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The code

* Code

* NEMO version 4.0.2
* MPI

* Problem:
e Bench ORCA 1 like

* Traces:

* Run @ MareNostrum, filling node (48 processes/core)
* 48, 96 and 384 processes




Structure

384 cores

MNPI call @ nemo.384.filterl.prv

THREAD 1.1.1 m]

THREAD 1.129.1

Initialization

THREAD 1.257.1

THREAD 1.384.1

£
3,552,481 us 5,173,817 us

Useful duration @ n

Iterative structure

THREAD 1.1.1

THREAD 1.129.1

THREAD 1.257.1

&EAD 1.384.1 5 ;S 5\ 173,817 us

Iy — =

>

< e 50,000

MNPI call @ nemo.384.filterl.prv
THREAD 1.1.1 | g

THREAD 1.129.1

THREAD 1.257.1

S
s

4,984,874 us

THREAD 1.384.1 4 cou o .

Useful duration @ nemo.384.filterl.prv
THREAD 1.1.1 ) 3

THREAD 1.129.1

4,984,874 us

perturbation




Structure

useful Duration @ nemo.48.lit.prv

48 cores II ml —J—
A o :
1 [

< (<]

li
465,037 us

60,000 >

useful Duration @ nemo.96.lit.prv

96 cores ;
- oAy ; |
& 8 us 253,568 us
[ (|
< @ 25,000 >
useful Duration @ nemo.384.lit.prv
384 cores “ '
A N

65,95 us
O (I T T T e
— v = —
Relative weight increase ... will limit scalability




Structure

384 cores

comm. size ( col + p2p) @ nemo.384.lit. prv

& 8 us 65,955 us
(- —
< 4 15,002 30,000 >
MPI call @ nemo.384.1it.prv
%E [ outside MPI
. [ MPI_Recv
. M MPI_Isend
B WPI_wait
1 1 I_TIW At 3
8 us 65,955 us

Too fine grain !! = hybrid

useful Duration @ nemo.384.lit.prv

8 us




Scaling

T(48) =465 ms

Useful Duration @ nemo.48.1it.prv

D @

us 465,037 us
/=
Uw;ful -Dunt'ion Qe T »
A 8 us 465,037 us
(| /=
< 0 30,000 60,000 >
Useful Duration @ nemo.384.1it.prv
8 us 465,837 us
(- /=
< e 7,500 15,000 >

SpeedUp

—&— measured
—o— ideal
6x10°
4x10°
3x10°
2x10°
100 1
48 96 384
Number of Processes
10 \‘\.
0.8 4
>
2 0.6
2
&
&
0.4
0.2 1
—&— measured
— ideal
0.0 T T T
48 96 384

Number of Processes




Hierarchical Performance Model

r i
I Efficiencies: ~(0,1] H /\
| Multiplicative model H

[ |

Computation Parallel

Serialization Transfer
Efficien Efficiency
CommKEff

CompEf = Ieff *IPCeff * Feff ) = LBXSer*Trf>

M. Casas et al, “Automatic analysis of speedup of MPI applications”. ICS 2008.




Efficiency model

Useful Duration @ nemo.48.lit.prv 48 96 384
: ! ' - 100
Global efficiency - 94.16 86.35 82.99
48 -- Parallel efficiency - 94.16 84.11 74.80
-80
- R — Load balance - 98.67 9534 9577
(- =]
Useful Duration @ nemo.%6.1it.orv o -- Communication efficiency - 95.43  88.22  78.10 3 =
: -60 &=
96 -- Serialization efficiency - 97.86 93.05 89.61 g
©
bt
-- Transfer efficiency - 97:528 94.81 | 87.15 5
40 ¢
A . 265,037 us -- Computation scalability - 100.00 102.66 110.95 &
(- =]
< e 30,000 60,000 > -- IPC scalability - 100.00 115.98 182.39 <
. . 20
S - Instruction scalability - 100.00 91.37 62.62 —
-- Frequency scalability - 100.00 96.87 97.13
0
384
@ us 465,037 us
(- = —
< o 7,500 FoTaa AT Avg Useful IPC(48) =0.67

Avg Useful Frequency(48) =2.061 GHz




Efficiency model

Efficiency (%)

_________ v
100 |-_-.-_-.:'.'_‘.'_'.'__.-_-.___.—_-."' ——————
Very good IPC scaling
80 -
Transfer and Serialization 2 > probably very bad starting value
Transfer Scallng worse g 60 - 9 W|” not gO on forever
%
40 -
—&— Global Efficiency |
—m- Parallel Efficiency 175 4 ~¥- Computation scalability
100 . \ ){ —#- Load Balance IPC scalability
.:':::::.':..: ''''''''' &= _. —8- Communication efficiency 150 —¥- Instruction scalability
""""" - TEE==izy -¥- Computation scalability T -¥- Frequency scalability
oy T -0 ’ 48 9% 384 1254
Number of Processes 2 v
. g 1001 ‘----ssssssz;;;;;;;;i}ffii ............. -
Compensation effects / T T .
40 1 . . . oy
Parallel efﬂuer;cyt/) I@ Comlputatlon scalablcllty / Computation /4
Instruction scalability (replication IP -
201 _a- ¢ —e— y (rep ) & 1 replication
ommunication efficiency
Serialization efficiency
—#- Transfer efficiency v ' 384
0

Number of Processes

Number of Processes -




Communication analysis

NPI call @ nemo.384.1it.prv

Actual o =

Useful Duration @ nemo.384.1it.prv

;

Useful Duration @ nemo.384.1it_384P.sim.prv

m| ‘;‘
Ideal . —

Network e

MPI call @ nemo.384.17t_384P.sim.prv

/-

Fine granularity region
sensitive to Interconnect
latency and bandwidth

Transfer

MPI does not disappear ...
Elapsed time for the region does not shrink

@ us




Communication analysis

¢ FOCUS On |nner fine useful Duration @ nemo.384.fg_comm.cl.prv
grain communication I H‘l

phase I
A

< ]




Communication analysis

useful Duration @ nemo.384.fg_comm.cl.prv

Actual
run
Ideal
Network
Difference = there was
" o noise in the internals of
Nominal MPI implementation

Network




Communication analysis

¢ Se ria I ization Ca used useful Duration @ nemo.384.fg_comm.cl.prv
by OS Noise T i
Actual run
Ideal E :
Network | , =1 e <
& 8 us : . = 14,436 us
= =
Useful Duration @ D.ideal.nn.384.cl.prv ‘
.| Noise Serialization impact
Ideal Network D -
“Eliminating” OS noise ‘
& us 14,436 us
= =

20 >

< (-] 10
*
* *
* *
* *
*  *



Close look at noise

In MPI

In Useful

“Preemptions”

Preempted time 2DZoom range [334.483,483.927) 3DZoom ranges [334.483,486.595)/[1,1]

THREAD 1.2.1

“Preempted” time

3DH - PreemptedTime - InMPI @ nemo.384.fg_comm.prv
g

— — -
THREAD 1.85.1 | === e —_—
THREAD 1.220.1 — _— —_— —
- —
THREAD 1.366.1
2,176 us 11,857
— /=
< =71.21 352.88 776.97 >
Useful Duration 2DZoom range [369.175,486.595) @ nemo.384.fg_comm.prv
. . (E— —
H :i ———
H H — !
H H —
H H — —
H H E— —
H H — !
H H — —
: H — —
H H — —
: °7 2,176 us 11,857 us
(- =
< 0.90 712.48 1.424.05

Scattered in space and time
Both in MPI and useful

>

.
|
]
L
L
.
"
s 2DH - Useful Duration @ nemo.384.fg_comm.prv
L)
fu o= :
.
- e L
-J -
L] " . ."'.: " A
.
. ud T
UL
.
il = sy =l
]
-
s

P

Compared to ~11 us

Mode ~400 / (and less) computations
ode ™ us

Hybrid MPI+OpenMP with relatively dynamic scheduling
would be a way to reduce the impact of noise

“Noise” cause ?
Cant fight noise, learn to live with it




Close look at noise

* MPI call durations
affected & impacted by
noise

Isend

Recv

Noise within MPI
Requirement to vendor to implement noise
toleration mechanisms within the node in
their MPI implementation

Wait

Duration

NPI call duration @ nemo.384.fg_comm.prv
.

MPI call duration @ nemo.384.fg_comm.prv
~ kD)

i S

Mode ~400 us

MNPI call @ nemo.384.fg_comm.prv
THREAD 1.1.1 |,
THREAD 1.33.1

THREAD 1.65.1
THREAD 1.97.1
THREAD 1.129.1
THREAD 1.161.1
THREAD 1.193.1
THREAD 1.225.1
THREAD 1.257.1
THREAD 1.289.1
THREAD 1.321.1
THREAD 1.353.
THREAD 1.384.1 5o,

“Noise” cause ?

* *
* *
*



Transfer analysis

useful Duration @ nemo.384.fg_comm.cl.prv

Actual run
A

useful Duration @ D.ideal.nn.384.cl.prv

No Noise No Noise
Ideal L=2us
BW=64MB/s o
& 8 us 14,4 = 8 us 14,436 us

Useful Duration @ D.BW1G.L8.nn.384.cl.prv
useful Duration @ D.BW1G.L2.nn.384.cl.prv -

No Noise
L=2us
BW= 1GB/s

No Noise
L=8us

BW=1GB/s G

14 a

useful nurntion“emo.l\nssu.u.m.m.cl.prv 1 (|
K : N = < o 10 20 >
No Noise
L=2us
BW=256MB/s
Pl 14,436 us




The skew

 Pattern in fine grain communication

phase

e Efficiency loss on 48 processes (0.66)

* Significant impact at 384
 Parallel efficiency ~0.5

* Less overlap of computations & strong

scaling > better IPC
* Compensating effects

useful Duration @ nemo.48.fg_comm.prv

[

< 0.88

HRERH #:3: |

A (R
HHERH $i8i%, |3 ]
HREQH 3:33: ifr
i i3 \

IPC: 0.5 --3.5

II \’




Impact of latency and BW on the skew 0009

Useful Duration @ D.ideal.nemo.vfg.prv

' 1 | useful Duration @D. wzssu L8.nemo. vfg prv

f'tsl ’F I‘}% f it}
IR,

Y5
l } 1 I < 0.31 28.05 55.80 >

L

SRR RN AR RN AR AR AR N R AR uocrut uration @ D.BuL26MH. L2.nemo.vfE. prv

EEREREAR IHIIHHIIIHHJ
Hill] 3 H H

HH;HHHIH 11!"'

L

8 us

0.31

< 0.31 28.05 55.80 >
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Genesis of the skew

MPI call @ D.BW512M.L4.nemo.vfg.prv

o > .

; - ] 3 > F- L

“II } r } i y -}'i " = 2DP - MPI call profile - %time @ D.BW512M.L4.nemo.vfg.prv
(TR S

MPI_recv duration @ D.BWS12M.L4.nemo.vfg.prv

THREAD 1.1.1 5:?? ? ? }Ty

oy 1 — -

.y i,
=z
T T

THREAD 1.17.1

THREAD 1.33.1

THREAD 1.48.1

1,888 us 2,549 us 2DP - MPI call profile -nb calls @ D.BWS12M.L4.nemo.vfg.prv
—_ =
< ] 25 50 >

Useful Duration.Z @ D.BWS12M.L4.nemo. vfg prv

S o _
=

< ] 30 60 >

Larger number of communication of processes
in the north domain
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MPI call.c2.cl @ D.BW512M.L4.nemo.vfg.prv

East -west
—

]

North
domains
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- B exmSIEt .oa:nx m m
SR Reny RN T J

!!!!!

E., AT LT

nmwu.‘.mmmmmmmwm et

T R T LR R M

41 us

pbrebd i rdebedre] ¢ s ¢ 4 44 84 644 86 44 4e4 S4ea0 s4 e4ase eaaas sa A
........ A AN VPN LD CO0WED N VI LD 000 v VIR LD 0000 v (NIVIRE LD 00
ANV L LOE0 Gt et b st ot (SN N NN N VIV 30 V00 (V) et et et s

Compensate skew = Assign less load to last processes ??

Reorder communication from below and computation may “alleviate” propagation ??

all isends before any receive ? Just on the pole?




Overlap communication - computation? KX

“computational” structure

“Physical/algorithmic” structure

. \
N/ AN 5
\

\ / /
M%

/ \ Can be reordered?
Source code reordering (irecv, wait)

tasks and dependences
(more dynamic, adaptive, overhead?)

22




Reorder computation ?

“Physical/algorithmic” structure

N/

/N

“computational” structure

\/
/N

\/
/N

—
N

v
e

Can be reordered? Dependences?
Source code reordering
tasks and dependences

(more dynamic, adaptive, overhead?)

23




Genesis of the skew

MPI call.c2.cl @ D.BWS12M.L4.nemo.vfg.prv

THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD
THREAD

1.20.1
1.21.1

1.22.
1.23.
1.24.
1.25.
1.26.
1.27.
1.28.
1.29.
1.30.
1.31.
1.32.
1.33.
1.34.
1.35.
1.36.
1.37.
1.38.
1.39.
1.40.
1.41.
1.42.
1.43.
1.44.
1.45.
1.46.
1.47.

[~

L e e e e e e e e e e e e e e S N e

»
]
™

- 1
2. il
o I
[~ il
o 1
- -
E =] L -]
T e
AN - .
L[] S .
O .
i .
M — =
1,853 us

North fold ?

1,168 us

24




North fold

36.51 72.15 >
'g_comm.prv ‘ 2DP - to whom I am sending @ nemo.48.vfg_comm.prv
1 . N
K\\k\\\m\\ g North fold local exchange
_I ' | 1 | 1 | L] A A ! l:h 1‘/
2,250 3,400

T us
Bytes btw events @ nemo.48.vf
THREAD 1.1.1
THREAD 1.5.1 J
THREAD 1.9.1
THREAD 1.13.1
THREAD 1.17.1
THREAD 1.21.1
THREAD 1.25.1
THREAD 1.29.1
THREAD 1.33.1
THREAD 1.37.1
THREAD 1.41.1 !
THREAD 1.45.1 1
THREAD 2482 — 0 e Y

u
O A I T T T T
< 1,100 >

Substructure:
are the two phases dependent (potential to overlap)?

25



Detailed MPI call sequence

NPI call @ nemo.48.vfg_comm.prv

To — form rank 38

Iteration i

THREAD 1.27.1 N nmu nEnn
THREAD 1.28.1 N | [F ] | NN
THREAD 1.29.1 N 1 Nl
THREAD 1.30.1 ] | [ | Aminn
THREAD 1.31.1 - oM nnn
THREAD 1.32.1 [l H HN Lenn
THREAD 1.33.1 N i [ NN
THREAD 1.34.1 s B HERl
THREAD 1.35.1 ] M Bl
THREAD 1.36.1 N N NEER
THREAD 1.37.1 s ER I Enn
THREAD 1.35.1 N ER EE NN
THREAD 1.39.1 .~ He mIEnn
THREAD 1.46.1 1 | HX rea
THREAD 1.41.1 N E NN 201 H HES
THREAD 1.42.1 0 NNw EER W HXN
THREAD 1.43.1 B ™ K] ® 111
THREAD 1.44.1 B - 2 Ed S UHEN
THREAD 1.45.1 = | I | dWE B NuR
THREAD 1.46.1 | ] K 7% il N nnn
THREAD 1.47.1 -] BENR HEN W nnn
THREAD 1.48.1 1 HE Il = il
64 us 147 us
[J outside MPI
[J MPI_Recv
B NPI_Isend
H NPI_Mait

000

MPI call.cl @ nemo.48.vfg_comm.pr)

Dependences ?
Can postpone out of critical path?

THREAD 1.38.1

THREAD 1.37.1

THREAD 1.38.1

THREAD 1.39.1

THREAD 1.46.1

i Can merge

| Rl into one
[ Rl

waitall

66 us

THREAD 1.30.1

THREAD 1.37.1

THREAD 1.38.1

THREAD 1.39.1

Iteration i+1

THREAD 1.46.1

To — form rank 38

Delay propagation

MPI call.cl.cl @ nemo.48.vfg_comm.prv

<> mn

157 us

248 us



Detailed MPI call sequence

Could reorder receptions to avoid

© NPT call.c1 @ nemo.ds.vfg_com.prv some long receives delaying others

< THREAD 1.36.1 1] my il .

2 e e = - —— Irecv + waitall

00 THREAD 1.35— BN

) "~ | THREAD 1.39.1 1 |

Aé g THREAD 1.42.1 HE

(G 4o |THREAD 1.e3.1 |y

© B - Reorder MPI calls?

E B |mwew s T Decouple isends from recvs?

o) | THREAD l.“f HN

ql_ THREAD 1.47.1 HE

o 66 us

=

Can be postponed ? Can be advanced ? P callcl.ch @ hemo.as.vf_com.prv
. THREAD 1.38.1 e [ 1 Nl |
before other isends?? | w0 s mE &3 e
THREAD 1.38.1 | ] N pIllm
THREAD 1.39.1 [ | ] HE (il |
Actual compute ? THREAD 1.42.1 T oaE IR nm

THREAD 1.43.1 LI auz Il B 101
THREAD 1.44.1 "R w R ZN R il
THREAD 1.45.1 HE mn &1 B 1t
THREAD 1.46.1 LN niap g 2 111
THREAD 1.47.1 ma ann il u 1l



Potential of imbalance?

Useful Duration @ D.ideal.nemo.vfg.pry Skew appea r and prOpagateS

]
-
'
HRERH '
: 8 us 329 us

Skew “disappears”

Ideal
Network

Local communication

not advanced ! \/
- Dependence

Simulation of much faster

north row of processors Latency still in the critical path ...

... may be overlapped ?

“nominal”




Dependence chain

MPI call @ D.BW1G.L2nemo.vfg.fast_north.prv
" e ]

THREAD 1.28.
THREAD 1.29.

Dependence chain?
Mostly communications?
What computation?

THREAD 1.30.

THREAD 1.32.

THREAD 1.33.

1
1
1
THREAD 1.31.1
1
1
1

THREAD 1.34.
THREAD 1.35.1
THREAD 1.36.

=

THREAD 1.37.1

THREAD 1.38. Can be embedded within less processes ?

THREAD 1.39.

THREAD 1.40.

THREAD 1.41. r

THREAD 1.42. Can reorder north computations/communications ?

THREAD 1.44.

THREAD 1.45.

Can reduce #north processes? Only one?

THREAD 1.46.

1
1
1
1
1
THREAD 1.43.1
1
1
1
1

THREAD 1.47.

THREAD 1.48.1

133 us 167 us




Computation scaling

Cluster

Cluster

Cluster

ID @ nemo.48.1it.cl.prv

lGus

ID @ nemo.96.1it.cl.prv

8 us

ID @ nemo.384.1it.cl.prv

465,837 us

253,568 us

65,955 us

Yellow Instructions Yellow IPC

o" ”
strong scaled
3D - IPC - Cid @ neno.4s.it.cl.pry

3DH - Instructions - Cluster

3DH - IPC - cid @ nemo.96.1it.cl.prv

Caused by

locality at

L1, L2, L3
level !

3DH - Instructions - Cluster

3DH - IPC - cid @ nemo.384.1it.cl.prv

Compensating effects.
Interesting to understand individually why !




Computation Scaling

1e8
« | L1MPKI
21s
'5'
'_I
% 1.0
Cluster ID 2DZoom range [6,9] @ nemo.48.lit.cl.tracked.prv >
0.5
4 o
o
48 le8 y o
002 004 006 008 010 012
I PC L1 MPKI
9 us 465,837 us 2.0 - les
2 (o]
Cluster ID 20DZoom range [6,9] @ nemo.96.lit.cl.tracked.prv g s s ‘ L2 M P KI
s ‘
9 6 g %l 15 A
S 1.0 1 e
= g 10
8 us 465,037 us (%] g
[
0.5 1 o 051 °
Cluster ID 2DZoom range [6,9] @ nemo.384.lit.cl.tracked.prv [e) /; o
a
0.0 001 002 003 004 005 006 007 0.08
T L2_MPKI
384 05 10 15 2.0 2.5
1le8
9 us 465,837 us
AT LBMPK
215 ,
l
EI
g 1.0 A
o

fol
0.01 002 003 004 005 0.06 0.07 0.08
L3_MPKI




48

96

384

Computation Scaling

Cluster ID 2DZoom range [6,9] @ nemo.48.1it.cl.tracked.prv

8 us

ID 2DZoom range [6,9] @ nemo.96.1it.cl.tracked.prv

Cluster

Cluster

465,037 us

I}

ID 2DZoom range [6,9] @ nemo.384.1it.cl.tracked.prv

465,037 us

||||‘| oo

465,637 us

lel0

1.6

= g
N »
L L

g
o
L

Instructions

o
»
L

o
N
L

IPC

0.5 1.0 15 2.0 2.5

le8

2.04

[
«

PAPI_TOT_INS
|y
o

0.5 4

! L1 MPK]

2.0

[
«

PAPI_TOT_INS
=
o

le8

L2 MPKI

o

2.0
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|
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001 002 003 004 005 006 007 0.08
L2_MPKI
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0.01 002 003 004 005 0.06 0.07 0.08
L3_MPKI




Sampled traces

Useful Duration @ nemo.48.smpléms.cl.prv

Cluster

Useful

A

ID 2DZoom range [6,17] @ nemo.48.smpléms.cl.prv

3,666,345 us

IPC @ nemo.48.smpléms.cl.prv

3,6§6,345 us

4,142,799 us

4,142,799 us

Very poor IPC sub regions within
region of moderate average IPC

Cluster Analysis Results of trace ‘nemo.48.smpléms.prv’
DBSCAN (Eps=0.04, MinPoints=32)

x10° T T T T T Noise
Cluster 1
Cluster 2
Cluster 3
Cluster 4
Cluster 5
Cluster 6
+ Cluster 7
2 o+ + + Cluster8 4
B a ey o+ Cluster 9
g P g A Custr10 v
8 ++ uster
o 0% oy 1:;’} 1 clusteriz «
8
g +4  +=] ma
B +
i - +4
+
+
L 4
©° -
o -
B & 3+
1x107 L f s L s
0 0.5 1 15 2 25 3
IPC

Regions with poor IPC

L1D cache miss per Kinstr @ nemo.48.smpléms.cl.prv
THREAD 1.1.1

THREAD 1.17.1

THREAD 1.33.1

/O EAD 1.458.1

L2 misses per 1000 instr @ nemo.48.smpléms.cl.prv
THREAD 1.1.1

3 RRE 345 ue AR

THREAD 1.17.1

THREAD 1.33.1

&EAD L-48-1 5 Gor) 345 ux 4,142,799 us

L3 misses per 1000 instr @ nemo.48.smpléms.cl.prv
THREAD 1.1.1

THREAD 1.17.1

THREAD 1.33.1

THREAD 1.48.1 3 gep 345 ys 4,142,799 us

O AT T T T (]
< e 100 200 >

Cache miss ratios
“explaining” IPC

Limited
benefit of L3




Sampled traces

Useful IPC @ nemo.48.smpléms.cl.prv

i oyl mf bl

3,666,345 us 4,142,799 us

| I l t
} ‘ |
3,666,345 us 4,142,799 us
THRERD EiRiiE e
5 799 us
O end O End O End O End
B domvv1_m. .nterpol_ [domvvl_mp_dom_vv1_interpol_] || O dynzdf_m..dyn_zdf_ [dynzdf_mp_dyn_zdf_] || [ \bcink_m.._3d_ptr_ [1bclnk_mp_mpp_lnk_3d_ptr_] B Wbclnk_m.._3d_ptr_ [lbclnk_mp_mpp_lnk_3d_ptr_]
B cosbnz_mp_bn2_ B sshuzv_np_wzv_ B dftra_m..eiv_trp_ [ldftra_mp_ldf_eiv_trp_] [ traadv_f..adv_fct_ [traadv_fct_mp_tra_adv_fct_]
O zdftke_m. .tke_tke_ [zdftke_mp_tke_tke_] O traqsr_m..tra_qsr_ [traqsr_mp_tra_gsr_] || [ traadv_f..adv_fct_ [traadv_fct_mp_tra_adv_fct_] B traldf_i..ldf_iso_ [traldf_i so_mp_tra_ldf_iso_]
[ zdftke_m..tke_avn_ [zdftke_mp_tke_avn_] B traadv_m..tra_adv_ [traadv_mp_tra_adv_] || [ traadv_f.._nonosc_ [traadv_fct_mp_nonosc_] B trazdf_m..zdf_imp_ [trazdf_mp_tra_zdf_imp_]
B zdfiwm_m..zdf_iwm_ [zdfiwm_mp_zdf_iwm_] B tra nxt wl

35




Computation behavior 009

Mode sampled function at given depth @ nemo.4s.smplems.cl.prv
APPL

i|||| 3,678,243 u= 4,141,723 u=

48 processes

Instructions per cycle.cl.cl @ nemo.48.smpléms.cl.prv

e Lf\,d\FUW\ML U\MMJWD,UJVKJ qu

& 3,666,753 us 4,146,685 us
L1 miss BW per node @ nemo.48.smpléms.cl.prv

582r1ba3 BW contribution of L2 @ nemo.48.smpléms.cl.prv

B ,
%liu ;6::5;;: @ nemo.4s. smplems. cl.prv T LUA‘N’(\“\ A Jmu j J\mrhlf\ S y.iF’mum\‘J \ M/ \.L

A 3,666,753 us 4,146,685 uz
502r1b43 BW contribution of L3 @ nemo.4s.smplems.cl.prv
FAVF\\T\/‘/\/# Luh ﬁ\\f“ L W 'l W’“A’lﬂw\f 582r1ba3 !
A 3,666,753 us 4,146,685 uz
L3 miss BW per node @ nemo.48.smplems.cl.prv e N _lj i *mj

A e wmees e — L3 not useful elsewhere ?

s82ribas

3,666,753 us 4,146,685 us

i o ¥ \ 7 A i i
AT P ™ \ Can refactor code to improve L3 use? Blocking?

Node BW limit

Working out of L3 in fine grain phase Co-design: no need of L3 ?




Computation behavior 009

Useful Duration @ nemo.48.smpléms.cl.prv

||||| l I'Il S

L1 miss BW per node.cl @ nemo.48.smpléms.cl.prv
THREAD 1.1.1

48 processes

Sub substructure

THREAD 1.17.1

THREAD 1.33.1

&EAD 1.48.1 3,666,753 us

[

< 5.5 7,502.87

Synchronized BW demands.

Possibility to unsynchronize?

Instructions per cycle.cl.cl @ nemo.48.smpléms.cl.prv

e UVNIAV;M i M\MLJ’PD,ULL t\ﬂu

/A 3.666.753 us 4,146,685 us
L1 miss BW per node @ nemo.48.smpléms.cl.prv

H‘”‘"MWVMWW Mﬂh oy

A 3,666,753 us 4,146,685 us

s82rib4s

L3 miss BW per node @ nemo.48.smplems.cl.prv

s82rib4s

T AT P ST A Y

3,666,753 us 4,146,685 us
* X %

* *
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Comparative Computation behavior RAR

Useful Duration @ nemo.48.smpléms.prv

48 vs 384 processes

“Mi Loss of substructure? IPC - BW
Avg. Instantaneous use nemo.48.smpléms.cl.prv
APPL 1 m F - \ .
— f (W / | /\{WM
_ IFAUNAVAR'S ‘MM&MLJ iH luﬁ LHN_ J UL J B |
& 3,666,345 us 4,142,799 us A 8 us 78,428 us
Avg. L1 miss BW per thread @ nemo.48.smpléms.prv Avg. L1 miss BW per thread @ nemo.384.1it.prv
APPL 1 - / A \ f “H\ \ n APPL 1
|~/ \m\w,'\m\ J ﬂ w\ J Wv J/\Afr“\k/w S\ * M} v . W W
\ \
& 4,137,378 us 4,618,778 us & 8 us 78,428 us
Avg. L2 miss BW per thread @ nemo.48.smpléms.prv Avg. L2 miss BW per thread @ nemo.384.1it.prv Data fits |n L2 |
APPL 1 . APPL 1 /_ :
N A j N “wﬂ(‘“\b F”H”W‘( Rt I |1 \MM /)W M W
& 4,137,378 us 4,616,776 us 8 us 78,428 us
Avg. L3 miss BW per thread @ nemo.48.smpléms.prv Avg. L3 miss BW per thread @ nemo.384.1it.prv
s /' Data fits in L3! ——— \‘
A AR K TR i AN



Comparative Computation behavior RAR

Useful Duration @ nemo.48.smpléms.prv Useful Duration @ nemo.384.1it. prv

48 vs 384 processes
IPC — Miss Ratios

(llE | EECEE Y I||||Il|.

l lkv:. Instantaneous useful IPC @ nemo.48.smpléms.cl.prv Avg. Instantaneous useful IPC @ nemo.384.1it.prv

APPL 1 \ F: . w 2.8 APPL 1
= |, b, W WMMM
= il M <
& 3,666,345 us 4,142,799 us & 8w 78,428 us
Average Instantaneous L1D MPKI @ nemo.48.smpléms.cl.prv Average Instantaneous L1D MPKI @ nemo.384.1it.prv
APPL 1 A \/‘ \’\/J\/\ APPL 1 .
hl‘\ wr H] ‘[| l’ﬂ‘[ 1% m%{ v Iﬁ Y 160 B
\\J‘ U JL \J |— M1 Ove ra I I
& 3,666,345 us 4,142,799 us 8 us 78,428 us .
Average Instantaneous L2D MPKI @ nemo.48.smpléms.cl.prv Average Instantaneous L2D MPKI @ nemo.384.1it.prv Im provement
in Miss ratios
APPL 1 APPL 1
MA PN
W A“ ¥1% [\ f‘ L ey N\j\f WL
3,666,345 us 4,142,799 us 8 us 78,428 us
Average Instantaneous L3 MPKI @ nemo.48.smpléms.cl.prv Average Instantaneous L3 MPKI @ nemo.384.1it.prv
APPL 1 APPL 1
4 A ‘ A~
A S AL
A o . M U RYAY N
i PR w / | U\J\ J ‘ /\W
! \ SV INY WWJ Y UM F —ed™ny P NN ey
3,666,345 us 4,142,799 us @ us 78,428 us

*Same scales for all miss ratios, same scales for all IPCs
* X %
*
39 * o
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Useful IPC @ nemo.48.smpléms.cl.prv | domvvl_m..nterpol_ [domvvl_mp_dom_vvl_interpol_]
B zdfddm_m..zdf_ddm_ [zdfddm_mp_zdf_ddm_]
3,666,345 us 4,142,799 us
| | dynvor_m. .vor_een_ [dynvor_mp_vor_een_]

B divhor_m..div_hor_ [divhor_mp_div_hor_]
I I l‘ H eosbn2_mp_bn2_
B zdfiwm_m..zdf_iwm_ [zdfiwm_mp_zdf_iwm_]
N S B B S e e W wfslp m. . W _slp_ [Lifslp mp Ldf_s1p_]
] dynldf_1..ldf_lap_ [dynldf_lap_blp_mp_dyn_ldf_lap_]
o dynhpg_m. .hpg_sco_ [dynhpg_mp_hpg_sco_]

[ zdftke_m. .tke_tke_ [zdftke_mp_tke_tke_]
< 9.25 1.38 2.50 N B domvwl_m.._sf_nxt_ [domvwvl_mp_dom_wvl_sf_nxt_]
] dynspg_t.._spg_ts_ [dynspg_ts_mp_dyn_spg_ts_]

Link to Sour 009
[} zdftke_m..tke_avn_ [zdftke_mp_tke_avn_]
| | dynkeg_m..dyn_keg_ [dynkeg_mp_dyn_keg_]
| ' " ] dynzdf_m..dyn_zdf_ [dynzdf_mp_dyn_zdf_]

] 1bclnk_m.._3d_ptr_ [lbclnk_mp_mpp_lnk_3d_ptr_]
[ zdfevd_m..zdf_evd_ [zdfevd_mp_zdf_evd_]

B dynzad_m. .dyn_zad_ [dynzad_mp_dyn_zad_]

O sshwzv_mp_wzv_

Il g1 pilayp A

3,666,345 us 4,142,799 us

] traqsr_m..tra_qsr_ [traqsr_mp_tra_qsr_]
Mode sampled function at g'iven depth @ nemo.48.smpléms.cl.prv (1] dftra_m..eiv_trp_ [ldftra_mp_ldf_eiv_trp_]
R B traadv_m..tra_adv_ [traadv_mp_tra_adv_]
TTO 0 (1 R B v
3,666,345 us 4,142,799 us ] traadv_f.._nonosc_ [traadv_fct_mp_nonosc_]

B traldf_i..\df_iso_ [traldf_i so_mp_tra_ldf_iso_]
B trazdf_m. .zdf_imp_ [trazdf_mp_tra_zdf_imp_]
O dynnxt_m. .dyn_nxt_ [dynnxt_mp_dyn_nxt_]

Avg. Instantaneous useful IPC @ nemo.48.smpléms.cl.prv

APPL 1 | | domvvl_m.._sf_swp_ [domvvl_mp_dom_vvl_sf_swp_]
] stpctl_m..stp_ctl_ [stpctl_mp_stp_ctl_]
i B eosbn2_mp_rab_3d_
J ] zdfsh2_m..zdf_sh2_ [zdfsh2_mp_zdf_sh2_]
A 3,666,345 us 4,142,799 us B tra_nxt_wi

M eosbn2_m.._insitu_ [eosbn2_mp_eos_insitu_]
M eosbn2_m. .itu_pot_ [eosbn2_mp_eos_insitu_pot_]
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Solver Computational Scaling 009

Duration Histogram Instructions Histogram
Useful Duration @ nemo.48.1it.prv 2DH - Useful Duration @ nemo.48.lit.prv 2DH - useful instructions @ nemo.48.lit.prv
1edll P .
IH | Poor scaling
48 B

/A 208,664 us 212,183 us

— =

< 0.88 36.51 72.15 >
Useful Duration @ nemo.96.1it.prv 20H — Useful Duration @ nemo.96.1it.prv 2DH - useful instructions @ nemo.96.1it.prv Strange

scaling

Strange
scaling

A .
=

< 0.88

Useful Duration @ nemo.384.1it.prv
dan

I‘
A
=

< 0.88 36.51

Poor scaling

Same time scale <~ fair burst ~ poor/strange
~same duration ® duration scaling instruction scaling



Increasing accuracy ? 000¢

Avg. L1 miss BW per thread @ nemo.48.smpléms.cl.prv Avg. L1 miss BW per thread @ nemo.48.smpléems.cl.codeblocks.fused.folded.prv

THREAD 1.10.1 rr‘___;‘l,‘
e P \
. L

APPL

L""“\_;—-_.—u‘ﬁ_f ‘I'I,‘J'P |W_H’l\_ r'l.-._

1
ff' Ty ~ —
iL_HJ —— -~ Hﬁ_ﬁ“"u [
-

3,667,145 us 3,792,688 us 1,385,135 us 1,423,646 us
Avg. L2 miss BW per thread @ nemo.48.smpléms.cl.prv Avg. L2 miss BW per thread @ nemo.48.smpléems.cl.codeblocks.fused.folded.prv
APPL 1 THREAD 1.108.1
. — Nt ™ ,_
AP P
i s’ 'k_;
3,667,145 us 3,792,688 us 1,385,135 us 1,423,646 us
Avg. L3 miss BW per thread @ nemo.48.smpléms.cl.prv Avg. L3 miss BW per thread @ nemo.48.smpléems.cl.codeblocks.fused.folded.prv
APPL 1 THREAD 1.108.1
- Ay
el ™ = S T e . =y e pr— ; —
wh o L N e "‘-—-—\-L.Jnk-f"’n—\\_,«'r
3,667,145 us 3,792,688 us 1,385,135 us 1,423,646 us
Avg. Useful IPC per thread @ nemo.48.smpléms.cl.prv Instructions per cycle @ nemo.48.smpléms.cl.codeblocks. fused.folded.prv
APPL 1 THREAD 1.10.1 m
;
3,667,145 us 3,792,688 us 1,385,135 us 1,423,646 us

Aggregated Sampling Folding Sampling




Increasing accuracy ?

Avg. L1D cache miss per Kinstr @ nemo.48.smpléms.cl.prv

APPL 1

o

rl”-l-.'~ #I.
Foy oy
VAN
.,h' (IJ' Y |

- ", —
—r

R

3,667,145 us 3,792,688 us

Avg. L2 misses per 1000 instr @ nemo.48.smpléms.cl.prv

APPL 1

b — e i -
""11__ o \1 _Hrr‘r "’-._1 N A ! oy

3,667,145 us 3,792,688 us

Avg. L3 misses per 1000 instr @ nemo.48.smpléms.cl.prv

APPL 1

- _,—-_..r*(‘ ﬂ‘-u.____f-r

3,667,145 us 3,792,688 us

Avg. Useful IPC per thread @ nemo.48.smpléms.cl.prv

APPL 1

W A W N F\f\ﬂw

3,667,145 us

3,792,688 us

Aggregated Sampling

000

Avg. L1D cache miss per Kinstr @ nemo.48.smpléems.cl.codeblocks.fused.folded.prv

THREAD 1.18.1

& 1,385,135 us

Avg. L2 misses per 1000 instr @ nemo.48.smpléems.cl.codeblocks. fused.folded.prv

1,423,646 us

THREAD 1.10.1 1

. [II i .
e N Ilk‘fru ] W 1 f L

II'\_A"J‘ L o IFI]"-,_--‘r‘] IH'H_H"_

1,423,646 us
Avg. L3 misses per 1000 instr @ nemo.48.smplems.cl.codeblocks. fused.folded.prv

1,385,135 us

THREAD 1.108.1

o
Il| ,f'" | '
Y Y A M,
L 1 ot l‘. .J 'lI i by o
I‘i__"ﬂ .J ‘L—‘ "Hl H"ﬂ_l') l‘1—1“
1.385.135 us 1.423.646 us
Instructions per cycle @ nemo.48.smpléems.cl.codeblocks. fused.folded.prv
THREAD 1.10.1 m
—"—|-/ ’l-\’—/\,—‘_ ...
1,385,135 us 1,423,646 us

Folding Sampling
Cluster 1




Recommendations

* Merge sequence of waits for Isends to waitall
* Reorder north: advance isends postpone recs (if possible)

* Assign less load to north fold to take internal communication out of
the critical path (combined with reordering of comms)

* Reduce #north processes?
« > onlyone?

* Increase granularity in solver

* Gather to single rank per node - Solve —> Scatter oSy &Cc)xca
P

* OpenMP in solver Mock®

» - Tasks with dependences between communications and computations for
out of order execution and noise tolerance




Recommendations

* Try to improve locality = better IPC
* L3 usage: Blocking?

* Convergence of numerical method: Jacobi vs. Gauss-Seidel ?
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