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MACHINE LEARNING, AN EMULATOR, AND THE FUTURE OF
COSMOLOGICAL SIMULATIONS

BY U-TOKYO GROUP (YOSHIDA, NISHIMICHI, 00Gl)

» Cosmology with Subaru HSC survey

» Alarge number of cosmological N-body simulations

» Parameter space exploration and the Gaussian process
» Direct integration of collisionless Boltzmann equation

» Future prospects
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G-G LENSING SIMULATIONS SLIDE MADE BY T. NISHIMICHI

THE SIMULATION DESIGN IN HIGH DIMENSION SPACE

sampling points: 21, 81, 80

other dependence (time, scale, mass, ...) quick prediction to be

T

! t spline, PCA, model fitting compared with given

data to run an MCMC

/ chain

Latin Hypercube (40 sampling points) + Gaussian process
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G-G LENSING SIMULATIONS SLIDE MADE BY T. NISHIMICHI

EFFICIENT SAMPLING IN MULTI DIMENSIONAL SPACE: LATIN HYPERCUBE
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» Each sample is the only one in each axis-
aligned hyperplane containing it

» One can find many realizations of such
design (ex. diagonal design) ! L$

> Impose additional condition such as “the sum B dERERE
of the distances to the nearest design point is : e
maximal” (maximin distance) :
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SLIDE MADE BY T. NISHIMICHI

. . wp = Qph?: 5% Og
fiducial model AV O W C-IRPIR T, YRR 0.6 0.7 08 09 1 1112
PLANCK15 flat ACDM Q‘;_ +280/' a 2 o
24 realizations done |n(-i61o As): +20%
assess statistical error Ns: +5%
check the accuracy of the w: 220%
emulator _
84 sims are already

available In total

2 types of sims

varied cosmology

“sliced” LH design (Ba,

Brenneman & Myers '15) keep the initial random

generate 100 samples eventually number seed (20 done)

maxi-min distance LH design for independent seeds (40 done)

every 20 models (e.g., red/blue
points) blue: validation




G-G LENSING SIMULATIONS

SIMULATION SPEC

v N of particles: 20483
v box size: Th''Gpc

resolve a 10'? h""Myo1ar halo with ~100
particles

v 2nd-order Lagrangian PT
initial condition @ z;,,=59

(vary slightly for different cosmologies
to keep the RMS displacement about
25% of the inter-particle separation)

v Tree-PM force by L-Gadget2
(w/ 40963 PM mesh)

y

(equispaced in linear growth factor)

v Data compression (256GB ->
48GB par snapshot)

v positions -> displacement (16 bits
par dimension; accuracy ~1h'kpc)

v velocity: discard after halo
identification

v ID: rearrange the order of particles
by ID and then discard

v already consuming ~200TB in half a
year (~observational data)




A kind of machine learning that
interpolates in function space
non-parametic Bayesian inference
quick in high dimension input space
Basic quantities (c.f., normal
distribution)

mean function (cf. mean) infer hyper parameters 6 from

covariance function (cf. variance) training data (x;, t;)

mean can be anything, set zero usuallyY Given any input xn+1, infer ty+1 from 6

' PR : and (x;, t;
covariance function is characterized (xi, ti)

by a simple function with several
hyper parameters

1 _ tn
P(t t —— [ty t C
(tn+1|tN) o< exp 5 [t tv1] Cyiy [tN+1]]

answer.




G-G LENSING SIMULATIONS

SUMMARY + FUTURE

» Modeling the halo mass function and galaxy-
galaxy lensing signal

» Latin hypercube design + fitting/GP/spline
» handy emulator in python almost ready

» accuracy test undergoing, naively expect 5%

accuracy other dependence
(time, scale, mass, ...)
» To come e

» scikit-learn = george

» RSD emulator to combine g-g lensing and 3D
clustering (needs bigger volume)

» further extension under discussion

» e.g., non-flat, wO-wa cosmologies (6++]-D cosmological
parameter space




Evolution of cosmological simulations ’
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"Numerical” prediction
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» 3rd order scheme (PFC scheme)
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)’QTE*&MLH%ETTZ I~ sin wave

f(z) = sin*(4rz).
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128% simulation
Hot Dark Matter Cold Dark Matter

100 Mpc on a side



Power spectrum & Mass conservation
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Intel AVX, AVX2 : 256bit
float x 8, double x 4
cfca/XC30, YITP/XC40, ccs tsukuba/HA-PACS,COMA T{EH

Intel AVX512 : 512bit
float x 16, double x 8
Oakforest-PACS d Xeon Phi (Knights Landing), skylakelABz
D TORRWAEIRRDERZ I NULENRD (SELIRD(ET

Fujitsu HPC-ACE : 128bit

double x 2, float 78 U
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