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1, Introduction

The Packet Speech Measurement Facility (PSMF) is a
recording, playback, and measurement faciiity designed to
provide members of the Network Secure Communications (NSC)
Project with an investigative tooli for packetized speech
research, PSMF access will faciiitate experiments dealing
with the effects of network induced perturbations on

reai-time communications,

This report describes efforts undertaken by the Computer
Corporation of America during the initial phase of PSMF
development: December 11, 1976 to June 30, 1977. These
ef forts have culminated in the specification of PSMF
design, the deveiopment of an access protocoi, and the

reirease of a triai facility with operational recording and

piayback functions.

Chapter 2 reviews the PSMF design ohiiosophy and structure
detaiied in the Preiiminary Design Document of February
28, 1977. Chapter 3 elucidates the approaches CCA has
taken to impiement this structure., Chapter 4 discusses
the work scheduled for compietion of this initiali phase of

the PSMF, while chapter 5 provides a summary of PSMF

efforts and plans.
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2. PSMF Design Philosophy and Structure

The intent of the PSMF is to provide a facility whereby
NSC participants can rigorously examine network effects on
real time encoded packet speech streams. Three primary

functions have been designed to satisfy this intent:
1. The provision for recording speech segments along

Wwith time stamps reflecting network perturbations.

2. The provision for playback of speech segments to
enable sub jective judgements of network

distortions.

3. The provision of statistical functions which

analyze recorded speech segments to determine the

charactertistics of network distortion.

In section 2.1 we elaborate on the specifications for
these functions. Section 2.2 outlines the extension to
the Network Voice Protocol by which a wuser can request
these functions, and section 2.3 deals with the PSMF

structure designed to accomodate these specifications

under the protocol extension.
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2.1 PSMF Function Specifications

2.1.1 Recording

The PSMF Recording function is designed to provide a means

for storage of:

a. Speech segments consisting of streams of encoded

voice messages.

b. Special non-voice control messages, which may be

imbedded within a voice stream.

c. Information pertinent to subsequent analysis, such

as a time stamp on receipt of each message.

Each recorded segment is identified by name ("filename")

and secured with an access password. The typical

recording session proceeds as follows:
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1. The user initiates a connection with the PSMF over

the Arpanet.

2. The user requests the Recording function specifying

filename and an optional password.

3. The PSMF acknowledges.

4, The user can send any number of special PSMF

non-voice messages for recording.

5. If the user wants to record voice,

a. He asks to be negotiation master.

o Nalmsbul /7 1

b. The PSMF accedes.

c. The user suggests negotiation parameters.

d. The PSMF agrees to all suggestions and

records the negotiations.

e. The user asks if the PSMF is ready.
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f. If information sufficient for playback
timing has been negotiated, the PSMF signals

its readiness.

g. The user sends a stream of voice messages
and special PSMF non-voice control messages

to be recorded.

6. The user signals the end of the recording session.

2.1.2 Playback

The PSMF provides an access to previously recorded i

segments that enables selective playback of voice and/or

non-voice messages. Voice sStream playback permits
repeatable tests of vocoding equipment and algorithms.
Imbedded control messages can be used to carry textual,
graphical, or machine control information. In addition,
the results of a PSMF measurement function may be
incorporated into files of PSMF control messages, which

are then subject to playback. The suggested procedure for

playback is as follows:
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1. The user initiates a connection witn the PSMF over

the Arpanet,

2. The user requests the Playback function, specifying

filename and password.

3. The PSMF acknowledges success if the filename

exists and password is correct.

4. The user specifies the types of messages to be

e

played back, (e.g. voice and textual control

messages).

5. If the user has specified voice playback,

o e Wl i D

a. The PSMF asks to be negotiation master.

b. The user accedes.

c. The PSMF presents the same negotiation

parameters encountered in recording.

d. The user agrees to all suggested

negotiations.
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e. The PSMF asks if tne user is ready.

f. The user assents.

6. The PSMF plays back the reguested information.
Voice data 1s timed according to negotiation
parameters and message headers. Control data is
sent so that only one control message is in transit

at a time.

7. The PSMF completes playback, or the user signals an

end to the playback session.
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2.1.3 Measurement Functions

The PSMF measurement functions provide means for analyzing
parameters in PSMF files and creating PSMF files, suitable
for playback, containing the results of such analyses.

Measurement functions are concerned with:

a. Relative delays inflicted on voice packets by the

network.
b. Missing, duplicate, or out of order voice packets.

c. Qualities of the voice stream itself, e.g. periods

of silence and speech,

Measurements consist of statistical analyses (mean and

standard deviation) and histogram constructions. The

standard procedure for invoking a measurement function is

as follows:

1. The user initiates a connection with the PSMF over

the Arpanet.
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2. The wuser requests the Measurement function,
specifying filename and password of the file to be

measured.

3. The PSMF acknowledges.

4, The user specifies the nature of the measurement
and the filename and password of the file which

receives the analyses.

5. The PSMF acknowledges and disconnects to allow

other concurrent PSMF access.

6. At a later time the wuser can play back the

measurement file or subject it to further analysis.
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2.1.4 File Manipulation

Two provisions for PSMF file "manipulation" are included
in the current design: file appendage and file deletion.
These functions are available only to the site which

created the file.

The PSMF Append function permits a user to add voice
and/or non-voice control messages to an extant file of his

own creation. The procedure for appending is as follows:
1. The user initiates a connection with the PSMF over

the Arpanet.

2. The user requests the Append function, specifying

filename and password.

3. The PSMF acknowledges.

4. The user can proceed as in recording, except:

If the user trys to negotiate voice, and the

extant file contains voice data,
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a. The PSMF asks to be negotiation master.

b. The user accedes.

c. The PSMF presents the same negotiation

parameters encountered in the recording

of the original file.

d. The user agrees to al 1l suggested

negotiations.

e. The PSMF asks the user to be negotiation

master.,

f. The user agrees.

g. The user asks if the PSMF is ready.

h. The PSMF agrees.

i. The user sends a stream of voice and/or |

control message to be recorded.
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5. The user signals the end of the append session.

Application of the Delete function causes the named file

to be expunged. It is invoked as follows

1. The user initiates a connection with the PSMF over

the Arpanet.

2. The user requests the Delete function, specifying

filename and password.

3. The PSMF acknowledges.
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2.2 PSMF Protocol Extension (1)

PSMF Protocol

This protocol 1is an extension to the Network Voice
Protocol to allow access to a Packet Speech Measurement
Facility. It provides a means to specify recording and
playback of speech files, and then to select

measurements and statistical analyses of those files.

This protocol 1is based on the NVP: it uses the same

initial connection proceedures (ICP), assignment of
links, vocoder negotiation, and ARPAnet message
types/subtypes (type-0/0 for control messages and
type-0/3 suggested for data). The format of data
messages is the same as for normal NVP, The reader 1is

referred to the NVP document for details.

- ——— - ———— - - - — - - - - - - - —-——

1. This section was prepared in conjunction with ISI.
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The ICP for NVP 1is the following sequence of three

me ssages:

On link 377:  1,<WHO>,<WHOM>,K
On link K: 6, L

On link L: 1,<WHO> ,<WHOM> ,K

For normal NVP, the ANSWERER replies to the second
(1] me ssage by initiating vocoder negotiation.
Instead, when a PSMF is called, it replies with an "OK,
I AM A PSMF" message. After that, the caller can

request different operations using this PSMF Protocol.

P Summary of Messages

The PSMF Protocol messages are listed below, then
described 1later. A1l PSMF requests are made with the
same message code, with each different request having a
unique subcode. Acknowledgement is via a different
me ssage code with the subcode returned from the
request, The 1list of message codes and subcodes is as

follows:

(60] "OK, I AM A PSMF"
(611,01] "OPEN A FILE TO RECORD"
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i

[(611,[2] "OPEN A FILE FOR PLAYBACK"

(611,03] "OPEN A FILE TO APPEND"

(611,04] "RETRIEVE FIELDS"

(611,[5] "FIELD TO BE

RECORDED"/"RETRIEVED FIELD"

[(611,[6] WCLOSE FILE“/“END OF FILE™"

(611,071 WDEEETE FELE!

(611,081 "TEXT TO/FROM COMMAND PARSER"
(611,091 "DATA TO/FROM MEASUREMENT FACILITY"
(611,010l "OPEN A FILE FOR MEASUREMENT"
(62]1,[n] "POSITIVE ACKNOWLEDGEMENT"

(63],[n] "NEGATIVE ACKNOWLEDGEMENT"

Description of Messages

In addition to message codes and subcodes, PSMF
messages contain elements 1labelled <field-name> and
<string>. A <field-name> is a single 16-bit word which is
the identifier for a field as specified by the FSMF file
format. Possible values for <field-name> are listed later
in this document. A <string)> is a sequence of N+1 16-bit
words, where the first word is the count of words to
follow, i.e. N. Each word contains two 8-bit ASCII

bytes, with the byte in the most significant 8 bits of
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the word preceding the byte in the least significant 8

bits of the word. The string also includes either 1 or 2
NUL (binary zero) terminating bytes, depending on
whether there are an odd or even number of text bytes

contained in the string, respectively. That is,

<string> = N,W(1),W(2),...,W(N)

For example,

"FILENAME"™ = 5, FI, LE, NA, ME, 00

The other fields in the messages below are 16-bit words,
with the values right-justified in the word. Any extra
words 1in the message after those which are defined should

simply be ignored by the receiver of the message.

[(60] "OK, I AM A PSMF"

This message 1is used only to answer the second 1 message

during ICP. It consists of only one word:

60

[61],[1) "OPEN A FILE TO RECORD"

Only one file may be opened at a time, but different files

may be opened in succession (see the "EOF" message).
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This message varies 1in length; it contains two words

followed by two strings:
61,1,<{filename-string>,<{(password-string>

The PSMF will create a file with the given name (unless
the name is not suitable), and record the password to
compare against the password given when the file is
opened for playback. This operation will be
acknowledged, either positively or negatively, by a |

[62] or [63] message, respectively (see below).

{(61],(2] "OPEN A FILE FOR PLAYBACK"
This message has the same format as "OPEN FOR RECORD":

61,2,{filename-string>,<password-string>

The PSMF Will search its directory for the given
filename. If it 1is found, the password will be
checked against the one recorded with the file ¢to
determine if access is allowed. Again a [62] or [63] is

sent as acknowledgement.

{61),[3] "OPEN A FILE TO APPEND"
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This message allows the caller to append more information
or speech to the end of an extant file. Again; the
password must match the one recorded when the file was

created. The format is:

61,3,<{filename-string>,<password-string>

S g e

(61]1,(4] "RETRIEVE FIELDS"

When a file is open for playback, this message requests
that all fields with given field names be

extracted from the file and sent to the caller. The

message consists of the words:

61,4,n,<{<field-name 1>,...,<{field-name n>

This message is positively acknowledged by the receipt of
the requested fields, or negatively acknowledged
explicitly by a [63],[4] message. After all fields have
been sent, the PSMF sends an "EOF" message (this

includes the case where no fields exist).

[61],[5]) "FIELD TO BE RECORDED"/"RETRIEVED FIELD"

This message 1is of variable length, and may contain a

string or any collection of words:
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61,5,<field-name> ,N,W(1),W(2),...,W(N)

Voice files may contain text or binary fields. Messages
of this type which are received by the PSMF while a
file is open for record will be inserted 1into the file.
Note that voice data messages are not sent using
this message, but are sent on the NVP data 1link
instead. This message is also used to return non-voice

fields 1in response to a [61],[4] request.

{61),16] “CLOSE FILE"/"END OF FILE"

This message is sent by the caller to indicate the end of f
data to be recorded or to indicate that no more
information is desired from a file during playback. For
this wusage, the message has the consists of only two

words :
51.6

This message is also sent by the PSMF to indicate that no
more fields of the requested ¢type are 1left to play
back. It does not mean that the PSMF has closed the file.
This message contains the message code and subcode

followed by the number of messages transmitted:
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61,6,{message-count>

The <message-count> is a 32-bit integer.

(611,[7] "DELETE FILE"

This message 1s sent by the caiier to the PSMF. Its

format is
61,7,{filename-string>,<password-string>

This message 1iooks up the given filename, and deletes the
file 1t the password matches the one recorded with the

file,

(61],(8] "TEXT TO/FROM COMMAND PARSER"

This message provides a means to send text messages

to/from the measurement faciliity. Its format is:
61,8,<string>

These messages might be commands to the PSMF or repiies
from it. In addition, resuits of measurements
might be reported using this technique. Typically,

these messages wouid simply be typed out on the user's

terminai (if any).

Nt
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(611,(9]1 "DATA TO/FROM MEASUREMENT FACILITY"

This message has basically the same format as the [61],[8]
message, but the data is not necessariiy a string of

ASCII bytes:
61,9,N,W(1),W(2),...,W(N)

The meaning of these data words is not defined by this
document. This message is provided to allow
measur ement commands or data to be passed between the PSMF
and its «caiier; the sub-protocol which define the

meaning of the data words has not yet been specified.

[61],[10] "OPEN A FILE FOR MEASUREMENT"

This message has the same format as "OPEN FOR PLAYBACK":

61,10,<filename-string>,<password-string>

The procedure and response is the same as for "OPEN FOR

PLAYBACK" .

[62]),[n] "POSITIVE ACKNOWLEDGEMENT"
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This message echoes the message which it acknowiedges,

except that the [61] is repiaced by [62], for example:

61,1,"FILE", "PASSWORD"
62,1,"FILE","PASSWORD"

Currentiy, it 1is wused oniliy in this fashion to
acknowl edge opening of files. If in the future it
is used to acknowledge a message with a different format,
the format of the [62] message wouid again folilow the

format of the message it acknowl edges.

(63]1,[n] "NEGATIVE ACKNOWLEDGEMENT"

Like the [62] message, this message echoes the message it
acknowl edges. However, 1in addition to reoiacing the
[(61] with [63], this message appends a reason code and

string to the end of the acknowl edged message:

61,1,"FILE","PASSWORD"

63,1,"FILE" ,"PASSWORD" ,{reason-code>,{reason~-string>

If the sender desires not to inciude a
{reason-string>, he should indicate a nuli string by
giving a zero word count for the string. Therefore, the
minimal appendage would be two words of zero, the first

indicating an unspecified reason, and the second
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indicating a nuil string, Note that this message is aiso
used with the [61],[4] and (61],(5] messages,, which have

a different format:

61,4,{fieid-name>

63,4,{rieid-name>,{reason-code>,{reason-string>

Reason codes are defined iater in this document.

Vocoder Negotiation

In order to send voice data to/from the measurement
faciiity, the two parties must negotiate vocoder
parameters, However, a caiier who 1s incapabile of
handiing voice data may want to access textual data in
a voice fiie, so vocoder negotiation is optional within

a PSMF protocoi session,

Vocoder negotiation is initiated with an NVP
"RENEGOTIATION REQUEST" message, number [12], This

message consists of two words,
12,{I-master>

During recording of a voice file, the caiier sets
<I-master> to a nonzero vaiue to indicate that he

desires to negotiate the vocoder parameters to be stored
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with the fiie, For piayback, if the callier soecifies

voice in the "RETRIEVE FIELDS" command, the PSMF sends a

"RENEGOTIATION REQUEST" with non-zero <I-master>.

Acceptance by the caiier wiil cause the PSMF to conduct
negotiations as per the stored vocoder parameters. For
more detaii, see the sections on negotiation and

renegotiation in the NVP document.

Obviousiy, vocoder negotiation must occur before transfer
of voice data messages is possibie. On recording, if
the caliler sends voice data before negotiating, the PSMF

shouid simpiy ignore the data.

PSMF File Format Field Names

A fieid name is recorded as the first word of every
record in a PSMF secondary file to specify the fieid type.
The lieast significant 8 bits of the field name are the
field type, and the most significant 8 bits indicate
the use of that fieid, depending uoon the field type.

The foiiowing fieid names have been defined:

Fieid Type Use if Voice Use if Text
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0 voice (not defined) 1 author
1 controw 2 sender
2 text 3 to
3 binary 4 cec
4 graphics 5 subject
6 date
T summary

Reason Codes

The foiiowing reason codes have been defined:

0. Unspecified reason

1. No access right

2. Fiie does not exist

3. Wrong password

4, Vocoder negotiation needed first

5. No fiie has been opened

This 1ist is incompiete and wiii be augmented as the need

arises.
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2.3 PSMF Structure Design

The Digitai Equipment Corporation RSX-11M operating system
was chosen as the vehicie o deveiopment and

implementation of the PSMF. Reasons for this were:

a. A deveiopment machine under RSX-11M was available.

b. RSX-11M has adequate sof tware development tools.

c. A well developed file system is offered.

d. RSX-11M provides executive services for scheduling,
inter-process communications, timing, I/0, and

dynamic memory ailocation and mapping.

With these faciiities available, it was decided to design
the PSMF as a set of functionalily disjoint processes.
These processes would communicate via executive directives
and a common buffer area, and wouid share the services of

a set of library routines.

The PSMF user is, of course, unaware of these components. !

His view of the system might be as illustrated in figure

2.1,
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F | Figure 2.1
| User's View of PSMF

USER HOST RPANET

NVP

VOCODER ey

A more

at the PSMF host is diagrammed beiow in figure 2.2.

- - - - e S W W . S e ——————— - - -

Page 27
Section 2
Figure 2.1
PSMF
FILES
PSMF HOST
NVP

detaiied examination of the structure to be found
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Figure 2.2

RSX - 11M Executive

Network
Driver

!

!

Resident PSMF

and Control

Network Read Steerer

Non-Resident PSMF

Initial Connection

Network Listener

Test Process

< T — 7] RSX
Test

Figure 2.2
Process Structure at PSMF Host

Files
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The foliiowing sections discuss the design objectives of

the PSMF eiements iiiustrated in figure 2.2,
2.3.1 RSX-11M Executive and Network Driver

The executive provides a wide variety of management and
communications services. Expiicit invocations of
executive services are exciuded from the PSMF Function
process itseif (in order to faciiitate operating system
conversion), but are inciuded in the Library routines,

Controi process, and Test process.

The network driver provides an interface between PSMF
processes and Arpanet. By convention, network reads are
requested oniy by the Network Read Steerer and Control
process, via the mediation of Library routines. Network
writes can be requested by any process, again through a

Library routine, The executive manages 1/0 queuing,
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2.3.2 Library Routines

These are a set of re-entrant and position independent
routines which occupy part of the address space of alil
PSMF processes. They incorporate functions common to alil
processes, and when structured as a Library, serve to
reduce totai core space requirements, and to isolate
expiicit references to executive services. RSX-11M

requires that a Library be resident.
2.3.3 Common Area

This 1is a buffer or data area which occupies part of the
address space of all PSMF processes, faciiitating

interprocess communication, RSX-11M permits such an area

to be dynamicaily created.
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2.3.4 Network Read Steerer and Controi Process

This process is initiated from an RSX-11M t erminail. Its

functions are to:

a. Initiaiize PSMF data structures.

b. Initiate a process which 1istens to the NVP initiai

connection iink.

¢. Make Jjudgements as to the disposition of ail

network reads.

d. Communicate to processes, via global semaphores,

the resuits of any function requiring a network

read. This process wiil often be referred to as

the "Controi" process.
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2.3.5 Initial Connection Network Listener Process

This process is initiated by the Control process (2.3.4).
Its function is to iisten to NVP iink 377 for a protocol
sequence indicating a user's request for a PSMF function.
If this sequence is received, the PSMF Function process is

initiated.

2.3.6 PSMF Function Process

This process is initiated by the Listener process (2.3.5)
when a wuser requests a PSMF function, and terminates
itseif on receipt of an NVP "goodbye" message. Lt
incorporates aii the NVP and PSMF extensions necessary to

communicate with the user,

The principal PSMF functions are Recording, Piayback, and
Measurement. Each of these requires access to PSMF disk
files. Such access is mediated by a group of routines

which specialize RSX filie manipuiation to the PSMF's

needs,
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It may be possibie that the PSMF Function process t
initiates asynchronous processes on 1its own. The

Recording function, for instance, may initiate a process

which performs a sort on user's voice time stamps.

2.3.7T Test Process

This process 1s initiated from an RSX-11M terminal. Its
function is ©To simulate user access to the PSMF. As a

PSMF process in its own right, it conveniently provides a

test of the muiti-user capabiiities of the design.
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3. Current Implementation

This chapter describes in detaii the current ievel of PSMF
impiementation, which inciudes a working Record and

Pirayback fariiity.

Section 3.1 discusses the data structure design for PSMF
processes. Section 3.2 describes the PSMF file structure.
From there, a description of constituent moduies ensues.
Section 3.3 is concerned with the Network Driver, 3.4 with
the Library routines, 3.5 with the Controli process, 3.6
with the Initiai Connection Network Listener process, 3.7
with the PSMF file accessing routines, 3.8 with the Record
junction of the PSMF Function process, 3.9 with the Time
Stamp Sorting Process, 3.10 with the Playback junction of

the PSMF Function process, and 3.11 with the Test process.




Packet Sp eech Measurement Faciiity Page 35
Current Impiementation Section 3

3.1 PSMF Processes Data Structures

It was envisioned from the first that the PSMF wou.d
eventuaiiy support muiti-user activity. This anticipation
red to the design of a coherent data structure for all
processes, From the standpoint of inter-orocess
communication, it was desirable to have these data
structures 1in the address space of alil processes. These

considerations i1ed to the foliowing impl ementation:

a. All processes have associated entries in a "Link
Tabie", For processes which are actually involved
in network communications, Link Table positions map
into the iistening NVP links for that process. For
processes which do not need to communicate, pseudo

1ink positions greater than 400 are allocated.

b. A process's Link Tabie entry points to its
"Usertabie", which contains the fundamental data
structure for the process.(1) The Usertable is
ailocated from the Common buffer area when the

1. With the exception of the Test oprocess, which has
unconventionai needs for RSX associated structures.
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E | process 1s initiated, and de-aliiocated when the

process terminates.

¢c. Ali other data structure requirements for a process
(e.g. disk buffers) are met by aiiocations from the
Common buffer area. Pointers to these areas can

uitimately be found in the Usertabie.

d. Convention dictates that a process access 1its
Usertabie using indices relative to a singile
dedicated register, This convention faciiitates

iitra-process communications.

Figure 3.1 iilustrates these data structures.
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Figure 3.1
Figure 3.1 PSMF Process Data Structure
Link Table Common Area

User Table for 1 process

Process flags, local data

Pointers

Work Area

Disk Buffers

Network I/O Buffers
ERUGE Temporary Work Space

Register #5 Etc.
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In addition to the data represented in each Usertable,
there 1is a need for giobai data which can act as
semaphores. This need is met by the RSX "event fliags"
provision, which inciudes executive services for setting,

clearing, and awaiting such flags.
These semaphores are used to:

a. Lock access to data structures to prevent possibly

conflicting aiterations. For examplie, the linked

1ist of buffers in Common have a semaphor e

associated with aliocation and de-aliliocation.

b. Signai processes that an event has taken piace.
Each of the PSMF processes has a dedicated
semaphore, which is used to indicate that network

I/0 has been completed, or that a time deiay is up.

c. Signal a request for services. The Control orocess

can, for instance, be awakened by its dedicated

; semaphore to communicate a request for a network

read.
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3.2 PSMF File Strucutre

Data pertinent to PSMF storage, retrievai, and measurement

is of two fundamentaiy distinct types. Firstiy, there is

the actuai stream transmitted by the user. Secondly,
there is information reiated to arrivai time and
sequence, This dichotomy encouraged the foilowing

impiementation:

a. Any recording session resuits in two PSMF files: a

"primary" fiie and a "secondary" file.

b. The primary fiie consists simpliy of the stream of
data transmitted by the user, Any network
r esponses generated by the PSMF during negotiation
are aiso recorded - to serve both as a debugging

record and a guide during oiayback.

¢. The secondary fiie contains the recording date and

time, user identification, parcel timing, and file
size. In addition, for every message in the
primary fiie, the secondary file contains various
fiags, PSMF time stamp, and sorted 1ink to next (by

user's time stamp) message.
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It is intended that the secondary fiie contain ail
information needed by the measurement functions, as

weli as that necessary for ordered piayback.

3.3 Nétwork Driver

The network driver is the routine in the RSX-11M executive
which provides full duplex access to the Arpanet. This
access is achieved via standard RSX "QIO" executive
requests. RSX provides the mechanism for queueing
regquests and communicating parameters to the driver. It
is the driver's responsibiiity, on the other hand, to

signal normal or abnormal request comoletion.

The PSMF driver was designed to treat the interface as two
separate devices - one each for input and outout.
Compietion of a type 3 network write (uncontrollied) can be
signaiied merely by completion of physicai transfer to the
IMP, Compietion of a type O network write, however,
requires reading a corresponding RFNM from the destination
IMP. This means that, in general, processes do not
interface directly to the network driver, but are filtered
through Library routines which cooperate with the Control

process.

T
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3.4 Library Routines

These routines consist of re-entrant and position
independent code which 1is shared by aii PSMF processes.
Whiie such an entity is not strictly essential, it does
serve to reduce core requirements and compartmentaliize the :

use of requests for executive services.

There are many Library routines. They are briefliy

f described beiow.

3.4,1 Network Read

This routine will suspend a process if a previous network
read has not been compieted. It then signals the Contrail

process that data is expected from the network.
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3.4,2 Network Write

Type 3 writes and Type O writes are treated independentliy.
The Library routines will wait on a write of a given type
if a previous write of that same type has not been
compieted, A QIO is then issued to start the write, and,
in the case of a write type O, the Control process is

notified that a RFNM is expected.

In addition, Library routines are available to move data
to a temporary buffer before starting the write. This

avoids locking the process's own buffers while awaiting

compietion,
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3.4.3 Wait on Network I/O

These routines are caiied by a PSMF process or by other
Library routines to wait untii completion of a network
read, write type O, or write type 3. If no I/O0 is in

abeyance, no wait is effected,

3.4.4 Usertabie & Process Initiation

If a process 1is initiated by another process, some
communication of data 1is wusualliy necessary. A PSMF
initiating process wiil ailocate and set up a Usertable
for the initiated process, start that process, and

communicate the Usertabie address. Library routines

perform ail these functions.
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3.4.5 Time Interval Computation

A process's initiation time is stored in its Usertabie. A
Library routine is avaiiabie to compute, in mililiiseconds,
the difference between the time of call and the time of

initiation, This 1is wused as the PSMF time stamp during

the PSMF Record function,

3.4.6 Timed Suspension of a Process

This routine will suspend a process for a soecificied
number of miliiseconds. It is used by the PSMF Playback

function to time the transmission of encoded voice

packets.
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3.4.7 Management of Common Buffer Pool

The common pool of fixed 1length buffers suppliies
Usertabies, network I/0 buffers, disk buffers, and
temporary work space. A pair of Library routines are used

to ailiocate and free such buffers,

3.4.8 Process Exit

This routine frees aii the buffers owned by a process,
resets its 1ink tablie entry, and performs an RSX exit

cailii,
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3.5 Controi Process

The Control process is initiated at an RSX-11M terminai.
Its functions are threefoid: it initiaiizes PSMF
r esources, acts as a network read steerer, and adjudicates

network I/0 compietion.

3.5.1 Initializaton of PSMF Resources

As the first PSMF process to be invoked, it is the Controi

process's job to initiaiize resources:

a. Interprocess semaphores are reset.

b. The Link table is cieared.

c. A Common buffer region is dynamicaliliy created and a

mechanism is set up to aliow ail future processes

to map to it.

NSRRI . ORI, o
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d., The IMP is primed with a few NOPS.

e. The 1Initiai Connection Listening

initiated.

f. A network read is started.

3.5.2 Network Read Steerer

The initial network read wiil wake up the Controi process
when two words (32 bits) have been transferred into a :
special header buffer, The Controi process analyzes this

header to effect the disposition of the

message:

a. Unrecognizable headers cause the remaining message

to be discarded.

b. Links on type O and 3 messages .re examined.

i) If it is not an NVP 1link,

discarded.

ii) If the 1link is not owned by a PSMF

process, the message is discarded.

the message is

Page 47
Section 3

Process is

rest of the




Packet Sp eech Measurement Faciiity Page 48
Current Impiementation Section 3

iii) If the owning PSMF process had requested
a network read, the remaining message is read

into the area designated by the process.

iv) Otherwise a free buffer is aliocated., the
remaining message 1is read into it, and the
process 1is fiagged as having received an
unsoiicited read. This faciliity is designed
to aliow the Recording function to faii a
littie behind in its retrievai of type 3

messages.

c. A NOP is ignored.

}
|
|

d. A RFNM is used to fiag the corresponding network

write type 0 as complete.

e, An "incomplete transmission" is ignored. Failure
of a type O write is noted when no RFNM arrives

within five seconds.

f. An "interface reset" forces transmission of a few

NOP's and discarding the first input.
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g. ALl other messages are ignored.

3.5.3 Adjudication of Network I/0 Compiletion

The Controi process is notified of ail reguests for

network reads.

a. If an unsoiicited read has aiready been undertaken
on behaif of the requesting process, its data are
moved to the requested area and the unsolicited

buffer fiushed.

b. Otherwise the next network read with an appropriate

1ink is steered into the requested area.

In addition, the Controi process is notified of aiil

compieted network I/0. This provides a centrai point for

resoiution of PSMF process waits on network I/0. For
exampie, if a process requests a wait untii compietion of

network write type O:

a. The request is made through a Library routine which
checks if such a write has been requested but not

finished. If not, an immediate return is effected.
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b. The Library routine then ciears a global semaphore
assigned to the PSMF process, sets a "wait" flag in
its Usertable, and issues an RSX executive
directive. RSX wiil resume the process when the

gliobal semaphore has been set.

c. When the Network Read Steerer section of the
Controi process detects the appropriate RFNM, it
sees the PSMF process's wait flag, and sets the
proper giobal semaphore. RSX is thus signalled to

awaken the PSMF process.

3.6 Initial Connection Network Listener

NVP initial connection protocol requires an op ening
request on 1ink 377. Since PSMF processes are in general

associated with 1inks, it was convenient to assign the

initial connection function to a distinct process. This
Listener process is initiated by the Control process on

PSMF initialization (3.5.1) and performs the following

duties:
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a. It requests a network read on its iink of 377 and

waits pending read compietion.

b. When a message with the correct format is received,
the Link tabie 1is searched for the first free
entries. Such entries are mapped to a l1ink number,

e.g. 1ink 360.

c. The PSMF process associated with that 1ink number

is initiated e.g. the process named "NVP360."

d. The Listener process aiiocates and sets up a
r Usertabie for the new process, sends the Usertable
address, and goes back to the listening start. It

is the new PSMF process's responsibility to carry

on aii communications on its own links.
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3.7 PSMF File Accessing Routines

These are a series of moduies designed to interface
b etween a PSMF process and RSX-11M file-handliing
primitives. While suitable for Library inciusion, space
limitations now dictate that these routines be linked

separateiy with each fiie handiing PSMF process.

Each routine deais with a singie fiie at a time, e.g. with
either a primary or secondary fiie, Access is by record
at the PSMF level and by block at the RSX 1evel. Several

processes can simultaneousliy access a singie file,

An outiine of the routines follows.
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3.7.1 File Open Routines

A PSMF file may be opened for writing (record), reading
(piayback, etc.), or updating (append). In each case, the
using process suppiies the record size, file name, and the
file number (0 thru 3) which will be used for all future

accesses,

A file open routine will also allocate Common buffer space
for RSX specific fiie information, and two block buffers

for each file,.

3.7.2 File Ciose Routine

The fiile ciose routine will initiate an RSX file close and

free buffer space used by the file.
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3.7.3 Disk Read Routines

The disk read routines require a file number and record
number for access. A pointer to the requested record is
returned., As an option, the sequential read routine tries
to insure that a record's predecessor and successor are in

core in anticipation of future reference.

3.7.4 Disk Write Routines

The PSMF disk write routines write only out of the
"current" record buffer; in order to change a record,
that record must first be read. As an option, the
sequentiali write routine increments the "current" record

number and buffer address after each write.

Both the read and write routines empioy two block buffers
(16 primary file records or 64 secondary file records).

No physical disk transfer take place if either of the two

bliock buffers contains the desired record.
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3.8 Record Function

The PSMF Function process (Record and Playback) is
initiated by the Network Listener process (3.6). The
Function process continues the opening orotocol and awaits

a PSMF command.

The PSMF Record command has provision for a filename and

optionai password. The Record function is cailed and:

a. Opens two PSMF files: one with 64-word records and
the extension ",PR" (primary file) and the other
with 8-word records and the extension e SEN

(secondary fiie).

b. Sends an acknowiedgement to the user.

c. Records the PSMF Record command as the primary

file's first record,

d. Records the date, time, and user ID as the first
record of the secondary file. Parcel timing and
file size information is added to this record at

the conciusion of the recording session.

T —————
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The Record function then goes into a network iisten 1oop
in which certain messages are recorded on the disk. These

messages which are stored are:

a. PSMF "fieid to be recorded" messages.

b. Ali acceptable negotiations for voice transfer.
The Record functon will accept all suggestions

(except for message size greater than 976 bits.)

¢c. All voice negotiation repiies from the PSMF to the
user, These are fliagged appropriately and are used

as a guide during Playback.

d. When sufficient irformation for Playback timing is
availablie, the wuser can terminate negotiation and

record voice mezssages.

Every stored message has an entry in each of the primary

and secondary fiies,

a. The entire message is stored as a single record in

the primary file as it is received, preceded by a

word containing its length.
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b. The corresponding record in the secondary file
contains a fieid name word, a fiag word, the PSMF
time stamp in miiliseconds, words 3 and 4 of the
message, and provision for a 1ink to the next
record (to be sorted by user's time stamp by the

"Sort by Time Stamp" process).

The Record function remains active untii receiot of an NVP
"goodbye" or PSMF "end of fiie" message. In either case,
the primary and secondary fiies are compieted and closed.
The Sort process 1is initiated in order to 1ink the
secondary fiie by user's time stamp. A "goodbye" will
terminate the NVP connection, whiie an "end of filie" wilil

cause controi to return to the start of the PSMF Function

process.
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3.9 Sort Process

The Arpanet does not guarantee the integrity of 3 stream
of type 3 messages. Voice packets may arrive at the PSMF

out of sequence, as duoiicates, or may not arrive a% aili.

It is the function of the Sort orocess to 1iink a PSMF
message fiie so that Piayback message sequence wWill
closeiy approximate that in which they were sent. This is

accompiished by

L TP —

a, Linking the voice messages by the sender's time

s i

stamo.

b. Linking imbedded PSMF "fieid o be recorded"

messages as propitiousiy as pnossibuie.

The Sort process is initiated by the record function at
the conciusion of 2 recording session. Tne Sort oprocess
has no requirements for netsork communication, so is given
a 1ink tabie entry corresoonding to a network iink greater
than 400 (see section 3.1). It opens the secondary file

with shared access (to aiiow <2concurrent opiayback) and

performs the foiiowing functions:
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a. Using the parcei timing information from the first
record, a one minute "window" is estimated. This
is the maximum number of packets, at seven parceis
per packet, which couid be sent in one minute. No
search for a given record's 1ink will exceed the

boundaries imposed by pius or minus one window.

This is a consequence of the one-word length of the
user's time stamp. An unrestricted search for a
given time stamp could resuit in 1iinkage to an
inappropriate message with the same time stamp

moduio 2**16 as that expected.

b. An expected time stamp is computed from the present

time stamp and parcei count.

c. A forward search of the secondary file is made wup
to the window boundary. If a control message
(imbedded or preliminary) 5 encountered

immediateiy, it 1is 1inked and the entire search

begins again, If the expected time stamp is

encountered, it is linked and a new search begins.
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d. Otherwise a search in the negative direction uo to
a window boundary is made. If the expected time
stamp is encountered, it is linked and a newWw search

b egins.

e. Otherwise a iink is made to the record with the
time stamp differing least from the expected time

stamp, if any.

f. Otherwise the sort terminates. (No more records).

This aigorithm permits 1linkage of files consisting
entirely of control messages as well as those with

duplicate or missing messages.

3.10 Playback Function

Once a PSMF file has been created by the Record function
and liinked by the Sort process, it can be accessed by the

Piayback function of the PSMF Function process.

The PSMF Playback command has provisions for filename and

password, When this command is encountered by the PSMF

Function process,
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a., An attempt 1is made to open the oprimary and
secondary fiires associated with the filiename. If
this attempt is unsuccessful, a negative

acknowl edgement is sent to the user.

b. The first record of the primary file is read to
determine the password. If no password was used
for recording, no check is made of that included

with the piayback command.

c. A password comparison is made. If a bad match 1is
found, a negative acknowliedgement is sent to the

user,

d. Eise a positive acknowledgement is sent and the
Piayback function awaits user commands specifying

the information to be retrieved.

The PSMF extension to the NVP protocol permits selective
retrievai of stored information. In particuiar, the user

can request the playback of any combination of:

a. Non-PSMF controi messages.
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b. PSMF controi messages or subsets thereof.
¢c. Voice messages. |

The user specifies a iist of his selections in a PSMF
"fieids to be retrieved" command. The Playback function

then performs the folilowing:

a. If the user has specified voice, the PSMF conducts
negotiations as per those which were recorded. If
the user disagrees with any of the recorded

negotiations the playback session is terminated.

b. The secondary fiie is scanned from the beginning to
find any message types on the user's list. If
found, the corresponding record in the primary filie

is transmitted.

¢c. The interval timing between voice message .
transmission is computed from the parcel count and

parcei timing data.

d. If no further messages are to be retrieved, or if !
the user sends a PSMF "end of filie" command, 1
! Piayback sends a count of messages transmitted and

awaits a further list of selections from the same
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fiie. An NVP "goodbye" eiicits the same count and

a termination of the Playback session.

3.11 Test Process

The Test process was designed to provide a fuil testing
faciiity for the PSMF implementation. It essentialily
consists of highiy RSX dependent code, initiated from an

RSX terminai, which can read or write RSX files and access

the Arpanet as a PSMF process.

When initiated, the Test process:

a. Takes NVP links 375 and 376 for its own read links.

b. Asks for an input RSX file to read data and an

output fiie for resulits,

The input data can be commands to:

a. Affect network output: i.e. change destination

! HOST/IMP, output 1iink or message type.
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b. Read network input.

In addition, data to be transmitted over the network can

consist of strings

NCTY, B(2), .. qN(K)

where each N(I) is the octal representation of a PDP-11
word or Dbyte, or an ASCII string enciosed in doubie

quotes.,

These data strings are converted to an Arpanet message and
transmitted, typicailiy through the IMP and back to a PSMF
process, Data received from a network read are converted
to similar readabie strings and sent to the Test process
output fiie, This permits interactive (via a terminai) or

high speed (via an RSX disk file) testing of PSMF

constituents.
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4, Impiementation Compiletion

The schedule inciuded in the Preiiminary Design document
gives August 15, 1977 as a first reiease date and |
September 30, 1977 as a final reiease date for this

impiementation of the PSMF.

The first reiease wili incorporate the following

improvements and augmentations over the trial release:
a. The Append and Deiete functions will be inciuded in

the PSMF function process.

b. Improvements wili be made in the error recovery

procedures.

¢. Further discrimination willi be possibie to enable

Piayback of various subtypes of PSMF controi

messages.

The finali release wiil incorporate the Measur ement
function of the PSMF Function process. This will enable

quantitative analyses of PSMF fiies. These analyses will

produce PSMF fiies consisting of measures of:
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a. Reiative deiays experienced by voice packets.

b. Durations of speech and silent periods.

c. Classifications of packet sequences

dupliicates, missing, or out of order.

d. Classifications of packet types.

e. Histograms or statistical properties of the

These measurement fiies wilil be accessabie

Piayback function.

into

above.

via the

——
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5. Summary

This report has described the work performed at CCA on the
Packet Speech Measurement Faciiity during the initial

phase of its development,

A review of PSMF design objectives was folilowed by a
discussion of the structure formulated to meet these
objectives, An aopropriate protocol extension was
described, which was foliowed by a detaiied descrintion of
the current impiementation and its components. A short

summary of work scheduled to compiete this phase ensued.

The triai. reiease of the PSMF Record and Playback
functions has been successfuiliy empioyed by members of the
NSC community. We anticipate regular experiments once the
protocol extensions are incorporated into wuser NVP's.
Pians are currentiy under consideration for expansion of
PSMF capabiiities to give participants greater control
over and better access to those experimental situations of
interest to them., It is in this context that the PSMF

will become a vaiuabie network faciiity.




