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Abstract 

There are many ways to resolve bandwidth insufficiency from unsanctioned application. Those 
methods are as follow: 

I. Increase bandwidth in both LAN side and WAN side. 
2. Set up network policy for utilizing ban.dwidth according to an application behavior. 
3. Install bandwidth management system for controlling bandwidth according to applications that 
are prioritized. 
Khon Kaen University (KKU) has implemented those three methods for bandwidth management, 

starting from method 2, method I and then method 3 repectively. By using network policy, this method is 
easy to implement and cost effective. After KKU has installed bandwidth' management system, we found 
that a critical mission application has got a service guarantee by this system, not to be disturbed by low 
priority application. 

Keywords: Bandwidth management 
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U'Yl,"1 

nT'l1 i"lULfl1€1'lh rJfl €ldJ~l L<il €lfl udJvdJ 'Yl rJl ~ rJ'lJ €lULLrlU 1 UU"iJ'oil UU tlj:: n €I U '~h rJ ~li"lu 
q OJ 

Lfl1€1'lhm"lt1lrJtlj::Lfl'Yl €ll-nL'll'U un~mfl €lT'im6LLt1::'JJljl"l!mj~lrJ~UlJ~UU LUW~rU ~n~rn::rm1i"lu 
q 

'lJ €I,,~l i"lULfl1€1'lh mLCilt1::tlj:: Lfl'Yl f1ij ~n ~rn::mj 1 i"lU 1~ L 'VIij €lunu un~n ~l~n 1 "l!"[tljLLmdJtlj:: rJnwf~ 
OJ q 

ijmj1 imldJnll"'lJ€I"'ll'€I"t~'t1!qjl rn~" (Cil €l1tlU'lJ €I HfiTh UlJU~l~r1LL 'YlU) ~rl €l1 ~Ln~mj Hmj::Lnu 

(Overload) Cil€lLfl1€1'lllrJ L'll'u mj<ill1U1'V1t1~1'V'l~L~rJ" mjL~ULndJ~€I€lu1t1'1r LUUC;U LUU~t11~L'VI~€I 

LLlJ U~l ~r1 ~ U l dJl1 iL ~ €I mjL1 rJumj~€lULLt1:: mjlJ1'V1ljmj~n ~l ~"L U U"lU ~ ij ml dJ ~l ~ qj ~"rJ1 ~ 
.... , 1.... 1 "0 I ..r dt (Mission-critical Application) U€lrJt1" 'Y1l 'VIL1t1l umj<il€llJ~U€I"<il€lmj'Y1l"lUlJj::Lfl'YlUdJln'lJU 

rl €l1 ~Ln~tlj::~'YlTIm'V'l1 Umj't'll"lUt1~ t1" 

mjUnUqj'VIlmldJ1~'V'l €lL ~ rJ"'lJ €I"LLlJU~l~r1"illnmj 1 i"lU ~1~L 'VIdJl::~dJ 't'll1C;'VI t1l rJ1TIC;1 rJnu L'll'u 

1. mjL ~dJ LLlJU~l~r1b~ rJmjL ~dJUlJU~l~r1J"'lll rJ"lULU 'V'll::~ULLt1::'lll rJ"lUlJ1L 1 rnnll" 

2. mj€l €lnu brJlJl rJmj H"lULfl1€1'lll rJ b~ rJnljnl'VIU~U brJlJl rJ~L 'JJdJ"l~;jU 
3.mj~~i"Lfl~€I"~€I~11lumjlJ1'V1lji~nljLLlJU~1~r1 
1 UlJ'YlfldldJUUlJU "il:: €lTIlJl rJn"lTImjlJ1'V1lji~mjulJu~1~r1'lJ €I" Lfl1€1'lll m ~€lmj~n~l 

... 
dJ'VIll'YlrJl~rJ'lJ€lULLrlU C;lrJ1TImj'tl'" 3 lTIYin~ll'JJl"C;U 

.,..J ~ ttA tt 
'Yl1,HGHlfl'Yl 1 fll'n'VUHLU,"~1~'Yl 

I .:::>, Q..< = 6'= Ii' I V ~ Ft 

(Lan) LLt1::'lJl rJ"lUlJjL 1 rnn'll" nljL 'V'ldJ'lJ'Ul~ LLlJU\'r.l~'Yl ~lmjtl t1~ml:IJ t1l"l!T~nnmjjflfl fl rJ'lJ fl"LL 'V'lflbn<il 

~fl~1u~l L'Ylflbuh~~vr<nJul;tu1uU"il"ilUU L'll'u nn::iJ'il8L'Ylfl1LU'il 'VI1€1 10 nn::iJ<il8L'Ylfl1LU<il 1il1fl~l" 
OJ q 

'VIl1,,,'lJ fl" L 'Ylflb U 11:1 ~~1 "l!1 UnljL~:IJ LLlJU~l~r1'lJ fl,,'lll rJ"lULU 'V'll::~U'lJ fl"dJ'VIll'Yl £Jl~ rJ'lJ€lUbLrlU 

tl1lJtlj" Luunn::iJ'il8 L'Yl €l1L U'ill U~lU'lJ fl"fl €l1LLlJflblJU ~lULfl1€1'lll rJj::lillJj€l"t1":lJl<illdJ~mUU flUrJ 
q OJ 

~lun LLt1::flrn:: u"fl"HLUu'V'll~8b'Y1fl1LU'ilL'll'UL~:IJ 

mjL ~:IJ'lJUl~ LLlJuwfl~r1~lU1 'VI qj"il::~h L itUnlj 1 U'lll rJ"lULU 'V'll::~U (Lan) L uu~hu'VI ~n .. 
LU€I" 

C;1 rJijml:IJv1dJ~h Cil€lnljt1,,'YlU b~rJ't'llnljtl1lJtlj"j::lJlJ1mLn1UlLL~" €ltlmrulil~Cil€l (Switch) 1 ~j€l"1lJ 
q q q q 

nlJ L'Ylflb ubrJ~lil"n~ll LLCilnljL~:lJLLlJU~1~'Yl1 Uj::<KlJ'lllrJ"lUlJ1L 1rnnll" 'V'llJ'-h1~v1mhCilflnljt1"'YlU 
q q 

L~fl""illndJ'VIll'Yl£Jl~rJC;fl"'t'llnlj~€I'll'fl"~qjqjlrn"illn'VI'l-i1rJ"lU~l" 'l L'll'U lJ"ildJ. 'Ylfl'Yl fl€l1tl€lmtu 'VI1€1 

'VI'l-i1rJ1unlj1~lJ1nlj~UL'Ylfl1LU<il LUUC;U U"il~Uu:IJ'VIll'Ylm~rJ1<K;Bfl'll'€I"~qjqjlrn'lJ'Ul~ I Mbps. "illn 

lJ1;'Yl ~Lfl~ ~fln~ub'V'l "ihn~ lmlm 100,000 iJl'Yl~m~flU L~flul'll'fl\l~qjqjlrn'll'€I\ld :lJlLUU 

'll'fl"~qjqjlrn~ljfl" mruYi'll'fl\l~qjqjlrn'VI~n'lJfl"Lfl1fl'lllrJ:IJ'VIll'YlrJl~rJ (Uninet) dl~ml:IJL~rJ'VIlrJ'VI~" 

"ill nmjb~:IJ bLlJU~l~r1 1 U~lU'lJ fl\l'lll rJ"lUlJ1L 1 rnnll\l( ~ LL~Um'V'l Lfl1€1'lll rJdJ'VIll'Yl m~ rJ'lJ flULbrlU 
OJ 

tlj::nfllJ) 'V'llJ'h ml:IJ~lJ~"'lJfl"mjH"lUbfl1fl'lllrJf1bn~;juL'll'uL~:IJ b~fl\l"illn'lJ'Ul~bblJU~l~r1'lJfl" 



316 

"Ill rJ\llULU vn::nu LL~::'lJU1~ LLUWili~Yl'lJ El\l"Ill rJ\llUU1n rnn11\l:i:iml3J LL!1lnl111\lnUmn 1 U ~~~n<?i' El\l 
q 

Ln~11l1::"jElfi El rJ~ mJmrnmL!1l ElfEl tl~ L t1.El\l"illn ~'l~m"j3Jm"j 1 'l1\11ULfl1El"Ill rJ'lJ El\lt..Jl 'lfl6Jb~:i:inT~ 
q" " 

L t1~ rJULLti ~\I L ~"jl::t..Jl "ll'16J L y; Uml3J ~lf1ru'lJ El\l LLUU~i~Yl L t1.El\l"illn L y; U '".11 Llj U 'Ylf~ rJlm~~u<?i' El\l b6J b~ " ~ 

(Intangible Resource) m:i:iElUL"lfuJ'1'VI1Elbv..jf:h ~\lb6JtI"j::'VI!T!1l ~\I,tum!1l"jm"jL~rJlnuutrJUlrJm"j1'11\llU 
Lfl1El'lh rJ~\I LljUL~El\l'ih LljU 

'Y1l\l L~ Elndd:Ju 'Y1l\l L~Eln~ ~\I'YlU~l~~~ L YlrJ\I LLI11r'il'VIU~UtrJUl rJ~L 'VIm::~3J 1 ,x~3J~ ~"j::'VI11\l 
q q q 

ml3J ~::~ln'lJ El\l t..Jl 'l1nutI"j::~'YlTI11l~ 1 Unl"j 1 'l1\11ULfl1El"Ill rJ 'lJElrJnmrll~m!l-l'lJ El\l3J'VIli'Yl rJl ~rJ'lJ Eluunu ~ 
" b~3J'Y1l\l3J'VIli'YlrJl~rJl 'VI1l~"j::nu~m<]-n lum"j<k\lLfI~El\lLL6J"IllrJ 1 um"j 1,xu1m"j1111\l"J b"lfU LfI~El\lLL6J"IllrJ 1 U 

m"j 1 ,xU1nl"j'Y1l\lL lU LlJU<?i'U LLI11LfI~El\lLL6J"Ill rJL 'VI ~l,t U'lJl~~~LL~"j::UU~~ b~'Yllm"jtl ~ El rJh~-~El Eln~ 
"" " 

Lfl1El"Ill rJ ih 1 ,xLfl1El"Ill rJ:i:i11l"j::LiluLlJu~lmumn b6J~13Jl"jn 1 ,xU1nl"jU1nl"j~U ~~l LlJU b~ 

~llJl"jrn::111 El t..Jl 'l1\11U~ U <?i' El\l'Yll m"j~\I'Yl::Lli rJUU~::LL -;]\I~El ~ m:: uu 111 El~1U6f1 El3J~l L!1l Elf J\ldb Vl El ~lm"jn 
'iJ '\ICU cu 

~~l11eJ b~rlU'Yil\l-n mrllLn~in'l~~U3Jl 
m"jrll'VIU~U t rJUl rJnl"j 1 'l1\11ULfl1eJ"Ill rJ~L 'VI3Jl::~3JLlJUL~eJ\I rJln L ~"jl::LlJUL~eJ\I~ eJ tlflU~::~lU 

" 
"j::'VI 11\1 ~m<]-n t..Jl 'l1\11ULfl1El"Ill rJnu ~~ LL~"j::UU Lfl1eJ"Ill rJ'lJ eJ\l3J'VIli'Yl rJl ~ rJ n ~ll~ eJU t rJUl rJ m~ 1 'l1\11U 

" "" 
bfl1eJ"Ill rJ~ L'l13J\ll~ tl eJ3J'lJl~ml3J~::~ln LL~::ml3J~~'VI tlu1 Unl"l" 1 'l1\11U ~\I,rUL Vl eJ 1 ,xulrJUl rJrir'il'VIWil 

q 

~U3Jl:i:it..J~tr\lf1U I'll ~\lm"j:i:inl"j"j::~3Jml3J~~"illn'VI ~l rJ~l rJ r'il'VIU~U trJUl rJ113JnU L VleJr'il'VIu~ulrJ rJl rJ • 

-n'YlnflurJeJ3Jfu 'VIln:i:i'l1El'lJ~LL£1\1~hl~l3Jl"jnrJ~b~ eJl'iil~eJ\leJl~rJm"j~~~uh"illn~U1'V11"j"j::~U~\I'lJeJ\I 
<l q 'U 'U 

m"jm::<?i'ul,x t..Jl 'l1\11UL f11eJ"Ill rJ !1l"j::'VI un11 LLUU~i~Yl L lJ U 'Ylf~ rJl m~:i:i fll L lJUL~ eJ\I~ <?i' El\l"jrn "j \I Tfih 
q " 

eJ tll\l ~Jl L~3J El L Vl Ell,x t..Jl 'l1\11ULfl1eJ"Ill rJL Y;UfI rnfll'lJ eJ\I Uuu~i~Yl mmm"j1111\l"J eJl"il eJ Eln3Jl L:!U "j:: rJ:: "J 
" q 

!1l13Jml3J~1 LlJU 3Jl !1l"jm"j~ eJl"il eJ eJn !1l13J3JlL Vl eJ~~m"j 1 'l1\11uuuu~i~'Yl1 m::~u"Ill rJ\llUU1L 1 rnn 11 \I L"lfU 

1. m"j"jrn "j\lfl1,x t..J1 'l1\11Ubfl1eJ"Ill rJl 'l1U ru~t..Jl 'l1\11U8 b3J ~~'Y1l\l3J'VIli'Yl rJl ~ rJ~~ 1,x m"j~t..J1 'l1\11U cu QI 'U 'U 

Lfl1El"Ill rJ 1'11uru~t..Jl 'l1\11U8L3J~"illnIn rJueJn b"lfU hotmail '1'111 ,xt..Jl'l1,tu <?i'eJ\I'Y11m"j~m~Elmfl~eJ\I~n"Ill rJ 
QI 'U 'U 'U 

'lJ eJ\I!1lU btl if\l LfI~eJ\I bL~"Ill rJ 1 um"j 1 ,xU1m"l"8 L3J ~~\I eJ tlUEl n"Ill rJ\llULU ~l::~U LlJUt..J ~ 1 ,x:i:im"j 1 'l1\11ULLUU~ 
" 

l~Yl"lJ eJ\I"Ill rJ\llUU1b 1 rnn 11 \I blJu~lU1U3Jln 'Y111,xb 'VI ~ eJ bbUU~i~Ylb Vl eJm"j~u ueJ rJ ~\I 
2. m"l"r'il'VIU~n~ll um"jrhrJ leJU t y.J~~:i:i'lJU1~ 1 'VI qj~.hU'Y1l\lLfl1eJ"Ill rJ m"jrhrJ leJu b y.J~h"lfl\lL l~l 

ri:i:im"j1'11\llULfl1eJ"IllrJlutl13Jlrn~\I L"lfU "j::'Vdl\ln~l 8.30-10.00 u. LlJU<?i'U m"jteJuby.J~~:i:i'lJU1~1'V1nJ " ~ 

1 U"lfl\lL l~l~\ln~ll b~m"j'Y11'VI1eJ'VIln'Y11m"j~lm"jnmUfl3Jtl1m rnmnh rJ tElU b~ Lt1.eJ \I "ill n 1 U"lfl\lL l~l 
q 



1 U'lI'I-lL ISl11fl-ln~11 L:lJm~'I11'V11e),V\1n'l11m~t;'13J1~tlm1Jfl3JtJ13J1 ru.m~r:h tJ teJu Lt;l L ~eJ-l~l n 1 U'lI'I-l L 1 Sll , 
t;l-ln~11ijml3Jv11J~-l'l1eJ-l'JJeJ3JSl eJ£1LL~1 m~r:h tJ teJu~::dJUm~L ~3Jm~:: 1 V;Lfl1eJ'lh tJ m~ri1tJ teJum~'I11 

" " 
ueJm ISl1 LVi eJSl~m3J1 ru.m~ 1 'l1-l1ULL1JuIii1~Y11 v;,xeJ tJSl-l LVi eJ 1 V;L 'VI ~ eJ LL1JuIii1~'I'1 ~l'V1f1J ueJ'V'n"l~ Ll'liu~u Lt;l 

1" .J' '11\11U3J1n'l1U 

3. m~1'l1'V'4~eJn~L'l!eJf'V'hleJf 1um~Lil1Jll1ltl (Object) ~~::ijm~1'11\l1umtJ'VI~\I t~mfl~eJ\lGm'1l1tJ , " 
~lU IU3J1n 1 U3J 'VI 11 YI tJ1 ~ tJ i~m~Ut;'l3J1~tl Sl~m~ 1 'l1-l1ULL1Juliii~'I'1'l1 eJ-l'1l1 tJ\l1U1J1L 1 ru.n 11 \I Sl-l hJL~1 U 

~::Ifl1J'VIrt\l'VI1mfl~eJ-l Sln'1l1 tJ@i1\1") ij ml3Jt;l eJ-lm~1 'l1\11Ull1ltlLL1J1J L~ tJlnu L ~eJ-l~lnLfl~eJ-l Sln'1l1 tJL:IJ 
" , " 

~1 L DUt;l eJ -l'l11 m~L ~eJ 3J t tJ\I il LeJ-l L 'JJ1 n1J Lfl~eJ-l U:IJ'1l1 tJ~ eJ £1~:: tJ:: Ln SlYi nflf-l~ij ml3J i eJ-l m~m~ 1 'l1\11 U " , 
: ) Lfl~eJ-l'V'4~eJn~L'l!eJf~neJf~Lil1J1I1ltl~Lfl~eJ-lSln'1l1 tJi eJ-lm~ 1'11~::LDum V;1J1m~1I1ltl~<?1 eJ-lm~tt ULL Y1U mrn 

() 

q cu cu II 

~111l tl~ Lfl~eJ\I Sln'1l1 tJ i eJ\lm~ 1'11\l1u L:IJ eJ £11 '\.I, 'V'4~eJn~L'l!eJf'V'h '1 eJf Lfl~eJ-l Sln'1l1 tJ rT\lfl-l~l LDU<?1 eJ\I L ~eJ 3J ttJ\I 
q 'U 'U qJ 

i'1 L eJ-l L 'JJ1n1J LTl~eJ\I U:IJ'1l1 tJ~ ij111ltltt U"J mrn U~\I L:IJ t;'l3J1~tl ~~ m~ 1 'l1\11ULLUuIii1 ~'1'1'l1 eJ\I'1l1 tJ\l1U1J1L '1 ru. , 
n11\1~\lLtJLt;l 

eJ £11\1 hill1l13J m~eJeJnu ttJ1J1 tJ@i1\1") L:lJt;'13J1~tln1'V1U~ eJ'£11-l L'JJ3J\I'1~ Lt;l L ~eJ-l~lmfl1eJ'1l1 tJ<?1 eJ\lLtl~ 
1V;1J1m~1J1m~ttUeJ£11-l'VI~m~tJ-lL:lJLt;l tJnileJ£11-lL'lI'U 1J1m~YI1-lLi1J tl1ltJ~luYI1\1'V'4eJfl1l 80 LDU1J1m~~ 
<?1eJ\lLtl~ LL~::UeJ'V'4'V'4~Lfliu~u") il1'11'V'4eJfI1lUL'lI'unu1 um~~~~ eJ~eJt;'l~ lfl-lttU'V'4eJfI1lU£1 eJ3JL:lJt;'l3J1~tltl~ Lt;l 

3Ju::tt un~:: L:IJ ~l3J1~tl ~~\9l eJ ~eJ t;'l~nU It;lLSl tJ 

m~Lbn' 'l1Ut1J'VI11fl-l n ~11'JJ1-l <?1U t;'13J1~tl'l11 L~l~ tJm'j~~ ck-l Lfl~eJ-l ~ eJ~1 '111 Um~1J1'V11~:ij~ m~u 1Julii 

1~'I'1 ~ijfl ru.~3J1J1i1um~LLtl\l LLtlnLL'V'4fl Lill1l~~\1 eJ£11JULTl1eJ'1l1 tJ t~tJL:lJ1'11Lnru."l'1'l1 eJ-l'V'4eJfl1leJ £11\1L~tJ'1 LL~ , " 
eJ1~ 1 'l1Ln ru."l'1~'VI Slln'VI ~1 tJ3J1nitu rr-lUL VieJ 1 V;LLeJ'V'4'V'4~ LTliu~ijml3J~lv1t1JeJ £11-l B-l m~ L~1 'l1LL1JuIii1~'I'1'l1 eJ\I 

• .., I I 

'YI1,H~tlnfi 3 nTl'@l~<P1\1t~~tl\l3jtlfit~h,~n1'jtJ~Vi1'j~~n1"nttJ,"~~~rf 

3J'VI11Y1 tJ1 ~ tJ'l1 eJULLnu It;l~lL il. um'j~~ck\l Lfl~eJ\I~ eJ~1 '111 Um~1J1'V11~:ij~m~u1JuIii1~'I'1 ~\lLDU 
~~I1l.n ru."l'1'l1 eJ\I LL 'V'4mn 111 L Yi tJf ~ijfl ru.t;'3J1J1i~lh::n eJ1Jt;l'1 tJ.ffUI1l eJU 4 .ffUI1l eJ'\.I,1 Um~1J1'V11~:ij~m~LL1JuIii1~'I'1 , 
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b'lfU :;)lbbUmmJ'lfii.III'lJEl\lbbEl'Vi'Vi~bfl'llU, CIl111 hhtlilflEl~, 1iI111~1l1m~'lJ'ViElflil, 1iI111£.lEl1fbbEl~ 1iI111IllWY11\1 
'\J 

~~mJ~l£.1'Y11\1'lJEl\l"JJElll~ (Inbound /Outbound), CIl111bb'Yln'lJEl\l MPLS dJUlilu UElmnndbb'ViflbnlllbYi£.lf£T\llJ 
'\J 

m111~111l'Hl1 Um1f1U 'VilJbbEl'Vi'Vi~bfl'llU~~11111mu~ £.IUbbU~\I~m m~'lJ'Vi Elflil 111lbEl\l (Dynamic Port 

Assignment) ~lm1n ~1II1i1111 bbEl'Vi'Vi ~ bfl'llU ~uflJ b U~ £.IU ~m £.I b~'lJ'Vi Elflil till £.Im1n"JJ Elll ~~ ~\I b "JJ13J1 bb~:: 
'\J '\J 

~lm1n bb£.l nm111 bblil n lii1\1'lJ El\l bbEl'Vi'Vi~ bfl'llUmn n11~ it\l bbEl'Vi'Vi~ bfl'llU ~1 'l1~m £.I b~'lJ'Vi Elflil b~ £.11 nu 1111 

fl ru.~lllJ1il um1i bm1::~b:n\l b 1 ~1,;)~\I bb~::1.1~~11illl m1bb lJu~illl'l1 fl ru.~lllJ1idbb 'Vifl b n iii b Yi £.If';):: , , 
r11m1111J1111 bb 'Vimnlil~~\lEl cilJUbfl~El'lh £.I bb~::r11m1ibm1::~bb 'ViflbnIil1il1111il1bbu1lii1\1 s:J 111lmnn11 30 

'\J 

1il1bbU1 b'lfU bd~lbm1Ii1EllJ~UEl\l ~\I~11111mb£JndJum1~1-i.1\1bd~1'lJEl\lbfl~El'lh£.l (Network Delay) bb~:: 
• d.. d d.. d ..d 

m1~U 1\1 b 1~1'lJ El\l bmEl\l bbll'lJ1£.1 (Server Delay), m1bb~III\111 £.I'lfEl'lJ El\lbmEl\lbbll'lJ1 £.Ibb~::bmEl\l~n'lJ1 £.I'Yl 
'\J 

iii EllJ~UEl\l'l11~~III, m1bb~III\1uru;~1 'l1\11U ~dJU~~\I~~El~flJ"JJ Elll~~r111 ~dllllmm ru."JJ Elll~lJUbfl~El'lh £.I 
q QI ~ '\I cu cu ClJ 

mmru.mn~~1II1Ubblii~::U1::b!1'Y1"JJElll~~~uh, n11bb~III\1bUElfbsnU~'lJEl\lbblJU~illl'l1~~UbU~El\llum1~\I 
, '\J 

"JJ Elll ~oll (Retransmission) 1111 bbU1~ ~lf1ru b ~ ~ld';):: dJUU1::t £.I'lfUEl ci1\1mnlii El~1II bb~1::1J1J bfl~El'li1 £.I 1 U 
ClJ ~ CU'\l 

nTl"lt11tJ1 i'l Um'iri1~ UIIIU 1t11J1 til um'i 1 'l1\11Ubfl~El'lh tlbb~::1J1~11illl m1bblJU~illl11 Iii El LU 

fl ru.~lllJ1il um1ri1~ulllb 'Vi1ll1u.ffu~11 Um'iilll~11bb1JU~illl'Yl1 ~bblii~::bbEl'Vi'Vi~bfl'llU (Per-App , 
Minimum) flru.~1l1J1idh1um1uniJEl\lm1,;)11,;)1111£.11Ufl~1~~it\l s:J 1I11£.1m1r11m'i~11El\l'lJU1111'lJEl\l'YiEl~\I , 
'JJElll~b~3jElU (Virtual Link) .ffU~l bb~::r11m1b~Eln11';)::1~ijm1~\I'JJElll~11ii\nU'lJU1111~~11El\lH~~El111 

'\J '\J 

1il1Elci1\1b'lfU m1,;)El\l'YiEl~\I'JJElll~b~~Elu.ffu~11~nlJ MS Exchange H~ 20% 'lJEl\lbblJU~1111'11'lJEl\l'li1£.1\11U 
'\J 

1J~b1ru.nl1\1 bb~::El'ltry11i11~ MS Exchange HbblJU~illll1bnUfh~r'h~ulII bblii111bnU 60% 'lJEl\l'li1£.1\11U 

1J1bdru.nl1\1 mrn~bblJu~illl'l1~U11\1 111nn1'l1\11U 
'\J 

flru.~1l1J1im1mlJflllelm1m11~~'lJEl\lYi~Vi flru.~1l1J1id';)::U\lT11J1~UflJelIil11m1~\I'JJElll~1~ 
q q q \I 

b1t1lJ bb~::~ii1 b~ll El n\lbb3J11,;)::r11m1~\I'JJ Elll ~ 111l~\lnIil111 btJU~ ~ 1 ~m1~\lol1bnlll;ru UEl £.I~\I r111 ~m'Vilil 
'\I '\I '\I Cj 

hW11:IJ~\I;rU 
'\J ~ 

fl ru.~1l1J1imn1 £.I\11U 10 elulillJ~\I~1II fl ru.~:lJlJ1id~lm1m1 £.I\11U 11 bbEl'Vi'Vi~bfl'lluu1::b!1'Y11111 
q '\I q II 

~11\11111:: 1 ~bbn bfl~El'li1 £.Imn~~1II 10 elulillJ bb1n 'lf1 £.I 1 ~~III bb~1::1J1Jbfl~El'li1£.1f1U 'VilJi1ru~lbb~::bbfli1ru~l 1111 
q '\ICU QI IV 
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L71 ~~L1Gnl"m1L~[Juf ~13Jl1t11Y;-JJEl3J~~UF1UllbL1Ju<ill~'Y1t1n1'lflu,:nu1~lhJ b'llU m1H~lubl1J, n11 
~ ~ ~ 

fT ...d:"1 '" 
~11Ub'V\~~L~~~ 'V\1ElElW) blJWilU 

111bL1J1J'lJEl~11 [J~lU ii'V\~ln'V\ ~1 [J111 bb1J1Jo/ll3Ji1~~~~bb~1:::1J1Jbfl1El'lh [J~ El~n11 ill 1 i~~ bb~1:::1J1J 
'\J cu CUCIJ ClJCU 

1Tl~El'lil[J~13J11t1Ul3Jl hr1um11J1'V\11i~bfl1El'lh[J1~ ~1El~1~'lJEl~11[J~lUY\Ulb~UEl LiJU~~111~ 2 bL~::: 
~ 

111~ 3 
~ 

Top 10 Classes Class HalO. Avera,. Rate (bps) (X) 
::~ 1. / IrlbQuM/Proxy ~ st't" ..... r a.QI1 63 

12. /lob ••• Vll'f"ed/D i sc:()\~r .. df'ori;;,/Dt-f.-u I t ~.'5t1 18 

3. /lnbound..-'FTP _KKU 7Uk 5 

4 • .... 1 nbour'\d/fil"d':QD, $cQV.-r.d/!J ; n.-p.S'tr. ioM 34~ 1 

• '5 ..... Inb(>lJr)(j/~b_IlI r'.'Ct 2:871<, 2 
ft •• /lnbour4d:~; tT orrffi"t-'(f(U 1_ 

17. dnb.:,tJr-od...-ftl" I K~.U b 170)1< 

S. dnbovnd .... AutonlSc:O ...... 1" HF'EtwVIMO 1-19. .·~tnbound,-qvtoD i scovt-r .. d/U I nI1t'd i a I-
lia. 1'1 nboVf'd-1<KlJy .DHS 931< 

All oth~r c I u..$~.$ 64*' 

"itl~ 2 UW~h'j 10 €lUi1JWJWW1f€JJflN1W 
u ~ , 

Network Efficiency 

lOO? ",; ":.::,,:.::rV:.::'I:.::' :.::I-:.::ho:.::ur----'-p':.::r ",iod",' ..:.I-_"",'k-=-, ..:.88:....-A",v9,--2",eee"",,16:....,:....33:.::':...., :....15 .... -Au"'9:.::-2:....09:.::8 .:..:16c..:'3-=--,3 

( ) 

0S/l1 981\2 08/13 98/14 08/\5 
d..b 
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g,. • 

tt~"1l1'Wt~~el'lhvtta~"n1,.@i~i"t~~f),,3jf)fi'm"n1"'U~Vi1" 

e':o'<~:~0,;e;;,,>e 
~ti;~jO'" ".;-

\.:tlI"I"JII" 
1;-:':'1)1"" 

~~(;1.nru."l1'lJe:J.:JLL'WflLn(;1LVifJf t~fJ1'11m"l~~:Ar'VI~.:JL"llL(;1e:Jf (Router) ,;nmfu,1'11m"lfhnD'lJ·u,1~LL~::: 
~ ~ m"lLLDu,<1l1~~'lJ e:J.:J bb 'Wfl L n(;1 ~.:Jm"l'il"l1'il"l'lJ1 L '111 LL~:::m"l'il"l1'il"l'lJ1 e:J e:Jn 1 'IK ~e:J~ fI tr e:J\l (;11~m tfJ1J1 fJ~ n1'V1 u,~ 
;1u, ~.:J'i11.:J'il1m "llL(;1 e:Jf~~l3J1"lbl~~m"lLL 'WfiLno/! 'l~L Vl fJ.:J'lJ1 e:J e:Jm 'Yh,t u, 

m"lfl1Dflll eJ(;1'nm1'l 'VI ~'lJ e:J.:J Vi tEVl Lihn Gl 'In 1 u,m1'V1~m~ fJ.:JfI1111f1D~.:J'lJ e:J.:J'11 e:Jll Gll U,n11~.:J'i1 e:J , ~ 

lh:::L!l'Y1'V1~.:J to/!tJn~'lni.:Jn~11~13J11bltJe:J\lnu,m1Lii~m111f1D~.:J 'l~~.:Jm1'il11'il1'lJ1b'111 (Inbound) 

bbGl:::m1'il11'il1'lJ1e:Je:Jn (Outbound) 'VI~nm11'11.:J1u,1'11 t~tJm1De:Jn 1 'lKLfI~e:J.:J~11J'lJ':::~e:Jm11'11.:J1u, U.:Jf1D 1 'IK 
~ 

U1DeJ(;111m1~.:J'11e:JllGll 'lKb1fJDLL~:::~~lL~1le:J t~tJm11~~lf11111WI.b.:JL 1~1'lJe:J.:Jbfl~e:J'li1tJ 1'11U,1 tJ b lGl1~ 
~ 

LL 'Wfl Ln(;1'il:::3J1t1.:J U1DU13J1 ru.m1~.:J t~ tJm1U1D'lJu,1~'lJ e:J.:J'VIU1'i11.:J LiJu,~ Gll 'lKm1~.:J ~13J11bl~~~.:J'11 e:Jll ~ 
~ 

'liLLDDr1U,L lGl1 (Just-in-time Delivery) Gl~m1~.:JLb'Wflbn(;1~1e:Jfle:JtJe:J~1 U,~l 1'111'IKm'WO/!'lJe:J.:J1:::DD t~tJ1111 
~ ~ , 

~.:J;1U, m11'11.:J1u,'lJ e:J.:J bfl~e:J.:J~ e:J 1 u,m1D1'V111~~m1LLDu,<1l1~~ 'il:::1'11'V1U1~ L~~ e:Ju,Luu,il n Gl1.:J 1 u,m1in~D 
~ 

Lb 'Wfl bn(;11:::'VI'h.:J ~ ~.:JLLGl:::~1D LLGl:::1'11 n11f11Dflll eJm1m1'l 'VI Gl'lJ e:J\l'11 e:Jll ~ t~ tJm11'11m1bU~ tJU,LLUGl.:J 
co co <:j co 



1. n1'il'il elCil'ilL 111 u,nT'ilvl ~'lJeJ\I-iJeJ3JGH .:jj\lL 1~1"'il1\1 11 Lib 1~lL 'I'll h-iJeJ3J ~~\I"'il::'h.Hi\lU~l tJ'Y1l\l 
~ ~ 

(m'i1'ilfil'v\U1\1b1~1 "'il::n~11n\ll'\-1,'\.hJJeJtl'il1U) 

2. illU,l tJb 1 ~l~ L'VI 3Jl:: ~3J L ~ eJ 1 V;~l3Jl'ifll V;1J1n1'i~ ~eJ'ilfl ~eJ\lm3Ju,1 mJl tJ ~'il n1'ib n'il n1'i 

'VIU 1\1b1~1~3Jln 1 U,bfl~eJ'lh tJ 'VI ~m~tJ\lm'iLn'il1'1'13rLeJl-n Lb~::'1bfilL 'VI ~liftu~1U,1 m b ~ mh 'VI u,'il elCil'iln1'i 

~\I,reJ3J~~eJ1u 
~ 

3. ril'VIu,'ilelCil'ilm'i~\I,reJ3J~ 1'iltJm'iUr1J'lJU,1'il'lJeJ\I'V\'Ul~l\l 
~ 

4. ril'VIU,'ilb1~11u,m'i~\I ACK 'lJeJ\I~~\I L~eJ1V;~~\I~\I,reJ3J~hL1~1~L'VI3Jl::~3J dju,j:.J~lV;i"~\I 
~ ~ ~ 

'iU~ 5 b tJu,'iU~ Lb~"\ln\ln1'i~ bfl1eJ\l3j eJ 1 U,n1'i1J1'V11'ii"n1'iLb1JU,~i,,-n ill'VI,zl~ btJu,flu,n ~l\ll u, 
~ ~ 

m'im1Jfl3Jm'i1'V1~'lJeJ\I,reJ3J~ "'illmU . ~ ~ 

• ~~\I~\I"1"lb'lfm3Ju,CiI1u!T\I~r1J 
~ ~ 

• ~r1J1Iilr1J,reJ3J~m1J bL~::CiIeJ1Jnt1J1il1m~'lJ ACK 21000 b~eJ1V;~~\I~\lL'lfm3Ju,~~11il1Jn"ltJ3Jl 
~ ~ ~ 

1V;~r1J 'Vf~'eJ3J~\ltJ'i::mf'l'lJu,l'il'lJeJ\I'VI,zl~l\lbtJU, 8000 11J~ 
~ 

• bfl1eJ\l3jeJ 1 u,m'i1J1'V11'ii"m'ibL1Ju,~i,,-n illm"S'~nfil'lJu.l"'VI,z1~1\l Win bL~::ri1'V1U."fi1 Win 

l'V1dJ lV;~'lJm'il,zmJ~\I b~eJ1V;m'i1'V1~~mlml1JL1r.J1Jbb~::~~lL~3JeJ ~'ilm1::m'i"S'eJfleJr.J1u,~1 

• bfl1eJ\l3j eJ 1 u.m'i1J1'V11"S'i'ilm"S'Lb1Ju.~i'il-n ~\lfil'lJU.l'il'VI,zl~l\l Win 1 'VIdJ 1tJ !T\l~~\l illl V;~~\l 
~ ~ 

() ~13Jl"S'fl~\l,reJ3J~ n"ltJ11il Lb~~\l1u.tJ13Jlm~,zeJr.J~\I Cil13Jfil'lJeJ\l'lJm'il'VI,z1~1\l1'V1dJ~LtJ~r.JU.LbtJ~\l1'ilr.J 
~ 

d d" ~ "" 6'A fi' 
bfl'ifl..:l3J fl b u,m'i'lJ'i'VI1'i"'il'ilm'ibbUu,'il1'il'Yl 

[ Packeteer Inc.] 
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1tJ~ 6 blhntJ~bbtiqJ\lt1\l'J! ElbbWlnCill\l'Y11\lliill1.b 1&l1~ijn111 ,rb~~S\ljj S 1l1.n11lJ1'V111~qJn11bblJlI.~lqJyf 
'IJ 'IJ 

bb&l::hllqJ1,r ~lmtJ~ 6 bUW;l1 Scil\ln111,r\lll1.bblJlI.~lqJ'Y11l1.tJ13Jlru.~3J1nbb&l::UlJ'W~lI. b'lfll.n11t11 L11SlI. 
'IJ 

L-v·hf'lJlI.1qJ1'V1ru 'WlJ-jl'Y11\lliill1.~1\l'lJS\l1tJiin11ff\lb'Jl'm3JlI.~ Data #2 61h 2 ~f\l 5l1.Lils\l3J1~ln~~lJhJ 
~ 'IJ 'IJ 

til3J11fl~lJ'J!S3J&l11ii'Ylll. lI.Smlnd''lf1\l b 1 &l11l1.n11ff\lbblfl &l::b'Jl'm3JlI.~ EJ\l hlti~lbti3J S ~\llfll\l~lmtJ~ 7 
'IJ 'IJ 

~"li1\l b 1&l11l1.n11ff\lbbl1l&l::b'Jl'nb3JlI.~iiml3Jti~lbti3JS bb&l::llJiin11ff\l.frl 

n11mlJ ~ 3J el WI11 n111 'VI &l'lJ S\li1tEYi til3Jl1fl'Yl1 1 im'W W11qJ L1113J'lJ S\l n111 ,r\lll1.bblJlI.~lqJyfij 
• 'IJ • 

tJ1:: ~'Y1TIm'W~~,rll. n111'V1 &l'lJ S\l'J! S 3J&l ti~l b ti3J Elbb&l::11lJ b1L1lJ elWl11 n11ff\l ~ll1.~\l b ffll.~\l11 bb&l:: EJ\l til3J11fl 
'IJ 

&lqJm3J1 ru.n11ff\l.frl11ii1ii1 LI 

Sender Receiv&r 

"itlfls L!ff~"nTw1w)''j-ij~m'j''1Jul~~),I1'T~l1iJ,jlilfl1€J"ti€Jlumr1J1VI'11~~nTm1Jul~mf rhM'mr1VlWlI€J" .. 
i€J3JfliJ,jmillff3J€J li"lU"1Jul~~n1um3Jlm~3Jln"fI::';1JYurU tim3Jlmmrff"il3Jln 

'lJ 

[Packeteer Inc.] 



, ) 

i) 

..... I I 

n1'-'JlP'I A1Vi'l-b'J\l n~1 

LfI~El\lij El1 unTl1.Ih'l1"ii~nTmuu<t11~'Yl 'Y11'V1U1~1 Um"i~~!il13.m1"iL;El:JJ~ El"i:;'VI 11 \I iii n'lh rJ11U 
'IJ 

LL3hhrJ~Hniil1nm"iL;El:JJtrJ\I'lJEl\l-nsuVl m"i1~~1'V1ti1\1LJiil1LiJUiJ';)irJ~~1~ruhm"iL~h~ LLiiI:::h1um"i 
~ 'IJ 

f1dUfI:JJ elm1m"i1 'VIiiI'lJ El\l-nsuVl "i1.J~ 8 1 'll'1 um"iElTI1J1 rJm"i1~~lw\.b\lL 1ii11'lJ El\l LfI~El\lij El1 Um"iU1'V11"i 
, 'IJ 

i~m"iLLuu<t11~'Yl~ di!il~u iilm'l"i 1 iLL~~\ln\l LL ~f1 Ln !iI~~\I El ciUULfl1El"lh rJ"i:; 'VI 11 \I iiln"lh rJ LLiiI::: LL3hh rJ L 1 iii 1 
'IJ 'IJ 'IJ 

a:. eJ' '1.1 I t 6"d I '1.1 'I d. 
,;):;L~:JJ'lJUiiI\I:JJ1mUiil1\1 L'll'U T1 LL'YlUL1ii11'lJEl\lL'VI!ilm"irWYl 1 ~1U T22 LL'YlULJiil1~~'Yl1rJ f!1'V1U1\1L1ii11'Yl , , 
~uh ij~\I~El11.Jd 

1. ~1'V1ti1\1L1ii11~\l11.JLLiiI:::n~m:;'V\')l\1ii1n"lhrJf1UmhhrJ (Round - Trip Time) 
'IJ 

2. ~1'V1Ul\lLliil1'lJEl\lLL3,hhrJ (Server Delay) .. 
3. ~1'V1Ul\lLJiil1'Y1\1'V1:JJ~ (Total Delay) 

iiln"lllrJ';):;'Y11m"iL~:JJ!iiu~m1.Ju1m"iL;El:JJtLl\l11.JiT\lLL3,hhrJ t~rJm"i~\liruru1rn SYN rn Lliil1 T1 
'IJ ~ ~ 

LfI~El\lij El1 Um"iU1'V11"ii~m"iLLUU<t11~'Yl'Y11m"iUwYin11b 1 iii 1 T2 LL~fILn!il1~1ULLiiI:;~,hu 11.J iT\I Lb~"lll rJ rn 

LJiil1 T3 bL~"lllrJn'Y11m"i~\liqjqj1rn SYN-ACK b~El1uj'11~n"lllrJ!iiEl\lm"i~,;):;~11\1m"iL;El:JJ tLl\l 

LfI~El\lijEl1 Um"iU1'V11"ii~m"ibLUU<t11~'Yl';):::uwYin11~LJiil1 T 4 iqjqj1rn SYN-ACK 1~~lULfI~El\lijEl11.J 
t~ mt111.JbL~"ll1 L1~H-nsuVl1 Um"i1U1m"iL;El:JJ trJ\I ';):;!iI ElU~UEl\l~Eliruru1rn SYN-ACK hLJiil1~ 

'IJ ~ ~ 

UElrJ:JJ1n ~\I,fm1m1.J~ 8 ~U11 SYN-ACK ,;):::!iI1:JJ'VI~\I SYN LnmJ,;):::'Y1u-n'Y1u1~ ~\I,fULliil1,;)ln T2 n\l 
'IJ 

T4 fi~El~lW\..i,l\lLliil11um"i~,nf\lhJLLiiI:;n~m:::'VI11\1LfI~El\lij1J1um"iU1'V11"i-;ij~m"iLLUU~l~'l'1numj"lllL1 

(Server Transit Delay: STO) 

STO = T4 - T2 

rn LJiil1 T5 iiln"lllL1';):;'Y11m"i1U SYN-ACK LLiiI:::~\I ACK n~'IJ !il1:JJm"iL;El:JJtLl\lLL'IJ'lJLb.m<t1b~f1 3 
'IJ 

'\'11\1 ,;)In,fmfl~El\lijEl1um''iU1'V11''ii~m''iLbuui?l1~'Yl';):::'Y11m''iUwYin11Lliil1 T6 iqjqj1rn ACK 1~~,hu 
LfI~El\lijEl11.J LLiiI:;b"liub~rJlnUm"i1~~1 STO b"i1';):;iiEl11bliil1~H1um"i~\I ACK ElEln11.J LdEl1!ii1U SYN­

ACK n~U:JJ1 iiEl11ij~lUElLl:JJ1n ~\I,fU,;)lmliil1 T4 n\lLJiil1 T6 fi~1J~1'V1til\lLliil11um"i~\I~\l11.JLLiiI:;n~u 
"i:;'VI11\1ii1n"lllrJnULfI~El\lijEl1um"iU1'V11"ii~m"ibLuui?l1~'Yl (Client Transit Delay: CTO) 

'IJ 

CTO = T6 - T4 
Q.,..o .t- d 0 Q,.I I dVl V~ a I I t. .t. VI J ~ 

<iI\lUUb3JElU1 STO LLiiI:; CTO :JJ1"il:JJnu f!1Lliil1'Yl b~nflEl f!1'V1Ul\lLJiil1'Yl\l'VI:JJ~'Yl\l b1 LLiiI:::niil'IJ 

"i:; 'VI 11 \I iii n"lll L1nu LL~"lll rJ 
'IJ 

RTT (Round-Trip Time) = STO + CTO 
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b~l~n1i1 !l'\.l,~~ , 

Client I'>JIC/I:.tShap.r SerV9f 

~"t.. 

,. 

"::~. 

l~ I 

nT~~lfil~tid~Ld~1'lJEl~LL3hh£.J El~l u·lh~'lJEl~m~rh£.J 1ElwllmJ~m3Jn~ lnm~L~El3J 1£.J~'lJEl~Yi.:n 
~ ~ 

Vl 1~£.J~n'J.ll£.J'il:::L~milm~fEl~'1JEl'lYEl3J~'illnLL3hh£.J rn Ld~l T8 Lb~:::m~fEl~'lJElJumi1~bTl~El~~Ellum~ 
~ ~ 

lJ1~1~i~m~bblJU~i~'r1 rn Ld~l T9 ~lWrlJm~fEl~'lJEl'lYEl3J~~ih.Bmrnmn m~fEl~'lJElJm:::nmbll~btJU 
~ ~ 

Ul'lf'ibn<il'VI1i11r.J") bbl'lf'ibn<il lu.~tJ~ 8 ':il~l:Jbb~~h'l ACK <il!l'lJn~'lJm-:J~lu.bb~hhr.J bii!l-:J"illmfl~!l-:J~!llu.m~ 
~ 

'lJ1'V11~i~m~bb'lJu~i~'r1':il:::l:J"b ACK i-:Jn~11mh1'u.m~filUlrn rn bd~l Til btJu.m~~-:Jbbl'lmn<il 

~~rll£.J'lJEl~m~fEl~'lJEl'1lEl3JiilTl.f~JU. ':il:::bY;U'jlbby.j~n Push ':il:::rmb.ji<ilbtJUwct~ bTl~€l~~Ell Um~lJ1'V11~i~m~ , ~ ~ 

bb'lJU~i~'r1':il:::fl~'I1u. Yi".h~ Ldiill Tl2 ~ flb liill'lJ€l\l bb'V1~1bn <iltmYll r.J 
~ , 

'VI~~'iJln~bb'V1mno/l~<il'l11£.Jmi1~bb:J'J.ll£.J rn Ldiill TI3 bb:J'J.ll£.J'iJ:::rhm~tJ~:::n€l'lJbb'V1f1bno/lb'1l1 , 
~dW1U bbiil:::~bliill Tl4 bLaJ'J.ll£.Jih:::'tilm~~\lbb'V1flbno/io/lEl'lJn~lJbb~n€l€lnhj i~JUbdiill TI3 i1~ TI4 n~El 
Ldiill~ bLaJ'J.ll£.Jh1um~lh:::3Jdiil~iil (Server Processing Time) 1~£.J,rmlmdiill~bb'V1Tlbno/l~~rll£.Jmi1~bbaJ , 
'J.ll £.J bbiil:::bbaJ'J.ll £.Jo/I EllJn ~lJbb 'V1Tlbno/i bb~nElEln ~tJ 

i~J UbTl~El~~ Ell Um~lJ1~1~i~m~bblJU~i~'r1 'il:::ffil'lJEl~b diill~ bbaJ'J.ll £.J 1 '1f1 um~tJ~:::3Jd~~iil 
~ 

(Server Delay) l~'iJlmliill~bTl~€l~~€llum~'lJ1'V11~i~nTmlJu.~i~Y11~uuYinH ~-:Jn~flbliill'iJln TI2 n\l 

Ldiill Tl5 in~lJ~d£.Jfii'lJEl~ STD mn~l£.Jfil'lJEl~Ld~l~Hhm~i~Ho/I~£.J3J ACK o/IEllJn~lJ'lJEl~bb:J'J.ll£.J lu 

~d'~3J3J~li~Elfil L'1 I i~~o/I~ , ~ 

Server Delay = (Tl5-T 12) - (STD + L'1 I ) 

C 



m'j'V\l~l'V\Ul\lb 1~1~\l'V\:!J~ ~lm1tlyh l~b~ El5jm1LJn b~nm1b~mJ 1LJ\lml'j,.j,bb6JJfi'lf'j,.j,,x'j,.j, ~ \9l\l,x'j,.j, 

bbyj~n Push "innmj"lllmb~::: ACK ~~:!J,rlJflWilln~n"lllLJ 'il:::dJw~hLJElnn\lm'j~'j,.j,~~m'jb~El:!J1tJ\l mill 
~ , 

~ml'j,.j,bb6JJfi'lf'j,.j,~~m'j~\l'l'TEl:!J~1mJ1mrn:!Jln Ell'il~m'j~\lbbyj~n Push l~'V\~lLJfif\l<fi~El~ml'j,.j,bb6JJfi'lf'j,.j, 
~ 

,x 'j,.j, ~ m'jb~h~ bb yj~n Push bfi~El\l3J El1 'j,.j,mnJ1'V\1'j..ij~m'jbblJ'j,.j,~1~rf'il::: 1 iil..ijlJb 1 ~1 dJ'j,.j,il~~<fil:!Jml'j,.j, 
~ 

"" T '" "" .J' 
~6JJfi~'j,.j, L~LJLJ~<fil:!Jn~~\l'j,.j, 

• 'V\lmbyj~n Push 'j:::lJ'"h~El\lm'j~'il:::~'j,.j,~~ml'j,.j,bb6JJfi'lf'j,.j, bb~bb~"lllLJiJ.:Ifi.:l~.:I'l'TEl:!J~ElrJ 1iil..ijlJ 
q 'I <IJ 'U 

n~liJ.:Ifi.:l..ijlJn~l~El 

• 'V\ln~n"lllLJ~El.:lm'j~"il:::fEl.:l'lJEl~.:I'l'TEl:!J~ 1 'V\~ 1 ibfi~El.:l~ El1 'j,.j,m'jlJ1'V\1'j..ij~m'jbblJ'j,.j,~1~rfy'hm'j 
~ ~ 

~'j,.j,~~ml'j,.j,bb6JJfi'lf'j,.j,,x'j,.j, ~~:::1TwYiml~1~~'I11LJH , , 
• 'V\ln l~iJihm'j:!J 1~ ~ bn~,r'j,.j,'j:::'V\':h.:lbb~"lll mb~:::~n"lllLJ 1 ibfi~El.:l~El1 'j,.j,m'jlJ1'V\1'j..ij~m'jbblJ'j,.j,~ 

~ 

1~rf~'ill'jrn l'"h ml'j,.j,bb6JJfi'lf'j,.j,,x 'j,.j,~:!Jmru bb~:::1TwYim 1 ~1 ~~'I11LJH 
~ , 

• bd Elm'jb~El:!J 1LJ.:I,x'j,.j,~'j,.j,~~ bfi~El.:l~ El1 'j,.j,m'jlJ1'V\1'j..ij~m'jbblJ'j,.j,~1~rf'il:::'\AjlJ11lJbb yj~n FIN bb~::: , 
1TwYiml~1~~'I11LJH , 

1~ LJn1'j 1in~i.:lncil1 bfi~El.:l~ El1 'j,.j,n1'jlJ1'V\1'j..ij~n1'jbblJ'j,.j,~1~rf 'il:::1TwYim li;n~~'I11LJ~n ~1 T18 

bb~::: rn n~l T19 ~n"lllLJn'il:::l~rlJbb'\Ajfibno/l~~'I11£)~o/lEllJn~lJm ~n"lllLJ'il:::'Yhm'j~.:I ACK ~~::: ACK ,x'j,.j, 
~ , ~ 

'il:::mn\lbfi~El\l~El1'j,.j,n1'jlJ1'V\1'j..ij~m'jbblJ'j,.j,~1~rf rn bl~l T21 i.:l,x'j,.j,~l'V\Ul.:1n~l~.:I'V\:!J~ n~El~lbl~l 
ck\lLLcA T9 n\l T21 bb~lmn~ltJ~l'lJEl\lbl~l~H'l'j,.j,m'j..ij~bo/l~LJ:!Jbb'\Ajfibno/lbb'jm~Eln1'jfEl.:l'lJEl b~d~:!J:!J~ , 

Total Delay = (T21-T9) + ~ 2 

\9l\l,x'j,.j, bd El bfi~ El \l ~ El1'j,.j, m 'jlJ1'V\1'j..ij ~ nl1bb lJ'j,.j,~1 ~rff~l'lJ El\l ~1'V\ Ul\l b 1 ~1'lJ El.:l bb~"lllLJ bb~:::~l 
~ 

'V\Ul\ln~l~\l'V\:!J~ m'j'V\1~1'V\Ul\ln~1'lJEl\lbfi1El"lllLJ (Network Delay) ~lm'jtl'Yhl~~\ld 
Network Delay = (Total Delay) - (Server Delay) 

1'j,.j,'lJrn:::~ ~l'V\Ul\ln~l~.:IhJbb~:::n~lJ (RTT : Round Trip Time) ~El~ln~11'j,.j,m'j~.:It-11'j,.j,~1'V\rlJ 
'V\~.:I'jEllJ ~.:In~El~ln~lbn1'j~\lbb'\Ajfibn<fi ~ b~LJlb'Yh,x'j,.j, ~1'V\Ul.:1n~1'lJEl.:lbfi1El"lllLJn~El~1~~:::'I1El'j,.j,n.:l 
b 1 ~11 'j,.j,m'j~.:It-11'j,.j,bb~~:::mlmb6JJfi'lf'j,.j, ~\ll.h:::n EllJ~l m l~l~bbJJ\l~\lbb~~:::bb '\Ajfibn<fi ~.:I,x'j,.j,~l'V\Ul.:1b 1~1 
~1'V\rlJbfi1El"lllLJ'il:::~:::'I1 El'j,.j,n\l~11~i LJ'lJ El.:l'j:::lJlJ 1~ ml:!J bb~:::~lW\,b.:lb 1~1~1'V\rlJbfi1El'lh LJldJ1 'Ji"illm'j,.j,b r11 , 
'lJEl,j RTT b{iEl\l'illnm1!.'i'\l'V\~lLJ ~ bb'\Ajmno/lhll~~.:I~lJlJo/ll:!J~l~lJ bb~dJ'j,.j,n1'j~.:IbblJlJ'V\~lLJ ~ bb'\Ajmn<fi 

a....- I Q....o d 

bb~:::<fi EllJ'jlJbbfim\l b~ LJl 
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mdbbnUqJVilml:IJ1:JJV1 m v:l tI\I'lI EI\I bblJU~l(j]r1'iJlnmd 1 i\llU ~1:JJ b VidJ1~~nJ :lJVil1'Yl til ~ tI'lI ElUbbrlU 1(9]' 

~lbuumd(9]''"w 
d 6"a. 6" 

1. mdbV1:IJbblJU(j]l(j]'Yl 

2. mdEi Elnult11J1t1md 1i\llUb~1E1'll1t1~b'J!:IJ\l1(j] 
3. md~(j]~\lb~~EI\I~EI~1'1l'lumdlJ~Vildi(j]mdbblJU~l(j]r1 
~hwflJmd~lbUUmd~(j]~\lb~~EI\I~El1umdlJ~Vi1di(j]mdbblJU~1(j]r1 V1lJ'";h.yh1'IK~mdnu~1(j]tld1:IJ 

~ I od.J" Q..< I I .0::. Q..oO q". d I q,.;.d =- Q...I 

'lI EI\ld~lJlJ bmEl'lll tI(j]'lIU ~1 EI til \I b '1l'UbbElV1V1~ b~'1l'U 'Yl1\1(j]lU e-Journal 'Yln ElU ViUl'iJ~:lJmdlJdVild'iJ(j] md il 

bblJu~1(j]r11(j]tI 1 ib~~EI\I~Ell umdlJ~Vi1di(j]mdbblJu~l(j]r1 V1lJll~ml:IJ~li11 umd 1 'lKlJ~md bb~U'iJ'iJDU , 
Vi ~\I'iJln~~mdlJ~Vildi(j]mdbblJU~1(j]'Yl1(j] tI 1 ib~~EI\I~ ElL UmdlJ~Vildi(j] mdbblJu~l(j]r1 V1lJllml:IJ b 111 U 

mdb 'J!ln\l b d'ElVild1(j] b11~UEI ~1\1 b V;u l(9]'i(j] 

dU~ 9 dUlJU bb~(j]\lEl~dl bU~ tI bb~~El~dl ~\I ~(j]'lI EI\lmd 1 i\llUbblJU~l(j]r1rl ElUbb~~Vi ~\lmdlJ~Vild 
'lJ 'U 'U q 

Q...I 6'= 6" ;,.. .d.d.:=o. Q..t 6'= 6' ~.d 6' ~ I Q..< d q,... 

'iJ(j]mdbblJU(j]l(j]'Yl(j]ltlbmEl\l:IJEllJdVild'iJ(j]mdbblJU(j]l(j]'YlbbV1~bn~b'Yltid 'iJ~bViU11E1~dlbU~tlbb~~EI~dl~\I~(j] 
'II , 

'lI EI\lmdl i\llUbblJU~l(j]r1rlElU~'iJ~ 1 i\llUb~~EI\I~El1 UmdlJ~Vildi(j]mdbblJU~l(j]r1 ~mdm~b~ EI:IJ~\I bb~ 
'II 

Vi ~\I'iJln~~md 1 i\llUb~~EI\I ~ ElL UmdlJ~Vildi(j]mdbblJU~l(j]r1bb~l md1 Vi ~'lI EI\I'J! EI:IJ ~~mlmllJ b1t1lJ bb~~ 
'II 

~~lb~:lJEI:BU dJut:-.I~1'IK~(j]u~dJ1rnmd~\lJl ~lVi11JdU~ 9 dU~l\1 bb~(j]\ln\lnw'l(j]ud~~'YlTImV11wri'l\lbl~1 
'II 'II 

1 ~U(j]l~'lI EI\lmd 1 i\llmblJU~l(j]r1b ~ ElbbElV1V1~ bmrU'Yl1\1(9]'lumdb~um tI 1 U:lJVi11'YltJ1~ tI ElUb1JU\llU ~~ 
ml:IJ~1f1qJ~\ltl1(j] md1(9]'1lJmdud~nubblJu~1(j]r1 md1(j] bbl.l\l bUU 2 'lf1\l 'lf1\lbbdn~EI'lf1\lriElU'Y'hmd 

Ud~~'YlTImV1~md~n~\ldJ1n\l 60% ~\lVidJ1t1ml:IJll~El~dlmd~\lJ11uu~:lJlrn~~\ln\lbnEllJ 40% ElU 
'II 

b rtEl\l'iJlnml:IJf1lJ~\I'lI El\lmd 1 i\llubblJu~l(j]r1~l:JJ~mdlJ~Vildi(j]md buumd~ru b~tI bblJU~1(j]r1Elu~fil1u 
'II v 

1(j]mu~11.hdtl'1l'u b"i'lulU'lf1\l~ 2 Vi~\I'iJln~mdlJ~Vi1di(j]mdbblJU~l(j]r1bb~l V1lJllUd~~'YlTImV1~fil 

~\I:BUEI ~1\1 b V;u l(9]'i(j] b'iJU 
'II 

SHAPING OFF SHAPING ON 

iI'~. d«_< 

i .""""'-I'-h"<> .' .......... ~ 

UTILIZATION 

, . 

EFFICIENCY 

'nJ~ 9 "«fI.JDfl11LilNl1nTi7'7f.JTIULIJU;7f1mU~:lh:iiY/~mwriiluLLa:~;"n11IJ1~11,)fIn11LLIJU;7f1ni'l11 
u 
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Jll~ 10 bb~~h'l 10 el\.j,(~i\JbbJnn'IJH-J1Ubb1JU~1~'Y1~-J~~"lJe:h'lfl~1~ mu,~:lJ1J1l~-Jn~11't111imJ 
9J 'U ~ <l 

1J~~lJi~mJbb1JU~1~'Y1ilm1:lJ~1[J mJb/:hJ:::l-J't11'l~~1[J mJfhn1J~bb~ J1:lJ,.f-JmJbbn·''htJqJ~1~1:lJ1Jb1 
't11 'l~ e:J rJ1-J<t1U rl1-Jrl 
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. '1 ..... ,,,"01 110\;' I't.*uu",," ,.. f<'4l1!k",., ... n<'( .. i ... ~ tl6W.I! 
!~~<t"'" ~,~"''"'' ",.n ... JI~(o,.., r .. ru,r,wu, i 
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·W ,.:C., 
~";~' 

ib1. :0/' 

i:;·;·;;.l/: Y", ;.. ,.:" 
;~"" ::j~:'. 

[S:i~~~~ ____ ~_~2'~_~ __ m~:L ___________ J 

Jll~ 11 dJuml'l-"hb~~-Jn-Jblle:Jfb.jju~mJb~e:J:lJ 1[J-J~ilmJ~-J61h ~-JbiJumJb1l1[J1Jbrl[Jm:::w:h-J 
'IJ 

blle:Jfb.jju~"lJe:J-JU'¥'lfldl~~~-JJ1'iJ~-Jn1Jblle:Jfb.jju~"lJe:J-Jbb'¥'lfldl~,.f-J~:lJ~~Je:J~:lJ~'iJ:::~-JJ1 m1yjd't111i~~bb~ 
, 'IJ'IJ 

J:::1J1J111 u:l,hh [J 1~~ e:J1J ~ue:J-JmJ 1 i1J1mJ'l~"'hj~ b ite:J-J'iJ1nilbll e:Jfb.jjw~fmJb ~e:J:lJ 1[J-J~ilmJ~-JJ1~-J 
'IJ 'IJ 

911 biJU'; e:J-J1l11J~-JfhmJ~~~-J"lJ e:J-Jbb~hh [J 1 mJ b v1e:J 1 ibb~hh [J~ e:J1J~Ue:J-J 'l';<t1'1-bb 1~1 m1yjd~-J biJUllJ::: 1[J"lfu 

e:JrJ1-J:lJ1n 1 umJ1J1mJi~mJbb1Ju~1~'Y1 ~1:lJ1Jb1~~~11~i [J"lJe:J-Jbfl~e:J'lh [J'l~ , 

Connection Retransmissions f" '-, ~i·' '-: --" ... -~- " .. i 

t'l'n 1/11.':1'9 i'lV~ I'IV:l1 01. ... "" flZ"t1I? flU"'~ 
.. t. 

Ii TCP :t ~ltt""' •• ittlt" P~ltt. iii Tep ~ E.,..ly R,tr~" ... ,~ Tosnd Pael-:.tl 

Jll~ 12 bb~~-J~lWU1-Jb1~1"lJe:J-Jbfl~e:J-JUd-hh [J~b1J~ 1 i1J1mJ'Y11-Jb 11J"lJe:J-J:lJ~11'Y1[J1~[J"lJe:JUbbriu 
'IJ 

~\l1l'iJ'iJtJUH[Je:J1fbbe:J~ http://www.kku.ac.th 'iJ1mlldJum1yjbb~~\I~lWt..b1-Jn~11me:J1J 1 ill~l~"lJe:J-J 
, 'IJ 'U 

d I, do 'to' <l.-'d "'" ,c::£Q..od g,... 

bme:J\lbb:lJ"lJ1mJ:lJ~U'iJ1mU'Y1 30 '¥'lr]mm[Ju '1'1.1'1. 2547 b1~1 15.48 U. b1\I1U'Y1 7 llm1fl:lJ '¥'l.fl. 2547 

n~l 15.48 U. 'iJ1nm1yj'¥'l1Jl1 ill lU~ 3 iU11fl:lJ '¥'l.fl. 2547 n~lllJ::::lJ1ill 13.00-14.00 u. ~~lW\.b-J 
b 1~1"lJ e:J-Jbfl~e:J\I bbaJ'li1 [J~ ~-J:lJ1n 1 u~dllJ:::lJ1ill 580 iJ~~lmrl 't111 ibJ1~1:lJ1Jb11-1.1:lJ1 HbiJwiJm':;Hrl'e:J\I~U 

'U 'U 

1 umJl bm1:::~~ e:Jll bil~'iJln ~1 b ~ ~ e:J::: 'lJ~'t1l1 i~lWu' 1\1 b 1 ~l"lJ e:J-J bfl~e:J-J bbaJ'lll [J~-Jn ~11il~l ~-J nll~lWu' 1-J 
, 'U 

b 1~11~ mu~ [J"lJe:J\I bfl~e:J-JbbaJ'li1 [J~ilfi1e:J rJllJ:::m ill 20-30 iJ~~lmrl 
'U 
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; nterva I • I-hour per;od. I-week, 30-Nov-2004 15.48 to 07-Dec-2004 15.48 
560ms r-----"""'------;r-------~~::..:.:..~.:.....::.., 

435ms 

290ms 

145ms 

, , 
, .".,.::!t.d .r::!II I fj'A 6".d .d I A 

1. "ll'l m l'UJ'VI"Hl'lJ rn rJ'lJ~ml3J~lm"l'n'lJ Ehlbma'lJl rJ LL~::LLUU~l~'Yl'Yl3J a rJ L~3J 
, 'II 

.d~ J"'o::!t .:::!d. fi'Afi't ... ..r 
2. 'VI~m~rJ\lm"l''1l'a'VI''l'a~\I'YlUL'V'l3J L'V'la'lJmrJLLUw;n~'YlLL~:: m\l~"l'l\1'V'lU~lU , ~ 

3. tJniJa\lf11"l'~\I'YlU~~\lltJLLGhlUbLa'V'l'V'l~L~iu~iiml3J~lf1ru~ali"l'n~ L'1lU SAP, Oracle, VolP , " , 
4. tJ"l'::nu l~"hrn"l'~\I'Ylu 'Yl1\1~lUb~1a'lh mL~::LLuU'Ill~'Yl1 'Ji'nU\llU~~lf1ru~ a a\lfl rn"l' hlnn 

, "'II 

ttl1tJl'Ji'LyJa\llU~~1f1qprarJn-h 
~l'V\'rUf11"l'<;]l b U Uf11"l'b~a\l f11"l'a a nu trJ1J1 rJf11"l' 1 'Ji'\lluL~1a'lh rJ~ L 'lT3J\ll~ 3J'VI11'Yl rJl~ rJl~L~ an 1 'Ji' 

f11"l'aanutrJUlrJ 6ft\lLihlTIrn"l'~~\I'YluuarJ~~~ LL~ntJ"l'::~unuiJru'VIlnu~1'Ji'~1~1u~~m::'Ylmlnrn"l' 
q q IU \l . 

1 iU1f11"l' 3J'VI11'Yl rn~ rJ~\I 'l~<;]1 b UUm"l'L~3JLLUU'll1~'Yhf\llu~lU'lJa\l'lhrJ\llULi),'V'l1::~ULL~::'lllrJ\llUU1L 1 mnl1\1 @ 

LL~f11"l'b ~3J LLuu'Ill~'I'1nhl1 '1l'Yl1\1LLn"'l'1J~~3J1Jdru b 'V'l"l'1:: 1 U hl'lflbbuu'Ill~'I'1nnn H\llU t~ mba'V'l'V'l~b~iu~ 
'II 'II 

l~~\ltJ"l'::~\lfl f11"l'<;]1 b UUf11"l'~\9l13Jmfi~ a rn"l'u1'V11"l'i~rn"l'bbUU'Ill~'Yl1~ rJl 'lfb~~a\l3j a 1 Urn"l'U1'V11"l' 

i~f11"l'bbuU'Ill~'I'1 ~~lm"l'flmu~3Jf11"l'H\llUbbUU'Ill~'I'1'lJa\lbba'V'l'V'l~bfliulm::c;lui\lbb~ 2 n\l 7 \9l13Jc;l1 , 
bLUU'lJa\l t€lba~la 

c;l\l,xU ~:: b V; U lc;l113J'VI11'Yl rJl ~ rJ'lJ a ULL rl U lc;lL~ a n 1 'lfm mrn"l''VI ~1 rJ a ~1\1 L yJ a 1 iu"l'''l' ~ <ill 3J , 
l~~tJ"l'::~\lfl f11"l'L~anl1~::LLn"'l'lJiJq}'VI1~lrJ1TIm"l'a~l\1h ~\I~a\l;jua~nUliTI3J"ll'l~'lJa\l'VIUlrJ\llU,xU") 

trL:jjrJul~1'lJau'V'l"l'::~m "l'f'!.~"l'. ~3J"ll'lrJ 1~U'Yla\lf'h ~mml~~~,rerm~"l'LL~::liI"11LLU::ttl1uf11"l' 
'tI q q '\I 

b:jjrJUU'Ylml3J ~ma~f'("l' ~\I~blb~"ll' ~lnU1~'Yl laYi~~'Yl1ihiu ~ln~ ~1~i~'VI1'lTa3J~'Yl1\1c;llUb'Yl~U~ 
, 'II . 

bb~::"l'tJ1l1'V'ltJ"l'::nauluu'Ylml3J ~m'V'l\l~in~ ~ltJlb'Ylf'( il'VIUlr:hrJtJnu'1lf11"l' f'(U6~a3J~lb~a{ 
<jJ q ~ 'U 

Unl"ll'lm"l'fla3J~lLCjja{ f'(U6~a3J~lbCjja{ 3J'VI11'YlmirJ'lJaUbbrlU ~'l~i~'VI1"l'tJ1l1'V'ltJ"l'::nau 1 UU'Ylml3J Lb~:: 
'II 'II 

~ madam Ud"l''V'lCjj ~'1l1 rJi~~3J~LL~::i~"l'tJ LLUUU'Ylml3J btJU~~ 1 iU'Ylml3Jd~lL1~ ~~l\lltJ~l rJ~ 
q q '\J q 
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