ynpasieHne KayeCTtBOM CepBucCa B ceTax

MpyumeHeHUe meToa0B MaLLMHHOIO 0byyeHusn
AnAa obecnevyeHna tpebyemoro Kauecrtsa cepsUca

CrtenaHoB EBreHuu lNasnoswuuy,

K.P.-M.H., M.H.C.







Best effort

- CKOpOCTb coegnHeHuna ¢ MHTepHeT B camom aydllem cayyae B
MoéuT/c.

- €C/IN He HPaBUTCS, NepeKaoYanca Ha Apyroro nposanaepa
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QoS Y

- HEKOTOPbIE rapaHTUKM MO NPOMNYCKHOM CNOCOBOHOCTH, 3a4EPKKeE...

DATA VIDEO I VOICE |
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MeTpUuKHM KavecTBa oy

lMponyckHaa cnocobHocMo

KonnyectBo AaHHbIX, KOTOPblE MOXET ObiTb NepelaHo B e AUHULLY BpemeHu [6anTbl B
CeryHay]

B - Gl

2 Mb/s Maximum Bandwidth




00
MeTpuKK KayecTea Sy

3adepxcKa

Bpemsa nepenayun eanHMLbl AaHHbIX MO HAaNnpaBAEHUIO OT OTNPaBUTeNA K
nony4vyaTtento [cekyHabi]

OuyeHb gonroe
Bpema obcayKumBaHuMA

Y, ?
Kak f4onro ato 3ammers: HKaoatb nam HeT?




00
MeTpurKn KayecTBa Sy

YpoeeHb nomepob

[lona nakeToBs, KOTOpble bbl/IM OTNpaBaAEHbl, HO He Bblan AOCTaNEHbI NOAy4YaTeNtO
[npoueHTbI]




[Moyemy QOS cTaHOBUTCA BCE Bos1ee BaXKHOU
npobnhemon’?




[Moyemy QOS cTaHOBUTCA BCE Bonee BarKHOM
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[Moyemy QOS cTaHOBUTCA BCE Bonee BarKHOM
npobnemon?




[Moyemy QOS cTaHOBUTCA BCE Bonee BarKHOM
npobnemon?




[Moyemy QOS cTaHOBUTCA BCE Bonee BaXKHOU
npobnemon?
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Abandonment rate immediately with poor quality

Abandonment rate with 5 startup sec delay
Consumers are frustrated with video buffering

Severely irritated when a video didn’t load quickly

David Murargi. Portugal Telecom - 09.11.2018

How to shorten OTT TV Lag - Ops Perspective

IPTV OTT Lag 4/5 — QoS and Ops Analytics

Very High Demanding Customers,
Public Market Rating and Postis,
Low Barriers to Churn

Path

Customer Care:

OTT Users won 't call u as before, they do public
complains in Public Stores, blogs, foruns and
social media. Be proactive in capturing the
Voice of Customer and react as fast as possible
in your devops cycle.

Tech Level :

Measure, Measure, Measure Experience,
Engagement and Audience in Real Time to
automaticaly prevent problems and monetize!

We ve done the path in IPTV. In OTT it"s harder
as you don”t own the entire chain.

Local Operators can do it better because they
own the network and have direct access to the
customers



YnpaBaeHune Ka4eCTBOM CepBMnCa

I!Ii/?/;’f/
M[‘Q f/ =

=




(ALC)

KaK ynpaBasaTb Ka4ecTBOM cepBuca? 900

NMoaxoApbl:
1. YnpaeneHue nepezpy3Kol
- CoBpemeHHble NPOTOKO bl yripaBaeHna neperpyskom TCP Mogenu OLEeHKMN KauecTsa cepeuca:
2. [emynbmunnexkcuposaHue/mynbmunaeKkcuposaHue - AKTVBHbIE 1 MaCCUBHbIE U3MEPEHMS
- MHOronoTo4YHble TPAHCNOPTHbIE MPOTOKObI _ CeTeBOE MCUYUCAEHMe:
- MapLlpyT1sauma Ha ypoBHe MHTEPHET NpoBaniaepoB MaTeEMaTUYECKNIN NOAXOA, K Ka4eCcTByY
- Network Coding cepsuca
3. CeameHmayus - NS3: mogenmposaHue noseaeHus
- TCP Proxy CeTM C BbICOKOM TOYHOCTbIO

4. banaHcuposeKa

- bBanaHcMpoBKa Harpy3Kku u ynpassieHue TpaPpruKkom
5. [lpeobpa3oeaHue coobweHuli

- FEC

- Cxatume

NMpumepsbl:
- YnpasneHue ceteBbiMU pecypcamu B LleHTpax O6paboTkm [aHHbIX
- ObecneyeHne KayecTBa CepBmUCa B CETAX AOCTAaBKM KOHTEHTA
- [ponyckHaa cnocobHOCTb No TpeboBaHUIO
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banaHCUPOBKA Harpy3Ku

()

(b)




BanaHcuposKa Harpy3sku / Indirect Next Hop

root

root root

Original Partition Node in one group share
graph graph same IID



DTanbl UCCNeaoBaHUA

* MaTemaTu4yeckasa NOCTAHOBKA 3a4a4u

* [lpoBeaneHne 0630pa CXoXKnx pabot

* Pa3paboTKa anroputma peweHmna NnoctaBNeHHOM 3a4a4m
* Peanunsauma pa3paboTaHHOro anropmTma

* [lpoBeaeHne sIKCNEePUMEHTA/IbHOTO UCCNEeA0BaHMA



[loCTaHOBKa 3a4a4u

1€ aIfTopUTMa’?

InpomncxoanT rpynnupoBKa

2 Problem statement for Indirection Noxt Hop

aTPUBAEMbBIX TONOAOTNIA

-




OB630p CXOXKUX paboT

([
- =4 = -

ne problem statement si
ne applicability to the gi
ne algorithm complexity

ne accuracy of the solut

The correspondence of articles to selected overview criteria

Article

The problem
statement

The  appli-
cability  to

vl‘h('
gorithm

al-

The
racy of

accu-
the

algorithm for finding a sparse k-connected
spanning subgraph of a k-connected graph
(1992) [17)

similarity the given | complexity solution
topologies

Ramalingam G., Reps T., On the computa- + + + +
tional complexity of dynamic graph problems
(1996) [6]
Frigioni D., Marchetti-Spaccamela A.. Nanni + + + +
U, Fully dinamic output bounded single
sourse shortest path problem (1996) |7]
Bin Xiao, Jiannong Cao. Zili Shao. Edwin + + - +
H.-M. Sha. An efhicient algorithm for dy-
namic shortest path tree update in network
routing (2007) [8]
Khuller S.. Raghavachari B.. Young N., — + + +
Balancing minimum spanning trees and
shortest-path trees (1995) [9]
Nardelll E., Proietti G.. Widmayer P., How B - - -
to swap a failing edge of a single source short-
est paths tree (1099) [4)
Nardelli E., Proietti G., Widmayer P., Swap- + + + —
ping a failing edge of a single source shortest
paths tree is good and fast (2003) |5]
Di Salvo A.. Proietti G. Swapping a failing + + + -
edge of a shortest paths tree by minimizing
the average stretch factor (2007) [10|
Spira P. M., Pan A., On finding and updating + + - -
spanning trees and shortest paths (1975) |11
Roditty L.. Zwick U., On dynamic shortest + + = +
paths problems (2004) |12}
Williams V. V., Faster replacement paths — - - B
(2011) [13]
Guo Y., Qin Z., Chang Y., A novel hybrid al- 4 4 - -
gorithm for the dynamic shortest path prob-
lem (2010) [14]
Cong J.. Kalng A. B., Robins G., Sar- — + + —
rafzadeh M., Wong C. K.. Provably good
performance-driven global routing (1992)
I15]
Eppstein D.. Ttallano G. F., Tamassia R.. = -+ + —
Tarjan R. E., Westbrook .J., Yung M., Main-
tenance of a minimum spanning forest in a
dynamic plane graph (1992) |16]
Nagamochi H.. lbaraki T.. A linear-time — - - -




Pa3paboTKa anropmtma

e Swap-edge based algorithm

e=(v3, ) —
disconnected
edge

Sy, — 'lower’
e-subtree

Vie 4

5(1‘3‘1”:} =

‘upper’ e-subtree

* Dynamic algorithm

F= Voq.




Peannsaumna aaroputma

CTPYKTYpbl AaHHbIX

1. MaTpuua cMexHOCTH
2. CnUcoK cMeXHocTu (CrnmMcok)
3. Cnucok cMexHocTu (Xxaw-Tabnuua)

4. Cnnucok cMexHocTH (oepeBo noucka - 6yayT npuseaeHsl 3HadeHus ansa AVL, Ho MoxHO ucnonb3osaThk ¥ nioboe apyroe)

Ctpyktypa MecTo gete add e del e add v del v
Mc O(V~2) (value/8 0O(1) O(1) O(1) O(V) * max(Ofarray O(1) if do not care about space, O(V) *
if no weight) copy), Ofarray alloc))  max(O(array copy), O(array alloc)) if reallocating
Cclc) O(E+V) O(v) 0O(1) O(v) 0O(1) 0O(1)
Cc(x) O(E+V) (const omn* oO(1* om* o 0(1)
worse than list) = O(hash) O(hash) Of(hash)
Cc(n) O(E+V) (const OflogV) OflogV) OflogV) ©O(1) O(1)

worse than list)



JKCNepuMeHTanbHOe nccnenoBaHue 60

9 PeKTUBHOCTD: Z? Timenpp ;—T1megef,; 24,5 4G, (0isV5) =25 ; dG g, £ VisVj
V| V]

MapameTpbl 3IKCNepMmeHTa:

* Topology family: Clos or IPRAN.

* Overall number of vertices (routers) in topology graph. Possible values:
500,1000,2500,5000,6000,7000,8000,9000,10000

* Distribution of subnetworks that defines initial routing table:

— Static: 5,10,15 subnetworks per vertex.

— Uniform distribution U(1,20).
* Seqguence of graph mutations gm:

— Trivial sequences of length 1.

— Sequences where after serveral removal of edge/vertex follows addition of same edge/vertex.
* Graph structure used in algorithm implementation:

— Adjacency list with edges stored in list.
— Adjacency list with edges stored in array.
— Adjacency list with edges stored in set based on hash table.

— Adjacency list with edges stored in set based on red-black tree.
Used algorithm: Dijkstra, proposed dynamic Dijkstra, proposed swap-edge based algorithm



ML B 6anaHcupoBKe TpadumKa

G(r) = (M), E(1:)

* Cuyv- the bandwidth of the corresponding link;
assume Cuyv = Cv.u.

* buv- the currently occupied bandwidth of the
link. Note, buvand bv.ucan differ from each
other.

PATHS(u, v) = {(d;, w))}, Vi, vEV, u#v

» |GP-path from vertex k to vertex v — (d, w)
 PATHS(1,4) ={(2, 2), (3,2)}

T™

 Flow is <fdst, fsrc, fr>

e TM={fi<411>f£<411>f;<41,1>}
HASH: G(t) X R(t)*xTM(ti+1) —  Glti+1)

* R(t;) — hash-weights (h-weights)
« R={2,1}

{i<411>f,<411>f;<411 >}




MARL-GNN noaxopn,

@ Kaxabl/i areHT MHMUManUM3upyeT CBOW BEKTOP cocro;mh
(hidden state), ncnonb3ys HeKOTOpblE HaYanbHbIe NPU3HAKK,
y>XX€ BK/IIOYEHHbIE BO BXOAHOM rpad

e A6:—frg— - .. hd
— L0 < - ="
A2: h, e~ Al:h; S
0 A3: B9 AS:h) T
Al: hY 5| 5
P 0 % /A9 hyg
Ad-h)— S

/(c) AreHTbl 06pabaTbiBaloT Nony4YeHHble cooﬁmenvmh
06HOBNSIOT CBOM BEKTOPbI COCTOSIHUMA Ha OCHOBE
arpernposaHHon MHbopMauum

g M g g g e O

(b) AreHTbl 06MeHuBaloTCS CBOMMM\
TEKYLUMMIN BEKTOPaMU COCTOSIHUM C
COCeAHUMM areHTamu

ﬂd) AreHTbl coBepLUaloT aenctaue (T. €. UMEHSIoT Bex
JIMHKA) Ha OCHOBE MOJTy4EHHOro BEKTOpa COCTOSIHUS, a
cpena obHoBnsieT Beca pebep B KOHpUrypaumm rpada




JKCnepumeHTabHOEe UuccneanoBaHume

A — phl
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Episodes



[leperpysKa

10 Mbps

O6BbEM AaHHbIX, NOCTYNAOWMX HA KOMMYTATOP,
npesblwaeT 06BbEM AaHHbIX, KOTOPbIE OH MOXET
nepeaaTb

KommyTaTopbl bypepmanpytoT npoxoasaimm yepes HUX Tpadpuk:
* [lpn KPpaTKOBPEMEHHOMN Neperpy3Ke yBesn4YnBaeTca 3a4epHKKa
* [lpn AOCTAaTOYHO AO0NrOW Neperpy3ke nakeTbl cOpacbiBatOTCA



v (AL
ANropuUTMbI YripaBaeHUA neperpyskoun 900

Tahoe lllinois Vegas

NewReno \ - Cubic
eno =
CANIT MP-TCP

TFRC S PR Scalable
Agile-SD '

Zeta ' Hybla

Westwood+ ¥ : FAST
— Indy

YeAH BIC
EIT Jersey
Veno XCP | Real
| "W pFabric
Timely

LDOCTCP

Compound
H-TCP LP




ML B anroputmax ynpasieHuA neperpyskomn

(AL

Reward
(e.g., throughput, latency)

Network
Environment

Agent
Action
(e.g., sending rate,
—bl state —» —
(e.g., RTT, ACK)

Function approximation

Observed network states

State, Action and Mode! Training
Congestion Control Reward (models, offline/ Modd" Im
Problem Formulation —* Specification P online, model — cos‘( and acYe
(decision-making) (network parameter, praticability, training o ce)
objectives) time) pe
] 5
collecting data ; ! paramotor updating

40



TexHonornm n 3anayvn

* MawwnHHOe obyyeHune

* ONnTMM3aumMa NnapameTpos

* Pa3paboTka U aHa/IM3 HOBbIX a/ITOPUTMOB YNPaBAEHMNA NEPETPY3KOM
* BBR, RCP
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Demultiplexed Transport Connections (FDM P)

Application Layer

CtaHaapTHbIN socket API
AZanTUBHOE yNpaB/ieHNEe NOTOKaMM
[lhaHMpoBaHMeE NaKeToB
A L 4'\\
N (©
o

Transport Layer




MaccoBaa MHOMONOTOYHOCTb

O6uias nponyckHaa cnocobHOCTb ceTn - 6

32



MaccoBaa MHOMONOTOYHOCTb

2/3 ‘ 2/3

2/3

2/3

2/3

Obuwas nponycKkHaa cnocobHocTb cetn - 4

2/3

33



TexHonornm n 3anayvn

* BOo3mMOKHOCTb paboTbl ¢ Agpom Linux

* ONTMMM3aLmMa PaboTbl C ceTeBbIM CTEKOM B NPOCTPaHCTBE
nonb3osatensa (dpdk)

* MaccoBaa MHOTOMNOTOYHOCTb

e ObecneyeHune KayecTBa cepsBmca

* YMHaA mapLipyTnusauma

* ANIrOpuUTM YNpPaBaAEeHUNA Neperpy3kon



CermeHTmnpoBaHue - Split TCP

Sender TCP #1 Base
station

\ TN
@ AT

Router Antenna

35



TexHonornm n 3anayvn

* Pa3paboTka npokcu ana split TCP

* PasmelleHune NpPoKeCu B ceTu

* MapLpyTn3aumusa B TAaKOW CETU

* OueHKa MeTpUK KavecTBa cepBuca ana split-coeagmHernm



CeTeBoe ncuymcneHue

F = St

Fy o S, Bs
Z

F5 as S- B2
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CeTeBoe ncuymcneHue

38



(AL

CToxacTuyeckoe cetesoe ncymcaeHue 900

Mo3BO/INTL HapylUeHMA KPUBbIX HAarpy3kKM M cepBmca C HEKOTOPOW BEPOATHOCTbIO
-> TepAeM TOYHOCTb pe3ynbraTa




TexHonornm n 3anayvn

* Teopusa BEPOATHOCTEN, MaTEMATMYECKAA CTAaTUCTUKA
* JInHenHoOe NporpaMmmMmmnpoBaHmeE

* ONTMMM3aumAa NnapameTpos

* YyeT NnOTepn NakeToB

* CBAI3b C a/ICOPUTMaMM YNPaBAEHNA Neperpy3Kon



bnharonapto 3a BHUMaHue!
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