Kéutroc: A Concurrency-Agnostic
Debugger

An Example for Domain-Specific Online Debugging
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What am | doing?

A simple VM for all Making dynamic Combining
concurrency models languages fast, easily! Concurrency Models
(incl. metaobject

actors, CSP, STM, protocols)

fork/join, data flow,
threads+locks, ...

Ownership-based Meta-Tracing vs. Tooling/Debugging
metaobject protocol Partial Evaluation
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Decades of Research
and Solutions for “Everything”
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But no Silver Bullet

A Locks, Monitors, ...

/\\ Fork/Join
A Transactional Memory




In Practice: Concurrency Abstractions
are Combined

/
N g

e Uses Locks and Atomic*

e Multiple async. future/
task abstractions

 Multiple ‘transaction’
systems

> 4500 “deadlock” bugs
> 530 “race condition” bugs

Study on Scala:
S. Tasharofi, P. Dinges, and R. E. Johnson. Why Do Scala Developers Mix the Actor Model with other

Concurrency Models? In Proc. of ECOOP, volume 7920 of LNCS, pages 302—326. Springer, 2013.



| want to reason about actors, fork/join tasks, transactions

And not some implementation-level shared memory

HOW TO DEBUG SUCH SYSTEMS?



Demo of Kbmpos

Stefan
X ..cts/SOM/SOMns (z... 81 | X .Jtools/kompos (.. @ 82 X npm (node) 83

] 0@ D Kompos Debugger x(

smarr@Artemis-5 ~/Projects/SOM/SOMns$ ./som -wd core-1ib/KomposDemo.som
/Users/smarr/.local/graal-core/

[DEBUGGER] Initialize HTTP and WebSocket Server for Debugger

[DEBUGGER] Started WebSocket Server

[DEBUGGER] Started HTTP Server

[DEBUGGER] URL: http://localhost:8888/index.html

[DEBUGGER] Waiting for debugger to connect.

[DEBUGGER] Debugger connected.

*master

[DEMO] Starting

[Create Actor] DataActor

[Create Actor] JsonInputActor
[Create Actor] InputGeneratorActor
[Create Actor] ReportActor
[IsonInputActor] Recvd: {"pric fo
Walk, Cassel, Tennessee, 8882
[IsonInputActor] Recvd: {"pric 5,"quantity"
et, Oasis, Rhode Island, 8428","item": "apple"}
[DataActor 1 Revd datum. Total Value: 870
[IsonInputActor] Rcvd: {"price": 5,"quantity": 20,"customer":
e, Innsbrook, Connecticut, 4261","item": "banana"}

"1 "Medesign","address":"993 Kensington

83,"customer" "Gadtron","address": "652 Coffey Stre

"Rooforia","address": "117 Holmes Lan

[DataActor ] Revd datum. Total Value 415
[JsonInputActor] Rcvd: {"price": 4," quantlty 18,"customer": "Sureplex","address": "586 Beacon Cou
rt, Durham, Louisiana, 1428","item": "apple"}
[DataActor 1 Revd datum. Total Value: 100
[JsonInputActor] Rcvd: {"price": 2,"quantity": 39,"customer": "Spherix","address": "489 Beaver Stre

et, Elbert, Florida, 3946","item": "strawberry"}
[DataActor 1 Revd datum. Total Value: 72
[JsonInputActor] Rcvd: {"price": 8,"quantity":
et, Westwood, Kansas, 2573","item": "banana"}
[DataActor ] Revd datum. T tal Value 78
[IsonInputActor] Recvd: {"pric
treet, Boyd, Oklahoma, 4821", "strawberry"}
[DataActor 1 Revd datum. Total Value: 264
[JsonInputActor] Rcvd: {"price": 3,"quantity": 48,"customer":
eet, Bennett, Illinois, 1760","item": "strawberry"}
[DataActor 1 Revd datum. Total Value: 31
[JsonInputActor] Rcvd: {"price": 2 quantlty
are, Kohatk, Indiana, 5110","item": "apple"}
[DataActor 1 Revd datum. Total Value: 144
[IsonInputActor] Rcvd: {"price": 8,"quantity": 78,"customer":
Avenue, Sunbury, Delaware, 4729","item": “strawberry"}
[DataActor 1 Revd datum. Total Value: 66

[DataActor 1 Revd datum. Total Value: 624
[JsonInputActor] Rcvd: nil

33,"customer": "Podunk","address": "126 Concord Stre

: 31,"customer": "Malathion","address": "202 Newport S

"Illumity","address": "996 George Str

33,"customer": "Accupharm","address": "654 Court Squ

"Terascape","address": "767 Thatford

[ReportActor] report

— =T [T I By ey v |1 IV —
I I—I vV — 1\ [ I O
##
##
#Hoo#
wHo# # # #

M w #E w w # # #

[ - .
I I I I I I I
- I R T
870 1285 1385 1457 1535 1799 1830 1974 2040 2664

END DEMO
Totall A#0 M#0 P#0

C' @ localhost:8888/index.html

Program core-1lib/KomposDemo.som

(em

* O 6 EHOS

Reconnect > Il WM Y} ~ &

2017-03-28T21:42:17.243: [WS] close
2017-03-28T21:42:00.669: Send breakpoints: 0
2017-03-28T21:42:00.668: [WS] open

i

Platform

L IR ad
ReportActor

>n e
DataActor

JsoninputActor

InputGeneratorActor

>n e
Abuil Treefre 371@40::

LRI
Abuil Treefre 371@40::

L IR ad
JsonStreamTokenizer

>n e
DataFilterProcess

LRI
Abuil Treefre 371@40::

AA withfr 12@387@52
L IR AR |
AA 12@387@52

LR ACIR |

AAcalculateSumOfwithfrominto@386@12@387@52
LR IR |

Abuil Treefr 371@40::

Abuil Treefr 71@40::

AAcalculateSumOfwithfrominto@386@12@387@52
LRI |

AA 12@387@52
L IR ACR |
AA withfr 12@387@52

LR ACIR |

AAcalculateSumOfwithfrominto@386@12@387@52
LRI |

Abuil Treefr 371@40::




Custom Debugger Features

Sequential
Generic
Actors

CSP

STM
Threads&Locks

(not intended to be complete)

Stepping

Breakpoints Operations
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Debugger Architecture

Interpreter

>0%

Debugger Protocol

Debugger
Frontend




Kompos Architecture

]

Actors || Threads

CSP

STM

-nI
S~
—

SOM ¢
Interpreter

>0%

Java, Truffle+Graal

Debugger Protocol
(Web Socket, JSON)

Kéompos
Debugger

TypeScript




Kompos Architecture

| Actors |[ Threads |
Breakpoint ] 22 Breakpoint
Support Types
Stepping F/) 4 1 [
Support > O <€ DKeObeFg);)Zr ’ %Sera:;ins
SOM s
Visualizations Interpreter Debugger Protocol Various
Support (Web Socket, JSON) Visualizations
Java, Truffle+Graal TypeScript

How to Abstract from Concurrency Models?



THE KOMPOS PROTOCOL



Abstract from Concurrency Models

* Breakpoint Types

— * Stepping Operations ]
| Actors I Threads * Activity Types, Dynamic scopes
Breakpoint m
Support STM
- F/)
Stepping ,
Kompos
Support < > O < >
D
SOMNS ebugger
Visualizations Debugger Interface
Interpreter
Support P (Web Socket, JSON)
TypeScript

* Interactions modeled via data
* Debugger agnostic of concepts



What’s a Breakpoint?

promise resolution

* Name/Type

prom := aResult |<-:

e Source Locations
Truffle AST

Send
Hget

MsgSendTag

" |dentified by Source Tags

Debugger Requirements
" Annotated AST

get.



What’s a Stepping Operation?

Nam e/Type Step to Promise Resolution

, prom :=
Source Locations JResylt <-

— |dentified by Source Tags
Current Type of Activity

— Actor, Process, Fork/Join Task, Thread

Current Dynamic Scope

— Held Monitor, Transaction

: get.



Kompos Protocol Metadata

EntityType

id: typeld
name: string

/V

>~

ActivityType DynamicScopeType
icon: string
BreakpointType SteppingType

name: string
label: string
applicableTo: Tag|]

name: string
label: string
applicableTo: Tag[]
activities: ActivityType[]
scopes: DynamicScopeType]| ]




Kompos Protocol Messages

Source BreakpointUpdate

URI: URI
sourceText: string
locations: TaggedCoord] ]

location: Coonrd
type: BreakpointType

Stopped Step

activityId: id
location: Coord
actType: ActivityType
scopes: DynamicScopeType]| ]

activityId: id
type: SteppingType




Example for Transactions

before commit
tags: Atomic

latomic]| {
int b = this.fieldB;
this.fieldA = b + 1;
}

Iaﬂerconwnh

scopes: tx

to int: {BreakpointUpdate,
loc: 1:1:6,
type: beforeCommit}

from int: {Stopped,
actId: 1,
loc: 3:3:20,
scopes: [tx]}

to int: {Step,
actId: 1,
type: afterCommit}

19



How concurrency-agnostic is the protocol design?

EVALUATION

20



Implemented Interactions
No changes to frontend required!

Stepping

Breakpoints Operations
Sequential 1 5
Generic 4 2
Actors 6 5
CSP 4 2
STM 3 3
Threads&Locks 4 2

(not intended to be complete) 22 19



CONCLUSION



Too many Concepts,
Too many Variations
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Solution:
Model Domain with Metadata

* Breakpoint Types
— * Stepping Operations ]
* Activity Types, Dynamic Scopes

Actors || Threads

i

Breakpoint CSP

support

Stepping F/J 2

> > Kompos
Support SOM <€ O <€ Debugger
NS

Visualizations Debugger Interface

Support Interpreter (Web Socket, JSON)

TypeScript
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2018 The Art, Science, and Engineering of

Programming Conference and Journal

The Internationsl Cosference on the Ast, Science, and
ingineering of Programming s a new conference that focuses
entirely om programming togics including the experience of
programming. We've named it «Programming: lor shon
dProgrammings 2028 |5 the second edition of the conferemce.
Papers are welcome from any part of the programming research
lifecycle, as are papers on programming practice and experience.

Paper Submission: 14 Aug 2017

Late WIP Submission: 7 Sep 2017
Nice (France)

9-12 April, 2018 |

VANCOUVER
2017

OCTOBER 22-27

Paper Deadline: 14 August 2017 Workshop Proposals: 1 October 2017
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Kompos: Platform for Debugging Complex
Concurrent Applications

o ® [ Kompos Debugger X Stefan

C' @ localhost:8888/index.htm w O R @ ¢ N

* Concurrent Debugger
— Concept-agnostic o

2017-03-28T21:42:00.669: Send breakpoints: 0
V ° I [ l °

2017-03-28T21:42:00.668: [WS] open

Breakpoints, Stepping, 5,

Tracing L
* Replay, Assertions,... = e
* For Actors, CSP, — e |

Fork/Join, STM, — ae———
Locks&Threads,... TSI iy M

Abuil Treefr 371@40:: AA withfromi 12@387@52

LR IR BRI
JsonStreamTokenizer AAcalculateSumOfwithfrominto@386@12@387@52

LR IR | LR AR |
DataFilterProcess AA withfromil 12@387@52

L IR AR | LR AR |



