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What is APEX?

* Performance measurement library for distributed,
asynchronous tasking models/runtimes
— i.e. HPX, but there are others
— Lightweight measurement (tasks <1ms)
— High concurrency (both OS threads and tasks in flight)
— Distinction between OS and runtime (HPX) thread context

— Lack of a traditional call stack
* Task dependency chain instead

— Runtime controlled task switching

* Infrastructure for dynamic feedback and control of both the
runtime and the application
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APEX Measurement

* Top down (application) and bottom up (OS/HW) performance
mapping / feedback

— Make node-wide resource utilization data and analysis, energy consumption,
and health information available in real time

— Associate performance state with policies for feedback control
* APEX introspection

— OS: track system resources, utilization, job contention, overhead

— Runtime (HPX): track threads, queues, concurrency, remote operations,
parcels, memory management

— Application timer / counter observation
* Post-mortem performance analysis
* Integrated with HPX performance counters
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APEX Architecture

APEX Introspection

System Info
(/proc, getrusage,
LM Sensors, etc.)

Application
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APEX Introspection

* APEX collects data through “inspectors”

— Synchronous uses an event APl and event “listeners”
* Initialize, terminate, new thread — added to HPX runtime
* Timer start, stop, yield*, resume* — integrated into HPX task scheduler
* Custom events (meta-events)
— Asynchronous do not rely on events, but occur periodically
* Sampled values (counters from HPX)

* APEX exploits access to performance data from lower stack
components
— “Health” data through other interfaces (/proc/stat, /proc/cpuinfo,

/proc/meminfo, /proc/net/dev, /proc/self/status, Im_sensors,
power*, PAPI hardware counters, etc.)
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APEX Event Listeners

* Profiling listener

New task event: capture parent task relationship

Start event: input name/address, get timestamp, return profiler handle

Stop event: get timestamp, put profiler object in a queue for back-end processing, return
Sample event: put the name & value in the queue

Asynchronous consumer thread: process profiler objects and samples to build statistical profile (in
HPX, processed/scheduled as a thread/task)

* TAU Listener (postmortem analysis)

Synchronously passes all measurement events to TAU to build an offline profile/trace

* OTF2 Listener (postmortem analysis)

Synchronously passes all measurement events to libotf2 for trace analysis

* Concurrency listener (postmortem analysis)

Start event: push timer ID on stack
Stop event: pop timer ID off stack

Asynchronous consumer thread: periodically log current timer for each thread, output report at
termination
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APEX Policy Listener

Policies are rules that decide on outcomes based on observed state
— Triggered policies are invoked by introspection APl events
— Periodic policies are run periodically on asynchronous thread
Polices are registered with the Policy Engine
— Applications, runtimes, and/or OS register callback functions
Callback functions define the policy rules
— “If x<ythen..” —any arbitrary logic
Enables runtime adaptation using introspection data
— Feedback and control mechanism
— Engages actuators across stack layers

— Could also be used to involve online auto-tuning/online-search support
* Active Harmony http://www.dyninst.org/harmony
 Hill climbing, etc.
* Control theory (e.g. concurrency)
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Screen Output

khuck — khuck@centaur:~/src/phylanx/tools/buildbot/build-centaur-ppc64le-Linux-clang/phylanx-Release — ssh ktau — 110x46
Elapsed time: 1.63509 seconds
Cores detected: 160
Worker Threads observed: 40
Available CPU time: 65.4036 seconds

Counter : #samples | minimum | maximum | total | stddev

CPU Guest
CPU I/0 Wait
CPU IRQ

CPU Idle

CPU Nice

CPU Steal
CPU System
CPU User

CPU soft IRQ

000
000
000
454
000
000
004
541
.000

000
000
000
454
000
000
004
541
.000

000
000
000
454
000
000
004
541
.000

.000
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#calls total total

.84e-04
.02e-02
.13e-05
.39%e-04
.84e-05
.15e-05
.58e-05
.17e-04
.97e-02
.01e-04
.40e-02
.01e-03
.22e-02
.74e-03
.02e-04
.11e-04
.36e-04
.73e+00
.65e-04
.16e-05
.41e-04
.27e-04
.51e-05
.05e+01

.001
046
000
000
000
000
000
000
076

000 APEX timers

006
049
007
000
000
001
235
000
000
000
000
.000
.556

access—-argument$15$enable_output/2$19$24::eval :
apex_internal_process_profiles_action
apex_internal_shutdown_action
broadcast_call_shutdown_functions_action :
call-function$0$read_x/0$104$5::eval :
call-function$l$read_y/1$8$ eval :
call-function$2$lra/2$33$. eval :
hpx::parallel::execution::parallel_executor::post
hpx_main
primary_namespace_colocate_action
primary_namespace_decrement_credit_action :
run_helper :
set state for active thread
shutdown_all_action :
store$0/2$21%$21::eval :
store$1/2$22%$2 eval :
store$2/2$23%$21::eval :
task_object::apply :
variable$0@$weights/2$10$2 eval :
variable$l$transx/2$11$2 eval :
variable$2$pred/2$12$2 eval :
variable$3$error/2$13$2 eval :
variable$4$gradient/2$14$20::eval :
APEX Idle :

RRRERRRONRBRRERRERNRBNRRWRRB R R R OR

ORRORWRREPRAUVUBANRLRAWNOORNE &
OORRORAWRRAWARRARBNOORNWSA
NOOOOONOOOO000D000OS

o

Total timers : 131,871
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Concurrency View
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Concurrency View
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OTF2 View Iin Vampir

[ ] [ ] | Trace View - [storagejusers/khuck/src/operation_gordon_bell/OTF2_archive/APEX.otf2 * - Vampir
File Edit Chart Filter Window Help
z i I g e s 100 s
Er R L e e FTIE B2 2 | |{| ! 9.799 |
n Function Summary
Os 15 s 60 s 75s 90 s [ All Processes, Accumulated Exclusive Time per Function
: H : H (o] 1.000 s 750 s 500 s 250 s
thread 18 [ . s send_hydro_bou...ry_action_type [~]
thread 19 1,149.736 s step_action_type
thr... 20 send_gravity_b...ry_action_type
thread 21 m 206.289is solve_gravity_action_type
thr... 22 1 T QUMMM T T M T L H 175.751 s [N check_for_refin...ent_action_type | |
thr... 23 T IO | [0 (A DT TR BT T T : 122{946 s [ form_tree_action_type
thr... 24 e UL DL T m_wnl 97.606 s get_child_client_action_type
thr... 25 [0 T A T 0 0T T A I ] 56.891 s output_action_type
2o BP0 10 U T N AT 10 44.862 s [7] compare_analytic_action_type
thr... 27 m. - H == 32,592 s send_hydro_children_action_type
thr 28 WO I YRTRATS N NN VRPN Y1 AT T 24.428 5 ] get rieces action type
o 2o IR0 O Y NPT T S 23872 5[] send_gravity_e...ns action.type
thr 30 ¢ [N WIRL 010 A W-M|MIMMMMM-- 21913 5 [ send_gravity_m...es_action_type |
thread 31 [ SRR VOO (900 T MY N O 00 M T NN T N ™ i —
AT 171 8T T T A e il P r
e 335 (B DO 1191 OO O 0 1A " O o
TR T MICURN  Y O 0T T T L Property value
thre. 35 ([N 11T NPT O YT A SN 0T 1 <|| |Pisplay Function Summary
- . . — Filter All Processes
All Processes, Exclusive Time per Function
Function Ml compare_analytic_action_type
i 1 ' 1 Function Group USER
90 % I I hll ; Accumulated Exclusive Time 44.862149 s
80 % l ________________ Percentage 25.5435%
70 % | | l
60 % i gl Y LR R L LR NG ] o R
50 % [ [EE U1 4  J Bl i o R gl |
= Function Legend
40 %% i-f--| (ORI | BT AL (N R S | |........... USER
Monitor
So0% @1 N |40 PO PR P S R S | |-
20 %
10 %
O%. H H H H H H
Z [T | [»]
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OTF2 View in Vampir - Phylanx

[ JoX ] X/ Trace View - i i taur-ppc6ale-L Release/OTF2.: Lotf2 - Vampir
Fle Edit Chart Fiter Window ﬂelp
e L i . o g
ErRULEOTERLS B A N
Timelin nction Summary
0s 01s 02s 03s 045 055 06s 07s 0.8s 0.9 10s 11s 125 135 145 155 165 175 18s [ All Processes, Accumulated Exclusive Time per Function
H 5.0s 2Ss
thread0 -
threads - ”\‘ | \ ! ‘! it | \ I "‘\‘ N an | [ ] ‘I |.H vl H 1] B task_object::apply
thread6 - \‘ \ [ I ‘I 1 ‘ ;1 ) H] = u “ ‘ ‘ > ‘ t n\ V S " 35.004 ms| hpx main
thread 9 - M il ‘\“ ‘u Ht‘ .|‘ w \l M ‘ 1 ;" 1 \l T ‘ m Hv‘ , “ ! ‘ \ ‘ 1, .‘ ||} ' 1 ! |' 31.98 ms | set state for active thread
thread12 - ” h “‘I i ‘*‘ I ”. i ‘M |I Iy “1‘ ! \ h “I *‘ "‘\ H “ "\ i" “ £:698 ms| run_helper ’
thread 15 - A I i 1 . iy i = 5.726 ms | primary_names...credit_action
thread 18 - "“1\ b mip “’”1" Mq .g d m .u‘ !"‘ b w. ¥ \ 1\ nil \4 ograt L 1‘ il g Il 1, u ‘.M‘ iy ,, 5356 ms | shutdoin al action
thread 21 - '\,‘ i = WK h i | : 1| "] ‘\. ‘ ‘ “‘ I‘ ‘ : 297.226 pis | call-functions... y/1$8$5:eval
thread 24 - ..| i ,H.H Wi |\ |. II | el | : 4 \ \,H
bt l lw ' & ‘wu \ ” \‘ o ' by ‘ " “ ‘ 1 287.463 pis | hpx:parallel::..._executor:post
:h::d ] Ll ] et “ It I h‘ .‘ ek ‘.\ [ “L = il e ‘ : ‘ “M ‘ 172.36 pis | variable §4$gra.../2$14$20: eval
thread 33 - : =) ‘!‘ 1 |\I i Pl : l\“ Iy 1 “‘H“ = i \ | ' ‘ | \ 170,16 ps| callfunctions...x0$10$5::eval
H | i I | | I i ‘
thread 36 - |‘ kbl 1 “] | ‘” m ‘ HI" ‘ |‘ LA ] TR | |t ‘ i f M RCHH R P R "' \ 156,958 s | variable§3error/2$13520::eval
thread 39 - i "“ L [ A | | Vgl \\ [ I TR ‘ 1 113.207 pis | primary_names...locate_action
All Processes, Exc\uslve Time per Function 0 103.956 pis | callfunctions...a/2$3345::eval
® 96.94 pis | variable $0$wei.../2$10§20::eval
] 84.69 pis | variable $1 ftra.../2$11 $20: eval
0% 83.606 s | variable $ 2$pred/2$12$20::eval
74.879 s | broadcast_call...nctions_action
47,51 pis | apex_internal_shutdown_action
60%
ontext View
40% % | L. Counter Data Timeline X -+
2o% Property Value
Display Counter Data Timeline
0% Tpe Counter
Locations thread 0, thread 1, thread 2, and 38 more...
thread 0, thread 1, thread 2, and 38 more, Values of Metric "CPU User %" over Time
Maximum 5172414
6.0 Maximum Location thread 0
Average 0.126156
a5 1 Minimum 0
. | [ I Minimum Locations thread 13, thread 3, thread 16, and 37 more...
5 0 — e | ‘ [ [ ] | Unit count
3 ) b
© ; I | | I / [ | I‘ " | [ 17 . | | I Interval Begin 07255
| | ! | ] (- L | i/ J Interval End 073255
8 o] Duration 7.5ms
|
0
thread 0, thread 1, thread 2, and 38 more, Values of Metric "CPU System %" over Time
Function Legend
30.0
& W USER_TASK
task_object::apply
[ \ [ \ I \ [ callfunction$0$read_»/0$10$5::eval
225 i S—| —" g T [ T |y \ 7 callfunction$1 $read_y/1 $8$5::eval
- / ' call-function$2$Ira/2§3345:: eval
E variable $0 $weights/2§10$20:
3 15.0 ] variable§1 §transx/2$11$20
variable §3error/2$13$20: eval
| variable §4 §gradient/2414$20:eval
7.5 Monitor
Al
[ [»)

1.4825 s
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Taskgraph View

broadcast_call_shutdown_functions_action:
4.4509¢-055 count: 174

count: 1 ﬁ

count: 1
. count: 5 task_object::apply:

run_helper: 1 384334¢-05s
count: 1 0.00289856s count: 1
count: 1

shutdown_all_action:

count: 1 0.000182704s . count: 1 primary_namespace_colocate_action:

: —P>

3.5917e-05s

background_work
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* Phylanx Policies  Task dependency analysis
— Direct actions vs. scheduled tasks — APEX taskgraph combined with
— Algorithmic parameter Phylanx AST graph
optimization — OTF2 task dependency analysis
e HPX Policies — HPX “states”
— Parcel coalescing  Updated documentation
— Auto-chunking / Parallel — Quickstart
Algorithms — Howto
— Global performance view — FAQ
° Phylanx counter integration — User/Reference guides
— Add as APEX counters  http://khuck.github.io/xpress-apex/

— AST tree measurements
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Policy Example: Parcel Coalescing

l§11§§2¢'

Sl

count

count

es of Metric "/threads{locality#0/total

count

=

Function Summary

X
All Processes, Accumulated Exclusive Time per Function
3,000 s 2,000 s 1,000 s

step_action_type =
3458712 s node_server::...::compute_fmm
2,583.023 5 locality
494174 s [N node_server::...ydro_boundary
135.783s | solve_gravity_action_type
51.821 5 : schedule_parcel
49857 s || apex:process_profiles
39.795 s | hpx::componen...ponent_action
22.989 s | check_for_refin._ent_action_type
11.303 s | node_server::c...avity_channels
9.529 s | form_tree_action_type
7.048 s | compare_analytic_action_type
5.042 s | task_object::apply
4191 s | node_server:ex...t_flux_restrict
2.802 s | force_nodes_to...st_action_type
1.036 s | regrid_scatter_action_type
1.013 s | initialize_action
0.808 s | parcelhandler:put_parcel -
Context View
® Function Summary X +
Property Value
Display Function Summary
Filter All Processes
Function chedule_parcel
Function Group M USER_TASK
Accumulated Exclusive Time 51.821404 s
Percentage 0.449188%

Function Legend
» [l USER_TASK
Monitor
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store$0/2$21$21::eval:

4.4033¢-05s

store$1/2$22$21::eval:

0.000114983s

Task Graph Example : Ira_csv

count: 1

count: 1

count: 1

count: 1

count: 114

count: 56

primary_namespace_decrement_credit_action:

count: 2 1.49635¢-05s
background_work
shutdown_all_action: count: 1 primary_namespace_colocate_action:
+ 0.000490066s 32703¢-05s
count: 2
call-function$2$lra/2$33$5::eval:
8.088e-06s .
count: 1
count: 8282
run_helper:
0.00277214s
broadcast_call_shutdown_functions_action:
count: 3
2.4028e-05s
Variable$2$pred/2812520: eval: count: 1
3.1263e-05s N count: 1 ount: 4569
variable$1$transx/2$11$20::eval: ‘ count: 1 task_object::apply:

count: 3 _‘ hpx::parallel::execution::parallel_executor::post:

3.0943¢-05s \

variable$4$gradient/2$14$20::eval:
3.0273e-05s

variable$3$error/2$13$20: eval: | |
3.5364¢-05s

hpx_main:
0.0348197s

variable$0$Sweights/2$10$20::eval:
3.6845¢-05s

call-function$0$read_x/0$10$5::eval:
1.9257e-05s

call-function$1$read_y/1$8$5::eval:
8.182e-06s

count:

3.35383e-05s
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Phylanx AST (old data/graph)

triangles have children, circles no children

q O access-argument#8#x/2#228
dashed: direct, solid: not <- ?

O access-argument#8#x/2#301
Average time per instance

i access-argument#8#x/2#396
0.0000 0.0004 0.0007 0.0011 0.0015 0.001€ . q O

O access-argument#8#x/2#451

q 4 ‘ q O access-argument#8#x/2#509

8 access-variable#5#step/2#582

access-argument#11#iterations/2#589
define-! vanable#s#siep/2#537

access-argu t#12#enable_output/2#647
g access-variable#5#step/2#677

access-variable#0#weights/2#689

access-varial 3#error/2#857
q access-variable#2#pred/2#864

access-argument#9#y/2#871

access-variap'sgd#gradient/2#939
access-variable#1#transx/2#953

access-variable#3#error/2#961

access-variable#2#pred/2#787
access-variable#o#weights/2m7

<

<

4 8 access- vangm#welgms/zm 064
access-variaj

q access-argument#€
access-variable#0#

eights/2#1073
access-argument#10#alpha/2#1084

access-variable#4#gradientl2#1 092

Q access-variable#5#step/2#1134
O access-variable#5#step/2#1140
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Task dependency analysis

* Previous work (see following slides) performed by
extending OTF2 and building custom analysis and viewer

* Current OTF2 modifications: adding task GUID and parent
GUID attributes to timer events captures dependencies

* Options:
— Update existing viewer to work with conventional OTF2 with
attributes
— Add analysis algorithm to “viewer 2.0” (née Ravel)
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Task dependency in new viewer
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Zoom to end of computation

]
run_helper fibonacci_action fibonacci_action run_helper
1
fibonacel_acticn task_ocbject::apply fibonacci_action
2
fibonacci_action fibonacci_action task_object::apply
3
] fibonacci_action fibonacci_action
4
I_ 88.30‘0.003 88, 40‘0 000 58.5(;0‘030 56.60‘0.000 SE.TGIO.OOG BE.BOIO.OOO B8, BOIO.OCO

45,000,000 60,000,000 65,000.000 70,000,000 75,000,000 80.000,000 85,000,000
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4

HPCG application from “another runtime’

N APEX Trace Viewer - + X

‘ Task Execution v

Related H Idle Regions

GUID | Property
w Datablocks Acquired
0x2000000078d97 8
0x2000000000045 320
0x2000000078da4 8
0x2000000078da6 8
0x2000000078da% 8
0x2000000078dac 8
0x2000000078dae 8
8
8
8
8

0x2000000078db2
0x2000000078db5
0x2000000078db9
0x2000000078dbe
Datablocks Created
Datablocks Destroyed
Tasks Created
Tasks Destroyed
Events Created
¥ Events Destroyed
0x1100000000002e

6: reductionEdt 0x3000000078d9c 24.70172 -> 24.70178 24.70176
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Automated Performance Diagnosis

* |dle workers
— Can we automatically identify why workers are idle?

 HPCG iteration boundaries
— Center of reduction represents natural bottleneck

— Reduction cannot complete until the final task of the iteration is
complete

— Next iteration cannot begin until reduction completes
* Generic diagnosis module
— Find idle regions
— ldentify the bottleneck task (region-breaking task)
— Follow dependencies back from effect to cause (task to blame)
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Idle region of interest
< >
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Decreasing Running + Eligible O Eligible

Return to Full Occupancy
_I N _:[_[
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Earliest task after idle
region such that multiple
tasks are eligible during its
execution
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A

Follow dependencies back,
for each task taking the
last-satisfied dependency,
back to a task which began
execution before the idle
region
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I = If the final
I e satisfaction taking

e e place during the task

to blame had

I e idle region could

B have been shorter.
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“Eligible” to run (scheduled)

* Add events to HPX scheduler to identify thread states
— Created
— Waiting on dependency

— Scheduled / ready-to-run
— Executing
— Completed
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APEX concurrency view (modified)

1 e A e LMY ghe o500
¥ T L

—_

Concurrency

-150
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Time

—

Running
Eligible
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(unsatisfied
depen-
dencies)
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Region of interest
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