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LOT CAM POAN

T6i xin cam doan luan vin “K§ thuat diéu khién luu lwong trong mang
may tinh cum” 13 cong trinh nghién ctru do t6i thyc hién dudi sy huéng dan cua
PGS.TS. NGUYEN VAN TAM. Céc ndi dung duoc trinh bay trong luan vén 1a
nhitng két qua dat duoc trong thoi toi gian thue dé tai dudi sy hudng cua tap thé
gido vién hudng dan, toi khong sao chép nguyén ban lai két qua cua cac nghién
ctru d3 timg duoc cong bd va day ciing 1a két qua cua qué trinh nghién ctu, hoc
tap va lam viéc nghi€m tac cua toi trong qua trinh hoc cao hoc. Bén canh do,
trong mot sé noi dung luan van 1a két qua phan tich, nghién ctu, tong hop tir
nhiéu ngudn tai liéu khac. Cac thong tin tong hop hay cac két qua lay tir nhiéu
ngudn tai liéu khac da duogc t6i trich dan mot cach day du va hop 1y. Ngudn tai
liéu tham khao c6 xuat X rd rang va duoc trich dan hop phap.

Céc s6 liéu va thong tin sir dung trong luan vin nay 1a trung thuc.

Thai Nguyén, ngay 28 thang 08 nam 2015

Nguoi cam doan
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MO DAU

Ngay nay, nén kinh té cuia dat nudc dang ngdy mot phat trién va dang hoa
nhap véi nén kinh té cua khu vuc cling nhu cua thé gioi. Cung véi su phat trién
d6 mang mady tinh d3 va dang trd nén rat quan trong déi v6i ching ta trong moi
linh vuc nhu: Khoa hoc, qudc phong, thuong mai, gido duc...hién nay & nhiéu
noi, mang da tré thanh moét nhu cau khong thé thiéu dugc.

Viéc truyén dir liéu trong mang phu thudc vao nhiéu yéu té, trong dé co
chién lugc cung cip tai nguyén cua mang (dudng truyén, bé nhé dém...). Néu
kha ning tai nguyén c6 han, khong co chién lugc cap phat phu hop va thich nghi
VGi trang thai luon thay doi cia mang thi ddn dén tinh trang tic nghén do kha
nang tai nguyén trén cac thiét bi mang dap ung khong néi. Trong khi d6, c6 mot
s6 thiét bi mang nao d6 c6 it dir liéu truyén qua lai khong duoc tan dung. Tac
nghén c6 thé xuat hién & nhiéu vi tri khac nhau trong mang va dé 1a két qua cua
mot s6 nguyén nhan sau:

Thoi gian cho xir 1y, cac goi tin xép hang trong hang doi qua 16n. Néu cac
ludng goi tin dot ngot di vao tir nhiéu Interface va tat ca déu muédn di ra ciing mot
duong nén hang doi sé bi day (do phai luu goi tin va chuyén tiép goi tin ...). Néu
kha ning xur 1y ctia cac nit mang yéu sé& dan dén tac nghén. Kich thuéc bo dém
cua hang doi qua nho. Néu bo dém khong du dung lwong dé luu cac ludng goi tin
thi mot s6 goi tin s& bi mat. Do tré 16n, tan suét I6i mang cao va sy chénh 1éch vé
bang thong giira cac lién két: Lam tang sd lwong goi tin tai cac interface dau vao
Clia cac router bién trong mang 1am cho kha ning tac nghén trong mang tang 1én,
va ciing dong nghia véi viéc s lugng goi tin bi loai bo ciing ting 1én néu cac
Router bién khong c6 co ché hanh xtr hop 1.

Trong qua trinh hoc tip va nghién ctru toi da tim hiéu dwgc md  t sb kién
thirc vé mang va tim hiéu cac thuét toan dé di &u khién luu luong mang dé dam
bao dir lidu trong mang khong bi tac nghén. Chinh vi thé t6i da lya chon dé tai

“Ky thuat diéu khién luu luong trong mang may tinh cum”.
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v Péi twong va pham vi nghién ctiru

Péi twong:

- Kién trac hé théng may tinh cum

- Thuat toan gao ro

Pham vi nghién ciu:

- biéu chinh lvu lwgng trong mang may tinh cum bang thuat toan géo ro

v/ Huwéng nghién ctru caa dé tai

- Tim hiéu thanh phan, chirc ning cua hé thong may tinh cum, va cac van
dé nay sinh trong qua trinh khoi dong mang may tinh cum

- Tim hiéu thuat toan gao ro.

- Giai quyét bai toan diéu khién luu luong dya trén thuat toan gao 1o

v Nhirng ndi dung nghién ciru chinh:

Luan van dugc trinh bay trong 3 chuong:

Chwong 1: Gigi thiéu tong quan vé mdy tinh cum va cic van dé diéu
khién luu lugng trong thyc té

Chuong 2: Ky thuat diéu khién luu lwong trong mang may tinh cum

Chuwong 3: Day la chuong demo viéc trién khai diéu khién luu lugng trén
may tinh cum bang thuat toan gao ro. Trong chwong nay s& hudng dan tao ra mot

cluster, dung thuat toan gao rd dé diéu khién luu luong.
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CHUONG I: TONG QUAN MAY TiNH CUM
VA VAN VE PIEU KHIEN LUU LUQNG
1.1 Tong quan vé h¢ thong may tinh cum
1.1.1 Khdi niém mdy tinh cum

May tinh cum (Cluster computers) 13 mot cum gdm nhiéu may tinh hoat
dong cung nhau, xur 1i cac cong viéc nhu 1 may tinh logic hay con goi 1a cluster
(cum may tinh). Ching thudng (nhung khong nhat thiét) c6 chung cau hinh phan
ctng va phan mém. Bé dam bao viéc toan bd cum may tinh (cluster computer) c6
chung maot hé théng diéu hanh cling nhu cac tiy chon vé phan mém va ciu hinh,
ban c6 thé dung chung file 40 héa dé khoi dong tir d6 (vi du file .is0). Viéc nay
¢6 thé hoan thanh nho sir dung mang nhu mot phwong thirc khoi dong, thay vi st
dung 6 dia thong thuong. [1]

Céc bo phan cua hé thdng may tinh cum dugce lién két véi nhau thong qua
cac loai cap dung cho mang LAN c¢6 thé 1a cap thuong, tét nhat 1a cap quang, dé
dam bao viéc truyén dir liéu dugc nhanh hon. May tinh cum cung chay mot hé
diéu hanh giéng nhau. Hé thong may tinh cum 1 1 giai phap dé ning cao kha
ning clia cac may tinh khong manh dé chiing tré nén manh hon khi két hop voi

nhau va dic biét 1a tiét kiém nguén tai chinh.
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vien Vit Iy — Vién Han Lam Khoa hoc va cong nghé Viét Nam
1.1.2 Cac loai may tinh cum

Hé thong mdy tinh cum c6 dp sin sang cao (High-availability
clusters/HA)

Hé théng may tinh cym c6 do san sang cao con dugc goi la failover cluster
duoc st dung chu yéu dé cung cip cac hé thdng cluster can c6 cac dich vu yéu
cau do sin sang cao.

Chung hoat d6ng bang cach cung cdp cac nut du thira (tic 13 cung cap
nhiéu nut cung 1am 1 nhiém vy cung thuc hién 1 chic nang). S& ¢o tdi thiéu 1 nat
thira, néu 1 nut bi ngirng hoat dong thi ngay 1ap tirc nat kia s& dam nhan nhiém
vu ctia nd. Loai hé théng cluster nay can chi phi kha cao.

Hé théng cluster chia tai (Load-Balancing clusters)

Day 1a loai cluster ma cac nut thuc hién viéc chia tai cong viéc dé ching
cung xu li cac cong viéc .

Pic diém cua loai hé théng nay 1a ngudi ding sé chi thay 1 may chi

Hé théng cluster tinh todn (Compute clusters)

Thuong loai hé thong nay thuong st dung cho cac muc dich tinh toan chir
khong str dung cho cac hoat dong mang tinh vao ra nhu cac dich vy web hoac co
so dir liéu.

Hé théng tinh todn lwéi (Grid computing)

Hé théng nay 1a hé thong cluster cuc 16n thudng bao gom cac may chi tir
nhiéu noi ndi V6i nhau bang cap quang tao thanh 1 mang ludi,thuong chung st
dung vao cac muc dich yéu cau phai tinh toan phirc tap nhu cac bai toan vé du
bao thoi tiét hodc cac cong ty trong 1 tap doan can xir li dir liéu cua nhau.

1.1.3 Kién triic ciia mgt Cluster

Cluster dugc t6 chuc thanh cac nhom goi 13 cac farm hay pack. Trong hau
hét cac truong hop, cac dich vy & ting trudc va giira (front-end and middle-tiers
services) dugc t6 chirc thanh cac farm str dung céac clone, trong khi d6 cac dich
vy tang sau (back-end services) dugc t6 chirc thanh cic pack. Cac khai niém

farm, pack va clone trong hé thdng cluster s& duoc lam rd ngay dudi day.
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Farm 13 mdt nhom cac may chu chay cac dich vu giéng nhau, nhung
khong dung chung co sé dir liéu. Puoc goi 1a farm (trang trai) boi vi chiing xtr 1y
bat cir yéu cau nao gui dén cho ching bang cic ban sao co so dir lidu (tai
nguyén) giéng hét nhau dugc luu giit cuc bo, chir khong dung chung mét ban co
s& dir lidu. Ciing boi tinh chat nay nén cac may chi thanh vién cua farm 1am viéc
doc lap va ching dugc goi 1a clone (clone 1a may tinh duoc thiét ké dé mo phong
chuc nang cua may tinh khac).

Cluster Pack la mdt nhom cac may chu hoat dong cung véi nhau va chia
sé v&i nhau cac phan cua co sé dir lidu. Puoc goi 1a pack (khdi) vi su hoat dong
Cta cac may chu thanh vién cua pack co lién hé chat ché véi nhau va chiung lam

viéc theo mot phuong thirc théng nhat dé quan 1y va duy tri cac dich vu. [5]

1
i :
! |
1
i [ Quan Iy metadata tén }
: file, danh sach cac |
| block va noi luu trir, :
| | quan Iy vitc mdkiong 1 quan Iy céc
» :
! |
e |
{ 1
{ 1
{ 1
{ |

Quan Iy wéc thire thi
cic MapReduce job,

Luu tr mét ban sao
cho dir beu trén
NameNode, luu trlr

file, quén Iy cac TaskTracker nhat kg cac thay déi

DataMNode

trén hé théng HDFS

HTTP port 50030

HTTP port; 50070

Quén Iy heu trir cac ;[
blocks theo yéu ciu cli

§an Iy luu trir cac an ty luu trr céac Bn Iy heu trir cac
cks theo yéu cau cla cks theo yéu cau cla | [ks theo yéu cau cia

NameNode va dap (ng meNode va dap (ng meNode va dap ung | meNode va dap (ng
yéu cau fruy cap cac L cau fruy cap cac L cau truy cdp cac I cau truy cap cac
blocks tiz client cks tir client cks tir client kks tir client

e [TesTager ™ [Fatmer ™ [Farader

Thire thi cac Map task e thi cac Map task uc thi cac Map task lrc thi cac Map task
va Reduce task theo Reduce task theo Reduce task theo Reduce task theo
yéu cau cda JobTracker | M cdu cia JobTracker | b caucda JobTracker | | cau cla JobTracker

Slave Slave Slave Slave
Céc node chay HDFS @) Cécnode chay MapReduce Engine
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Hinh 1.2 Kién triic mgt Hadoop Cluster
1.1.4 Ché dp hoat dong ciia Cluster
Mdi may chu trong cluster dugc goi 1a mot nut (cluster node), va co thé
duoc thiét 1ap & ché do chu dong (active) hay thu dong (passive). Khi mot nat &
ché do chu dong, n6 s& chi dong xir 1y cac yéu cau. Khi mot nat 1a thy dong, nd
s& nam & ché do du phong nong (stanby) chd dé sin sang thay thé cho mot nut

khac néu bi hong.

oy s dids lid ooy sl did lid ooy sl did lida ooy s i hidn

Cung lting Cung lting Dung Wng| Dung ling
cho fail ovar cho fall covar cho fail cvar cho fail cvar

‘L'Z i

£ oea E _ '_'_l
“ Mt 3 Mt 4

Mot l

s -
] Cluster

T % & 8 8

]

is Céc mdy tram

Juan tri mang

Hinh 1.3 Nguyén ly hoat dong cua mgt Cluster

Trong mot cluster co nhiéu nit c6 thé két hop ca nat chit dong va nut thu
dong. Trong nhirng mé hinh loai nay viéc quyét dinh mét nat duoc ciu hinh 1a
chu dong hay thu dong rat quan trong. Dé hiéu 1y do tai sao, hdy xem xét cac tinh
hudng sau:

- Néu mdot nat chu dong bi su cd va c6 mét nut thy dong dang san sang,
cac ng dung va dich vu dang chay trén nat hong c6 thé 1ap tic duoc chuyén
sang nat thu dong. Vi may chu dong vai tro nat thu dong hién tai chua chay tng
dung hay dich vu gi ca nén n6 co6 thé ganh toan bo cong viéc cia may chu hong
ma khong anh hudng gi dén cac tng dung va dich vu cung cip cho ngudi ding
cudi (Ngam dinh rang cac cac may chi trong cluster co ciu tric phan cing giong
nhau).

- Néu tat ca cac may chu trong cluster 1a chu dong va c6 mot nut bi su ¢b,

cac tng dung va dich vu dang chay trén mdy chu hong s& phai chuyén sang mot
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may chu khéc cling dong vai trd nat chu dong. Vi la nit chi dong nén binh
thudng may cha nay ciing phai dam nhan mét s6 tng dung hay dich vu gi d6, khi
c6 sy ¢ xay ra thi né s& phai ganh thém cong viéc cua may cha hong. Do vy dé
dam bao hé thong hoat dong binh thudng ké ca khi c6 sy ¢b thi may chu trong
cluster can phai c¢6 cau hinh du ra du dé c6 thé ganh thém khdi lwong cong viéc
ctia may chu khac khi can.

Trong céu trac cluster ma mdi nit chu dong duoc du phong béi mot nat
thu dong, cic may chu can c6 cu hinh sao cho véi khéi lugng cong viéc trung
binh ching st dung hét khoang 50% CPU va dung lwong bo nhé.

Trong cau tric cluster ma s6 nut chu dong nhiéu hon sé nut bi dong, cac
may chil cAn ¢ cdu hinh tai nguyén CPU va bd nhé manh hon nita dé c6 thé xu
Iy duoc khéi lwong cong viéc can thiét khi mot nit nao d6 bi hong.

Cac nut trong mot cluster thuong 1a mot by phan cia cung mot vung
(domain) va ¢ thé dugc cu hinh 13 may diéu khién ving (domain controllers)
hay may chi thanh vién. Ly twong nhat 1a mdi cluster nhiéu nat c6 it nhat hai niit
1am may diéu khién ving va dam nhiém viéc failover ddi véi nhitng dich vu ving
thiét yéu. Néu khong nhu vay thi kha ning sin sing cua cac tai nguyén trén
cluster s& bi phu thudc vao kha ning sin sang cia cac may diéu khién trong
domain. [5]

1.1.5 Linux Cluster

Mic du cong nghé clustering hién nay van phé bién dung hé diéu hanh
ngudn déng, nhung cac thong ké vé thi phan va muc tang truong cua thi truong
may chu cho thiy rd rang 1a su chuyén dich sang cic hé diéu hanh ngudn mé nhu
Linux dang ngay cang trd nén hién thuyc (IBM da dau tu khoang 1 ty USD dé
phat trién hé théng IBM Linux cluster. Bgi vay khi thao luan vé cong nghé
clustering, viéc tim hiéu vé Linux clustering 1a mot van dé rat can thiét).

Linux cluster duoc cha y phat trién nho c6 cac diac diém nhu: Gia thanh ré
do phat trién tir hé diéu hanh UNIX c6 mi nguff)n m&; Toc do tinh toan nhanh;
Do tin cay cao. Linux cluster trén co s¢ by xu 1y Intel da tré nén thong dung

trong cac vién ngién ctru. D6 1la mot phuong an khong qua ton kém doi voi
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nhitng van dé cta céng nghé thong tin nhu l4p trinh song song, phat trién cong cu
song song va quan 1y cac hé théng phan tan. Pong thoi, Intel Linux cluster cing
dang xuit hién trong cac du 4n nghién ctru trong cong nghiép, méi dau dudi dang
hop mau hoic thir nghiém hé théng dang thiét ké.

Vé nguyén 1y hoat dong néi chung hé thdng Linux cluster ciling giéng nhu
cac hé thong cluster dung phan mém ngudn déng, tuy nhién hé diéu hanh co s&
cho Linux cluster 1a hé diéu hanh Linux, duoc cai dat trén tung nut cua cluster.
Chuong trinh quan 1y dugc ding trong cac Linux cluster tuy theo yéu cau cua
khach hang c6 thé hd tro cac chirc ning bao gdm viéc cung cip giao dién dong
lénh hoic ctra s6; Cac chitc ning quan trj tir xa nhu thiét dat lai hé thong; gidm
sat cac tham s quan trong; Kiém soat ngudn; xem tép nhat ky hé thong; thao tac

don tac dong song song dén nhiéu nut v.v.

S harg

- NuTng Song

~ Mang ™

........ ! cdmg admg

Mang lign lac ' pns ! | I —
gifacdcti€n | . e
.rluh E I:—nnrm—rrr i — =

it x342 C ] J EESe

? ] 1 o Mang sty F—— —_

Miy chi E Nt dau dich vy Maung véo/m +a
diu cusi - Mang quin ly

::

R :
K342
Tt Lot teie
Mag hinh I :; i
gidm sat
[ [fe=™T %
x342
Mt quin Iy

Hinh 1.4 So d6 nguyén 1y ciia mét Linux cluster lon
Nhu da néi ¢ trén, Linux cluster ¢6 d0 tin cdy va tinh 6n dinh kha cao, tuy
nhién viéc thiét ké mot Linux cluster hay mot siéu cluster khong phai 1a don gian,
n6 doi hoi phai xac dinh duoc cac 16p rat triru twong va do phuc tap ting theo

kich thudc cua cluster. Cac dé an vé giai phap Linux cluster phai do nhiing nguoi
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c6 hiéu biét can thiét vé cac van dé nay xay dung nén. Viéc xac dinh cac nit can
thiét phai theo cac nguyén tic sau:

- Ctr 32 dén 64 nt tinh toan can c6 mot nit dau mdi.

- Mdi hé théng can c6 mot nut quan 1y

- Viéc vao/ra bén ngoai can c6 mot hay nhidu nat luu tri.

C6 ba mang chirc ning can phai co:

-Mang danh cho viéc lién lac gitta cac tién trinh IPC (inter process
communication) véi toc d6 phu thudc vao bai toan duoc dit ra.

- Mang dung cho vao/ra tép (file 1/0). Mang IPC ciing c6 thé kiém ludn
nhiém vu nay

- Mang phuc vu cho viéc quan 1y hé thong, thuong 1a mang dugc thiét lap
boi cac chuyén mach 10/100 Ethernet. Ciing can phai c¢6 ca may chu phuc vy dau
cudi trong mang nay.
1.2 Ly thuyét luu lwong
1.2.1 Khdi niém vé luu lwong va don vi Erlang

Trong 1y thuyét luu luong vién thong chung ta thuong st dung thuat ngi
luu luong dé biéu thi cuong do luu lugng, tic 1a luu lugng trong mot don vi thoi
gian. Thuat ngir vé luu lugng c6 ngudn gbc tir tiéng v va co nghia 1a “do ban
ron”.

Theo (ITU-T,1993) dinh nghia nhu sau:

Cuong d6 luu lugng: Mat do luu luong tac thoi trong mot nhom tai
nguyén ding chung 1a sb tai nguyén ban tai thoi diém do.

Nhom tai nguyén dung chung c6 thé 13 mot nhém phuc vu nhu duong
trung ké. Tién hanh théng ké mat d6 luu luong hién tai c6 thé tinh toan cho mot

chu ky T, ta c6 cuong d6 luu lugng trung binh la:
1 T
Y(T)==|n(t)dt
(M)== j )
Véi n(t) 1a s6 thiét bi str dung tai thoi diém t

Luu lwgng mang
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Ac=Y = A’ duoc goi la luu lugng duoc thuc hién béi mot nhom phuc vu
trong khoang thoi gian T (hinh 1.5).
Trong thyc té, thuat ngit cuong d6 luu luong thudng cé nghia 1a cudng do

luu luong trung binh.

nit) 85 trung k& ban

™
jﬁw o

Y S R

Hinh 1.5: Luu rong mang (mdt d6)( bang sé thiét bi bdn) la mét ham thoi gian
(duwong cong C). Luu lwong trung binh trong khoang thoi gian T (dwong cong D)

Pon vi cua cuong d luu lugng 1a Erlang (ki hiéu 1a Erl), day 1a don vi
khong c6 thir nguyén. (Ra doi 1946 dé ghi nhé cong on ciia nha toan hoc ngudi
Pan mach A.K Erlang (1878-1929), ngudi da tim ra 1y thuyét luu lugng dién
thoai).

Khoi lugng luu luong: 13 tong luu lwong mang trong chu ky T va duoc do
bang don vi Erlang - gio (Eh) (theo nhu tiéu chuan 1SO nhiing don vi tiéu chuan
c¢6 thé 1a Erlang gidy, nhung thong thuong don vi Erlang gio thuong sir dung
nhiéu hon).

Luu luong mang khong thé vuot qua sé luong cua duong day. Mot dudng
day chi c6 thé mang nhiéu nhat mot Erlang. Doanh thu ctia cac nha khai thac ty
I& v&i luu lugng mang caa mang vién thong.

Dbi véi dien thoai ¢ dinh thudng thi c6 Ac =0,01 = 0,04 Erl
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Déi véi co quan : 0,04 + 0,06 Erl
Tong dai co quan: 0,6 Erl
bién thoai tra tién : 0,7 Erl
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Luu lwgng phat sinh A

Luu luong phat sinh 13 Iuu luong dugc mang néu khong cé cudc goi nao
bi tir chéi do thiéu tai nguyén, vi du nhu vai s6 kénh khong bi gigi han.

Luu luong phat sinh 1a mot gia tri 1y thuyét khong do luong dugc chi co
thé udc lugng thong qua luu lugng mang.

Ta goi mat do cudc goi 1a , 1a s6 cudc goi trung binh dén trong mot don vi
thoi gian va goi s 1a thoi gian phuc vu trung binh. Khi d6 luu lugng phat sinh la:

A=1s

Tir phuong trinh nay ta thay rang don vi luu luong khong c6 th nguyén.
Dinh nghia nay phi hop Vi dinh nghia trén vai diéu Kién kénh phuc vu khong bi
gidi han. Néu str dung cho mét hé théng véi nang luc gidi han ta c6 su xac dinh
phu thudc vao hé thng.

Ngoai ra c¢6 thé duoc tinh: A =M (p : toc d6 phuc vu)

Luwu lwong ton that Ar

Luu luong ton that 1a do chénh léch giita Iuu lwong phét sinh va luu luong
mang. Gia tri nay cua hé théng giam khi nang luc cia hé thong tang.

Ar=A-Ac

Luu lugng phét sinh 1a mot tham s6 st dung trong tinh toan 1y thuyét dinh
c&. Tuy nhién, chi ¢6 luu luong mang thudng phu thude vao hé thdng thuc mai 1a
tham sé do luong duoc trong thuc té.

Trong hé thdng truyén dan sé ta khong néi vé thoi gian phuc vy ma chi
no6i vé cac téc do truyén dan. Mot cudc giao dich c6 thé 13 qua trinh truyén s don
Vi (nhu bits hay bytes).

Ning lyc hé théng 1a ¢, nghia 1a toc d6 bao hiéu sé lidu, dugc tinh bang
don vi trén gidy (vi du bit/s). Nhu vay thoi gian phuc vu cho mét giao dich nhu
thé tirc 1a thoi gian truyén sé 1a s/ don vi thoi gian (vi du nhu gidy-s); nghia la
phu thudc vao e .

Néu trung binh ¢6 A cudc giao dich dén trong mot don vi thoi gian, thi 6
sir dung hé théng sé 1a:

A.S )
0=—V6i1<0<0
Q@
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1.2.2 H¢ théng tén thit (Loss System) va cong thivc Erlang B

Cong thirc Erlang B

Cong thirc Erlang dugc mé ta bang ba thanh phan: ciu trac, chién lwgc va
luu luong.

Céu triic: Ta xem xét mot hé théng c6 n kénh dong nhat hoat dong song
song va duoc goi 1a nhom ddng nhét (cac server, kénh trung ké, khe slot).

Chién lwoc: Mot cudc goi toi hé thong dugc chap nhan néu con it nhat
mot kénh r6i (moi cudc goi chi can mot kénh rdi). Néu tit ca cac kénh déu ban
thi cudc goi s€ bi huy bo va no s€ bi loai b6 ma khong gay mot anh huong nao
sau d6 (cudc goi bi loai bo co thé dugc chap nhan trén mot tuyén khac). Chién
luge nay duoc goi 1a mé hinh Loss (ton that) Erlang hay mo hinh LCC (Lost
Calls Cleared).

Luu lwong: Gia sir rang trong khoang thoi gian dich vy dugc phan b
theo ham mii (s6 mil ), va tién trinh st dung 1 tién trinh Poisson voi toc do
Loai luu lwong nay duoc goi 1a PCT -I (Pure Chance Traffic Type 1). Tién trinh
lwu lwong nay s& tré thanh tién trinh Mackov don gian xir 1y bang toan hoc.

Cong thtc Erlang B biéu thi mdi quan hé gitra luu lugng xuat hién, lugng
thiét bi, va x4c suat ton hao nhu mot ham sd dugc s dung rong rdi nhu 1a Iy
thuyét tiéu chuan cho viéc lap ké hoach trong hé thong vién thong, vi vay cong
thizc Erlang B chtra dung nhiing tiéu chuan sau:

Céc cudc goi xuat hién mot cach ngiu nhién:

- Xac suat xay ra su ¢ cudc goi 1a ludn cb dinh bat chap thoi gian (xéc
suit c¢b dinh xay ra sy ¢b caa cudc goi).

- Xac suat xay ra sy cd cua cudc goi khong bi anh huong bai cac cudc goi
trude (khong con sét lai nhitg dic diém cua cudc goi trudc).

- Trong thoi gian rat ngan, khong c6 cudc goi nao xuat hién hoic chi co
mot cudc goi Xuat hién (cac cudc goi rai rac).

Dang ton hao trong khi van hanh khi tat ca cac mach déu ban:

- Trong dang ton hao van hanh nay, cudc goi khong thé lién lac duoc khi

tat ca cac mach déu ban. Trong trudong hop d6 tin hiéu duoc giri ra ngoai va du
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duong ra tré nén thong sudt sau khi tin hiéu ban duoc gui ra thi cudc goi van
khong duoc két néi.

- Nhém mach ra 1a nhom trung ké c6 kha ning sir dung hét.

- Thoi gian chiém dung cua cac cudc goi gan ding v6i phan b ham mii.

- Cac mach vao thi v6 han, con cac mach ra thi htru han.

Xéc suat ton hao cudc goi trong cong thirc Erlang B duoc trinh bay trong

cong thuc sau:

A" A"
_ — p(n) = - -
En(A)=E,,(A)=P(n) = 2 N LA

1+ A+—+. 4+ —
2! n!

i !

Va&i A -Luu lugng phat sinh (A=A.s)

n - So kénh

Viéc tinh toan cong thuc trén khong phu hop ca khi ca An va n! tang qua
nhanh, khi d6 may tinh s& bi tran s6 do vay nguoi ta thuong ap dung mot s6 két
qua tinh toan va dua ra cong thurc sau:

EX(A) _ A Ex—l(A)

==l i E0 (A) = 1
X+ AE, (a) "TEOA)

Tir quan diém toan ung dung, ham tuyén tinh c6 d6 6n dinh cao nhat ta cé:
| (A) =1+ %I (AVSi10(A) =1

O day In (A) =1/ En (A)

Cong thtrc ndy hoan toan chinh x4c, tham chi véi cac gia tri (n.A) I6n van
khong xuét hién 15i. Pay 1a cong thirc co ban cho rat nhiéu bang sb cta cong thirc
Erlang B

Cac déac tinh lwu lwgng cia cong thic Erlang B

Biét dugc x4c suit trang thai ta c6 thé biét duoc cac s6 do hiéu ning.

- Do nghén theo thoi gian: 1a x4c suat ma tat ca cac trung ké bi chiém tai
mot thoi diém bat ky bang véi phan thoi gian tat ca cac trung ké bi chiém trén

téng thoi gian.
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- Do nghén theo cudc goi: xac suat ma mot cudc goi bat ky bi mat bang ty
18 6 cudc goi bi chan trén téng cac cudc goi.

A=Y

Do nghén luu lugng: C = =E,(A)

Ta c6 E =B = C, bdi vi cuong do cudc goi doc lap vaéi trang thai, day
chinh 1a tinh chat PASTA (Poisson Arrival See Time Average), né phul hop voi
tat ca cac hé thdng tuan theo tién trinh Poisson. Trong tat ca cac truong hop khac,
it nhit c6 ba tham sé do tic nghén 13 khac nhau.

1.2.3 H¢ théng tré (Delay) va cong thirc Erlang C

Xét Iuu lugng véi tién trinh poisson (Khong gdi han vé tai nguyén). Phan
bd thoi gian phuc vu 1a PCT-1. Hé thong hang doi nay c6 tén 1a hé thdng tré
Erlang.Trong hé théng nay thi luu lugng mang sé bang luu lugng phat sinh va
khong c6 khach hang nao bi nghén.

Cong thirc Erlang C

w 1a bién ngiu nhién cua thoi gian doi thi ta c6 x4c xuat dé bién w>0 la:

A
I 'n—
E,.(A) = P(w>0) = LA (A<n)
A A A" n
1+ A+—+...+ +—.
2! (n=D! n n-A

Cho biét xac xuét cuoc goi dén hé thong thi né phai bi xép vao hang doi
(do s6 kénh gidi han).
Xac xuat dé 1 khach hang doi phuc vy ngay :
Sn=E, (A
Cong thuc hdi quy:
11 1
E2n(A)  Epn(A) Eppa(A)

I 2,n (A) =1 1n (A) -1 1,n-1 (A)

1
l,,.(A)=
E2,n (A)
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Luu luong phét sinh bang luu lwong mang: A=Y (Chi 4p dung cho md
hinh tré).

1.3 Khai niém diéu khién luu hrong

Diéu khién ludng 1a co ché nhim dam bao viéc truyén thong tin cua phia
phat khong vuot qua kha nang xtr 1y cua phia thu.

Chéng tic nghén 1a co ché kiém soat thong tin di vao mang nham dam bao
tong luu lugng thong tin di vao mang khong vuot qua kha ning xur 1y cta toan

mang.

16 Kbps
47

D

Hinh 1.6 Hoat dong cua mang khi khong co su kiém sodt

Chéng tic nghén lién quan dén viéc kiém soat thong tin trén toan mang,
trong khi diéu khién luong 13 viéc Kiém soat thong tin gitra hai dau cudi cu thé.
Hai ky thuat nay c6 diém tuong dong 1a phai giéi han luu luong thong tin nham
tranh kha ning qua tai cua hé thong dich. Do tinh chat gan két cua hai khai niém
nay, da phan cac tai liéu déu sir dung Ian (hoic két hop) cac khai niém diéu khién
ludng (flow control) va diéu khién tac nghén (congestion control).

Vi Iy do @6, trong luan vin nay,tdi sit dung khai niém diéu khién luu
luong dé dién ta ca hai pham tru. Trong trudng hop cu thé can phai phan biét 1am
0 hai khai niém, t6i s€ c6 nhitng cht thich rd rang.

1.4 Nhiém vu diéu khién luu lwong
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Diéu khién luu luong duoc sir dung khi c6 sy gidi han vé tai nguyén giira
ngudi st dung véi diém truy nhap mang, hay giira hai thiét bi mang dé kiém soat
thong tin trén mang. Diéu khién luu lugng dugc st dung nhiéu nhat tai cac 16p
lién két dir liéu(data link), 16p mang(network), va 16p giao van(transport).

Muc dich chinh cua viéc s dung diéu khién luu lwong trong mang la
nham:

T6i wu hoa thong lwong sir dung ciia mang: trong trudng hop thong tin
chi truyén giira hai ngudi dung, viéc téi vu hoa tde d6 truyén tin khong can dit
ra. Tuy nhién, trong mot hé thong mang véi su tham gia trao d6i thong tin cua
nhiéu nut mang, viéc t6i uu hoa thong lwong cua hé thong mang phuc tap hon
nhiéu.

Giam tré géi khi di qua mang: dung trén phuong dién ngudi sir dung, tré
g6i tir dau cudi dén dau cudi cang nho cang tét. Tuy nhién, diéu khién ludng (o
I6p mang) khong nham thuc hién diéu d6. Biéu khién ludng chi dam bao tré cua
g6i tin khi di qua mang nam & mét mac chap nhan duoc thong qua viéc gisi han
s6 luong goi tin di vao mang (va do do, giam tré hang doi). Vi 1y do do, diéu
khién ludng khong c6 tac dung vai nhitng tng dung doi hoi tré nho trong khi lai
truyén trén hé thong ha tang téc do thap. Trong trudng hop nay, viée dap tmg yéu
Ccau cua ngudi sir dung chi co thé duoc thuc hién thong qua viée ning cap hé
théng hay sir dung cac giai thuat dinh tuyén t6i vu hon. Muc dich chinh cua viéc
giam tré goi 1a dé giam su lang phi tai nguyén khi phai truyén lai gbi. Viéc truyén
lai c6 c¢6 thé do hai nguyén nhan: (1) hang doi cia cac nit mang bi day dan dén
g6i théng tin bji huy va phai truyén lai; (2) thong tin bao nhan quay trg lai nut
nguon qué tré khién phia phat cho rang thong tin truyén di da bi mat va phai
truyén lai.

Pam bao tinh cong bang cho viéc trao ddi thong tin trén mang: dam
bao tinh cong bang trong trao doi thong tin 1a mot trong nhitng yéu té tién quyét
cua ky thuat mang. Viéc dam bao tinh cong bang cho phép ngudi st dung duoc

dung tai nguyén mang vdi co hdi nhu nhau. Trong truong hop nguoi su dung
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duogc chia thanh cac nhom véi mire do uu tién khac nhau thi bao dam tinh cong
bang duogc thyc hién déi véi cac ngudi ding trong ciing mot nhom.

Pam bao tranh tic nghén trong mang: tic nghén 1a hién tuong théng
lwong ctia mang giam va tré tang 1én khi lwong thong tin di vao mang ting. Diéu
khién ludng cung cip co ché gigi han luong thong tin di vao mang nhim tranh
hién twong tic nghén ké trén. Co thé hinh dung diéu khién ludng nhu hoat dong
ctia canh sat giao thong trén duong phd vao gid cao diém.

1.5 Cic co ché diéu khién luu lwgng dién hinh

Céc co ché diéu khién luu lugng dugc phan ra 1am ba loai chinh:

- Céc co ché cap phat lai ARQ

- Céc co ché cira s6

- Céc co ché diéu khién truy nhap mang
1.5.1 Co ché cip lai ARQ

Céc co ché diéu khién luu luong theo phuong phap cira s6 duoc hoat dong
tuong tu nhu cac co ché phat lai ARQ (Automatic Repeat Request).

Tryc thoi gian bén phat

»

Thoi gi
Packet 0 |CRC Packet 1 |CRC m"g{’g@rl Packet 1 |CRC
ACK NAK
INhan ding T Phat hien Nhan dungI
khung 0 khung 1 sai khung 1

»
»

Truc thoi gian bén thu
Hinh 1.7 Phat lai theo co ché dirng va doi

Khi truyén thong tin trong mang, thong tin truyén tir phia phét sang phia
thu ¢ thé bi sai 16i hoic mit. Trong truong hop thong tin bi mat, can phai thyuc
hién truyén lai théng tin. Vi truong hop thong tin bi sai, ¢6 thé sira sai bang mot

trong hai cach:
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Sira 16i truc tiép bén thu: phia thu sau khi phat hién 15i c6 thé sua 16i
truc tiép ngay bén thu ma khong yéu cau phai phat lai. Bé co thé thuc hién duoc
diéu nay, thong tin truéc khi truyén di phai duoc cai cac mi sta 16i (bén canh
viéc c6 kha ning phat hién I3i, can c6 kha ning sira 13i).

Yéu ciu phia phat truyén lai: phia thu sau khi kiém tra va phat hién co
13i s& yéu cau phia phat truyén lai thong tin.

Diic diém ciia hai phwong phdp sira |6i trén:

Sira 18i truc tiép bén thu (Forward Error Correction — FEC): chi can
truyén thong tin mot lan, khong yéu cau phai truyén lai thong tin trong truong
hop ¢6 16i. Tuy nhién, s6 lugng bit thong tin ¢ thé stra sai phu thudc vao so loai
ma sira sai va sd bit thong tin thém vao cho muc dich sira sai. Nhin chung, s bit
thong tin thém vao cang 16n thi sb bit c6 thé sira sai cang nhiéu, tuy nhién hiéu
suat thong tin (so bit thong tin hitu ich trén téng so bit truyén di) lai thap.

Sira 16i bang cach truyén lai: khac voi sira 15i truc tiép bén thu, trong
truong hop sta 16i bang cach truyén lai, thong tin trude khi phat chi can thém cac
bit théng tin phuc vu cho muc dich phat hién 16 (s bit thém vao it hon so voi
truong hop stra 16i) do d6 hiéu suat truyén thong tin cao hon so véi trudng hop
trén. Tuy nhién, trong trudng hop co6 16i xay ra véi khung thong tin thi toan bo
khung thong tin phai dugc truyén lai (giam hiéu suat truyén tin).

Véi vu nhuoc diém caa cac phuong phap trén, sira 16i bang cach truyén lai
thuong duoc dung trong moéi truong c6 ty 18 13i bit thap (truyén dan hitu tuyén)
trong khi stra 16i bén thu thudng duge dung trong truong hop méi truong truyén
dan c6 ty 1& 131 bit cao (vO tuyén). Dé co thé dbi pho vé6i truong hop 16i chum
(burst noise), c6 thé ap dung mot sd co ché nhu ghép xen k& thong tin
(interleaving).

Cic co ché phdt lai dwoc chia ra lam 3 loai chinh:

- Co ché phat lai dimng va doi (Stop-and-Wait ARQ)

- Co ché phat lai theo nhom (Go-back-N ARQ)

- Co ché phat lai c¢6 lya chon (Selective repeat ARQ)
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1.5.2 Co ché cira sé
Co ché diéu khién luu lugng duya trén phuong phéap ctra s6 duoc thuc hién
boi viéc gidi han sé luong gbi tin dwgc truyén & phia phat nhim dam bao thong

tin nay khong vuot qua kha nang xtr ly cta phia thu.

w=7 w=7
e —— 1
[o[1]2]3]4][5[6[7[0[1]2][3]4][5[6][7] |[o[1]2[3[4]5]6[7[0[1][2]3][4][5[6][7]
] Fo )

\]
F2
w=4

|
[0]2]2[3]4[5]6|7[0[1]2][3]4[5[6]7]
—

W=4
| I |
[o1]2]8]4[5][6[7[0[1][2]3]4[5[6[7]
—

W=7
[o]1[2[3[4]s[6[7[0]1[2][3[4]5[6]7]

ACK3
W=7

N
[0]2]2[3]4[5]6[7[0[1][2][3]4][5[6]7]

F3
\ W=6

1
- [o[2]2]3[4[5[6[7[0[1]2][3]4[5]6]7]

W=3 F6

| —
[0]2]2]3[4[5]6|7[0[1][2][3]4][5[6]7]
|

w=4
[o[1]2]3]4[5][6[7[0[1]2]3]4][5[6]7]
1

ACK4

W=4
| I |

[o1]2]3]4[5[6[7[0[1]2[3]4][5[6[7]
—

Hinh 1.8 Nguyén tdc hoat dong Ciia co ché cira 6 truot

Theo co ché nay, phia phat s& khong thuc hién phat tin chirng nao phia thu
con chua xir 1y xong goi tin (hoic mot sé géi tin) trude do. Khi phia thu xur 1y
xong thong tin do phia phat giri dén thi né s& bao cho phia phat biét va luc nay,
phia phat s& tiép tuc gui cac goi tin tiép theo. Co ché nay dam bao viéc truyén tin
khong bao gio vuot qua kha nang xtr 1y cta phia thu.

Véi viéc két hop hoat dong nhip nhang giita phia phat va phia thu (co sir
dung bao nhan), sb luong goi tin dong thoi ton tai trén dudng truyén nam trong
giéi han nhat dinh. Néu phia thu c6 bo dém voi dung luong Ion hon tong kich
thude cac goi tin nay thi bd dém phia thu sé khong bao gio bi tran.

Céc tién trinh thong tin c6 thé chiu sy anh huong cua diéu khién ludng
gom c6 cac kénh a0 doc lap, mot nhom cac kénh 4o hay toan bo ludng thong tin

tor mot nit mang nay dén mét nat mang khac.
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1.5.3 Co' ché diéu khién truy cdap mang (han ché bing théng)

Co ché kiém soat bang thong (truy cap mang) dam bao luong thong tin
cta ngudi ding dwa vao mang khéng vuot qua mot micc ndo d6 nham tranh tic
nghén trong mang. Trong mot sé trudng hop cu thé, thong tin cua ngudi dung
dua vao mang c6 thé vuot qua luong thong tin gigi han & mot mic do nao d6 cho

phép.

Faucet

\ Host

computer
[J=— Packet
O
Unregulated
o, flow
O
L
buﬁg —] O The bucket
Water Interface i ? holds
containing —» packets
a leaky bucket
O . Regulated
U flow
Water drips out of the O
hole at a constant rate —
Network
(@) (b)

Hinh 1.9: (a) thudt toan gado ro voi nuoc, (D) thudt toan gdo ro voi cac goi tin

Co ché kiém sodt bing théng cia théng tin di vao mang chia lam hai logi:

- Kiém soat chat (strict implementation) — véi téc do thong tin vao mang
trung binh 1a r g6i/s, thi hé thong kiém soét s& chi cho mot goi vao ctr sau mdi 1/r
gidy. Phuong phap nay khong phi hop cho cac thong tin co thay dbi voi bién do
I6m (bursty traffic). Vi du dién hinh ciia phuong phap nay la co ché TDMA.

- Kiém soat 1ong (less-strict implementation) — véi toc do thong tin vao
mang trung binh 13 r go6i/s thi hé théng kiém soat s& cho W géi vao mang trong
khoang thoi gian W/r gidy. Trong phuong phéap nay, toc do dit liéu trung binh 1a
khong d6i nhung cho hé thong cho phép nhan téi da W goéi tai mot thoi diém
(bursty traffic). Co ché nay thuong dwoc trién khai véi viéc st dung géo ro
(leaky bucket)
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CHUONG 2: KY THUAT PIEU KHIEN LUU LUQONG
TRONG MANG MAY TINH CUM

Chiing ta di biét nén tang cua thudt todn gdo ro la viée diéu khién hang
doi tai mit mang nén trong chirong nay, ching ta sé (1) im hiéu vé hé thong
hang doi, (2) nghién ciru thudt todn gdo ro vé phwong dién todn hoc, Ky thudt, va
g dung cua thudt todn gdo ro cho diéu khién heu heong.
2.1 Hé thong hang doi
2.1.1 Céc ddc truwng ciia hé thong hang doi [ |

Hinh 2.1 Mé hinh chung ciia hé théng hang doi

Hang doi

Bat ki hé thong hang doi nao ciing duoc mé hinh héa nhu hinh 2.1 va
duoc dic trung boi cac yéu td sau: Qua trinh dén, thoi gian phuc vu, sé lugng
server, chiéu dai hang doi, kich ¢& b dém cuc dai, quy tic phuc vu

Pic diém cua hé thong hang doi

- Miéu ta cua tién trinh dén (phan bd khoang thoi gian dén)

-Miéu ta cua tién trinh phuc vu (phan bé thoi gian phuc vu)

- Sb lugng server

-S6 luong cac vi tri doi

Cdc quy tac hang doi dac biét:

- Quy tac phuc vu (FCFS, LCFS, RANDOM)

- Thoi gian rdi (phan b thoi gian rdi, khi ma thoi gian rdi bat dau

- Mtrc d6 uu tién

- Nhitng luat khac

Théng sé quan trong cho nguoi sie dung:

- Tré hang doi

- Tong tré (bao gom tré hang doi va tré phuc vu )
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- Sb lugng khach hang trong hang doi

-Sb luong khach hang trong hé théng (gém khach hang chd va khach
hang dang duoc phuc vu)

- Xac suat ngh&n mang (khi kich thudc bo dém hitu han)

- X4c suit cho dé phuc vu

- Thong sb quan trong cho cac nha cung cap dich vu:

- Kha nang str dung server

- Kha nang str dung b dém

- Loi ich thu duoc (thong sb dich vu va cac xem xét vé kinh té)

- Loi ich bi mat (théng sé dich vu va cac xem xét vé Kinh té)

- Pap tng nhu cau cua ngudi sir dung

Chat lwong dich vu (QoS):

- T6n that (PDF, mean)

- Tré (PDF, mean)

- Jitter (PDF, mean)

Pua ra cdc thong sé trén dé thu dwoc:

- Ham phén bd x4c suat

- Céac giéa tri trung binh

-Po duoc cac thoi diém cuce dai, cuc tiéu

Céac ham phan b x4c suat chira dung day du cac thong tin lién quan dén
cac thong sd quan tdm. Tuy nhién, viéc thiét 1ap duoc cac ham nay 1a kho thyuc
hién.
2.1.2 Phén tich mgt sé mé hinh hang doi
2.1.2.1 Ky hiéu Kendall [ ]

Bat ky hé thong hang doi nao cling dugc moé ta boi :

Tién trinh dén

Néu cac khach hang dén vao céc thoi diém ty, t, ... t; thi cac bién s ngau
nhién Pj= -ty duoc goi 1a cac thoi diém gitta cdc 1an dén. Céc thoi diém nay

thuong duoc gia thiét 1a cac bién sé ngau nhién doc lap va duoc phan bd dong
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nhét IID (Independent and Identycally distributed). Cac tién trinh dén thong dung
nhat 14 :

M: Tién trinh mii (13 tién trinh Markov hay tién trinh khong nho)

Er: Tién trinh Erlang bac r

Hr: Tién trinh siéu s6 mil bac r

D: Tién trinh tt dinh (deterministic)

G: Tién trinh chung

Tién trinh phuc vu

Thoi gian ma mdi cong viée tiéu ton can thiét tai server goi 1a thoi gian
phuc vu. Cac thoi gian phuc vu thuong gia thiét 1a cac bién sd ngau nhién IID.
Céc tién trinh phuc vy thong dung nhat ciing giong nhu thoi gian dén.

So luwong cac bo server

S6 lugng cac server phuc vu cho hang doi

Dung hrong hé thong

Kich thudc bo nhé dém cuc dal

Qui mé mdt do

S6 lugng cac cong viée dén tai hang doi. Qui mé mat do ludn 1a hitu han
trong cac hé théng thuc. Tuy nhién phan tich hé thong véi qui mé mat do 16n sé
dé dang hon néu gia thiét ring qui mé mat do 1a vo han.

Qui tac phuc vi

Thir tr ma theo d6 cac cong viée trong hang xép duoc phuc vu. Cac qui
tac pho bién nhét 1a dén trudc phuc vy truéc FCFS (First Come First Served),
dén sau phuc vu truéc LCFS (Last Come First Served), theo vong tron RR
(Round Robin), thai gian xt 1y ngan nhat phuc vy trudc SPT (Shortest Procesing
Time First) va thoi gian xtr Iy ngan nhat dugc dé cir SRPT (Shortest Remaining
Processing Time First)

Ky hi¢u Kendall

A/S/m/B/K/SD dugc st dung rong rii dé mo ta hé théng xép hang

A: Phén bd thoi gian giita cac 1an dén

S: Phén b thai gian phuc vu
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m: S6 luong server

B: Kich thudc by dém

K: Quy mé mat do

SD: Quy tic phuc vu

Vi du hang doi M/D/1: M c6 nghia tién trinh dén 1a tién trinh Markov
khong nhé (voi thoi gian gitta cac 1an dén theo ham mii); D thoi gian phuc vu
ludn nhu nhau (tit dinh); 1 c6 mot server duy nhat phuc vu. Phan B/K/SD cua ky
hiéu bi loai trir & cho thay rang dung lugng cua hé théng va qui mé mat do 1a vo
han va qui tic phuc vu 1a FCES.
2.1.2.2 Qua trinh Sinh-Tw (Birth-Death)

Trang thai ctua hé thong dugc biéu dién bang s6 cac khach hang n trong
mét hé théng. Khi c6 mot khach hang méi dén thi trang thai cua hé thong sé thay
d6i sang n+1, khi c6 mot khach hang ra di thi trang thai hé théng sé thay d6i sang

n-1, ta co lugc dd chuyén tiép trang thai 1a qua trinh sinh t.

A 7\1\‘ N Thi it i
ij : i:
\ul 2 W3—o i1 Hi Hi+1

Hinh 2.2 Chudi Markov cia mét qud trinh sinh-tir

A, Téc @6 cua lan dén n

1, - Toc do cua lan di
Pn: Xac suat 6n dinh trang thai n ctia qua trinh sinh — tir tai trang thai n

o= Fatadusp
Hafly -y

P, - x4c suit & trang thai ¢, Pn - xac suat & trang thain
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2.1.2.3 Hang doi MIM/1

A x\‘ Vil \x\ kj jx@
\u H b W :u H

Hinh 2.3 Chudi Markov ciia hang doi MIM/1
Tat ca cac téc do dén déula 1 , u
A 1 Tdc do cua lan dén

w2 Toc @6 cua lan di
J— ﬂ* n —_ n
Pn==(Z)"P0 = p"P0

U

Pn: Xéc suit 6n dinh trang thai n

PO: X4c suét 6n dinh trang thai 0

o Matdo luu luong p = A
Y7,

Trong trudng hop nay sé kénh phuc vu bang 1, chi co 1 server
Cac cong thure tinh toan:

Xéc suit ¢6 n khach hang trong hé thong

Pn=(1- p) p" ;n=1.2,...

PO=(1- p )

S6 lugng trung binh cac khach hang trong hé théng:
L=E(n)= P
(= £

P

Phuong sai: &%=
1-p)°

Tham sé thai gian
Thoi gian trung binh cuia 1 khich hang trong hé thong: W

p 1
Al=p) wu-4

:E:
A
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Thoi gian phuc vy trung binh cho mgt khach hang : W

W:W-W:L_E: p2
i Al-p) A Al-p)

Chiéu dai hang dgi
S6 luong trung binh cac khach hang trong hé théng

L:L
1-p

S6 lugng trung binh céc job trong server: L
L,=1P(n>=1) =1-P(n=0)=1-(1-p) = p

S lugng trung binh ciia cac cong viée trong hang doi L .

2.1.2.4. Hang doi MIM/1/K

e x\‘ y\al \x\ [kj
\u u H— -} w
Hinh 2.4 Chudi Markov ciia hang doi MIM/1

V6i s6 khach hang 1a k

Ao p .

Po=(=)".Py ;0<=n<=k
MU
Pr= p?1-p)-p ")

Lo o (keDp
1_p 1_pk+l

Xac suat khach hang dén hé thong bi tir chdi1a P,
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Téc do thuc té dén hé théng
A=01-P)A
Mat do luu luong
el =%= L-P)p
2.1.3 Ky thudt hang doi

Céc k¥ thuat hang doi duoc dung phd bién 1a:

eFirst in First out Queuing

ePriority Queuing

eCustom Queuing

eWeighted Fair Queuing (WFQ)

Trong 4 ky thuat hang doi trén, Priority Queuing va Custom Queuing doi
hoi nha quan tri phai 1én ké hoach tinh toan can than dé thuc thi va cdu hinh
chinh xac trén router. Nha quan tri phai c6 1 sy am hiéu tét vé cac dong luu
luong va cach dé danh dau do wu tién trén cac dong luu luong d6 dé co thé tao ra
cac chién luoc hang doi hiéu qua. FIFO va WEO thi khéng can cdu hinh nhiéu dé
c6 thé hoat dong 1 cach thich hop.

Hang doi ton tai trong bd dinh tuyén dé giir goi tin cho dén khi c6 du tai
nguyén dé chuyén tiép goi tin ra khoi cong ra. Néu khong cé tac nghén, géi tin s&
lap tirc duoc chuyén di.

eLeaky bucket (Gao ro)

Leaky bucket 1a khai niém khoa cho viéc hiéu vé 1y thuyét hang doi. Mot
hang doi mang c6 thé dugc so sanh nhu mot thing ma nhirng goéi tin duoc dd
vao. Chiéc thing ndy c6 mot 16 & dudi day dé goi tin co thé di ra véi mot toe do
lién tuc. Trong mdi treong mang, tbe do goi tin di ra s& 1a toc do cua card giao
tiép. Néu toc do cua goi tin di vao 16n hon tdc d6 cia goi tin di ra thi thung s& bi

day va s& xay ra hién tuong rét goi, cac goi tin di vao sé bi danh rét.
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it
. Bursty packets drop in the buckets.

= "»

W1

B Ocdered packets leak out of the
bucket of o constent and steady rote.

Hinh 2.5 Leaky bucket

eTail Drop (cit dudi)

Khi mot luong lon cac goi tin di vao hang doi vuot qua dung lugng cta
hang doi thi s& xay ra tac nghén va cac goi tin di vao sau s& bi danh rét cho dén
khi hét tic nghén. Cac giao thirc & ting cao hon s& dung phuong thirc cua no dé
phat hién va xtr 1y truyén lai cac goi tin di bi danh rét. Viéc danh rét géi tin 1a
viéc xay ra thuong xuyén trong ang vi téc do ciia goi tin di vao 100Mbs Fast
Ethernet) nhanh hon toc d6 cua géi tin di ra khoi bo dinh tuyén.

eToken bucket (thung dwng thé)

Tocken bucket la mot thuat toan khac dugc dung trong QoS, né dugc mo
ta nhu mot ho tai nguyén duoc dung béi mot dich vy bat cir khi ndo can thiét.
Khac vdi Leaky bucket, goi tin di vao s€ duoc di ra tir dinh chir khong phai tur
day thung leaky bucket. Dan dan thé s& dugc thém vao thung. Khi mot ¢ng dung
mubn guri dit liéu ra ngoai mang, no s& lay di mot lugng thé twong @ng véi lugng
dir liéu ma n6 mudn giri. Néu trong thung khong c6 du thé, tng dung s& phai doi

cho dén khi nao du thé méi c6 thé gui dir liéu.
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Packets to be sent on
this interface

»>
' & )
2 i f‘.‘ f:l?
v, v, |/
\
\

Put tokens into the
token bucket at
the set rate Tokens

Classification \

Continue to send

QOO

F

RTS queue
Token bucket

Hinh 2.6 Token Bucket

eFirst in First out Queue (Hang doi FIFO)

Hang doi FIFO 14 hang doi don gian nhat dua trén kha nang luu trir va

chuyén tiép cua bo dinh tuyén, goi tin nao vao trude thi s& duge ra trude. FIFO 1a

thuat toan sap xép truyén théng mac dinh trong mot sb truong hop, vi vay khong

can phai cAu hinh, nhung n6 c6 nhitng han ché nhat dinh. Han ché I6n nhét cua

n6 13 khong c6 su phan 16p cho cac gbi tin, khong ¢ su thoa thuan vé bang thong

truyén. FIFO 1a thut toan dau tién duoc thiét ké cho viéc truyén thong trén

mang, nhung ddi v6i nhitng mang thong minh ngay nay doi hoi nhitng thuan toan

t6t hon ciing nhu phirc tap hon. FIFO duoc dung chu yéu trong mé hinh ¢b gang

t6i da ( best — effort).

o CEL 1
S
oot [

T —
o W
S

™

Multiplexer

FIFOQuewe

— Rl (- | —|~

pe?”
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Hinh 2.7 Hang doi FIFO
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U'u diém:

- bay la k¥ thuat don gian va nhanh

- Puoc hd tro trén tit ca cac nén

Nhuoe diém:

- FIFO khong hoan toan dang tin cay khi mot ludng khong mong mudn
tranh gianh véi cac ludng c6 do vu tién thip. Cac ludng khéng mong mudn gui
mét sb lwong 16n cac goi (da sb cac goi déu bi huy bo). Trong khi d6, cac ludng
v6i d6 wu tién thap guri mot sé lwong goi xac dinh va hau hét ching bi huy béi vi
hang doi lic nao ciing day boi cac ludng khong mong mudn da chiém hét khong
gian hang doi.

- Su bung nd cao hay thap gay ra tinh trang day hang doi FIFO. Cac goi di
vao mot hang doi day phai chd mét thoi gian trude khi chung dwogc truyén.
Nhung ¢ thoi diém khéc, hang doi c6 thé tréng va cac goi cing mot ludng ¢ thé
truyén khong bj tri hoan.

eHang do¢i wu tién (Priority Queue)

Hang doi uu tién 1a mét loai hinh quan 1y nghén chat ché va manh még, cho
phép nha quan tri dinh nghia dén 4 hang doi cho luu luong mang, do la High,
Medium, Normal va Low. B9 dinh tuyén xu 1y nhiing hang doi nay mot cach
chat ché dua trén do wu tién cta chiing. Néu c¢6 géi tin ndm trong hang doi High,
hang doi d6 s& duoc xir Iy cho dén khi n6 rdng, doc 1ap vé trang thai ciia nhiing
hang doi khac. Mot khi hang doi High rdng, bo dinh tuyén s& di chuyén dén hang
doi Medium, nhung ngay khi 1 géi tin tir hang doi medium duoc chuyén tiép di,
bo dinh tuyén s& lap tic quay tré lai hang doi High dé kiém tra rang no con tréng

hay khéng. Ctr nhu vay cho dén khi tat ca hang doi déu rdng.
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Hinh 2.8 Hang doi wu tién

Hang doi wu tién cung cip cho ngudi quan tri kha nang di manh dé co thé
tir chéi luu lwong thude hang doi Low. Khi hang doi wu tién thudc thir hang thap
khong phuc vu vi ¢6 qua nhiéu luu lugng & hang doi cao hon thi s& Xay ra tinh
trang doi do uu tién (priority starvation).

eHang dgi tuy chon (Custom Queue)

Pé khic phuc sy ciing nhic cia hang doi vu tién, nha quan tri co thé dung
hang doi tiy chon dé thay thé. Hang doi tiiy chon cho phép nha quan tri danh dau
uu tién co luu lugng ma khong gy ra viéc thiéu hang doi thap nhu ¢ hang doi wu
tién. Véi hang doi tuy chon, nha quan tri co6 thé tao ra 16 hang doi cho cac luu
luong wu tién, bo 1ap lich cua hang doi tuy chon khéng co tuy chon dé phuc vu
mot hang doi wu tién- nhu hang doi vu tién cao — vi thé hang doi tiiy chon khong
cung cap dich vy véi do tri hodn 16n va luu lugng nhay véi su thay d6i. Bo lap
lich hang doi tily chon lay cac goi tir hang doi cho dén khi tong s byte chi dinh
cho mdi hang doi vuot ngudng. Sau khi hang doi phuc vu nhiéu byte hay hang
doi khong cé goi nao, hang doi tiry chon di chuyén dén hang doi tiép theo va lap

lai tién trinh.
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Hinh 2.9 Custom Queue

Router thuc hién viéc dua goi tin vao hang doi dua vao thuat toan round-
robin, sap xép lai ting byte cau hinh duge dém tir mdi hang doi trong ting chu
ky. Tinh ning nay dam bao rang khong c6 tng dung nao (hay nhém ng dung cu
thé nao) c6 thé hoat dong cao hon kha ning ma hé thong da cép phat cho ching
khi dudng truyén dang ¢ tinh trang qué tai. Gidng nhu Priority Queue, Custom
Queue duoc ciu hinh tinh va khong t dong cip nhat lai cac thay ddi mang.

eHang doi cin bang cé trong sé6 (Weighted Fair Queue):

WFQ 14 chién lugc hang doi mic dinh cho cac card giao tiép c6 toc dod
thip, WEQ 1a phuong phép cdp phat bang théng déu cho tat ca cac luu lugng.
WFQ sip xép céac luu lwong mang vao nhitng dong tao nén cudc hoi thoai trén
mang bang cach dung su két hop cua cic tham sb. Cac cudc hoi thoai TCP/IP
duoc xac dinh dya vao tham sb sau:

- Giao thuc IP

- Giao thirc IP nguon

- Giao thuc IP dich

- Cong IP ngudn

- Cong IP dich

- Truong ToS (Type of Services).
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Transmit  Outgoing
queue ckets

Incoming packets

)
=T —
1

Weighted fair scheduling

Configurable
number of queues

7§ B B3
Flow-based Queueing Weight determined by:
classification: buffer resources * Required QoS
* Source and (IP Precedence, RSVP)
destination * Flow throughput inversely
address proportional
» Protocol » Frame Relay FECN, BECN, £
« Session identifier DE (for Frame Relay traffic) g
(port/socket)

Hinh 2.10 Weighted Fair Queue
Qua viéc theo ddi cac dong dit liu, router c6 thé biét dugc dong nao can
nhiéu bang théng nhu FTP hodc dong nao nhay cam véi do tré Telnet. Co 256
hang doi mac dinh dugc dung khi stir dung WFQ.
2.2 Piéu khién lwu lwong theo thuit toan gio ro (leaky bucket)
2.2.1 Nguyén ly cua thudt todan gdo ro

=

r tokens/secl

Bucket holds

up to
b tokens
4
Packet =
N ‘ ... Tgken —" i ‘ > o network
walt area Remove
token
Hinh 2.11 M6 hinh gado ro
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Trong md hinh ndy, nut mang duoc trang bi mot gao ro dung kiém soat
luu lugng thong tin di vao mang. Gao 1a mot bd dém co6 kha nang luu trir tdi da l1a
b thé bai. Cac thé bai dugc dua vao gio véi tée do r thé bai/s. Khi gao da day thé
bai thi thé bai s& khong duoc dién thém vao gho.

MJi khi mot goi tin dén va dé co thé duoc vao dugc mang thi géi tin d6
phai nhan dugc mot thé bai. Toc do trung binh cua thong tin vao mang la r goi
tin/s va bang toc do dién thé bai vao gio.

Trong truong hop gao ro day thé bai, nat mang c6 thé cho téi da b goi tin
vao mang tai mot thoi diém (burst size). Néu r nho thi kha ning kiém soat téc do
ludng thong tin vao 1a tot, néu r 16n thi kha nang hd tro burst tot. [3]

2.2.2 M6 hinh gidi tich
Trén nguyén ly hoat dong cua thuat toan cai gao ro , chung ta v& lai véi

cac ky hiéu toan hoc nhu Hinh 2.12.

Y

— i X

Bs
Hinh 2.12 M6 hinh gdo ro bang ki hiéu todn hoc
Xét mo hinh diéu khién luu lugng dang géo ro nhu Hinh 2.12: Hang doi
dir ligu c6 kich thudc toi da 1a By, the dugc phat ra véi toc do khong doi O, .

Luong dir liéu va luong thé c6 trong bo dém dir liéu va bo dém thé tai thoi diém t

tuong tng 1a Xy (t) va X,(t).
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Mo hinh diéu khién luu luong dang géo 1o c6 thé dugc chuyén doi thanh
mo hinh hang doi dang M/D/1/B nhu Hinh 2.13.

— X)=X,()-X,()+0o 3
é 2 40
B=B.+0o

Hinh 2.13 M6 hinh chuyén doi sang hang doi
Nhu vdy mé hinh cai gdo ro duoc chuyén sang mé hinh hang doi ¢6 qua
trinh sinh tir mé ta tvong dong nhu Hinh 2.2. Pay la truong hop c6 bd dém co
kich thudc hitu han (Bs = K) [6] [7]
Luu lugng cua hé thong duoc tinh theo cong thic [ ]:
M+K MK M+K—j+1
T= PO( > ia, +(M + K)anJr Zia{ g, +(M +K—j +1)aM+KMJ
i=0 i1 i1

Voi:

X4c sudt mot g61 tin bi mat 1a:
-
Pross =1 -

2.2.3 Thudt todn gdo ro (Leaky bucket)

% M6 ta thuat toan : [6] [7]

- Thuat todn géo rd dung dé quan 1y Iuu lugng

- Khdi tao véi gia tri gao rong (bucket = @)

- Khi content di vao gdo va gao chua day thi xép content vao hang doi, sau
mot khoang thoi gian t (do ngudi dung thiét 1ap) thi content s& duoc chuyén ra
khoi gao. Viéc nay duoc lap lai

- Khi gao day (bucket = full) thi cé thé xay ra mat mat dir liéu
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A 4

Xuat hién mot goi tin trong thoi gian t,

v

X=X — (t,- LCT)

Yes
No
Yes \ 4
Go6i1 khong phu X’=0
& Pt g If X >L
hop
No
Y X = Gi4 tri bo dém géo ro
X=X"+1 .
X’ =Dbién phu trg
LCT =1, LCT = Thoi gian phu hgp
Goi phit hop cudi  (Last conformance
time)
Hinh 2.14 Luwu do thudt todn gdo ro
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1. bucket =@
2. repeat
if (bucket is not full)
bucket := enqueue (bucket)

if (t=At)
p := dequeue (bucket)
output p

end repeat |\

Hinh 2.15 Thudt todn gao ro
2.2.4 Thudt todn gdo ro trong diéu khién luu lwong
Gidi han luu lwong dwa vao mang
Véi cac théng s6 nhu Hinh 2.16, ching ta ¢6 nhan thiy luu luong dua vao
mang duogc gidi han béi cong thic : <=rxt+Db
Trong d6 r 1a toc d6 thé dua vao gdo va b 1a d6 16n cua gao. Khi gao rdng
thi téc do dit liéu dwa vao mang bang toc do thé dua vao gio. Chum tin (Burst)

I6n nhat dugc dwa vao mang 13 b

r tokens/sec -

bucket holds up to
b tokens
ackets
D_.__ tal;?: L 5 rtenllwe > to
OKen network

Hinh 2.16 Piéu khién luu lwong dwa vao mgng bcfng thudt todn cai gao ro
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Gidi han tré téi da ciia goi tin
Két hop thuat toan cai géo ro va thuat toan 1ap lich xoay vong co trong sd,
chung ta c6 thé gi6i han tré tdi da goi tin phai chd trude khi duge dwa vao mang.

Hinh 2.17 minh hoa co ché tinh tr& D,y

.
drtiving © tokenrate,r

traftfic 2
\ bucketsize. b

per—ﬂﬂw
rate, R

WFQ

D =b/R
max

Hinh 2.17 S dung thudt todn cai gdo ro dé gidi han tré téi da

Chirc nang dinh dang lwu lwong

Véi viéc str dung go ro, ludng thong tin vao mang cé toc do khong vuot
qua r goi/s. Néu mang c6 nhiéu nat mang dé giao tiép véi bén ngoai (entry point),
mdi nut mang dwoc trang bi mot gao ro dé kiém soat luu luong thong tin vao
mang thi cho du tc d6 thong tin dén cac nut c6 thé thay dbi, nhung téc do thong
tin trong mang kha 6n dinh. Véi dic diém nay, ngudi ta ndi gdo ro thuc hién
chic nang dinh dang luu luong. Bé hiéu co ché dinh dang luu lugng cua thuat
toan chung ta minh hoa qua mot vi du véi cac gia tri 6 cu thé nhu trén so dd

Hinh 2.11.
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o

\ |
R = 53 & b =2 tokens
9 [7 e | 0t 4
ﬁrrivals; | l 1 ||
> — -ttt
t=8 t=6 t=4 t=2 t=0 t=4 t=2 t=0

Packet queue
{wait for tokens)

Hinh 2.18 Vi du churc nang dinh dang luu lwong cua thudt todan gao ro

Trong vi du trén Hinh 2.18, ludng cac géi tin di vao gao ro trong 9 thoi
diém (tai dau cac khe thoi gian), chiung ta theo doi sd goi tin trong bd dém
(Packet queue), s6 thé trong gao va sd goi tin tai cong ra trong mdi khe thoi gian.
Dé d& theo ddi, ching ta gia thiét cac gia trj toe do the r = 1 thé/mdi khe thoi gian
va s6 thé tdi da trong gdo 1a b= 2. Tai t = 0 gido day. Tdc do ra co thé dat 2 goi
tin/mdi khe thoi gian. Cac chi tiét vé thoi gian cua hé thong nhu sau:

- Céc gdi tin dén tai dau cua khe thoi gian. Nhu vay trong hinh, cac goi 1,
2, va 3 dén trong khe thoi gian t = 0. Néu c6 géi tin trong hang doi, cac goi tin
méi  dén duoc xép vao cudi hang doi. Co ché 1ap lich chuyén tiép goi tin tir
hang doi dén cong ra 1a FIFO.

- Sau khi dén hang doi, mot hoic hai trong s6 nhirg goéi dir liéu s& 13y thé
va di dén cong dau ra trong khe thoi gian. Nhu vay, cac goi 1 va 2 sé& lay thé va
di dén cong ra trong khe thai gian 0.

-Néu gao khong day thi mot the méi duge thém vao gio vi téc do the
1a r = 1 thé/mdi khe thai gian.

- Céc budce trén dugc l3p lai cho cac khe thoi gian tiép theo.

Trén co sé cac thong sb da cho trén, ching ta can:

- Xac dinh cac goi tin c6 trong hang doi va sé luong thé trong gao, ngay

sau khi dén va truéc khi chuyén tiép cho mdi khe thoi gian,.
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- Xac dinh cac goi dit liéu xuét hién & cdng ra cho mdi khe thoi gian..

Khe thoi gian Géi tin trong | S6 thé trong gio | Géi tin tai cong ra
hang dgi

0 1,2,3 2 1,2
1 3,4 1 3

2 4,5 1 4

3 5,6 1 5

4 6 1 6

5 - 1 -

6 7,8 2 7,8
7 9,10 1 9

8 10 1 10

Bang 2.1: Keét qua chize ndang dinh dang luong théng tin cua thudt todn gdo ro

Két qua thong ké sb goi tin tai cac khe thoi gian cho thay: Sé goi tin duoc

dua vao mang tai cac khe thoi gian da thay doi, kich thudc téi da ctia chum géi

tin dd duoc han ché, ndi cach khac ludng cac géi tin dwa vao gao da duoc dinh

dang lai va dua vao mang.

Chuwong 2 da trinh bay nguyén ly cua thudt todan gao ro, mé hinh toan hoc,

gidi ma cua thudt todn. Ching ta ciing da thday kha ndang diéu khién luu lwong

Clia cdc mit mang ¢é cai dat thudt todn gdo ro. Chwong tiép theo sé xdy dung cdi

dat thudt todn va img dung trong viée gidm sdt va kiém sodt heu lwong mang

trong qud trinh khoi déng mdy tinh cum nham nédng cao hiéu qua cia hé thong.
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CHUONG 3: CHUONG TRINH THU'C NGHIEM

3.1 Nhiém vu cda lugan van
3.1.1 Bai toan dat ra

Hé thdng mé ta mé hinh mang cua cong ty c6 phan Sach gido duc EDC.
Cong ty nay c6 hai chi nhanh tai Ha Noi va t.p H6 Chi Minh. Mdi chi nhanh c6
mot mang noi bo va bao gdm rat nhiéu phong ban nhu : phong nodi dung, phong
cong nghé, phong kinh doanh, phong san xuat... Riéng try sé chinh dat tai Ha
Noi & co hé thong may chu do 1a : Web Server, FTP va Mail Server. M6 hinh

Mmang cua cong ty nhu sau :

5y

Chi nhanh 1 Chi Nhanh 2

Hinh 3.1 Mé hinh mang Cia céng ty ¢é phan Sach gido duc dién tir EDC
Hang ngay s& c6 rat nhiéu luu luong khac nhau (Web, FTP, Mail...) gitra
hai chi nhanh véi hé théng may chil.
Vén dé thir nhat xay ra d6 1a c6 nhing thoi diém mot s may tram truy

Xuat rat cham, mot sé may khac truy xuét binh thudng. Ly do chinh 13 may nao
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truy xuat dit liéu trude va truy xuit dit liéu c6 dung luong I6n s& chiém hét bang
thong ctia nhig may tram truy xuat sau.

Vién dé thir hai xay ra 1a mot Iy do khach quan may cha héng phan ctng,
khong thé truy cap duoc hé thdng, céng viéc cua nhan vién trong cong ty bi gian
doan.

Tir hai van dé d6, giai phap duoc dua ra 13 tao ra 2 may cha webserver co
cung chtc ning néu Mot may chu nao d6 chang may bi hong hoc tu dong may
cha con lai s& dong vai trd thay thé. Bén canh d6 diéu khién luu luong (quan 1y
giéi han bang thong cho ting loai dich vu) trén hé théng, 4p dung thuit toan go
10 cho luong bang thong truy cap 1a déu nhau trén mdi don vi thoi gian.

3.1.2 Mé hinh hé thong

Tir nhu cau cua cong ty c¢d phan Sach gido duc dién tir EDC, luan vin can
trién khai nhu sau :

- Xay dung mot web Cluster

- Diéu khién luu luong sir dung thuat toan Gao ro

Vi mé hinh mang cua cong ty cd phan Sach gio duc dién tir EDC gom rat
nhiéu may tinh, do vay dé thuan tién trong viéc demo, luan van cai dat Web
cluster trén may a0 vmware (gém 2 may server st dung hé diéu hanh linux —
centos).

Mo hinh thyc nghiém c6 hoi khac so véi mé hinh mang thuc té tir cong ty
cb phan Sach dién tir gido duc EDC :

- M6 hinh thyc nghiém chi xay dung Webserver va FTP Server (Khong
xay dung mo hinh Mail Server) trén may chu.

- Bang thong duoc diéu khién s& nho hon so véi nhu cau thuc thé, do mo
hinh thyc nghiém dugc demo qua hé théng may ao.

3.2 Xay dung m¢t Web Cluster
3.2.1 Mo hinh

Chung ta co giai phap tao ra 2 may chu webserver cing chirc ning néu

mot may chii ndo d6 chang may bi hong hoc ty dong may chi con lai s& dong vai

tro thay thé. D6 chinh 1a giai phap Cluster Apache High Availability.
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Cluster sira chira 13i (failover cluster) dugc dung dé dam bao tinh sén sang
cho cac dich vu va tng dung hé théng khi bi tan cong, xir Iy cac 15i phan cimg va
rui ro do moéi truong. Trong luan van nay, toi sé xay dung mot cluster Apache hai
nat, chic chin tin cay va hiéu qua cao véi tng dung cua dy 4an The High-
Availability Linux.

Trong mdi truong cluster, hé thdng 'cé tinh sin sang cao' (high ability -
HA) chiu trach nhiém bat dau va két thic cac dich vu, cai dat va g& bo tai
nguyén, giam sat kha ning sin sang cua hé thdng trong moi trudng cluster va
diéu khién quyén s hiru dia chi IP 4o chia sé giira cac nut cluster. Dich vu
heartbeat (trung tdm) cung cap céac tinh nang co so can thiét cho hé thong HA.

Céu hinh cluster pho bién nhat 1a standby, s& dugc mo ta dudi day. Trong
c4u hinh cluster nay, mot nut thuc hién tit ca cac viéc, con cac nat khac & trang
thai nghi ngoi. Heartbeat giam sat "siac khoé" cua tung dich vu cu thé, thong
thuong qua mot giao dién Ethernet phan tach von chi ding cho hé théng HA st
dung cau 1énh dic biét ping. Néu vi mét 1y do ndo d6, nut dang thuc hién bi
hong, heartbeat s& chuyén tit ca thanh phan HA sang nat khoé manh khac. Khi

nut cii phuc hoi, né ¢ thé khoi phuc lai tinh trang cit trude d6 ciia minh.

Active Passive
WebServer1 WebServer2
heartbeat
172.16.1.1 172.16.1.2
v /)
172.16.1.100

< SJ Client

‘\

Hinh 3.2 Mo hinh Web Cluster
S6 héa boi Trung tam Hoc ligu - PHTN http://www.lrc-tnhu.edu.vn/

53



3.2.2 Cai dit hai server chay hé diéu hanh Linux trén Vimware Workstation
Phan mém :
+ Vmware workstation 10.0
Link tai: https://my.vmware.com/web/vmware/downloads
+ Linux Centos 6.6 32 bit
Link tai : http://isoredirect.centos.org/centos/6/isos/i386/
Cai dat

Buwéc 1 : Cai dat vmware workstation 10.0 (xem chi tiét ¢ [9] )

Buwoc 2 : Cai dat 2 may linux Centos trén vmware dat t€én may lan luot 1a
Node01 va Node 2 (Xem chi tiét o [8] )

Buwéc 3 : Cau hinh card mang cho Centos (1am trén ca 2 node)

(1) Kiém tra card mang

# ifconfig -a | grep eth

(2) Céu hinh card eth0

# vi letc/sysconfig/network-scripts/ifcfg-ethO

(3) Thay di noi dung file nhu hinh 3.3

ifcfg-etho (/etc/sysconfig/network-scripts) - gedit

File Edit View Search Tools Documents Help

| Bopen v Fisave (3 ) Undo A R

DEVICE=ethO
HWADDR=00:0C:29:52:06:E5
TYPE=Ethernet
UUID=9ee8f831-5b8c-4212-9edb-4d4a4f49a8ca
ONBOOT=yes

NM CONTROLLED=yes
BOOTPROTO=dhcp
IPADDR=172.16.1.1
NETMASK=255.255.0.0
NETWORK=172.16.1.0
GATEWAY=172.16.1.100

Hinh 3.3a N¢i dung file ifcfg-ethO cho mdy Node 1
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ifcfg-ethO (/etc/sysconfig/network-scripts) - gedit

File Edit View Search Tools Documents Help

iii‘QOpen v & save | & 4 &

| ifcfg-etho 3¢ |

DEVICE=etho
HWADDR=00:0C:29:52:06:E5
TYPE=Ethernet
UUID=9ee8f831-5b8c-4212-9edb-4d4adf49a8ca
ONBOOT=yes

NM CONTROLLED=yes
BOOTPROTO=dhcp
IPADDR=172.16.1.2
NETMASK=255.255.0.0
NETWORK=172.16.1.0
GATEWAY=172.16.1.100

Hinh 3.3b N¢i dung file ifcfg-eth0 cho may Node 2

(4) Can khoi dong lai may hoac st dung lénh sau dé cac khai bao trén file

ifcfg-ethO dugc ap dung :

# [etc/init.d/networking restart

(5) Kiém tra dia chi Ip va routing di duoc hay chua
Str dung Iénh #route —n

(6) Khai bao DNS cho mdt server centos

Str dung Iénh : # vi /etc/resolv.conf

Noi dung trong file:

nameserver 8.8.8.8

nameserver 8.8.4.4

(7) Khéi dong lai hai node

3.2.3 Cai dat Apache va PHP trén Linux CentOS

(1) Cai dat Apache

Str dung lénh dé tai goi va cai dt

# yum install httpd —y

Sau do6 khéi dong Apache

# service httpd start

Test thir qua trinh cai dat da thanh cong hay chua. Vao trinh duyét go

http://localhost
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Trén CentOs, thu muc luu trir web mac dinh cia Apache dugc luu &
duong dan /var/www/html va tép tin cau hinh dugc luu tai
/etc/httpd/cont/httpd.conf. Cac file cdu hinh khic dugc luu tai thu muc
letc/httpd/conf.d/

(2) Cai dat PHP

Cai dat php bang 1énh :

# yum install php

Sau do khoi dong lai Apache

# service httpd restart
3.2.4 Cai dit va cdu hinh hearbeat trén cic Node

Trén cé hai node ta cai dit cic goi heartbeat. Heartbeat co ban 1a mot phan
cua Linux, 1a hé théng High Availability no s& dam bao tinh sin sang cho hé
théng.
3.2.4.1 Cai dat

Bwoc 1 : Tao thu myc download bén trong root

# mkdir /download

#cd /download/

Buwoc 2 : Tai EPEL repository

# wget http://download.fedoraproject.org/pub/epel/6/i386/epel-release-6-
8.noarch.rpm

Bwoc 3 : Cai dat Epel RPM

# rpm -ivh epel-release-6-8.noarch.rpm

Buwodc 4 : Chinh stra tap tin epel.repo '/ etc / yum.repos.d / epel.repo’ thay
d6i dong thir 6: 'enabled = 1 thanh enable = 0.

# vi letc/yum.repos.d/epel.repo

Buwoc 5 : Cai dat Heartbeat véi 1énh Yum

#yum --enablerepo=epel install heartbeat

Két qua hién thi : xem thém & phan Phuc luc 1
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3.2.4.2 Cdu hinh Heartbeat

Sau khi cai dit thanh céng Heartbeat, ta thuc hién cau hinh Heartbeat trén
hai node.

Buwéc 1: Sao chép cac tép tin ciu hinh authkeys, ha.cf, haresources vio
thu muc /etc/ha.d

# cp /usr/share/doc/heartbeat-2.1.3/authkeys /etc/ha.d

# cp /usr/share/doc/heartbeat-2.1.3/ha.cf /etc/ha.d

# cp /usr/share/doc/heartbeat-2.1.3/haresources /etc/ha.d

Buwoc 2 : Thuc hién mo file authkeys :

# vi letc/ha.d/authkeys

Thém vao 2 dong sau:

auth 1

1 shal test-ha

Buwoc 3 . Thuc hién mo file ha.cf:

# vi /letc/ha.d/ha.cf

Thém vao cac dong sau:

logfile /var/log/ha-log #file log HA

logfacility localO #tien ich dung cho syslog hoac logger
keepalive 2 #thoi gian kiem tra giua cac heartbeat

deadtime 30 #thoi gian quyet dinh mot host da die hay chua?
initdead 120 #thoi gian chet dau tien

bcast ethl #card mang de gui tin hieu heartbeat

udpport 694 #Port de gui tin hieu heartbeat

auto_failback on #tu dong gui tai nguyen sai tro lai node chinh

node nodel.cluster.com #ten node 1

node node2.cluster.com #ten node 2
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Bwoc 4 - Mo file haresources
# vi /etc/ha.d/haresources
Thém vao cubi file dong sau:
nodel.cluster.com 172.16.1.100 httpd
3.2.4.3 Cdu hinh dich vy httpd
Trén ca hai node, m¢ file
# vi letc/httpd/conf/httpd.conf
Tai dong 133 c4u hinh nhu sau:
Listen 172.16.1.100:80
Céu hinh nay s& “bao” dich vu httpd ling nghe trén dia chi IP 40 cia mo

hinh Cluster, thay vi ling nghe trén IP ctia node do.

Listen: fillows you to bind Apache to specific IP addresses and-sor
ports, in addition to the default. See also the <UirtualHost>
directive.

Change this to Listen on specific IP addresses as showun below to

prevent fApache from glomming onto all bound IP addresses (B.8.8.8)

Listen 172.16.1.1808:88
Listen 84

#
Hinh 3.4 Cdu hinh httpd

Sau khi cdu hinh xong, ta khéi dong dich vu heartbeat 1én, va thiét dat tu
dong bat mdi khi hé thong khoi dong:

# service heartbeat start

# chkconfig heartbeat on

Pong thoi, ta ciing tit ché do tu khoi dong caa dich vu httpd di, vi khi
dich vu heartbeat duoc khoi dong thi né ciing yéu cau dich vu httpd khoi dong
theo rdi!

# chkconfig httpd off
3.3 Chuong trinh thuat toan gao ro

Dua vao thuat toan gao ro dugc mo ta trong 2.4.3 va 2.4.4 trong tai liéu, tur

d6 trién khai thuat toan trén ngon ngir Java.

S6 héa boi Trung tam Hoc ligu - PHTN http://www.lrc-tnu.edu.vn/

58



Dué6i day 1a chuong trinh code thuit toan gao ro trong java dé diéu khién

luu luwong

/I Leaky Bucket Implementation
import java.util.*;
public class leaky

{

public static void main(String[] args)
{
Scanner my = new Scanner(System.in);
Int no_groups,bucket_size;
System.out.print(*\n Enter the bucket size : \t");
bucket_size = my.nextInt();
System.out.print(*\n Enter the no of groups : \t");
no_groups = my.nextint();
int no_packets[] = new int[no_groups];
int in_bw[] = new int[no_groups];
int out_bw,reqd bw=0,tot_packets=0;
for(int i=0;i<no_groups;i++)
{
System.out.print("\n Enter the no of packets for group " + (i+1) + "\t");
no_packets[i] = my.nextInt();

System.out.print("\n Enter the input bandwidth for the group " + (i+1) +
W)

in_bwl[i] = my.nextint();
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if((tot_packets+no_packets[i])<=bucket_size)

{
tot_packets += no_packetsJi];
¥
else
{
do
{
System.out.printIn(" Bucket Overflow ");
System.out.printin(* Enter value less than " + (bucket_size-

tot_packets));
no_packets[i] = my.nextInt();
Iwhile((tot_packets+no_packets[i])>bucket_size);
tot_packets +=no_packets][i];
b
reqd_bw += (no_packets[i]*in_bw[i]);
b
System.out.printin("\nThe total required bandwidth is " + reqd_bw);
System.out.printin("Enter the output bandwidth *);
out_bw = my.nextInt();
int temp=reqd_bw;
int rem_pkts = tot_packets;

while((out_bw<=temp)&&(rem_pkts>0))
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System.out.printin("Data Sent \n" + (--rem_pkts) + " packets remaining");
System.out.printin("Remaining Bandwidth " + (temp -= out_bw));
if((out_bw>temp)&&(rem_pkts>0))

System.out.printin(rem_pkts + " packet(s) discarded due to insufficient
bandwidth");

¥

3.4 Mot so6 kich ban thir nghiém

Kich ban 1 : Kiém tra viéc truy cap hé théng khi 1 node trong cluster bi I5i

Thir nghiém 1 :

Lan lurot tao 2 file index.html trén 2 node véi ndi dung khac nhau :

Trén nodel : # echo “<h1>Day la nodel > /var/www/html/index.html

Trén node?2 : # echo “<h1>Day la nodel > /var/www/html/index.html

Tu phia may Client, mé trinh duyét 1én va truy cap vao dia chi IP ao
172.16.1.100 ta s& thiy noi dung web 1a “Day la nodel ”. Béi vi Node 1 dang 1a
Node chinh nén né duoc uu tién phan hoi cho Client

Tiép theo, thuc hién tit dich vu heartbeat trén Nodel di :

# service heartbeat stop

Sau d6 tir client ta tién hanh truy cap dia chi Ip 40 172.16.1.100.

= Két qua : Website van truy cap binh thuong, ndi dung duoc hién thi 1a
“Day la node2 ” — chin 1a ngi dung tir Webserver trén Node2.

Trong thtr nghiém nay, dé mé ta viéc dap ung cua Cluster nén toi dé noi
dung cua hai node khac nhau. Trén thuc té, cac nut trén Cluster s& duoc d@)ng bo

dir liéu dé nguoi dung ludn nhin thdy mot va chi mot noi dung ma thoi.
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Kich ban 2 : Diéu khién luu luong bang thuat toan gio ro

Thuwc nghiém 2 :

Tong bang thong trén interface eth0 cua client

BW1 = BWx70% =1024x70% =717 kbit/s

Trong do :

- Dich vy FTP 1a : 359 kbit/s (50%)

-Dich vu HTTP la : 215 kbit/s (30%)

- Cac dich vu con lai 1a 143 kbit/s

Tai client, 1an luot tao luu lwong FTP, HTTP dén may chu. Pé cho viéc

kién tra bang théng duogc chinh xac, can chon dit liéu c6 dung lugng 16n dé tai tir

may chu xudng.

W% Applications Places System B ENH T " 4.01PM Qi

root@localhost:~
Fie Edit View Terminal Tabs Help
[root@localhost ~]# wget 260.0.0,2/root,tar
--15:59:32-- http://200.0,8,.2/root.tar
Connecting to 200,68.8,2:80... connected,
HITP request sent, awaiting response,... 200 0K
Length: 23435}({ (224M) [application/x-tar)
Saving to: "root.tar.l'

186%| >] 234,833,920 8,4/M/5 in 20s

15:59:58 (B.68 MB/s) - “root.tar.1' saved [234R33920/234833920)

[root@localhost ~)# I

[5 | @ root@localhost ~ | l-—,g:_ Y

Hinh 3.5 : Trudc khi diéu khién lieu lrong
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«% Applicanons Places System %@Q@@ asrm @)

root@localhost:~

Fle Edit View Terminal Tabs Help
[root@localhost ~|# wget 260.0.0.2/root.tar
--16:34:58-- http://200.0.8.2/root.tar
Connecting to 200.6.0.2:80... connected.

HTTP request sent, awaiting response..(gﬁpo 0K
Length: 234833920 (224M) [application/x:iar]
Saving to: "root.tar'

17% [========> ] 48,465,541 26.3K/s eta 1h 48m

@/ @ root@locainost~ | B root@localnost:~ | B root@localhost.~ | I

Hinh 3.6 Sau khi diéu khién leu leong
3.5 Panh gia két qua
Nhu vay qua hai kich ban thuc nghiém o trén da giai quyét dugc bai toan
dua ra luc dau vé van dé hé thong mang cua cong ty cd phan gido duc sach dién
tar EDC. Trong kich ban 1, nho Cluster, hé thdng mang ciia cong ty s& khong bi
gian doan hoic s& khong lo so khi c6 mot sy ¢b bat ki xay ra.
Trong kich ban 2 d3 cho thdy, nha quan trji mang c6 thé dua ra cac chinh
sach uu tién cho ting loai dich vu khi diéu khién luu luong, dé dam bao cho hé
théng mang luon duoc 6n dinh (dic biét la thoi diém co nhiéu dich vu mang hoat

dong cung truy xuat dén may chu)
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KET LUAN

Luan van dé cap dén thanh phan, chirc ning cta hé théng may tinh ¢ um,
cac van dé trong quan 1y tic nghén, diéu khién luu luong, (ng dung thuit toan
g0 1o giai quyét bai toan didu khién luu lugng trong may tinh cum. Céc két qua
cua luan vin gom c6 :

1. Trinh bay cac thanh phan , chirc ning cua hé théng may tinh ¢ ym, cac
van dé& vé diéu khién luu lwong va diéu khién luu lugng trong mang mdy tinh
cum.

2. Nghién ctru 1y thuyét hang doi - nén tang cua thuat toan gao ro — cc
kha ning diéu khién tdc do, dinh dang ludng thong tin, xac dinh d6 tré cua dir
liéu vao va ang dung thuat toan gao ro giai quyét bai toan diéu khién luu lwong
trong may tinh cum.

3. Xay dung hé théng thir nghiém (Web cluster) va thuc hién hai kich ban
dé minh hoa kha nang chiu 15i va ung dung thuat todn gao rd trong viéc diéu
khién luu lugng.

Trén co s& nhitng kién thirc va két qua da trinh bay trong luan van, trong
thoi gian tiép theo s& phat trién nghién ctru dé thir nghiém nhiéu kich ban sat véi
thuc tién hon. Tir d6 sé& ting budc dua mo hinh nghién ctru vao ang dung trong

thuec tién.
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PHUC LUC : KET QUA HIEN THI SAU KHI CAI PAT XONG
HEARTBEAT

Loaded plugins: fastestmirror, presto

Loading mirror speeds from cached hostfile

epel/metalink |4.1kB 00:00

* base: ftp.dgn.net.tr

* epel: ftp.jaist.ac.jp

* extras: ftp.dgn.net.tr

* updates: ftp.dgn.net.tr

epel |4.0kB 00:00
epel/primary_db |3.7MB 00:21
Setting up Install Process

Resolving Dependencies

--&gt; Running transaction check

---&(gt; Package heartbeat.i686 0:3.0.4-1.el6 will be installed

--&gt; Processing Dependency: libapphb.so.2 for package: heartbeat-3.0.4-
1.e16.i686

--&gt; Processing Dependency: PyXML for package: heartbeat-3.0.4-1.e16.1686

--&qgt; Processing Dependency: cluster-glue for package: heartbeat-3.0.4-
1.e16.i686

--&(gt; Processing Dependency: resource-agents for package: heartbeat-3.0.4-
1.e16.i686

--&gt; Processing Dependency: libhbclient.so.1 for package: heartbeat-3.0.4-
1.e16.i686

--&gt; Running transaction check
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---&gt; Package PyXML..i686 0:0.8.4-19.el6 will be installed
---&(gt; Package cluster-glue.i686 0:1.0.5-2.el6 will be installed
---&(gt; Package heartbeat-libs.i686 0:3.0.4-1.el6 will be installed
---&gt; Package resource-agents.i686 0:3.9.2-7.el6 will be installed

--&(gt; Processing Dependency: /shin/quotaon for package: resource-agents-
3.9.2-7.¢16.i686

--&qgt; Processing Dependency: /shin/quotacheck for package: resource-agents-
3.9.2-7.e16.i686

--&gt; Processing Dependency: /sbin/mount.cifs for package: resource-agents-
3.9.2-7.e16.i1686

--&gt; Running transaction check
---&(gt; Package cifs-utils.i686 0:4.8.1-5.el6 will be installed
--&gt; Processing Dependency: keyutils for package: cifs-utils-4.8.1-5.e16.i1686

--&gt; Processing Dependency: libtalloc.so.2 for package: cifs-utils-4.8.1-
5.e16.i686

---&(gt; Package quota.i686 1:3.17-16.el6 will be installed

--&gt; Processing Dependency: tcp_wrappers for package: 1:quota-3.17-
16.e16.1686

--&gt; Running transaction check

---&gt; Package keyutils.i686 0:1.4-3.el6 will be installed
---&gt; Package libtalloc.i686 0:2.0.1-1.1.el6 will be installed
---&(gt; Package tcp_wrappers.i686 0:7.6-57.el6 will be installed

--&gt; Finished Dependency Resolution

Dependencies Resolved
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Package Arch Version

Installing:
heartbeat 1686 3.0.4-1.el6

Installing for dependencies:

PyXML 1686 0.8.4-19.el6
cifs-utils 1686 4.8.1-5.el6
cluster-glue 1686 1.0.5-2.el6
heartbeat-libs 1686 3.0.4-1.el6
keyutils 1686 1.4-3.el6
libtalloc 1686 2.0.1-1.1.el6
guota 1686 1:3.17-16.el6
resource-agents 1686 3.9.2-7.el6
tcp_wrappers 1686 7.6-57.el6

Transaction Summary

Install 10 Package(s)

Total download size: 2.2 M

Installed size: 7.8 M

epel 161 k
base 892 k
base 43 k
base 69 k
epel 260 k
base 38 k
base 18 k
base 202 k
base 470 k
base 61 k
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Is this ok [y/N]: y

Downloading Packages:

Setting up and reading Presto delta metadata
Processing delta metadata

Package(s) data still to download: 2.2 M

(1/10): PyXML-0.8.4-19.el6.i686.rpm | 892 kB 00:04
(2/10): cifs-utils-4.8.1-5.el6.i1686.rpm | 43 kB 00:00
(3/10): cluster-glue-1.0.5-2.el6.i1686.rpm | 69 kB 00:00
(4/10): heartbeat-3.0.4-1.€16.i1686.rpm | 161 kB  00:01
(5/10): heartbeat-libs-3.0.4-1.el6.i1686.rpm | 260 kB 00:01
(6/10): keyutils-1.4-3.el6.i1686.rpm | 38kB  00:00
(7/10): libtalloc-2.0.1-1.1.el6.i1686.rpm | 18 kB 00:00
(8/10): quota-3.17-16.el6.i1686.rpm | 202 kB  00:01
(9/10): resource-agents-3.9.2-7.el6.1686.rpm | 470 kB 00:02
(10/10): tcp_wrappers-7.6-57.el6.1686.rpm | 61 kB 00:00
Total 118 kB/s|2.2 MB  00:18

warning: rpmts_HdrFromFdno: Header V3 RSA/SHA256 Signature, key ID
0608b895: NOKEY

Retrieving key from file:///etc/pki/rpm-gpg/RPM-GPG-KEY-EPEL-6
Importing GPG key 0x0608B895:

Userid : EPEL (6)

Package: epel-release-6-5.noarch (installed)

From : /etc/pki/rpm-gpg/RPM-GPG-KEY-EPEL-6

Is this ok [y/N]: y
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Running rpm_check_debug
Running Transaction Test
Transaction Test Succeeded
Running Transaction

Warning: RPMDB altered outside of yum.

Installing : PyXML-0.8.4-19.el6.i1686 1/10
Installing : keyutils-1.4-3.el6.i1686 2/10
Installing : libtalloc-2.0.1-1.1.el6.1686 3/10
Installing : cifs-utils-4.8.1-5.el16.i1686 4/10
Installing : tcp_wrappers-7.6-57.€16.i1686 5/10
Installing : 1:quota-3.17-16.e16.i686 6/10
Installing : resource-agents-3.9.2-7.el6.i686 7/10
Installing : cluster-glue-1.0.5-2.e16.i1686 8/10
Installing : heartbeat-libs-3.0.4-1.€l6.i1686 9/10
Installing : heartbeat-3.0.4-1.€l6.i1686 10/10
Installed:

heartbeat.i686 0:3.0.4-1.el6

Dependency Installed:
PyXML.i686 0:0.8.4-19.el6 cifs-utils.i686 0:4.8.1-5.el6
cluster-glue.i686 0:1.0.5-2.el6  heartbeat-1ibs.i686 0:3.0.4-1.el6

keyutils.i686 0:1.4-3.el6 libtalloc.i686 0:2.0.1-1.1.el6
quota.i686 1:3.17-16.el6 resource-agents.i686 0:3.9.2-7.el6
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tcp_wrappers.i686 0:7.6-57.el6
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