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New debugging tools...

Why?
Debugging is hard.

We saw an opportunity to improve the debugging
experience.



Debugging Objects is Challenging:
An Example

x =0 SplitJoinTest>>testSplitOrderedCollectionOnOrderedCollection v
SplitJoin SplitJoinTest > instance side %, testSplitJoinStringOnString
Traits running testSplitOrderedCollectionOnElement
Collections-Abstract-Traits testSplitOrderedCollectionOnOrderedCollection

g testSplitJoinStringOnChar
@ All Packages O ScopedView | @ Flat O Hier. | @ Inst.side O Classside | ® Methods O Vars | Classrefs. © Implementors ) Senc

c SplitJoinTest x i setUp X V'] testSplitOrdere x % UML-Class X <+ Inst. side methc x OE«=»

testSplitOrderedCollectionOnOrderedCollection
self assert: (((1 to: 10) asOrderedCollection) splitOn: ((4 to: 5) asOrderedCollection))
equals: {(1 to: 3) asOrderedCollection . (6 to: 10) asOrderedCollection} asOrderedCollection.

1/3[1] x @ running (| extension [/ F +L W

é)cz f Produces 3 OrderedCollection
splitOn: E-E
oce
s [ [aTE e




Debugging Objects is Challenging:
An Example

x =0 SplitJoinTest>>testSplitOrderedCollectionOnOrderedCollection v
SplitJoin SplitJoinTest instance side %, testSplitJoinStringOnString
Traits running testSplitOrderedCollectionOnElement

Collections-Abstract-Traits testSplitOrderedCollectionOnOrderedCollection
Filte testSplitJoinStringOnChar

@ All Packages O ScopedView | @ Flat O Hier. | @ Inst.side O Classside | @ Methods O Vars | Class refs. Implementors Sen¢

c SplitJoinTest Y] setUp X Y| testSplitOrderei x % UML-Class X = Inst. side methc x WINEE R

testSplitOrderedCollectionOnOrderedCollection
self assert: (((1 to: 10) asOrderedCollection) splitOn: [((4 to: 5) asOrderedCollect'ion)b
equals: {(1 to: 3) asOrderedCollection . (6 to: 10) asOrderedCol jon} asOrderedCollection.

1/3[1] x @ running extension F+ W

There is an OrderedCollection instantiated
somewhere during that call.

“I want to see how its instance variables evolve”



Debugging Objects is Challenging:

An Example

SplitJoinTest>>testSplitOrderedCollectionOnOrderedCollection

X =CEl
SplitJoin SplitJoinTest instance side %, testSplitJoinStringOnString
Traits running testSplitOrderedCollectionOnElement

Collections-Abstract-Traits

testSplitOrderedCollectionOnOrderedCollection

testSplitJoinStringOnChar

@ All Packages O ScopedView | @ Flat O Hier. | @ Inst.side O Classside | @ Methods O Vars | Classrefs.
=+ Inst. side methc x O &

c SplitJoinTest  » Vi setUp X V4] testSplitOrdere: x A UML-Class

Implementors Senc

testSplitOrderedCollectionOnOrderedCollection
self assert: (((1 to: 10) asOrderedCollection) splitOn: l(4 to: 5) asOrderedCollection)'
equals: {(1 to: 3) asOrderedCollection . (6 to: 10) asOrderedCollection} asOrderedCollection.

x @ running || extension [ | F +L W

There is an OrderedCollection instantiated =P 1. Find the object
somewhere during that call.

‘I want to see how its instance variables evolve” =P 2. Specific object
debugging operations

Conventional Debugging

> A2 2 2 2 ¥ N A 2 N 2
Over Over Over Over Into Into Over Over Into Over
To instantiation instruction

Many steps /
uncomfortable conditional breakpoints

b
Into
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Debugging Objects is Challenging:
An Example

1. Find the object

2. Specific object
debugging operations

Are there special tools to make
these task easier?

11



Object-centric debugging?...

e What is Object-centric debugging [1]?

o Makes objects the focus of debugging operations.

o  Debugging operations are defined to answer developer questions
related to runtime behavior of objects.

o  Object-centric Debugging operators examples:
m Haltonread

m Halt on write
m Halton call

[1]1J. Ressia, A. Bergel, O. Nierstrasz, Object-centric debugging, in: Proceeding of the 34rd international conference on Software engineering, ICSE ’12, 2012.
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Object-centric
A promising debugging approach for OOP[1]

e It helps debugging when:;

o Developers debugging questions are closer to the objects
which model the domain.

o Developers wants to follow an object behavior, avoiding
traditional breakpoint management tediousness. e.g: ‘I want to
see how its instance variables evolve”

e A prototype was presented and shown to be more effective supporting
typical debugging tasks than traditional stack-oriented debugger.

[1]1J. Ressia, A. Bergel, O. Nierstrasz, Object-centric debugging, in: Proceeding of the 34rd international conference on Software engineering, ICSE ’12, 2012.
13



The problem...

e Scoping debugging operations (such as breakpoints) on specific
object is difficult!

o Devs must initially find such object identity first.

o Manually step to the object of interest, or step through
breakpoints hits to find it.

14



The problem...

e Scoping debugging operations (such as breakpoints) on specific
object is difficult!

o Devs must initially find such object identity first.

TEDIOUS AND
o Manually step to the object of interest, or step through ERROR-PRONE MANUAL
. . . \WORK!
breakpoints hits to find it.
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The problem...

e Scoping debugging operations (such as breakpoints) on specific
object is difficult!

o  Devs must initially find such object identity first.
o Manually step to the object of interest, or step through

breakpoints hits to find it.

A A2 A2 A2 N N A A N A M

Over  Over Over Over Into Into  Over Over Into  Over Into

If only there was a way to fix this ...

TEDIOUS AND
ERROR-PRONE MANUAL
WORK!
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Time-traveling debuggers

e Main features: reverse a program execution and deterministic replay.
o With these debuggers, any stepping error can be amended by
stepping back. (Stepped too far? No need to restart, just take a
step back).

o Developers want to check a past state of the program? No need
to restart, just reverse it. e.g: reverse to an object instantiation.

17



There is another problem...

e To the best of our knowledge, time-traveling solutions
don't provide object-centric debugging operators.

18



Context summary

Object Centric Time-Traveling
Debuggers Debuggers

e Improves debugging experience in OOP. e Improves tediousness, and debugging/stepping
mistakes are less costly.

e Sill tedious and error prone. e So far, no support for object-centric debugging.

19



Context summary

Object Centric
Debuggers

® +

Improves debugging experience in QOP.

Sill tedious and error prone.

Time-Traveling
Debuggers

Improves tediousness, and debugging/stepping
mistakes are less costly.

So far, no support for object-centric debugging.
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Our proposition

® +

|
8 ' 4
- - E= " 1, New debugging
D tools for OOP
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Our proposition

2. How to combine them?

&

Second general question:
How to combine them?

23



How to combine them?

Our answetr:
Time-Traveling Queries



Combining both techniques

Time-Traveling Queries”

What is the value of this variable during execution?

program program
start stop

|@ @ @ D D D D O D D O D D D D Ol On step 1 value changed from nil to 100

as as as as as as as as as as as as as as as On step 4 value changed from 100 to 200
(i) : program state (i) as: automatic step On step 40 value changed from 200 to 0

(*) M. Willembrinck, S. Costiou, A. Etien, S. Ducasse. Time-Traveling Debugging Queries: Faster Program Exploration.
International Conference on Software Quality, Reliability, and Security, Dec 2021, Hainan Island, China.

25



Combining both techniques

Time-Traveling

Do you have a debugging question?

Select a Time-Traveling Query from the Queries Menu!

x -0 DoubleLinkedListTest>>testLinksDo >
Debugger
Stack 2 %
Class Method Package o
DoubleLinkedListTest testLinksDo Collections-DoubleLinkedLi:

DoubleLinkedListTest (TestCz performTest SUnit-Core

DoubleLinkedListTest (TestC:[self setUp. self performTest] SUnit-Core

CullDlarkrlacirn IDlackClac ancura: Warnal
> ¥ 2 > IJ G H Q + ©
Procesd  into  Over Though Runto  Restat Rewm Whersis? Creste  AdvancedStep

| LISL LINKS 1nuex |
list := DoubleLinkedList new.
links := OrderedCollection new.
1 to: 10 do: [ :each |

links add: (list add: each) ].
index := 1.

~ o ;B W N

A

Queries Menu

/

Queries”

Find execution data and explore your execution
conveniently from the Query Results

Step number

7 Messages - Object Centric
1f Instances Creations
%7 Assignments - Object Centric b

[ All Message Sends

%] All Received messages

<> Assignments - General »

(*) M. Willembrinck, S. Costiou, A. Etien, S. Ducasse. Time-Traveling Debugging Queries: Faster Program Exploration.

International Conference on Software Quality, Reliability, and Security, Dec 2021, Hainan Island, China.

(timestamp) Query results
Seeker
Stepping Control
- L g + o5 @ > ©
Backl  Adv.l Adv. Prev.Statement  Reset  ToEnd  STOP
Query  Scriptin,
Query for All Message Sends with selected selector : (add:) Re-execute
Step Msg Receiver Oid Msg Selector
1 56 list (DoubleLinkedList) 8 add:
2 104 links (OrderedCollection) 18 add:
3 138 list (DoubleLinkedList) 8 add:
4 191 links (OrderedCollection) 18 add:
5 225 list (DoubleLinkedList) 8 add:
6 278 links (OrderedCollection) 18 add:
T 217 lict (Nauihlal inked! ist) ! add-
Filter... v
< >

Sho_wing 20 results, fetched in: 282ms.
ExecutedBytecode: 56 (3.06% of known execution)

26



Combining both techniques

With Time-Traveling Queries

We developed SeekerOC and an
Enhanced Pharo Inspector to improve the
debugging experience.

Made for Pharo 10.

27
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Improving Debugging Challenges:
Back to the example

x -0 SplitJoinTest>>testSplitOrderedCollectionOnOrderedCollection v .
SplitJoin SplitJoinTest instance side &, testSplitJoinStringOnString There Isan
Traits running testSplitOrderedCollectionOnElement OrderedColleCtion

Collections-Abstract-Traits testSplitOrderedCollectionOnOrderedCollection

testSplitJoinStringOnChar InStantlated Some\X/here

@ All Packages O ScopedView | @ Flat O Hier. | @ Inst.side O Classside | @ Methods O Vars | Classrefs. ©) Implementors © Senc during that call.
c SplitJoinTest  x Vi setUp x ¥ testSplitOrdereix % UML-Class X < Inst. side methc x O e
testSplitOrderedCollectionOnOrderedCollection

self assert: (((1 to: 10) asOrderedCollection) splitOn: [(4 to: 5) asOrderedCollection) "I \X/ant to see hO\X/ [tS
equals: {(1 to: 3) asOrderedCollection . (6 to: 10) asOrderedCollection} asOrderedCollection. . .
instance variables

evolve”

1/3[1] x @ running || extension F+ W

oc__ __
assert: I|1|2|3|4|5|¢s|7|a|9|1o|| Produces 3

_________________ u . .

_692_ __5 OrderedCollection 1. Find the object

spliton: ::

I_oge _______________ l 2. Specific object
equals: 1 [1]2[a]|[6[7]s o]0l | debugging operations

0oC7 ocs 29



Improving Debugging Challenges:

Back to the example

x -0 SplitJoinTest>>testSplitOrderedCollectionOnOrderedCollection v
SplitJoin SplitJoinTest instance side testSplitJoinStringOnString
Traits running testSplitOrderedCollectionOnElement
Collections-Abstract-Traits testSplitOrderedCollectionOnOrderedCollection
testSplitJoinStringOnChar
@ AllPackages O ScopedView | @ Flat O Hier. | @ Inst.side O Classside | ® Methods O Vars | Classrefs. Implementors Sen¢
SplitJoinTest setUp testSplitOrdere UML-Class Inst. side methc

testSplitOrderedCollectionOnOrderedCollection
self assert: (((1 to: 10) asOrderedCollection) splitOn: ((4 to: 5) asOrderedCollection))
equals: {(1 to: 3) asOrderedCollection . (6 to: 10) asOrderedCollection} asOrderedCollection.

We made tools
to make this
easier!

1/3[1] > running extension F+L W
o0
assert::’1‘2’3‘4’5‘6’7‘8’9‘10', orod ;
T T e roauces . .
oc2 OrderedCollection 1. Find the object
splitOn: :_4__5J}
088 _ 2. Specific object
equals: 1 [1]2[3]|[6[7]s]s 10! i debugging operations
_______%(;é:::i:i:_ 30




NEW OOP DEBUGGING TOOL

. SeekerOC

1. Easy objects finding and identification using TTQs

Proceed  nto Over  Through Runto

SplitJoinTest>>testSplitOrderedCollectionOnOrderedCollection

Restart  Retum Whereis? Creste  Advanced Step

x -0
Stack 12
Class Method Package
SplitJoinTest testSplitOrderedCollection( Collections-Abstract-Tests
SplitJoinTest (TestCase)  performTest SUnit-Core
SplitJoinTest (TestCase) [self setUp. self performTes SUnit-Core
b ¥ 2 ™ 3 G S q + ©

N o=

asplitJoinTest (spl < Find #F
[1 copy seC
| 26 cut £3%
[l Paste %8V

[ Paste...

testSplitOrderedCollectionOnOrderedCollection
self assert: (((1 to: 10) asOrderedCollection)

spliton: . rderedCollection))
3 ePDoit %D 3) asOrderedCollection .
to: 10) @Inspectit  g¢) Lt 0

= Seckerqures - Messages :

/' Messages - Object Centric  »

(6
n.

Seeker
Stepping Control
R | =» 2 1+ f > (X}
Backl  Adv.l Adv.Statement Prev.Statement Reset  ToEnd  STOP
Query  Scripting
v Query for All Instances Creation of class named as selection : (O
Step About to instantiate a:
1 67 OrderedCollection [Collections-Sequence...
2 592 OrderedCollection [Collections-Sequence...
3 760 OrderedCollection [Collections-Sequence...
4 1136 OrderedCollection [Collections-Sequence...
5 1501 OrderedCollection [Collections-Sequence...
Filter...

<
Showing 8 results, fetched in: S.

% Assi £ All Instances Creation

ExecutedBytecode: 34 (1.10% own execution)
!

A

Lists all OrderedCollection objects instantiated during the test

Re-execute
Sender's Class
OrderedColle
OrderedColle:
OrderedColle:
OrderedColle:
OrderedColle:

31



NEW OOP DEBUGG

ING TOOL

. SeekerOC

1. Easy objects finding and identification using TTQs

x -0
Stack

Class

SplitJoinTest
SplitJoinTest (TestCase)
SplitJoinTest (TestCase)

b ¥ A2 & I3 G S Q + ¢

SplitJoinTest>>testSplitOrderedCollectionOnOrderedCollection

ia
£ Stepping Control
Method Package 4 @ = & 1 f@ > (X]
t lSpIitOrdere dCollection(Collections-Abstract-Tests Backl Adv.1  Adv.Statement Prev.Statement  Reset ToEnd STOP

performTest SUnit-Core Query  Scripting
[self setUp. self performTes SUnit-Core ¥ Query for All Instances Creation of class named as selection: (0 Re-execute
Step About to instantiate a: Sender's Class

to: 10) asOrderedCollection} asOrderedCollection.

Proceed  nto  Over Through Runto  Restat Retum Whereis? Creste  AdvancedStep 1 67 OrderedCollection [Collections-Sequence... OrderedColle: *
2 592 or
; teStsﬂ“'torde:?dcoul-e:t'!°';gn°rd(e)r:dCo:(l:eit1o;t|. 3 760 Or, List all messages send to the object
?e e o: ) 2 er? BeEEE) 4 1136 or List all assignments of the instance variables of the obeject
splitOn: ((4 to: 5) asOrderedCollection)) et
3 equals: {(1 to: 3) asOrderedCollection . (6 5:  1adl orjinopectihequery )
. : - Filter... Inspect the query result collection )

<

a SplitJoinTest (SplitJoinT...

Showing 8 results, fetched in: 258ms.
ExecutedBytecode: 34 (1.10% of known execution)

The listed objects can be directly inspected.

32



NEW OOP DEBUGGING TOOL

Il. Enhanced Pharo Inspector

2. Easy object and variables tracRing, using Object-Centric TTQs.

% — [0 (Oid:<67>@Time: <88>) Inspector on an OrderedCollection [0 it¢ -
an OrderedCollection [0 ite... S @ ‘ _QQ*Q*EE*"I
- Time-Travel to instantiation instruction
Iftems ~ Raw  Breakpoints = Meta | List all messages sent to the inspected object
+Variable +Value  Specific message... »
{ }self an OrderedCollection [0 items] () | List all assignment to the instance variables of the inspected object
» { }array an Array [10 items] (nil nil nil nil nil nil nil nil 1 Specific |nst?ncevanable... X
Find all readings of self
» I firstindex 1 2=
» ¥ lastindex 0 |

1| self




NEW OOP DEBUGGING TOOL

Il. Enhanced Pharo Inspector

2. Easy object and variables tracRing, using Object-Centric TTQs.

x — O (Oid:<67>@Time: <88>) Inspector on an OrderedCollection [0 it¢ - ’

an OrderedCollection [0 ite...

ltems Raw  Breakpoints = Meta

+Variable
{ }self
» { }array
» I firstindex
» I lastindex

1| self

+Value
an OrderedCollection [0 items] ()

an Array [10 items] (nil nil nil nil nil nil nil

1
0

g

Time-Travel to instantiation instruction

List all messages sent to the inspected object

Specific message...

List all assignment to the instance variables of the inspected obyect

Find all readings of self

I ﬁrstlndex ‘

Query  Scripting

All Assignments Query
Step Variable Current Value

1 87 lastindex nil
2 153 lastindex 0
3 192 lastindex 1
4 231 lastindex 2
5 270 lastindex 3
6 309 lastindex 4
7 348 lastindex 5
8 387 lastindex 6
9 426 lastindex 7
10 465 lastindex 8
11 504 lastindex 9

Filter...

<

Showing 11 results, fetched in: 181ms.
ExecutedBytecode: 88 (2.85% of known execution)

Re-execute

To be Assigned
0

1

2

3

4

5

6

T,

8

9

10

34



Implementation,
Requirements

For SeekerOC and Enhanced Pharo Inspector.

o Time-traveling back end providing deterministic reverse and replay.
o  Support for Time-Traveling Queries.

o  Express (new) Time-Traveling Queries.

Repository url: https://github.com/Willembrinck/SeekerOC-2022

35



Implementation

SeekerOC

Finding objects with TTQs

Queries Menu

Query Results

plitJoinTest (TestCase)  [self setUp. self performTesSUnit-Core v

x A2 »» I3 G 5 @ + ¢

Into Over Through Runto  Restart Retum Whereis? Create  Advanced Step

x - 0O SplitJoinTest>>testSplitOrderedCollectionOnOrderedCollection -
Stack i Seeker
Stepping Control
Class Method Package LR = &+ 1 E 2 (X}
splitJoinTest testSplitOrderedCollection(Collections-Abstract-Tests ~ Backl  Adv.l AdvStatement Preu. Statement IeERLN = Toe
SplitJoinTest (TestCase)  performTest SUnit-Core Query  Scripting

tSplitOrderedCollectionOnOrderedCollection

elf assert: (((1 to: 10) asOrderedCollection)

: ((4 to: 5) asOrderedCollection))

%D 3) asOrderedCollection . (6
ion} asOrderedCollection.

[ Messages >
/' Messages - Object Centric  »

Query for All Instances Creation of class named as selection: (0 Re-execute

Step About to instantiate a: Sender's Class
1 67 OrderedCollection [Collections-Sequence... OrderedColle ™
2 592 OrderedCollection [Collections-Sequence... OrderedColle:
3 760 OrderedCollection [Collections-Sequence... OrderedColle:
4 1136 OrderedCollection [Collections-Sequence... OrderedColle:
5 1501 OrderedCollection [Collections-Sequence... OrderedColle:
Filter...

<
Showing 8 results, fetched in: 258ms.

| M. cut s %7 Assi ¢ All Instances Creation

ipaste ey < Ass! IANIRSERCES Création of class named as selection

How it works?

36



Implementation

SeekerOC

Finding objects with TTQs

Queries Context Menu Time-traveling debugger
Pooit o I
&rInspectit 3¢

e [ s »

@, Find ssr V' Messages - Object Centric  »
Copy %C . .
o v %% All Instances Creation
3 Cut 38X |
|

Iterable collection of
ProgramState

"
#OrderedCollection

makeQueryFindInstancesOfClassNamed: aSymbol from: programStates
A TimeTravelingQuery from: programStates
select: [ :state |
state isInstantiationMessage and:
[ state messageReceiver class name = aSymbol 1 ]
collect: [ :state |
ResultItem new
step: state bytecodeIndex;
aboutToInstantiate: state messageReceiver name;
senderClass: state context receiver class;
yourself ]

The command
executes a
Time-Traveling
Query

37



Implementation

SeekerOC

Finding objects with TTQs

Queries Context Menu Time-traveling debugger

Doit
Inspect it
4 SeekerQueries b >
Find Me s - Object Centric  »
Instances Creations »

Assl 3¢ All Instances Creation
Assi All Instances Creation of class named as selection

Seekervenug ’

makeQueryFindInstancesOfClassNamed: aSymbo1Azsggi,ppogfiﬁgkates
A TimeTravelingQuery from: programStates

select: [ :state |
state isInstantiationMessage and:
[ state messageReceiver class name = aSymbol 1 ]
collect: [ :state |
ResultItem new
step: state bytecodeIndex;
aboutToInstantiate: state messageReceiver name;
senderClass: state context receiver class;
yourself ]

\

From where to
extract the data?

What program states
are relevant?

What should be
included in the results?

38



Implementation

SeekerOC

Finding objects with TTQs

Queries Context Menu Time-traveling debugger
Doit
Inspectit
4 SeekerQueries P |- Messages 14
Find Messages - Object Centric  »
oy Instances Creations >
opy ]
Cut Assi 3¢ All Instances Creation

Paste Assi  All Instances Creation of class named as selection

Paste..

Seekervenug 4 “Iterable” collection of

| ProgramState |

#OrderedCollection

makeQueryFindInstancesOfClassNamed: aSymbol from: programStates
A TimeTravelingQuery from: programStates
select: [ {sfate)|
(State)isInstantiationMessage and:
[ (State) messageReceiver class name = aSymbol ] ]
collect: [ {state) ]
ResultItem new
step: bytecodeIndex;
aboutToInstantiate: (State)messageReceiver name;
senderClass: (State) context receiver class;
yourself ]

From where to
extract the data?

What program
states are relevant?

What should be
included in the results?

ProgramState:

API to access execution

data.

API Example:

Method Returns
context Context
isMessageSend | Boolean
messageReceiver | Object

39



Implementation

SeekerOC

Finding objects with TTQs

Pooit o I
&rInspectit 3¢

g oo »

@Find  3F £V Messages - Object Centric b

Copy 3C : |
Q Ccut s8x 1(?} ¥ All Instances Creation ]}
GiPste  sev| <) | Allinstances Creation of class named as selection
[i Paste... |

makeQueryFindInstancesOfClassNamed: aSymbol from: programStates

A TimeTravelingQuery from: programStates -
select: [ :state | JPttan
state isInstantiationMessage and: ,,"" -
[ state messageReceiver-class name_ "aSymbol ] = - -
collect: [ :state | oo ’,,—"
ResultItem new - i

step: state_ bytecodeInde»“’/
aboutToInstanhaJ:e" state messageReceiver name;
senderClasss state context receiver class;
yourself ]

\
m‘Awwo—-

Collected results are
displayed in the Query
Results table

Query  Scripting

Query for All Instances Creation of class named as selection: (0 Re-execute
Step About to instantiate a: _Sender's Class
67 OrderMqulecﬁon [COIlechons-Seguenc'e OrderedColle »
592 o;de’redCollectlon [Collectmns-Sequence OrderedColles
760 -~ - OrderedCo!lgctwn [Collectlons -Sequence... OrderedColle

- 1136 Qr,dere‘d'CBllection [Collections-Sequence... OrderedColle:

1’59 1.--7 i ’OrderedCollection [Collections-Sequence... OrderedColle

_Eiktef.. v

Showing 8 results, fetched in: 258ms.

40



Implementation

Enhanced Pharo Inspector

Bound to an “OID”,
not an object

» — [0 (Oid:<67>@Time: <88>) Inspector on an OrderedCollection [0 it¢ -
an OrderedCollection [0 ite... Y @ O & m

Items  Raw  Breakpoints = Meta

+Variable +Value
{ }self an OrderedCollection [0 items] ()
» { }array an Array [10 items] (nil nil nil nil nil nil nil nil nil nil)
» I firstindex 1
» I lastindex 0
1| self

OID to write Object centric Time-Traveling Queries

41



Implementation

Enhanced Pharo Inspector

Object-centric TTQs, example

[ Bound to an “OID”, not an object J

¥

x = 0O (Oid:<67>@Time: <88>) Inspector on an OrderedCollection [0 itt - ‘
uUretedealiction (it ¥ | Time-Travel to instantiation instruction | Q ue ri es uses O | D fO r
List all messages sent to the inspected object . .
Items Raw  Breakpoints = Meta Specific message... > Sel e Ct' on p red |Cate
= Variable +Value List all assignment to the instance variables of the inspected object |
{ }self an OrderedCollection [0 items] () F ;gy 3
» { }array an Array [10 items] (nil nil nil nil nil nil nil bl b J feet

» I firstindex 1 -?
» I lastindex 0 lastindex 67
makeQueryForInstanceVariableNameas:" aSymbol of0ID: aNumber from: programStates
g self A TimeTravelingQuery from: programStates
select: [ :state |
state nodeIsAssignment and:
[ state assignmentVariableName = aSymbol and:
[ state contextReceiverOID = aNumber ] ] ]
collect: [ :state |
ResultItem new
step: state bytecodeIndex;
variable: aSymbol;
oldValue: state assignmentCurrentValue;
newValue: state assignmentNewValue;
yourself ]

42



Perspective

What other TTQs can boost object-centric
debugging?

Open research
subjects

What are TTQs limits to express
object-centric debugging operators?

>

Our work

Benefits of using such debuggers?
(Empirical experiments)
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Towards Object-centric Time-traveling debuggers

Contribution

)=
®:

Time-Traveling Queries J

2. How to join both techniques

1. New OOP Debugging Tools

SeekerOC ~/
&
Enhanced J
Pharo
Inspector
P Other TTQs for OC debugging? J
Open research
subjects
Our work TTQs limitations? J

Benefits? (Experiments) J

Perspective
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