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e |ntroduction

* Systems used
— Cray XT4, IBM p575 (Power 5), IBM BlueGene/L

* All-to-All performance on HECToR and in comparison

* FFTs using multi dimensional virtual processor grids

— Changing the grid extensions
— Effect of placement on the multicore nodes
— Task placement on the meshed communication Network

e Conclusions
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* Fast Fourier Transformations (FFT) important in many

scientific applications

* Hard to parallelise on large numbers of tasks

* Distribute D dimensional FFT on processor grids of
dimension up to D-1

* Requires all-to-all type communications
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HECTOR (Cray XT4)

e Newest national service in the UK

* Cray XT4 architecture

* 5664 dual core Opteron nodes

e 11328 cores, 2.8 GHz
* 6 GB memory/node

* 63.6 Tflop/s peak

* 54.6 Tflop/s linpack

* Mesh network: 20x12x24
open in 12 direction

* Link speed 7.6 GB/s (Cray pub.)

e Bi-sectional BW: 3.6 TB/s
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HPCx (IBM p575 Power5) SRR ¢

* National HPC service for the UK

e 160 IBM eServer p575, 16-way SMP nodes

e 2560 IBM Power 5 1.5 GHz processors

* |IBM HPS Interconnect (aka. Federation)

* Bandwidth: 138 MB/s per IMB Ping-Ping pair, 2 full nodes
e 15.4 Tflop/s Peak, 12.9 Tflop/s Linpack

e 32 GB Memory/node
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BlueSky (BlueGene/L)

* The University of Edinburgh
* |IBM BlueGene/L

e 1024 IBM PowerPC 440
dual core nodes, 700 MHz

e 5.7 Tflop/s peak
* 4.7 Tflop/s Linpack

e Torus: 8x8x16, 8x8x8
Mesh: 4x4x8, 2x4x4

* Link speed: 148 MB/s
e Bij-sectional BW: 18.5 GB/s
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Bi-section Bandwidth LIRSS -

e Potential bottleneck for all-to-all communication:
Bi-sectional bandwidth

t,,> D{/(4B) = mn?/(4B)

e Effective bi-sectional bandwidth
Beff = DT/ (4tav) — mn2/ (4tav)

* Bi-sectional bandwidth (HW) on meshed (toroidal) network:

Number of links cut, multiplied with link speed
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How does it compare?

e 1024 task All-to-all e R eSS men s e
| 0o o @
SRR
IMB v 3.0 7 ol
° V 3. s 10 ‘.0 i
m I & y
% - e .__...
§e) u ‘___.-"/ .
_§ .’. g »
e Compare best runs 5 .
— ®
©
S
e Complex double word: = | § @@ HECTOR (2taskinode)
o 7 B8 HPCx (16 tasks/node)
B 4@ BlueGenel/L (2tasks/node)
16 byte % .
- *
¢
* Best results: I
— HECTOR: 27 5 GB/S 1 10 100 1000 10000 1e+05 1e+06

size of individual message [byte]

— HPCx:; 21.3 GB/s
— BlueGene/L: 18.1 GB/s
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All-to-All performance on HE m

e |ntel MPI Bmark
Version 3.0

* [nsertion BW
per task:
l=m(n-1)/t,,

* Three Regions:
— Below 1 kB
— Up to 128 kB
— Above 128 kB

Insertion Bandwidth per task [MB/s]

e | ow task all-to-all:

1000 ————wrm

100

1068

G- —© 2 tasks, 1 node
® @4 tasks
®-—-® 8 tasks

~-- 16 tasks E
®-----® 32 tasks ]
-0 64 tasks
--@ 128 tasks
—-@ 256 tasks
- @ 512 tasks
---111024 tasks
---12048 tasks
- 4096 tasks
[J-—--118192 tasks
O--<2 pa|rs P|ng Ping

o we
gl
o0
o
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Do e e

similar performance to Ping-Ping
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What is limiting the all-to-all?
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* Comparing results for 4096 node All-to-all (73% of HECToR)

Bi-section Insertion point

Link speed: Datasheet value 7.6 GB/s 6.4 GB/s
Link speed: Ping-Ping 2 tasks/node 1.4 GB/s 1.4 GB/s
Link speed: Ping-Ping 1 task/node 1.4 GB/s 1.4 GB/s
Number of links 20 x 24 = 480 4096

Theoretical from Cray datasheet 3.6 TB/s 25.6 TB/s
Scaled bandwidth from Ping-Ping, 2 t/n 0.66 TB/s 5.6 TB/s
Scaled bandwidth from Ping-Ping, 1 t/n 0.66 TB/s 5.6 TB/s
Bandwidth from all-to-all, 2 t/n 0.13 TB/s 0.51 TB/s
Bandwidth from all-to-all, 1 t/n 0.21 TB/s 0.85 TB/s

* Answer: Not clear, but result is short of expectation!
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FET of a three dimensional a

* Fourier Transformation of array X(X,y,z)

Ny—1 [Ny=1 /N.-1
X(k;r:ky:kz):: Z Z (Z X 1,{, . 2 )e‘{p (2"r1kz,_‘)) exp (2\—4‘?}1 ’{) exp (%kli)

r=0 y=0 z=0

* Parallelise using 2-D virtual processor grid
1. Perform FFT in z-direction
2. Groups of All-to-all in the rows: y-direction task local

3. Perform FFT in y-direction
4. Groups of All-to-all in the columns: x-direction task local

5. Perform FFT in x-direction
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lllustration of the Algorithrﬁ ,ahm

* Example: 8x8x8 problem on 16 task

.'.'.....'.'Ev"‘r‘"’
Proc 1
Proc 2 Vs v
Prog 3 i
2D virtual Processor grid
PixP.=4x4 ﬁ

All-to-All communication

o EDEEEMEE! » Poc7 EE within the ROW of the

virtual processor grid

within the COLUMNS of the
virtual processor grid

) Proc 9 to get data over to get data over
- Proe 10 y-dimension x-dimension
3 I Proce 11 locally locally
P
. Iy A array :....... .-.'..
T/P‘ V amieias Proc 12 LEEEEEEET SEaaaE
) Proc 13 e e i) AdEE
Proc 14 SEEEmEmYfg ]
_ '..""."l. M
Proc 15 HENENEEESY BECE
i . y [ [
X 3

i} perform [D-FFT 2_' perform [D-FFT i perform [D-FFT
F Y X

along z-dimension along y-dimension along x-dimension

{a) (b) (c)

* Remark: inserted data almost independent of virtual proc.
grid, apart from own data effects
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* Closed symbols:
Total time

* Open symbols:
Comm. Time

 Poor

0.01

Time for FFT [sec]

“Intermediate” points

1 kB messages
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Effect of decomposition on 4096m

* Change Proc.
grid
8x512 to 512x8
* ]1stcomm phase

* |ntra-node
little effect

e Performance
similar to large
task all-to-all

e |ndication of
congestion?
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Insertion Bandwidth per task [MB/s]

® 4 tasks

® 32 tasks

® 256 tasks
4096 tasks

1st comm 512”3 (Reorder 0)
1st comm 256”3 (Reorder 0)
1st comm 128”3 (Reorder 0)
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Effect of decomposition on 256 tasks WA\ = oo ol}

* Change proc. grid ™
&
2x128 — 128x%x2 * X o S
W /
88
=,
* 1stcomm. phase %
]
5 100 | A |
. '§ I ® @4 tasks
* Resultsinrange & [ ®-932 tasks
w ©® @256 tasks
5 I 4096 tasks
Of gIObaI A”'tO'a” % -® st comm 6473 (Reorder 0) 1
g st comm 643 (Reorder 1)
= _.- st comm 1283 (Reorder 0) |
st comm 1283 (Reorder 1)
- st comm 256”3 (Reorder 0)
st comm 256”3 (Reorder 1)
() @ 1st comm 512”3 (Reorder 0)
For Iarge messages’ st comm 51273 (Reorder 1)
. 10 5 =g g s ' By ey
Inter-node comms. hefp 10 10 10 10 10
Message size [bytes]
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Communication time

* Applications care about time

e Small communicators:
— Relation between the two metrics distorted due to “own data”

* Discuss two characteristic cases with respect to time
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Timings for 1283 on 256 féfék '“m

* Penalty forlarge  oo0s0 - | . . . . .
@@ Total time, Reorder=0 '

communicators @@ Total comm, Reorder=0
] o w--—-# 1st comm, Reorder=0
— Bandwidth 0.0040 | .:«\ &4 2nd comm, Reorder=0 (Q
’ AN O --0 Total time, Reorder=1 /
— Data amount ‘\\ O --0 Total comm, Reorder=1 ,;'
"‘«x\ [1--111st comm, Reorder=1 rd
() The Other %‘?\ ‘xt.}:.\ <& --< 2nd comm, Reorder=1 ;"
00030 - Ry N ﬁ g
. . [&] ‘-‘:. *..‘} " N
communication 8 N g o
@ a R, S foli
= k] », T —— ‘ P
can't makeup ~ NN o g
0.0020 - <>\ ‘-u.h Pt
A ."“4“4:. . e - - 4
e 16x16 best N, o e A
' *&"@. ;I:I;;?/
* Little effect of 0.0010 S
. .f""-}‘ﬂi‘. -----
Intra node gD NG QS
T T -‘:“-‘-“‘-*-a..o

communication 0.0000 - | | . | . |
ox128  4x64  8x32  16x16 32x8  64xd  128x2

Processor grid
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Timings for 5123 on 256 téglg‘ “ml

* Bandwidth almostin- o3
dependent of &;2 .
message size 0.25 - 2;;;;@-"' oA

e Small
communicators i
insert less data : -

* Intranode comms P
beneficial o1 o o0 e

* For total time effect §$Dﬂ conmsgenn ;}ﬁ
almost cancels T e Qo

* Besttouse 2x128or .' D H“’?*-:‘% |
128)(2 2x128 4x64 BKSirDGLBS};L?griEExB 64x4 128x2
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Task placement on a meshed "Ném

* Cray XT architecture: limited user control on task placement

— Placement with respect to multi-core chips
— No control on placement on the meshed network
— Schedules individual nodes

* Use a Bluegene/L for a case study

— Schedules jobs on dense cuboidal partitions (no holes!)
— Offers full control of task placement (re. multi core and mesh position)
— Downside: Scheduling constraints

* Derived a model from bi-sectional BW considerations
— Place rows of the processor grid on small cubes should work best
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lllustration of the maps TN
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* Processor grids: o
—  8x64 in CO mode ® ngg"‘e‘]e‘yiiﬁn
— 16x64 in VN mode
— 8x128 in VN mode

* Map rows on cubes _
customised
e Columns map to mapping
extended objects
* Default: sticks & planes
* All maps but 23-cube
offer same bi-sectional default
mapping
Bandwidth
e |dea for cube: tx Y
Many mini-BG/L ‘
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Normalised performance

24 =—*—(CO 8 x 64 - customised , T
—=CO0 8 x 64 - default ; [ ; ; ;
2.2 | =4 VN 16 x 64 - customised """""" """"""

== VN 16 x 64 - default
VN 8 x 128 - customised : ; : : :
1.8 —O—Cf:l) 64x!:3—defal:11t ........... | — ............

__________________________________________________________________________

o
=

™o

Normalised Total Performance
({64,8} default / mappings)
=

="

0.8
64 128 256 512 1024
Problem Size

* Little benefit in CO mode, small cube does’t perform ®

* Works well in VN mode, boost of up to 16% ©
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Conclusion D L ®

* Cray XT4 faster than IBM Power5 HPS and BlueGene/L for
1024 tasks, but only just and not for every message size

* Global all-to-all on the Cray XT4 for thousands of tasks does
not live up to expectations from marketing materials and
Ping-Ping results

* Performance of all-to-all in subgroups, similar to global all-to-
all

* For large task count performance similar to a single all-to-all

of the total size and not the size of the subgroup
— Indicating a congestion problem?
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Conclusion (cont.)
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Little overall effect from intra node communication

Placing rows onto cubes inside the mesh gives performance
advantage (BlueGene/L)

On the Cray XT4 such placement is not supported by the
system software

If it was, it might help to overcome the performance problems
for messages > 1 kB on large task counts (many mini XTs)
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