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¥ #7] oE]E]l(master management entity), A HY YA (Subnet Manager, SM)7} EA}a, o]ZAL& AHH
o] AR ABY yupolx Aol AFgtt. AEY iy B ABEYES TSt A, @A8AIE A, 2
gaL FAA 7= Aol gk s A vk, FrrHor, ARy iU (S)E 1B Jﬂ.‘ia B ﬂTEl Hol &
Alxt(routing table calculation) &S Fasks Aol ek AAS a1 AS F A}, 7|4, A= , IB
YEYTS guS 224 Ay Yol BE L2 D ZXX] %(source and destination pair)E 7&4 gk
2 A{YE HERE g}

Bl ] Qe o]~ (subnet management interface)S E38], AMBYl wjUAE o] F (control packet)E
(o]Ae HBY #e 7 (Subnet Management Packet, SMP)EZA AAE)S AHY g of o] E(Subnet
Management Agent, SMA)E¥ ughgtct. MBYl el o] EEES EE IB A BY tufo]x Aol =gt} SWP
E& AR EoEA, ABEY wjyAE HH=EES 2% ¢ 9o, Ui =2E 9 A9XES AT Y3, 1

= =2 1=

il SMAEZ5E 5X|(notification)ES 4l

i)
¥
0
9

dukdg oz wiiae MBY vy A (master subnet manager)E #|€3 U2 BE MHY mUAEL LF-3&
(fau -tolerance) = 934 7] E=(standby mode)oll A &&Fgkeh. Lejvl, mfAE ABEU wjuz| 7t a7gol
gl A, g7 Y] B rfUAES A2E mtaEH AEM iy AE @A vhaE B iy A=
5‘3?—{ Aol EEXEA WEES AEsH7] s 2Elal oo wet WEHAE AFAESH] s, AR F7

2l 29X (sweep) 52 33},

H&ol, ArY Yo 32AEE 9@ A9xEL 274 AEA(Local IDdentifier, LID)ES Ab&3&to] o=
(addressing)® 4+ glom, wdo] ABEuYle 49151709 LIDER Ak = dot. AR oA §a3 24 o
Y25 LIDE 9ol=, 22+ IB tuto]l~e 2219 v]-3dy w2 ¥ (burning) 5+ 64-H|E S22
A+ 2 (Global Unique IDentifier, GUID)E 7F& < 9t}. GUID+= IB AlE 3(Layer 3, L3) oJ=#2=Q &
29 A=A (Global IDentifier, GID)E FA3t7] flal] AHE=E 4 Uvh. IPv6H--2 128-H]|E o =# = (IPv6-
like 128-bit address)E& BAIEF 64-HE A HY 2AH2H(ID)E 64-H|E GUIDSE ZAH-(concatenating) Al S
22X GID7F AAE 4 dd. A& E9], Ao]d X E GUIDE®] IB ¥lBEd 2" EXEE 9= 4= .

(<3

Me HEYZ %7|3 Azt 29" HolBE(S, E# W9 =zge 77 A& ko dAZE/FEE
(connections/routes))= AIMFE 4= ). g=o], 299 HolEEL2 HHo HFE 7
B39 dvlt; JHo]E(update)E 4 Jtt. BT $FE w9, SN EEEXA WAES HA 2
A3 F7140 FolE A= (light sweep)ES TS = . WheF glo]E A2 Fol ddojo] wio]
A, 2 vk EYA WS A1d ™ (signaling) sk #IAA] (message) (B3 (trap))E SMol =41
M2 2 A" MAEd g MEHIE AT + U,

& B, SN HEYZ EZ2A7 WAd wf, & 5o, 3 (link)7} a3 (down) 22 W& wj, =2 t

Hpo] 27} Fr7kd wf, £ Havt AAE W, dEHAE ATAEE F Avk. olHS AT WA= dESA =
718 et FAEE AES 23 F vk o], AFAHAES (MEYI HAEC] dojdh) AEMS
A= 24 W (ocal scope)s 7H F . ES, ZHSHES zZe At fdB2Ege] AIYES
(segmenting)+= A4 WAE #+4T + Urt.

H-E37 #-9-9 (Fat-tree Routing)

H-E] EZZAE HE HEYT EZZAELY 2ALH e Fd X~ (scalable class)olth. H-Eg EXZ
g AA st 27 7HL§% HESHT EZZAE ¥ =259 X 29X 5 dF3te =9AEY ASsid

Ua-FE Ef FZ(layered, multi-rooted tree structure) 241 FH3H= Zoldtt. A-EF 9 FE(root)E
< @3 A O ngsiAE B35S AT 2N, WA o] &3t Y Z(full bisection bandwidth)e] 2
4 a, FAHer - (congestion)o] LojuA] =t FrHHoR ol AL o] &rtEEA H Yoo Y=
= ARgskE FEE Al = v

A-E] BEZ2AE dF 50, HPC &35 oA, e F3dd5s Ader] A vdd dees A
g U, oy HYES Eﬂ—‘:—% 5 (deadlock freedom), WAZ 2 7F-3 & (inherent fault-tolerance),
D AA o] &3 tlYE(full bisection bandw1dth)° xger & Qo dEg gl Ef 739 AlSo] b=
g 39 s 9 5de 1¥E glo] A-EfE F8ok= AS sl g yEkdnh. Jie] A FAA
e Y us AREY EAE d% IHXH -3 82 UEYA 75 a&dd d="s 7ot
gt A olEs dEH2 UEYAR stolw HEYAS] F e dwbs ke dA £ FAl(full speed
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fllo

o
>
i)
¥
%o
Y
s
iy

communication)<

H-E 298 dudFEe YEYT @By U Hatd ZA P #S AR FEES #5dA E4F
(spread)A|7]= A8 Y ®lo]E(Linear Forwarding Table, LFT)ES TN 7= AL Zgs & 4 g}
olgigt daueFL 49 +A1(indexing order)dl A I|HEE o]F (traverse)d 4 Y1, U =59 &3

==
=3 1
LIDES, 2] ofo mt& WSshe FEES 77e] 294 X Eo dged 5 .

gel, B-Eel B9y SuZES Jwe] Hi R-Ee) ER2A0] TEH AL A98] A9 g
%3el% 1Algorithn Dol o459l A-Ee) eh98 LaeFoleh,

Algorithm 1  route_to_cns() function

Require: Addressing is completed
Ensure: All hca_ports are routed

1: for swleaf = 0 to max_leaf_sw do

2: for swieaf.port = 0 to max_ports do

3: hca_lid = swleaf.port—> remote_lid

4: swieaf.routing table[hca_lid] = swleaf .port
5: route_downgoing_by_going_ up()

6: end for

7: end for

Yol A AAE = vkl o], 298 $4=(routing function) route_to_cns()E B Z 29X E2] o old] w3l
HHEE 4 Qluh(EF] 1(Line 1) WX &4l 7(Line 7). Z4zZhe] Ae®E 22 =90xo ois)], @99 e o
AeE 2 29X AdE ZHzte] dWu-wE YEE YA § do(dE B9, XE ¥HEHo Agx
(port numbering sequence)°lA])(2Fe] 2 WA 2 6).

H&o], 54 LD ##E do-x= XEE 99T o, B9y e -3 FE2ES G987l
HENZ EZEA oA & ddl Adkow g3 4 gla, aeja 747t 29X XEE 39" o, 24§
q e AR ARES g9"E] 99 sEgor AP £ gk, o ZEAAE FE 29X g
(root switch level)dl Edd wf7}x] wbgd 4 Qlvf. o]F BE =58 e FA=2EC] g¢EE F+ U3
Ee o BE 2AEY] 43 x99 HolE(LFDE Wl A= + Urt.

BARES W

dF E°|, route_downgoing by_going up() T , debds ¢ e agla
A vk Sha=(recurrence function) >

3l
route_upgoing_by going_down() ¥I+E &S F &) £
F3 HARAE g H-E YA HE ARES T

route_downgoing_by_going_up() 7t TE2H =9

S,

route_to_cns() &t #HE E IHA FAHQ G Eo] EAF 4 Ak, AA, route_to_cns() FE H Y
24 (oblivious)o] i, TE-LEEo] ojWl Bk-w-to LHah=Ao] w3t oWt 1% glo] TY-TEES ¥
FHett. &4, route_to_ens() e BHES A EA XE S wet ezt

T 12 B IAWE] A AAdrF AAE = Qe UEYT Ao A-Ef FE JAE HAFET. =
14 AAFE uwpel Zo], st olae] Wk »==5(101 WA 104)e] UELZ sH2(100) WA 0375% T+
ath. MEZ 22 (100)S H-Eg EZaXd AT F i, oA Hfo #x A9XE(111 XA
114), 8 o9 239l 29X (spine switch)E F2 FE 29X (root switch)E(131 =] 134)& >3
gk, FrH s, WENT HHEE(100)2 2925121 WA 124)3 22 st ool T A9AES £
e 4 STt
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SE=S0] 10-2397876

A idA] Ao xe dYx FEES ES FES ALY 93 97l A" wrel 2 BRE USShe
A FEES F(sum)o] ofe} o] FHI|ITt,
N
FeNp)= Y fGNp)x<N
j=x+1
Zyzre] B QAo Ao RS dAAH dd =E=EE Zhe J-Egd gid, RIS AXE F 49 1A dAA
o Qula FEL(] € = {1, 2, 3, ..., R AFdHoz YEYA ZHF(network contention)o] FT7 = A

J1EA Rog B-Ef 298 &z ZE(Weighted Fat-Tree Routing Algorithm)

A& 4 AAed mE2d, 7153 Fojd -Eg 29y dagF(o]Z & PAlA Hhkdd A4 o
HEZ (wFatTree) 24 Tl XA H)S AdA dIZEL Y AHES F5E37] 3] AFHgdEd. OER/
1A, Ztzbe] 2k o= Al 2e 92 E receive_weight7t @FEHEH, o] AE Al2E Yo FE

Axtet o, 48 52 o5d EdE SHS5S adshy] A AR ATt

9
A AN A, Zzte] Wk w9 3 receive_weight 3EFT]E 9 %k—‘ @98 HolES AXtE u, =
AEE g, o =4, W19 [1, 100] e ¥ xE=dA 7HEXE
3 Zte] ==, YESYA ‘ﬂoﬂ/ﬂ w7 dupg 2 EfES 441

ue ThgAE FAlsH QE} ol delN, HEe =&
7]

N

1
tlo & 40
5;

wo= 1 o]l 10090
W g 9tk o] A, ol A3kl A, 13} 100 Alolddl A= receive_weight®] FE
1 =)

S LC7} H]E%i oA 218k EE e vj&S YERA €.

I oshe] tE Ao, mEE 1 gkl 5009 receive_weightE FAIE = i, wbd YEYA e g
BE w52 1 Fko] 19 receive weightS F-ojub=tl. ol AL 1 ko] 50091 receive weightES Zbe= &k
LE7F 8 X=E(critical node)ol™ o]¥d T2 =5 I F=2E EHFHL M3 (prioritize) s okt g
< ZAIEHA "tk

A A Ao

A, HEFRED 298 dagF(otdoa dags 28 BoR)S Al 7ie] =¥ (phase)EolA W
= Feth, olglgh AAd oA, BE FEES FaPO = (backwards) ALtE=H, HAA mEdA AlE
sto] gskow Asgtt. of#fel 2 &arw]F 2(Algorithm 2)7F JAIAR] HERFHED 98 Ligs
(wFatTree routing algorithm)®]t}.

Algorithm 2 A wFatTree routing algorithm

1: procedure ROUTETOENDNODES

2: for all s € leafSwitchesl] do

3: sort end nodes connected to s by rcv_weight
4: for all ¢ € endNodes|] do

5: s.LFT[c.LID]<c.port

6: ROUTEDOWNGOINGBYASC(s, ¢)

7: end for

8: end for

9: end procedure

10: procedure ROUTEDOWNGOINGBYASC(s, ¢)
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[0088]
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[0090]
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[0100]
[0101]
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[0105]
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[0107]

[0108]
[0109]

[0110]

S=50ol 10-2397876

11: p < GETLEASTLOADEDPORT (s, UpGroupsl])
12: rSwitch < p.Switch

13: rSwitch.LFT[c.LID] < p

14: p.Dwn += c.rcv_weight

15: ROUTEUPGOINGBYDESC(s, ¢)

16: ROUTEDOWNGOINGBYASC(rSwitch, c)

17: end procedure

18: procedure ROUTEUPGOINGBYDESC(s, ¢)

19: for all g € DownGroups[] do

20: skip g if the LFT(c.LID) is part of this group
21: p < GETLEASTLOADEDPORT(g)

22 rSwitch < p.Switch

23: rSwitch.LFT[c.LID] < p

24 p.Up += c.rev_weight

25: ROUTEUPGOINGBYDESC(rSwitch, c¢)

26: end for

27: end procedure

d ArjelA, dAdel duElF 29 A 1 T
2 AhdEg (2] 3). (
% =¥ nke} o], receive_weights®= A} &) FHE F

2
EE EF AN & Atk o] FAGN BE b e o] F hehvint,

WooBeh, 7Y FE A9AAe g =52
Aug)E 2014 receive_weight+ "rev_weight" ol °©
o]
AN

| e
33} (ROUTEDOWGOINGBYASC, oA A 1 &xeE]E 29 2 6). 3t&d-Fd XEV} Hex
= XE U3 74 & SAE ZH$H o =

25 (FeA F4|) FEZE deshe 2E FHEAES A8

A Ao A, Szl XEVE AR o], dAA daEs 29 Al 3 WA, dagFe EFE W
Fomm WE AdE S 29AE FdlA T =g Fohs FEE U@ ¥ TEES AL
g-gE dd =59 receiveweightS F7Igtozan FESO gk thsdts A JEAES HoE
&H) (ROUTEUPGOIGNBYDESC) . 72 tholl HA 3-d Z2AxE B WolM v giz Lejgtozy ke

d AAdelA, dEFRED] dugFel doje] dagEse 74z FE ARt dis) Mg AA 29 RES
Agigitt. A9 7EE2 WA s A 2. 7 e XEE] 5% s MsAES e Al
M=, 7P AL 8@ THEAE Zhe REV Adudn. FUrHeR, 8k A ek A% AV B el
FolA, dugFe TeA2 A4 (deterministic)S FA8H7] S8 7P 22 GUIDE zke XEES AH
dek. ofefe] o AIZQl daE]E 3(Algorithm 3)2 TIEFHAEYZ; WA Zrzbe] FE ALt sl 7H¢ 24
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bl
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iu)

Algorithm 3 Get least-loaded port of all port groups
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s==4

1: procedure GETLEASLOADEDPORT(PortGroups/])

[0111]

min < null

2.

[0112]

for all g € PortGroups(] do

3:

[0113]

for all port € g.Ports[] do

4:

[0114]

if port.Dwn < min.Dwn then

5:

[0115]

min < port

6:

[0116]

min.Dwn then

else if port.Dwn

7

[0117]

if port.Up < min.Up then

8:

[0118]

min < port

9:

[0119]

else if port.Up = min.Up

10:

[0120]

if port.GUID < min.GUID then

11:

[0121]

min < port

12:

[0122]

end if

13:

[0123]

end if

14:

[0124]

end if

15:

[0125]

end for

16:

[0126]

end for

17:

[0127]

18: end procedure
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