
UNIT-III 

Time Division Switching 

3.1 Introduction 

 The switching scheme used by the electronic switching systems may be either Space

Division Switching or Time Division Switching

 Space Division Switching

 Single-stage: a crosspoint switching element is used to establish a specific

connection between two subscribers.

 Multi-stage: A conversation could be established via any one of the many

alternative paths. A crosspoint is usable for establishing more than one

connection. It is sharable among many subscribers.

 Time Division Switching

 In digital transmission, sampled values of speech are sent as pulse amplitude

modulated (PAM) values or pulse code modulated (PCM) binary words.

 Features of PAM/PCM signal

 Discrete in time domain

 Transmission of PAM/PCM signal

 Multiplexing

 Periodical time slots
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3.2 Basic Time Division Space Switching 

 A sample N x N time division space switch is shown in below figue.

 The time division space switch can be represented in an equivalent form as a two stage

network with N x1 and 1 x N switching matrices for the first and second stages

respectively as sown in below figure.
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 The network has one link interconnecting the two stages.

 Each inlet/outlet is a  single speech circuit corresponding to a subscriber line. The speech

is carried as PAM analog samples or PCM digital samples.

 When PAM samples are switched in a time division manner, the switching is known as

analog time division switching

 If PCM  binary samples are switched, then the switching is known as digital time division

switching.

 In figure, the interconnecting link is shown as a bus to which a chosen inlet-outlet pair

can be connected by a suitable control mechanism and the speech sample transferred

from the inlet to the outlet.

 When PAM samples are switched, the bus is analog in nature and if the binary samples

are switched, a digital bus is used.

 The number of simultaneous conversations, SC can be supported on a network of this

kind is inversely proportional to the time required to select and connect an inlet-outlet

pair and transfer the speech sample from the inlet to the outlet and is given by

SC=125/ts 

 Control mechanisms:

 Cyclic control in synchronism

 Input-controlled / Input-driven

 Output-controlled / Output-driven

 Cyclic control in synchronism

 The selection of inlet/outlet is controlled dynamically. The simplest form of control is to

select the inlets and outlets in a cyclic manner in synchronism.

 In this case, there is a fixed one to one correspondence between the inlets and the outlets.

 Suppose a cycle starts at inlet/outlet 1 and proceeds as 2, 3, 4, …..N, the next cycle as 1, 

2, 3, …..N and so on, then inlet i is always connected to outlet i. in effect there is no 

switching in the true sense except that a single switching element is being shared by all 

the connections. 

 The cyclic control is organised using a modulo-N counter and a k-to- 2
k
 decoder as

shown in above figure.
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 N and k are related by the equation

⌈ log2 N ⌉=k 

 Where  the symbol ⌈   ⌉ is a ceiling function that gives the lowest integer equal to or

higher than the quantity inside the symbol.

 All the inlets/outlets are scanned within the 125 μs, the switching capacity (SC) of the

network is the same as the number of inlets or outlets in the system and the switch is

called nonblocking. But it lacks full availability as it is not possible to connect any inlet

to any outlet.

 Input-controlled / Input-driven:

 The control on the input side works in a cyclic manner.

 The control on output side is memory based and changes synchronously with the input

side.

 Full availability is obtained by using the programmable feature of the memory.
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 There is a control memory on the output side which contains the address of the outlets

stored in contiguous locations in the order in which they are to be connected to the inlets.

 For example, an address sequence 4-7-1-5 stored in locations 1, 2, 3 and 4 of the control

memory implies that inlet 1 is connected to outlet 4, inlet 2 to outlet 7, inlet 3 to outlet 1

and so on in that order. This switch is said to be input controlled or input driven.

 The modulo-N counter of the cyclic control also acts as the memory address register

(MAR) of the control memory.

 Control memory  has N words corresponding to N inlets and has a width of  ⌈ log2 N ⌉

bits which are used to address the N outlets.

 Cyclic control at the input implies that all the subscriber lines are scanned irrespective of

whether they are active or not.

 For an active inlet i, the corresponding outlet address is contained in the i-th location of

the control memory.

 It is read out and passed to the address decoder which also acts as the memory data

register of the control memory.

 The decoder output enables the proper outlet to be connected to the bus. The sample

value is then transferred from the inlet to the outlet.

 In case an inlet is not active, the corresponding location in the control memory contains a

null value which forbids the address decoder from enabling any of the output lines.

 Output-controlled

 A dual scheme of the input-controlled

 The control on the output side works in a cyclic manner.

 The control on input side is memory based and changes synchronously with the output

side.

 Full availability is obtained by using the programmable feature of the memory.

 Broadcast is supported.

 The switching capacity is equal to the number of inlets or outlets N.

N=SC=125/(ti+tm+td+tt) 

 ti: time to increment the modulo-N counter
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 tm: time to read the control memory

 td: time to decode address and select inlet/outlet

 tt: time to transfer the sample value from inlet to outlet

 Clock rate of the counter

Clock rate = 8N kHz 

Parameters of time division space switching network (vs. Space division) 

 For nonfolded networks, we have

 Number of switching elements:

 On the input side =N

 On the output side= N

 total S=N+N=2N
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 Switching capacity, SC=N

 Traffic handling capacity,TC=N/N=1

 Cost of the switching network, C=cost of switching elements + cost of  control

memory 

 C=2N+N=3N

 Cost capacity index, CCI=SC/(C/N)=N/3

 If we use space division switching on the same network, C=2N, SC reduces to one  and

CCI works out to be 0.5 irrespective of the number of subscribers (CCI=1/(2N/N)=0.5).

3.3 Generalized time division space switching 

 The use of cyclic control in input or output controlled switches restricts the number of

subscribers on the system rather than the switching capacity.
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 A switch configuration based on the use of control memory for controlling both inlets and

outlets would permit a much larger number of subscribers than the switching capacity of

the network and can be made to function either as a folded or a non folded network.

 The structure of the memory-controlled time division space switch is shown in below

figure. Here, each word of the control memory has two addresses: an inlet address and an

outlet address. The control memory width is 2 ⌈ log2 N ⌉.

 The operation of the switch proceeds as follows:

 The module-SC counter is updated at the clock rate.

 The control memory words are read out one after another.

 The inlet address is used to connect the corresponding inlet to the bus and so also

the outlet address to connect the outlet.

 The sample is then transferred from the inlet to the outlet. Next, the clock updates

the counter and the cycle of the operation repeated.

3.4 Basic Time Division Time Switching 

 The time division switching is to use a memory block in place of the bus.

 The functional blocks of a memory based time division switch and its equivalent circuits

are shown in below figures.

 In this organization, the data coming in through the inlets are written into the data

memory and later read out to the appropriate outlets.

 The incoming and outgoing data are usually in serial form whereas the data are written

into and read out of the memory in parallel form.

 It, therefore becomes necessary to perform serial to parallel conversion and parallel to

serial conversion at the inlets and outlets respectively. For convenience the data in and

data out parts of the MDR are shown separately for the data memory in below figure.

 Here, the information is not transferred in real time, it is first stored in the memory and

later transferred to the outlet. There is a time delay between the acquisition of a sample

from an inlet and its delivery to the corresponding outlet. Signifying these aspects, the

data memory based scheme is known as time division time switching.

8 www.Jntufastupdates.com



9 www.Jntufastupdates.com



 Time division time switching may be controlled in any of the following three ways:

 Sequential write/Random read

 Random write/Sequential read

 Radom input/Random output

 Sequential write/Random read

 The inlets and outlets are both scanned sequentially.

 The samples from inlets are written into data memory sequentially.

 The samples are read from data memory randomly and then delivered to outlets.

 Random write/Sequential read

 The inlets and outlets are both scanned sequentially.

 The samples from inlets are written into data memory randomly.

 The samples are read from data memory sequentially and then delivered to

outlets.

 Radom input/Random output

 The inlets and outlets are both scanned randomly.

 Both data writing and data reading operations on data memory are performed

sequentially.

10 www.Jntufastupdates.com



 There are two modes in which a time division time switch may be operated under any of

the three forms of control. These modes are:

 Phased operation

 Slotted operation

 Phased operation

 The switching procedure is divided into two phases.

 Phase1: The data from inlets are stored in the data memory sequentially or

randomly according to control method used.

 Phase2: The data are read from data memory and delivered to outlets sequentially

or randomly according to the control method used.

 In the first phase, one memory write is involved per inlet whereas in the second phase

two memory reads, one at the control memory and the other at the data memory are

involved per outlet.

 The time taken for the two phase operation ts is given by

ts  =Ntd +N(td +tc) 

 Where td =read/write time for the data memory

tc = read/write time for the control memory 

If td  = tc = tm, we have 

ts =3N tm

 Since the entire operation is to be completed within 125 μs, we have the expression for

the number of subscribers as

 N=125/ 3tm 

 The number of subscribers can be increased by overlapping the read cycles of the data

memory and the control memory in the second phase of operation as shown in below

figure.

 During last write cycle of phase-1, the first location of the control memory which

contains an inlet address, say a1 , is read.

 During the first cycle of the second phase, the location a1 of the data memory and the

second location of the control memory are read out simultaneously .
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 The expression for the number of subscribers may be modified for overlapped operation

as

 N=125/ 2tm

 Slotted operation

 In the Slotted operation the 125 μs period is divided into N subperiods of duration 125/N.

In each subperiod i, the following operations are performed:

1.Read inlet i and store the data in data memory location i.

2.Read the location i of the control memory which contains the value, say j.

3.Read the data memory location j and transfer the data to outlet i.

Control memory management in random input/random output control: 

 Random input/Random output control mode permits a large number of subscribers

connected to the system, but it is blocking in nature.
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 The entries in the control memory may be managed in any of the following three ways:

1.By maintaining a free list

2.By compacting the entries every time a call terminates

3.By maintaining free and occupied lists.

 The free list is a linked list maintaining information about the free locations in the control

memory. This list may be organized using a first come first served(queue) discipline or a

last come first served (stack) discipline.

 The free list (or the occupied list) is usually managed by using pointers.

 Every entry in the list now consists of two parts: data and a pointer to the next entry in

the list. For a free list, data value has no significance.

 The beginning of the list is identified by a variable which contains the address of the first

free (or occupied) location which, in turn, points to the next free (or occupied) location.

 A link is thus established to all the free (or occupied) locations. The last (or occupied)

location contains null pointer. This is illustrated in below figure.
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3.5 Time multiplexed Space Switching 
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 The number of trunks supported can be increased considerably by splitting the control

memory into N independent modules of M words each and letting each module service

one input or output line.

 If the control memory modules are arranged such that each one services one input line

and switches the input data to the appropriate output during every time slot, the switch is

input controlled.

 If the modules serve the output lines by switching the appropriate inputs, the switch is

output controlled.

 An output controlled configuration is shown in below figure.

 There is one control memory module for each output line. The control memory modules

contain the addresses of inlets that should be switched to the respective outputs in each of

the M time slots.

 location-1 of every module corresponds to the time slot-1, location-2 to the time slot-2

and so on.

 All locations corresponding to a particular time slot are read out in parallel.

 To estimate the cost of the switch. The switch has N switching matrices of size      N x 1 

each at inputs. There are NM memory words. Therefore, the cost is,

C=N(Nx1)+NM=N
2
 +NM
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 Time multiplexed space switches do not provide full availability.

 Each incoming trunk carries multiplexed samples from M different voice sources and

each stream on the outgoing trunk is demultiplexed to M different destinations as

depicted in below figure.

 Sources, trunks and destinations have one to one time relationship as follows:

1. Sources and incoming trunks time slots

2. Outgoing trunk time slots and the destinations

3.Time slots of incoming and outgoing trunks

Time division space switch using space array: 

 With the advent of large scale integration in the semiconductor technology, integrated

circuit space arrays that are suitable for digital space switching are becoming available.

 A digital space array of size N x N is similar to a N x N crossbar switching matrix, except

the bulky expensive and power consuming electromagnets are replaced by digital gates.

 A time multiplexed time division space switch can be configured around a space array as

shown in below figure.

 The array consists of M input horizontals and N output verticals. If M=N the switch is

non blocking. If M > N the switch is concentrating and if M < N the switch is expanding.

 In every time slot, one logic gate per vertical if M > N, or one logic gate per horizontal if

M < N is enabled for one to one connections.
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 It may be observed that the space array is capable of establishing one to many and

broadcast connections

 In any time slot only one gate for vertical and up to N gates per horizontal can be enabled

for these connections.

 An enabled logic gate passes the input digital sample to the corresponding output vertical

3.6 Time multiplexed time switching 

 Unlike time multiplexed space switches,  Time Multiplexed Time Switches permits time

slot interchange (TSI) of sample values.

 In TSI, a speech sample input during one time slot can be sent to the output during a

different time slot

 Such an operation necessarily implies a delay between the reception and the transmission

of a sample. Below figure shows principle of TSI.

18 www.Jntufastupdates.com



19 www.Jntufastupdates.com



 Contents of counter provides location addresses for the data memory and the control

memory.

 Data memory and control memory access take place simultaneously at the starting of the

time slot.

 Contents of the control memory are used as the address of the data memory and the data

read out to the output trunk.

 Even if there is no time slot interchange, a sample is delayed by a minimum of one time

slot in action.

 Depending on the output time slot, delay range is tTS to MtTS  microsec.

 In the example given in figure 1st location in CM contains value 1 which implies that the

contents of input time slot 1 is switched to output time slot 1. Delay for this sample is tTS

microsec

 Location 2 contains 7. Therefore, input time slot 7 is switched to output time slot 2.

Delay for this sample: (M – (7-2) + 1) tTS μ s

=(M – 4) tTS μ s 

 Location 3 contains 4. Therefore, input time slot 4 is switched to output time slot 3.

Delay for this sample: (M – (4-3) + 1) tTS μ s

=M tTS μs = 125 μs 

 There are two sequential memory access per time slot. So, time constraint may be stated

as tTS = 2tm, 125 = 2Mtm

 As there are no switching elements the cost is equal to the number of memory locations

 There are M locations each in the control and data memory

 So, total cost is given by

Cost of switch = cost of switching element + cost of memory locations 

C = (0+2M) units 

C=2M units 

 A TSI switch may be designed to be expanding or concentrating. In such switches, the

number of time slots (samples) per frame in the input stream and in the output stream are

different.
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 Expanding

 The number of time slots per frame in the output stream M2 is larger than that in

the input stream M1, i.e. M2>M1.

 Concentrating

 The number of time slots per frame in the input stream M1 is larger than that in

the output stream M2 , i.e. M1>M2.

 Implementation: Independent/asynchronous write and read.

 Time Constraint for the switch may be stated as in an expanding TSI switch:

125=(M1+M2) tm

 Considering practical configuration of time multiplexed time switches, there are N time

multiplexed input streams each multiplexing M subscribers and N time multiplexed

output streams each carrying M subscribers.

 The task is to handle NM subscribers in time duration of 125 μs. Such problem can be

handled in four different configuration.

1. Serial-in / Serial-out (SISO) configuration
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2. Parallel-in / Serial-out (PISO) configuration

3. Serial-in / Parallel-out (SIPO) configuration

4. Parallel-in / Parallel-out (PIPO) configuration

Serial-in/Serial-out (PISO) configuration: 

 In each time slot, N data words are to be input and N data words to be output.

 During the first time slot, the first slot samples from all the input streams are read one

after another and stored in the data memory.

 Within the same time duration, the data words corresponding to the first time slot of all

the N output streams are read out of the data memory and sent to the respective output

streams.

 The same operations are repeated for every one of the M time slots.

 The data memory write and the control memory read operations are carried out

simultaneously followed by data memory read operation. The time constraints may be

stated as

tTS = 2Ntm, 125 = 2NMtm 

22 www.Jntufastupdates.com



Parallel-in / Serial-out (PISO) configuration: 
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 In Parallel-in / Serial-out (PISO) configuration, the data memory is organized as N

modules of M words each as shown in above figure.

 Each module is associated with one input line. The time slot duration tTS is divided into

N+1 subslots  t0 , t1 ,…. tN. 

 During the subslot t0  , data from all the input lines are read into the respective data

memory modules simultaneously.

 A two dimensional addressing structure comprising module address and word address, is

used to access the data memory words.

 The word address corresponds to the time slot number and the module address to the inlet

number.

 The word address, word 1 corresponds to time slot 1, word 2 to time slot 2 and so on.

 A special control signal is used to enable all the data memory modules for write access

during the subslot t0 .

 During the subslots t1 to tN ,the control memory locations are used to address the data

memory for read access and the data words read out are transferred to the corresponding

output lines.

 During the subslot t1 of the time slot i, a data word read from the data memory is

transferred to the outgoing trunk 1, for insertion in the time slot i of this stream

 Similar transfers take place during subslots t2 to tN to outgoing trunks 2 to N.

 The control memory locations contain the two part address of the data memory.

 The higher order address bits select the module and the lower order bits the word within a

module.

 The width of the control memory word is ⌈ log2 N ⌉ + ⌈ log2 M ⌉.

 The control memory clock Ccm , runs at the rate one pulse per tTS /(N+1) microseconds

except that one pulse is inhibited during the subslot t0.

 The control memory read may be overlapped with data memory as indicated in the timing

diagram in above figure.

 The time constraints may now be stated as:

For non overlapped operation 

tTS =(2N+1) tm,  125=M(2N+1) tm 
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For overlapped operation 

tTS =(N+1) tm ,  125=M(N+1) tm

Serial-in / Parallel-out (SIPO) configuration: 

 Serial-in / Parallel-out switch is the dual of the parallel-in/serial-out switch. Here, the

data memory modules are associated with the output lines instead of the input lines.

 The data input is serial and is carried out during the subslots t1 to tN .

 The subslot t0  is used for parallel read out from all the data memory modules to the

corresponding output lines.

 With this arrangement, it appears as though the output precedes input.

 Since the entire operation is cyclic, it is immaterial whether the output operation is

carried out in subslot t0  to tN .

Parallel-in / Parallel-out (PIPO) configuration: 

 Parallel-in/Parallel-out switch is the most complex of all the time multiplexed time switch

configurations.

 It is also the configuration that can support the largest number of subscribers for a given

technology option.

 The configuration shown in above figure(a), both the data memory and the control

memory are organized as N independent modules of M words each.

 There is one to one correspondence between the data memory and control memory

modules.
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 Address outputs from the control memory module i are always used to access words in

the data memory module i.

 Each location of the control memory module contains information about both the input

side and the output side as shown in above figure (b).

 The input side contains an inlet address part and a word address part and the output side

contains an outlet address part and a word address part.

 Inlet/outlet address selects one of the N inlet/outlet streams.

 Word address is used to access one of the M words in the data memory module

corresponding to the control memory module from which the word address is read.

 The operation of the switch takes place in three phases in each time slot

1. Control memory read

2.Data memory write

3.Data memory read
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3.7 Combination Switching 

 Time multiplexed space switches do not provide full availability as they are not capable

of performing time slot interchange (TSI).

 The TSI switches are not capable of switching sample values across the trunk without the

help of some space switching matrices. Hence a combination of time and space switches

leads to configurations that achieve both TSI and sample switching across trunks.

 A combination switch can be constructed by using number of stages of time and space

switches.

 A two stage combination switch configurations are known as time-space (TS) or space

time (ST) switches.

 The most common three stage configurations are space-time-space (STS) and time-space-

time (TST) switches.

Time-Space (TS) switch: 

 A Time-space (TS) switch is shown in below figure.
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 the first stage is a time slot interchange (TSI) per inlet and second stage is a N x N space

switch.

 Each time multiplexed inlet/outlet stream carries M channels.

 A subscriber on the input side is assigned to one of the inlets and a time slot in that inlet.

 An input subscriber assigned to line 4 at time slot 7 is identified by the label I47  .

 A subscriber connected to the outlet 5 and time slot 6 is identified by O56 .

 The corresponding time slots are identified as IS47  and OS56 . A communication is

established between these two subscribers. The input sample from IS47 is first moved to

IS46 at the output of TSI switch.

 During the time slot 6, a connection is established between the inlet 4 and the outlet 5 at

the space switch. This switch configuration ensures full availability, it is not nonblocking.

 Consider the two connections to be established between I47 and O29, and I42 & O19 .

 Both the samples originate from the same inlet and are destined to the same time slot in

different outlets.

 Both input samples require to be switched to time slot 9, which is not possible. Only one

of them can be switched to slot 9.

 In general blocking occurs if two inputs Iij  and Iik  are destined to outputs Opq  and Orq
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Space-Time (ST) switch: 

 A space time switch configuration is shown in below figure.
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 This two-stage ST switch ensures full availability.

 Consider a connection between I47 and O57.

 Similar to TS switch, this switch is also blocking.

 It is a blocking network. If two or more samples originating from different inlets during

the same time slot are destined to the same outlet, blocking will occur.

 The performance of ST and TS switches are identical .

 Two switches are in series in these configurations, the time constraint is the sum of the

two constraints and is given by

125=2 NMtm  + NM tm  =3NM tm 

3.8 Three-Stage Combination Switching 

 Three-stage Combination Switching provides better flexibility than two stage

Combination Switching.

 The most common three stage configurations are:

 Time-space-time (TST) switches

 The first and third stages perform time switching

 The second stage performs space switching.

 Space-time-space (STS) switches

 The first and third stages perform space switching;

 The second stage performs time switching.

 Both TST and STS are blocking in general cases.

Time-Space-Time (TST) switches: 

 The TST switch configuration is shown in below figure.
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 In TST, two time stage at input and output side exchanges the information between

external channels (i/p side) and the internal space array channels (o/p side). Hence there

is no need to have a fixed space stage time slot for given input or output time slot.

 An incoming time slot may be connected to an outgoing channel time slot using any

possible space array time slot.

 There exist multiple alternative paths between prescribed input and output unlike two

stage switch has only one fixed path. Because of this, the value of blocking probability of

three stage combination switch is reduced.

 Three stage combination switches are not perfectly non-blocking. To make it non-

blocking, one slot in the intermediate space stage has to increase.

 Lee’s Probability graph of TST switch
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Space-Time-Space (STS) switches:l 

 A STS switch consists of N x k space matrix switch at input and an array of TST switches

of middle with k x N space matrix.

 In STS switch the choice of input and output time slots is fixed for a given connection.

 But flexibility is provided by the ability to utilize any free TSI  switch by space switching

on input and output side. Many alternative paths exists as in TSI switch.

 The expansion and concentration takes place at the space switch level insteat time slot

level.

 The time slots are symmetrical

 STS switch is non-blocking, if k=(2N-1). The blocking probability is same as TST

switch.
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 Costs of TST and STS

 TST

 CTST=5MN+N
2

 STS

 CSTS=2Nk+4MN

 The blocking probability is reduced by providing more feasible paths for any inlet-outlet

pair.

3.9 n-Stage Combination Switching 

 Very large time division switches, supporting 40,000 lines or more, can be economically

designed by using more than three stages of time and space combination switching.

 We call this N-stage switching where N is greater than three, N-stage combination

networks may also be designed to provide better flexibility and less blockage.

 Basically, two approaches are seen in designing N-stage switches:

 Expanding a TST switch with additional space stages

 Modular design using a number of time-space (TS) modules

 Typical configurations include TSST, TSSST and TSTSTSTS.
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