
y 
if REPORT DOCUMENTATION PAGE 

form Aperwd 
OMI MO. 0704-01M 

"*   ^Tt—iT«7«.«rtM «<u mill, •«* co«»«mii>« «« »•«•"•«« »• cw*«*« « «f«r*it>ef<  ten« UWKIH «mi «fw •*«•* nwnu •» •"» *•«•' •«•«< •» *• 
**Y^5^Z!^Z»?*«JIM wHfllOT «or rvtfvcM tfe, •**•«. M *f**^iO" ««Muflia Wmm Owwwrtl» »•» «ton*««» Owttior« *w MM HI* Wft.n»» 

"'AGENCY USI ONLY (If** 0/«ft*J 2. «»OUT OATI 

V June 28,   1996 
]. RERORT TYRE AMO OATIS COVERED 
final technical  5/1/95-12/31/95 

4. TlTLf ANO SUltlTLf 

Advances in Type Systems for Computing 
\ 

4. AUTHOK(S) 

John C.   Mitchell 

7. PERFORMING ORGANIZATION NAME(S) ANO AOORESS(ES) 

Gates Computer Science Department - 4B 
Stanford University 
Stanford, CA 94305-9045 

S. fUNOWG NUMIERS 

C:   N00014-95-1-0999 

I. PERFORMING ORGANUATlON 
REPORT NUMKR 

•  SPONSORING   MONITORING AGENCY NAMi(S) ANO AOORESS(ES) I. >fu«w       0NR 

\ 
800 No. Quincy 
Arlington, VA 22217-5660 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMIER 

11. SUPPLEMENTARY NOTES 

12»   DISTRIBUTION/AVAILAHUTY STATEMENT 

Approved  for public  release:   distribution unlimited. 

19960705 099 

7|. ABSTRACT (Mitiirum 200 worm) 

The Advances m Type Systems for Computing (ATSC) Eurocconference was held at the Isaac 
Newton Institute in Cambridge from August 14 through 18, 1995. The main topic of the conference 
was the development and use of type systems for programming languages. The reason for interest 
in type systems is that types are the fundamental systems of "units" for computer programming, 
analogous to meters, joules and kilograms in physics. Type systems for programming languages 
make it possible to perform simple checks on computer programs and detect certam forms of errors 
before the programs are executed. Type systems are also an important part of software system 
design, particularly in design procedures that involve breaking a complex systems into separate 

PartThe ATCS conference program consisted of invited lectures, contributed papers, and on-the- 
spot contributions to impromptu sessions that were organized during the meeting. There were 
a "otal of 73 attendee., including 24 scientific visitors to the Newton Inst.tute, 3 outside mvited 

speakers, and 24 authors of contributed talks. 

14. SUUECT TERMS 

WIG QUALEN TTSJPPBJCTBD 4 

17.   SECURITY CLASSIFICATION 
Of REPORT 

unclassified 

\SN rs-ic •280 5500 

11.   SECURITY CLASSIFICATION 
Of THIS RAGE 

unclassified 

11. SECURITY CLASSIFICATION 
Of AtSTRACT 

unclassified 

15. NUMIER Of RAGES 

1«. PRICE CODE 

20. LIMITATIONS AISTRACT 

unlimited 
Vi»C»'0 eO'- i9S   s«v   ; 59 



GENERAL INSTRUCTIONS FPU COMPLETlNfl w m 

Th« R«port Documentation Pag« (RDP) is used in announcing and cataloging reports. It it imoorLint 
that this information b« comisttnt with th« r«*t of th« report, particularly th« covtr and u'tleoaae 
Instructions for filling in «ach block of th« form follow. It is important to rtay within th* lints to m»Jt 
optical scanning nquinmtnts. WWi 

■lockl. Aoencv Use Only (Ltav» blank) 

■lock 2.   Report Data. Full publication data 
including day, month, and year, if available (e.g. 1 
Jan 88)  Must cite at lea« th« year. 

•lock 3. Type of Report and Pates Covered. 
State whether report is interim, final, etc. If 
applicable, enter inclusive report dates (e.g. 10 
Jun87-30Jun88). 

•lock 4.   Title and Subtitle. A title is taken from 
the part of the report that provides the most 
meaningful and complete information. When a 
report is prepared in more than one volume, 
repeat the primary title, add volume number, and 
include subtitle for th« specific volume. On 
classified documents enter the title classification 
in parentheses 

•lock 5. Funding Numbers. To include contract 
and grant numbers; may include program 
element number(s). project number(s), task 
number(s), and wor< unit number(s). Use th« 
following labe's: 

C    -   Contract 
G    -   Grant 
PE  *   Program 

Element 

PR 
TA 
WU 

Project 
Task 
Work Unit 
Accession No 

•lock 6. Authc(s)   Name(s) of person(s) 
responsible for writing th« report, performing 
the research, or credited with th« cont«nt of th« 
report. If editor or compil«r, this should follow 
th« name(s). 

•lock 7. Performing Qroaniiation Name(s) and 
Address(es). Self-explanatory. 

•lock S.  Performing Qroaniiation Report 
Number. Enter th« uniqu« alphanumeric report 
numb«r(s) assigned by th« organization 
p«rforming th« report. 

■lock 9. Sponsoring/Monitoring Agency Nam«(s) 
and Addre«J«)  Self-explanatory. 

•lock 10.   Sponsoring/Monitoring Agency 
Report Number. (If known) 

•lock 11. Supplementary Notes. Enter 
information not included elsewhere such as: 
PfQartd in cooperation with...; Trans, of...; To be 
published in.... Wh«n a r«port is r«vi$«d, includ« 
a statement whether the new report sup«rs«d«s 
or supplements th« oleer report. 

■lock 12»- Disthbution/AvailabilitvStafm«^ 
Denotes public availability or limitations. Cite any 
availability to the public. Inter additional 
limitations or special markings in all capitals (« g 
NOFORN, REL. ITAR). 

000 

OOE   • 
NASA- 
NTIS   • 

S«« DoOD 5230.24, 'Distribution 
Statements on Technical 
Documents." 
S«e authorities. 
See Handbook NHB 2200.2. 
Leave blank. 

•lock 12b. Distribution Cod«. 

DOO 
OOE 

NASA- 
NTIS   - 

Leave blank. 
Enter DOE distribution categories 
from the Standard Distribution for 
Unclassified Scientific and Technical 
Reports. 
Leave blank. 
Leave blank. 

Block 13. Abstract. Include a brief (Maximum 
200 words) factual summary of the most 
significant information contain«d in th« report. 

f,'°<k14- Subject Terms. Keywords or phrases 
•ntifying major subjects in th« r«port. 

■lock 15.  Numb«r of Paoet  Ent«rth« total 
number of pages. 

■lock If. Pric« Cod«. Ent«r appropriate pric« 
code (NTIS only). 

Blocks 17.-19. Security Classification^ Self- 
explanatory. Enter U.S. Security Classification in 
accordance with U.S. Security Regulations (i.e.. 
UNCLASSIFIED). If form contains classified 
information, stamp classification on the top and 
bottom of th« peg«. 

Block 20. Limitation of Abstract. This block must 
b« compl«t«d to assign a limitation to th« 
abstract. Ent«r either UL (unlimited) or SAR (sam« 
as r«port). An «ntry in this block is necessary if 
the abstract is to b« limited. If blank, th« abstract 
is assumed to be unlimited. 



Final Technical Report 

Advances in Type Systems for Computing 

ONR Travel Grant Navy N00014-95-1-0999 

John C. Mitchell. PI 

June 30. 1995 

This grant funded travel of US participants in the Advances in Type 
Systems for Computing conference. 

The Advances in Type Systems for Computing (ATSC) Eurocconfer- 
ence was held at the Isaac Newton Institute in Cambridge from August 
14 through 18, 1995. The main topic of the conference was the development 
and use of type systems for programming languages. The reason for inter- 
est in type systems is that types are the fundamental systems of "units" 
for computer programming, analogous to meters, joules and kilograms in 
physics. Type systems for programming languages make it possible to per- 
form simple checks on computer programs and detect certain forms of errors 
before the programs are executed. Type systems are also an important part 
of software system design, particularly in design procedures that involve 
breaking a complex systems into separate parts. 

The ATCS conference program consisted of invited lectures, contributed 
papers, and on-the-spot contributions to impromptu sessions that were or- 
ganized during the meeting. There were a total of 73 attendees, including 
24 scientific visitors to the Newton Institute, 3 outside invited speakers, and 
24 authors of contributed talks. 

The conference Call for Participation emphasized three related areas: 

• extensions of the ML type system 

• types in object-oriented programming 

• type theories for reactive systems 

The listed topics, and several others, were well-represented in the program. 
A surprisingly large fraction of the invited and contributed talks empha- 
sized type systems for object-oriented programming. In fact, this active and 



vibrant area accounted for 6 of 12 invited talks and 12 of 22 contributed 
talks. As a result, the conference had an unexpectedly sharp focus, lead- 
ing to repeated discussion of type systems for object-oriented programming 
during coffee breaks and free time. Object-oriented type systems are a topi- 
cal and important area since object-oriented languages provide one promis- 
ing approach for improving in software productivity. Scientific progress on 
the underlying type systems of object oriented languages could significantly 
improve our understanding of software development, leading to improved 
programming languages and more effective program-development tools. In 
retrospect, it seems that the ATSC meeting was close to a watershed event 
for researchers and students in this particular subject area. 

The format of the conference placed the primary invited and contributed 
talks between 9:30 AM and 2:30 PM. This left time for daily 3-5 PM special 
sessions, organized during the meeting by Newton Institute scientific visi- 
tors, at the invitation of the ATSC committee. This organizational strategy 
successfully attracted participation from scientific visitors then in residence 
and broadened the scope of the conference. With parallel sessions on Tues- 
day afternoon, and Wednesday left open for informal gatherings in the City 
of Cambridge, the four afternoon special sessions were: 

• Object systems, chaired by L. Cardelli (DEC Systems Research Cen- 
ter), Newton Scientific Visitor and member of the ATSC organizing 
committee, 

• Linear logic and games, chaired by Newton Scientific Visitor P. Scott 
(University of Ottawa), 

• Constraint systems, chaired by ATSC invited speaker S. Smith (Johns 
Hopkins), 

• Sign-up session or short talks by students and postdoctoral fellows, 
chaired by A. Gordon (University of Cambridge), 

• Interim report on the ML2000 programming language project, chaired 
by R. Harper (CMU) and D. MacQueen (AT&T Bell Laboratories), 
both Newton Scientific Visitors. 

The afternoon of short sign-up talks allowed students and post-doctoral-level 
participants to give short talks about current work. 


