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* Erlang multicore ... RELEASE
* Percept and Percept2
« Case study with Wrangler

 Conclusions
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Erlang multicore
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« Scalable distributed Erlang: system and tools.

* Groups and implicit placement.
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Tools

How to use
these systems
effectively?
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Existing tools

* Erlang tracing
dbg/etop/ttb
fprof/eprof/cprof

* Percept

Dtrace
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Percept

Percept: Erlang concurrency profiling tool.
In the Erlang/OTP distribution ...
* ... written by Bjorn-Egil Dahlberg.

Monitors process runnability using

erlang:trace/3, erlang:system_profile/2.

Offline tool ... ‘replay’ a computation.
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Percept

« Histogram of active processes vs. time.

« ‘Drill down’ to process information via Pid.

« Start/end time, parent/child processes, time spent
waiting for messages, ....

* View individual process runnabillity.
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Percept

Profile time: 1.0451
Processes: 17

Ports: 0

Min. range: 0.0000
Max. range: 1.0450

0,000 0,078 0,171 0,266 0,343 0.436 0,946 0,624 0,702 0,795 0,873 0,951 4,029
Min: 0.0000 Ports & Processes ~ Update

Max: 1.0450 Code location
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Percept

overview | processes

Processes

Select Pid Lifetime Entrypoint Name Parent
[l <0.37.0> E—— undefined undefined undefined
<0.167.0> | —— sorter:main/4 undefined <0.37.0>
<0.168.0> e sorter:loop/0 undefined <0.167.0>
<0.169.0> | — sorter:loop/0 undefined <0.167.0>
<0.170.0=> | sorter:loop/0 undefined <0.167.0>
<0.171.0> [ —. sorter:loop/0 undefined <0.167.0>
<0.172.0> | sorter:loop/0 undefined <0.167.0>
<0.173.0> | E—— sorter:loop/0 undefined <0.167.0>
<0.174.0> e sorter:loop/0 undefined <0.167.0>
<0.175.0> [ — sorter:loop/0 undefined <0.167.0>
<0.176.0=> | E—— sorter:loop/0 undefined <0.167.0>
<0.177.0> .| sorter:loop/0 undefined <0.167.0>
<0.178.0> | I— sorter:loop/0 undefined <0.167.0>
<0.179.0>  — sorter:loop/0 undefined <0.167.0>
<0.180.0= | —— sorter:loop/0 undefined <0.167.0>
<0.181.0> [ —. sorter:loop/0 undefined <0.167.0>
<0.182.0> | — sorter:loop/0 undefined <0.167.0>

VIselect all




Percept
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Percept2

Functionality enhancement: Usability and scalability:

» Scheduler information « Scalable process tree
* Process communication « Cache history webpages
* Process run queue migration « Parallel processing

* Runnable vs. running

« Dynamic context-aware callgraph

» Process/function accumulated runtime
» Support for distribution

Percept




Percept2

e How to use

* Profile a complete application run.
percept2:profile(FileSpec, Entry, Options).

-type profile option() ::procs | ports | schedulers
| running| message| migration
lall
| {callgraph, [module name()]}.

—type filespec()::file:filename ()

| {file:filename () ,wrap, Suffix::string(),
WrapSize::pos_ 1nteger (),
WrapCnt::pos integer () }.

RELEASE
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Percept2

e How to use

* Profile while application is running.
percept2:profile(FileSpec, Options).
percept2:stop profile().

* Profile a particular part of your application by

iInstrumenting your code with percept2:profile/2

and percept2: stop profile/O0 commands.



Percept2

 How to analyze trace data
* analyze a single trace file.

perceptZ2:analyze ([FileName]) .

« analyze a colection of trace files in parallel.

percept2:analyze (FileBaseName, Suffix,
StartIndex, EndIndex).

* How to visualize profiling data.
perceptZ:start webserver (8388) .

then goto 1ocalhost:8888 in your web browser.
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Percept2: process runnability

The number of runnable processes at any time.

Profile time: 35.6460

Schedulers: 4
Processes: 4873
Ports: 829

Min. range: 0.0000
Max. range: 35.6460

0,000 1,360 3,260 4,571 5,928 7,
Min: 0.0000 Processes - Update

Max: 35.6460 Code location




Percept2: scheduler info

The number of schedulers active at any time.
| | Fports | |

Profile time: 35.6460

Schedulers: 4
Processes: 4873
Ports: 829

Min. range: 0.0000
Max. range: 35.6460
‘ -

00.0001. 74 3,260 4,961 6,318 7,926 9,361 14,466 13,182 14,773 16,427 18,205 20,015 22,074 23,821 25,554 27,549

Min: 0.0000 Schedulers v Update
Max: 35.6460 Code location




Percept2: process info tree

Process info presented in expandable tree format.

overview | processes

Select  [+/-] Pid Lifetime Name Parent #RQ_chgs #msgs_received #msgs_sent
B [ €0.22.0> — undefined undefined 0 (2,11} (2,8}
O E] <0.20.0> — undefined undefined 0 2,8} {0,0}
] E] €0.25.0> — undefined undefined 19 {406,2825} {406,90}
0 [] <0.3.0> — undefined undefined 1 {1092,1094} {350,3265}
0O E] <0.24.0> — undefined undefined 0 {731,2187} {364,4287}
0O @ <0.38.0> — undefined undefined 0 {1,37} {0,0}
Select [+/-] Pid Lifetime Name Parent #RQ_chgs #msgs_received #msgs_sent Entrypoint
O @ €0.63.0> | I— undefined <0.38.0> 1 {1794,25462} {301,136} p2d:'-run/0-fun-0-'/0'
Select [+/-] Pid Lifetime Name Parent | #RQ_chgs  #msgs_received #msgs_sent Entrypoint  Callgraph
0O @ <0.64.0> [ undefined  <0.63.0> 0 {73,454717y  {70,471184} dialyzer_analysis_callgraph:start/3ca"graph/tigz
Select[+/-] Pid Lifetime Name Parent#RQ_chgs#msgs_received #msgs_sent Entrypoint  Callgraph
O Mt_lundeﬁnedm 1196 {4864,167}{209,158804}(iaIyzer_analysis_callgraph:analysis_start/zca"graph /tir:Z

[select all - [Clinclude children procs  lInclude omitted procs

Compare Process Tree Graph Process Communication
@} A
= @ )
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Percept2: process info tree

Process info presented in expandable tree format.

Select [+/-1 Pid Lifetime Name Parent #RQ_chgs #msgs_received
O B <0.22.0> | undefined undefined 0 {2,11}
0 (=] <0.20.0> —— undefined undefined 0 (2,8}
] E] £0.25.0> [ undefined undefined 19 {406,2825}
O [3 <0.3.0> [ undefined undefined 11 {1092,1094}
E ™ <0.24.0> s undefined undefined 0 {731,2187}
F (a] <0.38.0> S undefined undefined 0 {1,37}

Select [+/-1 Pid Lifetime Name Parent #RQ_chgs #msgs_received #msgs_s

o @ <0.63.0> | —— undefined <0.38.0> 1 {1794,25462} {301,1

Select [+/-] Pid Lifetime Name Parent #RQ_chgs #msgs_received #msgs_sent

] @ <0.64.0> m undefined <0.63.0> 0 {73,454717} {70,471184} dialyzer_analysis_cal

Select [+/-] Pid Lifetime Name Parent #RQ_chgs #msgs_received #msgs_sent Entrypoint

] @ <0.65.0> [  undefined  <0.64.0> 1196 {4864,167} {209,158804} dialyzer_analysis_callgraph:analysis_start/Z(

Select[+/-] Pid Lifetime Name Parent#RQ_chgs#msgs_received #msgs_sent Entrypoint  Callgraph

. no

] [:] <0.66.0 " undefined <0.65.0> 0 {1,17} {0,0} d|alyzer_callgraph.race_data_server_loop/lcall raph/time

'4790 -

] E] <0.*1%, 0> procs <0.65.0> 10583 {11593,1385} {20379,63} dialyzer_worker:loop/2 .
S a e callgraph/time
omitted

' . no

O <0.196.0=® undefined £0.65.0> 1230 {5377,21} {2688,12} dlalyzer_coordmator.regulator_loop/2C | inel

B (] <0ro*.0- m— 7PrOCS 06505 2181 {9461,21) {4727,12} dialyzer_coordinator:regulator_loop/2 .

E— omitted' ! ! - - callgraph/time

' no

] E] <0.4873.0> undefined <0.65.0> 1 {1,12} {2,352} dialyzer_worker:loop/2 callgraph/time

[lselect all  [[include children procs  [[Include omitted procs
Process Tree Graph Process Communication



Percept2: process info

Information about a particular process

overview

processes

Pid

Name
Entrypoint
Arguments

Timetable

Parent
Children
RQ_history

{#msg_received,
avg_msg_size}

{#msg_sent,
avg_msg_size}

accumulated runtime (in secs)
Callgraph/time

percentage of

total waiting time total mean
| IR ] 0.0144 0.0144

1% I 0.0002 0.0000

ox | 0.0001 0.0000

ox | 0.0000 0.0000

ox | 0.0000 0.0000

<0.4981.0>

undefined

dialyzer_worker:loop/2

Timestamp Profile Time

Start{1370,944591,720014} 4.4930
Stop{1370,944591,766136} 4.5391

<0.4978.0>
<0.5045.0>

[1,2,1,4]

{15,6344}

{3,1645}

0.0309

no callgraph/time

stddev #recv module:function/arity
0 1 compile:do_compile/2

0.0000 8 prim_file:drv_get_response/1
0.0000 4 erlang:port_command/2

0 1 dialyzer_coordinator:get_next_label/2

0 1 dialyzer_worker:loop/2




Percept2: process communication

Process info presented in expandable tree format.

Select [+/-] Pid Lifetime Name Parent #RQ_chgs #msgs_received #msgs_sen
B G <0.22.0> — undefined undefined 0 {3,11} {3,8]
0 B <0.20.0> ——— undefined undefined 0 (3,8} {0,0)
0 B <0.25.0 ——— undefined undefined 0 {1,71} {1,51)
B D <0.24.0> —— undefined undefined 0 {731,2187} {364,4287)
B @ <0.38.0> [—— undefined undefined 1 {1785,25590} {300,136]

Select [+/-] Pid Lifetime Name Parent  #RQ_chgs #msgs_received #msgs_sent

0 [H] <049770> oo undefined  <0.38.0> 0 (71467524} {70,471185) dialyzer_analysis_callg

Select [+/-] Pid Lifetime Name Parent #RQ_chgs #msgs_received #msgs_sent Entrypoint
W @ <0.4978.0> [ yndefined <0.4977.0> 1175 {4856,167} {209,158804} dialyzer_analysis_callgraph:analysis_start/zca

Select[+/-] Pid Lifetime Name  Parent#RQ_chgs#msgs_received #msgs_sent Entrypoint  Callgraph

, ‘ , no

O [:] <0.4979.0> T Jyndefined <0.4978.0> 0 {1,17} {0,0} dialyzer_callgraph:race_data_server_loop/1 callgraph/time

'4790 o

X1 X s 2791 i .
0 D <0.41%.0> (T ] procs:<0.4978.0> 10679 {11647,1378} {20379,63} d|a|yzer_worker.|oop/2c(_j"graph/time
omitted

0 [:] <0.%0*,0> (T | 7 Procs .4978.0> 2044 {9461,21} {4727,12} dialyzer_coordinator:regulator_loop/2 no

- omitted'——— ! ! - ' - callgraph/time

, . N no

H [:] <0.7863.0> B Jundefined 0.4978.0> 708 {3479,21} {1739,12} dialyzer_coordinator:regulator_loop/2 callgraph/time

, . , no

W [3 <0.9786.0>—— MW Jundefined <0.4978.0> 1 {1,12} {2,352} dialyzer_worker:loop/2 callgraphytime

[Iselectall  [linclude children procs  [JInclude omitted procs
Process Tree Graph Process Communication




Percept2: process communication

Process tree in graph representation

<0.22.0>; undefined;
undefined

<0.38.0>; undefined;
undefined

<0.20.0>; undefined;
undefined

€0.3.0>; undefined;
undefined

<0.63.0>; undefined;
{p2d -run/0-fun-0- 0}

<0.64.0>; undefined;
{dialyzer_analysis callgraph,

bl

start 3}

<0.65.0>; undefined;
{dialyzer analysis_callgraph,
analysis_start,2}

<0.X0*0>;'7 procs omited’;
{dialyzer coordinator,regulator loop,2}

<0.196.0>; undefined:
{dialyzer_coordinator,regulator loop.2}

<0.¥1*0>;'4790 procs omitted
{dialyzer_worker loop,2}

<0.66.0>; undefined;
{dialyzer callgraph.tace data server loop.]




Percept2: process communication

Process info presented in expandable tree format.

Select [+/-] Pid Lifetime Name Parent #RQ_chgs #msgs_received #msgs_sen
B G <0.22.0> — undefined undefined 0 {3,11} {3,8]
0 B <0.20.0> ——— undefined undefined 0 (3,8} {0,0)
0 B <0.25.0 ——— undefined undefined 0 {1,71} {1,51)
B D <0.24.0> —— undefined undefined 0 {731,2187} {364,4287)
B @ <0.38.0> [—— undefined undefined 1 {1785,25590} {300,136]

Select [+/-] Pid Lifetime Name Parent  #RQ_chgs #msgs_received #msgs_sent

0 [H] <049770> oo undefined  <0.38.0> 0 (71467524} {70,471185) dialyzer_analysis_callg

Select [+/-] Pid Lifetime Name Parent #RQ_chgs #msgs_received #msgs_sent Entrypoint
W @ <0.4978.0> [ yndefined <0.4977.0> 1175 {4856,167} {209,158804} dialyzer_analysis_callgraph:analysis_start/zca

Select[+/-] Pid Lifetime Name  Parent#RQ_chgs#msgs_received #msgs_sent Entrypoint  Callgraph

, ‘ , no

O [:] <0.4979.0> T Jyndefined <0.4978.0> 0 {1,17} {0,0} dialyzer_callgraph:race_data_server_loop/1 callgraph/time

'4790 o

X1 X s 2791 i .
0 D <0.41%.0> (T ] procs:<0.4978.0> 10679 {11647,1378} {20379,63} d|a|yzer_worker.|oop/2c(_j"graph/time
omitted

0 [:] <0.%0*,0> (T | 7 Procs .4978.0> 2044 {9461,21} {4727,12} dialyzer_coordinator:regulator_loop/2 no

- omitted'——— ! ! - ' - callgraph/time

, . N no

H [:] <0.7863.0> B Jundefined 0.4978.0> 708 {3479,21} {1739,12} dialyzer_coordinator:regulator_loop/2 callgraph/time

, . , no

W [3 <0.9786.0>—— MW Jundefined <0.4978.0> 1 {1,12} {2,352} dialyzer_worker:loop/2 callgraphytime

[Clselectal  [linclude children procs ~ [incliide omitted nrocs
Process Tree Graph Process Communication




ned;
op.2}

Percept2: process communication

1
10000

<0.4988.0>; undefined; <0.5020.0>; undefined,
{dialyzer worker.loop,2} {dialyzer worker.loop,2}

{2,14100}

2,15115)

{2,12440} {2,11710}

<0.4978.0>; undefined;
{dialyzer analysis_callgraph,
analysis_start.2}

{7,4740528)

<0.4977.0>; undefined;
{dialyzer analysis_callgraph,
start,3}

{6,5495551}

<0.38.0>; undefined;

PRUR PRSP |

<0.5008.0>; undefined,;

{dialyzer worker.loop,2}

2,13808)

1,17809}



Percept2: process communication

<0.4978.0>; undefined;
{dialyzer analysis callgraph,
analysis_start,2}

1{7,4740528}

<0.4977.0>; undefined;
{dialyzer analysis callgraph,
start,3}

{6,5495551}

<0.38.0>; undefined;
undefined




Percept2: compare process runnability

Select [+/-] Pid Lifetime Name

#RQ_chgs

#msqgs_received

#msgs_sent

Parent
(] <0.22.0> — undefined undefined 0 (3,11} {3.8)
B <0.20.0> S undefined undefined 0 (3.8} {0,0}
B <0.25.0> S| undefined undefined 0 (1,71} (1,51}
E] <0.24.0> [E—— undefined undefined 0 {731,2187} {364,4287}
L6 <0.38.0> [— undefined undefined 1 {1785,25590} {300,136}
Select [+/-] Pid Lifetime Name Parent  #RQ_chgs #msqgs_received  #msgs_sent
(0] <04977.0> (N undefined  <0.38.0> 0 {71,467524}  {70,471185) dialyzer_analysis_callg:
Select [+/-] Pid Lifetime Name Parent #RQ_chgs #msgs_received #msgs_sent Entrypoint
@ €0.4978.0> [ undefined <0.4977.0> 1175 {4856,167} {209,158804} dialyzer_analysis_callgraph:analysis_start/zcal
Select[+/-] Pid Lifetime Name  Parent#RQ_chgs#msgs_received #msgs_sent Entrypoint  Callgraph
. . ) no
E]<0.4979.0>E_]undef|ned<0.4978.0> 0 {1,17} {0,0}dlalyzer_callgraph.race_data_server_loop/lc‘,:]"gn,jph/tirne
'4790 o
[:] <0.1*.0> ] procs<0.4978.0> 10679 {11647,1378} {20379,63} dialyzer_worker:loop/2 .
— callgraph/time
omitted
(] cororoormmmmmn 7P 407805 2044 {96121} {4727,12}  dialyzer_coordinator:reguiator_loop/2 no
— omitted'—————— ' ! - ' - callgraph/time
. : N no
[3<0.7863.0>:l:|undef|ned<0.4978.0> 708 {3479,21} {1739,12} d|a|yzer_coord|nator.regulator_loop/2ca"graph/time
. : , no
D<0.9786.0>:l]undeflned<0.4978.0> 1 {1,12} {2,352} dlalyzer_worker.loop/zca"graph/time

V/selectal ¥ Include children procs  ¥Include omitted procs

Process Tree Graph Process Communication




Percept2: compare process runnability

Compare Selected Processes [

<0.20.0> l | ]
€0.22.0> l | ]
<0.24.0>" T 1T ]

<0.25.0>

<0.38.0> (i I

<0.4977.0> | Tl |

<0.4978.0> I 55T T 0 M A0 T C N T T ST (T
<0.4979.0> [ ]
<0.4980.0> (TN

<0.4981.0>

<0.4982.0> [

<0.4983.0> I

<0.4984.0>
<0.4985.0>
<0.4986.0>
<0.4987.0>
<0.4988.0>
<0.4989.0>
<0.4990.0>
<0.4991.0>
<0.4992.0>
<0.4993.0>
<0.4994.0>
<0.4995.0>
<0.4996.0>
<0.4997.0>
<0.4998.0>
<0.4999.0>
<0.5000.0>
<0.5001.0>

Jjgpguuboduneguogges =



Percept2: compare process runnability

[]<0.1508.0>
[]<0.1509.0>
[]<0.1510.0>
[<0.1511.0>
[]<0.1512.0>
[]<0.1513.0>
[<0.1514.0>
[]<0.1515.0>
[]<0.1516.0>
[<0.1517.0>
[]<0.1518.0>
[]<0.1519,0> O
7] <0.1520. 0> M |
] £0.1521.0> Com s
[ <0.1522.0 > O
<0_1507,0>I | H | | NN | | I | [ 11 | 11 ¥y Ti1r11ri1y 119

:

R

Green: running; -0 runnable but not running; : blocked.
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Percept2: compare process runnability

Heavily loaded processes/load imbalance

<0.23.0> [IOMIT_ I 11 I | | T W W11 1]
| <0.37.0> MNIWOOCOOCESSD I 1 (I 6 1 Y I (1 1 0 (M O I B [ [ 0L
] <0.42.0> I T T T T W O T S I O
[l <0.43.0> C—IX CIC T DO OO OO ORI O DO O OO
] <0.79.0> [
] <0.80.0> aom

] <0.97.0> (moam

7] <0.132.0> mn

7] <0.134.0> 10 1101 1
] <0.172.0> 0

Very short-lived processes

<0.805.0>
<0.806.0>
<0.807.0>
<0.808.0>
<0.809.0>
<0.810.0> 0
<0.811.0>

<0.813.0>
<0.814.0> 0
<0.815.0>
<0.816.0> 0
<0.817.0>

:2ERELEASE



Percept2: function profiling

« Existing function profiling tools for Erlang:

Size of  |Effects on program  [Records Records Records  |[Records garbage
Tool Results _ - .
result  |execution time number of calls|Execution time (called by |collection
er process to -
Percept2 fprOfEcreFe)n/file large  |significant slowdown |yes total and own |yes yes
—> .
per process/functionto |
epro? . medium ismall slowdown ~|yes only total no no
screen/file
per module to .
cover . small ~ |moderate slowdown |yes, per line  |no no no
screen/file
cprofiper module to caller ~ |small  |small slowdown ~|yes no no no

{2iRELEASE



Percept2: function profiling

Size of |Effects on program  [Records Records Records  |Records garbage
Tool [Results oo . .
result  |execution time number of calls|Execution time |called by |collection
707 PET Process to _—
pro Coresifile large  |significant slowdown |yes total and own |yes yes
per process to
Percept2 file put can be depends on yes only total yes yes
selective
per process/functionto |
eprot . medium ismall slowdown ~|yes onlytotal ~ no o
screen/file
per module to .
cover . small  |moderate slowdown |yes, perline  no o o
screen/file
cprofper module to caller sl ismall slowdown ~yes o o o

... Percept2 only profiles functions defined in the modules specified by user.

RELEASE
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Percept2: function profiling

Compare Selected Processes

<0.3.0> [ i I

<0.20.0> [ I ]
<0.22.0> [ I ]
<0.24.0> N 1]

<0.25.0> 1 110 i O

<0.38.0>

<0.46.0> T I

<0.47.0> ol I 1

<0.48.0> T 5 N O AT T T W T T S IO O T T
<0.49.0> [ ]
<0.50.0> (O 00T

<0.51.0>
<0.52.0>
<0.53.0>
<0.54.0>
<0.55.0>
<0.56.0>
<0.57.0>
<0.58.0>
<0.59.0>
<0.60.0>
<0.61.0>
<0.62.0>
<0.63.0>
<0.64.0>
<0.65.0>
<0.66.0>
<0.67.0>

NNO0000O008EESSTTRT

A process’ pid is hightlighted if it has a callgraph generated.



Percept2: function profiling

Pid
Name
Entrypoint

Arguments
Timetable

Parent
Children
RQ_history

{#msg_received,
avg_msg_size}

{#msg_sent,
avg_msg_size}

accumulated runtime (in secs)

Callgraph/time

percentage of

total waiting time R

oo™ 38.6250 6.4375
0x | 0.0522 0.0001
ox | 0.0241 0.0027
ox | 0.0023 0.0000

<0.46.0=>
undefined

p2d:'-run/0-fun-0-'/0

Timestamp Profile Time

Start{1370,980952,698000} 0.2030
Stop{1370,980994,600004} 42.1050

stddev

12.6777
0.0012
0.0051
0.0000

=0.38.0>
<0.47.0>

[
10,03}

10,0}

2.7635
show call graph/time

#recv module:function/arity
6 dialyzer_cl:cl_loop/2

463 gen:do_call/4

9 code_server:call/2

1970 prim_file:drv_get_response/1
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Percept2: function profiling

<0.46.0>

1
dialyzercl check init/1(5%) <ercl-do_ana]ysxs/l 1c$ oq@ dialyzer_cldo_analysis/1(93%)
dialyzer doit1(5%) dalyzer pltfrom_file/1(2%) @
1

1 1
dialyzer pit-from file/2(2%)

dialyzer clcheck plt/3(5%)

1
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Percept2: function profiling

Accumulated time during which a function within this
process is in a running state.

Pid <0.46.0>
Entrypoint p2d:'-run/0-fun-0-'/0
M:F/A dialyzer:cl check init/1

Call count 1

Accumulated time 2.0614

(in secs)
Callers module.functhn/arlty call count
dialyzer:run/1 1
called module.functlpn/arlty call count
dialyzer:doit/1 1




ercept2: distribution

overview function activities | inter-node messaging
From node: To node:
server@hk-It | v | server@hl-t « Generate Graph

server@hl-It
test@hl-it
| client@hl-It

overview | |
+ ++
135 o4 o4
+ + + +
1301
125+ ++* + +++ + 4
E + + + * E + + + *
1201
q-&‘-‘&--&- + 4 -:- ‘& +$-&*++ + 4 -:- H
1151 ey 4¢':+ Pty i3 4 .u.*t+-&" Fab By %i
4 -+
it g g, H i o ¥
105 + ++; *'*““’V":t*’ + =+ 4 ++*_;+ g +
+ i Fay 4 = + taa, EoA Y
1001 * i i+ o ¥ + ++ ++i++ ¥
95 *++_;++ by B $++¢+$+++++++
*o+ 4] +4 +o+ H, +%
90 7 i + Ly et o gt +
O el g S e
= o R o Jﬁﬁ 4%"-3“"}44._‘ -“t_;ﬂr
) FHEFF 440 T + g L4 G oy +
80 M + 4+ 44”‘1-%;; o+ 4+ +
75 1 "’ﬁ,},‘_} 4 i“"*ﬁﬁ" + $ g, e, T
R 4 Aty e A
70 1 ¥ 4+ AT 3 F 4+ R e i
=3 “'4“3 * %“ o+ + ﬁ”
65 1 - S + s e fm:j
S e Lyt
- g+ S + {%& + - -O—l-:t 4 E-ﬂ*f %+i
1 b H - HHE Hi
50 i++‘h—++*’f 4? + h i++$+"“¥* a4 + th
e H g s I S g 4
44 L+ + 4+ + 4 +
47 S e e m:hu»?u»—tm T S
35 7 + + o+ o+ 4+ o+ o+ o+ + 4+ 4+ o+ 4+ o+ o+ o+
30 1
25 1
20 1
15
10
5 4
b 3,075 3,246 3,418 3,990 3,761 3,933 5,758 5,930 6,101 6,273 6,444 6,616
Min: 0.0000 Max: 6.6465 Update



Percept2: scalability

Parallelise Percept2 itself.

Multiple log files ...
e ... that can be processed in parallel ...

... and integrated into a single result.
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Percept2: scalability

percept - DEFOTP - DEFARGS
6 I I I ]

([percept2]) ——

55 - /\—
T

45 .

35 F

Speedup

25 F

15 F

1 1 1 ! 1 1

0 2 4 6 8 10 12
# Schedulers

Scalability of Percept2 when analysing 5 trace files (total size: 1.36G,
11,008,609 traces messages) in parallel.
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Percept2

More features are being added ...
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Percept2: case study

Clone detection in Wrangler

<
parse
files
J

flatten
trees

~

)

:“:RELEASE

Qoo
oo
coo

H

identify
candidates

~

)

H

check
candidates

|




Percept2: case study

overview

Profile time: 6.9260

Schedulers: 4
Processes: 158
Ports: 115

Min. range: 0.0000

Max. range: 6.9260
4

00.016 0,312 0,624 0,936 1,235 1,546 1,841 2,153 2,466 2,777 3,089 3,385 3,698 4,011 4,312 4,618 5,148 5,450 5,756 6,054 6,415 6,724

Min: 0.0000 Processes ¢ Update I

Max: 6.9260 Code location




Percept2: case study

| overview i processes I

Select[+/-] Pid Lifetime Name Parent #RQ_chgs #msgs_received#msgs_sent Entrypoint Callgraph
E] <0.21.0-C undefined undefined 0 {1,113} {1,87} undefined no callgraph/time
<0.33.0> undefined undefined 0 {5,101} {5,164} undefined no callgraph/time
<£0.37.0> undefined undefined 2 {20053,1678} {20150,151} undefined r‘?% [ticn?tl-:!
B <0.19.0-C undefined undefined 0 {1,8%} {0,0} undefined no callgraph/time
E] <0.0.0> undefined undefined 0 {3,567} {3,187} undefined no callgraph/time
E] <0.24.0> undefined undefined 2 {16036,167F {16036,55} undefined no callgraph/time
E] <0.28.0> undefined undefined 1 {11,91} {11,86} undefined no callgraph/time
E] <0.3.0-C undefined undefined 0 {609,2552} {183,8337} undefined no callgraph/time
<0.23.0- undefined undefined 0 {464,1227F {141,3867} undefined no callgraph/time
E] <0.30.0> undefined undefined 1 {11,143%} {22,667} undefined no callgraph/time
E] <0.5.0-C undefined undefined 0 {2,315} {0,0%} undefined no callgraph/time

WIselect all  ¥lInclude children procs [“]Include omitted procs
Compare Process Tree Graph Process Communication




Percept2: case study

overloaded process

[ Compare Selected Processes

i e e e e e e e ) ) ) ) ) e e ) )

£0.0.0>
€0.3.0>" (IImIT—( | |
£0.5.0>
£0.19.0>
€0.21.0>
¢0.23.03 [CIIIT_T_T 1 I I I 1 1 7
0. 24 0" I T A e T e e T
€0.28.0>" 1 [T 1 I
€0.30.0> 1 1 I 1

<0.42.0> 1 Tm T TT T TTT T T T T O T T T T TIT0T T W T T T T T T T T T
<0.43.0> [ T I OO OO OO0 N 1 ]
€0.62.0> 00D

€0.97.0 DA

€0.134.0> 1 10 0




Percept2: case study
sn_cote xﬂ:sﬁn_co;_detecdm@ simplified callgraph of

<0.37.0>
@ﬁcheck_clone_candida@ sﬁn_code_xﬂ:generaﬁse_and_hash@
A \ 1

@ﬂ:exanMe_clone_c andida@)S 1 @ w);'-generalise_and_hash_astv‘5-1c$"'0'1-0@1 1

%5 \11
¥ 1
;irn_code_\ﬂzexamine_a_clone_candid@ @ﬂ:gmeraﬁse_md_hash_ﬁle_a@
145 1565N1
m_code_w):exmnhe_clone_class_mem@50 lists:foreach/2(41%)

fo
mﬁle_clone_class_manbers"S-lc$-"0x“1-@85 sﬁn_code_\ﬂzprocess_au_r@ @_Vﬂ;‘.generalise_and_hash_ﬁle_ast_1:“6

: ; v

code_\ﬂ:do_and_mﬁﬁcm @od—te_ \ﬂ:'-process_au_resu]tv"2-lc$-‘"0*“IWS @_\0:'-genera]ise_and_hash_ﬁle_




Percept2: case study

Refactoring #1: List comprehension to parallel map

[generalise and hash file ast 1(
File, Threshold ASTPld true,SearchPaths, TabWidth)

| |File <-

para lib:pmap

Files]

!

(

fun(File) -> generalise and hash file ast 1(
File, Threshold, ASTPid, true,SearchPaths,TabWidth)

end, Files)



Percept2: case study
sn_cote xﬂ:sﬁn_co;_detecdm@ simplified callgraph of

<0.37.0>
@ﬁcheck_clone_candida@ sﬁn_code_xﬂ:generaﬁse_and_hash@
A \ 1

@ﬂ:exanMe_clone_c andida@)S 1 @ w);'-generalise_and_hash_astv‘5-1c$"'0'1-0@1 1

%5 \11
¥ 1
;irn_code_\ﬂzexamine_a_clone_candid@ @ﬂ:gmeraﬁse_md_hash_ﬁle_a@
145 1565N1
m_code_w):exmnhe_clone_class_mem@50 lists:foreach/2(41%)

fo
mﬁle_clone_class_manbers"S-lc$-"0x“1-@85 sﬁn_code_\ﬂzprocess_au_r@ @_Vﬂ;‘.generalise_and_hash_ﬁle_ast_1:“6

: ; v

code_\ﬂ:do_and_mﬁﬁcm @od—te_ \ﬂ:'-process_au_resu]tv"2-lc$-‘"0*“IWS @_\0:'-genera]ise_and_hash_ﬁle_




Percept2: case study
Refac #2: sequential “foreach’ to parallel “foreach’

lists:foreach(fun (Form)-> F(Form) end, Forms)

para lib:foreacﬂ(
fun (Form)-> F(Form) end, Forms, |[?Parallel)

RELEASE

Qoo
Qoo
aoo



Percept2: case study
sn_cote xﬂ:sﬁn_co;_detecdm@ simplified callgraph of

<0.37.0>
@ﬁcheck_clone_candida@ sﬁn_code_xﬂ:generaﬁse_and_hash@
A \ 1

@ﬂ:exanMe_clone_c andida@)S 1 @ w);'-generalise_and_hash_astv‘5-1c$"'0'1-0@1 1

%5 \11
¥ 1
;irn_code_\ﬂzexamine_a_clone_candid@ @ﬂ:gmeraﬁse_md_hash_ﬁle_a@
145 1565N1
m_code_w):exmnhe_clone_class_mem@50 lists:foreach/2(41%)

fo
mﬁle_clone_class_manbers"S-lc$-"0x“1-@85 sﬁn_code_\ﬂzprocess_au_r@ @_Vﬂ;‘.generalise_and_hash_ﬁle_ast_1:“6

: ; v

code_\ﬂ:do_and_mﬁﬁcm @od—te_ \ﬂ:'-process_au_resu]tv"2-lc$-‘"0*“IWS @_\0:'-genera]ise_and_hash_ﬁle_




Refac #3: recursive function to parallel “foreach’

examine clone candidates([], Thresholds,CloneCheckerPid, Num) ->
get final clone classes(CloneCheckerPid);

examine clone candidates([C|Cs],Thresholds,CloneCheckerPid,Num) ->
output progress msg(Num),
NewClones = examine a clone candidate(C, Thresholds),
add new clones (CloneCheckerPid, {C, NewClones}),
examine clone candidates(Cs,Thresholds,CloneCheckerPid,Num+1).

!

examine clone candidates (Cs, Thresholds, CloneCheckerPid) ->
NumberedCs = lists:zip(Cs, lists:seg(l, length(Cs))),
para lib:pforeachlf(fun({C, Nth}) ->
examine a clone candidate (
{C,Nth}} Thresholds,CloneCheckerPid)
end |NumberedCs) ,

get final clone classes(CloneCheckerPid).
examine a clone candidate({C,Nth},Thresholds,CloneCheckerPid) ->

output progress msg(Nth),

NewClones = examine a clone candidate(C, Thresholds),

add new clones (CloneCheckerPid, {C, NewClones}).




Percept2: case study

Clone detection in Wrangler

N N N

\\ \\ _ . ~ N\
parse flatten identify check
files trees candldates/ candidates

) )
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Percept2: case study

105

0,000 0,125 0,265 0,390 0,545 0,655 0,780 0,05 1,030 L,155 £,279 4,404 L5629 1654 1,779 1,903 2,028 2,169 2,294 2,418 2,543 2668 2,840 2965 3,089 %215 3,31 3,463 3,59 3,714 3,638 3,93 4,087
Min: 0.0000 Max: 4.6659 Active Functions

[ Compare Selected Processes ]

o <0.3.03 (T DO T T T C] .| 1
E] <0.23.0> [T T T I T T TIeCT 1 T T 1)
[ £0.24.0> CT__ICMT T SOEOOCSCINCR0N 0O Ca0s O 0 DD

[ <0.28.0» [ I 1
[ <0.30.0» [ I I
[ <0.48.0> [T I T
<0.60.0> [ I [ T IO T 1 |
[ <0.61.0> [ T - ]

[ <0.62.0% ] |

<0.63.0> O o )

[ 20.64.0> I O

[ <0.65.0» 0
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[l 20.67.0> I 0 T |
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Percept2: case study

sim_code - DEFOTP - DEFARGS

4.5

35 F

Speedup

25 |

15 F

I I T

-
-

1

([wralngler])

RELEASE
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Other ongoing work

process migration and
run queue size




Other ongoing work

e Online visualisation. interaction between

Erlang nodes grouped
C

iInto s_groups.

.‘l."" \[ [ &
\ ¢ /
100 iterations ™~



Conclusions

« RELEASE project
 Atool for profiling concurrent/parallel Erlang
applications.

* Thanks to the Percept team!
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Percept2

Get involved!

git://github.com/huiqing/percept2.git
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