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[57] ABSTRACT 
A switching system is disclosed in which a plurality of 
incoming highways are multiplexed in time division 
cells that have arrived are written into a buffer memory, 
the cells thus written are read in an appropriate order, 
separated in a multiplex way and distributed among a 
plurality of outgoing highways thereby to perform an 
exchange operation. An FIFO (First In First Out) 
buffer stores an empty address of the buffer memory. 
The address in busy state is controlled in a manner 
corresponding to the outgoing highways. When a cell is 
written in the buffer memory, the empty address is 
taken out of the data output of the FIFO buffer. When 
the cell is read of the buffer memory the address already 
read is returned to the data input of the FIFO buffer by 
an idle address chain. 

30 Claims, 15 Drawing Sheets 
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SWITCHING SYSTEM AND METHOD OF 
CONSTRUCTION THEREOF 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates to a switching system 
for exchanging time-shared multiplex communication 
data such as voice and data using a ?xed-length cell 
with a routing header, or more in particular to a switch 
ing system suitable for exchanging the burst exchange 
data and the channel exchange data such as voice inte 
grally. 
A versatile and economical switching system is re 

quired which is capable of integrally handling commu 
nications not only of the bit rate (64 Kb/s) of typical 
telephone voice but also of various bit rates from low 
speed (several hundred b/s) data to video signal (several 
Mb/s) and various characteristics (burst and real time 
characteristics). 
A promising method expected to meet this require 

ment involves switching all data uniformly using a ?x 
ed-length cell with a header containing routing data. 
The switching system disclosed in a report entitled “A 
study of an Integrated Line/ Packet Message Channel“, 
presented to Exchange Division 1832, National General 
Conference (l988) in memory of the 70th anniversary of 
the foundation of the Electronic Information Communi 
cations Society is an example. In this example, all com 
munications data is transferred by use of a ?xed-length 
block called a “cell". The switching is derived from a 
space switch, and in order to prevent a plurality of cells 
having the same address from colliding with each other 
in the space switch, a timed switching function is pro 
vided for each incoming highway. Further, the timed 
switching function includes a switching memory and a 
waiting buffer memory to realize a line exchange mode 
requiring a real time characteristic such as telephone 
voice and a burst exchange mode in which data is sent 
in burst fashion with some delay which may be allowed. 
The line exchange mode cell is handled preferentially 
not through a buffer memory for guaranteeing the real 
time characteristic, while the burst exchange mode cell 
is kept waiting in the buffer memory and is processed 
when there is any empty time slot. 
Another example of the prior art is “TDM Switching 

System” disclosed in the JP-A-59-l35994. This system, 
though lacking an express description of the concept of 
handling two types of characteristics including the line 
exchange mode and the burst exchange mode, is 
equipped with a function to replace the ?xed-length cell 
in terms of time by use of a buffer memory. In the pro 
cess, the same buffer memory is used for waiting for a 
cell and switching thereof. In other words, in order to 
accomplish the required waiting, the write address into 
the cell buffer memory is known from the header. The 
system comprises waiting matrix means to be stored 
according to the address of the cell. 

In the case where a plurality of ?xed-length cells are 
used for the switching operation, the fact that the cell 
addresses are not always uniformly distributed may 
cause the cells destined for the same address to be con 
centrated temporarily into an overcrowded condition 
for the cells to be lost by memory overflow. 1n the 
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2 
system disclosed in the report of the present application 
cited first above, a waiting buffer memory is provided 
for each highway outgoing to each address to avoid 
such an overcrowded condition. This buffer memory is 
required to have a sufficient capacity to store as many 
cells as required to prevent over?ow, and that it is 
necessary that such a buffer memory is required for 
each address separately. The resulting problem of this 
configuration is the necessity of a great capacity of 
memory. The second-cited switching system (J P-A-59 
135994), on the other hand, comprises a single buffer 
memory for all incoming highways and a plurality of 
waiting matrix means for the cell addresses respectively 
to store only the addresses of the buffer memory. This 
construction is capable of absorbing the lack of unifor 
mity among the cells with a comparatively small stor 
age capacity. The periodic use of the write addresses of 
the buffer memory, however, places the system with the 
buffer memory in logically the same state as if ?xedly 
divided for each address. When the waiting time for a 
given cell of the waiting matrix exceeds a predeter 
mined length, for example, the same write address is 
used to cause an overwrite of the buffer memory in spite 
of the fact that there still remain cells yet to be read. 
The cell overwritten is erased undesirably. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
switching system which solves the above-mentioned 
problem of the prior art by eliminating the volume use 
of a memory and in which cells are not lost by the 
overwriting of a buffer memory. 

In order to achieve the above-mentioned object, 
there is provided according to the present invention a 
switching system comprising a plurality of incoming 
highways (hereinafter referred merely as the “incoming 
lines") multiplexed in time-sharing fashion, a buffer 
memory (hereinafter referred to as the “main buffer”) 
into which the arriving cells are written, means for 
reading the cells from the main buffer memory in appro 
priate sequence, separating them in multiplexed way 
and distributing them among a plurality of outgoing 
highways (hereinafter referred merely as the “outgoing 
lines") thereby to accomplish the exchange operation, a 
FIFO (First In First Out) buffer (hereinafter referred to 
as the “idle Address FIFO") for storing empty ad 
dresses of the main buffer memory, means for control 
ling busy addresses for corresponding outgoing lines, 
and an idle address chain for retrieving a vacant address 
from the data output of the idle address FIFO buffer at 
the time of writing a cell into the main buffer and re 
turning the read address into the data input of the idle 
address FIFO buffer at the time of reading a cell from 
the main buffer. 

In writing an arriving cell in the main buffer, an 
empty address is obtained from an idle address FIFO 
regardless of the outgoing line addressed by the cell. 
Therefore, as long as the main buffer has an empty 
address, the cell can be written into any region in the 
main buffer. Even if the addresses of the arriving cells 
are concentrated at a speci?ed outgoing line, the cells to 
other addresses should be reduced proportionately, so 
that the required capacity of the main buffer remains 
unchanged. 

Further, until a cell is read out, the address storing 
the particular cell is not returned to the idle address 
FIFO, thereby eliminating the disadvantage which oth 
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erwise might result with a cell being overwritten on the 
same address erasing another cell stored therein. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

FIG. 1 is a functional block diagram showing an 
embodiment of the present invention. 
FIGS. 2A to 2C are diagrams for explaining a cell 

construction used in the embodiment of FIG. 1. 
FIG. 3 is a detailed functional block diagram showing 

and address pointer included in FIG. 1. 
FIG. 4 is a diagram for explaining the operation of a 

series-parallel conversion multiplexer included in FIG. 
1. 
FIG. 5 is a detailed functional block diagram showing 

an idle address FIFO included in FIG. 1. 
FIG. 6 is a functional block diagram showing another 

embodiment of the present invention. 
FIG. 7 is a diagram for explaining the logics of the 

read access control in FIG. 6. 
FIG. 8 is a functional block diagram showing still 

another embodiment of the present invention. 
FIG. 9 is a diagram for explaining a cell construction 

used in the embodiment of FIG. 8. 
FIGS. 10 and 11 are diagrams for explaining a further 

embodiment of the present invention. 
FIG. 12 is a functional block diagram showing still 

another embodiment of the present invention. 
FIG. 13 is a detailed functional block diagram show 

ing address FIFOs included in FIG. 12. 
FIG. 14 is a diagram for explaining still another em 

bodiment of the present invention. 
FIG. 15 is a functional block diagram showing a 

space switch included in FIG. 14. 
FIG. 16 is a functional block diagram showing still 

another embodiment of the present invention. 
FIG. 17 is a detailed functional block diagram show 

ing address FIFOs included in FIG. 16. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the present invention will be ex 
plained with reference to FIG. 1. In FIG. 1, a number n 
of incoming lines are connected through a series-paral 
lel conversion multiplexer 101 to a data input (DI) of a 
main buffer 105. The data output (D0) of the main 
buffer 105 is connected to a parallel-series conversion 
multiplex separator and is separated into a number m of 
outgoing lines. The output portion of the series-parallel 
conversion multiplexer 101 which corresponds to the 
cell header is connected to a read address terminal (RA) 
of a header conversion table 102. The data output (DO) 
portion of the header conversion table 102 which corre 
sponds to a new header, on the other hand, is connected 
to the data input of the main buffer 105, the portion 
thereof corresponding to an empty/busy data (0 for 
empty) connected through an AND gate 109 to a write 
enable input (WE) of the main buffer 105, and the out‘ 
going number portion thereof connected to a destina 
tion outgoing number input (DEST) of an address 
pointer 104. The data input (DI) and the write address 
(WA) of the header conversion table 102 are connected 
to a control system not shown. The data output (D0) of 
the idle address FFFO 103 is the data input (DI) of the 
main buffer 105 and connected to the next write address 
(NWAD) of the address pointer 104. The empty indica 
tion output (EPTY) is connected to the write enable 
input (WE) of the main buffer 105 through the AND 
gate 109. The write address output (WAD) of the ad 
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4 
dress pointer 104 is connected to the write address input 
(WA) of the main buffer 105. The read address output 
(RAD). on the other hand, is connected through a se 
lector 110 to the read address output (RA) of the main 
buffer 105 and the data input (D1) of the idle address 
FIFO 103. The portion of the data output (D0) of the 
main buffer 105 corresponding to the next read address 
is connected to the next read address input (NRAD) of 
the address pointer 104, and the other portions thereof, 
that is, those portions corresponding to the cell body, 
are separated through the parallel-series conversion 
multiplex separator 106 into each outgoing line. The 
output of the control counter 107 is connected to the 
read counter input (RACNT) of the address pointer 
104. The empty address register 111 is connected to the 
input of the selector 110. The cue state indication output 
(STS) of the address pointer 104 is connected to both 
the selection input of the selector 110 and the write 
enable input (WE) of the idle address FIFO 103 at the 
same time. 

First, the write operation of the cell into the main 
buffer will be explained. 
The cells that have arrived from respective incoming 

lines are subjected to series-to-parallel conversion at the 
series-parallel conversion multiplexer 101 to facilitate 
the handling of each cell separately. An example of the 
construction of the cell arriving from the incoming lines 
is ‘shown in FIG. 2A, and the concept of the series-pan 
allel conversion multiplexing in FIG. 4. The series-par 
allel conversion multiplexer is generally made up of a 
well-known current called "the barrel shifter". As 
shown in FIG. 2A, the cell header carries a logic chan 
nel number written thereon, whereby the header con 
version table 102 is accessed to obtain the data as to 
whether the cell of a new logic channel number on the 
outgoing line side is empty or occupied and a cell desti 
nation outgoing line number. This data is written in the 
table with the access from the control system at the time 
of setting a call. FIG. 2B shows an example of the out 
put of the header conversion table 102. 
The cell destination outgoing line number is applied 

to the address pointer 104, and an appropriate write 
address is obtained accordingly. The write address is 
applied in advance from the idle address FIFO 103. The 
cell is written into the main buffer 105 by use of this 
same write address. If the cell is empty or the idle ad 
dress FIFO is empty (that is, the main buffer has no 
empty address), the output of the AND gate 109 is “L", 
and therefore no data is written in the main buffer 105. 
At the same time, the read clock (RCK) of the idle 
address FIFO is also “L" so that the no output of the 
empty address is produced. 
Now, the read operation will be explained. The cell is 

read in accordance with the number generated by the 
control counter 107, and a read address is obtained from 
the address pointer 104 and is used as a read address of 
the main buffer. The value of the control counter 107 
corresponds to the outgoing line number. Speci?cally, 
cells are read one by one sequentially for each outgoing 
line. The address used as a read address is applied to the 
data input (DI) of the idle address FIFO 103 and is used 
again as a write address. If there is no cell addressed to 
a given outgoing line in the main buffer, a cue state 
indication output (STS) is produced, so that an address 
stored in the empty cell address register 111 is selected 
as a read address of the main buffer 105 by the selector 
110. The data in the main buffer corresponding to this 
address is always kept as an empty cell. 
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The data output (NWAD) of the idle address FIFO is 
stored in the main buffer together with the cell as next 
address information. This is to indicate the storage ad 
dress of the next cell at the same destination as the cell 
destination outgoing line. A detailed operation will be 
explained below with reference to FIG. 3. The cell 
construction in the main buffer is shown in FIG. 2C. 
Now, the con?guration and operation of the address 

pointer 104 will be explained with reference to FIG. 3. 
The outgoing number input (DEST) is connected to the 
input of the outgoing line number decoder 301 and the 
selection input of the address selector 308. A number m 
of decode outputs of the outgoing number decoder 301 
are connected respectively to the clock inputs of a num 
ber m of write registers (W R] 1,, m) 302 to 303. The next 
write address (NWAD) applied from an external idle 
address FIFO is connected to the input of each write 
register, and the output of each write register is pro 
duced as a write address output (WAD) through the 
write address selector 308. The control counter input 
(RACNT), on the other hand, is connected to the de 
coder 311 and the selection input of the read address 
selector 309. A number m of decode outputs of the 
decoder 311 are connected as clock inputs of a number 
m of read registers (RR; ,0 m) 304 to 305, respectively 
through a gate. The next read address input (NRAD) 

20 

25 

from an external source is connected to the input of _ 
each read register, the output of which makes up a read 
address (RAD) through the read address selector 309. 
Non-coincidence detectors 306 to 307 are supplied with 
outputs of a corresponding write register, and read 
register respectively, the outputs of which make up a 
cue state indication output (STS) through a non-coinci 
dence data selector 310. The outputs of the non-coinci 
dence detectors, on the other hand, are also connected 
to one of the inputs of the gate. 
The portions of a number m of outputs of the write 

registers corresponding to the outgoing lines thereof are 
selected by the write address selector 308 in response to 
the outgoing line number input (DEST) thereby to 
make up an address output (WAD). In the process, a 
corresponding value held in the write register by the 
decode output of the outgoing line number decoder 301 
is updated to the value (NWAD) supplied from the idle 
address FIFO. As a result, the NWAD value immedi 
ately before being updated corresponds to the write 
address for the next-arriving cell of the same address as 
the destination outgoing line number of the cell to be 
just written. If this NWAD value is stored in the main 
buffer together with the cell about to be just written, 
therefore, it is possible to know, when this cell is read 
out, from which address the next cell destined to the 
same outgoing line is to be read. In reading a cell, a read 
register output is selected by a read address selector 
with the value of the control counter 107 as a selection 
input, and the value held in the register is produced as 
a read address output (RAD). This output is thus used 
as a read address output. At the same time, the value 
held in the read register selected is updated by the out 
put of the decoder 311. The input of the read register 
involved is the next read address stored together with 
the cell at the time of the write operation which is read 
out of the main buffer, and therefore the address of the 
next cell destined to the same outgoing line can be held 
in the read register. 
FIG. 5 shows a con?guration of the idle address 

FIFO 103. The idle address FIFO 103 includes a mem 
ory 501, a write counter (WCNT) 502, a read counter 
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(RCNT) 503 and a coincidence detector 504. The write 
counter 502 is a ring counter for producing a write 
address (WA) and counting the same number as the 
addresses of the memory 501. The read counter 503 is 
for producing a read address (RA) and makes up a ring 
counter for counting the same number as the addresses 
of the memory 501. When the values of these two 
counters coincide with each other, it indicates the mem 
ory is empty. This condition is detected by the coinci 
dence detector 504 to produce an empty output 
(EPTY). In this way, this circuit has the same function 
as a FIFO as a whole. 

Now, another embodiment of the invention will be 
explained with reference to FIG. 6. The switching sys 
tem shown in FIG. 6 operates basically on the same 
principle as the one shown in FIG. 1. In addition, how 
ever, the system in FIG. 6 has a preferential control 
mechanism. In FIG. 6, the component parts identical to 
those in FIG. 1 are denoted by the same reference nu 
merals as in FIG. 1 respectively and will not be de 
scribed again. The embodiment of FIG. 6 is different 
from that of FIG. 1 most conspicuously in that the 
embodiment of FIG. 6 has a plurality of address point 
ers. It is assumed that there are three preferential classes 
called class 1(C1), class 2(C2) and class 3(C3). 
The output of the header conversion table 102 in 

FIG. 6 includes a class indication. The class indication 
output is connected to the input of the class decoder 
(CDEC) 605 and the selection input of the write class 
selector (W SEI.) 606. Each decoder output of the class 
decoder (CDEC) 605 is connected to the write address 
enable input (WAEN) of the address pointer of each 
corresponding class. Of the decoder outputs of the class 
decoder (CDEC) 605, the output C2 is changed into C2‘ 
through an AND gate supplied with the output of the 
up-down counter 608. The outputs C1, C3 of the class 
decoder (CDEC) 605 and the OR output of C2’ are 
connected to the write enable (W E) of the main buffer 
105. Each cue state indication output (STS) of the ad 
dress points corresponding to each class including the 
address pointer (class 1) 601, address pointer (class 2) 
602, and the address pointer (class 3) 603 is connected to 
the input of the read access control 604. The relation 
ship between the input and output of the read access 
control is shown, for example, in FIG. 7. The output of 
the read access control 604 is connected to the input of 
the read class selector (RSEL) 607 and the decoder 
(REDEC) 609. The decode output of the decoder (RE 
DEC) 609 is connected to the read address enable input 
(RAEN) of the address pointer of a corresponding class 
on the one hand and a logical sum of the decode outputs 
is connected to the write enable input (WE) of the idle 
address FIFO on the other hand. The up-down counter 
608 is supplied with the read address enable input 
(RAEN) of class 2 as an up input and C2’ as a down 
input. The classes are so de?ned that class 1 is small in 
delay tim with a low cell loss rate, class small in delay 
time with somewhat large cell loss rate, and class 3 
somewhat long in delay time with small cell loss rate. 
Class 2, in spite of a somewhat larger cell loss rate, is 
superior to other classes, and therefore limits the usable 
capacity of a main buffer. Speci?cally, the capacity 
usable for the upsdown counter 608 is set by conversion 
in the number of cells. The up-down counter 608 is 
decremented by write and incremented by read when 
this counter becomes zero, therefore, it indicates that 
the main buffer is used to the limit. Under this condi 
tion, the output C2’ becomes “L" and no new write 
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occurs for this class. As a result, the class 2 cell that has 
arrived is discarded. On the other hand, the read prior 
ity order is set by the read access control in such a 
manner that the class 1 has the least delay time and the 
class 3 the largest. Speci?cally, the operation is per 
formed for each outgoing line in such a way that if the 
class 1 cell is in the main buffer, it is read in the ?rst 
place, and when the class 1 cue disappears, the class 2 
cell is read out. With the disappearance of the class 2 
cue, the class 3 cell is read out. 
With the arrival of a cell, the class to which the par 

ticular cell belongs is identi?able by the output of the 
header conversion table 102, so that the write address 
enable output (WAEN) is applied to the address pointer 
corresponding to the particular class by the class de 
coder 605. The write address output (WAD) produced 
from the address pointer, on the other hand, is selected 
by the write class selector (W SEL) 606 and is used as a 
write address (WA) for the main buffer. In read opera 
tion, by contrast, as mentioned earlier, the read access 
control 604 monitors a waiting cue corresponding to 
each outgoing line of each class, and effect control to 
assure that outputs are in the order of priority among 
the waiting cues. Speci?cally, the decode output of the 
decoder 609 designates an address pointer of the class to 
be read, and the read class selector 607 selects a read 
address output produced from the address pointer of the 
class to be read, thus determining the read address of 
the main buffer. 
Now, another embodiment of the present invention 

will be explained with reference to FIG. 8. The con?gu 
ration of FIG. 8 is free of the header conversion table 
102 in FIG. 1. In the case under consideration, the con 
struction of the cell arriving from the incoming line is 
shown in FIG. 9. This con?guration is suitable for the 
case in which a header conversion table is included for 
each incoming line in the from stage of the switch. This 
con?guration also has an advantage that in a multi-stage 
construction mentioned later, the header conversion 
may be rendered collectively in advance without re 
spective header conversion by switches in the respec 
tive stages. 

In each of the embodiment explained above, the main 
buffer and the idle address FIFO, or the main buffer, 
idle address FIFO and the address pointer may be 
formed in integrated circuits on the same chip. Then, a 
compact switch and a multi-stage construction de 
scribed later are realized. 
Now, an embodiment of a switch of a multi-stage 

construction (multi-stage channel switch) will be ex 
plained with reference to FIGS. 10 and 11. First, before 
a speci?c example, the non-block conditions of a multi 
stage switch will be explained. 
A conventional non-block multi-channel switch of 

Clos type is well known for circuit switch. (See 
Akimaru: "Outline of Current Exchange Engineering" 
published by Ohm, 1979, pp. 136 to 137, and C. Clos: A 
Study of Non Blocking Networks, Bell System Techni 
cal Journal vol. 32, No. 3 (1953)). 
A Clos-type multi-stage switch is assumed to have a 

number m of incoming lines of a primary switch, a 
number r of outgoing lines thereof, a number k of the 
incoming and outgoing lines respectively of a second 
ary switch, a number r of incoming lines of the tertiary 
switch and a number m of outgoing lines thereof, a 
number k of the primary switches, a number r of the 
secondary switches, and a number k of the tertiary 
switches, so con?gured that one each of the r outgoing 
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lines of the primary switch is connected to each of the 
secondary switches, and one each of the k outgoing 
lines of the secondary switch to each of the tertiary 
switches. This multi-stage switch construction thus has 
three stages to satisfy the relationship rZZm-l (Clos’s 
formula). 
The "non-blocking" is de?ned to indicate that if both 

the incoming and outgoing lines of a switch have an 
empty capacity, there always exists a bus connecting 
them. 
The Clos-type switch is "non-blocking" if it handles a 

plurality of calls of a single speed. In the case where 
each of the calls has a given speed, however, the operat 
ing efficiency of the link connecting the unit switches is 
reduced, and therefore the switch is not "non-block 
ing". If respective calls are different in speed, a call of 
low speed may, for example, occupy a part of the link 
capacity, so that in spite of some empty capacity of the 
link, a high-speed call may not enter there. Due to this 
what is called a “decayed phenomenon", the link oper 
ating ef?ciency is reduced, and therefore a blocking 
occurs even though Clos’s equation may be satis?ed. 

This problem is solved by increasing the links of the 
multi-stage switch spatially, that is, by increasing not 
only the number of the links but also the “timing“ 
thereof with an increased link speed. Speci?cally, al 
though the number of incoming and outgoing lines and 
links are assumed to be rn and r respectively, a switch 
con?guration is such that if the speed of the incoming 
and outgoing lines is assumed to be unity, the link speed 
is x times higher to satisfy the relationship 
r>2{(m-l)/(x-l)}—- 1. 

In this equation, (m- l) on the right side indicates the 
state in which (m-l) of m incoming lines are busy. 
(x— l), on the other hand, is the link speed ratio it, less 
the unity representing the incoming line speed ratio, 
indicating a limit value of A—+O in a state of (x- 1+A) 
where a given link is busy except for a capacity short of 
a very small amount A in a single incoming line in terms 
of speed. 

Thus, [(m- l)/(x-- 1)] indicates the number of links in 
state that in spite of a certain empty capacity in the link, 
a single incoming line cannot be accomodated, that is, a 
state where each link is used most inef?ciently. The 
symbol 0. indicates a minimum integral number over a. 
It is thus seen that a number {[(m—l)/(x-1)]—l} of 
links except for one are in such a state for both outgoing 
and incoming lines. Therefore, when the number of 
links twice as many that is, 2{[(m— 1)/(x— l)]— 1}, one 
new incoming line cannot be accomodated in the links, 
and if there is another accomodatable link, that is, if the 
number is 2{[(m— l)/(x— l)—- l]}+ 1, both the incoming 
line side (primary link) and the outgoing line side (sec 
ondary link) have a link sharing an empty capacity of at 
least one channel of incoming line. 

Thus, if the number r of the links satis?es the relations 
r ->_=2{[(m — l)/(x— l)]- l} + 1, this switch will never 
block. 
An embodiment of the present invention will be ex 

plained below with reference to FIG. 10. As shown in 
FIG. 10, the number n of incoming and outgoing lines is 
given as n=mk. A number k of unit switches with a 
number m of input terminals and a number (2m-3) of 
output terminals are arranged as ?rst-stage switches. On 
the other hand, intermediate-stage switches include a 
member (2m- 3) unit switches with a number k of input 
and output terminals, and ?nal-stage switches a number 
k of unit switches with a number (2m-3) input termi 












