OD h_() ELEKTRONIKAS UN
1 & DATORZINATNU

INSTITUTS

Lielapjoma pilsétvides video analize,
izmantojot Dzilo apmacibu un
HPC resursus

K.Sudars, R.Kadikis, R.Cacurs no BigData grupas

El



QD h_() ELEKTRONIKAS UN
t & DATORZINATNU

INSTITUTS

Aktivitate: Lielapjoma pilsetvides video un citu sensoro signalu savaksana
un analize, izmantojot augstas veiktspéjas skaitloSanas resursus

Uzdevums: Attistit video analizes algoritmus un metodes ieprieks zinamu
darbibu vai notikumu scenariju atpaziSanai pilsétas droSibas veicinasanai

1. posma apaksSuzdevumi:

* Apzinat labakos tehnologiskos risinajumus video analizei (Rezultats: MNT)
* Jekartot vidi MNT apmacibai

(Rezultats: Serveris ar 4 x Nvidia Tesla K20 GPU + Caffe, Torch)

2. posma apaksuzdevumi:

* Divu klaSu apmacibas piemers

* SkaitloSanas vides un riku izvele un sakartoSana

(Rezultats: TensorFlow izveleta ka galvena MNT apmacibas vide)
* MINT arhitektura videoanalizes uzdevuma risinasanai
(Rezultats: Dati — CNN — RNN — Rezultats)

Grupas cilveki: K.Sudars, R.Kadikis, R.Cacurs, V.Plocins, K.Ozols
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2. posma darbibas virzieni:
* SkaitloSanas vides sakartoSana
Serveris ar 4 x Nvidia Tesla K20 GPU => Klasteris ar 12 K40 GPU + Linux Rocks

ParslégSanas darba uz TF (iznacis 2015 nov.)

\\\

* Dzilas apmacibas riku analize ", Q‘j‘,

* MINT arhitektiira uzdevuma risinasanai W A
“Dati - CNN - RNN - Rezultats” Ll Internet
Face2vec, Autoencoder, Objektu skaitiSana \

- ~ -— X F.‘ : B _‘\ \ .f'j\ 4
Datu savaksanas un apstrades koncepcija: o S = = =

= | [ | —
* Jzmantot esoSo infrastrukttru
(gan eksistejosus hw/sw risinajumus, gan Edi infrastruktiru)
) ) o . _ Data gathering and analysis servers
* Edi TestBed video savaksSana ar 40 videokameram
(simule realos datu savakSanas apstaklus)

* Savakto datu klasterizacija ar Dzilo apmacibu konkrétu problemu risinasanai
(piem., objektu atpaziSana dazadas kameras, sekoSana objektiem, personu identificéjoSas
informacijas slepSana video tml.) 3
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TensorFlow - Google’s latest machine learning system,
open sourced for everyone

Google Research Blog

Prieksrocibas:

- Python API

- multi GPU

- fleksibilitate (p., LSTM, loops)
- Goog]e komandas atbalsts TensorFlow - Google's latest machine learning system, open
—Autograd sourced for everyone

Monday, November 09, 2015

The latest news from Research at Google

Q. Searchblog....

A]ternativas . Posted by Jeff Dean, Senior Google Fellow, and Rajat Monga, Technical Lead

_ C affe Deep Learning has had a huge impact on computer science, making it possible to explore new
frontiers of research and to develop amazingly useful products that millions of people use every
day. Our internal deep learning infrastructure DistBelief, developed in 2011, has allowed Googlers to

= TOFCh build ever larger neural networks and scale training to thousands of cores in our datacenters. We've

Research at Goot

used it to demonstrate that concepts like “cat” can be learned from unlabeled YouTube images, to

- Ve1es no S amsung improve speech recognition in the Google app by 25%, and to build image search in Google Photos.

DistBelief also trained the Inception model that won Imagenet's Large Scale Visual Recognition

- Dlglts u.c. Challenge in 2014, and drove our experiments in automated image captioning as well as G+ Sekot 5
DeepDream.

Wx, C5+x

While DistBelief was very successful, it had some limitations. It was narrowly targeted to neural

networks, it was difficult to configure, and it was tightly coupled to Google's internal infrastructure -
_rmalking # naearly imnnecikla 0 chare recaarch rade evtarnallv B | ahele


http://googleresearch.blogspot.com/2015/11/tensorflow-googles-latest-machine_9.html

cr_AlexNete

Image Classification Model

QP 1l

Solver

solver. prototxt
Network (train/val)
train_val.prototxt
Network (deploy)
deploy prototxt
Raw caffe output
caffe_output.log

“Kakis vai Zakis”
detektors
DIGITS-2 vide

Klasifikacija pie
marketiem datiem !

034

L

034

024

0l4

|

Dataset

cats_and rabbits

Done Now 08, 04:48:07 PM

Image Size

256x256

Image Type

COLOR

Create DB (train)
1974 images
Create DB (val)
658 images
Encoding

png

—

Acouracy %)

F20

- 10

M loss (train) W accuracy (val) M loss (val)

0.011
_|

10

T
15
Epoch

0

Job Status Done

« |nitizlized at Nov 09, 05:24:13 PM (1 seco
# Running at Nov 09, 05:24:14 PM (4 minut
seconds)
= Done at Nov 09, 05:29:00 PM
(Total - 4 minutes, 47 seconds)

Train Caffe Model Done =
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Unikalu objektu atpazisana

COLOR-FERET

Trenina kopa: Hidden
10148 attéli | |
905 klases H Pazimiju
Parbaudes kopa: & ) ‘ ‘
: vektors

1190 bildes \_J
108 klases '

AlexNet ANN

Rezultats:

Klase atrasta uzreiz 52.27 %

Divas varbutigakas klases 68.51 %
3 varbutigakas klases 77.02 %

4 varbatigakas klases 83.16 %

o 50 100 150 200
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Vision Language A group of people
Deep CNN Generating shopping at an
RNN outdoor market.

o -

E Q There are many
vegetables at the
fruit stand.

* Neural-talk:

* Neural-storyteller:

7 | 1) A few boys ride their skateboards on the bridge.
2) A group of people standing on the bridge.

3) A couple of guys that are next to bridge

4) A group of young guys riding a skateboard across
a bridge.

5) People walking on a bridge with much luggage

Camera 01

v


https://github.com/karpathy/neuraltalk2
https://github.com/ryankiros/neural-storyteller
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Convolution step (convolution + pooling) Fully connected encoding step Deconvolution step (deconvolution + unpooling)

—
——

100

150

200

o 50 100 150 200 o 30 100 150 200 0 50 100 150 200
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Algoritms

* Atklasanas linija kadra — viena pikselu rinda

* Neironu tikls ar rekurentu slani (RNN, LSTM) =

Tikla izeja klasifikacija — cik objektu uz linijas

pikseli rekurentais
. slanis

a) uz linijas nav
objektu
b) viens objekts

pilniba c) divi objekti
savienotais d)...
slanis



Kustigu objektu atklasana video
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Telpas-laika attéls

- —_ - ~ -

* Atklasanas linijai katra kadra japieskir atbilstoSs markéjums:
— [0, O, 1] — klase 1 — uz linijas nav kustigu objektu
— [0, 1, O] — klase 2 — uz linijas viens kustigs objekts
— [1, O, O] — klase 3 — uz linijas divi kustigi objekti
markéjums
[0,0,1]

[1,0,0]
[0,1,0]

QoIge
il o bl
HoMO
il o bl
grgarE

[0,0,1]

[0,1,0]

[0,0,1]

10,1,0]

[e,0,1]

Markéts attéls tikla trenésanai 0
1



SOP h-() Kustigu objektu atklasana video . .

INSTITUTS

Algoritma apmaciba

* Algoritms 1stenots ar TensorFlow

* Tikls trenéts ar vienu manuali markétu video

1.00

0.98 |-

0.96

accuracy
o
©O
Ly

o
©
N

0.90

0.88

0.86 i i ' i L
0 5 10 15 20 25 30

11
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Datu markésanas programmas

* Pusautomatiska markéSanas metode

- Algoritms apstrada ieejas video un veic automatisku markésanu

- Grafiska saskarne lauj érti noteikt un labot algoritma klGdas

12



Skaitlosanas vide dzilas
masinmacisanas pielietojumiem

13 HPC serveru klasteris

1 HPC serveris

13



1 HPC serveris

1 serveris

2X Intel Xeon CPU E5-2650 2.6 GHz

128 GB RAM

N)V|d|a Tesla K20 GPU

(3.52 Tflops, 5

ELEKTRONIKAS UN
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HPC klasteris

1 piekluves un 12 skaitloSanas serveri
2X Intel Xeon CPU E5-2650 2.6 GHz
64 GB RAM

(13xBI)\Ividia Tesla K40 GPU (4.29 Tflops, 12

14
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1 HPC Servera programmatura

OpenCV

TensorFlow

15



O P I ELEKTRONIKAS UN
DATORZINATNU
INSTITOTS

Piekluve serverim (JupyterHub)

'C‘, Jupyter Hub *x W
€ ) @ @ | https://10.13.137.138:7138/hub/login ¢ | |Q search
Z Jupyter

16
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L +
ps://10.13.137.138:7138/user/ricards/tree @ || Q search w B

:Jupyter Control Panel | Logout
Files Running Clusters

Select items to perform actions on them. Upload |New~- &
0 |« #
' [ Images
0 Djava
03 ibs
'[9 repos

(3 source-files
[ test
[0 test-python

[ testing

17



“Jupyterhub linux terminalis

- Jupyter

ricards@tesladx:~% 1s

ricards@fesladx:~% 1s
total 32

d MW rwx rwx,
d MW PwX MW,
d M PwWx MW
d MW rwWX MW
o MW MW MW
drwxrwxr-x
drwxrwxr-x
d M rwx rwx

ricards
ricards
ricards
ricards
ricards
ricards
ricards
ricards

MWW EhWW

+

-1

ricards 46096
ricards 46096
ricards 46096
ricards 46096
ricards 4896
ricards 46896
ricards 4096
ricards 4096

ricards@tesladx:~% nvidia-smi

Tue Mar 15 13:01:51 2

016

test test-python

Oct 21 14:50
Oct 26 15:45
Oct 21 13:04
Feb 11 11:83
Jan 19 89:17
Nov 11 11:81 tes

purt

Feb 24 12:10 test-python

Oct 21 11:28

NVIDIA-SMI 346.96 Driver Version: 346.96
_______________________________ +______________________ - e e =
GPU Name Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC
Fan Temp Perf Pwr:Usage/Cap Memory-Usage | GPU-Util Compute M.
+
0 Tesla K28m Off 0pe0:02:00.0 off e
N/A 34C PO 47W / 225W 11MiB / 4799MiB 0% Default
i e T e e e
1 Tesla K280m off 0eee:83:00.0 off e
MN/A 35C Po 48W / 225W 11IMiB / 4799MiB 8% Default
e i e
2 Tesla K2em off | ©000:83:00.0 off 0
N/A 36C PO 48W / 225W 11MiB / 4799MiB 0% Default
e e i e
3 Tesla K28m Off 0pe0:84:00.0 off e
N/A 31C Po 51w / 225W 11MiB / 4799MiB 95% Default
i i e I
+ _____________________________________________________________________________
Processes: GPU Memory
GPU PID Type Process name Usage
No running processes found
+ _____________________________________________________________________________

ricards@tesladx:~%
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JupyterHub teksta redaktors

/10.13.137.138:71

e ][«
f: Ju pytEr Untitled Last Checkpoint: 7 minutes ago (autcsawed) | Control Pans Lagaut
Fi (= G e Help
+ || & M| B C | Code = B | | GellToolbar

In [7]: ilport tensorflow as tf
import numpy as np
import matplotlib.pyplot as plt
%matplotlib inline
# Create 186 p! ¥ ¥ data points in NumPy, ¥ = x * 8.1 + 8.3
np.random. randtlBBJ astype(np. fluat32]
x_data = 8.1 + 8.

# compute y data = W * x data + b
# 8.3, but Tensorflow will

# gure that out for us.

W= tf. Var:ahlettf rannun uniform([1]., -1.8, 1.8))

b = tf.Variable(tf.zeros([1]))

y=W=*x data + b

# Mi ze th ean squared errors.

loss tf.reduce mean(tf.square(y - y data))

optimizer = tf.train.GradientDescentOptimizer(@.5)

train = optimizer.minimize(loss)

# Before starting, initialize th We will "run" this First

a v
init = tf.initialize all_wariables()

# Launch the graph.
sess = tf.Session()

sess.run{init)

# Fit the line.
for step im range(281):
sess.run{train)
if step % 20 = B:
Wi=sess.run(w)
bi=sess.run(b
print(step, Wi, bi, sess.run({loss))
sess.close()
plt.plot(x_data, y data. "ro")
plt.plot(x_ i “data, Wi*x data+bi)
# learns best fit is | fe. 17, b: [8.3]
6 [-8.152730817] [ 6.63787282] B6.8465723
28 [ -9.33366B828e-85] [ B.35624638] 0.886775203
48 [ ©.87821578] [ B.31673694] 6.864e-85
[
[

66 6.69113728] [ 6.36498631] 6.68776%9e-06

86 6.89736278] [ 0.30148196] 5.38144e-67
166 [ B.89921527] [ 0.300441] 4.76499%e-88
126 [ B.89976649] [ 6.308013123] 4.21942e-89
1468 [ B.89993852] [ 6.380883965] 3.7362le-18
166 [ B.89997933] [ 6.380801163] 3.31853e-11
186 [ ©.09999385] [ 0.30000347] 2.9302e-12
266 [ ©.09999816] [ 0.30000166] 2.648%e-13
ODut[7]: [=matplotlib.lines.Line2D at Bx7{97f2843798>]

0,40

038

036

034
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HPC klastera arhitektlra

‘ Frontend Node |-— eth1 e Public Internet

eth0

e

Ethernet Switch

E'II'IIJ
Compute C.nmpute Eurnputn
‘ Node ‘ ‘ Node \

ethO

= Compute
Node

20
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HPC klastera programmatdra

* Linux Rocks 6.2 distribtcija (Balstita uz
CentOS)

* Operétajsistéma, kas paredzéta augstas
velktspéjas serveru klasteru videm

* |zstradata akadémiskam vidém ar mérki padarit
klasteru uzstadiSanu un uzturéSanu péc iespéjas
vienkarsaku

* NodroSina értu mérogosanu (iespéju paplasinat
klasteri)

21
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Linux Rocks programmatura

* Distriblcija ietver sevi dazadas programmatdru
pakas:

— Ganglia — resursu monitoringa riks

— SGE (Oracle Grid Engine) — nodrosina izkliedétu
procesu izpildi un parraudzisanu

— Programmésanas valodas: Java, Python, C/C++
— NeplecieSsams instalét nVidia draiverus un CUDA

— NepiecieSams uzstadit dzilas masinmacisanas
bibliotékas (Tensor Flow)

22
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Ganglia resursu monitoringa riks

untitled Ganglia:: edi-cluster Re... x W

€ a 10.13.137.133 & || se W B8 5 A D

@ Cluster Ganglia Report

Main Search WViews Aggregate Graphs Compare Hosts Events Automatic Rotation Live Dashboard Mobile

edi-cluster Report at Tue, 15 Mar 2016 22:20:49 +0200 Get Fresh Data

Last hour 2hr 4hr day week month year job  or from i o iin| Go Clear Physical View

Grid = edi-cluster > | -Choose a Node *

Overview of edi-cluster @ 2016-03-15 22:20

CPUs Total: 64 5 edi-cluster CPU last hour
Hosts up: 2 edi-cluster Memory last hour 55
Hosts down: ] edi-cluster Load last hour 200 G
70 80
Current Load Avg (15. 5. 1m): 50 o 150 G +
0%, 0%, 0% g = o = ] e
Avg Utilization (last hour): a 40 L 1606 P 40
0% = = o
k= = 506 o
e 28
1e o+ — o+
o . 21:40 22:00 22:20 21:40 22:00 22:20
N . . 21:4@ 22: 08 22:20 | Use Mow: 4,00 Min: 4,06 Avg: 4,06 Max: 4,16 W User Now: 0. 0% Min 0.0% Avao: 0.0% Max @, %
Server Load Distribution O 1-min Now: 80.0m Min: 80.8m Avg:153.0m Max:24p. M Share Now 0.0 Min: 0.0 Ave: 0.0 Max: 0.0 O MNice Now: .88 Min: ©.0% Avg: 0.0 Hac: 0.0k
@ NHod N : 2.0 . 3 2.0 A . 2.0 M . 2" @ Cache Now: 3.0G Min: 3.6 Avg: 3.06 M 3.68G M System Now: 0.0% Min 0.0%5 Avg: 0.0% Max 0. 0%
odes o : L : i3 . = : O Buffer Now: 5087.6M  Min: 506.8M Avg: 506,94  Max: 507.0M O Wait  Now: ©.8% Min: ©.8% Avg: 0.0% Max: 0. 8%
W CPUs Now: 64.0 Min: 64.0  Avg: 64.0 Max: 64.| @ Swap Mow: 0.0 Min: 8.0 Avg: 0.0 Max: 0.0 B Sintr  Mow: ©.8% Min: 0.0% Avg: 0.8% Max:  0,0%
B Procs Now ! 1.8 Minm: 0.0 Avig:950.0m Max 2. W Total Now: 125.8G Min: 125.8G Awvg: 125.8G Max: 125.8G O Idle Now: 100, 6% Min: 100, 0% Avg:100.0% Max: 100, 0%

edi-cluster Network last hour

20 k
w15 k
o
in
&
w10 k
)
=
) 5k

o +

21:40 22: 00 22:20

HIn Now : 3.7k Mim: 2.0 Avag: 8.9k Max: 16.4k
M out Now 7.7k Mim: B80.0m Avg: 18.7k Max: 19.8k

Stacked Graph - load_one
edi-cluster aggregated load_one last hour

240 m
220 m
200 m
180 m 23
160 m

140 m
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