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L-closure: 5TE IR REIRIEH B LT
(1/2)
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L-closure: 5TE IR REIRIEH B LT
(2/2)

ERCEFEDILHRELT

ANFREABOO—29)ZFE
0 MEHLUTICERAZEHDIE~ADLEETERGT IR
IEJ 'H-f& i/f—c |éEAbH_'

TIORARREGDEH L D AFEY & TxH
EFRICHEVHEITETI/A—2 v DA EAEZELE
FEG2DODELE

GCCHhiRIZ kDR [/\# #th CC2006, IPSI PROEHX 52008
(FRIFEERXE)]

ZECSEANDIRA R [FH-/\#24th IPSI PROZRILEE2006]
[EEIBﬁ J\¥2-E R IPSI PROZR I 552013]
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Alist *bin2list(void (*scan0) closure (move_f),
Bintree *x, Afist *rest){
: *kv = 0;

void re (move_f mv){ /* create closure */
est = mv(rest); /* scan roots */

= mv(kv); /* scan roots */

/* scan older roots */

/| pass pointer to closur scan1" on the following calls.

if(x->right) rest's bin2list(scan1, x->right, rest);
kv = getmem(scan1, &KVpair_d); /* allocation */
kv->key = x->key; kv->va| = x->val;

a = getmem(scan1, &Alist_d); [* allocation */
a->kv = kv; a->cdr = rest;
rest = a;

if(x->left) rest = bin2list(scan1, x->left, rest);
return rest;
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‘ Using Lexical Closures

_ - _ iInspect/
[* simplified for explanation */ modify
bin2list(closure_t scan0, [SGEI cachx
Bintree *x, ... 1 scanl |
void scan1 closure (){ P gc
X = move(x); / o getmem ‘/

scan0(); i‘ bin2list
}

- - . scan0=f], x=0xAA80
bin2list(scan1, x->righ

) bin2list
u)}

getmem(scan1,... ); EESTu
} C stack

26 Dec. 2016 Masahiro YASUGI 7
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‘ Tascell: .oad Balancing Framework [PPoPP2009]

= “Logical thread’-free
= Compute sequentially, fork only when requested

parallelizable O

sequential computation

O

26 Dec. 2016 Masahiro YASUGI 11



Temporary backtracking by nested functions

| earch (dwindero, ...) {

loop_erTc , dwinder0();
spawned =0 if (req_remain) send_task(); }
" dwinder ([, poling0:

for (...) { // translated parallel for
for (d=0 ; d<4 ; d++) {

dwinder () { '

remove a piece

—— 1

(dwinder,

) H

loop_end =1
spawned =0

search _ 1

(dwinder, loop_end =jl/2
o H spawned = 0

search for an older task

26 Dec. 2016 execution stack earch for an older task >

) ahir%



Tempora

search
(dwinder,

o H

search
(dwinder,

) H

search
(dwinder,

o H

1 1 1

loop_end =1
spawned =0
dwinder ()

y nested functions

search (dwinderO, ...) {
spawner () {

loop_end =j1
spawned =0
dwinder ()

dwinder0();
if (req_remain) send_task(); }

polling();
D for (...) {// translated parallel for
for (d=0 ; d<4 ; d++) {

loop_end =1
spawned =0
dwinder ()

dwinder () { 7

set the removed piece

loop_end =jl/2
spawned = |

dwinder ()

set the removed piece

26 Dec. 2016

execution stack
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Speedup relative to sequential C

MRS (Niagara2 Tascell)

64
32
|6
8 ——Fib(44)
4 -#-Nqueens(16)
Pentomino(|3)
2 LU(2000)
| —Comp(30000)
0.5 -e-Grav(400)
0.25
0.125

I 2 4 8 16 32 64 128

# of workers
|4 Masahiro YASUGI 26 Dec.2016



Speedup relative to sequential C

HEFE . (Niagara2 Cilk [PLDI’98])

64
32

——Fib(44)
-#-Nqueens(16)

Pentomino(|3)

LU(2000)
—Comp(30000)
-e-Grav(400)

I 2 4 8 16 32 64 128

# of workers
|5 Masahiro YASUGI 26 Dec.2016
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Background

 We develop the Tascell task parallel language

* A Tascell program can be executed efficiently
both in shared-memory and distributed-
memory environments

e The conventional Tascell realizes inter-node
communication with TCP/IP

— Cannot run on supercomputers in which TCP/IP is
not available for inter-node communication

26 Dec. 2016 Masahiro YASUGI
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Contributions

* Implement inter-node communication using
MPI

* Evaluate the performance on the K computer
using 7168 workers (1024 nodes)

— Our 19-queens solver achieves a 4615-fold
speedup relative to a serial C program

* Compare our MPI-based implementation with
other implementations



Outline

e The conventional Tascell



Tascell

e Tascell adopts work-stealing

1. Anidle worker(thief) sends a task request to any
worker(victim)

The victim sends a task as a response

When the thief completes the stolen task, it sends the
result to the victim worker

1. Send a task request
% N —— e e el )

Worker 2. Send a task Worker
. — . .
(thief) 3. Send the result of the task (victim)
worker worker

Computation node Computation node
26 Dec. 2016 Masahiro YASUGI




Tascell server

 Determines the destination of each task request
 Knows which computation nodes have tasks

[ R e R Rl } © Suitable for wide-area
/ distributed environments
[Tascell server } @ Computation nodes can
TCP/IP be added dynamically
@ Tascell server becomes a
| worker | [ worker | bottleneck
[ worker ] [ worker ] ® Some supercomputers do
not support TCP/IP

Computation node  Computation node



Outline

* Our MPI-based implementation



Our MPI-based implementation

e “Tascell server”-less

 Inter-node communication with MPI
— Requires only MPI_THREAD_FUNNELED support

level node (rank=0) node (rank=1)
[ worker ] [ worker ]
[ worker ] [ worker ]
[ worker ] [ worker ]
[ worker ] [ worker ]

node (rank=2) node (rank=3)

26 Dec. 2016 Masahiro YASUGI 26



MPI multithread support levels

* MPI_THREAD_SINGLE

— Only a single thread can run

 MPLLTHREAD_FUNNELED
— Only the thread that has ca}loﬂ'm*—”amﬁuﬁ\

make MPI calls, and other
Unsupported on
¢ MPI_THREAD_SERIALIZE the K Computer

— Only one thread can make Y
MPL_TH READ_MULTIPLEW

— Multiple threads may make MPI calls concurrently

26 Dec. 2016 Masahiro YASUGI



MPI-based implementation issue

 Work stealing

— Cannot statically resolve dynamically determined
wait-for dependencies

* Cannot implement the naive idea
— Only possible with MPT THREAD MULTIPLE

— Many environments do not support or
recommend MP I THREAD MULTIPLE

26 Dec. 2016 Masahiro YASUGI
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Our MPI-based implementation

 Workers add an entry to the send request queue
* Only the messaging thread makes MPI calls
* Send a message using a nonblocking function

* Checks whether there are any incoming message
using MPL_Iprobe

- > )
worker Other
s \> Send request queue compudtation
worker ) node
- . - Messaging Thread Y,

Computation node



Messaging thread

Repeat the following steps:

1. Checks whether there are any incoming
message using MPI _Iprobe
a. And if any, receives a message using MPI_Recv

2. If there are any entries in a send request
gueue, sends a message using MPI_Isend

3. Checks whether MPI Isend operation is
complete using MPI_Test



Deadlock avoidance

 We use busy waiting in order to wait for the
following events at the same time in a single
thread

— Completion of send
— Recelving messages
— Add an entry to the send request queue

 We cannot avoid deadlocks without busy

waiting because we only require the
MPIL_THREAD_SERIALIZED support level



Outline

e The conventional ]
e Our MPIl-based im

ascell

nlementation

e Evaluations
e Related work
 Conclusions

26 Dec. 2016
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Evaluations

Xeon Phi

The K computer (per node)

Host processor

Xeon E5-2697 v2 12-core X 2

SPARC64 VIlIfx 2GHz 8-core

Coprocessor | Xeon Phi 3120P 57-core X 4 -
Network | PCle3.0 x16 Tofu Interconnect
MPI library | Intel MPI 4.1 Update 3 FujitsuMPI (OpenMPI based)

* Load balancing benchmarks:
— Fibonacci, Fib(n)
— N-Queen problem, Ng(n)

— Pentomino problem, Pen
— AreaSum, AreaSum(n)

— Matrix Multiplication, MatMul(n)
— LU decomposition, LU(n)

26 Dec. 2016

Masahiro YASUGI

(n)} UTS-like search trees




Implementations in evaluations

Inter-node communication Tascell server Run on the K
computer

Tascell/MPI MPI None

(Our MPI-based (MPI_THREAD_FUNNELED)
implementation)

Tascell/MPI-MT MPI None No
(MPI_THREAD_MULTIPLE)

Tascell/TCP TCP/IP None No
Tascell/SVR-Noisy TCP/IP Require No
(relay only)
Tascell/SVR TCP/IP Require No
(The conventional (knows which
implementation) nodes have tasks)

26 Dec. 2016 Masahiro YASUGI 34



Evaluations on Xeon Phi:
Small benchmarks with geometric mean except LU

More is better 4 100

80
60
40

20

Speedup relative to serial C

0
Geometric mean
MPI-114 MPI|-MT-228 == TCP-342 == SVR-Noisy-456 mam
MPI-228 === MPI-MT-342 === TCP-456 mem SVR-114
MPI-342 mmm  MPI-MT-456 === SVR-Noisy-114 === SVR-228
MPI-456 mmm TCP-114 SVR-Noisy-228 wem SVR-342 mm
MPI-MT-114 TCP-228 SVR-Noisy-342 wem SVR-456 mm

Speedup relative to serial C.

Geometric mean over Fib(48), Ng(16), Pen(14), AreaSum(18) and MatMul(7000).

228: 2 nodes x (114 workers/node

342: 3 nodes x (114 workers/node
26 Dec. 2016

456: 4 nodes x (114 workers/node

)

}Aasahiro YASUGI 35



Evaluations on Xeon Phi:
Large benchmarks with geometric mean except LU

More is better 4180
160

140
120
100
80
60

40

Speedup relative to serial C

20

0

MPI-114
MPI-228 ===
MPI-342 ===
MPI-456 ===
MPI-MT-114

Speedup relative to serial C.
Geometric mean over Fib(58), Ng(19), Pen(16), AreaSum(21) and MatMul(14000).
228: 2 nodes x (114 workers/node)
342: 3 nodes x (114 workers/node)
26 Dec. 20486: 4 nodes x (114 workers/node)"'#s2Nim0 YASUGI 36

Geometric mean

MPI-MT-228 wam TCP-342 == SVR-Noisy-456 mmm

MPI-MT-342 m=m TCP-456 mmm SVR-114

MPI-MT-456 mmm SVR-Noisy-114 mm SVR-228
TCP-114 SVR-Noisy-228 w=m SVR-342 m=m
TCP-228 SVR-Noisy-342 s SVR-456 mm



Evaluations on the K computer:
Large benchmarks

More is better M

4096
@)
5 1024
@ | 1 : 1
(7)) 3 3 ;
o 256 e g
o , :
© B4 | o R
o 2
=3 * | !
5 16 | == g e Fib(58) —>—
] , - Nq(19) —=— |
& / Pen(16) —e—
R s AreaSum(21) —+—
% MatMul(14000) —~— |
, | | - LU(21000)
1x7 47 16x7 64x7 256x7  1024x7

(# of nodes)x(# of workers per node)

Speedups relative to serial C
26 Dec. 2016 Masahiro YASUGI
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Conclusions

* Implement inter-node communication for the
Tascell task parallel language using MPI
— It requires only the MPL_THREAD_FUNNELED support
level

* Evaluate the performance on the K computer
using 7168 workers (1024 nodes)

* Compare our MPI-based implementation with
other implementations on Xeon Phi coprocessors
— Tascell/SVR is better than Tascell/SVR-Noisy

— MPI-based implementations outperform other
implementations
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Extending a Work-Stealing Framework with Probabilistic Guards
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Tasuku Hiraishit and Seiji Umatanii

TKyushu Institute of Technology, $Kyoto University,
8Presently with Nintendo Co., Ltd.
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Contributions

o Propose probabllistic guards (PG) and

virtual probabillistic guards (VPG)

- New mechanisms for work-stealing frameworks

- Prevent thieves from stealing small tasks from
victims probabilistically

- Aim to reduce the total task division cost

- PG can skew the probabilities of eventual success In
repeated uniformly random steal attempts

o Implement our proposals on a work-stealing framework

« Performance evaluation with Barnes-Hut algorithm

41



Outline

Contributions

Background Tascell

Our proposals Probabilistic guards

Evaluations
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Probabilistic guards (PG)

A mechanism to reduce the total task division costs
Prevents thieves from stealing small tasks from victims
probabilistically

Can skew the probabilities of eventual success in repeated
uniformly random steal attempts

Programmers can set a probabillity that tasks of a worker can be
stolen at runtime

victim worker thief worker
workerl <l request a task worker2
= ....-....................-....................-.......E .......... Idle
taskl @ send a task or not It
I
probability

43



The success probability of a steal attempt

workerl

worker3

task request

task request
(steal attempt)

(steal attempt)

as

thief worker

worker2

idle

IVISION COSLS Ooccurs

44



workerl

ask request

| attempt)

thief worker

worker2

worker3

s St idle

steaNfttempt)

—

worker4

task request
(steal attempt)

45



Upper limit for probabilistic guards

o Limits the number of repeated probabilistically
prevented steal attempts

o To avoid an unbounded number of prevented steal
attempts

46



The total task : T

An ideal Ti (amount of work of the i-th worker)

— Determine whether steal attempts succeed

by Ti > T/P/k (that is eAFx T
=

defining k = 3 to 25 would be effective to reduce
total load imbalance to 4 to 33%

- 2 |

47



k % P x T,

The steal success probability : MIN(]_ 0
< r

T/P/Kk

k=2:Ti=T/PIk,

- IThe steal success probability = 1.0,
P

G start to work

k=2:Ti=T/P/k/2

The steal success probability = 0.5
— easy to induced to larger tasks

48



Summary of probabilistic guards

o Prevent thieves from stealing small tasks from victims
probabilistically

o Aim to induce the steal attempts to larger tasks
- Reduce the total task division cost

o Can skew the probabilities of eventual success in repeated
uniformly random steal attempts

o With an upper limit, a thief will not repeat an unbounded number
of probabilistically prevented steal attempts

o Programmers can set a probability that tasks of a worker can be
stolen

» Potential concurrency is not lost unlike threshold-based
granularity control

49
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Background Tascell

Our proposals
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Virtual probabilistic guards (VPG)

Thief checks the probabilities of all victims

Select i-th victim with a probability f—f (N : # of workers) TOT

j=1 P

a single non-uniformly random forced steal attempt

Advantage : act as PG without repeated steal attempts

Disadvantage : refer to the probability of all victims

workerl worker2 worker3 worker4

probability | 0.1 0.2 0.4 0.3

O
51
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Contributions

Background Tascell

Our proposals

Evaluations Barnes-Hut algorithm
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Barnes-Hut algorithm

Barnes-Hut algorithm performs as follows
(repeats 1 to 3) in each time step

1. Constructs a tree structure representing space
2. Calculates forces for all bodies

3. Based on the result of the force calculations, updates the velocities and
positions of all bodies

o4



Outline

Contributions

Background Tascell

Our proposals

Evaluations
Experimental results
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Programs for evaluations

Tree construction Force calculation

Merging algorithm

- upper limit : no limit

N _ .
In aigorithm - base : Tascell without probabilistic guards

- l[ohg . probabilistic guards
- thr

eshold : probabilistic guards with thresholds
- vpg : virtual probabilistic guards

26



Evaluation environment

Xeon Phi

(Co-)processor Intel Xeon Phi 3120P 57-core

Memory 6GB

Intel Compiler 13.1.3
with -02 optimizer

Compiler

97



speedup relative to serial C

Performance evaluation
/ force calculation
(500,000 bodies)

vpg > others
with 64 or more workers

# of workers

28

I / _
base I |
pg —6—
threshold & _
& ! , VPG v "
148 16 32 64 96 158



execution time [s]

1.6

1.55 |4

15

1.45 | -

1.4 .

L

13 I Y Y I I I ] ] ] ] ]
012 4 6 81012 16 20 24 28 32

Effect of upper limit
| force calculation
(128 workers, 500,000 bodies)

upper limit

Performance improvement

99

# of copied tasks

3500

3000

2500 - -
2000 - -
1500 [ -
1000 [ -
500 - -

o JL T | | | | |

012 4 6 81012 16 20 24 28 32
upper limit

Decreasing the number of task division




Summary of evaluations

o Without upper limit:

- For tree construction, the difference in performance is slight
base = threshold = pg = vpg
— the task division cost is relatively low

- For force calculation,
base < threshold = pg < vpg
— PG and VPG is more effective because the task division

cost is higher (“interaction list” is relatively large data)

— Victim selection with VPG is quicker than PG

o When the upper limit is valid:

- The performance of PG improves as the upper limit gets
close to 10

60
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