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Abstract — The most important of Network M anagement
Architecturesin ATM can brief definition of each element of

Operations, Administration, Maintenance, and Provisioning
(OAM&P)

OAM CELL FORMATS

Figure 4 shows the ATM OAM cell format : There are Virtua
Path (VP) flows (F4) and Virtud Channd (VC) flows (F5)
between connection endpoints that are defined as end— to —
end OAM flows. There are also F4 and F5 OAM flows that
occur across one or more interconnected VC or VP links that
are cadled segment OAM Flows. VP flows (F4) utilize
different VCI to identify whether the flow in either end — to
end (VCI = 3) or segment (VCI = 4). Recall that the first 16
VCls are reserved for future tandardization. For a VC flow
(F5), a specific VCI cannot be used because al VCls are
availableto usersin the service. Therefore, the Payload Type
(PT) differentiates between the end — to — end (PT=100) and
Segment (PT=101) flowsinaVCC.

conghung@ptithcm.edu.vn

deactivation of the other OAM types. Currently, there are
activation and deactivation function types for performance
management and the continuity check.

OAM Type Function Type

Fault Management 0001 | ATS 0000
0001 RDI/FERF 0001
000T | Continuity Check 0100
000T | Coopback 1000

Performance management 0010 | Forward Monitoring 0000
0010 | Backward Reporting 0001
00T0 [ Monitoring& Reporiing 0010

Activation/Deactivation TOOO | PerformanceMonitoring 0000
TOOO [ Continuity Check 0001

Table 1: OAM Types & OAM Function Types

Note that there are a significant number of unassigned
codepoints inthe OAM and function types. The definition of
OAM cedllformats, functions, and protocols is ongoing and
evolving in standards and specification development . For this
reason , the ATM Forum UNI specification recommends that
these OAM functions be implemented in software.
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Figure4 : ATM OAM Cell Typesand For mat

Table 1 summarizes the OAM type and function type fidlds in
the OAM cells from Figure 4. The three OAM types are fault
management, performance management, and activation /
deactivation. Each OAM type has further function types with
codepoints as identified in Table 1. For the fault management
OAM type there are Alarm Indication Signa (AlS), Remote
Defect Indication (RDI) (adso caled Far End Reporting
Failure (FERF), and continuity check function types. For the
performance management OAM type there are forward
monitoring and backward reporting types, or athird type that
is a combination of these two, called monitoring and
reporting. The third OAM type defines activation and
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+ AlSand RDI/FERF Theory and Operation
Figure 5illustratesthe ATM OAM cdll AlS and RDI/FERF function
—specific fields. The meaning of each field is described below.

Failure Type is an indication of what type of

failure has occurred. Currently no specific
values are standardized.



Failure Location is an indication of where the
faillure occurred. Currently no specific values
arestandardized.

[ Failure Type* ]  FailureLocation* ] Unused |

1 byte 9 bytes 35 bytes

* Default Coding = ‘6A" Hex for al octets
Figure5: Function - Specific Fieldsfor AlS and RDI/FERF

Figure 6 illustrates the operation and theory of the Alarm
indication Signal (AlIS) and Far End Reporting Failure
(FERF) {for equivalently Remote Defect Indication (RDI)}
ATM OAM cdll function types. We cover two examples, (8)
where a failure ocaurs in both directions simultaneously, and
(b) where a failure occurs in only one direction. In both
examples there is a VP (or VC) connection between node 1
and node 4.

Part (@) illustrates the typical failure of both directions of the
physical layer between nodes 2 and 3 that causes the
underlying VPs and VCs to simultaneoudly fail. The failures
in each direction are indicated as “Failure — A” and “ Failure—
B” in the figure so that the resulting AlS and RDI/FERF cells
can be traced to the failure location. A node adjacent to the
failure generates an AlIS signa in the downstream direction to
indicate that an upstream failure has occurred, as indicated in
the figure. As can be seen from example (@), both ends of the
connection (nodes 1 and 4) are aware of the failure because of
AIS aarm that they receive. However, by convention, each
generates a RDI/FERF signal.

Example (b) illustrates the purpose of the FERF (or RDI)

signal. In most communications applications the connection
should be considered failed, even if it fals in only one
direction. This is especiadly true in data communication.
Example (b) illustrates the case of a failure that affects only
one direction of afull duplex connection between nodes 2 and
3. Node 3, which is downstream from the failure, generates an
AIS alarm, which propagates to the connection end (node 4),
which in turn generates the RDI/FERF signa. The RDI/FERF
signal propagates to the other connection end (node 1), which
is now aware that the connection has failed. Without the
RDI/FERF signal, node 1 would not be aware that there was a
failure in the connection between nodes 2 and 3. This method
will also detect any combination of single — direction failures.
Note that the node(s) that generate the AIS signals know
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Figure6: Illustration of AlSand RDI/FERF theory and Operation

+ L oopback Operation and Diagnostic Usage
Figure 7 illustrates the ATM OAM cell Loopback functiorn-
specific fields

A summary of the ATM OAM cel Loopback function
specificfieldsis:

& Loopback Indication is a field that contains “01”

when originated, and is decremented by the receiver. It should
be extracted by the sender when it is received with a value of
“00". This prevents the cell from looping around the network
indefinitely.

% Corrdation Tag is a field defined for use by the
OAM cdl originator since there may be multiple OAM cells
in transit on a particular VPC/V CC, and this alows the sender
to identify which one of these has been received.

% Loopback Location ID is a field provided to the
sender and receiver for use in segment loopbacks to identify
where the loopback should occur. The default value of all 1s
indicates that the loopback should occur at the end point.

% Source ID is a field provided so that theloopback
source can be identified in the cell. This can be used by nodes

to extract OAM cells that they have inserted for extraction
after they have loopback to the source.

exactly where the failure is, and could report this to a

centralized network management system, or take a distributed A

rerouting response.
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Figure 7 ATM OAM Loopback Function- Specific Fields.

As seen in the preceding section, AIS and RDI/FERF are
most useful in detecting and identifying to the connection
endpointsthat afailure has occurred.

Figure 8 illustrates how these loopback primitives can be
used to diagnose a failure that would not be detected by AIS
and RDI/FERF a any node. An example of such a failure



would be a misconfigured VP or VC cross-connect. The
example shows two endpoints and two intervening networks,
each with three nodes. Part (a) shows the verification of end-
to-end continuity via an end-to-end loopback to endpoint 1. If
this were to fail, then network 2 could diagnose the problem
as follows. Part (b) shows verification of connectivity
between a node in network 2 to endpoint 2 via an end-to-end
loopback. If this fails, then the problem is between network 2
and endpoint 2. Part (c) shows verification of connectivity to
endpoint 1 via an end-to-end loopback. If thisfails, thereisa
problem in the link between endpoint 1 and network 1 , a
problem in network 1 , or a problem in the link between
network 1 and 2. Par (d) shows verification of connectivity
across networks 1 and 2 via a segment loopback. If this
succeeds, then the problem is the access line from endpointl
to network 1. Part (€) shows verification of connectivity from
entry to exit in network 1. If this succeeds, then the problem
isin network 1. Verification within any of the networks could
al so be done using the segment loopback.
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Figure 8 : Usage of L oopback in Verification/Problem Diagnostic

+ Continuity Check

The continuity check can detect failures that AIS cannoat,
such as an erroneous VP aross-connect change, asillustrated
in Figure 9 .Part (@) shows an VP connection traversing three
VP cross-connect nodes with VPl mappings shown in the
figure carrying only Continuity Check (CC) @l traffic. In
part (b) an erroneous cross-connect is made at node 2,
interrupting the flow of CC cells. In part (c) node 3 detects
this continuity failure and generates a VP-RDI/FERF OAM
cell in the opposite (upstream) direction.

a) Intial Virtual Path Connection

cc >

End Node Node Node End
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Figure9: lllustration of Continuity Check (CC) OAM Cell Usage

+ RESTORATION

The standard currently do not specify what can be done in
response to a fault at the ATM layer. There are SONET and
SDH standards, however, that define physical layer protection
switching on a point-topoint, 1:N redundant basis or a ring
configuration. There are also restoration strategies for partial
mesh networks. These same concepts couldalso be applied to
restore ATM connections. Resoring Virtual Paths (VPs) that
carry a large number of Virtua Channels (VCs) would be an
efficient way to perform ATM-leve restoration. We briefly
discuss these three restoration methods with reference to
Figure 10.

The term 1:N (read as “one for N”) redundancy means that
there is one bidirectional protection channel for up to N
working bidirectional channels, as illustrated in Figure 10 (a).
If a working channel fails, its endpoints are switched to the
protection channel. If a failure occurs and the protection
channel is aready in use or unavailable, then the failed
working channel cannot be restored.

Figure 10 (b) illustrates a bidirectiona ring. Traffic from node
1 to node 3 is sent in both directions around the ring. At each
node signals may be added as shown by the plus sign inside
the circle, or dropped as shown by the minus sign inside the
circle. At the receiver (node3) only one of the signals is
selected for output. Upon detection of a failure the eceiver
will switch to the other, redundant signal, as shown in the
example for afailure between nodes 2 and 3.
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Figure 10 : Basic Restoration Method Examples

Figure 10 (C) illustrates a partid mesh network. In the
example, traffic between nodes 3 and 4 initidly follows the
route shown by the solid line. A failure between nodes 1 and
2 impacts the node 3 to 4 traffic on its current route. This can
be detected in a centralized, distributed, or hybrid network
management system to find a new route shown by he dashed
line in the example. Longer distance networks tend to have
the type of lattice structure shown in the example and tend to
use this type of restoration . In the example of Figure 10(c),
1:2redundancy is provided for some routes.

The mirror image of this capability isin place for traffic between
nodes 3 and 1. Note that the ring architecture achieves 1:1
redundancy, or in other words, only half of the transmission
bandwidth is available to traffic. These types of ring architectures

areeconomically attractivefor metropolitan areasand can befurther
optimized for ATM using Virtua Path level Add Drop Multiplexing
(ADM) to improve multiplexing efficiency



Thisis aclassic interoperability test for the
physical connection.
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These additional OAM cell flows for ATM
paths (F4) and channels (F5) are generated when
anomalies or defects occur .

The flows must be passed on transparently
o to their end points by the ATM switches.




The ANT alows you to simply switch in REFERENCES

the flows for the test channel: [1] David E. MC DySan and Darren L. Spohn , "ATM theory
Anomaly/Defect Insertion : VP-AIS ( or andApplication”, McGraw-Hill series on Computer
VP-RDI VC-AIS, VC-RDI), continuous insertion. _l(go_mmunlcanon, International Editions 1995, Printed in
. _ aiwan.
~ The ANT verifies the OAM cell flow with 2] Othmar Kyas, "ATM Networks", International Thomson
two virtual instruments: Computer Press, ITP An International, Thomson Publishing,

ATM traffic Anayzer: Usg channel First printed 1995, Reprinted 1995,Printed in the UK by the

andysis (logarithmic display ) shows the F4 cell ~ Alden Press, Oxford.
flow and verifies its bandwidth (CSR). Expected [3] Document on Internet :

aue 1 cdl/ httg:{/www.tmo.hg.com/tmo/gia/VXIbus/HAProd/datasheets/
vaue S EnglisyHPQOSSL.html
_ Anomaly/Defect Analyzer: VP-AIS defect + Test & Measurement , Product Information
display HEWLETT PACKARD
e ] 4]Dr.Kon M1Y AKE, “ Standardization  Technology on B-
Verifies that the cells contain the correct [ X
coding for VPAIS ISDN & ATM Network”, Nippon Telegraph and Telephone

Corporation(NTT), Technical Seminar on ITU-T
Standardization(Tss96) Nov,1996.

[5]Wandd & Goltermann, Communications Test
Solutions,Printed in Germany 1997



