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@ [lnaH nekuynun

OCHOBHble TEPMUHbI U ONpeaeneHuns

OueHKa 3a4epX*KU nepeaadum AaHHbIX

Anropuntm Separated Flow Analysis

[Mpnmepbl 33434 BbIMUCNEHUA 3a4EPHKKN

[IOCTUKMMbIE OLLEHKN AN 3a4€PKKU C
NMOMOLLbIO TMHENHOTO NMPOrPaMMUPOBAHUA




JlnTepatypa

Le Boudec J.-Y. and Thiran P.

Network Calculus: A Theory of Deterministic
Queuing Systems for the Internet

Fidler M.

Survey of deterministic and stochastic service
curve models in the network calculus




@ CeTteBoe NcuncneHune

Queueing Theory, Agner Krarup Erlang, 1909

Queueing Networks, James R. Jackson, 1957

— peacKka3biBaeT OTCTaBaHUE U 3a4€PXKKY ANA
cucTtembl n3 obpaboTtymKkos n bydpepos

— BeposTHOCTHaA moaenb — He roamuTcs Ans
aHa/In3a CUCTEM PeanbHOro BpemeHu

Scheduling Theory, Liu & Layland, 1972

— OueHKa xyawero cny4das (worst-case analysis)
Network Calculus, Rene Cruz, 1991

— Paclwuupenmne Teopun pacnnucaHmm ao
cucTtembl n3 obpaboTtymKkos n bydpepos




@ KOMNOHEeHTbl moaenu

* [lpeacrtaBneHne B BUAe cemu obpabomyukoe

— O6paboTUYMK — NOTNYECKU LEeNOCTHbIM KOMMOHEHT,
BbIMOJIHAOWMNA Npeodbpa3oBaHMA MOTOKOB AAHHbIX

* OnncaHune Harpyskn — MHOXXecTBa NOTOKOB

AdHHDbIX, NMOCTYMNakLWNX B CUCTEMY
— MapLwpyT nepegaym AaHHbIX
— XapaKTepUCTUKN MHTEHCUBHOCTU

* OnucaHne ob6paboT4YMKOB
— XapaKTePUCTUKMN NPOU3BOANTENBHOCTU
— MpUHUKNNBI MYNBTUNNEKCUPOBAHUA




@ HakonuTtenbHble QyHKLUUA

* 3aBUCMMOCTb KOJZIMYECTBA nepeadHHbIX
AdHHbIX OT BpeMeHHU
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time t

AncpeTHaa moaennb unpkoctHaa mogenb Mopgenb 6e3 orpaHuyeHuni
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@ OCHOBHbIe onpeaeneHus

®dyHkyua npubsimusa A(t) onncbiBaeT 3aBUCMMOCTb
CYMMAPHOTrO KO/IMYeCTBa AaHHbIX, MOCTYNUBLLUNX Ha
06paboTymnK OT BpEMEHMU

®dyHkyua omnpasku D (t) —3aBUCUMOCTb KOIMYECTBA
nepeAaHHbIX aHHbIX MOTOKA OT BPEMEHMU

Kaxkabin 0bpaboTtunk moxKeT bbiTb onucaH
nepeuncnenHmem nap snga (A(t), D(t))

OmcmaeaHue (backlog) b(t) — BbipaKaeT KONYECTBO
NAHHbIX, HAX0AALWMXCA BHYymMpu obpaboTumnka

lMepuod omcmaesaHuUA — NPOMEKYTOK B TeYeHue
KOTOPOro pyHKLUMA OTCTaBaHUA CTPOro NONOMKMUTE/IbHA

3adepxcka (delay) d(t) — Bpemsa npoxoxaeHNA Yyepes
06paboTUMNK TON NOPUMM AAHHbIX, KOTOPAA NOCTYNUAA
Ha HErO B MOMEHT BPEMEHMN t




F

OYHKLUMM MNOCTYNAEHNA W
OTNpPaBKM

F - MHOXeCTBO HaKOMUTE/IbHbIX GYHKL MM
F ={f:Rsp = Ryo U {+oo}|¥; AW, A¥3}

[P1] Vit < ty: f(t) < f(E2)
[W2] Vi, t_l}'gglof(t) = f(to)

[¥3]f(0) =0

A(t)[ ]D(t) R

A(t) € F — dyHKUMA NOCTYNNEeHUA
D(t) € F - pyHKUMA OTNPaBKK

vt: D(t) = 0isrslgt{A(s) + B(t —s)}

A(t)

d(t) =inf{t = 0 |A(t) < D(t + 1)}

b: R,y = R,( -oTCcTaBaHue
b(t) = A(t) — D(¢)
b(t) < v(4,D)

d: Rsg = R, -33aepxKa

d(t) < h(A,D)




@ KpuBble HarpysKkn u cepeBumca

* Bua dyHKUMM NOCTYNAEHUA U OTNPABKU B
6oNbLUMHCTBE C/ly4aeB HEM3BECTEH

— Heobxoanma annpoKkcmmaums

* Kpueasa Hazpy3ku a(t) -- HakonuTenbHaa GyHKLMA,
NA KOTOPOM BbINOJHEHO yCN0BUE

Vt, T: A(t + 1) — A(t) < a(1)
— 33 BpemsA T NocTynaeT He 6osbwe a(T) faHHbIX

* Kpueas cepeuca [ (t) — HakonutenbHaa PyHKUUA, ANSA
KOTOPOW BHYTPU KarxKA0ro nepmoaa octaBaHue
BbIMO/IHAETCA YCN0BUE

vt,T:D(t + 1) — D(t) = B(7)

— 3a BpemA T obcnyrkneaetcA He meHblue [(T) AaHHbIX




‘ @ KpuBble Harpysku n cepsuca

- A(D) [ ) } DO

F - MHOXeCTBO HaKOMUTE/IbHbIX GYHKL MM a(t) € F - kpusasa HarpysKku
F = {f RZO - RZO U {+Oo}|LIJ1 N LIJZ N 1.113} Vt, T:A(t + T) — A(t) < a(T)
B(t) € F - kpuBan cepsuca
(1] vty < t5:f(8) < f(t2) BHYTPY nepuoaa oTcTaBaHuWA:
W, Vtg: lim f(t) = f(ty) '
[¥2]Vto t>to—0 0 Yt :D(t+ 1) — D(t) = B(7)

[qj3]f(0)=0 A(b)

b: R,y = R, -oTCcTaBaHue
b(t) = A(t) — D(t)
b(t) <v(A4,D)

| d:R.o = R, -3a4eprKKa
- d(t) = inf{t > 0]A(t) < D(t + 1)}
| d(t) < h(4,D)




KpuBble Harpysku onpeaenatTca npopuasamm
TpadunKa nocne shaping’a & policing’a

Kpuesie oepaHuyeHus (envelop curve)

R(t)

R(t) J
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x(t)
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KombuHunpoBaHue
HECKO/IbKUX LLennepos

bits {




ba3oBble pe3ynbraTthl
CeTeBOro McymncineHuA

Teopema 1 (oyeHKa omcmaeaHus). ycTb NOTOK
NAHHbIX C KPUBOMW Harpy3sku a € F, obcny»kmBaeTcs
0bpaboTumMKom C KpmBoM cepBuca f5.

Toraa 3HayeHUe oTcTaBaHMe 0bpaboTymKa He
NPEBbILAET BEPTUKANIbHOIO OTK/IOHEHMA MeK Oy

KpMBbIMM NPUOBLITUA @ 1 cepBuca fS:
vt e R: b(t) < v(a,B)

v(a, B) = sup {a(s) — B(s)}

t=s=0




ba3oBble pe3ynbraTthl
CeTeBOro McymncineHuA

Teopema 2 (oyeHKa 3a0epycKu). [ycTb NOTOK C
KpnBou Harpy3kmn a € F, obcnymsaetcs
obpaboTumKom c Kpmsom cepsuca 5 € F no
aucunnaunnHe FIFO. Torpa Vt € R: d(t) < h(a, B)

h(a,B) =sup{inf{ft > 0| a(t) < B(t+1)}}
t

Ecnu e ancumnamHa obcnyKnMBaHUs HEN3BECTHA,

TO ANA 3a4epXKu d(t) cnpaBennBa OUEHKA:
d(t) < inf{t = 0la(r) < B(1)}




@ KpuBble Harpyskn un cepeBmnca

o AW DS p®)

F - MHOXeCTBO HaKOMUTE/IbHbIX GYHKL MM a(t) € F - kpusasa HarpysKku
F = {f RZO - RZO U {+Oo}|LIJ1 N LIJZ N 1.113} Vt, T:A(t + T) — A(t) < a(T)

_ B(t) € F - kpuBan cepsuca
(P11 VE; < £: f(8) < f(5) BHYTPU Nepuoaa oTCTaBaHUA:

[V,] Vi,: t_lfgo?'ﬁof(t) = f(to) vt,T:D(t + ) — D(t) = B(7)

[¥3]f(0) =0

b:R., = R, -oTCcTaBaHue
b(t) = a(t) — B(¢)
b(t) < v(a,p)

d:R.o = R, -3a4eprKKa
d(t) = inf{t = 0 |a(t) < B(t + 1)}
d(t) < h(a, B)




: @ Ba3oBsble pe3ynbraThl
CeTeBOro UCYUC/IEHUS

Teopema 3 (oueHKa 8bIXOOHO20 MOMOKaA).

Ecam noTOK AaHHbIX C KPUBOW HArpy3ku a € F,
NOCTYNaeT Ha 3/1IEMEHT C KpmBoun cepsuca p € F,
TO BbIXOAHOW NOTOK, NOJIYYEHHbIN B pe3yabraTe
ero obpaboTKn, orpaHnyeH Kpmson a' € F:

a'(s) = sup{a(s + 1) — (1)}

=0

3Has KPMBYIO NPUOBITUA N OLEHKY BbIXOAHOIO NOTOKQ,
MOXHO NMONYYNTb OLEHKY OTCTaBaHUA U 3a4epPXKKU

[on.rnaesbl KomnbtoTepHbIX ceTen K.d.-M.H.

16.12.201
6 015 Yemepuukuii E.B.




Marmna ceBepToK

B nnHenHoun anrebpe ceépmkKou

PYHKUMI [ U g Ha3bIBAaeTCA BblparkeHMe:
+ co

(f*g)(t) = f(s)g(t—s)ds

Ecnv 3ameHUTb onepaumum CYyMmbl U YMHOMKEHMUSA Ha
onepaumm NOTo4EeYHOM MUHUMU3ALUN U CYMMBbI, TO
CBEPTKOM OyaeT Ha3bIBaTbCA:

(f®9)(@®) = inf {f(s)+g(t—s)}

O<s<t




Anrebpa Min-Plus

B min-plus anrebpe onepaTtopbl CBEpMKU
(convolution) @ v o6pamHoli ceéEpmkoli
(deconvolution) () dyHKuMM f n g
MMeoT cneayroLlmMm Bua.:

(f ®g9)(®) = inf {f(s)+g(t —s)}

0<s<t

(w@ g)(t) = sup {w(t+u)—gw)}

t=zu=0




@ MpenmyLLecTBa
T anrebpbl Min-Plus

KpuBble Harpysku n cepeuca:
Vt:Vs <t: A(t) —A(s) <a(t—s) @A=4Q «a
Vt: D(t) = inf {A(s)+L(t—5)}©D=>2AQRL

0<s<t
OueHKU ana oCTaBaHUA U 3a4EPXKKU:

b(t) < v(a,B) = supta(s) — B(s)} = (a @ B)(0)

s=0

d(t) < h(a,B) =sup{infiftr =0 | a(t) < B(t +1)}}

OueHKa BbIXOAHOro NOTOKa:

a'(t) = sup{a(t +u) — (W)} = (a @ B)(t)

u=0




@ Komno3unumna obpaboTynKos

A(D) D(t) A(t) D(t)

F A%(t) € A(a®) o1 AL(t) € A(ab) 32 A%(t) € cfl(a%
b1 B>

vt: AL (t) > 1nf {AO(S) + B,(t —s)}  MHoxectBo dyHKLMI F ¢ onepaumamu

vt:al(t) = sup{ a®(t + 1) — By (7)) MOTOYEYHON CYMMbI U MUHUMYMa
120 obpasyet anrebpy (F, min, plus)

ve: AL(t) = (A° ® B1)(b) & - onepaTop CBEPTKM
vt ol (t) = (a° @ B)(B) f®g)(® ¥ inf {f(s) + gt —s)}

@ - onepatop 0bpaTHOM CBEPTKU

(W@ g)(®) £ sup {w(t+u)—g(u)}

ve: A%(t) = ((A° @ B1) ® Bo)(t)
ve:a?(t) = (a® @ B1) @ B)(t) t>u=0




Teopema 0 Komno3auunu
0b6paboTynKoB

Echn 06paboTumkm S; n S, ¢ KpuBbIMKU cepBUCa
1 v [, 0bpa3yloT maHoem, TO Nx CUCTEMY
ONuUcbIBaeT Kpmeas cepsuca f = 1 Q L

Jl10Ka3aTenbCTBO:

D, 2A, ®P,=D; QP = (41 R B1) Q p
=4 QPBLRBL)=4,Qp




d

Pay Burst Only Once (PBOO)

A(t) D(t) A(t) D(t)

A%(t) € A(a®) 1 AL(t) € A(ah) 22 AZ(t)edq(a%
b1 B

dseq(t) = h(a®, f1) + h(a® @ By, B2) deony(t) = h(a®, B @ B2)

|4

aO(t) (aO @ ﬁl)(t)
y -
p1(t) | B (1) (81 &® B2) (1)

3a4eprKKa Ha S; r 3apepKKa Ha S, r 3agepKKa cmctemol S1-S,

|4

B - Onepaums CBEPTKM NO3BOJISIET YYMUTbIBATD
BCMN/1IECK KPUBOW HarpysKn oauH pas3




@-@ﬂ MOZelb KOMMYTaTopa

AHa/IN3aTOpP NAKETOB:
e Pa3bupaeT 3aro/IoBKM NaKeTOB
* BbluncnsieT BbIXoAHOW NOPT

3ageprkKa d, aHanmMsaTopa
NaKeToB mano KonebnetcA
dy <Ay

= AHIZMIBATOP

{« BYO®EPHBII BJIOK

< AHLZMBATOP

{« BY®EPHBII BJIOK

< AHAJIM3ATOP

AvY A Vv A v

«( SUEPHIZITIOK

KommyTaumnmoHHana matpuua
nepemeLlaeT NakeTbl MexXay
nopTamm KOMMyTaTopa

3agepKKa dp KOMMYTaLNOHHOM
MaTpuLbl HEBE/INKA
dr < Ap

BydpepHbIn 610K

R COXpaHﬂeT NaKeTbl MOKa 3arpy>xeH KaHa/l
= Pacnpe,a,enﬂeT KaHal mexgy NnoTOKaMu

3agepkKa dg 6ydpepHoro 610Ka
3aBUCUT OT MHTEHCUBHOCTU
MOTOKOB [@aHHbIX




@ Moaenb MKC

CeTb npeactaBaaetca rpadom ob6paboTymkos

MN3BECTHbI KPUBbIE HAarpy3KkM ANA KaxKaoro n3 noTokoBs U
KpUBble CepBUCa ANA KaxXaoro n3 obpaboTymkos

OncumnanmHbl MyNbTUNJIEKCMPOBAHMA NMOTOKOB HEU3BECTHbI
Harpy3kun He npeBbilatoT BO3MOMKHOCTM 06paboTynKkoBs

[pad 06paboTYMKOB HE COAEPKMUT LLUKNOB
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. a(t) =
NoTouyeyHasa pasHocTb [ — ] pt+o

Ob6paTHasa min-plus ceépTkaa @

Min-plus ceépTka 5; ® Lo
[opusoHTanbHoe pacctosHue h(a, )




; @ Bua KpuBbIX HAarpy3Kku u
cCepBMCa B CETAX

KpunBaAa Harpysku KpuBaAa cepBuca

a € F - BorHyTtas B € F - BbinyKnan
KYCOYHO-TMHENHAA KYCOYHO-/IMHENHAA




@ Onepauuun Haa pyHKumamm ns F:
min-plus cBEPTKaA

& - onepaTop CBEPTKM
f®g)®) = inf {f(s) +g(t—s)}

(f ® 9)()

T

[paduK min-plus cBepTKHU
BbINMYK/IbIX KYCOYHO-TMHENHbIX
GYHKUMM U3 F MOXKHO NOCTPOUTL
M3 Havyana KOOPAMHAT NyTEM
nooYyepeaHoOro coeanMHeHnA nx
CErMEHTOB B NOPAAKE YBE/IMYEHUA
NX HAaK/IOHHbIX KO3 PUNLUMEHTOB

Boudec, J-Y., Thiran, P. Network
calculus: a theory of deterministic
queuing systems for the internet,
Springer-Verlag, 2001, vol. LNCS 2050,
revised version 4, May 10, 2004.




- @ Onepaunn Haa GyHKUMAMmnN ns F:
obpaTHaa min-plus cBEpTKa

@ - onepaTtop 0bpaTHOM CBEPTKMU

(w@g)(t) = sup {w(t+u)—g(u)}

t=zu=0

|4

(W@gy

Echnw, g € F - BorHytaa u
BbINYKNaA GYHKLUUN, MPUYEM
w(t) = g(t) &t €{0,¢},

a rpaduk f(t) NOCTPOEH U3 TOUKM
(to, —g(ty)) nyTéM coeanHeHMs
cermeHToB GyHKUMN W(t)
g'(t) = min(g(¢), g(ty)) 8
nopAAKe YMEHbLUEHUA UX
HAK/IOHHbIX KO3GPULMEHTOB, TO
bYHKUMA 0bpaTHOM CBEPTKMU

(w @ g)(t) coBnapgaetc f(t) B
MNO/IOXKUTE/IbHOWM NONYNAOCKOCTU:

vt>0:(w@ () = f(t)




KpuBaa cepBuUCca
Rate-Latency

Ap(T)=Rt

Br (1)

Slope (rate) R

o

delay T

O — UMYNbC A — PYyHKLMA

(Bbinyknas) CRopocTn
(BbinyKknas)

latency T

Bry — rate-latency
(BbinyKnas)




@ [puMepbl BbIYMCAEHUI

al(t) = a @ By = sup{a(t +u) — B;(w)}

uz=0
al(t) = max( sup {p(t+u) +a},sup{p(t+u) +0—R;(u— Tl)})
Osus<T; u>Tq
al(t) = max (p(t +T,) + o, sup{pt+o+ R, Ty —u(R; — p)})
u>T1
al(t)=p(t+T)+o

|4

Jon.rnasbl KomnblOoTEPHbIX ceTel K.d.-M.H.

16.12.2015 Yemepuugknii E.B.




@ [puMepbl BbIYUCAEHNA

Ob6paTHaA CBEPTKA OT QYHKUUN W U g — TaKaA
PYHKUMA [, 4TO NpU BbINONHEHUM ONEPALUN
CBEPTKM C KPMBOW g NonyvaeTca KpmBaa w

/

[on.rnaesbl KomnbtoTepHbIX ceTen K.d.-M.H.

16.12.201
6 015 Yemepuukuii E.B.




‘ @ OcTaTo4yHaA KpmnBaa cepBuUca

High priceily
o

L

Low prionty




Pay Multiplexing Only Once (PBOO)

NGCE A(ai’) AL € AaD) A%(t) e A(ad)
2

>
A EA(@)) g, A3(t) € A(az) 8, A3(t) € A(ad)

SFA yaobHO npmMmeHATb B NpeanonoxKeHnax mogenu IntServ
B cnyyae DIffServ SFA He ToueH n3-3a nepeyyéta MyabTUNJIEKCUPOBAHUS

A. Bouillard, B. Gaujal, S. Lagrange, E. Thierry A. Bouillard, L. Jouhet, E. Thierry

Optimal routing for end-to-end guarantees Tight performance bounds in the worst-case
using network calculus analysis of feed-forward networks

Performance Evaluation, 2008 INFOCOM 2010

B3anmHoe BAMSSHME NOTOKOB 3aaa4ya NnoCTpoeHUA
3aBUCUT OT TONOJIOTUU CETU -- MHOTOKOMMOHEHTHOW CBEPTKMU
Network Calculus Hy»XHa MOKeT bbITb 3aMeHeHa 3a4a4eun

MHOTOKOMMOHEHTHAA CBEPTKA NIMHENHOTO NPOrpPamMMMPOBaHUSA




o@mﬁ 331€PXKN C MOMOLLbIO

MHOIO NPOrpaMmmMmnpPoOBaAHUA

Bouillard A., Jouhet L., Thierry E. Tight performance bounds
in the worst-case analysis of feed-forward networks //
INFOCOM 2010. — San Diego, USA, 2010. — Pp. 1-9.

MopaenbHble NPeanoNoKeHNA MOXHO UCNONb30BaTb ANA
MOCTPOEHUA TaKoro Habopa cMcTem SIMHENHbIX HEPAaBEHCTB,

YTO NX COBOKRYIMHOCTb Y4YUTbIBaAET ocobeHHOCTN TonoNornmn

PelleHMe 3TUX CUCTEM NO3BONAET NOJYYUTb
NOCTUXKMMYIO BEPXHIOO OLIEHKY CKBO3HOWM 3aeprKKMU

1. lokasatenbctBo NP-NoNHOTbLI M aArOPUTM BblYUCNEHUA
OOCTUKMMOMN OUEHKKN AnA ceter obpaboTymkos 6e3 LMKNOB

2. [ToAMHOMMANbHBIN aNTOPUTM BbIYUC/IEHUA JOCTUXUMOWN
OUEHKN AN19 CETEN, NpeAcTaBAEeHHbIX TaHAEMOM 06paboTumKoB




OueHKa 3a4epX*KU KaK 3a4a4a
JIMHENHOIO NPOrpaMmmMmmMpPOBaAHUS

[locTpoeHue cucTteMbl OrpaHNYEHNM ANA TPAEKTOPUKN NOTOKA

' Agéts)

WV

: A?(jh)

W

-148(t3)

3 —tz)'\v—

i

A?(_tz)

v i

. A%(tS)" = _.-A%(jtS)._.

V7 Ai(jts) 2k

A‘{(jtm

: 'A%(jtzy)"' ? —--A%(_t4)-—-

W WVi=

; A%(tg) e
V= Bo(tz — )| Y
-A%(_tz)--




; @ OueHKa 3a4epXKK C MOMOLLbIO
NIMHENHOTO NPOrPaMMMPOBAHUSA

[Mepebop peweHnin NyTém AOMNOIHEHNA CUCTEMDI

1. Pewnm 3aaa4y NMHENHOro
NPOrpPaMMMPOBAHMA ANA KAXKAO0ro U3
npeanonoXeHun t, < u < tyyq:

' A?<t5)
v
' A?(It4)
v AV(trq) — AV (W) < aq(tpq —u)
s : 1er1 1 < a1 (fk41

— A7 (u) — A () < a(u —ty)

 —t,)| 1V
1] - A?(tz) A(U) = A?(tO)

t, —t)|IV
o 2. Hanbonbluee 13 NONYYEHHDbIX
1 1AL(t)

peLeHnn ABNAETCA AOCTUKNMOWN
[
; OLUEHKOW CKBO3HOM 3a4€P*KKU CBEPXY




OueHKa 334ep*KKn ¢ NOMOLLbIO
NIMHENHOTO NPOrPaMMMPOBAHUSA

8. Heobxoammo nocTpouTb CETKN OrpaHUYEHNIN Ana BCEX
NMOTOKOB, BAMAIOLLIMX HA LLe/IEBOU, U CBA3ATb UX MeXKay coOboun




@ MpumeHeHne meToda Ha rpadax
C a/IbTEPHATUBHbIMWU NYTAMM

la321

e —

tag21

L4327

I3

L4827 Bs

Ecnn ogHOMY NOTOKY COOTBETCTBYET HECKO/IbKO CETOK
OrpPaHNYEHUNN, TO ANA KaxKA0oro obpaboTymKa nx nepuoabl
OTCTaBaHWA, NN HE NEPECEKAOTCA, AN COBNAAALOT

Y,:Vk, Ty # 1my:
tkal == tkTCZ \% tTCl < tknz \% tTCZ < tkﬂil




OuUeHKM CKBO3HOM 3a4epHKKU
@ (MKC) ons n"MHeMHowu

TOMOJIOINMNA

lfonocoBoii NOTOK Buaeo notoka 3aaeprKKa NOTOKa AaHHbIX

e \S-3 e SFA LPA s \S-3 e SFA LPA emm \|S-3 e SFA LPA

120000

100000

80000

60000 /
40000

20000

O T 1 1 1
3 6

Yucno KommyTtaTopos

Ayano -y -y Ayauo

Bugeo Bugeo

NaHHble = NaHHble

KnaneHTol Cepsepa




(MKC) ana nMHenHowm
TOMONOTNn

Aygno Buaeo JaHHble
NS3 SF LP SF LP NS3 SF
159 12348 12348 11881 11881 244 9204
281 16053 12519 23681 12045 366 18167
403 23123 12689 35640 12209 515 27231
525 33558 12860 47877 12373 639 36486
647 47359 13031 60510 12537 733 46022
769 64527 13201 73662 12701 962 55934
891 85063 13372 87459 12866 977 66316
1013 108972 13543 102031 13030 1099 77270

g OuUeHKN CKBO3HOM 3aJepHKKM

Buaeo

- -
IlaHHble <~ [laHHble

KnaneHTol Cepsepa




@ SKCNepUMEHTaNbHOE
nccneaoBaHue

nybuHa |KpatHocTb| CKOpoOCTb NS3 SF LP
1 4 25Mbps 593 2584

1 12.5Mbps 1058 8982
1 6.25Mbps 1175 33590
2 25Mbps 837 4771
2 6.25Mbps 1535 39407
3
4

12.5Mbps 1547 19186
6.25Mbps 2721 63479

OaHHble 1 HAaHHble 1

JaHHble 2 ‘= 100% 3arpy3Ka - [laHHbIe 2
[r— =—

NaHHble 3 = S5 S,

NaHHble 3

OaHHble 4 HaHHble 4




@ 3aKknyeHme

— ArmapaT ceTeBoro UcHMCiaeHmA no3Bonder

NOJ1y4aTb BbICOKOTOYHbIE OLUEHKU ANA 3a4ePrKKN,
HO MMeeT pPAd OrPaHNYEHUN:

— HeToyHOoCTU NPU MyNbTUNJIEKCUPOBAHUM

— PaboTta ¢ UMKAMYEeCKMMmn TONOJ0TAMMU
— ABCTpaKUMM XUAKOCTHOU Moaenm

* He3aTpoOHYyTble 3a4a4u:
— OueHKa oTCTaBaHMA

— [lnaHnpoBaHMe nepeaaym AaHHbIX
— CToxacTnyeckoe ceteBoe ncyncaeHne




