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RELEASE

® Scalable distributed Erlang: systems and tools.
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® Groups and implicit placement.
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Existing tools

Erlang tracing
Htop
DTrace

Percept



Percept



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.



Percept facilities

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 runnability.



Percept

€ @ locahost 853/ cgi-bin/perceptd_Mml/ovenien_pige i

Profile time: 2.8549
Schedulers: 4
Processes: 363
Ports: 97
Min. range: 0.0000
Max. range: 2.8549
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Percept to Percept?

® Concurrency, but multicore is ‘invisible’.
® Run queue migration,

® Analysis
® Runnable vs running.

® Presentation of information

® Clarify / colour.



Percept to Percept?

® Parallelisation

® Dynamic callgraph information.
® Scalability of the system.

® Usability (process tree)

® Parallel processing



Percept2



Functionality



Scheduler activity

The number of schedulers active at any time




Process info tree

Process info presented in expandable tree format.

€ P @ localhostsl7ic

cgi-bin/percept2_html/process _tree_page

overview

C ':' ~ Google

percept2

Name
undefined
undefined
undefined

<0.30.0> undefined

<0.37.0> undefined

rSelect[+/-] Pid Lifetime
71 [+ ] <0.240.0> com——"undefined <0.37.0>

7 [ =] <0.341.0> com——yndefined <0.37.0>

o1 | i) | 0.342.0. o undefined <0.37.0>

[ -] <0.543.0>0 = undefined <0.37.0>
[+ ] <0.544.0>0 W undefined <0.37.0>

Parent
undefined

undefined

undefined 0

undefined 1

undefined 1

Name Parent C‘RQ_dugs.msgs_recelved #msgs_sent

10 {167,206}
21 {217,7280}
{11,24)

{46,2503)

{53,24)

#msqgs_received
{460,12377

#msgs_sent
{139,39207

Entrypoint
undefined

Callgraph

No
callgraph/time
No
callgraph/time
No
callgraph/time
No
caligraph/time
show call
graph/time

{15795,72} {15795,55} undefined

{6,92} {5,85} undefined

{6,150} {12,67} undefined

{48,1396) {40,104} undefined

Entrypoint
sim_code_v3:init_hash_loop/0

Callgraph
show call
graph/time
show call
graph/time

No
caligraph/time
show call
graph/time

No
caligraph/tme

{166,341}
{216,167} sim_code_v3:mit_ast_loop/1
{1,24) para_lib:pforeach_0/4
{1,36401} sini_code_v3:mt_clone_check/0

{1,24) para_lib:pforeach_0/4

<0,3300> [————— undefined

<0,331.0> —— undefined

ISelect al  [JInclude children procs | Include omitted procs
Compare  Visualise Process Tree

0

1

No
callgraph/time
No
callgraph/time

{4,78) {2,62} undefined

{12,130} {8,78} undefined
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Process migration

( overview ’ processes ‘ ’

Pid <0.341.0>

Name undefined
Entrypoint sim_code_v3:init_ast_loop/1
Arguments [<0.340.0>]

Timestamp Profile Time

Timetable start{1352,219904,767820} 0.0163

Stop undefined 8.0810

Parent <0.37.0>
Children

RQ_history [1.4;%.3.3.2.3.2:3 3. 4:4:3,2:3.2:1,3.2.3,2.1]
{#msg_received,

avg_msg_size} e s 2ty
pEmsq sent, {216,167}
avg_msg_size}
accumulated runtime
- S 1678
(in milliseconds)
Callgraph/time show call graph/time

percentage of
total waiting time
[ B ] 4.8195 0.6024 0.8377 8 sim_code_v3:ast_loop/1

2x [ 0.1195 0.0011 0.0041 108 sim_code_v3:insert_hash/2

total mean stddev #recv module:function/arity




Message passing stats

No. of msgs, and average msg size, sent / received.

| 6 P @ localhost 651700 cgr-bin/percept? html/process tree_page c ':.' Google P ﬂ n'
o |

percept2

overview I

Name Parent  #RQ_chgs #msgs_received #msgs_sent Entrypoint  Callgraph

No

undefined undefined 32 {460,1237} {139,39207} undefined caligraph/time
No
caligraph/time
No
caligraph/time
No
callgraph/time

graph/time

undefined undefined {15795,72} {15795,55} undefined
undefined undefined 0 {6,92} {5,85} undefined
<0.30.0> undefined undefined 1 {6,150} {12,67} undefined

<0.37.0> undefined  undefined 1 {48,1396) {40,104} undefined

Select[+/-] Pid Lifetime Name Parent#RQ_chgs#msgs_received #msgs_sent Entrypoint  Callgraph
- [Z] <0,340,0 > N undefined <0,37.0> 10 {167,206} {166,341} sim_code_v3:imt_hash_loop/0

5 E] <0.341.0> T undefined <0.37.0> 21 {217,7280} {216,167} sim_code_v3:init_ast_loop/1

9 (19 ] <0.242 0> undefined <0.37.0> 3 {11,249 (1,24} para_lib:pforeach_0/4 . syoraph/time

" [-]<0.543.050 W undefined <0.37.0> 8 (46,2503}  {1,36401) sim_code_v3:init_clone_check/o Sl

No
callgraph/time

| [+ ] <0.544.050—"EE undefined <0.37.0> 4 {53,24) {1,24) para_lib:pforeach_0/4

No
caligraph/time
No
caligraph/time

M [+] <0.3300> oo—sss undefined  undefined 0 (4,78} (2,62} undefined

M [+] <0.331.0- OSSN undefined  undefined 1 {12,130} {8,78} undefined

_ISelect all [lInclude children procs [ Include omitted procs
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Information aggregation

i overview i processes

Select [+/-] Pid Lifetime Name Parent #RQ_chgs #msgs_received #msgs_sent Entrypoint  Callgraph
r Y r 2 No
23; | 4 37} 39, y :
H <0.23.0> undefined  undefined 32 {460,1237) {139,3920] undefined _ aligraph/time
Select[+/-] Pid Lifetime Name Parent#RQ_chgs #msgs_received #msgs_sent Entrypoint Callgraph
file_io_server:'-
: = '66 procs o No
1 - | <0.*4* 0> ) 7 .23, - i
Pl (=) <0.*4*.0 e D.23.0> 0 {3375,162) {941,994}  do_start/4- . time
el fun-0-'/0
nle_io_server:'- No
0 - | £0,362.0>8 1 undefined <0.23.0> 39 {631,171} {151,1269} do_start/4- .
T e S mn e . callgraph/time
fun-0-'/0
No
‘ - A ———— | .
[F <0.24.0> undefined undefined 1909 {15795,72%} {15795,55Y} undeﬁnedcallgraph/tlme
it No
| E] <0.28.0> undefined  undefined 0 {6,92} {5,85} undeﬁnedca“graph/t'me
No
o (| :
] <0.30.0> undefined undefined 1 {6,150} {12,67} u"deﬁ"edcallgraph/tnme
5 show call
(] <0.37.0> . undefined undefined 1 {48,1396} 40,104 undefined :
- ¢ y graph/time
No
+ : N | i
] <0.330.0> undefined undefined 0 {4,78% {2,62} undefined callgraph/time
X No
+ | .
<0.331.0> undefined  undefined 1 {12,130} {8,78) undeﬁnedcallgraph/tnme
Iselect all [ Include children procs ["|Include omitted procs

Compare Visualise Process Tree




Process tree

Parent-child relationships between processes.

) O UTERIONE FNNEITITD I —

<0.37.0>; undefined,
undefined

/:0.341.0>; undefined; <0.340.0>; undefined; <0.543.0>; undefined; <0.544.0>; undefined;
{sim_code_v3 init_ast_loop,1} {sim_code_v3 init_hash_loop,0} {sim_code_v3,init_clone_check 0} {para_lib pforeach 0,4}
'\
<0.541.0>; wrangler_suffix_tree; <0.%*3%*.0>;'52 procs omitted, <0,579.0>; undefined,
{wrangler suffix_tree. init.1} {para_lib pforeach 1.3} {para_libpforeach 1.3}

k|

<0.467.0>; undefined;
{wrangler syntax_lib,
-start_env_process/0-fun-0-,0}




Dynamic function info

Call relationships b/w fns during the program
run, and number of calls.

sm_code_v3ast_loop/l

1

1

107

sun_code_v3msert_hash’2(1)
e T

397 397 397
sim_code_vido Jm@ sim_code_v3:format'1(3) @_Ofﬁ*m 1(1)

ast_loop'1(1)

sm_code_v3’-ast_loop'1-k$°0/1.0-4(1)

sen_code_vido_generakse']

4

R
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13 397 397
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sen_code_vi'-do_generalise/1-fun-0-'2(1)
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Accumulated runtime

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

‘ overview ’ processes

Pid <0.37.0>

Entrypoint undefined

M:F/A sim_code v3:check clone candidates/3

Call count 1
Accumulated time 1873

(in milliseconds)

module:function/arity call count

Callers . .
sim_code v3:sim code detection 1/6 1

module:function/arity call count

sim_code v3:start clone check process/0

Called sim_code v3:examine clone candidates/4
sim_code v3:combine clones by au/1

sim_code v3:stop clone check process/1

sim_code v3:'-check clone candidates/3-lc$~0/1-0-'/1

N = e




Process activity

0““ 7 0,328 0,455 0,68
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Scalability



Compression

| overview | processes I |

Select [+/-] Pid Lifetime Name Parent #RQ_chgs #msgs_received #msgs_sent Entrypoint
] <0.23.0> DS undefined  undefined 32 {460,1237)  {139,3920} undefined
Select[+/-] Pid Lifetime Name Parent#RQ_chgs#msgs_received #msgs_sent Entrypoint Callgraph
'66 procs file_io_server:'- No
- | <0.*4* 0> e— : <0.23.0> 8 :

B[] <0.*4%.0> e e 0 {3375,1623 {941,994} d°'fj’,t::;./-70 callgraph/time
hle_lo_server. - No

] - | 0.362.0>8  Jundefined <0.23.0> 39 {631,171} {151,1269} do_start/4-
. — = 4 callgraph/time

fun-0-'/0
M [-] <0.240- oSN undefned undefined 1909 {15795,72)  {15795,55} undefined
M [-] <0.28.0- oo undefined undefined 0 {6,92) (5,85} undefined
M [-] <0.200> m====== undefined undefined 1 {6,150} (12,67} undefined
 [#i) <0.37.0> oo undefined undefined 1 {48,1296) {40,104} undefined
| + <0.330.0> s undefined  undefined 0 {4,78) {2,62} undefined
[ + <0.331.0> IS undefined undefined 1 {12,130} {8,787} undefined

Iselect all
Compare

" Include children procs [ Include omitted procs
Visualise Process Tree

Callgraph
No
callgraph/time

No
callgraph/time
No
callgraph/time
No
callgraph/time
show call
graph/time

No
callgraph/time
No
callgraph/time




Parallelise

Parallelise Percept itself.
Multiple log files ...
... that can be processed in parallel ...

... and integrated into a single result.



Distribution



To node:

server@hl-it «

From node:
server@hl-it ll]
server@hl-it
test@hl-it
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Case study



Clone detection in
VWrangler




Active Processes

| overview | processes| | | J l

Profile time: 7.4880

Schedulers: 4

Processes: 106

Ports: 115

Min. range: 0.0000

Max. range:7.4880
4 b
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Processes

overview | processes

Select[+/-] Pid Lifetime Name Parent#RQ_chgs #msgs_received#msgs_sent Entrypoint Callgraph
E <£0.23.0 - undefined undefined 2 {460,1237}7 {139,3920} undefined No callgraph/time
- | <0.24.0> undefined undefined 3 {15823,72} <{15823,55} undefined No callgraph/time
- | <0.28.0- undefined undefined 0 {11,917} {10,857} undefined No callgraph/time
- | =0.30.0- undefined undefined 1 {11,143} {22,667} undefined No callgraph/time
|+ | =<0.37.0>Em undefined undefined 6 {19938,1688} {19971,152} undefined g‘% [ticrr?tlal
|+ | <0.133.0>F—— undefined undefined 0 {4,787} {2,627} undefined No callgraph/time
= <0.134.0- undefined undefined 0 {12,130} {8,787} undefined No callgraph/time

Viselect all ¥ Include children procs [“lInclude omitted procs

Compare Visualise Process Tree




Process activity
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Critical process
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Active functions

Min. range: 0.3944
Max. range:4.9700

module:function/arity active period call count

<0370> ~ | Call Graph Slice |
pid

<0.37.0> sim_code v0:sim code detection/8
<0.37.0= sim_code v0:sim code detection/4
<0.37.0> sim_code v0:sim_code detection 1/6
<0.37.0> sim_code v0:generalise and hash ast/S
<0.37.0=> sim_code vO0:'-generalise_and hash ast/S-lc$§~0/1-0-'/5
<0.37.0> sim_code vO0:generalise and hash file ast 1/6
<0.37.0> lists:foreach/2
<0.37.0> sim_code v0:'-generalise_and hash file ast 1/6-fun-0-'/5
<0.37.0> sim_code v0:'-generalise_and hash file ast 1/6-fun-1-'/2
<0.37.0=> sim_code v0:generalise_and hash function ast/S
<0.37.0> sim_code vO0:format/1
<0.37.0> sim_code v0:generalise and hash function ast 1/7
<0.37.0=> sim code v0:absolute to relative loc/2
<0.37.0> api_ast traverse:full tdTP/3
<0.37.0> sim _code v0:do abs to relative loc/2
<0.37.0> sim_code v0:'-do abs to relative loc/2-lc$~0/1-0-'/2
<0.37.0> sim_code v0:abs to relative loc in_ann/2
<0.37.0> sim_code v0:'-abs to relative loc in _ann/2-lc$~0/1-0-'/2
<0.37.0=> sim_code vO0:'-abs to relative loc _in_ann/2-lc$~1/1-1-'/2
<0.37.0> sim _code vO0:to relative/2
<0.37.0=> sim_code v0:'-absolute to relative loc/2-fun-0-'/2
<0.37.0> sim code v0:'-abs to relative loc in ann/2-lc§~2/1-2-'/2
<0.37.0=sim_code v0:'-generalise_and hash function ast 1/7-fun-0-'/8
<0.37.0> sim_code vO0:generalise and hash body/6
<0.37.0> sim_code vO0:insert to ast tab/2
<0.37.0> sim_code v0:gen initial clone candidates/3
<0.37.0> sim_code v0:get clone candidates/3




e @ localhost:50714/cgi-bin/percept2_html/callgraph_slice_visualisation_page
S

o s>

= |Callgraph timeslice

Q_code_\():‘—genaalise_and_hsh_ﬁk_m_l.&MID

379

Y

< sim_code_v0-genealise_and_bash_file ast_16-fon 005 >

245
Y

€ sim cods vOgeneralise and hash function ast'S _

06 2 GICIEILIRNEIEEAL

’ .




Refactoring #|

[generalise_and hash_file_ast_|(

File, Threshold, ASTPid, true,SearchPaths, TabWidth)
||File<-Files].

~

para_lib:pmap(
fun(File) ->
generalise_and hash_file ast I(
File, Threshold, ASTPid, true, SearchPaths, TabWVidth)
end, Files).



Active Processes

Profile ime:5.9601
Schedulers: 4
Processes: 119
Ports: 121

Min. range:0.0000

Max. range:5.9601
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Processes
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Y

Qn_oodc_vl “.generalise_and_hash_ast/3 -fun-O-D

11

Q_oode_vl :gmunlisc_md_hmh_ﬁk_ast_D

(m_code_\-lz'.gew:hu_md_m_ﬁle_m_l-'6.ﬁm.1.'.:2>o

1171

< sim_code_vl’-generalise and hash file ast 16fun075 >

1112

Cm_oode_vnmu_m_m_ﬁmm_mD

Callgraph

sim_code vl nbsohste_to_rehth‘e_D




Refactoring #2

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

4

para_|lib:pforeach(fun (Form) -> F(Form) end, Formes, 5).



Active Processes

| avertem | ] |

Profile time: 7.0670

Schedulers: -
Processes: 215
Ports: 115

Min. range: 0,.0000
Max. range: 7.0670
2
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Processes
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Callgraph

&
Q_oode_v.’:m_co&_daectm_l 6 e
1 1
@_vzp_m_m_@
1

(wav.mmmb o

sam_code v2 ;m'e_sbon_dooes 3

49 49

> (sin_code_r’ examine a_clone_candidate2(1) sam_code_v2get clone xn_rqe )(!) sin_code_\'lzpt_ﬁnd_cbu_@ sim_code_v2:output_progress_msg1(1)

e 2 \ a2

< sim_code v2'-examine 3 clone_candidate2-kS"V1-1/1(1) > < sim_code_v2'-examine 3 clone_candidate2-k$°21-2°21) >

»_vlattach_fua_call_to_range3(1) sim_code_v2:from_same_file'I(1) m_m_vl'm_md_@ -l

lac Lac N 4.




Refactoring #3

examine_clone_candidates([],_Thresholds,CloneCheckerPid, Num) ->
get_final clone_classes(CloneCheckerPid);

examine_clone candidates([C|Cs], Thresholds,CloneCheckerPid,Num) ->
output_progress_msg(Num),
Cl = get_clone_in_range(C),
NewClones=examine_a_clone_candidate(Cl,Thresholds),
add_new_clones(CloneCheckerPid,{CI, NewClones}),
examine_clone_ candidates(Cs, Thresholds,CloneCheckerPid,Num+1).

v

examine_clone_candidates(Cs, Thresholds, CloneCheckerPid) ->
NumberedCs = lists:zip(Cs, lists:seq( 1, length(Cs))),

para_lib:pforeach(

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),
Cl = get_clone_in_range(C),
NewClones=examine_a_clone_candidate(Cl,Thresholds),
add_new_clones(CloneCheckerPid,{C|,NewClones}).



Active Processes

Profile time: 7.5200

Schedglers: 4
Processes: 269
Ports: 115

Min, range: 0.0000
Max. range: 7.5200
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Parallel clone detection
in VWrangler
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Next steps

® | ooking at the front end ... HTMLS5 version.
® Online SD Erlang Profiling

® Refactoring Tools



RELEASE

OO0
Q0d
U0d

Dialyzer parallelisation at Uppsala ...
... paper in Erlang Workshop 201 2.
BenchErl: benchmarking

Extended tracing in Erlang and DTrace.



Conclusions

RELEASE project.

Tool to support scalable parallelisation.
SD Erlang release and tools in 201 3.

Thanks to the percept team!



Get involved!

git://github.com/huiqing/percept?.git



