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ABSTRACT 

We propose a new digital switching network 
element, Speech-Path Processor (SPP), which 
realizes switching function by program operation 
of micro-processor{ ~P), and which can 
dynamically assign traffic to individual links. 
It is further mentioned that SPP can have 92 
channels of switching capacity by a current ~ P 
commercially available. We also propose a new 
building block type switching system, PHENIX, 
which can have N times so much traffic carrying 
capacity as one SPP with number of SPPs in the 
order of N - LogN . Some traffic aspects such as 
network blocking probability and inf~uence of 
blocked path or link on the other part of 
network, are also dealt with. 

1. INTRODUCTION 

The advent of Very Large Scale Integrated 
circuit (VLSI) technology offers new 
opportunities for speechpath network 
architecture and imposes new design problem on 
the switching system. It is a significant 
factor in system development, how to realize 
flexibility or servicerbility using VLSI 
technology. There has been extensive research 
on the flexibility of the switching network, for 
example, integration of packet and circuit 
exchange [1] , unification of transmission and 
exchange [2] , service integration of voice and 
data[3], or provision of new services by making 
terminal function more intelligent[4]. In the 
researches described above, realtime operation 
of transmitting signal will be essential. 

The switching operation in digital exchange, can 
be pursued bya control of both signal transfer 
timming (time switch) and output line selection 
(space switch). 

These controls can be regarded as the control of 
execution timming and access address of data 
transfer in computer system. On the other hand, 
recent micro-pro~essor ( ~P) are provided with 
more poweful elements such as memories, bus 
interfaces, or clock within a chip. 

This paper proposes a new digital switching 
network element, SPP (Speech-Path Processor), 
which performs speechpath switching operation by 
memory transfer instructions of ~P, and an 
expandable network construction architecture 
with SPPs, PHENIX (Progressive Highly ExpaNdable 
I ntegrated eXchange). Some traffic aspects such 
as blocking probability and the influence of a 
blocked link in PHENIX are discussed. 

2. Characteristics of Speechpath Processor (SPP) 

Speech-Path Processor (SPP) is a digital switch 
which comprizes a processor. Space switching 
and time switching function needed for digital 
speechpath network are realized b y controlling 
the execution timming and the operand address of 
signal transfer instruction in SPP. Figure 1 
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shows the structure of SPP, which switches three 
PCM24 input lines (1N l ' IN2 , IN 3) with three 
PCM24 output lines (OUT I , OUT 2 , OUT 3)' The SPP 
shown in Fig. 1 comprizes the following memory 
function. 

SM (Speechpath Memory): 8.- a bit memory to store 
speech signal 
CM{Control Memory): a · Log 2 a bit memory to store 
control data for switching 
PM{Program Memory): memory to store switching 
program 
IB/OB{Input/Output buffer): 8 bit input/output 
line buffer 

where a is the total channel capacity of an 
SPP. 

switching operation of SPP can be divided into 
the following two steps. 

[STEP 1] Transfer of the content of input 
buffer (IB) to speechpath memory (SM). 

[STEP 2] Transfer the content of speechpa~h 
memory (SM) to output buffer (OB) at the timming 
determined by control memory (CM). 

The principle of SPP operation in switching 24 
channels between an input and an output buffer 
is described below (see Fig. 2). The PCM frame 
of 125 ~sec is divided into 24 time slots 
(t l 't 2 ' .... 't24 )' and each slot is further 
divided into two slots (T I ,T2 ). The sequence of 
the signals (A,B, .... ,X) is rearranged in the 
sequence (C,X, .... ,B), by the SPP operation. 
The operation done during the time slots TI and 
T2 are as follows: 

t I TI : Signal A .in IB is transfered to location 
1 of SM. 

t 1T2 : Signal C in SM indicated by location 1 of 
CM is transfered to OB. 

t{T I : Signal I in IB is transfered to location 
i of SM. 
t~T 2 : Signal A in SM indicated by location i of 

CM is transfered to OB. 

t :l.,.T I : Signal X in IB is transfered to location 
24 of SM. 

t2;.T 2 : Signal B in SM indicated by location 24 
of CM is transfered to OB. 

Spp can dynamically assign zero to a (total 
channel capacity) channels to each output 
buffer. Accordingly, SPP switching function is 
depicted so as shown in Fig. 3. In conventional 
digital switch, interconnection of output 
terminals of a switch with input terminals of a 
following stage switch is fixed, and more calls 
to a following stage switch than the number of 
terminals connected to the switch are blocked in 
spite of there being idle terminals connected to 
another switch. In SPP, calls are not blocked, 
if total number of calls input to SPP does not 
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Fig.2 Principle of SPP Operation 

exceed ·maximum allowable number of channels. 
Therefore, SPP makes it possible to construct a 
network with only one path between an input and 
an output line, as described in section 5. 

Various functions are realized by program in 
SPP, because voice and data signals are directly 
transfered by instructions. For example, in 
trial study, control signal detection, 
conference call function, ring back tone 
generation, and speech interpolation can be 
realized by 10 to 100 executing instruction 
steps per call. 

3. Realization of SPP 

In order to clarify the practicability of SPP, 
we designed SPPs using three types of ~P 
(INTEL8085, Am2901, SIGNETICS 8X300), and 
actually realized an SPP by Am290l. 

The SPP operation can be classfied into 
procedures PA and PB. 

(PA) the procedure such as transfering voice 
signals, which is executed every 1 2 5 /a ~ sec. 

(PB) the procedure such as connecting a path, 
which is executed at a much lower rate than PA. 

PB can be easily executed in idle time of PA, 
with almost no influence on switching capacity. 
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Thus SPP capacity ( a ) can be expressed as 

125 
a =--rxm channels , 

where l is the instruction execution time, and m 
is the number of executed instructions for PA. 
As PA is a simple procedure, it is implemented 
by ordinary instruction set of commercially 
available ~P . 

The practicability of SPP mainly depends on 
capacity and hardware complexity measured by the 
components number ruquired for constructing SPP. 
The capacity and the hardware complexity of 
three types of ~P are shown in Table 1. The 
operation speed of INTEL8085 is not sufficient 
for constructing SPP. Am2901 is more complex 
and costly than others, but it can realize 92 
channel switch. In realizing only switching 
function, SIGNETICS 8X300 is most advantageous 
of the three, because SPP of a reasonable 
capacity can be constructed with a few chips. 
However, it doesn't have interrupt and 
subroutine function, so it is difficult to give 
SPP high intelligence. Considering the 
improyement of VLSI technology, an SPP .having 
more than 50 channel capacity and high 
intelligence will be constructed with a few 
chips in near future. 

Table I. Hardware Characteristics 

~ INTEL SIGNETICS Am 2901 
8085 8X300 

Characteristics of }JP 
Inplementation 

MOS bipolar technoloay bipolar 

Word length 8 bits 8 bits 8 bits 

Instruction length 8 ... 24 bits 16 bits 4x2blts 

The number of 
77 8 52 instructions 

Instruction execution 1.28 - 250 nsec 150 nsec time 3.52 jJsec 

Appl ication of }JP to SPP 

The number of chips 
LSI MSl LS] MSI LSl MSI 

requ ired for 
Processor I 0 I 0 5 15 
Memory 2 0 4 I 10 4 
rnput / Output 3 0 6 4 0 10 

Switching Chonnel 3 ch 35 ch 92 ch Capacity 

* The characteristics of Am 2901 is shown as those 
of trial use for SPP. * LSI is the special purpose chip for each series and 
MS! is such a chip aS9ate, resister. 
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4. Building Block Method of Speechpath Network 
(PHENIX) 

PHENIX (Progressive Highly ExpaNdable Integrated 
eXchange) is constructed in building blocks o f 
SPPs. Figure 4 shows an example of PHENIX 
system structure, where input/output buffers 
(IB/OB) are interconnected by links. A link is 
composed of eight data lines to transfer voice 
and digital signals, and two control lines to 
transfer status and control information. 

In conventional crossbar networks, many paths 
from an incoming line to an outgoing line are 
required to assure a desired blocking 
probability. In PHENIX, only one multiplexed 
path will be enough for a broad range of traffic 
capacity, because SPP can dynamically assign 
link channels to the traffic. 

SPPs, each of which has 
(output) buffers, are 
form, and incoming 
connected with left and 
relation between row 
nurnber( M) becomes 

the same number of input 
arrayed in matrix (NXM) 

(outgoing) lines are 
right ends of SPPs. The 
number(N) and column 

M = rlogaNl + 1 ,(2) 

where a is the number of input/output buffers 
(i.e. the number of links) in an SPP and fx l is 

minimum integer greater than x . SPPs are 
interconnected in accordance with the following 
rule. 

Interconnection Rule 
Let the SPP in 
be represented 
with (i 2 , j2 )' 

{ ~ 2 = j 1 + 
1,2 = a · i 1 

the i -th row and the j -th column, 
as ( i , j ). Interconnect (i 1, j1 ) 
when they are related as: 
1 

+ k (mod N) (3) 

Thus there is only unique path 
incom~g and each outgoing line, 
Interconnection Rule which is 

between 
decided by 

simple 

each 
the 
and 

N=7 

o :Spp 

-- :fnput (output) Link 
---- :Incoming / Outgoing Line 

Fig.4 
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Fig.5 An Example of Path and 
L in k Congestion 

algorithmic. Consequently, each SPP can select 
an output buffer (i.e. link) to transfer 
signals independent of other SPPs. The 
following Path Selection Algorithm is derived 
from (3). 

Path Selecton Algorithm 
Corresponding to k in (3), assign a number from 
o to a-I to each output buffer. Assuming that 
SPP( i 1, jl ) sends signals to SPP U , h ) (see 
Fig. 4), SPP( i 1 , jl ) transfers signals to output 
buffer of the number " k " which can be obtained 
from the following two steps: 

[STEP 1] Y - l - ah - h . i
1 (mod N) , O~y<N 

[STEP 2] k Ly / ah- h - 1 J 
where Lx J is maximum integer less than x . 

Each SPP can select the path only according to 
the matrix size (N, M) and its position without 
refering to any common memory. Therefore, 
PHENIX can be expanded according to traffic 
capacity, only informing SPPs of network size 
( N, M). 

5. Considerations on Blocking 

This section is devoted to the discussion of 
network blocking probability and path (link) 
congestion infiuence on the traffic carrying 
capacity of the network. In PHENIX, there is 
only one path between a pair of incoming and 
outgoing lines. However, the network blocking 
probability of PHENIX is expected to be below 
the required probability of other switches, 
because SPP can dynamically assign the traffic 
to output links. 

In order to estimate the netwrok blocking 
probability, the following items are assumed. 

(Al) Traffic from incoming li'ne is uniformly 
distributed to outgoing lines. 

(A2) The number of simultaneously occupied 
channels in any SPP is independent of those in 
other SPPs, and obeys the binomial distribution. 

The maximum traffic carried on a link is equal 
to one SPP capacity. Therefore a path is 
blocked when more than one of SPP is congested. 
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From the assumptions, blocking probability B of 
PHENIX is obtained as follows: 

B = 1 - { 1 - (7)r-~ ( M - 1 ). (-%"-)" (4) 

where a is maximum traffic capacity of an 
SPP (channels), a c is average carried traffic of 
an SPP (channels), and M is the number of PHENIX 
stages. 

In case that PHENIX system carries about 100,000 
erlangs, under the condition of a =lOO ch., 
ac/a=0.9, M=8, and a=4, blocking probability 
is approximately 0.0002. Thus, network blocking 
of PHENIX will be practically negligible, though 
there is only one multiplexed path between a 
pair of an incoming and an outgoing line. 

In the above discussion, uniform traffic flow is 
assumed. However a non-uniform traffic load 
will influence internal blocking. Path and link 
congestion (see Fig. 5) are considered as 
influences caused by nonuniform traffic load. 
The internal blocking increases due to these 
congestions are estimated based on the following 
two assumptions. 

(Bl) Congestion arises on only one link or one 
path at a time. 

(B2) Every link except congested link, carries 
ac/a erlangs uniformly. 

A congested link and neighboring links are shown 
in Fig. 5. Traffic on link Zl and Z2 flows into 
link Z i n the value over the link capacity, 
which causes blocking of traffic on link Z. 
Accordingly, a link congestion increases the 
internal blocking by 

a - 1 ).-E:.Q 
a chan neZ s 

(5) 

A path congestion causes blocking of calls which 
come onto the congested path from neighboring 
links. The congested path and the neighboring 
links are shown in Fig. 5. A thick line denotes 
the congested path or link. In PHENIX, there is 
only one path between any pair of an incomig and 
an outgoing line. So, a path which splits from 
a certain path once, does not cross it. 
Therefore congestion on a path increases blocked 
traffic on the other paths by 

( a -1).(M-2)'~ (6) a c hann eZs 

The influence of these blocking is expressed in 
the relative value of total capacity of PHENIX 
( NX ac erlangs) in Table 2. 

A path and a link congestion increases, 
respectively, in the order of (ZogN ) /N and l/N 
as shown in Fig. 6. 

Table 2. Internal Blocking Increase Related 

to Total Traffic Capacity . 

Congestion ~Iative Estimation Formula 

Path Congestion 
(ex-I) (Iog« tt, . 

Q( N 

L in< Congestion 
(cx-I) I 

Cl N 
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6. Hardware Quantities of PHENIX 

In PHENIX system, the number of SPPs (Ts ) and 
links (Ti) to realize N channels are as follows: 

(7) 

This implies that the hardware increases in the 
order of N · ZogN , according to the required 
capacity. For example, PHENIX which carries 
5,000 erlangs and satisfies 10- 4 blocking 
probability, requires only 224 SPPs and 672 
links, where each SPP has 100 channel capacity 
and 4 input/output buffers. In this section, 
the order of the hardware increase in PHENIX is 
described in detail. 

The Link Number of an SPP 

The number of input (output) links a is 
arbitrally decided. But in order to realize SPP 
by an LSI chip, it is desirable to decrease the 
number of links as much as possible, as the 
available number of pins is restricted. From 
(7), it is clear that the Ts decreases and T~ 
increases according to the increase of a . The 
optimum a is determined in the compromise 
between T sand TR. • 

The network cost (H) will be estimated as the 
sum of SPP cost and link cost 

H = Cs' T s + CR' Tt ~ (8) 

where Cs is the cost of an SPP, and Cl is that 
of a link, and the both values are constant. 
Formula (9) is obtained substituting (7) into 
(R) _ 

H Cs.N ' ( Z.ogaN + 1) + Cl' a· N· ZogaN 

N. ZogN' Cl. ' ( c1~~ea+ a )+ Cs ' N 
(9) 

The value of a making H minimum, does not depend 
on the total capacity N. It depends only on the 
cost ratio of Cs and Cl (Cs/C£), 

The advance of LSl technology changes SPP cost 
(Cs), and link cost ( CR) depends on wrapping 
labor cost. Namely, the cost ratio (Cs /C,R ) 
reflects the technical enviroment in the age of 
realizing PHENIX. The relation between ~ and H 
is shown in Fig. 7, where F (a ) is the normalized 
value of H( a ) by minimum H(a ). Broken lines 
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Fig.6 Influence of Congestion 
on Carried Traffic 
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indicate that change in total capacity has · 
little influence on normalized cost . ( F(a) ). 
If 40% of cost increase in H(a ) over the minimum 
value of H(a ) is allowed, a can remain fixed at 
the value of 8 in the wide range of cost ratio 
from 1/10 to 100. The value of a i s determined 
almost independent of parameters such as cost 
ratio (Cs /CR) and total capacity(N). If a can 
be kept constant in wide range of switching 
capacity, the same architecture of SPP 
structural unit of PHENIX, can be adopted. 
Because of this same architecture of SPP, LSI is 
well applied to the PHENIX. 

Cost Comparison of PHENIX with Crossbar Network 

In Fig. 8, relative cost (Cr ) o f PHENIX is 
compared with tha~ of 8x8 crossbar switch. 
Broken lines show the trend of theoretical 
optimum cost for crossbar network[S] and that o f 
a real 8 stages crossbar network[6]. If an SPP 
costs 20 times as much as the cost of a crossbar 
switch, relative cost (Cr ) of PHENIX will 
coincide with the theoretical crossbar network 
cost. 

7. Conclusion 

The characteristics of SPP and PHENI X are 
described. The SPP realizes a switching element 
and network control function by a 
microprocessor. The PHENI X is constructed using 
the same SPPs to introduce merits of high 
intelligence of .SPp in switching network. In 
PHENIX, each switcing element (SPP) can 
dynamically assign the traffic to the output 
links. In the view of the fact that the 
building block rule in PHENIX is simple and 
systematic, each SPP can operate without a 
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centralized common control information. Beside 
these, several control functions can be involved 
in SPP operation. The characteristics of PHENIX 
are summarized as follows. 

(1) SPP realizes a channel switch having 100 
channel capacity, using a commercially available 
microprocessor. 

(2) The hardware increases, according to 
required capacity, in the order of N·ZogN(Total 
network capacity is N times that of one SPP.). 

(3) The input (output) link number can be small 
enough such as 5 to 10 ,to realize SPP by LSI. 

(4) Though the cost of an SPP may be 20 times 
as high as compared with that of a crossbar 
switch, PHENIX can be realized with the cost 
almost same as the theoretically optimum cost of 
crossbar network. 
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