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FROM THE GENERAL CHAIRMAN 

The Second International Conference on Architectural Support for Programming 
Languages and Operating Systems is a reprise of a highly successful symposium given in 
March 1982. Since then, the field encompassed by the conference has broadened enough 
to aIJow for a continuing series of conferences of the same high quality and lasting 
interest. While it is always difficult to equal a highly successful, well-received confer­
ence, Randy Katz, heading an excellent program committee, has assembled a strong pro­
gram that rivais, and perhaps exceeds, the original. 

One of the important contributions of ASPLOS-I in volved the understanding of the 
interrelationships of architecture, programming languages and operating systems as 
gained through simulation, analysis, and experience. This insight was typified by the 
RISC research emanating from IBM, Berkeley and Stanford. Consequently, one of the 
major aims of ASPLOS-II is to examine this work at the present time as a mature 
research area, and evaluate its impact --- the controversial "RISC vs CISC" question hav­
ing been replaced with, perhaps, a more meaningful "RISC vs RISC" evaluation. 

The initial inspiration and encouragement for ASPLOS-II came from Alan Smith. 
Amar Mukherjee was particularly helpful in securing conference sponsorship. The sup­
port and guidance of SIGARCH, SIGPLAN, SIGOPS, TCMM, TCVLSI and TCOS 
throughout the planning stages of this conference are also gratefully acknowledged. We 
were fortunate in being able to employ the best auspices of both the ACM and the Com­
puter Society of the IEEE in bringing this conference to fruition. Thanks are given to 
Donna Baglio (ACM) and Lee Blue (Computer Society of the IEEE) for handling several 
of the especially challenging problems that were encountered in the process. 

Special thanks are due to Dennis Reinhardt for handling the financial aspects of, 
and the local arrangements for, the conference, and to Jim Flournoy for handling confer­
ence publicity. Finally, thanks must be given to the people at the Center for Integrated 
Systems at Stanford University and the people at the Philips Research Laboratories at 
Signetics Corporation for their support in this endeavor. 

Martin Freeman 
Stanford University and 
Philips/Signetics 
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FROM THE PRO GRAM CHAIRMAN 

It is indeed a great pleasure to introduce this volume of papers from the Second Interna­
tional Conference on Architectural Support for Programming Languages and Operating 
Systems. This conference is a reprise of the highly successful first symposium held five 
years ago. Many of the ideas first introduced at that time are now having an impact on 
commercial computer systems, and we hope that this edition will also have a significant 
affect on our discipline. It is expected that this will be the first in a continuing series of 
biennial conferences dedicated to the overlap of operating system, language, and archi­
tecture issues. 

Despite abject fears that we would receive no pa pers (by the deadline, only a handful 
had arrived), in the end we received sixt Y five very high quality submissions. The pro­
gram committee has selected twenty two of the very best for presentation at the confer­
ence. In addition, we have invited three special papers describing topical computer sys­
tems: DEC SRC's Firefly Multiprocessor Workstation, Pixar's Parallel Graphics 
Machines, and Xerox PARC's Dragon Multiprocessor. Nicklaus Wirth will present the 
keynote address, and his written comments are contained within these proceedings. 

There are many people to thank for the success of this conference. First and 
foremost are the members of the program committee, and their colleagues (see the list of 
external referees), who spent many hours reading and evaluating the submissions. Each 
paper was reviewed by four different program committee members, leading to something 
like twenty pa pers for each of them to review. We thank them for their quick response 
and hard work. Special thanks are due to Martin Freeman, who as General Chairman 
shouldered most of the administrative burden of organizing the conference and getting it 
off the ground. The proceedings could never have been put together without the dedi­
cated assistance of my secretary, Jennifer Brouhard. 

Randy H. Katz 
Program Chairman 

v 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



SECOND INTERNATIONAL CONFERENCE ON ARCHITECTURAL SUPPORT 
FOR PROGRAMMING LANGUAGES AND OPERATING SYSTEMS 

CONFERENCE COMMITTEE 

GENERAL CHAIRMAN 
Martin Freeman, Stanford University and Philips Research Laboratory 

PRO GRAM CHAIRMAN 
Randy Katz, University of California, Berkeley 

PRO GRAM COMMITTEE 
Forest Baskett, Silicon Graphies 
David Ditzel, A T&T Bell Laboratories 
James Goodman, University of Wisconsin 
John Hennessy, Stanford University 
Ed McCreight, Xerox Palo Alto Research Center 
Steven Muchnick, SUN Microsystems 
Richard Sites, Digital Equipment Corporation 
Alan Smith, University of California, Berkeley 
Chuck Thacker, Digital Equipment Corporation 
Philip Treleaven, University College London 
Mario Tokoro, Keio University 

LOCAL ARRANGEMENTS CHAIRMAN 
Dennis Reinhardt, DAIR Computer Systems 

PUBLICITY CHAIRMAN 
Jim Flournoy, Consultant 

CONFERENCE TREASURER 
Dennis Reinhardt, DAIR Computer Systems 

EXTERNAL REFEREES 

M. Amamiya H. Amano T. Baba A. Berenbaum 
P.Chow S. Eggers B. Fagin D. Freeman 
N. Gehani P. Hansen Y. Hibino M. Hill 
W-M Hwu H. Iizuka J. Larus R. McLelian 
A. Pleszkun J. Rose J. Snyder G. Sohi 
J. Thompson Q. Tjiang N. Tamura J.Tanaka 
S. Viavant Q. Wing D. Wood M.Yamamoto 
A. Yonezawa S. Zhou 

vii 

G. Borriello 
A. Fusaoka 
W-C Hsu 
K. Ohmori 
P. Steenkiste 
P. Van Roy 
R. Yang 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



Table of Contents 

From the General Chairman .......................................................... III 

From the Program Chairman .......................................................... v 

Committees and Referees ............................................................ Vil 

Keynote Address 
Hardware Architectures for Programming Languages and Programming 
Languages for Hardware Architectures .................................................. 2 

N. Wirth 

Session 1: Operating Systems 
Chair: F. Baskett 
VLSI Assist for a Multiprocessor .................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10 

B. Beek, B. Kasten, and S. Thakkar 
Architectural Support for Multilanguage Parallel Programming on Heterogeneous Systems 21 

R. Bisiani andA. Forin 
Machine-Independent Virtual Memory Management for Paged Uniprocessor and 
Multiprocessor Architectures ......................................................... 31 

R. Rashid, A. Tcvanian, M. Young, D. Golub, R. Baron, D. Black, W. Bolosky, and f. Chew 

Session II: Languages and Instruction Sets 
Chair: C. Thacker 
An Architecture for the Direct Execution of the Forth Programming Language ............... 42 

f.R. Hayes, M.E. Fraeman, R.L. Williams, and T. Zaremba 
Tags and Type Checking in LISP: Hardware and Software Approaches ....................... 50 

P. Steenkiste and f. Hennessy 
The Effect of Instruction Set Complexity on Program Size and Memory Performance .......... 60 

f. W. Davidson and RA. Vaughan 
The Dragon Processor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 65 

R.R. Atkinson and E.M. MeCreight 

Session III: Miscellaneous Architectural Support 
Chair: D. Ditzel 
Coherency for Multiprocessor Virtual Address Caches .................................... 72 

f.R. Goodman 
Cheap Hardware Support for Software Debugging and Profiling ........................... 82 

TA. Cargill and B.N. Locanthi 
An Experimental Coprocessor for Implementing Persistent Objects on an IBM 4381 . . . . . . . . . .. 84 

c.f. Georgiou, S.L. Palmer, and P.L. Rosenftld 

Session IV: Compilers 1 
Chair: J. Hennessv 
Integer Multiplic~tion and Division on the HP Precision Architecture . . . . . . . . . . . . . . . . . . . . . .. 90 

DJ. Magenheimer, L. Peters, K. Pettis, and D. Zuras 
The Mahler Experience: Using an Intermcdiate Language as the Machine 
Description ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 

D. W. Wall and M.L. Powell 
A Study of Scalar Compilation Techniques for Pipelined Supercomputers .................... 105 

S. Weiss and f.E. Smith 

ix 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T



Session V: Compilers II 
Chair: S. Muchnick 
Compiling Smalltalk-80 ta a RISC ..................................................... 112 

W.R. Bush, AD. Samples, D. Ungar, and P.N. Hilfinger 
How Many Addressing Modes Are Enough1 ............................................ 117 

F. Chow, S. Correll, M. Himelstein, E. Killian, and L. Weber 
Superoptimizer: A Look at the Smallest Program ........................................ 122 

H. Massalin 

Session VI: Functional and Logic Languages 
Chair: R. Katz 
Performance and Architectural Evaluation of the PSI Machine .............................. 128 

K. Taki, K. N akajima, H. N akashima, and M. Ikeda 
RISCs vs. CISCs for Prolog: A Case Study .............................................. 136 

G. Borriello, A.R. Cherenson, P.B. Danzig, and M.N. Nelson 
A RISC Architecture for Symbolic Computation ......................................... 146 

R.B. Kieburtz 

Session VII: New Machines 1 
Chair: ]. Goodman 
Design Tradeotfs to Support the C Programming Language in the CRISP Microprocessor ..... 158 

D.R. Ditzel, H.R. McLellan, andAD. Berenbaum 
Firefly: A Multiprocessor Workstation .................................................. 164 

c.P. Thacker and L.C. Stewart 
Pipelining and Performance in the VAX 8800 Processor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173 

D.W. Clark 

Session VIII: New Machines II 
Chair: R. McCreight 
A VLIW Architecture for a Trace Scheduling Compiler ................................... 180 

R.P. Colwell, R.P. Nix, f.f. O'Donnell, D.B. Papworth, and P.K. Rodman 
Parallel Computers for Graphies Applications ............................................ 193 

A. Levinthal, P. Hanrahan, M. Paquette, and f. Lawson 
The ZS-l Central Processor .......................................................... 199 

J.E. Smith, G.E. Dermer, BD. Vanderwarn, SD. Klinger, C.M. Rozewski, 
DL Fowler, K.R. Scidmore, and f.P. Laudon 

Author Index ...................................................................... 205 

" 

B
IB

LI
O

TH
E

Q
U

E
   

 D
U

   
 C

E
R

IS
T




