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Background 1
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W Background 2
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W Motivation
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Code-To-Code Adapter (CoToCoA) Library
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GitHub - tnanri/cotocoa: Code-To-Code Adapter

tnanri / cotocoa @Watch 1 HStar 1 YFork 0

PRES Y (B 3F)2017-20194 e
[R5 —S5TILBIEFTATSVEHW-REE

P 5 commits ¥ 1 branch 1 0 packages O 2 releases 24 1 contributor

Jﬁzﬁﬁﬁﬁ‘/’:?r%i?ﬁ T DRI 1=K YBAZE, —r—

k70043a Fixed some bugs in wrk_pollreq() and CTCAW readarea_..() Latest commit agfe3ce on 31 Oct
docs Version 1.0 4 months ago
src Fixed some bugs in wrk_pollreq() and CTCAW _readarea_...() 2 months ago

K A K E N H test modified: test/*sh 4 months ago

[E] README.md Update README.md 4 months ago
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README.md

cotocoa

Code-To-Code Adapter (CoToCoA) is a framework to connect a requester program to multiple worker programs via a
coupler program. In this framework, the requester submits requests of computations to the coupler. For each request, the
coupler determines which program to ask for the computation, finds available worker processes, and sends the request to
some of those processes. In transferring data from the requester to workers, there can be two cases:

« Static case: the data to be transferred can be determined by the requester.

. .
h ttpS ://g Ith u b . CO m/tn a n rI/COtO Coa * Dynamic case: the data to be transferred can be determined by the coupler or the workers. To enable the framework

to be used in both cases four methods of transferring data from the renuester to the workers are available: (3)
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Coupler reads the data of Requester and transfer it to Worker

Requester

Coupler

call CTCAR_init()
! Initialization part

call CTCAR_regarea_real8( &
data, size, areaid)

do step = 1, nsteps
! main calculation part

call CTCAR_sendreq(dataint, &
dataintnum)

end do

call CTCAR_finalize()

13

call CTCAC_init()
I Initialization part
call CTCAC_regarea_real8(areaid)

do while
call CTCAC_pollreq(reqinfo, fromrank, &
dataint, dataintnum)

if (CTCAC_isfin()) then
exit
end if

I select the program of Worker and rank,
offset
I calculation part

call CTCAC_readarea_real8(areaid, rank, &
offset, size, data)

call CTCAC_enqgreq_withreal8(reqinfo, progid,
&
dataint, dataintnum, data, size)
end do
call CTCAC_finalize()

Worker

call CTCAW_init(progid, procsperreq)
call CTCAW_regarea_real8(areaid)
do while
call CTCAW_pollreq_withreal8( &
fromrank, dataint, dataintnum, &
data, size)
if (CTCAW_isfin()) then
exit
end if
! Initialization part
! main calculation

call CTCAW_complete()

end do
call CTCAW_finalize()
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CoToCoA Performance 1

Parallel ScalingZE{ffi

Strong Weak

* 10~66 processes parallel (1 process/node) ¢ 10~1026 processes parallel (1 process/node)
* Grid size: 400x400x400 * Grid size: 100x100x100/process
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CoToCoA Performance 2

Data size scaling #F{f
* 18 (small) and 1026 (large) processes parallel (1 process/node)
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hdl_ctr 1

doi=1, 10
call CTCAR_sendreq_hdl(dataint, 2, hdl(i))
if (myrank == @) then

if (CTCAR_test(hdl(hdl_ctr))) then
I Check Result of hdl_ctr

hdl_ctr = hdl_ctr + 1
end if
end if
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Power Evaluation
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Validation of Node-level Power Heterogeneity

Two benchmarks are chosen: HPCG (computation-intensive), STREAM (memory-intensive).
Benchmarks show different power behaviors in the supercomputer.

The DRAM power ranking of nodes has no obvious relationship with PKG power ranking.
Scheduler should consider both the power efficiency of nodes and jobs in the job queue.

Average PKG Power Consumption
P(W)
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Combinatorial Optimization Algorithm

Power Aware Algorithm (PAA): Always assign job to the most efficient node. The energy
saving capability 1s proved in previous research [1]. PAA does not always choose the
allocation plan with minimum energy consumption because it does not consider the property
of jobs and jobs in the job queue.

There are usually two or more jobs to be scheduled at the next scheduling interval in the head
segment of the job queue, which means jobs to be scheduled 1s known.

COA aims at using information of the property of jobs and power efficiency of nodes to
calculate the allocation plan with the minimum energy cost.

The process of scheduling can be transformed into solving an optimal matching problem 1n a
graph with KM algorithm.

[1] LE LI, Keiichiro FUKAZAWA, Hiroshi NAKASHIMA, and Takeshi NANRI. A node-level performance/power efficiency aware resource management
technique.
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Solving Matching Problem in the Scheduling

Power Aware Algorithm (PAA) Combinatorial Optimization Algorithm (COA)
Job Queue Node Pool Job Queue Node Pool

Weight (Energy)=71

Weight (Energy)=62 Py




Evaluation of Combinatorial Optimization Algorithm

ENaive — Ea
ENaive
In all scenarios, COA saves more energy than PAA.

Energy saving rate: Saving, =

COA achieved up to 2.92% energy saving in the real supercomputer.
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Node-level Performance Heterogeneity Under Power Caps

Power heterogeneity 1s transformed into performance heterogeneity under power caps.

Execution time increases significantly under tight power cap (40W), and execution time shows
a large variation.

Execution Time(s)*00

350
300 * Cap=no
" Cap=100
250 e 4 Cap=80
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200 RN  ~ Cap=40
150
100 =
0 2000 T o
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1k ¥
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Sliding Window Algorithm

When jobs assigned to a mixture of good nodes and bad nodes, good nodes cannot take the

advantages of performance since execution time of multi-node jobs 1s determined by the
worst node.

Sliding Window Algorithm (SWA) performs node assignment for a g—node job by sliding a
window wider than q nodes over all nodes, ranked by the computational performance, until q
available nodes are included in the window.

Nodes (ordered by computational performance )

available node

busy node

. node executing new job

SOH K o
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Evaluation of Sliding Window Algorithm

* Jobs 1n a historic workload of Laurel 2 (from Sept. 18, 2019 to Sept. 25, 2019) are classified
by execution time and required nodes. In the experimental setup, the number of jobs 1s set
according to the result of classification.

* In all scenarios, SWA saves more energy than PAA.

* SWA achieves up to 5.36% energy saving compared to Naive.
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Summary
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