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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 for selecting an
optimal rearrangement sequence for connecting input gates
through a cross-connect communications matrix to output
gates. '
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The present invention |s;concerne
with ' el ectronics and more specifically with

ni cati BAGKGROUND OF THE INVENTIQYStenms. Even nore specifically, the

IS con-., . . "
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 input 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 gquestion.

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
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ceffned wi t lapwishod and system for selecting an OpATENT APPLICATION
nal} rearrangenent sequence for connecting input gates
t hjough a cross-connect comuni cations matrix to out- '

putl gat es. BACKGROND OF THE 1.NVENTI ON
Excltal cr gsisrero inde pamnnmﬁ(ﬁﬂpuansndepwﬁputdqateS. the existing

vides, suclh.agd Jﬁ%%ﬁ? > I na¢ B¢ 2badkShned to new paths,

hbtmork Syst ens, esi gned to make connec-
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 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 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
matrix rearrangement.

It is an object of the present invention, therefore,
to provide a method and system that permits immediately
20 connecting idle input gates to idle output gates and, if
a rearrangeably blocked condition occurs, rearrange the
matrix after the immediate connection. An important
aspect of this process is to rearrange the matrix using a
minimal number of rearrangements of existing connections.
25 The present invention, therefore, achieves this object
with a minimal amount of additional circuitry and avoids
the service delays and interruptions of known
rearrangement methods and systems.
It is also an object of the present invention to
30 provide a method and system for determining the minimum
number of rearrangements for a rearrangeably blocked
communications matrix by representing the communications
matrix by a square matrix having a first dimension
representing the input stage of the communications matrix
35 and a second dimension representing the output stage of
the communications matrix so that, in the square matrix,
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ti ops betweenpapapdt gates on i nput switches and ou
gats on out put switches. Known designs for such E&&%FT APPLICA?ION

crops- connect devices make use of matrices to connect -
thefi nput gates to the output gates. To limt the physical

spafe aEdt naagﬂgcrapr{egenes%ﬁtei—s?aﬁm O£ She S@ﬁf‘&"{c}]imenstio_n w;r*ﬁh
erspseek totghnNsRLER4 Bgm%%ﬂ'gét%bd ;Jrsx%féé:é)en ‘Possible center %ém thands

obj pcti ve becones nore Co

f or | conmuni €APRERS198Fvbebweenctimasinput stage and the output stage

F of the matrix, and wherein the square matrix identifies a

5 blocked center stage switch. A pair of center stage
switches, one of which is not associated with the same
output stage switch as the blocked center stage switch,
and the other of which is not associated with the same
input stage switch as the blocked center stage switch,

10 are identified and the number of rearrangement steps
necessary for a first rearrangement sequence through the
communications matrix from thé'input stage to the output
stage is determined first using one of the center stage

' switches of the pair and the number for a second

15 Tearrangement sequence through the communications matrix
from the input stage to the output stage using the other
center stage switch is determined. The method performs
the rearrangement sequences in incremental parallel steps
and ends upon first determining the shorter of the two

20 rearrangement sequences that the pair of center stage
switches yields.: |
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Inparticular., as network devices address |arger nar-
ketfs, the aéepgéé nmust service nore and nore inputP%$EFT APPL;CATION

outfgut signals. These factors exacerbate the space-énd}
co limtation problens even nore for comrunications

] e Ri§B DESCRIETION or T DRAYEES TR Sonf| gu a on Lnat uses
nunper of input Other cbjects and advangages axe a3pPpuengarssd ®eFY hat
proyi des aupale@ticddd 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 thrée-stage connecting network
generalized to the N(m;n,r) case;

FIGURE 4 introduces notation for understanding the
preferred embodiment;
15 FIGURE 5 provides a flow chart of the method of the
preferred embodiment;

FIGUREs 6 through 14 illustrate 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;
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opfi mal solggAmehésS known as a "rearrangeabl e" matph¥eNT APPLICATION
Fog the rearrangeable matri x, the nunber of center;

st §ge switches nust equal or exceed the nunber of Jhput
gatfes on each input switch of the matrix. In a rearrange-

ablje mat ri QETAELED cBESCRIPTECN o mg‘m ouch that

output “gat o5, antAiTERGRE b Retarpd Ay, i tdon, is snown

outfput gat ethstmmbdeedf@ecmm@dim iaagi Mte@tqc@@ for up to
1,024 DS3 ports (or eguivalently, 32,678 DS1 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 50 includes time
stage 52 that through connections 54 connects to three
center space stage (SSS) designated generally by

10 reference numeral 56. Three center space stage SSS 56
connects through output line 58 to output time stage 60.
With this configquration, 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
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.

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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bl gck the sjgnal flow through the matrix. This may
en, foﬁi%gﬂﬁﬁe, i f existing connections al rea@)TENT APPLICATION

py at least one link in every possible path befmeen
i nput and out put gates in question.

total number of input gates 76 make up the I/o shelf-to-
time slot connections 64 of FIGURE 1 for each time slot.
Fronm each input switch 74 go input switch-center switch
connections 78 to the center switches such as center
5 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/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/o 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
output 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 heaﬁily—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-
25 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

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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- 2- I n a rearrangeabl e ¥%ﬁ¥’ bbr.rEARTURYS
pOf i?le to?jfnozs : unbl ock a romF%%t . r%ﬁ?g%é%d?e i nput
ga o an idle

_ ( out put gate by 'movi ng exi sting
confpections in the net- '

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

exists.
FICURE 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 input 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. 1In 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 100. Each
output switch 100 receives m center switch-to-output
switch connections 98 and outputs to n output gates such

35 as output gate 102.
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. The tg rrangeabl e,” therefore, describes
thg propertyrzgﬁz&){"%a a given state of a network aRPTRE APPLICATION
n idle pair of input and output gates, the existing

patghs, if necessapgyn Eﬂecﬁgg?cis}f@n P:?i 'F%pﬁ;srmm 2 and the

ting nethods and s for nec I Ng
ut pgts Ny Bar) aR3ERBKe8Baet i BEGURRE ndraXe ysabd to be

dard reseaspgageablbenltr fds (10! FHISERICS1y, for a given
state of the matrix and any given idle pair of input

5 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

10 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)

(=)
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
20 to connect an idle input gate to an idle output gate.

In the following 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
25 systeﬁ of the present invention. Thereafter, FIGUREsS 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(5,4,4) rearrangeable matrix

having the ability to perform immedjate connection in a
rearrangeably blocked condition.

(7
w

In FIGURE 4, notation beneficial for understanding
the present invention uses square matrix 110 to represent
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ch cro ects of the matrix to rearrange t
a sig%éﬁsgg flow. N.C. Paull in "Resw tching %yﬂﬁﬁr APPLICATION

necti on Networks," The Bell System Technical Jour- .
May, 1962, pp. 833-856, describes this known -

hod fOEO%QEE%Q%MQQeilg%ﬁh@a&%?%bkﬁaﬁatEbﬁalﬂhhﬁtrlx such as
hod (hereinafter referredto as Paul Met hod) suf -

s fronPatkaoRd of FIGURE 3Pau§ﬁu§rﬁbPﬁﬁﬁlFe&6PrE§5 rows 112
aki ng desd gpating dnpYt ewitetles J8dchBkbngnpaeswitch 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 sguare 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

11
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er of the cross-connects to rearrange matrix. %F!E
cedure 14kR%2%ine and results in undesirable s APPLICATION

ays or interruptions during matrix rearrangenent. It - is an object of -the
sent invention, therefore, to - provide a nethod

SVStE”E:J:Hﬁ‘égE?.B)?LtéxiE@?Héa}ﬁ'H spa@@rmgﬁi,pgnagy.ﬂlm fates.to idle

put gates an rearraqgeabl bl ocked
di ti on BREXES, 88 cafr BRGEREN2. Square matrix 110 has TpW$idlZfter the

di at e gesgRaAtoAg PApLEPSviedkes (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 ocutput 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

s the same. Similarly, each output switch 100 has only one
connection 98 from each center switch 96. No two symbols

11
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as ct of ;gt§08?80655 is to rearrange the matrix qgh@&fiAppLIcAmtoN
er rearrangenents of existing connec- - = _

ti sl The present invention, therefore, achieves. th|5r'
objct with a mininmal anmount of additional circuitry

andg avoi ds iheafigr ¢ogaméiehaysmapdbentBer 8gheONsWRth the notation of

crof o2 BEBR", T8 IBE RGBT saristyine these s

a npt hod andesysietibos det saurdntngbehélagmtmnte" since it has only
legitimate entries.

5 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 symbois (e.g., 16 symbols in the
case of FIGURE 2) in row 1. Similarly, if all the output

10 lines to output switch 3, for example, were already
connected corresponding to n symbols in column 3 (e.gq.,
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.

15 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

20 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

25 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 selécting the lowest numbered

30 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.

3s At block 160, 2 query of whether space rearrangement
is required takes place. If so, then flow goes to block

12
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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
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 nﬁmber
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. 1If nbt, then flow returns
to guery block 144 to proceed as previously described.

13
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S bIe centezapddge connecti ons between the i nput phegsT AppLICATIoN
afd .t he out put stage of the matrix, and wherein the -
square matrix identifies a blocked center stage smntch A

pgir of center stage switches, one of which is not associ - ]
If a pair of ports is presented for disconnect, at this

point the method is to remove connectiornis as requested
per block 192 and then update data tables reflecting the
connections for the matrix at step 194.

5 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.

10 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

15 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

20 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

25 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.

30 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

5 condition exists. Thus, when the dedicated element
(either a time slot in the time domain or center stage

14
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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 rearrangements. 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

L5 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 example,

by starting with the blocked cell (r,,cq) 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,,

RS otherwise the matrix is not blocked. Once the A in row

ry; is found, it is circled or tagged.

In general, then, suppose that the circled A is in
(rj,ck), 15 j,k s8. Then, a search for a B in column ¢,
takes place. If there is no B in column ¢, the sequence
Bo 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 c,, the next step is to circle the B
and continue. If the circled B is in the (Tercy)
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

15
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nter st ®pADNgdch, are identified and the nunbenAmENTenPPBmgBmEON steps
cessary for a first rearrangenment sequence through:the. cofmuni cati ons
trix fromthe input stage to the output stage i's d¢tern1ned flrst usi ng
e of the center stage switches of the pair and the nurber for a second
ar r ange U s 1@ 1 dgieizisdec OFmanFoH: WakB Rt Ai £of CdFcli®e i nput

age to INGOWHHE QL U] alnlae th.hQr’sCQQTteEzli'biﬁa SWnllﬁ?h thoseéet er -
encountered in the above search.

Generating the X~B sequence occurs in similar
5 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
10 B. Since the circled B is in position (rj,c;), the search
for an A in row rj begins. If there is no A in r,, 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 (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
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 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
30 (either A’s or B’s). This sequence determines the
minimum number of rearrangements neéessary to establish a
path from the input to the output of the réarrangeahle

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

16
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: B hereinafter be called a flooding algorithm. The flooding

algorithm starts by finding the first element of the X-A
3 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
1o 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
15 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
20 changed to clear the blocked cell using the appropriaté
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

25 rearrangehent of the center stage switches when X-A
results in the minimum number of connection
rearrangements: e
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conpanyj g draw ngs, wherein: FIG 1, ( s 2aerepnnecting
:_ks( w th enbedded three-stage space,ma FIX gg'”FIG 2

. in nore detail the three-stage connect--ing riétwork that ray be-

lded logically in the five-stage TSSST network of FIG 1; " FIG 3is a
-stage connecting network general -

TABLE 1
FL _::'3 o ACTION
I = 1
= X-(r»c)
B 2 ®-®, x
3 ®, x-X
* ®-@, B
> @,B-~B
¢ X-X, A
7 X, A-A

If the X—~A sequence yields the minimum number of
rearrange=ents, 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 theé connection to yield rearrangement
of the center stage switches when X-B results in the
Rinimum member of connection rearrangements:
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| | ust

EE?.:J}@% n,r) case; FIG 4 introduces ngfs ”Aﬁ? gﬂgl_.gbgqt andi ng

er enbodi nent ; FIG 5 provides a flow chart: 0 t-he"1ret hod of
erred enbodi nent; FIGS. 6 through 14 | usfxate an exanpl e of the
fquence generating of the preferred enbodi nents; and.- FIGS.~15 through
TABLE 2
STEP ACTION
=,-L_=._-=——7 4:J
1 X—~(r,c)
2 @-@, x
3 @,x-X
4 - .- @"@a A
5 BA-4
6 X-X, B
| 7 X, B-B

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;, c¢;) indicating the connection was
=ade 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 5). 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-switch" 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-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
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I n exagph®odls the preferred enbodi nent. A B hiEGER Pl ON OF

| NVENTI ON In FIG 1, a large matrix confi-guration
hown that provides for connection and test access':for . up to1,024 DS3
s (or equivalently, 32,678 DS1 ports) for the 163I.5X device:' This is a
-stagepIEameasﬂaaEEﬁnaﬁmm Shac aeXt nimpFSESTR - dcnnectmonunnlplexed

eCt'ngrearrangeably 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.

TION

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 implementation of the
space domain method.

FIGUREs 6 through 14 illustrate an example of the
immediate connect method of the preferred embodiment. In
the square matrix 110 of FIGURE 6, cell (1,1) is marked
25 as blocked because the prgsent cocnnection 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
"X" 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
i5 large matrix configuration is used by the connection
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algorithm, a rearrangeable blocking cdndition 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
criteria. 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. 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 (ry,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 (rj3,c;). Then, the third
step takes place back in FIGURE 7 vwherein column c, is
examined for a B. This is found at position (ré,cz) and
circled. Since there are no A’s row r,, this X-aA
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 r; would be examined for an A, which would
be found in position (rj,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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by reference numeral 56. .Three~centzX, space stage SSS
56 connects through out’plt I4ne‘58 tad 0U¢put~b|ne st age
60. Wth this configuration,-the network 50 1 ncl udes a

ti me-FIGURE 8, therefore, ifuikdateffQuunrearrpngexeniisl B and a space
dontifbléssary in the example.

Since the X-~A sequénce 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
ylelds the minimum number of rearrangements.

The next step is to execute the rearrangements using
the previously mentioned "hitless roll." Since the X-A
sequence yieldé 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 ﬂead—
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 step corresponds to setting
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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 certer 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. In this example, when each connection
through center stage switch A exists and the N
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 present invention, the
example considers connections in a further reduced
N(5,4,4) space matrix 220 of FIGURE 15.
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I nput stage smﬁtches (By symmetry, there ar e 16-out™ )
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nections’ slich as _connection each nmatr] x out put

70 t othat| Fepshiffh 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 ihput 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 to implement computer
software to accomplish the connection path selection and
other purposeé 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,r)
matrix of FIGURE 3. The following data definitions are
useful in the description of the present connection

- method and systemn.

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
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
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descri bes each of the matrices. Thus, fop each‘

ormally, I(i,J) 1s determine
O(k,1l) is determined from OL-n by:

L-m and

i =1 + Quoty(m-1)

j = 1 + Remy(m-1)

k = 1 + Quoty(n-1)

1 = 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;

Quot, ' 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.

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 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

25 P —e e m—m—nmmm T
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Frgm each input switch 74 go input switch-center ~ > .°%, “L. n~‘JQ1f
swt ch connections 78 to the center switches such'as 3 3 3 ‘1_,q e
ceffter switch 80. In the preferred enbodi ment, each - =" )

N(§7, 16, 16Fonnectedr 2o kbleudenter s&ager SYikgh ofi thpcsame number,

80, From eagh efkalesS ij0@nWS EeBQn%QtlﬁaﬁﬁiﬁUﬁay be viewed as
swift ch con ctlonS 82 to output sw.t

swijt ch 84. “B&cf® u?téﬂQH§W%§EhpF€V“§é§ggggﬁgf %{%Ecular input

stage switch (row), input (column) is connected.
5 As a result, the statement

ﬂ Statement: ! space_in mat(i,j) = ¢ : u

causes space input matrix 222 to indicate a connection

10 from the 3j*® 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 0
indicates that no connection has been assigned. Entries

15 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 process has been invoked.

T;ata Definition: space_cnt_mat([cnt_stage, in_stage]) ﬂ

Space center matrix 234 is a.5x4 matrix which
represents the connection ma? of the center switches in
25 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
30 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

20
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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
kP output 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
5th row in this example) indicates that the extra center

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

ﬂnata Definition: !space_put_pat[out_stage,out_pum] H

Space output matrix 236 is a 4x4 matrix which
represents the cbnnection 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'outpﬁt 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 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

ﬂ Statement: Ispace_out_mat(k,l) = c a

27
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239

causes space output matrix 236 to lndlcate a connection
from center stage switch "c" to the 1®® output of the kthB
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)
indicates that extra center stage switch 224 as been
assigned and the rearrangement process has been invocked.
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 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
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 process when required.

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 54 between the input switches 92 and

the center switches 96 in the space domain. Each row of

28
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connecti on, when rearrangengnt’'of matrjx .72. Isn

necessary, the rear- rangenmgnt. proeess of the"-

preferred enbodi nent en- - escoUntérs elenents mnth t he
snul $paceninbut dfllpr ddrksbit map 238 corresponds to one of

the input stage switches 92. The entries in space input
idle link bit map 238 for a given row (input stage) and
column (center étage) 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 assigmment.
A 0 entry in column X indicates that the extra center

stage switch 234 is in use and the rearrangement method
is in progress.

“ 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 ocutput 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 N,
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
a551gnment. 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 reérrangement 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.

uPrimitive: init_1links() R
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mat ri x

mai n, i4ker +&Rkekd

exanpl e, rEBherinigiadipeGidle lipkibie rimwrepzsimtwe (used
be de&hﬁgtfgraétﬂgte % Bpé?gfféhgi éPéaH@@ SBEﬁrﬁbace input

rearrang he space do-
t m r

aBe338 aed| ERRGE %Hlt%% $2ntepk 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.

[:;imitive: set_link(i/o, j, k) ﬂ

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.

“ Primitive: | clear_ link (i/o, j, k) ]

This primitive clears (resets) the k™ bit of the j*P
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 erxror flag.
Otherwise, the k™! element is set to 0.

Primitive: | pump_link(space_in link[i],space_out_link

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

> The
*..When .

For

30 P —
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swi t &2AOQR6 exanpl e, referring to FIG 2, cePANENIWAPELICATION

PERT]

17 may be the dedicated or extra center switeh. The™. ,'%.: " = -~
present connection technique automatically uses the 3", - -~ -~

dedi cat ed, or_extya gl ement (either the dedicated or "gxtra
e I (9 (HELE | Feichn FHGRUt (-4 foat AP cdsx of the
st agef izt aon+rzebhe apare onhie)redelt of agid Sﬂ[‘cii%?ié]&/szxml) Iist Ces that
bl ocked | 1. exi . illustrates a
N(17%%6, QE%Y§$§ %éﬁ%é%?ﬂ(genter stage switch with both an |

idle link to input stage i and an idle link to output

stage k. The two links to c are then marked 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.

I TABLE 3

|

PUMP LIST MACRO FLOW CHART

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)

clear_link(space_in;line, i,c);
clear_link(space_out_link, k, c);
if (c == xtra_stage)

)

rearrange = 1;

)

return(c) ;

FIGURE 16 illustrates the implementation data
matrices after initialization. The corresponding entries

31
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2 y be geranmizered to matrix 88 for which the exp A@ENT APPLICATION .. the
sion- N(rmr) describes the configuration. Fﬁllomﬁngﬁﬁ ST S n; 1
corgvention of the N(17,16,16) matrix 16, the gener:" ". . .~ N
aliked notation N(mn,r) describes generalized matr{x -88. ~|n t-he- N(n1ﬁ r)
notfati on, ﬁ#bé@ﬁ:§QHnﬁqhmdnﬂpaﬁh selection matrices spkde Ganhak Stage

: n. X minput
sufches (@2iobpt G MY 6l ana spacsOHhl bgel 2T, oFgh Ty MMt
swikch): negagg 1t R&e illustrated in FIGURE 16. Since there are

no switch connections, all of the entries are 0. The
5 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. 1In this

example, after initiaiization, all five center stage
10 switches are marked as "idle".

FIGURE 17 shows the implementation data after the
first connection. Suppose the first connection recuested
is to connect input line 1 to output line 1, or more
simply, IL-1~OL-1. The first step is to convert the
15 input line number to an input switch stage number and an
input number for that input switch stage. 1In 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,

20 OL-1-0(1,1). So, we are going to make a connection
between input stage 1 and output stage 1. ) ~

The present method and system attempé to make the
connection between input stage 1 and output stage 1 by
using the lowest numbered center stage switch available,
25 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 "on. Then, the
30 space in mat(i,3j) 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
5 FIGURE 18.

The following statements accomplish this process:

32
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wel | as the nunber of outputs fromeach m X n:oufput’, -2 = .0 .
stage switch); and r equals the nunber of anllnput : BRI
stage switches (as well as the nunber of nXn eutpat”

stagf sw tches). e also %#UWPE trix 88, mat Ieast
equafs n+ 1. This limtation o a given n assures

ReT |11 ng mor e par (i cul JEPPNECTEAGAREMENE. 2 Foog " ||
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,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 atgempt to make the connection between input
stage 4 and output stage 2 by using the lowest nunmbered
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 cbrresponding 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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connections 94. In generalized matri x 88, there may: be,” -~ - -

for example, r input smntches 92. The i nput - smntch t O-
centeff swtch connections nn ﬁr’ eflt‘o ther center
switclles such as center switch 5%5 e each center

n AR AT

axd ="

96 recerves r Center smntch connectlons 94 and
es r out put connect i R STAT §anp|e of “
x = pump_list(space_in_link(i], space_out_link[k]);
space_in mat(i,j) = ¢;
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
OL-7 (which takes down the connection that was Jjust
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 N

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 corresponding 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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|| DISCONNECT STATEMENTS II

c = space_in _mat (i,J); i
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.

|

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 connectioh between
input stage 4 and output stage 3 by using the lowest
numbered center stage switch available. In this case,
the X*B 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 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 spade_;nt_mat(c,j) is set equal to k. 2an
entry of 5 indicates that the X*B 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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such as output gate 102. - Both ;he N(l? 16 ;6) natr|x~
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The following immediate connect statements
accomplish this:

| = ]

L IMMEDIATE CONNECT STATEMENTS

e ——

¥ =
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 1=4 m=13, n=12, and
=5,

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 previocus 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.

This Sheet Has Been Replac

T




N(m ngpApbBEri x 88 of FIG 3 are said to be regHfSPLICATION __
. ble matrices if, respectively, for a given.state-of-the,”2.5"" -

matrix and any given idle pair of input gat®s76.or 90" "7 -

and out put gates 86 or 102, the existing cdnnéctions S

wi t hi n t heRodflinge&henjimrediatescgneectibonewl fét hp+0(3,4), off

The

matrices are rearran

EYexEQaaEEBWeEOQ@ggghng%?ﬁa%§ﬁ§f§£3¥etﬁglfe?f%#ﬁg%?ent

n If m[er

conveBFeReEs| fomothisosonnactinn: wolRteecsBatbtlipypragess

10

15

20

25

30

35

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 examplé
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 c¢; and B is in ™
c;, but not in r,, to find which pair will require the
fewest changes. The method then carfies out the changing
algorithm on that pair.

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
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
ry, but not in column c;, and B is in column c3, but not
in row r,. In this example, there is a 2 in row ry, 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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nunber of connections that nust be rearranged in Qrderg aaa oA,
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to connect an idle pair of input and output gates= Paal’l - -

'I’J

Pﬁtgf ge&ovgz £?g¥]%ﬁgtﬁfg§8ﬁ%¥ﬁa?$ S?% ghi§%%§£§%y tg %Dve at nmost n-

nput gate to an idle

conneebyteesiy, ctheepaian (Rdka.
out put gatﬁorAapamﬁuba&raeel kgfipols R,8) thiSePipReRy means, for
exanple, that for matrix

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 (r,;,c,), there is no
4 in row r,, so this step requires a circle arocund the 2
in row r3. Now, the circled 2 is in (r@,cz). 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 circled.) '

The X-B sequence starts with an immediate connecticn.
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 (r3,cq4), there is no
2 in ¢4, so a circle goes around the 2 in C4. Now, the
circled 4 is in (rj,c3). Then, a search for a 2 in r3 N
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, the method and system of the present
invention determine the rearrangement sequence for a
rearrangeably blocked communications matrix that for a
minimc=m number of rearrangements of the communications

38 This Sheet Has Been R
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2 of FIG 2g2ig@psangenent requires at nost PATENT APPLICATION17:1..=.
(.

16 cennection changes in order to con- N, e6€s§ﬁ"|d1e, Q‘

input gate to an idle output gate. 1'-“ '? Enithe $d1komnng
di scussion, FIG 4 introduces nota- . % » tion Yo assi st in
understandlm@trhs byefepresentibngi the communications matripge@s aFI G 5

provides a £§Q¥E8hﬁ£ErEQ hgbﬁﬁgrétflf§€ ®fRdfsion that represents CoOncepts

of the i medrate connect system of the
present invERPREnStagepeaft Ehe spmmunicakieRsHRatrix and a second

dimension that represents output stages of the
5 communications matrix, and where cells at the
intersection of the first dimension and the second
dimension represent center stage switches of the
communications matrix so that the matrix identifies a
blocked center stage switch of the communications matrix
10 in terms of the first dimension and the second dimension
and wherein a pair of center stage switches where one of
the center stage switches is not associated with the same
output stage switch as the blocked center stage switch
and the other center stage switch of the pair is not
associated with the same input stage switch as the
blocked center stage switch. In parallel, then, the
number of rearrangement steps necessary for a

rearrangement sequence using one of the center stage

switches of the pair and the rearrangement sequence
20 through the communications matrix using the other center
stage switch are determined. With these step numbers ™
being determined in parallel, the method and system
terminate the determining operations upon first '
determining the shorter of the rearrangement sequences
using the pair of switches. '

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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show an exanpl e of the oper atacttvdfr £he net hod and o nan
t*enffh*tw*gr*egence*of ar vedrran éabﬂv*ﬂl*ocked*tﬂn- RERESARR WL LFR S ) 0 T
diferi* &R * OF * 5 Hat Yot *72* 61 * t he* PHvyds™* éhfé?*?ﬂ?agé SPARE-*FErzrgarariavis ) T

rix 56. For the nder st andi resént ~-~ = e/
ention in yet9 F‘P‘SB ge ‘;lat%ﬁ ESB%?% A@%"Eﬁ' {\ﬁe(BICA) */
h,Qd and*ﬁ,}/ﬁ’tﬂm*@&e*dQSQiibﬂd*h¥*WV*DJ**E'*GS**15********************5
,ngh*34*,th,a1*me,*a*sttnp“idﬁd*N@&A*A)ur*eamangeable****n”**n*u/
rix having the ability to performinmedi ate connec-

7o begin proceed to the main program at the end of the the listing. =*/

#clude {stdio.h>
nclude <math.h>
hclude <malloc.h>
hclude <sys/types.h>
hclude <sys/timeb.h>
nclude <sys/time.h>

Global variables for immediate connection algorithm. */
4 in_line,

out_line;

in_stage,

in_num;
‘ out_stage,
out_num;
‘¢
m;
command_count,
command_end = 10;

rearrange_space,
rearrange_time;

space_in_mat[1631[16];

space_cnt_mat([17] [(16];

space_out_mat[16][16];

space_in_link([16]{17];

space_out_link[16][17]; N
xtra_stage = 17;

trafflc[21[28672],

lobal variables for rearrangement algorlthm. ' */
BTOA_MV{31] (3],

ATOB_MV([31](3);

flag_A = 0,

flag B = 0;

* *sort_array ():
*chk_space_in_status ();
*chk_space_out_status ();
*chk_space_ " blocking ():
*shuffle ();
*implement PM2 ();

name_in[13];
name_out[13];

c int in_file [ 22] ; l_____ e e e e ey nm T T -

*fp_in, ;
*fp_out; : This Sheet Has Been Replaced
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tfon in a rearrangeably bl ocked condition. In FIG 4,

~ Y

nptati on beneficial for understgpdig Lhe L. o~ oRmesent”. .
| IAARHER E8CHoEEUALE IR hhtuddd) Jelmh EH KRB fors Yearrargingl 1%y -
o atidoordifteting in a space domai n matrix such-as.;. = =

itrix 88 of FIG 3. Square matrix 110 has rows 112

dgsitgnating i nputxswi tches (such as input switch 92 of

FINRE 3) and col urths 114 representing output swtches

(b as output s tch 100 of FIG 3.) The sinplified

~ oy

ct p_mat_pos

rtruct p_coordinate position(256]:

ct p_mat_pos rearrange_3d;

rructure to hold the output of the rearrangement sequence. */
ct seq_len

t input_sw;

t old_mid_sw;
. new_mid_sw;
t output_sw;

[t rearrange_seq

fuct seq_ len move([15];

t rearrange_seq rearrange_moves;

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

*/
is is the subprogram for BICA's number of moves from B calc. */

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

is function first reads the rearrangement structure and picks out =/
e connections in the middle switch pair (A, B). The argquments to =/

is function are the starting point (RB, CB) and the pair (A, B). */
e function returns the number of moves starting from B. For *x/
ference, the starting point is described by Paull as (R1, C2). x/

**************************ttt**t********t***************************/

Aull_mat_BTOA (RB, CB, B_least, A_least)
RB,

CB;

A_least,

B_least;

nt i’ —_— - P . —
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xanmpl e of FIG 4 shows the nunbggnmik &

———— - o ———

ows 112 and

. —— o ——— - — ——————————

olwums 114 equal®® & ONote that to correspond exactly- - "L

t|?Fhe N(17, 16, 1

mefrix of FIG 2, FIG 5 coutd’show: 23 1°7.°

matrix having foWs representing input swteches 24~ ~» "7

int

(

ml = Q,

m2 = 0;

flagl = 0,

flag2 = 0,

flagld = 0,

temp_flag = O,

k2 = 0;

r_temp = 0,

c_temp = 0,

F2 = 0;
chosen_msw_A({16]{3],
chosen_msw_B[16][3];

zero (chosen_msw_A, 48);
zero (chosen_msw_B, 48);

for (1 = 0; 1 € 256; i++)

x1l = rearrange_3d.position[i].x;
X2 = rearrange_3d.position{i].y;
x3 = rearrange_3d.position(i].z;

if (%3 == B_least)

{
chosen_msw_B[m1] (0] = x1;
chosen_msw_B(ml]{1] = x2;
chosen_msw_B[ml] [2] = x3;
ml++;

}

if (x3 == A_least)

( ' .
chosen_msw_A([m2] [0] = x1;
chosen_msw_A[m2] {1] = x2;
chosen_msw_A[m2] [2] = x3;
m2++;

}

Thile (temp_flag == 0)

k1l = O;
for (i = 0; i < 16; i++)
{

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)

BTOA_MV{m] [0] = X1;

/*

/*

/*
/*

/*
/*
/*

/*
/*

/*

nd 16 col umms rgfresghting output swtches such as

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 (R1l, C2), check
A's in the same column.

/* Found an B?

Yes, then store current

*/

*/

*/
*/
*/

*/
*/
*/

*/
*/

*/
*/

ot Has Been Replaced
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L el o 11
-7- OWPPEMDIZWAt ch 84. Wthin each square matrix
position  BTOA MV[m]™'] = x2; /* connection { BTOA_MV. »» zwn=sy > %]
BTOA_m[m] ._..._I - x3" :-r\ 4: kg _\ : - : ‘:‘.: :"-' e - ’4
m++,' > - ; " _.ﬂ .‘_..7, n-.v*.. ""‘ o~
r_temp = x1; o T |
break; i
) i
kl++;
} |
if (k1 == 16) y
flagl = 1; g
temp_flag = 1; %
F2 = m; ¢
i
’ f
if (flagl == 0) .
{ &
k2 - o, -
for (i = 0; 1 ¢ 16; i++) /* Start from (R1l, C2), check */ k
( /* B's in the same row. 5/ 1
x1l = chosen_msw_B(i][0];
x2 = chosen_msw_B{i}([1];
x3 = chosen_msw_B{i] [2):
%f (X1 == r_ temp &§ X3 == B_least) /* Found an B? */
BTOA_MV([m] [0] = x1; /* Yes, then store */ 1
BTOA_MV(m] (1] = x2; /* current connection */ '
BTOA_MV({m] [2] = x3; /* in BTOA_MOV. */
m++;
c_temp = x2;
break; '
} : .
K24+ ; : oy
}
if (k2 == 186)
(
flag2 = 1;
temp_flag = 1; G
F2 = m; :
1 N
| ]
return (F2); /* Return the number of moves from B. */

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

: *
his is the subprogram for BICA's number of moves from A calc. *5 . 1
’ *

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

*****t*******i*****************************t**********t*t'***********

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

43 This Sheet Has Been Replaced ‘
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as_matrjx 05|t|on 116 thdﬂ@N&HbAn1 055|ble

ym
b rtgx? gtgn % %iﬁ BT (A, By eyt
t gh ﬁe ri%g as A—‘qz Fbi ': :-n-v :/ M
u*xumsu;m (R27, CL).." wan */

*m*************“*/

S|ble entrles one for each of the center st age

s balies &&mr(lm €A, fH_Geadt, A_least) In FIG 4, the
orffered pair (3Ra,) denot es TRt ri x posi - tion 116,
where 3 is the Qaw designation, i.e., row 3

B_least, :

A_least;

int i ’

int x1

int flagl = 0,

flagld = 0,

temp_flag = 0,

k2 = 0;

int r_temp = O,

c_temp = O,

Fl =40,

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

chosen_msw_B[16] (3]

em;
1;
2;

)

o3
LI By

.~ ™

zero (chosen_msw_A, 48); /* Initialize target matrices. */
lero (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.position(i].z;

if (x3 == B_least)

(
chosen_msw B[ml][O] = x1; /* Pick out connections from */
chosen msw B[ml][l] = X2; /* middle switch B and store *x/
chosen_msw_B([ml] (2] = x3; /* in chosen_msw_B. */
ml++; :
)
.This Sheet Has Been Rep

N T




—— et v e ai o —————e . — e RO e —

ivi ng reference numeral 118 and 1-45 the colunn posi - .

on, iif.(x3cekumnidadevi ng the reference numeral 120, .. R R
e’entfy B (1[err]B[err]m in matrix position (-3; 1) Qorrén. soame E L0
onds to &hosengwswok(m2]o0)i mpxl; swW /ehPBck hdutiganestiods from - */ ™7 7
t er medi atehoseht BHW BA b Il pat xBmi tcb(*lm:.dblerﬁm;tchnAaand store */
trix posﬂcﬂ%ﬁ%ﬂéﬁ.&é‘“i]ﬁé]eﬂp&@ mat Vi*xipochasemmss _2) t hat referédce
row 122 ﬁ&lﬁ%;to i ndi cat es the absence of any

nr}1ect on between input switch 3 and out put

-0 —1H::

oo

while (temp_flag == 0)

k1 = 0; .
for (i = 0; i < 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;
}
k1++;

}
if (k1 == 16)

flagl = 1;
temp_flag = 1;
Fl'mi ~

if (flagl !'= 1)
(

k2 = 0;
for (i = 0; 1 ¢ 16; i++) /* Start from (R2, Cl), check =*/
{ /* A's in the same column. */

x1 = chosen_msw_A(i] (0Q];
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+t+;
r_temp = xl;
break;
}
k2++; ) ) S
} : T et e e
if (k2 == 16) eet Has Been Replaced

\\Il\l\\ ML
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itch 2. Ref@pmmg AfOI‘ exarrple to FIG 3, since there

y be ( only n input gates,90 1o -each 1 put SMthh
93 and n flag2 = 1; out put gates 102- ‘from each out put SWI*'[CJ;T‘
, only n temp_flag = 1; synbol s may: appeak- i-n any*row 112" or
| um 114. FL = m; Since each input switch 92 has only one
cqnnegt i 94 to each center switch 96, no two
S in any row - 112 may be the sanme. Simlarly,
eqehuent prfy switch 100 /* Return the number of moves from A. */

”***************************t***************************************/
*/
*is is the subprogram for BICA's rearrange ocutput. */
*/
“*************************************************t*****************/

IS 2 A RS R AR AR AR AR SRR EREEXRR XL 2R 22X 2 XA X R R X R R XX XX R X R X X X B W R

%is function is the output of the rearrangement procedure. The */
rguments to this function are the required number of moves and the: */
ir (A, B). The sequence of moves is written into the output */
jructure rearrange_moves. */

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

t*****************************t*************************************/
e output of the rearrangement process is a structure of the form: */

*/

struct seq_len */
*/

int input_sw; */
int old_mid_sw; */
int new_mid_sw; */

int out_sw; */

} */
*/

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

rearrangement_ output (no_moves, AR, BR)
no_moves;

AR;
BR;
#t il
1.
k,
m,
n;
Ant B, R
X2 = 0 ’
X3 =0, This Sheet Has Been Rep
ht Yl = 0,
oo TN
Y3 = 0;

#01- (j = 0; § < no_moves; j++)
if (flag A == 1 && flag_B == 0) /* Is sequence from A smaller? =*/
{ - '

yl = ATOB_MV([j](0}: /* Read Input switch */
y2 = ATOB_MV[jl(1]; /* Read Qutput switch */

46




s only one connection 98 frogeggixcenter switch 96 —
two Sypbot ATOB_MVITORlUM 114 nuy* Readhétiddre ¢, “tch </ .3 2.0

th the notation of FIG 4, a square matrix 110 satlsfy i“”,"'miﬂ‘f

i hg these restrictions is said tq b *"qu;tlnate Si Age it o o
hs o%lfy FLag+? mat & &At Fraga = O) 1s Sequence from BN&E“éllFﬁat *A trivial

[
h
bj ocki*ng sg : | of the «s input lines to
ap input ggnzcgggﬁkﬁgg ;E?P ut smntcﬁ 1:::3 éﬁigﬁt i:iﬁiﬁ *j desi gnat ed
by row 1 @Be-aprexai| wmact ed. Thi ;r* dIMiddle switch */

)

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

rearrange_moves.move(j].old _mid_sw = y3;
/* Store 014 Mldddle 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********************************t***********%***********************/

. . */
Fis is the subprogram for BICA's zero function. x/

*/

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

zero (A, n)
n; . : .

. . fhls Sheet Has Been Replaced
int 1l;

for (L = 0; i < n; i++) ' l"l"ll I"HI”

*(A + 1) = 0;
P******************'t***************************************Q********/

return;

_ */
#is is the subprogram for BICA's hunt algorithm starting point set. */
*/

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

‘**************i***************************,****i**********t*********/

is function sets the starting points for the hunting algorithm */
om A &§ B and executes the algorithm. The set of connections to be */
ed are stored in either ATOB_MV or BTOA_MV if either the sequence */

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

turns the length of the shortest sequence. */

'****************t***************************************************/
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'/_'_"." -

brrespond to haV|ng ns nbol$£€§ﬂgx A16 synbols in the

AS €

He=

int

int

int

nt

bct ed correggpqﬂagg to n synbols in colum 3 (e. g, *IB
nbol s for tg§ exanple of FIG 2) the network matrix

2 of FIG 2and 88 of- FIG 3 is trivially bl ocked and
uare matrix 110 will represent this fact.

- ————— — e et - - e i . St e e S Ay

——— e - e e e s em -

of FIG IFPIFAD &Afl S haiBr aFlyh i F7-dPPeXheRbut Py J|.nes

RY. ¥4 >

D out put sWiJy ‘3, for exanpl e, were already coR-" 2 P

a .-__-\ ~an

5, flow chadt 140 describes the steps and
J.
k =0,
Xl = 0,
X2 = 0,
x3 = 0,
m,
n,
temp_mov = 0,
temp = 0;
num_moves = 0,
mr = 0, -
mc = 0,
w_seq = 0;
R[3]l '
c(3],
undef flag = 0;
num_moves_A = 0,
num_moves B = 0,
F1L = 0;
F2 = 0,
R1_CONN{16][3],
C1_CONN{[16](3];

exo (R, 15);
ro {(C, 15):
ro (ATOB_MV, $3);
ro (BTOA_MV, 93};
ro (R1_CONN, 48);

o (C1_CONN, 48); [

8 ' “his Sheet Has Been Replaced

o - 5 | (TR

(0] = C1;

A_MV(0][0] = R[O];
B_MV{0] (1] = C[0];

r (i = 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].z;

if (x1 == Rl)

{
R1_CONN{m] (0] = x1;
R1 CONN[m][l] = x2;
R1_CONN[m] (2] = x3;
m++;

/* Store middle switches in Rl. */

48



unctions of the preferred

e

e e——— ot

'1vent|on Begi nning at start step 142,

C1_CONN([n] (0] = x1;
Cl CONN[n][l] = x2;
C1_CONN{[n][2] = x3;
n++;

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

x1 = R1_CONN{[1i)[2]):
x2 = C1_CONN([i]}({2];

if (x1 == rl_B)

if (x2 == cl_A)

TOA_MV[0] (1] = C[1];
T0B_MV[0] [0] = R{1];
roa_Mv{0]{2] = rl_B;
rOB_MV[0] (2] = cl_A;

t Set starting point for A.

= R[1}];
= C(0];

* Hunting algorithm from A.

Cl1] = RI_CONN{i](1];
R[{1] = CL_CONN[i][0];

/*
/*
/*
/*

/* A's are changed to B's & B's to A's

*/

*/

L%eﬁ')ﬂxzas gtety bl ock 144 indicates,

/* Store mlddle switches in Cl

t, of the present

t he nmethed |s~f|rst,”¥2

whet her’ Khere~|$ N

BTl

an

/* 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 As&B.
A is from (R2, Cl); B from (R1, C2).

The 3rd element of BTOA_MV & ATOB_MV
is alternating sequence of A's & B's

_moves_A = chk_Paull_mat_ATOB (mr, mc, rl_B, cl_A);, /*

¢ Set starting p01nt for B
= R[O];
= C[1]);
Hunting algorithm from B

*/

*/

/*

_moves_B = chk_Paull_mat BTOA (mr, mc, rl_B, cl_A); /*

= num_moves_A;
= num_moves_B;

(F1 < F2)

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

'# (F2 ¢ F1)

w_seq = 2; .
num_moves = F2;
flag_A = 0;
flag_B = 1;

/*
/r

)*

/*

/*

REPLACE
w/ FLOOD

REPLACE
w/ FLOOD

Is num_moves_A < num _moves_B ?

If yes, set flag_ A =~ 1, flag B = O.

Is pum_moves B < number_moves_A ?

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

49

ey

P & X

-

I e

*/

*/
*/

*/
*/

*/
*/

Y

*/
*/

*/
*/

*/

k]

Ae AN

k]

hia L}
-~ N

3

"M

-~

e ]
sl



A e mme——— - ———— ——— ——— —— v — o ————— - ———— .- -
o

a paAi;PF_Q,fDIg)qrts presented for connectlon
e]anple of FIG 3, the step is to query whether, there~|s an ,ral@”

ken Flow goes to bl ok I567¥ %K

w_seq = 1;
num_moves = Fl;

flag_aA = 1; /* and set flag A = 1, flag_B = O. */
flag B = 0; _

\ﬂ?/
[

l

eturn (num_moves); /* Return the least number of moves. */

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

*/
#5 is the subprogram for BICA's implement change algorithm. */

*/

***************************i****************************************/

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

is function implements the hunting algorithm to find the sequence x/
moves required for rearrangement. The arguments to this function */
e the middle switch pair (msw_A, msw_B) and the index. */
g*******************************************************************/

implement_change (msw_B, msw_A, index)
msw_B;
msw_A;
index;

t i,
J.
k;
t len_of_seq = 0;

en_of_seq = rearrange_seq (msw_B, msw_A, index);
arrangement_output (len_of_ seq, msw_A, msw_B);
turn (len_of_seq);

f**************************1***********************i****************/

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

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

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

s routine uses the implement_change_algorithm function to find *x/
‘number of moves required for the sequence of moves from sw_A and */
for the sequence of moves from sw_B for the existing connections */

the center stage switch pair (A, B) and returns the number of */
es required for the smaller of the two sequences.
'*********t*********t**tt******t***t*********f********t********t****/

calc—nom (SV_B, SW_A' inGEX) B,
W-B ' - I . B PR
SW_A R

index; cet Has Been Replaced T

D
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Py

me domai n connections. If there is not a pair of ports

nted for conp@gtrdconsg;t henARRESR G bes to bl ock,148. .. an 2003
\ur) nicvegdescimbbshmdid QWande begis) wne, dofix) Step ™ [ L % G
feturdndwugossves) bl ock 150 where the nmethod seteécts . i.”.."  "ac™ ane

e |l owest nunbered tine slot available for connection.
en, at block 152 space donmai n operations begi n for

KRR KI KT RN TNk % AK*hkkEhrhhk
1 et ng The T owest Ut &8 et e’ * ST age I Pt W EER* **** 2 rxar/

714 AN ReOC EQREREL B:Ab1Eh PP rbRdix I RRlu5Legt he :5

'g*****************************************f**************************/

“********************************************************************/
the present implementation of Paull's method needs the connect data =/

in the following structure. */

*/

struct p_coordinate 4
*

int input_sw; *5

int output_sw; */

int cnt_sw; */

} ) */

*/

struct p_mat_pos */
( *

struct p_coordinate[256]; *5

} - */

*/

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

[ matrix_model conversion ()

int i,
J
x1,
X2,
x3,
ml = O;

for(i = 1; 1 <= 17; i++)
{
for(j =~ 1; j <= 17; j++)
{

Xl = i;
X2 = j;
x3 = space_cnt_mat{i] (j]:
if(x3 1= 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;

t****wt*****tt****r***t************t***t***************t**********tr*/

5 *
hﬁs is the subprogram for BICA's version of Paull's methoed II. *x/

eet Has Been Replaced

G
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ne¢ti ons are nade at bl ock 156 andt§gg e matrix 110 o

|nlla£ staggg*aaQLg*dQ§| nat i*h ****** ctlons |§_d g
sl ock 1B v Bl ock 60,

a
R
Sp ?*1[E@I-Iaaingg—****t**********************IIQQL*L§***QQHI I;
‘Ehfunnééa% Ues 59\111 s method II to search chzoc(lét Z

R T Ry Y g Y I A= 1 T I T 2 Tk T L T TGy B ey
at block 164, the step

*implement PM2 ()

ed ;.o NERE
aa*w*df**wm her” "=~
d.1akes nlace. If
q;thegﬁmlsto
i« L 8aLLahgement .

'Lnt j:l

3.

k,

X1,

X2,

m=20,

n = 0;

int *selected_pair,
R1_cnt_sw{l6],
Cl_ _cnt_sw(l6]};

int listofB[16],

listofa(16],

A_temp = 0,

B_temp = 0;
int cnt stage_pairs[al[zl,

op_£flag;
int num_moves,

least_moves,

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

%elected_pair = (int *) calloc (2, sizeof (int));

{ven a connect request (I,0), where I is an INPUT SWITCH and O is */
§ OUTPUT SWITCH, read the row vectors in matrices 1 & 2. Then, XOR */
je two vectors to get a list of candidates for (A,B). x/

for (3 = 1; J < 17; j++)

1
Rl_cnt_sw(j] = space_in_mat{in_stage] (j];
Cl_cnt_sw|j] = space_cnt_mat{out_stage]([j}:

or (§ = 0; 3 < 16; j++)

x1l = R1_cnt_sw(jl;
x2 = Cl_cnt_sw(jl;

if (X1 == 0 && x2 != 0) /* The XOR operation. */
listofa[m] = x2;
m++;

}

if (x1 != 0 && x2 == 0) - -

{ T o o
listofB[n] = x1l: -

- et Has Been Replaced

T
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to find the connections to berepanxanged and, fromthe
connettions, the query at block 166 is of which path] .>» -2 .
rgquires the | east nunber of rearrangenents. If: the pathi ' -
A requires the | east nunber of rearrangenents, thet"

=

rrg mflowtakes path 168. |If X->B requires the |east
%h_e rearrangenents then program fl ow t akes
4] whichy path program.tLow {1 akes, :
stepf)ﬁg2 connectl 2 are &earrangeﬁ, Q@ﬁ&%éﬁ%yl@tﬁﬁzns of :§
j = 0: /* & listofB's. */

Yhile ((x2 = listofA(j]) !'= 0)

cnt_stage_pairs[m] {0] = x1;

cnt stage_paxrs[m][l] = x2;
m++;

J++

}

i++;
}
least_moves = xtra_stage;

for (k = 0; k < m; k++) /* For each combination of middle */
( /* switches, calculate least num. */

B_temp = cnt stage_palrs[k]{O], /* 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;

I (selected pair + 0) = cnt stage_palrs[least;palr][l]

r(selected_palr + 1) = cnt stage_palrs[least_palr][0],
\

peturn {selected_pair);

L*******************t*********************t**************************/
t s A A RS 2RSSR 2R 2L ************tt***************************t**********/
i . */
e following are the revised subprograms and main program for BICA. */

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

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

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

!******************************************t*************Q***********/

hitless_time_rearrange ()

This Sheet Hag Been R,
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ing a "hitless roll." The di Féﬁ&pg bel ow defines the .
rm"hitless roll." And flomﬁgg urns to step 174.to end "2, . 0 °

~ 0D

spaeRedoARBLGaONBRL i ans. Note that if no space rear-"% - -2 2777
r gaBnNt was -necessary, then flow fromquery bfock «i- - 2o
140 goes directly to end space domain step at block 174.

query 176, the question is whether tine rearrange-

IS YT TR 1T *E 87 ¥ T PO GORES Y0 *SE B T78 e ¥ v+ xx*xt/

ety ——

. . . . */
11 PUL DS dFa For a5 1 8ha" ¥hnd 21502t L. O */
. */

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

flood_time ()

¢ Use Include File. */
turn;

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

*/
is 1s the subprogram for BICA's select two time slots. */

*/

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

select_time_slots ()

* Use Include File. */
turn;

—a

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

. */
ks is the subprogram for BICA's hitless space rearrangement. * /
1

i *
L**********f********************************************************/

hitless_space_rearrange () : b

E Use Include File. */
eturn;

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

*/
is is the subprogram for BICA's flood space algorithm. */
. Ny

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

' c

; flood_space ()

¢ Use Include File. */
*turn;

L********************t*********************i*t*********ﬁ************/

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

k********t********************t*******t***ﬂ********,*t**************/

s**************’**t*f%****************************t*****************/

This Sheet Has Been Replaced
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*/

pump_link ()

int q;
3.
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;
}

J
(

lear_link(space_in_link, in_stage, c¢);
flear_link(spaCe_out_link, out_stage, c);

1f (c == xtra_stage)

\ rearrange_space = 1;

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

J****************t***********************t***************************/

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

*******************************************************#**i*********/

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

ﬁls primative is used to clear (reset) the kth bit of the 3th row */
£ the bit map specified by io to "0." 1If the bit map contains n */
lements and the value of j > n, then an error flag is returned. */
therwise, the kth element is reset to "0." */
****************!********************t***t*t********t***i***********/

clear_link(io, j., k)
io(16T (17,

Je

ki

int error_flag;

lf£(kx <= xtra_stage) ce e T
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f 186, is to rearrange connections one-at-a-tinme, again

sing a hitless roll in the tijgpegawean at step 188. .Pro- >, 17"
ranﬂpﬂdﬁﬂg%eh Yoes to step 190 to end tine-dommin "I . .-z e
error_flag g; T s

~s

. -~ L)

- Ly

ﬂse
error_flag = 1;

return(exrror_flag);

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

*/
is is the subprogram for BICA's set idle link bit (to 1). 4

*/

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

2 I X R 2R A ESEARARREZEEERR R R AL A Rl il Al i s bl il st Al Al R R A R Ras A R X X2 KN

is primative is used to set the kth bit of the jth row of the bit */
p specified by io to "1." If the bit map contains n elements and ~/

e value of j > n, then an error flag is returned. OQtherwise, the =*/
h element is set to "1." */

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

set_link(io, j, k)
io[16][17].,
% 3
H k ;
int error_flag;
f(k {= xtra_stage)

io{j1(k] = 1;
error_flag = O;

rlse

error_flag = 1;

teturn(error_flag);

%********************************************************************/

*/
lis is the subprogram for BICA's select two center stage switches. */
: */

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

select_cnt_stage ()

|
!
int *center_stage_pair;

#enter_stage_pair = (int *)calloc(2, sizeof(int));

felect middle stage switch pair */
i

éenter_stage_pair = implement_PM2 ();

§eturn(*center stage_pair);
— heet Has Been Replaced
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o erations. hbte thaf i f query block 176 detern1nes that no tlne .
arrangement was required, flagRENIEcReds directly to -epd tinE donaln
I ek*iee* *n****Er*emend*{wm*d@mﬁ*bl*eek*i@& *4f,,I Qw*goes*;o*m /4

-

r */
Ls is the subprogram for BICA's time rearrangement */
*/
,**********************t***t*i*t*************************************/
gde D */
time_rearrange ()
Lnt XtoA = O.'r
XtoB = 0;

fhar last;

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

* Find Connections to be Rearranged. */
uood_time ():;

i,

{* Q6: Which Path Requlres Least Number of Rearrangements? */
If (last == 'A')

XtoA = 1;

glse

if (last == 'B')

i XtoB = 1;

itless_time_rearrange ():
earrange_time = 0;
turn;

********t****************t*********t****‘k***************************/
*/
is is the subprogram for BICA's space rearrangement. */
*/

*-****************************#**************************************/

e C */
| space_rearrange ()

t XtoA = OI

XtoB = Q; .
nt *cnt_stage_pair;
har - last;

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

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

' Find Connections to be Rearranged. */
00d_space () I —

eet Has Been Replaced
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48 where the method determ nes whet her a palr “of
orts is presented for dlsconnéEY”“¥¥ %ot , then floere- R

r ck 144 to S reV|ousI corv
o | Q%ggt £H é/ 381"‘“]5%? ttée g‘r“’gtg%nt efg %ﬁ%&: Sat” "
|s p0|nt the method is to renove connectlons as re-
estxgdapari bl ock 192 and then update data tables re-
jecting the connections for the matrix at step 194.
lgpery 196, the nethod determ nes whether a
[ %f (last == 'B')

: }
hitless_space_rearrange ():

rearrange_space = 0;
return;

XtoB = 1;

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

. *x/
?is is the subprogram for BICA's remainder function. x/
*/
**********************t**********************************t***********/
L***********************t*******************************************t/
his function produces the remainder after the divisor has been */
btracted from the dividend as many (integer) times as possible. */

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

rem(dividend, divisor)
dividend,
. divisor;

int remainder;

if (dividend <= 0)
{

remainder = 0;

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

{

remainder = remainder - divisor:

%eturn(remainder);

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

. */
*is is the subprogram for BICA's quotient function. ' */
! */
******************i**********t**t********1**1**********t************/
*************************#******t******************t********t**f***Q/
Ris function produces the quotient by subtracting the divisor from =*/

e dividend as many (integer) times as possible. */
'***************t***************************************************t/

quot(dividend, divisor)
dividend,

cet Has Been Replaced
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pbl ed. I sog; then flow goes ABPENPEEVA 108 to exanmine . e e
hhet her a rearrangenent is in progress. If so,. -t.henr jhow feeoere
M || | oop via path 200 until rearrangenent is no-longer.” " -~

jhtrocess. Al thaiahet G 5 shows disconnect as occur-
I ng subsequent #emagq eting any necessary rearrange-
rent, the present nmethod and system may process a

uRtdendc Pequest in parallel with rearrangenent.
if (dividend <= 0)

{

remainder = Q;

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

{ . 3 » »
remainder = remainder - divisor;
guotient++;

}

return(quotient);

q***f*****************************************************************/

*/
this is the subprogram for BICA's convert I/0 line numbers. */

. */
#********************************************************************/

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

his subprogram uses the quotient and remainder functions to convert */
e I/0 line numbers for a connect or disconnect to a pair of I/0 */
age switch numbers and I/0 stage switch pin number. *

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

*'\ | convert_line ()

int - r = 16,

i in_line_minus_l1,

; out_line minus_l1;

i

in_line minus_1 = in_line - 1;

in stage - quot(ln llne minus 1, r) + 1;
in_num = rem(in_ lxne minus_1, r) + 1,

out line_minus_1 = out_line - 1;
out _stage = quot(out_line_minus_l, r) + 1;
uut num = rem(out_line minus_1, “r)y + 1;

return H

***************************************************tt***************/

*/
*/
****************************f’**************************************/

I
*/
tls is the subprogram for BICA's print statistics - n and m.

print_stats ()

!

| .

g Test case for print_stats. */

rintf ("BICA performed 3%d connect(s) and %4 disconnect(s).\n",

59 This Sheet Has Been Replaced
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!

Therefore, if the system of tfhesgi@sgnt invention seeks
F®t¥f%iect connections to the nost used part of matrix - S

first so as to pack calls after a disconnect, ‘the rearréngé-
LTEDL 540 Q4! t:s,a*quempi**tz'*ggk**l*,.&,,*pr@ym
{ing to pack during rearrangenent

hER" LSRR gRah £ R r-ESélsa‘J QELEUET Yoout from output.  +y

the next 'stép I's to determ ne "he connect] ons */
1.t*he*pa€kved~*1*n=*t*he*spaee*ﬁin&k@p*eﬂa*ﬂhe*nexi*fst*erp*efn****n*un/

ode B */
disconnect ()

int cnt_stage,
CSswW; _ /* csw for Center Stage sWitch. */

fﬂ***nQL************/
If a

fonvert IL-m —-> OL-n Disconnect Request to I(i,j) < O(k,1l) 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;
1space_out mat [out stage][out_num] = 0;

x/

I

pdate Tables.

| set_link{space_in_link, in_stage, csw);
;set_link(space_out_link, out_stage, csw);

*/.

37: Pack Connections After A Disconnect Enabled? */
|lf (rearrange_space == 1)

. /* A3 = YES -> Node C. */
1
i . Space_rearrange ();

)
‘/* A3 = NO. */
else
/* End Space Domain.*/
{

/* Q4: Time Rearrangement Required? */
if (rearrange_time == 1)

/* A4 = Y-E-S =Y Node D. */ . .
[ .
time_rearrange ():

| » This Sheet Has Been Replaced

. e T

/* End Time Domain. */
\****************************f#*************t*********t***************/

l ' */
this is the subprogram for BICA's connect - input to output. */

*/

‘*********************************************************************/

)
return;

‘t**********tt********************************************************/

this routine connects an input line to an output line through the = =/
jpace matrix. Variables are defined as follows: */

60
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f om1chart 140, then, is to pagieefpnnactions in the space

sing a thIess rol | at bloc 204. And then, at . f::('
l%@@ th §¥ &1 By ﬁ@'connectlons to be . 'ﬁ;;
&Equfg t| é gggnﬁgﬁf 1S are. packed vy
—0cK 206 § q&h 80¢ary 93 EfGmat 1 cal y hitless roll. xy
P'ogran1flom/then refurns to point 210 to continue the *x/
plavistigley deanribmtt epegatsdHrrheobphteowmatirdxt, 140. */
The fol | ow ng0d{scimsstagedeschS bes how steps of flow */
in_num: an anut to an input stage of the space matrix, */
0 <= in_number <= 15 */
*/
hut_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 */
. . */
mt_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. x/
center_stage = 1, ..., 16 means that the corresponding */
center stage of the space matrix is assigned. x/
center_stage = 17 is the extra stage of the space */
matrix, and rearrangement is in progress. */
*
J:************t*************t******************************************5
ode A */
) connect ()
!int CSsV; /* csw for Center Stage sWitch. */
ionvert IL-m -> OL-n Connection Request to I(i,j) -> O(k,l) Format. =/
convert line ();
’egln Time Domain. */
*elect Lowest Numbered Time Slot Available for Connection. x/
kgin Space Domain. */
qelect Lowest Numbered Center Stage Available for Connection. */
CSW = pump_ link ():
4ake Connection and Update Tables. */
space_ in_mat[in_stage] (in_num] = csw;
Space cnt mat{cswjlln stage] = out_stage;
Epace out_mat [out__ stage] [out_num] = csw;
b* Q3: Space Rearrangement Required? */
ilf (rearrange_space == 1)
| /* A3 = YES -> Node C. */
il
é space_rearrange ();
}
/* A3 = NO. */
else .
i /* End Space Domain. */
{ .
j /* Q4: Time Rearrangement Required? */
: heet Has Been Replaced "
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1chart

-errbodl rremtmget;egggamj@t(her a rearrangeabl y bl ocked -** *°
condiyion exists. Thus, when the dedicated el enent
(either a = NO.sl| ot |n*/the time domain or center stage
swi t ofi* iBnd FémepRematlondti/h) in a matrix connection

cbnfiguration is used to make an i nmedi at'e connecti on
return;

» —

This is the subprogram for BICA's get command.

£ get_command ()

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;

e

- else if (command_count == command_end)

-

| /* command = -1 => disconnect. */
i command = -1;

: command_count++;

Pl

. else

P

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

! return(command);

40 of FlG .reI atg to tﬁ%’éEWaf‘e matri x 110 of
FI G ?QE% F ? §> P yng square mat ki x{ 110 or.
fsinil e at ep I nethod of the pre?erred -

‘********************t*************************************************/

*/
:/

.**********************************************************************/

k***t*******************************it****t****************************/

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

?**************************t*********************t********’*****f******/

@d initialize rearrange ()

int i;
i

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

1

E rearrange_3d.position[i].x = 0;. |
3 rearrange_3d.position{i].y = 0; - R
% rearrange_3d.position(i].z = 0;

-}

62
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Tbe_t ween an idle input gate aABPERRIXd e out put gat e, t he . U

g%;_fqp%;og 2 ?garigppeable bl ocking condition is @P%ﬁﬁ RS S
ically ‘dét ected. - S SRR U ;
rearrange_moves.move[i].input_sw = 0; T !
rearrange_moves.move[i].old_mid_sw = 0;
rearrange_moves.move(i] .new_mid_sw = Q;
rearrange_moves.move[i].output_sw = 0;

return;

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

*/

this is the subprogram for BICA's space matrix initialization. */
*/

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

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

his routine is used initially to clear (reset) the space matrices. */
k**********************************************t*********************/

i initialize_space _mat()
int i, a i

for(i = 0; i < xtra_stage; i++)

! for(j =0; 3 <'xtra_stage; j++)

space_in_mat[i][j] = O

_ space_cnt_mat([i][j] = 6;

i space_out_mat({i] [j] = 0;

.

i space_cnt_mat [xtra_stage] [1] = 0;
1}

return; ' N,

Q*********************************************************************/
_. . * /
this is the subprogram for BICA's initialize idle link bit maps. */
: »*

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

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

the initialize link bit maps primitive (used only for start-up */f
perations) initia}izes_both the space input idle link bit map and */
he space output link bit map. All entries in the idle link bit */
laps are initialized to "1," indicating that all links are idle. 74
’***f*********************tt**************************************f***/
| init_links()

int 1, 3;

for(i = 0; i ¢ xtra_stage; i++)

[ for(j = 0; J <= xtra_stage; j++) T

space_in_1link(i)[j] = 1; neet Has Been Replaced |
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T —  eTmT . TmmII s meememn cmmmemme— e S e v

- 10 - L e féﬁs 162 and 178 execute Paull's Method to !i
frng t hgpace_out_link” “[j] = 1; path requiring t he fewest ﬁeawggngénents ;
Spe ifically,. with the bFockeﬁ celf«denpred (£1°-€l)
Fﬁpnas cell 121 of FIG 4, fthe fethod tests to find

3 synbol pairs (A B)

k**********t*********tt*******#******t*****************t**************/
: */
this is the subprogram for BICA's initialization. */

,*********************************************************************/

3 initialize ()

/* Test data for commands. */
n = 0;

m = 0;

command_count = 0;
rearrange_space = 0;
rearrange_time = 0;

/* Initialize all matrices. */
init_links():

initialize space _mat ();
iinitialize_;earrange )

’
-
¢

| return;
1

L************t**t******************t**********t***********************/

! */
this is the main program for Bowdon's Immediate Connect Algorithm. *x/

| */
}**********************t****************************t*****************/

?() | ' '
! - }
iint command; !

§/* Start Program Flow Here. */
'initialize ();

command = get_command (),

/* command = 1 => connect. */
if {command == 1)
/* Al = YES -> Node A. */

J
K /* Ql: Pair of Ports Presented for Connection? */
|t

connect ();
n = ntk;

}
| s» A1 = NO. */
else

; /* Q2: Pair of Ports Presented for Discconnect? */
| {

/* command = -1 => disconnect. */

. This Sheet Has Been Replaced
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such t hat |S|n row 1, RBPENDOK AN colurml andBls
in coluﬁ$:f |riXOM/1 For given pairs of sym . S S
bol's, sgy l( th & & &R0 Bpod4i bl e rearrangement: 2 3 Il e o

sequences G@.@CBBH&Q% w1l be shorter. Making thig. ".." "a:"ae
determ nati @n=i p+par J step 166 in the space domain and step 182 in

" the tinmg donmain. The sequence "XX[err] A" denotes a
- sequence*t Bt =sNarts WI tk,an imredi ate connection through the dedicated

) continue;
}

/* command = 0 => end. *
while (command 1= 0); /

pPrint_stats ();
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el ement %%ﬁ%stcenter stage switch 17 of FIG 2 PAGFENTH APPLICATION -
space domain and the time slot 128 in FIG 1 fof.the .. ae aeta ~-
ti me domain) and ends with the blocked cell being as- - . s s amma e aes

si gned tﬁ¥§i5i$#$%%gu%ﬁg%%§quence begi ns, for cexanplie, ~s" Tan"ana” DR
by startTng w cell (rf[err],c[err]) at 121 of FIG
4). Since thete isAneethed Foxy ‘F?‘é?ﬂun’ffl‘ﬂa AR iTEE e, of
rlerr] tp&esrphgeBentberer NbShindet g fan Ayt Idatid [to Gl asutmet
the natréxtlstﬂgéug ngggarégﬁééabf§lgiéhﬂéaNermudlcéifé%guj
matrix, comprising the steps of:
representing the communications matrix by an array
having a first dimension and a second dimension, said
first dimension representing a plurality of input stage
switches of the communications matrix, said second
dimension representing a plurality of output stage
switches of the communications matrix, said array having
a plurality of cells, each of said cells representing an
intersection of said first dimension with said second
dimension and representing a possible center stage switch
connection through the communications matrix;
identifying a blocked center stage switch of the
communications matrix in terms of said first dimension
and said second dimension;
identifying a pair of center stage switches
comprising a first center stage switch and a second
center stage switch, said first center stage switch not
being associated with the same output stage switch as
said blocked center stage switch, said second center
stage switch not being associated with the same input
stage switch as said blocked center stage switch; l“"l"“""ll"““"l”l"
determining, in parallel, the number of
rearrangement steps necessary for a rearrangement
sequence through the communications matrix from said
input switch to said output switch by first using said
first center stage switch and a second rearrangement
sequence through the communications matrix from said
input switch to said output switch by first using said
second center stage switch; and
terminating said determining step upon first
determining the shorter of said first rearrangement
sequence and said second rearrangement sequence.

66
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e et oo (MR 5sammscsmson, s

* - (R[err]s€k),on amnn ae suns
[ err]j,k[err]8. Then a search for a B in col.urm cLeﬁr} " Inﬂ, 2 et

takes place. bf thgreggéeﬂof&'&eeawmlﬁ&efﬁé miﬁfﬁ&ﬁ’%ﬁ&ﬁ&r of -

ends and then ihe next step is to find copnections to be
r ear r angEBREF2RFBERAEEALBF EBBneﬁil%ﬁp?Bp+P%¥% g3te st@ an output

appear s ggtgotugaughearkeaib&n@&%blytBDocﬁeaocsmﬁﬁﬁfbéﬁEbﬁband
contlnue LrlthecghggaggnB.ls In the (r[err],c[err]) position, then a
an array for representing the communications matrix,

said array having a first dimension and a second
dimension, said first dimension representing a plurality
of input stage switches of the communications matrix,
said second dimension representing a plurality of output
stage switches of the communications matrix, said having
a plurality of cells, each of said cells representing an
intersection of said first dimension with said second
dimension and representing a possible center stage switch
connection through the communications matrix;

means for identifying a blocked center stage switch
of the communications matrix. in terms of said first
dimension and said second dimension;

a pair of center stage switches comprising a first
center stage switch and a second center stage switch,
said first center stage switch not being associated with
the same output stage switch as said blocked center stage
switch, said second'center stage switch not being
associated with the same input stage switch as said
blocked center stage switch; '

\.

determining means for determining, in parallel, the
number of rearrangement steps necessary for a
rearrangement sequence through the communications matrix
from said input switch to said output switch by first
using said first center stage switch and a second
rearrangement sequence through the communications matrix
from said input switch to said output switch by first
using said second center stage switch; and

terminating means for terminating operation of said
determining means upon first determining the shorter of
said first rearrangement sequence and said second
rearrangement sequence.

67 This Sheet Has Been Replaced 1

[



search foP2&ROA6i n rov»“lll“ muL“ B lj The s&qfdntie APPLICATION
X[ err] A continues to C|rcI|ng BS in sn 2 asan ee s
columms in A'S in rows, un |I t here exists a colfuimn with ~ - = I;H s el

no Bto circle,or ayro h.n r { : RS
not all A's and-all Bmet§%? §°?Cé %gr%%P§£§ht§% %éé%ﬁﬁg number °I
tered i n tharzbogenepdsclior connecting an input gate(pmeaatpggpune X[err]B

ST SR ey S epppcstsnent T2

matrix, comprising the S eps of:

representing the communications matrix by a square
matrix having a plurality of rows and a plurality of
columns, said rows representing a plurality of input
stage switches of the communications matrix, said columns
representing a plurality of output stage switches of the
communications matrix, said having a plurality of cells,
each of said cells representing an intersection of said
rows with said columns and representing a possible center
stage switch connection through the communications
matrix;

identifying a blocked center stage switch of the
communications matrix in terms of said rows and said
columns;

identifying in terms of said rows and said columns a
pair of center stage switches comprising a first center
stage switch and a second center stage switch, said first
center stage switch not being associated with the same N
output stage switch as said blocked center stagé switch,
said second center stage switch not being associated with
the same input stage switch as said blocked center stage
switch; _

determining, in parallel, the number of
rearrangement steps necessary for a rearrangement
sequence through the communications matrix from said
input switch to said output switch by plurality of steps
through said square matrix to first use said first center
stage switch and then a second rearrangement sequence
through the communications matrix from said input switch
to said output switch to first use said second center
stage switch; and

terminating said determining step upon first
determining the shorter of said first rearrangement

68 Chis Sheet Has Been Replaced T
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of FIG ®2x0f2exanpl ﬂml ﬂJI’tlllﬁ l in col um PATENT APPLICATION
search begins for a B , There nuét be,a Bin_ . .
colum c[err], otherw se fhe mdtritx fwoul d not be bl ocked o ana )

- A maa

Then, procedure is tocircle that B. Since the circled B> - -

nnnnnn

is in posTATHANTT [JRF] S_ER, F9TODRT HESREEIRFERORE a?PW??F?o%?eregl ns.

| f there detearmined b3, théesmahler seumisear o £nsisepg deirough said
gram fl ow cont i ny éﬁég step 164 or 180, as appropriate
for the s %%aer%r ¢ domain. Ot herw se, the procedure . . _ .. .« ——m=—
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? % ﬁ?ENT APPLICATION
is to circle the A and s exanpl e, .t

circled Ais in position (¥[err},cterv]), then the-.seafch- begins-for -- -.

-

a Bin colum c[err]. If there is no B in colum crerr3~ bhen the. - “;.
sequence ends. &therw ggstehefaeqienerninisg theChiniien -number of  ~~ '~

rearrangements for connecting an input gate to an ocutput
gate through a rearrangeably blocked communications
matrix, comprising:

Vi

a square matrix for representing the communications
matrix, said array having a plurality of rows and a
plurality of columns, said row representing a plurality
of input stage switches of the communications matrix,
said columns representing a plurality of output stage
J switches of the communications matrix, said having a
plurality of cells, each of said cells representing an
intersection of said row with said columns and
representing a possible center stage switch connection
through the communications matrix;

means for identifying a blocked center stage switch
by establishing a connection through a dedicated center
stage switch of the communications matrix in terms of
said rows and said columns;

a pair of center stage switches identified by said
2 rows and said columns and comprising a first center stage
switch and a second center stage switch, said first
center stage switch not being associated with the same
output stage switch as said blocked center stage switch,
said second center stage switch not being associated with

the same input stage switch as said blocked center stage
switch;

Ui

w

determining means for determining, in parallel, the
nunber of rearrangement steps necessary for a
rearrangement sequence through the communications matrix
0 from said input switch to said output switch by a
plurality of steps through said square matrix first to
use said first center stage switch and then use a second
rearrangement sequence through the communications matrix
from said input switch to said output switch that first
3 uses said second center stage switch; and

his Sheet Has Been Repl
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92AD026 PATENT APPLICATION
- 11 - |HIH|I¢H||H'I‘HH|N|IM“‘TI‘H S procedure continues to

alternate * bBetween circling B's:in:columg:apd- A’ 3-if-.
rows until either a col um Wlth ne Bt~o CITC*l'\ ~or~\3a1
row with no A terminating means for terminating- opera:t:iozr of -saia - ~

determining means upon first determining the shorter of
said first rearrangement sequence and said second
rearrangement sequence as determined by the smaller

; number of steps through said square matrix.
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I

71




92AD026 i

, ] PATENT APPLICATION
to circle is found. Note, Nﬁ\“!ﬂ““l““lll B's get cir-

cled, only those encountere Owe" search. - L s s
For a given pair of synbols (A B), the next step i} to R
choose the patsgenexanethby fbe Get]elmmmr@ltkkermiﬂnmm - number -cf

oot nunidr gt dhe H s FRREELd B SELF Jied ¥ gn outpus

such pai r gafte sypengh @heempnqsabby clhbm}eed rreommcatlons
(A B) thatnLaniel NSohPPit A tREBEEpSTofi rcl ed synbol s

5 representing the communications matrix by an array
having a first dimension and a second dimension, said
first dimension representing a plurality of input stage
switches of the communications matrix, said second
dimension representing a plurality of output stage

b switches of the communications matrix, said array having
a plurality of cells, each of said cells representing an
intersection of said first dimension with said second
dimension and representing a possible center stage switch
connection through the communications matrix;

5 identifying a rearrangeably blocked center stage

switch of the communications matrix in terms of said

first dimension and said second dimension;
identifying a plurality of center stage switches

comprising a first center stage switch and a second
) center stage switch, said first center stage switch not
being associated with the same output stage switch as
said blocked center stage switch, said second center
stage switch not being associated with the same input
stage switch as said blocked center stage switch;

determining, in parallel for each of said péirs, the
nunber of rearrangement steps necessary for a
rearrangement sequence throhgh the communications matrix
from said input switch to said output switch by first
using said first center stage switch and a second
) rearrangement sequence through the communications matrix

from said input switch to said output switch by first
using said second center stage switch; and

s

terminating said determining step upon first
determining the shorter of said first rearrangement
sequence and said second rearrangement seguence. |

e
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e w0205 ) o AR e

mum nunber of rearrangeneniscnecess est abki sh ar vttt e
path fromthe input to the output of the rearrangeable RN L S L N
matrix. REPLACEMENT SHiySken fidat kieteridmingnthet aijigencrambey aiff the -

L1112 SWharrangener, sor, corneS i ICTRERe LELS! gh Bicggod ot
164 i n gt ﬁm%rﬂamemrme@a%n@(mcﬂfeﬁh@ommlqamws
matrix, comprising:

an array for representing the communications matrix,
said array having a first dimension and a second
dimension, said first dimension representing a plurality
of input stage switches of the communications matrix,
said second dimension representing a plurality of output
stage switches of the communications matrix, said array
having a plurality of cells, each of said cells
representing an intersection of said first dimension with
said second dimension and representing a possible center
stage switch connection through the communications
matrix;

means for identifying a rearrangeably blocked center
stage switch by indicating a connection through a
dedicated center stage switch of the communications
matrix in terms of said first dimension and said second
dimension;

a plurality of pairs of center stage switches
comprising a first center stage switch and a second
center stage switch, said first center stage switch not
being associated with the same output stage switch as
said blocked center stage switch, said second center
stage switch not being associated with the same input
stage switch as said blocked center stage switch;

determining means for determining, in parallel for
each of said pairs, the number of rearrangement steps
necessary for a rearrangement sequence through the
communications matrix from said input switch to said
output switch by first using said first center stage
switch and a second rearrangement sequence through the
communications matrix from saidlinput switch to said

output switch by first using said second center stage
switch; and R
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92AD026 PATENT APPLICATION
using a technique of the preferred enbodi nent that, shal |
hereinafter be called a flooding algorithm The . ~ -~ .- i amaa as s
flooding algorithmstarts by finding the first el'effent~of = -3 "7 - -
‘the X[ err] A seqtenmdnaltfirighmedns fequérrminating. operdticn of -said

the first QEEQ?E&E.nQ.fngt a8 é%g ‘%’1‘5:%1:' ﬁeEQEB?nzIﬁSEhF Eﬁorter of

the X[ err]B sequence i s not e next e
X- A sequen&@ifs figshd ¥ WW@& segNenfge3ngnsaid second

t he short erearbhgements (ipiGRe.i S generated. At . the
5 This Sheet Has Been
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92AD026 PATENT APPLICATION
time that the shorter of the two sequences is generated,

t he search term nates. .The poi nt- at shieh flopding
al gorithmterm nates detern1ne5 Phe path Uf the; , -
m ni mum nunber of rear- rangen&nts ‘as indicated i1
bl ock 166 in the space do- mai n and bl ock 182 in the
ti me domain. In step 172 for the space donmin and
step 188 for the METHOD AND SYSTEM(FQR SEWEGTING &l r angenments t ake

pl ace using a hitl essopTIMAL, REARRANGEMENT SEQUENCE FOR
A CROSS-CONNECT COMMUNICATIONS MATRIX

S CT OF ISCILOS

A method and system for determining the minimum number
of rearrangements for'cbnnecting an input gate to an output
gate through a rearrangeably blocked communications matrix
represent the communications matrix by a square matrix
having a first dimension that represents the input stage
switches of <the communication matrix, and a second
dimension that represents the output stage switches of the -
communications matrix, and wherein the sqguare matrix has
cells each representing an intersection of the £first
dimension with the second dimension and indicating a
possible center stage switch connection through of the
communications matrix. The method and system identify a
blocked center stage switch of the communications matrix in
terms of the first dimension and the second dimension and
identify a pair of center stage switches, where one of
which does not have the same output stage switch as the
blocked center stage switch, and the other of which does
not have the same input stage switch as the blocked center
stage switch. In parallel, the number of rearrangement
steps necessary for a rearrangement sequence through the
communications matrix that uses the first center stage
switch and, then, the number of rearrangement steps for a
rearrangement sequence that uses the other center stage
switch are determined. The method and system terminate
these number determining functions upon first determining

the rearrangement sequence requiring the smaller number of
rearrangement steps.
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92AD026
roll. The sequence of circledexypd@lon, either A's or B's, .. ..aa 2 271

el

that the above steps determ ne, e hen changedl t@ -~ 2 © 375.. ~ o2 2

clear the bl ocked cell using the appropriate X err]A or T e

X[err]B roll depending on which yields the nminimn™

nunmber of rearrangerrents The §pllowi ng Table 1 and

accorrpanugngmigegtb scri be theézt eps of naking the
nt of the center

connect i gy o6 range
st age svmtcheﬂ) \A'/F@Tﬁ Fﬁl)& 54. 55 ie 68 58

7

62
/" 128 TIME SLOTS

60

70
\\

SSS

N
d,

ONE N(17,16,16)

>, | MATRIX PER TIME SLOT \\
52 /4 NG
51 128 TIME SLOTS PER
FIG. 1 MATRIX OUTPUT TO 1/0 SHELF
56
7 —
1

76 86

1 16X17 74 18XIE gy 17X S

2 N ;

R ANV 1 R

16 o . 16 .

1 1 o

277 2 . 2 T2
16 VAR 16 FIG. 2
] -
2 {16 ¢ < 17 : 2 —
Pt : : :
| Ll 128 TIME
; SLOTS

LOGICALLY ONE N(17,16,16) MATRIX PER TIME SLOT
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results in the m ni nrum nunber
rangenent s:

18487-120

-~

Tl

gé‘go(%)snnect i on rear-
E.K.Bowdon 1 —

]

qqqqqq

90 nXm rXr mXn 102 88
32 5

TE .~ ~96 100~ .)1

g I N !

: 1 94 1 98 1 o
LN\ N/ ‘. FIG. 3
— — 1
27 2 2 2 [ 2
n — . . o - IR
1 — — 1
SRS FEEER L RS N e
n o o o o o a 0

110
114 2
NO A HERE
¢
8
112
7
w
=6
FIG. 4 & A
—4] 122 {8 A
=3 B K
=2+ A ~-118
16— g
\ ad
BLOCKED/ 7] T3 & 5T e
SWITCH 990 QUTPUT SWITCHES
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92AD026 TABLE 1 ra e

A AnnA

= 12' dn . a9 .ﬂ—.:\ n N -,\
A I B i
Xerr](r[err],c[err]) LN ’
142 [ ! 146 140
[BEGIN TIME DOMAINY o
=210 7 150
144 - L
H SELECT LOWEST
B
SORTS, PREGENTDNLYES | | NUMBERED TINE ;%
OR CONNECTION SLOT AVAILABLE SELECT 2 CENTER
7 FOR CONNECTION | | [STAGE SWITCHES FOR
7 7/ REARRANGEMENT
| BEGIN SPACE DOMAIN 7
v 154
/ FIND CONNECTIONS
PORTS PRESENTED™, SELECT LOWEST
£0R DISCONNECT NUMBERED CENTER T0 BE REARRANGED
? STAGE AVAILABLE 164/ 166
' 192 FOR_CONNECTION (55 [
7 PATH REQUIRES
REMOVE CONNECTIONS | MAKE CONNECTION ]f LEAST NUMBER OF
AS REQUESTED T REARRAN?GEMB‘JTS
|__UPDATE TABLES | YA -
[ UPDATE TABLES | 168 170
< REARRANGE
196 194 CONNECTIONS ONE

PACK
NO _CONNECTIONS AFTER AT A TIME USING

A DISCONNECT” HITLESS ROLL
[END SPACE DOMAIN*I ! ;78 -
REARRANGEMENT SELECT 2 TIME SLOTS
FOR REARRANGEMENT
YES™\ PROGRESS REARRANGEMENT T
198 - 202 REQUIRED
NO Z ? FIND CONNECTIONS
DETERMINE CONNECTIONS 176 NO 1801 TO BE REARRANGED
T0 BE PACKED IN SPACE
[
PACK CONNECTIONS PA“T* ﬁ&@g& o
IN SPACE USING REARRANGEMENTS
A HITLESS ROLL '
| 206 184 186
— .
DETERMINE CONNECTIONS coui%ﬁ?ggg c
TO BE PACKED IN TIME On
AT A TIME (THIS IS
v AUTOMATICALLY HITLESS
PACK CONNECTIONS IN 1 <
TIME (AUTOMATICALLY > 188
HITLESS) |_END TIME DOMAIN | FIG. 5
a < S N )
v 208 190
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92AD026 3 e
2 [err] E.K.Bowdon .o i irerr]
Lerr]  xferr]x 18487120 e Lt
5 [err] B[err]B . T ALerr]A
Xerr] X, A 7 )
NO A HERE o
8
7
%6
=5 AB
FIG. 6 %
54 B[ A
$3 B A
2 B
T 2 3 4 5 6 7
OUTPUT SWITCHES
NO A HERE 110
8
7
%s
=3 AB
FIG. 7 %
54. Bl A .
=38 A
2
B s
T 2 3 4 5 8 7
QUTPUT SWITCHES
NG A HERE 110
8
7
26
Frc. o BT i
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If the X[err] A sequence yi el ZAQ%ZBM ni mum nunber of S LA
rearrangenents, then, referrF _? ;gquare mat r"{jx.lld”of‘: 2 - ~ S
FIG 4, step 172 or 188 of F 5-128s appropriate, the -~ .- -
method is to put an "X' in the (r[err],c[err]) position indicating

t he connection was nade hBro gé}:tthe extra center stagqm

swtch, (TABLE 1, Step | es this action). Then

for the circled B's, the gOTTTTTTST agas X g ($tep 2¥ and
7
g6
S
FIG. 9 B 2
=4 B|A
S>3 8 A
=2 B
1 NO B
® HERE
2 3 4 5 6 7
OUTPUT SWITCHES
NO A,HERE - e
¢ 5
8
7
gfi
3
FIG. 10 & A
=4 B| A .
*05_3 B A
=2 X
’ <?_NO B
@ HERE
t 2 3 4 5 6 7
QUTPUT SWITCHES
NO A HERE 110
8
7
QS
59 AB
FIG. 11 %4 T This Sheet Has Been Replaced
=TT AT
=2 X
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then renoves the circled B %ﬁo Next , for the circled A's, the rol I/
first adds the B's (Step 4) s Lo renovedlLthE CIaI’G| "ed A's
(Step 5). Then, for X's appé}%‘?87 1 o > 7 ing ilnttheé rmtrlx
A's are first added (Step 6) and then the X s are renoved (Step’ 7).

The follow ng Tabl e 2 and acconpanyi ng text de-

scri be the steps of maki g@ t connection to y| eld rears

rangement of the center é%g i tches when X-B P

AB

FIG. 12
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(A T U R R ¥ I =
o
X

»<
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results in the mni mm nunber Smectlon rear -

rangement s: E.K.Bowdon . CTABLE 2
STEP ACTI ON 18487-120 T T 0k e,
X[err](r[err],c[err]) ., q-a- '~32 -~ AAn A
[err] , 3 Lerr]
X[err] X 4 [err] ,
220
0 FIG. 15
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5 [err], Aler rg%ADOZG 6

Xerr]X, B K.Bowdon 7 s e s XBlerr] B
The X-B roll occurs in simlari8d8ghigh to that o6f ‘the -~ - -~ =0oe o mor o
Xerr]Aroll. For exanple, the first Step is to put air X-in  --

the position (r[err], c[err]) indicating the connection was nade
t hrough the extra center stage (TABLE 2, Step 1). For

FIG. 16
SPACE_IN_MAT{IN_STAGE, IN_NU] SPACE _IN_LINK[IN_STAGE,CNT_STAGE]
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the circled A's, the roll firsg2a®6 X' s (Step 2) and then

renoves the circled A's (StepEXBowdeont, for the circled-~ -~ v~ .7
B's, the roll adds A's (Step figsgnd phen renoves -the SIS
circled Bs (Step 5). Then, for the Xs, the roll adds the - -- n

B's (Step 6) and finally renoves the X' s (Step 7).

FIG. 17
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- 13 - §%¢ enent is perfornmed as necessary using
"head- en @% and a "receive-end-switch" to

ef f ect Bowdon o e
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a hitless roll (including the gpgg2al connection placed i

n

the designated or extra el emepl)pduichhe | ower nunbered .. .
el enents of the matrix. The tgé{ﬁ_ d-end-bridge and . - . -
recei ve-end-switch are define d plained illustréa-". "~ '
tively in connection wth the exanple of FIGS. 15
t hrough 34 bel ow. These steps | eave the extra el enent
clear and ready for the next imrediate connection in a
rearrangeably bl ocked condition. 220
FIG. 18
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Al 't hough it is believed that t gsent specification L
and drawi ngs fully and accur escrlbe the system
and provide sufficient inforgé ? that anyone o
skilled in the art may practﬂ 8{né¥ nventive concept

" Unpubl i shed Appendi x A" is provided herewith to

remai n unprinted. Unpublished Appendix A includes a listing of the mnrklng

source code to enable a conputer | to operate and
performthe i medi ate connect nethod
FIG. 20
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of the present method and systg@imo26
OPERATI ON EKBo%’O\ﬁi ng expl ained general ly.the-proecesses

of the pre- 18487 {eiored enbodi nent, “t he foll ow ng-
illustrative exanple - shows how,t.he pré€f érred
enbodi nent provides an im medi ate connect in the
presence of a rearrangeably bl ocked condition in the..
space domain. The time do-
FIG. 21
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mai n nmet hod becones obvi ous up ﬁ@%rstandl ng

S markéd'

I npl enment ati on of the space d t hod
through 14 illustrate an exan‘%% eim
connect nethod of the preferr nent
square matrix 110 of FIG 6, cell (1,1)

bl ocked because the present connection al gorithm

5

detected that the dedicated center stage switch is the

only center stage switch having both an idle link to

FIG. 22
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input switch 1 and an idle |ingApmogut put switch 1.

In response to this condition Ktmd Rnnection algo- _ .. .
rithmin effect puts an X at é‘t{@?r—ﬁé clerr]) to -nake:the cannec-
tion, as FIG 6 shows. The us t notation "X' ¢, .7 . )
herei n denotes the use of the dedicated or extra center

stage switch in a rearrangeably bl ocked condition.

When t he desi gnat ed dedi cated center stage switch of

the large matrix configuration is used by the connection

FIG. 23
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l.
al gorithm a rearrangeabl e bl ogkpmgpgcondi tion is auto-

' t ed. Si nce .t he.connect-i on-pai r- (1, 1)
irrztlrgzlrlrénggggfye E.K.Bowdan bl ocked, -'i.n orter for: a cennection to
be possible, there 18487-120 ™ st exi st ah.idle link bet ween
I nput switch 1 and sone center stage switch, say A
Furthernore, there nust

FIG. 24
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center stage switch, say B. Theg
center stage switches to be cens

ment. In this exanple, the pagé E?ﬁ
center stage switches that ne é
the pair (A B) constitutes the entire set of pairs to
(A,B) is the pair that requires the fewest

sear ched,
rearrangenents.

8 shows

75 (AB) is one pai

d for

r of

rearrange-.

is the only palr'of
above criteria.,

FIG 7,
£>320
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the X err] B sequence of the ingpgijgage connect al gorithm

operation of the flooding alg
enbodi nent. For exanpl e, the
7 at rowr[err] and finds an Ain (rf[err],

the preferred enbodi nent. Toggy@ wdoR! GS. 7 and 8

96
\ 4%4

f the
ep starts

pr ef erred

c[err]) which is
circled. FIG 8 shows the second step of the f1 oodi ng

al gorithm whi ch uses the X err] B sequence and starts off

in colum c[err] to find a circled B in (r[err],c[err]konhen,

FIG. 27
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step takes place back in FIG ZJZ)AD @i n colum clerr] is
exam ned for a B. This is fou ition (r[err],clerr]) and
circled. Since there are no A'1aé¢gw err] this - X-Arse-, . o

qguence is conplete. The two ci ols in FIG T e
I ndicate two rearrangenents are required. Al t hough the
fl oodi ng al gorithm of the present met hod ends at the third
step, if it were to continue, in FIG 8 rowr[err] would be exam ned for an
A, which
;20
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woul d be found in position (r[e24a00026[err]). This procedure

woul d continue to alternate bpkwesopi rcling Bis in . columns..and A's in
rows until either a colunn\Mfgkgyl120 Bto circle;or a.roww-.th no Ata
circle. The four cir- cled synbaols.in F1G".8,. therefore,

I ndi cate four rear- rangenents are necessary in the exanple.

Since the X err] A sequence requires only two rear-
rangenments, and the X-B requires four rearrange-

FIG. 29
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nments,

only pair of center stage sw tygagy-hepng consi dered,”
X[ err] A sequence yields the m ni num nunber of

rangements.

rearrangenments using

roll

nunber of

(A B).

." Since the Xerr]A

J.HBawidbe pair

the preferred enbodi nent92406@6es the X err] A
sequence for the pair

(AB) Is the..

rear- ,f', .

“t he:

-

,.
.

The next step is to execute the
the previously nentioned
sequence yi el ds the m ni mum

220

rearrange-
FIG. 30
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ments, the preferred enbodi mnentgufgssthe Xerr]A roll in

this exanple. The hitless roll EIKrgaMgﬁS the initial connec- .. .... ..
tion placed in the dedicated CEIU Qpage SWi tch Thiss o % e LT
rol | takes place by first perform ng he necessary rear- coon T
rangenment using a head-end-bridge and receive-end-

PZ/ZO
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- 15 - 9EDG6 9 through 14 illustrate executing the
Xerr]A F kigbless roll. The met hod changes ,the’r.-

sequence of previ- 18487~120 . " foe

\\ / V4
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ously circled synbols A and B toggipgak the bl ocked cell

as foll ows: £ K.BowdbR" the circled B's add X's as FIG 9
shows. In this 1él,{'87_128xarrpl e, thi's step corresponds to -
setting up a head-end- br i'dge't‘-‘hr ough- the center
stage switch at the extra switch X for the existing
connection frominput switch 2 through center stage
switch B and a receive-end- switch through center
switch X for the existing connec-
FIG. 33
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tion and fron1center stage B to stage 2.

The next step is to renove the B's as FIG 10 _
shows. In this exanple, when a @Pﬂon exists- R
through center stage switch X, BH#/oddBut switch 2 S

receives a good signal, the next step is to take down the
connection from i nput SMAtCh 2 through center stage
switch Bto output switch 2. Then, as FIG 11 shows for the circled A s add

B's. In ]?](; é?éi

(A IN Ry BUT NOT IN Cy)

NO 2 HERE
$ (B IN C BUT NOT IN R,)
NO 4
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this exanple, this step corresponds to setting up a head- qbeaqqa |
end-bridge through the center stage switch B for_the exi sting

connecti on fron1|nput’smntch 1 through 2 cen- " $ef"$f”ge smntch A and a
recei,ve-end-switch through . i “ééhfer St age iswi tch B
for the exi sting connection from i cent er’Jstage
switch Ato output switch 2. Then, as- H G B oy J 112
shows, the circled A's are renoved. In this exanphe |
when a connection exists through center stage SMAtCh B “**m';
!

—I_-—-.L,.‘.
r-+

..I

METHOD AND SYSTEM FOR SELECTING AN OPTIMAL
REARRANGEMENT SEQUENCE FOR A CROSS—-CONNECT
COMMUNICATIONS MATRIX

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.

- TECHNICAT, 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 for selecting an
optimal rearrangement sequence for connecting input gates
through a cross-connect communications matrix to output

‘gates.
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and output- switch 2 receives a good signal, the nert-step:-
is to take down the connection frominput switch 2| BEfHﬁJ
through center stage switch A to output switch 2. | [' o
Then, the next step is to add A's to the positions] { ¢ ano ey
containing the X's, as FIG 13 shows. In this exanplk, ’
this corresponds to setting up a head-emd=bridge | e v

t hrough center stage switch A for both the connectjon
. : teh X AL
fron1|nputB§mn&§BU§Dtg%o Q %enterig&ntc t o out put

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 nust
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—comnnects 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 egqual or exceed the number of input gates
on each input 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 cutput 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
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switch 2 and the i medi ate connection frominput gaijﬁ
switch 1 through center switch X to output swtgth. 1.
The final step is to renove the X's as FIG 14 fllus-

trates. In this exanple, when each connection thrbugm,ﬁﬁﬁ-nqy
center stage switch A exists and the correspondj ng S i
out put switch receives a good signal,_tfe_ correspondimig -~
connection fromthe input switch through centeri.switch

LIS

X to the C%ﬁg%ﬁPQEQE”BaQEtBEtiﬁﬁhﬁcﬂn&aﬁuﬁﬁuﬁaééﬁes, the existing

connections of the matrix may be reassigned to new paths,
jf 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 System 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 permits immediately
connecting idle input gates to idle output gates and, if
a rearrangeably blocked condition occurs, rearrange the
matrix after the immediate connection. An important
aspect of this process is to rearrange the matrix using a
mninimal number of rearrangements of existing connections.
The present invention, therefore, achieves this object
with a minimal amount of additional circuitry and avoids
the service delays and interruptions of known
rearrangement methods and systems.

It is also an object of the present invention %o
provide a method and system for determining the minimum
number of rearrangements for a rearrangeably blocked
communications matrix by representing the communications
matrix by a square matrix having a first dimension
representing the input stage of the communications matrix
and a second dimension representing the output stage of
the communications matrix so that, in the square matrix,
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down. Note that the extra center stage switch X?Tﬁgﬁﬁgkiim; Sur
idle, since all connections are rolled off the @xﬁiamghﬂﬁﬁL;iﬂ
stage switch X to the appropriate center stage $m@tch

oA R IR
AT

- 4 -

|

s e’

cells represent intersections of the first dimension with
rhe second dimension and indicate possible center stage
connections between the input stage and the output stage
of the matrix, and wherein the square matrix identifies a
plocked center stage switch. A pair of center stage
switches, one of which is not associated with the same
output stage switch as the blocked center stage switch,
and the other of which is not associated with the same
input stage switch as the blocked center stage switch,
are identified and the number of rearrangement steps
necessary for a first rearrangement sequence through the

. communications matrix from the input stage to the output
stage is determined first using one of the center stagé
switches of the pair and the number for a second
rearrangement sequence through the communications matrix
from the input stage to the output stage using the other
center stage switch is determined. The method performs
the rearrangement sequences in incremental parallel steps
and ends upon first determining the shorter of the two
rearrangement sequences that the pair of center stage
switches yields.- '
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- 16 -
the pre-

di scussi on
nmet hod and

simplicity

Havi ng described in detail the operation of
ferred method and system the foll ow ng

illustrates the connaCﬁﬁggpﬂm£h 5@ e tlon
system of the prefer'e&i hod nent“;
i n i - AEREY ATy ‘E I
- 5 - i 24 APR PN @ :
e i
TEF_DESCRIPTION O DRAWINGS |

other objects and advantages are apparent and best
anderstood by reference to the following description of
j1lustrative embodiments when read in conjunction with
+he 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 illustrate 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 embodinment; '
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describing this aspect of the present invention, the X
anpl e considers connections in a further reduced -
N(5, 4,4) space matrix 220 of FIG 15.

illustrates the state of a sinplified N(5,4,4)

matrix 220 after initialization. Note that the fifth |
center stage switch 224 is |abeled X togindicate that ltLL
the dedicated or extra center stage smn?ch. As | egend j

hort-dashed |ines 228 indicate an idle linkgeru
226 shows, s DETAILED DESCRIPTION OF THE INVENTION

In FIGURE 1, a large matrix confiquration is shown

that provides 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 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 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
logically the relationship between time stages 52 and &0
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 from each output stage switch and 16
ocutput 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, centexr 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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continuous line 230 indicates a busy link, and long- |
dashed |ine 232 shows a switch connection. Since therej |
are no inputs connected to any outputs in FIG 15, there; .are no. 1nput
stage, center stage, or output stage switch ( =

connections and all of the |inks between the switches | L—__are_idle.]
Wth the sinplified N(5,4,4) space natn}x in mnd, it gs pOSSIb|e t of

s e rnee, -

detail how to inplenent conputer software e 2

-,
)
e et 161 et e .

cotal number of input gates 76 make up the I/O shelf-to-
cime slot connections 64 of FIGURE 1 for each time slot.
From each input switch 74 go input switch-center switch
ccnnectlons 78 to the center switches such as center
switch 80. In the preferred embodiment, each N(17,16,16}
patrix 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
g4. 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
g6 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
technigque. This technigque sets up a connection by using
a route through input switch 74, centexr 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-locaded 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, referxring 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 technigue automatically uses the dedicated or
extra element (either the dedicated or extra time slot in
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P A e e v g

AEPLACE

to acconplish the connection path sel ection and ot her
pur poses of the present invention. Note, however, that |
the size of space matrix 220 does not limt the utility of
applicability of the software inplenentation. To assist; |

i

I n understanding the software inplenentation, the fol- | | ! !
| om ng di scussion introduces data definjtions and not a- T e
!

tions relevant in manipulating the matrices 222, 234, |

236, 238, and 240 of FIG 16. Note, also, that for ease in_ _
time domain or the dedicated center stage switch in
the

space domain) when a rearrangeably blocked condition
the

A b e S i it o,

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 egquals 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 given n assures
that therxre 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 24. In generalized matrix 88, there may be,
for example, ¥ input switches 92. The input switch-to-
Eenter switch connections 94 connect to the rXr center
switches such as center switch 96 where each center
switch 96 recelves r center switch connections 94 and
provides r output connections 98. In the example of
FIGURE 3, there are B center switches 96. Each centexr
switch-to-output switch comnection 98 from center
switches 96 connects to an output switch 100. Each
cutput switch 100 receives m center switch-to-ocutput
switch connections 98 and outputs to n output gates such
as output gate 102.
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FIG 3. The follow ng data defi nit}pmE it 19 ; ig the|

I ption of the present connectlon nethod and sys- R L i
?2i$rlptlo P In a softyare inplenmentation, input/output E
gate or | i ne conversions occur. FOr..exampl -y amww-i
connection may poth the N(17,16,16) matrix 72 of FIGURE 2 and the

N(m,n %) matrix 88 of FIGURE 3 are said to be
r

' ' fer- | ur

under st andi ng connections, FIG 15 uses the ame f e &

ence nunerals for input gates QOJmsﬂguﬁh iy tches :

92, etc. appearing in the generalW‘rz\ !
A\ |
1

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 ang
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-1i 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 following 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
tﬁrough 14 shov an example of the cperation 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 matrisx
having the ability to perform immediate connection in a
TFearrangeably blocked condition.

In FIGURE 4, notation beneficial for understanding
the present invention uses square matrix 110 to represent



¥
be requested in the formof IL-nferr]O.-n. In other ;
input line mto output Iine n. The input line !
is converted to an input swtch stage nunber
and an input nunber for that input switch stage j such

IL-nferr]I(i,j). Sinmilarly, the output line nunber fig
converted to an output switch stage nu r k and an . - !
out put number for that output switch stage 1 such that ‘oo _}

CL-n[err]CXk,l)-tions existing in a space domain matrix such as

patrix 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
(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
patrix 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 matrixk positiom (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 nay
be only n input gates 90 to each input switch 922 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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ections existing in a space domain matrix such as
connix g8 of FIGURE 3. Square matrix 110 has rows 112
mat?gnatinq input switches (such as input switch 92 of
;;:;RE 3) and columns 114 representing output switches
(such 3s 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
patrix having 16 rows representing input switches 74 and
16 columns representing output switches such as ocutput
switch 84. Within each square matrix position such as
patrix 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 matrixk position (3,1)
corresponds to a connection from input switch 3 through
intermediate switch B to output switch 1. No entxy 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 920 to each input switch 92 and n
output gates 102 from each output switch 100, omnly n
Symbols may appear in any row 1i2 or column 1i4. 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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5 any column 114 may be the same. With the notation of
FIGURE 4, a square matrix 110 satisfying these
jctions is said to be "legitimate™ since it has only

restr
gltlmate entries.

Note, that a trivial blocking case occurs if all of
¢he input lines to an input switch such as input switch 1
deslgnated by row 1 are already connected. This would

rrespond to having n symbols (e.g., 16 symbols in the

case of FIGURE 2) in row 1. Similarly, if all the output
1ines to output switch 3, for example, were already
connected corresponding to n symbols in column 3 (e.gq.,
16 symbols for the example of FIGURE 2) the network
patrix 72 of FIGURE 2 and 88 of FIGURE 3 is trivially
plocked and square matrix 110 will represent this fact.

In FIGURE 5, flow chart 140 describes the steps and
functions of the preferred embodimeni of the present
jnvention. 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. In
the example of FIGURE 3, the step is to query whether
there is an idle input gate 90 to connect to an idle
ocutput 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, f£low goes to block 150 where
the method selects the lowest numbered time slot
available for connection. Then, at bleock 152 space.
domain operations begin for selecting the lowest numbexred
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 f£low goes to block
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, where the step is to select two center stage switches
16 rearrangement= Next, at block 164, the step is to
f?r the connections to be rearranged and, from the
flndections' the query at block 166 is of which path
connires the least number of rearrangements. If the path
:jzurequires 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
npitless 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 1is 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 1i84. 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
nc time rearrangement was required, flow proceeds
directly to end time domain block 190.

From end time domain block 190, Flow goes to gquery
148 where the method determines vhether a pair of ports
is presented for disconnect. If not, then flow returns
to query block 144 to proceed as previously described.
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air of ports is presented for dlsconnect, at this
it 2 ptne method 1s to remove connections as requested
pot int x 192 and then update data tables reflecting the

er bloC
connectlons for the matrix at step 194.

t query 196, the method determines whether a “pack

nnectlcns after a disconnect" function is enabled. If
<o, 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
plock 198, the next step is to determine the connections
to the packed in the space at step 202. The next step
of flow chart'léo, then, is to pack conmections in the
space domain using a hitless roll at block 204. Aand
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 chaxrt 140.

The following discussion describes how steps of f£low
chart 140 of FIGURE 5 relate to the square matrix 110 of
FIGURE 4. Recall that after updating square matxix 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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swifcn in the space domain) in a matrix connection
configuration is used to make an immediate connection
petween an idle input gate and an idle output gate, the
existence of a rearrangeable blocking condition is
omatically 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
FIGURE 4, the method tests to find all symbol pairs (A,B)
such that if A is in row 1, but not in column i, and B is

aut

jp 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 sequence "X~A" denotes a seguence 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 (xr;,cy) 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 ry,

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

In general, then, suppose that the circled A is in
(ryr,cx), 1< J,k <8. Then, a seaxrch for a B in column ¢
takes place. If there is no B in column ¢, the sequence
ends and then the next step is to find connections to be
reaxrranged at block 164 or 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 (k. C4)
Position, then a search for an A in rxow 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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sponds to one of the input stage switches 92. The col -| Wit/ iplagerihput
matrix 222 correspond to the input gates 90 to each of{ the fiTst stage
switches. The entries in the space input matrix correspond,t.o,the_. Qut guts
of the first stage switches such as outputs 94. Since fhe oltplt* of° each of
the input stag switches is connected to the center stageLsmLLah»oi»Lhé gane
nunber, the entries in the space inputlgatrix may be v§j ewed as the centar

LI

column with no B to circle or a row with no A to circle.

wote that not all A’s and all B’s get circled, only those
encountered in the above search.
cenerating the X~B sequence occurs in similar

fashion' as follows. Starting with the blocked cell

(r1r
column 1, so the search begins for a B in column Cq.

cy) 121 of FIGURE 4, for example, there is no A in

rhere must be a B in column ¢,, 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 ry begins. If there is no A in r;, then
+his 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;,c;),
then the search begins for a B in column c3. If there is
no B in column c3, 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
Y 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 symbéls, 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 rearrangenents neéessary to establish a
path from the input to the'output of the réarrangeable
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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space domain and block 180 in the time domain using a
thehnlque of the preferred embodiment that shall
c
ce r be called a flooding algorithm. The flooding

herelnafte
1gor1thm starts by finding the first element of the X-~a
a

sequence .
element of the X—~B sequence is found. Then, 1if the X~B

If the X»A sequence is not ended, the first

sequence is not ended, the next element of the X-A
sequence 1is found. This process continues until the
shorter of the two sequences is generated. At the time
¢hat 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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causes space input matrix 222 to indicate a

F—:. e,
L ORE IT SHEET |
g i_... — ite et Sarbe e .,..-..,..z ]
B Pl o pen ey |
o TABLE 1 { B
. STEP ACTION
F e ———— i,
1 X~(r,c,)
2 ®-®, x
3 @x X-X
4 @-®@, B
5 @,B-B
6 X-X, A
7 X, A-A
—= — J

If the X~A sequence yields the minimum number of
rearrangements, then, referring to sguare 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;) positicn
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 deséribe-
the steps of making the connectionm to vield rearrangement
of the center stage switches when ¥~B results in the
minimum number of connection rearrangements:
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fromthe j[err] input,

stage switch c. Lnbdﬁ fatrix 222

range fromO to X using the S”ﬁp|lfled exanpl é of FIG
15. A 0 indicates that no cdnnect i-on- hasmbeén'a33|gned
Entries of | t hrough 4 are norimal. conqectloms A
nunerical entry in q@trlx 2 12 of 5 inthis'e anpl e -

corresponds to the entry

=Xk ae-ELG. .6, and! i ndi cat es
t hat t'he extra center

~ TABLE 2
ol STEP ACTION
. 1 X-{r,c)
|

2 @-@, x
- e

3 @,X-X
precmesmmn e

4 ®B-®, 4

5 ®B,4-4
- 6 X-X, B

7 X B-B

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;, 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). 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
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
elements of the matrix. The terms head-end-bridge and
receive-end-switch are defined and explained
1llustratively in connection with the example of FIGUREs
15 through 34 below. These steps leave the extra element
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stage switch 224 has been assigned and the rearrange-

ment process has been invoked. Data Definition:
space_cnt _mat (cnt _stage. i n_stage) . Sheet HaSPa6 Bepdeesit er
matrix 234 is a 5 X 4 matrix which repre- nts theTglSSlee g of the
center switches in the pace doﬁﬂmmwm ent er
stage switches 96. Each 20

cleal and ready for the next immediate connection in a
n earz-;,_u-xgeably blocked condition.

although it is believed that the present
specification and drawings fully and accurately describe
che system and provide sufficient information so that

anyone skilled in the art may practice the inventive

concept,
remain unprinted. Unpublished Appendix A includes a

"Unpublished Appendix A" is provided herewith to

1isting of the working source code to enable a computer
«o operate and perform the immediate connect method of
the present method and system.

OPERATTION

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
pecomes obvious upon understanding implementation of the
space domain method.

FIGUREs 6 through 14 illustrate an example of the
jmmediate connect method of the preferred embodiment. In
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 %o
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
"X" herein denotes the use of the dedicated or extxa
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




row of the space center matrix wlfmi t he

center stage sw tches 96. TH@“ e s aqe mw-"ww3~i-;f
enter matrix correspond to th E Wuh % ithe, ... ..., {l
center stage switches such as € e tJles i Y Do
the space center natrix correspond to the outp¢t$ of._the “_“m{‘
£
k

center “stage sw tches such as output 98, Sinceithe out-
put of each of the center stage SWi t che- 96 coﬁnectsmto v o |

t he out put stage switch of the sanme nunber, the entries
a1 orithm, 2 rearrangeable blocklng condition is

tcmat;_cally detected.

gince the connection pair (1,1) is rearrangeably

bloCked' in order for a connection to be possible, there

ust exist an idle link between input switch 1 and some
enter 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
criteria. 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
+he 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 f£inds an A in (r;,c,) which is
circled. FIGURE 8 shows the second step of the f£looding
algorithm which uses the X-B sequence and starts off in
column ¢; to find a circled B in (r,,cy). Then, the thixd
step takes place back in FIGURE 7 vwherein 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 r, would be examined for an A, which would
be found in position (rj,c;). This procedure would
continue to alternate between circling Bfs in columns and
A’s in rows until either a column with no B to circle or
3 row with no A to circle. The four circled symbols in
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In the space center matrix 234 may be viewed: a$ ----- “t-he. T
out put stage switch to which that partlcular4c¢nter P
A P

stage switch (row), input columm connects. ! RS S E | As a
result,. the statenent Statement : | spape“cnt_nat(c i)
= k causes space centerfnatrlx 2347t6 ndi cate a
connection Ca MMmmmmthmmmmj

1gorlthm' a rearrangeable blocking condition is
tamat;cally detected.

gince the connection pair (1,1) is rearrangeably
blocked' in order for a connection to be possible, there
gust exist an idle link between input switch 1 and some
centeT 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
pair of center stage switches that meets the above
Since the pair (A,B) constitutes the entire

only
criteriae
set of pairs to be searched, (A,B) is the pair that

requires the fewest rearrangements.

FICURE 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 £inds 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 ¢, to find a circled B in (rj,c,). Then, the third
step takes place back in FIGURE 7 vherein column c; is
examined for a B. This is found at position (r,;,c;) and
circled. Since there are no A’s rovw r,, this ¥~A
sequence is complete. The two symbols in FIGURE 7
indicate two rear%angements are regquired.

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 am A, which would
be found in position (r;,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 cirxrcle or
a row with no A to circle. The four circled symbols in
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l . i_....._......,_.,I:‘-.._..‘.; _’\ r; ... P
fromthe j[err] input of tQﬁ,center stage switch |"EEPHE

k[err] output stage sw tch. nefit PecpBerlmedspace |center T T
matri x 234 range fromoO to ﬁ. M ﬂuﬁﬁ s that :ng YR
connecti on has.been assigne 1 [ through 4 are™ ™ =" i

normal connections. A zero entry in Xerr| row (i}. é.,.1t-he—m——--
S5[err] Tow in this exanple) i ndi cates that the extra center
stage switch 224 has been assi gned and € rearranges---

ment process has been invoked. =
FIGURE 8. therefore, indicate four rearrangements are

[RORPIFNRRSE

necessary in the example.

since the X~A sequence requires only two
rearrangements, and the X-B requires four rearrangements,
¢he 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 seguence
yields the minimum number of rearrangements.

The next step is to execute the rearrangements using
+he 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 centexr 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
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 step corresponds to setting



Data Definition: space-out_mat[out_stage. out_nunj

This Sheet Has Been Rep laced

up 2 head-end-bridge through the center stage swztch B
or the existing connection from input switch 1 through 2

£
onter stage switch A and a receive-end-switch through

center stage switch B for the existing connection from
centel 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
sgwitch 2 through center stage switch A to output switch

29
Then, the next step is to add A’s to the positions

containing the X’s, as FIGURE 13 shows. In this example,’

+his 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 cutput switch 2 and
¢he 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.

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 present invention, the
eXample considers connections in a further reduced
N(5,4,4) space matrix 220 of FIGURE 1i5.

o
t
|

H




- 19 - Space out put | nﬁhﬁfj;zaﬁ,r§ma~4 X 4 matrix
whi ch repre- sents the connection. nap ok t he
out put stage of the S ate matrix in t €| space

dormai n. Each row of space

f ~output natrﬂx 236
corresponds to-one of the output L .

- 25 - J I

i ﬁ

e e

FIGURE 15 illustrates the state of a 51mpllf1ed
(5 4,4) space matrix 220 after initialization. Note
chat +he fifth center stage switch 224 is labeled X to
ndlcate that it is the dedicated or extra center stage
gwitch- As legend 226 shows, short-dashed lines 228
jndicate an idle link, continuous line 230 indicates a
pusy 1ink, 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
1inks 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
bther 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,r)
matrix of FIGURE 3. The following data definitions are
useful in the description of the present connection
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~0OL-n. In other words,
input line m to output line n. The input line numbexr is
converted to an input switch stage number i and an input
nnmber'for that input switch stage j such that
IL-m~X(i,j). Similarly, the output line number is
Converted to an output switch stage number k and an
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swi tches such as output switch 100. The col ums of

space output matrix 236 correspond to the output from
each of the output swi tches such as output gates 102.
The entries in space output matrix 236 correspond to

the input to which that output connects such as connec-
tions 98. Since the input of each outp e sw tch connects
to the center stage switch of the same “nunber, the

entries in spagmtomymkenmefion tH236 cwtpute svijewmd s?agkha such that
o0 (k,1) .
More formally, I(i,3j) is determined from IL-m and
o(k,1) is determined from OL-n by:

=
i =1 + Quoty(m-1) i "
i = 1 + Remy(m-1) { 2 g RET T ,
1 =1 + Remy(n-1) :i M___M__]
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 gquotient of the
argument divided by N; and
Rem, 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 Definitién:

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. EBach row of space input
matrix 222 corresponds to one of the input stage switches
%2. 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
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center stage switch to which that particul ar outﬁqh
switch 100 (row), output gate 102 (columm) connegtgs: ca r. :
st at enent Statement: | space_ out nat(k I) =cC

causes space output matrix 236 to indicate a co,néctlow
fromcenter stage switch "c" to the I[err] outpyt def: the k[erq

connected to the center stage switch éf the same number,
the entries in the space input matrix may be viewed as
the center stage switch to which that particular input

DA .

stage switch (row), input (column) is connected.
As a result, the statement

statement: space_in mat(i,j) = ¢

causes space input matrix 222 to indicate a connection
grom the ™ input of the il 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 0
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 process has been invoked.

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
rov of the space center matrix corresponds to one of the
center stage switches 96. The columns of the sﬁaca
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
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out put stage swtch. The entrles |n S

range 236 fromO0 to X Shegl i e é S
has been assi gned. Entrl ; ¢Hih@ﬁﬁw :
connections. An entry of 1 t hi s example)

;

P
I ndi cates that extra center stage smntch 224 asjbeen o o] j
assigned and the rearrangement process fias beeniin-

voked. Conti nui n with referénce to*FﬂGS.

16. the the output stage switch to which at particular center
stage switch (row), input column connects.
As a result, the statement

’géatement: space_cnt_mat(c,j) = k "

——

causes space center matrix 234 to indicate a connection
grom the 3% input of the center stage switch "c" to the
xth output 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 ocutput stage of the
space matrix in the space domain. Each row of space
output métrix 236 corresponds to one of the output
switches such as outpﬁt_switch 100. The columns of space
output matrix 236 correspond to the ocutput from each-of
fhe ocutput switches such as output gates 102. The
entries in space output matrix 236 correspond to the
input to which that output comnects such as connections
98. Since the input of each output switch connects to
the center stage switch of the sane nunmber, 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

space_out_mat(k,l) = ¢

fam e ]

istatement°

15 and



foll owi ng discussion details how to inplenent T
ferred enbodinent to represent an idle |ink beﬂmeen an”

i nput gate and an out put gate. In normnal operat|0ﬁ,rbhe
present connection nethod attenpts to make ajgiven "= "

[t

connection through the | owest-nunbered center stage----

In order to make a connection bigom a|gi ven :

I nput stage switch, such as input switch 92, to a given =
out put Sta@ﬁUSﬁFtéﬁaéﬁcﬁuﬁBuﬁuﬂsﬁFlgmﬂﬁéhtgoﬁndihete a connection

from center stage switch "c" to the 1®® output of the kth
output stage switch. The entries in space ocutput matrix
range 236 from 0 to X. A 0 indicates that no connection
nas been assigned. Entries of 1 through 4 are normal
connections. An entry of X (i.e., 5 in this example)
jndicates 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 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
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 switech 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 foxr 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 process when reguired.

Data Pefinition: space_in link(in_stage,cnt_stage]

For the example of FIGUREs 15 and 16, space input
idle 1link 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
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must exist a certain center stage switch, such asicemteri¥! i
swtch 96, with the property that there is an i@l@“rﬁpr

link frominput switch 92 to center switch 96 QdeanhFdhgﬁﬁﬂﬁ b
output link fromcenter switch 96 to output switch 100. """ 5 &
The present nethod and systemtrack idle input lii Bks -cosmom e i
and idle output links by using two diffgyent bit, map A
arrays (one for input Iinks and one for output I%nksy "
Each bit argpaemimpuas ialleedard & it0wWaip02382Tdrk@Y¥pehds to one of

the input stage switches 92. The entries in space input

jdle link bit map 238 for a given row (input stage) and
column {center Stage) indicate the idle state of the
ijnput 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.

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
correspeonds to one of the ocutput stage switches 100. The
entries in the space output idle 1link 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
assignmenﬁ, A 0 value indicates that the output links is
in use and is not available for assigmnment. A O 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.

EPrimitive: init_links()

This Sheet Has Been Replaced
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t he space center nmatrices. The nethod uses a gr(up of
primtives to operate upon the bit maps to effegt cthe

- 31 -
The initialize idle link bit maps primitive (used
only for start-up operations) creates both space input
jdle link bit map 238 and space output idle link bit map
240 for the preferred embodiment. All entries in the
jdle link bit maps are initialized to 1, indicating that
all links are idle.

[%fimitive: set_link(i/o, 3., k) v]

This primitive sets the k™ bit of the j*® row of the

pit map specified by the "i/o" parameter to 1. If the
pit map contains n elements and the value of j exceeds n,
+hen the computer returns an error flag. Otherwise, the
ktP element is set to 1.

Primitive: | clear_ link (i/o, j, k) ﬂ

This primitive clears (resets) the k*® bit of the jtd
row of the bit map specified by the i/oc 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.

Primitive: | pump link(space in link[i],space_out_link

(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 ¢, the lowest numbered
center'stage switch with both an idle link to input stage
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- 20_-_ _ connect and di sconne ~The
primtives, in ea}hstnR@Mﬁﬁ i nvoke nhqwgegggqngenént process

e

and an idle link to output stage k. Tne index of the
girst non-zero entry in the result of the logical AND is
c, the lowest numbered center stage switch with both an

jdle link to input stage i and an idle link to output
stage k. The two links to c are then marked 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.

TABLE 3

PUMP LIST MACRO FLOW CHART

pump_link({space_in_link{1], space_out_link([k]
int ¢, i, k, x[xtra_stage];
{
int J;
= space_in_ link{i] && space_out _1ink[Kk];
for (j = 1; j < = xtra_stage; j++0
{
if (X(3) ==1)

|l clear_link(space in_line, i,cj;
clear link(space_out_link, k, c);
if (c == xtra_stage)

t

rearrange = 1;

1

return{c) ;

FIGURE 16 illustrates the implementation data
matrices after initialization. The corresponding entries



Data Definition: space_in_link[in_stage.cnt stéga 3
For the exanple of FIGS. 15 and 16, space input : |d.e S

link bit map 238 is a 4X 5 bit array that repreSents the

idle input links 94 between the input swtches 92iangit¥he;
center switches 96 in the space donmain. Each rom/of Q
space input idle link bit map 238 corréspends t¢ one of T

t he i nput stage swi tches 92. The entries in spate.i.nput . .
in the connection path selection matrices space In Hat™

222, space_cnt mat 234, and space_out_mat 236, for the
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
pit 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 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. 1In 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,
0L-1~0(1,1). So, we are going to make a connection
between input stage 1 and output stage 1.

The present method and system attempt to make the
connection between input stage 1 and output stage 1 by

. using the lowest numbered center stage switch avallable,
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[3] with space out link[1] in PIGURE
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,]) 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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idle link bit map 238 for a given row (input stage) and
colum (center stage) indicate the idle state of the input |ink 94 between

that i nput stage and center stage. An entry of | indicates that the input
link is idle and avail - L able for assignnent. A 0 val ue
I ndi cates that the input link is in use and is not available for
assignnent. A O entry in colum X-inBdi cates that the extra center stage
switch 234 is in use and the rearrangenent nethod is in
— —— e e
TABLE 4

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=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 reguest to connect IL-13 to OL-7 is
received. The regquest 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 connectlon between input
stage 4 and output stage 2 by using the lowest numbered NE
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 -
1link[4] with space_out_link[2], deternines the lowest
‘center stage number common to both bit maps, and sets the
idle status to "busy"” ig 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 fxrom the
connect routine as before: e
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pr ogr ess. Data Definition:
space_out |ink[out _stage.cnt__stage] Space out put
idle link bit map 240 is a 4 X 5 bit array t hat
represents the idle output |inks between the output
and the center switches 96 in the space donmai n. Each

_35..

[ mﬂﬁ —— |

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 connecticon 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 N
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 corresponding 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 fxom the
put_back macro: '
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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 (out-
put switch) and columm (center switch) indicate the idle
state of the output Iink 98 between that output swtch

and center switch. An entry of 1 indi-c@®es that the out-

put link is_i available for assignopent A 0 value
indi cates fhat the output links is ipagpg gnd is not avail-

DISCONNECT STATEMENTS

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,1l) = 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 reguest to connect IL-13
to 0L-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 connectioﬁ 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 stage numbexr

- common to both bit maps (which in this case is center
stage switch "X7"), and_setting the idle statué to "busy”
in both bit maps. Theﬁ, the space_n mat(i,j) and the
space_out_mat{k,l) are set egual to that center stage
number and the space_cnt_mat(c,j) is set equal to k. Aan
entry of 5 indicates that the X*B center stage switch has
been assigned and the rearrangement procéss 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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able for assignment. A O entry in colum X indicateJ ’
that the extra center stage switch 224 is in use an

]

!
|
{

rearrangement method is in progress. N Having o
described the maps for representation idle o EE AN Y ks, [the
foll owi ng describes primtive operations use- | S 11

mani pul ate the space idle link bit map87238 and 1 240 for
connect and di scepgeeh19B@iAk! fediate connect statements T

accomplish this:

TABLE 7 ' H

IMMEDIATE CONNECT STATEMENTS . E
X = ‘ |

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,1l) = 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 rearranqement'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.

This Sheet Has Been Replaced
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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 exanple
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 (ry,c) is blocked, test all symbol pairs (A,B),
such that A is in row r; but not in column c; and B is in
c;, but not in ry, teo £ind which palr will require the
fewest changes. The method then carries out the changing
algorithm on that pair.

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.
FIGCURE 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
js to find all symbol pairs (A,B) such that A is in row
r,, but not in column c5, and B is in column c4, but not
in row rg. In this example, there is a 2 in row ¥y, but
no 2 in column c3, so A is set to 2. Similarly, there is
a 4 in column ¢y, but no 4 in row ry, so B is set to 4.
Since there is only cne value for A and one value for B,

Sheet Has Been Replaced
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Primnitive: init_links[err] e Talize tdle
link bit maps prinitive (used only | forstart-up; |
operations) creates both space input idle | 4 amn Lipk bit map
238 and space output idle link bit map 240 IR i1 th
preferred enbodinent. Al entries in the idle |in] R J bi t
maps are initialized to |, indicating Bat- all Iihkgnare |

the (A,B) pair that requires the least changes is, ™

opviously, the pair (2,4).

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

possible rearrangement sequences. One of these two

™3

PR
i o

generally will be shorter. The following steps generate
the X~A and X~B sequences for this example.

The ¥~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 (xr3,c4), there is no
4 in row r3, so this step requires a circle around the 2
in row r,. Now, the circled 2 is in (r,,c;). 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 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 (rj3,c,), there is no
2 in ¢4, so a circle goes around the 2 in g;. Now, the
circled 4 is in (rj,c3;). Then, a search for a 2 in rj3 .
takes place. Since there is none, the seguence
generation process is complete. (Note that not all 4’s
get circled.)

The flooding algorithm starts by f£finding the first
-element of the XA 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 altermate path.)

In summary, the method and system of the present
invention determine the rearrangement seqguence for a
rearrangeably blocked communications matrix that for a
ninimum number of rearrangements of the communications

This Sheet Has Been Replaced
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i dl e. Primtive: set _link(i/o. j, k)

This primtive sets the k[err] bit of the j[err] row of the bit

map specified by the "i/o" paraneter to |. If the bit map

contains n elenents and the value of j exceeds n, then

the conputer returns an error flag. Gherwi se, the k[err]

- 40 -
patrix by representing the communications matrix as a
square matrix having a first dimension that represents
input stages of the communications matrix and a second
dimension that represents output stages of the
comnunications matrix, and where cells at the
intersection of the first dimension and the second
dimension represent center stage switches of the
communications matrix so that the matrix identifies a
blocked center stage switch of the communications matrix
in terms of the first dimension and the second dimension
and wherein a pair of center stage switches where one of
the center stage switches is not associated with the sane
output stage switch as the blocked center stage switch
and the other center stage switch of the pair is not
A associated with the same input stage switch as the
blocked center stage switch. In parallel, then, the
number of rearrangement steps necessary for a
rearrangement segquence using one cf the center stage
switches of the pair and the rearrangement sequence
through the communications matrix using the other center
stage switch are determined. With these step numbers
being determined in parallel, the method and system
terminate the determining operations upon first
determining the shorter of the reaxrrangement sequences
using the paixr of switches.
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 im a
limiting sense. Various modifications of the disclosed
embodiment, as well as altermative 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 txrue scope
of the invention. - T

is Sheet Has Been Replaced
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Is set to |. Primtive: clear _link (i/o, j, k)

This primtive clears (resets) the k[err] bit of the j[err] row
of the bit map specified by the i/o paraneter to 0. If the

bit map contains n elenments and the value of | exceeds n

then the conputer returns an error flag. O herw se, the

- 471 -
APPENDIX A
/ncqvoewnﬁwtvnaow*vvtvwvwn (R AR AEEEEEEELELERNEEREIERENEE"H -a:vvvvﬁﬁﬂeowoqv/
/equv#vvwaweo:nvbwngthﬁw .vatﬂwwetyawnsﬁvﬂvnw:ovvvvoo.wvﬁv?e#ﬁ#wnﬁovwﬁ/
. . 7
s Bowdon's Immediate Connect Algorithm (BICA) v/
e, v/
’

/onrtcnvevoeqonoowwwveenvvqwovwftnvtv9vﬁqvwooobwvvevﬂwcwwvowvvvvovowvwc#v/

/coty@cte#oavowwvvvwwtwwﬁ’uea19-ni'wtvevvwv!wwvthuwws#ﬁww#vw#w*vﬁow?tcow/

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

$include <(stdioc.h?
-#include <(math.h?
§include <malloc.h>
finclude (sys/types.h?
#include {(sys/timeb.h>
$include (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 0. '

m;
~nt command_count,

command_end = 10;
int rearrange_space,

rearrange_time;
int space_in_mat([167{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 traffic[2][28672];
/¢ Global variables for rearrangement algorithm. ®/
int BTOA_MV(31]) (3],

ATOB_MV(31}(3):
int flag_A = O, —y

flag B = 0; :
et esort_array (): Lo !
U 4 *chk_space_in_status (), L s P
int schk_space_out_status (); P & -
int *chk_space_blocking (}; o L
int *rshuffle (); v e T & R ead e i o e e el
int rimplement_ PM2 (): ; %
char name_in[13];
char name_out{13];
static int in_file(22):
FILE =fp_in,

=fp_out; o BeCD Rep\aced

int seed_array(10}; This Sheet

.



k[err] element is set to O. Primtive

punp_link(space_in_link[i], space_out |ink The
preferred nmethod and system connect between an i nput
switch stage i and an output switch stage k usi ng the
| owest nunbered center stage swtch avail -
- 42 -
. APPENDIX A
/* Structure to hold current network permutation before rearranging. */
struct p_coordinate
(
int x:
int ¥
int z;
bi
struct p_mat_pos
{
struct p_coordinate position{256];
bi
struct p_mat_pos rearrange_3d;
/* Structure to hold the output of the rearrangement sequence. v/

struct seq_len

)i

int input_sw;

int old_mid_sw;
int new_mid_sw;
int output_sw;

.ruct rearrange_seq

(
}'

struct seq_len move[l5];

struct rearrange_seq rearrange_moves;

/tivﬁ*wﬂﬂ‘ﬁ#ﬁv#9?Dﬂ‘?ﬂﬁﬁ?##t??999??#0999#??#9?9t??ﬁﬁﬂ##ﬁ#*ﬁ**ﬁ*#tk?ﬂ?ﬁ?v#?ﬂ/

/t
/ﬁ
/9

=/
This is the subprogram for BICA's number of moves from B calc. */
-2

/ﬁ#*ﬁﬁ#&vv#*ﬁ LA E-B-2 2 % 8] wﬁﬁﬁ?ﬂ*ﬁ?9###999**?##&##ﬁﬂveaeﬁﬁﬁﬁﬂ#?*ﬁ*’kt#ﬁ*#o?####/

/909###t##it#ﬁ?#ﬁ'ﬁ*#ﬁ#ﬁﬁ'ﬂ’#t?#ﬁ?ﬁﬁ&###ﬂﬁﬁﬁvﬁ'ﬂﬂ'ﬂ?ﬂ‘D*ﬁ’ﬁ“ﬁﬂﬂﬁﬁﬁ?#ﬂﬁﬂ?v?’?ﬁﬁ#ﬁ/

/* This function first reads the rearrangement structure and picks ocut =/
/* 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). 2/
/* The function returns the number of moves starting from B. For =/
/* reference, the starting point is described by Paull as (R1, C2). L4

/'htﬁﬁ‘ﬁ'ﬂ'ﬂ‘ﬁﬁ#"*#ﬁ'*#ﬂﬁ’ﬁﬂ?tﬁ#ﬁ?#ﬁ##?ﬁiﬁ#ﬁ?ﬁ'*ﬁﬁﬁ&ﬁ#ﬂ#'ﬂ#ﬁ?ﬁ##ﬂ'ﬁﬁﬁﬁ#?ﬁﬁﬂ#?###?vﬁ/

‘chk_Paull_mat_BTOA (RB, CB, B_least, A_least)

int

int

{

RB,
CB;
A_least,
B_least;

int i,
Je
me=0,
n=20,
yl = 0,
y2 = 0,
¥3 =0,
nl = 0,




able. This is acconplished by a process that hereinafter
link[i] and

shall be <called "punping" space_
space__out__|link[k]. That is, space_ _

n_
in

nk[i] is |ogi-

cally "ANDed" with space__out__link[k] to determ ne c,
the | owest nunbered center stage switch with both an i dle
link to input stage i and an idle |ink4Bo-output stage k
The index of the first ngn.zgro entry¥FE¥IEHe result of

the logicalinAND i s ¢, the l-omest nunbered center stage

x2 = 0,
x3 = 0,
kl = 0,
ml = O,
m2 = Q;
int flagl =0,
: flag2 = 0,
flagl = 0,
temp_flag =
k2 = 0;
int r_temp = 0,
c_temp = O,
F2 = 0;

0,

int chosen_msw_A[16](
chosen_ _msw_B([16] {

c_temp = CB;
m= 1;
n = 2;

zero {chosen_msw_A, 48);
zero {chosen_msw_B, 48);

for (i = 0; i ¢ 256; i++)
{

1.
31

/#

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]
chosen_msw_B[ml) (1]
chosen_msw_B(ml] [2]
ml+;

}

if (%3 == A_least)

(
chosen_msw_A[m2] 0]
chosen_msw_A{m2] {1]
chosen_msw_A[m2] [2]
m2++;

}
vwhile (temp_flag == 0)

xl;
x2;
x3;

xl:
x2;
x3;

/9
/9
/#

/e
/4:
/1\-

LIRS

Initialize target matrices. o/

Read rearrangement struct. ¢/

Pick out connections from LV

middle switch B and store v/
in chosen_msw_B. =/

Pick out connections from =/
middle switch A and store %/
chosen_msw_A. */

kl = 0;

for (i = @; 1 < 16; i++) /¥ Start from (R1, C2), check ¢/
/* A's in the same column. L4

%1l = chosen_msw_A[i] (0}:

x2 = chosen_msw_A[i] [1}:

x3 = chosen_msw_A[i] [2};
if (x2 == c_temp &6 %3 == A_least) /¢ Found an B? v/
BTOA_MV{m] [0} = x1,; /* Yes, then store current o/

Replaced
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switch with both an idle link to input stage i and an idle
link to output stage k. The two links to ¢ are then

mar ked as "busy" in space__in__link[i] and space__out

|l i nk[ k] and the center stage nunber c is returned. Table

3 illustrates an enbodi nent of this primtive macro.

- 44 -

APPENDIX A
gTOA MV[m] 1 = x2: /¢ connection | BTOA_MV. =/
BTOA_MV(m) .-} = x3;
me;
r_temp = Xl;
break:

]

Kl++;

}

if (k1 == 186)
flagl = 1:
temp_flag = 1l:
F2 = m;

}

if (flagl == 0)

{
k2 = 0; .
i = 0; i ; ies » Start from {(Rl, C2), check /
for “ 0; 1 € 18: 1) 5* B's in the same rowvw. */
xl = chosen_msw_a[%][O];
X2 = chosen_msw_5{+][l];
X3 = chosen_msw_ﬂ[z}[Z];
if (x1l == r_temp && X3 == B_least) /% Found an B? =/
( ./
Q] = x%; /* Yes, then store
gggﬁ“ﬁgEﬁ%El% = x2; /% current comnection :/
BTOA MV([m] [2] = x3; /% in BTOA_MOV. /
m++;—
c_temp = X2;
break:
)
k2++;
)
1f (k2 == 16) This Sheet Has Been Replaced
( [l BN |
cong. €lsg’ | R
temp_£flag = 1; A
F2 = m;
)
)
return (F2}; /¢ Return the number of moves from B. %/

)

L-X-2-3-2-2-%- 0 42
/9999?#09#0‘9?##&‘##1}*'& LE-R-R -2 0 -0 0 ﬁﬁ#wQQQﬁﬁ'ﬁoﬁﬁﬂ‘ﬂﬁ?##ﬁ#9999?9&*0&99 /

. oy
4 ' alc. 74
;: This is the subprogram for BICA's number of moves from A C 2

/ LA wta?o#ﬁtﬁvvﬁﬁﬂﬁQQQPQ?ﬁﬁﬁ###ﬁﬁﬂ#*°ﬁ‘¢?*ﬁ'9“?Qﬁﬁaﬁ'"'ﬂva'?*?‘?qﬁﬁ?cﬁqﬁV'Q'ﬂQ'ﬂ/-
« L2

/

i i i t structure and picks out *°/
» This function first reads the rearrangemen .
§° Ehe connections in the middle switch palir (A, B). The arguments to /

b
l.\ 1
i :
L



TABLE 3

- 45 -

APPENDLX A
#* this function are the s "rting point (RA, CA) and thr sair (A, 8). ¥
/° The function returns tl. number of moves starting fre.. A. For v/
/® reference, the starting point is described by Paull as (R2, Cl). L4

/vvf.-wvvvvwﬁ-ivwkuﬁnvewvnwanvn#veqavnagrv##pvwﬂvrwqﬂetnoﬁwywoo#vvuevu-&wown/

chk_Paull_mat_ATOB (RA, CA, B_least, A_least)
int RA,
. CA;
int B_least,
A_least;
(

int i,

- int x1

L 6 30 82 T 5 ¥ O3
[=R=NeNoNolNeNeloNalNe]

I T U N O Y

m2 =
flagl = 0,

flagz = 01

flagl = 0,

temp_flag = O,
k2 = 0;

r_temp = 0,

c_temp = 0,

Fl = 0,

F2 = 0;
chosen_msw_A[16] [3],
chosen_msw_B([16]{3];

int

int

int

r_temp = RA;
m 1;
n 2;

zero {chosen_msw_A, 48); /% Initialize target matrices. */

zerc (chosen_msw_B, 4B);
for (i = 0; i ¢ 256; i++)

X1 = rearrange_3d.position{i].x; /¢ Read rearrangement struct. */
x2 = rearrange_3d.position{i}.y:

x3 = rearrange_Jld.position[i].z:

if (x3 == B_least)
{

chosen_msw_B[ml] {0} = x1;
chosen_msw_B[ml]}{1l]) = x2;
chosen_msw_B(ml] (2} = x3;
ml+d;

/% Pick out connections from */
/* middle switch B and store v/
/* in chosen_msw_B. e/

ris Sheet Hey
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PUWP LI ST MACRO FLOW CHART punp__Ilink(space_in_link[I],

space_out _|ink[ k] int ¢, i, k, x[xtra__stage]; int j;
X = space_in_link[i] && space_out |ink[K]; for (j =1;, ] < = xtra
stage; | ++0 if (X(j)==1) c =j;
- 46 -
) ARPENDIY 4
}f {x3 == A_least-
t
chosen_msw_A([m2] (0] = x1; /* Pick out connections from v/
chasen_msw_A([m2] (1] = x2: /¢ middle switch A and store =/
cggsen_msw_A[mz]{z] = x1; /¢ in chosen msw A. v/
m2+s; -
1
}
while {temp_flag =~ Q)
(
kKl = 0;
for (1 = 0; i ¢ 16: i++) /* Start from (R2, Cl), check =/
{ /* B's in the same row, s/

X1l = chosen_msw_B(i]{0};
X2 = chosen_msw_B(Li][1];
X3 = chosen_msw_B(i][2];

%f (xl == r_temp §s x3 == B_least) /* Found an A? =/
ATCB_MV[m]) (0] = x1; /* Yes, then store current */
ATOB_MV(m] [1] = x2: /* connection in ATOB MV, w/
ATOB_MV(m] [2] = x3; -
m++l-
c_temp = x2;
break:

1

kl&-o. :

]
if (kl == 16)

flagl = 1;

temp_flag = 1;

Fl = m;

}
if (flagl != 1)
{

k2 = 0;

for (i = 0; i ¢ 16; i++) /* Start from (R2, Cl), check =/

( /% A's in the same column. w/

xl = chosen_msw_A{1}[0];
X2 = chosen_msw_a(i]([1];
x3 = chosen_msw_a[i}[2]:

%f (x2 == c_temp &5 x3 == A_least) /% Found an A? +*/
ATOB_MV(m] [0] = x1; /® Yes, then store v/
ATOB_MV({m] [1] = x2; /*® current connection =/
AEEB_MV[mJIZJ = xX3; /% in ATOB_MOV. «/

M+ ;
r_temp = Xx1;
break;
kK2++; 1
} s
— { €
if (k2 == 16) \ v ! This Sheet Has Been Replac
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br eak; clear _link(space_in_line, ic);

clear_link(space_out _link, k, c); If (c = = xtra_stage)
rearrange = 1; return(c);
- 47 -
APPENDLX A
(
flag2 = 1;
temp_flag = 1l;
FlL = m;
}
. )
!
return (Fl); /® Return the number of moves from A. =/

]

/oeq:towﬁrw-we9'oqovovoovw0wefrﬁanvvowewr:kuvow#owvﬁvw?wavﬁﬂer#v##eo#tu*/

/* v/
/* This is the subprogram for BICA's rearrange output. v/
/T */

/vwoﬁvo'novvovtnnvwﬁ:##wowavrvncwcvv#vwﬁ9#vﬁ9wvtvvnﬁw#&sv#@vovtvﬁ##v#wrtw/

/9@gvveqoﬂwtvvcvanﬁcfvoo-'vfnvvov'woqvwvatotvwavthtt«ow#vcwcnwﬁtu#evvqgg/

/® This function is the output of the rearrangement procedure. The V4
/* arguments to this function are the required number of moves and the =/
/* palr (A, B). The sequence of moves is written into the output /
/* structure rearrange_moves. vy

/0avvqetcootevﬂtwthwwvw*w9v?v*n&w#wﬂv,rtovﬂ&a?ﬁ#?wa#v#*ﬂﬁv#v#ﬂ#??#w#ﬁ??&/

/"oﬁvvto'!!aQ'Qto#vvr#ttvﬁtvoeﬁpovvt#vtfnvtn99rv###t*k##w?*eﬁﬁ??vo*?ﬁttﬁ/
¢

/> The output of the rearrangement process is a structure of the form: e/

o p/
/e struct seq_len v/
/v ( 1w/
A dint ioput_sw; ) */
Ve int old_mid_sw; V4
/° int new_mid_sw; v/
Vi int ocut_sw; */
Vi } >/
/* v/
/’?#*9?'!*#?’990*#791’9???#?9#9“’1}ﬂ*vv#'*'tﬂ#ﬂ#ﬁ#ﬂ?ﬂ'#?Qt?#ﬂ?*ﬁﬁ?ﬂ?#*?#ﬁﬁ#?#/
int rearrangement_output {no_moves, AR, BR)
int no_moves;
int AR;
int BR;

{

int i,
i
k,
m,
n;

int xl = @,
x2 = 0,
x3 = 0;

int yl =0,
y2 = 0,
Y3 = 0;

for (j = 0; j < no_moves; j++)

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

0

E /* Read Input switch o/
1

yl = ATOB_MV(j}[0);
1(1}: /* Read Qutput switch ¢/

y2 = ATOB_MV[j

This Sheet Has Been Replaced
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FIG 16 illustrates the inplenentation data matrices after initialization.
The corresponding entries in the connection path selection natrices
space_in_mat 222, space_cnt_mat 234, and space_out_mat 236, for the

exanple, are illustrated in FIG 16. Since there are no switch connections,
all of the entries are 0. The contents of the space_in_link 238 and
space_out |ink 240 bit - 48 -
APPENDIX A
73 = ATOB_MV(j" "2}; /* Read Middle r tch </

}

%f (flag 8 == 1 5§ flag A == Q) /* Is sequence from B smaller? =/
vl = BTOA_MV[j] [0}
¥2 = BTOA_MV([]j][1l]
¥3 = BTOA_MV[3][2]

; /¢ Read Input switch =/
: /* Read Output switch =/
| H /* 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 </
1f (y2 == AR) /* Change A's to B's. */
rearrange_moves.move{j].new_mid_sw = BR;

if (v3 == BR) /* Change B's to A's. 4
| rearrange_moves.move(j].new_mid_sw = AR;

recurn;

7
J TT O PR CTICIOSTRYNOCLTORIORTOT R D twfwvwwfwvwavvewvvowpgvcaevfwv#vovvw*wrvwccg/

/° n/
;° This is the subprogram for BICA's' zero function. */
L d t/

/vﬂw#aﬁ9a#ﬁws-'wﬁﬁ-ﬁ-vﬁethnvﬁﬁ*thwﬂv*#oszthwwwfﬁoat#ow#oﬂ#vwacwﬂﬁ#ﬁ«wo’ooewn/

. zero (A, o)
int B,

int n;

{

int i;

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

]

/’9'&QQﬂ’0”##9QQQQQQQHQQQ??#”QQﬁQ*ﬁ#Q9ﬂﬁﬁ\?n’ﬁv990?#99099909ﬂﬁﬁﬂ#ﬁnﬂﬁﬂ#ﬁtﬁﬁ/
-3

o
+* This is the subprogram for BICA's hunt algorithm starting point set. */
e */

/#Qﬁﬁ?#ﬂ#??ﬁﬁﬂﬁ!’?#vﬂﬂv?ﬁﬂQ’ﬁ?v*ﬂﬁf#ﬂ??ﬁ*ﬂﬂ*?#V#QQQ#QQQQQQQGQﬁﬁﬁﬁ#ﬁ?*ﬁﬂ?#w/

/9@99QfﬂQDPQW901!#999*###090’#&#9#9‘990'009Qvﬂ'?vOﬁvﬁ'?ﬂﬂﬁaﬁﬁﬂﬁﬁi}f?Qﬂ”wﬁﬁﬂﬂvﬂﬁ/

/* This function sets the starting points for the hunting algorithm =/
/® from A § B and executes the algorithm. The set of connections to be 2/
/° moved are stored in either ATOB_MV or BTOA_MV if either the sequence s/
/* from A is shorter or the sequence from B is shorter, respectively,. 2/

/* The_arguments to this function are the middle switch pair (A&,B), v
/* an index and the blocked matrix position (R1,Cl). The function */
/° returns the length of the shortest sequence. v/

/QQ#PQQQQ990000?79##&09009990Evﬁﬁwﬁ#??##ﬁﬁﬁﬁﬂﬁwﬁ??0999&&’99#9

Reade _v./.

This Sheet Has Been Replaced
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maps are as shown at initialization. Note that each input stage switch and
each output stage switch has a 1 ele-. nent for each idle center stage
switch. In this exanple, after initialization, all five center stage
switches are marked as "idle". FIG 17 shows the inplenentation data
after the first connection. Suppose the first connection requested is to
connect input line 1 to output line %, 40r-nore sinply,

int . rearrange_s - {(rl gl??!é!ib[;( Asw index, Rl '
int rl_s; - - - c Y
int cl_A;

int sv_index;

int R1l;

int Cl:

(

int : i.

n, .

temp_mov = 0,
temp = 0;

int num_moves = 0,
mr = 0,
me = @,

. w_seq = Q;

int R[3].
ci{3}.

) undef_flag = 0;

int num_moves_A = 0,
num moves_B = 0,

. Fl - 0;

int F2 = 0,
R1_CONN(L16]){3],
Cl_CONN[16}[3]:

zero (R, 15);

zero (C, 135);

zero (ATOB_MV, 93);
zero (BTOA_MV, 93};
zera (R1_CONN, 48);
zero (Cl_CONN, 48);
m = Q;
n=0;
R[O] = R1;
C[0] -~ C1;

BTOA_MV(O] [0} = R[O]:
ATOB_MV[O] (1] = c{0}:

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

X1l = rearrange_3d.position(i].x; /* Read structure. =~/
x2 = rearrange_3d.position(i]).y:
x3 = rearrange_3d.position{i).z;

if (%1 == RL)

{
R1_CONN{m] (0] = x1; /* Store middle switches in R1. #/
R1_CONN{m] (1] = x2; n2aetd,
R1_CONN[m] {2] = x3;
m++;

\act



IL-1[err]OL-1. The first step is to convert the input |ine nunber to an

I nput switch stage nunber and an input nunber for that input switch stage.
In this case, IL- 1[err]I(1,1). Simlarly, the output |ine nunber is
converted to an output switch stage nunber and an output nunber for that
out put switch stage. In this case, O.-1[err](Q(1,1). So, we are going to
make a connection between i nput stage %$0anrd output stage 1

APPENDIX A
if (x2 == C1
{
C1_CONN([n) (0] = x1; /* Store middle switches in Cl. +/
C1_CONN([nj(l] = x2;
CL_CONN{n} (2] = x3:
n++;
]
1
for (L = 0; 1L < 15; i++) /* Find the matrix position R2, C2. </
®1 = Rl_CONN[;][Z], /* R1_CONN is the connections in Rl ¢/
X2 = C1_CONN[i][2]: /* C1_CONN is the connections in C1 =/

if (x1 == rl_B)

cll] = RI _CONN[i}{1]:
if (%2 == cl_A)

R{1]) = CI_CONN[i}[0];

BTOA_MV{O) (1] = C(1]; /* Set start point for search from AgB. +/
ATOB_MV[0){0] =~ R([1l]; /* A is from (R2, Cl); B from (Rl, C2). 2/
BTOA MV (0] (2] = rl_B; /* The 3rd element of BTOA_MY & ATOB _MV v/
ATOB_MV (0] [2] = cl_A; /* is alternating sequence "of A's 5 B's =/

/* A's are changed to B's & B's to.A's. =/

/" Set starting point for A. +/
mr = R[1];
mc - C{0];

/° Hunting algorithm from A. =/
num_moves A = chk_Paull_mat_ATOB (mr, mc, rl_B, cl_A}; /* REPLACE o/
/* w/ FLOOD =/

/* Set starting point for B. =/
mr = R(O)};
mc = C{1];
/* Hunting alqgorithm from B s/

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 ? 4
) v_seq = 1; /* 1f yes, set flag A = 1, flag B = 0. =/
num_moves = Fl; -
flag_a = 1;
flag B = 0;
}

%f (F2 ¢ F1) /* Is num_moves_B ¢ number_moves A ? s/

w_seq = 2; /* If yes, set flag A = 0, flag B = 1,
num_moves = F2; s

flag_ A = 0; e
flau B=1;

\qced - \empy

i

s s s
-
[}
i
1
{

1



The present nethod and system attenpt to make the connection between input
stage 1 and output stage 1 by using the | owest nunbered center stage switch

avail- able, which in this case is center stage 1. This is accom
- 51 -
1 APPENDIX A
i1f (F1 == F2) /* Is number_moves_A = number_moves B ? o/
(
w_seq = 1; /* If yes, default to sequence from A. =/
num_moves = Fl;
flag_A = 1; /® and set flag A = 1, flag_B = C, ®y
flag_8 = 0;
]
return (num_moves); /¢ Return the least number of moves. A4

]

/weooor#wavtﬁewetkunawvowcwnwowqwv9evthwovﬁ#vQvowbwv#vb#vw##*ﬁvtwﬁwvtno/

/e v/
/* This is the subprogram for BICA's implement change algorithm. v/
/v ’/

/tnrvovvca’vﬁbbcvwopvwcvcv-vrvvnw.vvvt-.aq,’ceporwfvwviw#ﬂw##ﬁ??B#twﬁpatq/

/tﬁeteﬁﬁvovr#ovvwanwc:vowwwwvr'nttaﬂve##gosqvco:evvvo#vnwvt#aww*#ovtango/

/* 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. 2y

/IQPQV"EQ#H’QPw?ﬁ#!?viﬁﬂ”ﬂ??t'tﬁﬁ#ﬁﬂ*ﬁ7'!‘HQ?TE9*1’7791’9*ﬁﬂ?wﬂﬁ*#??*??#ﬁ'&#ﬁﬂ/

int implement_change (msw_B, msw_A, index)
't msw_B;
int msw_A;
int index;
(
int i,
3.
k;
int len_of_seq - 0;

len_of_seq = rearrange_seq (msw_B, msw_A, index);
rearrangement_output (len_of_seq, msw_&, msw_B);
return (len_of_seq}:;

}

/09#909”??####909?#9Qv#*ﬁf!?ﬂ?ﬁ?#ﬂwﬁﬁﬁﬂ??###ﬁPﬁf&ﬁﬁﬁﬁﬁ#?ﬁ*ﬁ*ﬁ*ﬁﬁ’?ﬂ?k###?/

T */
* /* This is the subprogram for BICA's calculate number of moves. v/
/% */

/#Q#O9’*?’9’?‘&&ﬁnDQQ?Dvv’ﬂ?bﬁ?ﬂD#ﬁ#ﬂ#i9&#70##&##*####?9#9?*ﬁﬁﬂ#####ﬁ?ﬂ#?/

,,uwevvnoevaoovogwonvvngvvgvv9pw99ovootpcoﬁvapwwowvvﬁvoﬁtﬁvﬁavﬁv#*vﬁwnaqa/

/* This routine uses the implement_change algorithm function to find 4
/® 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/
c 9 P

/* moves required for the smaller of the two sequences. v/
/anaqvﬂvecnqnvvoqgwovaoagvpnvcaﬁwutnp9ﬁewow99nwﬁowewﬁnoo9§09¢99ﬁ**99*¢##/
int calc_nom (sw_B, sw_A, index)
int sw_B,

sW_A,

index;

This Sheet Has Been Replaced
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- 23 - plished by using the punp_|list nacro of TABLE 3
to ' conpare space_in_link[1l] with space out link[1] in
FIG 16 and set the idle connects of the | owest center

- 52 -

. APPENDIX A

1ot nun_mc S

num_moves = implement_..iange (sw_B, sw_A, index);
return{num_moves);

1

/vsvvﬂvnvvtwvtvvfﬁ#vvﬁv'quﬂbﬂveveenntvvv'pvoQtvvwvwvovﬂwﬁ#kvk**ov##vﬁvov/
. */
/°* This is the subprogram for 3ICA's matrix model conversion. s/
/v ’/

/'anvovwetvthwovtwavwpvan&ntﬂvw#gvrtpnvvvn:ewvwwc#uowww*owetw#*tottwfv/

/wvcwrv#o#vvvawnwmwcﬁuvvowvsrvvwoﬁwvtbtwﬁvoovwrw#watetwttvﬁwot?#v#vottvvv/'

/* The present implementation of Paull's method needs the connect data v/

/* in the following structure. */
/* 2/
s’ struct p_coordinate i /
7 ( v/
/e int input_sw; */
/* int output_sw; */
/® int cnt_sw; L4
S } */
s’ */
s sStruct p_mat_pos /
/* ( 4
/e struct p_coordinate{256]: V4
‘e } */
/' ’/
/'9999"#9'9‘#PQQQ'V#Q”E*’?QQ?'”?P'#?I"DQFTIQQIR'ﬁ"‘Pﬁﬁ’f?#*???‘lfﬁﬁfffﬁﬁﬁﬂf
void matrix_model_conversion ()
int . i,
Jl
X1,
X2,
X3,

ml = O; This Sheet Has Been Replaced

i il

for(j = 1; j <= 17; j++)
{

x1l = i;

X2 = j;

x3 = space_cnt_mat(i][j]:
if(x3 1= 0)

{

rearrange_J3d.position{mi].x = x2; /*® Input switch =/
rearrange_3d.position{ml].y = x3: /* Output switch =/
rearrange_3d.position{ml].z = x1; /* Middle switch /
ml++;

)
}
return;

)

/9D’vquvooowqppw,we#wrvegop9vcwa#vn#997999&99wvoewntvv99#9:#?009#&59?#09/
/= v/
/* This is the subprogram for BICA's version of Paull's method II. </




stage nunber common to both bit maps to "0". Then, t he
space_in_mat(ij) and the space_out_mat(kl) are set equal
to that center stage nunber, and the space_cn-

t_ mt(c,j) is set equal to k. The correspondi ng space

matri x data entries are shown in FIG 17 and the resul -

tant state of the space matrix 220 is SAown in FIG 18.

The foll ow ng statenents acconplish this process:

TABLE 4
APPENDIX A o)

l/'vvvvvwsov'nw#w?oﬁ?u'vfwvﬁ- pﬂﬁvanvovﬁv'wevﬁn70909###7&-0,_aﬂvvarvwvnﬁowa/
’
/!1)D#Qtvﬁﬁv!ﬁv?Q*ﬁﬁvﬁv’vw'l‘ﬂﬁ'tvh?ﬁ&'ﬁ’vr#wﬂﬁR#Gﬂﬂ*ﬁﬂ#ﬂﬁ’ﬂPﬂ'?ﬁﬁ??#?ﬂ'?ﬂ?#f?/

/7 This function uses Paull's method II to search for (A, B) pairs. /

/'vvv’q?vvvvvvawnoaovrovv#wnnweatvw.n'vf#vvnvtnw#ﬁo??ﬁvﬂovhﬂﬂOQQQQ#w\vaQv/

n: *implement_PM2 ()

— -

int i.
j.
kl
X1,
X2,
m = 0,
n = 0;
int *selected_pair,
R1l_cnt_sw{16],
Cl_cnt_sw(16]};

int listo€B{156],

listofa(ls].

A_temp = 0,

B_temp = 0;
int cnt_stage_pairs(8] (2],

op_f£flag;
int num_moves,

least_moves,

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

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

for (j = 1; 3 ¢ 17; j++)
(

Rl_cnt_sw[3}] = _in_mat(in_st i1; 4
} CI“cnt‘sw[%] ) :g:‘c::—é:i:‘a&g&_:ggég][J']: This SheetHasseeﬂliﬁﬁc\e
for (3 = 0; § ¢ 16; j++) \\%‘\‘\\\\\‘\\\\\\\

xl = R1_cnt_sw(j]:
x2 = Cl_cnt_sw(j];

If (X1 == 0 §& %2 '= 0) /° The XOR operation. L4

listofA[m] = x2;
md=

}
Lf (x1 '= Q0 g5 x2 == 0)

listofB[n] = x1:;

N+,

P




X = punp_list(spac_Ln_Iink[i],

CONNECT STATEMENTS _ o - ac_in_}
space_out _link[Kk]); space_in_mat(i,j) = c; space_cnt_mat(c,i) K;

space_out _mat (k,l) = c; where, in this case, i=j=k=l=mrc-1
Assune the procedure of adding connections contin-
- K4 -
APPENDIX A
, ]
}
m = 0;
n=20;
i = 0;
While ((x1 = listofB(i]) '~ 0 /* Create all combinations of v/
¢ ; /* elements of listofA's "y
I=0: /* & listofs's. i

while ((x2 = listofA[j}) '= Q)
{

ent_stage_pairs(m} (0] = x1;
cnt_stage_pairs[m]{i} = x2;
m&é:
j-a--b'-

]

L+,

]

least_moves = xtra_stage; ‘
for (k = 0; k ¢ m; ke+) /* For each combination of middle s/
/* switches, calculate least num. =/
B_temp = <nt_stage_pairs(k}[0]; /* of moves that are required, ®/
A_temp = cnt_stage_pairs{k][1l];

1f (B_temp '~ 0 g5 A_temp '= 0}
(

tum_moves = calc_nom {B_temp, A_temp, k);

)
if (num_moves ¢ least_moves)

least_moves = num_moves;
least_pair = m;

}

*{selected_pair + 0) = cot_stage pairs({least_pair]{1};
*(selected_pair + 1) = cnt_stage_pairs[least_pair][O];

return (selected_pair);

}

’vovPQQ#*#Q##Q?#QQQQﬁQvé#ﬁﬁ#vk#wﬁﬁhnﬁ?#ﬁﬁ##?v*o#?#ﬂ?ﬁkQDQ#Q##*QbﬂﬁQQ?###Q/
’ ;ﬁoDthnqvvecrw#-ﬂggntqwcen#vn-vvatoewovn#wpownavfwﬁtvvvn#nﬁnvﬂov#vwnﬁo-ﬂtow/

7 */
/* The following are the revised subprograms and main program for BICA, v/
/e >/

/@'ﬁ?f#ﬁwtﬁ##&ﬂﬁb## ##D97??9?9#9#?00?#ﬁwﬂQQ#Oﬂ?ﬁv??*#ﬁQQG#VﬁQQQQQQQQQQQQQQ/

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

int hitless_time_rearrange ()

en Rep‘-aced

T E—
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ues until n[err] connections have been made (presum
ably without rearrangenent) with the resultant space
matri x shown in FIG 19 and connection path sel ection

matri x data shown in FIG 20. Then, the request to
connect IL-13 to OL-7 is re- ceived. The request to
connect IL-13 to OL-7 converts - 55 - to a request connect

(4,1 [err](2,3). The present nethod and system attenpt
to make the connection between

(

APPENDLX A

/* Use Include rFile. *,
return;

}

/'vQQ??PQ'#?QQQQQ?QDDQQQ#9&QG;QEvﬁ#ﬁ?#vﬂﬂv?f?ﬂ?#cnﬁﬂbﬁﬁﬂﬁﬁ?ﬂﬁ?ﬁ#?ﬁv?ﬂﬂﬁ&ﬁ/
/v '/
/* This is the subprogram for BICA's flood time algorithm. r/
/’ 9/

/Dﬂ ﬁﬁ'vb.'#ﬁ9"0?9099’?9'01?'?0’0009Vt"?v'f?fQﬁ#wﬁ’?ﬁ#ﬂVQ?Q??Q*”T’QW?QQ/

int flood_time ()
{
/* Use Include File. */
return;

)

/vv?ovv’#?##wPO#QTQDQ##Q???D!Yﬁ?#ﬂﬁt?t’#tkﬂfk#ﬂ?vﬁﬂﬁt’ﬁﬁ#”????vf???ﬁtt?##/
/s */
/* This is the subprogram for BICA's select two time slots. */
/” =y

/ﬁ*?’*###?fﬁ??f’ﬁ*?#ﬁk’*?’ﬂﬂﬁf’??ﬂﬁﬁ?#'?QQ???QQ’#?ﬂﬂ’ﬁkﬁ#?”@?#v*#ﬁ#v????/

int select_time_slots ()
f

/* Use Include File. 9/

return;

]

/69??9???’Qvﬁv’ﬁw#v?’t'vv#v‘?Iﬂ?ﬂ?ﬁﬁtﬂQ###v?t#vvt977##2???##7”###?9?#9?#’/
/e v/
/* This is the subprogram for BICA's hitless space rearrangement. v/
/* =/

/??*Q9?9???###w???ﬁ’??ﬂ???ﬂ??ﬁQ?ﬁﬂﬁﬁﬁ*#9??”7??9###9&##*##?##*?ﬁ?v?*ﬁ?ﬂ???/

int hitless_space rearrange ()
{

/* Use Include File. ¢/

return;

1

/Q**#*##*Bw?###*#ﬁﬁ#?#ﬂﬁ?D?Q?#??QQDQ?QQQQﬁ#?wt*#9##9?ﬁﬁﬁﬁﬁﬂﬂ?#?ﬁﬁ####kﬂ##/
/* b r/
/* This is the subprogram for BICA's flocd space algorithm. */
/* x/

!91!15'#t*ﬁ?ﬁ'?#ﬂ##*ﬁﬂ‘##*##ﬁvvvﬁtﬁ#99?##QQDQQQQDﬁﬁﬁﬁﬁ‘9999#0#?#{!9?*0'@2?979##9/

_int flood_space ()
(

/% Use Include File. */
return;

}

/tqupwoveteﬁcwﬁawwgvowgvvuwaoutﬂﬂtowewvﬁvvn-ﬁgwovﬂocnvbﬁaﬂakuonuv*w'auvov/
/" ®/
/* This is the subprogram for BICA's pump link macro. s/
/e V4

/#*vvrcaovowtowﬂ-oqvvvovvwovveownpovvvv#ncQvn-vowaqe#vnvnﬁvv#w&:wﬂvnnﬁwobﬁoa/

'IvoﬁewaQ:oo##ovwnpn#ponvouatnevovovvwﬁﬁoovnwne#99Doﬂﬂanﬁﬁt###&#ﬁﬂc#’voaﬂ/




| nput stage 4 and output stage 2 by using the | owest

nunbered center stage switch available, which in this

case, is center stage switch nunber 4, as illustrated in

FIG 20. The punmp list macro of Table 1 conpares

space__in__link[4] with space_out _|ink[2], determ nes

the | owest center stage nunber comonr B6 both bit maps,
and sets the idle status to "busy"” in both bit naps.

Then the space_in_mat(ij) and the space_out

APP F.NDI.){ A
/° This macro logically "a 1s" space_in_link(i] with space_out _link(k} </
/* to determine the lowest .umbered center stage switch, 'c,” having e/
/" both an idle link to input stage "i" and an idle link teo output v/
/* staqe "k." The first non—-zero entry in the result of the logical »/

/° "and" is "c" and the two links to "c" are reset to "0" (marked as vy
/* busy) in space_in LLnk{L] and space_out_link{k}. The macro returns =/
/° the value "c." ny

/ovvvvvovvvveov#c?vwen799?91'9##119!7617wvvvwovonw=owvvnﬁvvovv#tﬁwvvvvvvvvvﬂw/

int pump_link ()
(
int c,
3
x;

for (j = 1: j <= xtra_stage; j++)
x = space_in_link{in_stage}{j] && space_out_link(out_stage] [(j]:

if (2 == 1)
( .
c = j:
break;

]

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

?f (c == Xtra_stage) s Sheet Has Been Replaced

T - BT

/* Return center stage. */
return{c):

}

/’QDQEQ??QQQ#Eﬁ‘vﬂ?ﬁQEﬂ‘k?ﬂﬂ?ﬂﬂﬂ'ﬂ?ﬁ"ﬂ#ﬂ'ﬂ*Q999#9?09?Qﬂﬁﬁﬂﬂ990#??#99??0?7*99&‘?*/
/T s
/* This is the subprogram for BICA's clear idle link bit (to 0). */
/e */

/Iﬁ&7k#’Hﬂﬁ#??ﬂ#?ﬂ*?#ﬁﬂﬁvﬁ'ﬁvﬂﬂ'PQQ?ﬁ?ﬁ?‘vvﬂn#ﬁﬁ9?Q90#9#99??*?9?09#?#'ﬁ#ﬁ#ﬁ#ﬂ'/

/#9099#979999wﬂ#ﬂbﬁﬂ#w#nv?v##ﬁvv?vw#ﬁDﬂ'vﬂﬁ'vﬂ'ovP##Qﬁﬁ#v#vaﬁﬂ#ﬁ#ﬂﬁ'ﬁ#v99#9'&9/

-/* This primative is used to clear (reset) the kth bit of the jth row 4

/% of the bit map specified by ic to "0." If the bit map contains n x/
/* elements and the value of j > n, then an error flag is returned. v/
/*® Otherwise, the kth element is reset to "0." v/
/vﬁ-vvuwaovvwovwv-h#avvwoanavwvvoqoeﬁwawvﬁﬁwecovoovwnwﬁav#caawﬂwnvt#vﬁ#vaw#/
int clear_link(ic, j. k)
int iof16)[17).

Je

Kk, *
{

int error_flag;

if(k ¢= xtra_stage)
(

ST———




to that center stage nunber and
to k. The

the space _cnt _mat(cj) is set equal
correspondi ng space matrix data entries are shown in
matrix is

FIG 21 and the resultant state of the space

shown in FIG 22. This process is accom pl i shed using

the followi ng statenents fromthe conrnéGt - routine as

before: - io[j) (k] = o0; _ APPENDIX A
error_flag = Q;

mat (k, 1) are set equal

TABLE 5

else
{

error_flag = );

Feturn({error_flaq);

/féteg-owo’av
TEOOTO LY
wnaav#vow’wovﬁvpovqwnvbvv&ntvﬁvwvvc#v
TetTTCrTYROLYY
aoﬁqov/

/w
;: This is the subprogram for BICA's set idle link bit (Lo 1) i
L
/s

v Pl : . .
f/’q I_;:;Ssggé??;;;ebls_used Lo set the kth bit of the jth row of the bj
7 the value of 5 g :O E:enlén If the bit_map contains n elementz aﬁé :5
/* kth element is set to "1.» error flag is returned. Otherwise, the =«

2/

/otvvwov*o#vet
LK
wevvoqvvwvwawovevwevnvavvvwoﬂwtvrq#vv#
LA X
vw/

§nt set_link(io, j, k
St io(Ts)(17], 7
iy |
¢ o
int error_flag;

%f(k (= xtra_stage)
io[jl(k) = 1;
error_flag = 0;

e

return(error_flagqg);

7
/* T
his is the subprogram for BICA's select two center stage switches :
*/

int select_cnt_stage ()

int “center_stage_pair;

center stage_pair = (int rjcalloc(2, sizeof(int));
/° select middle stage switch pair =/ |

center_stage_pair = implement_PM2 (); %

return(°center_stage_pair):

een Rep\aced




CONNECT STATEMENTS X = punp_list(space_in_link[i],

space__

out__|ink[K]:
- 58 -
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/vwevuvovvnfﬂvqpevvvn?ﬁnvo cvaﬁoocvvovnuotevwnoo#wﬂvev.ovocnﬂvvwoenoonﬁ/
/' o
/* This is the subprogram for BICA's time rearrangement. ,;

IQ 7/

/.,q,opgng,qvV'qgggagogeggnnwv#wvovvﬁvquovoevogvvvvquvvuvvvwﬂvvwnﬂvia/

/® 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. */
flocd_time ()

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

)

else

Xtoad = 1;

if (last == 'B")
{
}
}
hitless_time_rearrange (};

rearrange_time = 0;
return;

XtoB = 1;

)

/ﬂﬂw#ﬁ?##ﬁwﬁ#ﬂﬂvcQQEQ##??DQV?#QQQQ?Q#QEﬂ##onv99#kﬂﬁvavvﬂﬂﬂﬂﬂkﬁﬁﬁﬁﬂﬂ??#ﬂ*/

/* */
/® This is the subprogram for BICA's space rearrangement. */
/7= */

/9ﬁ9Q#Q#?##ﬂ??ﬁ?ﬁ”f#ﬁﬂ#ﬂﬂﬁ#?ﬁ??ﬂ?ﬁ?*?DQDQQﬂ9ﬂ992*9#ﬁ9ﬁ999§ﬂ#*9@##**9?9*@2/

/% Naode C */

void space_rearrange () his Sheet Has BeenReplaced
. int Xtoa = 0, \\\1\\&%\
XtoB = 0; B
int rcnt_stage_pair;
char last;

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

/* Select Two Center Stage Switches for Rearrangement.: /
"ent_stage_pair = select_cnt_stage (}):

/¢ Find Connections to be Rearranged. */
flood_space ():

et 1y
'3




- 24 - TABLE 5-conti nued
CONNECT STATEMENTS space_in_mt(i,j) = c;
space_cnt_mat(c,i) = k;

- 59 -
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/* Q5: Which Path Requ:r2s Least Number of Rearrangements? °*/
if (last == ‘A'}

XtoA = 1;

!

else
if (last == 'B")
(

XtoB = 1:;

———r

hitless_space_rearrange {();
rearrange_space = 0;

. return;

]

/QQ’?Q?QVQ#QB#99?”&#ﬁ‘#ng’ﬂbvvb?ﬂ‘?!?ﬁ"vﬂﬁl’ﬂ0###99*#,DDQ#??QQ?’???#TQQQ?@/

/° ' */
/* This is the subprogram for BICA's remainder function. v/
/* */

/tw#w#ovvvﬁﬁvtvveo#wﬂvvvpvnvv#vvvn-e#wvvquw###w#ﬂ@tvQ*ﬁ#w?pﬂ#?#wﬂw##tfn&v/

/evﬂwevtvvvw#vvvvrowr#vopvovvvwowannywrnﬂvae9#&9###2####?#1‘:#?ne#wvntvvvo/

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

/naggonvanpw#answow#awoqv-vopvonvvwvvvvwﬂﬁvvrqqowvtﬁwevwwvnowuwvwncgtvw/

int rem(dividend, divisor)
int - dividend,
divisor;
(
int remainder;

if (dividend <= 0)

remainder = Q;
}
else
remainder = dividend;
while (remainder >= divisor)
{

remainder = remainder - 'divisor;

return{remainder);
}

/9#9#&#?90?0##09####9ﬂnﬂﬁw#?vﬂvDQQﬁ9@#90##b?v##QOQOOOQQQ#QQQQQQ#QﬂQQQQQQH/

/° =/
/* This is the subprogram for BICA's quotient function. . -/
/Q o/

/2*##?99999#0##9??#9#ﬂv#vo#vﬂﬁEbﬁvvﬁ#vﬂvvﬁvwav#ﬁﬁﬁﬂﬁﬂﬁ?ﬁﬁﬂﬂﬁ?ﬂﬁnﬂ#ﬁﬁﬁ#ﬁﬁ#/
/ﬁoooavewnwaaﬁoaw#ovvoovnvvwnevvvnoowueeoqeoav#vvaaqnooqDoc#wﬂannﬁooﬁoouﬂ/

/¢ This function produces the quotient by subtracting the divisor from ¢/
/* the dividend as many (integer) times as possible. LV4

'/vw*ngwwepawuoonebononwnaovnpopvovowtwoﬂaw@naﬁvooovaanvﬁwﬁnancvaoaquwau/

int quot{dividend, divisor)
int dividend,

This Sheet Has Been Replaced
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space_out _mat (k, ) C; where, in this case. i=4
j=1 k=2 1=3 mr1l3 n = 7 and c=4. Suppose the
next request is to disconnect IL-13 from Q-7
(whi ch takes down the connection that was just

made). The request to disconnect IL-13 from OL-7

converts to a request to disconnect H 40l err](02,3). The

put _back nmacro acconplishes the di sconnect by break-

APYENDLX A
divisor:

int quotient,
remainder;

quotient = 0;
if (dividend <= Q)
(

)

else

remainder = 0;

remainder = dividend; 1as Been Replaced

while (remainder >- divisor) This Sheet

{ \\
remainder = remainder - divisor; \\“\‘\\\\\\\\\\
quotient++;

}

return(quotient):

)

/egvoqquow901hvvwvevv,wq?vwov#v###vvvvvvvwovﬁovuw##vue?vvnw?tnw?vva#*ﬂﬁw/'

/1: ’/
/* This is the subprogram for BICA's convert 1/0 line numbers. */
/e =/

'?717#1”9’#7Qﬂ???ﬁv?’?ﬂﬂDﬂv?ﬂfﬁﬂ????ﬂ??ﬂ?!ﬂwﬂ@ﬂ?ﬂEﬂﬁﬂ?ﬂvﬁﬂ#vﬁvﬁvﬂ?v#?wﬂv/

/quvvvrvvoovvv,'nQﬂvwﬁwvvvv#svﬁvvavvvvwwv#vwovvvsvn09ovﬂvvvvﬁ-vﬂﬂﬁv?tvw??‘ﬂ/

/* This subprogram uses the quotient and remainder functions to convert +/

/7 the I/0 line numbers for a connect or disconnect to a pair of I/0 =/
/® stage switch numbers and I/0 stage switch pin number. =/
/vvtvvowawnoaovpnaqvwvuwwa#ovawv#eovvvuevvvovvwwnn—wvwaovooovoaevvvvot#gw#/
void convert_line ()
( .

int r = 1§,

in_line_minus_1,
out_line_minus_l;

in_line minus_l = in_line -~ 1; .

in_num = rem({in_line minus_l, r) + 1;

out_line _minus_l = out_line - 1;
out_stage = quot(out line_minus_l, r) *+ 1;

in_stage = quot({in_line _minus_l, r) + 1; %
}
1
|
. ;
out_num = rem{out_ line_minus_1, r) + L; e

return ‘ i s e ten o e e Rt po Y £ n WSRO e
| '
/weo9n—twnwv#vvabenovo#wcnwvvvnvnvoevvvs:aﬂ9vopaw9ﬁnawwvw-non ﬁﬂﬂﬂﬁoszﬁ###ﬁvﬂ‘ﬂ/

/= v/
/7 This is the subprogram for BICA's print statistics - n ané m. 2/
/ V4

/G*QDOQ?#Q#Q#??QQ LE-B-R-R-A-E-N-R-2-E- 2R BB E-ER-R-B-EEEEX-E XX Qvﬁﬂﬁb@#boﬁ#ﬁﬂﬁﬁﬁﬂ#ﬁﬂ?ocﬁﬂ&ﬁ/

%nt print_stats ()
/* Test case for print_stats. °/
printf ("BICA performed %d connect(s) and 3d disconnect(s).\n", n, m};



I ng the connection between input stage 4 and output stage 2 and putting

the freed-up center stage swtch, nunber 4, back
on the input/output stacks for subse- guent use. More
specifically, the put_back nmacro de- term nes the
freed-up center stage switch nunber and puts it
back in the proper positions on both-o6lthe or- dered-linked lists in
space_in_link[4] and space_out |l ink[2]. Then.

the space_in_mat(i,j), the space_cn-

recurn; APPENDIX A

¥

/apppveas-vv'Ivw#vvvvvvoqucv?v?nvﬁw\"vroﬂvvve-wovtukuoﬂw?ﬂ###vv#wﬁqu

L R-X- R
- /
f: This is the subprogram for BICA's disconnect - input from output. :;
v/

/ovq#otow#vvvwsw'vwvngvquvwv'#vovvwvvv'vvvvvﬁvﬂvﬂﬂi?90?0##??7?9#9##79,

v/
/° Node 8 -/

¥oid _ disconnect ()
int cnt_stage,
csw; /< csw for Center Stage sWitch. v/

/* Convert IL-m -> OL-n Disconnect Request to I(i.3} >¢
convert_line (); d (-3) Otk.1) Format. «/
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);

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

space_rearrange ();

/7 A3 = NO. = \aced
else 4  tias BESY s
: /* End Space Domain.*/ Thissnee \\\\\\\R\‘\X\
/® Q4: Time Rearrangement Required? ¢/ \\\\S\\
if (rearrange_time == 1)
{ /* A4 = YES -> Node D. */ g e T
time_rearrange {); ? . .

| | EH...M. S mmg |

/v A4 = NO. */ g % ¢ ﬁin
| /® End Time Domain. ¢/ Py o o
return; g 3
1

LR X X 29
/ L4 vvvvvsvgopbwqpbvwocovvnoovﬁwvboovvwaewvwﬁwwoovvvwa?wvwﬁeﬁoovﬂo#gag/

/° »
;: This is the subprogram for BICA's connect - input to output. 05
v/

Ceo oo
/ N?QQ?OQDQ#QFQVHQDPQGQ?QQ”QQQVQQQﬁ’09Qvﬂ'QOQ#1'Diﬁ?ﬂvcvﬂﬂ‘ﬁﬁﬁﬁﬂﬁﬁvﬂﬂvnﬂ/

LA R )
/ ovvoovooovﬁvvv#wvﬁcovcwvovvovbopwnvwoocwvonvvwvﬂwﬁvwwooo&wﬁvnﬁvona#

/: This routine connects an input line to an output line through the °/
/° space matrix. Variables are defined as follows: v/



' out_mat(k,l) are set equal to _ _
o (¢1), and the space_out Thé co%responding space matrix data entries

' f
shown in FIG 23 and the resultant state o
matrix is sane as shown before FI G 18.
I's acconplished using the foll ow ng
- 62 - put _back macro:

are

t he space

The di sconnect
statenents fromthe

TABLE 6
APPENDIX A
/- . */
/T in_line: an input t. che space matrix, v/
/" 0 <= in_line <= 255 oy
/7 out_line: 2n output from the space matrix, 4
A 0 ¢= out_line <= 255 »/
/9 ”/
/* in_stage: an input stage of the space matrix, ' </
V 0 ¢= in_stage ¢= 15 v/
Vi in_num: an input to an input stage of the space matrix, =/
Vé 0 <= Ln_number <= 15 */
/’ 9/
/° out_stage: an output stage from the space matrix, v/
Vi 0 (= out_stage (= 15§ =/
/" out_num: an output from an output stage of the space matrix, */
/° 0 <= out_number ¢= 15 */
/e : °/
£ cnt_stage: 3 center stage of the space matrix, v/
VA 0, 1 <~ center stage (= 17 »/
Ve NOTE: Center_stage = 0, means that na center stage of the ®/
/T - Space matrix has been assigned. 2/
s 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 pregress., =/
/- i

vvthvaﬁe’oao#vv#r#qvvvuvvow-vvvwgvqus?wro9?9#?0709?¢ﬂ709wn997#9##9:?##/

/> Node A ¢/
void connect ()

(

int csw; /* csv for Center Stage sWitch. =/

/° Convert IL-m -> OL-n Connection Request to I(i,j) -> O(k,1) Format. =/
convert_line ();

/° Beqgin Time Domain. */

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

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. 2/

Space_rearrange ();

/* A3 = NO. ®/ . TU :
else e R TN B
/® End Space Domain. =/ J

/® Q04: Time Rearrangement Required? o/

This Sheet Has Been Replaced
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DI SCONNECT STATEMENTS c = space_in_mat (i,]);

set _|ink(space_in_link. i, c); . o
set |ink(space out link, i.c): _ . space_in_mat(i,j)
= 0; B space_cnt_mat(c,i) = 0; _ .
spa&e out_mat(k,l) = 0; where in this case, i=4
j=1 k=2 1=3 nmr13 n = 7 and c=4. - 63 -

APPENDIX A

if (rearrange_time = 1)
/' At = YES -> pode D. ¢/

time_rearrange ();
)
/T A4 = NO. L4
/" End Time Domain. ¢/
)
return;

)

/quqwt&cenvvv#a#owoovonow:vaqw#vwaooetvqn#w»navnvwwvvwwwwqpavwvvavvvvvno/

/v ‘}/
/® This is the subprogram for BICA's get command. »/
/e >/
/Qwﬁ#wﬁvﬂvﬂ#ﬁﬁvﬁi'wi’tQbvﬂ##véﬁqw9996#9##91’vt#??ﬁ?7‘!?0Q??OD#Y&?#?’?QQ&QQQQ/
%nt get_command ()

int commaand ;

/* 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 => enpd. %/
command = 0;
}
return(command) ;
}
/9&*###?##9ﬁv#vn#ﬁ#ﬁ?tvﬂ#ﬁv?#'b*#ﬁ@#”ﬁ#Qﬁ#ﬂ#ﬂ'ﬁwﬁvﬁﬁ‘ﬂﬁﬁQQ?P?Q#QQQQQQQQ#Q#*#/
‘& n/
/® This is the subprogram for BICA's Space rearrange initialization. */
e =/

/QQQQQQQQQQQQQQQPwﬁ?vﬁ#Qﬁ'Qﬂﬂwﬁ'bﬂ99#?##??#*#&999*9##9Qvﬁ‘hﬂvﬂﬁbﬁﬁﬁﬁ'ﬁﬁ#ﬁfﬁﬂﬁ/

void initialize_rearrange ()
int ) i;
for (i = 0; i < 256; i++)
rearrange 3d.position{i].x

rearrange_3d.position[i}.y
rearrange_Jd.position([i).z

G.
0;
0;

This Sheet Has Been Replaced
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Next, suppose we receive a request to connect IL-13

to O.-12. The request to connect [L-13 to O.-12 con-

verts to a request to connect I1(4,1)[err](X3,4). The present
nmet hod and system attenpt to nake the connection

bet ween i nput stage 4 and output stage 3 by using the

| owest nunbered center stage switch avaglable. In this

case, the X err] or extra center stage switch 224 is the

APPENDIX A

for (L = 0; L < 15; i++}

(
rearrange_moves.movefi].input_sw = 0;
rearrange_moves.move(i).old_mid_sw = 0Q;
rearrange_moves.move{i].nev_mid sw = 0Q;
rearrange_moves.move({i].output_sw = Q;

]

return;

}

/Qw?ﬁQ#???#QQv#vt”ﬂvﬂ?ﬁ???ﬁ#ﬁﬂ‘ﬂﬂ?ﬂ‘#'ﬂv?#I??79#9Q'Dﬂﬂ?ﬁ999?”9“‘9##???#”#?9#?/

/* v/
/* This is the subprogram for BICA's space matrix initialization. »/
/* 4

/evoquoo:vecc##qvvvﬁvvvwnnvveveovovrov«oqowvwﬁvopwqenoa##?##?vnvnv*vs9099/

/qwovonqoeowgﬁwnvwovvqn*voavovvveweavooovn*nwwwvquﬁqvvvwwn#ﬁwve*b#wfvevv/

/° This routine is used initially to clear (reset) the space matrices. +/

/9&9@99#??##&v?#wtﬁ#ﬁ##vvv*ﬂﬂnoﬂa#wtnoovqsn#ﬁ*#ﬁpw#vv#ﬁvﬁ#ﬁv*ﬂv###w*wﬂwﬁv/

void initialize_space_mat(}
(
int i, §:
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] = 0;
)
space_cnt_mat[xtra_stage][i]) = O;
)
return;
}
/vﬁ#vﬂu‘*QQ##Q##Q?w#ﬁ#vﬁw#eﬂ#ﬁ'ﬂ9#nv#'ﬂ0ﬂﬁﬁﬁﬂ#ﬁ?###ﬁ###?ﬁcﬁa&#ﬁ?ﬂﬁ#ﬂﬁﬁﬁ‘#ﬁﬁﬁv/
s =/
/® This is the subprogram for BICA's initialize idle link bit maps. v/
/® ®/

/Qwﬂ'#ﬁD?f@#ﬁ?v#ﬁ?#ﬁ*f*ﬁﬁﬁ#ﬂﬁﬁ*ﬁﬂ??ﬁ#ﬂﬁDQﬁﬁﬁﬁﬂﬁﬂﬁﬁvﬁﬁﬂﬁﬂ‘ﬁﬁﬁﬁﬁﬁﬁ?ﬁ'hﬁ'ﬂ'ﬁﬁﬁ#ﬁ#/

. /tvﬁ#v??#fb##17ﬁDQ*Q##Q*?DQ#Q#ﬂu@{rﬁw‘w???wﬁ#wn#99oﬁﬁ#ﬂcﬁﬁ'ﬁﬁév'ﬁ?#ﬁkvﬁﬁDQO###/

The initialize link bit maps primitive (used only for start-up v/
/° operations) initializes hoth the space input idle link bit map and w/
/* the space output link bit map. All entries in the idle link bit v/
/* maps are initialized to "1," indicating that all links are idle. V4

/qwﬂQQwﬁﬁ'ﬁﬁﬁﬁﬁvﬁﬁﬁﬂ'b*#ﬂﬂﬂvvfﬁ9##0?#9#999#99?9vvw#ﬁﬂﬁﬂ##?ﬂ?#?ﬂQQ#*#‘Q’QQQQ?O/

void init_links() |
[- This Sheet Has Been Replaced

e = 0 1 ¢ e tagr R

(
for(j = 0; j ¢= xtra_stage; j++)

space_in_link(i][j] = 1:




| owest nunber avail able center stage switch, as illus-
trated in FIG 25.

ARPENDIX 4

space_out_link' ‘(j] = 1:
]
)

return;
}
/u: .-'oanwutveovnvbﬁwvoggtvvvvvvﬁ-vnww#evvvavvcvrqvoqothﬂevvveﬂDQOQ###Q&Q#?/
yz */
/° This is the subprogram for BICA's initialization. =/
/ */

/9vwvvrv99?0v9999v2?e#av9v#7999w:vvtr#wvwfrwvwb#ew##w##ovﬁ#vvwvwﬁvwvw#vw#ww/

void initialize ()

(
/% Test data for commands. ¢/
n=0;
m= 0;

command_count = 0;
rearrange_space = 0;
rearrange_time = 0;

/7 Initialize all matrices. */
init_lioks():

initIalize _space_mat ()
initialize _rearrange ();

return;

}

/Q??’?#ﬁ’#*?*”ﬂ??ﬂ#?#?I?Q#?ﬁﬁﬂ??#’99#9###?##09Q?Qﬁ?ﬁ?ﬂ*#*?ﬁ##*??ﬂ”??#ﬂ*vﬁ/
o

/1?
/® This is the main program for Bowdon's Immediate Connect Algorithm. */
/ w/
/vv#vavﬁwvv-kvvﬁw-rwﬁuvﬂ#w*vnvﬁﬁnvvwc#v#v#sfnﬂv oanvvvaﬁvnw##v#wavﬁ-t#*w**w*w/
main ()

int command ;

/¥ Start Program Flow Here. ¢/
initialize {);

do

(

command = get_command ()

/* Ql: Pair of Ports Presented for Comnection? </ " -owen i mese o
/* command = 1 =) connect. v/
if (command == 1)
/* AL = YES -> Node A. ?/
(

connect ();
n = n++;

] .
/* Al = NO. L4
else

(

/% Q2: Pair of Ports Presented for Discconnect? ¢/
/* command = -1 => disconnect. °/

heet Has Been Replac‘ed
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- 25 - As before, the punp_list macro acconplishes
this by conparing space_in_stack[4] wth

space_out _s- tack[3] in FIG 23, determning the

| owest center stage nunber common to both bit naps

(which in this case is
- 66 -

APPENDIX A
if (command = ‘1)
/% A2 = YE§ -> Node B. */
{

disconnect ();
m = m¥++;
)
/* A2 = NO. =/
continue;
}
}
/* command = 0 => end. */
while (command != 0);

print_stats ();

his Sheet Has Been Replaced
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center stage switch "X"), and setting the idle status to ==
"busy" in both bit maps. Then, the space_n _mat(i,])

and the space out _mat(k,l) are set equal to that center
stage nunber and the space _cnt_mat(cj) is set equal to

k. An entry of 5 indicates that the X[err] center stage
swi tch has been assigned and the rearrangement process

is automatically invoked. The correspondi ng space ma-

WHAT IS _CLATMED IS:

1. A method for determining the minimum number of

rearrangements for connecting an input gate to an output
gate through a rearrangeably blocked communications
matrix, comprising the steps of:
representing the communications matrix by an array
having a first dimension and a second dimension, said
first dimension representing a plurality of input stage
switches of the communications matrix, said second
dimension represénting a plurality of output stage
switches of the communicatiocns matrix, said array having
a plurality of cells, each of said cells representing an
intersection of said first dimension with said second
dimension and representing a possible center stage switch
connection through the communications matxrix;
identifying a blocked center stage switch of the
communications matrix in terms of said first dimension
and said second dimension;
identifying a pair of center stage switches
comprising a first center stage switch and a second
center stage switch, said first center stage switch not
being associated with the same output stage switch as
said blocked center stage switch, said second center
stage switch not being associated with the same input
! stage switch as said blocked center stage switch;
determining, in parallel, the numbexr of
rearrangement steps necessar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>