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Doktoranturos planas 2017-10-01 — 2018-10-01

Tyrimo tikslas:
o Didelés skaiciavimo apimties skaitiniy algoritmy analizé ir
optimizavimas.
Tyrimo objektas:
o Didelés skaiciavimo apimties skaitiniai lygiagretieji algoritmai.
Tyrimo uZdaviniai
@ Specialiy krastiniy salygy koeficienty radimo uzdaviniy sprendimo
analizé ir iSvady parengimas.
o Lygiagreciyjy algoritmy tokiems uzdaviniams spresti sudarymas,
iSpleCiamumo analizé.
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Doktoranturos planas 2017-10-01 — 2018-10-01

Dalyvavimas konferencijose, kitose doktoranty mobilumo veiklose

o DAMSS: 9th international workshop on data analysis methods for
software systems, November 30-December 2, 2017, Druskininkai.

e MMAZ2018: 23nd international conference, May 29-June 1, 2018,
Sigulda, Latvia.

| \

Ziemos mokykla

3rd NESUS Winter School and PhD Symposium 2018, 22nd-25th
January 2018, Zagreb, Croatia.

PranesSimas — Numerical analysis and optimization of parallel algorithms
for problems with big computational costs.

http://nesusws.irb.hr/images/BookofAbstracts.pdf
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Moksliniy tyrimy ir disertacijos rengimo etapai

Ciegis, R.s; StarikoviCius, V.; Margenov, S.; Kriauziené, R.. A
comparison of accuracy and efficiency of parallel solvers for fractional
power diffusion problems // Parallel Processing and Applied
Mathematics: 12th international conference, PPAM 2017, Lublin,
Poland, September 1013, 2017. Lecture Notes in Computer Science,
2018, vol. 10777, p. 79-89. DOI: 10.1007/978-3-319-78024-5_8.

v
Recenzavimo busenoje

° Ciegis, R.; StarikoviCius, V.; Margenov, S.; Kriauziené, R. A
scalability analysis of different parallel solvers for 3D fractional
power diffusion problems. Concurrency and computation: practice
and experience.

o Kriauziené, R.; Bugajev, A.; Ciegis, R. A three-level parallelisation
scheme and application to the optimisation problems.
IEEE Transactions on Parallel and Distributed Systems.
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Doktoranturos planas 2018-10-01 — 2019-10-01

Dalyvauti konferencijose:

o DAMSS: 10th international workshop on data analysis methods for
software systems, November 29-December 1, 2018, Druskininkai.

Mokslinio tyrimo vykdymas:

e Daktaro disertacijos parengimas ir svarstymas padalinyje
— 2019 m. 06 mén.

@ Daktaro disertacijos gynimas — 2019 m. 09 mén.
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The problem and parallelization strategies

Subproblem 2

Level 1 Subproblem 1 Subproblem K

Level 2

Task 1

Task 2

Task M ‘ Task 1 Task M ‘

Lovel 3

As an example, it can be M different PDEs L;u = 0,1 < j < M, which
are approximated numerically with LJ'-’U =0,1 <j < M with solutions

Task 2

Task 1

Task 2

Task M ‘

u". Solutions depend on parameters g1, qs, .. ., Gm.

The optimization problem

min F(u{](qla q2;- -, qm)a cocg Uk/](‘ha q2;- -, qm))
q1,G2;---,qm
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Workload distribution
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Number of processes

We propose hybrid multi—level approach, which improves the scalability.
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Workload distribution

o We consider the following main minimisation problem: find the
optimal value kg of task blocks

To(ko) =  min, T (P/K) /T(K). (1)J

o (k) = kvk, 0 < v, < 1, where Tg(p) defines the optimal time for
solving one block of M tasks using p processes:

Te(P) = (pl,TiIJT//)eS ISmmaSXM tmPm), (Z)J

where a set S of feasible processors distributions is defined as

S={(p1y.--spm): Pm<Pp,m=1....M, pr+...+pu<P}.
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ALGORITHM 1: Distribution of P processes between M tasks

Set p[m|=1,form=1,....M
P=P—-M
Compute tn(p[m]), for m=1,..., M
stop =0
while P > 0& stop == 0 do
find j such that t;(p[j]) = max tm(p[m])
if p[j] == P; then
stop=1
else
pll=pll+1 P=P-1;
end
end

@ The number of processes cannot exceed the number after which the
speed-up begin to drop.

@ The number of processes is limited by efficiency requirement, which
means it is not allowed increase the number of processes per task v;
if it makes the calculations efficiency smaller than the selected
constant Ej,.
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Linear Schrddinger equation

Ou  0%u
IE'FW—O, Xe(aab)’tG[O’T]
u(x,0) = up(x) ®)

Lyu(a) =0, L,u(b) = 0.

The boundary conditions approximation !

| A

m+1 m—1
2 2

Opu=—e'% Z Gk | u— Z Qk-+19k+(m+3)/2%k | » (4)
k=1 k=1

where 0,u is the normal derivative, the number of parameters m € N is
odd and ¢ is obtained from

dok(x, t)
dt
IA. Bugajev, R. Ciegis, R. Kriauziené, T. Leonavitiené and J. Zilinskas (2017). On
the Accuracy of Some Absorbing Boundary Conditions for the Schrédinger Equation.
Mathematical Modelling and Analysis, 22(3):408-423.
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+ Qi (me3)20k(x, t) = u(x,t), x =a,b, k =1,...,[m/2].




Optimization problem

Then we formulate an optimization problem

i -
@ g 1g]ja§XMHuf uj(q1: @2; -+ Gm)ll oo

@ Assuming that u; is known, each value of functional that is being
minimized requires to solve M different equations.

@ All M equations can be solved independently.
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First level of parallel algorithm

As a local optimizer Nelder-Mead algorithm is used.

During each iteration we can have these different scenarios
o Reflection (one point: fg)
e Expansion (two points: fg, fe)
o Contraction (two points: fg, )

Note: in this case K =3, 1 =1, 72 = 0.75, 73 = 2/3.

Rima Kriauziené Ataskaita uz 2017 m. spalio 1 d. — 2018 m. spalio 1 d.



Second level of parallel algorithm

We compute functional

1Q%XMHUJ - Ujh(qla qz, ..., qm)”oo = F(qlv q2; .-+, qm)v (5)

where u” approximation error should be small comparing to F.

| \

Tasks

U; with different j can be computed independently, computation of
maximum is small comparing to computations of finding solutions and
computational errors. This leads to efficient parallel calculation of
solutions.

A\

Rima Kriauziené Ataskaita uz 2017 m. spalio 1 d. — 2018 m. spalio 1 d.



Third level of parallel algorithm

The system of linear equations

boxp + cox1 = db,
ajiXi—1 + b,'X,' + CiXj+1 = d,', = 1, ceey N—2 (6)
an—1Xn—2 + by—1xy—1 = dy—1,

where a;, b;, ¢;, d; are complex numbers

@ Linear equations with tridiagonal matrix are solved using Wang's
algorithm.

Improvement on the second level

Third level let us to perform the workload balancing at the second level
of our algorithm. We assign different numbers of processes for different
problems with different computational costs.
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Table: Benchmarks with different sizes

Benchmark 1 Benchmark 2 Benchmark 3
Eq. Jx N Eq. Jx N Eq. Jx N
8000 x 10000

8000 x 20000
4000 x 20000
4000 x 10000
2000 x 10000

1 8000 x 40000
2 4000 x 20000
3 2000 x 20000
4 2000 x 10000

2000 x 20000
2000 x 10000
1000 x 20000

OO =
> OOND =
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The results of the first benchmark

p 16 32 64 96 128 128
k=1 k=2 k=3 K=1

Eq. 1 10 22 50 34 29 56

Eq.2 3 5 8 8 7 8

Eq.3 2 3 4 4 4 4

Eq. 4 1 2 2 2 2 2

Model time 11.145 5.784 3.614 2.742 2.272 3.605
Exp. time 11.003 5.394 3.608 2.719 2.308 3.600
Speed-up  12.68 25.86 38.66 51.31 60.44 38.75
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Figure: Benchmark 1 T values with p = 16(left) and p = 64(right)
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The results of benchmark 1 with E,,;;, > 0

p 128

Emm 075 0 8 0 6
k=3 k=3 K=1

Eq. 1 26 19 42

Eq. 2 7 5 8

Eq. 3 4 3 4

Eq. 4 2 1 2
Model time  2.45 3.17 3.84
Exp. time  2.49 3.08 3.76

Speed-up 56.03 45.37 37.11
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4 problems

_exp(—im/4) ix? — 6x — 36t
ur(t,x) = T exp = . (7)
x € [-5,5], t € [0,0.8]. J x N = 8000 x 4000.
1 (x — x(0) — 2kt)?
S ik(x — x© — kt) —
nlt:x) =7 Tija " (I b= 2 4o+ it) ) ’
(8)

where k = 100, = 1/120,x(® = 0.8. x € [0,1.5], t € [0,0.04],
J x N = 12000 x 4000

The solution is defined by (7), x € [-10,10], t € [0,2]. We use uniform
discretisation grid J x N = 16000 x 10000.

The solution is defined by (8), k = 100, a = 1/120,x(®) = 0.8. x € [0,2],
t € [0,0.08]. We use uniform discretisation grid J x N = 16000 x 8000.
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Solutions of example

E(u)
08

06

04

E(u)
08

06

04




Conclusions

© Comparing to one level parallelization the proposed algorithm with
three levels greatly expands the number of processes that can be
used.

@ Workload balancing was analysed, model-based approach performs
balancing well enough for practical purposes. The model prediction
times are close to times of the real computational experiments.

© We propose the heuristic with parameter E,,;, which guarantees that
the efficiency of calculations on the third level is not lower than the
value of E.j,. This heuristic is not optimal, however, for considered
cases we show that it is sufficient.
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Aciu uz démes;.
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