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UNIVERSITY OF WASHINGTON 
. ( SEATTLE, WASHINGTON 98195 

Department of E/e,·trical Engineering, FT -10 
Telephone: ( 206) 543-2150 December 17, 1987 

Mr. Colin Johnson 
EE Times 
333 S. State St. Suite Vl41 
Portland, OR 97034 

Dear Mr. Johnson: 

It was my pleasure to talk to you about our research program in neural networks. I have been working 
in this area since receiving a National Science Foundation Presidential Young Investigator Award in 
1985. Our approach has concentrated on problems in temporal pattern classification where humans can 
currently achieve much better perfonnance than machines. We also have felt (as I pointed out in my 
talk) that some of the currently popular neural networks have severe practical and analytic problems. 
Thus, my close collaborator, Prof. Robert Marks, has led an effort to formulate trainable multi-layer 
networks which have strong analytic guidance and practical advantages. I have enclosed, in addition to 
the copies of my presentation foils you requested, some papers which represent this new network 
design. 

Our research in artificial neural networks is also supported by a grant from the Washington Technology 
Center. Robert Marks and rare both Principal Investigators on this grant. In fact, our research program 
in neural networks is actually part of the Washington Technology Center (yet still within the University 
of Washington Department of Electrical Engineering). 

On March 16-18, 1988, Robert Marks and I will be giving a short course (coordinated by the University 
Of Washington College of Engineering) on Artificial Neural Networks in the San Francisco Bay area. 
Bernie Widrow has agreed to give a guest lecture at this course. This course is a slightly expanded ver
sion of a course we gave last August in Seattle. 

I've enjoyed the quality of your past articles on the innovations in artificial neural networks. Please feel 
free to contact me if you have any more questions and let me add that you always have an open invita
tion to visit us. 

LA/la-unix 

Sincerely and Happy Holidays, 

Xt&~ 
Les Atlas, Asst. Professor 
Phone: (206)54 5-1315 



. ( 

UNIVERSITY OF WASHINGTON 
SEATTLE, WASHINGTON98195 

Interactive Systems Design Laboratory 
Department of Electrical Engineering, FT-10 
Telephone: (206) 543-6990 or 543-2150 

Mike Wang 
Optical Systems Lab 
Dept. of Electrical Engineering 
Texas Tech University 
Lubbock, Texas79409 

Dear Mike, 

Greetings! 

12-19-87 

I write in response to your 12-4-87 letter. Let me first explain why I believe there 
are hidden neurons in your model. In backward error propagation neural networks (a 
tutorial is enclosed), there are three neural layers: the input or clamped layer, the hidden 
layer and the output or floating level. The hidden layer is a nonlinear function of the 
input layer. The output is then determined by the hidden layer states and, in some 
architectures by the input layer also. 

In your model, there is also a hidden layer that is a nonlinear function of the input 
layer. Consider two input neurons, a & b. Assume there is a single output neuron, f. 
Your hidden neurons have states c=ab, d=a2 and e=b2. The neural net looks like: 

input: 

hidden: 

output: 

Note, for example, that Tcf = T abf in your notation. One of your models (scheme 3) has 
the input neurons connected to the output. Another, as shown here, does not. This 
hidden layer, I believe, should be included in the total neuron count when computing the 
network's storage capacity. · 

Here's an example using our alternating projection neural network (APNN). A 



preprint is enclosed. The truth table for an exclusive or (XOR) is: 

a: -1 1 -1 1 
b: -1 -1 1 1 
f: 1 -1 -1 1 

Let's add in the hidden layers also to form the augmented library matrix: 

a: -1 1 -1 1 
b: -1 -1 1 1 
c: F+== 1 -1 -1 1 
d: 1 1 1 1 
e: 1 1 1 1 
f: 1 -1 -1 1 

and the interconnect (projection) matrix: 

T==F(F'F)-lF' 

1 0 0 0 0 0 
0 1 0 0 0 0 

;;:: 0 0 .5 0 0 .5 
0 0 0 .5 .5 0 
0 0 .5 0 0 .5 

The corresponding APNN neural network is: 

input: a e.. bf 
' ' 

' ...... 
..... 

..... 

' 
d e ct e e 

.5 

hidden: 

output: 
.5 

Only the interconnects to the output are shown because, in the APNN, the input neurons 
are clamped. As a direct result, the hidden neurons are indirectly clamped. As you can 
see, the only non-self interconnect is to neuron c which, from the library matrix, is the 
result we want. The network iterates to the proper value due to the auto-connect. 



I hope this has been helpful to you. Please don't hesitate to call if I can be of 
further assistance. 

Best regards, 

/k/4~ 
Robert J. Marks II 
Professor 
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University of Washington Correspondence 

INTERDEPARTMENTAL 

TO: Profs. Atlas and Noges 

FROM: Bob Marks 

SUBJECT: Further Kohonen honoraria 

BAD NEWS 

enclosure 

10-2-87 



University of Washington Correspondence 

INTERDEPARTMENTAL The Graduate School AG-10 

October 1, 1987 

Professor Robert J. Marks II 
Department of Electrical Engineering, FT-10 

Dear Dr. Marks: 

Thank you for your memo regarding the Colloquium of Dr. Kohonen. We are 
pleased that the Graduate School Research Fund, through the Travel & Honoraria 
allocation to the Department of Electrical Engineering, will provide a $300 
honorarium for this important seminar. 

A total allocation of over $340,000 has recently been made by the Graduate 
School to units across campus in support of travel and honoraria during the 1987-89 
biennium. This leaves only a small reserve for those departments which did not receive 
an allocation. We normally would not supplement a department's allocation until it 
was expended and reserve funds remained at the end of the biennium. My suggestion 
is that you might consider a joint sponsorship, with both departments providing funds 
from their individual allocations. · 

I am sorry that we cannot be of more help and I wish you well. 

cc: Dean Gene Woodruff 

Sincerely, 

'b®~ff~ 
Dale E. Johnson 
Associate Dean for Academic 

Programs and Research 



UNIVERSITY OF WASHINGTON 

Department of Electrical Engineering, FT - 10 
Telephone: (206) 543- 2150 

Robert Graham 
Boeing Electronics Co. 
P.O. Box 24969, MS J7-24 
Seattle, WA 98124-6269 

Dear Robert, 

SEATTLE, WASHINGTON 98195 

10-1-87 

Enclosed is the abstract of a talk that Dr. Kohonen is planning to present at the BHTC. 
His CV and a list of publications is also enclosed. 

I would appreciate getting a copy of your announcement to publicize to our students. 
Some of us are planning to attend his BHTC talk. 

Thank you. 

enclosures 

cc: Profs. Atlas and Noges 

d¢ 
Robert J. Marks II 
Professor 



Self-Organizing Sensory Maps for Pattern Recognition: A 
- Neurocomputer Approach 

Teuvo Kohonen 

Helsinki University of Technology 

Laboratory of Computer and Information Science 

Rakentajanaukio 2C, SF-02150 Espoo, Finland 

Abstract 

A simple but nonetheless effective pattern recognition method is described, in which 

the probability density functions of pattern classes are represented by a fixed and 

rather small number of adaptively determined reference vectors, of which the nearest 

neighbour defines the classification. The values of the reference vectors are 

determined in a self-organizing process whereafter the decision surfaces constitute 

very good approximations of those of the Bayes classifier. 

Another, more complicated method is motivated by brain theory. One of the purposes 

of the brain is to form an internal representation of the exterior world. It is suggested 

that a simple physical-type self-organizing process is able to compress sensory 

information and to represent its main features in low-dimensional (say 2-D) maps that 

approximately preserve the metric and topological relations between observations. 

Examples of such maps are topographic maps of the environment, feature maps of 

visual and auditory signal spaces, and taxonomic graphs of hierarchically related data, 

which have been produced by computer simulations. Such maps can be used for 

effective statistical pattern recognition, and a Phonetic Typewriter which converts 

continuous speech into text will be referred to as an example. 



Date of Birth: 

Place of Birth: 

Citizenship: 

Address: 

Family: 

Education: 

( 

Employment: 

Curriculum Vitae 

Teuvo Kalevi Kohonen 

July 11, 1934 

Lauritsala, Finland 

Finnish 

Residence: 

Business: 

Mellstenintie 9 C 2 

SF-02170 Espoo, Finland 

Helsinki University of Technology 

Laboratory of Computer and Information 

Science 

Rakentajanaukio 2 C 

SF-02150 Espoo, Finland 

Married, four children 

Diploma Engineer (M.Sc.), Helsinki University of 

Technology, 1957, in Physics ("with honours") 

Licentiate in Technology, Helsinki University of Technology, 

1960, in Physics 

Doctor of Engineering, Helsinki University of Technology, 

1962, in Physics 

D.Eng. Thesis: "Contributions to the Study of Lifetimes of 

Positrons in Solids" 

1957-59 Teaching Assistant in Physics at the Helsinki 

University of Technology 

1959-62 Research Associate of the Finnish Atomic Energy 

Commission 

1963-65 Assistant Professor in Physics at the Helsinki 

University of Technology 

1965-

1968-69 

1975-78 

1980-88 

Professor of Technical Physics (Electronics) at 

the Helsinki University of Technology 

On leave as a Visiting Professor at the University 

ofWashington, Seattle, Wash. 

Appointed as Research Professor of the Academy 

of Finland 
If 



Academic Societies: 

The Finnish Academy of Sciences, Member 

The Finnish Academy of Engineering Sciences, Member 

Representative of Finland in the International Association for 

Pattern Recognition (IAPR), Vice Chairman of IAPR '82/'84 

The Brain Research Society of Finland 

The Pattern Recognition Society of Finland, Honorary 

Member 

Areas of Scientific Interest: 

Publications: 

Prizes: 

Biographical listings: 

Computer and information sciences, in particular the theory 

of associative memory and self-organization. Pattern 

recognition, especially recognition of speech. 

Cf. separate sheet 

Eemil Aaltonen Prize, 1983 

The Cultural Prize of the Finnish Commercial Television 

(MTV), 1984 

5000 Personalities of the World (Am. Biograph. Inst., 

Raleigh) 

International Book of Honour (6000 entries; Am. Biograph. 

Inst., Raleigh) 

Who's Where Among Writers (publishers, New York) 

Longman's Who's Who in Science (Longman Group Ltd., 

Harlow) 

Marquis Who's Who in Science (Marquis Who's Who, Inc., 

Chicago) 

International Register of Profiles (Intern. Biograph. Centre, 

Cambridge; in press) 

International Leaders in Achievement (Intern. Biograph. 

Centre, Cambridge; in press) 

+ seven other biographical reference books 



Prof. Teuvo Kohonen 
Helsinki University of Technology 
Laboratory of Computer and Infonnation Science 
SF-02150 Espoo, Finland 

LIST OF PUBLICATIONS 

nooks: 

T. Kohonen, Self-Organization and Associative Memory, Springer-Verlag, Series in Infonnation 
Sciences, Vol. 8, Berlin- Heidelberg- New York- Tokyo, 1984 

T. Kohonen, Content-Addressable Memories, Springer-Verlag, Series in Infonnation Sciences, Vol. 1, 
Berlin- Heidelberg- New York, 1980, Seconded. 1987; Russian ed.: MIR, Moscow, 1982 

T. Kohonen, Associative Memory - A System-Theoretical Approach, Springer-Verlag, Series 
Communication and Cybernetics, Vol. 17, Berlin- Heidelberg- New York, 1977; 2nd ed. 1978; Russian 
ed.: MJR, Moscow, 1980; Japanese ed.: Saiensu sha, Tokyo, 1980 

T. Kohonen, Digital Circuits and Devices, Prentice-Hall, Inc., Englewood Cliffs, NJ., 1972, 466 p; 
Polished.: Wydawnictwa Naukowo-Techniczne, Warsaw, 1975 

Papers: 

140. T. Kohonen, K. Torkkola, M. Shozakai, J. Kangas, and 0. Ventii, Microprocessor Implementation of a 
Large Vocabulary Speech Recognizer and Phonetic Typewriter for Finnish and Japanese, Proc. of 
European Conference on Speech Technology, CEP Consultants Ltd, Edinburgh, 1987, pp. 377-380 

139. T. Kohonen and E. Oja, Technical Comment on the article of J. Hopfield and D. Tank, Science 235, 6 
March 1987, p. 1237 

138. T. Kohonen, Muisti, to be published in Otavan Suuri Ensyklopedia (Kustannusosakeyhtio Otava, 
Publishers Editions Verlag) (in Finnish) 

137. T. Kohonen, Memory Systems for Future Computers, to be pubHshed in Science & Technology in 
Europe, ed. N. Calder (Nature & Technology, Scientific Publishers, Maastricht, The Netherlands) 

136. T. Kohonen, Content-Addressable Memory, to be published in Encyclopedia of Computer Science and 
Technology, eds. A. Kent and J.G. Williams (Marcel Dekker, Inc., New York, Basel); also to be 
published in Encyclopedia of Microcomputers (Marcel Dekker, Inc., New York, Basel) 

135. T. Kohonen, Adaptive, Associative, and Self-Organizing Functions in Neural Computing, Helsinki 
University of Technology, Laboratory of Computer and Infonnation Science, Report A1, 1987; also to 
be published in Applied Optics 

134. T. Kohonen, J. Kangas, K. Torkkola, and 0. Ven11!, The Otaniemi Speech Recognition System, 
U.R.S.I./IEEE XII National Convention on Radio Science, Espoo, Finland, October 31, 1986, p. B 1.1 

133. T. Kohonen, Learning Vector Quantization for Pattern Recognition, Helsinki University of Technology 
Report TKK-F-A601, 1986, 18 p. 

132. T. Kohonen, Dynamically Expanding Context, with Application to the Correction of Symbol Strings in 
the Recognition of Continuous Speech, Proc. of the Eighth International Conference on Pattern 
Recognition, Paris, France, October 28-31, 1986, pp. 1148-ll51 

131. 0. Ventii and T. Kohonen, A Non-Stochastic Method for the Correction of Sentences, Proc. of th~ Eighth 
International Conference on Pattern Recognition, Paris, France, October 28-31, 1986, pp. 1214-1217 

130. K. Torkkola, H. Riittinen, and T. Kohonen, Microprocessor-Based Word Recognizer for a Large 
Vocabulary, Proc. of the Eighth International Conference on Pattern Recognition, Paris, France, October 
28-31, 1986,pp.814-816 

129. T. Kohonen, Representation of Sensory Infonnation in Self-Organizing Feature Maps, and Relation of 
These Maps to Distributed Memory Networks, Proc. of Conference on Computer Simulation in Brain 
Science, Copenhagen, Denmark, August 20-22, 1986 (Cambridge University Press) 
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128. T. Kohonen, Self-Organized Sensory Maps and Associative Memory, Proc. of the International 
Symposium on Physics of Cognitive Processes, Amalfi, Italy, June 16-20, 1986 

127. T. Kohonen and K. Mllkisara, Representation of Sensory Information in Self-Organizing Feature Maps, 
AIP Conference Proceedings 151, Neural Networks for Computing, Snowbird, Utah, 1986, J. Denker, 
Ed. (American Institute of Physics, New York, 1986) pp. 271-276 

126. T. Kohonen, Representation of Sensory Information in Self-Organizing Feature Maps, and Relation of 
These Maps to Distributed Memory Networks, in Optical and Hyhrid Computing, H.H. Szu, ed., SPIE 
Vol. 634, pp. 248-259 (1987) 

125. T. Kohonen, Self-Organi7..ation, Memorization, and Associative Recall of Sensory Information by Brain
like Adaptive Networks, Int. Journal of Quantum Chemistry: Quantum Biology Symposium 13, 1986, 
pp. 209-221 

124. T. Kohonen, Dynamically Expanding Context, Helsinki University of Technology Report TK.K-F-A592, 
1985 

123. J. Kangas, 0. Naukkarinen, T. Kohonen, K. Milisara, and 0. VenUl, Phoneme Classification 
Experiments Using Phase Information, Helsinki University of Technology Report TK.K-F-A585, 1985 

122. T. Kohonen, Representation of Sensory Information in Self-Organizing Maps, Proc. of XIV International 
Conference on Medical and Biological Engineering and VII International Conference on Medical 
Physics, Espoo, Finland, August11-16, 1985, p. 1489 

121. T. Kohonen, Pattern-Recognition Applications of Self-Organizing Feature Maps, Proc. of the. 4th 
Scandinavian Conference on Image Analysis, Trondheim, Norway, June 17-20, 1985 (Tapir Publishers 
1985, Trondheim, Norway), pp. 97-103 

120. T. Kohonen, Representation of Sensory Information in Self-Organizing Maps, Proc. of COGNITIVA 85, 
Paris, France, June 4-7, 1985 (CESTA Paris 1985), pp. 585-591 

119. T. Kohonen, Median Strings, Pattez:n Recognition Letters 3, 1985, pp. 309-313; also published as 
Helsinki University of Technology Report TKK-F-A572 (1985) 

118. J. Saarinen and T. Kohonen, Self-Organized Formation of Colour Maps in a Model Cortex, Perception. 
1985, Vol. 14, pp. 711-719; also published as Helsinki University of Technology Report TKK-F-A569 
(1984) 

117. T. Kohonen, K. Milldsara, and T. Saramili, Phonotopic Maps - Insightful Representation of 
Phonological Features for Speech Recognition, Proc. of the Seventh International Conference on Pattern 
Recognition, Montreal, Canada, July 30- August 2, 1984 (IEEE Computer Society, Silver Spring, 1984), 
pp. 182-185 

116. T. Kohonen, Self-Organizing Feature Maps and Abstractions, in I. Plander (ed.), Artificial Intelligence 
and Information-Control Systems of Robots, Proc. of the Third International Conference on Artificial 
Intelligence and Information-Control Systems of Robots, Smolenice, Czechoslovakia, June 11 - 15, 1984 
(Invited Paper), (Elsevier Science Publishers B. V., North-Holland, Amsterdam - New York - Oxford, 
1984) pp. 39-45 

115. T. Kohonen, Mathematical Models of Memory and Applications, in A. Rautsara (ed.), High Technology 
from Finland, The Finnish Academy of Technical Sciences, !984, p. 91 

114. T. Kohonen, Oppivien koneiden uusi tuleminen, Slthk6, Vol. 57, No. 8, 1984, pp. 48-51 (in Finnish) 

113. T. Kohonen, Automaattisen hahmontunnistuksen nlikymlit, Seminar on Technology Transfer, The 
Association of the Employers of the Graphic Industries, January 17-18, 1984 (in Finnish) 

112. T. Kohonen, H. Riittinen, E. Reuhkala, and S. Haltsonen, On-Line Recognition of Spoken Words from a 
Large Vocabulary, Infonnation Sciences 33, 3-30 (1984) (Invited Paper) 

111. T. Kohonen, H. Riittinen, E. Reuhkala, and S. Haltsonen, Large-Dictionary, On-Line Recognition of 
Spoken Words, Helsinki University of Technology Report TKK-F-A515, 1983 

110. T. Kohonen, Self-Organizing Representations, in V. Kelha, M. Luukkala, and T. Tuomi (eds.), Topics in 
. Technical Physics, Acta Polyt.ech. Scandinavica, Applied Physics Series No. 138, 1983, pp. 80-85 

109. T. Kohonen, Self-Organizing Mappings for Two-Dimensional (Visual) Display of High-Dimensional 
Pattern Spaces, in Proc. 3rd Scandinavian Conference on Image Analysis, July 12-14, 1983, P. Johansen 
and P.W. Becker (eds.), The Danish Pattern Recognition Society, Copenhagen, Denmark, pp. 35-41 
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J' 108. T. Kohonen, Representation of Infonnation in Spatial Maps Which Are Produced by Self-Organization, 
International Symposium on Synergetics, Schloss Elmau, Bavaria, May 2-5, 1983 

107. T. Kohonen·, Atk:n tulevaisuus ja ihminen (Studia Generalia lecture, 1.3.1983), published in Ihminen ja 
tietokone, L TKK offset (Lappeenrannan tekniUisen korkeakoulun julie.) pp. 5-18 (in Finnish) 

106. T. Kohonen and P. Lehti~. Tieto on kartaUa, TIEDE 2000 (Finland), No.2, 1983, pp. 19-23 (in Finnish) 

105. T. Kohonen, Automaattisten hahmontunnistusmenetelmien nykytila (Public lecture, October 27-28, 
1982), published in Atk-johto 82, Suomen Atk-kustannus Oy (Tietojenldtsittelyliiton jul.k.) pp. 116-120 
(in Finnish) 

104. T. Kohonen, Clustering, Taxonomy, and Topological Maps of Patterns, Sixth International Conference 
on Pattern Recognition, Munich, Gennany, October 19-22, 1982 (Invited Paper), pp. 114-128 

103. T. Kohonen and E. Oja, A Note on a Simple Self-Organizing Process, Helsinki University of 
Technology Report TKK-F-A474, 1982 

102. T. Kohonen, Automaattisista hahmontunnistusmenetelmisut, in "INSKO" Cont. Ed. Course, 
"Digitaalinen kuvan ldtsittely", Vol. 102-82, pp. 11-19, May 24-26, 1982, Helsinki (in Finnish) 

101. T. Kohonen, A Simple Paradigm for the Self-Organized Fonnation of Structured Feature Maps, in S. 
Amari and M.A. Arbib (eds.), Competition and Cooperation in Neural Nets. Lecture Notes in 
Biomathematics, Vol. 45, Springer-Verlag, Berlin- Heidelberg- New York. 1982, pp. 248-266; Guest 
lecture in the U.S.-lapan Joint Seminar on Competition and Cooperation in Neural Nets, Kyoto, Japan, 
February 15-19, 1982 

100. T. Kohonen, Analysis of a Simple Self-Organizing Process, Bioi. Cybern. 44, 135-140 (1982) 

99. T. Kohonen, Self-Organized Formation of Topologically Correct Feature Maps, Bioi. Cybern. 43, 59-69 
(1982) 

98. T. Kohonen, Primaarisen infonnaation organisoituminen ja koodaus; Proc. Seminar on Frames, Pattern 
Recognition Processes, and Natural Language, The Linguistic Society of Finland, January 16, 1982, 
Helsinki (in Finnish) 

97. E. Reuhkala, H. Riittinen, S. Haltsonen, 0. Venta, K. Miikisara, and T. Kohonen, The On-Line Version 
of the Otaniemi Speech Recognition System, Proc. 1982 IEEE Int Conf. on Acoustics, Speech, and 
Signal Processing, May 3-5, 1982, Paris, France, pp. 875-878, also published as Helsinki University of 
Technology Report TKK-F-A469, 1981 · 

96. T. Kohonen, Construction of Similarity Diagrams for Phonemes by a Self-Organizing Algorithm, 
Helsinki University of Technology Report TKK-F-A463, 1981 

95. T. Kohonen, Self-Organized Formation of Feature Maps, in Proc. Italian IAPR International Workshop 
on Cybernetic Systems: Recognition, Learning, Self-Organization, December 9-12, 1981, Salerno, Italy 
(Invited Paper) 

94. T. Kohonen, Hierarchical Ordering of Vectoral Data in a Self-Organizing Process, Helsinki University 
of Technology Report TKK-F-A461, 1981 

93. T. Kohonen, Automaattistcn hahmontunnistusmenetelmien nykytilanne, Alk:n tietosanomat (Finland), 
No. 12, 1981, pp. 40-42 (in Finnish) 

92. T. Kohonen, Self-Organized Formation of Generalized Topological Maps of Observations in a Physical 
System, Helsinki University of Technology Report TKK-F-A450, 1981 

91. T. Kohonen, P. LehtiO, and E. Oja, A Model of Cortical Associative Memory, Helsinki University of 
Technology Report TKK-F-A447, 1981 

90. T. Kohonen, S. Haltsonen, M. Jalanko, E. Reuhkala, and H. Riittinen, An Overview of the OJ.aniemi 
Speech Recognition System, in Proc. 2nd Scandinavian Conference on Image Analysis, June 15-17, 
1981, E. Oja and 0. Simula (eds.), Suomen Hahmontunnistustutkimuksen Seura, r.y., Helsinki, Finland, 
pp. 227-234 

89. T. Kohonen, Automatic Fonnation of Topological Maps of Patterns in a Self-Organizing System, in 
Proc. 2nd Scandinavian Conference on Image Analysis, June 15-17, 1981, E. Oja and 0. Simula (eds.), 
Suomen Hahmontunnistustutkimu.ksen Seura, r.y., Helsinki, Finland, pp. 214-220 

88. T. Kohonen, Atk-alan tulevaisuudenna.kymill, Prosessori (Finland), No. 6-7, 1981, p. 34 (in Finnish) 
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j. 87. P. Lehti6, T. Kohonen, and E. Oja, Muistin perusprosessit, in K. Achte and A. Pakaslahti (eds.), Muisti 
ja sen hltiri6t, Psychiatria Fennica, Helsinki, 1981, pp. 25-46 (in Finnish) 

86. T. Kohonerr, P. Lehti6, and E. Oja, Storage and Processing of Information in Distributed Associative 
Memory Systems, in G. Hinton and J.A. Anderson (eds.), Parallel Models of Associative Memory, 
Lawrence Erlbaum Associates, Inc., Hillsdale, N. Y., 1981, pp. 105-143; also published as Helsinki 
University of Technology Report TKK-F-A402, 1979 

85. T. Kohonen, Voivatko tietokoneet kehitty~ aivojen kaltaisiksi?, TIEDE 2000 (Finland), No.2, 1980, pp. 
35-40, (in Finnish) 

84. T. Kohonen, H. Riittinen, M. Jalanko, E. Reuhkala, and S. Haltsonen, A Thousand-Word Recognition 
System Based on the Learning Subspace Method and Redundant Hash Addressing, Proc. 5th Int Conf. 
on Pattern Recognition, Dec. 1-4, 1980, Miami Beach, Florida, USA, pp. 158-165; also published as 
Helsinki University of Technology Report TKK-F-A412, 1980 

83. T. Kohonen, Informaatiotekniikan vlllineiden nykytila ja kehitysn~ymlU (Public lecture, November 28-
29, 1980), published in fnformaatiotekniikka ja yhteiskunta, Suomen Atk-kustannus Oy 
(Tietoje~sittelyliiton julk. 55) pp. 33-46 (in Finnish) 

82. T. Kohonen, Automatic Pattern Recognition - A Challenge to Computer Technology, published in 
Information Processing 80, Proc. IFIP Congress 80, S.H. Lavington (Ed.), Oct. 6-9, 1980, Tokyo, and 
Oct. 14-16, 1980, Melbourne, pp. 641-649; also published as Helsinki University of Technology Report 
TKK-F-A408, 1980 

81. T. Kohonen, Description of Learning Results and Memory by Adaptive Filter Functions, in Kybernetik 
1980- Cybernetics 1980, Kooperative Systeme in Biologie und Technik, R. Oldenburg Verlag, Munich
Vienna, 1980, pp. !66-171 

80. T. Kohonen, Representation of Information Processes and Associative Memory in the Brain by Adaptive 
Laminar Network Models, Proc. Ann. Conf. Finn. Phys. Soc., Feb. 8-9, 1980, Haikko, Finland, Report 
Series in Physics, University of Helsinki, HU-P-179, p. xv 

79. T. Kohonen, Research on Associative Memory and Its Applications to Pattern Recognition, Proc. 1st 
Scandinavian Conference on Image Analysis, Link6ping, Sweden, Jan. 14-16, 1980 

78 . T. Kohonen, Representation and Processing of Associations Using Vector Space Operations, published 
in H. Haken (Ed.), Pattern Formation by Dynamic Systems and Pattern Recognition, Springer-Verlag, 
Berlin- Heidelberg- New York, 1979, pp. 199-207 

77. T. Kohonen, G. Nemeth, K.-J. Bry, M. Jalanko, and H. Riiuinen, Spectral Classification of Phonemes by 
Learning Subspaces, Proc. 1979 IEEE Int. Conf. on Acoustics, Speech, and Signal Processing, April2-4, 
1979, Washington, D.C., USA, pp. 97-100; also published as Helsinki University of Technology Report 
TKK-F-A348, 1978 

76. E. Reuhkala, M. Jalanko, and T. Kohonen, A Redundant Hash Addressing Method Adapted for Lhe 
Postprocessing and Error-Correction of Computer Recognized Speech, Proc. 1979 IEEE Int Conf. on 
Acoustics, Speech, and Signal Processing, April2-4, 1979, Washington, D.C., pp. 591:594 

75. P. Lehti6 and T. Kohonen, Associative Memory and Pattern Recognition, Medical Biology 56, 110-116 
(1978) 

74. M. Jalanko, S. Haltsonen, K.-J. Bry, and T. Kohonen, Application of Orthogonal Projection Principles to 
Simultaneous Phonemic Segmentation and Labeling of Continuous Speech, Proc. 4th International Joint 
Conference on Pattern Recognition, pp. 1006-1008, Kyoto, Japan, November 7-10, 1978 

73. T. Kohonen and E. Reuhkala, A Very Fast Associative Method for the Recognition and Correction of 
Misspell Words, Based on Redundant Hash Addressing, Proc. 4th International Joint Conference on 
Pattern Recognition, pp. 807-809, Kyoto, Japan, November 7-10, 1978; also published as !;Jelsinki 
University of Technology Report TKK-F-A335, 1978 

72. M. Jalanko and T. Kohonen, Application of the Subspace Method to Speech Recognition, Proc. 1978 
IEEE International Conference on Acoustics, Speech, and Signal Processing, pp. 561-564, Tulsa, 
Oklahoma, USA, Apri110-12, 1978 

71. S. Haltsonen, M. Jalanko, K.-J. Bry, and T. Kohonen, Application of Novelty Filter to Segmentation of 
Speech, Proc. 1978 IEEE International Conference on Acoustics, Speech, and Signal Processing, pp. 
565-568, Tulsa, Oklahoma. USA, Aprill0-12, 1978 
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70 T. Kohonen, Kuviin ja kuvioihin si~ltyvlln infonnaation automaattinen ldtsittely, Academia 
Scientiarum Fennica, Year Book 1978, pp. 95-104 (in Finnish) 

69. T. Kohonen: Biologinen muisti systeemiteoreettisena ongelmana, IBM Katsaus, No.2, pp. 34-40, 1977 
(in Finnish) 

68. T. Kohonen and H. Riittinen, A Preprocessing Transformation for the Recognition of Two-Dimensional 
Patterns Shown in Different Perspectives, Helsinki University of Technology Report TKK-F-A320, 1977 

67. T. Kohonen, P. Lehti6, E. Oja, A. Kortekangas, and K. Mlilcisara, Demonstration of Pattern Processing 
Properties of the Optimal Associative Mappings, Proc. 7th International Conference on Cybernetics and 
Society, September 19-21, 1977, Washington, D.C., USA, pp. 581-585 

66. T. Kohonen, Implementation of Associative Memory in Adaptive Neural Networks, in H. Matthies, M. 
Krug, and N. Popov (eds.), Biological Aspects of Learning, Memory Formation and Ontogeny of the 
CNS, Proc. Sth Int. Neurobiol. Symp., Magdeburg, DDR,June 6-9, 1977, pp. 43-53 

65. T. Kohonen, P. Lehti6, J. Rovamo, J. Hyvl1.rinen, K. Bry, and L. Vainio, A Principle of Neural 
Associative Memory, Neuroscience (IBRO) 2, 1065-1076 (1977) 

64. T. Kohonen, E. Reuhkala, K. Mlikisara, and L. Vainio, Associative Recall of Images, Bioi. Cybern. 22, 
159-168 (1976) 

63. T. Kohonen and E. Oja, Fast Adaptive Formation of Orthogonalizing Filters and Associative Memory in 
Recurrent Networks of Neuron-like Elements, Bioi. Cybern. 21,85-95 (1976) 

62. P. Lehti5 and T. Kohonen, Assosiatiivinen muisti tutkimuskohteena, Galenos, No.2, pp. 4-6 and 41, 
1976 (in Finnish) 

6 1. T. Kohonen, Cybernetic Models and Their Bearing on Mathematical Education, Matemaattisten 
Aineiden Aikakauskirja, vihko 6, 1975, pp. 363-371 

60. L. Laitinen and T. Kohonen, Transkutaaninen hermostimulaatio - Uusi menetelmll kiputilojen hoidossa, 
DUODECIM 1975: 91, pp. 881-887 (in Finnish) 

59. J . Rovamo, J. Hyvii.rinen, and T. Kohonen, A Physiological Model of Associative Memory, Proc. First 
European Neurosciences Meeting, Munich, FRG, September 9-13, 1975, p. 180 

58 . T. Kohonen and P. Lehtio, Associative Recall in a Cortex-Like Network, Proc. First European 
Neurosciences Meeting, Munich, FRG, September 9-13, 1975, p. 110 

57. E. Riihimli.ki, L.-E. Hllll, P. Eistola, T. Kohonen, and E. T'ahti, Application of Computerized Pattern 
Recognition Techniques to Identification of Abnormal Brain Images, IV Int. Symp. on Nuclear 
Medicine, Karlovy Vary, Czechoslovakia, May 20-23, 1975, p. 70 

56 T. Kohonen, Where Does the Fundamental Information Processing Ability of Biological Systems Come 
from?, Helsinki University of Technology Report TKK-F-A238, 1975 

55. T. Kohonen, E. Oja, and M. Ruohonen, Adaptation of a Linear System to a Finite Set of Patterns 
Occurring in an Arbitrarily Varying Order, Acta Polytech. Scandinavica, Ma 25, 1974 

54. T. Kohonen, P. Lehti6, and J. Rovamo, Modelling of Neural Associative Memory, Annales Academiae 
Scientiarum Fennicae, Series A:V Medica, No. 167, 1974 

53. T. Kohonen, On the Implementation of Logic and Tables by Linear Networks, Proc. of the 1974 
illternational Symposium on Multiple-Valued Logic, Morgantown, West Virginia, USA, May 29-31 , 
1974, pp. 493-504 

52. T. Kohonen, An Adaptive Associative Memory Principle, IEEE Trans. Comput. C-23, 444-445 (1974) 

5l. T. Kohonen, New Analog Associative Memories, Third International Joint Conference on Artificial 
illtelligence, Stanford, California, USA, 20-23 August, 1973 (paper delivered in the Free Session)" 

50. T. Kohonen and M. Ruohonen, Representation of Associated Data by Matrix Operators, IEEE Trans. 
Comput. C-22, 701-702 (1973) 

49. T. Kohonen, Informaation kasittely ja tietokonetekniikka: State-of-the-Art. Suomen Radioticteen 
Kansalliskomitea, U.R.S.I, VIII Meeting 16.-17.10.1973, Otaniemi, Finland (in Finnish) 

48. T. Kohonen and M. Ruohonen, Lineinyi prostranstvennyi filtr leak assostsiativnaja pamjat, Pribory i 
teknika experimenta, No.3, pp. 96-99, 1973 (in Russian) 
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36. 
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33. 

32. 
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29. 
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27. 

26. 

25. 

24. 

23. 

22. 

T. Kohonen, A New Model for Randomly Organized Associative Memory, Intern. J. Neurosc. 5, 27-29 
(1973) 

T. Kohonen, 'Analog Associative Memories, Helsinki University of Technology Report TKK-F-A208, 
1973 

T. Kohonen, Kiin~ti ohjelmoitujen tietokoneiden k.ayu~: nyt ja tulevaisuuden ennusteita, Rastor
Instituutti,ll Symposium 29.-30.11.1973 (in Finnish) 

T. Kohonen, Ohjelmoitava logiikka, in "INSKO" Cont Ed. Course 19-73, "Digitaalisten 
ohjausjltrjestelmien suunnittelu", pp. VII-l-8, 1973 (in Finnish) 

T. Kohonen, Uusimpia muistiorganisaatioita, Rastor-Instituutti, I Symposium February 21-22, 1973 (in 
Finnish) 

T. Kohonen, Assosiaatio tietojenkl!sittelyn ongelmana, Atk:n tieto-sanomat (Finland), tn3, pp. 5 and 7-
8, 1973 (in Finnish) 

T. Kohonen, Linear Associative Memories, IEEE Computer Group Repository R-72-208, 1972 

T. Kohonen, Correlation Matrix Memories, IEEE Trans. Comput. C-21, 353-359 (1972) 

T. Kohonen, Computers and Association, Data (Copenhagen), pp. 17-21, 1972 

T. Kohonen, Associative Recall Adds New Features to Computing, NordDATA-72, pp. 687-700, 1972 

T. Kohonen, Assosiatiivinen tietojenk.asiUely, OtaDATA 72, April24, 1972 (in Finnish) 

T. Kohonen, Assosiatiivista tietokonetta kehite!Mn Suomessa, InsinMriuutiset (Finland), No. 1, January 
7, 1972 (in Finnish) 

T. Kohonen, Assosiatiivisten muistien tutkiminen II, Tutkimus ja Tekniikka (Finland), No.9, pp. 7-12, 
1972 (in Finnish) 

T. Kohonen, Assosiatiivisten muistien tutkiminen I, Tutkimus ja Tekniikka (Finland), No. 1, pp. 30-32, 
1971 (in Finnish) 

T. Kohonen, Kiintei!ohjelmaiset muistit, ERT 5/1971, pp. 7-10, 1971 (in Finnish) 

T. Kohonen, Introduction of the Principle of Virtual Images in Associative Memories, Acta Polytech. 
Scandinavica, El. 29, 1971 

T. Kohonen, A Class of Randomly Organized Associative Memories, Acta Polytech. Scand.inavica, El. 
25, 1971 

T. Kohonen, Correlation Matrix Memories, Helsinki University of Technology Report TKK-F-Al30, 
1970 

T. Kohonen, Tietokonetekniikan ni!kymii! 1970-luvulla, OtaDATA-70, Apri127, 1970 (in Finnish) 

T. Kohonen, Aktiivisten peruspiirteiden analyysi ja synteesi, in "INSKO" Cont. Ed. Course 5-68, 
"Elektroniikan rakenneosat", 1968 (in Finrush) 

M. Kilpi and T. Kohonen, REFLAC- A Small Laboratory Computer. NordDATA-68, pp. 280-290, 1968 

T. Kohonen, Automatiikkalaitteiden suunnittelusta, in "INSKO" Cont. Ed. Course 37-67, "Loogiset 
rakenneosat automaatiossa", pp. III1-III16, Helsinki 1967 (in Finnish) 

T. Kohonen, Ni!ytejonoji!rjestelmien si!ad~sti!, Helsinki University of Technology, Dept. of Technical 
Physics Report No. 65/1967 (in Finnish) 

T. Kohonen, Positron Lifetime Measurements with Homogenized Sources in Metals, Positron 
Annihilation, pp. 277-280, Academic Press Inc., New York, 1967 . 
T. Kohonen, Aineen rakenteen tutkiminen positronien avulla, Helsinki University of Technology, Dept. 
of Technical Physics, Report No. 33/1966 (in Finnish) 

L. Ojala and T. Kohonen, Eritti!.in nopea binruuinen tunnelidiodi-multiplikaauori, Helsinki University of 
Technology, Dept of Technical Physics, Report No. 32/1966 (in Finnish) 

21. J. Kantele and T. Kohonen, A Versatile Routing System for Multi-channel Analyzers, Nuclear 
Instruments and Methods, 37,265-267 (1965) 
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20. T. Kohonen and L. Ojala, Recent Experiments with Ultra-Fast Logic Circuits, NordSAM-64, pp. 687-
697, 1964 

19. T. Kohonen,-Teknistieteellisen tutkimu.ksen asema Suomessa (Organization of Scientific Research in 
Finland), NORDFORSK, November 5-6, 1963, TekniUisten Tieteiden Akatemia, 1964 

18. T. Kohonen, En i likriktarkretsar observerad instabilitet, Kraft och ljus, No. 7-8, 1963 (in Swedish) 

17. T. Kohonen, On the Theory of Proximity Prospecting and Desig11.of an Instrument to Detect the Depth 
of an Ore Deposit, Annates Academiae Scientiarum Fennicae, Series A: VI. Physica, No. 132, 1963 

16. T. Kohonen, On the Nature of Anomalous Lifetime Components of Positrons Observed in Some Solids, 
Annates Academiae Scientiarum Fennicae, Series A: VI. Physica, No. 130, 1963 

15. T. Kohonen, Ydinfysiikan instrumentit, Lecture Notes for a Course in Nuclear Physics, 1963 (in Finnish) 

14. T. Kohonen, Ydinfysiikan elektroniset apuneuvot, Lecture Notes for a Course in Nuclear Physics, 1963 
(in Finnish) 

13. T. Kohonen, Depolarization of Arbitrarily Polarized Electrons and Positrons in Moller and Bhabha 
Scattering, Annales Academiae Scientiarum Fennicae, Series A: VI. Physica, No. 117, 1963 

12. T. Kohonen, H. Puolakka, and H. Vayrynen, Investigation of a Siegbahn-Slatis Beta-Ray Spectrometer, 
Annates Academiae Scientiarum Fennicae, Series A: VI. Physica, No. 89, 1961 

11. T. Kohonen, Vahvistimet, Lecture Notes for the Meeting of the Finnish Chemical Society, 1962 (in 
Finnish) 

10. T. Kohonen, Conui.butions to the Study of Lifetimes of Positrons in Solids, Annates Academiae 
Scientiarum Fennicae, Series A:VI. Physica, No. 89, 1961 

9. T. Kohonen, Book Review: John W. Bremer, Superconductive Devices, McGraw-Hill, 1962; in 
Arkhimedes (Finland) 

8. T. Kohonen, Atomivoiman rauhanomainen ldiytW I, Etela-Saimaa (Finland), March 22, 1961 (in 
Finnish) 

7. T. Kohonen, Atomivoiman rauhanomainen kaytt6 II, Etela-Saimaa (Finland), March 29, 1961 and April 
2, 1961 (in Finnish) 

6. T. Kohonen, On the Accuracy of a Nanosecond Time-to-Amplitude Converter, Annates Academiae 
Scientiarum Fennicae, Series A:VI. Physica, No. 79, 1961 

5. T. Kohonen, Eritta.in lyhyiden aikava!ien mittaamisesta ydinfysiikassa, Arkhimedes (Finland), No. 2, 
1960 (in Finnish) 

4. T. Kohonen, Effect of Pulse Height Selection on Time Resolution in Scintillation Counters, Annates 
Academiae Scientiarum Fennicae, Series A: VI. Physica, No. 50, 1960 

3. T. Kohonen, Nanosekuntipulssitekniilcasta, Meeting of the U.R.S.I., 1960 (in Finnish) 

2. T. Kohonen, An Electrostatic Inverter, Annates Academiae Scientiarum Fennicae, Series A: VI. Physica, 
No. 32, 1959 

I. T. Kohonen and 0. Ivanto, An Analogue Device for Detennination of Buckling, Annales Academiae 
Scientiarum Fennicae, Series A: VI. Physica, No. 14, 1958 
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University of Colorado at Boulder 

National Center for Optoelectronic Computing Systems 

..:ampus Box 425 
Boulder, Colorado 80309-0425 
(303) 492-1888 

July 7, 1987 

Dr. Robert J. Marks 
Interactive Systems 
Design Laboratory 
University of Washington 
Seattle, WA 98195 

Dear Dr. Marks: 

There will be an Air Force Office of Scientific Research/Office of Naval Research supported 
Workshop on Optical Artificial Intelligence on August 2- 5, 1987 near Boulder, Colorado. 

The attendance is limited to approximately 35 researchers in optics and artificial intelli
gence and neural networks (see attached tentative list). 

Your patticipation will be extremely useful to this workshop, and the growing field of opti
cal artificial intelligence. 

To help cover your expenses, we can refund the registration fee and cover some travel 
expenses. 

Looking fmward to your participation at this workshop. Please R.s.V.P. Karen at (303) 
492-1137 as soon as possible. 

Sincerely yours, 

tv. T. ~ 
W. Thomas Cathey, Director 
National Center for Optoelectronic 

Computing Systems 

WTC/km 

Encls. invitation list 
description 
registration 
brochure 
airporter sched. 



ACOUSTICAL· SCO:::I ETY ·OF· AMERICA 

•• 
"NORTHWEST CHAPTER" 

September 14, 1987 

Prof. Teuvo Kohonen 
Department of Technical Physics 
Helsinki University of Technology 
SF-02150 Espoo 15, FINLAND 

Dear Prof. Kohonen: 

On behalf of the Northwest Chapter of the Acoustical Society of America I would like to 
invite you to be the guest speaker at our meeting on Wednesday, Oct. 21. Our usual meeting 
agenda includes drinks at 5:30 PM, dinner at 6:15 and the presentation (45 min.- lhr.) after 
dinner. It is our policy to cover expenses for drinks and dinner for the speaker and his guest. 
Also, an honorarium of $500 will be presented to you by our chapter. 

The meeting will be held at a restaurant close to the University of Washington. I will be happy 
to provide you with directions or transportation to the meeting. 
Many of us in the Seattle area have been following your recent work in speech recognition. 
While you are free to discuss anything you would like at the meeting, I suspect that the audi
ence would be most knowledgeable in speech or other acoustical areas. 

In order to prepare our announcement for this meeting, I will need a title and abstract for your 
presentation. A short biography will also be useful. I will need this information by Nov. 2. 
My mail address is: 

Prof. Les Atlas 
Department of Electrical Engineering, FT-10 
University of Washington 
Seattle, WA 98195 
USA 

Please let me know if you have any questions. I can be reached at (206)545-1315. I look for
ward to meeting you in Seattle next month. 

LAlla-unix 
cc: Prof. Endrik Noges 

Prof. Robert Marks 

~Y·~ 
Lcs Atlas 
Chair 
NW Chapter ASA 
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UNIVERSITY OF WASHINGTON 

Department of Electrical Engineering, FT - 10 
Telephone: (206) 543- 2150 

Robert Graham 
Boeing Electronics Co. 
P.O. Box 24969, MS 17-24 
Seattle, WA 98124-6269 

Dear Robert, 

SEATILE, WASHINGTON 98195 

9-22-87 

I write in regard to our conversation concerning the visit of Dr. Kohonen on Oct. 20-21. 
We will request that he spend one half of a day on Tuesday, Oct. 20th at the BHTC. The 
honorarium from BHTC for this effort should be no less than $500. 

We also plan to have Dr. Kohonen present a seminar in the Electrical Engineering 
Department at 3:30 on Wednesday, Oct. 21st. As always, your colleagues at Boeing are 
welcome to attend. You will be receiving further details in our regular flyer mailings. A 
third seminar will be given the evening of the 21st at the local section meeting of the 
Acoustical Society of America. 

cc: Profs. Atlas and Noges 

Robert J. Marks II 
Professor 



University of Wash ington Correspondence 

INTERDEPARTM ENTAL 

To: Dean Gene Woodruff d~~---
From: Prof. Robert J. Marks II ,fJ7//~ 

Dept. of Electrical Engineering 
Subject: Honorarium for Dr. Teuvo Kohonen 

9-25-87 

Our College has the rare opportunity to have a scholar the caliber of Dr. Kohonen visiting 
our campus next month. He is, without debate, one of the world' s formost experts on 
artificial associative memories and neural networks and will be well received by the 
artificial intelligence, neuro-science, computer science and signal processing 
communities. He has previously done research in our department. Our expenses will be 
reduced because Prof. Noges, a friend and collegue of Dr. Kohonen's, has generously · 
agreed to have him as a personal house guest. Dr. Kohonen is in the United States from 
Helsinki University of Technology on other business, so his travel is also paid. 

Prof. Robert Clark, our Department's Colloquim Coordinator, has commited $300 of our 
GSRF money as an honorarium for Dr. Kohonen. I request that the College contribute an 
additional $300. This will put the honorarium at a more appropriate level. Dr. 
Kohonen' s seminar here will aford a rare opportunity for our faculty and graduate 
students who are doing research into artificial neural systems. He will be here October 
20th and 21st. 

I can be reached via campus mail (mail stop FT-10) or at 3-6990. 

I look forward to your response. 

cc: Profs. Les Atlas, Bob Clark and Endrik Noges 

Sharon Schlillenhard 



UNIVERSITY OF WASHINGTON 

Department of Electrical Engineering, FT - 10 
Telephone: (206) 543- 2150 

SEATILE, WASHINGTON 98195 

September 14, 1987 

Professor Teuvo Kohonen 
Department of Technical Physics 
Helsinki University of Technology 
SF-02150 Espoo 15, Finland 

Dear Teuvo: 

I am writing to confirm our invitation to you to participate in a 
Departmental seminar and a discussion at the Boeing Company. You probably 
have already heard from Dr. Les Atlas, with a separate invitation to you to 
give a lecture for the Acoustical Society of America. 

A proposed schedule for you as of today is as follows: 

Tuesday. October 20 
1/2 day at the Boeing Company; 1/2 day visits at Department 

Wednesday. October 21 
Morning visits at the University of Washington 
3:30 p. m., Electrical Engineering Colloquium 
Evening dinner and lecture at the Acoustical Soc iety of America 

I will work out more specific details as the time approaches. 

I wou 1 d 1 ike to ask, if at a 11 poss i b 1 e, that you give different 
talks at the above three occasions. I understand that Dr. Atlas has 
already requested an abstract for your talk at the Acoustical Society of 
America. I would like to repeat that request for the Department of 
Electrical Engineering and for the Boeing Company. In addition, please 
supply us with an up-to-date curriculum vitae. 

The total honorarium for your activities outlined earlier is $1500.00: 
$500.00 from the Acoustical Society of America and $1,000.00 from the 
combined sources of the University of Washington and the Boeing Company. 
We are indeed honored that you, as a world-renowned expert in the area, are 
willing to share your scholarship with our colleagues, researchers in the 
Seattle area, and students. 



( - Professor Teuvo Kohonen 
September 14, 1987 
Page 2 

I hope that you will be able to arrive in Seattle either Sunday or 
sometime during Monday so that we will have an opportunity for a social 
occasion in our home. As I already indicated, Evie and I are inviting 
you to stay in our home during your visit in Seattle. Please let me know 
of your arrival time so that we can meet you at the Seattle-Tacoma airport. 

In order for us to be able to provide your presentations the publicity 
they justly deserve, I would like to ask that you send us the abstracts and 
the curriculum vitae as soon as possible, preferably by the first of 
October. 

We are looking forward to seeing you here in Seattle. 

Sincerely, 
; > 

/~ 
Endrik Noges 
Associate Chair and Professor 

EN:ew 
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UNIVERSITY OF WASHINGTON 

Department of Eleclrical Engineet"ing, FT -10 
Telephone: (206) 543-2150 

Dr. John F. Walkup 
Optical Systems Lab 
Dept. of Electrical Engineering 
Texas Tech University 
Lubbock, Texas49409 

Dear John, 

SEAmE, WASHINGTON 98195 

I love these laser printers. You can make things 

BIG 

or print them really 

small 

... but I digress . 

9-10-87 

I really enjoyed your quadratic neural network writeup and have some definite ideas on 
the concept. 

(Good news) For an alternating projection neural network, the neurons coiTesponding to 
the outer product terms, I can show, increase the storage capacity of the network on the 
order of a square. Such networks can be trained on one pass through the data. 

(Bad news) There is bad news for use of quadratic nets using the Hopfield model- type 
neural nets. Here, doubling the number of neurons (increasing the number of 
interconnects by a square) less than doubles the networks storage capacity 
asymptotically. I'm not clear, however, what happens in a case like Gile's proposition. 
That neural network, even with the outer product, seems very Hopfieldish. 

I would welcome the opportunity to get together and talk more on the subject. I have no 
doubt that a day or so together would result in a paper. The merging of our work thusfar 
in this area comes quite close. We need but putty in the cracks. 



Gotta go. I just had a nibble on my line. 

cc: Les Atlas 

Brother, 

Robert J. Marks II 
Professor 
(and all round swell guy) 

= 



UNIVERSITY OF WASHINGTON 
SEATILE, WASHINGTON 98195 

Department of Electrical Engineering, FT -10 
Telephone: (206) 543-2150 

Dr. H. John Caulfield, Head 
Center for Applied Optics 
University of Alabama 
Huntsville, AL 35899 

Dear John, 

August 10, 1987 

jlf_e~jingsl It was good to meet with you again at the Gold Lake 
Workshop. Your high levels of enthusiasm and creativity are inspiring. 

Some Items: 

1. Attached is the paper by Ochoa et. al. on an optical system to 
perform optical median filtering. Although the implementation 
has a similar flavor to your proposal, I think that the bridging 
of the connection morphology and optical processing is worth
while. 

2. We talked briefly about the difference between synchronous vs. 
asynchronous operations of neural networks. A preprfnt of some 
work done by one of my graduate students in this area is 
enclosed. I hope you find it of interest. 

3. I' 1 1 be giving some thoughts to viewing the BAM as a Gerchberg 
type algorithm. •• same with histogram equal 1zation. I'l 1 let you 
know if anything fruitful results. 

RJM:dmr 

Best personal regards, 

Robert J. Marks II 
Professor 



UNIVERSITY OF WASHINGTON 

Department of Electrical Engimering, FT - 10 
Telephone: (206) 543-2150 

Dr. W. Thomas Cathey, 
Center for Optoelectronic 

Computing Systems 
Campus Box 425 
Univers i ty of Colorado 
Boulder, CO 90309-0425 

Dear Tom, 

SEATTLE , WASHINGTON 98195 

August 10, 1987 

Thank you again for your invitation to the Gold lake Workshop. I had 
a delightful time and returned home inspired and energetic. 

We talked briefly about using neural networks as number crunchers. 
Although I'm not yet sure this is the calling of neural networks, we have 
done a bit of work in the area. Attached is a reprint of a related paper. 
Some other preprints are also enclosed. I hope you find them of interest. 

Congratulations again on your center. I have no doubt it will 
continue to have profound impact on our community. 

RJM: dmr 

Best personal regards, 

Robert J. Marks, II 
Professor 



UNIVERSITY OF WASHINGTON 

Department of Electrical Engineering, FT -10 
Telephone: (206) 543-2150 

Dr. Louis Scharf 
Center for Optoelectronic 

Computing Systems 
Campus Box 425 
University of Colorado 
Boulder, CO 80309-0425 

Dear Louis, 

SEATILE, WASHINGTON 98195 

August 10, 1987 

It was good to have met you at the Gold Lake Workshop. The activity 
in your new Center is very exciting. 

We talked briefly concerning the performance of the composite matched 
filter v~ the conventional matched filte~ Enclosed is a preprint of a 
paper to appear in AO concerning this. Four other reprints on related 
topics are also enclosed. I hope you find them of interest. 

Please let me know if you have any thoughts in this direction you wish 
to bounce around. I hope to see you soon. 

Sincerely, 

~ 
Robert J. Marks II 
Professor 

RJM: dmr 



UNIVERSI1Y OF WASHINGTON 

Department of ElecJrical Engineering, FT -10 
Telephone: ( 206) 543-2150 

Dr. Henry Stark 
ECSE 
RPI 
Troy, NY 12180 

Dear Henry, 

SEATILE, WASHINGTON 98195 

September 2, 1981 

.· 

I was delighted with our meeting in Quebec. I remain highly impressed 
with the quality and significance of your work. One of my Ph.D. students, 
by the way, was tested on some of your polar sampling theorem papers in his 
General exam a few months ago. 

Enclosed is probably more than you want to know about our work. I 
hope you find some of it is useful. Let me know especially is you have any 
neat ideas about POCS and neural networks. 

RJM/dmr 
Enclosures 

Best personal regards, 

Robert J. Marks II 
Professor 



UNJ VERSITY OF WASHINGTON 

Dep,-trl mml (1/lf.leclrim/ Engilletring, FT -10 
1elepbone: r 206) 543- 2150 

Dr. Clayton c. ~lalker 
NUSC1 Code 10 
New London, Qonn. 06320 

Dear Dr. Walker: 

SEATTJ.E, WA~HJNGTON 9RI95 . 

June 24, 1987 

It was good to have spoken to you about our common interest in neural 
netl~orks . Recently, a good tutor i a ·1 has been pub 1 ·f shed in IEEE ASSP 
Magnzine on neura·l networks for pattern classif'lc<rt"ion (April '87). \'/e are 
presently working on an invited tutorial for neural networks that attacks 
combinator·ial problems. I \•rill send you a prepr-int ~/hen it is comp·leted, 
1 also enclose a flyer for our upcoming short course and a preprint of some 
recent papers. I hope they prove useful to you. 

RJM/drm 
Enc. 

S ·f nee tel y, 

Robert J. t'1arks II 
Professor 
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UNIVERSITY OF WASHINGTON 

Department of Electrical Engineering, FT - 10 
Telephone: (206) 543-2150 

Mr. James Douglas 
M.S. 7L-47 
P. 0. Box 24346 
Boeing Computer Services 
Seattle, WA 98124 

Dear James, 

SEATILE, WASHINGTON 98195 

February 18, 1987 

Thank you again for your superb talk on "Content Adressable Memory 
wfth Neural Nets" that you presented fn our department on February 3, 1987. 
The response to your enthusiastic presentation was most favorable. We 
deeply appreciate your participation and hope you will present other 
seminars on your research results here in the future. 

Sincerely, 

Robert J. Marks II 

RJM/dmr 
cc: les Atlas 



UNIVERSITY OF WASHINGTON 
SEAITLE, WASHINGTON 98195 

Department of Electrical Engineering FT -10 
Telephone: (206) 543-2150 

Dziem Nguyen and Fred Holt 
Boeing Electronics Co. 
P.O. Box 3707, MS 7J-24 
Seattle, WA 98124-2207 

Dear Dziem and Fred, 

January 21, 1987 

Thank you again for your superb talk on "Continuous Level Neural Net 
Implementation using Stochastic Processing" that you presented fn our 
department on Jan. 20, 1987. The response to your enthusiastic 
presentation was most favorable. We deeply appreciate your participation 
and hope you wil 1 present other seminars on your research results here in 
the future. 

Sincerely, 

Robert J. Marks II 

RJM/dm 
cc: Rob Graham, Boeing HTC 
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TH€ W€1ZMANN INSflTUT€ OF SCIENCE 
REHOVOT • ISJlAEI:. 

DEPARTMENT OF ELECTRONICS 

Prof. I. Glaser 

BITNET, EARNET: FEGLASER at WEIZMANN 
.ARPAnet: feglaser%wei.zma.tm.BITNET@wiscvm. wisc.edu 
CSnet: feglaser% weizmann.B ITNET@csnet-relay 

Prof. Robert J. Marks II 
Unjversity of Washington 
EE Department, FT -1 
Seattle, WA98195 
U.S.A. 

Dear Prof. Marks, 

i1J7'lnop'm7 i1J7'7nni1 

February 15th, 1987 

Following the Gordon Conference on Holography and Optical Information J>rocessing last January, 
I am tryillg to compile a list of computer-network addresses of people who work in this field and 
would Ul<e to communicate via their computer. Personally, I have found computer networking vety 
useful, patticularly fm international communication where telephone calls are often inappropriate 
and paper mail often too slow. Also, it is possible to set distribution lists on computer networks 
so it is easy to send announcements etc. to a large group of people. 

Jf you are on any computer network and you are would like to have your name added to the list I 
am preparing, please let me have your computer address. Better yet, tly to send me a message from 
your computer (see my network addresses above). 

I would also appreciate if you will forward a copy of tllis letter to other scientists who work in tlus 
field. 

Of cause, you will receive a copy of this list once I have verified all the entries in it. Tills list would 
be used for "academic" scientific and teclmical announcements and personal communication only. 

Thank you for your cooperation 

Most Sincerely Yours 

Shelly Glaser 

CABLE ADDRESS: WEIZINST (ISRAEl) :D'fHln'l(VD, PHONE: (08) 482111· 483111 :flp'lo , TELEX:361900 :op'lo, FACS. 972·3·621193 .Op!> 
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UNIVERSITY OF WASHINGTON 
SEA TILE, WASHINGTON 98195 

Department of Electrical Engineering FT -10 
Telephone: (206) 543-2150 

Mr. James Douglas 
Boeing Computer Services 
M.S. 7l-47 
P. 0. Box 24346 
Seattle, WA 98124 

Dear James: 

January 21, 1987 

We are 1 ooking forward to your presentation on content addressable 
memories. A flyer announcing your talk is enclosed. 

To make your visit more convenient, a parking permit is enclosed for 
Feb. 3, 1987. In the unlikely event the lot is ful 1, simply return to the 
gate for reassignment. 

RJM/dm 
Enclosure 

&~ 
Robert J. Marks II 
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University of Wash 1ng lon Co1Tesponclence 

INTERDEPARTMENTAL 

DEPARTMENT OF ELECTRICAL ENGINEERING FT-10 

DATE: November 3, 1986 

TO: Ediw~ B. Stear, Washington Technology Center, FH-10 
' ' 

FROM: les Atlas 

SUBJECT: Clifford Lau 1s Interest in Artificial Neural Computers 

After looking over Dr. Lau1s Research "Initiative 1n Electronic Neural 
Computing Architectues", it seems clear that our current work in this area 
is extremely close to the issues that he brought up. I am curious as to 
whether our best strategy would be to propose a joint study with BECo or if 
we would stand a better chance on our own. I see advantages to each 
approach and I'd 1 ike to discuss this with you (and possibly also with 
Clifford l au). 

LA:jt 
cc: Robert Marks 

'·· 



THE PENNSYLVANIA STATE UNIVERSITY 
121 ELECTRICAL ENGINEERING EAST BUILDING 

UNIVERSITY PARK, PENNSYLVANIA 16802 

College of Engineering 
Department of Electrical Engineering 

Professor Robert J. Marks II 
Department of Electrical Engr. 
University of Washington 
Seattle , Washington 98195 

Dear Bob: 

November 7, 1986 Area Code 814 

865-7667 

It was very nice to see you again at the Boeing Worl<shop. As always , 
I enjoyed your brilliant presentation. 

Thank you for sending me some of your reprints and ~xtensive 
copies of your cartoons. Bob , you are a very talented guy. I enjoyed your 
drawings very much and decided to send them to my daughter , who is majoring 
in architecture at Carnegie Mellon University. 

I have written a letter to John Wiley Publishing Co . asking them to 
send you a copy of my recent book on "White Light Optical Signal 
Processing". In this book you will find a few simple colorful experiments 
that your students may be interested in. I have also enclosed some of our 
recent papers for your review. 

Thanks again for your cartoons, and hope that you would visit our 
Electro4optics Laboratory at Penn State. 

FTSY/kjm 

Best regards , 

\) -~ - V'/' 
Francis T. S. 1u 
Evan Pugh Professor of 
Electrical Engr . and 
Director of Center for 
Electro~Optics Research 

AN EQUAL OPPORTUNITY UNIVERSITY 
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THE P ENNSYLVAN I A STATE UNIVERSITY 

College of Engineering 
Dep~r1men1 of Eleclrical Engineering 

Miss Beatrice Shube 
Editor 

121 ELECTRICAL ENGINEERING EAST BUILDING 

UNIVERSITY PARK, PENNSYLVANIA 16802 

November 7, 1986 

Wiley~Interscience Division 
John Wiley & Sons , Inc. 
605 Third Avenue 
New York , NY 10158 

Dear Miss Shube : 

Area Code 814 

865-7667 

I am writing to request that you would send a copy of my book on 
"Wh ite-Li ght Optical Signal Processing" to Professor Robert J. Marks at the 
University of Washington. Dr . Marks is a very promeninent professor in the 
Electro-Optics area in the Electrical Engineering Department. I have known 
Dr . Marks and his work for so many years . 

His address is 

Professor Robert J . Marks II 
Electrical Engr . Dept. 

University of Washington 
Seattle, Washington 98195 

I would appreciate very much if this request would be granted , Thank 
you and hope to see you again in the next optical conference. 

FTSY/kjm 

Sincerely yours, 

-~' 
.,.,.. .. ---·--·· 

rr ' v·· 
Francis T.S. Yu 
Evan Pugh Professor of 
Electrical Engr . 

AN EQUAL OPPORTUNITY UNIVERSITY 



UNIVERSITY OF WASHINGTON 
SEAITLE, WASHINGTON 98195 

Department of Electrical Engineering FT -10 
Telephone: (206) 543--2150 

Dr. Nabil H. Farhat 

October 24, 1986 

Moore School of Electrical Engineering 
33rd and Walnut Streets 
Philadelphia, PA 19174 

Dear Nab11: 

Thank you for agreeing to present a paper on your neura 1 net work at 
the 1987 International Symposium on Circuits and Systems. The special 
session, entitled "Artificial Neural Systems Analysis and Applications", 
presently consists of six invited papers of top researchers (including 
yourself) and one contributed paper. 

Your presentation will be approximately 30 minutes in duration. I 
will 1 et you know the time and 1 ocation of the session as soon as it is 
scheduled. There wi 11 also be a conference proceedings. Although 
submission is optional I hope you find time to do so. Manuscripts are due 
on January 23 typed on supplied mats. 

Thanks for agreeing to participate! I deeply appreciate your involve
ment and 1 ook forward to see 1 ng you again. 

RJM:jt 
cc: les Atlas, Session Co-Chair 

Best personal regards, 

Robert J. Marks II 
Associate Professor 



UNIVERSITY OF WASHINGTON 

Department of Electri,-al Engituering, FT -10 
Telephone: (206) 543-2150 

Dr. Theodore L. Houk 
Boeing Aerospace Company 
P.O. Box 3999, MS 87-50 
Seattle.. ~/A .98124- 2499 

Dear Ted, 

SFATILE, WASHINGTON 98195 

October 13, 1986 

\ 
\ 
I 

Than!< you very much for your seminar "Optical Impl ementatfon of 
Hopfield Networks" which you gave here last Tuesday. I believe you broke a 

·tox office record-never have I seen such a large number of graduate 
students at one of our ISDL seminars. I heard many positive comments after 

. . ··· ----"'~the semi~ar concer.ni ng ::.the: cl.a_rity .and .qua.lity <?f your tal. ~~ - .· I certainly .. :.· .: ._.· . 

. .-... :_:_·:{i·!·t~7-~~:i.~~~~~~:~<~~:~~-t~~~~~--= ~- ~::::>· ·--~ :.·::· ~-:·- .:·-::: :;~; ... :::::.-,: <:>~-~:·~~:::~ .. :·::·.::: ... :::~·::· :) ::~~< ... :. · · · · ::::-:F;·~~::-:·: ·.- -.. ·:·~·-_:::::~ :~;: .. : ·._·- .. :· _:.-~ ,::{ ::·.ri<~~~\J 
. ... ..~ '; ··--~:- :'·::--... ~':· .. ·Thank you for speiild ng. ..· ·.--:-- .· 

_::::·.~---~:~~:~%~~;~?~J~t.t.Kit~t;-~-~~-~~:~~.:~- -~.;·, .·.~:.~/~:/. · :-:_: ·:~: .. ··· ·. · s~ ·,;·~er<~1 y'; -. ::-~.-->.:~~~:~·::-~:L:~---.:.:~-- .: ·.-<.: ·:/:::~~: .. ~-.: ~ ·::; -~ __ .-:-~.- · :·· ~-
··. . " ..... . . · · ···· . -... 

. .. :' 

·-.:·- ··· · - ' :" ... 

·. ;._:. -·· · .. 
.... . ;:·~ ., . : : . .. .;. ... 

· ·----.;~~~7-~~~~~~f:~~~~-~~;~:~,-~~~~~~;-~};_~-~:~t~.~-- .~: R~~~_;,r _·j .. :_· -M~-~~-s. ·_\~{: · ;:::_: :::· ·-~·;;· :· _:~t<_:;: ::·.~ ... /:/:··~: --~ ::~:.:- ·::_·.-.·:~~--:~/;·:~~q~:~;. 
• • • •• · w- .. . •• •. • • • • · • ·••• - .. r.- _: ·· .. .. . 8?.SO~_iat~ · Profess_or . . . . ... · : · ' . . :· · · 

RJM/dm 

. .... .. 
-:- - .· • - -.·- · .. · -· :.! • ··• ......... ;;' . ...... · .... : 

.· .-.. ·.... . . ...... . 
... 

/ .. 

. -.. ~ ··;. . . ·-· . ., . 
- .... !'. · • • • 

':,·:.-· ·: .. : .. ·-.·" ·· · 
. . ··· -. .. 

.. . ... . '··=··:: .··· 
. . ·' 



Mr. Bill Beall 
Mail Stop R1-17 
lntenil 
10600 Ridgeview Ct. 
Cupertino. CA 95014 

Dear Bill. 

June 18, 198S 

It was a pleasure to meet you yesterday. I enjoyed my conversations with you and your 
associates and I also feel that our meeting-was fruitful. The idea of a chip design which has 
underpinnings in concepts like the Hopfield model fits iii very well with with my National Sci
ence Foundation Award. The industrial matching funds were given mainly for work in 
developing signal processing algorithms and architectures. where the developed ideas are 
inspired by neural processing. 

Most of my current research which relates to the Hopfield model is in close collaboration 
with Prof. Bob Marks. If lntersil (and/or General Electric) is interested in funding a grant or 
contract in this area it would probably be appropriate for Prof. Bob Marks to be included as a 
co-investigator. In case you need the extra information I have enclosed his curriculum vitae. 

Also enclosed are the receipts from my air fare and car rental. Again. it was a pleasure 
meeting you and please give my regards to Jim and Norm. 

LAlla-unix 
enc.(3) 

Sincerely, 

~ 
Les Atlas 
phone:(206)S4S-l31S 




