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Earth Science and Supercomputers

= Create a digital earth,
so as to:

O simulate
O analyze
O understand

O predict and mitigate

figure credit: Earth Simulator, JPN
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Two Major Functions

Data Analysis
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Two Major Functions

\ VAV

To design highly efficient and
highly scalable simulation
applications
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To develop intelligent data
mining methods for the
analysis of BIG scientific DATA




Two Major Functions

To design highly efficient and To develop intelligent data
highly scalable simulation mining methods for the

applications / analysis of BIG scientific DATA
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Two Major Functions

To design highly efficient and To develop intelligent data

highly scalable simulation mining methods for the
applications analysis of BIG scientific DATA
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Efforts on Sunway TaihuLight

Application

Al-Software

Hardware
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Sunway TaihulLight
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Sunway TaihuLight

= Heterogeneity within the chip
m Top 1in Top500 (2016-2017)

= 125 Pflops Deep Learning performance is decided

m Over 10 million cores as an important metric to benchmark
coming Exa-Scale systems.
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Domain _software

Machine SWDNN + 256 to0 1,024 Deep Learning Applications
Learning swCaffe nodes rask chedling pata Management

Distributed Deep Learning Framework
swCaffe

Parallel OS HPC Storage Management
Job:
Roes:)urce Fault Tolerant SWGFS

Power System LWFS
Network  Security Storage Management

k-means U p to 10,240 et ;':;:;:z:zz;f.:a;z::f:;

DataFlow (n) I CPE [ CPE [ CPE l CPE [ CPE [ CPE J RS m ceis

n O d e S 2 Partition /M d-dimensicnal data sample for each CPE
k a-smensional centroids for each CPE
N d-dimensional data samples
L] .
million COFES) Lovel 2

K o-amensional target centroids
DataFlow (n)

Deep Learning Library
(swDNN)

m cees

grouped into

Centroids (k) Mloroup CPE groups
Partition
K/Migroup &-dimensional centroids for each CPE
N d-dimensional data samples
K d-dimensional target centroids
Lovel3 | sy m cees
x64 CPEs x64 CPEs :x64 CPEs x64 CPEs: x64 CPEs x64 CPEs
DataFlow (n) 6 [ ca | ca [cafca|oca]...ppooesme
Centroids (k) M5r0u CG grovps
Dimensions (d) CG group CG group CGgroup : each CG contains
Partition d 64cres

N* Mgoup /M 0-dimensional data sample for each CG group
K/Myroup d-dimensional centroids for each CG
a/B4-cimensional data sample for each CPE

DEPARTMENT OF EARTH SYSTEM

SCIENCE,TSINGHUA UNIVERSITY

A 4
Tsinghua University ERFERREMZER



Sunway DNN Software Stack

L 36)FFE sweaffe

Auto swAutoDNN

swDNN

‘ swDNN
SWDNN

SWEEMM  swGEMM
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swWDNN v2.0

MLP

LSTM

Explicit
Conv

Im2col/
col2im

implicit
Conv

Winograd
Conv

Pooling

Tensor
Transfor-mation

Batch-
Norm

54% =123%

Conv efficiency

% 4%
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AutoDNN: auto tuning for DNN

Configurations: J

— Best Gflops vs #
I CONV
MLP || LSTM Explict- || Winograd- o
CONV CONV Implicit CONV
GEMM, GEBP, GEPP cony (100

(3-loop, 2-loop, 1-loop)

Search Space (Loop Transformation)

H,\.’i_,ﬂ_, - , Code Generator (generate SW CPE code)
ljf |[ : -
|
Tt

I l l L mny, VV NSV A ASM
T T | '
80 Template »l

Idm_gemm_op dma_op

SW-64 Instructions |
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Topology-aware Allreduce

Rabenifner Algi.+ Reorder the logical number according to topology position
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Scalability with 1,024 Nodes

Batch

Speedup

AlexNet

128

561.58

ResNet50

64

409.50

Batch Speedup

32 828.32

64 928.15
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Domain _software __

MaCh | ne SWDN N + 256 tO 1,024 Deep Learning Applications
Learning swCaffe nodes rask chedling pata Management

Distributed Deep Learning Framework
swCaffe

Parallel OS HPC Storage Management
Job:
RoesZurce Fault Tolerant SWGFS

Power System LWFS
Network  Security Storage Management

k-means Up to 10,240 . ;'::;:z::zzizr;.‘;:ﬁ:;

DataFlow (n) I CPE [ CPE l CPE l CPE l CPE [ CPE J RS m ceis

n O d e S Z Partition /M d-dimensicnal data sample for each CPE
k d-gmensional centroids for each CPE
N d-dimensional data samples
L] .
million COFES) Lovel 2

K o-amensional target centroids
DataFlow (n)

Deep Learning Library
(swDNN)

m cees

grouped into

Cemrordg (k) Mhyeap CPE grocps
Partition
K/Migroup &-dimensional centroids for each CPE
N d-dimensional data samples
K o-dimensional target centroids
Lovel3 | sy m cees
x64 CPEs x64 CPEs :x64 CPEs x64 CPEs: x64 CPEs x64 CPEs
DataFlow (n) 6 [ ca | ca [cafca|oca]...ppooesme
Centroids (k) M5r0u CG grovps
Dimensions (d) CG group CG group CGgroup : each CG contains
Partition | e d 64cres

N* M group/M d-dimensional data sample for each CG group
K/Myroup d-dimensional centroids for each CG
dB4-dimensional data sample for each CPE
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Existing Parallel k-means Designs

N d-dimensional data samples

k d-dimensional target centroids [Kumar, 2011][Rossbach, 2013][Cai, 2015]

v

Level 1

CPE CPE CPE CPE CPE CPE e m CPEs

DataFlow (n)

Partition n/m d-dimensional data sample for each CPE
K d-dimensional centroids for each CPE

N d-dimensional data samples

K d-dimensional target centroids [Bender, 2015]
Level 2 e —————— L 2
CPE | CPE | CPE | CPE | cPE | cPE AHESPES
DataFlow (n) : : : : """ groupedinto
Centroids (k) : CPEgroup : CPEgroup : CPEgroup Mgroup CPE groups
Partition R S S :

n*Mgroup/m d-dimensional data sample for each CPE group

k/Mgroup d-dimensional centroids for each CPE
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Hierarchical Data Partition for k-means

N d-dimensional data samples
K d-dimensional target centroids

Level 3 S S S AR B A AR : 5 B
-x64 CPEs x64 CPEs Ex64 CPEs x64 CPEsE x64 CPEs x64 CPEs
DataFlow (n) cc | ca { ca | ca { ca | ca | ... Jrouwedine
Centroids (k) : : ; M “group CG groups
Dimensions (d) : CGgroup : CGgroup : CGgroup each CG contains

n*m’group/m d-dimensional data sample for each CG group

kK/m ’group d-dimensional centroids for each CG
d/64-dimensional data sample for each CPE
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Experimental Results
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Experimental Results
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Flrst 30 m resolutlon global Iand cover maps

[ Croplands Ml Forest B Grasslands Jlll Shrublands Il Water Bodies Il Impervious Areas [ Bare Lands [0 Snow & Ice [l Clouds ] Unclassified
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FROM-GLC (Accuracy: 63.72%)

Legend

- [ Croplands N Impervious Areas
MM Forest [ Bare Lands

[ Grasslands [ Snow & Ice

0 Shrublands M Clouds

* [ Water Bodies [__] Unclassified

6,000 3,000 Okm
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A Starting Point: Direct Application of Stacked AutoEncoder

Landsat Image RF Image

Overall Accuracy 76.03% 77.74% 77.86% 78.99%
Mapping Time 33.605 = 0.183 16344.188 4014 £ 0.003 13.250 = 0.042
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Integrating Google Earth Image

msx1sxes  Spatial features from 0.5-m images

4096

Google Earth

64 x 64 x 128

32x32x256

16 x 16 x 512 I
Al 4x4x512 5 | Predicted
II I|__H ———> | Resultl
I
|
IConvolution+ReLU IMax-pooling | Il Predicted
CNN mFully-connected+ReLU [I Softmax | :> SVM I:>: Result 2
| 1
|
|
Spectral features from 30-m images : I I ,
: SVM :>| Predicted
Surface reflectance, NDVI, DOY | — 1| Result 3
Longitude and Latitude I '
Elevation and Slope —> M :
Surface reflectance of max NDVI, DOY I Predicted
1 —> | RE =)l
: 1|l Result 4
-
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Integrating Google Earth Image

—— == = = - e e e e e e e E— 1
Method RF SVM ! CNN-30M I I CNN-Multi-resolution |
Land covertype  UA PA AA UA PA AA | UA PA AA | | UA PA AA !
Cropland 75.66  69.73  72.69 7891 7052 7471 179.11 7231 75711 180.08  79.97  80.03,
Forest 86.69 7838 8253  87.03 7785 8249 8694  78.78 8286 188.14 8083 8448
Grassland 64.13 7048 6730 6126 7408  67.67 16335 741l 6873, 77.80 7562 7671
Shrubland 514 2951 1733 343 2400 1371 1371 2600 14861 (1171  30.60  21.16,
Wetland 377 3333 1855 1132 4286 27.09 943 7143 40.43 17.55 8000 4377
Water 9434 7353 8393 9245 7313 8279 9707 7410 8564, (9340 7674 8507
Tundra 000 000 000 000 000 000 1000 000 0001 1000 000 0.0,
Impervious 5258 53.33 5296 6244 6215 6230 6291  68.02 6547| 18451 6742 7596
Bare land 95.35  89.28 9232 94.86 8812 9149 9665 8832 9248, 9611 9611 9611
Snow/Ice 8877 9347  91.12  90.55  92.04 9129 19217 9258 92381 [91.88  91.88  91.88,
Cloud 9209 90.16 91.12 9095 8949 9022 19271 9168 9220' 19221 9152 91871
OA (%) 79.90 80.20 l 81.31 L 84.40 !

NEES 1
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Integrating Google Earth Image

Re Legend
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- Water
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30m to 10m
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| Snow and Ice
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Fig. 2. Global land cover map, FROM-GLC10, based on 10 m resolution Sentinel-2 data acquired 1n 2017
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10m to 3m

Heat map of 7 types

argmax

-
B

Cropland

Post- 28
processing “55,

A

Impervious

Snow/Ice
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I Update of Labels

' & Crop land
"w% B Forest

P#iﬂ | m Grassland
- M Water

B Impervious
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: e -
£ ” - SR
| ~6 ' g\‘, - " Snow/Ice

Updating of Labels
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Case 2: Intelligent monitoring of o1l palm trees

Mapping of oil palm trees using Detection of o1l palm trees using Detection and classification of
high-resolution satellite images high-resolution satellite images oil palm trees using UAV images
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CNN based large-scale o1l palm tree detection

,
Demand for oil palm ‘
) _ 103°34'E 103°35'E 103°36'E 103°37°E /’ 'u“ :
* The oil palm is the most . ' T,
rapidly expanding crops in
tropical countries
* The palm oil is the most z .
consuming vegetable oil & &
in the world (35%) - -
La
- -=" - “ - : -
- - ; Oil pah}ljBZcEground
=" ¢ € _|. 5600 + 5000 samples
- = human labeling
/
/ S 2
, , '1 D‘“-_"'B— - Ve
!z z — - .—-—'_E-
I E %
. / Sk '—
L / s D s i
T el } (et e
: i} ) g
o £ € L 9 - 44 P
Other Vegetation/ % SN D : : rE"
Bareland type - : g : : i o .D PO~
5000 samples 103°34'E 103°35'E 103°36'E 103°37E N = -
pe . Impervious/Cloud
random selecnon D Palm tree and.background training area “
= ?mcr v;geu:ml)n /dbare. land trainingarea 5000 Samples
mpervious/cloud training area .
[] Method evaluation area ? 2 5(.)0 ll,({OOI A ,2 ’900 Meters random selection




CNN based large-scale o1l palm tree detection

Multi-level CNN training and optimization

* The first CNN is used for land cover classification to locate the oil palm plantation area, including three types of samples (oil palm plantation
area, other vegetation / bare land, and impervious/cloud).

* The second CNN is used for object classification to identify the oil palms, including for types of samples (oil palm, background, other
vegetation / bare land, and impervious/cloud).

* The two CNNs are trained and optimized independently based on 17,000 training samples and 3000 validation samples.

-. \-.‘ 2;‘3-‘" Eg ‘uﬁ d’, . - ;
“p n 25 HeD NN .
ST ﬂ H OET ERW

\r

g ;,,: poitli Background Palm tree Other vegetation / Bare land Impervious / Cloud |
Impervious / Cloud ] 1 l l
] [ [ 17000 u-aimrg samples | [ 3000 test samples ]
2 U [ R || %%
Uﬁ:%%
1 lnpt lmag | Max-pooling (- o volutional layers 1wl.l"u,:lo)")uel(l:mected layers | Input image | - e Convolutional layers lFully connected hyers]

CNN-1: Land cover classification CNN-2: Object classification




Transfer Learning

One Source Domain to One Target Domain One Source Domain to Multi Target Domain

. . extractor

source domain) ~source-target

Training phase

Source dataset
(labelled)

k layer

domain loss

oy
B |

\ target domain )

Target dataset
(unlabelled)

10U based

1 D .......................... ® post-processing
i ‘ { Classifier Adversial | 35
i i discriminator discriminator |
= + + + | |Deepfeaturebased !

. BiNblock Convlayer BNlayer INlayer RelUlayer . | I:I Attention value |:| Loss module | Final
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