ISO/IEC 14165-133:2010(E)

ISO/IEC 14165-133

INTERNATIONAL
STANDARD

Edition 1.0 2010-02

O
\%
O

Information technology — Fibre channnel —

P

133: Fibre channel switch fabric-3 (FC-SW-3)

\'J
S



https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2010 ISO/IEC, Geneva, Switzerland

either IEC or IEC's member National Committee in the country of the requester.

publication, please contact the address below or your local IEC member National Committee for further information

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerand

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from

If you have any questions about ISO/IEC copyright or have an enquiry about obtaining additional rights to this

Enfail: inmail@iec.ch
Wgb: www.iec.ch

Abqut the IEC

The |International Electrotechnical Commission (IEC) is the leading global organization that prepares and publ
Interhational Standards for all electrical, electronic and related technologies.

Abqut IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you hav
latesf edition, a corrigenda or an amendment might have been published.

= Cdtalogue of IEC publications: www.iec.ch/searchpub
The |EC on-line Catalogue enables you to search by a variety of criteria (referénce’number, text, technical committe
It alsp gives information on projects, withdrawn and replaced publications.

" |EC Just Published: www.iec.ch/online _news/justpub
Stay|up to date on all new IEC publications. Just Published details twiCe a month all new publications released. Ava
on-life and also by email.

" Elg¢ctropedia: www.electropedia.org

The world's leading online dictionary of electronic and electricakterms containing more than 20 000 terms and defin
in Enpglish and French, with equivalent terms in additional fanguages. Also known as the International ElectrotecH
Vocdbulary online.

= Cystomer Service Centre: www.iec.ch/webstore/custserv
If yop wish to give us your feedback on this publication or need further assistance, please visit the Customer Sg
Centfe FAQ or contact us:

Emall: csc@iec.ch
Tel.:[+41 22 919 02 11
Fax:|+41 22 919 03 00

shes

b the

Y

lable

tions
nical

rvice



https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

IEC ISO/IEC 14165-133

Edition 1.0 2010-02

INTERNATIONAL
STANDARD

%o)
&
©
N
,\b‘

O
N4
RS

g\\
Information technology — Fibre channnel - O
Paft 133: Fibre channel switch fabric-3 (Fc@l-s)

INTERNATIONAL
ELECTROTECHNICAL

COMMISSION PRICE CODE XC

ISBN 2-8318-1076-7

ICS 35.200


https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

2- 14165-133© ISO/IEC:2010(E)

Contents
FOREWORD . . .o e 13
INtrOdUCTION . . . .. 15
T oo o 16
2 Normative referenCes . . . .. ..o 16
3Terms and CONVENLIONS. . . . . . .ottt e et e e e e e e e e e 17
3.1 Terms and definitions . . . . . . . .o oot e e 17
32 Abbreviations, acronyms, and symbols . . ... .. O 25
3B Editorial conventions . . ... ... el 26
34 State machine notation. . . . ... .. T 27
3.5 Definition of Compliance Terms . . . . ... D 27
306 KEYWOIAS . . . s N 28
4 Structure and CONCEPLS . . . . oottt e NS 30
AL OVEIVIEW . . e e e W 30
AP E Port Operation . . . ... . T e 30
4B Fabric Operation. . .. ... T 30
44 Fabric Definition . . . . . ... 31
A SWILCh. . . o 31
416 Switching characteristics . . .. ... . N 33
4.6.1 Switching overview . ... ... ., 33
4.6.2 Synchronous sWitching . . .. ... ... A 33
4.6.3 Asynchronous switching . ........... ... Q.Y 33
4f7 Switch Ports and Bridge Ports . . . ... .. e 34
4.7.1 General CharacteristiCs . . . . ... ... 8 34
AT.2F PoOrt .o e D 34
A7 3 FL POt . R 34
AT A E _POIt . o Y 34
ATA4AB _POrt ... A 35
475G _Portsand GL_PoOMS . 4 .o e 35
48 Fabric Addressing . . .. .. S e 35
4P Class F ServiCe . .. .. T 36
4010 FSPF-Backbone Fabric/. . . ... ... . . e 37
5 Switch Ports and Bridge POrtS . . . ... 38
DL OVEIVIEW . . (g 38
5P Model elemEntS . . . . ... 38
5.2 1 FC RIaRSPOIS . . o ottt et e e e 38
5.2.2 SWILCh Transport . . . ..o 38
5.2.3Control Facilities . . ... ... e 38
B2 iNK SEIVICES . . . oo e 39
53 E Port ﬁpnr:\fir\n 39
5.4 FL_PoOrt Operation . . . . ...t 40
5.5 E_POrt Operation . . .. ...ttt e 41
5.6 B_POrt Operation . . ... ... ... 43
5.7 Inter-Switch Link Behavior . . ... ... 44
5.8 ClasSS F SerVICe . .o e 45
5.8.1Class F FUNCLION . .. ..o e 45

5.8.2Class F RUIES . . ... . 45


https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

14165-133 © ISO/IEC:2010(E) -3-

5.8.3Class FFrame Format. . . . . ... 47
5.8.4 Class F Flow Control . . ... ... 48
6 Internal Link ServiCES . . .. . ..o 49
6.1 Switch Fabric Internal Link Services (SW_ILS) . ... ... i 49
6.1.1 SW LS OVeIVIEW . . . 49
6.1.2 Switch Fabric Internal Link Service Accept (SW_ACC). . ......... ... 50
6.1.3 Switch Fabric Internal Link Service Reject (SW_RJT). .. ... . ... 51
6.1.4 Exchange Link Parameters (ELP) . . ........ ... . 54
6.1.5 Exchange Fabric Parameters (EFP) . ......... ... .. . . . . . . . 60
6.1.6 Domain Identifier Assigned (DIA) . ... e 64
6.1.7 RequestDomain ID (RDD). . .. ovowwut ettt ettt e e e e e e e e e e e e e e e e 65
6.1.8 Hello (HLO) . ..o N 67
6.1.8. 1 HLO OVEIVIEW. . . . . . . . o e e e e N 67
6.1.8.2 FSPF Header Format. . . . . . . . . . . .. .. ... ... .. 00 69
6.1.9 Link State Update (LSU) . . . .. .. D 70
6.1.9.1LSUooverview. . . . . . . . . .. N 70
6.1.9.2 Link-State Record (LSR) Format . . . . . . . ... ... ... ... 0000, 71
6.1.9.3 Link State Header Format . . . . . . . . . .. ... ... ... KM L 72
6.1.9.4 Link Descriptor Format . . . . . . . . . . ... gl 74
6.1.9.5 Summary Descriptor Format . . . . . . . . .. L e 75
6.1.10 Link State Acknowledgement (LSA) .............. . ...l 75
6.1.11 Build Fabric (BF) . . . ... AN 76
6.1.12 Reconfigure Fabric (RCF) . . . ... ... G 77
6.1.13 Inter-Switch Registered State Change Notification (SW"'RSCN) .................. 78
6.1.14 Distribute Registered Link Incident Records (DRLIR). . .. ...... ... ... ... ... ... 81
6.1.15 Disconnect Class 1 Connection (DSCN) . . . . = oo e 82
6.1.16 Merge Request (MR) . . . .. .. ... o Y 83
6.1.16.1 MR OVEIVIEW . . . . . . . . o o 0 o8N e e e e 83
6.1.16.2 Merge Request Payload. . . . . .5 . . . . .. oo . 84
6.1.16.2.1 Merge Request Payload ovefview . . . . . . . . . . ... ... ... 84
6.1.16.2.2 Merge Request Payload in'\Basic Zoning. . . . . . . . . ... .. ...... 85
6.1.16.2.3 Merge Request Payloadsin Enhanced Zoning . . . . . . . . . ... ... .. 86
6.1.16.3 Merge Request Reply . .\ . . . . . . . L 87
6.1.17 Acquire Change Authorization Request (ACA) . . .. ... 87
6.1.18 Release Change Autherization (RCA) Request. . .. .. ... i 89
6.1.19 Stage Fabric Configuration Update (SFC) Request .. ......... ... .. ... 90
6.1.19.1 SFC overviews.). . . . . . . . e e e e 90
6.1.19.2 SFCin Basic'Zoning . . . . . . . . . .. 92
6.1.19.3 SFCinfEnhanced Zoning . . . . . . . . . . . . ..o 93
6.1.19.3. 1 OQVEIVIEW . . . . . . . L e e 93
6.1.19.3.2\Operation Request ‘Activate Zone Set Enhanced’ . . . . . . . . . ... ... 93
6.1.19.8.3 Operation Request ‘Deactivate Zone Set Enhanced’. . . . . . . . . ... .. 93
6.1119.3.4 Operation Request ‘Distribute Zone Set Database’. . . . . . . . . ... ... 94
6.1.19.3.5 Operation Request ‘Activate Zone Setby Name’. . . . . . . . . ... .. .. 94
6.1.19.3.6 Operation Request ‘Set Zoning Policies’” . . . . . . . . . ... ... ... .. 95

6.1 201 Ipd:\fn Eabric f‘nnfigllr:\finn (l Il:f‘) anllncf 95
6.1.21 Exchange Switch Capabilities . . . . ... . . 96
6.1.22 Exchange Switch SUpport (ESS). . .. .. ..ot 99
6.1.22. L ESSOVEIVIEW . . . . . . . o e e 99
6.1.22.2 ESS Request Payload. . . . . . . . . . . . . .. 99
6.1.22.3 Interconnect Element Information Object . . . . . . . . . ... . ... ... ... 100
6.1.22.4 Capability Object . . . . . . . . . . . e 100

6.1.22.5 Service Specific Capability Formats. . . . . . . . . ... .. . oL 100


https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

- 4- 14165-133© ISO/IEC:2010(E)

6.1.22.5.1 Directory Server Capability . . . . . . . . . .. ... o o 100
6.1.22.5.2 Fabric Controller Capability. . . . . . . . . . . . ... ... ... ...... 101
6.1.22.5.3 ESS Fabric Configuration Server Capability Object . . . . . . . .. ... .. 102
6.1.22.5.4 ESS Enhanced Zone Server Capability Object. . . . . . . . ... ... ... 102
6.1.22.5.5 ESS-Vendor Specific Capability Object. . . . . . . . . ... ... ...... 103
6.1.22.6 ESS AcceptPayload . . . . . . . . . ... 104
6.1.23 Merge Request Resource Allocation (MRRA) . . . ... .. . .. 104

7 Fabric Configuration . .. ... ... 107
7.1 Fabric Configuration Summary. . . ........ ... 107
7.2 Switch Port Initialization . . . . . .. ... 107
7.2.1 Basic Operation . . . . . . . ..o i i e e e 107
7.2.2 Exchange Switch Capabilities Processing. . . . ... oo O 116
78 Principal Switch Selection . . ......... .. . . . . . e N 117
74 Address Distribution . . . . ... . 123
7.4.1 Address Distribution OVEIVIEW . . .. ... D 123
7.4.2 Domain_ID Distribution by the Principal Switch. . ... ....... . ... ... N~ . ... .. 125
7.4.3 Domain_ID Requests by the Switches .. ........... ... .. ... ... . oL 127
7B E Portand FabriclIsolation . ............ ... .. .. .. NS 130
T B_Port Operation . . .. ... W 131
7.6.1 Differences Between E_Portsand B_Ports. . . ........... ../ . i 131
7.6.2B Portinternal Link Services ........................ 07 ... 131
7.6.3B _PortlInitialization .. ......... ... . . . . . AN 132
7.6.4 Example B_Port Configuration . ............ . . . . . . G 132

8 Fabric Shortest Path First (FSPF). . . ... ... . . o ) 133
BILOVEIVIEW . . . AN 133
8.1.1Basic Components. . .. ... Y 133
8.1.2 Fabric connectivity . . . . . ... e e 133
8.1.3Addressing. . ........ o A 133
8.1.4 Path Selectionand Routing . . . ... .0 . 134
8.1.5 Hierarchical Path Selection . . ... . . % . 134
8.1.6 FSPF Path Selection SUmMmMary . . . .o e 134
82 FSPF Message Processing . ... o0y o e 134
8.2.1 Message transSmiSSION . . ) « o ottt e e 134
8.2.2 Message Reception and(Tests . ... ... e 135
8B Hello Protocol. . . ... s 135
8.3. 1 BasiC FUNCHIONS . . a e 135
8.3.2 Hello Message TransmiSSiON. . . . . . ...ttt e 135
8.3.3 Hello Message Parameters . . . . ... ... 136
8.3.4 Hello MesSage Reception . . ... ... . e 136
84 The Topolagy.Database. . . . ... ... 137
85 Usage of ESR Fields . . .. ... e 137
B 5. L LS R AQE . . . 137
8.5.2°LSR Incarnation Number . . . ... ... . 138
8O3 LSRINstance RUIES. . . . . ... 138
185 41 SR Checksum 139
8.5 5 LINK COSt . . . 141
8.6 Topology Database Synchronization . .. ......... .. e 141
8.6.1 SynNchronization OVEIVIEW . . .. . ..ottt e e 141
8.6.2 Neighborhood and AdjacencCy . . . ... ...t ti 142
8.6.3 Continuous Topology Database Synchronization . .............................. 143
8.6.4 Reliable Flooding. . . . ... 144

8.6.4.1 Basic Operation. . . . . . . . . . . e e 144


https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

14165-133 © ISO/IEC:2010(E) -5-

8.6.4.2 The Flooding Procedure . . . . . . . . . . . . . e 144
8.6.4.3GeneratingaNew LSR. . . . . . . . . . ... 144
8.6.4.4 Transmittingan LSR . . . . . . . . . . . . e 145
8.6.45Receivingan LSR . . . . . . .. e 145

8.7 Neighbor Finite State Machine (FSM) . . ... .. . . e e 146
8.8 FSPF-Backbone. . . ... .. 149
8.8.1 FSPF-Backbone overview . . . .. ... ... 149
8.8.2 Multiple Switch CoNNeCtioONS . . ... ... . 152
8.8.3 FSPF-Backbone Point-to-point Links. . . .. ... ... .. . . . . 154
8.8.4 FSPF-Backbone Routing Protocol. . . ... ... 154

9 Distributed SEIVICES . . . . . o o o e e e e e e e 156
OfL BasiC Model . ... o N 156
9P Distributed Services Framework . .. ... ... LN 156
9.2.1 Goals and Characteristics of the Distributed Services Framework . .. .........Cl 7 .. 156
9.2.2 Distributed Service TransSport . . ... ... D 156
9.2.2.1 Required FC-2 Parameters. . . . . . . . . .. . ... oo NS 156
9.222FC-CTHeaderUsage . . .. ... ... ... ..o Sy, 157
9.2.2.3 Frame Distribution . . . . . . . . . .. ... o oo U RNM L 157
9.2.3Common CharacteristiCS . . . . .. .o oo VR 157
9.2.4 Zoning ConSIderations. . . . . . ..ot T 158
9.25Work Categories .. ... AT 158
926 Frame Formats . ... ... ... ... AN 159
9.2.7 FC-CT Command Restrictions. . . . . ... ..ot G e e 159
9B Distributed Name Server . .. ... ... N 159
9.3.1General Behavior. . . ......... . 159
9.3.2 FC-CT for Distributed Name Servers. . .. ... a0 oo e 160
9.3.21dNSCommandCodes . . . . . . ... O .. e 160
9.3.2.2 FC-CT Headerusage for dNS . . . .5\ . . . . . . . o oo Lo 164
9.3.3Name Server Objects . .......... . . . 8 164
9.34FC-CTrequestsfordNS . ........ A0 167
9.3.4.1Remove All . . . . . L N e 167
9.3.4.2 Get Entry based on Port Identifier . . . . . . . ... ..o 167
9.3.4.3GetEntry basedon Port .Name . . . . . . . .. .. .. . ... . 168
9.3.4.4 Get Entries basedonNode Name. . . . . . . . . . . .. . ... ... ...... 169
9.3.4.5 Get Entries based onJP address (Node) . . . . . . . . . . . . . . ... ... ... 169
9.3.4.6 Get Entries basedon FC-4 TYPEs. . . . . . . . . . . . .. .. 170
9.3.4.7 Get Entriesbased on Port Type . . . . . . . . . . . . 171
9.3.4.8 Get Entriestbased on Zone Member . . . . . . . ..o 171
9.3.4.9 Get Entriessbased on ZoneName . . . . . . . . . . ... 172
9.3.4.10 Get Entries based on Port IP Address . . . . . . . . . . ... ... ... ... 173
9.3.4.11 GetEntries based on FC-4 Features . . . . . . . . . . . . . ... ... 173
9.3.4.12 Get Entries based on FabricPort Name . . . . . . . . . ... ... ....... 174

94 Distributed Management SEIVET. . . . ... .t 175
9.4.1General BEhavior. . . .. ... e 175
942 FC-CT Header . . . ... e 175
0421 ECCT HeaderParameters 175
9.4.2.2 FC-CT Header Rule for Fabric Internal Requests . . . . . . . .. ... ... ... 175
9.4.3 Fabric Configuration SEIVICE . . . . .. oot 176
9.4.4Unzoned Name SerIVICE. . . . ..ottt e e 178
9.4.5 Fabric Zone ServiCe. . . . ... e 178
9.4.6 Fabric-Device Management SErVICe . . . . ...ttt 178
9.4.6.1 Operational Characteristics of the FDMI Server . . . . . . . . . . . ... ... .. 178

9.4.6.2 Registration Scenarios . . . . . . . . . ... e 179


https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

-6- 14165-133© ISO/IEC:2010(E)

9.4.6.2.1 HBA Attached to a Single Switch . . . . . . . . . ... .. ... ... .. .. 179
9.4.6.2.2 HBA Attached to Multiple Switches . . . . . . . . . . ... ... ... .... 179
9.4.6.2.3 Resolution of the Principal HBAManager . . . . . . . . . . ... ... .... 179
9.4.6.3 FDMI Inter-Switch Messages. . . . . . . . . . . . . . e 180
9.4.6.3.1General Format . . . . . . . . ... 180
9.4.6.3.2FC-CTHeader . . . . . . . . . . . . 180
9.4.6.3.3FDMIHeader. . . . . . . . . . . 180
9.4.6.3.4Payload. . . . . . . ... 181
9.4.6.4 FDMI Inter-Switch Requests . . . . . . . . . . . . . . . 181
9.4.6.5 FDMI Inter-Switch Responses . . . . . . . . . . . . . . i i 182
9.4.6.5.1Reject ResponNse. . . . . . . . ... e e 182
9.4.6.5.2 AcceptResponse . . . . . . ... e e e e 182
9.4.6.6 FDMI Inter-Switch Operations . . . . . . . . . . .. ... . ... ........C 182
9.4.6.6.1 Registration Notification (FRN) Operation . . . . . . . . . . . ... .. .&N 182
9.4.6.6.2 De-Reqgister Naotification (FDRN) Operation . . . . . . . . ... ... .0 . 182
9.4.6.6.3 Update Notification (FUN) Operation. . . . . . . . . . ... ... .45 . 183
9.4.6.6.4 Update Forward (FUF) Operation . . . . . . . . . .. ... ... KN~ .... 183
9.4.6.6.5 De-Register Forward (FDRF) Operation. . . . . . . . . ... .%o ... 183
9.466.6Fetch. . . . . . . . . ... RN 183
9.4.6.7 GS Client Initiated FDMI Requests. . . . . . . . . . . ... W80 000 184
9.4.7 Other Fabric Internal Services. . . ... ... T 185
9.4.7.1 Fabric Internal Requests . . . . . . . ... ... 00l 185
9.4.7.2 Get Management Server Capabilities (GCAP) Operation\™ . . . . . . . . . . . .. 186
9.4.7.220vVerview . . . . . . .G 186
9.4.7.2.2 Capability Entry . . . . . . . . .. N 186
9.4.7.2.3 Subtype Capability BitMasks . . . . . . O, . ... ... 0oL 187

10 Jwitch Zone Exchange and Merge. . . ... ... ... Q.Y o 188
10.1 OVEIVIBW . . oo N 188
10.2 Joining SWItChesS. . . . . .. T 188
10.3 Enhanced Zoning Support Determinatiop‘o. . ... ... . 188
10.4 Zoning Framework and Data Structures~: . . . ... .. e 189
10.4.1 Basic Zoning Framework . . . . o . e 189
10.4.2 Basic Zoning Data StruCtUres\ s . . . ...t 193
10.4.2.1 Zoning Object List. (). . . . . . . o L 193
10.4.2.2 Zoning Object Format . . . . . . . . . . . . . . e 193
10.4.2.3 Name Entry Format . . . . . . . . . . . . 194
10.4.2.4 Zone MemberFormat. . . . . . . . ..o 195
10.4.3 Enhanced Zoning Framework . . . .. .. ... e 196
10.4.3. 1 Introduction . . . . . . ... L e e 196
10.4.3.2 Zoné SetDatabase . . . . . . . . ... 196
10.4.3.3Active Zone Set . . . . . . . 198
10.4.4 Enhanced Zoning Data Structures. . . . . .. ... i e 199
10.4.4070oning Object List. . . . . . . . . . 199
10:4.4.2 Zoning Object Types . . . . . . . . o o o e 199
104.4.3Zone SetObject. . . . . . . . . 200
104431 Zone Set ﬁhjnnf inthe Zaone Set Database. 200
10.4.4.3.2 Zone Set Object in the Active Zone Set . . . . . . . . . . . . ... ..... 201
10.4.4.4 Zone Reference Object . . . . . . . . . . . . . 201
10.4.4.5 Zone Object in the Zone SetDatabase . . . . . . . . . . . . . ... ... .... 202
10.4.4.6 Zone Objectinthe Active Zone Set. . . . . . . . . . . . . . .. ... 203
10.4.4.6.10VEIVIEW . . . . . . i i e e e e e 203
10.4.4.6.2 Zone Member Format. . . . . . . . . ... o 204

10.4.4.7 Zone Alias Object . . . . . . . . . . . 205


https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

14165-133 © ISO/IEC:2010(E) -7-

10.4.4.8 Zone Attribute Object . . . . . . . . . .. 206
10.4.4.8. 1 0VEIVIEW . . . . . . o o i e e e e e 206
10.4.4.8.2 Zone Attribute Entry Format . . . . . . . .. .. ... oo 207

10,5 Merge ZONe . ..ot e 211
10.5.1 Example Merge Operation. . .. ...ttt e 211
10.5.2 Merge Zone RUIES . . . .. e 213

10.5.2.1 Merge RulesinBasicZoning . . . . . . . . . . . . . . . e 213

10.5.2.2 Merge Rules in Enhanced Zoning. . . . . . . . . . . . . .. 0o 214

10.6 Fabric Management Session Protocol . . . ... ... . 215
10.6.1 Fabric Management Session Protocol overview . . ... 215
10.6.2 Reserving Fabric Change Authorization ........... ... ... . . . .. 216
10.6.3 Staging the Fabric Configuration . . . ... ...............oouiiueiiiueenaeeen.... 216
10.6.4 Updating the Fabric Configuration. . .......... ... . . O 217
10.6.5 Releasing Fabric Change Authorization ................... ... ... ... ... ~.\. 217
10.6.6 Mapping of a GS Sessionto a Fabric Session ..........................C0" .. 217
10.6.7 Fabric Behavior to Handle the CT SFEZ Request. . .. ........... ... ... 00 L. 219

11 Distributed broadcast . . ... . S 220

L1 OVEIVIEW . .ot e NS 220

11.2 SPannNINg tree . . . .. e VR 220
1122 OVEIVIEW . o oot e e e e e e e e e e e e T 220
11.2.2 Spanning treeexample . ......... ... .. ..o T 220

12 Timers and CoNnStants. . . ... ...t T 222
12.1 General Timers and Constants . ... .. ...t G N e 222
122SW ILSTime-OutValues .............. . 223
Annex A (informative) Examples of Switch Port Initialization . . . .............. .. ... .. ... ... 224

AJL OVEIVIEW . . o e 224

A2 Example 1: two E/F/FL_Port-capable Switch*Perts. . . .. ... ... ... . .. 224

A|3 Example 2: two E/F/FL_Port-capable Swit¢hy Ports and one Nx_Port. . ................. 225

Al4 Example 3: one E/F/FL_Port-capable Rort and one E/F_Port-capable Port . .. ........... 226

Annex B (informative) ELP Negotiation.Example . ....... ... ... . 227

BILOVEIVIEW . . . oot ad) e e 227

B2 ELP Exchange ProtoCol. . e . . .. 227
B.2. L General . .. ... N 227
B.2.2 ELP Exchange without Parameter Negotiation. . .. ......... .. ... . it ... 227
B.2.3 ELP Exchangetwith Parameter Negotiation .. ............ ... ... ... .. .. ..... 228

B3 Summary of Responses to ELP. . . .. ... ... 231

Annex C (informative) Fabric Device Management interface-Sample Flows . . ................ 232

ClL OV B = . o o o 232

Cl2 Sample FIoWS . . ... 232
C.24 HBA Registration - Single Switch . . .. ... . 232
C{2.2"HBA Registration - Multiple Switches - Caches Updated . ........................ 232
IC 23 HBA Dngiefrafinn I\/Illlfipln Switches - Caches Not | Iprlafnr’l 233
C.2.4 HBA De-Registration - Primary HBAManager . ... ... 235
C.2.5 HBA De-Registration - Non-Primary HBAManager . . ..............coviiie.... 236

Bibliography . . . ..o 237


https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

-8- 14165-133© ISO/IEC:2010(E)

Figures

Figure 1 State Machine Example. . . .. ... .. 27
Figure 2 Switch Model . ... ... 31
Figure 3 Multiple Switch Fabric Example. . . ... . . . e 32
Figure 4 Domain, Area, and Port Address Partitioning . .. ............ ... i 35
Figure 5 F _Port Model . ... . 39
Figure 6 FL_Port Model . . ... ... 41
Figure 7 E_Port Model . ... ... 42
Figure 8 B_Port Model. . . ... . 43
Figure 9 Principal Inter-Switch Links . . . ... ... . e 45
Figure 10 Class F Frame Format. . . . . . . . ittt e ot o ot e e e e e e e e e e e e e e e e e e e e e e e a7
Figyre 11 Switch Port Mode Initialization State Machine. . .. ... ... .. ... . . . .. . ... .0 108
Figyre 12 Switch Port Mode Initialization State Machine - Continued . . ................. ~/\" 109
Figdre 13 Example of Simultaneous ELP Processing- Parameters Acceptable to Both Switches . . (113
Figyre 14 ESC ProCesSiNg. . . . .. vttt ittt e e e e e e e e D 116
Figyre 15 Principal Switch Selection State Machine . .. ......... ... ... .. .. .. N . 118
Figyre 16 Example Propagation of BF and RCF SW_ILSrequests ........... ... ....... 120
Figyre 17 Address Distribution State Machines .. .......... .. ... ... ... KM ... . L. 124
Figyre 18 RDI Request Processing by Principal Switch . ....... ... ... .. Vs oo o L. 126
Figyre 19 RDI Request Processing by non-Principal Switch. .. ........~. . ... ... ... ...... 129
Figyre 20 Example B_Port Configuration - Virtual ISL. . . .. ... ...... {7 o oo 132
Figyre 21 Neighbor Finite State Machine ... ....... ... . . . . m\Y e 149
Figyre 22 FSPF-Backbone Architecture . ....... ... .. . G 150
Figyre 23 Point-to-point FSPF-Backbone Links. . . ... ... . . ¢ N 151
Figyre 24 ARO Consisting of Two ISW-0 Switching Devices, . (). ... ... ... i, 151
Figyre 25 Internal Service Supported By aBSW. . ... .. A0 oo 152
Figyre 26 Dual BSW connectivity . ........ ... .. .. QY 153
Figyre 27 Physically Contiguous FSPF-Backbone withrdual BSWs (Allowed) ................. 153
Figyre 28 Physically Non-Contiguous FSPF-Backbené with dual BSWs (Disallowed) . .. ........ 154
Figyre 29 FSPF-Backbone Routing Protocol ovefdiew.. . ... ... ... i 155
Figyre 30 Basic Zoning Framework. . . . ... 08 e 190
Figyre 31 Basic Zoning Hierarchy . . . .. . 0 e 192
Figyre 32 Basic Zoning Object Structure ) s . . . . . 192
Figyre 33 Logical Structure of the Zane Set Database .. .............. . .. 197
Figyre 34 Logical Structure of thesActive Zone Set. . ... ... 198
Figyre 35 Merge Operation Between TWo SWItChes . . .. ... ... . e 211
Figyre 36 Merge Operation Among Several Switches .. ............. .. .. . . . ... 213
Figyre 37 Broadcast pathiselection example. . . . ... ... . 221
Annex Figure A.1 Initiafization example 1 . ... ... e 224
Annex Figure A.2 Initiglization example 2 . .. .. ... 225
Annex Figure A.3 Initialization example 3 . ... ... 226
Annex Figure BA-Reference ELP Configuration . . ... ... 227
Annex Figure B.2 A Successful and Complete ELP Exchange . .. ....... ... . ... .. ... . .... 228
Annex Figure B.3 An Unsuccessful but Complete ELP Exchange . ......... ... .. ... . ..... 228
Annex F|gure B.4 A successful ELP Exchange Protocol Parameter Negotlatlon ............... 229
Anne ster Negotiatic

Annex F|gure C 1 Reg|strat|on of HBA Informatlon Smgle SW|tch .......................... 232
Annex Figure C.2 Registration of HBA Information - Multiple Switches Caches Updated. . ....... 233
Annex Figure C.3 Registration of HBA Information - Multiple Switches Caches Not Updated . . . .. 234
Annex Figure C.4 HBA De-Registration - Primary HBAManager. . ..., 235

Annex Figure C.5 HBA De-Registration - Non-Primary HBAManager . . ..................... 236


https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

-9- 14165-133© ISO/IEC:2010(E)

Tables

Table 1 ISO and American CoNVENLIONS . . . . ... .ottt e e 26
Table 2 Address Identifier Values . .. ... . 36
Table 3SW_ILS Command COOeS . . . ... ..ottt e e e 49
Table 4 SW_RJIT Payload . . . ... e e e e 51
Table 5 SW_RJIT Reas0on CoOeS. . . . ..ottt e e e e e e i 52
Table 6 SW_RJT Reason Code Explanation. . .......... ... .. .. i 53
Table 7 ELP Request Payload. . . ... 55
Table 8 Interconnect_Port Class F Service Parameters . ........... ... .. ... 56
Table 9 Class 1 Interconnect_Port Parameters. . . ... e 57
Table 10 Class 2 Interconnect PortParameters. . . ...............uouuiieieieennneen.... 58
Table 11 Class 3 Interconnect_Port Parameters. . . ... . e N 58
Table 12 ISL Flow Control Mode Values . . . .. ... ... e N 59
Table 13 Flow Control Parameters . ............ e O 59
Table 14 ELP Accept Payload . . . . . ... o D 60
Table 15 EFP Request Payload. . .. ... .. N 61
Table 16 Switch_Priority Field Values . . .. ...... ... oo oo 62
Table 17 Domain_ID_ListRecord Format . ........... ... ... ... ... ... NY ... .. ... ... 62
Table 18 Record_Type Field Values . . . . ... .. . e WV 63
Table 19 Multicast_ID_List Record Format . .. ... ... i T e 63
Table 20 EFP AcceptPayload. . . .. ... ... . i T 64
Table 21 DIARequest Payload . . .. ... ... N 65
Table 22 DIA Accept Payload .. ...... ... G 65
Table 23 RDI Request Payload . . . . ... ... . N 66
Table 24 RDI Accept Payload .. ... D 67
Table 25 HLO Request Payload . ......... ... . . m 68
Table 26 FSPF Header .. .......... . ... QY 69
Table 27 FSPF Command Codes . . . .. ... e e e 69
Table 28 LSU Request Payload. . . . .. ... 8 70
Table 29 Flags Field Bit Map. . . . .. . ... A 71
Table 30 Link State Record - Link Descriptor Format . . . ........ ... .. .. 71
Table 31 Link State Record - Summary Deseriptor Format. . . .......... .. ... .. 72
Table 32 Link State Header Format. . . .0 . . ... 72
Table 33 Link State Record Type FieldValues . . . ... . 73
Table 34 Link Descriptor FOrmat . . . ... 74
Table 35 Link Type Values . . oot . o 74
Table 36 Summary DescriptorFormat. . . . ... .. 75
Table 37 LSA Request Payload. . . . ... ... 76
Table 38 BF Request Payload. . . . ... ... 77
Table 39 BF Accept(Payload . . . ... ... 77
Table 40 RCF Request Payload . . ........ .. e 78
Table 41 RCEAcGCept Payload. . . . ... ... 78
Table 42 SW_RSCN Request Payload . . . ... e 79
Table 43-Device Entry FOrmat. . . .. ..ot 80
Tabled4 SW_RSCN Accept Payload . . ... e 81
Table 45 DRLIR anllncf Da\]/lr\::ri 81
Table 46 DRLIR Accept Payload . . . . ... ... 82
Table 47 DSCN Request Payload . . . . .. ... e 82
Table 48 DSCN Reason Codes. . . ..o e e 83
Table 49 DSCN Accept Payload . . . ... ... 83
Table 50 Merge Request Payload . . . ... .. . 84
Table 51 Protocol Version Values . . . . ... .. 84

Table 52 Basic Zoning Payload . . . ... 85


https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

14165-133 © ISO/IEC:2010(E) - 10 -

Table 53 Enhanced Zoning Payload . . . ... ... .. 86
Table 54 Merge Request Accept Payload . . . ... ... i e e 87
Table 55 ACA Request Payload . .. ... e e 88
Table 56 Acquire Change Authorization AcceptPayload ........... ... ... ... ... ... ... ... 89
Table 57 RCA Request Payload . . . .......... . i 89
Table 58 Release Change Authorization Accept Payload . .. .............. ... ... ... . ....... 90
Table 59 SFC Request Payload . .. .......... . . i e e 91
Table 60 Operation Request Value . . . ... e e e 91
Table 61 Stage Fabric Configuration Update Accept Payload. . ............ ... ... ........... 92
Table 62 Payload for Operation Request Values 03 and 04 . . ......... ... ..., 92
Table 63 Payload for Operation Request ‘Activate Zone Set Enhanced’ ...................... 93
Table 64 Payload for Operation Request ‘Deactivate Zone SetEnhanced” . . . ................. 93
Table 65 Payload for Operation Request ‘Distribute Zone Set Database’. ... ...............¢\ 94
Table 66 Payload for Operation Request ‘Activate Zone Sethy Name’ .. ............... ~\. 94
Table 67 Payload for Operation Request ‘Set Zoning Policies’. . .. ...................CL~7 .. 95
Table 68 Update Fabric Configuration Request Payload. .. ............. ... ... ... 05 . ... 96
Table 69 Update Fabric Configuration Accept Payload. . ............... ... ... ... ... .. 96
Table 70 ESC Request Payload . ......... ... . 97
Table 71 Protocol Descriptor Format. . . ........ .. i NS 97
Table 72 Protocol ID Values . . ... .. R 98
Table 73 ESC Accept Payload. . . ... ... T 98
Table 74 ESS Request Payload . ........... .. ... .. .o Qo 99
Table 75 Capability Object Format . . ... ... . N e 100
Table 76 Name Server Capability Flags . ......... .. i G 101
Table 77 Fabric Controller Capability Flags. . . .. ... . . G N e 101
Table 78 Fabric Configuration Server Capability flags. . ... ,. (). . .o o i 102
Table 79 Enhanced Zone Server Capability flags . . . ... o~ ..o oo 102
Table 80 Vendor Specific Capability Object. .. .. ... .. Y. 103
Table 81 ESS Accept Payload. . . ... ... . 104
Table 82 MRRA Request Payload. . . . ... . 8 105
Table 83 Vendor Specific Field .. ..... ... . A0 105
Table 84 MRRA Response Payload . . . ... . .00 . 106
Table 85 MRRA Response Values . . .. . oo e e 106
Table 86 Fabric Configuration Summary s . . ... e 107
Table 87 Responses to ELP Request{or Originating Interconnect_Port. ... .................. 111
Table 88 Recommended BF and RCF Usage SUMMArY. . . ... ..ottt e 117
Table 89 B_Port - ILS SUPPOI N . ot 131
Table 90 Bridge Port Initialization Summary . .. ....... .. . 132
Table 91 Path Selection (RSPF) Operation Summary. . . ...t 134
Table 92 Checksum Byte\Order Calculation . . ... . e 140
Table 93 Neighbor Einjte State Machine . .. ... . . . . 147
Table 94 FC-CT.Command Codes for dNS . . . . . .. ... e 160
Table 95 Name,Server Entry Object . ... ... 164
Table 96 FC'4. Descriptor Format for Name Server Object. . ........ .. ... . ... 165
Table 97-Entry Object Format Indicator. . . . ... 166
Table 98 Name Server Entry Object Description. . .. ... e 166
Table 20 RA rnqllncf p:\yln:\d 167
Table 100 RA Accept payload . . ... ... 167
Table 101 GE_ID request payload. . . . . ... .. 167
Table 102 GE_ID Acceptpayload . . ... 168
Table 103 GE_PNrequest payload . . ... 168
Table 104 GE_PN Acceptpayload . . ........ . e 168
Table 105 GE_NNrequest payload. . .......... .. 169

Table 106 GE_NN Acceptpayload . . .......... .. e 169


https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

-11- 14165-133© ISO/IEC:2010(E)

Table 107 GE_IP request payload. . . . .. ... 169
Table 108 GE_IP Accept payload . . ... 170
Table 109 GE_FT request payload . . .......... . i 170
Table 110 GE_FT Accept payload. . . ... e 170
Table 111 GE_PT requestpayload . . . ......... . e 171
Table 112 GE_PT Accept payload. . . ... . e e 171
Table 113 GE_ZMrequest payload. . . ... . 171
Table 114 GE_ZM Accept payload . . .......... i 172
Table 115 GE_ZNrequestpayload . . ... i 172
Table 116 GE_ZN Acceptpayload . . .......... . e 172
Table 117 GE_IPP request payload . ............ .. e 173
Table 118 GE IPP Acceptpayload . . .. ..........\.\uiii ittt 173
Table 119 GE_FF request payload . . . ... . N 173
Table 120 GE_FF Accept payload. . . ... . e N 174
Table 121 GE_FPNrequestpayload. . .......... ... i L 174
Table 122 GE_FPN Accept payload . . . ... D 174
Table 123 Fabric Configuration Service Command CodesfordMS . ........... .. K. ... .. 176
Table 124 FDMI Inter-Switch Message . . ... ... ..o 180
Table 125 FDMIHeader .. ..... ... e N 180
Table 126 Vendor Specified. . . . ... .. e VR 181
Table 127 FDMI Fabric Internal Command Codes .. ... ...t T e 181
Table 128 Reason Code Explanation . ........... ... ... .. . ..l i i 182
Table 129 Registered HBA/POrt List . .. ... . N 183
Table 130 HBA ENtry . . . ..o G 184
Table 131 POrt Entry . ... .. N 184
Table 132 Fabric Device Management Interface CT Commandsiforthe dMS ................. 185
Table 133 Fabric Internal Management Server Operations=% . . . .. ...t 185
Table 134 GCAP Request Payload . . . .......... .. Q.Y 186
Table 135 GCAP CT_ACC Payload . .. ... ... e e e e 186
Table 136 Capability Entry. . ... ... R 186
Table 137 Fabric Configuration Server (CT_Subtype O1h) ... ... ... . i 187
Table 138 Unzoned Name Server (CT_Subtype02h). . ... ... e 187
Table 139 Zoning Object List. . . . . ... . A 193
Table 140 Zoning Object . . . . .. .. 193
Table 141 Zoning ObJect TYPES. . . aul) oo e 194
Table 142 Protocol FOrmat . ... o . o 194
Table 143 Zone Member FOrmats . . . .. ... 195
Table 144 Zone Member Type.and Identifier Formats. . . ........ ... ... . . . . i .. 195
Table 145 Zoning Object Bist:. . . . . . ..o 199
Table 146 Zoning Ot T YPES. . . . .ot 199
Table 147 Zone Set(Object Format in the Zone SetDatabase . ............... ... ... . ...... 200
Table 148 Zone Set Object Format in the Active Zone Set. . ........ .. .. .. 201
Table 149 Zon&/Reference Object Format . . ... . e 201
Table 150 Zone Object Format in the Zone Set Database . .......... ... . ... 202
Table 151 Zone Object Format in the Active Zone Set . ... ... ... i 203
Tabledb2°Zone Member Format . . . ... ... 204
Table-153 Zone Member T\J/rr_\n and ldentifier Earmats. 204
Table 154 Zone Member Identifier Format - Vendor Specified . .. ....... .. ... .. ... .. ... . ... 205
Table 155 Zone Alias ObjeCt FOrmat. . . ... ..o e 205
Table 156 Zone Attribute Object Format . . . . ... ...t 206
Table 157 Zone Attribute Block Format . . . . ... ... 206
Table 158 Zone Attribute Entry Format . . . ... ... 207
Table 159 Zone Attribute TYPES. . . . ..o 207

Table 160 Protocol Attribute Value . ... ... . 208


https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

14165-133 © ISO/IEC:2010(E) -12-

Table 161 Vendor Specified Attribute Value . . ... ... .. . . . 210
Table 162 Basic Zoning Merge RUIES . . ... ... . 214
Table 163 Enhanced Zoning Merge RuUles . ... . i e 215
Table 164 Timers and Constants for FC-SW-3 . . . . . ... e 222
Table 165 SW_ILS Time-Out Values. . . . ... . e i 223

Annex Table B.1 Responses to an ELP Request Initiator . . . .. ............. ... ... ... ...... 231



https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

1)

- 13- 14165-133© ISO/IEC:2010(E)

INFORMATION TECHNOLOGY -
FIBRE CHANNEL —

Part 133: Fibre Channel Switch Fabric-3 (FC-SW-3)

FOREWORD

ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or

IEC participate in the development of International Standards. Their preparation is entrusted to tech

nical

)

B)

A)

)

6)

")

3

0)

commmmttees,; any tSCardtEC member body merested T the subject teat withr may participate i
preparatory work. International governmental and non-governmental organizations liaising with,ISO
IEC also participate in this preparation.

In the field of information technology, ISO and IEC have established a joint technical committee, 1SQ
JTC 1. Draft International Standards adopted by the joint technical committee are circufated to nat
bodies for voting. Publication as an International Standard requires approval by at least 75 % o
national bodies casting a vote.

The formal decisions or agreements of IEC and ISO on technical matters.express, as nearly as poss
an international consensus of opinion on the relevant subjects since‘each technical committee
representation from all interested IEC and ISO member bodies.

IEC, 1SO and ISO/IEC publications have the form of recommendations for international use ang
accepted by IEC and ISO member bodies in that sense. While all reasonable efforts are made to en
that the technical content of IEC, ISO and ISO/IEC publications is accurate, IEC or ISO cannot be
responsible for the way in which they are used or for any\misinterpretation by any end user.

In order to promote international uniformity, IEC and\SO member bodies undertake to apply IEC, ISQ
ISO/IEC publications transparently to the maximum extent possible in their national and regi
publications. Any divergence between any ISO/IECpublication and the corresponding national or reg
publication should be clearly indicated in the.latter.

ISO and IEC provide no marking pracgdure to indicate their approval and cannot be rendered respon|
for any equipment declared to be.in"conformity with an ISO/IEC publication.

All users should ensure thatthey have the latest edition of this publication.

No liability shall attach te/IEC or ISO or its directors, employees, servants or agents including indiv
experts and members ‘of their technical committees and IEC or ISO member bodies for any pers
injury, property damage or other damage of any nature whatsoever, whether direct or indirect, or for
(including legal fees) and expenses arising out of the publication of, use of, or reliance upon, this ISQ
publication®er any other IEC, 1SO or ISO/IEC publications.

Attention'is drawn to the normative references cited in this publication. Use of the referenced publical
is indispensable for the correct application of this publication.
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International Standard ISO/IEC 14165-133 was prepared by subcommittee 25: Interconnection of in-
formation technology equipment, of ISO/IEC joint technical committee 1: Information technology.

The list of all currently available parts of the ISO/IEC 14165 series, under the general title Information
technology — Fibre Channel, can be found on the IEC web site.
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This International Standard has been approved by vote of the member bodies and the voting results
may be obtained from the address given on the second title page.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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Introduction

This International Standard describes the requirements for an interconnecting Fabric consisting of
multiple Fabric Switch elements to support the ISO/IEC Fibre Channel - Framing and Signaling (FC-FS)

and

ISO/IEC Fibre Channel - Physical Interface (FC-PI) standards.

FC-SW-3 is one of the Fibre Channel family of standards. ISO/IEC FC-GS-4, is a standard related to
Generic Fabric Services and is closely tied to FC-SW-3. ISO/IEC FC-BB-2 describes how Fabrics are
extended over transports complementary to Fibre Channel. ANSI/INCITS FC-MI-2 and ANSI/INCITS
FC-DA describe interoperability profiles that assists in the interoperability of Switches. ISO/IEC FC-AL-2
specifies the arbitrated loop topology. ISO/IEC FC-SP describes the Security requirements and proto-

cols

associated with Fibre Channel networks.

FC

es. Included are Fabric initialization and configuration, routing, server communication, event distriby

and

Atte
pate

The
tion
use

ISO
The

licemces or licences under reasonable and non-discriminatory terms and conditions with applic

thro

isteled with IEC and 1SO.

Bro
grari

6

Info
Bro

174
USA

Cisq

Info
Cisd
170
USA

SW-3 describes how switches communicate and interact with one another to form a Fabric-of swj
repository exchanges (e.g., zoning information).

htion is drawn to the possibility that some of the elements of this document may/ be the subje
nt rights. ISO and IEC shall not be held responsible for identifying any or allistich patent rights

International Electrotechnical Commission (IEC) and the International @rganization for Standarg
(ISO) draw attention to the fact that it is claimed that compliance with this document may involve
of patents as indicated below.

and IEC take no position concerning the evidence, validity @and scope of the putative patent rig
holders of the putative patent rights have assured IEC and‘1SO that they are willing to negotiate

Lighout the world. In this respect, the statements of the*holders of the putative patent rights are

ade Communications Systems Inc. has informed IEC and ISO that it has patent application
ted patents as listed below.

765 919, 6 980 525 and 10/780 147

mation may be obtained from;

ade Communications Systems, Inc.
b Technology Drive

- San Jose, CA 95110

o Systems Inc. hasinformed IEC and ISO that it has patent applications or granted patents.

mation may-be obtained from:
0 Systems’Inc.
West Tasman Drive

«<San Jose, CA 95134

tch-
tion

Ct of

iza-
the

hts.
free
Ants
reg-

McData Corporation has informed IEC and ISO that it has patent applications or granted patents.

Information may be obtained from:
McData Corporation

11802 Ridge Parkway

USA - Broomfield, Colorado 80021
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INFORMATION TECHNOLOGY
Fibre Channel —
Part 133: Fibre Channel Switch Fabric - 3 (FC-SW-3)

Scope

This part of ISO/IEC 14165-133 describes the operation and interaction of Fibre Channel Switches.

This part of ISO/IEC 14165-133 includes:

a

b

f)

2

The
refe
doc

The

E_Port Operation and Fabric Configuration;

Path selection (FSPF and FSPF-Backbone);

Bridge Port (B_Port) Operation;

distributed server interaction and communication;

exchange of information between Switches to support zoning;

distribution of Event Notifications between Switches.

Normative references

following referenced documents are indispensable for the application of this document. For d
rences, only the edition cited applies. For undated references, the latest edition of the refere
iment (including any amendments) applies.

hted
ced

provisions of the referenced specifications other than ISO/IEC, IEC, ISO and ITU documentg, as

identified in this clause, are valid within the context of this International Standard. The reference to $uch

a specification within this International Standard does not give it any further status within ISO or IE

part
ISO
ISO
ISO
ISO

Cop
Tasl

cular, it does not give the referenced specification the status of an International Standard.
IEC 14165-122, Information technology - Fibre channel - Part 122: Arbitrated loop-2 (FC-AL-2
IEC 14165-241, Infermation technology - Fibre channel - Part 241: Backbone-2 (FC-BB-2)
IEC 14165-251%,Information technology - Fibre channel - Part 251: Framing and signalling (FC
IEC 14165-414, Information technology - Fibre channel - Part 414: Generic services-4 (FC-GS

ies of the following approved IETF standards may be obtained through the Internet Enginee

C. In

FS)

4)

ring

—EOFGG—G-ET':) at s jotf org

RFC 905, ISO Transport Protocol Specification, ISO DP 8073, April 1984.

RFC 1008, Implementation Guide for the ISO Transport Protocol, June 1987.
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3 Terms and conventions

For the purposes of this standard, the following terms, definitions, conventions, abbreviations, acronyms,
and symbols apply.

3.1 Terms and definitions

3.11

Active Zone Set

Active Zone Set is the Zone Set Definition currently in effect and enforced by the Fabric or other entity
(e.g., the Name Server)

3.1
Address assignment
prodess whereby addresses are dispensed to Switches and Switch Ports

3.1

Address identifier
as defined in FC-FS, an unsigned 24-bit address value used to uniquely identifyrthe source (S_ID)|and
destination (D_ID) of Fibre Channel frames

3.1.4
Address Manager
logigal entity within a Switch that is responsible for address assignment

3.1
Adjacent Switch
rempte Switch that does not require intermediate Switchies+in order to be reached

3.1.6
Adjacency
relafionship between two Switches that have synchronized their topology databases

3.1y
Adjacent
two [Switches that have synchronizéed their databases are considered Adjacent

3.18
Areg
second level in a three-level addressing hierarchy

3.1.9
Areg ldentifier
bits [15 through'8 of an address identifier

3.1.10
AR Number
unique number statically assigned to each autonomous region

3.1.11

ARO

special AR containing only the Switch backbone network, that in general may consist of point-to-point
links and switching devices
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3.1.12

ARO_SW
Switch inside ARO and a component of the FSPF-Backbone layer

3.1.13

Autonomous Region

AR

encompasses one or more Fibre Channel Address Domains and consists of Switches all running a
common routing protocol; an AR boundary is administratively defined

3.1.14

Border Switch
BSW
FC-BW-3 defined Switch that comprises the FSPF-Backbone network

3.1.15
Bropdcast Address
FFHFFFh value in the D_ID field specifies that the frame be broadcast to all Nx_Potts

3.1.16
Bropdcast Zone
zong¢ with the Broadcast attribute specified

3.1.17

Bropdcast Zoning Enforcement
zoning technique where the Fabric limits broadcast distribution.among zone members using framg-by-
frame filtering techniques

3.1.18

B_Hort
Bridge Port is a Fabric inter-element port used.te‘connect Bridge devices with E_Ports on a Switch| the
B_Port provides a subset of the E_port functionality

3.1.19

Clags F service
seryice that multiplexes frames at.frame boundaries and is used for control and coordination of the
intefnal behavior of the Fabric

3.1.p0
Cla$s N service
refefs to any class of sérvice other than Class F

3.1.p1
Domain
highest level'in a three-level addressing hierarchy

3.1.22
Domain Address Manager
Switch that is responsible for address assignment to other Switches outside of its Domain

3.1.23
Domain Identifier
bits 23 through 16 of an address identifier
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3.1.24

Domain_ID_List

list where each record contains a Domain_ID value and the Switch_Name of the Switch assigned the
Domain_ID (see 6.1.5)

3.1.25

Downstream Principal ISL

from the point of view of the local Switch, the downstream Principal ISL is the Principal ISL to which
frames may be sent from the Principal Switch to the destination Switch; all Principal ISLs on the
Principal Switch are downstream Principal ISLs; a Switch that is not the Principal Switch may have zero
or more downstream Principal ISLs

3.1.[|26

Distributed Service
implementation of a Well-Known Service where certain components or functions of the (service are
distfibuted throughout the Fabric

3.1.p7

Disfributed Services Time-Out Value

D_9 TOV

value that indicates the maximum time that a distributed service requestorwaits for a response

3.1.p8

Entty Switch
role|that a Switch assumes with respect to a distributed serviceireguest. The Switch that is attached to
an Nx_Port making a service request assumes the role of an Entry Switch with respect to that request

3.1.p9
E_Port
Fabyic “Expansion” Port that attaches to another InterConnect_Port to create an Inter-Switch Link

3.1.80
E_PHort Index
indgx value associated with an E_Port used by the Fabric Shortest Path First Protocol

3.1.81

Errgr_Detect_Timeout value
E_QO TOV

timg constant defined in FC-FS

3.1.82
F_Plort
as defined in RC-FS; in this standard an F_Port is assumed to always refer to a port to which non-Joop
N_Horts are ‘attached to a Fabric, and does not include FL_Ports

3.1.83
Fabtic
as defined in FC-FS, an entity that interconnects various Nx_Ports attached to it, and is capable of
routing frames using only the D_ID information in an FC-2 frame header

3.1.34
Fabric Controller
logical entity responsible for operation of the Fabric identified by the well-known address FFFFFDh
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3.1.35

Fabric Element
smallest unit of a Fabric that meets the definition of a Fabric; from the point of view of an attached
Nx_Port, a Fabric consisting of multiple Fabric Elements is indistinguishable from a Fabric consisting of
a single Fabric Element

3.1.36
Fabric F_Port
entity at the well-known address FFFFFEh (see FC-FS)

3.1.37
Flood

to cause information to be sent to all Switches within the Fabric

3.1.
FL_|
LP
an A
FL
incly

3.1
Fx_
Swit

3.1.
Fab
F S
time

3.1.
Fab
FSH
link

3.1.
Fibr
set

3.1.
FSF
FC-
AR(

{14

B8

Port

prt that is able to perform the function of an F_Port, attached via a link to one or more NL_Por
\rbitrated Loop topology (see FC-AL-2); the AL_PA of an FL_Port is 00h;.in+this standard
Port is assumed to always refer to a port to which NL_Ports are attached toja‘Fabric, and does
de F_Ports

B9
Port
ch Port capable of operating as an F_Port or FL_Port

10

Fic_Stability_Timeout value

| TOV

constant used to ensure that Fabric stability has:been achieved during Fabric Configuration

11

fic Shortest Path First

F

State protocol used for Path Selection

(12
e Channel Address Domain
pf Domain_IDs associated.with an AR

13

F-Backbone Nétwork

SW-3 defined network backbone connecting different ARs via BSWSs using point-to-point links
| SW Swit€hing devices

F<Backbone Protocol

~

[s in
, an
not

and

3.1.45
G_Port
generic Fabric Port that may function either as an E_Port, or as an F_Port
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3.1.46

GL_Port
generic Fabric Port that may function either as an E_Port, or as an Fx_Port

3.1.47
Hard Zone
zone with the Hard Zone attribute specified

3.1.48
Hard Zoning Enforcement

zoni

ng technigue in which the Fabric limits frame exchange by frame-by-frame filtering

3.1
Inte
gen

3.1
Inte
asd

3.1.
Inte
ISL

Link

3.1.
Isol
con
7.5)

3.1
L_P
port

3.1.
Link
asd

3.1

19
fconnect_Port
bric reference to an E_Port or a B_Port

b0
Fmix
efined in FC-FS

b1
-Switch Link

directly connecting the E_Port of one Switch to the E_Port of @anether Switch
b2

hted
lition in which it has been determined that no Class{\ traffic may be transmitted across an ISL

b3

ort

that contains Arbitrated Loop functions-associated with the Arbitrated Loop topology
b4

efined in FC-FS

i

Loop Fabric Address

add

3.1.
N_H
asd
port

ess identifier used to address an FL_Port for purposes of loop management (see FC-FLA)

b6

ort

efined in FC-FS. In this Standard, an N_Port is assumed to always refer to a direct Fabric-attag
and does not include NL_Ports

3.1.57
N_Port Identifier
address identifier assigned to an N_Port

3.1.58
Name_ldentifier
as defined in FC-FS, a 64-bit identifier

see

hed
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3.1.59

NL_Port
L_Port that is able to perform the function of an N_Port, attached via a link to one or more NL_Ports
and zero or more FL_Ports in an Arbitrated Loop topology. In this Standard, an NL_Port is assumed to
always refer to a loop-attached port, and does not include N_Ports

3.1.60

Non

-zero Domain_ID_List

Domain_ID_List that contains at least one record (see 7.3)

3.1.61

NXx

Port

Port operating as an N_Port or NL_Port

3.1.62

Pat
rout

3.1

b through the Fabric between a source and a destination

b3

Path Selection

prodg

3.1.
Por
gen
thre

3.1.

ess whereby paths are selected
b4

bric reference to an N_Port, NL_Port, F_Port, FL_Port, B, Port, or E_Port; the lowest level
p-level addressing hierarchy

i

Poimt-to-Point Link

Fibr

3.1.
Por
bits

3.1.
Por
thre

3.1.
Por
gen

3.1.
Pretf

e Channel link connecting two ports

b6
Identifier
7 through O of an address identifier

57
Index
b byte value used by FSPEo identify Switch ports

b8
Mode
bric reference te £_Port, B_Port, F_Port or FL_Port operation

59

erred Bomain_ID

Dorlain_lD previously granted to a Switch by the Domain Address Manager or through administr
me ns

in a

Ttive

3.1.70
Principal ISL
Inter-Switch Link that is used to communicate with the Principal Switch
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3.1.71

Principal Switch
Switch that has been selected to perform certain Fabric Configuration duties

3.1.72
Reliable Flood
flooding where all Switches are guaranteed to receive the flooded message

3.1.73

Remote Switch

switch that may be reached via one or more ISLs; a remote Switch may be adjacent to the local Switch,
or may be reached via one or more intermediate Switches

pro¢ess whereby the appropriate Switch Port(s) to deliver.asxconnectionless frame towards its
ination is identified

3...y7
Soff Zoning Enforcement
zoning technique in which the Fabric enforces membership through name server visibility

3.1.y8
Swifch
a Fabric Element conforming to this Standard and a member of the Fabric collective

3.1.}9
Switch Construct
entify within a Switch responsible for transporting frames between Switch Ports

3.1.80

Swifch_Name
Nanpe_ldentifier(See FC-FS) that identifies a Switch or a Bridge device for identification purpoges;
each Switch and-Bridge device provides a unique Switch_Name within the Fabric

3.1.81

Switch Port
E P r'l', E Dnrf, orEL _Port

3.1.82
Switch_Priority
value used during Principal Switch selection to cause one Switch to be favored over another
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3.1.83

Upstream Principal ISL
from the point of view of the local Switch, the upstream Principal ISL is the Principal ISL to which
frames may be sent from the local Switch to the Principal Switch. A Switch that is not the Principal
Switch always has exactly one upstream Principal ISL. The Principal Switch does not have an
upstream Principal ISL

3.1.84
Zero Domain_ID_List
Domain_ID_List that is empty (see 7.3)

3.1.85

Zon

3

groyp of Zone Members. Members of a Zone are made aware of each other, but not made-awa

Zon

3.1
Zon

e Members outside the Zone

B6
le Definition

pargmeters that define a Zone

3.1
Zon
spe

3.1.
Zon
par
Info

3.1
Zon

B7
e Member
Cification of a device to be included in a Zone

B8
Member Definition

mation

B9
le Name

namle assigned to a Zone

3.1
Zon
set

3.1
Zon

DO
e Set
bf Zones that are used in combination

D1
le Set Database

datgbase that containsthie' Zone Sets not enforced by the Fabric

3.1
Zon

D2
e Set Name

namfe assigned to a Zone Set

3.1.
Zon

D3

e-Seot State

state of a Switch Zone Set (Activated or Deactivated)

3.1.94

Zon

ing Configuration

set of Zoning data including the Zone Set state, and Zone definitions

e of

meters that define a Zone Member including the.Zone Member Type and Zone Menjber
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3.1.95
Zoning Database
generic term used to indicate both the Active Zone Set and the Zone Set Database

3.2 Abbreviations, acronyms, and symbols

Abbreviations and acronyms applicable to this International Standard are listed below. Definitions of sev-
eral of these items are included in 3.1. Abbreviations used that are not listed below are defined in FC-FS.

Area_ID Area Identifier

AR Autonomous Region

ARO Autonomous Region 0
SW Border Switch
T Common Transport
pmain_ID Domain Identifier
| S TOV Distributed_Services_Timeout Value
| D TOV Error_Detect_Timeout value
| S Extended Link Service
AN Fabric Address Notification Extended Link Service
SM Finite State Machine
C-AL-2 Fibre Channel Arbitrated Loop-2
C-BB-2 Fibre Channel Backbone-2
C-DA Fibre Channel- Device Attach
C-FLA Fibre Channel - Fabric Loop Attachment
C-FS Fibre Channel - Framing and Signaling
C-GS-4 Fibre Channel - Generic Services-4
C-MI-2 Fibre Channel - Methodologies forlfnterconnects-2
| S TOV Fabric_Stability Timeout value
DMI Fabric Device Management interface
SPF Fabric Shortest Path First
L Inter-Switch Link

Information Unit
B Loop Fabric Address

PS<Ss000OOVOOMITIITDD IO =TT TTTTTTTTTTTIIMMOOO®

SR Link State Record
brt_ID Port Identifier
Reserved

| A_TOV Resource’ Allocation_Timeout value

FC Request For Comment

M State Machine

W_ACC Switch Fabric Link Service Accept

W _ILS Switch Internal Link Service

WN Switch Name

WP Switch Priority

W_RJIT. Switch Fabric Link Service Reject

KA Well-Known Address

WIN World Wide Name

AL TIME —  Onetimesthe AL TIME
IxF_S_TOV One times the F_S_TOV
2xAL_TIME Two times the AL_TIME
2xF_S TOV Two times the F_S_TOV

3xAL_TIME Three times the AL_TIME
= Is equal to
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Editorial conventions

In this Standard, a number of conditions, mechanisms, sequences, parameters, events, states, or similar
terms are printed with the first letter of each word in uppercase and the rest lowercase (e.g., Exchange,
Class). Any lowercase uses of these words have the normal technical English meanings.

Lists sequenced by letters (e.g., a-red, b-blue, c-green) show no priority relationship between the listed
items. Numbered lists (e.g., 1-red, 2-blue, 3-green) show a priority ordering between the listed items.

In case of any conflict between figure, table, and text, the text, then tables, and finally figures take pre-
cedence. Exceptions to this convention are indicated in the appropriate clauses.

In al
ont

| of the figures, tables, and text of this standard, the most significant bit of a binary quantity iscsh
ne left side. Exceptions to this convention are indicated in the appropriate clauses.

If a field or a control bit in a frame is specified as not meaningful, the entity that receives-the frame

not

If a
field

Whe
acd
that

Unle
valu

Check that field or control bit.

ield or a control bit in a frame is specified as reserved, the entity that sendsithe frame shall se
or control bit to zero, and the entity that receives the frame shall not checkthat field or control

n the value of the bit or field is not relevant, x or xx appears in place of-a specific value. If a fie
field or control bit.

ss stated otherwise: numbers that are not immediately, followed by lower-case b or h are deg
es; numbers immediately followed by lower-case b (xxb) are binary values; and numbers or u

case¢ letters immediately followed by lower-case h (xxh)are’hexadecimal values.

The
spa
are

ISO convention of numbering is used (i.e., thethousands and higher multiples are separated

Shown in table 1.

Table 1 —ISO and American Conventions

ISO American
0,6 0.6
1 000 1,000

1234 567,8 1,234,567.0

own

Ehall

the

bit.

d or

ntrol bit in a frame is specified as not meaningful, the entity that receives the frame shall not check

imal
hper

by a

te and a comma is used as the decimal pointy)A comparison of the American and ISO conventions
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3.4 State machine notation

-27 -

State machines in this standard should use the style shown in figure 1.

Figure 1 — State Machine Example

state label

SO: State 0
*actions started on entry to SO

S1: State 1
*actions started on entry to S1

. ]
condition for transition from SO to S1

condition for transition from SO back to SO [~ °Y-=+ ) - " =
S0:S0 — action taken on this transition

action taken on this transition

condition for transition from S1 to SO
S1:S0 —

. action taken on this transition

note that the SO actions are
restarted following this transaction

transition label

The

3.5

The
belo

3.5.
Pro
if a
impl

e state machines make three assumptions:
Time elapses only within discrete states.

State transitions are logically instantaneous, 'so’the only actions taken during a transition are
ting flags and variables and sending signals’ These actions complete before the next state is
tered.

Every time a state is entered, the\actions of that state are started. Note that this means th
transition that points back to th€)same state repeats the actions from the beginning. All the
tions started upon entry complete before any tests are made to exit the state.

Definition of Compliance Terms

W

i
nibited

feature.or parameter value is Prohibited, it means that it shall not be used between comp
ementations

set-
en-

at a
ac-

usual definitions of the following terms do not apply in this standard and therefore they are defjned

iant

3.5.2

Req

uired

if a feature or parameter value is Required, it means that it shall be used between compliant

impl

ementations
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3.5.3

Allowed

if a feature or parameter value is Allowed, it means that it may be used between compliant
implementations

3.6 Keywords

3.6.1

expected

keyword used to describe the behavior of the hardware or software in the design models assumed by
this standard. Other hardware and software design models may also be implemented

3.6.

igngred
keyyord used to describe an unused bit, byte, word, field or code value. The contents orfvalue df an
igngred bit, byte, word, field or code value shall not be examined by the receiving devicesand may be
set {o any value by the transmitting device.

3.6.8
invglid
key\yvord used to describe an illegal or unsupported bit, byte, word, field or, code value. Receipt df an
invalid bit, byte, word, field or code value shall be reported as an error.

3.6.4
marjdatory
keyyvord indicating an item that is required to be implemented @s defined in this standard

3.6.p
may
key\vord that indicates flexibility of choice with no implied preference (equivalent to “may or may nqt”)

3.6.6
may not
key\vord that indicates flexibility of choicé with no implied preference (equivalent to “may or may nqt”)

3.6.Y
obsplete
key\yvord indicating that an item was defined in prior Fibre Channel standards but has been remqgved
from) this standard

3.6.8
optional
keyyvord that describes features that are not required to be implemented by this standard. However, if
any |optional‘feature defined by this standards is implemented, then it shall be implemented as defjned
in this standard.

3.6.1
reserved

keyword referring to bits, bytes, words, fields and code values that are set aside for future
standardization. A reserved bit, byte, word or field shall be set to zero, or in accordance with a future
extension to this standard. Recipients are not required to check reserved bits, bytes, words or fields for
zero values. Receipt of reserved code values in defined fields shall be reported as error.
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3.6.10

restricted

keyword referring to bits, bytes, words, and fields that are set aside for use in other Fibre Channel
standards. A restricted bit, byte, word, or field shall be treated as a reserved bit, byte, word or field for
the purposes of the requirements defined in this standard.

3.6.11

shall

keyword indicating a mandatory requirement. Designers are required to implement all such mandatory
requirements to ensure interoperability with other products that conform to this standard
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4 Structure and Concepts

4.1

Overview

This FC-SW-3 standard describes the operation and interaction of Fibre Channel Switches. This in-
cludes E_Port Operation and Fabric Operation.

4.2

E_Port Operation

E_Port operation specifies the tools and algorithms for interconnection and initialization of Fibre Channel
Switches to create a multi-Switch Fabric. Fabric operation defines an E_Port (“Expansion Port”) that op-

erates in a manner similar to an N _Port and F Port, as defined in FC-FS, with additional function

ality

proy

E_P
sery
1, G

E P
and
ano
port
4.3

Fab

ided for interconnecting Switches.

ort operation defines credit models and management between E_Ports for the various)classg
ice other than Class F. E_Ports conforming to this Standard support Class F, and one‘ar more G
ass 2, and/or Class 3; support for other classes of service are not defined by Fabric-operation

ort operation defines how ports that are capable of being an E_Port, F_Port, and/or FL_Port disc
self-configure for their appropriate operating mode. Once a port establishes that it is connectq
her Switch and is operating as an E_Port, an address assignment algerithm is executed to allo
addresses throughout the Fabric.

Fabric Operation

[ic operation includes the following:

Fabric Configuration- Describes how a Principal Switch is selected and describes the address
signment algorithm.

Exchange Switch Capabilities - Allows Switehes to exchange certain operational capabilities
as which path selection protocols are supported.

B_Port - A simplified E_Port that allows Bridge type devices to participate in Fabric operation.

Path selection - Path Selection is the process by which a Switch determines the best path frg
source domain to a destination domain. These paths may then be used in any appropriate 1
ner by the Switch to move frames to their destinations. This path selection process does no
quire nor preclude the use of static or dynamic load-balancing. The standard defines the Fa
Shortest Path FRirst (FSPF) protocol and the FSPF-Backbone protocol. FSPF describes
Switches interacfto establish path selection for an Intra-Region and the FSPF-Backbone prot
describes Inter-Region routing.

Distributed Server communication - The Distributed Server model allows the Well-Known ser
to be distributed among Switches that comprise the Fabric. Both the distributed Name Server
the distributed Management Server are described. In addition, the Inter-Switch FDMI prof]

s of
lass

bver
dto
Cate

uch

m a
han-
t re-
bric
how
ocol

Vers
and
pcol

has bheen defined

f)

Exchange of Zoning information - Defines how zoning information is communicated between
Switches in the Fabric. Zoning information is exchanged between Switches when two Fabrics are

merged, and when changes to zoning information are propagated between Switches.
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g) Distributed Event Notification - Defines how Registered State Change Notifications (RSCNs) and
Distribute Registered Link Incident Records (DRLIR) are distributed between Switches in the
Fabric.

4.4 Fabric Definition
The Fabric serves as a transport that provides a switched interconnect between Nx_Ports.

4.5 Switch

A Switch is the smallest entity that may function as a Switch-based Fibre Channel Fabric. Figure 2 illus-
trates the conceptual model of a Switch.

Figure 2 — Switch Model

Switch Switch
-—
—® Port
¢ Switch
—> Port
o o
() Path Router )
Selector
o o
o o
o o
o o
Fabric Address
® Controller Manager ®
o o
o o
—>

A Syvitch is composed of the following major components:
a) Two er.more Switch Ports;

b) .aSwitch Construct, capable of either multiplexed frame switching or circuit switching, or both;

c) an Address Manager;
d) a Path Selector, which performs path selection;
e) a Router;

f) and a Fabric Controller.
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As defined, a Switch Port may be either an E_Port, an F_Port, or an FL_Port. A Switch Port that is ca-
pable of assuming more than one of these roles is called a G_Port or GL_Port. Once a Switch Port as-
sumes a role, via the Switch Port Initialization Procedure, it shall remain in that role until an event occurs
that causes re-initialization.

The Link joining a pair of E_Ports is called an Inter-Switch Link (ISL). ISLs carry frames originating from
Nx_Ports and those frames generated within the Fabric. The frames generated within the Fabric serve
as control, management and support for the Fabric.

Switches may be joined freely or in a structured fashion to form a larger Fabric, as illustrated in figure 3.

Figure 3 — Multiple Switch Fabric Example

Legend:

E N_Port

NL_Port
QO switch

TN

— ISL
E E_Port
F F_Port
NL NL FL FL_Port
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The structure of the Switch Construct in the Switch, as seen in figure 2, is undefined and beyond the
scope of this Standard. It may support either or both circuit switching and multiplexed frame switching.
It may be non-blocking, allowing concurrent operation of all possible combinations, or it may be blocking
and restricting operations. The Switch Construct may also contain redundancy, as may be required for
high availability configurations.

The Address Manager is responsible for the assignment of addresses within some portion of the Fabric.
Within the Switch, the Address Manager is responsible for Domain_ID(s) for the Switch, and allocating
Area_IDs and Port_IDs within the acquired Domain(s).

The Path Selector is a logical entity that establishes frame routing paths.

The|Router is a logical entity that performs the routing of Class F, Class 2 and Class 3 frames to, their
finall destination.

The|Fabric Controller is a logical entity that performs the management of the Switch. The Fabric Con-
troll¢r has the characteristics of an N_Port, though it may or may not be attached to thelkabric via a LLink.

4.6 | Switching characteristics
4.6.l Switching overview

Path, circuit switching, and frame routing within a Switch may occur-synchronously or asynchrondusly
to the current word alignment of the outbound fibre.

Synthronous switching guarantees retention of the established.word alignment on the outbound fibfe of
the Bwitch Port. Asynchronous switching does not guarantee retention of word alignment on the|out-
boupd fibre of the Switch Port.
A Syitch may employ either synchronous or asynchrenous switching or a combination of the two (p.g.,
a Switch may use synchronous switching for Class’F, Class 2 and Class 3, and asynchronous switching
for Class 1). However, a Switch shall never mix-the two within a given Class of Service.

A switching event occurs every time a connectionless frame is transmitted and when a connection based
serice is established, suspended or.términated.

4.6.2 Synchronous switching

Synghronous switching associated with connectionless frame routing and connection oriented Dedjcat-
ed ¢onnections or virtual eonnection Services shall guarantee the word alignment on the outbound flbre.

Swifches shall ensure that synchronous switching only occurs between frames. Switches should|use
synghronous switching in support of Class 2, Class 3 and Class F service.

4.6.8 Asynchronous switching

Asynchrongus-switching-may be performed-any time Fill \WWords-are beingtransmitted. Bit alignmentland
word alignment may be lost when an asynchronous switching event occurs. A recovery time that allows
the attached Port time to regain synchronization shall be inserted before frame transmission resumes
for the outbound fibre. Fill Words shall be transmitted during this recovery time. If conditions arise war-
ranting transmission of a Primitive Sequence, then this should take precedence over transmission of Fill

Words.



https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

- 34 - 14165-133© ISO/IEC:2010(E)

If a Switch or Node Port recognizes that it is linked to a Switch that employs asynchronous switching,
and a permissible word realignment event occurs, then the Port may ignore any resulting errors (i.e., not
log errors resulting from the realignment event).

4.7 Switch Ports and Bridge Ports
4.7.1 General Characteristics
A Switch shall have two or more Switch Ports. A Switch equipped only with F_Ports or FL_Ports forms

a non-expandable Fabric. To be part of an expandable Fabric, a Switch shall incorporate at least one
Switch Port capable of E_Port operation.

A Sr/itch Port supports one or more of the following Port Modes: E_Port, B_Port, F_Port, or FPort.
Swifch Ports that assume either the E_Port or B_Port mode are generally referred.t¢ as
Intefconnect_Ports. A Switch Port that is capable of supporting more than one Port Modefattempis to
configure itself first as an FL_Port (as defined in FC-AL-2), then as an E_Port or a B_Port (as defingd in
this [Standard), and finally as an F_Port (as defined in FC-FS), depending on which.of the four Port
Modes are supported by the Switch Port. A Bridge Port shall only support B_Port operation.

NOTE 1 The characteristics of a Bridge device are not described in this standard, See FC-BB-2 for a dedcrip-
tion of Bridge device characteristics.

The|detailed procedure for Port Mode selection is described in 7.2.
4.7.2 F_Port

An F_Port is the point at which all frames originated by an-N{ Port enter the Fabric, and all frames fes-
tined for an N_Port exit the Fabric. An F_Port may alsa@ be’the Fabric entry point for frames originated
by an N_Port destined for an internal Fabric destination, such as the Fabric Controller. Similarly|, an
F_Plrt may also be the Fabric exit point for frames<Qriginated internal to the Fabric and destined fgr an
N_Hort. Frames shall not be communicated across a Link between an F_Port and anything other than
an N_Port.

F_Pprts are described in detail in 5.3.
4.7.8 FL_Port

An FL_Port is the point at which all frames originated by an NL_Port enter the Fabric, and all frajnes
destined for an NL_Port exit the Fabric. An FL_Port may also be the Fabric entry point for frames qrigi-
natdd by an NL_Port destined for an internal Fabric destination, such as the Fabric Controller. Similarly,
an RL_Port may als@ bethe Fabric exit point for frames originated internal to the Fabric and destinefl for
an NIL_Port. Frames-shall not be communicated across a Link between an FL_Port and anything gther
tharl an NL_Part:

FL_Ports-are described in detail in 5.4.

4.7 E Port

An E_Port is the point at which frames pass between the Switches within the Fabric. Frames with a des-
tination other than the local Switch or any N_Port or NL_Port attached to the local Switch exit the local
Switch through an E_Port. Frames that enter a Switch via an E_Port are forwarded to a local destination,
or are forwarded towards their ultimate destination via another E_Port. Frames shall not be communi-
cated across a Link between an E_Port and anything other than an E_Port or a B_Port.
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E_P

orts are described in detail in 5.5.

4.7.4 B_Port

A Bridge Port (B_Port) is a port on a Bridge device. It normally functions as a conduit between the Switch
and the Bridge for frames destined for or through a Bridge device. A B_Port is also used to carry frames
between a Switch and the Bridge device for purposes of configuring the Bridge device.

4,75 G_Ports and GL_Ports

A G_Port is a Switch Port that is capable of either operating as an E_Port or F_Port. A G_Port deter-
mines through Port Initialization whether it operates as an E_Port oras an F_Port. AGL_Portis a G_Port

that

is also capable of operating as an FL_Port.

4.8

Swit
into

Fabric Addressing

ches use the address partitioning model as described below. The 24-bit address identifier is div
three fields: Domain, Area, and Port, as shown in figure 4.

Figure 4 — Domain, Area, and Port Address Partitioning

ded

2221211111111 ]1|1
321,09 |8|7|6|5|4|3|]2|]1(0|9|8|7YyY6 5|4 (3|2|1]|0
Domain_ID Area_ID Port_ID
Address Identifier

A Dpmain is one or more Switches that have the same.Domain_ID for all N_Ports and NL_Ports wjthin
or aftached to those Switches, except for Well-Known-Addresses. If there is more than one Switch i the
Donmain, each Switch within the Domain shall hesdirectly connected via an ISL to at least one dther
Swifch in the same Domain.
An Area_ID shall apply to either of the follewing:

a) One or more N_Ports within\and attached to a single Switch, except for Well-Known Addresdes;

b) an Arbitrated Loop of NLPorts attached to a single FL_Port.

Asi

AP

a

b

ngle Arbitrated Loepyshall have exactly one Area_ID.
brt_1D shall apply to either of the following:
a single_N_Port within a Domain/Area, except for Well-Kknown Addresses;

thevalid AL_PA of a single NL_Port or FL_Port on an Arbitrated Loop.

Address identifier values for this Standard are listed in table 2. Any value listed as Reserved is not mean-
ingful within this Standard.
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Table 2 — Address Identifier Values

Address Identifier (hex)
Domain_ID Area_ID Port_ID Description
00 00 00 Undefined?
00 00 AL_PA E_Port: Reserved
F_Port: Reserved
FL_Port: Private Loop NL_Port? and g
00 00 non-AL_PA Reserved
00 01-FF 00 - FF Reserved
01-EF 00 - FF 00 F_Port: N_Port Identifier
FL_Port: Loop Fabric Address®
01-EF 00 -FF AL PA F_Port: N _Port Identifier
FL_Port: N_Port Identifier for Public Loop NL_Port®
01-EF 00 - FF non-AL_PA F_Port: N_Port Identifier
FL_Port: Reserved
FO - FE 00 - FF 00 - FF Reserved
FF 00 - FA 00 - FF Reserved
FF FB 00 - FF Reserved for Multicast Group_ID
FF FC 00 Reserved
FF FC 01-EF N_Port Identifier for Domain Controiferd
FF FC FO - FF Reserved
FF FD - FE 00 - FF Reserved
FF FF 00 - EF Reserved
FF FF FO-FC Well-Known Address®
FF FF FD N_Port Identifier for Fabric Controller’
FF FF FE N_Port Idéntifier for Fabric F_Port
FF FF FF Broadcast’/Address

This value is used by an N_Port requesting an address identifier during FLOGI.

B See FC-AL-2 for a definition of AL_PA and FC-DAfor a definition of Private Loop and FL_Port operatio
with Private Loop devices.

=)

€l See FC-DA for the definition and use of Loep Fabric Address, and for a definition of Public Loop.

A Domain Controller Identifier may be-used to address the Fabric Controller of a remote Switch that ma|
or may not be connected via an ISLito the originating Switch. The Port_ID field is set to the Domain_|II
of the remote Switch.

\TA-S

€ The usage of Well-Known Addresses FFFFFOh through FFFFFCh, are not defined by this Standard.
FC-FS defines or reserves-these values for Well-Known Addresses.

This address identifier’has special usage depending on the originator. If the originator is an attached ex
ternal N_Port orNL._Port (attached via an F_Port or FL_Port) then the destination of a frame sent t
FFFFFDh is the-Fabric Controller of the local Switch. If the originator is the Fabric Controller of the locg
Switch, then-the destination of a frame sent to FFFFFDh via an ISL is the Fabric Controller of the remot
Switch atthe other end of the ISL.

A * - = ]

9 Thiswvalle is used by a public loop NL_Port requesting an address identifier during FLOGI.

4.9 LClass F Service

Class F service is a connectionless service similar to Class 2 that is used for internal control of the Fabric.
Class F service as used by this Standard is defined in 5.8.
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410 FSPF-Backbone Fabric

The FSPF-Backbone Fabric consists of multiple Autonomous Regions (AR) that are interconnected by
a backbone network. The FSPF-Backbone Fabric performs path selection using the FSPF-Backbone
routing protocol. All ARs shall have uniqgue Domain_IDs and be equipped with dynamic mechanisms to
detect conflicting Domain_IDs. Assigning Domain_IDs within an AR does not necessarily have to be dy-
namic as in Principal Switch selection and Address assignment, as long as the links of the conflicting
Domain_ID are isolated. The AR boundary is administratively defined, with each AR encompassing one
or more Fibre Channel Address Domains.

The primary motivation in forming a 2-tier architecture is to allow the Switch Fabric to scale better. In
general a layered routing architecture is known to incur shorter propagation delays compared to a flat
network. This is particularly important for Fibre Channel networks with a large number of Switches.
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5 Switch Ports and Bridge Ports

51

Overview

This clause defines the specific behaviors for all modes of a Switch Port and a Bridge port. Note that the
models described below are defined for purposes of describing behavior. No implication is made as to
whether the actual implementation of an element is in hardware or software. An element may be imple-
mented on a per-Port basis, or may be a logical entity that is embodied in a single physical implementa-
tion shared by multiple ports.

A Switch Port may be able to operate in more than one mode, and configure itself to the appropriate

modad

modg

FL_Port mode to determine if it is attached to a loop of NL_Ports. If that is not successful, it-then

ope

find$ a mode in which to operate.

AB

Ports that operate in the E_Port or B_Port mode are generically referred to as,Interconnect_Ports. A

gle
Inte

a
b
B_P

5.2

5.2l FC Transports

The
frani

on the physical media. The FC-AL<2 Transport contains additional functionality to support the Arbitr,
Loop protocols.

5.2.

The

Swifch Construct and/or other Switch Ports within the Switch. The Switch Transport exists to n
es between‘the Switch Port and the rest of the Switch. No other implementation details are implied

frani
by t

5.2.

e for purposes of determining if that mode is appropriate. For example, a Switch Port operatg

ating as an E_Port to see if another E_Port or B_Port is attached. The Switch Port continues u
idge device may contain one or more Bridge Ports (B_Ports).
Inter-Switch Link (ISL) connects two Interconnect_Ports together. Valid combination
connect_Ports are described below:

E_Portto E_Port;

E_Portto B_Port.

ort to B_port ISLs are not allowed.

Model elements

e, to encode and decode the words that make up the frame, and to transmit and receive the fr|

P Switch Transport

Switch Transport iS"an abstraction to show the “back end” of the Switch Port as it interacts with

Nis element.

B _{Control Facilities

e during the initialization process (see 7.2). During initialization, the Switch Port may assume a

s in
fries
til it

sin-
s of

FC-FS Transport includes all of the functionality described in FC-FS to construct and deconstryct a

hme
hted

the
ove

The Control Facilities are internal logical ports that receive and perform requests, and generate respons-
es. Each Control Facility has associated with it an address identifier, and support for classes of service.

The

Control Facilities also manage the various Transport elements.
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5.2.4 Link Services

-39 -

The Link Services represent the various Link Services that are supported by the corresponding Control

Faci

5.3

lity.

F_Port Operation

An F_Port is the point at which an external N_Port is attached to the Fabric. It normally functions as a
conduit to the Fabric for frames transmitted by the N_Port, and as a conduit from the Fabric for frames
destined for the N_Port.

An F_Port shall support one or more of the following classes of service: Class 1 service, Class 2 ser

ice,

Clas
N_R

An |
Sign

model of an F_Port is shown in figure 5.

Figure 5 — F_Port Model

s 3 service. An F_Port shall not intentionally transmit Class F frames on its outbound fibre
ort that receives a Class F frame shall discard it, as required by FC-FS.

- Port shall not admit to the Fabric any Class F frames, any Primitive Sequences, of‘any Prim
als other than Idle, that the F_Port receives on its inbound fibre.

DTE 2 Primitive Signals and Primitive Sequences are prohibited from entering the jgabric by FC-FS. Fo
ple, if an R_RDY was admitted to a Fabric, it may propagate to another F_Port ‘and be transmitted by
_|Port, disrupting credit on that Link.

An

itive

r ex-
that

Link To/From
N Port

F_Port

FC-FS
Link Services

Parameters and and

Switch Fabric

Internal Link Services

FC-FS Link Services

FC-FS Transport
(FC-2/Framing,
EC-1/Caoding

Link_Control_Facility le Geftrol Internal_Control_Facility
(Class 1, 2, and/or 3) (Class F, 1, 2, and/or 3)
address FFFFFEh P address = N_Port Identifier
FLOGI, Internal
FDISC, etc. Control
Frames
i M
: 1 1 :
;! Routed Loy
s Frames VoM
= -~ 4-’——,—’ ——————— _ ———————— Tm==- -
|_'>'—————-': ———————— ﬁ ————————— S - - =

Switch Transport
(Implementation
Specific)

10NJISuU0)D ydiums

Wol 1ol
=

=17

FC-0/Physical Media)

An F_Port contains an FC-FS Transport element through which passes all frames and Primitives trans-
ferred across the Link to and from the N_Port. Frames received from the N_Port are either directed to
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the Switch Construct via the Switch Transport element, or directed to the Link_Control_Facility.The
Link_Control_Facility receives frames related to Link Services such as FLOGI, and transmits responses
to those Link Service frames.

Frames received from the FC-FS Transport element that are destined for other ports are directed by the
Switch Transport to the Switch Construct for further routing. Frames received from the Switch Construct
by the Switch Transport are directed either to the FC-FS Transport for transmission to the N_Port, or to
the Internal_Control_Facility. The Internal_Control_Facility receives frames related to Switch Fabric In-
ternal Link Services, and transmits responses to those Internal Link Services frames. Information is
passed between the Internal_Control_Facility and the Link_Control_Facility to effect the control and con-
figuration of the Transport elements.

The
alwa

An R
FC-

5.4
An R
fundg

fronf

An K
vice

F_Portis used by Switches to transmit and receive frames with a single N_Port. A Link to and, |
lys connects to exactly one N_Port.
-S.

FL_Port Operation
FL_Port is the point at which one or more external NL_Ports are attached to the Fabric. It norn
tions as a conduit to the Fabric for frames transmitted by the attachedNL_Ports, and as a cor

the Fabric for frames destined for the attached NL_Ports.

FL_Port shall support one or more of the following classes of sérvice: Class 2 service, Class 3
An FL_Port shall not intentionally transmit Class F frameS_on its outbound fibre. An FL_Port

not admit to the Fabric any Class F frames, any Primitive Sequences, or any Primitive Signals other

Idle

N
qu

The

that the FL_Port receives on its inbound fibre.

DTE 3 It is recommended that an FL_Port that conforms to this Standard also conform to the FL_Po
irements defined in FC-DA.

model of an FL_Port is shown in figure:6.

Port

F_Port Link follows the FC-0, FC-1, and FC-2 protocols defined for point-to-point Links’as defingd in

hally
duit

ser-
Shall
han

tre-
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Figure 6 — FL_Port Model

FL_Port
FC-FS Switch Fabric
Link Services Internal Link Services
Parameters and and FC-FS Link Services
Link_Control_Facility | Control Internal_Control_Facility
(Class 1, 2, and/or 3) (Class F, 1, 2, and/or 3)
address FFFFFEh - address = LFA
FLOGI, Internal
EDISC Control
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: 1 ; 1
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= ;! Routed R s
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E Z FC-AL-2 Transport Switch Transport 27
= (FC-2/Framing, (Implementation S
FC-1/Coding/LPSM, Specific) -
FC-0/Physical Media)

An [FL_Port contains an FC-AL-2 Transport element:that passes all frames and Primitives transfdrred
acrgss the Link to and from the multiple NL_Ports. Frames received from the NL_Ports are either difect-
ed tp the Switch Construct via the Switch Transpaort’element, or directed to the Link_Control_Facility{The
Linkl_Control_Facility receives frames related, to-Link Services such as FLOGI, and transmits respofses
to those Link Service frames. The Link_Cegnirol_Facility also transmits and receives Loop Initialization
Segpuences and transmits the FAN ELS.

Frames received from the FC-AL=2 Transport element that are destined for other ports are directefd by
the Bwitch Transport to the Switel’ Construct for further routing. Frames received from the Switch Con-
strugt by the Switch Transport.are directed either to the FC-AL-2 Transport for transmission to the fles-
tination NL_Port, or to the Internal_Control_Facility. The Internal_Control_Facility receives frames
related to Switch Fabriciinternal Link Services and Loop management Extended Link Services (see|FC-
DA)} and transmits(responses to those Link Services frames. Information is passed between| the
Intefnal_Control._Facility and the Link_Control_Facility to effect the control and configuration of the
Transport elements.

The|FL_Portis used by Switches to transmit and receive frames with one or more attached NL_Pprts.
A Lipkdo,an FL_Port connects to one or more NL_Ports.

An FL_Port Link follows the FC-0, FC-1, and FC-2 protocols defined in FC-FS, with the additional Arbi-
trated Loop protocols defined in FC-AL-2.

5.5 E_Port Operation

An E_Port is the point at which a Switch is connected to another Switch to create a multi-Switch Fabric.
Also, an E_Port is the point at which a Switch is connected to a Bridge device. It normally functions as
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a conduit between the Switches for frames destined for remote N_Ports and NL_Ports. An E_Port is also
used to carry frames between Switches for purposes of configuring and maintaining the Fabric.

An E_Port shall support the Class F service. An E_Port shall also be capable of routing one or more of
the following classes of service: Class 1 service, Class 2 service, Class 3 service. An E_Port shall not
admit to the Fabric any Primitive Sequences, or any Primitive Signals other than Idle, that the E_Port
receives on its inbound fibre.

The model of an E_Port is shown in figure 7.

Figure 7 — E_Port Model

E_Port
Switch Fabric Switch Fabric
Internal Link Services Internal Link Services
and FC-FS Link Services Parameters and and FC-FS Link Services
Link_Control_Facility < Control Internal_Control_Facility,
(Class F) (Class F)
address FFFFFDh >
ELP, Internal
EFP, etc. Control
Frames
' P
L | 1 :
cd ) Routed Loy (gn
s g Lo Frames N g
&LL|<—— ————— e —y - —- -4 _ ———————— v——h———«‘——ggi
EE—->-—————-'—, ———————— ﬁ —————————— N - —— - gg
» = FC-FS Transport Switch Transport 43
=9 (FC-2/Framing, (Implementation S
FC-1/Coding, Specific) ~
FC-0/Physical Media)
An [E_Port contains an FG:FS Transport element through which all frames are passed, and Primifives
are fransferred acrossihe Link to and from the other E_Port. Frames received from the other E_Porf are
either directed to the"Switch Construct via the Switch Transport element, or directed to|the
Link_Control_Facility. The Link_Control_Facility receives frames related to Switch Fabric Internal [Link
Seryices such<@s-ELP, and transmits responses to those Link Service frames.
Frames received from the FC-FS Transport element that are destined for other ports are directed by the
SwilchUTransport to the Switch Construct for further routing. Frames received from the Switch Consjruct
by the-Switch-Transport are directed eitherto the FC-ES Transportfor transmissionto-the other E Port,
or to the Internal_Control_Facility. The Internal_Control_Facility receives frames related to Switch Fabric

Internal Link Services, and transmits responses to those Internal Link Services frames. Information is
passed between the Internal_Control_Facility and the Link_Control_Facility to effect the control and con-
figuration of the Transport elements.
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5.6 B_Port operation

A Bridge Port (B_Port) is a port that is used to connect a Switch to Bridge device. It normally functions
as a conduit between the Switch and the Bridge for frames destined for or through a Bridge device. A
B_Port is also used to carry frames between a Switch and the Bridge device for purposes of configuring
the Bridge device.

A B_Port shall support Class F service. A B_Port shall also be capable of forwarding one or more of the
following classes of service: Class 1 service, Class 2 service, Class 3 service. A B_Port shall not admit
to the Fabric any Primitive Sequences, or any Primitive Signals other than Idle, that the B_Port receives
on its inbound fibre.

The model of a B _Port is shown in figure 8.

Figure 8 — B_Port Model

B_Port
Bridge Bridge
Internal Link Services Internal Link Services
and FC-FS Link Services and FC-FS Link,Services

Link control Facility L Internal Cantrol Facility
(Class F) (Class F)

Address FFFFFDh | g——«—

ELP,
etc. Internal
Control
Frames
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FC-0/Physical Media)’

A B[ Port contains@n-FC-FS Transport element through which pass all frames and Primitives transfdrred
acrdss the Linktoand from the E_Port. Frames received from the attached E_Port are either directg¢d to
the Bridge Construct via the Bridge Transport element, or directed to the Link_Control_Facility. [The
Link_Contrek Facility receives frames related to Bridge Fabric Internal Link Services such as ELP,|and
tranpmits._responses to those Link Service frames.

Frames+eeeived-fromthe-RGFSTransper-elementthatare-destined-for-otherperts-are-directed-by the
Bridge Transport to the Bridge Construct for further forwarding. Frames received from the Bridge Con-
struct by the Bridge Transport are directed either to the FC-FS Transport for transmission to the other
E_Port, or to the Internal_Control_Facility. The Internal_Control_Facility receives frames related to
Bridge Fabric Internal Link Services, and transmits responses to those Internal Link Services frames.
Information is passed between the Internal_Control_Facility and the Link_Control_Facility to effect the
control and configuration of the Transport elements.
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The Bridge Port utilizes Class F service as a connectionless service exchanging frames between

E_ports and B_Ports. The definition of Class F function and Class F rules apply to both E_ports
B_Ports as defined in 5.8.

5.7 Inter-Switch Link Behavior

and

Inter-Switch Links (ISLs) are used by Switches to transmit and receive frames with other Switches or
Bridge devices. An ISL always connects exactly one E_Port on a Switch to exactly one E_Port on an-

other Switch or exactly one B_Port on a Bridge device.

An ISL follows the FC-0, FC-1, and FC-2 protocols defined for point-to-point Links as defined in FC

-FS,

with the exception that Class F frames are allowed to transit the Link. R RDY shall be used for the man-

agefment of buffer-to-buffer flow control of Class F frames on the ISL prior to the completion of thg ex-

change of Link parameters (see 6.1.4 and 7.2); an alternate method of buffer-to-buffer flow control
be defined in that process.

may

For purposes of defining and maintaining the Fabric Configuration, an ISL may be designated as a Prin-

bute

Clags F configuration frames, and is therefore a known path between two Switches? If a Principal I$L is
lost)there may be no other available paths between the two affected Switches, 80 as a result the Fabric

Addfess Distribution (see 7.4). During this process, the Switch identifies two kinds of Principal ISLs.
Pringipal ISL that leads towards the Principal Switch is calledthe upstream Principal ISL. All frames
the Bwitch to the Principal Switch are sent via the upstr€am Principal ISL. The Principal Switch ha
upsfream Principal ISL; all other Switches have exactly.one upstream Principal ISL.

A Principal ISL that leads away from the Principal Switch is called the downstream Principal ISL.
frame sent by the Switch to another Switch as aresult of a frame received on the upstream Principa
is sent via the downstream Principal ISL thatleads towards that Switch. The Principal Switch may H
onelor more downstream Principal ISLs;.all other Switches may have zero or more downstream Prin
ISLg.

Pringipal ISLs are further illustrated in figure 9.

hon-
Prin-

and
The
rom
5 NO

Any
ISL
ave
Cipal
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Figure 9 — Principal Inter-Switch Links

Switch A is the
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5.8 | Class F Service
5.8.1 Class F Function

Clags F Service is a connectionless servicewith naotification of non-delivery between Interconnect P
Clags F service is used for control, coordination, and configuration of the Fabric. Class F Service i
fined by this Standard for use by SwitChes communicating across Inter-Switch Links.

A Class F Service is requested.by’an Interconnect_Port on a frame by frame basis. The Fabric ro
the frame to the destination Interconnect_Port. If an Interconnect_Port transmits consecutive framg
muliiple destinations, thetkabric demultiplexes them to the requested destinations. Class F delim
are psed to indicate thetequested service and to initiate and terminate one or more Sequences ag
scribped in FC-FS.

5.8.p Class E.Rules

To grovide Class F Service, the transmitting and receiving Interconnect_Ports and the Fabric shall
the following rules:

DIts.
de-

Lites
s to
ters
de-

bey

a) Except for some Switch Fabric Internal Link Service protocols, an Interconnect_Port is required to

have exchanged Link parameters (see 6.1.4 and 7.2) with the associated destination with whi
intends to communicate (Login).

b) The Fabric routes the frames without establishing a Dedicated Connection between commun

chit

icat-

ing Interconnect_Ports. To obtain Class F service, the Interconnect_Port shall use Class F delim-

iters as defined in 5.8.3. (Connectionless service)
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An Interconnect_Port is allowed to send consecutive frames to one or more destinations. This en-
ables an Interconnect_Port to demultiplex multiple Sequences to a single or multiple destinations
concurrently (Demultiplexing).

A given Interconnect_Port may receive consecutive frames from different sources. Each source
is allowed to send consecutive frames for one or more Sequences. (multiplexing)

An Interconnect_Port addressed by a Class F frame shall provide an acknowledgment to the
source for each valid Data frame received. The destination Interconnect_Port shall use ACK 1
for the acknowledgment. If a Switch is unable to deliver the ACK_1 frame, the Switch shall return
an F_BSY or F_RJT. (Acknowledgment)

f)

The Sequence Initiator shall increment the SEQ_CNT field of each successive frame transmjtted
within a Sequence. However, the Switches may not guarantee delivery to the destination ir] the
same order of transmission. (Non-sequential delivery)

Since the SOFf delimiter does not indicate whether a frame is the first frame ofla Sequence| the
starting SEQ_CNT of every Sequence shall be zero. (Sequence reassembly)

An Interconnect_Port may originate multiple Exchanges and initiate multiple Sequences with|one
or more Interconnect_Ports. The Interconnect_Port originating an Exchange shall assign an X_ID
unique to the Originator called OX_ ID and the Responder of the Exchange shall assign an X_ID
unique to the responder called RX_ID. The value of OX_ IB)\or RX_ID is unique to a g|ven
Interconnect_Port. The Sequence Initiator shall assign a SEQ.-ID, for each Sequence it initiates,
that is unique to the Sequence Initiator and the respective.Sequence Recipient pair while the| Se-
guence is Open. (Concurrent Exchanges and Sequences)

Each Interconnect Port exercises buffer-to-buffer “flow control with the Interconnect_Pojt to
which it is directly attached. End-to-end flew control is performed by communicalting
Interconnect_Ports. ACK_1 frames are used.to perform end-to-end flow control and R_ROY is
used for buffer-to-buffer flow control. However, some other agreed upon methods outsidg the
scope of this standard may be used for, buffer-to-buffer flow control. (Dual flow control)

If a Switch is unable to deliver the\frame to the destination Interconnect_Port, then the sourge is
notified of each frame not delivered by an F_BSY or F_RJT frame with corresponding D | ID,
S _ID, OX_ID, RX_ID, SEQ D, and SEQ_CNT from the Switch. The source is also notified of|val-
id frames busied or rejected’by the destination Interconnect_Port by P_BSY or P_RJT. (Non-de-
livery)

A busy or rejecty'may be issued by an intermediate Interconnect Port or the destination
Interconnect_Port'with a valid reason code. (Busy/reject)

If a Class=-Data frame is busied, the sender shall retransmit the busied frame up to the ability of
the sender to retry, including zero. (Retransmit)

TheCredit established during the ELP protocol by interchanging Link Parameters shall be hon-

ored _Class E may share Credit with other classes of service (f‘rnriif)

n)

0)

Effective transfer rate between any given Interconnect_Port pair is dependent upon the number
of Interconnect_Ports a given Interconnect_Port is multiplexing and demultiplexing. (Bandwidth)

Frames within a Sequence are tracked on a Sequence_Qualifier and SEQ_CNT basis. (Tracking)
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p)

Q)

r

An Interconnect_Port shall be able to recognize SOF delimiters for Class N service, whether or
not all classes of service are supported by the Port. (Invalid Class)

An Interconnect_Port addressed by a Vendor Specific Class F frame, shall send an LS_RJT if it
does not understand the frame. A Vendor Specific Class F frame is indicated by an R_CTL field
value of FOh. (Vendor specific)

An Interconnect_Port shall support insertion of Class F frames onto an established Class 1 Dedi-
cated Connection. However, this insertion shall not cause loss of any Class 1 frames. A Switch
may abort (EOFa) or discard an Intermixed Class 2 or Class 3 frame in progress if its transmis-
sion of a Class F frame interferes. A Switch shall not abort an Inserted Class F frame. (Class F in-
termix)

1}

5.8.

Clag
figu
fram
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com
fram
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An Interconnect_Port shall use R_RDY and FC-FS buffer-to-buffer flow control-with| the
Interconnect_Port to which it is directly attached, until after the exchange of Link paramgters
(see 6.1.4 and 7.2). The BB_Credit prior to the exchange of Link parameters shall.be 1. An Inter-
connnect Port may agree to use an alternate buffer-to-buffer credit model for Class F folloying
the successful exchange of Link parameters. (Alternate credit models)

A Class F frame shall be forwarded to its destination without checking,by<an intermediate entity.
A Class F frame not destined for the receiving E_Port (or E_Port's domain) shall always be| for-
warded regardless of whether or not the receiving E_Port recognizes-the frame. (Frame forward-

ing)
B Class F Frame Format

s F frames shall use the Frame_Header defined in FES. The Class F frame format is shown in
e 10. The Start_of_Frame Fabric (SOFf) delimiter{shall precede the frame content of all Clags F
es. The Data Field size of all Class F frames shall be less than or equal to 256 bytes prior tq the
essful completion of Exchange Link Parameters(see 6.1.4; Exchange Link Parameters establighes
maximum receive frame size for Class F frames). All Class F frames shall include the CRC defjned
C-FS. The End_of Frame Normal (EOFn) delimiter shall immediately follow the CRC of all normally
pleted Class F Data frames and all nopmally completed Class F Link_Control frames except the last
e of a Sequence. The End_of_Frame Terminate (EOFt) delimiter shall immediately follow the ¢RC
| Class F Link_Control frames that indicate the last frame of a normally terminated Sequence. A
s F frame is preceded and follewed by Primitive Signals as defined in FC-FS.

An Interconnect_Port or Switch may invalidate or discard without notification any incorrectly formed

Clas

s F frame, or any Class F frame with a code violation or CRC error.

Figure 10 — Class F Frame Format

Fill

- Class F Frame
-t Frame Content
(4 bytes) (24 bytes) (0 to 2112 bytes) (4 bytes) | (4 bytes) ‘
Words| SOFf | Frame Header Data Field cre  |F2EC" Fin words
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5.8.4 Class F Flow Control

Class F service uses both buffer-to-buffer and end-to-end flow controls. R_RDY is used for buffer-to-buf-
fer flow control. R_RDY is transmitted by the Interconnect_Port at one end of the ISL, to the
Interconnect_Port at the other end of the ISL, to indicate that a buffer is available for further frame re-
ception by the first Interconnect_Port. This process operates in both directions on the ISL.

After the successful exchange of Link Parameters, an alternate method of buffer-to-buffer flow control
may be established on an ISL (see 7.2). This alternate method of buffer-to-buffer flow control remains in
effect until a Link Offline or Link Failure occurs, or a new set of Link Parameters is successfully ex-
changed between the Interconnect_Ports.

ACPl_l frames are used to perform end-to-end flow control. ACK_1 frames shall be formattedcag de-
scrilped in 5.8.3. The ACK_0 Link Control frame shall not be used for Class F service.
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6 Internal Link Services

6.1 Switch Fabric Internal Link Services (SW_ILS)

6.1.1 SW_ILS overview

This subclause describes Link Services that operate internal to the Fabric between Switches. In the case
of Exchange Link Parameters (ELP), Link Services also operate internal to the Fabric between Switches
and Bridge devices. All SW_ILS frames shall be transmitted using the FT_1 frame format via the Class

F service. The following defines the header fields of all SW_ILS frames:

R_CTL: This field shall be set to 02h for all request frames, and to 03h for all reply frames.

CS [CTL: This field shall be set to 00h.

D_ID and S_ID: Set as indicated for the specific SW_ILS.

TYHE: This field shall be set to 22h, indicating Fibre Channel Fabric Switch Services;

All gther fields shall be set as appropriate according to the rules defined in FC-FS. The first word in} the

payload specifies the Command Code. The Command Codes are summayrized in table 3.

Table 3—-SW_ILS Command Codes (part \I\of 2)
FEncoded Value
(hex) Description Abbr.

01 00 00 00 Switch Fabric Internal Link Service Reject SW_RJT|
02 XX XX XX Switch Fabric Internal Link Service Accept SW_ACA
10 00 00 00 Exchange Link Parameters ELP
11 XX XX XX Exchange Fabric Parameters EEP
12 00 00 00 Domain Identifier Assignéd DIA
13 00 XX XX Request Domain_(D RDI
14 00 00 00 Hello HLO
15 00 00 00 Link<State Update LSU
16 00 00 00 Link State Acknowledgement LSA
17 00 00,00 Build Fabric BE
18 00 00 00 Reconfigure Fabric RCE
TR 000000 Inter-Switch Registered State Change Notification SW_RSCIN
1E 00 00 00 Distribute Registered Link Incident Records DRLIR
20 00 00 00 Disconnect Class 1 Connection DSCN
21 00 00 00 Obsoleted in FC-SW-3 LOOPD
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Table 3— SW_ILS Command Codes (part 2 of 2)

Encoded Value

(hex) Description Abbr.
22 00 XX XX Merge Request MR
23 00 xx xx Acquire Change Authorization ACA
24 00 00 00 Release Change Authorization RCA
25 XX XX XX Stage Fabric Configuration SFC
26 00 0000 Update Fabric Configuration UEC
28 XX XX XX Reserved for FC-BB-2 Use
30 00 xx Xx Exchange Switch Capabilities ESC
31 00 00 00 Exchange Switch Support ESS
32 0000 00 Reserved for FC-SP Use
3300 00 00 Reserved for FC-SP Use
34 00 00 00 Merge Request Resource Allocation MRRA
40 XX XX XX Reserved for FC-SP Use
41 XX XX XX Reserved for FC-SP Use
70 00 00 00

to Vendor Specific
7F FF FF FF
90 00 00 00
to Vendor Specific

9F FF FF FF

others Reserved

uUnlg
vice
mer
time

6.1.

The
regu

tain

P Switch{Fabric Internal Link Service Accept (SW_ACC)

ss otherwise specified, therules regarding the following aspects of Switch Fabric Internal Link
5 are as defined for the Extended Link Services in FC-FS (e.g., Sequence and Exchange Man
t, error detection andirecovery). Time-out values for specific SW_ILS'’s and the actions followi
-out expiration are,specified in 12.2.

Switeh\Fabric Internal Link Service Accept reply Sequence shall notify the transmitter of an SW/|
estthat the SW_ILS request Sequence has been completed. The first word of the Payload shall

022xx xx xxh The remainder of the Dnylnnrl iS ||nigl||n tothe cporifir S\WLILS. roqnncf

Ser-
hge-
hg a

ILS
Con-

Protocol: SW_ACC may be sent as a reply Sequence to an SW_ILS request. An SW_ACC shall not be

sent for HLO, LSU, and LSA Request Sequences.

Format: FT-1
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Addressing: The S_ID field shall be set to the value of the D_ID field in the SW_ILS request. The D_ID

field

shall be set to the value of the S_ID field in the SW_ILS request.

Payload: The Payload content following the first word is defined within individual SW_ILS requests.

6.1.3 Switch Fabric Internal Link Service Reject (SW_RJT)

The Switch Fabric Internal Link Service Reject shall notify the transmitter of an SW_ILS request that the
SW_ILS request Sequence has been rejected. A four-byte reason code shall be contained in the
Data_Field. SW_RJT may be transmitted for a variety of conditions that may be unique to a specific
SW_ILS request.

Protocol: SW_RJT may be sent as a reply Sequence to an SW_ILS request. An SW_RJT shallng
sen{ for HLO, LSU, and LSA Request Sequences.

Format: FT-1

Addressing: The S_ID field shall be set to the value of the D_ID field in the SW_ILSrequest. The I)_|

field

Pay

shall be set to the value of the S_ID field in the SW_ILS request.

oad: The format of the SW_RJT reply Payload is shown in table 4.

Table 4 — SW_RJT Payload

Size

Item Bytes
01 00 00 00h 4
Reserved 1
Reason Code 1
Reason Code Explanation 1
Vendor Specific 1

t be
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Reason Code: The Reason Codes are summarized in table 5.

Table 5 - SW_RJT Reason Codes
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Encoded Value

(hex) Description
01 Invalid SW_ILS command code
02 Invalid revision level
03 Logical error
04 Invalid payload size
05 Logical busy
07 Protocol error
09 Unable to perform command request
0B Command not supported
oC Invalid Attachment
FF Vendor Specific error
others Reserved

Inva

Inva

lid SW_ILS command code: The Command Cod€is'not recognized by the recipient.

lid revision level: The recipient does not support the specified revision level.

Logjical error: The request identified by the Command Code and the Payload content is invalid or Jogi-

cally

Inva
Len

Logijcal busy: The recipient is_busy and is unable to process the request at this time.

Pro

Unagble to performmeommand request: The recipient is unable to perform the request.

Con

Inva

inconsistent for the conditions present.

ocol error: An error fias been detected that violates the protocol.

hmand-not supported: The command code is not supported by the recipient.

lid Attachment: The recipient is in the Invalid Attachment state.

llid payload size: The size of the Payload is inconsistent with the Command Code and/or|any
jth fields in the Payload.

Vendor Specific Error: The Vendor Specific field indicates the error condition.
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Reason Code Explanation: The Reason Code Explanation is summarized in table 6.

Table 6 — SW_RJT Reason Code Explanation (part 1 of 2)

Encoded Value
(hex) Description

00 No additional explanation

01 Class F Service Parameter error

03 Class N Service Parameter error

04 Unknown Flow Control code

05 Invalid Flow Control Parameters

oD Invalid Port_Name

OE Invalid Switch_Name

OF R_A_TOV or E_D_TOV mismatch

10 Invalid Domain_ID_List

19 Command already in progress

29 Insufficient resources available

2A Domain_ID not available

2B Invalid Domain_ID

2C Request not supported

2D Link Parameters not yet established

2E Requested Domain_-IDs not available

2F E_Port is Isolated

31 Authorizatjon Failed?®

32 Authentication Failed

33 Incompatible Security Attribute

34 Checks in Progress

41 Invalid Data Length®?

42 Unsupported Command

44 Not Authorized
a8  The range of values 30h-3Fh are used to indicate Security reason code explanations.
b The range of values 40h-4Fh are used to indicate Zoning reason code explanations.
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Table 6 — SW_RJT Reason Code Explanation (part 2 of 2)

Encoded Value

(hex) Description
45 Invalid Request
46 Fabric Changing
a7 Update Not Staged
48 Invalid Zone Set Format
49 Invalid Data
4A Unable to Merge
4B Zone Set Size Not Supported

others Reserved

a8  The range of values 30h-3Fh are used to indicate Security reason code explanations.

b The range of values 40h-4Fh are used to indicate Zoning reason code explanations.

Vendor Specific: This field is valid when the Reason Code indicates-a Vendor Specific error.
6.1.4 Exchange Link Parameters (ELP)
The|Exchange Link Parameters Switch Fabric Internal £ink’ Service requests the exchange of Link| Pa-
ramgters between two Interconnect_Ports connected\wia an ISL. The exchange of Link Parameterg es-
tablishes the operating environment between the‘two Interconnect_Ports, and the capabilities of the
Swilches or Bridge devices that are connected by the Interconnect_Ports. When an ELP is receivefd by
an Ipterconnect_Port, any Active or Open Class-F Sequences between the two Interconnect_Ports,[and
any [Dedicated Connections, shall be abnormally terminated (prior to transmission of the SW_ACC reply
Seqguence.
Use|of the ELP SW_ILS for Switch(Port initialization is described in 7.2.
Protocol:

Exchange Link Parameters (ELP) Request Sequence

Agcept (SW_ACC) Reply Sequence
Format: FT-1
Errqr Detection and Recovery: See table 165.
Ad rnccing' Eoruse in Switch Paort inifi::li7nfinn, the S 1D field shall he set to l:l:l:l:l:r]h, indir‘nfin: the

Fabric Controller of the originating Switch; the D_ID field shall be set to FFFFFDh, indicating the Fabric

Con

troller of the destination Switch.
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Payload: The format of the ELP request Payload is shown in table 7.

Table 7 — ELP Request Payload

Size
Item Bytes
10000000h 4
Revision 1
Flags 2
BB SC N 1
R_A_TOV 4
E_D_TOV 4
Requester Interconnect_Port_Name 8
Requester Switch_Name 8
Class F Service Parameters 16
Class 1 Interconnect_Port Parameters 4
Class 2 Interconnect_Port Parameters 4
Class 3 Interconnect_Port Parameters 4
Reserved 20
ISL Flow Control Mode 2
Flow Control Parameter, Length (N) 2
Flow Control Paraimeters N
Revjsion: This field denotes therevision of the protocol. This revision has the value of 3.
Flags: This field containstflag bits that provide additional information about the ELP. The following|flag
bit i$ defined.
Blt 15, the Bridge Port bit, shall indicate whether the sending port is a B_Port. If bit 15 is| ze-
rd, the sending port is an E_Port and not a B_Port. If bit 15 is one, the sending port|is a
B[ port.
B|ts(14-0 shall be reserved.

BB_SC_N: This field indicates the Buffer-to-Buffer State Change number. The BB_SC N field is valid
only if the R_RDY_Flow Control mode is specified in the ISL Flow Control Mode field. A value between
0 and 15 indicates that the sender of the ELP frame is requesting a 288-SC-N humber of frames be sent

between two consecutive BB_SCs Primitive Signals, and a 2BB-SC_N number of R_RDY Primitive
nals be sent between two consecutive BB_SCr Primitive Signals. When the two ports exchanging
parameters specify different non-zero values of BB_SC_N, the larger value shall be used. If either

Sig-
link
port

specifies a BB_SC_N value of zero, then the BB_Credit recovery process shall not be performed and no
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BB_SCx Primitive Signals shall be sent. If a port specifies a non-zero BB_SC_N value it shall support
the BB_SCs and BB_SCr Primitive Signals. See FC-FS for a description of the BB_Credit recovery pro-
cess. The following BB_SC N bits are defined:

Bits 7-4, Reserved
Bits 3-0, Buffer-to-buffer State Change Number (BB_SN_N).

If all frames or R_RDY Primitive Signals sent between two BB_SCx Primitive Signals are lost, then
2BB_SC_N humber of BB_Credits are lost, and are unable to be recovered by the scheme outlined in FC-
FS. Therefore BB_SC_N should be chosen so that the probability of losing 28B-SC_N number of consec-
utive_frames or R RDY Primitive Signals is deemed negligible. Therefore the recommended value of
BB_[SC_Nis 8.

R_A_TOV: This field shall be set to the value of R_A_TOV required by the Switch.
E_O _TOV: This field shall be set to the value of E_D_TOV required by the Switch.

NQTE 4 The values of R_A_TOV and E_D_TOV may be established by a Profile(s) or'‘other means.
Intgrconnect_Port_Name: The Interconnect_Port_Name is an eight-byte field that identifie$ an
Intefconnect_Port. The format of the name is specified in FC-FS. Each dntefconnect_Port shall provide

a urfique Interconnect_Port_Name within the Fabric.

Swifch_Name: The Switch_Name is an eight-byte field that identifies a Switch or Bridge device.|The
format of the name is specified in FC-FS. Each Switch_Name shall be unique within the Fabric.

Clags F Service Parameters: This field contains the E)Port Class F Service Parameters. The fofmat
of the Parameters is shown in table 8.

Table 8 — Interconnect_Pott Class F Service Parameters

313|2|2|2|2|2|2|2|2|2|2|%|1|1|21|21|2|21|2|1|1
Word 1/10(9|8|7|6|5(4|3|2|1y019|8|7(6|5(43|2(1|0|9|8|7|6|5|4[3|2|1|p
0 \% Reseryed Reserved
A
L
1 R [X Reserved Receive Data Field Size
|
|
2 Concurrent Sequences End-to-End Credit
3 Open Sequences per Exchange Reserved

The|ClassF Service Parameters are defined as follows:

a) VAL (Class Valid): This bit shall be set to one.

b) XII (X_ID Interlock): This bit when one indicates that the Interconnect_Port supplying this param-
eter requires that an interlock be used during X_ID assignment in Class F. In X_ID assignment,
the Sequence Initiator shall set the Recipient X_ID value to FFFFh in the first Data frame of a Se-
guence, and the Recipient shall supply its X_ID in the ACK frame corresponding to the first Data
frame of a Sequence. The Sequence Initiator shall not transmit additional frames until the corre-
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d)

sponding ACK is received. Following reception of the ACK, the Sequence Initiator continues

transmission of the Sequence using both assigned X_ID values.

Receive Data Field Size: This field shall specify the largest Data Field size in bytes for an FT_1
frame that may be received by the Interconnect_Port supplying the Parameters as a Sequence
Recipient for a Class F frame. Values less than 256 or greater than 2 112 are invalid. Values shall

be a multiple of four bytes.

Concurrent Sequences: This field shall specify the number of Sequence Status Blocks prov

ided

by the Interconnect_Port supplying the Parameters for tracking the progress of a Sequence as a
Sequence Recipient. The maximum number of Concurrent Sequences that may be specified is

255. A value of zero in this field is reserved. In Class F, the value of SEQ ID shall range from

Oto

f)

Inte
ed (
Pay

Clas
The

255, independent of the value in this field. An Interconnect_Port is allowed to respond

End-to-End Credit: End-to-end credit is the maximum number of Class F Data frames that
be transmitted by an Interconnect_Port without receipt of accompanying ACK or.Link_Respc
frames. The minimum value of end-to-end credit is one. The end-to-end credif field specifiq
associated with the number of buffers available for holding the Data_Field jof-a Class F frame
processing the contents of that Data_Field by the Interconnect_Port supplying the Parame
Bit 15 of this field shall be set to zero. A value of zero for this field isreserved.

Open Sequences per Exchange: The value of the Open Sequences per Exchange shall sp
the maximum number of Sequences that may be Open at gne-time at the Recipient betwe
pair of Interconnect_Ports for one Exchange. This value plus two shall specify the number @
stances of Sequence Status that shall be maintained, by_the Recipient for a single Exchang
the Exchange Status Block. This value is used for Ex€hange and Sequence tracking. The v
in this field limits the link facility resources require@for error detection and recovery.

connect_Port Parameters indicate that the Interconnect_Port is capable of transporting the ind
Class of Service, and the conditions under, which it may transport the Class. One word of the
oad is allocated for each Class.

s 1 Interconnect_Port Parameterst This field contains the Class 1 Interconnect_Port Parame
format of the Parameters is shownin table 9.

Table. 9+ Class 1 Interconnect_Port Parameters

P_BSY to a frame initiating a new Sequence if Interconnect_Port resources are not available

Wwith

may
nse
dis
and
ers.

eCify
BN a
f in-
ein
hlue

cat-
ELP

ers.

3|3(2|2|2(2M|2(2|2|2|2|1j1|1|1f1|1)|1|1|1]|1
Word 1{0{9|8|7%|6°5]|4(|3]|2]|1]|0]|9|8|7|6|5|4]|3]|2|1|0]|9|8|7|6|5]|4|3|2]|1

Reserved Receive Data Field Size

The

Class 1 Interconnect_Port Parameters are defined as follows:

\ZAL ((‘Incc \I:\Iirl)' This hit is set to aone if the lnterconnect Port tllrr_\pnrfc Class 1 _l1f this hit i

ro, all other Class 1 Interconnect_Port Parameters shall be invalid.

b) IMX (Intermix): This bit is set to one if the Interconnect_Port may perform Intermix as defined in

FC-FS. Intermix shall be functional only if both Interconnect_Ports indicate support for this
ture.

fea-
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c) XPS (Transparent Mode Stacked Connect Request): This bit is set to one if the Interconnect_Port

d)

e)

may perform Transparent Mode Stacked Connect Requests as defined in FC-FS. Transpal

rent

Mode Stacked Connect Requests shall be functional only if both Interconnect_Ports indicate sup-

port for this feature. A Switch shall not indicate support for both XPS and LKS.

LKS (Lock-down Mode Stacked Connect Request): This bit is set to one if the Interconnect_Port
may perform Lock-down Mode Stacked Connect Requests as defined in FC-FS. Lock-down
Mode Stacked Connect Requests shall be functional only if both Interconnect_Ports indicate sup-

port for this feature. A Switch shall not indicate support for both XPS and LKS.

Receive Data Field Size: This field shall specify the largest Data Field size in bytes for an F

T 1

frame that may be received by the Interconnect Port supplying the Parameters for a Class 1

Clas

The|format of the Parameters is shown in table 10.

frame. Values less than 256 or greater than 2 112 are invalid. Values shall be a multiple cof
bytes.

s 2 Interconnect_Port Parameters: This field contains the Class 2 Interconnect_PortParame

Table 10 — Class 2 Interconnect_Port Parameters

four

ers.

3|3(2|2|2(2|2|2(2|2|2|2|1j1|1|1f1|1|1|1|1]|1
Word 1/{0{9|8|7|6|5|4|3|2]|1|0]|9|8|7|6|5|4]|3|2|1|0|9|8]|7|6|5|4|3|2]|1

Reserved Receive Data Field Size

> <
Omuw

The

Clas
The

Class 2 Interconnect_Port Parameters are defined as-follows:

VAL (Class Valid): This bit shall be set to one if\the Interconnect_Port supports Class 2. If thi
is zero, all other Class 2 Interconnect_Port Parameters shall be invalid.

SEQ (Sequential Delivery): If this bit is set'to one by an Interconnect_Port, it is indicating tha
Switch is able to guarantee sequentjaldelivery (as defined in FC-FS) of Class 2 frames. Seq
tial Delivery shall be functional only if both Interconnect_Ports indicate support for this featur

Receive Data Field Size: This. field shall specify the largest Data Field size in bytes for an R
frame that may be received by the Interconnect_Port supplying the Parameters for a Cla
frame. Values less than.256 or greater than 2 112 are invalid. Values shall be a multiple of
bytes.

s 3 InterconneCt,Port Parameters: This field contains the Class 3 Interconnect_Port Parame
format of the Rarameters is shown in table 11.

Table 11 — Class 3 Interconnect_Port Parameters

S bit

the
len-

2)

T 1
5S 2
four

ers.

3|3(2|12|2(2|2|2(2|2|2|2|1j1|1|1f1|1|1|1|1]|1
Word 1/{0{9|8|7|6|5|4(|3]|2|1|0]|9|8|7|6|5|4]|3]|2|1|0]|9|8|7|6|5]|4|3|2]|1

Reserved Receive Data Field Size

> <
Omuw

The

Class 3 Interconnect_Port Parameters are defined as follows:
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a) VAL (Class Valid): This bit shall be set to one if the Interconnect_Port supports Class 3. If this bit

b)

c)

is zero, all other Class 3 Interconnect_Port Parameters shall be invalid.

SEQ (Sequential Delivery): If this bit is set to one by an Interconnect_Port, it is indicating that the
Switch is able to guarantee sequential delivery (as defined in FC-FS) of Class 3 frames. Sequen-
tial Delivery shall be functional only if both Interconnect_Ports indicate support for this feature.

Receive Data Field Size: This field shall specify the largest Data Field size in bytes for an FT_1
frame that may be received by the Interconnect_Port supplying the Parameters for a Class 3

frame. Values less than 256 or greater than 2 112 are invalid. Values shall be a multiple of
bytes.

four

ISL
by t

Floy
that

Floy
the

R_R
Con

Parameter Length field shall be set to20h and the Flow Control Parameters field shall contain the f

as s
Flov

Buf

Flow Control Mode: This field contains a code that specifies the Flow Control method suppd

e Interconnect_Port. Table 12 shows the allowed values for this field.
Table 12 — ISL Flow Control Mode Values
Value (hex) Usage
0001 Vendor Specific
0002 R_RDY Flow Control
0003 - 1FFF Vendor Specific
Other Values Reseryed

v Control Parameter Length: This field specifies the Jefygth in bytes of the Flow Control Parame
follow. Values shall be a multiple of four. A value of zéro indicates no parameters follow.

v Control Parameters: These parameters contain information used to configure Flow Contrd
SL. Flow control parameters are specific toadiven flow control mode.

DY Flow Control: A value of 0002h insthe ISL Flow Control Mode field indicates that R_RDY
trol (as defined in FC-FS) shall be used. When R_RDY Flow Control mode is used, the Flow Co

hown in table 13. Values other/than 0002h for ISL Flow Control Mode are not required to follow
Control Parameter Field fermat shown in table 13.

Table 13 — Flow Control Parameters

Item Size
BB_Credit 4
Compatibility 16
Parameters

er-to=buffer Credit: The BB_Credit field specified shall be associated with the number of bu

rted

ters

| for

Flow
ntrol
elds
the

fers

ava

lahle for hnlding Class 1 connect I’anIQQf, Class '), Class 3 or Class F frames received from

the

Interconnect_Port. The Buffer-to-buffer Credit shall be a single value that represents the total buffer-to-
buffer Credit available for Class 1 SOFC1 frames, all Class 2 frames, and all Class 3 frames. The buf-

fer-t

o-buffer credit value may also be applied to class F frames.

Compatibility Parameters: This field contains associated compatibility parameters to assist in assuring
backward compatibility with existing implementations.
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NOTE5 Recommended Compatibility Parameter values are described in FC-MI-2.

Reply Switch Fabric Internal Link Service Sequence:

Service Reject (SW_RJT)

Signifies the rejection of the ELP request
Accept (SW_ACCQC)

Signifies acceptance of the ELP request.
— Accept Payload

Payload: The format of the ELP Accept Payload is shown in table 14.

Table 14 — ELP Accept Payload
Size
Item Bytes
02000000h 4
Revision 1
Flags 2
BB_SC_N 1
R_A_TOV 4
E_D_TOV 4
Responder Interconnect_Port_Name 8
Responder Switch_Name 8
Class F Service Parameters 16
Class 1 Interconnect: Port Parameters 4
Class 2 Interconnect_Port Parameters 4
Class 8.Interconnect_Port Parameters 4
Reserved 20
ISL Flow Control Mode 2
Flow Control Parameter Length (N) 2
Flow Control Parameters N
Thelfields-intable 14 are the same-as-defined-intable 7

6.1.5 Exchange Fabric Parameters (EFP)

The Exchange Fabric Parameters Switch Fabric Internal Link Service requests the exchange of Fabric
Parameters between two E_Ports connected via an ISL. The exchange of Fabric Parameters is used to
establish the address allocation within the Fabric. When an E_Port receives EFP from another E_Port,
all Active or Open Class F Sequences and Dedicated Connections shall be unaffected.
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Use of the EFP SW_ILS for Fabric Configuration is described in 7.3 and 7.4.

Protocol:

Exchange Fabric Parameters (EFP) request Sequence
Accept (SW_ACC) Reply Sequence

Format: FT-1

Addressing: For use in Fabric Configuration, the S_ID field shall be set to FFFFFDh, indicating the Fab-
ric Controller of the originating Switch. The D_ID field shall be set to FFFFFDh, indicating the Fabric Con-
troller of the destination Switch.

Pay

Rec
recd

Pay
byte
655

oad: The format of the EFP request Payload is shown in table 15.

Table 15 — EFP Request Payload

Size

Item Bytes
Command code = 11h 1
Record length = 10h 1
Payload length 2
Reserved 3
Principal Switch_Priority 1
Principal Switch_Name 8
Domain_ID_List N
Multicast_ID_List N

ord Length: This field contains an(8-bit unsigned binary integer that specifies the total length of ¢ach

rd in the Payload (see below):.The value shall be 10h.

oad Length: This field contains a 16-bit unsigned binary integer that specifies the total leng
s of the Payload. Thetvalue specified shall be greater than or equal to 16, and less than or equ

32.

hin
Al to
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Principal Switch_Priority: This field shall specify the priority level of the Switch that the transmitting

Switch believes is the Principal Switch. Values for this field are summarized in table 16.

Table 16 — Switch_Priority Field Values

Value
(hex) Description
00 Reserved
01 Highest priority value?
02 The Switch was the Principal Switch prior to sending or receiving BEP
03 to FE Higher to lower priority values®
FF The Switch is not capable of acting as a Principal Switch

4  This value allows the system administrator to establish which Switch becomes the Principal Switch

This allows the same Switch to become Principal Switch if it is still part of the Fabrie_after sending ang
receiving the Build Fabric SW_ILS.

The Switch_Priority value for a given Switch is established by means not defined by this Standard.

/or

Principal Switch_Name: This field shall specify the Switch_Name.of the Switch that the transmi

Swilch believes is the Principal Switch.

Domain_ID_List: This field shall contain a list of records that.specify the Domain_ID and correspon
Swiich_Name of the Switch that has been granted the“Domain_ID by the Principal Switch.
Donpain_ID_List shall contain a record for each value ef.Domain_ID that has been assigned. If no Sy
has|been assigned a Domain_ID, the Domain_ID-List shall contain no records. The format

Donpain_ID_List record is shown in table 17.

Table 17 — Domain_ID_List Record Format

Size
Item Bytes
Recerd ;Type 1
Domain_ID 1
Reserved 2
Reserved 4
Switch_Name for Domain_ID 8

Lting

ding
The
itch
of a
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Record_Type: This field shall specify the type of record. Values for this field are summarized in table 18.

Table 18 — Record_Type Field Values

Value
(hex) Description
00 Reserved
01 Domain_ID_List record
02 Multicast_ID_List record
all others Reserved

Domain_ID: This field shall specify the Domain_ID assigned by the Principal Switch.

Switch_Name for Domain_ID: This field shall specify the Switch_Name of the Switch that has beel

signed the Domain_ID by the Principal Switch.

Multicast_ID_List: This field shall contain a list of records that specify the Multicast_Group_numb

as-

pr of

the Multicast_Group granted by the Principal Switch. The Multicast_ID_List shall contain a record for

each value of Multicast_Group_number that has been assigned. If ngMulticast Group_number
been assigned, the Multicast_ID_List shall contain no records. The fortmat of a Multicast_ID_List re

is shhown in table 19.

Multicast_Group_number: This field shall specify the Multicast_Group_number assigned by the

cipal Switch.

Table 19 — Multicast_ID_List Record Format

Size
Item Bytes
Record_Type 1
Multicast_Group_number 1
Reserved 2
Reserved 12

Replly Switch Fabric Internal Link Service Sequence:

Service Reject(SW_RJT)

Signifies.the rejection of the EFP request
Accept(SW_ACC)

Signifies acceptance of the EFP request.

— L Accent Pavioad
L P4

has
cord

Prin-
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Payload: The format of the EFP Accept Payload is shown in table 20.

Table 20 — EFP Accept Payload

Size

Item Bytes
Command code = 02h 1
Page length = 10h 1
Payload length 2
Reserved 3
Principal Switch_Priority 1
Principal Switch_Name 8
Domain_ID_List N

The
Do

Swilch. The Domain_ID_List in the EFP Accept payload specifies the-Bomain_ID_List of the respon
Swifch prior to the merging of the received Domain_ID_List from-the originating Switch with
Domain_ID_List of the responding Switch. This ensures that both the sending Switch and the respon|

Swit
6.1.
The
bee
mur
Use

Pro

D
A

Format: FT-1

Add
ric @
trollg

fields in table 20 are the same as defined for table 15 with the-following exception.
ain_ID_List in the EFP Request payload specifies the current Domain_ID_List of the origing

ch each have the same Domain_ID_List following the EFP.exchange.

b Domain Identifier Assigned (DIA)

Domain Identifier Assigned Switch Fabric Internal’Link Service indicates that a Principal Switch
N selected, and that the upstream neighbor Switch has been assigned a Domain Identifier. This ¢
of the DIA SW_ILS for Fabric Configuration is described in 7.4.
ocol:

bmain Identifier Assigned\(DIA) request Sequence
ccept (SW_ACC) Reply Sequence

ressing: Foruse in Fabric Configuration, the S_ID field shall be set to FFFFFDh, indicating the
ontrollerofthe originating Switch. The D_ID field shall be set to FFFFFDh, indicating the Fabric (
br of the destination Switch.

ication signals that the Recipient may request an Domain Identifier from the Originating E_Porf.

he
iting
ding
the
ding

has
om-

-ab-
Con-
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Payload: The format of the DIA request Payload is shown in table 21.

Originating Switch_Name: This field shall contain the Switch_Name of the Switch that originated

DIA

Replly Switch Fabric Internal Link Service Sequence:

S

A

Pay

Responding Switch_Name: This(field shall contain the Switch_Name of the Switch that respona

the

6.1.

The

DIA

Use

Pro

Table 21 — DIA Request Payload

Size

Item Bytes
12000000h 4
Originating Switch_Name 8
Not Meaningful 4

request.

brvice Reject (SW_RJT)

Signifies the rejection of the DIA request
ccept (SW_ACC)

Signifies acceptance of the DIA request.
Accept Payload

oad: The format of the DIA Accept Payload is shown in table 22:

Table 22 — DIA Accept Payload

Size
Item Bytes

02000000h 4

Responding Switch_Name 8

Not Meaningful 4

DIA request.

/' Request Domain tID*(RDI)

SW_ILS sinee the last reconfiguration event.

of the RDI SW_ILS for Fabric Configuration is described in 7.4.

the

s to

Request Domaifi_ID Switch Fabric Internal Link Service is sent by a Switch to request a Domain_ID
from the Domain. Address Manager. RDI shall not be sent by a Switch unless the Switch has receiv

ed a

ocol:

Request Domain_ID (RDI) request Sequence
Accept (SW_ACC) Reply Sequence

Format: FT-1


https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

- 66 - 14165-133© ISO/IEC:2010(E)

Addressing: For use in Fabric Configuration, the S_ID field shall be set to FFFFFDh, indicating the Fab-
ric Controller of the originating Switch. The D_ID field shall be setto FFFFFDh, indicating the Fabric Con-
troller of the destination Switch.

Payload: The format of the RDI request Payload is shown in table 23.

Table 23 — RDI Request Payload

Size
Item Bytes
13h 1
REserved 1
Payload Length 2
Requesting Switch_Name 8
Reserved 3
Requested Domain_ID #1 1
Reserved 3
Requested Domain_ID #2 1
Reserved 3
Requested Domain_ID #n 1
Payjoad Length: This field contains a 16-bit unsigned binary integer that specifies the total length in
bytds of the Payload. The value specified shall be greater than or equal to 16, and less than or equgl to
964
Requesting Switch_Name: This field specifies the Switch_Name of the Switch requesting a
Domain_ID.

Requested Domain_ID: This field shall contain one or more requested Domain_IDs for the requesting
Sw(lch. If there is a Preferred Domain_ID, this field is set to the Preferred Domain_ID, otherwise it i$ set
to z¢ro. If more than(one Domain_ID is requested then none of the requested Domain_IDs shall be Zero.

Replly Switch<€abric Internal Link Service Sequence:

Service Reject (SW_RJT)
Signifies the rejection of the RDI request
A ~r\npf (Q\AI_A(‘(‘)

Signifies acceptance of the RDI request.
— Accept Payload
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Payload: The format of the RDI accept Payload is shown in table 24.

Table 24 — RDI Accept Payload

Pay
Pay
ified

Red
Gra
to th
is a

if th

a Domain_ID to the reguesting switch. If more than one Requested Domain_ID was specified in the

que
the

N

whose addressing scheme requires the use of more than one Domain_ID. The typical case, however, shou

fo

Size

Item Bytes
02h 1
Reserved 1
Payload Length 2
Requesting Switch Name 8
Reserved 3
Granted Domain_ID #1 1
Reserved 3
Granted Domain_ID #2 1
Reserved 3
Granted Domain_ID #n 1

oad Length: This field contains a 16-bit unsigned hinary integer that specifies the total length o
oad. The least significant two bits shall be zero. The value specified shall be equal to the value s
in the Request Payload.

nted Domain_ID: This field shall Contain the Domain_ID granted by the Domain Address Man
e requesting Switch. This field.is set to either the Preferred Domain_ID specified in the Reques
b requested Domain_ID is not available, or for other reasons the Principal switch is unable to d

5t, the Responsé€ shall contain a number of Granted Domain_IDs equal to the number requestg
Domain Address:-Manager is unable to grant the full set of Domain_IDs, it shall reject the Requ

DTE 6 . Jhe ability to grant more than one Domain_ID to a single Switch is intended to be used by Swit

one\Switch to request exactly one Domain_ID.

f the
bec-

uesting Switch_Name: This field speeifies the Switch_Name of the Switch requesting a
Donpain_ID.

hger
tif it

ailable, another Domain_|DB:ifthe Preferred Domain_ID is not available, or the preferred Domain_ID
is zgro. If no Domain_ID is available then an SW_RJT shall be returned. An SW_RJT may be retu

ned
rant
Re-
d. If
pSt.

Ches
d be

6.1.8 Hello (HLO)

6.1.8.1 HLO overview

The Hello Switch Fabric Internal Link Service is used to determine when two way communication is es-
tablished with a neighbor Switch. The exchange of Domain_IDs is also used to determine the health of
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the ISL. When an E_Port receives HLO from another E_Port, all Active or Open Class F Sequences and

Dedicated Connections shall be unaffected.

The HLO SW_ILS shall be sent as a unidirectional Exchange.

Use of the HLO SW_ILS for Path Selection is described in clause 8. Other uses of HLO are not defined
by this Standard.

Protocol:

Hello (HLO) request Sequence

Forfnat: FT—1
Addressing: For use in Path Selection, the S_ID field shall be set to FFFFFDh, indicating)the Fabric
Confroller of the originating Switch. The D_ID field shall be set to FFFFFDh, indicating the)Fabric Con-
troller of the destination Switch.

PayJoad: The format of the HLO request Payload is shown in table 25.

Table 25 — HLO Request Payload

Size

Item Bytes
FSPF Header 20
Reserved 4
Hello_Interval 4
Dead_Interval 4
Recipient Domain_ID 4
Reserved 1
Originating Port Index 3

FSHF Header: The format.ofthe FSPF Header is described in 6.1.8.2.

Hello_Interval: Thisfield shall specify in seconds, the interval between two consecutive HLO messages
generated by the Switch during the life of the Adjacency with the neighbor Switch (see table 164).

Dead_Interval! This field shall specify in seconds, the maximum interval the requesting Switch shalljwait
for the neighbor to send its Hello. If the interval expires and no Hello has been received, then the defect-
ing pwitch’shall bring down the Adjacency (see table 164).

NOTE 7 The Hello_Interval and Dead_Interval values are configured separately for each port. It is imperative
that two E_Ports connected by an ISL share the same two values.

Recipient Domain_ID: This field shall specify the Domain_ID of the neighbor Switch. If the neighbor
Domain_ID is known, then the Recipient Domain_ID value shall be set to 000000hlIDomain_ID’. If the
neighbor Domain_ID is unknown, then the Recipient Domain_ID value shall be FFFFFFFFh.
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Valid values for the Domain_ID are: 01h-EFh.
Originating Port Index: This field shall specify the source E_Port Index.
6.1.8.2 FSPF Header Format

The format of the FSPF Header is shown in table 26.

Table 26 — FSPF Header

Size

Iltem Bytes
Command 4
FSPF Version 1
AR Number 1
Authentication Type 1
Reserved 1
Originating Domain_ID 4
Authentication 8

Command: This field indicates the command code for the-ESPF ILS. FSPF command code valueq are
shoyn in table 27.

Table 27 — FSPE€C€ommand Codes

Value
(hex) Description

14000000 Hello

15000000 Link State Update

16000000 Link State Acknowledgement

FSHF Version: This field\Contains a code that indicates the FSPF protocol version. The value shajl be
02h

AR Number: This'field contains the Autonomous Region of the Switch. When using the FSPF-Backhone
protpcol, this.value shall be set to 00h for the FSPF-Backbone, and a non-zero value for all other ARs.
Wh¢n not using the FSPF-Backbone, this value may be set to any value, including 00h.

Authentication-Tvpe.-This field shall specifi-the usage-of the Authentication-field-—Thisvalue-shall be
J = L 7 J

set to 00h.

Originating Domain_ID: This field contains the Domain_ID of the Switch sending this request. The
Domain_ID value shall be set to 000000hliIDomain_ID. If multiple Domain_IDs are in use by the Switch,
then the Switch shall use the lowest value Domain_ID as the Originating Domain_ID. Valid values for
the Domain_ID are: 01h-EFh.
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Authentication: This field shall specify the Authentication information appropriate for the specified Au-
thentication Type. This field shall contain 0000000000000000h.

6.1.9 Link State Update (LSU)
6.1.9.1 LSU overview

The Link State Update Switch Fabric Internal Link Service requests the transfer of one or more Link State
Records from one Switch to another Switch. The transfer may be of updated Link State Records, or may
be a transfer of an entire Link State Database. When an E_Port receives an LSU from another E_Port,
all Active or Open Class F Sequences and Dedicated Connections shall be unaffected.

The|LSU SW_ILS shall be sent as a unidirectional Exchange.

Use|of the LSU SW_ILS for Path Selection is described in clause 8. Other uses of LSU arenot defjned
by this Standard.

Protocol:

Lipk State Update (LSU) request Sequence
Format: FT-1

Addressing: For use in Path Selection, the S_ID field shall be set-te’ FFFFFDh, indicating the Fabric
Controller of the originating Switch. The D_ID field shall be set to FFFFFDh, indicating the Fabric Con-

troll¢r of the destination Switch.

Payload: The format of the LSU request Payload is shawnvin table 28.

Table 28 — LSU‘Request Payload

Size

Item Bytes
FSPF Header 20
Reserved 3
Flags 1
Number of Link State Records 4
Link State Records n

FSHF Header; The format of the FSPF header is described in 6.1.8.2.
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Flags: This field shall contain information used to synchronize the topology database. The bit map val-
ues are listed in table 29.

Nun

this

6.1.

Link

Table 29 — Flags Field Bit Map

Bit

Description

Data Base Exchange -
Value b’1’ - LSU is used for initial database synchronization
Value b’0’ - LSU is used for a topology update

Database Complete
Value b’l’ - Last sequence of data base synchronization. LSU contains no LSRs.
Value b'0" - Not the last sequence of data base synchronization

2-7

Reserved

field.

D.2 Link-State Record (LSR) Format

hber of Link State Records: This field shall specify the number of Link State Recards that fgllow

State Record: There are two formats for the LSR. They are the Link Descriptor Format and the

Sunpmary Descriptor Format. The two formats are shown in table 30 and tabte 31 respectively. The Jum-

mar
des

Link

Nun

Table 30 — Link State Record - Link Déscriptor Format

Size

Item Bytes
Link State Record Header (LLSRyType 01h) 24
Reserved 2
Number of Links 2
Link Descriptor #1 16
16
16
Link Descriptor #n 16

State Header: The format of the link state header is described in 6.1.9.3.

nber of Links: This field specifies the number of link descriptors contained in the Link State Req

y Descriptor LSR is only used when FSPF-Backbone routing pretacol is being used. One or more
Criptors may be contained in a single LSR, but each descriptordn.the LSR shall be of the same type.

ord.

NOTE 8 A Switch keeps a list of all its ISLs, but only ISLs that are in the full state are advertised in the LSR.

Link Descriptor: The format of the Link Descriptor is described in 6.1.9.4.
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Table 31 — Link State Record - Summary Descriptor Format

Size

Item Bytes
Link State Record Header (LSR Type 02h) 24
Reserved 2
Number of Summaries 2
Summary Descriptor #1 8
8
8
Summary Descriptor #n 8

Number of Summaries: This field specifies the number of summary deseriptors contained in the |Link
State Record.

Sunmpmary Descriptor: The format of the Summary Descriptor is desefibed in 6.1.9.5.
6.1.9.3 Link State Header Format

The|format of the Link State Header is described in tablé&32.

Table 32 — Link State Header Format

Size

Item Bytes
LSR Type 1
Reserved 1
LSR*Age 2
Reserved 4
Link State Identifier 4
Advertising Domain_ID 4
Link State Incarnation Number 4
Checksum 2
LSR Length 2
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LSR Type: The LSR types are depicted in table 33.

Table 33 — Link State Record Type Field Values

Value

(hex) Description
01 Switch Link Record
02 AR Summary Record

FO-FF Vendor Specific

all others Reserved

LSH
erat

N

Link
Link

Advertising Domain_ID: This field contains the Domain_ID of the Switch that is advertising the LS

beh
Inca
Che
late

IS Ca

N
re

LSKH

field|

Age: This field contains a value that indicates the time in seconds since the record has)been
bd.

DTE 9 LSR Age may be used to flush old records from the database.

State Identifier: This field contains the Domain_ID of the Switch that ownsithe LSR. The form
State Identifier shall be set to 000000hlIDomain_ID’.

hif of the owning Switch.

rnation Number: This field contains the current incarnation of the LSR.

cksum: This field contains the checksum value of the Kink State Record. This value shall be cz
I on all bytes of the LSR except for the LSR Age field. A complete description of how the checkl

liculated is given in 8.5.4.

DTE 10 Not calculating the checksum on the Age value allows the Age value to advance without requirin
Calculation of the checksum.

Length: This field contains the length of the LSR in bytes. The LSR length includes the LSR

hen-

At of

R on

\lcu-

sum

j the

Age
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6.1.9.4 Link Descriptor Format

14165-133© ISO/IEC:2010(E)

This field contains a descriptor that defines the state of the ISL, as defined in table 34.

Table 34 — Link Descriptor Format

Size

Item Bytes
Link ID 4
Reserved 1
Output-Rerthd 3
Reserved 1
Neighbor Port Index 3
Link Type 1
Reserved 1
Link Cost 2

Link Identifier: This field identifies the link and contains the Domain“ID of the neighbor Switch af the
othgr end of the ISL, relative to the owning Switch.

Output Port Index: This field shall specify the source E_Poft Index.

Nei

Link Type: This field shall specify the type of ISl Values are depicted in table 35.

ghbor Port Index: The field shall specify the destination E_Port Index.

Table35 - Link Type Values

Value
(hex) Description
01 Point to Point Link
FO-FF Vendor Specific
all others  |Reserved

Link Cost: This'field contains a value that describes the cost of transmitting a frame over the ISL.|See
8.5.pb for a complete description of Link Cost calculation.
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6.1.9.5 Summary Descriptor Format

This field contains a descriptor that identifies a Domain_ID and its link cost, that may be reached via that
ISL. The Summary Descriptor shall only be used when the FSPF-Backbone routing protocol is being

nis
Er is

mat

See

eipt

ned

used.
Table 36 — Summary Descriptor Format
Size
Item Bytes
Reserved 1
ARCINUTTTOET 1
Domain_ID 4
Link Cost 2
AR Number: Designates the AR whose summary information is being advertised? This informatic
used to build the associations between ARs and Domain_IDs. The AR designated by the AR numb|
located behind the BSW originating the Summary Record.
Domain_ID: The Domain_ID of the remote Switch for which link data-is‘being summarized. The fo
of Domain_ID field shall be set to 000000hlIDomain_ID’.
Link Cost: This field contains a value that describes the cost @f transmitting a frame over the ISL.
8.5.b for a complete description of Link Cost calculation.
6.1.10 Link State Acknowledgement (LSA)
The|Link State Acknowledgement Switch Fabriclnternal Link Service is used to acknowledge the re
of ah LSR. When an E_Port receives LSA fram-another E_Port, all Active or Open Class F Sequemnces
and|Dedicated Connections shall be unaffected.
The|LSA SW_ILS shall be sent as a,unidirectional Exchange.
Use|of the LSA SW_ILS for Path:Selection is described in clause 8. Other uses of LSA are not def
by this Standard.
Protocol:
Link State Acknowledgement (LSA) request Sequence

For

at: FT=1

\bric

re ting the Fa

c-Con-
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load: The format of the LSA request Payload is shown in table 37.
Table 37 — LSA Request Payload
Size
Item Bytes
FSPF Header 20
Reserved 3
Flags 1
Number of Link State Record Headers 4
Link State Record Headers n

F Header: The format of the FSPF Header is described in 6.1.8.2.
s: The bit settings shall match the bit settings specified in the Flags field of the-corresponding L

hber of Link State Record Headers: This field shall specify the number of Link State Record H
hat follow this field.

State Record Header: The format of the Link State Record header is described in 6.1.9.3.
L1 Build Fabric (BF)

Build Fabric Switch Fabric Internal Link Service requests a non-disruptive reconfiguration of the
Fabric. Fabric Configuration is performed as described in clause 7.

DTE 11 The BF SW_ILS allows the Fabric to_attempt reconfiguration without loss of or change of add

amples of situations in which BF is appropriatesinclude a loss of a Principal ISL (Link Failure or Offling

- shall cause the Domain_ID_Listto be cleared.

onse to any Class N frames. Active or Open Class F Sequences between the two E_Ports, and
cated Connections, shall not be abnormally terminated.

of the BF SW_ILS for Fabric Configuration is described in 7.3 and 7.4.

ocol:

ild Fabric (BF) request Sequence
ccept (SW_ACC) Reply Sequence

SuU.

pad-

ess.
), or

transmission or reception of\BF shall not of itself cause the loss of Class N frames, or cause a pusy

any

Format: FT-1

Addressing: For use in Fabric Configuration, the S_ID field shall be set to FFFFFDh, indicating the Fab-
ric Controller of the originating Switch. The D_ID field shall be set to FFFFFDh, indicating the Fabric Con-
troller of the destination Switch.
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Payload: The format of the BF request Payload is shown in table 38.
Table 38 — BF Request Payload
Size
Item Bytes
17000000h 4
Reply Switch Fabric Internal Link Service Sequence:
Service Reject (SW_RJT)
Signifies the rejection of the BF command
Agcept (SW_ACCQC)
Signifies acceptance of the BF request.
—| Accept Payload
Payjoad: The format of the BF accept Payload is shown in table 39.
Table 39 — BF Accept Payload
Size
Item Bytés
02000000h 4

6.1.

The
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N
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2 Reconfigure Fabric (RCF)

Reconfigure Fabric Switch Fabric Internal Link Service requests a disruptive reconfiguration o
e Fabric. Fabric Configuration is performed as*described in clause 7.

DTE 12 Since the RCF causes a complete reconfiguration of the Fabric, and may cause addresses allog
a Switch to change, this SW_ILS should betused with caution. The BF SW_ILS allows the Fabric to att
Fonfiguration without loss of or change of @ddress and therefore should be attempted before an RCF. E
s of situations in which RCF may be appropriate include resolution of overlapped Domains, or the failure
bric Reconfiguration initiated by a BF.

RCF shall cause the DomaifHD_List to be cleared.

n an RCF is transmitted by an E_Port, any Active or Open Class F Sequences between the
orts, and any Dedicated Connections, shall be abnormally terminated. Also, all Class N frames
iscarded, and all Dedicated Connections shall be abnormally terminated.

n an RCF4s-eceived and accepted by an E_Port, any Active or Open Class F Sequences betw
wo E_Raorts, and any Dedicated Connections, shall be abnormally terminated prior to transmig
e SW-_ACC reply Sequence. Also, all Class N frames shall be discarded, and all Dedicated Con
5 shaltbe abnormally termrnated prror to transmission of the SW_ACC reply Sequence If an E_|

reje

send an ELP over |ts Isolated Interconnect Ports The rejectrng E Port shaII go in IsoIated state and

the

ated
bmpt
am-
ofa

two
Ehall

een
sion
hec-
Port

send an SW_RJT reply Sequence with reason code explanation “E_Port is Isolated”.

Use

of the RCF SW_ILS for Fabric Configuration is described in 7.3 and 7.4.

nor
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Protocol:

Reconfigure Fabric (RCF) request Sequence
Accept (SW_ACC) Reply Sequence

Format: FT-1

Addressing: For use in Fabric Configuration, the S_ID field shall be set to FFFFFDh, indicating the Fab-
ric Controller of the originating Switch. The D_ID field shall be set to FFFFFDh, indicating the Fabric Con-
troller of the destination Switch.

Payload: The format of the RCF request Payload is shown in table 40.

Table 40 — RCF Request Payload

Size
Item Bytes

18000000h 4

Replly Switch Fabric Internal Link Service Sequence:

Service Reject (SW_RJT)

Signifies the rejection of the RCF command
Agcept (SW_ACCQC)

Signifies acceptance of the RCF request.

—| Accept Payload

Payjoad: The format of the RCF accept Payload is shewn in table 41.

Table 41 — RCF Accept Payload

Size
ltem Bytes

02000000h 4

6.1.13 Inter-Switch Registered State Change Notification (SW_RSCN)
The|Fabric shall distribute RSCNs between Switches using the Inter-Switch RSCN payload.
Thelinter-Switch RSEN format is similar to the format used for Nx_Ports, except:

a) unused_nibble in the address format field is set to 1 if the port is online, or 2 if the port is offfine.
This nibble is masked before delivery to an Nx_Port;

bl—a'detection-function" code-is-contained-in-the Ir_\nylnnd;

c) An SW_ILS is used as the transport.

d) If a Switch has any directly attached Nx_Ports registered to receive RSCNSs, it shall convert a re-
ceived SW_RSCN SW_ILS to an appropriate RSCN ELS.
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Protocol:

Inter-Switch Registered State Change Notification (SW_RSCN) request Sequence
Accept (SW_ACC) Reply Sequence

Format: FT_1

Addressing: The S_ID shall be set to FFFCxxh designating the Domain Controller ID of the Switch that

generates the SW_RSCN. The D_ID shall be set to FFFCyyh to designate the Domain Controller ID of
the recipient Switch.

Payload: The format of the SW_RSCN reguest payload is shown in table 42.

Table 42 — SW_RSCN Request Payload

Item Bytes

1B000000h 4
Affected N_Port 4
Detection Function 4
Number of Device Entries (m) 4

Device Entry 1 20

Device Entry 2 20

Device Entry m 20

Affdcted N_Port

Thiq field specifies the address of the affected N_Port.
Fo

=

-abric events (see above). The first nibblgtin the high order byte shall be:

0xh = no additional info;

=

h = port is online;

N

h= port is offline;
where (x indicates a valid hexadecimal value).
The|second nibble in the:high order byte shall be:
XxQh = port address format
x1h = area address format
x2h = domain address format

x3h = Fabric address format

where (x indicates a valid hexadecimal \/alnp)

The remaining three bytes contain the 24 bit address.
Detection function

The value used by SCR (see FC-FS) to describe the detector of the change:
00000001h = Fabric detected
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00000002h= N_Port detected

Number of Device Entries

This field contains the number of device entries in the payload.

Device Entry

The format of the device entry is specified in table 43:

Table 43 — Device Entry Format

ttem Stze
(Bytes)
Port State 1
N_Port_ID 3
N_Port_Name 8
Node_Name 8

Port State

Thig

Port description.

N_

Hort_ID

Thid field contains the 24 bit Fibre Channel Address of the device.

N_Hort_Name

Thiqg field contains the Name_Identifier of the, Pert associated with the device.

Node_Name

Thiq field contains the Name_Identifier of the Node associated with the device

entry would be identical to,the.value in the N_Port_ID portion of the affected N_Port field in the payload. In

shiould be converted-to an RSCN ELS with only one Affected N_Port_ID page.

Replly Switch Fabric Internal Link Service Sequence:

Serviee'Reject (SW_RJT)

byte may contain the Port State. The state values are the samg-values as defined in the Affe

offa Loop port and where:thé SW_RSCN format is a AREA wide format, the number of devices would be theltotal
nymber of devices in theloop port that is either coming online or going offline. Also note that if there are 12
viges in a loop port then the SW_RSCN itself may become a multi-frame sequence. An AREA format SW_R[SCN

cted

NOTE 13 For an N_Port deviceé the number of devices would be 1 and the N_Port_ID entry in the only dé¢vice

Case

de-

Qignifioc the rnjorfinn ofthe S\WW._RSCN roqnncf
Accept (SW_ACCQC)

Signifies acceptance of the SW_RSCN request and its RSCN information.
— Accept Payload
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Payload: The format of the SW_RSCN accept Payload is shown in table 44,

Table 44 — SW_RSCN Accept Payload

Size
Item Bytes

02000000h 4

6.1.14 Distribute Registered Link Incident Records (DRLIR)

Dist

ribute Registered Link Incident Records (DRLIR) Switch Fabric Internal Link Service provides a

met
DR
not

cod¢ of “command not supported”. If the recipient Switch does not support the RLIR Format conta|
in the DRLIR, the recipient Switch shall reply with an SW_RJT sequence with a reasonh.code of “un
to perform command request”.
When a Switch creates an RLIR, the Switch shall generate the corresponding\BRLIRs. A DRLIR
be created for every Established Registration List that the originating Switch-supports, even if that Sy
has[no registrants in the Established Registration List. The Switch shalkdistribute the DRLIRs to e
Swifch in the Fabric via the Domain Controller Identifier.
Whe¢n a Switch receives a DRLIR, the Switch shall extract the RLIR” The RLIR shall then be sent td
local registrants of the given RLIR format as if the RLIR was, génerated in the local Switch.
Protocol:

Distribute Registered Link Incident Record (DRLIRY request Sequence

Accept (SW_ACC) reply Sequence
Format: FT_1
Addressing: The S_ID shall be set to FFFCxxh designating the Domain Controller ID of the Switch

gen
reci

Pay

nod for a Fabric built RLIR to be distributed to every Switch in the Fabric. The normal response
IR SW_ILS sequence shall be an Accept (SW_ACC) reply sequence. If the recipient Switch ¢
support the DRLIR SW_ILS, the recipient Switch shall reply with an SW_RJT sequence witha red

brates the DRLIR. The D_ID shall be set to FFFCyyh to designate the Domain Controller ID o
bient Switch.

oad: The format of the DRLIR request Payload is shown in table 45.

Table 45 — DRLIR Request Payload

Iltem Size (Bytes)
1E000000h 4
Embedded RLIR 28-328

toa
oes
\son
ned
able

thall
itch
very

the

that
the

Embedded RLIR: The format of the embedded RLIR is defined in FC-FS.
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ly Switch Fabric Internal Link Service Sequence:

Service Reject (SW_RJT)

Signifies the rejection of the DRLIR request

Accept (SW_ACCQC)

Signifies acceptance of the DRLIR request and its Link Incident Record.
Accept Payload

Payload: The format of the DRLIR accept Payload is shown in table 46.

Table 46 — DRLIR Accept Payload

Size

6.1.
The
E P
dete
the

N
Pro

D
A

Item Bytes

02000000h 4

|5 Disconnect Class 1 Connection (DSCN)

Disconnect Class 1 Connection Switch Fabric Internal Link Service-requests that the recei
ort abort an existing Class 1 Connection. This SW_ILS is used onlyif Eink Failure or Link Res
cted in the connection path. An F_Port that receives this SW_ILS-shall perform a Link Reset to g
Connection with the attached N_Port. An FL_Port shall performa-kIP when DSCN is received.
DTE 14 Normal disconnect should be performed by detecting EOFdt.

ocol:

sconnect Class 1 Connection (DSCN) request*Sequence
Ccept (SW_ACC) Reply Sequence

Format: FT-1

Add
shal

Pay

ressing: The S_ID field shall be Set to the address identifier of the sending E_Port. The D_ID

ving
et is
bort

field

be set to the address identifier.of the destination E_Port or F_Port.

oad: The format of the DSCN request Payload is shown in table 47.
Table 47 — DSCN Request Payload

Size
Item Bytes

20000000h 4

Reserved 3

Reason code 1or disconnect 1
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Reason code for disconnect: This field specifies the reason for the disconnect, summarized in
table 48.

Table 48 — DSCN Reason Codes
Encoded Value
(Bits 7-0) Description
0000 0001 Link Failure or Link Reset occurred
others Reserved
11111111 Vendor Specific error

Rep

A

Pay

6.1.
6.1.
The
dats
Mer
of th
To @
If Pr

a

b

ly Switch Fabric Internal Link Service Sequence:

brvice Reject (SW_RJT)

Signifies the rejection of the DSCN request
ccept (SW_ACC)

Signifies acceptance of the DSCN request.
Accept Payload

oad: The format of the DSCN accept Payload is shown in table 49+
Table 49 — DSCN Accept Payload
Size
Item Bytes
02000000h 4

16 Merge Request (MR)

16.1 MR overview

Merge request Switch Fabric Intérnal Link Service requests that the recipient merge any zo
with the zoning data supplied.in the MR payload according to the rules specified in table 162.
e request provides a mechanism to distribute zoning information between adjacent Switches.
e Merge request is described in 10.2.

istinguish betweenEnhanced and Basic Zoning, a Protocol Version field is used. In particular:
ptocol Versiontis 00h:

the payload contains Basic Zoning structures

the Fabric is working in Basic Zoning mode

ning
The
Use

If Pr

a)

otocol Version is 01h:

the payload contains Enhanced Zoning structures

b) the Fabric is working in Enhanced Zoning mode
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The Zone Merge may be successful only between Switches working in the same Zoning mode, i.e.,
both in Basic Zoning mode or both in Enhanced Zoning mode. This means that the value of the re-
ceived Protocol Version field shall match the current Zoning operational mode of the Switch, otherwise
the link is Isolated. In particular, if a Switch working in Enhanced Zoning mode receives over a certain

link

Pro

a MR with Protocol Version = 0, then that link shall be Isolated.

tocol:

Merge Request (MR) request Sequence

A

For

Addressing: The S_ID shall be set to FFFFFDh, indicating the Fabric Controller of the origing
Swilch. The D_ID shall be set to FFFFFDh, indicating the Fabric Controller of the Destination Swit(

PayJoad: The format of the MR request payload is described in 6.1.16.2.

6.1.
6.1

The

Pro

The

(Bagic or Enhanced) and the format of the Zoning structures conveyed in the payload. Table 51 de

the

.16.2.1 Merge Request Payload overview

ccept (SW_ACC) reply Sequence

mat: FT 1

6.2 Merge Request Payload

format of the Merge Zone request payload is depicted in table 50-
Table 50 — Merge Request Payload
Item Size
Merge Request - 22h 1
Protocol Version 1
Version Specific‘Payload X

ocol Version
Protocol Version field contains.a number that identifies the Zoning Operational mode of the F4

efined values.

Table 51 — Protocol Version Values

Value Meaning
00 Basic Zoning
01 Enhanced Zoning

others Reserved

ting
h.

\bric
Dicts
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16.2.2 Merge Request Payload in Basic Zoning

The format of the Version Specific payload for Protocol Version = 00h is depicted in table 52.

Act

The

Object List, x+y (in bytes).

Act

The|Active Zone Set name field contains the name of{the’ Active Zone Set. The format of the A

Zon

Act

The

Int

N_Hort_Name (type 1), Domain_iD.and physical port (type 2), or N_Port_ID (type 3). All other z
member types are not allowed.

Zon

The
that
Set

Obje

Table 52 — Basic Zoning Payload

Item Size
Active Zone Set Length 2
Active Zone Set Name a
Active Zone Set Object List X
Zone Set Database Object Length 4
Zone Set Database Object List® y
a8 |t is acceptable to ignore the Zone Set Database Object list and supply O for
the Zone Set Database Object Length.

ve Zone Set Length

Active Zone Set Length field contains the length of the Active Zone 'Set Name and Active Zong

ve Zone Set Name

b Set name follows the structure and rules for the\Name Entry described in 10.4.2.3.
ve Zone Set Object List
Active Zone Set may only contain Zone-Objects (type 2) in the Active Zone Set Object List.

ne Basic Zoning Framework e@ch of the Zone Object members may be of member {

le Set Database Object List

Zone Set Database Object list contains information regarding all zone configurations plus all obj
comprise the zene sets. The Active Zone Set, name and object list, shall not be included in the Z
Database Object list. Support of the Zone Set Database Object list is optional. A Zone Set Datak
ct length_of 0 is required if the Zone Set Database is not supported.

Set

tive

ype
one

ects
one
ase

one

type
and

physical port (type 2), N_Port_ID (type 3), or Alias Name (type 4). Each Zone Alias Object member may
be of member type N_Port_Name (type 1), Domain_ID and physical port (type 2), or N_Port_ID (type 3).
All other combinations are not allowed.
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6.1.16.2.3 Merge Request Payload in Enhanced Zoning

The format of the Version Specific payload for Protocol Version = 01h is depicted in table 53.

Table 53 — Enhanced Zoning Payload

Item Size
Reserved 2
Enhanced Zoning Flags 4
Active Zone Set Length 4
Active Zone Set Object List X
Zone Set Database Object Length 4
Zone Set Database Object List y

Enhfanced Zoning Flags

The|format of the Enhanced Zoning Flags field is as follows:
Bit Q- reserved.

Bit 1- reserved.

Bit 2- Indicates the Merge Control Setting. When this bitjis‘one, this Switch is working in Restrict m
so i may join a Fabric only if the Fabric’s Zoning Database is equal to its Zoning Database. When|
bit i$ zero, this Switch is working in Allow mode, so’it'may join a Fabric only if the Fabric’s Zoning D
basg is mergeable with its Zoning Database.

Bit 3- Indicates the Default Zone Setting. When this bit is one this Switch denies traffic between n
berq of the Default Zone. When this bit is\zero this Switch permit traffic between members of the De
Zong.

Bit 4- Indicates that the Zone Set-Database is supported. When this bit is one, the Zone Server on
Swilch is able to maintain a Zene Set Database. When this bit is zero, the Zone Server on this Swit
not able to maintain a Zone Set Database.

Bit - Indicates that(the"Zone Set Database is enabled. When this bit is one, the Zone Server on
Swifch is maintaining a Zone Set Database. When this bit is zero, the Zone Server on this Switch ig
maintaining a Zene Set Database.

Bit §-31 reserved.

hde,
this
ata-

em-
fault

this
Ch is

this
not

ActiverZone-Set | nngfh

The Active Zone Set Length field is extended to 4 bytes and contains the length of the Active Zone Set

Object List, in bytes.
Active Zone Set Object List

The Active Zone Set may only contain Zone Objects (type ‘02’) in the Active Zone Set Object List.
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Any Zone Member Identifier type may be used as Zone Member in the Active Zone Set’s Zone Objects,

with

Zon

the exception of the Alias Name identifier (type ‘04’).

e Set Database Object List

The Zone Set Database Object list contains information regarding all zone configurations plus all objects
that comprise the zone sets. The Active Zone Set, name and object list, shall not be included in the Zone
Set Database Object list. Support of the Zone Set Database Object list is optional. A Zone Set Database
Object length of 0 is required if the Zone Set Database is not supported.

In the Enhanced Zoning Framework the Zone Set Database may use all Zoning Object types in the Zone

Set

Database Object List. Zone Set type objects shall have members that are only Zone Reference

Ob-

jects
bas
Set

6.1.

Rep

A

Suc
com
and
and
The

6.1.

(type ‘04"). Any Zone Member Identifier type may be used as Zone Member in the Zone Set-0
p's Zone Objects. Any Alias Member Identifier type may be used as Zone Alias Member in-the 2
Database’s Zone Alias Objects, with the exception of the Alias Name identifier (type ‘04").

16.3 Merge Request Reply
ly Switch Fabric Internal Link Service Sequence:

brvice Reject (SW_RJT)

Signifies the rejection of the MR request
ccept (SW_ACC)

Signifies acceptance of the MR request.

cessful completion of the Merge Request is indicated by an SW_ACC. If the recipient is unab
plete the Merge Request, a SW_RJT with reason code~Unable to Complete Command Reques
Reason Code Explanation indicating why the Mergé€ Request was not completed shall be retur
the E_Port shall enter the Isolated State.

format of the Merge request Accept Payload isishown in table 54.

Table 54 — Merge_Request Accept Payload

ltem Size (Bytes)
02000000h 4
Reserved 1
Obsolete 1
Obsolete 1
Obsolete 1

L7 Acquire Change Authorization Request (ACA)

Acq

ata-
one

eto
ted”
hed,

lre f‘hangn Authorization rnqllocf: are S\l Ss addressed from the Domain Contraller o

the

Managing Switch to the Domain Controller of a K/Ianaged Switch. Acquire Change Authorization re-
guest messages are sent by a Managing Switch to Managed Switches to reserve local resources in
each Switch.

The Acquire Change Authorization (ACA) request Switch Fabric Internal Link Service requests that the
recipient reserve local resources for the purposes of changing Switch or Switch service resources. The
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Acquire Change Authorization request provides a mechanism to lock a Fabric to distribute information

(e.g., Zoning) amongst Switches. Use of the Acquire Change Authorization is described in 10.6.2.

Protocol:

Acquire Change Authorization (ACA) request Sequence
Accept (SW_ACC) reply Sequence

Format: FT_1

Addressing: The S_ID shall be set to FFFCxxh, indicating the Domain Controller of the originating
Switch. The D_ID shall be set to FFFCyyh, indicating the Domain Controller of the destination Switch.

Payjoad: The format of the ACA request payload is shown in table 55.

Table 55 — ACA Request Payload

Iltem Size (Bytes)
23h 1
Reserved 1
Domain_ID List Length 2
Reserved 3
Domain_ID #1 1
Reserved 3
Domain_ID #2 1
Reserved 3

Domain_ID #n

Domain_ID_List LengthaThis field specifies the length of the Domain_ID List in bytes.

Domain_ID List: The payload contains a list of Domain_ID’s known to the Managing Switch.

The

Donmain_ID List begins with the Reserved field immediately following the Domain_ID List Length field.

The|recipient checks the list of Domain_ID’s against those it knows to be active within the Fabric. |
list differs from)the Domain_ID’s known to the Managed Switch, the request is rejected with an SW |
with|a Reason Code “Unable to Perform Command Requested”, and a Reject Reason Code Explana

of “Falyric'Changing”.

the
RJT
ition

Reply Switch Fabric Internal Link Service Sequence:

Service Reject (SW_RJT)

Signifies the rejection of the ACA request
Accept (SW_ACC)

Signifies acceptance of the ACA request.
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An SW_ACC indicates that the operation completed successfully.

If the Managed Switch is unable to accept the ACA due to another pending ACA, an SW_RJT with rea-
son code “Logical Busy” shall be returned.

The format of the Acquire Change Authorization Accept Payload is shown in table 56.

Table 56 — Acquire Change Authorization Accept Payload

NOTE 15 After an unsuccessful attempt to acquire change authorization, a Switch should release any acq
chiange authorization, and wait a random time before attempting ACA again.

6.1.18 Release Change Authorization (RCA) Request

Relg¢ase Change Authorization requests are SW_ILSs addressed from the Domain Controller o

Mar

guept messages are sent by a Managing Switch to Managed Switches to release local resourcg
each Switch.

Pro

Format: FT_1

Add
Swit

Pay

Rplease Change Authorization (RCA) request Sequence
Agcept (SW_ACC) Reply Sequence

Iltem Size (Bytes)
02000000h 4
Reserved 1
Obsolete 1
Obsolete 1
Obsolete 1

lired

the

aging Switch to the Domain Controller of a Managee.Switch. Release Change Authorization re-

ocol:

ressing: The S_ID shallkbe set to FFFCxxh, indicating the Domain Controller of the origing
ch. The D_ID shall beiset to FFFCyyh, indicating the Domain Controller of the Destination Swi

oad: The format of the RCA request payload is shown in table 57.

Table 57 — RCA Request Payload
Iltem Size (Bytes)

sin

ting
ch.

24000000h’ 4
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Reply Switch Fabric Internal Link Service Sequence:

Service Reject (SW_RJT)

Signifies the rejection of the RCA request

Accept (SW_ACCQC)

The

Signifies acceptance of the RCA request.

format of the Release Change Authorization Accept Payload is shown in table 58.

Table 58 — Release Change Authorization Accept Payload

6.1
6.1.

Stag
Mar

ltem Size (Bytes)
02000000h 4
Reserved 1
Obsolete 1
Obsolete 1
Obsolete 1

.19 Stage Fabric Configuration Update (SFC) Request

9.1 SFC overview

e Fabric Configuration Update requests are SW_ILSs'addressed from the Domain Controller o
aging Switch to the Domain Controller of a Managed Switch. Stage Fabric Configuration Up

reqyest messages are sent by a Managing Switch*te’Managed Switches to stage changes to locg
soufces in each Switch.
The|Stage Fabric Configuration Update reguest provides a mechanism to distribute information to d
switthes in the Fabric. Use of the Stage Fabric Configuration Update is described in 10.6.3.
Protocol:

Stage Fabric Configuration\Update (SFC) request Sequence

Agcept (SW_ACC) Reply Sequence
Format: FT_1
Addressing: The'S_ID shall be set to FFFCxxh, indicating the Domain Controller of the origina

Swilch. The DJID shall be set to FFFCyyh, indicating the Domain Controller of the Destination Swi

Pay

oad:“The format of the SFC request payload is shown in table 59.

the
Hate
| re-

ther

ting
ch.
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Table 59 — SFC Request Payload

Item Size (Bytes)
25h 1
Operation Request (see table 60) 1

Operation Specific Payload

Operation Request: The operation request value further specifies the operation to be attempted by the

reci

OpHg

que

Dient

Table 60 — Operation Request Value

ration Specific Payload: The remaining part of the SFC payload is dependent on the opératio
sted. Table 60 depicts the currently defined Operation Request values.

Value
(hex) Description
00-02 Reserved
03 Activate Zone Set
04 Deactivate, Zone Set
05-07 Reseryed for FC-SP Use
08 Activate Zone Set Enhanced
09 Peactivate Zone Set Enhanced
0A Distribute Zone Set Database
0B Activate Zone Set by Name
ocC Set Zoning Policies
OD-1E Reserved
20-3F Reserved for FC-SP Use
40 thru DF Reserved
EO thru FF Vendor Specific

\ re-

Reply Switch Fabric Internal Link Service Sequence:

Service Reject (SW_RJT)
Signifies the rejection of the SFC request
Accept (SW_ACC)
Signifies acceptance of the SFC request.
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Stage Fabric Configuration Update responses are Class F frames addressed from the Domain Control-
ler of a Managed Switch to the Domain Controller of the Managing Switch. A Stage Fabric Configura-
tion Update Accept is sent by a Managed Switch to a Managing Switch when a Stage Fabric

Con

figuration Update request has been received.

The format of the Stage Fabric Configuration Accept Payload is shown in table 61.

Table 61 — Stage Fabric Configuration Update Accept Payload

6.1.
Ope

be |

The
a
b

The

Iltem Size (Bytes)
02000000h 4
Reserved 1
Obsolete 1
Obsolete 1
Obsolete 1

19.2 SFC in Basic Zoning

sed with them. Table 62 depicts the payload structure for them.

ration Requests values 03 and 04 are used in the context of Basic.Zoning. Only the Basic Zo
Data structures defined in 10.4.2 shall be used with them. Enhanced Zoning Data Structures shal

Table 62 — Payload for Operation Request Values 03 and 04

Iltem Size (Bytes)
Zone Set Length 2
Zone Set Name a
Zoning Object List X
Zone Set Database Objéect Length 4
Zone Set Database-Object List y

Zone Set Length field specifies the length in bytes of the following.
Zone Set Name;

Zoning.Object List.

ject

ist_Reoforto clause 6.1.16.2 for implnmnnfnfinn notes.

Zone Set Database Object Length field specifies the length in bytes of the Zone Set Database

hing
not

Ob-

If the request Value is 03h, then the remainder of the SFC payload contains the Zone Set configuration

utilized by the recipient to determine if a Activate Zone set operation may be attempted.

If the request Value is 04h, the remainder of the SFC payload is ignored
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6.1.19.3 SFC in Enhanced Zoning

6.1.19.3.1 Overview

The following Operation Requests are used in the context of Enhanced Zoning. Only the Enhanced Zon-
ing Data structures defined in 10.4.4 shall be used with them. Basic Zoning Data Structures shall not be
used with them.

6.1.19.3.2 Operation Request ‘Activate Zone Set Enhanced’

6.1.19.3.2.1 Overview

Opejration Request ‘Activate Zone Set Enhanced’ is used in Enhanced Zoning to activate a Zaneg
distfibuting its definition across the Fabric. Together with the Zone Set to be activated, alsothe e

Zon

6.1.

The
Acti

The

b Set Database may be distributed. Table 63 depicts the payload format.

Table 63 — Payload for Operation Request ‘Activate Zone Set Enhangced’

Iltem Size (Bytes)
Reserved 2
Active Zone Set Length 4
Active Zone Set Object List X
Zone Set Database Object Length 4
Zone Set Database Object List y

19.3.2.2 Length Fields

Active Zone Set Length field contains the\length of the Active Zone Set Object List, in bytes.
e Zone Set Length field is extended te;4 bytes.

Zone Set Database Object lengthfield specifies the length of the Zone Set Database Object Li

set {o zero, then the Zone Set Database is not included in the payload.

6.1.

The
and

6.1.

Op¢g
rent

19.3.2.3 Object Lists

Object Lists shall use the appropriate Enhanced Zoning payloads for the Zone Set to be activ|
the Zone Set Database, as described in 10.4.4.

19.3.3 Operation Request ‘Deactivate Zone Set Enhanced’

ration Request ‘Deactivate Zone Set Enhanced’ is used in Enhanced Zoning to deactivate the
Active Zone Set. Table 64 depicts the payload format.

Set
Ntire

The

St. If

hted

cur-

Table 64 — Payload for Operation Request ‘Deactivate Zone Set Enhanced’
Iltem Size (Bytes)

Reserved 2
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6.1.19.3.4 Operation Request ‘Distribute Zone Set Database’

6.1.19.3.4.1 Overview

Operation Request ‘Distribute Zone Set Database’ applies to the Zone Set Database. Its purpose is to
distribute in the Fabric a new definition of the Zone Set Database, without affecting the Active Zone Set.
Table 65 defines its payload.

Table 65 — Payload for Operation Request ‘Distribute Zone Set Database’

6.1.
The
the

this
6.1.

The

scrilped in 10.4.4.

6.1.

6.1.
Ops

bas
ove

6.1.

Thig

basé.

ltem Size (Bytes)
Reserved 2
Zone Set Database Object Length 4
Zone Set Database Object List y

19.3.4.2 Zone Set Database Object Length

Zone Set Database Obiject length field specifies the length of the Zone Set Database Object Li
yone Set Database Object Length is zero, the Zone Set Database Object/List is not present,
operation clears the entire Zone Set Database.

19.3.4.3 Zone Set Database Object Lists

Obiject List shall use the appropriate Enhanced Zoning payloads for the Zone Set Database, ag

19.3.5 Operation Request ‘Activate Zone Set hy"Name’

19.3.5.1 Overview
ration Request ‘Activate Zone Set by Name’ applies to both Active Zone Set and Zone Set
. ItS purpose is to activate a Zone Set-defined in the Zone Set Database without having to tran
the Fabric its definition. Table 66 depicts the payload format.

Table 66 — Payload.for Operation Request ‘Activate Zone Set by Name’

ltem Size (Bytes)
Reserved 2
Zone Set,Name a

19.3.5.2 Zohe Set Name

field-centains the Name of the Zone Set to be activated. It shall be defined in the Zone Set O

2]

St. If
and

de-

ata-
sMmit

ata-
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6.1.19.3.6 Operation Request ‘Set Zoning Policies’

6.1.19.3.6.1 Overview

Operation Request ‘Set Zoning Policies’ is used in Enhanced Zoning to establish the Fabric Zoning Pol-
icies. Table 67 depicts the payload format.
Table 67 — Payload for Operation Request ‘Set Zoning Policies’
Iltem Size (Bytes)
Reserved 2
Enhanced Zoning Flags 4
6.1.19.3.6.2 Enhanced Zoning Flags
Thelformat of the Enhanced Zoning Flags field is as follows:
Bit Q-1 reserved.
Bit 2- Merge Control Setting. When this bit is one the Fabric shall work/in“Restrict mode, so a Switch
may{ join the Fabric only if its Zoning Database is equal to the Fabric’s\Zoning Database. When this bit
is zero the Fabric shall work in Allow mode, so a Switch may join the-Fabric only if its Zoning Datalpase
is mergeable with the Fabric’s Zoning Database.
Bit 3- Default Zone Setting. When this bit is one the Fabrictshall deny traffic between members of the
Default Zone. When this bit is zero the Fabric shall permiit traffic between members of the Default Zpne.

Bit 4-31 reserved.
6.1.,0 Update Fabric Configuration (UFC) Request

Update Fabric Configuration requests are"SW_ILSs addressed from the Domain Controller of the N
aging Switch to the Domain Controller of a Managed Switch. Update Fabric Configuration request 1

lan-
nes-

sages are sent by a Managing Switch to Managed Switches to effect the changes to local resourcés in

each Switch. There is no data incldded in this message.
Protocol:

Update Fabric Configuration (UFC) request Sequence
Accept (SW_ACE) Reply Sequence

Format: FT.\1

Switg

Payload: The format of the UFC request payload is shown in table 68.

Addressing: The S_ID shall be set to FFFCxxh, indicating the Domain Controller of the origingti
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Table 68 — Update Fabric Configuration Request Payload
Item Size (Bytes)

26000000n 4

y Switch Fabric Internal Link Service Sequence:

Service Reject (SW_RJT)
Signifies the rejection of the UFC request

Agcept (SW_ACC)
Signifies acceptance of the UFC request.

The|format of the Update Fabric Configuration Accept Payload is shown in table 69.

6.1.21 Exchange Switch Capabilities

The
and

A Syvitch is not required to supportithe ESC SW_ILS. If the receiving Switch does not support the

SW

Pro

Exchange Switch Capabilities (ESC) request Sequence
Accept (SW_ACC) Reply Sequence

Format: FTX1

Add
ric

Table 69 — Update Fabric Configuration Accept Payload

Iltem Size\(Bytes)
02000000h 4
Reserved 1
Obsolete 1
Obsolete 1
Obsolete 1

Exchange Switch Capabilities SW_ILS:defines a mechanism for two Switches to exchange ve
protocol information.

ILS, it shall respond with an.SW_RJT with a reason code of “Command Not Supported”.

ocol:

ressing: For use in Fabric Configuration, the S_ID field shall be set to FFFFFDh, indicating the

(E)

ndor

ESC

-ab-

ontroller of the. nriginnfing Switch -The D 1D field shall he set to l:l:l:l:l:nh, indir‘::fing the Eabric €

on-

troller of the destination Switch.
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Payload: The format of the ESC request Payload is shown in table 70.

Table 70 — ESC Request Payload

Pay
byte
thar

Ven

confain either an identifier for the Switch manufacturer, or an OEM- identifier.

N

stjuctions for requesting a new Vendor ID String may be found.on the T10 web site at ‘www.t10.org’.

Pro
cols|
This
mor

Ven
prot|

ltem Size

Bytes
Command Code = 30h 1
Reserved 1
Payload Length 2
VMandaorlD Sirina (o]

i)

Protocol Descriptor #1 12
Protocol Descriptor #n 12

oad Length: This field contains a 16-bit unsigned binary integer that specifies the total leng
s of the Payload. The least significant two bits shall be zero. The value specified shall be gre
or equal to 24, and less than or equal to 65532.

dor ID String: This field shall contain a unique identifier of the requesting Switch. This field

DTE 16 Unique Vendor ID Strings are maintained by ANSI{T10. A list of current Vendor ID Strings an

ocol Descriptor: This field allows the requesting Switch to identify which Switch-to-Switch p
it supports. There may be more than one protocol descriptors specified in the ESC SW_ILS frg
list of protocol descriptors allows a single‘port on the requesting Switch to specify that it supp
b than one Switch-to-Switch protocol. Fhe format of the Protocol Descriptor is shown in table 7

Table@l — Protocol Descriptor Format

ltem Size
Bytes
Vendor ID String 8
Reserved 2
Protocol ID 2

dor D String: For non-vendor specific protocols, this field shall be zero filled. For vendor spg
Dcols; this field shall contain the unique vendor identifier associated with the Protocol ID field.

hin
ater

Shall

d in-

oto-
me.
orts

cific
Itis

the
sign

ntention that this field contain the \fendor 1D ering of the nriginnl Switch - manufacturer tha

ed the protocol being described.

de-

NOTE 17 Unique Vendor ID Strings are maintained by ANSI T10. A list of current Vendor ID Strings and in-
structions for requesting a new Vendor ID String may be found on the T10 web site at ‘www.t10.0rg’.

Protocol ID: This field shall contain a value identifying the protocol. If the value of this field is in the
range 8000h to FFFFh, then this field combined with the Vendor ID String field specifies a vendor spe-
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cific protocol. If the value of this field is in the range 0000h - 7FFFh then a non-vendor specific protocol
is specified. Values for this field are summarized in table 72.

NOTE 18 The term “Protocol” refers to all messages and methods from the completion of the ELP process
through to the completion of path selection as well as any other messages and methods required to create a fully
functional Fabric.

Table 72 — Protocol ID Values

Rep

Pay

Ven
sha

Value Use
0000h Reserved
0001h FSPF-Backbone Protocol
0002h FSPF Protocol
0003h - 7FFFh Reserved
8000h - FFFFh Vendor Specific (see note)
Note: Vendor Specific values are only meaningful when combined
with the Vendor ID String field.

ly Switch Fabric Internal Link Service Sequence:

Service Reject (SW_RJT)

Signifies the rejection of the ESC request
Accept (SW_ACC)

Signifies acceptance of the ESC request.
- Accept Payload

oad: The format of the ESC accept Payload is shown in table 73.

Table 73 — ESC Accept Payload

ltem Size

Bytes
Command Code = 02h 1
Reserved 3
Vendor ID String 8
Accepted Protocol Descriptor 12

dor ID:String: This field shall contain a unique vendor identifier of the responding Switch. This
contain either an identifier for the Switch manufacturer, or an OEM identifier.

field

NOTE 19 Unique Vendor ID Strings are maintained by ANSI T10. A list of current Vendor ID Strings and in-
structions for requesting a new Vendor ID String may be found on the T10 web site at ‘www.t10.0rg’.

Accepted Protocol Descriptor: This field shall contain the Protocol Descriptor chosen by the respond-
ing Switch. This Protocol Descriptor shall be chosen from the list presented in the ESC Request. The
format of this field is as shown in table 71.
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6.1.22 Exchange Switch Support (ESS)

6.1.22.1 ESS overview

The Exchange Switch Support (ESS) SW_ILS defines a mechanism for two switches to exchange ven-
dor and support information relative to various supported features within the Fabric services and switch
link services payloads.

Exchange Switch Support requests are addressed from the Domain Controller of a requesting Switch to
the Domain Controller of a responding Switch.

Path selection shall complete before an ESS request may be issued to a destination Switch.

Pro

E
A

ocol:

change Switch Support (ESS) request Sequence
ccept (SW_ACC) Reply Sequence

Format: FT_1

Add
sha

6.1.

The

P?2.2 ESS Request Payload

format of the ESS request payload is shown in table 74

Table 74 — ESS Request Payload

ressing: For use in determining switch support of Fabric services and SW_ILS support, the §
be set to FFFCxxh, indicating the Domain Controller of the originating’ Switch. The D_ID shal
set {o FFFCyyh indicating the Domain Controller of the Destination Switch.

Item Size (Bytes)
31000000h 4
Revision 4
Payload Length 4
Interconnect Element/infaermation Object 256
Number of Capabhility Objects 2
Reserved 2

Capability Object #1

Length of Object

Capability Object #2

Length of Object

b ID
| be

Capability Object #n

Length of Object

Revision: The revision field shall contain a value of 01h.

Payload Length: The length shall specify the number of bytes in the ESS Request payload. This value
does not include the request code, revision and payload length bytes. This value shall be a multiple of 4.
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Number of Capability Objects: Number of capability objects contained in the payload.

6.1.22.3 Interconnect Element Information Object

The Interconnect Element Information object contains vendor name, model name and number, release
code and vendor specific information related to the Switch. The Interconnect Element object shall be
supported.

The

format of the Interconnect Element Information is described in FC-GS-4.

6.1.22.4 Capability Object

The
forni

Wel
the

Wel
Nun

Cap
toa

6.1.

capability object is used to convey levels of support for FC-SW-3 and FC-GS-4 functionality.
at of the Capability Object is shown in table 75.

Table 75 — Capability Object Format

Item Size (Bytes)
Well-Known Address Type 1
Well-Known Address Subtype 1
reserved 1
Number of Capability Entries 1
Capability Entry #1 8
Capability Entry #2 8
Capability Entry #n 8

-Known Address Type: The WellKnown Address (WKA) type represents the type of service
Capability object represents. Allowed values are specified in FC-GS-4.

-Known Address Subtype: This field specifies a sub-service type for the specific service.
hber of Capability"Entries: Number of capability entries within this capability object.

ability Entry:\Each Capability Entry shall be eight bytes in length and contain information spe
particular service.

P2.5( Service Specific Capability Formats

The

that

cific

6.1.

25 1 nironfnr\J/ Server ("npnhilify

The Well-known Address Type shall be set to FCh and the Well-known Address Subtype shall be set to

02h.
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Table 76 defines the bit definition for identifying specific support for the Name server subtype of the Di-
rectory server.

Table 76 — Name Server Capability Flags

Item Size (Bytes)
Name Server Support Flags 4
NS Vendor Specific Support Flags 4

The format of the Name Server Support Flags field is as follows:

Bit - Name Server Entry Object 00h Support - When set indicates that the name server instanece may
accept large name server objects.

Bit 1- Name Server Entry Object 01h Support - When set indicates that the name server’instance fmay
accegpt small name server objects.

Bit 2- Name Server Entry Object 02h Support - When set indicates that the narme server instance may
accept Large + FC-4 Features + FC-4 Descriptor name server objects.

Bit 3- Name Server Entry Object 03h Support - When set indicates that'the name server instance may
accept Small + FC-4 Features + FC-4 Descriptor name server objects:

Bit 4 - GE_PT Zero Length Accept - When set indicates that the name server may support receipt|of a
0 lenpgth ACCept payload from an interswitch GE_PT (or other GE_*) query.

Bits[5-31 reserved.

The|format of the Name Server Vendor Specific Support Flags field is vendor specific and dependert on
the Vendor Name.

6.1.p2.5.2 Fabric Controller Capability

The|Well-known Address Type shall.be set to FDh and the Well-known Address Subtype shall be sgt to
00h

Table 77 defines the bit definition for identifying specific support for the Fabric Controller.

Table 77 — Fabric Controller Capability Flags

Iltem Size (Bytes)
Fabric Controller Support Flags 4
Fabric Controller Vendor Specific Support Flags 4

The format of the Fabric Controller Support Flags field is as follows:

Bit 0- SW_RSCN Support - When set indicates that the transmitting Fabric Controller supports receiving
the SW_RSCN Request.

Bits 1-31 Reserved.


https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

- 102 - 14165-133© ISO/IEC:2010(E)

The format of the Fabric Controller Vendor Specific Support Flags field is vendor specific and dependent
on the Vendor Name.

6.1.22.5.3 ESS Fabric Configuration Server Capability Object

The

WKA Type shall be set to FAh and the WKA Subtype shall be set to 01h.

Table 78 depicts the bit definitions for identifying specific support for the Fabric Configuration server
subtype of the Management server.

Table 78 — Fabric Configuration Server Capability flags

The

Size
Item (Bytes)
Fabric Configuration Server support flags 4
Reserved 4

format of the Fabric Configuration Server support flags field is as follows:

Bit (- Basic Configuration Services - When this bit is one, the Switch supports commands that

men
com

Bit 1
mery
com

Bit 2
that

hbers of the Basic Configuration Service class. When this bit is zer0; the Switch does not suf
mands that are members of the Basic Configuration Service class,

- Platform Configuration Services - When this bit is one, the Switch supports commands that
nbers of the Platform Configuration Service class. When, this)bit is zero, the Switch does not sug
mands that are members of the Platform Configuration.Service class.

- Topology Discovery Configuration Services - WHen this bit is one, the Switch supports comm4
are members of the Topology Discovery Configuration Service class. When this bit is zero

Swiich does not support commands that are members of the Topology Discovery Configuration Sef

clas
Bit 3
mer
port
Bits
6.1.
The

Tab
Mari

5.
- Enhanced Configuration Services.4 When this bit is one, the Switch supports commands tha
hbers of the Enhanced Configuration Service class. When this bit is zero, the Switch does not
commands that are members.of the Enhanced Configuration Service class.

4-31 reserved.

P2.5.4 ESS Enhanced Zone Server Capability Object

WKA Type shall-be set to FAh and the WKA Subtype shall be set to 03h.

e 79 depiots the bit definitions for identifying specific support for the Zone server subtype of
agement server.

are
port

are
port

\nds
the
vice

are
SUp-

the

Table 79 — Enhanced Zone Server Capability flags

Size
Item (Bytes)
Switch Enhanced Zoning support flags 4

Reserved 4
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The

format of the Switch Enhanced Zoning Server Support Flags field is as follows:

Bit 0- Enhanced Zoning supported - When this bit is one, the Switch is able to work in Enhanced Zoning
mode. When this bit is zero, the Switch is not able to work in Enhanced Zoning mode.

Bit 1- Enhanced Zoning enabled - When this bit is one, the Switch is working in Enhanced Zoning
mode. When this bit is zero, the Switch is working in Basic Zoning mode.

Bit 2- Merge Control Setting - When this bit is one, this Switch is working in Restrict mode, so it may join
a Fabric only if the Fabric’'s Zoning Database is equal to its Zoning Database. When this bit is zero, this
Switch is working in Allow mode, so it may join a Fabric only if the Fabric’s Zoning Database is merge-
able with its Zoning Database.

Bit 3
fault
Bit 4
mai
mai
Bit 5
a Z(
Set

Bit 4
rect

Bit
zerd

Bits
6.1.

The
obje

1- Hard Zoning supported - When this bit is one, this Switch supports Hard Zoning. When this

- Default Zone Setting - When this bit is one, this Switch denies traffic between members of the
Zone. When this bit is zero, this Switch permits traffic between members of the Default Zone.

|- Zone Set Database supported - When this bit is one, the Zone Server on this!Switch is ab
ntain a Zone Set Database. When this bit is zero, the Zone Server on this Switch is not ab
tain a Zone Set Database.

- Zone Set Database enabled - When this bit is one, the Zone Server,on this Switch is maintai
ne Set Database. When this bit is zero, the Zone Server on this Switch is not maintaining a 4
Database.

De-

eto
e to

hing
one

- Activate Direct command supported - When this bit is one, this Switch supports the Activatg Di-

command. When this bit is zero, this Switch does not support the Activate Direct command.

, this Switch does not support Hard Zoning.
8-31 reserved.
P2.5.5 ESS-Vendor Specific Capability Object

general format of the Vendor Spégific Capability object closely follows the format of the Capa
ct currently defined for ESS. The format of the Vendor Specific Capability object is depicted be

Table 80 — Vendor Specific Capability Object

Dit is

Dility
low:

Size
Item Bytes
Well-Known Address Type 1
Well-Known Address Subtype 1
Reserved 1
tengtir(n) +
T10 Vendor Identifier 8
Vendor Specific Information n*s
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Well-Known Address Type: The Well-Known Address Type field shall be set to EOh to indicate that the
Capability Object is a Vendor Specific Type Capability object.

Well-Known Address Subtype: The Well-Known Address Subtype field shall contain a value specified
by the vendor.

Length: The Length field shall contain a value between 01h and FFh to indicate the number of double-
words of vendor specific information contained in the capability object. The T10 Vendor Identifier field is
included in the doubleword count.

T10 Vendor Identifier: The T10 Vendor Identifier field shall contain the vendor’s eight byte T10 admin-
istered vendor identifier.

Ven
The
info
righ
6.1.

The

6.1.
The

dor Specific Information: The Vendor Specific Information field contains the vendor’s informal
format of the information is defined by the vendor and not by this standard. When the vendor spe
mation does not align on a doubleword boundary the information is padded with nuli$)(00h) tg
to complete the final doubleword.

P2.6 ESS Accept Payload

format of the accept payload is shown in table 81.

Table 81 — ESS Accept Payload

Item Size (Bytes)

02000000h 4
Revision 4
Payload Length 4
Interconnect Element Information Object 256
Number of Capability Objects 2
Reserved 2
Capability Object #1 Length of Object
Capability Object #2 Length of Object
Capability Object #n Length of Object

P3  Merge Request Resource Allocation (MRRA)

fion.
cific
the

Liest

Merge Request Resource Allocation (MRRA) SW_ILS defines a mechanism for switches to req

resources to be allocated for the transfer of a Merge Request SW_ILS. MRRA enables butfer manage-
ment in the Fabric Controller.

MRRA SW_ILSs are addressed from the Fabric Controller of a requesting Switch to the Fabric Controller

of a

responding Switch.

Protocol:
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Merge Request Resource Allocation (MRRA) request Sequence
Accept (SW_ACC) Reply Sequence

Format: FT_1

Addressing: For use in determining resource availability, the S_ID shall be set to FFFFFDh, indicating
the Fabric Controller of the originating Switch. The D_ID shall be set to FFFFFDh, indicating the Fabric
Controller of the Destination Switch.

The format of the MRRA request payload is shown in table 82.

Rev|

Merpe Request Size: The Merge Request Size is the number.of words in the entire Merge Req

sSw|

Table 82 — MRRA Request Payload

Item Size (Bytes)
32000000h 4
Revision 4
Merge Request Size 4
Vendor Specific 16

sion: Shall be set to 00000001h.

ILS that is subsequently sent to the adjacent Switch.

Vendor Specific: The format of the Vendor Specific field is’depicted in table 83.

Table 83 — Vendor Specific Field

Item Size (Bytes)
Vendor Identifier 8
Vendor Specific Information 8

Vendor Identifier: This field contains the eight byte T10 administered vendor identifier.

Vendor Specific Information: The format of this field is specific to the vendor.

Rep

Ser
Sign

ly Merge RequésiResource Allocation Sequence:

ice Reject{(SW_RJT)
ifies the'rejection of the MRRA request

Accept (SW_ACC)

Sign
- Ac

ifies the acceptance of the MRRA request

ent Pavioad
Lad 7

Liest

Payload: The format of the MRRA Accept Payload is shown in table 84.
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Table 84 — MRRA Response Payload

14165-133© ISO/IEC:2010(E)

Item Size (Bytes)
02000000h 4
Vendor Identifier 8
MRRA Response 4
Maximum Resources Available 4
Waiting Period 4

Vendor Identifier: This field contains the eight byte T10 administered vendor identifier. Fhis‘allows the

venglor specific fields in the Merge Response field to be used.

MRIRA Response: This field shall specify the response to the MRRA request. The values are defingd in

table 85.
Table 85 — MRRA Response Values

Value
(Hex) Description

0 Reserved

1 Requested resources available

2 Requested resources, are not available
EO-FF Vendor Specifie
Others Reserved

Maximum Resources Available: This-field specifies the maximum size in words in the entire Merge

quest SW_ILS that the Fabric Controller is able to accept.

Waiting Period: This field specifies the time in seconds that the requesting port should wait beforg
trying the MRRA request. The-Waiting Period should be less than R_A_TOV. This value is only m

ingflil when the Merge Response Value is set to 2.

Re-

P e-
ean-
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7 Fabric Configuration

7.1 Fabric Configuration Summary

- 107 -

The Fabric Configuration process enables a Switch Port to determine its operating mode, exchange op-
erating parameters, and provides for distribution of addresses. This process is summarized in table 86.

Table 86 — Fabric Configuration Summary

Operation

Starting
Condition

Process

Ending
Condition

Establish Link

Switch Port has

The Switch Port attempts to discover

Switch Port mode is known. If a Port is

Paraineters and
Switch Port operating
modsq

achieved word
synchronization.

Whetner it 1s an FL_Port, an E_Port or
an F_Port.

an E_Port, LINK Parameters nave been
exchanged and Credit has,bee
initialized.

Seledt Principal

BF or RCF SW_ILS

Switch_Names are exchanged over all

The Principal Switch_is selected.

Switch transmitted or received. | ISLs to select a Principal Switch, the

Principal Switch becomes the Domain

Address Manager.
Domain_ID Domain Address Switch requests a Domain_ID from the | Switch ' has a Domain_ID.
Acqulsition Manager has been Domain Address Manager.

selected.

Zonirlg Merge Switch has a Zoning data are exchanged overthe The Zoning definitions are cons|stent
Domain_ID. E_Ports, following the merge protocol | across the E_Ports.
defined in clause 10.
Path Belection Switch has a Path Selection (FSPF) is defined in Switch is operational with route
Domain_ID. clause 8. established.

Onge path selection has completed, routes for,.Glass N Frames are established and Class N Frames

sha

traverse the Fabric using established routes. Class N Frames shall continue to traverse the Fabric

untilan RCF clears the routes or a previously:determined route is invalidated (e.g., Max_Age expirep for
an SR, physical link is removed).

7.2

7.2.1

Switch Port Initialization

Basic Operation

Swilch Ports shall initialize as described below. Figure 11 shows the state machine of the process. If the
stateé machine is different than the text, the state machine shall apply. A Switch Port that is running| this
stat¢ machine shallbe capable of at least E_Port operation; either E/F/FL_Port, E/F_Port, E/FL_Poit, or
E_Port. Initialization of Switch Ports that are F/FL_Port, FL_Port, or F_Port is defined in FC-FS and|FC-
AL-2. This staté machine is also applicable to B_Port operation.
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Transition All:PO. This transition occurs whenever an initialization event occurs in a state where it is not
already handled. An Initialization Event may be:

a)
b)
c)
d)

e

a power-on reset condition; or,

receiving an initialization Primitive Sequence, such as OLS, NOS, LIP; or,
outside intervention requesting an initialization; or,

a transition to Link Offline, as defined in FC-FS; or,

a loss of word synchronization for greater than R T _TOV; or,

f)

N

Stafe PO: Start Switch Port Initialization. This state marks the beginning of Switeh Port initializa|

All g

Tramsition PO:P1. The Switch Port is capable of becoming an FL_Port{Attempt Loop Initialization

(as

Trapsition P0O:P4. The Switch Port is not capable of becoming an\FL_Port. Attempt Link Initializati

a failure to successfully complete a prior initialization attempt, and the time-out period’ has
pired.
DTE 20 LR is not considered an Initialization Event, but shall operate as specified in FC-FS.

ctivity on the Switch Port is suspended until the Initialization is complete.

Jefined in FC-AL-2).

ex-

tion.

first

DN.

Stafe P1: Loop Initialization. An FL_Port-capable Switch-Rort attempts Loop Initialization (as defjned

inF

Tramsition P1:P7. This transition occurs if the FLCPort transitions from the OPEN_INIT state td

MO
Loo
Thig

Trapsition P1:P2. This transition ocCurs if the FL_Port transitions from the OPEN_INIT state td

MO
Loo
the

Tranpsition P1:P4. Thistransition occurs if the Loop Initialization does not complete successfully.

may

Initialization.

C-AL-2).

NITORING state, is in participating mode, and'the resulting AL_PA bitmap generated during the
b Initialization Sequence indicates that oneor more L_Port (other than the Switch Port) is attac
transition also occurs if Switch Port is-in'non-participating mode.

NITORING state, is in participating mode, and the resulting AL_PA bitmap generated during the L
b Initialization Sequence indicates zero or one L_Port (other than the Switch Port) is attached,;
L oop Initialization procedure did not complete and OLS or NOS is received (see annex A).

occur if the SwitchPort is attached to a non-L_Port capable port, so the next thing to try is a

Stat

e P2: Try Link Initialization. The Switch Port is FL_Port-capable, is in participating mode, and

the
ISA
hed.

the
ISA
Dr, if

This
Link

has
hed
h by

hen

complete Link In|t|aI|zat|on as defined in FC FS Otherwise the SWitch Port shaII complete the Link Ini-
tialization protocol initiated by the other Switch Port.

Transition P2:P3. This transition occurs if the Link Initialization does not complete successfully.

Transition P2:P5. This transition occurs if the Link Initialization completes successfully.
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State P3: Retry Loop Initialization. The Switch Port had detected that it may be able to operate point-
to-point with another loop device, but the attempt to do so failed. In this case, the Switch Port shall then
attempt to go back to loop operation by retrying Loop Initialization (as defined in FC-AL-2).

Transition P3:P7. This transition occurs if the Loop Initialization succeeds (the FL_Port transitions from
the OPEN_INIT state to the MONITORING state and participating).

Transition P3:P11. This transition occurs if the Loop Initialization fails following a re-attempt of Loop
Initialization.

State P4: Link Initialization. The Switch Port shall attempt Link Initialization as defined in FC-FS.

Tramsition P4:P5. This transition occurs if the Link Initialization procedure succeeds.

Tramsition P4:P11. This transition occurs if the Link Initialization procedure fails.

Stafle P5: Exchange Link Parameters. The Switch Port shall originate an ELP SWhL-S request| Se-
guence (see 6.1.4). Table 87 below defines the responses and actions to an ELP.request for the qrigi-
nating Interconnect_Port.
Table 87 — Responses to ELP Request for Originating Interconpect® Port (part 1 of 2)
Response Originating
to ELP Indication Interconnect_Port Action
1. R_RDY Request received at destination Wait E_D_TOV+4 for response frame
2.ACK_1 Request received at destination Wait E_D_TOV+4 for response frame
3. $W_ACC Destination Interconnect_Port received and Send ACK_1, Transition (P5:P6)
processed request
4. F BSY or Destination is busy Retry?, Transition (P5:P11)
P_BSY
5. F_RJTor The frame is not acceptable Respond accordingly®, Transition (P5:P11) if
P_RJT appropriate
6. ELP Both Interconnect_Ports sent ELP at the same time | Send SW_ACC or SW_RJT based on the
(revd Switch_Name > values of the ELP parameters, Transitiol

ow

Switch_Name)

(P5:P6)
(see figure 13 for an example of this
response)

(revi
owr]

. ELP

d Switch_Name's
Switch_Nam€)

Both Interconnect_Ports sent ELP at the same time

Send SW_RJTb, Transition (P5:P5) (seq
figure 13 for an example of this respons

)

The'retry is performed following a time-out period, as defined in P11 below.

The Reason Code shall be “Unable to perform command request” with an Reason Explanation of “C

om-

mand aready I progress ™

Response is defined in FC-FS.

An SW_ACC is sent for the other ELP Exchange in progress, as described in Response #6, if the received
ELP parameters are acceptable. If the received ELP parameters are not acceptable, then an SW_RJT is
sent. See figure 13.
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Table 87 — Responses to ELP Request for Originating Interconnect_Port (part 2 of 2)

Response Originating
to ELP Indication Interconnect_Port Action
8. ELP Interconnect_Port output is looped back to input Remove loopback condition,
(rcvd Switch_Name = Transition (P5:P9)

own Switch_Name)

9. SW_RJT Reason code/explanation:

- Command already in progressd

(see figure 13 for an example of this

response)
- Logical busy - retry transition to P112, or P5
= n—;bpuuu' cu.l,mu'illgiy, arcHtrarnsitiorto {11 if
- other appropriate
10|FLOGI Destination is an N_Port Respond accordingly®, transition to P8
11]any other frame Indeterminate Discard frame and retry?,
transition to P11
12.|E_D_TOV+4 expires| Destination is busy; or, Retry?, transijtiohcto P11
ELP, SW_ACC, ACK_1 frame lost; or,
destination is not an Interconnect_Port
a | The retry is performed following a time-out period, as defined in P11 below.
b [ The Reason Code shall be “Unable to perform command request™with an Reason Explanation of “Gom-
mand already in progress”.
¢ | Response is defined in FC-FS.
d1 An SW_ACC is sent for the other ELP Exchange in progress, as described in Response #6, if the recdived
ELP parameters are acceptable. If the received ELR parameters are not acceptable, then an SW_RJT is
sent. See figure 13.
The|originating Interconnect_Port shall consider the exchange of Link Parameters complete (buf not
necgssarily successful) when it has received the SW_ACC or SW_RJT and has transmitted the AQK_1
for the SW_ACC or SW_RJT reply Sequence.
Thelresponding Interconnect_Portshall consider the exchange of Link Parameters complete when it has
recgived the ACK_1 for the SW ACC or SW_RJT.
The|exchange of Link Parameters shall be considered successful when the exchange of Link Pargme-
ters|is complete, and the reply to the ELP is an SW_ACC, and both Interconnect_Ports agree thaf the

parg

meters exchanged are acceptable.
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Figure 13 — Example of Simultaneous ELP Processing- Parameters Acceptable to Both

Switches
Switch_Name Switch_Name
= 03h = 04h
...at about the same time as
This E_Port launches his 2 ; f
- ELp ELP . x4, gLP - X this E_Port sends his ELP
This E_Port sees that the
SW A other E_Port has a lower
This E_Port sees that the a CC - x> value of Switch_Name, and

sends an SW_RJT indicat-
Ny that ELP 15 already M
progress.

other E Port has a higher
value of Switch_Name,
and sends an SW_ACC to
complete the ELP.

ACK 1 Frames and RDYs are Omitted For Clarity
#n- This notation indicates the unique Exchange ID for the SW_ILS

Tramsition P5:P5. This transition occurs if the responding Interconneet)\ Port does not agree that thqg pa-
ramgters are acceptable, it shall return an SW_RJT reply Sequence-indicating the reason for the|dis-
agrgement, and wait for the originating Interconnect_Port to initiate’another ELP request Sequence. [This
trangition may also occur if the originating Interconnect_Port does not agree that the parameters i the
SW] ACC are acceptable, or it receives an SW_RJT indicating the parameters in the ELP request Were
not pcceptable to the responding Interconnect_Port, and it’is able to originate a new ELP request] Se-
guepce with modified parameters. This transition may.also occur if an SW_RJT is received indicating a
logig¢al busy.

—

Tramsition P5:P6. This transition is taken by the'originator of the ELP if the exchange of link paramdters
are complete.

Tranpsition P5:P8. This transition occdrs if the exchange of Link Parameters is unable to be completed,
and|FLOGI is received.

Tranpsition P5:P9. This transition occurs if the originating Interconnect_Port does not agree that thg pa-
rameters in the SW_ACC are‘acceptable, or it receives an SW_RJT indicating the parameters in the ELP
regyest were not acceptable to the responding Interconnect_Port, and it is not able to originate a jnew
ELH request Sequence with modified parameters (see 7.5).

Trapsition P5¢P11. This transition occurs if the ELP is rejected with “unable to perform command re-
quest”, and.noFLOGI is received. The Switch Port performs the Link Offline protocol as defined in|FC-
FS during the transition.

Tram | the

ELP fail.

State P6: Link Reset. When the exchange of link parameters has completed successfully, the value of
buffer-to-buffer and end-to-end Class F Credit are initialized. In order to initialize the Flow Control pa-
rameters, the Switch Port that originated the successful ELP SW_ILS shall attempt the Link Reset pro-
tocol as defined in FC-FS.
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NOTE 21 The re-initialization of Link credit is necessary since the Flow Control parameters in the ELP Payload
are intended to communicate Link credit parameters for a specific credit model. The Link Reset is the common

method defined by FC-FS for establishing a known credit state.

Transition P6:P11. This transition occurs if the Link Reset fails.
Transition P6:P13. This transition occurs if the Link Reset is successful and ESC is supported.
Transition P6:P17. This transition occurs if the Link Reset is successful and ESC is not supported

State P7: Operate as an FL_Port. The Switch Port has detected a functional Arbitrated Loop.
Switch Port shall continue to operate as an FL Port until the next Initialization Event. If a Switch

The
Port

entdrs the state in the non-participating mode, it shall remain in the non-participating mode until the
initialization event.

Stafle P8: Operate as an F_Port. The Switch Port has detected an attached N_Port. The)Switch
shall continue to operate as an F_Port until the next Initialization Event.

Trampsition All:P9. This transition occurs whenever an Interconnect_Port receives’an SW_RJT w
reagon code explanation of “E_Port is Isolated”.

Stafle P9: Operate as an Isolated Interconnect_Port. The Switch Portdias’completed the exchang
Linkl Parameters with another Interconnect_Port. Because the Link Parameters exchanged were no

hext

Port

th a

e of
ac-

ceptable, then the Interconnect_Port shall become Isolated and net-centinue with Fabric Configurafion,

as described in 7.5. The Switch Port shall continue to operate as an isolated Interconnect_Port unti
nex{ Initialization Event.

Tramsition P9:P5. This transition occurs when an ELP)is’received by an Isolated Interconnect_|
(seq 7.5).

Stafle P10: Initialize as an E_Port. The Switch.Port has completed the exchange of Link Paramg
with|another E_Port. If the Link Parameters exchanged were acceptable, then the E_Port shall pa
patq in the next phase of Fabric Configuration, described in 7.3. The Switch Port shall continue to 0
ate s an E_Port until the next Initialization Event.

Stafe P11: Retry Switch Port Initialization. The Switch Port shall wait for R_A_TOV before rett
Swifch Port Initialization. If thesSwitch Port detects an Initialization Event during the time-out perid
shall not wait for the time-out'period to expire.

Stafle P12: Operate as\a B_Port. ELPs have been exchanged, the link reset is successful, sec
cheg¢ks have been performed, and the port is operating as a B_Port. Any further normal fabric con
ratign or routing operations are transparent to this port.

Stafe P13:.Send ESC. The link reset has been successful and ESC is supported. Information
changed-using ESC shall be carried through P17. The port shall perform ESC processing as descr
in 7122

the

Port

ters
rtici-
per-

ying
d, it

Lirity
igu-

ex-
bed

Transition P13:P9. This transition occurs because of an ESC reject with reason code: “unable to
form command request”.

Transition P11:PO0. This transition occurs if the R_A_TOV time-out period has expired.

State P14: FSPF-Backbone Operation. The port operates in FSPF-Backbone mode.

per-
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State P15: Other Operation. The Port operates in a mode other than FSPF or FSPF-Backbone.

State P16: Invalid Attachment. The port operates in Invalid Attachment mode and SW_ILSs sha

Il be

rejected with an Invalid Attachment SW_RJT Reason Code with the following exceptions. FSPF
SW_ILSs (e.g., HLO, LSU and LSA) shall be discarded and ACKs shall be sent upon receipt. Distributed
Service CT_IUs shall be rejected with an F_RJT with a Reason Code of “Invalid Attachment”. Class N
service frames shall be discarded and rejects shall be sent as appropriate to each Class of Service (See

FC-FS). To leave this port state, the port shall receive OLS.

State P17: Security Checks. The portinitiates and responds to all required security checks, if any, while
in this state. If a port receives an EFP before security checks are complete, then the port shall respond
with an SW_RJT with a Logical busy SW_RJT Reason Code and a SW_RJT Reason Code Explanation

of Security checks in process. The order and protocol of the security checks is defined in Fibre Cha|
Seclirity Protocols (FC-SP).

Tramsition P17:P10. This transition occurs when all required security checks are successfuhand the
is toJoperate as an E_Port. The port is to operate as an E_Port if FSPF is the agreed upen-path sele
medhanism per the prior ESC exchange, or the prior ESC command was rejected with the reason ¢
“command not supported”, or the port does not support ESC.

Tranpsition P17:P12. This transition occurs if all required security checks are successful and the pq
to operate as a B_Port.

Tramsition P17:P14. This transition occurs if all required security-checks are successful and FS
Backbone is the agreed upon path selection mechanism per the. prior ESC exchange.

hnel

port
tion
ode

rtis

PF-

Tranpsition P17:P15. This transition occurs if a routing pretocol other than FSPF or FSPF-Backborpe is

agreged to in the prior ESC exchange.
Trapsition P17:P16 This transition occurs when a‘required security check fails or is rejected.
Tramsition P17:P17. This transition occurs each time a required security check is successful.

Stafle P18: Disabled. While in this state,\the port transmits the offline sequence until either, a powg
resdt condition occurs or outside intervention requests an initialization of the port.

Tramsition All:P18. The transition‘to this state occurs when the Switch determines that a model de
dent threshold has been exceeded.

When an Inter-Switch tink'is established the Switch shall request EFP and enter state F2.

r-on

Den-
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7.2.2 Exchange Switch Capabilities Processing

Figure 14 shows a typical exchange involving the ESC SW_ILS. In this case, the ELP Initiator (the
Switch that receives the ELP SW_ACC) initiates the ESC SW_ILS. Contained within the payload of the
ESC is a list of supported Switch-to-Switch protocols. The receiver of the ESC determines the protocol
it shall use from the list presented, and responds with that protocol in the payload of the ESC SW_ACC.

Figure 14 — ESC Processing

=
[

Mor

lows:

TP

A&
ELP Initiator Esc
sends ESC with
list of supported
protocols.
Responding
SW——AC Switch sends
ESC SW_ACC

with single proto-
col from list.

b formally, the process of exchanging Switch=to-Switch protocol capabilities shall progress ag

The ELP initiator originates the ESC SW_ILS. In the case of simultaneous ELPs from
Switches, the Switch that receives the ELP SW_ACC shall be considered the ELP initiator.
payload of the ESC contains/a list of protocols supported by the sending Switch.

The responding Switch\shall wait for a maximum of R_A_TOV to receive the ESC SW_IL{
guest. After this time, it shall proceed in the Port initialization process as if the ELP initiator
not support ESC-THhe responding Switch shall also proceed in the Port initialization process
receives otherlmessages from the ELP initiator, and shall reply accordingly.

If the receiving Switch does not support the ESC SW_ILS, it responds with a SW_RJT and a
son code of “Command not supported”. If the receiving Switch does support the ESC SW |
continue to the next step.

fol-

both
The

re-
oes
if it

rea-
ILS,

e)

ceiving Switch does support one of the protocols listed, continue to the next step.

The receiving Switch chooses a single protocol from the list presented in the ESC SW_ILS
responds with this protocol in the payload of the ESC SW_ACC.

of the protocols listec o ESC SW it re-
e of “Unable to perform command request”. If the re-

and
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7.3 Principal Switch Selection

A Principal Switch shall be selected whenever at least one Inter-Switch Link is established. The selection
process chooses a Principal Switch, that is then designated as the Domain Address Manager. Figure 15
shows the state machine of the process. The recommended uses of BF and RCF are summarized in
table 88.

Table 88 — Recommended BF and RCF Usage Summary

Event BF or RCF

A Principal ISL experiences Link Failure or a transition to Offline or Isolated State BF

Afconfigured Fabric is joined to another configured Fabric, and their Domain_ IDs do not overlap BF

An unconfigured Switch or Fabric is joined to a configured Fabric neither (see-figure 17)

A configured Fabric is joined to another configured Fabric, and an overlap in Domain_ID is Isalate’or RCF

ddtected Originated by
Management

Réconfiguration caused by BF fails for any reason Isolate or RCF
Originated by
Management

Nontdisruptive reconfiguration of Fabrics (BF) requires that Domain-bs do not overlap. To ensure|that
the gwitches being joined do not have a Domain_ID overlap, an.EFP shall be exchanged prior to e|ther
Swilch issuing a Build Fabric request.
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State FO: Non-disruptive. A Switch may request a Fabric Reconfiguration by transmitting a BF on all
E_Ports that have completed Switch Port Initialization. Unless warranted by current conditions, a Switch
shall always first attempt a non-disruptive Fabric Reconfiguration by sending a BF. If the Switch is at-
tempting a non-disruptive Fabric Reconfiguration, the Switch shall transmit a BF to all neighbor Switches
on an E_Port that has completed Switch Port initialization, and from which the Switch has not yet re-
ceived a BF request. The switch may transmit a BF on all E_Ports that have completed Switch Port ini-

tializ
Whil

a)

ation, and from which the Switch has not yet received a BF request.

e in this state:

the Switch shall accept any BF received on any E_Port, and shall not transmit a BF on
E Port from which a BF has been received;

Figd

Trampsition All:FO. This transition enters the state machine performjng,a non-disruptive Fabric Re

figu
Swif
non

taingd Switch_Priority||Switch_Name are not the same. In-addition, F_S_TOV shall be started whern

first

Tramsition FO:FO. Occurs when a EFP, DIA, RDI, orBSCN SW_ILS is received. An SW_RJT specif
a repson code of “logical busy” is originated.

Tranpsition FO:F1. If a Switch receives and:;accepts an RCF request Sequence while it is in the pro

of a
ratig

minated. In addition, F_S_TOV shall be started when the first RCF is accepted or when the Sy

initia

Trampsition FO:F2. The Switch shall wait for F_S_TOV following the reception or origination of the

BF i
Rec
figu
the
the
lowd

if an E_Port from a previously unconnected neighbor completes Switch Port Initialization,

since Switch Port Initialization completed,;

sponse with a Reason Code of “Logical busy”.

re 16 provides an example flow for BF requests.

ation. This transition occurs when the Switch originates a BF, or-when it receives a BF, or wher
ch receives a EFP where the received Domain_ID_List is non-zero, the retained Domain_ID _|

BF is received or when the Switch initiates non-disrUptive Fabric Configuration.

tempting a non-disruptive Fabric Reconfiguration, it shall stop the non-disruptive Fabric Recon
n and begin processing RCF requests. Any Active or Open BF Sequences shall be abnormally

ites disruptive Fabric Configuration.

efore originating orresponding to an EFP request Sequence. At the start of a non-disruptive F3
pnfiguration (BF), the Domain_ID_List shall be empty (“zero Domain_ID_List"). During Fabric re
ation, the Switeh shall retain a Switch_Priority||Switch_Name value that it believes is the lowe|
~abric. Thisavalue shall be initialized at the start of Fabric Reconfiguration (caused by BF or RC
Switch’s value of Switch_Priority||Switch_Name. After the Switch is configured, it shall retain ag
st vatue the Switch_Priority||Switch_Name of the Principal Switch.

any

the

Switch shall transmit a BF on that E_Port unless it has already received a BF on that E_Port

any received EFP, DIA, RDI, and DSCN SW_ILSs shall result in the origination-0f an SW_RJT re-

Con-

the
St is

zero, the Domain_IDs do not overlap, and the received Switch_Priority||Switch_Name and the¢ re-

the

ying

Less
igu-
ter-
itch

first
\bric
Con-
St in
-) to
the
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Figure 16 — Example Propagation of BF and RCF SW_ILS requests

A is quicker than C,
sends BF/RCF on AC

C receives BF/RCF
on BC and then on
AC and EC, sends
on CF, but not

CA. CB. nor CE

B starts the Fabric Reconfiguration;

sends BF/RCF on
D

D refeives BF/RCF
oh BD, sends on
DG, DE, DH, but
not DB

< Switch
G
\-/ G is quicker than H,
sends BF/RCF on GH

Stale F1: Disruptive. The Switch is attempting a disrdptive Fabric Reconfiguration, either originatirjg or
accepting an RCF.

E receives BF/RCF on '\\F receives BF/RCF on
BE and then on DE, , all ISLs, sends none
sends on EH, EC{EF;
but not EB_.norED

Switch
H

H receives BF/RCF on —®» BForRCF
all ISLs, sends,none ISL

Entering in this state:

a) the Switch shall transmit an ELP on all Isolated Interconnect_Ports and an RCF to all neighbor
Switches on an E_Port that.has completed Switch Port Initialization, and from which the Switch
has not yet received an RCF. The switch may transmit a RCF on all E_Ports that have complgted
Switch Port initialization,.and from which the Switch has not yet received a RCF request;

b) any lock due to anyACA request shall be released;

c) the FSPF_Tepology database and the associated initial message number counter shall be
cleared.

NQTE 22\ The RCF processing may make out-of-date the local copies of some databases related to Distriquted
Sdrvicesythat later it may be necessary to clear.

While in this state:

a) the Switch shall respond to any RCF received on any E_Port, and shall not transmit an RCF on
any E_Port from which an RCF has been received;

b) if an E_Port completes Switch Port Initialization, the Switch shall transmit a RCF on that E_Port
unless it has already received a RCF on that E_Port since Switch Port Initialization completed;
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c) any received SW_ILS shall result in the origination of an SW_RJT response with a Reason C

ode

of “Logical busy” except the SW_ACC, SW_RJT, ELP, ESC, RCF, HLO, LSU, and LSA

SW._ILSs;
d) SW_ILSs shall not be sent except the SW_ACC, SW_RJT, and RCF SW_ILSs;
e) the HLO, LSU and LSA SW_ILSs shall be ignored on reception and shall not be sent;

f) any received Class F CT frame related to Distributed Services (Type = 20h) shall result in
origination of an F_RJT response with a reason code of “Nx_Port not available, temporary”;

g)_Class F CT frames related to Distributed Services (Type = 20h) shall not be sent.

Upon exiting from this state until a new domain ID is granted to the switch (states DO or Al):

a) any received SW_ILS shall result in the origination of an SW_RJT response with a‘'Regason d
of “Logical busy” except the SW_ACC, SW_RJT, ELP, ESC, RCF, EFP, DIA,/RBI, HLO, L
and LSA SW_ILSs;

c) the HLO, LSU and LSA SW_ILSs shall be ignored on reception and shall not be sent;

d) any received Class F CT frame related to Distributed Services’ (Type = 20h) shall result i
origination of an F_RJT response with a reason code of “Nx~Port not available, temporary”;

e) Class F CT frames related to Distributed Services (Fype = 20h) shall not be sent.
Figyre 16 shows an example diagram of the process:to.illustrate the flow of the RCF requests.

Tranpsition All:F1. This transition enters the statéZmachine performing a disruptive Fabric Reconfig
tion] In this case, “All” refers to all Fx states ather than FO. This transition occurs when the Switch ¢
natgs an RCF, or when it receives and accepts an RCF request Sequence. In addition, F_S_TOV
be gtarted when the first RCF is received,or when the Switch initiates disruptive Fabric Configuratig

Tranpsition F1:F1.This transition ogcurs when any SW_ILS and any Class F CT frame related to Dis
uted Services (Type = 20h) is received, except the SW_ACC, SW_RJT, ELP, ESC, RCF, HLO, LSU,
LSA SW_ILSs. An SW_RJT specifying a Reason Code of “logical busy” is originated.

Tranpsition F1:F2. The"Switch shall wait for F_S_TOV following the acceptance or origination of the
RCH before originating or responding to an EFP request Sequence. At the start of a disruptive Fé
Recpnfiguration (RCF), the Domain_ID_List shall be empty (“zero Domain_ID_List"). The Switch
retajn a Switch_Priority||Switch_Name value that it believes is the lowest in the Fabric. This value
be initialized_at the start of Fabric Reconfiguration (caused by RCF) to the Switch’s valu
Switch_Priarity||Switch_Name. After the Switch is configured, it shall retain as the lowest valug
Switch_Priority||Switch_Name of the Principal Switch.

the

ode
SuU,

by SW_ILSs shall not be sent except the SW_ACC, SW_RJT, EFP, DIA, RDK and RCF SW_IL$s;

the

ura-
rigi-
shall
n.

trib-
and

first
\bric
shall
shall
b of
the

State F2: EFP Idle. The Switch shall remain in this state until it receives an EFP or DIA frame, or the

2xXF_S_TOV timer expires and one of the following is true:

a) The retained Switch_Priority||Switch_Name equals the Switch_Priority||Switch_Name of
Switch;

b) The retained Switch_Priority is FFh.

the
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In this state the Switch processes and generates EFP requests as required by the rules defined in state
F3:EFP Send.

Transition All:F2. A Switch that is not yet configured (for example, after initial power-on and exchange
of ELPs) shall transmit an EFP SW_ILS to all initialized E_Ports to determine if the Switch is attached to
a configured Fabric (note that the Switch shall transition to the appropriate state and process any re-
ceived BF or RCF requests as described above, as required by All:FO and All:F1). When the first ISL to
an adjacent switch becomes operational the switch shall transmit an EFP on that Link to determine the
configuration of the Fabric that it is joining. On other ISLs the switch may transmit an EFP. “All” in this
case does not include F1:F2.

Transition F2:F3. When the Switch receives an EFP, or if it has not yet sent an EFP, or responded to

an H

F_
Swi

Tramsition F2:A0. If the Switch receives a DIA request Sequence from the upstream’ switch, then a

cipa

Tramsition F2:P9. If the retained value of Switch_Priority||Switch_Name-does not change for t

F S
of b
7.5.

State F3: EFP Send. The Switch shall process all EFP Payloads based on the information availab

the
que
requ

a

Tre%sition F2:D0. If the retained value of Switch_Priority||Switch_Name does not change for t

FP since the reconfiguration started, it shall transition.

TOV, and if the retained value of the Switch_Priority||Switch_Name is equal to the"value of
ch, then the Switch has become the Principal Switch.

Switch has been selected. The Switch shall request a Domain_ID as described in 7.4.

| TOV, and if the retained value of Switch_Priority is equal to FER,\then there is no Switch cap|

ime of processing. A Switch may receive an EFP Payload either by receiving an EFP request
nce at an E_Port, or by receiving at an E_Port annSW_ACC reply Sequence in response to an
est Sequence. EFP Send actions shall be as described below.

The Switch shall communicate its retained Switch_Priority||Switch_Name to neighbor Swit
that it has not yet communicated that,value. The Switch shall accomplish this either by origing

If the Switch receives in an|EFP Payload a non-zero Domain_ID_List (the list contains on

ceived Switch_Priority||Switch_Name as the new value, and the received Domain_ID_List.
Switch shall also note from which neighbor Switch it received the new value, for potential us
the upstream Pringipal ISL during address distribution.

If the Switch\receives in an EFP Payload a zero Domain_ID_List and the Switch has a non-
Domain 4B-'List, the Switch shall retain its current lowest Switch_Priority||Switch_Name valu
the lawest value, without comparing with the received value. If the Switch has receivg
Domain_ID, the Switch shall send a DIA to the Switch from which it received the 2
Domain_ID_List as described in 7.4.2.

a new EFP request Sequence, or.by-an SW_ACC reply Sequence to a received EFP request.

vice
the

Prin-

vice
Able

bcoming a Principal Switch. The Switch shall cause all E_Ports'to-become Isolated, as describgd in

e at
Se-
EFP

hes
iting

e or

more records) and the Switch has a zero Domain_ID_List, then the Switch shall retain the re-

The
P as

yero
e as
ed a
ero

d)

If the Switch receives in an EFP Payload a zero Domain_ID_List and the Switch has a zero
Domain_ID_List, and the received Switch_Priority||Switch_Name is lower than its current re-
tained value, it shall discard the old value and retain the new value. The Switch shall also note
from which neighbor Switch it received the new value, for potential use as the upstream Principal

ISL during address distribution.
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e) If the Switch receives a new lower value of Switch_Priority||Switch_Name before it has had a
chance to communicate a prior lower value to all other E_Ports, it shall not attempt to communi-
cate the prior value, and shall instead attempt to communicate the new value. The Switch shall
not abort or otherwise abnormally terminate an existing EFP Exchange originated by the Switch
for the sole reason of the value of Switch_Priority||Switch_Name being adjusted lower prior to the

completion of the Exchange.

f) The Switch shall always return the lowest known value of Switch_Priority||Switch_Name
SW_ACC reply Sequence to an EFP request Sequence.

in a

g) The Switch shall retain a merged Domain_ID list after sending or receiving the SW_ACC to the

EFP.

Tramsition F3:F0. This transition is made if the received Domain_ID List is non-zero, the.reta
Domain_ID List is non-zero, and the received Switch_Priority||Switch_Name and the reta
Switch_Priority||Switch_Name are not the same.

Trapsition F3:F2. This transition is made if the received Domain_ID_List is zer0 or the reta
Dompain_ID_List is zero. In this transition, the Switch_Priority||Switch_Name of‘the Switch does
change.

ned
ned

ned
not

Tranpsition F3:F3. When the Switch is in the process of sending and réceiving EFP requests andl re-

sponses for the most recently received EFP, and receives a new EFR\that causes the retained va
to change, as described in state F3, it shall re-enter state F3 and start'the process over.

Tranpsition F3:AO. If the Switch receives a DIA request Sequence, then a Principal Switch has beer
lect¢d. The Switch shall request a Domain_ID as described\in 7.4.

Trapsition F3:P9. If the Domain_ID_List of the Switch is non-zero, and the Domain_ID_List in 8
ceived EFP Payload is non-zero, and if corresponding records in the Domain_ID_Lists are set tq
same Domain_ID value (Domain_ID overlap), then'the E_Port shall not continue with Fabric Config
tion| and shall become Isolated, as described in'7.5.

At the completion of the Principal Switch'selection process, all Switches other than the Principal Sv
shalll retain knowledge of the EDPort through which was received the lowest valu
Swifch_Priority||Switch_Name. This.E_Port is the start of the first ISL in the path to the Principal Sy
for the Switch; this ISL is called:the upstream Principal ISL. The Switch_Name of the Principal Sy
shall be used as the Fabric_Name.

7.4 | Address Distribution
7.4.1 Address.Distribution overview
Onge a Principal Switch (Domain Address Manager) has been selected, Switches that are not a prin

Swilch may.request a Domain_ID. The Principal Switch shall assign all Domain_IDs. All other non
latedl Switches shall request Domain_IDs from the Principal Switch. Figure 17 shows the state mach

lues

Se-

. re-
the
ura-

itch
p of
itch
itch

Cipal
iso-
nes

of edch process
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7.4.2 Domain_ID Distribution by the Principal Switch

The Principal Switch shall conduct Domain_ID distribution as indicated in figure 17 and as described
low.

State DO: Setup. At the completion of Principal Switch Selection, the Principal Switch shall assume
role of Domain Address Manager, and perform the following setup actions:

be-

the

a) The Principal Switch shall set its Switch_Priority value to 02h, if the current value of its
Switch_Priority is greater than or equal to 02h. This setup action shall not cause an EFP request

to be generated.

request to be generated.

Domain_IDs. This pool is maintained by the Principal Switch. If the Principal Switeh-had a spe
Domain_ID prior to the Reconfiguration Event, it shall grant itself that Domaih_ID. This ac

tion below.
Trasition F2:D0. As defined in 7.3.

Tranpsition DO:D1. This transition occurs when the setup actionscdéescribed above are completed
an BFP request Sequence is sent.

Stafle D1: Send DIA. The Principal Switch shall then transmit a DIA SW_ILS request Sequence 0]
E_Horts. After receiving the SW_ACC reply, the Principal Switch may receive one or more RDI SW]|
reqyest Sequences via one or more of the E_Ports.

b) The Principal Switch shall empty its Domain_ID_List. This setup action shall not cause an EFP

c) The Principal Switch shall then grant itself one (or more) Domain_ID from the poohof available

cific
tion

shall cause an EFP request to be generated as described in the State D3:»Process RDI desgrip-

and

n all
[ ILS

Tranpsition D1:D2. This transition occurs when the’ send DIA actions described above are completed.

Stafle D2: Idle. The Principal Switch shall remain in this state until it receives an RDI SW_ILS req
Seguence. Reception of RDIs and or EEPs shall be queued in this state.

Tranpsition D2:D3. This transition.occurs when the Principal Switch receives an RDI SW_ILS req
Seqgpence via one of its E_Ports:

Stafle D3: Process RDI. The'Principal Switch shall perform the following RDI processing actions:

a) When the Principal Switch receives an RDI SW_ILS request Sequence with a non-zero requ
ed Domain_ID; in the absence of any error condition preventing it, it shall allocate the reque
Domain <IB(s) to the requesting Switch, if available. If the requested Domain_ID is zero, it
grant.an available Domain_ID to the requesting Switch. If the requested Domain_ID is not a
able it shall either grant an available Domain_ID to the requesting Switch or return an SW_|
with“reason code “Domain ID not available”. The Domain_ID is communicated to the reques

Liest

Liest

est-
Sted
hall
vail-
RJT
ting

RDI request Sequence was received.

ding

b) The Principal Switch shall not grant the same Domain_ID to more than one requesting Switch.

c) If the Principal Switch receives an RDI request for a Domain_ID of zero, or the same reque

sted

Domain_ID as it granted to that Switch in a previous RDI request received after Principal Switch
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Selection, it shall not be considered an error and the Principal Switch shall grant the Domain_ID
to the Switch using the SW_ACC reply sequence.

If a Switch that has already been granted a Domain_ID transmits a request to the Principal
Switch for a different Domain_ID, the Principal Switch shall perform a Fabric Reconfiguration
(see 7.3).

If the Principal Switch receives an RDI request and no appropriate Domain_IDs are available, the
Principal Switch shall return SW_RJT with a reason/explanation of: “Unable to perform command
request”, “Domain_ID not available*.

All Principal ISLs via which the Principal Switch receives RDI requests shall be downstream Prin-

cipal ISLs.

Each time the Principal Switch grants a Domain_ID to a Switch (including itself), it shall-transmit
an EFP SW_ILS request Sequence via all Principal ISLs, with each record in the Domain_ID [ List
corresponding to a granted Domain_ID set to the Switch_Name granted the Domain_ID. Ar| ex-
ample of this process is illustrated in figure 18.

Figure 18 — RDI Request Processing by Principal Switeh

downstream
Switch

Principal
Switch

The ‘Switch with the lowest
Switeh_Priority||Switch_Name
declares itself the Principal
Switch, assigns itself a
Domain_ID, and informs all
downstream Switches that it

DA enes
/ has an address identifier.
w
ACCS g
Once the Principal Switch The SW_ACC completes

has been chosen and has the DIA Exchange.

assigned itself a R
The Principal Switch

Domain_ID, the down- Di - X#2
stream Switch may re=
guest a Domaip-1D.
grants a Domain_ID and

Y sends the SW_ACC.

cC - W2

SW_A .

The downistream Switch After processing each
has received a RDI, the Principal Switch

Domain_ID and may
senddIA to any Switches
further downstream.

The EFP is propagated
downstream by all other

EFP - X5

originates an EFP re-
quest to all Principal ISLs
to announce the change
to the Domain_ID_List.

Switches.

o
OV

%

ACK 1 Frames and RDYs are Omitted For Clarity

ACK_1 frames and
R_RDYs have been
omitted for clarity.

X#n- This notation indicates the unique Exchange ID for the SW_ILS
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Transition D3:D2. This transition occurs when the process RDI actions described above are completed.

Transition D3:FO0. This transition occurs when a Switch that has already been granted a Domain_ID
transmits a request to the Principal Switch for a different Domain_ID, and the Principal Switch elects to
perform a non-disruptive Fabric Reconfiguration (see 7.3).

State D4: Process EFP. A configured Principal Switch enters this state following the reception of an
EFP request Sequence.

Transition D2:D4. This transition occurs when the Principal Switch receives an EFP request from an
unconfigured Switch.

Tramsition D4:D2. This transition occurs when the Principal Switch transmits an EFP response-a

DIA

7.4.

The

Trasition F2:A0. As defined in 7.3.
Tramsition F3:A0. As defined in 7.3.

State AO: Get Domain_ID. At the completion of Principal Switch Selection, the Switch receives the
SW|

app

a

to an unconfigured Switch.
B Domain_ID Requests by the Switches

Switches shall request a Domain_ID as indicated in figure 17, and as describet-below.

| ILS request Sequence via the upstream Principal ISL. The Switch shall reply to the request with

The Switch shall set its Switch_Priority value to a¢valde greater than 02h.

The Switch shall empty its Domain_ID_List.

SW_ACC or other response, but shall-etherwise be ignored. The DIA request received via the

Switches between the Principal(Switch and the Switch receiving the DIA request.

Sequence via the upstream Principal ISL. If the Switch receives the reply SW_ACC to the RD
guest, it shall assign.address identifiers to all Ports within its Domain as appropriate. If the Sy
receives an SW/RJT to the RDI, it shall originate a new RDI with a different payload, or g
state P9 and bhegome isolated.

If as a result of the RDI processing a Switch has to change its Domain_ID, it shall perform a
Initialization on each F_Port and a Loop Initialization with the L bit set on the LISA Sequenc
each\FL_Port. Additionally, it shall transmit an ELP on all Isolated Interconnect_Ports, rele
any-lock due to an ACA request, flood a LSR with the old Domain_ID and the age field s

opriate SW_ACC or other response, and perform the following actions to request a Domain_I0:

nd a

DIA
the

A DIA request Sequence received on any other ISL shall be replied to with the appropfiate

up-

stream Principal ISL is the indication that the Principal Switch has assigned a Domain_ID tp all

After transmitting an SW~AECC reply to the DIA request, the Switch shall transmit an RDI reguest

| re-
itch
oto

Link
b on
ase
bt to

Max_Age
o

NOTE 23 The chan%e of Domain_ID may make out-of-date the local copies of some databases related to

tributed Services, or t

Dis-

€ FSPF Topology Database, that later it may be necessary to clear. Additionally, if an im-

plementation keeps track of why a Switch Port is in Isolated state, it may avoid sending an ELP over the
Interconnect_Ports isolated for incompatible link parameters.

Transition A0:A1l. This transition occurs when the setup actions described above are completed.
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State Al: Send DIA. After the Switch is granted a Domain_ID, it shall then transmit a DIA SW_ILS re-
guest Sequence via all ISLs other than the Principal ISL. After receiving the SW_ACC reply, the Switch
may receive one or more RDI SW_ILS request Sequences from one or more of the E_Ports.

Transition A1:A2. This transition occurs when the send DIA actions described above are completed.

State A2: Idle. The Switch shall remain in this state until it receives an RDI SW_ILS request Sequence.
Reception of RDIs and or EFPs shall be queued in this state.

Transition A2:A3. This transition occurs when the Switch receives an RDI SW_ILS request Sequence
via one of its E_Ports.

Tramsition A2:A2. This transition occurs when the Switch receives an EFP request from an upstream
ISL pnd an EFP response is sent, and the EFP request is forwarded on all other ISLs.

Stafle A3: Process RDI. The Switch shall perform the following RDI processing actions:

a) All Principal ISLs via which the Switch receives valid RDI requests shall be doewnstream Pring¢ipal
ISLs. If the Switch receives an RDI request on its upstream Principal ISL, it 'shall return SW_RJT
with a reason/explanation of logical error, request not supported.

b} When the Switch receives a valid RDI request Sequence from _oné~of its E_Ports via a dgwn-
stream Principal ISL, it shall originate an RDI request Sequence-with the same Payload via itg up-
stream Principal ISL. When the reply SW_ACC is received via,the upstream Principal ISL, it $hall
transmit an SW_ACC reply Sequence via the downstream“Principal ISL on which the initig| re-
guest was received. An example of this process is illustrated in figure 19.
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Figure 19 — RDI Request Processing by non-Principal Switch

downstream “middle” upstream
Switch Switch Switch
The middle Switch in-
DIA - x#l forms all downstream
Switches that it has an
address identifier.

Once an upstream Switch
has an address identifier,
the downstream Switch

S

%‘

The SW_ACC completes
the DIA Exchange.

may request a
Domain_ID.

THe downstream Switch
has received a
Domain_ID and may
H DIA to any Switches

further downstream.

sen

A

RDy
x

The middle Switch re-
ceives the RDI and
originates another RDI
request to the
upstream Switch.

The middle Switch
receives the SW_ACC....

Epp =X

RDI-)C#S\

...that allows.t.to reply to
the original RDI
request:

A/E\:P_X#A/

The EFP is propagated
downstream by all other
Switches.

CK 1 Frames and RDYs are Omitted For Clarity

X#n- This notation indicates the unique Exchange ID for the SW_ILS

If the upstream Switch i
the Rrineipal Switch, it
grantsa Domain_ID and
sends the SW_ACC.
Otherwise, the upstrean
Switch originates yet an
other RDI request and
sends it further upstream.

After processing each
RDI, the Principal Switch
originates an EFP re-
quest to all Principal ISLS
to announce the change
to the Domain_ID_List.

ACK_1 frames and
R_RDYs have been
omitted for clarity.

Travrsition A3:A2. This transition occurs when the process RDI actions described above are complg

State A4: Process EFP. A configured non-principal Switch enters this state following the reception of

an EFP request Sequence. The Switch shall transmit EFP on all downstream principal ISLs.

Transition A2:A4. This transition occurs when a Switch that has already been configured receives an

EFP request from a downstream unconfigured Switch.

ted.
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Transition A4:A2. This transition occurs when a Switch that has already been configured transmits an
EFP response and a DIA to a downstream unconfigured Switch.

7.5

E_Port and Fabric Isolation

An E_Port connected via an Inter-Switch Link to another E_Port may determine that it is unable to com-
municate with the other E_Port for one of the reasons listed below.

a) The two E_Ports have incompatible Link Parameter requirements. For example, if one Switch
has an E_D_TOV setting different than another, Class 2 frames sent by an N_Port on one Switch

may not receive timely F_BSY responses from the other Switch;

f)

g
h

Whe
lowi

a

Similarly, the two E_Ports have incompatible Fabric Parameter requirements. For example;
E_Port receives an EFP that contains records it does not support, it shall Isolate;

each Fabric overlap. For example, if each existing Fabric had allocated Domain_ID 44h
Switch, one Switch would have to give up its Preferred Domain_ID to reconfigure; this may ca
a major disruption to current traffic;

The two E_Ports are a Link between Switches that are not capable of performing the Domain
dress Manager function, and are each also not attached via an ISKtg-any other Switch capab
performing the Domain Address Manager function. Since no Switch may allocate Domain_|
no Class N frames may be sent between the Switches;

The two E_Ports have exchanged zoning information via_the Merge Request in an attempt t
solve a zoning configuration. As a result of the Mergg. processing the zoning configuration
not be merged (see 10.5);

An SW_RJT is received in response to an RD{request and the Switch chooses to not send a
RDI with a different payload,;

The E_Port rejects an RCF SW_ILS;0r
An SW_RJT with reason code,explanation of “E_Port is Isolated” is received.

n any of the above conditiens’occurs, the E_Port shall Isolate itself from the other E_Port. The
An ELP SW_ILSTequest may be sent by an Isolated E_Port in an attempt to establish a wor
set of Link Parameters. This ELP SW_ILS request may be used to support a negotiation pro
as outlined.innannex B;

An SW,_ACC response may be sent in response to any of the above SW_ILS requests; or

An,SW_RJT response may be sent in response to any of the above SW_ILS requests, if ne

ng is a list of appropriate €lass F frames that may be communicated between Isolated E_Portg.

fan

The two E_Ports are a new Link between two existing Fabrics, and the Domain_|D allocations in

to a
luse

Ad-
e of
IDs,

D re-
may

new

fol-

king
Less

Cces-

sarvy_and shall he sent as the annranriate resnanse to anv other S\W_IL S reauest not i
oAl Prror d Y T

sted

above. The SW_RJT response shall indicate the following SW_RJT reason/explanation code:

Unable to perform command request/ E_Port is isolated.

The buffer-to-buffer credit between the Isolated E_Ports shall be a value of one; no alternate credit shall
be in effect. No routing of Class N frames shall occur across the ISL.
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A Switch may override the Isolated condition by originating an ELP, or any of the events that cause the

transition ALL:PO.
7.6 B_Port Operation

7.6.1 Differences Between E_Ports and B_Ports

A B_Port supports a subset of the E_port Internal Link Services (ILS) and a B_Port has the same facili-
ties as described in this standard for an E_port. The underlying differences between B_Port and E_port
initialization are that B_Ports perform only ELP and are transparent to any other messages (see 5.6).

7.6.2 B Port Internal Link Services

The|B_Port shall generate a subset of the Internal Link Services defined in this standard. Table-89-dgtails
the |LS support as either being propagated or generated by the B_Port.
Table 89 — B_Port - ILS Support
FC-SW-3 Internal Link Service Generated By B Port Propagated
(ILS) B_Port Res_ponse by B_Port
Exchange Link Parameter (ELP) Allowed S\évv_végg'ror Prohibited
Exchange Fabric Parameters (EFP) Prohibited Propagate Allowed
Dpmain Identifier Assigned (DIA) Prohibited Propagate Allowed
Request Domain_ID (RDI) Prohibited Propagate Allowed
Hello (HLO) Prohibited Propagate Allowed
Link State Update (LSU) Prohibited Propagate Allowed
Link State Acknowledgment (LSA) Prohibited Propagate Allowed
Bild Fabric (BF) Prohibited Propagate Allowed
Reconfigure Fabric (RCF) Prohibited Propagate Allowed
Disconnect Class 1 Connection(DSCN) Prohibited SW_RJT Prohibited
Exchange Switch Capabilities (ESC) Prohibited Propagate Allowed
Agquire Change Authorization (ACA) Prohibited Propagate Allowed
Release Change.Authorization (RCA) Prohibited Propagate Allowed
Sfage Fabric Configuration Update (SFC) Prohibited Propagate Allowed
Updatefabric Configuration (UFC) Prohibited Propagate Allowed
Registered State Change Notification (SW_RSCN) Prohibited Propagate Allowed
Distribute Registered Link Incident Report (DRLIR) Prohibited Propagate Allowed
Exchange Switch Support (ESS) Prohibited Propagate Allowed
Merge Request Resource Allocation (MRRA) Prohibited Propagate Allowed
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7.6.3 B_Port Initialization

The Fabric Configuration process enables a Switch to determine its operating mode, exchange operat-
ing parameters, and provides for distribution of addresses. Changes to support Bridge devices and the
B_Port in this process are summarized in table 90

Table 90 — Bridge Port Initialization Summary

. Starting . .
Operation Condition Process Ending Condition
Establish Link Bridge Port has ELPs are exchanged and the Link Parameters have been exchanged
Harameters and achieved word B_Port determines that it is and Credit has been initialized, and.itfis
Ywitch Port synchronization. attached to an E_Port. known if the attached port is an E_Rojt.
gperating mode

two
ELP,

7.6.4 Example B_Port Configuration
The|following diagram shows an example Fabric configuration utilizing B_Ports,“In this instance,
bridge devices enable the existence of a virtual ISL between two Switches. With the exception of
the B_Port is transparent to Fabric E_Port operation.
NOTE 24 The routing protocol does not run on the bridge device.
Figure 20 — Example B_Port Configuration - Virtual ISL
Switch Bridge Bridge Switch
E B Non - Fibre Channel B E
Port Port Media Port  Port
]
\ N _
~ . —

Virtual ISL
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Fabric Shortest Path First (FSPF)
Overview

1 Basic Components

FSPF is a link state path selection protocol. FSPF keeps track of the state of the links on all Switches in
the Fabric and associates a cost with each link. The protocol computes paths from a Switch to all the
other Switches in the Fabric by adding the cost of all the links traversed by the path, and choosing the
path that minimizes the cost. The collection of link states (including cost) of all the Switches in a Fabric
constitutes the topology database (or link-state database).

FSHF has four major components:

a

d

The
syn
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starjces:

The
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N

The

Diffgrent Switches mayhave different internal routing mechanisms, and still interoperate.

8.1.

All't
tion

8.1.8 Ar‘lr*lrocmng

A Hello protocol, used to establish connectivity with a neighbor Switch, to establish the identi
the neighbor Switch, and to exchange FSPF parameters and capabilities;

A replicated topology database, with the protocols and mechanisms to keeptthe databases
chronized across the Fabric;

A path computation algorithm;

A routing table update.
topology database synchronization in turn consists of two¢major components: an initial datal
hronization, and an update mechanism. The initial database synchronization is used when a Sy
tialized, or when an Inter-Switch Link (ISL) comes up. Fhe update mechanism is used in two cird

When there is a link state change, for example-an ISL going down or coming up;

On a periodic basis, to prevent Switchesfrom deleting topology information from the databas

path computation algorithm shall beany algorithm that yields a minimum cost path, as def
e.

DTE 25 One possible candidate“is Dijkstra’s algorithm, but this is not a requirement for interoperability.

routing table update is not covered in this standard, since it is strictly implementation depeng

P Fabric cannectivity

e connections between Fibre Channel Switches shall be point-to-point. There are no direct con
5 to broadcast media, where multiple routing-capable Switches may co-exist.

ty of

Syn-

ase
itch
um-

o

ned

ent.

nec-

A path selection protocol requires an addressing scheme to uniquely identify the final destination of a
frame. FSPF supports the addressing scheme described in 4.8. If multiple Domain_IDs are used by a
Switch, the Switch shall use the lowest value Domain_ID as the Originating Domain_ID in all FSPF head-

ers.

It shall also send an LSR for each Domain_ID that it has been assigned.
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8.1.4 Path Selection and Routing

In this standard, the term “path selection” indicates the discovery of the best path from source to desti-
nation, and the term “routing” indicates the actual forwarding of frames to a specific destination. FSPF
performs hop-by-hop routing meaning that a Switch only needs to know the next hop on the best path to
the destination. The replicated topology database insures that every Switch in the Fabric has the same
view of the Fabric itself, allowing consistent routing decisions to be made by all Switches. The replicated
data base is essential to avoid routing loops.

Typically a Switch needs to know, for each destination domain in the Fabric, which path should be used
to route a frame to that domain. A routing table entry minimally consists of a destination Domain_ID, and
an E_Port to which frames are forwarded to the destination Switch.

8.1.p Hierarchical Path Selection
FSHF allows the subdivision of the Switches in the Fabric into different Autonomous Regions. The inter-
connection of these Autonomous Regions may then be used to form a higher level path selection sfruc-
ture| In this case the Fabric path selection process includes both an intra-AR compofient and an ipter-
AR component and the overall routing in the Fabric constitutes a 2-level hierarchy‘(see 8.8).
8.1.6 FSPF Path Selection Summary
Table 91 summarizes path selection via FSPF.
Table 91 — Path Selection (FSPF) Operation Summary
Operation Starting Condition Process Ending Condition
1. Perform Initial The Switch HLO SW_ISL frames are exchanged on the | Two way
HELLO Exchange originating the link until each.Switch has received a HELLO | communication has
HELLO has a valid with a valid heighbor Domain field. been established
Domain_ID.
2. Perform Initial Two way LSU SW_ISL frames are exchanged Link State Databases
Database Exchange | communication has containing the Initial database. have been
been established. exchanged.
3. Running State Initial Database Routes are calculated and set up within each | FSPF routes are fully
Exchange Switch. functional.
completed. Links are maintained by sending HELLOs
every Hello_lInterval.
Link databases are maintained by flooding
link updates as appropriate.
8.2 | FSPF Message Processing
8.2.1 Message transmission
FSHEinformation-is. frnncpnrfnrl ||cing ESPE S\WW_ILS messages Details of these three ESPE S\WWI |LS

messages are described in 6.1.

Before sending a message, a Switch shall set the values in the header fields as follows:

a) Command Code: The value that identifies the type of message, Hello (14000000h), Link State

Update (15000000h) or Link State Acknowledgement (16000000h);
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b)

c)

d)

Version: The version number of the protocol as documented in this standard (02h);

Autonomous Region: The Autonomous Region to which the message is transmitted. For a Fabric

not implementing an FSPF-Backbone this value may be set to any value, including zero. F

ora

Fabric implementing an FSPF-Backbone, the value zero is reserved for the FSPF-Backbone it-

self, and non-zero values are used for all other ARS;

Authentication Type: No authentication is specified at this time. This field shall be set to 00h;

Originating Domain_ID: The Domain_ID of the Switch that is transmitting this message. The Orig-

inating Domain_ID shall be a valid value as specified in 6.1.8.2; and

f)

8.2.

Whe
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If an
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8.3
8.3.

The
whe]
thro
prov
local

8.3.

set to 0000000000000000h.

P Message Reception and Tests

Hescribed below.

The Version number shall be 02h;

Region number of the receiving Switch;

The Authentication Type shall be 00h;

The Originating Domain_ID shall be checked for &valid value as specified in 6.1.8.2; and
The Authentication field shall be 0000000000000000h.

y of these tests fails, the message shall be‘discarded. If all the tests succeed, the message sha
bed to the relevant protocol for further grocessing.

Hello Protocol

L Basic Functions
Hello protocol is used.to’establish two-way communication with a neighbor Switch, and deterr
N this communication-is interrupted. An Inter-Switch Link (ISL) may be used for routing user tr
Ligh the Fabric oqly if there is two-way communication between the Switches. The Hello protocol
ides some infarmation about remote connectivity, and in particular, it allows the association o

E_Port with-the remote E_Port.

P Helfo Message Transmission

AS

Authentication: No authentication is specified at this time. This field is 8 bytes long and shall be

n an FSPF message is received, the following tests shall be performed on its.content. These tests

The Autonomous Region to which the message is transmitted.shall be equal to the Autononous

[l be

hine
affic
also
the

Ateh is rnqllirnd to know that a pnrf is cannected to another Switch fhrnllgh an 1Sl . hefore that

port

may be used to route data in a multi-Switch Fabric. Prior to a Hello being sent, the following shall be true:

a) The port shall be an E_Port;

b) The Switch where the E_Port resides shall have a Domain_ID assigned,;
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¢) The Switches on the two sides of an ISL shall have agreement on a common set of Link Parame-
ters and Fabric Parameters.
After a Switch determines that a port is an E_Port and the Switch has acquired a Domain_ID, the Switch
starts sending Hello messages to the neighbor Switch. Hello messages contain the FSPF header and
the parameters specific in the Hello protocol.

8.3.3 Hello Message Parameters

The Hello_Interval is defined to be the interval in seconds between two consecutive transmissions of a
Hello message by the local Switch.

The|Dead_Interval is the interval in seconds after which the local Switch shall bring down the Adjacency,
if it has not received a valid Hello message from the remote Switch.

The|Hello_Interval and the Dead_Interval are values that may be configured separately.omeach pgrt. It
is alpsolutely necessary that the two ports that are connected by an ISL on two Switches have the same
for these two variables. Default values that are appropriate for most circumstances are provjded

FFHFFFFFh in the first transmitted Hello, to indicate that the Switch hasqotteceived an Hello mesgage
the neighbor Switch. Once an Hello message is received from the.neighbor Switch, the local Switch
stores the Domain_ID of the remote Switch on that port, andcfrom then on it sets the Recigient
Domain_ID to that value in all future Hello messages. The,Recipient Domain_ID is set badk to
FFHFFFFFh when the two-way communication between Adjacent Switches is disrupted. This typigally
happens either because the E_Port goes offline, or becausé‘the Dead_Interval timer expires.

The|Originating Port Index shall be set to the index of.the port that transmits the Hello message.

If the Domain_ID of a Switch changes, then the Switch shall perform a one-way Hello with FFFFFHFFh
set in its Recipient Domain_ID field.

8.3.#4 Hello Message Reception

When a Hello message is received, the message header shall be checked according to the ruleq de-
ibed in 8.2.2. In addition, the.following checks are performed:

a)] The Hello_Interval value shall match the value configured for the port that originated the mes-
sage. If it does not,"the Hello message is discarded.

b) The Dead.lnterval value shall match the value configured for the port that originated the mes-
sage. If it does not, the Hello message is discarded.

c) The Recipient Domain_ID shall be either FFFFFFFFh, or the Domain_ID of the local Switch.|Any
other value in this field causes the Hello message to be discarded.

When the local Domain_ID is recognized in the incoming Hello message, a two-way communication has
been established with the remote Switch, and the Neighbor FSM may proceed to the next transition. If
the value FFFFFFFFh is detected in an incoming Hello message at any time after the two-way commu-
nication has been established, the neighbor shall fall back to a one-way state and the FSM transitions
to that state.
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The Originating Port Index does not need to be checked. Its value shall be stored in the neighbor data
structure, together with the Domain_ID of the sending Switch, the Hello_Interval and the Dead_Interval.

8.4

The Topology Database

The topology database is central to the operation of FSPF. Itis a replicated database where all Switches
in the Fabric have the same exact copy of database at all times.

The database consists of a collection of Link-State Records (LSRs). Link-State Records may be of dif-
ferent types and have different formats and contents. This standard describes two types of LSRs. They

are:

a
b
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Domain_ID. A Switch shall not generate new instances of an LSR,\Unless it generated the original L

How

Switch Link Record;

AR Summary Record.
vitch Link LSR completely describes the connectivity of a Switch to all Switches to which it is dir
Ched. The information contained in a LSR is a list of all the individual ISLs thatthe Switch mayj|

rward user data to a remote Switch. Each ISL is associated with a link typejthe Domain_ID o
bte Switch it is connected to, the local and remote Port ID, and the cost of the link itself.

Link-State ID. For a Switch link LSR the Link-State ID is the Domain_ID of the Switch that is{
LSR. A Switch shall not issue an Switch Link LSR with azDemain_ID different from its

ever, a Switch shall forward LSRs that it has not generatedas part of the flooding process.

Mul

same as the previous instance, sometimes it is different., Every Switch is responsible for maintaining

mo

Mul
the
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because it impacts the ability to properly route Class N frames through the Fabric.

Sev
topa
Thig

build inconsistent paths>An ISL shall be considered in the path computation only if both LSRs of the

con

The
only

8.5

iple instances of an LSR are issued over time. Sometimes the content of the new instance is
recent copy of its own LSR throughout the Fabric.
iple instances of an LSR may be temporarily present in a Fabric at the same time. Ultimately,

most recent instance shall survive, andyall Switches shall keep that instance in their topology d
. The process of purging old instanges of an LSR within the Fabric should be as fast as pos

bral fields in a LSR are used\te’identify the LSR and to determine which instance is the newest.
logy database is used by‘a.Switch to compute the least cost path to all other Switches in the Faj
is why it is essential that all Switches have the same topology database, or different Switches
hected Switches(listthis ISL (two way communication between the Switches).

path computation is local, and the results of the computation are not distributed to other Switc

Usage of LSR Fields

topology.information is distributed. This is a characteristic of link-state path selection protocolq.

pCtly
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'y Switch in the Fabric is responsible for issuing and maintaining its(ewn LSR. An LSR is identified
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8.5.1 LSRAge

The LSR age field indicates how long a particular instance of an LSR has been in the database. The LSR

age

field is based in seconds and is a 16-bit unsigned integer.
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The LSR age is initialized to 0000h by the advertising Switch when it is first issued. The LSR Age is in-
cremented by one every second by every Switch in the Fabric as long as it stays in that Switch's data-
base. It is also incremented by 1 every time it is transmitted during the flooding procedure.

NOTE 26 This somewhat arbitrary increment represents the transmission time on the ISL and insures that a
flooded LSR does not loop forever.

This field is also used to help determine which of two instances of an LSR is more recent, when other
fields are equal.

A new instance of an LSR shall be issued when the LSR age field of the LSR in the database reaches

the

alue LS Refresh Time. Only the Switch that originated the LSR shall refresh it with the issue
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P LSR Incarnation Number

possible negative number is 80000000h, and\it'is not used. The lowest incarnation numb
DO001h. The first instance of an LSR shall have an incarnation number of 80000001h. Each ne

instance.

of a

age of an LSR shall never exceed Max_Age (3600, 1 hour). If an LSR reaches the agée)of 3640, it

be flushed from the Fabric. This operation is accomplished by flooding the LSR with’the LSR
set to Max_Age. Upon receiving this instance of an LSR, other Switches shall remove'the LSR

base in all Switches.

Switch in the Fabric may flush an LSR that has reached Max_Age from the Fabric.

age
rom

latabase. In order to be completely flushed from the Fabric, an aged LSR shall besremoved fronj the

field is a progressive number that identifies the incarnation of the LSR. It is used to determine which

of two incarnations of an LSR is more recent, in particularthe one with the larger incarnation 1
s the most recent.

um-

incarnation number is a 32-bit signed integer and is\incremented in two's complement form. The [ow-

ce shall have its incarnation number incremented by one. A new instance may be issued for se

Bris
v in-

eral

ons, but it shall always have its incarnation number increased by one, even if the content of the L SR

pntical to the previous instance.

DTE 27 This causes the new instance to have a different checksum.

maximum incarnation number is 7TFFFFFFFh. When an LSR reaches this value as an incarngtion
ber, the originating Switch shall flood the LSR through the Fabric with an LSR Age = Max_Age. After
| SR is acknowledged-by an LSA on all ISLs, then the originating Switch shall issue a new instance

e LSR with an incarnation number of 80000001h.

process causes a brief interruption of service because paths to the Switch that is rolling over it
ation number are not available until the LSR with the smallest incarnation number is installed. H
, thisevent should be extremely rare since most of the time a new instance of an LSR is issued e
Ll

8.5.3 LSR Instance Rules

Two LSR instances shall be considered identical when both of the following conditions are met:

a) The Link State ID fields are the same;

b) The Link State Incarnation values are the same.

5 in-
ow-
very
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For two instances of the same LSR, the LSR incarnation number, LSR Age, and LSR checksum fields

shall be used to determine which instance is more recent:

a) The LSR instance with the highest incarnation value shall be considered more recent. If both in-
stances have the same incarnation value, then;

b) If the LSR age fields of only one of the two instances is equal to MaxAge, it shall be considered
more recent;

c) Else, If the two instances have different LSR checksums, then the instance having the larger LSR
checksum (when considered as a 16-bit unsigned integer) shall be considered more recent;

d) Else, if the LSR age fields of the two instances differ by a value less than or equal to
Max_Age_Diff, the instance having the smaller (younger) LSR Age shall be considered.mor¢ re-
cent;

e) Else, the two instances shall be considered to be identical.

8.5.4 LSR Checksum

The|checksum field is used to detect data corruption in an LSR, both whenr-it is received and whenit is
stored in Switch memory. When an LSR is received with a bad checksu, the LSR shall be ignoregl.
The|integrity of the topology database shall be checked by calculating-ehecksums for all the LSRs. Iffany
of the LSRs fail this checksum, this may be an indication of a memory corruption problem, and the Switch
shodild be reinitialized.

NOTE 28 A reliable notification of this event may not be¢ossible since the device may not be operating| cor-

regtly.

The|LSR checksum covers the whole LSR, exceptthe LSR Age field. The checksum algorithm is known
as the Fletcher Checksum, and shall be computed byte by byte, by accumulating the sum of the payjoad

one

N
tal

byte at the time.

ion of the checksum, is given in RFC+1008.

DTE 29 The Fletcher algorithm is daCumented in RFC 905. The Nakassis algorithm, for an optimized compu-



https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

- 140 -

The checksum shall be computed as depicted in table 92:

Table 92 — Checksum Byte Order Calculation

14165-133© ISO/IEC:2010(E)

Word Bits 31 to 24 Bits 23 to 16 Bits 15to0 8 Bits 7to 0

0 LSR Type Reserved LSR Age LSR Age
Al A0

1 Reserved Reserved Reserved Reserved
B3 B2 B1 BO

2 Link State Identifier Link State Identifier Link State Identifier Link State Identifier
B7 B6 B5 B4

B Advertising Domain_ID Advertising Domain_ID Advertising Domain_ID Advertising Domain. D
B11 B10 B9 B8

1 Link State Incarnation Link State Incarnation Link State Incarnation Link Statélpcarnation
Number Number Number Number
B15 B14 B13 B12

b Checksum Checksum LSR Length LSR Length
B19 B18 B17 B16

b Reserved Reserved Number of Links Number of Links
C3 c2 C1 Cco

1 Link ID Link ID Link ID Link ID
0,D3 0,D2 0,D1 0,D0

B Reserved Output Port Index Odtput Port Index Output Port Index
0,D7 0,D6 0,D5 0,D4

D Reserved Neighbor Port Index Neighbor Port Index Neighbor Port Index
0,D11 0,D10 0,D9 0,D8

10 Link Type Reserved Link Cost Link Cost
0,D15 0,D14 0,D13 0,D12
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The two Checksum bytes are initialized to 00h for the checksum calculation. The checksum calculation
is performed in the following order:

A0, Al, BO, B1, B2, B3, B4, B5, B6 B7, B8, B9, B10, B11, B12, B13, B14, B15, B16, B17, B18, B19, CO,
C1,C2,C3;

(0, DO), (0, D1), (0, D2), (0, D3), (0, D4), (0, D5), (0, D6), (0, D7), (0, D8), (0, DY), (0, D10), (0, D11), (O,
D12), (0, D13), (0, D14), (0, D15);

(1, DO), (1, D1), (1, D2), (1, D3), (1, D4), (1, D5), (1, D6), (1, D7), (1, D8), (1, D9), (1, D10), (1, D11), (1,
D12), (1, D13), (1, D14), (1, D15)...

(0
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a different cost. These costs shall:be used by the path selection algorithm to determine the most effi
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1, D0), (n-1, D1), (n-1, D2), (n-1, D3), (n-1, D4), (n-1, D5), (n-1, D6), (n-1, D7), (n-1, D8), (n-t,
D10), (n-1, D11), (n-1, D12), (n-1, D13), (n-1, D14), (n-1, D15)

0), (n, D1), (n, D2), (n, D3), (n, D4), (n, D5), (n, D6), (n, D7), (n, D8), (n, DY), (n, D10),(n, D11
, (n, D13), (n, D14), (n, D15)

is nomenclature:

y) refers to Link x up to n starting at 0;

through 15 representing the fields in each Link Descriptor that is-a part of the LSR.

b Link Cost

Link Cost for each link is calculated based on the baudtate of the link, plus an administratively

br. The link cost calculation is:

Link Cost = S * (1.0625e12 / Signalling Rate)

re S is an administratively defined factor, By default S is set to 1.0.

DTE 30 This value allows an administrater to adjust link cost based on a particular environment.
calculation shall be performed.on a link by link basis. Each link in a Fabric may be advertised

s. If more than one least-cost path exists, use of the multiple least-cost paths is implementation

DTE 31 For example, when the Link Cost is calculated for a 1.0625 GBit/s Fibre Channel Link, this cal
n yields (with Stsetto 1.0): 1.0 * (1.0625e12 / 1.0625e9) = 1000.

Topology Database Synchronization

| {Synchronization overview

D9),

. (n,

set

with
ient
Spe-

Cula-

The topology database shall be periodically synchronized across all Switches in the Fabric. This syn-
chronization is required for the following reasons:

a) LSRs in the database may change because an ISL comes up or goes down;

b) Switches are added or removed from the Fabric;
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c) LSRs may be added or removed,;

d) Periodic issuance of new LSR instances.

Every time a new instance of an LSR or a new LSR is issued, the whole Fabric shall be informed. FSPF
achieves this through reliable flooding of LSRs. A new instance of an LSR is transmitted to the directly
attached Switches in a reliable fashion. The attached Switches in turn reliably forward the LSR to their
attached Switches, and the process continues until all Switches in the Fabric have received the new in-
stance of the LSR.

In addition, when an ISL between two Switches becomes operational and the Switches have success-
fully established two-way communication using the Hello protocol, the two Switches shall synchronize
theif database. Each Switch sends its full database to the other Switch, and receives the database rl:lom
the pther Switch. Each Switch updates its database with any received LSR that is either absent from its
datgbase, or is a newer instance of that LSR.

Generally, the initial synchronization and the ongoing database updates are implemented in the same
fashion. One difference is that the initial synchronization involves the transmission ofithe whole datalpase
in two directions, whereas the ongoing updates typically involve only one or a few-LSRs, and occr in
oneldirection only. This characteristic of FSPF minimizes the number of differentmessages required by
the protocol, and improves code reusability. Another difference is that the initial synchronization occurs
on gne ISL only, whereas the ongoing synchronization occurs on one QrJmore ISLs.

8.6.2 Neighborhood and Adjacency

Twq Switches connected via an ISL shall be referred to as neighbors. Two Switches that are siply
neighbors shall not use their common ISL to carry Class N.frames until their topology databases have
beep synchronized. Once the topology databases have)been synchronized, the two Switches arg re-
ferrged to as Adjacent on that ISL. If two Switches are connected by multiple ISLs, they may be neighpors
on gome ISLs and Adjacent on others at any given‘time.

Aftef a Switch detects that one of its ports is connected to another Switch, it starts exchanging Hello mes-
sages with its neighbor. Initially, a Switch knows only its own Domain_ID, and the Port Index of the|port
that|connects the Switch to its neighbor. The Switch provides this information in the Hello message|that
it trgnsmits to the neighbor. At this time the Switch does not know the Recipient Domain_ID on the ngigh-
bor Bwitch. Therefore, the Switch'shall set the Domain_ID to FFFFFFFFh in the transmitted Hello mes-
sage.

Whe¢n a Hello message is.received, the Switch stores the Domain_ID and Port Index of the neighbor
Swiich and shall sendthe Domain_ID in subsequent Hello messages on that ISL. When a Switch $ees
its own Domain_ID asjthe Recipient Domain_ID in a received Hello message, two-way communicgtion
is egtablished on.that ISL and topology database exchange shall be initiated. Upon detection of two{way
communication/the Switch should send a Hello message immediately, rather than waiting for expiration
of the Hello Interval time.

The|next step is to synchromze the topology databases on the two Switches. The original databases may

d|t|onal one. The two databases may be totaIIy dlfferent |f the ISL is used to connect two prewously dis-
jointed Fabrics. In some cases it is possible for some portions of the Data Base to be identical while other
portions are not.

During the process of synchronizing databases, an algorithm determines the most recent of two instanc-
es of a database entry (i.e., LSR). Both Switches shall keep in their database only the most recent ver-
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sion of an LSR. This algorithm is used both for the initial database synchronization process, and for any
subsequent database update.

In the database synchronization phase, each Switch sends its complete topology database to the neigh-
bor Switch. This topology information is transported as LSRs contained in one or more LSUs. Both
Switches shall examine every LSR in the LSU, determine whether each is more recent than the associ-
ated instance in the database, and shall update the database accordingly. If the received instance of the
LSR is more recent than the one contained in the database, or if the database did not contain the LSR
in its database, then the received version of the LSR is stored in the database. LSRs shall be acknowl-
edged by an LSA if they are newer or identical to the local copy, or no local copy exists. Otherwise an
LSR is acknowledged by a newer LSR instance.
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receiving Switch shall acknowledge each LSR within an LSU separately. An acknowledgemer]
SR shall consist of the LSR header that uniquely identifies the instance of an LSR. Ackpowle
ts shall be sent in Link State Acknowledgement messages and an LSA may contain z€yo, on
e acknowledgements. An LSA containing no LSR headers shall be used to acknowledge recef
e Database Complete flag from the neighbor, and shall confirm the end of the initialtopology d
b synchronization process.

cknowledged LSRs shall be retransmitted by the sender after the Rxmt_Interval interval expires
are acknowledged by the neighbor.

At the end of the process, both Switches have exchanged their topolegy data bases and they are
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red Adjacent on that ISL. Any subsequent changes shall be cammunicated via LSUs. The ISL i
then be used to carry user data. Both Switches shall issueta mew LSR that includes the newly
Nt ISL. This LSR shall be flooded reliably (see 8.6.4) on the.new ISL, and on all other ISLs, toge
any updated LSR.

I the new LSR has been transmitted and acknowledged on all of the Switch’s ISLs, the Switch
mpute the paths to all other Switches in the Fabri¢, and update the routing table accordingly. Al
r Switches in the Fabric shall do the same, having received the new LSR.

process of transmitting, receiving, processing, and acknowledging LSRs is identical for the initia
se synchronization process, and fox*ongoing or periodic updates. The same messages and

bducing the number of different.messages, and by improving code reusability.

Adjacency bring-up process is detailed in this standard as a Finite State Machine (FSM) calleg
hbor FSM (see 8.7).

B Continuous(Tepology Database Synchronization
[ initial database synchronization with its neighbors, a Switch shall maintain a synchronized d

eved-via reliable flooding of the LSRs. This assures that the databases reflect the current topoj
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current topology of the Fabric may change as a result of the following:

a) Inter-Switch Links changing state;

b) a Switch problem that causes it not to respond to Hello messages; or

<)

an ISL becoming operational and the neighbor FSM going to the Full state.
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When a Switch detects a local Fabric topology change, it shall flood the Fabric with a new LSR.

A Switch shall issue a new LSR at the LS_Refresh_Time to ensure that the Switch shall delete entries
in its database after the Max_Age interval expires if they are not refreshed. This allows for Switches that
are permanently disconnected from the Fabric to be removed from the database. The periodic LSR up-
date is independent of any other updates.

8.6.4 Reliable Flooding
8.6.4.1 Basic Operation

Reliable flooding is the mechanism by which topology changes are propagated throughout the Fabric.
Relipble flooding shall be used whenever any change of a Switch link state occurs. Reliable floogding
shall not be used for the initial database synchronization when an ISL between two Switches initializes.
Normally, flooding occurs on all ISLs that are in the Full state at the same time, and not just between two
Swifches. Further, reliable flooding carries the new LSR(s) hop by hop to all Switches'in the Fapric,
whereas the initial database synchronization involves only two Switches.

Relipble flooding and initial database synchronization shall use LSU and LSA message structures fof the
updates.

8.6.#£.2 The Flooding Procedure

The|flooding procedure starts when a Switch issues a new instance ofts LSR. The new Switch Link| Re-
cord LSR for a Domain_ID shall only be issued by a Switch with.that same Domain_|ID.

Theloriginating Switch shall package the LSR in an LSU and<shall transmit it on all ISLs in the Full sfate.
If there are other LSRs that are waiting to be acknowledged on an ISL, and the timer Rxmt_Intervgl for
that|ISL has expired, all the LSRs that have been waiting longer than Rxmt_Interval may be includgd in
the LSU.

A regeiving Switch shall acknowledge the LSRif'appropriate. If it is @ more recent instance than the|one
in it$ topology database, the Switch replacegs:the instance in the database with the new one. The Switch
shall send the new LSR on all ISLs in the“Full state, except the one from which the LSR was receiyed.
Thig step insures that the LSR is actually flooded throughout the Fabric.

If there are physical loops in theFabric, a Switch may receive multiple instances of the same LSR up-
datg, even an instance that was originated by the Switch itself. A potential forwarding loop is prevepted
by forwarding only LSRs that are newer than the ones currently in the database. If a Switch receives an
older instance of an LSR,»0r an LSR of the same instance as the one contained in the database, it $hall
ackmowledge the LSR;and shall not forward the LSR to other Switches.

An ISR shall bé‘acknowledged by sending the LSR header packaged in an LSA back to the sender. One
or more LSRs may be acknowledged in the same LSA. The sender shall stop transmitting an LSR gfter
it receives the acknowledgement.

8.6.4.3- Generating-aNew L SR
.0. g

When a Switch generates an LSR, it shall set the LSR Age field to 0000h and increment the incarnation
number by one. Typically different instances of an LSR have a different incarnation number that indicates
a more recent instance. Under some circumstances this information is not sufficient, and other fields in
the LSR shall be taken into account. The complete algorithm to determine the most recent incarnation
between two LSRs is described below.
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When a Switch first initializes, its topology database is empty because it has not recognized any neigh-
bors yet. Topology database information shall not be stored in non-volatile memory or be retrieved after
a re-initialization. The Switch shall build a new database at every initialization or re-initialization.

A Switch generates its first LSR when the first ISL enters the Full state. The first LSR shall have an in-
carnation number of 80000001h. As other ISLs enter the Full state, the Switch shall generate a new in-
carnation of its LSR and shall increase the incarnation number by one every time. The LSR Age of a

new

ly generated LSR shall always be 0000h.

After generating a new instance of an LSR, the Switch stores it into its topology database, and floods it
to the rest of the Fabric.
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1.4 Transmitting an LSR

SR shall be transmitted to a neighbor embedded in an LSU. Before transmission, the age|ofthe
be incremented by 1. This value represents a nominal delay incurred by the LSR when it is tr
bd.

DTE 32 The purpose of this increment is to prevent an LSR from being retransmitted-forever (e.g., bec
a software error).

LSR shall be acknowledged by the receiving Switch. If the acknowleédgement is not received w
ceived, or until the neighbor exits the Full state.
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ne
inst

N
m

An |}

8.6.

An |

sepgrately and acknowledgements shall be provided separately for each LSR contained in the L

The
tain

Upo

a

ex\c%pt for the LSR Age field. The LSRs shall be identical-with the exception of the LSR Age field

r instance of the LSR being retransmitted is received; the newer instance shall replace the ¢
nce in the topology database.

DTE 33 Since more than one LSR may be queugdwaiting for an acknowledgement, all of them may be t
tted in a single LSU for efficiency.

SR update shall not be sent more frequently than the Min_LS _Interval.
1.5 Receiving an LSR
SR is received in an LSU.JAfter the processing of the LSU header, each LSR shall be procej

re is no specific acknowledgement to an LSU. Acknowledgements to multiple LSRs may be
bd in a single LSA ymessage.

n receipt, the-following checks are performed in order:

The checksum is verified. If the checksum is incorrect, the LSR shall be ignored and no ackn
€dgement shall be returned,;
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b) The LSR Type is checked. If the type is not recognized, the LSR is ignored and no acknowledge-

<)

ment is returned;

If the LSR has an age equal to Max_Age, the LSR shall be stored in the local database

long

enough to flood it and receive acknowledgements if already present in the database or if the

neighboring Switches are in the initial database synchronization process (i.e., the states Init,

Da-

tabase Exchange, Database ACK Wait, Database Wait). The LSR is then deleted from the data-
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base. This ensures that when an LSR's age reaches Max_Age in any Switch, it is removed from

the databases of all Switches simultaneously.

If Min_LS_Arrival has not expired, then the LSR is ignored and no acknowledgement is returned,;

If there is no such LSR in the topology database, or the received LSR is a more recent incarna-
tion than what is stored in the database, then the new LSR is installed in the database. If an LSR
existed in the database, then the older incarnation is removed from the database, and an ac-

knowledgement is returned; and

If a Switch receives an LSR containing its own Domain_ID in the Link State identifier field,

with an incarnation number greater than its current incarnation number, the Switch shall se
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incarnation number of its current LSR to the value in the received LSR plus one, and flood(th
sulting LSR on all links.

Neighbor Finite State Machine (FSM)

Neighbor FSM initializes to Down state. In this state, the FSM is waiting for theinotification tha
is connected to another Switch. This notification is issued internally to the Switch when a port re
he E_Port status.

I the FSM receives the E_Port input, it transitions to Init state. In this state, attempts are mad
rmine if the other Switch supports FSPF. If it does, these attempts\may result in the establishr,

topology databases on the two Switches are unable to be telidbly synchronized in the abseng
way communication. Successful two-way communication’depends on configurable parame
Ching between the two Switches.

I the two-way communication is established, a Switch knows the Domain_ID and the Port Indg
neighbor Switch on the opposite side of the ISLyand the FSM transitions to Database Exch3

a)

atabase Exchange state, the two neighbor Switches share their view of the Fabric topology by
nging their complete topology database. Each entry in the database is called a Link State Re
R). A Switch compares every LSRit receives from the neighbor to the same LSR in its databasg
eceived LSR is newer than thelone present in the database, or if there is no LSR exists for that
N in the database, then thesreeeived LSR is entered in the database. In the case where an LSH
y exists in the databasej.the new LSR supersedes that LSR in the database. At the end of
ess, both Switches shall have an identical topology database that consists of the most recent L

h Database Exchange state, the FSM may transition to two different states. If the next event ig
ption of the end of database message from the neighbor, it transitions to Database Ack Wait s
b next event-is the reception of an ack to the end of database message, it transitions to Datal
state.

h Database Ack Wait state, the FSM transitions to Full state when it receives an ack to the er
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From Database Wait state, the FSM transitions to Full state when it receives the end of database mes-
sage from the neighbor.

Once in Full state, the neighbor becomes an Adjacency, and the ISL that joins the two Adjacent Switches
may be used to forward user data. Both Switches shall issue a new instance of their LSR to inform the

rest

of the Fabric about this fact.
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The following aspects of the Neighbor FSM are described in detail below:
a) state by state;
b) the current state;
c) aninput;
d) the new state;

e) actions taken in response to that input.

Statps are listed first, and for each state all the legal inputs are described. For ease of documentation,
stat¢s are ordered. Each state in the list is considered greater than the previous one. The following. States
are flefined, from lower to higher:

a) Down;

b) Init;

c) Database Exchange;

d) Database Ack Wait;

e)] Database Wait;

f)| Full.
An ipnstance of the FSM shall run on each E_Port of the Switch.

Table 93 — Neighbor Finite’State Machine (part 1 of 3)

State Input Next State Actions

Down E_Port Init This input indicates that a port on the Switch is con-
nected to another Switch. Send a Hello message to the
neighbor. Start the Hello_Interval timer. The expiration of
this periodic timer triggers the transmission of a Hello
message to the neighbor.

Init One-Way Init This input indicates that a Hello message that did not
Received carry the correct Domain_ID of the local Switch has been
received from the neighbor Switch. Start the
Dead_Interval Timer. The expiration of the Dead_Interval
Timer causes the Neighbor FSM to transition to Init State.

Init Two-Way Database This input indicates that a Hello message carrying both
Received Exchange the remote and the local Domain_ID has been received
from the neighbor Switch. Send the topology database to
the neighbor. The database may be sent in multiple
frames, and even in multiple Fibre Channel Sequences.
Restart the Dead_Interval Timer.

Database Database Database Ack This input indicates that an LSU with the Database Com-
Exchange Received Wait plete flag set has been received from the neighbor
Switch. No action necessary, just a state transition.
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Table 93 — Neighbor Finite State Machine (part 2 of 3)

State Input Next State Actions
Database Database Sent Database This input indicates that all the Link State Records that
Exchange Exchange describe the topology database have been sent to the
neighbor. Send an LSU to the neighbor with no LSRs and
the Database Complete flag set.
Database Database Acked Database Wait This input indicates that an LSA with the Database Com-
Exchange plete flag set has been received from the neighbor

Switch. No action necessary, just a state transition.

Database Ack

Database Sent

Database Ack

This input indicates that all the Link State Records that

vvdait

vvdalt
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neighbor. Send an LSU to the neighbor with no LSRs and
the Database Complete flag set.

Dftabase Ack
Wait

Database Acked

Full

This input indicates that an LSA with the Database’Com-
plete flag set has been received from thé neighbor
Switch. Issue a new instance of the LSR, to reflect the
new Adjacency. Compute the paths.to/all the Switches
and program the routing‘tables.

Database Wait

Database
Received

Full

This input indicates that an LSUwwith the Database Com-
plete flag set has been feceived from the neighbor
Switch. Issue a new insténce of the LSR, to reflect the
new Adjacency. Compute the paths to all the Switches
and program the routing tables.

Any state
ekcept Down
and Init

Two-Way
Received

Same state

This input indicates that a Hello message carrying both
the remote and the local Domain_ID has been received
from the-nfeighbor Switch. This is a normal periodic Hello
message received from the neighbor. Restart the
Dead_Interval Timer.

Any state
ekcept Down
and Init

One-Way
Received

Init

This input indicates that a Hello message that did not
carry the correct Domain_ID of the local Switch has been
received from the neighbor Switch. The retransmission
lists shall be emptied, and all the timers associated with
the retransmission lists shall be stopped.

Any state

Port Offline

Down

This input indicates that a port went offline. All the data
structures related to the neighbor shall be removed. The
retransmission lists shall be emptied, and all the timers
associated with the neighbor shall be stopped. These
include the retransmission timers, the Hello_Interval
Timer and the Dead_Interval Timer. The same port may
come back connected to a different Switch, or even as an
F_Port, in which case the Neighbor FSM does not run.
Issue a new instance of the LSR, that excludes this
neighbor, to reflect the removal of an Adjacency.

Any state
cept bown

D

Hello_Interval

Same state

This input indicates that the Hello_Interval Timer has
expired. Send a Hello message to the neighbor. In Down
state Hello messages shall not be sent.
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expired. The port is still in E_Port state, but the local
Switch has not received Hello messages from the neigh-
bor. Re-initialize the data structures associated with the
neighbor. Stop the Dead_Interval Timer. Issue a new
instance of the LSR, that excludes this neighbor, to
reflect the removal of an Adjacency.
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Table 93 — Neighbor Finite State Machine (part 3 of 3)

State Input Next State Actions
Full Initial Database Init This input indicates that an LSU with the Initial Database
Received Exchange flag set has been received from the neighbor
Switch. Go into Init state and send One-Way Hellos.

Figure 21 is a pictorial representation of the FSM where only the major state transitions are represented.
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Figure 21 — Neighbor Finite State Machine
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FSPF-Backbone
I FSPF-Backboneoverview

FSPF-Backbone runs the FSPF-Backbone routing protocol. The FSPF-Backbone routing prot
e same as the FSPF protocol, as defined in 8.1 through 8.7, but exchanges Summary Descr
s. Subclause 6.1 describes the SW_ILS used with the FSPF protocol with additional support fo
F-Backbone routing. A Border Switch (BSW) provides the connectivity between an AR and
F<Backbone network. The BSW originates a Summary Descriptor LSR for its associated non-

ocol
ptor
the
the
yero

nd floods this summaryon the ESPE_-Backhaone A _BS\\/ rnr\niuing this Q||mmnry nncrripfnr

SR

originates Link Descriptor LSRs extracted from the Summary LSR to its associated AR. BSWs are the
only Switches that originate or receive Summary Descriptor LSRs.

Figure 22 illustrates the architecture of the FSPF-Backbone Fabric and the corresponding backbone for
a small number of ARs. The FSPF-Backbone belongs to a special Autonomous Region called ARO, that
utilizes the FSPF-Backbone routing protocol. The FSPF-Backbone consists of a physically contiguous
arbitrary network topology of one or more Border Switches (BSW) and possibly Intra-ARO (ISW-0)
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Switches inter-connected by E_Ports. A Switch that may support at least one E_Port with FSPF-Back-
bone routing capability is capable of attaching to the FSPF-Backbone network. The FSPF-Backbone ar-
chitecture defines three types of Switches:

a) Border Switches (BSW) - those Switches that connect an AR to the FSPF-Backbone;

b) Internal AR Switches (ISW) - those Switches that are internal to an AR,;

c) ISW-0 Switch is an ARO Internal Switch that connects to BSWSs, or to other ISW-0s. This Switch
shall only communicate path information using the Summary Record format of the Link-State Re-

cord.

Figure 22 — FSPF-Backbone Architecture
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E_ =Port | pg/
E_Port E_Port
FSPF-Backbone 'C)
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ARO %O
\ E_Port
E_Port </ O
o BSW

AR2

AR 4

Figyre 23 shows the FSPF-Backboneonsisting of point-to-point links and FC-BB-2 WAN interfaces
serye to extend the point-to-point eonnectivity between two BSWs across a non-Fibre Channel netw|

that

prk.
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Figure 23 — Point-to-point FSPF-Backbone Links

O -
E_Port
FSPF-Backbone
»

E_Port

BSW /
E_Port E_Port
AR 4
AR 3

Figyre 24 shows two ISW-0 Switches connecting BSW Switches.

Figure 24 — ARO Consisting of Two ISW-Q)Switching Devices
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A Switch that connects BSWs and supports any internal service (e.g., Extended Copy) that requires a
Domain_ID is a BSW Switch. Figure 25 shows an example of such a configuration. Note that a well-
known service such as a Name Server, does not constitute an internal service and such services may
be supported in the ISW-0. It is expected that the total number of Switches (BSWs and ISW-0s) should
be small in any real implementation. Therefore assignment of Domain_IDs to the ARO Switches may be
manually configured.
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Figure 25 — Internal Service Supported By a BSW
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Summary LSR provides information on the Fibre Channel Address Doemains supported by an
bmain_ID conflict occurs whenever the same Domain Address is reparted in two (or more) LSAs
ng from different ARs. All Border Switches (BSW) and ISW-0 Switches shall be required to r
Lk against such a conflict every time they receive an LSA. All BSWs shall refrain from routing
es for the conflicting Domain_IDs, until such time that a new LSA is issued without a conflict.

P Multiple Switch Connections

contiguity be always maintained with the FSPF-Backbone. Figure 26 shows a dual BSW conne

vn in figure 27 and figure 28. The examplesin figure 28 is disallowed because the FSPF-Back
ysically discontiguous resulting in two disjoint FSPF-Backbones. In figure 27 and figure 28 note
hternal connection between two BSWSs'is allowed but not necessarily part of the FSPF-Backb
E_Ports supporting FSPF-Backlone on two separate BSWs belonging to the same AR, ma
hected by one or more links.
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Figure 26 — Dual BSW connectivity
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Figure 28 — Physically Non-Contiguous FSPF-Backbone with dual BSWs (Disallowed)
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B FSPF-Backbone Point-to-point Links

FSPF-Backbone is a physically contiguous arbitrary network topology of Switches that inter-con
rent ARs by one or more of the following methods:

a point-to-point link that directly connects two BSW Switches via E_Ports; or

a point-to-point link that connects exactly two remote BSW Switches over a WAN link using
FC-BB-2 defined specifications (e.g., FC-BB-2:ATM, FC-BB-2_SONET).

E_Port is the point at which frames betweer’two BSW Switches pass directly on a point-to-|
F-Backbone link. Frames that enter a Switch via an E_Port connected to the FSPF-Backbong
arded to the local AR, or forwarded towards their ultimate destination via another E_Port conne
e FSPF-Backbone.

-AR frames arriving on a BSW/[Switch are forwarded to a FC-BBW (see FC-BB-2) on a B_Port
ntually on a WAN Interface towards their remote destination. Frames that are received from the V|
r the FC-BBW and are forwarded to the BSW Switch.

1 FSPF-Backbopne'Routing Protocol

hect

the

oint
are
cted

and
VAN

N AR supports'one or more Fibre Channel Address Domains. The FSPF routing protocol excha
Descriptof ESRs in each AR and Summary Descriptor LSRs in the FSPF-Backbone. If there
e AR, the FSPF routing protocol architecture does not have to provide support for Inter-AR ro
ss the KSPF-Backbone. The FSPF-Backbone routing protocol requires each BSW to advertise

ges
is a
ting

um_
zed Fibre Channel Address Domain reachability information, but not the actual routes Wlthln ith

at-

reachable Domalns and ARS through the BSW to aII |ts attached AR ISWs usmg Llnk Descrlptor LSRs
Summarized advertisements help the architecture to scale as a function of the number of ARs. Addition-
ally, each BSW participates in advertising its neighbor connections within its attached ARs, including
ARO.
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Figure 29 shows a FSPF-backbone connection with internal Switch connections. In this diagram, the fol-
lowing LSRs are distributed:

a) BSW 1 sends a Summary LSR to BSW 2 that contains the path costs to reach Domain 1, Domain
2, and Domain 3. This path cost comes from BSW 1 running its path selection algorithm on the

b)

LSRs that it received from its neighbor Switches.

BSW 2 sends a Summary LSR to BSW 1 that contains the path costs to reach Domain 4, Domain

5, Domain 6, and the Summary LSR from BSW 3. The path cost for Domain 4, Domain 5,

and

Domain 6 comes from BSW 2 running its path selection algorithm on the LSRs that it received
from its neighbor Switch. The Summary LSR forwarded from BSW 3 shall incorporate the path

cost between BSW 3 and BSW 2.

If an
Autd
Bac

BSW 3 sends a Summary LSR to BSW 2 that contains the path costs to reach Domain 7, Do
8, and Domain 9. This path cost comes from BSW 3 running its path selection algofithm or
LSRs that it received from its neighbor Switch.

BSW 1 sends Link Descriptor LSRs to neighbor Switches Domain 1 and Domajh 3, that desc
virtual connections to Domain 4, Domain 5, Domain 6, Domain 7, Domaia 8, and Doma
These LSRs contain the path cost that came in the Summary LSR from/\BSW 2 plus the co
the link from BSW 1 to BSW 2.

BSW 2 sends Link Descriptor LSRs to neighbor Switch Domain\4, that describe virtual con
tions to Domain 1, Domain 2, Domain 3, Domain 7, Domain“8;-and Domain 9. These LSRs
tain the path cost that came in the Summary LSRs from BSW 1 and BSW 3 plus the cost o
link from BSW 2 to BSW 1.

Autonomous Region has 2 BSWSs, they shall not farward Summary LSRs that came from the
nomous region, and frames destined to the localMutonomous Region shall not traverse the FS

Kbone.

Figure 29 — FSPF-Backbone Routing Protocol overview.
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9 Distributed Services

9.1 Basic Model

A distributed services model is used to allow a Fabric to provide consistent services to all attached
N_Ports. This Standard defines a common framework by which all Distributed Services communicate.
Specific mappings onto this framework are also specified for the distributed Name Server and the dis-
tributed Management Server. Please note that in the following discussion it is convenient to say that a
server is “contained” within a Switch. In this case the term “contain” does not imply that an entity is phys-
ically inside the Switch; it may be physically outside the Switch, and still operate as described below.

9.2 Distributed Services Framework

9.2.1 Goals and Characteristics of the Distributed Services Framework
All Distributed Services are mapped onto a common framework. The goal of this framework'is three-fold:
a) define a consistent method for distributing services across Switches in a Fabfic;
b) define a distribution method that is topology independent; and
c) define a method that preserves processing facilities for existing frame formats.
In ofder to accomplish these goals this standard defines the following-Bistributed Server characterigtics:
a) Transport;
b} Common Characteristics;
c) Work categories; and
d) Frame formats.
9.2.p Distributed Service Transport
9.2.2.1 Required FC-2 Parameters

Genferic Service requests and.responses are transported between Distributed Servers using the Jom-
mor| Transport (FC-CT) defined by FC-GS-4.

All €T frames shall bejtransmitted using the FT_1 frame format via the Class F service. The folloying
defines the FC-2.header fields of all Distributed Services frames:

R_dTL: Thisfield shall be set to 02h for all request frames, and to 03h for all reply frames.

CS [CTL:This field shall be set to 00h.

D_ID: This field shall be set to the Domain Controller Identifier of the destination Switch.
S_ID: This field shall be set to the Domain Controller Identifier of the source Switch.

TYPE: This field shall be set to 20h, indicating Fibre Channel Fabric Generic Services.
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Each request shall be the first Sequence of an Exchange and the associated response shall be the last
Sequence of the same Exchange. All other fields shall be set as appropriate according to the rules de-
fined in FC-FS.

9.2.2.2 FC-CT Header Usage

The
es:

following values shall be set in the FC-CT Header for all Distributed Services requests and respons-

FC-CT revision: 01h

IN_I

D: The value of IN ID in a Switch related request shall be preserved in all responses to that request.

Thig

Opt
The

N
of

9.2.

It is
spo
spo

Furt
and
Ser
an N

9.2.

Eac
as f

only applies to an IN_ID value set by the Entry Switch.

ons: The X_Bit shall be set to 0 to indicate a single bidirectional exchange per request/respopse.
Partial Response bit shall be set to zero in Switch-to-Switch requests.

DTE 34 Multiple requests/responses may be active using multiple bidirectional exchanges between any pair
Switches.

P.3 Frame Distribution

important to note that for a Distributed Services request, a remete*Switch shall never send I re-
hse directly to the requesting Nx_Port. All responses shall be¢sent to the Entry Switch. It is the re-
hsibility of the Entry Switch to send the appropriate response to the requesting Nx_Port.

hermore, an Nx_Port shall always communicate to a Distributed Service via its well known addfess
NX_Ports shall not send Distributed Services requests to Domain Controllers. In addition, Distributed
ices requests and responses are transported only.hetween Switches and not between a Switchland
Xx_Port.

B Common Characteristics

N Distributed Service shares a set of. common characteristics. These characteristics shall be defjned
bllows:

Timeouts: For requests between Switches, the time-out value shallbe D_S_TOV;

Local Data Copies: Local data copies may be optionally allowed by a Distributed Service. If a|Dis-
tributed Service @lows local data copies it shall also specify the method by which the integrity of
the local copied data is maintained;

Exchange~Management: Each request between Switches shall be mapped to a unique| ex-
change. Multiple outstanding requests are allowed between a pair of Switches up to the eng-to-
end credit resources specified by the receiving Switch;

en ap= e - e_a gespopnse ne eceiing A alalar=l ala mave

the requested data, then it shall respond with an LS_RJT (reason code 09h “Unable to perform
command request”, reason code explanation 2Ah “Unable to supply requested data”). If a re-
sponse is not received from all Switches to which a request was sent within the time-out period,
then the request shall be considered partial and a response sent back to the Nx_Port as appropri-
ate for the Service;
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Partial Response: For many requests even a partial response to the requesting Nx_Port is useful.

A partial response may occur for a number of reasons:

A) one of the Switches a request is directed to is busy and unable to respond within the time-out

period; or

B) one of the Switches a request is directed to does not support the service requested. A service
may allow partial responses for a subset of its requests. If the response to a request is partial,
the service shall set the partial response bit in the CT Header of the response back to the

Nx_Port. This notifies the Nx_Port that the data in the response may not be complete;

Data Merge: Describes how data from multiple responses is consolidated; and

9.2.

If Zd
Zon

a

9.2.

Wor
cate

The

Loc

lowi

a

gories define how each Distributed Service'maps its commands given the Distribution character
work categories are defined as follows:
al
Local requests are those that'may be handled entirely by the Entry Switch. A request is local for the
g reasons:
The data being requested is owned entirely by the Entry Switch. This situation would be de
dant on the type of request; or
The Entry Switch is maintaining a local copy of the data being requested. This situation may

Error Recovery: If an error on a Distributed Services frame is detected (e.g., No ACK~P.B
the frame may be retransmitted for a time interval upto D_S_TOV.

1 Zoning Considerations

ning is present in a Fabric, Distributed Services may be affected. The following-rules shall appl
ng with regard to Distributed Services:

Switch-to-Switch communications shall not be zoned. This only applies to the Class F CT He
based Distributed Services frames; and

Zoning is applied by the Entry Switch. If a particular Distributed Service is affected by Zoning
the responsibility of the Entry Switch to make sure that.a requesting Nx_Port does not rec
data for that Distributed Service that is outside of the-Nx_Port’s Zone.

b Work Categories

k categories are definitions that allow consistent mapping of services to Distributed Services. TH

cur-for any request depending on the local data copy rules of the Distributed Service to which
reguest belongs.

y for

hder

itis

eive

ese
stic:

fol-

Den-

oc-
the

Any request that is determined to be local shall be processed as appropriate for the service as defined
in FC-GS-4.

1-to

-1
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A 1-to-1 request is a request that is unable to be handled entirely by the Entry Switch, but for which the
Entry Switch has identified a single remote Switch that may handle the request. The local Switch sends
the request frame directly to the Domain Controller of the remote Switch.

1-to

-Many

A 1-to-Many request is a request that is unable to be handled entirely by the Entry Switch, but for which
the Entry Switch has identified multiple remote Switches that may handle the request. The local Switch
sends request frames directly to the Domain Controller of all remote Switches that it has identified to con-

tain

requested data.

1-to
Al-

Entn
frani

9.2.

Whg
nica

9.2.
To s

with
be U

CAI
y Switch is unable to identify the set of remote Switches to query. The Entry Switch-sends req
es directly to the Domain Controller of all Switches in the Fabric.

b Frame Formats

tions as are used for Nx_Port requests.
/ FC-CT Command Restrictions
void overlap of command codes associated with FC-CF.c¢ommands originated external to the F3

FC-CT commands originated internal to the Fabric{ the following FC-CT command codes shal
sed by any well-known server for the FC-GS-4 client/server interface.

Compmand codes 0400h-04FFh and EOOOh-EFEEL: Fabric Internal FC-CT Commands;

Conmpmand codes FOOOh-FFFFh: Vendor specific FC-CT Commands.

9.3

9.3.

The

Distributed Name Server
L General Behavior
distributed Name Service is provided as follows:
each Switch confains its own resident Name Server, called a distributed Name Server (dNS)

each dNS*within a Switch is responsible for the name entries associated with the Domain(s
signed\to the Switch;

€ach dNS within a Switch shall only return information associated with the Domain(s) for w

fo-All request is a request that is unable to be handled entirely by the Entry Switch, but'for which the

Liest

re possible Distributed Services should use the same frame formats for Switch-to-Switch commu-

\bric
not

hich

the Switch is rncrr_\nneihln;

d)

e)

a client Nx_Port communicates its Name Service request (as defined in FC-GS-4) to the Entry

Switch via the well-known address;

the dNS within the local Switch services the request by making any needed requests of other

dNSs contained by the other Switches, if the required information is not available locally;
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f) a dNS may maintain local data copies. Integrity of locally copied data is maintained via
SW_RSCN notification. This implies that all Switches shall distribute SW_RSCN notification
throughout the Fabric whenever a change takes place in their local dNS database;

9)

h)

the communication between dNSs to acquire the requested information is transparent to the orig-
inal requesting client; and

partial responses to dNS queries are allowed. If an Entry Switch sends a partial response back to
an Nx_Port it shall set the partial response bit in the CT Header.

9.3.2 FC-CT for Distributed Name Servers

9.3.

The
010
Entn

P.1 dNS Command Codes

Table 94 — FC-CT Command Codes for dNS (part 1 of 4)

Command Codes for FC-CT requests defined for dNS use are summarized in table 94. Cq
Dh to 0300h shall be as defined in FC-GS-4. All other requests are defined below. Thé*format o
y field used in the following commands follow the Name Server Entry format described in 9.3.3

des
the

Fncoded Value Work Payload
(hex) Description Mnemonic Category Defined in Notgs
0100 Get all next GA_NXT I-to-All FC-GS-4
_tO- _ _ a
0101 Get Identifiers According to Scope GID_A 1-to-1or FC-GS-4
1-to-Many
0112 Get Port_Name, based on Port Identifier GPN- ID 1-to-1 FC-GS-4
0113 Get Node_Name, based on Port Identifier GNN_ID 1-to-1 FC-GS-4
0114 Get Class of Service, based on Port GCS ID 1-to-1 FC-GS-4
Identifier h
0117 Get FC-4 TYPEs, based on Rort Identifier GFT_ID 1-to-1 FC-GS-4
0118 Get Symbolic Port_Narme, based on Port GSPN ID 1-to-1 FC-GS-4
Identifier -
011A Get Port Type, based on Port Identifier GPT_ID 1-to-1 FC-GS-4
011B Get PortIP Address, based on Port GIPP ID 1-to-1 EC-GS-4
Identifier h
011C Get Fabric Port_Name, based on Port GEPN ID 1-to-1 EC-GS-4
Identifier h
014D Get Hard Address, based on Port Identifier GHA_ID 1-to-1 FC-GS-4

& CThe GID_A request may either be 1-to-1 or 1-to-Many depending on the format of the request.

outside the scope of this standard.

¢ De-registration requests may be distributed if performed by a third party. Otherwise, they are local and

outside the scope of this standard.

Registration requests may be distributed if performed by a third party. Otherwise, they are local and

Work Categories for Name Server Entry Object requests are at the discretion of the originating Switch.
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Table 94 — FC-CT Command Codes for dNS (part 2 of 4)

Encoded Value Work Payload
(hex) Description Mnemonic Category Defined in Notes
011E Get FC-4 Descriptors - Port Identifier GFD_ID 1-to-1 FC-GS-4
011F Get FC-4 Features - Port Identifier GFF_ID 1-to-1 EC-GS-4
0121 Get Port Identifier, based on Port_Name GID_PN 1-to-All FC-GS-4
012B Get Port IP Address, based on Port_Name| GIPP_PN 1-to-All FC-GS-4
0131 Get Port Identifier, based on Node Name GID_NN 1-to-All EC-GS-4
0132 Get Port_Names based on Node_Name GPN_NN 1-to-All FC-GS-4
0135 Get IP address, based on Node_Name GIP_NN 1-to-All FC-GS¥4
0136 Get Initial Process Associator, based on GIPA NN 1-to-All FC-GS-4
Node_Name -
0139 Get Symbolic Node_Name, based on GSNN NN 1-to-All FC-GS-4
Node_Name -
0153 Get Node_Name, based on IP address GNN_IP 1:to-All FC-GS-4
0156 Get Initial Process Associator, based on IP GIPA IP 1-to-All EC-GS-4
address
0171 Get Port Identifiers, based on FC-4 TYPE GIDLFT 1-to-All FC-GS-4
0172 Get Port_Names, based on FC-4 TYPE GPN_FT 1-to-All FC-GS-4
0173 Get Node_Names, based on FC-4 TYRE GNN_FT 1-to-All FC-GS-4
01A1 Get Port Identifiers, based on Port Type GID_PT 1-to-All FC-GS-4
01B1 Get Port Identifiers, based-an Port IP GID IPP 1-to-All FC-GS-4
Address -
01B2 Get Port_Name;.pased on Port IP Address GPN_IPP 1-to-All FC-GS-4
01C1 Get Port Identifiers, based on Fabric GID EPN 1-to-All EC-GS-4
Port_Nane B
01D1 Get Permanent Port_Name GPPN_ID 1-to-All FC-GS-4
01F1 Get Port Identfiers, based on FC-4 GID_FF 1-to-All EC-GS-4
Features
2 _ The GID_A request may either be 1-to-1 or 1-to-Many depending on the format of the request.
b oAU d
outside the scope of this standard.
¢ De-registration requests may be distributed if performed by a third party. Otherwise, they are local and
outside the scope of this standard.
4 work Categories for Name Server Entry Object requests are at the discretion of the originating Switch.
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Table 94 — FC-CT Command Codes for dNS (part 3 of 4)

Encoded Value Work Payload

(hex) Description Mnemonic Category Defined in Notes
0212 Register Port_Name RPN_ID 1-to-1 FC-GS-4 b
0213 Register Node_Name RNN_ID 1-to-1 FC-GS-4 b
0214 Register Class of Service RCS_ID 1-to-1 FC-GS-4 b
0217 Register FC-4 TYPEs RFT_ID 1-to-1 FC-GS-4 b
0218 Register Symbolic Port Name RSPN_ID 1-to-1 FC-GS-4 b
021A Register Port Type RPT_ID 1-to-1 FC-GS-4 b
021B Register IP Address (Port) - Port Identifier RIPP_ID 1-to-1 FC-GS%4 b
021D Register Hard Address - Port Identifier RHA_ID 1-to-1 FC-GS-4 b
021E Register FC-4 Descriptors - Port Identifier RFD_ID 1-to-1 FC-GS-4 b
021F Register FC-4 Features - Port Identifier RFF_ID 1-t0-1; FC-GS-4 b
0235 Register IP Address (Node) RIP_NN 1*to-All FC-GS-4 b
0236 Register Initial Process Associator RIPA_NN 1-to-All FC-GS-4 b
0239 Register Symbolic Node_Name RSNN NN 1-to-All FC-GS-4 b
0300 De-register all DA_ID 1-to-1 FC-GS-4 €
0410 Get Entry, based on Port Identifier GE_ID Any FC-SW-3 d
0420 Get Entry, based on Port_Name GE_PN Any FC-SW-3 d
0430 Get Entries, based on Node,‘Name GE_NN Any FC-SW-3 d
0450 Get Entries, based.on IP address GE_IP Any FC-SW-3 d
0470 Get Entries, based on FC-4 TYPE GE_FT Any FC-SW-3 d
04A0 Get Entries, based on Port Type GE_PT Any FC-SW-3 d

a8  The GID_A reqliest may either be 1-to-1 or 1-to-Many depending on the format of the request.

b Registration requests may be distributed if performed by a third party. Otherwise, they are local and
outsidethe scope of this standard.

¢ Desregistration requests may be distributed if performed by a third party. Otherwise, they are local afd
outside the scope of this standard.

4 work Categories for Name Server Entry Object requests are at the discretion of the originating Switch.
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Table 94 — FC-CT Command Codes for dNS (part 4 of 4)

Encoded Value Work Payload

(hex) Description Mnemonic Category Defined in Notes
04B0 Get Entries, based on Zone Member GE_ZM Any FC-SW-3
04CO0 Get Entries, Based on Zone Name GE_ZN Any FC-SW-3
04D0 Get Entries, Based on Port IP Address GE_IPP Any FC-SW-3
04E0 Get Entries, Based on FC-4 Features GE_FF Any FC-SW-3
04FQ Get Entries, Based on Fabric Port Name GE_FPN Any EC-SW-3
0500 Remove All RA 1-to-1 FC-SW-3
8001 Reject CT_IU CT_RJT 1-to-1 FC-GS4
8002 Accept CT_IU CT_ACC 1-to-1 FC-GS-4

a8  The GID_A request may either be 1-to-1 or 1-to-Many depending on the format of the reguest.

b Registration requests may be distributed if performed by a third party. Otherwise, they are local anpd
outside the scope of this standard.

¢ De-registration requests may be distributed if performed by a third pparty. Otherwise, they are local afd
outside the scope of this standard.

4 work Categories for Name Server Entry Object requests arecat'the discretion of the originating Switch.
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9.3.2.2 FC-CT Header usage for dNS

The following FC-CT Header parameters, beyond those defined in 9.2.2.2, shall be used for dNS frames:

GS_Type: FCh (Directory Service application);

GS_Subtype: 02h (Name Service);

Command Code: see table 94.

9.3.3 Name Server Objects

The
fine

Object is as shown in table 95.

Name Server Objects communicated between distributed Name Servers using FC-CT arecas
| in FC-GS-4 with no modification, but with several additions. The format of a Name Server H

Table 95 — Name Server Entry Object (part 1 of 2)

Size

Mandatory Iltem Bytes Comments
Yes Entry Object Format Indicator 1
Yes Owner Identifier 3
Yes Port Type 1
Yes N_Port_ID 3
Yes N_Port_Name 8
No Port Symbolic Name 256 a
Yes Node_Name 8
No Node Symbolic Name 256 a
Yes Initial Process, Associator 8
Yes IP address (Node) 16
Yes Class of Service 4
Yes FC-4 TYPEs 32
Yes IP Address (Port) 16
Yes F_Port_Name 8

2 This field is not present in the Small Name Server Entry Object.

b This field is not present in the Large or Small Name Server Entry Objects.

¢ See table 96 for the description of the FC-4 Descriptor as it relates to the Name Serv-

er Entry object.

de-
ntry
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Table 95 — Name Server Entry Object (part 2 of 2)

Size
Mandatory Item Bytes Comments
Yes Reserved 1
Yes Hard Address 3
No FC-4 Features 128 b
No FC-4 Descriptor 260 b and ¢

4 This field is nat present inthe Small Name Sen/er Entry ﬁh‘inr‘t

This field is not present in the Large or Small Name Server Entry Objects.

See table 96 for the description of the FC-4 Descriptor as it relates to the Name Serv-
er Entry object.

All flelds shall be a fixed length as indicated in table 95. The Owner Identifier shalllbe the Domain
trollgr Identifier for the Switch that owns this Entry. All other fields shall be formatted as defined in

GS-4.

The|format of the FC-4 Descriptor as it relates to the Name Server Entry object is depicted in tabl

belgw:
Table 96 — FC-4 Descriptor Format for Name Server Object
Item BSyitZees Notes
FC-4 Type 1
Number of FC-4 Descriptor Types Registered 1
Reserved 2
FC-4 'Descriptor length 1
FC-4 Descriptor 255 a
& Eor use in the Name Server Object, this field is always a fixed length of
255 bytes, even though the contents may have a different length.
FC-4 Type: This field indicates the FC-4 Type for which the FC-4 Descriptor is associated.

Number of kC*4 Descriptor Types Registered: This field indicates the total number of FC-4 Type

scriptors-registered.

The rules associated with the FC-4 Descriptor are listed below:

Con-
FC-

De-

ibed in

a) if more than one FC-4 Descriptor is registered per port being returned, then only a single FC-4
Descriptor shall be returned in the Name Server Object in the response;
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b) if more than one FC-4 Descriptor is registered per port, the determination of which single FC-4

c)

Descriptor is returned in the Name Server Object is outside the scope of this standard; and

if more than one FC-4 Descriptor is registered for the responding port, the remaining FC-4 De-
scriptors may be accessed via Name Server to Name Server requests specific to FC-4 Descrip-

tors (e.g., GFD_ID).

The Entry Object Format Indicator is depicted in table 97.

Table 97 — Entry Object Format Indicator

Thelsizes of the Name Server Entry Object is depicted in table 98.

The

Nanpe Server Entry Objects.

Whe
gred

The

if ngither a Port Symbolic Name, Node Symbolic Name, or FC-4 Descriptor is registered for the port

woul

isterled for the_port.

Wh
greate

ter than zero in length, and.does not contain an FC-4 Descriptor or FC-4 Features, the Name Se
Entny Object with an Entry.Object Format Indicator of 00h shall be used by the responder.

Bit Description (Bit Value=1)
0 The Port Symbolic Name and Node Symbolic Name are not included in the
Entry Object.
1 The FC-4 Features and FC-4 Descriptor fields are Included in the Entry Object;
2-7 Reserved

Table 98 — Name Server Entry Object Description

Length
Value (Hex) (Bytes) Description
00 624 Large Name Server Entry Object
01 112 Small Name' Server Entry Object
02 1012 Large Name Server Entry Object + FC-4 Features + FC-4 Descriptor
03 500 Small Name Server Entry Object + FC-4 Features + FC-4 Descriptor

normal response to Get Entry requests in a distributed Name Server model returns one or more

n a response to a request.contains either a Port Symbolic Name or Node Symbolic Name thit is

responder may (rettirn the Name Server Entry Object with an Entry Object Format Indicator of

d result indthese Name Server Objects being of length zero, and FC-4 Features have not been

né@ response to a request contarns either a Port Symbolrc Name or Node Symbolic Name th

Object wrth an Entry Object Format Indrcator of 02h shall be used by the responder

rver

01h
and
reg-

At is
ntry

The responder shall return the Name Server Entry Object with an Entry Object Format Indicator of 03h
if it would contain an FC-4 Descriptor or FC-4 Features, and does not contain a Port Symbolic Name or
Node Symbolic Name.
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9.3.4 FC-CT requests for dNS

9.3.4.1 Remove All

The Remove All shall be used to delete all locally copied Entries in the database of another dNS for a
given Port Identifier. A dNS should issue an RA request only if the associated Port Identifier is removed
or has disappeared from the Fabric, or if the Port Identifier has been reused.

The dNS shall accept RA requests received from any valid Domain Controller Identifier. The dNS may
reject an RA request from any other source.

The format of the RA request is shown in table 99.

Table 99 — RA request payload

Size

Item Bytes
FC-CT Header 16
Reserved 1
Port Identifier 3

The|Port Identifier format shall be as defined in FC-GS-4. A dNS shal'not reject an RA request if it has
no Ipcally copied Entry associated with the Port Identifier.

The|format of the RA reply is shown in table 100.

Table 100 — RA Accept payload

Size
Item Bytes

FC-CT Header 16

9.3.41.2 Get Entry based on Port.dentifier

The|dNS shall, when it receives’a GE_ID request, return the Entry object for the specified Port Identffier.
Thelformat of the GE_ID request is shown in table 101.

Table 101 — GE_ID request payload

Size

Item Bytes
FC-CT Header 16
Reserved 1
Port Identifier 3

The Port Identifier format shall be as defined in FC-GS-4. The dNS may reject a GE_ID request for rea-
sons not specified in this standard.
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The format of the reply payload to a GE_ID request is shown in table 102.

Table 102 — GE_ID Accept payload

Size

Item Bytes
FC-CT Header 16
Number of Entries 4
Entry n

Sinde this request returns only one Entry, the Number of Entries field shall always be set to one fey

repl

9.3.41.3 Get Entry based on Port_Name

The
The

The

son$ not specified in this standard.

The

Sing
repl

. The Entry field shall contain the Entry for the requested Port Identifier.

dNS shall, when it receives a GE_PN request, return the Entry object for the specified Port_N4
format of the GE_PN request is shown in table 103.

Table 103 — GE_PN request payload

Size
Item Bytes

FC-CT Header 16

Port_Name 8

Port_Name format shall be as defined in FC-GS*4. The dNS may reject a GE_PN request for

format of the reply payload to a GE_PN request is shown in table 104.
Table 104'—- GE_PN Accept payload
Size
Item Bytes
FC-CT Header 16
Number of Entries 4
Entry n

e this request returns only one Entry, the Number of Entries field shall always be set to one fon
. The Entry field shall contain the Entry for the requested Port_Name.

this

me.

rea-

this
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9.3.4.4 Get Entries based on Node_Name

The dNS shall, when it receives a GE_NN request, return the Entry object for the specified Node_Name.
The format of the GE_NN request is shown in table 105.

Table 105 — GE_NN request payload

Size
Item Bytes
FC-CT Header 16
Node_Name 8

The|Node_Name format shall be as defined in FC-GS-4. The dNS may reject a GE_NN requestforrea-
son$ not specified in this standard.

The|format of the reply payload to a GE_NN request is shown in table 106.

Table 106 — GE_NN Accept payload

Size

Item Bytes
FC-CT Header 16
Number of Entries 4
Entry 1 n
Entry N n

The|Number of Entries field shall be set to the number of Entries returned. Each Entry field shall contain
an Bntry for the requested Node_Name.

9.3.4£.5 Get Entries based on IP.address (Node)

The|dNS shall, when it receives a GE_IP request, return the Entry object for the specified IP address.
Thelformat of the GE_IP request is shown in table 107.

Table 107 — GE_IP request payload

Size

Item Bytes
FC-CT Header 16
IP address (Node) 16

The Node IP address format shall be as defined in FC-GS-4. The dNS may reject a GE_IP request for
reasons not specified in this standard.
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The format of the reply payload to a GE_IP request is shown in table 108.

Table 108 — GE_IP Accept payload

Size

Item Bytes
FC-CT Header 16
Number of Entries 4
Entry 1 n
Entry N n

The|Number of Entries field shall be set to the number of Entries returned. Each Entry field shall contain
an Hntry for the requested IP address.

9.3.41.6 Get Entries based on FC-4 TYPEs

The|dNS shall, when it receives a GE_FT request, return the Entry object-for the specified FC-4 TY|PEs
and|more than one FC-4 TYPE may be specified. The format of-the GE_FT request is shown in
table 109.

Table 109 — GE_FT request payload

Size

Item Bytes
FC-CT Header 16
FC-4 TYPEs 32

The|FC-4 TYPE format shall be as defined in FC-GS-4. The dNS may reject a GE_FT request for|rea-
son$ not specified in this standard.

Thelformat of the reply payload.to-a GE_FT request is shown in table 110.

Table 110 — GE_FT Accept payload

Size

Item Bytes
FC-CT Header 16
Number of Entries 4
Entry 1 n
Entry N n

The Number of Entries field shall be set to the number of Entries returned. Each Entry field shall contain
an Entry for the requested FC-4 TYPEs.


https://iecnorm.com/api/?name=aa72e7063fe53b2638d2c2ba56189778

14165-133 © ISO/IEC:2010(E) -171 -

9.3.4.7 Get Entries based on Port Type

The dNS shall, when it receives a GE_PT request, return the Entry object for the specified Port Type.
The format of the GE_PT request is shown in table 111.

Table 111 — GE_PT request payload

Size

Item Bytes
FC-CT Header 16
Reserved 3
Port Type 1

The|Port Type format shall be as defined in FC-GS-4. The dNS may reject a GE_PT requést for reagons
not gpecified in this standard.

—

Thelformat of the reply payload to a GE_PT request is shown in table 112.

Table 112 — GE_PT Accept payload

Size

Item Bytes
FC-CT Header 16
Number of Entries 4
Entry 1 n
Entry N n

The|Number of Entries field shall be set to the number of Entries returned. Each Entry field shall contain
an Hntry for the requested Port Type.

9.3.41.8 Get Entries based on.Zone Member

The|dNS shall, when itreceives a GE_ZM request, return the Entry objects that are in the same zong as
the Zone Member specified in the GE_ZM request. The format of the GE_ZM request is shown in

tabl¢ 113.

Table 113 - GE_ZM request payload

Size

Item Bytes
FC-CT Header 16
Zone Member n

The Zone Member format shall be as defined in 10.4.4.6.2.
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The format of the reply payload to a GE_ZM request is shown in table 114.

Table 114 — GE_ZM Accept payload

Size

Item Bytes
FC-CT Header 16
Number of Entries 4
Entry 1 n
Entry N n

The|Number of Entries field shall be set to the number of Entries returned. Each Entry field shall contain
an Hntry for a Port that is in the same zone as the Zone Member specified in the GE~ZM request. Each
Entny shall be only for ports local to the Switch to which the request was sent.

9.3.#.9 Get Entries based on Zone Name

The|dNS shall, when it receives a GE_ZN request, return the Entry objects that are in the same zong as
the Yone Name indicates in the GE_ZN request. The format of the GE~ZN request is shown in table 115.

Table 115 - GE_ZN request payload

Size

Item Bytes
FC-CT Header 16
Zone Name n

The|Zone Name format shall be as defined'in 10.4.2.3.

The|format of the reply payload to.a.GE_ZN request is shown in table 116.

Table 116 — GE_ZN Accept payload

Size

Item Bytes
FC-CT Header 16
Number of Entries 4
Entry 1 n
Entry N n

The Number of Entries field shall be set to the number of Entries returned. Each Entry field shall contain
an Entry for a Port that is in the same zone as the Zone Name specified in the GE_ZN request. Each
Entry shall be only for ports local to the Switch to which the request was sent.
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9.3.4.10 Get Entries based on Port IP Address
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The dNS shall, when it receives a GE_IPP request, return the Entry objects for the Port IP Address spec-
ified in the GE_IPP request. The format of the GE_IPP request is shown in table 117.

Table 117 — GE_IPP request payload

Item

Size
Bytes

FC-CT Header

16

Port IP Address

16

The
no

—

The

The
an H

9.3.

The
ture

specified in this standard.

format of the Port IP Address is as specified in FC-GS-4. The dNS may reject a GE_IPP forreag

format of the reply payload to a GE_IPP request is shown in table 118.

Table 118 — GE_IPP Accept payload

Item

Size
Bytes

FC-CT Header

16

Number of Entries

4

Entry 1

Entry N

ntry for the requested IP address.

.11 Get Entries based on FC-4 Features

Number of Entries field shall be set to the number of Entries returned. Each Entry field shall cor

dNS shall, when it receives a GE_FF request, return the Entry objects for the specified FC-4
5 code specified in the.GE_FF request. The format of the GE_FF request is shown in table 119.

Table 119 — GE_FF request payload

Item

Size
Bytes

FC-CT Header

16

FC-4 Features

128

ons

tain

fea-

The format of the FC-4 Features value is as specified in FC-GS-4. The dNS may reject a GE_FF for rea-
sons not specified in this standard.
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The format of the reply payload to a GE_FF request is shown in table 120.

Table 120 — GE_FF Accept payload

Size

Item Bytes
FC-CT Header 16
Number of Entries 4
Entry 1 n
Entry N n

The|Number of Entries field shall be set to the number of entries returned. Each Entry field shall contain
an Hntry for the requested FC-4 features code.

9.3.41.12 Get Entries based on Fabric Port_Name

The|dNS shall, when it receives a GE_FPN request, return the Entry_objects for the specified Fabric
Porf Name specified in the GE_FPN request. The format of the GE_FPNrequest is shown in table 121.

Table 121 — GE_FPN request payload

Size

Item Bytes
FC-CT Header 16
Fabric Port_Name 8

The|Fabric Port_Name format shall be as defined in FC-GS-4. The dNS may reject a GE_FPN reqguest
for reasons not specified in this standard.\Fhe format of the reply payload to a GE_FPN request is shown
in table 122.

Table 122 — GE_FPN Accept payload

Size

Item Bytes
FC-CT Header 16
Number of Entries 4
Entry 1 n
Entry N n

The Number of Entries field shall be set to the number of entries returned. Each Entry field shall contain
an Entry for the requested Fabric Port_Name. There is one entry for an F_Port and more than 1 entry
for an FL_Port.
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9.4

Distributed Management Server

9.4.1 General Behavior

The

a)

b)

distributed Management Server is provided as follows:

Each Switch contains its own resident Management Server, called a distributed Management

Server (dMS);

Each dMS within a Switch is responsible for the entries associated with the Domain(s) assigned

to the Switch;

f)

9.4.
9.4.
The
CT |
CT |
(o)
0
1

0

Con

A client Nx_Port communicates its Management Server request (as defined in FC-GS-4)+g
Entry Switch via the well-known address;

The dMS within the Entry Switch services the request by making any needed requests of g
dMS contained by the other Switches, if the required information is not availableNocally;
local data copies;

The communication between dMS to acquire the requested information is transparent to the
inal requesting client;

Partial responses for some dMS Services are allowed,;
Management Server responses returned to a client,aré not subject to zoning.
P FC-CT Header
P.1 FC-CT Header Parameters
following FC-CT Header parameters, beyond those defined in 9.2.2.2, shall be used for dMS frar
Type: FAh (Management Serviceg):

Subtype:

00h - Non-Server Specific;

Lh - Fabric Configuration Services;

Ph - Unzoned Name Service;

h - Fabric Device Management Server
ers - Resérved.

'mand\Code: see tables 94, 123, 127, 132, and 133.

the

ther

A dMS may maintain local data copies, and a dMS shall notify other dMS that-they should remove

Drig-

nes:

9.4.

2 EFC_.CT Header Rule for Fabhric Internal annncfc

For

non-server specific requests, the GS_Subtype value shall be set to 00h.
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9.4.3 Fabric Configuration Service

The FC-CT Command Codes defined for use by Fabric Configuration Service requests of the distributed
Management Server are summarized in table 123.

Table 123 — Fabric Configuration Service Command Codes for dMS (part 1 of 3)

Encoded Value Work Payload Capability
(hex) Description Mnemonic Category Defined in See 6.1.22.5.3
0100 Get Topology Information GTIN 1-to-1 FC-GS-4 Topology
0101 Get Interconnect Element (IE) List? GIEL Local FC-GS-4 Basic
0111 GIET Local FC-GS-4 Basic

Get Interconnect Element Type or
1-to-1
0112 Get Domain Identifier? GDID Local FC-GS-4 Basic
0113 GMID Local FC-GS-4 Basic
Get Management Identifier or
1-1
0114 Get Fabric Name? GFN Logal FC-GS-4 Basic
0115 GIELN Local FC-GS-4 Basic
Get Interconnect Element Logical Name or
1-to-1
0116 Get Interconnect Element Management AN Local FC-GS-4 Basic
Address List or
1-to-1
0117 GIEIL Local FC-GS-4 Basic
Get Interconnect Element Information List or
1-to-1
0118 GPL Local FC-GS-4 Basic
Get Port List or
1-to-1
0121 GPT Local FC-GS-4 Basic
Get Port{lype or
1-to-All
0122 GPPN Local FC-GS-4 Basic
Get Physical Port Number or
1-to-All
0124 GAPNL Local FC-GS-4 Basic
Get Attached Port_Name List or
1-to-All
0126 GPS Local FC-GS-4 Basic
Get Port State or
1-to-All
a8  These requests are handled by the Entry Switch with no assistance from other Switches.
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Table 123 — Fabric Configuration Service Command Codes for dMS (part 2 of 3)

Encoded Value Work Payload Capability
(hex) Description Mnemonic Category Defined in See 6.1.22.5.3
0127 GPSC Local FC-GS-4 Basic

Get Port Speed Capabilities or
1-to-All
0128 GATIN Local FC-GS-4 Topology
Get Attached Topology Information or
1-to-All
0130 GSES Local FC-GS-4 Enhanced
Get SWITCT ENTorcement statas or
1-tol
0191 GPLNL Local FC-GS-4 Rlatform
Get Platform Node_Name List or
1-to-All
0192 GPLT Local FC-GS-4 Platform
Get Platform Type or
1-to-All
0193 GPLML Local FC-GS-4 Platform
Get Platform Management Address List or
1:te-All
0197 GPAB Local FC-GS-4 Platform
Get Platform Attribute Block or
1-to-All
01A1 GNPL Local FC-GS-4 Platform
Get Platform Name - Node_Name or
1-to-All
01A2 Get Platform List GPNL Local or 1- FC-GS-4 Platform
to-All
01A4 Get Platform FCP Type GPFCP Local or 1- FC-GS-4 Platform
to-All
01A5 Get Platform OS LUN Mappings GPLI Loct:glpc\)”r 1- FC-GS-4 Platform
01B1 Get Nede Identification Data - GNID Localor 1- | FC-GS-4 Platform
Node_Name to-All
215 Register Interconnect Element Logical RIELN Local FC-GS-4 Basic
Name or
1-to-1
0280 R PTATIOTTT RPl Localorl- EC-GS-4 Platform
g to-All
0291 Register Platform Node_Name RPLN LO(I:(:’;ﬂ:I:' 1- FC-GS-4 Platform

a

These requests are handled by the Entry Switch with no assistance from other Switches.
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Table 123 — Fabric Configuration Service Command Codes for dMS (part 3 of 3)

Encoded Value Work Payload Capability
(hex) Description Mnemonic Category Defined in See 6.1.22.5.3
0292 Register Platform Type RPLT Local or 1- FC-GS-4 Platform
to-All
0293 Register Platform Management Address RPLM LO(;:':J 1- FC-GS-4 Platform
0298 Register Platform Attribute Block RPAB Loff:l:”r 1- FC-GS-4 Platform
029A Register Platform FCP Type RPFCP Lofglﬂ 1- FC-GS-4 Platform
0298 Register Platform OS LUN Mappings RPLI LO(::':J 1- FC-GS-4 Riatform
0380 Deregister Platform DPL Local or 1- FC-GS<4 Platform
to-All
0391 Deregister Platform Node_Name DPLN Lofglﬂ 15 FCGSS Platform
0392 Deregister Platform Management DPLM Local)or 1- FC-GS-4 Platform
Address to-All
0393 Deregister Platform Management DPLML Local or 1- FC-GS-4 Platform
Address List to-All
e Deregister Platform OS LUN Mappings DPLI LO?;‘I:I: 1- | FC-GS4 Platform
0395 Deregister Platform Attribute Block DPAB LO(;:':J 1- FC-GS-4 Platform
039F De-Register All Platform Information DPALL LO(:?I:I: 1| FC-GS-4 Platform
a8l These requests are handled by.the’Entry Switch with no assistance from other Switches.
9.4.4 Unzoned Name-Service
The|Distributed Service associated with the Unzoned Name Service, shall be identical to the senjices
defiped by thedNS in 9.3. These services are classified as the Basic Unzoned Name service.
9.4.5 Fabric Zone Service
ThelEabric-Zone-Service-is-described-in-clause-10

9.4.6 Fabric-Device Management Service

9.4.6.1 Operational Characteristics of the FDMI Server

As with the other servers, the FDMI server is distributed, but it has additional requirements placed upon
it because an HBA may register through ports attached to different switches. This raises the possibility
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that multiple switches in the Fabric may be able to manage information for the same HBA. Since it is
desirable that only one Switch manage an HBA's information, the FDMI server requires that a mecha-
nism be provided above and beyond the normal distribution and caching mechanisms provided for other
servers.

Switches in the Fabric may contain and manage a portion of the FDMI database. Each Switch that man-
ages a portion of the FDMI database participates with other switches that manage portions of the FDMI
database through the exchange of a new FDMI Inter-Switch messages. Each Switch that manages a
portion of the FDMI database may also maintain cached information associated with portions of the
FDMI database on other switches.

Each HBA attached to the Fabric has one Switch that functions as its Principal Manager. This ensures
that|only one Switch manages information on behalf of a given HBA. Through the exchange of<HDMI
Intef-Switch messages, switches resolve which one becomes the Principal Manager for each HBA. [This
requires that each Switch with HBAs attached maintain a map that associates its attached HBAs tq the
Principal Manager for each HBA.

The|GS Client refers to the entity that issues an FDMI request to the HBA Management Server vig the
welltknown management server address.

9.4.6.2 Registration Scenarios

9.4.6.2.1 HBA Attached to a Single Switch

In the simple case, an HBA is attached to only one Switch, possibly through multiple ports. The HBA
attemnpts to register with the Switch and the Switch performs the checks as mandated by the FDMI in-
terfgce specification in FC-GS-4. The Switch uses information contained in its local database anf its
cache entries to perform these checks. If the checks compléete successfully then the HBA informatign is
registered with the Switch and the HBA is notified of successful registration. If subsequent registratjons
are gttempted over additional ports attached to the same Switch, the Switch would reject those requests
be(;ﬁuse the HBA information is already contained in its FDMI database. Following the successful reg-
istragtion of HBA information with the Switch, the-Switch may forward the information to other switches in
the Fabric allowing other switches to update-their caches.

9.4.6.2.2 HBA Attached to MultipleSwitches

In tHe more complicated case, anHBA is attached to multiple switches through multiple ports. Sincg the
switthes at this point may have not had time to update each others caches between registrations| the
HBA registration may pass.the checks in multiple switches. This means that multiple switches are man-
aging the information for,the same HBA in their respective databases. This is not desirable becausg in-
congistencies may lie jntroduced into the FDMI database when multiple switches manage information
for the same HBA.

9.4.6.2.3 Resolution of the Principal HBA Manager

Whendnultiple switches allow the registration of information for a particular HBA, the switches shall re-

ch-Switchacts-as the principal managerforthe HB ame
shall become the principal HBA manager. Switches that have accepted registrations from an HBA ex-
change FDMI messages that contain the associated Switch_Name. Switches participating in the proto-
col determine from the Switch_Names which Switch serves as the principal HBA manager for the HBA.
All this ensures that one and only one Switch serves as the principal HBA manager for a given HBA,
even if the HBA is attached to other switches. The protocol that determines the principal manager runs
immediately following a successful HBA registration (see annex C).
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9.4.6.3 FDMI Inter-Switch Messages

9.4.6.3.1 General Format

FDMI Inter-Switch messages are exchanged between switches using the Inter-Switch FC-CT. The gen-
eral format of the FDMI Inter-Switch message is depicted in table 124.

Table 124 — FDMI Inter-Switch Message

Size
Item Bytes
FC-CT Header See FC-GS-4
FDMI Header 28
Payload n

9.4.6.3.2 FC-CT Header

The|FC-CT header follows the format specified in FC-GS-4. The following values are specified fof the
GS [Type, GS_Subtype, and Command/Response fields:

GS [Type: FAh

GS [Subtype: 10h

Command/Response Code: See 9.4.6.4.
9.4.6.3.3 FDMI Header

The|format of the FDMI header is described below:

Tablei125 — FDMI Header

Size
Item Bytes
FDMI ¥ersion 1
Reserved 3
Switch_Name 8
Vendor Specified 16

FDMI Version: This field represents the version of the FDMI Header. The only value allowed is 01H. All
othqgr valtes are reserved.

Switch_Name: This field contains the Switch_Name for the Switch that originated the FDMI CT opera-
tion.
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Vendor Specified Field:

The format of the vendor specified field is depicted in table 126.
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Table 126 — Vendor Specified

Item

Size (Bytes)

Vendor Identifier

8

Vendor Specified Information

8

Ven

Ven
Cess

9.4.

The

entr

9.4.

5.3.4 Payload

5.4 FDMI Inter-Switch Requests

dor Identifier: Contains the eight byte T10 administered vendor identifier.

dor Specified Information: This field contains 8 bytes of vendor specified information. The
ing of the Vendor Specified information shall be subject to the following rules:

If the information contained in the Vendor Specified Information field is natirecognized or
cessed by the server, then the command proceeds as defined;

For any FDMI command defined in the standard, the Vendor Specified information shall
cause the server to exhibit any behavior different from that defined.for'the command.

Payload field is either null or contains the GS Client Payléad depending on the FDMI Inter-Sy
reqyest see table 127. The GS Client payload includes the-entire CT Request that was received by
y Switch from the HBA, including the CT Header.

pro-

pro-

not

itch
the

FDNII Inter-Switch requests are mapped to Request CT_IUs. The following table indicates the operatjons

perf

contents.

brmed by the HBA Management Serverand indicates their associated command codes and pay|

Table 127 — FDMI Fabric Internal Command Codes (part 1 of 2)

oad

Code

Mnemonic

Description

Request
Attributes

Accept Attributes

E100

FDRN

De-Registration Notification

FDMI Header,
GS Client
Payload

Null

E101

FRN

Registration Notification

FDMI Header,
GS Client
Payload

Null

ELUZ

FON

Update Notification

FDOMIHeader,
GS Client
Payload

INUTI

E103

FDRF

De-Registration Forward

FDMI Header,
GS Client
Payload

Null
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Table 127 — FDMI Fabric Internal Command Codes (part 2 of 2)

Request
Code Mnemonic Description Attributes Accept Attributes
E104 FUF FDMI Header, Null
Update Forward GS Client
Payload
E105 FETCH Fetch FDMI Header HBA/Port List
E106- Reserved
E10F
9.4.6.5 FDMI Inter-Switch Responses
9.4.6.5.1 Reject Response
When the destination Switch is unable to perform a requested operation, an HBA Manhagement Se
Reject CT_IU is sent to the originating Switch. HBA Management Server Reject CT “JUs specify a rea

cod

9.4.

Whe
Acc
tain

9.4.
9.4

Whe
the

pay
pay

9.4.

.5.6.1 Registration Netification (FRN) Operation

b of X'09' (Unable to perform command request).

Table 128 — Reason Code Explanation

Encoded Value (hex) Description
00 No Additional Explanation
EO Fetch.Unsuccessful
others Reserved

5.5.2 Accept Response

n the destination Switch has successfully performed the requested operation, an HBA Manager
bpt CT_IU is sent to the originating Switch indicating completion of the requested operation, and
ng any response information assaciated with the requested operation.

5.6 FDMI Inter-Switch Operations

n the HBA Management Server on the entry Switch registers HBA information in its FDMI datab|
HBA Management Server shall send the FRN request to all switches in the Fabric. The FRN req
oad shall specify the FDMI header, and the original CT request from the GS client. The FRN ac
oad shall be null.

5.6,2,De-Register Notification (FDRN) Operation

rver
LSon

nent
Con-

ase,
Liest
cept

When the HBA Management Server on the entry Switch de-registers HBA information in its FDMI data-
base, the HBA Management Server shall send the FDRN request to all switches in the Fabric. The FDRN
request payload shall specify the FDMI header, and the original CT request from the GS client. The
FDRN accept payload shall be null.
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9.4.6.6.3 Update Notification (FUN) Operation

When the HBA Management Server on the entry Switch updates HBA information in its FDMI database,
the HBA Management Server shall send the FUN request to all switches in the Fabric. The FUN request
payload shall specify the FDMI header, and the original CT request from the GS client. The FUN accept

payl

oad shall be null.

9.4.6.6.4 Update Forward (FUF) Operation

When the HBA Management Server on the entry Switch receives a request to update HBA information,
but the Switch is not the Principal HBA Manager for the specified HBA, the HBA Management Server
shall send the FUF request to the Switch that is the Principal HBA Manager for the specified HBA. The

FUF
FUF
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request payload shall specify the FDMI header, and the original CT request from the GS client,
accept payload shall be null.

5.6.5 De-Register Forward (FDRF) Operation

n the HBA Management Server on the entry Switch receives a request to de-register HBA info
but the Switch is not the Principal HBA Manager for the specified HBA, the HBA’Management S
nall send the FDRF request to the Switch that is the Principal HBA Manageér:for the specified H
FDRF request payload shall specify the FDMI header, and the original-CT request from the G§
The FDRF accept payload shall be null.

5.6.6 Fetch

n a Switch becomes part of the Fabric (e.g., result of a Mérge), the HBA Management Server
|l the FETCH request to all Switches in the Fabric to-Obtain their Registered HBA/Port lists.

CH request payload shall specify the FDMI header? The FETCH accept payload shall return
stered HBA/Port list. The format of the RegisteredHBA/Port list is shown below.
Table 129 — Registered HBA/Port List
Item Size (Bytes)
Number 6RHBA Entries (n) 4
HBA Entry 1 X
HBA Entry 2 y
HBA Entry n z

hber of HBA Entries: This field specifies the number of HBA entries contained in the Regist
/Port-list.

The

ma-
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HBA Entry: The format of the HBA Entry is depicted in table 130 below.

Table 130 — HBA Entry

Item Size (Bytes)
HBA Identifier 8
Number of Port Entries (m) 4
Port Entry 1 8
Port Entry 2 8
Port Entry n 8

Number of Port Entries: This field specifies the number of Port entries for the spetified HBA.

Port Entry: The format of the Port Entry is depicted in table 131 below.

Table 131 — Port Entry
Iltem Size (Bytes)

Port_Name 8

9.4.6.7 GS Client Initiated FDMI Requests

In agidition to the Fabric originated FDMI operationsi.there are GS client initiated FC-CT commands|that
are forwarded to other switches in the Fabric by.the entry Switch. The FC-CT Command Codes defjned
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for use by Fabric Device Management Interface requests of the Distributed HBA Management Server
are summarized in table 132.

Table 132 — Fabric Device Management Interface CT Commands for the dMS

Encoded Value Work Payload
(hex) Description Mnemonic Category Defined in
0100 Get Registered HBA List GRHL Local or 1 to FC-GS-4

Many
0101 Get HBA Attributes GHAT Local FC-GS-4
or 1-to-1
0102 Get Registered Port List GRPL Local FC-GS-¢
or 1-to-1
0110 Get Port Attributes GPAT Local FEC-GS-4
or 1-to-1
0200 Register HBA RHBA Local FC-GS-4
0201 Register HBA Attributes RHAT LLocal FC-GS-4
0210 Register Port RPRT Local FC-GS-4
0211 Register Port Attributes RPA Local FC-GS-4
0300 De-Register HBA DHBA Local FC-GS-4
0301 De-Register HBA Attributes DHAT Local FC-GS-4
0310 De-Register Port DPRT Local FC-GS-4
0311 De-Register Port Attributes DPA Local FC-GS-4

9.4.Y Other Fabric Internal Services
9.4.Y.1 Fabric Internal Requests

Fabric internal FC-CT for the 'distributed Management Server are shown in table 133.

Table*133 — Fabric Internal Management Server Operations

Request
Code Mnemonic Description Attributes Accept Attributes
E020 GCAP None Management

Get Management Server Capabilities e
Server Capabilities

E100- Reserved for Inter-Switch FDMI use
E10F (See 9.4.6.9)
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9.4.7.2 Get Management Server Capabilities (GCAP) Operation

9.4.7.2.1 Overview

The GCAP operation allows a management server instance on one Switch to query the management
server capabilities of a management server instance on another Switch in the Fabric.

The responding distributed Management Server shall, when it receives a GCAP operation request, re-
turn its capabilities. The GCAP request payload shall be null. The GCAP accept payload contains the
requested Management Server Capabilities.

Table 134 — GCAP Request Payload
Iltem Size (Bytes)

Null 0

Table 135 - GCAP CT_ACC Payload

Iltem Size (Bytes)
Number of Capability Entries (n) 4
Capability Entry 1 8
Capability Entry 2 8
8
Capability Entry n 8

9.4.Y.2.2 Capability Entry

The|format of the capability entry is shown below. The Management Server Subtype indicates the|ser-
vice] The Capability mask designates the supported capabilities of the service.

Table 136 — Capability Entry

Iltem Size (Bytes)
Management Server GS_Subtype 1
Vendor Specific Capability Bit Mask 3
Subtype Capability Bit Mask 4

the

Martagement-Server G
capabilities in the entry.

Vendor Specific Capability Bit Mask: This field shall indicate any vendor specific capabilities associ-
ated with the designated Management Server. The format of the field is not defined by this standard.

Subtype Capability Bit Mask: This field shall indicate capabilities associated with the designated Man-
agement Server.
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9.4.7.2.3 Subtype Capability Bit Masks

The Capability Bit Masks currently defined by this standard are listed below.

Table 137 — Fabric Configuration Server (CT_Subtype 01h)

Option Bit(s) Description (see 6.1.22.5.3)
0 Basic Configuration Services
1 Platform Configuration Services
2 Topology Discovery Configuration Services
3 Enhanced Configuration Services
4-31 Reserved

Table 138 — Unzoned Name Server (CT_Subtype 02h)

Option Bit(s) Description (see 9.4.4)

0 Basic Unzoned Name Senvices

1-31 Reserved
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Switch Zone Exchange and Merge

10.1 Overview

This clause describes a mechanism for Switches to exchange zoning data. FC-GS-4 contains a de-
scription of the Fabric Zoning Service architecture and management requests for administering zoning.

When link parameters have been established for a link and the Switches have a Domain_ID, the two
Switches joined by this link exchange Zoning Configuration information to make the information consis-
tent across the Fabric. The Fabric Management inter-switch messages that are addressed to a Fabric
Controller are the Merge request and Merge response. These messages are used to resolve the Zon-
ing Configuration in a Fabric when two Switches are joined. Each Switch determines if the Zoning Con-
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ation from the adjacent Switch may be merged with its local Zoning Configuration. The rute
hing Zoning Configurations are described in 10.5.2.

Joining Switches

je request and Merge response messages are used to merge and propagate Zoning Config
b5 when an inter-Switch link becomes available. A merge operation4s performed with the adja
ch when an inter-Switch link becomes available, and with all adjacent Switches when changeg
e to the local Zoning Configuration as a result of merging the lgcal’Zoning Configuration with an
Nt Zoning Configuration.

erge request message contains the local Zoning Configuration of the Switch that is generating
je request, together with a Protocol Version field¢hat defines the format of the Zoning Prot
| by the Switch (e.g., Enhanced or Basic).

5t may be accepted and executed. If the Switch is not busy, but there is a Protocol Version
Ch, or, when the Protocol version matches, the merge is unable to be executed according tg
5 described in 10.5.2, a Merge response is returned indicating that the Zone Configurations arg

cuted, a Merge response is returned indicating that the Zone Configurations were success
ped. After the successful merge, the Zone Set Name is changed to "Successful Zone Set Md
e Zone Set Name has changed”.

information exchange may start by sending Merge Request Resource Allocation messages to
the resources needed to process the Merge Request Sequences. An example of the Merge
is provided in"10.5.1.

Enhanced Zoning Support Determination

(see-6

Switch also announces |ts Enhanced Zonlng capabllltles to the other SWltches of the Fabrlc

5 for

DTE 35 This protocol is designed to work when a single inter-switch link is established. Establishing more
than one inter-switch link at the same time may lead to unpredictable effects over the Fabric.
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Each Switch supporting Enhanced Zoning shall maintain the information about the Enhanced Zoning
support by all Switches in the Fabric. This information is updated whenever a Switch joins or leaves the
Fabric, and it is used to reply to the GFEZ request.
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If all the Switches in the Fabric support Enhanced Zoning, then the Enhanced Zoning supported bit (bit
0) of the Fabric Enhanced Zoning support flags of the GFEZ Accept shall be set to one, otherwise it
shall be set to 0.

The value of the Enhanced Zoning enabled bit (bit 1) of the Fabric Enhanced Zoning support flags of
the GFEZ Accept is instead determined with the Zone Merge protocol because a Switch is able to join a
Fabric only if it is working in the same mode of the Fabric see 6.1.16).

If all the Switches in the Fabric support the Zone Set Database, then the Zone Set Database supported
bit (bit 4) of the Fabric Enhanced Zoning support flags of the GFEZ Accept shall be set to one, other-
wise it shall be set to 0.

10.4 Zoning Framework and Data Structures
10.4.1 Basic Zoning Framework
Thig clause provides an overview of the Basic Zoning framework associated with the Switch Fapric.

The|Basic Zoning framework describes zoning entities such as Zoning Objects, Object Members, Mem-
ber types, and their relationships. The figures below depict the Basic Zoning framework.
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Figure 30 — Basic Zoning Framework
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a

Zone Set;

ing Objects: Three types of Zoning Objects are defined. They are:

b) Zone; and

c) Zone Alias.

Zone Set Object: The Zone Set object defines a group of Zones. A Zone Set object contains one or
more members that are Zone objects. In addition, the Zone Set object has two attributes:
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a) Name; and

b) Number of Members.

Zone Object: The Zone Object defines a Zone and its members. A Zone object contains one or more
Zone Members. Currently defined Zone Member Types are listed below:

a) N_Port_Name;

b) Domain_ID and physical port;

c) N Port ID; and

d

The

c

con

low:

a

b

The

The

Zon]e Alias Object: A Zone Alias object defines a Zone Alias and.its members. A Zone Alias of
al

Zone Alias Name.

Zone Object has three attributes:
Name;
Protocol Type; and

Number of Members.

ins one or more Zone Alias Members. Currently defined Zone Alias Member Types are listed

N_Port_Name;

Domain_ID and physical port; and

N_Port_ID.
Zone Alias Name specified as a Zone-Member serves as a reference to a Zone Alias object.
Zone Alias object has two attributes:

Name; and

Number of Mempbers.

ject
be-
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