Metalevel Engineering in
AmbientTalk

REME-D: a Reflective Epidemic Message-Oriented Debugger

Elisa Gonzalez Boix
egonzale@vub.ac.be

Vrije
Universit

Brussel

eit




Well-known Meta Programs

Debugger Compiler Class Browser

Object inspector Profilers

Interpreter

Monitors
Language Extensions
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REME-D

from a user perspective

»
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® Distributed debugger designed for AmOP

programes.
Intercession

® Ul implemented on top of the Eclipse
Debug Framework.

® |t is written in AmbientTalk itself
reflectively.
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Message-Oriented Debugging

e Online distributed debugger: Message-Oriented

® asynchronous message sending and reception.

aNO Debug - test/src/l: t™ ger.at - Eclipse - [Users/lisa/Doc rk -helios —)
Wi WA BNd B0O0Q ™S - vGlv XD Oy v 7y &'Java 33Dedbug »
s—

.
5 Debug &2 4 Servers = 4 ¥ = O} °ff sreakpoints | # Debug Element Viewer £3 = o]
v § instantMessenger [AmbiemTalk Application] r— Value

v @ AT at localhost] at [ VM~ -8686596228320518968) 52 1nbox
@ actor id: 66214005 (default) bv %8 Behavior
o actor id: -823074511 (line: 164) " @ super ail

L]
9 actor id: 2093842650 (ine:164) S wolf* m a I I b OX
»d lat:171 debug port [59321) @ IMGUI <obj:1959884287]init,display}>
t ] <0bj: 1671033923 setUsername,talkie

VIEW

# goShopping.at # warrantyBroker.at 3] ats3a, # ngerOld.at “ o

makePeer(username){
{ lusernamel

pause/resume| Tl behaviou

I H
display(text) {
system. println("IM-"+ username + + text);

Y
l Y
jef im := /.labsessions.InstantMessenger.createIN(IMGUI);

talk(to, msg) {
in. tolk(to,msg);

¥

between turng , . “- editor

& console 22 ] Tasks LogCat - w i & ~B-r5-=0
instantMessenger [AmbiemTalk Application] iat:171 debug port [59321]

Interactive AsbientTalk Shell, version 2.19 (development)

>>nil

[localManager.at) enabling debugging support by default on actor <ob):1369543768{debuggingState,debugging...}#[LocalManagerModule]>with id: 66214005
>>><0bj:1150322817 {makeFuture,makefuture:=, ... }>

test()
»>»<far ref:behoviour of <actormirror:2008817593>>
»[localManager.at] enabling debugging support by default on actor <obj:153523906{debuggingState,debuggings. ..}8[LocalManagerModule)s>with id: 2093842650

[localManager.at] enabling debugging support by default on actor <obj:983@53578{dcbuggingState,debuggings. ..}#[LocalManagerModule]>with id: -823074511
IM-elisa : Added buddy: wolf

IM-wolf : Added buddy: elise

Wv§b‘6 Insert 86:17




Message Breakpoints

Actor suspended when the message
reaches the head of the mailbox

anNnon Debug - test/src, at - Eclipse - /Users, =
C3~ A SNd $0-Q &S - v v s 7j &'sva $5Dedug >
%5 Debug £2 4 Servers > D4 99 Breakpoints | # Debug Element Viewer 83 =0

v § instantMessenger [AmbiemTalk Application)

I Name Value
¥ @ AT at llocalhost] at [ VM-~ -8686596228320518968) v [ Inbox
® actor id: 66214005 (default) > Gl receive
9 actor id: 823074511 (line: 164) v %! Behavior
@ actor id: 2093842650 (line:164) e il
» lat171 debug port [59321) @ username “elisa®
@ IMCUI <0bj: 74775789 1(iniv displayl>
o im <0b): 104665 766(setUsername, talk)>
€ > <>
] at 3 .at E gerat 22 & gerOld.at =0
localFacade := ect
setUsernome(un) { username := un; startINQO};

talk(to, string) {
buddy := buddylist.get(to);

L]
LEREEE L, : Breakpoints are

R e configurable per VM.

£ Console £3 0 71 Tasks ! LogCat - » oG 2 B-r3-°0
(AmbiemTalk ian17 Mebug port (59321)

>>nil
[localManager.at) enabling debugging supy

rt by default on actor <obj:1369543768{debuggingState,debugging. ..}@[LocalManagerModulel>with id: 66214005
>>»<0bj: 1150322817 {makeFuture ,makeFuture:!

P

test()
>><far ref:behaviour of <actorsirror:2008814593>>

>[localManoger.ot] enabling debugging suppolk by default on actor <obj:153523906{debuggingState,debuggingS.
[localManager.at) enabling debugging supporfby default on actor <obj:983053578{debuggingState,debuggings.
IM-elisa : Added buddy: wolf
IM-wolf : Added buddy: elisa

.. }#[LocclMancgerModule)>with id: 2093842650
}#[LocalManagerModule]>with id: -823074511

wolf<-talk("elisa™, "hallo®);
»»nil
>

Breakpoints on loc of asynchronous message
sends (the <- operator) s




Message Resolved Breakpoints

Actor suspended when the message
with the return value of the
computation reaches the head of

aNO Debug - test/src/ - [Users/lisa/Documents/workspace-helios
C3v AlSid $#0-Q | &S 4~ vl . 75 &ava 15Dedug » °

%5 Debug 82 4 Servers > 3G ¥ = 0| 9% sreakpoints | # Debug Element Viewer &3 ' e m a I OX
vi ger [AmbienTalk e Value

¥ @ AT at flocalhost] at [ VM-~ -8686596228320518968)
W actor id: 66214005 (default)
9 actor id: ~-823074511 (line:164)
»® actor id: 2093842650 (line:164)

v £ Inbox
> A receive
v %] Behavior

© super nil
» lat:171 debug port (59321 @ username “elisa®
© IMGUI <0bj:747757891linit,display)>
@ im <obj: 104665 766(setUsername, talk}>
€ ) “«»
] at ] at ] gerat 22 & Old.at =0
localFacade := t
setUsernome(un) { username := un; startINQ};
talk(to, string) {
buddy := buddylist.get(to);
(il == buddy)
listener.display(“Unknown buddy v to);
. 0
msg := TextMessage.nen(usernome, o
of fut :e buddy<-receive(msg)@futureMesso
fut { lock!
. i T . to);
} cat TimefException { tel
listen play("messag + msg.content + " timed out.");
h
b 1
1. v
&) Console £3 . ) Tasks | LogCat - xS E »B.r5-=0
[AmbiemTalk far: 1 debug port [59321]
s>>ail
[localManager.at) enabling debugging siport by default on actor <obj:1369543768{debuggingState,debugging...}®[LocalManagerModulel>nith 1d: 66214005
»»»<0bj:1150322817 {makeFuture ,makeFuturf~, ... }>
test()

>><far ref:behaviour of <actormirror:200,
>[localMancger.at] enabling debugging sup)
[localManager.at] enabling debugging supp
IM-clisa : Added buddy: wolf
IM-wolf : Added buddy: elisa

17593>>
rt by default on actor <obj:153523906{debuggingState,debuggings. ..}e(LocalManagerModule)>nith id: 2093842650
t by default on actor <obj:983953578{debuggingState,debuggings. ..}8[LocalManagerModule]>nith id: -823074511

wolfe<-talk("elisa®, “hallo®);
»»nil

Breakpoints on loc of asynchronous message
sends (the <- operator) «»




Method Breakpoints

Actor suspended when any
message defined on the given line
of code reaches the head of the
mailbox

aNO at - Eclipse SDK
C3r B0 | ™S 4~
% Debug 52 ¥ = O ®= variables | 3 Debug Element Viewer 33 %% Breakpoints =0
¥ § InstantMessenger.at [AmbientTalk Application) Name Value
» @ iat:104 at [ VM~ 624911028933920399) ¥ 1 Inbox
¥ @ Infected IAT at [ VM-~ -2102162322359924948] at [ VM~ -2102162322359924948) > &3 receive
4 actor id: 664422917 (default) v %! Behavior
4@ actor id: 669381911 (line:162) © super “nil®
» 9 actor id: 363748864 (line:162) © username “wolf™
o8 iar104 ° IMGUI *<obj:1101985688{Init,display}>"
@ im *<obj; 1174486488{sctUsername talk}>"
e o~
# testDebug.at # sample.at [4) mcuLjava ¥ goShopping.at § goShoppingSectiong.a 3 y at B gerat 82 - 713 =n
T
remoteFacade =
receive(textMsg) {
listener.displa Hrom + " + textMsg.content); 0
+ textMsg.content;
of getNase(
usern
|5
b 2
.
Console | 7] Tasks 4’ Search &) Console 23 . @) Error Log & Console - » bl & # B-05-70

ication] iat:104

version 2.21 (development)

9ing support by default on actor <ob):1742814727{debuggingState,debugging...}@[LocalManageriodulel>with id: 664422¢
,debugging. . . }8[LocalManagerModule]>

InstantMessenger.at [AmbiemTalk
Interactive AsbientTalk Shell
[localMonager.at] encbling de
»»<0bj:1742814727{debuggingSta
>t

test

>><far ref:behaviour of <actormiffor:1770446243>>

>[localManager.at] cnabling debugling support by default on actor <obj:952443392{dcbuggingState,debugging$...}#[LocalManagerModule]>with id: 66938:
[localManager.at] encbling debuggMg support by default on actor <obj:1069531064{debuggingState,debugging...}@[LocalManagerModule]>with id: 3637481
IM-wolf : Added buddy: clisa
IM-elisa : Added buddy: wolf

talk("hi")
>>nil

Breakpoints on loc of a mgthod definition




Step-by-Step Execution

® Step Over a message

® Step Into a message

® Step Return a message

94




Step Into

aNOn

® Step-into to navigate on the messages sends as a
result of the execution of the paused message.

localfFacade := t: {
setUsernome(un) { username := un; startIN()};
talk(to, string) {
buddy :« buddylist.get(to);
(r = buddy)
listener.display("Unknown buddy v to);
}
msg := TextMessage. (usernome, string);
° fut :« buddy<-receive(msg)@futureMessage;
fut { lock!
listener.display( msg.content + + to);
current actor an it S e
listener.display( + msg.content + d out.");
|5
| 5
. b
recelver actors o :
& Console 82 ¥ Tasks LogCat

instantMessenger [AmbiemTalk Application] iat:171 debug port [59321]

>>><0bj 11150322817 {mokeFuture ,makeFuture:=, ... }>

messages sent
within a turn are
paused.

test()
>><far ref:behaviour of <actorsirror:2008817593>>

IM-elisa :
IM-wolf :

Added buddy: wolf
Added buddy:

lisa

wolf<-talk("elisa®, "hallo®);
»»nil
»IM-elisa :

wolf: hallo
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Debug - test/src/l! M .at - Eclipse - /Users/lisa/Doc 'workspace-helios -
L3 AlSnd % 0Q | ™S 4~ v 3lv . 75 &’sava $3Debug »
%7 Debug £3 4 Servers > = ¥ = 0|9 preakpoints | # Debug Element Viewer 53 =0
# instantMessenger [AmbiemTalk Application] Name Value
v @ AT at [localhost] at [ VM~ -8686596228320518968] 52 Inbox
W@ actor id: 66214005 (default) =4 resolveWithValue
v ® actor id: -823074511 (line:164) &8 Behavior
= resolveWithValue(nil) N nil
W actor id: 2093842650 (ine:164) o username wolf"
». lat:171 debug port [$9321] © IMGUI <0bj:1959884287(init display)>
@ im <0ob): 1671033923 {setUsername, talk}>
€ > <>
§ goShopping.at § warranty@roker.at £ InstantMessenger.at 22 £ InstantMessengerOld.at =0

[localManager.ot] enabling debugging support by default on actor <ob):1369543768(debuggingState,debugging...}@[LocalManagerModule]>with id: 66214005

>[localManager.ot] enabling debugging support by default on actor <obj:153523906({debuggingState,debuggings..

[localManager.cot] enabling debugging support by default on actor <obj:983853578{debuggingState,debuggings...}®[LocalManagerModulel>nith id:

#B.re-°0

.J8[LocolManogerModule)>with id: 2093842650
-823074511




Step Return

® Return from a message is paused.

aNO Debug - test/src/InstantMessenger.at - Eclipse - /Users/lisa/Documents/workspace-helios )

L3~ AlBnd #0Q S| Lo ol

i‘}m =3 b Servers > = ¥ = 0|9 Breakpoints | § Debug Element Viewer 53 =0
BT o bttt - 005583303205 10968 e e

W@ acror id: 66214005 (default)
v ®actor id: -823074511 (line: 164)
= resolveWithValue{nil)

= resolveWithValue
% Behavior

© super nil
i actor id: 2093842650 (line:164) ® usemame wolf*
»d lat:171 debug port [$9321) © IMGUI <obj: 1959884287 (init,displayl>
®im <0b): 1671033923 {setUsername,talk}>
€ > «»
£ goShopping.at £ warranty@roker.at £ InstantMessenger.at 2 £ InstantMessengerOld.at =0
localFacade := tr
setUsernome(un) { username := un; startIN()};
talk(to, string) {

buddy :« buddylList.get(%o);

(nil == buddy) {

listener.display(“Unknown buddy v to);

} etser ¢ ¢
msg := TextMessage.new(usernome, string);
° fut :« buddy<-receive(msg)BFutureMessage;
fut { lockl
listener.display( msg.content + . t v to);
} TimeoutException { lel
listener.display("messag + msg.content + timed out.");
'
° | 5 2
the receilver ot the :

Bl console 22 | Tasks LogCat i GEE 2 B-r5»=0

instantMessenger [AmbiemTalk Application] iat:171 debug port [59321)

[localManager.ot] enabling debugging support by default on actor <ob):1369543768(debuggingState,debugging. . .}#[LocalManagerModule]>with 1d: 66214905
»>>><0bj 1150322817 {mokefuture,mokefuture:=, ... }>

test()
>><far ref:behaviour of <actormirror:2008817593>>

°
>[localMancger.ot] enabling debugging support by default on actor <ob):153523906({debuggingState,debuggings. . .}8[LocelManagerModulel>with id: 2093842650
u u rIZe I I Iessa es [localManager.at) enabling debugging support by default on actor <obj:983053578{debuggingState,debuggings.. .} [LocalManagerModulel>nith 1d: -823074511
IM-elisa : Added buddy: wolf
IM-wolf : Added buddy:

M d wolf<-talk("elisa®, “"hallo®);
Se nt I S Pau Se [} :;::;hza : wolf: hallo

isa
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Open Debugging Sessions

® |t does not require to define a priori the devices
participating in a debugging session:

Actors added dynamically to a debugging session
®) - . o
upon receiving a message with breakpoint (*).

Network failures # exceptions

‘ actor removed from the debugging session, ’

and resume if necessary.

(*) Actor needs to be declared debuggeable: lauched with -Xdebug option.
97




Open Debugging Sessions

ANO Debug - test/src/l t™M ger.at - Eclipse - Users/lisa/Doc [workspace-heli -
L3~ AlSnd 0-Q- | ®*s 4~ v 3l v oo 79 &’sava $3Debug »
A% Debug £3 0 U7 Servers > S, C A ¥ = 0| 9 preakpoints | # Debug Element Viewer 53 =0
v # instantMessenger [AmbiemTalk Application) Name Value
v @ IAT at [localhost] at [ VM~ -8686596228320518968) v 5 Inbox
»® actor id: 66214005 (default) T__in:::we
o actor id: 823074511 (line: 164) v %] Behavior
@ actor id: 2093842650 (line:164) @ super nil

v & Infected IAT at [ VM~ 3370761153529851965] at { VM~ 3370761153529851965) @ username “carlos”
b of actor M- ~293962779 (line:164) @ IMGUI <0bj: 709342045 iniv display)>
» lat171 debug port [59321) )

® im <0b):1230025818{setUsername,talk}>
v 9 InstantMessenger [AmbienmtTalk Application]

» it 172 debug port [-1] € ;] 4>
§ goShopping.at § warrantyBroker.at £ InstantMessengerat 22 # InstantMessengerOld.at =0
localFacade := ect
setUsernome(un) { username := un; startINQ)};

talk(to, string) {
buddy :« buddylist.get(%o);

(r w= buddy) {
listener.disploy("Unknown buddy + to); O
} e: {
msg := TextMessaoge. (usernome, string);
° of fut :e buddy<-receive(msg)@futureMessoge;
fut { leckl!
listener.display( msg.content + sent to v to);
} t TimeoutException { lel
listener.display("messag + msg.content + timed out.");
b
| 5
| H =
1.
B Console £ . ¥ Tasks LogCat - x G~ Berse =0

instantMessenger [AmbienmTalk Application] iat:171 debug port [59321)

o [localManager.cot] enabling debugging support by default on actor <ob):983053578{debuggingState,debuggings. .. .}8[LocalManagerModule]>with 1d: -823074511
In e< :te a( :to rs IM-elisa : Added buddy: wolf
IM-wolf : Added buddy: elisa

wolfe-talk("elisa®, "hallo");

are added to the i

IM-wolf : Added buddy: carlos
IM-elisa : Added buddy: carlos

debug view

>

infected actors are not stopped when the session ends!
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® More info at:

http://code.google.com/p/ambienttalk/wiki/
DebugginglnEclipse

® For the session:
® Don’t forget to open the Debug Element View.
® Always debug your app with -n option. ’
® Be patient with the Eclipse GUI :)

99
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® More info at:

http://code.google.com/p/ambienttalk/wiki/
DebugginglnEclipse

® For the session:

® Don’t forget to open the Debug Element View.
® Be patient with the Eclipse GUI :) ’
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REME-D

from a programmer perspective

»




REME-D Architecture

Debugger Device

debugger

core and ui

/ manager

listener for commands

‘ Eclipse Plugin

JavaVM

i AT VM

Application Actor

from eclipse GUI

listener for events from
debugger manager

N

Each actor being debug carries
a local manager

102




Debugger Manager

® Manages the debugging session:
® Keeps list of actors in debug.

® Enables communication with GUI and local

managers. communiczD
from GUI
® |ocal Interface
® Remote interface
communication
from local managers

}




Debugger Manager

methods called from
EclipseController.commandBehaviour

def locallnterface := object: {
def breakpointActiveOn(filename, 1ineNumber, 1istVMIds);

def clearBreakpoint(filename, lineNumber);
def setBreakpoint(filename, lineNumber, messageResolved := false);
def stepReturn(actorld);
def stepOver(actorId);

def stepInto(actorld);
def resumeActor(actorId);

def pauseActor(actorld);
def loadMainCode(actorld);

def setupDebugSession(debugEventlList);
def getLocalManagerById(localManagerld);

def listLocalManagers();

¥ accessible from Eclipse
Plugin in AT Debugger Manager

Console

eclipseController.debuggerSessionBhv. stepOver (-1253) ;
104




Debugger Manager

methods called

from
localManager

def remotelnterface := object: {
def actorStarted(actorld, sourcelLocation, frLocalManager);
def actorPaused(actorld,actorState);
def actorResumed(actorld);
def updateInbox(actorld, msg, addition := true);
def updateMessageSent(actorld, msg);

+s

methods

in turn call
EclipseController.debuggerEventListener

105




Local Manager

methods called

from
def interfaceDebuggerManager := object: { debuggerManager
def evaluateCode();
def startInDebugMode(tableCodeBreakpoints);
def pause();
def resume();
def stepInto();
def stepReturn();
def stepOver();
def stepReturn();
def stepInto();
def addBreakpoint(breakpoint);
def removeBreakpoint(breakpoint);

+s

106




Local Manager

® Actor protocol overriding 3 meta-level methods:

extend: actor with: {
def actorId := debuggerUtilModule.generateRandomId();

def debuggingState := INITIAL;
def pausedState := INITIAL;

def debuggerManager := nil;

def inbox := [];

def senderBreakpoints := atHashMap.new();
def receiverBreakpoints := atHashMap.new(); debugging

related messages annotated with
@Debug

def send(rcv, msg);

def schedule(rcv, msg);

def serve();

def interfaceDebuggerManager := object: { ...}

+s
+s 107




Breakpoints

must import
the breakpoint trait

codeBreakpoint

conditionalBreakpoint

message
breakpoint

method
breakpoint

1

message resolve
breakpoint

108
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future

breakpoint ,




Breakpoints

}s

def TBreakpoint

def
def
def

def

s

def
def
def

+s
def

}s
def

3

def
def

+s

:= isolate:{ closure takes as parameter

condition; .
breakpointld: message and receiver
breakpointTypes;
init(cond, types, bId := /.at.support.debugger.util.generateRandomId()){

self.breakpointIld := bld;

self.condition := cond;
self.breakpointTypes := types;

getBreakpointId() {self.breakpointId};
onEntry() {true};
==CotherBreakpoint) {
self.getBreakpointld == otherBreakpoint.getBreakpointId

matches(rcv,msg) {
self.condition(rcv,msg);

print() {

<" + self.toString() + ":taggedAs:'

1 n n

+ self.breakpointTypes + ">";

getBreakpointTypeTags() { self.breakpointTypes };
1sTaggedAs(typeTag) {
{ lreturnl
self.breakpointTypes.ecach: { It
if: t.isSubtypeOf(typeTag) then: { retur

s
false;

SenderBreakpoint and/or
}.escape();

ReceiverBreakpoint
109




Breakpoints

def methodBreakpoint := extendIsolate: codeBreakpoint with:{
def init(Cname, number) {

def cond := script: { Ircv, msgl
def res := false;
if: ((reflect: rcv).respondsTo(msg.selector)) then: {
def method := (reflect: rcv).grabMethod(msg.selector);
def sourcelLocation := /.at.support.util.getSourcelLocation(method);
if: (nil != sourcelLocation) then: {
if: ((hame == sourcelocation.fileName).and:{number == sourcelLocation.line}) then: {
res := true;
s
s
s
res;

} carrying: " [name, number];
superAinit(name, number, cond, [/.at.support.debugger.util.ReceiverBreakpoint]);
s
def toString() {
"method-breakpoint:"+ superAtoString(Q);
s
s

110
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® For the session:

® Don’t forget to make the Eclipse plugin point to
the atlib in your project.




