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INFORMATION TECHNOLOGY -
FIBRE CHANNEL -

PART 122: Arbitrated loop-2 (FC-AL-2)

5(E)

FOREWORD

SO (International Organization for Standardization) and IEC (International Electrotechnical Commission) forn
specialized system for worldwide standardization. National bodies that are members of ISO or IEC particips
the development of International Standards through technical committees established by, the resps
organization to deal with particular fields of technical activity. ISO and IEC technical committees collaborg
fields of mutual interest. Other international organizations, governmental and non-governmental, in liaison
ISO and IEC, also take part in the work.

In the field of information technology, ISO and IEC have established a joint technicall\¢ommittee, ISO/IEC J7
Draft International Standards adopted by the joint technical committee are circulated to national bodies for vq
Publication as an International Standard requires approval by at least 75 % of the_national bodies casting a V|

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

No liability shall attach to IEC or ISO or its directors, employees, servants or agents including individual ex
land members of their technical committees and IEC or ISO Nationalk€ommittees for any personal injury, pro
damage or other damage of any nature whatsoever, whether direct-or indirect, or for costs (including legal
and expenses arising out of the publication of, use of, or reliance upon this ISO/IEC publication or any othe
or IEC/ISO publications.

Attention is drawn to the normative references cited .inthis publication. Use of the referenced publicatio
ndispensable for the correct application of this publication.

Attention is drawn to the possibility that some ofithe elements of this ISO/IEC Publication may be the subijg
patent rights. ISO/IEC shall not be held respaonsible for identifying any or all such patent rights.

rnational Standard ISO/IEC 14165-122 was prepared by subcommittee 25: Interconnectio
‘mation technology equipment; of ISO/IEC joint technical committee 1: Information technol

h the
te in
ctive
te in
with

[C 1.
ting.
pte.

perts
perty
ees)

IEC
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ct of
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Dgy.
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INTRODUCTION

International Standard ISO/IEC 14165-122 specifies an enhancement to the signaling protocol of
the Fibre Channel Physical and Signaling Interface (FC-PH), ISO/IEC 14165-251, to support
communication among two or more Ports without using the Fabric topology. The following diagram
shows the relationship of this document to other parts of Fibre Channel. FC-PH-n refers to n
versions of FC-PH. The roadmap is intended to show the general relationship of documents to
one another, not a hierarchy, protocol stack or system architecture. It does not show the complete
set of Fibre Channel documents.

FC-SB FC-FP FC-IP SCSI-FCP SCSI-GPP FC-I3 FC-IIS
i i i Generic Revision to |- Revision to
Mapping of Single-Byte | Mapping of Internet SCSI FC - evision
Corwmgnd Coc?e Seﬁ HIPPI-FP Protocol Protocol Plgn%ktg?xz)?d IPI-3 Disk std { IPI-3 Tage std
| |
| FC-AL-2 |
| Arbitrated Loop |
| FC-PH-n |
I Fibre Channel Enhanced Physical FC-SW :
| Switch Fabric |
|
| FC-PH |
| FC-FG
| Fibre Channel Physical Interface |
| Generic Fabric Requirements |
| |
| |
R |
Figure' 1 — Fibre channel roadmap
FC-AL features enhanced Ports, called L_Ports, which arbitrate to access an Arbitrated Lpop.
Onde an L_Port wins arbitration, a second L_Port may be opened to complete a sipgle
point-to-point circuit (i:e.;>communication path between two L_Ports). When the two connefted
L_Ports release control of the Arbitrated Loop, another point-to-point circuit may be established.
An | Port may have’the ability to discover its environment and works properly, without outpide
intefvention, with-an F_Port, an N_Port or with other L_Ports.
There is no-change to the framing protocol of FC-PH-n, however, modification to the Port
hardware is required to transmit, receive and interpret the new Arbitrated Loop Primitive Sigpals

and

Sequences.
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INFORMATION TECHNOLOGY -
FIBRE CHANNEL -

PART 122: Arbitrated loop-2 (FC-AL-2)

orts to operate with an Arbitrated Loop topology. This standard defines L_Ports that retain
municating points in a loop without requiring switches.

Arbitrated Loop topology is a distributed topology where each L_Port includes the minin
pssary function to establish a Loop circuit. A single FL_Port connected to-an Arbitrated L
s multiple NL_Ports to attach to a Fabric.

n an L_Port is operating on a Loop with at least one other L\Port, the L_Port uses
col extensions to FC-PH that are specified in this standard.

When an L_Port is connected with an N_Port or an F_Port; the' L_Port communicates using

prot

Ead
nee

2

The
datg
refe

I1ISO
Req

I1ISO
Req

I1SO
Sig

ocol defined in FC-PH.

h L_Port may use a self-discovering procedure t9)find the correct operating mode withouf
d for external controls.

Normative references

following referenced documents are’ indispensable for the application of this document.
d references, only the edition_cited applies. For undated references, the latest edition of
renced document (including any-amendments) applies.

IEC 14165-131, Information technology — Fibre Channel — Part 131: Switch F4
uirements (FC-SW)

IEC 14165-141,\Information technology — Fibre Channel — Part 141: Fabric Gen
uirements (FC*FG)

IEC 14165-251, Information technology — Fibre Channel — Part 251: Framing
paling(EC-FS)1

ING

tionality of Ports as specified in FC-PH. The Arbitrated Loop topology attaches™mulii

hum
oop

the

the

the

For
the

bric

eric

and

ITS7230:1994 [R2004]. Fibre Channel — Physical and Signaling Interface (FC-PH) [T11,

Amendment 1 (1996)
Amendment 2 (1999)

1 Under consideration.
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3 Definitions and conventions

3.1 Definitions

For the purposes of this International Standard, the definitions in FC-FH and the following
definitions apply. Definitions in this clause take precedence over any definitions in FC-FH.

3.11
Arbitrated Loop
Fibre Channel topology where Ports use arbitration to gain access to the Loop

.o
Arbjitrated Loop Physical Address (AL_PA)
unique one-byte valid value as established in 5.1

3.1
Arbijtrated Loop Destination Address (AL_PD)
Arb’[trated Loop Physical Address of the L_Port on the Loop that should*receive the Primjtive
Signal or Primitive Sequence

Forlexample, the AL_PD is the y value of the OPNyx or OPNyy Primitive” Signal.

3.1.

Arbijtrated Loop Source Address (AL_PS)
Arbitrated Loop Physical Address of the L_Port on the Loop’ that transmitted the Primitive Signal
or Hrimitive Sequence

Forlexample, the AL_PS is the x value of the OPNyx Primitive Signal.

ord currently selected by the LPSM to be transmitted when needed. The initial value is| the
Idle|Primitive Signal (see 8.4)

3.1.
Dyrjamic Half-Duplex
prog¢edure initiated by the L_Port in the OPEN state to change a full-duplex transfer to a half-
duplex transfer:

The| resulting half-duplex transfer is from the L_Port in the OPENED state to the L_Port in| the
OPEN.state (see 7.4 and annex C).

3.1.8
fairness window
period during which a fair L_Port can arbitrate and win access to the Loop only once (see 4.3)

3.1.9

Fill Word

Transmission Word which is an Idle or an ARByx Primitive Signal

These words are transmitted between frames, Primitive Signals and Primitive Sequences to keep
a fibre active. For information about Primitive Signals and Primitive Sewuences, see FC-FH.
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10

FL_Port
an F_Port (i.e., Fabric Port) which contains the Loop Port State Machine as defined in this
standard

3.1.

1

F/NL_Port
an NL_Port that detects OPN(00,x) and provides Fibre Channel services in the absence of an

FL_

3.1.

Port

full
com
rece

3.1.
half
con

3.1
Hul
dev

3.1.

Lodp

the

3.1
Lod
bidi

3.1.
Lod
loss

3.1
L_R
eith

A.
L
_A

ZZw

duplex
munication model 2 referred to as duplex in FC-PH. Both L_Ports are allowed to tragsmit
ive Data frames

13
-duplex
munication model 1 in FC-PH. Only one L_Port is allowed to transmit Data frames

N4

ce for interconnecting L_Ports

15

Arbitrated Loop as described in this standard

16
p circuit
ectional path that allows communication:between two L_Ports on the same Loop

17
p Failure
of word synchronization for greater than R_T_TOV; or loss of signal (see FC-PH)

N8

ort
br an FL_Port or a Public or Private NL_Port as defined in FC-PH

19
Port
ort (i.e., Node Port) which contains the Loop Port State Machine defined by this docun

Without the qualifier "Public" or "Private," an NL_Port is assumed to be a Public NL_Port.

and

hent

3.1.

20

non-L_Port
Port that does not support the Loop functions defined in this standard (see Port in FC-PH)

3.1.21

Non-Participating mode
operational mode of an L_Port which does not have an AL_PA, but is enabled into the Loop (see
8.1.4)
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3.1.

22

Non-Participating Bypassed mode
operational mode of an L_Port which does not have an AL_PA and is bypassed from the Loop
(see 8.1.4)

3.1.23

ope

n

procedure used by an L_Port to establish a Loop circuit

3.1.24

Par
ope

3.1
Par
ope

3.1
Por
Au

3.1.
Prin
thre
isp

3.1.
Priy
a Ld

3.1.
Priv
an |
and

3.1
Pub
alL
(sed

3.1
Puh
an |

25

.26

B0

B1

' Py '
1eTyatimyg muouuvc

rational mode of an L_Port which has an AL_PA and is enabled into the Loop (see 8.1,4)

icipating Bypassed mode
rational mode of an L_Port which has an AL_PA, but is bypassed from the Loop*(see 8.1.4

f Name
hique 64-bit identifier as defined in the LOGI or ACC frame (see'\EC-PH)

R7

hitive Sequence
e identical consecutive Ordered Sets before the functiof)conveyed by the Primitive Seque
brformed (see FC-PH)

P8
ate Loop
op that does not include a Participating FLZPort (see Figure 2 and annex J)

P9

ate NL_Port

NL_Port that does not attempt.ad Fabric Login and does not transmit OPN(00,x) (see Figu
5.2)

lic Loop
bop that includes(a)Participating FL_Port and may contain both Public and Private NL_B
Figure 2 and annex J)

lic NLPort
\L_PRort that attempts a Fabric Login (see Figure 2 and 5.2)

nce

re 2

orts

3.1.

2

replicate frame
a Class 3 frame which may be received and processed by one or more NL_Ports while being
forwarded (see 7.2)

3.1.

33

transfer
a procedure used by an L_Port to close an existing Loop circuit in order to establish a new Loop
circuit without relinquishing control of the Loop
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3.1.34

trusted AL_PA
an AL_PA which is assumed to be valid and unique through a vendor-specified means (e.g., a
Hard Address)

3.2

Editorial conventions

In FC-AL, many conditions, mechanisms, sequences, events or similar terms are printed with the
first letter of each word in upper case and the rest lower case (e.g., Loop). States are defined in
all upper case letters. Any lower case words not defined in 3.1 have the normal technical English

mea

ning.

Inc
tabl

The
may
starn

ase of conflicts between text, tables and figures, the following precedence shall be used:
bs, figures. State diagrams have precedence as stated in the appropriate clauses.

word shall, when used in this standard, states a mandatory rule or requirement. The
, when used in this standard, states an optional rule. The word should;,-when used in
dard, denotes flexibility of choice with a strongly preferred alternative "(equivalent to

phrase 'is recommended’).

The)
L P

Ead
OPH
hex

words, recognize, recognizes or recognized, when used in this”standard, indicate tha
ort has detected a Primitive Signal or Primitive Sequence.

h individual entry that appears within parentheses of F€-AL Ordered Sets (e.g., ARByx
Ny) represents the hexadecimal value of an AL_PA of special flags (e.g., hex 'F7', hex 'F8'
'FF').

All history variables, when used in this standard;\are assumed to be set to zero (0) at powe|

time
vari

The
by g

. Any optional history variable that is notZimplemented tests as zero (0) in all tests of
Able.

ISO convention of numbering is used; i.e., the thousands and higher multiples are separ
space and a comma is used instead of the decimal point (e.g., 1 062,5 Mb/s).

Whenever FC-PH is referenced,-all FC-PH documents referenced in clause 2 are implied.

3.3

AC(

AL |

AL |

Abbreviations, acronyms and other special words

CESS Access history variable — a two-valued variable (i.e., 0/1) to indi
access fairness history (see 8.1.1)

PA Arbitrated Loop Physical Address (see 5.1)

ext,

vord
this
the

an

and
and

r-on
that

hted

cate

PD Arbitrated Loop Destination Physical Address (e.g., the y valug in

OPNyx and OPNyy)

AL_PS Arbitrated Loop Source Physical Address (e.g., the x value in OPNyx)

AL_TIME Arbitrated Loop timeout value (see 8.2.2)

ARB_PEND Arbitration PENDing history variable — a two-valued variable (i.e.,

to help an L_Port remember that it was arbitrating

ARB_WON Arbitration Won history variable — a two-valued variable (i.e., 0/1

remember whether the L_Port won arbitration (see 8.1.1)

0/1)

) to
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ARB(AL_PA) Arbitrate Primitive Signal — an ARByx in which y = x = AL_PA of the
L_Port (see 7.1.1)

ARB(val) Arbitrate Primitive Signal — an ARByx in which y = x = val (‘val'
represents a one byte hexadecimal value)

ARByx Arbitrate Primitive Signal — any Ordered Set that begins with K28.5,
D20.4 ('y' and 'x' may be used in adjacent text to denote the value of
characters 3 and 4 within the Ordered Set) (see 7.1)

ARBf_SENT Arbitrate hex 'FE' Sent history variable — a two-valued variable (i.e.,

Avdilable_BB_Credit Available Buffer-to-Buffer Credit (see 8.2.4)

0/1) that indicates that the L_Port has requested REQ(arbitrate/«FF))
and the LPSM has modified the current Fill Word to ARB(FF) (see 8[.1.6
and 8.3.3)

BB | Credit Buffer-to-Buffer Credit as established during Login (see 8.2.4 and [FC-
PH)

BYPASS BYPASS history variable — a two-valued variable (i.e., 0/1) which
indicates whether an L_Port is bypassed.(se€ 8.1.4)

CL CLoSe Primitive Signal (see 7.4)

CF Current Fill Word (i.e., Idle or ARByx) (see 3.1.10 and 7.1)

DH Dynamic Half-Duplex Primitive Signal (see 7.5)

DHD_RCV Dynamic Half-Duplex ReCeiVed history variable — a two valued variable
(i.e., 0/1) to indicatecthat the L_Port in the OPENED state has dete¢ted
and supports DHDx({see 8.1.5)

DUPLEX DUPLEX history variable — a two-valued variable (i.e., 0/1) to indi¢ate
whether the\L_Port is allowed to originate Data frames (see 8.1.2)

EE |Credit End-to-End Credit (see FC-PH)

LIF Lqop Initialization Fabric Assigned — Loop Initialization Sequence (see
10.5)

LIHA Loop Initialization Hard Assigned — Loop Initialization Sequence (see
10.5)

LILP Loop Initialization Loop Position — Loop Initialization Sequence (see
10.5)

LIM Loop Initialization Master — the L_Port which is responsible for
initializing the Loop (see clause 10)

LIP Loop Initialization Primitive Sequence - any of the LIP Primitive
Sequences (see 7.8)

LIPfx Loop Initialization Primitive Sequence — perform a vendor unique reset
of all (except AL_PA = x) L_Ports (f = hex 'FF') (see 7.8.5)

LIPA Loop Initialization Previously Acquired — Loop Initialization Sequence

(see 10.5)
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see

sed

sed

6)

LIPyx Loop Initialization Primitive Sequence — perform a vendor unique reset
of an L_Port at AL_PA =y (see 7.8.5)

LIRP Loop Initialization Report Position — Loop Initialization Sequence (see
10.5)

LISA Loop Initialization Soft Assigned — Loop Initialization Sequence (see
10.5)

LISM I Initializati S M _ Initializati S see
10.5)

LI_FL Loop Initialization FLag — Loop Initialization flag (see 10.5)

LI_ID Loop Initialization IDentifier — Loop Initialization identifier(see 10.5)

LP_|TOV LooP TimeOut Value (see 8.2.3)

LPB Loop Port Bypass Primitive Sequence — either ' LPByx or LPBfx
hex 'FF') (see 7.7.1 and 7.7.2)

LPBfx Loop Port Bypass Primitive Sequence’~ used to bypass all (ex
AL_PA =x) L_Ports (f = hex 'FF') (see\7.7.2)

LPByx Loop Port Bypass Primitive Sequence — used to bypass an L_Po
y = AL_PA (see 7.7.1)

LPH Loop Port Enable Primitive Sequence — either LPEyx or LPEfx
7.7.3and 7.7.4)

LPEfx Loop Port EnablevPrimitive Sequence — used to enable all bypas
L_Ports (f = hex*FF') (see 7.7.4)

LPRyx Loop Port Enable Primitive Sequence — used to enable a bypas
L Port.at)y = AL_PA (see 7.7.3)

LPSM Loop Port State Machine (see 8.4)

MRKtx Mark Primitive Signal (see 7.6)

MK| TP Mark Type — used to identify the type of Mark Primitive Signal (see 7

OPNr Open Replicate Primitive Signal — either OPNyr or OPNfr (see 7.2)

OPNfr Open Primitive Signal — broadcast replicate(see 7.2.2)

OPNy Open Primitive Signal — either OPNyx or OPNyy (see 7.1)

OPNyr Open Primitive Signal — selective replicate(see 7.2.1)

OPNyx Open Primitive Signal — full-duplex (see 7.1.1)

OPNyy Open Primitive Signal — half-duplex (see 7.1.2)

PARTICIPATE PARTICIPATE history variable — a two-valued variable (i.e., 0/7) that

indicates whether an L_Port has an AL_PA and is participating on
Loop (see 8.1.4)

the
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REPEAT

REPLICATE

SOFiL

symbol whose value is derived from BYPASS and PARTICIPATE, which
indicates that an L_Port merely repeats received Transmission Words
(see 8.1.4)

Replicate history variable — a two valued variable (i.e., 0/1) to indicate
if an L_Port has transmitted OPNr while in the OPEN state or an
NL_Port has received OPNr while in the MONITORING or
ARBITRATING states (see 8.1.3)

Start of Frame Primitive Signal (K285 D215 D222 D2272) used

XMIT_2_IDLES

3.4| Symbols

Logjc symbols are represented in state tables and diagrams as follows:

— | the logical 'or' is represented as '[';

— | thelogical 'and' is represented as '&';

— | the logical negation is represented as '~' (tilda);

— the 'less-than' is represented as '<';

— the 'greater-than’ is represented as '>';

— | comparisons are represented as '=' (equal)and '<>' (not equal);
— setting a variable is done using the colon equal operator, ":="; and,

— | the concatenation symbol is represented as '||".

4 |Structure and concepts

4.0| Purpose

during Loop Initialization (see 10.5)

Xmit 2 Idles history variable — a two-valued variable (i.ef)071) fthat
indicates whether the L_Port needs to transmit two (2) Idles (see 8.1.1)

Thig clause provides(an overview of the structure, concepts and mechanisms that allow twp or
more L_Ports to communicate without using a Fabric topology. Readers unfamiliar with FG-AL
sholld read or scan clauses 1 and 4 before attempting to master the detailed material in clayses

5 through 10.

4.1 Overview

FC ] o o _caorial dAotn sAhonnAal atriaotirnd for o, ~nc t connoe fioabv  thaot ~ronvidac o 1ag |Ca|

1o o ocorrar gota Criarirror; Struetdfrea—tor—1owWw-€oSt COTmeCoTvTty— oot proviaCo— o 19y

bidirectional, point-to-point service between two L Ports. Each L_Port represents a
communication point. The additional functions, that are added to allow an N_Port or F_Port to
operate on a Loop, permit the L_Ports to form a simple, blocking, non-meshed, switching

environment.

— Blocking refers to the number of circuits that can be concurrently active. Only one pair of
L_Ports may communicate at one time although there may be up to 127 participating
L_Ports attached on one Loop. All other communication must wait (i.e., is blocked).
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Non-meshed refers to the attribute of a Loop where there is exactly one path on each Loop
between L_Ports. Non-meshed implies that any single fibre problem may stop all activity on
the Loop Meshed, in this context, means that there may be alternate paths available
between L_Ports.

Switching refers to the Loop circuitry added to each L_Port compared to a non-L_Port. The
circuitry acts as a two-port switch where information received on the inbound fibre of the
L_Port is directed to either the local FC-2 function or placed on the outbound fibre for

another L_Port to process.

The Loop supports a maximum of one point-to-point circuit at a time. When two L_Ports are

co
the

The
imp
imp

The
des
rece
at t
NL |

Unli
circ

franiing protocol may be used. The two L_Ports mayyuse the framing protocol and any Clas

municating, the toop topofogy Supports simuttaneous, Symmetricat, bidirectiomat flow betw
fwo L_Ports. All other L_Ports are monitoring or arbitrating for access to the Loop.

Loop supports all Classes of Service as specified in FC-PH. Individual L_Ports may.'choos
ement, at the FC-2 level, only a subset of the Classes of Service which are available. Suc
ementation does not affect the operation of the Loop protocol.

Loop guarantees in-order delivery of frames in all Classes of Servicexwhen the source
ination are on the same Loop. Frames transmitted from an NL Port to an FL_Port
ived at the FL_Port in the transmitted order; frames transmitted from an FL_Port are rece
ne NL_Port in the transmitted order. Out-of-order frames may \be received at a desting
Port, but that out-of-order characteristic is not caused by the 'EL_Port or the Loop.

ke the Fabric topology where a circuit is established only for a dedicated connection or vi
Iit, a Loop circuit shall be established between two<L Ports on the Loop before the FG

een

eto
N an

and
are
ved
tion

tual
-PH
s of

Seryice appropriate for their implementations and for the FC-4 protocol being used. Other L_Horts
on the same Loop may form their own Loop circuit.after the current Loop circuit is closed.
4.2| General description
In al Fabric topology, one or more Fabric’Element(s) are required to connect more than two Horts
together (see FC-FG, for the minimum requirements of a Fabric).
The| Loop topology reduces_the number of transceivers required to interconnect L_Ports to [one
tranjsceiver per L_Port. Up to_127 L_Ports may be in the Participating mode on one Loop.
The| different topologies which are defined in FC-PH have certain pertinent distinguishing
characteristics.
— The point-to-point topology is non-blocking. Each N_Port may transmit frames to|the
otherat/any time within the limits of the implemented protocols of the N_Ports.
The” number of transceivers needed to completely interconnect n N_Ports using mulfiple
links may he calculated ||Qing the farmula: t=n (n = 1) where ¢ and n represent the number

of transceivers and N_Ports, respectively. For example, to connect six (6) N_Ports requires
30 transceivers.

Also, if a link in a point-to-point topology fails, communication between that pair of Ports
stops. Communication between other point-to-point connected Ports continues.

The Fabric topology may be configured to be non-blocking between any two N_Ports. It is
commonly acknowledged that most data processing-type Nodes cannot sustain high-speed
data transfer for long periods of time to all peripheral devices (although there may be some
exceptions). A Fabric offers a way to take advantage of these natural pauses in
communication, allowing fewer interconnects. The available bandwidth is shared between
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Figu
line
sho
NL |
FL |

re 2 shows two independent Loop configurations eaCh with multiple L_Ports connected. B

vs two Loops: one includes two NL_Ports (i.e¥ point-to-point) and the other includes
Ports (i.e., Private Loops). The configuration .in~Figure 2(b) shows a Loop which includes
Port (i.e., a Public Loop) and five NL_Ports(either Public or Private NL_Ports). (See anne

the N_Ports, but this sharing adds contention and therefore a management functio
required.

One advantage for the Fabric topology is that when there is at least one free F_Port in

n is

the

Fabric, a new N_Port can be added to the free F_Port without disrupting the remaining

N_Ports. The new N_Port has the potential to communicate with all other N_Ports in
Fabric. However, adding an N_Port does not guarantee that the new N_Port
communicate with any of the currently attached N_Ports (see FC-FG).

Because a Fabric topology may permit multiple paths between any two F_Ports in

the
can

the

Fabric (i.e., the meshing capability of the Fabric topology), a Fabric topology may be more

to the i:abric Element.

The Loop topology functions are the result of reducing the Fabric topology to-its’ simy
form. There is exactly one link bandwidth to share among all L_Ports. This makes the L
the ultimate blocking topology, yet it retains considerable connectivity. Theré can be
one active Loop circuit at a time, independent of the number of L_Port§)on a Loop.
L_Ports can be added at any time, although only a maximum of 127hmay be participa
Should any link in a Loop fail, communication between all L_Ports stops on that Loop.

Fabric management is reduced to a minimum with the remaining functions distribute
each L_Port on the Loop. This eliminates the central management function of a Fabric
at least one-half of the transceivers compared to a Fabrie topology. Once communicatia
established between two L_Ports, the normal FC-PH protocol is used for all operations.

in the figure between L_Ports represents a single fibre. The configuration in Figure

link
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(NE_Port SINGLE
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To other N and NL_Ports
and switches

N Port

[TNL_Porf

[ INL_Port

Figure 2 — Examples of the Loop topology

The Loop topology and the Fabric topology together provide a compromise between connectivity
and performance. A number of Loops may be connected through a Fabric. For example, four
sixteen-port Loops (one FL_Port and fifteen NL_Ports) may be connected through a four-port
Fabric to achieve a connectivity of sixty L_Ports with better performance than if all sixty NL_Ports
were on one Loop.
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4.3 Access fairness algorithm
4.3.0 Access fairness overview

The protocol for the Loop permits each L_Port to continuously arbitrate to access the Loop. A
priority is assigned to each Participating L_Port based on the Arbitrated Loop Physical Address
(AL_PA). As with other prioritized protocols, this could lead to situations where the lower priority
L_Ports cannot gain access to the Loop. The access fairness algorithm sets up an access window
in which all L_Ports are given an opportunity to arbitrate and win access to the Loop. When all
L_Ports have had an opportunity to access the Loop once, a new access window is started. An
L_Port may arbitrate again and eventually win access to the Loop in the new access window. Not

eve[y t_PortisTequired to access the toop fmany one access window., ]

When an L_Port which uses the access fairness algorithm has arbitrated for and womaccess to
the [Loop, the L_Port shall not arbitrate again until at least two (2) Idles have been transmitted by
the |L_Port. The access window is defined as the time period between when ,no-L_Ports|are
arbitrating until all L_Ports requesting to arbitrate have won arbitration. An aecess window may
vary in size depending on the number of arbitrating L_Ports. A special arbitration Primitive Signal
(i.e} ARB(FO0)) is used as the Fill Word during this interval to prevent an early reset of the acgess
winglow. The details of the access fairness algorithm are contained in‘the Loop state machine
(seg¢ 8.4).

Thelaccess fairness algorithm does not limit the time that an L_Paort controls the Loop once it wins
arbifration, just as FC-PH does not limit the time for a Class 1 -eonnection. However, if accegs is
denjed longer than LP_TOV, the access window is reset and-an L_Port may begin arbitrating.

All L_Ports shall implement the access fairness algorithm, FL_Ports or NL_Ports are not reqyired
to use the access fairness algorithm nor use it consistently. For example, if one L_Port reqyires
more Loop accesses than the other L_Ports, that l_Port may choose to be unfair. Although, the
stanidard encourages all L_Ports to use the access fairness algorithm, the decision when to bq fair
or unfair is beyond the scope of this standard\(see annex D).

4.3/ Access fairness for NL_Ports

To provide equal access to the Loop for all NL_Ports, it is recommended that each NL_Port|use
the pccess fairness algorithm,When an NL_Port is using the access fairness algorithm, it is called
a fajr NL_Port.

When a fair NL_Port hasaccess to the Loop and detects that another L_Port is arbitrating, the fair
NL_|Port should closerthe Loop at the earliest possible time and arbitrate again in the next acgess
winglow.

4.3.p2 Access unfairness for NL_Ports

The| configuration of some Loops may require that certain NL_Ports have more access to the Loop
than just once per access window. Examples of these NL Ports include, but are not limited fo, a
subsystem controller or a file server.

An NL_Port may be initialized (or may temporarily choose) not to use the access fairness
algorithm. When an NL_Port is not using the access fairness algorithm, it is called an unfair
NL_Port. The decision whether to use the access fairness algorithm is beyond the scope of this
standard. (See annex D.)

When an unfair NL_Port has arbitrated for and won access to the Loop and does not detect that
another L_Port is arbitrating, that NL_Port may keep the existing Loop circuit open indefinitely or
the L_Port may use the transfer procedure to open another L_Port on the Loop.
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When an unfair NL_Port controls the Loop and detects that another L_Port is arbitrating, the
unfair NL_Port may close the Loop, keep the existing Loop circuit open, or it may use the transfer
procedure to open another L_Port on the Loop.

4.3.

3 Access unfairness for FL_Ports

A Participating FL_Port is always the highest priority L_Port on the Loop based on its AL_PA. An
FL_Port is encouraged to use the access fairness algorithm, but it may choose to be unfair since
the majority of its traffic is with the rest of the Fabric. If the FL_Port were required to use the
fairness algorithm at all times, it would be more likely to fill buffers in the Fabric, causing non-

Loo

Wh

may

communications to be affected.

en an FL_Port controls the Loop and detects that an NL_Port is arbitrating, the FL-

to open another NL_Port on the Loop.

44

If a

whe

inte

Relationship to FC-PH
Port uses FC-AL, it extends the FC-2 and FC-1 functions of FC-PH. Figure 3 shows logi

face to the other levels.

FC-2 Signaling Protocol

FC-AL This International Standard

FC-1 Transmission Protocol

FC-0 Physical

Figure 3 —FC-PH with Arbitrated Loop addition

When two L_Ports are communicating, the L_Ports may use all of the functions specified in

PH.
F_F

The following list is a clause-by-clause analysis of the differences between N_Port
orts and NL_Ports-or*FL_Ports, respectively. The Loop:

supports communication models 1 and 2 identified in FC-PH, but it does not support m

direction;

adds new error detection or recovery protocols in 8.2 in addition to those identified in

Port

close the Loop, keep the existing Loop circuit open, or it may use the transferrprocedure

cally

re the Loop (FC-AL) function is located. This functional level does not have a formally deflned

FC-

bdel

3. Any twe'L_Ports may operate in half-duplex mode during one Loop circuit. The diregtion
of thelhalf-duplex mode may be changed by establishing a new Loop circuit in the oppgsite

FC-

PH, and related clauses;

places no limit on the use of any one type of transmitter (although they shall all be of the
same data rate) for the cable plant of a Loop. Some requirements (e.g., Open Fibre Control)

may prevent interoperability when mixed on a single Loop (see FC-PH);

specifies that all NL_Ports and the optional FL_Port on a Loop shall use the same data
(see FC-PH);

rate

the FC-PH buffer-to-buffer flow control is not used for L_Ports that are monitoring the Loop.

(See 8.2.3);
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expands the number of Ordered Sets beyond those specified in FC-PH (see clause 6);

expands the number of Primitive Signals and Sequences beyond those specified in FC-

(see clause 7);

extends the Ordered Sets that may be deleted to include Idle, ARByx, and all Prim
Sequences, (See 8.2.2);

specifies the Primitive Signals that may be inserted on a Loop between frames for ¢
skew management (see 8.2.2);

mr\rhflno an |: Dnr+ hnha\llnr to a||r\\u r\|nr\|1 :\l/n\u mahagement h\l | Dr\rf:\ on—a L oob
61k =g e
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Wheén a Loop circuit has been established between two L_Ports (i.e., an FL_Port to an NL_Po
NL_Portto an NL_Port) (see FC-PH for flow control), FC-2 uses

an |

=oo

FL_Port in the » OPEN, OPENED, or RECEIVED CLOSE state shall or|g|nate at leastSsi
Primitive Signals between Class 2 or Class 3 frames. In a Class 1 connection, ¢the ¢
skew needs to be managed between the two NL_Ports (i.e., from one end of the circu
the other end);

defines a local physical address and native address identifier assignmentyalgorithms w
an FL_Port is not present on a Loop (see clause 10);

requires a minimum payload size of 132 bytes for Loop Initialization (see 10.5);

permits an L_Port to manage a separate BB_Credit for eagh/L_Port on the Loop or|
L_Port may choose to use a single value for BB_Credit. The 'single value shall be betw
zero (0) and the minimum value for all L_Ports;

requires that the L_Port set the "Alternate BB_Credit/Management" bit to 1 in the N_|
Common Service Parameters during Login (see FE-PH);

permits a Loop circuit to be terminated when-Available_BB_Credit is unbalanced;

requires that each L_Port is capable of mapping the S_ID in each frame it receives to
AL_PA of the L_Port that transmitted this frame;

requires that the destination of a.€onnect request (SOFc1) sent through an FL_Port is
Port not on the Loop; the FL_Port is not able to open another NL_Port on the same L
(this would require three open-L_Ports);

requires Loop Initialization”"Sequences to be used during the initialization procedure; ang

allows an NL_Port\(in the absence of an FL_Port) to act as an F/NL_Port. The F/NL_
shall provide the"Fabric Login service associated with well-known address iden
hex 'FFFFFE!” The F/NL_Port may also provide services associated with other well-kn
address idéntifiers.
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the Fabric topology model, when one communicating Port is outside the Loop.
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5 Addressing

5.1 Arbitrated Loop Physical Address (AL_PA)

Each L_Port (if it chooses to participate on the Loop, see 8.1.4) shall be assigned a local
Arbitrated Loop Physical Address (AL_PA). The AL_PA establishes the priority of an arbitrating
L_Port (i.e., the lower the AL_PA, the higher the priority).

Each L_Port shall use an AL_PA value that results in neutral disparity (see FC-PH). The algorithm
described below or in Table 1 provides a means for the L_Port to select an AL_PA.

Thel AL_PA shall be a valid data character as specified in FC-PH that does not change the curlrent
runiing disparity of a Transmission Word. The algorithm below is dependent on the FG:1)narphing
conyention for an information byte in FC-PH and Table 26, identified as Dxx.y. The~xx'portion of
the |[FC-1 naming convention is based on bits identified as E, D, C, B, and A inFC-PH in |that
order. The y portion of the FC-1 naming convention is based on bits identified.as'H, G, and [F in
FC-PH, in that order. A decimal value is assigned to each bit combination with-the range of 0 to
31 for xx and 0 to 7 for y, respectively. The entire range for valid data characters using the HC-1
nanjing convention is D00.0 through D31.7.

Disparity for a valid data character is calculated as follows:

— arrange an information byte in the manner prescribed for-the naming convention in FC4{PH,
to obtain the Dxx.y data byte name;

— if the xx portion of a valid data character is (in decimal) 0, 1, 2, 4, 8, 15, 16, 23, 24, 27 29,
30, or 31, set HI to 1. If the xx portion is (in decimal) 3, 5, 6, 7, 9, 10, 11, 12, 13, 14, 17 18,
19, 20, 21, 22, 25, 26, or 28, set Hl to 0O;

— if the y portion of a valid data character-is’(in decimal) 0, 4, or 7, set LO to 1. If the y poftion
is (in decimal) 1, 2, 3, 5, or 6, set LO\to°0; and,

— | compute the XOR function for Hl\and LO (i.e., XOR(HI,LO)).

If the computed value of the XOR function is 0, the value is disparity neutral and is a valid AL [PA.
If the computed value of the XOR function is 1, the value is disparity biased and the FC-2 byte is
not p valid AL_PA.

Tabje 1 identifies with-an® asterisk (*) each 8B/10B character that has neutral disparity ordered by
the |Dxx.y naming convention. The right-most column shows the FC-2 byte notation valueg for
each row with nettral disparity in Table 1.
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Table 1 — 8B/10B characters with neutral disparity

D xx.y y Hex value
XX 0 | 1 2 | 34| 5|6 |7
00 * * * | 00, 80, EO
01 * * * | 01,81, E1
02 * * * | 02,82, E2
03 * * * * * 23, 43, 63, A3, C3
04 * * * | 04, 84, E4
05 * * * * * ’)R’ /IR’ RR’ AE‘ C5
06 * * * * * 26, 46, 66, A6, C6
07 * * * * * 27,47, 67, A7, C7
08 * * * | 08,88, E8
09 * * * * * 29, 49, 69, A9, C9
10 * * * * * 2A, 4A, BA, AA, CA
1 * * * * * 2B, 4B, 6B, AB, €B
12 * * * * * 2C, 4C, 6C, AC, CC
13 * * * * * 2D, 4D, 8D, AD, CD
14 * * * * * 2E, 4E,’6E, AE, CE
15 * * * |COF,8F, EF
16 * * *% |10, 90, FO
17 * * * * * 31, 51,71, B1, D1
18 * * * * * 32,52,72,B2, D2
19 * * * * * 33, 53, 73, B3, D3
20 * * * R * 34, 54, 74, B4, D4
21 * * * * * 35, 55, 75, B5, D5
22 * * * * * 36, 56, 76, B6, D6
23 * * * | 17,97, F7
24 * * * | 18,98, F8
25 * * * * * 39, 59, 79, B9, D9
26 * * * * * 3A, 5A, 7A, BA, DA
27 * * * | 1B, 9B, FB
28 * * * * * 3C, 5C, 7C, BC, DC
29 / * * | 1D, 9D, FD
30 * * * | 1E, 9E, FE
34 * * * | 1F, 9F, FF

TFOTAL 13 [ 19 |19 [19 |13 [ 19 | 19 | 13
134

Legend: * — character with neutral disparity
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5.1.1 Valid AL_PAs

The following valid AL_PAs are assigned to the first 127 neutral disparity values from Table 1:

hex '00": (1) AL_PA for FL_Port or alias AL_PA of F/NL_Port
Highest priority.

AL_PA hex '00' shall be assigned to the FL_Port in the Participating mode. The maximum
number of FL_Ports in the Participating mode on a single Loop shall not exceed one.
Additional Fl Ports may he present but 1h¢=y shall he in the Nnn-Pnrfi(‘ilnnfing ar Non-

Participating B_ypassed mode.

NOTE Adding a new FL_Port to a loop with an existing FL_Port, may cause the access to_the“porfs on
that loop to change to the new FL_Port and the fabric that it is a part of, including possible changgs in
address for the ports on the loop. If the fabric that the two FL_Ports are part of is not the same, this| may
impact access to the ports on the loop from the fabric.

If there is no Participating FL_Port on the Loop, a Participating NL_Rert’ may accept|this
value as an alias AL_PA for its LPSM, but not as its only AL_PA.

hex|'01' through hex 'EF': (126) AL_PA for NL_Ports

Descending priority is assigned as AL_PA values increase in the range from hex|'01'
through hex 'EF'. All valid values in this range are lower in_priority than hex '00'.

Each Participating NL_Port shall be assigned one valid*AL_PA in this range. The maximum
number of Participating NL_Ports on a single Looptshall not exceed 126.

5.1.2 Special AL_PAs and flags

The| following special AL_PAs and flags are assigned to the last 7 neutral disparity values from
Tabje 1. These values replace an AL_PA to provide special functions:

hex 'FO": (1) Value used in ARB {fof fairness and during Loop Initialization. Value hex 'FP' is
the next lower priority outside the range hex '00' through hex 'EF'.

hex 'F1' through hex 'F6'(0) Reserved

hex 'F7': (1) Value used in LIP to indicate that the L_Port is initializing and also a valug for
an L_Port.which does not have an AL_PA.

hex 'F8": (1) Yalue used in LIP to indicate a Loop Failure has been detected at the recdiver
ofithe’L_Port.

hex 'F9/~‘through hex 'FE": (3) Reserved

hex"FF': (1) Value used to address all L_Ports (except the originating L_Port) in OHNfr,
LPBfx, LPEfx, and LIPfx and as a special ARB(FF) Fill Word.

5.2 Native address identifier

A native address identifier shall be assigned to each Participating NL_Port (up to the maximum of
126 NL_Ports) with the following characteristics:

—  The low-order byte (bits 7-0) of the native address identifier is the AL_PA of the L_Port. The
AL_PA shall be unique on a Loop, shall be in the range of hex '01' through hex 'EF', and
shall be valid according to Table 1.

— All Private NL_Ports shall have the upper two bytes of their native address identifier (bits
23-8) equal to hex '0000'.
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All Public NL_Ports shall have the upper two bytes of their native address identifier (bits
23-8) equal to the upper two bytes of the native address identifier of the FL_Port
(hex 'XXXX00"). The FL_Port shall acquire this value (which shall not equal hex '000000")
from its Fabric Element. The upper two bytes shall be unique for each Loop to allow

multiple Loops to attach to the same Fabric.

All Public NL_Ports shall process PLOGI, LOGO, and ABTS frames with a D_ID of

hex '0000'||AL_PA or hex 'XXXX'||AL_PA.

If an FL_Port is not present, these upper two bytes shall be set to zero (hex '0000").
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e 2 specifies the Ordered Sets that shall be detected and may be originated by L_Port
Loop as additional Primitive Signals (see FC-PH). Table 3 specifies the_ Ordered Sets
| be recognized and may be originated by L_Ports on the Loop @as additional Prim

uences (see clause 7).

Table 2 — Primitive Signals

Primitive Signal Beginning RD Ordered Set

1 2 3 4
Arbitrate ARByXx Negative K28.5 D20.4 vy X
Arbitrate ARB(val) Negative K28.5 D20.4 val val
Close CLS Negative K28.5 D5.4 D21.5 D21.5
Dynamic Half-Duplex DHD Negative K28.5 D10.4 D21.5 D21.5
Mark MRKtx Negative K28.5 D31.2 MK_TP AL_PS
Open full-duplex OPNyx Negative K28.5 D17.4 AL_PD AL_PS
Open half-duplex OPNyy Negative K28.5 D17.4 AL_PD AL_PD
Open selective replicate ORNywr Negative K28.5 D17.4 AL_PD D31.7
Open broadcast replicate OPNfr Negative K28.5 D17.4 D31.7 D31.7

(see 7.1to 7.7).

Characters 3 and 4 of Ordered Sets ARByx, ARB(val), MRKtx, OPNyx, OPNyy, OPNyr, and OPNfr shall
contain one of the neutral disparity values from Table 1, whenever such an Ordered Set is originated

Table 3 — Primitive Sequences

ort

5 on
that
tive

Primitive Signal Beginning RD Ordered Set

1 2 3 4
Loop Initialization--F7,F7 LIP(F7,F7) Negative K28.5 D21.0 D23.7 D23.7
Loop Inatralization--F8,F7  LIP(F8,F7) Negative K28.5 D21.0 D24.7 D23.7
Loop (Ingtialization--F7,x LIP(F7,x) Negative K28.5 D21.0 D23.7 AL_PS
Loop>Initialization--F8,x LIP(F8,x) Negative K28.5 D21.0 D24.7 AL_PS
Loop: Initialization--reset LIPyx Negative K28.5 D21.0 AL_PD AL_PS
Loop Initialization--reset all LIPFX Negative K28.5 D21.0 D31.7 AL_P
Yoop Initialization--reserved L1Pba Negative K28.5 D21.0 b a
Loop Port Bypass LPByx Negative K28.5 D9.0 AL_PD AL_PS
Loop Port Bypass all LPBFx Negative K28.5 D9.0 D31.7 AL_PS
Loop Port Enable LPEyXx Negative K28.5 D5.0 AL_PD AL_PS
Loop Port Enable all LPEFx Negative K28.5 D5.0 D31.7 AL_PS

AL_PD and AL_PS characters of the above Ordered Sets shall contain one of the neutral disparity
values from Table 1, whenever such an Ordered Set is originated (see 7.7 to 7.8).

The b and a characters of the above Ordered Sets shall contain one of the neutral disparity values from
Table 1, whenever such an Ordered Set is originated (see 7.7 to 7.8).
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7 FC-AL Primitive Signals and Sequences

7.0 Overview

The Arbitrate Primitive Signal (ARByx) may be transmitted in place of an Idle and there
becomes a Fill Word which may be removed for clock skew management. The Mark Prim

fore
itive

Signal (MRKtx) may also be transmitted in place of a Fill Word, but it shall not be removed for

clock skew management. All Primitive Signals (except MRKtx and Fill Words) defined in

this

standard shall follow the FC-PH rule for transmitting R_RDYs (i.e., two (2) Fill Words shall

precede and follow these Primitive Signals with at least six (6) Primitive Signals between fram

es).

(Seg¢ FC-PH and clause 6 for a specification of the following Ordered Sets.)

Except as specifically described, the LPSM shall fully decode (test the value of all bits/in all
characters of) received Ordered Sets to detect reception of a Primitive Signal lor Prim
Sequence. Any received Ordered Set that does not fully match one defined in this standard

FC-PH shall be treated as an 'Other Ordered Set.'

7.1| Arbitrate Primitive Signals (ARByx)
71.0 ARByx overview

A received Ordered Set shall be detected as an Arbitrate Primitive Signal (ARByx) by deted
that|its first two characters (fully decoded) are equal to the value shown in Table 2, regardles
the value of characters 3 and 4 (y and x). L_Ports shall only-originate an Arbitrate Primitive Si
(ARByx) where y = x. All Arbitrate Primitive Signals shall’be treated as Fill Words for clock s
marnagement. An Arbitrate Primitive Signal is further elassified by examining the values of y arn
The|values of y and x used, shall be the data bytes-resulting from 8B/10B decoding.

If tHe values of y and x are equal, a receivedZArbitrate Primitive Signal shall be detected as
ARB(val), where 'val' is the value of y or*: If the values of y and x are different, a rece
Arbitrate Primitive Signal should not be re¢ognized as an ARB(val).2

711  ARB(AL_PA)

ARB(AL_PA) is an ARB(val) which is transmitted on a Loop by a Participating L_Port to req
access to the Loop. Each ARB(AL_PA) shall contain the AL_PA of the L_Port making the req
(REQ(arbitrate own AL_PA)).

71  ARB(F0)

ARB(FO0) is an‘ARB(val) which is transmitted on a Loop to manage the access fairness algori
Singe this is™a low-priority ARByx, any arbitrating L_Port shall replace the ARB(FO0) with
ARB(AL_PRA). ARB(F0) is also used while selecting a temporary Loop Initialization Master d(
Loop Initialization.
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2 Some L_Ports may not implement this recommendation, and may detect a received ARByx as an ARB(val) when y <>

x. With such L_Ports it is vendor specific whether y or x is used as the value of 'val'. However, the Primitive Signals
ARB(F0), ARB(FF) and ARB(AL_PA) (where AL_PA is the AL_PA of the receiving L_Port) should not be detected
except when y = x (i.e., by checking all four characters of the Primitive Signal). L_Ports should only originate Arbitrate
Primitive Signals (ARByx) where y = x, regardless of whether they test this on received Ordered Sets. These
recommendations may be required by future standards.
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71.3 ARB(FF

ARB(FF) is an ARB(val) which may be originated by any L_Port in the MONITORING state when
the access fairness window has been reset and no Fill Words other than ARB(FF) or Idle are
received. Since this is the lowest-priority ARByx, any arbitrating L_Port may replace the ARB(FF)
with its ARB(AL_PA). ARB(FF) has fewer bit transitions than the Idle. ARB(FF) may replace Idle
to reduce the Electromagnetic Interference (EMI) which may be caused by the Idle.

7.2  Open Primitive Signals (OPNy)

7.2.0 OPNy overview

A rgceived Ordered Set shall be detected as an Open Primitive Signal (OPNy) by detecting'|that
its first two characters (fully decoded) are equal to the value shown in Table 2 and thaf\its fourth
character is not equal to hex 'FF'. If characters 3 and 4 are not equal, the received OPNy shall be
detected as an Open full-duplex (OPNyx); if characters 3 and 4 are equal, the, fecéived OPNy
shall be detected as an Open half-duplex (OPNyy). The values used for comparison shall be| the
data bytes resulting from 8B/10B decoding.

An priginating L_Port may determine the AL_PD (y value) of OPNy by checking the D_ID of| the
frame. If the left-most two bytes of the D_ID are the same as the left-most two bytes of the native
address identifier of the originating L_Port, the left-most two bytes'aofsthe D_ID are hex '0000[, or
the |originating L_Port is a Private NL_Port, then the AL_PD shall ‘be the right most byte of] the
D_ID. Otherwise, the AL_PD shall be hex '00' (the FL_Port); the’D_ID is addressed to the Fgbric
or t¢ a Port not on the same Loop.

7.2 Open full-duplex (OPNyXx)

Opgn full-duplex (OPNyx) is transmitted on a Leop by a Participating L_Port to indicate that|it is
ready for Data and Link_Control frame transmission and reception (i.e., full-duplex) (see FC-PH).
The| OPNyx shall contain the AL_PD (destination = y value) of the L_Port to be opened and| the
AL_|PS (source = x value) of the L_Port which transmitted OPNyx.

OPNyx that is received by a Participating L_Port (where y = AL_PA of the L _Port) in|the
MONITORING or ARBITRATING “states indicates that another Participating L_Port desirep to
conjmunicate in full-duplex mode-with the L_Port that received OPNyx. The opened L_Port may
transmit Data frames.

U7

7.2. Open half-duplex (OPNyy)

Opgn half-duplex, (OPNyy) is transmitted on a Loop by a Participating L_Port to indicate that|it is
readqy for Data.and Link_Control frame transmission and Link_Control frame reception (i.e., half-
duplex) (see-FC-PH). The OPNyy shall contain the AL_PD (destination - y value) of the L_Port to
be gpened.

OPNyythat is received by a Participating L_Port (where y = AL_PA of the L_Port) in the OPEN
state indicates that the L_Port opened itself. OPNyy that is received by an L_Port (where y =
AL_PA of the L_Port) in the MONITORING, ARBITRATING states indicates that another
Participating L_Port desires to communicate in half-duplex mode with the L_Port that received
OPNyy. In half-duplex mode, the opened L_Port shall not transmit Data frames.
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7.3

Open Replicate Primitive Signals (OPNr)

7.3.0 OPNr overview

A received Ordered Set shall be detected as an Open Replicate Primitive Signal (OPNr) by
detecting that its first two characters (fully decoded) are equal to the value shown in Table 2 and
that its fourth character is equal to hex 'FF'. If character 3 is not equal to hex 'FF', the received
OPNr shall be detected as an Open selective replicate (OPNyr); if character 3 is equal to hex 'FF’,
the received OPNr shall be detected as an Open broadcast replicate (OPNfr). The values used for
comparison shall be the data bytes resulting from 8B/10B decoding.
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n Replicate (OPNr) is transmitted on a Loop by a Participating L_Port which desire
municate with a group of NL_Ports on the same Loop. The requesting L_Port has
fration and is in the OPEN state. Transmitted frames shall be Class 3, although no,'buffe
er flow control (R_RDY) is used. If R_RDYs are transmitted by the L_Port in the OPEN s
shall not be passed to FC-2. Frame reception is not guaranteed at each desjgnated NL_|
D_ID of the frame header may not be recognized by FC-2 or receive buffers may no
lable). To avoid overflowing buffers and to assure that all designated Nl Ports can rec
N replicate frame, the requesting L_Port should limit the number and\ size of frames th
smits. The L_Port in the OPEN state shall discard all received frames.

FE  Although an FL_Port does not replicate frames through the Fabric, .an” FL_Port may transmit OPN
nunicate with multiple NL_Ports.

When a Participating L_Port is in the MONITORING or ARBIFRATING state and detects O

(wh
TRU
Fill
on
FL_|

NOT
origi

ere the AL_PD is either hex 'FF' or the AL_PA of the-NL_Port), it shall set REPLICAT
E(1). While REPLICATE is TRUE(1), each received Transmission Word (except for no
Word processing - updating the CFW appropriately) shall be retransmitted to the next L_|
he Loop and shall also be provided to the .FE€-2 of the NL_Port for further process
Ports shall not propagate any frame through the Fabric.

ator of the OPNr from a broadcast or multicast server in the Fabric.

When CLS is received, all L_Ports withREPLICATE set to TRUE(1), shall set REPLICAT

FAL

7.3.

Ops
Par

SE(0).

1 Open selective replicate (OPNyr)

n selective replicate (OPNyr where y = AL_PD and r = hex 'FF') is transmitted on a Loop
icipating L_Port which desires to communicate with a subset of NL_Ports on the Loop.

reqiesting L_Port shall transmit OPNyr (where y is a member of the subset) to each NL_Po

the

NOT

subset group. OPNyr may be transmitted to group members in any order. (See annex L.)

E  The following sequence of events is a valid example and shows some of the versatility of using OPNyr.

Arbitrate and win
Transmit OPN(17,FF), transmit frame (17 processes)
Transmit OPN(23,FF), transmit frame (17 and 23 process)

to
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r-to-
ate,
Port
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eive
at it
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Port

ing;

F  Restricting the FL_Port prevents duplicate frames-from being delivered to an NL_Port on the same Loop af the

- to

Dy a
The
It in

Transmit OPN(76,FF), transmit frame (17, 23, and 76 process)
CLS

7.3.2 Open broadcast replicate (OPNfr)

Open broadcast replicate (OPNfr where f and r=hex'FF') is transmitted on a Loop by a
Participating L_Port which desires to communicate with all Participating NL_Ports on the Loop.
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7.4  Close Primitive Signal (CLS)

Close (CLS) is transmitted on a Loop by an L_Port in the OPEN, OPENED, or RECEIVED CLOSE
state. Once an L_Port has transmitted CLS, the L_Port shall not transmit frames or R_RDYs in
the current Loop circuit. CLS indicates that the transmitting L_Port is prepared to or has ended
the current Loop circuit (see 8.4). CLS is also transmitted to indicate that the INITIALIZATION
process has completed (see 10.5.4).

7.5 Dynamic Half-Duplex Primitive Signal (DHD)

Dynamic Half-Duplex (DHD) is transmitted on a Loop by the L _Port in the OPEN state to indicate
to the L_Port in the OPENED state that the L_Port in the OPEN state has no more Data framgs to
transmit. DHD shall only be requested by the L_Port in the OPEN state if both L_Ports\in| the
current Loop circuit have indicated support of DHD via Login and if the L_Port in the @PEN state
had|transmitted OPNyx (full-duplex open). The DHD supported Login bit is found in FC-PH-3 (see
ISOfIEC 14165-251). DHD may allow L_Ports to make more efficient use of the established Loop
circyit (see annex C) by allowing an L_Port which is in the OPENED state to_transmit all Data
frames, even though the L_Port in the OPEN state has finished its data transfer,

NOTE DHD adds minimal delay to the closing process (i.e., the next arbitrating L_Port will'win at nearly the same|time
whether DHD is used or not.

Trapsmitting DHD only affects Data frames (i.e., Link_Control frames and R_RDYs may still be
tranismitted) just as in the definition of OPNyy (half-duplex open) (see 7.2.2). The recipient of DHD
shall transmit CLS when it has finished its transmissions.

NOTE DHD does not prohibit either L_Port from transmitting the first’ CLS. However, the L_Port in the OPEN statq, if it
had fransmitted DHD, would normally wait for the L_Port in the OPENED state to transmit the first CLS.

7.6 Mark Primitive Signal (MRKtx)

A rgceived Ordered Set shall be detected as acdMark Primitive Signal (MRKitx) by detecting that its
first|two characters (fully decoded) are equalto the value shown in Table 2.

Mark (MRKtx) is transmitted on a Loop’ by a master control point to inform other Nodes pf a
certpin action (e.g., synchronization;~see annex H). The L_Port shall request to transmit MRKix at
the pppropriate time (REQ(mark as'tx)) and the LPSM shall attempt to transmit one MRKtx for|this
req:rest by transmitting MRKtx.instead of the next Fill Word. Since MRKtx shall only replace g Fill
Word, it is possible that the(mark may not be sent in the desired time. The REQ(mark as tx) may
be withdrawn before the MRKitx can be transmitted (i.e., no MRKtx is transmitted).

NOTE In order to avoid any)delay when transmitting MRKtx, Fill Words are not required to precede or follow the MRKtx
(i.e.,|Fill Words are not inserted before or after MRKtx).

Thel Mark Type)(MK_TP) is expressed in character 3; the AL_PA of the originator of the MRK}x is
in character4)(x value). MK_TP is vendor unique and the interpretation and use is beyond| the
scope of this standard. The value(s) shall be assigned from the neutral disparity characters in
Tabjle A,

When MRKix is received by the originator (i.e., x = AL_PS) and REPEAT is FALSE(0), the MRKtx
shall be replaced with the CFW. All other L_Ports which are in the MONITORING, ARBITRATING,
XMITTED CLOSE, or TRANSFER state or with REPEAT is TRUE(1) shall retransmit the received
MRKtx.

NOTE Since not all states retransmit MRKtx, in order to guarantee that all L_Ports receive MRKtx, the originator should
be in the OPEN state and no other L_Ports in the OPENED state (i.e., all other L_Ports are either in the MONITORING or
ARBITRATING state).
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7.7 Loop Port Bypass/Enable Primitive Sequences
7.7.0 LPE/LPB overview

If an L_Port receives three consecutive identical Ordered Sets whose first two characters (fully
decoded) are equal to the values shown in Table 3, then the L_Port shall recognize a Loop Port
Bypass Primitive Sequence or a Loop Port Enable Primitive Sequence. If character 3 is not equal
to hex'FF', a normal Loop Port Bypass or Loop Port Enable Primitive Sequence shall be
recognized; if character 3 is equal to hex 'FF', a Loop Port Bypass all or Loop Port Enable all
Primitive Sequence shall be recognized.

The| Loop Port Bypass and Loop Port Enable Primitive Sequences are used to control access of
an L_Port to the Loop as well as to control the optional Port Bypass Circuit. The Port(Bypass
Cirquit may be used to physically bypass an L_Port, however, the L_Port is also-logi¢ally
bypgssed (i.e., the L_Port shall not originate Transmission Words on the Loop). (See.'8.1.4 [and
anngx 1.)

When an L_Port is in either Participating Bypassed or Non-Participating \Bypassed mode,|the
rt shall not originate Transmission words (except for clock skew). khe L_Port shall pnly
monitor the Loop (as in the Non-Participating mode). If a Partjcipating Bypassed L_Port
recggnizes LIP, it shall relinquish its AL_PA and enter the Non-Participating mode.

Although LPB or LPE may be transmitted in a number of states,-not all states retransmit LPB or
LPH. To guarantee that L_Ports receive LPB or LPE, the originator shall be in the OPEN state|and
all gther L_Ports shall be in the MONITORING or ARBITRATING state; or all L_Ports shall be in
the| MONITORING, NORMAL-INITIALIZE, LOOR:FAIL-INITIALIZE, OPEN-INIT-SELHCT-
MASTER, or SLAVE-WAIT-FOR-MASTER state. /Te’ ensure that all L_Ports are in |the
MONITORING, NORMAL-INITIALIZE, LOOP-FAIL-INITIALIZE, OPEN-INIT-SELECT-MAST|ER,
LAVE-WAIT-FOR-MASTER state, the originator of LPB or LPE shall enter NORMAL-
INITIALIZE, LOOP-FAIL-INITIALIZE, or OPEN#INIT-START and not forward any LISMs from agther
rts or any LIPs until it has completed ‘its management of bypassed L_Ports. After|the
origjnator of LPB or LPE has completed.its management of bypassed L_Ports it shall enter] the
NORMAL-INITIALIZE state.

Sing¢e an L_Port cannot guarantee“that other L_Ports will not begin sending LIPs, it cannof be
guaranteed that an L_Port whichhhas an AL_PA and is bypassed will not lose its AL_PA while|it is
bypassed due to another L(Port transmitting LIPs. Due to this, LPB or LPE operation should be
usefl with caution except with L_Ports that have trusted AL_PAs as described in 3.1.34.

7.7 Loop Port'Bypass (LPByx)

Loop Port Bypass (LPByx) is transmitted on a Loop to bypass an L_Port and to activate|the
optipnal Port Bypass Circuit. The originator of the LPByx (as identified by AL_PS in character 4 —
X value) s/may be a diagnostic manager or an operating L_Port that has determined that a
“detEctive“ L_Port (identified by AL_PD in character 3 — y value) exists on the Loop. (See
anngx.1,)

When LPByx is recognized, where y = AL_PA of the L_Port, the L_Port shall set BYPASS to
TRUE(1). LPByx may be used to diagnose the optional Port Bypass Circuit, for error recovery, or
for any reason to cause an L_Port to be bypassed.

Each L_Port in the MONITORING, ARBITRATING, NORMAL-INITIALIZE, LOOP-FAIL-
INITIALIZE, OPEN-INIT-SELECT-MASTER, or SLAVE-WAIT-FOR-MASTER state shall retransmit
the received LPByx. When LPByx is received by the originator (i.e., x = AL_PA of the L_Port) and
REPEAT is FALSE(0), the LPByx shall be replaced with the CFW.
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Once an L_Port is bypassed and the optional Port Bypass Circuit has been activated, the L_Port
shall only monitor the Loop for LPEyx (where y = AL_PA of the L_Port), LPEfx, or LIP. LIP is only
used as a signal to relinquish its AL_PA,; i.e., upon receipt of LIP, if BYPASS is TRUE(1), then the
LPSM shall set PARTICIPATE to FALSE(0) and shall not go to the OPEN-INIT-START state.

7.7.2 Loop Port Bypass all (LPBfx)

Loop Port Bypass all (LPBfx where f = hex 'FF') is transmitted on a Loop to bypass all L_Ports
and activate the optional Port Bypass Circuit(s) of all L_Ports (except the L_Port at x) . The
originator of the LPBfx is identified by the AL_PS in character 4 (x value). LPBfx may be used to
verif that an operating Loop is possible. It may also be useful to bypass a Non-Participating

Whéen LPBfx is recognized, all L_Ports on the Loop (participating or non-participating) excepf the

If multiple L_Ports are simultaneously transmitting LPBfx, all L_Ports will be bypassed. An L_Port Which
trangmitted LPBfx and which was bypassed by another LPBfx (where x <> AL_PA of the L_PRort); may at a later|time
attempt to deactivate the optional Port Bypass Circuit and participate on the Loop. The L_Part,\which is attempting JL.oop
recoyery with LPBfx, may have a faulty transmitter and therefore can by this means be bypassed by another L_Port.

Each L_Port in the MONITORING, ARBITRATING, NORMAL-INITIALIZE, OPEN-INIT-SELHCT-
MASTER, or SLAVE-WAIT-FOR-MASTER state shall retransmit thexréceived LPBfx. When LFPBfx
is rg¢ceived by the originator (i.e., x = AL_PA of the L_Port) and REPEAT is FALSE(0), the LPBfx
shall be replaced with the CFW.

7.78 Loop Port Enable (LPEyx)

Loop Port Enable (LPEyx) is transmitted on a Loop.to enable an L_Port that had been previously
byppssed and to deactivate the optional Port Bypass Circuit without an intervening LIP beging
recgived. The destination L_Port is identified by the AL_PD in character 3 (y value). The originator
of the LPEyx is identified by the AL_PS in character 4 (x value). (See annex |.)

When LPEyx is recognized, where y-=/AL_PA of the L_Port, the L_Port shall set BYPASS to
FAUSE(0).

Each L_Port in the MONITORING; ARBITRATING, NORMAL-INITIALIZE,OPEN-INIT-SELHCT-
MA$TER, or SLAVE-WAIT-FOR-MASTER state shall retransmit the received LPEyx. When LHEyx
is received by the originator (ise., x = AL_PA of the L_Port) and REPEAT is FALSE(0), the LHEyx
shal|l be replaced with the CFW.

7.7. Loop Port'Enable all (LPEfx)

Loop Port Enable all (LPEfx where f = hex 'FF') is transmitted on a Loop to deactivate all Port
Byppss Circuits and enable all L_Ports into the Loop. The originator of the LPEfx is identified by
the |AL_PS-in character 4 (x value). When an L_Port has been bypassed, it may have lost its
AL_|PA (elg., the L_Port is required to relinquish its AL_PA upon recognizing LIP). Therefore,
LPHfx @llows these L_Ports (which no longer have an AL_PA) to be enabled on the Loop. (See
annexr.)

When LPEfx is recognized, the L_Port shall set BYPASS to FALSE(0).

Each L_Port in the MONITORING, ARBITRATING, NORMAL-INITIALIZE,OPEN-INIT-SELECT-
MASTER, or SLAVE-WAIT-FOR-MASTER state shall retransmit the received LPEfx. When LPEfx
is received by the originator (i.e., x = AL_PA of the L_Port) and REPEAT is FALSE(0), the LPEfx
shall be replaced with the CFW.
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7.8 Loop initialization primitive sequences (LIP)
7.8.0 LIP overview

If an L_Port receives three consecutive identical Ordered Sets whose first two characters (fully
decoded) are equal to the values shown in Table 3, then the L_Port shall recognize a Loop
Initialization Primitive Sequence. If character 3 is equal to hex 'F7', then a normal LIP (LIP(F7))
shall be recognized; if character 3 is equal to hex 'F8', then a Loop Failure LIP (LIP(F8)) shall be
recognized; if character 3 is equal to the AL_PA of the L_Port, then a reset LIP (LIPyx) shall be
recognized; and, if character 3 is equal to hex'FF', then a reset all LIP (LIPfx) shall be
recognized.

Loo})) Initialization (LIP) is a Primitive Sequence used by an L_Port to detect if it is part of a-oop
or t¢ recover from certain Loop errors (see 8.4.3, item 21 and item 23 and clause 10).

The| LIP contains information on why the LIP was transmitted in the right-most\tWo charadters
(chgracters 3 and 4). Other L_Ports may make decisions based on this information (e.g., inform
an gperator of a Loop Failure).

7.8/ Loop Initialization — no valid AL_PA

Loop Initialization (LIP(F7,F7)) is used by the originating L_Port to.acquire an AL_PA.

7.8 Loop Initialization — Loop Failure; no valid AL_PA

Loop Initialization (LIP(F8,F7)) is used by the originating L_Port to indicate that a Loop Faflure
has|been detected at its receiver (hex 'F8'); hex 'F7 isvused to indicate that the L_Port does| not
havg a valid AL_PA.

7.8 Loop Initialization — valid AL_PA

Loop Initialization (LIP(F7,AL_PS)) is used by the originating L_Port (identified by AL_PS) to
reinjtialize the Loop. The L_Port may have noticed a performance degradation (e.g., it has Heen
arbifrating longer than it deemed reasonable) and is trying to restore the Loop into a known stgte.

7.8. Loop Initialization =~ Loop Failure; valid AL_

Loop Initialization (LIP(E8,AL_PS)) is used by the originating L_Port (identified by AL_P§) to
indicate that a Loop Eaijlure has been detected at its receiver.

7.8. Loop Initialization — reset L_Port

Loop Initialization (LIP(AL_PD,AL_PS)) is used by the originating L_Port (identified by AL_P$) to
resg¢t the<NL_ Port (identified by AL_PD). All L_Ports shall treat this LIP as specified in 7]8.3,
however,_the NL_Port at AL_PD shall also perform a vendor specific reset. If AL_PD = hex 'FF', a
venflorspecific reset shall be performed by all L_Ports (including those without an AL_PA, bu{ not
the one at AL_PS).

7.8.6 Loop Initialization — reserved

Loop Initialization (LIPba) is reserved for future use. The 'b' and 'a' characters of the LIPba
Ordered Set shall contain one of the neutral disparity values from Table 1, and the LIPba shall not
be a member of any LIP defined in 7.8.1 through 7.8.5. A LIPba shall be treated just like any other
LIP (see 10.5).
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8 L_Port operation

8.0

Overview

To simplify L_Port design and minimize Transmission Word propagation delay, the following rules
apply:

all routing decisions by the LPSM (except during the Loop INITIALIZATION process) shall

be made based on the AL_PA in the Primitive Signals (i.e., during normal operation
LPSM routing decisions are made based on frame content);

, nNo

The

logging errors that are detected when retransmitting Transmission Words is optional;.an

NOTE While an L_Port is not required to log errors encountered while retransmitting Transmission,\Words,
isolation and error analysis may be enhanced by doing so.

Transmission Words are not routed to the FC-2 of the NL_Port in the ARBITRATING
MONITORING states unless REPLICATE is set to TRUE(1) (see 7.3).

maximum delay of a Transmission Word through an L_Port in {the MONITORING

ARBITRATING state shall not exceed six (6) Transmission Word periods except when in ¢
skeyv management deletion pending state (see annex A).

The)

Loop.

b)

c)

d)

8.1
8.1

following steps provide an example for how an L_Port trahsfers one or more frames q

The L_Port requests the LPSM to obtain access to.the Loop.

The LPSM enters the ARBITRATING state<and transmits its ARB(AL_PA) in place of
appropriate received Fill Word (see 7.1) until a matching ARB(AL_PA) is received. W
the matching ARB(AL_PA) is received, the L_Port opens the Loop (i.e., stops retransmi
received Transmission Words).

The LPSM transmits OPNy to :éstablish a point-to-point Loop circuit on the Loop
another L _Port. OPNy may be* followed by frame(s). The number of frames that
immediately be transmitted is.based on BB_Credit (see 8.3.4).

Either L_Port (of the Loop’ circuit) may transmit CLS when the L_Port desires to close

)

fault

and

or
ock

n a

the
hen
ting

with
can

the

Loop circuit. When ‘an L_Port receives CLS, it completes transmitting its frame(s),

retransmits the CLS, ‘and closes its end of the Loop circuit. When the CLS returns to
L_Port which originated the CLS, this L_Port closes its end of the Loop circuit.

NOTE Since either open L_Port may transmit CLS, an L_Port should be prepared to handle CLS simultane
with or on the next Transmission Word after entering the XMITTED CLOSE state.

History

Access fairness history

the

busly

The access rairness algorithm requires four memory elements that shall be maintained and used
by each L_Port (see 8.4 for management requirements of each memory element):

a)

ACCESS — the value of this variable is used by an L_Port to determine the status of the
fairness window (i.e., whether the L_Port may arbitrate for access to the Loop). If ACCESS
is FALSE(0), then an L_Port which is using the fairness algorithm, shall not arbitrate for

access to the Loop; if ACCESS is TRUE(1), then an L_Port may arbitrate for access to
Loop and the L_Port may use the TRANSFER state to open a Loop circuit with ano
L_Port.

the
ther
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b)

c)

d)

8.1

The)
DUF
FAL
circ

8.1.

.2 Duplex mode history

ARB_WON — the value of this variable is used by an L_Port to indicate that this L_Port

has

won arbitration. If ARB_WON is FALSE(0), then the L_Port did not win arbitration; if

ARB_WON is TRUE(1), then the L_Port won arbitration.

ARB_PEND — the value of this variable is used by an L_Port which has been opened while
arbitrating to remember that it was arbitrating. If ARB_PEND is FALSE(0), then the L_Port

was not arbitrating; if ARB_PEND is TRUE(1), the L_Port was arbitrating.

NOTE This history variable forces the L_Port to finish arbitrating even if the L_Port no longer desires acce
the Loop to assure that the fairness window is reset.

ss to

XMIT_2_IDLES — the value of this variable is used by an L_Port to remember that after

Word when set to I,dle shall not be modified until XMIT_2_IDLES is FALSE(b).

NOTE Since Idle is used to reset the fairness window, by transmitting two Idles, the probability ofjat/leas
Idle traversing the Loop is increased. If only one Idle is transmitted, it could be removed by another I Port i
L_Port needs to delete a Fill Word for clock skew.

OPEN, OPENED and RECEIVED CLOSE state requires one memory element, cg
PLEX, to determine whether the L_Port is allowed to originate Data*frames. If DUPLE
SE(0), the Loop circuit is operating in half-duplex mode; if DUPLEX is TRUE(1), the L
Lit is operating in full-duplex mode (see 8.4 for management requirements of DUPLEX).

3 Replicate mode history

The
tor
if

prog¢essing - updating the CFW appropriately) shallbe retransmitted and also shall be provide
the FC-2 of the NL_Port for further processing..(See 7.3 and 8.4.3, item 13 and item 14.)

Thel OPEN state requires REPLICATE®“to remember that OPNr was transmitted in
ARBITRATION WON or TRANSFER:state. If REPLICATE is FALSE(0), the state oper
norinally; if REPLICATE is TRUE(1);the L_Port may originate additional OPNr's; the L_Port

not

8.1.4 Operational mode history

An

a)

b)

MONITORING and ARBITRATING states require one memory element, called REPLICA
member if OPNr had been received. If REPLICATE. is FALSE(0), the states operate norm
EPLICATE is TRUE(1), all received Transmission Words (except for normal Fill W

use BB_Credit management, (See 7.3 and 8.4.3, item 15 and item 16.)

| Port uses two memory elements to record the L_Port's operational mode:

PARTICIPATE — set TRUE(1) if the L_Port has an AL_PA, set FALSE(O) if the L_|
does nothave an AL_PA.

BYPASS — set TRUE(1) if the L_Port activates its optional Port Bypass Circuit,
FALSE(0) if the L_Port deactivates its optional Port Bypass Circuit.

RE

Fill

one
that

lled
X is
oop

TE,
ally;
ord
d to

the
htes
hall

Port

set

S S * [
PARTICIPATE is FALSE(0) or BYPASS is TRUE(1) or both. REPEAT is FALSE(0), if

), if

PARTICIPATE is TRUE(1) and BYPASS is FALSE(0). When REPEAT is TRUE(1), the LPSM
repeats most incoming Transmission Words (except for normal Fill Word processing—updating
the CFW appropriately) without responding to them. When REPEAT is FALSE(0), the LPSM
actively participates on the Loop.

The combined values of the PARTICIPATE and BYPASS variables record the four L_Port

ope

rational modes:
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Participating (PARTICIPATE = 1, BYPASS = 0) — the L_Port has an AL_PA and is
enabled into the Loop. The L_Port may use the Loop and respond to all requests directed
to it. This is the normal operational mode in which most Loop access occurs. In this mode,
REPEAT is FALSE(0).

Non-Participating (PARTICIPATE = 0, BYPASS = 0) — the L_Port does not have an
AL_PA, but is enabled into the Loop. The L_Port repeats transmission words (except for
normal Fill Word processing—updating the CFW appropriately) and only responds to a
limited number of requests such as Loop Initialization. If the L_Port wishes to obtain an
AL_PA and participate in the Loop, the L_Port may initiate Loop Initialization; it shall
attempt to obtain an AL_PA if Loop Initialization occurs. In this mode, REPEAT is TRUE(1).

Participating Bypassed (PARTICIPATE = 1, BYPASS = 1) — the L_Port has anAD|PA,
but is bypassed (i.e., not enabled) from the Loop. The L_Port activates its optional Port
Bypass Circuit if one is present. The L_Port also repeats transmission words- (except for
normal Fill Word processing—updating the CFW appropriately) in case no) Port Bypass
Circuit is present. The L_Port shall respond to an LPEyx directed to its AL_PA. In [this
mode, REPEAT is TRUE(1).

Non-Participating Bypassed (PARTICIPATE = 0, BYPASS = 1)+ the L_Port does| not
have an AL_PA and is bypassed (i.e., not enabled) from the Loop. The L_Port activatep its
optional Port Bypass Circuit if one is present. The L_Port alsd/repeats transmission words
(except for normal Fill Word processing—updating the CFM\\appropriately) in case no Port
Bypass Circuit is present. The L_Port does not respond torany Primitive Signal or Primjtive
Sequences directed to a specific AL_PA. In this mode,REPEAT is TRUE(1).

OPENED state requires one memory element if. DHD is supported, called DHD_RCV. This

Able is set to TRUE(1) if DHD is received. ;The' variable is checked when the L_Port in
ENED state has completed all transmissions to the L_Port in the OPEN state. If DHD_RC
SE(0), then the L_Port may continue o wait to receive CLS (normal operation) or it
smit CLS. If DHD_RCYV is TRUE(1), then the L_Port shall transmit CLS. (See annex C.)

6 ARB(FF) history
MONITORING state uses a‘memory element, called ARBf_SENT, to indicate that the L_|

current Fill Word is managed normally; if ARBf_SENT is TRUE(1), then the current Fill W)
I remain ARB(FF) until’an ARB(AL_PA) is received or ARB(F0) (if REPEAT is TRUE(1

Timeouts
1 FC-PH'timeout values

boUt values (e.g., R_T_TOV) and related timeout procedures in FC-PH, shall be useg

requested the LPSM to-modify its CFW to ARB(FF) from Idles. If ARBf_SENT is FALSH

the
\V is
may

Port
(0),

ord
) is

as

apriate

2 Arbitrated Loop timeout value

The Arbitrated Loop timeout value (AL_TIME) is 15 ms, which represents two times the worst
case round-trip latency for a very large Loop. AL_TIME is based on twice the sum of the following
values:

134 times an L_Port internal latency of six (6) Transmission Word periods at 1,062 5 Gb
of the L_Port and

134 times 10 km, the cable latency (5 ns/m).

its/s
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AL_TIME is primarily used during the INITIALIZATION process to control events that require a
Loop round-trip latency to complete. The sequencing of these events must be coordinated
between multiple L_Ports, which requires that all L_Ports use AL_TIME consistently. During the
INITIALIZATION process, L_Ports shall measure AL_TIME with a tolerance of -0 %, +20 % (i.e.,
an AL_TIME timeout shall expire from a minimum of 15 ms up to a maximum of 18 ms).

NOTE It is conceivable that the maximum round-trip delay of a Loop configuration is greater than the AL_TIME.
However, determining interoperability when using a different AL_TIME value is outside the scope of this standard.

8.2.3 Loop timeout

The Loop timeout value (LP_TOV)is 2s. LP_TOV is used to keep a Loop from deteriorating due
to protocol errors or lost Ordered Sets. For example, LP_TOV is used to reset the fairness window
(see 4.2) and during the INITIALIZATION process to time start-up events (see 10.5.4).

8.3| Operational characteristics
8.3.1 Transmission Word
8.3.1.1 Power-on Transmission Words

At power-on, the L_Port shall turn off its transmitter until it is ready to participate in LUoop
Initiglization.

8.3.1.2 Invalid Transmission Words and Transmission Characters

An L_Port shall make substitutions for invalid received Transmission Words and Transmispion
Chdracters (see 8.4) as follows:

— in the MONITORING or ARBITRATING states:

- if an invalid Transmission Word\is detected, the L_Port shall substitute the CFW for
that Transmission Word.

- if an invalid Beginning Runhing Disparity is detected on an Ordered Set, the L_Port
shall substitute the CFWL

— | inany other state the LxPeort shall follow the rules defined in FC-PH and clause 29.
8.3.2 Clock skew management

WhIn an L_Port implements receive and transmit clocks with different reference sources, a bliffer
is required between-the receiver and transmitter logic to manage the clock frequency and phase
diffgrences (seevannex G for clock design options). When a buffer is required, the L_Port ghall
implement the‘buffer as defined in annex A. To prevent buffer over-run or under-run, the L_Port
shall use theclock skew management rules defined in annex A to control the level of data.

When\processing Transmission Words between frames, any ARByx shall be treated the same as
Idle. Fill Words or any Ordered Set defined for use as a Primitive Sequence shall be treated
equally. (See clause 7, annex A and annex G and FC-PH.)
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8.3.3 Error detection and recovery

Each state in 8.4 contains the procedures for handling failures. State transitions are considered to
take place instantaneously and no error detection takes place during a state transition. Any failure
or subsequent state request that occurs during a state transition shall be detected in the
subsequent state.

Following recovery from a failure, the L_Port shall comply with the provisions for Sequence
integrity, error detection, and Sequence recovery specified in FC-PH.

8.3.4—BB_Credit-and-Available_BB_Credit

8.3.4.0 BB_Credit overview

BB_|Credit and Available_BB_Credit are used when transmitting a SOFc1, a Class 2/ )or a Clags 3
frame. Before Login, the "Alternate BB_Credit Management" bit (see FC-PH) andrBB_Credit ghall
be set to 0 and one (1) in the OLD-PORT state and to 1 and zero (0) in the OPEN-INIT-START
state, respectively (see 8.4.3 item 21 and item 23, and 10.5.4). During Loginy'BB_Credit shall be
set to a value that represents the number of receive buffers that the L_Port shall guarantee to
havg available when a Loop circuit is established.

When on a Loop, L_Ports have unique characteristics (unlike point-to-point or Fabric-attaghed
N_Horts):

— Loop circuits are dynamic;

— if not properly managed, an L_Port may havevframes in the receive buffers from|the
previous Loop circuit when a new Loop circuit.is established; even a BB_Credit equal tofone
(1) may overrun the receive buffers;

— using BB_Credit equal to zero (0) requires a turn-around delay and impedes performande at
the beginning of each Loop circuit; and,

— balancing BB_Credit at the end-of a Loop circuit may impede performance.

"Alternate BB_Credit Management" is used to achieve the best performance while addresging
thege unique Loop characteristics. To avoid a turn-around delay at the beginning of a Loop cirfuit,
L_Ports may take advantage of the BB_Credit which is established during Login. Althdugh
balgncing BB_Credit is thot required (receive buffers may be emptied after the Loop circdit is
cloged), the BB_Credit\value represents the number of receive buffers that an L_Port is assuned
to have available when the next Loop circuit is established. Therefore, an L_Port shall not enter
the [IMONITORING, state until the number of available receive buffers is at least equal to|the
largest BB_Credit value which the L_Port disseminated during Login.

BB _|Creditnin the following discussion is identified as open BB_Credit (i.e., the BB_Credit of| the

L_Portwhich transmits the OPNy) and opened BB_Credit (i.e., the BB_Credit of the L_Port which
receives the OPN\J/) (Qpp annex F)

A positive opened BB_Credit allows the L_Port to follow OPNy with frames, without waiting for an
R_RDY (i.e., there is no round-trip delay).

NOTE "Alternate BB_Credit Management" is written from the view of the L_Port which transmits the OPNy. This L_Port
knows the opened BB_Credit and its open BB_Credit, but it has no knowledge of what the opened L_Port will use for the
open BB_Credit. The L_Port which receives the OPNy may choose to use the open BB_Credit, or immediately use
Available_BB_Credit.
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8.3.4.1 BB_Credit management per Loop circuit

For each Loop circuit, BB_Credit for the L_Ports in the OPEN and OPENED state is any value
less than or equal to the BB_Credit which the other L_Port in the Loop circuit advertised during
Login. L_Ports shall not have more than 255 outstanding R_RDYs during any Loop circuit.

NOTE

(i.e., an R_RDY must be received) before the L_Port is allowed to transmit the first frame.

The L_Port which transmits OPNy shall obey the following rules for transmitting R_RDYs:

If the L_Port in the OPEN state is using an opened BB_Credit of zero (0), a Loop turn-around delay is required

NOTE Since a minimum of six (6) Fill Words are required between the OPNy and the first frame, the L_Port may
trangmit one R_ TNstead of one FIll vord without any performance penalty. The number ol R_ S which the L]
trangmits before the first frame is a balance between delaying the transmission of the first frame and delaying-recg

fram

The)
rece
sen

ES.

If the open BB_Credit equals zero (0), the L_Port shall transmit one R_RDY" for ¢
currently available receive buffer.

If the open BB_Credit is greater than zero (0), the L_Port shall transmit one R_RDY,
each BB_Credit which this L_Port advertised plus one R_RDY for each additional avail
receive buffer.

If CLS is received before all R_RDYs have been transmitted, th&-remaining R_RDY's arg
required to be transmitted in the Loop circuit.

L_Port may transmit the number of frames specified by the opened BB_Credit be

iving an R_RDY. The L_Port shall discard one received R_RDY for each of these fra
. When the number of discarded R_RDY's equals thetopened BB_Credit, the L_Port shall

Avajlable_BB_Credit management.

The

NOT]
trang

The)

L_Port which receives OPNy shall obey the.following rules for transmitting R_RDYSs:

F The number of R_RDYs which the L_Port transmits before the first frame is a balance between delayin
mission of the first frame and delaying receiving-frames.

if the opened BB_Credit equalsizero (0), the L_Port shall transmit one R_RDY for g
currently available receive buffer.

if the opened BB_Credit-equals zero (0), the L_Port may transmit CLS if there arg
available receive buffers.

if the opened BB:Credit is greater than zero (0), the L_Port shall transmit one R_RDY
each BB_Credit-which this L_Port advertised plus one R_RDY for each additional avail
receive buffer:

If CLS-is‘received before all R_RDYs have been transmitted, the remaining R_RDY's arg
required to be transmitted in the Loop circuit.

LiPort shall initialize the open BB_Credit to zero (0). If the L_Port can determine the g

| Port
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BB_CIUd;t, It |||a_y tlallblll;t thc ||u|||bc| Uf flalllUD apcbiﬁcd by thc UPCTI BB_CICdIt :‘I: thc L
transmitted frames based on the open BB_Credit, it shall discard one received R_RDY for each of
these frames sent. When the number of discarded R_RDYs equals the open BB_Credit, the
L_Port shall use Available_BB_Credit management.

ort
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4.2 Available_BB_Credit management per Loop

Once the L_Port has discarded the same number of R_RDYs as BB_Credit, the L_Port shall use
Available_BB_Credit for transmitting additional frames.

Available_BB_Credit is one of the following values:

ThelL_Port may transmit the number of frames specified by Available_BB_Credit. For each/fr

sen

Avajlable_BB_Credit is incremented by one (1). As long as Available_BB_Credit greater
zerg, the L_Port may transmit frames during this Loop circuit.

8.4
8.4.

The| Loop Port State Machine (LPSM) shall be used to define the behavior of the L_Ports W
they require access to and use of a Loop. The following subclauses specify the state names, S
diagram, and item references for the LPSM.

8.4.

The| state names and numbers used in the LPSM, alonhg/with a brief description, are given be|

Ref

identified in the L_Port state machine diagram in. 8:4.2. The reference item text follows the g
maghine diagram in 8.4.3.

MONITORING (0): The LPSM is tfansmitting received Transmission Words and,
is in the ¢Rarticipating mode, monitoring the Loop for cer
Ordered-Sets (e.g., OPNy and OPNr). This is the default stat
any k\Port.

ARBITRATING (1): The LPSM is arbitrating for control of the Loop.

ARBITRATION WON (2): ° The LPSM has received a matching ARB(AL_PA)
OPEN (3): The LPSM has transmitted OPNy while in the ARBITRAT]

OPENED (4): The LPSM has received a matching OPNy (i.e., y = AL_PA of
L_Port) while in the MONITORING or ARBITRATING sl]ate.

zero (0) — the initial value until one or more R_RDYs have been received; or.

the number of R_RDY's received less the number of frames transmitted.

, Available_ BB Credit is decremented by one (1); for each R_RDY ecei

Loop Port State Machine (LPSM)

D LPSM overview

1 State names

brence items for each state are considered part.ofieach state. The reference item numbers

AL_PA = AL_PA of this L_Port) while arbitrating.

WON state. Normal FC-2 protocol follows.

ame
ved,
han

hen
tate

ow.
are
tate

if it

tain

e of

i.e.,

ON

this

Normal EC-2 Ir_'\r'r\fr\r‘r\l follows
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XMITTED CLOSE (5): The LPSM has transmitted CLS and intends to relinquish control
of the Loop.

RECEIVED CLOSE (6): The LPSM has received CLS.

TRANSFER (7): The LPSM, while in the OPEN state, has transmitted CLS and
requires the Loop to communicate with another L_Port.

INITIALIZATION process (8): The LPSM is initializing or re-initializing.3

OLD-PORT (A): The LPSM has determined that it wants to operate in a pajni-to-

point mode utilizing FC-PH protocol without FC-AL.

8.4. State diagram

The| state diagram is shown in Figure 4. The numbered reference items forJstates and dtate
tranjsitions in 8.4.3 are normative parts of the LPSM definition. If the details’ were in the gtate
diagrams, the diagrams would be difficult to read and interpret.

Stafes are identified with a single letter or digit followed by a single’ colon character (e.g.,|6:).
Trampsitions identified as "(Xn):", where n is a single digit or letter;represent valid transitions from
mulfiple states to the ending state, n, caused by an event outside)the steady state operation or] the
LPYM. A transition identified as "(mn):", where m and n aré: single digits or letters, represents a
transition from state m to state n. Each transition and’ state is accompanied by detailed
spetifications and requirements identified by the numbered reference item.

3 The INITIALIZATION process encompasses the INITIALIZING and OPEN-INIT states that were defined in the first
publication of this standard.
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(X8): ——
ltem 1
Y
8: . A: (Optional)
INITIALIZATION Process  |(&A)% » OLD-PORT
ltem 21 em > ltem 23
(80): REQ(bypass L_Port)
Recvd CLS | REQ(non-participat. (0A) : orRevd LPB X0) :
ltem 12 | ( ) REQ(old-port) ftenz 12
ltem 2
O MONTORING —
Iltem 13 —
o1): (04): | lter 12
REQ(arbitrate as x) Rcvd OPNy (X0) : .
V ltem 4 ltem 7 . REQ(monitor)
(when allowed)
1: <
ARBITRATING ltem 4
Item 14 (14): ARB_PEND =1
Rcvd OPNy
ltem7
(12):
Rcvd own ARB
ltem 5 Yy Y (61):
2: 4: (46): |6
ARBITRATION OPENED . |RECEIVED
WON ltem 17 (36): | cLosE (60):
ltem 15 “lltem 19
(23): (61):
Xmit OPNy | OPNr 3. (35): |5
ftem & OPEN XMITTED |~
" litem 16 (45): |CLOSE (50)|:
Item 18
: A
Iltem 11 Box - n: state number, STATE
NAME, reference item.
7 REQ(text) - L_Port request to change
(70) : TRANSFER state.
ltem 12 | ltem 20 — > - (from-to) : state transition,
event causing transition.
X)) : - from multiple states
Figure 4 — State Diagram
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8.4.3

Reference items

For detailed information about a state or state transition, refer to the item number in the list below.

For conditions that are not explicitly listed in this section as causing state changes to occur, the
LPSM shall remain in the current state.

10

11

12

Transition (X8): This transition4 shall be made at power-on of an L_Port, after detecting a

failure (see clause 10 and FC-PH), when a LIP is recognized, or from any state when
L_Port requests it (see 10.5.3).

the

All fibre-type dependent operations shall be complete before making this transition’(¢.g.,

Open Fibre Control) (see FC-PH).

Transition (0A:; (8A): The LPSM shall make the transition to the OLD-PORT stat
supported) (see item 13, item 23, and 10.5.4).

Transition (01): The LPSM shall make the transition to the ARBITRATING state (see
13 and item 14).

Transitions (51):, (61): The LPSM shall make the transition’,te’the ARBITRATING s
(see item 14, item 18, and item 19).

Transition (12): The LPSM shall make the transition toxthe ARBITRATION WON state
item 14 and item 15).

Transition (23): The LPSM shall make the transition to the OPEN state (see item 15
item 16).

Transitions (04):, (14): The LPSM shall make the transition to the OPENED state (see
13, item 14, and item 17).

Transitions (35):, (45): The LPSM-shall make the transition to the XMITTED CLOSE s
(see item 15, item 16, item 17 andfitem 18).

Transitions (36):, (46): The-LPSM shall make the transition to the RECEIVED CL(
state (see item 16, item.17;,*and item 19).

Transition (37): The ELPSM shall make the transition to the TRANSFER state (see iten
and item 20).

Transition (73): The LPSM shall make the transition to the OPEN state (see item 16
item 20).

Transitions (XO0):, (50):, (60):, (70): The LPSM shall make the transition to
MONITORING state (see item 13, item 15, item 18, and item 20).

W

(if

tem

tate

see

and

tem

tate

DSE

h 16

and

the

4 Some implementations may choose to allow an L_Port to exit the INITIALIZATION process without completing

initialization. These L_Ports 'initialize' outside the scope of this standard.
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13  State 0 (MONITORING) actions (Table 4 and the following text describe the MONITORING
state): The LPSM shall setDUPLEX to FALSE(0), ARB_WON to FALSE(0), ARB_PEND to
FALSE(0), ARBf_SENT to FALSE(0), and REPLICATE to FALSE(0). The LPSM shall
retransmit all received Transmission Words unless specifically stated otherwise.

If PARTICIPATE is FALSE(0), the L_Port does not have an AL_PA. Therefore, the tests for
val = AL_PA, x = AL_PA, ory = AL_PA are ignored and the entries for val <> AL_PA, x<>
AL_PA, ory <> AL_PA shall be followed.

If Idle is received, the CFW shall be modified as follows:

If ARByx is received, the CFW shall be modified as follows:

if REPEAT is FALSE(0) and:

— if ARBf_SENT is FALSE(0Q), the CFW shall be set to Idle and ACCESS shall bg set

to TRUE(1) or
— if ARBf_SENT is TRUE(1), the CFW shall be changed to ARB(FF),

if REPEAT is TRUE(1), the CFW shall be set to Idle.

if ARByx = ARB(F0) and the CFW is Idle or ARB(FF):

— if REPEAT is FALSE(0), XMIT_2_IDLES shall"be set to TRUE(1) and the GFW

shall not be changed or

— if REPEAT is TRUE(1), the CFW shall beychanged to ARB(FO0).

NOTE |If an L_Port is in the MONITORING-.state while the Loop is in the INITIALIZATION proce
described in clause 10, then PARTICIPATE must remain FALSE(O) or BYPASS must remain TRU
until ARB(FO) is received by every L_Ports ARB(F0) during the INITIALIZATION process indicateg
a LIM has been selected

if ARByx = ARB(F0) and the CEW is neither Idle nor ARB(FF), the CFW shall be s¢
ARB(F0), ARBf _SENT shall.\be set to FALSE(0), and XMIT_2_IDLES shall be s¢
TRUE(1);

if ARByx = ARB(FF), the CFW shall be modified as follows:
— if REPEAT js\FALSE(0):

— if-the CFW is not Idle or XMIT_2_IDLES is FALSE(0), the CFW shal
changed to ARB(FF) or

" if the CFW is Idle and XMIT_2_IDLES is TRUE(1), the CFW shall no
changed.

~  if REPEAT is TRUE(1), the CFW shall be changed to ARB(FF).

bs as
E(1)
that

bt to
t to

be

be

4 OE\AL

iFARByx—<>-ARB{vab(iresy<—x)the EFA-shouldnotbechanged:sor;
if ARByx = ARB(val):

— if REPEAT is FALSE(0):

— if val <> AL_PA of the L_Port and

— if the CFW is not Idle or XMIT_2_IDLES is FALSE(0), the CFW shall be set to

ARB(val) and ARBf_SENT shall be set to FALSE(0) or

5 Some L_Ports may set the CFW to the received ARByx, but this practice is not recommended.
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— if the CFW is Idle and XMIT_2_IDLES is TRUE(1), the CFW shall not be

changed.

to FALSE(0).

— if REPEAT is TRUE(1), the CFW shall be changed to ARB(val).

if val = AL_PA of the L_Port, the CFW shall be set to Idle, ARBf_SENT shall be set

If a Fill Word is to be transmitted, the CFW shall be used. If the CFW is Idle and
XMIT_2 IDLES is TRUE(1), XMIT_2_ IDLES shall be set to FALSE(0) after two Idles are
transmitted.

Ot TCUUT ot tO— ol toTT L= Ao oo oK) e

If REPEAT is FALSE(0):

a) if REPLICATE is TRUE(1), the LPSM shall receive (i.e., present to the FC-2 of| the
NL_Port for further processing) and retransmit all Transmission Words| (excep{ for
normal Fill Word processing — updating the CFW appropriately);

b) if OPNfr is received, the LPSM of the NL_Port shall set REPLICATE to TRUE(1)|and

shall retransmit the received OPNfr;

c) if OPNyr is received, where y = AL PA of the NL 'Port, the LPSM shall| set
REPLICATE to TRUE(1) and shall retransmit the received/OPNyr;

d) if OPNy is received, where y = AL_PA of the l.~Port, the LPSM shall make|the
transition to the OPENED state (see item 7 and item 17);

e) if any other OPNy is received, it shall be retransmitted;

f) if MRKtx is received and:

— if x=AL_PA of the L_Port, the LPSM shall transmit the CFW; the MRKix is
discarded;

— if the MK_TP and AL-PS match the expected values, the action identified by
MK_TP shall be performed; or,

— ifx <> AL_PA ofthe L_Port, the received MRKix shall be retransmitted.

g) if CLS is received while REPLICATE is TRUE(1), the LPSM shall set REPLICATE to
FALSE(O) and retransmit the received CLS;

h) if the L-PRort requests arbitration (REQ(arb own AL_PA)) and ACCESS is TRUE(1),
the LPSM shall set ARB_PEND to TRUE(1) and make the transition to |the
ARBITRATING state (see item 3 and item 14);

i) ifLP_TOV has elapsed since the L_Port began requesting arbitration (REQ(arb pwn
AL_PA)), ACCESS may be set to TRUE(1); or,

B H—the—t—Port—requests—to—transm H—a—MRKb—REQHmark—as—bor—the—+RSM—=shall

transmit one MRKtx at the next Fill Word (see clause 7), unless REQ(mark as tx) is

removed before MRKtx is transmitted.

If LIP is recognized:

if BYPASS is FALSE(0), the LPSM shall make the transition to the OPEN-INIT-START

state (see item 1, item 21, and clause 10); or,

if BYPASS is TRUE(1), the L_Port shall relinquish its AL_PA, shall set PARTICIPATE

to FALSE(0), and shall remain in the MONITORING state.
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If LPByx (y = AL_PA of the L_Port) or LPBfx is recognized or the L_Port requests to be

bypassed (REQ(bypass L_Port)), the LPSM shall set BYPASS to TRUE(1); shall
REPLICATE to FALSE(0); shall set ARBf _SENT to FALSE(0); and, shall retransmit
LPB, if one was received.

set
the

If LPEyx (y = AL_PA of the L_Port) or LPEfx is recognized or the L_Port requests to be
enabled (REQ(enable L_Port)), the LPSM shall set BYPASS to FALSE(0) and shall

retransmit the LPE, if one was received.

The LPSM shall retransmit all other received Transmission Words on the Loop (see 8.3.1).

4
.

1 Lol T H H Ol 4 loadid b laall lo £ <l HY P Q.19
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If the L_Port requests to transmit ARB(FF) (REQ(arbitrate (FF))) the LPSM cshall
ARBf_SENT to TRUE(1) after six (6) Idles have been forwarded.

If the L_Port requests initialization (REQ(initialize)), the LPSM shall make ithe’ transitio|
the NORMAL-INITIALIZE state (see item 1, item 21, and clause 10).

If the L_Port requests to use the point-to-point protocol as defined. in FC-PH (REQ
port)), the LPSM shall make the transition to the OLD-PORT-REQ state (see item 2,
23, and 10.5.4.3).

If the LPSM detects a Loop Failure on its inbound fibre and:

— if REPEAT is FALSE(0), the LPSM shall makecthe transition to the INITIALIZAT]
process (see item 21 and 10.5.4).

set

n to

old-
tem

ION

— if REPEAT is TRUE(1), the LPSM shall, transmit LIP(F8) until the Loop recovers from

the failure. The L_Port shall remain in,the"MONITORING state.

If the L_Port requests not to participate-on the Loop (REQ(nonparticipat.)), it shall reling
its AL_PA; set PARTICIPATE to FALSE(0); and, shall set ARBf_SENT to FALSE(0).
LPSM may transmit LIPs (with thesright-most two characters equal to hex 'F7F7') to iny
the Loop Initialization procedure-and allow another L_Port to acquire the relinquig
AL_PA. If LIPs are transmitted) the L_Port shall transmit at least 12 LIPs. The LIPs are
transmitted once for each(REQ(nonparticipat.) to allow this request to be active until
L_Port requests to participate (REQ(participating)).

NOTE The L_Port may arbitrate for the Loop (using ARB(AL_PA) in order to quiesce any ongoing activity b
transmitting LIP.

If the L_Port requests to participate on the Loop (REQ(participating)), the LPSM shall n
the transition to the NORMAL-INITIALIZE state (see item 1, item 21, and clause 10).

NOTE The.lr Port may arbitrate for the Loop (using ARB(val) where val is a trusted AL_PA) in order to qu
any ongoing activity before transmitting LIP.

uish
The
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hed
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pfore

ake
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14 State 1 (ARBITRATING) actions (Table 5 and the following text describe the
ARBITRATING state): The LPSM shall set DUPLEX to FALSE(0) and ARB_WON to
FALSE(0). The LPSM shall retransmit all received Transmission Words unless specifically
stated otherwise. The LPSM shall transmit an ARB(AL_PA) (where AL_PA is the AL_PA of
the L_Port) when either an Idle or a lower priority ARB(AL_PA), ARB(F0), or ARB(FF) is
received.

If Idle is received and:

— if XMIT_2_IDLES is FALSE(0), the CFW shall be set to ARB(AL_PA) (where AL_PA is
the AL _PA of the L Port) or

— if XMIT_2_IDLES is TRUE(1), the CFW shall be set to Idle.

If ARByx is received, where ARByx <> ARB(val) or ARByx = ARB(val) andsval“does| not
equal the AL_PA of the L_Port, the CFW shall be modified as follows:

— if XMIT_2_IDLES is FALSE(Q) or the CFW is not Idle and:

if ARByx = ARB(val) where val < AL_PA of the L_Port, the CFW shall be changed
to the received ARB(val);

— if ARByx = ARB(val) where val = hex'F0', the \CFW shall be changed to
ARB(AL_PA) (where AL_PA is the AL_PA of the-LPort) and XMIT_2_IDLES ghall
be set to TRUE(1);

— if ARByx = ARB(val) where val > AL_PA<f the L_Port, the CFW shall be charged
to ARB(AL_PA) (where AL_PA is the ,AL)PA of the L_Port); or,

— if ARByx <> ARB(val), the CFW shaeuld not be changed.6
— if XMIT_2_IDLES is TRUE(1) and-the’CFW is Idle, the CFW shall not be changed.

If a Fill Word is to be transmitted, the CFW shall be used. If the CFW is Idle |and
XMIT_2_ IDLES is TRUE(1), XMIN_2 IDLES shall be set to FALSE(0) after two Idles|are
transmitted.

If ARB(val) is received,(where val = AL_PA of the L_Port, the LPSM shall make|the
transition to the ARBITRATION WON state (see item 5 and item 15).

If REPLICATE is«<TIRUE(1), the LPSM shall receive (i.e., present to the FC-2 of the NL_Port
for further processing) and retransmit all Transmission Words (except for normal Fill Word
processing,- updating the CFW appropriately);

NOTE To-avoid a "broadcast storm", an FL_Port does not propagate any Transmission Words into the Fabric.

If OPNHr is received, the LPSM of the NL_Port shall set REPLICATE to TRUE(1) and ghall
refransmit the received OPNfr.

E to

If OPNy is received, where y = AL_PA of the L_Port, the LPSM shall make the transition to
the OPENED state (see item 7 and item 17).

If any other OPNy or OPNr is received, it shall be retransmitted.

6 SomeL_Ports may set the CFW to the received ARBYyX, this practice is not recommended.
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If CLS is received and REPLICATE is TRUE(1), REPLICATE shall be set to FALSE(0). The

CLS shall be retransmitted.

If MRKtx is received and:

— if x = AL_PA of the L_Port, the LPSM shall transmit the CFW; the MRKtx is discarded;

— if the MK_TP and AL_PS match the expected values, the action identified by MK_TP

shall be performed; or,

— if x <> AL_PA of the L_Port, the received MRKtx shall be retransmitted.

If LIP is recognized, the LPSM shall make the transition to the OPEN-INIT-START~4
(see item 1, item 21, and clause 10).

tate

If LPByx (y = AL_PA of the L_Port) or LPBfx is recognized, the LPSM shalkset BYPASE to

TRUE(1) and shall make the transition to the MONITORING state {see item 12
item 13).

and

Invalid Transmission Word substitution shall be performed as specified in 8.3.1; any gther

received Transmission Words shall be retransmitted on the Loop.

If the LPSM detects a Loop Failure on its inbound fibre on'the L_Port requests initializg
(REQ(initialize)), the LPSM shall make the transition to‘the INITIALIZATION process
item 1, item 21, and clause 10).

If the L_Port requests to transmit a MRKitx (REQ{mark as tx)), the LPSM shall transmit

tion
see

one

MRKtx at the next Fill Word (see clause 7),unless REQ(mark as tx) is removed before

MRKitx is transmitted.

State 2 (ARBITRATION WON)7 actions (Table 6 and the following text describe
ARBITRATION WON state): This.is a transition state during which Transmission Words
not received.

The ARB(val) which wasireceived in the ARBITRATING state, is replaced with
appropriate OPN as follows:

— if the L_Port requires access to the Loop (REQ(open yx), REQ(open yy), REQ(oper
or REQ(open-yr)), the LPSM shall transmit OPNy or the requested OPNr and s
make the transition to the OPEN state (see item 6 and item 16). If OPNr is transmif
REPLICATE shall be set to TRUE(1).

— if(the L_Port does not need access to the Loop (REQ(close)), the LPSM shall tran
OPNyy (where y = AL_PA of the L_Port) and shall make the transition to the Of
state (see item 6 and item 16).

NOTE Ih 1 Rort trancitionc thraoyah th OREN ctata in _aordar to nronaorlhyy mmaonana tho folrnocdl
LR A — HHE—t—r-eF a5 RE—RFeHgH—H Er—State—H—-o+ae—t ¥ y—RahRage—re—ath
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The ARBITRATION WON state is a documentation artifact and may not be defined in some implementations. In the
previous version of FC-AL, a decision was made in this state whether to open the Loop or not; in this standard, the
only decision is whether to open this L_Port (and to close the Loop without sacrificing the fairness window), to open
another L_Port (normal operation), or to initialize.
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State 3 (OPEN) actions (Table 7 and the following text describe the OPEN state): To
identify this as the L_Port that won arbitration, the LPSM shall set ARB_WON to TRUE(1),
ARB_PEND to FALSE(0), DUPLEX to TRUE(1), and the CFW to ARB(FO0). If the L_Port is
using the access fairness algorithm, ACCESS shall be set to FALSE(0); if the L_Port is not
using the access fairness algorithm, ACCESS shall be set to TRUE(1). The LPSM shall
transmit at least six (6) Ordered Sets (i.e., CFWs and R_RDYs) before transmitting any
frames or CLS (see 8.3.4.1).

NOTE The six (6) Ordered Sets maintain the FC-FS spacing before SOF; R_RDYs allow the OPENED L_Port to
transmit frame(s) without using BB_Credit. One R_RDY does not take any extra bandwidth.

The | Port shall process and shall not retransmit Quhqpqupn’r Transmission \Words

received on its inbound fibre. The L_Port shall transmit Primitive Signals, Primjtive
Sequences, or frames as specified in FC-PH (see 8.3.4).

If Idle is received, the CFW shall be set to Idle and ACCESS shall be set to TRUE(1).

If ARB(FO) is received, the CFW shall be set to Idle and XMIT_2_IDLES shall be sgt to
TRUE(1).
NOTE Receiving ARB(FO) indicates that no other L_Port is now arbitrating (i.e., no\kx Port changed ARB(HO) to
ARB(val)).

If a Fill Word is to be transmitted, the CFW shall be used.

NOTE Since ARB_WON is TRUE(1) in this state, XMIT_2_IDLES wilL.riotbe set to FALSE(0).

If CLS is received, the LPSM shall make the transition‘to'the RECEIVED CLOSE state (see
item 9 and item 19).

If MRKtx is received, where the MK_TP and AL _PS match the expected values, the agtion
identified by MK_TP shall be performed. The\received MRKtx shall not be retransmitted.

If REPLICATE is TRUE(1) and the L_Port requests a broadcast replicate (REQ(open ff) or
another selective replicate REQ(open*yr)), the LPSM shall transmit OPN(fr) or one OPN(yr)
for each request at the next appropriate Fill Word, respectively.

—

If ACCESS is TRUE(1) and the L_Port requests a transfer (REQ(transfer)), the LPSM ghall
transmit CLS instead of. the appropriate Fill Word and then shall make the transition tq the
TRANSFER state (see)item 10 and item 20). If ACCESS is FALSE(0), the requedt to
transfer is treated as a request to close. If a Class 1 connection exists, the L_Port ghall
remove the Class\1 connection before transmitting CLS; only the L_Port which recejved
EOFdt shall transmit the first CLS.

The LPSM.may begin to close the Loop (REQ(close)) or REQ(send DHD) by transmifting
CLS or DHD instead of the next appropriate Fill Word. If CLS is transmitted, the LPSM sghall
make\the transition to the XMITTED CLOSE state or the TRANSFER state. If DHD is
transmitted, the LPSM shall remain in the OPEN state, shall set DUPLEX to FALSE(0)|and
Shall not transmit Data frames. If a Class 1 connection exists, the L_Port shall remove the
Class 1 connection bhefore tmnqmi’rting ClS: nnly the I_Pnrt which received EQEdt shall

transmit CLS (see item 8 and item 18 or item 20).

NOTE Reasons for transmitting CLS or DHD include, but are not limited to:

— ARB(val) was detected to indicate that another L_Port is arbitrating (the OPEN L_Port may close the
Loop at a convenient time);

— frame transmission is required with a different L_Port;

— the L_Port has not received any credit to transmit frames before a timeout occurred (an appropriate
value would be AL_TIME since this L_Port is the originator of the Loop circuit);

— there are no additional frames to transmit to the other L_Port; or,

— the L_Port is making the transition to the Non-Participating mode.
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If LIP is recognized, the LPSM shall make the transition to the OPEN-INIT-START state

(see item 1, item 21, and clause 10).

If LPB is recognized:

— if x=AL_PA of the L_Port, the L_Port should stop transmitting LPB; the received

LPByx shall be discarded, or

— if y=AL_PA of the L_Port or hex 'FF', the LPSM shall set BYPASS to TRUE(1)
transition to the MONITORING state (see item 12 and item 13).

If the L_Port requests another L_Port to be bypassed (REQ(bypass L Port y
REQ(bypass all)) or enabled (REQ(enable L_Port y) or REQ(enable all)), the| LPSM 5
begin to transmit LPB or LPE at the next Fill Word, until the Primitive Sequence is receiv

If the LPSM detects a Loop Failure on its inbound fibre or the L_Port,requests initializg
(REQ(initialize)), the LPSM shall make the transition to the INITIALIZATION process
item 1, item 21, and clause 10).

If the L_Port requests to transmit a MRKtx (REQ(mark as tx)),‘the LPSM shall transmit

and

hall

or
hall
ed.

tion
see

one

MRKtx at the next Fill Word (see clause 7), unless REQ(mark as tx) is removed before

MRKitx is transmitted.

State 4 (OPENED) actions (Table 8 and the follewing text describe the OPENED state):

The LPSM shall set ARB_WON to FALSE(0),REPLICATE to FALSE(0), DHD_RC
FALSE(0), and shall transmit the CFW to replace the received OPNy. The L_Port g
transmit at least six (6) Ordered Sets (CFWsrand R_RDYs) before transmitting any fra
or CLS (see 8.3.4.1). If the opened BB_Credit is zero (0), and the L_Port has no avail
receive buffers, the L_Port may transmit CLS and make the transition to the XMIT]
CLOSE state (see item 8 and item18).* The L_Port shall process, and shall not retran
subsequent Transmission Words received on its inbound fibre. The L_Port shall tran
Primitive Signals, Primitive Sequences, or frames as specified in FC-PH (see 8.3.4
OPNyx was received, DUPLEX shall be set to TRUE(1); if OPNyy was received, DUP
shall be set to FALSE(0) and'no Data frames shall be transmitted.

If ARB_PEND is TRUE(M and if the L_Port no longer needs access to the Loop (e.g., it
able to complete the transmission of all its frames), then the L_Port may set ARB_PEN
FALSE(0). Subsequent to setting ARB_PEND to FALSE(0), the L_Port shall change
CFW to the next’received Fill Word and shall not transmit a CLS until a minimum of si
CFWs have been transmitted. Normal LPSM processing for CFW and XMIT_2_IDLES s
resume.

If Idlelis’received and:

to
hall
mes
able
'ED
smit
smit
). If
| EX

was
D to
the
(6)
hall

&~ if ARB_PEND is FALSE(0), the CFW shall be set to Idle and ACCESS shall be STt to

TRUFE(1) or

— if ARB_PEND is TRUE(1) and:

— if XMIT_2_IDLES is FALSE(0), the CFW shall be changed to ARB(val) (where val

= AL_PA of the L_Port) or

— if XMIT_2_IDLES is TRUE(1), the CFW shall be changed to Idle.


https://iecnorm.com/api/?name=b6ac25df5aa66144d4df7d318ccf73bd

14165-122 © ISO/IEC:2005(E) -51-

If ARB(FO) is received and:

— if the CFW is not Idle or XMIT_2_IDLES is FALSE(0), XMIT_2_IDLES shall be set to
TRUE(1) and:

— if ARB_PEND is FALSE, the CFW shall be set to ARB(FO0) or

— if ARB_PEND is TRUE(1), the CFW shall be set to ARB(AL_PA) (where AL_PA is
the AL_PA of the L_Port)

— ifthe CFW is Idle and XMIT_2_IDLES is TRUE(1), the CFW shall not be changed.

If ARByx is received and ARByx <> ARB(val), the CFW should not be changed.8

If ARByx is received, where ARByx = ARB(val) and either XMIT_2_IDLES is‘ FALSE(Q) or
the CFW is not Idle, then:

— if ARB_PEND is FALSE(0), the CFW shall be modified as follows:

— if ARByx = ARB(val) where val = AL_PA of the L_Port, the.CFW shall be char|ged
to Idle or

— if ARByx = ARB(val) where val <> AL_PA ofcthe L_Port, the CFW shall| be
changed to the received ARB(val).

— if ARB_PEND is TRUE(1), the CFW shall be modified as follows:

— if ARByx = ARB(val) where val >=~All_PA of the L_Port, the CFW shall| be
changed to ARB(AL_PA) (where AL:PA is the AL_PA of the L_Port) or

— if ARByx = ARB(val) where val s AL_PA of the L_Port, the CFW shall be char|ged
to the received ARB(val).

If a Fill Word is to be transmitted, the CFW shall be used. If the CFW is Idle [and
XMIT_2 IDLES is TRUE(1), XMIT_2 IDLES shall be set to FALSE(0) after two Idles|are
transmitted.

If OPNr or OPNy are received, they shall be discarded.

If DHD is received and if DHD is supported, the LPSM shall set DHD RCV to TRUE(1).
Receiving DHD.iswan indication to this L_Port that the LPSM in the OPEN state has no more
Data frames to transmit. The L_Port shall respond to DHD by transmitting frames or CLS.

If DHD_RE€V is TRUE(1) and the L_Port has completed all transfers (or it had nothing to
transmit‘when it received DHD) to the L_Port in the OPEN state, it shall REQ(closg) to
begin.ctosing the Loop circuit (see annex C).

If CLS is received, the LPSM shall make the transition to the RECEIVED CLOSE state (see

Q ond itana 10)

Yoo
eI arrfa T TI77

If MRKtx is received, where the MK_TP and AL_PS match the expected values, the action
identified by MK_TP shall be performed. The received MRKix shall not be retransmitted.

The LPSM may begin to close the Loop (REQ(close)) by transmitting CLS instead of the
next appropriate Fill Word and then shall make the transition to the XMITTED CLOSE state.

8 Some L_Ports may set the CFW to the received ARBYyX, this practice is not recommended.
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If a Class 1 connection exists, the L_Port shall remove the Class 1 connection before
transmitting CLS; only the L_Port which received EOFdt shall transmit the first CLS (see

item 8 and item 18).

NOTE Before transmitting CLS and transitioning to the XMITTED CLOSE state, the L_Port should ensure that it
has enough buffers for the current outstanding credit plus the maximum BB_Credit which the L_Port distributed

during Login..
Reasons for transmitting CLS include, but are not limited to:

— frame transmission is required with a different L_Port;

— the L_Port was opened full-duplex and has not received any credit to transmit frames before a timeout

occurred (an appropriate value would be LP_TOV since this L_Port is the responder in the Loop circuit);

—_— lilU L_FUIL wds UPUIIEUI ilaif-dupil.—;x dlld lilU L_FUIL ildb Ddld i’ldllleb |19) lldllblllil |L9) liIU Ul;lcl L_FUIL, T,

— the L_Port is making the transition to the Non-Participating mode.

see item 1, item 21, and clause 10).

TRUE(1), and transition to the MONITORING state (see item 12 andlitem 13).

If the LPSM detects a Loop Failure on its inbound fibre or the £,"Port requests initializa
REQ(initialize)), the LPSM shall make the transition to the INITIALIZATION process
tem 1, item 21 and clause 10).

If the L_Port requests arbitration (REQ(arb own ALcRA)) and ACCESS is TRUE(1),
LPSM shall set ARB_PEND to TRUE(1).

If the L_Port requests to transmit a MRKitx (REQ(mark as tx)), the LPSM shall tran
one MRKtx at the next Fill Word (see clause 7), unless REQ(mark as tx) is remg
before MRKtx is transmitted.

If LIP is recognized, the LPSM shall make the transition to the OPEN-INIT{START sftate

If LPByx (y = AL_PA of the L_Port) or LPBfx is recognized, the LPSM;shall set BYPASE to

tion
see

the

sMit
ved
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State 5 (XMITTED CLOSE) actions (Table 9 and the following text describe the XMITTED
CLOSE state): The LPSM shall set DUPLEX to FALSE(O) and transmit only the CFW
(except MRKtx). The L_Port shall process, but shall not retransmit subsequent
Transmission Words received on its inbound fibre (except MRKitx).

If the L_Port does not receive CLS in less than LP_TOV, the LPSM may make the transition
to the NORMAL-INITIALIZE state to transmit LIP(F7).

If Idle is received and:

— if ARB_PEND is FALSE(0), the CFW shall be set to Idle and ACCESS shall be set to

TRUE(1) or
— if ARB_PEND is TRUE(1) and:

— if XMIT_2_IDLES is FALSE(0), the CFW shall be changed to ARB(valy (wherg val
= AL_PA of the L_Port) or

— if XMIT_2_IDLES is TRUE(1), the CFW shall be changed to_ldle:
If ARB(FO) is received and:

— if the CFW is not Idle or XMIT_2_IDLES is FALSE(0), XMIT_2_IDLES shall be set to
TRUE(1) and:

— if ARB_WON is TRUE(1), the CFW shall be set to Idle or

NOTE Receiving ARB(FO0) indicates that no otherd_Port is now arbitrating (i.e., no L_Port chahged
ARB(FO0) to ARB(val)).

— if ARB_WON is FALSE(0), the CFW:shall be modified as follows:
— if ARB_PEND is FALSE(0)~the CFW shall be changed to ARB(FO) or

— if ARB_PEND is TRUE(®), the CFW shall be changed to ARB(val) (where al =
AL_PA of the L_Port).

— ifthe CFW is Idle and XMIT_2_IDLES is TRUE(1), the CFW shall not be changed.

If ARByx is received~and ARByx <> ARB(val) (i.e., y <> x), the CFW should not be
changed.®

If ARByx is received, ARB_WON is FALSE(0), ARB_PEND is TRUE(1), and either
XMIT_2 IDLES is FALSE(0) or the CFW is not Idle, then the CFW shall be modified as
follows:

— iflARByx = ARB(val) where val >= AL_PA of the L_Port, the CFW shall be changed to
ARB(AL_PA) (where AL_PA is the AL_PA of the L_Port) or

-~ if ARByx = ARB(val) where val < AL_PA of the L_Port, the CFW shall be changed to

the received ARB(val).

If ARByx is received, ARB_WON is FALSE(0), ARB_PEND is FALSE(0), and either
XMIT_2_IDLES is FALSE(0) or the CFW is not Idle, then the CFW shall be modified as
follows:

— if ARByx = ARB(val) where val = AL_PA of the L_Port, the CFW shall be changed to
Idle or

9 SomeL_Ports may set the CFW to the received ARBYyX, this practice is not recommended.
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— if ARByx = ARB(val) where val <> AL_PA of the L_Port, the CFW shall be change
the received ARB(val).

dto

If a Fill Word is to be transmitted, the CFW shall be used. If the CFW is Idle,
XMIT_2 IDLES is TRUE(1) and ARB_WON is FALSE(0), XMIT_2_IDLES shall be set to

FALSE(O) after two Idles are transmitted.
NOTE When ARB_WON is TRUE(1) in this state, XMIT_2_IDLES will not be set to FALSE(0).

If CLS is received and:

— if ARB_PEND is FALSE(0), the LPSM shall transmit the CFW and shall make

the

transition 1o the MONITORING state (see 1tem 12 and item19).

NOTE If ARB_WON is TRUE(1) and if the L_Port had advertised a BB_Credit > 0, in order to_avoiq
over-runs, it is advisable that the number of available buffers at least equal BB_Credit before \makin
transition to the MONITORING state.

— if ARB_PEND is TRUE(1), the LPSM shall transmit the CFW and "shall make
transition to the ARBITRATING state (see item 4 and item 13).

If MRKtx is received and:
— if x = AL_PA of the L_Port, the LPSM shall transmit the CF\W;/the MRKtx is discardg

— if the MK_TP and AL_PS match the expected values, the action identified by MK
shall be performed; or,

— if x <> AL_PA of the L_Port, the received MRKtx 'shall be retransmitted.

If LIP is recognized, the LPSM shall make the transition to the OPEN-INIT-START ¢
(see item 1, item 21, and clause 10).

If LPByx (y = AL_PA of the L_Port) or LPBfx is recognized, the LPSM shall set BYPAS
TRUE(1) and shall make the transition to the MONITORING state (see item 12 and
13). If any other LPByx is received,.it'shall be replaced with the CFW.

If the LPSM detects a Loop Failure on its inbound fibre or the L_Port requests initializg
(REQ(initialize)), the LPSM ‘shall make the transition to the INITIALIZATION process
item 1, item 21 and clause 10).

If the L_Port requests~arbitration (REQ(arb own AL_PA)) and ACCESS is TRUE(1),
LPSM shall set ARB_PEND to TRUE(1).

If the L_Portrequests to transmit a MRKtx (REQ(mark as tx)), the LPSM shall transmit

any
j the

the

xd,
| TP

tate

S to
tem

tion
see

the

one

MRKtx at_the next Fill Word (see clause 7), unless REQ(mark as tx) is removed before

MRKtx isitransmitted.
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19 State 6 (RECEIVED CLOSE) actions (Table 10 and the following text describe the
RECEIVED CLOSE state): The L _Port may continue to transmit frames until
Available_BB_Credit or EE_Credit is exhausted. Any frame or R_RDY received from the
other L_Port shall be discarded. The LPSM shall process and shall not retransmit
subsequent Transmission Words received on its inbound fibre. The L_Port shall transmit
Primitive Signals, Primitive Sequences, or frames as specified in FC-PH. The L_Port should
promptly transmit any remaining frames (if any) and then transmit CLS.

NOTE The other L_Port participating in the Loop circuit may timeout receipt of this L_Port's CLS after LP_TOV.

When the LPSM transmits CLS (REQ(close)):

— if ARB_PEND is FALSE(0), the LPSM shall transition to the MONITORING state(see
item 12 and item 13).

NOTE Before transmitting CLS, if the L_Port had advertised a BB_Credit > 0, in order to” avoid any
overruns, it is advisable that the number of available buffers at least equal BB_Credit before making the
transition to the MONITORING state.

— if ARB_PEND is TRUE(1), the LPSM shall transition to the ARBITRATING state (see
item 4 and item 13).

If ARB_PEND is TRUE(1) and if the L_Port no longer needs access to the Loop (e.g., it was
able to complete the transmission of all its frames), then the L.{Port may set ARB_PEND to
FALSE(0). Subsequent to setting ARB_PEND to FALSE(O), the L _Port shall change|the
CFW to the next received Fill Word and then transmit.aminimum of six (6) CFWs bgfore
transmitting CLS.

If Idle is received and:

— if ARB_PEND is FALSE(0), the CFW shall*be set to Idle and ACCESS shall be sgt to
TRUE(1) or

— if ARB_PEND is TRUE(1) and

— if XMIT_2_IDLES is FALSE(0), the CFW shall be changed to ARB(val) (wherg val
= AL_PA of the L_Port)-or

— if XMIT_2_IDLES\is TRUE(1), the CFW shall be changed to Idle.
If ARB(FO) is received.and

— if the CFW-isYiot Idle or XMIT_2_IDLES is FALSE(0), XMIT_2_IDLES shall be sgt to
TRUE(1)-and

— ARARB_WON is TRUE(1), the CFW shall be set to Idle or

NOTE Receiving ARB(FO0) indicates that no other L_Port is now arbitrating (i.e., no L_Port chahged
ARB(FO0) to ARB(val)).

— if ARB_WON is FALSE(0), the CFW shall be modified as follows:

- if ARB_PEND is FALSE(0O), the CFW shall be changed to ARB(FO) or

- if ARB_PEND is TRUE(1), the CFW shall be changed to ARB(val) (where val =
AL_PA of the L_Port).

— ifthe CFW is Idle and XMIT_2_IDLES is TRUE(1), the CFW shall not be changed.

If ARByx is received and ARByx <> ARB(val) (i.e., y <> x), the CFW should not be
changed.10

10 Some L_Ports may set the CFW to the received ARByx, this practice is not recommended.
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If ARByx is received, ARB_WON is FALSE(0), ARB_PEND is TRUE(1), and either
XMIT_2_IDLES is FALSE(0) or the CFW is not Idle, then the CFW shall be modified as
follows:

— if ARByx = ARB(val) where val >= AL_PA of the L_Port, the CFW shall be changed to
ARB(AL_PA) (where AL_PA is the AL_PA of the L_Port) or

— if ARByx = ARB(val) where val < AL_PA of the L_Port, the CFW shall be changed to
the received ARB(val).

If ARByx is received, ARB_WON is FALSE(O) ARB_PEND is FALSE(O) and either

NAALL 2O 1L o AL /O O \AL Lall 4lo 4lo O \AL la
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follows:

— if ARByx = ARB(val) where val = AL_PA of the L_Port, the CFW shall be .changed to
Idle or

— if ARByx = ARB(val) where val <> AL_PA of the L_Port, the CFW shdll be changed to
the received ARB(val).

If a Fill Word is to be transmitted, the CFW shall be used: If the CFW is |dle;
XMIT_2 IDLES is TRUE(1); and, ARB_WON is FALSE(0), XMIT) 2_IDLES shall be s¢t to
FALSE(0) after two Idles are transmitted.

NOTE When ARB_WON is TRUE(1) in this state, XMIT_2_IDLES willnot-be set to FALSE(O0).

If MRKtx is received, where the MK_TP and AL_PS match the expected values, the agtion
identified by MK_TP shall be performed. The receiyed MRKtx shall not be retransmitted.

If LIP is recognized, the LPSM shall make .the ftransition to the OPEN-INIT-START state
(see item 1, item 21 and clause 10).

If LPByx (y = AL_PA of the L_Port) or.LRBfx is recognized, the LPSM shall set BYPASE to
TRUE(1) and transition to the MONITORING state (see item 12 and item 13).

If the LPSM detects a Loop Failure on its inbound fibre or the L_Port requests initializgtion
(REQ(initialize)), the LPSM shall make the transition to the INITIALIZATION process (see
item 1, item 21 and clause 10).

If the L_Port requests arbitration (REQ(arb own AL_PA)) and ACCESS is TRUE(1),| the
LPSM shall set ARB_PEND to TRUE(1).If the L_Port requests to transmit a MRKitx
(REQ(mark as tx)),the LPSM shall transmit one MRKtx at the next Fill Word (see claus¢ 7),
unless REQ(mark as tx) is removed before MRKtx is transmitted.
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State 7 (TRANSFER) actions (Table 11 and the following text describe the TRANSFER
state): The L_Port shall set DUPLEX to FALSE(0). The LPSM shall transmit only the CFW
(except MRKitx). The L_Port shall process, but shall not retransmit subsequent
Transmission Words received on its inbound fibre (except MRKitx).

If the L_Port does not receive CLS in less than LP_TOV, the LPSM may make the transition
to the NORMAL-INITIALIZE state to transmit LIP(F7).

If Idle is received, the CFW shall be set to Idle and ACCESS shall be set to TRUE(1).

If ARB(FO) is received, the CFW shall be set to Idle and XMIT_2 IDLES shall be set to

TRUE(T).
NOTE Receiving ARB(FO) indicates that no other L_Port is now arbitrating (i.e., no L_Port changed-ARB(HO) to
ARB(val)).

If a Fill Word is to be transmitted, the CFW shall be used.

NOTE Since ARB_WON is TRUE(1) in this state, XMIT_2_IDLES will not be set to FALSE(0).

If CLS is received and:

— the L_Port still requires access to the Loop (REQ(open yx) or REQ(open yy), the LFSM
shall transmit OPNy to replace the received CLS, shall:s€ REPLICATE to FALSE(0),
and shall make the transition to the OPEN state (see item 11 and 16)

— the L_Port still requires access to the Loop (REQ(open fr) or REQ(open yr)), the LFSM
shall transmit OPNr to replace the received CL'S, shall set REPLICATE to TRUE
and shall make the transition to the OPEN staté (see item 11 and 16) or

—
—_
~

— the L_Port no longer needs access to the Loop (REQ(monitor)), the LPSM shall make
the transition to the MONITORING state)(see item 12 and item 13).

NOTE If the L_Port had advertised a BB_Credit > 0, in order to avoid any overruns, it is advisable that the
number of available buffers at least équal BB_Credit before making the transition to the OPEN or
MONITORING state.

If MRKtx is received and:
— if x = AL_PA of the L ~\Rort, the LPSM shall transmit the CFW; the MRKtx is discarded;

— if the MK_TP and_AL_PS match the expected values, the action identified by MK[ TP
shall be performed; or,

— if x <> AL='PA of the L_Port, the received MRKtx shall be retransmitted.

If LIP is-fecognized, the LPSM shall make the transition to the OPEN-INIT-START state
(see item 1, item 21 and clause 10).

If EPByx (y = AL_PA of the L_Port) or LPBfx is recognized, the LPSM shall set BYPASE to
TJRUE(1) and shall make the transition to the MONITORING state (see item 12 |and

If the LPSM detects a Loop Failure on its inbound fibre or the L_Port requests initialization
(REQ(initialize)), the LPSM shall make the transition to the INITIALIZATION process (see
item 1, item 21, and clause 10).

If the L_Port requests to transmit a MRKtx (REQ(mark as tx)), the LPSM shall transmit one
MRKtx at the next Fill Word (see clause 7), unless REQ(mark as tx) is removed before
MRKitx is transmitted.
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Process 8 (INITIALIZATION process) actions (Table 12 and the following text describe
the entry actions for the INITIALIZATION process, and the state diagrams and text of
10.5.4 describe the detailed actions in these states): The LPSM shall set BYPASS to
FALSE(0); shall transmit the Transmissions Words as defined in 10.5.4; and, shall not
retransmit received Transmission Words except LPB and LPE or as required by 10.5.4.

NOTE The INITIALIZATION process encompasses the INITIALIZING state that was defined in the first
publication of this standard.

Reserved
NOTE The INITIALIZATION process encompasses the OPEN-INIT state that was defined in the first publication

of-this-standard

State A (OLD-PORT) actions (Table 14 and the following text describe the entry agtiors to
the optional OLD-PORT state; the state diagrams and text of 10.5.4 describe the-detailed
actions in the OLD-PORT state): The LPSM shall set the CFW to Idle; the L:-Port ghall
process, but the LPSM shall not retransmit Transmission Words received. on its inbqund
fibre. The L_Port shall transmit Primitive Signals, Primitive Sequences, or frameq as
specified in FC-PH. Before Login'1, the "Alternate BB_Credit Management" bit shall bg set
to 0 and the BB_Credit shall be set to one (1).

11 Private NL_Ports only support NL_Port Login.
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9 L_Port state transition tables

The following tables provide complimentary and necessary information to the text in 8.4. The
tables show the transitions from one state to the next in the LPSM that are based directly on
receipt of information from the inbound fibre or from L_Port controls. All inputs affecting the LPSM
are repeated in each table to provide an exhaustive list of related outputs and transitions.

The following notations, conventions and abbreviations are used in Table 4 to Table 14.

— The ENTRY ACTIONS in the top block of Tables 4 10 14 shall be compleied before| the
LPSM shall accept any condition specified in the column labeled 'INPUT." TheCeolymn
labeled 'ACTION / OUTPUT' typically represents the action taken based on the.recejved
Transmission Word and identifies the next Transmission Word which shall be transmitted on
the Loop. In addition, there is minimal descriptive text as to what action should be tgken
(e.g., 'Receive Word' states that this Transmission Word is to be received.by the L_Port).

— | When XMIT_2_IDLES is TRUE(1), ARB_WON is FALSE(0), and the LPSM has transm|tted
two (2) Idles, the LPSM shall set XMIT_2_IDLES to FALSE(O) (see8.1.1 and 8.4.3).

— L_Port requests typically cause Transmission Words to be transmitted asynchronously to
the request. Therefore, the column labeled 'ACTION / OUTPUT' for L_Port requests may
not relate to a Transmission Word.

— 'None/lnst.' indicates that no Transmission Word is transmitted in this state.

— 'when ... BB_Credit' implies that the numberfof receive buffers equals the advertjsed
BB_Credit Login value of the L_Port.

— 'same word' implies that the Transmission Word which was received is retransmitted.

— 'receive word' implies that the Transmission Word is presented to FC-2 of the L_Port for
further processing.

— Each Primitive Sequence _entry represents the point of recognition (i.e., the third
consecutive Transmission.Word of the same Ordered Set has been received).

— If PARTICIPATE is FALSE(0), the L_Port does not have an AL_PA. Therefore, the enfries
for val = AL_PA, x= AL_PA, ory = AL_PA are ignored and the entries for val <> AL _|PA,
x<> AL_PA, or y«<>*AL_PA shall be followed.

— Requests to._an L_Port which are not appropriate inputs may be ignored. Spme
implementations may choose to report an error status to the L_Port for these requests.

— | The entry labeled "ANY OTHER O.S." addresses the first and second Ordered Set of gach
Primitive Sequence (see FC-PH).

— |The entry labeled "ANY OTHER O.S." is used to process an Ordered Set which is a valid
Transmission Word, but which is not specifically accounted for in the state tables. This
allows new Ordered Sets to be defined without disrupting previous implementations.

— Entries "at the next Fill Word" and "at the next app. Fill Word" pertain to Fill Words at the
L_Port's output.


https://iecnorm.com/api/?name=b6ac25df5aa66144d4df7d318ccf73bd

app.
DISP
FC-2
FP

h-d
Inst.

— 60 -

appropriate

Disparity

FC-FS FC-2 Protocol

Framing Protocol

full-duplex

half-duplex

Instantaneous (i.e., no Transmission
Words are transmitted in this state)

N/A
N/C
Opt.
0.S.
PSeq
PSig
REQd

14165-122 © ISO/IEC:2005(E)

Not Applicable to this state
No Change

Optionally

Ordered Set

FC-PH Primitive Sequence(s)
FC-PH Primitive Signal(s)
Required
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Table 4 — MONITORING (State 0) transitions

ENTRY ACTIONS

ACCESS :=N/C

DUPLEX :=0 DHD_RCV := N/C
NN REPLICATE := 0 BYPASS := N/C
ARBf SENT := 0 CFW := N/C XMIT_2 IDLES := N/C
INPUT ACTION /| OUTPUT NEXT STATE
LOSS of SYNC.<R_T _TOV Idle or CFW12 MONITORING
LoppFaiture
REPEAT =0 None/Inst. LOOP-FAIL-INITIAMZE
REPEAT =1 LIP(F8) MONITORING
INVALID TRANS. WORD CFwW MONITORING
RUNNING DISP at O.S. CFwW MONITORING
EYASTICITY WORD REQd CFwW MONITORING
VALID DATA WORD
FL_Port Same Word MONITORING
NL_Port
REPLICATE =0 Same Word MONITORING
REPLICATE = 1 Receive Word
Same Word MONITORING
VALID TRANS. WORD = O.S.
FRAME DELIMITER
FL_Port Same Word MONITORING
NL_Port
SOFxx
REPLICATE =0 Same Word MONITORING
REPLICATE = 1 Receive Word
Same Word MONITORING
EOFxx
REPLICATE =0 Same Word MONITORING
REPLICATE =1 Receive Word
Same Word MONITORING
PRIMITIVE SIGNALS
Idle
REPEAT =0
ARBf_SENT= 0 CFW :=Idle
ACCESS =1
CFw MONITORING
ARBf SENT =1 CFW := ARB(FF)
CFw MONITORING
REPEAT =1 CFW := Idle
CFW MONITORING
R_RDY Same Word MONITORING
ARByXx
y <> X CFW13 MONITORING

12 The previous version of this standard used Idle for the Output. Implementors felt it was simpler to use the current Fill

Word.

13 Some L_Ports may set the CFW to the received ARByx, however, it is recommended that the CFW is not changed.
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INPUT ACTION /| OUTPUT NEXT STATE
ARB(FF)
REPEAT =0
CFW <> Idle |
XMIT 2 IDLES =0 CFW := ARB(FF)
CFW MONITORING
CFW =Idle &
XMIT 2 IDLES =1 CFW MONITORING
REPEAT =1 CFW := ARB(FF)
CFW MONITORING
ARB(F0)
CFW = Idle | ARB(FF)
REPEAT =0 XMIT_2 IDLES :=1
CFW MONITORING
REPEAT =1 CFW := ARB(F0)
CFwW MONITORING
CFW <> Idle | ARB(FF) CFW := ARB(FO0)
ARBf SENT :=0
XMIT_2 IDLES :=1
CFW MONITORING
ARB(val)
REPEAT =0
val <> AL PA
CFW <> Idle |
XMIT_2 IDLES =0 CFW := ARB(val)
ARBf _SENT := 0
CFW MONITORING
CFW = Idle &
XMIT_2 IDLES =1 ARBf SENT“=0
CFwW MONITORING
val = AL_PA CFW :=Idle
ARBf*SENT := 0
CEW MONITORING
REPEAT =1 CFW := ARB(val)
CFW MONITORING
ORNr (OPNfr | OPNyr)
PARTICIPATE =1
KL Port Same Word MONITORING
NL_Port
f=hex 'FF'
REPEAT=0 REPLICATE := 1
Same Word MONITORING
REPEAT =1 Same Word MONITORING
y =Ab PA
REPEAT =0 REPLICATE := 1
Same Word MONITORING
REPEAT =1 Same Word MONITORING
All other OPNr Same Word MONITORING
PARTICIPATE =0 Same Word MONITORING
OPNy
REPEAT =0
y=AL PA None/lInst. OPENED
y <>AL_PA Same Word MONITORING
REPEAT =1 Same Word MONITORING
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INPUT ACTION / OUTPUT NEXT STATE
CLS
REPLICATE =0 Same Word MONITORING
REPLICATE =1 REPLICATE := 0
Same Word MONITORING
DHD Same Word MONITORING
MRKtx
REPEAT =0
x=AL PA CFW MONITORING
<= ALDPA SameWord MOMNTORING
REPEAT =1 Same Word MONITORING
PRIMITIVE SEQUENCES
LIp
BYPASS =0 None/lInst. OPEN-INITESTART
BYPASS =1 PARTICIPATE := 0
ARBf SENT :=0
Same Word MONITORING
LPB (LPByx | LPBfx)
A =AL PA
REPEAT =0 CFwW MONITORING
REPEAT =1 Same Word MONITORING
y <>AL_PA Same Word MONITORING
y = AL_PA REPLICATE := 0
BYPASS =1
ARBf SENT :=0
Same Word MONITORING
fl= hex 'FF' REPLICATE =0
BYPASS :=¢1
ARBf _SENT =0
Same Word MONITORING
LPE (LPEyx | LPEfx)
A =AL PA
REPEAT =0 CFw MONITORING
REPEAT =1 Same Word MONITORING
y <>AL_PA Same Word MONITORING
y = AL_PA BYPASS :=0
Same Word MONITORING
fl= hex 'FF' BYPASS =0
Same Word MONITORING
ANY OTHER O.S: Same Word MONITORING
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INPUT ACTION / OUTPUT NEXT STATE
L_Port CONTROLS
REQ(monitor) None/Inst. MONITORING
REQ(arb own AL_PA)
ACCESS =0 None/Inst. MONITORING
ACCESS =1
REPEAT =0 ARB_PEND :=1 ARBITRATING
REPEAT =1 None/lInst. MONITORING
REQtarbitrate )
REPEAT =0
CFW = Idle ARBf_SENT := 1 MONITORING
(when 6 Idles sent)
CFW <> Idle None/Inst. MONITORING
REPEAT =1 None/Inst. MONITORING
REQ(open yx) f-d None/Inst. MONITORING
REQ(open yy) h-d None/Inst. MONITORING
REQ(open fr) None/Inst. MONITORING
REQ(open yr) None/Inst. MONITORING
REQ(close) None/Inst. MONITORING
REQ(send DHD) None/Inst. MONITORING
REQ(transfer) None/Inst. MONITORING
REQ(old-port) None/Inst( OLD-PORT-REQ
REQ(participating) None/lnst. NORMAL-INITIALIZE

REQ(nonparticipat.)

Optionally Transmit 12 LIPs
RARTICIPATE := 0

ARBf_SENT :=0 MONITORING
REQ(mark as tx)
REPEAT =0 MRKtx at the next Fill Word MONITORING
REPEAT = 1 None/Inst. MONITORING
REQ(bypass L_Port) REPLICATE :=0
BYPASS =1
ARBf SENT :=0 MONITORING
REQ(bypass L_Port y) None/Inst. MONITORING
REQ(bypass all) None/Inst. MONITORING
REQ(enable L_Port) BYPASS :=0 MONITORING
REQ(enable L_Port y) None/Inst. MONITORING
REQ(enable all) None/Inst. MONITORING
REQ(initialize) None/Inst. NORMAL-INITIALIZE
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Table 5 — ARBITRATING (State 1) transitions

ENTRY ACTIONS

ACCESS := N/C
ARB_PEND := N/C
ARB_WON := 0
ARBf SENT := N/C

DUPLEX :=0
REPLICATE := N/C
CFW :=N/C

DHD_RCV := N/C
BYPASS := N/C
XMIT_2_IDLES := N/C

INPUT ACTION / OUTPUT NEXT STATE
LOSS of SYNC. <R _T_TOV Idle or CFW ARBITRATING
Lojop Failure None/Inst. LOOP-FAIL-INITIAMAE
INVALID TRANS. WORD CFwW ARBITRATING
RUNNING DISP at O.S. CFwW ARBITRATING
EUASTICITY WORD REQd CFW ARBITRATING
VALID DATA WORD
KL Port Same Word ARBITRATING
NL_Port:
REPLICATE =0 Same Word ARBITRATING
REPLICATE =1 Receive Word
Same Word ARBITRATING
VALID TRANS. WORD =0.S.
FRAME DELIMITER
kL Port Same Word ARBITRATING
NL_Port:
SOFxx
REPLICATE =0 Same Wortd ARBITRATING
REPLICATE =1 Receive*Word
Same*Word ARBITRATING
EOFxx
REPLICATE =0 Same Word ARBITRATING
REPLICATE =1 Receive Word
Same Word ARBITRATING
PRIMITIVE SIGNALS
Idie
MIT_2 IDLES 70 CFW := ARB(AL_PA) ARBITRATING
CFwW
MIT_2 IDLES'= 1 CFW :=Idle ARBITRATING
CFwW
R |RDY Same Word ARBITRATING
ARByx
y<>X CEWW ARBITRATING

14 While some L_Ports may set the CFW to the received ARBYX, it is recommended that the CFW is not changed.
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INPUT ACTION / OUTPUT NEXT STATE
ARB(val)
CFW <> IDLE |
XMIT_2 IDLES =0
val < AL_PA CFW := ARB(val)
CFW ARBITRATING
val = hex 'FO' CFW := ARB(AL_PA)
XMIT_2 IDLES :=1
CFwW ARBITRATING
val> Al _PA CEW = ARB(Al PA)
CFwW ARBITRATING
val = AL_PA None/Inst. ARBITRATION WON
CFW = IDLE &
XMIT 2 IDLES =1 CFW ARBITRATING
ORNr (OPNfr | OPNyr)
FL Port Same Word ARBITRATING
NL_Port
f = hex 'FF' REPLICATE := 1
Same Word ARBITRATING
y=AL PA REPLICATE := 1
Same Word ARBITRATING
All other OPNr Same Word ARBITRATING
ORNy
y =AL_PA None/Inst. OPENED
y <>AL PA Same Word ARBITRATING
cys
REPLICATE =0 Same Word ARBITRATING
REPLICATE =1 REPLICATE\ 50
Same Word ARBITRATING
DHD Same Word ARBITRATING
MRKtx
A =AL_PA CEW ARBITRATING
A <>AL PA Same Word ARBITRATING
PRIMITIVE SEQUENCES
LIR None/lInst. OPEN-INIT-START
LPB (LPByx | LPBfx)
A =AL PA CFwW ARBITRATING
y <>AL_PA Same Word ARBITRATING
y=AL_PA BYPASS =1
None/Inst. MONITORING
fl= hex<EF' BYPASS = 1
None/Inst. MONITORING
LPE("PEyx | | PEfX) Same Word ARBITRATING
ANY OTHER O.S. Same Word ARBITRATING
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INPUT ACTION / OUTPUT | NEXT STATE
L_Port CONTROLS
REQ(monitor) None/Inst. ARBITRATING
REQ(arb own AL_PA) None/Inst. ARBITRATING
REQ(open yx) f-d None/Inst. ARBITRATING
REQ(open yy) h-d None/Inst. ARBITRATING
REQ(open fr) None/Inst. ARBITRATING
REQ(open yr) None/Inst. ARBITRATING
REQ(close) None/Inst. ARBITRATING
REQ(send DHD) None/Inst. ARB|TRATING
REQ(transfer) None/Inst. ARBITRATING
REQ(old-port) None/Inst. ARBITRATING
REQ(participating) None/Inst. ARBITRATING
REQ(nonparticipat.) None/Inst. ARBITRATING
REQ(mark as tx) MRKTtx at the next Fill Word ARBITRATING
REQ(bypass L_Port) None/Inst. ARBITRATING
REQ(bypass L_Port y) None/Inst! ARBITRATING
REQ(bypass all) Nonefinst. ARBITRATING
REQ(enable L_Port) None/Inst. ARBITRATING
REQ(enable L_Port y) None/Inst. ARBITRATING
REQ(enable all) None/Inst. ARBITRATING
REQ(initialize) None/Inst. NORMAL-INITIALIZE
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Table 6 — ARBITRATION WON (State 2) transitions

ENTRY ACTIONS

ACCESS := N/C
ARB_PEND := N/C
ARB_WON := N/C
ARBf SENT := N/C

DUPLEX := N/C
REPLICATE := N/C
CFW :=N/C

DHD_RCV := N/C
BYPASS := N/C
XMIT_2_IDLES := N/C

INPUT ACTION /| OUTPUT NEXT STATE
LOSS of SYNC. < R_T_TOV N/A N/A
Lojop Failure N7A N7A
INVALID TRANS. WORD N/A N/A
RUNNING DISP at O.S. N/A N/A
EUASTICITY WORD REQd N/A N/A
VALID DATA WORD N/A N/A
VALID TRANS. WORD =0.S.
FRAME DELIMITERS
$OFxx N/A N/A
EOFxx N/A N/A
PRIMITIVE SIGNALS
Idle N/A N/A
R_RDY N/A N/A
ARByx N/A N/A
OPNr N/A N/A
OPNy N/A N/A
CLS N/A N/A
DHD N/A N/A
MRKtx N/A N/A
PRIMITIVE SEQUENCES
P N/A N/A
UPB (LPByx | LPBfx) N/A N/A
ULPE (LPEyx | LPEfx) N/A N/A
ANY OTHER O.S. N/A N/A
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INPUT ACTION / OUTPUT NEXT STATE
L_Port CONTROLS

REQ(monitor) N/A N/A
REQ(arb own AL_PA) N/A N/A
REQ(open yx) f-d OPNyx OPEN
REQ(open yy) h-d OPNyy OPEN
REQ(open fr) REPLICATE:=1

OPNfr OPEN
REQ(open yr) REPLICATE:=1

OPNyr OPEN
REQ(close) y := AL_PA of L_Port

OPNyy OPEN
REQ(send DHD) N/A N/A
REQ(transfer) N/A N/A
REQ(old-port) N/A N/A
REQ(participating) N/A N/A
REQ(nonparticipat.) N/A N/A
REQ(mark as tx) N/A N/A
REQ(bypass L_Port) N/A N/A
REQ(bypass L_Port y) N/A N/A
REQ(bypass all) N/A N/A
REQ(enable L_Port) N/A N/A
REQ(enable L_Port y) N/A N/A
REQ(enable all) N/A N/A
REQ(initialize) None/Inst: NORMAL-INITIALIZE
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Table 7 — OPEN (State 3) transitions
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ENTRY ACTIONS

ACCESS := 0 if using fairness
ACCESS := 1 if not using fairness

DUPLEX :=1
REPLICATE :=N/C

DHD_RCV :=N/C
BYPASS :=N/C

ARB_PEND :=0 CFW := ARB(FO0) XMIT_2_IDLES :=N/C
ARB_WON =1
ARBf SENT := N/C

INPUT ACTION /| OUTPUT NEXT STATE
LOSS of SYNC.<R T TOV FC-2 FP/PSig/PSeq OPEN
Lopp Failure None/Inst. LOOP-FAIL-INITIALIZE]

INVALID TRANS. WORD

FC-2 FP/PSig/PSeq

OPEN

RUNNING DISP at O.S. FC-2 FP/PSig/PSeq OPEN
ELASTICITY WORD REQd N/A OPEN
VALID DATA WORD FC-2 FP/PSig/PSeq OPEN
VALID TRANS. WORD =0.5.
FRAME DELIMITERS
$OFxx FC-2 FP/PSig/PSeq OPEN
EOFxx FC-2 FP/PSig/PSeq OPEN
PRIMITIVE SIGNALS
iHle CFW = Idie
ACCESS := 1
FC-2 FP/PSig/PSeq OPEN
R_RDY FC-2 FP/PSig/PSeq OPEN
CFW = Idie
ARB(FO) XMIT 2 IDLES = 1
FC-2 FP/PSig/PSeq OPEN
ARByXx FC-2 FP/PSig/PSeq OPEN
®PNr FC-2 FP/PSig/PSeq OPEN
PNy FE-2 FP/PSig/PSeq OPEN
¢Ls FC-2 FP/PSig/PSeq RECEIVED CLOSE
HHD FC-2 FP/PSig/PSeq OPEN
WIRKix FC-2 FP/PSig/PSeq OPEN

PRIMITIVE SEQUENCES

LI Nonef/Inst. OPEN-INIT-START
IPB(LPByx | LPBX)
x = AL_PA FC-2 FP/PSig/PSeq OPEN
y <>AL-PA FC-2 FP/PSig/PSeq OPEN
y = AL-PA BYPASS := 1
None/Inst. MONITORING
f=hex 'FF' BYPASS := 1
LPE (LPEyx | LPEfx) FC-2 FP/PSig/PSeq OPEN
ANY OTHER O.S. FC-2 FP/PSig/PSeq OPEN
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(when CLS sent)

INPUT ACTION / OUTPUT NEXT STATE
L_Port CONTROLS

REQ(monitor) None/Inst. OPEN
REQ(arb own AL_PA) None/Inst. OPEN
REQ(open yx) full-duplex None/Inst. OPEN
REQ(open yy) half-duplex None/Inst. OPEN
REQ(open fr)

REPLICATE =0 None/Inst. OPEN

REPLICATE =1 OPNfr at the next app. Fill Word OPEN (when OPNfr semt)
REQ(open yr)

REPLICATE =0 None/Inst. OPEN

REPLICATE =1 OPNyr at the next app. Fill Word OPEN (when @QPNyr sent)
REQ(close) CLS at the next app. Fill Word XMITTED CLOSE

A

REQ(send DHD)

DUPLEX =0 None/Inst. OPEN
DUPLEX = 1 DUPLEX:=0
DHD at the next app. Fill Word OPEN (when DHD sen
REQ(transfer)
ACCESS =0 CLS at the next app. Fill Word XMITTED CLOSE
(when CLS sent)
ACCESS =1 CLS at the next app. Fill Word TRANSFER (when CLS sent)

REQ(old-port)

None/Inst.

OPEN

REQ(initialize)

None/Inst.

i

REQ(participating) None/Inst. OPEN
REQ(nonparticipat.) None/Inst. OPEN
REQ(mark as tx) MRKitx at the next Fill Word OPEN
REQ(bypass L_Port) None/Inst. OPEN
REQ(bypass L_Port y) LPByx at the next Fill Word OPEN
REQ(bypass all) LPBfx at the next Fill Word OPEN
REQ(enable L_Port) None/Inst. OPEN
REQ(enable L_Port y) LPEyx at the next Fill Word OPEN
REQ(enable all) LPEfx at the next Fill Word OPEN
REQ(

NORMAL-INITIALIZE
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Table 8 — OPENED (State 4) transitions

ENTRY ACTIONS
ACCESS := N/C DUPLEX := 0 if OPNyy DHD_RCV :=0
ARB_PEND := N/C DUPLEX := 1 if OPNyx BYPASS := N/C
ARB_WON :=0 REPLICATE :=0 XMIT_2_IDLES :=N/C
ARBf_SENT := N/C CFW :=N/C
INPUT ACTION / OUTPUT NEXT STATE
LOSS of SYNC.<R_T_TOV FC-2 FP/PSig/PSeq OPENED
Lopp Failure None/Inst. LOOP-FAIL-INITIALIZE
INYALID TRANS. WORD FC-2 FP/PSig/PSeq OPENED
RUNNING DISP at O.S. FC-2 FP/PSig/PSeq OPENED
EUASTICITY WORD REQd N/A OPENED
VALID DATA WORD FC-2 FP/PSig/PSeq OPENED
VALID TRANS. WORD = O.S.
FRAME DELIMITERS
SQFxx FC-2 FP/PSig/PSeq ORENED
EQFxx FC-2 FP/PSig/PSeq OPENED
PRIMITIVE SIGNALS
Idle
ARB_PEND =0 CFW :=Idle
ACCESS =1
FC-2 FP/PSig/PSeq OPENED
ARB_PEND =1
XMIT_2_IDLES =0 CFW := ARB(AL" PA)
FC-2 FP/PSig/PSeq OPENED
XMIT_2_IDLES =1 CFW :=idle
FC-2 FP/PSig/PSeq OPENED
R_RDY FC-2FP/PSig/PSeq OPENED
ARB(FO0)
CFW <> Idle |
XMIT_2_IDLES =0
ARB_PEND =0 CFW := ARB(F0)
XMIT_2_IDLES :=1
FC-2/FP/PSig/PSeq OPENED
ARB_PEND =1 CFW := ARB(AL_PA)
XMIT_2_IDLES :=1
FC-2/FP/PSig/PSeq OPENED
CFW =ldle &
XMIF 2 IDLES =1 FC-2/FP/PSig/PSeq OPENED
ARBYyXx
Y <> X FC-2 FP/PSig/PSeq15 OPENED

15 While some L_Ports may set the CFW to the received ARBYX, it is recommended that the CFW is not changed.
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INPUT ACTION / OUTPUT NEXT STATE
ARB(val)
CFW <> Idle |
XMIT 2 IDLES =0
ARB_PEND =0
val <>AL_PA CFW := ARB(val)
FC-2 FP/PSig/PSeq OPENED
val = AL_PA CFW :=Idle
FC-2 FP/PSig/PSeq OPENED
ARB_PEND = 1
val >=AL_PA CFW := ARB(AL_PA)
FC-2 FP/PSig/PSeq OPENED
val < AL_PA CFW := ARB(val)
FC-2 FP/PSig/PSeq OPENED
CFW = Idle &

XMIT 2 IDLES =1 FC-2 FP/PSig/PSeq OPENED
OPNr FC-2 FP/PSig/PSeq OPENED
OPNy FC-2 FP/PSig/PSeq OPENED
CLS FC-2 FP/PSig/PSeq RECEIVED CLOSE
DHD DHD_RCV = 1

FC-2 FP/PSig/PSeq OPENED
VRKtx FC-2 FP/PSig/PSeq OPENED

PRIMITIVE SEQUENCES

uipP

None/Inst.

OPEN-INIT-START

[PB (LPByx | LPBfx)

y <>AL_PA FC-2 FP/PSig/PSeq OPENED
y=AL_PA BYPASS :=.1
None/Inst: MONITORING
f=hex 'FF' BYPASS":=1
None/Inst. MONITORING
UPE (LPEyx|LPEfx) FC-2 FP/PSig/PSeq OPENED
ANY OTHER O.S. FC-2 FP/PSig/PSeq OPENED



https://iecnorm.com/api/?name=b6ac25df5aa66144d4df7d318ccf73bd

—-74 - 14165-122 © ISO/IEC:2005(E)

INPUT ACTION / OUTPUT NEXT STATE
L_PORT CONTROLS

REQ(monitor) None/lInst. OPENED
REQ(arb own AL_PA) None/Inst. OPENED
REQ(open yx) f-d None/Inst. OPENED
REQ(open yy) h-d None/Inst. OPENED
REQ(open fr) None/Inst. OPENED
REQ{epen—y} NenreHnst OPENED
REQ(close) \C/)VIE)Srdat the next app. Fill ?W%IJJEESC:;?)E
REQ(send DHD) None/Inst. OPENED
REQ(transfer) None/Inst. OPENED
REQ(old-port) None/Inst. OPENED
REQ(participating) None/Inst. OPENED
REQ(nonparticipat.) None/Inst. OPENED
REQ(mark as tx) R at the next Fill GPENED
REQ(bypass L_Port) None/Inst. OPENED
REQ(bypass L_Port y) None/lnst. OPENED
REQ(bypass all) None/Inst. OPENED
REQ(enable L_Port) None/Inst. OPENED
REQ(enable L_Port y) None/Inst. OPENED
REQ(enable all) None/Inst. OPENED
REQ(initialize) None/lnst. NORMAL-INITIALIZE
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Table 9 — XMITTED CLOSE (State 5) transitions

ENTRY ACTIONS

ACCESS :=N/C DUPLEX =0 DHD _RCV :=N/C
ARB_PEND := N/C REPLICATE := N/C BYPASS := N/C
ARB_WON := N/C CFW :=N/C XMIT_2 IDLES :=N/C
ARBf SENT := N/C
INPUT ACTION / OUTPUT NEXT STATE
LOSS of SYNC.<R T _TOV Idle or CFW XMITTED CLOSE
LoopFaiture Normefinst: FOOP-FATINITALIZE
INVALID TRANS. WORD CFW XMITTED CLOSE
RUNNING DISP at O.S. CFW XMITTED CLOSE
ELASTICITY WORD REQd N/A XMITTED CLOSE
VALID DATA WORD CFW XMITTED,CLOSE
VALID TRANS. WORD =0.S.
FRAME DELIMITERS

$OFxx CFW XMITTED CLOSE

EOFxx CFW XMITTED CLOSE
PRIMITIVE SIGNALS

Iple

ARB_PEND =0 CFW :=Idle
ACCESS =1
CFW XMITTED CLOSE
ARB _PEND =1

XMIT_2_IDLES =0

CFW := ARB(AL)PA)
CFW

XMITTED CLOSE

XMIT_2_IDLES =1 CFW :=Idle
CFW XMITTED CLOSE
R|RDY CFW XMITTED CLOSE
ARB(FO0)
CFW <> Idle |
XMIT_2_IDLES =0
ARB_WON =1 CFW :=Idle
XMIT_2_IDLES :=1
CFwW XMITTED CLOSE
ARB_WON=0
ARBPEND =0 CFW := ARB(FO0)
XMIT_2_IDLES := 1
CFW XMITTED CLOSE
ARB_PEND = 1 CFW := ARB(AL_PA)
XMIT_2_IDLES :=1
CFwW XMITTED CLOSE
CFW =Tdle &
XMIT_2 IDLES =1 CFwW XMITTED CLOSE
ARByx
y <>Xx CFW16 XMITTED CLOSE

16 While some L_Ports may set the CFW to the received ARBYX, it is recommended that the CFW is not changed.
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INPUT ACTION / OUTPUT NEXT STATE
ARB(val)
ARB_WON = 1 CFwW XMITTED CLOSE
ARB_WON =0
CFW <> Idle |
XMIT_2_IDLES =0
ARB_PEND =0
val <>AL_PA CFW := ARB(val)
CFwW XMITTED CLOSE
val= AL _PA CEW :=|dle
CFwW XMITTED CLOSE
ARB_PEND =1
val >=AL_PA CFW := ARB(AL_PA)
CFwW XMITTED CLOSE
val < AL_PA CFW := ARB(val)
CFwW XMITTED/ELOSE
CFW = Idle &

XMIT_2 IDLES =1 CFW XMITIFED CLOSE
ORNr CFwW XMITTED CLOSE
ORPNy CFwW XMITTED CLOSE
Cus

ARB_WON =0
ARB_PEND =0 CFwW MONITORING
ARB_PEND =1 CFw ARBITRATING
ARB_WON = 1
ARB_PEND =0 CFwW MONITORING
(when BB_Credit)
ARB_PEND =1 CFwW ARBITRATING
(when BB_Credit)
DHD CFwW XMITTED CLOSE
MRKtx
x=AL_PA CFW XMITTED CLOSE
X <>AL_PA Same Word XMITTED CLOSE
PRIMITIVE SEQUENCES
LIP None/Inst. OPEN-INIT-START
LAB (LPByx | LPBfx)
x =AL_PA CFwW XMITTED CLOSE
y <>AL_PA CFwW XMITTED CLOSE
y=AL_PA BYPASS =1
None/Inst. MONITORING
f = hex FF' BYPASS =1
None/Inst. MONITORING
LHE(LPEyx | LPEfx) CFwW XMITTED CLOSE
ANY-OFHER-O-S- CREW XMTFED-CLOSE—
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INPUT ACTION / OUTPUT NEXT STATE
L_Port CONTROLS
REQ(monitor) None/Inst. XMITTED CLOSE
REQ(arb own AL_PA) None/Inst. XMITTED CLOSE
REQ(open yx) f-d None/Inst. XMITTED CLOSE
REQ(open yy) h-d None/Inst. XMITTED CLOSE
REQ(open fr) None/Inst. XMITTED CLOSE
REQ(open yr) None/lnst. XMITTED CLOSE
REQ(close) None/lnst. XMITTED CLOSE
REQ(send DHD) None/Inst. XMITTED CLOSE
REQ(transfer) None/Inst. XMITTED CLOSE
REQ(old-port) None/Inst. XMITTER-CLOSE
REQ(participating) None/Inst. XMITTED CLOSE
REQ(nonparticipat.) None/Inst. XMIK'TED CLOSE
REQ(mark as tx) MRKitx at the next Fill Word XMITTED CLOSE
REQ(bypass L_Port) None/lnst. XMITTED CLOSE
REQ(bypass L_Port y) None/Inst. XMITTED CLOSE
REQ(bypass all) None/Inst. XMITTED CLOSE
REQ(enable L_Port) None/lnst. XMITTED CLOSE
REQ(enable L_Port y) None/Inst. XMITTED CLOSE
REQ(enable all) None/Inst. XMITTED CLOSE
REQ(initialize) None/Inst. NORMAL-INITIALIZE
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Table 10 — RECEIVED CLOSE (State 6) transitions

ENTRY ACTIONS

ACCESS :=N/C DUPLEX :=N/C DHD _RCV :=N/C
ARB_PEND := N/C REPLICATE :=N/C BYPASS := N/C
ARB_WON := N/C CFW :=N/C XMIT_2 IDLES :=N/C
ARBf SENT := N/C

INPUT ACTION / OUTPUT NEXT STATE
LOSS of SYNC.<R T _TOV FC-2 FP/PSig/PSeq RECEIVED CLOSE
LoopFaiture Normefinst: FOOP-FATINITIALIZE

INVALID TRANS. WORD

FC-2 FP/PSig/PSeq

RECEIVED CLOSE

RUNINING DISP at O.S.

FC-2 FP/PSig/PSeq

RECEIVED CLOSE

ELASTICITY WORD REQd

N/A

RECEIVED ChOSE

VALID DATA WORD

FC-2 FP/PSig/PSeq

RECEIVED ,CLOSE

VALID TRANS. WORD =0.S.

FRAME DELIMITERS

SQFxx FC-2 FP/PSig/PSeq RECEIVED CLOSE
EQFxx FC-2 FP/PSig/PSeq RECEIVED CLOSE
PRIMITIVE SIGNALS
Idle
ARB_PEND =0 CFW :=Idle
ACCESS =1
FC-2 FP/PSig/PSeq RECEIVED CLOSE
ARB_PEND =1

XMIT_2_IDLES =0

XMIT_2_IDLES = 1

CFW := ARB(AL)YPA)
FC-2 FP/PSig/PSeq
CFW = Idle
FC-2/FERIPSig/PSeq

RECEIVED CLOSE

RECEIVED CLOSE

R|RDY FC-2\FP/PSig/PSeq RECEIVED CLOSE
ARB(FO
CFW <> Idle |
XMIT_2_IDLES =0
ARB_WON =1 CFW :=Idle
XMIT_2_IDLES :=1
FC-2 FP/PSig/PSeq RECEIVED CLOSE
ARB_WON=0
ARBWPEND =0 CFW := ARB(FO0)
XMIT_2_IDLES := 1
FC-2 FP/PSig/PSeq RECEIVED CLOSE
ARB_PEND = 1 CFW := ARB(AL_PA)
XMIT_2_IDLES :=1
FC-2 FP/PSig/PSeq RECEIVED CLOSE
CFW =Tdle &
XMIT_2 IDLES =1 FC-2/FP/PSig/PSeq RECEIVED CLOSE
ARByx
y <>X FC-2 FP/PSig/PSeq1” RECEIVED CLOSE

17 While some L_Ports may set the CFW to the received ARBYX, it is recommended that the CFW is not changed.
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INPUT ACTION / OUTPUT NEXT STATE
ARB(val)
ARB_WON = 1 FC-2 FP/PSig/PSeq RECEIVED CLOSE
ARB_WON =0
CFW <> Idle |
XMIT_2_IDLES =0
ARB_PEND =0
val <>AL_PA CFW := ARB(val)
FC-2 FP/PSig/PSeq RECEIVED CLOSE
val=Al_PA CEW :=ldle
FC-2 FP/PSig/PSeq RECEIVED CLOSE
ARB_PEND =1
val >=AL_PA CFW := ARB(AL_PA)
FC-2 FP/PSig/PSeq RECEIVED CLOSE
val < AL_PA CFW := ARB(val)
FC-2 FP/PSig/PSeq RECEIVED,CLOSE
CFW = Idle &

XMIT 2 IDLES = 1

FC-2 FP/PSig/PSeq

RECEIVED CLOSE

OIPNr FC-2 FP/PSig/PSeq RECEIVED CLOSE
OPNy FC-2 FP/PSig/PSeq RECEIVED CLOSE
Cus FC-2 FP/PSig/PSeq RECEIVED CLOSE
DHD FC-2 FP/PSig/PSeq RECEIVED CLOSE
MRKtx FC-2 FP/PSig/PSeq RECEIVED CLOSE
PRIMITIVE SEQUENCES
LIP None/Inst. OPEN-INIT-START
LAB (LPByx | LPBfx)
x=AL_PA FC-2 FP/PSig/PSeq RECEIVED CLOSE
y <>AL_PA FC-2 FP/RPSig/PSeq RECEIVED CLOSE
y=AL_PA BYPASS, =1
Nonellnst. MONITORING
f = hex 'FF' BYPASS =1
Nene/Inst. MONITORING

LAE (LPEyx | LPEfx)

FC-2 FP/PSig/PSeq

RECEIVED CLOSE

ANY OTHER O.S.

FC-2 FP/PSig/PSeq

RECEIVED CLOSE
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INPUT ACTION / OUTPUT NEXT STATE
L_Port CONTROLS
REQ(monitor) None/Inst. RECEIVED CLOSE
REQ(arb own AL_PA) None/Inst. RECEIVED CLOSE
REQ(open yx) f-d None/Inst. RECEIVED CLOSE
REQ(open yy) h-d None/Inst. RECEIVED CLOSE
REQ(open fr) None/Inst. RECEIVED CLOSE
REQ{epenyr Nonefnst: REGENMED-GLOSE——
REQ(close)
ARB_PEND =0 When BB_Credit, CLS at the next | MONITORING
app. Fill Word (when CLS sent)
ARB_PEND = 1 When BB_Credit, CLS at the next | ARBITRATING

app. Fill Word (when CLS'sent)
REQ(send DHD) None/Inst. RECEIVED' CLOSE
REQ(transfer) None/Inst. RECEIVED CLOSE
REQ(old-port) None/Inst. RECEIVED CLOSE
REQ(participating) None/Inst. RECEIVED CLOSE
REQ(nonparticipat.) None/Inst. RECEIVED CLOSE
REQ(mark as tx) MRKtx at the next Fill Word RECEIVED CLOSE
REQ(bypass L_Port) None/Inst. RECEIVED CLOSE
REQ(bypass L_Port y) None/Inst. RECEIVED CLOSE
REQ(bypass all) None/Inst. RECEIVED CLOSE
REQ(enable L_Port) None/Inst. RECEIVED CLOSE
REQ(enable L_Port y) None/Inst, RECEIVED CLOSE
REQ(enable all) None/Inst. RECEIVED CLOSE
REQ(initialize) NonefInst. NORMAL-INITIALIZE
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Table 11 — TRANSFER (State 7) transitions

ENTRY ACTIONS
ACCESS :=N/C DUPLEX :=0 DHD_RCV :=N/C
ARB_PEND := N/C REPLICATE := N/C BYPASS := N/C
ARB_WON := N/C CFW :=N/C XMIT_2 IDLES :=N/C
ARBf SENT := N/C
INPUT ACTION / OUTPUT NEXT STATE
LOSS of SYNC.<R_ T TOV Idle or CFW TRANSFER
LoopFaiture Normefinst: FOOP-FATINITALIZE
INVALID TRANS. WORD CFW TRANSFER
RUNNING DISP at O.S. CFwW TRANSFER
ELASTICITY WORD REQd N/A TRANSFER
VALID DATA WORD CFwW TRANSFER
VALID TRANS. WORD =0.S.
FRAME DELIMITERS
SOQFxx CFwW TRANSFER
EQFxx CFW TRANSFER
PRIMITIVE SIGNALS
Idle CFW :=Idle
ACCESS =1
CFwW TRANSFER
R |RDY CFW TRANSFER
b CFW = Idle
ARB(FO) XMIT 2 IDLES™= 1
CFW TRANSFER
ARBYyx CFwW TRANSFER
OPNr CFW. TRANSFER
ORPNy GREW TRANSFER
cils Per applicable request under
L _Port CONTROLS in this table OPEN / MONITORING
DHD CFW TRANSFER
MIRKtx
x=AL_PA CFwW TRANSFER
x <>AL PA Same Word TRANSFER
PRIMITIVE SEQUENCES
LIP None/Inst. OPEN-INIT-START
LAB (LPByx| LPBfx)
x ='AL PA CFwW TRANSFER
YW<>AL_PA CFW TRANSFER
y =AL_PA BYPASS =1
None/Inst. MONITORING
f = hex 'FF' BYPASS =1
None/Inst. MONITORING
LPE (LPEyx | LPEfx) CFwW TRANSFER
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INPUT ACTION / OUTPUT NEXT STATE
ANY OTHER O.S. CFwW TRANSFER
L_Port CONTROLS
REQ(monitor) CFW when CLS received MONITORING
(when BB_Credit)

REQ(arb own AL_PA) None/Inst. TRANSFER
REQ(open yx) f-d When CLS received & BB_Credit

REPLICATE :=0

OPNyx QPEN
REQ(open yy) h-d When CLS received & BB_Credit

REPLICATE :=0

OPNyy OPEN
REQ(open fr) When CLS received & BB_Credit

REPLICATE :=1

OPNfr OPEN
REQ(open yr) When CLS received & BB_Credit

REPLICATE :=1

OPNyr OREN
REQ(close) None/Inst. TRANSFER
REQ(send DHD) None/Inst. TRANSFER
REQ(transfer) None/Inst. TRANSFER
REQ(old-port) None/Inst. TRANSFER
REQ(participating) None/Inst. TRANSFER
REQ(nonparticipat.) None/Inst. TRANSFER
REQ(mark as tx) MRKtx at the néxt Fill Word TRANSFER
REQ(bypass L_Port) None/Inst; TRANSFER
REQ(bypass L_Port y) None/Inst. TRANSFER
REQ(bypass all) Nonelinst. TRANSFER
REQ(enable L_Port) None/Inst. TRANSFER
REQ(enable L_Port y) None/Inst. TRANSFER
REQ(enable all) None/Inst. TRANSFER
REQ(initialize) None/Inst. NORMAL-INITIALIZE
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Table 12 — INITIALIZATION process (State 8) transitions

ENTRY ACTIONS

ACCESS =1 DUPLEX :=0 DHD_RCV :=0
ARB_PEND :=0 REPLICATE :=0 BYPASS := 0
ARB_WON =0 CFW := Idle XMIT_2_IDLES :=0
ARBf SENT :=0 BB Credit:= 0 Alternate BB Credit := 1
INPUT ACTION / OUTPUT NEXT STATE

Described in 10.5.4

Table 13 — Reserved

NOTE This table was removed and is now incorporated into the Initialization state diagrams of clause 10.

Table 14 — OLD-PORT (State A) transitions

ENTRY ACTIONS

ACCESS := N/C
ARB_PEND := N/C
ARB_WON := N/C
ARBf_SENT := N/C

DUPLEX := N/C
REPLICATE := N/C
CFW := Idle

BB Credit := 1

DHD_RCV := N/C
BYPASS := (see 10.5.4))
XMIT_2_IDLES :=0
Alternate BB Credit ;=D

INPUT

ACTIONOOUTPUT

NEXT STATE

Described in 10.5.4
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10 Loop Initialization procedure

10.0 Loop Initialization overview

Loop Initialization is a logical procedure used by an L_Port to determine its environment and to
validate an AL_PA. During the procedure, the L Port uses the LPSM and FC-2 protocol to
discover its environment and react appropriately. At least a 132 byte receive buffer shall be
available to receive each of the following Loop Initialization frames (see 10.5): LIFA, LIPA, LIHA,
LISA, LIRP, and LILP; all other frames (i.e., LISM) may be discarded if the L_Port cannot accept

the

frame (e.qg., buffers are full).

10.1

A general summary of Loop Initialization follows (see 8.4.3, item 21, Table 12, and 10)5:4):

Loop Initialization summary

During Loop Initialization, one L_Port shall win as Loop InitializationDMaster (LIM
manage the initialization procedure. All FL_Ports shall be capable -of performing
function; NL_Ports may perform this function. However, if no L_Port\is selected as the
during the LISM sequence, then the Loop is inoperative.

During Loop Initialization, only SOFiL shall be used to-precede the Loop Initializ3

) to
this
LIM

tion

Sequences. R_RDYs shall not be used for flow-control and’shall not be transmitted. If an

R_RDY is received, it shall be discarded.

PARTICIPATE is set to FALSE(0) when ARB(FO0) is received and TRUE(1) when an AL|

is chosen during the Loop Initialization Sequencés)LIFA, LIPA, LIHA or LISA.

NOTE In FC-AL-1, PARTICIPATE was set TRUE(1)\after CLS was received and not well defined bet
ARB(F0) and when CLS was received.

If a non-L_Port is attached point-to<point to the L_Port, the L_Port may complete

PA

veen

the

initialization procedure described intFC-FS, the OLD-PORT state. While in the OLD-PORT

state, only FC-2 specified communication shall be used between the L_Port and the
L_Port without further use of the Loop protocol.

If two or more L_Ports are connected in a Loop without any non-L_Ports present,

non-

one

FL_Port and up to 126-NL_Ports may finish the initialization procedure in the MONITORING

state and in the Participating mode. FC-2 specified communication is used as permitte
the Loop LPSM.

1 by

If one or more non-L_Ports are connected in a Loop with one or more L_Ports, the Logp is

not operational.

Arbitrary ‘positioning of non-L_Ports on a Loop may cause one or more L_Ports to disc
thatsat least one upstream L_Port is an L_Port. However, the L_Ports are unabl
successfully complete the remaining portions of the initialization procedure and rema
the initialization procedure.

bver
b to
n in

If more than one FL_Port or more than 126 NL_Ports are connected to a Loop, only

one

FL_Port and up to 126 NL_Ports may enter the Participating mode. The remaining L_Ports

operate in the MONITORING state and in the Non-Participating mode.

The initialization procedure permits a Non-Participating L_Port to attempt Loop Initialization
after waiting an implementation-selected time or when a Participating L_Port voluntarily

yields its AL_PA. This allows the limited number of available AL_PAs to be shared.

NOTE If an L_Port in the Participating mode goes to the Non-Participating mode, it may invoke the
Initialization procedure to allow another L_Port to use its AL_PA (see 8.4.3, item 13).

Loop
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10.2

An
INIT

Red

sons for entering Loop Initialization include:

If an FL_Port exits the initialization procedure in the Participating mode, its AL_PA shall be
hex '00' and it shall accept a D_ID of hex 'FFFFFE' as specified in FC-PH. A Public NL_Port
on the Loop may form a Loop circuit with AL_PA hex '00' and shall receive normal Fabric
topology responses from the FL_Port as specified in FC-PH.

If a Public NL_Port exits the initialization procedure in the Participating mode, it attempts
Login (if required in 10.5.3, step (6)) with the well-known address hex 'FFFFFE' through
AL_PA hex'00' to obtain its native address identifier (see FC-PH). The S_ID = hex
'0000'||AL_PA or 'xxxx'||AL_PA where 'xxxx' is the previous Login value.

If a Public NL_Port exits the initialization procedure in the Participating mode and detects

— . . R — thility
of providing Fibre Channel services (e.g., accept well-known addresses hex 'FFEFEEQ' to
hex 'FFFFFE'). An NL_Port in this mode (known as an F/NL_Port) shall accept an alias
AL_PA of hex '00' (in addition to its normal AL_PA) and detect OPN(00,x), but’shall| not
transmit ARB(00,00).

If an FL_Port initializes later than this F/NL_Port, the NL_Port shall nevlonger respond to
alias AL_PA hex '00'.

Loop Initialization introduction

L_Port starts the Loop Initialization procedure by making the.‘transition to the NORMAL-
IALIZE state.

NOTE Loop Initialization may be disruptive (i.e., frames may _be lost if frames are being transmitted). To
minimize this disruption, the Loop may be quiesced by transmitting-ARB(val) (where val is a trusted AL_PA qf the
L_Port) to win access to the Loop prior to issuing the first-LIP. If the L_Port wins arbitration, the L_Port|may
assume that the Loop is not being used by another L_Port-and/the L_Port may begin transmitting LIPs.

to acquire an AL_PA so that the L :Port may participate on the Loop. The AL_PA pf a
Participating L_Port, and the corresponding priority of an NL_Port, may change each {ime
the initialization procedure is invoked. The priority of the FL_Port is always the same;

provide notification of a possible configuration change; and,

error recovery.

Wheén BYPASS is FALSE(0), an L_Port shall enter the OPEN-INIT-START state whenever|any

LIP

Figu
pro

10.3

is detected. This may interrupt two communicating L_Ports, but normal FC-PH error recoyery
(aftgr returning to the ! MONITORING state) may be used to restore any exchanges in progress

re P.1 (see-annex P) provides a flowchart-like view of the Loop Initialization procedure; 10.5
ides a detailed set of state diagrams for the INITIALIZATION process.

Loop Initialization timers

The INITIALIZATION process times the completion of many events using multiples of AL_TIME
(see 8.2.2). The notation nxAL_TIME denotes a timer whose nominal expiration occurs at n times
the value of AL_TIME.

In some cases a timer expiration triggers a specific event. In others, the timer represents the
minimum or maximum time to wait for an event. These are denoted as follows:


https://iecnorm.com/api/?name=b6ac25df5aa66144d4df7d318ccf73bd

- 86 — 14165-122 © ISO/IEC:2005(E)

—  Start(nxAL_TIME) - the starting of the timer;

—  expire(nxAL_TIME) - an event that shall occur no earlier than n times the value of
AL _TIME and no later than n times the value of AL _TIME plus 20 % (e.g.,
expire(2xAL_TIME) denotes an event that shall occur between 30 ms and 36 ms from
Start(2xAL_TIME));

— minimum(nxAL_TIME) - an event that shall occur no earlier than n times the value of
AL_TIME (e.g., minimum(1xAL_TIME) denotes an event that shall occur no earlier than 15
ms from Start(1xAL_TIME)); and,
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AL_TIME plus 20 % (e.g., maximum(4xAL_TIME) denotes an event that shall occurnolater
than 72 ms from Start(4xAL_TIME)).

Timer values persist across state transitions. A timer started in one state may reach |a value [that
cauges a condition, such as expire(timer), to be true in another state. Once a timer conditign is
truel, that condition remains true until the timer is explicitly started again with start(timer).

10.4 Node-initiated L_Port initialization

Thig procedure is entered for one of the following reasons:

— to decide if a Loop is present and to acquire an AL_PA at-power-on;
— | at the discretion of the Node (e.g., for Loop Failures);

— | whenever the AL_PA is modified during (#abric Login to the well-known addfess
hex 'FFFFFE'; or,

— | to acquire an AL_PA after a previous attempt was unsuccessful. (This would be the casge if
more than 126 NL_Ports or more than<one FL_Port existed on the Loop.)
NOTE — Loop Initialization may be disruptive*(unless the Loop is quiesced before Loop Initialization begins). For

this reason initializing should be used infréquently and the time delay between retrying is recommended to pe in
minutes.

— to relinquish an AL_PA whén going to the Non-Participating mode.

Thel L_Port that is attempting to initialize shall make the transition to the NORMAL-INITIALIZE
state (REQ(initialize)) (see 10.5). If the L_Port recognizes LIP, it shall transfer to the OPEN-INIT-
START state (see 10-5:4.6). If the LIP is not recognized within minimum(3xAL_TIME) while| the
recgived signal is valid, the LPSM may remain in the NORMAL-INITIALIZE state or if suppofted,
sha|l make the transition to the OLD-PORT state.

10.% L_Portjinitialization

10.5.0/ \Initialization overview

After the L_Port has performed the eniry actions for the OPEN-INIT-START state (see 10.5.4.6),
the L_Port shall continue the initialization procedure as defined in 10.5.3, steps (1) to (6). This
initialization procedure shall use the Loop Initialization Sequences as defined in Figure 5.
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10.5.1 Loop Initialization Sequences

Start_of_Frame delimiter - 4 bytes
SOFiL
Frame_Header - 24 bytes

22XXXXXX | 00XXXXXX | 01380000 | 00000000 | FFFFFFFF | 00000000

where 'XXXXXX'is hex '000000' for an FL_Port and hex '0000EF' for an NL_Port or F/NL_Port, or some
other value specified by a future standard.18

Payload - 12, 20, or 132 bytes
LI 8-byte Port_Name

apd 16-byte AL_PA bit map

L)_FL

128-byte AL_PA position map (1-byte offset followed by up to 127 AL_PAs)

where LI_ID and LI_FL contain the following:

LI_ID (ldentifiers) (16 bits)

Value (hex) Name Description Payload size)
'1101" LISM Select Master based on 8-byte Port.Name (12-byte)
1102’ LIFA Fabric Assign AL_PA bit map (20-byte)
'1103' LIPA Previously Acquired AL_PA bit map (20-byte)
'1104' LIHA Hard Assigned AL_PA bit map. (20-byte)
'1105' LISA Soft Assigned AL_PA bit map (20-byte)
'1106' LIRP Report AL_PA position map. (132-byte)
'1107" LILP Loop AL_PA position map (132-byte)

LY_FL (Flag) (16 bits; all 'r's are reserved—not checked, but/originated as zero)
LI_ID Flag Mask (binary) Meaning
LISM - Frr reer ceee reer reserved
LIFA - FECr reer ceer reer reserved
LIPA - IITr FECr FEer reer reserved
LIHA - FEr reer ceer reer reserved
LISA 8 reer reed reer rreek LIRP and LILP supported
LIRP - [T PEEr reer reer reserved
LILP - Frrr reer eeeryrer reserved

Qyclic Redundancy Check - 4 bytes

| CRC |
End_of Frame delimiter - 4 bytes

| EOFt |

Figure 5 — Loop Initialization Sequences

Thel FC-FSxtules for valid frames apply to transmitting the Loop Initialization Sequences whichl are
shown in Figure 5. When an L_Port receives these Loop Initialization Sequences, the L_Port ghall
disgatd or not process all frames which contain the following errors (the L_Port is not requirgd to
veri 'y the—frame ilcddcl).

— code violations;
— CRC errors;

— a frame that does not end in EOFt or EOFn;

18 To allow a future NL_Port to win as LIM, the NL_Port may use a LISM frame with a D_ID of hex '000000' and S_ID of
hex 'XXXXXX' (where 'XXXXXX' is to be defined, however, the right-most bit is reserved). These NL_Ports will yield
to FL_Ports with an S_ID of hex '000000'; existing NL_Ports will yield to D_ID of hex '000000'".
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payload violations (i.e., a payload which does adhere to the payloads described in Figure

5).

When forwarding Loop Initialization Sequences, the Non-Loop Initialization Master L_Ports may
use the frame header defined in Figure 5, or the received frame header. However, the D_ID and
S_ID of the received LISM frame shall be used in either case.

The

one Loop Initialization Sequence that carries an 8-byte Port_Name is:

LISM Select Master: used to select a LIM.

The

L

The)

10.5

All A
to th

four Loop Initialization Sequences that carry a 16-byte AL_PA bit map are:
FA Fabric Assigned: used to gather all Fabric Assigned AL_PAs.
PA Previously Acquired: used to gather all Previously Acquired AL PAs.

HA Hard Assigned: used to gather all Hard Assigned AL_PAs (e.g., configura
switches (see annex K)).

SA Soft Assigned: used to assign any remaining bits as ‘a.Soft Assigned AL_PA.

two Loop Initialization Sequences that carry a 128-byte AL>PA position map are:
RP Report Position: used to collect the reftative positions of all Participating L_P
on the Loop.

LP Loop Position: used to inform>all L _Ports of the relative positions of]
Participating L_Ports on the Lo6p-from the perspective of the LIM.

.2 Assigned AL_PA values

\L_PAs that are used in theLoop protocol are specified in Table 1. The AL_PAs are assig
e 16-byte AL_PA bit maps.of Figure 6 as shown in Table 15.

tion

orts

all

ned
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Table 15 — AL_PA mapped to bit maps

— 89 —

AL_PA Bit Map | AL_PA Bit Map | AL_PA Bit Map | AL_PA Bit Map
(hex) Word Bit (hex) Word Bit (hex) Word Bit (hex) Word Bit
-- 0 31 | 3C 1 31|73 2 31 | B3 3 31
00 0 30 | 43 1 30 | 74 2 30 | B4 3 30
01 0 29 | 45 1 29 | 75 2 29 | BS 3 29
02 0 28 | 46 1 28 | 76 2 28 | B6 3 28
04 0 27 | 47 1 27 | 79 2 27 | B9 3 27
08 0 26 | 49 1 26 | 7A 2 26 | BA 3 26
OF 0 25 | 4A 1 25| 7C 2 25 | BC 3 25
10 0 24 | 4B 1 24 | 80 2 24 | C3 3 24
17 0 23 | 4C 1 23 | 81 2 23 | C5 3 23
18 0 22 | 4D 1 22 | 82 2 22 | C6 3 22
1B 0 21 | 4E 1 21 | 84 2 21 | C7 3 21
1D 0 20 | &1 1 20 | 88 2 20 | C9 3 20
1E 0 19 | 52 1 19 | 8F 2 19 | CA 3 19
1F 0 18 | 53 1 18 | 90 2 18 | CB 3 18
23 0 17 | 54 1 17 | 97 2 17 | CC 3 17
25 0 16 | 55 1 16 | 98 2 16,|\CD 3 16
26 0 15 | 56 1 15 | 9B 2 NS CE 3 15
27 0 14 | 59 1 14 | 9D 2 174 | D1 3 14
29 0 13 | 5A 1 13 | 9E 2 13 | D2 3 13
2A 0 12 | 5C 1 12 | 9F 2 12 | D3 3 12
2B 0 11 | 63 1 11 | A3 2 11 | D4 3 11
2C 0 10 | 65 1 10 | A5 2 10 | D5 3 10
2D 0 9 | 66 1 9 | A6 2 9 | b6 3 9
2E 0 8 | 67 1 8 | A7 2 8 | b9 3 8
31 0 7 | 69 1 7. MNA9 2 7 | DA 3 7
32 0 6 | 6A 1 6~ | AA 2 6 | DC 3 6
33 0 5 | 6B 1 5 | AB 2 5 [ EO 3 5
34 0 4 | 6C 1 4 | AC 2 4 | E1 3 4
35 0 3 | 6D 1 3 | AD 2 3 | E2 3 3
36 0 2 | 6E 1 2 | AE 2 2 | E4 3 2
39 0 1171 1 1 | B1 2 1 | E8 3 1
3A 0 0 |72 1 0 | B2 2 0 | EF 3 0
NOTE '--'is reserved for'the L_bit (Fabric Login required); AL_PA ='00' is reserved for the
FL_Port.
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10.5.3 Loop Initialization steps

The following initialization steps shall be performed. From the time the LIM is selected and sends
the first ARB(FO) until the CLS at the end of the INITIALIZATION process has gone around the
Loop, AL_PAs are unstable and any addressed Primitive Sequence (e.g., LPByx) may not be
acted upon by the desired L_Port.

1)

2)

b)

c)

d)

1)
—be—u-eed—l-n-l-t-S-HSM—fFa-me-ésee—'l-O-é. —)=

Select initial Native Address Identifiers (D_ID and S_ID)

Each FL_Port shall choose an initial value for its Native Address Identifier of hex '000000' to

Each NL_Port shall choose an initial value for its Native Address Identifier of hex*0000EF'

to be used in its LISM frame (see 10.5.1).

Until an L_Port has acquired an AL_PA by completing Loop Initialization (er through s
other means), it cannot be uniquely distinguished with an LPByx. If an L{Port has a tru
AL_PA, it may respond to this AL_PA (e.g.,, as in LPB or LPE) ‘until the AL_P
determined not to be usable by this L_Port (see 10.5.4.1).

If an NL_Port implements the LIM function, the NL_Port_shall continue at step
otherwise, the NL_Port shall continue at step (3).

Select a Loop Initialization Master (LIM)
The L_Port shall continuously transmit Loop nitialization Sequences (LI_ID='LI

formatted as shown in Figure 5. Successive~Loop Initialization Sequences shall
separated by six or more Idles.

bme
sted
A\ is

(2);

BM")
be

NOTE Frames are sent continuously because they.miay be discarded by any L_Port that does not hgve a

receive buffer available (flow control is not used during-Loop Initialization).

When a valid Loop Initialization Sequence (LI_ID="LISM') is received, the D_ID, S_ID,
Port_Name shall be compared to the‘transmitted frames as follows:

if the received D_ID, S_ID, and“Port_Name are equal to the transmitted D_ID, S_ID,
Port_Name, respectively, thén-the L_Port shall become the LIM. The LIM shall continu

step (4).

if the received D_ID ,issower than the transmitted D_ID, then the received Loop Initializa
Sequence is algebraically lower. The L_Port shall continue at step (3).

if the received D ID is equal to the transmitted D_ID and the received S_ID is lower
the transmitted S_ID, then the received Loop Initialization Sequence is algebraically lo
The L_Rort shall continue at step (3).

if the~received D_ID is equal to the transmitted D _ID, the received S_ID is equal to
transmitted S_ID, and the received Port_Name is algebraically lower than the transm
Port Name, then the received Loop Initialization Sequence is algebraically lower.

and

and
e at

tion

han
ver.

the
tted
The

L_Port shall continue at step (3).

If a LIM is not selected before LP_TOV expires, the L_Port shall make the transition to the
NORMAL-INITIALIZE state to transmit LIP(F7).
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3)

4)

a)

b)

Wait for a Loop Initialization Master

The L_Port shall repeat all frames that it receives until the L_Port receives ARB(F0). When
ARB(FO0) is received, PARTICIPATE shall be set to FALSE(0) and the L_Port shall continue
at step (5). An L_Port shall wait a minimum of LP_TOV for ARB(FO0). If LP_TOV expires

before ARB(FO0) is received (no LIM was selected), the L_Port shall make the transitio
the NORMAL-INITIALIZE state to transmit LIP(F7).

n to

NOTE Frames may be originated or repeated at a faster or slower rate than they are received. Frames may be

forwarded without any qualification or error checking.

LIM — transmit remaining Loop Initialization Sequences

The LIM shall transmit ARB(F0) a minimum of LP_TQOV or until ARB(FOQ) is received:yW
ARB(FO0) is received, PARTICIPATE shall be set to FALSE(0). If LP_TOV expires b

ARB(FO0) is received, the LIM shall make the transition to the NORMAL-INITIALIZE sta
transmit LIP(F7).

The LIM shall transmit the Loop Initialization Sequences (LI_ID="LIFA~EIPA', 'LIHA',
'LISA"). These Loop Initialization Sequences contain a 16-byte ALMPA bit map in
payload. Each bit represents one AL_PA (see Figure 5, Figure 6 and.Table 15).

Bits
33222222 2222 1111 1111 11
1098 7654 3210 9876 5432 1098 76543210

0 LO0O 0000 0000 0000 0000 00000900 0000
0000 0000 0000 0000 0000,06000 0000 0000
0000 0000 0000 0000 0000 0000 0000 0000
0000 0000 0000 00000600 0000 0000 0000
where 'L' is the Fabric Login Required bit (L_bit)

Word

WIN| =

Figure 6 — Loop Initialization Sequence AL_PA bit map

Except for the L_bit, each bit in\Figure 6 represents a valid AL_PA (according to Tabl
and 15). The L_bit shall only be set by the FL_Port or F/NL_Port to indicate that a
Fabric Login is required.

The LIM shall transmity'the four Loop Initialization Sequences that contain the 16-
AL_PA bit maps as follows:

LIFA The LIM,shall prime the AL_PA bit map with binary zero (0) and shall set to one (71

bit that ‘eerresponds to its Fabric Assigned AL_PA and shall set PARTICIPATIE

TRUE). If the LIM is an FL_Port, it shall set the bit associated with AL_PA hex
ThelL_bit may be set if the FL_Port requires a Fabric Login. The L_bit shall be s
this is the first initialization attempt by an NL_Port that has assumed the role o
F/NL_Port.

hen
fore
e to

and
the

Bs 1
hew

byte

the
- to
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sly

received Loop Inltlallzatlon Sequence (LI_ID="LIFA"). The LIM shall check if the bit

that

corresponds to its Previously Acquired AL_PA is set. If it is not set to 1, the LIM shall
set the bit to 1 and shall set PARTICIPATE to TRUE(1) (unless a bit was set in LIFA);

if the bit is already set to 1, the LIM may attempt a Hard Assigned AL_PA.

LIHA The LIM shall prime the AL_PA bit map with the AL_PA bit map of the previo
received Loop Initialization Sequence (LI_ID='LIPA"). The LIM shall check if the bit

usly
that

corresponds to its Hard Assigned AL_PA is set. If it is not set to 1, the LIM shall set the
bit to 1 and shall set PARTICIPATE to TRUE(1) (unless a bit was set in LIFA or LIPA);

if the bit is already set to 1, the LIM may attempt a Soft Assigned AL_PA.
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LISA The LIM shall prime the AL_PA bit map with the AL_PA bit map of the previously

received Loop Initialization Sequence (LI_ID="LIHA"). The LIM shall set the AL_PA
position map, Flag 8 in LI_FL, to one(1). The LIM may set any available bit to 1 (unless
a bit was set in LIFA, LIPA, or LIHA) which corresponds to its Soft Assigned AL_PA. If
a bit was available, the LIM shall adjust its AL_PA according to which bit it set, shall
set PARTICIPATE to TRUE(1), and shall continue in step c. If no bits were available,
the LIM shall continue in step ¢ (the L_Port may attempt to re-initialize per 10.4 at the
request of the Node).

When the LISA Sequence is received, the LIM shall check Flag 8 in LI_FL. If Flag 8 is set to
one (1), the LIM shall transmit two additional Loop Initialization Sequences as follows:

LILP

LIRP The LIM shall set the AL_PA position map to all hex 'FF'. If the LIM has an AL RA] the

AL_PA position map shall be set to hex '01xxFFFFFF...FF' (where 'xx' is the /AL~ PA of
the LIM). If the LIM does not have an AL_PA, the AL_PA position map-that the |LIM
originates shall be set to hex '00FF...FF'. The left-most byte is the offset’ of the|last
AL_PA added to the map.

The LIM shall transmit the AL_PA position map which was received in the prevjous
Loop Initialization Sequence (LI_ID='LIRP'). The first byte indicates the numbgr of
participating L_Ports on the Loop. The second byte shows either the address of| the
LIM or the first participating L_Port after the LIM. The otherbytes contain the AL_PAs
of the remaining participating L_Ports on the Loop (in,erder and relative to each other)
with the last AL_PA being adjacent to the first AL_PA-in byte two. A hex 'FF' is npt a
valid AL_PA.

When the last Loop Initialization Sequence (LI_ID=LISA' or 'LILP") is returned, the LIM ghall
transmit CLS to place all L_Ports into the MONIJORING state. When CLS is received by
the LIM, the LIM shall make the transition “to the MONITORING state (either in|the
Participating mode if it has a valid AL_PA_or'in the Non-Participating mode) and relinquish
its LIM role. At this time, all possible AL,PA values have been assigned for the number of
L_Ports and every L_Port that has a valid'AL_PA shall be in Participating mode.

NOTE
next Loop circuit before transmitting CLS.

If the LIM advertised BB_Credit > O} it should assure that sufficient receive buffers are available fgr the

e LIM detects an invalid or unéxpected Loop Initialization Sequence, the L_Port shall make
fransition to the NORMAL-INKFIALIZE state to transmit LIP(F7).

LIM shall use LP_TOV to wait for each of the above Loop Initialization Sequences and| the
. If LP_TOV expires_before each transmitted Loop Initialization Sequence or CLS is receiyed,
|_IM shall make the transition to the NORMAL-INITIALIZE state to transmit LIP(F7).

When CLS is received, the LIM shall transition to the MONITORING state and be preparefd to

rece

5)

ive an immediate OPN. The LIM shall continue at step (6).

Non-Loop Initialization Master L_Port — select unique AL_PA

A non-Loop Tnitialization Master L_Port shall retransmit any received ARB(F0) when it is prepared
to receive (e.g., empty its receive buffers) and retransmit the following Loop Initialization
Sequences (LI_ID="LIFA', 'LIPA', 'LIHA', 'LISA', 'LIRP', and 'LILP'), followed by CLS.

The Loop Initialization Sequences are updated as follows (see Figure 5, Figure 6 and Table 15):

LIFA The L_Port shall check if the bit that corresponds to its Fabric Assigned AL_PA is set. If it is
not set to 1, the L_Port shall set the bit to 1 and shall set PARTICIPATE to TRUE(1); if the
bit is already set to 1, the L_Port may attempt setting a bit in LIPA. The L_Port shall
retransmit the Loop Initialization Sequence.
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LIPA The L_Port shall check if the bit that corresponds to its Previously Acquired AL_PA is set. If

it is not set to 1, the L Port shall set the bit to 1 and shall set PARTICIPATE to
TRUE(1)(unless a bit was set in LIFA); if the bit is already set to 1, the L_Port may attempt
setting a bit in LIHA. The L_Port shall retransmit the Loop Initialization Sequence.

LIHA The L_Port shall check if the bit that corresponds to its Hard Assigned AL_PA is set. If it is

LIS

LIR

LIL

If th
mak

The
LP_|
mak

Wh

not set to 1, the L_Port shall set the bit to 1 and shall set PARTICIPATE to TRUE(1) (unless
a bit was set in LIFA or LIPA); if the bit is already set to 1, the L_Port shall either attempt
setting a bit in LISA or go to the Non-Participating mode. The L_Port shall retransmit the
Loop Initialization Sequence.

i i i ' ; ; that
corresponds to its Soft Assigned AL_PA. The L_Port shall set any flags in LI_FL to-zeno(0)
which it does not recognize (or support). Flag 8 in LI_FL (LIRP and LILP supported)'shall be
supported. If a bit was available, the L_Port shall adjust its AL_PA according,to/which bit
was set and shall set PARTICIPATE to TRUE(1). The L_Port shall retransmit the Loop
Initialization Sequence.

P If LIRP is received and if the L_Port has an AL_PA, it shall read the left‘most byte (offset),

increment it by one, store the offset, and store its AL_PA into the offsét position. The L_Port
shall retransmit the Loop Initialization Sequence.

P If LILP is received, the L_Port may use the AL_PA position map to save the relative

positions of all Participating L_Ports on the Loop. This jnformation may be useful for error
recovery. The first byte indicates the number of nodes’ participating on the Loop. [The
second byte shows either the address of the LIM or the'node after the LIM. The other bytes
contain the AL_PAs of the participating nodes on<the Loop, in order relative to each other,
with the last AL_PA being adjacent to the first;AL_PA in the list. An AL_PA of hex 'FF' is
invalid. The L_Port shall retransmit the Loop.Initialization Sequence.

e L_Port detects an invalid or unexpected ‘Loop Initialization Sequences, the L_Port may
e the transition to the NORMAL-INITIALIZE state to transmit LIP(F7).

L_Port shall use LP_TOV to wait<for each Loop Initialization Sequence and the CL$. If

[TOV expires before each Loop.lnitialization Sequence or CLS is received, the L_Port ghall
e the transition to the NORMAL:=INITIALIZE state to transmit LIP(F7).

n CLS is received, the*L_Port shall retransmit CLS and make the transition to|the

MONITORING state (either.in the Participating or the Non-Participating mode). If the L_Port |s in
the |Participating modegitishall continue at step (6); if the L_Port is in the Non-Participating mode,

it h
of t
OPN\

NOT]
Loop

6)

s completed Loop.nitialization (the L_Port may attempt to re-initialize at 10.4 at the req
ne Node). When/CLS is transmitted, the L_Port shall be prepared to receive an immed
N.

F If thenl_Port advertised BB_Credit > 0, it should assure that sufficient receive buffers are available for the|
circuit before transmitting CLS.

lest
iate

next

Select final AL_PA and exit Loop Initialization

a)

b)

c)

If an FL_Port is in Participating mode, it has completed the initialization procedure with an
AL_PA of hex '00" and shall exit the Loop Initialization.

If a Private NL_Port is in Participating mode, the NL_Port has completed the initialization
procedure with an AL_PA in the range of hex '01' through hex 'EF' and shall exit Loop
Initialization.

If a Public NL_Port is in Participating mode, the NL_Port shall have acquired an AL_PA in
the range of hex '01' through hex 'EF'. If one of the following occurred, the NL_Port shall
implicitly logout with the Fabric:
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the NL_Port detected that the L_bit (Login required) was set to 1 in the Loop

Initialization Sequence (LI_ID="LISA').

the NL_Port was unable to set to 1 its Fabric Assigned AL_PA bit or its Previo

usly

Acquired AL_PA bit in the Loop Initialization Sequence (LI_ID='LIFA" or 'LIPA") (i.e.,

another NL_Port is using the AL_PA); or,

the NL_Port has not previously executed a Fabric Login.

Normal responses to a Fabric Login request are:

10.5.4
10.5.4.0

The| following text provides a detailed state diagram of the INITIALIZATION process. In clauseg
in chse ofsconflicts between text and figures, the following precedence shall be used: figures
then text.10.5.4 takes precedence over clause 9, Table 12 and Table 14, which takes preceds
ovef 8.4.3, item 21 and item 23, which takes precedence over 10.5.3.

(where 'XX' is its AL_PA).

If the NL_Port is capable of providing Fabric services in the absence of an FL_|
(i.e., the NL_Port accepts the well-known address hex 'FFFFFE' aswell as its
native address identifier), this NL_Port (known as an F/NL_Reft) shall ac
OPN(00,x) in addition to its own AL_PA. If this is the first time that the NL_Po
assuming the responsibility of an F/NL_Port, to ensure that all previous Login requ
are reset, the F/NL_Port shall make the transition to the NORMAL-INITIALIZE ¢
(REQ(initialize)) and set the L_bit (Login required) to/1-in the Loop Initializg
Sequence (LI_ID="LIFA");

NOTE To prevent another L_Port from winning arbitration, this”E/NL_Port should not relinquish cont

the Loop (i.e., not transmit CLS or make the transition to the NORMAL-INITIALIZE state) until it is pref
to receive OPN(00,AL_PS).

If the NL_Port is not capable of becoming@n“F/NL_Port, the NL_Port shall exit L
Initialization.

— the NL_Port receives an Accept (ACC) Link Service Sequence. The NL_Port s
use the D_ID in the ACC Seguence as its native address identifier and bits 7
the D_ID as its Fabric Assigned AL_PA. The NL_Port shall compare the F4§

Assigned AL_PA in the ACC sequence with the AL_PA acquired prior to step (%):

— if they are equal, the-NL_Port shall exit Loop Initialization or
— if they are unequal, the NL_Port shall make the transition to the NORM
INITIALIZE state (REQ(initialize)) to re-initialize and acquire the Fabric Assig
AL_PA value:
Loop Initialization state diagram

State_diagram overview

All state diagrams in this subclause use the style shown in Figure 7.
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/ state label

Transition from multiple states into . 80: State Zero . S1: State One
this state based on the same entry actions started on entry to SO actions started on entry to S1

conditions and actions. - T | — .. .

kcondition for transition from SO to S1 .

———————————— SOSl—————— 5 ——— ¥

AlLSO > action taken on this transition \
condition for transition from S0 back to itself

''''''''''''''''''' condition for transition from S1 to SO
S0:S0  Optional action taken on this transition | B N S1:50

[t ot
actipn taken on this transition

N U

Optional trarlsitions are
denoted with)

Transition Label line

a broken

notefthat the SO actions are resumed following
this {ransition, but timers are not restarted.

Actions taken on a specific transition are
Optional actions for transitions or states are noted below the transition‘arrow.

included in dashed boxes. . . iy
Conditions for a specific transition are

noted above the transition arrow,

Figure 7 — Loop Initialization state diagram example

These state diagrams are represented using vertical staffs to represent states and horizqntal
arrgws to represent state transitions.

Time elapses only within discrete states with instantaneous transitions between stgtes.
Transitions are illustrated with triggering conditions located above the transition arrow and|any
actipns on transition located below the transition arrow. Transition actions are performed while
remgining in the previous state; before entry into the new state. The state name appears ahove
the pertical staff representing.thie’state, immediately followed by entry actions if any.

Entfy actions are executed‘every time a state is started. This means that a transition that pagints
back to the same state‘shall repeat the actions from the beginning. All the actions started ypon
entry complete befdre any tests are made to exit the state.

Optlonal states are depicted with a broken box around the state. Entries to an optional state|are
shovn as solid lines to depict that they are mandatory if the state is implemented. If there fis a
broken transition line into an optional state this is an optional transition even when the stafe is
implermented.

Broken line transitions into required states, indicate optional transitions.
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following event-processing sequence is assumed:

Evaluate all transition conditions from the current state.
If a transition condition is satisfied, then
1) perform the associated transition actions in the current state,

2) enter the new state and

3) perform entry actions, if any for the new state.

e are four additional memory elements Used In this state diagram detimiion: ., |

type This is an 8-bit byte that contains a hexadecimal value of the next LI tq
generated.

addr This is an 8-bit byte that contains the hexadecimal value of,the address

for the next LIP to be sent.

v_addr This is an 8 bit byte that contains the previously acquired“address if one ex
This is used during the address selection phase of Loop Initialization. It is
to hex 'FF' when it is not valid.

| addr This is the 8 bit address that this L_Port usésywhen comparing LIP, LPB

LPE addresses, and when originating LIPs¢ It is set to hex 'F7' when it is
valid.

following state diagrams only define the states necessary to perform Loop Initialization. T

b diagram in clause 8 and in table format*in clause 9 of this specification. These s
rams define the operation of the INITIALIZATION process and the OLD-PORT state.

Tra
orn

10.4

Dur

sitions notes with the state diagrams, describe transitions that enter or leave state diagr
ed additional clarification.

4.1 Validity of AL_PA

ng Loop Initialization, the AL_PA that an L_Port had previously acquired becomes unst3

be

ield

sts.
set

and
not

hey
in a
tate

AMS

ble.

d to
oop
ring

acquired KL_PA this value shall be stored in prev_addr and my_addr upon the transition to
MONITORING state). This AL_PA also becomes a fabric assigned AL_PA if FLOGI is completed.
At this point in time the L_Port may respond to addressed LPB, LPE, LIPyx, in addition to

part

icipating in normal Loop operation.
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If LIP occurs, all AL_PAs must be revalidated. Because AL_PAs may change during this process,
the following rules apply:

1) An L_Port may respond to addressed LPB, LPE, and LIPyx until it has forwarded an
ARB(F0). The L_Port shall use the value in my_addr to validate the address in these
Primitive Sequences. After an ARB(FO) has been forwarded, the AL_PA is considered
unstable, my_addr is set to hex 'F7', and shall therefore only allow the L_Port to validate the
address of LPB, LPE or LIPyx to all L_Ports (i.e., y = hex 'FF") until Loop Initialization has
been completed with the CLS being both received and transmitted, at which point the
AL_PA acquired during this Loop Initialization is to be placed in my_addr, and may be used
to validate the addresses in recognized | PB | PE_and | IPyx Primitive Sequences

2) An L_Port may attempt to regain its current AL_PA, which is stored in prev_addf, ‘during
either the Fabric Assigned (if FLOGI has been completed) or Previously Acquired phage of
Loop Initialization. This AL_PA may be used for regaining the current AL_PA until spme
other L_Port claims it during Loop Initialization. At this point in time prev_addris set to|hex
'FF' to indicate that it is no longer valid. When Loop Initialization is completed, either| the
L_Port has a new acquired AL_PA, or is Non-Participating with no AL\BA. If the L_Port is
Non-Participating, it shall not recognize any addressed Primitive ‘Signal or Primjtive

Sequences.
If REQ(nonparticipating) is asserted in the INITIALIZATION process,/an immediate transition to
the [MONITORING state shall be made with the transition actions being: PARTICIPATE is

FAUSE(0); my_addr = hex 'F7'; and, prev_addr = hex 'FF".

If REQ(bypass L_Port) is asserted or if LPBfx is recognized in the INITIALIZATION progess
(exgept in the POWER-ON-INIT (P0) and the OLD-PORT (OPO0) states) and the state transitjons
are |not explicitly identified, an immediate transition.to{the MONITORING state shall be made with
the | transition actions being: BYPASS is TRUE(T); PARTICIPATE is FALSE(0); my_adg
hex|'F7'; and, prev_addr = hex 'FF'.

=

In al states of the INITIALIZATION process, except PO, Loop Failure causes a transition to th¢ FO
state as defined by AIll:FO. REQ(initialize) shall be removed upon entry into the NORMAL-
INITIALIZE state, unless the L_Port is attempting to bypass or enable other L_Ports. REQ(old
porf) shall be removed upon entry into OLD-PORT state.
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10.5.4.2 POWER-ON state diagram

Figure 8 shows the POWER-ON state diagram. This state diagram maintains the transmitter off
until the L_Port is capable of initializing and accomplishes the transition to the NORMAL-
INITIALIZE or MONITORING state.

P0O:POWER-ON-INIT

* transmitter off

ERRNT—FALSE
* BYPASS =TRUE
* PARTICIPATE :=FALSE
* my_addr = hex 'F7'
* prev_addr = hex 'FF'

REQ(initialize) T
0: 5 -

| P0:10b > INITIALIZE
Power on lip_type set by request

lip_addr := my_addx

-All:PO

Y

AL_PA assignment and
validation outside
To scope of standard
ONITORING - —-PO:M———

transmitter on

=

Figure.8 — POWER-ON state diagram

Trapsmitter off requires that'for copper links the transmitter is either tri-stated, or driven fo a
congtant value. For optical links, the optical output should be zero. It is not sufficient for optical
link$ to drive a constantintermediate power level, as this may cause the receiver which has yery
high gain to mistakenly)perceive that the remote L_Port is actually transmitting data.

Trapsition All:P0 This transition is taken from any state within the LPSM at power-on.

Trapsition P0:10b This transition is taken to the NORMAL-INITIALIZE state when
REQ(initialize) is asserted.

Trahsition PO:M  This optional transition is taken by an | Port that does not use lioop

Initialization to acquire and verify an AL_PA. If Loop Initialization is not
used to acquire and verify AL_PAs, my_addr and prev_addr shall be
assigned by a method outside the scope of this standard. It is the
responsibility of the implementation to assure AL_PAs are valid and
that there are no conflicts. Even if the L _Port does not use Loop
Initialization to acquire and verify an AL_PA, it shall participate in Loop
Initializations initiated by other L_Ports on the Loop.
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10.5.4.3 OLD-PORT state diagram

Figure 9 shows the OLD-PORT state diagram. In the OLD-PORT state, the LPSM is not running

OP1:100b:

lip_addr := my_addr

except to respond to recognized LIPs. The Port State Machine is operating as defined
FC-FS.
I_'_‘_'_‘_"'_'_'_'_'_'—l
| oro:oLD-PORT
I * PSM !)p:mliw:
#Start{ IXAL_TIME)
Y E my_addr -
] * prev_addr := hex FF'
. *PARTICIPATE=FALSE
o O S — ) — J RECHinitialize)
l_(lPI:()].I)-P(]RT-RICQ
. : OP0:10b———#Ty T0:
transmtier on 3 1T -
[ ; lip_type set by reqest > NORMAL-INITIALIZE
. lip_addr := myphaddr
l *my_addr == hex
REQ(old-port) & ~REQ(initialize) | (LIP |OLS | NOS
From Monitoring M:0P1 ; > Rn:n.'ugr?i.—fnxll & 12 LIPs
transmitted (CLS JNOS Recognized) &
I OP1:0P0 enpifel | xAL_TIME)
| OP0:10a ——To 10:
" e = hex FT NORMAL-INITIALIZE
o REQ(initialize) ' ip_type = hex F7
To jo: |
T

NORMAL-INITIALIZE

To Fi:
LOOP-FAIL-INITIALIZE

Any
received

1
Link Failure detected
'

4—OP1:F0
lip_type := hex F8'
lip_addr := my_addr

other transmission word

OP1:0P1
A

ransmit LIP{lip_tyvpe.hp_addr)
/T it LIP(lip_tvpedap_add

expire{ 3xAL_TIME)

LIP Recognized & expire( IxAL_TIME)

L OP0:O10f— To O10:
OPEN-INIT-START
lip_type := type received

lip_addr := addr received

g [0:NORMAL-INITIALIZE

AlLOPO

expire( L_TIME) &
L8 WOS Recognized

10: PO

Link Failure detected

|
I
|
|
i
|
|

Figure 9 — OLD-PORT state diagram

To Fi:
LOOP-FAIL-INITIALIZE

OPO:F)————»
lip_type := hex 8"

lip_addr := my_addr

in
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OLD-PORT state diagram notes:

Transition 10:0OP0

Transition All:OP0

Transition M:OP1

Tra

Tra

Tra

Tra

Tra

Tra

This transition is taken from the NORMAL-INITIALIZE state to the
optional OLD-PORT state after minimum(3xAL_TIME).

This transition is taken from the OPEN-INIT-SELECT-MASTER or
SLAVE-WAIT-FOR-MASTER state to the optional OLD-PORT state
after minimum(1xAL_TIME) if OLS or NOS is recognized.

This transition is taken when REQ(old-port) is asserted and
REQ(initialize) is not asserted in the MONITORING state

nsition OPO0:10b

hsition OPO0:10a

nsition OPO0:0I0f

hsition OPO:F0

hsition OP1:10b

hsition OP1:0P1

This transition shall be taken to the NORMAL-INITIALIZE state)when
REQ(initialize) is asserted.

This transition is taken to the NORMAL-INITIALIZE state. when NO§ or
OLS are recognized, after expire(1xAL_TIME).

This transition to the OPEN-INIT-START state ,is)taken when a LIP is
recognized after expire(1xAL_TIME).

This transition is taken when BYPASS is FALSE(0) and a Link Failufe is
detected as defined in FC-FS.

This transition is taken to the()NORMAL-INITIALIZE state when
REQ(initialize) is asserted.

On any Transmission Werd other than LIP, OLS or NOS, when
REQ(initialize) is not asserted, LIP(F7,F7) shall be transmitted.
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10.5.4.4 Loop Failure Initialization state

-101 -

diagram

Figure 10 shows the Loop Failure Initialization state diagram. This state diagram attempts to
initialize the Loop when a Loop Failure has been detected.

FO:LOOP-FAIL

Loop Failure &

-INITIALIZE

LIP Recognized
E0-O101 - [o OI0:

BYPASS - FALSE
-AllLFO

Y

lip_type := hex 'F§'
lip_addr := my_addr

Link Failure detected

From OP(:
OLD-PORT OPO:FO)———»
lip_type := hex 'F8'

OPEN-INIT-5TAK1

lip_type := type received
lip_addr := addr received

REQ(initialize)
(NOS | OLS Recognized)
Tol0:

lip_addr := my_addr

LPByx Recognized
(v <= my_addr & y <> hex 'FF")
LPE Recognized

L / Forward received
FOa:F0a [ pB or LPE

FO:10 > NORMAL-INITIALIZE
lip_type := hex 'F7'

LPByx Recognized (y S my_addr
v = hex'FF') | (REQ(bkpass L_Port) &
LIP not Recognized)

FO:M

To

Any other transmission word

received or loop failure

/ Transmit LIP(lip_typedip_addr)
FOb:FOb

.

»
Ll

» MONITORING
BYPASS«= TRUE

Figure 10 — Loop Fail Initialization state diagram

Logp Fail Initialization state diagram notes:

Trapsition All:FO0

This transition is taken from any state other than PO:POWER-ON-
when a Loop Failure is detected and BYPASS is FALSE(O).

Transition FO0:10

NORMAL-INITIALIZE state when REQ(initialize) is asserted.

Transition F0:010b

NIT

This transition is taken from the LOOP-FAIL-INITIALIZE state to the

This transition is taken from the LOOP-FAIL-INITIALIZE state to the

OPEN-INIT-START state when a LIP has been recognized by this
L_Port, and the remainder of the INITIALIZATION process may be

attempted.
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Transition FO0:10

Transition FO:M

Tra

Tra

hsition FOb:FOb

ition F0a:F0a When LPB. that | id | to this L P LPE | :
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This transition is taken from the LOOP-FAIL-INITIALIZE state to

5(E)

the

NORMAL-INITIALIZE state when NOS or OLS are recognized. This

allows for waiting expire(3xAL_TIME) before transitioning to
optional OLD-PORT state.

This transition is taken from the LOOP-FAIL-INITIALIZE state to

the

the

MONITORING state when LPB for this AL_PA or LPBfx is recognized.
The L_Port shall remain in the MONITORING state until it is enabled on

the Loop and recognizes LIP, or REQ(initialize) is asserted.

shall be forwarded and the LPSM shall remain in the LOOP<F
INITIALIZE state.

If any Transmission Word other than those explicitly identified in
state transitions from LOOP-FAIL-INITIALIZE is. “recogni:
LIP(lip_type, lip_addr) shall be originated and the LPSM shall remai
the LOOP-FAIL-INITIALIZE state.

d, it
AlL-

the
red,
n in
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10.5.4.5 Normal Initialization state diagram

Figure 11 shows the normal initialization state diagram. This state diagram attempts to
circulate LIP around the Loop before the address selection phase of initialization is begun.

T10:NORMAL-INITIALIZE

* Transmitter on
* BYPASS = FALSE
* XMIT_2_IDLES := FALSE

LPByx Recognized( (y = my_addr |y = hex'FF") &
x <= my_addr ) | REQ(bypass L_Port)

-All:10a » To
lip_type := hex 'F7' 10:M | MONITOKING
lip_addr := my_addr A ) !
Start(3xAL_TIME) e LU

REQ(bypass or enable)” & ~(LPByx Recdgnized
(y =my_addr | y = hex'FF"))
(REQ(initialize) ~N
REQ(participating)) & Originate requested LPB 1. qya
~REQ(old-port) or LPE o,

-All:10b L
lip_type set by request
lip_addr := my_addr LIP Recognized & ~(REQ(bypass or enable)” |
Start(3xAL_TIME) REQ(bypass L_Pofty)

lp7pe < e enetocd > Toolo:
p_type L Mpe © OPEN-INIT-START

lip_addr =raddr received

REQ(initialize)
From FO: (OLS | NOS recognized)
OP-FAIL-INITIALIZE FO10—=—>
lip_type := hex 'F7'
lip_addr.;< my_addr
Start(3xAL_TIME)

=

Expire(3xAL_TIME) & ~(REQ(bypass or enable)”
REQ(bypass L_Port) | LIP Recognized)

10:0P0 » To OP0O: OLD-PORT
Any othergtransmission word received
/5N Transmit LIP(lip_type.lip_addr)
IUC.I\O(. ((LPByx Recognized ((y <= my_addr) & ( y <> hex 'FF"))
LPE Recognized) & x <= my_addr) & ~(REQ(bypass or
enable)” | REQ(bypass L_Port))
Forward received N\

J

A

" REQ(bypass or enable) refers to any of the following requests: REQ(bypass L_Port y). REQ(bypass all), REQ(enable L_Port y),
or REQ(enable all)

Figure 11 — Normal Initialization state diagram
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Normal Initialization state diagram notes:

Unless

Transition All:10a

Tra

Tra

Tra

Tra

Tra

Tra

Tra

this L_Port

is attempting to manage other L_Port's Port Bypass Circuits,
REQ(initialize) shall be removed upon entering the NORMAL-INITIALIZE state.

This transition is made from subsequent states of the INITIALIZAT
process when an error in initialization is detected. The errors that

ION
are

detected are protocol errors or LP_TOV timeout. The transition may
actually be controlled from outside the LPSM, and therefore, may take

an extended time.

hsition All:10b

hsition 10:010b

hsition 10:OPO0

hsition 10:M

hsition 10a:10a

hsition 10b:10b

hsition 10c:10c

This transition is taken from any state when REQ(participating

or

REQ(initialize) is asserted. The type of LIP to be generated is indicated

in the request.

This transition from the NORMAL-INITIALIZE state to the”OPEN-I
START state is taken when LIP has been recognized;~and the add
selection phase of initialization can be started.

This transition from the NORMAL-INITIALIZE state to the optional O
PORT state is taken when LIP has -been transmitted
expire(3xAL_TIME) without LIP being recognized and none of the li
REQs being asserted.

This transition from the NORMAL-INITIALIZE state to the MONITOR
state is taken when LPByx (whereé y = AL_PA of the L_Port) or LPB
recognized; or when REQ(bypass L_Port) is asserted. The L_Port 5
remain in the MONITORING “state until it is enabled on the Loop
recognizes LIP or REQ(initialize) is asserted while REQ(old-port) is
asserted.

When LPB that istnot addressed to this L_Port or LPE is recognize
shall be forwarded and the LPSM shall remain in the NORM
INITIALIZE state if none of the specified REQs are asserted.

If a request to bypass or enable (REQ(bypass L_Port y), REQ(byq
all), REQ(enable L_Port y), or REQ(enable all)) is asserted, and if

NIT-
ess

LD-
intil
sted

NG
X is
hall
and
not

d, it
AL-

ass
| PB

addressed to this L_Port is not recognized, the L_Port shall origipate

the requested LPB or LPE and remain in the NORMAL-INITIAL
state.

If any Transmission Word other than those explicitly identified in
state transitions from NORMAL-INITIALIZE is recognized while non
the specified REQs are asserted, a LIP(lip_type, lip_addr) shall
originated and the LPSM shall remain in the NORMAL-INITIALIZE st

IZE

the
e of

be
ate.



https://iecnorm.com/api/?name=b6ac25df5aa66144d4df7d318ccf73bd

14165-122 © ISO/IEC:2005(E)

10.5.4.6 OPEN-INIT state diagram

- 105 -

Figure 12 shows the OPEN-INIT state diagram. The OPEN-INIT state diagram is where the Loop
Initialization Master (LIM) is determined for this Loop Initialization.

O10:OPEN-INIT-START

* Transmit a minimum of

OI1:OPEN-INIT-SELECT-MASTER

12 LIP(lip_type.lip_addr)

* Stan( 1xAL_TIME)

LPByx Recognized (y = my_addr

* Access .= TRUE
y = hexFF) | REQ(bypass L_Port)
LIP Recognized | _ OllaM * To MONITORING
ALl > Minioowm of 12 TIPS i BYPASS .= TRUE
; . | sent & LIM supported -
:_IIU.‘l'!r‘r ; '."rf Ay ¢‘L | = T oj0.011 === — | (REQ(bypass or enable)” & ~(LPByx Recognized
ip_addr := addr receive S = - :
Start(LP_TOV) {y = my_addr | y = hexFF))
1 N y [ -\
Originate requested LPB - 71,0114
LIP Recognized | or LPE Y,
-All:OI0b —_— »|LIP Recognized & g

lip_type := type received

expire( IxAL_TIME)

NL_Port & (LISM W/ D_ID < iex'EF")

lip_type := typesggtived
lip_addr :={addr Yeceived

OLD-PORT

lip_addr := addr received < 0l1:010d
e " & S_ID PudEFY)
lip_type := type received (D_ID = hex 'EF & S_ID\5, hex 'EF' &
lip_addr := addr received WWN < Port Name) Received &
~({REQ(bypass or enablgl™ | REQ(bypass L_Port))
OIS »To S0:
SLAVE-WAIT-
(LISM W
D_ID =Jotal D_ID & S_ID = local S_ID &
WWN = Port Name) Received &
LIP Recognized & ~(REQUyypass or ‘:mlt‘l)ﬁ-. l\(ﬁ\l:()[b}-‘pun‘s L_Port)) o Mo:
expire(1xAL_TIME) - © MASTER-ST
=All:OI0d —_—¥
lip_type := type received
lip_addr = addr received
FL_Port & (LISM W
(D_ID = hex 00" & S_ID = hex '00 '&
WWN < Port Name) Received &
~(REQ(bypass or enable)” | REQ(bypass L_Port))
Ollb:M » To MONITON
] 1t 3 ) . =
o PARTICIPATE := FALSE
expire( 1 xAL_TIME) my_addr == hex 'F7'
From OP(: OPORI0 f+———» prev_addr := hex 'FF'

Any other transmission word
received

Minimum(LP_TOV)

P _ Tolb:
] U » NORMAL-IN
lip_type := hex 'F7'
lip_addr := my_addr

Transmit LISM (
S_ID:=D_ID:
for FL_Port

S ID=D_ID:

hex 00"

hex 'EF'

Expire(IxAL_TIME) & OLS
NOS Recognized
0Ol1:0P0

To OF0: O

ING

TIALIZE

LD-PORT

LPByx Recognized (v <= my_addr & y <= hex 'FF')

T T INCCO RN 0 1 s L Oy [arss UT ST

Minimum of 12 LIPs sent &
LIM not supported

To SO:
SLAVE-WAIT-FOR-MASTER

+—— 050

Start(LP_TOV)

TorE—Pom
WWN := Port Name)
Interspersed with ldles

Ol e:0lle———»f

REQ(bypass L_Port))

Forward received

)
LPB or LPE Ollb:Ollb
J

»

# REQ(bypass or enable) refers to any of the following requests: REQ(bypass L_Port v), REQ(bypass all), REQ(enable L_Port y),

or REQ{enable all)

Figure 12 — OPEN-INIT state diagram

FOR-MASTER
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OPEN-INIT state diagram notes:

Transition All:Ol0a

Transition All:OI0b

Transition All:010d

Tra

Tra

Tra

Tra

Tra

Tra

Tra

Tra

Transition Ol1a:0Ol1a

Transition Ol1b:0Ol1b

This transition is taken from any Loop Initialization state if LIP is
recognized after the LIM has been selected or from any state outside
the INITIALIZATION process if LIP is recognized.

This transition is the normal entrance to the OPEN-INIT-START state
upon recognition of a (NonF8) LIP.

This is the re-entrance to the OPEN-INIT-START state upon the
recognition of a after expire(1xAL TIME) without successfully

hsition OP0:0OI0f

hsition 010:S0

hsition Ol1a:M

hsition Ol1b:M

hsition Ol1:10a

hsition O11:S0

hsition OI1:MO

hsition\O11:0P0

selecting a LIM.

This is the entrance to the OPEN-INIT-START state ( upon |the
recognition of a LIP after expire(1xAL_TIME) in OLD-PORT state.

This transition from the OPEN-INIT-START state to the SLAVE-WAIT-
FOR-MASTER state is taken after forwarding at‘least 12 rece|ved
LIP(lip_type,lip_addr) if the L_Port is not capable of performing|the
LIM functions.

This transition from the OPEN-INIT-SELECT-MASTER state to|the
MONITORING state is taken when EPByx (where y = AL_PA of|the
L_Port) or LPBfx is recognized; or“when REQ(bypass L_Port) is
asserted. The L_Port shall remainiin the MONITORING state until it is
enabled on the Loop and recognizes LIP or REQ(initialize) is assefted
while REQ(old-port) is not asserted.

This transition from the)>OPEN-INIT-SELECT-MASTER state to|the
MONITORING state (s taken when an FL_Port does not beconle a
LIM.

This transitionrom the OPEN-INIT-SELECT-MASTER state to|the
NORMAL-INITIALIZE state is taken when the L_Port 3fter
minimum(bP_TOV) while trying to select a LIM. This takes the L_Port
back to attempting initialization.

This transition is taken when this L_Port has determined that it is| not
the LIM.

This transition is taken when this L_Port has determined that it is|the
LIM.

This transition from the OPEN-INIT-SELECT-MASTER state to|the
optional OLD-PORT state is taken when OLS or NOS is recogn|zed
after expire(1xAL_TIME).

If a request to bypass or enable (REQ(bypass L_Port y), REQ(bypass
all), REQ(enable L_Porty), or REQ(enable all)) is asserted, and if
LPB addressed to this L_Port is not recognized, the L_Port shall
originate the requested LPB or LPE and remain in the OPEN-INIT-
SELECT-MASTER state.

When an LPB that is not addressed to this L_Port or an LPE is
recognized, it shall be forwarded and the LPSM shall remain in the
OPEN-INIT-SELECT-MASTER state, if none of the REQs are
asserted.
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Transition Ol1c:0Ol1c If any Transmission Word other than those explicitly identified in the
state transitions from the OPEN-INIT-SELECT-MASTER state is
recognized while none of the specified REQs are asserted, LISM shall
be originated and the LPSM shall remain in the OPEN-INIT-SELECT-
MASTER state.
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10.5.4.7 Slave Initialization state diagram

14165-122 © ISO/IEC:2005(E)

Figure 13 shows the Slave Initialization state diagram. This machine is where the L_Port acquires
an address if it is not the LIM. The L_Port enters this state when it has determined that there is
another L_Port with higher priority on the Loop or the LIM function is not supported by this L_Port.

SO:SLAVE-WAIT.

-FOR-MASTER

Shsl ANE KL USH BLUERERSS

S3:SLAVE-LIFA®

*IfF

abric Assigned

From O10:

OPEN-INIT-START O10:50

From QI1: - o »
OPENHINIT-SELECT-MASTER O11:50
LIP Recognized &
Expire( IxAL_TIME)
To Olf: < $0:010d

OPENHINIT-START i yvne -~ type received

lip_addr := addr received

LPByx Recognized (y <= my_addr

*See detailed notes
*Finish transmission of any
outbound frames
*Originate Idles

S2:SLAVE-LIFA-WAIT"

* Originate ARB(F0) or
forward Transmission words

HhrrorospoTT T 0
prev_addr is dokalready

set,

* set thaf BiCbitnjap.

* PARDICHATE |

* Ejog

* ey _addr = hey 'FF
sForydrd LIFA Frame.

TRUE

LIFA Received
S€.93

$3:44 —p ToS4:
> SLAVE-LIPA-WAIT

ARB(F0) Received
SO:S ] ———»

Start(LP_TOV)
my_addr := hex 'F7'
PARTICIPATE := FALSE

Expire{ IxAL_TIME) &0LS
NOS RecogniZedt

51:82

Y

52:10a
lip_type := hex 'F7'
lip_addr := my_addr

y <> hex 'FF') | LPE Recognized

R / Forward received LPB
SOa:S0a or LPE
o

Any other transmission word
received

/___ Forward LISMs received
S[Jhtl]h interspersed with fill werds

S0:0P0

Minimum(LP_TOV)

» To OP0: OLD-PORT

To l0:

S0:10a
lip_type := hex 'F7'
lip_addr := my_addr

LPByx recognized (y = my_addr |y = hex
FFY

(REQ(bypass L_Port) & LIP not Recognized)

S0:M

Y

NORMAL-INITIALIZE

» To MONITORING

BYPASS .= TRUE

Tollx
NORMAL-INITIALIZE

#in any of these states when LIP is Recognized an immediate transition to O10; OPEN-INIT-START is taken with the transition actions of;

lip_type := type received: lip_addr := addr received

Figure 13 — Slave Initialization state diagram
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transmission words * prev_addr = hex 'FF # Forward LIHA Frame,
* Start( LP_TOV) # Forward LIPA frame.
) —57:58— Tos8:
LIHA Received SLAVE-LISA-WAIT
FROM 53: $3:54 > S5:56 » $6:87 ———»f
SLAVE-LIFA LIPA Received
v S4:85———»] ini » TOV)| CLS Receive
Minimum(LP_TOWV) Minimum(LP_TOV) | CLS Received
CLSRecejved| {0\ 00000000000l === == -
B — e — = ed |
Tofl0: | Any frame other than * -
NORMAL-INITIALIZE LIPA Received - : o 10:
_________ lip_type := hex F7" NORMAL-INITIALIZE
+—S4:00a lip_addr := my_addr
lip_type := hex F7'
lip_addr := my_addr
S9:SLAVE-LISA®
M R * I Soft Assigned & any bit S10:SEAVESCLS-WAIT
S8:SLAVE-LISA-WAIT? available in bit map
* Originate Idles or Forward * set unused bit in bitmap ¢ Orignate Idles or Forward ]
Transmission Words * PARTICIPATE :~ TRUE Lransmission Words S11:SLAVE-CLS®
* Stan(LP_TOV) * Forward LISA Frame. ¥ Start(LP_TOV) Forward CLS
From 87: §7:58 LISA Received CLS Received stifm To MONITORING
SLAVE-LIHA B i e S10:511———» IfPARTICIPATE = TRUE
o 59:510 > - -1 1 *nrey F = Acquire
S From SL3: prev_jddr = Acquired AL_PA
Minimum(LP_TOV} | SLAVE-LILP- *my_gddr == Acquired AL_PA
. - S —S8L3:5 11— - =
('_[“ Bc"cﬂ“.d_ _____ CLS SL3:811 Else
| Any frame other than | *prev_pddr := hex TF'
L LisAesehed |
C 3 -,
NQRMALINITIALIZE 4 S810a
lip_type = hex 'F7" LIRP Received To SLO:
lip_addr := my_addr S10:SLO———— 5| AVE-LHOP-MAP-START
Minimum(LP_TOV)
eceived |
] T Toli:
lip_type := hex 'F7* NORMAIHINITIALIZE
lip_addr := my_addr
“lin any of thesastates when LIP is Recognized an immediate transition to O10: OPEN-INIT-START is taken with the transition actions of:
Ifp_type ;= Wgpedreceived: lip_addr := addr received

S4:SLAVE-LIPA-WAIT

* Originate Idles or forward
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S5:SLAVE-LIPA®

* If prev_addr <= hex 'FF
* I bit comesponding to
prev_addr is not already set

* set bit in bitmap
* PARTICIPATE :

* Else

TRUE

S6:SLAVE-LIHA-WAIT*

* Onginate ldles or Forward
Transmission Words
* Start(LP_TOV)

ST:SLAVE-LIHAY

* 1f Hard Assigned & bit is not
already set
* set bit in bitmap

* PARTICIPATE := TRUE

Figure 13 (concluded) — Slave Initialization state diagram

Slave Initialization state diagram notes:

State S0: SLAVE-WAIT-FOR-MASTER is used to forward received LISM frames.
Implementations may directly forward frames as they are received; however, not all LISM frames
will necessarily be received due to buffer limitations. Additionally, the L_Port may store the most
recently received LISM frame and transmit it interspersed with Idles until another LISM is received
and stored in the buffer. This may yield LISM transmission at a different rate than reception.
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NOTE Because this state is being timed by LP_TOV, it is important to update the LISM being forwarded. If every device
takes more than 15 ms to forward each LISM received, and there are 128 devices on the Loop, the delay to win LIM

would exceed LP_TOV.

State S1: SLAVE-FLUSH-BUFFERS is used to ensure that the L_Port is ready to receive the
LIFA frame that may be received shortly after forwarding the ARB(F0) around the Loop. In this
state, the L_Port should complete sending any frame that it was transmitting when ARB(F0) was
received and transmit Idle until it has a buffer to receive the LIFA frame. Upon reception of LIP in
this state, the transition All:Ol0a shall be taken back to the OPEN-INIT-START state.

NOTE Because this state and the next is being timed by LP_TOV, it is important that the buffers be flushed quickly, and

ARB[FO) forwarded quickly. Tf each device takes more than 75 ms to flush buffers and originate or forward the
framg, the total delay, would exceed LP_TOV.

Trapsition 010:S0

Trapsition OI1:S0

Trapsition S0:010d

Trapsition All:Ol0a

Trapsition S0:0P0

Trapsition All:l10a

Trapsition S10:SLO

Transition S11:M

Transition SL3:S11

LIFA

This transition is the starting point for the Slave Initialization state

diagram when the LIM is not supported. It is reached directly from
OPEN-INIT-START state.

This transition is the starting point for the Slave' Initialization state
o

diagram when the LIM is supported (but the L 'Port yielded to an
L_Port). It is reached when the L_Port determines in the OPEN-II
SELECT-MASTER state that it is not the LINk

This transition is taken when a LIP istecognized in the SLAVE-W
FOR-MASTER state after expire(1xXAL_TIME). This causes the L_
to return to the OPEN-INIT-START state.

This transition is taken whe&n any LIP is recognized in the SLA

the

her
NIT-

0| T-
Port

VE-

FLUSH-BUFFERS, SLAVE-LIFA-WAIT, SLAVE-LIFA, SLAVE-LIPA-

WAIT, SLAVE-LIPA, SLAVE-LIHA-WAIT, SLAVE-LIHA, SLAVE-LI
WAIT, SLAVE-LISA{“SLAVE-CLS-WAIT, SLAVE-CLS states.
causes the L_Port.to return to the OPEN-INIT-START state.

This transition® from the SLAVE-WAIT-FOR-MASTER state to
optional OLD*PORT state is taken when OLS or NOS is recogn
after expire(1xAL_TIME).

This ‘transition occurs in any of the indicated states when an errg
detected in the address selection machine. The errors that are dete
are protocol errors or LP_TOV timeouts. The transition may actually
controlled from outside the LPSM and therefore may take an exten
time. These transitions go back to the NORMAL-INITIALIZE state
attempt to begin initialization again using LIP(F7).

This transition is made after all addresses have been assigned ang
L_Ports are capable of generating an AL_PA position map.

SA-

This

the
zed

ris
cted

be
ded
and

i all
Ihis

L~ iransitienisto-the-SEAVELOOR-MAR-START-state-ir-the-Stave-AL!

position map generation state diagram.

This transition to the MONITORING state is the completion of L
Initialization. At this point the L_Port is participating in the Loo
PARTICIPATE is TRUE(1), or it remains in the MONITORING state

PA

oop
p if
and

forgets any previously acquired AL_PA as a Non-Participating L_Port if

PARTICIPATE is FALSE(O).

This transition is from the SLAVE-LILP-CLS state in the Slave AL_PA

position map state diagram after it has received CLS. It transitions h
generates CLS and finishes the INITIALIZATION process.

ere,
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Transition S0a:S0a When an LPB that is not addressed to this L_Port or an LPE is

recognized, it shall be forwarded, and the LPSM shall remain in the
SLAVE-WAIT-FOR-MASTER state.

Transition S0b:S0b If any Transmission Word other than those explicitly identified in the
state transitions from SLAVE-WAIT-FOR-MASTER is recognized,
received LISMs are forwarded and the LPSM shall remain in the
SLAVE-WAIT-FOR-MASTER state. If no LISM frames have been
received, the CFW shall be transmitted.

10.54-8—Stave ALt PApositiommap-statediagram

Figure 14 shows the Slave AL_PA position map state diagram. All FC-AL-2 L_Ports’ rhust

implement this; however, if there are FC-AL-1 L_Ports on the Loop this state diagram.may nqgt be

usef.
SLO:SLAVE-LOOP-MAP-START® SLLI:SLAVE-LILP-WAIT® i . i SL3:SLAVE-LILP-CLS™
#|f PARTICIPATE = TRUE L | SL2:SLAVE-LILP * Origi te Idles dx formard
* Add loop map information to U"::'J_'“!"' Idles or forward . . transmission wibgds
LIRP fiame ||'.||.l-;|n|.~;.‘;m|.|.\\m.\l.‘; forward LILP Frame # San(LP_FOV)
* forward LIRP frame * Start(LP_TOV)
CLS Received e e e
SL3:SI1 ToS1:SLAVE-CLS
Frgm S10; S10:SL0 SLO:SLI : . il ) il
sLAVE-cL L warr——S10:8L0—» LILP Received SI2:SL3 »
SL1:SL2 »
. Minimum(LP_TOV) |
! Any frame Received |
Minimum(LP_TOV) | CLS\Reteived SL3:l0a——» I:;:t;;w__|_\;|'r|_.\1_|z|-:
o = D = IS w== b s el o P4 1] lip_type := hex 'F7'
| Any frame other thap LWLP Received - lip_addr := my_addr
SKIMa po10:
il __N NORMAL-INITIALIZE
lip_type := hef5 7'
lip_addr ¢¥my_addr
" in any §f these states when LIP is Recognized an immediate transition to O10: OPEN-INIT-START is taken with the transition actions of:

lip_type

type received; lip_addr := addr received

Figure 14— Slave AL_PA position map state diagram
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Slave AL_PA position map state diagram notes:

Transition S10:SL0 This is the main entry point to the Slave AL_PA position map state

Transition All:Ol0a

Transition All:l10a

Tra

diagram from the Slave Initialization state diagram.

This transition is taken when LIP is recognized in the SLAVE-LOOP-
MAP-START, SLAVE-LILP-WAIT, SLAVE-LILP, SLAVE-LILP-CLS
states. This causes the L_Port to return to the OPEN-INIT-START state.

This transition is taken when an error is detected in any of the indicated

states of the address selection machine. The errors that are dete

ted

hsition SL3:S11

are protocol errors or LP_TOV timeouts. The transition may actually
controlled from outside the LPSM and therefore may take an exten
time. These transitions go back to the NORMAL-INITIALIZE state
attempt to begin initialization again.

be
ded
and

This transition is taken to S11:SLAVE-CLS, when theyAL_PA position

map process is completed and CLS has been regeived. It is the {
transition before Loop Initialization is completed in the S
Initialization state diagram.

inal
ave
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10.5.4.9 Master Initialization state diagram

Figure 15 shows the Master Initialization state diagram. This machine is where the L_Port
acquires an AL_PA if it is the LIM. The L_Port enters this state when it has received its own LISM

frame back.

MO:MASTER-START"
* Originate ARB(FO0)

Continuously
* Start{ LP_TOV)

MI:MASTER-LIFA™

* Set login bit if required
* if Fabric Assigned
*set bit in bitmap
cormesponding toprev_addr
2 PARTICIPATE - TRIIE

M2Z:MASTER-LIFA-WAIT"
* Originate ldles

Sttt

From () 1: —— 011 M ——»
OPENJINIT-SELECT-MASTER

* Originate LIFA Frame.

ARB(F0) Recognized
MO:M1

Minimum(LP_TOV)

To l0:
NORMAL-INITIALIZE +——M0:10a

lip_type := hex 'FT'
lip_addr := my_addr

*else

*1f prev_addr < hex
*if bit corresponding to prev_addr
is not already set in received
LIFA frame
*set bit in bitmap
* PARTICIPATE := TRUE

*prev_addr = hex 'FF
*Originate LIPA frame.

my_addr = hex 'F7'

PARTICIPATE := FALSE

ERR_INIT := FALSE

M3:MASTER-LIPA”

M4:MASFER-LIPA-WAIT"
¢ Eganate Idles
& Start(LP_TOV)

LIFA Received
M2:M3

o T M:

MI:M2——

| CLS Received

lip_type ="hex F7'

MS5:MASTER-LIHA®

* If Hard Assigned & bit is not
already set in received LIPA frame
* set bit in bitmap

From M2: MASTER-
LIFA-WAIT

M2:M3——»

N4

lip|_type := {¥pefeceived: lip_addr := addr received

*PARTICIPATE == TRUE
*Originate LIHA Frame.
LIPA Received
M4:M35 >
M3: M6

Any frame other §ian UFA
Received | Minimum(LP_TOV)

$2:+Hia—— Tolo:

lip\addr := my_addr

T (MASTER{LIPA

NORMAL-INITIALIZE

[To Mé:

Any frame other than LIPA Received | CLS Received
Minimum(LP_TOV)

M4:10a

g MASTHR-LIHA-WAIT

y Toll:

lip_type := hex F7’
lip_addr := my_addr

any of these statgs when LIP is Recognized an immediate transition to O10: OPEN-INIT-START is taken with the transition actions of:

" NORMAL-INITIALIZE

Figure 15 — Master Initialization state diagram
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From M3:

MASTER-LIHA

M6:MASTER-LIHA-WAI'T*
* Originate [dles
* Start( LP_TOV)

M5:M6—n

Any frame other than LIHA

LIHA Received

—114 -

M7:MASTER-LISA"
* Set LI_FL
* If Soft Assigned and any bits unset in
bitmap
* Set bit in received LIHA frame
* PARTICIP. TRUE
* Onginate LISA

MT:M8

14165-122 © ISO/IEC:2005(E)

MB:MASTER-LISA-WAIT"

* Originate Idles
* Start( LP_TOV)

Any frame other than LISA

. Received | Minimum(LP_TOV)

Mo6:M7 >

Received | Minimum(LP_TOV)
CLS Received

l CLS Received

To I
NORMAL-INITIALIZE

M8:10a——»
lip_type := hex 'F7'

Tolo: :
+——Mo6:10a—— addr - oy
NORMAL-INITIALIZE e lip_addr := my_addr
lip_type == hex 'F7'
lip_addr := my_addr CISA Received & LLIE - U

From M8:
MASTER-LISA-WAIT

——ME:MY——»

From ML3:

——ML3:M9—»

MI10:MASPER-CLS-WAIT*

MY9:MASTER-CLS*

* Ol g et
* Originate CLS Iri g nlfE | hest

* StartLF_JOV)

MM 1) —~=—»

CLS Received

MEMOI——» 1,09 MWSTER-CLS

LISA Received & LI_FL =t

MEMLO— e

MASTER-LOOR-MAP-START

M10:M »To MONITORING

If PARTICIPATE

TRUE

MASTER-LILP-WAIT

lip_type == type received: lip_addr :

Master Initialization state diagram notes:

Trapsition:O11:M0

*prev_addr := Acquired AL_PA
*my_addr == Acquired AL_PA
Else

*prev_addr := hex 'FF'

Any Frame Received | Minimum(LP_TOV)

lip_addr :

" in any of these states when LIP is RecogniZ@d da'immediate transition to O10: OPEN-INIT-START is taken with the transition actions of:
addr feceved

Figure 15 (concluded) — Master Initialization state diagram

This transition is the starting point for the Master Initialization
diagram. It is reached when the L_Port determines in the OPEN-I
SELECT-MASTER state that it is the LIM.

M10:10a » Tolb: . -

. . NORMAL-INITIALIZE
lip_type := hex 'F7T'
my_addr

ate

IT-

Transition All:Ol0a

This transition is taken when LIP is recognized in the MASTER-LIFA,

MASTER-LIFA-WAIT, MASTER-LIPA, MASTER-LIPA-WAIT, MASTER-
LIHA, MASTER-LIHA-WAIT,
MASTER-CLS, MASTER-CLS-WAIT states. This causes the L_Port to
return to the OPEN-INIT-START state.

MASTER-LISA, MASTER-LISA-WAIT,
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Transition All:10a

Transition M8:MLO

- 115 -

This transition is taken when an error is detected in any of the indicated
states of the address selection machine. The errors that are detected
are protocol errors or LP_TOV timeouts. The transition may actually be
controlled from outside the LPSM and therefore may take an extended
time. These transitions go back to the NORMAL-INITIALIZE state and
attempt to begin initialization again.

This transition to the MASTER-LOOP-MAP-START state is taken after
all addresses have been assigned and all L_Ports are capable of
generating an AL_PA position map.

Trapsition M10:M

This transition to the MONITORING state is the completion ofljoop

Initiplization. At this point the L_Port is participating in the Loop if PARTICIPATE is FRUH(1),

or it

Trapsition ML3:M9

10.5.4.10 Master AL_PA position map state

remains in the MONITORING state and forgets any previously acquired AL_PA as a Non-
Parficipating L_Port if PARTICIPATE is FALSE(O).

This transition is taken from the MASTER-LILP-WAIT state, Jand
indicates that Loop Initialization is ready to be completed. The LIM ghall
generate CLS to complete Loop Initialization.

Figure 16 shows the Master AL_PA position map state diagram. All FC-AL-2 L_Ports ghall
implement this; however, if there are FC-AL-1 L_Ports on the Loop this state diagram may nat be

usef.

IF PARTICIPATE

Else

hex 'FF in it

MLO:MASTER-LOOP-MAP-START’

IRUE
* Originate LIRP frame with
this nodes information in it

* Originate LIRP with hex'00

ML1:MASTER-LIRP-WAIT
ML2:MASTER-LILP*

* Forward LIRP information
in LILP frame

ML3:MASTER-LILP-WAIT
* Originate Idles
* Start{LP_TOV)

* Originate Idles
* San(LP_TOV)

LIRP Received

ML2:ML3 ——M™

From M:
MASTER

Any frame other than LILP
Received | CLS received |
Minimum(LP_TOV)

— MEMLO -

ML I:ML2 ———]

—_ MLO:ML 1N ——

Told:
NORM)

. ML3:10a—m
Any frame other than LIRP

in anj of thegestates when LIP is Recognized an immediate transition to OL0: OPEN-INIT-START is taken with the transition actions of:
lip_typle :=#ypeséceived; lip_addr == addr received

Received | CLS received |

lip_type == hex 'F7'

AL-INITIALLZLE

Minimum(LP_TOWV) lip_addr := my_addr
To l0:

ML 08— NORMALINITIALIZE

Receive LILP

lip_type := hex 'FT' | ML3: M9 Tolo:
lip_addr := my_addr o MASTHR-CLS

Figure 16 — Master AL_PA position map state diagram

Master AL_PA position map state diagram notes:

Transition M8:MLO

Transition All:Ol0a

This is the main entry point to the Master AL_PA position map state
diagram from the Master Initialization state diagram.

This transition is taken when LIP is recognized in the MASTER-LOOP-
MAP-START, MASTER-LIRP-WAIT, MASTER-LILP, MASTER-LILP-
WAIT states. This causes the L_Port to return to the OPEN-INIT-START
state.
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This transition is taken when an error is detected in any of the indicated
states of the address selection machine. The errors that are detected
are protocol errors or LP_TOV timeouts. The transition may actually be
controlled from outside the LPSM and therefore may take an extended
time. These transitions go back to the NORMAL-INITIALIZE state and
attempt to begin initialization again.

This transition is taken to MASTER-CLS, when the AL_PA position map
process is completed.



https://iecnorm.com/api/?name=b6ac25df5aa66144d4df7d318ccf73bd

14165-122 © ISO/IEC:2005(E) - 117 -

Annex A
(normative)

L_Port Elasticity buffer management

A.0 Overview

This annex defines the L_Port elastic buffer and the clock skew management rules for inserting
and deleting Fill Words. The elasticity buffer provides buffering between the receiver input and the
trazrmltter to prevent over-run and under-run conditions at the transmitter. To prevent L, Horts
fromp being starved of opportunities to delete and minimize buffer requirements in all L_Ports, a
two| priority algorithm for clock skew management delete operations is incorporated) For a
descgription of the elasticity buffer function and example, see annex G.

A.1| L_Port elasticity buffer implementation

The] elasticity buffer shall be implemented as a first-in-first-out (FIFO) device with the input coming
from the receiver logic and the output going to the transmitter logic,, An) example of the elasticity
buffer is illustrated in Figure A.1. Buffering required for clock resynchfonization is not shown.

> Level 4 >

> Level 3 >
M

> Level 2 > U >
X

> Level d >

Input——

Fill Word insert ——

Figure A.1 — Elasticity buffer

Only valid Transmissjion” Words are entered into the elasticity buffer. The information content of
the |valid Transmission Words entered into the buffer is called valid information. The buffgr is
diviged into fourdevels. Each level represents buffering for a clock skew management state.

The| buffer-may be implemented either in bit, character, half word (two characters) or word wide
units. Theyamount of valid information in the buffer is a count of the units entered into the buiffer
minps the units removed at the output.

NOTE It is recommended to use either a character or half word wide buffer. Bit wide implementations require a very
high logic speeds for implementation. Word wide implementations do not provide a fine enough unit of measuring the
level of valid information in the buffer.

A.2 Clock skew management

Clock skew management inserts and deletes Transmission Words to control the amount of valid
information in the buffer. These operations are performed outside of FC-2 frames to allow the
frames to be forwarded without modification. For clock skew management, Fill Words or any
Ordered Set defined for use as a Primitive Sequence shall be treated equally.
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The insertion of Fill Words is required when the receive clock is slower than the transmit clock to
prevent buffer under-run. Deletion of Fill Words is required when the receive clock is faster than
the transmit clock to prevent buffer over-run.

A.3 Clock skew management states

A.3.0 Clock skew overview

Clock skew management has 4 states as shown in Figure A.2: insertion pending, quiescent, low
priority deletion pending, and high priority deletion pending. The current state is determined by the
amaunt of valid information in the buffer.

Full

High Priority Deletion Pending
(Y_eve

Low Prlorltzl Deletlon Pending
Level

Qmescent
(Level 2)

Insertion Pending
(Level 1)

Empty Buffer depth

Figure A.2 — Clock skew. management states

A.3]1 Insertion pending

To kllow an FC-2 frame to be transmitted unmodified, at least a minimum amount of valid
information must be in the buffer to ensure buffer under-run will not occur during the frame
tranfsmission.

Rul¢ for insertion: When the amount of valid information is less than level 2, in level 1, the L_Port
shall insert the current Fill Word immediately after any Fill Word.

A.3]2 AQuiescent

When the amount, of'valid information in the buffer is greater than the level requiring an inseftion
and|less than thelevel requiring a deletion, in level 2, the clock skew management algorithm |s in
the guiescent'state. No requests to change the buffer depth are pending. This is the nominal gtate
of the cloek:skew management.

A.3]3\.'Deletion pending

At least a minimum of free space must be in the buffer to prevent buffer over-run during frame
retransmission. Transmission Words may be deleted to reduce the depth of the buffer to provide
free space.

Deletion of Transmission Words is more difficult than insertion. When a deletion is required
between frames, e.g., in an inter-frame gap, a minimum number of Primitive Signals shall be
maintained between frames to meet FC-FS requirements and the Idle Primitive Signals which
reset the fairness window shall be propagated.
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When frames are originated onto the Loop, the FC-PH requirement of six Primitive Signals
between frames is followed. The inter-frame gap may be reduced to 2 Fill Words plus other
Primitive Signals by clock skew management. To prevent Ports from being starved of

opportunities to delete, a two priority algorithm shall be used.

A.3.3.1 Low priority deletion pending

When the amount of valid information in the buffer triggers a request to delete, the low priority
rules for deletion are followed. The low priority rules protect some Fill Words in inter-frame gaps

for L_Ports requiring a more critical delete after all the low priority deletes have occurred.

Low Priority Rules: When the amount of valid information reaches level 3, the L_Port shall,

— | after 4 Fill Words with no intervening non-Ordered Set (data words), delete~the” next

Word,

required to detect SOF and EOF frame delimiters. New frame delimiters may be defined in-the future.

— if the CFW changes to Idle while a delete is pending, not delete thexfirst Idle.

NOTE 2 This Idle is protected to allow the LPSM to manage the fairness window jas required.

After a low priority Transmission Word delete, the L_Port shall

— enter the low priority state and wait 4 Fill Words before‘another delete or
— | enter the quiescent state with no delete pending.
Examples:

FOF FW FW FW FW FW FW SOF

AN May*delete one for low priority
FOF AR AR AR AR ID ID SOF
N May delete one for low priority
FOF AR AR AR ID ID ID SOF
AN May delete one for low priority
FOF FW FW RR FW FW RR FW_FEW SOF
Ny N May delete one for low priority
L egend:
FOF = End of Frame AR = ARByx
BOF = Start of Frame ID =Idle
FW = Fill Word\(ARByx or Idle) RR = R_RDY

A.3]3.2 High priority deletion pending

L_Hoftsthat are close to over-running their buffers follow the high priority rules for deletion.

NOTE 1 A non-Ordered Set indicates an intervening frame. By detecting non-Ordered Sets, the L_Port i

Fill

5 not

High Priority Rules: When the amount of valid information reaches level 4, the L_Port shall:

— after 2 Fill Words with no intervening non-Ordered Set (data words), the L_Ports deletes the

next Fill Word and

— if the CFW changes to Idle while a delete is pending, the L_Port shall not delete the first

Idle.
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After a high priority Transmission Word delete, the L_Port shall

— enter the low priority state and wait 4 Fill Words before another delete or

— re-enter the high priority state and wait 2 Fill Words before another delete depending on
buffer free space.

Examples:

EOF FW FW FW FW FW FW SOF
[ATEATEANEA May delete one for high priority

FOF AR AR AR ID ID ID SOF
n NN May delete one for high priority

FOF FW FW RR FW FW RR FW FW SOF
non NN May delete one for high priority

FOF FW FW FW FW FW FW SOF

n n May delete both (third and sixth) for high priofity
L egend
FOF = End of Frame AR = ARByx
BOF = Start of Frame ID =Idle
FW = Fill Word (ARByx or Idle) RR = R_RDY

A.4] Buffer size

The| size of the elasticity buffer allows for maximum phase and frequency mismatch between| the
transmitter and receiver for the length of thelargest frame size and the number of frames befgre a
delgtion opportunity occurs. See annex G for a description of the worst case period between clock
skeyv management operations. The objective is to keep the size of the elasticity buffer o a
minimum. This will ensure minimum Port latency and maximize Loop performance.

The|size of the buffer is the sum of space required for each clock skew management state.

Thel L_Port shall implement a buffer space of at least 0,25 word (1 character) in level 1 for| the
insgrtion pending state.

The| L_Port shallimplement a buffer space of at least 1 word (4 characters) in level 2 for| the
quigscent state’

The| L_Rort shall implement a buffer space of at least 1 word (4 characters) in level 3 for the
priofity/deletion state.

ow

The L_Port shall implement a buffer space of at least 1 word (4 characters) in level 4 for the high
priority deletion state.
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B.0

Annex B
(informative)

Loop Port State Machine examples

Overview

The two examples in this annex use seven of the nine states in the LPSM and twelve of the
twenty-two state transitions as defined in 8.4. Of the ten unused state transitions, four are for rare

eve
exa

B.1

The
Initi
tran

nts or error handling. Therefore, much of the Loop protocol Is covered in these two sirn
mples.

L_Port initialization example

general, error free procedure for taking the LPSM of a Public NL(Rort through L

plization to the point of Fabric Login follows (see clause 8 for reference items and LF
sitions):

the NL_Port powers on and attempts to join the Loop;

the NL_Port may use a trusted AL_PA (since it does not.have a valid AL_PA) to instruci
LPSM to arbitrate (REQ(arb own AL_PA)) and to initialize (REQ(initialize));

the LPSM makes transition (01);

the LPSM, now in the ARBITRATING state,begins to replace any Idle or ARB(val) (w
val is higher than the trusted AL_PA) withARB(val) (where val is a trusted AL_PA).
LPSM monitors its inbound fibre for the-ARB(val) which it transmitted. (See 8.4.3 item 14
details);

the LPSM makes transition (12);

the LPSM, now in the ARBITRATION WON state, detects (REQ(initialize)) (see 8.4.3
15 for details);

the LPSM makes transition (28);

the LPSM, now’in‘the INITIALIZATION process, performs Loop Initialization as describg

clause 10 and waits for CLS to indicate that the INITIALIZATION process has completed,;

the LPSM.detects CLS;

the tPSM makes transition (80);

nple

oop
PSM

the

here
The
I for

tem

din

the NL_Port, now in the MONITORING state, is ready to execute a Fabric Login if it

is a

PUDBIic NL_Port (see 10.5, step ().

The complete list of state transitions and states in the order used is: (01), 1: ARBITRATING; (12)
2: ARBITRATION WON; (28), 8: INITIALIZATION process; (80), 0: MONITORING.
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