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Y10 Takoe QoS?

« KayecTtBo obcnyxuBaHusa: TepMmuH, 0603Ha4YaroLWmM
Habop napamMeTpoB NMPOU3BOAUTENILHOCTMH,
XapaKTepu3yHrLWwmnx NOoTOK AaHHbIX Ha 3a4aHHOM
coeaUHEHUM

« KauectBo obcnyxuBaHus: JOCTYNHbIN OIS U3MepeHus
Habop napameTpoB, onpeaensaoLnn YPOBEHb
npegocTtaBnsieMbIX yCinyr, KOTOpPbIN 005A3yeTcs
nogaepXuBaTtb npoBavaep

- KayecTBOo ob6cnyxuBaHusa: Mepa npousBoauTenbHOCTH
CUCTeMbl Nepeaaym AaHHbIX, OTPaXkaroLlas KauyecTBO
nepenayn M 4OCTYNHOCTbL cepBuUca



KAHECTBO OBCITYXUBAHUA

QoS (Quality of Servers) paccmaTpuBaeTca Kak
«CyMMapHbIN 3 pekT paboyux xapakmepucmuk
obcryxusaHuUs, KOTOPbIN OnpeaensieT cteneHb
yOOBIETBOPEHHOCTW NOMb30BaTESA 3TOWN CIy>KO0n»
(E.800)

3apada: obecrnednTb 3aaHHOE Ka4eCTBO 0OCYyXMBaHUS

B CKBO3HOM coegunHeHuu (end-to-end) onga pasnnyHbiX BUOOB
Tpaduka.

YcnoBue: 3agaHHOE Ka4yeCcTBO 00CYyXNBAHMS OOMMKHbI
nognepXXnBaTb BCe CETEBbIE YCTPOUCTBA Ha BCEM

CKBO3HOM COeHEHUM.



Cnyx06bl QoS

e Best effort — 0OpaboTka nHdopmaLumn Kak MOXXHO
bbicTpee, HO Be3 gononHUTENbHLIX Yyeunui (FIFO,
drop tail)

 Markmun QoS — cepBuC C NpegnoyYTEHUAMMN.
[TpnoputeTHOE 0bCNyXMBaHME, 3HAYEHUS
napamMmeTpoB QoS 3aBUCAT OT XapaKTEPUCTUK
TpaduKa.

e XecTKknn QoS — rapaHTUPOBAHHbIN CEPBUC.
OcHoBaH Ha npeaBapuUTENbHOM
pe3epBUPOBaHNM PECYPCOB AS1s1 KaXa0ro noToka.



Jlornyeckme nNnocKoCcTwn
MmexaHn3smoB QoS

KoHTponbHasn Mnockoctb
NIIOCKOCTb AaHHbIX
[lpeporBpawieHmne
neperpy3ok
*YnpaeneHue *YnpaBneHue 6ydepom
[0MYyCTUMOCTBIO *Knaccugpukauus
coeanHeHns Tpaduka
MapknpoBKa naketoB
*YnpaBneHue
*QoS-mapLupyTM3aLns XapaKTepucTukamm
Tpadumka
°Pe3epB|/|pOBaHl/le *OpraHunsaums m
pecypcoB nrnaHnpoBaHue

oyepenen

NMnockocTtb
MeHeO)KMeHTa



MasaTHuk QoS
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dakTopbl QoS
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PaboTa c kauecTBOM 0OCNnyXnBaHusA

Knaccudukaumsa m 3anonHeHue oyepenen u shaping/cxaTtue/
MapKMpoBKa (BbIOOpPOYHEIN) cOpoc dparmeHTauus/interleaving



Kakme BO3MOXHOCTU ecTb Y Q0S?

Modular QoS CLI (MQC):

Knaccudumkauma n mapkmpoBka: cnocobHocTb gudchepeHumnpoBatb
NnakeTbl NyTEM YCTAaHOBKM onpeaerniéHHbIX 3Ha4YeHMn B 3aronoBoK
BTOPOro Umnu TpeTbero ypoeHs, Hanpumep IP precedence unu L2 class
of service unu drop priority

Policing: ucnonb3yercs gnsa copoca unm nepemMapkupoBku B bonee
Hu3kuun npuopuret IP precedence unu MPLS EXP 6uToB B noToke
AaHHbIX, KOTOPbLINA NPEeBbLIWAaeT KOHTPAKTHbIA 00 BLEM

PazmelweHune B ouepensax: ynpasrieHmMe 3atopamMm NyTémM Bblaauu
KOPPEKTHbIX NPUOPUTETOB Knaccam Tpaduka, ¢ Lenbr yny4leHus
nepegayy AaHHbIX NPUIOXEHUN, YYBCTBUTENbHbIX K BpeMeHu, 6e3
yXyZaweHus nepeagaum tpacgumka ¢ 6onee HU3KUM NPUOPUTETOM
(CBWFQ, MDRR, uT.4..)

Shaping: npu npeBbIlWEHUN CKOPOCTU Nepegavu, BmecTto policing
MOryT ObITb UCNONb30BaHbI Oychepusaumnsa unm nomMmeweHue B ouepeam



Service Assurance Agent (SAA)

AKTUBHOe HabnwageHue 3a ceTeBOMN MH(pPACTPYKTYypou

- [lonycTuma nu noteps naketoB?
- KakoBa 3agepxKa B ceTu?

« Xopowo nu (pyHKUMOHUPYIOT ceTeBble
NPUNOXeHUa?

* BO3MOXeH N KOHTPOnb 3a BbinosiHeHnem SLA?

Cisco IOS

.__@—




QoS — mepa kayecTBa nepeaayu u Policing tools gononxsioT marking

HOCTYRHOCTH CapRNCa B COTH. BO3MO)KH OCTMU QOS tools u3MepsAA MapKUp OBaHHbIe NOTOKM

KauecTBo nepenauu B cetu M NOMeYasi He COOTBETCTBYHL WA
onpenensieTcs cneayowmumMu e e
chakTopaMu: 3a[epxKa, APOXKaHUE U

norepm.

Knaccudukaumsa BoinonHsercsa Ha 2-7

OBHAX:
2 Frame L3 IP Packet L4 TCP/UDP Segment L7 Data Payload

Yp
N[

Delay-

Variation

Policer'sl oTHOCAT TpaduK K OAHON
MapkupoBKa BbINONHAEGTCA Ha 2 unu 3 M3 Tpex KaTeropuun:

TexHonorumn QoS — ato Habop npuemos
M BO3MOXHOCTEW ynpasneHus
CeTeBbIMM pecypcamu, 3TU TeXHOJOIUM
ABNAKTCA KNHOYEBLIMU TEXHONOMUAMM

S , IP ECN
A Npo3pavyHOU OAHOBpPEMEeHHOU o
Ans Npo3p g P r Layer 3 (IP ToS Byte) Marking Options: Vioiate: 16 HONYCERGTER DEpEIRIE
nepeanatin no ceTu Suneo, i onocau AaHHbIX CBEPX 3TOr0 JIMMKUTA (KPacHbIK

OaHHbiX. JononHuTensHo, nunnn HEK — caer)
HOIMARHOETI A0S WAty MEpavE [IPPrecedence |  Unused | Scheduling tools mensaT MecTo

STORTMac 00 ik & Ciormun TTTEYICTETETN PECN  nakera B oucpean u cenextuaHo
A o*rSpacuBaror nakeTbl B cnyvyae

» Conform: MNoTOK AaHHBIX COOTBETCTBYE
3a1aHHOM CKOPOCTH nepeaavn
(3eneHbIn ceeT)

Exceed: lonycTUMble BCINECKH

| cpeaHen BenuuMHb! (KENTLIK cBET)

ypOBHe:
Layer 2: 802.1Q/p CoS, MPLS EXP
Layer 3: IP Precedence, DSCP w/unu

upsaoTEpAie AN DoS arak \ J %(—/ BO3HWKHOBEHMUSA 3aTopa
pacnpocTpaHeHUs YepBen Y Voice ©O

Cisco’s QoS Toolset cocTonT U3 : REC 2474 REC 3168 Uhies > E72 00000

* Classification and marking tools DiffServ Extensions IP ECN Bits 1212 n % >
* Policing and markdown tools Data

» Scheduling tools Link-S pecific tools none3Hbl Ha

Policing and Cisco pekomengyet end-to-end HuskockopocTHbix WAN/VPN
Markdown

* Link-specific tool

RGeS ol MapKUpOBKY TPeTLEro ypoBHA CO coeauHeHusXx, BKknioyaet shaping,
NS STOP Scheduling CTaHAapTHbLIMU 3HaYeHusmu DSCP. KOMNpeccuo, hparMeHTaumio u
Classification (Queuing and interleaving.

and Marking

Selective-
Dropping)

Traffic Shaping _Z]| Link-Specific

’ Mechanisms ®yHkumm AutoQoS aBTomaTU4eCKmn
‘r’ HacTpauBaeTt pekomeHgyembie Cisco

c 3HayeHus QoS Ha KoMMyTaTOpax

. Catalyst™ n mapwpyTusartopax nog

ynpaenexduem Cisco 10S 3a ogHy-aBe

KOMaHabl. ———

2004




Mogenb cnyxobl QoS

QoS «M3-KOHLja-B-KOHEL| »
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JTanoHHaa Mmoaernb
CKBO3HOI0 QoS

cepBep

L]

QoS cetu A

QoS cetu B

Ckeo3Hoe (End-to-End) QoS




End-to-End QoS

 End-to-end QoS BknroyaeT B ce6s QoS B cetun
OpraHu3auum u B ceTn onepartopa CBA3M

* NMonoOHO uenun, QoS KpenokK HACTONLKO Xe,
HaCKONbKO Kpernko ero camoe crnaboe 3BeHO (KaHan)

-(ﬁpennpumé’ =N T‘ peanpusTHe

CeTb onepartopa R
cBA3M lpeanpuaTtne

n peanpusitue’ ¥\\ — i -
== <i!1pennpmm§f

TN

« Ona opraHusauum achdekruBHoro QoS Heobxoauma
KoopauHauus paboTbl onepartopa CBA3U U
npeanpusaTus



XapaktepucTtunkm QoS (Y.1540)

3aePXKN U IKNTTEP™ 3a0ePXKKK
Benn4ynHa notepb
[Tpon3BoANTENBHOCTL CETU
HaneXXHOCTb ceTeBbIX 3NIEMEHTOB

G.1000 — onpenensaeT CTPYKTYpy CBA3en Mexay
paboynmMmun xapaktepuctTukamm Qos.

* IKUTTEP 3a4ePXKKN — OTKITOHEHUE 3HAYEeHNN 3a4ePXKKU OT
3a4aHHOMW BeJIMYMHbI



'paHMLa ooBepusa onepaTtopa CBA3M:

[NencrtBus, BbiNOsHsieMble B paMkax QoS

[NencTBus, BbiNOsIHAEeMbIe B paMmkax QoS, Ha Bxoasien
N BbIXOASsILWEN CTOPOHAX rpaHuLbl 4oBepus

Hanpaaneuue NOTOKa AaHHbIX
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» TpaHcnupoBaTtb NONIUTUKY
QoS npeanpuaTus B * TpancnupoBatb nonuTuky QoS
nonutuky QoS onepartopa oneparopa cBfA3u B nonutuky QoS
CBA3MN npeanpuaTUsa

* YOocTOBEepUTLCA B HANUUUM * YnocTOBEpUTLCSA B HaNU4um
CKOpPOCTU nepenayu, CKOpOCTU nepenayu, Tpedbyemon
TpebyeMoun KOHTPAKTOM KOHTpakTom (admission control)

(admission control)




CornaweHue o6 ypoBHe cepBuca (SLA)

CornaweHune o6 ypoBHe cepBuca (SLA)

®opmanusaums “kavyecTtBa o6CnyXXMBaHUA” B KOHTPaKTe
MeXAy 3aKa3yuKOM U onepaTtopom CBA3U

O6bI4HO SLA onpegensier:

* Knaccol Tpacdmka u kputepuu ngedtucdpukauum (DSCP, IPP, VLAN, ATM VC)
* BoigeneHue nonocobl nponyckaHusa Per-class/aggregate

« [apaHTupoBaHHyr goctynHocTb, MTTR

* Mpouenypy ackanupoBaHusa npobnem

* [apaHTUpOBaHHbIE MAaKCUMaribHbIe NOTEPU, 3aepKKa, Bapuauuio 3a4epPXKu
per-class

» Per-class/aggregate kputepum OOCTYNHOCTU U OEUCTBUSA B Criy4yae
npeBbilWeHna Tpaduka

* Metoabl namepeHuss SLA 1 OTYETHOCTb — TOUYKU 3aMepPOB, METOOONOIUIO,
BapuaHTbl OTYETHOCTU (Web, e-mail) nepuoabl cocTaBNneHUs OTYETOB,
coAepXXUmMoe OTHYETOB, KPUTEPUUN HEUCTNPABHOCTEN U WTPA(PHLIE HEYCTOUKHM



ATpuOyThbI cornaweHusi oo ypoBHe cepBMuca

MUmerowme oTHoweHue kK QoS OcTtanbHble atpubyThl SLA

NMoTtepu naketoB HocTynHoCTb

3apepxka (Delay) CpeaHee Bpems
BoccrtaHoBneHus (MTTR)

Bapuauuu 3agepxku (Jitter) CpenHee Bpemsa HapaboOTKu Ha

oTka3 (MTBF)
Kputepun Admission Control

OroBopeHHas nosnoca
nponyckKaHusi

CoxpaHeHue NOTOKOBOW
nocnenoBaTeribHOCTU NaKeToB

NMponyckHasa cnOCOBHOCTbL

NMoTepu nakeToB:

1. MoTeps nakeToB: OObLIYHO PAaCCYUTLIBAETCS KaK MAaKCUMarnbHbIN
NPOLUEHT NOTepPb, AONYCTUMbIN AN AAHHOrO Knacca tpadgpuka (kak
npaeuno meHee 0.1%) — ucknr4yasa TpadpmMkK BHE KOHTpaKTa

2. MNoTeps nakeToB Oornee BEPOSATHA HA KpaK CeTH, 4em B ssigpe (0ObIYHO)



ATpubyThl cornaweHus o6 ypoBHe cepBuca

NpepoTBpaTnThL
“Human Ethernet”

Fax Relay, Broadcast

Satellite Quality

High Quality
E

200 300 400 500 600 700 800
Time (msec)
LleneBas 3agepxka

Pekomenpgauum ITU’s G.114 : ogHOCTOPOHHAA 3aaepxkKa < 150 mcek

ONA Ka4yeCTBEHHOM nepenaym ronoca



Knaccudumkauma tpacdpmka mynbTucepBUCHOMU

Peanb-
HOro
BpEMEHM

onacTtuy
~-HbIN

IP-ceTun No NPUNOXeHUAM

IP-TCJ’IG(l)OHI/I}I U —YyBCTBUTENLHOCTb K 3aepXKe RSVP RTP
—UyBCTBUTENBHOCTL K [XKUTTEPY 3a0ePKKU ’ ’
BUJICOKOH(EPEHIICBA3D | Manas 4yBCTBUTENBHOCTb K MOTEPAM RTCP,UDP
IIporecchl VIIDaBIeHus —YyBCTBUTENBLHOCTb K 3aepXXKe
pont ynp > FYyYBCTBUTENBHOCTDL K XKUTTEPY 3a4epPXKKM UDP, TCP

urpsl on-line

—quCTBVITeJ'IbHOCTb K notepsam

—Manas YyBCTBUTEJIbHOCTb K 3al€pPXKKe

KOHCbepeHLI,I/IS'-l —Manas 4yBCTBUTENbHOCTb K [KUTTEPY
AOKYMEHTOB 3aflepxku
—Bbicokasi 4yBCTBUTENbHOCTbL K MOTEPSAM
—OueHb Manas 4yBCTBUTENbHOCTD K
AHnmMauus 3anepKKe
[Mepenaya pannoB [-Manas 4yBCTBUTENLHOCTL K KUTTEPY
E-mail 3aAepxKu

—Bbicokas YyBCTBUTEJIbHOCTb K NMOoTEPAM

TCP




ATPUOYThHI COornaweHusa oo ypoBHe cepBuUCa

¢pukcupoBaHHasn
NMepemeHHan 2 PEeMEHH: (6.3 mkc/km) +

25 Mmcek 3afiepxkKa e PXKKe eTeBas 3aflepPxKs
(nepemeHHasn)

3agepxka End-to-End (gomxHa 6bITb < 150 Mcek)




[Tokasarenun kadecTtBa 0b6CnyXnBaHUA, y4UTbIBAEMbIE MPU
nepegade MynstumMeguUHoOro Tpadguka,

SALEPXKH/

[NMoka3atenun QoS

NOTEPU

BrnnaHue cetun

3agepxka
pacnpocTpaHeHns

N MeXaHn3Mbl X hopMMpoBaHUS

BnnaHmne okoHeYHoro
yCTpOWUCTBa
A

ATITOPVTM
KoaupoBaHNsA/gekoanpoBaHu

{an |

71

Ouepeau B y3nax

MexaHn3m naketTnsauum

3agepxka pKkuttep-oydepa

Anroputm
HMBENUPOBAHUA NOTEPb

MexaHnambl MeaneHHoro
cTapta U KBUTUPOBaHUA

[leperpyskn B y3nax

Owunbkn B KaHane

[peBbilleHne gonycTnmon
3a0€epXKKu




BrogxeT no 3agepxke And Knacca realtime:

NMpumep

- BrogxeT 3a4epXKu royriloCoBOro Kracca pacCymMTbIBaeTCs NepBbIM

* B coorBetcTBUM ¢ G.114, makcumanbHasa 3agepxka <=150 mcek gns
KayeCTBEHHOM nepenaym rofnocoBbIX AaHHbIX

(MoxeT ObITb > 150 Mmcek, ona “meHee, YeM ODM3HEeC-Ka4YeCTBEeHHbIX 3BOHKOB,
UNU NSt MeXKOHTUHEHTaNbHbIX 3BOHKOB, KOraa noau oXxXuwaarwT bonbwue
3a4epPXKu nNpu pasrosope)

+ BrogxeT no 3agepxke B COOTBETCTBUMU CO UHXKeHepHbIM SLA Gonee y3kun, yem
OrogxeT B cooTBeTCTBMM cO SLA

Mpumep pacyérta oAHOCTOPOHHEro 6roaXxeTa no ronocy

___/'_-—‘_’\ =1 o —_/f_-_‘ - ‘xL —— o —/__ ‘-—.\ —
y | R | R
L3 Edge . L3 Backbone (L3 Edge /e
N ../) \»-—- - \“_ B /'
= . I N~ — 30 mcex*
35 mce 15 mcek Bpems nepepauun= 30 mcek; Ouyepean=5 mcek 15 Mcek 3apepxka
i § f
:ia.qep)xl( ; | Oydepa
Kopeka 3apepxka MNepenaya no agpy cetu + 3apgepxka Bapuauum

:(G,7zg)| Ha Kpato ceTh KomMmmyTauus u 3agepxka B oyepeasx = 35 Mc}ex Ha Kpato cem: 3aePXKKU

>

1 ¢ T T T T
Obuwee Bpemsa 3agepxkn (MHxeHepHoe SLA) = 130 mcek (B 3TOM npumepe)



Knaccbl Q0S 1 COOTBETCTBYHOLLNE
nm npunoxeHusa (Y.1541)

Knacc 0: IlpunoxeHuns peanbHOro BpeMeHU, YyBCTBUTENbHbIE K
DKNTTEPY, XapaKkTepusyemble BbICOKMM YPOBHEM UHTEPAKTUBHOCTU
(VolP, BnoeokoHepeHUnn)

Knacc 1: lpunoxeHusa peasribHOro BpeMeHu, YyBCTBUTESbHbIE K
oDKUTTEPY, MHTEpakTuBHble (VolP, BuaoeokoHdepeHunmn)

Knacc 2: TpaH3akuum gaHHbIX, XapakTepu3yemMble BbICOKUM
YPOBHEM UHTEPAKTUBHOCTU (HAanpumep, curHanusauus)

Knacc 3: TpaH3akuum gaHHbIX, MHTEPAKTUBHbIE NPUITOXKEHMS

Knacc 4: lpunoxeHusa, gonyckaroLlime HU3KUN YPOBEHb NOTEPDL
(KOpOTKME TpaH3aKLUMKU, MacCuBbl AaHHbIX, MOTOKOBOE BUOEO)

Knacc 5: TpagnunoHHsle npumeHeHns ceten |IP



HopMbl Ha napameTpbl AOCTaBKU
naketoB IP c pa3aeneHuem
no Krnaccam obcnyxuBaHusa, mogens ITU-T

CereBble XapaKTePUCTHKH Kuaaccent QoS

0 1 2 3 4

3agep:kka nocraBkm makera | 100 mc | 400 mc | 100 mc | 400 mc lc
IP, IPTD

Bapuanus 3aaep:xku makera | S0 mc | 50 mc H H H
IP,IPDV

Ko>gpuuuent norepu 1x10-° | 1x10-° | 1x10-° | 1x10-® | 1x10-°
nakeroB IP, IPLR

Ko>gpuuuenTt ommndox 1x10-* | 1x10-* | 1x10-* | 1x10-* | 1x10-*
nakeroB IP, IPER

NMpumeyaHue. H - He HopMUpoBaHO. 3HaA4YEeHUss NapaMeTPOB NpeaCcTaBnAlT cobou
BEpPXHME
rpaHnubl ANa cpegHnx 3afepXek, [KUTTepa, NoTepb U OLIMOOK NaKeToB.




KoadpdununeHTbl rOTOBHOCTU
N 3Ha4YeHNa BpeMeHU NPOCTOoS

obopyaoBaHUA

KoadhdpmumeHT rotoBHOCTH

Bpemsa npocTtos

0,99 “‘nBe NeBATKN” 3,7 OHewn B roa
0,999 “Tpn OEBATKN" 9 yacoB B roa
0,9999 “‘yeTblpe OEBATKN” 53 MUHYTHI B rog

0,99999 “natb geBATOK’

9,9 MUHYT B rof

0,999999 “wecTb peBATOK”

30 cekyHp B roa




[ IpUYNHBI CUCTEMHOWN
HeHaaeXXHOCTU

40%

NcTtouHuk: Gartner Group

20%

C oTKa3 annaparHoro
obecneyeHus y35noB

] nporpaMMHble
OLINBKHU

B ounbKH
aKcnnyarauuu



[IpnymnHbI 0TKa30B B |P-ceTax

3noit ymbicen 2% 7% O6opynoBaHve Ha TEPPUTOPUM 3aKasumka
HewnseecTHble NpuynHbl 2%
Meperpy3kn 5% _\ w@/‘ [Mpouecckl B MapLUpyTU3aTopax
. TpoekTnpoBaHue ceTen - Mopucpukauus AO/MO
«  Owmnbkun koHGUrypauum

dusmndeckmne nuHum 27%
. PesepBupoBaHue

\/4 21% OTka3sbl MapLLpyTM3aTOpPOB
. Ortkasbl AO

. KayectBo 1O

NcTounuk: University of
Michigan



basoBas apxutekTypa
cnyk6bl QoS

CpenctBa QoS MpoToKonbl -
yana QoS-curHanusauum
MexaHu3ambl PesepBupoBaHue
obcnyXnBaHus pecypcoB
oyepenen
MpuopuTteT
MexaHn3mbl
npounnMpoBaHns QoS- -
Tpaduka MapLUpyT13aums




MexaHn3mbl 0bcnyXnBaHus
oJvepeneu

 FIFO (First In First Out) — 6e3 ncnonb3oBaHuAa
OOMONHUTENBHbBIX BO3MOXHOCTEN, UCMNOMNb3YETCS
B best effort

* PQ (Priority Queuing) — NnpuopuUTETHbLIE OYepean,
BBOAMTCA nNpmnopuTeT Tpaduka (1-8)

e CQ (Custom Queuing) — HacTpanBaeMmble
o4yepeamn, NCNosib3yeTCs Npu pe3epBUPOBaHNN
pecypcoB

« WFQ (Weighting Fair Queuing) —B3BeLLeHHOe
cnpasegnueoe obcnyxusaHune, No3BoNnaeT
OVHaMWYECKU yNpaBnaTb pecypcamMmu



[lpbuopumemHoe obcnyxusaHue

Qqepegm pasHbIX NPUOPUTETOB Bbibop u3 ouepegm,
ecnu Bce bonee
NpUoOpUTETHLIE
ouepean MycThbl

bICOKUIA

Cpeanui [ —

5 |
BxoaHon Tpacuk HopmarnbHblii

— I| L |

BbixoagHon Tpaduk |

| | | —
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-

Huskuii MnaHMpoB WKWK —
Knaccudmkatop | | | a6CoNIOTHbIE
(IP Precedence, npoTtokon, |
N N npuopuTETDI
BXOAHOM HTepdelic) Bydepa

DA3NUUHOW ANUHBI



B3selweHHbIe Hacmpaueaembie

BxogHon Tpaduk

1

oyepeou

0,1

BXOAHOW NHTEpPENC)
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Knaccmme 1
(IP Precedence, npoTokon, |

BecoBblie
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BbIGOp

MnaHnpoB LW KK -
B3BELUEHHOE KPYroBoe
nooaBuUXeHue
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Tpaduk

BeixogHaa
ouepedb




B3eeuweHHoe cripasedriusoe obceryxxusaHue
(WFQ)

MpuoputeTHag ouepeab
KnaccugunkaTop NnoTOKOB: prop pea

* afpec UCTOUHMKA U HasHaYeHus
* NpOTOKON
* HOMepa NopTOoB

CucteMHble
coobueHna

MMpUOPUTETHBI
BbIBOp

B g
XOHON Tpaduk BbIxoaHoii Tpaduk

TloToKu

| | | | | —

BeixogHasa ouepeab

B3BelleHHOE
Kpyroesoe
NpoABUXEHNE




OpraHusauusa odepenen WFQ

NMpuopwuTer:

7-8 curHanusauug, TpaHsakuum
5-6 TpadouK peanbHOro BpEMeHM
1-4 anacTU4HbIN TPaduK

CL B




Moaundukaumm WFQ

« WFQ Ha ocHOBe BblYMCNEHUS HOMEpPA
nakerta

* WFQ Ha ocHOBe noTtoka

« CBWFQ — WFQ Ha ocHOBe Knacca

« DWFQ — pacnpeaeneHHbin WFQ

 DWFQ Ha ocHoBe QOS-rpynnbl

« CBWFQ c npmoputetHon o4vepeabto (LLQ)
« 3aKka3Hoe obcrnyXnBaHue ovepenen



MexaHnambl npodmunnMpoBaHng
Tpauka

* Drop tail — oTOpacbkiBaHne xBocTa:
oTbpachbiBaloTCs BCe NaKeTbl, 3acTaBLume bydep
nonHoIM. icnonb3yetca B best effort.

« RED - crniyyanHoe paHHee obHapyXeHue: npu
Yyrpo3e rneperpysku naketol N3 bydepa
oTbpacbIBalOTCA C HEHYIEBON BEPOSTHOCTbLIO.

 ObipsiBoe Beapo — oTbpacbiBaloTCs NakeTbl, HE
o0CnyXmnBLLUNECH 3a YCTaHOBIEHHbIN Nepuo.

 Kop3nHa mapkepoB (TOKEHOB) — 03NpPOBaHNE
TpaduKa C LUenbio YMeHbLUIEHNS
HEPaABHOMEPHOCTU NPOABMXKEHUSA NAKETOB



Aneopumm "ObIpsieo2o seopa”

Ecmu >Be+ BC, TO
TaHHbIE OTOPAaChIBAIOTCS

Y
Cuetuyuk C

~Ecmu > B, To TaHHBIE
momeyarored (DE = 1)

YMeHblweHne Ha min [C, BC]
kKaxable T cekyHf



Aneopumm "eedpo moKkeHo8"

'eHepaTop
TOKEHOB

CKropocTb
noctynneHna (réaunt/c)

Begpo o6vemom b Bant

§ Bydep Koaut BLIXOAHOW Tpaduk
BxogHow Tpaduk

e s ) | Coppep W 1 1 [1,




YnpaBneHne noTokamm

* [lpepbiBaHUe nNnepegaYun: Nnpu neperpyske
nepenada NnakeToB MCTOYHUKaMK Tpadouka
npepbiBaeTcd Ha crlydauHbI UHTEpPBa BPEMEHMU,
3aTeM BO30OHOBISAETCH C TOM XKe
MHTEHCUBHOCTLIO.

* cnonb3oBaHne AMHaAMMNYEeCKOro oKHa:
pa3mMep OKHa (KOnMM4YecTBO NAaKeToB, NOChINTaeMbIX
NCTOYHMKOM 3a nepuopg) NUSMeHAaeTcAd B
3aBMCUMOCTU OT 3arpy3kun bydepa.

* MearneHHbIN CTapT: B Clly4Yae neperpysKku
MCTOYHUKKM TpadomKa NpeKkpallatoT nepeaadyy,
3aTeM NOCbINaoT NakeTbl, MOCTENEHHO
yBenn4imnBasi pasmep okHa.



Moaoenun obecnedyeHus
KayecTBa 00CnyXnBaHUSA
B CETSAX IP

Mopenb npepocTtaBrieHNa UHTerpupoBaHHbIX
ycnyr (IntServ)

RFC-2205, 1994-1997 r.

Mopenb npenocrtaBrieHUsA
anddgepeHunpoBaHHbIX ycnyr (DiffServ)

RFC 2475, 1998 .
MPLS (Multi-Protocol Label Switching)



MHTerpupoBaHHbIe YCryru

IntServ

Pa3paboTtaHa IETF, 1994-1997 r.
RFC 2205, RFC 2210, RFC 2211, RFC 2212

Llenb: npegocrtaBneHmne NpunoXxXeHnam
BO3MOXXHOCTU 3anpallnBaTb CKBO3HbIE
TpeboBaHUSA y pecypcam.

HepocTaTku: npobrnembl MmacliTabmnpoBaHus.

OCHOBHOUN MeXaHN3M: NPOTOKOI Pe3epPBUPOBAHMS
pecypcoB RSVP, B y3nax ucnonb3yerca WFQ.



RSVP —
Resourse Reservation Protocol

 [1poTokon pe3epBupoBaHnNS pecypcoB. [1o3BonseT
nocblnaTtb B ceTb MHopMauuto o TpeboBaHuAX QoS ans
Kakgoro notoka. Pabotaet coBmecTHO C IP.

« Pe3epBnpoBaHne NPOBOANTCS NO agpecy nony4yatens. B
cry4yaeT oTKkasa MapLupyTa pe3epBupoBaHne NponcxoanT
3aHOBO.

« PaboTtaet ¢ AByMs BugamMm coo0DLLEHNN:
— PATH: 3anpoc Ha pe3epBupoBaHue. CoaepxuT:
* CKOPOCTb Nepegayn gaHHbIX;
* MakCumalribHO ,EI,OI'IyCTl/IMbII7I pa3mep nysibcaumu Tpacpvu(a.
— RESV: 3anpoc pe3epsupoBaHus. CoaepxuT:
* CKOPOCTb Nnepenayun gaHHbIX;
* MakcMmarnbHO 4OoMNYyCTUMbIW pa3mep nynbcaunm Tpaduka.
* QoS



OpraHusauusa RSVP-nyTn




[1Ipouecc pe3epBUpOBaHUA NYTH

Y3en-otnpaBuUTernb Nocbi1aeT 3anpoc PATH Kak 0ObIYHbIN
naker.

Kaxgbit MmapLupyTmM3aTop nNponucbiBaeT B CBOEN NAMATH
agpec npeabiayLLero 1 nochbifiaeT cBou agpec B PATH-
3anpoce.

[lony4yaTtenb B OTBET Ha PATH reHepupyet RESV un
OoTnpaBnsgeT no nponucaHHomMy B PATH nyTu. T.o.
pe3epBupoBaHNE NpoucxogmT B obpaTHOM rnopsiake, ot
nonyyartena K oTnpaBuUTento.

MapLpyTtmnsatopbl obpabatbiBatoT RESV-3anpoch,
NblTasdACb NpPeaocTaBuTb Tpebyemble pecypchl. B crnyyae
HEBO3MOXXHOCTM NpeaoCcTaBneHnsa pecypcoB
pe3epBNpPOBaHNE HAYMHAETCS CHaYana.

[TyTb cuMTaETCH yCTaHOBMEHHbLIM, KOraa oTrnpaBuUTENb
nony4yaet RESV. ['locne aToro Ha4MHaeTcs ceaHc.



OndpdepeHumpoBaHHbIe yCrnyrn
DiffServ

Pa3paboTtaHa IETF, 1998 .
RFC 1349, RFC 2475, RFC 2597, RFC 2598

Llenb: noggep)kka nerko macwtabnpyembix
ondpepeHLmnpyeMblx B Internet

HepocTaTKum: OTCYTCTBME rapaHTUpoBaHHOIo QoS

OCHOBHOUN MexXaHU3M: MapKNpoBKa Tpaduka c
ncnonb3oBaHnem buta ToS (Type of Service).
[TogaepxmBaeT NONUTUKN NOBEAEHUA CETEBOIO
y3na: AF-phb u EF-phb (Per-Hop Behavior)



[TonnTuUKM noBeaeHUA ceTeBoro y3na - phb

* AF-phb (Assured Forwarding): nonntuka
rapaHTUpoBaHHOW OOCTaBKU — CPEOCTBO,
no3ponsoLlee obecneynTb HECKONbKO PasrnyHbIX
YPOBHEWN HAOEXHOCTU OOCTaBKU |P-NnakeTos.

MexaHu3Mbl: 3o PEeKTUBHOE ynpaBreHne rnosocou
NponycKaHus 3a C4YeT opraHmaaunm coocTBeHHOM

oyepeaun Ans Kaxkgoro Tmna Tpaduka; 3 ypOoBHS
npuopmnTeToB NakeTos; RED.

* EF-phb (Expedited Forwarding): nonutuka
HemeaneHHOW OOCTaBKu — obecrnedyeHne CKBO3HOro
QoS AN NPUNOXeHUn pearnbHOro BpeMeEHMN.

MexaHu3mbl: npuoputesaumna Tpadgpuka; WFQ;
pacnpegeneHue pecypcos; RED.




MPLS
(Multi-Protocol Label Switching)

Pa3pabaTbiBaeTcs IETF

RFC 2702, RFC 2283, RFC 2547

Llenb: oTaeneHne npouecca MmapLipyTusauumn naketa
OT HeobxoamMmocTu aHanusa IP-aapecoB B ero
3arosfioBKe, YTO CYLLLECTBEHHO YMEHbLLLUAET BPEMS
npebbiBaHUSA NAKETOB B MapLUPyTU3aToOpE U
obecne4vnBaeT Tpebyemble NnokasaTenu QoS Ans
TpaduKa peanbHOro BpeMeHMN.

HepoctaTku: opueHTUpOBaH Ha TOMOMOrUIo
OCHOBHOM MeXaHU3M: KOMMYyTaLKUda NO METKaMm,
TYHHENUpoBaHue



