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PUBLIC HEALTH SERVICE PROJECT NUMBER
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Knowledge about medical disciplines, such as infectious diseases, changes
rapidly. To assist researchers and practitioners codify, access, and reason with
the knowledge of their domain, we propose developing knowledge-based computer
programs as ''knowledge engineering'' aids. We base the proposed work on the MYCIN
program, which we developed over the last three years. MYCIN stores facts and
relations about infectious diseases in a set of inference rules, or production
rules. It reasons about complex case histories using this knowledge, and it can
explain its reasoning. We have also developed a prototype knowledge acquisition
system to aid the experts who modify and extend the knowledge base.
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Budget Justification
A. Personnel
1) Principal Investigators

Funds are requested to support the co-principal investigators
at 10% and 20% effort. No support is requested for Dr. S.Axline’s
salary.

2) Research Associates/Affiliates in Computer Science, Infectious
Disease, and Clinical Pharmacology

These Research Associates/Affiliates will be responsible for
carrying out the day-to-day responsibilities for the project under
the direction of the senior investigators. Dr. Davis will coordinate
the day-to-day computer science aspects of the project, and will be
responsible for improving the human engineering features of MYCIN.
The *Affiliates in infectious disease and clinical pharmacology will
be responsible for developing new rules and eclinieal data base
information in additional areas of infectious disease therapy, as the
knowledge engineering capabilities of MYCIN are extended. In
addition to this central role of writing new rules and assuring the
consistency between new and old rules, the physicians will also play
an important role in the evaluation activities of the project. Dr,
Shortliffe will be working for Stanford Hospital in the first year of
this period and will join the project as a post-doctoral fellow in
year 2.

3) Research Assistant - Pharmacist

Ms. Wraith will have a major role in monitoring our
evaluation activities, and will coordinate the efforts of the
collaborating experts. She will also continue to be responsible for
updating drug dosing and other pharamceutical information in MYCIN's
data base.

4) Scientific Programmers

Ms. Scott will be working with the research collaborators and
will be responsible for coding new rules developed by them and for
implementing changes to the system that are made in response to needs
that become apparent during our ongoing evaluation of the system’s
extended clinical capabilities. A second programmer is necessary to
maintain a working system as complex as this, and to keep the
documentation up to date. Without this 1level of support, the
collaborating experts will have only Ms. Scott to turn to for help,
which would impede our new developments.

S.N. Cohen—



PRIVILEGED COMMUNICATION S.N. COhen_

Consistent with Stanford policy, salary increases are
budgeted at 9% per year, while fringe benefits are computed at 19.0%
through 8/31/77, 20.0% through 8/31/78, 20.8% through 8/31/79, 21.6%
through 8/31/80, 22.4% through 8/31/81, and 23.2% through 8/31/81.

B. Hardware

We propose purchasing two Datamedia Display Terminals because they
are fast (2400 baud), well-supported in the SUMEX community, reliable
and not expensive., They have become the terminal of choice for
programmers here,

The basic reasons for requesting a separate computer system
are covered in detail in the Research Plan section of this proposal.
The particular choice of hardware listed in the budget was based on a
number of factors.

Several general considerations led to the choice of a Digital
Equipment Corporation PDP-10 as the kind of machine on which to base
the system. We felt it important to have a system that was:

a) large enough to support a sizable program written in an advanced
programming language.

b} modular and expandable, so that it can be reconfigured and
enlarged if the need arises.

¢) capable of supporting a time-sharing system, to permit multiple
users at once.

d) of proven reliability, to assure adequate availability.

e) supported by a range of established software (both systems and
utility), so that it has the potential of running other programs in
addition to MYCIN, to increase the value of the system.

f) the product of an established 1line of hardware development, to
insure proven design and upward compatibility with future

developments by the supplier.

g) capable of running an advanced programming language, preferably
INTERLISP or SAIL.

4,2



SECTIGN 1 — PRIVILEGED COMMUNICATION
- BIOGRAPHICAL SKETCH

{Give the following information for il prof=ssional parsonnel listed on paga 3, beginning with the Principal Investigator.
i : and follow the ssme gensral format far asch parson.)

HAME TITLE professor of Medicine and [BIRTHOATE {Ma, Day, ¥r.)
COHEN, Stanley N. ~Head, Division of;Clinical
T 2-17-35
Pharmacolocy
PLACE OF BIRTH (City, Stats, Country; PRESENT NATIONALITY (/f non-U.S citizem, SEX
indicate %ind of viss and expiration cats)
Perth Amboy, New Jersey U.s
T TEeve £ rrale O Femals

EDUCATION (370in with bsccalauroate training snd include postdoctoral)

YEAR SCIENTIFIC
INSTITUTION AND LOCATION DEGREE CONFERRED FIELD
Rutgers University, New Brunswick, NJ B.S. magna
cum laude 1956 Biological Sciences

University of Pennsylvania School of
Medicine, Philadelphia, Penngvlvania M.D, 1960 Medicine
HONORSPLj Beta Kappa, 1956; USPHS Research Career Development Award, 1969; Balduin Lucke

Research Award, University of Pennsylvania School of Medicine, 1960; Burroughs Wellcome
Scholar Award in Clinical Pharmacology, 1970

MAJOR RESEARCH INTEREST ROLE N PROPOSED PROJECT
Medical Information Systems and Drug Principal Investigator
Resistance

?ﬁs%@ﬂgﬁiigggggﬂg’&ggg?fguControl of Extrachromosomal Drug Resistance 3/68 - 3/81
Current year: Approximately 115,000 direct costs
2. NSF BMS 75-14176 Replication and Transfer of Bacterial Plasmids 9/75-8/717
Current year $90,000 total costs (includes indirect) ' includes
3. ACS-VC139 Evolution of Plasmids 1/75-.2/77 Current year: $87,000 total costs ( p

indircct
4. HS 00739 Computer-based drug therapy monitoring system. Current year: approximatg ; e

$300,000 in direct costs.

RESEARCH AND/H PROFESSIONAL EXPERIENCE (Sarting with present positon, Jist tryining and experience relevant to arss of project. List all
or mast represantative pubdlicstions. Do not axcesd 3 pages for esch individual.)

Present position: Professor of Medicine, 1976. Head, Division of Clinical Pharmacology,
Department of Medicine, Stanford University School of Medicine, 1969 ---.
Associate Professor of Medicine 1971-1975. Stanford University School of Medicine

Assistant Professor of Medicine, Stanford University School of Medicine, 1$63-1971.

Assistant Professor of Developmental Biology and Cancer, Alverc Einstein College of
Medicine, Bronx, New York, 1967-1968.

Postdoctoral Research Fellow of the American Cancer Society, Laboratory of Professor J.
Hurwitz, Albert Einstein College of Medicine, Bronx, New York, 1965-1967.

Clinical Associate, Arthritis and Rheumatism Branch, National Imstitute of Arthritis and
Metabolic Diseases, 1962-1964. Laboratory of Dr. K. L. Yielding.

Predoctoral Trainee of the USPHS, University of Penmnsylvania School of Medicine, 1957-
1960, Laboratory of Professor Charles Breedis. University College, London,
England, Laboratory of Frofessor Peter Medawar, May-September, 1959.

Senior Resident, Department of Medicine, Duke University Mcdical Center, Durham, North
Carolina, 1964-1965. )

Assistant Resident, Department of Medicine, University of Michigan Medical Center,

Ann Arbor, Michigan, 1961-1962.
Intern, The Mount Sinai Hospital, XNew York City, 1960-1961.

SELECTED REFRESENTATIVE PUBLICATIONS: See attached sheets.

WiH 398 (FORMERLY PHS 393) LA
Rev. V73
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COHEN, SN

Biographical Sketch (S.N. Cohen) continued - page 2
Selected Publications

Huna ¢S5, Crouse, LP, Armstrong MI" and Cohen SN: A computer—-hased system to provide
drug interaction warnings. Proc. 1971 Cong. of Int. Fed. of Inform. Processing
Systems (IFIPS), 1971.

Cohen, SN, Armstrong MF, Crouse L and Hunn GS: A Computer-based system for
prospective detection and prevention of drug interactions. Drug Info. J.
72: 81, 1972,

Cohen SN, Chang AC, Boyer HW and Helling RB: Construction of "'biologically
functional bacterial plasmids in vitro. PNAS USA 70: 3240, 1973.

Shortliffe EH. Axline SG, Buchanan BG, Merigan TC and Cohen SN: An artificial
intelligence program to advise physicians regarding antimicrobial therapy.
Computers Biomed. Research 6: 544, 1973.

Cohen SN, Armstrong MF et al: A computer-based system for the study and control
of drug interactions in hospitalized patients. Ed. Garattini, Morselli and
Cohen, Raven Press, New York, 363, 1973,

Hansten P, Sasich L and Cohen SN; Computerization of drug interaction data for
a communlty pharmacy. J. of Clinical Computing, 3: 270 (1974).

Shortliffc FH, Axline SG, Buchanan BGC and Cohen SN: Design considerations for
programs to provide biomedical consultation in clinical therapeutics. Proceedings
of San Diego Biomedical Symposium, 311, Feb, 1974.

Snortliffe EH, Davis R, Axline SG, Buchanan BG, Green..C€& and Cohen SN: Computer-
based consultations in clinical therapeutics: explanation and rule acquisition
capabilities of the MYCIN system. Computer Biomed. Res. 8: 303, 1975.

Chang ACY, and Cohen SN; Genome construction between bacterial species in vitro

Replication and expression of Staphylococcus genes in E. coli. PNAS USA 71:
1743, 1974,

Morrow JF, Cohen SN, Chang ACY, Boyer HW, Goodman HM and Halling RB: Replication
and transcroption of eukaryotic DNA in E. coli PNAS USA 71: 1743, 1974.

Cohen SN, Armstrong MF, Briggs RL et al: Computer-based monitoring and reporting
of drug interactions. Proc. IFIPS, MEDINFO Conference 1974, p. 689.

Cohen SN and Chang ACY: Transformation of Escherichia coli by plasmid chimeras
constructed in vitro: A review. In Microbiology, 1974. Amer. Soc. Microbiol.
Washington, D.C. pp. 64-73.

Tatro DS, Briggs RL, Cohen SN et al: On-line drug interaction surveillance.
Smer. J. Hosp. Pharm. 32: 417, 1975.

Tatro, DS, Briggs RL, Cohen SN et al: Detection and Prevention of dtrug interaction
utilizing an on-line computer system. Drug Information Journal 9: 10, 1975.

Cohen SN. The Manipulation of Genes. Scientific American. 232: 25, no.7, 1975.

Chang ACY, Lansman RA,Clayton DA and Cohen SN: Studies of mouse mitochondrial DNA
in Escherichia coli: structure and function of the eukaryotic-prokaryotic
chimeric plasmids. Cell. 6: 231, 1975.

Kedes LH, Cohn RH, Lowry JC, Chang ACY, Cohen SN: The organization of sea urchin
histone genes. Cell 6: 359, 1975.

Shortliffe EH, Axline SG, Buchanan BG, Davis R and Cohen SN: A computer-based
approach to the promotion of rational clinical use of antimicrobials. Proceedings

4B
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Liographical Sketch (S.N. Colien) coutinued - page 3

Solected Publications (continued)

of the International Symposium on Clinical Pharmacy and Clinical Pharmacology.
Boston, Mass, 18 September 1975. (in press)

Cohen SN.Gene Manipulation. New England Journal of Medicine. 294: 883, 1976.

Le



SECTION Il — PRIVILEGE D COMMUNICATION

BIOGRAPHICAL SKETCH

onal personnel listed on page 3, beginning with the Principal Investigstor.
nd follow the sme general format for each person,}

{Give the following infg 4, T.

NAME w TITLE BIRTHDATE (Ma, Day, Yr.)
Buchanan, Bruce G. Adjunct Professor of Computer Sdl. 7/7/4%0
"7 PLACL OF BIRTH (City, Stats, Country) PRESENT NATIONALITY (If non .S cltizen,  |SEX o
linticate kind of viss armt axpiiution ate)
St. Louis Missouri U.s.
(X Mate { JFeimnale
EDUCATION (Beygin with baccalauroate training snd include postductoral)
YEAR SCIENTIFIC
AT
INSTITUTION AND LOCATION DEGREE CONFERRED FIELD
Ohio Wesleyan University B.A. 1961 Mathematics
Michigan State University M.A. 1966 Philosophy
Ph.D.

. .
Hoagglplent of National Institutes of Hea]th Career Development Award (1971-1976)

Invited Speaker: 1976 Third International Conference on Computers in Chemical Research
Education and Technology; 1977 Machine Intelligence Workshop.

MAJOR RESEARCH INTEREST ROLE IN PROPOSED PROJECT
Artificial Intelligence Co-principal investigator

RESEARCH SUPPORT
NIH 2R24 RR 00612-08 Resource Related Research: Computers and Chemistry 5/1/77 to 4/30/80

Annual budget $218,580. Time committed: 20%

Dept. of Defense DAHC 15-73-C-0435 Heuristic Programming 8/1/77 to 9/30/79. Annual budget
level $238,443. Time committed: L45%

National Science Foundation MCS 7702712 Knowledge-Based Intelligent Systems 6/1/77 to
5/30/79. Annual budget level $50,119. Time committed: 10%

National Science Foundation MCS 76-11649 MOLGEN: A Computer Science Application to
Molecular Genetics. Annual budget level $41,525, Time committed: 25%

National Institutes of Health (pending) A Computer Based Consultant for Medical Decision
Making. 6/1977 to 5/1980. Annual budget level $46,609. Time committed: 10%

RESEARCH AND/OR PROFESSIONAL EXPERIENCE (Starting with present position, [ist training and experience refevant to ares of project List all
or most representative publications. Do not exceed 3 pages for esch individual.)

1976-present Adjunct Professor of Computer Science
1972-1976 Research Computer Scientist, Computer Science Dept. Stanford University.
1966~1971 Research Associate, Artificial Intelligence Project, Stanford University.

Selected Publications:

Buchanan BG, Smith, DH, White, WC, Gritter R, Feigenbaum EA, Lederbetg, J and C.
Djerassi: Applications of artificial intelligence for chemical inference XX!I.
Automatic rule formation in mass spectrometry by Means of the meta-DENDRAL program,
Journal of the Amer. Chemical Socicty, 98:6168 (1976).

Davis R, Buchanan B and E Shortliffe: Production rules as a represenhtation for a
knowledge-based consultation program, Artificial Intelligence, Vol. 8, Number 1,
Jan. 1977 (Also Stanford Artificial Intelligence Project Memo No. AIM-206).

Shortliffe EH, Davis R, Axline SG, Buchanan BG, Green CC and SN Cohen: Computer-based
consultations in clinical therapeutics: Explanation and rule acquisition capabilities
of the MYCIN system, Computers and Biomedical Research 8: 303-320, 1975.

Shortliffe EH and BG Buchanan: A model of inexact reasoning in medicine. Mathematical

Biosciences, 23: 351-379 (1975).

KiH 398 (FORMERLY PHS 398) 4D
Rev. 1/73
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Biographical Sketch (Bruce G. Buchanan) continued, page 2

Selected Publications (continued)

Michie D and BG Buchanan: The scientist's apprentice, in Computers for
Spectroseopy (ed. R.ALG. Carrington) lLondon: Adam Hilger, 1974.

Smith DU, Buchanan BG, White WC, Feigenbaum FEA, Djerassi C and J Lederberg:
Applications of artificial intelligence for chemical inference X. Intsum.

A data interpretation program as applied to the collected mass spectra of
estrogenic steroids. Tetrahedron 29: 3117, 1973.

Smith DH, Buchanan BG, Engelmore, RS, Aldercreut H, and C, Djerassi: Applications
of artificial intelligence for chemical inference TX. Analysis of mixtures without

prior separation as illustrated for estrogens. J. of Amer. Chemical Saciety,
95: 6078, 1973.

Buchanan RBG, Feigeabaum EA and NS Sridharan: Heuristic theory formation: Data
interpretation and rule formation. Machine Intelligence

7, Edinburgh University
Press (1972).

Churchman CW and BG Buchanan: On the design of inductive systems: Some

philosophical problems. British Journal for the Philosophy of Science 20: 311-
323, 1969.

Buchanan BG, Sutherland CL, Feigenbaum, EA: Toward an understanding of information
processes of scientific inference in the context of organis chemistry. Machine
Intelligence 5 (B. Meltzer and D. Michie, eds.) Edinburgh University Press
(1970). (Also Stanford Artificial Intelligence Project Memo No. 99, Sept. 1969)

Lederberg, J , Sutherland, GL, Buchanan BG, Feigenbaum EA, Robertson A¥, Duffield
AM, and C. Djerassi: Applications of artificial intelligence for chemical
inference I. The number of possible organic compounds: acyclic structures

containing C,H, O and N. Journal of the American Chemical Society. 91: 11
(May 21, 1969).

LE



ETUNI0N 1 - PAIVILEGED COMMUMICATION

BIOGRAPRICAL SKETCH
(Givo tha following informason foraii profeszional parzenn=i list=f on P2 3, b

INGinGg Wit the Princisal Invssticater.
Us2 condinuazics psjzs and foliow tha surme gararsl farmat for exch parzon,)

TR » TITLE RIATHOATE (Yo, Doy, Yr)
Davis, Randall Research Associate 11/23/48

PLACE OF Sl T (Cizy, Siata, Couniry) PRESEMT NATICNALITY {If non-lU.5 citizon, 3EX
Now Yorlk , New York irglicaty Xind of viz ard ex2irasion cstr)

. - - . U.S. }{}_‘] Mata [ )romala

EOUCATION (30501 with ixccataur st trauning and include postidoctorat}

“ . - ey s YEAR | SCIENTIFIC
INSTITUTION AND LOCATION DEGREE CONFERNAZD F1510
Dartmouth College, Hanover, New Hampshire| A.3B. 1970 Physics
Stanford University , Stanford, CA. Ph.D. 1976 Computer Science

HOMORS

1966-1970 National Merit Scholar 1970-1972 National Science Foundation Fellow

1969 Phi Beta Kappa 1974~ George Forsythe Award for Contributions
1970 graduatred cum laude; hiebest distinction to Fducation
MAJOR RESEARCH INTEHEST ROLE 1IN PROPOSED PROJECT

Arrificial iIntelligence Associate Investigator

ACSEARCH SUPPORAT (Sew instructions)

8/76-8/77 Dr. Chaim Weizman Postdoctoral fellowhip $10,500

RESTARCH AMDAIN PROFESSIONAL EXPERIENCE (Scarting m’th.pr_esanr position, it trainipg and expanonca ralavant to arss of projoct. Lizt alf
or maost rspresantstive publications Do pot excesd 3 poges for soch individual.) ’

June 1976 - present Research coordinator, MYCIN Project, Stanford University

summer, 1974, 1975 Research assistant, MYCIN Project-
summer, 1972, 1973 Research assistant, Stanford Artificial Intelligence Laboratory
summer 1971 Research

assistant, Stanford Linear Accelerator Center, Computational
Group

Selected Publications:

Davis R: Use of meta level knowledge in the construction, maintenance, and use of
large knowledge bases, (thesis), AL Memo 283 (July 1976), Stanford University

Shortliffe EH, Davis R: Some considerations for the implementation of kno

wledge—
based expert systems, SICART Newsletter, 55:9-12, December 1975.

Davis K, Buchanan BG, Shortlific BH, Yroduction Rules as a Representation in a
Knowledgod -Based Consultation System, Artificial Intelligence (to appear) Also,
AT Meno 266 (0ot 1975) Stanford University.

Davis F, King JJ: An Overview of Production Systems, in Machine Representations of

Knowledge, Proceedings of NATO ASI Conference, Dordrecht, D Reidel Publishing Co.

(1976, in press). Also AL Memo 271 (Oct 1975).

Shortliffe EH, Davis R, et al: Computer-based consultations in clinical therapeutics
explanation and rule acquisition capabilities of the MYCIN system.
Research, 8: 303-320 (August 1975).
MEH 393 (FOT4ZRLY PHS 393) kF
RKav. 1/])
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SECTION 1l — PRIVILEGED COMMUNICATION

BIOGRAPHICAL SKETCH

{Give the following Information for all professional personnel listed on pege 3, beginning with the Principal Investigstor.
Use continuation pages and follow the same general format for each person,)

NAME TITLE BIRTHDATE (Ma, Day, Yr.)
Shortliffe, Edward H. Professor 8/28/47
PLACE OF BIRTH [City, Stats, Country) PRESENT NATIONALITY (/f non-U.K citizen, SEX T
indicate kind of visa and expiration dats)
Edmonton, Alberta, Canada u.s.
(53 Mate [ Femnle _
EDUCATION (Begin with baccalauraate training and include postdoctoral) . L
T - YEAR SCIENTIFIC
INSTITUTION AND LOCATION DEGREE CONMFERRED EIELD
Harvard University, Cambridge, Mass. B.A. 1970 Applied Mathematics
Stanford University, Stanford, Calif. Ph.D. 1974 Med. Info. Sciences
M.D. 1976 Medicine

HONORS
Cum Laude Society (1965); Dean's list at Harvard 1966-1970
Medical Scientist Training Program NIH, 1971

MAJOR RESEARCH INTEREST ROLE IN PROPOSED PROJECT

Medical Information Sciences Research Affiliate

RESEARCH SUPPORT (Sees instructions)

RESEARCH AND/OR PROFESSIONAL EXPERIENCE (Starting with present position, [ist training and expenence relevant to ares of project. List all
or most represantative publications. Do not excesd 3 pages for asch individual.}

June 1969 - May 1970 (excepting summer 1969): Rescarch Assistant, Laboratory of Computer
Science, Massachusetts General Hospital, Boston, MA.;

September 1970 - June 1971: Research Assistant, Division of Clinical Pharmacology,
Department of Medicine, Stanford University School of Medicine,

September 1971 - June 1976: Trainee, Medical Scientist Training Program, Division of
Clinical Pharmacology, Department of Medicine, Stanford University School of Medicine.

Employment and Training Expericnce

Summers 1968 and 1969: Budget forecasting and evaluation, Mene Grande 0il Company

Summers 1970 and 1971: System Designer, Automated Health Systems, Inc., Burlingame, CA.
June 1976 to June 1977: Intern in Medicine, Massachusetts General Hospital, Boston, MA.

July 1977 to present: Resident in Medicine, Stanford University Hospital, Stanford, CA.

_Recent Publications (see attached pages)

NIK 398 (FORKERLY PHS 338) LG
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Biographical Sketch (Edward H. Shortliffe) continued page 2

Shortliffe, E.H., Axline, S.G., Buchanan, B.G., Merigan, T.C., and Cohen,
S.N. An artificial intelligence program to advise physicians regarding
antimicrobial therapy. Comput. Biomed. Res. 6,544-560 (1973).

Briggs, R.L., Cohen, S.N., Armstrong, M.F., Feinberg, L.S., Hannigan, J.F.,
Hansten, P.D., Hunn, G.S., Moore, T.N., Nishimura, T.G., Podlone, M.D.,
Shortliiffe, E.H., Smith, L.A., and Yosten, L. The Stanford MEDIPHOR
System. Proceedings of the 1973 MUMPS User s Group Meeting, pp. 58-60;
St. Louis, MO., 24 September 1973.

Shortliffe, E.H., Axline, S.G., Buchanan, B.G., and Cohen, S.N. Design
considerations for a program to provide consultations in clinical
therapeutics. Proceedings of the 13th San Diego Biomedical Symposium,
pp. 311-319; San Diego, California; U4-6 February 1974,

Cohen, S.N., Armstrong, M.F., Briggs, R.L., Feinberg, L.S., Hannigan, J.F.,
Hansten, P.D., Hunn, G.S., Moore, T.N., Nishimura, T.G., Podlone, M.D.,
Shortiiffe, E.H., Smith, L.A., and Yosten, L. A computer-based system
for the study and control of drug interactions in hospitalized patients.
In Drug Interactions (P.L.Morelli, S.Garattini, and S.N.Cohen, Eds), pp.
363-374; Raven Press, New York (1974).

Shortiiffe, E.H., Axline, S.G., Buchanan, B.G., and Cohen, S.N, The
computer as a consultant for selection of infectious disease therapy.
Presented at the 1974 SAMA-UTMB National Student Research Forum;
Gaiveston, Texas; 24-27 April 1974; Abstract in Texas Reports On Biology
And Medicine 32,834 (1974).

Cohen, S.N., Armstrong, M.F., Brigegs, R.L., Chavez-Pardo, R., Feinberg,
L.S., Hannigan, J.F., Hanstcen, P.D., Hunn, G.S., Tlia, R.V., Moore,
T.N., Nishimura, T.G., Podione, M.D., Shortliffe, E.H., Smith, L.A., and
Yosten, L. Computer-based monitoring and reporting of drug
interactions. Proceedings of MEDINFO 74, pp. 889-894; Stockholm,
Sweden; 5-10 August 1974,

Shortliffe, E.H., MYCIN: A Rule-Based Computer Program To Advise Physicians
Regarding Antimicrobial Therapy Selection. Doctoral dissertation,
Stanford University, October 1974, Available as Technical Report
AIM-251, Stanford Artificial Intelligence Laboratory, Stanford, CA.
Abstract reproduced in Computing Reviews 16,385 (1975).

Shortliffe, E.H. and Buchanan, B.G. A model of inexact reasoning in
medicine. Math. Biosci. 23,351-379 (1975).

Shortliiffe, E.H., Davis, R., Axline, S.G., Buchanan, B.G., Green, C.C., and
Cohen, S.N. Computer-based consultations in clinical therapeutics:
explanation and rulc-acquisition capabilities of the MYCIN systenm.
Comput. Biomed. Res. 8,303-320 (1975).

Shortiiffe, E.H., Axline, S.G., Buchanan, B.G., Davis, R., and Cohen, S.N.
A computer-based approach to the promotion of rational clinical use of
antimicrobials. In "Clinical Pharmacy And Clinical Pharmacology" (W.A.
Gouveia, G. Tognoni, and E. van der Kleijn, eds.), pp.259-274,
Elsevier/North Holland Biomedical Press, New York, 1976.
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Biographical Sketch (Edward H. Shortliffe) continued page 3

Davis, R., Buchanan, B.G.,

and Shortliffe, E.H. Production rules as an
approach to knowledge-based consultation systems.

Artificial
Intelligence 8,15-45 (1977).

Shortliffe, E_H.

Computer-Based Medical Consultations: MYCIN (adaptation of
doctoral thesis), American Elsevier, New York, 1976.

Scott, A.C., Clancey, W., Davis, R., and Shortliffe, E.H.
capabilities of knowledge-based production systems.

Explanation
Computational Linguistics, Microfiche 62, 1977.

Amer. J.

Also available as TR
HPP-77-1, Heuristic Programming Project, Stanford University, March
1977.

Short.iiffe, T. and Davis, R.

Some considerations for the implementation of
knowledge-based expert systems. SIGART Newsletter, No. 55, pp. 9-12,
Decembep 1975.

, Hannigan, J.F., Scott, A.C., Shortliffe, E.H., vanMelle, W.J., Yu,
V..., Axline, S.G., and Cohen, S.N. Computerized consultation system
for selrction of antimicrobial therapy, Am. J. Hosp. Pharm.
33:1304-1308 (1976).

Wraith, S.M., Aikins, J.S., Buchanan, B.G., Clancey, W.J., Davis, R., Fagan,
.M.

Short jiffe, E.H. The MYCIN project: a computer-based consultation system in
ciinical therapeutics. In "Computer Networking In The University:

Success And Potential", Proceedings of the EDUCOM Fall Conference,
pp. 183-185, November 1976.

Shortliffe, E.H.

A rule-based approach to the generation of advice and
explanations in ciinical medicine.

Proceedings of the Workshop on
Computational Linguisties in Medicine, Uppsala, Sweden, May 1977.

Elsevier/North Holland Biomedical Press, Amsterdam (in press).

Shortliffe, E.H. Medical consultation systems: designing for doctors. In
"Communicating With Computers" (M.E. Sime, M.J. Fitter, and T.R.G.
Green, eds.), Macmillan, London (in press).
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Use r.m i o gy uul Irtevs the rame getiersl format far cach porion. )
Nans o A [6IRTHOATE (1o, Day, Y1)
Stanton G. Axline, M.D. Associate Professor July 11, 1935
PULACE 0F 1001 TCity, State, Conntiy) PRESENT NATIONALITY (If non-U.S, citizen, SEX
Indicelo kind of viso ond explration date)

Columbus, Ohio U.S.A. 7 U.S.A. &0 Mate ClFersie

- -—EDUCI\T.OD: (3cain viith haccalauredic truininy ind include posicuctorall) .

e : , : . YEAS SCIENTIFIC
INSTITUTION ANO LOCATION DEGRLE CONFERALD EIELD
Ohio State University, Columbus, Ohio B. A. 1956 Biological Sciences
Ohio State University, Columbus, Ohio M. D. 1960 Medicine
Phi Beta Kappa, 1956
Alpna Omcga Alpha, 1960
Clinical Investigator Award, Veterans Administration, 1969
MAJOR RESEATCH INTERLST ROLE IN PRO?GSZ0 PRGJECT

Macrophage lysosome Formation;Antimicrobial
Therapy & Clinical Pharmacology Investigator

RESIANCE SUMPORT {ae /mnucuoml

V.A. Project No. 0678-05: Macrophage Maturation and Lysosomal Adaptations
7/1/74 to 9/30/78 $228,000. 00

1501544 (N.T.H.): Computer-Based Consultations in Clinical Therapeutics
6/1/74 to S5/31/77 $458,234.00

RESEALCH /.00 PR PROFESSIONAL EXCERIENCE (Stariing \vith sics2nt posiilon, 157 T 1ogining and experiancd relocent 10 wrea of prajoce Lici .
ormesirepretontaiive pubitcciicas, Do not eacesd 8 pages for each individval,} :

1976 - Present  Associate Professor of Medicine, University of Arizona College of
Medicine, Tucson, Arizona

1976-Present Associate Chief of Staff for Research, Veterans Administration
Hospital, Tucson, Arizona

1969-1976 Assistant Profeesor Stanford University School of Medicine, Department
of Medicine, Stanford California

1969-1976 Chief, Infectious DlSCQSC Section, Dept. of Medicine, Palo Alto Veterans
Administration Hospital, Palo Alto, California ,

1967-1969 Guest Investigator, The Rockefeller University, American Cancer Society
Fellow, New York, New York

1965-19067 Rescarch SL]Cntlbt (Captain), School of Aerospace Medicine, Brooks Air
Force Basce, Texas

1965-1965 Rescarch Fellow,. Div. of Infectious Diseascs, Dept. of Medicine,
Stanford Untvorﬁlty School of Medicine, Stanford, California

1961-1963 Resident an Medicine, Stanford UanLrSlty School of Medicine,
Stantord, C;llifO:nliu

1960- 19061 Intern, Colorado Genceral Hospital, University of Colorado, Boulder, Colo.

Publications - Please sce attached continuation page.
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Biographical Sketch (S.G. Axline) continued page 2

1. Axlinc¢, S.G., and Siuon, H.J. Clinical Pharmacology of Antimicrobials in
Premature Infants, I. Kavamycin, Streptomycin, and Neomycin.
Aritimicrobial Agents and Chemotherapy, 192, 1964,

2. Axlins, S.G., and Simon, H.J. Drug Concentrations and Overdosage. J.A.M.A.
185:1161, 19064.

3. Simon, H.J., Axline, S.G., and Vosti, K.L. Cephalothin: 1Its In VLtroAntlbacterlal
Spectrum as Studied in a Diagnostic Laboratory. Caltfbrnta Medicine, 103:395,

1965,

4. Axline, S.G. Iuappropriate Drug Formulations - A Common Problem in Pediatrics,
Fditorial. Ped. Digest, 8:17, 1966.

5. Simon, H.J., and Axline, S.G. Clinical Pharmacology of Kanamycin in Premature
Infants. Ann.¥.Y.Acad.Sei., 132:1020, 1966.

6. Simon, H.J., Yaffe, S.J., Fontana, V.J., and Axline, S.G. Clinical Pharmacology
of Ant]mlcroblals in Prematuré Infants. IIL. —6 Deoxytetracycline.
Antimicrobial Agents and Chemotherapy, p. 121, 1966.

7. Axline, S.G., Yaffe, S.J., and Simon, H.J. Clinical Pharmacology of
Antlmlcroblals in Premature Infants. II. Ampicillin, Meth1c1llin, OAac1]11n,
Neomycin, and Colistin. Pediatirics, 39:97, 1967.

8. Axline, S.G. Isozymes of Acid Phosphatase in Normal and BCG Induced Rabbit
Alveolar Macrophages. J.Fxp.Med., 128:1031, 1968.

9. Axline, S.G. Functional Biochemistry of the Macrophage. Seminars in Hamatolon"
7:142, 1970.

10. Axline, S.G., and Cohn, Z. In Vilro Induction of Lysocomal Enzymes by
Phagocytosis. J.Exp.Med., 131:1239, 1970.

11. Reaven, LE.P., and Axline, S.G. Subplasmalemmal Microfilaments and Microtubules
in Cultivated Macrophages. 30th Annual Proceedings Electron Microscopy
Society of America, Los Angeles, California, (Ed.) C.J. Arceneaux, 1972.
p. 246, '

12. Reaven, E.P., and Axline, S.G. Subplasmalemmal Microfilaments and Microtubules
in Resting and Phagocytizing Cultivated Macrophages. J. Cell Brol., 59:12,
1973.

13. Axline, S.G., Mendenhall, J., and Remington, J.S. Macrophage Mediated Resistance
to Intracellular Infection by Poly-L-Glutamic Acid. J.Immunol., 111:1634,
1973.

14. Shortliffc, E.H., Axline, S.G., Buchanan, B.G., Merigan, T.C., and Cohen, S.N.
An Artificial Tntelligence Program to Advise Physicians Regarding
Antimicrobial Therapy. Computers and Biomedical Research, 6:544, 1973,

15. Siwon, L.M., Axline, S.G., Horn, B.R., and Robin, E.D. Adaptations of Encrgy
Metabolism in the Cultivated Macrophage. J.Exp.Med., 138:1413, 1973.

16. Axlipe, S.G., and Reaven, E.P. Inhibition of Phagocytosis and Plasma Menmbrane
Hobility of the Cultivatced Macrophage by Cytochalasin B: Role of Subplasma-
Jenmal Microfilaments. J. Cell Biol., 62:647, 1974. :

Lk
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17.

18.

15.

20.

23.

24,

25.

26.

27.

28.

Ptashne, K., Brothers, L., Axline, S.G., and Cohen, S.N. Aryl Hydrocarbon -
Hydroxylase Induction in Muuse Peritoneal Macrophages and Blood-Derived
Human *iicrophages. Proc.Soc.Exp.Biof.Med., 146:585, 1974

Shortliffe, E.fI., Axline, S.G., Buchanan, B.G., Cohen, S.N. Design
Considccutions for a Program to Provide Consultations in Clinical
Therapcutics. Procecedings 13th San Diego Computer Conference
p- 311, 1974.

Shortliffe, E.H., Davis, R., Axline, S.G., Buchanan, B.G., Green, C.C., and
Cohen, S.N. Computer-Based Consultations in Clinical Therapeutics:
Explanation and Rule Acquisition Capabilities of the MYCIN Systen.
Com;itters and Biomedical Research, 8:303, 1975. '

Pesanti, E.L., and Axline, S.G. Colchicine Effects on Lysosomal Enzyme
Induction and Intracellular Degradation in the Cultivated Macrophage.
J.Exp.Med., 141:1030, 1975.

Pesanti, E.L., and Axline, S.G. Phagolysosome Formation in Normal and
Colchicine Treated Macrophages. J.Exp.Med., 142:903, 1975,

Axline, S.G., et al. Proceedings of the Finst Annual A.1.M. {Artificial
Intelligence in Medicine) Workshop, June 14-17, 1975. Sponsored by
Biotechnology Resources Branch of the National Institutes of Health.

Shortliffe, E.H., Axline, $.G., Davis, R., Buchanan, B.G., Cohen, S.N.
A Computer-Based Approach to the Promotion of Rational Clinical lUse
of Antimicrobials. Published in Proceedings of the International
Symposium on CLinical Phawmacy and CLinical Pharmacofoqy, Session 4,
Antimicrnobial Therapy. Boston, Massachusetts. September, 1975,

Halpren, B.S., Axline, S.G., Coplon, N.S. and Brown, D.:M. Clearance of
Gentamicin During Hemodialysis: Comparison of Four Artificial Kidneys.
J.1.D., 133:627, 1976

Rhame, F.S., and Axline, S.G. Coding and Analysis of Data From Hospital-
Based Infection Surveillance Programs. Proceedings of Association for
Practitionens of Infection Contrnol, 1976. 1In press.

Charney, M.T., and Axline, S.G. Phagocytic and Bactericidal Capacity of Human
Monocytes During In V.itno Differentiation. Fourteenth Interscience
Conference on Antimicrobial Agents and Chemotherapy. San fFrancisco, .
California. September, 1974, Manuscript in preparation,

Simon, L.M., and Axline, S.G. Pyruvate Kinase Alterations in Human Monocytes
During Acrobic and Anacrobic Cultivation. CLin.Res., 23:282A, 1975.
Manuscript in preparation.

Simon, L.M., and Axline, S.G. In Vitno Differentiation of Mouse Alveolar
Mucrophages: Changes in Oxygen Dependent Phagocytosis. CLin.Res.,
24:114A, February, 1976. (Abstract)

Simon, L.M., Robin, E.D., Phillips, J.R., Acenedo, J., AxJine,S.G., and
Theodore, J. Enzymatic Basis for Eioenergetic Differences of Alveolar
~versus Peritoneal Macrophages and Enzyme Regulation by Molccular 0,.
Submitted for publication.

Axline, S.G. Antimicrobial Agents: Mechanisms of Action. Squaw Valley Pést—
graduate Infectious Discases Symposium. 1In press.
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BIOGRAPHICAL SKETCH

(Give the following information for all professional personnel listed on page 3, beginning with the Principal Investigator.
Use continuation pogas and follow the same general format for each person.)

NAME TITLE BIRTHDATE (Ma., Day, ¥r.)
Wraith, Sharon Research Associate 10/15/51
PLACE OF BIRTH (City, State, Country] PRESENT NATIONALITY (/f non-U.S citizen, SEX
indicate kind of visa and expiration date)
Seattle, Washington u.s.
[ Maie X) Femate

EDUCATION (Begin with baccalsureate training and include postdoctoral)

YEAR SCIENTIFIC
INSTITUTION AND LOCATION DEGREE CONFERRED FIELD
University of Washington School of
Pharmacy B.S. 1974 Pharmacy

HONORS

Walter and Hazel Hinman Pharmaceutical Scholarship

Henderson Pharmaceutical Scholarship

Rho Chi Scholarship Society
MAJOR RESEARCH INTEREST ROLE IN PROPOSED PROJECT

Infectious disease and clinicgal ; .

clinical pharmacist
pharmacy

RESEARCH SUPPORT (See instructions)

RESEARCH AND/OR PROFESSIONAL EXPERIENCE {Starting with present position, Jist training snd experience relevant to area of project. List all
or most representative publications. Do not exceod 3 pages for ssch individual.)

July 1975 - present Research Pharmacist, MYCIN Project, Dept. of Medicine, Division
of Clinical Pharmacology, Stanford University

June 1974 - July 1975 Clinical Pharmacist Intern, Veteran's Administration Hospital,
Division of Clinical Pharmacy, Palto Alto, CA.

Sept 1971 - June 1974 Pharmacy Intern, Providence Hospital, Seattle, Washington

PUBLICATIONS:

Wraith, SM, Aikins J, Buchanan BG, €lancey WJ, David R, Fagan L, Hannigan J, Scott AC,
Shortliffe EH, Yu V, van Melle WJ, Axline SG, and Cohen SN: A Computerized
Consultation System for Selection of Antimicrobial Therapy. Amer. J. of Hospital

Pharmacy, 33:1304-1308 (Dec) 1976.

NIH 398 (FORMERLY PHS 398) Ly
Rev. /73

U S GOVERNMENT PHRINTING OFFICE - 1974 *ua RN
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BICGSAPHICAL SKETTCH

(Cive the following information for 3!l proisszionsi parsonnai listad on P253 3, beginnira vwith whs P

FInCipal [avestizatorn,

Us2 continuation pages and follow ths =ams ganaral format for asch porsen.)

PRVE TITLE BIRTHOATE (a, Loy, V1)
Scott, Aane Carlisle Research Associate 2/4/52
FUACL OF BIR T (Ciry, Stats, Counery)  TPRESENT NATIONALITY (f non-U & citieon,  {aex 7 7w —= =
indlicoos kind of vie ard exgiration date)
At lanta, Georgilia U.s. .
AL > org [C)Mna (¥ Femats
0 EOQUCATYION {3ezin with baccalsurate training and include postdocioral)
- o YEAR SCIENTIFIC
! N ICATI ~
NSTITUTION AND LOC ON DEGREE CONFERRAED FIELD
College of William and Mary B.S. 1973 Mathematics
Stanford University M.S. 1974 Computer Science

HOMORAS
Phi Beta Kappa

MAJOR RESEARCH INTEREST

Artificial Intelligence

ROLE 1IN PROPOSED PROJECT

Scientitic Programmer

HESEARCH SUPPORT (Sew instroctions)

RESEARCH AND/ON PROFESSIONAL EXPERIENCE (Starting with prasent position, Jist tryining and exzarianca rolavant toarasolfprofect. Listol!

07 INost roprosentative publicstior,, Do not excaxd 3 pages for each individuat.)

1974—present

Scientific Programmer, MYCIN project, Division of Clinical Pharmacology.

Department of Medicine, Stanford University

Publication:

Scott, AC, Clancey, W, Davis, R and Shortliffe, EH;

Explanation capabilities of

knowledge-based production systems. (submitted to Amer. J. Linguistics)

NIH 395 (FORMZRLY PHS 398)
Ravw, 1/]3
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