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I.  INTRODUCTION 

Our Natural Communications with Computers IV ARPA research 

continued to make progress in the areas of: 

1. Speech Understanding 

2. Distributed Computation and TENEX Improvements 

3. Language Research 

4. Speech Compression 

Details of the work are included in this  our  twelfth guarterly 

technical progress report. 

During the past month, work has been devoted to all aspects 

of the BBN speech understanding system preparatory to the 

November site visit by the SUR Steering Conmivtee Executive 

committee. During this period, we have completed initial 

construction of the major components of the November system 

(acoustics, lexical retrieval, syntax, semantics, and control) 

and began shaking out the interactions among them. We have also 

begun the implementation of a phonological Tule component to 

stand between the acoustic feature extraction comoorent and the 

higher level components and deal with the systematic variability 

in pronunciation which can be dealt with DV r;]e. We expect to 

have the initial version of this component .tn operation by the 

time of the November site visit. 

All of the components of the system are currently incomplete 

in many respects apd require considerable further development. 

However, as part of the preparation for the November  evaluation. 
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BEN was required to prepare a document for a Steerinq Committee 

meeting to be neld in October that would give as accurate a 

picture a.c, possible of the structure of the November system, its 

status, and the goals o^ the BRN effort for the projected five 

year system. With the exception of two sections dealing with 

facilities and phonological rules, the suhctanco of this 

quarterly proaress report will be taken from that document. It 

represents a snapshot of the state of the project as we er/^er the 

experimental phase of the project in which we have initial 

capabilities in each of the individual components and we begin to 

evolve the techniques for their harmonious interaction. 

In our next progress report, we will return to the format of 

detailed descriptions of the advances made in the individual 

components of the system. 

This quarter our distributed computation project released 

its second version of the RSEXEC system which enables the RSEXEC 

user to enter into a uistnouted file system environment. We 

also published two RFC^s; one describing a proposed file access 

network protocol and another detailino the TENEX load fiaures and 

some observations about the data for network TENEX hosts for 

July, 1973. 

The TENEX efforts continued to be focused on our peripheral 

processor project. The PDP-11 tool building s^itware made 

substantial proaress with the importation and improvement of a 

PDP-11  assembler, refinements of our BCPL-PDP-11 cross compiler, 
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am a BCPL interactive debuqger. The computer center has taken 

delivery of a line printer for our PDP-11 which will be the first 

peripheral we will remote over the network to cur peripheral 

processor« 

The TENEX development effort also included improvements to 

the TENEX scheduler for increasing processor efficirncy under 

heavy loads. The TENEX EXEC and several TENEX subsystems 

including FTP and LINKlO were also improved. We aiso compilad 

and released a nev; version of the TENEX JSYS manual. 

Our research in comouter languages continued its efforts on 

LISP and also initiated an effort in automatic prociramming. The 

LISP work made substantial proaress in multiple environments and 

compiled code overlays with an initial version of the multiple 

enviroxvRvent LISP available for experimental use. A separate, 

test system which runs overlaid (swapped) code has been 

developed. Our automatic programmina work has been exploring 

techniques for procrram verification, optimization, and synthesis. 

In our speech compression research we have investigated 

several aspects of vocoders including smoothing of analysis 

parameters, preemphasis, pitch-synchronous analysis, 

time-synchronous synthesis and excitation models for the 

synthesiser. The computer simulation program has been expanded 

to facilitate the testing of many different configurations of 

speech compression systems. Our study in the past quarter has 

been  explanatory  in  nature with a view to improve further our 
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understanding of the roles  of the different elements  of  the 

vocoder,  especially  how  they relate  to  the quality  of the 

synthesized speech. 
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II.  CONTINUOUS SPEECH UNDERSTANDING 

A'  Structure of the November System 

In the acoustic end of. our system, the speech siqnal is 

sampled at 20 kHz and stored on a disc file. All subsequent 

analysis is performed on the digitized siqnal. Using our 

recently developed method of "selective linear predictive 

spectral matching" we perform an LP analysis on the 0-5 kHz 

region of the spectrum. Presently, almost all our parameters are 

based on tnat portion of the spectrum. (The only exception is a 

parameter giving the spectral energy between 5-10 kHz, which is 

used for the detection of frication.) The parameters used in our 

segmentation am feature extraction are based on: energy of the 

signal, energy of tne differenced signal, low-frequency enerqv, 

the first autocorrelat.'on coefficient, the normalized LP error, 

energy-sensitive ar-d energy-insensitive spectral derivatives, 

fundamental frequency^ frequencies of the two-pole model, and 

poles of the 14-poie model. We have developed an initial set of 

algorithms for the nondeterm-'nistic segmentation of the utterance 

into a feature or seoment lattice. Associated with each segment 

boundary are confidence measures that reflect the likelihoods of 

that point in the utterance being a seqment boundary and of being 

a word boundary. Another set of algorithms performs a feature 

analysis on each of the segments. We have concentrated thus far 

on the recognition of manner of articulation, e.g. vowel, nasal, 

lateral, retroflexed, plosive, fricative,  voiced/unvoiced.   The 
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only place-of-a:-ticulation recoqnition that we do is performed on 

the vowels. Confidence estimates for each of the features and 

for the entire segment are also given. 

The resulting segment lattice is processed by a phonological 

rule component which augments tne lattice with segments and 

possible underlying sequences of phonemes which could have 

resulted in the observed acoustic sequences. We associate with 

each added branch a predicate function which is later used by the 

word matcher to check for the applicability of the given 

phonological rule based on the specific word spelling and the 

necessary context. In this manner, the phonological rules are 

both analytic and generative. 

The current lexical retrieval and word matching component 

makes use of a phoneric similarity matrix for evaluating 

non-exact phoneme matches, phonologicaliy motivated deletion 

likelihoods for each of the phonemes in a word, and rudimentary 

duration cues based on stress marks in the phonemic spelling of 

the word. Words with three or tore phonemes which score above a 

threshold of match quality are placed in a word lattice and given 

individually to the semantic component which constructs one-word 

theories for them, monitors for words that could be semantically 

related to the given words, and generates events for each 

detected coincidence between two or more sema.cically related 

words. At this point, each vjord is also checked for matching 

inflectional  endings,  and  verbs  are  checked   fcr   possible 
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auxiliaries to their left and at the beginning of the utterance. 

These semantic coincidence events are sorted by the control 

component in order of their likelihood scores and at appropriate 

times are returned to semantics for the construction of larger 

semantic theories. In this way, multiple word theories are 

constructed which consist of semantically related content words 

which match well acoustically. When such a theory becomes 

maximal (i.e., semantics has no further words to add to it), it 

is then passed to syntax for syntactic evaluation. In addition 

to evaluation syntax picks up further words from the word lattice 

and proposes words (especially function words) to the word match 

component to fill the gaps between the words originally provided 

in the theory. Syntax also monitors for syntactic categories of 

words which i^ could use to fill gaps. When syntax completes a 

constituent (such as a noun phrase) it calls semantics directly 

to verify the consistency between the syntactic structure of the 

constituent and the semantic hypotheses fj>r its words. 

The control strategy maintains list of active theories, 

pending events, and proposeu words and classes — all ordered by 

estimates of likelihood — and determines which 

theory/event/proposal to work on ne:<t at each point. 

Some pragmatic inferences have been identified, but no 

systematic component has been incorporated. The construction of 

semantic procedures for answering questions using the data base 

has  not yet been implemented since we have previously done this 
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once with the LUNAH system and have been devoting  our effort 

instead to the new aspects of the system. 

B,  Status of the November System 

As f November, all of the principal components of the BBN 

stage-one speech understanding system will te operating. Working 

components includes signal processing, acoustical feature 

analysis, segmentation and labeling, phoroloqi^ai rule 

application, lexical retrieval and word matching, semantic 

evaluation and prediction, syntactic evaluation and prediction, 

and an OVö -all control strategy. The exponents have been 

exercised individually and in combination and apolicd to real 

data from a number of utteraaces. 

The acoustical analyzer and feature extraction component has 

been operational for several months now and has oeen steadi.lv 

improving in the reliability of its segment identification. 

However, it current output is rudimentary compared to the output 

that we anticipate ofceaining in the future, and in particular it 

ic generally not as precise or as reliable as the manually 

produced seament descriptions done by John Makhoal. Dennis Klact 

and Ken Stevens, It's descriptions are generally more va^ue tuar. 

the human speenroaram readers t.nf. it usually has a higher error 

rate. 

From the opposite direction, the higher level components of 

the system have been continually improved durim the paht several 
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ir.onths ii tneir ability to deal with the vague and error-prone 

output of the acoustic analysis and are now at the level where we 

can decipher acoustic segment lattices subject to certain 

limitations on vagueness and amount of error. We have 

Successfully cycled the system on both an ideal segmentation of 

an utterance (i.e , ^11 and only the correct phonemes) and one of 

John Makhoul's manually produced segment lattices which contains 

significant ambiquity and errors in the acoustic analysis. 

However, we have not yet successfully analyzed one of the more 

ambiguous mechanically produced segment lattices. Attempts have 

failed due to fatal phorome labeling eri.?^s which completely 

bäock critical word matches (beyond the ability of our error 

correction strategies to compensate) and to excessive vagueness 

in the labeling whicn permits enough extraneous theories that we 

excopd our current space allocations prior to finding the correct 

theory. 

We have been making rapid improvements during the past few 

months in both the accuracy and precision of the acoustic 

segmentation and labeling and in the ability of the other 

components of the system to de^l with ambiauities and multiple 

theories efficiently We expect to be routinely deciphering 

coiV?''■ iiy mechanically p oduced segment lattices by the end of 

the cux^tait contract yp?r 

Until a number of additional components have been 

implemented and current components have been expanded in their 
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capabilities, v^e do not believe that a useful performance figure 

can be achieved for a vocabulary of significant size and a 

grammar as extensive as ours. The necessary additions include a 

pragmatics component, speaker normalization operations, an 

expanded word matching component, more complete phonological 

rules, and the use of some suprasegmental cues. We believe that 

acceptable performance rates require all of these sources of 

information and although we will be able to decipher some 

sentences with a more limited facility, we do not expect the 

success rate of such a limited system to be satisfactory. 

In view of the goals of the speech understanding project at 

BBN, we are very pleased with the procress to date. We are 

getting a good feeling for the problems introduced by the scale 

of the vocabulary and syntactic flexibility that we want to 

handle eventually,, and are making good proaress in developing 

algorithms for dealing with them. One of our principal concerns 

has been that the techniques we develop be applicable to problems 

of realistic size and complexity, and we have been directing our 

efforts in such a way as to come to grips with these issues of 

magnitude and scalability as soon as possible. 

Each of the components of the current 'stem is imperfect, 

and even in the final system, the performance of individual 

components cannot be expected to be without error. Therefore, a 

major consideration of our effort has been the design of a system 

organization  in which  the  information  available   from  one 
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component compensates for the weaknesses or lack of information 

from another. We are now at the point where the details of -l.^so 

weaknesses and compensating abili-.ies are emerqing and 

experimentation with various interactions is becoming possible. 

In summary, the BBN speech understanding project has 

produced a working system which has cycled on both perfect 

acoustic analysis data and imperfect and ambiguous manually 

analyzed data. We have not achieved successful analysis of a 

completely mechanically generated acoustic analysis, because the 

extraneous possibilities permitted by the more ambiauous input 

grow beyond the bounds of our current space and time allocations. 

However, we expect improvements that we are now making in the 

acoustic analysis and phonological components to inorove this 

situation. The fact that the system as a whole works toaether is 

evidenced by the success achieved with the less ambiguous manual 

input. We are now '/el. into the experimental phase of the total 

^ystem development where the tuning and adjustment of the 

individual components to work in harmony together is one of the 

central issues, and we are making good proarcss in this area. 

With respect to the 19 specifications in Fianre 1.1 of the 

report. Speech Understanding Systems; Final Report of a Study 

Group, 197 3, our November system will accept continuous speech 

from z few cooperative speakers (3-lw), in a quiet room as well 

as a moaerately noisy computer room, over a good quality 

microphone- usino slight tuning of the system per speaker (to the 
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extent of measuring average formant ranges)r requiring no 

adaptation by the userf permitting a vocabulary (not acoustically 

selected) of 26Ö words^ with a natural English syntax of 

considerable scope and a task permitting complex and specific 

questions dealing with a large data base of factual information. 

The current system has no psychological model of the user (beyond 

a few heuristic biasen in the type of sentences which are 

expected), provides no graceful interaction, does not currently 

have a measurable success rate, and operates in something like 

100fc) times slower than real time. 

Our target system for 19 7b will accept continuous speech 

from many cooperative speakers with no significant speech 

pathologies or dialect differences, in moderately noisy 

environments, over a good quality mic.-ophone, using slight tuning 

of the system per speaker, but requiring only natural adaptation 

by the user, perr.tting a vocabulary in excess of 1,000 words, 

with a flexible natural English syntax and several different 

semantic tasks. The system will use a pragmatic model of the 

user and zhe context of his dialog, provide reasonable 

interaction, and will aim for not more than a 10% 

misunderstanding rate on sentences which are otherwise acceptable 

to a typed-input version of the system. The system will operate 

in such a fashion that its performance can br used to demonstrate 

the achievability of equivalent performance in real time when 

properly implemented on appropriate hardware. 

-12- 
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c*  ^ans for the Next Three Years 

Durinq the ensuinq three years of the fivo year plan, BRN 

wouid like to continue the development of a total system for 

speech understandina — with empha?is both on the imnCementation 

of sophisticated acoustic-phonetic and phonoloqical analysis and 

on the desiqn of appropriate strategies for usmq higher level 

linguistic knowledge to compenrate for the indeterminacies and 

errors in the acoustical analysis. All of the current comocnents 

of our system are in an immature state and require a great deal 

of additional work in order to i^ effective, and we propose to 

continue to refine and strenqthen them. . reover, as we 

mentioned before, there are components of the evontu tl system 

which we believe are critical but to which we have not yet been 

able to devote sufficient effort. The following is a list of 

specific oDiectives which we would like to pursue during the 

coming three years. 

1. build an acoustic verification component that will take a 
word and compare it with the acoustic parameters of the 
signal. This will supplement our current word match 
component which makes use of previously generated segment 
labels from the acoustic analyzer. The expanded acoustic 
verification component will be able to verify detailed 
sti^cturos of intcr-nhoneme fornant tracks, relativ«:1 

durations, etc. 

2, explore the possibilities for different ways of orcanizina 
the dictionary for sharing common parts of alternative word 
spellinus and perhaps for sharing common parts of the 
spellinqs of different word; . We would like to co^iuct 
several experiments in trying different strategies for 
cutting down ehe processing involved in findina closest 
matches between portions of an acoustic analysis and words 
in a large vocabulary. 
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^. integrate sor,e .n of prosodic information into the control 
strategy. We Id like to use the results of the U. of 
Michigan and Ü. ~\ac research in prosodies and whatever 
additional information we may discover as part of our 
system. 

4. continue work on phonological rules, both analytic and 
generative. We want to continue to develop rules and to 
incorporate them into the system, 

5. begin woi4 on speaker normalization: and speaker modelling, 

6. expand and improve the parser and grammar. We vant to take 
more context into account during the parsingr make use of 
more semantic information during the parse^ and extend the 
scope of the current grammar. Our current grammar has been 
cut back slightly from that of the LUNAR system, and there 
are further sv.itactic constructions which we would like to 
permit which '.ere aot contained in that grammar. 

7. finish implementing our larae vocabulary (1500 words or 
more), We want to conduct experiments measuring the impact 
of vocabulary size on the system. 

8. implement ü l:*rqe semantic nr twork corresponding to the 
larger dictionary. We would like to develop ways of 
constructing, maintaining, and accessing larae semantic 
networks, which will make the system easily movable to other 
semantic domains beyond the current moon rocks context 

9. expand th? praanatic component. We would like to ii.plement 
a fairly extensive pragmatic coriponent which would include a 
model of the discourse for use in dealing with anaphora and 
ellipsis and a user model tor making evaluations of the 
likelihood of the user making particular utterances in given 
contexts. 

10. study further the mechanisms for evaluating the relative 
merits of competing theories about an utterance, including 
the use of evaluation vectors and conditional probabilities. 

11, experiment with various control strategies and worry about 
frameworks in which to compare different strategies. We 
would like to develop some formal parameters with which to 
evaluate and compare different pcssible strategies within 
this framework. 

12, continue our search for algorithms and techniques for coping 
with the combinatorics inherent in this task. 

13. develop a system tlct we can push a lot of data through. We 
will need LG process large numbers of sentences with 
different  stra^Tic:3  and  techniques  in order  to  make 
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progress during the coming port < n of the project. 
Currently each sentence requires a considerable amount of 
processing time, and ehe machine resources which w511 be 
requ: red during this portio i of the project will greatly 
excetl what we currently have available. The speech project 
is currently consuming 2 5% of BBN's system~A TENEX, and we 
expect our processing requirements to increase by more than 
a frtctcr of four. Thus we dnr.icipate> needing eventually 
more computing pov/er than a single T£N£X can provide. 
Solution to this problem may require the acquisition and 
programmim of special purpose hardware such as a fast 
signal processor. 

14, design a projected real-time system. Curing tne Cinal year 
of the project, when we have gained sn improved 
understanding of the proble DS and the mec^ anisris required to 
solve them, we propose tn work cut a design for implementinc, 
such a system in particular hardware/roftware combination to 
achieve real txme performance. 

D.  Facilities 

IMLAOto-PDP-10 High Speed Interface 

During the past quarter we have designed and built a hiqh 

speed interface for passino data from TENEX to our IMLAC display 

facility. This 16-bit parallel data path will supplant the 9600 

baud serial data pcth presently used for all data and control, 

which path wilx then be used for (ASCII) terminal I/O only. This 

interface is now being checked out. 

The Interface has been designed to connect to the PDP-11 

which the TLHEX project will be using to control a line printer 

and other peripherals. Until that system is operational, we are 

usinq additional loqic t connect the "PDP-ll end" to a GP-10 

General Purpose Interface presently on the System-B TF.NEX. When 

the GP-Hi-IMLAC system has been completely checked out, the GP-10 

will  be  placet?,  on  the  main  TENEX system.   The  GP-IO   is 
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essentially a single device? interface, which necessitated 

building a multiplexer for it so as to leave it available for 

future applications. The GP-lO-IMLAC system will be used in the 

rDP-10-to^IMLAC direction only, which will require minimal 

software additions to the TKNKX system. When the data path is 

made to operate via the PDP-11, it will be full duplex. 

E,  Phonological Rules 

During the last quarter P^proximately 81) phonological .ales 

were posite-l. These ran irom purely phonological rules of an 

abstract nature to rules of a highly detailed phonetic kind, 

Must of the rules appear in two forms: generative, and analytic. 

Those *-hat do not have straightforward analyiic forms make up the 

generative component. This component will be used to elaborate 

upon tne dictionary entries, which are then fed into the word 

matching component. The remaining rules, which are in an 

analytic format, will operate upon the output of the feature 

extraction component: in order to normolizc .•*■ eiance forms before 

they are fed into the word matcher. 

The most common phonological rules which apply to our 1500 

word vocabulary have been discovered. Attempts are now underway 

to incorporate a few of the most useful rules into c running 

version of the system. Limited attempts are being made to employ 

a few of the generative rules in an analytic manner with the aid 

of special techniques. 
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Continuing research will center upon 6 areas for several 

months to come. (1) A format convention will be developed so 

that rules may be conveniently placed in the computer., and then 

run on the dictionary. The output will then be cdecked, and the 

precision and correctness of the rules will then be evaluated. 

(2) \ convention will be developed to express the phonetic detail 

necessary to the triqqering of tne rules. (3) Each of the 

optional rules applies in several environments. For any given 

rulesf the environments are very similar, but differ as to the 

probability of their applicction. Representing their dirferent 

probabilities, either as separa 2 rules or as some se_ of 

disjunctions within th'*2 rule, is an ongoing matter of 

investigation. (4) A measure of rule utility will be derived, 

based not only upon the size of the rule's lexical domain, but 

also upon the domain's probability of occurrence, and the rule's 

probability of application once given a suitable occurrence. (5) 

Rules that apply between words present some difficulties in 

implementation. This problem in undergoing the first staaes of 

examination. (b) Phonetic dcta needed to trigaer certain rules 

will be examined, and attempts to extract such crucial 

information from the sianal will be under ' en. Some progress 

has been made on suprasegmental phenomena, as well as the 

deletion or addition of seqmental forms. 
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III.  DISTRIBUTED COMPUTATION AND TENKX IMPROVEMENTS 

A'  distributed Computation - RSEXEC Developments 

During this quarter a sece iid version of the RSEXEC system 

was distributed to the ARPANET TENEX siies. The ;iew version 

greatly enlarges the capabilities of RSEXEC. An article in the 

September ARPANET NEWS (NIC #18748) announced the new RSEXEC 

system to the ARPANET community. 

An RSEXEC user may now enter into a distributed file system 

environment. Within this environment many of the standard TENEX 

EXEC file system commands have an effecl that extends across Host 

boundaries to include all TENEX Hosts on the ARPANET. To use 

distributed file system features, a user first defines a 

"profile" that specifics Hosts and file directories he commonly 

uses. From that snec'fication a "comnosite file directory", 

whicn includes all files in the directories specified, is created 

and maintained for the duration of the RSEXEC session. After the 

composite directory is defined, the user may use standard TENEX 

EXLC file system commands in a site independent manner, 

specifying o^1Y file name and extension, to access files in his 

composite direciory. In addition, files not in the composite 

directory may be referenced by usino "full pathnames" that 

include a Host snecification; for example, the command 

-TYPE (File) [SRI-AI]<BJONES>REPORT.OLD 

prints the file REPORT.OLD in  directory  BJONES  at  the  SRI-AI 
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Host. 

At the end of a session RSEXEC can be instructed to maintain 

a permanent copy of the ussr's profile. By saving his profile a 

user can use the file system features in future RSFXEC sessions 

without the necessity of first respocifying his ccmposite 

directory. If a permanent record of his profile is to be 

maintained, a copy of a profile file is sent to each Host 

specified in the profile. By distributing copies in this manner 

RSEXEC insures that the user can use the file system features of 

RSEXEC from any TENEX Host without first having to redefine his 

profile. The profile file itself is transparent to the RSEXEC 

user, being accessible only indirectly via the profile editing 

command' of RSEXEC. 

While RSEXEC attempts to make the network transparent, it 

helps the user take advantage of the distributed nature of the 

file system. One way it docs this is by allowing the user to 

increase the "accessibility*1 of files he considers important by 

making it easy to maintain multiple copies or "images" of such 

files at different sites. For example, the following user-RSEXEC 

dialogue results from an attempt to rename a multi-imaae file: 

«-REHAME (File) DATA.OLD (to be) DATA.N^W 
Rename each Imago ? N 
Image at [BBN-TENKXj'-TOWES> ? Y 
Image at (I4-TENEX]<RTJ> ? N 
Image at [SRI-ARC]<BJONES> ? Y 

■»■■ 

Before the RENAME command occurred there were three images of the 

file  DATA.OLD (one each at BBN, 14 and SRI-ARC); after it, there 
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is one image of DATA.OLD (at 14) and two of DATA.NEW (at BBN and 

SRI-ARC). A* suggested in the previous paragraph user profile 

files are maintained by RSEXEC as multi-image files. 

In distributed systems such as RSEXEC it may  often be  the 

case that the peripheral devices needed by a user are not located 

at the Host where the user's process is executing,  Tc help users 

cope with  this  jort of problem the RSEXEC  includes a BIND 

command.  With BIND a user can declare that a  particular device 

name  is to refer to that device at a Host he specxf-ies.  After a 

device has been "bound" in this manner, subsequent references  to 

the devica are directed to the Host specified.  For example, a 

user at the AMES-TIP using an RSEXEC on the BBN-TENEX Host could 

use the followii  sequence of commands: 

*-BIND (Device) LPT (to Site) AMES-TIP 
-MPort #) 1 
«-LIST (Files) FILE.ONE FILE.TWO 
-COPY (File) FILE,THREE (to file) LPT: 
-BIND (Device) LPT (to Site) CASE-10 
-LIST (Files) FILE,ONE 

to produce listings of files FILE.ONE,  FILE.TWO  and  FILE.THREE 

for  himself  at  device port #1 on the AMES-TIP and a listing of 

FILE.ONE for a friend at the CASE-10 TENEX,  At present the  line 

printer  is the only device that can be bound by RSEXEC.  We plan 

to extend the binding capability to include other devices such a? 

DEC tapes. 

The new RSEXEC system includes some minor improvements to 

the network command language service it provides for TIP users. 

The TIP RSEXEC  has  been  extremely  reliable  rince  multi-site 
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TIPSERr the program that supports use of RSEXEC by TIP usersr was 

installed at BBN-TENEX and ÜSC-ISI (see our last Quarterly 

Progress Report BBN Report #2607) ; thcro is almost never a time 

when a TIP user is unable to get access to an RSEXEC. We are 

currently working closely with the TIP group here at BBN to 

expand the services provided by the TIP RSEXEC system. 

Shortly after the new RSEXEC system was distributed the 

SRI-AI TENEX Host ctarted running the RSEXEC server procrram on a 

regular basis. AL present eight of the nine ARPANET TENEX sites 

run the RSEXEC system when they are up and connected to the 

network, (The exception is the PARC-MAXC Host which intends to 

run it when it starts lu: ling TENEX 1.31, the latest version of 

TENEX.) 

In order to er,large the scope of the RSEXEC system to 

include non-TENEX Hosts, the network protocol that supports 

RSEXEC activity has ^een redesianed to be less TENEX-specitic 

and, therefore, more easily implementable by non-TENEX Hosts. An 

unfortunate side effect of this protocol change is that further 

interaction via RSEXEC with the MIT ITS systems (MIT-DMCG, 

MIT-AI, MIT-ML) will not be possible until thr. ITS user and 

server programs are converted to the new protocol. 

The new version of the RSEXEC system solves a deadlock 

problem involving the exchange of Host status information by the 

RSEXEC  server  (RSSER)  programs.    The  problem  itself   is 
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interesting in that it did not appear until the system had been 

running nearly four months. The "lurking bugH in RSSER that 

caused the deadlock became evident when a relatively minor 

modification was made to the vay the TENE ' Network Control 

Program (NCP) manages netv-ork buffer allocations. The appearance 

of this kind of bug in a program that uses the network 

demonstrates how sensitive £>uch programs are to even minor NCP 

changes« 

Each RSSER program includes a process (STASER) responsible 

for exchanging status information with the RSSER programs at 

other network sites,  STASER accomplishes its task by: 

1. Periodically waking up and requesting status information 
from each of the other RSSER programs, and; 

2. Maintaining a socket in a "listening** state which other 
RSSER programs may connect to in order to request status 
information from it. 

In order to prevent the occurrence of so-called "deadly embrace" 

situations  in winch two STASEP processes at different Hosts each 

attempt to read status information  from one another  and  thus 

become  "hunq"  because each is waiLing on the other to send the 

information, STASER is programmed to: 

1. Give higher priority to status transmission, and; 

2, Abort a transmission to a site if it is simultaneously 
attemptinq to acquire status information from the same 
site. (This prevents two STASERs, each trying to send to 
the other, from becoming hung as network buffers become 
full since neither process ii emptying them.) 

We realized that this  approach  prevented  the  deadly  embrace 

situation  between  any  two STASER processes but did not provent 

such situations from occurring between "looped daisy  chains"  of 
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TIPSER, tb' prograrr, that supports use of ASFXLC by TIP users, was 

installed at BBN-TENEX and ÜSC-ISI (see our last Quarterly 

Progress Report BBN Rf ort *: bOl) ; there is almost never a time 

when a TIP user is unable to g.t access to an RSFXEC. We are 

currently working closely with the TIP a^nup here at BRN to 

expa'.d tre services provided by the TIP RSEXEC system. 

Shortly .^fter ti.e new RSEXEC system was distributed the 

SRI-AI TENEX Host started running tl^e RSEXEr server proqram on a 

regular basis. At present eight of t'.-e nine ARPANET TENEX sites 

run the RSEXEC system wh^.n they arc up and connected to the 

network. (The exception is the PARC-MAXC DSt which intends to 

run it when it starts running TENEX 1.31, the latest version of 

TENEX.) 

In order to enlarge the scope of the RSEXEC system to 

include non-TENEX Hosts, the network protocol that supports 

RSEXEC activity has been redesianed to be less TENEX-specific 

and, therefore, more easily implementablc by no^-TENEX Hosts. An 

unfortunate side effect of this protocol chanae is that further 

interaction via RSEXEC with the MIT ITS systems (MIT-DMCG, 

MIT-AI, MIT-ML) will not be possible until the ITS user and 

server programs are converted to the aew protocol. 

The new version of the RSEXEC system soxves a deadlock 

problem involving the exchange of Host status information by the 

RSEXEC  server  (RSSER)  programs.    The  prob en  itself   is 
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three or more processes (i.e., A trying to send to B which is 

trying to send to C which is trying to send to A, etc.) However, 

we (unwisely) felt thav: the occurrence of such chains would be 

extremely rare and therefore not a real problem. Experience 

seemed to justify our feeling. For the first four months that 

the KSSER programs were operational not a single case of a 

multi-STASER deadly embrace occurred. 

In reality, the looped daisy chain situation was (unknown to 

us) occurring fairly frequently• The deadly embrace did not 

occur because the NCP buffer management strateav used at the time 

was to allocate enough buffer space to hold an entire status 

report when network connections were initially opened; as a 

result, each STASFR in a loopec' chain was able to safely send its 

entire report to the "next" STASKR in the chain before reading 

the report requested from the "previous" STASr:k. (In other 

words, the NCP's buffer allocation strategy made precaution (b) 

above was unnecessary.) Then, the TEWEX NCP buffer management 

strategy was changed to defer allocation of buffer space until a 

receiving process first attempted to read from a connection. As 

soon as this NCP change war; installed the looped daisv chain 

deadly embrace began to occur several tin^s a day; since no 

STASFR on the chain attempted to read until it transmitted its 

report (sendino is considered higher priority) none had 

allocation to send and 2 deadlock resulted in vhich all processes 

on the chain became hung. 
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To prevent such deadlocks the new RSSER program uses a 

simple strategy: two processes are used to maintain status 

information. One process is dedicated to requesting information; 

the other, to sending out reports when they are requested. 

During this last quarter our work on the RSEXEC system 

resulted in two RFCs. RFC #535 discussed the possibility of a 

File Access Protocol. The next major step in the RSEXEC 

development is to make the TENEX-wide, distributed file system 

available to executing programs. An important part of that step 

will be to implement a File Access Protocol. The existing File 

Transfer Pre -ocol makes it possible for a process on one Host to 

manipulate files on another Hcot as "atomic items" (i.e., files 

may be stored and retrieved in whole, etc.). The intent of a 

File Access Protocol is to make it possible for a process on one 

Host to access parts of a file which may be stored on another 

host. In effect, FTP provides means for a user to have (parts 

of) file activity of the sort typically initiated at the command 

language level "slaved" across the network to the site where the 

fil*e resides. In a similar way, a File Access Protocol would 

allow file activity of the sort typically initiated by programs 

at the operatinq system or monitor level to be "slaved" across 

the network. 

In RFC #546 we report on TENEX load figures for the month of 

July 19 73. In that RFC the average weeKday load for the ISI and 

BBN Hosts is plotted as a function of tine of day.   From these 
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plots w^ m-ide some observations regarding the working habits of 

the ISI and BBN user communities. The load data is obtained as a 

side effect of thf? activity of the RSEXEC system. Figure 1 is 

the average weekd^ load figures for the network TENEX liosts for 

September 1973. 
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LOAD DAT^ FOR ARPANET TENEX SITES 
FROM; SEPTEMBER 1, 19 7 3 
TO:   SEPTEMBER 30, 197 3 

-ND- NO DATA FOR SITE 
FEWER THAN 25.0% OF POSSIBLE SAMPLES AVAILABLE FOR AVG 

WEEKDA ' HOURLY LOAD AVERAGES 

BBN 

0000 
.62 
.52 
• 41 
.39 
.46 
.46 

0600 
.63 
.99 

2.29 
3.65 
4.69 
3.72 

1200 
4.24 
6.03 
6.24 
6.11 
4.57 
2.09 

1800 
1.66 
1.50 
2.19 
1.71 

35 1. 
.96 

CASE 

.94 

.87 

.81 

.75 

.74 

.75 

.74 

.85 
1.01 
1.31 
1.57 
1.66 

1.61 
2.07 
2.28 
1.72 
1.39 
1.13 

.97 
1.05 
1.05 
1.11 
1.00 
.95 

CCA 

1.53 
1.45 
1.27 
1.11 
1.11 
1.09 

1.38 
1.29 
1.59 
2.01 
1.79 
2.12 

2.21 
2.6 3 
2.33 
2.2 3 
1.86 
1.62 

1.33 
1.20 
1.52 
1.73 
1.6 5 
1.74 

14 

.75 

.59 

.38 

.41 

.33 

.17 

.36 

.40 

.45 

.92 
1.91 
2.47 

3.13 
3.61 
2.00 
3.04 
3.34 
3.19 

2.66 
1.96 
.82 
.71 
.71 
.60 

ISI 

1.28 
1.12 
.96 
.57 
.6- 
.6/ 

.61 

.75 
1.37 
2.31 
3.90 
5.77 

7.52 
7.56 
6.75 
5.1b 
5.48 
4.97 

3.9 0 
2.77 
2.9 6 
2.52 
2.13 
1.5B 

NIC  SRI-AI 

.77 

.58 

.67 

.34 

.20 

.24 

.70 
1.17 
1.44 
1.62 
3.49 
3.63 

4.02 
4.00 
3.83 
3.63 
3.19 
3.39 

3.47 
2.81 
2.2b 
1.82 
1.3o 
1.27 

.80* 

.79* 

.70* 

.52* 

.31* 

.09* 

.40* 

.07* 

.07* 

.16* 

.65* 

.63* 

.64* 
1.76* 
.96* 

1.47* 
1.22* 
2.11* 

76* 
10* 
54* 
67* 
75* 
81* 

UTAH 

1.46 
1.13 
.86 
.72 
.77 
.52 

.52 

.40 

.26* 

.58* 
1.55 
2.41 

3.73 
3.26 
3.63 
4.74 
3.91 
3.63 

3.^2 
2.11 
1.62 
1.31 
1.17 
1.53 

Fiqure 1 
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In July we particioated in a panel session at the 19 7 3 

Summer Computer Simulation Conference titled: "Gaminq-Simulaticn 

with Computer Communication Networks", The session was an 

interdrsciplinary one in which experts in simulation, gaming^ 

teleconferencing and distributed computing discussed th^ 

feasibility of combining their technoloaies to provide tools to 

assist decision makers in government and Industrv in dealing with 

the urgent problems of energy use, trade balance and monetary 

stability in the international arena. The session itself was 

part of an effort which has since developec into a joint 

U.S.-Japan piüject known as GLOSAS (for Global Systems Analysis 

and Simulation). T'ie initial focus of the GLOSAS Proj 'Ct will be 

the energy crisis facing both the U.S. and Japan. The general 

objectives of the project are "to promote simulation 

methodologies on a global scale (via international computer 

networking),  to solve worldwide problems centered on energy 

. . issues, and to develop better understanding among policy makers 

in each country on these problems as well as furthering 

scientific and cultural exchange". (quote from draft project 

proposal for GLOSAS entitled "Global Systems Analysis and 

Simulation of Energy, Resources and Environmental Systems").  We 

, .       view  GLOSAS  as  an exciting  and important project and plan to 

- -       continue our participation in it. 
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B* Peripheral Processor 

We are in the process of moving character-oriented device 

processes from the TENEX monitor into a PDP-11 ARPANET mini-host 

peripheral processor. This will improve the accessibility and 

maintainability of these peripherals, while economizing on the 

600 microseconds per character processing currently required of 

the PDP-10. 

The first step in this project is providing an adequate 

level of software production support for the PDP-11. Since TENEX 

provides the most support.'ve programming environment available, 

this will be done by cross-assembly, cross-compilation, 

cross-debugging, and cross-network bootstrap loading: all 

software production work will Le done inside TENEX, 

Accordingly, we surveyed all available PDP-lii to PDP-11 

cross-assemblers, and adopted the PAL-11X generated by the 

Massachusetts Institute of Technology Artificial Intelligence 

Lab. This was the most powerful cross-assembler we found, as it 

provides very talented macro facilities and pseudo-ops. However, 

it only provides generation of absolute code, making it 

impossible to link together separately-assembled modules. During 

this quarter, we modified the assembler to generate relocatable 

code which is linked using the standard Dicri^al Equipment 

Corporation subsystems LOADER or LINKIM. The modified assembler 

has been returned to MIT, distributed to the ILLIAC Project at 

NASA AMES  Research  Center, and wiM be distributed to all ARPA 
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TLNEX sites as soon as we have updated the PAL manual to reflect 

our chanqes. 

Of course, we want to program the PDP-11 in a high level 

language in order to reap the benefits of software which is 

easier (less expensive) to generate, understand, debua, modify, 

and export. The language we selected is HCPL, (Basic Compatible 

Programming Lancmaqe) which was developed at the Massachusetts 

Institute of Technology Project MAC. This languaae currently 

supports the signal processing functions of our Speech 

Understanding and Recognition System, and is a particularly good 

choice because it is quite general, extremely simple, and 

relatively efficient. 

In our last Quarterly Pronress Report, (BBN Report #26M7), 

we reported an initial version of the BCPL cross-comniler which 

was generated by replacing the PPP-lU code output module with a 

PDP-11 cole output module. The output of that cross compiler, 

however, was disappointingly inefficient in its use of (scarce) 

PDP-11 core memorv. 

This quarter we receded the BCPL translator module to 

include two staaes of local optimization: register and storage 

allocation, and operations which can be combined or simplified. 

The new PDP-11 cross-compiler generates very ef.ficient code, and 

it will be distributed to all ARPA TENLX sites as soon as we 

complete the BCPL manual. In the meantime, this compiler was 

delivered to the University of Utah for testing and evaluation in 
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connection with their PDP-11 display system development. This 

compiler generates PAL-llX source code which may be separately 

assembled# then link-loaded with other BCPI, or PAL modules. 

The new line printer i'J now connected to the PDP-ll, and a 

number of timing, testing, and demonstration programs have been 

written in BCPL and run on the PDP-11. Of course, the line 

printer will not be available over the network as a peripheral to 

System A and System B until our IMP is delivered next month, 

(There are currently no IMP-host interfaces available for 

attaching the PDP-11 to the network.) 

Debugging these programs has been quite painful, as no 

debugging aids were available, and problems were being 

concurrently uncovered in the compiler, the assembler, the PDP-11 

processor, and in the line printer hardware. The need for 

debugging aids is critical, and we are now exerting effort in 

that direction. BDDT, the interactive, symbolic debugcier for 

PDP-lO BCPL proarams has been operational for several months and 

is now ready for distribution to all TENEX sites. It is more 

general and powerful than DDT, as it provides stack untracing 

features, execution of arbitrarv command strings when 

encounterinq a breakpoint, and display of the original BCPL 

source statement corresponding to the program location under 

scrutiny . 

The third-level network protocol has now been defined to 

permit BDDT to serve a^ a cross-network debugger which will debug 
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BCPL code in any machine which provides thv. protocol interpreter. 

This protocol is extremely simple^ permitting easy implementation 

of a small debugqing module for any machine. Of course, all 

source and symbol files will remain on the TENL'X system where 

BDDT is running. 

C.  Monitor Improvements 

Measurements performed on the BBM-TENEX system running with 

192K of memory under heavy load revealed that tyoically 30-35% of 

available processor cycles were being expended in the scheduler. 

The problem tended to intensify with smaller amounts of core due 

to increased scheduling freguency. 

More detailed measurements were made  to pinpoint those 

sections of the scheduler which were heavy consumers of processor 

time.  These indicated that redesign of certain sections  of  the 

•*       schedule::  was  called  for and,  in addition,  other  system 

modifications were needed tc roduce the scheduling frequency. 

A new version of TENEX, with a redesigned scheduler and 

other system modifications is now in operation at BBN and we are 

currently evaluating the performance. Measurements show that 

under typical mid-day load with 170K of core currently available, 

we now expend 13% scheduling. The measurements have also 

indicated that further improvements are possible and an updated 

version has been prepared but has not been evaluated at this 

writing. 
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Our program of system r.rMSurements has also revealed 

weaknesses in the core manac,ement logic presently used in TENEX 

and efforts are now underway to improve this and, hence, system 

performance when running with relatively small amounts of memory. 

Another feature added to TENEX during this quarter allows 

more convenient use of high-speed terminals. This feature counts 

the number of line-feeds output ""'.nee the last input operation to 

prevent terminal output from scrolling out of view before the 

user has an opportunity to read it. Just before outputtinq the 

line-feed that would cause the count to reach the page length 

terminal parameter, a bell is printed and output is suspended by 

waiting for any character to be typed in. The character so typed 

is thrown away and output continues (remember that any input- 

operation zeroes the line-feed counter). To prevent contusing 

type-ahead with the continuation character, output is not 

suspended if type-ahead exists (i.e. the input buffer is not 

empty). This feature is implemented by use cf a new terminal 

type (number 10 octal). The EXEC command "TERMINAL (TYPE IS) 

SCOPE" allows the user to specify this terminax tyoc. The new 

"LENGTH (OF PAGE IS)" command allows the paae length of a 

terminal to be specified. Note that use of this command is not 

restricted to display terminals. Other tenoinal type names have 

aiso been added to combine terminal type "SCOPE" and the page 

length of particular brands of display terminals. 
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D.  Subsystem Improvements 

Version 1.51 of the TENEX EXEC has been distributed to sites 

on the ARPANET. This version contains (in addition to those 

described in BBN Report Number 2607) comnands for redirecting 

input and output files ("REDIRECT11 and "DETACH") and determining 

("TRMSTAT") the parameters associated with the terminal as seen 

by a user program running under the EXEC. 

Files listed by the "DIRECTORY" command are now flagged with 

;S if tlie file is a scratch file and ;T if it is a temporary 

file. If a file has been declared epheneral, a ;E flag will also 

bö included. The distinction of scratch files and temporary 

files is an aid when the user is attempting to decide which of 

the options to "EXPUNGE" to select — previously both scratch and 

temporary files were printed with ;T thus creating confusion. 

In the past some amount of difficulty was experienced with 

^he accounting system if the time and date were specified 

incorrectly when the system was restarted. To help prevent these 

errors, the EXEC checks the time typed in by the operator against 

tne last write date of the FACT (accounting) file. If the 

specified time is not within eleven hours after the last FACT 

file entry, the time given by the operator is typed out in a 

verbose format and he is asked to reconfirm it. 

Several improvements were made to the FTP (File Transfer 

Protocol) subsystem this quarter.  First, a situ-dependent option 
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was provided to permit access by an anonymous user, i.e. a 

person at another site who wishes to access files without going 

through the FTP "login" sequence. This user is permitted to 

access only those files which are specified to be accessible to 

everyone. This option is cuirei tly in use at BBN and at the 

University of Utah. 

FTP has aljo been changed  to make  use  of  the account 

validation mechanism used  for system login.  A remote user may 

either make use of his default account number  for FTP service 

chargesf or he may supply an account number. FTP then verifies 

that this user may access the account in question. 

LINKlfc), the new loader provided by Digital Equipment 

Corporation, is now fully operational on TLNEX. The new system 

building procedure takes advantaqe of LINK10 to achieve a larae 

::peedup in generation of a new system, 

E.  TENEX Real Time Interface 

The analog to diaital converter and associated equipment 

have been re-a.liqned to improve the linearity and reduce the DC 

offset. The noise floor has been measured and found acceptable 

for use in the speech research project. 

^n addition has been installed to allow sampling instants to 

be specified by rxternal events rather than by the internal 

clock.  This pcrm.ts an experimenter  to  (for  instance)  avoid 
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distortion due to tape stretch by rejordinq a clock track in 

addition to his data on a nvilti- channel tape recorder. The clock 

signal is then used to triciqer sample takinq when the data is 

digitized. 

F.  Documentation 

The new JSY? Manual was completed this quarter. It has been 

considerably expanded to document the user interface to the 

ARPANET. A number of helptu? examoles of siF.Dle, cornmon 

programmina sequences are included to assist the novice TENEX 

programmer. In addition documentation is provided for all the 

system calls which were installed since the publication of the 

previous JSYS manual. The previous manual is currently available 

on-line at the NIC, and the current manual will be made available 

to the NIC to use as an update. 

The TENEX TECO Manual has been updated to reflect all recent 

chanqes to the proqram itself. The manual will be available 

soon. 
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IV.  LANGUAGES 

A.  LISP 

We have made substantial progress on multiple environments 

and compiled code overlays. 

The initial version of Interlisp with multiple environments 

is available for experimental use. It includes all the required 

modifications to the interpreter and the nu-jhine lanquaae SUHR's, 

as well as the required r" mges to the break packaae, the editor, 

and PRETTYPRINT. All of the basic stac... manipulation functions 

are implemented. The remaining tasks are the compiler 

i difications and the stack conpactifier. 

We also have developed a separate test svstem which will run 

overlaid (swapped) code. The following areas of the project have 

been co»nrleted: 

1. MKSWAP and MKUNSWAr 

functions to make resident compiled code be swapped or 
vice-versa. 

2. The internal mechanisms to call and return from swapped 
code; and BRSFIX# the routine „o adjust the swapped code 
buffer and base register when returning to a swapped 
function. 

3. SWAPIN 
the swapper which is responsible for moving code in and 
out of the buffer and keeping track of what is in the 
buffer. 

4. SETSBSIZL 
a function for declaring how much of the resident 
address  space  should be  reserved  for  the  swapping 
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buffer.  This  allows  convenient optinn zation of  the 
buffer size. 

5. BRREST 
a routine to restore the buffer ard base reqister from 
control tables. This permits clearing the buffer area 
before saving the state of the system (SYSOUT, MAKESYS) 
frnd using the buffer area for special internal purposes 
such as garbage collection. 

6. The changes required to other functions such as FMTYP 
which is aware of two new types, and the non-standard 
control transfers RETFROM, RETEVAL, etc. which must 
restore the base register and buffer for the function 
returned to, 

7. Changes to the block compiler to permit block compiled 
code to be self-relocating. 

There are three areas  that need more work  prior  to an 

Interlisp release with overlays.  They ar?: 

1.  MAKESYS and SYSOUT 
these arc in progress bun incomplete. 

26  Garbage collector modifications to reclaim from swapping 
space.  The trace fron swapping space is done. 

3.  Mergina the multiple environment system with the overlay 
system. 

B*  Automatic Programming 

Among the "lowroad* problems mentioned in a recent automatic 

programming report by Balder (l]f is that of data representation 

theory. Specifically, what perturbations can be made to a 

representation without affecting its real use and how is a data 

representation interdependent with procedures? 
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In BBN Automatic Programming Memo 3 [2], we have developed 

an axiomatic treatment of data structures at basic 

representational levelsr and we demonstrate that it has the 

following benefits: 

1. It permits one to change the underlying representation 
of a data type while leaving the properties of the data 
type invariant. 

2. It permits one to define the semantic.» of data 
definition facilities and of the use jf structured 
values in programming languages. (Consequjntly, program 
verification techniques can be applied to programs that 
operate on structured values). 

3. It permits one to exhibit techniques for synthesizing 
data representations that meet a set of prescribed 
behaviors specified for a data type, 

BBN Automatic Programming Merms £ and 4 (3r4] explore 

heuristic techniques for synthesizing inductive assertations 

needed to prove programs correct. These techniques hopefully 

bring practical program verification systems closer to reality by 

improving the rarere of useful verification tasks for which the 

machine can assist. 

BBN Automatic Progranr^ ;ia Memo 1 (3) contributes to the 

theory of program optimization. To carry out significant program 

optimization it is frequently necessary to know what properties 

hold at each program unit. It is shown that it is possible to 

compute these properties when they form a "well-founded partially 

ordered set". 
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Further work in automatic procrramming is being directed at 

the probier of program synthesis. This stems from our belief 

that while short term software productivity gains may come from 

the practice of programmer disciplines (such as structured 

programming and improved team management techniques), 

intermediate and long range productivity gains will come from 

handing to the machine the task of filling in details in the 

writing of programs. 
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V.  SPEECH COMPRESSION 

When listening through loudspeakers, the quality of the 

synthesized speech seems to be quite close to that of the 

original. However, a careful evaluation using earphones 

indicates that even the speech synthesized with no quantization 

and using hand-computed pitch exhibits some amount of 

"unevenneos*, "roughness" and "hollowness", when compared with 

the original speech. Quantization of parameters ^ .ly degrades 

the quality further. This is why we devoted considerable effort 

in the past two quarters to improving the quality of the 

synthesized speech by several means. While this study has 

resulted in some improvement and has opened up several new 

possibilities to explore, further work is clearly warranted 

before fully satisfactory synthesis can be achieved. 

Quantization properties of many sets of analysis parameters are 

currently being investigated. 

A'  Smoothing of Analysis Parameters 

A study of the time series of analysis parameters (energy, 

pitch and reflection coefficients) has indicated that 

occasionally some parameters change rather rapidly, possibly 

contributing to the "roughness" or "urevenness" that is sometimes 

present in the synthesized speech. These rapid variations can be 

smoothed out by a proper low-pass filtering. We used a 

three-point smoothincr filter with weights 0.25,  Ö.5Ö  and  0.25. 
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Smoothing was done just prior to interpolation at the 

synthesizer. Genuine jumps in parameter values were pr served by 

not smoothing in transitions between voiced and unvoiced sounds, 

and when parameter changes exceeded preset thresholds (11) Hz for 

pitch and 3 dB for energy). Identical low-pass filters were used 

for smoothing pitch, energy and reflection coefficients (or area 

ratios). 

Several synthesis experiments were performed using smoothed 

parameters and an informal listening test was arranged to compare 

synthesized speech with and without smoothing. The quality of 

speech improved in some instances with smoothing insofar as the 

"unevenness" observed in synthesis without smoothing disappeared. 

But, smoothing also made the synthesized speech sound less 

"crispy" or more "smeared" in some instances. At the present 

time, it is not clear whether the situation can be improved with 

the use of a more sophisticated low-pass filter for smoothing. 

B,  Preemphasis 

In our Quarterly Progress Report #lu (BBN Report No. 2J44, 

April 1973) it was maintained that a proper preprocessina of the 

speech signal, such as preemphasis. Is required to reduce the 

short-time spectral dynamic ranne and thereby to improve the 

efficiency of parameter quantization. In the past auarter, we 

have investigated, using the quality of the synthesized sneech as 

the criterion, the different  types  of  preemphasis:  (a)  fixed 
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preemphasis and (b) adaptive optimal preemphasis of firs and 

second order. The adaptive preemphasis is computed by using the 

linear prediction for each frame. As mentioned in Quarterly 

Progress Report #10, BBN Report Number 2544 the adaptive 

preemphasis data can be transmitted using only 2 bitr per frame 

for the first-order case and 4 bits per frame for the 

second-order case. Our synthesis experiments indicated that the 

adaptive optimal first-order preemphasis is preferred to both 

fixed preemphasis and adaptive optimal second order preemphasis. 

Fixed preemphasis of 6 dB per octave (simple differencing)t for 

instance, may be satisfactory for most voiced sounds but may turn 

out to be undesirable for unvoiced sounds. 

Our earlier study summarized in our Quarterly Proaress 

Report #10 had led us to believe that the second-order optimal 

preemphasis is more desirable than the first-order case as the 

emphasized speech has a spectrum that is relatively flat thereby 

permitting a good quantization accuracv. However, we have since 

found that when post-emphasis is done at the synthesizer, 

distortions arc introduced into the spectrum. Specifically, the 

first formant is affected the most for voiced sounds; its 

frequency is often lowered, thereby producing a nasal quality or 

enhanced low-freauency buzz in the synthesized speech. It should 

be mentioned that such distortions occur even without any 

quantization, A primary reason for this phenomenon is that the 

second-order prepmphasis often flattens the spectrum by 

eliminating   the  prominent   formant   in  the  speech.   upon 
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postemphasis, this formant is not restored exactly. This was 

highlighted in our experiment where we observed that the cascaded 

filters of total order 12, containinq an optimal second-order 

preemphasis filter and a suboptimal 10th order linear prediction 

filter, led to an inferior speech quality than a 10th order 

optimal linear prediction filter with no preemnhasis on the 

speech siqnal. 

With optimal first-order preemphasis, only one real pole is 

removed from the input speech spectrum. This does not result xu 

any perceivable distortion in the synthesized speech. Thus, in 

our future investigations, only the adaptive optimal first-order 

preemphasis will be used. 

C.  Pitch-Synchronous Analysis 

Our purpose for investiqnting pitch synchronous analysis was 

to see if it would yield any perceivable improvement in speech 

quality. Hand-extracted pi*ch data was used to mark the analysis 

windows of length approxiru tcly equal to one pitch period and 

with the wirdow ends lyinj on zero-crossirqs of the speech 

signal. It was found that if the analysis window does not have 

its ends on the zjro-crossings of the speech, then the estimated 

spectrum has e shape much distorted fror what one would obtain 

from the Hamruxnq-windowed speech of, sav , 20 msec duration. The 

analysis parameters, energy and reflection coefficients, were 

extracted  and   transmitted   pitch   synchronously.     Both 
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autocorrelation and covariance methods were used in our study. 

Informal listeninq tests indicated that there was not sufficient 

improvement in speech quality to justify w.he added complexity of 

pitch-synchronous analysis. 

D.  Time-Synchroneus Synthesis 

In all or.r earlier experiments synthesis was done 

pitch-synchronously. Parameters received at the synthesizer were 

interpolated to get pitch-synchronous data and were then used to 

update the svnthesizer. In the time-synchronous synthesis, 

parameters of the synthesizer (except pitch) are reset 

time-synchronousIv. In our experiments on time-synchronous 

synthesis, analysis parameters were extracted and transmitted 

once every 5 msec. No interpolation was done at the synthesizer. 

That is, synthesizer paraneterr. were reset also at 5 msec 

intervals. It was found that the speech quality obtained is 

clearly better, and closer to that of the original sneech. 

However, transnission rate associated with such a system would be 

excessive. This study has indicated in particular that our 

interpolation schemes need to be improved if the speech quality 

is to approach that of the time-synchronous analysis-synthesis 

svstem with a larae frame rate and no interoolation. 
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E.  Excitation Model for the Synthesizer 

In one of our expt -imentsr synthesis was done usinq the 

unquantized error signal for the excitation of the synthesizer. 

The synthesized speech had excellent quality, and it was 

identical to the original speech when both energy and reflection 

coefficients were not quantized. This result has two 

implications. First, synthesized speech with good quality can be 

obtained employing a high bit-rate vocoder that transmits 

quantized error signal. Secondly, for the low bit-rate systems, 

other types of excitation models may be explored with a view to 

improve thp speech quality. Presently, we use the excitation 

model whose output is either a sequence of pulses separated by 

the pitch period or a white noise sequence. Between this model 

and the error signal, there may exist a number of different 

models with varyina complexity. We chose one such moiel, 

Rosenberq's polynomial excitation [6], to test its 

appropriateness in our ynthesis. The signal obtained from this 

polynomial function was preemphasized using a second-order 

optimal preemphasis in order to flatten its spectrum. The 

spectrally flattened signal was then used as the excitation for 

the synthesizer. (Spectral flattening of the excitation signal 

is necessary since the linear prediction filter already includes 

the effect of the glottal spectral shaping.) It was found that 

the quality of the synthesized speech using the polynomial 

excitation was not any better than that of our earlier synthesis. 

Attempts will be made in the future to investigate other possible 
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excitation models. 

F.  Quantization Study 

Currently we are planning to compare the quantization 

properties of several alternate sets of parameters which would 

uniquely characterize the linear prediction filter. Included in 

these are: predictor coefficients, autocorrelation coefficients 

of the speech signal, spectral coefficients of the linear 

predictor, cepstral coefficients of the linear predictor, poles 

of the linear predictor and the reflection coefficients. It is 

proposed to use the absolute error between the unquantized and 

the quantized predictor spectra as a criterion for evaluation. A 

spectral sensitivity measure is being investigated to study the 

sensitivity properties of these parameters under quantization. 
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