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(57) ABSTRACT 

In Asynchronous Transfer Mode (ATM) communications 
networks, certain congestion control features, such as Partial 
Packet Discard (PPD) and Early Packet Discard (EPD), 
operate on ATM cells that have been segmented from ATM 
Adaptation Layer #5 (AAL5) frames (packets). AAL5 
frames are automatically detected by observing transitions 

(*) Notice: This is a publication of a continued pros- of an indicator in the ATM cell header unique to AAL5 
ecution application (CPA) ?led under 37 traffic. Automatic detection of AAL5 traffic alloWs enable 
CFR 1.53(d). ment of packet discard techniques such as PPD and EPD. 
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METHOD AND APPARATUS FOR AUTO 
DETECTION OF AAL5 TYPE FRAMES 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to the automatic 
detection of frames in an asynchronous transfer mode 
(ATM) communications netWork. More particularly, the 
present invention relates to the use of automatic detection of 
ATM Adaptation Layer #5 (AAL5) frames in an ATM sWitch 
to determine Whether ATM cells arriving at the sWitch are 
part of an AAL5 frame. 

[0002] Identi?cation of the use of AAL5 alloWs enable 
ment of features such as Partial Packet Discard (PPD) and 
Early Packet Discard (EPD), as Well as variations on PPD 
and EPD such as Late Packet Discard (LPD) and Random 
Early Discard (RED), all of Which operate only on AAL5 
traf?c. Such cell discard techniques are knoWn in the art and 
used to control congestion in an ATM netWork. These 
methods operate on AAL5 frames, also referred to in the art 
as AAL5 packets, Which can contain up to 64 kB of payload 
information segmented into ATM cells. In PPD, once an 
ATM sWitch has dropped an ATM cell from an AAL5 frame, 
then the sWitch should drop the remaining ATM cells 
belonging to the same AAL5 frame, eXcept possibly the last 
cell. The remaining cells are dropped since AAL5 cannot 
reconstruct the frame at the destination sWitch absent the 
dropped cell. Since the source must retransmit the entire 
frame, it drops the remaining cells in the frame to prevent 
unnecessary transmission and use of bandWidth. 

[0003] Unlike PPD, Which acts on cells belonging to 
frames Which have already had some cells admitted to 
output buffers, EPD acts on cells belonging to frames Which 
have not had any cells admitted to the output buffers. If the 
available buffer space cannot accommodate all the cells 
from an AAL5 frame, EPD drops all cells in the frame. Since 
the source Would have to retransmit the entire frame anyWay 
if only cells not accommodated by the buffers Were dropped, 
EPD prevents unnecessary transmission by simply dropping 
all the cells in the frame before initial transmission. EPD, 
like PPD, thus serves to prevent unnecessary consumption 
of netWork resources, such as buffer space and bandWidth. 

[0004] When an ATM sWitch receives a request to set up 
a neW Virtual Channel Connection (VCC), the sWitch may 
not knoW Whether the connection Will carry AAL5 frames or 
only individual ATM cells using, e.g., AALl, AAL2, AAL3/ 
4, or a proprietary AAL protocol. Because packet discard 
methods operate only on AAL5 frames, an ATM sWitch must 
be aWare of Whether or not the ATM cells it receives are part 
of an AAL5 frame in order to apply a packet discard strategy. 
One approach to the problem of determining traffic type at 
the ATM sWitch has been to use the optional signaling 
information element (IE) to identify the traf?c as type 
AAL5. HoWever, because the IE for signaling the AAL type 
is optional, this method is not alWays available. A second 
approach to the problem has been to require an operator 
having personal knoWledge of the type of traf?c on the 
circuit to provision features such as PPD and EPD When the 
sWitch initially sets up the circuit. While this is a Workable 
solution for a Permanent Virtual Connection (PVC), it 
suffers from additional administrative costs and time. For a 
SWitched Virtual Connection (SVC), this solution is not 
viable, because operator intervention is not possible every 
time the sWitch receives a setup request for an SVC. 

Dec. 27, 2001 

[0005] It is desirable, therefore, to provide a scheme for 
automatically detecting the presence of AAL5 frames on a 
VCC Without relying on the signaling IE or operator inter 
vention. With automatic detection of AAL5 frames, an ATM 
sWitch can enable features such as PPD and EPD in order to 
protect sWitch resources and ensure fair treatment among 
connections. As yet, no ATM standards provide automatic 
detection of Whether a connection carries data that has been 
segmented using AAL5. 

SUMMARY OF THE INVENTION 

[0006] This invention satis?es those desires by providing 
a mechanism for automatically detecting the presence of 
AAL5 frames on a connection. 

[0007] A method consistent With the present invention 
determines Whether ATM user data cells passing through an 
ATM sWitch carry data that has been segmented using AAL5 
by monitoring the state of a bit in each cell and identifying 
the cells as carrying data that has been segmented using 
AAL5 When the state of the bit transitions from a ?rst value 
to a second value. Another method consistent With the 
present invention determines Whether user data cells passing 
through an ATM sWitch carry data that has been segmented 
using AAL5 and enables a packet discard feature if they do 
carry data that has been segmented using AAL5. Yet another 
method consistent With the present invention controls con 
gestion of cells on a connection in an ATM sWitch by 
conditionally enabling a packet discard feature if the AAL 
type is unknoWn When the connection is established, moni 
toring the state of a bit in each cell, and enabling the packet 
discard feature When the state of the bit transitions from a 
?rst value to a second value. 

[0008] Apparatus and netWorks are also provided for 
carrying out methods consistent With the present invention. 

[0009] The advantages accruing to the present invention 
are numerous. Automatic detection schemes consistent With 

the present invention, When integrated into an ATM sWitch, 
are cost-effective techniques for determining the type of 
traffic received at the sWitch. Advantageously, the present 
invention enhances the application of ATM packet-Wise 
congestion control features such as PPD and EPD by pro 
viding mechanisms for enabling such features upon detec 
tion of an AAL5 frame. The inventive schemes function 
automatically and require no use of optional IEs or human 
intervention. 

[0010] The above desires, and other desires, features, and 
advantages of the present invention Will be readily appre 
ciated by one of ordinary skill in the art from the folloWing 
detailed description of the preferred implementations When 
taken in connection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a high level diagram of an ATM netWork 
in Which an automatic detection scheme for AAL5 frames 
consistent With the present invention may be implemented; 

[0012] FIG. 2 illustrates the contents of an ATM cell 
header; 

[0013] FIG. 3 illustrates the segmentation of a data packet 
into ATM cells according to the AAL5 protocol; and 
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[0014] FIG. 4 represents a state diagram of enablement of 
packet discard features consistent With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0015] FIG. 1 depicts a high level block diagram of an 
ATM network, shoWn generally by reference numeral 10, 
Within Which an automatic detection scheme consistent With 
the present invention may function. Such a scheme may be 
implemented With any ATM layer device capable of carrying 
higher layer protocol units of data, e.g., AALS frames, that 
have been broken into smaller units, e.g., ATM cells. A 
typical eXample of such an ATM layer device is ATM sWitch 
12, Which transmits packets or frames of data split into ATM 
cells for transmission over netWork 10, using, e.g., AALS. 
ATM sWitch 12, Which may be one of a plurality of sWitches 
in netWork 10, not speci?cally shoWn for the sake of clarity, 
provides a sWitched connection betWeen, for eXample, ATM 
routers 14 and 16, Which in turn serve traf?c from end 
systems or nodes, not particularly shoWn. 

[0016] With continuing reference to FIG. 1, ATM sWitch 
12 contains at least one buffer 18 Which queues ATM cells 
passing through the sWitch. Buffers 18 may be input buffers 
or output buffers. Packet discard strategies such as PPD and 
EPD drop ATM cells before or after they enter buffers 18. 
Consistent With the present invention, queue manager 20 
manages buffer operations. More speci?cally, queue man 
ager 20 contains a mechanism consistent With the present 
invention for enabling packet discard features such as PPD 
and EPD after determining that ATM cells passing through 
the sWitch belong to an AALS frame. 

[0017] An ATM sWitch consistent With the present inven 
tion identi?es ATM cells belonging to AALS frames by 
using the cell delineation characteristic present in AALS 
type ATM cells. Standard ATM cells are of a ?Xed length, 
i.e., 53 bytes, of Which 48 bytes carry payload data and 5 
bytes carry header information. FIG. 2 illustrates the con 
tents of an ATM cell header according to the ATM Forum 
User-NetWork Interface (UNI) standard. The header con 
tains a 4-bit Generic FloW Control (GFC) ?eld, an 8-bit 
Virtual Path Identi?er (VPI) ?eld, a 16-bit Virtual Channel 
Identi?er (VCI) ?eld, a 3-bit Payload Type Identi?er (PTI) 
?eld, a Cell Loss Priority (CLP) bit, and an 8-bit Header 
Error Control (HEC) ?eld. The ATM Forum NetWork 
NetWork Interface (NNI) standard header is similar, but the 
GFC ?eld is replaced by an additional 4 bits in the VPI ?eld. 

[0018] The PTI ?eld, Which has eight possible values, 
performs several functions. The ?rst bit (bit 4 of octet 4 in 
FIG. 2) distinguishes user data cells from management 
information cells. A value of “0” indicates a user data cell, 
Whereas a value of “1” indicates a management cell. For user 
data cells, the second bit (bit 3 of octet 4 in FIG. 2) indicates 
Whether the cell has encountered congestion. Avalue of “0” 
indicates no congestion has occurred, and a value of “1” 
indicates congestion. For user data cells, the third bit (bit 2 
octet 4 in FIG. 2) is used exclusively in ATM cells created 
from AALS frames to indicate Whether a cell is the last cell 
of an AALS frame. Avalue of “0” indicates Continuation of 
Message (COM), i.e., there are more cells segmented from 
the frame, and a value of “1” indicates End of Message 
(EOM), i.e., the cell is the last one segmented from the 
frame. Table 1 beloW summariZes PTI values for user data 
cells, in Which the ?rst bit is alWays “0.” 
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TABLE 1 

PTI Value Congestion? AALS frame indicator 

0 O O No More cells in the frame 
0 O 1 No Last cell in the frame 
0 1 0 Yes More cells in the frame 
0 1 1 Yes Last cell in the frame 

[0019] Referring noW to FIG. 3, there is shoWn a seg 
mentation of a data packet into ATM cells according to the 
AALS protocol. The AALS protocol operates by segmenting 
a large data unit into ATM cells. An ATM adapter, knoWn in 
the art, adds trailer information to the data unit. The trailer 
consists of a 4-byte Cyclic Redundancy Check (CRC) ?eld, 
a 2-byte packet length ?eld (LEN), tWo reserved bytes for 
User-to-User information (UU) and the Common Part Indi 
cator (CPI), and padding (PAD), such that the total length of 
the resulting packet is a multiple of 48 bytes. The adapter 
then segments the data into 48-byte units of information. 
Finally, a S-byte ATM cell header (HDR) is added to each 
48-byte unit to create 53-byte ATM cells. The last bit of the 
PTI ?eld is set to 0, or COM, in every ATM cell eXcept the 
last (i.e., the ATM cell containing the trailer), in Which the 
last bit of the PTI ?eld is set to 1, or EOM. 

[0020] Referring once again to FIG. 1, queue manager 20 
consistent With the present invention automatically detects 
the presence of ATM user data cells belonging to AALS 
frames by monitoring the transitions of the last bit of the PTI 
?eld as ATM cells pass through sWitch 12 on a virtual 
channel connection (VCC). This is possible since AALS is 
the only AAL type using the last PTI bit for any purpose in 
user data cells. When queue manager 20 observes a transi 
tion from 0 (COM) to 1 (EOM), it records the presence of 
AALS traf?c. The queue manager or other mechanism 
Within the sWitch can then use this knoWledge to enable 
features, such as PPD and EPD and other features that apply 
only to AALS protocol. 

[0021] FIG. 4 is a state diagram illustrating states and 
transitions betWeen them consistent With the present inven 
tion. In FIG. 4, the queue manager uses the automatic 
detection of AALS to enable packet discarding features such 
as PPD and EPD in the ATM sWitch. There are at least three 
sets of states in Which the inventive mechanism may oper 
ate: packet discarding disabled, packet discarding condition 
ally enabled (i.e., the auto-detection states), and packet 
discarding enabled (i.e., PPD and EPD operating states). 

[0022] When a connection is established and the ATM 
sWitch operator has knoWledge that packet-Wise discarding 
is inappropriate (e.g., When using a non-standard AAL 
Which uses the last PTI bit for other purposes than delin 
eating frames) the operator disables packet discard tech 
niques by placing the connection in state 30 (“EPD & PPD 
Disabled”). On the other hand, if the operator knoWs the 
cells are part of an AALS frame, the operator can enable 
packet discard techniques, placing the connection in the ?rst 
operating state, i.e., state 36 (“EPD & PPD Enabled”), and 
bypassing the auto-detection states. When the operator has 
no knoWledge of the AAL type, hoWever, the queue manager 
conditionally enables packet discarding on the connection, 
placing the connection into state 32 (“Waiting for COM”), 
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the ?rst auto-detection state. When a user data cell With “0” 
(COM) in the last PTI bit arrives, the queue manager 
transitions the connection to state 34, (“Waiting for EOM”). 
If the AAL type uses both COM and EOM in the PTI, as 
AALS does, then When a user data cell With “1” (EOM) in 
the last PTI bit arrives, the queue manager enables packet 
discarding, and the connection moves to the packet discard 
ing operating states, described beloW. 

[0023] Upon enablement of a packet discard state, either 
by the operator or as a result of detection of cells in an AALS 
frame, the connection is in state 36 (“EPD & PPD 
Enabled”). When a user data cell With the last PTI bit set to 
“0” (COM) arrives, the connection moves to state 38 
(“Frame in Progress”). If the entire frame passes through the 
sWitch Without any cells being discarded, the connection 
returns to state 36. This occurs When a cell With EOM is 
received or placed into a buffer queue (“EOM Enqueued or 
Received”). On the other hand, if the sWitch discards a cell 
for any reason before the entire frame passes, the sWitch 
activates the PPD feature, moving the connection from state 
38 to state 40 (“PPD Active”). The PPD feature discards the 
remaining ATM cells belonging to the AALS frame. When 
the frame ends, i.e., a cell With EOM is received or placed 
into queue (“EOM Enqueued or Received”), the connection 
returns to state 36, With EPD and PPD enabled. 

[0024] If the EPD feature discards a cell before the queue 
manager detects a COM (e.g., because the buffers cannot 
accommodate the entire frame), then the connection moves 
from state 36 immediately into state 42 (“EPD Active”). In 
this state, all remaining ATM cells from the AALS frame are 
discarded. Since the EPD feature discards the ?rst cell from 
a frame and then all remaining cells, EPD discards an entire 
frame. When a cell With EOM arrives, the entire frame has 
been received, and the connection returns to state 36. 

[0025] While the connection is in state 40 (“PPD Active”) 
or state 42 (“EPD Active”), the sWitch discards all received 
user data cells With the last PTI bit set to “0” (COM), i.e., 
any user data cell that is not the last from the frame. In state 
42, the sWitch also discards any cell With EOM (i.e., the last 
cell in a frame), because EPD discards all cells in a frame, 
and no reassembly of the frame occurs doWnstream. In state 
40 (“PPD Active”), hoWever, the PPD feature Will try to 
avoid discarding the last cell of a frame (i.e., the EOM cell) 
so as not to invalidate the reassembly of a subsequent frame 
at a doWnstream point. HoWever, congestion at a sWitch may 
be too severe to alloW even a single EOM cell to be sent on 
the connection. The sWitch’s discard policy for AALS EOM 
cells, Which may be less strict than the policy for AALS 
COM cells and non-AALS cells in order to reduce the 
likelihood of subsequent AALS frames being invalidated, 
determines Whether to discard the EOM cell. In cases Where 
the EOM cell must be discarded, the connection remains in 
state 40 (“PPD Active”) instead of returning to state 36 
(“EPD & PPD Enabled”) since the reassembly of the sub 
sequent frame has been invalidated by the passing of some 
COM cells of the current frame Without a corresponding 
EOM cell. 

[0026] It Will be appreciated by those skilled in this art that 
various modi?cations and variations can be made to the 
automatic frame detection strategy described herein consis 
tent With the present invention Without departing from the 
spirit and scope of the invention. Other embodiments of the 
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invention Will be apparent to those skilled in this art from 
consideration of the speci?cation and practice of the inven 
tion disclosed herein. It is intended that the speci?cation and 
eXamples be considered exemplary only, With a true scope 
and spirit of the invention being indicated by the folloWing 
claims. 

We claim: 
1. A method for determining Whether user data cells 

passing through an ATM sWitch carry data that has been 
segmented using AALS, each user data cell containing a bit 
having at least tWo states Which indicate cell type When 
AALS is being used, the method comprising the steps of: 

monitoring the state of the bit in each cell; and 

identifying the cells as carrying data that has been seg 
mented using AALS When the state of the bit transitions 
from a ?rst value to a second value. 

2. A method for determining Whether user data cells 
passing through an ATM sWitch belong to a class of cells, 
each cell containing a bit having at least tWo states Which 
indicate cell type, the method comprising the steps of: 

monitoring the state of the bit in each cell; and 

identifying the cells as belonging to the class When the 
state of the bit transitions from a ?rst value to a second 
value. 

3. A method for controlling congestion of cells in an ATM 
sWitch using a packet discard feature, the method compris 
ing the steps of: 

determining Whether user data cells passing through the 
sWitch carry data that has been segmented using AALS; 
and 

enabling the packet discard feature if the user data cells 
carry data that has been segmented using AALS. 

4. The method of claim 3 Wherein each user data cell 
contains a bit having at least tWo states Which indicate cell 
type When AALS is being used, and Wherein the step of 
determining comprises the substeps of: 

monitoring the state of the bit in each cell; and 

identifying the cells as carrying data that has been seg 
mented using AALS When the state of the bit transitions 
from a ?rst value to a second value. 

5. A method for controlling congestion of cells on a 
connection in an ATM sWitch using a packet discard feature, 
each cell containing a bit having at least tWo states Which 
indicate cell type When AALS is being used, the method 
comprising the steps of: 

conditionally enabling the packet discard feature if the 
cell type is unknoWn at the time the connection is 
established; 

monitoring the state of the bit in each cell received at the 
sWitch; and 

enabling the packet discard feature if the feature has been 
conditionally enabled and the sWitch receives a cell 
With a bit in a ?rst state folloWed by a cell With a bit in 
a second state. 

6. The method of claim 5 further comprising the step of: 

enabling the packet discard feature if the cell is knoWn to 
carry data that has been segmented using AALS at the 
time the connection is established. 
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7. The method of claim 5 further comprising the step of: 

disabling the packet discard feature if it is known at the 
time the connection is established that operation of the 
packet discard feature is inappropriate. 

8. An apparatus for determining Whether user data cells 
passing through an ATM sWitch carry data that has been 
segmented using AALS, each user data cell containing a bit 
having at least tWo states Which indicate cell type When 
AALS is being used, the apparatus comprising: 

means for monitoring the state of the bit in each user data 
cell; and 

means for identifying the cells as carrying data that has 
been segmented using AALS When the state of the bit 
transitions from a ?rst value to a second value. 

9. An apparatus for determining Whether user data cells 
passing through an ATM sWitch belong to a class of cells, 
each cell containing a bit having at least tWo states Which 
indicate cell type, the apparatus comprising: 

means for monitoring the state of the bit in each cell; and 

means for identifying the cells as belonging to the class 
When the state of the bit transitions from a ?rst value to 
a second value. 

10. An apparatus for controlling congestion of cells in an 
ATM sWitch using a packet discard feature, the apparatus 
comprising: 

means for determining Whether user data cells passing 
through the sWitch carry data that has been segmented 
using AALS; and 

means for enabling the packet discard feature if the user 
data cells carry data that has been segmented using 
AALS. 

11. The apparatus of claim 10 Wherein each user data cell 
contains a bit having at least tWo states Which indicate cell 
type When AALS is being used, and Wherein the means for 
determining comprises: 

means for monitoring the state of the bit in each cell; and 

means for identifying the cells as carrying data that has 
been segmented using AALS When the state of the bit 
transitions from a ?rst value to a second value. 

12. An apparatus for controlling congestion of cells on a 
connection in an ATM sWitch using a packet discard feature, 
each cell containing a bit having at least tWo states Which 
indicate cell type When AALS is being used, the apparatus 
comprising: 
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means for conditionally enabling the packet discard fea 
ture if the cell type is unknoWn at the time the con 

nection is established; 

means for monitoring the state of the bit in each cell 
received at the sWitch; and 

means for enabling the packet discard feature if the 
feature has been conditionally enabled and the sWitch 
receives a cell With a bit in a ?rst state folloWed by a 
cell With a bit in a second state. 

13. The apparatus of claim 12 further comprising: 

means for enabling the packet discard feature if the cell is 
knoWn to carry data that has been segmented using 
AALS at the time the connection is established. 

14. The apparatus of claim 12 further comprising: 

means for disabling the packet discard feature if it is 
knoWn at the time the connection is established that 
operation of the packet discard feature is inappropriate. 

15. A communications netWork comprising: 

a plurality of nodes sending and receiving ATM cells; and 

an ATM sWitch interconnecting the nodes, the sWitch 
including 

means for determining Whether user data cells passing 
through the sWitch carry data that has been seg 
mented using AALS; and 

means for enabling a packet discard feature if the user 
data cells carry data that has been segmented using 
AALS. 

16. A communications netWork comprising: 

a plurality of nodes sending and receiving ATM cells, 
each cell containing a bit having at least tWo states 
Which indicate cell type When AALS is being used; and 

an ATM sWitch interconnecting the nodes, the sWitch 
including 

means for monitoring the state of the bit in each cell; and 

means for identifying the cells as carrying data that has 
been segmented using AALS When the state of the bit 
transitions from a ?rst value to a second value. 


