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TECHNICAL FIEFLD OF THE INVENTION

The present invention is concerned generally wi
electronics and more specifically with communications
systems. Even more specifically, the invention is
concerned with a method and system that eliminates delays
in reswitching matrix configuration network devices when
connections must be rearranged to permit signals to flow
through the devices.

Even more specifically, the invention is afso
concerned with a method and system for maintaining
hitless connections in a cross-connect communications
network while rearrangement operations in the
communications matrix take place to eliminate service
delays and interruptions during the network

rearrangements.
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Connum'cﬁg'onsbetween input gates on input switches and output gates on
o output switches. Known designs for such cross-connect

ﬁ devices make use of matrices to connect the input gates

§ to the output gates. To limit the physical space and

1 manufacturing costs of the matrices, designers seek to

10 ‘minimize the number of cross-connects in the matrix.

This objective becomes more complicated as market demands
for communications services increase. In particular, as
network devices address larger markets, the devices must
3 service more and more input and output signals. These

Toh aB e e af AR e Lo

15 . factors exacerbate the space and cost limitation prcblems
even more for communications matrix devices.

One matrix configquration that uses a minimal number
of matrix cross-connects for a given number of input
gates and output gates and that provides a potentially

20 optimal solution is known as a "“rearrangeable" matrix.

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

In a re.rrangeable network, it is always possible to
unblock a flow path from an idle input gate to an idle
output gate by moving existing connections in the
network. The term "rearrangeable," therefore, describes
the property that for a given state of a network and any
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fk whil e rearrangenent operations in the comunications matrix’ t ake
g to elimnate service delays and interruptions durln t he--network. '
fingenent 31AD004 . BACKGROUND OF THE I'NVENFF APBIJCAZIION
g connect conmuni cations network devices, such as’ the 1631 SX
fictured by Alcatel
. given idle pair of input and output gates, the existing
connections cof the matrix may be reassigned to new paths,
if necessary, to connect the idle pair.

Existing methods and systems for connecting inputs
+o outputs in rearrangeable matrices generally use a
standard rearrangement technigque that determines Vhich
cross—-connects of the matrix to rearrange to permit a
signal to flow. N.C. Paull in "Reswitching of Connection
Networks," The Bell Svstem Technical Journal, May, 1962,
pp. 833-856, describes this known method for unblocking a
rearrangeable matrix. This method (hereinafter referred
to as Paull’s Method) suffers from a major limitation.
Paull’s Method requires breaking some of the cress-
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 immediately connect
idle input gates to idle output gates and, if a
rearrangeably blocked condition occurs, rearrange the
matrix after the immediate connection. The present
invention achieves this object with a minimal amount of
additional circuitry and avoids the service delays and
interruptions of known reswitching methods and systems.

It is also an object of the present invention to
provide a method and system that rearranges existing
cross-connections through a rearrangeable matrix by
immediately connecting an input gate of an input switch
through the matrix to an ocutput gate of an output switch
through a dedicated or extra switching element of a
center matri:.. switch and, if the connection causes a
rearrangeably blocked condition, detecting the
rearrangeably blocked condition, after which the
invention executes a method for performing a "hitless
roll" of the signal from the extra switching element to
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Net W ystens Inc., are designed to nake connections between-input gates .
on i rggut switches and out put gates on output sw tches. - Known" des ns tor
such ‘ﬁoss conf@dPOB&vi ces .make use of matrices to co@ . Hg Tﬁ%yes

to tHgg output gates. To limt the physical space and ﬁanufacturlng costs of
the n <r|ces designers seek to -mnimze the nunber of cross-connects in

the rfirix. Th o PRLECLLYE-RFAOTES ABLE GATBhECALES.ESRLR pyoTRads (o1

co ﬁ_cat|onsa§8 I'NCrea as ne i CéSTaddr ess
| ar gef nar ket sgellketdpgi 8esebust sefmf:bengoeéeaautrrpum nﬁmmaaéllogtfput

si gnafs. Thesegggcg%éc X3geehahentlecgpaae aBAtepSkwitaht 8bi #8Rr gbl ens

even fore for COMMNicati ois matrix devices. One nmairix configuration
t hat } es a m plERlAG¥LEE BPSRAPLPXCOPBeStioRNEPREiTRFatignFeAtABNEER of

i nput goat es an W%ﬁttple&%he&h.@ﬂdghh&hepb@wtdﬁs samahe(n&xathmﬁgt thel
sol ut Bon s kno as_ a . "rearr eab ; érIX §For t - egrngngeable
natrlﬁ; t he nuﬂﬁéﬁcéFeéeﬁF&F éﬁpﬁ el P EXEEEA the nunber
of ing ut gates searexdng fput thei tm:.m.mmt pathasetx retminingathengdéakimem
4 number of rearrangements of pre-existing connections of
the matrix configuration and then reswitching the matrix
10 according to the minimum path set while maintaining all
; signal flow from all input gates of the input switch
ﬁ through the center switch and to all cutput gates of the
i output switch and removing signal flow through the
dedicated switching element.

It is an object of the present invention, therefore,
to provide a method and system that connect input gates
to output gates while permitting both rearrangement of

%ﬁ the matrix and uninterrupted signal flow through the

| matrix during the rearrangement. The present invention
achieves this object with a minimal amount of additional

‘ circuitry and avoids the service delays and interruptions

(% of known rearrangement methods and systems.

1 It is alsoc an object of the present invention to
provide a method and system for rearranging a
rearrangeably blocked communications matrix and
maintaining hitless connections of previously connected
signals by forming an immediate.connection configuration
of a predetermined input gate to predetermined output
gate through a dedicated center stage switch, and then
using a predetermined center stage switch other than the
dedicated center stage switch to establish a parallel
connection configuration through a dedicated center stage
switch and a predetermined center stage switch from the
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ﬁere exists a set of conditions such that, althou the—dev1ce

matr i
does #Ot usegzUBO24put gates and al | output gates, 'g?f% FHRTLC
i dl e @nput gate and an output gate is prohibited beca existing -

conn.‘_lons bl ock the signal flow through the mattiX. This nay happen, for

exanpge, if existin conpeetions alre dy y o] Kk every
possifl e patpreff g ﬁhﬁﬁg gﬁg g$§§3?%£§§§§ |§ﬁtbhe g%%e
re-rrf geablgn@etmamkrearrasgahgaysnpestlbhe tbroughotkea flow path fron1an

ide g t gate to ¢tion n
e ol oo et L BhE BULRdL 0ALeLRYgOULO0cBxLSLRS canRger ons N

t hat gmr a ggye@eS$U;bcbfua ﬁétﬂblkshnﬁa§ﬁ9lel connections that
; maintain signal flow through the communications matrix

and that includes the dedicated center stage switch and,
once the parallel connection are established, to break
connections through dedicated center stage switch. The
result is that by the invention using the parallel
connection from the input gates (herein called a head-

4 end-bridge) and to the output gates (herein called a

; receive—-end-switch) through the dedicated center stage
switch, hitless rearrangements of communications, matrix

S s e B e e

connection are possible.

This Sheet Has Been Replaced

B




en9ﬂ6P8 pair of input and out put gates, t@?%ggﬁnﬁgﬁf%ﬁﬁﬁﬁﬁylons of

i i x may be reassigned to new paths, if necessary te connect . the
bair. Exi sting nmethods and systems for connecting inputs to

out p@Es. in h;aergggcambezuato?cgggggggggﬁtg use a stdndard rearrangenent
t ech *que eferm ch.crqgss-connects of the matrix to rearrange
to pge nlt a S|99§P9FO°EP8ﬁ'shﬁe§ YRRtages RES IRPR TP o 2D PesEi on
Net W "uﬁggraebbdsygtesteehcecab ther fal 1owhyg dé&ihlﬁmuo§38f856

bes t

ot ) (neteiRaTTaryar shpaqt Renbl e, Pl g IR oA LeRAR & TR ey o
|i i &t i on«nBPaattoBPABYRDY dsquines,bwh@keng sone of the cross- connects
and ifgking somerekhae 9f EHEwS! 59eCoPRE  Solfed g HRIBLT I X, TH S
prOCLaure takes tine and results in undésirable service ays or
i nt e uptldﬁ§5§@?lﬁgth embedded three-stage space matrix (SS$S);

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

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

FIGURE 4 introduces notation for understanding the
preferred embodiment;

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

FIGUREs 6 through 14 illustrate an example of the:
sequence generating portion of the preferred embediments;
§ and

FIGUREs 15 through 34 illustrate a simplified space-
domain example of the preferred embodiment;
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04 PATENT APPLICATION
ar?&ﬂa%nent. It is an object of the present inventdion,

t her & to provide a nethod and systemthat |nnedyatefy ‘connect |dIe
i nputggates to idle output gates and, if a rearrangeably bl acked condition

occurgg reaéﬁggggg_jmﬁst;Pmmeﬁtmr 1g§:ngBNmrmme Connectlon The present
: eves

i nvergd on a n bj ect t

circugiry and avirt dé] Jf%g ie‘r Vi c%gztcﬁﬁ %/a@'qhd in r&% “ons % %mown

r eswi §ichi ng . get herksv hiels sfst epennection tarnid tEsdo apeesls) €or o thee present

i nvenfgi on to v, h qgﬁz i aty o &gl HFEHPED! i
crossgjonneétg%ﬁ b?ﬁ %o éap(%aa ﬁM%% egaaf¥{x by |nn§h|aﬁgl _connecting
an i nfut gattgeoiﬂlfh $R V!s%tcﬁmﬂﬁ ckiyIR tHyenitage « F e ~ gate of an
out pug 'SWI t %fé ﬂéea'rﬂx@é“ pﬂsssbprdpxigﬁmmdlcﬁlmﬁdewineﬁtmgcent er
matri g fi-a t he_connection causes a.r.ear rfongﬁlatia‘%q c.ked
condi&,on détéb¥|ﬂﬁ Yﬂ r%%rrdﬁb 3F9ﬂ€;§&ﬁ h the
i nvenfi on exegygées2 athet htiirdagh pestmect iupsa Stiddresscto|id Wirdehe si gnal
fron}:?._ex%;%tggnéﬁgéggsgésgePésgf designated generally by

reference numeral 56. Three center space stage SSS 56

mat r

i

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 €0
and the center space stages 56. Input time stage 52 uses
128 time slots per input 62. The time slots may be
represented by the connections 64 between I/0 shelf

! inputs 62 to each time slot 66 of matrix 56. Center

% space stage 56 includes 128 time slots 66, each of which
| time slot 66 includes a N(17,16,16) matrix. The number
17 of time slot matrix 66 represents the number of center
stage switches; the first number 16 represents the number
of inputs to each input stage switch, and the second 16
the number of input stage switches. (By symmetry, there
are 16 outputs from each output stage switch and 16
output stage switches.) Output time stage 60 uses 128
time slot connections such as connection 68 for each
matrix output 70 to an I/0 shelf.

In FIGURE 2, center space stage 56 is represented
mathematically as a three-stage connecting network cube
of matrices 72 for each of which the symbol N(17,16,16)
fully describes each of the matrices. Thus, for each
N(17,16,16) matrix 72 there are in the example of FIGURE
2, 16 input switches such as input switch 74, for which
€ach receives 16 input gates such as input gate 76. The
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910004  angther switching el ement in tHE Conter sbrd TRy -

ecting a set of swtching el enent pairs fromall-of .. .the -
el enents of the center switch to forma plurallty of possi bl e

confi_gur h t t nter switch
(ex ﬁﬁ,;aldé’é‘lg‘?a?g% ?h% atée%lgvm&anggk G? gﬁgﬂ?}a%t Qgsmﬁcks
sear f(gljdushnﬁMQﬂEMPséﬂﬁn§e§ refuF F6 Ethefﬁ¥n?%ﬁh1thﬂﬁbéi°§ﬁ

e n}'ErScmOfeaF&;e‘i%h%t s tERANNECHd ODSpet switch-center switch
connections 78 to the center switches such as center
gwitch 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
86 make up the time slot-to-~I/0 shelf connections 68 of
FIGURE 1 for each time slot.

Connections are made between input gate 76 and
output gate 86 immediately using the present connection
technique. This technique sets up a connection by using
a route through input switch 74, center switches 80 and
output switches 84 that attempts to use the most used
part of a matrix 72 first and the least used part of the
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
hecessary 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
30 rearrangement. Similarly, in the space domain,
Tearrangement uses a dedicated or extra center switch.
For example, referring to FIGURE 2, center switch 17 may
be the dedicated or extra center switch. The present
Connection technique automatically uses the dedicated or
eXtra element (either the dedicated or extra time slot in

el T —— e - . 8
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t he ceDafdr ati on and then reswitching the Y %ﬁﬁﬁﬁ%ﬁ;ﬁfﬁo t he
m ni set while maintaining all signal floow.fromall input gates of
t he switch through the center switch and -to akl output gates of the
out tch and re 3roRak fbatchbequabntle sekge caheeirWiAching
ele the (=5 gﬁﬁ% ?éct g? E ?esent ?ﬁvent?on therefore, to

meg o dspane SPFEdm) t HH?—ncBnﬁééFrPﬁﬁﬁﬁbb&t Bioekeqd FIRALYHEPRS whil e

per tﬁéigjgﬁurangenent of the matri x and uninterrupted signal flow
t hr e Y durlng ran n esent_in tion

achi hi's objBQURA tht QQHF F Fsaﬁ*ggﬁtkéﬁ"]aagf%bnﬁa?tﬁ' ﬁ? Pand

avoi d Sﬂm zdeiaqyaealgénbnaéizaﬁt tonnabfikn&&nfoeawhmﬂgeh@t met hods
and s n f e ntion to provide
a net nde@%‘%ﬁﬁ%?(r éar’F nd?ghggg‘?gaﬁgncgégﬁﬁ? Igd comuni cat i ons
mat ri id npbnieirionghe cosyentdaneeti ths Uﬂlﬁféﬁrbﬁblwaﬁéhﬁekﬁed signal s
by Torgghg an '%Pé%ﬁz%ﬁn%%@é'ﬂencﬁ@ﬁ' QUL beBcPinas PgereteL Iz aad i nput
gate cdbf® out put

patrix 88. In the N{(m,n,r) notation, m equals the number
of rxr center stage switches (as well as the number of
outputs from each nXm input stage and the number of
inputs to each mXn output stage switch); n equals the
number of inputs to each nXm input stage switch (as well
as the number of outputs from each mXn output stage
switch); and r equals the number of nXm input stage
switches (as well as the number of mXn output stage
‘gwitches). Note alsc that, in matrix 88, m at least
equals n+l. This limitation on m for a given n assures
that there exists at least one extra center stage switch.

Referring more particularly to FIGURE 3, generalized
matrix 88 has n input gates 90 that connect to input
switches, such as input switch 92, having m output
connections 94. In generalized matrix 88, there may be,
for example, r input switches 92. The input switch-to-
Center switch connections 94 connect to the rXr center
switches such as center switch 96 where each center
switch 96 receives r center switch connections 94 and
Provides r output connections 98. In the example of
FIGURE 3, there are m center switches 96. Each center
Switch-to-output switch connection 98 from center
Switches 96 connects to an output switch 100. Each
Sutput switch 100 receives m center switch-to-cutput
SWitch connections 98 and outputs to n output gates such
as output gate 102.
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PATENT APPLICATION
lﬁk&nagélcated center stage switch, and then u5|ng &-or

ed center stage switch other than the. dedtcated ‘center stage
stablish a parallel connection conflguratron t hrough-a dedi cat ed
ge smﬁ@@nmandeaNmaedeﬁeaﬁDnmdtrextEB sfa@ﬁGHREtéhandonhehe

t d d t t dth
o oA BRELLH B0t R TBE AN Sl Fone Rl Prx i ol uding the.

(x¥géy»angeable mat*lces 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
connectlons 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~l. In other words, for the N(n,n,n)
matrix, it is necessary to move at most n-l1 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
Tearrangeably blocked condition.

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

10
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--hslbp%%ﬁabllsh paral | el connections thatPﬁEFﬂ?aﬁﬁpngﬁaFoplow

! communi cations matrix and that includes Lhe dedj cat.ed .center
st age ch and, once the parallel connection are estabrlshed to break

con s throu | Sat Ler, %%hk §gh5 |§ t hat by
t he [ oﬁ°%?‘%%i%ﬁéej %?rsg’lql,ﬂle&cxgr?nect lon Traom ]é;léfé:rjf&ﬁt gates (herein
cal | eagatein-H i gt %mmﬁtgéﬁéélehéﬁélﬁ°@§|ﬂé@ a

d- a ?ﬁﬁtirhj Alsiput mlme@tt(@ﬁ&ﬁa@e&ngheggwmfchcfsz gt | ess
n

nnecti on 0SSi
e co)m*gunn Ccaotl' ons, lrﬁtrlx connec % ecP tcL

representing ou sSwl
(such as output switch 100 of FIGURE 3.) The simplified
example of FIGURE 4 shows the number of rows 112 and
columns 114 equals 8. Note that to correspond exactly to
the N(17,16,16) matrix of FIGURE 2, FIGURE 5 could show a
_.matrix having 16 rows representing input switches 74 and
16 columns representing output switches such as output
switch 84. Within each square matrix position such as
matrix position 116, there are m possible symbols that
may appear. These m symbols correspond to the center
switches such as center stage switch 96 of FIGURE 3. For
example, matrix position 116 may have m possible entries,
one for each of the center stage switches 96 appearing in
FIGURE 3.
In FIGURE 4, the ordered pair (3,1) denotes matrix
position 116, where 3 is the row designation, i.e., row 3
having reference numeral 118, and 1 is the column
position, i.e., column 1 having the reference numeral
120. The entry B (1 £ B £ m) in matrix position (3,1)
corresponds to a connection from input switch 3 through
intermediate switch B to output switch 1. No entry in a
matrix position such as the empty matfix 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
Sutput gates 102 from each output switch 100, only n
Symbols may appear in any row 112 or column 114. Since
€ach 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

11
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. ATENT APPLICATION
- 6- REEEPHECRI PTI ON OF THE DRAW NGS ot ﬁer obj ects -and - .-
adv are apparent and best under st ood hy, reference:td the follow ng
des n of illustrative enbodi ments when read in conjunction with
t he 3 a.?féi nggé@mSIIW}eiwé the sanEJSJiﬁEth, ﬁeﬂeomtfajt\i@rstc@e(sss)
conng t wor TSSST) . W ed .t.hree- st space matrix ;
Fl GUR h@a6URR ﬁbr% %%%%%? ?%é?ﬁﬂ?@gf§%§a€f%%8§hﬁggffﬁg network that may

d _lLogigatigns nis heaid fto et degirdsatelenimde dit RaGURELY,
FI GUR s”a ghrég-étggerfggpectlng network generalized to the N(mn,r)
; E i ntroduces_notation for understanding the preferred

! : NoFe GURIRS dremi sl PEadinshsaseorawe snethdd o he
pr ef eg‘godms@é;lines t& dARBspdt I sini lalsuSinprite switeranpl e of
t he err@e genergtl ngrgoril,on of thel}oreferr d enb% i.ments;

designated by row 1 are already connected. is would
correspend to having n symbols (e.g., 16 symbols in the
fﬁase of FIGURE 2) in row 1. Similarly, if all the output
iines to output switch 3, for example, were already

connected corresponding to n symbols in column 3 (e.g.,
16 symbols for the example of FIGURE 2) the network
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
“ gunctions of the preferred embodiment of the present
.invention. Beginhing at start step 142, the method is
first to query, as query block 144 indicates, whether
there is a pair of ports presented for connection. In
the example of FIGURE 3, the step is to query whether
there is an idle input gate 90 to connect to an idle
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
flov 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
@vailable 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
-8tage for connection, the connections are made at block
156 ang square matrix 110 or a similar status table
"‘signating connections is updated at block 158.

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

12
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?%%iﬁ@% 15 through 34 illustrate a si npPATENW Apanﬁcamléﬁﬁ&lh

ang: ) _ e e .

| ferred enbodi nent; N E 1 AT Ar ri
o7 frmlDETXT LEBeDEggRI PTI ON OF THE | NVE:C\ITI ON nneé'lfrinorFfJ'SrﬁEt éstaalcgregg ][Tgﬁrhg
corff i gur at1@h wisesd ovite tdwedp Fb'.ré)“ﬂodps%léa%f% OpSPRLEF SFagsr sMi&chesl SX
to

oo, i PPl asabiocknass, necstepe 16 T85ST
ifvi si on Fand i e xechreotizeis /8 be rearranged and, from the
” connections, the guery at block 166 is of which path
requires the least number of rearrangements. If the path
X~A requires the least nunber of rearrangements, then
program flow takes path 168. If X-B requires the least
number of rearrangements, then Program flow takes path
170. Regardless of which path program flow takes, at
10 step 172 connections are rearranged, one at a time, using
: a "hitless roll." The discussion below defines the term
"hitless roll." and flow returns to step 174 to end
space domain operations. Note that if no space
rearrangement was hecessary, then flow from gquery block
Es 160 goes directly to end Space domain step at block 174.

At query 176, the question is whether time
Tearrangement 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
50 £ind connections to be arranged. At block 182, a query
4 occurs of which path requires the least number of
rearrangements. If the X-a path requires the least
number of reérrangements, flow goes along path 184. on
the other hand, if the X-B Path requires the least number
i: 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 180, flow goes to query
148 where the method determines whether a pair of ports
f  is presenteq for disconnect. 1f not, then flow returns
© to query block 144 to pProceed as previously described.
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¢060. Matrix configuration 50 incl RAEENT e BT EN t hat

annectlons 54 connects to three center space. stage (SSS) .
d generally by reference nuneral 56.- Three center'space st age SSS

¢ h l. h th

tt;;o; 1;40 Cffgﬂtﬁ%%l? %éngﬁggﬁégsgu%gﬁgtiisg%ﬂ%%ﬁ 6? %%V\g‘t?t atge!sSSZ and

%Eggg thﬁnmathﬂa tilsr ¢e remtwe spacectiaps 5§. réﬁﬁiﬁ&hdllll ustrates
SN YHSP AR gaw%%agtﬁwaa%aaggméz PoF180: 20 LhE center

“yes |ne S ots pel 1 nput 62. The
" &mcﬂamn%;ﬁ@s@tee@awlﬂhétcé#ﬁ@ctl%ﬂs 64 between I/O shel f

to e Méﬁe J:°9|60t 8 abcRBEr Hété@mlgégtﬁﬁemeaﬂgﬂék% i ncl udes
slots 66, each of whi,ch tinme slot 66.includes

16)
sonneRbiAnS) ASHeR, B LSROPIREET| FUPEUAED L8 cPRABLAR nutBer of
ta e SNbi RS ddes fio gueryhos to b&amﬁzaenwnetﬂwrnanber of inputs

e T T
yia path 200 until rearrangement is no longer in process.

although FIGURE 5 shows disconnect as occurring

subseguent to completing any necessary rearrangement, the

- present method and system may process a disconnect

request in parallel with rearrangement. Therefore, if

" the system of the present invention seeks to direct

connections to the most used part of matrix first so as

to pack calls after a disconnect, the rearrangement-in-

 progress query of block 198, prevents attempting to pack

during rearrangement.

I1f 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

- connecticns 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 ﬁ
of flow chart 140. f
The following discussion describes how steps of flow g
Chart 140 of FIGURE 5 relate to the square matrix 110 of 2
FIGURE 4. Recall that after updating square matrix 110 %
Or similar table at step 158, the method of the preferred
enmbodiment detects whether a rearrangeably blocked
Condition exists. Thus, when the dedicated element
(either a time slot in the time domain or center stage
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ATENT APPLICATION
Eﬁﬁﬂﬂ tches.) Qutput tine stage 60 uses 128 tinme.slot- connections

onnection 68 for each matrix output 70.to -an-1/0 ‘shelf. I n

‘ center space stage 56 is represented nathenatlcaily as a-
t hr ecge CANE Girl Iﬂz&@pﬂﬂé( domRendf lﬁahrmaesliZcbﬁneeaﬁ:bnof whi ch t he
Sy nMbHEs 179f% 16 fuI describes each of the I.C E for each
N(17 6)c eqﬁﬁg i Pﬁg e?ﬁnﬁ?@e %a FG%&EF i%nlnput
SW t ' _;ggnrqnuldmutnﬂput4gateramﬁ|ah eddb petputegaté,lhpet gates

npexiggcaetnecg%f th:earrangeable 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;,cy) such as cell 121 of
-"FIGURE 4, the method tests to find all symbol pairs (A,B)
guch 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 (&,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
r, is found, it is circled or tagged.

In general, then, suppose that the circled A is in
(jrcx), 1< j,k 8. Then, a search for a B in column ¢
takes place. If there is no B in column Cxr the sequence
ends and then the next step is to find connections to be
Tearranged at block 164 or 180, as appropriate. If a B
appears in column ¢,, the next step is to circle the B
and continue. If the circled B is in the (rk,cj)
Position, then a search for an A in row r, takes place.
The sequence X~A continues to alternate between circling
B’S in columns in A’s in rows, until there exists a

18
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g8 of | nput gates 76 make up the I/%§T§¥qu%§P¥S%T$%§slcn
ns 64 of FIGURE 1 for each tine slot. Fron1each input switch 74

smﬁtch center switch connections 78 to t hé center swi.f ches such

$4th o taheopeeienéesreabegwem £ach %1Zﬂ=élé6) matrix

de§= center sta smntchgs gg From each cen age switch 80
[nnoﬂﬁm thafr agimecti Ans &899t 3LduBpat 98t SLERLS ucﬂn £ BBPP8t switch
' ﬁﬁ&de@h1&4theoabdea $8apoghput gates such as output gate 86

| Oul Plfur
t hat jnnec to Ive hpa elf of . F . The total
nunbég q f outqu! %#%Q %*B %ﬁééghég Lfcggf {?/%ﬁﬁig%% connections 68
RE:kagmiomachSnﬁnQIQMSL. Startingnwcthohheabbomhﬁé gelleen i nput
and, GPULRY! 1981 8eOPTEAREC Al Y aipdignd heczm:esq@ onegtion

t echr@Gue. ni que sets ug a connecti on’ sing a route through
|nput55ymtcﬂn;nmn dentSsr W SeREShsbeghBSoEPEUR §w}¥ UpA €pat attenpts to

> NMDSf,diSeGust be a2 B in column c¢,, otherwise the matrix

" would not be blocked. Then, procedure is to circle that
B. Since the circled B is in poesition (rj,c;), the search
for an A in row r; begins. If there is no A in r;3, then
this sequence ends and program flow continues to step 164
or 180, as appropriate for the space or time domain.

_ otherwise, the procedure is to circle the A and continue.

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

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

- procedure continues to alternate between circling B’s in

B columns and A‘s in rows until either a column with noc B

i 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.

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

ji to choose the path generated by the sequence (either the

?5 X-A sequence or the X~B sequence) that contains the least

4 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

‘ﬁ (either A’s or B’s). This sequence determines the

minimum number of rearrangements necessary to establish a
Path from the input to the output of the rearrangeable
matrix.

Rather than completely generating all the X-A and
X-~B sequences, the preferred embodiment generates the
shortest sequence. This is accomplished in block 164 in
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RAROY® first and the | east used part o%A‘]'EW A'Epll'ﬁ%I?ast

vily-loaded part of the matrix where p055|ble ar naklng -a
on, when rearrangenent of matrix 72 is-necessary,..the

rear it procaeéé Hnd 18 LR 188096 wRB! t?.ﬂ&oa'd%&iﬁ QL-.QHQ“E.S Wi th
t he anbRT %gre- exi sting connections. Thi m zes the vol une
of n - Qeli S PLRRETTES @é’lbf’gl’rﬁéﬁﬁn?hat Shaﬁm preferred
teLTbO f,&éifﬁléﬁaéé%atnrm 3 @lodddngr aagbamﬂment'rhe peoedsagy in

e

exanmpl e, re o El.GURE t sl ot
Lot S ML LSl BIERE Fplhe J20LRG1AIR
rea g Aeear | ¥f thetXﬁAsququenwaﬂasnnoteandadgehhatfusst a
edi ) ra_ce e | r ef ngs; £0
cente ;chlﬂe%y %eﬁi%e c#e%%fq{(feo)rﬁggfggdcent@ééh vvll%cﬁﬁéege present
nne tgggﬁeq@e ssitnotatendad y thee fepdte edearnst 0§ BheeXrPa el enent
(eith ghERLEU OTsSKid A 1Py Pr@icdsd continues until the

shorter of the two sequences is generated. At the time

that the shorter of the two sequences is generated, the
search terminates.

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

In step 172 for the space domain and step 188 for
the time ‘domain, rearrangements take place using a
hitless roll. The sequence of circled symbols, either
A’s or B’s,'that the above steps determined are then
changed to clear the blocked cell using the appropriate
X~A or X-B roll depending on which yields the minimum
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:
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'connection, as FIGURE 6 shows.

9%4omai n or the dedicated center stBYBENWI APRLICATEBR Space
rearrangeabl y bl ocked condition .exi-sts . - "FIGURE 3
t N(17,16,16) matrix 72 of FIGURE 2 may be genperalized to

i e BX FHRS $hH@n descii bes the confi‘gurati on.
-n%@%tioéﬁxf thgh%(fy%%%?T@% Fi gorBecthengdneral i zed
JngRARIY ckeferanAisdomatrix 88. In the N(mn,r)

uaj sedughnunbes BElidveqcBhgt $had5 syitches (as well as the
cification and drawings fully and accurately describe

system and provide sufficient information so that

syone skilled in the art may practice the inventive

cept, "Unpublished Appendix A" is pProvided herewith to

ain unprinted. Unpublished Appendix A includes a
ting of the working source code to enable a computer

operate and perform the immediate connect method of
e present method and system.

OPERATION

Having explained generally the processes of the

nnect in the presence of a rearrangeably blocked

ondition in the space domain. The time domain method

comes obvious upcon understanding implementation of the
pace domain method.

nly center stage switch having bo
Nput switch 1 and an idle link to

In response to this condition,
lgorithm in effect Puts an X at (r,

th an idle link to
output switch 1.

the connection

¢C;} to make the
The use of the notation

e dedicated or extra
“age switch in a rearrangeably blocked conditicn.

When g
largethe designated dedicated center stage switch of the
Batrix configuration is used by the connection

yn :
X" herein denotes the use of th
Center g+
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gbosXm i nput stage and the nunber ofpﬁﬁﬁﬁ?sAFgLﬁﬁéﬂIﬂﬁn

tch); n equals the nunber of inputs fo each nXm.input- stage
as the number of outputs from each mXn output st age

equg@btQeréamgéafbmwwmtngsfc%&aﬁ%hc*1%5 (as wel | as

ut stqa: SW t ches) Not'e also that, in matrix 88, m
oaatlcaiﬂ% ¢et89%8%-0on on mfor a gi ven n assures that there

?&J twecasﬁﬁctﬁtoag@as.w t@ah1) 1s reletahtied®
o FTGURE

ueszth’he‘?’ SRR o EoplRktro oo e ﬁa#ﬁéia S 90 that
5 ggcﬂeaml 1c2b21 Itk |bet&&ent heupetrrsyllrt]:eh ﬂ.oandxsnspleg4 r
' F;F %Qﬁ? smf?¥kes@§&8h as cenf§¥&%ﬁntsﬁggg&%ﬁgpz each
'§tranel®b% indehetwesR caRPESnS¥itcbnd andasemer ovi des r
| 903 SB8agd Nshitecexdm! 8.0 The pair (A,B) is one pair
g eenter stage switches to be considered for
arrangement. In this example, the pair (A,B) is the
1y pair of center stage switches that meets the above
jteria. Since the pair (A,B) constitutes the entire
pot of pairs to be searched, (A,B) is the pair that
quires the fewest rearrangements.

FIGURE 7, shows the X-A sequence and FIGURE 8 shows
a8 X-B sequence of the immediate connect algorithm of
e preferred embodiment. Together, FIGURES 7 and 8 show
%he operation of the flooding algorithm of the preferred

bodiment. For example, the first step starts off in
JIGURE 7 at row r; and finds an A in (r;,c,) which is
circled. FIGURE 8 shows the second step of the flooding
llgorlthm which uses the X-B sequence and starts off in
column ¢; to find a circled B in (r3,c;). Then, the third
Btep takes place back in FIGURE 7 wherein column c, is
gxamined for a B. This is found at position (ré,cz) and
: Since there are no A’s row r,, this X-a
is complete. The two symbols in FIGURE 7
two rearrangements are required.
Although the flooding algorithm of the present
thod 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
Sontinue to alternate between circling B’s in columns and
AMs in rows until either a column with no B to circle or
2 row with no A to circle. The four circled symbols in

e e e 21
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. i M't ch-t o- ut put “swi t ch.
10 | s mcenter swtch-to-oqu _ J
con ‘%g;mntiguégf rgcea;gﬁéh a such:as -output gate 10r2j
“To-. N oy 7 0 EﬁléﬁﬁErénﬁﬁﬂemhs alfen n,

i 7

| the N( 1 18) aatri X
ey 1 Se, BafBho; ¢

nat ’ since the X-a sSequence requires only two

rangements, and the X~B requires four r

earrangements,
g preferred embodiment choocses the X~A sequence for the
,B). Since the pair (A,B) is the only pair of

Since the X-a
aquence yields the minimup number of rea

referred embodiment uses the X-A roll in this exampile.

initia] connection placed
@ the dedicated center stage switch. This roll takes

FIGUREs 9 through 14 illy
hitless roll. The method chan
eviously circled Symbels a

strate executing the X-a
ges the sequence of
and B to clear the blocked

; For the circleq B’s add x’
his example,

4

ep is to remove the circled B’s as FIGURE
In this example, when a connection exists
ter stage switch X, and output switch 2

+ @S FIGURE 11 shows for the circled arsg add
In this example, this step Corresponds to setting
¥ 2 héad-end-bridge through the center stage switch B

22
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matrices if, respectively, for a gRTERTSA@PE.ICATION matri x
#dl e pair of input gates 76 or 90 and out put,K gates 86 or 102,
connections within the matrices- may be reaSS|grred to new
essary, to allow connecting the respéct ive idl e pairs. The
éxgaéfcasggaw eonnectierofinem finpytersviteh Horthaanani ence in

a net %Qrgwﬁéﬁrz\bﬁfh Ry Het@ IVHUAREI R lHMthrdugh t he notation
S the nunber_of connections that nust be rearranged in

9 tstagel svEtehi®  Jfog hhd %%W%mpaﬁ.ﬂqms Met hod
| th tQJt;vaQﬁitcﬁh?attd Jutplut, swikch 2 . THenotder words, for the

i S_negcessar ve at most n tions to connect
e gé?esPB Ah %&? ﬁlp%t r%ﬁ EFA TSRS é‘JUI a&nrh %%ation of this
e, f PReexanpbenedtian feoristat rbhrommfcelﬁt@ﬁREtage ear r angenent

h ?aé-ﬂtg}uéﬁs&ﬁf&iﬁ% Qe h@% dorsq%cnédl ScusseCt an i dl e

e ou (gqate I on, FlI GURE
@ueat isnte ot%l%%l wI} ﬁhﬁﬁd%?fg’c%% 5{4?@1 r?-rfm%‘-’r red

¢ch 2 through center stage switch A to output switch

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

ter switch X to output switch 1.

The final step is to remove the X’s as FIGURE 14
llustrates. In this example, when each connecticn

ough center stage switch A exists and the

esponding output switch receives a good signal, the
?responding connection from the input switch through
nter switch X to the corresponding ocutput switch may be
en down. Note that the extra center stage switch X is
ft idle, since all connections are rolled off the extra
: ter stage switch X to the appropriate center stage

Having described in detail the operation of the
Praterv-ed method and system, the following discussion
illustrates the connection path selection method and
8ystem of the preferred embodiment. For simplicity in
descrlb”lg this aspect of the present invention, the
Sxample considers connections in a further reduced
R(5,4,4) space matrix 220 of FIGURE 15.
3(5 4FIGURE 15 illustrates the state of a simplified
4) space matrix 220 after initialization. Note

S 23
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podd GURE 5 provides a flow chart to ?%?}E}‘g"tf ARREIMRID ¢ concept s
edi at e connect nethod and system of. the present j.nvention.

, FIGUREs 6 through 14 show an exarrpl e:of the operation of the

e SeaeR 8f/idcheas)angeé ogked condition of a
bf li%ggtfr?r?lee center st%gge épgfcleg?rgt ?igxf%%¥lg%r2t ﬁg pur pose of _

ié’g}:q H&asr ddertS itheefeddrrFRIyRY A¥FER deenFer $BaIBperati on of

nd 3 t15 f’tfde 24@s ghiche bfiowsld@éhEck@BEéslﬁzéhLOlUg[l 3:1 t hat

YTl e rearrangeabl e trix_hayi the ability to

yieatia t3d é’(ﬁ}ﬁ: é‘l“\%‘ﬁ CR1% P'éﬁ\"f‘aggﬁﬁb? %gcéﬂtﬁﬁnﬂl tion. I'n

¥ of 3K ,orarkie igmgeidalshiedr 1indep 32 ashows amwi)telsent I nvention uses
I X

anect 0 Uiy @380% are no inputs connected to any

" puts in FIGURE 15, there are no input stage, center
age, OF output stage switch connections and all of the
s between the switches are idle.

with the simplified N(5,4,4) space matrix in mind,
¢ is possible to detail how to implement computer
gtware to accomplish the connection path seiection and
er purposes of the present invention. Note, however,
¢hat the size of space matrix 220 does not limit the
sility or applicability of the software implementation.
:' assist in understanding the software implementation,
e following discussion introduces data definitions and
tations relevant in manipulating the matrices 222, 234,
6, 238, and 240 of FIGURE 16. Note, also, that for
#ise in understanding connections, FIGURE 15 uses the
tne reference numerals for input gates 90, input stage
itches 92, etc. appearing in the generalized N(m,n,r)
\trix of FIGURE 3. The following data definitions are
eful in the description of the present connection

thod and system.

In a software implementation, input/output gate or
1ine conversions occur. For example, a connection may be
¥equested 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
Mmber for that input switch stage j such that

Hen-1 (1, j). similarly, the ocutput line number is
fonverted to an output switch stage number k and an

utput number for that output switch stage 1 such that
Jen-0(x,1).

B -
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dolobons existing in a space domain' EQF?FQ éﬁgﬁ;géTﬁgﬁrix-88 of

fjare matrix 110 has rows 112 designati-hg input switches (such
h 92 of FIGURE 3) and colums 114 representi mg. .out put

as oyt i t€h: 100 +@BE rad) £ Sy idhged exanpl e of

ns MORE i oejff%\% ﬂc])lv\'rslﬂllizg adr?d co!%"tlj'%nd)sfﬁlzz?g1 equal :ﬂg Not e t hat

_flﬁxggt dgtemninpd Nrom QL-f)P¥tatri x of FIGURE 2, FIGURE 5 coul d
¢ “Navi ng 16 rows representing i nput switches 74 and 16 col ums
ut put switches such a% out put switch 84. Wthin each square

‘on such st MatPFEYFSiHi on 116, there are m possible synbol s
r. Thgse n1sym§§i$m4m)rrespond to the center switches such as

switch 96 of F 3..\For exanple, matrix position 116 ma

l e entFiﬁs? +oletsk) w P d

1 = 1 + Remy(n-1)

N is the number of first (input) stage
switches, which is equal to the
number of third (output) stage

switches;

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

Remy is the integer remainder after the

argument has been divided by N.

The following statements and data definitions may be
erstood with reference to FIGUREs 15 and 16 to provide

puter-generated matrices to accomplish the purposes of
iic present invention.

Data Definition: | space_in mat(in_stage,in_num)
e ey 3]

In FIGURE 16, the space input matrix 222 for the
IGURE 15 N{5,4,4) example is a 4x4 matrix which
8presents the connection of the input stage switches in
,‘ SSS such as switch 92. Each roé of space input
;trix 222 corresponds to one of the input stage switches
The columns of space input matrix 222 correspond to
“¢ input gates 90 to each of the first stage switches.
@ entries in the space input matrix correspond to the
Mtputs of the first stage switches such as outputs 94.
}“Ce the output of each of the input stage switches is
annecﬁeﬂ to the center stage switch of the same number,

et Has Been Replaced
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“ Reptoof the center stage switches 96 aﬁ&gﬁ?‘ n&PPﬁ‘I%IQE 3. In

t he ordered parr (3,1) denotes matrix.;posi-tien:116, where 3 is
signation, i. ., row 3 havi ng reference nuneral 118, and 1 is the

ition éﬁelgr 120. The entry
ne enF ’é’i’ % % in |t| q% correspondsaéto a connection
t‘ §.§\ntezh s;twr?oifgh ¢1htfé>r qu é%% (REFH P FUtHRYSW tch 1. No

MLl | -pOfkdw PN Sl acdNenfNPly dBHrdoedsi tion (3,2) that
3 Gf r W 122 &)or nts to .ind cates the absence of any connection
puA%%vr%'%?r CantPo A RrSRSH] ch 2. Referring, for exanple, to
¢ since there may be only n input gates 90 to each input switch 92
put gates 102 fr pm-each —outoul _.-.._._-_:___!‘!__:_:___.__:.. synbol s may
n\é reg :112 Qregnldinm, ijadc(,_ gr)n@eceach i nput swigch 92 has only
R to_edch celmle 0,__No _{wo nbol sy in any row 112
S I'm arly each out put switch 100 has only one

ayses space input matrix 222 to indicate a connection

yon the j°° input of the i*h first stage switch to center
jtage switch c.

The entries in space input matrix 222 range from 0

o X using the simplified example of FIGURE 15. A 0
ndicates that no connection has been assigned. Entries
¢ 1 through 4 are normal connections. A numerical entry
in matrix 222 of 5, in this example corresponds to the
ntry of "X" in FIGURE 6 and indicates that the extra
enter stage switch 224 has been assigned and the
pearrangement process has been invoked.

lData Definition: ' space_cnt_mat{cnt_stage, in_stage] E

Space center matrix 234 is a 5x4 matrix which

Yepresents the connection map of the center switches in
the space domain such as center stage switches 96. Each
Tow of the space center matrix corresponds to one of the
Center stage switches 96. The columns of the space
Center matrix correspond to the inputs to each of the
Center stage switches such as inputs 94. The entries in
the space center matrix correspond to the outputs of the
Center stage switches such as output 98. Since the
Sutput of each of the center stage switches 96 connects
to the cutput stage switch of the same number, the
8ntries in the space center matrix 234 may be viewed as
the Sutput stage switch to which that particular center
$tage switch (row), input column connects.

26

This Sheet Has Been Replaced




obtom each center switch 96. No twoPAYHED| APPLICATION

y colum 114 may be the sanme. Wth the.notati:on of FI'GURE 4, a

X 110 sati sfying these restrictions is:said to be "legitimte"
only | eqiti Note,- that ‘a trivial bl ocki ng

i fAR3 roq‘%ut]‘r?na nput :t(%gls?ntto an input switch such as input

i gnated by row 1 are already connected. This woul d

staement: | space_cnt_mat(c,j) =k

u ces space center matrix 234 to indicate a connection
om the ]th input of the center stage switch "c" to the
“th output stage switch. The entries in space center
erix 234 range from 0 to 4. A 0 indicates that no
nnection has been assigned. Entries of 1 through 4 are
ypal connections. A zero entry in X*® row (i.e., the
¢h row in this example) indicates that the extra center
age switch 224 has been assigned and the rearrangement

ocess has been invoked.

pata Definition: | space_out_mat[out_stage,out_num]

Space output matrix 236 is a 4x4 matrix which
fepresents the connection map of the output stage of the
gpace matrix in the space domain. Each row of space
output matrix 236 corresponds to one of the output
svitches such as output switch 100. The columns of space
éntput 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
(’-'W) + output gate 102 (column) connects.

As a result, the statement

I Statement:
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u@fstdn@e pseiech ed 'rmbozhumrés afn td;faq@ esrpiud matiHion.

°Pf'G
rmaxaab%rt%?
a‘g@}gﬁﬁea Saf@Stlié beshhedundlit IGidedd M pErn ishaikelit,
oe s 15 and 16, the

'gollowing discussion details how to implement the

wgoesto bl ock 146 to begin tisme tions.

Continuing with Te

‘preferred embodiment to represent an idle link between an
1nput gate and an output gate. 1In normal operation, the
.present connection method attempts to make a given
onnection through the lowest-numbered center stage
.gwitch. In order to make a connection from a given input
‘stage switch, such as input switch 92, to a given output
;:tage switch such as output switch 100, there must exist
‘a certain center stage switch, such as center switch 9§,
‘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 cne for output links).
Each bit array map has 'a separate row for each row.of the
Space center matrices. The method uses a group of
Primitives to operate upon the bit maps to effect the
Connect and disconnect operations. The primitives, in
turn, invoke the rearrangement process when required.

—
—

| Data Definition:

For the example of FIGUREs 15 and 16, space input
lale link bit map 238 is a 4x5 bit array that represents
the iqie input links 94 between the input switches 92 and
the center switches 96 in the space domain. Each row of
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1aB0P4vi ng n symbols (e.g., 16 symbol sTPA T Re CASE AT 1P GURE 2)
Smlarly, if all the output lines to OLItput- swi tch, 3, “for
ere al ready connected correspondi ng-t.o n,synbols inccolum 3

sygtg)g@?;@é $pep @E(I s trlx\arzjlrdl %&:?dhdafifé %e uar (ada;té{ﬂ Xx?lgfwi |1
gtzbmscqi%E?r S%Jag? S RE "a tf‘%/&%ecﬂa °ﬁ5§ugg§€r%§skt%le st eps
ST RN RN L Mt e o

efe Ts 4 pai'f bort s presente *hnecti on.
qgl peefh &FSUREEQ, tE‘rB‘-JSIt@p afs Jt ¢hpegh \Ah@trteemdmerle is an idle

0 Lp; GRENECAn t Oh@R, i L8 6 Ut Ut gatsg, tnﬁﬁ I's such a
onaln Co
pRFERR (FUNSAT SEAIR B 1329 25t FR&‘FIT | ow goes to

150 where the, .net htoéjresn%eecé S EtflG owest n ered tinme slot



oixm00onnecti on. Then, at bl ock 152 sp&@ggﬂﬁnﬁgf%%ﬁﬁ%&?%ns begi n

ting the | owest nunmbered center stage-input gthch;avai[able-for
at step 154. Having sel ected the | ewest: nunbered center stage

kpﬁc%n%iLw tabl e designating connections |s updated at bl ock 158.
éﬁ!hinpuﬁuéFFQGfSWﬁéFﬁéﬁ 8BaceTheaPRERIRF R FB2AFEQUPPHEE t akes

SO, 11BN Hikowagoesst gobl acfiven row (idput 162agbprenéhe step is
1446 “Center stage s tches .

column (center stage) indicate the idle state of the

{nput 1ink 94 between that input stage and center stage.

An entIy of 1 indicates that the input link is idle and

available for assignment. A 0 value indicates that the

nput 1ink is in use and is not available for assignment.

A 0 entry in column X indicates that the extra center

gtage switch 234 is in use and the rearrangement method

is in progress.

l pata Definition: | space out link{out stage,cnt_stage] |
R e e

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

output and the center switches 96 in the space domain.
Each row of space output idle link bit map 240

corresponds to one of the output stage switches 100. The
entries in the space output idle link bit map 240 for a
given row (output switch) and column (center switch)
indicate the idle state of the ocutput link 98 between
that output switch and center switch. An entry of 1
indicates that the output link is idle and available for
assignment. A 0 value indicates that the output links is
in use and is not available for assigmment. A 0 entry in
Column X indicates that the extra center stage switch 224
1s 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()’

R
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e nethod S to select two time slots

for rearrangenent

This primitive sets the k®™® bit of the j*P row of the
it map specified by the "i/o" parameter to 1. If the
“pjt map contains n elements and the value of j exceeds n,
'f_ﬂ:then the computer returns an error flag. Otherwise, the
xtb element is set to 1.

Primitive: | clear_link (i/o, J, k) “

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

Primitive: | pump_link(space_in_link[i],space_cut_ link

(k1)

The preferred method and system connect between an
input switch stage i and an output switch stage k using
the lowest numbered center stage switch available. This
is accomplished by a process that hereinafter shall be
Called "pumping" space_n _link[i] and space_out_link([k].
That is, space_in link[i] is logically "ANDed" with
SPace_out_link([k) to determine c, the lowest numbered
Center stage switch with both an idle link to input stage

P B T e a 3 o

This Sheet Has Been Repl

ION '
nt. Next, at block 164, the step I's°to ﬁI?ﬁe connecti ons
rranged and, fromthe connections, the query at bl ack 166 is of
h requires the | east nunber of rearrangenenh “If .the path [err]-A

the Jghea%l@i@l%eofidneauﬁlagsirenhapst Beiinpt egEaukeaw t akes path
uires the | east nunber of rearggﬁgenents .then program fl ow

f FBRAFBaRBBUTat step 172
éﬂggfln QS Ghlﬁﬁ%%essﬁi?'e?tréﬂg Eho Leturns to step

no_space rearrangenent was
14 NpinX ik maps quer gnprdskized goed. dnrxéscaymg &hatspace domain
ocf, $are id1dt query 176, the question is whether tine

iR required. |f so, then flow goes to step 178 at which

FEe—=S1At bIock 182,

T

N



gApo4. 1f the X-A path requires the | BATENTHARBETBTION

errents, fl ow goes along path 184. On the other."hand, if t'he X-B
uires the | east nunber of rearrangenments,:then f1 ow- f ol | ows pat h

e next nSiePe 16881 Gitnak RGHaCk P Pr Qg arﬂr;fdeqyu@@ path 184 or

nge connectlon one-a me, agaln using a hitless roll

#% dmmnem entyy 138 thepregudm pfommgg@@sl 2 5tdeh 190 to end

Sh&dt OEmbd¥U L ée'i'z%fer' fs‘-‘i%r Yl eReK i ie (iféﬂ{ dfes that no
ar'r’é]ﬁ%errent was required aEiquceeds di rect % to end tinme domain

&Qle link ¥ olRRMt SHage doﬁ’&dn deite1d4; %o query 148
, 8?5@ Rod thed efwd Netnshaidhey a&ep&hl’enofmaﬁ:(kret& as 'yussgenired for
Egbyca.:afé&nfb@& hfn f osvl\éarceé[ wr s h]‘_&[%er%dblt_%ckaleAi_1 &P proceed as
- gtage number ¢ is returned. Table 3 illustrates an

-_embodiment of this primitive macro.

TABLE 3

PUMP LIST MACRO FLOW CHART

asmacs e
—

pump_link(space_in_link[1], space out_link([k]
int c; i, k, x[xtra_stage];

{

int 3;

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

{

if (X(3) ==1)

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

{

rearrange = 1;

)

Teturn(c) ;

FIGURE 16 illustrates the implementation data
- Matrices after initialization. The corresponding entries
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WO0%bf ports is presented for discomﬁ&ﬁﬁNﬁuAR2nxpgx§??Le;hﬁ ate
: renmpve connections as requested - per bl-ock 192 an Loa p A
reflecting the connections for fhe matrix at; Step .

' "pack:- ¢ i fter a
ég{]ae Jpinaed igat ?éﬁllngélii‘-‘?@ié'ﬁrm%ﬁg g%( Oﬁ%éﬁféﬁ%ée?y 198 to

' bl ed. : :
H;g%%ngégiP ggéﬁgn?n@ssP¢F$mQ@¢§m§t stscfoifﬁﬁhfLOM/nﬁL:GL%Ep
160t Brer e2lustyetedt in sFm%Ee)E:?@{ olé'c]ior{r%r{pﬁoe ss. At ngggssary

S .
Qgggﬁéog%?gggﬁ%g zéjgnﬁ‘q%y%‘!@ﬂ%;aqﬁ dtes<ree di sconnect
4 uaaital pE| thet space imninkera3s Higy e;-f;sarcfe_dﬁ‘t_link 240

¢ maps are as shown at initialization.

5

Note that each
ut stage switch and each output stage switch has ail

ement for each idle center stage switch.
ample, after initialization,
itches are marked as "idlen.

In this
all five center sﬁage

FIGURE 17 shows the implementation data after the

irst connection. Suppose the first connection requested

' to connect input line 1 to output line 1,

or more
imply, IL-1-OL-1.

The first step is to convert the
Input line number to an input switch stage number and an
::put number for that input switch stage. 1In this case,
TL-1-I(1,1). Similarly, the output line number is
onverted to an output switch stage number and

umber for that output switch stage.
L-1-+0(1,1).

an output
In this case,
So, we are going to make a connection
Mtween input stage 1 ang ocutput stage 1. !
The present method and System attempt to make the )
onnection between input stage 1 ang cutput stage 1 by

Then, the
_'n_mat(i,j) and the Space out mat(k,l) are set

that center stage number, and the | é
aPace_cnt_mat(c,j) is set equal to k.
Pace matrix gata entries are shown in
- Tesultant state o
- FIGURE 19,

The corresponding
FIGURE 17 and the
f the space matrix 220 is shown in i

The following statements accomplish this process:

32
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<t,@g00f the present invention seeks toP&TEG AFEHRIEBhs to the

ed part of matrix first so as to pack calls after--a di'sconnect, the
ngement -i n-  progress query of bl ock - 198' prevents attenpting to pack
rear I angenRt—————b koot rangeonnl, Rt RaRageess, from

PTOCK 198, the next steQAggth detern1ne t he connectlonl to the

in the_space at step 202 The next sten of flow chart #40, then, is

(q onnectionsi|1tfﬁ?gﬁggﬁagﬁyﬁgﬂgﬁﬁgng a hitless roll af block 204.
Hen.

at bl ock 206 deternine_the conpectiohs to be

T er _which_the ect.| { block 206 in tine
=a@ﬁ&ﬂm%%§5qsyaﬁeeﬂgeg ?%f?T 8§F§ﬁ$¥ﬁegﬁ§§§91?eturns to point 210
|nueg@maegpewmmaduyjdesccvbed operations of flow chart {40. The
I ng di Scussi QL BesS= hgm/steps of flow chart 140 of |l GURE 5 ]
to tﬁ%’g%%égginatﬁl QT FIGURE 4. Recall that afterjupdating ;
natrm&aEElQHtgﬂiﬁ(Waﬂ)tabFe at step 158, the nethod of fhe preferred
"where, in this case, i=j=k=l=m=c-1. :

— ——

Assume the procedure of adding connections continues
gntil n?-2 connections have been made (presumably without
rearrangement) with the resultant space matrix shown in
FIGURE 195 and connection path selection matrix data shown
{n FIGURE 20.

Then, the request to connect IL-13 to OL-7 is
received. The request to connect IL-13 to OL-7 converts
to a request connect I(4,1)~0(2,3). The present method ;
and system attempt to make the connection between input ' :
stage 4 and output stage 2 by using the lowest numbered
center stage switch available, which in this case, is {
center stage switch number 4, as illustrated in FIGURE r
¢0. 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
 1dle status to "busy" in both bit maps. Then the

' 8pace_in mat(i,j) and the space_out_mat(k,l) are set

- equal to that center stage number and the

~ Space_cnt_mat(c,j) is set equal to k.

The corresponding space matrix data entries are

‘ Shown in FIGURE 21 and the resultant state of the space
Ratrix is shown in FIGURE 22. This process is
dccomplished using the following statements from the
Connect routine as before: g

e S g st s 5 et
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@ﬁffm ects whether a rearrangeably bl FAEERTHMEHEMN N sts. Thus,

edicated el ement (either a time sloet i‘n the tInE donaln or center

. -15- switch in the’ space donaln) |n a matrix

on confiquration is used to pake an [gnediate cony :_--____:-l bet ween an
=gate and an idle out pylrrgatse, the existence of a reajfrangeabl e

condition is automatically detected

CONNECT STATEMENTS |

iV, pump list(space_in_link[i], space_out_link(k]);
space_in;mat(i,j) = C;

space_cnt_mat(c,i) = k;

c;

space_out_mat(k,1)
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
6L'7 (which takes down the connection that was just

pade) . The request to disconnect IL-13 from OL-7
converts to a request to disconnect I(4,1)-0(2,3). The
put pack 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,
ﬁack on the input/output stacks for subsequent use. More
ipecifically, 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
ipace_'in__link [4] and space out_link{2]. Then, the
ipace_in_mat(i,j), the space_cnt_mat(c,j), and the
Space_out_mat(k,1l) are set equal to 0.

: The corresponding space matrix data entries are
shown in FIGURE 23 and the resultant state of the space
Batrix is same as shown before FIGURE 18. The disconnect
is accomplished using the following statements from the
Put_back macro:

3 4 e e ST T o m mmm o mmen T
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§3aD004178 execute Paul|'s Method to fi RATENE FEFRLEddH M ng the

earrangements. Specifically, with the bl pcked cell: denoted
c[err]) such as cell 121 of FIGURE 4, the nethod tests to find al
) —ench that i f Ao in cowd bt iobto-colygs 1, and B

Thm 1 “but not in row lpagfg given pairs of synbols, sdp (A B),
e two DOSSIble rearrangenent sequences__one nf which wi be
e domain
sequence
te gonnectlon through the dedlcated enent
1})bf FIGURE 2 for t he space domain d the tine

ajS|gne J@e $gruepcespegi ns, for exanpl e, starting
hd bl ockS %k%?%? cfer § ‘af 759 of FI GURE 4). Sinde there is
n §r ow r [s@ece_ippasa &vah FoPian A |n rferr] takes place. There nust
Afin rO%j@E@fEhm_@hh?é?h?e—tbﬁ matri x is not bl ocked. Oncgfthe Ain
‘ space_out_mat(k,1l) = 0;

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

ovam

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

As before, the pump_list macro accomplishes this by
comparing space_in_stack([4] with space_out_stack([3] in
FIGURE 23, determining the lowest center stage number
common to both bit maps (which in this case is center
stage switch "X"), and setting the idle status to "busy"
in both bit maps. Then, the space_n_mat(i,j) and the
Space_out_mat(k,l) are set equal to that center stage
humber and the space_cnt _mat(c,j) is set equal to k. An
entry of 5 indicates that the X®P center stage switch has
been assigned and the rearrangement process is
Automatically invoked. The corresponding space matrix
data entries during rearrangement are shown in FIGURE 24
and the resultant state of the space matrix during
drrangement is shown in FIGURE 25.

et Has Been Re‘laced
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_91AD004 = : PATENT APPLICATION

IS tound, it is circled or tagged. I'n general ,..t-hen;- suppose

he circled Ais in (r[err],cl[err]), 1[err1 j. ok [err]8 Then, a

h for a Bin colum c[err] takes place: |f ihere i's.'no.B in col um

1, the Spudinddaridsy dahediatet bonnext stapements find connectlonslto

arra l19gk 164 or 180, as appropriate. If a B appears in colum
"rf‘%%rdﬁ)l%%kgtepl%ls to circle the B and continue. If the circled Bis

e (rkc[err]) position, then a search for an Ain rowrk takes place.
----- peE=t=etag=B=s=—a=00l UMMSs in

n rjows, until there eX|sts amBLE 7

e

IMMEDIATE CONNECT STATEMENTS

X =
pump_list(space_in_stack[i],space_out_stack[k]);
space_in _mat(i,j) = c;
space_cnt_mat(c,i) = k;
space_out_mat(k,l) = ¢;
where in this case, i=4 j=1 k=3 l=4 m=13, n=12, and

c=5.

el e — T e T

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 o
receive-end-switch at output stage switch 2 as shown in
FIGURE 27. When the correct path is received at output
stage switch 2 from center stage switch 4, the original
connection through center stage switch 2 is dropped ‘as
shown in FIGURE 28 and the space matrix data is updated
as shown in FIGURE 29.

The previous roll now allows the immediate
Cconnection, 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.

36
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9 004 _  PATENT APPLICATION
E%Purm with no Bto circle or arowwith no Ata ciscle- Note that

A's and all B's get circled, only thOs’e«;encq_unt ered- in the above
Generating the X-B sequence occur.s in si'mlar .fashi on, as
St aro1hingy the tirmesd iatiee canziect(icngr T]( 46 Lo +0](B ,32] ©Ff£FI GURE 4,

?gg'sf?ﬁﬁréeﬂ@eﬂosédé“ S Ei%tfeltetrﬁj%aigtﬁ e%%ig%ﬁxe @ aBin

There nust be a B in colam clerr], rwse the matrix
ngirobess| Bk disrirannegtd@adur date thagi EBEE PRRCeSS since the
d. B, 8s| thdosttrOredritht [stage) swiitehseaeal hal 2Babyl EokoW 3 begins.
rd®fs no A |n|1% then this segggnc engi agdngr%gr m f.| ow conti nues
p 2168X5r SRR SBhA FHETF lepqlecging FENGIEEPR. ot her wi se,
0GREuFsS. | SFIGURE rad estdws Ahandesmitiingesthtet bifs theasphee the circl ed
n positi en oeALsh l.Lhg.for a Bin colum c3.
r 83F5H Qj%tééla%%%%r#% ,etr{tﬁen t%e seaéeﬁggggn 2 Otherwise, the
CeorsesPORIIRT SRARE Matrdk datinestrimssafter
_ rearrangement.

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

If (r,,c;) is blocked, test all symbol pairs (A,B),
_such that A is in row r;, but not in column c; and B is in
-Gy but not in r;, to find which pair will require the

- fevest changes. The method then carries out the changing
algorithm on that pair.

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

The use of the dedicated center stage switch is
indicated by the X in (ry,c3) of FIGURE 34. The next step
-is to find all symbol pairs (A,B) such that A is in row
Fu but not in column C3, and B is in column c;, but not
.1n Tow r,. In this example, there is a 2 in row r,, but
M0 2 in column C3, so A is set to 2. Similarly, there is
3‘4 in column c;, but no 4. in row ry, SO B is set to 4.
?3 Since there is only one value for A and one value for B,

37
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. PATENT APPLICATION
u?%ntlnues to alternate between CIFC|IQQ B's in.calums-and A's in
il either a colum with no Bto circlg or-a row with-no Ato circle
I. Note, not all A's nor all B's &et circl ed, only those encount er ed
' ggge(;s@)r @rir thaq:(;',qulgp%ﬁhga eagk SHAPGES AAB), the next step
ose t
lh

4@{)8&{& ganer ated)hy the sequence (either the X-A sequence or
t hat cont,ai ns the I ng§£50f circled synbols (i.

B's) Fas %ﬂql%ﬁﬁﬂ?ﬁif s EVmgﬁ oKé' F8p3F& F¥°choose the palr
gé gqgﬁéuﬂuhﬁﬁﬁndemﬁﬁt Bnﬁhenceé .Ci bnkedfsyhksks tiei t her A;s or
h sequence det.e e [ r nts
e e T
Iﬁbxnand>x~3 sequendesr foraghdsngkample.generating all the X-A

SISO e At aiathant daagtzie (he Shortes
Eonnection thréggh the extra eiement and ends up with the

“plocked cell being assigned to element A or 2, in this

case. starting with the blocked cell (r;,c,), there is no

4 in row r3, so this step requires a circle arocund the 2

in row r;. Now, the circled 2 is in (r,,c;). Then, a
gearch for a 4 in column c, is necessary. Since there is
none, this sequence is complete. (Note that not all 2’s

- get circled.)

The X—B sequence starts with an immediate connection
through the dedicated element 224 and ends up with the

- plocked cell being assigned to element B or 4, in this
case. Starting with the blocked cell (rj3,c,), there is no
2 in ¢,;, so a circle goes around the 2 in c,. Now, the
circled 4 is in (r;3,c;). Then, a search for a 2 in ry
takes place. Since there is none, the segquence
generation process is complete. (Note that not all 4’s
get circled.)

The flooding algorithm starts by finding the first
element of the X~A sequence. If the X~A sequence is not
ended, the first element of X~B sequence is found. Then,
if the X-B sequence is not ended, the next element of the
X-~A sequence is found. This process continues until the
shorter of the two sequences is completed. (So, the X-3
_Sequence shown in FIGURE 34 is not really generated. It

In summary, the method and system of the preferred . _
embodiment immediately reswitch signal flow connections ‘
through a rearrangeable matrix that receives input lines ‘}Z
having input signals to receive input signals or calls

3 8 . o emmmm e ———t R P—
cet Has Been Replaced
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is shown here as an illustration of the alternate path.) .'g




que of the preferred enbodi nent that shakj herelnafter

ing algorithm The floodin algorlthnlstarts by ‘fi-nding the first
gfnageontput linaf ey cutpul iIsegnadssegddnfherebedweended, the

el enepls pinide eteRritIURNRnnedtowd iFgeR. lihekheoX->B  sequence
it ceRted, %e nex elenent of the X- se uence |s f Qund.
i utpRE s hoies G EEAAAN CRrnestiot 6 od. At the

augin& hg §&wﬁargeibltyheondmkeﬁeqammﬂaom t@qumt e:ahp. t he
_ patrix to an output line through a dedicated or extra
gwitching element of the center then detecting the
rearrangeable blocking condition. In response to
detecting the rearrangeably blocked condition, the method
“and system select a set of switching element pairs from
the center switching element to form a plurality of
possible connection configurations from the input lines

+o the output lines (excluding the dedicated switching
element), then search from the set of all possible pairs
of center stage switches for the connection configuration
that requires a minimum number of rearrangements of the
pre-existing connection configuration, and then
reswitches the matrix according to the minimum connection
configuration while maintaining all signal flow from the
input lines through center stage switch into the output
lines while removing signal flow through the dedicated
switching element.

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
embediment, as well as alternative embodiments of the
invention will become apparent to person skilled in the
art upon reference to the above description. It is
therefore contemplated that the appended claims will
Cover such modifications that fall within the true scope
of the invention.
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; APPENDLX A

terrn Jatesr ~******ﬂiua*peknt*a$*¥WuiﬂlffIQQdkng*zu4y}nukhy1terrﬁ nat es
wrnes JJ;e*pﬁiJ1 Qfr b BEr AR ¥R R EFDOF 40 # % ¢ ‘*Eea¥¥£HKy3WBﬁ&S/aS I ndi cat ed
K**'66 in the space domai n and bloeck ¥82.i'n the tine*domain.
P 17gwken’ $h@mepaeeedhmmentahﬂgstﬂmmiaaltao the tine*donain,
ingenent s take place using a hitless roll. The sequenéé of circled
2 5..e~|*t*her'*****A?*§*6? B9 TAAL fﬁ’é*’&’ﬁ"d\fé’*ﬁ'épé*ﬁ’é’t erniéd/are then
20 .t o ireat * e bI*6ET<*’H**ce*l*l**ﬁ’éfﬁ@*’f%e Approprtate ™ " "X N or X-B roll
ing on mhlch & MR r realsangengnts.
Ipquvﬁﬁ’g ‘I’aB“ee %cc?{rpﬁan%ﬁge? ex Z’sc’r(gli1 fﬂ“‘?ﬁg stgps of maki ng
nnections to yleld rearrangenent of the center stage sw tches when

t#@ﬁ?ﬁts in the m ni num nunber of connection rearrangenents:

math

g Y l.lOC- h>

B Ry types
&sys/timeb.h>

ys/time.h

ariables for immediate connection algorithm. */
in_line,

out line;

i n__stage ’

in_num; °

out_stage,

out_num;

command_count,
command_end = 10;
rearrange_space,
rearrange_time;

space_in_mat[161[16];
space_cnt_mat[17] [16];
space_out mat[lS][lG],
soace_1n_11nk[l€]{17],
space_out_link{16]{17];
xtra stage = 17; ;
traff1c[2][28672], i

variables for rearrangement algorithm. */
BTOA_MV{31](3], .
ATOB_MV{31}{3]: -
flag & = 0O, -
flag_ B = 0; :

*sort_array ();
*chk_space_in_status ();
*chk_space_ out status ();
*chk_space_] blocklng {);
*shuffle (3;
*implement PM2 ();

name_in{13];
name_out[13];

in_file{22};
*fp_in,

*fp_out;

seed array[lO],
p_level;
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I@E?E } STEP .
IX A 0 o :
e O hold cu§reuu ﬂetJ§ rmutation belcie iearranging: . */

ma t—pOS

p coordinate position[256];

o hold the output of the rearrangement sequence. */

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

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

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

nction are the starting point (RB, CB) and the pair (A, B). */
Inction returns the number of moves starting from B. For */
NCe, the starting point is described by Paull as (Rl, C2). */

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

__Mat_BTOA (RB, CB, B_least, A_least)
RB,

CB;

A_least,

B_least;
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nz[érP] X—X APEENDIX A , ~ lerr]-[err], B
Ee r], 6 LT XX A
| f :%e tA sequence yi el ds the nlnlnun1nunber of .
, eg, feferrlng to square matrix 110 of FIGURE 4, step 172
of FI GURE ,,a§ appropriate, the nethod is to put an "X" in the
,clerr]) mgﬁhtnon I ndi cating the connection was nade through the
‘ enter stagaaqmnﬁgn, (TABLE 1, Step 1 indicates this-action). Then
e circled Elsg2tweosroll first adds X's (Step 2) and then renoves the

B's (Stefldp3 Nekt, for the circled A's, the roll first adds the
temp_flag =

k2 = 0;

r_temp = 0,

c_temp = 0,

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

(chosen_msw_A, 48); /* Initialize target matrices. */
(chosen_msw_B, 48);
= 0; 1 < 256; i++)

{ = rearrange_3d.position(i].x; /*
2 = rearrange_3d.position{i].y;
3 = rearrange_3d.position(i]}.z;

Read rearrangement struct. */

f (x3 == B_least)

chosen_msw_B[ml1] {0] = x1; /* Pick out connections from L4
chosen_msw_B[ml}{1l] = x2; /* middle switch B and store */
chosen_msw_B[m1][2] = x3; /* in chosen_msw_B. x/
ml++;

| f (x3 - A_least)

chosen_msw_A(m2]}{0] = x1; /* Pick out connections from */
chosen_msw_A([m2] 1] = x2; /* middle switch A and store */
chosen_msw_A[m2]) (2] = x3; /* chosen_msw_A. */
m2++;

__9 (temp_flag == 0)
kl - 0

3:f°r (1 =0; i < 16; i++) /* Start from (R1l, C2), check */
: /* A's in the same column. */
X1 = chosen_msw_A[i] [0];
Xg = chosen_msw_A[i] (1];
X =

chosen_msw_A[i] [2];
1f (x2 == c_temp §§& X3 == A_least) /* Found an B? */

BTOA_MV(m] (0] = x1; /* Yes, then store current */ !
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mat ri xg firstX4ddded (&t ep® rB‘) eSHE™ hen s-are removed
' he ForILS ‘abl e 2 and acconpanyi ng 't éxt ‘descri be.t he

f rraklggt Lganection to yield rearrangenent of thée center stage
S whenpReak B results in the ninimum number of connection

gengent s: - 19-

and %‘P m)vegwrthe é??‘@inégf% s (Step 5). B%ﬁ‘g_d or X's appearl ng

kl++;
}

A flagl = 1;
temp_flag = 1;
FZ = m;

)

{f (flagl == 0)
; k2 = 0; , .
for (1 = 0; 1 < 16; i++) /* Start from (R1, C2), check */
( /* B's in the same row. 4

x1 = chosen_msw_B{1i]{0];

x2 = chosen_msw_B(i](1]:

x3 = chosen_msw_B{i][2];

if (x1 == r_temp && x3 == B_least) /* Found an B? */

{
BTOA_MV[m] [0] = x1; /* Yes, then store */
BTOA MV([m] [1] = x2; /* current connection */
BTOA_MV{m] [2] = x3; /* in BTOA_MOV. */
m++;
c_temp = x2;
break;

}

k2++;

}

if (k2 == 16)

{ .
flag2 = 1; ‘ /
temp_flag = 1;
F2 = m;

N (F2); /* Return the number of moves from B.

!."‘************************************************’******
§$ the subprogram for BICA's number of moves from A ¢~
.'*******************t********************i*****’

]
**’***************i************************"

Uction first reads the rearrangement strur
Nections in the middle switch pair (A, ©
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flagl = 0/

flag2 = 0,

flag3 = 0,

temp _flag = 0,
k2 = 0;

r_temp = 0,
c_temp = 0,

Fl =0,

F2 = Q;
chosen_msw_A[16]
chosen_msw_B([16]

(3],
(31:

Sen_msw A, 4 8);
”usen_msw_B, 48);

i 1< 256; i++)

'rearrange_Bd.position[i]-x
tearrange_Bd.position[i].y
[i}.z

e We N,

hosen~msw;8[ml][0] = x1;
oSen_msw_B(m1]({1] = x2:
Loy N-msW_Bm1}[2] = x3;

E This Sheet Has Been Replaced
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. APPENDLX A | @] 1
e STEF-3rting point (AG] ) and tb ir ( B).. =/
ar am : moves starting fzkefﬁf1xF§§ Y4
staxﬁﬁgg 301nt 1s described by Pawl BsB(r2, 1),
he * % :

*************************m******;}k*i*******—t**/

toB (RA, CA, B_least, A_least)

/* Initialize target matrices

/* Read rearrangement struct

/* Pick out connections from
/* middle switch B and store

- /* in chosen_msw_B.

44
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P Y S S R

QGCprbedstsinmilar fashion to that of the X-A roJl. For

irst step i? o put an X in the position-(r[err}, . clefr]) .
e enonsie | = fdde t h/ BuBkck mtecoppeteinte fsoage {/TABLE 2,
dea_BFY % é? i 1ol {71 Piddle, gt sA (@b FtoFeand®4 hen
ge8| BFA'S (} 7 Nexf, ForehaveelMFEi_d B's, the rofl adds
#hd then renoves the circled B's (Step 5). Then, for the X s,
s the B's (Step 6) and finally renoves the X's (Step 7).

t is perfornmed as necessary using a "head-end-bridge" and a
wikghe=100 effect a hitless roll (including the initial

aced in the designated or extra elenent) to the | ower nunbered
phe matrix. The ternms head-end-bridge and receive-end-swtch

prrd Oexhl aitféd T ust rat i v4f ySFarte dd9Bc{Rdn G -h chreXexifipl e of
hrough_34 bel gy | fhese st €psB| 2afe WReSaRE (2P| enent  */

{ = chosen_ms
£ - chosen_msw_B[i][1];
%) - chosen_msw_B[i](2];

S-
Lt
p

g (x1 == r_temp §& x3 == B_least) /* Found an A? */

ATOB_MV(m] [0] = x1; /* Yes, then store current */
ATOB_MV(m] [1] = x2; /* connection in ATOB_MV. */
ATOB_MV(m] (2] = x3;

m++;

c_temp = X2;

break;

wlagl 1= 1)

k2 = (;

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

xl = chosen_msw_A[i][0];

X2 = chosen_msw_A[i][1];

X3 = chosen_msw_A[i][2];

%f (X2 == c_temp && X3 == A_least) /* Found an A? */
ATOB_MV[m] [0] = x1; /* Yes, then store */
ATOB_MV[m] (1] = x2; /* current connection */
AESB_&V[m][zl = x3; /* in ATOB_MOV. */
m++; ’
r_temp = x1;

] break;

: k2++ ;
}
1f (k2 == 16)
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APPENDIX A

1
gSad

=

on
garin

ubl i shed Appendi x A includes a

/* Return the number of moves from A. */

-a

3 .**************f*****************************************/
‘2t

*/

" gubprogram for BICA's rearrange output. */

*/

.'.*,***********{******************************************/
it

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

‘fon is the output of the rearrangement procedure. The */
o this function are the required number of moves and the */
The sequence of moves 1s written into the output */
‘yearrange_moves. */
u.**k*******************t***********************************/

’.,*******#*************************************************/
of the rearrangement process is a structure of the form: */

*/

¢ seq_len :5
nt input_sw; */
nt old_mid_sw; *x/
nt new_mid_sw; */
nt out_sw; */
*/

*/

l***********************************************************/

rearrangement_output (no_moves, AR, BR)
no_moves;

AR;

BR;

v
=

R K ¥ ouono
Q
-

‘flag_A == 1 &§ flag B == 0) /* Is sequence from A smaller? #*/

| w ¥l = atoB_Mv(j][0]; /* Read Input switch */
- ¥2 = atoB MV(3F] (1] /* Read Output switch */
ot Has Been Replaced

BT ——

d ready-for the next immedi ate connection in a rearrangeably
, Although it is believed that' the present speci f
, W ly; and accurately descrihe the system and provide
gf“ria on so that anyone skilled in-the art may practice the
pt, "Unpublished Appendix A" is provided herewith to remain

[ ARy



V\orkir&qésoﬂpe o] ”{;ﬁf §11Qa§QMput ‘{*}1;*8/ operate and

pEPRL onnect met hod of the present ne and system
Havi ng expl ai ned generally the processes’ of thé  preferred
e fol loWsngldd |Aistr ayi ye Pxaideuencehpyen Owraheeppeferred
i“des an i mredi ate connect in the presence of a
blyesk e (JEO6HI tion i n ¢ heReashdepdbmeswi.tcthe A i ne donai n
,sBQbN:_TMYliS@]bEbh under st AhdieRs OwSPREesHiGof/of the space

BTOA_MVIED 6 t hrough ReAq Migdieaswitgh dxanpl e of the
nect nethod of the preferred enbodinent. In_ the square matrix

6, cell I s rked_ . bl ogk esgnt
m;i“?‘ﬁ?ﬁ'méqe’?a][ 'elzippu‘%a'tgst heyal(sj'edi ét ggoginé gr si%gggfslwi t}(;'h i's
moves.move([j].old_mid _sw = y3; :
- /* Store 0ld Midddle switch */

g

fge_moves.move(j].output_sw = y2; /* Store Qutput switch =/
taye New Middle switch */

== AR) /* Change A's to B's. */
arrange_moves.move[j].new_mid_sw = BR;

== BR) /* Change B's to A's. */
arrange_moves.move(j].new_mid_sw = AR;

‘g**************-***************************************i***/
*/
@& subprogram for BICA's zero function. */
*/

Qt*****#***************************************************/

zero (A, n)
*A;
n;

?f*t********t************************************tt**********/
. */

he subprogram for BICA's hunt algorithm starting point set. */
' */
'lf**********************************************************/

."**********************************************************/

tion sets the starting points for the hunting algorithm */
and executes the algorithm. The set of connections to be */
Stored in either ATOB_MV or BTOA_MV if either the sequence */
8 shorter or the sequence from B is shorter, respectively. *x/
Bts to this function are the middle switch pair (A,B), */
ad the blocked matrix position (R1,Cl). The function */

~hs length of the shortest sequence. */
’***2************************************************t*****/

43

This Sheet Has Been Replaced

AR

47

. . b -t TR e gten veme e L et e s e ves———
o A e e e - % o,



: : APBENDIX A : : : '
t agg, sydech -gaying,bet ha ansy difyey nlkyt 0~ j nput switch 1 and an
oggpgl swtch 1. In réSponse tg thi's conditi-on, the
| geTafhmin effect puts an X at (r[err],c[err]) to make. the
s gl (AR 6 shows. The use of the notation '"X' herein denotes
erdedi cated or extra center stage switch in a rearrangeably
ticdm. \When the designated dedi cated center stage switch of
trix fonfiguration is used by the connection

3

k =0,

x1 = 0,

x2 = 0,

x3 = 0,

m,

n,

temp_mov = 0,

temp = 0;

num_moves = 0,

mr =0,

mc = 0,

w_seq = 0;

R{3],

C{3],

undef flag = 0;

num _moves A = 0,

num_moves_B = O,

Fl1 = 0;

F2 = 0,

R1_CONN[16] (3],

C1_CONN(16]({3];

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

®0; i< 256; i++) /* Pick out middle switches in (R1,Cl). */

:rearrange_3d.position[i].x; /* Read structure. */
. rearrange_3d.position([i].y;
fearrange_3d.position(i].z;

i_CONN[m][O] = x1; /* Store middle switches in R1. */
~CONN[m] 1] = x2;
+:?ONN[m][2] = x3;
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earrangeabl e bl oakPEWpIROQNdition is automatically detected.
ectjon pair (1,1) is rearrangeably blocked, in order for a
BePossi bl e, there nust exist an i-dle link between i nput
§ n¢¢0) e+ Sf;age swW t?y r§?_Tai_ A. Furtherrmre there nust exi st
a¢Nlbuwt pBt; Switch GnBiddin ewischgs smigch. say B.
mu&nbhb]pamﬁ of center stage SmAtCheS to be considered for
; Inthis exanple, the pair (A B) is the only pair of center
s that nmeets the above criteria. Since the pair (A B)
he entire set of pairs to be searched, (A, B) is the pair that
@efg rganrangemen FI GURE 7, shows the X-A seqguence
dnove’t e - B sequ n0516¢ thﬁamaﬁm&dlgbgigggu1 3 gbgorithm of

,ocgn@pgumgnt Toget her o i ééEﬁES 7 and 8 show t e operaflon of
-f

Ls th
@ “ebgoliiji{am; of the phefg N is th: EEESZEEiiﬁi i: gi :5

;-- rl B)
2 - Cl )

(1] = CI_CONN[i][0];

C[IJ{ /* Set start poin

t
e noieocart ey for search from AsB. */

Cl); B from (RL, C2). =/

ri_B; /* The 3rqg element

Y /- of BTOA _MV & ATOB _MV x/

is alternatlng se
quence of a'
/* A's are changed to B'sg & B's :O&ABSS :;

rting point for A, xy

g algorithm from A. *y

A = ch
chk_Paull mat _ATOB (mr, mc, rl B, cl_A); /= REPLACE #*/

| /* W/ FLOOD »
t8rting point for B. */ ’

9 algorithm from B x/

B = chk
' _Paull_mat_pToA (mr, mc, rl B, c1 A); /* REPLACE */

o) moves A /* W/ FLOOD */

/* Is num moves A < num moves B ?

*/
/* 1f yes, set flag A = 3, flag B = ¢ */
/* Is num_moves B < number moves A ? */
/* If yes, set flag_ a = o, flag B = 1 */
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For exanple, the fi“?%EtNDsI?eAp starts off in FIGURE 7 at row

inds an Ain (r[err],cl[err]) which is circled.- 'FI GURE 8.shows
pep of the floodi* ngSanygwren maveisi dh= mewerhaoXes Betjughce .and

n colum c[err] to find acircled’Bin'(r3,c err]%. Then, the
wakes Fglt,ace back /i'n1EI YRRE P i tetd RAURATSCITPR Axartined for a
dvesifid “at’ position,( C ci,rcled. ..Singe _there arg no A's

gk ~ f?A sequence {'s %éﬁp%%%gﬁ' h@'twg's§%%%ﬁg—iﬁ‘FlGURé 7

b “rearrangenents are required. Al t hough the fl ooding

f ,;F,gﬁgsgr,-esent nmet/Rodeedfy e tlRRskhhibet /F mblest werg to

{PYT-F1 GURE 8 row r[err] would be exam ned for an A, which would be
position (r[err],cl[err]). This procedure would continue to
beteweett *¢i*F ET TG *B*S *F 1* O TN *ard * A* s* A vt o *aht f 1 * it her a

th no Bto circle or arowwith no Ato circle. The four*/circl ed

e subprogram for BICA's implement change algorithm. x/
'**Q********************************************************;

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

stjon implements the hunting algorithm to find the sequence #*/
‘required for rearrangement. The arguments to this function */
*

piddle switch pair (msw_A, msw_B) and the index.
’,"**********************************************************/

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

3
len_of_seq = 0;

joq = rearrange_seq (msw_B, msw_A, index);
gement_output (len_of_seq, msw_A, msw_B);
{len_of_seq);

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

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

.'************************************************************/

.’.***********************************************************/

Mitine uses the implement_change_algorithm function to find x/
wer of moves required for the sequence of moves from sw_A and */

€ sequence of moves from sw_B for the existing connections */
Ater stage switch pair (A, B) and returns the number of */

"J;red for the smaller of the two sequences. */
**i**t**************************‘ﬁ**************************/

calc_nom (sw_B, sw_A, index)
sw_B,

SW_A,

index;
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GURE 8puh hir efs0r e, ARRRNPEE & f our rearrangenents are  necessary in
B lmpleméiz'ﬂcelatdge Xsh BEGHERCei h8EaK| F €S only two rearrangerrents
B (seehres four rearrangenents, the prefefred ewbodlnent chooses
YBuence for the pair (A B). Since the pai't (A B) is the only pair
~stage swi tches be| ng consi dered, the X->A sequence yields the
wher* *8f * eardigé %f*********Thé*h‘éﬁ(’t*’g‘t*éﬁ*i"é *t b* BXECUTE t he

ment s u5|ng%:€ E%Lousl nentlo ed "hitless roll." Slﬁde the X-A
e TRETPRET S 3 POIPF SFRATRRRLED  t he i

..***********************************************************/{

..'.'*********************************************************/
]

“ont implementation of Paull's method needs the connect data */
; {allowmg structure. * /

*/

et p__coordinate */

* 7/

/

int input_sw; *
int output_sw; x/
int cnt_sw; x/
*/

, xy
uct p_mat_pos */
*/

‘gtruct p_coordinate(256]; x/
. */

*/

'..*************************************************************/

matrix_model_conversion ()

i,

i,

x1,

X2,

x3,

ml = 0;

L® 1; 1 <= 17; i++)

or(j = 1; j <= 17; j++)

X1 = i;

X2 = j;

x3 = space_cnt_mat({i](j);

tf(x3 1= ()
rearrange_3d.position(ml].x = x2; /* Input switch */
rearrange_3d.position[(ml].y = x3; /* Output switch */
riarrange_3d.position[ml] .2 = X1; /* Middle switch */
ml++;

B

.Q,
************t*t*********************'k***********************t/

*/
4 ls the subprogram for BICA's version of Paull's method II. */
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red enbodi ment use& EEARIZAA 1ol |

in this exanple. The/hitless roll
o5 o e 5l tifEr” 6’E)T1’T‘i'e"é‘t*|*6h*b’f*a’b*é'd 't he ﬂ’éﬁ’i‘b*a"t gd*¢a&hler” st age '-
. ThIS roll*ggggs* ace b% t e iggglpg"}ﬁ@kﬂecessary
Hﬁ FB ena £l ecel ve-end- SWEh. FI GURES
55 glae—'iﬂ‘* G SLPEENSE ﬁ&fﬁai '6 E};s%f e T/ met hod changes
¢ £e" of preV|oust circled sy o S A and B to clear” the bl ocked

qu

| [awspmu2 ¢y For the circled B's add X's as FIGURE 9 shows. In
k‘&'ﬁg this step corresponds to setting up a head- end-bridge
h thg,center stage switch at the extra switch X for the existing
tionjfrominput switch 2 through center stage switch B and a
e-enl;switch through center switch X for the existing connection and
ent eKlstage B to output stage 2. The next step is to renove the
d B §2as, Fl GURE 10 shows. In this exanpl e, when a connection exists
igh ceﬂter ‘stage switch X, and output switch 2 receives a good signal,

xt §§89eé*%é  Qatiake down the
R1_cnt_sw[1l6],

cl ent _sw[1l6];
listofB[16],
listofA[16],

A_temp = O,

B_temp = 0;

ent stage_palrs[81[2],
op_£flag;

num_moves,
least_moves,
least_pair;

¢ from 3 matrix model to rearrangement structure. */
ointer to structure or Global must be visible. */

iel_conversion (): /* Converts 2nd of 3-matrix model. */
= (int *) calloc (2, sizeof (int));

nnect request (I,0), where I is an INPUT SWITCH and O is */
SWITCH, read the row vectors in matrices 1 & 2. Then, XOR */
tors to get a list of candidates for (A,B). x/
;3 < 17; §+4)

t_sw{j] = space_in_mat([in_stage][j];

t_sw(j] = space_cnt_mat{out _stage] [j];

0; i < 16; j++)

Rl_cnt_sw[j];
1 _cat_sw(j];

l == 0 g5 x2 1= 0) /* The XOR operation. */
istofa(m] = x2;
.

1120 g5 x2 == 0)
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APPENULA A

on frominput switch 2 through center stage switch B to_output
Then, as FIGURE 11 shows for the, ci.rcled A’s ‘add B's. In

npl e, this step corresponds to setting up :a‘head-eéend-bridge through
‘er stage switch B S o - 23 - for
ting connection frominput swtch 1 through center stage switch A

- -switch.th h t t switch B for the existin
cei vesggg[lvsn !(; OS roug /gen er stage g

on liE Create all combinaticns of */
/* elements of listofA's */
/* & listofB's. x/

<2 = listofA(3]) != 0)

at_stage_pairs(m] {0] = x1;
nt:stage_palrs[m] {1] = x2;

es = xtra_stage;

‘0; k < m; k++) /* For each combination of middle */
: /* switches, calculate least num. */
mp - cnt_stage_pairs([k](0]; /* of moves that are required. #/
p - cnt_stage_pairs(k] [1];

p_temp != 0 && A_temp != 0)

num_moves = calc_nom (B_temp, A_temp, k);

num_moves < least_moves)

ed_pa::.r + 0) = cnt_stage_pairs([least_pair](1l};
ed_pair + 1) = cnt_stage_pairs{least_pair}{0];

-
"*t********************t************************************t/
_ht******************************************t****************/

. */
ing are the revised subprograms and main program for BICA. */
*

1]

o ‘***********************************************************/
»
."********************************************t******t******/

ihe s
***********************************************************/

th - 2,
i'¢ Subprogram for BICA's hitless time rearrangement. */
*/

AL T
3 ***********************************************************/

hitless_time_rearrange ()
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#age switch,A to out BﬁfENstI\nxt%h 2. Then, as FIGURE 12 shows, the
g s are. reenpved. In this exanple, Wneri] a -connecti:on éxi sts through
Esgde S91ch B and out put switch 2 receives, a good si‘gnal, the next
b take down the connection frominput - switch 2 through center

tch A to output switch 2. Then, the next step is to add A's
S Ltk D16 GOME 8F THH1G *b R e* Kr B4 + o sk BeRiEx 4.8+« Shows » x k Aix £ 15 exanpl e,
ésponds to setting up a head-end-bridge through centersstage

B | Quohowdramh 0% FHIFAC E1 §hoed drimengdgositeh 2 through cemter switch
pput switch 2 and the inmediate connection frominput svif4ch 1

P EAS * R kK Kok ok

ertt&f*SwWitch X to out put switch L7 e i rar*stepg/s to

e X's kb E 14 illustrates. In this exanple, when each
n ?F\?%%‘gscﬁ center stage switch A exists and the correspondi ng

b Feeei ¥gs a good signal, the corresponding connection fromthe
?‘fltcu% t hr'ough '

'..**g******************************************************/

. */
e subprogram for BICA's select two time slots. */
*/
.gat********************************************************/

select_time_slots ()

fnclude File. */

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

*/
he subprogram for BICA's hitless space rearrangement. */
*/

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

hitless_space_rearrange ()

fInclude File. */

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

3 */

e subprogram for BICA's flood space algorithm. */
*/
,"***********************************************************/

flood_space ()
sClude File. */

L TP
2 ***************t***********t*******************************/

*/

® subprogram for BICA's pump link macro. x/
*

*a -
**********************************************************/

| P9
*
************************l’*********************************/
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_ APPENDIX A :

SW LGN 1K 9 td1e spareesROntHINg, JOW: RH! sgwé%mxnh%k?.akﬁﬂ. down. Note
é evestt emimiragecents s hsides sketenj did," Hakgagal | Lonnections
Feg,;xm‘ frot hepwixtatagent' & aidigm dviilechink tto fdukpagpr oprigt.e center

pliec[first nONLRALN edssYrihethe weduiti Of t¥he dpgiaaion of/ the
__f.‘rcedanv?ettﬁédt‘gﬁl &M "Eheang|nespitngod] &'t usairkedi REust r'at es the
’piaogu@axlh“% A FPAEE LB didkdkdt enTl? RarEpreterred *bodi ment .
TRk T clby D ABSering. LN S, A3ReGL L 9F L L he B qa?aa*wvan}/ on, the
e+tbhsiders connections in a further reduced N 5,4,4) space matrix

FI%@E]_;& FIGURE 15 illustrates the state of a sinplified
4) Dsp(‘:‘ H
C

matri x 220 after initialization. Note
3.
X;

-y, j (= xtra_stage; j++)
spa(,__e__j_n_]_j_nk[J'.n_st:age] [j] s& space_out_link{out_stage]{j];
x - l) '

¢~ Ji
preak;

nk(space_in_link, in_stage, c);
ink(space_out_link, out_stage, c);

center stage. */

)i

***************'k*********************************************/
*/

he subprogram for BICA's clear idle link bit (to 0). . */
_ */

.i***********************************************************/
.************************************************t**i********/
Mtive is used to clear (reset) the kth bit of the jth row */
t map specified by ioc to "0." If the bit map contains n */
and the value of j > n, then an error flag is returned. */

+ the kth element is reset to "0." *
”*********t*********************************************t***/

Clear_link(io, j., k)
1o{16]}(17],
1,

13

error_flag;

Xtra_stage)
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that 4.he fifth cent 8FFE¥PEG& switch 224 is labeled X to indicate |

|ki he odedi cated or extra center stage switch. ."As Iegend 226

3 #%1 - dashed Iines 228 indicate an ide I'i nk, . cohti huous |ine 230

es a busy link, and | ong-dashed |ine:232: shows 'a switch .

ion Since there are no inputs connected to any outputs in FIGURE -

g1&f e g i nput stage, center stage, or output stage switch

-ons and all of the |inks between the switches are idle. Wth

orf §I3FIN( 5, 4, 4) space matrix in mind, it is possible to detail how

ement conputer software to acconplish the connection path sel ection

her . PUDOSES » Of » LHG +PLESLOL » 4 NUENL QR » » NOL £y« NOWBNGL ¢+ » £ hat the size

e’ matrix 220 does not- limt the */

e subprogram for BICA's set idle link bit (to 1). ; i
* !

k*******************************************************/

.,qk*

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

jve is used to set the kth bit of the ]th row of the bit =*/
tied by io to "1." If the bit map contains n elements and */
of j > 1, then an error flag is returned. Otherwise, the =*/
at is set to "l. */

. ’,.******************************************************t****/

2

set_link(io, j, k)
io[16]{17),
3
k:
error_flag;

xtra_stage)

rror_flag);

it*******************tt********************t*****************/
: */
he subprogram for BICA's select two center stage switches. */
*/

M e e e R R e s
select_cnt_stage ()

ter_stage_pair;

age pair = (int *)calloc(2, sizeof(int));

Mddle stage switch pair */

‘tage,_pair = implement_PM2 ();

€nter stage pair);
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applicability of *hEEM&tAvare inplenentation. To assist in ?é
’qung*t*hé*?b*rtvt‘/ér*é FHpl et at F ohy > * tate fokromng'm*s*eussl on i

es data definitions and kK notations relevant.in- rranl puI at¥ng the
g2ubpyggram B38B s drider X8 ¥ange@gnit- 16. Not e, al So, *rhat f or
nder st andi N, .59908¢1 1 ONS FL GURE, 15, Uses, L b ms*am,ref fence
+#61 i nput gates 90, input stage Sw tches 5T ELC. appeérl ng in
alized N(mn,r) matrix of FlIGURE 3. Thefollovvlng dat a
bbns ahe ré&8fdilgel fythe description of the present connection
and system In a software inplenmentation, input/output gate or
hver si on¥tokcurd, For exanpl e, a connection may be requested in the
1 L-m OLXBeB M gt her words, input line mto output line n. The
‘'ne nunb&sks  converted to an i nput switch stage nunber i and an
.-.unber for t input swtch stag such that IL-mI(i,j).

°rl lB‘ﬁ ﬂ?atﬁ |fﬁg % g‘e“t:on\/%arted to an output swtch stage

t put nunber for that output switch stage 1 such that

'connectlons to be Rearranged. */

which Path Requires Least Number of Rearrangements? */

t-’ lAI)

- 1; i

(last == 'B')

. XtoB = 1;

;time_rearrange ():
pringe_time = 0;

i_!l!*t**********************************************************/

*/
the subprogram for BICA's space rearrangement. */
*/.
i***#*********************************************************/

/

space_rearrange ()

XtoA = 0,
XtoB = 0;
*cnt_stage_pair;

last;

t:"’-‘ate memory for pointer to list of connections to be moved. */
9 pair = (int *)calloc(2, sizeof(int));

J?t Two Center Stage Switches for Rearrangement. */
39e_pair = select_cnt_stage ().

b . Connections to be Rearranged. */
“SPace ();
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) APPENDLX A

2 1 L . 4 . . .- " .

det o oh reely f rem Léast abeX Kod )rdatdaberanned £fom O.-n by:

b‘_:t(?'[-gry](ml) j =1+ Renferr](md)r "= - -k
” 1 =1+ Renferr](n-1) oo

- 1i

gpace_rearrange ();
= space = 0;

..*********************************************************t*/
# */
the subprogram for BICA's remainder function. */
*
',*************************************************************/
’*************************************************************/
tion produces the remainder after the divisor has been */

ed from the dividend as many (integer) times as possible.  */
jgt**************xt*******************************************/

rem(dividend, divisor)
dividend,
divisor;

remainder;
vidend <= 0)

aginder = 0; .

ainder = dividend;
le (remainder >= divisor)

remainder = remainder - divisor;

{remainder) ;

-"‘************************************************************/

*/
the subprogram for BICA's quotient function. - */

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

tion produces the quotient by subtracting the divisor from x/

€nd as many (integer) times as possible. *
'.*****************t************************************t**i**/

quot(dividend, divisor)
dividend,

TR ][

- 25- More formally,
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APPENDIX A
sor; 1S the nunber of f| rst (i nput) st age

BN lﬁfll s equal to the L ,.f nunberf of th| rd
ge switches; - Qjot[err] _-is the
| ent qobtignd, argurreht dl vided by N, and
t herBMEWET ir enmi nder after the ar gunent
vi ded by N. The followi ng statenents and data definitions

etoog with reference to FIGUREs 15 and 16 to provide
érdt 8d matrices to acconplish the purposes of the present
Pe;tg'_Defi nition: space in mat(in stage,in num

= dividend;
r
n??emainder >= divisor)

smainder = remainder - divisor;
guotient++i

notient);

..t********************************************************/
*/
e subprogram for BICA's convert I/O line numbers. x/

“*’**********************************************************/

.tg**********************************************************/

Mlorogram uses the quotient and remainder functions to convert */
filine numbers for a connect or disconnect to a pair of I/0 */
tch numbers and I/0 stage switch pin number.

itt***************************************************t****/

convert_line ()

r = 16,
in_line_minus_1,
out line minus_1;

nnus_1 = in line - 1;
- quot(ln line _minus_1, r) + 1;
rem(ln line _minus_1, “r) + 1;

L hinus 1 = out_line - 1;

. - quot(out_line minus_1, r) + 1;
® rem(out_line_minus_1, r) + 1;

.“'**********************************************************/
h 4
€ subprogram for BICA's print statistics - n and m. */

i
*******'k**************-k******t*****************************/
print_stats ()

Cgse for print_stats. *
ICA performed %d connect(s) and 3d disconnect(s).\n", n, m);
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16, the space inpuPPEMDIKI & 222 for the FI GURE 15 N(5 4,4) exanple
matri x which represents the connection ef -the input” stage SW t ches
SSS such as switch 92. Each row of space ‘input TRtTIX.222
onds *t,,o*one*,af**t*he*mpm**sa*age*smLcha&*gz**:rhe*,cm*urms*pf space

Hix 222 correspond to the input gates 90 to each of the first
Wit Giesogifae fxt BIEA' s Midvenapaee- i iyt febmi sutput.espord to the
th8f the first stage switches such as outputs 94. Since tje output of

L e AR AT * ST EE *SWT T ThES" 'S *eonhetted o * e * teht e *$ttage switch of
e nunber,

disconnect ()

cnt_stage,

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

-m -> OL-n Disconnect Request to I(i,j) >< O(k,1l) Format. */
1ine ()7
1ine ()7 :

gonneCtlonS as Requested. */
ace_in_mat(in_stage] (in_num];

mat[m stage] [in_num] = 0;

t mat[csw] {in_stage] = O;

put_ “mat [out_stage] [out_: num] = 0;

bles. */
k(space_in_link, in_stage, csw);

(space_ out link, out_stage, csw);

Connect:.ons After A Disconnect Enabled? */

range_space == 1)

3 = YES => Node C. */

e _rearrange ();

NO. */

End Space Domain.*/

: Time Rearrangement Required? */
o rearrange_time == 1)

/* A4 = YES -> Node D. */

txme_rearrange ()

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

*/

he subprogram for BICA's connect - input to output. */
*/
“"******************************i************************t***/

»
'*********k************t**t*****t*t**************t**********/
lne

N connects an input line to an output line through the */
- -TiX.  Variables are defined as follows: */
This Sheet Has Been R
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ben &s$rghRaStagh fTeddof 1 thr%yﬁn?4 are nornmal connect
i

S
R i L et

connect ()

L-m -> OL-n Connection Request to I(i,j) -> O(k,l) Format.
line ();

jne Domain.
est Numbered Time Slot Available for Connection.
pace Domain.

Lovest Numbered Center Stage Available for Connection.
pump_link ();

ihection and Update Tables.

kin_mat[in_stage][in_num] = Csw;
S°nt_mat [csw] [in_stage] = out_stage;
Mt _mat[out_stage] [out_num] = csw;

Space Rearrangement Required? */
firange space == 1)
A =YES -> Node C. */

C&_rearrange ();

6

-

e wge . . S teer atitene s PR A ‘ -t

csw; /* csw for Center Stage sWitch.

he entries i.n the sPBBEGIAPUt matrix may be viewed as the center
W tehihguihd cltnehapadarddigykar input stage swtch (f'ow)., i nput

) igS¢copmerimd<= 255As a result, the-statenent” : "statefent:
N_n@t butpYt from theaspsse spaeexi Nput matri x 222 to indisgate a
orp <kroutilisme Kk RHPut of the i[err] first stage switelr to center
witch c. The entries in space input matrix 222 rangg fromO to X
e a3 ApPRE | TR 98 Bhpriee ofPIeCUREr1%, A 0 indicates that *Ao connecti on

i dds. A

hFRAS ARpF&%cor respondg to the

/

*
/
an output stage from the space matrix, */
0 (= out_stage <= 15 */
an cutput from an output stage of the space matrix, */
0 <= out_number <= 15 x/
*
/
a center stage of the space matrix, */
0, 1 <= center_stage <(= 17 */
center_stage = 0, means that no center stage of the */
space matrix has been assigned. */
center_stage = 1, ..., 16 means that the corresponding */
center stage of the space matrix is assigned. */
center_stage = 17 is the extra stage of the space */
matrix, and rearrangement is in progress. */
*
/

ﬁi***********************************************************/

*/
*/

*/
*/
*/
*/

*/

/
48
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foX L dd di@RE 6, and ¥ RUIPAtes t hat the.extra center stage switch 7{
_(sreh?sg%}agg ghedoagadpt hes rearrangenent process has.been’invoked.

efi AT tion: space_cnt_nat[cnt_stage,in'stagg]; * 'Space center

234 psarrdnge mairix which represents the connection map of the

' YW tches in the space domai n such as center stage swtches 96. Each
. Benspace certYer matrix corresponds to one of the center stage
j%§596m61WQﬂQﬁﬂ-uﬁﬁs of the space center matrix correspond to the

¥ to each of the center stage switches such as inputs 94. The entries
. space center matrix correspond to the outputs of the center stage
es such as output 98. Since the output of each of the center stage
es, 90+ CONNBGLS +L @+ b Rer OULRUL + $1 206 SWixlG R+ 0F « £ Dee SR +RURDEr, the

In the space center matrix 234 may be viewed as x/
ghe subprogram for BICA's get command. */
*/

. ,*g*********************************************************/

get_command ()
command ;

¢ case for get_command. */
and_count < command_end)

command = 1 => connect. */
mand = 1; _ _
and_count++; -
ine = command_count; .
 _line = command_count;

(command_count == command_end)

command = -1 => disconnect. */

and = —1;
and_count++;

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

(command) ;

h Mi************************************************************/

_ */

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

"’**t******************************************t**************/
initialize_reérrange )
i;
o, 5 < 256; i++)
range 3d.position{i].x

= 0;
\range 3d.position{i].y = O;
“Ifange_3d.position{i}.z = 0;

62
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col ugm, cpANgGt s. S 27+
'+ Yhe statenent St at enent : space_cnt_mat (c;j) =.k
. _range_moves.move(i].input_sw = 0; TR :
'rrange_moves.move[i].old_mid_sw = 0;
rrange_moves.move[i].new_mid_sw = 0;
rrange_moves.m.ove[i].output_sw = 0;

..,*************************************************************/
*

*/
the subprogram for BICA's space matrix initialization. */
*/
)h*************************************************************/
"**********************************************************t***/

- otine is used initially to clear (reset) the space matrices. */
& “.******************t******************************************/

initialize_space_mat()

'w 0; 1 < xtra_stage; i++)

sr(j = 0; J < xtra_stage; j++)
space_in_mat({i][j] = O
space_cnt_mat{i}[j] =
space_out_mat{i] [j] =

OO~

.
’

-
[

space_cnt_mat[xtra_stage] [i] = 0;

*/
the subprogram for BICA's initialize idle link bit maps. . */
*

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

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

Itialize 1ink bit maps primitive (used only for start-up */
“ons) initializes both the space input idle link bit map and */
iCe output link bit map. All entries in the idle link bit */

initialized to "1," indicating that all links are idle. */

“*******************t*t***************************************/
init_links()
1:

0; i ¢ xtra_stage; it++)

7?Nj = 0; j <= xtra_stage; j++)

Space_in_link{i]) [j] = 1.
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_ | o | o |
space cent e rix 234 to indicate a connection fromthe jth input (v :
sgéﬁiéw&sgé £r£t§¥ch zC" to the k[err] output stage switch. The o
s in space center matrix 234 range fromO0.to 4. A.0 indicates that no -
tion has been assigned. Entries of 1 through 4 are nornal:
tions. A zero entry in Xth row (i.e., the 5th rowin this exanple)
tes that the extra center stage switch 224 has been assigned and the
Gement* *Fr ot eSS trag *Baeh T yvaRkead * * ** Dat ar Defi*fikt F bt rx**x*/
>-out _mat[out stageout numj, =~ Space output matrix 236 *Vs a 4x4
X pHehEPHOgpRBs B RS i@ EAtHER- of the output stagé’/of the space .-

i .1 N6,.5R356, SOMRIN. « EAPNL .90, 9L . SPAGE. AULAUL (JBE 11X 236 corresponds
3t * The out put switches such as output switch 100. The célunns of
out pit; yxaliiz¥ ¢p36 correspond to the output from each of

jata for commands. */

count = 0;
ge_space = 0;
'nge_time = 0;

ieialize all matrices. */

nks() ¢ He
1ze_space_mat ();
§lslize_rearrange OF . .-

ﬁ*************************************************************/
*/
the main program for Bowdon's Immediate Connect Algorithm. */
*/

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

command ;

t Program Flow Here. */

lze ();

and = get_command ();

/" Ql: Pair of Ports Presented for Connection? */
{'COmmand = 1 => connect. */

j%‘(COmmand == 1)

/* Al = YES -> Node A. */

Connect ();
N = p++;

: 1' Al = NO. */
/* Q2: Pair of Ports Presented for Discconnect? */

/* command = -1 => disconnect. */
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swi tches such as output gates 102. The entries in space out put
correspond t0 the i mppENDI® ahi ch that out put connects such as

: @%comam']e’t’helin ut of each output sw tch.connects to the

ge sif tah ToflEfhz’ Bunbér, the entri'es in space output matrix
|evved as the center st age switch to which that particul ar
tch r%' biit put gate 102 (col um) connects. As a

e st Bt edent’ St at enent : space out mat(k,l) = c¢

Q Az = NO . */
ccntlnue'

TP O N O

d = 0 => end. */

fnt_stats ()
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. L%Ag space ftmm{t muﬁ"!'mm to indicaté & connectromr1¥bm cent e1i k
t

itch "c" the kth output stage sw-tch. The
i n space output ‘matri X range 236 from.0O to-X. A.0 |nd|cates t hat
1eGHAYNIS D assigned. Entries of 1 through 4 are normal

MM 4
g 5 t exa I ndi cat es that extra
;?QZe garsgﬁ §§§L %65 m%&%i%h ﬂY25ﬁé? r?%ﬁgenent process has
nvo—leeﬁltcmng@nﬁpmungcawums eﬁamecéxmé&ﬁdﬁEs 15 and 16, the t
“%OHE§§H§§t98nde£ﬁé|ﬁa@ﬂt&nﬁ:ﬁﬂ% mttwec&r,g{%{ﬁg g%”bOd' ment to
ent i d

'ink between an I'nput "gat € and an te. In nornmal
orwluFﬁélEYeEE niPEBRNEETS rFWr@iCmﬁis daeing | tmlumh.w gmf/en

t I t order to
Lgﬁﬁﬁ’g{?mgbsrg?nraﬁwgie% | npug stage sw%cagepﬁu%%t ¥nput switch 92,
véﬁngﬁfpu?ag?aﬁ‘élg%‘?% e SNDA Rit ft"r‘)h %(FWJt'qr@?Jéig‘mst exi st

, aimlesants,saageasplurialtyuﬂfEbntpuﬂfﬁtéahtsﬁhﬁﬁhes for
sending output signals, the method comprising the steps
of: '

immediately connecting an input line in the presance
of a rearrangeably blocked condition through the
communications matrix to an output line through a
dedicated switching element; .

detecting said rearrangeably blocked condition; -

selecting a set of switching element pairs from said
switching elements, said switching element pair set
forming a plurality of possible connection configurations
from predetermined one of'said'input stage switches
through said c¢enter stage switch, excluding said
dedicated switching element, to a predetermined one of
said output switches;

searching for a minimum rearrangement connection
configuration for connecting said input lines through
said center stage switches, excluding said dedicated
switching element, to said output lines, said minimum
Tearrangement connection configuration requiring a
Rinimum number of rearrangements of pre-existing matrix
Connections; and | _

reswitching the matrix according to said minimum
Tearrangement connection configuration while maintaining
all signal flow from the input stage switches through the
Center stage switches and to said output stage switch and

Temoving signal flow through said dedicated switching
€lement.
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pADP@4 ty t j1dl e input | PARENToAPFREGRTERN ch 92 to ,
\gn tch 96 antl mﬂlﬂluWEWL ink fromcénter switch 96--to output /ZQ
00. The™*pré&sent "ethod and systemtrack .i dl e-i nput tinks and

put links py using two different. bit r.ays {one -for input
d one?for u?’ﬁﬁe’?i%%)]f a‘%‘r?%tﬁlty §r°f'g‘%%§g%9ﬁ)a%dg separate row for
égéwibehSm@cm compenicattidne mathie msinestis®d®s a group of
S to 0 | it V5 i8C lcdmp iGAMEE and
@Pngbg%g$§g%§§u€%§ %ﬁ%ﬁ#?ﬁ?§5§3§%fﬁﬁﬁgﬁgpinv ké'tﬁgpre r angenment
Whepalétyi PEALNPUDSERIRITHHRGRAS DTk 3 RUTALYW Sfage, cnt
— Eﬁ?ﬁeéhfo_ﬁxﬁé@éﬁvﬂ%&'r@ﬁssi%ﬂﬂ 6, cefjrane suyyd idle |ink
-2@8 I's a 4x5 bit. array at ngnﬁfentﬁﬁ#?e i dle. input |inks 94
tdws tERPEL CSRPT £RERI o2 %J}']'b“lll'?e &t 1% %selﬁén?rﬁcﬁ'he space
Eg@har publity of output stage switches having a
L_plurality of output lines for sending output signals, the

system comprising:

a dedicated switching element of said center
switches for immediately connecting an input line in the
presence of a rearrangeably blocked condition through the
communications matrix to an output line;

detecting means for detecting said rearrangeably
pblocked condition;

selecting means for selecting a set of switching -
element pairs from said switching elements of said
switches, said switching element pair set forming a
plurality of possible connection configuration from said
input stage switches through said center stage switches,
excluding said dedicated switching element, to said
output switches;

means for determining a minimum rearrangement
connection configuration for connecting said input lines
through said center stage switches, excluding said
dedicated switching element, to said output lines, said
ninimum rearrangement connection configuration forming
requiring a minimum number of rearrangements of pre-
existing communication matrix connections; and

switching means for reswitching the matrix according
to minimum rearrangement connection configuration while
maintaining all signal flow from said input stage
Switches through said center stage switches and to said
output stage switches and removing signal flow through
Said dedicated switching element.

. 67
This Sheel Has Been Re

T



, 59&%%0| nput |%IHHMHIQUHLIM238 correspgr?gNTt gpgrlf_elcc%‘TItoﬁe I nput '—/-ﬁé
tr

sW t ches 92. ace input idle:link bit.ndp 238 for a
row (input stage) and colum (center stage) i:ndicate the.idle state
i nputs ] i nka Ydetiod@esr tivaled IHEL 15 iaghatttimprirel stage. An‘entry of
cates, t%@l the in ki is idle and available for assignment. A 0O

1%t ?W%n%b‘fﬁnuﬁ’?ﬁ( ALK ROPIGEFY® not avai l abl e for
r’ﬂggﬁflgeuﬁa'emmy time codmmumn DE4 tich resa tnest vt iha teanper iedtngn a£ent er

Plurality of input lines for receiving input signals, a
plurality of center stage switches comprising a plurality T

of switching elements, and a plurality of output lines
for sending cutput signals, the method comprising the
steps of:
) immediately connecting an input line in the presence
of a rearrangeably blocked condition through the
communications matrix to an output line through a
dedicated switching element;

detecting said rearrangeably blocked condition;

selecting a set of switching element pairs from said ' -
switching elements of said center stage switches, said i
switching element pair set forming a plurality of
possible connection configuration from said input lines
through said center stage switches, excluding said
dedicated switching element, to said output lines;

deriving a minimum rearrangement connection
configuration for connecting said input lines through
said center stage switches, excluding said dedicated
switching element, to said output lines, said minimum
rearrangement connection configuration requiring a
minimum number of rearrangements of pre-existing siénal
paths; and

reswitching the matrix according to said minimum
rearrangement connection configuration while maintaining
all signal flow from the input lines through the center
stage switch and to the output lines and removing signal
flow through said dedicated switching element.
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€&§ﬁ#9894234 S arrangen@ﬁgﬁﬁaﬂﬁﬁfﬁﬁg%wg%ﬁcgress. 557
Definition: spaﬂﬂlﬂﬁﬁl_,ﬂmuﬂm,[lmt age, cnt _‘st age] . .~ Space. out put /Zé
link bit map 240"is* a'4x¥ bFt #array that-represents:the i.dl e output

betwegn thg guLpdh 88 S 65 46 4 t he space donain.
FOM/OfES ace ogtput ?d?ei€$$$?%ﬁ§i¥mﬁﬁéﬁo C%??esponds to one of the
t recugE<BRnNEcReSORPUNIGRRIRRS (PR iy ¢PRNQFREI output idle |ink bit

4Q.h@h garakien, r ewe( ovkpthiSat iohS BEr 0| dblpE DEIM@raswi tch) indicate
dl'e state of .the output lipk 98 befween that_oufput. swtch and center
PIAREIAEYy OFf LPPRRaPERP e st TR AT RAY T pHROTT AATRATH cRand avai | abl ¢
ssiegnernstagelswikoubes ndompt Esindiad pheraldtytof iskitelsing use and is
“SerRhee A Bl Or Bl el R sy (Pl e
output signals, comprising:
a dedicated switching element of the center stage
switches for immediately connecting one of said input
gates in the presence of a rearrangeably blocked
condition through the communications matrix to one of
said output gate;
detecting means for detecting said rearrangeable
blocked condition;
selecting means for selecting a set of switching
element pairs from said switching elements, said
switching element pair set forming a plurality of
possible connection configuration from said input gates
through said center stage switches, excluding said
dedicated switching element, to said output gates;
a minimum rearrangement connection configuration for
cennecting said input gates through said center stage
switches, excluding said dedicated switching element, to
said output gates said rearrangement connection
configuration regquiring a minimum number of
rearrangements of pre-existing connections; and
reswitching means for reswitching the communications
matrix according to said minimum rearrangement connecticn
configuration while maintaining all signal flow from said

input gates through said center stage switches and to
said output gates.
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4

i?'mﬂé??%d tammiMﬁ\“mu thod is i PRHFEYF ABPLICATIRNI ng descri bedi’/z/é
maps for re "™® | i nks, the followi ng describes prinitive
rations Useful*td néniﬁulate the space idle |ink Hit.maps 238 and 240
B conneql ang QI SGUNFer Q8LRNi%MTng a BbhHbELYE, < TNt links()
- configuration of a communicaticns matrix having at least
three connection stages, comprising the steps of:
immediately connecting an input gate to an output

gate through a dedicated element of a center stage to o
form an immediate connection configuration said dedicated
element associated for connecting said input gate to said

output gate when the matrix configuration experiences a
rearrangeably blocked condition;

configuring the communications matrix to form a
parallel connection between said input gate and said
output gate, said parallel connection being parallel to
said immediate connection configuration and through an
element of said center stage other than said dedicated 7
element; and

removing said immediate connection configuration
through said dedicated element after said parallel
connection confiquring step.
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nitialize idle link bit maps primtive (used only for start-up i/
it i ons) creates bo’unlﬂﬂﬂﬁ Eﬂu' le link hit map 238 and.space ‘out put A?é
1ink bhhpowp 240 u“ "u enbodi nENt pARirTeAbET8SaATRelhe i dl e

bit maps are initi‘al fzed t ® ndicating th@t all links are idle.

tive: set_link(i/o, ], k) This primtive
the kth bit of the jth row of the bit map speC|fied by the "i/o"
fneter to 1. 6-1f #hsysSer fap esttailishing eneshseadcrhe val ue of .

ﬂf In,scggt?egg&% %ﬁﬁgr%lt %f cBﬁInHﬁE]é gg;ﬁ%f %E%}.?:gnagz%%r WS Geddte k[e”]
three connecticn stages, comprlslng the steps of:
circuitry for immediately connecting an input gate

of the communications matrix to an output gate of the

communications matrix through a dedicated element of a

center stage to form an immediate connection

configuration said dedicated element associated for
connecting said input gate to said output gate when the
matrix configuration experiences a rearrangeably blocked
condition;

means for configuring the communications matrix to
form a parallel connection between said input gate and
said output gate, said parallel connection being parallel
to said immediate connection configuration and through an
element of said center stage other than said dedicated
element; and

means for removing said immediate connection

configuration through said dedicated element after said
parallel connection configuring step.

- A method for hitlessly rearranging a
communications matrix and maintaining connections of
previously connected signals, comprising the steps of:
forming a connection configuration of a
predetermined input gate to a predetermined output gate
through a first predetermined center stage switch;
establishing a parallel connection from said
predetermined input gate to said predetermined output
gate through a second predetermined center stage switch;
and

disconnecting said connection configuration to free
said first predetermined center stage switch upon
determining signal flow from said predetermined input
gate to said predetermined output gate through said
second predetermined center stage switch.
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jf 3

F-primtive clears (resets t he kth b|t of the jth row of the bit map
Lifled by the i/o p |mm| the bit nmap contains n.elenents
he v&23P0H4 | ex onputerfrmummﬂfaERamaHTIwWQ.

wi se, the kth elenent is'se to 0 Primtive: _punp link(space in

1], space out |ink [ k]) " The preferred nethod and
m connect between an {;ﬁlsmﬁtch stage i and an output sw tch stage
ng the | &west Pmﬁ%%tl"%ﬂ Rt kesafy FRATIREBANT dble. This is

npl|smaiﬂnnxtarxmnsﬁméﬁmﬂx &Hﬂ&hﬂﬁﬁlﬁﬂﬁﬂ|cdﬁhed&&dﬁ§ epunpi ng” space
R e e o SR
c1*cu1try for forming a ‘connection configuration of
a predetermined input gate to a predetermined output gate
through a first predetermined center stage switch of the
communications matrix; '
a second predetermined center stage switch other
than said dedicated center stage for establishing a
parallel connection from said predetermined input gate to
said predetermined output gate; and
means for disconnecting said connection
configuration to free said first predetermined center
stage switch upon determining signal flow from said
predetermined input gate to said predetermined output

gate through said second predetermined center stage
switch.

72 This Sheet Has Been Replaced




. 91AD004 PATENT APPLICATION L -
r stage switchwith both anidle link to |mput st age . _ %
-1 and an idle link to output stage k. The i'ndex -of the first

ero entry in the result of the logical AND 'S c, t-he | owest nunbered
r st agMERHQRS AR PYRAEY FIER auy:nmaznma ﬁﬁpdﬁC@Kd§eAWDand an idle

to output ﬁtéﬁ@r&nxﬁbent@@rﬁr&oé@ £t hefrwdkked as "busy” in
ce_in_link[i] and spaceoutlink[k] and the center stage nunber c is
urned. Table 3 illustrates an enbodi ment of this primtive nacro.

ABSTRACT OF THE DISCLOSURE

A method and system to immediately connect and N
reswitch connection configurations through a
rearrangeable communications matrix that immediately
connects an input gate causing rearrangeably blocked
condition through the communications matrix to an output
gate through a dedicated or extra switching element of
the center. With the rearrangeably blocked condition,
the method and system select a set of switching elements
pairs from the center stage switches to form a plurality
of possible connections from the input gates to the
output gates that excludes the dedicated switching
element. The method and system then determines from the -
possible connections a minimum rearrangement connection |
configuration that excludes the dedicated switch and that
requires the minimum number of rearrangements of existing
communications matrix connections. Then, the invention
reswitches the matrix according to the minimum
rearrangement connection configuration while maintaining

all signal flow from the input gates to the output gates
while removing connections through the dedicated
switching element. The preferred embodiment has
particular applicatidn for digital cross-connect networks
that include a time domain and a space domain for
connection configurations'where rearrangeably blocked
condition may occur in either domain.
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- 3 PUVP LI ST MACRO FLOW CHART (
ink(space_in_link[1l], space out link[k] int C- i, 'K, X[xt ra stage]
;X = spaceinlink[i ] && spaceout link[K] ;" for (| ='1;-i < =xtra
;o j++o { if (X(j) = 1) QR&— i break } cléar Ilnk(space in’.
Q -

, ¢); clear Ilnk(spac‘ﬁ( link, k, c); if (c = xtra stage)
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ange = 1; ] return(c); { FIGURE 16 illustrates the [ ‘
tation data matrices after initialization.-The corresponding y
) - _32 i [ e .:,. ._,._ R . izt Ve L
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E.K.Bowdon
18487-110
Xm 88
- 36 100~ ‘/Of P
1 1 1 . 2
-« FIG. 8
1
2 . . 2 2 N 2
. . -~ .
1
A B R e f
® ™ . » . n
110
- £ ’
NO A +HERE
: |
<\“
7 ’
] O
o
i :5
3 FIG. 4 & AB
‘ —4| 122 A
=2 .
=3 V|4 ~-118
1 x A _ .‘.No B This Sheeit Has B‘een Replaced !
i dieall| || 111 /N:
SWITCH 120 QUTPUT SWITCHES _

121




'ﬁustShqfeaHasm
t r

five center stage
ws the inplenmentation
st

e connec'tul"enr'i""ﬁ'a_f"h sel ection matrices spacein mat

dspace out-mat 236, [
16. '
cgms of the spac€.in link 238 and space out

| rraps are a
ut stage switch and eachtdu
h idle center stage sw tb&ﬁ87l—ri 10hi s

¢

222,
for t he exanpl e,

‘g swi'tch connecti.ons,

are

Sl nce there are: all of
initialization. Note that each

nstage switch has a 1 el enent for .

- exanple, after initialization,.

switches are marked as "idle". FI GURE 17

data after the first connection. Suppose the.

REMOVE CONNECTIONS
AS REQUESTED

' |
| UPDATE TABLES
' ~
196 194

PACK
4 [NO_CONNECTIONS AFTER
- A DISCONNECT®

202

OETERMINE CONNECTIONS
70 BE PACKED IN SPACE

‘ 204
oy
PACK CONNECTIONS

IN SPACE USING
"A HITLESS ROLL

‘ 206

DEItR\AINE CONNECTIONS
TO BE PACKED IN TIME

P ———

PACK CONNECTIONS IN
TIME (AUTOMATICALLY
HITLESS)

N\
208

S

nnection request EEB_‘T! to conneeaal nput line 1 to1%@t put |ine 1,
, | L-1- Et C)' tep is to converj~t i nput,
W EE:GIN éllx'gn ¥illfer and an i nput nunber for °
| p—thi-s—tase— ~160-1->1(1,1). Sinilarly, the
C 0 13GIECT A OWEST aH out put_swi tch stagqsaunber and an
at| oNUKEBERES VITME h stagF. I'n thig casey
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174 5 ,
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51:11 >Q(1,1). So, we are going to nake a connection between input sta
i@ and out put stage 1. The present nethod and systen1attenpt to
ke the ~connection between input stage 1 and :out put - stage 1 by

5i ng the | owest nunber ed cent@hngsf9e switch available, *~~ " which in this
hse i s center stage 1. This acconpl i shed by using the punp |ist
hcro of TABLE 3 to conp%i% g % in link[1l]] wth space out link[1] in
§ GURE 16 and set the idl8*8bn ts of the | owest center stage

gnber common to both bit maps to "0". Then, the space in mat(i,j) and

e space_cnt_nmat(c qual .to k. The cq&(esponding space
Btri x data entries are gl GORE L7 gng tne resultant state of
t:#e space matrix 220 is omm |1 F| GURE 18, The follow ng
;Sgatenments acconplish thiyg process
w
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TABLE 4 CONNECT e
X purrp list(space_in_link[i], space: out i nk][ k])

_mat (i ,J) space_cnt rrat(c ) = k - '; space dut
= C; Where inthis g@mo,ﬂ—J =k=l =mrc- 1. '
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&

the procedure of adding connections continues until n2-2 connecti o
een made (presumably without rearrangenent) w th thé resul tant space
shown in FI GURE 19 and connection path-selettian atrix data shown i
} GURE 20. Then, the r 6 to connect I1t-13 to OL-7 is received. :
Thei® equest to connect |L-13 ¥7 converts to a request connect

| (48)-Q(2,3). The present net SOW4aR system attenpt to make the connection

bet @en input stage 4 and outli#8/sfldfe 2 by using the | owest nunbered

cengger stage switch available, which in this case, is center stage switch
nuniger 4, as illustrated in FIGURE 20. The punplist macro of Table 1

PP———

conj@res space in - |i nk[ﬂﬂ vwéﬂé space out |ink[2], detfy ines the | owest
cent@er stage nunber commo Q6* Eh bit maps, and sets t idle status to
"bug in both bit maps. TQﬁ ghespacernimag(i i) )] afd the space out
mat (&, 1) are set equal to that |center stlage nunber and the
spag-_cnt_nat(c,j) Is set epgual|l tq k
. B .
§§6
=35 AB
FIG. 12 &
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3 1} ;
bor r espondi ng space matrix data entries are shown in FI GURE 21 and the L/
res@@tant state of the space matrix is shown in FLGURE 22 ThIS process |s
acc@ml i shed using the fol | owi'ng statenents-from the connect TOut'i ne ‘as’ -
bef & e: 4 -34
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L,//

= b |ist(space in link[i], space out Iink[k]); space_i n_mat (i, ]) 476
c, 4 space cnt mat(c,i) = k; space out- mat(k 1) .= c; “where in
t hi si&ase, i=4 j=1k=2:1=3 n¥l13 n = 7-and.c=4. Suppose t he--next--

@&t is to disconnect IL-13 from Q-7 (whi ch takes down 't he connection
Jas just made). The requesé”tDQ O&i sconnect 1L-13 from OL-7 converts to -
dgest to disconnect 1(4,1)- Mﬁd&lﬂonThe put back macro acconplishes the
dhnect by breaking the connt#87en 1Det ween i nput stage 4 and out put '
82 and putting the freed-up center stage switch, nunber 4, back on the -
gout put stacks for subsequent use. Mire specifically, t he put back

@ determines the freed-up center stage switch nunber and puts it back

in thg proper positions on both of the ordered-linked lists in space in

link[§] and space out Iink[2] F]T@e f%e
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FECONNECT -STATENVENTS 7 c '=space_in_mat (i,j); Z@ -

sclll i nk( space ”Q E&Q eptheed C) ; set Ilnk(space_out 1ink, -k, c);

spfce_in . . spacecnt mat(-c, i) ‘e --. . ~space out
Bk 1) = elnthlscase |—4J—1k‘-213m:13 n=7; and c=4.
g§t, supp a rGQM@QDOLO connect |L-13 to OL- 12. The

reguest to connect IL 13 to B%wgg,pverts to a request to connect

,1)->0(3,4). The present 84 rrz QOd and system attenpt to nake the
necti on between I nput F g and output stage 3 by using the

gest nunbered center stage switch available. In this case, the .
drr] or extra center stage switch 224 is the | owest nunber avail ablé -
fter stage switch, as illustrated in
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h center

entries during rearrangenent are shown in Fl GURE 24
arr angement
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ant state of the space matrix during
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FIG.

the punp list macro acconplishes this by
ﬂ|@gs§§§§§&k§n§&ﬁ£§{4] W th space out stack|3]
. center stage nunber .
stage switch "X),
n both bBiAlGAds. Then,
out mat (k,l) are set equdlK.Bswdohat center stage
cnt_mat(c,j) is set equakg4gyLq4.10 An
stage switch

1
in . FIGURE.23, Zé
", .commen to both bit.maps.
‘and- setting'the idle -
t he space_n_nat(l,J) and the-
nunber and the
entry of 5 indicates that

been assigned and the rearrangenent

automatically i nvoked. The correspondi ng space matri x

and t he
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this case, i=4 j=1 k=3 1=4 nmr13, n=12, and c=5. /76
: T" the ‘rearrangenent al gorithmthe connectlon 1(4,8)-0'2, 1) that
adEeenR@lab&éd from center stage.sw teh numijer 2-.ont0-center

h|s roll |s®p‘)}erforrred hltlessly by creatlnga
stage 4 and a receive-end-switch at out put
svmt own i n Fl GEiEBawdonvWien the correct path is received at

stage switch 2 fromcenti@8stidg@e switch 4, the original connection

h center stage switch 2 is dropped as shown in FIGURE 28 and the
matrix data is updated as shown in Fl GURE 29. The previous roll .
gl ows the i medi ate connection, 1(4,1)-Q(3,4), as FIGURE 31 shows, a

isvmt

WhIC Bi s on center stage switch X 224, to be rolled onto center stage
SWtal 2. .
FIG. 21
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'roft TS performed hitlessly by creating a head- end-bri dge at input LL
e S%,E@ﬁ%eﬁia@ﬁ@kn&mh{caﬁel ve-end- switch at .output-stage :switch .3 as shown

| correct path is recei. ved “at:.out puts ‘st.agéeswitch 3
CentEHﬂM EH the original connection thr@ugh centfer stage X
i s dr 91AD004-  -37- Rol ling the inmedi ate
cotimect i on, I(4 1)-0(3,4), offKBbedextra center stage switch conpletes the
re5lr angement process for thijg4gpopggtion. Note that this process |eaves -
cxtra center stage switch clear and ready for .
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. - [ [ — . - - - /> -
‘connecti on when a rearrangeabl e bl ocking condition occurs. FIGURE 32/&-

C
t héhiy n ¥ of the space matrix after. rearrangement . F GURE
m\s t ‘ﬁ h ng space natrix data entri@s.after rearrangenent.
8 URE ngenent aspects of the prefierred enmbodi nent” are
4b00en

d to the above exanple ap ce the preferred enbodi nent uses

ted center stage switch 2RK.Boadomke the i medi ate connection, the

of the preferred enbodi nMB487i-ny®kes the rearrangenent process :
tically. First, the systemdeternm nes two center stage switches which
Marticipate in the rearrangenent process. This is acconplished using

Paul [gZ8s Met hod which is restated as foll ows: If (r[err],c[err]) is
bl oclk®d, test all synbol pairs (A B), such that Ais inrowr[err], but not

in cdgum cl[err] and Bis in ;é.,?é] %&not inr[err], to find which pair
will Bequire the fewest chang he mehod then carries out the changing
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cti M Nng to the space matdrix exanple of FIGURE 25, it is preferred to
[ r ambif Sreeh ce ®ent mat matrix data in FI GURE 24, inta the format

EURE 4. E lustrates the results Of this transformati.on.

The ulge of center stage switch i§.indicated by the X.in -
(r[er@ , 6 c3) of FIGURE 34. The nextap
Bo

spep is to find all synbol pairs (A B)
such #hat Ais in row r4, but q%t Q
1

: k | um c[err], and Bis in colum .
c[errg@@ but not inrowr4. Int |4a7 <;%pl e, thereis a2 inrowr4, but no - .
2 in @lum cl[err], so Ais set Z''Similarly, there is a 4 in colum :
clerr@ but no 4 inrowr4, so Bis set to 4. Since there is only one value”
for AZhnd one val ue for B,
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B) palr that requires the |east changes is; obviously, the; LC

pai ’ssgeetH jeden pair of symbols (A,B) .there are two possible
rear nge”ﬂlmlﬂm One of .these two general Y. will. be shorter:. The
foll ¢ the X-A and X-B sequences.for."this exanple.

The . A sequence starts with thedjajedi at e connection through the extra

el enght and ends up with the bl pgkRddeg! | being assigned to elenent A or 2,
in ti@s case. Starting with th gllgclj 6 cell (r3,c[err]), thereis no 4 in ..
row r8, so this step requires a C|rcle around the 2 in row r3. Now, the
circled 2 is in (r[err],c2). Then, a search for a 4 in colum c2 is

neces; ary Since there is none, this sequence is conplete. (Note that not

all 2§s get circled.) The X-B sequence starts with an i medi ate

connef tlon .through the dedicated el enent 224 and ends up2dth the

FIG. 25 g
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/G
bei ng assigned to elenent B or 4, in this case. Starting with /%

bl od eﬂn e

th ee b«U[err]) there is no 2 in clerr], so a-circle goes

ar . Now, the circled 4 is.in: E{B 03) .Then, .&'isear ch
for @ Iace SIHC% 6é§a|s none,. the sequence generation
proc%ss S conplete (Not e tha ﬂ | 4's get circled.) The fl ooding -
al gofli thm starts by finding t he-K.Bpwdone| ement of the X-A sequence. If the -

X- A Hequence is not ended, the1ﬁ48Ef1H]enent of X-B sequence is found.
3 t he next elenment of the X-A

sequfnce is found. This process continues until the
sequfjnces is conpl eted. (So, the X-B sequence shown in FIGURE 34 is not
real gy generated. It is shown here as an illustration of the alternate
pat h3) * I'n summary, the method and systemof the pré28rred enbodi nment
i mredi ately reswitch signal flow connections

natrﬁx t hat receives input Iinef?]?;vifggéyput signal s
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g
and has output_lines for output signals, and therebetween center //L}(;
swi @hing el enents to connect the input lines to the qutput :Fines by
i mregli dhiePheetdbinBeaReplapedin | Nput | i ne causi ng “a reag rrangedbl'y "bl ocked _
congfti matri x to_ an output line.through a dedicated or extra
swi tEhi qy Hﬂ he center 3IMW4det ecting the rearrangeabl e bl ocking .
condftion. In response to det e(EtN.Bmvddﬂe rearrangeably bl ocked conditi on,

t he et hod and system sel ect al8487-6f10swi tching el ement pairs fromthe
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* [ * 4 . * * * % % Xk khkkkkkkokoh R Tk ok ok * *
/¥ 3 This Sheet Has Been Réplaced A * ) ) PR /

* % ** * % * k% Kk Kk *x *x* * % kK Kk * k. -*‘:,'_’*"*'E*.-*'*..-*'% Tk kk .k *
. *1HM1HNL 'H IH */  |* To begin proceed to the main program at
the lend of ng / #i$HAD0@é (stdio.h) #include <math. h> #

i ncliude <mal |l oc. h> # include <syKBowdes. h> # include <sys/timeb. h> #include

<sys
in |
I n_n

time.h) /* dobal variablig48yeq1gnmedi ate connection al gorithm int
ne, out line; int I n stage,
un i nt out stage, out num
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nt * : m int corrmand count /Z(

con |nt rearrangespace,. . R
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sp m i nt space out mat [ 16][16]: | nt--
space i i nt 91AD004 space outlink[16][17]; int
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TECENICAL FIELD OF THE INVENTION

The present invention is concerned generally with
electronics and more specifically with communications
systems. Even more specifically, the invention is

 concerned with a method and system that eliminates delays
"in reswitching matrix configuration network devices when
connections must be rearranged to permit signals to flow
through the devices.

Even more specifically, the invention is afso
concerned with a method and system for maintaining
hitless connections in a cross-connect communications
network while rearrangement operations in the
communications matrix take place to eliminate service
delays and interruptions duriﬁg the network

reaxrangenments.
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BACKGROUND OF THE INVENTION

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

-minimize the number of cross-connects in the matrix.

This objective becomes more complicated as market demands
for communications services increase. 1In particular, as
network devices address larger markets, the devices must
service more and more input and output signals. These
factors exacerbate the space and cost limitation problems
even more for communications matrix devices.

One matrix configuration that uses a minimal number
of matrix cross-connects for a given number of input
gates and output gates and that provides a potentially
optimal solution is known as a "rearrangeable" matrix.

- For the rearrangeable matrix, the number of center stage

switches must equal or exceed the number of input gates
on each input switch of the matrix. In a rearrangeable
matrix, there exists a set of conditions such that,
although the device does not use all input gates and all
output gates, an attemnt to use an idle input gate and an
output gate is prohlblted because existing connectlons
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 re.rrangeable 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 netwerk and any
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given iAie pair of input and output gates, the existing
connections of the matrix may be reassigned to new paths,
if necessary, to connect the idle pair.
Existing methods and systems for connecting inputs
to outputs in rearrangeable matrices generally use a
standard rearrangement technigque that determines which
cross—-connects of the matrix to rearrange to permit a
signal to flow. N.C. Paull in "Reswitching of Connection
Networks," The Bell Svstem Technical Journal, May, 1962,
pp. 833-856, describes this known method for unblocking a
rearrangeable matrix. This method (hereinafter referred
to as Paull’s Method) suffers from a major limitation.
Paull’s Method regquires 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 immediately connect
idle input gates to idle output gates and, if a
rearrangeably blocked condition occurs, rearrange the
‘matrix after the immediate connection. The present
invention achieves this object with a minimal amount of
additional circuitry and avoids the service delays and
interruptions of known reswitching methods and systems.

' It is also an object of the present invention to
provide a method and system that rearranges existing
‘cross—-connections through a rearrangeable matrix by g
immediately connecting an input gate of an input switch
through the matrix to an output gate of an output switch
through a dedicated or extra switching element of a
center matri:. switch and, if the connection causes a
rearrangeably blocked condition, detecting the
rearrangeably blocked condition, after which the
invention executes a method for performing a "hitless
roll" of the signal from the extra switching element to
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=R erargt o (chosen nmsw A, 48); /*
,¢  A f@ﬁéﬁEFi zero (chosen nmsw 8, 48); for (i =0; i <
N rearran 3d. position[i].x; /* Read rearrangenent
x2@=§Mé¥r gq 3d.position[i].y; X3 =
position[i]. if (x3 -- B_|east) -
1 F8f—=" xP”‘ 7+ IPi ck out %onnections from chosen nsw
[* n1deP swilt ch B and store * chosen msw

Blm][2] = x3
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aqother swl éﬁu§¥3element in the center sJitch by fi?é?ﬁ
selecting 2 set of switching element pairs from all of
-ne switching elements of the center switch to form a
-lurality of possible connection configurations from the
input switch through the center switch (excluding the
sedicated switching element) to the output switch,
searching for the minimum path set requiring the minimum
~umber of rearrangements of pre-existing connections of
~ne matrix configuration and then reswitching the matrix
according to the minimum path set while maintaining all
signal flow from all input gates of the input switch
+hrough the center switch and to all output gates of the
output switch and removing signal flow through the
dedicated switching element.

It is an object of the present invention, therefore,
e provide a method and system that connect input gates
o output gates while permitting both rearrangement of
the matrix and uninterrupted signal flow through the
patrix during the rearrangement. The: present invention
schieves this object with a minimal amount of additional

. &ircuitry and avoids the service delays and interruptions

nf known rearrangement methods and systems.

1t is also an object of the present invention to
provide a method and system for rearranging a
tearrangeably blocked communications matrix and
haintaining hitless connections of previously connected
§ignals ©y forming an immediate.connection configuration
of a preietermined input gate to predetermined output
gate through a dedicated center stage switch, and then
\Using a sredetermined center stage switch other than the
Qedicated center stage switch to establish a parallel
Ronnecticn configuration through a dedicated center stage
Switch and a predetermined center stage switch from the



if (x3 -- A ed?@mqvﬁwﬁf SHBBSen msw Alne] [0] = xI; /* Pick out
connections frgmj- v h¢sen msw Al n2][I] = x2; /[* mddle switch
A and store #/ 2 ; e w A n2][2] - x3; /* chosen nmsw_A.

*/ nR++; Q%Ifl.fﬁ‘te'_q%% lag = 0) kI = 0; for (i =0; i <
16; i ++) st —Startfei (R, Cg)5 check */

/[* A's in the gane colunn */ xlI - chosen nmsw A[i][0];

x2 - chosen msw Al F[TITT "x3 - chosen msw A[i1][2]; if (x2 =

c_tenp && x% deéekﬁgﬁgh input gate kb EQQD%f@@é%%rmlned output gate
and then rearranging connections through the
communications matrix including the dedicated center
stage switch to establish parallel connections that
maintain signal flow through the communications matrix
and that includes the dedicated center stage switch and,
once the parallel connection are established, to break
connections through dedicated center stage switch. The
result is that by the invention using the parallel
connection from the input gates (herein called a head-
end-bridge) and to the ocutput gates (herein called a
receive—end-switch) through the dedicated center stage
switch, hitless rearrangements of communications, matrix
connection are possible.
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R DESCRIPTION OF DRAWINGS

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

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

FIGURE 4 introduces notation for understanding the
preferred embodiment;

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

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

FIGUREs 15 through 34 illustrate a simplified space-
domain example of the preferred embodiment;
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In FIGURE 1, a large matrix configuration is shown
that provides for connection and test access for up to
1,024 DS3 ports (or equivalently, 32,678 DSl ports) for
the 1631 SX device. This is a five-stage, Time-Space-
space-Space-Time (TSSST)-division multiplexed connecting

matrix network 50. Matrix configuration 50 includes time
stage 52 that through connections 54 connects to three
center space stage (SSS) designated generally by
reference numeral 56. Three center space stage SSS 56
connects through 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
FIGURE 1 illustrates
logically the relationship between time stages 52 and 60
and the center space stages 56.

three center space stage 56.

Input time stage 52 uses
The time slots may be
represented by the connections 64 between I/0 shelf
inputs 62 to each time slot 66 of matrix S56.

128 time slots per input 62.

Center
space stage 56 includes 128 time slots 66, each of which
time slot 66 includes a N(17,16,16) matrix. The number

17 of time slot matrix 66 represents the number of center
'stage switches; the first number 16 represents the number

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

In FIGURE 2, center space stage 56 is represented
mathematically as a three—staée connecting network cube
of matrices 72 for each of which the symbol N(17,16,16)
fully describes each of the matrices. Thus, for each
N(17,16,16) matrix 72 there are in the example of FIGURE
2, 16 input switches such as input switch 74, for which
each receives 16 input gates such as input gate 76. The
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nnections 64 of FIGURE 1 for each time slot.

rotal

rime slot €° ' .
h input switch 74 go input switch-center switch

From eac i
nnections 78 to the center switches such as center
co )
witch 80. In the preferred embodiment, each N(17,16,16)
s

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/O shelves such as I/0O
shelf 70 of FIGURE 1. The total number of output gates
g6 make up the time slot-to-I/O shelf connections 68 of
FIGURE 1 for each time slot.

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

The preferred embodiment uses a dedicated time slot
when rearrangement is necessary in the time domain. For
example, referring to FIGURE 1, the 128th time slot may
be dedicated as an extra time slot for use during matrix
50 rearrangement. Similarly, in the space domain,
rearrangement uses a dedicated or extra center switch.
For example, referring to FIGURE 2, center switch 17 may
be the dedicated or extra center switch. The present
connection technique automatically uses the dedicated or
extra element (either the dedicated or extra time slot in
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FIGURE 3 illustrates that N(17,16,16) matrix 72 of

URE 2 may be generalized to matrix 88 for which the

kkhkkhkhkhhkhkkkk*x

IG
Fxpresslon N(m,n,r) describes the configuration.
e

Following the conventlon 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 rxr center stage switches (as well as the number of
outputs from each nXm input stage and the number of
inputs to each mXn output stage switch); n equals the
number of inputs to each nXm input stage switch (as well
as the number of outputs from each mXn output stage
switch)} and r equals the number of nXm input stage
switches (as well as the number of mXn output stage
switches). Note also that, in matrix 88, m at least
equals n+l. This limitation on m for a 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 $0 that connect to input
switches, such as input switch 92, having m output
connections 94. In generalized matrix 88, there may be,
for example, r input switches 92. The input switch-~to-
center switch connections 94 connect to the rXr center
switches such as center switch 96 where each center
switch 96 receives r center switch connections 94 and .
provides r output connections 98. In the example of
FIGURE 3, there are m center switches 96. Each center
switch-to-output switch connection 98 from center
switches 96 connects to an output switch 100. Each
outpu; switch 100 receives m center switch-to-output
switch connections 98 and outputs to n output gates such
as output gate 102.
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Both E§é9ﬁ§i7 16,16) matrix 72 Fo# CPBEURE 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

ths, if necessary, to allow connecting the respective

pa
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
Paull’s Method derives from the property

for the N(n,n,n)

output gates.
that A (nl n, n)
it is necessary to move at most n-1 connections

<

< n=1. In other words,

matrix,
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
FIGUREs 6§
through 14 show an example of the cperation of the method

system of the present invention. Thereafter,
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

ref er ence,
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connecti°n5 existing in a space domain matrix such as
patrix g8 of FIGURE 3. Square matrix 110 has rows 112
gesignating input switches (such as input switch 92 of
FIGURE 3) and columns 114 representing output switches
(such as output switch 100 of FIGURE 3.) The simplified
example of FIGURE 4 shows the number of rows 112 and
columns 114 equals 8. Note that to correspond exactly to
the N(17,16,16) matrix of FIGURE 2, FIGURE 5 could show a
matrix having 16 rows representing input switches 74 and
16 columns representing output switches such as output
switch 84. Within each square matrix pesition such as
matrix position 116, there are m possible symbols that
may appear. These m symbols correspond to the center
switches such as center stage switch 96 of FIGURE 3. For
example, matrix position 116 may have m possible entries,
one for each of the center stage switches 96 appearing in
FIGURE 3.

In FIGURE 4, the ordered pair (3,1) denotes matrix
position 116, where 3 is the row designation, i.e., row 3
having reference numeral 118, and 1 is the column
position, i.e., column 1 having the reference numeral

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

Referring, for example, to FIGURE 3, since there may
be only n input gates 90 to each input switch 92 and n
ocutput gates 102 from each output switch 100, only n
symbols may appear in any row 112 or column 114. Since
each input switch 92 has only one connection 94 to each
Center switch 96, no two symbols in any row 112 may be
the same. Similarly, each output switch 100 has only one
connection 98 from each center switch 96. No two symbols
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m= 1; _ % = 2; zerd (chosen nmsw A, 48); [* Initialize
target majrrcés.” *7 ~  zerjp (chosen_nsw B, 48); for (i =0; i < 256;
| ++) xl_-_rearrange 3d.positioitdii.x; /* Read rearrangement
struct. */ X2 = rearrange 3d.position[i].y; X3 =

rearrange_3d.jpoanyi cefliinz 114 may be the same. With the notation of

FIGURE 4, a square matrix 110 satisfying these
restrictions is said to be "legitimate" since it has only
legitimate entries.

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

In FIGURE 5, flow chart 140 describes the steps and
functions of the preferred embodiment of the present
invention. Begiﬁning at start step 142, the method is
first to query, as query block 144 indicates, whether
there is a pair of ports presented for connection. In
the example of FIGURE 3, the step is to query whether
there is an idle input gate S0 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. Eaving selected the lowest numbered center
stage for connection, the connections are made at block -
156 and square matrix 110 or a similar status table
designating connections is updated at block 158.

At block 160, a query of whether space rearrangement
is required takes place. If so, then flow goes to block
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162 where the step is to select two center stage switches
for rearrangement. Next, at block 164, the step is to
£ind the connections to be rearranged and, from the
connections, the query at block 166 is of which path
requires the least number of rearrangements. If the path
X=A requires the least number of rearrangements, then
program flow takes path 168. If X-B requires the least
number of rearrangements, then program flow takes path
170. Regardless of which path program flow takes, at
step 172 connections are rearranged, one at a time, using
a "hitless roll." The discussion below defines the term
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 query
occurs of which path requires the least number of
rearrangements. If the X-A path requires the least
number of rearrangements, flow goes along path 184. On
the other hand, if the X-B path requires the least number
of rearrangements, then flow follows path 186. The next
step, regardless of whether prograﬁ flow takes path 184
or 186, is to rearrange connections cone-at-a-time, again
using a hitless roll in the time domain at step 188.
Program flow then goes to step 190 to end time~domain
operations. Note that if query block 176 determines that
no time rearrangement was required, flow proceeds
directly to end time domain block 190.

From end time domain block 190, flow goes to query
148 where the method determines whether a pair of ports
is presented for disconnect. If not, then flow returns
to query block 144 to proceed as previously described.
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if (x3iFe=rA - chosen_msw Al n2][0] - xI; /* Pick out
connecfi J)ns grhﬁ)& t991 chosen_nmsw Al n2] [1] - x2; /[* mddle switch
A and 4t gr 1 jchosen_msw Al n2][2] - x3; /* in chosen_msw_A
m2++ |} \while (tenpflagi== 0) kI = 0; for (i =0; i <_.16; i++)

/* Starjt Trom (R2, d), ¢heck */ /[* B's in the sanme row.

xI =¢c¢ =l v, i x2 -~chésan msw B[i][1]; X3 -
chosennsw18[|][2£?lr of portéflé)ﬁreseﬂﬁe&(¥H}”%&§E%nne&%7l%Q?%&is

/* Found anIf?2

t
poln
per plock 192 and then update data tables reflecting the

connectl°n5 for the matrix at step 194.

rhe method is to remove connections as requested

At query 196, the method determines whether a "pack
connections after a disconnect" function is enabled. If
so, then flow goes to query 198 to examine whether a

rearrangement is in progress. If so, then flow will loop
via path 200 until rearrangement is no longer in process.
although FIGURE 5 shows disconnect as occurring
subsequent to completing any necessary rearrangement, the
present method and system may process a disconnéct
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 demain 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 sgquare matrix 110
or similar table at step 158, the method of the preferred
embodiment detects whether a rearrangeably blocked
condition exists. Thus, when the dedicated element
(either a time slot in the time domain or center stage



br eak;
tenp_f1 ag

¥ Yes, then store current
' /* connection in ATOB MW
mt+; _ c_tenp - x2

1, FI. £ m if (flagl - 1) [

switch in the space domain) in a matrik connection
configuration is used to make an immediate connection
petween 2n idle input gate and an idle output gate, the
existence of a rearrangeable blocking condition is
automatically detected.

steps 162 and 178 execute Paull’s Method to find the
path requiring the fewest rearrangements. Specifically,
with the blocked cell denoted (r;,c,) such as cell 121 of
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 segquence 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 seguence 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
r; is found, it is circled or tagged.

In general, then, suppose that the circled A is in
(ry,0y), 15 j.k <8. Then, a search for a B in column ¢
takes place. If there is no B in column c¢,, the sequence
ends and then the next step is to find connections to be
rearranged at block 164 or 180, as apprcpriaté. If a B
appears in column c,, the next step is to circle the B
and continue. If the circled B is in the (rk,cj)
position, then a search for an A in row ry takes place.
The sequence X~A continues to alternate between circling
B’s in columns in A’s in rows, until there exists a
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k2 = OJ & ”*ggbﬁﬁggsﬁﬁﬁl 0; i < 16; i++) /* Start from (R2, d), check
*/ /[* A's in the sane col um.

*/ é‘B'SMA&-I"”J.C nosen nsw Ali][0]; x2 - chosennmsw
ALTT LS brmrmsrme e XB | Chosen_msw Ali ][ 2] ; if (x2 -- ctenp
& x3 ¥= A+least) ~  [* Found an A? */ ATOB MKV[ N [Q =
x| ; f¥es,.thenl store x/- 16 - ATOB M[ N [I] = x2;
/'t current connection ATOB W, /*

in ATOB MOV. column with ;é B to circle AE+2 row—WLLﬂiLg]A:to?gggﬁ&ei e
br eak; Note thak2net all A’s and all B’s get circled, only those
encountered in the above search.

Generating the X~B sequence occurs in similar
gashion, as follows. Starting with the blocked cell
(r1r°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 pesition (r;,c;), the search
for an A in row r; begins. If there is no A in rj, then
+his sequence ends and program flow continues to step 164
or 180, as appropriaté for the space or time domain.
otherwise, the procedure is to circle the A and continue.
In this example, the circled A is in pesition (rj3,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

ninimum number of rearrangements necessary to establish a
path from the input to the output of the rearrangeable
matrix. . '

Rather than completely generating all the X-A and
X~B sequences, the preferred embodiment generates the
shortest sequence. This is accomplished in block 164 in
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space domain and block 180 in the time domain using a
thehnique of the preferred embodiment that shall
c . .
tereinafter be called a flooding algorithm. The flooding
he

a1gorithm starts by finding the first element of the X-A
sequence. If the X—A sequence is not ended, the first
element of the X~B segquence 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

f the two sequences is generated. At the time

shorter ©
that the shorter of the two sequences is generated, the

search terminates. |

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

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

The following Table 1 and accompanying text describe
the steps of making the connections to yield
rearrangement of the center stage switches when X-A

results in the minimum number of connection

rearrangements:
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S URCTTon i s the output ¥ the rearrangement procedure.

noves fromA. */
/* This is
*/ /

The

/* argunents to this function are the required nunber of noves and the */

/[* pair (A B).

*/ [* StrUuCLie=reatT agoioves
* | / TABLE 1
* kKR Kk / *Pfhe out ggpof the riarr angeremonpr ocess
form */
*/ /* Struct sseq_l en
o e X~(r,cp)
foe"
2 ®-3, x
poummasmas
3 ®, x-X
4 @-@, B
5 ®@,3-8
6 X-X A
7 X, A-A

The sequence of noves is witten into the output

kkhkkkhkkhkkhhkhkkhhkkhkkhkkiikkhkkhkk*k

is a structure of the

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
(TABLE 1, Step 1 indicates this

center stagé switch,
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
Rinimum number of connection rearrangements:



1% | int i'"r'i‘p"ljéts ,
*] /= | OBMALWRL qid nid sw int new mid sw
*/ [* i nt_dut| sw;
*/ /:7c ,.,...-.,..._........)._.....,._,_,_,_.,.._
*/ /i ******T_f‘ii:f*******************19*******-***********************
i nt "7 rearrangenent output (no noves, AR BE&. i nt
nonoves; i nt ; Int ; [ i nt
i, " k, TABLE 2 1'm
n; I nt RV f x2 = 0,
" _rp ACTION
1 X‘(TI,CI)
| 2 @-.@’ X
s
3 @,x-Xx
/—
4 B-B, 4
prammm——— .
5 ®.4A-4
—' 6 X-X, B
7 X, B~B
'W

The X~B roll occurs in similar fashion to that of
the X-A roll. For example, the first step is to put an X
in the position (r;, ¢;) indicating the connection was
made through the extra center stage (TABLE 2, Step 1).
For the circled A’s, the roll first adds X’s (Step 2) and
then removes the circled A’s (Step 3). Next, for the
circled B’s, the roll adds A'’s (Step 4) and then removes
the circled B’s (Step 5). Then, for the X’s, the roll
adds the B’s (Step 6) and finally removes the X’s (Step
7. _

Rearrangement is performed as necessary using a
"head-end-bridge" and a "receive-end-switch® to effect a
hitless roll (including the initial connection placed in
the designated or extra element) to the lower numbered
elements of the matrix. The terms head-end-bridge and
receive-end-switch are defined and explained
illustratively in connection with the example of FIGUREs
15 through 34 below. These steps leave the extra element
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cjear and ready for the next immediate connection in a
rearrangeably blocked condition.

aAlthough it is believed that the present
Specification and drawings fully and accurately describe
the system and provide sufficient information so that
anyone skilled in the art may practice the inventive
concept, "Unpublished Appendix A" is provided herewith to
remain unprinted. Unpublished Appendix A includes a
1isting of the working source code to enable a computer
to operate and perform the immediate connect method of
the present method and system.

cP TION

Having eﬁplained 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 ocbvious upon understanding implementation of the
space domain method.

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

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

=0, y2 = 0,
0_noves; | ++) If (flag A =
fromA smaller? */ yl

nput switch */ y2 -
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W(j"'2]; UL M ddl e tch */ if (flag B==1 && flag A
WU 0)]/ |s°§%ﬁé§8§§iﬂoms smaller’? */ yl = BTOA W[ ][0]:

/* Read put __switch */i = BTQOA NV[]][|] /* Read

Qut put s 'tch”*/ y3 = BTOA léf][z /* Read M ddl e switch
*/ L——fearrange-Bves. nove[|] . =yl; /* Store Input switch */
rearrange noves.nove[j].old md sw =

ithm, 2 rearrangeable blocklng condltlon is

algor
tomatlcally detected.

since the connection pair (1,1) is rearrangeably
blocked' in order for a connection to be possible, there
gust exist an idle link between input switch 1 and some

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

FIGURE 7, shows the X~A segquence 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. TFor example, the first step starts off in
FIGURE 7 at row ry; 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 (r3,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 nc A’s row r,, this X-A
sequence is complete. The two symbols in FIGURE 7
indicate two rearrangements are required.

Although the flooding algorithm of the present
method ends at the third step, if it were to continue, in
FIGURE 8 row r, would be examined for an A, which would
be found in position (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
a row with no A to circle. The four circled symbols in
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in the example.

gince the X—A sequence requires only two

gements, and the X-~B requires four rearrangements,

arran

z;e preferred embodiment chooses the X—~A sequence for the
ir (A,B)- Since the pair (A,B) is the only pair of

p2

center stage switches being considered, the X-A sequence

yields the minimum ?umber of rearrangements.

The next step 1s to execute the rearrangements using
the previously mentioned "hitless roll." Since the X-A
sequence yields the minimum number of rearrangements, the
preferred embodiment uses the X-A roll in this example.
The hitless roll includes the initial connection placed
in the dedicated center stage switch. This roll takes
place by first performing the necessary rearrangement
using a head-end-bridge and receive-end-switch.

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

For the circled B’s add X’s as FIGURE 9 shows. In

- this example, this step corresponds to setting up a head-
end-bridge through the center stage switch at the extra
switch X for the existing connection from input switch 2
through center stage switch B and a receive-end-switch
through center switch X for the existing connection and
from center stage B to 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. 1In this example, this step corresponds to setting
UP a head-end-bridge through the center stage switch B
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che existing connection m input swit ough
stage switch A and a receive—-end-switch through

cente” stage switch B for the existing connection from

cente” ge switch A to output switch 2. Then, as

hows, the circled A’s are removed. In this

gor

center sta

FIGURE 12 © . .
zple, when a connection exists through center stage
exa

jtch B and output switch 2 receives a good signal, the
W : _ )

sext step is to take down the connection from input

n 3 3
witch 2 through center stage switch A to- output switch
s

2.
Then, the next step is to add A’s to the positions

containing the X’s, as FIGURE 13 shows. In this example,
this corresponds to setting up a head-end—b:idge 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 toc remove the X’s as FIGURE 14
jllustrates. In this example, when each connection
through center stage switch A exists and the
corresponding output switch receives a good'signal, the
corresponding connection from the input switch through
center switch X to the corresponding output switch may be
taken down. Note that the extra center stage switch X is
left idle, since all connections are relled 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 1S5.

FIGURE 15 illustrates the state of a simplified
N(5,4,4) space matrix 220 after initialization. Note
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rearrange- -

gr(ric B Cérfatn S st R Klech 224 is labeled ¥ to

at
thdlcate that it is the dedicated or extra center stage

As legend 226 shows, short-dashed lines 228

, dicate an idle link, continuous line 230 indicates a

in ) )

pusy 1ink, and long-dashed line 232 shows a switch
onnection- Since there are no inputs connected to any

c

outputs in FIGURE 15, there are no input stage, center
stage, OF output stage switch connections and all of the
1inks between the switches are idle.

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

In a software implementation, input/output gate or

*/
/* an
*/ /*

line conversions occur. For example, a connection may be '

regquested 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
nunber for that input switch stage j such that
IL-m~I(i,j). Similarly, the output line number is
converted to an output switch stage number k and an
output number for that output switch stage 1 such that

OL-n-0(k,1) .
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n,

i nt

nc = 0,
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MLint cl _A int sSw_i ndex;
C1; i nt

'''' ﬁ = 0, x|l =0,
e x3 = 0, m :
tenp nmov = 0, temp = 0;
~TTnummoves = 0, - 25 - n = 0,

More formally) SEfi 5j0'is determined from IL-m and

o(k,1) is determined from OL-n by:
i=1+ Quoty(m-1)
j = 1 + Remy(m-1)
k = 1 + Quoty(n-1)
1 =1 + Remy(n-1)
where N is the number of first (input) stage
switches, which is equal to the
number of third (output) stage
switches;
Quoty is the integer quotient of the
argument divided by N; and
Remy is the integer remainder after the

argument has been divided by N.

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

Data Definition: space_in_pat(in_stage,in_pum)

In FIGURE 16, the space input matrix 222 for the
FIGURE 15 N(5,4,4) example is a 4x4 matrix which
represents the connection of the input stage switches in
the SsSS such as switch 92. Each row of space input
matrix 222 corresponds to one of the input stage switches
S2. 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
cutputs of the first stage switches such as outputs 94.
Since the output of each of the input stage switches is
Connected to the center stage switch of the same number,
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REPLACBMENT SHEET) undef _flag = O0; i nt
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théuéﬁéfiés in the space input matrix may be viewed as
the center stage switch to which that particular input
stage switch (row), input (column) is connected.

As a result, the statement

space_in mat(i,j) = c :

causes space input matrix 222 to indicate a connection

statement:

from the j® input of the i*P first stage switch to center
stage switch c.

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

center stage switch 224 has been assigned and the

. rearrangement process has been invoked.

- the space domain such as center stage switches 96.

E ] . [
LData Definition:

space_cnt_mat[cnt_stage, in_stage]

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

[3],
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(RL, Cl). */
structure.
rearrange_3
R _CONN[ [

RL_CONN[ nj [

BTOA M[0][0] = R[0]; ATOB M[O0] [1] =
£6; i++) /* Pick out middle switches in
r¢arrange_3d. position(i].Xx; /* Read
H/ 05%A¥1§é&2 - {rearrange_3d. position[i].y; X3 -
3d.lpositionlil.z} if (x1-- R1) '
0] - X1 " A* Store nmiddl e switches in RL. */
% T VY : RL_ CONN[ M [2] = x3; M+;

As a result, the statement

statement: space_cnt_mat(c,j) = k 1

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

xtB 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
normal connections. A zero entry in X! row (i.e., the
sth row in this example) indicates that the extra center
stage switch 224 has been assigned and the rearrangement
process has been invoked.

IT——— v
space_out_mat[out_stage,ocut num] 1

Space output matrix 236 is a 4x4 matrix which
represents the connection map of the output stage of the
space matrix in the space domain. Each row of space
output matrix 236 corresponds to one of the output
switches such as output switch 100. The columns of space
output matrix 236 correspond to the ocutput 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 éarticular output switch 100
(row), output gate 102 (column) connects.

As a result, the statement
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o CONN ni[ 0T
C1_CONN n]i[ ;

APPENDI X A if (x2 ==d)

-+

/* Store mddle switches in . */
C CONN[Nn][2] = x3; n++;
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ca

yses sSpace output matrix 236 to indicate a connection
grom center stage switch "c" to the 1th output of the ktb
output stage switch. The entries in space output matrix
range 236 from 0 to X. A 0 indicates that no connection
nas been assigned. Entries of 1 through 4 are normal
connections. An entry of X (i.e., 5 in this example)
jndicates that extra center stage switch 224 as been
assigned and the rearrangement process has been invoked.
Continuing with reference to FIGUREs 15 and 16, the
following discussion details how to implement the
preferred embodiment to represent an idle link between an
input gate and an output gate. In normal operation, the
present connection method attempts to make a given
connection through the lowest-numbered center stage
switch. 1In order to make a connection from a given input
stage switch, such as input switch 92, to a given output
stage switch such as ocutput 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
coennect and disconnect operations. The primitives, in
turn, invoke the rearrangement process when required.

| Data Definition: | space_in_link[in_stage,cnt_stage] 3
m N Tl — 7

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



for (i = o} REPLA éﬁ& Jgﬁ /* Find the matrix position R2, C2. */

x1 = RL_ CONM[ ][ * RI_CONNis the connections in RL */ x2
= d CO\IN[l][Z]ébb%N%?/’ _CONN i s the connections in C */ if (xl
-- rl_B) C[I] = RE CONN[i][1]; if (x2 -- cl_A R[ 1]
- d EONN[u][O] BTOGK“ 7 Ot [1 = C[l% /| Set start point for
search from.AB _*/ ATOB MV D][0] = P: - /[* Ais from(R2, d); B

R B *
Do) T e WO cu B, L T B et of oo
of A's &B's é }n’Put stage switches 92. The éntfiésai® §paseednp@tB s &
B's to A's tqle lnﬁehi%tﬁéé'EQapgéﬂtafglvéh réw (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.

ﬁ
pata Definition: space_out_link([out_stage,cnt_stage] ﬂ

Space output idle link bit map 240 is a 4x5 bit
array that represents the idle output links between the
output and the center switches 96 in the space domain.
Each row of space output idle link bit map 240
'correspcnds 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 cutput switch and center switch. An entry of 1
indicates that the output link is idle and available for
assignment. A 0 value indicates that the output links is
in use and is not available for assigmment. A 0 entry in
column X indicates that the extra center stage switch 224
is in use and the rearrangement methed is in progress.

Having described the maps for representation idle
links, the following describes primitive cperations
useful to manipulate the space idle link bit maps 238 and
240 for connect and disconnect operations.
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/* w FLOOD|*
Hunting al gor
RE}
/[* w  FLOOD:

chkPaul |

clA); [*

nting algorithmfromA */ num novesA -
, ¢l _A); /* REPLACE */

thn1fron1B */
DL ACE * ]

F2 - naﬁlnnvesB if (FI < F2)

/* |s- nun}nggfsépé Qgﬁgﬂ%ﬁE?F.;dle l%Pk Q?é daps primffive l{used

/* 1f yes

only foT start-up operat;ons) creates both space input
jdle link bit map 238 and space output idle link bit map
240 for the preferred embodiment. All entries in the
idle 1ink bit maps are initialized to 1, indicating that

all links are idle.

o /___’—_——._—___—__——__—_m -y
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 j exceeds n,
then the computer returns an error flag. Otherwise, the
kb element is set to 1.

primitive: | clear_link (i/o, j, K)

This primitive clears (resets) the k*® bit of the j*®
row of the bit map specified by the i/o parameter to 0.
If the bit map contains n elements and the value of 5

".exceeds n then the computer returns an error flag.

Otherwise, the kth element is set to 0.

pump_link(space_in_link([i],space_out_link

(k1) .

The preferred method and system connect between an
input switch stage i and an output switch stage k using
the lowest numbered center stage switch available. This
is accomplished by a process that hereinafter shall be
called "pumping" space_n_link[i] and space_out_link(k].
That is, space_in_link({i] is logically "ANDed" with
Space_out_link{k] to determine ¢, the lowest numbered
Center stage switch with both an idle link to input stage

g point for B. */ mm - RO]; nc = (1];
um novesB - chk Paul |l _mat BTOA (nr, nt,

/*
rl

_B



/*

_.i i'.. f-.- P b __..""‘,"'_'_.
num novd&H=RESMENT SHEEK] . | . flag B- 0; if (F2 <Fl)
/* I's ndminoyes B < nunmbef noves A ? */ wseq - 2;
If yes, [set GOMALIOY, {1hgB = 1. */ num noves - F2; flag A - O;
flagB - 11 '
' Z 31 -

-'iuggdmén“idléulink to output stage k. The index of the

first non-zero entry in the result of the logical AND is
¢, 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 ¢ is returned. Table 3 illustrates an
embodiment of this primitive macro.

TABLE 3

. M

PUMP LIST MACRO FLOW CHART

- .
pump_link(space_in_link([1], space_out_link(k]
int ¢, i, k, x[xtra_stage];

{

int 3j;

x = space_in link{i] && space_out_link([k];
for (3 = 1; j < = xtra_stage; j++0

{

if (X(3) =1)

clear_ link(space_in_line, i,c);
clear_link(space_out_link, k, ¢);
if (c = xtra_stage)

{

rearrange = 1;

]

return(c);

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

l e e




APPENDI X| A[-""ri i S 0RERSSE F2) /* 1's nunmber noves A -

nunber _nbves  anar w_seq = 1; /[* 1If yes, default to
sequence|f o?ﬁﬁéﬁ}g@z I num noves - Fl; flag A - 1;

/* and set Hbag—A-=_1_flag B - 0. / flag B = 0; return
.(numoves); /* Refurn the |east Qunber of noves. */ /
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in the connection path selection 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
no switch connections, all of the entries are 0. The
contents of the space_in link 238 and space_out_link 240
bit maps are as shown at initialization. Note that each
input stage switch and each output stage switch has a 1
element for each idle center stage switch. In this
example, after initialization, all five center stage
switches are marked as "idle". _

FIGURE 17 shows the 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 ocutput switch stage. In this case,
OL-1-0(1,1). So, we are going to make a connection
between input stage 1 and output stage 1.

The present method 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([1l] in FIGURE
16 and set the idle connects of the lowest center stage
number common to both bit maps to "0". Then, the
space_in mat(i,j) and the space_out mat(k,l) are set
equal to that center stage number, and the
space_cnt_mat(c,j) is set equal to k. The corresponding’
space matrix data entries are shown in FIGURE 17 and the
resultant state of the space matrix 220 is shown in
FIGURE 18. ' |

The following statements accomplish this process:
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* |* This functijon- |nn|9nen;s L he| hunti#d algorithmto find the sequence */
/* of noves ) Qr rearrangenent. The argunents to this function */
/* are the n{ddl e sw smntch parr (NMBW_A, */

/ **********************************EAB b 'A******************** tnt

A's inpl enent change al gorithm x|
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N T R e N I
| en_of seq =G, ;
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) =
where, in this case, i=j= -l=m=c-1.
e ========-=—-.i|

Assume the procedure of adding connections continues
until n2~2 connections have been made (presumably without
rearrangement) with the resultant space matrix shown in
FIGURE 19 and connection path selection matrix data shown
in FIGURE 20.

Then, the request to connect IL-13 to OL~7 is
received. The request to connect IL-13 to OL-7 converts
to a request connect I(4,1)-0(2,3). The present method

" and system attempt to make the connection between input
stage 4 and output stage 2 by using the lowest numbered
center stage switch available, which in this case, is
center stage switch number 4, as illustrated in FIGURE
20. The pump list macro of Table 1 compares space_in -
link{4] with space_out_link[2], determines the lowest

- center stage number common to both bit maps, and sets the
idle status to "busy" in both bit maps. Then the
space_in mat(i,j) and the space_out_mat(k,l) are set .
equal to that center stage number and the
space_cnt mat(c,j) is set equal to k.

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

Ml
= pump_list(space_in_link([i], space out_link([k])};

space_in mat(i,j) = ¢;
space_cnt_mat(c,i) =k

- e

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

suppose the next request is to disconnect IL-13 from
oL-7 (which takes down the connection that was just
made) . The request to disconnect IL~-13 from OL-7
converts to a reguest 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, nunmber 4,
pack on the input/output stacks for subsequent use. More
.specifically, the put_back macro determines the freed-up
center stage switch number and puts it back in the proper
positions on both of the ordered-linked lists in
space_in_link[4] and space out_link(2]. Then, the
space_in mat(i,j), the space_cnt mat(c,j), and the
space_out_mat(k,l) are set equal to 0.

The 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:



nom (SW B, SWA, index) int SW B,
I ndex;

i nt num_nOURS; num noves = i npl enment _
ex);
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TABLE 6 '

DISCONNECT STATEMENTS
I ————

c = space_in mat (i,3j);
set_link(space_in_link, i, ¢);
'set_link(space_out_link, k, ¢);
space_in mat(i,j) = 0;

space_cnt_mat(c,i) = 0;
space_out_mat(k,1l) = 0;
where in this case, i=4 j=1 k=2 1=3 m=13, n=7, and c=4.

e e atmmmad |

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

As before, the pump_list macro accomplishes this by
comparing space_in_stack([4] with space_out_stack[3] in
FIGURE 23, determining the lowest center stage number
common to both bit maps (which in this case is center .
stage switch "X"), and setting the idle status to "busy"
in both bit maps. Then, the space_n_mat(i,j) and the
space_out_mat(k,l) are set equal to that center stage
number and the space_cnt _mat(c,j) is set equal to k. An
entry of 5 indicates that thé X*P center stage switch has
been assigned and the rearrangement process is
automatically invocked. 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.



[* This is the subprogramfor BICA' s matrix nodel

|lon

*9@&& R R BRI kS 6 b S b S S b b b S b S R b S b I S I S Sk /*

t~++ﬁﬁfm@mtation of Paull's nmethod needs the connect data */ /*
in the follomnng structure _ * /
st r uct sp=coordrinate - 36 - x|
i nt i nput_sw . : . PRI
int out put _sw The following immediate connect statements,
int cnt_sw, accompllsh this: : * | | *
[ I* struct p mat pos
— =
TABLE 7
IMMEDIATE CONNECT STATEMENTS
(=== — R

X =
pump_list(space_in_stack[i],space_out_stack(k]);
space_in mat(i,j) = c;
space_cnt_mat(c,i) = k;
space_out_mat(k,1l) = ¢;
where in this case, i=4 j=1 k=3 l=4 m=13, n=12, and
c=5.

— o ________

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
cfeating a head-end-bridge at input stage switch 4 and a
-receive-end-switch at output stage switch 2 as shown in

" FIGURE 27. When the correct path is received at output
stage switch 2 from center stage switch 4, the original
connection through center stage switch 2 is dropped as
-shown in FIGURE 28 and the space matrix data is updated
as shown in FIGURE 29.

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

This roll is performed hitlessly by creating a head-
end-bridge at input stage switch 4 and an receive-end-
switch at output stage switch 3 as shown in FIGURE 31.
When the correct path is received at outputs stage switch
3 from center stage switch 2, the original connection
through center stage X 224 is dropped.
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m = 0; for(i L0 (= 17; i ++)

Rolling the immediate connection, "'I(4,1)—0(3,4), off
the extra center stage switch completes the rearrangement
process for this connection. Note that this process
leaves the extra center stage switch clear and ready for
a next connection when a rearrangeable blocking condition
occurs. FIGURE 32 shows the resulting state of the space
matrix after rearrangement. FIGURE 33 shows the
corresponding space matrix data entries after
rearrangement.

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

If (r;,c;) is blocked, test all symbol pairs (A,B),
such that A is in row r; but not in column c; and B is in

*.¢;, but not in r;, to find which pair will require the

fewest changes. The method then carries out the changing
algorithm on that pair. |

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

The use of the dedicated center stage switch is

indicated by the X in (r,,c;) 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 c3, and B is in column c5, but not
in row r,. In this example, there is a 2 in row ry, but
no 2 in column c;, so A is set to 2. Similarly, there is
2 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,

X2
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X3 = space apl 3 1 f(x3 1= 0)
rearrange_ 34 p05|t|on[ I-x = x2; [* Input switch
rearrangqg_ % e[ m .y - x3; /[* Qutput switch */
rearra p05|t|on[ .2 x1; [* Mddle switch */
m ++; 1 b e TR ' /* ThIS |s the subprogram for BI CA' s version
of Paulj's nethod Ll : 38

thg (A B) pair that requires the least -.chahges is,
obviously, the pair (2,4). ' _

For a given pair of symbols (A,B) there are twe
possible rearrangement sequences. One of these two
generally will be shorter. The following steps generate
the X~A and X-B sequences for this example.

The X—~A sequence starts with the immediate
connection through the extra element and ends up with the
plocked cell being assigned to element A or 2, in this
case. Starting with the blocked cell (r;,c,), there is no
4 in row r,;, so this step requires a circle around the 2
in row r3. Now, the circled 2 is in (r,;,c,). Then, a
search for a 4 in column c, is necessary. Since there is
none, this sequence is complete. (Note that not all 2’s
get circled.)

The X-B sequence starts with an immediate connection
through the dedicated element 224 and ends. up with the
blocked cell being assigned to element B or 4, in this
case. Starting with the blocked cell (r;,c4), there is no
2 in ¢4, SO 2 circle goes around the 2 in ¢4,. Now, the
circled 4 is in (r3,é3). Then, ‘a search for a 2 in r,
takes place. Since there is none, the sequence
generation process is complete. (Note that not all 4’s
get circled.)

The flooding algorithm starts by finding the first
"element of the X—~A sequence. If the X-A sequence is not
ended, the first element of X~B sequence is found. Then,
if the X~B sequence is not ended, the next element of the -
X~2 sequence is found. This process continues until the
shorter of the two sequences.is completed. ' (So, the X-B
'sequence shown in FIGURE 34 is not really generated. It
is shown here as an illustration of the alternate path.) .

In summary, the method and system of the preferred
embodiment immediately reswitch signal flow connections
through a rearrangeable matrix that receives input lines
having input signals to receive input signals or calls
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and has output lines for output signals, and therebetween
center switching elements to connect the input lines to
the output lines by immediately connecting an input line
causing a rearrangeably blocked condition through the
matrix to an output line through a dedicated or extra
switching element of the center then detecting the
rearrangeable blockind condition. In response to
detecting the rearrangeably blocked condition, the method
and system select a set of switching element pairs from
the center switching element to form a plurality of
possible connection configurations from the input lines
+o the output lines (excluding the dedicated switching
element), then search from the set of all possible pairs
of center stage switches for the connection configuration
that requires a minimum number of rearrangements of the
pre-existing connection configuration, and then
reswitches the matrix according to the minimum connection
configuration while maintaining all signal flow from the
input lines through center stage switch intoc the output
lines while removing signal flow through the dedicated
switching element.

As a result of the above, although the invention has
been described with reference to the above embodiments,
its descripfion is not meant to be construed in a
limiting sense. Various modifications of the disclosed
embodiment, as well as alternative embodiments of the
invention will become apparent to person skilled in the
art upon reference to the above description. It is
therefore contemplated that the appended claims will
cover such modifications that fall within the true scope
of the invention.



X2, m =

= 0; I nt *sel ected pair,
C _cnt_sw 16]; i nt | i st
l'i stof Al 16], A tenp -
=== Bitenp - O; I nt
cnt sta'epalrs[8][2], i - 40 op flag; I nt
nunmoves; = | east noves, | east pair;
/* convert from3 matri x nodel to rearge@Bgerent structure.
/r-'ocrbbtttt..'tttrtctt'o "tt"".'.ft""'ﬁt*t";fﬁ'f 'ttti’t'.t'ttt!'/
/kttr!ttittttittﬁbk'ttttt; .rtt-.tr’t'ttt'i'tﬁ'*,"tQ**_,'**Q*i'tilt"tie/
/* */
/* Bowdon's Immediate Connect Algorithm (BICA) v/
e ./

/*i."*t"*t'.l‘.*'ﬁ"k"t'.ﬁ'I!*i"’.0."t""?t*"f',*'tttfi""f..fﬂtﬁ.'/

/b-.:tvt*t"**ﬁ'tl"tttt"t't'*t'ﬁ.*'rti‘l'Q*ttt"ltttiﬁtﬂ't*".f't*’ttf*'t‘*/

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

$include <stdio.h>
¥include <math.h>
(include <malloc.h>
#include <sys/types.h>
$include <sys/timeb.h>
$include <(sys/time.h>

/* Global wvariables for immediate connection algorithm. */
int in_line,
out_line;
int in_stage,
in_num;
int out_stage,
out_num;
int n,
m;
int command_count,
command_end = 10;
int rearrange_space,
rearrange_time;
int space_in_mat{16]}(16];
int space_cnt_mat(17]{16];
int space_out_mat[16]{16];
int space_in_link(16]([17];
‘int space_out_link[16](17]);
int xtra_stage = 17;
int traff1c[2][28672]
/* Global variables for rearrangement algorithm. */
int BTOA_MV(31](3],
ATOB_MV{31]{3]):
int flag A =0,
flag_B = 0;
.nt *sort_array ()
int +*chk_space_in_status (); ’
. int *chk_space_out_status ();
int *chk_space_ blocklng ():
int sshuffle ();
int *implement_PM2 ();
char name_in{13];
char name_out{13};
static int in_file(22];
FILE *fp_in,
*fp_out;
int seed_array{10];

int p_level;
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/* Rel l&_ﬁ_ﬁmhi;éﬁ%&g][ructure or d obal nust be visible. */
matri x podel conversipn| (); /[* Converts 2nd of 3-matrix nodel. */
sel ecled fmhBMAY.@H: t)lcalloc (2, sizeof (int)); /* Gven a connect
request (1. O, where s an INPUT SWTCH and O is */ /* an OUTPUT SW TCH,
read thé&Tow vectorsinimatrices 1 & 2. Then, XOR [/ /* the two vectors to

get allist of candidatek for (A B). =~ 41 - x| for (j - 1o |
(<:Il7é J\.:\.{+)]"" th_cnttZW[j] N Spr&]pmzmt[i;_stage] ['jQ] 3 VR
cnt _swW JaA, &+ > & : . r =0 16, jo+
entrel i 50 S Oy AL ormnaniod ekl el 17
(
int X;
int V&
int z:

s
strict p_mat_pos
(
}:

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;

}I
-truct rearrange_seq

{
struct seq_len move[l5];

} ?
struct rearrange_seq rearrange_moves;

/*.f*t**t!**t***"t**ﬁ***!fﬁ!‘*"*’f*ﬁ"*f*t’*f#ﬁ'f*f’**f**ﬁ’******f***‘.0*.*/

/* _ */
/* This is the subprogram for BICA's number of moves from B calc. */
/* t/

/t**f*f**t***'ﬁ’*'*'tv*"*kttt*l’**i*t#’****tt*i***t*****i**’***tt*!***’*?/

/tt#ka*tf*i!***'t'*.*t*!*tt*t’***itttt*ttti'**!Q*'i*ti**’itt***t**t'lk***/

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

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

/l'*tQk*Qt*#,***t**i’**ttt*t'*?*Q***ﬁ*****itt*a'*‘l**’f’f***tt***'******!"*t/

. chk_Paull_mat_BTOA (RB, CB, B_least, A_least)

int RB, .
CB;
‘int A_least,
B_least;
(
int i,
i
m =0,
n =20,
yl = 0,
y2 = 0,
y3 =0,
nl = 0,
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int

int

int

_te

DBO

m
1;
2;

p = CB;

/* The XOR operati on.

42

if (xI' I =0 && x2 --

APPENDILX A

"
[
D
(Vo]
—
4 8~ s N 8 s

0
0
0
temp_flag = O,

k2 = 0;

r_temp = O,
c_temp = 0,

F2 = 0;
chosen_msw_A[16] (3
chosen_msw_s[lsl[

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

for

(

}

(L = 0; L ¢ 256;

i++)

1,
}:

xl = rearrange_lid.position[i].x;
X2 = rearrange_Jd.position{i]
X3 = rearrange_3d.position(i]

if (x3 == B_least)
(

chosen_msw_B{ml] (0]
chosen_msw_B{ml][1]
chosen_msw_B[ml] [2]

ml++;

)

if (x3 == A_least)
{

chosen_msw_A{m2] (0]
chosen_msw_A{m2}[1]
chosen_msw_A{m2) (2]

m2++;

" while (temp_flag == 0)
(

k1l = 0;
for (i = 0;
(

x1

X2 =
x3l =

if
(

L <16; i++

xl;
x2;

x3;

x1;
x2;
x3;

= chosen_msw_A{i] [0};
chosen _msw_A{i}(1];
chosen_| _msw_A[i][2];

BTOA_MV(m) (0] = x1;

.y;
.2,

/t

/i
/t

(x2 == c_temp &5 x3 == A_least)

/t

Initialize target matrices.

Read rearrangement struct.

Pick ocut connections from
middle switch B and store
in chosen_msw_B.

Pick out connections from
middle switch A and store
chosen_msw_A.

Start from (R1, C2), check
A's in the same column.

/* Found an B?

Yes, then store current

0)

t/

*/

*/
*/
*/

*/
*/
*/

*/
*/

*/
*/



.53 %MAU@ IENT SHER APPENDI X A m=0;, n=0;
I =t 0}; Wmle((l = listofB[i]) ! = 0) [* Create all
conpi 1at0§ﬂ{§2«019%/ /* elements of
| i stof A'S j =0, /* & listofB's.
LA TWHTTE ((XZ;- listof Alj]) ! = 0) cnt _stagepairs[m[ 0]
= xk; cnt_stagepai rs[m [ 1]~ #*Xk2; M-+
| APPENDIX A
BTOA_MV{m ] = x2; /* connection BTOA_MV. v/
BTOA MV[m](z] = x3;
me+;
r_temp = xl;
break;
}
ki++;
}
L1f (kl == 16)
flagl = 1;
temp_£flag =~ 1;
F2 = m;
)
if (flagl == Q)
k2 = Q;
for (i = 0; i ¢ 16; i++) /¥ Start from (R1, C2), check */
( /* B's in the same row. t/
x1l = chosen_msw_B{i][0];
x2 = chosen_| _mMSW B(L][l];
x3 = chosen_| _msw 8[1][2];
if (x1 == r_temp && x3 == B_least) /* Found an B? +/
(
BTOA_MVI{m] (0] = x1; /* Yes, then store x/
BTOA MV{m][ll - x2; /* current connection */
BTOA MV{m1(2] = x3; /* in BTOA_MOV. */
m++;
c_temp = X2;
break;
}
k2++;
}
if (k2 == 16}
flag2 = 1;
temp_flag = 1;
F2 = m;
)
| }
. return (F2); /* Return the number of moves from B. */°

}

/.ti*ﬁ*#**’ti Qiit’****iit'ﬁ**tﬁ’*!**"!**ﬁt*’*tfi*itti**"ifi!'i**it!.ﬁ**/

/*

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

/t

*/
*/

/.titit".t‘bittt9‘."******'!!2***'**'!t*t****QI*!‘!t'**i’*t'!'f"'**i'i**#./

/*tt*'l**iﬁ*!*’*ii'itﬁ’i*t*'Q"ttfii*tti*!!t*tt#*ttiﬁtf*'it.'i*"‘.*i*i***/

/* This functign first reads the rearrangement structure and picks cut
/* the connections in the middle switch pair (A, B).

*/

The arqgquments to */
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| east Wes: T SER0e; for (k = 0; k ( m k++) /*

each cgnlii nation of pm ddike */ _ /*

switchds,! cOBEMAB edst num */ B tenp - cnt stagepairs[k][O0]; /*
of noves it hat™ are requiirad. */ A tenp - cntstagepairs[k] [1];

if (B_tenp=t=0"& A "ténmp ! = 0) num noves = calc nom (B

t enp, tenp, k). e } Pf4énan1nnves < | east noves)

| east MOVES = RUNTIOVES:

_ APPENDIX &

/* this function are the starting point (RA, CA) and ‘th pair (A, B). t/
/* The function returns t. number of moves starting fr . A. For */
/* reference, the starting point is described by Paull as (R2, Cl). 4

/'f'*t't.k!"l"'f"t.tt"ttt"t*Q"!'tt*ﬁ"t!'ttitt!'ﬁitt.Qtii."*.!".t/

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

CA;

B_least,

A_least;

int
{

int

-~

int

COO0O0ODOO0OO0O

r
I
’
’
’
?
’

ml
m2 = 0;
flagl
flag2
flagl
temp_flag = 0,

k2 = 0;

r_temp = O,

c_temp = O,

Fl = 0,

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

int

OO0 O

’
r
=
I3

int
int

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++) .

[ L4
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] = xl; /* Pick out connections from - */
chosen_msw_B{ml] (1] = x2; /* middle switch B and store */
chosen_msw_B(ml]{2] = x3; /* in chosen_msw_B. */

ml++;

For
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re

*(selected_pair + 0) - cnt
], *(selected pair + 1) -

100]; return (selectedpair); [FREFEE KK kk Kk

t he revised suggrograms and main programfor

kkhkkhkkkkk*x

*Fhkkkkhhkkkdx * **%k * *

air
3 *xk*k * **kk *k*k * k(*kk *kkkk kk*k k(kk* *x **k k() *kk *kkkk*k* *

Bl CA.

*

*

* *Mf /****"* '9(** *** kkhkkkkhkkhkk *k kkhkkhkkhk *kkhkkhkkhkkhkkkhk k* k(kkk k(kkkhkkkhkkkk kkkx*

kkkkkkk*k *(kk*k*k * *

ARRENOR* AThi s i s t he subprogram for

Bl CA' s hitl esgtf tixge-+ aardaangenent . */
{
chosen_msw_A[m2] (0] = x1; /* Pick out coonections from
chosen_msw_A([m2) (1] =~ x2; /* middle switch A and store
chosen_msw_A{m2) [2] = xJ; /* in chosen_msw_A.
m2++;

}

while (temp_flag == 0)

kKl = Q;

for (i
{
x1
X2
x3

Lf
(

}
ki
}

= 0; 1 ¢ 16; i++) /* Start from (R2, Cl), check
/* B's in the same row.

= chosen_msw_B(i](0];

= chosen | _msw B[L][l];

= chosen | _msw B[L}(Zl;

(XL == r_temp §§&§ x] == B_least) /* Found an A?
ATOB_MV(m] (0] = x1; /* Yes, then store current
ATOB_MV(m] (1] =~ x2; /* connection in ATOB_MV.
ATOB_MV(m] (2] = x3;
m++;
c_temp = x2;
break;

Lt I

if (k1 == 16)

flagl = 1;
temp_flag =~ 1;
£l = m;
}
i1f (flagl '= 1)
k2 = 0;
for (1 = 0; 1 < 16; i++) /* Start from (R2, Cl), check
f : /* A's-in the same column.
x1l = chesen_msw_A[i1]{0];
x2 = chosen_msw_A{i} (1],
x3 = chosen_msw_Af{i]([2];

}

if (x2 == c_temp & x3 == A_least)

/* Found an A?

({
ATOB_MV(m]} (0] = xl; /* Yes, then store
ATOB MV{m]{l] = x2; /* current connection
ATOB_MV(m] (2] = x3; /* in ATOB_MOV.
m++'~
r_temp = x1;

| break;

k.2++;

if (k2 == 16)

*/
v/
*/

*/
*/

v/
*/

*/
*/
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APPENULX A
(
flag2 = 1,
temp_flag = 1l;
FL = m;
)
}
return (Fl); /* Return the aumber of moves from A. */

/****."fﬁ"tf"'fﬁ*'*t't't*'t*!ﬂ'i"ﬁ.'ttt"’f**.*'t'tﬁ*!*****"*fﬁ"'**/

/9
/t
/#

*/

This is the subprogram for BICA's rearrange output. x/

*/

/ti*ti*i***f'*'ﬁ"'*.*t!*,ti"'*!..tQ'Q"'*i'*f*.fi'*ﬁi**.*'#"'**'*"'i’/

/*t**ﬁ**'ttlt'*t"tf’tk'**ttt*'Qtf.'!tf!”t'tﬁitf*t'ﬁ'Q*Qﬂtﬁtikt’tittt.tt/

This function is the output of the rearrangement procedure. The v/
arguments to this function are the required number of moves and the ¢/

/Q
/t
/t
/t

pair

(A, B).

The sequence of moves is written into the output */

structure rearrange_moves. */

/it**.*t'*,"ﬁ’****t"!*'f'*t"f”!"'ttt.'ti*f"*i'*i"*R**f"*'."i"f'/

/ttt*tt*ttttttb*'ttk**ttfttgttr:ttqr*ahgt'bcttt**'**’tt**titt**ta*it*wttf/

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

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

*/

struct seq len : £/
*/

int input_sw; */

int old_mid_sw; */
int new_mid_sw; */
int out_sw; */

) */
*/

/Q’**'ttﬁ*ttf*t*”*"t*'*t**tt*t*!Qﬁ’tttttk*i’t*r*tf**t*t*t***t***ﬁ**f*tt/

int
int
int
int

(

int

int

int

rearrangement_output (no_moves, AR, BR)
no_moves;

AR;

BR;

’

O
[

i1 82

[=N=NoleNaNa]

14
’
’
?
*

for (j = 0; j < no_moves; j++)

%f (flag_A == 1 65 flag B == 0) /* Is sequence from A smaller? */

yl = ATOB_MV(j]{
¥2 = ATOB_MV(3j] (1]

0]; /* Read Input switch */
i /% Read Output switch */



[* Us T return,; [* This is the subprogram for
BI CA FLood-Hirea rfthm /
******:* ****************_***************************** Int
£1 00d It ilmeOBMAY W87 Ude |l nclude File. */ return: /* This is the
subpr 1rbn1fqghﬁyg§;§mselect two time sigts.
. ]
Y3 = ATOB_MV(j "2]; /* Read Middle + "tch v/

}

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

yl = BTOA_MV(j](0]; /* Read Input switch r/

y2 = BTOA_MV{Jjl(1}; /* Read Qutput switch */

y3 = BTOA_MV(j]l{2]: /* Read Middle switch */
]

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

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

rearrange_moves.move(j}.output_sw = y2; /* Store Qutput switch */

/* Store New Middle switch +/
i1f (y3 == AR) /* Change A's to B's. */
rearrange_moves.move(j].new_mid_sw = BR;

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

}

return;

/**!.i’t.**”’*’*"’*'fittl‘f‘lt*'t**f!’t'***t'*’*'f**!’*”'*"***.*fﬁ*'ﬁ*****/

/* t/
/* This is the subprogram for BICA's zero function. */
L g *

/*i*,Q'!fi’*'tt!tit*tik#*t?!'rﬁt*ltt*t*'**tt'ttft**'**'*i**t**"***t‘!"l**/

zero (A, n)

int *A;

int n;

f .

: int i;

for (L = 0; i < n; i++)
*(A + L) = 0,
return;

}

/***!***!t’t**t#*tt*tt*ti**tt**'*ttfr**!!'#t*****!**'ﬁt**!***’!’tt**ﬁﬁti’**[

. */
/* This is the subprogram for BICA's hunt algorithm starting point set. */
/* »

/*'***Q*"ﬁt*ftt***”.*ttt*tkt't’t**’*t’*fi******t’******’ﬁttt****t*t"*f*'/

/*!tt*t!t*ttt*t**i”tQtt’f**itt**ttfii’ttt**ﬁt*'*’.ii***'t*"#*i!**tfi*t*/

/* This function sets the starting points for the hunting algorithm */
/* from A & B and executes the algorithm. The set of connections to be #*/
/* moved are stored in either ATOB_MV or BTOA_MV if either the sequence s/
/* from A is shorter or the sequence from B is shorter, respectively. - =+/

/* The_arguments to this function are the middle switch pair (Aa,B), */
/* an index and the blocked matrix position (R1,Cl). The function */
/* returns the length of the shortest sequence. */

/ﬂﬁ**i't!*fﬁ’ﬁt!i!ﬂtfit’f'!ti!*f'!ﬂf”’ttt*iit#itittt**’f**ﬁ*#!**i*ti"’./



/*

. RE«FLAF . : */
/. ******f%w”“ﬁm” ek kkkkkkkkkhk Ak Ak kA kX h* Ak Xk kA kxk kX kx %% QgQQ i nt
sel ecttifre; s .ﬁ@?%@ry : J/* Use Include File. */ return; /* This
is the spbprogram+or BIICA s hitless space rearrangenent. /*
*/ inf lb——eme————Hi t}} essspacer earrange () /* Use Include File.
*/ return; |} 5 - 48 -
APPENDLX A
int rearrange, 4 (ri_B, cl_A, sw_index, Rl 1)
int rl_B;
int . cl_A;
int sw_index;
int R1:
int Cl;
t . :
int i,
b
k = 01
X1l = 0,
x2 = 0,
x3 =0,
m,
n,
temp_mov = 0,
temp = O;
int num_moves = 0,
mr = 0,
mec = OI
w_seq = 0;
int R{3],
Cl3}.
undef_flag = 0;
int num_moves_A = O,
num_moves_B = C,
F1 =~ 0;
int F2 = 0'
R1_CONN[16] (3],
C1_CONN(16](3];
zero (R, 1S5);
zero {(C, 15);
zero (ATOB_MV. 93);:
zero (BTOA_MV, 93):
zero (R1_CONN, 48);
zero (Cl_CONN, 48);
m = 0;
n=20;
R[O] = RL;
clo} = Ci1:;

BTOA_MV{O0]} (0] = R[O]:
ATOB_MV([O0] (1] = C[0]:
0;

for (i = L € 256; i++)

{

/* Pick out middle switches in (R1,Cl). */

Xl =
x2
X3 =

rearrange_3d.position{i].x;
rearrange_3d.position{i].y:
rearrange_3d.position(i].z;

/* Read structure. */

if
(

{xl1 == Rl)

R1_CONN{m] (0] =~ x1;
R1_CONN{m][1] = x2;
R1_CONN(m]) (2] = x3;
n+d

/* Store middle switches in R1. L4



/* This i:f“ __é_*ﬁ# or BICA's flood space algorithm /*
*/ int f o d space () [* Use Include File. */
return,; ' Y‘ subprogram for BICA s punp Link nmacro. /
****************** * **********************.************8
T o - 49 -
T s e e T} APPENDIX A
if (x2 == C1)
{
C1_CONN[n] [0] = x1; /* Store middle switches in Cl. <«/
C1_CONN[n] {1} = x2:
CL_CONN(n] (2] = x3;
n++;
)
}
for (L = 0; i < 15; i++) /* Find the matrix position R2, C2. */
(
x1 = R1_CONN({i}{2]; /* R1_CONN is the connections in R)] */
x2 = C1_CONN({i](2]; /* CL_CONN is the connections in Cl ¢/
if (x1 == rl_B)
c(i} = &l _CONN[L)[L):
Lf (x2 == cl_A)
R[1l] = CI_CONN{i](0];
BTOA_MV{Q] (1] = C(1]; /* Set start point for search from AsB. ¢/
ATOB_MV (0] (0] = R([Ll]: /* A is from (R2, Cl); B from (R, C2). */
BTOA_MV([0]}[2] = rl_B; /* The 3rd element of BTOA_MV & ATOB MV */
ATOB MV[O}[ ] = cl_aA; /* is alternating sequence of A's § B's ~/

/* A's are changed to B's 6§ B's to A's. */

/* Set starting point for A. */
mr = R{1l};
mc = C(0];

. /* Hunting algorithm from A. */
num_moves_A = chk_Paull_mat_ATOB (mr, mc, rl_B, cl_A); /* REPLACE *~/
/* w/ FLOQD >/

/* Set starting point for B. */
. mr = R{0]:
" me = C{1];

/* Hunting algorithm from B */

nwn_moves_B = chk_Paull_mat_BTOA (mr, mc, rl_B, cl_A); /* REPLACE */
/* w/ FLOQD */

Fl = num_moves_A;

"F2 = num_moves_B;

if (F1 < F2) /* Is num_moves_A < num_moves_B ? */
(
w_seq = 1; /* If yes, set flag_A =~ 1, flag B = 0. =*/-
aum_moves = Fl;
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 =~ };



ey
N3 &‘H@Tl APPENDI X A /* This macro |ogically
TR !

Jtwth sp a out |ink[K] */ /* to determ ne the
Bept &f stage switch, "

c," having */ [* both an idle |ink

to L stage i and @n idle link to output */ |* stage "k."
RO r:c‘:en‘try in the result of the |ogical *[ /* "and"
. and the two links to "c" are restt to "0" (marked as *[ | * busy)
i n spacerm T KETTand space out |ink[k]. The nmacro returns */ /* the val ue
"c." APPENDIX A [ x o ox
*k*k* * **x * *7} Xk Kk Kkk Kk K*k KXk * * Kk Fhkkkk * * Kk KFkk * **k **kk K%
RIRIIIIHL AIFFAENEL E- E2) /* Is number_moves_A = number_moves B ? ¢/
(
w_seq = 1; /* If yes, default to sequence from A, +/
num_moves = Fl;
flag_a = L; /* and set flag A = 1, flag_B = 0. v/
flag_ B = 0;
}
return (num_moves); /* Return the least number of moves. */
}
/*'#t**t&ttt*ﬁt'tttt*t*l"l"ittfiiﬂtﬁt*"fiQtt**'ﬁft*t"*tt****’**'t*i’i/
I */
/* This is the subprogram for BICA's implement change algorithm. */
/. : *

/Q*t*’tt*t'iﬂ't*t*ttﬁ'tifff*!f.t""'in'ﬁf*t"f"'f'Qi’*'**iﬁ'i*ii*’iﬁ'f/

/ﬁk*t’*,tttt********kt*’kl't*"i*t'tit*tt't*!tt,itt*if*i'*tﬁt***fﬁ*'it!’i/

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

/***fﬁtlt**E**!**’t*f!t#t’*i'#ftfi*Qt't*’tli***f’tfﬁiktt’fi*#’t*!Q*Qt*tt!/

int implement_change (msw_B, msw_A, index)
nt msw_B;
int msw_A;
int index;
{
int i,
J.
k:
int len_of_segq = 0;

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

/f****'**f*!*t*!*"*tttt*t*tif****ttt*****i*t****t*#!*ftt**t**if’**tt*k*i/
/* */
/* This is the subprogram for BICA's calculate number of moves. v/

. */

/i****ii*f**ﬁ'*****'t**itf*ﬁ**?**f**’ttttttfi*'*tf’t*’*t’**t**#*t***'*it’/

/***!ﬁtﬁ!ti!**t***'*ﬁ’*i***tii',**i*iﬁi*ﬁ*i**iiiiii***i**i’it**it*'iif*it/
o

/* This routine uses the implement_change_algorithm function to find £/
/* the number of moves required for the sequence of moves from sw_A and t/
/* 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 */
*

/* moves required for the smaller of the two sequences,
/**tt*#’ttt**Qi!!*ﬁtttk!’iti*'ti*t*t*.**!ttﬁ'ti*’*#*'*itt*i*!t'**t*t't**’/

int calc_nom (sw_B, sw_A, index)
int sw_B,
sw_A,

index;
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int num_moups ;

hum_moves = implement_ .ange (sw_B, sW_A, index);
return{num_moves); .

}

/Q't',"’f'ﬁ'"ﬁ*"'t'l'ttf.'ﬁl't*'t"."""'*Q't!'*'t**.'*”f",'*'t"R/

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

/*tntftt*'ttntttfr’*’ttiwt'tr'titttt'o!ttt"ttﬂvrt't*ttgt'tttt**t*itttitt/

/-*taQ*t.’t'ttttt!atwtttrtﬁctrtwﬁ:n-t'a-t,t'ttt'tt.ft'ttt*ﬁﬁtittfit*ttttt'/

/* The present implementation of Paull's method needs the connect data *+/

/* in the following structure. */
/' s/
/* struct p_cocordinate */
Ve { »/
/* int input_sw; Ny
/* int output_sw; */
/* int cnt_sw; */
/* } x/
/* */
/* struct p_mat_pos ./
/* ( */
/% struct p_coordinate{256]; */
* } */
7 */
/"t*ﬁ'*!tl'#'ttt*t**'tﬁktf*t?t*’t**l*t't.t"'t'*ftﬁti"*i*’**".**ﬁ*'*tt/
void matrix_model_conversion ()
|
- int i,

I

xl,

x2,

x3.,

ml = Q;

for(i = 1; i <= 17; i++)

for(j = l; j <= 17; j++)
(

xl = i;
X2 = j;
x3 = space_cnt mat[x]()]
if(x3 t= 0)
(
rearrange_3d.position[ml].x = x2; /* Input switch «/
rearrange_3d.position{ml].y = x3; /* Output switch */
rearrange_3d.position{ml}.2 = x1; /* Middle switch */
ml++;
}
}
}
return;

)

/!ttff'**t*’tt’iltﬁ*iti***fﬂttf.tlti'*tt’!tQitittttt*,.f!*ﬁi’.i*.i*#ﬁt*i*/
/* Y
/* This is the subprogram for BICA's version of Paull's method II. */

i f

out
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This is th% subprogran1for BICA's clear idle link bit (to 0).

* | / | BB |
**************************************7(*502%*?*************************** /*
This primative is used to clear (reset) the kth bit of the jth row */ * of
the bit map specified by io to "0". E Rrrap contains n [ ]*

el enents afid, the.value, of, j..> n. then an rr ....@9...$ [etyrpe q.,,,_,,,,:j

x| |* Cthefw se, the kth element is reset to "
*[ ] ******t’sr;*.*.*,’vsr.*.*.’:’:r.*.*.’s’:r.*.’:’:r,*.*.’tw..t’:r.*.’:’:zk.*.&’:w,*.’;w PR EEESATESARREE SR
/* This function uses Paull's method II to search for (A, B) pairs. */

/.Qt**f"i"'ll’t*"'*"'!*k*"f'**l'."*f"ﬂt"’i"ti'tﬁ"*fﬁt't#’tﬁ'i'*'/

int *implement_PM2 ()
(
int i,
j.
k'
X1,
x2,
m=0,
n =9;
int *selected_pair,
Rl_cnt_sw(l6],
Cl_cnt_sw{l6};

int listofB(16],

listofA(l6],

A_temp = 0,

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. t/
/* Return pointer to structure or Global must be visible. */
matrix_model conversion (); /* Converts 2nd of 3-matrix model. */

selected_pair = (int *) calloc (2, sizeof (int)):
‘/* Given a connect request (I,0), where I is an INPUT SWITCH and O is x/
/* 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; j € 17; j++)
(
Rl_cnt_sw(j} = space_in_mat{in_stage][j];
Cl_cnt_sw[j] = space_cnt_mat(out_stage][j]);
for (j = 0; 3 < 16; j++)

x1 = Rl_cnt_sw(j];
x2 = Cl_ent_swij];

Lf (X1 == 0 & X2 != 0) ' /* The XOR operation. Y
{

listofA(m] = x2;

m++;

If (x1 !'= 0 86 %2 == Q)

listofB{n} = x1;
n++;
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1
m = 0;
n=0;
i=0;
while ((xl1 = listofB(i]) '= 0) /* Create all combinations of ¢/
{ /* elements of listofA's */
j = 0; /* & listofB's. */
while ((x2 = listofA(j]) != 0)
(
cnt_stage_pairs{m] (0] = x1;
cnt_stage_pairs{m] (1] = x2;
me
j++;
)
i++;
}
least_moves = Xtra_stage;
for (k = 0; k ¢ m; k++) /* For each .combination of middle */
/* switches, calculate least num. */
B_temp = cnt_stage_pairs{k]}{0}; /* of moves that are required. =/
A_temp = cnt_stage_pairs{k]{1l]:
if (B_temp != 0 s& A_temp !'= 0)
(
num_moves = calc_nom (B_temp, A_temp, k):
}
1f (num_moves < least_moves)
least_moves = num_moves;
least_pair = m;
}
}

*(selected_pair + 0) = cnt_stage_pairs(least_pair][l];
*(selected_pair + 1) = cnt_stage_pairs{least_pairl{0];

return (selected_pair);
/**t**tﬁt**f*t**#tti*t!*t*ttt**tti*tt**QtitQt*tt**!’ttﬁt*t’*’i*t’*ttt*ttt/
/**fi*t*i*t*hi*’t'Qt**t*it*t'!t!'t**t',**t*t*!f*t'tt*”t"t*t*i’ttf"t”tt,/

* */
/* The following are the revised subprograms and main program for BICA. */
’* */

/***l‘***if****i*****'iﬁ’i’tt*iiﬁ*’t.t_tt*'i**t*tﬁ*tt*t*fi'*ttt*iit#*'.titt/
/!*i*i*i*t**ﬁt’*#**!tt*tﬁt’!*ti’**if"fif*itt*t’f’i*t**f*ft**ifﬁ*'ﬁt"i#*t/

/t.ttit*t!t**kia'kt*tti*fﬁit*t*i'i‘i’**t*ﬁtt*#l**l?l‘t’*'*Qit*'*f*’*"!***i/

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

/*’t**’i*’**!#ttti'*‘h‘I"!’*tti*t'tiiﬁ'i***’i*“i'*'i*"t"i*'i‘"**ﬁt’t*”t/

int hitless_time_rearrange ()
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)' Use Include File. *,
return;

/itﬁit'ﬁtttittt'i**t'!'t,t"ii.tt*'t.’tt*,”t"i*i.’t*t*'f"i'ttt**'t"i’/
/* */
/* This is the subprogram for BICA's flood time algorithm. */
/* */

/Q’t.t'*f*'it’t'*!'**tttﬁi!ktt*ltttt*tt*ttt't#itt*Q*i'f’*itt'***'*i**i!'t/

int flood_time ()

/* Use Include Filé. t/
return;

)

/!**’f**t#*t*k?tt'ttt*iittt*t*tttt***fit**'itf'1**.f*'ﬁ*t*ﬁ*i!***’t"t*t*/
/* */
/* This is the subprogram for BICA's select two time slots. +/
/* x/

/Q*t't**t**kti"*ti*ttiittiittttitkt*tt'kit#t!*i*tﬁf'*.”*ﬁ*ii****fit'**ﬁ/

int select_time_slots ()

[4

/* Use Include File. */
return;

}

/ti*tﬁ**Qt!!*t'!tt*tt****tttttt*i*tt**ttt*tﬁttt#**’***k'f’*'t!tﬁ*****ttti/
2 */
/* This is the subprogram for BICA's hxtless space rearrangement. V4
/* */

/***f*t*t*tt*t*t’***t*#***i!t*!t'i**,**tt*f*i****t**ﬁ*t**i’*****ti'**t*t*/

int hitless_space_rearrange ()

/* Use Include File. */
return;

}

/*i***f't****t*kf***’*iti*ttt.i***ti’f'f*t!’9ttﬁft***t*t*t*ttti”i*tt'*t'/

Y */

/* This is the subprogram for BICA's flocod space algorithm. *
P

/* */

’i*’t*i**Q**it*i****!i***ti*ii*t*ttfﬁ**'t*tt’*i*****!*ii*ilt*ﬁ’***t**Qtﬁi/

int flood_space ()

{

/* Use Include File. =/

return; -

]

/**tt*k**’*.*t*i*i*******.ttfﬁi’**t*ti*****t*tt#!****t#**t'*i*i**"ii’f*’/
/* */
/* This is the subprogram for BICA's pump link macro. */
o */

/*Q'i'ﬁ*f***fi*"*"iti’*.ttttl*i*’!’t***t*tt’tti*tf'iﬁi#*’i*ﬁ'i’*"*.'*./

/Qt‘ltii*ii*tt#"'t'ttt’.tt'!ttt’it!ﬁ.t’*'#”'tfi.*’t'..iﬁt*"**'*ﬁi.’*'t/

2 error ag&',l; return(error_flag); /7 This is
Faﬁa ﬁﬂgﬁ

/*
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/* This macro logically "2 's" space_in_link{i] with sp =_out_link(k) «/
/* to determine the lowest .umbered center stage switch, "c," having v/
/* both an idle link to input stage "i" and an idle lLink 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 r/
/* the value "c." sy
/ti"tf'"'it***'***!tt’ﬁ"*i*'*'t*ﬁlt*tt'tt.i*'"Q**'**’*fi’tl‘t”*ll‘tt'l‘!‘/
int pump_link ()
(
int c,
i
X;

for (j = 1; j <= xtra_stage; j++)

x = space_in_link({in_stage}[j] && space_out_link[out_stage]({j];

1f (x == 1)
{ .
c = 7;
break;

}
}

clear_link({space_in_link, in_stage, c);
clear_link(space_out_link, out_stage, c);

if (c == xtra_stage)

(
!

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

rearrange_space = 1;

l

/*f****i’*!***’i*ti‘***!1l*t*****t**t**!*tttiﬁl*'*fitf*tt***'*tfi*t**fi"l*t/

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

/tttﬁ***!t**i#*”**#t**'t#*,*t,**tQﬁ'!l‘ttii’!ﬂ'***!’t#***!**'*Qtf*l'*f*#i**/

/iti*t#*t'*!*****if**’tit'ﬁ***t’*i*tit!ti!’**ﬁQ.*t*‘f*i’*"'*t*ti'*.'i’ﬁ'*ﬁ/

’* 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. e
/* Otherwise, the kth element is reset to "0." */
/l't**t**’ti.ti*ttt’***tttt***t'tt*itﬁ*#**'t**ﬁtt***’f'*’*tt****’!i!!if’**/
int clear_link(io, j, k)
int iofl6]{17],

3

k;
t

int error_flag;

%f(k (= xtra_stage)

*/

error flag is returned. Gt herwi se, the */ [*

i f(k
| se
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iol(jl (k) = 0, '
error_flag = 0;

*

}

else

(
)

return(error_£flag};

error_flag = 1;

]

/'*’**’fﬁ*"*ﬁ"f""'..!"'*"'*'#"*’f'"'.'t.”."".."""."."."'*'/

/* */
/* This is the subprogram for BICA's set idle link bit (to 1). /.
/T x/

/i*i.*t’Q*'tf’tﬁtil*t*I‘tttvt!Qtw*t'#tt**f’**t'*tiﬁt"twit*t**tﬁ’i’i'l"*t!*/

/ttttitl!ttl*!'t'f’t’t""'f.tttttt'ii*ii*’tttti,it"’f"ttf'it.ttt’t.f’t/

/* This primative is used to set the kth bit of the jth row of the bit +/

/* map specified by io to "1L." If the bit map contains n elements and */
/* the value of j > n, then an error flag is returned. Otherwise, the *+/
/* kth element is set to "1." */
/t***tl'ttfitttittf'ﬁ#*f’ttttf’t't'*f*!’ttt*’Qtti’*!!Q*Q't*i"t’!tttfﬁtit*t/
int set_link{io, j, k)
int iof16]{17],

i,

k;
{

int error_flag;

if(k (= xtra_stage)

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

else

{
error_flag = 1;

return(error_flag);

}
/*it-h'.’t!**91‘**'*ti**f!'t'tt**ttﬁ*!’,t*t*tk"*t*f!tk"fit'ttt*tt!*t'**!!'/
/* */
/* This is the subprogram for BICA's select two center stage switches. +/
‘. */

7**'*'ﬁ*ttt't*'***tt*iii**tti**'*ttit*t**t**!*R*t*!t*ﬁ**itl'!*fitt’*i‘****/
Ant select_cnt_stage () )
{

int *center_stage_pair;

center_stage_pair = (int *)calloc(2, sizeof(int));
/* select middle stage switch pair */

center_stage_pair = implement_PM2 ();

return{ *center_stage_pair);
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-/*"**'tt.f’tf"t'.i.ﬁi'tl (AR RS NEEEETE SRR EANREE SRR N RE ] 1*."'0'*""tt./
/* l/
/* This is the subprogram for BICA's time rearrangement. v/
/* */

/."t"'f'*"Ql**"**.*”*"'fﬁ*'t."**"."'"'t"fi'.'Q.'Q.'*f'.*"f"’/

/* Node D */

vould time_rearrange ()
(
int XtoA = 0,
XtoB ~ 0;
char last;

/¢ Select Two Time Slots for Rearrangement. =/
select_time_slots ()

/* Find Connections to be Rearranged. */
flocd_time ()

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

XtoA = 1;
}

else

(
if (last == 'B")

t
}
hitless_time_rearrange ():

rearrange_time = 0;
return;

XtoB = 1;

}

/*t**ttt*t*i*tt*’***f**ti*t**tt***,i**.!ttQ***ft**i****’***'***f**'ttt"t/

/* */
/* This is the subprogram for BICA's space rearrangement. */
’ v/

/*#*in#**’ﬁ‘t*t*!t!f*i‘*'""i't'*'.ttfit’Qttt’tﬁ’tii’f*’*’***l**’**ii*'.'tt/

/* 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. Ty
rcnt_stage_pair = select_cnt_stage ();

/* Find Connections to be Rearranged. */
flood_space ()
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/* Q5: Which Path Requeres Least Number of Rearrangements? */
Lf (last == 'A')

{
XtoA = 1;
else
{
%f (last == 'B')
XtoB = 1;
}
}

hitless_space_rearrange ().
rearrange_space = 0;

return;
}
/*t'*l"fft*ii'ﬂﬁf'*tri-*ttttittttfitttt*tttt'i*’t***'*!"***t’tittﬁt!t't*t/
/* +/
/* This is the subprogram for BICA's remainder function. */
/* */

/ti**t't*!*tt’f**t**t*ktft!’* l'ttQttt'il‘**#tt***'?*!*t***'tt*ti'*!l’ﬁ**i*./
/'ﬁf’*fit*’t"’*i*t*tﬁ*ﬂ'!l"tt!"t*!'*tt!"t'.ﬁ.*2**”*******'**#tti*”ﬁ.tt**t/

/* This function produces the remainder after the divisor has been */
’*» subtracted from the dividend as many (integer) times as possible. */
/ttt'ﬁt"t’fi'!ﬁt*wit'tt’!,,ﬁllt*t!"ttt*ﬁ*ttﬁtttﬁ‘li**iﬂt**f”’!'tﬁkt'tti/
int rem(dividend, divisor)
int dividend,
divisor;
(
int remainder;
1f (dividend <= 0)
{
remainder = 0;
}
else

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

remainder = remainder - divisor;

return{remainder);

}

/ﬁi*t'!t*tlti*t**ﬁ**f*t**t!tﬁ’tfit**tt**!ttt*****if*t***'**t*'*".iiifﬁti/'
/* */
/* This is the subprogram for BICA's quotient function. */
/* */

/**t*#t'*i*'*"ﬁl’i’ﬁﬁfiitﬂttk!iifi'ﬁ*t—'tfit**Q*ififit*Q'!.t#*'ﬁ****'fi*i*/
/*Qii*itttﬁ*t!*ii”**#t!tt’.Dtttt!ittﬁ*i**i‘ttit*t*#*tit*’i*’i*i'ti*tﬁ*t”

/* This function produces the quotient by subtracting the divisor from */

/* the dividend as many (integer) times as possible. *
/**'ttti*!*ﬁil’ttttt!'tttttt!tt'tﬁ'Ql'**!it*"*t*ttt*t.if’t**fttt**ﬁﬁ'i’tir/

int quot(dividend, divisor)
int dividend,
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(
int quotient,
remainder;

quotient = 0;
if (dividend <=~ 0)
(

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

remainder = 0;

remainder = remainder - divisor;
quotient++;

]

return({quotient);

}

/tit!*fkr'tt*t*ttttttttt*t!tttti**ttt*!t*th*t’tt*t’ttﬂttii*t*’***!'i'ttti/
/* */
/* This is the subprogram for BICA's convert I/0 line numbers. */
g */

tt*t,i't!*iit*t!tttti**t*’*iti!iiti!i*’f'.**iti*’t**’ﬁti*"*"f*'tﬁ*’fi*/

/***’it*ftttttt*’i"tt**?*.itt*i*'*'*ftf*”t'**’t"ﬁ.’t't**'**t'f!"ttiii/

/* This subprogram uses the quotient and remainder functions to convert */
/* the I/0 line numbers for a connect or disconnect to a pair of 1/0 */
/* stage switch numbers and I/0 stage switch pin number. *

/*!*!t**ii!t**!tiit*t*i**!**’i*’**iiit’i*i*.*tttﬁi'ti*i”*’i’i**i**it***'/

void convert_line ()
{
int r = 16,
in_line_minus_1,
out_line minus_1;

in_line _minus_1l = in_line ~ 1;
in_stage = quot(in_line_minus_1, r) + 1;
in_num = rem{in_line_minus_1l, r} + 1;

out_line minus_1 = out_line - 1;

out_stage = quot({cut_line minus_1, r) + 1;
out_num = rem(out_line_minus_l, r) + 1;

. return;
} L

/t**i**?t*f*tRf*'!tt*!t!f’*t’t**'*!##f*t*t*"ﬂ*i’t*i'i**’.****i**'?"’tl*/

Vi */
/* This is the subprogram for BICA's print statistics - n and m. LV
/* »

/ittifitiit*ttit!*"*ﬁttt*i*i’***’il*’***'*Q’**i**it*'i*fi’**i’i”iifi'.'/

int print_stats ()

/* Test case for print_stats. */
printf ("BICA performed %d connect(s) and %d disconnect(s).\n", n, m);

*kkkkk*k*
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/tittttttt'tttt'ltbt'tt'btttiltt"it’i’ﬁt*ttti'l"fﬁﬁl"tt*i***tittfi“.ttt'.!’/

/* */
/* This is the subprogram for BICA's disconnect - input from output. */
' VA ./

/.'t’tol'#t'tt*f*'tﬁ*t’t"l"lt'i*i‘tt"*t'!tt""tt"*fii**tl‘"”"'i'ﬁi't/

/* Node B */
void discannect ()
(
int cnt_stage,
CSW; /* csw for Center Stage sWitch. #*/

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

/* Remove Connections as Requested. */
csw = space_in_mat[in_stage] (in_num];
space_in_mat(in_stage](in_pumj = 0;
space_cnt_mat(csw}[in_stage) =~ 0;
space_out_mat{out_stage] [out_num] = 0;

L]

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

/* Q7: Pack Connections After A Disconnect Enabled? =/
) if (rearrange_space == 1)
/* A3 = YES -> Node C. */

{
space_rearrange ();
]
/* A3 = NO. */
else
/* End Space Domain.*/
{
/* Q4: Time Rearrangement Required? »/
if (rearrange_time == 1)
/* &4 = YES -> Node D. */
{
time_rearrange ();
}
/* A4 = NO. */
/* End Time Domain. */
} ”
return;

y

/ﬂ*i‘*'tt'ﬁtti*’ti'*tt*t't’ﬁt'iti'.f!'!i**l'fttk’!!t#’ﬁfi*'ttﬁ*’*’*!*"ii’ifﬁ/

/* v/
/* This is the subprogram for BICA's connect - input to output. */
S* */

/titﬁ*""'***’**ti*tttttttﬁtttt*lif***f!tl‘#..tQti*’t*ﬁ”'#.tt*'fi?f’i’i*/

/ii*ttt"tt*tfﬁtt'ti*'ﬁtt*t!ii’*it"lt*'fﬂt.i (A S A SRR SIS EEERER R EERE TR

/* This routine connects an input line to an output line through the */
/* space matrix. Variables are defined as follows: */



 Fu i “‘1‘;"‘}" ‘ .
b V@j‘:ﬁzj APPENDI X A /* 05: which
Pat h Requ,’n-es Teast Nyrber| of Rearrangenents? */ I f (Last == "A")
B ML B9L (| if (last == 'B') Xt 0B =
APPENDIX A

/" ] ) ' ./
/* ‘in_line: an input t. the space matrix, ./
/" 0 <= in_line (= 255 */
/* out_line: an output from the space matrix, */
/* 0 <= out_line <= 255 */
/* */
/* Lin_stage: an input stage of the space matrix, */
/" 0 <= in_stage <= 15 */
/* in_num: an input to an input stage of the space matrix, x/
/* 0 <= in_number <= 15 */
/* *x/
/* out_stage: an output stage from the space matrix, x/
/* 0 <= out_stage <= 15 */
Vi out_num: an output from an output stage of the space matrix, */
/" 0 (= out_number <= 15 *)
/% */
/* cnt_stage: a2 center stage of the space matrix, ~/
/* 0, 1 <= center_stage (= 17 x/
Vad NOTE: center_stage = 0, means that no center stage of the */
/* space matrix has been assigned. */
/* center_stage = 1, ..., 16 means that the corresponding */
VA center stage of the space matrix is assigned. x/
/* center_stage = 17 is the extra stage of the space */
/* matrix, and rearrangement is in progress. */
I4 *
/t******Qf**t'***it**ttﬁttif!!tttt*tt*tit*t***ttti***!t!**tttl*tl'*ii#tti;
/* Node A */
void connect ()
(

int CSW; /* csw for Center Stage sWitch. */
/* Convert IL-m -> OL-n Connection Request to I(i,j) -> O(k,l) Format. */

convert_line ();
/* Begin Time Domain. */
/* Select Lowest Numbered Time Slot Available for Connection. */

- /* Begin Space Domain. */

/* Select Lowest Numbered Center Stage Available for Connection. */

csw = pump_link ()
/* Make Connection and Update Tables. */

space_in_mat(in_stage] (in_num]} = csw;
space_cnt_mat{csw] [in_stage] = out_stage;
space_out_mat[out_stage) {out_num) = csw;

/* Q3: Space Rearrangement Required? */
if {rearrange_space == 1)
/* A3 = YES -> Node C. */
space_rearrange ();
}
/* A3 = NO. */
else
/* End Space Domain. */

/* Q4: Time Rearrangement Required? */



| TREDI ACEMENT OHBET
hitlesssp Bg}é&tﬁ%&éji : rearrangespace = 0; return; /

kK kkkkk*%x z*vqj**'*'**'*'*"*"7\"9%“7("7’\" IR I S R I S T R R R /* ThIS |S

g1l ar} BAARRTE sxr smai nder functi on. * [ *

t he subpr

*/ / * * % % é‘*i?***‘*‘*********ﬁ*!;i***************************************** /*
Thi s functi oA produces~tHe [emai nder after the divisor has been [ ]*
subtracted fromthe dividend as many (an;@gér) times as possible. */

I nt T rEn (i vi dend,  divisor) i Nipeespix a di vi dend,

di visor; [ if (rearrange time = 1)

/* A4 = YES -> ode D. */
(

time_rearrange ();

)
/* A4 = NO. v/
/* End Time Domain. */

return;

}

/**ttl’*"**'*t*ﬁi’t"ttﬁ*i**!titiii**t'ik*i#t*’*'fi*’tﬁ"it**'*"t.***'ti/

/* . */
/* This is the subprogram for BICA's get command. */
’* .
/i*tt*t**ti‘t*’*tf'iti‘t'*itf*tt'ﬁ*i'titk****ﬁ*ﬁf’**t*'*t'ﬂ’*****t’*'***f!*t;
int get_command ()
{

int command ;

/* Test case for get_command. */
if (command_count < command_end)

/* command = 1 => connect. ¥/
command = 1;

command_count++;

in_line = command_count;
out_line = command_count;

else if (command_count == command_end)

{
/* command =~ -1 => disconnect. */
command = -1;
command_count++;
}
else
{
/* command = 0 => end. */
command = 0;
]
return{command) ;
}
/tt*iiQ*Qt***Q**tf’****t*****tt*i’*iiii**fi*tf**t******i****’*****t*fﬁ*it'/
‘® i/
/* This is the subprogram for BICA's space rearrange initialization. */
/'* . *
/t***t**t,*"Qit**.*'***’i*Qt***i‘****t'tt"ﬁ*****ﬁt***’*********fﬁﬁi'***if/
void initialize_rearrange ()
t . .
int i; )

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

(
rearrange_3d.position(i).x = 0;
rearrange_3d.position([i].y = 0;
rearrange_3d.position(i}.z = 0;
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chreSucader ; if (dividend < = 0) remai nder =
remai nder = di vi dend; whil e (remai nder >

FLEES
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APPENDIX A
for (i = 0; 1 ¢ 15; i+ ,

rearrange_moves.move(i].input_sw = 0;
rearrange moves.move(i].old_mid_sw =~ O;
rearrange_moves.move(i] .new_mid_sw = 0;
rearrange_moves.move(i].ocutput_sw = 0;
}
return;

}

/'t't#t*tk'hi‘*'ﬁ#ﬁt********tttikt'iﬁ.iﬂ*tit'.‘ttttt***!*****i**"#*'tti’,tfiﬁ/

/f '/
/* This is the subprogram for BICA's space matrix initialization. */
yz */

/tttl‘tti‘t**i*t*l‘**fittt*f**t'ltli"ﬁfi’!'tt’tQ#,'.*’*'*t’*f!"***"’*'ﬁ*!#tt/
/t'*Qtt*f’*t**k!t*'**t**t*t’*'t"tfﬁ't'ttt*f*i'*'I'.*Q**’**t****'i'!*'#ﬁ,**'/

/* This routine is used initially to clear (reset) the space matrices. »+/
/tt't*.*:t:.*a*t*itt*ttfi**itt't't'tst'tt*tar:ttttttrtfittittttttf:t*tt**/

void initialize_space_mat()
(

int i, j;

for(i = 0; 1 ¢ xtra_stage; i++)

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

space_in_mat{i][j] = O;
space_cnt_mat{i]{j] = O;
space_out_mat([i][3j] = O;
}
space_cnt_mat(xtra_stage]l{(i] = 0;
1
return;
']
/0*’Qtt*#**#*tt!*****'t!**t*t#i’!tt'ﬁt***tttt*’*t*****#ﬁt***i*'t**klttttt/
/" x/
/* This is the subprogram for BICA's initialize idle link bit maps. */
/" */

/.*i***ti'*t*'***i*t#**#*t***t’tt”*i**I‘t***t**R***t*******’**f.tt!f"t*'/

/t't‘t’t*i’i**iifﬁ*'fi*tfi*ti*i*'t”*t***fitﬁt**ﬁ*fi’*t*i*t****ﬂ*ﬁ*!!ﬁfﬁ**/

s+ The initialize link bit maps primitive (used only for start-up */
/* operations) initializes both 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. V4
/.ttttai******a**t*a’t*tit*:utiitnf:.tett*tw**i-**'ttifiﬁ’ttait*tit'ta't'/
_ void init_links()
(
int i-n j;

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

space_in_link(i}{j] = L:



UACERNL =s the quotient by subtracting the divisor from*/
3 q der ’ ji(integer) times as possible. I nt
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space_out_Llinkfi](j] = 1;

}
}

return;

’tQ*'***'*t’tttt*tt't*t*f?f.i!'t"'*ttt*"'*'*ﬁt’f**ti*#ﬁ'*!*fﬁtﬁ***f!Q*i/

/* */
/* This is the subprogram for BICA's initialization. */
rg »
/***!*i*t**t’*i*i*i******t’ti*ttttti’*t*t*a*Qti*ttfi**t**t*t*it**t*t**tt*;
void initialize ()

/* Test data for commands. */

n=20;

m = Q;

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

/* Initialize all matrices. */
init_links():
initialize_space mat ();
initialize_rearrange ():

return;

/*ﬂ*********?!*t****ttt***t*t**lkt!t!tt***!fﬁtﬁ*i***!****#ﬁ’****t*t*tt***/
/e

s* This is the main program for Bowdon's Immediate Connect Algorithm. */
/k *

/****&**!***i*************!**i’*’***i*!**iit******i*'********ii****ti**i*/

main ()

(
int command;

/* Start Program Flow Here. */

initialize ();

do

( .

command =~ get_command ();

/* Ql: Pair of Ports Presented for Connection? */
/* command = 1 => connect. */
if (commang == 1)

/* Al = YES -> Node A. */

{
ceonnect ();
n = n+e;
}
/* Al = NO. */
else
/* Q2: Pair of Ports Presented for Discconnect? */
{

/* command = -1 => disconnect. */
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1. A method for immediately connecting and
reswitching a communications matrix connecticn
configuration, the matrix communications comprising a
plurality of input stage switches having a plurality of
input lines for receiving input signals, a plurality of
center stage switches comprising a plurality of switching
elements, and a plurality of output stage switches for
sending output signals, the method comprising the steps
of: o

immediately connecting an input line in the presence
of a rearrangeably blocked condition through the
communications matrix to an output line through a
dedicated switching element;

detecting said rearrangeably blocked condition;

selecting a set of switching element pairs from said
switching elements, said switching element pair set
forming a plurality of possible connection configurations

" from predetermined one of said input stage switches

through said center stage switch, excluding said
dedicated switching element, to a predetermined ocne of
said output switches;

searching for a minimum rearrangement connection
configquration for connecting said input lines through

. said center stage switches, excluding said dedicated

switching element, to said output lines, said minimum
rearrangement connection configuration requiring a
minimum number of rearrangements of pre-existing matrix
connections; and ' _
reswitching the matrix éccording to said minimum
rearrangement connection configuration while maintaining
all signal flow from the input stage switches through the
center stage switches and to said output stage switch and

removing signal flow through said dedicated switching
element.
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/*********{*)*******—*'7\‘*’**"ﬂ******************************

/I* Thi's subpr gpf MALGSF tihe quotient and renai nder functk

R%&@FG or BICA's convert 1/O line n Ii&ﬁlﬂu
0

i ne~nunbers” fiori a connect or disconnect to a pair of "I/ * ’

/* the I/D

stage sw c§~ﬁuﬂber5“aﬁd“lls stage switch pin nunber. */
voi d ' convert Ilna () i-nt66 - r - 16,

in_line_ NEOCE =T out line_mnus_%; é]|lne m nus
1-in line - 1; '|néﬂeﬁﬁ?teqnﬁﬁq|hﬂm§i§ﬁﬁﬁl¥ P°QQPQF¥Fg an

reswitching a communications matrix connection
configuration, the communications matrix comprising a
plurality of input stage switches having a plurality of
input lines for receiving input signals, a center stage
switches comprising a plurality of switching elements,
and a plurality of output stage switches having a
plurality of output lines for sending output signals, the
system comprising:

a dedicated switching element of said center
switches for immediately connecting an input line in the
presence of a rearrangeably blocked condition through the
communications matrix to an output line;

detecting means for detecting said rearrangeably
blocked condition;

selecting means for selecting a set of switching
element pairs from said switching elements of said
switches, said switching element pair set forming a

_ plurality of possible connection configuration from said

input stage switches through'said center stage switches,
excluding said dedicated switching element, to said
output switches;

means for determining a minimum rearrangement
connection configuration for connecting said input lines
through said center stage switches, excluding said

" dedicated switching element, to said output lines, said

minimum rearrangement connection configuration forming
requiring a minimum number of rearrangements of pre- -
existing communication matrix connections; and

switching means for reswitching the matrix according
to minimum rearrangement connection configuration while
maintaining all signal flow from said input stage
switches through said center stage switches and to said

output stage switches and removing signal flow through
said dedicated switching element.
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i nnum - ren%r.nk SHLATRY + 1 outline_mnus_ | = out Tine = 1;
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This is thg subprogramfor” BfCA's print %;atIStICS - nand m */
/

Ak Ak kA Ak kA A R A KA KA KK A K H KK AR IR A A NI A A I NI A A AR A A AR Ak kA Ak kA Ak k ok hkk ok kkkk ok ok &

* int 3prinA aezhed( ok immeAiatesy eapfietoingrand stats. */

printt ("Bl CARRLEQEASAS"] €RRRGRECEE:ARd 20e0i5000AREE RN M N M
configuration, the communications matrix comprising a

plurality of input lines for receiving input signals, a
plurality of center stage switches comprising a plurality
of switching elements, and a plurality of output lines
for sending output signals, the method comprising the
steps of: .

immediately connecting an input line in the presence
of a rearrangeably blocked condition through the
communications matrix to an output line through a
dedicated switching element;

detecting said rearrangeably blocked condition;

selecting a set of switching element pairs from said
switching elements of said center stage switches, said
switching element pair set forming a plurality of
possible connection configuration from said input lines
through said center stage switches, excluding said
dedicated switching element, to said output lines;

deriving a minimum rearrangement connection
configuration for connecting said input lines through
said center stage switches, excluding said dedicated
switching element, to said output lines, said minimum
rearrangement connection configuration requiring a
minimum number of rearrangements of pre-existing signal
paths; and

reswitching the matrix according to said minimum
rearrangement connection configuration while maintaining
all signal flow from the input lines through the center
stage switch and to the output lines and removing signal
flow through said dedicated switching element.
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4. A system for immediately connecting and
reswitching a communications matrix connection
configuration, the communications matrix comprising a
plurality of input gates for'receiving'input signals, a
center stage switches comprising a plurality of switching
elements, and a plurality of output gates for sending
output signals, comprising:

a dedicated switching element of the center stage
switches for immediately connecting one of said input
gates in the presence of a rearrangeably blocked
condition through the communications matrix to one of
said output gate;

detecting means for detecting said rearrangeable
blocked condition;

- selecting means for selecting a set of switching
element pairs from said switching elements, said
switching element pair set forming a plurality of
possible connection configuration from said input gates

. through said center stage switches, excluding said

dedicated switching element, to said output gates;

a minimum rearrangement connection configuration for
connecting said input gates through said center stage
switches, excluding said dedicated switching element, to
said output gates said rearrangement connection
configuration requiring a minimum number of

'rearrangements of pre-existing connections; and

reswitching means for reswitching the communications
matrix according to said minimum rearrangement connection -
configquration while maintaining all signal flow from said
input gates through said center stage switches and to
said output gates.
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i@gég{nggmhiéﬁiﬁTf di sconnect () int T --ent_. st age,

/* No

csw, | 7% gqsw for Center Stage sWtch. ert | L-m ->
O-n O sco@&ﬁﬁ‘(@%e% to I(i,j) > < Qk,|) Format. ”"I,I”!m ﬂ,i””" ne
(); ' jconvert line ();; /* Renobve Connections as Reques

*a j CSW -~ "space iha-mat[in stage][in nun] space in nat[ln stage](ln
nuni 4.0; spacecnt tfesw[in_ stagéP 0; ,
spaceoutnat[outstage][outnun] = 0; * Updat e Tabl es.
*/ setlink(spmacei A nethod Muira@sta®iikshing asebhhekidpaceout link, out

stage, SW)ccmf:x.g‘u::a‘l::|.on of a communications matrix having at least

three connection stages, comprising the steps of:

‘immediately connecting an input gate to an output
gate through a dedicated element of a center stage to
form an immediate connection configuration said dedicated
element associated for connecting said input gate to said
output gate when the matrix configuration experiences a
rearrangeably blocked condition;

configuring the communications matrix to form a
parallel connection between said input gate and said
output gate, said parallel connection being parallel to
said immediate connection configuration and through an
element of said center stage other than said dedicated
element; and

removing said immediate connection configquration
through said dedicated element after said parallel
connection configquring step.
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v } ) ‘ " , X i EER—
/* Qj:‘Pack“Cbﬁnetrf'nc After A D sconnect Enabled7“*T‘~ ----Lf _(rearrange
c

s a fi* iA3 - YES -> Node C. */ acerearrange 0);
p 3&1\@53‘@&4\\ 1%?7 | .. I* End Space Donai n. Iiﬁu 04:
Tlne paﬂgeneanEdqtlred7 */ i f (rearrangec '

/* A% - YES -> Node D. i*/ [ time rearra gé (
[ % A=NOErT e /* End Tite/Domain. */ return;

6. A system for establishing a connection
configuration of a communications matrix having at least
three connection stages, comprising the steps of:

circuitry for immediately connecting an input gate
of the communications matrix to an output gate of the
communications matrix through a dedicated element of a
center stage to form an immediate connection
configuration said dedicated element associated for
connecting said input gate to said output gate when the
matrix configuration experiences a rearrangeably blocked
condition;

means for configuring the communications matrix to
form a parallel connection between said input gate and
said output gate, said parallel connection being parallel
to said immediate connection configuration and through an
element of said center stage other than said dedicated
element; and ,

means for removing said immediate connection
configuration through said dedicated element after said
parallel connection configuring step.

- A method for hitlessly rearranging a
communications matrix and maintaining connections of
previously connected éignals; comprising the steps of:

forming a connection configuration of a
ﬁredetermined input gate to a predetermined output gate
through a first predetermined center stage switch;

establishing a parallel connection from said
predetermined input gate to said predetermined output
gate through a second predetermined center stage switch;
and _

disconnecting said connection configuration to free '
said first predetermined center stage switch upon
determining signal flow from said predetermined input
gate to said predetermined output gate through said
second predetermined center stage switch.
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- S "'q";'i r*************************;-;_;;_;—;_9575'*"*‘**** /* Thl S
I-s the sut eguﬁghh CA‘S connect - input to outp /
*******ﬁ** R R FR I I b b b b b b b b b b b ,t ,cU’

XXX XXXAXREAMFA XXX XXXk k%% %% %% % ******************************Gf**l_* h| S

routine jconnects an input|line to an output |ine.through the */ /* space
mat ri x. =—Vartabtes—are-deti ned as fol Noks: ~

8. A system for hitlessly rearranging a
communications matrix and maintaining connections of
previously connected signals, comprising:

circuitry for forming a ‘connection configuration of
a predetermined input gate to a predetermined output gate
through a first predetermined center stage switch of the
communications matrix; '

a second predetermined center stage switch other
than said dedicated center stage for establishing a
parallel connection from said predetermined input gate to
said predetermined output gate; and

means for disconnecting said connection
configuration to free said first predetermined center
stage switch upon determining signal flow from said
predetermined input gate to said predetermined ocutput

gate through said second predetermined center stage
switch.
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/[.* in_lipef ™famTnput ty the space matrix, / O (- inline
(- 255 /* Y obt—ttner——an oulput fromthe space matrix, /* 0 :(- out-line
(- 255 : . o

I nst age: T hpUt-stage ot t he space q?trix, */
/| * . 0 <- in-stage < = 15 ~ 72~ ' , */

/* in num GMETHODS ANDaSYSTEMt FOR apeMEDIATELS fCONBETENG, AND

0 <- in_nunber (= 15 A ‘g out st age:
an output stage from Uiy Space It L CR°SS'CONNECT'NETh°ﬂk%¢ g

0 < = out stage <- 15 * out num. an output froman output stage of the
space MatriX,apdrpacr or THE DEsdrodife number (- 15

*

/ A method and system to immediately connect and
reswitch connection configurations through a
rearrangeable communications matrix that immediately
connects an input gate causing rearrangeably blocked
condition through the communications matrix to an output
gate through a dedicated or extra switching element of
the center. With the rearrangeably blocked condition,
the method and sYstem select a set of switching elements
pairs from the center stage switches to form a plurality
of possible connections from the input gates to the
output gates that excludes the dedicated switching
element. The method and system then determines from the
possible connections a minimum rearrangement connection
configuration that excludes the dedicated switch and that
requires the minimum number of rearrangements of existing

" communications matrix connections. Then, the invention
reswitches the matrix éccording to the minimum
rearrangement connection configuration while maintaining
all signal flow from the input gates to the output gates
vhile removing connections through the dedicated
switching element. The preferred embodiment has

- particular application for digital cross—-connect networks
that include a time domain and a space domain for
connection configurations where rearrangeably blocked
condition may occur in either domain.
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| Errrie e matrix initialization.
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* ok Kk ok k - waébe ¢ %
s_used jnjrlat|y to clear (reset) the space matrices. */ /

E XX EE R *****************‘*8***_ VOld . - )
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spaceinmat[i][]j] =

routing it
***********‘*’*
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for(j - 0; | < xtrastage; | ++)

FIG. 16
SPACE_IN_MATIN_STAGE,IN_NUM| SPACE_IN_LINK[IN_STAGE,CNT_STAGE]
1234}22 1 2 3 47x 238
1/{0j0j0]o0 RN DE
2)0fo0jofo SRERERRREE
Jlojojofo S RERE RN RER
410]0 /0@ SRR RN RERRIO!
CNT_STAGE "~ IDLE_STATUS

SPACE_CNT_MAT[CNT_STAGE, IN_STAGE]

1 2 3 ¢4 234
tfofo]ofol*
2({o0jo0o0fo
Jfojofo]o
410(0]0fo0
X{0f10]0/[{

OUT_STAGE

SPACLOUT.MAT[OUT_STAGE,OUT_NUM] SPACE_OUT_LINK[OUT_STAGE.CNT_STAGE]

1

3 4% 236 1 2 3 +%x 240
1[ofalolo] ™ IR
2t0jo0folo 201111171
310lofo]o J(tftit]1]1
$Qofolo 411D 11

N CNT_STAGE N—IDLE_STATUS



space out mat[i][j] = O;
; return; [* This is the subprogram

ink bit maps. /*

************************************/
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_ o (BEFLACEMENT SHEMG _ o _ o
n=20; % I e f command_count = 0 rearrangespace = 0,
rearrarfgeg t - 3] : ¥ /* Initialize all matrices. */ init links();
initialfi Zze g&&\f AOHE initializerearrange (); return;

h . 31y
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-+ oni R EL N SHERT . . . . .
[ ESW L ol EEiit ﬁt‘fékhk;ﬁs matri x connection configuration, the matrix
n .

comuni calf i i
_Eﬁ@Mﬁ%ﬂﬁﬁgﬁsfcr receiving input signals, a plurality of center

é‘éﬁﬁﬁ*ﬁsrn a plurality of input stage swi tches having a
plurality} g

stage swifches tonprising d plurality of switching elenents, and a
plurality} ofOUtput—stage sw tches for sending output signals, the nethod
conprising_the steps of: ] i mmedi atel y°connecting an input line in the
presence of-a-rearrangeably bl ocked condition through the comrunications
matrix to an output |ine through a dedicated swtching el enent;

detecting said rearrangeably blOCEEd ndi Li on; selecting a set of
switching elenment pairs fromsaid w[éghidgéglenents, said switching

el enent pair set formng a plurality of possible connection configurations
from predeterm ned one of said input stage switches through said center

stage swi t ctRPABCINUMATIGN SSTAGE dNechUNt ed SR ACENIND QINK| IRTSTRGE, CNT_STAGE]
predeterm ned one of sai :iifnn SW t ches;
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bl ocked ¢ PRI} ecting means for selecting a set of switching
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METHODS AND SYSTEM FCR IMMEDIATELY CONNECTING AND
RESWITCHING DIGITAL CROSS-CONNECT NETWORKS

ABSTRACT OF THE DISCLOSURE

A method and system to immediately connect and
reswitch connection configurations through a
rearrangeable communications matrix that immediately
connects an input gate causing rearrangeably blocked
condition through the communications matrix to an cutput
gate through a dedicated or extra switching element of
the center. With the rearrangeably blocked condition,
the method and system select a set of switching elements
pairs from the center stage switches to form a plurality

. of possible connections from the input gates to the
output gates that excludes the dedicated switching
element. The method and system then determines from the
possible connections a minimum rearrangement connection
configquration that excludes the dedicated switch and that
requires the minimum number of rearrangements of existing

' communications matrix connections. Then, the invention
reswitches the matrix according teo the minimum
rearrangement connection confiéuration while maintaining
all signal flow from the input gates to the output gates
while removing connections through the dedicated
switching element. The preferred embodiment has

- particular applicatidn for digital cross-connect networks
that include a time domain and a space domain for
connection configurations'where-rearrangeably blocked
condition may occur in either domain.

FIGURE 1 and 5.
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WHAT IS CLAIMED IS: 3 R
1. A methoed for immediately'Eéhneéting“éhd'wuu
reswitching a communications matrix connection

configuration, the matrix communications comprising a

plurality of input stage switches having a plurality of

input lines for receiving input signals, a plurality of
center stage switches comprising a plurality of switching
elements, and a plurality of output stage switches for
sending output signals, the method comprising the steps
of: o '

. immediately connecting an input line in the presence
of a'rearrangeably blocked condition through the
communications matrix to an output line through a
dedicated switching element;

detecting said rearrangeably blocked condition;

selecting a set of switching element pairs from said
switching elements, said switching element pair set
forming a plurality of possible connection configurations

" from predetermined one of said input stage switches
through said center stage switch, excluding said
dedicated switching element, to a predetermined one of
said output switches;

searching for a minimum rearrangement connection
configuration for connecting said input lines through

. said center stage switches, excluding said dedicated
switéhing element, to said output lines, said minimum
rearrangement connection configuration requiring a
minimum number of rearrangements of pre-existing matrix
connections; and ' : _

reswitching the matrix according to said minimum
rearfangement connection configuration while maintaining
all signal flow from the input stage switches through the
center stage switches and to said output stage switch and
removing signal flow through said dedicated switching
element.
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2. A system for immediately conneétiﬁq and
reswitching a communications matrix connection
configuration, the communications matrix comprising a
plurality of input stage switches having a plurality of
input lines for receiving input signals, a center stage
switches comprising a plurality of switching elements,
and a piurality of output stage switches having a
plurality of output lines for sending output signals, the
system comprising:

2 dedicated switching element of said center
switches for immediately connecting an input line in the
presence of a rearrangeably blocked condition through the
communications matrix to an output line;

detecting means for detecting said rearrangeably
blocked condition;

selecting means for selecting a set of switching
element pairs from said switching elements of said
switches, said switching element pair set forming a
plurality of possible connection configuration from said
input stage switches through said center stage switches,
excluding said dedicated switching element, to said
output switches;

means for determining a minimum rearrangement
connection configuration for connecting said input lines
through said center stage switches, excluding said
" dedicated switching element, to said output lines, said

minimum rearrangement connection configuration forming
requiring a minimum number of rearrangements of pre-
existing communication matrix connections; and

switching means for reswitching the matrix according
to minimum rearrangement connection configquration while
maintaining all signal flow from said input stage
switches through said center stage switches and to said
output stage switches and removing signal flow through
said dedicated switching element. |
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3. A method for immediately connecting and
reswitching a communications matrix connection
configuration, the communications matrix comprising a
plurality of input lines for receiving input signals, a
plurality of center stage switches comprising a plurality
of switching elements, and a plurality of output lines
for sending output signals, the method comprising the
steps of: . |

immediately connecting an input line in the presence
of a rearrangeably blocked condition through the
communications matrix to an output line through a
dedicated switching element;

detecting said rearrangeably blocked condition;

selecting a set of switching element pairs from said
switching elements of said center stage switches, said
switching element pair set forming a plurality of
possible connection configquration from said input lines
through said center stage switches, excluding said
dedicated switching element, to said output lines;

deriving a minimum rearrangement connection
configuration for connecting said input lines through
said center stage switches, excluding said dedicated
switching element, to said output lines, said minimum
rearrangement connection configuration requiring a
minimum number of rearrangements of pre-existing signal
paths; and

reswitching the matrix according to said minimum
rearrangement connection configuration while maintaining
all signal flow from the input lines through the center
stage switch and to the ocutput lines and removing signal
flow through said dedicated switching element.
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4. A system for immediately connecting and
reswitching a communications matrix connection
| configuration, the communications matrix comprising a
plurality of input gates for receiving input signals, a
center stage switches comprising a plurality of switching
elements, and a plurality of output gates for sending
output signals, comprising:

a dedicated switching element of the center stage
switches for immediately connecting one of said input
gates in the presence of a rearrangeably blocked
condition through the communications matrix to one of
said output gate;

detecting means for detecting said rearrangeable
blocked condition;

selecting means for selecting a set of switching
element pairs from said switching elements, said
switching element pair set forming a plurality of
possible connection configuration from said input gates
through said center stage switches, excluding said

dedicated switching element, to said output gates;

a minimum rearrangement connection configuration for
connecting said input gates through said center stage
switches, excluding said dedicated switching element, to
said output gates said rearrangement connection
configuration requiring a minimum number of

' rearrangements of pre-existing connections; and
reswitching means for reswitching the communications
matrix according to said minimum rearrangement connection
configquration while maintaining all signal flow from said
input gates through said center stage switches and to
said output gates.
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5. A method for establishing a connection
configuration of a communications matrix having at least
three connection stages, comprising the steps of:

immediately connecting an input gate to an output
gate through a dedicated element of a center stage to
form an immediate connection configuration said dedicated
element associated for connecting said input gate to said
output gate when the matrix configuration experiences a
rearrangeably blocked condition;

configuring the communications matrix to form a
parallel connection between said input gate and said
output gate, said parallel connection being parallel to
said immediate connection configuration and through an
element of said center stage other than said dedicated
element; and

removing said immediate connection configuration
through said dedicated element after said parallel
connection configquring step.
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6. A system for establishing a connection
configuration of a communications matrix having at least
three connection stages, comprising the steps of:

circuitry for immediately connecting an input gate
of the communications matrix to an output gate of the
communications matrix through a dedicated element of a
center stage to form an immediate connection
configuration said dedicated element associated for
connecting said input gate to said output gate when the
matrix configuration experiences a rearrangeably blocked
condition;

means for configuring the communications matrix to
form a parallel connection between said input gate and
said output gate, said parallel connection being parallel
to said immediate connection cénfiguration and through an
element of said center stage other than said dedicated
element; and

means for removing said immediate connection
configuration through said dedicated element after said
parallel connection configuring step.
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METHODS AND SYSTEM FCR IMMEDIATELY CONNECTING AND
RESWITCHING DIGITAL CROSS-CONNECT NETWORKS

ABSTRACT OF THE DISCTLOSURE

A method and system to immediately connect and
reswitch connection configqurations through a
rearrangeable communications matrix that immediately
connects an input gate causing rearrangeably blocked
condition through the communications matrix to an output
gate through a dedicated or extra switching element of
the center. ' With the rearrangeably blocked condition,
the method and system select a set of switching elements
pairs from the center stage switches to form a plurality
of possible connections from the input gates to the
ontppé gates that excludes the dedicated switching
element. The method and system then determines from the
possible connections a minimum rearrangement connection
configuration that excludes the dedicated switch and that
requires the minimum number of rsarrangements of existing
'communications matrix connections. Then, the invention
reswitches the matrix according to the minimum
rearrangement connection configuration while maintaining
all signal flow from the input gates to the output gates
while removing connections through the dedicated
switching element. The preferred embodiment has
- particular applicatidn for digital cross—connedt networks
that include a time domain and a space domain for
connection configurations.where rearrangeably blocked
condition may occur in either domain.

FIGURE 1 and 5.
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