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CUCTEMHAS CETb C MAJIBIM IMAMETPOM
N3 MAJIOITIOPTOBBIX MAPILIPYTU3ATOPOB
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Paccmampueaemcg BO3MOIUCHOCMb NOCMPOEHUA  CUCMEMHbLX
cemeil ¢ OOALUWUM YUCTOM Y3106 U Majivim ()uaMempOM us
mMapuipymusamopoe ¢ Mauiblim 4YUcCjiiom nopmaoe.

Kniouesvle cnoea: cucmemmvle cemu, Yucio y3nos, Ouamemp
cemu, 0000ujeHHbIU eUnepxyd, Kommymupyemoe 2-mepHoe p-
UYHOE MYTLIMUKOTLYO.

1. BBegeHue.

K cHCTEMHBIM CETSM COBPEMEHHBIX CYIEPKOMITBIOTEPOB
NpeabsIBIsSeTcss TpeOoBaHUE OOBEAMHEHUS OOJBIIOrO YHUCIIA
CBSI3HBIX Y3JIOB MPH MUHUMATBGHOM JHAMETPE CETH, U3MEPIeMOit
MaKCHMaJbHO BO3MOXHBIM YHCJIOM CKaYKOB MEXIY JIIOOBIMH
JIByMsl  CETEBBIMH  y3JIaMH. OTO TpeOOBaHHWE  BBI3BAHO
HEOOXOJUMOCTBIO  PEIICHUS 3adad ¢ YCIOBUAX IIJIOXOTO
MPOCTPAHCTBEHHO-BPEMEHHOTO Pa3MEICHHs JaHHBIX B TTAMSTH.
B cynepkommetorepax P775 (IBM) u XC30 (Cray) uncio y310B R
u3MepsieTcs JECATKAMU ThICAY, a AuaMeTp D — eIuHHIaMu
ckaukoB [1, 2]. Ykazannble 3HaueHUs R 1 D JOCTUTAIOTCS 32 CUeT
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WCTIOJB30BAHUS B Ka4deCTBE CBS3HBIX Y3JIO0B (DYHKIIMOHAIHHO
MOJTHBIX MHOTOTIOPTOBBIX MapuIpyTu3atopoB. B P775 [1] cBa3HOI
y3en umeer 47 JIymIEKCHBIX IOPTOB pa3sHOW IPOMYCKHOM
criocooroctr (10-50 I'6/¢), a B XC30 (cetb Dragonfly [2, 3]) — 40
IYTUIEKCHBIX TTOPTOB OJM3KON MPOITYCKHOM CIIOCOOHOCTH.

B P® B Hacrosmiee BpeMs HET TaKHMX MapLIpyTH3aTOPOB.
NmeeTcst GyHKIIMOHAIEHO TIOTHBIN MapIIpyTH3aTOp ceTh AHrapa
¢ 8 nymiaekcHeiMH ToptamMu  [4]. OH TpemHa3HA4YCH I
MIOCTPOEHUS CUCTEMHOM CeTH B BHE 4-MepHOTO Topa ¢ R=4096 u
D=16. VimeroTca cBeneHHs] O HaMEpEeHUH yBenW4uTh R B 8+16
pa3, HO HESACHO 3a cueT uero. Ecimu mpocTo 3a cueT yBelIndeHHs
Yyciia y3710B B U3MEPEHMSIX, TO 3TO YBEJIUYHUT AUaMeTp 10 2832
CKaYKOB W CHH3HUT VJAEIbHYI0 TMPOIYCKHYK CIIOCOOHOCTH
KKIOTO y37a B U3MEPEHHSX C YBEIHYEHHBIM YHCIIOM y370B. 1
TO W Jpyroe TOHU3UT OBICTpoxaelcTBUE ceTH. Eciam xe
MIpEoIaraeTcsl yBEIUUEHNE YHCiIa KOJIEl B KaX/10M N3MEpPEHUH
(xak B cynepkommstotepe Gemini (Cray) [5]), TO Ipu H3MEHEHUHN
TOMOJIOTHH KOJIEI] M3MepeHuil [6] Takoe 3HaUeHHE R JOCTHKUMO
W Tpu MeHblmieM 3HaueHun D. Jlnsg storo mortpebyercs
WCIIONIb30BaHME JIBYX MapHIpyTH3aTOPOB KaXKJOM CETEBOM Y3JI€.
Opnako ocraHercs 3Hadenne D> 10 ckaukoB. W 310
MPUHLIMITHAIBHOE OTPaHWYeHHE [JJIsl CHUCTEMHBIX ceTel ¢
TONOJIOTMEH MHOTOMEPHBIX TOPOB.

OpHako WCIONIb30BaHUE IBYX MapIIPyTH3aTOPOB B JIPYron
TOTOJOTMM MOXET II03BOJIUTh CO3/1aTh CHUCTEMHYIO CE€Thb C
MpUEMJIEMbIMU 3HaYEHUAMHU R u D.

2. MNMpepnaraemoe pelueHue.

OObenmuHMM B CBSI3HOM Yy3JI€ JBa MaplipyThzatopa c 8
JNYIJIEKCHBIMM y3J1laMU B CHApKy €O CJIEeAYyIoUEed CTPYyKTypou
(puc. 1 u puc. 2). B Hell nynnekcHble KaHaJbl 4-T0 U3MEpPEeHUs
UCTIOJIB3YIOTCA AJIs1 OOBEANHEHNUSI MapIIpyTH3aTOPOB.

Bo3MokHO [1Ba BapuaHTa HCIOIB30BaHUS CIIapku. B mepBoMm
Bapuante (puc. 1) oba mapmpyrtuzaropa ¢ 6 IyIUIEKCHBIMU
NOPTaMU HCIOJB3YIOTCS JUIsl yABaWBaHHWA 4YHCIAa KoJlel B 3-
MEpHOM Tope (Kak B AaHaJOTHYHOM TOpE CYIMEpKOMITBIOTEpa
Gemini).



NIC
PCle

X r S —X

Puc. 1. Cnapka mapupymusamopog ¢ y080eHHbIM YUCIOM KOAeY
8 Kan#OOM U3MEPEHUU.

Tabauya 1. Xapaxmepucmuku CucCmeMmMHblX cemell HeKOmMopvLx
CYNepKoMNbIOmMepos

Yucno
CynepkoMmIbIOTED Cetb R D CBSI3HBIX
MOPTOB

Gemini [5] 3D-top 16384 | 40 20

Aneapa [4] 4D-top 4096 16 8

Aneapa [4] 4D-top 32768 | 28 8
Aneapa co

CIIApPKO# U 3D-top 4096 12 12
JAMKM [6]
Aneapa co

CHapKoH u 3D-top 32768 | 18 12
JAMKM [6]

Ge’"m’[z]HMKM 3D-rop | 16384 | 16 20

Gemini c

pa3pexeHHbIM 3D-top 20736 | 14 20

JAMKM [6]
2-ypOBHEBBIN
P775[1] TIOJTHBIN 16416 | 3-5 47
rpad
4D
XC30[2] 0600mennsit | 11616 | 2-4 40
TUIIEPKYO




B sTroM BapuaHTe 3a CueT M3MEHEHMs TOIOJIOTUH KOJEl B
KaXJIOM W3MepeHHH (MPUMEHEHHs AYIUIEKCHBIX MHHAMAIIbHBIX
KOMMyTHpYeMBIX MyJabTHKONen, — JMKM [6]) ymaercs xak
yBEeIUIHTH R, Tak U cokpatuts D (Tabm. 1).

Bo  BTOpOM  BapmaHTe  MapIIpyTH3aTOPBl  CIIAPKU
UCTIONB3YIOTCS AN 0o0pa3oBaHMs pa3HBIX HW3MEpEeHHH B
MHOTOMEpHOM 00o0meHHoM Turepkybe (puc.2) B cmapke
MEPBUYHBIA MapUIpyTU3aTOP P MOJICOeqUHSETCS K CETeBOM KapTe
(NIC) PCle, a BTOpPWYHBI MapIIpyTH3aTOp S — TOJBKO K
NEPBUYHOMY Uepe3 OYIUIEKCHBIH KaHal 4-r0  HM3MEpeHHUs.
[Ipeamonaraercsa, d9ro mnepemada mnakera u3 NIC PCle B
MEPBUYHBIA W BTOPUYHBIA MapUIPYTHU3aTOp MNPOHCXOAHUT C
OJMHAKOBBIMU 3aJICPKKaMH.

NIC
PCle

X S Y (D)

Puc. 2. Cemesas kapma PCle (NIC) u mapwpymusamopst (P, S).
Cemesoti y3en — 9mo cnapra Mapuipymu3amopos
(P — nepsuunwiil, S — emopuunwiii).

[Ipennaraemass cucTeMHas CETh MHCIIOJIB3YeT TOIOJIOTHIO
MHOTOMepHoro o0obmenHoro runepkyoa GGC(R, N, n), tne R —
o0miee YHMCIO CBSI3HBIX Y3JI0B, N — 4YHCIO Y3JI0B B KaXIOM
U3MEpeHHH, 1 — Yucio u3Mepenuit 1 R=N". Ha puc. 3 npuBeaeH
npumep GGC(64,4,3). Ilpenmonaraercs 4YTO H3MEPEHHS
TUIIEPKYy0a SABISIOTCA MOJCETAMH C MalbIM JUAMETPOM d.
[MomuepkueM, uTo pedpa B U3MEPEHUIX Ha pUC. 3 0003HAYAIOT HE
KaHaJbl MEXAY y3J1aMH, a TOJIBKO MPUHAAJIEKHOCTh 3TUX Y3JI0B K
onHoM moxacetd. Jng mnocTtpoeHus mnoaceTedl usMepeHuss X
WCHOJB3YIOTCS MOPTHI TOJBKO MEPBHYHBIX MapIIpyTH3aTOPOB, a
noacererd usMepeHut ¥, Z U T.J. — MOPTHI TOJBKO BTOPUYHBIX
MapLIpyTH3aTOPOB.



Puc. 3. 3-mepuwiii 0600wennviii cunepkyo GGC(64, 4, 3)
¢ paspedicenHviMu céazamu no Y u Z uzmepeHusm.
Ilepsuunvle u 6mopuuHble MapuIPYmu3amopbl HapUCcoBaHbl
0MOeNbHO MONBKO 6 «YOOOHbIX) Mecmax. B ocmanvnvix mecmax
OMU HAPUCOBAHBI eOUHBIM OIOKOM 8 BUOE BOCHMUY2ONbHUKOS.

Ecnn ucnonb3yercss 2-MepHbIM THIEPKYO, TO €ro QuamMeTp
D=dx+dy=2d. Ecnu ucnonn3yercst 3-MepHbId TUIIEPKYO, TO CBSI3U
U3MepeHHus Y OCYIIECTBISIOTCS TOJIBKO 4Yepe3 CHapku ¢
HEYCTHBIMA HOMEPaMH B M3MEPEHUHU X, a CBSI3U U3MEpeHus Z —
TOJIBKO Yepe3 CIapKU ¢ YSTHBIMU HOMEpaMH B U3MepeHuH X (CM.
puc. 3). B atom ciywae D=2dx+dy+d,=4d. Haxonen, ecnu
UCTIONIB3yeTCsl 4-MEpHBI THIEpKYyO, TO CBSI3HM H3MEpeHus Y
OCYIIECTBIISIFOTCSL TOJIBKO Uepe3 crapku ¢ HoMepamu a =1 (mod3)
B M3MEpPEHHMU X, CBS3M M3MEPEHMsI Z — TOJIBKO 4Yepe3 CIApKH C
HoMepaMmu b =2 (mod3) B u3MepeHnn X, a CBs3H 4-TO NU3MEPEHHS
U Tonbko uepes cnapku ¢ Homepamu ¢ =0 (mod3) B uamMepenun X.
B stom ciiywae D=3dy+dy+d,+d,=6d.

B »TOoM BapmanTe MOXXHO JOOWUTHCS YMEHBIIEHUs D 3a cueT
WCTOJB30BAHMS TOJCETeH CO CTPYKTYpOil 2-MEpHBIX p-WYHBIX
KOMMYTUPYEMBIX MYIbTUKONEL [7, 8], KOTOpBIE SIBISIFOTCS



pacripe/ieIeHHBIMH TIOJTHBIMH KOMMYTaTopaMu Ha (p+1)* y3710B n
UMEIOT TOTIONIOTHIO KBa3WMONHBIX oprpados [11]. Ha puc. 4
MpUBEJIEH TpUMEp 2-MEpHOro 3-4HOrO0 KOMMYTHPYEMOI'O
MYJIBTHKOJIbIIAa Ha 9 y3IJIOB, COCTOAIEEe U3 KOJel[ ¢ maramu 1, 2
(cmomrable ayru) U 3, 6 (MyHKTHUPHBIE TYTH).

Puc. 4. 2-mepnoe 3-uunoe mynomuxoavyo c wiazamu 1, 2 u 3, 6.

Ha m=7 nynnexkcHslx moprax mpu p=5 (unu p=4) MOXHO

nmocTpouTh moacerb ¢ N=20. OHa COCTOMT U3 7 CHUMIUICKCHBIX
KoJjer ¢ maramu 1,2,3,4u 5,10, 15 (mm 1,2,3u4,8, 12, 16),
SIBIISIETCS caMOMapIIPyTH3HPYEMBIM HEOJIOKUPYEMbIM
pacrpeieIeHHBIM KOMMYTaTOPOM U TIO3TOMY HMEET JhaMeTp
d=1. O0mue XapaKTEPUCTUKN TaKOH CUCTEMHOM CETH 3aTaf0TCS B
Tabm. 2.
Tabnuya 2. Xapaxmepucmuku cemu 0N CRAPKU: N — YUCTLO
usmeperutl 0000wWeHHo20 2unepkyba, M — UUCIO cemesbix
nopmos na kapme, N — uucno y3n06 6 xaxcoom uzmepenuu, d —
ouamemp xaxcooeo usmepenus, R — obwee uucno ysnos, D —
ouamemp cemu.

Yucno
n m N d R=N" D | cBsI3HBIX
TIOpPTOB
2 7 20 1 400 2 14
3 7 20 1 8000 4 14
4 7 20 1 160000 6 14




B nannom ciiydae Henpumenuma cethb flattened butterfly [9],
T.K. OHAa WPUHIUIHUAILHO MPEANojaraeT HCIOIL30BAHUCM
MapIIpyTu3aTopoB ¢ 2 u Oojice MOPTAMHU ISl MOIAKITIOUCHHUS
nporeccopoB. Kpome Toro, 3ta ceTb He SBISETCS HHU
nepecTpanBaeMoii, HH HEOJIOKUPYEMOM, YTO YBEIHYMBACT €€
JMaMeTp 10 CPaBHCHHIO C HOMHHAJIBHBIM H3-3a KOH(MJIMKTOB
JlaXke Ha TIepecTaHOBOYHOM Tpaduke.

3. Bo3MOXHOCTb pa3BUTHUA

XapakTepUCTUKA CUCTEMHOW CETH MOXXHO €Ile YJIy4YlIUTh
TIpH NTOCTPOEHHUE CIAPKHU 3a CUET MCIIOJIb30BAHUS CETEBOM KapThl
¢ asyms noptamu PCle, cBS3aHHBIX MOCTOM BHYTpPHU KapThl (pHC.
5). B o2ToM cnoydae Kak TIEpBUYHBIA TaK W BTOPHYHBIN
MapILIpyTH3aTOPHI MTOJCOEINHAIOTCS depe3 cBoil pazpeMm PCle, a
nepexo MeKAY U3MEPEHUSIMH THIIEPKy0a OCYILECTBISIETCS Uepes

mocT B NIC PCle.
NIC\BRIDGE/NIC
PCle PCle

X S Y 2)

Puc. 5. Puc. 2. JIsyxnoptossiit y3en NIC PCle n
MapIipyTu3atopsl (P, S).

B sTOM cnyuae m=8 U U3 p-UYHOrO0 MYJBTHUKOJIbLA NpU p=5
MOXXHO TIOCTPOHMTH TomceTb ¢ N=25. Ona cocToUT U3
CHMILIEKCHBIX 8 kouer ¢ mmaramu 1, 2, 3, 4 u 5, 10, 15, 20 n
SIBIISIETCS. HEOJIOKMPYEMOW TOACEThI0 M TOITOMY HMeeT d=1.
O0mme XapakTEPUCTHKU TaKOH CHUCTEMHOM CETH 3amafoTcs B
Tab. 3.

Takue ke XapaKkTepUCTUKW OyJdeT TOACeTb B  BHIE
MYJIBTUKOJIBIIA, COCTOSINEro U3 4 MYIUIEKCHBIX KOJeIl C IlaraMu
+1,+2 u 15, £10.



Tabnuya 3. Xapaxmepucmuxku cemu 0as cnapku: N — Yucio
usmepenutl 0600wenno2o eunepkyboa, M — YUCIO Ccemesblx
nopmos na xapme, N — yucno y3noe 6 kaxcoom usmeperuu, d —
Juamemp Kaxcoozo uzmepenus, R — obwee uucio ysnos, D —
Juamemp cemu.

Yucno
n m N d R=N" D | cereBbIx
HOPTOB
2 8 25 1 625 2 14
3 8 25 1 15625 4 14
4 8 25 1 390625 6 14

4. 3aknroyeHue

PaccmoTpera BO3MOXKHOCTH OOBEIUHEHHS MAaJOMIOPTOBBIX
CCTCBBIX MAapHIpyTHU3aTOPOB [JId IIOCTPOCHHUA CCTEBBIX Y3JIOB
CUCTEMHBIX CETeH C YIyUIICHHBIMU XapaKTEPUCTHUKAMHU.

[Ipennoxena TOMOJOTHMH CHCTEMHOW CETH Ha OCHOBE
0000IIEHHOTO THIIEPKyOa C pa3peKECHHBIMH H3MEPCHUSIMH, B
KOTOPOM  KaXJ0€ M3MEPEHUE TNPEJCTABIIACT IMOJCETh C
€IMHUYHBIM TUAMETPOM.

PaccMoTpeHBl MOCTpOEHUSI BapuaHThl MOJCETEN B BUIE 2-
MEPHBIX MYJBTUKOJIEL M XapaKTEPUCTUKH CHCTEMHBIX CETEH C
YHCIIOM Y3JIOB B JICCATKU THICSIY M JHAMETPOM B HECKOJIBKO (4-6)
CKa4KOB .
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Abstract: A building capability of small diameter system-area
networks composed from small ports routers are considered.
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Paccxwampusaemcg BO3MOIUCHOCMb NOCMPOEHUA CUCNMEMHbLX

cemell C MaubiM OUAMEMPOM U3 MAPUWPYMUAMOPO8 C MATbLM
YUCIOM NOPMO8.
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