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92AD025 PATENT APPLICATION

CONNECTION PATH SELECTION METHOD FOR
CROSS~CONNECT COMMUNICATIONS NETWORKS

NOTICE: COPYRIGHT (®) 1992 Alcatel Network Systems, Inc.

| A PORTION OF THE DISCLOSURE OF THIS PATENT DOCUMENT
CONTAINS MATERIAL WHICH IS SUBJECT TO COPYRIGHT
PROTECTION. THE COPYRIGHT OWNER HAS NO OBJECTION TO THE
FACSIMILE REPRODUCTION BY ANYONE OF THE PATENT DOCUMENTS
OR THE PATENT DISCLOSURE AS IT APPEARS IN THE PATENT AND
TRADEMARK OFFICE FILE OF RECORDS, BUT OTHERWISE RESERVES
ALL COPYRIGHT RIGHTS WHATSOEVER.

TECHNICAL FIELD OF THE INVENTION

The present invention is concerned generally with
electronics and more specifically with communications

 systems. Even more specifically, the invention is

concerned with a method and system that finds an optimal
path through a communications matrix using a set of
matrices or arrays that describe the status of the

' communication matrix and include an input stage array, a

center stage array, and an output stage array, as well as
arrays representing idle links from the input stage
switches to the center stage switches and the idle links
from the center stage switches to the ocutput stage
switches.
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() OF E I ON

Digital cross-connect communications network
devices, such as the 1631 SX manufactured by Alcatel
Network Systems, Inc., aré designed to make connections
between input gates on input switches and output gates on
output switches. Known designs for such cross-connect
devices make use of matrices to connect the input gates
to the output gates. To limit the physical space and
manufacturing costs of the matrices, designers seek to
minimize the number of cross-connects in the matrix.
This objective becomes more complicated as market demands

‘for communications services increase. In particular, as

network devices address larger markets, the devices must
service more and more input and output signals. These
factors exacerbate the space and cost limitation problems
even more for communications matrix devices.

One matrix configuration that uses a minimal number
of matrix cross-connects for a given number of input
gates and output gates and that provides a potentially
optimal solution is known as a "rearrangeable" matrix.
For the rearrangeable matrix, the number of center stage
switches must equal or exceed the number of input gates
on each switch of the matrix. In a rearrangeable matrix,
there exists a set of conditions such that, although the
device does not use all input gates and all ocutput gates,
an attempt to use an idle input gate and an output gate
is prohibited because existing connections block the
signal flow through the matrix. This may happen, for

~example, if existing connections already occupy at least

one link in every possible path between the input and
output gates in question. _

"In a rearrangeable network, it is always possible to
unblock a flow path from an idle input gate to an idle
output gate by moving existing connections in the
network. The term “rearrangeable," therefore, describes
the property that for a given state of a network and any

N
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given idle pair of input and output gates, the existing
connections of the matrix may be reassigned to new paths,
if necessary, to connect the idle pair. _
Existing methods and systems for connecting inputs
5 to ocutputs in rearrangeable matrices generally use a
standard rearrangement techniéue that determines which
cross—-connects of the matrix to rearrange to permit a
signal to flow. N.C. Paull in "Reswitching of Connection
Networks," The Bell System Technical Journal, May, 1962,
10 pp. 833-856, describes this known method for unblocking a
rearrangeable matrix. This method (hereinafter referred
to as Paull’s Method) suffers from a major limitation.
Paull’s Method requires breaking some of the cross?_
connects and making some other of the cross—-connects to
15 . rearrange matrix. This procedure takes time and results
in undesirable service delays or interruptions during
N matrix rearrangement.
It is an object of the present invention, therefore,
to provide a method and system that selects an optimal
20 connection path for a rearrangeable communications matrix
that ‘permits immediate connection of idle input gates to
idle output gates. The present invention achieves this
object with a minimal amount of additionil circuitry and
"avoids the service delays and interruptions of known
25 connection path selection methods and systems that cannot
immediately select an optimal connection éonfiguration.
It is also an object of the present invention to
provide a method and system that finds an optimal
connection path or configquration through a communications
30 matrix that uses a set of five matrices, the first of
which represents the assignment of input gates of input
switches to center stage switches using an input array of
values that associate center stage switches to the input
stage switches and input gates of the input switches, the
35 second of which represents center stage switch _
connections by a center stage array of values that
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associate center stage switches with input stage switches
and output stage switches, the third of which represents
output stage connections by an output stage array having
values that associate output stages switches with output
5 gates and-center stage switches the fourth of which
represents the idle links from the input stage switches
to the center stage switches by'an idle input link array
having values that indicate the idle status of the
links, and the last of which represents the idle links
10 from the center stage switches to the ocutput stage
switches by an idle output link array having values that
indicate the idle status of the links, and then using
these five arrays the method and system perform a process
called "pumping" these arrays to determine an optimal
15 center stage switch having an idle connection between a
predetermined input gate and a predetermined output gate
N ' and then sets an associated input stage array value and
output stage array value to indicate the optimal center
stage switch for the connection configurationl
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BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages are apparent and best
understood by reference to the following description of
illustrative embodiments when read in conjunction with

5 the accompanying drawings, wherein:
' FIGURE 1, shows five-stage connecting network
(TSSST) with embedded three~stage space matrix (SSS);

FIGURE 2 shows in more detail the three-stage

connecting network that may be embedded logically in the
10 five-stage TSSST network of FIGURE 1;

FIGURE 3 is a three-stage connecting network

generalized to the N(m,n,r) case;
. FIGURE 4 introduces notation for understanding the
preferred embodiment;
15 FIGURE S5 provides a flow chart of the method of the
preferred embodiment;

FIGUREs 6 through 14 lllustrate an example of the
sequence generating portion of the preferred embodiments;
and . _

20 FIGUREs 15 through 34 illustrate a simplified space-
domain example of the preferred embodiment;

This Sheet Has Been Replace

Ll I




2

BACKGROUND OF THE | NVENTI ON

P ,-:i ; N

- PP
sl L e - ,.-.‘..-.,rrf..,-.-..—.-_.. P TR

92AD02S * pATENT APPLICATION

7:N DESCRIPTION OF INVENTION
‘In FIGURE 1, a large matrix configuration is shown
that providés for connection and test access for up to
1,024 DS3 ports (or equivalently, 32,678 DSl ports) for
5 the 1631 SX device. This is a five-stage, Time-Space-
Space—-Space-Time (TSSST)-division multiplexed connecting
matrix network 50. Matrix configuration S0 includes time
stage 52 that through connections 54 connects to three
center space stage (SSS) designated generally by '

10 reference numeral S56. Three center space stage SSS 56
connects through output line 58 to output time stage 60.
With this configuration, the network 50 includes a time-
domain of time stages 52 and 60 and a space domain of
three center space stage 56. FIGURE 1 illustrates

15 logically the relationship between time stages 52 and 60
and the center space stages 56. Input time stage 52 uses
128 time slots per input 62. The time slots may be
represented by the connections 64 between I/0 shelf
inputs 62 to each time slot 66 of matrix 56. Center

20 space stage 56 includes 128 time slots 66, each of which

' time slot 66 includes a N(17,16,16) matrix. The number
17 of time slot matrix 66 represents the number of center
stage switches; the first number 16 represents the number
of inputs to each input stage switch, and the second 16

25 the number of input stage switches. (By symmetry, there
are 16 outputs from each output stage switch and 16 '
cutput stage switches.) Output time stage 60 uses 128
time slot connections such as connection 68 for each
matrix output 70 to an I/0 shelf.

30 In FIGURE 2, center space stage 56 is represented
mathematically as a three~stage connecting network cube
of matrices 72 for each of which the symbol N(17,16,16)
fully describes each of the matrices. Thus, for each
N(17,16,16) matrix 72 there are in the example of FIGURE

35 2, 16 input switches such as input switch 74, for which
each receives 16 input gates such as input gate 76. The
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nections between.i-nput. gates on input swtches and output: gates-—-en- . -
put swi tches. Known designs for such cross-connect: devi ceS nake use of
rices to coRdBBP2Bhe input gates to the output gat BATENG APFLLCARION

si cal space and manufacturing costs of the matrices , designers seek to
i mze the nunber of cross-connects in the matrix.

total number of input gates 76 make up the I/O shelf-to-
time slot connections 64 of FIGURE 1 for each time slot.
From each input switch 74 go input switch-center switch
connections 78 to the center switches such as center
S switch 80. In the preferred embodiment, each N(17,16,16)
matrix 72 includes 17 center stage switches 80. From
each center stage switch 80 go 16 output switch
connections 82 to output switches such as output switch
84. - Each output switch 84 provides 16 output gates such
10 as output gate 86 that connect to I/0O shelves such-as I/O
' shelf 70 of FIGURE 1. The total number of output gates
86 make up the time slot-to-I/0 shelf connections 68 of
FIGURE 1 for each time slot.
Connections are made between input gate 76 and
15 output gate 86 immediately using the present connection
technique. This technique sets up a connection by using
.\ | a route through input switch 74, center switches 80 and
cutput switches 84 that attempts to use the most used
part of a matrix 72 first and the least used part of the
20 matrix 72 last. By using the heavily-loaded part of the
matrix where possible in making a given connection, when
rearrangement of matrix 72 is necessary, the
reafrangement process of the preferred embodiment
encounters elements with the smallest number of pre-
25 existing connections. This minimizes the volume of
necessary computations for matrix rearrangement.

Thé preferred embodiment uses a dedicated time slot
when rearrangement is necessary in the time domain. For
example, referring to FIGURE 1, the 128th time slot may

30 be dedicated as an extra time slot for use during matrix
50 rearrangement. Similarly, in the space domain,
rearrangement uses a dedicated or extra center switch.
For example, referring to FIGURE 2, center switch 17 may
be the dedicated or extra center switch. The present

35 connection technique automatically uses the dedicated or
extra element (either the dedicated or extra time slot in
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at uses a mnimal nunber of matrix cross-connects for a given nunber of
put gates and output gates and that provides a potentially

the time domain or the dedicated center stage switch in
the space domain) when a rearrangeably blocked condition

exists.
' FIGURE 3 illustrates that N(17,16,16) matrix 72 of
5 FIGURE 2 may be generalized to matrix 88 for which the

expression N(m,n,r) describes the configuration.
Following the convention of the N(17,16,16) matrix 16,
the generalized notation N(m,n,r) describes generalized
matrix 88. In the N(m,n,r) notation, m equals the number

10 of rxr center stage switches (as well as the number of
outputs from each nXm input stage and the number of
inputs to each mXn output stage switch); n equals the
number of inputs to each nXm input stage switch (as well
as the number of outputs from each mXn output stage

15 switch); and r equals the number of nXm input stage
switches (as well as the number of mXn output stage
switches). Note also that, in matrix 88, m at least
equals n+l. This limitation on m for a given n assures
that there exists at least one extra center stage switch.

20

Referring more particularly to FIGURE 3; generalized

matrix 88 has n input gates 90 that connect to input
switches, such as ihput switch 92, having m output
connections 94. In generalized matrix 88, there may be,

25 for example, r input switches 92. The input switch-to-
center switch connections 94 connect to the rXr center
switches such as center switch 96 where each center
switch 96 receives r center switch connections 94 and
provides r output connections 98. In the example of

30 FIGURE 3, there are m center switches 96. Each center
switch-to-output switch connection 98 from center
switches 96 connects to an output switch-loo. Each
output switch 100 receives m center switch-to-output
switch connections 98 and outputs to n output gates such

35 as output gate 1.02.

This Sheet Has Been Replaced

A0

9




I mal soetution is known as a "rearrangeabl e"” matrix. For the

rr.angeabl e matrix, the nunber of center stage sw tches nust equal.

eed the nunber of .input gates on each switch of .the matr.ix.. ﬂn a. .. _
rrangeabl e matri x, there exists a set of condi ti dns such .t hat, although
devi ce doesSRBPO@Se all input gates and al | out puf PAXENS, ABRRLECATESN to
an idle input gate and an output gate is prohibited because existing
nections bl ock the signal flow through the matrix. This may happen, for

- Both the N(17,16,16) matrix 72 of FIGURE 2 and the
N(m,;n,r) matrix 88 of FIGURE 3 are said to be
" rearrangeable matrices if, respectively, for a given
state of the matrix and any given idle pair of input
5 gates 76 or 90 and ocutput gates 86 or 102, the existing
connections within the matrices may be reassigned to new
paths, if necessary, to allow connecting the respective
idle pairs. The matrices are rearrangeable if and only
if m > n. For convenience in notation, in a network
10 described by the expression N(m,n,r), the notation

A{(m,n,r) denotes the number of cohnections that must be

rearranged in order to connect an idle pair of input and
output gates. Paull’s Method derives from the property
that A(n,n,n) < n-1. In other words, for the N(n,n,n)

15 matrix, it is necessary to move at most n-1 connections
to connect an idle input gate to an idle output gate. A
particular application of this property means, for
example, that for matrix 72 of FIGURE 2, rearrangement
requires at most n-1=17-1=16 connection changes in order

20 to connect an idle input gate to an idle output gate.

In the followiﬁg discussion, FIGURE 4 introduces
notation to assist in understanding the preferred
embodiment. FIGURE 5 provides a flow chart to illustrate
the baéic concepts of the immediéte connect method and

25 system of the present invention. Thereafter, FIGUREs 6
through 14 show an example of the operation of the method
and system in the presence of a rearrangeably blocked
condition of a matrix 72 of the three center stage space
matrix 56. For the purpose of understanding the present

30 invention in yet more detail, the operation of the method
and system are described by way of FIGUREs 15 through 34
that use a simplified N(S5,4,4) rearrangeable matrix
having the ability to perform immediate connection in a
rearrangeably blocked condition.

3s In FIGURE 4, notation beneficial for understanding
the present invention uses square-matrix 110 to represent
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connections existing in a space domain matrix such as
matrix 88 of FIGURE 3. Square matrix 110 has rows 112
designating input switches (such as input switch 92 of
FIGURE 3) and columns 114 representing output switches
5 (such as output switch 100 of FIGURE 3.) The simplified
example of FIGURE 4 shows the number of rows 112 and
columns 114 equals 8. Note that to correspond exactly to
the N(17,16,16) matrix of FIGURE 2, FIGURE 5 could show a
matrix having 16 rows representing input switches 74 and
10 16 columns representing output switches such as output
switch 84. Within each square matrix position such as
matrix position 116, there are m possible symbols that
may appear. These m symbols correspond to the center
switches such as center stage switch 96 of FIGURE 3. For
15 example, matrix position 116 may have m possible entries,
one for each of the center stage switches 96 appearing in
FIGURE 3. ' '
In FIGURE 4, the ordered pair (3,1) denotes matrix
position 116, where 3 is the row designation, i.e., row 3
20 having reference numeral 118, and 1 is the column
position, i.e., column 1 having the reference numeral
120. The entry B (1 < B < m) in matrix position (3,1)
corresponds to a connection from input switch 3 through
intermediate switch B to output switch 1. No entry in a
25 matrix position such as the empty matrix position (3,2)
that reference arrow 122 points to indicates the absence
of any connection between input switch 3 and output '
switch 2.
Referring, for example, to FIGURE 3, since there may
30 be only n input gates 90 to each input switch 92 and n
output gates 102 from each output switch 100, only n.
symbols may appear in any row 112 or column 114. Since
each input switch 92 has only one connection 94 to each
center switch 96, no two symbols in any row 112 may be
35 the same. Similarly, each output switch 100 has only one
connection 98 from each center switch 96. No two symbols
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in any column 114 may be the same. With the notation of
FIGURE 4, a square matrix 110 satisfying these
restrictions is said to be "legitimate" since it has only
legitimate entries.

Note, that a trivial blocking case occurs if all of
the input lines to an input switch such as input switch 1
designated by row 1 are already connected. This would
correspond to having n symbols (e.g., 16 symbols in the
case of FIGURE 2) in row 1. Similarly, if all the output
lines to output switch 3, for example, were already
connected corresponding to n symbols in column 3 (e.g.,
16 symbols for the example of FIGURE 2) the network
matrix 72 of FIGURE 2 and 88 of FIGURE 3 is trivially
blocked and ‘square matrix 110 will represent this fact.

In FIGURE 5, flow chart 140 describes the steps and
functions of the preferred embodiment of the present
invention. Beginning at start step 142, the method is
first to query, as query block 144 indicates, whether
there is.a pair of ports presented for connection. 1In
the example of FIGURE 3, the step is to query whether
there is an idle input gate 90 to connect to an idle
output gate 102. If there is such a pair, then flow goes
to block 146 to begin time domain connections. If there
is not a pair of ports présented for connection, then
flow goes to block 148 which is described below. At
begin time domain step 146, flow goes to block 150 where
the method selects the lowest numbered time slot
available for connection. Then, at block 152 space
domain operations begin for selecting the lowest numbered
center stage input switch available for connection at
step 154. Having selected the lowest numbered center
stage for connection, the connections are made at block

- 156 and square matrix 110 or a similar status table

designating connections is updated at block 158.
At block 160, a query of whether space rearrangement
is required takes place. If so, then flow goes to block

et Has Been Replaced

i “\I L



en“idl e pair of input and output gates, the existing connections of the
ri.x, may, -oe reassigned to new paths, if necessary, to connect -the.idle

r. Exi sting nethods and systens.for conneci4ng I nput-$~+0- ~“Ou-put-s - i-n
rrangeabl e matrices generally use a standard rearrangepent téchni.

t determ ne92RMMO2F cross-connects of the matrix toPA EﬂFaﬁSBLFﬁAﬁgpﬂit a

162 where the step is to select two center stage switches
for rearrangement. Next, at block 164, the step is to
find the connections to be rearranged and, from the
connections, the query at block 166 is of which path

5 requires the least number of rearrangements. If the path
X~A requires the least number of rearrangements, then
program flow takes path 168. If X-B requires the least
number of rearrangements, then program flow takes path
170. Regardless of which path program flow takes, at

10 step 172 connections are rearranged, one at a time, using
a "hitless roll." The discussion below defines the term
"hitless roll." And flow returns to step 174 to end
space domain operations. Note that if no space

rearrangement was necessary, then flow from query block
15 160 goes directly to end space domain step at block 174.
At query 176, the question is whether time
rearrangement is required. If so, then flow goes to step
178 at which point the method is to select two time slots
for rearrangement. Then, at block 180, the step is to
20 find connections to be arranged. At block 182, a query
occurs of which path requires the least number of
rearrangements. If the X—A path requires the least
number of rearrangements, flow goes along path 184. On
the other hand, if the X—B path requires the least number
25 of rearrangements, then flow follows path 186. The next
| step, regardless of whether program flow takes path'184
or 186, is to rearrange connections one-at-a-time, again
using a hitless roll in the time domain at step 188.
Program flow then goes to step 190 to end time-domain
30 operations. Note that if query block 176 determines that
no time rearrangement was required, flow proceeds
directly to end time domain block 190. ,
' From end time domain block 190, flow goes to query
148 where the method determines whether a pair of ports
35 is presented for disconnect. If not, then flow returns
to query block 144 to proceed as previously described.
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If a pair of ports is presented for disconnect, at this
point the method is to remove connections as requested
per block 192 and then update data tables reflecting the
connections for the matrix at step 194.

At query 196, the method determines whether a "“pack
connections after a disconnect" function is enabled. If
so, then flow goes to query 198 to examine whether a
rearrangement is in progress. If so, then flow will loop
via path 200 until rearrangement is no longer in process.
Although FIGURE S5 shows disconnect as oeoccurring
subsequent to completing any neéessary rearrangement, the
present method and system may process a disconnect
request in parallel with rearrangement. Therefore, if
the system of the present invention seeks to direct
connections to the most used part of matrix first so as
to pack calls after a disconnect, the rearrangement-in-
progress query of block 198, prevents attempting to pack
during rearrangement.

If a rearrangement is not in progress, from query
block 198, the next step is to determine the connections

. to the packed in the space at step 202. The next step

of flow chart 140, then, is to pack connections in the
space domain using a hitless roll at block 204. And
then, at block 206, the step is to determine the
connections to be packed in time, after which the
connections are packed at block 206 in time using an
automatically hitless roll. Program flow then returns to
point 210 to continue the previously described operations
of flow chart 140.

The following discussion describes how steps of flow
chart 140 of FIGURE 5 relate to the square matrix 110 of
FIGURE 4. Recall that after updating square matrix 110
or similar table at step 158, the method of the preferred
embodiment detects whether a rearrangeably blocked
condition exists. Thus, when the dedicated element
(either a time slot in the time domain or center stage
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switch in the space domain) in a matrix connection
configuration is used to make an immediate connection
between an idle input gate and an idle output gate, the
existence of a rearrangeable blocking condition is

5 automatically detected.

Steps 162 and 178 execute Paull’s Method to find the
path requiring the fewest rearrangemehts. Specifically,
with the blocked cell denoted (r;,c;) such as cell 121 of
FIGURE 4, the method tests to find all symbol pairs (A,B;)

10 such that if A is in row 1, but not in column 1, and B is
in column 1, but not in row 1. For given pairs of
symbols, say (A,B), there are two possible rearrangement
sequences, one of which will be shorter. Making this

. determination is part of step 16 in the space domain and

15 step 182 in the time domain.

The sequence "X~A" denotes a sequence that starts
with an immediate connection through the dedicated
element (e.g., center stage switch 17 of FIGURE 2 for the
space domain and the time slot 128 in FIGURE 1 for the

20 time domain) and ends with the blocked cell being
assigned to element A. The sequence begins, for exampie,
by starting with the blocked cell (fl,ci) at 121 of FIGURE
4) . Since there is no B in row r;, the search for an A
in r; takes place. There must be an A in row r,,

25 otherwise the matrix is not blocked. Once the A in row
r, is found, it is circled or tagged.

In general, then, suppose that the circled A is in
(rj,ck), 1< j,k <8. Then, a search for a B_in column c
takes place. If there is no B in column c,, the sequence

30 ends and then the next step'is to find connections to be
rearranged at block 164 or 180, as appropriate. If a B
appears in column ¢,, the next step is to circle the B
and continue. If the circled B is in the (rk,cj)
position, then a search for an A in row r;, takes place.

35 The sequence X—A continues to alternate between circling
B’s in columns in A’s in rows, until there exists a
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di at el y* sel ect an optimal connection configuration. It is also an

ct. of the present invention to provide a nmethod and systemthat finds
ptinmal connection path or configuration through:a comyunications nmatrix
-uses a sSet of five fatrices, the fiist of which rfeprésénis the

i gnrent of i BpAbogst es of input switches to center phag®TsweptheaTusing
| nput array of values that associate center stage switches to the input

st #ge switches and input gates-of the input switches, the
column with no B to circle or a row with no A to circle.
Note that not all A’s and all B’s get circled, only those
encountered in the above search.
Generating the X—B sequence occurs in similar
S fashion, as follows. Starting with the blocked cell
(ry{,c;) 121 of FIGURE 4, for example, there is no A in
column 1, so the search begins for a B in column c,.
There must be a B in column c,, otherwise the matrix
would not bg blocked. Then, procedure is to circle that
10 B. Since the circled B is in position (r3.c1), the search
for an A in row r; begins. If there is no A in rj, then
this sequence ends and program flow continues to step 164
or 180, as appropriate for the space or time domain.
Otherwise, the procedure is to circle the A and continue.
15 In this example, the circled A is in position (rj,c3),
then the search begins for a B in column c3. If there is
N no B in column ¢;, then the sequence ends. Otherwise,
the sequence is to circle the B and continue. This
procedure continues to alternate between circling B’s in
20 columns and A’s in rows until either a column with no B
to circle or a row with no A to circle is found. Note,
not all A’s nor all B’s get circled, only those
encountered in the above search.
For a given pair of symbols (A,B), the next step is
25 to choose the path generated by the sequence (either the
X~+A sequence or the X¥-B sequence) that cdntains the least
number of circled symbols (i.e., A’s or B’s). For all
such pairs of symbols, the step is to choose the pair
(A,B) that contains the least number of circled symbols
30 (either A’s or B’s). This sequence determines the
" minimum number of rearrangements necessary to establish a
path from the input to the output of the rearrangeable

matrix.
Rather than completely generating all the X-A and
35 = X—-B sequences, the preferred embodiment generates the

shortest sequence. This is accomplished in block 164 in
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the space domain and block 180 in the time domain using a
technique of the preferred embodiment that shall
hereinafter be called a flooding algorithm. The floeding
algorithm starts by finding the first element of the X-A
sequence. If the X-~A sequence is not ended, the first
element of the X~B sequence is found. Then, if the X-B
sequeﬁce is not ended, the next element of the X—A
sequence is found. This process continues until the
shorter of the two sequences is generated. At the time
that the shorter of the two sequences is generated, the
search terminates. '

The point at which flooding algorithm terminates
determines the path of the minimum number of
rearrangements as indicated in block 166 in the space
domain and block 182 in the time domain.

In step 172 for the space domain and step 188 for
the time domain, rearrangements take place using a
hitless roll. The sequence of circled symbols, either
A’s or B’s, that the above steps determined are then
changed to clear the blocked cell using the appropriate
X-A or X-B roll depending on which yields the minimum
number of rearrangements. ' '

The following Table 1 and accompanying text describe
the steps of making the connections to yield
rearrangement of the center stage switches when X—-A
results in the minimum number of connection
rearrangements:
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| TABLE 1
sTEP | ACTION Ti
R — UNUP—
1 X=(r,c,)
2 ®-3, x
.3 . @, X-X
4 @-@, B
5 @,B-B
6 X-X A
7 X, A-A

If the X—A sequence yields the minimum number of
rearrangements, then, referring to square matrix 110 of

~ FIGURE 4, step 172 or 188 of FIGURE 5, as appropriate,

the method is to put an "X" in the (r;,c;) position
indicating the connection was made through the extra
center stage switch, (TABLE 1, Step 1 indicates this
action). Then for the circled B’s, the roll first adds
X’s (Step 2) and then removes the circled B’s (Step 3).
Next, for the circled A’s, the roll first adds the B’s
(Step 4) and then removes the circled A’s (Step 5).
Then, for X’s appearing in the matrix, A’s are first
added (Step 6) and then the X’s are removed (Step 7).
The following Table 2 and accompanying text describe

the steps of making the connection to yield rearrangement

of the center stage switches when X—~B results in the
minimum number of connection rearrangements:

————
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SO D TR

TABLE 2

=<

‘The X-B roll occurs in similar fashion to that of
the X-A roll. For example, the first step is to put an X
in the position (r;, ¢;) indicating the connection was -
made through the extra center stage (TABLE 2, Step 1).

15 For the circled A’s, the roll first adds X’s (Step 2) and
then removes the circled A’s (Step 3). Next, for the
circled B’s, the roll adds A’s (Step 4) and then removes
the circled B’s (Step 5). Then, for the X’s, the roll
adds the B’s (Step 6) and finally removes the X’s (Step

20 7).

Rearrangement is performed as necessary using a
"head-end-bridge" and a "receive-end-switch" to effect a
hitless roll (including the initial connection placed in
the designated or extra element) to the lower numbered

25 elements of the matrix. The terms head-end-bridge and
receive-end-switch are defined and explained
illustratively in connection with the example of FIGUREs

15 through 34 below. These steps leave the extra element

[T
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clear and ready for the next immediate connection in a
rearrangeably blocked condition.
Although it is believed that the present
specification and drawings fully and accurately describe
5 the system and provide sufficient information so that
anyone skilled in the art may practice the inventive
concept} "Unpublished Appendix A" is provided herewith to
remain unprinted. Unpublished Appendix A includes a
listing of the working source code to enable a computer
10 to operate and perform the immediate connect method of
the present method and system.

OPERATION

15 . Having explained generally the processes of the
preferred embodiment, the following illustrative example
shows how the preferred embodiment provides an immediate
connect in the presence of a rearrangeably blocked
condition in the space domain. The time domain method

20 becomes obvious upon understanding'implementaﬁion=of the
space domain method.

. FIGUREs 6 through 14 illustrate an example of the
immediate connect method of the preferred embodiment. 1In
the square matrix 110 of FIGURE 6, cell (1,1) is marked

25 as blocked because the present connection algorithm
detected that the dedicated center stage switch is the
only center stage switch having both an idle link to
input switch 1 and an idle link to output switch 1.

_ In response to this condition, the connection

30 algorithm in effect puts an X at (r;,c;) to make the
connection, as FIGURE 6 shows. The use of the notation
nx" herein denotes the use of the dedicated or extra
center stage switch in a fearrangeably blocked condition.
When the designated dedicated center stage switch of the

35 large matrix configuration is used by the connection
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algorithm, a rearrangeable blocking condition is
automatically detected.

Since the connection pair (1,1) is rearrangeably
blocked, in order for a connection to be possible, there
must exist an idle link between input switch 1 and some-
center stage switch, say A. Furthermore, there must
exist an idle link between output switch 1 and some
center stage switch, say B. The pair (A,B) is one pair
of center stage switches to be considered for
rearrangement. In this example, the pair (A,B) is the
only pair of center stage switches that meets the above
criterjia. Since the pair (A,B) constitutes the entire
set of pairs to be searched, (A,B) is the pair that
requires the fewest rearrangements.

FIGURE 7, shows the X-A sequence and FIGURE 8 shows
the X-B sequence of the immediate connect algorithm .of
the preferred embodiment. Terther, FIGUREs 7 and 8 show
the operation of the flooding algorithm of the preferred
embodiment. For example, the first step starts off in
FIGURE 7 at row r; and finds an A in (r;,c,;) which is
circled. FIGURE 8 shows the second step of the flocoding
algorithm which uses the X~B sequence and starts off in
column ¢, to find a circled B in (r;,c,). Then, the third
step takes place back in FIGURE 7 wherein column c, is
examined for a B. This is found at position (r,,c;) and
circled. Since there are no A’s row r,, this X-A
sequence is complete. The two symbols in FIGURE 7
indicate two rearrangements are required.

Although the flooding algorithm of the present
method ends at the third step, if it were to continue, in
FIGURE 8 row r3 would be examined for an A, which would
be found in position (r;,c,;). This procedure would
continue to alternate between circling B’s in columns and
A’s in rows until either a column with no B to circle or
a row with no A to circle. The four circled symbols in
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3R EF ‘DESCRI PTI ON OF THE DRAW NGS O her objects and advantages are

afiparent and best understood by reference to the fol | ow ng description of

| ust.rative enbodj.nments when read in conjunctioh Mﬂth the, accnnpanylng
dgawi ngs, wher ei n: FI GURE 1, shows five- stage connectlng network”

(JSSST) with &RAMRA t hree- stage space matrix (SSS); pATENTF1ﬁ§EEh£TI¢NWE

nore detail the three-stage connecting network that may be enbedded

gically in the
FIGURE 8, therefore, indicate four rearrangements are
necessary in the example.

Since the X—~A sequence requires only two
rearrangements, and the X-B requires four rearrangements,

5 the preferred embodiment chooses the X-~A sequence for the
pair (A,B). Since the pair (A,B) is the only pair of
center stage switches being considered, the X—A sequence
yields the minimum number of rearrangements.

The next step is to execute the rearrangements using

10 the previously mentioned "hitless roll." Since the X-A
sequence yields the minimum number of rearrangements, the
preferred embodiment uses the X~A roll in this example.
The hitless roll includes the initial connection placed
in the dedicated center stage switch. This roll takes

15 Place by first performing the necessary rearrangement

| using a head-end-bridge and receive-end-switch.

“ FIGUREs 9 through 14 illustrate executing the X-A
hitless roll. The method changes the sequence of
previously circled symbols A and B to clear the blocked

20 cell as follows: ,

For the circled B’s add X’s as FIGURE 9 shows. 1In
this ekample, this step corresponds to setting up a head-
end-bridge through the center stage switch at the extra
switch X for the existing connection from input switch 2

25 through center stage switch B and a receive-end-switch
through center switch X for the existing connectlon and
from center stage B to output stage 2.

The next step is to remove the circled B’s as FIGURE
10 shows. In this example, when a connection exists

30 through center stage switch X, and output switch 2
receives a good signal, the next step is to take down the
connection from input switch 2 through center stage
switch B to output switch 2.

Then, as FIGURE 11 shows for the circled A’s add

35 B’s. In this example, this step corresponds to setting
up a head-end-bridge through the center stage switch B
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fI@e- st age- TSSST network of FIGURE 1; FIGURE 3 is a three-stage
cgnnecting network generalized to the N(mn,r) case; .. FGURE4 . "7
i g roduces notation for under st andi ng.t he, preferred enbodlnent . ...Fl.GURE
5 brovides a flow ¢hart” of the method of the preferred enbodlnent' .

FIBURES 6 thr oagindssi |l ustrate an exanpl e of the sequRUENTgARPLACATION
poftion of the preferred enbodi nents;

for the existing connection from input switch 1 through
center stage switch A and a receive-end-switch through
center stage switch B for the existing connection from
center stage switch A to output switch 2. Then, as

5 FIGURE 12 shows, the circled A’s are removed. In this
example, when a connection exists through center stage
switch B and output switch 2 receives a good signal, the
next step is to take down the connection from input
switch 2 through center stage switch A to output switch

10 2.

Then, the next step is to add A’s to the positions
containing the X’s, as FIGURE 13 shows. In this example,
this corresponds to setting up a head-end-bridge through
center stage switch A for both the connection from input

15 switch 2 through center switch X to output switch 2 and
the immediate connection from input switch 1 through
~ center switch X to output switch 1.

The final step is to remove the X‘’s as FIGURE 14

illustrates. In this example, when each connection

20 through center stage switch A exists and the |
corresponding output switch receives a good signal, the
corresponding connection from the input switch through
center switch X to the corresponding oﬁtput switch may be
taken down. Note that the extra center stage switch X is

25 left idle, since all connections are rolled off the extra
enter stage switch X to the appropriate center stage
switch. '

' Having described in detail the operation of the
preferred method and system, the following discussion
30 illustrates the connection path selection method and
system of the preferred embodiment. For simplicity in
describing this aspect of the present invention, the
example considers connections in a further reduced
N(5,4,4) space matrix 220 of FIGURE 15. :
35 FIGURE 15 illustrates the state of a simplified
N(5,4,4) space matrix 220 after initialization. Note
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that the fifth center stage switch 224 is labeled X to
indicate that it is the dedicated or extra center stage
switch. As legend 226 shows, short-dashed lines 228

. indicate an idle link, continuous line 230 indicates a

5 busy link, and long-dashed line 232 shows a switch

connection. Since there are no inputs connected to any
outputs in FIGURE 15, there are no input stage, center
stage, or output stage switch connections and all of the
links between the switches are idle.

10 ' With the simplified N(5,4,4) space matrix in mind,
it is possible to detail how to implement computer
software to accomplish the connection path selection and
other purposes of the present invention. Note, however,
that the size of space matrix 220 does not limit the

15 utility or applicability of the software implementation.
To assist in understanding the software implementation,
the following discussion introduces data definitions and
notations relevant in manipulating the matrices 222, 234,
236, 238, and 240 of FIGURE 16. Note, also, that for

20 ease in understanding connections, FIGURE 15 uses the
same reference numerals for input gates 90, input stage
switches 92, etc. appearing in the generalized N(m,n,r)
maﬁrix of FIGURE 3. The following data definitions are
useful in the description of the present connection.

25 method and system.

In a software implementation, input/output gate or
line conversions occur. For example, a connection may be
requested in the form of IL-m~OL-n. In other words,
input line m to output line n. The input line number is

30 converted to an input switch stage number i and an input
number for that input switch stage j such that
IL-m—~I(i,j). Similarly, the output line number is
converted to an output switch stage number k and an

. output number for that output switch stage 1 such that

35 oL-n—-0(k,1).
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More formally, I(i,Jj) is determined from IL-m and
O(k,1l) is determined from OL-n by:

i =1 + Quoty(m-1)
S j = 1 + Remy(m-1)
k = 1 + Quoty(n-1)
1 = 1 + Remy(n-1)
where N is the number of first (input) stage
10 switches, which is equal to the
number of third (output) stage
switches;
Quoty is the integer quotient of the
argument divided by N; and
15 Remy is the integer remainder after the
argument has been divided by N.
The following statements and data definitions may be
understood with reference to FIGUREs 15 and 16 to provide
20 computer-generated matrices to accomplish the purposes of
the pfesent invention.
“ Data Definition: | space_in mat(in_stage,in num) “
25 In FIGURE 16, the space input matrix 222 for the

FIGURE 15 N(5,4,4) example is a 4x4 matrix which
represents the connection of the input stage switches in
the SSS such as switch 92. Each row of space input
matrix 222 corresponds to one of the input stage switches
30 92. The columns of space input matrix 222 correspond to
the input gates 90 to each of the first stage switches.
The egtries in the space input matrix correspond to tné
outpdts of the first stage switches such as outputs 94.
Since the output of each of the input stage switches is
35 connected to the center stage switch of the same number,

the entries in the space input matrix may be viewed as
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, 024 DS3 ports (or equivalently, 32,678 DS1 ports) for the 1631 SX device.
hIS is,a five-stage, Time-Space- Space-Space-Time (TSSST)-di-vd sien - -
Itlplexed connecting matrix network 50. Mat.ri:x conflgurathon 50 |ncludes
{ne sEggg)Sﬁ t hat thaough connections 54 cohfects' t'g.threé center'space
age esi gnated generally by reference nuner |
pace stage 38F% connects through output |ine 58 ?I&T%l@{! A&ﬁ% age 60.
th this configuration, the network 50 includes a time-

the center stage switch to which that particular input
stage switch (row), input (column) is connected.
" As a result, the statement

e —
—

Statement: space_in mat(i,j) = c

causes space input matrix 222 to indicate a connection
from the j*® input of the ith first stage switch to center
stage switch c.

The entries in space input matrix 222 range from O
to X using the simplified example of FIGURE 15. A O
jndicates that no connection has been assigned. Entries
of 1 through 4 are hormal connections. A numerical entry
in matrix 222 of 5, in this example corresponds to the
entry of "X" in FIGURE 6 and indicates that the extra
center stage switch 224 has been assigned and the

rearrangement process has been invoked.

“ Data Definition: ‘space_cnt_mat[cnt_staqe,in_staqe] “

Space center matrix 234 is a 5x4 matrix which

represents the connection map of the center switches in

the space domain such as center stage switches 96. Each

row of the space center matrix corresponds to one of the

center stage switches 96. The columns of the space

center matrix correspond to the inputs to each of the

center stage switches such as inputs 94. The entries in

the space center matrix correspond to the outputs of the

center stage switches such as output 98. Since the

output of each of the center stage switches 96 connects

to the output stage switch of the same number, the

entries in the space center matrix 234 may be viewed as

the output stage switch to which that particular center

stage switch (row), input column connects. ———— "
As a result, the statem Sheet Has Been Replaced ..
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d in-of time stages 52 and 60 and a space domain of three center space
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Statement: space_cnt_mat(c,j) = k

s
——

causes space center matrix 234 to indicate a connection
from the jth input. of the center stage switch "c" to the

5 kth outpﬁt stage switch. The entries in space center
matrix 234 range from 0 to 4. A 0 indicates that no
connection has been assigned. Entries of 1 through 4 are
normal connections. A zero entry in X8 row (i.e., the
Sth row in this example) indicates that the extra center

10 stage switch 224 has been assigned and the rearrangement
process has been invoked.

“ Data Definitionﬁ space_out_mat(out_stage,out_num] “

15 ' Space output matrix 236 is a 4x4 matrix which
represents the connection map of the output stage of the
space matrix in the space domain. Each row of space
output matrix 236 corresponds to one of the output
switches such as output switch 100. The columns of space

20 output matrix 236 correspond to the output from each of
the 6utput switches such as output gates 102. The
entries in space output matrix 236 correspond to the
input to which that output connects such as connections
98. Since the input of each output switch connects to

25 the center stage switch of the same number, the entries
in space output matrix 236 may be viewed as the center
stage switch to which that particular output switch 100
(row), output gate 102 (column) connects.

As a result, the statement
30

Statement: " | space_out_mat(k,l) = ¢

causes space output matrix 236 to indicate a connection
from center stage switch "c" to the 1%! output of the kB

27
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cenger space stage 56 is represented

output stage switch. The entries in space output matrix
range 236 from 0 to X. A 0 indicates that no connection
has been assigned. Entries of 1 through 4 are normal
connections. An entry of X (i.e., 5 in this example)

5 indicates that extra center stage switch 224 as been
assigned and the rearrangement process has been invoked.

Continuing with refefence to FIGUREs 15 and 16, the

following discussion details how to implement the
preferred emhodiment to represent an idle link between an

10 input gate and an output gate. In normal operation, the
present connection method attempts to make a given
connection through the lowest-numbered center stage
switch. In order to make a connection from a given input
stage switch, such as input switch 92, to a given output

15 stage switch such as output switch 100, there must exist
a certain center stage switch, such as center switch 96,

~ with the property that there is an idle input 1link from
input switch 92 to center switch 96 and an idle output
link from center switch 96 to output switch 100.

20 The present method and system track idle input links
and idle output links by using two different bit map
arrays (one for input links and one for output links).
Each bit array map has a separate row for each row of the
space center matrices. The method uses a group of

25 primitives to operate upon the bit maps to effect the
connect and disconnect operations. The primitives, in
turn, invoke the rearrangement proceés when required.

||Data Definition: | space_in_link(in_stage,cnt_stage]

30

For the example of FIGUREs 15 and 16, space input
idle link bit map 238 is a 4x5 bit array that represents
the idle input links 94 between the input switches 92 and
the center switches 96 in the space domain. Each row of

35 space input idle link bit map 238 corresponds to one of
the input stage switches 92. The entries in space input

28
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gafes such as bggﬂbzgate 76{
idle link bit map 238 for a given row (input stage) and

column (center stage) indicate the idle state of the
input link 94 between that input stage and center stage.
An entry of 1 indicates that the input link is idle and.

S available for assignment. A 0 value indicates that the
input 1link is in use and is not available for assignment.
A 0 entry in column X indicates that the extra center
stage switch 234 is in use and the rearrangement method
is in progress.

10

F = : S—
| Data Deflnltlon' space_out_link{out_stage,cnt_stage]

Space output idle link bit map 240 is a 4x5 bit
array that represents the idle output links between the

15 output'and the center switches 96 in the space domain.
Each row of space output idle link bit map 240
corresponds to one of the output stage switches 100. The
entries in the space output idle link bit map 240 for a
given row (output switch) and column (center switch)

20 indicate the idle state of the 6utput link 98 between
that.output switch and center switch. An entry of 1
indicates that the output link is idle and available for
assignment. A 0 value indicates that the output links is
in use and is not available for assignment. A 0 entry in

25 column X indicates that the extra center stage switch 224
is in use and the rearrangement method is in progress.

Having described the maps for representation idle
links, the following describes primitive operations
useful to manipulate the space idle link bit maps 238 and

30 240 for connect and disconnect operations.

'IPrimitive: init_links()

The initialize idle link bit maps primitive (used
3s only for start-up operations) creates both space input

29
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idle link bit map 238 and space output idle link bit map
240 for the preferred embodiment. All entries in the
idle link bit maps are initialized to 1, indicating that
all links are idle.

“ Primitive: set_link(i/o, Jj, k) B

This primitive sets the k™ bit of the j*P row of the
bit map specified by the "i/o" parameter to 1. If the
bit map contains n elements and the value of j exceeds n,

then the computer returns an error flag. Otherwise, the
ktPh element is set to 1.

ﬂ Primitive: | clear_link (i/o, j, k) J=]

. _—
——— ——

This primitive clears (resets) the kP bit of the jth
row of the bit map specified by the i/o parameter to 0.
If the bit map contains n elements and the value of j
exceeds n then the computer returns an error flag.
Otherwise, the k'® element is set to 0.

anan smon —
— — —

Primitive: pump_link(space_in_link[i],space_out_liﬁk
(k1)

The preﬁerfed method and system connect between an
input switch stage i and an output switch stage k using
the lowest numbered center stage switch available. This
is accomplished by a process that hereinafter shall be
called "pumping" space _n_link([i] and space out_link([k].
That is, space_in link([i] is logically "ANDed" with
space_out_link(k] to determine ¢, the lowest numbered
center stage switch with both an idle link to input stage
i and an idle link to output stage k. The index of the
first non—zero'entry in the result of the logical AND is
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I ncludes 17 center stage ﬁiﬁ

H i et "each N(17,16. 16y nmairix 72}
16 out pdR2B/HAXh connect

ron1each center_ stage smntch 80 ga
84. Each output switch 84 prOV|des 16 out'put gates such gf

ut swi t CHPERENT, P svmtch‘;:

c, the lowest numbered center stage switch with both an ;;
idle link to input stage i and an idle link to output 3
stage k. The two links to ¢ are then marked as "“busy" in
space_in_link{i] and space_out_link{k] and the center

5 stage number ¢ is returned. Table 3 illustrates an
embodiment of this primitive macro.

PUMP LIST MACRO FLOW CHART

pump_link(space_in link(1], space_out_link(k]
10 int ¢, i, k, x(xtra_stage}; '
c )
int 3j; |
¥ = space_in link{i] && space_out_link({k};
for (j = 1; j < = xtra_stage; j++0
15 { '
if (X(3) ==1)
{
c = 3;
break;
20 -}
}
clear_ link(space_in_line, i,c);
clear_ link(space out_link, k, c);
if (c == xtra_ stage)
25 {
rearrange = 1;
]

return(c);

{
30
SO = ——}
FIGURE 16 illustrates the implementation data
matrices after initialization. The corresponding entries
in the connection path selection matrices space_in_mat
35 222, space_cnt_mat 234, and space_out_mat 236, for the
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I

as output gate 86 that connect to I/O shelves such as I/0 shelf 70 of

FIGURE 1. The total nunber of output gates 86 nmake up the.ti.ne slot-to-1/0
shel f connections 68 of FIGURE 1 for each ting slot: : . “‘Connections are

made bet'ween input gate 76 and output gate 86 . mredi at €1y usi ng the present :§ -

v ough | noRHTch 74, cont or witches 80 ana ouPREELAPBLEERERY Do ' C |
attenpts to use the nost used :
. i
' examplé, are illustrated in FIGURE 16. Since there are .
no switch connections, all of the entries are 0. The
contents of the space_in_link 238 and space_out_link 240
bit maps are as shown at initialization. Note that each
S ~ input stage switch and each output stage switch has a 1

element for each idle center stage switch. In this

example, after initialization, all five center stage
switches are marked as "idle".
FIGURE 17 shows the implementation data .after the

10 first connection. Suppose the first connection requested
is to connect input line 1 to output line 1, or more
simply, IL-1-OL-1. The first step is to convert the
input line number to an input switch stage number and an
input number for that input switch stage. In this case,

15 IL-1~I(1,1). Similarly, the output line number is
converted to an output switch stage number and an outp@t

N number for that output switch stage. In this case,
OL-1-+0(1,1). So, we are going to make a connection
between input stage 1 and output stage 1.

20 ‘The present method and system attempt to make the
connection between input'étage 1 and output stage 1 by
using the lowest numbered center stage switch available,
which in this case is center stage 1. This is
accomplished by using the pump_ list macro of TABLE 3 to

25  compare space_in_link(1l] with space_out_link[1] in FIGURE
16 and set the idle connects of the lowest center stage
number common to both bit maps to ngm Then, the {
space_in mat(i,j) and the space_out _mat(k,l) are set -;é
equal to that center stage nunber, and the -

30 space_cnt_mat(c,j) is set equal to k. The cérresponding ;
space matrix data entries are shown in FIGURE 17 and the |
resultant state of the space matrix 220 is shown in
FIGURE 18. ' '

The following statements accomplish this process:

~

o
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parg of-a matrix 72 first and the |l east used part of the matrix 72 last. By
usi §g the heavil y-1 oaded part of the matrix where pOSS|bJe | pepki ng-"a.
gi vgn connection, when rearrangenment of matrix 72-fs neCessary “t-he. hfL-
reafr angeirent process of the preferred embodi ment pncOuhters elenents with
thefsmal | est nu { pre- existing connections. This (FB me
of rfecessary co%%(? Jns for matrix rearrangerrent ﬁ% ﬁI%erre N

enbddi nent uses a dedicated tinme sl ot

X = pump_list(space_in llnk[l], space_out llnk[k]),
space_in mat(i,j) = ¢c;
S space_cnt_mat(c,i) = k;
space _out_mat(k,l) = c;
where, in this case, i=j=k=l=m=c-1.
10 Assume the procedure of adding connections continues

until n2?-2 connections have been made (presumably without

rearrangement) with the resultant space matrix shown in
FIGURE 19 and connection path selection matrix data shown
in FIGURE 20. '

15 Then, the request to connect IL-13 to OL-7 is
received. The request to connect IL~13 to OL-7 converts
to a request connect I(4,1)-0(2,3). The present method
and system attempt to make the connection between input
stage 4 and output stage 2 by using the lowest numbered

20 center stage switch available, which in this case, is
center stage switch number 4, as illustrated in FIGURE
20. The pump_list macro of Table 1 compares space_in -
link[4] with space_out_link[2], determines the lowest
center stage number common to both bit maps, and sets the

25 idle status to "busy" in both bit maps. Then the

| - space_ih_mat(i,j) and the space out_mat(k,l) are set
equal to that center stage number and the
space_cnt_mat(c,j) is set equal to k.

e —————— A t2R et M e

The corresponding space matrix data entries are
30 shown in FIGURE 21 and the resultant state of the space
matrix is shown in FIGURE 22. This process is
accomplished using the'following statements from the
connect routine as before: T

e——
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n rearrangenent is necessary in the time domain. For exanple, referring
to FIGURE 1,.the 128th time slot may be dedicated as an.extra -tine slot for
us durlng matrix. 5Q.rearrangement. Simlarly, |n the space donaln

referring to , center switch 17 may be the dﬁ%} d§8
cepiter sw tch?:d e p%esent connection techni que auto f@gf %Isgéﬁi'ﬁ%“
defli cated or extra elenent (either the dedicated or extra tinme slot in

X = pump_ llst(space in 11nk[1], space_out llnk(k]),
space_in mat(i,j) = c;
space_cnt_mat(c,i) = k;
space_out mat(k,l) = c;

where in this case, i=4 j=1 k=2 1=3 m=13 n = 7 and c=4.

Suppose the next request is to disconnect IL-13 from
10 OL-7 (which takes down the connection that was just
i made) . The request to disconnect IL-13 from OL-=7
converts to a request to disconnect I{4,1)—~0(2,3). The
put_back macro accomplishes the disconnect by breaking
the connection between input stage 4 and output stage 2
15 and putting the freed-up center stage switch, number 4,
back on the input/output stacks for subsequent use. More
specifically, the put_back macro determines the freed-up
center stage switch number and puts it back in the proper
positions on both of the ordered-linked lists in
20 space_in link({4] and space_out_link(2]. Then, the
space;in_mat(i,j), the space_cnt_mat(c,j), and the
i space_out mat(k,l) are set equal to 0.
5 The corresponding space matrix data entries are
shown in FIGURE 23 and the resultant state of the space
. 25 matrix is same as shown before FIGURE 18. The disconnect
% is accomplished using the following statements from the
; put_back macro: |

e
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92AD02S PATENT APPLICATION

TABLE 6

“ DISCONNECT STATEMENTS g

c = space_in mat (i,3);
set_link(space_in_link, i, c);
set_link(space_out_link, k, c);
space_in mat(i,j) = 0;
space_cnt _mat(c,i) = 0;
space_out _mat(k,l) = 0;
where in this case, i=4 j=1 k=2 1=3 m=13, n=7, and c=4.

— ——

Next, suppose we receive a request to connect IL-13
to OL-12. The request to connect IL-13 to OL-12 converts
to. a request to connect I(4,1)-~0(3,4). The present
method and system attempt to make the connection between
input stage 4 and output stage 3 by using the lowest
numbered center stage switch available. In this case,
the X"*R or extra center stage switch 224 is the lowest
number available center stage switch, as illustrated in
FIGURE 25. .

As béfore, the pump_list macro accomplishes this by
comparing space_in_stack(4] with space_out_stack({3] in
FIGURE 23, determining the lowest center stage-number
common to both bit maps (which in this case is center
stage switch "X"), and setting the idle status to "busy"
in both bit maps. Then, the space n_mat(i,j) and the
space_out_mat(k,l) are set equal to that center stage
number and the space_cnt_mat(c,j) is set equal to k. An
entry of 5 indicates that the X*® center stage switch has
been assigned and the rearrangement process is
automatically invoked. The corresponding space matrix

-data entries during rearrangement are shown in FIGURE 24

and the resultant state of the space matrix during
arrangement is shown in FIGURE 25. T

This Sheet
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he tinme domain or the dedicated center stage switch in the space
in) when.a rearrangeably bl ocked condition exijsts. .. FI GURE 3 -
strates that N(17,16,16) matrix 72 of FI GURE'2.nmay.be generaLJzed to

ix 88 for which the expression N(mn,r) describes.thé configuration.

owi ng thegeamyertion of the N(17,16,16) matrix l6arTeNT APPLICATION

10

15

20

25

30

35

'through center stage X 224 is dropped.

The following immediate connect statements
accomplish this:

TABLE 7 _ “

IMMEDIATE CONNECT STATEMENTS

pump_list(space_in_stack{i],space_out_stack(k]);
space_in mat(i,j) = c;
space_cnt_mat(c,i) = k;

space_out_mat(k,l) c;
where in this case, i=4 j=1 k=3 1l=4 m=13, n=12, and
c=5.

As a result of the rearrangement algorithm the
connection I(4,3)-0(2,1) that FIGURE 26 shows 1is "rolled"
from center stage switch number 2 ontd center stage
switch number 4. This roll is performed hitlessly by
creating a head-end-bridge at input stage switch 4 and a
receive-end-switch at output stage switch 2 as shown in
FIGURE 27. When the correct path is received at output
stage switch 2 from center stage switch 4, the original
connection through center stage switch 2 is dropped as
shown in FIGURE 28 and the space matrix data is updated
as shown in FIGURE 29.

- The previous roll now allows the immediate
connection, I(4,1)-0(3,4), as FIGURE 31 shows, which is
on center stage switch X 224, to be rolled onto center
stage switch 2.

This roll is performed hitlessly by creating a head-
end-bridge at ihput stage switch 4 and an receive-end-
switch at output stage switch 3 as shown in FIGURE 31.
When the correct path is. received at outpuﬁs stage switch
3 from center stage switch 2, the original connectlon

This Sheet Has Been Rep laced
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t he generali zed notatTBﬁm‘(ﬁTﬁ‘TT—dese++bes generalized matrix 88. In the

N(m n;r) notation, n1edhaﬂ&ﬂqngB§H qaﬁp rxr center stage switches (as

wel |l as the nunber of o nXny.i.nput . st age.-aAd~+he ‘nunber  of

i nputs to each mXn outp HEMM ) n efual-s t-he nunb&r of “inputs to}
s t he nunbgXTENT CAPPLIGATIANN each niXn

out put stage switch); andr. equal s the nunber of nXminput stage SMAtches;

each nXmgiaapg25tage sw
(as well as the nunber of mXn output stage

Rolling the immediate connection, I(4,1)—0(3,4), off
the extra center stage switch completes the rearrangement
process for this connection. Note that this process
leaves the extra center stage switch clear and ready for

5 a next connection when a rearrangeable blocking condition
occurs. FIGURE 32 shows the resulting state of the space
matrix after rearrangement.  FIGURE 33 shows the
corresponding space matrix data entries after
rearrangenent. _

10 In FIGURE 34, the rearrangement aspects of the
preferred embodiment are applied to the abave example
appear. Once the preferred embodiment uses dedicated
center stage switch 224 to make the immediate connection,
the system of the preferred embodiment invokes the

15 rearrangement process automatically. First, the system
determines two center stage switches which will
participate in the rearrangement process. This is
accompllshed using Paull’s Method which is restated as
follows:

20 If (r;,c;) is blocked, test all symbol pairs (a,B),
such that A is in row Ty, but not in column ¢, and B is in
c,, but not in r;, to find which pair will require the
fewest changes. The method then carries out the changing
algorithm on that pair.

25 Returning to the space matrix example of FIGURE 25,
it is preferred to first transform the space_cnt_mat
matrix data in FIGURE 24 into the format of FIGURE 4.
FIGURE 34 illustrates the results of this transformation.

The use of the dedicated center stage switch is

30 indicated by the X in (r,,c;) of FIGURE 34. The next step
is to find all symbol pairs (A,B) such that A is in row
r,, but not in column c;, and B is in column c,;, but not
in row'r4. In this example, there is a 2 in row r,, but
no 2 in column c3, so A is set to 2. Similarly, there is

35 2 4 in column c¢3, but no 4 in row r,, so B is set to 4.
Since there is only one value for A and one value for B,

37
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sa! ches). Note also that, in matrix 88, mat |east. equals n+l. This
ligitation on.mfor a given n assures that there exists at |east one extra
ceffter stage switch. Referring nore particul arly.to FIGURE 3,
gedderal-ized matrix 88 'has n input gates ‘90 that connhect:td input™”swtches,

sudgh as input switch 92, having m out put connectiaons 94.
matri x 88, t heP¢ARR? Soe, ' PATENT(%ﬁyif%Af?%ﬁ

the (A,B) pair that requires the least changes is,
obviously, the pair (2,4).

For a given pair of symbols (A,B) there are two

possible rearrangement sequences. One pf these two _
5 generally will be shorter. The following steps generate
the X-A and X~B sequences for this example.

The X-A sequence starts with the immediate
connection through the extra element and ends up with the
blocked cell being assigned to element A or 2, in this

10 case. Starting with the blocked cell (rj,c,), there is no

; 4 in row r3j, so this step requires a circle around the 2

: in row ry. Now, the circled 2 is in (r4,c;). Then, a

: search for a 4 in column ¢, is necessary. Since there is

i ndne, this sequence is complete. (Note that not all 2’s

15 get circled.) .

. The X-B sequence starts with an immediate connection

%-\ through the dedicated element 224 and ends up with the

: blocked cell being assigned to element B or 4, in this

case. Starting with the blocked cell (r;,c,), there is no
E 20 2 in ¢4, so a circle goes arocund the 2 in ¢,. Now, the
: circled 4 is in (r3,c;). Then, a search for a 2 in r,
takes place. Since there is none, the sequence .

_ generation process is complete. (Note that not all 4’s

! get circled.) |

' 25 The flooding algorithm starts by finding the first
element of the X-~A sequence. If the X~A sequence is not
ended, the first element of X—~B sequence is found. Then,
if the X—B sequence is not ended, the next element of the
X-A sequence is found. This process continues until the

30 shorter of the two sequences is completed. (So, the X~B
sequence shown in FIGURE 34 is not really generated. It
is shown here as an illustration of the alternate path.)

In summary, a method and system are provided for
finding an optimal path or connection configquration

35 ihrough a communications matrix in which an input stage
-array represents the assignment of input gates through an

This Sheet Has Been Replaced
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or example,-r input switches 92. The input switch-to- center switch
onnect.ions 94 connect to the rXr center switches such as cent.er switch 96
ere each center. switch 96 receives r center smntch cannect’i.ons  94- and
rovi des r output connections 98. In the exanpie of:.FI.GURE 3,. there are m
enter swtchean8bs Each center sw tch-to-output SWHATIEND RPERUICNTION from

enter switches 96 connects to an output switch 100. Each output sw tch
00 receives mcenter swtch-to-output
input switch to a center stage and has values that
associate an input stage switch with an input gate and a
center stage switch, a center stage array represents
center stage switch connections between an output stage
5 and input stage, and an output stage array represents
output stage connections and has values that associate an
output stage switch with an output gate and a center
stage switch, and, further, wherein an idle input array
represents idle input gates and an idle output array '
10 represents idle output gates, and in which the optimal
connection path or configuration is determined by pumping
the input stage array and the output stage array to
determine an optimal center stage switch having idle
connections between a predetefmined input gate and a
15 = predetermined output gate. One important aspect of the
present invention is its use in identiffing the presence
of a rearrangeably blocked condition of a rearrangeable
communications matrix. .
As a result of the above, although the invention has
20 been described with reference to the above embodiments,
its description is not meant to be construed in a
limiting sense. Varijous modifications of the disclosed
embodiment, as well as alternative embodiments of the
invention will become apparent to person skilled in the
25 art upon reference to the above description. It is
‘therefore contemplated that the appended claims will
cover such modifications that fall within the true scope
of the invention.
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( swi tch connectlons 98 and outputs to n output gates such as output gate

102.

e .,

: .

,************t*******f*'

i
)

!
;.******#***************************************************************/
"****************f************t***********t*************t*************/

. To begin proceed to the main program at the end of the the listing. =/

- emes oo e - - o ———— .y o

AVPENDLX A

Bowdon's Immediate Connect Algorithm (BICA) *x/

pclude <stdio.h>
gclude <math.h>
aclude <malloc.h>
aclude <sys/types.h>
pclude <sys/timeb.h>
aclude <(sys/time.h>

Global wvariables for immediate connection algérithm.

't

£

(8}

v

erCr et T er oF oF

Global variables for rearrangement algorithm.

48 68 g FV (T T

FY YY)

H H

itic int
<E

in_line,
out_line;
in_stage,
in_num;
out_stage,
out_num;
n,

m;

command_count,
command_end = 10;
rearrange_space,
rearrange_time;

space_in_mat(16][16];
space_cnt_mat[(17] [16];
space_out_mat({16] (16];
space_in_link({16]([17];
space_out_link(16](17];
xtra_stage = 17;
traffic(2](28672];

BTOA_MV([31][3],
ATOB MV[31] {31;
flag A = 0,
flag_B = 0;

*sort_array ();
*chk_space_in_status ();
*chk_space_out_status ();
*chk_space blocklng ();
*shuffle ();
*implement PM2 ();

name_in{13]};
name_out(13];

in_file(22];
*fp_in,
*fp_out;
seed_array(10];
p_level

40
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[}
,'"*******************t**..****************************‘ n*'******_***’****/

t***************/

*/

*/

*/

*/
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Beth the N(17,16,16) matrix 72 of FIGURE 2 and the N(mn,r) matrix
84 of . FIGURE 3 are said to be rearrangeable matrices if, respectively, for
ajgiven state of the natrlx and any glven |dIe paArr@f |nput

1 L P - r . . e e
o .
( . e e

P R

‘  APPENDIX A
1 gtructure to hold current network permutation before rearranging. — */
cuct p_coordinate

int X;

int Yi

int Z;

ruct p_mat_pos

struct p_cocordinate position[256]};

ruct p_mat_pos rearrénge_Bd;

structure to hold the output of the rearrangement sequence. */
truct seq_len

int input_sw;

int old_mid_sw;
‘int new_mid_sw;
‘int output_sw; .

ruct rearrange_seq

struct seq_len move([l5];

{ruct rearrange_seq rearrange_moves;

‘**1**************************************************************r*****/
i */
' This is the subprogram for BICA's number of moves from B calc. */
! */
’***************************************t**************************'k****/

'************************************************************t**********/

* This function first reads the rearrangement structure and picks out */
* the connections in the middle switch pair (A, B). The arguments to */

* this function are the starting point (RB, CB) and the pair (A, B). */
' The function returns the number of moves starting from B. For */
* reference, the starting point is described by Paull as (R1l, C2). x/

"******************************************t*****t******************t***/

{k_Paull_mat_BTOA (RB, CB, B_least, A_least)

it RB,
CB;
it A_least,
B_least;
int i,
J.
m =0,
n =20,
Yl = 0, M
y2 = 0. : I
y3 =0, This Sheet 4

e i
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gat es 76 or=90 and out put gates 86 or 102, the existing connections withi
the matrices.my be reassigned to nem/paths I f necessary, to allomw~k
connecting the respective idle pairs. The mattices -are r earrangeabl- et i f ar

_onky..if- n1£em4+ .A--F0r- conveni ence Jn.not ati-an, En-a- net work. .descr| bed by{ t.--.
“the expression N(mn,r), the notation A (m n, r) denot es’ the nunber of’ '
connecti ons trgg JWFH be rearpevpg®Edai n order to connect an idle pair of
i eﬂput and Xl =0,
x2 = 0,
x3 = 0,
kl =0,
ml = 0,
m2 = 0;
int flagl = 0,
flagZ =0,
flag3 = 0,
temp_flag = 0,
k2 = @;
int r_temp = O, ' i
c_temp = O, T — '
F2 = 0; . '
int chosen_msw_A({16] (3], This Sheet Has B
[T fill
c_temp = CB;
m= 1;
n= 2;
zero (chosen_msw_A, 48); /* Initialize target matrices. */

zero (chosen_msw_B, 48);
for (i = 0; 1 ¢ 256; i++)
( .
x1 = rearrange_3d.position[i]).x; /* Read rearrangement struct. */
. X2 = rearrange_3d.position(i].y:
x3 = rearrange_3d.position{i].z;

1f (X3 == B_ieast)

{
chosen_msw_B{ml] [0] = x1; /* Pick out connections from */
chosen_msw_B(ml][1] = x2; /* middle switch B and store */
chosen_msw_B(ml] [2] = x3; /* in chosen_msw_B. */
ml++; .

if (x3 == A_least)

{
chosen_msw_A[m2] {0] = x1; /* Pick out connections from */
chosen_msw_A[m2]} {1] = x2; /* middle switch A and store */
chosen_msw_A[m2] (2] = x3; /* chosen_msw_A. */
m2++;
}
}
‘hile (temp_flag == 0)
Kkl = 0; '
for (i = 0; i < 16; 1i++) /* Start from (R1, C2), check =*/
( /* A's in the same column. =/

xl = chosen_msw_A[{i][0];
x2 = chosen_msw_A[i][1]:
x3 = chosen_msw_A[i](2];
if (x2 == c_temp §& X3 == A_least) /* Found an B? */

BTOA_MV(m] [0] = x1; -/* Yes, then store current */

42



g{tput‘gateé. Paull's Method derives fromthe property that [err](n,n,n)

[Brr] m-1. - n other words, for the N(n,n,n) matrix, it is necessary to
nmpve at nost n-1 connections to connect an idle input -gate to an~rdle” -
obit put _gate....A.particul ar...appl i.cati.on of this.property means; for exanple,
tfrat for matrix .72 of FI GURE 2, 3ﬁﬁéﬁﬁggenEnt requtres-at: nost n-1=17-1=16
cpnnection changgs,i der to £ gﬁ | dle .oput gate to an idle output
, 3 %44 ssion” K5 t}o ggﬁgegv. *
gat e. In tB8g 3 d|f§yss[on, Intr /
m++;—
r_temp = x1;
break;
}
k1l++;
}
if (k1 == 16)
flagl = 1;
temp_flag = 1;
F2 = m;
}
if (flagl == 0)
1 k2 = 0;
for (i = 0; i < 16; i++) /* Start from (R1l, C2), check */
{ /* B's in the same row. */
x1 = chosen_msw _B{i] [0];
X2 = chosen_msw_B{i]{1];
x3 = chosen_msw_B([1i][2];
if (x1 == r_temp && x3 == 'B_least) /* Found an B? */
. { -
BTOA_MV([m] [0] = x1; /* Yes, then store */
BTOA_MV[m]} (1] = x2; /* current connection */
BTOA_MV[m] [2] = x3; /* in BTOA_MOV. */
m++; '
c_temp = x2;
break;
}
k2;+;
y
: if (k2 == 16)
(
flag2 = 1; .
temp_flag = 1;
F2 = m;
}
return (F2); /* Return the number of moves from B. */

. .
I"**************************t******#*******************t*t***********!**/

I *

-;:This is the subprogram for BICA's number of moves from A calc. *5

/“****t*************t****ttti***g***********f********************f*f***zj

) _

2 This function first reads the rearrangement structure and picks ocut */
the connections in the middle switch pair (A, B). The arguments to */

. .
******i***********f*ft***tf**’f***f***********************f#***"’****/
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g' otatien tosassist in understanding the preferred enbodi nent. FI GURE 5
provides a flow chart to illustrate the basic concepts of the i medi ate

. connect net hod and system of the present. |nvent|on.,Th&reaIter FjGUREs,G —

© through - 14-show-an -exanpt-e* of -the-operation of the nethod and systen1|n t he
- presence of a rearrangeably bl ockegrtdibkliati on of a fmatrix 72 of the three
i cent &hist g@c'é @hgathexs 5 ting: pe mo%)oﬁn@my%and(hg Bhe pregsent
¥ i pireFhEoRUNRE rRRuEngeth | nuRher g beg gFt% de For */
j escri y Pau l as (R2, Cl). */

'+ reference; the starting pdint is
/**************************************************** N drde kR ************/

.an Paull_mat_ATOB (RA, CA, B_least, A_least)

lnt RA,
CA;

int B_lea st,
A_least;

(

int J:-r

).

m=20,

n=20,

Yyl = O,

¥2 = 0,

y3 = 0,

nl = 0,

n2 = 0;
int x1 = 0,

x2 = 0,

x3 = 0,

k1 =0,

ml = 0O,

m2 = 0;
int flagl = 0,

flag2 = 0,
N flag3 = 0,

temp_flag = O,

k2 = 0;
int r_temp = O,

c_temp = 0O,

F1 = 0,

F2 = 0;
int chosen_msw_A[16] (3],

chosen msw_B[16] [3]:

r_temp = RA;
m = 1;
n = 2;

zero (chosen_msw_A, 48); /* Initialize target matrices. */
zero (chosen _msw_B, 48);

for (L = 0; i < 256; i++)
(

xl = rearrange_Bd.pos@t;on[i].x; /* Read rearrangement struct. */
x2 = rearrange_3d.position[i].y:
x3 = rearrange_3d.position{i}.z;

if (x3 == B_least)

chosen_msw_B([ml] (0] = x1; /* Pick out connections from  +/
chosen_msw_B[ml][1] = x2; /* middle switch B and store */
chosen_msw_B{ml) (2] = x3; /* in chosen_msw_B. */
ml++; - -
)
is Sheet Has Been Replaced '

T




andj system are descri bed by way of FIGUREs 15 through 34 that use a
inplified N(5,4,4) rearrangeable nmatrix having the ability to perform

i medi ate connection in a rearrangeably bl ocked condition. L7 FLGURE.
4, bhatatrom. benefici.al “fot understanding’ the preseﬂt |nvent10n USeé square
matfix 110 to represent i
if (X3 == A_least}
{
chosen_msw_A([m2] [0] = x1; /* Pick out connections from */
chosen_msw_A[m2]{1] = x2; /* middle switch A and store . */
chosen_msw_A[m2] (2] = x3; /* in chosen_msw_A. */
m2++; .
}
)
while (temp_flag == 0)
k1l = O; .
for (1 = 0; 1 ¢ 16; i++) /* Start from (R2, Cl), check */
{ /* B's in the same row. . */
x1 = chosen_msw_B[i][0]);
x2 = chosen_msw_B{i][1}:
x3 = chosen_msw_B(i] (2]
if (x1 ---r_temp §& x3 == B_least) /* Found an A? */
(
ATOB_MV(m] (0] = x1; /* Yes, then store current */
ATOB_MV(m] {1] = x2; /* connection in ATOB_MV. */
ATOB_MV{m} (2] = x3;:
m++;
c_temp = x2;
break;
}
kKi++;

}

if (k1 == 16)
flagl = 1;
temp_flag = 1;
F1 = m;

}

if (flagl != 1)
{

k2 = 0;
for (i = 0; i < 16; i++) /* Start from (R2, Cl), check */
{ . /* A's in the same column. */

x1 = chosen_msw_A[i] [0];
x2 = chosen_msw_A[i][1];
x3 = chosen_msw_A[{i](2];

if (x2 == c_temp §& X3 == A_least) /* Found an.A?" */
( - ‘ '
ATOB_MV([m] (0] = x1; /* Yes, then store */
ATOB_MV(m]} [1] = x2; /* current connection */
ATOB_MV{m] (2] = x3; /* in ATOB_MOV. _ */
M+,
r_temp = x1;
break;
}
K2++;
}
if (k2 == 16) "This Sheet Has Been Replaced
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flag2 = 1,
temp_flag = 1;
Fl = m;
}
}
} .
return (Fl); ' /* Return the number of moves from A. */

',****t********************t*********t**t************************‘k******/

r */
L This is the subprogram for BICA's rearrange output. : */
re */

{,***********************i*********************i******************t******/

[g*t*********************t*t*******************************************t*/

+ This function is the ocutput of the rearrangement procedure. The */
+ arguments to this function are the required number of moves and the =/
i+ pair (A, B). The sequence of moves is written into the output */
+ structure rearrange_moves. */

r***t***********************t****tt*****t****t**t*****************t******/

(****t**************t*****t**t**t**;*************************************/
;+ The output of the rearrangement process is a structure of the form: */

N */
* struct seq_len _ */
+ { : *x/
[+ int input_sw; */
L int old_mid_sw; */
» int new_mid_sw; */
* int out_sw; */
' ] | */
* */
i***********************************************************************/
nt rearrangement output (no_moves, AR, BR)
nt i no_moves;
nt AR;
nt BR;
int i,
3.
k,
m,
n;
int x1l = 0,
x2 = 0,
x3 = 0;
int Yl = 0,
y2 = 0,
y3 =~ 0;

for (j = 0; j ¢ no_moves; j++)

if (flag A == 1 && flag B == 0) /* Is sequence from A smaller? =»/

‘ yl = ATOB_MV(]j](0]; /* Read Input switch */
3 y2 = ATOB_MV([]j][1]; /* Read Output swltch /.
heet Has Been Replaced
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corfnecti-ons existing in a space domain matrix such as matrix 8S of FlI GURE
quare. mat ri x 110 has rows 112 designating input switches (such_as input
ch 92 of FIGURE 3) and colums 114 representing out put "switchés_ (such

number of rows 112 and col ums gebémaqual s 8. Not'e that 'to correspond
tly to t hg3Ne1XTAB ifadni x of Fl GUREead MEHGLRE5.wul show a

if (flag_B == 1 && flag_A == 0) /* Is sequence from B smaller? */
[ .

yl1 = BTOA_MV(j)(0]: /* Read Input switch */

y2 = BTOA MV[]][ ) /* Read Output switch */

y3 = BTOA MV[]][ 1: /* Read Middle switch */
}

rearrange_moves.move[j].input_sw = yl; /* Store Input switch */

rearrange_moves.move(j].old _mid_sw = y3;
/* Store 0ld Midddle switch */

rearrange_moves.move(j].output_sw = y2; /* Store Output switch */

~/* Store New Middle switch */ .
if (y3 == AR) /* Change A's to B's. */
rearrange_moves.move[j]}.new_mid_sw = BR;

if (y3 == BR) /* Change B's to A's. */
rearrange_moves.move[j].new_mid_sw = AR;

}

return;

*******************!*****************f*********************************/

*/
This is the subprogram for BICA's zero function. */
*f
t**************i*****************t***t*********************************/
-zero (A, n)
*A'-
t n;
int - i;

for (i = 0; i ¢ n; i++)
*(A + 1) = 0;
return;

.************************-************t*********t***********************/

. */
This is the subprogram for BICA's hunt algorithm starting point set. */
*/
%**********************i*.***t*****Q**********t*************************/

k*’*******i'*'****t*,**t******i*********i***;*t***************t*****t***/
This function sets the starting points for the hunting algorithm */
from A & B and executes the algorithm. The set of connections to be */
moved are stored in either ATOB_MV or BTOA_MV if. either the sequence */

from A is shorter or the sequence from B is shorter, respectlvely */
The arguments to this function are the middle switch pair (A,B), */
an index and the blocked matrix position (R1,Cl). The function */
returns the length of the shortest sequence. */

.***********i****,*********’***f************1**'************i****t?****/

This Sheet Has Been Rep laced
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trix having 16 rows representing i nput switches 74 and 16 col ums
presenting output sw tches such as output switch 84. Wthin each square
trix position such as_matrix position.11l6, there.are m.passible. syohols..
at may appear. These msynbols correspond to the.center :switches such as
nter stage switch 96 of Fl| GUREARPENDEA exanpl e, fatrix position 116 may
%e m possi bl e L&A F@%?ﬂﬁﬁb(FBLBeéEHAOfsﬂhBﬂ§§htgﬂrs?hbe switches 96
apbearing in FI 3.
t Cl_Aa;
sw_index;
Rl;
Cl;

-

>0 —

oy cr

int i,
J
k = @,
xl =0,
x2 bl 0:
x3 = 0,
m,
n, .
temp_mov = 0
temp = 0;
int num_moves = 0,
mr = 0,
mc = 0,
w_seq = 0;
int R[3]I
ci3],
undef_flag = 0;
int num_moves_A = 0,
num_moves_B =~ O,
' Fl1 = 0;
int F2 = 0,
R1_CONN[16]{3].,
N : C1_CONN([16][3]:

zero (R, 15);
zero (C, 15);
zero (ATOB_MV, 93);
zero (BTOA_MV, 93);
zero (R1_CONN, 48);
zero (C1_CONN, 48);

33

R[0] = R1l;
C[0]) = C1;

BTOA_MV{0][0) = R[O];
ATOB_MV[0]}[1]) = C[0]);

for (1 = 0; 1 € 256; i++) /* Pick out middle switches in (R1,Cl). */
(

x1 = rearrange_3d.position(i}.x; /* Read structure. */
x2 = rearrange_3d.position(i].y;
x3 = rearrange_3d.position{i}l.z;

if (x1 == R1l)

{
R1_CONN[m] {O] = x1; /* Store middle switches in R1. */
RL_CONN{m] [1] = x2; :
RI_CONN[m] {2] = x3;
m++;

" This Sheet Has Been Replaced - .
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.the ordered pair (3,1) denotes matrix position 116, where 3 is

, row 3 having reference nunera
.€: .colum 1 having -the- reference»nuneral

118, and.l is the

No

I X 5& Ition such as the enpty matrix position (3,2) that
W12 20|nts to indicates the absence

C1_CONN[n]{0] = x1;
Cl CONN[n][l] - x2;

| mc

C1 CONN[n][2] - x3;

n++;

}

for (i = 0; 1 < 15; i++)

{

x1 = RI_CONN{i](2]:
x2 = Ci1 CONN[l][Z],

if (%1 == rl_B)

C(1] = RI_CONN(i}({1]:

if (%2 == cl_A)

R{1] = C1_CONN(i]({O0];

} -

BTOA_MV([0] [1] = C[1];
ATOB_MV[0] [0]) = R{1]
BTOA_MV{0]{2) = rl_B;
ATOB_MV{0] [2] = cl_A;

/* Set starting point
mr = R[1];

mc = C{0];

/* Hunting algorithm from A.
num_moves_A = chk_Paull_mat_ATOB (mr, mc, rl_B, cl_A);

/* Set starting point for B.

mr = R[{O];

= C(1}):

for A.

/*

/* The 3rd element of BTOA_MV & ATOB_MV

/* Hunting algorithm from B */

num_moves_B = chk_Paull_mat_BTOA (mr, mc, rl_B, cl_A);

F1 = num_moves_A;
F2 = num_moves_B;

if (F1 < F2)

{
w_seq = 1;
num_moves = Fl;
flag A = 1;
flag_B = 0;

%f (F2 < F1)

w_seq = 2;
num_moves = F2;
flag_A = 0;
flag_ B = 1;

/* is alternating sequence of A's & B's
/* A's are changed to B's § B's to A's.
*/
*/
/* REPLACE
/* w/ FLOOD
*/
/* REPLACE

/* Store middle switches in Cl. */

/* Find the matrix position R2, C2.

/* R1_CONN is the connections in R1
/* C1L_CONN is the connections in Cl1

. 120, - ~Fhe~ent-ry-. -
in matrix position (3,1) corresponds to a connection
n i nput svmtch 3 through interapgBNdt® Aswi tch B to output switch 1.

Set start point for search from AsB.
/* A is from (R2, Cl); B from (R1l, C2).

Is num_moves_A < num_moves_B ?

If yes, set flag A = 1, flag B = 0.

Is num_moves_B < number_moves_A ?

If yes, set flag A = O,

49

flag B = 1.

/* w/ FLOOD
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of fany connection between input swtch 3 and out put switch 2.

Referring, for exanple, to FIGURE 3, since there may_be only n input gates

90 {o each input switech-92 and n output_ gates 102- fPOﬂTE&Ch out put-sw tch. .

100 onIy N TSymbol’'s may appear in any row i12 or col-umm.114. ‘Sinee each

I nplit ib w tch 92 has only one connecidrenpid4at o each center switch 96, no
'syhbo

t wo s in any row 112" nay be the sanme. Simlarly, each output switch
100 ha§fop§y K2, /* Is number_moves_A = number_moves_B ? */
(
- w_seq = 1; /* If yes, default to sequence from A. */
num_moves = Fl;
flag A = 1; /* and set flag A =~ 1, flag B = 0. */
flag_B = 0;
} . :
return (num_moves): /* Return the least number of moves. */

r***********************************************************************/

*/
b This is the subprogram for BICA's implement change algorithm. */
] x/

rf************#**********t******tt*t******************i****i*?’****t****/

k**********************#*t********#***#*****************************t***/

t This function implements the hunting algorithm to find the sequence */
t of moves required for rearrangement. The arguments to this function */
t are the middle switch pair (msw_A, msw_B) and the index.

w**************************t**************************************t****/

t implement_change (msw_B, msvw_A, index)
i msw_B;
ht mswW_A;
it index;
int : i,
J.
k;: .
int len_of_seq = 0;

len_of_seq = rearrange_seq (msw_B, msw_A, index);
rearrangement_output (len_of seg, msw_A, msw_B);
return (len_of_seq);

****************t***********t***i**************************************/

*/
This is the subprogram for BICA's calculate number of moves. */
*/

******t*****i*************************1*******************t************/

’******************Qt************************f**********************t**/

This routine uses the implement_change_algorithm function to find x/
the number of moves required for the seguence of moves from sw_A and */
and for the sequence of moves from sw_B for the existing connections */
in the center stage switch pair (A, B) and returns the number of */
,Jloves required for the.smaller of the two sequences. */

****t*t*i**ft*********Q**'******f*#*t,********************************/

# calc_nom (sw_B, sw_A, index)
t sw_8B,
sw_A,
index: _ —

eet Has Been ReplaCEd
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int num_mc  S; :

pum_moves = implement_...ange (sw_B, sw_A, index);

return(num_moves);

,*;*******t*********t*i*t**********#*’****t*****t*******t**************/

*/
This is the subprogram for BICA's matrix model conversion. */
*/

"***************t**********i***'*************t*****tt****i******t******/

.'********t********t**************t***t***t******t***t*****f************/
, The present implementation of Paull's method needs the connect data */

in the following structure. */
] ' */
struct p_coordinate . */
*/
int input_sw; */
int output_sw; - */
int cnt_sw; */
} */
. */
struct p_mat_pos */
( */
struct p_coordinate(256]; */
} */
*/
t***************************************************1*'****************/
id, matrix_model_conversion (j
int ’ %:
1.
x1,
x2,
x3,
ml = 0;
for(i = 1; i <= 17; i++)
{
for(j = 1; j <= 17; j++)
{

xl = i;

X2 = j;

x3 = space_cnt_mat{i](j}:

1f(x3 = 0)

{ .
rearrange_3d.position[ml].x = x2; /* Input switch */
rearrange_3d.position{ml].y = x3; /* Output switch */
rearrange_3d.position(ml].z = x1; /* Middle switch */
ml++;

}

}
}
return;

v
’:*,*,.r***wt******f***t**if****!**ttr**ffv**t*vtt****t*t*t**t*****a**/

*/

This is the subprogram for BICA's version of Paull's method II. */

This-Sheet Has Been Replaced .
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111 in any colum 114 may be the sane. Wth the notation of FIGURE 4, a
sqUare matri.x: 110 satisfying these restrictions is said-to-pe "legiti mate"
sirce. -t--has-.only_l egitimate entries. - Note, tHat-a trivial. bld€ki-ng"
cage occurs if all of _ P a

r APPENDIX A Ny

ﬂ***********************' I EE X SRR L RS R RS ERR SRR E X XN .***************/

ﬂ**************t***************************t*******t*******************/
, This function uses Paull's method II to search for (A, B) pairs. x/

P&fi***********************************************ﬁ**t****************/

ﬁt *implement_PM2 ()

int i,
J.
k,
x1,
x2,
m=20,
n=20;
int *selected_pair,
. R1l_cnt_sw(16],
Cl_cnt_sw(l6];

int listofB[16],

listofA[16],

A_temp = 0,

. B_temp = 0;

int cnt_stage_pairs(8] (2],

op_flag;
int ' num_moves,

least_moves,

least_pair;
A* convert from 3 matrix model to rearrangement structure. */
/* Return pointer to structure or Global must be visible. */
matrix_model_conversion (); /* Converts 2nd of 3-matrix model. =/

selected_pair = (int *) calloc (2, sizeof (int));
Given a connect request (I,0), where I is an INPUT SWITCH and O is */
an OUTPUT SWITCH, read the row vectors in matrices 1 & 2. Then, XOR */
the two vectors to get a list of candidates for (A,B). */
for (§ = 1; j < 17; j++)
(

Rl_cnt_sw[]j] = space_in_mat[in_stage](j];

Cl_cnt_sw([]j] = space_cnt_mat(out_stage] [j];
for (j = 0; j < 16; j++)

x1l = Rl_cnt_sw(j];
x2 = Cl_cnt_sw(j];

if (x1 == 0 && X2 != 0) /* The XOR operation. */
listofA[m] = x2;
m++;

}
if (x1 !'= 0 88 X2 == Q)
listofB(n] = x1; I

4+
o heet Has Been Replaced
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t

1
1
i

toln symbols in colum 3 (e.g., 165%/

n
sq

I nput li.nes to an input switch such as input switch 1 designated by row
re already connected. This would correspond to having n_synbobs (e.7g.,
symheols in the case -of FI GURE. 2) tn-row-i. Sintkanlyj;iﬁ al | -tHe -out-put
es to output switch 3, for exanplgﬁ%ﬁﬁre al r eady: connect ed corresporidi ng

s*for the exanpl e of FIGURE 2) the
r-k trix 72 of FIGURE 2 and 88 of FIGURE 3 is trivially bl ocked and

hjare matrix 110 will represent this fact.
m=0;
n=20;
i " 0; 3 '3 .
while ((x1 = listofB[i]) != 0) /* Create all combinations of */
( ) /* elements of listofA's */
j = 0; /* & listofB's. */
while ((x2 = listofA[j]) != 0) |
{
cnt_stage_pairs{m] [0] = x1;
cnt_stage pairs(m][1] = x2;
m++;
j++;
}
T4+

’

}

least_moves = xtra_stage;

for (K = 0; k < m; k++) /* For each combination of middle */

{ ] /* switches, calculate least num. */
B_temp = cnt_stage_pairs(k]{0]; /* of moves that are required. */
A_temp = cnt_stage_pairs{k](1];

if (B_temp != 0 && A_temp != 0)
( .
" num_moves = calc_nom (B_temp, A_temp, k);

}
if (num_moves < least_moves)

least_moves = num_moves;
least_pair = m;

} .
}

*(selected pair + 0) = cnt_stage_pairs(least_pair]([1];
*(selected_pair + 1) = cnt_stage_pairs{least_pair][0];

return (selected pair);

'********#**tt****#****!**********************t'***********************/
"**********'******tt*ﬁ**t*r*******r**g****t**@t****g**p***************/

*/
The following are the revised subprograms and main program for BICA. */
. */
’***********************t*t**************t***tt***********************/
"*********:******************t***************rt******,****,***'********/

i
’**************t**t***********t’*************’ﬁ't**********************/

*/
This is the subprogram for BICA's hitless time rearrangement. x/

%*
by y
*********t*t************t*rtf**t****f*t*****'it*i****f*****%*********/

3
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FIGURE 5, flow chart 140 describes the steps and functions of  the.
efecred enbodi nent of the present invention. -Beginning.at- start steep 142,
e-nethod is first to query,. .as query Blrock 14471 ndicares; mhether There

a pair of ports presented foruggpmgpklon. In the exanple of "FI GURE 3,

e step is to query whether there is an idle input gate 90 to connect to

ydleseoulmpeludparFrela02. |f there is such a pair, then flow goes to bl ock
1M6rebutegi n ti ne domai n connections. |If there

’*********tt***************t***************t************Qt*************/

*/
This is the subprogram for BICA's flood time algorithm. 4

*/

'**********t****t*t**t*t*****t********************t******t*************/
" flood_time ()

/* Use Include File. */
return;

,****************'**t********************t*****************************/

*/
This is the subprogram for BICA's select two time slots. */

*/

gk*************************it*****#***f********************************/

t select_time_slots. ()

/* Use Include File. */
return;

h***********************Qt**********************************1**********/

{ ) */
{This is the subprogram for BICA's hitless space rearrangement. x/

*/

'*****************t****’*f*********************t***********************/

# hitless_space_rearrange ()

/* Use Include File. */
return;

{

M******************t**************************************************/
_ */

This is the subprogram for BICA's flood space algorithm. */
*/
h*********************!*****t*j**********i**********f*****************/

% flood_space ()

/* Use Include File. */
return;

"*****,*tr******t*****t't**t******t*?******1*****************i***t****/

*/
This is the subprogram for BICA's pump link macro. Ny

*/

'***,********Q*****f*f’f*********’**t*******!**********r***’t*********/

"*********t*******’**?*”*’*'**t***’***ﬁ***!?Qt*t*ﬁfit******ﬁ**"***’/

Sheet Has Been Replaced
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not a paif¥ of ports presented for connection, then flow goes to bl ock
whi-ch- i s descri bed bel ow. At begin tinme domain step 146, fJdow-goes-to

pck 150 where the nethod sel ects. the | owest nupbered-tine slot . availabl.e
~connect i-on....Then, at _hlock 152 space—donni n Operali:ons, ‘begha--f-oF: et e
ecting the | owest nunbered centeputigoae i nput swtch avail able for

NEbis ameaxto Sioghcdblly ‘Havlgly spabecimdinkei] omett spunbeeed TRiM (%] Skage
tongeteimime the tovesttdunieredecentts stade okitch, "c," having +/

both an idle link to input stage "i" and an idle link to output */
stage "k." The first non—zero entry in the result of the logical x/
"and" is "c" and the two links to "c" are reset to "0" (marked as x/

busy) in space_in_link([i] and space_out_link[k]. The macro returns =/
: *

+ the value "c¢." _
.**f************************************t**t***********************t*t*t/

t pump_link ()
int c,
3.,
X;
for (j = 1l; j <= xtra_stage; j++)

X = space_in_link[in_stage]([j] && space_put_link{but_stage][j];

Cif (x == 1)
[ »
e = 3;
break;
}

}

clear_link(space_in_link, in_stage, c);
clear link(space_out_link, out_stage, c);

“f (c == xtra_stage)

!
}

/* Return center stage. */
return(c);

rearrange_space = 1;

***********************r**********************t******************t*****/

*/
This is the subprogram for BICA's clear idle link bit (to 0). */

*/
!**********************************************************************/
fi*****f*************t****Q*************************t******************/
This primative is used to clear (reset) the kth bit of the jth row */

of the bit map specified by io to "0." 1If the bit map contains n */
elements and the value of j > n, then an error flag is returned. */
Otherwise, the kth element is reset to "0." */

’*r*,***********t*************t*i*'*******t***t***********f************/

rs

clear_link(io, j, k)

t io(16][17],
j.
k;
int : error_flag;

if(k (= xtra_stage)

( This Sheet Has Been Replaced
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156 and:square matrix 110 or a simlar status table designating connections
I s updated at: bl ock 158. At bl ock 160, a query of. whet her--space-
rearrangenent is required takes place If so,, then*flomlgoes bo block

e ——

e emen —— P B ¢ . e ———

. .o
- .

. . PPENDIX A
io[3] (k] = 0; APE

error_flag = 0;

" else

(

error_flag = 1;

i return(error_flag);

'**********’*************"‘*******************************t****f***t****/
*/
This is the subprogram for BICA's set idle link bit (to 1). */
*/

,g*************************t*********t**************************Qti****/

2R AR R RS RS RSSsrll i il sttt 2R il i il i st Al il iR slss sl RS R

this primative is used to set the kth bit of the jth row of the bit =/

map specified by io to "1." 1If the bit map contains n elements and =*/
the value of j > n, then an error flag is returned. Otherwise, the =/
kth element is set to "1." */

****************************************************************Q*****/

set_link(io, j, k)
io(16]}(17],

J.
k;

int error_flag;

Y

if(k <= xtra_stage)

io[j] (k] = 1;
error_flag = 0;
}

else

(
}

return(error_f£flaq);

error_flag = 1;:

"'*******************"*************************************************/

"
fhis is the subprogram for BICA's select two center stage switches. */

“**************'k***********t'k**************t************t***t********:;
select_cnt_stage ()

int *center_stage_pair;

Center_stage_pair = (int *)calloc(2, sizeof(int));

iSelect middle stage switch pair */

Center_stage_pair = implement_PM2 ();
is Sheet Has Been Rei laced
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162 whefe the step is to select two center stage sw tches for
arrangenent. Next, at block 164, the step is to find the connections to
rearranged and, fromthe . " '

e e,

[ T G A L R
-

IR § -

e re

,y e, ———— -

APPENDIX A

“**}*******************..*********t******f***********.:*********t*****/

*/
rthis is the subprogram for BICA's time rearrangement. oxy
*/

"g**'***** ******t**************'k***********r*********************t****/

Node D */
:d time_rearrange ()

int XtoA = 0,
XtoB = 0;
char last;

/* Select Two Time Slots for Rearrangement. */
select_time_slots ():

/* Find Connections to be Rearranged. */
flood_time ();

/* Q6: Which Path Requires Least Number of Rearrangements? */
if (last == 'A")
{

XtoA = 1;
}

else

if (last == 'B')
C .
N XtoB = 1;
}
)
hitless_time_rearrange ();
rearrange_time = 0;
. return;

trhxderehhink *******'************#***********************************r****/

*/
‘This is the subprogram for BICA's space rearrangement. */
*/
***********t*********#*******t************************t***********r*t**/
Node C */ :
id space_rearrange ()
int XtoA = 0,
' XtoB = 0;
int . *cnt_stage_pair;
char last;

/* allocate memory for pointer to list of connections to be moved. */
cnt_stage_pair = (int *)calloc(2, sizeof(int));

/* Select Two Center Stage Switches for Rearrangement. =/
*cnt_stage_pair = select_cnt_stage ();

/* Find Connections to be Rearranged */ e -

flood_space () - Been Replaced

\\\\\\\\\\\\\\ i

57

et n o e y——rs S50,



coRnections, the query at block 166 is of which path requires the |east
er. of rearrangenents. If the path X-A requires the | east nunber of-

rearrangenments, then programflow takes path 168. ..If X—B ‘requi.res. the. .

| eds _nuabeL.nL_rearrangenean,then"pnogran1LLgmeakes path~170 B

Reqar dl ess of which path progran1flé¥? s, at step 172 connections are
t

reqrranged, one at a time, using a ess roll." The discussion bel ow
defli nes dde sl phih! @SGu. 1Yl Leaddubbel &LtHERTahGemdis71 %) to end

if (last == 'A&')

{
XtoA = 1;
}
else.
if (last == 'B')
XtoB = 1;
}
}

hitless_space_rearrange ();
rearrange_space = 0;
return;

“***t******************itrt**tttt**********t***************************/

3 */
+ This is the subprogram for BICA's remainder function. */
. */
M***t*************t***********t*t************************************r*/
ﬂ******f***********tt**!*t******t****************t***********t*********/

This function produces the remainder after the divisor has been */
subtracted from the dividend as many (integer) times as possible. */

*************************t**t***f**************t*************t*t*******/

t rem{dividend, divisor)
F\ dividend,
diviscr;

int " remainder;

if (dividend <= 0)
(

}

else
remainder = dividend;
while (remainder >= divisor)

{

remainder = 0O;

remainder = remainder - divisor;

return(remainder);

’***********************!*********************************************1/

*/
This is the subprogram for BICA's quotient function. */

*/

‘******************f******,****f***!t********f#****t*t*******t*********/

"***t****tt**i****#t***'fi*!***t**!******itﬁ**i**********t********,!**/

This function produces the quotient by subtracting the divisor from */
the dividend as many (integer) times as possible. */

'*t*ﬂ****ttt**tt**tt****!*ﬁt't*ft**t***tt*t********t*f**twr*t*****t***f/

rr

quot(dividend, divisor) _ B B
t _ dividend, This. Sheet Has Been Repl
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pace damai n;operations. Note that if no space rearrangenent was necessary,
hen flow from query bl ock 160 goes directly to end space donein step at
lock 174. ﬁu query 176 t he questlon S whether tlne rearﬁaﬂgenent

el ect tmo tlﬂ& s ots for rearrawgetnts Then, at bl ock 180, the step is to
i nd connecti ofs¥t¥%e arranged. At bl ock 182, .a query occurs of which path
equires the | east number of

int quotient,
: remainder;

gquotient = O;
if (dividend <= Q)
(

remainder = 0;

else .

remainder = dividend;

while (remainder >= divisor)

{ ' .
remainder = remainder - divisor;
quotient++;

return(quotient);

r***t*********************t*************************t******************/
_ */

This 1s the subprogram for BICA's convert I/0Q line numbers. */
*/
tstf********************t********t*******f*************t*********t*****/
1**********************************t****t***********:k******************/
This subprogram uses the quotient and remainder functions to convert */

the I/0 line numbers for a connect or disconnect to a pair of I/0 */

stage switch numbers and 1/0 stage switch pin number. */
itftwr*********t********i***********************************************/
fie convert_line ()

int " r =16,

in_line _minus_1,
out_line_ minus_l1;

in_line minus_1 = in_line - 1;
in_stage = gquot(in_line_minus_1, r) + 1;
in_num = rem(in_line_minus_1, r) + 1;

out_line_minus_1 = out_line - 1;
cut_stage = guot{out_line minus 1, r) + 1;
out_num = rem{out_line minus_l, r) + 1;

return;

"Qtft*********t**********t**************_*ﬁ******tt**fi**t*t***_*******7/
. */

’ - . > > » -
This is the subprogram for BICA's print statistics - n and m. */
*/
'vvt"******t*******’**#’**r***'t********r********t*****tt*******t*****/

: print_stats ()

/* Test case for print_stats. */

erintf ("BICA performed 3$d connect(s) and %d disconnect(s).\n", n, m);

This Sheet Has Been Replaced
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arrangenments. If the X-A path requires the | east nunber of

arrangenents, flow goes along path 184. On the other hand, if-the-X-B

th requires the | east nunber . of rearrangenents,gthen fLQMItoLLoms path .

=-The—-pext-st ep, regardtess of--whether- progranrf+omrrakes ‘partr-184 o

1B6, is to rearrange connectlpni%?% }Q a-tinme, again using a hitless .roll
ddtmrhi;ne domain at step 188. 8§$ M f1 ow t hen goes to step 190 to end

ty me-dormai n operations. Note that if query block 176 determ nes that

.***********************************************#t*t******tt***********/

*/
f . .
rhis is the subprogram for BICA's disconnect - input from output. */
*/
‘***t*****t********t*********#*************t****t**********************/
_{Node B */ :
ﬂd disconnect ()
int cnt_stage,

csw; /* csw for Center Stage sWitch. */

Convert IL-m —> bL-n Disconnect Request to I(i,j) >< O(k,l) Format. =*/
convert_line ()
convert_line ();

Remove Connections as Requested. */
csw = space_in_mat{in_stage] {in_num];

space_in_mat(in_stage] {in_num]} = 0;

space_cnt_mat[csw] [in_stage] = 0;

space_out_mat[out_stage] [out_num] = 0;

Update Tables. */
set_link(space_in_link, in_stage, csw);
set_link(space_out_link, out_stage, csw);

07: Pack Connections After A Disconnect Enabled? =*/
if (rearrange_space == 1)
/* A3 = YES -> Node C. */
(

]
/* A3 = NO. *x/
else

(

space_rearrange ();

/* End Space Domain.*/

/* Q4: Time Rearrangement Required? */
if (rearrange_time == 1)
/* A4 = YES -> Node D. */

{

time_rearrange ();
}
/* A4 = NO. */

/* End Time Domain. */
} _

return;

*****t***t*t**********t**************t’*******t***********************/
*/
This is the subprogram for BICA's connect - lnput to output. */

*/
1

'******Q***t***************%********t*********tt******t************‘t**/

‘***t***************************’*************!*****f***t********Q****/

{This routine connects an input line to an output line through the */
Space matrix. Variables are defined as follows: */
heet Has Been Replaced
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no tinme reatrangenment was required, flow proceeds directly to end tinme -
domai n bJ ock.190. Fromend tine domain block, 190, fl.ow gees to query
148 mhere t’he met hod det erni nes whet her a pa+r af -perts i.s. p&esented for

/d-l-eeeﬁ-ﬂeﬁt | f —rots—t-her—H-ow—+eturns—to-query: bl ock, T4 to proceed as

!

previ ously descri bed. APPENDIX A
. */
in_line: an input .. the space matrix, */
. 0 <= in_line <= 255 : */
out_line: an output from the space matrix, */
0 <= out_line (= 255 *x/
*/
in_stage: an input stage of the space matrix, */
0 <= in_stage <= 15 */
in_num: an xnput to an input stage ‘of the space matrxx, */
0 <= in_number <= 15 */
*/
out_stage: an output stage from the space matrix, */
0 <= out_stage <= 15 */
out_num: an output from an output stage of the space matrix, */
0 <= out_number <= 15 */
*/
cnt_stage: a center stage of the space matrix, */
0, 1 <= center_stage <= 17 */
NOTE: center_stage = 0, means that no center stage of the */
space matrix has been assigned. */
center_stage = 1, ..., 16 means that the correspondlng */
center stage of the space matrix is assigned. */
center_stage = 17 is the extra stage of the space */
matrix, and rearrangement is in progress. */
*
r**************t**’***********************t*'k******************t*******;
Node A */ ‘
id connect ()
int csw; /* csw for Center Stage sWitch. */

Convert IL-m -> OL-n Connection Request to I(i,j) -> O(k,l) Format. */
convert_line ();

Begin Time Domain. _ | x/
Select Lovwest Numbered Time Slot Available for Connection. */
Begin Space Domain. */
Select Lowest Numbered Center Stage Available for Connection. */

Csw = pump_ link ():

Make Connection and Update Tables. */
space_in_mat{in_stage] (in_num] = csw; :
space_cnt_mat[csw] [in_stage] = out_stage;
space_out mat[out stage] [out_num] = csw;

/* Q3: Space Rearrangement Required? */
if (rearrange_space == 1)

/* A3 = YES -> Node C. */
[ .

}
/* A3 = NO. */
else

/* End Space Domain. */

space_rearrange ():

/* Q4: Time RearTangement Required? *
s / is Sheet Has Been Replaced
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) APPENDIX A
if (rearrange_time = 1)

/* a4 = YES => wode D. */
[ -

time_rearrange ();

}
/* A4 = NO. */
/* End Time Domain. */ '

return;

-

'**t*****‘k*************f***************1’***************************f‘k*/

*/
this is the subprogram for BICA's get command. x/
. . .

g*******************#******************t**********************t*******/ ’
get_command ()
int command ;

/* Test case for get_command. */
if (command_count { command_end)
{
: /* command = 1 => conpect. */
command = 1;
command_count++;
in_ line = command _count;
out_line =~ command_count;

else if (command_count == command_end)

{
/* command = -1 => disconnect. */
command = -1;
command_count++;

!

else

(

/* command = 0 => end. */
command = 0;

}

return(command) ;

**************************************************************t******/
. t/

his is the subprogram for BICA's space rearrange initialization. */

*
*******t***********,**t****************************t*****************5
initialize_rearrange ()
int i;
for (i = 0; L < 256; i++)

rearrange_3d.position(i].x = 0;
rearrange_34. position(i]l.y = 0; ) e
rearrange_3d.position{i}.z =~ 0;

b Sheet Has Been Replaced
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I f a pai.r of .ports is presented for disconnect, at this point the nethod i:
to renove,connections as requested per bl ock 192 and then_ppdat € data

tables reflecting.the connections.for. the matrix:at Step. 194,

_196: the qret-hod—determ-nes .whet'her—a-"pack cornedtions: aitew-&-d1sconnec¢"
function is enabled. If so, m ﬁllfl;}d QW goes to query 198 to exam ne whet her

a rearrangenent is in progress. then floww Il |oop

for (i = 0; i < 15; i+#+)

{
rearrange_moves.move(l].input_sw = 0;
rearrange_moves.move([l].old_mid_sw = 0;
rearrange_moves.move(i].new mid_sw = 0;
rearrange_moves.move[i] .output_sw = 0;

|

return;

-**i‘*"**************************************t**f**********************/

. . * /
‘his is the subprogram for BICA's space matrix initialization. L 4
*/

*******f****t*********t**************t*tt****************************/

. *************'***************!******t*******t*********************t***/
'his routine is used initially to clear (reset) the space matrices. */

**************************t*****#********t***************************/

initialize_ space_mat()

int i, j:
- for(i = 0; i < xtra_stage; i++)
{
for(j = 0; j < xtra_stage; j++)
[ - .
space_in_mat(i] [j] = O;
space_cnt_mat{i]} [j] = 0O;
space_out_mat{i] [j] = 0O;
}
' space_cnt_mat{xtra_stage] [(i] = 0;
)
return;

*******************************'*****tt********t*********************#/
*/
his is the subprogram for BICA's initialize idle link bit maps. r/
*/

****************************if*******t*******************************/

*********************************************************************/

~he initialize link bit maps primitive (used only for start-up */
perations) initializes both the space input idle link bit map and */
he space output link bit map. All entries in the idle link bit */
aps are initialized to "1,"” indicating that all links are idle. */

. *’***************************‘**********I**t*************************/

init_links()

int i, 3;
for(i = 0; i < xtra_Stage; i++)
{ for(j = 0; j <= xtra_stage} j++)
space_in_link{i](3j] = 1; _’,#,,.f-f*”"”’4’_
ep\aced

i
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a path-200 until rearrangement is no longer in process. Al though FI GQURE
ows di.sconnect as occurring subsequent to. coppleting any necessary
arrangenent, the present nmethod and syst ent nay.. process a.dissgonneect -
quest—i n par arH+et—wrttr-Tear r arrgenert—-Ther ef-gres-1f: t he" system of the
esent invention seeks_to diré&ct ‘tonnections to the nost used part of
trix fHacet B as—Fob phtkl calllis after a di sconnect, the rearrangenent-in-
ogress query of block 198, prevents attenpting to pack

i
i

_..-—.—-rt****rfr?‘r’ffff*****************************************t**tt/

*/
: = The subprce—=r Zor BICA's initialization. */
- - - */

. ‘._——_—.—?***ttr,,v",*,*f***t*****************************'******l‘*****/

inigi=":=a ()

—=== zount = C:
-=—=Ze space = _;
se—=—=e time = :

- ==—asalize aii m=tTrices. */
=== _=xs();

== “ze_space _I=T
——=_7e reazTarce

~e

2
)

Lia Wan
~e

-1****!?771’,’7*1!**************%‘******************************/

. */
.= The main ...:sg:am for Bowdon's Immediate Connect Algorithm. */
: Ny

SRR T Tt E S L A2 A AR R SR RS R R SRS ****************************/

—==and = gez —c—smand ();

- 7i: Pair c= ZFcxtis Presented for Connection? */
- =—smmané = - => connect. */

=)
/* Al = ¥== —> Node A. */ ' .

31 = NC. */
/* Q2: s=3= =i Ports Presented for Discconnect? */

/* comman< = -1 => discoanect. */ _ T B

et Has Been Replaced
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d§ring rearrangenent. If a rearrangenent is not in progress, from
ggery bl ock 198; the next step is to determ ne the connections to the
pgcked.in the space.at step 202.. The next step-of:flow.chart" 140 then, is
ennecf+eﬂs—+n_Lhe“space_daﬂBLﬂ SUSI_NG:: @thtless roll _at”bl ock _204.
Ahd then, at block 206, the step,jpgyfi@ getermne the- cofhinections to be

cked in tige(cafthaid whi chyt he connections are packed at block 206 in tine
ufi ng an : /* A2 = YEs -> Node B. */ _

disconnect ();

m = m++;
}
/* A2 = NO. */
continue;

}
/* command = 0 => end. */
while (command != 0);
{
print_stats ();

————
—_——
—
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automati cally:hitless roll. Programftoew-then returns to point 210 to ff;

conti nue the .previously describe ions of flow chart 140. . The—
fol | owi ng di scussi on describes h m&;@ﬁwm’nmﬂmmart "140:‘of :Fi GURE 5 _

relate to the square matrix 110 || “that after_updating
square matrix 110 or simlar table, at step 158 the nethod of the

preferred enbodi nent detects whether a rearrangeablx bl ocked condition
exi sts. Thu®2ARPH t he dedi cated el enent PATENT APPLICATION

WHAT 1S CLAIMED IS:

1. A method for finding a path through a2
communications matrix, comprising the steps of:

| representing the assignment of a center stage switch
5 through an input switch to input gates using an input

stage array; B

representing center stage switch connectlons between
an input stage and an output stage using a center stage
array; '

10 representing the assignment of a center stage switch
through an output stage switch to output gates by an
output stage array; '

representing idle input switch links to said center
stage switch by an idle input link array and idle output

15 switch links from said cehter_stage switch by an idle

N output link array;
' pumping said input stage array and said output stage
array and said center stage array using information from
_ said idle input link array and said idle output link away

20 to determine an optimal center stage switch having an
idle connection between a predetermined input gate and a-
predetermined output gate; and

tracking said idle input switch links and said idle
output switch links using said idle input link array and

25 said idle output link array.

S

heet Has Been Replaced
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(either a time sl ot

1

10

15

20

i )

in the time domain or

. * c L | S *

92AD025

center

st age

PATENT APPLICATION

2. A system for finding a path through a

communications matrix, comprising the steps of:

an input stage array for representing the assignment
of a center stage switch through an input switch to input

gates;

a center stage array for representing center stage

switch connections between an input stage and an output

stage;

an output stage array for representing the
assignment of a center stage switch through output stage

switch to ocutput gates;

an idle input link array for representing the idle
input links to said center stage switch;

an idle ocutput link array for representing idle
output links from the center stage switch;

pumping means for pumping said input stage arfay and
~ said output stage array using information from said idle
input link array and the idle output link array to
determine an optimal center stage switch having an idle

connection between a predetermined input gate and a

predetermined output gate; and

tracking means for tracking said idle input switch
links using said idle input link array and said idle
output switch links using said idle output link array.

67
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i# switch i'n the space domain) in a matrix connection configuration is
used to- nake. an i nmedi ate connection between an idle input gate and an idle
out put gate, the existenceof a rearrangeabl e bl-ocki ng- condltlon |s

‘" '

L L

92AD025 PATENT APPLICATION

3. A method for finding an optimal path through a
communications matrix, comprising the steps of:
representing the assignment of a center stage switch
through an input switch to input gates using an input
5 stage array; .
representing center stage switch connections between
an input stage switch and an output stage switch by a
center stage array; _
representing the assignment of a center stage switch
10 through an output stage switch to output gates by an
output stage array; and
pumping said input stage array, said output stage
array, and said center stage array to determine an
optimal center stage switch having both an idle input
15 link between a predetermined input gate switch and said
~ optimal center stage switch and an idle output link from
said optimal center stage switch and the predetermined
output stage gate.

—

—_— .
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Lutonatically\detected. Steps 162 and 178 execute Paull's Method to
find the path requiring the fewest rearrangenents. Specifically, mﬁth t he
bl ocked cell denoted (r[err]c[err]) such as cel |.-121 ef - FI GURE 4, the .

nmet hod tests to find all synbol pairs (A B) such that |f Ais |n row 1, but
not in colum 1, and B is i not ih row 1. For given pairs of
synbol s, say (A B), there H“m“’m"“ |‘Ewm|r earrangenment sequences, one of
which will &eapbaster. Miking € " PATENT APPLICATION

4. A'system for finding an optimal connection
configuration through a communications matrix,

comprising:
an input stage array for representing the assignment
5 of a center stage switch through an input switch to input
gates; |

a center stage array for representing center stage
switch connections between an input stage and an ocutput
stage;

10 - an output stage array for representing the output
stage switch to output gates; and

pumping means for pumping said input stage array,
said output stage array, and said center stage array to
determine an optimal center stage switch having both an

15 idle input link between a predetermined input gate and
said optimal center stage switch and an idle output link
between said optimal center stage switch and a
predetermined output stage gate.

This Sheet Has Been Rep lace
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defJerm nation s part of step 16 in the space domain and step 182 in the
ti domain. , . The sequence "X- A" denotes a sequence that starts with
an{i nmedi at e connection through the dedicated el engEnt .{e.§., Center stage
swltch 17 of FIGURE 2 for tha_spaeeWthé tinme sliot [1287in FI GURE

1 for the tinme domain) and ends Wi ed cel |l "bei'ng assigned to
el ¢nent A. The sequence begl é m m y starting with the bl ocked
celil (r[err],cpeapprsat 121 PATENT APPLICATION

. 5. A method for finding a connection configuration

through a communications matrix, comprising the steps of:
representing the assignment of a center stage switch
through an input switch to input gates using an input
5 stage array;
representing center stage switch connections between
an input stage and an output stage switch by a center
stage array; '
representing the assignment of a center stage switch
10 through an output stage switch to output gates stage
array; | '
representing idle input switch links to said center
stage switch by status indicators of an idle input link
array and idle output switch links from the center stage
15 by status indicators of an idle output link array ang;

N associating said input stage array, said output
stage array, and said center stage array according to the
values of said idle input link array and said idle output
link array to determine an optimal center stage switch

20 having an idle input link between a predetermined input
gate and said optimal center stage switch and an idle
output link between said optimal center stage and a
predetermined output gate.

———

—_—

This Sheet Has B

LT

70
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6. A system for finding a path through a
communications matrix, comprising the steps of: .

an input stage array for representing the assignment
of a center stage switch through an input switch to input
gates;

a center stage array for representing center stage
switch connections between an input stage and an output
stage switch, said center stage array comprising a set of
elements for associating a dedicated center stage switch
with a plurality of input stage switches and output stage
switches;

an output stage array for representing the output
stage switch to output gates;

an idle input link array for representing idle input
switch links to the center stage switch and an idle
output link array for representing idle output switch
links fromr the center stage switch; and

means for associating said input stage array, said
output stage array, and said center stage array using
information from said idle input link array and said idle
output link array determine an optimal center stage
switch said cpfimal center stage switch potentially
including said dedicated center stage switch and having
an idle connection between a predetermined input gate and
a predetermined output gate.
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(r[err] c[érr]) I ndicating the c ction was nade: :through the extra
center stage'(TABLE 2, Step 1). For the circled A s,..thé roll.first. adds
X's (Step 2) and then renoves the circled A's (Step 3) Next, for the
circled B's, the roll adds A's ($28p029 and then renoves the circled B's
(Step 5). Then for the X's, thd K8owdetlds the B's (Step 6) and finally

‘the X-Aroll. For exanple, th@M'%step is to put an X i.n the position

renoves the X's (Step 7). 18487-119
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Rearrangenment is performed as r?Zcé’ gry using a "head-end-bridge" and a

"recei ve-end-switch" to effect a ht 'ss rol | "(including.the initial

connecti-on’placed in the desighated or extra elenent) .to t’he | ower - nunber ed

el enents of the matrix. The ter -end-bridge and recei ve-end-swi tch
B

are defined and expl ained illust y in connection with the exanpl e of
FI GUREs 15 t hrough 34 bel ow. The%sﬁ-agtlé@'s | eave the extra el enent
' 487-119
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clear and ready for the next |n§§9ig e connection in a rearrangeably
bl ocked “conditi on. Al t hough i bel i eved that.'t he.présent

speci ffcation and drawi ngs fully and accurately desctibe:the systen1and
provi de sufficient information so that anyone skilléd i'n the art may
practice the inventive concept, "UNMAMBEDshed Appendi x A" is provided

herewith to remain unprinted. UanLKlBowbenl Appendi x A includes a
18487-119
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listing of theaworking source code able a conputer to operate and
perform the i medi ate connect net hod he present nethod.and system-

OPERATI ON Havi ng expl ai ned generally t he processes of the
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preferred; enbodi nent, the follow ng Tlfhystrati ve exanpl e shows how t he
preferred enbodi ment provides an i metLat e connect in the presence-of a
rearrangeably bl ocked condition in the space domain, TFhe tinme domain -

met hod becones obvi ous upon understandi ng i npl enentati-on of the space -
domai n net hod. FI GUREs 6 througBadmpyg | ustrate an exanple of the

| mredi ate connect nethod of the pretg¢g d%nbodinent. In the square matrix

110 of FIGIRE 6, cell (1,1) is markggar" "0

FIG. 34
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as bl ocked because the present connection algorithmdetected that the

dedi cat edl ¢enfer stage switch is the only center stage switch having both
an idle link to input switch 1 and an idle link to output switch 1. In
response to this condition, the connection algorithmin effect puts an X at
(r[err],c[err]) to nmake the connection, as FIGURE 6 shows. The use of the

notation "X'

her @i2apd@®0t es t he use of the dedicated Or NGEdr GBI caStRqE

switch in a rearrangeably bl ocked conditi on.

10
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CONNECTION ZATH SELECTION METHOD FOR
CROSS-CONNECT COMMUNICATIONS NETWORKS

ABSTRACT OF THE DISCLOSURE

A method and system for finding a path through a
communications matrix represents the assignment of a center
stage switch through an input switch to input gates by an
input stage array, center stage switch connecticrs between
an input stage switch and an output stage switch by a
center stage array, and output stage swit;h connections to
output gates by an output stage arrav, as well as
cepresenting idle input switch links to the conter stage
switches by an idle input array znd idle output switch
links from the center stage switches by an idle output
array. The method and-eystem perform a process cf pumping

the input stage array, output stage array and center stage

array using information in the idle input link array an

.the idle output link array to determine an optimal center

stage switch having both an idle input link between a
predetermined input gate and the optimal center stage and
an idle output link from the optimal center stage to a

predetermined output gate as identified by the idle input

link and idle output 1link arrays. The pumping prccess
relies or the idle input array and idle output array for
connection status data. The method and systen may be used
advantageously with a rearrangeable communications matrix
to establish optimal connection configurations during both
normal and rearrangement operations.
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TRADEMARK OFFICE FILE OF RECORDS, BUT OTHERWISE RESERVES
ALL COPYRIGHT RIGHTS WHATSOEVER.

TECHNICAL FIELD OF THE INVENTION

The present invention is concerned generally with
electronics and more. specifically with communications
systems. Even hore specifically, the invention is
concerned with a method and system that finds an optimal
path through-a communications matrix using a set of
matrices or arrays that describe the status of the
communication matrix and include an input stage array, a
center stage arra?, and an output stage array, as well as
arrays representing idle links from the input stage
switches to the center stage switches and the idle links
from the center stage switches to the output stage

switches.
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20 algorithm h nﬁnﬁﬁﬂﬂﬁﬁbﬁﬁgfblocking condition is automatically

thected.
o[der f or

-

S| nge—ttre—Tonnect{oh pair (1,1) is rearrangeably bl ocked,

a conngcii 0{11tWA§)ngn)os 5i pl e, there

BACKGROUND OF THE INVENTION .

Digital cross-connect communications network
devices, such as the 1631 SX manufactured by Alcatel
Network Systems, Inc., are designed to make connections
between input gates'on input switches and output gates on
output switches. Known designs for such cross-connect
devices make use of matrices to connect the input gates
to the output gates. To limit the physical space and
manufacturing costs of the matrices, designers seek to
minimize the number of cross-connects in the matrix.

This objective becomes more complicated as market demands
for communications services increase. In particular, as
network devices address larger markets, the devices must
service more and more input and output signals. These
factors exacerbate the space and cost limitation problems
even more for communications matrix devices.

One matrix configuration that uses a minimal number
of matrix cross-connects for a given number of input

' gates and output gates and that provides a potentially

optimal solution is known as a "rearrangeable" matrix.
For the rearrangeable matrix, the number of center stage
switches must equal or exceed the number of input gates
on each switch of the matrix. In a rearrangeable matrix,
there exists a set of conditions such that, although the
device does not use all input gates and all output gates,
an attempt to use an idle input gate and an output gate
is prohibited because existing connections block the
signal flow through the matrix. This may happen, for
example, if existing connections already occupy at least
one link in every possible path between the input and
output gates in question.

In a rearrangeable network, it is always possible to
unblock a flow path from an idle input gate to an idle
output gate by moving existing connections in the
network. The term "réarrangeable," therefore, describes
the property that for a given state of a network and any
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mist exist an 'dhEPLAUEMEuétSr%ﬁ &nput switch 1 and some center st age
SMAtCh say A néLLhﬁ*ﬁﬂTE"'ﬁér nmust exist an idle |ink between output
switch 1 and s nfﬁ Rs@ gpe switch, say B. The pair (A B) is one pair of
center stage s i tichd ] conS|dered for rearrangenent. In this exanple,
the pair (A B) |s|the only pai# df center stage switches that neets the
above criteria.|Since the pair (A B) condtitutes the entire set of pairs to
be searched, (ALB}—i-s—the—paiT THat

given idle pair of input and output gates, the existing
connections of the matrix may be reassigned to new paths,
if necessary, to connect the idle pair.

Existing methods and systems for connecting inputs
to outputs in rearrangeable matrices generally use a
standard rearrangement technique that determines which
cross-connects of the matrix to rearrange to permit a
signal to flow. N.C. Paull in "Reswitching of Connection
Networks," The Bell Svstem Technical Journal, May, 1962,
pp. 833-856, describes this known method for unblocking a
rearrangeable matrix. This method (hereinafter referred
to as Paull’s Method) suffers from a major limitation.
Paull’s Method requires breaking some of the cross-
connects and making some other of the cross-connects to
rearrange matrix. This procedure takes time and results
in undesirable service delays or interruptions during
matrix rearrangement.

It is an object of the present invention, therefore,
to provide a method and syStem that selects an optimal
connection path for a rearrangeable communications matrix
that permits immediate connection of idle input gates to
idle output gates. The present invention achieves this
object with a minimal amount of additional circuitry and
avoids the service delays and interruptions of known
connection path selection methods and systems that cannot
immediately select an optimal connection configquration.

It is also an object of the present invention to
provide a method and system that finds an optimal
connection path or configuration through a communications
matrix that uses a set of five matrices, the first of
which represents the assignment of input gates of input
switches to center stage switches using an input array of
values that associate center stage switches to the input
stage switches and input gates of the input switches, the
second of which represents center stage switch
connections by a center stage array of values that

This Sheet iHas Been Replaced




Lad

g. FI GURE 7, shows the X-A sequence
nde of the inmredi ate connect al gorithm of
8 Herl, FIGUREs 7 and 8 show the operation of

7 prleflerred enbodi nent. For exanple, the first
FIGURE 7 at rfow r[err] and finds an Ain (r[err],cl[err])
he secoid step of the flooding al gorithm
larts off in

requires the fe
and FI GURE 8 sh
the preferred e
t he fl oodi ng al
step starts off
which is circled
whi ch uses the

associate center stage switches with input stage switches
and output stage switches, the third of which represents
output stage connections by an output stage array having
values that associate output stages switches with output
gates and center stage switches the fourth of which
represents the idle links from the input stage switches
to the center stage switches by an idle input link array
having values that indicate the idle status of the

links, and the last of which represents the idle links
from the center stage switches to the éutppt stage
switches by an idle output link array having values that
indicate the idle status of the links, and then using
these five arrays the method and system perform a process
called "pumping" these arrays to determine an opﬁimal
center stage switch having an idle connection between a
predetermined input gate and a predetermined output gate
and then sets an associated input stage array value and
output stage array value to indicate the optimal center
stage switch for the connection configuration.
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col-um c[err] to (r[err],c[err]). Then, the third step
t akes pl ace back ) columm c[err] is examned for a B
This is found at d clerr]) and circled. Since there are no
A's row rf[err] thits X-h fsiconpl ete. The two synbols in FIGURE 7
I ndi cate -two rearria eqyi r ed. Al t hough the fl oodi ng
al gorithm of the esent nethod endd at the third step, if it were to
continue, in Fl GURE Seket—+3—mould- e examned for an A, which woul d
BRIEF DESCRIPTION OF THE DRAWINGS
Other objects and advantages are apparent and best
understood by reference to the following description of

illustrative embodiments when read in conjunction with

the accompanying drawings, wherein:

FIGURE 1, shows five-stage connecting network
(TSSST) with embedded three-stage space matrix (SSs);

FIGURE 2 shows in more detail the three-stage
connecting network that may be embedded logically in the
five-stage TSSST network of FIGURE 1;

FIGURE 3 is a three-stage connecting network
generalized to the N{(m,n,r) case;

FIGURE 4 introduces notation for understanding the
preferred embodiment;

FIGURE 5 provides a flow chart of the method of the
preferred embodiment;

FIGUREs 6 through 14 lllustrate an example of the
sequence generating portion of the preferred embodiments;
and

FIGUREs 15 through 34 illustrate a simplified space-
domain example of the preferred embodiment;

e
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be found in po Iﬁgqmcémﬁupqaﬁgih S procedure would continue to alternate
between circlihg col-wwmps pnd A's i'n rows until either a colum wth
no Bto circlejof a rowwth nb Ato circle. The four circled synbols in
REPLACEMENT SHEET "1 1 MAR 997

DETAILED DESCRIPTION OF THE INVENTION

In FIGURE 1, a large matrix configuration is shown
that providés for connection and test access for up to
1,024 DS3 ports (or equivalently, 32,678 DS1 ports) for
the 1631 SX device. This is a five-stage, Time-Space-
Space-Space~Time (TSSST)-division multiplexed connecting
matrix network 50. Matrix configquration 50 includes time
stage 52 that through connections 54 connects to three
center space stage (SSS) designated generally by
reference numeral 56. Three center space stage SSS 56
connects through output line 58 to ocutput time stage 60.
With this configuration, the network 50 includes a time-
domain of time stages 52 and 60 and a space domain of
three center space stage 56. FIGURE 1 illustrates
logically the relationship between time stages 52 and 60 -
and the center space stages 56. Input time stage 52 uses
128 time slots per input 62. The time slots may be
represented by the connections 64 between I/0 shelf
inputs 62 to each time slot 66 of matrix 56. Center
space stage 56 includes 128 time slots 66, each of which
time slot 66 includes a N(17,16,16) matrix. The number
17 of time slot matrix 66 represents the number of center

- ‘stage switches; the first number 16 represents the number
of inputs to each input stage switch, and the second 16
the number of input stage switches. (By symmetry, there
are 16 outputs ftom each output stage switch and 16
output stage éwitches.) Output time stage 60 uses 128
time slot connections such as connection €8 for each
matrix output 70 to an I/0 shelf.

In FIGURE 2, center space stage 56 is represented
mathematically as a three-stage connecting network cube
of matrices 72 for each of which the symbol N(17,16,16)
fully describes each of the matrices. Thus, for each
N(17,16,16) matrix 72 there are in the example of FIGURE
2, 16 input switches such as input switch 74, for which
each receives 16 input gates such as input gate 76. The

———
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21 FI GURE 8,

"~ exanpl e.

therefore indicate four rearrangenents are necessary in the
REPLACEMENT SHEET

11 MAR 1997

total number of input gates 76 make up the I/O shelf-to-
time slot connections 64 of FIGURE 1 .for each time slot.
From each input switch 74 go input switch-center switch
connections 78 to the center switches such as center
switch 80. In the preferred embodiment, each N(17,16,16)
matrix 72 includes 17 center stage switches 80. From
each center stage switch 80 go 16 output switch
connections 82 to output switches such as output switch
84. Each output switch 84 provides 16 output gates such
as output gate 86 that connect to I/O shelves such as I/0
shelf 70 of FIGURE 1. The total number of output gates
86 make up the time slot-to-I/0 shelf connections 68 of
FIGURE 1 for each time slot.

Connections are made between input gate 76 and
output gate 86 immediately using the present connection
technique. This technique sets up a connection by using
a routé through input switch 74, center switches 80 and
output switches 84 that attempts to use the most used
part of a matrix 72 first and the least used part of the
matrix 72 last. By uéing the heavily-loaded part of the
matrix where possible in making a given connection, when
rearrangement of matrix 72 is necessary, the
rearrangement process of the preferred embodiment
encounters elements with the smallest number of pre-
existing connections. This minimizes the volume of
necessary computations for matrix rearrangement.

' The pfeferred embodiment uses a dedicated time slot
when rearrangement is necessary in the time domain. For
example, referring to FIGURE 1, the 128th time slot may
be dedicated as an extra time slot for use during matrix
50 rearrangement. Similarly, in the space domain,
rearrangement uses a dedicated or extra center switch.
For example, referring to FIGURE 2, center switch 17 may
be the dedicated or extra center switch. The present
connection technique automatically uses the dedicated or
extra element (either the dedicated or extra time slot in

is Sheet Has Been Replaced
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Since the X-A se
requires four

T 7 nfy two rearrangenents, and the X-B
re rﬁﬂﬂé@h@ ﬁtﬁg&g br ef erred enbodi ment chooses the X-A

. séquence for thelpair (A B). Siqce the pair (A B) is the only pair of

- center stage switlchesqeaR BOhsiidered, the X-A sequence yields the m nimum
; rearrarjggnent s. he next step is to execute the

' rearrangenments ugi tiTe preV|ousI) menti dhed "hitless roll." Since the X-A
t sequence yi el ds tjhe m ni nrum punber lof rearrangenents, the

the time domain or the dedicated center stage switch in
the space domain) when a rearrangeably blocked condition
exists. _

FIGURE 3 illustrates that N(17,16,16) matrix 72 of
FIGURE 2 may be generalized to matrix 88 for which the
expression N(m,n,r) describes the configuration.
Following the convention of the N(17,16,16) matrix 16,
the generalized notation N(m,n,r) describes generalized
matrix 88. In the N(m,n,r) notation, m equals the number
of rxr center stage switches (as well as the number of
outputs from each nXm input stage and the number of
inputs to each mXn output stage switch); n equals the
number of inputs to each nXm input stage switch (as well
as the number of outputs from each mXn output stage
switch); and r equals the number of nXm input stage
switches (as well as the number of mXn output stage
switches). Note also that, in matrix 88, m at least .
equals n+l. This limitation on m for a giveh n assures
that there exists at least one extra center stage switch.

Referring more particularly to FIGURE 3, generalized
matrix 88 has n input gates 90 that connect to input
switches, such as input switch 92,  having m output
connections 94. 1In generalized matrix 88, there may be,
for example, r input switches 92. The input switch-to-
center switch connections 94 connect to the rXr center
switches such as center switch 96 where each center
switch 96 receives r center switch connections 94 and
provides r output connections 98. 1In the example of
FIGURE 3, there are m center switches 96. Each center
switch-to-output switch connection 98 from center
switches 96 connects to an output switch 100. Each
output switch 100 receives m center switch-to-output
switch connections 98 and outputs to n output gates such
as output gate 102. "
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_preferred e

i ncl udes the
“switch. This
- rearrangenen
9 through 14
t he sequence

cel |

as foll

-

ogM SHEBE x-A roll in this exanple. The hitless rol
| j on placed in the dedi cated center stage
DI | takes@ e y first performng the necessary
isitnd
| ustrate executjng the X-A hitless roll. The nethod changes

endr bri dge and recei ve-end-sw tch. FI GUREs

(0]

WS

previously cirgled symfbls A and B to clear the bl ocked

Both the N(17,16,16) matrix 72 of FIGURE 2 and the

N(m,n,r) matrix 88 of FIGURE 3 are said to be
rearrangeable matrices if, respectively, for a given

state of the matrix and any given idle pair of input
gates 76 or 90 and output gates 86 or 102, the existing
connections within the matrices may be reassigned to new

paths, if necessary, to allow connecting the respective
idle pairs. The matrices are rearrangeable if and only
if m > n. For convenience in notation, in a network

described by the expression N(m,n,r), the notation

A (m,n,r) denotes the number of connections that must be

rearranged in order to connect an idle pair of input and
output gates. Paull’s Method derives from the property

that A(n,n,n) < n-1. In other words, for the N(n,n,n)

matrix, it is necessary to move at most n-1 connections

to connect an idle input gate to an idle output gate. A

particular application of this property means, for
example, that for matrix 72 of FIGURE 2, rearrangement
requires at most n-1=17-1=16 connection changes in order
to connect an idle input gate to an idle output gate.

In the followiﬁg discussion, FIGURE 4 introduces

notation to assist in understanding the preferred
embodiment. FIGURE 5 provides a flow chart to illustrate
the basic concepts of the immediate connect method and
system of the present invention. Thereafter, FIGUREs 6
through 14 show an example of the operation of the method
and system in the presence of a rearrangeably blocked
condition of a matrix 72 of the three center stage space
matrix 56. For the purpose of understanding the present
invention in yet more detail, the operation of the method
and system are described by way of FIGUREs 15 through 34
that use a simplified N(5,4,4) rearrangeable matrix
having the ability to perform immediate connection in a
rearrangeably blocked conditioh.

In FIGURE 4, notation beneficial for understanding

the present invention uses square matrix 110 to represent
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b omand

For-the circled Bas.add X s _as FI GURE 9 shows. In this exanple, this step
corresponds to $eREPLAGEMENT gjfgﬁ end- bridge through the center stage
Fa—Si-ChXe-

switch at the ekt

[ fhe existi'ng connection frominput switch

2 through cente Dt% f smntch Bl ahd a receive-end-swi tch through center

swi tch

shows.

X for the pxi'’s
stage 2.

ectyon and fromcenter stage B to out put
ThelLnext steD |s t ol renove the circled B s as FI GURE 10

In this pxanple, when a connection exists

connecticns existing in a space domain matrix such as
matrix 8S of FIGURE 3. Square matrix 110 has rows 112
designating input switches (such as input switch 92 of
FIGURE 3) and columns 114 representing output switches
(such as output switch 100 of FIGURE 3.) The simplified
example of FIGURE 4 shows the number of rows 112 and
columns 114 equals 8. Note that to correspond exactly to
the N{(17,16,16) matrix of FIGURE 2, FIGURE 5 could show a
matrix having 16 rows representing input switches 74 and
16 columns representing output switches such as output
switch 84. Within each square matrix position such as
matrix position 116, there are m possible symbols that
may appear. These m symbols correspond to the center
switches such as center stage switch 96 of FIGURE 3. For
example, matrix position 116 may have m possible entries,
one for each of the center stage switches 96 appearing in
FIGURE 3.

-In FIGURE 4, the ordered pair (3,1) denotes matrix
position 116, where 3 is the row designation, i.e., row 3
having reference numeral 118, and 1 is the column
position, i.e., column 1 having the reference numeral
120. The entry B (1 £ B £ m) in matrix position (3,1)
corresponds to a connection from input switch 3 through
intermediate switch B to output switch 1. No entry in a
matrix position such as the empty matrix position (3,2)
that reference arrow 122 points to indicates the absence
of any connection between input switch 3 and output
switch 2.

Referring, for example, to FIGURE 3, since there may
be only n input gates 90 to each input switch 92 and n
output gates 102 from each output switch 100, only n
symbols may appear in any row 112 or column 11l4. Since
each input switch 92 has only one connection 94 to each
center switch 96, no two symbols;in any row 112 may be
the same. Similarly, each output switch 100 has only one
connection 98 from each center switch 96. No two symbols
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in any column 114 may be the same. With the notation of’
FIGURE 4, a square matrix 110 satisfying these
restrictions is said to be "legitimate” since it has only
legitimate entries.
Note, that a trivial blocking case occurs if all of
the input lines to an input switch such as input switch 1
designated by row 1 are already connected. This would
correspond to having n symbols (e.g., 16 symbols in the
case of FIGURE 2) in row 1. Similarly, if all the output
lines to output switch 3, for example, were already
connected corresponding to n symbols in column 3 (e.q.,
16 symbols for the example of FIGURE 2) the network
matrix 72 of FIGURE 2 and 88 of FIGURE 3 is trivially
blocked and square matrix 110 will represent this fact.
In FIGURE 5, flow chart 140 describes the steps and
functions of the preferred embodiment of the present
invention. Beginning at start step 142, the method is
first to query, as query block 144 indicates, whether
there is a pair of ports presented for connection. 1In
the example of FIGURE 3, the step is to query whether
there is an idle input gate 90 to connect to an idle
output gate 102. If there is such a pair, then flow goes
to block 146 to begin time domain connections. If there
is not a pair of ports présented for connection, then
flow goes to block 148 which is described below. At
begin time domain step 146, flow goes to block 150 where -
the method selects the lowest numbered time slot
available for connection. Then, at block 152 space
. domain operations begin for selecting the lowest numbered
center stage input switch available for connection at
step 154. Having selected the lowest numbered center
stage for connection, the connections are made at block
156 and square matrix 110 or a similar status table
designating connections is updated at block 158.
At block 160, a query of whether space rearrangement
is required takes place. If so, then flow goes to block
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162 where the step is to select two ceénter stage switches
for rearrangement. Next, at block 164, the step is to
find the connections to be réarranged and, from the
connections, the query at bleock 166 is of which path
requires the least number of rearrangements. If the path
X~A requires the least number of rearrangements, then
program flow takes path 168. If X~B requires the least
nunber of rearrangements, then program flow takes path
170. Regardless of which path program flow takes, at
step 172 connections are rearranged, one at a time, using
a "hitless roll." The discussion below defines the term
"hitless roll.” And flow returns to step 174 to end
space domain operations. Note that if no space
rearrangement was necessary, then flow from query block
160 goes directly to end space domain step at block 174.

At query 176, the question is whether time
rearrangement is required. If so, then flow goes to step
178 at which point the method is to select two time slots
for rearrangement. Then, at block 180, the step is to
find connections to be arranged. At block 182, a query
occurs of which path requires the least number of
'rearrangements. If the X-A path requires the least
number of rearrangements, flow goes along path 184. On
the other hand, if the X-B path requires the least number
of rearrangements, then flow follows path 186. The next
step, regardless of whether program flow takes path 184
or 186, is to rearrange connections one~at-a-time, again
using a hitless roll in the time domain at step 188.
Program flow then goes to step 190 to end time-domain
operations. Note that if query block 176 determines that
no time rearrangement was required, flow proceeds
directly to end time domain block 190.

From end time domain block 190, flow goes to query
148 where the method determines whether a pair of ports:
is presented for disconnect. If not, then flow returns
to gquery block 144 to proceed as previously described.

AW
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If a pair of ports is presented for disconnect, at this
point the method is to remove connections as requested
per block 192 and then update data tables reflecting the
connections for the matrix at step 194.

At query 196, the method determines whether a “pack
connections after a disconnect" function is enabled. If
so, then flow goes to query 198 to examine whether a
rearrangement is in progress. If so, then flow will loop
via path 200 until rearrangehent is no longer in process.
Although FIGURE 5 shows disconnect as occurring
‘subsequent to completing any necessary rearrangement, the
present method and system may process a disconnect
request in parallel with rearrangement. Therefore, if
the system of the present invention seeks to direct
connections to the most used part of matrix first so as
to pack calls after a disconnect, the rearrangement-in-
progress query of block 198, prevents attempting to pack
during rearrangement.

If a rearrangement is not in progress, from query
block 198, the next step is to determine the connections
to the packed in the space at step 202. The next step
of flow chart 140, then, is to pack connections in the
space domain using a hitless roll at block 204. And
then, at block 206, the step is to determine the
connections to be packed in time, after which the
connections are packed at block 206 in time using an
automatically hitless roll. Program flow then returns to
point 210 to continue the previously described operations
of flow chart 140.

The following discussion describes how steps of flow
chart 140 of FIGURE 5 relate to the square matrix 110 of
FIGURE 4. Recall that after updating square matrix 110
or similar table at step 158, the method of the preferred
embodiment detects whether a . rearrangeably blocked
condition exists. Thus, when the dedicated element
(either a time slot in the time domaln or center stage
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switch in the space domain) in a matrix connection
configuration is used to make an immediate connection
between an idle input gate and an idle ocutput gate, the
existence of a rearrangeable blocking condition is
automatically detected.

Steps 162 and 178 execute Paull’s Method to find the
path requiring the fewest rearrangements. Specifically,
with the blocked cell denoted (r,,c;) such as cell 121 of
FTIGURE 4, the method tests to find all symbol pairs (A,B)
such that if A is in row 1, but not in column 1, and B is
in column 1, but not in row 1. For given pairs of
symbols, say (A,B), there are two possible rearrangement
sequences, one of which will be shorter. Making this
determination is part of step 16 in the space domain and
step 182 in the time domain.

The segquence "X—-A" denotes a sequence that starts
with an immediate connection through the dedicated
element (e.g., center stage switch 17 of FIGURE 2 for the
space domain and the time slot 128 in FIGURE 1 for the
time domain) and ends with the blocked cell being
assigned to element A. The sequence begins, for example,
by starting with the blocked cell (fl,cl) at 121 of FIGURE
4). Since there is no B in row r,, the search for an 2
in r, takes place. There must be an A in row r,,
otherwise the matrix is not blocked. Once the A in row
r; is found, it is circled or tagged. -

In general, then, suppose that the circled A is in
(ry,Cy), 1S j.k <8. Then, a search for a B in column ¢,
takes place. 1If there is no B in column ¢,, the sequence
ends and then the next step is to find connections to be
reafranged at block 164 or 180, as appropriate. If a B
appears in column ¢,, the next step is to circle the B
and continue. If the circled B is in the (rk,cj)
position, then a search for an A in row r, takes place.
The seguence X—A continues to.alternate between circling
B’s in columns in A’s in rows, until there exists a
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column with no B to circle or a row with no A to circle.
Note that not all A’s and all B’s get circled, only those
encountered in the above search.

Generating the X-B sequence occurs in similar
fashion, as follows. Starting with the blocked cell
(r,,€;) 121 of FIGURE 4, for example, there is no A in
column 1, so the search begins for a B in column c,.
There must be a B in column c,, otherwise the matrix
would not be blocked.
B. '
for an A in row r, begins.

Then, procedure is to circle that
Since the circled B is in position (r;,c;), the search
If there is no A in ry, then
this sequence ends and program flow continues to step 164
or 180,
Otherwise, the procedure is to circle the A and continue.

as appropriate for the space or time domain.

In this example, the circled A is in position (r;,c3),

then the search begins for a B in column c;. If there is
no B in column c;, then the sequence ends. Otherwise,
the sequence is to circle the B and continue. This

procedure continues to alternate between circling B‘s in
columns and A’s in rows until either a column with no B
to circle or a row with no A to circle is found. Note,
not all A’s nor all B’s get circled, only those
encountered in the above search.

For a given pair of symbols (A,B), the next step is

to choose the path generated by the sequence (either the

X-A sequence or the X—B sequence) that contains the least
number of circled symbols (i.e., A’s or B’s). For all
such pairs of symbols, the step is to choose the pair
(A,B) that contains the least number of circled symbols
(either A’s or B’s). This sequence determines the
minimum number of rearrangements necessary to establish a
path from the input to the output of the rearréngéable
matrix.

Rather than completely generating all the X—-A and
X—-B sequences, the preferred embodiment generates the

shortest sequence. This is accomplished in block 164 in
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5ff$H§ n detail the operation of the preferred

0 g discussion illustrates the connection path

nd system df jt he preferred enbodi nent. For sinplicity in
MAROI997 hd gresent invention, the exanple considers

further redyced N(5,4,4) space matrix 220 of FI GURE 15.

ustrates the state of a simdified

the space domain and block 180 in the time domain using a
technique of the pfeferred embodiment that shall
hereinafter be called a flooding algorithm. The flooding
algorithm starts by finding the first element of the X-A
sequence. If the X-A sequence is not ended, the first

~element of the X~B sequence is found. Then, if the X-B

sequence is not ended, the next element of the X-A
sequence is found. This process continues until the
shorter of the two sequences is generated. At the time
that the shorter of the two sequences is generated the
search terminates.

The point at which flooding algorithm terminates
determines the path of the minimum number of
rearrangements as indicated in block 166 in the space
domain and block 182 in the time domain.

In step 172 for the space domain and step 188 for
the time domain, fearrangements take place using a
hitless roll. The sequence of circled symbols, either
A’s or B’s, that the above steps determined are then
changed to clear the blocked cell using the appropriate
X-~A or X-B roll depending on which yields the minimum
numbef of rearrangements.

The following Table 1 and accompanying text describe
the steps of making the connections to yield
rearrangement of the center stage switches when X-2a
results in the minimum number of connection
rearrangéments:
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T
| * X-(rpe) |

: | ®-®, X

- ®, x-x

’ ' ®@-@, B

> _ @,B-B

s X-X, A

! | X, A-A

If the X-A secuence yields the minimum number of
rearrangements, then, referring to square matrix 110 of
FIGURE 4, step 172 or 188 of FIGURE 5, as appropriate,
the method is to put an "X" in the (r;,c;) position‘
indicating the connection was made through the extra
center stage switch, (TABLE 1, Step 1 indicates this
action). Then for the circled B’s, the roll first adds
X’s (Step 2) and then removes the circled B’s (Step 3).
Next, for the circled A’s, the roll first adds the B’s
(Step 4) and then removes the c1rc1ed A’s (Step 5).

Then, for X’s appearing in the matrix, A’s are first
added (Step 6) and then the X’s are removed (Step 7).

The following Table 2 and accompanying text describe
the steps of making the connection to yield rearrangement
of the center stage switches when X-B results in the
minimum number of connection rearrangements:

-

e
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ACTION
X-(r,c)
2 @-@, X
3 @,x-x
4 ®-®, 4
S ®B,A-4
6 X-X, B
7 _ X, B~B
A

that the fﬁﬁPLACBdENTesHEE]ace switch 224 is |abeled X to indicate that
cgnter stage switch. As |egend 226 shows,
continuous |ine 230 indicates

The X-B roll occurs in similar fashion to that of
the X—A roll.
in the position (rj, c;) indicating the connection was
made through the extra center stage (TABLE 2, Step 1).
For the circled A’s,. the roll first adds X’s (Step 2) and

then removes the circled A’s (Step 3).
the roll
the circled B’s (Step
adds the B’s (Step 6)

circled B’s,

7).

Rearrangement is
"head-end-bridge" and a
hitless roll (including
the designated or extra
elements of the matrix.

5).

Then,

For example, the first step is to put an X

Next, for the

adds A’s (Step 4) and then removes
for the X’s,
and finally removes the X’s (Step

the roll

performed as necessary using a

"raceive-end-switch*

to effect a

the initial connection placed in
element) to the lower numbered
The terms head-end-bridge and
receive-end-switch are defined and explained

illustratively in connection with the example of FIGURES

15 through 34 below.

-
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connection. S nge—ttere—are nputs connected to any .outputs in FI GURE

15, there arelnp HHPH% s%gs ,] cienter stage, or output stage switch
‘connecti ons apdj al’l R lijnkls between the switches are idle. Wth
the sinplifie (5.4,4) spac trix in mnd, it is possible to detail how
to i npl enment konputer software fto acconplish the connection path sel ection
and ot her pur nt invenftPon. Note, however, that the size
of space matrix 220 does not limt the

clear and ready for the next immediate connection in a
rearrangeably blocked condition.

Although it is believed that the present _
specification and drawings fully and accurately describe
the system and provide sufficient information so that
anyone skilled in the art may practice the inventive

concept, "Unpublished Appendix A" is provided herewith to
remain unprinted. Unpublished Appendix A includes a
listing of the working source code to enable a computer
to operate and perform the immediate connect method of
the present method and system.

OPERATION

Having explained generally the processes of the
preferred embodiment, the following illustrative example
shows how the preferred embodiment provides an immediate
connect in the presence of a rearrangeably blocked
condition in the space domain. The time domain method
becomes obvious upch understanding implementation of the
space domain method.

FIGUREs 6 through 14 illustrate an example of the
immediate connect method of the preferred embodiment. 1In
the square matrix 110 of FIGURE 6, cell (1,1) is marked
as blocked because the present connection algorithm
detected that the dedicated center stage switch is the
only center stage switch having both an idle link to
input switch 1 and an idle link to output switch 1.

In response to this condition, the connection
algorithm in effect puts an X at (ry,c;) to make the
connection, as FIGURE 6 shows. The use of the notation
uX" herein denotes the use of the dedicated or extra
center stage switch in a rearrangeably blocked condition.
When the designated dedicated center stage switch of the
large matrix configuration is used by the connection

___/—‘_'—_.

Sheet Has Been Replaced

HII\I\\ AR



ut|I|ty or ap
" under st andi ng t
i-nt r oduces da
nmatrices 222,
ease i n under
nunmeral s for

software i nplenentation. To assist in

. pllenent ati on, the foll ow ng di scussion
definitions and notations relevant in manipul ating the
34) 1248R 1998, |and 240 of FIGURE 16 . Note, also, that for
stlandi ng connecti ¢ns, FI GURE 15 uses the sane reference

plnlgﬁ@,k,n

t

general i zed

i nput gates 90, i pput stage28wi tches 92, etc. appearing in the
o) nmatrix of IFIGURE 3. The fol lowing data definitions are -

algorithm, a rearrangeable blocking conditiocn is
automatically detected. -

Since the connection pair (1,1) is rearrangeably
blocked, in order for a connection to be possible, there
must exist an idle link between input switch 1 and scme
center stage switch, say A. Furthermore, there nust
exist an idle link between output switch 1 and some
center stage switch, say B. The pair (A,B) is one pair
of center stage switches to be considered for
rearrangement. In this example, the pair (A,B) is the
only pair of center stage switches that meets the above
criteria. Since the pair (aA,B) constitutes the entire
set of pairs to be searched, (A,B) is the pair that
requires the fewest rearrangements.

FIGURE 7, shows the X—A sequence and FIGURE 8 shows
the X-~B sequence of the immediate connect algorithm of
the preferred embodiment. Together, FIGUREs 7 and 8 show
the operation of the flooding algorithm of the preferred
embodiment. For example, the first step starts off in
FIGURE 7 at row r; and finds an A in (Ir;,c;) which is
circled. FIGURE 8 shows the second step of the flooding
algorithm which uses the X—~B sequence and starts off in
column ¢, to find a circled B in (r3,c1). Then, the third
step takes place back in FIGURE 7 wherein column ¢, is
examined for a B. This is found at position (r,;,c;) and
circled. Since there are no A’‘s row r,, this X-a
sequence is complete. The two symbols in FIGURE 7
indicate two fearrangements are required.

Although the flooding algorithm of the present
method ends at the third step, if it were to continue, in
FIGURE 8 row rj would be examined for an A, which would
be found in position (rj,c3). This procedure would
continue to alternate between circling B’s in columns and
A’s in rows until either a column with no B to circle or
a row with no A to circle. The four circled symbols in
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FIGURE 8,
necessary in the example.

Since the X—A sequence requires only two
rearrangements, and the X-B requires four rearrangements,
the preferred embodiment chooses the X—A sequence for the
‘pair (A,B). Since the pair (A,B) is the only pair of
center stage switches being considered, the X—A sequence
yields the minimum number of rearrangements.

The next step is to execute the rearrangements using
the previously mentioned "hitless roll." Since the X-~A
sequence yields the minimum number of rearrangements, the
preferred embodiment uses the X—A roll in this example.
The hitless roll includes the initial connection placed
in the dedicated center stage switch. This roll takes

. place by first performing the necessary rearrangement
using a head-end-bridge and receive-end-switch.

FIGUREs 9 through 14 illustrate executing the X-A
hitless roll. The method changes the sequence of
previously circled symbols A and B to clear the blocked
cell as follows: :

For the circled B’s add X’s as FIGURE 9 shows. In
this example, this step corresponds to setting up a head-
end-bridge through the center stage switch at the extra
switch X for the existing connection from input switch 2
through center stage switch B and a receive-end-switch
through center switch X for the existing connection and
from center stage B to ocutput stage 2.

The next step is to remove the circled B’s as FIGURE
10 shows. In this example, when a connection exists
through center stage switch X, and output switch 2
receives a good signal, the next step is to take down the
connection from input switch 2 through center stage
switch B to output switch 2.

Then, as FIGURE 11 shows for the circled A’s add
B’s. In this example, this étep corresponds to setting
up a head-end-bridge through the center stage switch B
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for the existing connection from input switch 1 through
center Stage switch A and a receive-end-switch through

center stage switch B for the existing connection from
center stage switch A to output switch 2. Then, as

"FIGURE 12 shows, the circled A’s are removed. In this

example, when a connection exists through center stage
switch B and output switch 2 receives a good signal, the
next step is to take down the connection from input
switch 2 through center stage switch A to output switch
2.

Then, the next step is to add A’s to the positions
containing the X’s, as FIGURE 13 shows. In this example,
this corresponds to setting up a head-end-bridge through
center stage switch A for both the connection from input
switch 2 through center switch X to output switch 2 and
the immediate connection from input switch 1 through
center switch X to output switch 1.

The final step is to remove the X’s as FIGURE 14
illustrates. 1In this example, when each connection
through center stage switch A exists and the
corresponding output switch receives a good signal, the
corresponding connection from the input switch through
center switch X to the corresponding output switch may be
taken down. Note that the extra center stage switch X is
left idle, since all connections are rolled off the extra
enter stage switch X to the appropriate center stage
switch.

Having described in detail the operation of the
preferred method and system, the following discussion
illustrates the connection path selection method and
system of the preferred embodiment. For simplicity in
describing this aspect of the presént invention, the
example considers connections in a further reduced
N(5,4,4) space matrix 220 of FIGURE 15.

FIGURE 15 illustrates the state of a simplified
N(5,4,4) space matrix 220 after initialization.. Note
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that the fifth center stage switch 224 is labeled X to
indicate that it is the dedicated or extra center stage
switch. As legend 226 shows, short-dashed lines 228
indicate an idle link, continuous line 230 indicates a
busy link, and long-dashed line 232 shows a switch
connection. Since there are no inputs connected to any
outputs in FIGURE 15, there are no input stage, center
stage, or output stage switch connections and all of the
links between the switches are idle.

' With the simplified N(5,4,4) space matrix in mind,
it is possible to detail how toc implement computer
software to accomplish the connection path selection and
other purposes of the present invention. Note, howevér,
that the size of space matrix 220 does not limit the
utility or applicability of the software implementation.
To assist in understanding the software implementation,
the following discussion introduces data definitions and
notations relevant in manipulating the matrices 222, 234,
236, 238, and 240 of FIGURE 16. Note, also, that for
ease in understanding connections, FIGURE 15 uses the
same reference numerals for input gates 90, input stage
switches 92, etc. appearing in the generalized N(m,n,X)
matrix of FIGURE 3. The following data definitions are
useful in the description of the present connection
method and system.

In a software implémentation, input/output gate or
line conversions occur. For example, a connection may be
requested in the form of IL-m—~OL-n. In other words,
input line m to output line n. The input line number is
converted to an input switch stage number i and an input
number for that input switch stage j such that
IL-m—-I(i,j). Similarly, the output line number is
converted to an output switch stage number k and an
output number for that output switch stage 1 such that
oL-n-0(k,1) - "
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More forﬁally, I(i,j) is determined from IL-m and
O(k,l) is determined from OL-n by:

i =1 + Quoty(m-1)

j = 1 + Remy(m-1)

k = 1 + Quoty(n-1)

1l =1 + Remy{n-1)

where N is the number of first (input) stage

switches, which is equal to the
number of third (output) stage
switches;

Quoty is the integer quotient of the
argument divided by N; and

Remy is the integer remainder after the

argument has been divided by N.

The following statements and data definitions may be
understood with reference to FIGUREs 15 and 16 to provide
computer-generated matrices to accomplish the purposes of
the present invention.

[Data Definition: | space_in_mat(in_stage, in_num) R
—

- In FIGURE 16, the space input matrix 222 for the
FIGURE 15 N(5,4,4) example is a 4x4 matrix which
represents the connection of the input stage switches in
the SSS such as switch 92. Each row of space input
matrix 222 corresponds to one of the input stage switches
92. The columns of space input maﬁrix 222 correspond to
the input gates 90 to each of the first stage switches.
The entries in the space input matrix correspond to the
outputs of the first stage switches such as outputs 94.
Since the output of each of'the;input stage switches is
connected to the center stage switch of the same number,

the entries in the space input matrix may be viewed as
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the center stage switch to which that particular input
stage switch (row), input (column) is connected.
As a result, the statement
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“ Statement: space_in mat(i,j) = ¢

causes space inpﬁt matrix 222 to indicate a connection
from the j*® input of the i*® first stage switch to center
stage switch c.

The entries in space input matrix 222 range from 0
to X using the simplified example of FIGURE 15. A O
indicates that no connection has been assigned. Entries
of 1 through 4 are normal connections. A numerical entry
in matrix 222 of 5, in this example corresponds to the
entry of "X" in FIGURE 6 and indicates that the extra
center stage switch 224 has been assigned and the
rearrangement précess has been invoked.

Data Definition: space_cnt_mat{cnt_stage,in_stage]

Space center matrix 234 is a 5x4 matrix which
represents the connection map of the center switches in
the space domain such as center stage switches 96. Each
row of the space center matrix corresponds to one of the
center stage switches 96. The columns of the space
center matrix correspond to the inputs to each of the
center stage switches such as inputs 94. The entries in
the space center matrix correspond to the outputs of the
center stage switches such as output 98. Since the
output of each of the center stage switches 96 connects
to the output stage switch of the same number, the
entries in the space center matrix 234 may be viewed as
the output stage switch to whicﬁ'that particular center
stage switch (row), input column connects.

As a result, the statement T

- This Sheet Has Been Repi

T




L]

under st ood wit iy
conput er - gener t 8

i nventi on.

e

e TR JREs 15 and 16 to provi de
gh#éﬁ? lcgﬂéiwa(conplish t he purposes of the present

tla Definition: | qpace in mat(in stage,in num
1 1 MAR 1997
26
“ Statement: Tspace_cnt_mat(ctj) =k H

causes. space center matrix 234 to indicate a connection
from the j*® input. of the center stage switch "c" to the
k®® ocutput stage switch. The entries in space center
matrix 234 range from 0 to 4. A 0 indicates that no
connection has been assigned. Entries of 1 through 4 are
normal connections. A zero entry in X®*® row (i.e., the
Sth row in this example) indicates that the extra center
stage switch 224 has been assigned and the rearrangement
process has been invoked.

"Data Definition: | space out_mat[out_stage,out_num] "

Space output matrix 236 is a 4x4 matrix which
represents the connection map of the output stage of the
space matrix in the space domain. Each row of space
output matrix 236 corresponds to one of the output
switches such as output switch 100. The columns of space
output matrix 236 correspond to the output from each of
the output switches such as output ‘gates 102. The
entries in space output matrix 236 correspond to the
input to which that ocutput connects such as connections
98. Since the input of each output switch connects to
the center stage switch of the same number, the entries
in space output matrix 236 may be viewed as the center
stage switch to which that particular output switch 100
(row), output gate 102 (column) connects.

. As a result, the statement

Statement: Ispace_out_mat(k,l) = cC

causes space output matrix 236 to indicate a connection
from center stage switch "c" to the 1%M ocutput of the kP

- This Sheet Has Been Replaced !
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outputs of the flirst stage switch¢gs such as outputs 94.

h¢ spac@7i nput matrix
output stage switch. The entries in space output matrix
range 236 from O to X. A 0 indicates that no connection
has been assigned. Entries of 1 through 4 are normal
connections. An entry of X (i.e., 5 in this example)
indicates that extra center stage switch 224 as been
assigned and the rearrangement process has been invoked.

Continuing with reference to FIGUREs 15 and 16, the
following discussion details how to implement the
preferred embodiment to represent an idle link between an
input gate and an output gate. In normal operation, the
present connection method attempts to make a giveh
connection through the lowest-numbered center stage
switch. 1In order to make a connection from a given input
stage switch, such as input switch 92, to a given output
stage switch such as output switch 100, there must exist
a certain center stage switch, such as center switch 96,
with the property that there is an idle input link from
input switch 92 to center switch 96 and an idle output
link from center switch 96 to output switch 100.

The present method and system track idle input links
and idle output links by using two different bit map
arrays (one for input links and one for output links).
‘Each bit array map has a separate row for each row of the
space center matrices. The method uses a group of
primitives to operate upon the bit maps to effect the
connect and disconnect operations. The primitives, in
turn, invoke the rearrangement proceés when required.

Data Definition: | space_in link(in_stage,cnt_stage] n
— : — =

For the example of FIGUREs 15 and 16, space input
idle link bit map 238 is a 4x5 bit array that represents
the idle input links 94 between the input switches 92 and
the center switches 96 in the space domain. Each row of
space input idle link bit map 238 corresponds to one of
the input stage switches 92. The entries in space input
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idle link bit map 238 for a given row (input stage) and
column (center stage) indicate the idle state of the
input link 94 between that input stage and center stage.
An entry of 1 indicates that the input link is idle and
available for assignment. A O value indicates that the
input link is in use and is not available for assignment.
A 0 entry in column X indicates that the extra center
stage switch 234 is in use and the rearrangement method

is in progress.

space_out llnk[out stage cnt stage]rJ

e e

! Data Definition:

Space output idle link bit map 240 is a 4x5 bit
array that represents the idle output links between the
output and the center switches 96 in the space domain.
Each row of space output idle link bit map 240
corresponds to one of the output stage switches 100. The
entries in the space output idle link bit map 240 for a
given row (output switch) and column (center switch)
indicate the idle state of the output link 98 between
that output switch and center switch. An entry of 1
indicates that the output link is idle and available for
assignment. A 0 value indicates that the output links is
in use and is not available for assigmment. A 0 entry in
column X indicates that the extra center stage switch 224
is in use and the rearrangement method is in progress.

Having described the maps for representation idle
links, the following describes primitive operations
useful to manipulate the space idle link bit maps 238 and
240 for connect and disconnect operations.

P m— ey
Primitive: l init_links () _
: - e

The initialize idle link bit maps primitive (used
only for start-up operations) creates both spacé input
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idle link bit map 238 and space output idle link bit map
240 for the preferred embodiment. All entries in the
idle link bit maps are initialized to 1, indicating that
all links are idle.

This primitive sets the k®® bit of the j%B row of the
bit map specified by the "i/o" parameter to 1. If the
bit map contains n elements and the value of j exceeds n,
then the computer returns an error flag. Otherwise, the
k*® element is set to 1.

“ Primitive: i clear_link (i/o, j, k) ﬂ

This primitive clears (resets) the k™® bit of the jtB
row of the bit map specified by the i/o parameter to 0.
If the bit map contains n elements and the value of j
exceeds n then the computer returns aﬁ error flag. .
Otherwise, the k! element is set to 0.

Primitive: pump_link(space_in_link[i],space_out_liﬁk

(k1)

The preferred method and'system connect between an
input switch stage i and an output switch stage k using
the lowest numbered center stage switch available. This
‘is accomplished by a process that hereinafter shall be
called "pumping" space n_link([i] and space_out_link([k].
That is, space_in_link(i] is logically "ANDed" with
space_out_link(k] to determine'c, the lowest numbered
center stage switch with both an idle link to input stage
i and an idle link to output stage k. The index of the
first non-zero entry in the result of the logical AND is

+ This Sheet Has Been Replaced !
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idle link to input stage i and an idle link to output
stage k. The two links to ¢ are then marke as "busy" in
space_in_link[i] and space_out_link{k] and the center
stage number c is returned. Table 3 illustrates an
embodiment of this primitive macro.

PUMP LIST MACRO FLOW CHART “

e ——————A————C
pump_link(space_in_link(1], space_out_link([k]
int ¢, i, k, x[xtra_stage]; '

! )

int j;

x = space_in_link({i) && space_out_link([k];
for (j = 1; j < = xtra_stage; j++0

{
if (X(3) ==1)
{

= 3;
break;
}
}

clear_link(space_in_line, i,c);
clear_link(space_out_link, k, ©);
if (c == xtra_ stage)

{

rearrange = 1;

]

return(c):;

¢ .

FIGURE 16 illustrates the implementation data
matrices after initialization. The corresponding entries

in the connection path selection matrices space_in mat
222, space_cnt_mat 234, and space_out_@at 236, for the
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S ?f éAéﬁﬁgf are normal connections. A nunerical entry
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ejextra center stage switch 224 has been

assigned and fhe rearrangenent process Bds been invoked.

examplé, are illustrated in FIGURE 16. Since there are
no switch connections, all of the entries are 0. The
contents of the space_in_link 238 and space_out_link 240
bit maps are as shown at initialization. Note that each
input stage switch and each output stage switch has a 1
element for each idle center stage switch. In this
example, after initialization, all five center stage
switches are marked as "idle". |

FIGURE 17 shows the implementétion data after the
‘first connection. Suppose the first connection requested
is to connect input line 1 to output line 1, or more
simply, IL-1-OL-~1. The first step is to convert the
input line number to an input switch stage number and an
input number for that input switch stage. In this case,
IL-1-I(1,1). Similarly, the output line number is
converted to an output switch stage number and an output
number for that output switch stage. In this case,
OL-1-0(1,1). So, we are going to make a connection
between input stage 1 and output stage 1.

The present method ahd system attempt to make the
connection between input étage 1 and output stage 1 by
using the lowest numbered center stage switch available,
which in this case is center stage 1. This is
accomplished by using the pump_list macro of TABLE 3 to
compare space_in_link(1l] with space_out_link({1] in FIGURE
16 and set the idle connects of the lowest center stage
number common to both bit maps to "0". Then, the
space_in mat(i,j) and the space_out_mat(k,l) are set
equal to that center stage number, and the
space_cnt_mat{c,j) is set equal to k. The corresponding
space matrix data entries are shown in FIGURE 17 and the
resultant state of the space matrix 220 is shown in
FIGURE 18. | ‘

The following statements accomplish this prbcess:
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CONNECT STATEMENTS

X = pump_ l;st(space in_link(i), space_ocut llnk[k]),
space_ln_pat(l,j) = C;
space_cnt_mat(c,i) = k;
space_out_mat(k,l) = c;

where, in this case, i=j=k=l=m=c-1.

Assume the procedure of adding connections continues

until n2®-2 connections have been made (presumably without
rearrangement) with the resultant space matrix shown in
FIGURE 19 and connection path selection matrix data shown
in FIGURE 20. '

Then, the request to connect IL-13 to OL-7 is
received. The request to connect IL-13 to OL-7 converts
to a request connect I(4,1)-~0(2,3). The present method
and system attempt to make the connection between input
stage 4 and output stage 2 by using the lowest numbered
center stage switch available, which in this case, is
center stage switch number 4, as illustrated in FIGURE
20. The pump_list macro of Table 1 compares space_in -
link(4] with space_out_link{2], determines the lowest
center stage number common to both bit maps, and sets the
idle status to "busy" in both bit maps. Then the
space_in _mat(i,j) and the space_out mat(k,l) are set
equal to that center stage number and the
space_cnt_mat(c,j) is set equal to k.

The corresponding space matrix data entries are
shown in FIGURE 21 and the resultant state of the space
matrix is shown in FIGURE 22. This process is
accomplished using the following statements from the
connect routine as before: 1

‘\\\
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TABLE 5 - “

CONNECT STATEMENTS

x = pump_list(space_in_link(i), space_out_link(k]);
space_in_mat(i,j) = c;
space_cnt_mat(c,i) = k;
space_out_mat(k,1l) = c;

'where in this case, i=4 j=1 k=2 1=3 m=13 n = 7 and c=4.

—

Suppose the next request is to disconnect IL-13 from
OL-7 (which takes down the connection that was just
made) . The request to disconnect IL-13 from OL-7
converts to a request to disconnect I(4,1)-0(2,3). The
put_back macro accomplishes the disconnect by breaking
the connection between input stage 4 and output stage 2
and putting the freed-up center stage switch, number 4,
back on the input/output stacks for subsequent use. More
specifically, the put_back macro determines the freed-up
center stage switch number and puts it back in the proper
positions on both of the ordered-linked lists in
space_in_link(4] and space_out link{2]. Then, the
space_in mat(i,j), the space_cnt mat(c,j), and the
space_out_mat(k,l) are set equal to 0.

The corfesponding space matrix data entries are
shown in FIGURE 23 and the resultant state of the space
matrix is same as shown before FIGURE 18. The disconnect
is accomplished using the following statements from the
put_back macro:
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TABLE 6 ' E

DISCONNECT STATEMENTS

l_—*

¢ = space_in mat (i,3j);

set_link(space_in_link, i, ¢);
set_link(space_out_link, k, é);
space_in mat(i,j) = 0;
space_cnt_mat(c,i) = 0;
space_out_mat(k,l) = 0;
where in this case, i=4 j=1 k=2 1=3 m=13, n=7, and c=4.

w

Next, suppose we receive é request to connect IL-13
to OL-12. The request to connect IL-13 to OL-12 converts
to a request to connect I(4,1)—0(3,4). The present
method and system attempt to make the connection between
input stage 4 and output stage 3 by using the lowest
numbered center stage switch available. In this case,
the X*P or extra center stage switch 224 is the lowest
number available center stage switch, as illustrated in
FIGURE 25. '

As before, the pump_list macro accomplishes this by
comparing space_in stack{4] with space_out_stack(3] in
FIGURE 23, determining the lowest center stagé number
common to both bit maps (which in this case is center
stage switch "X"), and setting the idle status to "busy"
in both bit maps. Then, the space_n_mat(i,j) and the
space_out_mat(k,l) are set equal to that center stage
number and the space_cnt_mat(c,j) is set equal to k. An
entry of 5 indicates that the X®P center stage switch has
been assigned and the rearrangement process is
automatically invoked. The corresponding space matrix
data entries during rearrangement are shown in FIGURE 24
and the resultant state of the spacé matrix during
arrangement is shown in FIGURE 25. - —
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The following immediate connect statements
accomplish this:

TABLE 7

IMMEDIATE CONNECT STATEMENTS

pump_list (space_in_stack({i],space_out_stack[k});
space_in_mat(i,j) = c;
space_cnt_mat(c,i) = k;
space_out_mat(k,l) = c;
where in this case, i=4 j=1 k=3 l1l=4 m=13, n=12, and
c=5.

fr

As a result of the rearrangement algorithm the
connection I(4,3)=~0(2,1) that FIGURE 26 shows is "rolled"
from center stage switch number 2 onto center stage
switch number 4. This roll is performed hitlessly by
creating a head-end-bridge at input stage switch 4 and a
receive~end-switch at output stage switch 2 as shown in
FIGURE 27. When the correct path is received at output
stage switch 2 from center stage switch 4, the original
connection through center stage switch 2 is dropped as
shown in FIGURE 28 and the space matrix data is updated
as shown in FIGURE 29.

The previous roll now allows the immediate
connection, I(4,1)—0(3,4), as FIGURE 31 shows, which is
on center stage switch X 224, to be rolled onto center
stage switch 2.

This roll is performed hitlessly by creating a head-
end-bridge at input stage switch 4 and an receive-end-
switch at output stage switch 3 as shown in.FIGURE 31.
When the correct path is. received at outputs stage switch
3 from center stage switch 2, the original connectlon

through center stage X 224 is dropped.
' his Sheet Has Been Rep laced
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Rolling the immediate connection, I(4,1)—0(3,4), off
the extra center stage switch completes the rearrangement
process for this connection. Note that this process
leaves the extra center stage switch clear and ready for
a next connection when a rearrangeable blocking condition
occurs. FIGURE 32 shows the_resulting state of the space
matrix after rearrangement. FIGURE 33 shows the
corresponding space matrix data entries after
rearrangement. '

In FIGURE 34, the rearrangement aspects of the
preferred embodiment are applied to the above example
appear. Once the preferred embodiment uses dedicated
center stage switch 224 to make the immediate connection,
the system of the preferred embodiment invokes the |
rearrangement process automatically. First, the system
determines two center stage switches which will
participate in the rearrangement process. This is
accomplished using Paull’s Method which is restated as
follows:

If (r;,c;) is blocked, test all symbol pairs (A,B),
such that A is in row r, but not in column ¢, and B is in
€, but not in r;, to find which pair will require the
fewest changes. The method then carries out the changing
algorithm on that pair.

Returning to the space matrix ekample of FIGURE 25,
it is preferred to first transform the space_gnt_paﬁ
matrix data in FIGURE 24 into the format of FIGURE 4.
FIGURE 34 illustrates the results of this transformation.

The use of the dedicated center stage switch is
indicated by the X in (r,,c3) of FIGURE 34. The next step
is to find all symbol pairs (A,B) such that A is in row
r4, but not in column c;, and B is in column c,, but not
in row ry. In this example, there is a 2 in row r,, but
no 2 in column c3, SO A is set to 2. Similarly, there is
a 4 in column c3, but no 4 in row 54, so B is set to 4.
Since there is only one value for A and cne value for B,
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the (A,B) pair that requires the least changes is,
obviously, the pair (2,4).

For a given pair of symbols (A,B) there are two
possible rearrangement sequences. One of these two
generally will be shorter. The folldwing-steps generate
the X-A and X~B sequences for this example.

The X-A sequence starts with the immediate
connection through the extra element and ends up with the
blocked cell being assigned to element A or 2, in this
case. Starting with the blocked cell (r;,c;), there is no
4 in row rj, so this step requires a circle around the 2
in row r;. Now, the circled 2 is in (r4,c;). Then, a
search for 2 4 in column c, is necessary. Since there is
none, this sequence is complete. (Note that not all 2’s
get circled.)

The X-B sequence starts with an immediate connection
through the dedicated element 224 and ends up with the
blocked cell being assigned to element B or 4, in this
case. Startlng with the blocked cell (r;,c,), there is no
2 in ¢4, so a circle. goes around the 2 in ¢,. Now, the
circled 4 is in (rj,c3). Then, a search for a 2 in T3
takes place. Since there is none, the sequence
generation process is complete. (Note that not all 4’s
get circled.)

The flooding algorithm starts by finding the first
element of the X~A sequence. If the X-A sequence is not
ended, the first element of X—B sequence is found. Then,
if the X-~B sequeéence is not ended, the next element of the
X—~A sequence is found. This process continues until the
shorter of the two sequences is completed. ~ (So, the X-B
sequence shown in FIGURE 34 is not really generated. It
is shown here as an illustration of the alternate path.)

In summary, 2 method and system are provided for
finding an optimal path or connection configuration
through a communications matrix in which an input stage
array represents the assignment of input gates through an
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thes such as output gates 102. The entries in
pspond to the input to which that out put

98. Since the input of each output swtch
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matri x 236_may be

Stage

sWtch of B8e sane nunber, the entries in
viewed as the center

input switch to a center stage and has values that
associate an input stage switch with an input gate and a

center stage switch, a center stage array represents
center stage switch connections between an output stage
and input stage, and an output stage array represents
ocutput stage connections and has values that associate an
output stage switch with an output gate and a center
stage switch, and, further, wherein an idle input array

represents idle

represents idle

connection path

the input stage
determine an optimal center stage switch having idle
connections between a predetermined input gate and a

predetermined output gate.

input gates and an idle output array
output gates, and in which the optimal
or configuration is determined by pumping

array and the output stage array to

One important aspect of the

present invention is its use in identifying the presence
of a rearrangeably blocked condition of a rearrangeable

communications matrix. _

As a result of the above, although the invention has
been described with reference to the above embodiments,
its description is not meant to be construed in a

limiting sense.

embodiment,

Various modifications of the disclosed

as well as alternative embodiments of the

invention will become apparent to person skilled in the

art upon reference to the above description.

It is

therefore contemplated that the appended claims will
cover such modifications that fall within the true scope

of the invention.

PSSR
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./."t."t't.'OO‘.'.'."" [ X222 X222 2 A RN 2N X ..p""'..'."'./
;:.'.'.'..t".'.tt""-."..I'I'.O"'.t""""'-."t"'s."'t."..'.'!tt:5
/* Bowdon's Immediate Connect Algorithm (BICA) */
/* ' >/

I""""'."'.""".'.'."."."""‘.""."'..I..".".'."""'...../
/"t"."'.'.""'.""""""."'..""'..'"'l."""."""""'.'.I'/

/* To begin proceed to the main program at the end of the the listing. */

pinclude (stdio.h>
f§include <math.h>
tinclude <malloc.h>
tinclude <sys/types.h>
tinclude <sys/timeb.h>
finclude (sys/time.h>

/* Global variables for immediate connection algorithm. */
int in_line,
out_line;
int in_stage,
© in_num;
int out_stage,
out_num;
int n,
m;
int command_count,
: command_end « 10;
int - rearrange_space,
rearrange_time;
int , space_in_mat(16]{16];
int space_cnt mat[l?][lé],
int space_out mat(lﬁ][lﬁ]
int space_in_link{16] {17} ;
int space_out_link(16] [17}:
int xtra_stage = 17;
int traffic[2)(28672);
/* Global variables for rearrangement algorithm. \74
int BTOA_MV[31} (3],
ATOB_MV{31]{3]):
int flag A =0,
flag_B = 0;
It *sort_array ()
int rchk_space_in_status (); -
int *chk_space_out_status ():
int *chk_space_blocking ():
int *shuffle ();
int *implement PM2 ();
char name_in[13});
char name_out[13};
static int in_file(22];
FILE *fp_in,
. *fp_out;
int seed_array(10];
int p_level;
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- APPENDIX A
/* Structure to hold current network permutation before rearranging. */
struct p_coordinate
A
int x;
int Y
inc Z;

):

struct p_mat_pos

{
}:

struct p_coordinate position[256];

struct p_mat_pos rearrange_3d;

/.

Structure to hold the output of the rearrangement sequence.

struct seq_len

b

int input_sw;

int old_mid_sw;
int new_mid_sw;
int output_sw;

iruct rearrange_seq

) s

struct seq_len move(lS);

struct rearrange_seq rearrange_moves;

*/

/"'.."""" TR ETTER A O PR TR AN PREITTPTRIPSFY """"""’"""""".'./

LAl

/Q
/t

This is the subprogram for BICA's number of moves from B calc.

*/
*/

L 4

/"'!'tt!"'f"f*’*’*i'f‘.*t"""’*""'t"""""i’.""i’t"""I'I"ti"/

/OQO'."'.'Q'*""'l"t"*'."'f"t"'".""t'""""'t't""""""t"/

/* This function first reads the rearrangement structure and picks out +/
/* the connections in the middle switch pair (A, B). The arguments to */
/* this function are the starting point (RB, CB) and the pair (A, B). v/
/* The function returns the number of moves starting from B. For */
/* reference, the starting point is described by Paull as (R1, C2). */

/Q."Q.'.Q"”QCQ”'*i"Q'I""'t't‘t"t"Q"""'t'tQ"*i""""."""'/

chk_paull_mat_BTOA (RB, CB, B_least, A_least)
int RB,

CB;

int A_least,

(

B_least;

int i,
J.
m= 0,
n=20,
¥l =0,
y2 = 0,
y3 = 0,
nl = 0,
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APPENDIX A

int x1

int flagl = O,

flag3 - 0,
temp_flag = O,
k2 = 0;
int r_temp = O,
c_temp = O,
F2 = 0;
int chosen_msw_A(16][3],
chosen_msw_B(16) (3]
c_temp = CB;
me1;
n = 2;

zero (chosen_msw_A, 48); /* Initialize target matrices. */
zero (chosen_msw_B, 48); .

for (i = 0; i ¢ 256; i++)

(
xl = rearrange_3d.position{i).x; /* Read rearrangement struct. */
X2 = rearrange_3d.position[i).y:
X3 = rearrange_3dd.position[i].z:

if (x3 == B_least)

{
chosen_msw_B([m1][0] = xl: /* Pick out connections from ./
chosen_msw_B(ml]) (1] = x2; /* middle switch B and store +/
chosen_msw_B(ml)[2] = x3; /* in chosen_msw B. */
ml+s+;
]
if (x3 == A_least)
{ .
chosen_msw_A[m2] [0} = x1; /* Pick out connections frem +/
chosen_msw_A([m2) {1] = x2; /* middle switch A and store v/
chosen_msw_aA[m2} (2] = x3: /* chosen_msw_A. v/
m2++';
] .
} -
Yhile (temp_flag == 0)
kl = O;
for (i = 0; i < 16; i++) /* Start from (Rl. C2), check +/
( /* A's in the same column. </

x1 = chosen_msw_A[i]{0];
x2 = chosen_msw_Af{i](1]);
x3 = chosen_msw_A[i][2]:
if (x2 == c_temp §& x3 == A_least) /* Found an B? v/

BTOA_MV([m} {0] = xi: /* Yes, then store currenﬁ v/
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I ndi.cat es t hat e~5t"§flé&ﬁMé?”s§*§EE Wi tch 224 as been assigned and the
rearrangenent precess has been ihvpked. - Continuing with reference to
FI GUREs 15 and 16, |t He1MAR ®97ng dj scussi on details how to inplenent the

preferred enbodi freft to represent pn idle |ink between an input gate and an

output gate. In hormar—operarion, the pred@nt connection nethod attenpts to
put g hLe

make a given conbectjon through t | oweshegpixbper ed center stage switch.

order to make a connecti onsfoaQM® (@] gijvemk2i Nput /+ connection . BTOA_MV. o/
BTOA W(m)u) - x3;
m¢+
r_temp = Xl
break:

)

kles;

)

if (kl == 16)
flagl = 1;
temp_flag = 1;
F2 = m;

)

if (flagl == 0)

k2 = 0;
for (1 = 0; i ¢ 16; i++) /* Start from (Rl, C2), check =+/
{ /* B's in the same rov. \ ¥

x1 = chosen_msw_B{i}[0]:
x2 = chosen_msw_B[i)[1];
x3 = chosen_msw_ B[x][Z].

if (X1 == r_temp &é X3 == B_least) /* Found an B? +/
{ .
BTOA MV[m][O] - x1; /* Yes, then store */
BTOA MV(mllll - x2; /* current connection v/
BTOA MV[mltzl - x3; /* in BTOA_MOV. r/
me+
¢_temp = x2;
break;
}
k2++;

}
if (kX2 == 16)
flag2 =~ 1;
temp_flag = 1;
F2 = m;
. ] -

| return (F2): ) /* Return the number of moves from B. */

/1-"."'Q"""'f"""""""'f‘."'""'f""""."*',".""*'Q'I"’/

/* Y
5' This is the subprogram for BICA's number of moves from A calc. v/
. </

/""".Q"'.""..'.""'""'."""""'Q'"".""""""'.""""'/

/t’...'l”"""'..'Q.'.'"t"!""l""0""'!"""l"'.""'."""'.'/

/* This function first reads the rearrangement structure and picks out +/
/* the connections in the middle switch pair (A, B). The arguments to */
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[T

In



‘_:stage swi tch, s@@ﬂ’-ﬁm‘?%uw

as output sw tichf 100,

"as center swtichh 94,1 MARMI9De ipr
92 to center

frominput swiltdh

t here

A

q

3

.-

ttch 92, to a given output stage switch such
exist a certain center stage switch, such
operty that there is an idle input link
witch 96 and an-idle output link from

center switch 96 't dh 1004 The present nethod and system
track idle in | i nks and |dlebutput:?|nks by using two different bit map
arrays (one )oghwr}urmémnk&ea@ﬁe 0t 8 PN LM tre pair (a, By, -

/* The function returns the number of moves starting froma. For °/

/¢ reference, the starting point is described by Paull as (R2, Cl). V4

/.'I'"""."Q"Q'..""_"""'!"""""".'."..*" ."'.I'.."'.""t/

chk_Paull mat_ATOB (RA, CA, B_least, A_least)

int RA,
CA;
int B_least,
A_least;
(
int i,
j.
m=0,
n=20,
yl =0,
y2 = 0,
y3 = 0,
nl =0,
n2 -~ 0;
int xl = 0,
x2 =0,
x3 = 0,
kl ~ O,
ml = 0,
m2 = 0;
int flagl = 0,
flag2 -qQ,
flagld = O,
temp_flag = O,
k2 = 0;
int r_temp = O,
c_temp = 0,
Fl1 =0,
F2 = 0; -
"int chosen_msw_A[16] {3],

r_temp = RA;

me= 1;
n = 2;
zero (chosen_msw_A, 48); /* Initialize target matrices. */
zero (chosen_msw_B, 48); :
for (i = 0; i < 256; i++)
{
x1 = rearrange_3d.position{i).x; /* Read rearrangement struct. */
x2 = rearrange_3d.position(i].y:
x3 = rearrange_3d.positionfi).z;
if (x3 == B_least)
(
chosen_msw_B(ml) (0] = x1; /* Pick out connections from */
chosen_msw_B[ml)[1] = x2: /* middle switch B and store */
chosen_msw_B(m1])[2} = xJ: /* in chosen_msw_B. */

ml++;

chosen_msw_B[16] (3]
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The primtives,

row for each row of the space center
of primtives to operate upon the bit
ﬁ”ﬁnd'd sconnect operations.

in

Data Definition:

Pick out connections from
middle switch A and store

heLrear r angenent! rocess when required.
| n_st age, cnt _stagd] a4
B APPENDIX A
if (X3 == A_least®
(
chosen_msw_A[m2} (0] = x1; /"
chosen_msw_A([m2] (1) = x2; /"
chosen_msw_A[m2){2] = x3; /*

m2++;

}

while (temp_flag == 0)

kl = 0;

for (i = 0; 1 < 16; i++)

(

xl = chosen_msw 8{i]}[0]:
X2 = chosen msw B(L][l]
X3 = chosen msw 3[11(2].

if (X1 == r_temp 6§ X3 ==

(

)

ATOB_MV(m] [0] = x1.
ATOB_MV(m]} {1] = x%2;
ATOB HV[m][2) = X3;

e+ ;

c_temp = x2;
break;

kl++;

)

if (k1 == 16)

flagl = 1;
temp_flag.= 1;

Fl =
)

if (flagl != 1)
{

k2 =

0,

for (i = 0; 1 € 16; i++)

(

]

xl
x2
%3
if
{

)

= chosen_msw_A[i
chosen_msw_A
chosen_msw_Al(|

/'
/Q

/v

in chosen_msw_A.

Start from (R2, Cl), check
B's in the same row.

B_least)

Yes,

/* Found an A?

then store current .

/* connection in ATOB_MV.

/* Start from (R2, Cl), check
/* A's in the same column.

(i)jte]:
(i]t1]:
tiyezj:

»~

(x2 - c_temp &5 X3 == A_least)

ATOB_MV(m] (0] = x1;
ATOB_MV(m}[1l) = x2;
ATOB MV(m)[2] = x3;

M+
r_temp = X1:
break;

k2++;

if (k2 == 16)

/!
/Q
/.

/* Found an A?
Yes, then store

current connection
in ATOB_MOV

— e ————
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For the exanple of FIGUREs 15 and 16, space input i nk b|t map 238 is

a 4x5 bit array that represents the idle input Ii I nput
switches 92 and the center switches 96 in the -spafegd of
space input idle link bit map 238 corresponds to png of t he |nput age
switches 92. The entries in space i nput45 ”MR 997

flag2 = 1,

temp_flag =~ };

Fl = m;

)
)
return (Fl).: /* Return the number of moves from A. +/

}

/.l'I."QQ".""'"'."'..""t't'"'".""Q'.'.".I."I"'."..’."""/

/' r/
/* This is the subprogram for BICA's rearrange output. _ */
/' n/

/"'Q""!'.'"""""'.""""'."'.'l'.'.'."Qt"".'"..""'."""/

/'t"'..'.""t'tt'l'ﬁ"Q't"'.t""..'t""l"'I".C'.'t""0'."".."."./

/* This function is the output of the rearrangement procedure. The v/
/* arguments to this function are the required number of moves and the </
/* pair (A, B). The sequence of moves is written into the output v/
/* Structure rearrange_moves. s

/"t'l’"'l’!tt 'Q"t'l"t'I‘Q'Qt'"'"""9""'.'0'.""""""""""""/

/ct""'!"t"'I"'.D.'Q"l't't"""0'_""t.'!Q"l’t.""t"'t"l""i"'.!/

/* The output of the rearrangement process is a structure of the form: </
‘e

*/
/* struct seq len vy
/* { . r/
r* int input_sw; */
/* int old_mid_sw; v/
VA int new_mid_sw; */
/7 int out_sw; */
/' , t/
/T v/
/.'.'I'ti""'i"'Q"""I'l"!'ttf".""t"'t""""t"’.t't't."'i'.'/
int rearrangement_ output (no_moves, AR, BR)
int no_moves;
int AR;
int BR;
{
int i,
j.
k,
ml
n;
int xl = 0, -
x2 = 0,
x3 = 0;
int ¥yl = 0,
y2 = 0,
¥3 = 0;

for (j = 0; 3 ¢ no_moves; j++)

if (flag_A == 1 &6 flag_B == 0) /* Is sequence from A smaller? +*/
{

yl = ATOB_MV}

[0); /* Read Input switch */
y2 = atoB_MV{3j[1

i)
11 [(1); /* Read Qutput switch +/

is Sheet Fas Been Repnaced
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. APPENDLE AT
y3 = ATOB_MV(i'’2]; /* Read Middle ritch v/

if iflag_B == 1 &6 flag A == 0) /* Is sequence from B smaller? ¢/
{

¥l = BTOA_MV({j}(0]; /* Read Input switch =/
y2 = BTOA_MV(3)[1]); /* Read Output switch »/
y3 = BTOA_MV{j}[2): /* Read Middle switch v/

rearrange_moves.move(j].input_sw = yl; /* Store Input switch +/

rearrange_moves.move(j].cld_mid_sw = y3;
/* Store 0ld Midddle switch */

rearrange_moves.move({j].output_sw = y2; /* Store Output switch */

/* Store New Middle switch */
if (y3 == AR) /* Change A's to B's. */
rearrange_moves.move(j].new_mid_sw = BR;

if (y3 == BR) /* Change B's to A's. v/
rearrange_moves.move(j].new_mid_sw = AR;
}

return;

/"*'""'."""Q’..'!'I"'.".’,""""'.'.""""'."".""""."'/

/" v/
/* This is the subprogram for BICA's zero function. */
/T ./

/""'""".""""""""",*""""""""'.""'"'."','*."""/

zexo (A, n)
int *A;
int n;
{
int i;

for (i = 0; i ¢ n; i++)
*(A + i) = 0;
return;

)

/"t""'tt""'t""t'"Q"'t"""t""'.'tt.'.""..""""."'Q"'.'/
L -~ : ./
.* This is the subprogram for BICA's hunt algorithm starting point set. +/
/® : Y

/."".."""'.""""’""'"""'f"'l"""""""*'"""ﬁ""""/

/"."",""."".".""""!'"""""'.'*f"".'""""".Q."""'/

/* This function sets the starting points for the hunting algorithm */
/* from A s B and executes the algorithm. The set of connections to be */
/> moved are stored in either ATOB_MV or BTOA_MV if either the sequence */

/* from A is shorter or the sequence from B is shorter, respectively. */
/* The arguments to this function are the middle switch pair (A,B), */
/* an index and the blocked matrix position (R1,Cl}. The function v/
/* returns the length of the shortest sequence. */

/'."Q""""""’.""'Q""."'"""'."""""'"""""""'.""/

-
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idie link bit map 238 for a given row (input stage)

st age)

i ndicate the idle state of the input

i nk 94

st'age and center stage. An entry of 1 indicates that

and avail abl e for assignnent.

A O val ue indi

cates th

use and is not avail able for assignnent .4,7A 0O entry i
that the extra center

int
int
int
int
int
int

{

T m
n

int

int

int
int

int

o rHEPLACEMANT( SUEETer

bett ween T hat T TRut

tlheqi W kjig idle
at tﬁeﬂgﬁgu ipklis in
n Adi-dat es

A

APPENDIX A
rearrange ~eq (rl_B, ci_A, sw_index, Rl. 7))

rl_B;
cl_A;
sw_index;
Rl;

Cl;

temp_mov = 0,
temp =~ 0;
num_moves = 0,
‘mr = 0,

mc - o'

w_seq = 0;
R{3},

C(3],
undef_flag - 0;
num_moves A = 0,
num_moves_B - 0,
Fl1 = 0;

F2 = 0,
R1_CONN[16])[3].
Cl_CONN{161}[3);

zero (R, 15);

zero
Zero
Zero
iero
Zero

Ou
0

(C.,

15);

(ATOB_MV, 93);
(BTOA_MV, 93);
(R1_CONN, 48);
(C1_CONN, 48);

R[O0] = R1;
_ Ccio] = C1:

BTOA_MV{0} {0} = R{O]:
ATOB_MV(0] (1] = C(0];

for
{

(i -

Xl =
X2 =
X3 =

0; i ¢ 256; i*;)

rearrange 3d.position|[i}.x:
rearrange_3d.position{i].y:
rearrange_3d.position(i).z;

1f (X1 == R1)
{

R1_CONN{m]} {0} = x1:
R1_CONN[m] (1] = x2:
R1_CONN[m] [2] = =x3;

me<+

/* Store middle switches in R1.

/* Read structure.

This Sheet Has Been Rep

e
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stage switch 234 is in use and the rearrangenent nethod is in progress.

Data Definition: space_out |ink[out stage,cnt t%&%{;\cemm Sﬁggce

idle link bit map 240 is a 4x5 bit

%f {x2 == Cl)

C1_CONN(n}[O0] = xl1:
C1_CONN([n)([1] = x2;
C1_CONN{n][2] = x3;

ne+;

for (i = 0; i < 15; i++)

x1 = RI_CONN([i){2):
x2 = C1_CONN(i)(2);

if (x1 == rl_B)
C(1l) = RY _CONN{i]}[1]:
if (x2 == cl A)

APPENDIX A

R[(1l) = Cl_CONN[i][O];

BTOA_MV[0]{1] - C[1]);
ATOB_MV[0)[0) = R[]
BTOA_MV{[0){2] = rl_B;
ATOB_MV(0){2] = cl_A;

/* Set starting poin€ for A.
mr = R[1];
mc = C[0];

/% Hunting algorithm from A.

/'
/'
/'
/t
/Q

*/

*/

48 11 MAR 1997

/* Store middle switches in C1.

/* Find the matrix position R2, C2.

/* R1_CONN is the connections in Rl
/* C1_CONN is the connections in Cl

Set start point for search from A&B.
A is from (R2, Cl); B from (R1l, C2).

The 3rd element of BTOA_MV & ATOB_MV

nun_moves_A = chk_Paull mat_ATOB (mr, mc, rl_B, cl_A); /* REPLACE

/* Set starting point for B.
mr = R{O];
mc = C[1]:
/* Hunting algorithm from 8

*/

*/

num_moves_B = chk_Paull_mat_BTOA (mr, mc, rl_B, cl_A); /* REPLACE

Fl = num_moves_A;
F2 = num_moves_B;

if (F1 < F2)
{

w_seq = 1;
num_moves = F1;
flag_A = 1;
flag_B = 0;

}

if (F2 < F1)

(
v_seq = 2;
num_moves = F2;
flag_A = 0;
flag_B = 1

/i
/‘

/'

is alternating sequence of A's § B's

A's are changed to B's & B's to A's.
/* w/ FLOOD
/* W/ FLOOD

Is num_moves_A < num_moves_B ?

If yes, set flag A = 1, flag_B = 0.

Is num_moves_B < number_moves_A ?

If yes, set flag_A = O, flag;s = 1.

- ————
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.array that represents the idle output |inks between thgfw&c—ﬁﬂf,_an'd; h
center switches 96 in the space donmain. Each row of sq te output idleylink

bit map 240 corresponds to one of the output stage gwitcHqMARA99TTH 1‘
r fa given row (¢utput
out put

‘entries in the space output idle link bit map 240 f
An entry of 1.1

[¢5]

switch) and columm (center swi tch) i ndi CRgd e t he idl
link 98 between that output switch and ceg}&gnﬁvxitc

indicates that the output link is idle and avail abl e
' if (F1 == F2) /* Is number_moves_A = number_moves_B ? */

{
v_seq = 1; /* If yes, default to sequence from A. ~/
num_moves = F1l;
flag_A = 1; /* and set flag A - 1, flag B = 0. o/
flag_B = O;

}

return (num_moves); /* Return the least number of moves. </

}

/"'t"".!"t""!'.".."t""'.I"""'0'."""""."""'.."'t".l/

/t . l/
/* This is the subprogram for BICA's implement change algorithm. */
/' . I/

/""".Q""ﬁ"’..f."""""""'"'0"."""'."'."""I""'..."'/

/"'."t".""""'."'I"""."""".'."""..""""""'""'I"./

/* This function implements the hunting algorithm to find the sequence ¢/
/* of moves required for rearrangement. The arguments to this function */
/* are the middle switch pair (msw_A, msw_B) and the index. */

/."""""'""""""."'"*.""""."'""'."""""""""."Q/

int implement_change (msw_B, msw_A, index)
it msw_B;
int msw_A;
int index;
{
int ' i,
J.
| &
int len_of_seq = 0;

len_of_seq = rearrange_seq (msw_B, msw_A, index);

rearrangement_output (len_of_seq, msw_A, msw_B);
©  return (len_of_seq):
)

/"""""""','I"""""'."'."”""""""."".Q"""""'""/

/t '/
/* This is the subprogram for BICA's calculate number of moves. : v/
/e */

/"'."""'t‘."".""Q""""Q""""""‘"".""."'.”'."""'./

-~
/"'t't't"""t"""Q""'Q'l"'I'Q"Q"i”'""!'Q'f"".""""'t'.'./

/* This routine uses the implement_change_algorithm function to find */
/* the number of moves required for the sequence of moves from sw_A and */
/* and for the seguence of moves from sw_B for the existing connections */

/* in the center stage switch pair (A, B) and returns the number of */
/* moves required for the smaller of the two sequences. */
/""""""Q"‘..""'"""""'.'.'."-"""""""".'"""'Q".'/
int calc_nom (swv_B, sw_A, index)
int sw_B,

sw_A,

index;
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L aglind

assignnent. A 0 value indicates that the output |inks
avai l abl e for assignment. A 0 entry in colum X indica

REPLAGEMENTe SHEET 5

center stage switch 224 is in use and the rearrangene et hod 15 11

progr ess. Havi ng descri bed the maps for represent atio %ﬁ*’? ,
foll ow ng describes primtive operations useful to marfi gul ate g¢e
i dl e link bit nmaps 238 and 240 for conne@ “gﬁd di sconne
E
int num_mc S;
num_moves = implement_...ange (sw_B, sw_A, index):
return{num_moves) ;
)
'I'...""..""'."Qt.'.""""'."'""‘Ql'.'t'..'...."Q"'."""'V"/
/° . v/
/* This is the subprogram for BICA's matrix model conversion. ./
* . L ]
5.'".'t."'.""Q.""""""""‘"""'lQ'.!..""Q"""."""'..";
/!"'Q'I'".Q-""'."""""""'..'!"!..."’.'."'."'.."".'!"i"'/
/* The present implementation of Paull's method needs the connect data */
/* in the following structure. s/
/* v/
/" struct p_coordinate vy
/" */
/" int input_sw; */
/r int output_sw; v/
/* int cnt_sw; v/
/* ) */
/* v/
s struct p_mat_pos */
/* */
44 struct p_coordinate[256}; 74
. l ’/
/" _ .
/"9""'0".".I"""...'.'."""'"""".""""."""'.""Q""./
void matrix_model_ conversion ()
{
int i,
J.
xl,
%2,
x3,
ml = 0;
for{i = 1; i <= 17; i++)
( .
for{(j = 1: j <= 17; j++)
{
xl = i,
X2 = 3;
x3 = space_cnt_mat(i}(j}:
1f(x3 '= 0)
[ -
rearrange_3d.position{ml].x = x2; /* Input switch +/
rearrange_3d.position(ml].y = x3; /* Output switch */
rearrange_3d.position{ml}.z = xl1; /* Middle switch */
mles;
}
}
)
return;

)

/""""'."""’""""""".'"""'""'""."'"'.".'..""""'*/

P4
/

/* This is the subprogram for BICA's version of Paull's mechod II.
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/* APPENDIX A .
/'Q."’I""'""""."l'. .O"."..'Q.'."ﬁ.""."‘"\ "Q'.".'..""/

/'t'tt"'t-t'tt"ttc'"n"ot"otoo"""""'""""""'"""""""'/

"/* This function uses Paull's method 1l to search for (A, B) pairs. */

/...".'.",'.'.'.'...-""".".'..0"."0"'..""!'t"""."""'OO"/

int *implement_PM2 ()

(

int

i,

3.

k,

xl.
x2,
me0,
n=20;

int tselected_pair.

int

int

int

/* convert from

Rl_cnt_sw([16),
Cl_cnt_sw{l6):
listofB{16],
listofa{1ié],

A_temp = 0, _
B_temp = 0;
cat_stage_pairs(8] (2],
op_flag;

num_moves,
least_moves,
least_pair;

3 matrix modgl to rearrangement structure. */

/* Return pointer to structure or Global must be visible. o/

matrix model conversion (): /* Converts 2nd of 3~matrix model. */

selected_pair =~

‘int *) calloc (2, sizecf (iﬂt));

/* Given a connect request (I,0), where I is an INPUT SWITCH and O is = */

/* an OUTPUT SWITCH,

read the row vectors in matrices 1 & 2. Then, XOR */

/* the two vectors to get a list of candidates for (A,8). */

for (j = 1: j ¢

Rl_cnt_sw(j]
Cl_cnt_sw(j)

for (j = 0: j «

17; j#d-)

- space_in_mat[in_stagel (j];
- space_cnt_mat{out_stage}(j):

x1l = Rl_ent_sw(j):

x2 = Cl_cnt_

if (X1 == O

16;: j++)
swijl;
&6 X2 !'= 0) /* The XOR operation. */

listofA(m] = x2;

m++;

)
if (x1 '= 0

&6 X2 == Q)

listofB[n] = x1.;

nes;

e

laced

I
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)
)
me=0;
ne=20;
i=0;
while ((x1 = listofB[i]) !'= 0) /* Create all combinations of +*/
( /* elements of listofA's vy
j =0 /* & listofB's. o/
while ((x2 = listofA[j]) != 0)
(
cnt_stage_pairsim] (0] = x1;
cnt_stage_pairs(m}[l] = x2;
m++;
]**,
)
i¢-+;
}
least_moveé = Xtra_stage; .
for (k = 0; k < m; k++) /* For each combination of middle */
{ /* switches, calculate least num. */
B_temp = cnt_stage_pairs(k)(0]: /* of moves that are required. +/
A_temp = cnt stage_pa;rs[k][l].
if (B_temp '= 0 && A_temp !~ 0)
num_mcves = calc_nom (B_temp, A_temp, k),
}
if (num_moves < least_moves)
least_moves = num_moves;
least_pair = m;
)
}

*(selected_pair + 0) = cnt_stage_pairs{least_pair](1}):
*(selected pair + 1) = cnt stage_pazrs[least_pazr][ ):

~ return (selected_pair);

} .
""t""""""..l"""""""'"'tt"!*"."."'!.f.""""t""""/
. '.'I".'.!"."'!"'"""'t""""'t'l."tI"""""'Q'.""""'""/
/Q

/* The following are the revised subprograms and main program for BICA. */
7 */
/t’.'"""'.'t""'.'t."".'!'t'""!"t.""""""."'t"""'.""'l/
/t.""".""!"f”.""!"'""'_""""""""""l""'.t"""""./

/...'OlI""""'.'."'""".""'"".'.'.."""."""""".".""’/

/' '/
;' This is the subprogram for BICA's hitless time rearrangement. */
- ’/

./."."."""'.""'"""'.""'.."".'.",""'.""’l"""'.""""/

int hitless_time_rearrange ()
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/* Use Include File.

return;
]
/t'."'.'l".""'t'!""""""""l'!t"""'.'.i'.t"'t'."t't"".t‘/
/* ) . , v/
/* This is the subprogram for BICA's flood time algorithm. v/
’* */

/'t.'t't!"'."'t"'."""'i"..‘.C‘Q"t"""'t"'."'."'..."""l.'t/
" int flood_time ()

/* Use Include File. */
return;
)

/"'""i"";t""'I"""'..""""'"'I"i"'.""'.'."..*""'..tt'/
/* */
/* This is the subprogram for BICA's select two time slots. v/
/* */

/"""t""'"'*"""'."'t""""""""'"'I"'."'.""""'..."’/

int select_time_slots ()

/* Use Include File. */
return;

}

/"",Q""t'"".'""t.t"'""'Il’t*'J"'.’""."'.""i'"."t"."'/
iz */
/% This is the subprogram for BICA's hitless space rearrangement. v/
/' ./

/"'*.."'*"""".'I"""""Q‘."'."""""""""""”"""""/

int hitless_space_rearrange ()
(

/* Use Include File. */

return;

)

/.Qt’"Q’!"iQ'*tf”"tt!'t'f"""'!"""""'"Q""'Qt."i‘.’*'t.'t"/
/* s/
/* This is the subprogram for BICA's flocd space algorithm. ./
/7 x/

'Q"".""""”""I‘"'.'.""'.'l"."'"'".'."'*"""'*"""'"Q’/
~

int : flood_space ()
{
/* Use Include File. ¢/
;eturn ;

}

/"Q.i"l""""""'!0'.".""'..'."""...."'.""""'.""”"”0/

/* . v/
/* This is the subprogram for BICA's pump lxnk macro. v/
/' ./

/"'.'.'.""".""'""""."."”.'"""""'"""""."".""""/

/'00’000'0"1'1"""""'tﬁot."t'tt"ol"lttt.c'tlt't'a.'t..n-vtt"'Q"/

“This Sheet Has Been Rep laced
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/* This macro logically “: 's" space_in_link[i]) with sp : cut_link{k] </
‘/* to determine the lowest aumbered center stage switch, ", having o/
/* both an idle link to input stage "i" and an idle link to output v/
s stage "k." The first non-zero entry in the result of the logical */
/* "and” is "c" and the two links to "¢” are reset to "0" (marked as °/
/* busy) in space_in_link(i) and space_out_link{k]. The macro returns +*/
/* the value "c¢c.” o/
./.""'.""'."'"""""."'.""'.""..""""."""'..."."'."'/
int pump_link ()
(
* lnt c'l
J.
X;

for (j = 1; j <= xtra_stage; j++)
{
x = space_in_link{in_stage]}[j] &¢ space_out_link[out_stage][j]:

if (x == 1)
( .
c = 3:
break:

}

clear_link(space_in_link, in_stage, c);
clear_link(space_ out, _link, out_stage, c);

if (¢ == xtra_stage)

rearrange_space = 1;
) .

/* Return center stage. */
return(c);

}

/"'-l""""""""'!""Q"""'""."""'l""""."*""’.""Q'./

/* */
/* This is the subprogram for BICA's clear idle link bit (to 0). s/
/w '/

/"""."’Q*."""""""'."'...""""".""’"".""""I"'."."/

/’""”"i""*"'.’"'"""".Q‘.‘""""'"'Q"."","".'..""""'/

* This primative is used to clear (reset) the kth bit of the jth row */

/* of the bit map specified by io to "0.- Tf the bit map contains n */
/* elements and the value of j > n, then an error flag is returned. */
/* Otherwise, the kth element is reset to "0." */
/"O'I"""'"’t"’..'l"'""'f"'""""""1""t"""""""""'/
int . clear_link(io, j. k)
int io[16](17].

j.

k;
{

int error_£lag:

1f(k <= xtra_stage)

(
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errcr_flag = 0;
else
(

error_flag = 1;

return(error_flag);

)

/'"."'.."."..'"'.""’.'..l".'.".""'.Q.."'."."'.""""""'/
.

. */
/* This is the subprogram for BICA's set idle link bit (to 1l). ./
Vad */

/"".""."'..".".""I'""""'.""""'.'*'."."""""."""'/

/"""'.""....'t""'."'.'.""'."'..""tt..t""'......""".""

/* This primative is used to set the kth bit of the jth row of the bit -+,
/* map specified by io to “l1." If the bit map contains n elements and */
/° the value of j > n, then an error flag is returned. Otherwise, the =</
/* kth element is set to "1." AV

/.'Q""."I"..t"*""""""""'.t"""'.'.""".'.".'..’.""."/

int set_link(io, j, k)
int io[16](17),
3.
k;
( :
int error_flag:

if(k <= xtra_stage)

iofj} k] = 1;
error_flag = 0;

else

{
)

return{error_flag);

error_flag = 1;

!

/"""""."'i'l."’t'"."""".’f't"'""'"""*f".'"".."""t/

/e : */
/* This is the subprogram for BICA's select two center stage switches. */
*/

/"'""""""""I"""""t"l"it"!"""'""""Q"'""""""/

-

ine select_cnt_stage ()
: int *center_stage_pair:
center_stage_pair = (int *)calloc(2, sizeof(int));
"/* select middle stage switch pair */
center_stage_pair = implement_PM2 ();

return({ *center_stage_pair);

is Sheet Has Been Rep laced

NN




-

The preferred method and system connect between an inp tR - ﬁ
an output switch stage k using the | owest nunbered cenfey stage sw tch
avai l able. This is acconplished by a process that herej naf tet MAR21997 bg
cal'led "punping” space n link[i] and space out link [k That is,
space_in_link[i] is logically "ANDed" mnth space_out _|j nK[_ R tTo determ
c, the | owest nunbered
APPENDIX A
/I"""""'Q".."'.'l" (A XEAZEZ AR AL RALAARR R LR Y RN XY .'."."'Q"""/
l4d v/
/* This is the subprogram for BICA's time rearrangement. */
/I.'..."Q"'.'.""".I'f."'."'.AI".".""I"""."Q""""""'."':;
/* Node D ~/
void time_rearrange ()
(
int XtoA = 0,
XtoB = 0;
char last;
/* Select Two Time Slots for Rearrangement. */
select_time_slots ();
/* Find Connections to be Rearranged. */
flood_time ():
/* Q6: Wnich Path Requires Least Number of Rearrangements? */
if (last == 'A')
XtoA = 1.
)
else
(
if (last == 'B')
(
XtoB = 1;
| )
hitless_time_rearrange ():
rearrange_time = 0;
return;
)
/'O'Q"Q."""""'Q"ﬁ""""Q',"'"""'Q"""f."""'f”","'""/
/* */
/* This is the subprogram for BICA's space rearrangement. */
;tt't"ﬁ""'"t""".""""!""'"!.'l'"'_.Q""'Q"""'t"'.""l';
/* Node C */
void space_rearrange ()
int XtoA = 0, -
XtoB = 0;
int *cnt_stage_pair;
char last;
/* allocate memory for pointer to list of connections to be moved. */
cnt_stage_pair = (int ¢)calloc(2, sizeof(int)):
/* Select Two Center Stage Switches for Rearrangement. . ~/

*cnt_stage_pair = select_cnt_stage ();

/* Find Connections to be Rearranged. */
ficod_space ():

_____________—;_—_____——m .
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/* Q5: Which Path Regqu.res Least Number of Rearrangements? <«/
if (last == 'A")
{

XtoA = 1;
)
else
if (last =~ °'B‘)

XtoB = 1,
) .

hitless_space_rearrange ().
rearrange_space = 0;

return;
}
/9."""""!."'t"".';.'.i"i'"'Q!'.Q""f."'*""""."t’."""i/
/* ) . */
/* This is the subprogram for BICA's remainder function. V4
/7 */

/t."'Q"""t""""'.""'"'!""""""'O'I"""'*.i’"""""Q"/
/""t'.""t"...-!."""""'.""".'t"."""."'Q'""'.""'Q't"/
/* This function produces the remainder after the divisor has been r/
‘'* subtracted from the dividend as many (integer) times as possible. v/

/‘""""".'.""""’Ql“i'I.."."'"""""'."1".".""""""'/

int rem(dividend, divisor)
int dividend,

divisor;
({

int remainder:

if (dividend <=~ 0)
{

}
else
remainder = dividend:
while (remainder >= divisor)

(

remainder = 0;

remainder = remainder - divisor;

return(remainder); -

]

/""""""l."""f"""'.'.".'.'l'*tf"""”’*f""."P"""'.I"/

/ */
/* This is the subprogram for BICA's quotient function. v/
/* v/

/'"t."""'"'."""""'.'."""'."""""".'."".."'.""""'/
/'o'"o.9'-".'o'0"000"9"'""'ttv"'tt'!l".I""v'.tOﬁtt't"'t’."-'/
/* This function produces the gquotient by subtracting the divisor from */
/* the dividend as many (integer) times as possible. */

/-’9""'.t-oiocivootQ"!i"|'te'ot.t'v't-"l"t"'tt't"'!!"""tt""'/

int quot(dividend. divisor)
int dividend,
; Thls Sheet Has Been Repl
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divisor;
(
int quotient, )
: remainder;

quotient = 0;
if (dividend <= 0)
{

remainder = 0;

else
remainder = dividend;
while (remainder >= divisor)

{
remainder = remainder - divisor;
quotiente+;
return(quotient);

B

/."'!..'Q"""'"""."."""""."-""..'"I'.'.'.'."""""""'/

/e v/
/* This is the subprogram for BICA's convert I/0 line numbers. v/
/* Y

l.""".".'.Q"""""."""""",.""'"""".'.""'."'.""“'/

/""'.’.'.'."'."" """...'I""""""."""’...""".".'.".."/

/* This subprogram uses the quotient and remainder functions to convert +/
/* the I,/0 line numbers for a connect or disconnect to a pair of 1/0 */
/* stage switch numbers and 1/0 stage switch pin number. */

/""’_’"""I"".’."""""'I*."."Q "".',."'I'.""'..""""".'/

void convert_line ()

int r = 1§,
in_line_minus_l,
out_line_minus_1;

in_line_minus_1 = in_line =~ 1;
in_stage = quot{in_line_minus_i, r} + 1;
in_num = rem(in_line_minus_ 1, r) + 1.

out_line_minus;l = out_line - 1;
out_stage = guot(out_line_minus_1l, r) + 1;
out_num = rem{out_line minus_l, r) + 1;

return; -
}

’/.""tI.""'-'O""""lt"""""""'t"".i"t.""""".""'"Q'/

/t '/
/* This is the subprogram for BICA's print statistics - n and m. =/
/* ./

/""'""""""""'l.""""ll"'0""'_""’.'""t""""""'.""/

%nt print_stats ()
/' Test case for print_stats. */
rintf ("8ICA petformed \d connect(s) and %d disconnect{s).\n", n, m);
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return;

}

/'.t"'t"'."""."'."'"Q"QQ"'.'Q!Q"".'.t."".""""'Q'."""/

/* ¢/
/* This is the subprogram for BICA's discoanect - xnput from ocutput. = +/
/* .

/'Q'.ﬁ_.'"Q""'Q"'.I,'t"'.""'.""t"". l".."I."!"'.""""'i'./

/* Node B */
void : disconnect ()

int cnt stage.
osw; /* csw for Center Stage sWitch. +/

/* Convert IL-m ~> OL-n Disconnect Requeét to Iti,3) >¢< O(k,l) Format. */
convert_line ():
convert_line ():

/* Remove Connections as Requested. : Y
csw = space_in _mat{in_stage][in_num];
space_in mat(xn stage][in num] = 0;
space_cnt mat{csw](xn stage] - 0;
space_out mat{out stage][out num]} = 0;

* Update Tables. 7
set_link{space_in_link, in_stage, csw).
set_link(space_out_link, out_stage, csw);

/* Q7: Pack Connections After A Disconnect Enabled? v/
if (rearrange_space == 1)
/* A3 = YES ~> Node C. */
(

space_rearrange ();
}
/* A3 = NO. v/
else
/* End Space Domain.*/
{
/* Q4: Time Rearrangement Reguired? =/

if (rearrange_time == 1)
/* A4 =~ YES -> Node D. */
{

}

time_rearranqe'();

/* A4 = NO. v/

/* End Time Domain. */ .
)
return;

]

'/"""”"’"”’.”""""""'"'Q”"",.""..""."”"."”"."'/

I,' '/
/* This is the subprogram for BICA's connect =~ input to output. */
/v */

/!"'9"."""t"'"".Q""""".."'t"""'."','.""""."""'""/

_l"."'.'.'.'."""."""’"’"'..""".‘""'l"'."‘."'"".".'.'./

/* This routine connects an input line to an output line through the */
/* space matrix. Vvariables are defined as foliows: v/

Thxs Sheet Has Been Replaced
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int c, i,
space_out

k, X[xtra_stage];
_link[K];

VA
’°
/*
/'
/'
/.
/'
/'
/t
/*
/l

/e

/'
/'
/'
/'
/'
/'
/'
/t
/Q
/'
A
/'
VAd

in

out_.

for

_line:

line:

in_stage:

in_num:

out_stage:

out_num:

cnt_stage:

NOTE:

(J

e

int j; x = spacej nR{:mkE s} o
=1, | < = xtra stage; JF‘- .'f&\%,\ﬁE
11 MAR 1997
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an input . the space matrix,

0 <= in_line (= 255

an output from the space matrix,
0 <~ out_line <= 255

an input stage of the space matrix,

0 <= in_stage <= 15

an input to an input stage of the space matrix,
0 (= in_number (= 15

an output stage from the space matrix,

0 (= out_stage (=~ 15

an output from an output stage of the space matrix,
0 <= out_number (= 15

a center stage of the space matrix,
0, 1 <= center_stage <= 17

center_stage = 0, means that no center stage of the

space matrix has been assigned.

1)

v/
*/
¢/
*/
*/
v/
v/
</
*/
*/
*/
*/
*/
</
*/
</
*/
*/
*/
*/

center_stage = 1, ..., 16 means that the corresponding */

center stage of the space matrix is assigned.
center_stage = 17 is the extra stage of the space
matrix, and rearrangement is in progress.

*/
*/
*/
*/

'tf"t'.""'."""'!"""'""'"'t"'."""""'""""""""t"'/

/* Node A */

void coﬁnect ()

[ int csw; - /* csw for Center Stage sWitch. */

/* Convert IL-m -> OL-n Connection Request to I(i,j) -> O(k,l) Format. ¢/
‘convert_line (); .

/% Begin Time Domain. */

/* Select Lowest Numbered Time Slot Available for Connection. */

/* Begin Space Domain. */

/* Select Lowest Numbered Center Stage Available for Connection. */
csw = pump_link ();

/* Make Connecﬁxon and Update Tables. */

space_in_mat[in_stage] [in_num]) = csw;
space_cnt_mat{csw] [in Stage] = out stage.
space_out mat[out stage][out num] = csw;

/* Q3: Space Rearrangément Required? */
if (rearrange_space == 1)
/* A3 = YES =-> Node C. */

(

space_rearrange (),

)
/* A3 = NO.
else

(

*/

/* End Space Domain. */

/* Q4:

Time Rearrangement Required? °*/
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if (rearrange_time = 1)
/* A4 = YES => wode D. */

time_rearrange ();

Yoo :
/* A4 = NO. v/
/* End Time Domain., */
)
return;
}
/'.t""""! '.""""'t."f"'Qtl’t""""""""""0'0."'&."."..0/
/’* v/
/* This is the subprogram for BICA's get command. 4
. */
50".!!l‘tt.t"t'tt""""'l'Q'!tt"','"""0"0'!"""."'""".'I""'/
int get_command ()
(
int command ;

/* Test case for get_command, */
if (command_count < command_end)

/* command = 1 =) conpect. */
command = 1;

command_count++;

in_line = command_count;
out_line = command_count;

else if (command_count == command_end)
{
/* command = -1 => disconnect. */
command ~ -1;
command_count++;
]
else

{
. /* command « 0 => end. */
command =~ O;
}

return{commangd);

}

I"'.'.I"""""""."""'""”"f""".."-"'.""’."t"""""'/

. - ./
/* This is the subprogram for BICA's space rearrange initialization. v/
Jr v/
/"""tf."tl"l"'.'t!!""?tl"""tt't"'"!""""""'Q"I’"'."Q"/
void initialize_rearrange ()

(
int - i;

for (i = 0; i < 256; i++)

(
rearrange_3d.position{i].x
rearrange_3d.position[i}).y
rearrange_3d.position{i].z

0;
0;
0:
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for (L =« 0; 1 ¢ 15; i++)
(

rearrange_moves.move{i].input_sw = 0;

rearrange_moves.move(i].old mzd sw = 0;
rearrange_moves.move(i].new_mid_sw = 0;
rearrange_moves.move[i].output_sw = 0;

)

return;
}
/tt""t"!'t"""'t"'.'t""'tt't't'ti't-l""""'t""""'tt'!'!"t/
/* Y
/* This is the subprogram for BICA's space matrix initialization. */
/* ' */

/'.'I"."'".'."'*""'*"""’.."""'.I""".""""'*"'"""."/

/""""'...'".""'."""""'.'"'..."'"".."""".""".'.""/

/* This routine is used initially to clear (reset) the space matrices. °+/

/.'.'"t'"t""f"”'.""'.'l"""'"'"I'"""'t""""""""'"'/

void initialize_space_mat()
[ int i, j:

for(i =« 0; i < xtra_stage; i++)

[ for(j = 0; j < xtra_stage; j++)

( space_ln_mat[i][]] - 0;
space_cnt_mat{i][j] = 0,
space_out_mat(i][j] = O:

) space_cnt_mat[xtra_stage] {i] = 0;

leturn:

)

/."'f.t"’Q'*'*",'*,"I"""QQ""..""""".""’.,"’*"""'-".'/

/' '/
/* This is the subprogram for BICA's initialize idle link bit maps. v/
/' o/

/t""'"’1"Q"""'Qi""""""!I't"t"l’t"!""*”"*'t’f"”!""/

/t'"""’.QQ""t"*!""’*"""""'."'..""""""*"""'i"""Q/

* The initialize link bit maps primitive (used only for start-up v/
/* operations) initializes both the space input idle link bit map and */
/* the space output link bit map. All entries in the idle link bit v/
/* maps are initialized to "l.," indicating that all links are idle. «/
/""""‘f.”""""""i.""".".t-"""""""”""","""."'/
void init_links()

int i, j;

for(i = 0; i < xtra_stage; i++)
for(j = 0; j <= xtra_stage; j++)
(

space_in_link({i]} (3] ~ 1;
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FIGURE 16 illustrates the inplenentation data matrices after

initialization. The corresponding entries in the connecfl

matrices space in mat 222,

the

)

return;
)

/t LA A A A AL AR AR AR Al ARl Al R X 2 I R N R R R R R R R Y "'."""t'/
*/
'/

/Q"'.""l‘."'t""-""""'.""'.""'.I"t""""""'.""".Q"”/

/.
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3] = 1

space_out_lin!

/* This is the subprogram for BICA's initialization.

void initialize ()

¢ /* Test data for commands. */
n -0
command_count « 0;

rearrange_space = 0;
rearrange_time = 0;

/* Initialize all matrices.

*/

init_links();
initialize _space_mat ();
xnxtzalzze _rearrange ():

return;
}

/"QQ"""'.'..t."'Q.'t"""!""Q"'.Q"'"""'fl"'*‘l'"".""""'/

/‘

./* This is the main program for Bowdon's Immediate Connect Algorithm.

/Q

main ()

int

/* Start Program Flow Here.

command;

*/

initialize ():

do
{

command = get_command (S;

/* Ql: Pair of Ports Presented for Connection? */

/* command = 1 => connect. */
if (command == 1)
/* Al = YES -> Node A. */

(

)
/* Al = NO. y

connect ()
N = n+¢;

v/

else

(

/* Q2: Pair of Ports Presented for Discconnect? */

/* command = -1 =»> disconnect. */
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if (command -~ 1)
/* A2 = YES -3 Node B. */

[ disconnect ()
m = mée+; _ ‘
) a2 - ro. . REPLACEMENT SHEET
continue; _
! 11 NAR 997

/* command = 0 => end. */
while (command != 0);

{
)

print_stats ();
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exapple, are illustrated in FIGURE 16. Since there are no swtch
connections, all of the entries are 0. The content3~9L_Lh§_§Q§§§%?Iink 238

and spaceout link 240 bit maps are as shown at initialization ‘é‘fhat-
each input stage switch and each output stage smﬁtch "iﬂ"ﬂ ﬂ :
each idle center stage switch. In this exanple, afge " , aﬂl u! al |
five center stage switches are marked as "idle". . “FI&URE 1 t he

i npl ementation data after the
65

WHAT IS CLAIMED IS:

1. A method for finding a path through a
communications matrix, comprising the steps of:

representing the assignment of a center stage switch
through an input switch to input gates using an input
stage array;

representing center stage switch connections between
an input stage and an output stage using a center stage
array;

representing the assignment of a center stage switch
through an output stage switch to output gates by an
output stage array; _

representing idle input switch links to said center
stage switch by an idle input link array and idle output
switch links from said center stage switch by an idle
output link array;

pumping said input stage array and said output stage
array and said center stage array using information from
said idle input link array and said idle output link away
to determine an optimal center stage switch having an
idle connection between a predetermined input gate and a
predetermined output gate; and

tracking said idle input switch links and said idle

output switch links using said idle input link array and
said idle output link array. |
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first connection. Suppose the first connection requested is to connect
input line 1 to output line 1, or nmore sinply, IL- L»GL~L——Ihe—LFFs%—s%ep S
to convert the input line nunber to an input swtch taﬁe nunb

i nput number for that input switch stage. In this ca M"]u "ILI Iw
age

Simlarly, ‘the output line nunber is converted to a
nunber and an out put nunber for that output swtch stage In thIS case,
O-1-1,1). So, we are going to nmake a connection

66

2. A system for finding a path through a
communications matrix, comprising the steps of:

an input stage array for representing the assignment
of a center stage switch through an input switch to input
gates; )

a center stage array for representing center stage
switch connections between an input stage and an output
stage; _

an output stage array for representing the
assignment of a center stage switch through output stage
switch to output gates; '

an idle input link array for representing the idle
input links to said center stage switch;

an idle output link array for representing idle
output links from the center stage switch;

pumping means for pumping said input stage array and
said output stage array using information from said idle
input link array and the idle output link array to
determine an optimal center stage switch having an idle
connection between a predetermined input gate and a
predetermined output gate; and

tracking means for tracking said.idle input switch
1inks using said idle input link array and said idle
output switch links using said idle output link array.
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bet ween i nput stage 1 and output stage 1. The present nethod and
systemattenpt to nmake the connection between input stage 1 and out put
stage 1 by using the |owest numbered center stage-switch available, which
Fn-this case is center stage 1. This is acconplished by usi ng np | i st

macro of TABLE 3 to conpare spacein link[1] wth Hm
FI GURE 16 and set the idle connects of the Iomest mn hm"b
comon to both bit maps to "0". Then, the

' 67

3. A method for finding an optimal path through a
communications matrix, comprising the steps of: '

representipg the assignment of a center stage switch
through an input switch to input gates using an input
stage array; '

representing center stage switch connections between
an input stage switch and an output stagé switch by a
center stage array; ' '

representing the assignment of a center stage switch
through an output stage switch to output gates by an
output stage array; and

pumping said input'stage array, said output stage
array, and said center stage array to determine an
optimal center stage switch having both an idle input
link between a predetermined input gate switch and said
optimal center stage switch and an idle output link from
said optimal center stage switch and the predetermined
output stage gate.

-
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space_in_mat(i,j) and the space out mat(k,|) are set equal to that center
st age nunber, and the space_cnt_mat(c,j) is set equal to k. The
correspondi ng space matrix data-entries are shomﬁ‘Tﬁ‘ﬁ#@HRE—ii_aﬂgmthe
resul tant state of the space matrix 220 is shomn [

fol | owi ng S.t at errgnt s acconplish this process: ﬂ"mmﬁ,"””’””m

68

4. A system for finding an optimal connection
configuration through a communications matrix,
comprising:

an input stage array for representing the assignﬁent
of a center stage switch through an'input switch to input
gates;

a center stage array for representing center stage
switch connections between an input stage and an output
stage;

an output stage array for representing the output
stage switch to output gates; and

pumping means for pumping said input stage array,
said output stage array, and said center stage array to
determine an optimal center stage switch having both an
idle input link between a predetermined input gate and
said optimal center stage switch and an idle output link
between said optimal center stage switch and a

. predetermined output stage gate.
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5. A method for finding a connection configuration
through a communications matrix, comprising the steps of:

representing the assignment of a center stage switch
through an input switch to input gates using an input
stage array;

representing center stage switch connections between
an input stage and an output stage switch by a center
stage array; o

representing the assignment of a center stage switch
through an output stage switch to output gates stage
array; _

representing idle input switch links to said center
stage switch by status indicators of an idle input link
array and idle output switch links from the center stage
by status indicators of an idle output link array and;

associating said input stage array, said output
stage array, and said center stage array according to the
values of said idle input link array and said idle output
link array to determine an optimal center stage switch
having an idle input link between a predetermined input
gate and said optimal center stage switch and an idle
output link between said optimal center stage and a
predetermined output gate.
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TABLE 4

C.,

" CONNECT STATEMENTS x =

punp_list(space_in_link[i], space_out _|ink[Kk]); ﬂ_————spaee—rn*narf‘ j) =

Hlllll\ T O
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6. A system for finding a path through a
communications matrix, comprising the steps of:

an input stage array for representing the assignment
of a center stage switch through an input switch to input
gates;

a center stage array for representing center stage
switch connections between an input stage and an output
stage switch, said center stage array comprising a set of
elements for associating a dedicated center stage switch
with a plurality of input stage.switches.and output stage
switches;

an output stage array for representing the output
stage switch to output gates;

an idle input linkX array for representing idle input
switch links to the center stage switch and an idle
output link array for representing idle output switch
links from the center stage switch; and

means for associating said input stage array, said
output stage array, and said center stage array using
information from said idle input link array and said idle
output link array determine an optimal center stage
switch said optimal center stage switch potentially
including said dedicated center stage switch and having
an idle connection between a predetermined input gate and
a predetermined output gate.
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space_cnt_mat(c,i)= k; space_out _mat(k,l) = c; where, in this case,

I =] =k=I =mrFc- 1.
continues until

FIGURE 15. REPLACEMENT SHEET

Assune the procedure of addi ng connections
n2-2 connections have been nade (presunably w thout

71

CONNECTION PATH SELECTION METHOD FOR CROSS-CONNECT
COMMUNICATIONS NETWORKS

ABS T

A method and system for £finding a path through a -
communications matrix represents the assignment of a center
gstage switch through an input switch to input gates by an
input stage array, center stage switch connections between
an input stage switch and an output stage switch by a
center stage array, and output stage switch connections to
output gates by an output stage array, as well as
representing idle input switch links to the center stage
switches by an idle inpﬁt array and idle output switch
links from the center stage switches by an idle output
array. The methodland'system perform a preform a process
of pumping the input stage array, output stage array and
center stage array using information in the idle input link
array and the idle output link array to determine an
optimal center stage sﬁitchfhaving both an idle input link
between a predetermined ihpﬁt gate and the optimal center
stage and an idle output link from the optimal center stage
to a predetermined output gate as identified by the idle
input link and idle output 1link arrays. The pumping
process relies on the idle input array and idle output
array for connection status data. The method and system
may be used advantaéébusly with a rearrangeable
communications matrix to establish optimal connection
configurations during both normal and rearrangeable
operations. '

11MAR 997
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rearrangenent) with the resultant space matrix shown in FIGURE 19 and

connection path selection matrix data- ‘showin-i n -Fl GURE 20. Then, the
request to Connecﬂ‘hxhkhe&tii{aﬁae liteflaces recei ved. The request to connectt=dammr
to OL-7 converts. t nect 1(4,1)-Q(2,3). The present me} HEPLAOE.f
system attenpt to tion between i nput stage 4 and outpuf —— - .
stage 2 by using th red centert stage switch avail abl e, i
[nthls case, is _ qh”MRm
i | - 50

128 TIME SLOTS PER INPUT 56 j - -

FROM 1/0 SHELF TO MATRIX 64 66 ’/ 68 S8

N Z

128 TIME-SLOTS

SSS

ONE N(17,16,16)

-H
IL\\\\\\JI\”
// |

N
- s MATRIX PER TIME SLOT \
N
o 5{ | 128 TIME SLOTS PER
FIG. 1 MATRIX OUTPUT TO 1/0 SHELF
56
, [ 4
72
\ I
76 16317 16X16 17xi6 |86
1 74 80 2
24 +2
16 416 .
1 1 :
2 -T2 .
161 16 FIG. 2
1 L1 —d
2 1) '
16 817 _~"128 TiME
SLOTS

LOGICALLY ONE N(17,16,16) MATRIX PER TIME SLOT



center stage switch nunber 4, as illustrated in FI GURE 20. Thefpunp | i st

macro of Table 1 conpares space in - link[4] wth space_

out _link[2],

determ nes the Iomest center stage nunber common to bet
‘the idle status to "busy" in both bit maps. Then the

‘the space_out_mat(k,|) are set equal to that center s a
space_cnt _mat(c,j) is set equal to k. 2The correspo
data entries are

FRDRRTERT 0 b

€ nunber and {he¢
di 49 RARCASIIaL r Il X

0 nm 02 58
1 |/,
2 4 2
n — L=« FIG. 3
1 — o {
2= 2 2
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1 — 1
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n l‘ ® . - [ [ ] n
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NO A HERE \
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t he connect

DETERMINE CONNECTIONS
TO BE PACKED IN SPACE

204
o

h 4
PACK CONNECTIONS
IN SPACE USING
A HITLESS ROLL

: 206

y

DETERMINE CONNECTIONS
TO BE PACKED IN TIME

Y

PACK CONNECTIONS IN
TIME (AUTOMATICALLY

I'no

. - I REPLACEMENT SHEET
shown in FIGURE 21 and the resultant state of the spage[matrix T5TSh in
FI GURE 22. Thlsmpsm@ﬂﬁﬁB&ﬁR. gedpl i shed using the fol O\ﬁng1§bﬂ$3ﬁﬁﬁt: rom

Ilflmllrlﬁlﬂﬂﬂ ‘
3
142 1 146 140
(2w TME DOWAIN Y -~
"y -210 Y 150 |
SELECT LOWEST | 162
NUMBERED TIME - 1 _
SLOT AVAILABLE SELECT 2 CENTER
FOR_CONNECTION 150| |STAGE SWITCHES FOR
Y REARRANGEMENT
BEGIN SPACE DOMAIN
! /1 > FIND CONNECTIONS
PORTS PRESENTED SELECT LOWEST
l’
? STAGE AVAILABLE
192 FOR CONNECTION | ‘54 166
' Y PATH REOUIRES
REMOVE CONNECTIONS S/
MAKE CONNECTION LEAST NUMBER OF
AS REQUESTED Y REARRANGEMEN
y UPDATE TABLES |
| UPDATE TABLES | ' 158 170
196 . \19 4 REARRANG:
y{ACK\ CONNECTIONS ONE
NO _CONNECTIONS AFTER AT A TIME USING
A DISCONNECT" 172--1 HITLESS ROLL -
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200 ]
| YES , 178
. e
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7
1987 T 202 r
Y Z FIND CONNECTIONS
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FIG. 6
FIG. 7
FIG. 8

TABLE 5
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CONNECT STATEMENTS

space_in_mat(i,j) =C

space_out _mat (k, 1) =
c=4:

X =

FIG. 9
FIG. 10
FIG. 11

punmp |ist(space_in I|nk[w
space_cnt _mat(c,i) = k;
c; where in this case,

space_out _|ink[k]);

=4 j=1 k=2 1=3 n¥13 n

= 7 and
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Suppose the next request is to disconnect |IL-13 from OL-7 (which takes down
t hé connection that was just made). The request to disconnect |L-13 from
Q-7 converts to a request to disconnect 1(4,1)-Q(2,3). The put back nacro
acconpl i shes the disconnect by breaking the connection between input stage
4 and out put stage 2 and putting the freed-up center stage swtch, nunber
4, back on the input/output stacks for sub$equent use. More
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specifically, the put back nmacro determ nes the freed-up center stage
swi'tch nunber and puts it back in the proper positions on both of the
oredered-linked lists in space_in_link[4] and space_out lipk[2]l,. Then. th
space_in_mat(i,j), the space_cnt_mat(c,j), and the spaaemLmE(m SHEET é.
set equal to O. The correspondi ng 'space matri x datja @Rdpes—are~sH0
in FIGQURE 23 and the resultant state of th& space matrifx js sarre aéﬁhcwr
bef ore FI GURE 18. The di sconnect
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. is acconplished using the follow ng statenents fromthe put_back macro:
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¢ = space_in_mt (i,]); set _| i nk | AGEMENT SYEET
set_link(space_out_link, k, ¢); g;g?ge, r;ﬁr_ﬁﬂ A w}?ﬁ &
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Next. suppose we receive a request to connect |L- 13 to OL-12. The request
to connect IL-13 to OL-12 converts to a request to 4,1)-0(3,4).
The present nmethod and system attenpt to make the dp ' anut

' Swi t ch

available. In this case, _ 11
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the X[err] or extra center stage switch 224 is the | owest nunber avail abl e
center stage switch, as illustrated in Fl GURE 25. As before, the

purpl i st macro acconplishes this by conparing space_i n_stack[4] With
.space_out _stack[3] in FIGJRE 23, determ ning the | owest center stage nunber
‘common to both bit maps (which |n this case is ce ..c "X"),
and setting the idle status to "busy" in kg@h bift WSACE he Ispace n
mat (i,j) and the

FIG. 20
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space_out _mat (k,l) are set equal to that center stage nunber and the
space_cnt_mat(c,j) is set equal to k. An entry of 5 indicates that the
X err] center stage switch has been assigned and the rearrangemant pr ocess

‘i-s automatically invoked. The corresponding space Loledy—etert § i gs
during rearrangenent are shown in FIGURE 24 and tgeREEl?AﬂEMii tdtelof the
space matrix during arrangenent is shown 18 FI GU

11 MAR 197

Tpmmevie
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' I S: TABLE 7
The fol | owi ng i mredi at e connect st at enents acconplish this:

REPLACEMENT ShgeT |
15 . i
11 MAR 1997
FIG. 283
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| MVEDI ATE CONNECT STATEMENTS punmp_| i st
(space_in_stack[i], space_out stack [K]); space_in_mat (i, |
space_cnt_mat(c,i) = k; space out nmat(kl) = c; wher
case, i=4 j=1k=31=4-n=13,—n=12, and
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C—é As a result of the rearrangerrent al gorlthmthe connectlon
1 (4,3)-0(2,1) that FIGURE 26 shows is "rolled" from cen .-Es = [

nurber 2 onto center stage switch nunber 4 This roll ip alimint
hitiessly by
17
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creating a head-end-bridge at input stage switch 4 and a receive-end-swtch
at output stage switch 2 as shown in FIGURE 27. Wien the correct path is
recelved at output stage switch 2 fromcenter stage switch 4,. the original
connect-i on through center stage switch 2 is droppeu—7f**“ f_ RE 28
and the space matrix data is updated as shown in FEQ '

previous roll now allows the inmedi ate coABection,

31 shows, which is

s | Fl GURE
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on center stage switch X 224, to be rolled onto center stage switch 2.

This roll

stage switch 4 and an receive-end- switch at output] RERDACEMENTCBHEETaS
in FIGURE 31. When the correct path is received at ~stage 3w
fromcenter stage switch 2, the original connection tir e r {stjage X
224 is dropped. 19 giu1gnA§ 7

Is perforned hitlessly by creating a heaQWput

shown
tch 3
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36 . Rolling the inedi ate connection, 1(4,1)-0(3,4), off the extra
center stage switch conpletes the rearrangenent process for this
connection. Note that this process | eaves the extra center st’__g_____gvmt
cl'ear and ready for a next connection when a rearrangealf -, TR L
condition occurs. FIGQURE 32 shows the resulting state of B LY
after rearrangenent. FI GURE 33 shows the 21

This Sheet Has Been Replaced -
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:correspondi ng space matrix data entries after rearrangement. I n FI GURE
34, the rearrangenent aspects of the preferred enbodi nent are applied to

t he above exanpl e appear. Once the preferred enbodi nent uses dedi cated
center stage switch 224 to nake the i medi ate conneWof t he
preferred enbodi ment invokes the rearrangenent procvsﬁfp&écEMENT MEEV

First, the system determ nes two center sfage switcheF
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participate in the rearrangement process. This is ac
Paull's Method which is restated as foll ows: I
bl otked, test all synbol pairs (A B), such that A i S :
imcolum c[err] and Bis in c[err], but not in r[dr]], to find whijch pair
will require the fewest changes. The method then c rrieq-thRtgg¥cra gi ng
algorithmon that pair. Returning to ®Be spac trix exanpl e |of

Fl GURE 25,

conpl i shed usi ng
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it is preferred to first transformthe space_cnt_mat matrix data in Fl GURE

" 24-into the format of FIGURE 4. FIGURE 34 illustrates_the IS
transfornation. . The use of the dedi cated center s EFEAMENW'S‘*EET _
ndicated by the X in (r[err],c[err]) of FIGURE 34. TFha=haext—step—tsit (
find all synmbol pairs (A B) such that Ais inrowr[drr meAét gqolurm
Cerr] and Bis in colum ([err], but notdin row r[erf] Kk 'QQ il 4,
there is a2 inrowrf[err] but no 2 in colum c[err],} sp. A is. sel.t042.
Simlarly, there is
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a4 in colum Cerr]

but no 4 inrowrferr]

Is only one value for A and one value for B;

- -

-

so Bis set to 4. Since there

o N -
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37 the"s'(A, B) pair that requires the | east changes is, obviously, the pair
(2,4). For a given pair of synbols (A B) there are two possible
rgef_r_rangerrent sequences. One of these two

26
: frR—
REPLAGEMENT SHEET
11 MAR 1997
FIG. 34
[A IN Ry BUT NOT IN C3)
" NO 2 HERE
l [B IN C5 BUT NOT IN R,]
NO 4 -
I (OIRA ] pe™ " NO 2 pERE
53 13] 4 _ Y
a.
4
=2 13 | 24 {®[@)]13
1,2 1= 3 3] 4
T34 2
2 3 4 =2 1,324
OUTPUT (132
34
1 2 3 ¢
X=>A OUTPUT
[A v Ry BUT NOT IN ¢;]
NO 2 HERE
} B ey But ot N R,:j
[ [l
53 |13 ®| |
4 2
=2 13 | 24 ®|13
[ gL
2 3 4 =2 13|24
OUTPUT 12
34
12 3 4
X->B © o OUTPUT

his Sheet Has Been Replaced

T




generally will be shorter. The fol | OW ng- st eps 'generat e the X-A and X-B
. sequences for this exarrpl e. The X- A sequence starts with the imedi ate
connection through sty a el enent and ends up Whth t he bT'“kécrceH—

bei ng as or 2, in this case. Star cked
cel | (r[%rRE elisno4inrowrferr] s ”",ﬂm" ’ﬂ

circle anio r wirferr] Now, the C|rcled *S &N
Then, a olum Cerr] is necessa y Si nce there |s
65
Claims

1. A method of finding a path through a communications matrix,
comprising the steps of: '

— representing the assignment of a center stage swiich (96) through an
input stage switch (92) to input gates (90) using an input stage array
(222);

~ representing center stage switch connections _(94, 98) between an input
stage switch (92) and an output stage switch (100) by a center stage
array (234};

- representing the assignment of a center stage switch (96) through an
output stage switch ('l 00) f outpdt ates (1 02) by an output stage array
(236); : G

— representing idle input switch links o said center stage switch (96) by an

idle input link array (238) and idle output swiich links from said center
- stage switch (96) by an idle output link array (240); and

~ associating said input stage array (222), said output stage array (236),
..and said center stage array (234) according to the values of said idle
input link array (238) and said idle output link array (240) to determine
an optimal center stage switch having an idle input link between a .
predetermined input gate and said opfimal center stage switch and an
idle output link between said ophmal center stage and a predetermined
output gcn‘e

. This Sheet Has Been Replaced
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5
. hone, this sequence is conplete. (Note that gaet—atd—2-sT T
>»The X-B sequence starts with an i mediate cdnRERtAGEMENH, ny
“elenent 224 and ends up with the bl ocked cel ermg assi ghed
or 4, inthis case. Starting with the bl ockgd cegP ggfe?%QCI
no 2 in cl[err] so a circle goes around_the 2 iln err w,
isin (r[err],cl[err]). Then, a searchfor 4 |
there is none, the sequence

rcled.)
{he dedi cat ed
to el ement B
effr]) there is
th
| g

e circled 4
ce. Since

CONNECTION PATH SELECTION METHOD FOR .
CROSS~CONNECT COMMUNICATIONS NETWORKS

NOTICE: COPYRIGHT (®) 1992 Alcatel Network Systems, Inc.
A PORTION OF THE DISCLOSURE OF THIS PATENT DOCUMENT
CONTAINS MATERTAL WHICH IS SUBJECT TO COPYRIGHT
PROTECTION. THE COPYRIGHT OWNER HAS NO OBJECTION TO THE
FACSIMILE REPRODUCTION BY ANYONE OF THE PATENT DOCUMENTS
' OR THE PATENT DISCLOSURE AS IT APPEARS IN THE PATENT AND
TRADEMARK OFFICE FILE OF RECORDS, BUT OTHERWISE RESERVES
ALL COPYRIGHT RIGHTS WHATSOEVER.

TECHNICAL FIFLD OF THE INVENTION

The present inVéntion is concerned generally with
electronics and more specifically with communications
systems. Even more specifically, the invention is
‘concerned with a method and system that finds an optimal
path through a communications matrix using a set of
matrices or arrays that describe the status of the
communication matrix and include an input stage arrxay, a
center stage array, and an output stage array, as well as
arrays representing idle links from the input stage
switches to the center stage switches and the idle links
from the center stage switches to the output stage

switches.
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generation process is conplete. (Note that not all .,
 RepLACEvENT SHEFr)

The flooding algorithmstarts by finding the first A
sequence. |If the X-A sequence is not ended, the fifsf el ement of %
sequence is found. Then, if the X-B sequence is no} En@&ISEPMI98ext el enent
of the X-A sequence is found. This process continugsftuntil the shgrtjer of
the two sequences is conpleted. (So, th@ X-B sequente—shown 11 H GURE 34
is not really generated. It

(o) TION

Digital cross-connect communications network

'devices, such as the 1631 SX manufactured by Alcatel

Network Systems, Inc., are designed to make connections
between input gates on input switches and output gates on
output switches. Knowh designs for such cross-connect
devices make use of matrices to connect the input gates
to the output gates. To limit the physical space and
manufacturing costs of the matrices, designers seek to
minimize the number of cross-connects in the matrix.

This objective becomes more complicated as market demands
for communications services increase. In particular, as
network devices address larger markets, the devices must
service more and more input and output signals. These
factors exacerbate the space and cost limitation problems
even more for communications matrix devices.

One matrix configuration that uses a minimal number
of matrix cross-connects for a given number of input
gates and output gates and that provides a potentially
optimal solution is known as a "rearrangeable" matrix.
For the rearrangeable matrix, the number of center. stage
switches must equal or exceed the number of input gates
on each switch of the matrix. In a rearrahgeable matrix,
there exists a set of conditions such that, although the
device does not use all input gates and all output gates,
an attempt to use an idle input gate and an output gate
is prohibited because existing connections block the
signal flow through the matrix. This may happen, for
example, if existing connections already occupy at least
one link in every possible path between the input and
output gates in question.

In a rearrangeable network, it is always possible to
unblock a flow path from an idle input gate to an idle
output gate by moving existing connections in the
network. The term "“rearrangeable," therefore, describes
the property that for a given state of a network and any



i's shown here as an illustration of the alternatf m BEMENT SHEET |summary,
LhnaifpaLh-e&— a

ca method and system are provided for finding an pp cgnnecti on
configuration through a comuni cations matrix in} which i%B t |stfage array
represents the assignnment of input gates throughtap P

3

given idle pair of input and output gates, the existing
connections of the matrix may be reassigned to new paths,
if necessary, to connect the idle pair.

_ Existing methods and systems for connecting inputs
to outputs in rearrangeable matrices generally use a
standard rearrangement technique that determines which
cross—-connects of the matrix to rearrange to permit a
signal to flow. N.C. Paull in "Reswitching of Connection
Networks,™ The Bell Svstem Technical Journal, May, 1962,
ppP. 833-856, describes this known method for unblocking a
rearrangeable matrix. This method (hereinafter referred
to as Paull’s Method) suffers from a major limitation.
Paull’s Method requires breaking some of the cross-
connects and making some other of the cross-connects to
rearrange matrix. This procedure takes time and results
in undesirable service delays or interruptions during
matrix rearrangement. '

It is an object of the present invention, therefore,
to provide a method and system that selects an optimal
connection path for a rearrangeable communications matrix
that permits immediate connection of idle input gates to
idle output gates. The present invention achieves this
object with a minimal amount of additional circuitry and
avoids the service delays and interruptions of known
connection path selection methods and systems that cannot
immediately select an optimal connection configuration.

It is also an object of the present invention to
provide a method and'system that finds an optimal
connection path or configuration through a communications
matrix that uses a set of five matrices, the first of
which represents the assignment of input gates of input
switches to center stage switches using an input array of
values that associate center stage switches to the input
stage switches and input gates of the input switches, the
second of which represents center stage switch
connections by a center stage array of values that
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associate center stage switches with input stage switches
and output stage switches, the third of which represents
output stage connections by an output stage array having
values that associate output stages switches with output
gates and center stage switches the fourth of which
represents the idle links from the input stage switches
to the center stage switches by an idle input link array
having values that indicate the idle status of the

links, and the last of which represents the idle links
from the center stage switches to the output stage
switches by an idle output link array having values that
indicate the idle status of the links, and then using
these five arrays the method and system perform a process
called "pumping" these arrays to determine an opﬁimal
center stage switch having an idle connection between a
predetermined input gate and a predetermined output gate
and then sets an asspciaﬁed input stage array value and
output stage array value to indicate the optimal center
stage switch for the connection configuration.
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' BRIIF DESCRIPTION OF THE DRAWINGS

Otherxr objects and advantages are apparent and best
understood by reference to the following description of
illustrative embodiments when read in conjunction with
the accompanying drawings, wherein:

FIGURE 1, shows five-stage connecting network.
(TSSST) with embedded three-stage space matrix (SSS);

FIGURE 2 shows in more detail the three-stage
connecting network that may be embedded logically in the
five-stage TSSST network of FIGURE 1;

FIGURE 3 is a three-stage connecting network
generalized to the N(m,n,r) case;

FIGURE 4 introduces notation for understanding the
preferred embodiment;

FIGURE S provides a flow chart of the method of the
preferred embodlment,

FIGUREs 6 through 14 lllustrate an example of the
sequence generating portlon of the preferred embod;ments,
and .
FIGUREs 15 through 34 illustrate a simplified space-~
domain example of the preferred embodiment;
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In FIGURE 1, a large matrix configuration is shown
that providés for connection and test access for up to
1,024 DS3 ports (or equivalently, 32,678 DSl ports) for
the 1631 SX device. This is a five-stage, Time-Space-
Space-Space-Time (TSSST)-division multiplexed connecting
matrix network 50. Matrix configuration 50 includes time
stage 52 that through connections 54 connects to three
center space stage (SSS) designated generally by
reference numeral 56. Three center space stage SSS 56
connects through cutput line 58 to output time stage 60.
With this confiquration, the network 50 includes a time-
domain of time stages sz‘and 60 and a space domain of
three center space stage 56. FIGURE 1 illustrates
logically the relationship between time stages 52 and 60
andcthe center space stages 56. Input time stage 52 uses
128 time slots per input 62. The time slots may be
represented by the connections 64 between I/O shelf
inputs 62 to éach time slot 66 of matrix 56. Center
space stage 56 includes 128 time slots 66, each of which
time slot 66 includes a N(17,16,16) matrix. The number
17 of time slot matrix 66 represents the number of center
stage switches; the first number 16 represents the number
of inputs to each input stage switch, and the second 16
the number of input stage switches. (By symmetry, there
are 16 outputs from each output stage switch and 16
output stage switches.) Output time stage 60 uses 128
time slot connections such as connection 68 for each
matrix output 70 to an I/0 shelf.

In FIGURE 2, center space stage 56 is represented
mathematically as a three-stage connecting network cube
of matrices 72 for each of which the symbol N(17,16,16)
fully describes each of the matrices. Thus, for each
N(17,16,16) matrix 72 there are in the example of FIGURE
2, 16 input switches such as input switch 74, for which
each receives 16 input gates such as input gate 76; The
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total number of input gates 76 make up the I/0 shelf-to-
time slot connections 64 of FIGURE 1 for each time slot.
From each input switch 74 go input switch-center switch

connections 78 to the center switches such as center

switch 80. In the preferred embodiment, each N(17,16,16)
matrix 72 includes 17 center stage switches 80. From
each center stage switch 80 go 16 output switch
connections 82 to output switches such as output switch
84. Each output switch 84 provides 16 output gates such
as output gate 86 that connect to I/0 shelves such as I/O
shelf 70 of FIGURE 1. The total number of output gates
86 make up the time slot-to-I/0 shelf connections 68 of
FIGURE 1 for each time slot.

Connections are made between input gate 76 and
output gate 86 immediately using'the present connection
technique. This technigue sets up a connection by using
a routé'through input switch 74, center switches 80 and
output switches 84 that attempts to use the most used
part of a matrix 72 first and the least used part of the
matrix 72 last. By using the heavily-loaded part of the
matrix where possible in making a given connection, when
rearrangement of matrix 72 is necessary, the
rearrangement process of the preferred embodiment
encounters elements with the smallest number of pre-
existing connections. This minimizes the volume of
necessary computations for matrix rearrangement.

The preferred embodiment uses a dedicated time slot
when rearrangement is necessary in the time domain. For
example, referring to FIGURE 1, the 128th time slot may
be dedicated as an extra time slot for use during matrix
50 rearrangement. Similarly, in the space domain,
rearrangement uses a dedicated or extra center switch.
For example, referring to FIGURE 2, center switch 17 may
be the dedicated or extra center switch. The present
connection technigque automatically uses the dedicated or
extra element (either the dedicated or extra time slot in
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the time domain or the dedicated center stage switch in
the space domain) when a rearrangeably blocked condition’
exists. _ ',

FIGURE 3 illustrates that N(17,16,16) matrix 72 of
FIGURE 2 may be generalized to matrix 88 for which the
expression N(m,n,r) describes the configuration.
Following the convention of the N(17,16,16) matrix 16,
the generalized notation N(m,n,r) describes generalized
matrix 88. In the N(m,n,r) notation, m equals the number
of rxr center stage switches (as well as the number of
outputs from each nXm input stage and the number of
inputs to each mXn output stage switch); n equals the
number of inputs to each nXm input stage switch (as well
as the number of outputs from each mXn output stage
swipch);'and r equals the number of nXm input stage
swi%ches {as well as the number of mXn output stage
switches). Note also that, in matrix 88, m at least .
equals n+l. This limitation on m for a given n assures
that there exists at least one extra center stage switch.

Referring more particularly to FIGURE 3, generalized
matrix 88 has n input gates 90 that connect to input
switches, such as input switch 92, having m output
connections %4. In generalized matrix 88, there may be,
for example, r input.switches 92. The input switch-to-
center switch connections 94 connect to the rXr center
switches such as center switch 96 where each center
switch 96 receives r center switch connections 94 and
provides r output connections 98. In the example of
FIGURE 3, there are m center switches 96. Each center
switch-to~output switch connection 98 from center
switches 96 connects to an output switch 100. Each
output switch 100 receives m center switch-to-output

switch connections 98 and ocutputs to n output gates such
as output gate 102.
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Both the N(17,16,16) matrix 72 of FIGURE 2 and the
N(m,n,r) matrix 88 of FIGURE 3 are said to be
rearrangeable matrices if, respectively, for a given
state of the matrix and any given idle pair of input
gates 76 or 90 and output gates 86 or 102, the existing
connections within the matrices may be reassigned to new
paths, if necessary, to allow connecting the respective
idle pairs. The matrices are rearrangeable if and only
if m > n. For convenience in notation, in a network
described by the expression N(m,n,r), the notation

A (m,n,r) denotes the number of connections that must be
rearranged in order to connect an idle pair of input and
output gates. Paull’s Method derives from the property
that A(n,n,n) < n-1. In other words, for the N(n,n,n)
matrix, it is necessary to move at most n-1 connections
to connect an idle input gate to an idle output gate. A
particular application of this property means, for
example, that for matrix 72 of fIGURE 2, rearrangement

' requires at most n-1=17-1=16 connection changes in order

to connect an idle input gate to an idle output gate.

In the followiﬁg discussion, FIGURE 4 introduces
notation to assist in understanding the preferred
embodiment. FIGURE 5 provides a flow chart to illustrate
the basic concepts of the immediate connect method and
system of the present invention. Thereafter, FIGUREs 6
through 14 show an example of the operation of the method
and system in the presence of a rearrangeably blocked
condition of a matrix 72 of the three center stage space
matrix 56. For the purpose of understanding the present
invention in yet more detail, the operation of the method
and system are described by way of FIGUREs 15 through 34
that use a simplified N(5,4,4) rearrangeable matrix
having the ability to perform immediate connection in a
rearrangeably blocked condition. _

In FIGURE 4, notation beneficial for understanding
the present invention uses square matrix 110 to represent
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'connecticns existing in a space domain matrix such as

matrix 8§ of FIGURE 3. Sqguare matrix 110 has rows 112
designating input switches (such as input switch 92 of
FIGURE 3) and columns 114 representing output switches
(such as output switch 100 of FIGURE 3.) The simplified
example of FIGURE 4 shoﬁs the number of rows 112 and
columns 114 equals B. Note that to correspond exactly to
the N(17,16,16) matrix of FIGURE 2, FIGURE 5 could show a
matrix having 16 rows representing input switches 74 and
16 columns representing output switches such as output
switch 84. Within each square matrix position such as
matrix position 116, there are m possible symbols that
may appear. These m symbols correspond to the center
switches such as center stage switch 96 of FIGURE 3. For
examplé, matrix position 116 may have m possible entries,

one for each of the center stage switches 56 appearing in

"FIGURE 3.

In FIGURE 4, the ordered pair (3,1) denotes matrix
position 11s, where 3 is the row designation, i.e., row 3
having reference numéral 118, and 1 is the column '
position, i.e., column 1 having the reference numeral
120. The entry B (1 £ B < m) in matrix position (3,1)
corresponds to a connection from input switch 3 through
intermediate switch B to output switch 1. No entry in a
matrix position such as the empty matrix position (3,2)
that reference arrow 122 points to indicates the absence
of any connection between input switch 3 and output
switch 2. _

Referring, for example, to FIGURE 3, since there may
be only n inputhates 90 to each input switch 92 and n
output gates 102 from each output switch 100, only n
symbols may appear in any row 112 or column'114. Since
each input switch 92 has only one connection 94 to each
center switch 96, no two symbols in any row 112 may be
the same. Similarly, each output switch 100 has only one
connection 98 from each center switch 96. No two symbols
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in any column 114 may be the same. With the notation of
FIGURE 4, a square matrix 110 satisfying these
restrictions is said to be "legitimate"” since it has only
legitimate entries. _

Note, that a trivial blocking case occurs if all of
the input lines to an input switch such as input switch 1
designated by row 1 are already connected. This would
correspond to having n symbols (e.g., 16 Symbols in the
case of FIGURE 2) in row 1. Similarly, if all the output
lines to output switch 3, for example, were already
connected corresponding to n symbols in column 3 (e.qg.,
16 symbols for the example of FIGURE 2) the network
matrix 72 of FIGURE 2 and 88 of FIGURE 3 is trivially
blocked ‘and sguare matrix 110 will represent this fact.
'5 In FIGURE 5, flow chart 140 describes the steps and
functions of the preferred embodiment of the present
invention. Beginning at start step 142, the method is
first to query, as query block 144 indicates, whether
there is a pair of ports presented for connection. 1In
the example of FIGURE 3, the step is to query whether
there is an idle input gate 90 to connect to an idle
output gate 102. If there is such a pair, then flow goes
to block 146 to begin time domain connections. If there
is not a pair of ports presented for connection, then
flow goes to block 148 which is described below. At
begin time domain step 146, flow goes to block 150 where
the method selects the lowest numbered time slot
available for connection. Then, at block 152 space
domain operations begin for selecting the lowest numbered
center stage input switch available for connection at
step 154. Having selected the lowest numbered center
stage for connection, the connections are made at block
156 and square matrix 110 or a similar status table
designating connections is updated at block 158.

At block 160, a query of whether space rearrangement
is required takes place. If so, then flow goes to block
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162 where the step is to select two center stage switches
for rearrangement. Next, at block 164, the step is to
find the corinections to be rearranged and, from the
connections, the query at block 166 is of which path
requires the least number of rearrangements. If the path
X~A requires the least number of rearrangements, then
program flow takes path 168. If X~B requires the least
number of rearrangements, then program flow takes path
170. Regardless of which path program flow takes, at
step 172 connections are rearranged, one at a time, using
a "hitless roll." The discussion below defines the term
*hitless roll." And flow returns to step 174 to end
space domain operations. Note that if no space
rearrangemeﬁt was necessary, then flow from query block
160 goes directly to end space domain step at block 174.
‘ At query 176, the question is whether time

rearrangement is required. If so, then flow goes to step
178 at which point the method is to select two time slots
for rearrangement. Then, at block 180, the step is to
find connections to be arranged. At block 182, a guery
occurs of which path requireé the least number of
rearrangements. If the X—A path requires the least
number of rearrangements, flow goes along path 184. On
the other hand, if the X~B path requires the least number
of rearrangements, then flow foilows path 186. The next
step, regardless of whether program flow takes path 184
or 186, is to rearrange connections one-at-a-time, again
using a2 hitless roll in the time domain at step 188.
Program flow then goes to step 190 to end time~domain
operations. Note that if query block 176 determines that
no time rearrangement was required, flow proceeds
directly to end time domain block 190.

From end time domain block 190, flow goes to query
148 where the method determines whether a pair of ports
is presented for disconnect. 1If not, then flow returns
to query block 144 to proceed as previously described.
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If a pair of ports is presented for disconnect, at this
point the method is to remove connections as requested
per block 192 and then update data tables reflecting the
connections for the matrix at step 194.

At query 196, the method determines whether a "pack
connections after a disconnect" function is enabled. If
so, then flow goes to query 198 to examine whether a
rearrangement is in progress. If so, then flow will loop
via path 200 until rearrangement is no longer in process.
Although FIGURE 5 shows disconnect as occurring
subsequent to completing any necessary rearrangement, the
present method and system may process a_disconnect
request in parallel with rearrangement. Therefore, if
the system of the present invention seeks to direct
connections to the most used part of matrix first so as
to pack calls after a disconnect, the rearrangement-in-

progress query of block 198, prevents attempting to pack

during rearrangement.

. If a rearrangement is not in progress, from query
block 198, the next step is to determine the connections
to the packed in the space at step 202. The next step
of flow chart 140, then, is to pack connections in the
space domain using a hitless roll at block 204. And

- then, at block 206, the step is to determine the
‘connections to be packed in time, after which the

connections are packed at block 206 in time using an
automatically hitless roll. Program flow then returns to
point 210 to continue the previously described operations
of flow chart 140.

The following discussion describes how steps of flow
chart 140 of FIGURE S5 relate to the square matrix 110 of
FIGURE 4. Recall that after updating sguare matrix 110
or similar table at step 158, the method of the preferred
embodiment detects whether a rearrangéably blocked
condition exists. Thus, when the dedicated element
(either a time slot in the time domain or center stage
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switch in the space domain) in a matrix connection
configuration is used to make an immediate connection
between an idle input gate and an idle ocutput gate, the
existence of a rearrangeable blocking condition is
automatically detected.

Steps 162 and 178 execute Paull’s Method to find the
path requiring the fewest rearrangemehts. Specifically,
with the blocked cell denoted (r;,cy) such as cell 121 of
FIGURE 4, the method tests to find all symbol pairs (A,B;
such that if A is in row 1, but not in column 1, and B is
in column 1, but not in row 1. For given pairs of
symbols, say (A,B), there are two possible rearrangement
sequences, one of which will be shorter. Making this
Idetermination is part of step 16 in the space domain and
step 182 in the time domain.

The segquence "X~A" denotes a sequence that starts
with an immediate connection through the dedicated
element (e.g., center stage switch 17 of FIGURE 2 for the
space domain and the time slot- 128 in FIGURE 1 for the
time domain) and ends with the blocked cell being
assigned to element A. The sequence begins, for example, '
by starting with the blocked cell (}l,cl) at 121 of FIGURE
4). Since there is no B in row r,;, the search for an 2
in r; takes place. There must be an A in row r,,
otherwise the matrix is not blocked. Once the A in row
r, is found, it is circled or tagged;

In general, then, suppose that the circled A is in
(ry5,C), 1% j.k 8. - Then, a search for a B in column cj
takes place. If there is no B in column ¢,, the seguence
ends and then the next step is to find connections to be
reaﬁranged at block 164.6r 180, as appropriate. If a B
appears in column c,, the next step is to circle the B
and continue. If the circled B is in the (rk,cj)
position, then a search for an A in row r, takes place.
The sequence X—-A continues to alternate between circling
B’s in columns in A’s in rows, until there exists a
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column with no B to circle or a row with no A to circle.
Note that not all A’s and all B’s get circled, only those
encountered in the above search.

Generating the X-~B sequence occurs in similar
fashion, as follows. Starting with the blocked cell
(ry,c;) 121 of FIGURE 4, for example, there is no A in
column 1, so the search begins for a B in column c,.
There must be a B in column c¢,, otherwise the matrix
would not be blocked. Then, procedure is to circle that .
B. Since the circled B is in position (rj.c;)., the search
for an A in row r; begins. If there is no A in r;3, then
this sequence ends and program flow continues to step 164
or 180, as appropriate for the space or time domain.
Otherwise, the procedure is to circle the A and continue.
In this example, the circled A is in position (r,y,c3),
then the search begins for a B in column cy. If there is
no B in column c¢;, then the sequence ends. Otherwise,
the sequence is to circle the B and continue. This
procedure continues to alternate between circling B’s in
columns and A’s in rows until either a column with no B
to circle or a row with no A to circle is found. Note,
not all A’s nor all B’s get circled, only those
encountered in the above search.

For a given pair of symbols (A,B), the next step is
to choose the path genérated by the sequence (either the
X-A sequence or the X-B sequence) that contains the least
number of circled symbols (i.e., A’s or B’s). For all
such pairs of symbols, the step is to choose the pair
(A,B) that contains the least number of circled symbols
(either A’s or B’s). This sequence determines the
minimum number of rearrangements necessary to establish a
path from the input to the output of the rearrangeable
matrix. .

Rather than completely generating all the X—a and
X—B sequences, the preferred embodiment generates the
shortest sequence. This is accomplished in block 164 in
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the space domain and block 180 in the time domain using a
technique of the preferred embodiment that shall
hereinafter be called a flocding algorithm. The flooding
algorithm starts by finding the first element of the X-A
sequence. If the X~A sequence is not ended, the first

_element of the X~B sequence is found. Then, if the X-B

sequence is not ended, the next element of the X—A
sequence is found. This process continues until the
shorter of the two se@uences is generated. At the time
that the shorter of the two sequences is generated, the
search terminates. '

The point at which flooding algorithm terminates
determines the path of the minimum number of
rearrangements as indicated in block 166 in the space
daomain and block 182 in the time domain.

In step 172 for the space domain and step 188 for
the time domain, fearrangements take place using a
hitless roll. The sequence of circled symbols, either
A’s or B’s, that the above steps determined are then
changed to clear the blocked cell using the appfopriate
X—A or X-B roll depending on which yields the minimum
number of rearrangements. _

The following Table 1 and accompanying'text.describe
the steps of making the connections to yield
rearrangement of the center stage switches when X—A
results in the minimum number of connection
rearrangements:
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If the X~A sequence yields the minimum number of
rearrangements, then, referring to square matrix 110 of
FIGURE 4, step 172 or 188 of FIGURE 5, as appropriate,
the method is to put an "X" in the (r;,c;) position.
indicating the connection was made through the extra
center stage switch, (TABLE 1, Step 1 indicates this
actibn). Then for the circled B’s, the roll first adds
X’s (Step 2) and then removes the circled B’s (Step 3).
Next, for the circled A‘s, the roll first adds the B’s
(Step 4) and then removes the circled A’s (Step 5).

Then, for X’s appearing in the matrix, A’s are first
added (Step 6) and then the X’s are removed (Step 7).

The following Table 2 and accompanying text describe
the steps of making the connection to yield rearrangement
of the center stage switches when X~B results in the

minimum number of connection rearrangements:
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r =
: STEP ACTION
1 X-(r,c)
2 @-@, X
3 @A, X-X
4 - B®-®, 4
s ®.4-4
6 X-X B
7 X, B~B
mw

The X~B roll occurs in similar fashion to that of
the X~A roll. For example, the first step is to put an X
in the position (ry, ¢;) indicating the connection was
made through the extra center stage (TABLE 2, Step 1).
For the circled A’s, the roll first adds X‘s (Step 2) and
then removes the circled A’s (Step 3). Next, for the
circled B’s, the roll adds A’s (Step 4) and then removes
the circled B’s (Step S5). Then, for the X’s, the roll

‘"adds the B’s (Step 6) and finally removes the X’s (Step

7).

Rearrangement is performed as necessary using a
"head~-end-bridge” and a "receive-end-switc'" to effect a
hitless roll (including the initial connection placed in
the designated or extra element) to the lower numbered '
elements of the matrix. The terms head-end~bridqe and
receive-end-switch are defined and explained
illustratively in connection with the example of FIGURES
15 through 34 below. These steps leave the extra element



46

APPENDI X [err] [ REPLAGEMENT SHEET

e ey
eng Qs o St

28 SEP 998

19

clear and ready for the next immediate connection in a
rearrangeably blocked condition.

Although it is believed that the present
specification and drawings fully and accurately describe
the system and provide sufficient information so that
anyone skilled in the art may practice the inventive
concept,'"Unpublished Appendix A" is provided herewith to
remain unprinted. Unpublished Appendix A includes a
listing of the working source code to enable a computer
to operate and perform the immediate connect method of
the present method and system. '

OPERATION

: Having explained generally the processes of the
pféferred embodiment, the following illustrative example
shows how the preferred embodiment provides an immediate
connect in the presence of a rearrangeably blocked
condition in the space domain.. The time domain method
becomes obvious upon understanding'implementaéion of the
space domain method.

FIGUREs 6 throﬁgh 14 illustrate an example of the
immediate connect method of the preferred embocdiment. 1In
the square matrix 110 of FIGURE 6, cell (1,1) is marked
as blocked because the present connection algorithm
detected that the dedicated center stage switch is the
only center stage switch having both an idle link to
input switch 1 and an idle link to output switch 1.

In response to this condition, the connection
algorithm in effect puts an X at (r,,c,;) to make the
connection, as FIGURE 6 shows. The use of the notation
w¥" herein denotes the use of the dedicated or extra
center stage switch in a rearrangeably blocked condition.
When the designated dedicated center stage switch of the
large matrix configuration is used by the connection
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algorithm, a rearrangeable blocki cohnltion is
automatically detected.

Since the connection pair (1,1) is rearrangeably
blocked, in order for a connection to be possible, there
must exist an idle link between input switch 1 and some
center stage switch, say A. Furthermore, there must
exist an idle link between output switch 1 and some
center stade switch, say B. The pair (A,B) is one pair
of center stage switches to be considered for
rearrangement. In this example, the pair (A,B) is the
only pair of center stage switches that meets the above
criteria. sSince the pair (A,B) constitutes the entire
set of pairs to be searched, (A,B) is the pair that
requires the fewest rearrangements.

; FIGURE 7, shows the X—A sequence and FIGURE 8 show;
the X-B sequence of the immediate connect algorithm of
the preferred embodiment. Together, FIGUREs 7 and 8 show
the operation of the flooding algorithm of the preferred
embodiment. ' For example, the first step starts off in
FIGURE 7 at row r, and finds an A in (r,,c,) which is
circled. FIGURE 8 shows the second step of the flooding
algorithm which uses the X-B sequence and starts off in
column c; to find a circled B in (r;,c;). Then, the third
step takes place back in FIGURE 7 wherein column ¢, is
examined for a B. This is found at position (r,,c5) and .
circled. Since there are no A’s row r,, this X-a
sequence is complete. The two symbols in FIGURE 7
indicate two fearrangements are required.

Although the flooding algorithm of the present
method ends at the third step, if it were to continue, in
FIGURE 8 row r; would be examined for an A, which would
be found in position (r;,c;). This procedure would
continue to alternate between circling B‘s in columns and
A’s in rows until either a column with no B to circle or
a row with no A to circle. The four circled symbols in
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FIGURE 8, therefore, indicate four rearrangements are
necessary in the example.

Since the X-A sequence requires only two
rearrangements, and the X-B requires four rearrangements,
the preferred embodiment choocses the X—A sequence for the
pair (A,B). Since the pair (A,B) is the only pair of
center stage switches being considered, the X—~A segquence
yields the minimum number of rearrangements.

The next step is to execute the rearrangements using
the previously mentioned "hitless roll." Since the X—A
sequence yields the minimum number of réarrangements, the
preferred embodiment uses the X-A roll in this example.
The hitless roll includes the initial connection placed
in the dedicated center stage switch. This roll takes
Place by first perfdrming the necessary rearrangement
using a head-end-bridge and receive-end-switch.

FIGUREs 9 through 14 illustrate executing the X-A
hitless roll. The method changes the sequence of
previously circled symbols A and B to clear the blocked
cell as follows:

For the circled B’s add X‘’s as FIGURE 9 shows. In
this example, this step corresponds toc setting up a head-
end-bridge through the center stage switch at the extra
switch X for the existing connection from input switch 2
through center stage switch B and a receive-end-switch
through center switch X for the existing connection and
from center stage B to output stage 2.

. The next step is to reﬁove'the circled B’s as FIGURE
10 shows. In this example, when a connection exists
through center stage switch X, and output switch 2
receives a good signal, the next step is to take down the
connection from input switch 2 throﬁgh center stage
switch B to output switch 2. i

Then, as FIGURE 11 shows for the circled A’s add
B’s. In this example, this step corresponds to setting
up a head-end-bridge through the center stage switch B
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for the existing connection from input switch 1'through
center stage switch A and a receive-end-switch through
center stage switch B for the existing connection from
center stage switch A to output switch 2. Then, as
FIGURE 12 shows, the circled A’s are removed. 1In this
example, when a connection exists through center stage
switch B and output switch 2 receives a good signal, the
next step is to take down the connection from input
switch 2 through center stage switch A to output switch
2 b .

' Then, the next step is to add A’s to the positions
containing the X’s, as FIGURE 13 shows. In this example,
this corresponds to setting up a head-end-bridge through
center stage switch A for both the connection from input
switch 2 through center switch X to output switch 2 and
the immediate connection from input switch 1 through
center switch X to output switch 1. '

The final step is to remove the X’s as FIGURE 14
illustrates. In this example, when each connection
through center stage switch A exists and the
corresponding output switch receives a good signal, the

- corresponding connection from the input switch through

center switch X to the corresponding output switch may be
taken down. Note that the extra center stage switch X is
left idle, since all connections are rolled off the extra
enter stage switch X to the appropriate center stage
switch.

Haviﬁg described in detail the operation of the
preferred method and system, the following discussion
illustrates the connection path selection method and
system of the preferred embodiment. For simplicity in
describing this aspect of the present invention, the
example considers connections in a further reduced
N(5,4,4) space matrix 220 of FIGURE 15.

FIGURE 15 illustrates the state of a simplified
N(5,4,4) space matrix 220 after initialization. Note
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that the fifth center stage switch 224 is labeled X to
indicate that it is the dedicated or extra center stage
switch. As legend 226 shows, short-dashed lines 228
indicate an idle link, continucus line 230 indicates a
busy link, and long-dashed line 232 shows a switch
connection. Since there are no inputs connected to any
outputs in FIGURE 15, there are no input stage, center
stage, or ocutput stage switch connections and all of the
links between the switches are idle.

‘ With the simplified N(5,4,4) space matrix in mind,
it is possible to detail how to implement computer
software to accomplish the connection path selection and
other purposes of the present invention. Note, however,
that the size of space matrix 220 does not limit the
utility or applicability of the software implementation.
To assist in understanding the software implementation,
the following discussion introduces data definitions and
notations relevant in manipulating the matrices 222, 234,
236, 238, and 240 of FIGURE 16. Note, also, that for
ease in understanding connections, FIGURE 15 uses the
same reference numerals for input gates 90, input stage
switches 92, etc. appearing in the generalized N(m,n,I)
matrix of FIGURE 3. The following data definitions are
useful in the description of the present connection
method and systeﬁ._

In a software implementation, input/output gate or
line conversions occur. For example, 2 connection may be
requested in the form of IL-m~OL-n. In other words,
input line m to output line n. The input line number is
converted to an input switch stage number i and an input
number for that input switch stage j such that
IL-m—-I(i,3j)- Similarly, the output line number is
converted to an output switch stage number X and an
output number for that output switch stage 1 such that
oL-n~0(k,1).
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More formally, I(i,j) is determined from IL-m and
O(k,1l) is determined from OL-n by:

i =1 + Quoty(m-1)

j = 1 + Remy(m-1)

k = 1 + Quoty(n-1)

1l = 1 + Remy(n-1)

where | N is the number of first (input) stage

switches, which is egqual to the
number of third (output) stage
switches;

Quot, is the integer quotient of the

o argument divided by N; and
: Remy is the integer remainder after the

argument has been divided by N.

The following statements and data definitions may be
understood with reference to FIGUREs 15 and 16 to provide
computer-generated matrices to accomplish the purposes of
the present invention.

[Data Definition: Ispace_in_mat(in_stage,in_num) “

In FIGURE 16, the space input matrix 222 for the
FIGURE 15 N(5,4,4) example is a 4x4 matrix which
represents the connection of the input stage switches in
the SSS such as switch 92. Each row of space input
matrix 222'corresppnds to one of the inpﬁt stage switches
92. The columns of space input matrix 222 correspond to
the input gates 90 to each of the first stage switches.
The entries in the space input matrix correspond to the
OutputS_of the first stage switches such as outputs 94.
Since the output of each of the input stage switches is
connected to the center stage switch of the same number,
the entries in the space input matrix may be viewed as
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the center stage switch to which that particular input
stage switch (row), input (column) is connected.
As a result, 'the statement

“ Statement: | space_in_mat(i,j) = ¢ H

causes space input matrix 222 to indicate a connection
from the_jth input of the i®*P first stage switch to center
stage switch c.

The entries in space input matrix 222 range from 0
to X using the simplified example of FIGURE 15. A O
indicates that no connection has been assighed. Entries
of 1 through 4 are normal connections. A numerical entry
in matrix 222 of S5, in this example corresponds to the
entryoof “X" in FIGURE 6 and indicates that the extra
center stage switch 224 has been assigned and the
rearrangement process has been invoked.

Data Definition: space_cnt_mat[cnt_stage, in_stage]

Space center matrix 234 is a 5x4 matrix which
represents the connection map of the center switches in
the space domain such as center stage switches 96. Each
row of the space center matrix corresponds to one of the
center stage switches 96. The columns of the space
center matrix correspond to the inputs to each of the
center stége switches such as inputs 94. The entries in
the space center matrix correspond to the outputs of the
center stage switches such as output 98. Since the
ocutput of each of the center stage switches 96 connects
to the output stage switch of the same number, the
entries in the space center matrix 234 may be viewed as
the output stage switch to which that particular center
stage switch (row), input column connects.

As a result, the statement
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“ Statement: space_cnt_mat(c,j) = k

causes space center matrix 234 to indicate a connection
from the j*® input of the center stage switch "c" to the
xEB output stage switch. The entries in space center
matrix 234 range from O to 4. A 0 indicates that no
connection has been assigned. Entries of 1 through 4 are
normal connections. A zero entry in X*P row (i.e., the
5th row in this example) ipdicates that the extra center
stage switch 224 has been assigned and the rearrangement
process has been invoked.

IlData Definition: space_out_mat[out_stage,out_num) “

Space output matrix 236 is a 4x4 matrix which
represents the connection map of the output stage of the
space matrix in the space domain. Each row of space
output matrix 236 corresponds to one of the ocutput
switches such as output switch 100. The columns of spacé
output matrix 236 correspond to the output from each of
the output switches such as output gates 102. The
entries in space output matrix 236 correspond to the
input to ﬁhich that output connects such as connections
98. Since the input of each output switch connects to
the center stage switch of the same number, the entries
in space output matrix 236 may be viewed as the center
stage switch to which that particular output switch 100
(row), output gate 102 (column) connects.

As.a result, the statement

'Statement: lspace_out_mat(k,l) = C |

causes space output matrix 236 to indicate a connection
from center stage switch "c" to the 1P output of the kth
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output stage switch. The entries in space output matrix
range 236 from 0 to X. A O indicates that no connection
has been assigned. Entries of 1 through 4 are normal
connections. An entry of X (i.e., 5 in this example)
indicates that extra center stage switch 224 as been
assigned and the rearrangement process has been invoked.

Continuing with reference to FIGUREs 15 and 16, the
following discussion details how to implement the
preferred embodiment to represent an idle link between an
input gate and an output gate. In normal operation, the
present connection method attempts to make a giveh
connection through the lowest-numbered center stage
switch. 1In order to make a connection from a given input
stage switch, such as input switch 92, to a given output
stage switch such as output switch 100, there must exist
a certain center stage switch, such as center switch 96,
with the property that there is an idle input link from
input switch 92 to center switch 96 and an idle output
link from center switch 96 to output switch 100.

The present method and system track idle input links
and idle output links by using two different bit map
arrays (one for input links and one for output links).
Each bit array map has a separate row for each row of the
space center matrices. The method uses a group of
primitives to operate upon the bit maps to effect the
connect and disconnect operations. The primitives, in
turn, invoke the rearrangement proceés when required.

Data Definition: | space_in_link{in_stage,cnt_stage]

—

For the example of FIGUREs 15 and 16, space ihput
idle link bit map 238 is a 4xS5 bit array that represents
the idle input links 94 between the input switches 92 and
the center switches 96 in the space domain. Each row of
space input idle link bit map 238 corresponds to one of
the input stage switches 92. The entries in space input
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idle link bit map 238 for a given row (input stage) and
column (center stage) indicate the idle state of the
input link 94 between that input stage and center stage.
An entry of 1 indicates that the input link is idle and
available for assignment. A 0 value indicates that the
input link is in use and is not available for assignment.
A 0 entry in column X indicates that the extra center
stage switch 234 is in use and the rearrangement method

is in progress.

e —— e ————————— - - —
| Data Definition:
| —

space_out_link([out_stage,cnt_stage]

Space output idle link bit map 240 is a 4x5 bit
array that represents the idle output links between the
output and the center switches 96 in the space domain.
Each row of space output idle link bit map 240
corresponds to one of the output stage switches 100. The
entries in the space output idle link bit map 240 for a
given row (output switch) and column (center switch)
indicate the idle state of the output link 98 between
that output switch and center switch. An entry of 1
indicates that the ocutput link is idle and available for
assignment. A 0 value indicates that the output links is
in use and is not available for assignment. A 0 entry in
column X indicates that the extra center stage switch 224
is in use and the rearrangement method is in progress.

Having described the maps for representation idle
links, the following describes primitive operatiodns
useful to manipulate the space idle link bit maps 238 and
240 for connect and disconnect operations.

ﬂ Primitive: I init_links() : “

The initialize idle link bit maps primitive (used
only for start-up operations) creates both space input
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idle link bit map 238 and space output idle link bit map

' 240 for the preferred embodiment. All entries in the

idle link bit maps are initialized to 1, indicating that
all links are idle.

ﬂ Primitive: | set_link(i/o, j, k)

This primitive sets the k*™® bit of the j*® row of the
bit map specified by the "i/o" parameter to 1. If the
bit map contains n elements and the value of j exceeds n,
then the computer returns an error flag. Otherwise, the
kt® element is set to 1.

— S — I —
clear_link (i/fo, j, k) %

—— e —————t———— - ;]

This primitive clears (resets) the k®B bit of the j*®
row of the bit map specified by the i/c parameter to 0.
If the bit map contains n elements and the value of j
exceeds n then the computer returns an error flag.
Otherwise, the k™! element is set to O.

Primitive: pump_link(space_in_link[i],space_put_liﬁk
(k1) '

The preferfed method and system connect between an
input switch stage i and an output switch stage k using
the lowest numbered center stage switch available. This
is accomplished by a process that hereinafter shall be
called "pumping" space n_link{i] and space_out_link(k].
That is, space_in_link(i] is logically "ANDed" with
space_out_link(k] to determine ¢, the lowest numbered
center stage switch with both an idle link to input stage
i and an idle link to output stage X. The index of the
first non-zero entry in the result of the logical AND is
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c, the lowest numbered center stage switch with both an
idle link to input stage i and an idle link to output
stage k. The two links to ¢ are then marke” as "busy" in
space_in_link(i] and space_out_link([k] and the center
stage number ¢ is returned. Table 3 illustrates an
embodiment of this primitive macro.

e —— — ey g p—— ——

PUMP LIST MACRO FLOW CHART

pump_link(space_in_link([1], space_out_link(k]
int ¢, i, k, x[xtra_stage];

. )

int 3j;

x = space in link(i] && space_out_link([k];

3

for (j = 1; j < = xtra stage; j++0
{ _

if (X(3) ==1)

{

c =37

break;

}

}

clear_link(space_in_line, i,c);
clear_link(space_out_link, k, c);
if (c == xtra_stage) '

{

rearrange = 1;

1

return(c);

¢ .

M

FIGURE 16 illustrates the implementation data
matrices after initialization. The corresponding entries
in the connection path selection matrices space_in_mat
222, space_cnt_mat 234, and space_out_mat 236, for the
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example, are illustrated in FIGURE 16. Since there are
no switch connections, all of the entries are 0. The
contents of the space_in link 238 and space_out_link 240
bit maps are as shown at initjalization. 'Note that each
input stage switch and each output stage SQitch has a 1
element for each idle center stage switch. In this
example, after initialization, all five center stage
switches are marked as "idle".

FIGURE 17 shows the implementation data after the

first connection. Suppose the first connection requested

is to connect input line 1 to output line 1, or more
simply, IL-1-OL-1. The first step is to convert the _
input line number to an input switch stage number and an
input number for that input switch stage. In this case,
IL-1-I(1,1). Similarly, the output line number is
converted to an output switch stage number and an output
number for that output switch stége. ‘In this case,
OL-1-0(1,1). So, we are going to make a connection
between input stage 1 and ocutput stage 1.

The present method and system attempt to make the
connection between input étage 1 and output stage 1 by
using the lowest numbered center stage switch available,
which in this case is center stage 1. This is
accomplished by using the pump list macro of TABLE 3 to
compare space_in_link[1] with space_out_link[1] in FIGURE
16 and set the idle connects of the lowest center stage
number common to both bit maps to "0". Then, the
space_in mat(i,j) and the space out_mat(k,l) are set
equal to that center stage number, and the
space_cnt_mat{c,j) is set equal to k. The corresponding
space matrix data entries are shown in FIGURE 17 and the
resultant state of the space matrix 220 is shown in
FIGURE 18. ' _

The following statements accomplish this process:
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H TABLE 4 -

_ CONNECT STATEMENTS : J

xX=Dp

| space_in mat(i,j) = ¢;
space_cnt_mat(c,i) = k;
space_out_mat(k,l) = c;

where, in this case, i=j=k=l=m=c-1.

Assume the procedure of adding connections continues

until n?-2 connections have been made (presumably without
rearrangement) with the resultant space matrix shown in
FIGURE 19 and connection path selection matrix data shown
in FIGURE 20. '

~ Then, the request to connect IL-13 to OL-7 is
received. The request to connect IL-13 to OL-7 converts
to a request connect I(4,1)—0(2,3). The present method
and system attempt to make the connection between input
stage 4 and output stage 2 by using the lowest numbered
center stage switch available, which in this case, is
center stage switch number 4,'as illustrated in FIGURE
20. The pump_list macro of Table 1 compares space_in -
link({4] with space_out_link(2], determines the lowest
center stage number common to both bit maps, and sets the
idle status to "busy" in both bit maps. Then the
space_in mat(i,j) and the space_out_mat(k,l) are set
equal to that center stage number and the |
space_cnt_mat(c,j) is set equal to k.

The corresponding space matrix data entries are
shown in FIGURE 21 and the resultant state of the space
matrix is shown in FIGURE 22. This process is
accomplished using the following statements from the
connect routine as before:
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TABLE 5 -

| CONNECT STATEMENTS
|m
X = pump_list(space_in_iink(i], space_out_link(k]);

space_in mat(i,j) = c;

space_cnt_mat(c,i) = k;

space_out_mat(k,1l) = c;

where in this case, i=4 j=1 k=2 1=3 m=13 n = 7 and c=4.
- — — —  — _——— ——  — ——— —— — — __ — —— ______——

_ Suppose the next request is to disconnect IL-13 from
OL~-7 (which takes down the connection that was just
made)-. The request to disconnect IL-13 from OL-7
converts to a request to disconnect I(4,1)—0(2,3). The
put_back macro accomplishes the disconnect by breaking
theéconnection between input stage 4 and output stage 2
and putting the freed-up center stage switch, number 4,
back on the input/ocutput stacks for subsequent use. More
specifically, the put back macro determines the freed-up
center stage s#itch number and puts it back in the proper
positions on both of the ordered-linked lists in
space_in_link{4] and space_out_link{2]. Then, the
space_in mat(i,j), the space_cnt mat(c,j), and the
space_out_mat(k,l) are set equal to 0.

The corfesponding space matrix data entries are
shown in FIGURE 23 and the resultant state of the space
matrix is same as shown before FIGURE 18. The disconnect
is accomplished using the following statements from the
put_back macro:
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. TABLE 6

DISCONNECT STATEMENTS
Pm - s — - ﬁ

c = sﬁace_in_mat (i,3);
set_link(space_in_link, i, ¢);
set_link(space out_link, k, c);
space_in _mat(i,j) = 0;

space_cnt_mat(c,i) = 0;
space_out mat(k,l) = 0;
where in this case, i=4 j=1 k=2 1=3 m=13, n=7, and c=4.

e

Next, suppose we receive a regquest to connect IL-13
to OL-12. The request to connect IL-13 to OL-12 converts
to a req%est to connect I(4,1)—0(3,4). The present
method and system attempt to make the connection between
input stage 4 and output stage 3 by using the lowest
numbered center stage switch available. In this case,
the X2 or extra center stage switch 224 is the lowest
number available center stage switch, as illustrated in
FIGURE 25. '

As before, the pump_list macre accomplishes this by
comparing space_in_stack([4] with space_out_stack(3] in
FIGURE 23, determining the loweét center stage -number
common to both bit maps (which in this case is center
stage switch "X"), and setting the idle status to "busy"

in both bit maps. Then, the space_n mat(i,j) and the

space_out_mat(k,l) are set equal to that center stage
number and the,space_cnt_mat(c,j)'is set equal to k. An
entry of 5 indicates that the X'} center stage switch has
been assigned and the rearrangement process is
automatically invoked. The corresponding space matrix
data entries during rearrangement are shown in FIGURE 24
and the resultant state of the space matrix during
arrangement is shown in FIGURE 25.
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The following immediate connect statements
accomplish this:

TABLE 7

IMMEDIATE CONNECT STATEMENTS

pump_list(space_in_stack([i],space_out_stack(k]);
' space_in_mat(i,j) = c;
space_cnt_mat(c,i) = k;
space_out mat(k,l) = ¢c;
where in this case, i=4 j=1 k=3 1l=4 m=13, n=12, and
c=3.

e
——

. As a result of the rearrangement algorithm the
connection I(4,3)-0(2,1) that FIGURE 26 shows is "rolled"
from center stage switch number 2 onto center stage
switch number 4. This roll is performed hitlessly by
creating a head-end-bridge at input stage switch 4 and a
receive-end-switch at output stage switch 2 as shown in
FIGURE 27. When the correct path is received at output
stage switch 2 from center stage switch 4, the original
connection through center stage switch 2 is dropped as
shown in FIGURE 28 and the space matrix data is updated
as shown in FIGURE 29.

The previous roll now allows the immediate
connection, I(4,1)—-0(3,4), as FIGURE 31 shows, which is
on center stage switch X 224, to be rolled onto center
stage switch 2.

This roll is performed hitlessly by creating a head-
end-bridge at input stage switch 4 and an receive-end-
switch at output stage switch 3 as shown in FIGURE 31.
When the correct path is. received at outputs stage switch
3 from center stage switch 2, the original connection
through center stage X 224 is dropped.
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Rolling the immediate connection, I(4,1)=0(3,4), off
the extra center stage switch completes the rearrangement
process for this connection. Note that this process
leaves the extra center stage switch clear and ready for
a next connection when a rearrangeable blocking condition
occurs. FIGURE 32 shows the resulting state of the space
matrix after rearrangement. FIGURE 33 shows the
corresponding space matrix data entries after
rearrangement. _

In FIGURE 34, the rearrangement aspects of the
preferred embodiment are applied to the above example
appear. Once the preferred embodiment uses dedicated
center stage switch 224 to make the immediate connection,
the system of the preferred embodiment invokes the
rearrangement process automatically. First, the system
determines two center stage switches which will
participate in the rearrangement process. This is
accomplished using Paull’s Method which is restated as
follows: ' -

If (r,,c,) is blocked, test all symbol pairs (A,B),
such that A is in row r, but not in column ¢, and B is in
c,, but not in r;, to find which pair will require the
fewest changes. The method then carries out the changing
algorithm on that pair.

Retﬁrning to the space matrix example of FIGURE 25,
it is preferred to first transform the space_cnt mat
matrix data in FIGURE 24 into the format of FIGURE 4.
FIGURE 34 illustrates the results of this transformation.

The use of the dedicated center stage switch is
indicated by the X in (r,,c3) of FIGURE 34. The next step
is to find all symbol pairs (A,B) such that A is in row
rs, but not in column c;, and B is in column ¢;, but not
in row r,. In this example, there is a 2 in row r,, but
no 2 in column c,, so A is set to 2. Similarly, there is
a 4 in column c3, but no 4 in row r,, so B is set to 4.
Since there is only one value for A and one value for B,
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the (A,B) pair that requires the least changes is,
obviously, the pair (2,4).

For a given pair of symbols (A,B) there are two
possible rearrangement sequences. One of these two
generally will be shorter. The following steps generate
the X-~A and X-B sequences for this example.

The X-A sequence starts with the immediate
connection through the extra element and ends up with the
blocked cell being assigned to element A or 2, in this
case. Starting with the blocked cell (rj,c;), there is no
4 in row ry, so this step requires a circle around the 2
in row r;. Now, the circled 2 is in (r4,cy). Then, a
search for a 4 in column c, is necessary. Since there is
none, this sequence is complete. (Note that not all 2’s
get gircled.)

The X-B sequence starts with an immediate connection
through the dedicated element 224 and ends up with the
blocked cell being assigned to element B or 4, in this
case. Starting with the blocked cell (r;,c4), there is no
2 in ¢4, so a circle goes around the 2 in ¢,. Now, the
circled 4 is in (rj,c;). Then, a search for a 2 in r;
takes place. Since there is none, the sequence
generation process is complete. (Note that not all 4’s
get circled.) _ _

The flooding algorithm starts by finding the first
element of the X—-A sequence. If the X-A sequence is not
ended, the first element of X—B sequence is found. Then,
if the X-B sequence is not ended, the next element of the
X—~A sequence is found. This process continues until the
shorter of the two sequences is completed. ' (So, the X-B
sequence shown in FIGURE 34 is not really generated. It
is shown here as an illustration of the alternate path.)

In summary, a method and system are provided for
finding an optimal path or connection configuration
ﬁhrough a communications matrix in which an input stage
array represents the assignment of input gates through an
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input switch to a center stage and has values that
associate an input stage switch with an input gate and a
center stage switch, a center stage array represents
center stage switch connections between an output stage
and input stage, and an output stage array represents
output stage connections and has values that associate an
output stage switch with an output gate and a center
stage switch, and, further, wherein an idle input array
represents idle input gates and an idle output array
represents idle output gates, and in which the optimal
connection path or configuration is determined by pumping
the input stage array and the output stage array to
determine an optimal center stage switch having idle
connections between a predetermined input gate and a
prede?ermined output gate. One'important aspect of the
preseﬁt invention is its use in identiffing the presence
of a rearrangeably blocked condition of a rearrangeable
communications matrix. o

As a result of the above, although the invention has
been described with reference to the above embodiments,
its description is not meant to be construed in a
limiting sense. Various modifications of the disclosed
embodiment, as well as alternative embodiments of the
invention will become apparent to person skilled in the
art upon reference to the above description. It is
therefore contemplated that the appended claims will
cover such modifications that fall within the true scope
of the invention. '
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..""".".'.../

- .
/n.'."'l""t'.."D’tl"..,pt........"""""'.'....'..t""'..""'.'./

/* vy
/* Bowdon's Immediate Connect Algorithm (BICA) */
* . »
’I".""'l."Q""'.'"""‘..'IQ""'Q'.O"'.'.."""."""""'."".
/.'t'.""'.'"'.”"."""'.'."'.l...Q'."."'l"t"'t"""'.f"'."'/

/* To begin proceed to the main program at the end of the the listing. +/

Jinclude (stdio.h>
tinclude <math.h>
§include <malloc.hd
Vinclude (sys/types.h}
tinclude <sys/timeb.h>
finclude <(sys/time.h>

/* Global variables for immediate connection algorithm. */
int in_line, '
out_line;
int in_stage,
in_num;
int out_stage,
out_num;
int n, '
m;
int command_count,
command_end = 10;
int ¢ rearrange_space,
rearrange_time;
int space_in_mat{16](16];
int space_cnt_mat(17](16];
int space_out_mat(16] {16} ;
int space_in_link([16][17);
int space_out_link[16]}[17};
int xtra_stage = 17;
int craffic(2]{28672};
/* Global variables for rearrangement algorithm. v/
int: BTOA_MV([31])[3].
ATOB_MV(31}{3];
int flag_A = 0,
flag_ B = 0;
It *sort_array ()i
int *chk_space_in_status (); -
int *chk_space_out_status ();
int *chk_space_blocking ():
int ‘*shuffle ():
int ’ *implement PM2 ({);
char name_in{13};
char name_out{13};
static int in_file{22);
FILE *fp_in,
. *fp_out;
int seed_array{10}:

int p_level; '
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/* Structure to hold current network permutation before rearranging.
struct p_coordinate

A

int X .
int Y: ar -
. int z; _ REPLACEMENT SHEET
?truct p_mat_pos . 28 SEP 1998
struct p_coordinate position(256);

}:

struct p_mat_pos rearrange_Jd;

/* Structure to hold the ocutput of the rearrangement sequence.
struct seq len.
(
int input_sw;
int old_mid_sw;
~int nev_mid_sw;
int output_sw;

=ruct rearrange_seq

{
struct seq len move{15]);

Struct rearrange_seq rearrange_fmoves;

*/

*/

/'."‘."".".QQ""."."'Q.".""'"'."".’Q"""."""'.".'.'"../

/" .
/* This is the subprogram for BICA's number of moves from B calc.
/Q

*/
*/

L 4

/t'."”Q*’,'f""‘*'*f"t*"'!'t't'tlQt"t"*"""""""'""’t"’i t”./

/".".’""""’."""""""""-."""'t""".".'.."’"'t*"""'

/* This function first reads the rearrangement structure and picks out
/* the connections in the middle switch pair (A, B). The arguments to
/* this function are the starting point (RB, CB) and the pair (A, B).
/* The function returns the number of moves starting from B. For

/* reference, the starting point is described by Paull as (R1l, C2).

*/
*/

*/

*/

1/-

/""'tti"f"".ltti’"""""."ti""".""'!"'I'.‘Q"'Q't.""'.""/

chk_Paull_mat_BTOA (RB, CB, B_least., A_least)
int RB,

CB;
int A_least,

B_least;

int i,
j.
m= 0,
n=20,
¥yl - 0,
y2. =0,
y3 = 0,
nl =0,
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int x1

int " flagl =0,

fl‘g: - 0,
temp_flag = 0,
- k2 = 0;
int r_temp = 0,
c_temp = 0,
F2 = 0;
int chosen_msw_A[16](3
chosen_msw_B{16] (3

c_temp = CB;
me 1;
n=- 2;

zero (chosen_msw_A, 48);
zero (chosen_msw B, 48);

for (i = 0; 1 ¢ 256; i++)
( .
xl = rearrange_3d.position{i}.x:
x2 rearrange_3d.position([i]).y:
x3 = rearrange_3d.position(i}.z:

if (x3 == B_least)
(

chosen_msw_B[m1}{0] = x1l:
chosen_msw_B{ml} (1] = x2;
. chosen_msw_B(ml][2] = x3;

ml+s;

)

if (x3 == A_least)

(
chosen_msw_A[m2} (0] = x1;
chosen_msw_A[m2] (1] = x2;
chosen_msw_A[m2} (2} = x3;

m2++;
}
?hile (temp_flag == 0)

kl = 0; '
for (i = 0; 1 < 16; i++)
{

xl = chosen_msw_A[i]{0}):
x2 = chosen_msw_A{i](1];
x3 = chosen_msw_A{i]([2];

],
]

/’

/'

/'

/-

/t
/t

/t
/0

Initialize target matrices.

Read rearrangement struct.

Pick out connections from
middle switch B and store
in chosen_msw B.

Pick out connections from
middle switch A and store
chosen_msw_A.

Start from (Rl., C2), check
A's in the same column.

if (x2 == c_temp &5 %3 == A_least) /* Found an B?

BTOA_MV[m)[0] = x1;

/'

Yes, then store current

*/

*/

*/
*/

*/
*/
*/

*/

*/
*/
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BTOA_MV(m] ] = x2; /* connection

BTOA_MV(m) <) = x3;
mes;
r_temp = Xx};
break;

}

Kles;
)

if (k1 ~= 16)
flagl = 1;
temp_flag = 1;
F2 = m;

)

if (flagl == 0)

k2 = 0;

BTOA_MV.

AEPLACEMENT SHEET

for (i = 0: i € 16; i++) /* Start from (Ri, C2). check
| /* B's in the same row.

x1 « chosen_msw_B[i}{0);
x2 = chosen_msw_B[i)[1];
x3 = chosen_msw_B{i}[2): -
if (x1 == r_temp &6 x3 == B_least)
i ({

/* Found an B?

BTOA_MV{m] [0]) = x): /* Yes, then store
BTOA_MVim]{1] = x2; /* current coannection
BTOA_MV{m) {2] = x3; /* in BTOA_MOV.
mes;
c_temp = Xx2;
break;

}

K24+ ;

)
if (k2 == 16)

flag2 » };
temp_flag = 1.
F2 = m;
)
)i -
return (F2); /* Return the number of moves from B.

)

*/
*/

*/
*/
*/

*/

/""O"""'"""""Q""!Q"""'O"OO".Q"'!Q'Q’f."."t""'t"i"/

/'

/* This is the subprogram for BICA's number of moves from A calc.

/'

/."'.'...'.."".’.'.","'."""'"'"""""’""""'t"".""""

/"0""""'."..'I"'.",'"'""."0'..""""""'""'"'.."'I".Q

/* This function first reads the rearrangement structure and picks out

/* the connections in the middle switch pair (A, B).

The arguments to

*/
v/
=/
*/
*/
*/
*/

28 SEP 1998 |

e VI




62

APPENDI X A [ ERR]

43

_ . APPENDLX A
/* this function are the starting point (RA, CA) and the pair (A, B).

-/* The function returns the number of moves starting froma. For

/* reference, the starting point is described by Paull as (R2, Cl).

/"'.Q""".'Q"".-""l"."""'tt"'...'l"'.’"" .""ﬁ"t.""'.../

~hk_Paull_mat_ATOB (RA, CA, B_least, A_least)

int RA,

CA;
int B_least,
{ A_least;

Cint

int “x1

»®
~

L0 I I I I |
o
-

m2 = 0;

int, flagl = 0,
flag2 = 0,
flagl = 0,
temp_flag = O,
k2 = 0;

int r_temp = O,

' c_temp = 0,

Fl -0, A
F2 = 0;

int chosen_msw_A[16]{3],
chosen_msw_B{16])[3};

33N

temp = RA;

zero (chosen_msw_A, 48);
zero (chosen_msw_B, 48);

Cfor (i = 0; i ¢ 256; i++)
(
xl = rearrange_3d.position{i].x;
x2 = rearrange_3d.position{i].y:
x3 = rearrange_3d.position{i].z;

if (x3 == B_least)

{
chosen_msw_B[ml][0]) = x1;
chosen_msw_B{ml])[l] = x2;
chosen_msw_8{ml) (2] = x3;
mles;

REPLACEMENT SHEET
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v/
*/
*/

/* Initialize target matrices.

-~

/* Read rearrangement struct.

/* Pick out connections from

/* middle switch B and store -

/* in chosen_msw_B.

v/

*/

v/

Y

v/
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if (x3 == A_least® ' -
chosen_msw_A[m2][0) = x1; /* Pick out connections from +/
chosen_msw_A(m2] [1] = x2; /* middle switch A and store +/
chosen_msw_A([m2] (2] = x3: /* in chosen_mswv_A. v/
m2++;
)
)
while (temp_flag == 0)
kl = 0;
for (i = 0; 1 ¢ 16; i++) /* Start from (R2, Cl), check +/
{ /* B's in the same row. */
xl = chosen_msw_B(i][0];
x2 = chosen_msw_B(i](1];
x3 = chosen_msw_B{i])[2];
if (X1 == r_temp $& X3 == B_least) /* Found an A? +/
{ .
ATOB_MV([m} [0) = x]; /" Yes, then store current 4
ATOB_MV(m}{1l] =« x2; /* connection in ATOB _MV. */
ATOB_MVIm} [2) = x3;
me+
c_temp = x2;
break;
}
kle+;
) 4
Lf (K1 == 16)
flagl = 1.
temp_flag = 1;
Fl = m;
)
if (flagl '= 1)
{
k2 = 0;
for (i = 0; 1 < 16; i++) /* Start from (R2, Cl), check */
{ /* A's in the same column. v/
x1 = chosen_msw_A[i]{0]);
x2 = chosen_msw_A[i]{1l];
x3 = chosen_msw_Ali])[2}: -
if (x2 - c_temp & x3 ~= A_least) /* Found an A? r/
( ' :
ATOB_MV[m] (0] = x); . /* Yes, then store Y4
ATOB_MV(m] (1] = x2; /* current connection */
ATOB_MV(m} [2] = x3: /* in ATOB_MOV. v/
m#d-:
r_temp = X1;
break;
L2+*;

}
if (k2 == 16)
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/t-
/t
/t
/'
/"

/t'
/'
/.
/0
/'
/"

/t'
/"
/'
/0
/0
/n
/'
/'
/t
/'
/o'

int
int
int
int
(
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flag2 = 1,
temp_flag = 1;
Fl = m;
}
: )
return (Fl); /* Return the number of moves from A, */
l""'.'-."t"'.'t""'l"t""t"t"'!!I"'Q'."""t'.""."t.'"'/
*/
This is the subprogram for BICA's rearrange output. v/
. *
't.."'.""*"'""".""’.""""‘.."""'."""."..""'."""5
tl..'l""'"'t."""."’."Q'.'"O""t""’.f'."""""..'.""'t.‘/
This function is the output of the rearrangement procedure. The v/
arguments to this function are the required number of moves and the */
pair (A, B). The sequence of moves is written into the output */
structure rearrange_moves. V4
"'.'Q""-""."""t""."""""""'"'l'."’."""f""'."""/

-'".""'"‘.""""""'i'.""""""-"'.""".".'"".."'.’"/

The output of the rearrangement process is a structure of the form: v/
*/
struct seq len : V4
{ C */
int input_sw; */
4 int old_mid_sw; : : : : */
int new_mid_sw; o . v/
int out_sw; ' */
) */
_ 2/
Q"""'."'"'Q""""'i't""".!.t't".""""""'Q"""..""'/
rearrangement_output (no_moves, AR, BR)
no_moves;
AR ;
BR;
int i,
3.
k,
m,
n;
int xl = 0, -
x2 = 0,
X3 = 0;
int yl = 0,
y2 = 0,
¥3 = 0;

for (j = 0; j < no_moves; j++)

%f (flag_A == 1 g4 flag_B == 0) /* Is sequence from A smaller? */

yl = ATOB_MV[j)(0): /* Read Input switch */
y2 = ATOB_MV(3])(1}: /* Read Qutput switch +/
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¥3 = ATOB_MV{3i'f2]); /* Read Middle = itch ¢/
)

%f (flag_B == 1 &5 flag_A == 0) /* Is sequence from B smaller? */
_Mv{jl{0); /* Read Input switch +/
¥2 = BTOA_MV[j)(1}: /* Read Qutput switch +/
(3} 12}: /* Read Middle switch +/

rearrange_moves.move(j].input_sw = yl; /* Store Input switch +*/

rearrange_moves.move[j].old_mid_sw = y3;
/* Store Qld Midddle switch ¢/

rearrange_moves.move(j].output_sw « y2; /* Store Output switch */

/° Store New Middle switch */
if (y3 ==~ AR) /* Change A's to B's. v/
rearrange_moves.move(]j].new_mid_sw = BR;

if (y3 == BR) . /* Change B's to A's. v/
rearrange_moves.move(j) .new_mid.sw = AR;
}

return;

/VI"..":...'I’"."I"'.-"'.'.'"""""""""""'."""*."""""'/

/* ) */
/" This is the subprogram for BICA's zero functionm. _ v/
/" */

/'I""""'.""'Q" ""‘"""“""""."'."'.’*"“""'""""""‘/

zero (A, n)
int *A;
int n;
{
int i;
for (i = 0; i ¢ n; i++H)
*(A + i) = 0;
return; :
)

/*""'."."""""Q """""."’.'"'.'.""""*".""."""'.""’/

. . 7
.*” This is the subprogram for BICA's hunt algorithm starting point set. */
/’ . '/

/. ""’.".t"'.""""'I*""""""""""""".""".""ﬁ"""'/

/"'."""""""'.'"""'""I."""."'.*"".."*"""'Q'f"*.""/

. /* This function sets the starting points for the hunting algorithm */

/* from A § B and executes the algorithm. The set of connections to be */
/* moved are stored in either ATOB_MV or BTOA_MV if either the sequence */

/* from A is shorter or the segquence from B is shorter, respectively. v/
/* The arguments to this function are the middle switch pair (A.B), */
/* an index and the blocked matrix position (R1,Cl). The function */
/* returns the length of the shortest segquence. v/

/l'""""'"""".".""’.'.Q'."."'I."."'.'.".""""""""’.'/
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rearrange ~=q (rl_B, cl_A. sw_index, Rl. 1)

ATOB_MV(0]) {1] = C{0];

for

¢

Xl =
X2 =
X3 =

(L = 0; 1 ¢ 256; i++)

%f (x1l == R1)
R1_CONN[m] (O]
R1_CONN(m] (1}
R1_CONN{m) (2]

M= H

47
rl_B;
Cl_A;
sw_index;
Rl;
Cl;
int i,
Je
k =0,
xl = 0,
x2 = 0,
x3 = 0,
m,
n,
temp_mov = 0,
temp - 0;
int num_moves = 0,
mr = 0,
mc = 0,
. w_seq = 0;
int R{3],
(of 3
undef_flag = 0;
int num_moves_A = 0,
num_moves B = 0,
Fl = 0;
int F2 = 0,
R1_CONN{16]({3],
Cl1_CONN[16)(3):
zero 15);
- zero 15);
zerc (ATOB_MV, 93);
zerc (BTOA_MV, 93);
zero (R1_CONN, 48);
zero (Cl_CONN, 48);
me 0;
n=20;
R{O] = R1;
c{o) = C1:
BTOA_MV[0]{0] =-R[0O]:

/* Pick out middle switches in (R1,Cl).

rearrange_Jd.position{i].x;
rearrange_3d.position{i].y:
rearrange_3d.position{i}.z;

/* Store middle switches in R1.

/* Read structure.

*/
*/

v/
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%f (x2 == C)
C1_CONN[n] [0} = x1: /* Store middle switches in Cl. +/
C1_CONN([n)[1] = x2:
C1_CONN([n][2) = x3:
n++;
}
)
for (i = 0; i < 15; i++) /* Find the matrix position R2, C2. */
{
x1 = R1_CONN[i])[2]): /* R1_CONN is the connections in Rl ¢/
x2 = C1_CONN[i)(2]); /* Cl_CONN is the connections in Cl */

if (x1 == rl_B)
C(1l] =~ RI CONN[x][l]

if (%2 == cl_A)
} R{1l) = CI _CONN[i}([0]):

/* Set start point for search from AsB. */

BTOA_MV[O0][1] = C[1);

ATOB_MV{O0][0]) = R{l) /* A is from (R2, Cl); B from (Rl, C2). */
BTOA_MV[0] (2] = rl_B; /* The 3rd element of BTOA_MV & ATOB_MV */
ATOB_MV(0}[2] = cl_A; /* is alternating sequence of A's ¢ B's */

; B /* A's are changed to B's § B's to A's. */

/* Set starting point for A. */
mr = R[1l];
mc = C[0]};

/% Hunting algorithm from A. +/
num_moves_A = chk_Paull_mat_ATOB (mr, mc, rl B, cl_A); /* REPLACE +/
~ /* W/ FLOQD */

/* Set starting point for B. */
mr = R[{O]};
mc = C{1};
/* Hunting algorithm from B8 +/

num_moves_B = chk_Paull_mat_BTOA (mr, mc, rl B, cl_A); /* REPLACE +*/
/* w/ FLOOD */

Fl = num_moves_A;

F2 = num_moves_B; : . -

%f (F1 < F2) /* Is num_moves_A ¢ num_moves_B ? */
w_seq = 1; /* 1f yes, set flag A = 1, flag B = 0. +/
num_moves = Fl; :

flag_ A = 1;

flag_B =~ 0;

1l

%f {F2 < F1) /* 1ls num_moves_B < number_moves_A °? v/
w_seq = 2; /* 1f yes, set flag A = 0, flag B = 1. »*/
num_moves = F2; '
flag_A « 0;
flag_B = 1;



representing
stage switch
array (234);
t hrough an

.Stage array

stage switch
switch links
array (240);

center stage switch connections (94, 99) RBRLAGEMENANSHERDUI
(92) and an output stage switch (100) Byta center stagg 5
representing the assignment of a centjen hi(96)
out put stage switch (100) to output gatjes %8%%&%8; puy put
(236); representing idleggnput swt¢hH4-+rks—te—sai-e center
(96) by an idle input link gefmyx 423%) and idle output

frorh sai d center stage switch (96) by an Tadre outrputr—T1nk
and ¢ (F1 == F2) /* 1s number_moves_A = number_moves B ? */
( ' -
w_seq = 1; /* 1f yes, default to sequence from A. </
num_moves = Fl;
flag_ A = 1; /* and set flag A -~ 1, flag B = 0. ./
flag_B = 0:
return (num_moves); /% Return the least number of moves. */
}
/'t'."!t';"t"""'t""'l..t""!""tt.'."""'Q'...'.""'.'Q't"t'/
/* */
/* This is the subprogram for BICA's implement change algorithm. ./
/" */

/."""""."'.'..."."."".'""""'.'."""'.."""'.""".""/

""""'"""""""".'."Q""."I'.""'Q't."."'.?."".""."'/

/* This function implements the hunting algorithm to find the sequence </
/* of moves required for rearrangement. The arguments to this function +/
/* are the middle switch pair (msw_A, msw_B) and the index. 4

/"t't""."'.'.'."""I"t""'"'"""""""Qt'l"""'l"'."""/

int implement_change (msw_B, msw_A, index)
1t msw_B;
wnt msw_A;
int index;
{ i
int i,
3.
-K;
int len_of_seg = 0;

len_of_seq = rearrange_seq (msw_B, msw_A, index):
rearrangement_output (len of_seq, msw_A, msw_B);
return (len_of seq).

)

/""I".".'."""'""","""'I’".""‘".""'.""'."""".""/

/* */
/* This is the subprogram for BICA's calculate number of moves. : */
/' '/

/t"t’.'”'Q'""."""."'.""t"'.""""‘."""""""".'."""/

-~
/’..".""'Q”"""'"""".""""'"”'""""”"""..'QQ','.l"/

" /* This routine uses the implement_change_algorithm function to £ind */

/* the number of moves required for the sequence of moves from sw A and */
/* and for the sequence of moves from sw_B for the existing connections ¢/

/> in the center stage switch pair (A, B) and returns the number of v/
/* moves required for the smaller of the two sequences. */
/"""Q"'Q.'t"‘.t"'!"i"""t"-'1'."'t'.'!"'.i'i't’."t't!"'Q"'/
int calc_nom (sw_B, sw_A, index)
int sw_B,

sw_A,

index;



associating said input stage array (222), said out put
and said center stage array (234) according to the val
input link array (238) and said idle output link array
an optimal center stage switch having an idle input i
predeterm ned i nput gate and said optinmal _center stage|s

out put link between said optinmal center éi%ﬂf‘x and a pr
gat €. int num_mc  S;
num_moves = implement_...ange (sw_B, sw_A, index):
return(num_moves);

}

f..."".".".."""..""."""'."'.'.'.."Q..’.".....""”""ﬂ.'/
.

7 */
/* This is the subprogram for BICA's matrix model conversion. o/
’* v/

/""l 'TTEX X XETENESIE TN LA AR AR AAAS S AR NS AL Al Al ""'.'.'."'."I""'.....'/

/"Q"'Q‘t.""""t""'."'t"""t"."""""I"O""'.""'""'."'/

/* The present implementation of Paull's method needs the connect data */

/* in the following structure. -5
/* .
/" struct p_coordinate */
/* ( ./
VA int input_sw; V4
/" int output_sw; . ./
/* int cnt_sw; v/
/* ) - | v/
/* */
/* struct p_mat_pos */
/. [ t/
’* struct p_coordinate{256); v/
v ) v/
’* , */
/""""0'0.'.'I"""'l""'.""f"""'.'"""".""."'-"""""/
i
void matrix_model_conversion ()
(
int i,
J.
X1,
x2,
x3,
ml = O;

for(i = 1; i <= 17; i++)

for(j = L: j <= 17; j*++)
{

xl = i;
x2 = j;
x3 = space_cnt_mat{i] [(j}:
if(x3 '= 0) _
[ -
rearrange_3d.position{ml}.x = x2; /* lnput switch */
rearrange_3d.position{mi].y = x3; /* Output switch +/
rearrange_3d.position{ml).z = x1; /* Middle switch */
ml++;
}
)
)
return;
)
‘/"'O.'""t"'.."""""'I""""Q"’.Q.'"."""”".""'Q""""/
/’o '/

/* This is the subprogram for BICA's version of Paull’'s method II. v/
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/e APPENDIX A ' ./

/"t"'"'t"t"t."’.ot". P T REERP IR IRV RN EANERIIT IO LAAAAALAL L L ALY

/"'Q---"-'-tc'w'ot"--'tt-co'.o-o"""""""""""""""!'t""'/

'/* This function uses Paull's method II to search for (A, B) pairs. V4

/tt-c"'-"'o.'oct'c"Q'-!to"QQQOO""""""""""'""""""""'/

%nt *implement_PM2 ()
int i,
3.
. k‘
x1,
x2,
m=-20,
n=0:;
int *selected_pair.
Rl_cnt_sw({16],
Cl_ent_sw(l6):
int listofB{16],
listofA[16),
A_temp = O,
B_temp = 0:
int cht_stage_pairs(8]{2].
op_£flag;
int num_moves,
least_moves,
least_pair;
¢
/* convert from ) matrix model to rearrangement structure. s/
/* Return pointer to structure or Global must be visible. 74

matri*_model‘conversion () Vad Converts 2nd of 3-matrix model. */
selected_pair * (int *) calloc (2. sizeof (int)):
/* Given a connect request (I,0), where I is an INPUT SWITCH and O is ¢/
/* an OUTPUT SWITCH, read the row vectors ih matrices 1 5 2. Then, XOR */
/* the two vectors to get a list of candidates for (A,B). */
for (j = 1; j <€ 17; je+)
( .
Rl_cnt_sw(j] = space_in_mat{in_stage](jl:
Cl_cnt_sw{j] ~ space_cnt_mat[out_stage}(j);
for (j = 0: § ¢ 16; j++)

xl = Rl_ent_sw{il;
x2 = Cl_cnt_sw(3j):

if (X1 == 0 §§ x2 !~ 0) /* The XOR operation. v/

listofA[m] = x2;
me<+;

}
iIf (x1 '« 0 §& X2 == 0)

lisﬁofB[n] = xX1:

nbd-,-
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)
}
me0;
n=0;
i=20; :
while ((xl = listofB(i]) !'= 0) /* Create all combinations of */.
/° elements of listofA's */
j =0 /* & listofB's. v/
while ((x2 = listofA[j}) !'= 0)
(
cnt_stage_pairs{m] {0} = x1;
cnt_stage_pairsim] (1] « x2;
m+s;
j++,~
)
ies;
)
least_moves = xtra_stage; .
for (X = 0; k ¢ m; ke+) . /* For each combination of middle */
/* switches, calculate least num. */

B_temp = cnt_stage_pairs(k](0]; /* of moves that are required. */

A_temp = cnt_stage_pairs(k}([l}:
&

if (B_temp !'= 0 &5 A_temp '= Q)
{

num_moves = calc_nom (B_temp, A_temp, k)
)

if (num_moves ¢ least_moves)

least_moves = num_moves;
least_pair = m;

)

*(selected_pair + 0) = cnt_stage_pairs{least;pair][1].
*(selected_pair + 1) = cnt_stage_pairs{least_pair]{0];

return (selected_pair);
]

P

"I._'"".'.""1.."""."'""'I'""."!I'.""."!""""""*"""’/

' ".""..""I"""t'""'ﬁ'."""".I."'.'.""’,""""""'"""/

VA

/> The following are the revised subprograms and main program for BICA. */

’~ .

*/

/"."”"”.',""""""'Q""""""’."""""'""..-'.'t""."./

/"'.""..""""""'.I""""'_"".""".".'..""."""""'.""‘/

/'."".'."""".t""""'"'"'"'l""'.""".""""""."'.""/

/'
;' This is the subprogram for BICA’'s hitless time rearrangement.

v/
*/
*/

'/".'..'""".'"'"'".".'"".""".'.",'f"'.’".’.."'."""""/

int hitless_time_rearrange ()
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stage sw tch;

/* Use Include File.
return;

]

/"'."t'."."'t't!.""""l"'."I""'.""'."i'""""""."'.'../
/T v/
/* This is the subprogram for BICA's flood time algorithm. o/
’* */

/'.'.f"'I'.t"'."'.""."'""".'""".'...."'I'l""""".."'.'./
int flood_time ()

/* Use Include File. */

return;
}
/t"."""""""."""'..l""""l'."'t"""" [ A AL ARl R XXX NY XX ."./
’* */
/* This is the subprogram for BICA's select two time slots. ./
/ */

/"'QI""".'. "'Qt"'."'."."""""'""'."'."'t'*.'."""""""'/

int select_time_slots ()

/* Use Include File. ¢/
. return;
Voo
/."Q’!."'tt"tt."'.'..t""""""Q""'.'""'Q"Q"."""'t""'t'/
/" */
/* This is the subprogram for BICA's hitless space rearrangement. o/
/v '/

/""."""I’ PEPRENSI RPN PR TR RN O RN E PR NPT PRI NPT RRNRRD """'-""""""/

int hitless_space_rearrange ()
(

/* Use Include File. */

return; :

)

/'Q.t”'"'.’t"'f"*"'t"'.""""t’ LA AR A AR A SRR AR R RN KX X'E ¥ T !Q"'t.l'/
/* ' */
/* This is the subprogram for BICA's flood space algorithm. v/
/* vy

'.""'""'"""".'.."'."""""'"'."."’.."t"."”""""".'/
»~

int flocd_space ()
(
/* Use Include File. */
return;

}

/'"'!""i'tt.r""""'l"'"lt"'t.'""t't'!"pt'.""'t't'tt""!”'/

/' '/
/* This is the subprogram for BICA's pump ank macro. r/
/7 v/

/"".'l""'"'."'Q"""""""'..'"""i.""""'"""'.."'.'""/

/"Q'."'.'"""'.I'.."'.""".'I".".'I.""".""'.".""."'...'/
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to detexrmine the louest sumbered Center stage switch, "¢, having ¢/
-/' both an idle link to input stage "i" and an idle link to output \ 4
s stage "k." The first non—zero entry in the result of the logical v/
/* "and” is "c" and the two links to "c" are reset to "0" (marked as v/
/* busy) in space_in_link(i]) and space_out_link{k]. The macro returns +/
/* the value "c.” */
/0'"""I'l'""”""t.".".ltt."""" .i"!t"i..""."Q."'l"""'/
int ~ pump_link ()
{
int c.
i
X;

for {(j = 1; j <= xtra_stage; j++)
x = space_in_link(in_stage}(j] &é space_out_link{out_stage]{j}:

if (x == 1)
( .
c = 3
break;

)

clear_link(space_in_link, in_stage, ¢):

clear_ lxnk(space out _link, out stage. cy;
&

if (c == xtra_stage)

(

]

/* Return center stage. */
return(c): :

rearrange_space ~ };

}

/I""'Q""""""'t""'""*"'"""".""-"""Q"’Q*’.'.'.'.""./

/* */
/* This is the subprogram for BICA's clear idle link bit (to 0). v/
/' '/

/'"""I’""*"'.*"""I"".""'."""'."""'I‘""."""."""I'/

/t!'"!'Q'i'it"'f""""‘Q""Q’t’".!"""Q'""*""!t"". l"""'ti/

* This primative is used to clear (reset) the kth bit of the jth row */
/* of the bit map specified by io to "0." 1If the bit map contains n v/

/* elements and the value of j > n, then an error flag is returned. 7/
/* Otherwise, the kth element is reset to "0." v/
/"""'.'.'I"'Q’Q't..l"'""".'t"'.""""1"""!.' "QQ""'Q.""/
int clear_link(io, j., k)
int io[161(17],

3.

| &
[ .

int error_flaqg.:

if(k ¢= xtra_stage)
(
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{

)

return(error_flag);

error_flag = };

)

/."."'.""".""'l"."."-""""".'."."'."."".Q"""""."/

/' -/
/* This is the subprogram for BICA's set idle link bit (to 1l). ./
/' ) '/

/".-".'Q"""'.."'"""""""'."'.""""'""""‘.."""""'/

/Q'.""I‘."..'.....'..."..""""""-"'."'."".'.'..'”!""""'/

/* This primative is used to set the kth bit of the jth row of the bit -+,
/* map specified by io to "1." If the bit map contains n elements and +/
/" the value of j > n, then an error flag is returned. Otherwise, the +/
/* kth element is set to "1.° ' V4

/Q"..""".""'.""..'IQ."""".'."'.'".'"'-""""'.’."'tl"'/

int set_link(io. j, k)
int @0[16](17],
3. :
|
[ .
int error_flag;

if%k (= xtra_stage)

ioljl k] = 1;
error_£flag =~ 0;

else

{
]

return(error_flag):

error_flag = 1;

!

/".'.’."""i"".""""-f".""'*""""'"""*'"".."""""*/

/* */

/* This is the subprogram for BICA's select two center stage switches. +/
*/

/""i"""',"”""Q'Q""""Q!'0'!"!"'I""t"’!""""""."i"/

int select_cnt_stage ()

{ )

int *center_stage_pair:

center_stage_pair = (int *)calloc(2, sizeof(int));
/* select middle stage switch pair ~/

center_stage_pair = implement_PM2 ();

return(*center_stage_pair);
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/Q""I‘."...'.'_I't.l.". ""'t"t't"tO'il"tﬁvtntawg .t""t'."'l"!/
g3 v/
/* This is the subprogram for BICA's time rearrangement. vy
/I..".""'Q"""""""'i""'.""'.."'.""."'"""".'"""."':j
/* Node D */
void time_rearrange ()
{
int XtoA =~ O,
XtoB = 0;
char last;

/* Select Two Time Slots for Rearrangement. */
select_time_slots ():

/* Find Connections to be Rearranged. */
flood_time ();

/% 06: Which Path Requires lLeast Number of Rearrangements? °*/
if (last == ‘'A’') _

XtoA = 1;
) ,

else

{
%f {last == 'B")

XtoB = 1;

hitless_time rearrange ();
rearrange_time = 0;
return;

}

/."*""'"‘Q".‘"*"'Q"""""""""'"""""'"""”"""'."/

* ) ’/
/* This is the subprogram for BICA's space rearrangement. ~/
/' : '/

/tt.-"""’.""'..""""'"ﬁ.,‘-'.."'"'Q""“"""'t.""."'"I'/

/* Node C */

void ‘space_rearrange ()
int XtoA = 0, "
XtoB = 0;
int *cnt_stage_pair:
char last;

/* allocate memory for pointer to list of connections to be moved. */
cnt_stage_pair = (int *)calloc(2, sizeof(int)):

/* Select Two Center Stage Switches for Rearrangement. */
*cnt_stage_pair = select_cnt_stage (}:

/* Find Connections to be Rearranged. */
ficod_space ():
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/* Q5: Which Path Requires Least Number of Rearrangements?® +/
if (last == 'A’)
{

)

else

(

XtoA = 1;

if (last == 'B')
{

Xtobh = 1,
}

hitless_space_rearrange ();
rearrange_space = 0;

return;
}
/"t""'!".'I"'t"""."""'."""tt""""'it".".""'t"."?'I/
’* */
/* This is the subprogram for BICA's remainder function.. 4
/' t/

/ﬁ""","""'"""."'.'I'."'.""I"""Q.""..""""""Q"""/
'"’.‘."""'.""'."""'""".'""."'.'.".."'.'"*"""""."/

/* This function produces the remainder after the divisor has been r/
‘'« subtracted from the dividend as many (integer) times as possible. r/
/."'!'!i"""Q"t"Q'.'!"t"'lt"'t'!"fﬁ.‘".f!t'!"l"'l'.'.""Q-"/
i
int rem(dividend, divisor)
int dividend,
divisor;
{
int remainder:
if (dividend <= 0)
{
remainder = 0;
)
else
remainder = dividend;
while (remainder >= divisor)
remainder = remainder - divisor;
)
return{remainder); ' . s
} .
/"""‘".’!I"""!Q""'"'l'"'f.I!'Q!t""""'f"'lt*"”"""Q'.'/
/' -/
/* This is the subprogram for BICA S guotient functxon v/
/* */

/'.""."'..'..."'.....'"'"’""’.'""""".'."""."'."‘."'""/

/'.'"""'.""""’"’.""'""."'.'.""'.."'.".".."""'."""/

/* This function produces the quotient by subtracting the divisor from */
/' the dividend as many (integer) times as possible. */

/t"."".""’."'"l'"'""'."""'l""'"""'.".""""Q'ﬁ"""/

int quot (dividend, divisor)
int dividend,
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divisor;
{
int quotient,
remainder;

quotient = O;
if (dividend <= 0)

{ )
- remainder = 0;
)
else
remainder =~ dividend;
while (remainder >= divisor)
remainder = remainder - divisor:;
quotient++;
return(quotient);

/."'"".""'.."".""""'.""._.".'I'.'.'.'"...I’."""""""‘/

/ L e/
/* This is the subprogram for BICA's convert I/0 line numbers. */
/" */

‘eswTerseTETRST """".""!""".'!'.'."""Q'."""'."""""'..'.'/

/""""'Q""“"'i *""'.""""""".""""..."""""""”"‘/

/* This subprogram uses the quotient and remainder functions to convert +/

/* the I/0 line numbers for a connect or disconnect to 2 pair of 1/0 */
/* stage switch numbers and 1/0 stage switch pin number. ./
/"."_’!'."'t"""' ".'.".'f""""'"l".""'"I‘..Q".""’Q"""t'/
void convert_line ()
int r = 16,
in_line_minus_1,
out_line minus_l;

in_line_minus_1 = in_line - 1;
in_stage = quot(in_line_minus_l, r) + 1;
in_num = rem(in_line_minus_1l, r) + 1;

out_line_minus_l = out_line - };
out_stage = quot(out_line_minus_1l, r) + 1,
out_num = rem{out_line minus_l, r) + 1l;

retuzrn;

}

I!'.."'..'..’..'."'.""".""'."',""’.'"""""."""’.""'."‘/

/' ./
5' This is the subprogram for BICA's print statistics - n and m. ~/
. */

/""'""'.'""",.""..”""'."".""'""."'.'.""""".""'./

%nt print_stats ()
/* Test case for print_stats. °*/
printf ("BICA performed 3d connect(s) and %d disconnect{(s).\n". n. m);

nd an
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return;

)

/t"l't.'."""'."""t'-'."Q'Q"""t""""'IQ"."""""'."""'/

/" v/
/* This is the subprogram for BICA's disconnect - input from output. ./
[ ] -
;l'tl "'""""'"""t.""."".t.'t"!'!.."Q'""""t'!.t.""".";

/* Node B */
veid disconnect ()
(

int ' cnt_stage,

csw; /* csw for Center Stage sWitch. */

/* Convert IL-m -> OL~n Disconnect Request to I(i,j) >¢ O(k,l) Format. =/
convert_line (): _
convert_ “line ();

/* Remove Connections as Requested. */
csw = space_in_mat(in_stage][in_num};
space_in mat[;n _stage} [(in_num} = 0;
space_cnt _mat[csw}{in stage] - 0;
space_out mat[cut stage][out num) = 0;

* Update Tables. */
set_link(space_in_link, in_stage, csw); .
set_link(space_ out_link, out_stage, csw);

¢
/* Q7: Pack Connections After A Disconnect Enabled? +/
if (rearrange_space == 1)
/* A3 = YES => Node C. */
(

space_rearrange ():
) _
/* A3 = NO. */
else
/* End Space Domain.*/
(
/* Q4: Time Rearrangement Required? +/

if (rearrange_time == 1)
/* A4 = YES -> Node D. */
(

)

time_rearrange ():;

/* A4 = NO. ' 2/

/* End Time Domain. */ -
b :
return;

]

/""'."'"""'.'IQ"""'."i"".""""."".."'.,"'""""""'/

/e v/
/* This is the subprogram for BICA's connect - input to output. v/
/' t/

/""""."I"""""'.".""’.0."..".’0'."."""""'."""""'/

""'.""t.."'.""".""I""""""'...’"""'.""-Q"."".'.'."/

/= This routine connects an input line to an output line through the */
/* space matrix. Variables are defined as follows: v/
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VA in_line:
/.

/* out_line:
/'

.

/* in_stage:
/* ]

7/ in_num:
/.

/.

/* out_stage:
/'

/" out_num:
/Q

/t

/* cnt_stage:
/'

VA NOTE:
/!

/v

/t

/'

/.
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an input . the space matrix, ~§
0 <= in_line (= 25§ ./
an output from the space matrix, «/
0 <~ out_line (= 25% */
. v/
an input stage of the space matrix, v/
0 <= in_stage <= 15 o/
an input to an input stage of the space matrix, ./
0 <= in_number <= 15 v/
*/
an output stage from the space matrix, */
0 <= out_stage (= 15 */
an output from an output stage of the space matrix, */
0 <= out_number (= 15 v/
*/
a center stage of the space matrix, ./
0, 1 <= center_stage <= 17 */
center_stage = 0, means that no center stage of the */
space matrix has been assigned. /.
center_stage = 1, ..., 16 means that the corresponding */
center stage of the space matrix is assigned. */
center_stage = 17 is the extra stage of the space v/
matrix, and rearrangement is in progress. s/
*/

".""".""'."""..""".’-’"""""."".."".'""'."""""/

/* Node A +/
void &
(

int

/* Convert IL-m -> OL-n ConneCtlcn Reguest to I(i,j) -> O(k.l) Format.

" connect ()

csw; /* csw for Center Stage sWitch.

‘convert_line ();

/* Begin Time Domain.

/* Select Lowest Numbered Time Slot Available for Connection.

/* Begin Space Domain.

/* Select Lowest Numbered Center Stage Available for Connection.
csw = pump_link ();

/* Make Connection and Update Tables.

space_in_mat(in_stage] [in_num] = csw;
space_cnt_mat|csw) [in_stage] = out_stage;

P

‘space_out_mat[out_stage] {out_num] = csw;

/* Q3: Space Rearrangément Required? */
if (rearrange_space ==~ 1)
/* A3 = YES => Node C. */

space_rearrange ();

)
/* A3 = NO.

else

*/

/* End Space Domain. */

/* Q4: Time Rearrangement Required? */

*/
*/
*/
v/

*/
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if (rearrange_time = })
/t A4 = YES =) wode D. v/

time_rearrange ();

)

/* A4 = NO. v/

/* End Time Domain. */
)

return;

}

/".'*"."'..'.""""."'.""".-.""""'.'."'"'.’.."'."..""'/

/* vy
/* This is the subprogram for BICA's get command. v/
5..""""“!"'l'I'.OQ'QI"'.I"ti"t""'t.‘."'.’Q.""""!Qtl!""..j
int get_command ()
t

int command;

/* Test case for get_command. °*/
if (command_count ¢ command_end)

/* command = 1 => connect. */
command = 1;
command_count++;

¢ in_line = command_count;
out_line = command_count;

else if (command_count == command_end)
(

/* command = -1 => disconnect. */
command = -1;

. command_count++;

)
else

{
/* command = 0 => end. */
command = O;

return(command);

}

44222 A EE RS SRR XIS 2SR AR LR RS TSR IR RIS E R Y X RN TR ¥ t"'*t"""/

3 - ./
/* This is the subprogram for BICA's space rearrange initialization. */
X v/
/""”Q""'t”!".""."'!”"'t"*'f""*'l"’t".'Q’t""""'t.""/
Yoid initialize_rearrange ()

int - i;

for (i = 0; i < 256; i++)

rearrange_3d.position{i}.x = O;
rearrange_3d.position(i].y = 0;
rearrange_3d.position(i}.z = 0
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for (L = 0: L < 15; i++)
(
rearrange_moves.move[i].input_sw = 0;
rearrange_moves.move|i).old_mid_sw = 0;
rearrange_moves.move{i).new_mid_sw = 0;
rearrange_moves.move[i).output_sw = 0;
)
return;
)
/""!"'!'O"t"'."""'l't"!"'Q'i""'l".t'.""t""';t'f.l"!'t't'/
/* v/
/* This is the subprogram for BICA's space matrix initialization. v/
7 */

/"" ."""'..*"f’""'*"."'"'."".""'...""*."."*""".'."'/

/Q"!"'Q.'.t!Q"‘l"'t""i"'l".'it"""'.l"'.."'.""'.""Q"""'/

/* This routine is used initially to clear (reset) the space matrices. +/

/.'.'."'.."I'..'.".".'.I’.”".."'""""'I'.'..""'."‘"?""""'/

void ' initialize_space_mat()
int io jp’

for(i = 0; 1 < xtra_stage; i++)
for(j = o; j < xtra_stage; j++)
space_in_mat[i][j] = 0

space_cnt_mat{i][j] =
space_out_mat{i)[j]) =

)
space_cnt_mat[xtra_stage][i] = 0;

}

return;
}
/'0"10"""""""'0'!.’i""""1l'"'.t".""""'t""""’"Q'""t/
/" */
/* This is the subprogram for BICA's initialize 1dle link bit maps. */
7 v/

/t"'"!'|t"!'Qt'i""‘i"""""!!'l"."!"'i""'t""*'t'f""!"",

’it..".'..t'.’.'."'Q,'.'"f"'*,'""."'l'."'..""".."""*"'""Q/

* The initialize link bit maps primitive (used only for start-up v/
/* operations) initializes both the space input idle link bit map and v/
/* the space output link bit map. All entries in the idle link bit */
/* maps are initialized to "1," indicating that all links are idle. */
/.'"".'Q't’!t'tt!!"t"t.t.'.t'."t"r'.""""".trf’tftttt't’r't""/
void init_links()

{
int i, j:

for(i = 0; i ¢ xtra_stage; i+*)
for(j = 0; j <= xtra_stage; j*+)

space_in_link(i][3) =~ 1;
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space_out_lin' "}[j} = 1;

)

return;

)

/i""t"""'l""""'..'t"'.'.t'."""""""""""""""'...'./

’ ' */
/* This is the subprogram for BICA‘s initializationm. v/

/"'_"'*"..“'".""".'_’"""".t‘ t""'.'"'."'Q""'.".'-'.".""'/

vaid initialize ()

{ _
/* Test data for commands. */
n = 0;
me= 0;

command_count = 0;
rearrange_space = 0;
rearrange time = 0;

/* Initialize all matrices. */
init_links():

initialize space_mat ();
initialize_rearrange ():

return;
! ¢
/'t'.'f""t”".'""."'""f""""Q.t'I"'"""""'"9""'*""""'/
/* ' */
/* This is the main program for Bowdon's Immediate Connect Algorithm. v/
/* */
/t "'Q'tt’""","'t"'."'QQ""I"".t"'i""'t!i"’i."t".""tttt./
main ()

int command ;

/* Start Program Flow Here. */
initialize ();

do
({

command = get_coﬁmand ().

/* Q1: Pair of Ports Presented for Connection? */
/* command = 1 =) connect. */
if (commangd == 1)
/Y Al = YES ~> Node A. */
(

connect ():
n = n++'-

!
/* Al = NO. -/
else

(

/* Q2: Pair of Ports Presented for Discconnect? */

/* command = -1 => disconnect. */



stage array; repr esent i ng center stage switch connecti ons bet ween an
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if (command - 1)
/* A2 = YES -> Node B.
(

disconnect ();
m = M+t

}

/* A2 = NO. */
continue;

y
/" commaﬁd - 0 => end. */
while (command e 0); ‘

{
)

print_stats ():
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1. A method of finding a path through a communications matrix,

comprising the steps of:

- represenhng the assngnment of a center stage switch (96) through an
input stage switch (92) to input gafes (90) using an input stage array

(222);

— representing center stage switch connections (94, 98) between an input
stage switch (92) and an output stage switch (100) by a center stage

array (234);

— representing the assignment of a center stage switch (96) through an
output stage switch {100) to output gates (102) by an output stage array

(236);

— representing idle input switch links to said center stage switch (96) by an

idle input link array (238) and idle output switch links from
stage switch (96) by an idle output link array (240); and

— associating said input stage array {222), said output stage

said center

array (236),

and said center stage array {234) according to the values of said idle

input link array (238) and said idle output link array (240)

to determine

an optimal center stage switch having an idie input link between a .
predetermined input gate and said optimal center stage switch and an
idle output link between said optimal center stage and a predetermined

output gafe.



-

predet er mi ned out put gate.
_—

T I =

28 SEP 1998

66

2. A system for finding a path through a
communications matrix, comprising the steps of:

an input stage array for representing the assignment
of a center stage switch through an input switch to input
gates; . _ |

a center stage array for representing center stage
switch connections between an input stage and an output
stage;

an output stage array for representing the
assignment of a center stage switch through output stage
switch to output gates; '

an idle input link array for representing the idle
input links to said center stage switch;

an idle output link array for representing idle
output links from the center stage switch;

pumping means for pumping said input stage array and
said output stage array using information from said idle
input link array and the idle output link array to
determine an optimal center stage switch having an idle
connection between a predetermined input gate and a
predetermined output gate; and

tracking means for tracking said'idle input switch
links using said idle input link array and said idle
output switch links using said idle output link array.
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3. A method for finding an optimal path through a
communications matrix, comprising the steps of:

representing the assignment of a center stage switch
through an inpuf switch to input gates using an input
stage array; '

‘representing center stage switch connections between
an input stage switch and an output stage switch by a
center stage array;

representing the assignment of a center stage switch
through an output stage switch to output gates by an
output stage array; and

pumping said input stage array, said output stage
array, and said center stage array to determine an
optimal center stage switch having both an idle input
link between a predetermined input gate switch and said
optimal center stage switch and an idle output link from
said optimal center stage switch and the predetermined
output stage gate. ' '
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4. A system for finding an optimal connection
configuration through a communications matrix,
comprising: '

an input stage array for representing the assignment
of a center stage switch through an input switch to input
gates;

a center stage array for representing center stage
switch connections between an input stage and an output
stage,

an output stage array for representing the output
stage switch to output gates; and

pumping means for pumping said input stage array,
said output stage array, and said center stage array to

‘determine an optimal center stage switch having both an

idle input link between a predetermined input gate and
said optimal center stage switch and an idle output link
between said optimal center stage switch and a
predetermined output stage gate.
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an idle input link array for repre§éﬁt|ng idie inpu
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5. A method for finding a connection configuration
through a communications matrix, comprising the steps of:

representing the assignment of a center stage switch
through an input switch to input gates using an input
stage array;

representing center stagé switch connections between
an input stagé and an output stage switch by a center
stage array; -

representing the assignment of a center stage switch
through an output stage switch to output gates stage
array; '

representing idle input switch links tc said center
stage switch by status indicators of an idle input link
array and idle output switch links from the center stage
by status indicators of an idle output link array and;

associating said input sfage array, said output
stage array, and said center stage array according to the
values of said idle input link array and said idle output
link array to determine an optimal center stage switch
having an idle input link between a predetermined input
gate and said optimal center stage switch and an idle
output link between said optimal center stage and a
predetermined output gate.

RPN L
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6. A system for finding a path through a
communications matrix, comprising the steps of:

an input stage array for representing the assignment
of a center stage switch through an .input switch to input
gates;

a center stage array for representlng center stage
switch connections between an input stage and an output
stage switch, said center stage array comprising a set of
elements for associating a dedicated center stage switch
with a plurality of input stage switches and output stage
switches;

an output stage array for representing the output
stage switch to output gates;

¢ an idle input link array for representing idle input
switch links to the center stage switch and an idle
output link array for representing idle output switch
links from the center stage switch; and '

means for associating said input stage array, said
output stage array, and said center stage arréy using
information from said idle input link array and said idle
output link array determine an optimal center stage
switch said optimal center stage switch potentially

- including said dedicated center stagé switch and having
an idle connection between a predetermined input gate and
a predetermined output gate.
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CONNECTION PATH SELECTION METHOD FOR CROSS-CONNECT
COMMUNICATIONS NETWORKS

ABSTRACT

A method and system for £inding a path through a
communications matrix représents the assignment of a center
stage switch through an input switch to input gates by an
input stage array, center stage switch connections between
an input stage switch and an output stage switch by a
center stage array, and output stage switch connections to
output gates by an output stage array, as well as
representing idle input switch links to the center stage
switches by an idle inpﬁt array and idle output switch
linké from the center stage switches by an idle output
array. The method and system perform a preform a process
of pumping the input stage array, output stage array and
center stage array using information in the idle input link
array and the idle output link array to determine an
optimal center stage sﬁit':c._hi- hav:i.ng both an idle input link
between a predetermined ihpﬁt gate and the optimal center
stage and an idle output link from the optimal center stage
to a predetermined output gate as identified by the idle
input 1link and idle output 1link arrays. The pumping
process relies on the idle input arrajr and idle output
array for connection status _data'. The method and system
may Dbe used advantaéébusly with a rearrangeable
communications matrix to establish optimal connection
configurations during both normal and rearrangeable
operations. '

FIGURE 15.
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