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OCHOBHbIE HanpaBneHus
Hay4HbIX MCCNeagoBaHNK

BbICOKOTOUYHbIE BblUMCIEHUS, iccnegoBaHe NpomM3BOONTENBHOCTHU LIndppoBada obpaboTka

B TOM YMUCNE, Ha apXnTEKTYpE BblYNCITUTENBHbIX KOMMIEKCOB, CUCTEM MHOIOMEPHbIX CUrHasIOB
MI OnbbpycC nceTeu

MHTennekTyanbHble CUCTEMbI MogenunpoBaHue

cuHTe3a CBY yCcTponcTs pacnpeneneHHbIX CUCTEM



VIccnenoBaHMe

BapuaHT 1 Cysen 1]—»[ Y3ern 2]

BapraHT 2 [Wen 1 V3en 2]




XAPAKTEPUCTUKNA
CEeTH

[ [lponyckHasa crnocobHocTb [6uT/C] ] [ [NoTtepu [%] }

[ CKBO3Has 3agepxKa [c] ) [lpon3sBogUTENBHOCTDL [NakeT/c]

[ﬂ,)KI/ITTep (bnykTYyauum 3apgepxkun) [c]
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[Tpoon3BOANTENBHOCTDb

BxoaHaa Harpyska



CKBO3Haa 3aepxkKa
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CKBO3HaA 3aaep xKa
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CKBO3Haa 3aepxkKa

CKBO3HaA 3a4ep>XKa

BxoaHaa Harpyska



CpaBHeHMe

[E,EI,I/IHI/ILI,a nepepayn (kagp/nakert/cermeHt/3anpoc K b/ CKBO3HaAa 3a4epXKa ]

[ PacnpeneneHHbli aKCNepUMEHT ] [ [Toon3BoOANTENBHOCTDb ]

[ VIHTepBan oTnpaBKM NakeTa




VIHTepBan

| 1+ 1+2

D NN M TNy

MEXaHN3M YYEeTa N KOHTPONA



Moenb Tpapuka

D (Deterministic) — neTepMmMHMpOBaHHOE pacrnpeaeneHue,
© — const (npeackasyemMoe noseaeHmne, HeT r’MOKOCTH)

M (Markovian) — nHTepBan OTNpPaBKX NaKeToB pacrnpeaeneH no
3KCMOHEHLMaNbHOMY 3aKOHY, BEPOATHOCTb OTMNPaBKM NakeTa
P(T>6) = e-AO (npocToTa aHanM3a 1 MoaenMpoBaHNS)

G (General) — obulee pacnpenenexve
(cnoxHOCTb aHann3a 1 NpeackasaHns NoBeaeHUs CUCTEMbI)




| lonynapHbie
reHepaTopbl TPaPUKa

iperf/iperf3 EtherateMT



EanHuua nepenayu
CKBO3Has 3agepxka
PacnpeneneHHbIn
9KCMEePUMEHT

[lpon3BOAUTENBHOCTbL

MIHTepBan oTnpaBKkn
nakeTta

reHepaTopoB TpapukKa

iperf/iperf3 TRex EtherateMT pktgen

TCP/UDP (L4) L2-L7 kagp (L2) kagp (L2)
HeT c nomowbto PTP ¢ nomowbio PTP Het
BPYYHYIO BPYYHYIO BPYYHYIO BPYUYHYIO

CcpenHAA BbICOKAA BbICOKAHA BbICOKAA

G G, BPY4YHYIO™ G




CUHXPOHM3aUMNA

PTP. IEEE 1588 AnnapaTtHas MeTka BpeMeHu (TouyHocTb ~ 10-100 ns)
[lporpaMmMHas MeTka BpeMeHu (ToyHocTb ~ 10 us)

[ GPS ] [ToueMHUK ¢ nopgaep>xkon Pulse Per Second (PPS) (toyHocTb ~ 10-100 ns)

[ CneunanmsmpoBaHHoe obopyagoBaHMe )




MacLTtabo

Onepauua

[IpoCcTble apnpmeTmnyeckmne n normyeckume
onepauunn, npoueccop 3.5 GHz

[HocTtyn K L1-Kawy

Ethernet 100 Gbps nakeT 64b

1 Gbps nakeT 646

Syscall

ObpaboTka nakeTa B Aape Linux

TunuyHana 3ageprkkKa

~ 300 ps

~0,5-2ns

512 ns

512 ns

~0,3—-2us

~ 30 =400 us




| eHepaTop [-RAF

EonHnua nepepaun: UDP gatarpamMmma/nakeTr

I3aMepAaeT CKBO3HYIO 3aePXKY

Bblicokaa Npon3BoAUTENIbHOCTb

MHTepBan otnpaBku naketa: M n D

[HO3BOJ'IFI6T HacTpPOUTb pacnpeneneHHbI SKCNepUMEHT




git clone https://gitflic.ru/project/mpei-vmss/t-raf.git
cd t-raf

mkdir build && cd build && cmake ..
make

Cbopka 7
porpamMmbl



git clone https://github.com/ntop/PF_RING.Qit
cd PF_RING/kernel
make

sudo make install
cd PF RING/kernel
sudo Insmod ./pf_ring.ko

PF_RING 7
MOY/b



XapaKTepucTuka UDP cokeTsl RAW coketbl PF_RING cokeThl

YpOBEHbDb Transport (L4) Network (L3) Link (L2)

[JocTtyn K nonaMm naketa lonbko payload I[P-naker Ethernet-kagp

Hy>eH root-goctyn? HeT (00bIvyHO)  [a [1a

CokeTbl A
t-raf



experiment:

# [1poA0MKNTENBbHOCTL 3KCNepuMeHTa B CekKyHAaX
time: 10

# [lyTb K nanke Ana CoXpaHeHua pe3y/1bTaToB

# Kaxabln y3en cosjaeTr ¢aunbl
# client co3aaeT $a|/|n <output directory>/<MMA_POJIN>-sent.csv

# server CO34a€T Qalin <output directory>/<UMA_PONN>-<MNOPT>-rCcvV.CSV
output directory: './results/'

HacTpouka /I
3KCNEPUMEHTS



# OnuncaHne ceTu )/
network: Z HaCTpOMKa
# [lapameTpbl y31a C pPoNbk "serverl"
serverl:
It IKCINepnMeHTa
ip: "127.0.0.2"
# /IMa nHTepoenca
int: 'lo2'
traffic:
# MoxeT otnpaBnatb (client)/nonyyatb TpaduK (server), HMXe npumMmep ANS
clientl
SEerver.
# TONIbKO ecnn ports = [0], ECcam True, cokeT ucnonb3lyeTt pfring, eCIN False -
RAW COKeEeThI
use pfring: 'True'
enabled: 'True'
# BbIKNHOUNTL 3anncb B ¢ann (ANA CHUMXeHUA 3a4epXKky o06paboTky MnakeTta)
disable output: 'False'
# 0 - And pfring MNAN RAW COKeTOB, 1 - 65535 - UDP COKeT
ports: [50001]
# Pa3smep MpuHMMaeMbIX MakeToB
length: 64




client1: y/
+ ¢ agpec Y HacCTpoukKa
1p: "127.0a$.3"
# /ImMa nHTepdenca
fan vnTep, IKCINepnMeHTa
traffic:
client:
# Tun oTtnpasagemMoro Tpaguka:
# 'm' UAN 'exponential' - 3KCMNOHeHUManbHOe pacnpejeneHme (Mo YMONYaAHUIO,

cnyyaniHoe),
# 'd'" or 'deterministic' - AeTepMUHMPOBaAHHOe pacnpejeneHune (4epes3 paBHble
MPOMEXYTKW ) ,
# 'max’' - MWHMMAaNbHaaA 3a4ep>XKa MeXay MakeTaMi, YKaXXute KOoIm4yecTtBoO
OTNpaBAAeMbIX MakKeToB "npackets™
# 'n' or 'nmone' - TOJIbKO CUHXPOHWM3aALMNA BpPeEMEHW
distribution: 'm'
# VIHTEHCMBHOCTb OTrpaBkKM MNaKeToOB
intensity: 80000
Pasamep IP naketa (64 - 65575)
length: 64
Ecin distribution: 'max'
npackets: > 0 - OTNpaBAdeT MakeTbl A0 AOCTUXEHUNA KOAM4vecTBa npackets
npackets: 0 - OTAPaABAAET MNaKEThI
npackets: 2000000




' HacTponka
aKCNepUMEHTa
# IP ajpec MoJjiyyartens MakeToB

7 ANbTepHaTUBHbLIN CMOCOO YyKasaHUA HeCKOo/bkUX IP agpec ANns OAHOro direction_ _mac
# direction: ['127.0.0.2', '127.0.0.3', '127.0.0.4"', '127.0.0.5"']
# length of packet sequence sent continously to one of direction IPs, default
value 1s 1, parameter has no meaning i1f only one direction IP 1s specified
# sequence_ length: 1
direction: '127.0.0.2"
MAC ajpec nonydyartensa NnakeToB
direction mac: '00:00:00:00:00:00"
port to send data, 0 - eC/in UCNONb3YyeTCA pfring WIN RAW COKETHI
port: 50001
Echn  port:o0,
use pfring: 'True' - pfring COKeEThb
use pfring: 'False' - RAW COKeThbl
use pfring: 'True'
single thread: 'True' - reHepaund naketoB BbINOJIHAETCA B JlaBHOM [10TOKE

single thread: 'False' - reHepaunad MnaketoB BbIMNOJIHAETCA B OTAE€/IbHOM T1O0TOKeE
single thread: 'True'

server:
enabled: 'False'




Ckonunpynte YAML ¢pann Ha y3nbl,
YUYaCTBYIOLLME B IKCNEPUMEHTE

3anyCcTuUTe reHepaumo KOMaHaoW:
t-raf <nyTb K panny YAML > <Ha3BaHne ponu
YCTPOUCTBa B KOHpUre »

3anyck 7
reHepaTopa



Client
StartSync

ReqSync, server_time

RespSync, server_time, client_time

PeXXmnm 7
CUHXPOHM3aU MK
BPEMEHWN



Pe3ynbTaThbl

[ <UMSA_pPponn>-sent.csv ) [ <UMSA_PONN>-<NOPT>-ICV.CSV )

<MeTKa BpeMeHUn Hc>, <METKa BPEMEHN HC>,
6; <HOMep nakeTta>,

<HOMEp nakerta> <CKBO3Has 3agepkxkKa>
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HENPUATHBIE A MpomonxuTensHOCTS
IHOMATUA akcnepumMeHTa | Boibopka
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[1Ba NOTOKa HenpuAaTHbIE
¥  aHOManuu

XelwnpoBaHme




HenpUATHbIE
4 aHoOMannu

[ loTepw

BxoaHaA Harpyska
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