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EXECU lIVE SU~1~ARY

One of the archi tectures being investigated for the future Defense

Commun ications System I; an integrated (voice/data), common user,

communication system. There are several technical approaches to im-

plementing such a system. These approaches involve different mixes on

such network level issues as : analog or digital transmission ; and ciréuit ,

packet, or hybrid switching technology. The network l evel issues cannot

be satisfactorily addressed until accurate performance models are avail-

able for the Ind ividual switching subsystems of the network.

Accurate performance models for hybrid switching technology subsystems

turn out to be exceptionally difficult (perhaps impossible) to construct

on theoretical grounds alone. Therefore, simulation model s are required .

This report addresses the construction and use of a simulation model for

a particular type of hybrid switch known as the SENET switch.
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I. INTRODUCTION

This note di scusses possible types of the Slotted Envelope NETwork

(SENET) transmi ssion concept and describes a simulator for a subclass

of these types. By using this simulator the performance of SENET

systems may be determi ned for va ri ous traffi c loadi ngs .

The Defense Communications Engi neering Center (DCEC) is explori ng

various architectures for the future Defense Communications System

(DCS). Among the architectures being investigated is the Slotted

Envelope NETwork (SENET) proposed by Drs. Coviello and Vena [1]. The

SENET transmission concept integrates both circuit—swi tched and

packet—switched traffic into a single integrated network. In the

SENET concept transmission time is first broken into equal time

intervals called frames. Within these frames circuit—switched traffic

is assigned to the first region of the frame and packet—switched

traffic to the second. The next secti on of this note di scusses the

various ways traffic may be allocated to these regions ; each of the

allocation techniques determi nes a SENET subtype.

The note then descr i bes a s imula tor wh ich s imula tes a class of

these subtypes. The class of SENET subtypes Includes those which have

either a free or upper constrained regi on for the circuit-switched

traffic; which allocate ci rcuit-switched traffic to a fixed slot size;

and wh ich, when inactivity is detected within a circuit-switched

channel , compress the region. The ci rcuit—swi tched traffic is

assumed to be all voice conversations. Silences in conversationa l
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speech are detected as inactivity. A three state model simulates

conversational speech consisting of periods of talking followed by

eithe r short or long periods of silence.

The report is divided into four main sections and an appendix.

Section II discusses the subtypes of SENET. The actual simul ator

code is described in the next section , and the final section describes

the Job Control Language (JCL) cards required to run the simulator ,

statistics , and plotti ng programs. An exampl e is also gi ven of the

JCL needed to transla te, compi le , li nk, and load another model .

Finally, the appendix describes the developme nt of the speech activity

model used in the simulator.

The work reported in this Technical Note is pa rt of the author ’ s

dissertation for the degree of PhD from the Air Force Institute of

Technology .

2
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II. SENET SUBTYPES

The Slot~ed Envelope Network (SENET) [1] is a technique which

integrates real— time data (digitized voice , facs imile , etc) and

packet—switched data into a single digital communications network.

Basica lly, the system is a dynamically allocated , synchronous, time

division multiplex. Transmission time on links is first partitioned

into equa l size periods called frames.

Each frame is further divided into a start of frame and two

regions. The start of frame is a series of bits used to mai ntain frame

integri ty. The remaining two regions contain the network traffic. The

first region contains the real-time traffic and the second region

contai ns packet—switched traffic. The method of allocating data

within each region varies.

Region I is subdivided into “slots ” and each real— time channel

is assigned a slot. The SENET concept does not specify that these

slots be a fixed or a variabl e size. Nor does the SENET concept

speci fy that a real —time chaniiel will occupy a single sl ot or many .

The assignment within region II also allows some room for interpreta-

t ion.

The second region is used for packet-switched data. If there is

no data in this category, “idle ” characters will be sent on the

transmi ssion link until the next start of frame. A data packet

usually contains a length count as part of its header; therefore slot s

are not needed in this regi on. A prob l em arises,however, when the

3
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TABLE I. SUBTYPES OF SENET

I. BOUNDARY MOVEMENT

A. Fixed

B. Movement

1. Free

2. Constrained

a. Time

(1) Fi xed
(2) Varyi ng

b. Limits

(1) Upper

(2) Lower
— (3) Both

II. REGION I ALLOCATION

A. Sl ot Size

1. Fixed

2. Variable

3. Incremental

B. User Activit y Detection

1. None

2. Fill slot s with region II data

3. Compress region I

4. Use for other region I data

4
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space remaining in the region Is too smal l to contain a full packet.

Two cho ices are ava i lable:

• Hold packet until start of region II in next frame.

• Transmit part of the packet this frame and the remainder at the

start of the region II in the next frame.

The second method is preferred. 
.

In addition to the al l ocation strategies within the regions the

allocation of the two regions within the frame may vary. If we assume

a “boundary” between the two regions then the method of partiti oning

the frame into the two regions dictates how this boundary moves. In

general the boundary may be fixed , freely movable , or constrained .

In the fixed boundary case, a fixed portion of the frame is

alloca ted to region I and a fixed portion to region II. In this case

unused bits within the region I must be flagged as idle. The portion

of the frame containi ng these idle bits is effectively lost.

In the free boundary case, channels of the region I type are

alloca ted slots, as needed, up to the enti re frame. When no real-time

channel s are present, there is no region I. Therefore, an unused

portion of region I is not lost as in the fixed boundary case.

The constrained boundary falls between the fixed and free cases.

There are vdrious types of constrained boundaries : 
- H

• Upper limit ,

• Lower limit ,

• Range l imits.

5
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As their names imply, the constraints may be an upper and/or lower

bound on the portion of the frame al l ocated to one of the regions. In

addi ti on , these constrai nts may be fixed in value or allowed to vary

wIth time (as, for example , dependent on overal l network l oadi ng).

To summari ze , SENET Is a tIme division multipl ex for real time and

packet-swi tched data. It handles each type of traffic in one of two

regions wi thin its frame. Traffic wi thi n region I is assigned space

on a slo t bas i s and w ith i n regi on II on a ser ial bas i s. The boundary

between the regi ons may be fixed or movable. If it is movable then it

may be either free or constrai ned. For the constrained boundary the

limits may be fi xed or time varying.

Another dimension of classification is the al l ocation wi thin

region I. Users are allocated channels wi thin region I for as long as

the channel is needed. When the user leaves the system, its al l oca-

tion is pl aced in a free status. Channels are al l ocated physical

space in regi on i on a fixed , variable , or incremental basis. In fixed

space al l ocati on , slots wi thin the regi on I are of a predetermi ned

s ize . Not all slots need be exactly the same size . When a user

requests a channe l, the regi on I free slots are scanned unti l a slot

of the required s ize is found. The variable sl ot s ize is the opposite

extreme . Slot sizes are not predetermi ned; rather , they are dynami c-

ally determi ned based on the user requirements. This method becomes

unwieldy in practice , especially for users requesting channels wI th

6
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rates havin g fractiona l bits per frame. The Incremental slot size is

a compromise between the ext remes. Slot s may be of any multiple of a

gi ven mi nimum size.

Another factor in the al l ocation techniques for region I is

activity detection. Some users need a guaranteed time slot, but may

not need it all the time. This is the case for voice circuits with

silence detection and for certain command and control circuits which

transmit a short “Are you al ive?” query once every few seconds.

Assuming that lack of activity is detected, the slot may be assigned

for other purposes during peri ods of “s i lence ”. The first alternative

Is to “stuff” the slot with bits which normally woul d be transmi tted

during the followi ng region II. (This has been loosely called Time

Assignment Digital Interpolation , TAD I, when referring to digital

voice). Another alternative is to compress the regi on I portion of the

frame when there Is silence , and correspondingly expand region II. A

third alternative is to overbook the region I, as Time Assignment

Speech Interpolation (TASI) is used on submarine cables.

The allocation methods for regi on I traffic also determine sub-

classes of the SENET concept. Therefore, the method of assigning

slots to channel s in the region I portion of the SENET frame may be

based on a fixed , vary i ng, or increme ntal slot si ze , and the activity

on the channels may or may not be detected. If activity detect ion Is

used , the detected unused capacity may be used for data, compressed

from the reg i on, or used by other region I channels.

7
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Develop in g one simulation model for all these types of SENET is

beyond the scope of this effort. The basic simulation model is

described in the next section.

8
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III. SIMULATION MODEL

• The SENET simulation program is detailed in this section. In

order to help the reader understand the model , a brief functional

description of the simulator is given. The Simulation Oriented

Language (SOL-370) used to code the model is then described. The next

part of the dIscussion describes the values input to the simulator and

the files used. Followi ng this, the actual simul ation code is described.

1. SENET SIMULATION -

The SENET concept integrates circuit-switched and packet—switched

traffic onto a single transmission link . The simulator models a

single lInk . The traffic which loads the link has the fol lowi ng

characteristics:

• All circuit—swI tched traffic Is digiti zed voice .

• Voice act ivity may be detected.

• Voice calls have a Poisson arrival wi th an interarrival

mean time of VI II ms (milliseconds). -

• Voice cal ls have an exponential hold time of YHOLD seconds .

• Packet—swi tched messages have a Poisson arrival wi th an

interarrfval mean time of DIN ms.

• Packet—switched messages have an exponential length wi th

mean DLEN bits.

The simulator attempts to be a good representation of the SENET

link allocation , but many overhead control functions that woul d exi st

9
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in an actual swItch are ignored. No overhead bits for the start

of frame , cal l slot reserva tion , or packet headers are included in

the simulated SENET frame. Calls entering the system have no setup or *

teardown times. The number of bi ts in each message is added to the

queue, but no attempt is made to identi fy i ndividual messages or

packets. All bi ts transmi tted in the packet-swi tched data regi on of

the frame are removed from the data queue during the next frame .

The simulator does try to emulate realisti cally data arrival

and frame al l ocation. Voice calls and messages arrive randomly. If

there i s room for its alloca tion , the voice cal l is immediately added

to the number of calls in progress , NVOICE; its endi ng time , TEND , is 
d

determi ned ; and its voice activi ty is sensed. As soon as a message

arri ves its length in bits is determi ned and added to the data queue ,

QUEUE.

The s imul ator assumes the frame has a time per i od of TFRN~1E ms

and a size of MSFRAME bi ts. The ci rcuit-swi tched region has an upper

constraint of MYFRAME bits which must be large enough to allocate up

to MNVOICE calls wi th a fixed slot size of VSLOT bits each. If a call

arrives that would cau se the number of “in—progress
1’ cal l s , NOV iCE , to

~e more than MNVOICE cal l s , the arrivi ng call is lost and the lost

ca ll s coun ter , LVOICE , is incremented.

The frame is al l ocated by the simulato r in the same time sequence

as in the SENET concept. The time of the next start of frame,

NEXT SOF , starts the frame allocat i on. The speech activit y during the

* 

previous frame of each in—progress cal l is determi ned. The al l ocati on

10
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for the call in the circuit—swi tched region, VFRAME, of the SENET

frame is changed if needed 
- 

Any calls that ended during the previous

frame are removed from the number of calls in progress, NVOICE, and

any present al l ocation In the ci rcuit—swi tched region, VFRAME, is

removed. -

Data bits transmitted during the previous frame, NDATA, are

removed from the data queue, QUEUE. Then the number of bits which may

be transmi tted this frame is calculated and added to the region I

allocati on, VFRAIIE, to form the total SENET frame al l ocation , SFRAME.

The above process repeats until the simulation time , TIME,

exceeds the simulation time, SIMT, specifi ed by the user.

2. THE SOL-370 LANGUAGE

The SENET simulat ion model is written in SOL—370 (release 1—79).

This simul ation language was chosen because of its simplicity and

and ava ilability . This language Is an extension of the language

described by Guffee and Ul fers [2]. -

SOL was original ly developed by D. E. Knuth and J. L.McNel ey [3]

and initially implemented on a Burroughs B—5500. Because the original

implementation of SOL was wr itten in ALGOL , which is not supported on

the IBM 370, DCA imp l emented a dialect written in PL/I. To provide

the additional capabilities needed for this model , I expanded the

language.

Within SOL the basic entity which “fl ows” in the simula tion i s the

transaction. For exampl e, each voice call is represented In the

simulation by a separate transaction. The way a transaction flows in

11
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the model is controlled by a “process.” In the SENET model three

processes are defined: a control process , a vo ice call or regi on I

process: and the frame process, which includes the region II model .

With thIs brief introduction let ’s look at the actual eleme nts of the

SOL-370 language used in the simulation . *

Communication between transactions in the SOL—370 language occurs

through globals. The types of SOL globals used by the simulation are

INTEGER , REAL , and TABLE. INTEGER globals are used to store vari ables

whi ch assume only whole numeri c val ues and whi ch must be res tored for

the simulation run to conti nue after a break in execution . REAL

variables are analogous to INTEGER globals in the restart capability ,

except REAL g loba ls rn~y contain a fractional part of a numerical

value. These types of globa ls are used completely at the user ’ s

discretion.

Variables may al so be declared wi thin a process. These are common

to a transaction but may not be referenced by any other transaction.

When the simulation is restarted , these vari ables are restored just as

are global variables.

In addi ti on to SOL global and local variables , the simulation uses

TABLE ’S. SOL tables are used to wri te intege r values on the log file.

They do not store a value. This historical file may then be analyzed

and the maximum value of the table , the time ave rage , and the var i ance

may be calculated by a statistics program . Also , two plotti ng pro-

grams are available which use the information in the table declarati on

12
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statement and the log file to produce graphs of time versus table

value. The value tabulated in a table Is recorded by the SOL TABULATE

statement.

The SOL language also has control statements that are used by the

simulation and Include : WAIT , CANCEL , NEW TRANSACTION TO, STOP, AND

BREAKOUT. Each of these will be discu ssed briefly.

At the beginning of the slmulati on, one transactIon starts at the

fIrst statement of each process. Addi tional transactions are stated

when a NEW TRANSACTION TO <label> Is encountered. The symbo l , label > ,

is a statement l abel somewhere wIthIn the process. The new trans-

actIon will start at the statement label whIle the present transaction

continues with the next statement. All exIstIng values of l ocal

varIables In the origi nal transactIon are copied to the new trans—

action. These provIde Initial values for the local variables attached

to the new transaction. A transactIon conti nues untIl a transaction

control statement Is executed.

Transactions contInue to execute- each statement sequentIal ly

until the transactIon encounters a CANCEL statement, the end of the

process , or a WAIT statement. If a transactIon encounters a CANCEL

statement or the end of the process, the transaction dies and all

storage used by its l ocal vari ables is returned to the system. In

many cases a transaction must be initi ated by some event, for example ,

the start of frame or the next data message arrival. For this purpose

13
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the WAIT statement is used. The WAIT statement contai ns an expression

which indicate s the number of time units the transactIon should

“sleep ” before bei ng “reawakene d”.

The f i nal two control statements , STOP and BREAKOUT , affec t the

total simulation. The BREAKOUT saves all variables needed to restart

the entire simulation , and the STOP statement termInates the entIre

simulation . A more general form of the BREAKOUT statement Is used in

the SENET simulation and is one of the extention s to the language .

This is the BREAKOUT TO <label> statement. When the statement is

encountered by a transac tion , all simulation vari abl es are output; in

addi tion , the label is output as the point where the present trans—

action wil l  conti nue execution when the simulation is restarted.

After the BREAKOUT statement i s execu ted , the present transaction

conti nues sequentially. The breakou t label only applies to the

restarted simulation and not to the present execution .

In addi tion to special statements , SOL has system variables and

functions. The predefined system variables used in the simulation are

TIME and PR IOR ITY. The TIME vari able is the value of the simulated

clock. It is an intege r , and for the SENET simulation it indicates the

number of simulated milliseconds which have elapsed since the start of

the simulation. Zero time always refers to the start of the initial

simulation. After a restart, TIME has the same value as when the

BREAKOUT statement was executed . Because the simulation is in fact a

sequent ial process and transact ions are not truly run in parallel , it

is sometime necessary to ensure that , if two or more transactions are

14
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scheduled to wake up the same time , one wI 11 always ‘e giver- ~‘rece-

dence over the others. For examp le , the regIon I si~e mu~t ~e ca lcu-

lated before region II. To ensure that certai~ transac tions are

executed first, they may be assigned precedence by giving the system

variable PRIORITY a value between 0 and 31. When new transactions

are generated, they inheri t the priority of the source transaction.

When a transaction is being executed , it may change its priority at H

any time. A transacti on wi th smaller priority value wil l  ~~~~ -~~ cuted H

before one wi th a higher va l ue. In addi ti on to system variables , SOL

also has random sample generating functions.

The functions used by the simulator are the EXPONENTIAL (•)

and PR( ) function. The EXPONENTIAL function returns a real valued

sampl e from an exponential distribution whose mean is given by the

argument. The PR function returns a logical true value if a sample

from a uniform density on the unit interval is less than or equal to

its argument.

Because SOL—37 0 is translated into PL/I , any va li d P U t  statement

is a valid SQL statment. PU/ I statements may be intermixed wi th

SOL-37 0 statements . Bl ocks of PL/I statements may be conta ined

between special SOL—370 statements: PLIBEGIN and PLIENO . These

statements have no effect on the simulation except to allow the con-

taIned sta tements to be skIpped by the translator. This is sometimes

an advantage for comment statements which SOL-370 woul d otherwi se
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reforma t, for large blocks of P1/I statements which take CPU time

for the trans l ator scan , and for very complex PL/I statements which

exceed the complexi ty of the parser in  the SOL—370 translator. One

word of caution : only complete bl ocks or DO—groups should be pl aced

between the PLIBEGIN and PLIEND statements or the translater will not

properly match blocks and groups in the overal l model .

Var i ab les may be also declare d us ing P1/I dec l are statements;

such variables are global to the entire simulation. If a variab le is

declared by a PU/ I statement wi thin a process, it is global to all

transactions executing wi thin the process. SOL declared va ri ables are

saved when a breakou t is executed and res tored , and the simulation is

resta rted; PU/ I declared vari ables are not so saved. SOL l ocal

var iables are local to each transaction ; P1/I l ocal variables are

local to the process. Therefore , PU/ I vari ables declare d wi thin the

process are common to a ll transac ti ons in the process , not j u s t

one .

3. SIMULATOR FILES

Ni ne files are used to run the simulator (see Table II). These

f i l e s  provide for input and output of a user ’ s variables , restart

files , and statistics files. Not all of these files are needed for

any parti cular run. Normally, file CARD po i nts to cards in the JCL

deck. Fi l es PRINTER and PLIDUMP are set to dummy because no useful

informat ion is written on them . All data written to the break and log

16 
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files is copied to new files at restart, permi tting magnetic tape to

be used. After a successful restart and new breakout, the ol d log and

break files may be destroyed.

The JCL needed to run the simulator is di scussed In a later

section of this r port. In the next subsection the simulator program

is described in detail.

4. GLOBAL DECLARATIONS

Thi s section discusses the globa l- declarati on portion of the

simul ator (see Figure 1). The simulator uses ~ o types of SQL globals:

tables and gl obal vari ables. In addi tion , PL/I global s are al so

used.

The fIrst statement is a comment card which contains wi th in  the

comment text keywords used by the SOL-370 translater. The keyword

SNUMOC Instructs the translater to number the translated card deck.

The SLIST and $SOURCE keywords cause the translator to produce a

printed output contai ning the translated output and the unmodi fIed

source input. These listi ngs are for the user and in no way affect the

transla ter ’s operation .

The second statement is a PL/I declare statement. Because they

are located in the gl obal section of the program , the va riables

defined wi thin the statement pertai n to entire program. In thIs case,

the two variables are defined to be P1/I Intri nsic functions. If this

sta tement were removed, there would be no functional change to the

17
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TABLE II. SIMULATOR FILES

NAME DESCRIPTION

CAR D A User input values

SYSPRINT A Listings

PRINTER A SQL trace table

PLIDUMP A PL/I error dumps

$LOGF A Time hi story of
tabulated values

$BRKOUT A A li st of all
variables required
to restart simulation
(produced by breakout
statement )

$BRKFIL R A li st of the values
needed to restart and
continue the simulation.
(copied to $BRKOUT
during restart)

SOLDUOG R The log produced by
the previou s run
(copied to $LOGF
during restart)

NAMEFIL I The list of table
name s for use by
statistics and
plot programs

NOTES :

A = File is always required .

R = File needed for restart .

I = File needed for initial run.

18
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1 /* TALKSPURT MODEL WITH SENET FRAME 8/78 SNUMOC SL 1ST $SOURCE*/
2 DCL (MIN, CElL) BUILTIN;
3 INTEGER S IMT , TBREAX , TFRAME, NEXT_SOF , YSLOT , DLEN, - -

4 LYOICE, NDATA; 
- 

- 
-

5 REAL YIN , YHOLD, DIN, TDATA;
6 TABLE 0 BY 1 TO 1000000) TQUEUE, -

7 ( 0 BY 1 TO 1000000) TVFRAME ,
8 C 0 BY 1 TO 1000000) TSFRAME,
9 C 0 BY 1 TO 1000000) TNVO ICE; -

10 INTEGER MQUEUE, MSFRAIIE, MNVO ICE, MVFRAIIE ; -

11 INTEGER QUEUE, SFRAME, NYO ICE, Y FRAME .
~
-i

‘ V

I

Figure 1. ~lobal Declaration

_ _ _  

.
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program except for a PL/I compiler i nformative error message. Fol low-

ing this statement, the real “meat” of the global declaration portIon

of the simulator begins.

The next statement on the follow i ng two li nes i s the fIrs t SOL

glo bal declaration . The eight variables are defined as ful l word

integers. Because these variables are declared in an INTEGER state-

ment, their values will be saved whenever a breakpoint is encountered

during execution of the simulator. When the simulation is restarted ,

their values will be restored before transaction execution is restarted.

Actually, some of these vari ables are reset by the user immediately

after restart. The variables are described in more detai l below :

• SIMT is a value input from f i le CARD each simulation start or

restart. It is the time in seconds of the simulator clock when

the next breakpoint should be taken and the present simulation

halted .

• TBREAK is a value input from file CARD each simulation start or

restart. It is the number of seconds between snapshot pri nt-

outs .

• TFRAME is a value input from file CARD only the first simula-

tion start. It is the time in milliseconds of the simulated

SENET frame .

• NEXT_SUE is an internally generated value indicati ng the tIme

of the next SENET start of frame ma rker.

20
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• VSLOT is a value input only during the initial run of the

simulator. It represents the number of bits in a region I
slot.

• DLEN Is a value input each simulator start or restart. It is s

the mean number of bits in a data message.

• LVOICE is an internally generated counter of the number of

voice calls blocked since time equal zero.

• NDATA is also an internal vari able. It indicates the number of

bits allocated for data packets in the previ ous SENET frame ,

which will be removed from the data queue this frame.

The REAL statement defines its list of variables to be floating

single precision. In this case, all the va ri abl es are read—in each

time the simulation is initialized or restarted except the last one.

The variables are used for the followi ng: -

• VIN is number of voice calls wh ich’ arrive each second.

• VHOLD is the mean hold time in seconds for a voice call.

• DIN is the average number of data messages per second.

• TDATA is an internally generated vari able ind i cating the time

of the next data message arri val.

The next statement ~~ r~es six through nine ) declares the tables

used by the simu lator. Tables are gl obal names in which a value may

be recorded. The first three tables represent bits in the system, and

the last table, the number of voice customers. The three integers in

‘ the parenthesis are the minimum , i ncrement, and max imum va lues of the

table. The values specified do not affect the function of the table ,

21
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and arbitrary values are used. The only required value i s  for the

increment which must be nonzero. The followi ng simulated SENET quantI-

ties are placed in tables:

• VFRA ME - the number of bits in present SENET frame occupied by

acti ve vo i ce ca l ls

• SFRAME - the number of bits in the SENET frame used by both

voice and data

• QUEUE - the number of data message bi ts queued

• NVO ICE — the number of voice cal ls “off-hook ” or “ in—progress. ”

Tables are used so that time histories of the values placed into

the tables are generated. After the simu lation is completed , an

independent program generates the statistics for these vari ables.

Because tabl es are not li mited to a max imum value , additional va ri ables

must be defined .

The next statement in the global declarati on portion of the

simulator defines vari ables which are used as the maximum value for

the tables. These maximum values are read in during the initial run of

the simulator.

The last line in this section of code defi nes the intege rs used

to store the values which will be tabulated in the tables described

above . ThIs completes the global declarati on portion of the simulator.

The three processes are described in the followi ng paragraphs.

22
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5. PROCESS SOF

This process controls the simulation. It sets the start of

frame time, produces snapshot listi ngs of the table values , causes

restart variables to be saved, and performs all input to the simula—

tion. The process Is placed fIrst In the program so that the first

transaction generated by the SQL operating system wIll start in this

process. ThIs transaction will also be the first actIvated when the
- 
- 

sImul atIon is restarted. In either case the fIrst actIvi tIes of the

process are to Input the approprIate vari ables and to list them. The

transaction then enters a l oop. In this loop the transactIon calcu-

lates the time of the next sta rt of frame , checks snapshot require-
— ments, checks for termination time, and after termInatIon goes to

sleep for one SENET frame perIod. When reactIvate d, the transactIon

returns to the start of the loop. Because this process is always

activated first and because It checks for the end of sImulation , it is

referred to as the control process.

The first statement (see Flgure 2) name s the process, SOF, and

specifies that only a singl e transactIon will use the process and that

no resources are used.

LInes 15 and 16 are P1/I statements whIch declare that varIables

N and A are local to the process. P1/I statements are used because

these varIables need not be saved and restored between simulation

runs. The next statement sets the prIori ty of the process. The

- 
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12 PROCESS SOF,T~ 1,R0;13 /* CONTROL PROCESS INPUTS DATA , STOPS S IMULAT iON.
14 PRINTS INTERMEDIATE RESULTS. SETS SOF T IME ~/
15 DCL N FIXED B INARY (15) STATIC INIT(0);
16 DCL A FLOAT(21) BINARY STATIC INIT(O.);
17 PRIOR ITY = 1;/* DO THIS PROCESS FIRST */
18 READ I N :
19 PL IBEGIN;
20 DCL FLOAT BUILTIN;
21 GET FILE (CARD) L IST(A)
22 SIMT = CEIL ( 1000.*A ) ;  /* C HANGE TO MS */
23 GET FILE ( CARD) L IST (A)
24 TBREA K = CEIL (1000.* A ); /* CHANGE TO MS */
25 GET FILE (CARD ) L IST(A) SK IP;
26 YIN 1000. / A; /* CHANGE TO MS */
27 GET FILE (CARD) LIST (A)
28 VHO LO = 1000. * A ; /* CHANGE TO MS */
29 GET FILE (CARD ) LIST (A ) SK IP;
30 DIN 1000. / A; /* CHANGE TO MS */
31 GET FILE (CARD) L IST(DLEN )

Fi gure 2. Process SOF

24
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32 IF T IME z 0 THEN

33 GET FILE(CARD) SK IP(1)
34 L IST(MQUEUE,MS FRAME ,MV FRAME,MNVO ICE,VSLOT ,TFRAME);
35 PUT FILE(SYSPRINT)
36 EDIT (’S IMULATION TIME ‘ ,.OOl*FLOAT(SIMT), ‘ SEC ’,
37 ‘PR INT INTERVAL ‘ ,.OOl*ftOAT(TBREAK),’ SEC ’,
38 ‘VO ICE ARRIVAL RATE ‘ ,lOOO./V IN , ‘ PER SEC ’,
39 ‘DATA ARR IVAL RATE ‘ ,lOOO./DIN 

- , ‘ PER SEC ’.
40 ‘VO ICE HOLDING TIME ‘,.OOl*VHOLD , ‘ SEC ’,
41 ‘DATA MESSAGE LENGTH ‘,DLEN, ‘ B ITS ’ ,
42 ‘VO ICE SLOT SIZE ‘,VSLOT , ‘ B ITS ’,
43 ‘FRAME TIME ‘ ,.OOl*FLOAT(TFRAME) ,’ SEC ,
44 ‘MAX QUEUE SIZE ,MQUEUE , ‘ BITS ’,
45 ‘MAX VO ICE FRAME ‘,MV FRAME , ‘ B ITS ’ ,
46 ‘MAX TOTAL FRAME ‘,MSFRAME , ‘ B ITS ’,
47 ‘MAX NUMBER OF VO ICE ‘,MNVO ICE , ‘ CALLS’)
48 (SKIP,(2)(A(22) ,F(12 ,3),A(14)));
49 pirr FILE(SYSPRINT ) SKIP EDIT (’ LYO ICE ’ ,’ QUE ’ ,
50 ‘ NVO ICE ’ ,’ S FRAME ’ ,’ YFRANE ’ ,’ T IME’)
51 (X(13),(6)A(1O));
52 PLIEND;
53 START :
54 NEXT SOF = T IME + TFRAME;
55 IF N >= TBREAK THEN
56 DO;
57 PUT FILE (SYSPRINT ) SK IP
58 EDIT(LVO ICE ,QUEUE ,NVO ICE,SFRAME ,VFRAME,TIME—TFRAME)
59 (X(10),(6)F(1O));
60
61 END;
62 N N+TFRAM E; -

63 IF T IME > S IMT THEN /* END THIS RUN */
64 DO;
65 BREAKOUT TO READIN;
66 STOP ;
67 END;
68 WAIT TFRAME;
69 GO TO START ;
70 END; -

71

Figure 2 (contd). Process SOF
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priorities of the other two processes have higher values. Therefore ,

if transact i on reactivations are scheduled for identical t ime s, the

t ransact ion in  this process will be reacti vated first.

The label on the next line is used to indicat e the restart point

for this transaction when the simulation is restarted. This is 
- 

-

explained in more detail l ater.

The next li ne i s an instructi on to the transla tor that all text

between PLIBEGIN at line 19 and PLIEND at line 52 may be skipped by

the translator and immediately copied to the translated output. This

action speeds up translation and stops the translato r from reformat-

t- ing the text . All the statement s conta ined between lines 19 and 52

are comp lete, val id PL/I statements. No SOL statements are mi xed

in.

These statements between lines 19 and 52 perform all user inputs

and output s of the simu lator. Line 20 is a declaration of a PL/ I

bui lt — in function. Statements on lines 21 through 31 input the

v a r i a b l e s , read eacfl simulation start or restart , and conve rt the

values to internal units. Lines 32 through 34 input values which are

read only once at the beginni ng of the simulation . These are the

maximum values of the SENET frame structure. Lines 35 through 51 list

all input variables and write the heading for the snapshots.

The fi rst set of variables are input in units of seconds or

arrivals ! second . Variables i nput in seconds are converted to mu ll-

seconds , and arrivals /second are converted to mill iseconds between

26
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arrivals. The SKIP option on the GET statements causes a skip to the

next card ; that is , two va l ues are input per card. Text or card

numbers may follow the two inputs. The last Input card is an exception.

The fourth input card is only i nput at simulator time zero. Six

integer values are input : the first four establ i sh table maximums ,

and the last two set the voice slot size in bits and the SENET frame

duration in milliseconds . No error checking is done for these vari-

ables, and the user must be careful -in assigning values.

All values input on the fourth card must be positive integers.

- MVFRAME represents the number of bits 0f the SENET frame which may be

allocated for region I data. MSFRAME represents the total number of

bits in a frame. Therefore, MVFRAME may not be greater than MSFRAME

(i.e., the simulator cannot handle lAS t transmi ssion). Thus, MNVO ICE,

the maximum number of voice channels , may not exceed the region I

capacity. Therefore,

MNVOICE*VSLOT<=MVFRAME ,

must be satisfied . 
-

After the variables are input , the transact ion enters the loop in

lines 53 to 70. This l oop will be executed unti l the logical test

at l ine 64 becomes true. When the logica l test become true, the

breakout statement causes all variables and the transaction status to

be saved in the break file. In addition , label READIN is established

as the restart poi nt. When the simulation is restarted, the break

f lie is read and simulation continues with this transaction at the

27
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statement pointed to by label READIN . The breakout statement does not

halt the present simulation. The transact i on continues execution to

l ine 67 where the STOP statement termi nates the simulation.

The other statements are standard PL/I. The fi rst line sets the

next start of frame time global which is used to synchronize all the

transactions . The next 10 lines form a primitive modu lo counter for

the snapshot listing .

6. PROCESS VOICE

This process handles the region I allocation of the SENET frame.

This is combined with the region II traffic in process FRAME . Each

call is handled as an independent transact i on within this process. In

theory , as each call arrives a new transaction is initiated to await

the next call arr iv al , and this call is added to the number of “in

progress ” calls. The present transact i on executes the speech activity

mode l (see Appendix A) for this call. This is continued until it  is

time for the call to “hang up ”. At this time the transact i on removes

the call from the “in progress” calls an d cancels itself. The actual

simulation process varies slightly from this in order to decrease CPU

time .

This process is the most complex in the simulat i on . Its di scus-

sion is therefore divided into three parts: preamble , speech simula-

tor, and conclusion . In the discussion of the preamble the meaning of

the local variables , cal l arr i va l and alloca ti on , are detailed. The

28
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72 PROCESS VO ICE, T~195,RzO;73 REAL TM;
74 INTEGER T!,STATE ,TALK ,LTAL.K,ACTIVE ,TEND;
75 DCL T FLOAT(21) BINARY INIT(O) STAT IC; -

76 PRIOR ITY 2;/* 00 THIS PROCESS AFTER FRAME START*/
77 START:
78 WAIT EXPONENT IAL (YIN);/* WAIT FOR CALL ARR IVAL */
79 NEW TRANSACT ION TO START ;/* WAIT FOR NEXT ARR IVAL*/
80 /* PROCESS THIS CALL *1
81 IF NVO ICE >~~ MNVO ICE THEN /* NO MORE SPAC E IN FRAI4E*/
82 DO;
83 LVO ICE = LVO ICE + 1;
84 GO TO FINIS;
85 END;
86 /*ADD THIS CALL TO TOTAL CALLS IN PROGRESS*/
87 NVO ICE 1 + NVO ICE
88 TABULATE NVO ICE IN INVO ICE;
89 1* INITIALIZE FOR THIS CALL ~/
90 TALK z 0; 1* NO TALKSPURT IS IN SENET FRAME */
91 STAT E, ACT IVE 1; /*SET INIT IAL STAT E */
92 /* STORE CALL START TIME FLOATED INTO VAR IABLE TI */
93 TM T IME;
94 TEND * EXPONENT IAL (VHOLD) + T IME; /* CALL END TIME ~/95 /* WAIT TIL START OF NEXT FRAME TO RUN MODEL *1
96 WAIT NEXT_SOF - TIME;

Figure 3. Process Voice : Preamble
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speech simulator is then briefly discussed . Finally, the region I

allocation , the transaction “slee p” period , an d call  han g up are

di scussed.

The dI scussion will start wi th the preamble (see figure 3) .

Because each call is handled by a separate transaction , the number

assigned to I in the PROCESS statement must satisfy the relation :

T<MNVOICE+1 .

This al l ocates a suff~cie~it number of transactions to this process-

to simulate MNVOICE simultaneous voice calls , a transaction which

awaitsthe next call , and the present transaction. The number of

simultaneous calls which may be simulated by the present simulator is

193.

Lines 73 through 75 declare the local va ri ables to this process.

The variab les declared in the REAL and INTEGER statements are local to . i

each transactic~r’ and are used to store the “state” of the speech

simulator for this transaction:

• TM - The time of the next state transition in the speech

activi ty model .

• STATE - The next state to be transitioned to in the speech

model .

• TALK - Non zero if space is to be al l ocated in region I of

this frame for this call.

• LIALK — Non zero if space were allocated in region I of the

last frame for this call.

30 
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• ACTIVE - Non zero indicates that the present state of the

speech modal represents a talkspurt .*

• TEND - The time the call will hang up.

• In addition to the above integer vari ables the process uses a tempor-

ary floating point variable: - 
-

• I — The time in floating seconds until the next state transi-

tion In the speech activity model.

The last declare statement is again a PL/I built—in function specifica-

tion to suppress a compiler error message.

Line 76 is only executed at time zero and sets the priority of all

transactions in this process. The value assigned ensures that region

I allocations are compl ete before the regi on It allocat i ons are

calcula ted and the SENET frame is constructed.

In this model voice calls are assumed to have Poisson arrivals.

Therefore , they have an exponential interarri val distribution of mean

VIN. This is simulated by lines 77 through 79.

After a cal l arri val , the transaction checks for space availabil-

ity. If space is not available the number of lost calls is incremented

and the transact i on cancels itself. This is accomplished by the

code starti ng at line 81.

When the transacti on reaches l i ne 86, it is known that there is

room for the call. The call is added to NVOICE , which indicates the

number of calls in progress (line 87), and the speech activity simula-

tor is initialized by lines 90 through 96. The present time is converted

* Defined in Appendix A.
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to a fl oati ng value and stored in TM at line 93. Li ne 94 calcu-

lates the time for the cal l to end . Notice that the cal l holdi ng time

is sImulated to have an exponential di stribution of mean VHOLD. The

fInal statement causes the transaction to pause until the next start

of frame before starti ng the voice actIvity portion of the process.

When a transaction reaches this point (line 96) in the process,

the initialization or preamble is finished. From here, the trans-

action starts the voice activity and region I al l ocation porti on of

the process.

The speech activity model is shown in Figure 4. The boxes repre—

sent the “state” of the speaker. The speaker is utteri ng sounds in

the talking state , state 1. The speaker then transitions to one of

the two silent states.* After stayi ng in one of these silent states

for a period , the speaker returns to state 1 and the process repeats

itself.

In the simulation , the peri od of time a speaker rema i ns in any

state is a sample from a random variable wi th an exponential di stribu-

tion. The mean of the di stribution is indicated in a corne r of the

box representing each state. The numbers near the transition lines in

the Figure indicate the rate at which the given transition w i ll be

taken.

In the simulator , the speech activity model starts at line 97 (see

Figure 5). The previou s state information is saved in line s 101 and

102. The model is run unti l the the next trans i ti on occurs after the

present start of frame (the value of TIME).

* Defined in Appendix A.
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~ IS PAGE IS B~S’~ ~
UM,IT! PRL~~I~C~~i*

!BO~ ~ FL y IsliED 10 DDO ~~~~~~~~

97 LOOP:
98 IF TIME > TEND THEN/*CALL ENDED*/

- • 99 GO TO HANG U P ;
101) PLIBEGIN;
101 LTALK = TALK ;/*REMEMBER IF ACTIVE LAST FRAME */
102 TALK A CT IVE ;/*REMEMBER ACTIVITY OF PRESENT STATE*/
103 /* RUN MODEL UP TO PRESENT TIME. TI (ALIAS TM) INDICATES TIME
104 OF NEXT MODEL STATE CHANGE */
105 00 WH ILE(T IME > TM);
106 SELECT (STATE );/* CASE S T A I E M E N T */
107 W H E N  ( 1 )
108 D O ;  1* STATE 1 HAS TWO E X I TS */
109 1 EXPONENTIAL (0.05);
110 /* TALK GETS SET TO 1 IF STATE 1 IS EVER PASSED THRU RUNNING MODEL
111 UP TO TIME NT I M E I * /
112 TALK ,ACT IV E = 1;
113 P L I E N D ;
114 IF PR ( O .0 3 15 )  THEN /* EXIT  TO STATE 2 */
115 STATE =2;
11 6 ELSE /* EXIT TO STATE 3 *1
117 STAlE 3
118 P L I B E G I N ;
119 END; /* STATE 1 */
12 0 WHE N ( 2 ) /* E X I T  TO STATE 1*1
12 1 D O ;
122 A C T I V E  = 0;
12 3 S T A T E  = 1 ;
124 1 = EXPONENTIAL  (2 . 8 4 5 7 ) ;
125 END; / *  STATE = 2*!
126 WHEN ( 3 ) /~ E X I T  TO STATE 1 *1
127 D O ;
128 A C T I V E  = 0;
129 T = EXPONENTIAL (.01);
130 STATE = 1 ;
131 END; /* STATE = 3*/
132 OTHERW ISE;/* DO NOTHING */
133 END; /* SELECT*/
134 TM = TM + 1000. * T;
135 END;/*T IME > IM*/

Figure 5. Process Vo ice : Simula tor

34

~~~~1 ~~ - - 
-:- -

~~~~~~ 
• - 

- -- 
.. 

~~~~~~~~~~~~~~~~~ ~~~~~
- 

-



— — ---—‘----_ —- —- -- ——,-—-•
__ -------•—----- _ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ——- - - -

~~ 
- - - -

— 
—~ _;z_

The SENET statement in conjunction wi th the WHEN statements

determi ne whi c h block of code to execute, one block for each state.

If the model is in state 1 before the model starts to run, passes

through it whi le  running , or ends In it, then a voice slot must be

coded In the SENET frame. This is Indicated by varIable talk being

set to N 1N This will be checked in the next part of the process.

The functIon of variables T and TM have been explaIned prevI ously.

One addi tional sta tement shoul d be explained: line 114.

The talkspurt state* has ~ o exi ts . The time interval that the

process remains in the state has an exponential density. After this

interval the talking state wi l l  transition to one of the other states.

The state transitioned to depends on the rate of trans ition. Given

that the state is left 20 times a second , it transitions to state 3

wIth probability 19.37/20 and to state 2 otherwI se. The notation PR

(0.0315) indicates a sampl e drawn from a uniform density defined on

the unit interval . When this sample is less than 0.0315, the next

state is chosen to be 2; otherwI se 3.

When variable TM becomes greater than the present ti me , the regi on

I al l ocation is executed by the transaction. (The simulation time is

at a SENET start of frame.) The talkspurt model represents the

activIty events of this simulated cal l during the last SENET frame .

The slmuldt ~ is now ready for the region I of the SENET frame to be

allocated.

* DefIned In Appendix A .
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In the conclusion of process VOICE (see Figure 6), thi s call is

al l ocated In regi on I. In addi ti on , this section contains the cal l

termi nation statements plus code to decrease sImulation time.

Variable TALK is nonzero if thi s call needs space al l ocated in

this frame. Vari able LTALK indicates whether space was al l ocated in

the previou s frame. The allocati on for the cal l need only be changed

if it has changed from the previous frame. This is done by lIne s 138

through 145. After this action , the transaction goes to sleep unti l

the next frame. At this point , we could loop back .

If we 1oop back to label LOOP after the wait at line 146, the

simulati on would work properly, but it woul d use an excess ive amoun t

of CPU time. Thi s is because it takes a lot of time to put a trans—

action to slee p an d reawaken ~t. If we consider the frame size of a

typical SENET siniulation and th~e speech model , a way to decrease CP U

time becomes apparent. Typical ly, the SENET frame has a length in the

order of 10 ms . The average talkspurt is 50 ins , and the long silence

is almost 3 seconds . These two states are occupied over 90% of the

time . Therefore , the cal l occupancy holds constant for many SENET

frame periods. The transaction waits a single frame. If there is no

state transition scheduled for this frame , the activity of the present

state is used to determi ne the occupancy of the SENET frame until the

start of frame followi ng the next transition time .
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136 /*CHANGE FRAME ONLY IF SPEECH ACT IVITY HAS CHANGED */
137 P1 lEND ;
138 IF LIALK’ TALK THEN
139 DO;
140 IF TALK 0 THEN /* HAVE GONE SILENT*/
141 YFRAME VFRAI4E-VSLOT;
142 ELSE /* HAVE STARTED TALK!NG*/
143 V FRAI4E V FRAME+VSLOT ;
144 TABULAT E V FRANE IN TVFRN4E ;
145 END; -

146 WA IT TFRAJ4E;
147 /*CODE FROM HERE ON ADDED TO DECREASE S IMULATION T IME */
148 IF T IME > TM THEN /* NO SAVINGS POSSIBLE */
149 GO TO LOOP ;
150 IF T IME > TEND THEN
151 GO TO HANG UP;
152 IF TALK-’ ACTiVE THEN
153 00;
154 IF ACTIVE 1 THEN
155 V FRAME V FRAME+VSLOI;
156 ELSE
157 VFRAME * YFRAME—VSLOI ;
158 TABULATE V FRAME IN TYFRAME;
159 END;
160 TALK ACT IVE;
161 IF TEND < TM THEN /* CALL ENDS BEFORE NEXT STAT E C HANGE */
162 DO;
163 WA IT TEND - T IME;/* SLEEP UNTIL CALL ENDS */
164 GO TO HANG_UP;
165 END;
166 ELS E
167 DO;
168 WAIT TM-TIME;
169 WAIT NEXT SOF - T IME;
170 GO TO LOOP ;
171 END;
172 HANG UP: -

173 WAIT NEXT SOF - T IME;/* HANGUP IN NEXT FRAME*/
174 NVO ICE i~VO ICE-1;
175 TABULATE MVO ICE IN TNVO ICE;
176 IF TALK = 1 THEN /* TALKSPURT IN PROGRESS*/
177 DO;
178 VFRAIIE = VFRANE-VSLOT;
179 TABULATE Y FRANE IN TYFRAME;
180 END; -

181 FIN IS:
182 END;
183 -

Figure 6. Process Voice : Conclusion
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The final portion of the process termi nates the call. The present

frame alloca tion is not changed . The transact i on waits until the

next fr ame and then removes the call from the number of calls in

progress and removes any region I allocat i on.

All transacti ons in this process update the region I allocation ,

VFRAME , before the final SENET frame occupancy is determi ned in

process FRAME.

7. PROCESS FRAME

The las t process (see F igure 7) accumulates incomi ng messages in

the queue and adds the region II traffic from this queue to the region

I traffic allocated in process VOICE formi ng the fi nal SENET frame

alloca tion. Both of these functions are performed by a single trans-

action . The transaction loops in lines 189 through 197 accumulating

message bits in the queue for all messages which arrive before the

next start of frame and updating the time of next message, IDATA.

When the next message is scheduled to arrive after the start of frame ,

the transact i on drops out of the loop and waits for the start of

frame. This permits the transact i ons in the voice process to compl ete

the regi on I allocation and for a new start of frame time to be

calcu lated . 
-

At this time the transact ion removes the bits transmitted in

region II during the previous frame , NDATA , from the queue. A new

NDATA is calcu l ated for this frame based on the number of bits rema in—

ing in the SENET frame for region II traffic and the number queued .
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184 PROCESS FRAME,T~1,R-O;185 DCL
186 DELTA FIXED B INARY(31) STAT IC INIT(O);
187 PR IORITY = 3;/* ACTIVATED AFTER CLASS I FIN ISHED */
188 TDATA.EXPONEPdT IAL(DIN);/* T IME OF FIRST MESSAGE*/
189 START:
190 IF TDAT A < NEXT SOF THEN
191 DO;
192 WAIT TOATA - T IME ;
193 QUEUE = QUEUE+EXPONENT IAL(DLEN);/*QUEUE IT*/
194 TABULATE QUEUE IN TQUEUE;
195 IDATA EXPONENT IAL(DIN) + T DATA;/*T DATA OF NEXT MSG*/
196 GO TO START;/* WAIT FOR NEXT ONE*/
197 END;
198 /*THIS SECTION DETERMINES THE SENET FRAME */
199 WAIT NEXT SOF-T IME; /*WA IT FOR NEXT FRAM E */
200 IF NDATA 

-

~~ 0 THEN
201 00; /*REMOVE DATA PUT IN PREV IOUS FRAME */
202 QUEUE = QUEUE-NDATA;
203 TABULATE QUEUE IN TQUEUE;
204 END;
205 PLIBEG IN;
206 I*CALCUIATE SPACE NEEDED OR AVA ILABLE THiS FRAME*/
207 NDATA*MIN(QUEUE ,MSFRAME_VFRAME);
208 /*C}1AJ~tjE FROM LAST FRAME */
209 /* Y FRAME -—-—VO ICE THIS FRAME */
210 /* SFRAME -—--LAST FRAM E OCCUPANCY*/
211 /* MOATA -——-THIS FRAME DATA*/
212 DELTA NDATA + YFRAME - SFRAME;
213 P1 lEND;
214 IF DELTA~~= 0 THEN
215 DO;
216 S FRME = S FRAME+DELTA; /*CHANGE SENET FRAME*/
217 TABULATE SFR AME IN TSFRAME;
218 END;
219 60 TO START ; -

220 END; -

221 END; -

Figure 7. Process Frame
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The c.iange in allocation between this SENET frame and the previou s

frame is calculated and stored in temporary vari able , DELTA. This

val ue , if not zero, is used to update the frame. 
-

Because of the wait until the present start of frame and the low

priori ty assigned to this transaction , the transaction in the first

process updates the start of frame. Therefore, when th i s transac ti on

l oops back to label START, TDATA is compared to the next start of

frame and the process continues.

/

4
4
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IV. RUNNING THE SIMULATOR

Examples of runni ng the simulator are presented in the first part

of this section. These are followed by examples for running the

statistics and plot programs. The section concludes with an example

of translating and compiling the model . After the extended translator

is formally released, some of the dataset names may need to be changed.

Due to the large amount of data recorded on the log file , runs

for long simulation periods should use magnetic tape. Many times I

failed to give enough CPU time for a simulation. Therefore , the job

ended without properly closing the files. If the log file were a

member of a disk dataset , all results of the simulation would be

lost. Using magnetic tape stops thi s loss. Even if the simulation

abort s, the statistics or plot programs are able to recover most of

the data.

However , magnetic tapes can be unwieldy both from the user ’s and

the computer operator ’s vi ewpoints. Therefore, a compromi se is used.

The total simulation usually takes two runs: an initialization run to

load the SENET frame to near steady state, and then a run using the

variables of interest. The author ’s compromi se is to run the initial

simulation using all disk files. The followi ng run then uses these

disk files as Input and produces new files on tape. The tapes are

used as input to the statistics program.

The JCL decks for thi s type of operation are shown in Figures 8

and 10; output listings are shown in Figures 9 and 11. Notice that
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//R3363S0L JOB (A100 ,,50,9,220),’CASTELLO ’ ,
II N O T I F Y = R 3 3 6 3 ,M S G C L A S S = Q
I/GO EXEC PGM MODEL ,REG ION 22OK ,TIME (0 ,50 ) , PARM u/ O ’ ,
/1 COND= (EVEN)
//STEPLIB DO DSN=R3363 .LOAD ,DISP=SHR
//SYSPRINT DO SYSOUT=(A ,U)
I /PRINTER DO S Y S O U T = ( A ,U )
//P4AMEFIL OD DSN=R3363 .SOL.NAMES (MODEL) ,DISP=SHR
//PLIDUMP OD DUMMY
//$LOGF DO DSN=R3363 .SOL.LOG (MODELO) ,DISP=SHR OUT
//$BRKOUT DO DSN=R3363 .SOL.RE START (MODELO) ,DISP=SHR OUT
/ /C ARD DO *
1.000 , .990 END SIMULATION TIME ,P R I N T  I NT E R V A L
150.000,300, V O I C E  A R R I VA L RATE , CALL HOL D ING T I M E
10.000,1500 , DAT A AR R IVAL RATE , LEN G TH
1000000 ,15440 ,15440 ,193 , 80 , 10
1*

FIgure 8. JCL For Simulator Run Using Disk
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/ / R3363S 0 L ~JO B (A1 00 ,, 450 ,9 ,23 0) - , ’CASTEL LO’ , -

/ /  NOT I FY= R3363 ,MS G CLASS= Q) /* SETUP NEED TWO TAPES RING IN 2893 2814
//G 02 EXEC PGM=MODEL ,T I M E = ( 6 ,50 ) ,
II P A R I 4 = ’ / l ’  ,R E G I O N = 2 3 0 K
/ /S TEPLIB DO DSN=R3363 . LOAD ,DISP:SHR
/ /S YSPRI NT DO SYSOUT = ( A U)
I/PRINTER DO SYSOUT= (A ,U )
/ /SOL DLOG DO DS N =R3363 .SOL.LOG ( MODELO ) , D I S P = S H R
/ / $ BRKF IL DD DSN=R3363 .SOL.RESTART ( MODELO ) , DISP=SHR
//$BRKOUT DO D ISP= ( NEW ,K E E P ) , DSN=UR3363.REGO2 ,
/1 UNIT=TAPE9 ,DCB= (RECFM=FB ,LRECL= 133 ,BLKS IZE=133 0),
II VOL=SER=0 02814 ,LABEL= 1
/ / CARD DO *
30.000, 1. , E N D S I M U L A T I O N  T I M E ,P R I N T  I N T E R V A L
0 .520 ,300 , V O I C E  A R R I V A L  R A T E , C A L L  H O L D I N G  T I M E
500.000,1500, DATA A R R I V A L  RATE , L E N G T H
1*
//P L I D U M P  DO DU M MY
/ / $LO GF DD D ISP= ( NEW ,K E E P ) , DSN=~ R3363.LO G2 ,
1/ UN IT=TAPE62 ,LABEL = 1 ,VOL=SER=002893
//STAT2 EXEC PGM=SOLSTAT ,REGION= 120K
//STEPLIB DO DSN=R3363.LOAD ,DISP=SHR
/ /S YSPRINT DO S Y S O U T = ( A ,N )
/ / N A M M E  DO DSN=R3363.SOL.NAMES(MODEL), DISP=SHR
I/LOG DD OSN=UR3363 .LOG2 ,D I S P = S H R ,U N I T = T A P E 6 2 ,
II L A B E L = 1 ,VOL=SER=002893
// PL IDUMP DO DUMMY
//SYSIN oo *

5000 50000 10000
T Q U E U E
TV F R A M E
T S F R A M E
INVOICE
1*

F ig ure 10. JCL For Simu la tor Run D i sk In , Ta pe Out 
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~ QUA3J1T~THIS PAGI IS ~ES

SQL RE START OCCUR RED AT 1010
S IMULAT ION f INE 30.000 SEC PR iNT INTERVAL 1.000 SEC
VO ICE A RRI VAL RATE 0.520 PER SEC DATA ARRIVAL RATE 500.000 PER SEC
VOICE HOLDIW6 TINE 300.000 SEC DATA MESSA IC LEN GT H 1500.000 B ITS
VOICE SLOT SIZE 80.000 BITS FRAME TIME 0.010 SEC
MAX QUEUE SIZE 1000000.000 BITS MAX VOICE FRAME 15440.000 BITS
MAX TOTAL FRAME 11440.000- BITS MAX NUMBER OF VOICE 193.000 CALLS

LYQIC E QU ( UV OICE SFRAM E VF RAN€ TIME
0 114234 170 15440 656u 2000
O 8117 189 119? 3840 3000
0 14331 168 8905 3360 4000
0 14204 168 7343 3920 5000
O 42725 isO 15440 3760 0000
o 21069 167 8020 3880 1000
0 20840 168 9389 4000 8000
0 INUZU 167 15440 4160 9000
0 12582 167 715 1 4040 10000
0 1885 166 9413 3040 11000
o 6801 167 9 193 3920 12000
0 27539 167 15440 3760 1 3000
O 22491 16? 5630 3120 14000
O 11302 167 11307 3840 15000
0 13168 167 13757 3280 18000
0 16878 16? 14922 3920 17000
O 15971 166 13058 3920 18000
O 23934 165 8301 3840 1 9000
0 41790 165 15440 4800 20000
O 19285 165 14042 4320 21000
O 24535 165 15440 4400 22000
0 11829 164 9688 4320 23000
O 14801 164 14939 3520 24000
0 136 1? 162 11485 3840 25000
0 11832 161 13408 3440 26000
(1 15675 1b3 15440 3840 27000
0 16218 163 7584 3840 28000
O 34041 162 15440 3600 29000
O 27985 ioU 15440 3600 3000U

SOL CHECKPOINT NO. 2 HAS OCCURRED AT 30010
ENDED A l 30010 WITH COMPL .CODE 0000 I 2

Figure 11. Output Listing, Continuation Run
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the PARM option on the EXEC card is set to zero for the initial

simulation and to one for the continuation. In general , the value i s

set to the number of the breakout on the break file at which the

simulation is to be restarted. If the simulation were to be continued

after the second run , this field would be set to three.

The time parameter is required on the EXEC card for execution time

over 5 m i nutes. The time required to execute the exampl e program was

23 seconds for the initial run and 390 seconds for the continuation.

To estima te run times for other cases , assume that run time is propor-

tional to the voice Erlang loading and the data message arriva l

rate.

The statistics program uses the NAMME file created by the initial

simulation and the $LOGF from any simulation run. The maximum ,

avera ge, and variance may be calculated for up to four logged van — —

ables for any time period on the log. The statistics are pri nted at a

user specified interva ls This runnin g average al l ows the user to

ascertain that the simulation has been run long enough for the statis-

tics to be nearing steady state.

The input variables are shown in Figure 12. The statistics will

be calculated from “time begin ’ to “time end.” Stat i stics are printed

eac h “ print increment ” and at the end of file on the log . The JCL

for a statistics run is shown in Figure 13.

A plot program is also available which produces a time plot of up

to four logged variables on the CALCOMP flatbed plotter. Its JCL

and plot ~re shown in Figures 14 and 15. The input vari ables are
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Car~~1Ti me begin Ti me end Print Increment

Card 2’-5
Statistics Program Input

Figure 12. StatisticS Program Input

//R3363STA JOB (A100,,120,9,120), ’CASTELLO ’ ,
/1 NOTIFf”R3363,MSGCLASS Q
//STAT1 EXEC PGM SOLSTAT ,REGION 120K
/ /STEPL 18 DO l~ N=R3363.LOAD ,
//SYSPR INT DO SYS0L T~’(A ,N )
/ /K**E DO OSN~R3363.SOL.NAMES(MO0EL ) ,DISP SHR
//LOG DO DSN UR3363.LOG1 ,DISP SHR ,UN IT TAPE62, 

•

// LABEL4 ,VOL*SER 003707
//PLIDtJMP DO DUMMY
//SYS IN DI) *
5000 50000 1000
TQUEUE
TVFRAI4E
IS
T$VO ICE
1*

~ :1

~
1
1i

Figure 13. JCL For Statistics Program
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/ / R3 363S TA JOB (A100 ,, LZO ,9 , 180 ) , ’C A S T E L L O ’ ,
/1 NOT I FY=R3363 ,MSGCLASS Z Q -

/ / STAT2 EXEC PGM =SOLPLO T ,REG ION=180 K
//STEPLIB DO 0SN2R3363.LOAD ,D1SPISHR
/ / SYSPRI NT OD SYSOUT I ( A ,N )  -

//NAMME DD DSN=R3363.SOL.NAMES (MODEL),OISP=SHR
I/ LOG DD DSN=UR3363.LOG2 DISP=SHR ,UNIT=TAPE62 ,
/ /  LABEL= 1 ,VOL=SER= 00 2893 -

//PLIDUMP Dl) DUMMY -

/ / FTO6FOO ] . DD SYSOUT= (A ,U)
/ / FT1OFOO 1 DO DSN=U1JCA .P3363 ,,PLOT ,O I SP = ( NEW ,K E EP) ,
II UNIT=TAPE9 ,LABEL= ( 1 ,NL) , VOL SER Z OO 1549 ,
/ /  DCB= ( REC F M=VS ,L R E C L 364 ,BLKS IZE I368 ,DEP112)
/ / SYS IN DD *
SEN ET FRAME O C C U P A N C Y
5000 15000 1000
T Q U E U E  10000
T Y F R A M E  15440
T S F R A M E  15440
I N V O I C E  193
1*

Figure 15. JCL For P1~ t Program
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similar to those used in the statistics program wi th the addf tion of a

first card for the plot ti tle. The variables are nonnalized before

plotti ng. Therefore, the maximum value input scales the tabulated

values to a realisti c range.

The JCL for translati ng and compiling a model I s given In Figure

17. The source Is stored in dataset R3363.SOL .DATA member MODEL.

The translated output is stored in dataset R3363.SOL.PLI in a member

of the same name. This output is then compiled and saved in dataset

R3363.OBJ . Finally, this dataset is linked and the load modul e is

store d in R3363.L OAD (MODEL) .
/
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//R3363S0L JOB (MOO , ,163 ,9,200), ‘CASTELLO ’ ,
/1 NOTIFYIR3363,t.6GCLASSZQ
//TRN EXEC PGM=CASTRAN ,REG 1ON=200K
//STEPL IB DO OSN=URIS91.LOAD,DISP=SHR
//SOLTRAN DO 0SN R3363.SOL.PL 1(MOOEL ) ,OISP~SHR
//OUTFI. OD SPACE=(CYL ,(1,1)’J, DISP= (NEW ,DELETE),UNITISYSDA.
1/ DCB=(RECFN=FB ,LRECL=80,BLKS 1ZE13120)
//SYSPR INT DO SYSOUT=(A ,U )
/ /TSOOtJT 00 SYSOUT=(A ,U )
//SYS IN DO DSH=R3363.SOL.DATA(MODEL ) ,DISP=SHR
I/Ph EXEC PGM=IELOAA ,REG ION=180k ,
// PARJI=’M,OBJECT ,NODECK ’ ,COIID= ( EV EN ,(O ,LT ,T R N ) )
//SYSUT 1 DD UNIT=SYSDA ,DCB=BLKS IZE=1024 ,SPACE=(CY L ,(1,1))
/ /SYSUT2 DO UN IT=SYSDA ,SPACE=(CY L ,(1,1))
// SYSLIN DO DISP=S HR ,DSN=R3363.08J ( MODEL )
//SYSPR DIIT DO SYSOIJT=(A ,U)
//SYS IN DD DISP=S HR,DSN=R3363.SOL.PLI(MODEL )
//SOL INC DO DISP=SHR ,I~ N=R1591.CASTLIB.PLI
// LKD EXEC PGM=1E~t ,REGION=12OK ,C0ND= ( EV EP1) ,
/ / PARM= ’S IZ E=(114688 ,26624 )’
//SYSL IB DD DSN=SYS1.PLIBAS E,DI SP=SHR
//SYSLIN DO DSN=R3363.OBJ ( MOOEL ) DISP=SHR
//SYSLMO O DO DSN=R3363.LOAD(MODEL ) ,OISP=SHR
//SYSPRINT DO SYSOUT=(A ,U )
//SYSUT 1 DO UNIT=SYS DA,DCB=BIKSIZE=1024 ,SPACE= (CYL ,(1,1))

Fi gure 17. JCL Translate , Com pi le , and Link
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APPENDIX A

SPEECH ACTIVITY MODEL DEVELOPMENT

This appendix di scusses the development of the speech activity

model used in this paper. The appendix begins wi th a short discussion

of the speech process and p rev i ous au thors ’ experiments and models of —

speech. Then the deve lopment of the speech model used in this report

is traced .

Speech is not an orderly process. A speaker utters sound for a

short period of time and than pauses before continuing to talk again.

Some of these pauses are so short that the listener does not notice

the discontinuity. A “talkspurt ” is speech by a person which is

discerned by the listener as cont i nuous speech. Talkspurts are

termi nated when the speaker drops silent. These rel atively long

peri ods of silence between talkspurt s are defined as “silent periods.”

In addition to silent periods and talkspurts , the short s i lences

with in a talkspurt are of interest. These short silences are caused

by stop consonants , word breaks , and other interruptions which are

called “gaps” in this report. These definitions remain the same for

con versati onal speech , but the generat i ng mechanisms change.

Conversations consist of interactive speech between two or more

people. The speech is interactive in thdt speakers interrupt one

another and alternate talking . Interruptions are either short monosyl-

lables , suc h as “yes,” “right ,” etc... or takeover statements.

Takeover statement s force the intia l speaker to become silent wh ile —
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the Interrupting speaker continues talking . Polite conversation also

occurs In which a second speaker waits until the first is finished and

thin begins to speak. These Interac ti ons are the di fference between

monologue speech and conversational speech.

Some of the differences between conversational speech and mono-

logue speech will not impact model development; others will. In

conversation , talkspurts are the same as in monologue speech , but they

may termi nate because of intervention by the other speaker. The gaps

within a talkspurt are not Impacted because they occur due to the

characteri stics of the language and the physical speech process. The

sIlent periods wIll be modified because a speaker wil l  now pause for

the same reasons as in monologue speech , plus waiting for the other

speaker to pause. This change to silent periods al so i nfluences the

arrival rate of talkspurts . Conversational speech also increases the

number of short monosyllabic replies. We need to keep these di ffer-

ences in mind as we consider speech models.

Measurements have been made of b-oth monologue and conversati onal

speech. In this report we are concerned mainly wi th measurements of

conversati onal speech. The best documented experi ments are those done

by Norwi ne and Murphy [4] and Brady [5]. While other authors have

hinted at experimental work , the results of the experimentaion have

not been published directly.

Norw i ne and Murp hy ’s experiment was done in the late 1930’ s. Due

to the type of equi pment avai lable to them and the lack of a detailed

technical description of the speech power levels involved , a compari son
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with the later work of Brady is difficult. Norwi ne and Murphy

performed thei r experiments to enable Horton to apply probability

theory to a study of the occurrence of lockouts caused by echo suppres-

sors and similar equipments on long di stance tel ephone circuits [6].

Because Brady ’s measurements indicate that the statistics of speech

events change with detector characteristics , the work of Norwi ne and

Murphy is only of historica l significance.

Brady published a series of papers in the Bell System Technical

Journal ; the first two descri bed his experimental setup for measuring

speech activi ty [7] and the results of measureme nts of 16 conver-

sations [5]. His reason for studying speech activity is similar to

No rw i ne an d Murph y ’s - to lea rn more about conversati onal speech

patterns prompted by the introduct ion of long telephone lines wi th

significant delay and the increased number of voice-actuated devices.

Brady ’s equi pment detects speech by rectifying the Incomi ng audio and

compari ng the rectified signal to a reference level. Each time the

input signal exceeds the reference level a fl i p—fl op is set. A clock

signal resets the fl i p— fl op every 5 ms. The output of the fl i p— fl op

is then recorded on magnetic tape , from wh ich the signal is then

digital ly processed. Note that with this equipment any signal exceed-

ing the threshold , no matter how short or when it occurs within the 5

m s interval , sets the fl i p— flop for the entire sample duration .

Digital processing of the magnetic tape created by this sampling

techn iq ue removes speech detected (act i ve) per iods less than or equal

I
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to 15 ms and speech silence periods less than or equal to 200 nis.

Therefore , the speech experIment does not consider either short speech

actIve In tervals or gaps in talkspurts.

Using thIs procedure Brady di scovered that speech characteristIcs

are threshold level sensItive. Some of the resul ts of his measure—

ments are tabulated in Table A—I . Brady ’s measurements, however , do

not give us insight into short gaps In speech.

TABLE A- I. MEASUREMENTS OF SPEECH ACTIVITY

Detector level in dBmØ

27.8 mi nutes
—45 —40 -35 test period

Talkspurts
Percent 43.53 39.50 35.00
Mean 1.366 1.197 0.98
Number 5486 5794 6224

Mutual silence (both speakers silent)
Percent 18.97 25.01 32.55
Mean 1.802 1.845 1.742
Number 5485 5792 6424

Sherman In a concise paper to the IEEE Transactions on Communica-

tions mentIons work he performed wI th Brady which measures the gaps in

talkspurts [8]. A talkspurt is broken i nto active periods wi th mean

50 ms duratIon and gaps wi th mean 10 ms.

StochastIc models for the speech process developed by variou s

authors give us Insight Into the development of a model for use in

thIs paper. Most models of speech that thIs author has found are

stochastIc model s In contI nuous tIme for a single speaker or a si ngle

conver sation . Models al so va ry In the number of states used to
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represent the speech process. The simplest mode l for monologue speech

consist s of two states and the most complex model for conversat ional

speech consists of six states.

Models of speech activity have been developed by many authors.

In the area of psychology , Jaf fe, Cassotta , and Fel dstein [9] devel-

oped a simple two state model with exponentially distributed hold

times , and Gustafson [10] developed a two state model with modified

geometric di stributions for speech activity . In the case of a hundred

simultaneou s voice cal ls , B i r d s a l l , R i s t e n b a l t , and Weinstein approxi-

mated talkspurt arrivals with a Poisson model [11]. Brady [12]

developed a six-state model for conversat ional speech , and Sherma n [8]

incorporated gaps wi thin talkspurts in his model for monologue speech.

The models developed by the last two authors are descri bed in more

detail in the followi ng paragraphs.

Brady ’s six state mode l with is the most ambitiou s model of speech

activity . The development of this model is based on his experimental

measurement s described above in Table A — I.  Brady ’ s model simulates a

conversat i on between two talkers from talker A ’s viewpo i nt and is based on

his previous experimental measurements [5J. If the model is split in hal f

horizontally, the top half represents A talking and the bottom half repre—

sents A silent. Split the mode l vertically and B is talking on the

right half and silent on the left. Vertical transitions are deter— 
*

mi ned by talker A , and horizontal by B. Associated with each transi—

tion path between states is a parameter , qjj ,  of a Poisson process.
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A “pulse ” from the Poisson process termi nates the state. Stated in

other terms , qj j  is the average rat e in times/second that a transi-

tion to st ate i wil l  occur given that the system is in state j .

Therefore , speaker A exists in the one of the six states and his

talk-silence behavior is governed by a Poisson process wi th time

independent parameters and by the state he occupies . The values for

the exit parameters , qjj ’  are give n in Table A—lI .  The Markov

transition matrix for this system is given by Table A— Ill .

— 

TABLE A—I l . BRADY MODEL EXIT PARAMETERS 
—

0.0 2.07 2.15 2.24 1.03 0.0
0.3 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.3
0.79 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.79
0.0 2.15 2.07 1.03 2.24 0.0

— 
TABLE A— Ill . MARKOV TRANSITION MATRIX FOR BRAD Y MODEL

1_e 1.09t O.49e 4.22t O.51e 4.22t O.53e 3.27t O.47e 3.27t 0.0

O.275e~’l.O9t 1_e 4.22t 0.0 0.0 0.0 0.0

0.0 0.0 l_e 4.22t 0.0 0.0 0.275e 1.09t

O.725e 1.09t 0.0 0.0 1_e 3.27t 0.0 0.0

0.0 0.0 0.0 0.0 1_e 3.27t 0.725e 1.09t

0.0 O.51e 4.22t O.49e 4.22t 0.47e~3.27t O.53e 3.27t 1_e~~.O9t 
—

Compari ng the above mode l with his experimental work , Brady

presented the followi ng conclusions:

1. Speech activity is dependent on the characteristics of the

speech det ector.

2. Talkspurts tend to have an exponential distribution .
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3. Silent periods cannot be accurately modeled wi th a simpl e

onentlal  di~~ribut1on.

solve this last problem Sherma n develo ped an a lt erna tiv e techn iq ue

modeling silent periods .

In the fi rst part of his paper [83 Sherman descri bes an alterna— -

‘e to Brady ’s modeling of silences . He noted from measurements of
• / f

ologue speech that silent periods fall into two general catagories :

rt silence and long silence. The silent periods were then modeled

a mixture of these two types.

In Sherman ’s model of speech activity a talker may exist in one

three states: talking , long pause or short pause. The short

se models the silent periods between words and letters wi thin a

kspurt and the long pauses represent the silent peri ods between

tences. This model allows us to see the “fine ” struc ture of

kspurts(See next page). The transition matrix for this model may be

tten in terms of parameters, q,3, as in the Brady model above.

s results in the matrix in Table A— IV , and the steady state probabil-

es shown in Table A—V.

TABLE A— IV. SHERMAN MODEL EXIT PARAMETERS

[ o.o 1.0 1O0.~~I 1.0 0.0 0.0
L~2•0 0.0 O.9j
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TABLE A—V. STEADY STATE PROBABILITIES
FOR SHERMAN MODEL

STATE P ROBABILITY
1 .4566
2 .4566
3 .0868

The Markov transition matrix for this system is given by Table A— ’/I.

TABLE A-VI . MAR KOV TRANSITION MATRIX FOR SHERMAN MODEL

[~
_e_20t e t e lOOt

0.O5e~2Ot 1_e ’t 0.0

L~ 95e _20t 0.0 1_e lO Ot
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This section develops a voice activity model for use In the

analysis of SENET. As mentioned previ ously , SEMET handles each

d i rection of a full duplex circuit independently. Therefore, onl y one

speaker need by modelled. The monologue speech activity model of

Sherman modified for the statistics of conversational speech wel l

suits our requirements. This will provide us with a conti nuous time

model for speech activity.
The conversational speech model -will consist on three states ar-

ranged in the same form as in Sherman ’s model . The first state models

the actual sounds made by the speaker. It is assumed that the duration

In this state may be modelled by an exponenti al density with mean 50 ms.

The second state represents the long pauses between talking states due

to pauses between thoughts and pauses while the other speaker is talking.

The duration in this state Is assumed to also have an exponential density

with mean 1/x. The third state which represents the short silences within

a talkspurt remains unchanged from Sherman ’s model .

The most significant changes from Sherma n ’s model is in the durat ion

of the silent period and the rates at which states two and three are

ent ered from state one. The assumption that state one has an exponential

duration with mean 50 ms implies that the exit rate from this state will

be 20 times/second. If we let y represent the rate of exit to state two,

then state one must exit to state three at a rate of 20—y. From the

assumptions made for states two and three they will have exit rates to

state one of x and 100 respect Ively. These are shown on Figure A-3 .
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PRELIMINARY SPEECH MODEL. Figure A-3
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Based on the results of Brady ’s experime ntal measurements values

may be determined for x and ,y. Brady has indicat ed that the measure—
• ment made at —4S dBmØ are too cluttered wi th noise and those made at

—35 dBmO clip talkspurts. Therefore, we w i l l  use the stati st ics of vo i ce

measured at —40 dBmø. Brady filtered out the very short talkspurts and

bridged the short silences . Therefore, his “talkspurt ” encompasses what

we consider as two separate states: states one and three.

If we consider states one and three as a single talkspurt state then

x Is the ra te of talkspurt arrivals. Based on Brady ’s measurement s on

conversation speech made at —40 dBmø there were 5794 ta lkspurts during

the 274.8 mi nutes of conversat ion speech. Thi s resul ts i n an arr i val

rate in talkspurts per second or an exit rate from long silent periods of

x a 5794 a 0.3514.
60 x 274.8

A value for y may be determi ned from Brady ’s measured probabilit y

of being in the silent state. Again using the -40 dBmØ measurements

the probability of being In state two is 0.605. We assume that this is

the steady state probability of bein g in our state two. The follow i ng

method may be used to determine a value for y. Let Pi be the steady

state probabilit y of bei ng in state I. The followi ng equations hold

for steady state.
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YPj = 0.3514 P2

(20—y)pi =

1 P1~~~P2~~~P3

P2 = 0.605

In matrix notation this may be written as

y 0.3514 

~
-i r•

~~~~ 
fbi

1
20_y 0 100 J0.605 I = o

L’ 1 
~~ 

L0J
Solvi ng results in y = 19.37.

With these values for the unknowns the final continuou s time

model is given in Figure A—4. The steady state probabilities are

given in table A—VU , the transition matri x is given in Table A—VU ,

and the continuou s model exit parameters are given in Table A-IX.

TABL E A— V u . STEADY STATE PROBABILITIES
FO R CONTIN UOUS MODEL

STATE PROBABILITY

1 0.3309
2 0.6050
3 0.0614
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SPEECH MODEL . Figure A-4

TABLE A-VUI . MARKOV TRANSITIO N MATRIX FOR CONTINUOUS MODEL

[Te _20t e 0.3514t e 100t
1

O.031Ee 20t 1_e O.3614t 0.0

[~~96C5e
_2Ot 0.0 i_e _100~j

TABLE A— I X. CONTINUOUS MODEL EXIT PARAMETERS

[o.o 0.3514 10O.&
~1

• 
1.63 0.0 0.0

[j~.37 0.0
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