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Abstract 

This paper addresses performance analysis and design issues for distributed switching 
systems. Four major issues, allocation of call-control functions to individual processors, 
distribution of ::lll-pfocessing load to individual processors, interprocessor communications, 
and access contention for shared resources, are discussed from the viewpoint of switching 
system .performance. Several functional distribution architectures are introduced and are 
compared in terms of call connection delay, interprocessor communications traffic, and total 
cost. Several key principles for allocating call-processing functions are drawn from this 
comparison. Finally, a balanced design approach is presented as a promising method for 
dealing with a wide range of traffic conditions that will be typical in the broadband ISDN era. 

1. Introduction 

Recently developed electronic switching systems 

have adopted the distributed architecture for its flexibility, 

modularity, and expansibility. The benefits of this 

architecture differ among architecture types, i.e., functional 

distribution type, load-sharing type, or a hybrid of both 

functional distribution and load sharing types. Whichever 

architecture is selected for a planned system, designers may 

face new performance analysis and design issues that are 

common to distributed switching systems. 

A distributed switching system is a complex of a 

switching network, control processors, and an 

interconnection network. Performance analysis and design 

problems related to individual processors, for example, 

processor scheduling and queueing structure in a 

processor, are the same as those of a centralized control 

system. The individual processor performance design may 

therefore be achieved by an established method for 

centralized architectures. The entire system characteristics 

such as overall call-handling capacity and connection delay 

characteristics, however, depend on how call-processing 
functions are allocated to individual processors, and how 

the traffic offered to the entire system is distributed among 

them. The following issues arise during the design, 

implementation, and performance evaluation phases: 

- How to divide functions and allocate them to processors 

- Interprocessor communications algorithm 

- Load-balancing method 

- Access contention for shared resources 

- Interconnection network 

This paper first discusses performance design 

issues inherent in distributed architectures, and indicates 

performance design guidelines that are useful in the early 

design phase. Next, the paper presents a performance 

analysis method for basic distributed architectures, and then 

compares them numerically in terms of connection delay, 

interprocessor communications traffic, and the number of 

processors required to meet a call-handling capacity 

objective. These comparisons help establish performance 

design guidelines for how to allocate functions, how to 

share the load, and other traffic-related problems in 

distributed switching systems. Finally, the paper defines a 

balanced design for a switching system, and briefly 

discusses its necessity. This problem will be increasingly 

important in switching system design because a wide range 

of traffic conditions such as call holding time should be 
considered in the broadband ISDN era. Relevantt 

performance analysis and design problems for distributed 

switching systems have been reported in a number of 

papers [1-6]. 
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2. Performance design consideration for 

distributed switching systems 

Distributed architecture has several advantages such 

as modular software implementation, linear growth 

facilities, high reliability, and high call-handling capacity, 

compared to centralized architecture. To gain these 

potential benefits, it is important to study the organization 

of a control system from the viewpoint of performance 

design as well as from the viewpoint of hardware and 

software design. This section discusses four major issues 

affecting the performance of distributed architecture, 

indicating several performance design guidelines which 

help designers to determine the basic architecture in the 

early design phase. 

(1) How to allocate control functions to individual 

processors 

A distributed switching system consists of several 

subsystems. The system capacity is thus determined by the 

capacity of the lowest capacity subsystem In a function 

distributed system, functions such as call-processing, 

maintenance, and administration, are divided into more 

fundamental functional units and allocated to processors. If 

switching control functions are allocated to individual 

processors such that their loads are not balanced, the 

overall system capacity is equal to the capacity of the 

processor whose processor load is the largest of all the 

processors. 

The first guideline for function distribution is to 

allocate these functions so as to balance all processor loads. 

This means that there is no particular bottleneck processor. 

In addition, it is necessary to adopt a function distribution 

that makes the number of interprocessor communications as 

a few as possible. This will be discussed in (3). The third 

guideline is to allocate call-processing functions to as a few 
processors as possible. This is because in a function 

distributed system, the number of queues needed to 

complete one call connection may be larger than in a 

centralized system. Thus the connection delay for a 

function distributed system may be larger than in the 

centralized system. To satisfy the connection delay 

requirement, the maximum processor utilization might be 

less than that of a centralized system. Section 3 will study 

these problems quantitatively. 

(2) How to distribute call-processing load to individual 

processors 

For a load sharing system, load balancing is of 

particular importance and it should be achieved. Otherwise 

one processor receives a larger call-processing load than the 

others, and thus the entire call-handling capacity would be 

limited by that processor. Typical load distribution 

algorithms are random, cyclic, and join-the-shortest queue. 

Classification and comparison of the load balancing 

algorithms are reported in [7]. 

(3) Interprocessor communications (IPC) 

It is important to reduce the number of IPC from 

call origination to call termination for two reasons. The 

first one is related to connection delay. That is, IPC delay 

is one component of a connection "delay. An IPC delay 

thus gives a long connection delay. The other reason is 

related to the processor load. Since IPC needs the 

processing of a processor, it increases processor loads. A 

per-caU based IPC scheme makes it possible to minimize 

the communications delay, however it makes much 

communications overheads. A scheme to meet a delay 

requirement with minimum overhead is necessary. 

Comparative studies of several interprocessor 

communications schemes (collective-N with time-out, 

gating, and others) have been reported in [8, 9]. 

(4) Access contention for shared resources 

Access contention for shared resources may 

determine the call handling capacity of the entire system. 

IPC equipment described in (3) is one example of shared 

resources. Another example is a common bus, which is 

often used in a multiprocessor control system; call 

processors and common memories are connected by a 

common bus. In this system, the common bus may be a 

bottleneck subsystem. Design is focused on how to 

minimize the traffic offered to the common bus. A high

speed common-bus or multiple-bus structure can be used. 
Another way of reducing the traffic offered to the common 

bus is to use a local memory or cache memory to store 

frequently referenced programs and data. This type of 

processor hardware architecture is recently used in 

switching control systems applications. A large number of 

papers concerning performance analysis of access 

contention for shared resources have been published (for 

example, see [10-12]). 



3. Performance analysis and comparison of 

several distributed architectures 

This section studies how to divide call-processing 

functions and allocate them to individual processors for the 

basic hardware architecture shown in Figure 1. Each 

switching module, which interfaces with subscribers and 

trunks, consists of a time switch and a processor 

performing call-handling operation such as signaling. All 

switching modules are connected by an intermodule 

connection switch. There may be a central module. For 

this module, multiple processors configuration is possible. 

An interprocessor connection switch connects switching 

modules and the central module. 

Call-processing functions are basically divided into 

signaling and call-control functions. Signaling functions 

include scanning trunks or subscribers, receiving signals 

and digits, and sending them. Call-control functions 

include analysis of signals, task selection, translation of 

digits, routing, resource management such as switching 

path allocation and hunting of trunks. Signaling and call

control functions are allocated to switching modules and/or 

a central module. We compare the following four types of 

distributed architectures in terms of connection delay, 

interprocessor communications traffic, and total costs. 

Type l:(Fully-distributed) 

All call-processing functions, both signaling and call

control functions, are allocated to each switching module. 

A central module is therefore unnecessary. The call

processing load offered to the system is thus shared among 

switching modules. Trunks or subscriber lines are 

managed by the switching module which accommodates 

them. Thus a distributed resource management is needed 

for this type of architecture. Figure 2 shows an 

interprocessor communication sequence between incoming 

and outgoing modules. 

Type 2: 

A central module performs translation of digits, routing and 

resource management. Switching modules carry out all 

other call-control and signaling functions. Resource status 

information and a routing table are in common memory. 

Thus resource management is controlled in a centralized 

manner. 
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Type 3: 

In this type of distribution, a central module performs 

common channel signaling as well as translation, routing, 

and resource management. Other signaling functions such 

as line signaling are performed in a switching module. 

Other call control functions are also performed in a 

switching module. 

Type 4: (2-layer distribution of call-control and signaling) 

A central module performs all call-control functions. It also 

performs common channel signaling function. Each 

switching module carries out line signaling and trunk 

signaling functions. A central module may have multiple 

processors to increase call-handling capacity. Function 

distribution between call-control and signaling is also done 

in a central module shown in Figure 3. 

The performance of these architectures can be 

evaluated by a decomposition method, in which each 

processor or each module is independently analyzed, and 

then the results obtained are combined to produce overall 

delay characteristics. 

Figure 4 shows the queueing structure for type 1. 

For this architecture, the call processing procedures, 

including IPC, are divided into several tasks (see Fig. 2), 

and each task is assigned to some priority level according to 

its timing requirement. Basically, there are three priority 

levels. The tasks in class 1 are activated by clocks and are 

given a preemptive priority over class 2 and 3 tasks. Class 

2 tasks are given a head-of-the-line priority over class 3 

tasks. A clocked schedule has been analyzed by Murao 

[13]. If we have task arrival rates and the mean processing 

time for each task, we can calculate the mean and variance 

. of the waiting time in each queue by the results in [13]. 

The number of IPC can be obtained by IPC 

sequence such as that shown in Fig. 2. IPC mechanism is 

represented as a symmetric polling with gated service. The 

mean !PC delay can be obtained using the results in [14]. 

Assuming that delays in queues are independent, we 

can compute the mean connection delay as the sum of the 

delays in the queues and the processing times. An analysis 

for the other types follows the same procedure. 

Figure 5 compares the four architectures in terms of 

mean call set-up delay. We can see that whichever 

architecture is used, call set-up delay increases dramatic8J.ly 

at the point near to the call handling capacity. For type 1, 

call handling capacity increases linearly with increasing 
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number of switching modules, because the processor loads 

are balanced, that is, there is no particular bottleneck 

processor. For types 2, 3, and 4, the call handling capacity 

is determined as busy hour call attempts (BHCA) where 

either switching module or central module reaches its 

maximum processor utilization. 

The connection delay for type 1 is the smallest 

among the four types when the number of processors is 

three, although the number of IPC for type 2 is less than 

those of the other types. The connection delay for type 2 is 

the smallest among the four types when the number of 

processors is six. The reason why this happens is as 

follows. When the number of processors is three, the 

processor loads for type 1 are balanced, but those for type 2 

are unbalanced. As a result, in type 2, switching modules 

can be bottleneck processors. In the case of three 

processors, load unbalancing between switching and central 

modules is a dominant cause to determine the delay 

characteristics for type 2. On the other hands, when the 

number of processors is six, the processor utilizations of 

both switching and central modules are nearly equal and 

thus the number of IPC makes connection delay for type 2 

shorter than that for type 1. The type 4 connection delay 

characteristics is best for the traffic less than about 600 

thousands BHCA. 

Figure 6 compares the four architectures in terms of 

the number of IPC. It is shown as a function of BHCA. 

We can see that the number of IPC for type 2 is less than 

those of the other types, but the difference among types 1, 

2, and 4 is small. The relationship among all the types with 

regard to IPC may change depending on how trunks are 

accommodated in switching modules. In fact, the number 

of IPC for type 1 depends on an algorithm for hunting an 

idle trunk in another switching module, routing scheme, 

and which trunks are accommodated in which switching 

modules. That is, it depends on distributed resource 

management. 

Figure 7 shows the number of processors for each 
architecture required to satisfy a call set-up delay 

requirement. In this example, the mean call set-up delay 
should be less than 250 ms. For a call handling capacity 

less than about 900 thousands BHCA, the type 1 

architecture is best, while for more than 900 thousands 

BHCA, the type 2 architecture is best. This result, 

however, depends on the value to be used in the 

calculation. An effective distributed resource management 

scheme may extend an application area of fully-distributed 

architecture (up to 900 thousands BHCA) to more wide 

range of call-handling capacity. 

4. Balanced design approach 

This section presents the problem of how the call

handling capacity of a control system and the usage capacity 

of a switching network are balanced. These two kinds of 

capacity are related through a call-holding time. Figure 8 

shows the relationship between call and usage capacities. If 

the call holding time increases, the number of call attempts 

on processors decreases. The capacity of the switch is then 

determined by the capacity of the switching network. 

Conversely, if the call-holding time decreases, the number 

of call attempts on processors increases. The capacity of 

the switch is then determined by the call-handling capacity 

of the control system. 

In a conventional telephone network, the range of 

call-holding times is of the order of minutes. In this 

situation, objective values of call and usage capacities can 

be easily determined by assuming the mean call holding 

time of representative telephone calls. In the ISDN, call

holding times may range from tens of seconds to thousands 

of seconds. As shown in Fig.8, short-holding time calls 

bring control processor bottleneck, while long-holding time 

calls bring switching network bottleneck. The objective call 

and usage capacities should be determined in such a way 

that both control processors and switching networks are 

efficiently utilized under a wide range of traffic conditions. 

S. Conclusion 

This paper has discussed performance analysis and 

design issues for distributed switching system. Four major 

issues, allocation of call-processing functions to individual 

processor, load balancing algorithm, interprocessor 
communications, and access contention for shared 

resources have been discussed from the viewpoint of 

performance design. In particular, allocation of call 

processing functions has examined through a comparison 

of representative distributed architectures. Several key 

principles for function distribution have been drawn from 

the comparison. Finally, it has been pointed out that a 



balanced design approach is of particular importance in the 

ISDN. 
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