












































































































































































































































































































































































166 

BEGIN 

statements; 
. •. GOTO �L�a�b�e�l�~� 

statements; 
laS1Slalement; 

RE\10TE PROCEDCRE CALL 

EXITS -- This line and the next are optional. 
Label = > statement; 

END; 

nextStatement. 

In the absence of GOTOS, a block exits by jumping from lastStatement directly to nextStatement. 

Loop Statements 

Loops have a number of control and termination options. They are illustrated in this example: 

FOR variable IN interval UNTIL stopCondition DO -- WHILE goCondition is possible too. 
loopS tatements; 
.•• LOOP; -- This causes control to return immediately to the FOR. 

loopS talemellts; 
.•• EXIT; -- This causes control to resume at nextStatement, below. 
loopS tatements; 

REPEA T -- This line and the next are optional. 
FINISHED =) normalTerminationSlatement; -- See text. 

ENDLOOP; 

nextStatement. 

The FOR and UNTIL (or WHILE) clauses are optional and can have different forms from the ones 

shown here. The only unobvious one is THROUGH, which is exactly like FOR except that it has no 

control variable. The special LOOP statement starts the next iteration without finishing the current 

one. The EXIT statement terminates the loop immediately, transferring control to nextStatement. 
The optional REPEAT keyword ends the iterative part of the loop and introduces a series of exit 

clauses, similar to block EXITS. The FINISHED label is a special exit; its normalTerminationStatement 
is executed if and only if the loop terminates normally. Normal termination occurs when either the 

FOR steps completely through interval, or when stopCondition is TRUE (or goCondition is FALSE). 

Case Statements 

Mesa's case statements are known as SELECT and have a fairly traditional syntax. For example: 

SELECT expression FROM 

0,3,5 = > statement; -- 0,3,5 is shorthand for = 0, = 3, = 5. 
IN [27 .. bound] =) statement; 
< -10 =) statement; 
ENDCASE :=:) fina/Statement. 

The first (and only the first) arm that matches expression is executed. The optional 

jinalStatement is executed if and only if none of the arms match expression. 
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Default Values for Parameters 

In Mesa, the fonnal 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, exactCaseAlalch: BOOLEAN"-FALSE] RETURNS [match: STRING"-""]. 

When Lookup is called, exactCaseAlatch is FALSE unless the programmer supplies an explicit 

value (e.g., Lookup["BZ~1"] is the same as Lookup["BZ~", 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 c in monitor M, p is blocked and M's lock is released. Later, an 

independent process q calls some entry procedure in M that NOTIFYS c. This NOTIFY unblocks 

process p and schedules p to run, possibly as soon as process q releases Ars lock (by either exiting 

the entry procedure or WAITing). This is illustrated in the skeleton monitor AI below, where 

procedure P is called by process p, and procedure Q by process q. 

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

P: ENTRY PROCEDURE [ ... ] = { ... WAIT c; ... }; 
Q: ENTRY PROCEDURE [ ... ] = { ... NOTIFY c; ... }; 
... }. 

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

block until a subsequent NOTIFY. 
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SIGNALS and Exception Handling 

Exceptions are a powerful error-handling tool [54]. Once again, the following discussion is nol 

an introduction to exceptions and gives only an overview of Mesa's mechanism. 

An exception E 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 E; it is raised in process p by writing SIGNAL E IN 

p. When an exception such as E 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 [arguments! E =) catchStatement]; -- Catch on a procedure call. 
nextStatement. 

BEGIN ENABLE E =) catchStatement; -- Catch on a block, can also be on a loop's DO. 

statements; 
END; 

nextSlatement. 

A catchStalemenl 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: PhoneNumberJ = 

{ ... ; IF noAnswerTHEN SIGNAL Busy; ... }; 
DeliverPhoneAlessage: PROCEDURE [number: PhoneNumber, message: Message} = 

{ ... ; Dia4number}; SendAudioAfessage[message}; ... }; 
-- Main program: 
DeliverPhoneMessage[NASA, ShuttleCongratulations ! Busy =) RETRY}. 
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Examples 

Upolu-Samoa 
13°55' S 171°40' W 

Natives bury Robert Louis Stevenson on !llount Vaea. 3 December 1894 

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 ParamTest's implementation. A more comprehensive description 

accompanies each example . 

.. ParamTest.mesa last edited by B2M 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. 

Pa ramTest: DEFINITIONS = BEGIN 

Array20: TYPE = ARRAY [0 .. 20) OF CARDINAL; 

Null: PROC; 
One: PROC [one: CARDINAL] RETURNS [a: CARDINAL]; 
Fou r: 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 ParamTesl 

interface: Param TestEn voy. ParamTestEnvoyClient. ParamTestEnvoyServe~ and 
Param TeslEn voyUtility. 

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 
Param TestEnvoyServer. 

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 Param TestEn voyS erver. 

Dispatch marshals the results and returns to Envoy. 

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

On the client machine, Envoy receives the return 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 23·0ct·80 16:08:05 by Diplomat of 13·0ct·80 16:18:37 . 

.. Source interface ParamTest came from file paramtest.bcd. created on 23·0ct·80 14:50:38 (3# 145 #) 
from source of 21·0ct·80 9:17:05. 

DIRECTORY Envoy. ParamTest; 

Pa ramTestEnvoy: 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 +- RemotelnterfaceVersion. 
interfacelmplementor: Envoy.lmplementor +- 0 ]; 

ImportAndBindRemotelnterface: PUBLIC PROCEDURE [ 
exporting Host: Envoy.SystemElement, 
interfaceVersion: Envoy.Version +- RemotelnterfaceVersion, 
interfacelmplementor: Envoy.lmplementor +- O. . 
callTimeoutlnSeconds: LONG CARDINAL +- LAST[LONG CARDINAL] ]; 

.. Remote Procedure and Error Definitions 

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

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

.. Parameter Description Definitions 

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

RemoteProcedureDescriptionsHandle: TYPE = POINTER TO READONL Y RemoteProcedureDescriptions; 
RemoteErrorDescriptionsHandle: TYPE = POINTER TO READONL Y RemoteErrorDescriptions; 
RemoteProcedureDescriptions: TYPE = ARRAY RemoteProcedurelndex OF RECORD [arguments. results: 
Envoy . Description]; 
RemoteErrorDescriptions: TYPE = ARRAY RemoteErrorlndex OF RECORD [arguments: Envoy.Description]; 

.. Parameter Record Definitions 
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MaxArgumentRecordSize: CARDINAL = MAX[1, SIZE[NuIlArguments]. SIZE[OneArguments]. SIZE[TwoArguments], 
SIZE[FourArguments], SIZE[TwoArrayArguments], SIZE[FourArrayArguments]. SIZE[TenArrayArguments1. 
SIZE[TwentyArrayArguments]. SIZE[FortyArrayArguments]. SIZE[StringDescriptorArguments]]; 

MaxResultRecordSize: CARDINAL = MAX[1. SIZE[NuIlResults]. SIZE[OneResults], SIZE[TwoResults], 
SIZE[FourResu Its], SIZE[TwoArrayResults], SIZE[FourArrayResults], SIZE[T enArrayResults], 
SIZE[Twenty Array Resu Its], SIZE[Forty ArrayResu Its]. SIZE[StringDescriptorResultsl1; 

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

NullArguments; TYPE = RECORD 0; 
NullResults: TYPE = RECORD []; 
OneArguments: TYPE = RECORD [one: CARDINAL]; 
One Resu Its: TYPE = RECORD [a: CARDINAL]; 
FourArguments: TYPE = RECORD [one: CARDINAL, two: CARDINAL. three: CARDINAL, four: CARDINAL1; 
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 23-0ct-80 16:08:18 by Diplomat of 13-0ct-80 16:18:37 . 

.. Source interface ParamTest came from file paramtest.bcd, created on 23-0ct-80 14:50:38 (3 # 145 #) 
from source of 21-0ct-80 9:17:05. 

DIRECTORY Envoy, ParamTestEnvoy, ParamTest; 

Pa ramTestEnvoyClient: 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; 

InitAndExportRemotelnterface: PUBLIC PROCEDURE [ 
interiaceVersion: Envoy.Version +- RemotelnterfaceVersion, 
interiacelmplementor: Envoy.lmplementor +- 0 ] = {SIGNAL DiplomatRuntimeError}; 

ImportAndBindRemotelnterface: PUBLIC PROCEDURE [ 
exporting Host: Envoy.SystemElement, 
interfaceVersion: Envoy.Version +- RemotelnterfaceVersion, 
interiacelmplementor: Envoy.lmplementor +- 0, 
callTimeoutlnSeconds: LONG CARDINAL +- LAST[LONG CARDINAL] 

BEGIN 
remoteProgram: ARRAY [0 .. 0] OF Envoy.RemoteProgram; 
remoteProgramlD: ARRAY [0 .. 0] OF Envoy.ProgramID; 
IF alreadyBound THEN RETURN ELSE alreadyBound +- TRUE; 
remoteProgramlD" [ [interface: "ParamTest", version: interfaceVersion, implementor: interfacelmplementor]]; 
Envoy.lmportRemotePrograms [ 

systemElement: exportingHost, 
programlDs: DESCRIPTOR [remoteProgramID], 
remotePrograms: DESCRIPTOR[remoteProgram] ]; 

ourServerProgram" remoteProgram[O]; 
callTimeout +- cal/TimeoutinSeconds; 
FOR procedure: RemoteProcedurelndex IN RemoteProcedurelndex DO 

remoteProcedures[procedure] .. Envoy.ComposeRemoteProcedure [ 
remoteProgram: ourServerProgram, 

END; 

procedureNumber: LooPHOLE[procedure, Envoy.ProcedureNumber] ]; 
ENDLooP; 

.. Remote Interface Errors 

.. Remote Interface Procedures 

Null: PUBLIC PROCEDURE [] RETURNS [] 
BEGIN 
arguments: Nul/Arguments; 
results: Nul/Results; 
Call[RemoteProcedurelndex[Null], @arguments, @results]; 
RETURN[]; 
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 [RemoteProced u rei ndex [F ou r], @ argu ments, @ resu Its]; 
RETURN[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 [RemoteProcedu rei ndex[Twenty Array], @arguments, @ resu Its]; 
RETURN[results.out]; 
END; 
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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 

procedu reDescri ptions: RemoteProced ureDescriptionsHand Ie = GetRemoteProced u reDescri ptions[]; 
errorDescriptions: RemoteErrorDescriptionsHandle = GetRemoteErrorDescriptions[]; 

callTimeout: 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.LocaISystemElement[]]; 
Envoy.CallRemoteProcedu re [ 

remoteProced ure: remoteProced ures[proced ure] , 
arguments: [location: argumentList, description: procedureDescriptions1'[procedure1.arguments1, 
results: [location: resultList, description: procedureDescriptions1'[procedure1.results1, 
timeoutinSeconds: callTimeout ]; 

END; --Call 

-- Module Initialization 

-- See ImportAndBindRemotelnterface. 

END. 
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-- File ParamTestEnvoyServer.mesa was generated on 23-0ct·80 16:08:15 by Diplomat of 13-0ct-80 16:18:37. 
-- Source interface ParamTest came from file paramtest.bcd, created on 23-0ct-80 14:50:38 (3# 145#) 

from source of 21-0ct-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; 

ImportAndBindRemotelnterface: PUBLIC PROCEDURE [ 
exporting Host: Envoy.SystemElement, 
interfaceVersion: Envoy.Version" RemotelnterfaceVersion, 
interfacelmplementor: Envoy.lmplementor" 0, 
callTimeoutlnSeconds: LONG CARDINAL" LAST[LONG CARDINAL] 

InitAndExportRemoteinterface: PUBLIC PROCEDURE [ 
interfaceVersion: Envoy.Version" RemotelnterfaceVersion, 
interfacelmplementor: Envoy.lmplementor" 0 ] = 

BEGIN 
remoteProgram: Envoy.RemoteProgram; 
IF alreadyExported THEN RETURN ELSE alreadyExported +- TRUE; 
remoteProgram +- Envoy.FabricateRemoteProgram[locaIProgram: Dispatch]; 
Envoy.ExportRemoteProgram [ 

= {SIGNAL DiplomatRuntimeError}; 

programlD: [interface: "ParamTest", version: interfaceVersion, implementor: interfacelmplementor], 
10calProgram: Dispatch ]; 

FOR error: RemoteErrorlndex IN RemoteErrorlndex DO 
remoteErrors[error] ... Envoy.ComposeRemoteError [ 

remoteProgram: remoteProgram, 

END; 

errorNumber: LOOPHOLE[error, Envoy.ErrorNumber] ]; 
ENDLooP; 

-- Dispatching to Local Procedures 

procedu reDescriptions: RemoteProced ureDescriptionsHand Ie = GetRemoteProced ureDescriptions[]; 
errorDescriptions: RemoteErrorDescriptionsHandle = GetRemoteErrorDescriptions[]; 

Dispatch: Envoy.LocalProgram --[procedureNumber: ProcedureNumber, arguments, results: PROC[Parameters]]-- = 
BEGIN 

ENABLE BEGIN 
-- Exception handling goes here. 
END; --ENABLE 

procedure: RemoteProced urelndex = LOOPHOLE[procedureNumber1; 
argumentList: POINTER TO GenericArgumentRecord = @argumentListRecord; 
argu mentListRecord: GenericArgu mentRecord; 
resultList: POINTER TO GenericResultRecord = @resultListRecord; 
resu ItListRecord: GenericResultRecord; 

arguments[[location: argumentList, description: procedureDescriptions1'[procedure].arguments]]; 
SELECT procedure FROM 

Null => { 
OPEN arg: LOOPHOLE[argumentList, POINTER TO NuIlArguments], 

res: LOOPHOLE[resultList, POINTER TO NuIlResults]; 
ParamTest.Null[]; }; 

One => { 
OPEN arg: LOOPHOLE[argumentList, POINTER TO OneArguments], 

res: LOOPHOLE[resultList, 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.Fou r[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 InitAndExportRemotelnterlace. 

InitAndExportRemotelnterface[ 
interfaceVersion: , 
interlacelmplementor: • 
possibleParameterOverlap: ] ; 

END. 
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.. File ParamTestEnvoyUtility.mesa was generated on 23-0ct·80 16:08:09 by Diplomat of 13-0ct-80 16:18:37 . 

.• Source interface ParamTest came from file paramtest.bcd, created on 23-0ct-80 14:50:38 (3# 145#) 
from source of 21·0ct·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 4- [ 

[NULL, NULL], 
INullArgumentsDescription, NuIIResultsDescription], 
[OneArgu mentsDescription, OneResu ItsDescription], 
[TwoArgumentsDescription, TwoResultsDescription], 
[Four ArgumentsDescription, FourResultsDescri ption), 
[TwoArrayArgumentsDescription, TwoArrayResultsDescription], 
[Four Array Argu mentsDescription, Fou r ArrayResultsDescription], 
[T enArray Argu mentsDescri ption, T enArrayResultsDescription], 
[TwentyArrayArgumentsDescription, TwentyArrayResultsDescription], 
[FortyArrayArgumentsDescription, FortyArrayResultsDescription], 
[StringDescriptorArgumentsDescription, StringDescriptorResultsDescription] ]; 

errorDescriptions: RemoteErrorDescriptions 4- [ 

[NULL] ]; 

.. Description Procedures 

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

NullResultsDescription: Envoy.Description ··[notes: Notes]·· = 
BEGIN OPEN notes; 
parameters: LONG POINTER TO NuUResults = noteSize[size: SIZE[NuIlResults]]; 
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 OneResults = noteSize[size: SIZE[OneResults]]; 
END; 

FourArgumentsDescription: Envoy.Description ·.[notes: Notes]·· = 
BEGIN OPEN notes; , 
parameters: LONG POINTER TO FourArguments = noteSize[size: SlZE[FourArguments]]; 
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, possibleOverlap: 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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178 RE~OTE PROCEDCRE CALL 

A2.2 Liaison 

This example contains Liaison's two generated stub programs for the simple ParamTest interface: 

ParamTestClientStubslmpl and ParamTestServerStubslmpl. 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. 

ParamTestClientStubslmp/, the client module exporting Null, catches the call and transmits 
a call message to the server machine. 

On the server machine, ParamTestServerSlubslmp/ receives the call message and invokes 
Par am Test. Null. 

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

ParamTestSerl'erStubslmp/ handles the completed call by transmitting a return message 
back to the client machine. 

In the client machine, ParamTeS1ClientStubslmp/ 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 BlM 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 ISpy ParamTestCombined'. 

ParamTestCombined: CONFIGURATION 
IMPORTS DisplayDefs, Inline, InlineDefs, IODefs, SpyDefs, Time, 

TimeDefs, SystemDefs, StreamDefs, String, Process, MiscDefs, 
ImageDefs, ProcessDefs, FrameDefs, 
SegmentDefs, StringDefs 

CONTROL ParamTestServerStubslmpl, ParamTestDriver 
= BEGIN 

.. Network support. 
TinyPup; 
PktStreamlmpl; 
liaisonBinderlmpl; 

.. Performance monitoring. 
··ISpy; 

.. Server modules. 
serverParamTest: ParamTest +- ParamTestimplO; . 
ParamTestServerStubslmpl[ serverParamTest, LiaisonBinder, PktStreamDefs, String, SystemDefs]; 

.. Client modules. 
clientParamTest: ParamTest +- ParamTestClientStubslmpl[]; 
ParamTestDriver[ DisplayDefs, Inline, IODefs, clientParamTest, SegmentDets, SpyDets, StreamDefs, String, 

SystemDefs, Time, TimeDefs1; 

END . 

.. LiaisonBinder.Mesa last edited by BlM on October 23,1980 12:16 PM 

DIRECTORY 
BcdDefs USING [VersionStamp1, 
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 .. 7777B1 +- 01; 

.. ERRORs and SIGNALs 

Problem: ERROR [reason: ErrorCode]; 
ErrorCode: TYPE = {importFailed}; 

.. Procedures 

ExportRemotelnterface: PROC [interfaceID: UniquelD1 
RETURNS [serverListenersSocket: PupDefs. Pu pSocketl D]; 

ImportRemotelnterface: PROC [interfaceID: UniquelD1 
RETURNS [serversAddress: PupDefs.PupAddress]; 

END. 
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-- Stub file ParamTestClientStubslmpl.mesa was generated on 27-0ct-80 9:19:09 
by Liaison of 27-0ct-80 9:11:25. 

-- Source interface ParamTest came from file ParamTest.bcd, 
created on 27-0ct-80 9:16:10 (3 # 145 #) from source of 21-0ct·80 9:17:05. 

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

GetWord, Handle, PutBlock, PutWord, Send Now], 
PupDefs USING [PupAddress], 
String USING [WordsForString], 
SystemDefs USING [AliocateHeapNode, AliocateHeapString]; 

ParamTestClientStubslmpl: 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. 

Null: PUBLIC PROC n RETURNS [] = 
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 #--]]; 
-- 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). 
ReturnCaIIHandle[ParamTestServer]; 
RETURN []; 
END; 

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

Stream. Complaining = > StreamComplaint[complaint]; 
END· 

ParamTestSe'rver: Stream. Handle = GetCaIlHandle[]; 
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 [Param T estServer , one]; 
-- Tell server to execute the call. 
Stream.Send Now[ParamTestServer); 
SELECT LOOPHOLE[Stream.GetWord[ParamTestServer], RPC.Message).type FROM 

return = > NULL; 
ENDCASE = > ERROR; 

-- Code to get results (if any). 
a" Stream.GetWord[ParamTestServer]; 

ReturnCaIlHandle[ParamTestServer]; 
RETURN (a]; 
END; 
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Fou r: 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 = GetCaIiHandle[]; 
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 .Send Now[Param T estServer]; 
SELECT LOOPHOLE[Stream.GetWord[ParamTestServer], RPC.Message].type FROM 

return =) NULL; 
ENDCASE = > ERROR; 

_. Code to get results (if any). 
a .. Stream.GetWord[ParamTestServer]; 
b" Stream.GetWord[ParamTestServer]; 
c .. Stream.GetWord[ParamTestServer]; 
d .. Stream.GetWord[ParamTestServer]; 

ReturnCaIIHandle[ParamTestServer]; 
RETURN [a, b. c. d]; 
END; 

TwentyArray: PUBLIC PROC [in: ParamTest.Array20] RETURNS [ParamTest.Array20] 
BEGIN _. of procedure 8. 
ENABLE BEGIN 

Stream.Complaining = > StreamComplaint[complaint]; 
END' 

ParamTestSe'rver: Stream.Handle = GetCaIlHandle[]; 
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[Param T estServer, 
[@in. O. 2*SIZE[ParamTest.Array20]]]; 

_. Tell server to execute the call. 
Stream.Send Now[ParamT estServer]; 
SELECT LOOPHOLE[Stream. GetWord [ParamT estServer]. RPC.Message] .type FROM 

return =) NULL; 
ENDCASE = > ERROR; 

.- Code to get results (if any). 

ReturnCaIiHandle[ParamTestServer]; 
RETURN [out]; 
END; 

[] .. Stream.GetBlock[ParamT estServer, 
[@out,O, 

2*SIZE[ParamTest.Array20]]]; 

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 = GetCaIIHandle[]; 
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 # _.]]; 



182 REMOTE PROCEDURE CALL 

.. Code to send arguments (if any). 
IF string = NIL 

THEN Stream.PutWord[ParamTestServer, LAST[CARDINAL]] 
ELSE Stream. PutBlock [Param T estServer, 

[string, 0, 
2*String.WordsForString[string.length]]); 

.. Tell server to execute the call. 
Stream.Send Now[Param T estServer]; 
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 .. DESCRIPTOR[NIL,O] 
ELSE {desc .. DESCRIPTOR[ 

SystemDefs.AllocateHeapNode[paramSize*SIZE[CHARACTER]], 
paramSize}; 

0" Stream. GetBlock[Param T estServer, 
[BASE[desc], 0, 

ReturnCaIIHandle[ParamTestServer]; 
RETURN [desc]; 
END; 

.. Call handle management. 

cacheEmpty: BOOLEAN; 
cachedCallHandle: Stream.Handle; 

InitCaliHandleCache: PRIVATE PROC = 
INLINE BEGIN 
cachedCa"Handle .. Stream.Call[ 

serversAddress 

2* paramSize*SIZE[ CHARACTER]]]}; 

! Stream.Complaining = > StreamComplaint[complaint] 1; 
cacheEmpty .. FALSE; 
END; 

GetCallHandle: PRIVATE ENTRY PROC RETURNS [Stream.Handle] = 
INLINE BEGIN 
IF -cacheEmpty 

THEN {cacheEmpty .. TRUE; RETURN[cachedCaIlHandle]} 
ELSE RETURN[Stream.Ca"[ 

serversAddress 
! UNWIND = > NULL ]]; 

END; 

ReturnCallHandle: PRIVATE ENTRY PROC [caIlHandle: Stream.Handle] 
INLINE BEGIN 
IF callHandle = cachedCa"Handle 

THEN cacheEmpty .. FALSE 
ELSE Stream.EndCall[ 

call Handle 
! UNWIND = > NULL ] ; 

END; 

-- Start server module by importing a call handle for the remote interface. 

serversAddress: PupDefs.PupAddress = RPC.lmportRemotelnterface[ 
interfacetD: [3,101,25189677701 
! RPC.Problem => REJECT ]; 

InitCatlHandleCache; 

END. 
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.. Stub file ParamTestServerStubslmpl,mesa was generated on 27·0ct·80 9:19:16 
by Liaison of 27·0ct-80 9:11:25 . 

.. Source interface ParamTest came from file ParamTest.bcd, 
created on 27·0ct-80 9:16:10 (3#145#) from source of 21·0ct-80 9:17:05. 

DIRECTORY 
ParamTest, 
LiaisonBinder USING [ExportRemotelnterface, Message, Problem], 
PktStreamDefs USING [Complaining. GetBlock, GetWord, Handle, 

Listen, PutBlock, PutWord, SendNow], 
String USING [WordsForString], 
SystemDefs USING [AliocateHeapNode, AliocateHeapString, 

FreeHeapNode, FreeHeapString]; 

ParamTestServerStubslmpl: 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. 
o +- ParamTest.Null[]; 
.. Send RPC control message for the return. 
Stream.PutWord[client, RPC.Message[returnll; 
Stream.SendNow[ client]; 
END; .. of procedure 1. 

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

4 =>BEGIN 
paramSize: CARDINAL +- NULL; 
aD: CARDINAL; 
a1: CARDINAL; 
a2: CARDINAL; 
a3: CARDINAL; 
rO: CARDINAL; 
r1: CARDINAL; 
r2: CARDINAL; 
r3: CARDINAL; 
.. Get arguments (if any). 
aD +- Stream.GetWord[client]; 
a1 +- Stream.GetWord[client]; 
a2 +- Stream.GetWord[client]; 
a3 +- Stream.GetWord[client]; 
.. Perform the call. 
frO, r1, r2, r3] +- ParamTest.Four[aO, a1, a2, a3]; 
.. Send RPC control message for the return. 
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Stream.PutWord [client. RPC.Message[return]]; 
.. Send results (if any). 
Stream.PutWord[client, rOJ; 
Stream.PutWord[client. r1]; 
Stream.PutWord[ client, r2J; 
Stream.PutWord[client, r3]; 
Stream.SendNow[client]; 
END; ., of procedure 4. 

8 =>BEGIN 
paramSize: CARDINAL +- NULL; 
aO: ParamTest.Array20; 
rO: ParamTest.Array20; 
., Get arguments (if any). 

o +- Stream. GetBlock[ client, 
[@aO,O, 

2* SIZE[Param T est.Array20]]]; 
., Perform the call. 
frO] +- ParamTest.Twenty A rray[aO]; 
.' Send RPC control message for the return. 
Stream.PutWord[client. RPC.Message[return]]; 
., Send results (if any). 
Stream. PutBlock[ client, 

[@rO, 0, 2*SIZE[ParamTest.Array20]]}; 
Stream.SendNow[client); 
., Free string and descriptor arguments (if any). 
END; .. of procedure 8. 

10 =>BEGIN 
paramSize: CARDINAL+-NULL; 
aO: STRING; 
rO: DESCRIPTOR FOR ARRAY CARDINAL OF CHARACTER; 
., Get arguments (if any). 
paramSize +- Stream.GetWord[client]; 
IF paramSize = LAST[CARDINAL] 

THEN aO +- NIL 
ELSE {aO +- SystemDefs.AllocateHeapString[ 

Stream.GetWord[client]]; 
aO.length'" paramSize; 

.. Perform the call. 

o +-Stream.GetBlock[ client, 
[@aO.text, 0, 

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

frO] +- ParamTest.StringDesc riptor[aO); 
., Send RPC control message for the return. 
Stream.PutWord[client, RPC.Message[returnl1; 
.. Send results (if any). 
Stream.PutWord[client, LENGTH[rO]]; 
IF LENGTH[r01 # 0 

THEN Stream.PutBlock[client, 
[BASE[rO], 0, 

2* LENGTH[rO]*SIZE[CHARACTER]J]; 
Stream.SendNow[ client]; 
.. Free string and descriptor arguments (if any). 
IF aO # NIL THEN SystemDefs.FreeHeapString[aO]; 
END; .• of procedure 10. 

ENDCASE = > ERROR; 
ENDCASE = > ERROR; 

END; ., ReceiveClientCalis . 

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

Stream. Listen ( 
IisteningSocket: RPC.ExportRemotelnterface[ 

listeningProc: ReceiveClientCalls 
! Stream.Complaining = > REJECT 1; 

END. 

interfacelD: [3,101,2518967770] 
! RPC.Problem = > REJECT ], 
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A2.3 EtherPkt 

This example contains EtherPkt's two stub programs for the ParamTest interface: 

EPParamTeslClientSlubs/mpl and EPParamTestSen'erSlubs/mpl. The ElherPkl 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. 

Ethe rPkt: 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 .. 377B], 
source: [0 .. 377B]. 
type: PacketType. 
serial: CARDINAL. 
data: ARRAY [O .. PacketDataSize) OF UNSPECIFIED ]; 

Control: TYPE = POINTER TO ControlObject; 

Cont rolObject: TYPE = RECORD [ 
pktType: 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] ]; 

cont rol: PUBLIC Control; 

GetCont rol: 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 EPParamTestClientStubslmpl.mesa generated on 27-0ct-80 9:19:09 
by Liaison of 27-0ct-80 9:11:25. 

-- Source interface ParamTest came from file paramtest.bcd, 
created 27-0ct-80 9:16:10 (3# 145#) from source of 21-0ct-80 9:17:05 . 

.. Changed to do EtherPkt protocol by BZM on November 11, 1980 1 :53 AM. 

DIRECTORY 
ParamTest, 
EtherPkt USING[Control, GetControl, PacketHeaderSize, 

PacketObject, PacketType, RPCPktType, Send], 
LiaisonBinder USING [lmportRemotelnterface, Message, Problem], 
Process USING[MsecToTicks, SetTimeout], 
PupDefs USING [PupAddress, PupNameLookup]; 

EPParamTestClientStubslmpl: 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: PUBLIC PROC [] RETURNS [] = 
BEGIN •. of procedure 1. 
-- Code to send call message to server. 
outPkt.data[O] .. RPC.Message[call, 1··our procedure # _.]; 
.- Code to send arguments (if any). 
-- Tell server to execute the call. 
SendRequestAndReceiveReply[dataWords: 1]; 
SELECT LOOPHOLE[inPkt.data[O], 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[O] +- RPC.Message[call, 3··our procedure # .. ]; 
•. Code to send arguments (if any). 
outPkt.data[ 1] +- one; 
outPkt.data[2] +- two; 
.. Tell server to execute the call. 
Send RequestAndReceiveReply[dataWords: 3]; 
SELECT LOOPHOLE[inPkt.data[O], RPC.Message].type FROM 

return = > NULL; 
ENDCASE = > ERROR; 

.• Code to get results (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; 
total Calls: LONG CARDINAL'" 0; 
total Retransmissions: LONG CARDINAL ~ 0; 
Bump: PROC [counter: POINTER TO LONG CARDINAL] = 
INlINE { IF getStats THEN countert ... countert + 1 }; 

NoCallResponse: ERROR = CODE; 

InitSendRequestAndReceiveReply: PROC = 
BEGIN 
PupDefs.PupNameLookup[@ourAddress, "ME"L]; 
Process.SetTimeout[@inputWait, Process.MsecToTicks[reTransmitTimelnMsec]]; 
outPkt ... [ 

dest: servers Add ress. 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[@totaICalls]; 
outPkt.serial ... outPkt.serial + 1; 
THROUGH [O .. retriesUntiIFailure) DO 

END; 

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[@totaIRetransmissions]; 

REPEAT 
FINISHED =) ERROR NoCallResponse; 

ENDLOOP; 

.. Start server module by importing a call handle for the remote interface. 

serversAddress: PupDefs.PupAddress = RPC.lmportRemotelnterface[ 
interfacelD: [3,101,2518967770] 
! RPC.Problem =) REJECT ]; 

InitSendRequestAndReceiveReply; 

END. 
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.. Stub file EPParamTestServerStubslmpl.mesa generated on 27·0ct·80 9:19:16 
by Liaison of 27·0ct·80 9:11:25 . 

.. Source interface ParamTest came from file paramtest.bcd, 
created 27·0ct-80 9:16:10 (3 # 145 #) from source of 21·0ct·80 9:17:05 . 

. - Changed to do EtherPkt protocol by BZM on November 11, 1980 1 :53 AM. 

DIRECTORY 
ParamTest, 
LiaisonBinder USING [ExportRemotelnterface, Message, Problem], 
EtherPkt USING[Control, GetControl, PacketHeaderSize, PacketObject, 

PacketType, RPCPktType, Send], 
Process USING[DisableTimeout), 
PupDefs USING [PupAddress, PupNameLookup); 

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

_. These are managed by ReceiveRequest and Send Reply; 
inPkt, outPkt: EtherPkt.PacketObject ~ [dest:, source:, type:, serial:, data:]; 

ReceiveClientCalls: PROC = 
BEGIN 
DO ··Forever. 
ReceiveRequest[]; 
SELECT LOOPHOLE[inPkt.data[O], RPC.Message].type FROM 

call => 
SELECT LOOPHOLE[inPkt.data[O], RPC.Message] .info-·procedure # -- FROM 

1 =>BEGIN o ~ ParamTest.Null[]; 
.. Send RPC control message for the return . 
•. Done at Init: outPkt.data[O] ~ 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.data[2]] 

+- ParamTest.Two[inPkt.data[1], inPkt.data[21J; 
.. Send RPC control message for the return . 
.. Done at Init: outPkt.data[O] +- 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: EtherPkLControl; 
ourAddress: PupDefs.PupAddress; 
last8erial: CARDINAL; 

get8tats: BOOLEAN = F AL8E; 
requestsAccepted: LONG CARDINAL ~ 0; 
requestsRejected: LONG CARDINAL ~ 0; 
repliesResent: LONG CARDINAL ~ 0; 
Bump: PROC [counter: POINTER TO LONG CARDINAL] = 
INLINE { IF get8tats THEN countert ~ countert + 1 }; 

InitReceiveRequestAndSendReply: PROC = 
BEGIN 
PupDefs.PupNameLookup[@ourAddress, "ME"L]; 
Process.OisableTimeout[@inputWait]; 
outPkt +- [ 

dest: , 
source: ourAddress.host, 
type: EtherPkt.RPCPktType, 
serial: , 
data: [RPC.Message(return], """,,] ]; 

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 ENDLOOP; 
SELECT inPkt.serial FROM 

(lastSerial+-lastSerial + 1) =) EXIT; 
(lastSerial+-lastSerial·1) = > 

BEGIN 
SendReply[ether.output.size-Et~erPl<t.PacketHeaderSize]; 
Bump[ @repliesResentl; 
END' 

ENDCASE = > Bump[@'requestsRejected); 
ENDLOOP; 

Bump[@requestsAccepted); 
END; 

Send Reply: PROC [dataWords: CARDINAL] = 
INLINE BEGIN 
outPkt.dest +-inPkt.source; 
outPkt.serial +- tastSerial; 
ether .output.done +- FALSE; 
WHILE EtherPkt.8end[ @outPkt, 

EtherPkt.PacketHeaderSize + dataWords}.busyTryAgain DO ENDLOOP; 
END; 

-- 8tart server stub module by declaring the remote interlace fer bind ing. 

o +- RPC.ExportRemotelnterface[ 
interfacelD: [3,101,2518967770] 
! RPC.Problem = > REJECT ]; 

litReceiveRequestAndSend Reply; 

ReceiveClientCalls; 

END. 
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