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CIIOCOB ®OPMHUPOBAHMS MHOKECTBA IIYTEX B CETEBBIX HIEHTPAX JAHHBIX

B pabote paccMoTpeHa THIIOBasi CTPYKTypa CETEBOrO LIEHTpa AaHHbIX. OOOCHOBaHA LENECO00Pa3HOCTb UCTIONb-
30BaHMs MHOTOMTYTEBOW MapIIpyTH3alUH B ceTeBbIX Tomonorusx Fat Tree. Ilpennoxken cnocod nossienus 3¢ de-
KTUBHOCTH aJITOPUTMA MOWCKa B TITyOMHY 3a CUET ydeTa cBoiicTBa camononoous Tomonoruu Fat Tree. [Ipemnoxen
MOJU(QHUIMPOBAHHBIN aJITOPUTM MOUCKA B TTyOMHY, IPUBECHO CPABHEHHE €0 ¢ 0a30BBIM allTOPUTMOM.

The paper deals with the structure of a typical data center network. Substantiates the desirability of using
multipath routing network topologies Fat Tree. A method for increasing the efficiency of the search algorithm in
depth by taking into account the properties of self-similarity topology Fat Tree. A modified algorithm for depth-

first search, compares it to the baseline algorithm.
1. BBegeHue

B HacTosiee BpeMs B CBS3H C BO3PACTAIOLIUMHU
NOTPEOHOCTSIMH B BBIYHCIIUTEIBHON MOIIHOCTH H
00beMOB MH(POPMALIUU aKTyalbHBIMH CTAHOBSTCS
cereBble LEeHTpbl AaHHbIX (DCN). @yHKIMOHAb-
HbIM Ha3HayeHueM DCN sBisieTcs BBICOKOCKOpPOC-
THas 00paboTKa M XpaHEHHEe OOJBIIOr0 oOBEMa
naHHbIx. CereBble 1eHTpHI HaHHBIX (DCN) momxk-
HBl 00€CIeUnTh BBICOKYIO TPOITYCKHYIO CITOCOO-
HOCTb M HaJIS)KHOCTh Nepeaun uHpopMaluu. Ito,
B CBOIO OU€pe/lb, MPEABSIBISIET BHICOKHE TpeOoBa-
HUS K KOHcTpyupoBaHuio Tpaduka (TE) B Takux
cucTeMax.

ITpu nocrpoennn coBpemenHbix DCN B ocHOB-
HOM HcCHojb3yeTcs Tonosorus Fat Tree [1], korto-
past SBIISIETCS OJTHOM u3 Haubosee
pactpoCTpaHEHHBIX TOTOJIOTHH JIJIsl TTOCTPOCHUS
pacrpeesieHHbIX CUCTEM, OPUEHTUPOBAHHBIX Ha
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pelieHre  BBICOKONPOM3BOAUTENBHBIX  3ajad.
Tomonorus Fat Tree npencraBnser coboii 1epeso,
JUCTBSIMU KOTOPOTO SIBIISIFOTCSI BBIYMCIUTEIHHBIE
YCTPOIMCTBA, a y3aMu — KommyTaTopsl. [Ipu sTom
y KOMMYTatopoB Ooiyiee BBICOKHX YpOBHEH
MPOIYCKHAsl CIMOCOOHOCTh KaHallOB OoJbIle, T..
CBSI3U C JPYTUMH BEpPIIMHAMHU 0O0JIEE «TOJICTHIC.
[TosToMy 3Ta TONOJIOTHS U MOJIyynsia HazBaHue Fat
Tree (TosicTO€ AEPEBO).

DCN npu ucnons3oBanuu tononoruu Fat Tree
00pa3yIoT YeTHIPEX YPOBHEBYIO CTPYKTYpY [2], Ha
BEPXHEM YpOBHE pAacIOJIaraloTCs  OCHOBHBIE
kommyTtaTopel (Core swiches), ypoBHeM HmKe
pacrioyiaratoTcsi  arperaluifHple  KOMMYTaTOpbI
(Aggregation swiches), 3arem pacmonararoTcs
rpanuuHbie kommytatopsl (Edle swiches) k
KOTOPBIM  TIOJKJIIOYAIOTCSI  BBIYHMCIHUTEIHHBIC
ycrpoiictBa (HOStS) (puc. 1).
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Puc. 1. Tononozus Fat Tree

B cBow ouepenp, mis DCN, cocrosmux u3
COTEH U THICSY CEPBEPOB OOJBIION pPa3MEpPHOCTH,
tonojorusi Fat tree, Ha OCHOBE NPUHIMUIIOB

camonoioousi, mpeodpazyercs B TaK Ha3bIBAEMYIO
cetb  Dragonfly [3]. VYwuer ¢paxransHOrO
xapakrtepa Tonojoruu cetu Dragonfly mo3Bomsier
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YIIPOCTUTH MPOIECC KOHCTPYHUPOBaHUS TpaduKa, B
YaCTHOCTH MPOLECC MappyTu3anuu. | JTaBHbIMU
TpeOOBaHUSAMY, MPEAbSIBISIEMbIMU K
Mapuipytuzanuu B DCN, SBIAIOTCS HAJEKHOCTb,
MUHUMAaJbHAsl 3aJ€pKKa M OTKa30yCTOMYMBOCTD.
OTUM  KpUTepusiM B OOJbIIEH  CTEICHH
YIIOBJIETBOPSIIOT CIOCOOBI MHOT'OIIyTE€BOI
MaplIpyTHU3aluKd, KOTOpPbIE HALUIM  MIHPOKOE
npumenerue B DCN [4, 5, 6]. OnHUM 13 OCHOBHBIX
HEJOCTATKOB KOMOHHATOPHBIX aIrOpPUTMOB
MHOTOITYyTEBOM MapIIpyTU3aLuu ABJIETCS
3HAUUTEIIbHAS UX BPEMEHHAs CI0KHOCTh, KOTOpas,
KaKk MpaBUJIO, HOCUT HEJIMHEHHBIA Xapakrtep. B
pabore [7] mpemIoKkeH BOJHOBOW AITOPHUTM
(dopMuUpOBaHHS  MHOXKECTBa  IyTeH  MEXAY
NPOU3BOJIBHBIMM ~ BEPLIIMHAMH  C  JIMHEHHOM
BPEMEHHOU CJIOKHOCTBIO. HansHenmniee
YMEHbILIEHUE BPEMEHHOM CII0)KHOCTH CBSI3aHO C
Y4€TOM TONOJIOTHH rpada CeTu.

2. MoaudmumpoBaHHbIM cnocob AocTyna Ha
OCHOBE MHOronyTeBOoW mMapLpyTusauum

Hns  tomomormm Fat tree >ddexTHBHBIM
aBisieTcs Meron noucka B rayouny (DEFS,
cokpamenue ot Depth-first search), B ocHoBe
KOTOPOTO JIEKUT PEKYPCHUBHBIH crmocod o0xona
BepmH Tpada [8]. B mpomecce o0xoma y3ibl
OTMEYAIOTCSl KaK IOCELICHHbIE U HEMOCELCHHBIE,
BHAYaje BCE Y3JIbl SIBISIOTCS HETOCSIIEHHBIMU.
VY3ein, KOTOPBIM NMPUHUMAET YIPABIAIOIIANA MaKeT
OTMEYAaeTCs] Kak TIOCEUIEHHBIH U aHalIu3UpyeT
UHPOPMALIMIO O CMEXKHBIX C HUM Yy3lax. 3areM
JAHHBIA y3€J COIJIACHO ONPEJEIEHHOTO IpaBuia
nepefaeT MakeT OJHOMY U3 HEOTMEUYEHHBIX
CMEXHBIX ¢ HUM y370B. Eciu y naHHoro ysna HeT
HEOTMEUEHHBIX CMEXHBIX C HHMM Y3JI0B, TO OH
nepesaeT yupaBIsomui TakeT o0paTHo.

K Hnemocratkam 0a30BOro anropurMa cieayer
OTHECTHTO, YTO OH HE yUUTHIBACT:

1) mpomyCKHYIO CIIOCOOHOCTH KaHAJIOB CBSI3H;

2) 0COOEHHOCTH TOIOJIOTHH CETH.

CymecTBYIOT TpH OCHOBHBIX CTpPAaTe€rHH BBIOOpPA
KaHaJIOB:

» Worst-Fit — BeiOHpaeTcs kaHal C HanOOIbIICH
JOCTYITHOW MPOIYCKHON CIIOCOOHOCTBIO;

* First-Fit — BbIOMpaeTcs kaHad ¢ JHOOOW W3
JIOCTYITHOW TIPOIYCKHOM CHOCOOHOCTBIO, KOTOpas
OTBeuaeT TPEOOBAHUSIM;

* Best-Fit — BbIOupaercss KaHal ¢ JOCTYITHOM
IPOMYCKHON CIOCOOHOCTBIO, KOTOPasi HAaWTy4IlUM
CIoco0OM OTBEYAET TPEOOBAHUSM.

Crnenyer OTMETHTh, YTO IpHU (HOPMUPOBAHHU
MHO)ecTBa nyreii B DCN ¢ nomouipro meroaa

DFS nau6onee 3¢ ¢heKTUBHON SABISIETCS CTpaTETUs
Worst-Fit. JlanpHeimee MTOBBIIIICHUE
s dextuBHocTH MeTona DFS nmpu popmupoBanuu
MHOYKECTBA IyTEH CBSI3aHO C Y4€TOM OCOOEHHOCTH
uepapxuueckor opranuzanuu DCN u nponyckHOM
CIOCOOHOCTH KaHAJIOB CBSI3U MEXKIY y3JaMH CETH.

Meton DFS wucnonbs3yeT LEHTpaJu30BaHHBIN
crnocob MapLIpyTU3alun IpH KOTOPOM
LEHTPAJIBHBIA  KOHTPOJUIEp  COAECPKHUT  BCIO
nHpopManuo, HeoOXoaAuMy I popMUpOBaHUS
MapupyToB. KpoMe TOIoa0ruu ceTu UeHTPAIbHBIN
KOHTPOJLIED COJZIEPIKUT UHPOPMALIUIO 0
MPONYCKHOW  CMOCOOHOCTH  KAaHAJIOB  CBSI3H,
KOTOpasl MCIOJIb3yeTcs JUIsl BhIOOpa KaHalla CBSA3H
Ha OoJjiee HM)KHEM YPOBHE WJIM JUIsl BO3BpaTa Ha
ypoBeHb BbIllIe IO aepeBy. [locne popmupoBanus
OUEepEeHOr0 IyTH JIONyCTUMAasi  IPOITYCKHas
CIIOCOOHOCTh KAHAJIOB CBSI3M, IPUHAAISKALUX
BbIOpAaHHOMY IyTH YMEHbBIIAETCA Ha 3a/laHHYIO
BEJIMYUHY.

Ha mnepBom 1mare anroputMa OIpeneseTcs
YPOBEHb TOMOJOTUM Ha KOTOPOM MOTYT OBITh
O00bEICHEHbI Y3J1bl OTIpPAaBUTENb W IOJydaTellb
uHbopManuu. ITO JIeTaeTcsi Ha OCHOBAHUHU TOTO,
YTO  LEHTPAJIBHBIM  KOHTPOJLIED  COLCPKUT
nHpopManuio o Tomojoruu cetu. Ecnu  y3ibl
OTIpPaBUTENb W TOJdydYareab  WHPOpMalUU
MOJIKJIIOUEHBl K OJIHOMY U TOMY € I'DaHUYHOMY
KOMMYTaTopy, TO OH HANpsSMYIO CBSI3bIBAET ITH
y371bl. B mpoTUBHOM cilydae myTh IPOXOJUT Yepes3
HECKOJIBKO KOMMYTAaTOpOB, KOJUYECTBO KOTOPBIX
3aBUCHUT OT B3aUMHOTO PacIOIO0XKEHHS Y3JI0B.

OnpeneneHne ypoBHA  COECOUHEHHMS  Y3JIOB
MO3BOJISIET YHIPOCTUTH MPOLECC MapUIpyTH3ALUU.
B 3TOM ciydae MCKIIIOYAIOTCA JIMIIHUE MEPEXOJbI
MEX/y YPOBHSIMH.

Jlia yckopeHusl mepexoja MeXIy YPOBHSMH B
MOAU(PUIIMPOBAHHOM aIropuTMeE BBOJIUTCS
rio0anbHas epeMeHHasi NeXt, KoTopas yKa3bIBaeT
HampaBlieHne o0xona y3ioB cetd. [lpm next=1
MepeEMEIEHUE JODKHO OCYIIECTBIISIETCS BBEPX IIO
nepeBy. [Ipu next=-1 cneayet BbIOMpaTh MyTh BHU3
1o aepesy. llpu npoxoxaeHun dyepe3 ypoBeHb Ha
KOTOPOM MOTYT OBITH CBSI3aHBI Y3JIbl OTIIPABUTEINS
U ToJydaTess 3HAu€HHE IIEPEMEHHOM  next
CTAaHOBUTBHCA PaBHOM — 1. DTO rOBOPUT O TOM, YTO
00X0/ JIOCTUT JIOKQJIbHOTO MakCUMyMa U HYXKHO
JIBUTATbCSI BHU3 110 JEPEBY.

Ecnmu B pesymprare 00X07a JOCTHTaeTcs
KpailHUid KOMMYTAaToOp, KOTOPBI HE CBA3aH C
IoJIydaTeseM, IIepeMeHHas next MpUHUMAET
3HayeHue next=l, dYro OBl BEpHYTbCI Ha
HpEeAbIIYLIHAN YPOBEHb. Hcnons3zoBanue
IIEPEMEHHON next SBIAETCS KIIOYEBBIM IIPHU
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peanmzanuu anroputma DFS, tak kak mo3Bosser

YYUTHIBATh 0COOEHHOCTH HepapXUIECKOM
TOTIOJIOTUH.

Takum obpazom, MOAU(PHUITIPOBAHHBIH
anmroput™  DFS  coctroutr w3  cienpyrouieit
MIOCJIEIOBATEIIEHOCTH OTIEpaInii:

1. Hayauo.

2. OmnpezneneHue ypoBHSA COCTUHEHUS MTYTH.

3. Next:=1.

4. YCTaHOBUTH Yy3€1 OTIPABUTEIb TEKYIIUM
y3JIOM.

5. Jlo6aBUTH TEKYIIUU y3€J K y3JIaM MyTH.

6. Ecuum Tekymmii y3en He SBISCTCS KOHCYHBIM

KOMMYTaTOpOM, TO MEPEX0] K MYHKTY 9.

7. Ecnm Tekyumil y3en sBisSeTCS KOHEYHBIM
KOMMYTAaTOpOM IOJIydaTels, TO MEepexXon K
nyHkry 14

8. VYcTaHOBUTH MPEbIIYLIINN y3€l TEKYIIHUM.

10. BeiOpath clieayrommii y3emn cpe CMEXHbBIX
y3JI0B.

11. Ecnu He yaanoch BEIOPATh CIAEAYIOMINM y3ell,
TO MEPEeXOJ K MyHKTY 8.

12. YcraHOBUTE BBIOpAaHHBIN Y31 TEKYIIHM.

13. Tlepexon K MyHKTY 5.

14. JTo6aBUTH y3e1 mosyyaTenb K MyTH.

15. Komner.

3. MogenupoBaHue n aHanus 3cpPeKTUBHOCTU
npeanaraemoro cnoco6a ¢popmnpoBaHusa
MHoXxecTBa nyten B DCN.

C LEJIbIO aHaJIM3a 3P PEKTUBHOCTH
MpeIaraéMoro MeTo A (hopmupoBaHust
MHOXECTBa MyTeil ObuTa pa3paboTaHa crieluaibHas
cuctema mozenupoBanus. Ha puc.2 npencrasien
npuMep QopMmupoBaHus TyTed Mexay 1 u 5
y3namu DCN. [[nuna i-ro nytu (L) onpexaensiercs
KOJMYECTBOM IE€PEXOJ0B MEXKIY HCXOJHOW U
KoHeuHOl BepmuHamMu W paBHa N-1, tme N —
o0111ee YMCII0 BEPIINH TaHHOTO MYyTH.

Source
Destination 5

Demand 100

9. Ecim [OCTUTHYT BEpXHHU YpPOBEHb, TO
YCTaHOBUTH next = -1.
-y ==
Input parameters:
Nodes 8
Ports 4 i‘;‘,—v @ ;_:L-v E_—Lg—-’
Layers 3
Base s
bandwidth
Puc.2. @opmuposanue nymeii ¢ DCN
B pesynbTare paboTsI aNropuT™Ma

dbopMHpyeTCst YEThIpE MyTH MEXIY BepITHHAMHA Ng
" Ns.

1. n1,50,83,51,57,54 n5; L1 =6.

2. nl,so,sl,SO,s5,s4,n5; L, =6.

3. N1,50,53,51,57,86 55 S4.Ns; L4=8.

4, n1,so,51,80,35,36,So,s4yn5; L, =8.
B nannom ciyuae cpeanss anuHa mytu Lo,=7.

Hwuxe [IPEACTaBIICH IICEBAOKOL
MOAUGPUIIUPOBAHHOTO ajaropuTMma DFS
¢dopmupoBanus myta B DCN:

DFS(G, a, b, d) {// G: network, a: source, b:
destination, d: demand
1 H=necessary-layer-to-connect(G, a, b);
2 path={},
3 u=a; /[ temp variable indicating current
location
4 next=1; // search direction flag, 1: upstream, —
1: downstream
5 return SEARCH(u, path, next);
}
SEARCH(u, path, next) {
1 path=path+u;
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2 if(u=b) return true;

3 if ( layer-of(u)=H) next=—1;// reverse search
direction after reaching connecting layer

4 if(next=—1&& layer-of(u)=1) return false;//
failure at bottom layer

5 neighbors={v| layer-of(v)= layer-of(u)+next,
and available bandwidth of link(u, v)>d};

6 found=false;

7 while (neighbors!=0&&found=false) {

8 v=worst-fit(neighbors); neighbors=neighbors\
{v}

9 found=SEARCH(v,path,next);

10 };

11 return found;}

B Tabn. 1 mnpuBeneHa 3aBHCUMOCTH JJIMHBI
nyTreil oT koiauyecTBa y3i10B DCN, mosyueHHas: B
pe3yiapTate  MOJENHMpPOBaHUS ~ 0a30BOro M
MOJIU(UIIMPOBAHHOTO AJITOPUTMA MaplIpyTHU3a-
ounu.

Taobnauya 1. 3aeucumocmoy OnuHbl nymu om
koauuecmea y3n106 DCN

JlnuHa nytu
KomnuectBo| bazoBbiit Monudunu-
y3J10B aIrOpPUTM pOBaHHBIN
AITOPUTM
8 9 7
16 15 7
32 27 7
64 o1 7
128 99 7
256 195 7
512 387 7
1024 771 7
N3 Tabaumsl  BUIHO, YTO Tpu 0a3o0BOM
aIropuTMe, 3aBUCUMOCTb  JUIMHBI IIyTH  OT
KOJINYECTBA Y3JIOB HOCUT JIMHEHMHBIA XapakTep, a
Uis  MOAM(UUIMPOBHHOIO  METOJa  OCTaeTCs

MOCTOSTHHOM. DTO CBSI3aHO C TEM, UYTO IIPH 0a30BOM
aIrOPUTME OCYLIECTBIISETCSA IOCJIEI0BATEIbHbIN
nepebop Bcex nyrted. Ilpu momubunupoBaHHOM

AITrOPUTMBI YUUTBIBACTCS CcaMoII000Has
TOIOJIOTHUSI CETH, YTO IO3BOJISIET KaXKIbIA pa3
BEIOMpATh ONTUMAIBHBI MyTh W  COKPaTUTh
KOJIMYECTBO WTepanuii. B Tabm.2 mnpuBeneHa
3aBUCHMOCTh YHCJIA WTEpAlMid MPU OOBIYHOM U
MOAUGUIIMPOBAHHOM aJITOPUTME B 3aBUCHUMOCTH
ot konuvectBa y3nmoB DCN. Kak BunHo u3 Tabm.2
MPEUMYILECTBO npearacMoro anropuT™Ma

YBEJIMUUBETCSI C POCTOM KOJIMYECTBA Y3JI0B B CETHU
DCN.

Taonuua 2. 3agucumocms yucia umepayuii om
Konuuecmea y3noe DCN

KonnuectBo Yucno urepanuit
y3JI0B bazoBerit | Moguduiu-
AITOPUTM POBaHHBII
AJITOPUTM
8 8 6
16 14 10
32 26 18
64 50 34
128 98 66
256 194 130
512 386 258
1024 770 514

5. BbiBOAbI No paboTe

B pabore mpenioxkeH u 0OOCHOBAH alITrOPUTM
¢dbopmupoBanust MHokecTBa myTeit B DCN.
JIaHHBIN aITOPUTM SBIISIETCS MOIUMUIIMPOBAHHBIM
QITOPUTMOM TOMCKa B Ii1yOouHy. [IpennoskeHHbIH
QITOPUTM MAaKCUMAaJIbHO YYHMTHIBA€T OCOOEHHOCTH
cereBoil Tomosjorun Fat tree, uyto crmocoOcTBYeET
6onee 3PheKTUBHOMY TOWCKY MHOXECTBa MyTeH
neperay AaHHBIX. B cBOIO ouepens NMPUMEHEHMS
pexxuma worst-fit mo3BosiseT B paMKax CeTeBOM
torosiorun  Fat tree mo3Boisier  o0ecreYuTh
JUHENHYIO0 BpEMEHHYIO CII0KHOCTh (POPMHUPOBAHUS
MHOXECTBa MyTe U 00ecrneumBaeT JIy4dIIylo
OaaHCUPOBKY Harpy3KHu.
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