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(USA) . . . .. ... e e e e e e e e e e e e e e e e e e e e

"Sequential Decoding for Burst Error Channels," L. Bahl,
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G.L. Feng (USA). . . . . . . . .. R 76
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TUESDAY AFTERNOON, FEBRUARY 10, 1:30
PLENARY SESSION II

Invited Lecture: 'Distributed Sensor Networks', Dr. R.E. Kahn,
Advanced Research Projects Agency Department of Defense (USA). . . .

kR Kk R K
TUESDAY AFTERNOON, FEBRUARY 10, 2:30

SESSION D1
STOCHASTIC PROCESSES 11

1

‘ ’
|
"Bias and Variance of DTOA Estimates Based on Noisy,Sampled,
Clipped Data,'" T. Berger (USA) . . . . . e e e e e e e N 4

Chairman: T.T. Kadota, Bell Telephone Laboratories

""The Reconstruction of Analog Signals from the Sign of Their Noisy
Samples,” E. MasTy (USA) . . . ¢ v ¢ v v v v v v o v 4 o o 0 o v o 77

'"Min-Max Linear Extrapolation of Bandlimited Sequences,' T. Gaarder,
K. Rege and D. Slepian (USA) . . . . ¢ v ¢« ¢ v v ¢ v v v v v o @ a0 78

'"Delta Modulation of Time-Discrete Processes with I.I.D. Increments
Having a Rational Characteristic Function,' A. Hayashi (Japan) . . . 79

"Third-Order Intermodulation due to Quantization,' N.M. Blachman

(UsA). . . . . . .. e e e e e e e e s e e e e e e e e e e e e e e 79

""Stochastic Quantization for Performance Stability,"

P. Papantoni-Kazakos (USA) . . . . . . + . v v ¢ v v v o o Y &

“Observations on F.M, in a Rayleigh Channel,"

D.J. Thomson (IISA) . . . . . « « « « .« . e e e e e e e e e e e e 80

"Simulations of Two-Stage Adaptive Signal Extractors,"

J. Kazakoff and W.A. Gardner (USA) . . . . « v v « « v v « « S 3 §
SESSION N2

IMAGE PROCESSING 1
Chairman: W. Pratt, Compression Laboratories

* "Tree Encoding of Images in the Presence of Channel Errors,"
J.W. Modestino, B. Vasudev (USA) and J.B. Anderson (Canada). . . . . 82

"Hybrid Coding of NTSC Signals - Channel Error Studies,"
K.R. Rao and F.A. Kamangar (USA) . . . . . . . . . v v v v v v v .. 82

"Adaptive Image Transform Coding: A Theoretic Approach and

Approximations for Simplifying the Digital Implementation,"
W. Mauersberger (Germany). . . . . . . . « .« .« .« v o 4 . e e e e 83

* Nenotes long Paper
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"Predictive Data Compression of Color Picture Signals Using
a Component Coding Method,'" V.E. Neagoe (Romania). . . . . ... . . 83

"A Hybrid Coding Method of Video Signals,'" 0. Telese and
G. Zarone (Ttaly). . . . . « ¢ v v v v v v v v W e e e e e . . . B84

"Encoding Moving Pictures by Using Adaptive Straight-Line
Approximation,' Y.T. Wang (China) and J.P.M. Schalkwijk

(The Netherlands). . . . . « . « v ¢« v v v « « e e e e e e e e 84

"Performance of Image Transmission Systems on Fading Channels,"

D.G. Daut and J.W. Modestino (USA) . . +. + v « v v v 4 o v o o o o 84
SESSION D3

COMMUNICATION NETWORKS II
Chairman: L.M. Nirenberg, TYMNET

* "A Class of Optimal Routing Algorithms for Commmication
Networks,'" D.P. Bertsekas (IISA). . . . . . . . .. e e e e e . . 86

"Routing in Computer Commmication Networks: An Approach
Based on Sequential Procedures,” R. Singh, S. Subba Rao

and S.C. Gupta (USA) . . . v v ¢ v v v v v v v b e e e e e e e e 86
"Bandwidth Control in Computer Networks," M. Gerla (USA) . . . . . . 86
"Flow Control Power is Non-Decentralizable,'" J.M. Jaffe. . . . . . . 87
"Coding Gains from ARQ Error Control Systems,' J.A. Heller

and J.K. Wolf (USA). . . & & « ¢t i v v v v e o et o o o e e e e 87
* "The Analysis of Some Selective Repeat ARQ Schemes with

Finite Receiver Buffer," M.J. Miller and S. Lin (USA). . . . . . . . 88
"An Analysis of an ARQ Error Control Scheme Using Sequential

Decoding," A. Drukarev and D.J. Costello (USA) . . . . . . . . . .. 88

SESSION N4

SHANNON THECRY III

Chairman: A. Leon-Garcia, Umiversity of Toronto

"Robust Coding of Indecomposable Finite State Channels,"
B. Patek (Czechoslovakia). . . . . . . . . e e e e e e e e e e e 90

"Finite State Indecomposable Channels Are Almost Finite,"
N.L. Newhoff and P.C, Shields (USAY, . . . . v ¢« ¢ v v ¢ v o « o o & 90

'"Block Coding for a Stationary Channel Satisfying a Local Stability
Condition," J.C, Kieffer ("SA) . . . . « « v ¢« ¢ v 0 v e v o v v o s 90

"On Choquet Capacities and Their Derivatives with Respect to o- Finite
Measures,' K.S. Vastola and V.H. Poor (USA). . . . . . . . . . . .. 91

"On the Capacity of Arbitrarily Varying Channels for Maximum
Probability of Error,'" I. Csiszdr and J. Korner (Hungary). . . . . . 91

* Denotes Long Paper
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"A Binary Noise Primitive Channel,' Y. Matsuyama (Japan). . . . . . .92
"On the Capacity of the Gaussian Channel with Feedback,"

i C.R. Baker (USA). A V]
' 3
4 "Nonlinear Feedback in Sequential Digital Commmication
H Systems,” A.F. Hassan (FEYPt) . . » « « v ¢« v v v v o o s s o o o + .93
! SESSION D5
CODING IV
Chairman: C.R.P. Hartmann, Syracuse University
"Bit-Serial Reed-Solomon Encoders,' E.R. Berlekamp (USA). . . . . . . 94 |
"Bounds and Constructions for Error Correctmg/Detectmg Codes on !
the Z Channel,"” M.J. Borden (USA) . . . . . . . e e e e e e e e e 94
"On the Construction of Systematic Single Error Correcting and
Multiple Unidirectional Error Detecting (SEC-MUED) Codes,"
B. Bose (USA) . v v + v ¢ v o v v o v o o 0 o 0 o o e e e e e e 95
""Non-Redundant Codes for Transmitting Quantized Signals under
Channel Error Conditions," M. Copperi (Italy) . . . . . . . . . . . . 95
"Coset Coding,'" J.M. Goethals and L. Huguet-Rotger (Belgium). . . . . 96
"Improved Decoding Scheme for Frequency Hopped Multilevel
FSK Systems,” U. Timor (USA). . . . « « v v ¢ v v v v o o v 0 o v = & 96
"Synchronization of Reed-Solomon Oodes," R.L. Miller (USA)
and B.B. Newman (Brazil). . . . . .. . e e e e e e e e 97
o "On the Design of Mean-Square Error Channel Codmg Systems
¥ Using Cyclic Codes,' G.R. Redinbo (USA) . B - V4

s AR RKRKR

WEDNESDAY MORNING, FEBRUARY 11, 9:00

SESSION El1
COMPLEXITY

Chairman: K. Yao, University of California, Los Angeles

"On the Power of Straight-Line Computations in Finite Fields,"
. Lempel, G. Seroussi and J. Ziv (Israel). . . . . . « « « « « .« .99

* "The Complexity of Information Structures,” M.L. Fredman (USA). .

* "Digital Signal Processing Applications of Polynomial Transforms,"
H.J. Nussbaumer (France). . . . . « « ¢ v v ¢ v ¢ ¢ ¢ 0 o o o o o o o 100

* "The Complexity of Searching Games," J. Pearl (USA) . . . . . . . . 100

* Denotes Long Paper
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* ""Khachiyan's Algorithm and the Complexity of the Linear

Programming Problem,'' R.E. Stone (USA)

SESSION E2
STOCHASTIC PROCESSES III

Chairman: W, Gersh, University of Hawaii

"Spectrum Estimation via Orthogonal Windows,'" D.J. Thomson (USA). . .

"On the Method of Maximum Entropy Spectrum Estimation with
Application to Seismology,' A. Arcese (USA)

"Tone Estimation Using an Autoregressive-Moving Average Model,'
C.R. Guarino (USA)

"Autoregressive Models for Nonstationary Discrete-Time Processes,"
H. Lev-Ari and T. Kailath (USA)

"New Methods for Probability Density Estimation,"
R.B. Holmes and L.K. Jones (USA)

""Camputing the Distribution of a Random Variable via Gaussian
Quadrature Rules,' M. Meyers (USA)

SESSION E3
MULTI -USER INFORMATION THEORY II

Chairman: J. Wolf, University of Massachusetts

* "To Get a Bit of Information May Be as Hard as to Get Full
Information," R. Ahlswede (Germany) and I. Csiszar (Hungary)

"The Problem of Isumorphism for General Discrete Memoryless
Stationary Correlated Sources,'" K. Marton (Hungary) .

"An Iteration Lemma and Its Application to Successive Coding
of Multiple Sources,' T. Ericson (Hungary)

"'Some New Results of Shamnon Theory,' G.D. Hu and
S.Y. Shen (China)

"Information of Partitions with Applications to Random Access
Commmications,” B. Hajek (USA)

"The Capacity of Computer Memory with Defects and Noise,"
A.A. El Gamal and C. Heegard (USA)

""The Capacity and Computation Cut-Off Rate of a Multiple-User
Random-Access Commmication System,' V.W.S. Chan (USA)

* Denotes long Paper
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SESSION E4
SPEECH COMPRESSION I

Chairman: J.B. Anderson, McMaster University

* "Tree Coding versus Differential Encoding of Speech:

A Perspective,'" J.D. Gibson(USA). . . . . . . . . .. e e e e e e 108
* "Adaptive Methods for Tree Encoding with Speech Applications,"
S.G. Wilson and S. Pizzi (ISA). . . . . . . . .. .. e e e e e e 108
""Speech Compression Systems Using a Set of Inverse Filters,"
Y. Matsuyama (Japan). . . . . e e et e e e e e e e e e e e e e e 110
"Tree and Trellis Speech Compression,' L.C. Stewart (USA) . . . . . . 110
* "0On the Information Rate of Quantized Speech,' D.L. Cohen
and J.L. Melsa (USA). . . & v v v v vt e e e e e e e e e e e e e e 111
SESSION ES
CODING V

Chairman: F.J. MacWilliams, Bell Telephone Laboratories

"On APP Decoding,' C.R.P. Hartmann, L.D. Rudolph and K.G.
Mehrotra (USA). . . . . . . . . . .. e e e e e e e e e e e e e e 112

"On the Majority Logic Decoding of a Class of Composite Codes,"
$.G.S. Shiva and V. Mimis (Canada). . . . . v +v v ¢ v v v ¢ v o o o & 112

"Efficient Decoder Algorithms Based on Spectral Techniques,'
RE.Blahut (USA) . . . . v v v v i v v v it e e vt e e e e e e 113

""A Type I Erasures-and-Errors Decoder for Majority-Logic-
Decodable Codes," Y. Sugiyama, M. Kasahara, T. Inoue,
S. Hirasawa and T. Namekawa (Japan) . . . . . . . . « « v« v « v o 113

"A Modified Omura Algorithm for Decoding Binary Group Codes,"
G.C. Clark, J.B. Cain and G.H, Thaker (USA) . . . . . . . . ¢« « « . . 113

"Syndrome Decoding - Re-Examined from a Combinational View Point,"
M. Rahman (Saudi Arabia). . . . . . . ¢ . ¢ ¢ s o 0 e e e e e e e 114

"Design and Hardware Implementation of a Versatile Transform

Decoder for Reed-Solomon Codes,' N.0. Carhoun, B.L. Johnson and
S.J.Meehan (USA) . . . & v v v v v v i v v vt e e e e e e e e e e 114

WEDNESDAY AFTERNOON, FEBRUARY 11, 1:30
PLENARY SESSION III

Invited Lecture: ''The Evolution to Integrated Voice/Data Networks'
Dr. L.G. Roberts, GTE-TELENET (USA) . . . . . . . . e e e e ..

* Denotes Long Paper
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WEDNESDAY AFTERNOON, FEBRUARY 11, 2:30

SESSION F1
ESTIMATION I

Chairman: J. Hibey, University of Notre Dame ‘

* "On Adjoint Models and Fixed-Interval Smoothing,"
H.L. Weinert and U.B. Desai (USA). . . . . « v ¢ v v ¢ ¢ v v o v o & 116

"Optimal Bayes Smoothing with Uncertain Observations,' M. Askar
and H. Derin (Turkey). . . . . . . . . . . . ot e e e e e e e e e 116

"Nonlinear Smoothing Using Finite State Models and the Viterbi
Algorithm," J.K. Omura (USA) and K. Kozlowski (Poland) . . . . . . . 117

"A Two-Dimensional Recursive Smoothing Algorithm Using Polynomial
Splines,'" C.S. Kim and C.N. Shen (USA) . . . . . . . . . .. ... 117

"A Robustized Vector Recursive Algorithm in Estimation and
Image Processing,” I. Kadar and L. Kurz (USA) . . .. .. ... .. 117

"An Estimation of a Gaussian Message from Non-Gaussian
Observation llsing Linear TJme-Varylng Filter,"

R. Doraiswami (Brazil) . . . . . v e e e e e s e e e e e e e e 118
{ ""A Nonparametric Method on Receiver Tunlng ACqu1s1t10n and
Tracking," S.Y. Mui (USA). . e e s s eee s e . . 118
SESSION F2

COMMUNICATION NETWORKS III

Chairman: R. Gallager, Massachusetts Inst. of Technology

s * "Poisson Flows on Markov Step Processes,' F.J. Beutler and
: B. Melamed (USA) . . . & ¢ & 4 ¢ v 4 e e e e o s o o e e e e .. . 119
' "Delay Analysis of a Two-Queue, Non-Uniform Message Chamnel,"
S.B. Calo (USA). . . . . . .. e e e e e e e e e e e e ... 119
"'On Genie-Aided Upper Bounds to Multiple Access Contention
Resolution Efficiency,"” T. Berger, N. Mehravari and G. Munson 120
3
"Bounds on the Capacity of Infinite Dopulation Multiple Access
Protocols,” M.L. Molle (USA) . . . . . ¢ v v v v v v v v o o ... 120
"Tcpology Design for Time Slotted Packet Radio Networks,'
D. Towsley and C.G. Prohazka (1ISA) . e e e e e e e e e e e 121
"A Distributed Shortest Path Protocol,"'F.B.M, Zerbib and
A. Segall (Israel) . .. . .. e e e e e e e e e e e 121
"Finite State Description of Commmication Devices in Computer
N Networks,' A. Faro (Italy) . e e e e e e e e e e e e e 122
d

* Denotes Long Paper
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"Explicit Concentrators from Generalized N-gons,' M,R, Tamner
(LGA)' ¢ . . . . » . . (] LI ] . L} . . . s e s a . . . 3 . LI I ] LY . . 122

SESSION F3
DETECTION THEORY

Chaimman: I.S. Reed, University of Southern California

"Performance of a Robust Detector for the Rayleigh Fading
Channel;’ S.A. Kassam and J.G. Shin (USA) . . . + v ¢ v v ¢« v v v v o

'""Detection of Weak Secondary Signals with the Aid of Already
Detected Strong Primary Signals,' H.M. Hall, T.T. Kadota,
J.B. Seery and M.H. Silverberg (USA). . . . . . . ¢« v ¢ v v v v o « &

"Convexity Properties of Measures of Class Separation in Statistical
Decision Theory," P. Fishman and L.K. Jones (USA) . . . . . . . . . .

""Self-Adaptive Tuning Detection of Aperiodic Signals from Aperiodic
Noise,' G. Colonnese and B. Castagnolo (Italy). . . . . . . . . . ..

"Generalized Detection Procedure Based on the Weighting of
Partial Decisions," V. Milutinovic¢ (Yugoslavia) . . .. . . . ..

""A Geometric Approach to the Netection of Signals of Unknown
Energy in Gaussian Noise of 'mknown Mean and Power,"
MAA. Blanco (USA) . . . v v v v v e e e e et e e e e e e e e e e 125

"An Innovative Approach to Signal Detection for Unknown Signals,"
G. Sogliero (USA) . . v v v v v v ottt e e e e e e e e e e e e e 126

"Optimal M-ary System with Polynomial Form Pulse Code Modulation,'
V.E. Neagoe (Yugoslavia). . . . . . . + « v ¢« v v« o . .

SESSION F4
SHANNON THEORY IV

- Chairman: R. McEliece, University of Illinois

"Competitive Optimality of Kelly-Breiman Gambling,"
RM. Bell and T. COVET. . . . v . v v v v e v v e e e e e e e e e s 127

"Shannon's Entropy and Some Distributions of Binomial Coefficients
Defined on Pascal's Triangle,” N. Cot (France). . . . . « « « « + . . 127

"On the Selection of Measures of Distance Between Probability
Distributions,” J. Abrahams (USA) . . . « & v v v v v v o o o o o v 128

"Schurconvexity and Measures of Certasnty and Information,"
J.C.A. van der Lubbe and Y. Boxma (The Netherlands) . . . . . . . .. 128

‘Minimization of DNiscrimination Measures,' N.L. Aggarwal and
B. Bouchon, (France). . . « v v v v o v v v o o v v e v e e e e e e 128

"On the llierarchy of Codes for ™C", T. Hashimoto and
S. Arimoto (Japan). . . « « v 4 v 4 e e e e e e e e e e e e e e 129
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""The Best Known Codes Are Highly Probable and Can Be Produced

by a Few Permutations,” R. Ahlswede and G. Dueck (Germany) . . . . . .129
SESSION F5

IMAGE PROCESSING 11
Chairman: A. Sawchuk, University of Southern California

* "The Effect of Median Filter on Edge Location Estimation,"
G.J. Yang and T.S. Huang (USA) . . . . . . . . . . . e e e e e e 130

"Subpixel Measurement of Edge Location,' R.O. Mitchell,
A.J. Tabatabai and E.J. Delp (USA) . . . . v v v ¢ v v v v v v o v o & 130

"On Improving the Efficiency of Chain Encoded Line Drawings,'
J. Koplowitz (USA) . . . . . e e e e e e e e e e e e e e e e e e e 131

"Sequential Estimation in Two-Dimensional Discrete Random
Fields," J.A. Ponnusamy and M.D, Srinath (USA) . . . .. . . . . . . .

""Advanced MAP Restoration - Filtering Techniques with Application
to Image Processing," V. Cappellini, E. Del Re, G. Francolini
and S. Taiuti (Ttaly). . . « v v v v v v v v v b et et e e e e 131

"Speckle Analysis and Smoothing of Synthetic Aperature Radar Images,"
J.S. Lee (USA) & v v v v v e e e e e e e e e e e e e e e e e e e e e

"Image Enhancement and Recognition of Moving Objects in a Cluttered
Background,' N.C. Mohanty, J. Pasek and K. Taylor (IJSA). . . . . . . . 132

"Digital Halftones and Image Coding,'" E. Angel (USA) . . . . . . . .. 132
* % % % & %
WEDNESDAY EVENING, FEBRUARY 11,
COCKTAIL PARTY, BANQUET

Invited Speaker: Robert Blalack, Composite Optical Photography
1978 Academy Award Winner for Special Effects Lucas Films, Ltd.. . . .

Audiovisual presentation on: '"Movie Magic: The Special Effects of
Star Wars ard Beyond''. . . . . . . . . 0 00 0 e e e e e e e e e

THURSDAY MORNING, FEBRUARY 12, 9:00

SESSION Gl
COMMUNICATION SYSTEMS IV

Chairman: M, Simon, Jet Propulsion Laboratory

"Error Bounds for Multi-h Phase Codes,’” S.G. Wilson, J.H. Highfill
and C.D. Hsu (USA) . . . & & & ¢ v v v v v b v o o o s s o s o v v s 134

* Denotes Long Paper
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"Error Probability Bounds for Viterb: Detected Continuous Phase
Modulated Signals,'" T. Aulin (Sweden). . . . . . . . . e v e e o . . 135

"On a Tight Error Probability Bound for a Quantized Detector,"
S. Reisenfeld and K. Yao (USA) . . . . . . . . . e e e e e e e e 135

"The Use of Moment Space Bounds for Evaluating the Performance of
Nonlinear Digital Commmication Systems,' K. Yao and L.B. Milstein
(USA). . v v v v e e e e e e e e e e e e e e e e e e e e e e 136

"Optimization and Comparative Performance of Selection Diversity
Receivers for the Rician and Lognormal Channels,' M.A. Blanco
(USA). v v i i e e e e e e e e e e e e e e e e e e e e e e e e e 136

""Least Square Approximation to Error Probabilities using Generalized
Gram-Charlier Expansions," R.S. Freedman (USA) . . . . . . . . . . . 137

"A Fast Evaluation of the Error Rate of CPSK System with Intersymbol
and Multiple Co-Channel Interferences by Means of Local Approximations
of the Error Function," P. Amadesi (Italy) . . . ... . ... ... 137

SESSION G2
ESTIMATION II

Chairman: D. Snyder, Washington University

"Optimal Filter Based on Mutual Information," S. Omatu and
T. Soeda (Japan) . . . « « . . . . e e e e e e e e e e e . 139

"Maximm Likelihood Estimates of the Mean and Covariance Based on
a Set of Nanlinear Observations," F.K, Sun (USA) . . . . . . . . . . 139

"On Optimal Reduction of Observations for Estimation,"
B. Picinbono and M. Benidir (France) . . . . . ¢ v ¢ v v ¢« v o o « 139

"Invariant Imbedding Approach to the Solution of Linear Least-Squares
Estimation Problem with Degenerate Covariance," S. Ueno (USA). . . . 140

"Linear Prediction in Case of Non Positive Definite Covariance
Matrices," C. Gueguen (France) . . . . ¢ « ¢ v o ¢ ¢ ¢ & o + o « « & 140

"Analysis of Performance of the IMS Algorithm for Adaptive
Estimation in a Nonstationary Enviromment,” W.A. Gardner and
M. Hajivandi (USA) . . . v « v ¢ v v it e e i v e e e e e e e e e 141

"Improvements of Adaptive Linear Prediction by Non-Linear Methods,"
T. Denker and D. Wolf (Germany). . . . . . . . e e e e e e e e e 142

"Maximum Variance Stochastic Realizations," F. Perez, T. Kailath
and A.A. E1 Gamal (USA), . . . . . . . e e e e e e e e e e e 143
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SESSION G3
SHANNON THEORY V

Chairman: J.K. Omura, University of California, Los Angeles

* "About Lattices and the Random Coding Theorem,'
R.G. de Buda and W, Kassam (Canada)., . . . . . . . . e e e e e e 145

"A New Look at the Viterbi Algorithm and Trellises,"
F.E. Othmer (Germany). . . . . . e e e e e e e e e e e e e e e 145

"Optimal Metric-First Code Tree Search Algorithms,"
S. Mohan (USA) and J.B. Anderson (Canada). . . . . « « v v & « o « . . 145

"An Information Theoretic Approach to the Construction of
Efficient Decision Trees,'" J.M. De Faria, Jr. (Brazil),

C.R.P. Hartmann, C.L. Gerberich and P.K. Varshney (USA). . . . . . . . 146
""Algorithm of Storage Reduction for Codings with the Use of
Code Trees," B. Fitingof (Germamy) . . . . . « v v v v « v v ¢ v v o 4 146
l
i SESSION G4

SPEECH COMPRESSION II

|
k
b

Chairman: N. Gallagher, Purdue Univeristy

* "An 800 bps Speech Compression System Based on Vector

Quantization," D.Y. Wong, F.B. Juang and A.H. Gray, Jr. (USA)}. . . . .147
* "Vector Coding: A New Approach to Medium-Band Speech Coding,"
J.P. Adoul and P. Mabilleau (Canada) . . + « « « + v ¢ v ¢ v v « v o . 147
"Vector Quantization Applied to Speech Coding,' G. Rebolledo
and RM. Oray (USA). « v v v v v v e e e e e e e e e e e e e e e 148
'"Vector Quantization of Speech and Speech-Like Waveforms,"
H. Abut, R.M. Gray and G. Robelledo (USA). . « « v v v v o v v v 4 o & 149
"A Fast Method for Optimal Adaptive Data Compression,"
J. Karhunen and E. Oja (Finland) . . . . . . v v v v v v v o v v v o . 149
SESSION G5
CODING VI

Chairman: E. Posner, Jet Propulsion Laboratory

"On Finding the Roots of Polynomials over Finite Fields,”
C.L.Chen (USA). v « ¢« v v v v e e e e e e e e e e e e e e e e 150

- '"Voronoi Regions of Sphere Packings,'" N.J.A. Sloane (USA). . . . . .. 150

i "On the Covering Radius of Binary Linear Codes,"
| M. Karpovsky (USA) . . « v v v v o v v v o v et v e e e e e e e e 150

1
N * Denotes Long Paper
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""Some Generalizations of Perfect Codes,'" G. Cohen, M. Deza
and P. Frankl (France). . . o v « v v v 0 o v 4 v o 0 v v v v e e 150

""(n,k,t) - Covering Systems and Error-Trapping Decodlng,”

A.H. Chan and R.A. Games USA), « + . v v v . e e e e e e e 151 ;
'"On Determining the Independent Point Set for Doubly Periodic ﬂ
Arrays and Encoding Two-Dimensional Cyclic Codes and Their Duals,'

S. Sakata (Japan) . . . . . i v v v e e e e e e e e e e e e e e e 151

""Goppa Codes Related Quasiperfect Double Error Correcting Codes," 152

0. Moreno (Puerto Rico)
""A Berlekamp-Massey Type Procedure for the Solution of the Pade

Approximation Problem for Scalar Rational Sequences," J. Conan
(Canada). . . . . & vt e e e e e e e e e e e e e e e e e e e e 152

THURSDAY AFTERNOON, FEBRUARY 12, 1:30
PLENARY SESSION IV
Invited Lecture: ''Overview of the Technology of Error-Correcting

Codes', Professor E.R. Berlekamp, University of California,
Berkeley. . . . . . 4 0 i e e e e e e e e e e e e e e e e e e e e

SHANNON LECTURE: "The Computer as a Theoretician's Tool",
Professor W.W. Peterson, University of Hawaii . . . . . . . ..

* & % %k % *
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SESSION A1

Stochastic Processes 1

PARTIAL BALANCE, INNOVATIONS GAINS, AND THE INTENSITY
FILTERING METHOD OF FLOW ANALYSIS IN MARKOVIAN SYSTEMS, P.
Bremaud (France). We will give a brief account of a general
method for determining the 1law of a point process
representing a subflow in a Markovian system (for instance,
an output of a queueing network, or a feedback *low in a
queue) and we will give 1illustrations of the method
including Burke-Kelly output theorems, the general
independence result of Melamed. We will also review results
of Varaiya, Walrand, and Sismail. The method 1is based on
the Martingale approach to the notion of stochastic
intensity of a point process and the innovations theory of
filtering. It 1is a Dby-product of the general Martingsale
approach to point process systems considered in the author's
other works.

A FOURTH-ORDER HOMOGENEQOUS RANDOM FIELD 1IN OCEANOGRAPHY,
T.7. Kadota and F.M. Labianca (USA). We establish some
mathematical properties of a certain random field which is
used as a phenomenological model for wind pressure exciting
the ocean surface. Specifically, we prove that the random
field, consisting of ordinary processes and point processes
and given in terms of an infinite series, is well defined,
namely, it converges with probability 1, and i1s a wide-sense
homogeneous field having an explicit form of spectral
representation, and has a finite fourth moment everywhere.

SOME COMMENTS ON CONDITIONALLY MARKOV AND RECIPRCCAL
GAUSSIAN PROCESSES, J. Abrahams and J.B. Thomas (USA). Mehr
and McFadden's conditionally Markov processes and Jamison's
reciprocal processes are two independent extensions of
Slepian's work on a particular stationary Gaussian process.
This paper shows that reciprocal processes which are
conditionally Markov and that Gaussian processes which are
conditionally Markov over all subintervals of some interval
are reciprocal on that interval. Stationary processes are
included in, but do not exhaust, the 1latter class of
processes. PFurthermore, conditionally Markov and reciprocal
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Gaussian processes can be represented as the sum of two
independent processes, one a Gauss-Markov process and the
other, the product of a Gaussian random variable with a
deterministic function. Conversely, processes given by sums
of the appropriate forms are conditionally Markov or
reciprocal. (This research was supported by the National
Science Foundation under grant ENG-76-19808, by the U.S.
Army research Office under grant DAHC04-75-G-0192, and by
the American Association of University Women Ffducational
Foundation Dissertation Research Fellowship Program.)

PSEUDO INNOVATIONS REPRESENTATIONS FOR ALPHA-STATIONARY
PROCESSES, M. Morf and J.M. Delosme (USA). We have recently
introduced an index of stationarity (alpha), the
significance of this index is that the larger the value of
alpha the more nonstationary a process is. In addition, the

complexity of models and calculations increases only
proporticnal to this index. In the discrete case, alpha can
be used to measure the distance of a matrix, e.g., a
covariance matrix, from being Toeplitz. Solutions of linear
2quations involving such matrices can be c¢btained
efficiently via the use of existing methods, such as +the
Krein-Levinson type algorithms, and more recently our

doubling type algorithms. Several different notions related
to alpha, such as the displacement rank, will be discussed,
they 1lead +to a classification on one hand and the question
of minimality of the various associated representations. 1In
the discrete case, a new Toeplitz block matrix embedding
principle provides us with an elegant framework for relating
various algorithms for solving Toeplitz systems, and an
interpretation of the embedding matrix as a joint covariance
matrix. Because of +the larger size of +the matrix, the
associated number of random variables 1is alpha times the
original number of variables, hence alpha is a multiplicity
or rank of the process. Alternatively, a process can be
modeled as the prediction error of one process given alpha
other processes. The Alpha underlying (white) innovations
can now be viewed as "pseudo" innovations. However, unlike
the true innovations they can in general nct be obtained in
a casual way, i.e., they are smcothing residuals, and they
have in general an uncobservable component. This component
can be viewed as an additive "ditter" whitening noise or
"enciphering key" that allows the alpha pseudo innovations
to be white. 1In particular the last reference points out
some potential applications of this representation. In
general a mixed representation can be used, some fraction of
the alpha pseudo innovations 1is actually passed through
anti-casual or adjoint filters instead of casual ones. This
mixed representation avoids a particular signature problem.
Physical interpretations of these results will be given, as
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well as an outline of the continuous equivalents and so
called ladder realizations.

EXPECTATION OF A MULTIPLICATIVE FUNCTIONAL OF A LINEAR 1ITO
PROCESS, J.L. Hibey (USA)., ,The expectation of the
multiplicative functional exp[-J 'x (0)Q(o)x(o)dc], where x
is a vector Brownian motion process and Q is a deterministic
nonnegative definite matrix, can be evaluated using the
well-known Cameron-Martin. The result is characterized in
terms of a Riccati equation associated with some auxiliary
linear quadratic control problem. In this work, we extend
these results +to Ito processes X that satisfy linear
stochastic differential equations. The technique involves a
measure transformation similar +to the type used to derive
the above result. In addition, by allowing for nonzero
initial time and initial state, we are able to show that the
solution satisfies a partial differential equation of the
backward Kolmogorov +type. An example of a scalar,
time-invariant process is given to illustrate the procedure.

ALPHA-STATIONARY DISTORTION MEASURES VIA LADDER FORMS,
D.T.L. LEE AND M. Morf (USA). Measures such as the
Bhattachrya, the Kullback-Leibler, and the related
Itakura-Saito for second order processes involve
determinants, +traces and ratios of covariance matrices. In
many applications, it 1is of interest +to compute +these
measures efficiently, e.g., 1in speech processing, pattern
recognition, and digital communication. In many
applications, one may be interested in efficient
parametrizations of such measures, either to simplify the
calculations and design, or in the hardware implementation
(e.g., VLSI). Distortion measure calculations of second
order processes often involve Toeplitz operators, they can
be handled efficiently via the use of existing methods, such
as the Krz2in-Levinson type algorithms, or our new doubling
type algorithms. They both have the advantage that they can
handle a class of non-stationary processes, referred to as
alpha-stationary. Alpha was defined as an index of
stationarity, with the significance +that +the larger the
value of alpha the more non-stationary a process is. In
addition, the complexity of process models and calculations
involving such processes increases only proportional to this
inlex. In the paper we show that recently popular ladder
canonical forms, which are ©based on partial-correlation
coefficients, have many advantages in computing distortion
measures. These ladder forms in fact represent in some sense




a '"natural" canonical parametrization of many of the
measures. Several examples involving distortion measures
will be given, and their physical significance and
applications to communication and estimation, e.g., speech
processing and digital communication shall be discussed.
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SESSION A2

Multi-User Information Theory I

*ON SOURCE CODING WITH SIDE INFORMATI*ON VIA A
MULTIPLE-ACCESS CHANNEL AND RELATED PROBLEM3, T.S. Han
{Japan) and R. Ahlswede (Germany). We give first a simple
roof of the coding theorem for the multiple-access channel
%MAC) with arbitrarily correlated sources (DMCS) of Cover-El
Gamal-Salehi, which includes the results of Ahlswede for the
MAC and of Slepian-Wolf for the DMCS and the MAC as special
cases. Then we introduce and establish a coding theorem for
another +type of source-channel matching problem, i.e., a
system of source coding with side information via MAC, which
can be regarded as an extension of the Ahlswede-Korner-Wyner
type noiseless coding system. Then we extend this result to
a more general system with several principal sources and
several side information sources subject to cross
observation at the encoders in the sense of Han. The regions
are shown to be optimal in special situations. Dueck's
example shows that this is in general not the case for the
result of Cover, El Gamal, and Salehi and also here. In
another direction we improve the achievable rate region for
the modulo-two sum source network found by Korner-Marton.
Finally, we present some ideas about a new approach to the
source-channel matching problem in multi-user communication
theory. The basic concept is that of a correlated channel
code. The approach leads to several new coding problems.

INFORMATION THEORY OF MULTIPLE DESCRIPTIONS, A. El1 Gamal and

T.M. Cover (USA). Consider a sequence of i.i.d. random

variables X1, X2,...,Xn and a distortion measure dm(X1,ii)on

the estimates %i of Xi' Two descriptions
R R

i(g)e{1,2,...,2n 1} and j(§)£{1,2,...,2n 2} are given of the

gsequence g:(X1,X2,...,Xn). From these +two descriptions,

three estimates i1(i(§)),g2(j(§)), and io(i(g),j(g)) are

formed, with resulting expected distortions
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This problem was posed by Wyner, Ziv, Wolf, Ozarow, and
Witsenhausen. We find that +the distortion constraints
DO,D1,D2 are achievable if there exists a probability mass

distribution p(x)p(x,,x,,X,[x) with Bd_(X,X ) < D such that

R, > I(X;X1)

R, > I(X;XZ)
R1 + R2 > I(X;X1,X2,XO) + I(X1;X2) ,
where I denotes Shannon mutual information. Thece rates

are shown to be optimal for deterministic and degraded
distortion measures.

A NEW ACHIEVABLE RATE REGION FOR THE INTERFERENCE CHANNEL,
T.S. Han and K. Kobayashi (Japan). A new achievable rate
region R* for the general interference channel is presented
and evaluated which extends the previous results. The
technique used should be regarded as a natural
generalization of the Cover's superposition coding (and also
of Ahlswede's random coding) to many variables case, where
superiority of simultaneous superposition +to sequential
superposition is pointed out. The constituent subregion
R(Z) of the region R* can be expressed simply and explicitly
by making full use of a polymatroidal property which holds
relying heavily on the assumed independence of auxiliary
random variables. The interesting idea consists in
intersecting two polymatroids of three dimensions. For the
Gaussian interference channel case, comparison of our
numerically computed results with those of Carleial and Sato
reveals that our region considerably improves the previous
ones. Finally, +the capacity region of a class of Gaussian
interference channel with less strong interference is
egtablished, which extends the theorem of Carleial for the
strong interference case.

% : THE WIRETAP CHANNEL WITH FEEDBACK, R.M. KXahn (USA). The

issue of privacy was introduced into multi-user information
theory by Wyner, whose paper on "The Wiretap Channel”
examined the trade-off between the rate at which information
can be conveyed across a channel to a legitimate receiver
and the fraction of that information which can be held




secret from a wiretapper who receives a degraded version of
the legitimate output. Cziszar and Korner extended this
result to a general two-output broadcast channel with
confidential messages. When feedback is allowed from the
legitimate receiver, higher 1levels of secrecy can be
obtained, even when the feedback is fully observed by the
eavesdropper (public feedback). The essential concept lies
in the generation of common information between the
legitimate wusers which is secret from the eavesdropper and
hence may be used as a one-time pad to protect the message.
This key generation is an information theory analog of the
public key distribution systems of Diffie, Hellman, and
Merkle in the field of computational cryptography. This
paper discusses these ideas via a simple channel model and
then describes an achievable rate region for the general
wiretap channel with feedback. (This work was sponsored in
part by the U.S. Air Force Office of Scientific Research
under Contract F49620-73-0065 and by the Joint Services
Electronics Program under Contract NOOO14-75-C-0601.)

FEEDBACK AND SEMI-FEEDBACK INVESTIGATIONS FOR MULTI-USER
CHANNELS, F.M.J. Willems, E.C. Van der Meulen (Belgium) an?é
J.P.M. Schalkwijk (The Netherlands). Feedback and
semi-feedback strategies are investigated for the additive
white Gaussian noise multiple access channel, the discrete
memoryless multiple access channel, the additive white
Gaussian noise ©broadcast channel, and the additive white
Gaussian noise interference channel.

Motivated by Ozarow's doctoral dissertation (1979), a
semi-feedback scheme is presented for the additive white
3 Gaussian noise multiple-access channel which yields rate
b pairs outside the non-feedback capacity region. For the
additive white Gaussian noise broadcas’ channel a feedback 1
scheme 1is developed which uses a common message and appears 3
more general than the scheme presented by Ozarow (1979),

also in his dissertation. PFor +the discrete memoryless

multiple access channel it is shown that with semi-feedback 1
one can reach the same achievability region as Cover and 4
Leung-Yan-Cheong (1976) found with complete feedback. This ¢
result extends a result by Dueck (1979). For the additive .
white Gaussian noise interference channel an example is

given which shows that for +this channel feedback may

increase the capacity region, as we already know it does for

the multiple-access channel and ©broadcast channel. The

example uses a constructive feedback schenme.
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ON THE CAPACITY OF AN n-RECEIVER BROADCAST CHANNEL WITH
PARTIAL FEEDBACK, C. Leung (Canada). It has recently been
shown by Dueck that partial feedback <can increase the
capacity region of a memoryless broadcast channel. This was
done by demonstrating that for a certain two-receiver
memoryless broadcast channel, the region achievable with
partial feedback is larger than no-feedback capacity region.
In this paper, this two-receiver example is generalized, and
the capacity regions of the resulting n-receiver channel
with no feedback CNFB’ partial feedback CPFB and complete

feedback CCFB is a proper subset of CPFB which is in turn a

proper subset of CCFB‘




SESSION A3

Communication Systems 1

ADAPTIVE EQUALIZER FOR CARRIER MODULATED DATA TRANSMISSION,
N.C. Mohanty (USA). An adaptive equalizer, based on a
minimum mean squar. error criterion, has been derived for
the purpose of extracting carrier modulated data transmitted
through an unknown and asymmetric channel. The weights of
the equalizer are obtained by using a simple formula
containing the +transform of +the parallel channels. The
performance of the equalizer is expressed in terms of the
variance of the estimation error and the error is much lecs
than that of direct demodulated data.

EMBELDED PILOT SIGNALS FOR ADAPTIVE SIGNAL EXTRACTION IN
MULTI-CHANNEL ENVIRONMENTS, B.G. Agee and W.A. Gardner
(USA). The concept of using a broadband source-embedded
pilot signal for receiver-site adaption, wused in the
telephone industry as an early technique for channel
equalization, 1is applied here to signal extraction 1in
mul tichannel environments. Multiple-stage adaptive receiver
structures are described for two methods of embedment, and

system performance 1is analyzed for several two~input
- mixtures of signal and noises. Results are then generalized
by to several inputs and 1interpreted for a number of

applications in telecommunications and array processing.
] Additionally, several known results in these fields are
3 rein.erpreted in terms of the embedment concept to clarify
1 the potential of this technique in these applications.

ADAPTIVE CHANNEL ENCODING FOR MULTIPLEX TRANSMISSION OVER
DISCRETE CHANNELS HAVING VERY VARIABLE ERROR RATE, A.
Bernardini and G.M. Poscetti (Italy). A method for improving
the performance of multiplex +transmission over discrete
channels affected by very variable error rate is described.
Adaptive channnl encoding, that takes into account both the
error statistics on the binary multiplex message and the
statistics of the user access to the system, 1is employed.
Comparisons of practical results in a digital radio relay
system with the theoretical upper Dbounds of +the overall
capacity of the system are made. The obtained improvements
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are significant and have practical applications in the case
of newly designed digital networks.

DIFFUSION APPROXIMATIONS FOR THE ANALYSIO OF DIGITAL PHASE
LOCKEL LOOPS, H.J. Kushner =and H. Huang (USA). Recent
results for getting diffusion 1limits of a sequence of
suitably scaled stochastic processes are applied to  the
synchronization problem for a digital phase locked loop
(DPLL). The discrete time parameter error processes 1is
suitably amplitude scaled and interpolated into a continucus
time parameter process. For small filter gains and symbol
intervals, a diffusion process approximation 1is rigorously

obtained. This approximation is a Gauss-Markov process and
it yields approximate error variances, passage time
distributions, correlation properties, (among other

properties) for the DPLL. The tracking problem when the
clock drifts is also treated. The technique is applicable to
a wide variety of related problems, to get continucus time
Markov systems which are easier to analyze the original
{continucus or discrete time) systems  which they
approximate. In fact, a currently common method attempts to
handle the same problem by getting an 'equivalent' PLL and
then using a linearization to get the error variances. Close
examinations of this latter formal technique shows that its
implicit assumptions are similar to our assumptions. The
method of the paper is versatile and it has been used on
many problems; e.g., adaptive quantizer, adaptive antenna
array and various types of phase locked locops with wide band
signal and noise inputs.

PHASE GSEQUENCE ESTIMATION IN THE PRESENCE OF RAYLEIGH
FADING, S.R. Robinson ané D.E. Meer (USA). Maximum A
Posteriori (MAP) sequence estimation 1is used to estimate
(modulo-2 ) the phase of a signal with rapid amplitude
(Rayleigh) fluctuations. The sequence estimation is made
tractable by quantizing the estimates to a finite number of
levels in (-m,7) so that a recursive (Viterbi) algorithm can
be wused. Expressions for predicted mean-square-error are
presented and verified by computer simulation. The phase
estimation algorithm is implemented assuming that a perfect
measurement of the amplitude of the signal realization is
available; however, simulation results indicate that the
estimator's performancce is relatively 1insensitive to the
accuracy of the amplitude measurements. The estimator is
shown to outperform a phase-locked 1loop (PLL) by roughly
2-6dB for constant signal amplitude. For a signal with




rapidly fading (Rayleigh) amplitude, the improvement in
performance is convervatively predicted tc be 10dB. (This
research was supported in part by the Air Force Office of
Scientific Research under AFOSR 76-3063C, in part by the
National Science PFoundation under NSF-Eng. 7712946 and in
part by the Office of Naval Research under
NO014-76-C-0279-P0004.)

ENTROPY AND ABSOLUTE PHASE DEMODULATION, R.S Bucy (USA),
J.M.F. Moura (Portugal), and A.J. Malinckrodt (USA). The
problem of absolute demodulation has been studied by many
authors in the context of the suboptimal demodulator phase
locked 1loop. In this paper we study the performance
improvement obtainable Dby implementation of the optimal by
implementation of the optimal nonlinear filter. Further, the
phenomenon of cyclic slips is shown to be connected to the
entropy of the conditional distribution of the phase given
the observations. The statistical properties of the slip
distribution of an optimal phase estimator based on the
optimal mnon-linear filter are studied via Monte Carlo
simulation. (This work was partially supported by NATO
Scientific Affairs Division under grant 157/79/80, by the
Air Force Office of Scientific Research under AFOSR-3100, by
JNICT under 118.79.80, and by Instituto Nacional de
Investigacao Cientifica.)
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SESSION A4

Radar

MAXIMUM LIKELIHOOD ESTIMATION IN DETECTION OF RADAR SIGNALS,

R.N Madan and J.M. Guild (USA). For noncoherent detection of

signals in a radar receiver, a linear detector is employed.

. The detection threshold is set by the Neyman-Pearson

; criterion, which requires the detection probability to be

maximized for a given probability of false alarm. For a

linear detector the detection threshold T 1is parameterized

in terms of a multiplier K applied to an estimation of the ]

mean x of the probability density of noise. In this paper !

we study the effects of estimation ¢f x on the threshold ‘

multiplier ¥ in order to maintain a predetermined

i prcbability of false alarm. Depending upon the variance of

the estimate of the mean, the threshold multiplier is

elevated to maintain a fixed probability of false alarm. The

elevation of the threshold results in a loss of detection

sensitivity. Following the maximum likelihcod estimation

‘¥LE) =snrheme to estimate the mean of the noise process, we

arhow that the MLUE approach leads to a reduction in detection

lesensitization 2o compared to the loss in the mean squared

error MUEY seheme. Qualitative and quantitative results are

reported  in  the form of 2 plot and two tables with values
for comparing the two asohemes, MLE and MOE.

THEOATPARENT UTOPARITY RETWERN THE REDPONSES °F A MONUPULTE

HECEIVER T OJAMMERD OAND T PATUIVE TARGETS, 1. Fanter (UCAD.

A monsyulce  recciver  exhibits  three  apparently distincet

tvres oF average recponse when the radar cees  twoe  iammers,

two o pacsive  targets,  or one  of  ench. Thie variety of

recponses are shown to be o aperial cuses of a4 peneral formula

wioich o arplied to tw:  independent targets with uniformly
; fictribu*ed phace {ifference. )
1

' A UUTERLER MOTIMAT D e U kAN ATAPTIVE MTD I THE

UM TR T T WAVER R T A TRAKIN D RADAR, T,

cpcclarel b ant S0 Tieardl o THalyvil A rratlem of interest

froometile redar systems G the aytpgation o f axeful

Pefermet ions ranes, cpeodt in preconce o #F e ired oohoen
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conventional moving target indicator (MTI) cannct be used
for the presence of a disturb carrier (due to the platform
motion and/or to the wind) which shifts the power spectrum.
Different approaches have been used to avoid (or to reduce)
the influence of this carrier: the well known MTD (mcving
target detector) or AMTI (adaptive MTI). In the 1latter
solution the major problem is the estimation of the doppler
carrier which can be compensated by a proper mixing circuit.
It is obvious that this estimation doesn't optimize the
performances of the canceller as +the influence of the
magnitude correlation between following echoes is
negelected. A closed 1loop estimation circuit is proposed
which 1s able in a few sweeps to measure the input carrier
avoiding the influence of the stagger and the frequency
agility, nearly always present in modern radars for ECM
reasons. The 1input signal 1is one sweep delayed and the
phase is measured between the delayed and undelayed signals;
so an error is obtained due to the difference Dbetween the
input carrier (with its doppler spectrum) and the feedback
carrier. This error is clearly influenced by the
transmission carrier and pulse repetition frequency changes.
The physical source of error is the radial relative speed of
target and platform and this is not affected by the radar
features; so from the knowledge of the frequency parameters
of the system (prf and transmission carrier) this error can
be compensszted.

THE EFFECT CF THRESHOLDING IN REDUCING GLINT FROM EXTENDED
TARGETS, I. Kanter (USA'. By thresholding either the sum
channel amplitude or magnitude of the imaginary part of +the
output of a monopulse receiver, or bcth, one can reduce the
angular errors associated with the tracking of an extended
target. Formulas are derived which give tne achievable glint
reduction and the fraction of data rejected as a function of
the two thresholds. The analysis is valid for arbitrary
location of the target in an arbitrary antenna pattern.

LINEAR VY LDGARITEMITD FRAME-INTEGRATION FOR COHERENT  LASER
“ATARC,  J.H. Thapiro (JTAY. We have recently developed a
ayztem moiel for a compart hetercodyne-reception infrared
magine-raiar. Frcm  this model it follows that, under high
~arrier—to-noise ratic  TNRE' conditions, single-pixed image
Sienal-to-nnioe ratis LoD is aeverely limited Dby
turbhgience-iniuced aeintillation and target speckle.
Mgl iframe AV eraering Mt he used to combat these

£
.

nortantiors, ‘n o this paper we  present results comparing
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linear and logarithmic frame-averaging systems. For glint
targets viewed through strong atmospheric turbulence,
logarithmic averaging is found to be far superior to linear
averaging. For speckle targets in the absence of turbulence,
linear averaging is at most 3dB better than logarithmic
averaging; the logarithmic processor is clearly superior for
speckle targets viewed through strong turbulence. The
preceding results apply to single-pixel targets. The
subjective difference between linear and 1logarithmic
frame-averagers operating on multi-pixel targets has been
probed by use of computer simulation. The results obtained
for strong turbulence indicate the superiority of the
logarithmic processor.

IMPLEMENTATION AND PERFORMANCES OF NAR-AGC ADAPTIVE
DETECTION SYSTEMS, B. Picinbono and A. Ouamri (France). In
the last symposium on Information Theory was presented the
rinciple of a DNoise Alone Reference Automatic Control
NAR-AGC) system in order to achieve adaptive detection in
presence of non-stationary noise. We remind +that +the NAR
property means that it is possiblie to extract a functional
of the observation which has the same value in the ©presence
or absence of a known signal. Then this functional is only
depending of the noise. In the casce of an AGC system, this
functional 1is a power estimator which allows us to estimate
the noise power even in the presence of a strong signal.
Nevertheless, +the effectie implementation of the system
presented was difficult because of the necessary calculation
at every time instant of a quadratic form of the observation
on a large matrix. In this paper we present some new
possible versions of NAR-AGC systems and we discuss their
performances. In particular we compare the complexity of the
calculations in order to realize a practical implementation.
The performances of various possible solutions are compared
and discussed.
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SENDION A5

Coding I

GRAPH THEORETIC APPROACHES TO THE CODE CONSTRUCTION FOR  THE
TWO-U3ER MULTIPLE-ACCFSS BINARY ADDER CHANNEL, 7. Kasami
(Japan), S. Lin, V.K.W. Wei (USA), and &. Yamamura (Japan!.
In this paper, we relate coding for the two-user
multiple-access binary adder channel to a problem in graph
theory, known as independent set problem. Graph-thecoretic
approaches to coding for both synchronized and
nonsynchronized two-user adder channels are presented. Using
Turan theorem on the independence number of a simple graph,
we are able to improve the lower bounds on the achievable
rates of uniquely decodable codes for the nonsynchronized
adder channel. We show that the rates of Deaett-Wolf codes
for the synchronized adder channel fall below the bounds.
Finally, synchronizing sequences for the nonsynchronized
adder channel are constructed. (This research is supported
in part ty the DNational Science TFoundation under ENG
75-05151.)

CODING FOR T-USER BRINARY SYMMETRIC BROADCAST CHANNELS, S.C.
Chang (USA). Coding for T-user binary symmetric broadcast
channels are studied. T independent information sources send
messages from a common transmitter to T separate receivers
via a T-user broadcast channel. The T-user broadcnst channel
consists of T components which are binary symmetric channels
with crossover possibilities P1<P2<...<tm.

Basic properties of T-user broadcast codes are derived, such
that the constructive broadcast codes can correct
t,<t.<.. <t component-channel errors. Bounds on the
aéhiévable ‘rates are found. Some coding schemes are
propcsed which ase eclose to  the theoretical bounds. The
schemes indeed improve the common engineering solution of
time-sharing a trancnifZer among T separate receivers.

GROUP  CODER S FORE THE M-RECEIVER GAUSGSIAN BROADCAST CHANNEL,
C. Downey and J. ¥arlof (UJAY. The M-RECEIVER GAUSSIAN
BROADCAZT CHATIFL ia  a moiel of a communication system in
whirh a9 gingle codewnrd is transmitted over i distinct

Jrony
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Gaussian channels and is received by M receivers. The
receivers have no contact with each other and the channels
have different signal to noise ratios. According to the
signal to noise ratioc of its channel, each receiver deccdes
a different amount of information from the received word.
The purpose of this paper is to define the concept of group
code for the M-Receiver Gaussian Broadcast Channel and study
permutation codes as a special <case. Such a code 1is
generated by an initial vector x, a group G of orthogonal n
by n matrices, and a sequence of subgroups of G. The
subgroups are used to partition the codewords into subsets,
called <clouds. For each channel we form a different set of
clouds. The codewords in the same cloud represent the same
message to that channel's receiver. We state conditions on
the subgroups and the initial vector +that are needed %o
generate good codes (in terms of minimum distances). We use
variant II permutation group codes as examples.

ON THE COMBINATIONAL AND DELAY COMPLEXITY OF ASYMPTOTICALLY
GOOD CODES, Y. Imber and J.E. Savage (USA). In this paper
the complexity of decoders for the asymptot cally good
Justesen codes and the iterated Justesen codes intr duced by
Sugiama, Kasahara, Hirasawa, and Namekawa [SkHN] are
investigated and new bounds are derived. We present a
decoding scheme for Justesen codes and derive an upper bound
on 1ts combinational complexity that improves on the best
known upper bound. Furthermore, we derive bounds on the
delay complexity of +the Justesen codes as well as for the
SKHN codes. Finally, we present and analyze a new class of
asymptotically good codes generated by using the Justesen
codes as inner codes and an RS code as an outer code. (This
work was supported in part by +the National Science
Foundation under grant ENG 75-17614.)

BILINEAR CYCLIC CONVOLUTION ALGORITHMS OVER FINITE FIELDS,
S.D. Morgera and M.D. Wagh (Canada). This paper explores the
structure of Dbilinear cyclic convolutional algorithms over
finite fields. The algorithms derived here are valid for any
length not devisible by the field characteristic and are
based upon the small length polynomial multiplication
algorithms. The multiplicative complexity of these
algorithms 1is small and can be decreased by enlarging the
field of constants. The linear transformation matrices A,B
(premultiplication) and C (postmultiplication), defining the
algorithm, have ©block structures which are related to one
another. The rows of A and B and the columns of C are
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maximal length recurrent sequences. Because of this highly
regular structnure of A,B, and C, these algorithms can be
very easily designed even for large 1lengths. The
applications of these algorithms to compute linear
convolutions and for R-S decoding are also examined. (This
work was supported by NSERC grant A0912.)
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Quantum Channels

NONCOMMUTATIVE PROBABILITY MODELS IN QUANTUM COMMUNICATION
AND MULTI-AGENT STOCHASTIC CONTROL, J.S. Baras (USA). 1In
this paper we present a survey of basic results in quantum
communication theory that utilize so called noncommutative
probability mcdels. We indicate by means of examples how
these mathematical methods can lead to actual computations
in specific examples. We offer a careful review of these
noncommutative models and we observe the similarities with
desired features in the representation of the statistics 1in
multi-agent stochastic control problems. We then give
suggestions for interpreting some of the basic constructs of
quantur models in the language of multi-agent stochastic
control systems. (This research was partially supported by
the National Science Foundation under grant ENG 75-20900,

and by the Army Research Office contract ARO DAAG
29-77-C-0042.)

OPTIMAL POINT PROCESS ESTIMATORS FOR GAUSSIAN OPTICAL FIELD
INTENSITIES, ©F. Davidson and Y.C. Park (USA). The real and
imaginary parts of the analytic signal description of a
Gaussian optical field with exponential covariance function
evolve as a pair of coupled Gauss-Markov diffusion
processes. Application of the Ito differential rule to the
sum of the squares of +these +two components yields a
stochastic equation of evolution that can be used to obtain
a stochastic equation of evolution for the Gaussian optical
field 1intensity itself. This last one dimensional equation
is of the form of a Markov (but not Gauss-Markov) diffusion.
It was wused to obtain a one dimensional equation of
evolution for the posterior conditional probability density
for the optical field intensity given observations of
photoelectron emission +times. Numerical solutions to this
equation using actual data were used to obtain minimum mean
square error (MMSE) estimates of the field intensity as a
function of time. In addition, a pair of coupled stochastic
equations of evolution for approximately MMSE estimates of
the field of intensity and its variance were obtained.
Numerical solution to these equations using the same data
sets as before produced intensity estimates that agreed to
within a few percent of the exact MMSE intensity estimates.
The approximate equations have the advantage that they

require only a small fraction of the computational time for
golution as the exact equations.
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VARIABLE STRUCTURE NONLINEAR QUANTUM MECHANICAL FILTER FOR A
VECTOR-VALUED SYSTEM PROCESS WITH THE SEMI-MARTINGALE
DECOMPOSITION, D.D. Ilic (USA). When the gquantum mechanical
stochastic process to be estimated 1is vector-valued, the
essentially gquantum mechanical problem of simultaneous

observations arises, and two independent, inherently
non-classical, problems must be solved: (1) optimal
simultaneous quantum observation and (2) optimal

postprocessing of observations. Spectral calculus for normal
operators in Hilbert spaces is used for design of optimal
(in the minimum error variance sense) simultaneous quantum
observation, while +the optimal postprocessing is based on
optimization over ¢-algebras method. Both methods have been
developed by the author elsewhere.

The new Pundamental ILemma for simultaneous observations in
quantum mechanics is stated and applied.

The only assumption imposed on the stochastic process to be
filtered is that it possesses a semi-martingale
decomposition with respect to the global past history of the
dynamic system and involved probability measures. It is
demonstrated that the observed eigenvalue stochastic process
has a semi-martingale decomposition and the recursive filter
representation is obtained by the innovations method. The
resulting filter is the most general existing discrete-tvime
stochastic filter.

OPTIMAL CODING AND DECODING OF A RANDOM TELEGRAPH WAVE FOR
TRANSMISSION THROUGH A POISSON TYPE CHANNEL, A.A. Jazar and
S.C. Schwartz (USA). The optimal coding and decoding of a
random telegraph wave for +transmission through a Poisson
type channel is considered. The observation process is a
counting point process described by a stochastic
differential equation of the type:

dNtzxtdt + 4dM o<1,

t’
where xt,ogth, represents the random intensity rate (RIR)
and Mt,OﬁtiT, is a martingale.

The aim of our investigation is to represent the RIR as a
function of +the "information ©bearing process" X and the
observations N, i.e., (X,N),0<t<T, such that we attain or
come close to some optimal properties.

Aisdetermined from among the class of codes satisfying a
peak and average power constraint. Three optimality measures
are considered: the estimation (m.m.s.e.), detection
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(maximum power) and information theoretical (maximal mutual
information) criterion. Letting X be a random telegraph
wave, it is shown that the optimal coding is linear and does
not require feedback. An analogy to the optimal transmission
of a Gaussian random process through the white Gaussian
channel is also presented.

PERFORMANCE OF QUANTUM ©SIGNALS IN UNIMODAL AND BIMODAL
OPTICAL COMMUNICATIONS, C.W. Helstrom (USA). The
performance of two-photon coherent-state and
integral-quantum signals in Dbinary optical communications
will ©be compared, under the constraint of fixed average
probability of error, with that of ordinary coherent signals
for noisy unimodal and bimodal channels of known and random
phase. The manner in which the advantage of these quantum
signals over ordinary coherent signals vanishes as the
channel <ftransmittance goes %o =zero will be illustrated.
(This material is ©based upon research supported by the
National Science Foundation under grant ENG77-04500.)

DIRECT AND INDIRECT QUANTUM MEASUREMENTS YIELD EQUAL MAXIMUM
INFORMATION, L.B. Levitin (Germany). A quantum system is

considered, Wthh states are random, occurring with
probabilitlfs (i=1,2,...) and described by density
operators p 1n a separable Hilbert space H,. Quantum

information obtainable by direct (respectively, i Q}gect{
measurements is defégﬁd as the least upper bound I{A

(respectively, Jip iD; }) of Shannon's information aboit
the state of the system in the outcome of a
quantum-mechanical measurement, associated with an

orthogonal resolution of the identity in +the space H,
(respectively, 1in the tensor product space H,® H where H

is a separable Hilbert space corresponding to an aux111ar§
quantum system). The 1least upper bound is taken over all
possible direct (respectively, indirect) measurements.

The following theorem solves a controversial problem of
optimality of indirect vs direct quantum measurements.
Theorem: For any set of density operators 5(1) in a
separable (infinite-dimensional) Hilbert space, which occur
with pro 2 ilitie such that H=- P; lnp e
AR
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THE CUTOFF RATE REGION FOR MULTIPLE ACCESS OPTICAL
COMMUNICATION SYSTEMS, P. Nerayan and D.L. Snyder (USA). The
"cutoff rate region" for a multiple access channel 1is a
natural generalization of the cutoff rate parameter for a
single user channel. In this paper, we define the cutoff
rate region and explore some of its properties and
implications for the coordinated design of the encoders and
modulators of the multiple users. We find for block encoding
that the cutoff rate 1s the same with and without frame
synchronization between the multiple wusers. Choices of
modulation are identified that maximize the cutoff rate
region for an additive thermal-noise limited channel subject
to average energy and bandwidth constraints and for an
additive shot-noise 1imited channel subject to