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Time-Awareness in Object Exploration Tools E

Motivation

* Programmers explore running systems by their space
and time
— What does the state of this object look like?
— What is this object doing?
— Why does this variable have changed?

« Different tools and workflows for different questions
— Spatial questions: inspection tools
— Temporal questions: debuggers, omniscient debuggers

« Omniscient debuggers require upfront commitment
— Will I need to go back in history?
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Time-Awareness in Object Exploration Tools

Research Question

How can we design tools for program exploration
that support both space-related and
lime-related questions and thus combine
nistorical information about program execution
(and object evolution) in a single workflow?
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Contributions
Practical universal :
tracing mode The spacetime ~ The tspacettlrr:e
for exploratory exploration model nNspector prototype

programming systems for Squeak/Smalltalk
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Background: Program Exploration

« Exploratory programming [ker2017, REI2019, SAN1998, TAE2022]

— Working on a software system where the system or the
requirements are not fully understood

— lteratively acquire knowledge and prototype solutions
— Theory building: ask questions, run experiments, repeat

* Aspects of questions

— System space (state): meaning and structure of data

— System time (behavior): inner functioning, construction and
manipulation of data

e Object-oriented programming Systems [coL1983, THI2023b] —= (\" 00
— Everything is an object (with identity, state, and behavior)
— Systems of objects
— Programmers can access and manipulate all objects
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Background: The Experience of Immediacy

-

-

~

Temporal immediacy

“Human beings recognize
causality without
conscious effort only when
the time between
causally related events
is kept to a minimum.”

J

[UNG1997]

4 )

¢

Spatial immediacy

“[...] the physical
distance between
causally related events is
kept to a minimum.”

4 )

o°

Semantic immediacy

“[...] the conceptual
distance between
semantically related
pieces of information is
kept to a minimum.”
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Program Exploration Tools

Process debugging

£) User Interrupt [~ 1+1=

EventSensor>=>nextEvent []
-+ HandMorph=>>processEvents

[1in []in WorldState=>=>doOneCycleNowFor:
4+ [1in ActiveHandVariable class{DynamicVariable class)>=>value:during:

Proceed || Restart || Into || Over || Through || Full Stack || Where || Tally It

nextEvent
"Return the next event from the receiver. If the queue is empty, try to fetch more events
once."

~ self eventQueue
ifNil: [
self fetchMoreEvents.
self nextEventSynthesized]
ifNotNil: [:queue |

keyboardBuffer flush.
self ['l/an Eventsensor stack top a SharedQueue(1)
all inst vars all temp vars
mouseButtons queue

£ RunArray [ J+]-] a BIRopedText (The moldable editor<CR>can embec i m
self #(#plonk #griffle) i jali =
all inst vars Text String Serialized Tre [S] [} @
runs
values o
lastindex
lastRun
lastOffset g ?
1
2 e © ° o
The [+] @ embed graphica [+] o)
explore
moldable editor can elements.
[Squeak]
£} a RunArray runs: #(5 4) values: #(#plonk...etc... (v J+]-] [Glamorous TOOIkIt]

* root " a RunArray runs: #(5 4) values: #(#plonk #griffle)
(1 to: 5) 7| #plonk
(6 to: 9) Tl #griffle

self size 9 1

[Squeak]

» traceMap.renderer.info

inspect

¢ ¥ fmemory: {.}, render: {..}, programs: Array(8), cutoReset: true, reset: £, .} @
autoReset: true
> memory: {geometries: 585, textures: 138}
» programs: (8) [cT, cT, cT, T, T, cT, T, cT]
» render: {frame: 181, calls: 2261, triangles: 312254, points: @, lines: 217}
* reset: £ r(})
» update: £ i(s,a,a)
» [[Prototype]]: Object

[Chrome Dev Tools]
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[Squeak]

Omniscient debugging

Exceptions m
e
&
Breakpoints
—  ®@e 0@
0378
Function Calls
DisplayGrsti... Bt
isplayGreeti ppC
Clock time: 113605 PM =
Memory Parameter Value 3
Address: | @$scopeip buffer  Ox3efred: ™
size  Ox6d
20800000 66 89 @A BB 55 F8 @F B7 82 | Izl
0paeREes” 7A164AB4 C1 ©2 B9 4D F8 8B 55 F4 B3 ( ReturnValue:
20000808° 7TA164A%4 (@ 9@ 74 @D BE 45 FC 83 E3 ur =T = o T
80000808° 7A164AM4 (6 83 7D FC @@ BF 85 DA @@ @@ 04 33 (9 88 55 08
20000808° 7A164AB4 66 89 @A B3 7D BC FF 74 4D 81 7D 8C FF FF FF 7F
20000808° 7TA164AC4 74 44 B3 7D @C @1 76 3E E3 1F 9F FB FF 89 45 D8 tD.}..v>....
" 7A164AD4 8B 45 @C 83 E3 @1 39 45 D3 73 @5 BB 4D D3 B9 4D .E....9E.s. |Z|
il bl

[WinDbg]
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Toward Immediacy Across Space and Time

A
space .
P Inspector
4 spacetlime explorer
omniscient | "] =T
debugger
\ 4 >

time
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Toward Immediacy Across Space and Time

A

space .
P inspector
47

=" debugger

——
omniscient =0

debugger ”

time

e 1N &

Temporal immediacy Spatial immediacy Semantic immediacy

) 4 ) N 4

@D &

Universal tracing mode Spacetime exploration model
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@ Universal Tracing Mode

* Program tracing involves significant overheads of
runtime/memory consumption

« Strategies:

i |- €2

.. -]- ‘."k

EFFICIENT TRACE EXPLICIT PROGRAM
MODEL EXPLORATORY REPRODUCTION

INTERFACES
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@ Universal Tracing Mode: Efficient Trace Model

-1 <13 | <80 | <131 < 37
nil #() {a Morph(1795436)} nil
< 44 | < 136 < 39
nil 0@0 corner: 50@40 nil

7 < 52
nil

* Incremental historic memory

— Detect fine-grained side effects in bytecode and store
previous values

— Reduced memory consumption
— Efficient read/append access
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@ Universal Tracing Mode: Explicit Exploratory Interfaces

1. e« Approach: only trace relevant behavior
— GUI: DO trace user interactions, DO NOT trace rendering
— Enterprise: DO trace business logic, DO NOT trace ORM
— Unit tests: DO trace test case, DO NOT trace error reporting

« Define system boundaries for enabling/disabling
program tracer

« Examples:
— MVC/MVVM: model accesses

— exploratory programming systems: custom expression
evaluation, debugger invocations, direct manipulations
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@ Universal Tracing Mode: Program Reproduction

€ -+ Approach: re-run program on demand to collect
Information (per2010]
— Requires reproducible entry point and deterministic behavior

* Reproducible entry points
— Log invocations of explicit exploratory interfaces

— Exploit existing log sources (e.g., changes files, command
histories, database logs, ...) [TH12023b, chap. 7, sec. 4, BIN2022]

* Deterministic behavior
— Often cannot be guaranteed
— Use heuristics to detect deviations and ask programmers
— Prioritize upfront tracing
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Toward Immediacy Across Space and Time

A

space .
P inspector
47

=" debugger

——
omniscient =0

debugger ”

time

c m oO:
Temporal immediacy Spatial immediacy Semantic immediacy

) 4 ) N 4

00

Universal tracing mode Spacetime exploration model
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aﬁ Spacetime Exploration

Spatial view selection Temporal view
keyl valuel influences initialize vy
F granularity 0 & A
key3 value3 - 10,97 \

addlcon [53, 61] \ \A‘
1
<

selection

influences s
g density

T interacts and explores T
I
selects state portion | | selects time slice
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i Spacetime Inspector: Demo

RunArray: a sparse collection object in Squeak
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A Spacetime Inspector: Implementation

A A
. object and . view data and . time slices . .select.ed
historic memory time slices time slices
selected interactive interactive
. time slices . Ul widgets . Ul widgets
v v
Spatial view Temporal view

[THI2023a]
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i Spacetime Inspector: Demo #2

How does Squeak’s regular expression matcher work?

Onward! 23 - Christoph Thiede, Marcel Taeumel, Robert Hirschfeld - hpi.de/swa 20



Time-Awareness in Object Exploration Tools

Spacetime Inspector: Demo #2

RxmMarker>>matchAgainst:
ml 7_342_7895_0_456 999999 0 0_'

" N Y P —

marker 1 beDigit branch branch marker 3 s beDigit branch marker 4 branch link marker 2 terminator
(greedy) (greedy) . (greedy) (greedy)

RxMatcher>>matchAgainstPredicate:nextLink:

2]17_3 42_7895_0_456 999999 _0_0_'
marker 1 beDigit branch branch marker 3 beDigit branch marker 4 branch link marker 2 terminator
(greedy) (greedy) (greedy) (greedy)
<] < > | >>

RxmTerminator>>matchAgainst:

"117_3 42_7895_0_456[999999.0.0] | 1.

/\/\/\/‘\/\/\/‘\/\/\/\/\/’\

marker 1 beDigit branch branch marker 3 beDigit marker 4 branch link marker 2

e
- O
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Evaluation of Performance
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Evaluation of Performance: Universal Tracing Mode

Domain Program Time [s]* Memory [kB]

Data structures
RunArray new
add: #plonk withOccurrences: 3;
add: #plonk withOccurrences: 2;
add: #griffle withOccurrences: 4;
yourself 0.0021 61.4

Regular expression matching
"matcher := \d+(_\d+)"'asRegex."
matcher matchesln: 1
17 342 7895 0 456
999999 0 0 _'readStream 0.407 11782

UI widget construction (13 elements)
WatchMorph basicNew initialize 0.797 15299

UI rendering (89 elements, 650 px X 425 px)
aSystemBrowserWindow imageForm 8.905 2567832

4 Test machine: Intel i7-8550U CPU @ 1.80 GHz. Environment: Open
Smalltalk Cog/Spur VM of version 202206021410.

» Naive implementation: runtime overhead up to 1M%
» Incremental historic memory: low memory footprint
» But: responsive up to medium-sized workloads

[SHN2005]
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Evaluation of Performance: Spacetime Exploration

100 i ; 06 + i 100 % _% + RunArray
— : . ke 10} ] (explorer)
E 10 g * E 041 2 . ] - 1 < RunArray (basic
= - 1 X i 1Lk ,: explorer)
~ - X 4 02 % - n | £ + Regular expression
1 - ’ ] % §§§ i é 0.1¢ % = magtching !
O'I%T..n Lol m_; 0_: - | | | 0_01:... i |—:
10 100 1,000 0 5 10 15 1 10 100 1,000
temporal granularity spatial granularity temporal granularity
(number of contexts) (number of items) (number of contexts)
(a) Spatial navigation. (b) Temporal navigation. (c)(?imporal naviga’;ion
» Temporal navigation: responsive for all use cases
» Spatial navigation and inline summaries (optional
feature!): temporal granularity matters
» Domain-specific optimizations are possible and
significant
[SHN2005]
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Discussion
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Time-Awareness in Object Exploration Tools

Discussion: Programming Experience

« Streamlined model for program exploration

— Answer questions that relate to both the space and time of a
system within a consolidated tool

— Smaller gulf of execution
— Reflect on hypotheses using a higher-level, more natural
meta-vocabulary
* Fewer interruptions and inconsistencies: higher
experience of immediacy

* Rich contextual information: e.g., understand
structure of state by its evolution
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Time-Awareness in Object Exploration Tools

Discussion: Tool Building

 How can spacetime exploration frameworks assist
tool builders in developing better tools in shorter

time?
-+ —
* Reuse existing, * Intrinsic complexity of tool
spacetime-agnostic tools building/often limited offer
« Combine several state- of existing tools
centric and time-centric e Manual adjustments
Views required for providing

aggregated summaries or
scaling views for larger
spacetime workloads
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Future Work

« How can we integrate dataflow into the spacetime
exploration model? (ko200

« Can we use spacetime exploration as an overarching
concept for all kinds of exploratory programming
activities? [rae2o020]

— Dynamic composition of views
— Custom means for filtering space and time
— Symbolic debuggers as configurable spacetime views
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Conclusion

QQ

D

Practical universal

tracing mode
for exploratory
programming systems

The spacetime
exploration model

space .
P inspector
fa—

=" debugger

omniscient

EFFICIENT debugger

TRACE MODEL

EXPLICIT
EXPLORATORY
INTERFACES

PROGRAM
REPRODUCTION

Performance:

» Low memory footprint

» Tracing responsive up to N
modest workloads

» Spatial navigation requires

optimizations for modest J || aE]
workloads %
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Application

The spacetime

Inspector prototype
for Squeak/Smalltalk

Programming experience:

» Streamlined program
exploration model

Increased immediacy

Rich contextual information
Framework to combine
existing domain-specific views

>
>
>
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Further Information

« Christoph Thiede, Marcel Taeumel, and Robert
Hirschfeld. 2023. Time-Awareness in Object
Exploration Tools: Toward In Situ Omniscient
Debugging. In Proceedings of the 2023 ACM
SIGPLAN International Symposium on New ldeas,
New Paradigms, and Reflections on Programming
and Software (Onward! '23), October 25-27, 2023,
Cascais, Portugal. ACM, New York, NY, USA, 14
pages. https://doi.org/10.1145/3622758.3622892

 Artifacts:
— https://github.com/hpi-swa-lab/squeak-tracedebugger
— https://github.com/LingLover/Regex-Tools
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Literature (ctd.)

e Squeak: https://squeak.org

e Chrome Dev Tools:
https://developer.chrome.com/docs/devtools/

e Glamorous Toolkit: https://gtoolkit.com/

* WInDDbg: https://learn.microsoft.com/en-us/windows-
hardware/drivers/debugger/
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