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Foreword

(This Foreword is not a part of IEEE Std 802.5c-1991, Recommended Practice for Dual Ring Op-
eration with Wrapback Reconfiguration.)

This standard is part of a family of standards for local and metropolitan
area networks. The relationship between the standard and other members of
the family is shown below. (The numbers in the figure refer to IEEE Standard
numbers.)
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* Formerly IEEE Std 802.1A.

This family of standards deals with the physical and data link layers as de-
fined by the ISO Open Systems Interconnection Basic Reference Model (ISO
7498:1984). The access standards define several types of medium access tech-
nologies and associated physical media, each appropriate for particular appli-
cations or system objectives. Other types are under investigation.

The standards defining these technologies are as follows:

• IEEE Std 802† : Overview and Architecture. This
standard provides an overview to the
family of IEEE 802 Standards. It is a
part of the 802.1 scope of work.

• IEEE Std 802.1D: MAC Bridging. Specifies an archi-
tecture and protocol for the intercon-
nection of IEEE 802 LANs below the
MAC service boundary.

† The 802 Architecture and Overview Specification, originally known as IEEE Std 802.1A, has
been renumbered as IEEE Std 802. This has been done to accommodate recognition of the base
standard in a family of standards. References to IEEE Std 802.1A should be considered as refer-
ences to IEEE Std 802.



• IEEE Std 802.1E: System Load Protocol. Specifies a set
of services and protocol for those
aspects of management concerned
with the loading of systems on IEEE
802 LANs.

• ISO 8802-2 [ANSI/IEEE Std 802.2]: Logical Link Control.

• ISO/IEC 8802-3 [ANSI/IEEE Std 802.3]: CSMA/CD Access Method and Phys-
sical Layer Specifications.

• ISO/IEC 8802-4 [ANSI/IEEE Std 802.4]: Token Bus Access Method and Phys-
sical Layer Specifications.

• IEEE Std 802.5: Token Ring Access Method and
Physical Layer Specifications.

• IEEE Std 802.6: Metropolitan Area Network Access
Method and Physical Layer Specifi-
cations.

In addition to the family of standards are technical advisory groups as fol-
lows:

• IEEE Std 802.7: Broadband Technical Advisory and
Physical Layer Topics and Recom-
mended Practices.

• P802.8: Fiber Optic Technical Advisory and
Physical Layer Topics.

The reader of this document is urged to become familiar with the complete
family of standards.

This standard contains state-of-the-art material. The area covered by this
standard is undergoing evolution. Revisions are anticipated to this standard
within the next few years to clarify existing material, to correct possible er-
rors, and to incorporate new related material. Information on the current re-
vision status of this standard may be obtained by contacting

Secretary, IEEE Standards Board
Institute of Electrical and Electronics Engineers, Inc
PO Box 1331, 445 Hoes Lane
Piscataway, NJ  08855-1331
USA
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IEEE Standards for
Local and Metropolitan Area Networks:

Supplement to Token Ring Access Method and
Physical Layer Specifications

Recommended Practice for Dual Ring
Operation with Wrapback Reconfiguration

1.  Overview
This document defines extensions to IEEE Std 802.5, IEEE Standards for

Local and Metropolitan Area Networks: Token Ring Access Method and
Physical Layer Specifications, which implements a Dual Ring LAN topol-
ogy having the following features:

(1) Full interoperability between stations conforming to IEEE Std 802.5,
including coexistence on the same ring.

(2) Recovery from all single media failures with full capability restored.

1.1  Introduction.   The Dual Ring topology and operation described within
this document is intended for applications that require very high availabil-
ity and recovery from media and station failures.

The Dual Ring topology is illustrated in Fig 1-1. Two individual (counter-
rotating) Token-Passing Rings provide the interconnection for both Dual
Ring and Single Ring stations. Counter-rotating rings are defined where
the upstream neighbor of a station on one ring is the downstream neighbor
of that station on the other ring. One of the Token-Passing Rings is desig-
nated as the Primary Ring and the other is designated as the Secondary
Ring.

The Primary Ring is normally the operational ring.When the Primary
Ring is operational, no data other than Medium Access Control (MAC)
frames can flow on the Secondary Ring. Also, recovery requiring recon-
figuration is not initiated for a failure on the Secondary Ring if the Pri-
mary Ring is operational.

Single Ring stations can only be connected to the Primary Ring through a
Trunk Coupling Unit (TCU) and operate exactly as specified in IEEE Std
802.5.

Dual Ring stations are connected to their neighboring Dual Ring stations
on both the Primary and Secondary Rings through two TCUs. Generally,
each Dual Ring station contains two complete IEEE Std 802.5 interfaces and
a Crosspoint Switching function controlled by a Dual Ring Management
function.

Dual Ring reconfiguration employs “Wrapback” to provide for recovery
from all forms of signal loss failures and from trunk line media failures  
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Fig  1-1
Dual Ring Architecture

not  covered by IEEE Std 802.5-1989. (These failures are referred to as “Break
Conditions” in this document.) The secondary MAC never transmits LLC
frames in any of the Dual Ring configurations; thus, extensions such as
bridging are not affected by Dual Ring operation. The Wrapback method
restores normal operation by interconnecting the two rings on each side of
the failure (see Fig 1-2). This results in a single ring being formed from the
remaining good parts of the original two rings (but with the failed link, or
node, absent). A reconfigured ring is comprised of the following:

(1) One station in WRAPA (Primary Receive (ARx) connected to the Sec-
ondary Transmit (ATx)).

(2) One station in WRAPB (Secondary Receive (BRx) connected to the
Primary Transmit (BTx)).

(3) The remaining intervening stations in Normal (Primary and Sec-
ond-ary Receive (ARx, BRx) connected to the Primary and Secondary
Transmit (BTx, ATx), respectively).

1.2  Definitions.   The following definitions, in addition to those contained
in IEEE Std 802.5, are used in this recommended practice:
Beacon Reconfigure (BNR).   A beacon (Type 1) used in the reconfigura-
tion protocols.
Break Indication.  The state where the Physical Layer (PHY) is unable to
recover data from the incoming signal, or the incoming signal power level
is less than a defined threshold.
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Fig  1-2
Failure Recovery by Wrapback

Crosspoint Switch.  A switching function that provides normal connec-
tions, wrap connections, breaks in the transmit, and local loopback for lobe
testing in the wrap mode.
Dual Ring.  A topology (such as that shown in Fig 1-1) in which stations are
linked by link pairs and, from any one station to another, there are exactly
two distinct paths, where a path is defined as a sequence of consecutive
links in which no link pair is traversed more than once.
Dual Ring Management.   The management functions of a Dual Ring sta-
tion responsible for Dual Ring reconfiguration.
Dual Ring station.  A station that attaches link pairs that have opposite di-
rections of data flow with respect to the adjacent Dual Ring stations. It con-
sists of two MACs, a crosspoint function, and Dual Ring Management. It
may have other attachments.
link.   A unidirectional physical and media connection between two stations.
link pair.   A pair of links going in opposite directions between two stations.
merging.   Reconfiguration function that involves Dual Ring stations ceas-
ing to use contra-rotating links in favor of a restored link or station.
Primary Ring.   In a Dual Ring, this is the ring over which application data
(LLC frames) are exchanged during normal operation. MAC1, which trans-
mits the application data, is attached to the Primary Ring. When a Dual
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Ring station is in either WRAPA or WRAPB, MAC1 is switched to remain
in the operational section of the wrapped ring. The Primary Ring uses the
links ARx and BTx in each Dual Ring station.

reconfiguration.  A change of the path around which the token that is used
for normal data transfer circulates.

Reconfiguration Management.   The management functions responsible
for reconfiguration.This includes both Dual Ring Management and any
other management required for reconfiguration.

Secondary Ring.   The alternate paths of the Dual Ring that are not nor-
mally connected to MAC1. It uses links BRx and ATx. Application data
may be transmitted on this ring, but not when the Primary Ring is being
used for transmitting application data.

Single Ring station.   A station that offers one attachment to the network on
the Primary Ring.

Wrapping.   Reconfiguration function that involves Dual Ring stations us-
ing contra-rotating links to avoid a failed link or node.

1.3  Abbreviations and Symbols.  The following abbreviations and sym-
bols, in addition to those contained in IEEE Std 802.5, are used in this rec-
ommended practice. The underlined x indicates that the x shall be replaced
by the appropriate numerical value:

AMP    x    MAC(1 or 2) generated Active Monitor Present signal
BCN Any beacon (Type 1, 2, 3, or 4)
BNN Beacon Normal (Type 2, 3, or 4)
BNR Beacon Reconfigure (Type 1)
DRCF Dual Ring Crosspoint function
DRFSM Dual Ring Finite State Machine
D    x    Dual Ring Finite State Machine state
FSM Finite State Machine
MAC    x     I MAC(1 or 2) generated insert signal
MBF    x    MAC Break Flag (MAC1 or 2)
MIF Management Interlock Flag
MPF Merge Permission Flag
RBNN    x    MAC(1 or 2) Receive Beacon Normal
RBNR    x    MAC(1 or 2) Receive Beacon Reconfigure
RBPWRS Repeat BNRs on Primary and wait for reconfiguration to 

stabilize
TBNN    x    MAC(1 or 2) generated Transmit Beacon Normal
TBNR    x    MAC(1 or 2) generated Transmit Beacon Reconfigure
TCLT    x    MAC(1 or 2) generated Transmit Claim Token
TBF    x    MAC Transmit BNR Enable Flag
TB    x    TCU Bypass Insert signal, Primary (1) and Secondary (2)
T D    x    Timer, Dual Ring, State D    x
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Time_TDx Time interval for Timer, Dual Ring, State Dx
TPWBNR Transmit BNR on Primary and wait for BNR
TSWBNR Transmit BNR on Secondary and wait for BNR
XA Break, Primary Ring receive
XB Break, Secondary Ring receive





IEEE
TOKEN RING ACCESS METHOD Std 802.5c-1991

17

2.  Dual Ring Station Definition
This section defines the functional elements of the Dual Ring station and

their interrelationships. The functional architecture of the Dual Ring sta-
tion is illustrated in Fig 2-1.

A Dual Ring station is connected to its neighboring Dual Ring stations on
both the Primary and Secondary Rings. The connection to either neighbor-
ing Dual Ring station is defined as a link pair. The “A” link pair contains
the Primary Ring Receive (ARx) from, and Secondary Ring Transmit
(ATx) to, the upstream neighbor. The “B” link pair contains the Primary
Ring Transmit (BTx) to, and the Secondary Ring Receive (BRx) from, the
downstream neighbor. Upstream or downstream is defined with respect to
the direction of signals transmitted on the Primary Ring.

Fig  2-1
Dual Ring Station Functional Partitioning
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A Dual Ring station contains the following functional components:
(1) Trunk Coupling Unit (TCU). Each Dual Ring station contains two

TCUs; one for the Primary Ring and another for the Secondary Ring.
Each TCU operates as an independent bypass function (as defined in
IEEE Std 802.5) with Insert/De-insert signals provided by the Physical
Layer (PHY) of the Dual Ring station. The TCUs are not required to be
physically part of the station and the MIC interface of IEEE Std 802.5 is
unchanged.

(2) Physical Layer (PHY). Each Dual Ring station contains two IEEE Std
802.5 Physical Layers; one for the Primary Ring and one for the Sec-
ondary Ring.

(3) Dual Ring Crosspoint Function (DRCF). The Dual Ring Crosspoint
function is controlled by the state of the Dual Ring Management Func-
tion Finite State Machine and provides connections between the Media
Access Controllers and the Physical Layers (PHYs) as shown in Fig
2-2. The settings of the DRCF for State WRAPA is shown in Fig 2-3. The
Crosspoint function has three subfunctions:
(a) Wrap Switches. Allow for normal connections of the MACs and the

ring signals or two modes of Wrapping:

Normal ARx > MAC1 > BTx BRx > MAC2 > ATx

WRAPA ARx > MAC1 > ATx BRx > MAC2 > BTx

WRAPB BRx > MAC1 > BTx ARx > MAC2 > ATx
(b) Break Switch. Allows for independent breaking of the Secondary

Ring Transmit (ATx) data path.
(c) Internal Bypass Switches. Allow for local loopback to the MAC

when it enters the bypass state and performs a subsequent lobe test.
This capability of the DRCF is not specifically required for compat-
ibility with the IEEE Std 802.5 Active and Standby Monitor state ma-
chines. The bypass function, which continues the received signal to
the output, is not necessary for the Dual Ring operation.

(4) Media Access Control (MACx). Each Dual Ring station contains two
complete IEEE Std 802.5 Media Access Control (MAC) functions with
modifications as defined in this document. MAC1 performs the normal
functions of data transfer. MAC2 provides a means of transferring
suitable signals along the links not used by MAC1 for the purpose of
Dual Ring failure detection and recovery.

(5) Dual Ring Management (DRM). Each Dual Ring station contains one
Dual Ring Management function. This function provides for Break
Detection on both the Primary (ARx) and Secondary (BRx) rings. It re-
sponds to detected Break Conditions or ring beaconing conditions and,
if necessary, utilizes the Crosspoint function to invoke the WRAPx re-
covery procedures.
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Fig  2-2
Dual Ring Crosspoint Function Abstract Definition

It should be noted that this functional architecture does not constrain the
actual implementation to utilizing two physical MACs or to providing sepa-
rate Dual Ring Management function. The implementation of the Dual Ring
station is dependent upon the signal transmission paths that are provided.
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Fig  2-3
Dual Ring Crosspoint Function Abstract Definition in WRAPA State
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3. Dual Ring Reconfiguration

During normal operation in a Dual Ring system, data is passed on the Pri-
mary Ring. The Secondary Ring is operational with tokens circulating. The
Primary and Secondary Rings should not be used simultaneously for data
transmission unless two Dual Ring stations are in the wrapped state (i.e., a
break has been detected on the Primary Ring).

If any failure occurs on the Secondary Ring (while the Primary Ring is still
operational), the existing IEEE Std 802.5 MAC layer recovery procedures are
in effect. If the failure was due to a lobe, Physical Layer (PHY), or MAC fault,
then normal IEEE Std 802.5 recovery procedures will result in removal of the
faulted station and full recovery of the Secondary Ring. Otherwise, the
Secondary Ring will continue to Beacon. (MAC Layer Management reports
this condition.)

All Primary Ring failures, except Break and Claim Token Failure, are
handled by the existing IEEE Std 802.5 MAC Layer recovery procedures.
Break and Claim Token Failure cause the Dual Ring Management function
to leave the Normal (Idle) state. If one of these failures occurs on the Primary
Ring, the Dual Ring Management functions will be invoked to reconfigure
the network. A simplified description of how the Dual Ring Management al-
gorithm recovers from a Break Condition is illustrated in the following nar-
rative (subparagraph numbers are keyed to Fig 3-1 in which FSM states and
the important state transitions are shown):

(1) The Dual Ring station that either detects the Break Condition or receives
Beacon Normal (BNN) Frames begins transmitting Beacon Reconfig-
ure (BNR) frames on the Primary Ring. Beacon normal (BNN) frames
would be received by the station if the upstream station were either a Sin-
gle Ring station or a Dual Ring station that was already in a wrapped
state. These frames notify the downstream stations that a failure has oc-
curred that requires Wrapback reconfiguration.

(2) The Dual Ring station that detected the Break Condition also induces a
break on the Secondary Ring at its transmitter (ATx). This Break Con-
dition and the receipt of Beacon Reconfigure frames on the Primary
Ring will ultimately trigger the upstream station to enter the WRAPA
state.

(3) The Beacon Reconfigure frames on the Primary Ring will be repeated
by each station. This feature is implemented by the current IEEE Std
802.5 Standby/Active Monitor Finite State Machines (FSMs).
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(4) When a station receives Beacon Reconfigure frames on the Primary
Ring and also has a Break Condition present on the Secondary Ring, it
will enter the WRAPA state. In this state, the Primary Ring receive is
coupled to the Secondary Ring transmit (ARx > MAC1 > ATx) thus pro-
viding a Wrapping path. The Beacon Reconfigure frames being re-
ceived on the Primary Ring are then repeated through the WRAPA onto
the Secondary Ring. This station also attaches MAC2 to the Secondary
Ring receive and the Primary Ring transmit (BRx > MAC2 > BTx) for
the purpose of monitoring for recovery from the break on the Secondary
Ring.

When a station receives Beacon Reconfigure frames on the Primary
Ring and has not detected a Break Condition on the Secondary Ring,
then after a timeout, the station transmits Beacon Reconfigure frames
on the Secondary Ring to identify the WRAPA station. When the
WRAPA station is identified, then that station enters WRAPA.

(5) The Beacon Reconfigure frames, now present on the Secondary Ring
(due to the WRAPA condition), will be repeated by each station.

(6) Stations that do not detect a Break Condition on the Secondary Ring do
not go into WRAPA, since these stations are not adjacent to the failure.

(7) When the station originating the Beacon Reconfigure frames detects the
return of these frames (Beacon Source address matches this station’s
MAC1 address) on the Secondary Ring, it will enter into the WRAPB
state. In this state, the Secondary Receive is coupled through MAC1 to the
Primary Transmit (BRx > MAC1 > BTx) which results in a closed ring
made up of the good Primary and Secondary Ring segments. At this
point, the existing IEEE Std 802.5 MAC Layer recovery procedures will
restablish an operational ring. The WRAPB station also removes the
Break Condition on its ATx and attaches the Primary Ring receive
through MAC2 to the Secondary Ring transmit (ARx > MAC2 > ATx) for
the purpose of monitoring for the recovery from the Break Condition on
the Primary Ring.

If the media failure is subsequently repaired, then the normal IEEE Std
802.5 MAC Layer recovery procedures will result in the formation of a work-
ing ring between the two Wrapping stations. If the Merge Permission Flag
(MPF) is set, the Dual Ring Management function will return the Crosspoint
function to the unwrapped state. The MPF that authorizes the two wrapped sta-
tions to unwrap is controlled by Station Management.

Claim Token Failures are handled similarily, with the exception that the
failure condition is localized to the failed link before reconfiguring.

Multiple failures will cause additional Wrapbacks, but in all cases the
Wrapback reconfiguration method constructs the largest possible operating
ring. Subrings may arise when the Primary and Secondary Rings have
breaks that are in nonaligned segments. Communication does not occur be-
tween subrings, but communication is normal for all stations in any single
subring.



IEEE
TOKEN RING ACCESS METHOD Std 802.5c-1991

25

4.  Dual Ring Management Function
The Dual Ring Management function (see Fig 4-1) accepts Management,

MAC Beacon/AMP Indication, and Physical Break Indication inputs. These
inputs, along with internal timers, states, and variables in the Dual Ring
Management function, drive the Dual Ring Finite State Machine (DRFSM)
that generates control signals for the Crosspoint function and the TCU By-
pass functions. These controls provide for lobe testing and attachment of the
MAC functions to the Primary and Secondary Ring segments. MAC1 is al-
ways connected to the ring on which data is being transferred. MAC2 pro-
vides a means of transferring signals along the other links.

Fig  4-1
DRFSM Inputs/Outputs
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The operation of the Dual Ring Management function is described in the
following five separate sections:

(1) Dual Ring Management Function Inputs (4.1).
(2) Dual Ring Management Function Variables (4.2).
(3) Dual Ring Management Function Timers (4.3).
(4) Dual Ring Management Function FSM (4.4).
(5) Dual Ring Management Function Outputs (4.5).

4.1 Dual Ring Management Function Inputs. The Dual Ring Management
function receives the following inputs:

(1) Break Indication (XA, XB)
(2) MAC Insert Indication (MACxI)
(3) Active Monitor Present Indication (AMPx)
(4) Receive Beacon Reconfigure Indication (RBNRx)
(5) Receive Beacon Normal Indication (RBNNx)
(6) Transmit Beacon Normal Indication (TBNNx)
(7) Transmit Beacon Reconfigure Indication (TBNRx)
(8) Management Interlock Flag (MIF) Value
(9) Merge Permission Flag (MPF) Value

4.1.1 Break Indication. The DRFSM can recover from failures with or
without detecting breaks on the ring. If fast recovery is not required, the fea-
tures already present in IEEE Std 802.5 may be used to detect failures on the
ring. If fast recovery is required, the following Break Detection mechanism
should be used.

The Break Indication initiates the Dual Ring reconfiguration actions if
permitted by the Management Entity. A Break Indication may be detected on
either the Primary Ring (XA) or the Secondary Ring (XB). Although the Break
Indication is identified as part of the PHY Layer, additional logic required for
this function is part of the Dual Ring implemention.

A wide variety of specific implementations for Break Detection are possible,
depending on the level of technology applied, and the required responsiveness
of the application. In this document, one set of Break Indication criteria and
its timing requirements are defined. Since almost all breaks are eventually
indicated by protocol errors at the MAC level, a specific implementation may
choose to “enhance” this Break Indication with other information. Other im-
plementations which provide faster or more precise Break Detection should be
interoperable with this recommended practice.

The Break Indication is defined as the state where the Physical Layer
(PHY) is unable to recover data from the incoming signal or the incoming
signal power level is less than a defined threshold.

Specifically, the Break Indication is defined by the following formula:

XA, XB = FREQ_HIGH & TBTDR_EXP | FREQ_LOW & TBTDR_EXP |
THRESH_VIOL & TBTDR_EXP

where
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FREQ_HIGH = Indication that the frequency of the incoming signal
exceeds the allowed upper limit shown in Fig 4-2. The
FREQ_HIGH Indication is guaranteed to be active if
more than 256 rising transitions are detected in the
received signal in any 64-bit time period (this corres-
ponds to a frequency of 4 times the data rate (R)). The
FREQ_HIGH Indication is guaranteed to be inactive if
less than 128 rising transitions are detected in the
received signal in any 64-bit time period (this corres-
ponds to a frequency of 2R). For situations where the
number of rising transitions is in the range of 128 to
256, the FREQ_HIGH Indication state may be active or
inactive.

FREQ_LOW = Indication that the frequency of the incoming signal is
less than the allowed lower limit as shown in Fig 4-2.
The FREQ_LOW Indication is guaranteed to be active
if less than 4 rising transitions are detected in the
received signal in any 64-bit time period (this
corresponds to a frequency of 0.0625R). The FREQ_
_LOW Indication is guaranteed to be inactive if more
than 24 rising transitions are detected in the received
signal in any 64-bit time period (this corresponds)
to a frequency of 0.375R). For situations where the
number of rising transition is in the range of 4 to 24,
the FREQ_LOW Indication state may be active or
inactive.

THRESH_VIOL = Indication that the incoming signal power level is less
than the minimum acceptable power threshold estab-
lished for Dual Ring operation. The defined range for
operation of the threshold detector assumes a 150 Ω
receiver impedance with input power levels as follows:

Data Rate Ptdmax Ptdmin

4 Mb/s –15 dBm –27 dBm

16 Mb/s –6 dBm –18 dBm

where

Ptdmax = The threshold violation detector may
indicate a violation for power levels
below Ptdmax and above Ptdmin.

Ptdmin = The threshold violation detector must
indicate a violation at, or below, this
input power level.



IEEE
Std 802.5c-1991 SUPPLEMENT TO 802.5

28

TBTDR_EXP = Indication that Timer Break_Time_Dual_Ring
(TBTDR) has expired. TBTDR is loaded and started
whenever FREQ_HIGH, FREQ_LOW, or THRESH_
VIOL go from inactive to active and the timer is not
already counting. This timer is disabled when
FREQ_HIGH, FREQ_LOW, or THRESH_VIOL are
all inactive.

In order to define the system response time to Break Indications, the
threshold Break_Time_Dual_Ring is associated with TBTDR.
Break_Time_Dual_Ring is initialized to a value of 10 ms. This value may
be changed through the Management Interface to the Dual Ring function
subject to the constraint that the value requested should be within the range
supported by that particular implementation.

4.1.2  MAC Insert Control Indication.  The MAC    x     Insert Indication
(MAC    x    I) occurs when a MAC wishes to be inserted into the active ring. The
underlined x identifies which MAC(1 or 2) is being inserted into the active
ring. This function of the MAC is not strictly defined by IEEE Std 802.5, but
is included in this recommended practice because it is recognized as a gen-
erally accepted practice.

Fig  4-2
Frequency Error Detection Criteria
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4.1.3 Active Monitor Present Indication. The Dual Ring Management
function utilizes the Active Monitor Present (AMPx) Indication to signal that
the MAC is participating on a functional ring with at least itself present on
that ring. This indication is reported to the Dual Ring Management function
by each MAC. It signifies that a good set of MAC(s) exist in a closed ring con-
figuration. Normal transitions of the individual station FSMs have caused
AMP and SMP frames to circulate on the ring. The underlined x identifies
which MAC(1 or 2) is receiving the Active Monitor Present frame.

4.1.4 Receive Beacon Reconfigure Indication. The Receive Beacon Recon-
figure MACx Indication (RBNRx) occurs when a MAC Beacon Frame of Type
1 (used by Dual Ring stations) for reconfiguration is received. Beacon Recon-
figure is transmitted by a Dual Ring station on the Primary Ring to inform
downstream stations (with respect to the Primary Ring) that a serious ring
failure has been detected and reconfiguration is required. Beacon Reconfig-
ure is transmitted on the Secondary Ring to inform upstream stations (with
respect to the Primary Ring) that there is a functioning downstream station.
The subscript x identifies which MAC(1 or 2) is receiving the Beacon Recon-
figure frame.

4.1.5 Receive Beacon Normal Indication. The Receive Beacon Normal
MACx Indication (RBNNx) occurs when a MAC Beacon Frame of Type 2, 3, or
4 is received. Beacon Normal is the standard IEEE Std 802.5 frame transmit-
ted by a Single Ring station (or a Dual Ring station with the MIF reset) to in-
form downstream stations that a serious ring failure has been detected and re-
configuration is required. Beacon Normal may occur on either the Primary
or Secondary Ring. When it occurs in the Primary Ring, the first Dual Ring
station that has its MIF set will transmit Beacon Reconfigure frames. (This is
done in the MAC FSMs). This station will also become the WRAPB station
when the Dual Ring reconfiguration is completed. The subscript x identifies
which MAC(1 or 2) is receiving the Beacon Normal frame.

4.1.6 Transmit Beacon Reconfigure Indication. The Transmit Beacon Re-
configure Indication (TBNRx) occurs when a MAC is transmitting a Beacon
Frame of Type 1. Beacon Reconfigure is transmitted by a Dual Ring station
with the MIF set to inform downstream stations that a serious ring failure has
been detected and reconfiguration is required. Beacon Reconfigure may be
transmitted on either the Primary or Secondary Ring. The subscript x identi-
fies which MAC(1 or 2) is transmitting the Beacon Reconfigure frame.

4.1.7 Management Interlock Flag (MIF) Value. The MIF Value is provided
to the Dual Ring Management function through the Management Interface
and stored in the local variable MIF. The Dual Ring Management function
also senses changes in MIF (MIF_RST and MIF_SET). If MIF is set and the
relevant Break Indication occurs, the reconfiguration process will be allowed
to proceed. If the MIF is reset in states D5, D6, or D7, the DRFSM will return to
State D1: NORMal.

4.1.8 Merge Permission Flag (MPF) Value. The MPF Value is provided to
the Dual Ring Management function through the Management Interface. The
Dual Ring Management function retains the MPF Value in the local variable
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MPF. If the MPF is set, and the relevant Active Monitor Present Indication oc-
curs, the merge process will be allowed to proceed.

4.2 Dual Ring Management Function Variables. The Dual Ring Manage-
ment function employs the following internal variables:

(1) Management Interlock Flag (MIF). MIF is controlled via the Manage-
ment Interface. When this flag is set it is permissible for the Dual Ring
Management function to perform reconfiguration to either the WRAP or
ISOLated states. MIF will initialize to the Reset (0) state upon Master
Clear and remain in that state until changed by an LM_SET_VALUE
commmand received from the Management Interface.

(2) Merge Permission Flag (MPF). MPF is controlled via the Management
Interface. When this flag is set, it is permissible for the Dual Ring
Management function to perform a merge from ISOLated to WRAPx or
WRAPx to NORMal states. MPF will initialize to the Reset (0) state
upon Master Clear and remain in that state until changed by an
LM_SET_VALUE commmand received at the Management Interface.

4.3 Dual Ring Management Function Timers. The Dual Ring Management
Function Timers defined in this section are part of the Dual Ring Manage-
ment function. Each is defined as a countdown timer that can be loaded with
an initial value from which it will count down to 0. When the timer count
reaches 0, the timer ceases counting and indicates that it has “expired.” The
expired condition is generated by the transition from a count of 1 to a count of 0,
not by the existence of a 0 value in the counter. Resetting a counter will not
cause an “expired condition.” Each timer is identified by the state in which it
may be active (TDx—where x is the DRFSM state). Each timer has the follow-
ing states associated with it:

(1) TDx_DIS. Indicates that Timer TDx is at the zero count. This is the
condition that exists when a timer is reset or when a timer has expired.

(2) TDx_ACT. Indicates that Timer TDx is actively counting and has not
expired.

(3) TDx_EXP. Indicates that Timer TDx has transitioned from a count of 1
to a count of 0 and therefore expired.

The timer states are internal inputs to the Dual Ring Management func-
tion. It should be noted that a real implementation might only implement one
counting device since only one of these timers is active at any time. The fol-
lowing timers are defined for the DRFSM.
NOTE: The recommended values for the timers are for fast reconfiguration. In some applica -
tions, other values may be more suitable.

(a) TD1A. Timer TD1A is used to hold the DRFSM in State D1 until suffi-
cient time has elapsed for the farthest upstream station to begin trans-
mitting Beacon Reconfigure frames. The initial value to which it is set
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should be [Time_TD1A]. The recommended value for [Time_TD1A] is
20 ms.

(b) TD1B. Timer TD1B is used to hold the DRFSM in State D1 after it has
returned from State D3. This prevents oscillation between States D1 and
D3. The initial value to which it is set should be [Time_TD1B]. It is rec-
ommended that [Time_TD1B] > the anticipated worst-case reconfigura-
tion time. The recommended value for [Time_TD1B] is 5000 ms.

(c) TD2. Timer TD2 controls the amount of time which the Beaconing sta-
tion waits for a downstream station to communicate with it ( i.e., for a
downstream station to enter into WRAPA and return the Beacon Recon-
figure frames on the Secondary Ring). TD2 is initialized to
[Time_TD2] upon entry into State D2. The recommended value for
[Time_TD2] is 120 ms.

(d) TD3. Timer TD3 controls the amount of time which stations receiving
Beacon Reconfigure frames on the Primary will wait for the farthest
upstream station to begin transmitting Beacon Reconfigure Frames.
When this timer expires the station assumes that the farthest upstream
station has entered State D2: TPWBNR. The station then enters State
D4:TSWBNR. TD3 is initialized to [Time_TD3] upon entry into State
D3.It is recommended that [Time_TD3] be set to approximately twice
[Time_TD1A]. The recommended value for [Time_TD3] is 40 ms.

(e) TD4. Timer TD4 controls the amount of time which stations receiving
Beacon Reconfigure frames on the Primary will wait for a Secondary
Ring Break or Secondary Ring Beacon Reconfigure Receive condition.
When this timer expires the station assumes that it is the dual attach-
ment station nearest to the Primary Ring Break on the upstream side.
The station then enters State D6: WRAPA. TD4 is initialized to
[Time_TD4] upon entry into State D4. The recommended value for
[Time_TD4] is 20 ms.

(f) TD5. Timer TD5 is used to detect a MAC level failure of the down-
stream neighbor link (with respect to the Primary Ring) when the sta-
tion is in WRAPB. This timer is loaded and started if it is not already
active and a Beacon Normal (BNN) frame is received by MAC1. If this
timer expires the remaining active ring is broken and the DRFSM en-
ters the ISOLated state. The initial value of this timer is [Time_TD5]. It
is recommended that [Time_TD5] = [Time_TD6]. The recommended
value for [Time_TD5] is 120 ms.

(g) TD6. Timer TD6 is used to detect a MAC level failure of the upstream
neighbor link (with respect to the Secondary Ring) when the station is in
WRAPA. This timer is loaded and started if it is not already active and
a Beacon Normal (BNN) frame is received by MAC1. If this timer ex-
pires there maining active ring is broken and the DRFSM enters the
ISOLated state.The initial value of this timer is [Time_TD6]. The rec-
ommended value for [Time_TD6] is 120 ms.
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(h) TBTDR. Timer Break Time Dual Ring is is loaded and started when-
ever FREQ_HIGH, FREQ_LOW, or THRESH_VIOL go from inactive
to active and the timer is not already counting. This timer is disabled
when FREQ_HIGH, FREQ_LOW, or THRESH_VIOL are all inactive.
When TBTDR expires, a Break Condition is generated. Since TBTDR
can be active in any state, the standard naming convention is not used.
The initial value of TBTDR is Break_Time_Dual_Ring. The recom-
mended value for Break_Time_Dual_Ring is 10 ms.

4.4 Dual Ring Management Function Finite State Machine. The DRFSM is
shown in Fig 4-3. The legend for Fig 4-3 is provided in Table 4-1. The descrip-
tion of this state machine is provided in the following paragraphs. States are
identified by labels of Dx where the x identifies the state number. State transi-
tions use the following labeling conventions:

D(xyz)

where
D = a DRFSM transition
x = the current state
y = the next state
z = a sub-vector alpha discriminator used to differentiate between transi-

tions between the same two states

The Dual Ring Management MAC Break Flag and MAC Transmit Beacon
Reconfigure Flag outputs (defined in 4.5) are derived from the DRFSM states.
The value of these flags in each state are provided in Fig 4-3 for clarity. The
following convention is used in the figure:

[MBF1, MBF2, TBFx]

where

MBF1 = the value of MBF1
MBF2 = the value of MBF2
TBFx = the value of TBF1 and TBF2

An example of this convention is the following, which are the values of these
flags for State D1:

[XA & MIF, XB & MIF, MIF]

When MIF is set, the value of MBF1 is the state of the Break Indication on the
Primary Ring. The value of MBF2 is the state of the Break Indication on the
Secondary Ring. The value of TBF1 and TBF2 is one. When MIF is not set,
the value of MPF1, MBF2, TBF1, and TBF2 is zero.

4.4.1 State D0: PASS. State D0 is the PASS state. It is entered when the sta-
tion power is off, the station has a fatal internal fault, or is performing self-
tests. The DRFSM unconditionally deactivates the TCU Bypass function
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Table 4-1
DRFSM Transition Diagram Legend

Symbol Definition

ACT Timer Counting
EXP Timer Expired
LS Load and Start
MAC Media Access Control
MIF Management Interlock Flag
MPF Merge Permission Flag
RBNN Receive Beacon Normal
RBNR Receive Beacon Reconfigure
RST Reset
SA Source Address
TBNN Transmit Beacon Normal
TBNR Transmit Beacon Reconfigure
TDx Timer, Dual Ring State x
XA Break, Primary Ring
XB Break, Secondary Ring
/ Logical “INVERT”
& Logical “AND”
v Logical “OR”

(causing station bypass) in this state so that neither MAC1 nor MAC2 interfere
with the signals on either the Primary or Secondary Rings. Signals received
from ARx are passed directly to BTx and signals received from BRx are
passed directly to ATx through their respective TCUs. The station local tests
must pass in order to leave this state. State transitions out of State D0 should
occur as follows:

(D01a): If all local tests pass, then a transition is made to State D1:
NORMal. Timers TD1A and TD1B are reset.

4.4.2 State D1: NORMal. State D1 is the NORMal (non-wrapped) operating
state of the DRFSM. When the DRFSM is in this state, the Crosspoint function
connects MAC1 to the Primary Ring (ARx > MAC1 > BTX) and MAC2 to the
Secondary Ring (BRx > MAC2 > ATx).
NOTE: When transitions D11a, D12a, and D12b occur, MAC1 is transmitting BNR on the Pri -
mary Ring (BTx) because the MAC Standby Monitor FSM will have transitioned to State S6.

State transitions should occur as follows:
(D11a) If a Transmit Beacon Reconfigure MAC1 (TBNR1) Indication or a

Receive Beacon Normal MAC1 (RBNN1) Indication occurs and
TD1A is disabled and MIF is set, then TD1A should be loaded with
[Time_TD1A] and started. The station should remain in State
D1:NORMal. TD1A allows time for the upstream stations to recog-
nize the Break Condition and begin transmitting BNRs.
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Fig 4-3
DRFSM Transition Diagram (page 1 of 2)

(D12a): If a Break Indication is received for ARx (XA) and MIF is set,
then a transition should be made to State D2: TPWBNR. Timer
TD2 should be loaded with [Time_TD2] and started.

(D12b): If a Transmit Beacon Reconfigure MAC1 (TBNR   1   ) Indication or
a Receive Beacon Normal MAC1 (RBNN   1   ) Indication occurs,
TD1A has expired, and MIF is set, then the station should transi-
tion to State D2: TPWBNR. Timer TD2 should be loaded with
[Time_TD2] and started.

(D13a): If a Receive Beacon Reconfigure MAC1 (RBNR   1   ) Indication oc-
curs, MIF is set, Timer TD1B is not active, and the source ad-
dress in the BNR frame is not the MAC1 address, then a transi-
tion should be made to State D3: RBPWRS. Timer TD3 should be
loaded with [Time_TD3] and started.
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Fig 4-3
DRFSM Transition Diagram (page 2 of 2)

4.4.3  State D2: TPWBNR.   In the Transmit BNR on Primary and Wait
for BNR (TPWBNR) state, the DRFSM will continually transmit a BNR
frame on BTx to notify all other stations on the ring that a serious ring
problem in need of reconfiguration has been detected. The Crosspoint func-
tion connections for MAC1 remain the same as in State D1 (ARx > MAC1 >
BTX). MAC2 is still connected to BRx and ATx (BRx >MAC2 > ATx) but
whenever State D2 is active a break is induced in the ATx path. The break
induced on ATx will signal to the upstream station (with respect to the Pri-
mary Ring) that a problem has been detected on the Primary that requires
Dual Ring reconfiguration. The station will wait in this state for TD2 [set to
Time_TD2] for a downstream station to enter into the WRAPA state and
return the BNR frames on the Secondary Ring. While in State D2, a request
by management to clear MIF will be processed but no transition to another
state occurs. Transitions should occur as follows:
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(D21a): If a Receive Beacon Reconfigure MAC1 (RBNR1) Indication occurs
with the Source Address field equal to this station’s MAC1 address
(SA = MAC1A), then a transition should be made to State D1:
NORMal. Timers TD1A and TD1B should be reset. An example of
this situation would be a temporary break that is repaired by a sta-
tion removing itself from the Primary Ring.

(D23a): If a Receive Beacon Reconfigure MAC1 (RBNR1) Indication occurs
with the Source Address field not equal to this station’s MAC1 ad-
dress (SA <> MAC1A), then a transition should be made to State D3:
RBPWRS. Timer TD3 should be loaded with [Time_TD3] and
started.

(D25a): If a Receive Beacon Reconfigure MAC2 (RBNR2) Indication occurs
with the Source Address field equal to the MAC1 Address (SA =
MAC1A), then the downstream wrap (WRAPA) has successfully
been performed. This DRFSM should transition to State D5:
WRAPB. Timer TD5 should be reset.

(D27a): If a TD2-expired event occurs, then the DRFSM assumes there is no
Dual Ring station downstream with which to communicate. There-
fore, a transition should be made to State D7: ISOLated.

4.4.4 State D3: RBPWRS. In the Repeat BNR on Primary and wait for the
reconfiguration to stabilize (RBPWRS) state, the DRFSM will wait for suffi-
cient time for the farthest upstream station to enter State D2:TPWBNR. The
DRFSM waits in this state for either a Break Indication on the Secondary (XB)
or for TD3 to expire. The Break signals that this station is upstream of the fault
on the Primary and it will enter WRAPA. The expiration of TD3 indicates
that reconfiguration has stabilized and the farthest upstream station has in-
serted a break on the secondary and begun transmitting Beacon Reconfigure
frames on the primary. This station enters TSWBNR in order to localize the
WRAPA station. Receipt of a BNR on the secondary indicates that another
station exists downstream (with respect to the Primary) that is capable of en-
tering WRAPA, and this station can return to NORMal. The Crosspoint
function connections are the same as in State D1 (ARx > MAC1 > BTX and
BRx > MAC2 > ATx). While in State D3, a request by management to clear
MIF will be processed, but no transition to another state occurs. State transi-
tions should occur as follows:

(D31a): If a Receive Beacon Reconfigure MAC2 (RBNR2) Indication oc-
curs, then a functioning downstream Dual Ring station has de-
tected either the BNR frames on the Primary or an induced break
on ATx (from it’s downstream neighbor) and entered the WRAPA
state. In this case, the local station is an intermediate Dual Ring
station that does not have to perform a WRAPA or WRAPB action.
Therefore, a transition should be made to State D1: NORMal.
Timer TD1A should be reset. Timer TD1B should be loaded with
[Time_TD1B] and started.
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(D34a): If a TD3-expired event occurs, a Receive Beacon Normal MAC2
(RBNN2) indication occurs, or a Transmit Beacon Reconfigure
MAC2 (TBNR2) indication occurs, a transition should be made to
State D4: TSWBNR. Timer TD4 should beloaded with [Time_TD4]
and started.

(D36a): If a Break Indication is detected on BRx (XB), a transition should
be made to State D6: WRAPA. Timer TD6 should be reset.

4.4.5 State D4: TSWBNR. In the Transmit BNR on Secondary and Wait for
BNR (TSWBNR) state, the DRFSM will force a Break Condition on the MAC2
FSM by activating the MAC2 Break Flag (MBF2). This flag is an input to
MAC2. Setting MBF2 causes MAC2 to enter State S6 and transmit Beacon Re-
configure frames on the Secondary Ring if MAC2 is not already transmitting
Beacon Reconfigure Frames.
NOTE: MAC2 is still able to receive any signal from BRx.

This action signals to the upstream stations (with respect to the Primary)
that this station is receiving Beacon Reconfigure frames on the Primary
Ring. The DRFSM waits in this state for either a Break Indication on the Sec-
ondary (XB) or for TD4 to expire. The Break signals that this station is up-
stream of the fault on the Primary and it will enter WRAPA. The expiration
of TD4 indicates that there is no other station downstream (with respect to the
Primary Ring) that is capable of initiating a WRAPA to repair the Dual Ring.
Receipt of a BNR on the secondary indicates that another station exists down-
stream (with respect to the Primary) that is capable of entering WRAPA and
this station can return to NORMal. The Crosspoint function connections are
the same as in State D1 (ARx > MAC1 > BTX and BRx > MAC2 > ATx). While
in State D4, a request by management to clear MIF will be processed, but no
transition to another state occurs. State transitions should occur as follows:

(D41a): If a Receive Beacon Reconfigure MAC2 (RBNR2) Indication oc-
curs, then a functioning downstream Dual Ring station has de-
tected either the BNR frames on the Primary or an induced break
on ATx (from it’s downstream neighbor) and entered the WRAPA
state. In this case the local station is an intermediate Dual Ring
station that does not have to perform a WRAPA or WRAPB action.
Therefore, a transition should be made to State D1: NORMal.
Timer TD1A should be reset. Timer TD1B should be loaded with
[Time_TD1B] and started.

(D46a): If a TD4-expired event occurs or a Break Indication is detected on
BRx (XB), a transition should be made to State D6: WRAPA. Timer
TD6 should be reset.

4.4.6 State D5: WRAPB. In the WRAPB state, the station receives data from
BRx and transmits data via BTx. In the WRAPB state, the Crosspoint function
connections are ATx > MAC2 > ARx and BRx > MAC1 > BTx. If the DRFSM
receives a Break Indication on BRx (XB) or a MAC level failure indication,
then a transition is made to the ISOLated state as detailed below. MAC level
failure is defined as reception or transmission of Beacon Normal (BNN)
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frames not followed by reception of a Beacon Reconfigure (BNR) frame within
[Time_TD5]. State transitions occur as follows:

(D51a): When an Active Monitor Present MAC2 (AMP2) Indication occurs,
a good link to the upstream neighbor exists (relative to the Primary
Ring). If the MPF is set and Timer TD5 is not active, then a transi-
tion should be made to State D1: NORMal. Timers TD1A and TD1B
should be reset.

(D51b): If the MIF is reset (MIF_RST) when the DRFSM is in State 5, then a
transition should be made to State D1: NORMal. Timers TD1A and
TD1B should be reset.

(D55a): If a Receive Beacon Normal MAC1 (RBNN1) Indication is re-
ceived, or if MAC1 enters the Transmit Beacon Normal (TBNN1)
state (State S5), then a MAC level failure is occurring. If Timer
TD5 is not active, then Timer TD5 should be loaded with
[Time_TD5] and started. The DRFSM should remain in State D5:
WRAPB. In this case the DRFSM is allowing sufficient time for
the MAC level recovery procedures to take effect, or for other Dual
Attachment stations to remove the problem by Wrapping.

(D55b): If a Receive Beacon Reconfigure MAC1 (RBNR1) Indication oc-
curs, then a reconfiguration event is occurring on the wrapped
ring. Normal MAC level procedures will reestablish the Token
and Active Monitor. Timer TD5 should be reset and the DRFSM
should remain in State D5: WRAPB.

(D57a): If a Break BRx (XB) Indication occurs, or if a TD5-expired condi-
tion occurs, then the last remaining link has failed and a transi-
tion should be made to State D7: ISOLated.

4.4.7 State D6: WRAPA. In the WRAPA state, the station receives data from
ARx and transmits data via ATx. The Crosspoint function connections are
ATx > MAC1 > ARx and BRx > MAC2 > BTx. If the DRFSM receives a Break
Indication from MAC1, then a transition is made to ISOLated state as detailed
below. MAC level failure is defined as reception or transmission of Beacon
Normal (BNN) frames not followed by reception of a Beacon Reconfigure
(BNR) frame within [Time_TD6]. State transitions occur as follows:

(D61a): When an Active Monitor Present MAC2 (AMP2) Indication occurs,
then a good link to the downstream neighbor exists (relative to the
Primary Ring). If the MPF is set and Timer TD6 is not active, then
a transition should be made to State D1: NORMal. Timers TD1A
and TD1B should be reset.

(D61b): If the MIF is reset (MIF_RST) when the DRFSM is in State 6, then a
transition should be made to State D1: NORMal. Timers TD1A and
TD1B should be reset.

(D66a): If a Receive Beacon Normal (RBNN1) Indication is received from
MAC1, or if MAC1 enters Transmit Beacon Normal (TBNN1) state
(State S6), then a MAC level failure is occurring. If Timer TD6 is
not active, then Timer TD6 should be loaded with [Time_TD6] and
started. The DRFSM should remain in State D6: WRAPA. In this
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case the DRFSM is allowing sufficient time for the MAC level re-
covery procedures to take effect, or for other Dual Ring stations to
remove the problem by Wrapping.

(D66b): If a Receive Beacon Reconfigure MAC1 (RBNR1) Indication oc-
curs, then a reconfiguration event is occurring. Normal MAC
level procedures will reestablish the Token and Active Monitor.
Timer TD6 should be reset and the DRFSM should remain in State
D6: WRAPA.

(D67a): If a Break ARx (XA) Indication occurs, or if a TD6-expired condi-
tion occurs, then the last remaining link has failed and a transi-
tion should be made to State D7: ISOLated.

4.4.8 State D7: ISOLated. In the ISOLated state the Crosspoint function con-
nections are the same as for State D5: WRAPB (BRx > MAC1 > BTx and ARx
> MAC2 > ATx).
NOTE: When a break is repaired, the Standby Monitor FSM will execute the existing IEEE Std
802.5 recovery procedures which will culminate with an Active Monitor Present MAC frame be -
ing issued on the repaired ring. The DRFSM waits for an Active Monitor Present MACx (AMP x)
Indication from either MAC.

State transitions occur as follows:
(D75a): When an Active Monitor Present MAC1 (AMP1) Indication occurs

and the MPF is set, then a transition should be made to State D5:
WRAPB. Timer TD5 should be reset. This situation arises when a
downstream station (with respect to the Primary Ring) is active
and has established a ring.

(D76a): When an Active Monitor Present MAC2 (AMP2) Indication occurs
and the MPF is set, then a transition should be made to State D6:
WRAPA. Timer TD6 should be reset. This situation arises when
an upstream station (with respect to the Primary Ring) is active
and has established a ring.

(D71a): If the MIF is reset (MIF_RST) when the DRFSM is in State 7, then a
transition should be made to State D1:NORMal. Timers TD1A and
TD1B should be reset.

4.5 Dual Ring Management Function Outputs. The DRFSM generates the fol-
lowing outputs:

(1) DRFSM state (input to the Crosspoint function)
(2) TCU Bypass Control signal
(3) MAC Break Flags (input to each MAC (MBF1 and MBF2))
(4) MAC Transmit BNR Enable Flags (TBF1 and TBF2)

The Crosspoint function configuration and TCU Bypass Control function
are related directly to the DRFSM internal states as shown in Table 4-2.

The MACx Break Flags are derived from the DRFSM Break Indications
and the DRFSM state as follows:

MBF1 = [XA & MIF & (D1 | D2 | D3 | D4 | D6)] |

[XB & MIF & (D5 | D7)]
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MBF2 = [XB & MIF & (D1 | D2 | D3 | D6)] |

[D4 & MIF] |

[XA & MIF & (D5 | D7)]

The MAC Transmit BNR Enable Flag is derived from the MIF as follows:

TBF1 = MIF & (D1 | D2 | D3 | D4)

TBF2 = MIF & (D1 | D2 | D3 | D4)

This prevents transmission of Beacon Reconfigure frames by a Dual Ring
station when it is in the wrapped mode.
NOTE: The equations for TBF are the same for both MACs.

Table 4-2
DRFSM Outputs

Crosspoint Function Connections

DRFSM State MAC1 MAC2 INTx Bypass TCUx Bypass

0 PASS ARx BTx BRx ATx Inserted Bypassed
1 NORMAL ARx BTx BRx ATx Inserted MACxI
2 TPWBNR ARx BTx BRx XTA MACx I Inserted
3 RBPWRS ARx BTx BRx ATx MACx I Inserted
4 TSWBNR ARx BTx BRx ATx MACx I Inserted
5 WRAPB BRx BTx ARx ATx MACx I Inserted
6 WRAPA ARx ATx BRx BTx MACx I Inserted
7 ISOLated BRx BTx ARx ATx MACx I Inserted

KEY:
TCUx = TCU Insert Control signal state for Primary and Secondary Rings
INTx = Internal Bypass Insert Control signal for MAC1 or 2

MACxI = MAC x Insert Control Signal state
XTA = Break Condition on the ATx line
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5. Management Interface

5.1 Station Management Interface. The following parameters and events, de-
fined in the following subsections, constitute the Dual Ring Management
Function Management Interface.These parameters provide for Dual Ring op-
eration and allow passing of ring parameters from the primary MAC to the
secondary MAC.

5.1.1 Parameters

ReconParameters ::= CHOICE {
ManagementInterlockFlag (20) IMPLICIT BOOLEAN,
MergePermissionFlag (21) IMPLICIT BOOLEAN,
BreakTimeDualRing (22) IMPLICIT MTimeValue,
TimeTD1A (23) IMPLICIT MTimeValue,
TimeTD1B (24) IMPLICIT MTimeValue,
TimeTD2 (25) IMPLICIT MTimeValue,
TimeTD3 (26) IMPLICIT MTimeValue,
TimeTD4 (27) IMPLICIT MTimeValue,
TimeTD5 (28) IMPLICIT MTimeValue,
TimeTD6 (29) IMPLICIT MTimeValue,
DualRingState (30) IMPLICIT DRStateInfo }

MTimeValue ::= INTEGER -- time in milliseconds

DRStateInfo ::= INTEGER { PASS (0),
NORMAL (1),
TPWBNR (2),
RBPWRS (3),
TSWBNR (4),
WRAPB (5),
WRAPA (6),
ISOLATED (7) }

RingParameters : := SEQUENCE {
ringNumber [0] IMPLICIT OCTET STRING,
errorTimer [1] IMPLICIT OCTET STRING,
authorizedFunctionClass [2] IMPLICIT OCTET STRING,
authorizedAccessPriority [3] IMPLICIT INTEGER,
physicalDrop [4] ANY  }
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5.1.2 Events

ReconEventInfo ::= INTEGER { PASS (0),
NORMAL (1),
TPWBNR (2),
RBPWRS (3),
TSWBNR (4),
WRAPB (5),
WRAPA (6),
ISOLATED (7)  }

ReceiveRingParams : := SEQUENCE {
ringNumber [0] IMPLICIT OCTET STRING,
errorTimer [1] IMPLICIT OCTET STRING,
authorizedFunctionClass [2] IMPLICIT OCTET STRING,
authorizedAccessPriority [3] IMPLICIT INTEGER,
physicalDrop [4] ANY  }
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6. IEEE Std 802.5 MAC Finite State Machine (FSM)
Changes for Dual Ring Stations

In order to incorporate Dual Ring operation, as specified in this document,
and also in a manner that is backward compatible with IEEE Std 802.5, the
changes identified in the following paragraphs are necessary for Dual Ring
operation. These changes allow a MAC to transmit and receive Beacon Type 1
(Beacon Reconfigure) frames.

Backward compatibility is achieved by nulling out the Dual Ring specific
operational characteristics when the DRFSM MIF is set to 0.

6.1 MAC Inputs
6.1.1 MAC Break Flag. The MAC Break Flag (MBF) is controlled by the

DRFSM and indicates to the MAC that a Break Condition exists on its receive
path. The MAC FSM should make state transitions as defined below when the
MAC Break Indication is received. If the optional Break Detection logic is
used, this flag must be implemented by the MAC function and must be accessi-
ble at the MAC Layer Management Interface for the purpose of setting or clear-
ing it.

6.1.2 MAC Transmit BNR Enable Flag. The MAC Transmit BNR Enable
Flag (TBF) authorizes the MAC to enter State S6 for the purpose of transmitting
Beacon Reconfigure frames during serious ring failure conditions. This flag
must be implemented by the MAC function and must be accessible at the MAC
Layer Management Interface for the purpose of setting or clearing it.

6.2 Changes to the Standby Monitor FSM
6.2.1 Additional Standby Monitor State/Variable

6.2.1.1 Additional Standby Monitor State. The Standby Monitor FSM re-
quires one additional State S6: Transmit Beacon Reconfigure (TX BNR). In
this state, the MAC will continuously transmit Beacon Reconfigure (BNR)
frames until Beacon Reconfigure frames are being received, or until TBF be-
comes reset.

6.2.1.2 Additional Standby Monitor Variable. The Standby Monitor FSM
requires one variable: The Duplicate Address Test Completed (DAC) Flag.
The DAC Flag indicates that the duplicate address test has been completed.
This flag ensures that stations being inserted into a beaconing ring and sta-
tions in a wrapped ring perform the duplicate address test.
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6.2.2 New/Modified Standby Monitor FSM State Transitions. The modi-
fied/new transitions to the IEEE Std 802.5 MAC Standby Monitor FSM are
shown in Fig 6-1. Optional transitions for Break Detection logic are identified
as optional in the text and are shaded in the figure. The following transitions
have been added to the IEEE Std 802.5 Standby Monitor FSM:

(S14): (optional) If a Break Indication (MBF) occurs and TBF is set, the
Standby Monitor FSM should transition to State S6: Transmit
Beacon Reconfigure.

(S15): (optional) If a Break Indication (MBF) occurs and TBF is not set,
then Timer TBT is reset and the Standby Monitor FSM should
transition to State S5: Transmit Beacon Normal.

(S23): (optional) If a Break Indication (MBF) occurs and TBF is not set,
the Standby Monitor FSM should transition to State S6: Transmit
Beacon Reconfigure.

(S24): (optional) If a Break Indication (MBF) occurs and TBF is set, then
Timer TBT is reset and the Standby Monitor FSM should transi-
tion to State S5: Transmit Beacon Normal.

(S25): If a Beacon Frame is received and TBF is set, then timers TNT
and TSM should be reset and the Standby Monitor FSM should
transition to State S4: Standby.

(S36): (optional) If a Break Indication (MBF) occurs and TBF is set, the
Standby Monitor FSM should transition to State S6: Transmit
Beacon Reconfigure.

(S37): (optional) If a Break Indication (MBF) occurs and TBF is not set,
then Timer TBT is reset and the Standby Monitor FSM should
transition to State S5: Transmit Beacon Normal.

(S35): If Timer TNT expires, and TBF is set, then the Standby Monitor
FSM should transition to State S6: Transmit Beacon Reconfigure.

(S43): (optional) If a Break Indication (MBF) occurs and TBF is set, the
Standby Monitor FSM should transition to State S6: Transmit
Beacon Reconfigure.

(S44): If a Beacon frame is received which is not of Type 1 and TBF is set,
the Standby Monitor FSM should transition to State S6: Transmit
Beacon Reconfigure.

(S45): (optional) If a Break Indication (MBF) occurs and TBF is not set,
then Timer TBT is reset and the Standby Monitor FSM should
transition to State S5: Transmit Beacon Normal.

(S46): If an Active Monitor Present Frame is received and the DAC Flag
is not set and TBF is set (TBF = 1), then Timer TSM should be
reset, a Duplicate Address Test Flag queued for transmission
awaiting a usable token, and the Standby Monitor FSM should
transition to State S2: Initialize.

(S4X): If a Beacon Type 1 frame is received and TBF is set (TBF =1), then
the DAC Flag should be reset (DAC = 0) and the Standby Monitor
FSM should remain in State S4: Standby.
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Fig 6-1
Modified/New Standby Monitor FSM Transitions
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(S54): If the Transmit Beacon Reconfigure Enable Flag becomes set
(TBF = 1), then the Standby Monitor FSM should transition to State
S6: Transmit Beacon Reconfigure.

(S61): If a Beacon Type 1 frame is received in which the Source Address
does not equal the station’s own address (SA <> MA), Timers
TNT, TSM, and TER should be reset and the Standby Monitor
FSM should transition to State S4: Standby.

(S62): If a Beacon Type 1 frame is received in which the Source Address
equals the station’s own address (SA = MA), or if the Transmit
Beacon Reconfigure Enable Flag becomes reset (TBF =0), then
Timer TNT should be reset, the DAC Flag should be reset (DAC =
0), and the Standby Monitor FSM should transition to State S3:
Transmit Claim Token. When reconfiguration completes the
DRFSM makes a transition into WRAP or ISOLATED and
therefore stops transmitting Beacon Reconfigure frames.

The following transitions have been altered in the IEEE Std 802.5 Standby
Monitor FSM:

(S12): If a Beacon Frame of any type is received, and TBF is not set, then
a transition should be made to State S0: Bypass.

(S21): If either Beacon Frame of any type is received, if Timer TSM
expires and TBF is not set, or if a Duplicate Address Test Frame is
received in which the A bit is set and the destination address is
equal to the station’s own address, then the Standby Monitor FSM
should transition to State S0: Bypass.

(S32): If Timer TNT expires, and TBF is not set, then Timer TBT should
be reset and the Standby Monitor FSM should transition to State S5:
Transmit Beacon Normal.

(S4A): If a Beacon Frame is received that is not of Type 1, andTBF is not
set, or if a Beacon Type 1 frame is received, thenTimers TNT and
TSM should be reset and the Standby Monitor FSM should remain
in State S4: Standby.

(S4B): If a Beacon Frame is received that is not of Type 1, the SUA equals
MA, the BR Flag is not set, and TBF is not set, then Timer TBR
should be reset, the BR Flag should be set, and the Standby Monitor
FSM should remain in State S4:Standby.

6.3 Changes to the Active Monitor FSM. The modified/new transitions to the
IEEE Std 802.5 MAC Active Monitor FSM are shown in Fig 6-2. Optional tran-
sitions for Break Detection logic are identified as optional in the text and are
shaded in the figure. The modified IEEE Std 802.5 Active Monitor FSM re-
quires the following additional state transitions:

(A06): (optional) If a Break Indication (MBF) occurs and TBF is not
set, the latency buffer should be deleted and the Active Monitor
FSM should transition to the Standby Monitor State S5: Transmit
Beacon Normal.
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Fig  6-2
Modified/New Active Monitor FSM Transitions



IEEE
Std 802.5c-1991 SUPPLEMENT TO 802.5

48

(A07): (optional) If a Break Indication (MBF) occurs and TBF is set, the
latency buffer should be deleted and the Active Monitor FSM
should transition to the Standby Monitor State S6: Transmit
Beacon Reconfigure.

(A12): (optional) If a Break Indication (MBF) occurs and TBF is set, the
latency buffer should be deleted and the Active Monitor FSM
should transition to the Standby Monitor State S6: Transmit
Beacon Reconfigure.

(A13): (optional) If a Break Indication (MBF) occurs and TBF is not set,
then the latency buffer should be deleted, Timer TBT is reset and
the Active Monitor FSM should transition to the Standby Monitor
State S5: Transmit Beacon Normal.

(A23): (optional) If a Break Indication (MBF) occurs and TBF is not set,
the latency buffer should be deleted and the Active Monitor FSM
should transition to the Standby Monitor State S5: Transmit
Beacon Normal.

(A24): (optional) If a Break Indication (MBF) occurs and TBF is set, the
latency buffer should be deleted and the Active Monitor FSM
should transition to the Standby Monitor State S6: Transmit
Beacon Reconfigure.
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State D2 continues
on next page

State D1 continued
from previous page

State D2 continued
from previous page

State D1 continues
on next page

State D2 continues
on next page

State D1 continued
from previous page

State D2 continued
from previous page


	Title page
	Foreword
	Participants
	CONTENTS
	1. Overview
	2. Dual Ring Station Definition
	3. Dual Ring Reconfiguration
	4. Dual Ring Management Function
	5. Management Interface
	6. IEEE Std 802.5 MAC FSM Changes for Dual Ring Stations

