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Solution Part 1: Automatic Tool

T
U

Huge amount Of »KPERT » ——

Measurement Relevant
data _. problems
and data

~

m For standard cases (90% ?!)
m For "normal” users
m Starting point for experts
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Solution Part 2: Expert Tools + Expert

T
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Huge amount of  |==dp| gimple

Measurement -
data NGl Even more

Derived analysis

~

m For non-standard / tricky cases (10%)
= More productivity for
performance analysis process!
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Forschungszentrum Jiilich ,J
Example: Late Sender (blocked receiver) [2001]

Czochralski crystal growth
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Forschungszentrum Jiilich ,'

Example: Late Sender (blocked receiver) [2001]
Location !
B Enter
[J Send
E Receive
B B [ MPIL_SEND | ——
— Message
\ — enterptr
sendptr
A 0 MPI_RECV m —
Time;



Scalasca: Example MPI Patterns #) )0LICH
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(a) Late Sender (b) Late Receiver
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" :
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timer time'
(c) Late Sender / Wrong Order (d) Waitat N x N
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Presentation of Performance Behavior [2001]

« Performance behavior

— 3 dimensional matrix EEI—.— 100 main

— Hierarchical dimensions

 Weighted tree H— 10 main
— Tree browser
— Each node has weight
* Percentage of CPU allocation time 60 bar
* E.g. time spent in subtree of call tree
— Displayed weight depends on state of node
* Collapsed (including weight of descendants)
* Expanded (without weight of descendants)
— Displayed using
* Color
» Allows to easily identify hot spots (bottlenecks)

30 foo

* Numerical value
* Detailed comparison
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Three views
— Performance property
— Call tree
— Locations

Interconnected

— View refers to selection in
left neighbor

Two modes

— Absolute: percent of total
CPU allocation time

— Relative: percent of
selection in left neighbor
Collapsing/expanding of
nodes

— Analysis on all hierarchy
levels

Forschungszentrum Jiilich ,

Presentation of Performance Behavior (2)

EXPERT <2>

[2001]

BIEIEY

Performance Properties

I Dynamic Call Tree

' Locations

S 00 Total
838 Execution
04 MPI
- 0.0 MPI Communication
EHE- 6.0 Collctive

0.0 Late Receiver
[O-{73 Tate Sender
- 0.0 MPI Synchronization

~O- 00 openink

- 0.0 openvisconn

=03 0.0 checkvisconn

—[J- 0.0 visconnupdatevisparm

B+~ 00 seconds
- 0.0 writep3

-0 0.0 writep0

0.0 resettime

0.0 dseconds

0.0 writeout!

B0 00 darcyvelocity

B+ 00 incrementtime

0.0 writeoutdreal

-0 0.0 interpolateprofies

-0 0.0 visconnsendstatus

-0 00 finiteslementsassembledt

EHCT- 0.0 applyboundaries

EH- 0.0 cgiteration

1455 exchangedata

0.0 parallelcg

EH- 0.0 paralleifemultiply

- 0.0 exchangedata
B0 0.0 dseconds
EHT- 0.0 exchangebufferswf

[J- 0.0 putdataintobuffer

- 0.0 msend
=0 0.0 mrecy
tm
- 00 getdatafrombuffers
- 0.0 paralledotprocuct
0.7 exchangedata.
[} 0.0 writep2
J- 0.0 writeprotocolreal
|01 00 waitforlinkready
0.0 checkvariableboundaries
-0 00 writep2
- 00 getparams
-0~ 0.0 printtolink
I 0.0 visconnsenddarcyvelocity
-0 0.0 closevisconn
-0 0.0 closelink
0.0 end_commutils

[ [T
1 20 30

40 50 60

=0 00 ZAMpano
31 0.0 zam008et
O- 84 Process0
M- 35 Process |
-0 0.0 zam008e2
42 Process 2
O- 89 Process3
31 0.0 zam008e3
- 82 Process 4
B 34 ProcessS
- 0.0 zam008ed
45 Process 6
- 83 Process 7
01 0.0 zam008eS
- 95 Process 8
- 47 Processd
HJ- 0.0 zam008e6
39 Process 10
- 8.2 Process 11
31 0.0 zam008e7
- 85 Process 12
45 Process 13
-HJ- 0.0 zam008e8

37 Process 14
- 76 Process 15

]lllllllIIFIIIIIIIIIFIIIIIIIIII
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M =m EXPERT: sweep3d.eap

File View

Help

Performance Propetties

—; Dynamic Call Tree

", Locations

=1 0.0 Total
=) 48.8 Execution
CHEll- 1.9 MPI

EHC}F 0.0 Communication
EHCH 0.0 Collective
[} 0.0 Early Reduce
[} 0.0 Late Broadcast
B 06 Waitat Nx N
=Hll- 28 P2P
EHCJ- 0.0 Late Receiver

CHEl- 2.1 Late Sender

[} 0.0 Messages in Wrong Order

[ 1.2 Messages in wrong Order |

[ 0010
EHC} 0.0 Synchronization
[} 0.0 Wait at Barrier
=HC)- 00 OMP
[} 0.0 Flush
- 135 Fork
EHC}F 0.0 Synchronization
=HC}- 0.0 Barrier
EHC}- 0.0 Explicit
[} 0.0 Wait at Barrier
=HEl- 15 Implict
- 2.5 Wait at Barrier
EHC)- 0.0 Lock Competition
[J- 0.0 &P
[ 0.0 Critical
[ 365 ldle Foreads

What problem?

Performance Property

mes ’ ‘ |
10 20 30

=) 0.0 driver
EHCI- 0.0 task_init
[J- 0.0 MPI_Init
- 0.0 beast_int
[} 0.0 barrier_sync
F-C1- 0.0 read_input
[}~ 0.0 decomp
=-HC}- 0.0 inner_auto
=1 0.0 inner
EHCI- 0.0 initialize
EHC 0.0 barrier_sync
- 0.0 timers_
EHC- 0.0 source
- 0.0 sweep
[} 0.0 octant
-1 0.0 rev_real
L
EHC- 0.0 $omp parallel
=HC)- 0.0 $omp do
[}~ 0.0 '$omp ibarrier
[}~ 0.0 '$omp ibarrier
=1 0.0 snd_real
[J- 0.0 MPI_Send
- 0.0 global_int_sum
[} 0.0 MPI_Alreduce
EHC- 0.0 flux_err
EHC1- 0.0 '$omp parallel
=HC- 0.0 $omp do
[}~ 0.0 '$omp ibarrier
bal_real_max
MPI_Allreduce

[2003]

=HJ- 0.0
[
=HC1- 0.0 global_r
[ 00 M
EHCH 0.0 task_end
[J- 00 MPI_Finalize

Region Tree

Where in source code?
In what context?

4J

| =}~ 0.0 Lihux Cluster

EHC)- 0.0 zam008e3
=HC}H 0.0 Process0
[J- 0.0 Thread 0
[} 0.0 Thread 1
[} 0.0 Thread 2
[} 0.0 Thread 3
- 0.0 zam00Sed
=} 0.0 Process 1
- 0.7 Thread 0
[J- 0.0 Thread 1
[} 0.0 Thread 2
[} 0.0 Thread 3
-1 0.0 zam008eS
=-HC}- 0.0 Process 2
[} 0.0 Thread O
[J- 0.0 Thread 1
[J- 0.0 Thread 2
[J- 0.0 Thread 3
- 0.0 zam008e6
=HC} 0.0 Process 3
[} 04 Thread 0
[} 0.0 Thread 1
[} 0.0 Thread 2
[} 0.0 Thread 3

Location

How is the
problem distributed
across the machine?

50‘ 60| ?UI

iﬁ[ll}lllllllll (L] ]
80 30
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Example: sweep3D on 8192 BG/L PEs

(=% CUBE: sweep3d_vn8192.cube BN - CUBE Cartesian: 0 [=][m][x
File View Help View Geometry Zoom Colors
Performance Metrics I Call Tree I System Tree 3
(63,7, 15)
= [J 0.0 Time = [ 0.0 driver = [ 0.0 IBM BGL A
e[~ | 65.7 Execution [J 0.0 MPI_Init = [J 0.0 ROO-MO-NF (63,7, 14)
= [ 0.0 MPI [J 0.0 MPI_Bcast & 0.0 Process 0
= [J 0.0 Communication [] 0.0 MPI_Barrier & 0.0 Process 1 (83,7,13)
=1 [ 0.0 Collective =] 1.2 inner O] 0.0 Process 2
[] 0.0 Early Reduce [] 0.0 MPI_Barrier O] 0.0 Process 3 e, )
[0 0.0 Late Broadcast [ 0.0 Process 32 63,7, 11)
2.0 Wait at N x N = [ 0.0 rcy_real [ 0.0 Process 33 i
[=] 3.5 P2P [] 0.0 MPI_Recy [0 0.0 Process 34 63,7, 10)
[0 0.0 Late Receiver + [ 0.0 snd_real [0 0.0 Process 35
+ [ 13.9 Late Sender = [ 0.0 global_int_sum O] 0.0 Process 64 {63,7,9)
[Jooio [] 0.0 MPI_alireduce [ 0.0 Process 65
& 11.8 Init/Exit [ 0.0 MPI_Allreduce [ 0.0 Process 66 (63,7,8)
=[] 0.0 Synchronization [] 0.0 MPI_Finalize 0] 0.0 Process 67
=1 [ 0.0 Barrier [0 0.0 Process 96 Al )
[Z] 0.0 Barrier Comple: O] 0.0 Process 97 ©3,7,6)
[ 0.0 Wait at Barrier [ 0.0 Process 95 s
[] 0.0 Overhead [ 0.0 Process 99 63,7,5)
100.0 Visits [& 0.0 Process 256
[0 0.0 Process 257 (63,7, 4)
O] 0.0 Process 258
[0 0.0 Process 259 (63,7,3)
[& 0.0 Process 288
[0 0.0 Process 289 4= o)
O] 0.0 Process 290 @3.7,1)
O] 0.0 Process 291
[ 0.0 Process 320 (63,7,0)
& 0.0 Process 321
[& 0.0 Process 322
[0 0.0 Process 323
O] 0.0 Process 352
[ 0.0 Process 353 III] [
T > O 0.0 Process 354 1.140e-02 1.286e-02 |
FIII | ’ ‘ | | i l IlIIIIIIFIIIIIIIIIFIIIIIIII
10 20 30 40 50 60 70 g0 30 100 ] I Ll
§B1 92 %1 [Execution -=sweep: 2008:40:06.585145 (67.8495%) excl. [ i
L L — L
© 2007 Bernd Mohr, Forschungszentrum Jdlich 14

m New

topology
display

Shows
distribution
of pattern
over HW

topology

Scales to
larger
systems
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File View Help

Metrics Call Fee | Flat Profile System Fee Topology View
|Absolute v |Selection percent W || |Peer percent v
~—{"] 0.00 Time ~—{ll 1.3 solve_nmm el L=
—=—{] 14790.22 Execution —>—[] 0.2 module_tiles .. set_tiles2 [2009]
0.00 MPI —>—{l 1.2 rsl_lite_init_exch
—>—{"] 0.00 Synchronization —>—[ 9.5 rsl_lite_pack
~~—[] 0.00 Communication —>—{l 3.4 rsl_lite_exch_y
—— 3639.53 Collective —>—{l 3.7 rsl_lite_exch_x . (3
——{_] 15824.94 Point-to-point —& 13.5 module_igwave_adjust .. pf
——] 0.00 MPI |JO —l 0.6 module_igwave_adjust .. dd:
] 0.00 Init/Exit ——J 0.3 module_igwave_adjust .. pdt
—] 0.00 overhead —& 11.1 module_advection .. adve -
—{l 2240996053 Visits —] 0.4 module_igwave_adjust .. vto B
->—[] 0 Synchronizations —l 0.7 module_nonhy_dynam .. vat
->—{ll 50227200 Communications —l 3.0 module_nonhy _dynam .. ha
>l 1390691467560 Bytes transferrec| | [ 4.3 module_nonhy_dynam .. ep: l
->—{ll 50274153042403 CYCLES —{l 0.7 module_advection .. vad2
>l 21015191824572 DATA_ACCESS —>—[ 3.7 module_advection .. had2 u u
~—["] 0 DATA_LOAD —>—[l 4.0 module_physics_calls .. radi : u u
——[ 16894763877779 LOAD _HIT L1|| >—{ 0.3 rdtemp - - -
el 1245801627254 LOAD_HIT_L2§ | ~—~ [l 2.9 module_physics_calls .. turb
[ 10148888948 LOAD_HIT_MEM —>—[J 0.1 module_tiles .. set_tiles2
>l 81586047344845 PM_INST_DISP ~=—{] 0.1 module_surface_driver .. {
—>—[] 0.0 wrf_debug !
—>—[l 2.3 module_sf_ myjsfc .. my L L
>l 3.4 module_pbl_driver .. pbl_c 1Y
——] 0.1 module_physics_calls .. uv_Pd : I~
<] [ f [« | 2| | |
[245,801,627.254 (1.4%) | 1715e+13| [4.390,327.698 (1.8%) | 2.458e+11| [2743955 +/- 921% [ 1.087e+07
FIIII ([ ][] | ﬁ ZDIIIIIIIII'IIIIIlllllllllllIIIIIIIw

’1600)(1

WRF-NMM weather prediction code on MareNostrum @ 1600 CPUs




Scalasca Example: CESM Sea Ice Module

Late Sender Analysis + Application Topology

m Cube 3.0 QT: Experiments/epik_trace_filtercice_D_T62g16.4096.120304-162028.topo.cube.gz

File Display Topology Help

#) )0LICH

FORSCHUNGSZENTRUM

Absolute v Absolute v |Peer distribution v
Metric tree Call tree | Flat view Topology 0 Topology 1 @ Virtual topology < »
=+ [] 0.00 Time ~ [ 0.00ice_comp_mct:ice_run_mct (0.00° & feeecaaee saaee | o
&+ [ 1.83e5 Execution 482.96 ice_comp_mct:ice_import_n " 5
=+ [l 0.34 MPI [ 1.42e4 ice_step_mod::step_therm2
3.21e4 Synchronization -+ [] 0.00 ice_step_mod::step_dynamics | i
=+ [] 0.00 Communication G+ [] 0.00 ice_dyn_evp::evp (0.00%)
=+ [ 1.18e5 Point-to-point 2005.90 ice_boundary:ice_ha
(L] 1.74e5 Late Sender 3536.37 ice_grid::t2ugrid_vect e
0.02 Late Receiver 1792.13 ice_boundary:iice_ha £
(X 1.06e5 Collective [] 0.00 ice_boundary::ice_haloup
(] 0.00 Init/Exit L [ 1.13e5 MPI_Waitall HEH
— ] 0.00 Overhead 1533.09 ice_grid::u2tgrid_vect it
— [l 2.73e10 Visits E [l 1.86e4 ice_transport_driver:trans HE
; 2.17e6 Synchronizations 1.09e4 ice_state::bound_state
1.87e10 Communications ﬁ 8529.44 cice_runmod::coupling_pref
1.91e13 Bytes transferred -+ [] 0.00 ice_history::iice_write_hist (0.00" e e s
9.58e4 Computational imbalance 20.82 ice_history_write::icecdf
2.82e5 Short-term delay costs & [] 0.00 ice_restart::dumpfile_pio (0.00%
2.76e5 Delay costs 5.05 ice_pio:iice_pio_initdecomp_
[ ] 0.00 Wait states (direct vs. indirect) 5.57 piodarray::write_darray_4d_c
[ 1.45e5 Direct wait time 0.77 piodarray::write_darray_3d_c
[[1 1.40e5 Indirect wait time
2.85e5 Wait states (propagating vs. te
201.86 Critical path profile W
6.08e5 Performance impact : : "
<& Ji<>v <& J <>v i L
0.00 1.74e5 (28.44%) 6.14e5 \i) 1.13e5 (64.73%) 1.74e5|10.00 0.00 100.00
[ | I




#)0LICH

FORSCHUNGSZENTRUM

Trace analysis sweep3D@294,912

° 1 0 ~ in - _ Cube 3.3 QT: zdv176/epik_sweep3d_vn294912_trace.cube.gz
File Display Topology Help

3D Absolute Jv\ | Absolute ‘v\ Peer distribution ‘v‘
Sweep ‘Metrictree Calltree | Flatview | Systemtree | Topology0 | Topology1 |

runtime

11 sec
replay

4 min
trace data

write/read
(576 files)

7.6 TB
buffered
trace data

510 billion
events

= [ 0.00 Time (4]
& [ 2.94e7 Execution

L @ 1.53e9 Overhead
I [ 2.36e10 Visits

& O 0 Synchronizations
& O 0 Point-to-point

L @ 8.85e5 Collective
& O 0 Communications
& O 0 Point-to-point

= [0 Collective

& [ 0 Bytes transferred
[ 0 Point-to-point

[J 0 Collective

3.65e5 Computational imbalance

&[] 0.00 MPI
& [J 0.00 Synchronization
& @ 8.30 Collective
563.45 Wait at Barrier
1.96 Barrier Completion
& [0 0.00 Communication
3.90e5 Point-to-point
3.00e7 Late Sender
B [J 0.00 Messages in Wrong Order
6.75e7 From different sources
[J0.00 From same source
3.14e6 Late Receiver
3.76e4 Collective
[ 0.00 Early Reduce
[J0.00 Early Scan
8524.22 Late Broadcast
1.89e7 Waitat N x N
2416 Nx N Completion
[ 0.00File /O
L [ 5.77e6 Init/Exit

[0 Sends
= [ 0 Receives
[0 Late Senders

L @ 3.53e9 Late Receivers
[d 3.53e9 Receives
& @ 1.58e9 Late Senders
L @ 7.71e8 Messages in Wrong Order

i 2.35e9 Sends

[J 0As source

F 9.44e6 Exchange
1.18e6 As destination

[d4.51e13 Sent
[ 4.51e13 Received

= 1.81e13 Outgoing
3.48e11 Incoming

KD

& [ 0.00 driver -
& [J 0.00 task_init
[J0.00 MPI_Init
£+ [ 0.00 beast_int
L 7 0.00 MPI_Bcast
& [ 0.00 barrier_sync
L [ 0.00 MPI_Barrier
= [J0.00 read_input
[J0.00 beast_int
L 7 0.00 MPI_Bcast
[J0.00 beast_real
L 7 0.00 MPI_Bcast
[ 0.00 decomp
= [J0.00 inner_auto
& [J0.00 inner
[ 0.00 initialize
&+ [ 0.00 barrier_sync
L 3 0.00 MPI_Barrier
[J0.00 timers
[J0.00 source
£+ [ 0.00 sweep
[J0.00 octant
[J0.00 rev_real
L [ 0.00 MPI_Recv
[J0.00 snd_real
L [ 0.00 MPI_Send
&+ [J 0.00 global_int_sum
L @ 1.89e7 MPI_Allreduce
£+ [ 0.00 flux_err
& [J 0.00 global_real_max
L @ 12.51 MPI_Allreduce
= [ 0.00 global_real_sum
L @ 2162.56 MPI_Allreduce
= [J0.00 task_end
[ 0.00 MPI_Finalize

KD}

K I € CICY I 1l [<]*]
|u.no 1.89e7 (1.12%) 1.68e9] [0.00 1.89e7 (39.99%) 1.89¢7] [0.00 0.00 100.00

30. June 2010 JSC 17



Scalasca trace analysis bt-mz@1,048,704 BGQ !) JULICH

FORSCHUNGSZENTRUM

a &/ Cube 3.4 QT: epik_bt-mz_F_1p4096x64_tracefrace.cube.gz <@judge> o) ) () [ 2 0 1 3]
File Display Topology Help
|Absolute |v| | Absolute |~| |Peer percent v
Metric tree Calltree | Flatview System tree | BoxPlot | BGQ Hardware Topology | Threads x Proce ¢ |»
.L‘]} [ 0.00 Time - |O2s.65bt -] -]
= & [ 0.08 mpi_setup
=+ [ 31.56 MPI [J 0.00 MPI_Bcast
[ 2341.61 Synchronizat [d 0.13 env_setup
[ 2.65e5 Communicatio [ 1.91 zone_setup
[ 1134.62 Init/Exit [ 2.04e4 map_zones
=+ (] 0.00 OMP [ 9012.74 zone_starts
[ 0.00 Flush [ 0.02 set_constants
[ 2.10e6 Management &+ [ 9.20e4 initialize
= [J 0.00 Synchronization &+ [ 6.25e4 exact_rhs
[ 0.00 Barrier [ 1.05e5 exch_gbc
[ 0.00 Explicit -+ [ 140.07 adi
=+ [ 2.53e4 Implicit [ 2.06e7 compute_rhs
L [ 1.48e7 wait [ 3.49¢7 x_solve
[ 34.91 Critical [ 3.63e7 y_solve
[J 0.00 Lock AP1 =+ [ 1630.74 z_solve
[ 0.00 Ordered & [ 5788.89 'Somp par _
- 1 1.46e4 Overhead ) mp d 1
&+ [ 2.10e7 Idle threads [ 0.00 '$omp iba
— (Il 1.39e10 Visits [ 1.47e6 add
G+ [ 8192 Synchronizations — [ 0.00 MPI_Barrier
G+ [l 3.14e7 Communications e+ [ 9.32e4 verify
&+ [l 2.60e13 Bytes transferred — [ 0.00 MPI_Reduce
G+ (M 1.28e7 Computational imbalanc — [ 0.01 print_results
& [J 0.00 MPI_Finalize
(<] | () ) D)
0.00 1.31e8 (77.41%) 1.69€e8| (0.00 3.72e7 (28.42%) 1.31e8| |0.00 100.00 100.00
. 141.93 +/- 33.09
Selected "'$omp do @z_solve.f:52" 18




Cube Viz Plugins: Phase Heatmap

19

Phase
profiling

Collects data
for each
instance of
phases marked
in program
instead of
aggregating it

Shows data
over

“time” (phase
instances) for
each rank/
thread

August 2015

[2015] A JULICH

FORSCHUNGSZENTRUM

e 00 |X| cube-4.3.0: yazdani/OpenMP-Indeed_Example4-iteration-unwind.cubex
File Display Plugins Help
{Absolute | |Absolute =] |Absolute =]

Metric tree |

0.00 Minimum

4.10e6 Visits (-]
5746.55 Time
1002.61 Maxin

.y o

Call tree | E |
0.31 einink_

T &+ [ 0.00 iteratior

= [ 0.0¢

3.39 cps0

+ [l 0.88 iteratior

+ [l 0.88 iteratior

¢ [l 1.16 iteratior

.00 MAIN__ R
0.77 duration_
1.13 input_
[ 0.17 inkchk_
=[] 0.00 dura
0
0.01 cps0
¢ [l 0.86 iteratior
« [l 0.88 iteratior
7 [l 1.16 iteratior _
CE ;I_I

o O o N o N s B prg O g O oy O O |

System tree

=]

bt
v

w
o

Barplot

B
v

v
o

~
-

Heatmap | mBoxPlot|

bt
w
-~

BLT

©
=]

Vot
61T
8Vl
€91

0.00... 5746....5746.5...

Selected "0.00 !$omp parallel @filter_partol.input.F:80"

8.18 driver_
[J 0.00 <<timeste
=M 0.02rs
0.06 cps0
7 [l 0.86 iteratior
+ [l 0.88 iteratior
¢ [l 1.17 iteratior

0.00...0.00 (... 5746.5...

0.00

0.00 (100.00%)

JSC
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Phase
profiling

Collects data
for each
instance of
phases marked
in program
instead of
aggregating it

Shows min/
max/avg metric
value over
“time” (phase
instances)

August 2015

File Display Plugins Help

Cube Viz Plugins: Phase Barplot

[2015] 4 JULICH

FORSCHUNGSZENTRUM

| Absolute | |Absolute | |Absolute =l
Metric tree | . Call tree | . FJ 4 System tree Barplot I Heatmap | l] BoxPlot I
4.10e6 Visits (OCC;I []0.00 MAIN__ Operation: Color:
5746.55 Time (se +] 0.77 duration_ i Keep on Stackl Clean Stackl
o . [Minimom R P M|
0.00 Minimum Inc ++ [l 1.13 input_ —
1002.61 Maximur = 8.18 driver - - ) -
0.31 eini_nk_ i 58 5o B E 28 PR 23
0.17 inkchk_ 8.071e-0
=+ [J 0.00 <<timeste 7.435e-0!
& [ 0.00 iteratior
&+ [J 0.00 dura 6.799¢-0.
Ermo0.02rs 6.163e-05
0.0C ‘
=mo 5.528e-0
L
0.06 cps0 4.892e-05_]
3.39 cps0
0.01 cpsO 4.256e-05,
&+ [l 0.86 iteratior
& [ 0.88 iteratior ez
&+ [ 0.86 !terat!or T U
&+ [l 0.88 iteratior
G 0.88 iteratior 2.348e-05. I I
&+ [l 0.88 iteratior .1 1
G+ [ 1.17 iteratior 1.712e-05 |
& @ 1.16 iteratior Iteration: 38 Value: 2.038e-05
& [ 1.16 iteratior 1.07Ge-05.
ke & M 1.16 iteratior <
| ;l_l Kl > e
0.00... 5746.5... 5746.55...| |0.00 0.00 (0.00%) 5746.55 0.00 (100.00%) 0.00

|0.00
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Catwalk: Result Visualization [2015] 4 )ULICH

FORSCHUNGSZENTRUM

File Display Topology Plugins Help

| Absolute * | | Absolute =

B calltree Flat view B systemtree [l BoxpPlot | Plot

& [@ main 2.49e-01*x7(3/2)*log(x) + 7.79e+04
mainzinitialize_ 1.23e-04*x"(3/2)*log(x)"(2) + 1.12e-06*x
main:parseinput_:isatty_ 5.04e-07*x*log(x) + 2.94e-04
main:parseinput_:newstdin_:MPI_Comm_rank 1.12e-07
[ main:parseinput_:ewdmsg_ 2.70e-06*x + 9.35e-05
main:parseinput_:getkey_ 1.21e-09*x(5/2) +-7.13e-10* Value: 1.02e-05*x"(2/1)*log(x)"(2) + 6.67e+01
main:parseinput_::getstrn_4.45e-06*x*log(x) + 2.74e-03
main:parseinput_::getstr_ 6.20e-07*x*log(x) + 3.62e-04
main::parseinput_:ewdlen_ 1.27e-06*x*log(x) + 7.25e-04 4.8-108 I
main:z:parseinput_:getint_2.58e-07*x*log(x) + 1.56e-04 [
main::parseinput_:oldstdin_ 3.15e-06*x*log(x)*(2) + 6.12 4.108 |+
main::parseinput_::getreal_2.25e-06*x*log(x) + 1.23e-03 L
main:parseinput_:parsemat_ 3.86e-05*x*log(x) + 2.26e-( 3.2.108 [
main::parseinput_:updatedt_ 7.18e-07*x*log(x) + 4.44e-( ’ -
main:parseinput_:ewdfilesize_ 1.02e-05*x*(2/1)*log(x)" [
main:parseinput_:ewdreadint_ 1.53e-04*x"(2/1)*log(x) - > 24108
main::parseinput_:ewdscanint_2.21e-03*x*log(x) + 8.35¢ 1
main::hypo_ 1.75e-15*x~(3/1) + 3.19e-12*x"(5/2)*log(x)* 1.6-108 B
main:Ffinalize_ 5.88e-06*x"(3/2)*log(x)*(2) + 3.31e+00 [

Selected: main::parseinput_:ewdfilesize_8

8107 |

80000 160000 240000 320000 400000 480000
@ X

0.00 8.00 (100.00%) 8.00( (0.00 8.00 (100.00%) 8.00
e —

J|M
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T5.4 — Example: Stream Benchmark

® Detailed performance progression (4 phases)

Ele  Qeplay Plugre ey
e+ s |5 513 0 0 2 ) e

Stream code

® Source code reference (4 kernels viithin the

22

B vercue ‘- Cotvee | [ Fuatview I Syemuee | Sourccodemesrcs | nstananes mess: W sorre | Toposyo
#1094 # Occurrences (oc) | | =5 0.00 main .
86,587 Duration occ 6000 Group 1 ™ =
®002 PAPLBR,Ms(wrris(um »nssﬂ,sspvnasn[a.oo-wn 1 ::::t;:szm for ( j_ = O H i < NITERS H i++)
W 3453.56 PAPI_FP_INS/ms (occ) » 0 4261.73 Phase 2 [0.21-0.43)
W 756.83 PAPI_L1_DCM/ms (occ) » 3215.90 Phase 3 [0.43-0.71) — PAPLLS_TCM 3600
55347 PAPI_L2_DCM/ms (occ) » 8 3692.39 Phase 4 [0.71-1.00] 005 ~ MIPS {
W 90.95 PAPI_L3_TCM/ms (occ)
475001 PAPLLD I/ <0 £ ] ! som Extrae event (BEGIN);
® 2484.87 PAPL_SR_INS/ms (occ) H —
g oo for (§ = 0; 3 < N; j++)
g 2400 ’ ’
L cljl = al3jl;
§ . for (3 = 0; j < N; j++)
S 002 . .
- b[j] = s*cl[jl;
. N for (j = 0; j < N; j++)
clj] = aljl+bl3];
| A=A for (3 = 0; 3 <N 3+
= Toeticaon Vo] p Tooriom e - e | a [j ] = b [j ] +s*C [j ] ;
e ") Extrae event (END);

Ee ey Bgrs by

Meaeseang ~ sswsenngs - B3 B30 /I D ) ) D o e o
Aonose o] [ o] |t
B v W ot | [ e I e | sorcef] [l | mseznncs ff s | I sure | Tovolf
%1094 # Occurrences (occ) || | »30.00 main —r——— = | v ]
= 6.58¢7 Duration (occ) ~00.00Group 1 o
80,02 PAPLBR_MSP/ms (0cc) ~03547.86 Phase 1 [0.00-021) == s e i
3453.56 PAPLFP_INS/ms (occ) 00,00 main* -user
756,83 PAPL_L1_DCM/ms (occ) 00,00 _libe_start_main 22
553.47 PAPL_L2_DCM/ms (occ) 2
9095 PAPI_L3_TCM/ms (occ) » 0426173 Phase 2 [0.21-0.43] < 224 for (=0; j<N: j+4){
8 4750.01 PAPI_LD_INS/ms (occ) » 83215.90 Phase 3[0.43-0.71] | | | |0.051 u039 007 3544 § 225 il = gl
8248487 PAPL SR INS/ms (occ) » 83692.39 Phase 4[0.71-1.00]
. 234
0054 369.. 235
0054 369.. 236 for (=0; j<N; j+4)
0054 0.040 0.006 369.. 237 alj) = bl
0054 0040 0006 369.. 238 }
239
240
21 Extrae_user_functic
202 )
= et =l S w S =
L ————————
p— m

Mont-Blanc 2 - P2 review

Brussels, 10 Dec 2015 MOM’BLANC

}

instrumented region)




Scalasca:

*  Nekbone

« CORAL
benchmark

+ JuQueen
experiment

« 28,672 x64 =
1,835,008
threads

 Load imbalance
at OpenMP
critical section

J®
File Display Plugins Help

Restore Setting v Save Settings

1,835,008 Threads Test Case

Cube-4.3.2: scorep_nekbone_1p28672x64_sum/summary_cg.cubex <@jrl05>

#) 0LICH

FORSCHUNGSZENTRUM

[2016]

«©
o
(x

Absolute |~ [Absolute |+ [Peer percent =)
E Metric tree ‘ Call tree E] Flat view I System tree ] .] BoxPlot ‘
£ W -0.00 Time (sec) «| |5 00.00cg (4]
-0 0.00 Execution ©-00.00 '$omp parallel @cg.prep.f:46 100.00 0.34
@& 3.72e6 Computation O 0.00 rzeroi
& @ 2.29e4 MPI 0 0.00 copyi
=-0 0.00 OMP 0O 0.00 mask
O 0.00 Flush -0 0.00 glsc3i
3.39e4 Management J 0.00 !$omp barrler @omp.prep.f:48
=@ 0.00 Synchronization 4 80.00
-0 0.00 Barrier 0 0.00 !$omp barrier @omp prep fi53
O 2.23e6 Explicit -0 0.00 !$omp master @omp.prep.f:54 0.24
1.13e5 Implicit 0 0.00 !'$omp barrier @omp.prep.f:58 *
= 4,18e5 Critical -0 0.00 solvemi 0.22
0 0.00 Lock API O 0.00 add2s1i '
0 0.00 Ordered #-0 0.00 axi 60.00
0 0.00 Overhead 0 0.00 add2s2i
- 3.95e4 Idle threads 0 0.00 !'$omp implicit barrier @cg.prep.f:134
3.24e10 Visits (occ)
0O 0 Synchronizations (occ)
-0 0 Communications (occ)
& @ 2.25e13 Bytes transferred (bytes) 40.00
0O 0 MPI file operations (occ)
“ @ 9.18e4 Computational imbalance (se
0 0.00 Minimum Inclusive Time (sec)
1.11 Maximum Inclusive Time (sec) I 0.08
20.00
=] = 0.00
& &
ol maDE il [<]») | |All (1835008 elements) -]
0.00 4.18e5 (6.35%) 6.58e6| (0.00 4.18e5 (100.00%) 4.18e5| (0.00
Selected "!$omp critical @omp.prep.f:49"
JSC 23



Issue in the Future?

= Kernels (CUDA, OpenCL) =

= Tasks (OpenMP, OmpSs

= Threads (Pthreads, ...
« CUBE representation

of th

ese items

Fle Display Plugins Help
Restore Setting v Save Settings

Trend to asynchronous programming models

Cube 433 scorep_lbc_256_sunisummary cubex <@swat>

JULICH

FORSCHUNGSZENTRUM

Metric tree

=] [Absonute

[ caitee | [ st vew |

=] [Rbsole

sytemiree | W0 |

= Separate list of trees— |

 Need new concept?

esides main 7
= Non-scalable

Selected *Point-to-point”

= Does not show dependencies
— To creation / launch / spawn location
— Between items (e.g. tasks

JSC

24

=0 0.00 Time (sec) Il [ 015 man =
=0 0.00 Execution =@ 5208.80 MAN_

33251.50 Computation W 0.09 _mpl_set_MOD_mpl_init B
timing_VOD_cpu_time_measure __ o5t
function_set_MOD_read_params i §
rmpl_set_MOD_mpl_init_domain I
function_set_MOD_alloc_mem I
Tlom_step_tiled_MGD_init_tile I

19 Zlb_int_MGD_get_geo_each e I
o init_MOD_init_field_each |
init_MOD_calc_feq I
@ Tl init_MOD_init_vector i
] tools_MOD_rarmp_u I
<@ i
g I
1 28.79 1
26.47 Task Wait 0 o |
O 0.00 Overhead + [l 96.48 _lbm_step_tiled_MOD_Ib_step :
+ 0 0.00 Idle threads « @ 881.16 __Ib_init_MOD_calc_macr_vals i
30801616 Visits (occ) « @ 355.08 _Ib_init_MOD_calc_rho_ges i
@O 0 Synchronizations (occ) __function_set_MOD_gather_output i o
O 0 Communications (occ) 908.93 _tools MOD_check_density -
= 0 0 Bytes transferred (bytes) @ __mpl_set_MOD_comm_res 811
=0 0 Point-to-point @ _function_set_MOD_write_status
@ 133293600000 Sent 0.70 _function_set_MOD_dealloc_mem 47.77
@ 133293600000 Received « W 0.05 _mpl_set_MOD_mpl_finish
« Wl 82604032 Collective = [0 0.00 TASKS
« 00 0 Remote Memory A « [ 14.19 localize_tle@/lustre/home/izhukov/tests/lbc_scorep_mod/lbm_step _tilec
« 0 0 MPI file = W 34.57 Ib_step_tile_outer@/lustre/home/izhukov/tests/lbc_scorep_mod/lbm_ste 47.43 T 47.47
= ational imbalance (sec) 8.59 _Ibm_step_tiled MOD_smp_w70a7_lb_step_unpack i
00 Minimum Inclusive Time (sec) = @ 6.46 _lbm_step_tied MOD_lb_step_tile_task i
=@ 638 _Ibm _step_tied MOD Ib_step file i
- [ 24477.42 _lbm_functiors MOD stream_colide_bgk |
@ @ 125.51 set_bnds@/lustre/home/izhukov/tests/lbc_scorep_mod/lbm_step._tiled i
# W 5.89 swap_lb_dom_pnts_smpss@/lustre/nome/izhukov/tests/lbc_scorep_mod, i
= W 8.29 mpl_exchange@/ustre/homefizhukovitests/ibc_scorep_mod/lbc.f30@11 || | 46.76 3
2.16 smp_Smougwibmain_unpack_ e
= 6.79 _mpl_set_MOD_mpl_exchange a7
_timing_MOD_cpu_time_measure
726.60 _mpl_set_MOD_mpl fil_buffer
14,72 “mpl_Set_MOD_mpl_communicate_buffer i
5,51 __timing_MOD _cpu_time_measure wes
@ 4073756 MP|_Sendrecv g
L _,_| Y =@ 329.63 mpl set MOD mpl read buffer ;lJ [z
% 3.7304 (92.62%) 3.02¢4) [0.00 2.45¢4 (81.99%) 2.99e4] [0.00 24504 (100.00%) 24504
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YOU KNOW YOU MADE IT ...

... IF LARGE COMPANIES
“COPY” YOUR STUFF



Introducing the Intel® Trace Analyzer and
Collector Performance Assistant

Motivation: Improve method of performance analysis via the GUI

Solution:
* Define common/known performance problems

» Automate detection via the Intel® Trace Analyzer

Example: A “Late Broadcast” is not easy to identify with existing
VIEWS

A
P1 broadcast |—
(root) o
wait tme l
P2 broadcast
wait time
Y
Pn broadcast
: time [2 0 1 4]
»

Source: https://software.intel.com/en-us/videos/quickly-discover-performance-issues-with-the-intel-trace-analyzer-and-collector-90-beta i@ ‘ 8

Copyright © 2014, Intel Corporation. All rights reserved. *Other names and brands may be claimed as the property of others.



Which Performance Issues are
automatically identified?

Point-to-point exchange Problems with global collective
problems: operation performance:
= | ate Sender = Wait at Barrier
e
p1 | send n——— = |-
wait time m—@—_
P2—| receive —+
- T
: . o
= |ate Receiver » Early Reduce p—
e e —
wait time » [ ate Broadcast

P1 —I send Late Broadeast

P1 broadcast
(root) L
P2 receive wait time l
P2 |
time —i —
aee it time
> B wa 2 _
[ P

Copyright © 2014, Intel Corporation. All rights reserved. *Other names and brands may be claimed as the property of others.






Questions?

scalasca (3

« http://www.scalasca.org
« scalasca@fz-juelich.de

—{Score-P

Scalable performance m ement
infrastructure for parallel codes

* http:/l[www.score-p.org
* support@score-p.org
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