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PHAN TiCH CAC THAM SO THONG LUONG VA B0 TRE
TRONG DANH GIA HIEU NANG DE THIET KE MANG INTRANET

NGUYEN GIA HIEU!, VO THANH TU?

YVién Cong nghé thong tin
2Khoa Cong nghé thong tin, DHKH Hué

Abstract. The performance evaluation is one of the most important issues for design of Intranet.
Different evaluating criteria lead to different controlling strategies and designs. As the development of
technologies, the forwarding efficiency, throughput, delay and loss rate should meet new requirements
brought forward by all kinds of new algorithms and network applications. In this paper, we analyze
a set of integrated performance evaluating criteria from the network traffic control model, many
research is observed that such end-to-end congestion control solutions are greatly improved and mean
values of throughput and delay for closed product form queueing networks are also analysed.

Tém tét. Panh gid hiéu ning 13 mot trong nhirng van dé quan trong cho thiét ké mang Intranet.
Tiéu chuédn dénh gid khic nhau dan dén céc chién lwoc diéu khién va tinh todn thiét ké khac nhau.
Nhur sur phat trién cla cdc cong nghé mang, sur cdi thién hiéu suit, thong lwong, do tré va ty suat 16i
sé dem lai nhitng nhu ciu cdi tién nhimg thuit todn méi, nhitng tmg dung mang méi. Trong bai béo
nay, chiing t6i phan tich su tich hop céc tiéu chuan ddnh gig hiéu nang tir mé hinh diéu khién luu
thong mang, cc gidi phép diéu khién tic nghén tir ddu cudi dén dau cudi da dwoc nghién ciru cdi
tién va phan tich gia tri trung binh cia thong lwong va do tré cho mang déng hang doi dang tich.

1. MO HINH MANG TCP/IP

Client SERVER

Uers process Management

——D
]

Response packet
TCP/IP driver TCP/IP driver

Buffer Ej Client addr Data Host addr L)J Buffer
_ ——

Hinh 1. M6 hinh mang géi TCP /TP

Request packet

v

Client process




24 NGUYEN GIA HIEU, VO THANH TU

Viéc diéu khién tranh tiac nghén trén nén giao thitc TCP/IP la nhiém vu rat quan trong
cho cdi tién dich vu cung cap ngudi sir dung trén mang Intranet va nang cao hiéu suat sir
dung nguon tai nguyén mang. Viéc phat trién cdc mé hinh TCP/IP cho phép nguoi thiét ké
mang cai tién dwroc nhitng hién twong gay ra su tac nghén dé cé chinh sich dieu khién hién
hanh cdc géi tin TCP. Van dé gidi quyét chinh la co ché diéu khién, tinh todn thoi gian ton
tai va xtt Iy cdc gobi tin dén bo dém tai cic bo dinh tuyén (mit mang). Muc tiéu la st dung
t6i da nguon tai nguyén mang sao cho bdo dam viéc truyen céc géi tin TCP va thoi gian doi
t6i thieu trén bo dém ciia may chii va cdc chuyén mach tich cre. Vi vay céc ing dung nhay
cdm véi @6 tré, thong lwong can dwoc cung cap cdc dich vu t6t hon. DéE giai quyét van de
nay can diéu chinh cdc tham s6 RTT (chu ky di tron mot vong), thoi gian dép, thoi gian doi
xtr Iy va mé hinh hod khodng thoi gian gitra cdc tién trinh dén theo cac ki€u phuc vu FCFS,
RR, FS... phu hop tai trung tam két ndi va xit Iy mang.

2. CAC VAN PE HIEU SUAT THU'C HIEN TREN MANG

Céc van dé hiéu suat mang quan trong khi s6 lwong mdy tinh két noi vio mang cang
nhiéu thi viéc giao tiép cang phitc tap, nén cé nhirng két qua khong ludmg trueée dwoc dan
dén hiéu suat thap. TCP khéng phai la duy nhat noi phat sinh hiéu suat, d€ tim hi€u ching
ta lwoc qua cac buéce chinh lién quan dén heé thong.
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Hinh 2. Biéu dién cic qua trinh hoat dong dwa trén mo hinh két ndi yéu cau-dap
2.1. Po hiéu suit mang

Khi cé sir mat can bang tai nguyén cé cdu tric thi hiéu sudt gidm, nhw khi téc do cac géi
tin dén cao ma toc do xit Iy tai hang doi cia may tinh trung tam thip (nguyén nhan ting do
tré, phdi truyen tai lai) lam gidm hiéu suat. Hoac sau phuc hoi hé thong, cidc may tram dong
thoi truy cap dén mdy trung tam lam tang tai, nén phai ¢é chién lwgc dong bo hién twong
qud tai phit hop. Vi vay can thuc hién céc cdch thitc cai thién nhw sau:

+ Do céc tham s6 mang lién quan va theo d&i qua trinh thuc hién dwa trén so do hinh
2, dat tang quan sat tai may tram dé theo ddi chu ky cia cédc qud trinh thuc hién trén
mang. Dung Timer biét dwoc TPDU can bao lau dé dwoc bdo nhan la s6 do then chét
RTT tir khi bat dau yéu cau géi tin dén cho dén lic nhan dwoc dép ng tra loi. Dong



PHAN TfCH CAC THAM SO THONG LUGNG VA PO TRE TRONG PANH GIA HIEU NANG... 25

thoi ghi lai bién ¢6 xay ra (dya vao trinh tw ACK) nhw 1 hién twong mat géi tin.

+ Theo doi cic tién trinh dang tién hanh dwa trén viéc phat lién tuc céc géi tin va tich iy
céc g6i trd 161 ACK dé tang hiéu qud tra loi trong trang thai hang doi binh thuong (hinh
2).

+ C6 thé tang hoac gidm thoi gian ddp ACK dé diéu chinh hru lwrong géi tin dén.

+ Xit Iy nhanh céc géi tin TPDU dua trén chién luoc xit Iy tai hang doi thich hop, xay
dung giao thitc cho cdc mang hiéu suit cao trong twong lai.

+ Thiét ké hé thong phai ddm bdo lru lwrong truyen téi da nhung khong dan dén tac nghén,
khong dé xdy ra hién twong thit nit do s chénh léch téc do trong thiét ké mang Intranet,
dic biet xitr Iy toc do cao tai vi trf cac nit mang trung tam ng véi mo hinh mang hinh
sao qua két néi bo dinh tuyén truyén di Internet dé thue hién hiéu suat tét hon.

2.2, Xéc dinh tiéu chudn

Tiéu chuan danh gid hiéu nang la mot trong nhirng van de quan trong nhat dwoc duwa ra
cho viéc thiét ké cdc chién lroc va thuat toan dieu khién giao thong mang. Sw thiét ké phu
thuoc vao cac tiéu chuan danh gia, bdi vi cdc chién lwoc diéu khién giao thong mang cé nhieu
d6i twong hiéu nang can dwoc danh gid nhw da néu trén, nén viéc nghién citu dong thoi la
mot van de khé. Nghién citu cac tiéu chuan danh gid hiéu niang da dwoc tich hop tir mé hinh
dieu khién giao thong trén mang Intranet tap trung cai tién dua vao cdc phwong phap sau:

- (Giai quyét Time to live ciia TCP dé han ché tré tai hang doi lam gidm hiéu suat truyén
tin.

- Van dé wu tien ACK dé giam RTT.

- Nén huy géi tin sém trude khi tran bo dém (nghén mach) theo co ché RED mé rong.

2.3. Thoi gian dap tron vong (RTT) va do tré

Viéc ¢6 mot co ché kiém soat truyen dir liéu la quan trong trén méi truong Intranet,
trong dé c6 nhiéu mdy tinh (mdy chi, may tram) va cdc thiét bi khac c6 toc dé khdc nhau,
lien lac véi nhau qua bo dinh tuyén, chuyén mach. Vi vay cdc giao thitc Internet can cé suw
ki€m sodt téc do truyen end-to-end d€ dieu chinh lrong dit liéu, néu khong phan mém giao
thitc s& bi qué tai v&i co ché cira s0 triwot, dong thoi ddi véi cdc hé thong trung gian (bo
dinh tuyén) phai kiém sodt toc do truyen, cho phép mot nguon cé thé giri nhieu hon nhan
cla mot may, khi xay ra qud tai tai mdy trung tam phai st dung co ché kiém soéat su nghén
mach bang nhieu gidi phép khac nhau nhu: tu huy roi truyen lai khi qud thoi gian séng hoac
truyen lai c6 tinh ndng hiéu chinh dwa vio mau thoi gian di tron mot vong (RTT) trung binh:

RIT = (a*old_RTT) + ((1 — @)*new_RTT), a lahésd 0<a<1

nghia 13 khi @ gan 1 thi gi4 tri trong s6 trung binh it &nh hwéng; o gan 0 thi thay doi tirc thi
theo nhirng thay déi cia su tri hoan.
Khi giti mot géi dir lieu, TCP tinh gid tri cho bé dém thoi gian, gdn bang mot hang s6
B(8 > 1) ciua wéde lwong thoi gian di tron mot vong hién tai
Timeout = g*RIT

nghia 1 khi 8 ~ 1 nhanh chéng nhan biét dwoc viéc mat géi tin lam gidm thoi gian doi truyen
lai khong can thiét. Néu 8 = 1 chi mot tré nhé ciing gay ra s truyeén lai khong can thiét lam
phi bang thong.

Nhw vy can tinh 8 dé diéu chinh bé dém thoi gian t6t hon (8 = 2). Trén 1y thuyét viéc
do RTT la binh thuong (khodng cach thoi gian tir ldc segment giri di cho dén Iic nhan 1oi
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dap gii vé), nhung khi qud thoi gian phai truyén lai thi noi nhan khong xdc dinh dwoc 161
dap cia géi ndo trong lan gitri lai, vi 161 ddp chi tham chiéu dén dir lieu da dwoc nhan chir
khong biét phién ban cia datagram chuyén, nén s& cé suw thay doi RTT.

- Néu lay thoi gian lan givi dau va 1o dép Ian sau thi RT'T sé 16n hon va qué trinh cit
tiép tuc lam bo dém thoi gian sém bi hét han.

- Néu lay thoi gian Jan giri sau va 161 ddp gan nhat thi RT'T sé nhd hon nén Timeout nhé
doi véi segment ké tiép dé xdy ra qud han.

Vi vay TCP khong nén cap nhat RT'T dwoc wdce lwong cho cic segment dwoc truyeén lai
deé tranh nhirng 1o ddp mo ho bang gidi thuat Karn: Khi tinh wéc lwong RTT, bd qua nhiing
mau ma tuong trng véi cdc segment dwroc truyén lai nhung sit dung chién lwoce nhwong bo va
gitr nguyén gid tri cia thoi gian hét han cia dir lieu dwoc truyen lai doi véi nhirng dir lieu
tiép theo sau cho dén khi ¢6 dwoc mot mau hop 1é.

Céc nghién citu trong viéc wéc lrong RT'T khong phtt hop méi trieomg cé thay doi lém do
trl hoan. Pic tad 1989 cia TCP yéu ciu cdc cai diat phai wée lwong cd hai, RT'T trung binh
va do bién doi .

Trén thuc t&, khi sit dung mot tap cdc gid tri dwoc phat sinh ngau nhién dé minh hoa
viéc tinh thoi gian hét han bi thay doi khi thoi gian RTT bién doi, nguoi ta thay rang RTT
thay doi (tang, gidm) cé thé lam tang gid tri ctia bo dém thoi gian tang nhanh chéng khi do
trl hoan ting nhung lai khong gidm di nhanh chéng khi do trl hoan gidm vi vay viéc xay dung
giai thuat trd nén phitc tap.

3. PHAN TICH MO HINH HAN CHE V&I VIEC TAC NGHEN MANG

Truomg hop 1y twdng 1 lrong tin vao va ra qua chuyén mach can bang nén dé xay ra
tac nghén ta phai xét dén cac nguyén nhan chinh tai tang giao van:

- Thiét bi mang khong ddp trng nhu cau xit 1y s6 liéu, dit liéu bi don tai cidc nmit mang cé
hang doi nhd va téc do xit 1y cham.

- Thn suat dau vao qud 1én hon so véi dau ra, do nhiéu may tinh can giri qua mot bo
dinh duong, nén thoi gian cho xir 1y qua 16n vuot bo dém vao.

Khi st nghén mach xay ra, do tri hoan gia ting va bo dinh tuyén bat dau xép hang cac
datagram cho dén khi né ¢6 thé chuyén ching di. M4y tinh thi ¢6 boé nhé giéi han va céc
datagram phai canh tranh dé vao dé. Trwong hop s6 datagram dén bo dinh tuyén tang dén
kha nang lwu trir t6i da tai boé dém thi bat dau huy bé nhitng datagram dén sau. Bén may
phét phai truyén lai st nghén mach cang 1é6n, mang sup do.

bé tranh sup doé do nghén mach, chuan TCP hién tai dé nghi sir dung 2 ky thuat: khdi
dong cham va gidm theo cdp s6 nhan. Pay la van dé du bdo bang ky thuat cira s6 nghén
mach theo déi hang doi roi thong bao kich thwéc viing dém con trong 1o ddp cia bén nhan
dam bdo duy tri nguon dir lieu dén luén nhé hon kha nang chita ciia bo dém mdy dich.

Viéc gidm kich thwéc cira s6 nghén mach sé 1dm gidm bét giao thong ma TCP thuc hién
trén két noi. TCP gid dinh hau hét cdc datagram bi mat 1a do nghén nén sit dung chién lwoc
khi bi mat mot segment thi gidm cira s6 mot nira (cap s6 nhan). Vé&i nhimmg segment con nam
trong ctra s6 duwrgc phép, nhwong bo bang céch gia tang boé dém thoi gian truyen lai theo ham
mil.

Sau khi phuc hoi TCP khdi déng cham (John Nagle) dé gia tang tir viéc truyen dir liéu
tranh suw dao dong khi ting cira s6 nghén mach 1én cap s6 nhan dong thoi gia ting bo dém
thoi gian theo ham mil s& hoan thién hiéu sudt TCP déng ké ([4]).

Trong quan 1y hang doi viéc cat bét phan dudi cho dén khi nhan dwoc ACK khi tran
b6 dém gay anh hwéng dén trang théi khdi dong cham, vi TCP hoat dong theo nguyén tic
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end-to-end nén lam cho N phién ban cia TCP Chuyen sang trang thai khédi dong cham cung
mot lic anh hudng dén toan mang Internet ngudi ta xay dung mé hinh huy b6 sém ngau
nhién (Random Early Discard: RED) ([3]) st dung hai gid tri chan dwéi Tiim va chan trén Tiax
duoc mo ta b01 qui tac sau: néu hang doi chita trong khoang Tinim va Thax, huy bd datagram
mot cdch ngau nhién tuy theo mot ham xéc suat P.

Ngoai ra c¢6 thé sir dung chuan VEGAS dé doan nhan kha nang giy tac nghén truéce khi
x4y ra bang cach tinh RTT. Véi ky thuat nay tai cdc nit mang sé thich nghi véi nhitng thay
doi clia hé théng, nhung dong thoi phai tinh lai RTT trén thuc té 1a rat phitc tap, doi hoi
phai ¢é su tinh toan dong bo vé thoi gian hay chu ky xung nhip nit mang & trang thai hién
tai.

4. XAY DUNG MO HINH INTRANET NHIEU LOP

Céc dac trung cia mang Intranet ngay nay va twong lai 1a hinh thanh cdc moé hinh da
quéc gia pho bién lam tang lwong giao dich véi s6 lwong 16m céc tram dau cudi cia nguoi st
dung cling lic nhiéu dich vu da phwong tién khac nhau trén nhiéu doan truyén théng cé toc
d6 khac nhau.

4.1. Thuat toan phén tich gia tri trung binh cho mé hinh mét 16p

O day ching ta xét hé thong mang xép hang déng phu thuoc thoi gian thue hién va yéu
cau vé bo nhé.

Thuat gidi sé tinh todn cic s6 do hiéu nang ciia mang véi N géi tin, dua trén cac két qua
trude d6 tinh cho N — 1 géi tin la phdn tich gid tri trung binh (MVA: Mean value Analysis)
duwoc M.Reiser va S.Lavenberg dwa ra dé xdc dinh céc gia tri trung binh cia cdc dai lwong
nhw thong lwong, do tré va s6 cac géi tin doi véi mang xép hang déng va cac Server doc lap
trang thai ([4]).

Gia st mot mang déng v6i M hang véi N géi tin lwu thong trong mang va hang thi ¢
c6 toc do dich vu 14 u;. Khi dé, do tre trung binh 7; chinh 14 thoi gian trung binh ma géi tin
phai doi dé dwoc phuc vu xong tai hang thit i (gom cd thoi gian dich vu cho géi tin dé va
thoi gian dich vu cho tat ca cdc géi tin dén trude néd tirc 1a thoi gian chd). Piéu dé duoc
bieu dién qua cong thitc:

_ 1 1
ti=—+—q
i
trong dé:

1/p; 13 thoi gian phuc vu trung binh cho moéi géi tin.

g 14 86 géi tin ¢6 miat trung binh vao lic dén.

Ma theo dinh 1y cdc qua trinh dén (Arrival Theorem) cho céc mang déng véi cdc server
c6 phan phéi dich vu mil thi s6 ¢éi tin ¢6 mat vao lic dén cé phan phdi gidng nhw phdan phdéi
can bang do6i véi mang cé it hon né mot ¢éi tin. Do dé:

- 1 1
i, =—+ —m(N-1)
i Mg
Ap dung cong thirc Little cho toan b6 mang cic hang doi, ta cé:

M

_N)Zl_fi(N =

va cho hang doi thit ¢
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Khi dé:
Do tré trung binh: L
TLN)= — + —m(N—=1), i=1,2, ... M
Théng lwong trung binh:
— N
Y(N) =~
; ti(N)

SG g6i tin trung binh trong hang thit ¢ khi ¢6 N géi tin trong mang truwong hop Server
doc lap trang thai:

7 (n) = Y (n)t;(n), m;(0) = 0.
Truong hop Server phu thudc trang thaéi:

n(N) = Y(N)0;L;(N).

- Gi4 tri 6; 1a nghiém cia phwong trinh thong lwong. Céc gid tri d6 thwong dwoc chon
sao cho ¢6 mot hang doi gid tri = 1 (dwoc goi 1a hang can tham chiéu). Khi dé gid tri Y/(N)
chinh 13 théng lwrong trung binh cia hang can tham chiéu. Sau dé 14y 6; x Y(N) dé xéc dinh
gid tri théong lwong trung binh cho hang doi thit 7 trong truomg hop Server phu thuée trang
thai.

4.2. Phat trién trén mé hinh nhiéu 16p

Trong trwong hop mang déng nhieu 16p, ton tai mot s6 ¢ dinh cdc géi tin yéu cau
N, trong hé thong 16p thit r cia R 16p va ta ¢ thé bicu dién lai dwéi dang vécto chinh
N =(Ni,...;N,,...,..., Ng), trong d6 vécto don vi la 1,(cé tat cd cdc thanh phan bang 0, ngoai
trir thanh phan thit »). Vi vay néu s6 16p R = 3 thi véc to 1, = (0, 1,0).

Nhu vay ¢; ,(NV) 1a thoi gian tré trung binh cia hang doi thit 4 16p r ¢6 gid tri la

V) = —— L m = 1),

Hir Hir

Thoéng lwong trung binh cia 16p »:

B (N)

i,r

SG géi tin trung binh trong hang thit i cia 1ép r
Truong hop Server doc lap trang thai:

R, (N) =Y, (N) X t;.(N), 7:(0) =0.
Truong hop Server phu thudc trang thai:
ﬁi,r(N) = 77«(./\/'> X 91‘77« X tz,r(N>

4.3. Thié nghiém phuwong phap phén tich mé hinh mang Intranet

Chiing ta xét moé hinh dé mé td hiéu nang cia mang Intranet M/M/6/500/FCFS véi
khodng thoi gian gitra cdc géi tin dén he thong lién tiép nhau tuan theo qui luat phan phdi
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mi, hé thong c6 500 may tram (clients), can truy cap dén 6 Server chinh, phwong thirc phuc
vu FCFS. Nhwr vay m6 hinh s& cé 5 16p, trong moéi 16p gom cdc phan tir 13 cdc nhém may
tram, mdy chd va dich vu ting dung.

Hinh 3. So A6 mang hinh sao nam 16p

Viéc truy cap dén mdy chi 1 tir mot mdy tram trong mang LAN 1 duoc goi 14 mot 4nh
xa dén mot 1ép trong mo hinh QNs dwoc ky hiéu nhuw sau:

- C4c nhém mdy tram trong cidc mang LAN 1 dén 5 dwoc biéu thi bdi C1, €2, C3, C4,
C5. Céc may chua twong ing cdc nhém la FS1, FS2, FS3, FS4, FSh.

- Goi File Server truy cap dén la FS va su két noi 1a TR.

- C6 mot Web Server la WebS dugc dat thém tai LAN 2.

Vay ¢6 10 16p téi nap la: (C1, FS, FS1), (C2, FS, FS2), (C3, FS, FS3), (C4, FS, FS4),
(C5, FS, FS5), (C1, TR, WebS), (C2, TR, WebS), (C3, TR, WebS), (C4, TR, WebS), (C5,
TR, WebS).

Do tré cia tai nguyén cho cdc may tram 1a thoi han két thic cia yéu cau truée tai client
cho téi khi cé yéu cau méi dén mdy chii xuat hién va tré tai bo dinh tuyén hoic bo tap trung.
Tat ca nhirng bo phan dnh hwdng khic nhu 1a cac CPU, céc dia, cic LAN 14 mo hinh hing
doi doc lap tai.

Véi nhitng tham s6 trén ching ta cé thé xdc dinh dwoc nhitng nhu cau cho 26 hang doi
bao gom nhw sau: 5 mang, 5 nhém may tram, 6 bo dinh tuyén va chuyén mach cia 10 16p.

S6 céc yéu cau trén moi 16p bang s6 cidc may tram trén nhém dé twong tng trén moi
16p. Vidu l6p 1 c6 110 may tram thi s6 yéu cau trong lép 1 1a 110, tir dé c6 thé xéc dinh
duwoc cho céc 16p khac. Thong lrong cia tirng 16p dwa vao s6 gdi tin yéu cau dén trung binh
va tong thoi gian doi xit 1y trén timg 16p (trén Muc 4.2.2), tir d6 tinh dwoc hiéu nang cta
toan mang.

Néu phan tich va tinh todn v&i s yéu cau vao cang 16n hon, lam tiang s6 yéu cau trung
binh dén WebServer gip nhiéu lan so véi dén céac File Server cia tirng 16p, dau ra hé thong
du béo s& bi hién twong that mit & mang LAN 2 c6 chira WebServer toc do thap. Két qua do
bang thong thue nghiém trén mang Intranet cia DPHKH Hué ([5]) da cé két qua twong tur.
Vi vay dé cai tién luu lwong dit liéu duwra vao clia WebServer dén cédc may tram thi ching ta
can phai nang cao chat lwong LAN 2. Qua mo hinh va phan tich 16p mang cho phép ching
ta cé thé moé phong céc hé thong mang lén dua trén gia tri trung binh dé ddnh gid hiéu suat
mang.

5. KET LUAN

Trong bai bdo nay da phan tich cdc tham s6 chinh nhu thong lwong, do tre, tich hop céc
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ky thuat ddnh gi4 dnh hwéng manh dén hiéu nang mang may tinh dua trén thuat todn phan
tich gid tri trung binh (MVA) cia Iy thuyét hang doi, tir d6 xay dung cdc moé hinh hiéu ning
cia hé thong Intranet dé 4p dung cho thirc t& ma cé thé tinh toan dwoc do tré va théng lwong
trung binh cia tat ca cdc géi tin vao, han ché tic nghén xdy ra tai cdc nit chuyén mach de
ci tién hiéu nang trong thiét ké.
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