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Execution time for 7

iterations
Parallel
It0 It1 It2 It3 It4 It5 1t6 el
Fxecution time : :
for 1 iteration : '
s = | Malleable
It0 1t1 PR | Data redistribution | |[t2 | t3 | 1t4 | It5 | It6 synefiagons
X — _
2 Processes -= 4 Processes PR Process Expected

' Creation saved time
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Synthetic application




Application composed of three modules:

- Computation module

- Reconfiguration module

- Metric gatherer module
and a configuration file

initializes the application

fig
t_config(); // Send to all ranks in group

e_non_direct_parameters();

t_config() // Receive from parent rank 0

e_non_direct_parameters();

e_data(); //receive from parents.

ates Cb bytes (optional)
(Cb, Ct);

f not last resize

Launch Script Read :
<«—— configuration
Start > Read
Application «—— configuration
Computation < 3
Module Metric
l Gatherer
Reconfiguration Module
Module < y
E.nd' Store Data
Application
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Computation module




Computation procedures:

Compute-bound: Montecarlo Pi estimation

It0

It1

l

PO P1 P2 P3 P4 P5 P6 Comm

P4 P5 P6 Comm

POP1|P2|P3
lteration

time (T_it) (;c:]rlistnaunrtn gr:re

Procedure
time (T_op)

Procedures
per iteration

Memory-bound: Matrix-vector multiplication ,
Process number does not affect procedure (T_I/(T_op)
final time (T_op)

UJI
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Communication procedures: It0 It1

Collective one-to-all (MPI_Bcast)
Collective all-to-all (MPI_Alltoall)
Reduction (MPI_Reduce) PO P1 P2 P3 P4 P5 P6 Comm

Point to point (MPIl_Send/Recv) l

/ PO P1 P2 P3 P4 P5 P6 Comm
Point to point —  —>

Communications cost:
protocol N/4 - Nbytes

bytes All-to-all
1d0 protocol
IdO | Id1 | Id2 | Id3
N/4
[ ] bytes
N/4 N/4
bytes bytes
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Reconfiguration module




Resize Resize

Parents Point Point End App
Communicate, > Ca;cet&ate | , Process y Data
with RMS ' mapping ' . Spawning | 'Redistribution
/ i / //\/ -
Under development ; . Start | Data | Resize
Children Children |Redistribution I Point
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Show
Communicate| _interest R
with the RMS )
- New -
: o Decide
§< job_info whether to
: resize or not
Calculate '
new mapping
Spawn
processes
Send :
data | Redistribute
data

job_info:

Reconfiguration module - Steps (11)

Node number
Core number
Node names

Under development
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Forced resize

Parents

Resize |
It I Point B A
Calculate Process . Data
EN Spawnlng Redistribution |
__mapping |
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Balanced-mapping

Node 0

Core 0
Process 0/ Group 0

Node 1

Core 1
Process 1/ Group 0

Core 2
Free

Core 3
Free

Core 0
Process 0/ Group 0

Core 1
Process 1/ Group 0

Compact-mapping

Node 0

Core 0
Process 0/ Group 0

Core 2
Free

Core 3
Free

Core 1
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Core 2
Process 2 / Group 0

Core 3
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Node 1

Core 0
Free
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Free

Core 2
Free
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Free

UJ| UNIVERSITAT ' Reconfiguration module - Physical mappings

JAUME |




UJI

MPI_COMM_WORLD MPI_COMM_WORLD

Group Group
\_ Parents ) Children

Intercommunicator

Group Group

\_ Parents / Children
Obtained from Obtained from

MP1_Comm_spawn MPI_Comm_get_parent
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Parents

1(0] It1 PR | Data redistribution
L Data redistribution = [t2 | It3 | It4 | It5 | It6 Based on MPI_Alltoallv
Children
0 25 50 75 100
PO: [ iPL] P2 | | P3
PO ; : ; ; ; : ; :
- . : . . . . .
10 - 5 co|C1|q¢2|c3|c4a|C5|C6|C7|C8|C9
Y O 10 20 30 40 50 60 70 80 90 100
Cco Cl Cc2
Distribution from 4 to 10 processes of

Distribution of elements from parent PO to its 100 elements
children CO, C1 and C2
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Execution time for 7
Additional iterations
contribution: - - y—
Allow asynchron ous ItO It1 | It2 It3 It4 It5 ,It6, B
data redistribution Eeciios; fime
or 1 iteration ; :
It Itl | PR| Dataredistibuon | It2 | It3 | It4 | It5 | It6 S%‘z"r']fjﬁgis
‘ * N
2 Processes -> 4 Processes
4
It t1 |PR| It2 3 | 1t4 | It5 | It6 asg",f‘c"ﬁr";‘)ﬂ'gus
SR = Synchronous 7 - - _I |
fatribg i rocess synchronous
redistribution PR Creation redistribution SE)\(/E dctti(rar?e

AR = Asynchronous
redistribution
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Asynchronous
< redistribution 0 25 50 75 100

iPOi | iP1i p2i | [P3

Parents It0 It1 PR It2 It3

CO|C1|C2|C3|C4|C5|C6|C7|C8|C9

L — ! 0O 10 20 30 40 50 60 70 80 90 100
Children Data redistribution It4 It5 It6

Asynchronous procedures:
- Point to point (MPI_Isend/Irecv) i :
- Collective all-to-all Parents (MPI_lalitoally) | P! Non-blocking
- Collective all-to-all Children (MPI_lalltoallv)
- Pthreads (MPI_Alltoallv)

Primitives
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Asynchronous

< redistribution
Asynchronous Asynchronous
Parents Children
Parents It0 It1 PR It2 It3 Parents Children Parent Children
— 1 group group group group
L S . Asynchronous Asyncrhonous Asynchronous Asyncrhonous
Children "= Data redistribution It4  It5 | It6 Start | send receive. | Start Start | ____: sen receive | Start
AR | 1 AR AR | ; AR
T MPI_Waitall 5 MPI_Waitall
* Offset
Start SR i -
Asynchronous procedures: Start SR
- Point to point (MPI_Isend/Irecv) : :
- Collective all-to-all Parents (MPI_lalltoallv) Start St
. . SR
- Collective all-to-all Children (MPI_lalltoallv) 2
- Pthreads (MPI_Alltoallv)

UNIVERSITAT
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Asynchronous

< redistribution 1

Parents It0 It1 PR It2 It3 SR

Synchronous L istributi
R Sy Crildiei Data redlstrlbutlonr SR Ita 1t5 | It6

redistribution Stage AR
Communication
Type ”
mechanism

Synchronous /
Asynchronous
Strictly
Synchronous

Constant Stage 1

Variable Stage 2
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Metric gatherer module




Total execution time

Based on MPI_Wtime It0 It1 PR | Dataredistributon | [t2 ' [t3 | [t4 | ItS @ It6

Synchronous
redistribution time

Process spawn
time

liesation Tane — Also stored with
| each iteration:
It0 It1 It3 | It4 | It5 | It6 - Number of
Op executed
g Asynchronous _I - If AR is being
redistribution | performed or

Asynchronous not
redistribution time
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Configuration files




It0 It1

l

PO P1 P2 P3 P4 P5 P6 Comm

PO P1 P2 P3 P4 P5 P6 Comm

[general]

T_it=4 # Time per iteration

N=100000 # Computation procedures problem size
Pt=0 # Procedure type

Cb=10000000 # Communicated bytes in each iteration
Ct=1 # Communication type in each iteration

u_" SJNIVERSITAT Configuration file - General
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Asynchronous

< redistribution 1

Parents|  ItO tl |PR| It2 It3 SR
Synchronous : Data redistribution
redistribution Children Stage AR SR 1t4 | ItS | It6

R=1 # Number of resizes

SDR=1000000000 # Synchronously redistributed bytes

ADR=1000000000 # Asynchronously redistributed bytes

AT=3 # Type of asynchronous redistribution

;end [general]

UNIVERSITAT : : -
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[resize0]

Iters=1 Total iterations for this group

Procs=2 Number of processes in this group
FactorS=0.

Dist=balanced

(&)

Scalability factor

Physical process mapping type
;end [resize0]
[resizel]
Iters=10
Procs=10
FactorS=0.1

Dist=balanced

Data redistribution |t11 ‘It10

-

;end [resizel]
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Iters=1 Total iterations for this group
Procs=2 # Number of processes in this group
FactorS=0.5 # Scalability factor

Physical process mapping type Real It =T_it * FactorS

Real 1t=4*0.5=2s

Dist=balanced

to | PR |Data redistribution| 1t1 | _. lit10

;end [resizel]

Real_It=4*0.1=0.4s
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Application composed of three modules:

- Computation module

- Reconfiguration module

- Metric gatherer module
and a configuration file

initializes the application

fig
t_config(); // Send to all ranks in group

e_non_direct_parameters();

t_config() // Receive from parent rank 0

e_non_direct_parameters();

e_data(); //receive from parents.

ates Cb bytes (optional)
(Cb, Ct);

f not last resize

Launch Script Read :
<«—— configuration
Start > Read
Application «—— configuration
Computation < 3
Module Metric
l Gatherer
Reconfiguration Module
Module < y
E.nd' Store Data
Application
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Results




- Two 10-core processor Intel Xeon 4210 It0 PR |Data redistribution’ |t1 | ... 110
- Two servers (40 cores)

- 11 Iterations of 4s or 0.4s per execution
- 10MB iteration communication j
- One reconfiguration per execution

- FactorS is applied to have a perfect SpeedUp

- Both physical mappings "
- Fully SR or AR of 1GB 35
- Pthreads option s6
- Mean of 5 executions

25
Node 0 Node 1 Node 0 Node 1 S‘
©
@ 20
Core 0 v
Process 0/ Group 0 Process 0/ Group 0 e gwup 4 coie &
15
Core 1 Core 1
Process 1/ Group 0 Process 1/ Group 0 e L coet 10
Core 2 Core 2 Core 2 Core 2 2
Free Free Process 2/ Group 0 Free
- 0
CF‘"G 3 CF"’:e3 Core 3 Core 3 0 5 10 15 20 25 30 35 40
ree IS Proceso 3 / Group 0 Free Processes
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Compact mapping T it =4 seconds

30 T
EE Parents SR EEm Parents AR . . .
Resize SR 552 Resize AR Shr|nk|ng W|th AR
B Children SR @@ Children AR
25
Expanding with SR
20 80 processes, 120 threads in AR
- Oversubscription when more
£33 than 20 threads in one node.
Node 0 Node 1
10
Core 0 Core 0
Process 0/ Group 0 Free
5 Core 1 Core 1
Process 1/ Group 0 Free
Core 2 Core 2
0 Process 2 / Group 0 Free
~ o o o ~
o = o, < o
= () (] (o) = Core 3 Core 3
Proceso 3 / Group 0 Free
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Balanced mapping T it =4 seconds

30 T
EEm Parents SR EEm Parents AR . . .
Resize SR %59 Resize AR Sh rin kl ng W|th AR
HE Children SR BN Children AR
25
Expanding with SR
20
_ Oversubscription when more
0
£13 than 20 threads.
[
Node 0 Node 1
10
Core 0 Core 0
Process 0/ Group 0 Process 0/ Group 0
5 Core 1 Core 1
Process 1/ Group 0 Process 1/ Group 0
(o) % I
e Core 2 Core 2
0 vt o i Ll Free Free
~N ~N =) o o
o =) = o, =
= 8 3 g P E
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Compact mapping T it = 0.4 seconds

4.0 T
Il Parents SR EEl Parents AR
Resize SR @ Resize AR
3.5{ I Children SR =@ Children AR Shrlnklng Wlth AR
3.0
Expanding with SR
2.5
T Oversubscription when more
g2
= than 20 threads.
15 Node 0 Node 1
Core 0 Core 0
1.0 Process%r?‘ Group 0 Forr:e
Core 1 Core 1
0.5 Process(:r? Group 0 Forr:e
0.0 Core 2 Core 2
— — — — — — — — — — — — — — —_ — Process 2/ Group 0 Free
~ o o o ~ o o o ~ o o o ~ o o o
A — ~N < o — ~ < o — ~ < o — N <
~ ~ o~ o~ — o o o ~ o o o < o o o
= = = = :', = :l = Q‘, Q‘, Q‘, = S.r, S S Core 3 Core 3
NP, NC Proceso 3 / Group 0 Free
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Balanced mapping T it =0.4 seconds

4.0 .
Il Parents SR EE Parents AR
Resize SR @%@ Resize AR - - -
3.5/ BB Children SR EEE Children AR Shrmkmg with AR
3.0
|Expana|ng with SR|
2.5
%20 Oversubscription when more
F than 20 threads.
1.5
Node 0 Node 1
1.0 Core 0 Core 0
Process 0/ Group 0 Process 0/ Group 0
0.5 Core 1 Core 1
Process 1/ Group 0 Process 1/ Group 0
0.0 = = = 8 s > Core 2 Core 2
~ =4 & — ~ 5 Free Free
o o < o o o
8 o = = = =
Core 3 Core 3
Free Free
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Time(s)

Compact mapping

T it =4 seconds

4.0

3.5

3.0

2:5

1.5

1.0

0.5

0.0°

(2,2)
(2,10)

uJ

(2,20)
(2,40)
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(10,10)
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s Spawn
EEm Synchronous
mmm Asynchronous

T

(20,10)
(20,20)
(20,40)

(40,2)
(40,20)
(40,40)

(40,10)

_(10,40)

Results - Reconfiguration times (l)

Spawning processes is the
most expensive operation

AR is always more
expensive than SR

Node 0 Node 1

Core 0 Core 0
Process 0/ Group 0 Free
Core 1 Core 1
Process 1/ Group 0 Free
Core 2 Core 2
Process 2/ Group 0 Free
Core 3 Core 3
Proceso 3/ Group 0 Free




Time(s)

Balanced mapping T_it =4 seconds

3.0

2.5

2.0

1.0

0.5

0.0°

T
I Spawn
Hmm Synchronous
mmm Asynchronous

— — — — — —~ —~ —~ — —~ —~ —~ — —~ — —~
~N o o o ~N o o o N o o o ~N o o =}
T — N < 5 — ~N < 5 — ~N < — N <

&) o - o - S o S
~ o~ o o — o o o N o o o < o o o
- - - = = = =) - ~ ~ ~ = < < <
= = = - - - = A =

NP, NC
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Spawning processes is the
most expensive operation

AR is always more
expensive than SR

Better performance than Cm:
Oversubscription appears in
less configurations

Node 0 Node 1

Core 0 Core 0
Process 0/ Group 0 Process 0/ Group 0

Core 1 Core 1
Process 1/ Group 0 Process 1/ Group 0

Core 2 Core 2
Free Free

Core 3 Core 3
Free Free




Time(s)

3.0

2.5

2.0

1.0

0.5

0.0°

Compact mapping

T it=0.4 seconds

(2,2)
(2,10)

UJi

(2,20)
(2,40)
(10,2)
(10,10)
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I
I Spawn
I Synchronous
Il Asynchronous

S © N © 9 9 W © o o
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Results - Reconfiguration times (l11)

Spawning processes is the
most expensive operation

AR is always more
expensive than SR

AR is better for lower T _it
values

Node 0 Node 1

Core 0 Core 0
Process 0/ Group 0 Free

Core 1 Core 1
Process 1/ Group 0 Free

Core 2 Core 2
Process 2/ Group 0 Free

Core 3 Core 3
Proceso 3 / Group 0 Free




Spawning processes is the

Balanced mapping T it =0.4 seconds ) :
- most expensive operation
3.0 =] Spa\llvn
Hmm Synchronous .
mmm Asynchronous AR IS always more
25 expensive than SR
i Better performance than Cm:

Oversubscription appears in
less configurations

Time(s)
B
%]

Node 0 Node 1

AR is better for
lower T_it values

Core 0 Core 0
Process 0/ Group 0 Process 0/ Group 0

Core 1 Core 1
Process 1/ Group 0 Process 1/ Group 0

Core 2 Core 2

N © © © W ©o S © W © © °©o ®« s o o Free Free
Na 4+ 8 3 5 24 8 I g =2 & 5 g = & <
~ o o~ o~ — o o o o~ o o o < o o o
= = = = = = = = o) i) ) = . = b

NP, NC Core 3 Core 3

Free Free
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Compact mapping  T_it =4 seconds

3 I Malleable iteration 1.00 Il Malleable iteration . .
Oversubscription
sz __0.75 . .
B2 O reduces iteration
(] (]
0.50
E E performance
023 drastically
0 0.00
~ oS S =) ~ S S o
~ - N < - - N <
= o o o o) 2 2 2
NP,NC s NP,NC - -
0.8 { mm Malleable iteration 0.6 | == Malleable iteration
__ 0.6 - Node 0 Node 1
0 0
4, Yoa R
() ()
£ 04 € Core 0 Core 0
= = - Process 0/ Group 0 Free
0.2 '
Core 1 Core 1
0.0 0.0 Process 1/ Group 0 Free
~N S S C) ~N S S =)
) o o 3, o & o gt
N o o o = o o o
= o o o = 3 2 = Core 2 Core 2
NP.NC NP.NC Process 2/ Group 0 Free
Core 3 Core 3
Proceso 3 / Group 0 Free
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Compact mapping

T it=0.4 seconds

Il Malleable iteration
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0.2
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= o o o 2 S S S
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Oversubscription
reduces iteration
performance
drastically

Node 0 Node 1
Core 0 Core 0
Process 0/ Group 0 Free
Core 1 Core 1
Process 1/ Group 0 Free
Core 2 Core 2
Process 2/ Group 0 Free
Core 3 Core 3
Proceso 3 / Group 0 Free

Results - Iteration times under reconfiguration (l1)
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Future work




Adaptable synthetic application for
expanding, shrinking or migrating

SR when expanding the job, AR when
shrinking

UNIVERSITAT :
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UJI

Allow users to indicate computational cost
for iterations

Allow dynamical SDR & ADR for each
reconfiguration in the same execution
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Allow emulation of non-iterative applications

Communicate with RMS

UNIVERSITAT  Future Work (11)

JAUME |




A synthetic tool for analysing adaptive
workloads

Authors: , I
|lker Martin-Alvarez (martini@uji.es) [ |
José |. Aliaga

Maria Isabel Castillo
Sergio Iserte
Rafael Mayo


mailto:martini@uji.es

