cac kénh truyén la phai xac dinh dugc

ty 1é va diéu chinh ty Ié trén titng nhanh cta cay multicast.

3.1.2. Xac dinh cac ty 1é va t6i vu héa diéu khién ty 1é véi dd thi

con

Luan 4n xét mang v6i ma dd thi con GP cho mdi phién p, GP ¢6 thé duge xem

13 st két hop tap XP chita céic lien két ctia clia ciay multicast bao triim, mdi két noi
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ngudn Sy dén tap dich D. Diéu khién ty lé dugc thiuc hien bing cach diéu chinh ty
lé dong thong tin trén ting cay. Ma héa duge thuc hién trén cdc doan bao trum cua
cac cay khac nhau ctia phién p dé c6 cac tap roi rac truyén dén nat dich. Hinh
thé hien cay muticast dugc trién khai tir cic ma do thi con thé hién trong Hinh
Theo Hinh mé hoa trén cédc lien két chia sé cho phép ca hai cay dong thoi truyén

thong tin ty 1€ riéng ¢ mic cyc dai.

Tuong tu nhu dinh tuyén thong tin, m& do thi con dudc chon nhiéu cach khac
nhau dya trén sy két hop nhiéu yéu t6 khac nhau nhu: do tré, cung cap tai nguyeén,
cac cam két clia nha cung cap dich vu mang. Céc thuat toan xay dung cay multicast
hodc c4c ki thuat hién c6 duge ap dung trong viéc tim kiém nhiéu duong dan dén moi

dich va két hop tap thich nghi clia cac duong dan da tao cay.

A2

ot O e
\Meeeage 1 Message '2'/'@
N _______ JE A
\ \ "’ '.l
\ Message 1 @ Message 2:"
S S N R

i Message 1 j ” Message 2

Hinh 3.1: Cay multicast

Dé don gian hoéa céc ky hieu, Luan an xem xét truong hgp cac doan bao trim ciia
cay khac nhau ctia phién c6 céc tap roi rac truyén dén niit dich. Do d6, ma héa xay
ra trén tat ca cac doan bao phii. Trong trudng hgp téng quat hon, ma héa chi dién ra
trén mot vai doan bao phu. Mai cay ky hiéu la CP, x € XP chita tap V, € V cta cac
lien két, trong d6 xac dinh V x XP 13 ma tran multicast MTP c6 phan tit thit (v, z)
duge xac dinh boi Cong thie (3.5)):

lnéuv eV,

MT?P = (3.5)
0 nguge lai

Trén mdi cay multicast CP, tit ngudn gii cdc dong thong tin dén tap dich dac

trung bdi ty 1 ¢P, day 1a ty ¢ truyén thong gita dong thong tin va dong vat 1y. Vi
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mé mang phién cuc bo, ty 1& dong vat 1y ddc trung dvP cho mdi phién multicast p
vii lien két v 1a doP = max {MTP?tlP}. Trong s6 rang buoc lien két ¢ Cong thiic (3.4)
TEXp

duge xdc dinh theo Cong thic (3.6)):

P P
p _— P +IPL <L .
PTEDY max {MTP tI?} < ts,,Yv eV (3.6)
p p

Xp
Mbdi phién p ¢6 ham tien ich TP (¢/P) khi truyén véi ty le tIP = > tIP goi tren giay

x
qua cac ma do6 thi con. Gia sit T?(-) la kha vi lien tuc, ting, va 16m ngit cho dong vdi
yéu cau ty 1é thay doi. Céch tiép can clia Luan an 1 chon t¥ 1& ngudn cyc dai ctia P

dé giai quyét bai toan tong quat theo Cong thite (3.7) nhu sau:

P
max » TP (tlP)

L, dvl

Ap dung cho: MTPtIP < dv? Yz € X,,Vp € P (3.7)
P
S dvP < ts,,Yv eV
P

Cong thuc (3.7) ap dung cho viéc tinh todn ty 1é cuc dai cho cac dong thong tin
multicast trong ma mang. Diya vao gid tri trong Cong thite (3.7)), didu khién ty lé trén
céc cay multicast sé dugce t6i wu trén mdi phién truyén thong tin.

Luan an trinh bay mdi phién multicast p chia luu lugng thanh cac bién 112 > 0 cho

Xp
mdi cay multicast CP clia do thi con duge méa, de Y 1P =1 va tlE = tIPlIP. Chung ta
biét ring [P diéu khién céc phan ctia luu lugng ciia phien multicast p duge giti thong
qua cay CP?. Thay vi gidl quyét bai toan truc tiép 6 Cong thic (3.6), trude tién ching
ta xét bai toan didu khién tj 1¢ v6i véc to chia ¢ dinh /], tit Cong thitc (3.6]) thay dang
thitc ¢12 = tIPlI? ta xac dinh Cong thitc (3.8)) nhu sau:
P
max y T}, (tIP)

i dl p

Ap dung cho: MTPtIPLP < duvP (3.8)

v
> dop < ts,

Bai toan trén 1a ham 16i ngat va c6 nghieém duy nhat theo ty 1& nguon ti?, cyc dai
bdi T(1l). Bai toan 6 Cong thiic tuong ng véi cac tinh todn xac dinh theo Cong
thie (3.9):

max T (I1)
>0

) XP (3.9)
Ap dung cho: Y ll2 =1
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Bai toan trén khong nhat thiét phai 13 ham 16i, nhung van c6 thé dude gidi quyét
cho bai toan téi wu tong quat. Dé xit 1y cac gid tri trén ham hoi, xét Lagrangian (ky
hiéu L) ctia Cong thic (3.7) theo cac rang budc cho ma mang xac dinh theo Cong
thite (3.10):

V,P.X,

P
L (L tn,tl,dv) =Y TP (t1) = Y ol (MTEHPIE — do?) (3.10)

7p‘/1:

Trong do: tn?, 1a "gid tri tdc nghén" tai lien két v dbi véi cay multicast C va gia
tri toi da Lagrangian thong qua tI va dv, tn gia tri ¢6 dinh duge xdc dinh cho trudc,
chiing ta c6 diéu khién ty lé chung va thuat toan lap lich phién:

Diéu khién tij le: Tai thoi diém ¢, cho gid tri tdc nghén tn(t), cadc ngudn S; didu

chinh t¥ 1 dong tI” theo tong gid tri tic nghén trén cay multicast CP, ty ¢ phién p
tai thoi diém ¢ duge xac dinh Cong thite (3.11) nhu sau:

tP (t) (Zm’ > MTP 0l ) (3.11)

Cong thite (3.11) tuong ty nhu thuat toan didu khién tic nghén TCP, trong do6
ngudn diéu chinh ty & giti theo tdng gia tri tic nghén ciia phién p.
Lap lich phién: mang tuyén tinh ngdu nhién hé thdéng dude méa héa st dung goi
tin ma tir phien multicast tuong ty [137]. Tren lien két v, giti mot s6 luong goi tin (ky
xP

hiéu 1& g) dugc ma héa cho phiéen p: g, (t) = arg malgczmgz (t) véi trong sb ts,. Dé
peEP ’

dat duge gia tri t6i da thong qua {dvP} 1a mot chuong trinh tuyén tinh duge xac dinh
trong Cong thitc (3.12)) nhu sau:

AP () = { tZ” (3.12)

Dit ham tién ich tinh luu lugng va gia tri tdc nghén H(-): H (Il,tn) = max L(ll,tn,tl, dv)

P
vl Y dvP < ts,, ta xac dinh Cong thic (3.13)):
p

T (ll) = {Ili%H(ll,tn) min max/L (I, tn,tl, dv) (3.13)

tn>0 tl,dv

Bai toan t6i uu IItliH H (Il,tn) c6 thé gidi st dung phuong phap subgradient, trong
n

d6 s6 nhan Lagrangian dugce diéu chinh theo chiéu ngugce véi subgradient.
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Cap nhat gid tri tdc nghén: Mbi lien két v cap nhat gia tri tit nghén theo cay
multicast C? x4c dinh theo Cong thic (3.14)):

tnd , (t+1) = [tnb, (t) + y (MTEHPUE (tn (1) — dob (tn (t)))}+ (3.14)

Trong do6: y; 1a mot budc kich thude vo huéng duong, "-+" ki hiéu phép chiéu tap
s6 thie khong am R™.

Lién két v sé st dung trong s6 dv? dé truyén goéi tin duge ma cho phién multicast
p, phuong trinh chi ra ring néu yéu cau ma tran MTP [P cho trong sd &o tai
lien két v ddi vai dong thong tin ciia cay multicast C? vugt qua trong so vat ly duge
gan dvb, gid tri tnf , sé tang lén va giam cdc tham s6 khac. Do d6, phuong trinh
1a phuong trinh phan tan va duge thyc hién tai cac lien két rieng sit dung thong tin

cuc bo.

Cac thuat todn didu khién ty 1é trén Vi thuc hien véi gia thiét véc to
chia luu luong [l chita cac hiing s6. Luan an nghién cttu bing céch ndo dé diéu chinh
luu luogng 112 dé gidi quyét bai toan & goi 1a cay thich nghi. Gia st ring xit ly
trén cay thich nghi 13 cham hon nhidu so véi gid tri t6i thiéu trong H (Il,tn) thong qua
gia tri tic nghén tn c6 thé duge xem nhu la titc thai.

Ly thuyét diém can bing dugc dé xuit bdi Wardrop trong nghién citu [19, 132]
duge 4p dung cho gidi phdp vé khai niem ctia mo6 hinh mang khi mé hinh héa mang
truyén thong va vién thong véi tinh trang tdc nghén. Khai niem nay gid dinh ring
nguoi 1ap lich trinh chon mot dinh tuyén dé giam thoi gian hodc chi phi phat sinh
trong dinh tuyén. Gid dinh nay tiép nhan mo ta toan hoc va cdc thuat todn hiéu qua
cho viéc tinh todn diém can bing c¢6 sdn. Vi vay, cidc nha quy hoach da sit dung khai
nieém nay dé danh gia cac dy 4n, téi vu hoa cic chi phi st dung, nhu cau tinh toan va

nhiéu ttng dung phat sinh tir thanh phan md rong clia mo hinh co ban.

T6i wu véc to chia luu lugng tap trung vao trang thai can bing tuong ty nhu
nguyén Iy diém can bing Wardrop, nghién citu didu khién t¥ lé luu lugng trong [134]
trinh bay tong gid tri mdéi phien multicast trong tat ci cic cay multicast duge st
dung 14 nhu nhau. Céc nghién cttu trong [38] trinh bay cap nhat céc véc to chia luu
lugng tiép can trang thai can bang. Tai giai doan z, cho véc to chia luu lugng 11(z),
gia st tn(z) € arg IrglnH(ll (2),tn) la giai phap t6i uu cho bai toan 6 va deé
P (z) = arg mjin > oo tnd . (2).

Cay thich nghi: m6i nat nguon S; cap nhat 12 xac dinh theo Cong thite (3.15)):

P (z41)=1F(2) + wk(2) (3.15)
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v6i gia tri w duge xac dinh theo Cong thitc (3.16)):

v v
— min {ug? bk (Z tnf , (2) = 2211 i (z)) } , néu x # aP(z2)
wy (2) = Cox, 0 (3.16)
— > wP(z) néu z = 2P(2)

TH£xP(z)

Trong dé: bk 1a kich thu6e bude vo huéng duong. Hai rang budc gia tri w xac dinh
theo Cong thic (3.17)) va (3.18) nhu sau:

Xp

> wh(z) =0, (3.17)

Xp \%
> wly tnk, <0 (3.18)

Xp \%
Trong d6: Y w? Y~ tnk , = 0 khi va chi khi w? (z) = 0, yéu cau can bing luu lugng

ctia vé trén Cong thite (3.16) duge xéc dinh theo Cong thie (3.19)):

1 (2) (Z L (2) = 3l <z>) 0 (319

v

Déang thiic trong Cong thiic la trang thai can bang cho phép t6i uu véc to
chia Iuu lugng. Dat dude trang thai nay, viéc truyén multicast két hop v6i ma mang
sé can biang gitta dong vat 1y cho trudc va 1a phép tinh t6i uwu trong viec diéu khién
cac t¥ le ngudn. Day 13 ham muc tiéu cho phép can bang hru lugng tit ngudn dén dich,
thong qua gidi phap nay két hop véi thiét ké to po toi vu sé dat duge ty 1é nhan tai
tap dich cyc dai va tranh tring lap thong tin trong qua trinh truyén dén tap dich.
Giai phap toi wu truyén thong dat thong luong cyc dai tai tap dich ctia Luan an duya

trén giai phap rut gon cay va tinh luu lugng cuc dai dong multicast dua trén cay.

Mo phoéng thyc thi ki thuat ma mang trong cac ing dung: thire thi cac phép toan
qua truong hitu han Galois Field GF(nt), trong d6 nt 14 s6 nguyén t6 va GF(2™); véc
to ma hoa va gidi ma cho cdc mang tuyén tinh (nghich ddo ma tran trén cic truong
hitu han); gidi ma géi cho ma mang tuyén tinh: dua ra tap cdc goi ma tuyén tinh tai
cau tric cac goi nguyen thily khong ma. Trong mo phong thyc thi md mang tuyén
tinh ctia Luan 4n thong qua truong hitu han F28(m=8). Hinh 3.2/ mo t4 goi tin nguyén
thily duge chia thanh nhiéu goi tin. CAc g6i tin chia thanh nhiéu khéi con va ma hoa

trude khi truyén multicast.
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Thuat toan 3: Thudt todn dieu khién ty 1é nguon vdi ma mang

Input : Tap tin nguodn

Output: Tap tin nguodn duge chia dudi cac khéi theo ty le
Khdi tao cac gia tri ban dau;

Doc tap tin dau vao dé ma;

Khdi tao Server ;

Khdi tao tap dich (sb lugng client két noi);

Chia tap tin nguon thanh cac khdi vd mé hoa;

return S6 lugng cac khoi da duge mé hoa;

Thuc thi didu khién ty lé ngudn véi ma mang duce trinh bay thong qua Thuat
toan [3| Yeu cau ban dau cia mo phéng la khéi tao tap tin dé ma, dua vao chiéu dai
phan tai dit lieu va s6 khoi, tap tin dudc cit ra nhiéu goi khac nhau va ma hoéa theo
Hinh Sau khi két thiic qua trinh ma hoéa, cac goi tin sé truyén tir Server dén cac
Client dang két ndi. Dya vao cac tham s6 duge cau hinh, cac goi tin dd ma sé chia lam
nhiéu khdi va truyén di trong hé théng. Két qua truyén goi tin da ma tit Server dén
Client thé hien trong Hinh [3.3] Trong két qui mo phéng, sé Client két néi dén Server
1a 2 tuong tng vdi s6 nat dich trong tap dich. Mdi géi tin dugce ciat thanh 15 khoi va
truyén dén Client dé tai cAu tric goi tin. Chi muc duge lap dé tinh s6 1an truyén goi,

sau khi két thic mdi goi sé tiép truc truyén géi tiép theo.

Thuat toan 4: Thudt todn truyén tuyén tinh cdc ¢oi tin trong ma mang

Input : Goéi tin dau vao

Output: Go6i tin giai ma tai tap dich

Khéi tao tham s6: s6 khéi, chieu dai phan tai di licu, hé s6 chiéu dai phan tai
dit liéu;

Cac goi dit lieu dau vao;

M3 hoa cac goi dau vao va cac tit ma;

Dau ra trong hé théng mang: véc to ma goi tin, véc to phan tai dit lieu goi tin

return Cac géi gidi ma tai tap dich;

D61 v6i mo phéng xit Iy bén trong truyén cic gobi, giai thuat co ban thyc hién
thong qua Thuat toan |4l Dit lieu dude gii di duge chia thanh cac khoi duge bidu dién
trong ma bdi cac goi chua ma. Céac khéi duge két hop tuyén tinh va truyén qua mang.

Maéi g6i duge ma hoa chita mot vée to ma hoa mo ta cach két hop tuyén tinh da duce
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Géi tin nguyén thiy

N
.
.

Cac khoi dugec mz héa

L U3 109
Z U3 109
u ug IOO

oo s + K % ij\ + .+ R X
GOoi tin thi /dugc =
chia thanh nhiéu khoi

R; 13 hé b ngBu nhién dugc chon tir
truong httu han Galois Field F2°

z Goi tin thir /
dugc ma hoa

|-t !6314\/1

Goi tin thit /
Hinh 3.2: Mo ta goi tin duge chia thanh nhiéu khdi va méa hoa

xay dung va két hop tuyén tinh ctia chinh né. Céc nat trung gian trong mang nhan
duge cac g6i ma hoa tao cac két hop tuyén tinh ngiu nhién khic bing cach két hop
ngau nhién cac gbéi da ma. Tai dich, két hgp tuyén tinh nhan dugc dua dén bo gidi ma
gobi tin va gidi ma dé tai cau tric thanh géi tin nguyen thiy.

Déi v6i phan Khai tao tham s6 trong Thuat toan 4] cac tham s6 thé hien qué trinh
mé hoa goi tin: s6 khoi thé hien dit lieu duge chia thanh khéi dé ma, néu sé khéi nay
16n qué trinh chia go6i sé nhiéu va qué trinh ma hoa, gidi ma sé 16n; chiéu dai phan tai
dit liéu 13 chieu dai ctia mdi khoi tinh theo don vi byte va hé s6 chiéu dai phan tai dit
lieu dai dien cho véc to truong hitu han dai dién cho céc khéi ma héa dé truyen dit
lieu thong qua hé thong mang. He thong ma héa sit dung mot trudng hitu han 6 kich
thudce 16, méi byte ctia phan tai dit lieu dugce biéu dién véi hai phan tit truong, do d6
s6 lugng cac hé s6 clia véc to sé gap doi chiéu dai phan tai dit liéu.

Cac goi dit lieu dau vao trong Thuat toan [4) 1a dit lieu nguyén thiy, dit lieu nay
dugc chia thanh nhiéu khéi dya vao khai bao trong phan Khéi tao tham s6. M6i khoi
dugc danh dau bang dinh danh dé tai ciu tric sau khi nhan tai tap dich.

Sau khi hoan tat giai doan chia khéi, he thong bat dau ma hoa cac goi dau vao

thong qua cac khéi va truong hitu han. Cac khéi nay duge dit trong cdc véc to dé
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truyén tuyén tinh thong qua hé thong mang. Qu4 trinh mé hoa sé tao ra hai tap véc
to d6 1a véc to ma héa va véc to phan tai dit licu. G6i ma hoa duge tao thanh béi véc
to ma hoa dé mo ta cac goi khong ma da duge két hop dé tao ra né. He théng tao ra
céc goi tin ma hoa chi chita mot goi tin chuwa duge ma, cac véc to mé hoa bao gdom cac

s6 0, ngoai trit vi trf ma 1a s6 1.

Trong phan Dau ra cia he théng mang cfia Thuat toan [4 nit trung gian s& két
hop tuyén tinh cac goi bang cac hé s6 ngau nhieén. Thuat toan 4| tao ra nhiéu két hop
tuyén tinh ngdu nhién véi cac géi khong ma dé dam bao véi xac sudt cao cac géi tin

duge ma hoa c6 thé gidi ma duge.

run:
Khoi tao file de ma? (y/n)y

Chieu dai phan tai du lieu: 1450

So khoi: 50

Da tao 0 goi

Da tao 10 goi

Da tao 20 goi

Da tao 30 goi

Da tao 40 goi

Hoan thanh khoi tao 48 goi

So Client toi da truyen du lieu: 20

Client dang hoat dong tai dia chi 192.168.0.102

Client dang hoat dong tai dia chi 192.168.0.101

Server dang hoat dong tai cong 9864

Bo dem luong: File nguon nguon\coded1

So goi tin gui trong 1 goi ma: 15

Luong du lieu: Tong cac client truy cap 2

Luong du lieu: Dang gui den Client /192.168.0.102 khoi so 0 chi muc 0
Luong du lieu: Dang gui den Client /192.168.0.101 khoi so 0 chi muc 1
Luong du lieu: Dang gui den Client /192.168.0.102 khoi so 1 chi muc 2
Luong du lieu: Dang gui den Client /192.168.0.101 khoi so 1 chi muc 3

Luong du lieu: Dang gui den Client /192.168.0.102 khoi so 13 chi muc 26
Luong du lieu: Dang gui den Client /192.168.0.101 khoi so 13 chi muc 27
Luong du lieu: Dang gui den Client /192.168.0.102 khoi so 14 chi muc 28
Luong du lieu: Dang gui den Client /192.168.0.101 khoi so 14 chi muc 29

Hinh 3.3: Chia ty lé va truyén goi tin da ma tir Server dén Client

Cubi cting, hé thong gidi ma cac két hgp tuyén tinh ngau nhién bang cach st dung
bo gidi mé gbi tin dude thyc hién tai tap dich trong phan return cia Thuat toan
M&éi khi mot goi tin duge thém vao bo gidi ma sé ¢d gang gidi mé cang nhiéu cang tot
va tai cAu trac cac khdi né co thé gidi ma.

Thong qua Thuat toan |3[ va Thuat toan 4] cac goi tin sé khong bi trung lap tai
tap dich dong thai tang thong lugng tai tap dich nham tang tinh hieu qua doi véi ki

thuat ma mang.
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3.2. Giai phap tbi wu truyén thong multicast v6i ma mang

Nghién citu thiét ké vd xay dung mang hoan chinh clia téc gid Kershenbaum
trong [54] bao gom nhiéu khia canh nhu tinh todn ma tran lwu lugng, xay dung t0 po
va quan ly. Trong d6, xay dung t6 pd v6i chi phi t6i wu 1a mot trong nhitng bai todn
quan trong clia thiét ké mang. Gidi quyét bai toan tdi wu trong xay dung to po, céc
nghien cttu ctia Li va cong su [5], Tan va cong sy [79] dua ra gidi phap 1a gidi quyét bai
toan dya trén cay. Luan an dé xuat gidi phap t6i vu truyén thong multicast véi ma
mang dya trén t6i uvu titng nhanh clia cady multicast theo Hinh . Hudng gidi quyét
ctia Luan an 1 xay dyng thuat toan thém lién két va x6a lien két, hai thuat toan nay
tao ra cay rit gon tit nguon dén tap dich. Két qua rit gon cay tir hai thuat toan them
lien két va x6a lien két phdi hop thuat toan Ford Fulkerson dé t6i uu chi phi truyén

thong.
3.2.1. Cac yéu cau vé théong luong va xay dung td pd mang

Thong lugng cuc dai cia mot mang G = (U,V) ¢6 chiia phién truyén don p ky
hieu 1a ¢thl(U). Luan an sé so sanh thi(U) véi cac tham s6 khac da duge xac dinh nhu:
g6i, do bén va két noi dé mo ta cac két ndi hodc trong sé clia mot mang truyén thong.
Nghién citu ciia luan an tap trung so sanh céc thong s6 tuong ting cho truyén unicast,

truyén multicast v ma mang.

G6i dé cap dén cac tinh toan s6 lugng goi tin trén thoi gian theo cap canh roi rac
cac cay con cia G, s6 lugng goi clia mot mang truyén thong U duge ky hieu 1a ¢(U),

va bang vdi thong luong cie dai ma chua duge ma.

D¢ bén 1a mot loai két ndi viing clia mang duge ky hieu 1a db(U), do 1a t¥ le cuc
tiéu thé hien qua Cong thic (3.20):

|th|

lU) = (tp— 1)

(3.20)

trong do ¢p 1a s6 cla cac thanh phan truyén thong nhom, V,, 1a tap cac lien két
lien thanh phan va yéu cau phai c¢6 it nhat mot nat ngudn hodc dich trong moi thanh

X

phan.

Két noi duge ky hieu 1a kn(U) dé cap dén cdc canh két ndi gitta mot cip nit trong
truyén thong nhém ky hiéu 1a NM {Sp, S;} C U. Nghién cttu ctia Luan an tap trung
vao viéc dinh tuyén phan chia va dinh tuyén tich hgp. Ddi véi dinh tuyén tich hgp,
tat cd cac trong s6 lien két va ty lé luu luong c6 gia tri nguyén. D6i véi dinh tuyén

phan chia, trong s6 lien két c6 thé duge phan chia theo ca hai hudéng, va luu luong c6
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thé dugc phan chia vi sap nhap & quy mé tiy ¥.

Trong mot mang véi mot phién unicast U c¢6 cac thanh phan {G,ts, NM}, sb
lugng goi g(U) tré thanh s6 duong dan canh rdi rac Sp — Sy. Thong lugng thl(U) la
ty 1& luu lugng thong tin cuc dai ¢6 thé dat duge trong viéc truyén tai Sy — Sy. Do
bén db(U) bay gid dugc cic tiéu trong tat cd cc tap cit dé tach ngudn Sy va dich Sy.

Truong hop truyén unicast véi ty 1é tlg, s, ti nat nguon Sy dén nat dich Sy, luu
lugng unicast (k¥ hiéu du(-)) vao mot nat phai bang luu lugng unicast nay ra khoi nit
nay, trit khi ntit nay 14 nguon hodc dich. D6i véi truyén unicast trong mot mang U,

cac tham s6 can bing thé hién qua Cong thite (3.21):

g(U) = thi(U) = db(U) = kn(U) (3.21)

Truong hop ma mang truyeén multicast, bai toan xay duyng t6i wu t6 po dua
trén cay multicast. Cay Steiner co ban truyén multicast véi nat trung gian S, =
{St0,5¢1, -, Stw} 14 mot su két hop ddc biét trong truyén unicast mang U. Sy khac
biét gitta cay Steiner multicast co ban v6i nut trung gian S; truyén unicasts mang U
tit nat S;9 dén mdi nat trong {Si1, ..., Spu} d6 1a: trong cich truyén trude day tai
nguyén st dung clia mdi lien két (4, 7) 1a cye dai ctia dong thong tin max dugj;'o’st’l>;
trong khi & céch truyén sau nay, thi nguyen st dung ctia mbi lien két (i, ;) 1a tong

U 54,0,5 . . . . ,
clia dugi ;’0 t’l). Su khac biét nay la tinh hiéu qua cta cay Steiner multicast co ban
=1 ’

trong viéc st dung nguodn tai nguyén truyén thong. Bao toan luu lugng truyén cay
multicast co ban duge xéc dinh theo Cong thuc (3.22a]), (3.22b) va (3.22¢) nhu sau:

U (S S ) U (S S ) —tlt néu 1= St,l;
Do dug = 37 dug " = ¢ wéui = S, (3.222)
{769V} {509V} 0 nguge lai

VieU,le{l,..U},
U

Y o (dugft;’vs“)) <1,Viel, (3.22b)
(G0 |
U
Y 0 (dugfff’sfﬂ <1,VieU (3.22¢)
GV |

Trong d6, Cong thic (3.22a)) biéu thi bao toan luu lugng multicast gitta cap két
noi (4,7), néu la dong thong tin yéu cau sé nhan ty le ¢/, dong thong tin dép tng sé
nhan ty lé —tl*.Trong Cong thic (3.22b) va (3.22d) ¢6 ham @ nhan gia tri 1 khi gia

tri cac bién bén trong l6n hon 0, ngude lai ham @ nhan gia tri 0.
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Khi 4p dung ma mang, bai toan thiét lap truyén multicast v6i tap nat S, va ty 1é

luu lugng tg, la:
1. Xac dinh céc do thi con trong mang hién tai.
2. X4c dinh ma héa dé sit dung trong do thi con.

Do d6, truyén multicast 13 mot sut két hgp dac biét ciia truyén unicast mang U.
Tuy nhién, khic véi truong hop ciia cay Steiner multicast co ban, c6 thé c6 nhiéu
duong dinh tuyén mot thong diép dong thoi cho mdi phién truyén unicast tit nguon
Sy, dén dich (khong c6 rang budc (3.22b) va (3.22d)).

Dinh tuyén truyén multicast ma mang co ban ciing duge ing dung dé can bang tai
mang. Truong hgp truyén multicast, muc dich clia viee 4p dung dinh tuyén ma mang
co ban trinh bay trong nghién ctu [I13] thay cho dinh tuyén cay Steiner co ban dé
dat dude dinh tuyén t6i tu va gidm tiéu thu bang thong ctia mdi két néi. Do do, giai

phap dinh tuyén ma mang gidm tiéu thu tai nguyén truyén thong trong mot mang.

Tuong ty truyén thong tin trong cay Steiner multicast cd ban, luuw lugng thong tin

P o . ) U St,0,5
clia moi lien két (7, 7) 1a gia tri cuc dai mot trong s6 luu lugng: max > dtg_ 3’0 )
c R ]
{5:Gi.5)}

thay cho tong ctia ching. Cong thitc (3.21) st dung déi véi truyén unicast, ddi véi
truyén multicast trong mot mang U véi s6 kénh truyén la 2, cac tham s tit Cong
thite (3.21) xac dinh qua Cong thic (3.23):

1/2kn(U) < g(U) < thi(U) < db(U) < kn(U) (3.23)

Goi ky hiéu cpg, ; la chi phi cho méi don vi luu lugng trén lien két (4, j). Cach tinh

chi phi cyc tiéu truyén multicast véi nit S; thé hien qua Cong thite (3.24) va (3.25)

nhu sau:
\

Tinh gid tri cyc tieu: Y. cps,, - tss,,
v=(i,5) '

Ap dung cho:

—tl" néu i = Sy,

U St 0,5, U 54.0,8 .
Z dtgz 7;,0 ,l) _ Z dtgjzo t,l> — tlt néu 7 = St70a
Gy Gy (3.24)

0 ngugc lai
Vi,j € Ul e {1,..,U}.

tss, > dtgj’;‘o’st’l),v@',j) eV,le{l,..,U}. (3.25)

110



Cong thite (3.24) va (3.25)) 14 bai toan tuyén tinh vé6i cac do phitc tap thoi gian

ctia thuat toan la da thic dé c6 duge gidi phap téi wu. Trong thuat toan xay dung to
po, Luan dn quan tam khoang cach k¢; ; cling nhu cp; ; v xay dung truyén multicast

v6i chi phi cuc tiéu cho tirng yeu cau truyén multicast.
Trong mang G tong luu lugng truyén unicast va luu lugng truyén multicast trén

mot lien két S;; nho hon hodc bing tss, . Rang buoc nay duge xac dinh qua Cong
thie (3.26) nhu sau:

Z Z du (”’ ”>+Z max dthtO’S“) < tss,,

i1 o, iai t le{1,--,Us—1}

(3.26)
V(i,j) €V

S6 hang dau tién & phia bén trai ctia Cong thite (3.26) 1a tong s6 cta luu lugng
truyén unicast trén lien két S; ; va s6 hang thit hai 1a tong luu Iugng truyén ma mang
multicast co ban trén lien két S; ;. Truong hop truyén multicast thi ¢, tong lugng luu

lugng trén lien két S;; 1a gia tri cuc dai mot trong s6 dong truyén unicast mang U,

. . S 7S 2 9 X .
c6 nghia la, tinh gia tri {nax }dtg £0:S) thay cho tong cua luu lugng truyén unicast
le{1,-,U

mang U trén lien két S, ;.

Bai toan xay dung t6 po cua Luan an duge xay dung nhu sau:

1. S6 nat U va ma tran khoang cach (kc; )y,
2. Ma tran yéu cau unicast (y¢; )y

3. Tap nat {S;0, Si1, ..., Sy} va ty 1é luu lugng ¢1P cia yéu cau multicast phién p
4. Trong sb tsi,...,ts;, chi phi ¢6 dinh céc loai duong truyén khic nhau

5. k-nut két noi

6. Tinh gia tri t6i da lien két st dung epax.

Tinh gia tri cye tiéu ma tran khodng cach duge xdc dinh theo Cong thite (3.27)

nhu sau:
U U U U K
Z Z Z Z Z Sz{j (Cpt + k’Ci,j : tst) (3.27)

qua cac bién:
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dug?jsw) >0:1<14,5,5,5 < U, (i # j, S # Sv)

ﬁST&OZOﬁijeﬂwaL@%Jﬁb%&ﬁ-

Ap dung cho:
1. Rang buodc bao toan luu lugng unicast xdc dinh theo Cong thite (3.28)) sau:

" " — 115050 péu i = S,

> dugio’sw) - 2 dug‘imsm = 115 ndu i = Sy, (3.28)
T T ‘
=1z =7 0 ngugc lai

Vi, j > 1.

2. Rang budc bdo toan luu lugng multicast xdc dinh theo Cong thite (3.29) sau:

—tl" néu i = Sy,

U 510,58 U 5108 )
Z dtgyz j,o t,l) . Z dtg‘j i,O tJ) — tlt néu i = St,Ou
j=Li#i j=Li#i _ (3.29)
0 ngugce lai
Vt,1,i,5 € U.

3. Rang bugc sit dung lien két (4,j) dua theo Cong thitc (3.26) ta xac dinh theo
Cong thic (3.30)) sau:
(St,o,St,l)

U U Si. S, U
dus,; = >, > dugi’; :) +>  omax dtg < Emax - tSs

i1=1143=1,i9%4; t=11€{1,-,|S¢|-1}

Vtalaiuj S Ua (Z %j)SO 7£ S‘U)

YT (3.30)

So v6i van dé xay dung to po truyén thong, c6 thém mot rang budc bao toan luu
luong truyén ma mang multicast co ban. Khi so sanh vdi bai toan bao toan hru lugng,
rang buoc trong Cong thic (3.22a) ¢6 thém s6 hang mo ta ddc tinh cia ma mang.

3.2.2. Cac ky thuat x1i ly dong thong tin

Hé thdng cac nit mang co ban ban dau thé hien qua Hinh Trang thai thit
nhit theo Hinh [3.4la, mang bao gdm céc nit roi rac va chua c6 lien két. Trang thai
thit nhat theo Hinh [3.4lb, mang bao gdm céc nat lien két hoan chinh. Déi véi truyén

unicast, thong tin dude dinh tuyén t6i wu theo thuat toan cai dit sin.

Mot trong nhitng diic diém ciia hé théng mang truyén unicast 13 mang c6 thé thay
ddi dong. Mo hinh héa mang dong bing cich thém/x6a céc luat phdi hgp gitta céc
nit; do do6, viec x6a mot nit duge mo hinh héa bing cach x6a tat ca cac luat phoi hop

lien quan dén nit nay. Doi v6i yeu cau them/xo6a cac nit véi cdc luat phdi hop duge
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dé dang nhan biét dudc véi gid dinh ring tat ca cac nat dude thiét 1ap ngay tit dau
va chi c¢6 luat phdi hop duge thay doi. Hoat dong thay doi t6 po mang truyén unicast

dién ra nhu sau:

Jo
% S % =
(5)
S %) % %) S % % %)
(a) (b)

Hinh 3.4: T6 po6 cac nit mang ban dau

- AddLink(4, j, ludt, id): them lien két v6i luat phoi hop tir nat j dén nat i. Trong
dé6: 4d 1a dinh danh duy nhat cho mot cap nit.

- DeleteLink(4, j, id): x6a cac luat phoéi hgp gitta cac nat id, i va j.

Truyén unicast gitta hai diém va vAn dé trién khai t6 po ban dau vé6i hai thuat
toan thém /xo6a lien két dé tao ra to po hoat dong truyén thong diép gitta cdc nlit mang
tinh chit co ban vira néu. Luan &n trinh bay giadi phap t6i vu to po, gidi phap nay
nhim rat gon cay véi chi phi cuc tiéu.

Trong cac hé phan tan phic tap, cdc nit mang phdi hop trao ddi thong dieép qua
lai nén truyén unicast c¢6 nhiéu han ché. Trén co s§ d6, trién khai truyén multicast
cho hé phan tan trd nén can thiét va la diéu kien dé phat trién tng dung 16n. Luan
an dé xuét hai thuat todn thém/x6a lien két truyén multicast va t6i uu cuc bo. Két
qué ctia hai thuat toan tao ra cay multicast rit gon theo rang buoc k-ntit két néi. Sau
khi hinh thanh t6 po con két ndi multicast sé két hop v6i ma mang dé tap dich nhan

duge cac goi tin truyén véi thong lugng t6i wu.

Hién tai, khong c6 thuat toan thoi gian da thitc ¢6 sdn dat duge gidi phap t6i wu
clia bai todn t6i uu NP-khé. Trong phan nay, Luan an dua ra hai thuat toan cho bai
toan xay duyng to po ndy: thudt todn xzéa lien két va thudt todan thém lién két trong cdy

multicast.

Hai thuat toan dé xuat ciia Luan 4n déu bao gom hai pha, bit dau tao to po va

tién trinh t6i wu cuc bo: Trong pha dau tién clia thuat todn xo6a lien két, bing cach
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x6a titng lien két tit t6 po két ndi day da cho dén khi khong con két ndi nao co thé bi
x6a nita, to6 po két ndi k-nit v6i chi phi thap duge tao. Trong pha dau tién ctia thuat
toan thém lién két, bing cach thém cac lien két mot bdi mot t6 po nguyén thiy khong
c6 lien két cho dén khi khong con lién két nao nita duge thém vao, to po k-nat két noi
v6i chi phi thdp dugc tao. Trong pha thit hai cia ca hai thuat toan, hoan ddi céc lien

két va thuc hien vong lip cuc bo dé cai tién t6 po ban dau.

3.2.2.1. Dé xuat thuat toan x6a lién két trong cay multicast

(1 B4 asu )
|

Tz0 ra chc két nbi té pd G=(U, V)
2| day 4l vaxem no nhu td pb tot
nhat hién tai

»

—

3 C=0, U5} 1={5)
//’/// \\\\\\ 2
4 C> Cox =
S
h 4
10 | C=C+1 5 Ta0 ra chu hinh tam méi 1 Pat ”T/A“,’C"’C\m Pe
cudi cling
1 v
i N A
S e ém tra da;/ colphzu a2 77— T N
—6 kit kbt nbiz 63 Kér thic )

. Chon lién két,
gan trong s0 lién két
& 5[ Kiémtrachiphitdps

duoc céi thién?

Chép nhan tpd tam |2 t6 ps mai
tOt nhat hién taivaxda té pd cll

Hinh 3.5: Pha dau trong thuat toan xoéa lien két

Muc dich ctia pha dau 1a dé tao ra mot to po k-nit két noi co chi phi thap, so dd
ciia pha dau duge thé hien trong Hinh . Theo thuat toan trong Hinh 4 khéi 2
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13 c4c budc tao ra cic to po day du két néi vi xem n6 nhu t6 po to6t nhat hién tai. Sau
d6, c6 duge mot cau hinh tam bing cach x6a mot lien két cu thé trong ciu hinh hien
tai duge xit Iy & cac khéi 6, 7 va 8. Néu cau hinh tam nay dap tng, mot to po kha thi
mdi véi chi phi thap hon c6 thé dat duge. Chap nhan t6 po c6 tinh kha thi méi nay
13 t6 po t6t nhat hien tai mdi, loai bo céi cii thé hien trong khéi 9. Tham s6 C' trong
khéi 3 1a tham s6 bo dém st dung dé dém s6 lan that bai lien tuc, trd lai bing khong.
Néu cAu hinh tam thoi nay khong dap tng tat cd nhitng diéu kién, loai bd né va tang
C len mot duge thyc hien ¢ khéi 10. Néu gia tri cia C' vugt qua mot gia tri nhat dinh
Craz = [U - k/2], két thic thuat toan vi to po tot nhat hien tai 1a to po cudi ciing thé
hien & khéi 11. Nguoc lai, dat duge mot cau hinh tam khéac va kiém tra né. Bing cach

nay, x6a lién két duge thue hién vong lap cho dén khi khong con lien két bi x6a.

Dé thuc hien thuat toan x6a lien két trén cay multicast, xac dinh mot ma tran
MT; ; tren mdi lien két (¢, 5) boi gia tri MT;; = ke;;/ (epij + cpji). Tién trinh thuc

hién thuat toan x6a lién két tren cay multicast bao gdm cac budc cu thé nhu sau:

e Budc 1: Chon s6 nut ¢ tit nat ngau nhién 1 dén U va tao ra cac cau hinh két ndi
day du. Sau do6, chon dinh tuyén cho tiing yéu cau va x4c dinh trong s6 lién két.

Xem két qua to po nay 1a to po tot nhat hién tai.

e Budc 2: Thiét lap bo dém tham s6 C vé khong va khéi tao V, chita cac lien két

tng vien dé xo6a, v6i tap chita tit ca céc lien két trong to po t6t nhat hien tai.

e Budc 3: Kiém tra xem gia tri ctia C' > Cyqp = [U - k/2]. Néu ding, di dén budc
7.

e Budc 4: Tu 'V, chon lien két v c6 gid tri ma tran hiéu suit 13 16n nhat. Chita cau
hinh tam bang céch loai b6 lien két v tir cAu hinh hien tai. Kiém tra xem cu
hinh tam nay 1a két ndi k-nat. Néu khong, loai b n6, ting C lén mot, va loai

bé lien két v tir lien két ng vien tap V. Sau d6, quay trd lai budce 3.

e Budc 5: Gan lai dinh tuyén chi danh cho nhitng yéu cau unicast va multicast c6

dinh tuyén qua lién két v trong to po t6t nhat hién tai.

e Budc 6: Tinh toan tong chi phi clia tit ci cac lien két. Néu chi phi to po ducc
ci thién, chap nhan to po tam nay 1a to po tot nhat hién tai. Sau do, quay trd
lai buéc 2. Néu khong phai, loai bo cdc cau hinh tam thoi, ting C' lén mat, va

loai bé lien két v tir lien két ng vien tap V. Sau d6, quay trd lai budce 3.

e Budc 7: Thoét ra va trd vé to po tot nhat hien tai.
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Trong budc 3, gia tri Chax = [U - k/2] cho mdi to po tot nhét 1a dé k-nit két ndi
¢6 1t nhat [U - k/2] lien két. Thuat todn t6i wu chi phi cuc bo trong xit Iy x6a lien két
cay multicast duge thé hién trong Hinh .

3.2.2.2. Dé xuat thuat toan thém lién két trong cay multicast

Luan an trinh bay thuat toan thém lién két trong cay multicast ciing bao gom hai
pha: pha bit dau tao to po va pha thyc hién tién trinh t6i wu cuc bo. Trong d6, pha
thitc hién tién trinh t6i vu cuc bo gidbng pha thyc hién tién trinh t6i wu cuc bo clia

thuat toan xo6a lién két.

Y tudng chinh ctia pha bit diu tao to po la tao ra mot ciu hinh k-nat két néi la
mot t6 po chi phi thap va sau d6 tiép tuc xay dung mot to poé méi dya trén t6 po chi

phi thap. Pha nay bao gom cac budc cu thé nhu sau:

e Budc 1: Chon sb niit 4 ngau nhién tit 1 dén U.

e Budc 2: Xac dinh cdc ntt véi dinh nhé nhat. Goi nat nay X. Néu c6 mot sd nit
ing vién, chon mot trong cac chi s6 nhé nhat. Xac dinh cac ntt véi dinh nhé
nhat chua két néi véi X. Goi nit nay Y. Néu c6 mot s6 nit ing vién, chon mot

trong s6 d6 gan nhat dén X. Them lién két X Y.
e Budc 3: Lap lai bude 2 cho dén khi lien két ctia mdi nit 14 nhd hon hodc bang k.

e Budc 4: Kiém tra xem cau hinh hién tai Ia k-nat két néi. Néu dang, di dén budc
6.

e Budc 5: Kiém tra xem céc két ndi clia ciu hinh hién tai c6 thé duge ting len
bing cach chi them mot lien két. Néu dugc, bod sung cic lien két ngin nhat ma
bd sung nay c6 thé ting kha nang két nbi. Néu khong, loai b cac cau hinh hién
tai va quay trd lai budce 1. Lap lai cdc hoat dong néu trén cho dén khi cAu hinh
hién tai 13 k-ntt két ndi hodic cho dén khi két ndi ctia cau hinh hién tai khong

thé tang lien két nio nita.
e Budc 6: Chon dinh tuyén cho tiing yéu cau va xac dinh trong s6 lién két.
e Budc 7: Thoat ra va trd vé to po tét nhat hién tai.
O bude 5, néu c6 mot lien két phai them vao lien két khac dé ting két néi. Céc

quy tac 1a kha phitc tap dé xac dinh lien két c6 thich hgp dude bd sung vao dé dam

béo rang cic to po két qua c¢6 mot chi phi thap.
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2 C=0, U={5}, V={5}
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4c cp lign ké T6 pb cubi cing
i C=CH1 4 Chon cac c2p lien ket 12 #5 At Auge
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Kiém tra day cé phai 13 1% Thuc thi ma

hai lign k&t 11én ké?

Tao mét t8 pd méi sau khi hoan
6| dbi cac lién két. Chon dinh tuyén
va gan trong 0 lién két

Kiém tra chi phf topd
dugc cél thién?

tang trén 16 pd

Tao mét t6 pd tam mdi khac sau
& khi hoan a8l cac lién két. Chon dinh
tuyén va gan trong s0 lién ket

Kiém tra chi phi £ pd
dugc cél thién?

Chép nhan td pd tam la td pd mdi

£t nhat hién tai va xba td pd cli

Hinh 3.6: Thuat toan t6i wu cuc bo
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Chi phi dé dat dugc to po t6t hon néu ki thuat ma mang dude sit dung hd tro
truyén multicast, Luan 4n nghién cttu sy khéac biét chi phi to po gitta ba truong hop

Sau:

1. Mbi yéu cau multicast dudc coi 1a da yéu cau unicast.
2. Cac yéu cau multicast dugc xem xét rieng ré tit yéu cau unicast.

3. Thuat toan cay Steiner dudc st dung dé xay dung dinh tuyén multicast.

Dua vao Hinh [3.4] dé thyc hien hai thuat toan them lien két va xéa lien két dé rat
gon cay multicast. Theo Hinh .a, cac buée thuc hién thuat toan them lien két dat
duge t6 po cudi cliing. Tuy nhién, khi so sanh vdi két qud clia thuat toan xo6a lien két
Hinh .b ta nhan thay ring tap dich sé nhan dugc thong tin truyén cé thé bi triing
1ap b6i c6 hai két néi dén ching. Nhung két qua trong Hinh [B.7la vin dam bao dugc
cac budce khi thue hien thuat toan va bdo toan k-nat két ndi. Vi vay, trong qua trinh

thuc hien ta c6 thé két hop ca hai thuat toan dé rat gon cay multicast.

A8
// ~ \\\
Y- b AN
// ~ \\\
4 \
/// Budc 1 . Buéc 1
AN

— S
5 ()
\ BU’O’C 2 \54\ BU’O’C 2 r % Buac 2 - /g Buéc 2
\\ ya ' \\\ ,r’ A Y , / \\ Y 7':
\\ / " Bube g \ < | Budc 4 Bue 4
\/ N ) \/ \
= \/ N — /,/""\\/ N —
(%) (%) S ) (%) [ %) %s )

Hinh 3.7: K&t qua thuat toan thém lién két (a) va xoa lien két (b)

Thuat toan truyen multicast ma mang co sé véi chi phi cuc tiéu duge sit dung dé
xay dung dinh tuyén multicast. Dé dat dugc ludng cuc dai trong t6 po, Luan an két

hgp rat gon cay multicast v6i song song héa thudt toin Ford Fulkerson.

3.2.2.3. Dé xuat song song héa thuat toan Ford Fulkerson

Thuat todn Ford Fulkerson 13 thuat toan cho phép tinh toan ludng cyc dai trong
mot mang truyén thong duge dé xuat bdi tac gid Stone trong [118]. Giai phép song

118



song héa ctia Luan an tap trung vao tim hru lugng cuc dai tit nguodn dén tap dich véi
k-ntit két ndi theo phuong thitc truyén multicast. Theo Muc 1.1.3, muc tiéu ctia Luan
an 1a xay dung Thuat toan xit Iy song song cic duong dan ton tai tit ngudn dén dich
v6i diéu kién tat cd cac canh trén duong dan d6 van con kha ndng thong qua. Xét
dd thi theo Hinh , thuat toan cai tién sé tim luu lugng gii di doc theo cac duong
di d6, sau d6 tiép tuc tim cdc duong di khac thong qua lip lai cac bude thuat toan.
Duong dan con kha ning thong qua la duong dan cé khd ning md rong thém hay
duong dan ma luu lugng qua dé con kha ndng ting thém. Thuat toan két thic khi dat
duge duong dan véi lnu lugng c6 gia tri 16n nhét.

Thuat toan Ford-Fulkerson ¢6 hai budce chinh: Bude thi nhat 14 mot tién trinh ghi
nhan dé tim kiém cho mot dudng dan tang luu luong, tic 13, mot dudng di tir Sy dén
Sy v6i rang budc Il < ts doc theo tat ca cac cac canh vé phia trude va [l > 0 doc theo
tat cd cac canh ngudc lai. Néu bude thit nhat tim thiy mot duong dan c6 kha nang
tang luu luong, bude thi hai thay déi luu lugng phit hop. Néu khong con duong dan
tang luu lugng ton tai thi thuat taoan tra vé luu lugng toi da.

Thuat toan bt dau v6i bat ky luu lugng khé thi nao (I = 0), mot niat & mot trong
ba trang thai: khong gan nhan, gin nhan va da duyeét, hodc gan nhan va chua duyét.
Khi thuc hién bude 1, tit cd cac nit khong gin nhan. Bude 1 chi ra ring nit ngudn
ducce gan nhan va chua duyet. Cac budc chi tiét thé hien qua Thuat toan .

Yéu cau rang budc déi véi bai toan luong cyce dai 1 tim gia tri cyc dai:

- Rang buoc trong s6: 0 < zzgij < tsg,,

- Déi xting luu lugng (V.S; # S, Sy, luu lugng dong vao béng véi luu lugng dong

ra): lg, = —llg .

U
- Rang budc Iwu lugng (VS; # Sp, Sv): > lls,, = 0.
j=1

Song song hoéa thuat todn Ford Fulkerson ctia Ludn an tap trung vao gidi phéap
truyén thong nhom trong thuat toan thé hien trong bude 2. Gidi phap nay xit Iy tat
ca cac nit dude gdn nhan va chua duyét véi tat ca k-nit két ndi. Cai tién budc 2 thé
hign nhu sau: D6i véi mdi canh S, € V mot trong hai tinh hudng c6 thé c6 thé xay

ra:

- S; da dugce gdn nhén va chua duyét, S; khong gan nhan va lg,, <tss,. Néu tinh
hudng nay xuét hien thi thuc hien gén nhan (S;; +;nhan (S;)) cho nat S;, trong
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Thuat toan 5: Song song héa thuat toan Ford Fulkerson

Input : Tap cac nat, canh, luu lugng (U, V, 1)
Output: Tap Max-Flow Min-Cut
Khéi tao, gdn nhan ngudn (Sy; nhan (Sp) = o0);
Chon bat ky nit S;, ¢6 gén nhan va chua duyet (Néu khong ¢6 cac nat duge
gin nhan v chua duyét, thi luu lugng hien tai 1a luu lugng t6i da).;
foreach S;; € V do
if S; khong gan nhan then
if Si; € Vwa llg,; <tss, then
gan nhan (S;; +;nhan (S;)) cho nat S;:
nhan(S;) = min(nhan(S;),tss,; — ls,,);
S; duge gdn nhan va da duyeét;
S; duge gan nhan va chua duyét;
Sy = 5j;
if S, € V va lls, > 0 then
gdn nhan (S;; —; nhan (S;)) cho nat S;:
nhan(S;) = min(nhan(S;), lls,,);
S; duge gan nhan va da duyét;

]

S; duge gin nhan va chua duyet;
Sy = S;;

while S; # S, do

if S, := (Sy;+;nhan (S;)) then
| Us,, = lls,, + nhan(S);

if S;:=(S,; —;nhan (S;)) then
U, = lls,, — nhan(S,);

St = Sy,

trg lai dong 2;

return Maxz-Flow Min-Cut(Sy, Sy));
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do: nhan(S;) = min(nhan(S;), tss,, — llg,,). Thuc hién dat S; da duge gan nhan

va da duyet, S; duge gin nhan va chua duyet, gdn nat S; cho nat trung gian Sj;

- S; dugc gan nhan va chua duyét, S; khong gan nhan va llg,, > 0. Néu tinh
hudng nay xuat hién thi thyc hién g&n nhan (S;; —;nhan (S;)) cho nat S;, trong
d6: nhan(S;) = min(nhan(S;),llg,,). Thyc hién dat S; da duge gén nhan va da

duyet va S; da duge gin nhan va chua duyét, gan nit S; cho nut trung gian Sj;

Néu niit S; duge gan nhan thi di dén budc 3, ngude lai trd lai bude 2. Cac budc
thyc thi thé hien qua so dd thuat toan Hinh [3.8

Duya vao to6 po da tao Muc 1.3.3.1 trong Chuong 1, song song hoa thuat toan Ford
Fulkerson tién hanh gén nhin v xay dung tap lat cit cuc tiéu tit nit ngudn dén céc
nit trung gian va nut dich trong to po. Thuat toan sé tinh toan ludng cie dai tit ngudn
dén dich thong qua dinh tuyén gitta cic nit. Két qua tinh gia tri ludng cyc dai tir nit
ngudn dén cac nat dich trong t6 po di tao thé hien ¢ Bang

Bang 3.1: Két qua gia tri dya trén song song héa thuat toan Ford Fulkerson

‘Nﬁt‘l‘2‘3‘4‘5‘6‘7‘9‘10‘11‘12‘15‘18‘

| Giatri | 27.44 | 27.44 | 27.44 | 1357 | 10.30 | 23.29 | 27.44 | 24.05 | 1313 | 2425 | 27.44 | 1414 | 27.44 |

\Nﬁt\20\25\27\30\39\47\48\51\54\61\71\76\78\

\ Qid tri \ 27.44 \ 10.30 \ 10.26 \ 10.30 \ 22.56 \ 12.05 \ 10.30 \ 10.15 \ 27.12 \ 13.13 \ 27.44 \ 10.30 \ 17.14 \

Song song hoéa thuat toan Ford Fulkerson dé tinh gid tri ludng cyc dai, tuy nhien
dinh tuyén ciia thong diep chua phai 13 dudng di ngin nhat. Thuat toan thé hién gia
tri tinh todn ludng cyc dai tit nguon dén dich qua Hinh a. Dé& nhan xét mot cach
trige quan, Hinh 3.9/b bidu dién két qua Hinh [3.9)a thé hien thong qua dd thi, thuat
toan xit 1y véi k-nat két ndi 1 2 thi tai nat ngudn 0 c6 2 dinh tuyén xuét phat dé tinh
luu lugng cye dai. D6i véi thuat toan két hop v6i ma mang, yéu cau can thiét 1a tai
cac nit dich phai ¢6 nit trung gian gan nhat dé thyc hien phép tinh XOR dé tranh
trung lap thong tin khi dén dich.

Trong giai phap xtt 1y do thi tuyén tinh cho cac itng dung phan tan st dung phuong

thitc truyén multicast thi duong dan tit ngudn dén dich c6 thé ton tai nhiéu duong di
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Bt dhu

G = (U,V)

tsg 20 0<IZ <is,

)

I«

+‘

So; nhan(Sy) = «
S;|teTG

v

‘ 4‘ DD=True ‘

(5]

M gz‘in nhan, chua duyét S; gén nhén, chua duyét

S; khong gin nhan S; khong gén nhan S
Ty il >0
b
(Sj+smhan(Sy) (Si-mhan(S)))
nhan(S;) = min(nhan(S; ), Isg, = IISJ,) nhan(S ;) = min(nhan(S,), 1l )
9 S; géin nhan, da duyét 10 S; gén nhan, da duyét =
S; ge"m nhéan, chua duyét S; gén nhéan, chua duyét
Si=5; S$i=S5i
[ |
\ 4
‘ 12 ‘ Iy =1l +nhan(s,) ‘13‘ Il =1, —nhan(s,)
| ¢ ]
T
| A

]
P

\ 4
‘15 ‘ DD=False ‘

Hinh 3.8: So do song song hoa thuat toan Ford Fulkerson
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Max flow from 0O to 71
0->82 17.137780840129547/17.137780840129547
0->76 10.300250523302278/10.300250523302278
1->71 27.438031363431826/103.7707730144837
2->1 0.13807224556338937/173.3547070775228
3->1 6.940867236199129/22.399929844294924
6->1 10.162178277738889/27.268578834024947
7->6 10.162178277738889/10.162178277738889
7->2 0.13807224556338937/13.405771039819596
12->3 6.940867236199129/40.173380307117824
18->1 10.196913603930419/10.196913603930419
27->12 6.940867236199129/41.17808718558¢61¢6
30->7 10.300250523302278/10.33726885201113
47->27 6.940867236199129/10.262745710257473
76->30 10.300250523302278/29.34700750010444¢6
82->47 6.940867236199129/12.054926436918477
82->18 10.196913603930419/11.9729766215762

Max flow value = 27.438031363431826

(a)

. o o

TN\ /

/ y \ N Vs AN
(a7 ) 27— 2 ) 3 )
69\ " Jeg "\ ") eg \
- /4;:\ \ 69
TN
r1 22
7 0 2\1/”' N P
) . [ \‘\ / \‘
) 18 ) )
L — 102 274
103 S

Hinh 3.9: Tinh toan ludng cyc dai tit nguon dén dich
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khac nhau va phu thuoc vio k-nit nét ndi. D61 v6i bai toan k-ntit két ndi 14 2 theo
Hinh [3.9) thi tit ngudn ¢6 2 duong din dén dich theo phan chia ty lé luu luong, do d6
song song hoéa thuat toan Ford Fulkerson sé thiyc hién theo cic rang buodc va tham sb

khac nhau trong nghién cttu cia Luan an.

3.2.3. Xac dinh ty lé luu lugng trong cay multicast v6i ma mang

Sau khi thuc thi t6 po ban dau clia mang G = (U,V) dé dat dugc mot to6 po
toi wu, chi phi khi thuc hién truyén trong to po véi truong hgp c6 mi mang va
khong c6 ma mang thé hien qua Cong thitc (3-28). Theo két qua Cong thic (3.21)),
1/2kn(U) < ¢(U) va thl (U) < kn(U) c¢6 nghia la dinh tuyén phan chia duge cho
phép, do d6 1/2thl(U) < ¢(U) la wu diém ma mang, nhu vay ta c6 ty 1 lwu lugng
thl (U) /g(U) < 2. Céc lien két duge gan nhan véi cing ky tu trong mot cay Steiner,
trong Hinh [3.10la cay gin nhén véi ‘a’ trong canh nét lidn va nét chim gach; trong
Hinh [3.10lb, nhan ‘a’ dugc gan cho nét lién va ‘b’ gén cho nét cham gach. Theo
Hinh [3.10] két qua thuyc thi thong luong khong ¢6 ma mang dat duge tuong ting la 1
doi véi cay multicast don, 1.875 doi véi da cay multicast, bang cach truyén mot luu
luong doc theo mdi cay Steiner véi ty 18 luu lugng tuong duong véi trong sb cay. Sau
khi thong lugng t6i tu v6i md mang theo diéu kien 1y tudng la 2. Dya vao két qua
trén, ty l¢ gitta ma mang va da cay multicast 1a 1.067. Hiéu nang cia ma mang duge
x4c dinh 13 hiéu qud truyén duya trén ty lé goéi tin dén tap dich. Néu t 1é cao hon so
véi cac phuong thic truyén khac thi hieu nang cia md mang duge xem 1a hiéu nang
cao. Nhu vi du dua ra trong Hinh hiéu nang cao clia ma mang dat dugce khi thyc
hién phép toan XOR tai tap dich, ty lé thong lugng 1 2 so v6i dinh tuyén phan chia

multicast.

Trén co sé dé xuat hai thuat toan them lien két va xo6a lien két dé rat gon cay
multicast. Cay multicast riat gon két hgp v6i song song héa thuat toan Ford Fulkerson
dé tim ludng cyc dai. Céac thuat toan trén két hop giita didu khién 1é ngudn va ludng
cuc dai 1a didu kien thuan 1¢i trong t6i wu truyén thong gitta ngudn va tap dich. Dua
tren két qua nay, Luan an trinh bay thyc thi ma mang trong hé phan tan trién khai

trong may ao dat dugc hiéu nang cao trong qué trinh truyén thong.

3.3. Dé xuat thuat toan xac dinh ma mang tuyén tinh

Thuat toin xac dinh ma mang tuyén tinh dugc dé xuét dé gidi quyét cac han ché
trinh bay trong vi du dau tién trong Muc 1.3.1 cta Luan an. Thuat toan xi Iy trén
hé théng mang dude xét nhu do thi G. Dé xét do phic tap cla giai phap k¥ thuat ma

mang, Luan 4n xét trén mo hinh tdng quat va tinh toan cho timg déi tugng: ma héa
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Théng lugng cuc dai véi don cay dinh Théng lugng cuc dai véi da cdy dinh Théng lugng cuc dai véi ma mang 1a 2
tuyén ban nguyén multicast 12 1.5 tuyén phan chia multicast 12 1.675
Hinh 3.10: Uu diém clia ma mang trong cai tién thong lugng multicast tir nguon dén

tap dich

tai ndt ngudn va cac nat trung gian, gidi ma tai tap dich. Dé mo t4 mot cich tong
quat, do thi trong Hinh duge trinh bay lai theo Hinh dé phan biét cac nit
trong do thi. Trong d6, Sy 1a nit ngudn dé truyén di lieu dén tap dich D thong qua
tap cac nut trung gian TG.

D6i véi mot niit S, € TG, vo(S,) biéu thi cung ra (id, S,, S.) tit S, va v;(S,) biéu
thi cung vao (id, S,, S,) tit S, theo Hinh [3.12, trong do: id 1a dinh danh cfia cung.

Hinh 3.11: M6 hinh ma mang

Mot tap trat tu {S1,4dy, ..., Sm_q,idm_q, Sm} 1a dudng dan p(S;,S,,) ti S; dén
S trong G néu (id;, S, Sj41), Vj € {1,...,U}. Hai duong dan p va p’ 1a roi rac néu
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Hinh 3.12: Biéu thi cung vao/ra clia niit S,

ching khong chia sé cung chung. Mot duong dan p (z, 2) 1a chu trinh néu z = 2. Mot
do6 thi G 1a do thi khong ¢6 chu trinh néu né khong chita chu trinh. Trong phan nay,
Luan an dua ra do phtc tap thoi gian tong quat clia bai toan mi mang vd do phic

tap thuc thi trén cic nat va canh trong do thi.

Giai phap co ban clia ma mang 13 dit lieu dugce truyén di duge chia thanh nhiéu
gbi tin dé mdi cung clia mang cé thé truyén cac géi tin trén mdi kenh st dung. Muc
dich ctia gidi phap 1a dé t6i da s6 lugng cac géi tin A chuyén tit nit ngudn Sy dén tap
dich D, v6i su rang buoc ring mdi cung v € V ¢6 thé dude sit dung it nhat mot lan.
Gidi phdp tong qudt ma mang cia Ludn dn cho mang multicast duge zdc dinh bdi ma

héa tai nit nguon va cde nit trung gian, gidi ma tai tap dich.

Cac budc dé xac dinh bai toan ma mang dua trén cic tham sé cu thé dé I kich
thudc truong hitu han F,,, t6 pd mang hieu qua dé xay dung mang cuc tiéu, cuc tiéu
chi phi va do phitc tap ma hoa dya trén cac thudt todn mang multicast. Kich thudc
cia truong hitu han F,, dugce sit dung bdi chuong trinh ma mang 13 mot tham s6 quan

trong xac dinh s6 tinh toan dugc thue thi tai méi nut mang.

Mang multicast trén mot do thi G dat cuc tiéu néu loai bé bat ky cung v sé c6
két qua lam gidm trong sb ctia n6. Mot mang cuc tidu c6 thé duge xay dyng thong
qua thuat toan bang phép lip loai bé cac cung du thita. Luan 4n trinh bay mot thuat
toan hieu qua dé xay duyng mang cuc tiéu. Ma mang cuc tiéu c6 mot sé thuoce tinh két

hop cu thé duge st dung dé thiét ké cac thuat toan ma mang hieu qua hon.

Thuat toan bao gom hai giai doan:

- Trong giai doan dau tién, mot thuat toan luu lugng duge chay dé tim, méi nat
trung gian t € TG, tap P! clia duong dan canh roi rac b tit Sy dén Sy. Chi c6
cac canh trong sy két hop ctia nhitng luu lugng duge xem xét trong giai doan

thit hal ctia thuat toan.

- Giai doan thit hai 13 sit dung thuat toan tham lam viéng tham lan luot mdi canh
va thiét ké ma tuyén tinh st dung cho cdc canh d6. Trat tu viéng tham cac
canh dude chon dé ma cho canh v dude thiét ké sau khi mé cho tat ci céc canh
dan dén v. Muc dich trong viéc thiét ké cdc ma cho v la chon su két hop tuyén

tinh ctia cdc dau vao dén nit v ddm bdo ring tit cd cic nit trung gian nim
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4 ha Iuu tt v nhan duge két hop doc 1ap tuyén tinh A cta cic k§ hiéu ngudn
nguyén thuy by, ..., b,. Dbi v6i mdi nut trung gian Sy, thuat toan duy tri mot tap
C; C V va mot ma tran By[h x h]. Tap C; md ta cac canh da xit 1§ gan nhét
trong mdi duong dan canh roi rac h trong P!. Cac cot h cla B, tuong ting vdi
céc canh h trong C; va cot vdi canh ¢ € C, mo ta syt két hop tuyén tinh by, ..., by,
di qua canh ¢. D6 13, néu ¢ truyén b, (1) by + .. + b, (h) by, thi cdc ot tuong ting
I [be (1), ..., be (h)]". Thuat toan duy tri bat bién dé ma tran B, tai mdi budc
nghich ddo ddm bdo rang cdc ban sao clia by, ..., by danh cho nit trung gian S,

van c6 thé phuc hoi duge véi moi sy lya chon ma méi.

Cac tinh chat ctia thuat toan xac dinh luu lugng thong tin tuyén tinh ctia ma

mang dugec mo ta nhu sau:

Xét da do thi G = (U, V) don vi trong s6, cé hudng, phi chu trinh, dé h biéu thi
tap cdt toi thiéu gitta nguon s va bat ky nat trung gian t € TG. Thudt todn luu lugng
thong tin tuyén tinh theo Thudt todn @ zdy dung ma mang multicast tuyén tinh trén
mot truong hiu han F. Trong dé, thudt todan luu luong thong tin tuyén tinh ngdu nhién
c6 thoi gian thuc thi ky vong la da thic O(V - TG - h?). Bat ky kich thudc truong hitu
han |F| > 2TG c6 thé dugc st dung thé hién cdc kij hiéu duge qii doc theo cic canh.
Thudt todn zdc dinh luvu lugng thong tin tuyén tinh ngdu nhién cé thoi gian thuc thi
OV -TG - h(h+ TG)).

Bat ky kich thudc truong hitu han |F| > TG c6 thé duge sit dung dé biéu dién
cac ky hieu duge giii doc theo cac canh. Két qua cac ma tuyén tinh tit mot trong cac
thuat toan luu lugng thong tin tuyén tinh c¢6 cdc dic tinh sau:

- Nguon nhan ky hiéu thong tin A 14 dau vao clia né.

- Canh v can thsi gian thyc thi O (min (Jv; (v)|, TG)) dé tinh toan cic ky hicu
duge giti doc mot canh roi. Nguodn can thoi gian thyce thi O(h) cho mdi canh.

- M&i nit trung gian c6 thé tai tao lai tat ca cic ky hieu thong tin A trong thoi
gian O (h?).
Ky higu start(v) biéu thi canh v bat dau. D6i véi mdi canh v chiing ta dinh nghia
véc td ma hoéa cuc bd |vf (start (v))] theo Cong thite (3.31]) nhu sau:
my = vy (start (v)) — Flvstart®)) (3.31)

Cong thic (3.31)) 1a véc to xac dinh két hop tuyén tinh clia cac ky hiéu trén cac

canh trong |vr (start (v))] tao ra cdc ky higu trén canh v, d6 1a, néu y(v) 1a ky hiéu
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mang theo canh v thi y(v) dugce tinh theo Cong thic (3.32) nhu sau:

vr(start(v))

yo) = 3 mao)y(o) (3.32)

o

Nhiém vu ctia Luan an & dé xac dinh céc he s6 mv(O; dé tat ca cac nat trung gian
c6 thé tai cau trac nhitng thong tin nguyén thiy tir cac ki hieu. Luan 4n trinh bay h
cac canh song song vy, ..., vy it mot $6 nit mdéi S) dén Sp; cac canh mang theo cac ky

hiéu dau vao cho ngudn S.

Mo t4 hieu quad clia tat ci cac véc to ma cuc bo trén canh v doc lap ctia dau vao
cu thé sit dung véc td ma toan cyc ZES € F" dac trung cho sy két hgp tuyén tinh cac
ky hieu dau vao tao ra y(v). Nhu vay, b‘(—v_; = [0P~!,1,0""] 1a véc to chiéu dai h véi
1 & vi trf thit 4 duge tinh theo Cong thic nhu sau:

vr(start(v))

b0} = > mo(0)y(0), Vo € V (3.33)

véc to l@ duoc xac dinh bdéi vi mang 1 phi chu trinh va ¢ thé duge xem nhu
chuong trinh mé héa tuyén tinh c6 thé duge st dung cho truyén multicast tir Sy dén
D khi v& chi khi VSy € D. Viéc tai tao cac thong tin nguyéen thiy cé thé dat dugc
bang cach xit Iy hé théng tuyén tinh ctia phuong trinh qua cac bién h. Ma tuyén tinh
tron thong tin nhan duge tit cdc canh khac nhau nhung khong bi mat thong tin can

thiét mién 1a c6 mot 4nh xa song anh giita dau vao va dit lieu dat tai nat trung gian.

Vé6i nhiéu nit trung gian, cach tiép can cta Luan an 1a thém vao nhiéu luu lugng
S; — Sy, cdc bude thuat toan qua cac niut S; € U theo trat tu to po. Diéu nay dam
bdo ring cac véc to méi toan cuc clia tit cd cac canh dén V duge biét dén khi cac véc
to ma cuc bo cla cac canh di khéi V duge xac dinh. Thuat toan tinh toan cac hé sb
ctia M, cho cic canh trong v € vo (u), mot canh tai mot thoi diém. C6 thé c6 nhidu
duong dan luu lugng dén nit trung gian khac nhau thong qua canh v. Dé TG(v) biéu
thi tap céc nat trung gian st dung v trong mot s6 phien tap P, tap phién P(v) duge
tinh theo Cong thic ((3.34):

P(v) = {P' < (v) : t € TG (v)} (3.34)

Cong thitc (3.34) 1a tap canh tién xtt 1y clia v trong dudng dan luu lugng tuong
ting. He s6 khac khong déi véi m; chi duge lta chon cho céac canh trong P(v). Dé dam
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Thuat toan 6: Thudt toin zdc dinh ma mang tuyén tinh

Input : D6 thi G = (U, V), nit nguon Sy, tap dich D
Output: Duong dan roi rac h tir Sy dén D, tap vecto 77?;, tap trong s6 C,; va
cac nut trung gian «a, kich thuéc truong hitu han F

h := mingepmin {|c| : ¢ la tap cit Sy — D};

chén ndt ngudn méi S§ vao U;

chén canh song song h{vy,...,v;} tit S dén Sy vao U, dé P! biéu thi 1a tap
duong dan rdi rac h tit Sy dén S;

dé F 1 kich thuéc truong hitu han :

foreach i € U do

b(s,) = [0, 1,0;

Ci ‘= Cg,;;3

foreach ¢t € TG do

Ci = {csm, ..,csit};

B, = {b(smj, ..,b(sitﬁ};
foreach ¢; € Cg do

t Qy (Ct) = b(Ct )
oreach S; € U\ {S,} do

foreach v (S;;) do

WS = % s, (PYy(p);

pevr(start(Si;))
17
vt € TG (Sy) : (BA{BPY  (Si3))H) U {b (S }:
foreach t € TG do

tinh phan tit trude cia cac canh trong Cy;

)

cap nhat By;

cap nhat ay;

foreach ¢, € Crg\{P' + (S;;)} do
t cap nhat a;;

return (b, {ms, : SV}, {({ci,ar}) : t € TG}, F);
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bao ring tat ci cic nit trung gian cé thé tai ciu tric cac dau vao, thuat toan cia Li
va cong sy trinh bay trong [25] x4c nhan ring cac véc to ma toan cuc b(TS 13 doc lap
tuyén tinh v6i s6 mfi tap véc to ma toan cuc. Thuat toan c¢6 do phitc tap O(D) dbi vdi
tap canh can phai duge kiém tra cho méi v € V.

Néu biéu thic b(S;;) = > ms,; (p)y(p) trong Thuat todn |6| thuc thi lya
pevr(start(Si;))

chon ngau nhién m vdi sy hd trg tap cdc phién P(v) trong diéu kién Vt € TG (v) :
% .

(BA\{b(P" + (Si;))}) U {b(Sij;} doc lap tuyen tinh dugc thoa thi thudt todan thuc thi

vdi thoi gian O(V - TG - h?) va trd vé thong tin cho phép ma héa vdi thoi gian O(h?)

tai moi nit trung gian.

Stt dung thuat toan duyet do thi don chiing ta c6 thé tim thiy dudng tang luu
lugng tit So dén TG trong thai gian O(V). Ching ta ap dung chu ky thong thuong
nay thong qua cac niat trung gian cho dén khi khong con dudng tang trudng bi sot.
Chiing ta c6 thé tim thiy duong tang trudng cho tit ci cic nit trung gian trong thoi
gian O(V - TG - h).

Cac thuat toan hoat dong chinh xac hon bat ky truong hitu han ctia kich thudc
F > 2TG. Dé thuc hién cac phép toan truong hitu han c6 hiéu qud, ching ta c6 thé
tao ra mot bang tra citu thuc thé F cho phan tif tiép sau theo nghién cttu ctia Imamura
trinh bay trong [50]. Stt dung bang nay, bit ki phép toan s6 hoc trong F ¢6 thé duge
tinh trong thoi gian hing s6.

Khdi tao C;, By va a; (c) chiém thoi gian O(TG - h?). Hai vong lap chinh trén tit
¢4 cic canh dé c6 mot tong s6 1an 1ap V. Tinh todn P(v) chiém thai gian O(TG) néu
luu lugng /1 tr6 dén phan ti trude cia cac canh trong phan chia duong dan cia (1t

Tim ma véc to cuc bo i, chiém thoi gian O(P (v)) = O(TG). Tinh b(v) va kiém
tra doc lap tuyén tinh st dung véc t0 a; (c) chiém thoi gian O(TG - h). Sau khi x4c
suit thanh cong la hing, chi phi du kién cho viec tim kiém doc lap tuyén tinhim, la
O(1)-O(TG - h) = O(D - h). Tinh a, (c) Vt va tat ci ¢ € C; v6i thai gian O(TG - h?).
Két hop tit ca cac phan trén, ta c6 duge thoi gian rang buoc 1a O(V - TG - h?).

Dé Sy < [F|. Xét cip (ki,l;) € F" x F' véi k; - 1; # 0 vdi 1 < i < n. Ton tai két
hop tuyén tinh U cia ki, ko, ... ky, déu-1; # 0 vdi 1 <i <n déU cd thé tim thdy
trong thoi gian thuc thi O(n?h).

Ta xay dyng quy nap uq, s, ..., U, v6i moi 4,7 v6i 1 < j <i<n,tacéu-l; #0.
Ta chon u; = k. Bay gio, dé 1 < j <i<n—1.

Néu u;-l; # 0, ta dit u;y, := u;. Ngugce lai, cht y ring Vo € F, (au;+kiy ) livqy # 0,
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Vj, 1 S ] S ?:, ta co (CLU,L' +ki+1) : liJrl =0 néu va chi néu o =) = — (k?zqu) ll/(u, . lz)

Bay gio, dé cho H 1a mot tap hop cac cac thanh phan trudng Sy riéng biet. Néu
|H| > i, H = H\{a;|1 < j <i} # 0, ta chon mot s6 xay dung phan tit « € H' va xac
dinh w; ;== au; + k; ., bang cach xay dung, w;y, - l; #0,V1 < j <i+1.

Tinh toan ctia tich trong mét thoi gian O(h). Mdi «; ¢6 thé duge tinh trong thai
gian O(h). Khi |H|<Sy, H c6 thé dugc biéu dién theo cach khdi tao va tim kiém mot
phan tit ¢6 thé duge thuce hien trong thoi gian O(Sy) va loai bd mot phan tit ¢6 thé
dugc thyc hien trong thoi gian khong thay ddi. Do d6, viec tim kiém mot hé sé don

mét thoi gian O(nh) va tim uy, ug, ..., u, mat thoi gian O (n?h).

Phan xac dinh céc tinh chat clia thuat toin xic dinh luu lugng thong tin tuyén
tinh dugce xac dinh tuong tu xac dinh thoi gian thyc thi tai mdi nat trong gian. Ching
ta chi can thay thé thoi gian du kién can thiét bdi chuong trinh ngiu nhién dé lya
chon bing thoi gian can thiét két hgp tuyén tinh. Ta cé tong thoi gian thue thi theo
Cong thitc (3.35)):

O(V(TG - h® + TG?h)) = O(V - TG - h (h + TG)) (3.35)

Tong thoi gian thuc thi cia mi mang so véi truyén multicast trinh bay trong

Bang [3.2}

Bang 3.2: Thoi gian thyc thi clia ma mang va truyén multicast

Multicast Ma mang
Nt O(h?) O(h)
Cung O(h?TG) O(h?TG)

Mang O(VTG2h%) O(V-TG - h(h+TG))

Trong cung cap tai nguyén truyén thong cho hé phan tan trién khai trong dam
may dya trén k§ thuat ma mang. Gidi phap dé xuat ctia Luan an t6i uvu hon so véi
truyén thong multicast trong hé phan tan. Do phiic tap thoi gian thuyc thi ciia thuat
toan roi vao mot trong ba trudng hop. Truong hgp thi nhat, do phic tap thoi gian
clla md mang trong truong hop tot nhat 1a O(V - TG - h (h + TG)). Truong hgp thit
hai, néu m& mang khong thic thi dude tai cac nat trung gian thi do phitc tap thoi
gian chinh la do phtic tap thsi gian ctia truyén multicast O(VTG?h*). Truong hop
thit ba 1 truong hop xau nhét, nghia 13 khong thic hién duge cd ma mang va truyén

multicast, do phitc tap thai gian 1a truyén unicast. Truong hop thit ba rat kho xay ra
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béi khi xay dung diéu khién cung cip tai nguyen truyén thong véi multicast dia trén

thiét lap cac kénh truyén véi k-ntit két noi.

Hiéu nang cta ki thuat ma mang trong xay dung to po dudc trinh bay bang cach
so sanh thiét ké ma mang co sd v6i huéng unicast va da ciy multicast. Trong mo
phong, ty lé thiét 1ap yeu cau unicast tlg, (i < j) duge chon dong nhét tit 10.0 dén
60.0 theo thong s6 dau vao ciia to pd cho cac nit két ndi theo dang token tuong tng

v6i s6 nit mang 16 gic tit 6 dén 16 theo Bang [3.3] Trong d6, nat ngudn phan chia ty

Bang 3.3: Két qua thyc thi to po vdi 3 phuong thic truyén

Mang Phuong thitc truyén
Luu lugng . . ~
Nat Canh  Unicast Multicast M&a mang
10.0 6 9 10.0 18.75 20.00
20.0 8 13 20.0 37.50 40.00
30.0 10 17 30.0 56.52 60.00
40.0 12 21 40.0 75.00 80.00
50.0 14 25 50.0 93.75 100.00
60.0 16 29 60.0 112.50 120.00

lé truyén, cdc cum nat trung gian duge chon dong nhat vé chi phi duong truyén. Duya
vao to po nay, Luan an sé nghién citu hiéu nang clia hai thuat toan dugce dé xuat theo
phan chia ty le uu lugng. Két qua thé hien & Bang [3.3] tap nat ngudn sau khi phan
chia ty 1é gbi truyén trén to po vdi s6 nat va canh tuong ng trong mang con cua
G, cac phuong thic truyén duge danh gia lan lugt 1a multicast don (Unicast), da cay

multicast (Multicast) va ma mang.

TY 18 truyén théng véi 3 phuong thic truyén
1200

__ 1000 R

7/
800 D e

o

600 & e

Théng lugng (Mbs
\

400 T

200 PR
10 20 5O 100 200 300 400 500 600 700 &00 900 1000

Bang thong (Mbs)

"""" Unicast = == Multicast = <o = M3 mang
Hinh 3.13: Ty 1 truyén thong véi 3 phuong thiic truyén

Qua Bang va Hinh cho thay, khi s6 lugng nit va canh ting lén tuong ing
v6i luu luong mang, cac ty lé giita ba phuong thitc truyén khong c6 su thay ddi 16n.
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Tap nat dich nhan Ivu lugng truyén véi ma mang dat dude cao hon so véi hai phuong
thitc truyén con lai, ty 1& gitta Multicast va Unicast xap xi 1.875, ty lé gita Ma mang
va Multicast xap xi 1.067. Vi vay, vdi két nodi da cay multicast nhat dinh, dinh tuyén
chi phi cyc tiéu ma mang co s& c6 thong lugng tai tap dich cyc dai. Trong két qua
mo phong Hinh , bang thong tai tap dich c6 gia tri t6i da 1a 1000Mbs thi trudng
hop k-nit két néi 1a 2, thong luong cyce dai cia ma mang dat duge khi st dung bang
thong 500Mbs trong qué trinh truyén.

3.4. Panh gia va nhan xét gidi phap ky thuat ma mang cung cap
tai nguyén truyén thong cho hé phan tan trién khai trong
hé théng 4o héa

Dua trén co s nghién cttu 1y thuyét va cac két qua nghién citu lién quan, Luan
an trinh bay cdc giai thuat va thuat toan gidi quyét bai toan tong quat gidi phap diéu
khién cung cap tai nguyén cho he phan tan trong may 4o dua trén k¥ thuat ma mang.
Giai phap nay da gidi quyét van dé didu khién thong diep di chuyén trong hé théng
va cac giadi phap t6i wu truyén thong diép doi véi he thong 16n, da dang va phiic tap
trong moi trudng Dieén todn dam may. Luan an trinh bay giai phap diéu khién cung
cap tai nguyen ddi v6i nguoi stt dung va tai nguyén truyén thong trong hé phan tin
dam béo tinh nhat quan va gian bé. Bén canh d6, Luan an ciing da trinh bay giai phap
t6i wu truyén thong cho hé théng may cht 4o nhut song song héa thuat toan Lamport,

song song hoéa thuat toan Ford-Fukerson, k¥ thuat ma mang.

D6i véi gidi phap ddm bdo gian bé trong hé phan tidn, Luan 4n da song song hoéa
thuat toan Lamport nham cho phép tién trinh di vao mién gang trong loai trit tuong
hé phan tan sém hon va yéu cau thong diep it hon so vdi cac gidi phap tuong ti. Két
qué song song héa thuat toan Lamport 13 mot phan trong thuat toan 4PCoDT dam

bdo tinh gin bé trong hé phan tan.

Déi véi giai phap dieu khién ty 1 ngudn véi ma mang, Luan an da xay dung dugc
giai phap xac dinh ty 1& ngudn va diéu khién ty 1é truyén truyén tinh trén do thi con
thong qua cac rang budc ctia k¥ thuat ma mang. Sau khi thuat todn xac dinh duge ty
lé truyén, goi tin nguyén thiy dude chia thanh nhidu khéi va ma hoéa trude khi truyen
trén cac kenh. Tai tap dich, cac goi tin duge gidi ma va trd vé goi tin nguyén thiy.

D6i véi gidi phap t6i vu truyén thong multicast v6i ma mang, Luan an xay dung
hai thuat toan thém lién két va x6a lien két ndm rat gon cay multicast. Cay multicast
sau khi duge rit gon két hgp véi thuat todn Ford Fulkerson nhim tim dong tdi da

truyén trén cay. Luan an dé xuat thuat toan xac dinh ma mang tuyén tinh nhim dua
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ra do phiic tap ve téng thoi gian thye thi clia ma mang.

Céac nhom gidi phéap trén duge thuc thi trong mo phéng hé théng 4o hoa dé ting

tinh linh hoat va kha nang diéu chinh t6i uu thuat toan.

Tuy nhién, nhitng han ché vin con ton tai va chua gidi quyét clia Luan an:

- He thong 4o hoa hoat dong trén nguyeén 1y 16 gic, do d6 hiéu nang chua béang so
vdi hé thong vat 1. Cac qua trinh cung cap tai nguyén trén hé thong 4o hoa tién
hanh cac tinh toan, xit 1y van con phu thudc va tai nguyén ma hé thong vat ly

cung cap.

- Giai phap tong quat theo Hinh chi 4p dung cho mo hinh bai toan didu khién
cung cap tai nguyén truyen thong duge dé xuat va dua ra do phic tap doéi véi
k¥ thuat ma mang, néu ap dung cho céc truong hop khac thuat toan sé khong
mang lai tinh t6i wu vd do phic tap thuc thi co thé 16n hon.

Tiéu két Chuong 3

Chuong 3 da trinh bay mo hinh didu khién ty lé cho multicast v6i mang ma cho
mang véi do thi con duge ma. Giai phap duge phat trién trén thuat toan didu khién
thich nghi ty 1& tuong @ng. V6i ma mang ngau nhién, thuat todn duge thiyc hién &
tang van chuyén vi tang mang dé diéu khién ty lé ngudn va thire thi ma mang. Gidi
phap diéu khién ty 1é ngudn duge cong bd trong cong trinh s6 (2). Ngoai ra, lam thé
nao dé c6 do thi con duge mi t6i wu dya trén cac tieu chi chi phi tdng quat 1a mot

van dé quan tam nghién cttu, bén canh d6 viéc rit gon cay multicast.

Bén canh d6, dé t6i wu héa dd thi con trong nghién ctu ctia Luan an da dua ra
gidi phap xay dyng to po truyén multicast két hop v6i ma mang. Hai thuat toan tao to
po duge dé xuat 1a them lien két, xoa lien két va thyc thi ching trong ciing ngit cAnh
dé tao cac t6 po con tir tap két ndi ban dau duya trén cac rang buoc vé thong luong
va yéu cau xay dung to po. Hai thuat toan them lien két, x6a lien két duge cong bd
trong cong trinh s6 (4). Song song hoa thuat toan Ford Fulkerson tim ludng cyc dai
tit nguon dén tap dich theo huéng xit 1§ song song theo rang budc bao toan k-nat két
néi. Thuat toan trien khai truyén multicast két hgp k¥ thuat ma mang dam bao tap
dich nhan thong tin khong bi trung lip va dat duge thong luong cue dai duge cong bd

trong cong trinh s6 (6).

Dé dat dugc tinh t6i wu trong truyén thong, Luan an da trinh bay mo hinh diéu
khién tj lé cho multicast v6i mang mé cho mang véi do thi con duge ma thong qua

gidi phap xay dung to6 po truyén multicast két hop v6i ma mang. Trong Chuong 3,
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Luén an trinh bay do phitc tap ctia bai toan ma mang thong qua do phic tap ma va
gidi ma nat ngudn, cac nit trung gian va tap dich. Bén canh d6, Luan an dua ra do
phiic tap thuc thi cho thuat toAn ma mang dua trén thoi gian da thite duge cong bd

trong cong trinh s6 (6).
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KET LUAN VA HUGNG PHAT TRIEN CUA LUAN AN

Luan an da tim hiéu, phan tich cdc nghién cttu, mo6 hinh lien quan dén cung cip
tai nguyén trong hé phan tan va hé thong may 4o. Dya vao d6, Luan an da dé xuit
mo hinh tong quat trong cung cap tai nguyen cho hé phan tan trong may 4o dya trén
k§ thuat ma mang. Két qua nghién cttu cta Luan an I giai quyét mo hinh téng quéat
duya trén cac giai thuat, thuat toan nhim t6i wu vé didu khién cung cip tai nguyen
diing chung va tai nguyen truyén thong cho hé phan tan trién khai trong may ao. Céc

két qua cu thé ctia Luan 4n dat duge thé hien nhu sau:

- Déi vé6i hé phan tan: Luan an da dua ra gidi phap dam béo tinh gin b6, nhét
quan beén trong hé va tinh trong subt déi véi ngudi sit dung thong qua cac dong

P

gop:

1. Dé xuét xir 1§ song song thuat toan Lamport nhim dam béo trat tu tong
quat cac tién trinh trong he phan tan thé hien 6 Chuong 2. Ap dung song
song héa thuat toan Lamport trong loai trit tuong hé dé ddm bao tién trinh
duy nhat vao mién ging. Song song hoa thuat toan Lamport cho phép thiét
lap mot trat tu téng quat chat ché va ghi dau céc sy kién dién ra trén céac
may chi. Thuat toan cai tién gdn diu cho sy kien yeu cau 3(N - 1) thong
diép. Khi ap dung song song héa thuat toan Lamport trong thuat toan loai
trit tuong hd, tién trinh di vao mién ging yéu cau (N - 1) thong diep. Do
do, gidi phép cai tién clia Luan an dat hiéu nang cao trong cai tién thuat

toan loai trir tuong hd phan tan.

2. Dé xuat thuat toan 4PCoDT trinh bay trong Chuong 2 ddm bdo tinh gin
b6 dua trén giao dich bén pha dat duge muc dich gin b6 manh trong he
phan tan va dit lieu nhat quan trén tat ci cic ban sao. Thuat toan 4PCoDT
dam bdo tinh gin bo tap trung vao viéc xay dyng thong diép, co ché diéu
khién, giam sat va dinh tuyén tit nguon dén dich. Vé ciu tric thong diep
thé hien dic tinh méi cho hé phan tan dé xéc lap co ché diéu khién qua lai
gifta cAc may chti nhdm hop Iyc cung cip tai nguyén diung chung. Chuong
trinh diéu khién thong dieép duge phat trién trén nguyén Iy vong tron 4o,
dya vao d6 Luan an dua ra thuat toan 4PCoDT nham ddm bao tinh gin

b6 cho hé phan tan thong qua moi trudng truyen thong.

- Déi vé6i ky thuat ma mang: Cac thuat toan duge dé xuit ciia Luan 4n dé dat
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duge gidi phap t6i wu truyén thong trong dién todn dam may:

1. Giai phap ki thuat ma mang dudc phat trién trén thuat toan diéu khién
thich nghi t¥ lé tuong tng. Khi cic gia tri thay doi vé ty 1é, thuat toan thuc
hien tinh toan lai dé dat gia tri ty 1é cao nhit c6 thé. V6i ma mang ngiu
nhién, thuat toan duge thyc hién & tang van chuyén va tang mang dé diéu
chinh ty lé ngudn va thuc thi ma mang. Ngoai ra, lam thé nao dé c6 do thi
con duge ma tdi vu dya trén cac tieu chi chi phi tong quat 1a mot van dé
quan tam nghién ctu, bén canh dé viec rit gon cay multicast va chuyén

bai toan thanh da ngudn, da ty l& dé t6i wu hoa chi phi.

2. Chuong 3 ctia Luan an da dua ra gidi phap xay dung to po truyén multicast
két hgp v6i ma mang. Dé xudt hai thuat toan tao to po la thém lien két,
x6a lién két duge trinh bay trong Chuong 3. Hai thuat toan dé xuat cho
phép rit gon t6 pd vdi cdc niut chi nhan va truyén thong tin. Vi vay, xac

dinh duge niit nguodn, tap cac nit trung gian va tap dich.

3. Dé xuat xit 1y song song thuat toan Ford-Fukerson dudc trinh bay trong
Chuong 3 tim ludng cyc dai trong mang theo rang buoc truyén multicast
voi k-nat két noi 1a 2.

4. Trong Chuong 3 da dé xuat thuat toan xac dinh ma mang tuyén tinh. Thuat
toan xac dinh m& mang tuyén tinh trinh bay do phic tap tai nit nguon,
cac nut trung gian va tdp dich va ching minh do phtc tap cia ma mang
tuyén tinh dya trén da thiec.

- Déi v6i hé thdong Dién toan Dam may: Luan an trinh bay gidi phap diéu
khién cung cip tai nguyén truyén thong trén co sé diéu khién thong diep di
chuyén trong to6 pd mang va k¥ thuat ma mang dé téi wu truyén thong trén cac
kénh truyén. Trong mo phong Dam may, cac gidi thuat clia hé phan tan va ma

mang dugc triéu goi thue thi dé danh gid téng quat mo hinh bai toan.

Trén cd sd nhitng két qua nghién ctu da dat dude clia Luan an, mot s6 hudng tiép tuc
nghién ctu, phat trien vd mé rong c6 thé dé xuat nhu sau:
- Déi v6i he phan tan, hai nhém gidi phap can giai quyét:
1. Thi nhat, phat trién giai phap diéu khién tién trinh phong, chéng bé tic
trong cung cap tai nguyén dung chung.
2. Tht nhi, dua vao bo diéu khién cung cip tai nguyeén truyén thong dua tren

k§ thuat ma mang phat trién gidi phap can bing tai trén cdc may chi nhim
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dam bdo cac yéu cau tit ngudi st dung duge phan tai dong deéu.

- Phat trién giai phap diéu khién cung cap tai nguyeén truyén thong dua trén ki
thuat ma mang tap trung vao cac bai toan:

1. Giii phap ma mang da ngudn, da ty lé va cuyc tiéu do tré trong truyen
thong.

2. Xay dung giao dién md va céc giao thitc ctia bo diéu khién cung cip tai
nguyén méa mang dé phuc vu cho cac hé théng 4o héa khac nhau va nhiéu
loai tng dung phan tan khac nhau.

- Dién toan dam may trién khai hé phan tan va t6i wu truyén thong béi giai phap
mé mang. Vi vay, huéng phat trién clia dien toan dam may tap trung vao tbi uwu

dinh tuyén va bdo mat cac goi tin truyén gitta cdc hé théng 4o vdi nhau.
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