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"Performance  and  implementation  of 4x4 switching nodes in an
interconnection network The present invention relates generally to pac-
for PASM", 1981 int'l. Conf. on Parallel Pro- ket switching devices
employed in multi-pro-    cessing, Aug. 1981, pp. 229-233. cessor and
parallel computer systems, and digi-   5  Several types of data switching
techniques tal communications equipment, and the like,      may be employed
to transfer data in SIMD and and more particularly to packet switching
MIMD computers, and the like, including packet devices which utilize
pluralities of queue sets  switching, message switching, time-division cir-
individually coupled to the input ports thereof  cuit switching or
space-division circuit switch- which are employed to sort and store data
pack-   10  ing. Packet switching involves sending one or ets in order to
reduce output port contention    more words of data at time through the
system. between data packets arriving at the same input   Conventional
packet switching interconnection port.
networks (e.g. EP-A-0014152) have a well- One developing area of computer
technology     known problem involving the speed of trans- involves the
design and development of large-   15   mission of information through the
network. scale, multi-processor-based  distributed and    Conventional
designs have typically employed a parallel computer systems. Typical of
these      single queue coupled to each input port of the classes of
computer systems and architectural    network to store and forward data
packets to all approaches are the single instruction stream,    the output
ports. In the single queue system, a multiple data stream (SIMD) computer
architec-   20   contention problem occurs due to the fact that a ture and
the multiple instruction  stream,       data packet destined for output
port 2, for multiple data stream (MIMD) computer architec-   example, is
blocked from exiting through that ture.
port because a data packet destined for output A SIMD computer typically
comprises a con-     port 1 is physically ahead of it in the queue and trol
unit, N processors, N memory modules and   25   has not yet exited through
port 1. This conten- an interconnection network. The control unit    tion
problem  causes unnecessary delays in broadcasts instructions to all of the
processors,  system throughput. and all active processors execute the same
One packet switching  node design that instruction at the same time. Each
active pro-   attempts to alleviate this problem is disclosed in cessor
executes the instruction on data in its  30  the article "The hybrid cube
network", cited own associated memory module. The inter-         above. The
network of interest is shown in Fig- connection network provides a
communications     ure VI.2 on page 12. This Figure shows a switch facility
for the processors and memory modules.  node comprising two input ports,
each of which A MIMD computer typically comprises N pro-     is coupled
through separate queue selection cessors and N memories, -and each
processor   35  logic to two queues, identified as straight and can execute
an independent instruction stream.   exchange. The outputs of the two
queues of Each of the processors may communicate to        each pair of
queues is coupled through queue any other processor. Similar
interconnection     selection and switch logic to two output ports.
networks may be employed in the MIMD com-        A straight/exchange signal
is included in the puter.                                     40   data
packets processed by the circuit which Various interconnection networks may
be        allows the packets to be gated directly into the employed  to
interconnect processors and        appropriate queue during the transfer
cycle. The memories employed in either type of computer     data packets
are gated through the second system. These interconnection networks include
queue selector and switch to the appropriate delta networks, omega
networks, indirect binary   45   output port by control logic in the
control sec- n-cube networks, flip networks, cube networks    tion. It is
stated that a 4 to 1 multiplexer could and banyan networks, for example.
be employed in place of the second queue The above-cited networks are
discussed in      selector and switch in order to gate the data some detail
in the following publications: "LSI  packets to the appropriate output
port. implementation of modular interconnection net-  so  The operation of
this switch node is some- works for MIMD machines", 1980 Int'l. Conf.
what similar to the operation of the present Parallel. Processing, Aug.
1980, pp. 161-162;   invention. However, as is discussed herein- "Analysis
and simulation of buffered delta net-  below, the structure and operation
of the works", IEEE Trans. Computers, Vol. C-30, pp.    present invention
is different than this switch 273-282, April 1981; "Processor-memory inter-
55   node. A  principal difference between  the connections for
multiprocessors", 6th Annual     straight/exchange switch node and the
present Int'l Symp. Computer Architecture, April 1979,   invention is that
the former connects any queue pp. 168-177; "Design and implementation of
output to any output port and, as will be dis- the banyan interconnection
network in TRAC",     closed below, the latter connects each queue AFIPS
1980 Nat'l. Computer Conf., June 1980,   60   output to eactly one output.
pp. 643-653; "The multistage cube: a versatile    According to the present
invention there is interconnection network", Computer, Vol. 14,
provided a packet switching node for processing pp. 65-76, Dec. 1981; "The
hybrid cube net-      applied data packets containing routing tag work",
Distributed Data Acquisition, Computing   signals indicative of the output
port destination 



and Control Symp., Dec. 1980, pp. 11-22; and   55  to which said data
packets are to be applied, 2    3              EP 0 200 780 B1
4 said packet switching node comprising a plu-      tor logic for use in
the packet switching node of rality of input ports; a plurality of output
ports;  Fig. 3; and means interconnecting said input ports to       Figs.
6a and 8b show a design of a queue for said output ports, characterized in
that said      use in the packet switching node of Fig. 3; means comprises:
5      Figs. 7a and 7b show a design of output a plurality of queue sets
individually coupled   arbitration control logic for use in the packet to
said plurality of input ports, each set compris-  switching node of Fig. 3;
ing a plurality of queues which individually pro-   Figs. 8a and 8b show a
design of output cess and store data packets whose destinations
arbitration data logic for use in the packet are a particular one of said
output ports;   10   switching node of Fig. 3; queue selection logic
coupled between each         Fig. 9 shows a detailed logic diagram of a of
said input ports and the corresponding plu-     modulo 3 counter used in
the queue of Fig. 6; rality of queue sets, for routing applied data
Fig. 10 shows a detailed logic diagram of a packets arriving at said input
port to corre-      modulo 4 up/down counter used in the queue of sponding
ones of said queues in accordance   15   Fig. 6; with said routing tag
signals; and                  Fig. 11 shows a detailed logic diagram of a
output arbitration logic coupled between each    two-to-three demultiplexer
used to implement output port and respective queues of each of      the
read and write decode logic of the queue of said plurality of queue sets
which process data    Fig. 6; packets whose destinations are said output
port  20  Fig. 12 shows a detailed logic of a modulo for applying the data
packets associated with     four up counter used in the priority counter
that output port stored  in each  of said          employed in the output
arbitrator control logic respective queues to that output port in accord-
shown in Fig. 7; and ance with a predetermined priority arbitration
Figs. 13 and 14 show timing diagrams for the scheme.
25   packet switching node of Fig. 3. According to another aspect of the
present         Referring  to  Fig. 1, there is shown  a invention there is
provided a method of pro-      generalized embodiment of a packet switching
cessing applied data packets containing routing    node 20 in accordance
with the principles of the tag signals indicative of the output port
destina-  present invention. The packet switching node 20 tions to which
said data packets are to be   30   comprises a plurality of input ports 21
which are applied in order to route said data packets to    individually
coupled to inputs of a plurality of the appropriate output ports, said
method com-     queue selectors 22. Each of the queue selectors prises the
step of:                               22 has a plurality of outputs which
are indivi- sorting said data packets in accordance with     dually coupled
to separate queues of a corre- said routing tag signals contained therein;
.  35   sponding queue set 23. A plurality of output and is characterised
by:                         ports 25 are individually coupled to outputs of
a storing said sorted data packets in predeter-    plurality of output
arbitrators 24. Each of the mined queues based upon the output port desti-
output arbitrators 24 has a plurality of inputs nation thereof identified
in said routing tag     which are coupled to predetermined outputs of
signals;                                     40   queues contained in each
of the queue sets 23. arbitrating among data packets stored in said     The
packet switching node 20 is adapted to queues which are destined for the
same output      process applied data packets which contain data port; and
words and routing tag signals indicative of the routing the data packets
selected during the     output port destination to which the data pack-
arbitration process from said queues to said  45 eta are to be routed. Each
of the queue selectors output ports identified in said routing tag
22 comprise queue selection logic which is signals.
designed to route applied data packets arriving The various objects and
features of the          at the input port to corresponding ones of the
present invention may be more readily under-      queues in the queue set
coupled thereto in stood with reference to the following detailed   50
accordance with the routing tag signals. Each of description taken in
conjunction with the accom-  the queue selectors 22 has a plurality of
outputs panying  drawings, wherein  like  reference       which correspond
to each of the output ports numerals designate like structural elements,
and  25. Each of these outputs are individually in which:
coupled to one queue of its associated queue Fig. 1 illustrates a
generalized embodiment of   55   set 23. Therefore, each queue set is
adapted to a packet switching node in accordance with the     process data
packets arriving at its input port principles of the present invention;
and destined for any of the output ports 25. Fig. 2 illustrate a four
input, four output       Each of the output arbitrators 24 have a plu-
implementation of the packet switching node of    rality of inputs which
correspond to each of the 



Fig. 1;                                      60   input ports 21. Each
input of a particular output Figs. 3a and 3b show a detailed diagram of
arbitrator is individually coupled to the output of the packet switching
node of Fig. 2;              one queue of each of the queue sets 23 which
Fig. 4 shows a design of a clock generator for   processes data packets
whose destination is the use in the packet switching node of Fig. 3;
output port 25 to which the particular output Figs. 5a and 5b show a design
of queue selec-   55   arbitrator 24 is coupled. Therefore, all input 3
5              EP 0200780 B1                      6 ports 21 are coupled to
all output ports 25. Each of  generates a routing tag signal which is read
by the output arbitrators 24 comprise output arbitra-  the first queue
selector 21 a coupled to input port tion logic which processes data packets
arriving  21a. The data packet is stored in the appropriate from all the
plurality of input ports in order to  queue of the first queue set 23a
which routes data select which of the data packets is to be passed    5
packets to the first ouptut arbitrator 24a for output from the output port
25 coupled thereto. This     port 25a. selection process is performed by a
predeter-       Now let us assume that processor 1 wishes to mined priority
arbitration scheme implemented     store data in memory 2 which is
connected to by the output arbitration logic.                  output port
25b. The appropriate routing tag In particular, the first queue selector
22a has its   10   signal is generated and the data packet enters at
plurality of outputs coupled to respective queues  input port 21a. This
data packet is then placed into of a first queue set 23a. The respective
outputs of  the queue associated with output port 25b and the queues of the
first queue set 23a are coupled  not physically behind the previous data
packet in a one-to-one manner to individual inputs of    whose destination
is memory 1. Hence the each of the output arbitrators 23. Hence, the first
is   second data packet is not blocked from being queue is coupled to the
first output arbitrator 24a,  routed to memory 2 by the first data packet.
the second queue to the second output arbitrator    Accordingly, each of
the queue selectors 21 24b, and so on. Similarly, the second queue set
route data packets destined for different output 23b coupled to the second
queue selector 22b,     ports into different queues of its associated queue
has its queues connected to different inputs of   20   set 23. This reduces
contention between packets each of the output arbitrators 24. The same
at this stage of processing. The only contention connection scheme exists
for all queue selectors  that exists is at an output arbitrator 24, which
and queue sets employed in the packet switching   must decide the order in
which the data packets node 20.
should be processed. This is accomplished by the As shown in Fig. 1, the
packet switching node   25   priority arbitration scheme implemented in the
20 comprises an arbitrary number of input and     output arbitration logic.
output ports 21, 25. Fig. 1 shows the generality of  The particular
priority arbitration scheme the invention by indicating that there may be N
implemented by the output arbitrators 24 may be input ports 21 and M output
ports 25. A specific  one commonly known as a round robin priority
embodiment of this node incorporating four input   30   scheme.
Statistically, this priority scheme gives ports and four output ports is
described herein-  each data packet an equal probability of being below
with reference to Fig. 2.                   selected. However, in certain
'instances, this In operation, and by way of example, the packet  scheme
may be modified by having the output switching node of the present
invention may be    arbitration logic designed such that the packet
employed in a multi-processor computer system,   36   with the highest
priority retains its priority until it such as an instruction flow
computer, or the like.  exits the switching node 20. Also, sooner or later,
Such a computer system comprises a plurality of   every data packet is
given the highest priority. processors and a plurality of memories which
This scheme provides a means by which every may be accessed by any of the
processors. The     data packet is guaranteed service and hence will packet
switching node 20 provides a communica-   40   exit the switching node 20.
The logic associated tions link between the processors and memories.   with
this priority scheme will be discussed in Assume that processor 1 is
connected to input   more detail with respect to Fig. 7 hereinbelow. port
21a and memory 1 is connected to output        Both the queue selectors 22
and the output port 25a. For example, processor 1 wishes to
arbitrators 24 are adapted to implement a pre- store data in memory 1.
Processor 1 generates a   45   determined handshaking protocol. This
protocol routing tag signal indicating the destination     is required in
order that no data is lost during the (memory 1) which is part of the data
packet. The  transmission cycle through the node 20. Hand- data packet
enters the packet switching node 20 at  shaking protocols are well known in
the computer input port 21 a. The first queue selector 22a reads  art and
will not be discussed in detail herein. the routing tag signal and the
logic circuits therein   50   However, the logic that implements the
protocol places the data packet in a queue of the first    in both the
queue selectors 22 and output arbit- queue set 23a which routes the data
packets to    rators 24 will be discussed in some detail with the first
output arbitrator 24a coupled to output  reference to Figs. 5 and 7
hereinbelow. This port 25a. This data packet is then passed to
handshaking protocol feature of the present 



memory port 1 based upon the priority arbitration   ss   invention allows
multistage interconnection net- scheme implemented by the output
arbitration      works to be designed utilizing the switching node logic.
as building blocks. The packet switching node 20 is designed to
Referring now to Fig. 2, a four input, four output reduce contention
between data packets pro-       implementation of the packet switching node
of cessed by it. To better understand how the packet   60   Fig. 1 is
shown. This packet switching node 20 switching node 20 reduces contention,
assume      comprises four input ports 21, four queue selec- that several
processing cycles have occurred and  tors 22, four queue sets 23, four
output arbitrators that most of the queues in each queue set 23 have  24
and four output ports 25. Each of the queue data packets stored therein.
Again consider that  sets 23 comprise four queues which are coupled
processor 1 wishes to store data in memory 1. It  65   between outputs of
their repsective queue selec- 4    7              EP 0 200780  B1
8 tors 22 and the inputs of each of the four output  plexer 42. If the
selected queue is not full, indi- arbitrators 24.
cated by FULLI from the i-th queue, then the one- Referring to Fig. 3, a
detailed block diagram of  to-four demultiplexer 42 is enabled and a GRANT
the packet switching node 20 of Fig. 2 is shown.  signal is produced by the
grant generation logic Fig. 3 is comprised of Figs. 3a and 3b, which    5
41. If the selected queue is full, then no GRANT should be placed adjacent
to each other to obtain  signal is given. the complete drawing. This node
comprises input     Fig. 6 is comprised of Figs. 6a and 6b and ports 21a-d,
queue selectors 22a-d, queue sets    should be joined in a manner similar
to Fig. 3 in 23a-d comprised of four queues 23a-1 to 23a-4,     order to
obtain the complete drawing. Fig. 6 etc., four output arbitrators 24a-d and
four out-   10  illustrates the design of each queue shown in Fig. put
ports 25a-d. In addition, a clock generator 26  3. Three data packets may
be stored in storage is coupled to the various components of the node
registers 50a-c. The remainder of the logic con- 20. Each of the components
are shown illustrating  trols the operation of the queue. This logic is the
signal lines connected to other components of  comprised of a back pointer
52 coupled to a write switching node 20. Each of the four queue selec-   15
decoder 53, and a front pointer 54 coupled to a tors 22 is shown as an
individual block. Each      read decoder 55. These components are coupled
queue of a particular queue set 23 is shown as an  to an eight-input
multiplexer 51, a status counter individual block. Each output arbitrator
24 is    56 which is coupled to a status decoder 57, shown as two blocks
comprising data logic 24a-1   counter enable logic 58, and timing
flip-flops 59. to 24d-1 and control logic 24a-2 to 24d-2.   20     Each
queue, for example queue 23a-1, operates Each of the components comprising
the packet     as follows. Data packets are received at the back switching
node 20 of Fig. 3 are illustrated in detail  of the queue from the
one-to-four demultiplexer in Figs. 4 through 8. A detailed discussion of
the  42 in the queue selector 22. If the queue 23a-1 is design and
construction of these circuits will be  not full, as indicated by the
status decoder 57, a dispensed with due to the straightforward design   25
data packet will be written into one of the regis- thereof. However,
components whose design or      ters 50 pointed to by the back pointer 52.
The operation is not well known will be described in  selected register 50
is enabled by the write detail. It is to be understood that these circuits
are  decoder 53 during the transfer phase signaled by illustrative of but a
few of the many possible logic  the XFERO clock. Upon receipt of the next
circuits which implement the desired logic equa-   30   request, the back
pointer is incremented if tions and decision-making algorithms embodied
enabled by the timing flip-flop 59b which controls therein.
the increment operation. A write clock pulse sent Fig. 4 illustrates the
design of a clock generator  to the write decoder 53 is terminated by the
26 for use in the packet switching node 20 of Fig.  timing flip-flop 59a.
It is to be pointed out that this 3. The various input and output lines and
signal   35   timing flip-flop is only needed if the registers 50
identifications delineated in Fig. 4 correspond to  are level triggered. It
may be removed from the signal lines identified in Fig. 3 described above
circuitry if they are edge triggered. and Figs. 5 through 8. The clock
generator 26 is    Each time a data packet is received, the status
comprised of a divide-by-three counter 34          counter 56 is
incremented. Each time a data coupled to a decoder 32 and a reset flip-flop
31.   40   packet is transmitted, the status counter 56 is The
divide-by-three counter 34 is comprised of     decremented. The operation
performed is deter- flip-flops 30, feedback gates 33 and buffers 35. In
mined by the counter enable logic 58 which operation, the counter 34
generates clock signal   examines an increment back INCBACK signal outputs
in the sequence 00,01, 10,00 ..... These   from the queue selector 22 and
the increment signals are converted into three clock phases,   45   front
INCFRONY signal from the output arbitrator REQO, GRAO and XFERO by the
decoder 32. The       24. If the status counter 56 is 00, then the status
reset flip-flop 31 synchronizes the MASTER        decode logic 57 indicates
the empty state and if RESET signal with the clock signal to produce a
the status counter 56 is 11, then the status synchronous RESET signal for
the system.           decoder logic 57 indicates the full state. 



Fig. 5 is comprised of Figs. 5a and 5b, which   50  Whenever the status
decoder 57 indicates that should be joined to form the complete drawing,
the queue is not empty, a signal is sent to the as illustrated with
reference to Fig. 3 above. Fig. 5  output arbitrator 24 which requests to
output a illustrates the design of queue selector logic    data packet from
the front of the queue to the associated with each of the queue selectors
22 of  corresponding output port 25. If the output arbit- Fig. 3. Again,
each of the signal lines is identified   55   rator 24 selects this queue
and the data packet is and corresponds to the signal lines of the other
transmitted, then the INCFRONT signal will be components illustrated in
Figs. 4 through 8. The   activated and during the transfer phase the front
queue selector logic comprises a tag decoder 40,   pointer 54 will be
incremented. The read decoder grant generation logic 41 and an eight-input,
one-  55 decodes the signals from the front pointer 54 f           to-four
demultiplexer 42. In operation, this logic   60   and enables the output
from the selected register receives a request signal, two tag bits and
eight  50 to appear at the front of the queue using the 8- data bits at the
beginning of the REQO clock which  input multiplexer 51. comprises the
request phase. The tag signals are    The output arbitrator control logic
24a-2 is decoded by the tag decoder 40 which selects one    shown in Fig.
7. Fig. 7 is comprised of Figs. 7a and of the four queues using the
one-to-four demulti-   65   7b, which should be joined to obtain the com- 5
9              EP 0200780  BI                     10 [err] drawing as
indicated with reference to Fig.  performed by the queue selectors. The
second 3 above. Each of the circuits comprising the      step involves
storing the data packets in predeter- output arbitrator control logic 24a-c
is com-    mined queues associated with respective ones of prised of
arbitration logic 60, incfront generation  each of the output ports in
accordance with the logic 61, priority counter 62 and priority counter    5
routing tag signals. enable logic 63. In operation, the arbitration logic
The next step comprises arbitrating, or select- 80 can receive requests
from a total of four     ing, among data packets that have been stored in
queues by way of "not empty" signals to transmit  the queues that contend
for the same output port a packet from the corresponding output port 25.
The arbitration process is performed by the out- One queue is selected
according to the priority   10   put arbitrators. The final step involves
applying, indicated by the priority counter 62 and a request  or routing,
the selected data packet to the output out signal is output therefrom. The
priority      port identified in the routing tag signal. This final counter
62 is incremented and thus the priority   step is also performed by the
output arbitrators. changes if a signal is received from the priority
Thus, there has been described a new and counter enable logic 63. Such a
signal is produced   15  improved packet switching node which may be only
if the data packet with highest priority is  employed as a switch node in a
multi-processor transmitted, which is indicated by the receipt of a  or
parallel computer application. The packet grant in signal. The incfront
generation logic 61  switching node eliminates the problem of conten- sends
a signal to increment the front pointer of  tion between data packets
arriving at an input the selected queue if a grant in signal has been   20
port of the node whose destinations are different received. The output of
the arbitration logic 60    output ports. The packet switching node sorts
controls the output arbitrator data logic 24a-1.  applied data packets
according to output port The output arbitrator data logic 24a-1 is shown in
destination utilizing a plurality of queues coupled Fig. 8 and is comprised
of an eight-input four-to-  to each input port in order to reduce
contention. one multiplexer which connects the selected   25   The present
invention also provides for packet queue to this output port 25. Fig. 8 is
comprised of  switching node which has improved performance Figs. Sa and 8b
and should be joined as indicated  and higher throughput. The present
invention hereinabove with reference to Fig. 3 to obtain the  also provides
for a data processing method for completed drawing.
use in packet switching nodes which operates to Fig. 9 shows the detailed
logic diagram of a   30   reduce contention and increase system through-
modulo three counter used to implement the back   put. pointer 52 and front
pointer 54 in the queue 23    It is to be understood that the
above-described shown in Fig. 6. Fig. 10 shows the detailed logic
embodiments are merely illustrative of some of diagram of the modulo four
up/down counter 56    the many specific embodiments which represent in the
queue 23 shown in Fig. 6. Fig. 11 shows the   35   applications of the
principles of the present inven- detailed logic diagram of a two-to-three
demulti-  tion. Clearly, numerous and varied other arrange- plexer used to
implement the write decode logic   ments may be readily devised by those
skilled in 53 and read decode logic 55 in the queue 23 in Fig.  the art
without departing, from the spirit and 6. Fig. 12 shows the detailed logic
of a modulo   scope of the invention. In particular, interconnec- four
up-counter used to implement the priority   40   tion networks employing
the present invention counter 62 in the output arbitrator control logic
may be used to connect telephone systems that 24a-2 shown in Fig. 7.
communicate both data and voice information by Figs. 13 and 14 show timing
diagrams for the      way of data packets. packet switching node of Fig. 3.
Fig. 13 shows the 



worst case timing analysis, when the queue is   45   Claims empty, and it
accepts and transmits one data packet. Fig. 14 shows the worst case timing
1. A packet switching node for processing analysis when the queue has two
data packets      applied data packets containing routing tag stored
therein and it accepts one data packet,    signals indicative of the output
port destination to becomes full, and then transfers one data packet.  so
which said data packets are to be applied, said The dashed lines indicate
the soonest time that   packet switching node comprising: the particular
signal could appear. The arrows are  a plurality of input ports (21);
routed to events that occur in response to the      a plurality of output
ports (25); happening of the event from which the arrows        and means
interconnecting said input ports to eminate.
55   said output ports, characterised in that said The present invention
also contemplates a       means comprises: method of processing applied
data packets con-      a plurality of queue sets (23) individually taining
routing tag signals indicative of the output  coupled to said plurality of
input ports, each set port destinations to which the data packets are to
comprising a plurality of queues which indivi- be applied. The method
processes the data pack-   60   dually process and store data packets whose
ets in order to route them to the appropriate     destinations are a
particular one of said output output ports.
ports; The method comprising the steps of sorting the    queue selection
logic (22) coupled between data packets in accordance with the routing tag
each of said input ports and the corresponding signals contained therein.
The sorting function is   65   plurality of queue sets, for routing applied
data    9              EP 0200780  B1                    10 [err] drawing
as indicated with reference to Fig.  performed by the queue selectors. The
second 3 above. Each of the circuits comprising the      step involves
storing the data packets in predeter- output arbitrator control logic 24a-c
is corn-    mined queues associated with respective ones of prised of
arbitration logic 60, incfront generation  each of the output ports in
accordance with the logic 61, priority counter 62 and priority counter    5
routing tag signals. enable logic 63. In operation, the arbitration logic
The next step comprises arbitrating, or select- 60 can receive requests
from a total of four     ing, among data packets that have been stored in
queues by way of "not empty" signals to transmit  the queues that contend
for the same output port. a packet from the corresponding output port 25.
The arbitration process is performed by the out- One queue is selected
according to the priority   to   put arbitrators. The final step involves
applying, indicated by the priority counter 62 and a request  or routing,
the selected data packet to the output out signal is output therefrom. The
priority      port identified in the routing tag signal. This final counter
62 is incremented and thus the priority  step is also performed by the
output arbitrators. changes if a signal is received from the priority
Thus, there has been described a new and counter enable logic 63. Such a
signal is produced   15  improved packet switching node which may be only
if the data packet with highest priority is  employed as a switch node in a
multi-processor transmitted, which is indicated by the receipt of a  or
parallel computer application. The packet grant in signal. The incfront
generation logic 61  switching node eliminates the problem of conten- sends
a signal to increment the front pointer of  tion between data packets
arriving at an input the selected queue if a grant in signal has been   20
port of the node whose destinations are different eceived. The output of
the arbitration logic 60  output ports. The packet switching node sorts
controls the output arbitrator data logic 24a-1.  applied data packets
according to output port The output arbitrator data logic 24a-1 is shown in
destination utilizing a plurality of queues coupled Fig. 8 and is comprised
of an eight-input four-to-  to each input port in order to reduce
contention. one multiplexer which connects the selected   25   The present
invention also provides for packet queue to this output port 25. Fig. 8 is
comprised of  switching node which has improved performance Figs. Ba and 8b
and should be joined as indicated  and higher throughput. The present
invention hereinabove with reference to Fig. 3 to obtain the  also provides
for a data processing method for completed drawing.
use in packet switching nodes which operates to Fig. 9 shows the detailed
logic diagram of a   30   reduce contention and increase system through-
modulo three counter used to implement the back   put. pointer 52 and front
pointer 54 in the queue 23    It is to be understood that the
above-described shown in Fig. 6. Fig. 10 shows the detailed logic
embodiments are merely illustrative of some of diagram of the modulo four
up/down counter 56    the many specific embodiments which represent in the
queue 23 shown in Fig. 6. Fig. 11 shows the   35   applications of the
principles of the present inven- detailed logic diagram of a two-to-three
demulti-  tion. Clearly, numerous and varied other arrange- plexer used to
implement the write decode logic   ments may be readily devised by those
skilled in 53 and read decode logic 55 in the queue 23 in Fig.  the art
without departing from the spirit and 6. Fig. 12 shows the detailed logic
of a modulo  scope of the invention. In particular, interconnec- four
up-counter used to implement the priority   40  tion networks employing the
present invention 



counter 62 in the output arbitrator control logic  may be used to connect
telephone systems that 24a-2 shown in Fig. 7.
communicate both data and voice information by Figs. 13 and 14 show timing
diagrams for the     way of data packets. packet switching node of Fig. 3.
Fig. 13 shows the worst case timing analysis, when the queue is   45
Claims empty, and it accepts and transmits one data packet. Fig. 14 shows
the worst case timing        1. A packet switching node for processing
analysis when the queue has two data packets      applied data packets
containing routing tag stored therein and it accepts one data packet,
signals indicative of the output port destination to becomes full, and then
transfers one data packet.  50   which said data packets are to be applied,
said The dashed lines indicate the soonest time that   packet switching
node comprising: the particular signal could appear. The arrows are  a
plurality of input ports (21); routed to events that occur in response to
the     a plurality of output. ports (25); happening of the event from
which the arrows       and means interconnecting said input ports to
eminate.                                    55   said output ports,
characterised in that said The present invention also contemplates a
means comprises: method of processing applied data packets con-     a
plurality of queue sets (23) individually taining routing tag signals
indicative of the output  coupled to said plurality of input ports, each
set port destinations to which the data packets are to  comprising a
plurality of queues which indivi- be applied. The method processes the data
pack-   60   dually process and store data packets whose ets in order to
route them to the appropriate     destinations are a particular one of said
output output ports.                                     ports; The method
comprising the steps of sorting the    queue selection logic (22) coupled
between data packets in accordance with the routing tag   each of said
input ports and the corresponding signals contained therein. The sorting
function is   65   plurality of queue sets, for routing applied data 6
11          EP 0200780  B1                     12 packets arriving at said
input port to corre-     nale sind zum Anlegen der Datenpakete, welche
sponding ones of said queues in accordance with   verbunden sind mit dem
Ausgangskanal, welcher said routing tag signals; and                    in
jedem einzelnen der jeweiligen Warteschlan- output arbitration logic (24)
coupled between   gen gespeichert ist, an den Ausgangskanal in each output
port and respective queues of each of   5    Ubereinstimmung mit einem
vorherbestimmten said plurality of queue sets which process data
Prioritatsentscheidungsschema. packets whose destinations are said output
port     2. Ein Steuerungsverfahren angewendet auf for applying the data
packets associated with that  Datenpakete, welche  Wegermittlungskennzei-
output port stored in each of said respective     chen aufweisen, die die
Ausgangskanalbestim- queues to that output port in accordance with a    to
mungen (25) anzeigean, an welche die Datenpa- predetermined priority
arbitration scheme.        kete anzulegen sind, um die Datenpakete an die
2. A method of processing applied data packets  zugehorigen Ausgangskanale
zu leiten, wobei das containing routing tag signals indicative of the
Verfahren den Schritt des Sortierens der Datenpa- output port destinations
(25) to which said data  kete  in  Obereinstimmung  mit den  darin packets
are to be applied in order to route said   i5   enthaltenen
Wegermittlungskennzeichensignalen data packets to the appropriate output
ports, said  aufweist: method comprising the step of:
und gekennzeichnet ist durch: sorting said data packets in accordance with
Speichern der sortierten Datenpakete in vorher- said routing tag signals
contained therein;        bestimmten Warteschlangen, welche auf der Aus-
and being characterised by:                20   gangskanalbestimmung davon
basieren, identifi- storing said sorted data packets in predeter-   ziert
in den Wegermittlungskennzeichensignalen; mined queues based upon the
output port desti-       Entscheiden unter den Datenpaketen, welche in
nation thereof identified in said routing tag     den Warteschlangen
gespeichert sind, die fOr den signals;
gleichen Ausgangskanal bestimmt sind; und arbitrating among data packets
stored in said   25  Leitung der Datenpakete, welche wahrend des queues
which are destined for the same output     Entschodungsprozesses ausgewahit
wurden, von port; and                                         den
Wateschlangen an die Ausgangskanale, routing the data packets selected
during the    welche identifizert sind in den Wegermittlungs- arbitration
process from said queues to said      kennzeichensignalen. output ports
identified in said routing tag signals.   30 Revendications
Patentmnsprfuche 1. Noeud de commutation de paquets pour 1. En
Paketvermittlungsknoten zur Aufberei-     traitor des paquets de donn6es
appliqu6s conte- tung arigelegter Datenpakete, welche Wegermitt-   35
nant des signaux d'etiquettes d'acheminement 



lungskennzeichonsignale aufweisen, die die AuG-  indiquant la sortie de
destination a laquelle les gangskanalbestimmung anzeigen, an welche die
paquets de donnees doivent etre appliques, corn- Datenpakete anzulegen
sind, wobei der Paketver-   prenant: mittlungsknoten aufweist:
-une pluralite d'entr6es (21); eine Mehrzahl von Eingangskanalen (21);   40
-une pluralite de sorties (25); et eine Mehrzahl von Ausgangskanalen (25);
-des moyens interconnectant les entrees (21) und Mittel zur Verbindung der
Eingangskanale    avec les sorties (25), caracteris6 en ce quo ces mit den
Ausgangskanalen, dadurch gekennzeich-     moyens d'interconnexion
comprennent: net, dag die Mittel aufweisen:                     -une
pluralite d'ensembles de files d'attente eine Mehrzahl von
Warteschlangensystemen    4s   (23) reliees individuellement A la pluralite
d'en- (23), welche individuell gekoppelt sind an die   tress (21), chacun
de ces ensembles comprenant Mehrzahl der Eingangskanale, wobei jades
une pluralit6 de files d'attente qui traitent et System eine Mehrzahl von
Warteschlangen auf-      memorisent individuellement les paquets de don-
weist, welche individuelle Datenpakete aufberei-  n6es dont les
destinations sont une sortie deter- ten und speichern, deren Bestimmungen
einzolne   50   min6e parmi les sorties (25); der Ausgangskanale sind;
-une logique de s6lection de file d'attente (22) eine
Warteschlangenselektionslogik  (22),     inserde entre chacune des entr6es
(21) et la welche gekoppelt ist zwischen jedem der Ein-      pluralite
correspondante d'ensembles de files gangskanile und der entsprechenden
Mehrzahl       d'attente pour aiguiller les paquets de donn6es von
Warteschlangensystemen zur Wegbestim-   ss   appliques arrivant a une
entree (21) vers les files mung der angelegten Datenpakete, welche an
d'attente correspondantes parmi lesdites files dem Eingangskanal ankommen,
nach den ant-         d'attente conformement aux signaux d'tiquettes
sprechenden Warteschlangen gem3B der Weger-       d'acheminement; et
mittiungskennzeichensignale; und                   -une logique d'arbitrage
de sortie (24) ins6r6e eine Ausgangsentscheidungslogik (24), welche   60
entre chaque sortie et les files d'attente respec- gekoppelt ist zwischen
jedem einzelnen Aus-      tives de chacun des ensembles de files d'attente
gangskanal und den entsprechenden Warts-          de ladite pluralit6
d'ensembles de files d'attente schlangen jeder einzelnen der Mehrzahl von
War-  (23) qui traitent les paquets de donn6es dont les
teschlangensystemen, welche Datenpakete auf-      destinations sont ladite
sortie (25) pour appliquer bereiten, deren Bestimmungen die Ausgangska-
65  les paquets de donn6es associes a cette sortie 7    13              EP
0200 780 B1                     14 memoris6s dans chacune desdites files
d'at-          caracterise en ce qu'il comprend en outre tente respectives,
A cette sortie conform6-        les 6tapes consistant a. ment A un plan
d6termin6 d'arbitrage des             -m6moriser les paquets de donnees
tri6s priorites.                                         dans  des files
d'attente  d6termin6es (23) 2. Procede de traitement de paquets de    5
selon la sortie de destination (25) de ces donnees appliqu6s contenant des
signaux            paquets  de  donn~es  identifiee  dans  les d'6tiquettes
d'acheminement  indiquant  les       signaux d'etiquettes d'acheminement;
sorties de destination  (25) auxquelles ces          -arbitrer les paquets
de donn6es m6mo- paquets de donn6es doivent etre appliques          rises
dans les files d'attente (23), qui sont pour les aiguiller vers les sorties
appro-   10   destin6s A la meme sortie (25); et pri6es,  comprenant  une
premibre  6tape            -aiguiller les paquets de donn6es s6lec-
consistant a:                                      tionnes. pendant le
processus d'arbitrage, des -trier lesdits paquets de donn6es confor-
files d'attente (23) aux sorties (25) identifiees m6ment aux signaux
d'etiquettes d'achemine-        dans  les signaux  d'etiquettes
d'achemine- ment qu'ils contiennent;                     15   ment. 20 25
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