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(57) La présente invention concemne les réseaux de
communications de données large bande et en particulier
la planification des transferts de paquets de données.
L’invention concerne notamment un procédé et un
appareil de transfert planifi¢ de paquets de données (32)
chaque port d’entrée (8) du commutateur de paquets de
données étant associ¢ a un planificateur de transfert de
données (18) assurant la planification du transfert des
paquets de données (32). Le planificateur de transfert de
données (18) trie chaque cellule (32) dans une premiere
structure de file d’attente (41, 42), en fonction de son
port de sortie (14) du commutateur de paquets de
données, et pour chaque port de sortie (14), en fonction
de son canal logique (chemin virtuel / canal virtuel).

I*I Industrie Canada  Industry Canada

(57) The present invention relates to broadband data
communication networks and in particular it relates to
the aspect of scheduled transfer of information packets.
There 1s provided a method and apparatus for scheduled
transfer of information packets (32), each information
packet switch inlet port (8) being associated with a
packet transfer scheduler (18) for scheduling transfer of
information packets (32). By means of the packet
transfer scheduler (18) a cell (32) is sorted into a first
queue structure (41, 42) according to its information
packet switch outlet port (14), and for each outlet port
(14) according to its logical channel (VP/VC).
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The present invention relates to broad-
band data communication networks and in par-
ticular it relates to the aspect of scheduled
transfer of information packets. There is pro-
vided a method and apparatus for scheduled
transfer of information packets (32), each in-
formation packet switch inlet port (8) being as-
sociated with a packet transfer scheduler (18)
for scheduling transfer of information packets
(32). By means of the packet transfer scheduler
(18) a cell (32) is sorted into a first queue struc-
ture (41, 42) according to its information packet
switch outlet port (14), and for each outlet port
(14) according to its logical channel (VP/VC).
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SCHEDULER FOR AN INFORMATION PACKET SWITCH
TECHNICAL FIELD

The present invention relates to broadband'data communication
networks and methods. In particular it relates to the aspect
of scheduled transfer of information packets.

BACKGROUND

Martin De Prycker: Asynchronous Transfer Mode, solution for
broadband ISDN; ELLIS HORWOOD series in Computer Communi-
cation and Networking; 1991, describes a fast information
packet switch for switching information, i.e. fixed length
information packets or cells, from an inlet logical channel
to an outlet logical channel. The switch comprises a central
switch core to which several switch ports are connected. The
switch ports have two distinct functions: inlet functions and
outlet functions, however they are typically implemented in
the same hardware. A typical fast information packet switch
is an ATM switch where ATM stands for Asynchronous Transfer
Mode. The inlet/outlet logical ATM channels is defined first-
ly, by a physical link or physical inlet/outlet, which is
defined by a physical port number, and secondly, by a logical
channel on the physical port, i.e. a virtual path, VP, and/or
a virtual channel, VC, which are identified by a virtual path
identifier VPI ;nd virtual channel identifier VCI respec-
tively. To provide the.switching function, both the inlet and
the incoming logical channel must be related to the outlet
and the outgoing logical channel. This is achieved by using a
translation table. Moreover, the problem of when two or more
logical channels contend for the same outlet at the same time
has to be solved. Hence, three functions have to be implemen-
ted in a fast information packet switch: routing, for inter-
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nally routing the information from an inlet port to an outlet
port of the switch; queuing, for buffering cells destined to
the same outlet at the same time; and header translation.

Until now there have been four types of AT& traffic: Constant
Bit Rate CBR, Variable Bit Rate-Real Time VBR-RT, Variable
Bit Rate-Non Real Time VBT-NRT and Unspecified Bit Rate UBR.
A fifth traffic type, Available Bit Rate ABR, has recently
been defined by the International Telecommunications Union
ITU and the ATM-Forum as an ATM service category requiring an
interaction between the network and the user. A user should
be able to send data, i.e. information packets or cells, at
the maximum bit rate allowed by the network at any moment. A
flow control protocol for this has been defined. Bit rate or
just rate is defined as the number of bits per second bit/s.

It has been a goal that all users shall get a fair share of
the available bandwidth in the network at any moment. A
weight may be assigned to each user, to determine what share
of the available bandwidth the user should have. The weight,
and thus the bandwidth, may be the same for all users or may
vary. Each switching system in the network must allocate
bandwidth to -each user according to the relative weight, and
serve these users according to this weight.

It is assumed that each inlet port has one logical queue per
outlet port. When a cell is to be sent into the core, the
queue from which to take this cell must be decided, and also
which cell in this queue. In order to achieve fairness, i.e.
to give each VP/VC a fair share of the available bandwidth
from a queue into the switch core, each queue may be searc-
hed, e.g. by means of a scanner, and within each queue each
VP/VC. There are, at least, twc preblems with this. A queue
Scanner must, for each cell interval, select the next gueue
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that has a cell to send and whose outlet port can accept a
cell. When an inlet port has been selected, all incoming
VP/VC at this inlet port must be searched sequentially in
order to give a fair share of the bandwidth of the selected
outlet port to each VP/VC.

If the number of ports is large, and the status of each port
is tested sequentially until a port that can send a cell is
found, the search may take such a long time that it can not
be accomplished within the duration of one cell interval,
i.e. within the time it takes to send a cell into the switch
core. If, for instance, one port can be tested for each byte
of a cell, only 60 ports can be tested. If no cell carrying
active information is found during this period, an idle cell
must be generated. A parallel or serial/parallel search can
be made faster, but requires more hardware. Furthermore, as
the number of logical channels could be 4000 or more, it is
not feasible to actually search all VP/VCs during one cell
time in order to find the next to send.

Furthermore, if one inlet carries 10 VP/VCs destined for an
outlet, and another inlet only has one, there is a risk that,
at least during some period of time, the single VP/VC gets
50% of the outlet bandwidth and the 10 VP/VCs only 5% each.

DESCRIPTION OF RELATED ART

An AJM switching system supporting ABR and providing a setvi—
ce for queuing per VC is disclosed in a StrataCom Service
Note ABRSN19515M, 1995. So as to furthermore ensure fairness
in allocating excess bandwidth said ATM switching system also
provides a centralized unit common to all inlet ports for
rate scheduling per VC. A centralized unit gives an upper

limit on the switch size.
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An article by Chao et al.: "Architecture Design of a
Generalised Priority Queue manager for ATM Switches", ISS-95
Proposes a switch comprising means for queue scheduling. The
proposed switching system has the buffers at the outlet ports
for facilitating the scheduling.

US Patent no. 5,166,930 describes a method and apparatus for
giving data devices efficient access to data resources. A
pPlurality of epoch queues are provided at the input so that a
limited number of cells from each connection, depending on
the weight of the connection, can be sorted into each Queue.
An overflow queue is used for cells not allowed in the epoch
queues. the epoch queues are then emptied cyclically and
cells from the overflow queue are sorted into the free epoch
queues together with new incoming cells.

In WO 93/07699 a high speed ATM packet switch using memory
buffer modules, each serving a group of inlet ports, is
disclosed. Each common memory buffer module includes common
buffer memory means for storing incoming cells and buffer
managing means for managing the cells to be stored. The
system further has a space switch means connected to the
memory buffer modules and a system scheduler which conflgures‘
the space switch and co-ordinates the common memory buffer
module at every time slot.

In another embodiment, the system also comprises time slot
utilization means which contreols the use of the future time
slots of each input pert and output port, a revolving window
Priority encoder means for determining the earliest common
time slot among the future time slots for connection between
an input port and one or more output ports, and a list
controller which stores the earliest common time slot
together with information about the input port and selected
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output port and configures the space switch at every time
slot according to the header of each cell.

P 661 899 A2 describes a system for using the network
resources more efficiently and avoiding loss of cells in
overload situations. The first and last cell of a frame of
cells are given a start-cell and end-cell flag respectively.
A packet counter and a send counter are temporarily assigned
to a virtual connection. The start-cell and end-cell signals
and the packet counter are used to enable the use of the
network resources for another virtual connection when no
cells are received for the first virtual connection.

US patent no. 5,517,495 discloses a method and an input
buffered ATM switch for fast local to wide area networks. The
switch includes one input buffer for each input port, with
one queue for each virtual connection, and a switch fabric
and a scheduling control circuit for controlling the
processing of the received cells using a fair arbitration
round robin (FARR) program. Each input buffer includes a
service list associated with each priority level for each
ocutput port, and one cell queue for each virtual connection.
Each virtual connection has a time stamp, used to match the
input buffers with output ports to control the processing of
the received cells.

The method includes the steps of receiving cells in the input
buffers, in each input buffer, pre-selecting a virtual
connection for each output port, sending the time stamp of
each pre-selected virtual connection to a scheduling control
circuit, matching the input buffers to the output ports and
sending a cell of the corresvonding virtual connection
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through the switching fabric and setting the time stamp of
each virtual connection.

EP 678 996 A2 discloses an ATM switch and a method for
processing bandwidth requirements solving tﬁe problem of
statistically multiplexed multicast traffic at a multiplexing
point. Each input port comprises one buffer store for each
output port. A means for transmitting unicast and multicast
traffic is comprised, including an output time slot control
means and scheduling means arranged to allocate a time slot
for the transmission of each unicast traffic cell, and for
calculating when a time slot is available for transmission of
a multicast traffic cell. The output time slot control means
includes a store for storing information identifying a time
slot and for reserving that time slot for the transmission of
a multicast traffic cell.

Definitions of used terms and abbreviations

(De Prycker: Asynchronous Transfer Mode, solution for broad-
band ISDN; ELLIS HORWOOD series in Computer Communication and
Networking; 1991):

ATM:. Asynchronous Transfer Mode, i.e. fast packet
switching; '
Cell: The wording in ATM for a variable or fixed length

information packet typically comprising a user
information figld preferably between 32 and 64 bytes
and a control information field, i.e. header, the
overall header size for a cell ranging between 2 and
7 bytes, depending on the functions to be provided
by the network and standardized by the International
Telegraph and Telephone Consultative Committee,
CCITT. A fixed length ATM cell has a 48 byte user
information field and a 5 byte header field;
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Inlet/outlet: physical link;

Inlet/outlet logical channel: inlet/outlet + incoming/out-~-

going logical channel (VP/VC}) on that inlet/outlet;

Iplet/outlet port: a packet switch port for receiving/sending
cells;

Header translation table: provides the relation between the

inlet port/incoming VPI/VCI and the outlet port/outgoing

VPI/VCI. Translation is performed at the inlet of the packet

switch;

MCR: Minimum Cell Rate, minimum number of cells/cells for
a specific logical channel during a predetermined
time period.

OBJECTS OF THE INVENTION

It is an object of the invention to prévide a means of achie-
ving controllable sharing of the available bandwidth in a

fast information packet switch.

It is a further object of the invention to ensure that the
available bandwidth is shared in a way which is globally fair
by ensuring as far as possible that the outlet bandwidth is
shared equally among all logical channels from all inlet
ports.

It is still another object to provide a fast information
packet switch supporting the service category Available Bit
Rate ABR. In a preferred embodiment of the invention, a
Minimum Cell Rate, MCR, can be guaranteed for ABR cells.

SUMMARY OF THE INVENTION

The invention relates to ABR traffic. Other service classes
of traffic, such as CBR, Constant Bit Rate, and VBR, Variable
Bit Rate, should also be supported in a fast information
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packet switch. In an ATM exchange, the queue structﬁre and
selection methods according to the inventioh méy be viewed as
part of a complete queue structure comprising VBR and CBR
queues as well as the inventive ABR queue structure. The VBR
and CBR services have priority over the ABﬁ services, so that
the bit rate available for ABR cells is reduced when the VBR
and CBR traffic increases.

ADVANTAGES OF THE INVENTION

The invention according to the independent claims has the
advantage of providing a packet transfer scheduler adapted to
an information packet switch for scheduling transfer of
information packets. Such a packet transfer scheduler makes
it possible to build large packet switches supporting ABR
traffic, since the internal operating speed of the switch and
the buffers do not depend on the size of the switch.

Preferred embodiments of the invention as disclosed in the

independent claims are defined in the dependent claims.
Brief description of the drawings

Fig. 1 is a schematic drawing of an information cell
normally provided for ATM switches; ,

Fig. 2 is a schematic drawing of a packet switch according
to an embodiment of the invention;

Fig. 3 is a schematic drawing of a packet transfer
séheduler according to an embodiment of the
invention;

Fig. 4 is a schematic diagram of queue structures according
to a preferred embodiment of the invention;

Fig. 5A 4is a flow diagram of actions taken when a cell is
received at packet transfer scheduler according to a
first embodiment of the invention:
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Fig. 5B 4is a flow diagram of actions taken when a éell is
transferred from a packet transfer scheduler to a
selected outlet port according to a first embodiment
of the invention; ‘

Fig. 6A is a flow diagram of actions taken‘when a cell is
received at packet transfer scheduler according to a
second embodiment of the invention:;

Fig. 6B 1is a flow diagram of actions taken when a cell is
transferred from a packet transfer scheduler to a
selected outlet port according to a second embodi-
ment of the invention;

Fig. 7 is a flow diagram of actions taken for calculating a
cell transfer rate for transferring cells from a
packet transfer scheduler to a selected outlet port
according to an embodiment of the invention; and

Fig. 8 is a schematic drawing of how the Start Of List
signal is transmitted from the outlet port to the
inlet ports according to an embodiment of the
invention.

Fig. 9 shows an RM cell used for transmitting to the end
user the rate at which information may be sent to
the switch, according to an embodiment of the
invention. '

Fig. 10 shows how the RM cell shown in Figure 9 is
transmitted to the end user.

Detailed description of émbodiments

Figure 1 is a schematic drawing of an information packet 32
known per se, comprising a user information field 34 and a
control information field 36, called header. The header
contains, among other types of information, address and
timing information for the cell 32.
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Figure 2 is a schematic drawing of a packet switch 2,
comprising a packet transfer scheduler according to the
invention. A typical fast information packet switch is an ATM
switch where ATM stands for Asynchronous Transfer Mode.
According to conventional technology, the packet switch 2
switches cells 32 from an inlet logical channel 6 associated
with a physical inlet port 8 to an outlet logical channel 12
associated with a physical outlet port 14. The outlet ports
are physically connected to other nodes in the network, for
example other ATM switches.

The switch 2 in Figure 2 comprises a central switch core 3 to
which several switch ports 8,14 are connected. A header
translation table 16 determines the VPI/VCI and the physical
outlet port of an incoming cell, and whether the cell is to
be transmitted according to variable bit rate, VBR, constant
bit rate, CBR, or available bit rate, ABR. If the cell is to
be transmitted according to CBR or VBR, it is transferred to
the VBR and CBR queue structures 15, which are here shown as
one unit for each inlet port 8 for clarity reasons. They
could also be implemented as two units for each inlet port 8,
Oor as one or two units common to all inlet ports 8.

According to the invention, the switch also comprises a
packet transfer scheduler 18, which allows for transmission
of cells according to Available Bit Rate (ABR). There is one
packet transfer scheduler 18 for each inlet port in the
switch.

According to an embodiment of the invention, the packet
switch 2 further comprises controlling means 23 for assigning
a weight to each logical channel (VP/VC), depending on e.gq.
the requirements of the source and the general traffic of
information packets through the switch. As common in the art,
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the controlling means 23 also sets up the header translation
tables 16.

An incoming cell is received at an inlet port 8. As in prior
art technology, header translation table 16 determines the
logical channel code VPI/VCI and the outlet port of the cell
32 depending on the control information in the header field
36 of the cell 32. However, it is not important for this
invention where in the switch the header translation is done.
According to the invention, the cell is then transferred to a
packet transfer scheduler 18 connected to the inlet port 8.

The packet transfer scheduler 18, shown in detail in Figure
3, sorts the received cells 32 intoc a first queue structure
40 according to their outlet. The cells then continue to the
switch core 3 via a first selector 20 which selects at least
one cell 32 from the packet transfer scheduler 18. The switch
core 3 has buffers in the way common in the art, to avoid
loss of cells if cells from two or more inlet ports 8 are
sent to the same outlet port 14 at the same time. The con-
trolling means 23, e.g. a central processor unit, CPU, also
communicates with the packet transfer scheduler 18.

In the case the inlet port 8 is a separate unit in terms of
hardware, the inlet port then comprises a scheduler 18, the
scheduler 18 receiving a cell by means of a receiving means
24. The outlet port has already been determined by the header
translation téble 16. The controlling means 31, which may be
a microprocessor such as Motorola 68360, is then adapted to

‘receive the weight assigned to each logical channel (VB/VC).

It is to be noted that, as an alternative, the controlling
means 31 could be a part of the controlling means 23, which
could comprise a CPU common to the whole switch.



10

15

20

25

30

CA 02238575 1998-05-26

WO 97/20414 o PCT/SE96/01532

12

Returning to figure 3, the scheduler 18 comprises a first
queue structure 40 for each outlet port, into which the cells
are sorted according to their outlet port. The scheduler
further comprises means 28 for sorting‘said cell 32 into the
appropriate first queue structure 40. .

Figure 4 is a échematic'diagram of a queue structure accor-
ding to a preferred embodiment of the invention. The first
queue structure 40 comprises two subqueue structures, Next 41
and Current 42. In each scheduler 18, there is one pair of
current and next queues for each outlet. Current 42 is the
queue from which cells are currently being read,'while the
sorting means 28 sorts the received cell 32 into Next 41.
When all cells have been read from Current 42, the subqueue
structures Next 41 and Current 42 are swapped, so that Next
becomes the new Current, from which cells are read, and the
empty Current becomes the new Next, into which cells are
read.

Each scheduler 18 also comprises a second queue structure 50,
called VPI/VCI-list of cells 32, that is, one queue for each
VB/VC in the exchange, into which the cells 32 are sorted by
sorting means 28 according to the logical channel code
VPI/VCI of each cell 32. This queue structure 50 is used when
the incoming cell has a VPI/VCI for which there is already a
cell in Next 41. The sorting means 28 also transfers cells

- from the VPI/VCI-list 50 to the first queue structure 40.

The scheduler comprises a counter 30 for counting the number
of cells 32 sorted into the queue structures 40 and 50. The R
counter has one register for each VPI/VCI, see Figure 5A.

First suppose that the queues are empty, so that all counters
are set to zero. When a first cell 32 with a first VPI/VCI
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and a first outlet port 14 arrives, it is placed in the Next

41 queue for that outlet port, and the counter for that
VPI/VCI is incremented, i.e. set to 1. When a second cell 32

‘with the same outlet port 14 but with a second VPI/VCI

arrives, it is placed in the same Next 41 queue, and the
counter for the second VPI/VCI is incremented, i.e. set to 1.
Next, suppose that a third cell 32 with the same VPI/VCI and
outlet port 14 as the first cell arrives. The counter for
this VPI/VCI is 1, indicating that there is already a cell
for this VPI/VCI in Next. Therefore, the incoming cell is
sorted into the second queue 50 for the first VPI/VCI, and
the counter is incremented, i.e. set to 2.

The queue structures Next 41, Current 42, and VPIL/VCI-list 50
are preferably dynamically linked lists of cells 32 in a
common RAM.

In order to achieve global fairness, all Current 42 and Next
41 of all inlets that are dedicated for the same outlet port,
should preferably logically be linked into one, so that all
Current 42 for that outlet port are emptied before any input
starts with Next 41 for the same outlet port.

As shown in Fig. 8, when the Current queue consisting of all
Current 42 queues for an outlet 14 is empty, and the outlet
port is ready to receive more cells, it sends a Start_Of List
signal 38 to all queues corresponding to that outlet. The
switch 3 may multiplex all Start Of List signals from all
outlet ports 12 to one All Start Of List signal which is
distributed to all inlet ports 8.

When the Start Of List signal is received, Next 41 and
Current 42 are swapped as explained above. The new Current 42
receives cells from the VPI/VCI-list 50 or directly from the
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inlet port, if the VPI/VCI-list 50 is empty for a particular
VP/VC. The swap between Next 41 and Current 42 is carried out
by the selector 20.

To ensure that all Current 42 lists for an outlet are read
before any scheduler swaps Next and Current, the information
packet scheduler at each inlet port informs the outlet port
about the length of Current 42. This can be done either as an
explicit wvalue in the last cell sent from Current 42 or by
one single bit marker in the last cell. In the first case,
the cell must contain an extended header, containing among
other things, this value. In the latter case, the outlet port
nust count the number of cells between two marked cells. This
procedure is well-known to the person skilled in the art.

Another preferred embodiment of the invention takes into
account the general case that the VP/VCs do not have an equal
share of the bandwidth. A weight is assigned by means of the
controlling means 23 (Figure 2) to give a logical channel
{VP/VC), for example, 10 times more bandwidth than another
logical channel. This can be done by letting different
logical channels have different number of cells linked into
Next 41 (Figure 3). As before, the VPI/VCI counter 30 for
each logical channel keeps track of the number of cells in
the queue structure 40, 50. In this embodiment, the counter
must have two registers for each VPI/VCI: one for counting
the number of cells in the first queue structure 40 and one
for counting the number of cells in the second queue
structure 50.

In this case, cells can be placed in Next 41 as long as the
counter 30 is below some predetermined limit, i.e. a maximum
value, defined by the relative bandwidth (not shown).
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When the counting means has reached the maximum value for
this VPI/VCI, further cells for that VP/VC are sorted into
the VPI/VCI list 50.

The outlet port adds up.the number of cells received from all
inlet ports to get the total length of all the received Cur-
rents 42 taken together. There is a status marker for each
inlet, an inlet counter to keep track of what inlets have
packets to send to that outlet, and a means for calculating
the total length Sum of all received Currents 42. These were
reset to zero after the preceding calculation of the total
lengths of each Current 42 for a particular output.

Fig. 6A and Fig. 6B are flow diagrams of actions taken when a
cell is received at and selected from a packet transfer
scheduler according to a first embodiment of the invention.
In this embodiment it is assumed that the VP/VCs all have the
same weight. The steps in the flow diagram of Fig. 6A are
preferably performed by the determining means 26 and the
sorting means 28, and the steps in the flow diagram of Fig.
6B are performed in the second selecting means 20.

First, suppose that when a first cell with a first VPI/VCI
and first outlet port, enters the inlet port:

Step 100: Get the destination of the cell and determine the
value of the VPI/VCI counter 30 for the first VPI/VCI

Step 102: If the counter value is zero, go to step 104,
otherwise, go to step 108.

Step 104: Link the cell into Next 41 for the first outlet.
Step 106: Set the counter 30 for the first VPI/VCI to 1.

Step 108: Link the cell into the second queue 50 according to
its VPI/VCI. Continue with step 106.
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In Fig. 6B the cells are read to the outlet port 14 as
follows:

Step 110: The selecting means 20 selects, for transmitting
into the core 3, a first cell having a first VPI/VCI and a
first outlet port. ‘

Step 112: Is the counter 30 for the first VPI/VCI equal to or
less than 1? If no, then go to step 114 otherwise go to step
1ls6.

Step 114: Link a cell from first VPI/VCI-queue into Next 41.
Step 116: Decrement the counter 30 for the first VPI/VCI
queue.

This procedure ensures that one cell is taken from each
active VPI/VCI-list 50, which gives a fair share of the band-
width to each logical channel.

Figuré 7A and Figure 7B are flow diagrams of actions taken
when a cell is received at and selected from a packet
transfer scheduler according to a second preferred embodiment
of the invention, taking into account different weights for
different logical channels, VP/VC, and also Minimum Cell Rate
MCR requirements. '

Values used in flow chart:

Count is the number of cells in the queue structure for a
particular VP/VC

Nv is the weight for this VP/VC

NCN = number of cells/cells in Next 41 for a specific VP/VC

If the rate at which cells from a certain VP/VC are selected
from Current 42, is below the Minimum Cell Rate MCR specified
for that VP/VC, an extra cell is sorted into Current 42,
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giving more bandwidth to that VP/VC. In order to control
this, some extra parameters for each VP/VC are needed:

NMP - length of cells during a measurement period
CCN - current cell number

TFC - time to first cell in a measurement period
INC -~ maximum time to next cell

ETNC - expected time for next cell

In addition, a common time, Current Time CT, is used. The
values NMP, TFC and TNC are chosen so that:

NMP / ((NMP-1)*TNC + TFC) > MCR

In Fig. 77, a cell is read into the queue structures 40, 50
in the following steps:

Step 120: A cell with a specific VPI/VCI and outlet port is
received at the inlet port.

Step 122: Link the cell into the gueue for this VP/VC.

Step 124: Is the counter for this VPI/VCI 0? If yes, then go
to step 126, otherwise go to step 128.

Step 126: Set CCN=NMP. (It is to be noted that when the first
cell of a VP/VC is received, i.e. the VCI-VPI-list 50 is
empty, CCN was set to equal NMP in order to start a new
measurement period.)

Step 128: If NCN is lower than Nv, then go to step 130,
otherwise go to step 132.

Step 130: Link the cell into Next 41.

Step 132: Increment the counter for this VPI/VCI.

In Fig. 7B, a cell is read to the outlet port in the
following steps:

Step 150: A first VPI/VCI is selected from Current 42 and
sent into the core.
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Step 152: If CCN=NMP, then go to step 166, otherwise go to
step 154.

Step 166: Set CCN=1 and ETNC=CT+TFC. Go to step 164.

Step 154: If count for this VPI/VCI=1, then go to step 164,
otherwise, go to step 156.

Step 156: If ETN<CT, then go to step 168, otherwise, go to
step 158.

Step 168: Put the VPI/VCI in the Current list. Go to step
162.

Step 158: If NCN<Nv, then go to step 162, otherwise go to
step 160.

Step 160: Put VPI/VCI in the Next list for the destination.
Step 162: Set ETNC=ETNC+TNC.

Step 164: Decrement the counter.

Hence, when the first cell with a specific VPI/VCI is read
from Current 42, a measurement period is started, as CCN is
set to 1 and ETNC is set to CT plus TFC. This is repeated
until NMP cells have been read out. Each time a cell is read
from Current 42, a new ETNC value is calculated by adding TNC
to the previous ETNC. The reason for having different TFC and
TNC is to be able to supervise any MCR value, and to allow
for some variation of the time between two successive cells
even if the actual cell transfer rate is MCR, supposing
TFC>TNC.

When the next cell with this VPI/VCI is read out, the EINC is
compared to CT, before it is updated, and if ETNC is lower
than CT, then a cell is put into Current 42, instead of into
Next 41.

Furthermore, in order to preserve sequence number integrity,
Current 42 and Next 41 should not contain pointers to the
actual cells, but only their VPI/VCI value. When such a
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value is read out from Current 42, the cell is taken from the
queue for that VPI/VCI. Current 42 and Next 41, one of each:
for each destination, can be built up using linked lists of
VPI/VCI values, or by allocating a fixed memory space for
each list, and putting the VPI/VCI values in consecutive
positions in that memory space.

Fig. 8 is a flow chart of the actions taken at the outlet
port for calculating a selecting rate for selecting cells in
a packet transfer scheduler for sending into the switch core
according to an embodiment of the invention.

Step 170: A first cell of a Current 42 is received from the
core, and the inlet port is determined by e.g. a source
address in the header 36 of the cell 32.

Step 172: If the status for this input is 0, then go to step
186, otherwise go to step 174.

Step 174: If this is the last cell in the current list, then
go to step 176, otherwise end. |

Step 176: Set sum=sumt+length of Current list.

Step 178: Decrement this input counter

Step 180: If the input counter equals 0, then go to step 182,
otherwise, end.

Step 182: Use sum to calculate the period of the

Start_Of List signals.

184: Reset all input status.

Step 186: Set the status marker for that inlet 1, and the
inlet counter is incremented by one. '

In order to calculate a selecting rate called list-rate, the

outlet port measures the time it takes to send out sum number
of ABR cells on the link. This time depends on the momentary

Constant Bit Rate CBR and Variable Bit Rate VBR traffic there
is on this link. CBR and VBR have priority over ABR cells.
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This time is then used as the interval at which the outlet is
to send Start Of List signals back to the inlets port to
initiate a swap of Next 41 and Current 42 for that outlet in
all schedulers 18. The signal can be sent to the inlet ports
as separate point-to-multipoint cells carried in normal
traffic cells, or sent via a separate communication mecha-
nism. When the signal is carried in a normal traffic cell,
only one bit is required. How to send these signals is well-
known to the person skilled in the art.

Referring back to Figures 2 and 3, in a preferred embodiment
of the invention there is at each inlet a packet transfer
scheduler 18 comprising a gqueue structure Current 42 for each
outlet. The selecting means 20, e.g. a scanner, in each
packet transfer scheduler 18 will select one cell from each
Current 42 in order. If the scanner 20 encounters the last
cell of one Current 42, it will then exclude that list from
the scanning. When a packet transfer scheduler 18 receives a
Start_Of List signal from an outlet port, Next and Current
for that outlet port will be swapped and the scanner will
take cells from the new Current 42. The scanner contains a
list of all Current 42 gueues from which it will currently
take cells. Cells are taken from Current 42 in the order they
appear in the scanning list. When a cell has been taken from
Current 42, the number of this list is put back in the scan-
ning list, unless the cell was the last from Current 42. When
a Start_ Of List signal is received from the one cutlet, the
number of the corresponding Current 42 is put back into the
scanning list.

According to another embodiment each inlet sends out a co-
ordination packet to all other inlets when it has finished
Current 42. It starts with Next 41 only when an inlet has
received such a cell from all other inlets.
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According to yet another embodiment the outlet collects the
co-ordination packets from the inlet, and sends out a
Start Of List signal to all inlets when it has received all
co-ordination packets or, alternatively, the last cell sent
from Current 42 has a marker in its extended header, provided
by the controlling means 31. In this way the bandwidth used
by the co-ordination packets is reduced.

The selecting rate list-rate is calculated by an outlet port
as the inverse of the Start Of List interval and can be used
as the fair share of bandwidth for a specific VCI, adjusted
with its relative weight.

The ABR protocol defines a regular RM cell 60 associated with
each connection. As shown in figure 9, the RM cell 60 con-
tains a field called Explicit Rate ER 61, which tells the end
user at which rate it should send cells into the network. RM
cells are generated by the sender and returned by the
receiver. The ER may be modified by the receiver, and by each
switch it passes on the way back to the sender.

Figure 10 shows how an RM cell 60 is transmitted from a
sender 62 through the switch 2 to a receiver 63 and back
through the switch 2 to the sender 62, or source of the
signal, here shown as a computer sending data through the
telecommunications network via the switch‘ When a backward RM
cell is passing an "inlet port" 8, the port can modify the ER
61 in it by taking the list-rate it is currently using when
sending cells to the outlet port 14 from which this RM cell
60 came, and multiply it with the relative rate.

The ER 61 is only modified if the calculated rate is below
the one already carried in the RM cell 60.
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According to a further embodiment the outlet informs the
inlet about the number of Current 42 per time unit they are
allowed to send, the list~rate, which is the same number for
each inlet.

The switch core contains a limited number of outlet buffers
in order to accept cells from several different inlets
addressed to the same outlet at the same time. When such an
outlet buffer gets filled up, a back pressure signal is sent
from the core so that an inlet port does not send any more
cells to this selected outlet port until the buffer at the

outlet is empty again as is well-known to the person skilled
in the art.

When a cell is to be sent into the core, it may have happened
that a back-pressure signal from the core has been received,
indicating that it is not possible to send the cell to its
destination outlet. In that case, the cell is not sent, and
Current 42, from which the cell arrived, is not put back into
the scanning list until the back-pressure ceases.
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CLAIMS (amended)

1. A method for the scheduled transfer of an information packet (32) through an
information packet switch, from one of a number of inlet ports (8) to one of a
number of outlet ports (14), said method comprising:

a) determining the outlet (14) of the packet (32)

characterized in that for each inlet port (8) the following steps are provided.

b) sorting the information packet into a first queue structure (40) individual for a
specific outlet port (14) by means of a packet transfer scheduler (18) individual for
said inlet port (8) of the packet, said scheduler (18) having at least one queue
structure (40) per outlet port (14) of the packet switch; and

c) selecting at least one packet (32) from the first queue structure (40).

2. Method according to claim 1, characterized by the queue structure (40) having at
least a first substructure (Next 41) and a second substructure (Current 42);

the sorting of the incoming packet (32) being done into the first substructure (Next
41);

the selecting of packets to be sent to the output port being done from the second
substructure (Current 42), and |

swapping said first and second substructures of the first queue structure (40) when
the second substructure (Current 42) is empty and the outlet port is ready to receive

more cells,

3. Method according to claim 2, further comprising the step of sorting the incoming

packet (32) into a second queue structure (50) having one queue per said logical

channel code (VPI/VCI), if packets with the same channel code are currently in the

first substructure (Next 41).
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4. Method according to claim 3, further comprising transferring said first packet
with the same channel code (VPI/VCI) as the packet being transferred from the first
queue structure (40) to the outlet port (14), from the second queue structure (50) to
the first substructure (Next 41) of the first queue structure (40), if there are packets
(32) in the second queue structure (50) with the same channel code (VPI/VCI).

5. Method according to any of claims 1 to 4, characterized in further comprising
the step of counting by means of a counting means (30) having at least one register
per said determined logical channel code (VPI/VCI), each being incremented when
a new packet having its determined logical channel code (VPI/VCI) enters its queue
structure (40, 50) and decremented when a packet with its determined logical

channel code (VPI/VCI) leaves its queue structure.

6. Method according to any of the preceding claims, characterized by sending a
Start Of List signal from each of the outlet ports (14) to all first queue structures
(40) for this outlet port after receiving the packets having the destination through
this port to all the inlet ports to initiate the swap of the first and second
substructures (Next 41 and Current 42) of the first structures (40) for that output
port.

7. Method according to any of the preceding claims, characterized in the further
step of assigning a minimum packet transfer rate (MCR) to each logical channel
(VP/VC), said minimum packét transfer rate (MCR) being used to determine a
maximum value (NCN) of the counting means, and hence the number of packets
(32) to be transferred on a selected logical channel during a predetermined time
period, to allow more than one packet to be sorted into the first substructure (Next
41) for the logical channel code (VPI/VCI) according to the bandwidth of the
logical channel (VP/VC).

8. Method according to any of claims 5 to 7, characterized in that, if the number of

cells (32) in the first queue structure for a certain logical channel equals said

AMENDED SHEET
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maximum value, sorting further incoming cells (32) into the second queue structure

(50) according to the determined logical channel code (VPI/VCI) of said cell (32).

9. Method according to any one of claims 5 to 8, characterized in that a weight is
assigned to each logical channel which defines the relative bandwidth of the logical
channel, and that a cell is sorted from the inlet port or from said second queue
structure (50) into said first queue structure (40), as long as the value of said counter
(30) for the logical channel code (VPI/VCI) of said packet (32) is lower than a

maximum value of said logical channel code (VPI/VCI).

10. Method according to any of the preceding claims, characterized in determining
a selecting rate (list-rate) as the inverse of the time (Start Of List) it takes for said
selected outlet port to send the number (Sum) of cells (32) sorted according to said

selected outlet port in each first queue structure for all packet transfer schedulers

(18).

11. Method according to any one of the preceding claims, characterized in that said
queue structures (41, 42, 50) are dynamically linked lists of cells (32).

12. A packet transfer scheduler for scheduling the transfer of information packets
(32) and for carrying out the method for scheduled transfer of an information packet
(32) through an information packet switch from one of a number of inlet ports (8)
to one of a number of outlet ports (14), comprising

a) means (16) for determining the outlet port (14) and logical channel code
(VPI/VCI) of an incoming packet

characterized in that it comprises for each inlet port (8),

b) a first queue structure (40) for each outlet port (14)

c) means (28) for sorting said packet (32) into said first queue structure (40)

d) means (20) for selecting at least one packet (32) from said first queue structure
(40) to be transmitted to the outlet port (14).

AMENDED SHEET
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13. Packet transfer scheduler according to claim 12, characterized in that the first
queue structure (40) comprises at least a first substructure (Next 41) into which

incoming packets are sorted, and a second queue structure (Current 42) from which

outgoing packets are selected, and further comprising means (20) for swapping said

Current (42) and Next (41) substructures.

14. Packet transfer scheduler according to claim 13, characterized by a second
queue structure (50) having one queue for each logical channel code (VPI/VCI),
into which incoming packets (32) are sorted according to their logical channel code
(VPI/VCI), and means for sorting said packet (32) into the first substructure (Next
41) or said second queue structure (50).

15. Packet transfer scheduler according to claim 14, characterized by means for
transferring a packet (32) from said second queue structure (50) into said first queue
structure (40). )

16. Packet transfer scheduler according to any of claims 12 to 15, characterized by
counting means (30) having at least one register for each logical channel code
(VPI/VCI) for counting the number of packets in the queue structures (40, 50) for
each VPI/VCI, the counting means (30) being incremented when a new packet (32)
enters the queue structures (40, 50) and decremented when a packet leaves the

queue structures (40, 50).

17. Packet transfer scheduler according to any of claims 12 to 16, characterized by
the means (20) for swapping the Current (42) and Next (41) substructures is
triggered by the Start_ Of List signal sent from each outlet port (14) to all inlet ports

(8) simultaneously.

18. Packet transfer scheduler according to any one of claims 12 to 17,
characterized by means (31) for assigning a minimum packet transfer rate (MCR)

to each logical channel, said MCR being used to determine the maximum value
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NCN of the counting means (30) and thus the number of packets to be transferred
on a selected VP/VC during a predetermined time period, to allow more than one
packet to be sorted into the Next (41) substructure for a VPI/VCI according to the
bandwidth of the VP/V C.

19. Packet transfer scheduler according to any of claims 12 to 18, characterized in
that if a calculated packet transfer rate is higher than the predetermined packet
transfer rate (MCR) for said logical channel (VP/VC), i.e. if the value of the
counting means (30) for that VP/VC is higher than the maximum value (NCN) for
that VP/VC, the sorting means sorts a subsequently incoming packet of the same
VP/VC into the second queue structure (50).

20. Packet transfer scheduler according to any one of claims 18 or 19,
characterized by means for assigning a weight to each logical channel (VP/VC),
defining the relative bandwidth of the logical channel, so that packets (32) from the
inlet port or from said second queue structure (50) may be sorted into said first
queue structure (40), as long as the value of said counter (30) for the logical channel
code (VPI/VCI) of said packet (32) is lower than a maximum value of said logical
channel code (VPI/VCI).

21. Packet transfer scheduler according to any one of claims 12 to 20,
characterized by means (31) for determining a selecting rate (list-rate) as the
inverse of the time it takes for said selected outlet port to send the number (Sum) of
packets (32) sorted according to said selected outlet port in each first queue

structure (40) for all packet transfer schedulers (18).
22. Packet transfer scheduler according to any one of claims 12 to 21,

characterized in that said queue structures (41, 42, 50) are dynamically linked lists
of packets (32).
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23. Information packet switch for switching information packets (32), said switch
comprising means (23) for assigning a weight to a logical channel (VP/VC) and a
packet transfer scheduler (18) according to any one of claims 12 to 22 for each inlet

port (8), for scheduling transfer of information packets (32).

24. ATM network comprising at least one ATM switch (2) according to claim 23.

AMENDED SHEET
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