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This dinvention is in the field of digital
telecommunications, and is more particularly directed to
monitoring and redundancy schemes therein.

ckagroun the ventio

As is well known in the art, significant advances have

10 been made in telecommunications systems over recent years,

particularly in the rate at which information can be

communicated. Modern digital telecommunications systems

‘and communication media provide very high bandwidth, such

N as the 44.736 Mbps data rate provided by the DsS-3 data

15 frame standard. Furthermore, conventiocnal fiber optic

cable and systems can provide even higher bandwidth and

data rates by time-division multiplexing of up to twelve
DS-3 lines, providing bandwidth of up to 536.8 Mbps.

20 These extremely high bandwidths now available in
digital telecommunications systems have enabled the
communication of large volumes of data at high speeds.
Since voice channels require very little bandwidth (on the
order of 4 kbps each), a large number of voice channels may

25 now be communicated over a single communication line by way
of time division multiplexing. The available bandwidth now
also enables the communication of large blocks of digital
data from computer—to—comﬁuter , a@s well as digital data
representative of other media such as video displays.

30

Unlike voice transmissions, however, in which some
amount of errored signals can be readily tolerated without
garbling_ of the message, the successful transmission of
digital data among computers requires high reliability ér;d

35 high quality transmission. Accordlngly ' conventi'onal
digital cross-connects now provide "performance monltorz.ng"
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?Thesp‘esent invention is concerned generally with’ eiectronlcs and nDre

specifically with communications systens. Even nore: specifically, the

i nvenf-ion is concerned with a nethod and system for sel ecting an opti nal
rearrjpngenent sequence for connecting input gates through a cross-connect
commupi cations matri x to output gates.

-2- PACKGROUND OF THE | NVENTI ON Di gital cross-connect comuni cations
net wofr k devi ces, such as the 1631 SX manufactured by Al catel Network
Systeprs, Inc., are designed to nake connections bet vveenThlsrqmeatH aSR laced

| nput{ swi tches and out put gates on out put sw tches. Kno uch
crosst connect devices nmake use of matrices to connect t

the olitput gates. To Ilimt the physical space and nmanuf ac

the nmatrices, designers seek to 2
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(commonly referred to as "PM"), by which the error rate of
received digital data is monitored by way of cyeclic
redundancy check (CRC) and other conventional coding
techniques. Such performance menitoring is used to ensure
the desired grade of service desired by those
telecommunications customers paying premium tariffs for
high quality and low error rate communications.

Conventional télecommunications systems also generally
provide some amount of redundancy so that failure of a
telecommunications line or network element does not result
in the loss of the communicated message. Conventional
telecommunications systems with performance monitoring have
implemented certain alarm conditions by which a human
operator is alerted to events such as "loss of signal™ and
to error rates exceeding various thresholds. In response,
the operator can manually switch to a redundant line to
again enable communication of the digital data in the
system. Of course, the procedure of generating an -alarm
condition and the manual switching of input/output ports to
other lines cannot be effected quickly.

By way of further background, conventional fiber optic
terminals (commonly referred to as FOTs) have implemented
1:1 redundancy for the fiber optic lines in a system, with
some amount of automatic switching. According to this 1:1
redundancy scheme, the overhead portion of the bandwidth
is monitored to determine if a loss-of-signal ("1LOS") or
alarm indication signal ("AIS")  condition is Dbeing
received. In these FOT 1l:1 redundancy schemes, upon
receipt of an LOS or AIS signal, the FOT will automatically
switch its transmission to the other of the two fiber optic
lines, enabling transmission of the data despite the
failure of the first fiber optic line.
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minintze t he nunber of cross-connects:in the nmatriX.. This objective becones
more iconplicated as market demands for. conmuni catii oids servi ees increase. ‘In
partiicul ar, as network devices address |arger markets, the devices nust
service nore and nore input and output signals. These factors exacerbate

t he space and cost limitation problens even nore for comunications matrix
devi ces. One matrix configuration that uses a minimal—nunber of matrix
cross-connects for a given nunber of input gates and output gates and that

provides a potentially optimal solution | JhRS ‘Tk'i %¢ r angeabl e"
i)

matrix. For the rearrangeable matrix, the n stage sw tches
must equal or exceed the nunber of input ga put switch of the
matriX. In a rearrangeable matrix, there exists a set of conditions such
that,. al t hough the device does not use all input gates and all out put
gates; an attenpt to use_an idle input gate and an output_%ate I 'S
pr ohi bi t ed bec;];@r&ilstlﬂ-%’gsm n®apRveRth i & Feavepkdarthr ough the
matri x. This npeadtin fiber epei®| Eindd ¥ AW,n@sCgepastvednbyaar eady
occupy at |east .q a?l k., ih ever S |$#e g%g et € cls t and
out pu} gat%es .letr?tqfrt}g‘s igﬁ!.’er ‘?pt%‘%t%%?gﬁ aﬁge e né%%%r &'? ﬁ‘glgis‘I al ways
possi bl e tePEKDIlGIesa 1B, oW pin Hlfisoenanpildl are plitthm 0618 &¥Pedl e out put
gate py 5rrm/nbc|ngasexsx£du flfﬁ.d&?@&ﬁﬁﬂaﬂl_flgr b&mﬁbﬁiaaMmEh@s}:—gr Mines
"rearf|ange " therefor describes_the property that .for a given state
of a het V\Dll’ tgzr:]n(f adhﬁa?.n m?lt:l.p exed gash:.on. %e {Dg :§ paths occugy )
much of e available bandwidth, as shown in Figure 1.
According to conventional standards, a portion of the
remainder of the bandwidth communicated by fiber optic
10 lines 1E, 1W is reserved for line data, such as framing and
synchronization signals, frame identifying signals, and
also signals such as 10S and AIS which indicate a 1line
failure somewhere in the system. This line data portion of
the bandwidth is alsc referred to as overhead, as it does
15 not carry any traffic data. Fiber optic terminal 3 is
operable to multiplex and de-multiplex the data to and from
ocne of fiber optic cables 1E, 1W, for communication with
twelve individual DS-3 lines.

20 According to the conventional 1:1 redundancy scheme,
conventional FOT 3 monitors the line data and switches
communication between fiber optic lines 1E, 1W upon receipt
of a signal indicating a line failure. However, many
conditions other than the 10S and AIS conditions are

25 unacceptable to the telecommunication customer that is

demanding high quality communication, particularly where

computer data is to be transmitted and received. These
other conditions may not be of such degree as to cause loss
of an entire line (i.e., all channels or "paths" being
communicated along the fiber optic line), but may be due to

2 hardware failure for a single path within the 1line.

Examples of these other conditions include loss-of-frame

("LOF"), and "soft" errors in which a particular path has

experienced a high rate of errored seconds. The mere

monitoring of line data by conventional FOT 3 provides no
visibility into these other path-related conditions, and
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s Joi ven idle pair of input and output gates, thé-existi ng connectlons of
trix may be reassigned to new paths, if necessary t o- connect the
idlejpair. Exi sting nethods and systens for conhecting inputs to

to pgrmt a stgrat—tofHHow—N€C—- PauII I n "Reswi tching of Connection

Net war ks, " The em Te Ql cal Journal, My, 1962, pp. 833-856,
descrli bes thi s unbl ocki ng a rearrangeabl e matrix. This
met h (herei naf as Paull's Method) suffers froma ngjor
| i mtjation. Paul |res breaki ng sone of the cross- connects

and ki ng sone ot her of the cross-connects to rearrange matrix. This '’
procedure takes tine and results in uadesirable service delays or

interyuptions during matrix rearrangenent. =~ |t is an object of the
present i nAEnt$RFR r Sedpndancy eof FdONE8 IndissyaRade hBP pernits

I nedj at el presidec tthey Hidghe 'd%mt cFalpedteotioch caasiped pat eerstadn if a .
rearr angea%t%lm%g__ged et rg} An3ECtor o Qﬁ{u[sangr?l§ hﬁrovuies line :
protection, and as such requires doubling of the available
5 fiber optic capacity from that required for traffic only,
to accomplish such 1line protection. As such, the
utilization of system fiber optic cable is relatively low
in such situations.

10 It is therefore an cbject of the invention to provide
2 method and system for providing facility protection for
a2 digital telecommunications system, which monitors path
data and provides automatic switching on both hard and soft
error conditions.

15 .

It is a further cbject of the present invention to
provide such a method and system to provide such protection.
where the switching time between the primary and secondary
lines for a failing path is extremely short, such as.on the

20 order of 50 msec or less.

It is a further object of the present invention to
provide such a method and system which may be readily
implemented into existing cross-connect installations.

25

It is a further object of the present invention to
provide such a method and system in which the possibility
of blocking is much reduced.

It is a further object of the present invention to
provide such a method and system in a distributed manner in
a digital cross-connect.

It is a further cbject of the present invention to
provide such a method and system in which the soft error’
rate thresholds may be modified.
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15

er the inmmediate connection, An inportaht- aspect of thIS process

ﬂ.éarrange the matrix using a m.ni mal nunber of rearrangenents of
ilg connections. The present.inventiaon, .therefore, achieves this
kWi th a minimal anount of additional circuitry and avoids the service

hl so an obj ect of the present invention to provide a nethod and
ffor determ ning the mni mum nunber of rearrangenents for a
hgeabl y bl ocked commruni cations matrix by representing the
fcations matri'x by a square matrix having a first dinension
gnting the input stage of the communications matrix and a second’
€ on representing the output stage of the conmmunications matrix so
n the square matrix, - 4-
represent intersections of the flrst di mrension with the second

¢ on and indicate possible center stage

It is a further object of the present invention to
provide such a method and system in which the utilization
of fiber optic cables may be increased dramatically.

It is a further cbject of the present invention to
provide such a method and system in which transmission
media of different types (e.g., microwave and light wave)
may provide protection for one another.

Other objects and advantages of the present invention
will become apparent to those of ordinary skill in the art
having reference to the following specification together
with the drawings.
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s between the input stage and the out put stage of .the matrix, and
e square matrix identifies a blocked eenter stage switch. A pair
3r stage switches, one of which is not aSSOCIated with the same
tage switch as the bl ocked center stage sw tch, and the other of
not associated with the sane input stage smntch as the bl ocked
gstage swtch, are identified and the nunber of rearrangenment steps
ry for a first rearrangenent sequence through the communi cati ons
sfromthe input stage to the output stage is determined first using
-the center stage switches of the pair and the nunber for a second
hgenent sequence through the communications matrix fromthe input
Lt 0 the output stage using the other center stage switch is
g ned. The nethod perforns the rearrangenent sequences in |ncrenental
el steps and ends upon first d®ternining the shorter of the two
ngenent sequences that the pair of center stage switches yields.

Figqure 1 is an illustration of the bandwidth, line and
s path data communicated in a conventional fiber optic
terminal.

Figure 2 is an electrical diagram, in block form, of
a telecommunications system in which the preferred
i 10 embodiments of the invention may be used.

Figure 3 is an electrical diagram, in block form, of
a digital cross-connect system in which the preferred
embodiments of the invention may be implemented.
15 )
Figures 4a and 4b are matrix diagrams of a digital
cross-connect, illustrating the operation of a first
preferred embodiment of the invention.

20 Figure 5 is a flow chart illustrating the operation
of the first preferred embodiment of the invention.

Figures 6a through 6c are matrix diagrams of a digital
Cross-connect, illustrating the operation of a second
35 preferred embodiment of the invention.

Figure 7 is a flow chart illustrating the operation
of the second preferred embodiment of the invention.
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DESCRI PTI ON OF THE DRAW NGS ot her~'qbj ect § and advant ages

‘ent and best understood by reference to:the follow ng description
rative enbodi nents when read in conjuncticon with the acconpanylng
“wherein: FI GURE 1, shows five-stage connecting network
i th enbedded t hree- stage space matrix (SSS); FI GURE 2 shows -
etail the three-stage connecting network that may be enbedded
| ogi c in the five-stage TSSST network of FlIGURE 1; FIGURE 3 i's a
t hr ee- ge connecting network generalized to the N(m n,r) case;
4 introduces notation for understanding the preferred enbodi nent;
provides a flow chart of the nethod of the preferred enbodi nent;
§'6 through 14 illustrate an exanpl e of the sequence generating

of the preferred enbodi ments? and FI GUREs 15 t hrough 34

umma of the Inventijo

The invention may be implemented into a digital
_telecoinmunications system to provide facility protection by
wéY of distributed fault sensing and facility switching at
the digital cross-connects. According to the present
invention, each line has three ports (head, east and west)
assigned thereto, with the east and west ports on the
system side to be protected, and providing 1:1 redundancy.
AIS, LOF and degraded signal conditions are monitored on
received paths at the east and west ports (i.e.,
facilities), and the facility is blind switched to the
alternate redundant (east or west) port upon receipt of
such conditions. The degraded signal thresholds are
preferably different from those that cause measured events
in conventional performance monitoring. According to a
first embodiment of the invention, the east and west ports
for a facility are on the same logical group in the cross-
20 connect, allowing the bridging to be done in the transmit

end (3rd stage) in a non-blocking manner. Accecrding to a

second embodiment of the invention, the logical group

limitation is overcome by moving fault monitoring to the

transmit side of the head-end port, in accordance with an
35 algorithm that minimizes blocking. '
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three center space stage 56. FIGURE.1 illustrate

SCRI PTI ON OF THE | NVENTI ON I'n FI'GJRE 1, a-large matrix

on is showmn that provides for connectign and tést access for up
i DS3 ports (or equivalently, 32,678 DSI ports). for the 1631 SX
this is a five-stage, Tine-Space- space-space-Tine
vision multiplexed connecting matrix network 50. Matri x
tion 50 includes tine stage 52 that through connections 54

.to three center space stage (SSS) designated gm‘l‘y-by—\
“nuneral 56. Three center space stage SSS 56 COMCehSe: ki)

e 58 to output tinme stage 60.- Wth this configur:
0 includes a tine- .domain of time stages 52 and 6 HHH

eelglt(]eplaced

hi p between tine stages 52 &nd 60 and the center space stages 56
me stage 52 uses 128 tine slots per input 62. The tine slots may

sented by the connectlons 64 between |/O shelf inputs 62 to each

S mu: hesaritioepfothe PraferredoEnisodimentsdes 128 tinme sl ots

ol which tine slot 66 includes a N(17,16,16) matri x. The nunber

Ngbllebommenboalt idhs system into wluch the preferre
epbodiments of the invention are implemented will be
described. It is to be understood that the system of
Figure 2 is presented by way of example only, and that the
present invention may be incorporated into other system
configurations, and provide the same level and importance
of benefits and advantages as provided in the system of
Figure 2.

The system of Figure 2 is a long-distance
telecommunications system, in which digital cross-connects
2 and 4 bidirectionally communicate with one another over
a distance that may be on the order of hundreds of miles.
Digital cross-connects 2, 4 are of conventional
construction, and are preferably 1633 SX digital cross-
connects manufactured and sold by Alcatel Network Systems,
Inc. While Figure 2 illustrates single ports in each of
cross-connects 2, 4 in redundant communication with one

another, it is of course well understoocd that each of

cross-connects 2, 4 support many ports, for example up to
cn the order of 2048 ports. The ports served by cross-
Connects 2, 4 may be in communication with one another in
the same manner as that shown in Figure 2, or may
communicate with other lines to other cross-connects in the
overall telecommunications  system within which cross-
Connects 2, 4 are installed.

In the exemplary system of Figure 2, digital cross-
Connects 2, 4 communicate with one another along redundant
routes in a bidirectional manner. A first bidirectional
route (EAST) is between I/0 port 6E of cross-connect 2 and
I/0 port 8E of cross-connect 4, and includes DS-3 lines 17

me sl ot matrlx 66, represents the nunber ce ter swi t ches;
numbBRLSET RS %’szé"‘rﬁ)§°t &RERRr 2THie %R, E‘F 0 eaéﬁiéggut st age

o " e
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i nput stage switches. (By symmetry,-there  ar€"16 outputs

1 put stage switch and 16 output stage sw t.ches.) Qutput tine
st agf 128 tine slot connections such as-cgonnection.68 for each
mat r § 70 to an 1/ 0 shel f. In FIGQURE 2, center space stage 56
[ - d mathematically as a three-stage connecting network cube of
or each of which the synbol N(17,16,16) fully descri bes each
i ces. Thus, for each N(17, 16, 16Jhisthtet Haxs Begn Réplaged are in t he

FIGURE 2, 16 input sw tches such l 1 ifleh 74, for which
es 16 input gates such as input :
nunber of input gates 76 nmake u e shelf-to- tine slot

conne 64 of FIGURE 1 for each time slot. Fromeach input switch 74 go
I nput h-center switch connecticdhs 78 to the center sw tches such as

nnected to each of ports 6E, 8E. | The EAST route also
acludes fiber optic terminals (FOTs) 10, having fiber
.¢ic cable 13 connected therebetween; repeater 11 is
avided within fiber optic cable 13 in the conventional
ganner. FOTs 10 may be of conventional construction, such
described hereinabove relative to Figure 1, except that
igh, present invention allows elimination of the 1:1
dundancy line protection function. Aas is well known,
podern fiber optic cable is able to communicate data at a
ecapacity far exceeding a single DS-3 line; accordingly,
ltiple DS-3 lines 17 may be received by each FOT 10, for
eommunication along fiber optic cable 13 in time-division
pultiplexed fashion.

The second route (WEST) in the system of Figure 2 is
between ports 6W and 8W of 'cross-connects 2, 4,
respectively. In this example, the WEST route includes
microwave terminals 14 that receive DS-3 lines fro:m cross-
Connects 2, 4, with mnmicrowave transmission 1line 15
¢onnected therebetween. As such, the present invention may
be used with transmission media of different types, so that
dicrowave transmission can provide redundancy to fiber
optic cabling; of course, the redundant routes may both be
fiber optic, microwave or any other conventional medium.

The exemplary system of Figure 2 is an "open" systen,
in that communication is not limited to traffic only
between cross-connects 2, 4. For example, DS-3 lines 17°
- B2Y be received by FOTs 10 and microwave terminals 14 from
Y digita) cross—-connects or other sources in the system, as
shown in Figure 2. In addition, other conventional network
€lements, such as add/drop boxes and the like, may of
Course also be resident in the system of Figure 2. '

The ports of digital cross-connects 2, 4 on the
°PPosing sides from the EAST and WEST routes are connected
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':n t he preferred enbodi nent, each ‘N(17°16,16) matTix 72 includes

SWi

17 c age switches 80. From each center strage switch:80 go 16 out put

SWtd ctions 82 to output switches such as . output. switch 84. Each

outp tch 84 provides 16—eutput—gates—suctias output gate 86 that

conn 170 shel ves .such as_L/Q shel cen/ Repbear! GURE 1. The total nunber

of o gates 86 make up the shel f connections 68 of

FI GUR or each tine slot.’ Tj“ & mmﬁ ‘are made between input gate
I esent connection techni que. .

76 an put gate 86 i medi ate .
Il que sets up a connection by using a route through input switch. " .
swi tches 80 and output switches 84 that attenpts to use the nost:"
of a matrix 72 first and the | east used part of the matrix 72
.JEusing the heavily-loaded part of the matrix where possible in
meki ng{E gi ven connection, when rearrangenent of matrix 72 is necessary, --- .
the refi gngereht SpseRRsss 1of threcoreentianale maaderenthese cbPTESs el ements”. -
th- . '.g,ﬁ&kf&héwr&be&n?&@rm,fe&hathaggsm,i easmIPﬁseaaniTLﬁ zes the. -
vol une: ecessgry.conputations _for, matrix rear . e

- ied pesrtBodi é%?’ s eﬁéﬁ%’ai%%}f Bt %ﬁe wsalyoflo i\r/\haséyﬁ\%rg'{a%x}easng%ﬁent i's o
othert henvenfuicnedn rammmicabiompichanneidsring to FIGURE 1, the 128th

may be dedicated as an extra tine slot for use during matrix 50
rearr ment. Sinjlarl i n_the spac omai n,. rearrangepent, uses a
God caffid o dxihivatrabed 1 FfothETE, (G =iBh FROERFRLLRETLT,)
cent er Jvp each7ofingross-coandetis cay etl romxdtsa headt perswkechetithe present

the EAST and WEST ports, effecting a ™head-end bridge" as
is well known in the art. Each of cross-connects 2, 4
receive communication from only one of its EAST and WEST
ports at any given time, however. In the example of Figure
2, communication is received by cross-connects 2, 4 from
- its EAST ports 6E, 8E, respectively; the WEST route is the
gsecondary route in this example. The present invention
performs blind receive-end switching within cross-connects
2, 4 in the event of a monitored hard or soft path fault or
errer condition, as will be described in further detail
hereinbelow.

2 0 Referring now to Figure 3, the construction of cross-
connect 2 according to the preferred embodiments of the
invention will now be described (cross-connect 4 is
Preferably similarly constructed). As noted above, the
Preferred construction of cross-connect 2 is in such a
¥ manner . that the computing and switching processing
Capability is widely distributed, as in the 1633 SX cross- '
Connect system manufactured and sold by Alcatel Network
Systems, Inc. The construction of cross-connect 2 shown in
Figure 3 thus corresponds to the 1633 SX cross-connect
System.

Cross~connect 2 includes administrative processing
Wnit (APU) 12 which is the central data processor within
the system. APU 12 is directly connected to conventional
Storage and input/output functions such as random access '
Bemory 21, disk storage 23, tape drive 25, and user ;
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: techm gue automatically uses the: dedT'cat edor extra el ement
dedi cated or extra tipme slot in ],

ime dormain or the dedicated center stage sW|tch in the space
en a rearrangeably bl ocked condition exists. FI GURE 3

s that—NI~16-36)—atrix 72 of FIGURE 2 may be generalized to
for which the E{ires |on N(m n,r) describes the configuration.

m ﬁ N(17,16,16) matrix 16, the generalized

nerallzed matrix 88. In the N(mn,r)

ut put stage switch); n equals the nunber of inputs to each nXm:
ge switch (as well as thdlnunber of outputs fromeach mXn out put
h‘terface 19. APU 12 is also connected to bus BUS, which

" include one or more :.nformatlon paths within the

: ,ystem- The function of APU 12 is to administer the

pgration of cross-gonnect 2 at a relatively high level,

and to provide user control and visibility relative to the

gwitching operations provided by cross-connect 2.

Cross-connect 2 further includes many distributed
rocessors connected to bus BUS, illustrated in Figure 3 as
{nterface processing units (IPUs) 16, 18. Each of IPUs 16,
8 is a relatively complex data processing unit, including
conventional _ programmable  microprocessor, or
lternatively custom 1logic, of adequate complexity énd
erformance to perform the functions described hereinbelow.
Bach of IPUs 16 are for controlling input and output
functions relative to the bidirectional DS-3 ports, and
thus control the operation of the head, east and west ports
of cross-connect 2 when installed into a system as
dllustrated in Figure 2. To accomplish this function, each
of IPUs 16 is associated with and bidirectionally coupled
tO_ cne of first/third matrix stage units 20. In this
example, each of first/third stages 20 includes a 'portion
of the switching matrix (as will be described hereinbelow),
.~ and the appropriate transceiver circuitry to provide four
DS-3 ports. _ '

Cross-connect 2, for .these embodiments of the
invention, serves as a digital telecommunications switch in
2 manner realized according to a modified version of the
' Well-known Clos matrix. A preferred version of the
Bodified Clos matrix useful in cross-connect 2 is described
g in copending application S.N. 882,920, filed May 14, 1992
in the name of E.K. Bowden, entitled "Methods and System
for Immediately Connecting and Reswitching Digital Cross-
Connect Networks", assigned to Alcatel Network Systems,
- Inc. ang incorporated herein by this reference. According

rxr center stage swtches (as well as the -
out put s from each nXm | nput stage and the nunber of inputs to : .-
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r equal s the nunber of nXm i nput stage Swi t ches (as wel | as

f nmXn out put stage switches). Note al so that, in matrix 88, m
guals n+l. This limtation on mfor a given n assures that there
l'east one extra center stage sw tch. Referring nore

ly to FIGURE 3, generalized matrix 88 has n input gates 90 that"

I nput switches, such as input switch 92, havi ng m out put

s 94. In general ized matrix 88, there nay igssHeaHaEBRAREpaced

tches 92. The input switch-to- center swtch:
0 the rXr center switches such as center .swi-tmll mmm ch
cent e itch 96 receives r center switch connections roooi
tigmebnnections 98. In the exanple of FIGURE 3, there are m center Tl
SWi t C/is: 96. Each center swtch- to-laut put svm tch connection 98 from cent e_r s
' 96 con h 100 B
couséfit %lr%gﬁ‘??o \é\ivx% '%Ig' eccergggﬁggéaé%&%t puts to n.i-’
Qpinstckings fGe-tlBHPSgat e 102. L

The operation of cross-connects 2, 4 in providing the
gacility protection will now be described .in  detail
relative to the preferred embodiments of the invention. It
should be realized that a system including a single one of
cross—-connects 2, 4 having the facility protection schenmes
 described hereinbelow, with conventional cross-connects,
' gwitching systems and the like in the remainder of the
network, may also take advantage of the present invention.
" As such, a customer desiring the high speed facility
protection provided by the present invention may implement N
] ' the same on his receiving cross-connect, without regard to
the type of switches that are elsewhere in the system, so
long as each facility to be protected is also received at
a redundant port.

aro ocki s cili t

Referring to Figures 4a, 4b, and 5, the operation of
digital cross-connect 2 in providing facility protection s
according to a first embodiment of the invention will now . ’
B be described in detail. The method is preferably
implemented in a computer program according to which APU 12
and IPUs 16, 18 operate. It is contemplated that one of
ordinary skill in the art will be able to readily implement
the method described hereinbelow into a digital cross-
Connect without undue experimentation, based on the

foliowing description.

Figure 4a illustrates, in matrix form, the switch
Touting in cross-connect 2 with the EAST route as primary
for the example of a single bidirectional path. On the Lo~
transmission side, the path is received from the local side
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th the N(17,16,16) matrix 72 of FIGURE 2 and.the N(mn,r)
of FIGURE 3 are said to be rearrangeable matrices if, :

el y, for a given state of the matrix and any given idle pair of

s 76 or 90 and output gates 86 or 102, t he exi sting connections
e matrices may be reassi gned to new paths, if necessary, to allow
g the respective idle pairs. The matrices are rearrangeable if and
> n. For convenience in not atlorl:hlslsmeaﬂas@lewﬁekla@éscrl bed by t

n N(mn,r), the notation [err](m[‘!lm e nunber of

_con-"‘- ns that nust be rearranged in orde idle pair of
,N) <n-1. In other words, for the N(n,n,n) matrix, it is

out put gates. Paull's Method deri romthe property t hat
to nove at nost n-1 conpéctions to connect an idle input gate to

an | utput gate. A particular application of this properx% nmeans, for
exar Q@-Bsé-ed&oxm?édb x2 7By ofinpuiCUREa®, porhr BangEnBhrstAeires at nost

%‘H‘“F&fﬁf}zﬁcgéf‘ﬁé fﬁseré@a d @rCensaflosiRateie fcnput gate to an

ag di scussi on % ﬂnt roduces
not 'aita §§§P59°Fﬁ1uﬁ8ers§’ls§ﬁmnga 13 EPEPPRESAREOd e o~ FI GURE 5
pro 5=&tgf ogtagar 22§ otol fisstAatindhestage c28oncePirstrtri®d | medi ate

f' :Tg[ 00gy 3Rdrves as the third stage of the Clos matrix for
‘data transmitted from local to system, and in this
embodiment of the invention broadcasts to both east and
yest output ports E, and W, for transmission of the path
: ssociated with input head port H;. According to this
‘embodiment of the invention, both east and west output
ports Ey, W, for a given path are controlled by the same
‘¢irst/third matrix stage 20, (and, in this example, by the
same ASIC), in order to avoid a blocking condition because

of the broadcast.

Accordingly, the path data received from the local
. side at input head port H; is switched to, and broadcast
" from, both east and west output ports E,, W, at all times.
'§ This third-stage broadcast enables the blind receive -end
: :o switching used in the facility protection scheme according
4 to the present invention.

On the receive side for this path, first/third stage

20, receives a facility from the system at active east input
% port E, (the WEST route being the secondary route in the RPN
system at this time). The facility is routed via center
stage 22, back to first/third stage 20,, and presented to
Output. head port H,. It should be noted that, in this
example, output head port H, is on the same first/third
stage 20, as east and west input ports E;, W; as each
first/third stage 20 can serve multiple ports (whether
head, east or west ports); however, according to this
embodiment of the invention, the output head port Hy may be
on a different first/third stage 20 from that of the east
and west input ports E,;, W; with which it is associated.
According to this embodiment of the invention, first/third

%

ki
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CUREs 15 through 34 that use
' i ‘ate connection in a

switch 92 of FIGURE 3) andigolums 114 representing out put

shoa%s 3dle i3Urdpradiel @65 skifcBnthe facility from being
,,celved from east input port E; to being received from west
input port Wy, upon the occurrence of a hard or soft failure
event as will be described hereinbelow.

Of course, while Figure 4a illustrates a single
pidirectional path through cross-connect 2, similar
switching and connection is made through cross—-connect 2
for each of the active paths and ports that it is serving.
iIn the example of the 1633 SX cross-connect, up to 2048
ports and paths are handled in parallel.

Figure 5 is a flow chart illustrating the cperation of
the facility protection monitoring and switching functions
performed by cross-connect- 2 according to this first
embodiment of the invention. The functions illustrated in
Figure 5 and described hereinbelow are performed by each
IPU 16 for facilities received at its ports from the
system, i.e., for data received at the east a.nd west input
ports E;, W; of its associated first/third stage 20.
Accordingly, each IPU 16 is able to monitor the facilities

received at the input ports in its associated first/third

stage 20, and to enable the switching necessary to provide
protection.

According to this embodiment of the invention, both
hard and soft errors or failure conditions may enable
Protection switching to the secondary redundant input port.
Referring to Figure 5, the monitoring for hard errors is-
Performed beginning with process 24, in which each of the
active ports E;, W; associated with an IPU 16 is scanned to
determine if a hard error signal or condition has been
received. The scanning performed by process 24 is
Performed of the portion of first/third stage 20, (in the
case of input ports E;, W;) at which the signal is received.

SURE 4, notation beneficial
uare matrix 110 to represent
onnect i ons eX|st|ng In a space domain matrix such as matrix 88 of
~Square matrix 110 has rows 112 designating input switches (such -

e present invention. Thereafter,- FIGUREs 6-thr.ough 14 show an
-t he operation of the method and systeHV|n the presence. of a
bly blocked condition of a matrix 72 of ‘the three center stage
I Xx 56. For t'he purpose of understandlng the present invention in
etail, the operation of the-wethed and system are described by
lified N(5,4,4) rearrangeable

for_ -

(such as output switch 100 of FIGURE 3.) The sinplified exanple of
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'GQURE. 2, FIGURE 5 could show a matrix Having 16 rows

_to the cent Ltches such as center stage switch 96
matrix position 116 nay have m possible entries,

Shéetshzﬁielwa?“éhes 96 appearing in FI GURE 3. |

‘! ng reference nuneral 118, and 1 is t

.ch 3 through |nterned|ate switch B to- output switch 1.
A0S ekBRpILH WY dhet Nrtveditibyi, NEhé iRar@oeriod odrid ity dnisat

et erring, t1or exanple
re my be only n input gates 90 to each input switch 92
tes 102 f e eanhawtmcan&bﬁrsﬂ&m only n synbols may

94 to eac

center switch 96. No two synbol s

108 and LOF signals are well known path and line data
‘gignals by which loss of a facility is detected. As is
wvell known in the art, the AIS signal is generated by a
network element upon its detecting of an alarm condition
from an "upstrean" network element; this causes only a
single alarm signal to be generated to facilitate
corrective action, as the location of the fault can be more
readily detected than if each network element passed along
an alarm signal. Decision 25 determines if any one of the
hard error signals is detected by the scan of process 24;
if so, control passes to decision 31 to effect facility
protection switching as will be described below. If no

1 0 hard error is detected in decision 25, wait state 26 is

entered for the particular path, until the designated
period (e.g., 20 msec) elapses, at which time the scan of
Process 24 is initiated again. The frequency at which the
scan of the active ports is performed depends primarily on

I8 the switching time to be guaranteed in the event of a hard

fault. For example, if facility protection is to be
effected in a short time, the scan periocd must be kept
sufficiently short so that the sum of the scan period plus
the time required to switch is less than the specified
Switching time. In this example, where the switching time
Specification is 50 msec (maximum), a scan period of 20
hsec allows up to 30 msec to effect facility protection in
Tesponse to a hard failure. .

W

g Soft error conditions are also monitored by each IPU

16 at its associated active input. ports in process 26, but

i nput switches 74 and 16 col unmms repriesenting output-
ut switch 84. Wthin each square matrix position such as matri x
, there are m possible synbols that nmay appear. These m synbol s

-'équal s 8. Note that to correspond exactly.to the N(17, 16, 16)

swi tches

of FI GURE
one for
n FI GURE -

otes matrix position 116, where 3 is the row

he col unmn™ .

aving the reference nuneral 120. The entry B (1
|n matrlx positiong g 3,1) corresponds to a connection from-.

No entry
r ef erence

;g{ﬁ ctb[ sﬂ@é#@smav‘%e S0fEa Yy %% @8%819;1 on between i nput

to FI GURE 3,

and n
appear in-.

12 or col i n i nput switch 92 has only one
ce S§ E ?ﬁggG no two synbols in any row 112 may .

Si mi | #AFy 2 baea Q)ﬁthEBPesvm tch 100 has only one connection 98~
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Inections existing in a space domain-fatrix such as matrix 88
Square matrix 110 has rows 112 designating input switches

ut switch 92 of FIGURE 3) and columms 114 representing output
uch as output switch 100 of FIGURE 3.) The sinplified exanple-
shows the number of rows 112 and colums 114 equals 8. Note-:

t hat rrespond exactly to the N(17.16,16) matrix of Fl GURE 2, Fl GURE. 5
coul a matrix having 16 rows representing input svvltches 74 and 16 _
col utd presenting output swtches suchThs 1@%1 ee“ 84. Wthin each
squars rix position such as matrix p05| e are m possible: .. -
synbol:s at nmay appear. These m synbol s he center T
switc uch as center stage switch 96 of . For exanpl e, rratrlx
posi t 16 may have m possi bl e entries, one for each of the center stage
SWtc 6appear|ng in FlGURE 3. In FIGURE 4, the ordered pair :

gt @s lessr ibrequent rate. The soft error conditions, as
11 be described hereinbelow, relate to measured errored
conds over a period of time, and as such the same urgency
-tg not present for detection of a soft error threshold
ossing as in the case of a hard error state. The table
pereinbelow provides an example of the soft erxor
thresholds upon which facility protection switching may be
enabled:

10 errored seconds (ES) in 15 minutes; or
864 ES in 1 hour; or
4 severely errored seconds (SES) in 24 hours

3 vhere an ES is defined as any second within which a coding

" _' viclation is detected, and where an SES is defined as any

second in which more than 44 coding violations are detected

4 (i.e., an error rate of greater than 10° errors per
second) .

It should be noted that the soft error thresholds
checked in process 28 according to this embodiment of the
invention differ in type and in degree from conventional
Performance monitoring thresholds. Firstly, the thresheld
error rates at which facility protection switching is to be
initiated will generally differ from those of conventional ;f."--.-;
Performance monitoring (by which the grade of service is '
defined), and will generally be at more stringent levels
SO that facility switching may be used to avoid degradation

in the grade of service for the facility. In addition, the
' threshold error rates that initiate facility protection
Switching are administrable, allowing the system operator
to increase or decrease the sensitivity of facility
Protection switching by adjusting the threshold values via
APU 12. secondly, as hard error conditions (LOS, IOF, AIS)
are monitored for facility protection separately from soft
®rror threshold crossings, the threshold definitions in the

g - THIS SHEET HAS BRI
REPLACED _




where 3 is the row desfgnation, i.e&., row 3 -iaving Teference
and 1 is the colum position, i.e., colum 1 .having the
meral 120. The entry B (1 [err] B [err] m.in.matrix .position
sponds to a connection frominput switch 3 through internedi ate
output switch 1. No entry in a matrix position such as the
X position (3,2) that reference arrow 122 points to indicates

t he of any connect i GHisfhectidasBes cedwi t ch 3 and output switch 2.
Ref for exanple, to FI here may be only n input gates
90 I nput switch 92 an s 102 from each output switch

Synbol s may appear 1 n any row 112 or colum 114. Since each

sy any row 112 may be the samsge. Sinilarly, each output switch 100

e connection 98 fromeach center switch 96. No two synbols
ove table are purely for errored seconds due to coding

vlolations, and do not include errored seconds due to the
presence of LOS or AIS conditions (which are included in
be conventional errored seconds definitions).

] Referring back to Figure 5, process 28 and decision 29
‘ sre performed by IPU 16 at each of its active input ports

determine if one of the soft error threshold conditions
@ave been exceeded. The monitoring point is at the input
port to ensure that only error conditions in the facility,
and not errors due. to the matrix, are used to effect the
protection switching. If no soft error threshold condition
has been exceeded, wait state 34 is entered until the
desired period (e.g., one second) elapses before the next

threshold crossing detection operation is performed.

If a soft error threshold crossing is detected in
decision 29, the method according to this embodiment of the
invention performs additional decisions to ensure that if
the facility is switched, the result will not be worse than
- that causing the switch. IPU 16 first determines, in
- decision 30, if the "mate" port (i.e., the opposite east or
west port from that checked in process 28) has recently
Crossed any soft error thresholds during the time it was
. Bost recently active. This determination is performed by
IPU 16 based on information from its constant monitoring of
~the mate port which continues even for inactive ports, and
thus, according to this embodiment of the invention, APU
12 need not intervene in the switching process. If not,
Control passes to decision 31 to effect the switching. If
..... : thresholds have been crossed for the mate port, IPU 16
qMalyzes the history of the mate port to determine if its
9%ade of service is higher than that checked; if so,
s“’itChing is again enabled. If the grade of service at the -
Ate port is not better, control passes back to wait state

ch 92 has only one connection 94 to each center switch 96, no two - -

{n first/third stage 20 (such as east input port E;) to IR
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] tiﬁi’f’
$hnecti on,

Pest n

i i—;nt of the present inventiqg. Beginning at start step 142, .
is first to query, as query block 144 indi cates, whether there is.a.
:P && ﬁcﬁﬂ.medwimhmnmscéfmtdmmhﬁxmm.o#s F®RE 3,

%e’%‘y %S;‘Q% ‘E‘#‘J‘; Qohfd% dhprbPRUind@reo20rhfeconnect to an i+

els suc a“pair, then flow goes to bl ock 146~
neei BRcHbE®Y N connections. If there is not a pair of ports presented

then fl ow goes to bl ock 148 which is described bel ow. At -

;i me dgﬁﬁ%ﬁgﬁf%ﬁ‘%‘ Eil Q_Wagog%?t%%dlggoyggﬁe thecket hod sel ects

connhecti on Then 1_-at bl ock 152

aval |
¢tor mate ports as performed by deci sions 30, 32 no

3 performed if a hard failure (IOS, IOF, AIS) is detected..

rhis is because an errored facility is preferred over 2
hard failed chantxel; as such, the error rate status of the
pate channel is immaterial in the event of a hard failure,
as the switch is to be made regardless of the error rate.

Upon entry to the switching portion of the methed,
whether due to a hard error (from decision 25) or a soft
error rate threshold crossing (from decisions 29, 30, 32),
IPU 16 first determines, in decision 31, whether the
automatic switching function is enabled. If not, the
system returns to the monitoring state (via process 40), in
which the scan and checks of processes 24, 28 are again
periodically performed. To avoid oscillation, it 1is
preferred that each IPU 16 mortitor the switching frequency
for each facility it receives, and disable automatic
switching for a facility upon detecting excessive switching
frequency (e.g., greater <than <four switches in ten
minutes). Re-enabling of the automatic switching may be
effected either manually or automatically at the end of a
defined period (e.g., at the end of a 24 hour peried).

As shown in Figures 2 and 4a, according to this
embodiment of the invention, each facility is broadcast on
both the EAST and WEST ports at all times. Accordingly, at
this stage of the switching process (when enabled),
decision 33 is performed by which the incoming facility on
the mate port is checked by IPU 16 to ensure that the
facility received thereat is operable; if not, the system
Treturns to the monitoring state via process 40. The check

t he

t he

n"

,_)‘e um 114 may be the same. ‘Wth the notation.of FIGURE.-4, a square
E10 satlsfyl ng these restrictions is said<to be "legiti mate si nce
'nI y legitimate entries. Note, that ,a trivial.blocking case
§:f all of the input lines to an input switch such as input switch 1
ed by row 1 are already connected. This would correspond to having .
bl s (e.g. 16 synbols in the case of FIGURE 2) inrow 1l. Simlarly,"

gt he OULpUL Hres—to—output switch 3, for exanple, were already

ed cofl synbols in colum 3 (e.g., 16 synbols for the

. of Fly <2 Rep?a rk matrix 72 of FIGURE 2 and 88 of FIGURE 3.
|aIIy uare matrix 110 wll represent this fact. ]h
5, scrlbes the steps and functions of the preferred
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ions begin for selecting the | owest:nunbered centér stage
avail able for connection at step 154.  Having sel ected the
ed center stage for connection, the connecti'ons are nmade at
nd square matrix 110 or a simlar status table designating

:is updated at bl ock 158. At block 160, a query of whether
angement is required takes place. If so, then flowgees—to-block

ere the step is to select two center stage svmtch .

nt. Next, at block 164, the step is to find the co m§edzndleplaced

ed and, fromthe connections, the query at bl ock 166
ires | east nunber of rearrangenents. |f the path X-

nunber of rearrangenents, then programflow takes path 168.

‘es the | east nunber of 2@arrangenents, then programflow takes

Regar dl ess. of which path programflow ja

' gned by decision 33 pon thFe) mg e port (.{n k&é exa:nple

pigure 43, port W, of first/third stage 20,) is

somplished by menitoring the facility received thereat

a period of time, such as on the order of 10 msec, to

ure that no hard failure is present. If the mate port

ening facility is in service, process 36 is then

gormed to effect a blind receive-end switch. LT

Referring next to Figure 4b, the matrix condition of
pss-connect 2 according to this example is illustrated
{ ter the blind switch of process 36. Figure 4b
lustrates that first/third stage 20; is now receiving the
il1ity on west input port W; from the system, and routing
he facility through center stage 22, to head cutput port H,
¢ first/third stage 20,. Accordingly, referring back to
igure 2, cross-connect 2 is now receiving the facility
rom cross-connect 4 via the WEST (microwave) route, which
s the secondary route to the EAST (fiber optic) route.

Upon completion of the switching of process 36, IPU 16
otifies APU 12 of the switch (process 38), so that the
‘switching event is visible to the system operator via the
Supervisory functions and interface of APU 12. In additioen
-to notification of the switching event and the ports
' lffecsed, IPU 16 may also communicate such information as
~ the cause of the switch (i.e., hard or soft error). The

System then returns to the monitor state via process 40,

and the process of Figure 5 is repeated periodically for
the facility now being received via the WEST route.

It is well known in the art that facility failures are
- Often due to line cuts, such as occur if a fiber optic
Cable is cut during building construction and other
aqctivities. Such a line cut will, of course, appear to
Cross-connects 2, 4 as a 1OS or AIS condition (depending N
. Upon the location of the cut) for all of those facilities
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fonnections are rearranged, one at a time, using a "hitless roll."
B=si on- bel ow defines the term"hitless rolkl.” And flow returns to
o end space domain operations. Note that if-no space - '

ent was necessary, then flow from query block 160 goes directly
fiace donmai n step at bl ock 174. At query 176, the question is
Eime rearrangenent is required. T S0, them ffowgoes to step 178
point the method is to select two rhjskReeSHRRS J.garrangenment.

enf- la

| ock 180, the step is to find conn arranged. At
§2, a query occurs of which path rquﬂmm&m I nunber of
ienents. |If the X-A path requires th of

ments, flow goes along path 184. On the other hand, if the X-B
ires the | east nunber of 2tearrangements, then flow fol | ows path

186. next, sten, g | ess. of ; wheth r w_t.akes .path 184 or
186; cPP AT ange{’ o%%gct%nsild?lee‘- at ?%Q%)i gnggé%%ljf Btgi n?ga%lphi tless roll

gelitihefarated iy the. cpkodinen PRYWPEh@figstedt dnstatp 190 to end
i v oRRIAt haftfer NBie toff tﬂaerptdﬂe,@@é_ 3£ 6 Fﬁghg@m’glgs t hat dno _
ting ran sy f.equjre OW, RI0C ire to_end tinme domain
. gg'mlgr%}):%mgnld{fel lr#g.td. ﬁaéeﬁ: e\t%tggk ,cqﬁn(_ﬁm%ﬂésm?% ery 148 where
geathf dedures hFetveiding anch ot fhe sdecdsjpastimed and di sconnect.
eoidlxyv theurmstd O parer et ko4 daddisaicrcesd agnpaevi ously
quires a 10 msec monitoring period.

The multiple switching of those facilities associated
vith a2 cut line, is preferably performed upon the IPU 16
. detecting the first signal failure resulting from a cut
4 line completing the 10 msec mate port monitoring period
 described above. Upon completion of this monitoring step,
":: this IPU 16 checks all of the ports under its control to
¥ determine which, if any, are active east or west ports for
3 -2 facility. IPU 16 will then execute the process of Figure
4l 5 to check for hard failures for each of its ports which
| is an active east or west port, prior to relinquishing
: - control, and without the 20 msec scan wait time (process
‘4 46) between examination of the incoming facilities at these
ports. The overall switching time of the multiple
facilities affected by a line failure, such as a line cut,
is thus greatly reduced.

It is of course evident from the foregoing description
that the facility protection switching scheme of this
embodiment of <the invention is unidirectional, as it
Performs a receive-end switch upon detection of a failure
&vent. As noted above relative to line cuts, many facility
failures are due to events that affect transmission in both
directions (the obvious example being a line cut). Those
Other cross-connects in the system (such as cross-connect
4) that have the facility protection capability described
hereinabove will simultaneously be performing the same
Ronitoring and facility protection switching as that of
Cross-connect 2. Accordingly, the unidirectional facility

REPLACED -
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palr of ports is presented f or dlsconﬂect “at this ppoint the
to rempve connections as requested per block 192 and t-hen update
s reflecting the —eennecti-ons for the the matrix-at step 194. At
t he net hod deter es mhether a "pack connections after a

t" function is enab he tfHasBeehRe‘mcf,d ow goes to query 198 to

het her a rearrangene ss If so, then floww Il |oop
200 until rearrange r in process. Although FI GURE.5
connect as occurring subsequent conpl eti ng any necessary

ment, the present nethod and system may process a di sconnect .
n paraIIeI with rearrangenent. Therefore, if the systemof the -
nvention seeks to direct connections to the nost used part of

rst so as to pack calls a#%er a disconnect, the rearrangenent-in-

quer evens s att tin p during
eﬁ% otih QJ’?‘?&J‘ egﬁfg%%ﬁ%ﬁfc?g % tlb?’%ﬁ’"é’?? mFPBm query bl ock
lﬂexl:!estlé'r!e%J-PB Fdidr hencpertommmdedni andidindetrionaked in the
shfr 20d.e.Theppexboth€Pends of the 1line switching

gnidirectionally) if both cross-conmnects 2, 4 are

configured to do so.

It is also evident that this embodiment of the
invention provides facility protection switching in a
"blind®™ manner, in that no communication with the other end

§ of the system is required in order to effect the switch.

This blind switching thus provides fast and reliable
facility protection. In addition, the distributed nature
of the monitoring and switching functions, as performed
locally by IPUs 16 rather than manually responsive to a
central processor, allows for facility protection to be
performed in a very rapid manner, such as on the order of
less than 50 msec from the time of a hard error fault. . As
such, the present invention provides a high degree of
protection for the customer, particularly those demanding
a high grade of service. Finally, as the protection scheme
is performed on a facility level, rather than a line level,
facility protection in the event of excessive error rates
is available by way of the present invention.

Furthermore, the embodiment of the invention described
hereinabove relative to Figures 4a, 4b and 5 provides
facility protection switching in a manner that is
Suaranteed to be non-blocking, since the broadcast to the
redundant ports is performed in the third matrix stage (see
first/third stage 20, of Figure 4a), and since the receive-
end switch is performed in the first stage. This requires
that the east and west input ports for a glven path nmust be
Physically within the same 1nput/output "bay", i.e.,
Controlled by the same IPU 16; similarly, the east and west
output ports for a given path must also be physically Ll
located within the same input/output bay. This .
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fhart 140, then, is to pack connections in tthe's’bace domai n using a
ol |l at block 204. And then, at block 206, the.step is to determ ne
ctions to be.packed in tine, after whirch the ‘connections are

bl ock 206 in tinme using an automatically hitless roll. Program
returns to point 210 to continue the previously described
s of flow chart 140. The foll ow ng di scussion describes how

flow chart 1T40 of FTGURE 5 relate to the square matrix 110 of
_Rmmﬂeetm@gee@ﬁgp%edupdati ng square matrix 110 or simlar table at -

st 3, th > preferred enbodi nent detects whether a .
rea geabl u ‘tion exists. Thus, when the dedicated el enent
(eit Ca ti [ time domain or center stage 3

switch in the space domai #® in a matrix connection configuration is

ke 0 LOTS ALG QB0°GLhO BSLISEN S kg 1APHbagRpe and an Tl e

_ypplementable; in this example, with the east and west
8 jpput ports E; and W; in the same ASIC, a single write
3 cperation by the associated IPU 16 effects the receive-end
. % switch.
Where the system includes fiber optic lines, the
present invention also replaces the 1:1 line protection of Lo
§ conventional FOTs (see Figure 1 above). The redundant
b fiber optic line is thus available to carry traffic, or
alternatively need not be implemented at all. In addition,
non-fiber optic lines may now be used as redundant
secondary routes for fiber optic lines. Fiber optic
utilization is thus greatly improved by way of the present
invention, when implemented in fiber -optic transmission
networks.

ex e Po ss ent Fast Facilit otectio

A second preferred embodiment of the present invention
will now be described, in which the constraint on
assigmment of the east and west ports present in the first
praferred embodiment of the invention is overcome. This
second embodiment of the invention adds additional benefits
to those provided by the first embodiment, especially in
enabling implementation of the <facility - protection
switching scheme into existing systems that do not have the

§ east and west ports for a path assigned ¢to the sane
° input/output bay. This embodiment of the invention is
: additionally advantageous as it allows for flexibility in
assignment and rearrangement of ports in newly installed
systenmns. ) .

As in the case of the first preferred embodiment, ‘the
# method according to the second preferred embodiment of the
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bt a rearrangeabl e bl ockihg-conditi‘on"is aufomatical |y ‘detected.

d 178 execute Paull's Method te find the-path requiring the -
rangenents. Specifically, with the blocked:cel'l denot-ed

rr]) such as cell 121 of FIGURE 4, the nethod tests to find all

s (A B) such that if Ais in row1, but not in col TH3shist HasBEtelReplaced

m 1, but not in row 1. For given pairs of synbols,

- W0 possi bl e rearrangenent sequences, one of which wlﬂ!!*mu”
Making this deternmination is part of step 16 in the s .
182 in the time donain. The sequence "X-A" denotes a sequence
ts with an i mredi ate connection through the dedi cated el enent .
nter stage switch 17 of FIGJURE 2 for the space domain and the tinme

in FIGURE 1 for the tinme &¥nmain) and ends with the bl ocked cell

igned,to el enent A, _The sequence, hegins, for exanple, by starting
Wﬁﬁ’ﬁbﬂncg?lpfﬁ ?Fhl?cﬂ?f%er&tedl'}f & SCPBBRRT APTO¥F?e there is |
Hgusorfing | $o twisiche AP0h 1R oandirT WIS rnL&,[ a8r opealee. pl Bteis There nust’

f.fi’r' Lok Qi1 €4d lunatl BREVGE oddiBal! Lk Sid'Unda0EKGd11 Gge the A in

- 3 ound,. it ,is_circle ed. . n general, then,
supposill t #hde FRFAT Y JmRlpment, they B‘FF‘]‘,gg[%?ﬁ‘F)’:bef[ Qﬁgfi}"‘?ﬁl"f‘ér r]8. Then,
a searfilh fngv & dAditadotrwss-cionnett twiddout andue ldxpelrdmentatbonB i n col um

c[err|@the.seghepcs £dswan &Qg&.?ﬁoge.xt step is to find connections to
be rea a’%‘%éd at bl ock 164 orq 180, ls appropriate. If a B appears in colum

ck, t next step is to circle the B and continue. If the circled Bis in
the (r@err], cFégui¢ 6a is a matrix diagram illustrating the state

| of cross—connect 2 for the example of a single path at the

9 beginning of the method according to this second embodiment

¥ of the invention. As noted above, according to this

embodiment of the invention, the east and west input ports

E;, W; for this single path need not be assigned to the same

first/third stage 20, and thus need not be physically

located near each other or in the same  input/output "bay"

as in the first embodiment of the invention described

hereinabove; similarly, the east and west output ports E,,

' Wy similarly are not constrained to the same first/third

stage 20. Accordingly, the present invention is especially

0 useful as it may be implemented in existing installations
of digital cross-connects..

As illustrated in Figure 6a, the input transmission

i from the local side of cross-connect 2 for this path is
§5 received at head input port H;. In this example, east
cutput port E, is on a different first/third stage 20 from
west output port W, (20, and 20,, respectively). As such,
the broadcast of the transmission from head input port H; to
east output port E, and west output port W, cannot

30 necessarily be made at the third stage of the matrix, but
instead may have to be made at one of the center stages 22,

or in the worst case (as shown in Figure 6a) at the first
matrix stage 20, at the location of head input port Hy.

IS It is well known in the art that broadcast o
: transmission is preferably made at the latest possible

vt
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fh, then a search for an Ain rowrk, takes.place. Thefrseq-uence X-A
fies to alternate between ci.r

' cling B's in colums in-As in rows,
ghere exists a . - L :

- 16 - Tcolum wth
circle or arowwith no Ato circ

le. Note that not all A's and al
circled, only those encountered in the above search.

ng the X-B sequence occurs in simlar fashion, as follows. Starting

he bl ocked cell (r[err],c[err]) 121 of FIGURE 4, for exanple, there
A in colum 1, so the search begi ns f orThis SBeet HasBetnRyplaccf ]

, err]. There
e a Bin colum c[err], otherwi se the nma be bl ocked.
procedure is to circle that B. since the !niumn mmﬂ!' n position
Cerr]), the search for an Ain row r3 begins. ereis no Ain
then this sequence endszgand program fl ow continues to step 164 or
s appropriate for the spacCe or tinme domain. otherw se, the procedure
cl ;g'rcgf tC%ee AANd 1GeRLE Nt the Wasdredacptput BRESArcFed Ais in

der to minimize the possibility of a blocking condition
or

|

subseguently assigned ports. It is therefore .preferred
tort the broadcast of the transmission from head input port
thato east and west output ports Eq, Wo be done .in a mann?r
‘j_ch minimizes the frequency of first or second matr:.x
e broadcasts. Such 2 pethod would first determine if
'tfhird stage broadcast is available, and would make 2 _ o
‘ecorxd stage broadcast only if no third ‘stage broadc::: e
‘yould be sufficient; only if neither a third no? at s::a :
{" stage broadcast would be sufficient would a firs g
‘M proadcast be used. .

It éhould also be noted, however, that the east and

wést routes are assigned and reserved as the sys‘tem is A:e:

up according to this embodiment of the invention. e

result, the only time at which blocking coul °

encountered is at such time as new ports are added an

their cross—-connect matrix route assigned. In the ev?nt

: that implementation of a new poxrt results. in a- blocklni

sitnation, the matrix routes can be readily reallocat:.e

during system configuration to remove the blocking
condition.

Furthermore, the probability of blocking is rela:tively fnimels
low even for relatively large numbers of ports 1n the
cross-connect. By way of computer modeling, it has been
calculated that the blocking probability in a'. 2048. port
cross-connect, having 2n center stages (as descrlbe‘d in the

! above-cited copending application s.N. 882,920, filed May
l14, 1992 in the name of E. K. Bowden, entitl.ed "%!ethoc.is'and
System for Immediately Connecting and Reswitching Digital
Cross-connect Networks", assigped to Alcatel Network
Systems, Inc. and jncorporated herein by re.ference) is

) essentially zero where 70% or fewer of the avaa.lab1? ports
are utilized and where 33% of the east/west port pailrs are




t hedg arch begins for a B in colum CerJ.. If t her'e rs no

in and A's in rows until either a colum with no Bto circle or a_'_i_'-
r ow o Ato circle i s found—Note;—noet—all A's nor all B's get '
cir ,nly t hose encount g€ t b ve, sear ch. For a given pair
of (A B), the next st ghemrha He &t he pat h generated by the )
seq e|ther the X-A seq err] B sequence) that contains -

t he i nunber of circled A's or B's). For all such pairs -
of , the stepis to choose the pair (A B) that contains the |least
nunbe i circled synbols (either A's or B's). This sequence determnes the
m ni n lunber of rearrangenents n@éessary to establish a path fromthe

I nput: it he oy of .the rearrangeable matrix. - Rat her than conpletely
genef gt ASS "Fﬁ@&){"%% tReBs%’P-ﬁ]%QHEeE°rT- R FFREP el ment :

t he sequence ends. Qtherw se, the sequence is to-c
This procedure continues to alternate between ci

o Bite s$ame cirstydhdrde stige s20), asvanpiiade 753 4 e
ytilized ports are implemented with the facility protection
described herein. With 90% port utilization and 75% of the

'block:mg probability has been calculated to be less than
9,004%. Accordingly, this embodiment of the invention will
provide great flexibility of implementation, while only
adding an extremely small likelihood of blocking even for
large and busy cross-connects.

on the receive.side of the bidirectional path in the
example of Figure 6a, the initially active route is the
EAST route. East input port E; is implemented in
i first/third stage 20,, and its transmission is routed
' v_ through center stage 22, and first/third stage 20, to head
§ output port Hy,. As before, head output poi't Hy, communicates
f | the transmission to the local side of cross-connect 2.

"”'- ’ In this example, the secondary inactive west input

- Port W, is implemented at first/third stage 20;, and thus in

2 different first/third stage 20 than that of east input

Port E,. West input port W; is connected via center stage

22; also to first/third stage 20,, but since west input port

° W; is the secondary port at this time, no connection is made
vithin the third matrix stage in first/third stage 20,.

As noted above, each of first/third stages 20 may
Support multiple ports, for example, four ports. In this
éxample, one of the spare ports in first/third stage 20,
Serves as protection output port P,. Protection port P, is
Not necessarily able to communicate traffic, but for
Purposes of this embodiment of the invention is able to be
Ronitored by IPU 16, in the manner to be described

i hereinbelow.

Bin colum
ircle the B
reling B's

164 in
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the space domai'n and bllock 180 in the time’ demain u5| ng a
of the preferred enbodi nent that shall ‘herei nafter be call ed a
gl gori tthm The fl oodi ng algorithmstarts- by “tinding the first

gt the X[err] A sequence. If the X-A sequence is not ended, the .
errent of the X-B sequence is found. Then, if the X[err]B sequence
q of the X-A sequence is found. This process
g unﬁ];ShteQ s BRPRLEL.Of the two sequences is generated. At the tine
short sequences is generated, the search

lt'ﬂt mﬁ whi ch flooding algorithmtermnates determ nes..
of t er of rearrangenents as indicated in block 166
gace domai n and bIock 182 in the tinme domain. In step 172 for
domai n and step 188 for t3e time domain, rearrangenents take -
'.'n a_hitless r he seque ce, ,of nbol either A's or
t theaéﬁﬁvécg? Qzle?% oemg:lpg:"?ﬁﬁﬁ Eﬁaﬁggd ?éﬁ *the bl ocked
gpvt he appluqbesaa estdtus’ raghstef 42 | @Ialchdepeﬁdshgm whi ch

acco 'ﬁ?@ escCr | béOIW ;eg-%-%éiy%ﬁlﬁggl ﬁeg:st]tE]:;%O‘;?@ Etg#gggn;rgb;lee%dand.
reas cﬁ.f%ﬁlﬁf ’P?Re%ﬁ"@rgg ‘gmtﬁlﬁ%? RRTORTIRe 1FUS 16 #or

the associated ports, including whether the most recent use
of the port resulted in a hard error condition or if the
. port is available for successful receipt of a facility.

_ As shown in Figure 7, the method according to this
| embodiment of the invention includes multiple scanning and
" checking - operations to detect hard and soft error
4 conditions in the received facility. In contrast to the
# tirst preferred embodiment of the invention, the monitoring
¥ ana switching function of this embodiment of the invention
§ is performed at the third stage at which head output port
H, is implemented, as this is the only first/third stage 20
within which it is guaranteed that traffic from both east
and west input ports E;, W; will meet.

L B

0 For the example of the single path in the condition
shown in Figure 6a, process 44 is performed by which IPU 16
associated with first/third stage 20, scans incoming traffic
at head cutput port H, for hard error conditions, namely the
AIS signal noted hereinabove (since any incoming IOF or 1OS

' 5 signal is converted to AIS prior to communication in the
matrix), and also any high-speed loss-of-frame condition
caused by the matrix itself. Decision 45 is then performed
to determine if a hard error condition has been detected;
if not, wait state 46 is entered and control remains there

§° until the desired scan period (e.g., 20 msec) elapses., at
which time the scan of process 44 is repeated at the head
output port H,.

If a hard error condition is detected in process 44
and decision 45, decision 47 is performed in which status
register 42 assigned to the inactive port for the path (in

REPLACED
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in the m ni mum nunber of : connect’i’on rearrangemants
TABLE. 1 STEP. '
r],clerr]) ' '
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is example, the SW; register 42 for west input port W;) is
interrogated to determine whether the inactive port is in
an error state. If the status register 42 indicates an
1 error state for the inactive port, the facility protection
switch will be fruitless, and accordingly control passes
pack to the monitor condition (process 60). If the status
register 42 interrogated in decision 47 indicates that the
inactive port is not in an error condition, control passes
to process 50 to make the facility switch.

Process 50 effects the facility switch at the head
output port H, end of the path, which in this case is
performed by first/third stage 20,. As in the <first
embodiment of the invention, the switch is effected in this
example of cross-connect 2 by the -associated IPU 16
performing a write operation to the ASIC within which
first/third stage 20; is realized. After completion of the
head-end switch of process 50, the condition of the matrix
is in the state illustrated in Figure 6éb, with traffic from
vest input port W; routed via first/third stage 20, through
Center stage 22; to head output port H, via first/third
stage 20,. Traffic from the east input port E; is

§ disconnected from head output port H, at first/third stage
20,.

» After the head-end switch is effected by process 50
] responsive to the hard error condition, decision 57 passes
g control to decision 59 in which the signal at head output
#l bort H, is checked, in this example, to ensure that the
g facility now being received at west input port W; is valid.
g It not, process 62 is performed which reconnects head
Sutput port H, to the prior active input port E;, with
B control passing back to the monitored state. If the
facility received at the previously inactive port (e.q.,
West input port W;) is valid, decision 59 passes control to
Process 58 in which the event of the switch is reported to

’
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X-X, A ' T T e T Alerr A | f
equence yields the nini num nunber of reafrangenents, then,
kNg to square matrix 110 of (| FIGURE 4, step 172 -or 188 of ' FI GURE 5, as
ki ate, the nmethod is to put an "X" in the (r[err],c[err]) position
‘i ng the connection was made through the extra center stage sw tch,

dded (Step 6) and then the X's are renoved (Step 7).

i n the m ni mum nunber of connection, rearrangenents;
aPU 12, together with information identifying the path for

+hich the switch was made and alsc the reason for the
gacility protection switch. Included in the reporting of
process 58 is the updating of status register 42 for the
previously active port, indicating that the most recent use
of the port had an errored condition; in addition, the
status register for the newly active port is also updated
to indicate that it is in a good condition. Control then
passes back into the monitor state (process 60), for the
newly active port. )

Referring still to Figure 7, the monitoring and
facility protection switch for the case of soft error rate
threshold crossings will now be described. As in the case
# of the first embodiment of the invention -described
hereinabove, the soft error rate monitoring is performed in
an interleaved fashion with the hard error scanning, but at
a reduced frequency. Accordingly, over a given period of
time, each path will be monitored for both hard error
) events and also for soft error rate excesses.

According to this embodiment of the invention, soft
error threshold crossings are monitored at the first stage;
{ in this example, first/third stage 20, is monitored for
¥ coding violations received at east input port E;, and
first/third stage 20, is monitored for c;:ding violations at
west input port W;. IPUs 16 associated with these ports
thus determine whether a soft error rate threshold is
crossed, on an ongoing basis. The soft error rate
thresholds checked are preferably similar to those
discussed above relative to the first embodiment of the
invention, namely errored seconds and severely errored
seconds due purely to coding wviolations (i.e., not
including seconds having LOF, 1OS or AIS conditions) over
varying periods of time; as in the first embodiment
described above, the particular thresholds may be

.1, Step 1 indicates this action). Then for the circled B's, the rolT—
idds X's (Step 2) and then renmoves the circled B s (THi€hed Has BdexReplaced

circled A's, the roll first adds the B's (Step 4) ai
‘cled A's (Step 5). Then, for X' s appearing in the maf qnﬁmmr

'ng Table 2 and acconpanying text describe the steps of naking the
ion to yield rearrangenent29of the center stage switches when X-B
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administrated to those values desired for the grade of

“-service.

The monitoring of soft error threshold crossings at

k the receive end (first matrix stage) is wused to

periodically update status registers 42 both for active and
also inactive ports. As will be noted below, this
information is used in the facility switching for error

| rate reasons.

In the event that a soft error threshold is crossed
for a facility, its.IPU 16 inserts a flag to this effect in
the overhead data for the facility, prior to transmitting
the facility along to its center stage 22. Process 48
checks head output port H, to determine if the overhead bits
in the facility it receives indicates that a soft error
rate threshold has been crossed from the active input port
(in this example, east input port E;). Decision 49 is then
rerformed based on the results of the check of process 48.

@ If no soft error threshold has been exceeded for the path,

control passes to wait state 52 for the remainder of the
check periocd (e.g., 400 msec). If a soft error threshold
has been exceeded, decision 53 is performed by which the
status register 42 of the 1nact1ve port is interrogated,

5 similarly as in decision 47 for hard errors. In addition,

decision 53 also interrogates the status register 42 to
determine if a soft error threshold has recently been
exceeded for the inactive port, to prevent switching to a
port which also has an active threshold crossing; if either

"0 is the case, no switching is performed and control passes

back to the monitor state of process 60.

If the inactive port is acceptable (no hard errors and
no soft error threshold cross:..ngs) , IPU 16 associated with

s f:l."-st/thlrd stage 20, performs a head-end switch to connect

the inactive port to its protection output port P,, in

TABLE 2 . STEP © .. 7T ACTION

E

; The X-B roll occurs in similar fashion to that of the Xerr]A
- exanple, the first step is fo put an X

TR

i
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fp05|t|on (r[err], c[err]) :indicating ‘the cenneetion was made

h the extra center stage (TABLE 2, Step I) For the citeled A's, the
irst adds X's (Step 2) and.then renoves the circled A s-(Step 3)

for the circled B s—the—+otH—adds—A's (Step 4) and then renoves the
d Bs (Step 5). The%i or he X", the roll adds the B's (Step 6)

nal | y renoves the X's on ePace112earrangement Is perforned as °
lmll 'receive-end-switch" to effect. a
ction placed in the deS|gnated or

ary using a "head- end
s roll (including the

elenent) to the lower nunmbered el ements of the matrix. The terms~
bnd- bri dge and recei ve-end-switch are defined and expl ai ned B
ratively in connection with the exanple of FI GUREs 15 t hr ough 34
These steps | eave the exBna el enent

clear and ready for the next imredi ate connection in a
poceds 54! ocReel xeswditt iafhthis switch is illustrated in

figure 6c, showing that traffic from the east input port E;
§is still routed to head output port H,, while traffic from

the west input port W; is routed to the protection output
j port Po. IPU 16 associated with first/third stage 20; then
3 examines the traffic at protection port P,, by checking the
#l overhead data received thereat to determine if a threshold .
§ crossing is now being reported by west input port W;. Of et e
¥ course, the presence of a hard error condition at this
facility will also be detected in process 54, such as the n
3 10S, 1LOF, AIS conditions.

| In decision 55, the results of the monitoring of
J process 54 is determined. If the inactive port currently
coupled to protection output port P,  does not have an
' adequately clear signal, such as a hard error condition or
f a threshold crossing, no switching is effected, and control
% passes back to the monitor state (process 60).

If the inactive port currently connected to protection
3 cutput port P, is clear, control then passes to process 50
by which the third stage head-end switch is made,
{ connecting the previously inactive port to the head output
{ port Hy. In the example of Figures 6a through 6c, the head-
; end switch is effected by IPU 16 causing first/third stage
20, to connect west input port W; to head output port H,.
The result of the head-end switch of process 50 due to
crossing of a soft error rate threshold is illustrated in
Figure 6b. Protection output port P, is also then freed
] for use in connection with any other head output ports
Served by first/third stage 20,.

: Since the facility protection switch of process 50
Was, in this case, due to excessive soft error rate (and
q since decision 55 has already determined if a threshold
8 crossing from the new facility has occurred), decision 57
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bh it is believed that the present specification and drawi ngs fully"
surately describe the system and provide sufficient information so
ayone skilled in the art may practice the inventive concept,

i shed Appendi x A" is provided herewith to remain unprinted.
stred—Appendi X A Tncludes a listing of the working source code to

. a Jgiﬁtg isﬂét&ﬂ,gﬁ&gte and performthe i medi ate connect nethod of

esen _ stem OPERATI ON
# M[y the processes of the preferred enbodi nent, the
1L

expl

i ng | anpl e shows how the preferred enbodi nent provides.
pdi at e connect in the presence of a rearrangeably bl ocked condition |
space domain. The time donai n net hod becones obvi ous upon

tandi ng i npl ementati on of Re space donmi n net hod. FI GUREs 6

h L e of the J di-ate connpect nmethoed of the
r%%ggﬁb%gﬁ;n%ﬁ% it gngl’ [BFeesRh 58 TP1geBp | BbReb8adzel | (1,1) is-
®d FYHERRFDAFRULR! 13Rd oo spdate ckre itiatmsalrggisthm g2t ect ed t hat
tforatthe @erevdouslpgecsivé Chorts tiMaRRIirne eofl g8 gpi tch having

P i N 0 | i and_an idle link to output switch 1.
[)%ﬁd%aﬂ?jéi!t ﬁlag 'cé(;!r%%‘:éthfgmgﬁﬁe]fc"(ﬁm ®i :B’t‘?wip’glcﬁ"?ttll’(lﬁ iﬁ°§gf ec}tNI puts an X
IPFIEIEIDY 2 gBoffndifdon) . Control then passes back to '

the monitored state + Via process 60.

As discussed above, the facility protection switching
provided by this embodiment of the invention is
} unidirectional. Accordingly, . in the évent that a
bidirectional fault (such as a cut line) occurs, the other
: :_' cross-connect in the system will similarly respond, if it
; contains the same facility protection capability. In
: addition, it is of course contemplated that the monitoring
@ and facility protection provided in this embodiment of the
invention may be implemented for many of the ports serviced
by a particular cross-connect, especially those for which
I high grade of servg’.ce is desired, such as for data
J communications.

As in the case of the first embodiment described
hereinabove » this embodiment of the invention also provides
the significant advantages of facility ‘protection with fast

' Switching times in the event of a hard failure, such .
& SWitching times being on the order of 50 msec or less. 3In
?ddition, the protection afforded by this embodiment of the
invention is implemented not only for hard line failures,
but also for hard failures affecting only a single
f?Cility, and also for excessive error rates exceeding a
9lven threshold. 1In fiber optic networks, 1:1 1line
Protection may be eliminated and the utilization of fiber
OPtic lines for traffic improved. This facility protection
is provided in a unidirectional manner, and uses blind
s“"'itchj.ng which does not require handshaking communicaticn
Vith other .cross-connects in the system, and thus is
‘Telatively simple and extremely fast.
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tion, as FIGURE 6 shows.'The use of the notation "X' herein denotes
e of the dedicated or extra center stage;switch in a rearrangeably

ed condition. Wien the designated dedicated center stage switch of the
matri x configuration is used by the connection

1 - al gorithm a rearrangeabl e bl ocking condition is

ati cal | Y det ect ed. Since the connection pair (1,1) is :
angeabl y bl ocked, in order for a connection to be possible, there nust
3 an idle |ink between input switch 1 and sone center stage sw tch, say
Flrt hernore, there nmust exist an idle |ink between output switch 1 and
Telcenter stage switch, say B. The pair (A B) is one pair of center stage
i t#hes to be considered for rearrangenent. In this exanple, the pair

is the only pair of centerzstage switches that neets the above

ria. Since the pair (A B) constitutes the entire

In addition to the advantages provided by the first
embodiment of the invention, this embodiment of the
invention alsc allows for a high degree of flexibility in
the assignment of ports within a cross-connect, as the east
and west ports for a given path may each be physically
located anywhere within the cross-connect. Accordingly,
this embodiment of the invention is particularly well-
:  suited for implementation into existing installations, as _
‘4l no rearrangement of port assignments is necessary. ' ?3@3

While the invention has been described herein relative
to its preferred embodiments, it is of course contemplated
that modifications of, and alternatives +to, these
embodiments, such modifications and alternatives obtaining
the advantages and benefits of this invention, will be
apparent to those of ordinary skill in the art having
reference to this specification and its drawings. It is
contemplated that such modifications and alternatives are

vithin the scope of this invention as subsequently claimed
herein.
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pairs to be searched,f,_(%, B) is ;t’h@ pai rn;thfé,t requi res the fewest
angenents. - FIGURE 7, shows the-X-A_ sequence and FlI GJRE 8 show%
-B sequence of the i mediate connect al gorithm of the preferred
iment. Together, FIGUREsS 7 and 8 show the operation of the flooding
ithmof the preferred &rbodi ment. For exanple, the first step starts
n FIGURE 7 at rowr[err] and finds an Ain (r[err].cl[err]) which is
red. FIGURE 8 shows the second step of the flooding algorithm which

‘Wt he X-B sequence and starts off in colum c[err] tThifShest Has Repnr RdplackdB

[err],c[err]). Then, the third step takes place bag¢

in colum c[err] is examned for a B. This is found
r],cl[err]) and circled. Since there are no A's rowr[err|, this X-A
nce is conplete. The two synbols in FIGURE 7 indicate two '

3 0N 0 &NE RLS, eI ired. A though the flooding algorithmof the
KEEN, u- CJC SRSAFS.OBeL2LS iere to continue, in FIGURE 8

woul d be exam ned for an A which would be found in position

r1y.Cl & mbkhodT Bies fQEQ%ﬁ%y;nﬁij%%%&% E%ﬁecﬁ%%%:%%% @;ﬁeﬂo B to
Q- a. e El 0 (%II nWI) |

-

b1 oBmEniitatlonEn g8yst it

Gs-UoredV (4)t,h a0 ohed S£CIg! ke seidhdC ihputd

p first and second redundant network lines (EAST, WEST), and
punicated to a head output port (H,), comprising the steps of:
3 monitoring (24, 28, 44, 48) the received facility at said
4ist input port (E;) to detect an errored condition; and
responsive to detecting an errored condition, connecting
-4, 50) the head output port (H,) to said second input port (W,)
‘Mreceive said facility thereat.

2. The method of claim 1, wherein the monitoring step
prises: . .
;| I detecting (28, 48) coding violations in the received
ilrl_:y over a selected period of time, said errored condition
i:dlng the number of detected coding violations exceeding a

3. The method of claim 2, wherein said monitoring step
ther comprises:
it detecting (24, 44) a hard error signal in the received
ity. - ' :

4. The method of claim 1, wherein said cross-connect (2)
) he_r comprises first and second output ports (E,. W,) coupled to
|y first and second redundant network lines (EAST, WEST), and
Pled to receive digital signals from a head input port (H;):
8 further comprising:
_ broadcasting said digital signals received at the head
L't port (H;) at both of said first and second output ports (E,,
onto the first and second network lines (EAST, WEST).

2 5. The method of claim 4, wherein said cross-connect (2) is
figured as a switching matrix of the Clos type:
| and wherein said broadcasting step is performed from the third
98 (20,) of said switching matrix. :

f.6° The method of claim 1, wherein said cross-connect (2) is
lgured as a switching matrix of the Clos type;

| and wherein said broadcasting step is performed from the first
¢ (20,) of said switching matrix.
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al gorithm a rearrangeabt e bl ocki ng conditieni’s aut onafical |y

| cd. Since the connection pair (1,1) i$ aéarrangéabl’y bl ocked, in
S for a connection to be-possible, there nust ‘exist an idle |ink
AN i nput switch 1 and sone center stage switch, say A Furthernore,

fl nust exist an idle |inRbébetween output switch 1 and sone center stage
g, say B. The pair (A B) is one pair of center stage switches to be

Mecred for rearrangenent. In this exanple, the pair (A B) is the only
#f center stage switches that nmeets the above criteria. Since the pair

8iivs 7 92AD92% 56} RURRKAksm of the preferre r

d tofind a circled Bin (r[err],c[err]). Then, the third step
{ bagkes
s O
&% 414 or ct matrix (20, 22) associated with said east and
Bst input ports (E;, W;), said first input/ocutput processor (16,)
iy connecting the facility received at an active one (E;) of said
@st and west input ports to a center stage (22,) of the cross-
mnect matrix, for monitoring the received facility to detect an
4ror condition, and for switching to connect the previocusly
jactive one (W;) of said east and west input ports to the center
age (22;) of the cross-connect matrix responsive to detecting the
or condition. : :

, 11. The system of claim 10, wherein said input/output
ocessing unit (16, 18) comprises:

a second input/output preocessor (18,) coupled to the
ter stage (22;) of the cross-connect matrix to which the first
age (20,) is coupled by said first input/output processor (16,).

3 12. The system of claim 10, wherein said cross-connect matrix
of the Clos matrix type, having first (20), center '(22) and

Bird (20) stages;

4 wherein said input/output processing unit (16, 18) comprises:

2 plurality of input/output processors (16, 18); and

3 a plurality of first/third stage circuits (20), each

#iled to an associated one of said plurality of input/output

®Cessors (16);

3 Yzherein said east input port (E;) corresponds to a first one

g Said first/third stage circuits (20,), controlled by a first of

#'d plurality of input/output processors (16,);

8 wherein said west input port (W;) corresponds to a second one

g Said first/third stage circuits (20,), controlled by a second of
iq Plurality of input/output processors (16,);

@ and wherein said first and second ones (20,, 20,) of said

St/third stage circuits are coupled to a third one of said

] St/third stage circuits (20,) corresponding to said head output

't (Hy), controlled by a third of said plurality of input/output

WCessors (16,). ' -

13. The system of claim 12, wherein said first of said
ut/output processors (16,) controls the monitoring of the
pelved facility at said first (20;) of said plurality of
'st/third stage circuits;

@ constitutes the entire set of pairs to be searched, (A/B) is The pair
¥ equires the fewest rearrangenents. FI GURFRis Sheeb HRWRerd R¥B1acsa A

ce and FIGURE 8 shows the X-B sequence of the ct
d t hm of the gref erred enbodi nent. Toget her, FlI ]ﬁ,",ﬁow t he
d L o)

6t PRI PRe 651 E&tarts off in FIGURE 7 at row r[err] and finds an A
. ér?],c[err]) which is circled. FIGURE 8 shows the second step of the
g ng al gorithmwhich uses the X-B sequence and starts off in colum

t akes

HE AT DNOAG St i B i)
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REPLACED




bnce i s conpl ete. The two -synbols in FIGURE 7 inditate TWo

3 woul d be examined for an A, which would be found

'.‘ ent et hod ends at the tthird step, if it-were to con|
r], c[err]). This procedure would continue to alte

angenents are required, Al t hough the floodi Ng isGRLet il BeQiRepiBRd

AT

ing B's in colums and A's in rows until either a columm with no B to

i | imsodna SRARORISt With Aumeralscl e. The four circl ed—symbol s in

ein

&

—Sst/third stage circuits (20,).

g 14. The system of claim 13, wherein said third of said
Bst/third stage circuits (20;) further comprises a protection
yjput port (Pg); ‘ - .

¥ and wherein, responsive to detecting an error condition, said
ird of first/third stage circuits (20,) switches the previously
yctive one of said east and west ports (W;) to said protection
put port (P,) for monitoring.

15. A digital telecommunications system, comprising:
" first and second transmission lines (EAST, WEST):;
a first cross-connect (2), comprising:

a plurality of ports, including first and second
put ports (E;, W;) for receiving a first facility from said first
i second transmission lines (EAST, WEST), respectively, and
luding a head output port (HO,) for presenting the first
ility;

a central processing unit (12), coupled to a bus

2 a cross-connect matrix (20, 22), coupled to said
s (BUS) ;

an input/output processing unit (16, 18) coupled to
d bus (BUS) and to said first and second input ports (E;, Wy),
¢ connecting the facility received at one of said first and
ond input ports (E;) to said cross-connect matrix (20, 22), for
lltoring the first facility to detect an error condition, and for
tching to connect the other of said first and second input ports
) to said cross-connect matrix (20, 22) responsive to detecting
* error condition.

g 46. . A method of providing 1line protection for a
‘communications system including a fiber optic line (13) in such
iner as to eliminate the need for providing a redundant fiber
['c ling, comprising:
2 ?ig'srlding a redundant route (15) relative to said fiber optic
p e
~broadcasting a facility over the fiber optic line (13) and
" redundant _routg (15) to a cross-connect (2), saida cross-
ect (2) hgv:mg first and second ports (6E, 6W) coupled to said
: optic line (13) and said redundant route (15), respectively,
\ j.c':rt:osss--coru-xec:‘t: (2) having a head port (H,) for presenting the
rved facility, said head port (H,) coupled via a cross—-connect
ix (20, Zit): t; said first port (6E or E;):
monitoring (24, 28, 44, 48) the received facilitv at said
t port (E;) tq detect an errored condition; and Y ald
responsive to detecting an errored condition  connecting

3t PECIRAeS 16t,hdP8Ror e, indicate four rearrangenent

ax &npl e. since the X err] A sequence requires onﬂ“mwmmmﬂﬂmnm
@ angenents, and the X/ err]B requires four rearrangenents, % hd prfeférred
&li nent chooses the X/ err] A sequence for the pair (A B) Since the pair

® is.the onl, ai, r. .center st swi_t.ches considered, .the X-A
- Jlay P’ggg’é‘ngalgﬁ;gégﬁﬁé% %«,9 ﬁg% inpu &g"%ggtt step is
RECHT SN Loat e BT 9, at suia third of saia -

S0) the head port (H,) to said second port (W .
Uity therest. Hy port (W;) to receive satdTE

1S SHEET HAS BE
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eviously nmentioned "hitless-roll." Since fhe& X-A sequence-yields th
m nunber of rearrangenents, -the preferred; enbodi nent uses the X-A

n this exanple. The hitless roll includes the initial connection
plac@d in the dedicated center stage switch. This roll takes place by first
perf§ m ng the necessary rea%angerrent usi ng a head-end- bri dge and
receg@ve-end-swtch. FIGURES 9 through 14 illustrate executing the

X er@ A hitless roll. The nmethod changes the sequence of previously circled
synbi#l s A and B to clear the bl ocked cell as foll ows: For the circled
B's #dd X's as FIGURE 9 shows. In this exanple, this step corresponds to
setti@ng up a head- end-bridge through the center stage switch at the extra
swit@ X for the existing connection frominput switch 2 through center

st ag@ simd cin B2ADD2S el wRmed¥eIv tch through center switch X for the

exi S aft cohriBote abs Arkbda om center stage B to out put stage 2. The next
stepBuge tD renpve the circled B's as FIGURE 10 shows. In this exanple, when
a- coffnecti on exists through center stage switch X, and output switch 2
receffves a good signal, the next stepis to take down the connection from

I npul switch 2 through center stage switch B to output switch 2. Then,

as FHGURE 11 shows for the circled A's add B's. In this exanple, this step
cor r gipRis— sl ingcLosure :

A digital communications system with fast facility protection
gs disclosed. The system includes at least one digital cross-
gonnect (2) which is in bidirectional communication with east and
gest routes (EAST, WEST) of the network via east and west transmit
gorts (E;, W) and east and west receive ports (E;, W;). The cross-
gonnect (2) broadcasts a facility over both the east and west
joutes, and receives the return facility over one of the routes.
ghe cross-connect (2) monitors the error status of the received
gacility (E;) for hard error conditions and excessive error rates,
8y wvay of a distributed processor (16) in communication with the
(E;) . In the event of an error, the cross-connect blind
giitches the facility to the inactive port (W;) by way of a
gecelve-end switch, according to a first embodiment. According to
Jother embodiment, a head-end switch is performed, thus allowing

1 g;.' improved flexibility for port assignment in the cross-connect

This Sheet Has Been Replaced
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@eci ve-end-swi tch through

Bl , the next stepis to tarksp

digh center stage switch A to o

- up a head-end-bri dge"throétﬁ the center strage switch B or the
i ng connection frominput 'switch 1 through 2: ‘enter stage sw tch and
center stage switch Bfor the existing HJ
g@ction from center stage switchqA to output switch 2. Then, as Fl
Hows, the circled A's are r
i §s through center” stagg. D8

RE
In this exanple, when a connection

bs?%&mrdgbmut put switch 2 receives a good

yw?the connectlon frominput switch 2
tput switch : Then, the next

dis to add A's to the positions containing the X's, as FIGURE 13

In this exanple,

this corresponds to setting up a head-end-bridge

gh center stage switch A for both the connection frominput switch 2

gigh center switch X

0 output switch 2 and the i mredi ate connection

dinput switch 1 throligh center switch X to output switch 1. The
§ step is to renpve hhe X' s as FI GJ illustrates. In this exanple,
1i3each connectidn through center stage syitch A exists and the
0C+12 . r _ DS-3
) N ~ LINE ( !)‘
-IE. pa DATA 1 DS-3
12
% 053] g7 0
< : TO DIGITAL
// . > CROSS-
/ o CONNECT
¥
A (¥ — Y
w-"\ LINE DS=3
7 DATA i
0C-12
FIG. 1
(PRIOR ART)
11 10
\ /
Q1 rer |-Q
¢ 3
13 13
H
0 (o] EAST > T0
LOCALY —] WEST <5 LOCAL
15
uWT uWT
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,f ®:spondi ng out put switch r-recei';\lléé'a -gpbd Si gﬁét,;rt he corr.e'spondi ng
fection fromthe input switch through- center switch X to the
corrgspondi ng output switch may be taken down. ‘Note that the extra center
stadk switch Xis left idle, since.all connections are rolTéd off The

. enter stage syvi tch X togghpQZ@propriate center stage: ThiWSAeetHas Been Replaced
£ the's SFFO'W“nSeé?LL%EE@'{g?- i [‘ﬁepéiLﬁééffoﬂqm EMH‘ wHw
met hpd and system of the prefélr B/éﬁ§odi ment. For simplicity |

t hi s aspect of the present invention, the exanple considers connections in
fther reduced N(5,4,4) space matrix 220 of FI GURE 15.

i - FIGURE 15 illustrates st ape—=oH FHinplified N(5, 4, 4) space
mat ri x 2209‘?2‘5@ inigializatiSor [Motle thagaytle fifth center stage switch
224 §s | ab ‘toTindicate that_itl i s the _dedicated or extra center stage

switfh. As | egend 2262shows, short-dashed Ili nes
| \‘ 23
: APU

o - O

H w 1
I

IPU VN R A T IPU VI I B 1
164 || 164 164 || 189 || 184 18,
205 . CE§ER cegm CEN@TER
20 0,1 /3 st} |1 /3 ste - 173516} “hace |l smace STAGE
1 4 \ . \
22, 22, 22,
229
\
200 20q
\ /
._ , ‘
FROM
LOCAL 1
FROM Eﬁ
SYSTE \ Ho__ 10
\1?” ® 221 LOCAL
/ [ ] [ J ® \
207 » o 204
[ ] ® Eo
10
| Yo }SYSTEM
20, \ 20,

THIS SHEET HAS BEEN
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£

ate .an idle link, continudus- 13/n€ 230 i ndi cat es- a busy link, and
dashed |ine 232 shows a switch connection. SI nce there are no inputs
conngcted to any outputs in FIGURE 15, there are no i-nput stage, center

®, or output stage switch connectl ns and all of the |Medbﬂhmedeph&d-.—

switghes are idle. Wththe |ed N(5, 4, 4) space

it i$ possible to detail V¢1b§ rrputer sof twar e l
t he gonnection path selectio %g‘gﬁ? oses of the presen .
Not e} however, that the size of trix 220 does not limt the ut|I|ty '
or appli cabi l i ty of the software inplenentation. To assist in understanding .
the software inplenentation, the follow ng di scussion introduces data
defifitions and notations relevant in mani pul ating the matrices 222, 234,
236, 238, and 240 of FIGURE 16. Note, also, that for ease in under st andi ng
conn' ctions, FIGURE 15 uses the sanme reference nunerals for input gates 90,

| nput stage swtches 92, etc. appearing in 3}4¢e generalized N(mn,r) matrix

of - Fi—GURE 3. The followi ng data definitions ‘are‘ useful in thejdescription

of the present connection nethod and syﬂemn FOR ﬁba of t war 4

sl qferrent ation, input/output gate or lipe s pccur. FKor exanple, a - |
connection may be requested in the forni , tn. I n|other words,
input line mto output line n. The input |ine gunber is converited to an

I npuf switch stage nunber i and an i CHEARD At i nputl switch stage
J such that IL-mlI(i-j) Simlarly, Zp%mﬂgﬂﬁnd%gsoﬁﬁmer I sjconverted to
an optput switch stage nunber k and an

26
/

¥

WAIT FOR END
OF 20 MSEC

: 4
; SCAN ACTIVE
PORTS FOR }~24
HARD ERROR

25

AlS,
LOF OR LOS

31

S o

<SWITCH ENABLED>—

YES
33
MATE NO
<INCOMING SIGNAL>——>
0K
YES

MAKE BLIND RECEIVE-
36~"] END SWITCH TO MATE

y
38 LREPORT SWITCH TO APU

40~"L_RETURN TO MONITOR |
‘ .

FIG. 6
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- 26"
(k, 13.
det er ki
+ Renf er
Renf ef r]
swi t ches,
(out put)

the i hteger quotient of the

Renferr] is the integer remainder after the

{

Y6 -
out put nunber for that output/ svmt«:h stage a1 such that oL-n[err]o

More formally,
ned from OL-n by:

r] (m1)
(n-1)

wher e

k =1
N

+

92AQ?2

L(iyj) is det erm ned- fromIL m and 0O

=1 + Quot[err](m 1)This SheetHas BeenJRep'Iaced

[err](n-1)

he nunber of first (fi

which is equdl to CtBouglas Richardson.

st age

ALCS0Z M L5hes;

nunber

Quot [err]

MR

S

argunent divided by N, and
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i

argunent has been divided by N: E/é The foll ow ng statenents and data
definitions may be understood with reference to Fl GUREs 15 and 0

provi de conputer-generated matrices to acconplish - the pur mseﬁeeﬂﬁastﬂéémeplaced-
present invention. Data Definition; space_in_mat (in_stp :

In FI GURE 16, the space input ey [ 222forthe FI GURE 15 Hm | e
Is a 4x4 matrix whi ch--repreé?)nt sl onnhectien of the input es
in the SSS such as switch 92 OESEF'QQ?@. 8f0% pace i nput matrix 222

corresponds to one of the inpuN-Gs& i tches 92. The col ums of sb'éce
I nput matrix 222 correspond to the input gates 90 to each of the first
stage switches. The entries in the ce input matrix correspond to the

Qut puts of the first stage saatches ch[as qut puts 94.20Si nce the output of
each of the input stage svvit\sis 3
H |
FROM .
_ LOCAL . Ho T0
LOCAL
~ P
‘. 224 0 10
FROM _, | "] . £y ST
SYSTEM 1 20~
20 e |
FROM N
_ SYSTEM _
g Wi « 22
* { . . . \
_ SYSTEM
FIG. 6b
20" 220 20,
224,
. 2({0 203
FRoM__ "
LOCAL TO LOCAL
——-» MONITORED
~221 X Po BY IPU 16
E
rrou S~ — L 70 sysTeM
SYSTEM Eg
: M / 204, :
% 20,
FROM __
SYSTEM \
Wi .« 22
E / L ® ] ®
22 . 2 %
o
FIG. 6¢c - ~»— 10 SYSTEM
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—

- 927 - connected to the center @,Aée switch of the safe nunber, the ._
entries in the space input matrix 'may be vi ewed as the TigEhedt HadBreeReplatetic h

to which that particular input stage switch (row), input | L
connect ed. As a result, the statengnt stat'errent:lmmi‘llﬂtm '
space_in_mat(i,j) =c¢ causes s mnput matrix 222 t
connection fromthe j[err] %t of i ed'herr]- first stage swtch to
center stage switch c. : Eggéfjéygr S nspace i nput matrix 222 range
fromO to X using the sinplifieds 25 of FI GURE 15. A 0 indicates that

no connection has been assigned. Entries of 1 through 4 are nornal
connections. A nunerical entry in matrix 222 of 5, in thii_exa.ap.Le_
corresponds to the entry of "X" in FIGURE 6 and indicatesythat the extra
center stage switch 224 has been assigned and ghe [r eagA1 2 FORNEND pf ocess has

been i nvoked. OF 400 MSEC
FIG. 7 CHECK HEAD PORT
48~J FOR SOFT ERROR
THRESHOLD 'CROSSING
| 46
1/
WAIT FOR END 54
OF 20 MSEC .
\
A
TR 3RD STAGE CONNECT
OF INACTIVE
FOR HARD ERROR END PORT FOR PORT STATUS OK
N AND NO THRESHOLD
45 M MONITORING BY IPU oSSy
AIS,
LOF OR LOS NO
K INACTIVE
PORT smus\\gs |
OK/ MAKE 3RD STAGE
NO CONNECT FROM
50--] HEAD PORT TO
INACTIVE PORT
SOFT~ERROR HARD
OR SOFT
59 FARD
~GooD NO 62
<SIONAL AT HEA .
PORT RECONNECT
YES HEAD PORT
REPORT SWITCH T0 PRIOR |
RETURN T0 T HAS BEED
601  MONITOR THIS PCEPLACED




Data Definition: space_cnt _nat [ cnt_stage, i n_st age]
matrix 234 is a 5x4 matri x ;which represénts the connection

Space center
map of the

enter switches in the space domain such as center stage s
row of the spacelcenter matrix corresponds to one of the cg
swi t ches 96. The colums of the space center matrix corresq
I nputs to each of the center stage switches such as inputs
in the spacé center matrix correspond'tJ'fhe out puts of thg
swi tches such as output 98. Since the output of each of thsg

v

RERLACERENT-SFEET

oHd to thé
94. The AER:

dent er stage

19925 |

center stage

switches 96 connects to the output stage switch of the sang_nunber, the

entries in the space center matrix 234 may be viewed as

- 28 - the output stage switch to which that particular center stage switch
(row), input col UNRETRNYEXNT - SYSTEMSFOR I SELECTING €AN t QPEIMAL

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.

TECHNICAL FIFLD 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
gates.

output




st at enment : space_cnt_mat(c,j) = Kk causes space center matrix 234 to
I ndicate a connection fromthe j[err] input of the center sta itch et

to the k[err] output stage switch. The entries in space cent ME
range fromO to 4. A O indicates that no connhection has bee %Em N!BASHEET

Entries of 1 through 4 are nornmal connections. A zero entry j
(i.e., the 5th rowin this exanple) indicates that the extr
switch 224 has been assi gned and the Te%r?angeneni process hfgs been
i nvoked. @ Data Definition: space_out_nat[out_stage, out nu

03
2$
:T

Q=

3

-~

out put mat gh ¥gZR6UNS 6r4 MpfrENTYGiCh represents the connettd p—of

t he out put age. pace matrix in the,s onmai_n ach rom/of space
out put matri x ZEGgéE?Ee§58ﬁ8§CPBn6ﬁE S?m?ﬁﬁlsggbﬂPssﬁﬁFgﬁg such as out put
fSWI tch lgOd?Jihﬁzegl ﬂﬁﬁ? ek &BﬁC%@ytﬁ]ﬂtmaﬁﬁfaxtﬁﬁédcbyr edparte1t 0 t he out put
space out pHECHATE: 35888 0r FB8ponte cRenionrBu oL BeRh: SRPmekisi L ™ '
connect s spebwaeenconpett gahes98n bLhpet swWitchpsat auﬁ entputugaess\win ch
connects to utput 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 configuratibn 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 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,
#lthough the device does not use all input gates and all
output gates, an attempt to use an idle input gate and an
output gate is prohibited because existing connections
block the signal flow through the matrix. This may
happen, for example, if existing connections already
occupy at least one link in every possible path between
the input and output gates in question.

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



the center stage switch of the sanme nunber, the entries in s
matrix 236 may be viewed as the center stage switch to which
particul ar output switch 100 (row), output gate 102 (col umm)
As a result, the statenent St at enent : space out mat (k
- 29 - causes space output matrix 236 to indicate a connect
stage switch "c" to the 1th out put of_tge kt h out put stage s
entries in space output matrix range 236 from0O to X. A0 in

from center
M tch. The
icates that no

connection has- be assi.aned. .Ent i o] r 4 .

connect i ongiveR éﬁ?Fy3§%9x8?i?§5PEsg§ﬁ %H%Ehgxﬁﬁgpéy ?ﬁ%:ﬁ%éﬁ?%ﬁﬁu extra
center staggnaeictébng2¢fashbewatadyi gaydbantrenssigoeds SRyaRntP3rRess has
been invoked. . osCOBY, NULNGotinblRe" €her ¢Rge paiElGURES 15 and 16, the

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
minimal 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 to
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,



foll ow ng discussion details how to inplenent the preferred—ebod] T
represent an idle |ink between an input gate and an out put @EHAﬁ“MLQI{_EET

operation, the present connection nethod attenpts to make al gfVén

connection through the | owest-nunbered center stage switch.{l ?rge‘pﬂ q997
make a connection froma given input stage switch, such as |nput swtch 92,
to a given output stage swtch such as output switch 100, thete.sst—ext

a certain center stage switch, such as tenter switch 96, with the property

that there is an idle input link frominput switch 92 to center—swITN 96
and an i dl geQUispreprieserft dnteersectionst off $Bet & igstpdinensidn footh

The present net na .Syst track :bdl:e iaput. . %rgﬁtié}_les Put |inks
by using t\ﬁ@edispgg’rngn?%%s%gﬁ aa?(raafl'gig%ﬁlet%f ?trcsfsrjl'%{}?’ I'i nks and&(k)%]e for

out put | i nigpnneB&dionsi betwemn the RApus S&pgearadr dhef Gt $EAFST t he
space Centeo[f :@ter GRS T,“%{n’&f%%@a‘iie%n% SLUAR O naRii iR tildeise i Piopesat e
C

upon the bi ps to effe he connect and di sconnect operations. The
pri mitives pliockedr genterlktade Wéaphangmxrppéc&ﬁl’imgrﬁfr%i red.

Dat a Def i nistf@%h SPe idE hiHildh 1sShatcarkiscdiateld with tHorsahe exanple
of FI GUREs ang 6, space i nput idlg l'ink bit 238 is a A%Qébit array
that represarEnt §E3g8 SHiHGR as the S4oFkef SRR | e SM1ehds 92 and

the center gy tefeotifer pd Mhixnde dRMiassddtedwitth 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 stage
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.



-30- space input idle link bit map 238 corresponds to one of the input

stage switches 92. The entries in space input idle |ink bi 238
given row (i nput stage) and colum (center stage) indicate ﬁéﬁﬁ@ﬁmfat%ﬂ -ET
of the input |ink 94 between that input stage and center stladé. An"entry of
1 indicates that the input link is idle and avail able for {ssi WEQFR 1397

| abl e '

val ue indicates that the input link is in use and is not avai
assignnent. A O entry in colum X indi-c& es that the extra |céater—stage

swtch 234 is in use and the rearrangenment nethod is in progress. Dat a
Definition: space ﬂ LY & ge] Space output rdre T1nk
bit map 240 BR €sents the idle output |inks

bet ween t he other objects and advantages are apparent and best

understood by reference to the following description of
jllustrative embodiments when read in conjunction with
the accompanying drawings, wherein:

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

FIGURE 2 shows in more detail the three-stage
connectlng 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 embodiment;



out put and the center switches 96 in the space domain. Each row of space
output idle link bit map 240 corresponds to one of the outp

switches 100. The entries in the space output idle link bit ngngNT SHEET
gi ven row (output switch) and colum (center switch) indicajejthe idle

state of the output |ink 98 between that output switch and et g &sAPRCBY?
An entry of 1 indicates that the output _link is idle and availfable for
assignment. A O value indicates that fhd output links is injuseand 1s not

avail able for assignnment. A Q entry |n colunn X indicates that the extra

center stagesspiirED L 2 genent method is in
progress. avj n lqiqﬁglbecgt

foll ow ng descri %‘prl mti \/e op%%gga%%‘s%;efc%fﬁse tll?olﬂnaisgléhcléd’é]gcet

i dle link binhsepradsiemdorEannectionendatesti acoessctfapargttons.

Prinitive: in't |dé¥“ﬂ;&ts (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 S6
connects through output line 58 to output time stage 60.
Wwith this configuration, the network 50 includes a time-
domain of time stages 52 and 60 and a space domain of
three center space stage 56. FIGURE 1 illustrates
logically the relationship between time stages 52 and 60
and the center space stages 56. Input time stage 52 uses
128 time slots per input 62. The time slots may be
represented by the connections 64 between I/0 shelf
inputs 62 to each time slot 66 of matrix 56. Center
space stage 56 includes 128 time slots 66, each of which
time slot 66 includes a N(17,16,16) matrlx. The number
17 of time slot matrix 66 represents the number of center
stage switches; the first number 16 represents the number
of inputs to each input stage switch, and the second 16
the number of input stage switches. (By symmetry, there
are 16 outputs from each output stage switch and 16
output stage switches.) oOutput time stage 60 uses 128
time slot connections such as connection 68 for each
matrix output 70 to an I/0 shelf.

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




-31 - The initialize idle Iink bit maps primtive (use lyf.or

start-up operations) creates both space input idle link bit REPLAQE
space output idle link bit map 240 for the preferred embodi NEmn-SHEET

entries inthe idle link bit maps are initialized to 1, indic t| bpgésg}l

links are idle. Primtive: set_link(i/o, j, k) Thifs | pr

sets the k[err] bit of the j[err] row of the bit map.specifijed_hy the 'i/o"
paranmeter to 1. If the bit map contarnd n elenents and the'val ue of |

exceeds n, then the conputer returns an error flag. Qherw se;—the—ierrfr——
element is set to 1. I ( ) ~Hls
primtive cl eatal(?‘é%%?rs) hnieﬁél{fgrqa[&lbgaf& ﬂupﬁ &%err :IFZW g%‘xelﬁe E,I t map

speci fied by &Bg glot peonnegions & of Elﬁﬂmﬁtlrﬁarc%mﬁélﬁémﬁ &le%ent s and
the value of exceg,]q ﬁ@%itﬂfh Gﬂmk}g einﬁ@ﬁ UEpSt @-86hekxr! k@dtch

Ot her wi se, tﬁéOR[%7 ement” 1S set
nnect:.ons 78 to the center swltches such as center

swltCh 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
technique. This technique sets up a connection by using
a route through input switch 74, center switches so_and
output switches 84 that attempts to use the most used
part of a matrix 72 first and the least used part of the
matrix 72 last. By using the heavily-loaded part of the
matrix where possible in making a given connection, when
rearrangement of matrix 72 is necessary, the
rearrangement process of the preferred embodiment
encounters elements with the smallest number of pre-

“existing connections. This minimizes the volume of
necessary computations for matrix rearrangement.

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



Primtive: punplink(space_in_link[i],space out link . ' hE
The preferred nethod and system connect between an input smﬁﬂﬁELQ” sl T oH ET
an out put switch stage k using the | owest nunbered center stlage switch

avai l able. This is acconplished by a process that hereinaftdr |stahl APR 1997

call ed "punping” space_n_link[i] and space_out_link[k]. That| ils, space in
link[i] is logically "ANDed" with space out link[k] to deterjmTie C, the

| owest nunbered center stage switch wrt® both an idle |ink tlo_input stage
-32- i and an idle link to output stage k. The index of the first non-zero

entry int hﬁnr eéf#e; d?;hméﬂ'ﬁ drogitsldetRdted cdited amste newmbecdinent er
e S ks vt N i oriaE ol Lohdlesdh k1o
exists:

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

expreSSlOn N(m,n,r) describes the configuration.

Following the convention of the N(17,16,16) matrix 16,

the generallzed notation N(m,n,r) describes generalized

matrix 88. In the N(m,n,r) notation, m equals the number

of rxxr center stage switches (as well as the number of

outputs from each n¥m input stage and the number of

inputs to each mXn output stage switch); n equals the

nupmber 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 there exists at least one extra center stage switch.

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



space in link[i] and spaceout |ink[k] and the center-stagerREMEMENg SHEET

returned. Table 3 illustrates an enbodiment of this primtive nmacro.
TABLE 3 PUWP LI ST MACRO FLOW CHART  punp Ki hk( [
link[1], space out link[k] int c, i, k, X[xtra stage]; { nt Jgsl?aéﬁi 897
spaceinlink[i] && space out link [K]; for (j =1; J = xtra'stage—++o
Lt (X(j) =1) C =] Dbreak; clear link(space inline, i,c); clear
| i nk(space out link, k, ¢); if (c =~xtra stage) { rearrange="1I7"]
return(c); poth the N(17,16,16) matrix 72 of FIGURE 2 and the

N (m, 0, T) matrix 88 of FIGURE 3 are said to be

rearrangeable matrices if, respectively, for a given
state of the matrix and any given idle pair of input
gates 76 or 90 and output gates 86 or 102, the existing
connections within the matrices may be reassigned to new
paths, if necessary, to allow connecting the respective
jdle pairs. The matrices are rearrangeable if and only
if m > n. For convenience in notation, in a network
described by the expression N(m,n,r), the notation

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

rearranged in order to connect an idle pair of input and
output gates. Paull’s Method derives from the property
that A(n,n,n) < n-1. In other words, for the N(n,n,n)
matrix, it is necessary to move at most n-1 connections
to connect an idle input gate to an idle output gate. A
particular application of this property means, for
example, that for matrix 72 of FIGURE 2, rearrangement
requires at most n-1=17-1=16 connection changes in order
to connect an idle input gate to an idle output gate.

In the 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
through 14 show an example of the operation of the method
and system in the presence of a rearrangeably blocked
condition of a matrix 72 of the three center stage space
matrix 56. For the purpose of understanding the present
invention in yet more detail, the operation of the method
‘and system are described by way of FIGUREs 15 through 34
that use a simplified N(5,4,4) rearrangeable matrix
having the ability to perform immediate connection in a
rearrangeably blocked condition.

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



{ FIGURE 16 illustrates the inplenentation data matri FREPIACEMENT SHEET
initialization. The corresponding entries y
-33 - in the connection path selection matrices space in ma 22%,

spacecnt _mat 234, and space out mat 236, for the exanple, ar I Lf&tA%Réglw
in FIGQURE 16. Since there are no switch connections, all of the. entries are
0. The contents of the space in |link 238 and spaceout link 2§0 bit nmaps are

U

as shown at initialization. Note that &8h input stage sw tch—ane—each
out put stage switch has a 1 elenment for each idle center stage switch. In
this exanple fe@ bnish iebdisttiingt iimna aﬂpladei vomadnt eatatiageswsh tahes are

ked "¢ th
Fﬂs? cgﬁneﬂﬂréﬁf 8§u850??d%r§31§| rstxennect a@ﬁ%q&tl?gsb{a% Hud i ©

deslgnatlng 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
éwitch 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 matrix position (3,1)
corresponds to a connection from input switch 3 through
intermediate switch B to output switch 1. No entry in a
matrix position such as the empty matrix position (3,2)
that reference arrow 122 points to indicates the absence
of any connection between input switch 3 and output
switch 2.

Referring, for examplg, to FIGURE 3, since there may
be only n input gates 90 to each input switch 92 and n
output gates 102 from each output switch 100, only n
symbols may appear in any row 112 or column 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



IS to connect input line 1 to output line 1, or nore sinply,
first stepis to convert the input |ine nunber to an input s
nunber and an input nunber for that input switch stage. In thi
IL-1[err]1(1,1). Similarly, the output |ine nunber is conver t2o4 aAPR 1997
out put switch stage nunber. and an out put nunber for that outpuf sw tch _
stage. In this case, O.-1-0(1,1). So, are going to nake alconnection

EWENT, SHEET

case,

bet ween i nput stage 1 and out put stage I. The present t hod and

system attenpt to nake negt ,o np : out put
stage 1 by Hgﬂnq;ﬁ?ﬁgsl8&2§F§§§n§grédgggﬁkggsg?ggeﬁéﬁ?%%%QE%%?F%%Ie, whi ch
in this case%i : @8t ef FIGHBEL3.ThSquareamatupiki 3hedhalsy ngsisnd lizhe punp
list macro ® ABLE 3. 0 SRAGE,,| LN ' a l'i nk[ 1]
" FI GURE. 1gocki@aend; noong SVaEensRiqeubl e thphe WLl BE | mper
common to bot by 8)napd rFelugns IAdnrepresspsingi Aubputi sWitahes he space
out mat (k,1)" aresef, Egﬁé' sWtEHa&o@eB‘fe?éébﬁﬁeaD Mghe %’1911?1'1%5.%‘&30? cnt
mat (c,j) i s(suad 8quaF 0 k. The corresponding space natri x data entries are
shown in FI 1e708nBIEHRE, 4sghruAt theapumbert RE 5pWSe 142t @A 220 is shown

in FIGURE 18, ons 118€eb@hlSWENY RbekcERAESt3CE8PRPELPBNENXAAL TS
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
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 matrix position (3,1)
corresponds to a connection from input switch 3 through
intermediate switch B to output switch 1. No entry in a
matrix position such as the empty matrix position (3,2)
that reference arrow 122 points to indicates the absence

-of any connection between input switch 3 and output
switch 2.

Referring, for example, to FIGURE 3, since there may
be only n input gates 90 to each input switch 92 and n
output gates 102 from each output switch 100, only n
Symbols may appear in any row 112 or column 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



- 34- TABLE 4 Eﬁ?;ﬁﬂasl~
STATEMENTS  X= punp_list(space_in_link[i], space out Ilnk[k LACE EN**SH{ET
inmt(ij) = C space cnt mat(c,i) =k; space_out EFTK"T

where, in this case, i=]=k=l=mrc-1. Assume the procedu eég nggﬁ R@7~1
connections continues until n2-2 connections have been nade (H 3

W t hout rearrangenent) with the resultant space matri x show i*R—=-GURE

and connection path selection matrix dat2a shown in Fl GURE 2q. Then the
request to connect IL-13 to O.-7 is received. The request to commrect—+H—i3
to OL-7 converts, tQjdmrequesmayoneaihd (shre.[ ewiltd 2nd .ndibet porsent net hod
and systen1aﬁt%ﬂﬁn to make _t he_cqnne t|0n etqggn Iaﬁft Stage 4 and out put
stage 2 by p§¢wgﬁt4na 3 SR h e h avai |l abl e, which

in this caseé iSictions is said to be "legltlmate“ since it has only

—

jtimate entries.

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

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.qg.,
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 embodiment of the present
jinvention. Beginning at start-step 142, the method is
first to query, as query block 144 indicates, whether

led

there is a pair of ports presented for connection. 1In
the example of FIGURE 3, the step is to query whether
there is an idle input gate 90 to connect to an idle
output gate 102. If there is such a pair, then flow goes
to block 146 to begin time domain connections. If there
is not a pair of ports presented for connection, then
flow goes to block 148 which is described below. At
begin time domain step 146, flow goes to block 150 where
the method selects the lowest numbered time slot
available for connection. Then, at block 152 space-
domain operations begin for selecting the lowest numbered
center stage input switch available for connection at
step 154. Having selected the lowest numbered center
stage for connection, the connections are made at block
156 and square matrix 110 or a similar status table
designating connections is updated at block 158.

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




center stage switch nunber 4, as illustrated in FI GURE 20.
macro of Table 1 conpares spacein - |ink[4] wth space out
determ nes the | owest center stage nunber common to both b
the idle status to "busy"” in both bit maps. Then the space_
the space out mat(k,1) are set equal to that center stage n
space_cnt _mat(c,j) is set equal to k. The correspondi ng

[R ngﬁﬁﬁﬁﬂ
ps,

‘and’sets
nf m@t{ iAPR 199R
Lnper and the
space narrrx

data entries are shown in FIGURE 21 and3the resultant state

of _the space

matrix is shown in Fl w;%etzpﬁéi%g?ﬁeéc)e[l%%outﬁﬁwi ancgzgeen;_folsi Jlféj g‘s,kgghtege

r or e:

fol | owi ng giat@merd &he
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STATEMENTSfor Fearrand

ement. Next ,TABLBlock 164, the step is tE&ONNECT
e connections to be rearranged and, from the
the query at block 166 is of which path

quires rhe least number of rearrangements. If the path
requ-

. x~A requires
progranm flow takes path 168. If X-B requires the

punber of rearrangements, then program flow takes

170.

the least number of rearrangements, then

least
path

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
nhitless 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
occurs of which path requires the least number of

query

rearrangements. If the X—A path requires the least
number of rearrangements, flow goes along path 184. On
the other hand, if the X-B path requires the least number
of rearrangements, then flow follows path 186. The next
step, regardless of whether program flow takes path 184

or 186, is to rearrange connections one-at-a-time

, again

using a hitless roll in the time domain at step 188.
Program flow then goes to step 190 to end time-domain
operations. Note that if query block 176 determines that

no time rearrangement was required, flow proceeds
directly to end time domain block 190.

From end time domain block 190, flow goes to
148 where the method determines whether a pair of

query
ports

is presented for disconnect. If not, then flow returns

Yo query block 144 to proceed as previously descr

ibed.




X = punplist(space_in_link[i], space out link[k]); . spa
= C; space cnt mat(c,i) - space out mat(k,l) =
this case, i=4 j=1 k=2 1=3 nF13 n = 7 and c=4. Suppos he next

request:is to di sconnect IL-13 from OL-7 (which takes down tHe |codfe&PRoig97
that was just nmade). The request to disconnect IL-13 from Qj-q_converts to

FREPLATENEENT SHEET

a request to disconnect 1(4,1)-Q 2,3). The put back nmacro agconplishes the™

di sconnect by breakln% tpe connect i on~béfween i nput stage 4 Q nnfEut -
oot out put pgt;g;g;; E BGEEEq enPEOSEntath Cor, QisrRraF e TS back
macro deter ogﬁét &@gﬁdduﬂscam;eems&ageorggtﬁhomiyﬁﬁ'ﬁ€?g¢nted|t FﬁCk
kg 4 p;ﬁﬁegwm@ﬁ. Sz Rr) thefl, pbdEd GRER] takleE e stidby fhg hake
space_cnt - m o tlo@gdfbhethpamatmuu Al Siep) 1ane setlequal to O. The
cor 1 espondi ngt sy S&em”fi‘e”'écgat S petERg el hatdr 2 eh 0% 1y
di sconnect |sI@ﬁggﬁpﬁmsh@&eUsanglsn@nh@btﬁwﬁngcgnamenﬁnamahiﬁd{rmI@ut back
macr o: <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 oc;urring

subsequent to completing any necessary rearrangement, the
'preseht method and system may process a disconnect

request in parallel with rearrangement. Therefore, if
the system of the present invention seeks to direct
connections to the most used part of matrix first so as
to pack calls after a disconnect, the rearrangement-in-
progress query of block 198, prevents attempting to pack
during rearrangement.

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

The following discussion describes how steps of flow
chart 140 of FIGURE 5 relate to the square matrix 110 of
FIGURE 4. Recall that after updating square matrix 110
or similar table at step 158, the method of the preferred
embodiment detects whethexr a rearrangeably blocked
condition exists. Thus, when the dedicated element

(either a time slot in the time domain or center stage



- 36- _ TABLE 6 _ PrSceNNEEST
STATEMENTS ¢ = spaceinmat (i,j); set link(space in RERLAEEMENI SHEET
set link(space out link, k, c¢); space in mat(i,j) =0].TF Trspace™T™
cnt mat(c,i) = O; space out-mat (k,I) = 0; where in thig eappd 5

] =1 k=2 1=3 nm=13, n=7, and c=4. Next, suppose we rege vgag %%%Jg%%

to connect IL-13 to O.-12. The request to connect |L-13 to pPLidR—conrverts

to a request to connect |(4,1)[err]0(3,4).” The present nethpd and system

attenpt to nmake the connection $etmeen j nput stage 4 and gﬁbBUI Stage 3Oy
hi s

usi ng the | gueschnbER@SRRTR YORA e T d IRERLK| GBRREC

case, the

Xerr] or ex%éfi €tiont bgeusad ttd @de i#n t iMnédiwse ocanhectdeai | abl e
center stagé"sw ghanafdiéli§$&@15§kérﬁnd an idle output gate, the

betwee
existence of a rearrangeable blocking condition is

automatically detected.
steps 162 and 178 execute Paull’s Method to find the

path requiring the fewest rearrangements. Specifically,

- with the blocked cell denoted (r;,c;) such as cell 121 of

FIGURE 4, the method tests to find all symbol pairs (A,B)
such that if A is in row 1, but not in column 1, and B is
in column 1, but not in row 1. For given pairs of
symbols, say (A,B), there are two possible rearrangement
sequences, one of which will be shorter. Making this
determination is part of step 16 in the space domain and
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
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;,c;) 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,,
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
(ry,cx), 1S j,k <8. Then, a search 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
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 (ry,cy)
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



FI GURE 25. As before, the punp_list macro acconplishes t EPL '
conparing space in stack[4] with space out stack[3] in FI GURHE 2 ,UMHQMENT SHEET

determ ning the | owest center stage nunber conmon to both bit] naps ,(which
inthis case is center stage switch "X"), and setting the idlle stZﬁquWomg7
"busy" in both bit maps. Then, the space n mat(i,]) and the gpdce_out
mat (k, ) are set equal to that center stgge nunber and the
space_cnt_mat(c,j) is set equal to k.” A entry of 5 indicates—that—the
X[err] center stage switch has been assigned and the rearrangenent process
is autonmati cgum nwidiedio Phéa sHnssheo e iy mpacel tutng »d de@ acdrclees

n

during rearr ge. t gt aahowr d &ﬁ%%@%%’g%éf&lj teRiyStabseof the

space matrixNaH?ing arrangenent is shown in Fl .

-37 - Thgcdunta@hd HhdidRye sifdkah st at ement s acconpl i sh this:

Generating the X-B sequence occurs in similar

gashion, as follows. Starting with the blocked cell
(r1/€1) 121 of FIGURE 4, for example, there is no A in
column 1, so the search begins for a B in column c;.
rThere must be a B in column c¢;, otherwise the matrix
would not be blocked. Then, procedure is to circle that
B. Since the circled B is in position (r;,c;), the search
for an A in row rj begins. If there is no A in r;, then

- ey

this sequence ends and program flow continues to step 164
or 180, as appropriate for the space or time domain.
otherwise, the procedure is to circle the A and continue.
In this example, the circled A is in position (r;,c;),
then the search begins for a B in column c3. If there is
no B in column c;, then the sequence ends. Otherwise,
the sequence is to circle the B and continue. This
procedure continues to alternate between circling B’s in
columns and A’s in rows until either a column with no B
to circle or a row with no A to circle is found. Note,
not all A’s nor all B’s get circled, only those
encountered in the above search.

For a given pair of symbols (A,B), the next step is
to choose the path generated by the sequence (either the
-X*A sequence or the X—+B sequence) that contains the least
number of circled symbols (i.e., A’s or B’s). For all
such pairs of symbols, the step'is to choose the pair

(A,B) that contains the least number of circled symbols
(either A’s or B’s). This sequence determines the
minimum number of rearrangements neéessary to establish a
path from the input to the output of the rearrangeable
matrix. '

Rather than completely generating all the X—A and
X~B sequences, the preferred embodiment generates the
shortest sequence. This is accomplished in block 164 in




TABLE 7 | MVEDI ATE CONNECT STATEMENTS purrp! REPI-(WQELMET

stack[i], space_out _stack[K]);- space in mat(i,j) = c;
cnt nat(c i) = k; space out mat(k,l) = c; where {in thls case,
i =4 j=1 k=3 1=4 n¥l13, n=12, and c=5. As a result of| the2 4 APR 1497

rear r angenent algorlthh1the connection 1(4,3)-0(2,1) that FI|GJRE 26 shows
Is "rolled" fromcenter stage switch nunber 2 onto tenter stlage switch
number 4. This roll is performed hitleskly-by creating a hedd-end-bridge af___

i nput stage switch 4 and a receive-end-switch at output stage switch 2 as

shown in FIGURE 27. WigRaiReanar b@éékpﬂéb if £8eckygd abmeutxptasﬁ&;age
switch 2 frcincéﬁFEF Stage switch t he _ori gi nal conne ti,Qqn through center
stage switch_2.inSqdeopfe h&spgﬁSﬁﬁrFﬁ ??%fﬁ&gig tafiathé e matrix data

i s updated a%® showq:tt EéGHREla& a floodingpakybetishmol | Thew faldo@imgt he

e at e cam O oboand b EATnd)engo ELAURE Bhesliobe aly Gl o

center stage fg\uru.@hmxs‘é d-onto cente
quence. If the X*A sequence is not ended, the first
se

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
t the shorter of the two sequences is generated, the

tha
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
nunber 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: '



stage switch 2. This roll is perforned hitlessly.by cr
end- bridge at input stage switch 4 and an receive-end- swt

outputs stage switch 3 fromcenter stage switch 2, the origingl n b
t hrough center stage X 224 is dropped. fQ, IAW &9

- 38- Rol ling the inmediate connection, 1(4,1)[err] 3, 4) ,t—offthe
extra center stage switch conpl etes FhéQW&urangenent procegs for this
connection. Note that this process |eaves the extra center Swi-t-ch
clear and ready f ; bl e bl ocki ng
condition occ@fs. FIGURE 32 shpusrihe resulting state |pf the space matrix
after rearran@genent. Fl h rrespondi ng| space matri x data
entries after ran nt . I'n FIqugFﬁéN the reprrangenent aspects
of the preferfed enbodi‘fent are applied t above anpl e appear. Once
the preferred

1 X~(r,c,)

2 ®-®, x

3 ®, x-Xx

4 . @-@,B

5 @,3-B

6 X-X, A

7 X, A-4A

-

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

X’s (Step 2) and then removes the circled B’s (Step 3).
Next, for the circled A’s, the roll first adds the B’s
(Step 4) and then removes the circled A’s (Step 5).
Then, for X’s appearing in the matrix, A’s are first
added (Step 6) and then the X’s are removed (Step 7).

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



center stage switch 224 to make the immedi ate connection, the systemof the
preferred enbodi nent invokes the rearrangenent process autopgtically

First, the systemdeterm nes two center stage sw tches whi cPR

participate in the rearrangenent process. This is acconplishe

Paul | 's Method which is restated as foll ows: : If (rf[err
bl ocked, test all synbol pairs (A B), such that Ais in row
in colum c[err] and Bis in c[err], Dbd ot inrferr], to f

will require the fevvest changes The met hod then carries oul
al gorithm o Lha — : e spacematri x. &

i id whi ch pair

REPLACEMENT SHEET
[e‘éiél&atﬁswot

t he changi ng

of

FI GURE 25, bace_cnt_mat matrix data
in Fl GURE . Wi | lustrates the results
of this trg T e use ohcu'ttendedl cat ¢d center stage switch
I s indicat Lol clocrl) ol ELLLRE] 34. The next step is
to find all Trs (A B) gsuch th t(Ai inroyr[err], but not in
colum cf[er and B7is in col ym c[er T’lb‘il not ig rowrf[err]. In this
exanpl e, t i ' A B LH—RE a—sefluim c[err], so Ais set
to 2. Simjrarly, thQrelsa4 n col @I‘e&r] bu§ no 4 inrowrfer
Bis set td 4. Since there is oply one e for A 4nd one val ue for
- sl
3 @,Xx-X
= aunull
4 @"@’A
5 ®,4A-4
B 6 X-X, B
7 - X, B-B
“Ww

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
pade 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
receiire-end-—switch are defined and explained
illustratively in connection with the example of FIGURES
15 through 34 below. These steps leave the extra element

r],

81

SO



-39- the (A B) pair that requires the | east changes i.s_, obvi d
(2,4). For a given pair of synbols (A B) there are two WMWWSB&ET
rearrangenent sequences. One of these two generally will be ghegrter. Thé

foll owing steps generate the X-A and X-B sequences for this ¢xamg &. APR 1997
zgh th

The X[ err] A sequence starts with the i medi ate connection thfo e extra
el emrent and ends up with the bl ocked cell being assigned to ¢l Aor—27
inthis case. Starting with the blocké&® cell (r[err],c[err])]__there is no

4 inrowr3, sothis stqeé) requires a circle around the 2 in rowrferr].
Now, the cirgbadl abd Faasy ozt rhecPext) imtediate semmectionain an col um

clerr] is necessaf¥ably MG Ldnyikqbey. this sequence is conplete. (Note
that not al ke get circled. The X-B sequence starts with an

i mredi ate connedit&PUIh dfgHs e ldeedatbatethgePres@ntand ends up with the
bl ocked cel |Bgﬁﬂgzaﬁ&irgm@ﬂ dratieRenttuBl9’ ahd akcutateldfest@itéNg W th
e

t he bl ocked® rlerr], clerr]), there.is, nq In cl.err], sq a circle goes
around the 2hé FYSET P Wovtx#ee (ﬁ"&%l"g&eﬂti §'n%|’? 9 M3y, Then, a
search for gngoren siidilred tiak dheplagte magi practieeec the rMmvaentive sequence
generation proc i..%nrquml-gh%d ealiBatwn ' | ed,
The fl oodi nﬁ"%ﬁe (s)érs'i t hm st arlt S by%agi n fhheq'%i %?tovgd%dg%ez%éﬂh tg’

remain unprinted. Unpublished Appendix A includes a

1isting of the working source code to enable a computer

to operate and perform the immediate connect method of

the present method and system.
OPERATION

Having explained generally the processes of the
preferred embodiment, the following illustrative example
shows how the preferred embodiment provides an immediate
connect in the presence of a rearrangeably blocked
condition in the space domain. The time domain method
becomes obvious 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
as blocked because the present connection algorithm
detected that the dedicated center stage switch is the
only center stage switch having both an idle link to
input switch 1 and an idle link to output switch 1.

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



el ement of the X[err] A sequence. |If the X-A sequence is not ended, the

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

ended, the next elenent of the X[ err] A sequence is found. ThiL’ AEEMT SHEE
continues until the shorter of the two sequences is conpl eted. (So the X-B
sequence shown in FIGURE 34 is not really generated. It is shoyn har APRSI98A
illustration of the alternate path.) In summary, the nethgd and system
of the present invention deternine the 2rlearrangemant sequencg for a
rearrangeably bl ocked comuni cations matri x that for a m ni mim nunber of_
rear rangement s jpf thite aoFfpFrengeanle blocking condition is - 40

- matrix by? eprﬁiggnggdg{agcgga‘rmm cations matrix as a square matrix
havi ng a fi rgatto@2rensi oh t hat gr esents i nfut stages of the cqnmunications

matrix and a secgtdcei FRRSFBRANERBRLORePREEch slbu%ﬁu%'e%{-'ﬁﬁége&b]tyhe
conmuni cations Wakri X, apdewhees sebbfinaétib tB!BESEEEELB1ES, thRrld I St

dimensi on areloCHE SeCond dLTENTLOR LSBLERS LngaR' Shich80F S iR O 1

center stage switch, say A. Furthermore, there must

exlst 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 (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 (r;,c,). Then, the third
step takes place back in FIGURE 7 wherein column c, is

examined for a B. This is found at position (r,,c;) and
circled. Since there are no A’s row r,, this X-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 {r3:;c3) . This procedure would

continue to alternate between circling B’s in columns and
A’s in rows until either a column with no B to circle or
3 row with no A to circle. The four circled symbols in

—




communi cations matrix so that the matrix identifies a bl ocked center sta

switch of the communications matrix in ternms of the first diniK P

second di mensi on and wherein a pair of center stage sw tches

the center stage switches is not associated with the sane outpu

switch as the bl ocked center stage switch and the other centef

of the pair is not associated with the sane input stage sw tch

bl ocked center stage switch. |In paral FeR2 then, the nunber of
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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 (r;,c;) which is
circled. FIGURE 8 shows the second step of the flooding
algorithm which uses the ¥-~B sequence and starts off in
column ¢; to find a circled B in (r,,c¢;). Then, the third
step takes place back in FIGURE 7 wherein column ¢, is

~examined for a B. This is found at position (r,,c,;) and

" circled. sSince 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 rj 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
a2 row with no A to circle. The four circled symbols in
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end of the the listing. / #include <stdio.h> $include <math. h>[# ncl ude™
<mal | oc. h> #i ncl ude <sys/types. h> linclude <sys/tineb.h> linc uﬁazq APR 1997
<sys/tinme.h> .
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fIGURE g, therefore, indicate four rearrangements are
necessary in the example.

gince the X~A sequence requires only two
rearranqements, and the X~B requires four rearrangements,
the preferred embodiment chooses the X-A sequence for the

air (A,B)- Since the pair (A,B) is the only pair of
center stage switches being considered, the X—A sequence
yields the minimum number of rearrangements.

The next step is to execute the rearrangements using
the previously mentioned "hitless roll."™ Since the X-A
sequence yields the minimum number of rearrangements, the
preferred embodiment uses the X—A roll in this example.
The hitless roll includes the initial connection placed
in the dedicated center stage switch. This roll takes
place by first performing the necessary rearrangement
using a head-end-bridge and receive-end-switch.

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

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

The next step is to 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



[err] G obal variables for inmmediate connection algorithm REPLACEMENT SHEET
in |ine. out ‘line; int i n_stage,

in nu i nt out _st age, out nuny i nt

n, " m int ? comand_count , 24 Qﬁﬁﬂmﬁﬁ
end - 10; int rearrange_space, _ reqr fangeti ne;

I nt space_i n_mat[ 16] [16]Lij¥ _ space_cpt _nat[17] (16];

i nt space_out _mat[16][16]; in space_lﬁ_hlnk[1ﬁ][17];..

traftic (. 2pe 23@%‘?‘%4%?%@%: Ehe Spnben, ARG EYE SR8 i thn | nt
BTOA_MV[ 31] [3}, the existing connpgcpien| 81dm| Bhputnswitch 1 throughg2A - 0,
flag_B - O?entgptstage swEOER A4Rd &) receive-end-switch through

center stage switch B for the existing connection from

center stage switch A to output swit;h 2. Then, as

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

example, when a connection exists through center stage

switch B and output switch 2 receives a good signal, the

next step is to take down the connection from input

switch 2 through center stage switch A to output switch

2. '

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

' the immediate connection from input switch 1 through
center switch X to output switch 1.

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

Having described in detail the operation of the

: Preferred method and system, the following discussion
illustrates the connection path selection method and
System of the preferred embodiment. For simplicity in
describing this aspect of the present invention, the
example considers connections in a further reduced
N(5,4,4) space matrix 220 of FIGURE 15.
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*chk_space_out _status ();
*shuffle ();
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FIGURE 15 illustrates the state of a simplified
space matrix 220 after initialization. Note
fifth center stage switch 224 is labeled X to
indicate 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
puts in FIGURE 15, there are no input stage, center
or ocutput stage switch connections and all of the

N(514’4)

out

stade,
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
other purposes of the present invention. Note,
that the size of space matrix 220 does not limit the
utility or applicability of the software implementation.
To aséist 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)
The following data definitions are

however,

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,3)- similarly, the output line number is
converted to an output switch stage number k and an



[err] Structure to hold current network pernutation before BEPUNH@WEQT SHEEI’
struct p_coordinate I nt I nt X; i nt

i nt Z, struct p_mat_pos struct pcoordi nat g 2 4 APR 19%7
posi tion[ 256] ; struct p_mat_pos rearrange_3d; [* Structpreg hol d 't

out put of the rearrangenent sequence. */ struct seq_lp \ 1t

| nput _sw, int old md_sw, I nt neyw md_sw, I nt out put _sw; ruct
rearrangeseq struct segl en ane[I"ES]z,6 D struct rearrangeseq

rearrangennvgﬁgput number for that output switch stage 1 such that
oL-n~0(k,1) .
More formally, I(i,j) is determined from IL-m and
o(k,1) 1s determined from OL-n by:

i = 1 + Quot,(m-1)

j = 1 + Remy(m-1)

k = 1 + Quoty(n-1)

l=14+ 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
argqument 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.

’ [_, L — - — e e e e e T —- - - — -~
{ bata Definition: | space_in mat(ln _stage, in num)
(oo e sttt tetes gyt e S S e S ————————————— g pegp——— o .

In FIGURE 16,:the space input matrix 222 for the
FIGURE 15 N(5,4,4) example is a 4x4 matrix which
Trepresents the connection of the input stage switches in
the SSSs such as switch 92. .Each row of space input
matrix 222 corresponds to one of the input stage switches
82. 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



[* This is the subprogram for BICA' s nunber of noves fromB |
[* This function first reads the rearrangenent structure an
/* the connections in the mddle switch pair (A B). The ar

The function returns the nunber of noves starting from B.

reference, the starting point is descrigged by Paull as (R,

chk_Paul | _mat _BTOA (RB, CB, B_least, A-least) int _

f?’ ' nt connecteé“@@ﬁ#@eo?enter stage swf%gﬁsgfrﬁgeo§éﬁg number,

yl - 0O, the entries in the?2spafe input matrix may be ylewe@, as

ni -0 the center stage switch to which that particular input
stage switch (row), input (column) is connected.

"As a result, the statement

statement: space_in _mat(i,j) = ¢
L=

causes space input matrix 222 to indicate a connection
input of the i*B 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 cofresponds 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.

ettt ———— e ———————————————gee et ———

| Data Definition: space_cnt_mat{cnt_stage,in_stage] |

Space center matrix 234 is a 5x4 matrix which
represents the connection maﬁ of the center switches in
the space domain such as center stage switches 96. Each
row of the space center matrix corresponds to one of the
center stage switches 96. The columns of the sﬁace
center matrix correspond to the inputs to each of the
center stage switches such as inputs 94. The entries in
the space center matrix éorrespond 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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x2 - 0, x3- 0, ki - 0, —t —
m - O, ng - 0; int flagl -.0, -
flag2 - 0, flag3 - 0, tenp_flija -2 (" APR 13%7

k2 - 0: int rtenp - O, c-teimp - (, -

F2 - 0; int ' chosen_nsw A[_;LBjéSJ '

chosen_nsw_B[ 16]

" CB;
the ou p&t stagenEWLtch to wh%ch that particular center
stage switch (row), input column connects.
As a result, the statement

’géatement: space_cnt_mat(c,j) = k u

e

causes space center matrix 234 to indicate a connection
grom the i input of the center stage switch "c" to the
xtP output stage switch. The entries in space center
patrix 234 range from 0 to 4. A 0 indicates that no
connection has been assigned. Entries of 1 through 4 are

Xx*® row (i.e., the -

normal connections. A zero entry in
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]’ “
e <

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

Statement: Ispace_out_mat(k,l) = C H




n - 2; zero (chosen_ ns_A, 48); /* Initialize|REPLACEMENT SHEET
matrices. */ zero (chosen_nsw B, 48); for (i - 0; i ( 256; |iferiT) XT

- rearrange_3d.position[i].x; /* Read rearrangenent struct. |* 4 A?RWQQ?
rearrange 3d.position[i].y; X3 - rearrange_3d.position[i]ﬂz;z' i T

(x3 -- B least) chosen nmsw B[m ][0] - xI; /* Pidk UR—
connections from */ chosen-mpw B[ m ] (1] - x2; * mddle switch

B and store */ chosen nBMIBE 1 [2] - .x3; [* 01N
mi[err]: causesfSPAge. SURPHELBAFTIR 236 to indigpbecd ﬁgﬁﬂﬁgﬁg QA

/* Pick out %ﬂ”@@ﬁté?%tﬁé@”bwﬁéh ngh to ehesght mtﬂﬂ%fli'—he k
m ddl e swi t€

ant store tchl. T & chosen_msw %%
chosen_nswoatput stage switch. he entries jm,s paceWﬁP u%t@ﬁérPﬁég .- 0)
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 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 disconnecf operations. The primitives, in
turn, invoke the rearrangement process when required.

ﬂData Definition: | space_in_link(in_stage,cnt_stage] I

For the example of FIGUREs 15 and 16, space input
idle l1link 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



k1 - O; for (i - 0; i < 16; i[err]) /* Start fIREIP{_ABEMENT SHEET
Cerr]), check */ ( : A's in the sane qo = ey
*/ x1 - chosen_nmsw Ali][0]; X2 - chosen_anLA[w

x3 - chosen msw A[i][2]: if (x2 -- c_tenp && X3 -- |A]l eiaii APR 1997

/* Found an B? */ { BTOA W[ m [O0] - xlj;. L*..Yes

then store current */
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BTOA MW nj i on

BTOA NV[n]PEPFf lgggt 1dle 1928 84 mapr25§2§0;¥¥fponds to one of " break:

+he 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
input link 94 between that input stage and center stage.
an entry of 1 indicates that the input link is idle and
available for assignment. A 0 value indicates that the
input link is in use and is not available for assignment.
A 0 entry in column X indicates that the extra center
stage switch 234 is in use and the rearrangement method
is in progress. '

Data Definition: | space_out_ link[out_stage,cnt_stage]

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

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

Primitive: init_links() _ ﬂ




) Cif (K1 16) flagl - 1; REPLADEMENTSHEET

- 1 F2 - m - if (flagl -- 0)

for (i - O; i ( 16; i[err]) ~/* Start from (R1, C2), chedk -

/*'s in the same row. x| x| - 2 4 APR 1097
chosen_msw B[i][0]; x2 - chosen_msw B[i][1];

x3 - chosen_nmsw B(i) (2], If (xI --r tenmp §& x3 -- B

| east) /* Found an B? */ - 31 - BTOA ?MW/[ bd0}ex1;
/* Yes, then storthe initialize idle liBRK(AitMpapslprimix2ve (used /*
fﬁré$g; ﬁg@“ggi}c¥br §§art-up operations) crgggp%ﬁglgl[§£ace ihput . I
br eak; ~ 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.

S
Primitive: [ set_link(i/o, j, k)
- —

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 3j exceeds n,
then the computer returns an error flag. Otherwise, the
xtP element is set to 1.

LPrimitive. clear link (1/0, 3, k)

g

This primitive clears (resets) the k! bit of the jtb
row of the bit map specified by the i/o parameter to 0.
I1f the bit map contains n elements and the value of j
exceeds n then the computer returns an error flag.
Otherwise, the k! element is set to o.

Primitive: | pump_ link(space_in link[i],space_out_link
(k1)

__ 3 i nll

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



k2++; if (k2 -- 16) _ { .
tenpflag - 1; "F2 - m return (F2);

/* Return the nunber of noves fromB. */ /* This is the su
Bl CA's nunmber of nobves from A cal c. */ [* This fun

reads the rearrangenent structure and picks out */ /* the con
the mddle switch pair (A B). The argugsnts to */ '
REPLACEMENT SHEET - -

REPLAGEMENT SHEET

ct
ng

program for

| o 4f APRT 1997

ctions In

i and an idle link to output stage k. Tne index of the
first 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 ¢ 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.

— — — ]

TABLE 3

' PUMP LIST MACRO FLOW CHART

pump_link(space_in_link[1], space_out link([k]
i int ¢, i, k, x[xtra_stage];
{
int 3j;
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, ¢);
if (¢ == xtra_stage)

{

rearrange = 1;

]

return(c) ;

' FIGURE 16 illustrates the implemenﬁation data

matrices after initialization. The corresponding entries




- 45 - APPENDI X A this function are—ihe

[err]rting point (RA, CA) and the [err]air (A B).  The flRE(m_iA@EMEN[JMET

[err]. nunber of noves starting frierr]... A For referencq, ghe startTmg ]
point is described by Paull as (R2, Cl). chk_Paul | _mat ATdB }( RA, 9@

B | east, Aleast) int RA, B CA; int R?A" R 1397
B | east. A | east; I nt i

m - O. . n - 0. - 33 - yl - 0.

y2 - 0, . y3 - 0. ) ) nl - 0t

n2 - 0; inithe connectlonxpathOeelectlon matrices space_in_mat

222, space_cnt_mat 234, and space_out_mat 236, for the
example, are illustrated in FIGURE 16. Since there are
nd 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. In this‘case,
IL-1~I(1,1). Similarly, the output line number is

- converted to an output switch stage number and an output
number for that output switch stage. In this case,
0L-1-0(1,1). So, we are going to make a connection
between input stage 1 and ocutput stage 1.

The present method and system attempt to make the
connection between input stage 1 and output stage 1 by
using the lowest numbered center stage switch available,
which in this case is center stage 1. This is
accomplished by using the pump_list macro.-of TABLE 3 to
compare space_in _link(1] with space_out_link([1] in FIGURE
16 and set the idle connects of the lowest center stage
number common to both bit maps to "0". Then, the
space_in mat(i,j) and the space_out_mat(k,1l) 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:



x2 - 0, x3 - 0, Kl - 0, REPLACEMENT SHEET
m - 0, n2 - 0; I nt flagl -

flag2 - 0, flag3 - 0, te I Q

0, k2 - O; i nt r tenmp - 0O, ”H}L aPR el

c temp - O, F1 - O, F2 4 O -t
chosen_msw_ A[16][ 3], chosen_nmsw B[ 16] [ 3] ; r tenp - ;J
RA; m- 1; n - 2; zero (chosen anA 48) ; I

Initialize targe | -

0; i < 256;[T++) [ XL -t g§$lg§ 3d’p05|t|onff] X, [*
rearrangemept struct. */ X2 - nge_3d. position[i].

X3 - rearrafge_3d. position[i]. tONNECT STAT S

j —

- =
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 regquest to connect IL~13 to OL-7 is
received. The request to connect IL-13 to OL-7 converts
to a request connect I(4,1)-0(2,3). The present method
and'system attempt to make the connection between input
stage 4 and oﬁtput stage 2 by using the lowest numbered N
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 tﬁe space_out_mat(k,l) are set
equal to that center stage number and the
space_cnt_mat(c,j) is set equal to k.

The corresponding space matrix data entries are
shown in FIGURE 21 and the resultant state of the space
matrix is shown in FIGURE 22. This process is
accomplished using the following statements from the
connect routine as before:



if (x3 -- B_|east) chosen msw B[m ][0] - x1;

connections from chosen msw B[m ][1] - x2; ~ [* 7RE§LACHWENJhSBEE[
and store */ chosen_msw B[m ][2] - x3; /* in{cfosen WsW B

* [ m ++; 00
REPLACEMENT SHEET - 46f - 2 AER'CQ&

-- Al east, chosen nBM/A[nﬂ][O] /* Pick oul Eerrescttons
from */ chosen HBMIA[WQ][l]' 35x2 /[* mddle sw ch A and store

* Cc > : [ ENP
flag --0)

CONNECT STATEMENTS

-—

= 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) = ¢;

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

Suppose the next request is to disconnect IL-13 from
oL-7 (which takes down the connection that was just
made) . The request to disconnect IL-13 from OL~7
converts to a request to disconnect I(4,1)-=0(2,3). The
put_back macro accomplishes the disconnect by breaking
the connection between input stage 4 and output stage 2
and putting the freed-up center stage switch, number 4,
back on the input/output stacks for subséquent use.
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
Then, the
space_in mat(i,j), the space_cnt mat(c,j), and the

More

space_in link[4] and space_out_link([2].

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:




K1 - O for (i - 0; i ( 16: i++) /* Start fron1(R:BEEIﬂCEwﬁﬁﬁkSHEET
*/ /[* B's in the sanme row x1 - chosen_nsw B[ if]

x2 - chosen_msw B[i][1]; x3 - chosen_msw B[i][2];

-- r tenp && x3 -- B_| east) /* Found an A? */ [2*' Aﬁé]‘%?
ATOB MV[n][0] - x1; /* Yes, then store current */

ATOB W[ n] [1] - x2; [* connect|%% i_n ATOB_MV.

ATOB NV[n][Z] - X3; c_tenp - X2; br eak

KI ++; == FTagl -=T==A EenpI1ag - L,

F1 - m if (flagl [err] 1) TABLEkQ - 0; for (i - O; <

16; 1 ++) —Start—from (R —C€H——chreck—*F :

DISCONNECT STATEMENTS |
— 4=================4

space_in mat (i,3j);
set_link(space_in link, i, cj;
set_link(space_out_link, k, c);
space_in mat(i,j) = 0;

c =

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.

————————.

Néxt, suppose we receive a request to connect IL~-13
to OL~-12. The requeét to connect IL-13 to OL-12 converts
to a request to connect I(4,1)-0(3,4).
method and system attempt to make the connection between

The present

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 2S5.

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

stage switch "X"),
in both bit maps.
space_out_mat(k,1)

maps (which in this case is center
and setting the idle status to "busy"
Then, the space_n_mat(i,j) and the
are set equal to that center stage

number and the space_cnt_mat(c,j) is set equal to k. An
entry of 5 indicates that the X' center stage switch has
been assigned and the rearrangement process is
automatically invoked. The corresponding space matrix
data entries during rearrangement are shown in FIGURE 24
and the resultant state of the space matrix during
arrangement is shown in FIGURE 25.

N




A's in the same col um. */ x1 - chosen_nmsw A[i][0];

chosen_msw Ali][1]; ' x3 - chosen_msw Ali][2]; i
(x2 -- c tenp & & x3 -- A least) . /* Found an A? */ L &m& y
ATOB. W[ mM[0] - xI; /* Yes, then store :%9 EAIE%HEH
2; /* current connection  */ ATOB W[ 2] - '
in ATOB MOV. xf S M ri}t[!!nﬂPR @7
k2++ if [(k37-- 16) ,
The following immediate connect statements

accomplish this:

— — =1

TABLE 7

IMMEDIATE CONNECT STATEMENTS

Ll = — e ——————

X =

pump_list(space_in stack([i],space_out_stack(k]);
space_in _mat(i,j) = ¢c;
space_cnt_mat(c,i) =k

s a1}

space_out_mat(k,l) = ¢ _
where in this case, i=4 j=1 k=3 1=4 m=13, n=12, and
c=s -

— L ____

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 drépped as
‘shown in FIGURE 28 and the space matrix data is updated
as shown in FIGURE 29. |

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

This roll is performed hitlessly by creating a head-
end-bridge at input stage switch 4 and an receive-end-
switch at output stage switch 3 as shown in FIGURE 31.
When the correct path is received at outputs stage switch
3 from center stage switch 2, the original connection
through center stage X 224 is dropped.
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return (F1): /* Return the nunber of npvey

/ This is the subprogramfor BICA s rearrange output.

*/ e This function is the output of the rearrangenent pnhxchag.AP$HQS7
[* argunments to this function are the required nunber of novgs jand the.*/

[* pair (A B). The sequence of nnves3gs witten into the qutput

*[ [* structure rearrange-noves.
*l I* The owduiimg tHe ImeddPOLeEindtOlens 164 AL OB 4y £ of£t he

form. */ the exté%régﬁté¥xgé§gg switch completes the rearrangement
process for this connection. Note that this process
leaves the extra center stage switch clear and ready for
a next connection when a rearrangeable blocking condition
occurs. FIGURE 32 shows the resulting state of the space
matrix after rearrangement. FIGURE 33 shows the
corresponding space matrix data entries after
rearrangement.

In FIGURE 34, the rearrangement aspects of the
preferred embodiment are applied to the above example
appear. Once the preferred embodiment uses dedicated
center stage switch 224 to make the immediate connection,
the system of the preferred embodiment invckes the
rearrangement process automatically. First, the system
determines two center stage switches which will
participate in the rearrangement process. This is
accomplished using Paull’s Method which is restated as
follows: | .

If (r;,c;) is blocked, test all symbol pairs (A,B),
such that A is in row r; but not in column ¢, and B is in
c,, but not in r;, to find which pair will require the
fewest changes. The method then 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 PIGURE 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 rg, but
no 2 in column c4, so A is set to 2. Similarly, there is
a 4 in column ¢c,, 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,



I nt out _sw;

int input sw, int old md_sw, int new.md_sw, =3
rearrangenent - out put (nonoves, AR, BR) int nonoves; |REPLACEMENT SHEET
AR; int BR, int i nt i, it,

k, m n; i nt x1 0,

x2 - 0, x3 - O; i nt yl - 0O, 24 APR 957

- 0, y3 - 0; for (] ] < no_noves; J|+t) if
(flag A -- 1 && flag_ B -- 0) /* Is sequéﬁce fromA snaller7 /

-element of the X~+A sequence.

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

For a given pair of symbols (A,B) there are two
possible rearrangement sequences. One of these two
generally will be shorter.

the X—-A and X~B sequences for this example.

The following steps generate

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 (rj3,c;), there is no
4 in row rj, so this step requires a circle around the 2
in row ry. Now, the circled 2 is in (r4,c;). Then, a
search for a 4 in column ¢, is necessary. Since there is
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
Starting with the blocked cell (r;,c,), there is no
Now, the

Then, a search for a 2 in r,

case.
2 in ¢4, so a circle goes around the 2 in c,.
circled 4 is in (xr;,c,).
Since there is none, the sequence

(Note that not all 4’s

takes place.
generation process is complete.
get circled.)

The flooding algorithm starts by fihdinq the first
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
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
minimum number of rearrangements of the communications

X-A sequence is found.



( yl - ATOB W[j][0]; /* Read Input swtch -
y2 - ATOB MV[j]1[1]; /* Read Qutput switch */° REPLACEMENT SHEET
48 - APPENDI X A [err]3 -
ATOB_MW(3[err] / Read Mddle [err] tch/ ¥ 4 ( APROSS?

-- 1 & fla_A-- 0) /* |Is sequence fromB smaller? / yl -
BTOA MV ]1]0]; /* Read | nput _ &Atch */ 2=

BTOA MW[j][1]; /* Read Qutput swtch */ {y3 - BTOA

MWILjT12]; a nnvefgf %%%@Qﬁif tfﬁb %gm@ﬁnlca jons matrix as a

rearr angenov ore I'nput swtc
square matrlx having a flrst dimension that represents

input stages of the communications matrix and a second
dimension that represents output stages of the
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
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 rearrengement steps necessary for a
rearrangement sequence using one of the center stage
switches of the pair and the rearrangement segquence
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 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 true scope
of the invention.



fearrange moves. nove[j].old_m d_sw - y3,
[* Store A d Mdddle switch */
- y2; |* Store Qutput switch */

rearrange moves. nove|
/* Store New M ddl e

REPLACEMENT, SHEET
$ 5% i

if (y3 -- AR /* Change A's to B's.

rearrange noves.nove[j].new md sw - BR if (y3 -- BR

/* Change B's to A's. */ - glﬁar_range noves. nove[j ]J}. néew m d_Sw -
AR, return,; /* This is the subprogramfor BICA's zerd_functjon.

*/ zero (A n) int A int : n;

I nt I ; for (i - 0; 1 xpedozk Kt+) *(A+i) - 0O
return, /c---vo---v.tt'oco'-q-ovuo R R R X RE RRIRR N X LR I I e ---""-t'--.--o/

/\--q'ov"'.v't-'-t'-"-'-'

.

/

/" Bowdon's Immediate Connect Algorithm (BICA)

VAl
/

."..l.""""'...""""Q.".""."..0"'/

*/
*/
v/

. static int

/.""".'.."."""'l.""."I"""""".’l"".""'..""'.Q."."./

/.""Q""'l'II"I"""I"I'l'.""""'."."""I.,.""'."""""'/

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

$include ¢(stdio.h>
$include (math.h?
tinclude <malloc.h>
finclude <sys/types.h>

¥include ¢(sys/timeb.h?
iinclude <(sys/time.h?
/* Global variables for immecdiate connection algorithm. ./
int in_line,
out_line;
int in_stage,
in_num;
int out_stage,
out_aum;
int n,
m;
~nt command_count,
command_end =~ 10;
int rearrange_space,
rearrange_time;
int space_in_mat{16](16];
int space_cnt_mat(17) {16];
int space_out_mat[16][16);
int space_in_link(16][17);
int space_out_link{16])(17];
int xtra_stage - 17;
int traffic(2])(28672);
/* Global variables for rearrangement algorithm. */
int BTOA_MV{31] (3],
ATOB_MV([31}(3]:
int flag_ A - O,
: flag_ B ~ 0;
fer rsort_array ():
-t *chk_space_in_status ();
int rchk_space_out_status ();
int *chk_space_blocking ();
int *shuffle ();
int rimplement_PM2 ()
char name_in(13];
char name_out(13];

in_file(22];

FILE «fp_in,

*fp_out;
int seed_array(10]).;
int p_level;



, This is the subprogramfor BICA's hunt al gorithm starti ng p REPLA@EMENI SHEET

/
*/
*/

sequence */ /* fromA is shorter or the sequence fromB is shor

This function sets the starting points for the hunting al gpr
/* fromA & B and executes the algorithm The set of connect
/* noved are stored in either ATOB W or BTOA W if either

L 1ITTI

{;}2@ APR Y897

respectively. */ /* The argunments to this function are the m ddl

pair (A B),
The function

*/

esvmtch

ol Vo TR

APPENDIX A - 49 -

/* Structure to hold current network permutation before rearranging.

struct p_coordinate

(

int X:
int Y:
int z:

):

struct p_mat_pos

(
b:

struct p_mat_pos rearrange_3d;

struct p_coordinate position{256];

/* Structure to hold the output of the rearrangement sequence.
struct seq_len

int input_sw;

int old_mid_sw;

int new_mid_sw;

int output_sw;
}:

.ruct rearrange_seq

(

struct seq_len move{l5];
Vi '

struct rearrange_seq rearxange_moves;

*/ [/* an index and t4%% bl ocked matrix posi t+emr~R—e-
*/ [* returns the length of the shortest sequence.

o/_

*/

/"."*'I"t""""*""Qi!"'""i’-"Qt""’.'.’i.tf‘.,""""""*""'/

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

v/
*/
*/

/""'.l""’ "*""ﬁ’""',f"*"""'k'*"”Q""'.",""'*".**""Q”'/

/l"' "ﬁ""f"'fﬂ'.t’"'*'Q".""'*ﬁf'ﬂ."'""""'*"Q"""""",'f’/

/* This function first reads the rearrangement structure and picks out *+/

/* the connections in the middle switch pair (A, B). The arguments

/* this function are the starting point (RB, CB) and the pair (A, B).

/* The function returns the number of moves starting from B. For
/* reference, the starting point is described by Paull as (R1l, C2).

to */
*/
*/
*/

/*""‘.,!Q",""'*'ﬂ't"'!*"’"".t.'Qf.'.t.t"f'*"'t'*tﬁ"*..i""t""/

chk_Paull_mat_BTOA (RB, CB, B_least, A_least)
int RB,

. CB;

int A_least,

( B_least;

int i,
J.
m=~-0,
n =g,
yl - 0,
y2 = 0,
¥l - 0,
nl - 0,




APPENDI X A int rearrange_[err] (rl_B, O _A sw.i ﬁEp NT SHEET
ri_B; int cl A int sw_i ndex; int LABEM% +rt
a; (. int i, g, k - 0,
x1 - 0, X2 - 0, x3 - d, | 24 APR 1997
m, n, tenp_nov - O,
tenp - O; I nt num noves ;30,_ nr - O
m - 0, . W _seq - O,ppeyprk N Rl 3]
undef flag .. 0; int n2~-0 num noves_A - 0, num
moves B - 07° I FR-0  int F2 -0
R1_ CONN[16] [3], x3 - 0, ' -
kl - 01
ml - 0,
m2 - 0;
int flagl - Q,
flag2 - @,
flagJ - 0:
temp_flag - O,
k2 = 0;
int r_temp =~ 0,
c_temp - O,
F2 = 0;
int chosen_msw_A{16] (3},
chosen_msw_B(16] (3] :
c_temp = CB;
m = 1;
n - 2;
zero (chosen_msw_A, 48); /* Initialize target matrices. */

zero (chosen_msw_B, 48):

for (L = 0; L ¢ 256; i++)
( . .
xl =« rearrange_3d.position(i].x; /* Read rearrangement struct. */
x2 = rearrange_3d.position(i].y;
X3 = rearrange_3d.position(i].z;

if (%3 == B;least)

(

chosen_msw_B(ml] (0] = xl: /* Pick out connections from v/
chosen_msw_B{ml] (1] = x2; /* middle switch B and store 4
chosen_msv_B(m1l}(2] ~ x3; /* in chosen_msw_B. */
ml+t;
)
if (x3 == A_least)
(
chosen_msw_A([m2] [Q] ~ x1; /* Pick out connections frem  */
chosen_msv_A(m2] (1] = x2; /* middle switch A and store */
chosen_msw_A{m2} (2] = x3; /* chosen_msw_A. */
m2++;
}
] -
while (temp_flag == 0)
( .
kl - 0;
for (i = 0; 1 < 16; i++) /* Start from (R1l, C2), check */
( /* A's in the same column. */

X1 = chosen_msw_A(i] (0]:
x2 = chosen_msw_A({i](1];
x3 = chosen_msw_A[i](2]:
if (x2 == c_temp s& X3 =~ A_least) /* Found an B? */

BTOA_MV(m] (0] = x1: /* Yes, then store current */



C _CONN 16] [ 3] ;

zero (R 15);

zero (C, 15);

zero (

B

LXCEMENT. SHEET

zero (BTOA_ MW, 93); zero (R1_CONN, 48); zero (C _CONN,
0; n - 0; R 0] - R1; go] - 1, BTOA WV 0] [ 0] R 0] ;
ATOB W[O0][1] - JO]; for (i - 0; i < 256; i++) /* Pick qui rg §dAPR 1997
switches in (RL,C1). */ ( x1 - rearrange 3d.positionf[§].X;
/* Read structure. */ - rearrg ge 3d.position[i].y; X3
rearrange_3d. position[i].z if( -- R1) Rl CONN[ n{ -
- x| /[* Store mddle swtchaerenmtxRL. */ R1_CONN(mM (1)
- X2; /* ¢o ti ! BTOA_MV,
X2 RLOONN I o3 Rt on i
m+;
r_temp = XxIl:
break:
}
kls+;
]
if (k1 == 16)
flagl = 1;
temp_flag =~ 1;
F2 = m;
)
if (flagl == 0)
{
k2 = 0; .
for (i = 0; L < 16; i++) /* Start from (Rl, C2), check */
( /* B's in the same row. ./
x1l = chosen_msw_B{i][0];
x2 = chosen_msw_B{i](1l}];
x3 = chosen_msw_B{i}(2];
%f (X1 == r_temp §5 x3 ~= B_least) /* Found an B? +/
BTOA_MV([m]) [0] = x1; /* Yes, then store v/
BTOA_MV(m) (1] = x2; /* current connection */
BTOA_MV(m]} (2] = x3: /* in BTOA_MOV. v/
m++'-
c_temp = x2;
break:
1
K2++;
)
%f (k2 == 16)
flag2 =~ 1;
temp_flag = 1;
F2 = m;
)
| }
return (F2); /* Return the number of moves from B, ~/
/ttof'-o'otottot:rtt't’_t’tt-'ro-'t',t’tatotttttttt9t'tpyttt't’ttt'f"arrt/
/' '/
/* This is the subprogram for BICA's number of moves from A calc. v/
/' t/

/""'...""""*"’"""",'If""'.'.'".."*’"'."".""."..'."'i/

/"'Qt""f”'Q,ti"'t,"i't'l"1""".tt"l""'..""f."..""""'i.'/

/* This function first reads the rearrangement structure and picks out

/* the connections in the middle switch pair (A, B).

The arguments to

*/
*/




-50 - APPENDI X A if (X2 m=maCL)
C1_CONN[ n] (0) - x1; /* Store middle switches in Cl. |REPLACEN

C1I_CONN(N) (1) - x2; C CONN[Nn][2] - x3; for (i - @; —(—ES‘}E-NL&ET
/[* Find the matrix position R2, C2. */ x1 - RL CONN[i][2}; é*
RL_CONN i s the connections in RL */ x2 - O _CONN[i][2]: ! | 2% APR 1897
C1_CONN is the connections in ClL */ _ 45i_f (x1 -- rl B) :

ArPLNULX A
S+ this function are the ¢ ‘rting point (RA, CA) and thr sair (A, B}. ./
/* The function returns %l. number of moves starting fre.. A. For .
/* reference, the starting point is described by Paull as (R2, Cl). ./

/""v"."'t'v-t't'ttv't'-"'.""v'.!'tit""'tti'!l'tt"t'"'.-"o"'-/

chk_Paull_mat_ATOB (RA, CA, B_least, A_least)

int RA;
CA;
int B_least,
A_least;
(
‘int i,
Je
m=20,
n=0,
yL = 0,
y2 = 0,
y3 - 0,
nlL = 0:
n2 = 0;
- int xl = O,
x2 = 0,
x3 = 0,
kl - 0,
ml - O,
m2 = 0;
int flagl = 0,
Elagz -lOI
flagl - 0,
temp_flag - 0,
k2 = 0;
int r_temp = O,
c_temp ~ 0,
Fl - 0O,
F2 = 0;
int chosen_msw_A(16](3],
chosen_msw_B{16] (3]:
r_temp = RA;
m - 1;
n = 2;
zero (chosen_msw_A, 48)}; /* Initialize target matrices. */

zero (chosen_msw_B, 48};

for (i = 0; i < 256; i++)
xl = 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] [0] = x1; /* Pick out connections from */
chosen_msw_B{ml][l] = x2; /* middle switch B and store */
chosen_msw_B[ml) (2] = x3; /* in chosen_msw _B. */

ml++;




1] - RL_CONN[i][1]; If (x2 -- cl_A) Rl 1] - O _[sP ]
BTOA MW[O] [1] - d1]; /- Set start point for search frphn EMENT SHEET
ATOB MV[0][0] - R(1); /- Ais from(R2, Cl); B from(RL,|C2). */
BTOA_ W[O0][2] - rl1_B; /* The 3rd el enent of BTOA W & ATOB2MV APRATSS?
M[O][2] - cl A /* is alternating sequence of A's &'q s{ /| .
P As are changed to B's & B's to A's.4§/h_ /[ Set starting pornt—for-—rA—+

m

nt - R[1]; nc - C[0]; /* Hunting algbrl fromA. / num noves A -

chk_Paul | _mat _ATOB (nv, nt, rl1l_B, clxePNpa¥ 4 REPLACE */

*/ w/ FLOOD /i-fSé’EJ stdcieagrpoint for B. */-mr - RO]; nc - CJ1]; /*
: ; . )

Hunt i ng ol Gor 1 P Chome 6, { ;PP TE4ES B: GO R R BTQR T,

rl B, cl_A); Zmsw A(m2] (1] = x2; /v middle switch A and stops. +/

/* w. FLOOD */ Flehos&dlims@V@9] ] F4&3; NUMN MRV&Rs '_msd:_fa.f < ff?) */

/* 1s num rmve,s AL**pum noves B ? */

}
while (temp_£flag =~ 0)
{

kl - 0
for (i = 0; i ¢ 16; i++) /* Start from (R2, Cl), check ~+/
{ : /% B's in the same row. ./

Xl = chosen_msw_8{i}(0];
X2 = chosen_msw_8({i]{1];
x3 = chosen_msw_B{i](2]):

%f (X1 == r_temp 55 xJ == B_least) /* Found an A2 +/
ATOB_MV(m] (0] = x1; /* Yes, then store current ~/
ATOB_MVIim] (1] = x2; /* connection in ATOB_MV. v/
ATOB_MV{m} (2] - x3; '
m+40'-
c_temp = x2;
break;

}

kles;

]
if (k1 == 16)
(

flagl = 1;

temp_flag = 1;

F1 = m;

}
%f (flagl !~ 1)

k2 = 0;

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

( /* A's in the same column. \V4

x1l = chosen_msw_A([i}(0]:
x2 = chosen_msw_A(i]([1]);
x3 = chosen_msw_A[i] (2],

if (X2 =~ c_temp & x3 == A_least) /* Found an A? r/
( .
ATOB_MV[m] [0) = x1; /* Yes, then store */
ATOB_MV(m} (1) - x2; /* current connection */
ATOB_MV(m} (2] = x3; /* in ATOB_MOV. */
m++; .
r_temp - xl:
break;
izi-d-;

)
L1f (k2 == 16)




flagB - 0. |/

w seq 1; [* 1f yes, set flagA - 1, num
noves - Fl; flag A - 1, flagB - O; If (F2 ( F1)
| s num noves B < nunber noves A ? */ W seq 2; REPLACEMENT ISHEET
yes, set flag A- 0O, flagB - 1. / num noves - F2; fllag A - O;
flag_ B - 1, - |51 APR‘“@
APPENDI X A if (F1 -- F2) /" |I's nunber jngv 21’ rr%
noves-B ? w seq - 1; - 47 -/ |f yes, def aLIt—-t-o—sequeﬁee——'
fromA. / APPENDLX A
flag2 = 1;
temp_£flag = 1;
F1L =~ m;
]
. }
éetu:n (F1); Return the number of moves from A. =/

}

/'

/'ovt'o'v'vv'c""'t.'90"tntv"tt"'i'o""""'t"i"ttw't!'tt'ttttt"'/

/t
/-
/'

This is the subprogram for BICA's rearrange output.

*/
v/
*/

/oo.tvcttt't"r.t-qttv"vvt-vo"t'v"vt'."""'O't'"'t"ttcotttt""ttt/

/.'."l'."""""l-""""'."'..""'."'""""""""'..'-."""/
4

s» This function is the output of the rearrangement procedure. The \ 4
/* arguments to this function are the required number of moves and the +/
/* pair (A, 8). The sequence of moves is written into the output */
/* structure rearrange_moves. \74

/0-vv0"'."""'!1!'t""'v'!"'.""1""'""'.""""0"!.".".""/

r&l

'""00""'It"'."."'t"o."'v""'t'vo.".'0"'*.tt"tf"""'.'ttt/

/* The output of the rearrangement process is a structure of the form: </

. */
/- struct seq_len \V4
/' [ . '/
A int iaput_sw; */
/" int old_mid_sw; */
/" int new_mid_sw; */
/" int out_sw; </
/' } ./
/* */

/v'o’-1OQ'O"'r"’-t'v""""t"tvvttfott"ttt’.ttt’t’..?t’t"'*”""t'/

int
int - no_moves;
int AR
int BR;
(
int i,
I,
?
ml
n;
int xl -~ 0,
x2 - 0'
X3 = 0;
int yl - 0,
y2 = 0,
Y3 - 0;

for (j = 0; j ¢ no_moves; j++)

if (flag_A == 1 65 flag B ==
(

0}:

¥yl = ATOB_MV(j) I
1{1):

y2 = ATOB_MV|]j

rearrangement_output (no_moves. AR,

BR)

0) /* Is sequence from A smaller? */

/* Read Input switch */
/* Read Output switch */



num noves - Fl; flag-A - 1; / and set flag A- |, flag

8 - 0. flag B - O; ~ return (num_noves); Ret-t-R—t-he -
| east nunber of noves. / /* This is the subprogram {BREPBAGEMENT SHEET
i npl ement change al gorithm / [* This function inpl gments—the~]

hunting algorithmto find the sequence / / of noves required f)rggvﬁ,% yna7
rearrangenent. The argunents to this fuggtl_on [ | are the mddl h"

pair (msw A, nsw _B) and the index. - / i nt |

i npl ement chance (nmsw_ B, nsw_ A, i ndexpeenbix a msw_Bj} i nt
nmsw_A; Int 73 P ndkOR, MVI(3T 2 nt /* Read Middle r tch b»

K; I nt | en_of seq - O; | en of seq - rearrange seq

(MSW_B, MBW_A, indeXlag_8 -~ £RLM ARGENBALO PUL DI sEh@Rc bz, scllBier, /W B)

vl = BTOA_MV(j)} (0] /* Read Inp&t switch +/
¥2 = BTOA_MV(j]j[1]); /* Read Output switch -/
¥l =~ BTOA_MV([j}[2]; /* Read Middle switch v/

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

rearrange_moves.move(j].old_mid_sw - y3;
/* Store 0ld Midddle switch */

rearrange_moves.movelj].output_sw = y2; /* Store Output switch </

/* Store New Middle switch ¢/
1f (73 == AR) /* Change A's to B's. v/
rearrange_moves.move(j}.new_mid_sw = BR;

if (v3 =~ BR) . /* Change B’'s to A's. =/
rearrange_moves.move[j].new_micd_sw - AR;
}

recurn;

“I'O'QQ""""'..Q"""""'tD"""""‘.'0"""""""’.'I""I‘O""!/

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

/'"'Q'"',"""""""""f"""'I"""'.""."""""'I"""""/

zero (A, n)

int *A;
int n;
[ .
int i

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

]

/"""'..."""""".".""'..’f"".""""""""""'"'."'.""'/

. i
. * This is the subprogram for BICA's hunt algorithm starting point set. */
/' . n/

/,"""""'."""""'.",'.""'""'*'""""""'Q""""Q"""’/

/""”"".' """"”""'"""""'""'I"",'l""""""-"".""’/

/* This function sets the starting points for the hunting algorithm */
/* from A & B and executes the algorithm. The set of connections to be */
/* moved are stored in either ATOB_MV or BTOA_MV if either the sequence */
/* from A is shorter or the sequence from B is shorter, respectively. v/

/* The arguments to this function are the middle switch pair (A,B), v/
/" an index and the blocked matrix position (RL.Cl). The function v/
/* returns the length of the shortest sequence. ./

/'0."".'.."t-.'t'."""""'.'lttQtQt""ﬁ"Q"Q!'t'"'.""'t".".t/



return (Il en_of _seq); [* This is the subprogram for BICA -

nunber of noves. / [* This routine uses the ﬁ&PEACHMENEaSHEE

al gorithm function to find */ [* the nunber of noves requifréd Tor the

sequence of noves fromsw A and */ /* and for the sequence ¢f ngygsApRoggy
Wi

sw_ B for the existing connections */ /* in the center stag¢ T ch pair
(A, B) and returns the nunber of - 497/ [* noves requir¢dHer—the
smal l er of the two sequences. */ i nt cal c_nom
i i BPPENDLX A SWA
I(f]\éva)l?’ SWAIE.!:\S nd_ex) I nt g;a;range H V\f.—a cl_A, sw_index, R1, ')
fne cl_A;
in= sw_index;
ine RLl;
ine Cl;
(
int i,
jl
k -0,
xl - 0,
x2 = 0,
x3 = 0,
m,

nl
temp_mov - 0,
temp =~ 0;
int num_moves = 0,
mr - 0,
mc - 0,
w_seq = 0;
int R{3].
c(3],
undef_ flag = 0;
int num_moves_A = 0,
aum_moves_B = 0,
FL = 0;
int F2 - 0,
RL_CONN(16][3],
Cl_CONN{16](3];

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

R{0O}] = R1l:
C{0) =~ Ci1;

BTOA_MV(0] (0] = R([O]:
. ATOB_MV[0}{1] = C{0]:

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

Xl = rearrange_3d.position{i].x; /* Read structure. */
x2 =~ rearrange_3id.position(i].y;
x3 = rearrange_3d.position{i}.z;

if (x1 == R1)

{
RY_CONN(m] [0} = x1; /* Store middle switches in Rl1. */
R1I_CONN(m]}{1] = x2;
R1_CONN{m] (2] = x3:

m+-b'-
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num_noves -

pr esent

foll ow ng structure.
I nput _sw; int output_sw, int cnt_sw,

I npl ement [err]
This is the subprogramfor 3ICA' s matri x node
i mpl enentation of Paull's nethod needs the connect
struct pcoordinate / (

struct p_mat pos

APPENDI X A

(sw_ B,

i nt

sw_A index);

APPENDIX A

if (x2 == C1)
(

conversi o

num_ nt S

return(_num noves):

[REPLAGEMEN SHEET

I nt
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C1_CONN[a] (0] = xl: /* Store middle switches in Cl. +/
Cl_CONN{n](L]) = x2: :
CL_CONN{n} (2} = x3:
a++;
1
}
for (L = 0; & ¢ 15; i++) /* Find the matrix positien R2, C2. +/
{ _
x1 = R1_CONN[L}({2]: /* R1_CONN is the connections in Rl +/
X2 = Cl_CONN(i])(2]: /* C1_CONN is the connections in Cl +/
if (x1 == r1_B) '
C(1l] = RLI_CONN{[i](1};
1f (x2 == cl_A)
R{L] =~ C1_CONN[i](0O];
BTOA_MV[0} (1) =~ C(L);: /" Set start point for search from AgB. +/
ATOB_MV{0) [0} = R(1l}): /* A is frem (R2, Cl); B from (RLl, C2). */
8TOA_MV(0] (2] - rl_B; /°* The 3rd element of BTOA_MV & ATOB_MV +/
ATOB_MV{0] [2] = cl_A: /* is alternating sequence of A‘'s 5 B's */
/* A's are changed to B's &§ B's to A's. v/
/* Set starting point for A. +/
mr = R{1l];
mc -~ C[{0];
/* Hunting algorithm from A. */
num_moves_A - chk_Paull_mat_ATOB (mr, mc, rl_B, cl_A); /* REPLACE ¢/
/* w/ FLOQD +/
/* Set starting point for B. */
mr =~ R{0};
mec = C{1l}:
/* Hunting algorithm from B r/
num_moves_B = chk_Paull_mat_BTOA (mr, mc, rl_B,“cl_R): /* REPLACE */
/* w/ FLOOD */
Fl = num_moves_A;
F2 - num_moves_B;
if (F1 < F2) /* Is oum _moves A < num_moves_B ? */
(
’ v_seq = 1; /* If yes, set flag A - 1, flag B = 0. =/
aum_moves = F1l;
flag_a =~ 1;
flag_B ~ 0;
}
if (F2 ¢ F1) /* Is num _moves_B ¢ number_moves_A ? +/
(
w_seq = 2; /% If yes, set flag A - 0, flag B - 1. +/
num_moves = F2;
flag_A = 0;

flag_ B -~ 1;



struct p coordinate[256]; voi d mat ri x . nodel
i nt 3 et X1, ﬁt#LAé‘thT SHEET
X3, m - O; for(i - 1; i <- 17; i++) of (T - T
17; j++) x1 - i; X2 - j; x3 - space _cnt r@tép%h*dr
1 f(x3 - 0) rearrange 3d. position[n1] X - X2,
swtch */ rearrange 3d. p05|t§ onfm].y - x3; 2 Q- UL
switch */ rearrange 3d. p05|t|01h[n1] - x1; /* Mddle
switch */ | m++;  return; APPENDIX A
%f (F1 == F2) /* Is number_moves_A = number_moves_B ? ¢/
v_seq = L; /* If yes, default to sequence from A, +/
aum_moves =~ FJl;
flag_aA = i; /* and set flag A = 1, flag_B8 = 0. v/
| flag_3 - 0;
return (num_moves); /' Return the least number of moves. v/

]

/".'""I""."Q""'"""I'.'.Q"""""""'.'.'....'-".."'.‘",’/

/o . '/
/* This is the subprogram for BICA's implement change algorithm. v/
/' '/

/""'.""".."'.-".."-'I"'.'l"..'-"'."""".'-'.."."""""'/

/"'0"'..""'."".I.O."""".""0"."""""".'.'."'..""'.'../

/* 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. \V4

/"."""'.'l'.'.!”""'!"""""l"""'t"'."""""*""""."'/

int implement_change (msw_B, msw_A, index)
't msw_B; .
lat msw_A:
int index;
(
int i,
Jl
k:
int len_of_seq = 0;

len_of_seq =~ rearrange_seq (msw_B, msw_A, index);
rearrangement_output (len_of_seq, msw A, msw_B);
return (len_of_seq);

)
/".""""’Q"”"".”"""ti"..l"!"'i"'!""'."""t"'-,"i‘""/
/* */
* /* This is the subprogram for BICA's calculate number of moves. */
/* v/

/Q”.""’*""'.'"""""."'.'""'..""'Qﬁ"'.’"""ﬁ'."'ﬂ".'."t'/

"',""""""f"'I"'"'"I'f"".’."""""""""""""*'""/

'/' This routine uses the implement_change_algorithm function to find */

/* the number of moves required for the sequence of moves from sw_A and */
/* and for the sequence of moves from sw_B for the existing connections */

/* in the center stage switch pair (A, B) and returns the number of v/
/* moves required for the smaller of the two sequences. */
/"'lt"’t.ti""tb!""r',""'t't'!"'.""l."’t"'.t""'."”!f"i’i/
int calc_nom (sw_B, sw_A, index)
int sw_B,

sw_A,

index;
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- 53- APPENDI X A
uses Paull's nmethod Il to search for (A B) pairs. i nt
*i nmpl enent _PM2 () i nt I,
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: i APPENDLX A

iat aum_mc  s;

num_moves = implement_v.ange (sw_B, sw_A, index);
return(num_moves);

d.ll

RERLAEMENTSHEET
) 2 4 APR 1997

!

/'---'v"'o"o"'l't""."""'vtot’.c""v"'t-v"otv'vt'...tt'f"ovv't,
l‘. ./
/* This is the subprogram for 3ICA's matrix model conversion. \V4
/o ./.

/'"'.'.""""".""""""'I""""""IQ"".'.t!"""""'t"'.'/

/.’."""""."""'.""""'..-"""’.".""I.'-".""""""""/

/° The present implementation of Paull's method needs the connect data v/

/* in the following structure.

/'

P struct p_coordinate
/* (

7 int input_sw;
/" int output_sw;
/* int cnt_sw;

Phi ,

7

s struct p_mat pos

/'

/* - struct p_coordinate!256]};
/'

void matrix_model_conversion ()

int . i,
.
x1,
x2,
x3'
ml - O;

for(i = 1; i ¢~ 17; i++)
for(j - 1; j <= 17; j++)
XL - i;
X2 = j;

x3 =~ space_cnt_mat(i)(j}:
if(x3 1= 0)
(

</
*/
*/
*/
*/
*/
*/
*/
v/
*/
v/
*/
*/
v/

/""""".’"""l"""""','..""""'f."'"0','!’,""!""""'l,

rearrange_3d.position{ml].x ~ x2; /* Input switch =~/
rearrange_J3d.position(ml].y - x3; /* Output switch */
rearrange_3d.position{ml].z = x1; /* Middle switch +/
mlL++;

]
)

return;

/'bovﬂtt'o-,".'o--t,t'-."'t"'tl’t!'tt.v-.pt't'"l"t"t"t'ti"t"‘..,/

/'

*/

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




k, x1. X2,

0. n- 0; I nt

R1_ cnt_ sw 16], C _ cnt_ sw16];
| i st of B[ 61], | i stof Al 61],

0, Btemp - O; I nt

cnt _stage pairs[8]][2], op_fl ag;
nunmoves. | east _-mdvdes,

/ convert from3 matri x nodel

to rearrangenent structure.

i nt

sel ect ed FEREPLACEMENT SHEET

it

2 4 AP

| east _pair:

7

/ Return pointer to structure or Globa

be vi si bl e.

matri x nodel

conversion, (),........L:..Qo0v8LI s 2nd. QI..§.m{rm.mdeL...’El........@?.'.%éfed

pair - (|r‘it *) calloc (2, sizeof (int)) /* @ ven a connect request’ (1,0,

wher e | is an'~1'NPUF-SW-'F€I'+-and-~®-1~s-'--*-/- i+« gy *@QUTPEN> «SWY s PCH: » s «+ 16 T OW
vectors i n nBhis fenecion uses Th@%.fxa?:ﬂ.fzfsetwrﬁmevgmﬂb°~.efsqes..a:*'st of
candi date< for (A B) for () - 71; <17/
ing *implement_SM2 ()
{
int i,
j.
ko
x1,
x2.
m = 0,
n=-0;
int vselected_pair,
Rl_cnt_sw(16],
Cl_cnt_sw(16]};
int listof8(16},
listofA(16],
A_temp =~ O,
B_temp = 0;
int cnt_stage_pairs(8) (2],
op_flag:
int num_moves,
least_moves,
least_pair:
/* convert from 3 matrix model to rearrangement structure. r/
/°* Return pointer to structure or Global must be visible. v/
matrix_model_coaversion (); /* Converts 2nd of J-matrix mocdel. +/
selected_pair = (int *) calloc (2, sizeof (int)):
/* Given a connect request (I,0), where I is an INPUT SWITCH and O is */
_/* an OUTPUT SWITCH, read the row vectors in matrices 1 & 2. Then, XOR */
/* the two vectors to get a list of candidates for (A,B). */
for (j = 1: 3 < 17; j++)
(
Rl_cnt_sw(j] - space_in_mat(in_stage} (jl:
Cl_cnt_sw(j] = space_cnt_mat{out_stage] [j]:
)
for (j = 0; j ¢ 16; j++)
{
xl = Rl_cnt_sw(j]:
x2 = Cl_cnt_sv(j];
if (x1 == 0 §& x2 != 0) /* The XOR operation. v/

listofA{m] = x2;
me+;

}
LE (x1 != 0 65 x2 == 0)

~listofB(n] = x1:
n++;



RL cnt_ sw(j] - space_inmat[in_stage}[j]; S 1o :Y*EPLAcEMENT SHEET

space_cnt _ mat (out stage] [i]; for (j - 0; j < 16; | +{
Rl_cnt_swj]; x2 - Cl _cnt_swWj]; if (x1 -- && x2 §7
/* The XOR operati on. * listof Anm - x2; APRdﬂ
if (x1!- 0 && x2 -- 0) listof B[n] - xl; n++;
REPLACEMENT SHEET - 54 -
APPENDLIX A

: ]

}

m=0;

n=-0;

i - 0:

vhile ((x1 = listofB(i}) ‘= 0) /* Create all combinations of s+,

( ) /* elements of listofA's .y

jo=-0: /* & listofB's. ./

while ((x2 = listofA(j]) '~ 0)
(

cat_stage_pairs(m}{0] « xi;
cnt_stage_pairs[m] (1] = x2:
me== '

Sk,

- J

]

jd

)

least_moves =~ xtra_scage: .-

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

/* switches, calculate least num. */

B_temp =~ cnt_stage pairs(k]j(0}: /* of moves that are required. +/
A_temp =~ cnt_stage_pairs(k}(l]):

if (B_temp '~ 0 §5 A_temp '~ 0)
(

)

Lf (oum_moves < least_moves)

num_maves = calc_nom (B_temp, A_temp, k);

least_moves = num_moves;
least_pair =- m;

}

*(selected_pair + 0) = cnt_stage_pairs(least_pair)(1]:
*(selected_pair + 1) ~ cnt_stage_pairs(least_pair}(0];

return {selected_pair);
]

l"""”f."""""”."."""..'t”"f*"."’Qf*'t"""'*"'f.f"”'/

P .t"."t’t"ttt"""l",""t’fl'"l""f""t.f'.Q"f*!"',""!"”'f*"/
»

/*
/* The following are the revised subprograms and main program for BICA. */
/' '/

/"".",',”."""."'.'"'.""""""”’."Q'f.'"'*"*""""""’/
/""."'.,""""'.’""Q",’f.""'.."'."'.”"""’."."."""".'/

/tQ"i”""’I""i.".."""*""”"..'."""""'*""""'*"”""/

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

/’1'."Q."O’"'.'"""""'"""""."...'.'l,"'""'.*"".".."i'/

int hitless_time_rearrange ()
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- 0; i - 0 while ((xI - listofB[i]) '- 0) ' /* QEPQAQEMENT HEET
conmbi nati ons of * _ * ‘
listof A's j - O: [* & lis
/ while (x2 - listofAlj]) '"- 0)

cnt _stage pairs[m [O0] - xI; cnt _stage_pairs[n]
R | east noves - xtra stadgs - for (k - 0; k
/* For each conbination of mddle */

/* swtches, calculate | east num */ oLX ?_ terrp cnt
st agepai rsi[ k][O]; /* of nobves that are Alféﬁ‘w re */ Atenmp - cnt

stage_pai rs[ k}{ Use Include File. -,
recurn;
]

/'."t'.l"'l""'I."v'l""""""""""l"""""""""""!tt't/
/' . . . - 3 '/
/* This is the subprogram for BICA's flood time algorithm. v/
/° */

/" .Q"'-...".0"".'t'v."""""0.""""".'."t"."."""'."t'/

Y9'8 5 APR 1997

int ' flood_time ()
(
/* Use Include File. */
return;
}

/"'.".""'"."’l"."IQ'.!'I"Q"!'f!"."!"'"."""""t"".""/
/ */
/" This is the subprogram for BICA's select two time slots. */
/ */

/Q""'."'.""ﬁ""I’*"".'I""""'"""."""".""”"'f'.""’/

inz select_time_slots ()
[

/* Use Include File, */

return;

}

/"",""""""""’""'9l"i""'t'l"""'II""""’."""f’t""/
/°. A
/* This is the subprogram for BICA's hitless space rearrangement. \V4
/. t/

/to" l'""""""l"-r!'f"’\""""'I'*""'.t"i""""""'Q’!'i’ﬁ""’/

int hitless_space rearrange ()

{
/* Use Include File. +/
return;

}

/'tf""""""’ﬁ'.,"f’.""!"!*'I""""""1!"""1.""’ﬁ"'.'!.'/
/* v/
/* This is the subprogram for BICA's flood space algorithm. */ -
VAl .

rewy 'tt”*'t"'!**’it*'.l""tﬁ"’t"t'f!"ﬁ".tf"f’t.""tfﬁ"”""""'/

_iat flood_space ()

/* Use Include File. */
return;

)

/""’""'""t'l""'i"'I’il"i*"il‘"'!"t.""'t""'t"tt""ti'9"/
/ */
/* This is the subprogram for BICA's pump link macro. s
/- ./

/'*Q".t-'.i"".'ﬁ*""""""""'"'.'."'Q""""""".""I'."'./
’

/"""..’.""""".t"""""'t""'.".0.0"".""""""""""l/




if (Btemp!- 0 & Atenp '- 0) . hum_noves - cal

At enp, k); i f (num noves < | east_noves) REPLGA{}EMWFESHEET
J

num Noves; | eastpair - m *(sel ect edpai r =TTt
stagepairs[least_pair [1]; *(sel ected-pair + 1) - ,
cnt_stage_pairs[leastpair][0]; return (sel ectedpair); /2'f‘m;APR 1937
following are the revised subprograms a mai n program for Bl * <
This is the subprogramfor Bi CA's hit] tinme rearrangenent. i nt
hitless_tine_rearrange () .
APPENDIX A
/+ This macro logically "a  is" space_in_link(i] with space_out_link(k] -/
/* to determine the lovest .umbered cCenter stage switch, 'c," having 4
;¢ both an idle link to input stage "i" and an idle link to output ./
/* stage "k." The first non-zero entry in the result of the logical v/
/* “and" is "c" and the two links to "c" are reset to "0" (marked as ./
/° busy) in space_in_Link{i] and space_out_link(k]}. The macro returns °/
/* the value "c." v/

"'".""'"""""I"'.".."'."""l.."'.-"""""""""""'"./

/

int pump_Llink ()
(
int <,
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

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

if (¢ == xtra_stage)

(
}

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

rearrange_space = 1;

}

/""""".""f."'t""'t"""""'."""'l"’.*."""'f"""*"*'/

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

/".".'I"'.""""."""."""'f"f""!".""*.",f""'*’t""'f’/

/"""”',"".f"t't!t,.-ﬁ”"*,'.*""ﬁ"'"*"Q."'"Q'."P'f"'"l'f'/

./* This primative is used to clear (reset) the kth bit of the jth row */

/* of the bit map specified by io to "0." If the bit map contains n */
/* elements and the value of j > n, then an error flag is returned. */
/* Otherwise, the kth element is reset to "0." */
/"""","'"f*"”".l""f"""’"f'f”"’i"ﬂ.."f.""'l"."**"'/
int clear_link(io, j. k)
int . io(16] (17},

3.

k;
(

int error_flag;

if(k ¢= xtra_stage)

(
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| nclude Fil e. return; This is the su

BICA's flood tinme algorithm i nt flood ting () (
/* Use Include File. */ return; ; Yy APR 1997
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io(j) (k] = 0;
error_flag = 0;
)

alse

(
}

return{error_flaqg);

errxor_flag =~ 1;

)

/.'.'t'tv"'""OOO"Qt"ﬁ"',.""""'li‘l!'".‘Q""'t""'.t"""!"t/

/” ' . ) */
/* This is the subprogram for BICA's set idle link bit (to 1). ./
/o ! v/

/oo-'.t""1--'-vov't"tt"to"tvifothv’v"vO'v'IQ"Q""Ot'ttvtf"vtvft/

/"'Q'.'.""'"C"".”""'""""""""'.'.'""""""""'.""'/

/* This primative is used to seét the kth bit of the jth row of the bit */
/* map specified by io to "1." If the bit map contains n elements and </
/* the value of j > n, then an error flag is returned. OQtherwise, the =+/
/* kth element is set to "1." */

/cott'quoavv'!ttvtvtit't.t-v:tv’,o-'witvtt-l"'o"'tov'-tvit’iv,t""v"’/

int set_link(io, j, k)
tng io[16](17].
Jl
k:
t
int . error_flag:

if(k <= xtra_stage)

iolj](K] = 1
error_flag =~ 0;

else
{

error_flag =~ 1;

return(error_flaq);

.

/'.""'Q."'l"'."'f"'f.'"!"""""t’*"".f.'*”""ﬁ""'*"".f’/

VA .. : */
/* This is the subprogram for BICA's select two center stage switches. +/
prog N
/*'v'-.’,-"-9-’-b't"ga*"r*-’oa-tttv--’tttf"'.g"'t'tﬁtt-wtfﬁwo-tt’wva-"/
" int select_cnt_stage ()
[ X "

int *center_stage_pair;

center_stage_pair =~ (int v)calloc(2, si;eof(int));
/* select middle stage switéh pair */

center_staée_pair - implement_énz ();:

return{ vcenter_stage_pair):
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This is the subprogramfor BICA's select two tinme slots. TNt
select timeslots () _ /* Use Include File. / . 7
/* This is the subprogramfor BICA s hitless space rearrangenen?&q-aiﬁms -
I nt hitl essspace rearrange () /[* Use | nclLude—Fit-gr—r
return; /* This is the suhprgggram for BICA' s flood space
al gorithm */ i nt ~f-teod—space ()
. 'APPENDIX A

/-"'.0""0"1'0!".".!'. ."'.'."-."I..."..."."'.a'.'.""-.!""/

7/ v/

/° This is the subprogram for BICA's time rearrangement. vy

'I' ' '/

/"-"0"."'""IO""'.""0"""'II"'...."'-""""""""""""/

/* Node D */
void time_rearrange {)
(
int XtoA ~ 0,
XtoB ~ 0;
char last;

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

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

/* Q6: Which Path Requires Least Number of Rearrangements? */
1f (last == 'A")
(

}

else

XtoA = 1;

if (last ~= 'B")
{

)
hitless_time_rearrange ():

rearrange_time = 0;
return;

XtoB = 1;

)

/0""'0'.t"t.I"l"t"'t""""""’!"""!'9*'*"9""”""*."'fft"/

/* */
/* This is the subprogram for BICA's space rearrangement. _ ';
/T .
/""i"tt."""'*r't"ll’t"'f't""'"l'_"""’"f",i"”"“""*t'!t"t/
/* Node C ¢/
void space_rearrange ()
. int XtoA = 0,
XtoB = 0;
int *cnt_stage_pair;
char last;

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

/* Select Two Center Stage Switches for Rearrangement.- */
*cnt_stage_pair ~ select_cant_stage ():

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



[* Use Include File. */ return; S
subprogram for BICA's punp |link nacro.

- 56 - ' APPENDI X A / This ro logically
[err] is" space_in_link[i] with space_out_link(k)*/ / to detergineAPH4997

| owest . unbered center stage switch. «c¢," having / both an le link to
i nput stage "i" and an idle link to output * [* st “K—The
first non-zero entry in the result of tte Togical /" and" i c" and the

two links to "c" are reset to "o" (marked as */
APPENOIX A

/* Q5: Which Path Requ.ces Least Number of Rearrangements? */
1f (last ==~ 'A")

XtoA = 1;
)

else

(
i (last ==~ 'B')
(

XtoB = 1;
)

hitless_space_rearrange ():
rearrange_space = 0;

return;
}
/"""'."".""."."'I"'""!"'""Q"""',..'""""""""'Q"/
/" ' ) */
/* This is the subprogram for BICA's remainder function. */
/’ v/

/Q"'."""'.,"'.""'l"""""""'t,"f'!fi'f"f""""""'l"'.'/

/"f'"""""".'t"',"'!""'.I"""t"'""'*""*"""*I""I""/

s+ This function produces the remainder after the divisor has been /

»~ gubtracted from the dividend as many (integer) times as possible. v/
/l"""'"’I""".""'I'"0,.""""".""'1.""""""""'!'""/
int rem(dividend, divisor)
int dividend,

divisor;
(
int remainder;

if (dividend <= 0)
(

}

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

remainder =~ 0;

remainder = remainder --divisor;

return({remainder):;

]

/’*'*""”','""'f""."l""""""*""'Q"'."""""f""”""'/
/' '/
/* This is the subprogram for BICA's quotient function. . */
/' . '/

/t'l."""t..""t".'."i"0"""*""""'**"""'.i'I"f’.'f'."t"/

/'"'t""'t'.f""""'tf"'t""i"'t""Q"""""".""t'l'*’..t'i'/

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

/"*""l"."'..'.."'.".'D""'.""'."'""t"".."'-"""""".'/

int quot(dividend, divisor)
int dividend,



" busy) in space in Link[i] and space-out | i nk[ K] . The macro REPM@WEN[I@HEET
value "c." i nt punp_link i nt - C
i, for (j - 1; j (- xtrastage; j++) X - space f{njlink(j
stage] [j] & space out_link(out stage [j]; if (x -} )2‘5:&&\‘ 1897
c -j; br eak; clear link space.in link, in stgge. _¢).
clear link(space out link, outstage, c); If (c -- xtra BStage)
rearrange- space - 1, : /- Return —cdé®ter stage. */ -
APPENDLX A
divisor;
[.
int quotient,
remainder;

quotient = 0;
L€ (dividend <= 0)
(

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

remainder = 0;

(
remainder = remainder - divisor;
quotient++;
}
return{quotient);

]

/-.vo--v'tt"-o"ov'v',.""'v".""'1111"""""'"l""tt""t'tt'ti/

/" '/
/° This is the subprogram for BICA's convert [/0 line numbers. */
/" ' =/

'""'*""'""""""""',"""""""""""."""'."',"'""/

/."".'."""'I.."'."""'."""""""""'","""""'.""""/

/* This subprogram uses the quotieat and remainder functions to convert */

/* the I/0 line numbers for a connect or disconnect to a pair of I/0 */
/* stage switch numbers and I/0 stage switch pin number. */
/-""""l.'.""Q""""".I"".""""'""""","'.""""’"'*/
void convert_line ()
[ .
int r = 186,
in_line_minus_1,

out_line minus_l;

in_line_minus_l = in_line -~ 1;
- in_stage = quot(in_line_minus_1l, r) + 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;
out_num = rem(out_line minus_l, r) + L;

‘return;

/."’"'tf"f"""'Q""".f't""""fi'"'t"""""'-."t'."t"'t"/

/t ./
/* This is the subprogram for BICA's print statistics - n and m. */
/7 */

/"-t-"t"ty"tv'-’t""-""'tt"-""l"t"tvtt'tt'tt"'titt'tt'tti’tl‘-/

%nt ~ print_stats ()
/* Test case for print_stats. */
printf ("BICA performed \d connect(s) and \d discoanect(s).\n", n, m);

P,



. |
return(c); [* This is the subprogramfor BICA's clear id gE LAGE MET

O. / [* This primative is used to clear (reset) the kth bit of th? Jé&
row */ [* of the bit map specified by io to "0." If the bit lrra Qoht AFR
r

*/ |* elenments and the value of | ) n, then an error flag is turned. */
[* Oherwise, the kth elenent is reset to "0." I nt cl ear
link(io, j, k) int io[16] [ 17}, . i,
K; i nt error flag; |f(k <- xtrastage)

recurn; APPENDIX A

T

/""'I"'IQ"I"."'""""""'.'0'.."""'"l"'l""""""."t'!'t'/

{ ./
/° This is the subprogram for BICA's disconnect - input from output. v/
/v ./

/"v".Ovov'O'v.'t"'"'I"'.""""'"QOO"'i'Ov"'"""t"""'Q"",/

/° Node 8 */
void disconnect ()
( .
intk cnt_stage,
csw; /* csw for Center Stage sWitch. +/

/* Convert IL-m -> OL-n Dlsconnect Request to I(i.j} >< O(k,l) Format. =/
fonleft _line ():
convert_Line ():

/* Remove Connections as Requested. */
Ccsvw = space_in_mat(in_stage]{in_num};
space_in_mat(in_stage] (in_num] = Q;
space_cnt_mat{csw] (in_stage] = O;
space_out_mat(out_stage] (out_num] =~ 0;

* Update Tables. v/
set_link(space_in_link, in_stage, cs¥};
set_link(space_out_link, out_stage, csw);

/" Q7: Pack Connections After A Disconnect Enabled? </
if (rearrange_space == 1)
/T A3 = YES => Node C. =/

space_rearrange ();

}
/* AY = NO. ~/
else
/* End Space Domain.*/
( :
/" Q4: Time Rearrangement Required? +/
if (rearrange_time == 1)
/* A4 - YES -> Node D. */
(
time_rearrange ();
)
/* A4 = NO. */
| /" End Time Domain. */
return;

/o'.'r,-o.vaot."vw't,-'gtf"oiftftlv""ttf-tc9’ttt'*v"t"w'tt"'t"ttﬂ/

/' '/
;' This is the subprogram for BICA's connect - input to output. */
. */

/""'DOOOQ"'.tttt'!"vot.""'t.t'."t"t"""""""0"""""""'/

/""Q..D.."'.""’.'0,""""'.."0'""l'QI""""""'..'*'.""'."/

. /* This routine connects an input line to an output line through the - </
/* Space matrix. Variables are defined as follows: */
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0;

is the subprogramfor BICA's set idle link bit (to 1).

io[j] (k) - O; APPENDI X A . error-flag -

el se error-flag - 1; return(error_fl aﬁﬁPLACEMEMTSH T

This primative is used to set the kth bit of the jth rowo he bit

map specified by ioto "1." If the bit map contains n el engn szalndAPR/iSQZh

val ue of
el enent

> n, then an error flag is returned. Qtherw se, jthe / /* kth

D

is set to "1." - 62 - *7
APPENDIX A
/" o/
/T in_line: an input t. che space matrix, ./
/" 0 ¢~ in_line <= 255 </
/> out_line: an output from the space matrix, ~/
VA 0 <~ out_line <¢= 255 o/
/' '/
/* in_stage: an input stage of the space matrix, */
/" 0 ¢~ in_stage ¢= 15 /
Vit in_aum:  an input to an input stage of the space matrix, */
Vo 0 <= jin_number <= 15 */
/' '/
/° out_stage: an output stage from the space matrix, </
/e 0 ¢~ out_stage ¢~ 15 */
VA out_aum: an output from an output stage of the space matrix, */
/* 0 ¢~ out_number <= 15 </
/T */
/* cnt_stage: a center stage of the space matrix, </
KA 0, 1 <= center_stage <= 17 ~/
/" NOTE: center_stage ~ 0, means that no center stage of the v/
Vi space matrix has been assigned. */
/" center_stage = 1, ..., 16 means that the corresponding */
/' center stage of the space matrix is assigned. </
/* center_stage = 17 is the extra stage of the space */
/" matrix, and rearrangement is in progress. s/
/" _ */
"!""."'"""""""'"""""'"""""""""""""”,’"I.'/

/* Node A */
void connect ()
( .

int cswY; _ /* csw for Center Stage sWitch. -/
/* Convert IL-m -> OL-n Connection Request to I(i.j) -> O(k,l) Format. </

convert_line ();
/* Begin Time Domain. */
/* Select Lowest Numbered Time Slot Available for Connection. */
/° Begin Space Domain. */
/* Select Lawest Numbered Center Stage Available for Connectlon. ~/

csw ~ pump_link ();
/* Make Connection and Update Tables. */

space_in_mat[in_stage}{in_num) = csw;
space_cnt_mat(csw] [in_stage]) = out_stage;
. sSpace_out_mat(out_stage] {out_num] = csw.

/* Q3: Space Rearrangement Required? */
if (rearrange_space == 1)
/* A3 = YES -> Node C. */
; space_rearrange ():
/* A3 = NO. v/
else
/* End Space Domain. */

/* Q4: Time Rearrangement Required? +«/




I nt

K; I nt
io[j][k] -
return(erro
center stag
*center_sta

set_link(io, j, k) |o(16)[17]

1 error flag. 0,  else o TREOLACENENT SHEET

r flag); /' This is the subprogram for Bl CAs e eéf tmo
e switches. */ I nt sel ect cnt_st3ag F?
ge_pair; center_stage_pggr - (int )calloc(3, n ;;

APPENDLX A

if (rearrange_time = 1)
/* A4 = YES =) Node D. */
{

time_reafrange {():

)
/* A4 = NO, v/
/* End Time Domain. */

return;

}

/'t"'ot""' ".I'.""'.""IQ""""."'I'.""""""""""""I.’/

/' '/
/* This is the subprogram for BICA's get command. v/
/* .
/"""""".'t!'"".’Q'"."-"""QQQI'QDGQI""'."'1"""'7""""5
int get_command ()
(

int command ;

/* Test case for get_command. */
%E (command_count < commaand_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 = O => end. */
command = 0;

return{command) ;
/ttt*.t-t.npt PR PEPETR TR "tO*"t**titt'i"tt""’i'if?"’ti**t’ff'f”*'/

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

/* v/
/"'"""”f""""*’.f"!"”""’."fi"".’*".'”*""."Qf"*".t'i'/
void initialize_rearrange ()
( .

int . i;

for (i = 0; L ¢ 256; i++)

rearrange_3d.position{i].x = 0;
rearrange_3d.position(i).y = 0;
rearrange_Jld.position{i).z = 0;



/* select mddle stage switch pair */ center stagepair - inplenent_PM

(238 return(, center_stage pair); APPENDI X A Thi 4 REPLAGEMENT SHEET

subprogram for BICA's time rearrangenent. /* Node O / vdi
time-rearrange () 2 &4 APR 1997
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L
APPENDIX A
for (L - 0; L ¢ 15; i+=) '
(
rearrange_moves.move(i].input_sw ~ 0;
rearrange_moves.move(i].old_mid_sw ~ 0;
rearrange_moves.move(i].new_mid_sw = Q;
rearrange_moves.move[i].output_sw = 0;
] .
return;

)

/0-'Qt'f""Qt"!v"*'t’t'itl!!Itt"'"'t.""-"'l"""""i'tttttﬂ't’./

/* v/
/* This is the subprogram for BICA's space matrix initialization. */
/" ' v/

/vv0"""'t"Qvtv'tivtt't"tv"t"r""""t.votti"'t’t!'f""t't"t"'/
/vt'ro'9"Q'w"101'"'tt"'t""ftﬁt'o"'t'-"'tnotttﬁiﬁht't"'trg"trt"/

/°* This routine is used initially to clear (reset) the space matrices. =+/

/"""""'"'.."fﬂ*'*f""""f".""I".",."I".'."*"'**.'ﬁ""'/

void initialize_space_mat()

[ int i, j:

for(i = 0; i ¢ xtra_stage; i++)
for(j -.0;_j < xtra_stage; j++)

space_in_mat{i] [(j] = 0:

space_cnt_mat (1) [j] ~ O:
space_out_mat(i] (j] ~ 0;
} _
space_cnt_mat (xtra_stage] [i] = O;
}
return;
}
/t"."t"**',"'!"’*"'f’it'.t.""'"’.'ﬂ"t't"""".*""""*,’f"/
/' '/
/" This is the subprogram for BICA's initialize jidle link bit maps. v/
7 v/

/t-"tt"'*""'f!"’*'*t'..if"t!"l'.Qt"'t'*tf'f’t*"”"'.'t**'t'"1'/

/t"t'!’"0'f’"".fﬁ"i,t’i*"'t""'i'.f"’t.'Q"'I”""”f!'i*"i'i"/

The initialize link bit maps primitive (used only for start-up */
/* operations) initializes hoth the space input idle link bit map and */
/* the space output link bit map. All entries in the idle link bit */
/* maps are initialized to "1," indicating that all links are idle. v/
/."T""'*""."'**"*""'"""l""""'t'i*""**"'f*'i"*'*"""/
¥oid init_links()
- int i, j;'

for(i = 0; I ¢ xtra_stage; i++)
for(j = 0; 3 <= xtra_stage; j++)

space_in_link(i}(j} = L:



i nt

| ast ;

ti me_sl ot
();

i f (last
XtoB = 1;
return;

XtoA - O, Xt 0B - 0; char

/- Select Two Tine Slots for Rearrangenent. / sel ect
s (); / Find Connections to be Rearranged. * M\[@HEET
/* 06: Which Path Requires Least Nunber of Rearr,r& ot '
-- "A) XtoA - 1; el se | f (Iast 1))
hitl esstime-rearrange (); rearrangetine |- D4 APR 1997
ARPEHDIX 4

space_out_link" " (j) = 1:
|
]

- return;

)
/Ot .'I"'Q."v't"'l’".t""!""""I""'.",'..'."t."""""!"'t""/
/t '/
/* This is the subprogram for BICA's initialization. */
/' . t/

/"'v'-'1"0'""""'Q-Q'Irtr"I'tI"Qv't'-t"'ttttttt."'t"tt"tr'-t'v/
void 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 ()
initialize_ _rearrange ().

return;

}

/'*"’Q"'t'*"'!"'it"'fi'!".!t"I'f""lD"t'it'i'f"""”""'f'*."/
»

/t

/* This is the main program for Bowdon's Immediate Connect Algorithm. x/
/* */
/'r."1'f""'i"""'t"f!t"t'!t"""t"!' Q'f'*f"'f'*’t”'7**'*’**’*'/
main ()

int command ;

/* Start Program Flow Here. */
initialize (});

. do
(

command =~ get_command ();

/* Ql: Pair of Ports Presented for Connection? */
/* command = 1 => connect. */
if (command == 1)
/* Al = YES -) Node A. v/
(

connect ();

n = ne++;
} _
/* Al = NO. */
else
/* Q2: Pair of Ports Presented for Discconnect? */

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



[* This is the subprogram for BICA' s space rearrangenent. /
/ Node C void space rearrange () i nt R
XtoB - 0; i nt *cnt -'st agepai r; char

/* allocate nmenory for pointer to list of connections to be
cnt stage_pair - (int *)calloc(2, sizeof(int)) /* Sel ect
Stage Switches for Rearrangenent. nt stage pair - select
O); /* Find Connections to be Reaﬁranged ' flood sp

EPLAGEMENTOSHEET

st a0n o7
eht-—st-3g6 e

ace ();

APPENDIX A
if (command = ‘1)
/* A2 = YES -> Node B. */
(

disconnect ():
m = m++;
}
/* A2 = NO. */
continue;
}
}
/* command = 0 => end. */
while (command != 0);

.
}

print_stats ();




- 59 -  APENDIX A /* o=t ‘
Requi res Least Nunmber of Rearrangenents? */ if (last --';B AEENENf]SHEET

ﬁtoﬁ - 1 el se [ if (last -- B) ( XtoB - 1;
itl essspace rearrange () rearrangespace - O0; return; _ IRs19
t he subprogram for BICA' s renai nder function. ' ?’79 BRR 1997
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WHAT IS CLAIMED 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
patrix, 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 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 2 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 number of
‘rearrangement steps necessary for a rearrangenent
sequence through tne communications matrix from said
input switch to said output switch by first using said
first center stage switch and a second rearrangemént
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
seqﬁence and said second rearrangement sequence.

* [+ L ] s * .




This function produces the remainder after the divisor h

} 1
subtracted fromthe dividend as many (integer) tines as pos MET.MEMEN% SHEET
renm(di vi dend, divisor) int di vi dend, divisor; |
i nt remai nder;  if (dividend <- 0) r erpaifn
el se remai nder - dividend; whil e (remai nder 3%- dﬂgﬁng?‘B97
C remai nder - renai nder - dlg sor; return(renai-ngery Ak
This is the subprogram for BICA s quotteént functi on.

2. A system for determining the minikum number of
rearrangements for connecting an input gate to an output
gate through a rearrangeably blocked communications
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 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

) O A

rearrangement seguence.




/* This function produces the quotient by subtracting the diy

/* the dividend as many (integer) times as possible. I nt EH.ACEM%NT] SHEE]
guot (di vi dend, divisor) int di vi dend, T
- 60- ALYVENDI X A
di vi sor; " int quot i ent,  bmefi A APR 1097
quot i ent 0; i f (dividend <- 0) . - )
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3. A method for determining the mihimum number or
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 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 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 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

* c L M H *




t remai nder - O; el se : remai nder - divi dend.; -
whil e (remai nder >- divisor) remai nder - remain T

guot i ent - return(quotient); [ This is the subprogr ﬁ??gagéy¥§F;SHEET
convert /O |ine nunbers. /" This subprogram uses the quoti ¢nt ﬁng :

remai nder functions to convert 9/ / the 1/0 |ine nunbers for |ajcohfieBPRoB37

di sconnect to a pair of 1/0 [ | stage swi tch nunbers and I}/ Q_stage

switch pin nunber. : ' I~ 70aid - convgrt Line () [

i nt r -16 inline mnus 1,

out |ine nisequepce and said second rearrangement sequence as

determined by the smaller number of steps through said

square matrix.

* € L M ] *




inline mnus 1 - inline - 1; i nstage - quot (in_line_ RE &s: MEN’FQHEET
innum - rem(in_line_mnus_1, r) + 1; out line mnus 1 ne: «-1

out stage - quot(out line mnus 1, r) + 1; out num - ref put

mnus_1, r) + 1; return; [ This is the subprogramf¢ 2BJP(£\$%1997
print statistics - n and m I nt print stats {) _L* Test
case for print stats. */ printf g*g&c& performed % confect(s) and %

di sconnect(s).\n", n, m; - .
4. A system for determining the mininum -number -of

rearrangements for connecting an input gate to an output
gate through a rearrangeably blocked communicatiors
patrix, comprising:

a square matrix for representing the communications
patrix, 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
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
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;

determining means for determining, in parallel, the
nunber of rearrangement steps necessarylror a
rearrangement sequence through the communications matrix
from said input switch to said outpﬁt 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
uses said second center stage switch; and

* [+ L L] s *®



APPENDI X A I Qttip:

/ Node B/ void di sconnect () i nt cUsTage

, /* csw for Center Stage switch. */ /[ Con\erit élq m q7
OL-n Di sconnect Request to I(i.j) >( Ok,lI) Format. / cqgnyert BP) :
convert-line (); [/* Renobve Connections as Requested. cq4W l—space~i-Re-—-d
mat[in_stage][in num; space in mat{2n-stage][in num - |O;

This is the subprogram for BICA' s disconnect - input from OLREH_ACEMENT SHEH ‘

terminating means for terminating operation of gaid
determining means upon first determining the shorter of
said first rearrangement sequence and said second
rearralngement Sequence as determined by the smallér
nunber of steps through said square matrix.

- .

LT I




space cnt mat (csw] in stage]
V Updat e Tabl es. set |ink
| i nk(space outlink, out stage.

Di sconnect Enabl ed? / i f

Node C. */ ( space
/* End Space Donai n. */

if (rearrange tinme -- 1)

ti me-rearrange (3 A methbd

*/ retu

rearrangements for

}

gat
atrlxr comprising

- 0; spaceout mat (out st apRERCAGEMENT SHEET
(space in link, instage, csw) set :
csw); 07: Pack ConnectionsjAft 997
(rearrange_space -- 1) /7 gghfhﬁﬁg ->

rearrange (); / A3 - NO Vv etse
/* 04. Time Rearrangenent Reqwred’> "

fF*7B4-- YES -> Node D. _
£6¢ aePSmining’ the minifimFRAmbeE®POMAI N

connecting an input gate to an output

e through a rearrangeably blocked communications

the steps of:

representing the communications matrix by an array
naVing a first dimension and a second dimension, said
girst dimension representing a plurality of input stage
gwitches of the communications matrix, said second
dimension representing a plurality of output stage
gwitches of the communications matrix, said array having
a plurality of cells, each of said cells representing an
jntersection of said first dimension with said second

dimension and representing a possible center stage switch
connection through the communications matrix;

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 palrs, 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.

* c L L] S *




[ This is the subprogramfor BICA' s connect - input to outpuf——=""

/[ This routine connects an input
space matrix. Variables are defined as foll ows:

-62- APPENDI X A / i n Line;
I nput t. che space matri x, O(- inline (- 2p5 / out_
an output fromthe space matrix, / - 74 - 0 - out_|ike~{—255

I 1.
*/

|REPLACEMENT SHEET
line to an output line througB,1 f}fpi‘ 1997

Ilne.

6. A system for determining the minimum number o»g
rearrangements for connecting an input gate to an output
gate through a rearrangeably blocked communications
patrix, comprising:

an array for representing the communications matrix,
said array having a first dimension and a second
dgimension, 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 said input switch to said
output switch by first using said second center stage
switch; and

* € L M L *




/ in stage: an input stage of the space matrix, / LGt
stage <- 15 : Il i rACEMENT SHEET
input to an input stage of the space matri X, /

0 <- in_nunmber G 15 1/

*/ * out_stage: an output stage fromthe space matrix. 24 APR 19‘:’70

<- out_stage <- 15 [ ¥ Qut.-nunl

an out put from an output stage of the s7p%ce matri X, 0 <-

out - nunber <- 15 terminatin

*/ &
center staae, of the space natPpans for terminating opexat:.on oe said 0,

1 - center 44tRFPINiNg means upon first determining theé shorter RPTE:
center stagesaid, fimlsréi!@faxé@eﬁ&%eée&ﬁ@ﬂ@eqn&hgald seco d

space matrlx has been assi P

center stage z:'%ng ment 9@qWRRGR- that the corresponding / /

center stage of the space matrix is assigned. center stage
- 17 is the extra stage of the space /1. matri x, and
rearrangenent is in progress. Node A/ void connect ()

i nt CSW, / csw for Center Stage sWtch. [/ [/*

Convert IL-m-> OL-n Connection Request to I(ij) -> Q(k,|) Format.
convert line (); /* Begin Tine Donain.
*/

* C L M § %



/* Select Lowest Nunmbered Tine Slot Avail able for Connection.

V /1 Begin S Domai n. -
o Se?glc'? Lgaggt Nlrjmnl)gred Center Stage Avail able for Con 1BEPLAGEM&“/ SHEET

punp link (); Make Connection and Update Tabl es. ~ spacefih mat[i
stage][i nnum - csw, "space cnt mat[csw] [in stage] - oufstadey APR 1947
space-out mat (out stage] [out num - csw, /* 03. Space Rgafrangenent
Requi red? */ if (rearrange space 16 D - 1* A3 -

space_rearrange (); /" A3 - NO el se /* End Space Donain. /

[* 04: T| me Rearrangenent Required? */
METHOD AND SYSTEM FOR SELECTING AN

OPTIMAL REARRANGEMENT SEQUENCE FOR
A CROSS~CONNECT COMMUNICATIONS MATRIX

STRACT. SCLOSURE

A method and system for determining the minimum number
of rearrangements for connecting 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 ocutput stage switches of the
communications matrix, and wherein the square 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 sYsten terminate
these number determining functions upon first determining
the rearrangement sequence requiring the smaller number of
rearrangement steps. .

FIGURE 5.



- 63_
node 0. /
[* End Tine

get command.

APPENDI X A

If (rearrange tine - 1) . A4 - YES ->
ti me-rearrange (); [ A4 -
Donai n. / return: /* This is the subprog aB\AQEME“EASﬁEET
i nt get comrand () i nt command;

/* Test case for get-command. '/

128 TIME SLOTS PER INPUT
FROM [/0 SHELF TO MATRIX ¢, cc
/

~

4

62 /

I f (comand count (com

1

56

¥

rand-2edAPR 1997

128 TIME SLOTS

/

ONE N(17,16,16)

SSS

A MATRIX PER TIME SLOT

92

™~
128 TIME SLOTS PER
MATRIX OUTPUT TO I/O SHELF

34 FIG. 1
86
16XI6 gg  17XI6 I
1 §284/ 12
D& 116 .
1 ®
2t \N/.12]: 2
. : 116
1
: 171 - |16 :2
16 1617 _~f128 Tive
SLOTS

LOGICALLY ONE N(17,16,16) MATRIX PER TIME SLOT

56

J
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/[ command - 1 -> connect. /
in line - conmand count;

command - 1; .
out line - commndcount:

conmand count ++;

(command count -- conmmand end) /[* command - -1 -) Al {
command - 1 comandcount ++; el se /* compand - 0 ->
end. */ command - O; } ret urn( conmand) ; i1 ThisAPR #492
subprogram for BICA's space rearrange initialization. voi: d
initialize-rearrange () i nt - - | ' .
L =
rXr 96 100~ mXn 102 38
_ AZl
1 1 : 2
. FIG. 3
— 1
2 1. N
. . I,
1
2
m . : r :
n - . * L ] L] n
110
114 '/
NG {;ERE
8 112
7
&
£6
=s ~B|
FIG. 4 &
4 122 |8 | A
PICIME ~-118
NO B
1 A -
k.1 HERE
BLOCKED/ 77 8

L 2 3 4 5 6 7
SWITCH 120 QUTPUT SWITCHES
121

E

LBGEMENT SHEET




e —————————S

for (i - 0; i < 256; i++) rearrange_3d. posi ti on[i REPLAQEMENT SHEET
rearrange_3d. position[i].y - O; rearrange_3d. posi tijornt "0
* b4 - APPENDI X A foi (IN’R 997' <
15; is++) rearrange noves. nove[i].input_swi{- {0; 4
rear rg@hge noves.rnove [i] old md sw - O; rearrandge L_.
novesgnovel[i].newmd sw - O; rearrange noves. novg[i].output _sw -
n- “return: - 3 - e
BEGIN TIME DOMAIN
_ Y /150
SELECT LOWEST . 1
NUMBERED TIME l /62
SLOT AVAJLABLE SELECT 2 CENTER
FOR CONNECTION 152 STAGE SWITCHES FOR
T/ REARRANGEMENT
| BEGIN SPACE DOMAIN 7
Y 154
e 1| [
NUMBERED CENTER /
| 192 FOR CONNECT[ON
AR 196) _ pAmH. Rsoumes
REMOVE CONNECTIONS [ MAKE CONNECT{ON f T NUMBER OF
AS REQUESTED REARRANGEMEN
! L UPDATE_TABLES 168
UPDATE TABLES ;
: REARRANGE

S
196 194

PACK
NO _CONNECTIONS AFTER
A DISCONNECT

.| DETERMINE CONNECTIONS
{10 BE PACKED IN SPACE

204

PACK CONNECTIONS
IN SPACE USING
A HITLESS ROLL

4

DETERMINE CONNECTIONS
TO BE PACKED IN TIME

Y

PACK CONNECTIONS IN
TIME (AUTOMATICALLY
HITLESS)

!

\
208

206}

CONNECTIONS ONE
AT A TIME USING
HITLESS ROLL
|

178

rEND SPACE DOMAIN]

YES
REQ(:!, [RED

176

NO

180"
182

y _/
SELECT 2 TIME SLOTS|
FOR REARRANGEMENT

y

FIND CONNECTIONS
TO BE REARRANGED

I
PATH REQUIRES
T NUMBER OF
REARRANGEMENTS

184 186

REARRANGE
CONNECTIONS ONE
AT A TIME (THIS IS
AUTOMATICALLY HITLESS

oy

1
[ END TIME DOMAIN |
<
190

- 1

¥ N
188

FIG. &5




/[ This is the subprogramfor BICA s space matri X |ri|t|aI|z t mmmf SHEET

This routine is used initially to clear (reset) the space

voi d initialize space_mat() int i, j; (i [
xtra stage; i++) for(j - 0; j < xtra stage; j++) 2# APRGQ?
spaceinmat[i][]j] - O; spacecntmat[i][j] - O; l
spaceoutmat[i][j] - O; space_cnt_mat(xtrastagel [T - O,
return;: ) /. This is the subprograntfér-BICA' s initialize idle link bif
maps. */ The initialize link bit maps prinitive (used only for
start-up */ NO A*HERE 110
8
7
(72
Ll b
= AB
FIG. 6 3
— ¢ 8 (A
>
$3| 8 A
2 B
NO B
] A HERE
1 2 3 4 35 6 7 8
OUTPUT SWITCHES
NO A H 110
- NO +ERE /
8
7
g
~ =F AB
FIG. 7 &
)
E3|8 A
2l |®
NO B
e " HERE
1 2 3 4 5 6 7 8
QUTPUT SWITCHES
NO AHERE 110
AL £
8
7
gs
£5 AB
FIG. 8 &
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2310 |®
2 B
. NO B
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2 3 4 5 6 7
OUTPUT SWITCHES



/- operati ons) initializes both the space input idle I I nk bit mA@EMEN'p SHEET

entries in the idle link{bi

the space output link bit map.
"indicating that all

int i,
(- xtra_stage;

are initialized to "
init _Iinks()
for(j - 0O; ]
-65-

i

FIG. 9
FIG. 10
FIG. 117

Al

links-are idle.

2 3 4 5 6 7
OQUTPUT SWITCHES

if+4) 2‘! AP*OM?
1o 1;

TIMPJ

for(i - 0; i ( xtra stage,
j ++) space-in-link[ii] [
- 5 -
NO A HERE 11e
AR ¥
8
7
§;‘Ei
g5 AB
=4 B]A
538 A
[ 1
Z9 Qﬂ‘
. NO B
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2 J 4 5 6 7 8
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A H 110
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8
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8
7
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space_out _ link [j]-1; return,; [* rhis is the subpr PMGEMENT SHEET
BICA' s initialization. : */ voi d initialize
O { /. Test data for commands. */ n - 0; m- O; 2 4 APR 1997
comand- count - O; rearrangespace - O; rearrangeting -| O; /
Initialize all matrices. */ init |inks(); initializg ace mHt—=)-
initialize rearrange (): return; . ¢ _ ]
NOAiHaiE 110
8
7
& 6
T
Ss AB
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Xl 8
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| mredi at e Conng

[* This is the main program for Bowdon's W
mai n () I nt conmand,; [* Start Pr )B &Eﬁéﬁ
initialize (); do command - get _command ()] /* 01
Pair of Ports Presented for Connection? */ /* cqm anziq APR- 1997
connect. */ I f (command --1) /* Al - |YRS =) Node A. 1/
connect (); n - n++; /* Al - NO */ el'se
/* 02: Pair of Ports Presented for Distconnect? */ [ * command
-1 -> disconnect. */
' }20
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APPENDI X A if (command - 1)

-66 - _ . ‘_
* - - de B. di sconnect () m I3 -
;* g Nz{)ES 7o econti nue; /[* command - 0 ->end. */ whi Ié WEMENT SHEE]
print stats _ : 2 4 APR 1897
. o8-
FIG. 16
SPACE_IN_MAT[IN_STAGE.IN_NUM] SPACE_!N_LINK[IN_STAGE.CNT_STAGE]
12 3/ 222 1 2 3 4‘% 2%
110f{0f0}o0 ~ LI IO T T O O
210f(0(0}]0 211411111
Jjojojaolfo I R T T O I O A I |
4o]0fo0fe sfr ] [
CNT_STAGE . IDLE_STATUS

SPACE_CNT_MAT[CN T_STAGE,IN_STAGE]

1 2 3 4 234
,—l
t1ojojo]o
2{0(0f0fo
J|ojojofof
4/0({0({0]0
X[o]o]o|Q
OUT_STAGE

SPACE_OUT_MAT{OUT_STAGE,OUT_NUM ] SPACE_OUT..LINK[OUT__STAGE.CNT_STAGE]

1 2 3 4 236 1 2 3 47 x 240
11o0f(o0fofo -~ LI I O IR I AR A ~
2]0f0lofo 291ttt
J1o0jofofo Jitlti1{111
410 ofolo L3 BN EA D1 BR B IR I

CNT_STAGE IDLE_STATUS



-67- - WHAT IS CLAIMED | S: 1. A method for determning
nunber of rearrangenents for connecting an input gate to an,
t hrough a rearrangeably bl ocked comuni cations matri x, conp
of : representing the communi cations matrix by an array

di rension and a second di nension, said first dinension repré¢
plurality of input stage switches of the comunications mat
di mension representing a plurality of-oUtput stage switches
communi cations matrix, said array having a plurality of cel

the m ni num

output gate
REPLACEMENT SHEE

‘llrgct|l131

1 LhTARR 9%

ot_the

cells representing an intersecgg of §a first dinension
di mensi on and representing a p

S, eac_h of said

ter stage switch connection

t hrough the communi cations matri x; identifying a bl ocked center stage
switch of the communications matrix in ternms of said first dinension
and- sai dSPACEQINI MNTIINDSTABE; IN_NUM] SPACE _IN_LINK[ IN_STAGE,CNT_STAGE
: ) 4 X
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identifying a pair of center stage switches conprising a first center stage
switch and a second center stage switch, said first center s @@WEH
bei ng associated with the sanme output stage switch as said o bbbt
stage switch, said second center stage switch not being assdcifated with the
sane input stage switch as said bl ocked center stage switch; 24 APR 1997
determ ning, in parallel, the nunber _ﬁiﬁ?re_arrangerrent st eps |[ngcessary for a
rearrangement sequence through the comiuni cations matrix frgmsSara 1ropat™—===
swtch to said output switch by first using said first nt e e
and a second rearrangenent sequence through the cormun;Z @tions matrix from
said input switch to said output swwtch by first using said second center

stage switch; and ‘term nafl i@ saifi Qeternining step upon first
determning th horter of said Bbr st rearrangerreqbosequence and said
second rea@@an seggience. e 98 SX4 102 - 68 -
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2. A systemfor determning the m ni num nunber of rearrangenents for
connecting an input gate to an output gate through a rearrafg
comuni cations matrix, conprising: an array for represfe
comuni cations matrix, said array having a first dinension fand a second
di nension, said first dinmension representing a plurality offi POty KMD98q7
switches of the comrunications matri x, i d second di nensi on kepresenting
plurality of output stage switches of the conmuni cations na f weeese
having a plurality of cells, each of said cells represent]

intersection of said first dinmension with said second di mefSTon and T
representing a possible center stage switch connection tg(ough t he
conmuni cations matri x; nean??ZQF idzhﬁ%fying a bl ocked center stage
switch of the co ni cations matTi h ter of said first dinension and
sai d second djgren 90 g4 a pair nt egg st age sMOgE ising a
first center &tage rtch and a sec entgr stage sw i g-first
center stageléﬂﬂ%*rﬁmﬂ f fet-Ceh age switch
as sai d bl ocly tage switchl saidlsecond centgr_s ht ch not
bei ng associ%ted it t sanme i npdl S witch as/sai d blocke? center
stage switch; det ef\rixi ng ngang for @etrm ni 79,41 n pagallef, the
nunber of reé&rT e cesg aNexr +sequénce
through the comuni cati o) i Xx/ffrom saig\in S ) ch to said output
switch by first using sal\d\Virsy\/center stagg/sw\gh/rand a second
rearrangenent sequence tH gh communi cgf\ ons frix
1 \\/a ‘\ fe e o o 'l ‘__1
2 | =< \ h =>< 9
3 2 ‘\‘ 2 3
R - / - pr—
4_____[><\4 \\ /’,/ \\N..._..4
\\ \\ //
\ 1
| AW ¢
1—”\\///K \ = \\//““1
I—N LYAAN ~ — 2
3 —P ] DL
\ Ve
4 —— N \ L e o ] v — 4
\ Yo
\ \ “
\ \\ \
\\ ‘\
11— A L\ S, mamd

4 ——— R N—
vy
N vy
\\ v oy
\\\ \\\ \\\
\\ Y
\\ \
226 S\
e
LEGEND: 228
230 -—=—- £ IDLE LINK
BUSY LINK

g SWITCH CONNECTION
232



fromsaid input switch to said output switch by flrst _usi ng ' .
center stage switch; and - term nating means for terninat |REPL(M}EMENBrSHEET
of said determ ning nmeans upon first determning the shorter

rearrangenent sequence and sai d second rearrangenent sequencle. 24 APR 1997
- 69 - 3. A nethod for determning the m ni num nunber{ o
rearrangenents for connecting an i npw ate to an out put gatb
rearrangeabl y bl ocked communi cations matrix, conprising the §teps of :

representing the communications matrix by a square matri x havrmg—=
plurality of rows and aplurality 1TZ'C?_OIU said rows representing a
plurality of input stage sw tches n| cations matrix, said
colums representing a plurality of output stage switches of the

Ceprosenti AR PeT S NG, G 7oAk od Ol el Srdeer™ © °°!'°

representing a possi centfer stage switch connectj/on throggh the
conmuni cat i ons |
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matri x; i dentifying a bl ocked center stage switch of t o
conmmuni cat i ons matrii ig terms of said rows agd sai d col umsj; EPLACEMENT SHEET
identifying in terns of said rows and said colums a pair of} qenter stage
switches conprising a first center stage switch and a second cen

switch, said first center stage switch not being associated with the sane
out put stage switch as said bl ocked center stage switch, said s o=
stage switch not being associated\MtTJi%m?sane i nput stage switch as said

bl ocked center stage switch; determining, in parallel, the nanober or
rearrangenent steps necessary fqQr _a rearrangenent sequence through the

communi cations matri x from sai dFﬁ@jt sﬁfch to said output switch by
plurality of steps through said square matrix to first use said first

center stage switch and then a second rearrangenent sequence through the

comun <apkeeey AT SHEENEILAI "DU SPAGE S AT SugERRTSE] o 111!

use said sec ce S ch; I'ngsail et erm ni ng
step upon first ' m nigg the shorter of sai rst ?}rangement
2 | X 238
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-70- sequence and said second rearrangenent sequen'ce.as de‘ﬁm'
smal | er nunber of steps through said square matri x. - RBEMENF gﬁEET

-71- 4. A system for determ ning the mni mum nunber {of
rearrangements for connecting an input gate to an output gatle]|t & bulRR:1897
rearrangeably bl ocked conmmuni cations matrix, conprising: a_square

matrix for representing the conmunicati Bs_matrix, said array having a

plurality of rows and a plurality of colums, said row representing—a
plurality of input stage switches of the comunications matrix, said
colums representing a plurality of output stage sw tches2# the

comuni cations matrix, said having a plurality of cells, 'e’ach of said cells

representing an F_[G 22
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intersection of said row wth said colums and representin

center stage switch connection through the connun?cations ga B“EERCQ“ENT SHEEI
means for identifying a blocked center stage switch by establi ghing a
connection through a dedicated center stage switch of the copmuniaciat APRY987
matrix in terns of said rows and said col umms; a pair of fenter stage
switches identified by said rows and sajgl col ums and conpri i a st
center stage switch and a second center stage switch, said flrst center
stage switch not being associated with the sane output stage swtch as said
bl ocked center stage switch, said second center stage switch not being
associated with the sane i nput (gbe ;gﬂgch as sai d bl ocked center stage
Swi t ch; determ ni ng neans for determning, in parallel, the nunber of
rearrangenent steps necessary for a rearrangenent sequence through the
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- 72 - term nating neans for termnating operatlon of

means upon first determning the shorter of said first rea RERbAGENENT SH Ea;
sequence and sai d second rearrangenent sequence as determ fe '
smal | er nunber of steps through said square matri X.

- 73 - 5. A nethod for determning the m ninmum nunbe
rearrangenents for connecting an input gate to an output gat
rearrangeabl y bl ocked conmuni cations nmatrix, conprising th
representing the communications matrix by an array having :
and a second di nension, said fi di yon representing a plurality of

| nput stage jer;- ”E?Ei
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swi tches of the conmunications matrix, said second di nensi

plurality of output stage switches of the communi cations ngt ‘Bﬁ@@% T
having a plurality of cells, each of said cells representing [a
intersection of said first dinension with said second di nengi on anhAPR 1997
representing a possible center stage swi tch connection through ?

conmuni cations matri x; i dentifying 1[a7 rearrangeabl y bl ocked—eenter—stage
switch of the communications matrix interns of said first finension and .l
sai d second di nensi on; identifying a plurality of center—stage swtches

conprising a first center stage switch and a second cent @820st age swi tch,
said first center stage switch not being associated with-he sanme out put

stage switch as said bl ocked ce ag tch, said second center stage
switch not being associ ated Wthpezgsarfgswput stage switch as said

bl ocked cent st3he swit g dbermning in pardldel for @pch of said
pairs, the n &er \pfX3 ear§ ngenent & &5% %essa‘ry fo enent
sequence thrg -£.al et L romsai.d.y ifgh to said
output switch by first @sing said f Swi t C second
rearrangenen seq Jenl:e 1 X d i rixi frlomsajd i nput
switch to saPdoul] i i i age
switch; and 4 —ter+ i } g t4er m ni ng

the shorter of sai I
rearrangenent sequence.
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- 74 - 6. A systemfor determning the m ni rru.m nunber cﬁEPLACEMENT SHEET

rearrangenents for connecting an input gate to an output gate I I e
rearrangeably bl ocked conmuni cations matrix, conpri sing: an arr for
representing the communications matrix, said array having a firstzgiﬁﬁﬁsﬂﬂﬂ
and a second dinension, said first dinmension representing a glyrality of

| nput stage switches of the conmunications matrix, said second di nension
representing a plurality of output sthdb swi t ches of the commni-cati-ons

matrix, said array having a plurality of cells, each of said cells
representing an intersection of said first di mensi on wi t¥&ai d second
di nensi on and representing a possible center stage swt connecti on

t hrough the communi cations matrips ns for identifying a
rearrangeably bl ocked center stdEE[Q%Mtéaggy i ndi cating a connection

t hrough a degicaf2d centﬁr stage s@6tch of %he connﬂﬂﬂcations16?trix in
terms of saitl fir'st4*di me/éi on and s‘@iﬁ‘*sec% d di mensi‘oRX4 ,
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a Iurallt of pairs of center stage svmtches co r|5|n a fy eft-ef
stgge SW t%:/h ang a second center s'?age sw t ch, sgPd fi rgt c rﬂmLABEMﬁNT SHEET
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