












































































































































































































































































































































































































































































































































































































































Kusaie—East Carolines
5°19'N 163°02' E
The westernmost outpost for American whalers and missionaries in the mid 1800s
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This is an unpublished position paper for the SIGPLAN-SIGOPS Workshop on Fundamental Issues
in Distributed Computing, held December 14-17, 1980. Cook is with the Computer Sciences
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Master’s thesis, MIT Laboratory for Computer Science, April, 1980.
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International Business Machines, White Plains, New York, 1980.

Form No. SC33-0068-2.
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Anita K. Jones, Robert J. Chansler Jr., Ivor Durham, Karsten Schwans, and Steven R. Vegdahl.
StarOS, a multiprocessor operating system for the support of task forces.
Operating Systems Review 13(5):117-27, December, 1979.
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Stephen R. Kimbleton, Helen M. Wood, and M. L. Fitzgerald.

Network operating systems—an implementation approach.

In AFIPS Conference Proceedings of the National Computer Conference, pages 773-82. AFIPS
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server.

Leslie Lamport.
Time, clocks, and the ordering of events in a distributed system.
Communications of the ACM 21(7):558-65, July, 1978.

An excellent discussion of logical and physical clocks. Lamport gives a novel algorithm for synchronizing a set of
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Butler W. Lampson, James G. Mitchell, and Edwin H. Satterthwaite.
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In G. Goos and J. Hartmanis, editor, Lecture Notes in Computer Science, pages 181-203.
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This paper develops a general, low-level model of control transfer using the Transfer primitive. An efficient
implementation for procedure call is demonstrated.

Butler W. Lampson, James. J. Horning, Ralph L. London, James G. Mitchell, and Gerald
J. Popek.

Report on the programming language Euclid.

SIGPLAN Notices 12(2):1-79, February, 1977.

The rather complicated specification for Euclid, a strongly typed system programming language.

Butler W. Lampson and Howard E. Sturgis.
Crash recovery in a distributed data storage system.

Communications of the ACM, to appear—accepted for publication on 8 July 1977.

The underground classic in all its glory. Lampson and Sturgis define a model for a distributed system and show how to
build atomic actions that operate on stable storage (crash-proof storage). Lampson published an early version of
this paper in Distributed Systems: Architecture and Implementation, an Advanced Course (below).

Butler W. Lampson and David D. Redell.
Experience with processes and monitors in Mesa.
Communications of the ACM 23(2):105-117, February, 1980.

A discussion of the design of Mesa’s concurrency machinery.

Butler W. Lampson.

Atomic transactions.

In Butler W. Lampson, editor, Distributed Systems: Architecture and Implementation, an
Advanced Course, chapter 11. Springer-Verlag, 1981.

Lampson’s general discussion of transactions defines stable storage and uses remote procedures for the implementation.

Butler W. Lampson.

Applications and protocols.

In Butler W. Lampson, editor, Distributed Systems: Architecture and Implementation, an
Advanced Course, chapter 14. Springer-Verlag, 1981.

Section 14.9 covers remote procedures.
Lampson discusses a last-of-many semantics RPC algorithm. An orphan discussion is included.

Butler W. Lampson, Douglas W. Clark, Gene A. McDaniel, Severo M. Ornstein, and Kenneth
A. Pier.

The Dorado, A High-Perforinance Personal Computer: Three Papers.

Technical Report CSL-81-1, Xerox Palo Alto Research Center, January, 1981.

The Dorado processor, instruction-fetch unit, and memory system papers.

Keith A. Lantz.
Uniform Interfaces for Distributed Systems.

PhD thesis, Computer Science Department, University of Rochester, May, 1980.
Lantz’s thesis focuses on a number of issues in the RIG system design. An appendix covers the hierarchy of message-
passing primitives.

Hugh C. Lauer and Roger M. Needham.

On the duality of operating system structures.

Operating Systems Review 13(2):3~19, April, 1979.

Under some loose assumptions, messages and procedures are shown to have the same power for operating system
communication. The authors claim that the choice between these primitives should be based on considerations of
the programming environment.

Roy Levin, John McQuillan, and Richard Schantz.
Distributed systems.
Operating Systems Review 11(1):14-19, January, 1977.
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The authors, discussing needed research in distributed systems, call for standardization of data and control descriptions
for internetwork communication.

Roy Levin,
Program Structures for Exceptional Condition Handling.

PhD thesis, Carnegie-Mellon University, Computer Science Department, June, 1977.
Levin's thesis talks about the spectrum of exception-handling issues. Special attention is paid to the problems of passing
exceptions among cooperating processes.

Paul H. Levine.
Facilitating interprocess communication in a heterogeneous network environment.

Master’s thesis, MIT Department of Electrical Engineering and Computer Science, July, 1977.
Levine’s thesis explores methods of translating data between communicating heterogeneous processors. Three main
methods are discussed and a “standard intermediate representation” approach is recommended.

Barbara Liskov, Alan Synder, Russell Atkinson, and Craig Schaffert.
Abstraction mechanisms in Clu.
Communications of the ACM 20(8):564-76, August, 1977.

The authors discuss Clu and some implementation considerations.

Barbara Liskov.
Primitives for distributed computing.
Operating Systems Review 13(5):33—42, December, 1979,

An extension to Clu called Guardians is defined. Guardians communicate via messages, not remote procedures, but Clu
does provide strong typechecking for messages. At-least-once semantics are favored.

Barbara Liskov.
Remote Procedure Call.
DSG Note 64, MIT Laboratory for Computer Science, June, 1980.

Liskov discusses at-least-once, last-one (sequentiality), and at-most-once (atomic) invocation semantics. She rejects last-
one and favors at-most-once.

Barbara Liskov.

Linguistic Support for Distributed Programs: A Status Report.

Computation Structures Group Memo 201, MIT Laboratory for Computer Science, October,
1980.

Liskov changes Guardian invocation semantics to at-most-once, adding a built-in transaction mechanism.

Edward M. McCreight.
The Xerox Research personal computers.
This was a Distinguished Lecture about the Alto, Dolphin, and Dorado computers given at the

CMU Computer Science Department in January, 1981.
McCreight describes the detailed architecture and performance of the three processors.

Robert M. Metcalfe and David R. Boggs.
Ethernet: distributed packet switching for local computer networks.
Communications of the ACM 19(7):395-404, July, 1976.

Metcalfe and Boggs explain one of the first high-speed local networks.

James G. Mitchell, William Maybury, and Richard Sweet.

Mesa Language Manual. ,

Technical Report CSL-79-3, Xerox Palo Alto Research Center, April, 1979.

Mesa is a strongly typed implementation language descended from Pascal. Chapters 1-6 cover the basic language;

chapter 7 discusses modules, configurations, and binding; chapter 8 covers exceptions; chapter 10 talks about
concurrency.
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Roger M. Needham and Michael D. Schroeder.
Using encryption for authentication in large networks of computers.
Communications of the ACM 21(12):993-99, December, 1978.

An excellent investigation of encryption techniques for the security of network communications.

Roger Needham.

Private communication, December, 1979.
Needham describes an addition to the Cambridge Ring wherein a local procedure interface to the local file system will
be (transparently) replaced with a remote procedure interface to a file server.

Bruce Nelson.
Thesis problems in remote procedure call

Internal memorandum, Xerox Palo Alto Research Center, August, 1979.
This is a preliminary thesis study. It has a long section on local and remote Mesa ports.

Bruce Nelson.

RpcLogs, the computer results of an RPC performance evaluation, December, 1980.
These are the unprocessed call timings and PC histograms from chapter 6’s performance evaluation.

Derek C. Oppen and Yogen K. Dalal.

The Clearinghouse: A Decentralized Agent for Locating Named Objects in a Distributed
Environment.

Technical Report OPD-T8103, Xerox Office Products Division, August, 1981.

You can write to Oppen and Dalal at Xerox OPD, 3333 Coyote Hill Road, Palo Alto, California
94304,

Dalal and Opper develop a general approach to naming and locating objects in internetwork environments.

John K. Qusterhout, Donald A. Scelza, and Pradeep S. Sindhu.
Medusa: an experiment in distributed operating system structure.
Communications of the ACM 23(2):92-105, February, 1980.

An overview of Medusa including a brief discussion of its exception facilities.

James L. Peterson.
Notes on a workshop on distributed computing.
Operating Systems Review 13(3):18-30, July, 1979.

The notes are interesting reading, especially the parts on procedures, transparency, and reliability.

Jonathan B. Postel and James E. White.

Procedure Call Protocol Documents, Version 2.

Request For Comments 674, Network Working Group, SRI Augmentation Research Center,
December, 1974.

This report describes other documents that define the procedure call protocol developed by an SRI team for the
National Software Works. Particularly notable is The Low-Level Debug Package, which describes a remote
debugger.

Jonathan B. Postel.

Internetwork protocol approaches.
IEFEE Transactions on Communications Com-28(4):604-11, April, 1980

An overview of leading internet protocols that contrasts datagrams and virtual circuits.

Richard F. Rashid.
An Interprocess Communication Facility for Unix.

Technical Report, Carnegie-Mellon University, Computer Science Department, June, 1980.
Rashid’s IPC will be available in the CMU internet, especially on the Vaxen (which run Unix) and the Pergs.
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David D. Redell, Yogen K. Dalal, Thomas R. Horsley, Hugh C. Lauer, William C. Lynch, Paul
R. McJones, Hal G. Murray, and Stephen C. Purcell.

Pilot: an operating system for a personal computer.

Communications of the ACM 23(2):81-92, February, 1980.

A description of a multiprogramming operating system for a single-user machine. Pilot is written in Mesa and provides
virtual memory, files, streams, and internet communication.

Larry Roberts and Barry Wessler.

Computer network development to achieve resource sharing.

In AFIPS Conference Proceedings of the Spring Joint Computer Conference, pages 543-49.
AFIPS, June, 1970.

Roberts discusses the motivation and goals of the Arpanet.

Jerome H. Saltzer.
Research problems of decentralized systems with largely autonomous nodes.
Operating Systems Review 12(1):43-52, January, 1978.

Saltzer provides a good discussion of distributed computing issues in the context of the object model.

Richard E. Schantz.

A Commentary on Procedure Calling as a Network Protocol.

Request For Comments 684, Network Working Group, SRI Augmentation Research Center,
April, 1975.

Schantz attacks RPC—specifically, RFC674—as an inadequate and improper model for IPC. He promotes a message-
based model in its place.

Stephen A. Schuman, Edmund M. Clarke Jr., and Christos N. Nikolaou.
Programming Distributed Applications in Ada: A First Approach.
Technical Report CADD-8103-3102, Massachusetts Computer Associates, March, 1981.

A description of how to add remote procedures to Ada by making no changes to the language itself. The result is a nice
exposition, but it lacks much practical interest because the language-level mapping of local to remote calls is
burdened with excessive use of Ada’s task machinery.

John F. Shoch and Jon A. Hupp.
Notes on the “Worm” programs—some early experience with a distributed computation.
Technical Report SSL.-80-3, Xerox Palo Alto Research Center, May, 1980.

A good discussion of a self-replicating program structure for distributed computations.

Marvin H. Soloman and Raphael A. Finkel.
The Roscoe distributed operating system.
Operating Systems Review 13(5):108-114, December, 1979.

Roscoe uses pure message passing for a/l communication between both kernel and user processes.

Alfred Z. Spector.

Extending local network interfaces to provide more efficient interprocessor communication
facilities.

In Distributed Processing—New Directions for a New Decade, pages 6-13. ACM, November,
1980.

Spector talks about synchronous remote memory operations, including his remote read/write work on the Alto.

Alfred Z. Spector.

Performing Remote Operations Efficiently on a Local Computer Network.

Technical Report STAN-CS-80-831, Computer Science Department, Stanford University,
December, 1980.

In this report Spector introduces his remote reference model. The end of the paper includes the timing data for remote
instructions on the Alto.
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Robert F. Sproull and Dan Cohen.
High-level protocols.
Proceedings of the IEEE 66(11):1371-86, November, 1978.

A good discussion of the relationship between high-level languages and high-level protocols. Remote procedures are
advocated for many internet interactions. The notion that-an HLP definition is an HLL interface is almost
developed. Binding and linking are discussed for both.

Robert F. Sproull.

Private communication, December, 1980.
Sproull made his structuralists versus performers remark while commenting on the bulkiness of Liaison’s stubs
(appendix 2).

Bjarne Stroustrup.

An intermodule communication system for a distributed computer system.

In Proceedings of the First International Conference on Distributed Computing Systems, pages
412-18. IEEE, October, 1979.

Stroustrup describes an RPC-like remote invocation mechanism for use in a distributed system with uniform capability
addressing. Parameters are migrated between machines as necessary. A simulation of an operating system for a
(simulated) ring network is used to make some performance estimates.

Howard E. Sturgis, James G. Mitchell, and Jay E. Israel.
Issues in the design and use of a distributed file system.
Operating Systems Review 14(3):55-69, July, 1980.

An overview of the Juniper file server that does not have many real details.

Ivan E. Sutherland, Charles E. Molnar, Robert F. Sproul], and J. Craig Mudge.
The TriMosBus.
In Charles L. Seitz, editor, Proceedings of the Caltech Conference on Very Large Scale

Integration, pages 395~427. Caltech Computer Science Department, January, 1979.
The end of the paper discusses the resemblance of TriMosBus messages to high-level network protocols.

Daniel Swinehart, Gene McDaniel, and David Boggs.

WES: asimple shared file system for a distributed environment.
Operating Systems Review 13(5):9-17, December, 1979.

WES is a high performance server that obtains much of its efficiency by using connectionless protocols.

Warren Teitelman.

Interlisp Reference Manual.
Xerox Palo Alto Research Center, 3333 Coyote Hill Road, Palo Alto California 94304, 1978.

The complete lisp tome.,

Charles P. Thacker, Edward M. McCreight, Butler W. Lampson, Robert F. Sproull, and David
R. Boggs.
Alto: apersonal computer.

- In Dan Siewiorek, C. Gordon Bell, and Allen Newell, editor, Computer Structures: Readings

and Examples, Second Edition, chapter 33. McGraw-Hill, 1981.

.Also published as Xerox Palo Alto Research Center report CSL-79-11.

The principal characteristics of Xerox’s Alto personal computer are discussed.

Robert Thomas and Stuart Schaffner.
MSG: The Interprocess Communication Facility for the National Software Works

Technical Report 3483, Bolt, Beranek, and Newman, December, 1976.
A discussion of the comprehensive message-based IPC used in the NSW implementation.
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United States Department of Defense.
Reference Manual for the Ada Programming Language.

United States Department of Defense, 1980.
Ada is intended to be a powerful and universal language. Time will tell if these good intentions come to pass—
constructing an efficient implementation for the full language is a formidable task.

David C. Walden.
A system for interprocess communication in a resource-sharing computer network.
Communications of the ACM 15(4):221-30, April, 1972.

One of the earliest descriptions of an IPC facility. Walden'’s pioneering scheme was an extension of the Arpanet’s Initial
Connection Protocol.

Peter J. L. Wallis.
External representations of objects of user-defined type.

Transactions on Programming Languages and Systems 2(2):137-52, April, 1980.
Some problems of external representations are discussed in the context of the PPL portable programming language.

Richard W, Watson and John G. Fletcher.
An architecture for support of network operating system services.
Computer Networks 4(1):33-49, February, 1980.

Watson and Fletcher develop a general framework for constructing network operating systems. The high-level goals of
network operating systems are covered, but the paper’s emphasis is on the low-level internetwork and interprocess
communication layers rather than on transparent high-level services.

James E. White,

A high-level framework for network-based resource sharing,

In AFIPS Proceedings of of the National Computer Conference, pages 561-70. AFIPS, June,
1976.

White develops a request-response protocol model (with arguments and results) as an alternative to the application-
specific protocols used in the Arpanet. RPC is seen as a natural and straightforward extension of these request-
response protocols.

James E, White.
Elements of a distributed programming system.

Journal of Computer Languages 2(4):117-34, April, 1977.

In this sequel to the NCC paper, White enhances his model to include a specific remote procedure call protocol (PCP).
Advanced problems such as communicating global variables, providing packages (interfaces), and performing
nonprocedural control transfers are discussed. Some important areas for further research are listed.

Niklaus Wirth,
Modula: alanguage for modular multiprogramming.
Software— Practice and Experience 1(1):3-35, January, 1977.

Wirth’s excellent description of Modula includes a discussion of interface modules and signals, which are Modula’s
version of monitors and condition variables. Companion papers in the same issue have examples of Modula and
language implementation hints.

Hubert Zimmermann.
OSI reference model—the ISO model of architecture for open systems interconnection.

IEEFE Transactions on Communications Com-28(4):425-32, April, 1980.
The OSI internet architecture is discussed. Of special interest is the OSI protocol hierarchy.









