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Several types of data switching techniques may be employed to transfer data
in SIMD and MIMD Background of the disclosure
computers, and the like, including packet switch- The present invention
relates generally to      ing, message switching, time-division circuit
packet switching nodes employed in multi--    5    switching or
space-division circuit switching. processor and parallel computer systems,
and the  Packet switching involves sending one or more like, and more
particularly to a load balancing   words of data at time through the
system. circuit arrangement for use in such a packet        A multiple
queue packet switching node is switching nodes which redistributes incoming
described in a presently copending  patent data packets to its output ports
for more efficient   to   application entitled "Packet Switched Multiple
processing.                                       Queue NxM  Switch  Node
and Processing One developing area of computer technology       Method,"
invented by R. J. McMillen, and involves the design and development of
large-     assigned to the assignee of the present invention scale,
multi-processor-based  distributed  and    (EP-A-0200780). This patent
application dis- parallel computer systems. Typical of these   15   closes
a packet switching node which processes classes of computer systems and
architectural     applied data packets containing routing tag approaches
are the single instruction stream,     signals indicative of the output
port destination to multiple data stream (SIMD) computer architec-    which
the data packets are to be applied and ture and the multiple instruction
stream, multiple  transfers these packets to those output ports. data
stream (MIMD) computer architecture.   20      The packet switching node
comprises a A SIMD computer typically comprises a control    plurality of
input ports and a plurality of output unit, N processors, N memory modules
and an       ports. A plurality of queue selectors are indivi-
interconnection network. The control unit broad-   dually coupled to
corresponding ones of the casts instructions to all of the processors, and
all  plurality of input ports. Each of the plurality of active processors
execute the same instruction at   25   queue selectors are adapted to route
data packets the same time. Each active processor executes     applied to
each of the input ports in accordance the instruction on data in its own
associated     with the output port destination of the data memory module.
The interconnection network        packets. provides a communications
facility for the pro-     A plurality of queue sets are individually
cessors and memory modules.                  30   coupled to corresponding
ones of the plurality of A MIMD computer typically comprises N pro-
queue selectors. Each of the queue sets comprise cessors and N memories,
and each processor can    a plurality of queues for storing and forwarding
execute an independent instruction stream. Each   data packets applied
thereto as a function of of the processors may communicate to any other
output port destination. A plurality of output processor. Similar
interconnection networks may   35   arbitrators are individually coupled
between be employed in the MIMD computer.                 corresponding
ones of the plurality of output Various interconnection networks may be
ports and the respective queue of each of the employed  to  interconnect
processors  and        queue sets which store and forward data packets
memories employed in either type of computer      whose destinations are
the corresponding output system. These interconnection networks include
40   port. The output arbitrators are adapted to trans- delta
networks,.omega networks, indirect binary   fer the data packets stored in
the queues to the n-cube networks, flip- networks, cube networks
corresponding output port in accordance with a and banyan networks, for
example.                 predetermined priority arbitration scheme. The
above-cited networks are discussd in some     Another related presently
co-pending patent [err] in  the following  publications: "LSI   45
application is entitled "Packet Switched Multiport implementation of
modular interconnection net-    Memory NxM  Switch Node and Processing
works for MIMD machines," 1980 Int'l. Conf.       Method", invented by R.
J. McMillen and A. Parallel Processing, Aug. 1980, pp. 161-162;
Rosman, and assigned to the assignee of the "Analysis and simulation of
buffered delta net-   present invention (EP-A-0198010). This packet works,"
IEEE Trans. Computers, Vol. C-30, pp.   50   switching node processes
applied data packets 273-282, April 1981; "Processor-memory inter-
containing routing tag signals indicative of the connections for
multiprocessors," 6th Annual      output port destination to which the data
packets Int'l. Symp. Computer Architecture, April 1979,   are to be
applied. The packet switching node pp. 168-177; "Design and implementation
of the    comprises a plurality of input ports and output banyan
interconnection network in TRAC," AFIPS   55   ports with a multiport
memory coupled there- 1980 Nat'l. Computer Conf, June 1980, pp.
between. The memory has a predetermined 643-653; "The multistage cube: a
versatile inter-  number of memory locations available for connection
network," Computer, Vol. 14; pp.       storage of data packets applied to
each of the 65-76, Dec. 1981; "The hybrid cube network,"      input ports.
Control logic is coupled to the input Distributed Data Acquisition,
Computing and   60   and output ports and the multiport memory Control
Symp., Dec. 1980, pp. 11-22; and "Per-    which controls the storage of
data packets in the formance and implementation of 4x4 switching
memory. The control logic also controls the rout- nodes in an
interconnection network for PASM,"    ing of the data packets to the output
ports in 1981, Int' Conf. on Parallel Processing, Aug. 1981,  accordance
with the routing tag signals. pp. 229-223.
65    In general, this invention comprises an NxM 



2    3              EP 0197103 B1                       4 switch node that
accepts data packets at any of N  put port destinations to which said data
packets input ports and routes each to any of M output     are addressed,
wherein tag selection means are ports. The output selected is determined by
the    provided for selectively replacing the routing tag routing tag
signal in the packet. The control logic  signals of said applied data
packets with modi- is designed so that the data packets are effec-    5
fled new routing tag signals in order to redistri- tively sorted according
to their desired output    bute and balance the output port load, charac-
port destination. Arbitration logic randomly, in a  terised in that said
switching node comprises a statistical sense, chooses among any data pack-
multiport memory and control logic coupled ets that are directed to the
same output port. The  thereto for routing applied data packets in
algorithm implemented by the arbitration logic is   10   accordance with
the output port destination designed so that data packets will not wait
indefi-  thereof, and wherein said load balancing circuit nitely to be
routed from the switch node.          arrangement comprises: However,
although  both of these nodes             a) a minimum index circuit
coupled to said improve upon the performance and throughput        control
logic for monitoring the output port of conventional packet switching
designs, their   15   addresses of said applied data packets and the
performance can be improved. An example will       number of data packets
addressed to each of illustrate a typical problem. Assume that pro-
said output ports, and for generating new rout- cessor 1 applies data
packets to input port 1.    ing tag signals; Assume that all output ports
of the node are         b) an adder circuit coupled to said minimum
connected to identical execution units. Processor   20   index circuit for
combining said new routing tag 1 assigns routing tag signals to each of the
data  signals with offset signals which modify said packets transmitted
thereby. If processor 1 con-   new routing tag signals in order to
implement a tinually assigns routing  tag  signals corre-
predetermined output port priority scheme; sponding to output port 1, for
example, then the    said tag selection means being coupled to said
remaining output ports are not used, and the   25   adder circuit and said
control logic. execution units connected thereto are not used.     In
accordance with a third aspect of the inven- This clearly lessens the
efficiency of the node.   tion, there is provided a load balancing circuit
arrangement for use with a packet switching Summary of the invention
node that processes applied data packets con- In order to overcome the
limitations of prior art   30   taining routing tag signals indicative of
the out- switching node designs, the present invention      put port
destinations to which said data packets provides for a load balancing
circuit arrangement  are addressed, wherein said switching node that
improves the efficiency and performance of    comprises queue selection
logic coupled to a existing packet switching nodes.
plurality of queues for routing applied data pack- In accordance with a
first aspect of the inven-   35   ets in accordance with the output port
destina- tion there is provided a load balancing circuit   tion thereof,
and wherein tag selection means arrangement for use with a packet switching
are provided for selectively replacing the routing node that processes
applied data packets that     tag signals of said applied data packets with
the contain routing tag signals indicative of the out-  modified new
routing tag signals in order to put port destinations to which said data
packets   40   redistribute and balance the output port load, are
addressed, wherein tag selection means are     characterised in that said
load balancing circuit provided for selectively replacing the routing tag
arrangement additionally comprises: signals of said applied data packets
with modi-     a) a minimum index circuit coupled to said fied new routing
tag signals in order to redistri-  plurality of queues for monitoring the
number of bute and balance the output port load, charac-   45   data
packets addressed to each of said output terised in that said load
balancing arrangement    ports, and for generating new  routing tag
additionally comprises:                           signals; a) a minimum
index circuit coupled to said         b) an adder circuit coupled to said
minimum packet switching node for monitoring the output   index circuit for
combining said new routing tag port addresses of said applied data packets
and   50   signals with offset signals which modify said the number of data
packets addressed to each of    new routing tag signals in order to
implement a said output ports, and for generating new rout-
predetermined output port priority scheme; and ing tag signals; and
said tag selection means being coupled to said b) an adder circuit coupled
to said minimum      adder circuit and said queue selection logic. index
circuit for combining said new routing tag   55  A switching node employing
the load balanc- signals with offset signals which modify said     ing
circuit arrangement of the present invention new routing tag signals in
order to implement a    may be used to construct multistage inter-
predetermined output port priority scheme;         connection  networks
which  have  several said tag selection means being coupled to said
capabilities. The first has the ability to distribute adder circuit and
said packet switching node.  60   incoming data packets over a pool of
shared In accordance with a second aspect of the        resources. These
resources are typically identical invention, there is provided a load
balancing     execution or memory units connected to the 



circuit arrangement for use with a switching       output ports of the
node. The second employs an node that processes applied data packets con-
extra node stage at the input of the network. taining routing tag signals
indicative of the out-   65   Enabling the load balancing circuit in the
switch 3    5              EP 0197103 B1                       6 nodes of
the newly added stage balances the load   set 23. The queue selector 24 is
adapted to route throughout the entire multistage network.          applied
data packets arriving at the input port 22 Although the present invention
is discussed      to corresponding ones of the queues in accord- with
reference to its use with computer systems    ance with the addresses
contained in the routing and architectures, it is not limited to this
applica-    5    tag signals. tion. The present invention may also be used
in      An output arbitrator 25 is coupled between applications involving
the communications field.   each output port and respective queues of the
In particular, interconnection networks employing  queue set. The output
arbitrator 25 processes the present invention may be used to connect
data packets whose destinations are the output telephone systems that
communicate both data   10   port coupled thereto and applies the data
packets and voice information by way of data packets.      stored in each
of the respective queues to that output port in accordance with a
predetermined Brief description of the drawings                  priority
arbitration scheme. The various objects and features of the present    A
more detailed description of the basic invention may be more readily
understood with   is   multiple queue packet switching node 21 is pro-
reference to the following detailed description    vided in the presently
copending application taken in conjunction with the accompanying
entitled "Packet Switched Multiple Queue NxM drawings, wherein like
reference numerals desig-   Switch Node and Processing Method," cited nate
like structural elements, and in which:       hereinabove. This patent
application is incor- Fig. 1 illustrates a block diagram of an embodi-   20
porated herein by this reference. ment of a load balancing circuit in
accordance      The load balancing circuit arrangement 20 is with the
principles of the present invention incor-  coupled between each of the
queues of the queue porated into one channel of a multiple-queue       set
23 and the queue selector 24. The load packet switching node;
balancing circuit arrangement 20 monitors the Fig. 2 illustrates a more
detailed block diagram    25   number of data packets stored in each of the
of the load balancing circuit of Fig. 1;           queues. The load
balancing circuit arrangement Figs 3a and 3b comprise a detailed schematic
of  20 provides input signals to the queue selector 24 the logic contained
in the minimum index circuit   which replace the routing tag signals of the
data of the load balancing circuit of Fig. 2;           packets currently
being processed. These input Figs. 4a, 4b, and 4c show detailed schematics
30   signals are representative of the queue in the illustrating the logic
contained in the modulo four  queue set 23 which has the fewest packets
stored adder of the load balancing circuit of Fig. 2 for  therein. three
priority conditions;                           The load balancing circuit
arrangement 20 com- Figs. 5a and b comprise a detailed block dia-    prises
a load balancing circuit 28 coupled to the gram of a multiport memory
packet switching   35   queues 23 of the packet switching node 21. The node
without load balancing;                       load balancing circuit 28
monitors the number of Fig. 6 illustrates the load balancing circuit of the
data packets addressed to each of the output present invention coupled to
one channel of the    ports 26 by examining the number of packets in
multiport memory packet switching node of Fig.    the queue 23 associated
with each output port 26. 5; and                                       40
The load balancing circuit 28 is adapted to gener- Fig. 7 illustrates a
minimum index circuit for use  ate new routing tag signals identifying
output in the load balancing circuit of Fig. 6.           port addresses
which redistribute the output port load. A tag selection circuit 27 is
coupled between Description of the preferred embodiments          the load
balancing circuit 28 and the queue Referring to Fig. 1, a block diagram of
one   45   selector 24 which is adapted to selectively replace embodiment
of a load balancing circuit arrange-   the routing tag signals of the
applied data packets ment 20 in accordance with the principles of the
with the new routing tag signals in order to present invention is shown.
The load balancing     redistribute and balance the output port load.
circuit arrangement 20 is shown incorporated into    The load balancing
circuit 28 further comprises one channel of a multiple queue packet
switching    50   a minimum index circuit coupled to an adder node 21. This
load balancing circuit arrangement   circuit. The minimum index circuit is
adapted to 20 is made part of a single stage packet switching  generate the
new routing tag signals and the node 21. The packet switching node 21
processes    adder circuit is adapted to combine the new applied data
packets containing routing tag        routing tag signals with offset
signals which signals indicative of the output port destination to   55
modify the new routing tag signals in order to which the data packets are
addressed.             implement a predetermined output port priority One
channel of the packet switching node 21      scheme. These two circuits
will be described in comprises an input port 22 and a plurality of
more detail with reference to Fig. 2. The tag output ports 26. A queue set
23 is coupled to the  selection circuit 27 may comprise a two to one 



input port 22. The queue set 23 comprises a   60   multiplexer, or the
like, which is adapted to plurality of queues which individually process
selectively choose between two input signals for and store data packets
whose destinations are a    output to the queue selector 24. particular one
of the output ports 26. A queue       In operation, the multiple queue
packet switch- selector 24 is coupled between the input port 22   ing node
21 employing the load balancing circuit and each of the plurality of queues
in the queue   65   arrangement 20 functions in the following 4    7
EP 0197103 B1                       8 manner. In a typical multi-processor
computer     circuit 30 is coupled to a modulo M adder 31 application
requiring load balancing, or the like, a  (modulo 4 in Fig. 2) which adds
an offset to the process controller, or the like, is coupled to the  index
produced. The load balancing circuit 28 input port 22. This process
controller generates   implements an algorithm which determines the data
and instructions which are sent to func-    5    least full queue in the
queue set. A typical tionally identical execution units individually
algorithm is presented below. coupled to the output ports 26. The data and
instructions are sent in data packets which are     1. INPUT SCALAR: OFFSET
processed by the packet switching node 21. The      2. INPUT ARRAY: L[M]
switching node 21 provides a communications   10    3. OUTPUT SCALAR: ADR
link between the process controller and the         4. BEGIN execution
units.                                    5.    minimum;=0; Each data
packet includes a routing tag signal    6.    FOR (i=1; WHILE i<M; i:=i+1)
identifying the particular output port 26, and      7.      IF
(L[i]<Llminimuml) hence the particular execution unit to which the   15
8.     minimum:=i; packet is to be sent. In addition, the data packet  9.
ENDFOR also includes data that is to be operated upon in  10.
ADDR:=(minimum+OFFSET) MODULO that execution unit. A data packet enters the
M; switching node 21 and the queue selector 22        11. END reads the
routing tag signal. It then routes the   20 data packet to the appropriate
queue of the queue   This algorithm scans the inputs L[M] from low set 23
which processes signals whose destina-      order to high, looking for the
smallest value. In tions are the particular output port 26 corre-     the
case of a tie, the value is retained, thus sponding to the routing tag
signal.               implementing a particular priority scheme. This In
the  multi-processor computer of this   25   priority scheme is as follows.
Since there can be a example, each of the output ports are connected    tie
between two or more queues for the lowest to functionally identical
execution units. There-  number, a default priority is assigned. Let L[0]
be fore, it is not particularly important where the   the first input to
the minimum index circuit 30 and instructions contained in the data packets
get    let L[M-1] be the last input. In the case of a tie, executed, but
that they are executed in a timely   30   L[0] has the highest priority and
L[M-1] has the manner. Since all of the execution units are      lowest.
functionally identical, routing tag signals may be  Alternatively, if the
first queue is not to have the changed in order to more efficiently utilize
the   highest priority, rather queue i, 0<i<M, then the execution units.
queue i data packet count is connected to L[01, the The load balancing
circuit arrangement 20 pro-   35   queue with the next highest priority is
connected duces the desired re-routing of the data packets to  to L[1], and
so on. In addition, in order to obtain accomplish more efficient operation
of the         the correct re-routing tag signal, the binary switching node
21 and the computer system in      representation of i is connected to the
OFFSET general. The load balancing circuit 20 processes   input to the
modulo M adder 31. To convert this count signals generated by each of the
queues in   40   algorithm into a logic circuit requires the speci- the
queue set 23. The count signals indicate the   fication of the maximum
queue size and the number of data packets stored in a particular
number of output ports (M), in order to determine queue. The load balancing
circuit arrangement 20   the number of input and output bits in the load
then analyzes the count signals to determine       balancing circuit 28. >
which queue has the least number of data packets   45  The ability to
specify priority is important. In an stored therein. Once this has been
determined,     NxM packet switching node, for example, N of the routing
tag signal in the data packet being    the load balancing circuits are
required. If all processed by the queue selection logic 24 is
circuits have top priority to the lower numbered changed to identify the
least full queue.          outputs, there would be a bias in the overall To
better understand the operation of the load   50   operation of the
switching node favoring these balancing circuit 20, reference is made to
Fig. 2.  outputs. The distribution of the load over the Fig. 2 shows a more
detailed block diagram of the  outputs would not be uniform. load balancing
circuit 28. The load balancing       To illustrate how the load balancing
circuit 28 is circuit 28 is comprised of the minimum index       reduced to
logic, assume a four by four packet circuit 30 and an adder circuit 31. In
Fig. 2, the   55   switching node with queues that can hold up to load
balancing circuit 28 is shown adapted for use  three data packets.
Therefore, the number of 



with a node which comprises four output ports,    input ports N=4 and the
number of output ports hence it employs four sets of inputs to the
M=4, and the number of data packets P=3. The minimum index circuit 30,
identified as L[0] to    equation L[3].
60 Each set of inputs to the minimum index circuit         [err] 30 is
individually coupled to count circuitry in the queues which counts the
number of data packets    represents the number of bits requires to
indicate currently being stored and processed by a par-    the data packet
count in any queue. Since there ticular queue. The output of the minimum
index   65   are four queues, a total of eight inputs are needed 5    9
EP 0197103 B1                     10 for the minimum  index circuit 30.
Also,         Since the B input is the OFFSET constant, once [err]  =2 bits
are required to indicate which  the constant is selected, it is substituted
into the queue is to be selected. Therefore, each input to  above equations
which results in simpler circuits. the minimum index circuit 30,
represented by L[i],  If the OFFSET=O, no circuit is required. Figs. 4a, is
represented by two bits, Li1 and Li0, and ADDR    5    4b and 4c show the
circuits to be used when the and OFFSET are represented by two bits each
OFFSET is 1, 2, and 3, respectively. A detailed ADDR1, ADDR0, and OFFSET 1,
OFFSETO, respec-     discussion of the components and wiring of the tively.
circuit of Figs. 3 and 4 will be dispensed with. The load balancing circuit
28 comprises two      The load balancing circuit arrangement of the parts,
the minimum index circuit 30 and the   ro   present invention may also be
incorporated into a modulo for adder 31 which combines the output
multiport memory packet switching node. Fig. 5 of the minimum index circuit
30 with the OFFSET  illustrates a portion of a four input, four output
value. A modified algorithm is required to imple-  multiport memory packet
switching node without ment the minimum index circuit only, and is
load balancing. This circuit is identical to the presented below.
15  circuit of Fig. 3 of the presently copending mul- tiport memory patent
application cited here- 1. INPUT ARRAY: L[M]
inabove. Fig. 5 shows control logic 40 of the 2. OUTPUT SCALAR: OUT
multiport memory packet switching node. The 3. BEGIN
control logic comprises four input port logic 4.    minimum:=0;
20   sections 41a-d coupled to four output port logic 5.    FOR (i=1; WHILE
i<M; i:=i+1)              sections 42a-d. In addition, handshaking signal
6.    IF (L[i]<L[minimum])                      lines 45 and status update
control logic 46 are 7.     minimum:=i;
included in Fig. 5. 8.    ENDFOR
Referring to Fig. 6, there is shown a portion of 9.    OUT:=minimum;
25   one channel of the multiport memory packet 10. END
switching node of Fig. 5 incorporating a load balancing circuit arrangement
20' of the present This algorithm has been programmed into a
invention. The discussion of this embodiment is computer to generate a
truth table with eight    undertaken with reference to the presently
boolean input variables and two boolean output   30   copending patent
application entitled "Packet variables. This truth table was then made the
Switched Multiport Memory NxM Switch Node input to a program which
generated the following  and Processing Method" cited hereinabove with
"sum-of-product" form logic equations. These     particular reference to
Fig. 3 thereof. equations correspond directly to a two level nand  Fig. 6
shows a portion of the control logic 40 gate implementation of the minimum
index   35   which includes an input port logic section 41a circuit 30.
coupled to four output port logic sections 42a-d. A more detailed
understanding of the complete OUT1= L31 L30   L10  L00+L21 L20  L10- L01
circuit will be had with reference to Fig. 3 in the +L21 L20 L11 .L100 +L31
.L11  L 101          previously cited patent application. The signal +L31
L30 - L10 - L01 +L31  L30   L11  L00    40   lines illustrated in Fig. 6 of
this application corre- +L21  L20 L10  L00+L21 L11  L01           spond to
signal lines described in Fig. 3 of the + L30 . L11  L10 . L01 . L00
copending patent application. +L20 - L11 . L10. L01 . L00
The load balancing circuit arrangement 20' has OUT0=L11L10 L00 +L11 . L10-
L01                inputs coupled to request output lines REQO, +    L31
L30 L20 - L00+L20 L11   L01   45   REQ1, REQ2 and REQ3 of the input port
logic +l31 L30 . L20 . L01+131 L30 . L21 - L00    section 41. Outputs of
the load balancing circuit +L31  L21   L01 +L21 L11    L01
arrangement 20' are coupled to a latch 45 which is +L21 L10 L01 . L00+L30
L21  L20.         used to ensure correct signal timing and then to L01 -
L00                                   the enabling circuit 27. A load
balancing circuit 50   28' comprises a minimum index circuit 30' and A
detailed schematic of the logic diagram      the adder 31. The minimum
index circuit 30' for representing a specific embodiment of the mini-  use
in this embodiment is shown in more detail in mum index circuit 30 is shown
in Fig. 3. Fig. 3 is  Fig. 7. The adder circuit 31 is substantially the 



comprised of Figs. 3a and 3b. Figs. 3a and 3b    same as hereinabove
described with reference to should be placed abutting one another and
joined   55  the load balancing circuit arrangement for the along the line
of separation in order to obtain the  multiple queue node. complete
drawing.                                  Thus, there has been described a
load balanc- The "sum-of-product" form of the equations for  ing circuit
for use with a packet switching node the modulo four adder 31 are as
follows         which may be employed in multi-processor and 60   parallel
computer systems, and the like. The load C1 =B1 A1.+B1 B0.A1.B1.B0.A1
balancing circuit may be used to automatically +B1 Al .A0+B1.B0.A1.A0
redistribute data packets to external execution +B1 . B0 . A1 .A0
units coupled to a multiple queue or multipart CO=BO .A0+B0. A0=B[ERR]A
memory switching node. This redistribution 65   results in more efficient
operation of the node and 6    11             EP 0197103 B1
12 computer system  employing networks incor-         output ports, and for
generating new routing tag porating the load balancing circuit.
signals; It is to be understood that the above-described    b) an adder
circuit (31) coupled to said mini- embodiments are merely illustrative of
some of     mum index circuit for combining said new routing the many
specific embodiments which represent    5    tag signals with offset
signals which modify said applications of the principles of the present
inven-  new routing tag signals in order to implement a tion. Clearly,
numerous and varied other arrange-  predetermined output port priority
scheme; ments may be readily devised by those skilled in    said tag
selection means being coupled to said the art without departing from the
spirit and      adder circuit (31) and said control logic (40). scope of
the invention. In particular, the present   10  3. A load balancing circuit
arrangement (20) for invention may also be used in applications involv-
use with a packet switching node (21) that pro- ing the communications
field. Interconnection      cesses applied data packets containing routing
networks employing the principles of the present  tag signals indicative of
the output port destina- invention may be used to connect telephone
tions (26) to which said data packets are systems that communication both
data and voice   15   addressed, wherein said switching node com-
information by way of data packets.                prises queue selection
logic (24) coupled to a plurality of queues (23) for routing applied data
Claims                                             packets in accordance
with the output port desti- nation thereof, and wherein tag selection means
1. A load balancing circuit arrangement (20) for   20   (27) are provided
for selectively replacing the use with a packet switching node (21) that
pro-    routing tag signals of said applied data packets cesses applied
data packets that contain routing   with the modified new routing tag
signals in order tag signals indicative of the output port destina-  to
redistribute and balance the output port load, tions (26) to which said
data packets are          characterised in that said load balancing circuit
addressed, wherein tag selection means (27) are   25   arrangement
additionally comprises: provided for selectively replacing the routing tag
a) a minimum index circuit (30) coupled to said signals of said applied
data packets with modified  plurality of queues for monitoring the number
of new routing tag signals in order to redistribute   data packets
addressed to each of said output and balance the output port load,
characterised in  ports, and for generating new routing tag signals; that
said load balancing arrangement additionally   30  b) an adder circuit (31)
coupled to said mini- comprises:
mum index circuit for combining said new routing a) a minimum index circuit
(30) coupled to said  tag signals with offset signals which modify said
packet switching node for monitoring the output    new routing tag signals
in order to implement a port addresses of said applied data packets and
predetermined output port priority scheme; and the number of data packets
addressed to each of   35  said tag selection means (27) being coupled to
said output ports, and for generating new routing  said adder circuit (31)
and said queue selection tag signals; and
logic (24). b) an adder circuit (31) coupled to said mini- mum index
circuit for combining said new routing   Patentanspruche tag signals with
offset signals which modify said   40 new routing tag signals in order to
implement a      1. Eine Belastungsausgleichsschaltungsanord- predetermined
output port priority scheme;         nung (20) zur Verwendung mit einem
Paketver- said tag selection means (27) being coupled to   mittlungsknoten
(21), welche angelegte Daten- said adder circuit (31) and said packet
switching  pakete verarbeitet, die Wegermittlungskennzei- node (21).
45   chensignale beinhalten, welche die Ausgangska- 2. A load balancing
circuit arrangement (20') for  nalbestimmungen (26) anzeigen, an die die
use with a switching node (Figure 5) that pro-     Datenpakete adressiert
sind, worin eine Kenn- cesses applied data packets containing routing
zeichenselektionsvorrichtung (27) vorgesehen ist tag signals indicative of
the output port destina-  zum  selektiven Ersetzen der Wegermittlungs-
tions to which said data packets are addressed,   so   kennzeichensignale
der angelegten Datenpakete 



wherein tag selection means (27) are provided for  durch modifizierte neue
Wegermittlungskenn- selectively replacing the routing tag signals of
zeichensignale, um die Ausgangskanalbelastung said applied data packets
with modified new        neu zu verteilen und auszugleichen, dadurch
routing tag signals in order to redistribute and   gekennzeichnet, daB die
Belastungsausgleichsan- balance the output port load, characterised in that
55   ordnung zusatzlich aufweist: said switching node comprises a multiport
a) einen Minimalindexschaltkreis (30), welcher memory and control logic
(40) coupled thereto for  an den Paketvermittlungsknoten gekoppelt ist
routing applied data packets in accordance with   zum Uberprufen der
Ausgangskanaladressen der the output port destination thereof, and wherein
angelegten Datenpakete und der Anzahl von said  load  balancing  circuit
arrangement   60   Datenpaketen, welche an jeden der Ausgangs- comprises:
kanale adressiert ist, und zum Erzeugen von a) a minimum index circuit
(30') coupled to said  neuen Wegermittlungskennzeichensignalen; und control
logic for monitoring the output port        b) einen Addiererschaltkreis
(34), welcher an addresses of said applied data packets and the    den
Minimalindexschaltkreis gekoppelt ist zum number of data packets addressed
to each of said   65   Kombinieren der neuen Wegermittlungskennzei- 7    11
EP 0 197 103 81                    12 computer system  employing networks
incor-         output ports, and for generating new routing tag porating
the load balancing circuit.               signals; It is to be understood
that the above-described    b) an adder circuit (31) coupled to said mini-
embodiments are merely illustrative of some of     mum index circuit for
combining said new routing the many specific embodiments which represent
5    tag signals with offset signals which modify said applications of the
principles of the present inven-  new routing tag signals in order to
implement a tion. Clearly, numerous and varied other arrange-
predetermined output port priority scheme; ments may be readily devised by
those skilled in     said tag selection means being coupled to said the art
without departing from the spirit and      adder circuit (31) and said
control logic (40). scope of the invention. In particular, the present   10
3. A load balancing circuit arrangement (20) for invention may also be used
in applications involv-  use with a packet switching node (21) that pro-
ing the communications field. Interconnection      cesses applied data
packets containing routing networks employing the principles of the present
tag signals indicative of the output port destina- invention may be used to
connect telephone         tions (26) to which said data packets are systems
that communication both data and voice   15   addressed, wherein said
switching node com- information by way of data packets.
prises queue selection logic (24) coupled to a plurality of queues (23) for
routing applied data Claims
packets in accordance with the output port desti- nation thereof, and
wherein tag selection means 1. A load balancing circuit arrangement (20)
for   20   (27) are provided for selectively replacing the -    use with a
packet switching node (21) that pro-     routing tag signals of said
applied data packets cesses applied data packets that contain routing
with the modified new routing tag signals in order tag signals indicative
of the output port destina-  to redistribute and balance the output port
load, tions (26) to which said data packets are          characterised in
that said load balancing circuit addressed, wherein tag selection means
(27) are   25   arrangement additionally comprises: provided for
selectively replacing the routing tag   a) a minimum index circuit (30)
coupled to said signals of said applied data packets with modified
plurality of queues for monitoring the number of new routing tag signals in
order to redistribute   data packets addressed to each of said output and
balance the output port load, characterised in  ports, and for generating
new routing tag signals; that said load balancing arrangement additionally
30  b) an adder circuit (31) coupled to said mini- comprises:
mum index circuit for combining said new routing a) a minimum index circuit
(30) coupled to said  tag signals with offset signals which modify said
packet switching node for monitoring the output    new routing tag signals
in order to implement a port addresses of said applied data packets and
predetermined output port priority scheme; and the number of data packets
addressed to each of   35  said tag selection means (27) being coupled to
said output ports, and for generating new routing  said adder circuit (31)
and said queue selection tag signals; and
logic (24). b) an adder circuit (31) coupled to said mini- mum index
circuit for combining said new routing   Patentansprfiche tag signals with
offset signals which modify said   40 new routing tag signals in order to
implement a      1. Eine Belastungsausgleichsschaltungsanord- predetermined
output port priority scheme;         nung (20) zur Verwendung mit einem
Paketver- said tag selection means (27) being coupled to   mittlungsknoten
(21), welche angelegte Daten- said adder circuit (31) and said packet
switching  pakete verarbeitet, die Wegermittfungskennzei- node (21).
45   chensignale beinhalten, welche die Ausgangska- 2. A load balancing
circuit arrangement (20') for  nalbestimmungen (26) anzeigen, an die die
use with a switching node (Figure 5) that pro-     Datenpakete adressiert
sind, worin eine Kenn- 



cesses applied data packets containing routing
zeichenselektionsvorrichtung (27) vorgesehen ist tag signals indicative of
the output port destina-  zum  selektiven Ersetzen der Wegermittlungs-
tions to which said data packets are addressed,   so   kennzeichensignale
der angelegten Datenpakete wherein tag selection means (27) are provided
for  durch modifizierte neue Wegermittlungskenn- selectively replacing the
routing tag signals of   zeichensignale, urn die Ausgangskanalbelastung
said applied data packets with modified new        neu zu verteilen und
auszugleichen, dadurch routing tag signals in order to redistribute and
gekennzeichnet, daB die Belastungsausgleichsan- balance the output port
load, characterised in that   55   ordnung zusdtzlich aufweist: said
switching node comprises a multiport            a) einen
Minimalindexschaltkreis (30), welcher memory and control logic (40) coupled
thereto for  an den Paketvermittlungsknoten gekoppelt ist routing applied
data packets in accordance with    zum Uberprufen der Ausgangskanaladressen
der the output port destination thereof, and wherein   angelegten
Datenpakete und der Anzahl von said  load  balancing  circuit  arrangement
60   Datenpaketen, welche an jeden der Ausgangs- comprises:
kanile adressiert ist, und zum  Erzeugen von a) a minimum index circuit
(30') coupled to said  neuen Wegermittlungskennzeichensignalen; und control
logic for monitoring the output port         b) einen Addiererschaltkreis
(34), welcher an addresses of said applied data packets and the     den
Minimalindexschaltkreis gekoppelt ist zum number of data packets addressed
to each of said   65   Kombinieren der neuen Wegermittlungskennzei- 7 h  C
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chensignale mit Offsetsignalen, welche die neuen    a) einen
Minimalindexschaltkreis (30), welcher Wegermittlungskennzeichensignale
modifizieren,    gekoppelt ist an die Mehrzahl von Warteschlan- um ein
vorherbestimmtes Ausgangskanalpriori-      gen zum uberprufen der Anzahl
der Datenpakete, tatsschema zu implementieren; wobei die Kenn-     welche
an jede der Ausgangskanale adressiert ist, zeichenselektionsvorrichtung
(27) gekoppelt ist   5    und zum Erzeugen von neuen Wegermittlungs- an den
Addiererschaltkreis (31) und den Paketver-  kennzeichensignalen;
mittlungsknoten (21).                               b) einen
Addiererschaltkreis (31), welcher 2. Eine
Belastungsausgleichsschaltkreisanord-    gekoppelt ist an den
Minimalindexschaltkreis zum nung (20') zur Verwendung mit einem Paketver-
Kombinieren der neuen Kennzeichensignale mit mittlungsknoten  (Fig. 5),
welcher angelegte   1o   Offsetsignalen, welche die neuen Wegermitt-
Datenpakete verarbeitet, welche Wegermittlungs-   lungskennzeichensignale
modifizieren, um  ein kennzeichensignale beinhalten, welche die Aus-
vorherbestimmtes    Ausgangskanalprioritats- gangskanalbestimmungen
anzeigen, an die die       schema zu implementieren; und wobei die Kenn-
Datenpakete adressiert sind, worin sine Kennzei-
zeichenselektionsvorrichtung (27) gekoppelt ist chenselektionsvorrichtung
(27) vorgesehen ist   Js   an den Addiererschaltkrsis (31) und an die
Warte- zum  selektiven Ersetzen der Wegermittlungs-
schlangenselektionslogik (24). kennzeichensignale der angelegten
Datenpakete mit modifizierten neuen Wegermittlungskenn-
Revendications zeichensignalen, um die Ausgangskanalbela- stung neu zu
verteilen und auszugleichen,   20      1. Dispositif a circuit
d'6quilibrage de charge dadurch gekennzeichnet, daB der Vermittlungs-
(20) pour une utilisation avec un noeud de com- knoten einen
Vielkanalspeicher aufweist und sine  mutation par paquets (21) qui traits
des paquets \.Steuerlogik (40), welche daran zur Wegermittlung   de donnees
appliqu6es qui contiennent des der angelegten Datenpakete gekoppelt ist in
signaux d'etiquette d'acheminement indicatifs Ubereinstimmung mit der
Ausgangskanalbestim-   25   des destinations de port de sortie (26)
auxquelles mung davon, und worimn die Belastungsaus-         lesdits
paquets de donnees sont adress6s, dans gleichsschaltvorrichtung aufweist:
lequel des moyens de s6lection d'6tiquette (27) a) einen
Ninimalindexschaltkreis (30')% welcher  sont prevus pour remplacer
s6lectivement les an die Steuerlogik gekoppelt ist zum Oberprufen   signaux
d'6tiquette d'acheminement desdits der Ausgangskanaladressen  der
angelegten   30   paquets de donn6es appliqu6s par de nouveaux Datenpakete
und der Anzahl der Datenpakete,       signaux d'6tiquette d'acheminement
modifies welche an jede der Ausgangskanale adressiert ist,  afin de
redistribuer et d'equilibrer la charge de und zum Erzeugen von neuen
Wegermittlungs-        port de sortie, caract6rise en ce que ce dispositif
kennzeichensignalen;                              d'equilibrage de charge
comprend en outre: b) einen Addiererschaltkreis (31), welcher an   35  a)
un circuit d'index minimum (30) coupIl au den Minimalindexschaltkreis
gekoppelt ist zum-    noeud de commutation par paquets pour surveil-
Kombinieren der neuen Wegermittlungskenn-         ler les adresses de port
de sortie des paquets de zeichensignale mit Offsetsignalen, welche die
donnees appliques et le nombre de paquets de neuen
Wegermittlungskennzeichensignale modi-      donnees adress6s a chacun
desdits ports de fizieren, um ein vorherbestimmten Ausgangska-   40
sortie, et pour g6nerer de nouveaux signaux nalprioritatsschema zu
implantieren; wobei die    d'6tiquette d'acheminement; et
Kennzeichenselektionsvorrichtung an den Addie-      b) un circuit
additionneur (31) couple A ce circuit rerschaltkreis (31) und die
Steuerlogik (4) gekop-  d'index minimum pour combiner les nouveaux 



pelt ist.                                         signaux d'etiquettes
d'acheminement avec des ~ 3. Eine Belastungsausgleichsschaltkreisanord-
45   signaux de decalage qui modifient les nouveaux nung (20) zur
Verwendung mit einem Paketver-      signaux d'6tiquette d'acheminement afin
de r6ali- mittlungsknoten (21), welche die angelegten       ser un schema
de priorite predetermine entre Datenpakete verarbeitet, welche
Wegermittlungs-   ports de sortie; lesdits moyens de s6lection d'eti-
kennzeichensignale beinhalten, welche die Aus-    quette (27) 6tant couples
au circuit additionneur gangskanalbestimmungen (26) anzeigen, an die   so
(31) et au noeud de commutation par paquets die Datenpakete adressiert
sind, worin der Ver-   (21). mittlungsknoten sine Warteschlangenselektions-
2. Dispositif a circuit d'equilibrage de charge logik (24) aufweist, welche
an sine Mehrzahl von  (20') pour une utilisation avec un noeud de
Warteschlangen (23) gekoppelt ist zur Wegermitt-  commutation (figure 5)
qui traits des paquets de lung der angelegten Datenpakete in Obereinstim-
55   donn6es appliques contenant des signaux d'eti- mung mit der
Ausgangskanalbestimmung davon,       quette d'acheminement indicatifs de
destinations und worin die Kennzeichenselektionsvorrichtung    de port de
sortie auxquelles les paquets de (27) vorgesehen ist zum selektiven
Ersetzen der   donnees sont adresses, dans lequel des moyens
Wegermittlungskennzeichensignale der angeleg-     de s6lection d'etiquette
(27) sont prevus pour ten Datenpakete mit den modifizierten neuen   60
remplacer selectivement les signaux d'6tiquette
Wegermittlungskennzeichensignalen,  um   die      d'acheminement des
paquets de donneas appli- Ausgangskanalbelastung neu zu verteilen und
ques par de nouveaux signaux d'acheminement auszugleichen, dadurch
gekennzeichnet, daB die    modifies afin de redistribuer et equilibrer la
Ausgleichsbelastungsschaltkreisanordnung          charge de port de sortie,
caracteris6 en ce que le zusAtzlich aufweist:                        65
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multiport (40) couplee      paquets de donnhes sont adresses, dans lequel
le a celui-ci pour acheminer des paquets de donn6es   noeud de commutation
comprend une logique de appliques en fonction de la destination de port de
s~lection de file (24) couplee A plusieurs files (23) sortie de ceux-ci, et
dans lequel le dispositif    pour acheminer les paquets de donnees appli-
d'equilibrage de charge comprend:            5    ques en fonction de leur
destination de porte de a) un circuit d'index minimum (30') coupI A la
sortie, et dans lequel des moyens de selection logique de commando  pour
surveiller les           d'etiquette (27) sont prevus pour remplacer selec-
adresses de port de sortie des paquets de don-    tivement les signaux
d'etiquette d'acheminement n6es appliqu6s et le nombre de paquets de
des paquets de donnees appliques par les nou- donnees adresses a chacun des
ports de sortie, et  1o   veaux signaux d'etiquette d'acheminement modi-
pour generer de nouveaux signaux d'etiquette      fiUs afin de redistribuer
et equilibrer la charge de d'acheminement;
port de sortie, caracterise en ce quo le dispositif b) un circuit
additionneur (31) couplI au circuit  d'dquilibrage de charge comprend en
outre: dOindex minimum pour combiner les nouveaux           a) un circuit
d'index minimum (30) couplI aux signaux d'etiquettes d'acheminement avec
des   is  files pour surveiller le nombre de paquets de signaux de decalage
qui modifient les nouveaux     donnees adresses A chacun des ports de
sortie, et signaux d'tiquette d'acheminement afin de reali-   pour generer
de nouveaux signaux d'6tiquette ser un schema de priorite entre ports de
sortie    d'acheminement; predetermine; lesdits moyens de silection d'eti-
b) un circuit additionneur (31) couplI au circuit queue etant couples au
circuit additionneur (31)   20   d'index minimum pour combiner les nouveaux
et A la logique de commando (40).                 signaux d'etiquette
d'acheminement avec des 3. Dispositif A circuit d'6quilibrage de charge
signaux de decalage qui modifient les nouveaux (20) pour une utilisation
avec un noeud de com-    signaux d'etiquette d'acheminement afin de reali-
~'-'   mutation par paquets (21) qui traite des paquets  ser un schema de
priorite entre ports de sortie de donnees appliques contenant des signaux
25   predetermine; et les moyens de selection d'eti- d'etiquette
d'acheminement indicatifs des desti-   quette (27) etant couplis au circuit
additionneur nations de port de sortie (26) auxquelles les      (31) et A
la logique de selection de file (24). 30 35 40 45 50 55 60 65 9    


