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Pathology: Arend Sidow (Assistant Professor)

Pediatrics: Atul Butte (Assistant Professor)

Psychiatry and Behavioral Sciences: Amar K. Das (Assistant Professor)
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Program Offices: MSOB 215

Mail Code: 94305-5479

Phone: (650) 723-6979

Web Site: http://bmi.stanford.edu

Courses given in Biomedical Informatics Program have the subject
code BIOMEDIN. For acompletelist of subject codes, see Appendix.

The program in Biomedical Informatics emphasizes research to de-
velop novel computational methods that can advance biomedicine. Stu-
dentsreceivetrainingintheinvestigation of new approachesto conceptual
modeling andto devel opment of new al gorithmsthat addresschallenging
problemsinthebiological sciencesand clinical medicine. Studentswitha
primary interest in devel oping new informatics methods and knowledge
are best suited for this program. Students with a primary interest in the
biological or medical application of existinginformaticstechniquesmay
be better suited for training in the application areasthemsel ves.

GRADUATE PROGRAMS

TheBiomedical Informatics Programisinterdepartmental and offers
instruction and research opportunitiesleadingto M.S. and Ph.D. degrees
inBiomedical Informatics. All studentsarerequiredto completethecore
curriculum requirements outlined below, and also to elect additional
courses to complement both their technical interests and their goalsin
applying informatics methods to clinical settings, biology, or imaging.
Candidates must maintain a 3.0 GPA in each of the five core areas, and an
overall GPA of 3.0. If the candidate’s GPA does not meet the minimum
reguirement, the executive committee may require corrective courses
of action. In addition, prior to being formally admitted to candidacy for
the Ph.D. degree, the student must demonstrate knowledge of biomedi-
cal informatics fundamentals and a potential for research by passing a
qualifying exam.

Thecorecurriculumiscommonto all degreesoffered by theprogram
but isadapted or augmented depending on theinterestsand experience of
the student. Deviationsfrom the core curriculum outlined bel ow must be
justified in writing and approved by the student’s Biomedical Informatics
academicadviser andthechair of theBiomedical InformaticsCommittee.
It should be noted, however, that the program is intended to provide flex-
ibility andto complement other opportunitiesin applied medical research
that exist at Stanford. Although most students are expected to comply
with the basic program of study outlined here, specia arrangements can
be made for those with unusual needs or those simultaneously enrolled
in other degree programswithin the University. Similarly, studentswith
prior relevant training may have the curriculum adjusted to eliminate
requirements met aspart of prior training.

CORE CURRICULUM

Students are expected to participate regularly in the Biomedical
Informatics Student Seminar (201) and Colloquia (200), regardless of
whether they register for credit in those courses. In addition, &l students
are expected to fulfill requirements in the following five categories:

1. CoreBiomedical Informatics (17 units): students are expected to un-
derstand current applications of computersin biology and medicine
and to develop abroad appreciation for research in the management
of biomedical information. Required courses are: BIOMEDIN 200,
201, 210, 211, 212, 214, and 217, all of which should betaken during
the first and second year in the program. BIOMEDIN 200 and 201 are
required coursesbut are not counted toward the coreor el ective units.
Studentsmust al so take an additional 3 unitsof Biomedical Informat-
ics course work (which may include crosslisted courses from other
departments, but not including BIOMEDIN 200, 201, 299, 302, 303,
or 305), selected in consultation with the academic adviser.
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2. Computer Science (9 units): the student is expected to acquire a
knowledgeof theuse of computers, computer organi zation, program-
ming, and symbolic systems. It isassumed that students have had by
matriculation computing experience at least equivalent to a course
introducing the fundamental s of data structures and algorithms such
as CS 103A,B, 103X, 106A,B, 106X, or other courses approved by
academic adviser or executive committee. Students are required to
take aminimum of 9 units of coursesin the Department of Computer
Science. If similar courseshave not been taken previously, these units
mustinclude CS 121 or221, 161, and acourse that requires significant
programming and knowledge of machinearchitectures(for example,
CS 108, or the CS 193 series). For thosewho havetaken such courses
previoudly, replacement units may be taken from any other coursein
CS selected by the student and approved by the academic adviser. A
course in databases is especially recommended. With the exception
of CS 108, al other courses applied to the degree requirements must
be numbered 137 or higher.

3. Probability, Satistics, and Decision Science (9 units): students are
required to take at least three courses that span the following five top-
ics: basic probability theory, Bayesian statistics, decision analysis,
machinelearning, and experimental -desi gn techni ques. Prior courses
instatisticsat |east equivalent to STATS60 and cal culusequivalent to
MATH 42 areprerequisites. A prior courseinlinear al gebraequivalent
toMATH 103 or 113isrecommended. For theprobability requirements,
students may, for example, take MS& E 120, STATS 116, or MS& E
221. For the statisticsrequirements, studentsshould take STATS 141,
if they have not had an equivalent class prior to entry to the program.
Otherwise, sequences (taken after STATS 116) may include STATS
200followed by acoursein stochastic modeling, machinelearning or
datamining, suchasSTATS202or 315A,B, or CS2280r 229. Options
for decisionanalysisinclude M S& E 152 or 252, or cost effectiveness
analysis (BIOMEDIN 432). Specific courses should be chosen in
consultation with the student’ s academi c adviser. Also recommended
isacoursein the psychology of human problem solving.

4. Biomedical Domain Knowledge (6 units): students are expected to
acquire an understanding of pertinent life sciences and how to ana-
lyzeadomain of applicationinterest. Prior coursesinbiology at least
equivalent to BIOSCI 41 and 42 are prerequisites. All students must
have completed acoursein basic biochemistry, molecular biology, or
genetics. Other areasof basi cbiology may bean acceptablealternative.
Exposuretolaboratory methodsinbiology isencouraged. All students
without formal health caretrainingareencouragedtotakel MMUNOL
230 (formerly BIOMEDIN 207).

5. Social and Ethical | ssues(4 units): candidatesareexpectedto befamil-
iar withissues regarding ethics, public policy, financing, organizational
behavior, management, and pertinent | egal topics. Studentsmay choose
at least 3 unitsfrom suitable courses, including BIOMEDIN 432; CS
201; MS& E 284, 197; HRP 391, 392; or any other advanced coursein
policy and social issues proposed by the student and approved by the
Biomedical Informatics academic adviser.

Thecorecurriculumgenerally entail saminimum of 45 unitsof course
work for master’ sstudentsand 54 unitsof coursework for Ph.D. students,
but can require substantially more or less depending upon the courses
selected and the previous training of the student. All courses must be
takenfor aletter grade. Studentsmay request an el ective course be taken
for agrade of credit/no credit by submitting apetitionto the BMI execu-
tivecommittee. BIOMEDIN 299 and BIOMEDIN 802 may betaken for
satisfactory/no credit (SINC). The varying backgrounds of students are
well recognized and no oneisrequired to take coursesin anareainwhich
heor shehasalready been adequately trained; under such circumstances,
studentsare permitted to skip coursesor substitute more advanced work.
Studentsdesignappropriateprogramsfor their interestswiththeassistance
and approval of their Biomedical | nformatics academic adviser. At least
27 unitsof formal coursework are expected.
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PROGRAM REQUIREMENTS FOR THE
ACADEMIC M.S., PROFESSIONAL M.S.,
AND COTERMINAL DEGREES

Studentsenrolledinany of theM.Sdegreesmust compl etetheprogram
requirementsin order to graduate. Programsof at |east 45 unitsthat meet
thefollowing guidelines are normally approved:

1. Completion of the core curriculum.

2. Aminimumof 6 additional unitsof coursesin Computer Sciencenum-
bered 135 or higher, coursesin Management Scienceand Engineering
or Statistics numbered 200 or higher, PSY CH 256 or 225, or relevant
coursesinother departmentsapproved by thestudent’ sacademic adviser.

3. Electives: additional coursesto bring thetotal to 45 or more units.

The University requirementsfor theM.S. degree aredescribed in the
“Graduate Degrees’ section of thisbulletin.

MASTER OF SCIENCE (ACADEMIC)

Thisdegreeisdesignedfor individua swhowishtoundertakein-depth
study of biomedical informaticswith research, typically supported with
fellowshipfunding. Normally, astudent spendstwo yearsinthe program
and implements and documents a substantial project during the second
year. The first year involves acquiring the fundamental concepts and tools
through course work and research project involvement. All first- and
second-year students are expected to devote 50 percent or more of their
timeparticipatinginresearch projects. Researchrotationsarenot required,
but can bedonewith approval of theacademic adviser or training program
director. Graduatesof thisprogramarepreparedto contributecreatively to
basic or applied projectsin biomedical informatics. Thisdegreerequires
awritten research paper to be approved by two faculty members.

MASTER OF SCIENCE (HONORS COOPERATIVE
PROGRAM)

Thisdegreeis primarily designed for the working professional who
aready has advanced training in one discipline and wishes to acquire
interdisciplinary skills. All classesnecessary for the degreeareavailable
online. The professional M.S. is offered in conjunction with Stanford
Center of Professional Development (SCPD), which establishes the
rates of tuition and fees. The program usesthe honors cooperative model
(HCP), which assumes that the student isworking in acorporate setting
and is enrolled in the M.S. on a part-time basis. The student has up to five
years to complete the program. Research projects are optional and the
student must make arrangementswith program faculty. Graduatesof this
program are prepared to contribute creatively to basic or applied projects
inbiomedical informatics.

MASTER OF SCIENCE (COTERMINAL)

The coterminal degree program allows undergraduatesto study for a
master’s degree while completing their bachelor’s degree(s) in the same
or adifferent department. Pleaserefer tothe* Coterminal Bachelor’sand
Master’sDegrees’ sectionunder “ Undergraduate Degreesand Programs’
inthisbulletin for additional information.

Thecoterminal Master of Scienceprogramfollowsthesameprogram
requirements as the Master of Science (Professional), except for the re-
quirement to beemployedinacorporatesetting. Thecoterminal degreeis
only availabletocurrent Stanford undergraduates. Coterminal studentsare
enrolledfull-timeand coursesaretaken on campus. Research projectsare
optional and the student must make arrangementswith program faculty.
Graduates of this program are prepared to contribute creatively to basic
or applied projectsin biomedical informatics.

For University coterminal degree program rules and University ap-
plication forms, see http://registrar.stanford.edu/shared/publications.
htm#Coterm.



DOCTOR OF PHILOSOPHY

TheUniversity’shasic requirementsfor thedoctorate (residence, dis-
sertation, examination, and soon) arediscussedinthe” Graduate Degrees’
section of thisbulletin.

Individual swishing to preparethemselvesfor careersasindependent
researchersin biomedical informatics, with applications experiencein
bioinformatics, clinical informatics, or imaging informatics, should ap-
ply for admission to the doctoral program. The following are additional
requirements imposed by the Biomedical Informatics Interdisciplinary
Committee:

1. A student plans and completes a coherent program of study includ-
ing the core curriculum and additional requirementsfor themaster’s
program. In addition, doctoral candidates are expected to take at
|east three more advanced courses (see categories under item ‘2’ of
the master’s program requirements) and must completeatotal of 54
units. In the first year, two or three research rotations are encouraged.
The master’s requirements should be completed by the end of the
second year in the program (six quarters of study, excluding sum-
mers). Doctoral studentsare generally advanced to Ph.D. candidacy
after passing the qualifying exam, which takes place during the end
of the second year of training or early in the third year. A student’s
academic adviser has primary responsibility for the adequacy of the
program, whichisregularly reviewed by the Biomedical Informatics
executive committee.

2. ToremaininthePh.D. program, each student must attainagradepoint
average (GPA) of 3.0 (B) in each of the five core areas. The student
must fulfill these requirements and apply for admission to candidacy
forthePh.D. by theend of six quartersof study (excluding summers).
In addition, reasonableprogressinthestudent’sresearch activitiesis
expected of all doctoral candidates.

3. During the third year of training, generally in the Winter Quarter,
each doctoral student isrequired to give a preproposal seminar that
describes evolving research plans and allows program faculty to
assure that the student is making good progress toward the definition
of adoctoral dissertationtopic.

4. By theend of nine quarters (excluding summers), each student must
orally present awrittenthesisproposal andanoral university defense
of thisproposal to adissertation committeethat generally includesat
|east onemember of theBiomedical | nformaticsexecutivecommittee.
The committee determineswhether the student’ sgeneral knowledge
of the field and the details of the planned thesis are sufficient to justify
proceeding with the dissertation.

5. Aspart of thetraining for the Ph.D., each student isrequired to bea
teaching assistant for two courses approved by the Biomedical In-
formatics executive committee; one should be completed in the first
two yearsof study.

6. Themost important requirement for the Ph.D. degreeisthedisserta-
tion. Prior tothe oral dissertation proposal and defense, each student
must securethe agreement of amember of the program faculty to act
as dissertation adviser. The principal adviser need not be an active
member of theBiomedical Informaticsprogram faculty, but all com-
mitteesshouldincludeat | east oneparticipating BMI faculty member.

7. Noofficial additional oral examination is required upon completion of
the dissertation. The oral defense of the dissertation proposal satisfies
the University oral examination requirement. At the completion of
training, the student should give a final talk describing their results.

8. Thestudentisexpectedtodemonstratean ability to present scholarly
material and researchin alectureat aformal seminar.

9. Thestudent isexpected todemonstratean ability to present scholarly
material in concise written form. Each student isrequired to writea
paper suitablefor publication, usually discussing hisor her doctoral
research project. This paper must be approved by the student’s aca-
demic adviser assuitablefor submissionto arefereed journal before
thedoctoral degreeisconferred.

10. Thedissertationmust beaccepted by areadingcommitteecomposed of
theprincipal dissertation adviser,amember of theprogramfaculty, and
athird faculty member chosen from anywherewithinthe University.

COURSES

BIOM EDIN 109Q. Genomics: A Technical and Cultural Revolution—
(Same as GENE 109Q.) Stanford Introductory Seminar. Preference
to sophomores. For non-science majors. Concepts of genomics, high-
throughput methods of data collection, and computational approaches
to analysis of data. The social, ethical, and economic implications of
genomic science. Students may focuson computational or social aspects
of genomics.
3units, Win (Altman, R)

BIOMEDIN 156/256. Economics of Health and Medical Care—
(Graduatestudentsregister for 256; sameasECON 126, HRP256.) Gradu-
atestudentswith researchinterests should take ECON 248. Institutional,
theoretical, and empirical analysisof the problems of health and medical
care. Topics: institutionsin the health sector; measurement and val uation
of health; nonmedical determinants of health; medical technology and
technol ogy assessment; demand for medical careand medical insurance;
physicians, hospital's, and managed care; i nternational comparisons. Pre-
requisites: ECON 50 and ECON 102A or equival ent statistics, or consent
of instructor. Recommended: ECON 51.
5 units, Aut (Bhattacharya, J)

BIOMEDIN 200. Biomedical I nfor matics Colloquium—Series of
colloquia offered by program faculty, students, and occasional guest
lecturers. Credit available only to studentsin aBiomedical Informatics
degree program. May berepeated threetimesfor credit.

1 unit, Aut, Win, Spr (Musen, M)

BIOMEDIN 201. Biomedical I nfor maticsStudent Seminar—Partici-
pantsreport on recent articlesfrom the Biomedical Informaticsliterature
or their research projects. Goal isto teach presentation skills. Credit
available only to studentsin a Biomedical Informatics degree program.
May berepeated threetimesfor credit.

1 unit, Aut, Win, Spr (Musen, M)

BIOMEDIN 202. Introductory Biomedical I nformatics—Vialnter-
net. Current research problems and computational approachesto them.
Topicsinclude medical security and privacy, electronic medical records,
controlled terminol ogiesand biomedical ontologies, electronicretrieval,
technology-assisted learning environments, medical decision making
and support, sequence analysis, phylogenetics, biological networks and
pathways, microarray analysis, natural language processing, and protein
structural analysis and prediction. Graduate studentsin the Biomedical
Informaticstraining program may not take thisclassfor credit.
1 unit, Aut, Win, Spr, Sum (Altman, R)

BIOMEDIN 204. Phar macogenomics—Via Internet. Genetically
determined responsesto drugs; applicationsfocusing on the PharmGKB
database, apublicly availablelnternet tool toaid researchersinunderstand-
ing how genetic variationamong individual scontributesto differencesin
reactionstodrugs. Topicsinclude: introductionto pharmacogenomicsand
pharmacol ogy; thegenomeand geneti cs, human polymorphisms, frequen-
cies, significance, and populations; informatics in pharmacogenomics;
genotype to phenotype and phenotype to genotype approaches; drug
discovery and validation; genomic variation discovery and genotyping;
adverse drug reactions and interactions; pathways of drug metabolism;
and cancer pharmacogenomics. Prerequisites: two of BIOSCI 41, 42, 43,
and 44X,Y or consent of instructor.
1 unit, Aut, Win, Spr, Sum (Altman, R)
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BIOMEDIN 205. Biomedical I nfor maticsfor M edicine—Primarily for
M.D. students; opento others. Emphasi sison practical applicationsof bio-
informaticsand medical informaticsfor medicine, healthcare, clinicians,
and medical research. Topics may include: methods to analyze genetic
conditions; integrative methodsfor microarray, proteomic, and genomic
data to understand the etiology of disease; clinical information systems
inlocal healthcarefacilities, and pharmacogenomics. Applications such
asBLAST (sequence alignment), PharmGK B (matchesallelic variation
todrug response), and statistical packagessuch asR. Backgroundin pro-
gramming or medicine not required. May be repeated for credit.
2 units, Aut, Spr (Butte, A)

BIOMEDIN 210. Introduction to Biomedical I nformatics: Funda-
mental M ethods—(SameasCS270.) M ethodsfor modeling biomedical
systems and for making those models explicit in the context of building
softwaresystems. Emphasisisonintelligent systemsfor decision support.
Topics: knowledgerepresentation, controlled terminol ogies, ontol ogies,
reusable problem solvers, and knowledge acquisition. Recommended:
exposureto object-oriented systems, basic knowledge of biology.
3units, Aut (Musen, M)

BIOMEDIN 211. Biomedical Informatics: Biomedical Systems
Engineering.—(Same as CS 271.) Focusis on undertaking design and
implementation of computational andinformation systemsfor lifescien-
tistsand healthcare providers. Case studiesillustrate what design factors
lead to success or failurein building systemsin complex biomedical en-
vironments. Topics: requirements analysis, workflow and organizational
factors, functional specification, knowledge modeling, data heterogeneity,
component-based architectures, human-computer interaction, and system
evaluation. Prerequisite: 210, or consent of instructor.
3units, Win (Das, A)

BIOMEDIN 212. Introduction to Biomedical | nfor matics Research
M ethodology—(Same as BIOE 212, CS 272, GENE 212.) Hands-on
software building. Student teams conceive, design, specify, implement,
evaluate, and report on asoftware project in the domain of biomedicine.
Creating written proposals, peer review, providing status reports, and
preparing final reports. Guest lectures from professional biomedical
informatics systems builders on issues related to the process of project
management. Software engineering basics. Prerequisites: 210, 211 or
214, or consent of instructor.
3units, Aut (Altman, R; Cheng, B; Klein, T)

BIOMEDIN 214. Representations and Algorithmsfor Computa-
tional Molecular Biology—(Same as BIOE 214, CS 274, GENE 214.)
Topics: algorithmsfor alignment of biological sequencesand structures,
computing with strings, phylogenetic tree construction, hidden Markov
model s, computing with networksof genes, basi c structural computations
on proteins, protein structure prediction, protein threading techniques,
homology modeling, molecular dynamics and energy minimization,
statistical analysis of 3D biological data, integration of data sources,
knowledge representation and controlled terminol ogies for molecul ar
biology, graphical display of biological data, machinelearning (clustering
and classification), and natural language text processing. Prerequisites:
programming skills; consent of instructor for 3 units.
3-4 units, Sor (Altman, R)

BIOMEDIN 216. L ectures on Representations and Algorithmsfor
M olecular Biology—L ectureseriesfor BIOMEDIN 214. Recommended:
familiarity with biology.

1 unit, Spr (Altman, R)
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BIOMEDIN 217. Tranglational Bioinfor matics—(Same as CS 275.)
Analytic, storage, andinterpretivemethodsto optimizethetransformation
of genetic, genomic, and biol ogi cal datainto diagnosticsand therapeutics
for medicine. Topics: accessand utility of publicly availabledatasources,
types of genome-scal e measurementsin molecular biology and genomic
medicine; analysis of microarray data; analysis of polymorphisms, pro-
teomics, and proteininteractions; linking genome-scaledatatoclinical data
and phenotypes; and new questionsin biomedicineusing bioinformatics.
Casestudies. Prerequisites: programming ability at thelevel of CS106A
and familiarity with statistics and biology.
4 units, Win (Butte, A)

BIOMEDIN 218. Transdlational Bioinfor matics—Samecontent as217;
for medical and graduate students who attend lectures and participatein
limited assignments and final project.

2 units, Win (Butte, A)

BIOM EDIN 231. Computational M olecular Biology—(SameasBIOC
218.) Vialnternet. For molecul ar biol ogi stsand computer scientists. Rep-
resentation and analysis of genomes, sequences, and proteins. Strengths
and limitations of existing methods. Course work performed on web or
using downloadable applications. See http://biochem?218.stanford.edu.
Prerequisites: introductory molecular biology courseat level of BIOSCI
41 or consent of instructor.
3units, Aut, Win, Spor (Brutlag, D)

BIOMEDIN 233. Intermediate Biostatistics: Analysis of Discrete
Data—(SameasHRP 261, STATS 261.) The 2x2 table. Chi-square test.
Fisher’sexact test. Oddsratios. Sampling plans; case control and cohort
studies. Series of 2x2 tables. Mantel Hantzel. Other tests. k x m tables.
Matched datalogistic models. Conditional logistic analysis, application
to case-control data. Log-linear models. Generalized estimating equa-
tions for longitudinal data. Cell phones and car crashes: the crossover
design. Special topics: generalized additive models, classification trees,
bootstrap inference.
3units, Win (Sainani, K)

BIOMEDI N 234. Biomedical Genomics—Genomictechnologies, bio-
informatics methods, and clinical and epidemiological applicationsfor
thestudy of human pathogens. DNA sequencing and geneexpressionand
proteomics as applied to the genomes of humans and human pathogens.
Core conceptsin bioinformatics, molecular phylogenetics, and popula-
tion genetics; how to retrieve, manipulate, and analyze sequence data;
and use of web databases and online programs. Recommended for those
with limited biology coursework: consent of instructor.
3units, Spr (Shafer, R)

BIOMEDIN 251. OutcomesAnalysis—(Same as HRP 252.) Methods
of conducting empirical studieswhichuselargeexistingmedical, survey,
and other databasesto ask both clinical and policy questions. Econometric
and statistical models used to conduct medical outcomes research. How
research is conducted on medical and health economics questions when
arandomized trial isimpossible. Problem sets emphasize hands-on data
analysisand application of methods, including re-analysesof well-known
studies. Prerequisites: one or more courses in probability, and statistics
or biostatistics.
3units, Spr (Bhattacharya, J)

BIOMEDIN 262. Computational Genomics—(SameasCS262.) Ap-
plications of computer science to genomics, and concepts in genomics
from a computer science point of view. Topics: dynamic programming,
sequencealignments, hidden Markov model s, Gibbssampling, and proba-
bilistic context-free grammars. Applications of these tools to sequence
analysis: comparativegenomics, DNA sequencing and assembly, genomic
annotation of repeats, genes, and regulatory sequences, microarraysand
geneexpression, phylogeny and molecul ar evolution, and RNA structure.
Prerequisites: 161 or familiarity with basi c algorithmic concepts. Recom-
mended: basic knowledge of genetics.
3units, Win (Batzoglou, S



BIOMEDIN 273A.A Computational Tour of theHuman Genome—
(Same as CS 273A, DBIO 273A.) Genomes as the ultimate biological
informationmedium, carryinginstructionsfor every organism’sdevel op-
ment, lifecycle, and reproduction. Bioinformati csperspective. Advances
in biology resulting from sequencing of human and related organisms.
Genome sequencing: technol ogies, assembly, personalized sequencing.
Functional landscape: genes, regulatory modules, repeats, RNA genes.
Genomeevolution: processes, comparativegenomics, ultraconservation,
exaptation. Topicsmay include popul ation geneticsand personalized ge-
nomics, ancient DNA, and metagenomics. Prerequisities: computational
biology at thelevel of 262, 274, or BIOC 218.
3 units, Aut (Batzoglou, S, Bejerano, G)

BIOM EDI N 299. Dir ected Readingand Resear ch—For studentswish-
ing to receive credit for directed reading or research time. Prerequisite:
consent of instructor.

1-18 units, Aut, Win, Spr, Sum (Staff)

BIOMEDIN 301. Special Topicsin Biomedical | nformatics
1-6 units, Sum (Saff)

BIOMEDI N 303. Statisticsfor Resear ch—Statistical methodscommon-
ly usedinresearch. Emphasi sisonwhenand how tousethemethodsrather
than on proofs. How to describe dataand detect unusual values, compare
treatment effects, interpret p-val ues, detect and quantify trends, detect and
measureassoci ation and correl ation, determinethesampl esizeand power
for anexperiment, and choosestatistical testsand software. Topicsinclude
descriptive statistics (mean, median, standard deviation, standard error),
probability, paired and unpaired t-tests, analysis of variance, correlation,
regression, chi-square, discriminant analysis, and power and samplesize.
Statistical analysis softwareincluding Excel and Statistica.

L unit, Sor (Walker, M; Musen, M), alternateyears, not given next year

BIOMEDIN 366. Computational Biology—(Same as STATS 166,
STATS 366.) Methods to understand sequence alignments and phyloge-
netic trees built from molecular data, and general genetic data. Phyloge-
netic trees, median networks, microarray analysis, Bayesian statistics.
Binary labeled trees as combinatorial objects, graphs, and networks.
Distances between trees. Multivariate methods (PCA, CA, multidimen-
sional scaling). Combining data, nonparametric inference. Algorithms
used: branch and bound, dynamic programming, Markov chain approach
tocombinatorial optimization (simulated annealing, Markov chainMonte
Carlo, approximatecounting, exact tests). SoftwaresuchasMatl ab, Phylip,
Seg-gen, Arlequin, Puzzle, Splitstree, X Gaobi.
2-3units, Aut (Holmes,

BIOMEDIN 374. Algorithmsin Biology—(Same as CS 374.)
Algorithmsand computational modelsapplied to molecular biology and
genetics. Topicsvary annually. Possibletopicsincludebiol ogical sequence
comparison, annotation of genesand other functional elements, molecular
evolution, genome rearrangements, microarrays and gene regul ation,
protein folding and classification, molecular docking, RNA secondary
structure, DNA computing, and sel f-assembly. May berepeatedfor credit.
Prerequisites: 161, 262 or 274, or BIOCHEM 218, or equivalents.
2-3units, Spr (Batzoglou, S)

BIOMEDIN 390A,B,C. Curricular Practical Training—Provides
educational opportunities in biomedical informatics research. Qualified
biomedi cal informatics studentsengageininternship work and integrate
that work intotheir academicprogram. Studentsregister duringthequarter
they are employed and must complete a research report outlining their
work activity, problemsinvestigated, key results, and any follow-up on
projects they expect to perform. BIOMEDIN 390A, B, and C may each
be taken only once.
1 unit, Aut, Wn (Saff), Sor, Sum (Musen, M)

BIOMEDIN 432. Analysis of Costs, Risks, and Benefits of Health
Care—(Same as MGTECON 332, HRP 392.) For graduate students.
The principal evaluative techniquesfor health care, including utility as-
sessment, cost-effectiveness analysis, cost-benefit analysis, and decision
analysis. Emphasisis on the practical application of these techniques.
Group project presented at end of quarter. Guest lectures by experts
fromthemedical school, pharmaceutical industry, health care plans, and
government.
4 units, Aut (Garber, A; Owens, D)

COGNATE COURSES

Seerespectivedepartment listingsfor coursedescriptionsand General
Education Requirements (GER) information. See degree requirements
above or the program’s student services office for applicability of these
coursesto amajor or minor program.

CS 228. Probabilistic Models in Artificial Intelligence
3units, Win (Koller, D)

CS 329. Topics in Artificial Intelligence
3 units, offered occasionally

CS348B. Computer Graphics: | mage Synthesis Techniques
3-4 units, Spr (Hanrahan, P)

CS379. Interdisciplinary Topics
3units, Aut (Staff)

MS&E 355. Influence Diagrams and Probabilistics Networks
3units, Win (Shachter, R), alternate years, not given next year

This file has been excerpted from the Stanford Bulletin, 2007-08, pages
677-681. Every effort hasbeen madeto ensureaccuracy; post-press
changesmay havebeen madehere. Contact theeditor of thebulletin
at arod @stanford.edu with changes or corrections. See the bulletin
web site at http://bulletin.stanford.edu for additional infor mation.
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