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Default Values for Parameters

In Mesa, the formal parameters of a procedure—both arguments and results—are local variables
of the procedure. These arguments and results can be assigned default values. For example:

Lookup: PROCEDURE [name: STRING, exactCaseMatch: BOOLEAN «FALSE] RETURNS [match: STRING«""].

When Lookup is called, exactCaseMatch is FALSE unless the programmer supplies an explicit
value (e.g., Lookup{"BZM"] is the same as Lookup["BZM", FALSE]). The return variable match has
the null string as its initial value.

MONITORs and CONDITION Variables

Monitors are a powerful language-level synchronization tool [47]. The following discussion is not
an introduction to monitors and gives only an overview of Mesa’s mechanism, which is similar to
the one proposed by Hoare [37].

A MONITOR provides synchronized, mutually excluded operations on the monitor’s shared global
data by associating a lock (semaphore) with the shared data. Monitors have three kinds of
procedures:

Normal PROCEDURES are unsynchronized, do not acquire the monitor’s lock, and can
overlap each other in time.

ENTRY PROCEDURES are synchronized, must acquire the monitor’s lock to run, and therefore
execute serially in time. (Concurrent calls to entry procedures are automatically queued
until the lock is released.)

INTERNAL PROCEDURES are synchronized, implicitly have the monitor’s lock because they can
be called only from entry or internal procedures, and hence execute serially.

Fine grain monitor synchronization is provided by CONDITION variables and the WAIT and NOTIFY
operations. The basic sequence of actions is this: When an entry (or internal) procedure executing
in process p WAITs on condition ¢ in monitor M, p is blocked and M’s lock is released. Later, an
independent process g calls some entry procedure in M that NOTIFYs ¢. This NOTIFY unblocks
process p and schedules p to run, possibly as soon as process g releases M’s lock (by either exiting
the entry procedure or WAITing). This is illustrated in the skeleton monitor M below, where
procedure P is called by process p, and procedure Q by process g.

M: MONITOR = {
synchronizedData: Type = ...;
¢: CONDITION;

P: ENTRY PROCEDURE [...]
Q: ENTRY PROCEDURE [...]

.}

The NOTIFY operation is not queued, so that if a NOTIFY precedes a WAIT, the WAITing process will
block until a subsequent NOTIFY.

= {..WAIT¢; ..};
= {..NOTIFY ¢; ..};
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SIGNALS and Exception Handling

Exceptions are a powerful error-handling tool [54]. Once again, the following discussion is not
an introduction to exceptions and gives only an overview of Mesa’s mechanism.

An exception F is declared like a procedure without a body, e.g., E: SIGNAL =.... (Exceptions
can have arguments and results, but parameters are not considered here.) An exception is signalled
(raised) in the current process by writing SIGNAL £ it is raised in process p by writing SIGNAL E IN
p. When an exception such as F is signalled, a search back up the call stack in the target process
looks for a procedure call or a block that is enabled to catch E. For each procedure or block that is
enabled, the corresponding catch statement is executed. Catches are written as follows:

P larguments! E => catchStatement]; -- Catch on a procedure call.
nextStatement.

BEGIN ENABLE E => caichStatement; -- Catch on a block, can also be on a loop’s DO.
statements;

END;

nexiStatement.

A catchStatement is an arbitrary statement, including a block. There are several special actions
that can be used in a catch to control how the exception is handled:

RESUME causes E'to be ignored at the point it was raised. Execution continues immediately
after the SIGNAL E,

RETRY causes the procedure or block to be reexecuted. In the example above, P is recalled,
or the block is restarted at BEGIN.

CONTINUE continues execution at the statement after the catch. In the example, execution
continues at the respective nextStatements.

The following program is a poor but illustrative example of simple exception handling. It
attempts to deliver a telephone message until the line is not busy.

Busy: SIGNAL = ...;

Dial: PROCEDURE [number: PhoneNumber] =
{...; IF noAnswer THEN SIGNAL Busy; ..};

DeliverPhoneMessage: PROCEDURE [number: PhoneNumber, message: Message] =
{.... Diallnumber]; SendAudioMessagelmessage]; ...};

-- Main program:

DeliverPhoneMessagel NAS A, ShuttleCongratulations ! Busy => RETRY].

\
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Appendix 2

Examples
of Envoy-Diplomat, Liaison, and EtherPkt

The family of remote procedure mechanisms evaluated in chapter 6 has five generations. Abridged
stub programs for three generations—Envoy-Diplomat, Liaison, and EtherPkt—appear here.
Examples of the remaining two generations are omitted because they resemble in character, if not in
performance, one of the included schemes: Stubs resembles Liaison, and EtherPktMC resembles
EtherPkt. Brief overviews of all these mechanisms appear in section 6.1.3.

The remote ParamTest interface implemented by each of these schemes is shown below.
ParamTest is shortened for clarity in this example by editing the full performance-testing version.

The three stub implementations have an Emissary-like stub structure: a client-resident stub
module exports ParamTest and transparently transmits calls to a server stub module; the server-
resident stub actually calls ParamTesfs implementation. A more comprehensive description
accompanies each example.

-- ParamTest.mesa last edited by BZM on October 21, 1980 9:14 AM.
-- This is the primary test program. The implementation of each procedure
should echo its arguments back as results.

ParamTest: DEFINITIONS = BEGIN
Array20: TYPE = ARRAY [0..20) OF CARDINAL,;

Null: PROC;

One: PROC [one: CARDINAL] RETURNS [a: CARDINALJ;

Four: PROC [one,two,three,four: CARDINAL] RETURNS [a,b,c,d: CARDINAL];

TwentyArray: PROC [in: Array20] RETURNS [out: Array20];

StringDescriptor: PROC [string: STRING] RETURNS [desc: DESCRIPTOR FOR ARRAY OF CHARACTER];
-- Procedures Two, TwoArray, FourArray, TenArray, and FortyArray have been deleted.

END.
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A2.1 Envoy-Diplomat

This example contains Envoy-Diplomat’s four generated stub programs for the simple ParamTest
interface: ParamTestEnvoy, ParamTestEnvoyClient, ParamTestEnvoyServer, and
ParamTestEnvoyUltility.

To aid the reader’s understanding of this code, here is the intermodule control flow for a single
steady-state call of ParamTest. Null.

On the client machine, ParamTestDriver, which performs the timing measurements, calls
ParamTest. Null.

ParamTestEnvoyClient, the client module exporting Null, catches the call and feeds it into
Call, which calls Envoy.CallRemoteProcedure.

In the client machine, Envoy marshals the arguments (if any— ParamTest has none) using
the type descriptions in ParamTestEnvoyUtility and sends a call message to the server
machine,

On the server machine, Envoy receives the call message and invokes the Dispatch routine in
ParamTestEnvoyServer.

Dispatch unmarshals the arguments and invokes ParamTest. Null.

On the server machine, ParamTestImpl, which exports the real implementation of Null,
performs the work of the call and returns to Dispatch in ParamTestEnvoyServer.

Dispatch marshals the results and returns to Envoy.

In the server machine, Envoy handles the completed call by transmitting a refurn message
back to the client machine.

On the client machine, Envoy receives the refurn message, unmarshals the results, and
returns from CallRemoteProcedure.

ParamTestEnvoyClient returns from Call, and then from its implementation of Null.

ParamTestDriver, which originally called Null,‘ resumes at long last and completes its timing
of the call.
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-- File ParamTestEnvoy.mesa was generated on 23-Oct-80 16:08:05 by Diplomat of 13-Oct-80 16:18:37.
-- Source interface ParamTest came from file paramtest.bcd, created on 23-Oct-80 14:50:38 (3 # 145 #)
from source of 21-Oct-80 9:17:05.

DIRECTORY Envoy, ParamTest;

ParamTestEnvoy: DEFINITIONS
SHARES ParamTest
= PRIVATE BEGIN

-- Runtime Error Exceptions
DiplomatRuntimeError: PUBLIC SIGNAL,;

-- Remote Binding Interface
RemotelnterfaceVersion: PUBLIC Envoy.Version = 22607660056B; --Compilation time of source interface.

InitAndExportRemotelnterface: PUBLIC PROCEDURE {
interfaceVersion: Envoy.Version « RemoteinterfaceVersion,
interfacelmplementor: Envoy.Implementor « 0 J;

ImportAndBindRemotelnterface: PUBLIC PROCEDURE [
exportingHost: Envoy.SystemElement,
interfaceVersion: Envoy.Version « RemotelnterfaceVersion,
interfacelmplementor: Envoy.Implementor « 0,
callTimeoutinSeconds: LONG CARDINAL « LAST[LONG CARDINAL] };

-- Remote Procedure and Error Definitions

RemoteProcedures: TYPE = ARRAY RemoteProcedurelndex OF Envoy.RemoteProcedure;
RemoteErrors: TYPE = ARRAY RemoteErrorindex OF Envoy.RemoteError;

RemoteProcedurelndex: TYPE = {Filler, Null, One, Two, Four, TwentyArray, FortyArray, StringDescriptor};
RemoteErrorindex: TYPE = {Filler};

-- Parameter Description Definitions

GetRemoteProcedureDescriptions: PROCEDURE RETURNS [procedures: RemoteProcedureDescriptionsHandle};
GetRemoteErrorDescriptions: PROCEDURE RETURNS [errors: RemoteErrorDescriptionsHandle];

RemoteProcedureDescriptionsHandle: TYPE = POINTER TO READONLY RemoteProcedureDescriptions;
RemoteErrorDescriptionsHandle: TYPE = POINTER TO READONLY RemoteErrorDescriptions;
RemoteProcedureDescriptions: TYPE = ARRAY RemoteProcedureindex OF RECORD [arguments, results:
Envoy.Description];

RemoteErrorDescriptions: TYPE = ARRAY RemoteErrorindex OF RECORD [arguments: Envoy.Description];

-- Parameter Record Definitions

MaxArgumentRecordSize: CARDINAL = MAX[1, SIZE[NullArguments], SIZE[OneArguments], SIZE[TwoArguments},
SIZE[FourArguments], SIZE[TwoArrayArguments], SIZE[FourArrayArguments], SIZE[TenArrayArguments],
SIZE{TwentyArrayArguments), SIZE{FortyArrayArguments], SIZE[StringDescriptorArguments}];

MaxResultRecordSize: CARDINAL = MAX[1, SIZE[NuliResults], SIZE[OneResults], SIZE[TwoResults],
SIZE[FourResults], SIZE[TwoArrayResults], SIZE[FourArrayResults], SIZE[TenArrayResults],
SIZE[TwentyArrayResults], SIZE[FortyArrayResults], SIZE[StringDescriptorResults]];

GenericArgumentRecord: TYPE = ARRAY [0..MaxArgumentRecordSize) OF CARDINAL;
GenericResultRecord: TYPE = ARRAY [0..MaxResultRecordSize) OF CARDINAL;

NullArguments: TYPE = RECORD {J;

NullResults: TYPE = RECORD [];

OneArguments: TYPE = RECORD [one: CARDINALJ;

OneResults: TYPE = RECORD [a: CARDINALJ;

FourArguments: TYPE = RECORD [one: CARDINAL, two: CARDINAL, three: CARDINAL, four: CARDINALY];
FourResults: TYPE = RECORD {a: CARDINAL, b: CARDINAL, c: CARDINAL, d: CARDINAL];
TwentyArrayArguments: TYPE = RECORD [in: ParamTest.Array20];

TwentyArrayResults: TYPE = RECORD {out: ParamTest.Array20];

StringDescriptorArguments: TYPE = RECORD [string: STRING];

StringDescriptorResults: TYPE = RECORD [desc: DESCRIPTOR FOR ARRAY CARDINAL OF CHARACTER];

END.
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-- File ParamTestEnvoyClient.mesa was generated on 23-Oct-80 16:08:18 by Diplomat of 13-Oct-80 16:18:37.
-- Source interface ParamTest came from file paramtest.bcd, created on 23-Oct-80 14:50:38 (3 # 145 #)
from source of 21-Oct-80 9:17:05.

DIRECTORY Envoy, ParamTestEnvoy, ParamTest;

ParamTestEnvoyClient: PROGRAM
IMPORTS ParamTest, Envoy, ParamTestEnvoy
EXPORTS ParamTest, ParamTestEnvoy -
SHARES ParamTest, ParamTestEnvoy
= PRIVATE BEGIN OPEN ParamTestEnvoy;

-- Remote Binding

alreadyBound: BOOLEAN « FALSE;
remoteProcedures: RemoteProcedures;
ourServerProgram: Envoy.RemoteProgram;

InitAndExportRemoteinterface: PUBLIC PROCEDURE [
interfaceVersion: Envoy.Version « RemotelnterfaceVersion,
interfacelmplementor: Envoy.Implementor « 0 ] = {SIGNAL DiplomatRuntimeError};

ImportAndBindRemotelnterface: PUBLIC PROCEDURE |
exportingHost: Envoy.SystemElement,
interfaceVersion: Envoy.Version « RemotelnterfaceVersion,
interfacelmplementor: Envoy.Implementor « 0,
callTimeoutinSeconds: LONG CARDINAL « LAST[LONG CARDINAL] ] =
BEGIN
remoteProgram: ARRAY [0..0) OF Envoy.RemoteProgram;
remoteProgramiD: ARRAY [0..0] OF Envoy.ProgramiD;
IF alreadyBound THEN RETURN ELSE alreadyBound « TRUE;
remoteProgramiD « [ [interface: "ParamTest", version: interfaceVersion, implementor: interfacelmplementor] |;
Envoy.importRemotePrograms |
systemElement: exportingHost,
program|Ds: DESCRIPTOR[remoteProgramiD],
remotePrograms: DESCRIPTOR[remoteProgram] ];
ourServerProgram « remoteProgram{0];
callTimeout « callTimeoutinSeconds;
FOR procedure: RemoteProcedureindex IN RemoteProcedureindex DO
remoteProcedures[procedure]} « Envoy.ComposeRemoteProcedure |
remoteProgram: ourServerProgram,
procedureNumber: LOOPHOLE[procedure, Envoy.ProcedureNumber] |;
ENDLOOP;
END;

-- Remote Interface Errors

-- Remote Interface Procedures

Null: PUBLIC PROCEDURE [JRETURNS [] =

BEGIN

arguments: NullArguments;

results: NullResults;

Cali[RemoteProcedureindex[Null], @arguments, @results];
RETURNI];

END;

One: PUBLIC PROCEDURE [one: CARDINAL] RETURNS [a: CARDINAL]. =
BEGIN
arguments: OneArguments « [one];
results: OneResults;
Call[RemoteProcedurelndex[One], @ arguments, @results);
RETURN(results.a];
END;
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Four: PUBLIC PROCEDURE [one: CARDINAL, two: CARDINAL, three: CARDINAL, four: CARDINAL] RETURNS [a:
CARDINAL, b: CARDINAL, c: CARDINAL, d: CARDINAL] =

BEGIN

arguments: FourArguments « [one, two, three, four];

results: FourResults;

Call[RemoteProcedurelndex[Four], @arguments, @results];

RETURNY{results.a, results.b, results.c, results.d);

END;

TwentyArray: PUBLIC PROCEDURE [in: ParamTest.Array20] RETURNS [out: ParamTest.Array20] =
BEGIN
arguments: TwentyArrayArguments « [in];
results: TwentyArrayResults;
Call[RemoteProcedurelndex[TwentyArray], @arguments, @results];
RETURN|[results.out];
END;

StringDescriptor: PUBLIC PROCEDURE [string: STRING] RETURNS [desc: DESCRIPTOR FOR ARRAY CARDINAL
OF CHARACTER] =

BEGIN

arguments: StringDescriptorArguments « [string];

results: StringDescriptorResults;

Call[RemoteProcedurelndex[StringDescriptor], @arguments, @ results];

RETURN{results.desc];

END;

-- Remote Call Handler

procedureDescriptions: RemoteProcedureDescriptionsHandle = GetRemoteProcedureDescriptions[];
errorDescriptions: RemoteErrorDescriptionsHandle = GetRemoteErrorDescriptions(];

caliTimeout: LONG CARDINAL ¢ LAST[LONG CARDINAL];

Call: PROCEDURE [procedure: RemoteProcedurelndex, argumentList, resultList: POINTER] =
BEGIN
ENABLE BEGIN
-- Remote exception handling goes here.
END; -- ENABLE
IF ~alreadyBound THEN ImportAndBindRemotelnterface[Envoy.LocalSystemEiement([l];
Envoy.CallRemoteProcedure |
remoteProcedure: remoteProcedures|procedure},
arguments: [location: argumentList, description: procedureDescriptionst[procedure].arguments],
results: [location: resultList, description: procedureDescnpt:onsf[procedure] results],
timeoutinSeconds: callTimeout |;

END; -- Call

-- Module Initialization
-- See ImportAndBindRemoteinterface.
END.
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-- File ParamTestEnvoyServer.mesa was generated on 23-Oct-80 16:08:15 by Diplomat of 13-Oct-80 16:18:37.
-- Source interface ParamTest came from file paramtest.bcd, created on 23-Oct-80 14:50:38 (3 # 145 # )
from source of 21-Oct-80 9:17:05.

DIRECTORY Envoy, ParamTestEnvoy, ParamTest;

ParamTestEnvoyServer: PROGRAM
IMPORTS ParamTest, Envoy, ParamTestEnvoy
SHARES ParamTest, ParamTestEnvoy
= PRIVATE BEGIN OPEN ParamTestEnvoy;

-- Remote Binding

alreadyExported: BOOLEAN « FALSE;
remoteErrors: RemoteErrors;

ImportAndBindRemoteinterface: PUBLIC PROCEDURE [
exportingHost: Envoy.SystemElement,
interfaceVersion: Envoy.Version ¢« RemoteinterfaceVersion,
interfacelmplementor: Envoy.Implementor « O, :
callTimeoutinSeconds: LONG CARDINAL « LAST[LONG CARDINAL] ] = {SIGNAL DiplomatRuntimeError};

initAndExportRemotelnterface: PUBLIC PROCEDURE |
interfaceVersion: Envoy.Version ¢« RemotelnterfaceVersion,
interfacelmplementor: Envoy.lmplementor « 0 ] =
BEGIN
remoteProgram: Envoy.RemoteProgram;
IF alreadyExported THEN RETURN ELSE alreadyExported « TRUE;
remoteProgram « Envoy.FabricateRemoteProgram{localProgram: Dispatch};
Envoy.ExportRemoteProgram [
programlD: [interface: "ParamTest", version: interfaceVersion, implementor: interfacelmplementor],
localProgram: Dispatch ];
FOR error: RemoteErrorindex IN RemoteErrorindex DO
remoteErrors[error] « Envoy.ComposeRemoteError |
remoteProgram: remoteProgram,
errorNumber: LOOPHOLE[error, Envoy.ErrorNumber] |;
ENDLOOP;
END;

-- Dispatching to Local Procedures

procedureDescriptions: RemoteProcedureDescriptionsHandle = GetRemoteProcedureDescriptions([];
errorDescriptions: RemoteErrorDescriptionsHandle = GetRemoteErrorDescriptions(];

Dispatch: Envoy.LocalProgram --[procedureNumber: ProcedureNumber, arguments, results: PROC[Parameters]]}--
BEGIN
ENABLE BEGIN
-- Exception handling goes here.
END; --ENABLE

procedure: RemoteProcedureindex = LOOPHOLE[procedureNumber];
argumentList: POINTER TO GenericArgumentRecord = @argumentListRecord;
argumentl.istRecord: GenericArgumentRecord; )

resultList: POINTER TO GenericResultRecord = @resultListRecord;
resultListRecord: GenericResultRecord;

arguments[[location: argumentList, description: procedureDescriptionst[procedure].arguments]];
SELECT procedure FROM
Null => {
OPEN arg: LOOPHOLE[argumentList, POINTER TO NullArguments}],
res: LOOPHOLE[resuitList, POINTER TO NuliResults];
ParamTest.Nullf]; };
One => {
OPEN arg: LOOPHOLE[argumentList, POINTER TO OneArguments],
res: LOOPHOLE[resuitList, POINTER TO OneResults};
[res.a] « ParamTest.One{arg.one]; };
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Four => {
OPEN arg: LOOPHOLE[argumentList, POINTER TO FourArguments],
res: LOOPHOLE[resultList, POINTER TO FourResults);
[res.a, res.b, res.c, res.d] « ParamTest.Four[arg.one, arg.two, arg.three, arg.four]; };
TwentyArray => {
OPEN arg: LOOPHOLE[argumentList, POINTER TO TwentyArrayArguments],
res: LOOPHOLE[resultList, POINTER TO TwentyArrayResults];
[res.out] « ParamTest.TwentyArray[arg.in}; };
StringDescriptor => {
OPEN arg: LOOPHOLE[argumentList, POINTER TO StringDescriptorArguments],
res: LOOPHOLE[resultList, POINTER TO StringDescriptorResults];
[res.desc] « ParamTest.StringDescriptor{arg.string]; };
ENDCASE => ERROR DiplomatRuntimeError;
results[[location: resultlist, description: procedureDescriptionst[procedure].results];

END; --Dispatch

-- Module Initialization

-- See InitAndExportRemotelnterface.

InitAndExportRemotelnterface|
interfaceVersion: ,
interfacelmplementor: ,
possibleParameterOverlap: ];

END.
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-- File ParamTestEnvoyUtility.mesa was generated on 23-Oct-80 16:08:08 by Diplomat of 13-Oct-80 16:18:37.
-- Source interface ParamTest came from file paramtest.bcd, created on 23-Oct-80 14:50:38 (3 # 145 #)
from source of 21-Oct-80 9:17:05.

DIRECTORY Envoy, ParamTestEnvoy, ParamTest;

ParamTestEnvoyUtility: PROGRAM
EXPORTS ParamTestEnvoy
SHARES ParamTest, ParamTestEnvoy
= PRIVATE BEGIN OPEN ParamTestEnvoy;

-- Runtime Error Exceptions

DiplomatRuntimeError: PUBLIC SIGNAL = CODE;

-- Interface To Descriptions

- GetRemoteProcedureDescriptions: PUBLIC PROCEDURE RETURNS|procedures:
RemoteProcedureDescriptionsHandle] =
{ RETURN [@procedureDescriptions] };
GetRemoteErrorDescriptions: PUBLIC PROCEDURE RETURNS [errors: RemoteErrorDescriptionsHandle] =
{ RETURN [@errorDescriptions] };

procedureDescriptions: RemoteProcedureDescriptions « [

NULL, NULL],

NullArgumentsDescription, NuliResultsDescription],
OneArgumentsDescription, OneResultsDescription],
[TwoArgumentsDescription, TwoResultsDescription},
FourArgumentsDescription, FourResultsDescription],
[TwoArrayArgumentsDescription, TwoArrayResultsDescription],
FourArrayArgumentsDescription, FourArrayResultsDescription],
[TenArrayArgumentsDescription, TenArrayResultsDescription],
TwentyArrayArgumentsDescription, TwentyArrayResultsDescription],
FortyArrayArgumentsDescription, FortyArrayResultsDescription],
StringDescriptorArgumentsDescription, StringDescriptorResultsDescription]  ];

errorDescriptions: RemoteErrorDescriptions « |
[NULL] J;

-- Description Procedures

NullArgumentsDescription: Envoy.Description --[notes: Notes}-- =
BEGIN OPEN notes;
parameters: LONG POINTER TO NullArguments = noteSize[size: SIZE[NullArguments]];
END;

NullResultsDescription: Envoy.Description --[notes: Notes]-- =
BEGIN OPEN notes;
parameters: LONG POINTER TO NuliResults = noteSize[size: SIZE[NullResuits]];
END;

OneArgumentsDescription: Envoy.Description --[notes: Notes}-- =
BEGIN OPEN notes;
parameters: LONG POINTER TO OneArguments = noteSize[size: SIZE[OneArguments]];
END;

OneResultsDescription: Envoy.Description --[notes: Notes]-- =
BEGIN OPEN notes;
parameters: LONG POINTER TO OneResuits = noteSize[size: SIZE[OneResuits]];
END;

FourArgumentsDescription: Envoy.Description --[notes: Notes]-- =
BEGIN OPEN notes;
parameters: LONG POINTER TO FourArguments = noteSize[size: SIZE[FourArgumentsl]};
END;
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FourResultsDescription: Envoy.Description --[notes: Notes}-- =
BEGIN OPEN notes;
parameters: LONG POINTER TO FourResults = noteSize[size: SIZE[FourResults]];
END;

TwentyArrayArgumentsDescription: Envoy.Description --[notes: Notes]-- =
BEGIN OPEN notes;
parameters: LONG POINTER TO TwentyArrayArguments = noteSize[size: SIZE[TwentyArrayArguments]];
END;

TwentyArrayResultsDescription: Envoy.Description --[notes: Notes]-- =
BEGIN OPEN notes;
parameters: LONG POINTER TO TwentyArrayResults = noteSize[size: SIZE[TwentyArrayResults]};
END;

StringDescriptorArgumentsDescription: Envoy.Description --[notes: Notes]-- =
BEGIN OPEN notes;
parameters: LONG POINTER TO StringDescriptorArguments = noteSize[size: SIZE[StringDescriptorArguments]];
BEGIN OPEN rec: parameters;
noteString[site: @rec.string, possibleOveriap: possibleOverlap];
END; --OPEN parameters--
END;

StringDescriptorResultsDescription: Envoy.Description --[notes: Notes]-- =
BEGIN OPEN notes;
parameters: LONG POINTER TO StringDescriptorResults = noteSize[size: SIZE[StringDescriptorResults]];
BEGIN OPEN rec: parameters;
noteArrayDescriptor[site: @rec.desc, elementSize: SIZE[CHARACTER)], possibleOverlap: possibleOverlap};
END; --OPEN parameters--
END;

-- No Module Initialization

END.
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A2.2 Liaison

This example contains Liaison’s two generated stub programs for the simple ParamTest interface:
ParamTestClientStubsImpl and ParamTestServerStubsIimpl. The use of these programs in a single-
machine test environment is illustrated in the ParamTestCombined configuration (next page).
Liaison’s remote binding interface, LiaisonBinder, is included as well.

To aid the reader’s understanding of this code, here is the intermodule control flow for a single
steady-state call of ParamTest. Null.

On the client machine, ParamTestDriver, which performs the timing measurements, calls
ParamTest. Null.

ParamTestClientStubsImpl, the client module exporting Nu/l, catches the call and transmits
a call message to the server machine.

On the server machine, ParamTestServerSiubsIimpl receives the call message and invokes
ParamTest. Null.

ParamTestImpl, which exports the real implementation of Null on the server, performs the
call and returns.

ParamTestServerStubsImpl handles the completed call by transmitting a refurn message
back to the client machine.

In the client machine, ParamTestClientStubsImpl receives the return message and returns
from its implementation of Null.

ParamTestDriver, which originally called Null, resumes at long last and completes its timing
of the call. '
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-- ParamTestCombined.config edited by BZM on October 25, 1980 12:07 PM.
-- Single machine test program that loops back in the Pup Package.
-- Run this with the Spy by typing 'Mesa |Spy ParamTestCombined'.

ParamTestCombined: CONFIGURATION
IMPORTS DisplayDefs, Inline, InlineDefs, IODefs, SpyDefs, Time,
TimeDefs, SystemDets, StreambDefs, String, Process, MiscDefs,
ImageDefs, ProcessDefs, FrameDefs,
SegmentDefs, StringDefs
CONTROL ParamTestServerStubsimpl, ParamTestDriver
= BEGIN

-- Network support.
TinyPup;
PktStreamimpl;
LiaisonBinderimpl;

-- Performance monitoring.

--1Spy;

-- Server modules.

serverParamTest: ParamTest « ParamTestimpl([]; ]

ParamTestServerStubsimpl| serverParamTest, LiaisonBinder, PktStreamDefs, String, SystemDefs];

-- Client modules.

clientParamTest: ParamTest « ParamTestClientStubsimpl[];

ParamTestDriver[ DisplayDefs, Inline, IODefs, clientParamTest, SegmentDefs, SpyDefs, StreamDefs, String,
SystemDefs, Time, TimeDefs];

END.

-- LiaisonBinder.Mesa last edited by BZM on October 23, 1980 12:16 PM
DIRECTORY

BedDefs USING [VersionStamp],

PupDefs USING [PupAddress, PupSocketiD};

LiaisonBinder: DEFINITIONS =
BEGIN

-- Types

UniquelD: TYPE = BcdDefs.VersionStamp;

MsgType: TYPE = {noop, call, return, error, signal};

Message: TYPE = RECORD [type: MsgType « noop, info: [0..7777B] « 0}
-- ERRORs and SIGNALSs

Problem: ERROR {reason: ErrorCode};

ErrorCode: TYPE = {importFailed};

-- Procedures

ExportRemoteinterface: PROC [interfacelD: UniquelD}
RETURNS [serverListenersSocket: PupDefs.PupSocketID];

ImportRemoteinterface: PROC [interfacelD: UniquelD)
RETURNS [serversAddress: PupDefs.PupAddress];

END.
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-- Stub file ParamTestClientStubsimpl.mesa was generated on 27-Oct-80 9:19:09

-- by Liaison of 27-Oct-80 9:11:25.

-- Source interface ParamTest came from file ParamTest.bcd,

- created on 27-Oct-80 9:16:10 (3 # 145 #) from source of 21-Oct-80 9:17:05.

DIRECTORY
ParamTest,
LiaisonBinder USING [ImportRemotelnterface, Message , Problem],
PktStreamDefs USING [Call, Complaining, Complaint, EndCall, GetBlock,

GetWord, Handle, PutBlock, PutWord, SendNow],

PupDefs USING [PupAddress},
String USING [WordsForString],
SystemDefs USING [AllocateHeapNode, AllocateHeapString];

ParamTestClientStubsimpl: MONITOR
IMPORTS LiaisonBinder, PktStreamDefs, String, SystemDefs
EXPORTS ParamTest
SHARES ParamTest
= BEGIN OPEN RPC: LiaisonBinder, Stream: PktStreamDefs;

-- Network stream trouble handler; do nothing for now.

StreamComplaint : PROC [complaint: Stream.Complaint] = { ERROR };

-- Stubbed public procedures.

Nuli: PUBLIC PROC [JRETURNS{] =
BEGIN -- of procedure 1.
ENABLE BEGIN
Stream.Complaining => StreamComplaint{complaint];
END;
ParamTestServer: Stream.Handle = GetCallHandle[];
paramSize; CARDINAL«NULL;
-- Code to send call message to server.
Stream.PutWord[ParamTestServer, RPC.Message[call, 1--our procedure # --1];
-- Code to send arguments (if any).
-- Tell server to execute the call.
Stream.SendNow{ParamTestServer];
SELECT LOOPHOLE[Stream.GetWord[ParamTestServer], RPC.Message].type FROM
return =) NULL;
ENDCASE => ERROR,;
-- Code to get results (if any).
ReturnCallHandle[ParamTestServer];
RETURN [};
END;

One: PUBLIC PROC [one: CARDINAL] RETURNS [CARDINAL] =
BEGIN -- of procedure 2. :
ENABLE BEGIN

Stream.Complaining => StreamComplaint[complaint];
END;
ParamTestServer: Stream.Handle = GetCallHandle[];
paramSize: CARDINAL«NULL;
a: CARDINAL;
-- Code to send call message to server.
Stream.PutWord[ParamTestServer, RPC.Message[call, 2--our procedure # --]];
-- Code to send arguments (if any).
Stream.PutWord[ParamTestServer, one];
-- Tell server to execute the call.
Stream.SendNow[ParamTestServer];
SELECT LOOPHOLE[Stream.GetWord[ParamTestServer], RPC.Message].type FROM
return => NULL,;
ENDCASE => ERROR;
-- Code to get results (if any).
a « Stream.GetWord[ParamTestServer];
ReturnCallHandle[ParamTestServer];
RETURN {a];
END;
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Four: PUBLIC PROC [one: CARDINAL, two: CARDINAL, three: CARDINAL, four: CARDINAL] RETURNS [CARDINAL,
CARDINAL, CARDINAL, CARDINAL} =
BEGIN -- of procedure 4.
ENABLE BEGIN
Stream.Complaining => StreamComplaint[complaint];
END;
ParamTestServer: Stream.Handle = GetCallHandle[];
paramSize: CARDINAL«NULL,;
a: CARDINAL;;
b: CARDINAL;
c: CARDINAL;
d: CARDINAL;
-- Code to send call message to server.
Stream.PutWord[ParamTestServer, RPC.Message|[call, 4--our procedure # --]];
-- Code to send arguments (if any).
Stream.PutWord[ParamTestServer, one);
Stream.PutWord[ParamTestServer, two];
Stream.PutWord[ParamTestServer, three];
Stream.PutWord{ParamTestServer, four];
-- Tell server to execute the call.
Stream.SendNow([ParamTestServer];
SELECT LOOPHOLE[Stream.GetWord[ParamTestServer], RPC.Message].type FROM
return => NULL,;
ENDCASE => ERROR;
-- Code to get resuits (if any).
a « Stream.GetWord[ParamTestServer];
b « Stream.GetWord[ParamTestServer];
¢ € Stream.GetWord[ParamTestServer];
d « Stream.GetWord[ParamTestServer];
ReturnCallHandle[ParamTestServer];
RETURN [a, b, ¢, d};
END;

TwentyArray: PUBLIC PROC [in: ParamTest.Array20] RETURNS [ParamTest.Array20] =

BEGIN -- of procedure 8.
ENABLE BEGIN

Stream.Complaining => StreamComplaint{complaint];

END;
ParamTestServer: Stream.Handle = GetCallHandle[];
paramSize: CARDINAL«NULL,;

out: ParamTest.Array20;
-- Code to send call message to server.
Stream.PutWord[ParamTestServer, RPC Message[call, 8--our procedure # --}};
-- Code to send arguments (if any}.
Stream.PutBlock[ParamTestServer,
[@in, 0, 2*SIZE[ParamTest.Array20]]};

-- Tell server to execute the call.
Stream.SendNow[ParamTestServer];
SELECT LOOPHOLE[Stream.GetWord[ParamTestServer], RPC.Message].type FROM

return => NULL,;

ENDCASE => ERROR;
-- Code to get results (if any).

{1« Stream.GetBlock[ParamTestServer,
[@out, O,
2*SIZE[ParamTest.Array20]]];

ReturnCallHandle[ParamTestServer};
RETURN [out];
END;

StringDescriptor: PUBLIC PROC [string: STRING] RETURNS [DESCRIPTOR FOR ARRAY CARDINAL OF
CHARACTER] =
BEGIN -- of procedure 10.
ENABLE BEGIN
Stream.Complaining => StreamComplaint[complaint];
END;
ParamTestServer: Stream.Handle = GetCallHandle[];
paramSize: CARDINAL«NULL;
desc: DESCRIPTOR FOR ARRAY CARDINAL OF CHARACTER;
-- Code to send call message to server.
Stream.PutWord[ParamTestServer, RPC.Message{call, 10--our procedure # --]};
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-- Code to send arguments (if any).
IF string = NIL
THEN Stream.PutWord[ParamTestServer, LAST[CARDINAL]]
ELSE Stream.PutBlock[ParamTestServer,
[string, O,
2*String.WordsForString[string.length]}];
-- Tell server to execute the call.
Stream.SendNow[ParamTestServer];
SELECT LOOPHOLE[Stream.GetWord[ParamTestServer], RPC.Message].type FROM
return => NULL;
ENDCASE => ERROR,;
-- Code to get results (if any).
paramSize « Stream.GetWord[ParamTestServer];
IF paramSize = 0

THEN desc « DESCRIPTORINIL,0]

ELSE {desc « DESCRIPTOR|[
SystemDefs.AllocateHeapNode[paramSize*SIZE[CHARACTER]],
paramSize];

[] « Stream.GetBlock[ParamTestServer,
[BASE[desc], 0,
2*paramSize*SIZE[CHARACTER]1]};
ReturnCaliHandle[ParamTestServer];
RETURN [desc];
END;

-- Call handle management.

cacheEmpty: BOOLEAN;
cachedCaliHandle: Stream.Handle;

InitCallHandleCache: PRIVATE PROC =
INLINE BEGIN
cachedCallHandle « Stream.Call[
serversAddress
! Stream.Complaining => StreamComplaint[complaint] };
cacheEmpty ¢ FALSE;
END;

GetCallHandle: PRIVATE ENTRY PROC RETURNS [Stream.Handle] =
INLINE BEGIN
IF ~cacheEmpty
THEN {cacheEmpty «+ TRUE; RETURN[cachedCallHandle]}
ELSE RETURN([Stream.Call[
serversAddress
FUNWIND =>NULL J};
END;

ReturnCallHandle: PRIVATE ENTRY PROC [callHandle: Stream.Handle] =
INLINE BEGIN
IF callHandle = cachedCallHandle
THEN cacheEmpty « FALSE
ELSE Stream.EndCall{
callHandle
TUNWIND =>NULL ];
END;

-- Start server module by importing a call handle for the remote interface.
serversAddress: PupDefs.PupAddress = RPC.ImportRemotelnterface[
interfacelD: [3,101,2518967770]
! RPC.Problem => REJECT };
InitCaliHandleCache;

END.
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-- Stub file ParamTestServerStubsimpl.mesa was generated on 27-Oct-80 9:19:16
by Liaison of 27-Oct-80 9:11:25.
-- Source interface ParamTest came from file ParamTest.bcd,
created on 27-Oct-80 9:16:10 (3 # 145 # ) from source of 21-Oct-80 9:17:05.

DIRECTORY

ParamTest,

LiaisonBinder USING [ExportRemoteinterface, Message, Problem],

PktStreamDefs USING [Complaining, GetBlock, GetWord, Handle,
Listen, PutBlock, PutWord, SendNow],

String USING [WordsForString],

SystemDefs USING [AllocateHeapNode, AliocateHeapString,
FreeHeapNode, FreeHeapString};

ParamTestServerStubsimpl: PROGRAM
IMPORTS ParamTest, LiaisonBinder, PktStreamDefs, String, SystemDefs
SHARES ParamTest
= BEGIN OPEN RPC: LiaisonBinder, Stream: PktStreamDefs;

ReceiveClientCalls: PROC [client: Stream.Handle] =
BEGIN
ENABLE BEGIN
-- Fill in your own Stream exception handler.
Stream.Complaining => REJECT;

END;
msg: RPC.Message = Stream.GetWord|client];
SELECT msg.type FROM

call =>

SELECT msg.info--procedure # -- FROM

1 =>BEGIN
paramSize: CARDINAL «NULL;
-- Perform the call.
[J « ParamTest.Null[};
-- Send RPC control message for the return.
Stream.PutWord[client, RPC.Message[return]];
Stream.SendNow/client];
END; -- of procedure 1.

2 =>BEGIN
paramSize: CARDINAL «NULL;
a0: CARDINAL;
r0: CARDINAL;
-- Get arguments (if any).
a0 « Stream.GetWord[client];
-- Perform the call.
[r0] « ParamTest.One[a0};
-- Send RPC control message for the return.
Stream.PutWord|[client, RPC.Message[return]];
-- Send results (if any).
Stream.PutWord{client, r0};
Stream.SendNow{client];
END; -- of procedure 2.

4 =>BEGIN
paramSize: CARDINAL«NULL,; .
a0: CARDINAL;
a1: CARDINAL;
a2: CARDINAL,;
a3: CARDINAL;
r0: CARDINAL;
ri: CARDINAL;
r2: CARDINAL;
r3: CARDINAL;
-- Get arguments (if any).
a0 « Stream.GetWord[client];
a1 « Stream.GetWord{client];
a2 « Stream.GetWord|[client];
a3 « Stream.GetWord{client];
-- Perform the call.
[r0, 1, r2, r3] « ParamTest.Four[a0, a1, a2, a3};
-- Send RPC control message for the return.

183



184

REMOTE PROCEDURE CALL

Stream.PutWord[client, RPC .Message[return]];
-- Send results (if any).

Stream.PutWord]client, r0};
Stream.PutWord][client, r1};
Stream.PutWord[client, r2];
Stream.PutWord|[client, r3];
Stream.SendNow]client];

END; -- of procedure 4.

8 =>BEGIN

paramSize: CARDINAL «NULL,;
a0: ParamTest.Array20;
r0: ParamTest.Array20;
-- Get arguments (if any).

[} Stream.GetBlock]client,

[@a0, 0,
2*SIZE[ParamTest.Array20]}];
-- Perform the call.
[r0] « ParamTest.TwentyArray[a0];
-- Send RPC control message for the return.
Stream.PutWord[client, RPC.Message][return]];
-- Send results (if any).
Stream.PutBlock|client,
[@r0, 0, 2*SIZE[ParamTest.Array20]]};

Stream.SendNow]client];
-- Free string and descriptor arguments (if any).
END; -- of procedure 8.

10 =>BEGIN
paramSize: CARDINAL «NULL;
a0: STRING;
r0: DESCRIPTOR FOR ARRAY CARDINAL OF CHARACTER;
-- Get arguments (if any).
paramSize « Stream.GetWord[client];
IF paramSize = LAST[CARDINAL}
THEN a0 « NIL
ELSE {a0 « SystemDefs.AllocateHeapString[
Stream.GetWord[client]];
a0.length « paramSize;
[l «Stream.GetBlock[client,
[@a0.text, 0,

2*(String.WordsForString[paramSize]-2)]]};

-- Perform the call.
[rO] « ParamTest.StringDescriptor[a0};
-- Send RPC control message for the return.
Stream.PutWord|client, RPC.Message{return]];
-- Send results (if any).
Stream.PutWord[client, LENGTH[r0]];
IF LENGTHI[r0] # 0
THEN Stream.PutBlock|client,
[BASE]r0], 0,
2*LENGTH[r0]*SIZE[CHARACTER]]};
Stream.SendNow|[client);
-- Free string and descriptor arguments (if any).
IF a0 # NIL THEN SystemDefs.FreeHeapString[a0];
END; -- of procedure 10.

ENDCASE => ERROR,;
ENDCASE => ERROR;

END; -- ReceiveClientCalls.

-- Start server stub module by declaring the remote interface for binding.

Stream.Listen |
listeningSocket: RPC ExportRemoteinterface|

interfacelD: [3,101,2518967770]
I RPC.Problem => REJECT ],

listeningProc: ReceiveClientCalls
| Stream.Complaining => REJECT J;

END.
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A2.3 EtherPkt

This example contains EtherPkt's two stub programs for the ParamTest interface:
EPParamTestClientStubslimpl and EPParamTestServerStubsimpl. The EtherPkt interface, which is
the stubs’ fast trapdoor into the Pup Ethernet driver, is included below as well (below).

The reader is advised to understand the preceding Liaison example before proceeding with this
one. The flow of control through EtherPkt’s stubs is analogous to Liaison’s, so reading the step-by-
step description there—making the obvious module name substitutions—will be of great help here.

-- File EtherPkt.mesa last edited by BZM on November 7, 1980 10:31 PM.

EtherPkt: DEFINITIONS =
BEGIN

Packet: TYPE = POINTER TO PacketObject;
-- Packet: [dest,source ; etherPktType ; dataWords... ; etherCRC]

PacketType: TYPE = RECORD [WORD];
RPCPktType: PacketType = [30303B];
VoidPktType: PacketType = [1B];

PacketHeaderSize: CARDINAL = SIZE[PacketObject] - PacketDataSize;
PacketDataSize: CARDINAL = 10;

PacketObject: TYPE = MACHINE DEPENDENT RECORD |
dest: [0..3778],
source: [0..3778B],
type: PacketType,
serial: CARDINAL,
data: ARRAY [0..PacketDataSize) OF UNSPECIFIED J;

Control: TYPE = POINTER TO ControlObject;

ControlObject: TYPE = RECORD |
pkitType: CARDINAL « VoidPktType,
input: RECORD [

done: BOOLEAN « FALSE,
packet: Packet « NIL,
size: CARDINAL « 0,
maxSize: CARDINAL « 0,
condition: POINTER TO CONDITION « NIL,
accepting: BOOLEAN « FALSE ],
output: RECORD [
done: BOOLEAN « TRUE,
packet: Packet « NIL,
size: CARDINAL « 0] };

control: PUBLIC Control;
GetControl: PROC [
pktType: CARDINAL,
inputCondition: PO!NTER TO CONDITION,
inputBuffer: Packet,
inputBufferMaxSize: CARDINAL « SIZE[EtherPkt.PacketObject] }
RETURNS [control: Control];
ReleaseControl: PROC [control: Control] RETURNS [controINIL: Control};
Send: PROC [pkt: Packet, pktSize: CARDINAL] RETURNS [busyTryAgain: BOOLEAN];

END.
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-- Stub file EPParamTestClientStubsimpl.mesa generated on 27-Oct-80 9:19:09

- by Liaison of 27-Oct-80 9:11:25.

-- Source interface ParamTest came from file paramtest.bed,

- created 27-Oct-80 9:16:10 (3 # 145 # ) from source of 21-Oct-80 9:17:05.
-- Changed to do EtherPkt protocol by BZM on November 11, 1980 1:53 AM.

DIRECTORY
ParamTest,
EtherPkt USING[Control, GetContro!l, PacketHeaderSize,
PacketObject, PacketType, RPCPktType, Send],
LiaisonBinder USING [ImportRemotelnterface, Message, Problem],
Process USING[MsecToTicks, SetTimeout],
PupDefs USING [PupAddress, PupNameLookup];

EPParamTestClientStubsimpl: MONITOR
IMPORTS EtherPkt, LiaisonBinder, Process, PupDefs
EXPORTS ParamTest
SHARES ParamTest
= BEGIN OPEN RPC: LiaisonBinder; .

-- These are managed by SendRequestAndReceiveReply;
inPkt, outPkt: EtherPkt.PacketObject « [dest:, source:, type;, serial:, data:};

-- Stubbed public procedures.

Null: PUBLICPROC [ RETURNS[] =

BEGIN -- of procedure 1.

-- Code to send call message to server.

outPkt.data[0] « RPC.Message[call, 1--our procedure #--J;

-- Code to send arguments (if any).

-- Tell server to execute the call.

SendRequestAndReceiveReply[dataWords: 1};

SELECT LOOPHOLE[inPkt.data[0], RPC.Message].type FROM
return => NULL;
ENDCASE => ERROR;

-- Code to get results (if any).

RETURN [];

END;

Two: PUBLIC PROC [one: CARDINAL, two: CARDINAL] RETURNS [CARDINAL, CARDINAL] =

BEGIN -- of procedure 3.

-- Code to send call message to server.

outPkt.data[0] « RPC.Message[call, 3--our procedure #--J;

-- Code to send arguments (if any).

outPkt.data[1] « one;

outPkt.data[2] « two;

-- Tell server to execute the call.

SendRequestAndReceiveReply[dataWords: 3];

SELECT LOOPHOLE[inPkt.data[0], RPC.Message].type FROM
return => NULL;
ENDCASE => ERROR;

-- Code to get resuits (if any).

RETURN [inPkt.data[1], inPkt.data[2]];

END;
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-- Handle transport of remote call messages.

inputWait: CONDITION;

ether: EtherPkt.Control;

ourAddress: PupDefs.PupAddress;

reTransmitTimelnMsec: CARDINAL = 10;

retriesUntilFailure: CARDINAL « 5--minutes--*(60*1000/reTransmitTimelnMsec);

getStats: BOOLEAN = FALSE;

totalCalls: LONG CARDINAL « 0;

totalRetransmissions: LONG CARDINAL « 0;

Bump: PROC [counter: POINTER TO LONG CARDINAL] =
INLINE { IF getStats THEN countert « countert + 1};

NoCallResponse: ERROR = CODE;

InitSendRequestAndReceiveReply: PROC =
BEGIN
PupDefs.PupNamelLookup[@ourAddress, "ME"L];
Process.SetTimeout[@inputWait, Process.MsecToTicks[reTransmitTimelnMsec]];
outPkt « [
dest: serversAddress.host,
source: ourAddress.host,
type: EtherPkt. RPCPktType,
serial: 0,
data: ];
ether « EtherPkt.GetControl[EtherPkt.RPCPktType, @inputWait, @inPkt];
ether.input.accepting « TRUE;
END;

SendRequestAndReceiveReply: ENTRY PROC [dataWords: CARDINAL] =
INLINE BEGIN
Bump|[@totalCalls];
outPkt.serial « outPkt.serial + 1;
THROUGH [0..retriesUntilFailure) DO
ether.input.done « ether.output.done « FALSE;
WHILE EtherPkt.Send[ @outPkt,

EtherPkt.PacketHeaderSize + dataWords] busyTryAgain DO ENDLOOP;

WAIT inputWait;
IF ether.input.done AND inPkt.serial = outPkt.serial THEN EXIT;
Bump[@totalRetransmissions];
REPEAT
FINISHED =) ERROR NoCallResponse;
ENDLOOP;
END;

-- Start server module by importing a call handle for the remote interface.
serversAddress: PupDefs.PupAddress = RPC.ImportRemotelinterface[
interfaceiD: [3,101,2518967770]
{ RPC.Problem => REJECT };
InitSendRequestAndReceiveReply;

END.
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-- Stub file EPParamTestServerStubsimpl.mesa generated on 27-Oct-80 9:19:16

-- by Liaison of 27-Oct-80 9:11:25,

-- Source interface ParamTest came from file paramtest.bcd,

-  created 27-Oct-80 9:16:10 (3 # 145 # ) from source of 21-Oct-80 9:17:05.
-- Changed to do EtherPkt protocol by BZM on November 11, 1980 1:53 AM.

DIRECTORY
ParamTest,
LiaisonBinder USING [ExportRemoteinterface, Message, Problem],
EtherPkt USING[Control, GetControl, PacketHeaderSize, PacketObject,
PacketType, RPCPkiType, Send],
Process USING[DisableTimeout],
PupDefs USING [PupAddress, PupNamelLookup};

EPParamTestServerStubsimpl: MONITOR
IMPORTS ParamTest, EtherPkt, LiaisonBinder, Process, PupDefs
SHARES ParamTest
= BEGIN OPEN RPC: LiaisonBinder;

-- These are managed by ReceiveRequest and SendReply;
inPkt, outPkt: EtherPkt.PacketObject « [dest:, source:, type:, serial:, data:];

ReceiveClientCalls: PROC =
BEGIN
DO --Forever.
ReceiveRequest[];
SELECT LOOPHOLE[inPkt.data[0}, RPC.Message].type FROM
call =>
SELECT LOOPHOLE[inPkt.data[0], RPC.Message].info--procedure # -- FROM

1 =>BEGIN
[l « ParamTest.Nullf];
-- Send RPC control message for the return.
-- Done at Init: outPkt.data[0] « RPC. Message[return],
-- Send results (if any).
SendReply[1]
END; -- of procedure 1.

3 =>BEGIN
-- Get arguments (if any).
-- Perform the call.
[outPkt.data[1], outPkt.dataf2]]
« ParamTest.Two[inPkt.data[1], inPkt.data[2]];
-- Send RPC control message for the return.
-- Done at Init: outPkt.data[0] « RPC.Message[return};
-- Send results (if any).
SendReply[3];
END; -- of procedure 3.

2,4 => NULL; --Not included in this example
5,6,7,8,9,10 => ERROR;
ENDCASE => ERROR;

ENDCASE => ERROR;

ENDLOOP;
END; -- ReceiveClientCalls.
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-- Handle transport of remote call messages.

inputWait: CONDITION;

ether: EtherPkt.Control;
ourAddress: PupDefs.PupAddress;
lastSerial: CARDINAL;

getStats: BOOLEAN = FALSE;

requestsAccepted: LONG CARDINAL « 0O;

requestsRejected: LONG CARDINAL « 0;

repliesResent: LONG CARDINAL « 0;

Bump: PROC [counter: POINTER TO LONG CARDINAL] =
INLINE { IF getStats THEN countert « countert + 1};

InitReceiveRequestAndSendReply: PROC =

BEGIN
PupDefs.PupNameLookup[@ourAddress, "ME"L];
Process.DisableTimeout[@inputWait};
outPkt « |

dest:,

source: ourAddress.host,

type: EtherPkt.RPCPktType,

serial: ,

data: [RPC.Message[return], ..., J;
lastSerial « 0;
ether « EtherPkt.GetControl[EtherPkt RPCPktType, @inputWait, @inPkt};
ether.input.accepting « TRUE;
END;

ReceiveRequest: ENTRY PROC =
INLINE BEGIN
DO
ether.input.done « FALSE;
UNTIL ether.input.done DO WAIT inputWait ENDLOGP;
SELECT inPkt.serial FROM
(lastSerial «lastSerial + 1) => EXIT;
(lastSerial ¢ lastSerial-1) =>
BEGIN
SendReply[ether.output size-EtherPkt.PacketHeaderSize];
Bump[@repliesResent];
END;
ENDCASE =) Bump[@requestsRejected];
ENDLOOP;
Bump[@requestsAccepted];
END;

SendReply: PROC [dataWords: CARDINAL} =

INLINE BEGIN

outPkt.dest « inPkt.source;

outPkt.serial « lastSerial;

ether.output.done « FALSE;

WHILE EtherPkt.Send[ @outPkt, . :
EtherPkt.PacketHeaderSize + dataWords].busyTryAgain DG ENDLOOP;

END;

-- Start server stub mod‘ule by declaring the remote interface for binding.
[1 « RPC.ExportRemotelnterface]
interfacelD: [3,101,2518967770]
{RPC.Problem => REJECT };
iitReceiveRequestAndSendReply;
ReceiveClientCalls;

END.
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Crowther describes an IC layout program that could be easily optimized with language-level RPC.

Yogen K. Dalal and Robert M. Metcalfe.
Reverse path forwarding of broadcast packets.

Communications of the ACM 21(12):1040-48, December, 1978.
Dalal and Metcalfe review five existing methods of broadcasting in a packet-switched network and propose a new
method of their own. The ability of each method to perform a reliable broadcast is evaluated.

Jerome A. Feldman and Robert F. Sproull.
System support for the Stanford hand-eye system.

In Proceedings of the Second International Joint Conference on Artificial Intelligence, pages

183-89. IJCAI London, September, 1971.
Sproul! and Feldman talk about extensions to Sail and Tops10 which allowed them to do IPC via message procedures.
While not really RPC in the true sense, their scheme did allow a remote call to have apparently normal syntax.

Jerome A. Feldman.

High level programming for distributed computing.

Communications of the ACM 22(1):353-68, June, 1979. ,

Feldman discusses Plits, a Sail-based language with modules and messages. While control is message- rather than
procedure-based, the problems of parameter functionality, data translation, and machine failures are briefly
mentioned.

Samuel Fuller, John Ousterhout, Levy Raskin, Paul Rubinfeld, Pradeep Sindhu, and Richard
Swan. ‘
Multi-microprocessors: an overview and working example.

Proceedings of the IEEE 66(2):216-28, February, 1978.
A discussion of the Cm* hardware architecture.
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David K. Gifford.
Information Storage in a Decentralized Computer System.

PhD thesis, Stanford University, Electrical Engineering Department, 1981.
Gifford's thesis develops a general transaction-oriented distributed file system with uniform naming.

Xerox Learning Research Group.
The Smalltalk-80 System.
BYTE 6(8):36-48, August, 1981.

This issue of BYTF is devoted to Smalltalk; only the introductory article is referenced here.
A discussion of Smalltalk, an object-oriented, message-passing programming language and environment.

James N. Gray.
A Discussion of Distributed Systems.
Research Report RJ2699(34594), IBM Research, San Jose, August, 1979.

Gray’s discussion includes mention of the CICS remote procedure capability.

David Gries and Gary Levin.
Assignment and procedure call proof rules.

Transactions on Programming Languages and Systems 2(4):564-79, October, 1980.
Gries and Levin include a good discussion of aliasing and its impact on verification.

Loretta Rose Guarino. .
Control and Communication in Programmed Systems.

PhD thesis, Carnegie-Mellon University, Computer Science Department, September, 1980.
Guarino’s thesis develops a very general model of control which subsumes both procedure calling and message passing.

Griffith Hamlin Jr.
Configurable Applications for Satellite Graphics.
PhD thesis, Computer Science Department, University of North Carolina at Chapel Hill, 1975

Hamlin’s early Cages system includes novel uses of remote procedures in a special two-processor PL1 environment. He
handles remote procedures, exceptions (ON-conditions), and global variables.

Jack Haverty.

Thoughts on Interactions in Distributed Services.

Request For Comments 722, Network Working Group, SRI Augmentatlon Research Center
September, 1976.

Haverty discusses network servers and the great utility of the request-response discipline for many classes of user-server
interactions.

Frank E. Heart, Robert E. Kahn, Severo M. Ornstein, William R. Crowther, and David

C. Walden.

The interface message processor for the ARPA computer network.

In AFIPS Conference Proceedings of the Spring Joint Computer Conference, pages 551-67.
AFTPS Press, May, 1970.

This is the classic Arpanet reference. Discussion focuses almost exclusively on the IMP.

Maurice Peter Herlihy.
Transmitting abstract values in messages.
Master’s thesis, MIT Laboratory for Computer Science, April, 1980.

Herlihy’s thesis discusses the transmission of strongly typed objects in messages, including shared and cyclic structures.

Maurice Herlihy, Gerald Leitner, and Karen Sollins (editors).
Report on the workshop on fundamental issues in distributed computing.
SIGPLAN Notices 15(3):9-38, July, 1981.

At this workshop, researchers in systems and programming languages discussed their views on atomicity, protection, .
naming, communications, and other practical issues in real distributed systems.
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Carl Hewitt.
Viewing control structures as patterns of passing messages.
Artificial Intelligence 8(3):323-64, June, 1977,

Hewitt provides an introduction to actors in this accessible but wordy paper.

C. A.R. Hoare.
An axiomatic basis of computer programming.
Communications of the ACM 12(10):576-80, October, 1969.

Hoare's paper defines the standard {P} S {Q} verification notation for preconditions and postconditions in Algol-like
programs.

C. A. R. Hoare.
Monitors: an operating system structuring concept.
Communications of the ACM 17(10):549-57, October, 1974.

Hoare’s classic paper elaborates Brinch Hansens’s concept of monitor into that of a synchronized abstract data type.
Signals and condition variables are introduced for fine-grain synchronization.

C. A.R. Hoare.
Communicating sequential processes.
Communications of the ACM 21(8):666-77, August, 1978,

Hoare presents a simple language-level message-passing model for interprocess communication.

Intel Corporation.

Introduction to the iAPX 432 Architecture.

Intel Corporation, Santa Clara, CA 95051, 1981.
Manual order no. 171821-001.

An overview of the 432 architecture that only briefly describes the packet-switched inzerconnect bus.

International Business Machines.
Customer Information Control System/Virtual Storage, Version I, Release 5.
International Business Machines, White Plains, New York, 1980.

Form No. SC33-0068-2.
This CICS document includes a description of its brand of RPC in chapter 7.2.

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.

An overview of StarOS including its capability mechanism and message-passing primitives.

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
Press, June, 1978.

The end of this paper includes a description of remote record access and translation via a third-party network translation
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
distributed clocks without setting any of them backward in time.

Butler W. Lampson, James G. Mitchell, and Edwin H. Satterthwaite.

On the transfer of control between contexts.

In G. Goos and J. Hartmanis, editor, Lecture Notes in Computer Science, pages 181-203.
Springer-Verlag, 1974. ‘
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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.



[54]

[35]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

REFERENCES 197

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.



200

82]

[83]

[84]

(85]

(86]

(87]

[88]

(89}

(90

REMOTE PROCEDURE CALL

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.









