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Binomial graph

Undirected graph G:=(V, E), |V|=n (any size)
Node i={0,1,2,...,n-1} has links to a set of nodes U
U={it1, i*2,..., i¥2% | 2K n}in acircular space
U={ (i+1)mod n, (i+2)mod n,..., (i+2\mod n | 2¥ n } and

{ (n+i-1)mod n, (n+i-2)mod n,..., (n+i-2Ymod n | 2k n}
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Binomial graph properties
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Routing cost

e Because of the counterclockwise
links the routing problem is
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NP-complete ; ———
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e Broadcast: Optimal in number of steps :
log,(n) (binomial tree from each node) le-07 F 7
e Allgather: Bruck algorithm log,(n) le-08 L——1 L L L L !
steps 16 32 64 128 256 512 1024 2048 4096
— At step s: Number of Nodes

e Node i sends data to node i-2s
e Nodeireceives data from node i+2s

Run-time scalability
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Dynamic environments
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Dealing with the Scale Problem

Optimized MPI Collective
Communications
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Optimization process

e Run-time selection process

— We use performance models, graphical encoding, and
statistical learning techniques to build platform-specific,
efficient, and fast run-time decision functions

Reduce Decision

Decision Tree:
message_size <= 512 :
| communicator size <=4 :

| | message size <= 32 : rine (12.0/1.3)
! = D am s = A n
| message size > 32 : linear (8.0/2.4)

communicator_size > 4 :

8 : bruck (100.06/1.4)

| ¢
LA — 3.
|| 128 : bruck (8.0/1.3)
| | messagesize > 128 : lincar (2.0/1.0)

message size > 512 :

message_size > 1024 : linear (78.0/1.4)
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Communicator size

| message size <= 1024 :
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Model prediction

Experimental
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Model prediction
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Tuning broadcast
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Application tuning

e Parallel Ocean Program (POP) on a Cray XT4
— Dominated by MPI_Allreduce of 3 doubles

o Default Open MPI select recursive doubling
— Similar with Cray MPI (based on MPICH)
— Cray MPI has better latency
— i.e., POP using Open MPI is 10% slower on 256 processors

o Profile the system for this specific collective and
determine that “reduce + bcast” is faster

— Replace the decision function
— New POP performance is about 5% faster than Cray MPI

Collective communications
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Dealing with the Scale Problem

Fault Tolerance
Diskless Checkpointing

(oA
INNOVATIVE COMPUTING THEUN IVERS ITYOfT ENNESSEE

LABORATORY Department of Electrical Engineering and Computer Science



Diskless checkpointing

Four available processors

Pl P2 P3 P4
Add a fifth and perform

a checkpoint(Allreduce)

Pl P2 P3 P4 Pc

Steps

Ready to continue

»P1 P2 P3 P4 Pec
Failure

Ready for recovery

Pc

Pc P1 P3 P4 P2 Recoverthe processor/data

Fault tolerance
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Diskless checkpointing

e How to checkpoint

— Either floating-point arithmetic or binary arithmetic
will work

— If checkpoints are performed in floating-point
arithmetic, then we can exploit the linearity of the
mathematical relations on the object to maintain
the checksums

e How to support multiple failures

— Reed-Salomon algorithm

— Support p failures require p additional processors
(resources)

Fault tolerance
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PCG

o Fault-tolerant CG
e 64%x2 AMD 64 connected using GIigE

Size of the Problem | Num. of Comp. Procs
Prob #1 164,610 15
Prob #2 329,220 30
Prob #3 658,440 60
Prob #4 1,316,880 120

Performance of PCG with different MPI libraries

PCG Performance on AMD Opteron Cluster

12000
BMPICH-1.2.6
~ 10000 'mMPICH2-0. 96
*3% 8000 QFT-MPI
T 6000 OFT-MPT w/ ckpt
< WET-MPI w/ revr)
£ 4000
0

Fault tolerance
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Problems
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For checkpoint
we generate one
checkpoint every
2000 iterations
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PCG

16

Time | Prob #1 | Prob #2 | Prob #3 | Prob #4
1 ckpt 2.6 3.8 5.9 7.8 heckpoi
2 ckpt | 44 58 35 0.6 | Checkpoint
3 ckpt | 6.0 7.9 10.2 2.8 overhead in
4 ckpt 7.9 9.9 12.6 15.0 seconds
5 ckpt 9.8 11.9 14.1 16.8
PCG Checkpoint Overhead PCG Recovery Overhead
e, .—O—Pr‘ob #] L. 60% ——Prob #1
N 2 00% —™—Prob ®2 rs . 1;8:3 —&—Prob #2
2 1. 50% —e—::: :: / j:; (1) gg: —e—::: :; L
£ 1 oo / e % 06 :J____"*P_______f_._f T |
s M & 0. 10% —& * .
0. 50% JEE— n ~ 0. 20% = -
0. 00% — 0. 00%
1 2 3 1 b 1 2 3 !

Number of Checkpoint Processors

Fault tolerance
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Dealing with the Scale Problem

Automatic Fault Tolerance
Using Message Logging
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Detailing event types to avoid
intrusiveness

iRecv(ANY_SOURCE, tagA, buffer1)
iRecv(ANY_SOURCE, tagA, buffer2)
iRecv(ANY_SOURCE, tagB, buffer3)

& |
-’

7
 buffer—i | Matching

[ !A A f
I
7

Fault tolerance
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Interposition in Open MPI

e We want to avoid tainting the base
code with #ifdef FT_BLALA

e Vampire PML loads a new class of Anolication
MCA components
. . COLL
— Vprotocols provide the entire FT
protocol (only pessimistic for now) USRS
. You Can use the ablllty tO deflne EHecvc.;Rt.;cthe;:diSe:: WairA:yPl:::iSomeiProbeProbeE
subframeworks in your components 1 E iy PML-V
e Keep using the optimized low level [ suL |
and zero-copy devices (BTL) for BTL | [ BTL | | BTL } | BTL !
Com munlcatlon BTL-MX BTL-TCP EBTL—VSBE EBTL—VEL;

e Unchanged message scheduling logic

Fault tolerance
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Performance overhead

20

BT [ SP [ FT | CG

MG

LU

#processors

all

4 32 64 256 312 1024 4 32 64 256 512 1024

Yonon-deterministic

0 [0 00

4033 2935 27.10 2223  20.67 19.99 1.13 066 080 0.80 0.75 0.57

Table 1. Percentage of non-deterministic events to total number of exchanged messages
on the NAS Parallel Benchmarks (Giga Ethernet, class B)
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Fault tolerance
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== 0Open MPI-V no Sender-Based

== Open MPI-V with Sender-Based

—IO eﬁ{lPl-\‘ with Sender-Based and Forced Non Deterministic Events
==1Po

== MPICH-V2

~ (higher is better)

RN P I TR K R D ol
»'&b&{,‘?»wu%.,b,,;ﬁ"bho?@b‘,&»‘“'f@e‘h

Message Size (bytes)

Department of Electrical Engineering and Computer Science

atory



Contact

George Bosilca
bosilca@eecs.utk.edu

&
= nsUNIVERSITYof TENNESSEE

LABORATORY Department of Electrical Engineering and Computer Science




