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7.5 billion
Number of wearable

IoT devices grew

2 billion
Smartphones
became part of
everyday life T
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A ‘ , .
] device 4l ] telemetry v
Id INT(11) @ Deviceld INT(11)
»Name VARCHAR(50) »ReadDate DATETIME
> ShortName VARCHAR(3) ~ Latitude DOUBLE(10,6)
» Enabled BIT(1) H e e e I > Longitude DOUBLE(10,6)
v I *Vaue DOUBLE
o il . o T | i P S0 FRMARY TR #Vaue2 DOUBLE
e — o o, UQ_Device_Name >Vaue3 DOUBLE
UQ_Device_ShortName >Vaue4 DOUBLE
e e oot volitinos bttt | ;
o o ‘ UQ_ReadDate_Deviceld
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DIRECTORY SERVICES

Searchable directory of
objects and permissions

DATA SERVICES
Time-Series Archiving

BUSINESS SERVICES
Device provisioning,

activation and management

Xively (https://xively.com/)
- Z|Z GoogleO| Ql=3t |oT E%ﬂ%
— A= H|O|E{ £ time series YE = H &
(Timestamp, Category, Value, String)
~ TimestampO|| (L} G| 0| B 75
(=4 Holy, X|’d He I31|0|E1)
- X|ver APIE time series data & 7t
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m | 7~ = TheThings.io (https //thetings.io)
el T T e s - EME0 HZEE devicel| HAIZE
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- AWS &M A E

= Ayla Networks

a e nve 5]a (https://www.aylanetworks.com)
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= 7|UE 10T EHE

- ZIXX| GOHE EE ZWo 2 &

Insights: Ayla Networks Demo

Standard Reports - / Overview -

40,308 99% 40,601 99% 47,068 28,396 80% 17.71M
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ThingSpeak (https://thingspeak.com/)

— Sensor datas clouddfl & (2, 5 &,
&= HolH &)

- H[0|H &4, A&zt 7| 52 MATLABLY
Aol K&

- Hlo|y Heh &4, d¢ 7|5 M-S

—_ o
= event M Al trigger 7|5 K|S

» ThingWorx (https://thingworx.com)
- Olo[H 7|8 of At 27 K| & 1oT EH =
- Zhthing2 REE HES = US
— SQUEAL (Search, Query, Analysis): 2 2!
=4 7|8t M 7|5 WS (name, tag,
type, shape &)
- HolH &4 7|s Ms (05 22 A,

O| K| K|, 2AIZt 2L EHE §)
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| o = thingful (https://www.thingful.net/)
| s - M THe 10T CIO|Ef Z A QI X
- S5 & thing?| H|O|HE HAIZI2 2
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— Datapipes: AF=0|0|H & XS
- {X[0ff [} Ere= MBS

— - O 71 L=

= InfoBright (http://www.infobright.com/)
— 1oT HIO|E 0| £3}=! column-oriented
relational database
- saL 2o X 1ol 24 ME| 7|5 M-S
- =4hoT HO|H E2= floh
Knowledge Grid2f= A4 @11}
Knowledge GridE E&0ct0| Ho|&
X 2|St= Optimizer layerE 7t

IB Core Optimizer ColumnOptimizer IB Loader
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carriots |Analytics
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»
o o W oot ccnderce Mo M 92 2tz AE A
Lesflet | © OpenStreetifap ooy fribytors, © CartoDB = ® BallPark Name (30)
L@ = Map League (2)
Average Attendance by Day Visting Teams Drawing the Lar.. oM Team (30)
X — = DayofWeek (7)
= Mon ’_] e
LAD =
é Tue - ] bt = Delta Year (5)
&
Wed - cHE = viciti
A G0 5 D S S 5 W W S S . ‘v—J st Visiting Team (30)
T Tr Gy G Co, G, Cr, G Gy O 55 2 80%
TR G e YR P =
< Ed ? L
Home Team # Attendance
Month: 2% Year: 27 Home: 34 Home League: 3H| # Delta Attendence
— — @@
= sqQL = NosqQL S Zookeeper
—— S @® quorum
Kaa Clust
_____ Kaanode ! |  Kaanode ! |  Kaanode !
Operations Operati Operations
Bootstrap Bootstrap Bootstrap
____________________________________
=
g ikéa
g 50k

Carriots (https://carriots.com/)

— Carriots Platform: loT | O| & =&, XM &t

— Carriots Analytics: 0| O| E| A|ZI3}, &7,
WELZ| ®S (53] AlZ=tof EF)

- HOolg 22 ¢let apl & sDk A=

- HIO|H &= XA 7HE NosQLOl| A&

KAA (http://www.kaaproject.org/)

~ Cloud 7|2t2| open source 1oT 281 &

— Structured/unstructured data N & 7t&

— O|O|E{ 2M: time seriesOf| C{ 3t
filtering & aggregate 7| = X| &

- G|O|E{ Al Ztg}: XtE ) X| &, H|O| 5,
A O|X| & ¢ 2] widget X| &

- Storage= SQLY} NoSQL A& 7ts
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» Freeboard (https://freeboard.io/)
- Zh thingS 2| XN & EHZE Al ZF2L5H A
HOF= A0 =2 M2 10T EHE
— Open source |2 GuI ¢ 7|5 A&
- ®,d|TZ KNE 5 Ot widget Ml S

- 4ot 29, 24 7|s2 MoK =
Water Tan OO * temboo (https://temboo.com/)

- BTN - 23S0 AT HOIEE X,

g, Al4sh sRrote 7Is Ms

CONTROLS

— I . & - X% XLS, CvS, XML, JSON HEHZ XM
| - MZeh AIZ IE D E = 7S
| e - S 0lH g, SEREE S IS
R A, 2ol 7|5 0|H 2
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— 3> 1o Cloud servie = QOracle loT (https://cloud.oracle.com/iot)
-i| i 0 N3 | - HOIE NI, B A 75 HB
a 3 : Track s VSE;&& egrate & = ﬂg : Oracle database A&

—d, - -.-_-M.:*E'AI”AEE'/OIH“EHEI e
g sQLOil 7|2t5t ad-hoc B Q| 7| & A&
Y B & - Z|AIgE: built-in 7[AlStE 7|5 WS
AT mm | e | (O|AFX| EfX| O =D T MM 5

=

= MS Azure loT suite
Producers | ComnectDevices  Storage Anaytcs Take Action (https: //azu re.microsoft.com/overview/iot)
BT E cenrrs B salostobue : _ loT 28 o 2] solutionS 2| 7!t
= ~ 0 o — loT Hub: AtE ¢4, B L|EE 2] X1IO1
= ~ 10T Edge: 222 E7} OF -l EHZHO| A
CiO|E &M 7|s XS (filtering &)
~ X% Azure Cosmos DB (SQL + NoSQL)
— =AM Time Series Insights, Machine
Learning, Stream Analytics & CI=

HZ=1 A 20

== ﬂ] . External Data
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= |BM Watson loT platform

Connect Information Analytics Risk Management

Securs Comectvty -\ sumiscamtieye | LSS Securty Pty (https://www.ibm.com/internet-of-things)
S el O Y - S A EIOIE " Sl GIOjE
() K& 7|5 M2 (IBM Bluemix cloud)
* MO pii Developmtfthfifz::j;n i Opean\t/?)r:):aSr::icBe:sed SeN:Z:AsSecurity n" “‘": Q - él-xl E-” Ol E-I EQI é-)l % E-” Ol E-I O“ EH -g-
= IBMWatso-r‘\.Ilt‘)T Platform ~ xO-Ix.", ‘_él E-I EOII, E %) Iﬂl AI 7 | % X-" _g_
@ & ~ Watson APIEZ XA X 2|, 7| AletE,
el Teeweo oS B O|0|X| X HIAE BN 7|5 XS

= AWS loT (https://aws.amazon.com/iot)
- O 2{ AWS serviceZ2 T+ E

o - — AWS loT Core: Cloud 7| 8F 10T ZSH =
&0 -© & [ ale = 7171 91z, #a), £41, Ho|E Ha)
o L g ! —  AWS loT Analytics: & X| | O| H
A filtering X X, time series 3t &
Viualzaton X%& salL 29| 7|5, machine

learning 7| S M5 (015 22 &

21
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o
&
o Y Y {
ﬂi
X

f Cloud
@ Bigtable

&

BigQuery

Cloud loT C l
L Cloud |‘—) Trainin
aining
Updste device e Datafios
config

nnnnnnnnnnn

Google Cloud loT

(https://cloud.google. com/solutions/iot/)

- loT H|O|E{0f| Chiet 24 S A&zt 7|5
~ Cloud Bigtable: 5| O|E{ X &4 (NoSQL)
- BigQuery: H|O|H &4 (sqL AtE)

~ Cloud Machine Learning: 7| A2t & 7|5
~ Data Studio: 211 A, A| 23}

— Cloud Datalab: BQ, ML L2} interface

Salesforce loT Cloud
(https://www.salesforce.com/products/salesforc
e-iot/)
— A= H|O| E{ & salesforce cloud = 7&'3
CiFot X[ Ho|E E & 4A I EHETY
%E* S= X JSON, CsV & 2 5 SEf 2

N N
1o|rn
bas
N
>.

| A AALE action trigger 7t
- A4et e A3 HO| O|XE
22
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= Customer Account l
SAP HANA SAP HANA »
Cloud Platform \ /
e Mes: n /
\ - saging
— S NS </
==
Gateway (Edge) Gateway (Edge)
Sensor Sensor Sensor Sensor Sensor Sensor

<
o -
oo e
2 REERIN OO NNITIOMN SUas - TN
4 tereexe - 72y TS 12T
- Pt ou B0 2001
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s s s
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Ao

SAP Cloud Platform for loT
(https://www.sap.com/products/iot-platform-

cloud.html)

- AA|ZF X 2] 5 H in-memory loT =84

— SAP HANA(in-memory RDBMS) 7} '||‘cT>"'C'>'fE
geospatial processing (¢ X| 7|2t B4
time-series processing (& A, 0| =,

L
(=]

),
H| 1),

M=t 7S AHE 7ts

— Data streamOj| CH{at T &

=Xl 7S M-S

= Cisco Jasper Control Center for loT
(https://www.jasper.com/control-center-for-iot)

— A A|Zt device M|,

- AFZO|O|E{ 0] Tt A A7
H Ad

=

’ls

— Time-series pattern
—1 ol g
=R

22|, TE 7S M-S

FRA B RE
7|5 W3
alpE
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/_\ = Bosch loT Suite (https://www.bosch-

iot-suite.com/)
- =LISE 7|8t platform-as-a-Service

Analytics 4=y

) Bosch loT Antcs . Your loT 5 olution 4

J

+
Software Distribution & ® Bosch loT
Campaign Management Rollouts

o E T e @ 5 loT EHZ2Z O3 serviceZE 78
HRE. 0D “:.'ng';'“ 'SEI — Bosch loT Analytlcs device data =

)| Bosch IoT Cloud AWS  SAPLeonardo
" Microsoft Azure

T 7l H& (&AM2 anomaly detection,

and for on-premise installations

x T aws Fjsnuhlurauuud Fuﬁ'y'mjnaged,sharedservicesavai[ablean 1 9' device Ol % .LI.H Ed .U.l' oF deVlce
B | data monitoring & alarm 7| & X&)
| & £ = & 9 m & | - Datamining X 7|A=E 7| A8
-~ Services \ = GE Predix (https://www.predix.io/)
S RS

g Ul/Mobile Applications — Data management: data modeling, time

Time Series PostgreSQL .
m . o ® series K| &, QI &M 7|5 M S

Collacting . —~ Data analytics: 2|5 machine learning

telematics Hsp View . = - .
e | libraryE AFE S anomaly detection,
() D i text mining, time series =4 & A&

(5 4 e S ~ PostgreSQL % Elasticsearch *f%

Vehicle generating .
telematics data Predix Cloud
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windages |_MindApps = Siemens MindSphere
\ —a H ST — [~] [ N i insi . . .
R e i foc x| || Analyticalinsights (https://5|emens mindsphere.io/)
oy End Cusomrs or by Parers | _ ZEI2C J|HH AR o7 ZEHE
APl I
3t [ Mindsphere — Storage services: time series service
i | - Various cloud infrastructures (time series X X", AH O,_|, H Q| %"*_'1),
et | time series aggregates service
‘1 — (day/hour/min TH| Z|CH/ZE[ A/ HA)
RN K . pluaand olav connection — Analytics services: anomaly detection,
o @R e @ | R : yion £
| | requent pattern, trend prediction S

Moy 10

15:30:43 15:38:13 15:45:43 15:53:13 16:00:43 16:08:13 15:30:43 16:23:1% 16:30:43

— _ ™ Samsung Artik loT Platform
(https://www.artik.io/)
— LC}YBEH/WRE S/ WSS cloudE HZ
— Subscription & notification 7| & XS
~ Device dataE HE T2} 0 X‘PW
— X 2=l dataOf| CHPk aggregate S

||||| ANZst 7|5 M2
|||I||||
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AI=EG|OE] 28 MH|A 5

= AMNZHIOH ME 7|5
— ST Cf 20| 0T SHUE LS GlO|H NHAR IS AS
 RDBMS: Oracle, MySQL, PostgreSQL, ...

* NoSQL: document database (MongoDB), column store (HBase, Cassandra)
* File system: HDFS(Hadoop) EE= A} X storage

@ 0 ', aﬂ_c;lamp
NoSQL

— RDBMSL} NosQLE AtE0t= BF ol g A|AHRS| &o|/MO 7|5 XS
« O IR & saL (= sal-like) 29| 7|5 H&
- I M, B9 AN, A Ho
- MOIl. B-tree, inverted index, hash index, R-tree & M| &
- WHE 7 M, 99| 2A K| 2
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_ ST iR 0T SHEL (ST L2 HM 7|52 H D
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 Time series G| O| E{ A Bl XA

or

_7|C_|:LE OF o |OT%EHEO |___2J_I_|-7|'

- X2 S0 E2 HE =1t 242 &M 7|52 =715t A
« Prediction: A|ZF S0 2 E7H 4t 0=
« Anomaly detection: 0 ZO|L} trendE 0| HO{7t= 2 E X
« 7|E} Data mining & machine learning 7|8t 24 7|5

|

/.K’/ <
Analytics and business \

.-/
o intelligence tools \
|| N empower decision \
i Ubigitous networks makers as never before /
e and device by extracting and
/// proliferation enable presenting meaningful /
The Internet of Things access 10 a massive information in real-
connects all manner of end- and growing amount of time, helping us be /
points, unraveling a treasure traditionally siloed more predictive than /
trove of data information reactive

loT V
> @ <
o <

Big Data
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_ 010] 7|5t thing 221
* Topic EE= keyword2l 2t U= thing 7 A

L—

:

= Hadoop EE= SparkE A&t A= H|O|H XE| 7= A+
— HadoopO|Lf sparkOf| Al AFZH|O|E| 24t M& U &l X2 7| &

— MapReduce= -89t 2| X2| 7| &

= M=H|O[H M&4 Hln A4t
— RDBMS(MySQL)Xt NoSQL(MongoDB, HBase, ...) S
— A= NosaL= AFE OB ME A2 ALE 0

 SchemalessZt= =& 1} 2 d ZHO|A 72|

rir olr
o
A Kl

Ehe A 9| THS HM V| E T E
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= T2 10T §|O|E survey ==0| Al L= 7|
- NS Ee HE| 7|=
« 10T | O| E{ = time series dataO| A} spatial data &
« AlZHSI S 7H0 2ot CHYot HO| ME| 7= ER

>

— Data mining EE= machine learning 7|8 O|O|E| &M 7| =

. L. o >0
 Prediction: S8 0=

 Anomaly detection: O| & X| == 0 & & X[ B X|
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o

* Frequent pattern mining: X3 245t = event EF K|
* Clustering: ®AF I ® = 7I% thing”Z7| 2] &2}

* Classification: & thing| &t event THEF
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» SpatialHadoop: MapReduceE &9t 57t O|O|E 2| A|AH! (2014)
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= T2 HEsaL’|B EM 7|5 M

[= thing2| G| O| & B4 (SELECT)
* Location, time, state, keyword, type 7| dk

— Time series dataOl| Ci ¢t aggregate (GROUP BY)

Al S AL

Detail

o S PN s

) OL—-, H

Lambda Action

-
= HEsaL M 7|z 2E (M2

T = - OO

TemperaturelsCold

Enabled

Ewvaluates if the thing temperature is
cold {<=5)

SELECT temperature FROM 'locust/t

hing/temperature' WHERE temperat
ure <=5

Function name iot-thing-is-cold
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— Logical scheme AtN| = MongoDB, RDBMS 25+ X & 7t
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{
"prop1": data, w
"prop3": data, "prop1": data, m

"prop4™: data "prop2": data, { Data Data Data Data
} PTOP3:= data, “prop1": data, Data Data Data Data
prop4": data "prop2": data,
} "prop3": data, Data Data Data Data
"prop4": data
}
MongoDB MySQL

35



Ar=H|O|E 24 A|AR OFF|EIA (1/2)

= AFEH|O|E XZAZE MongoDB A

— CHE A 9l document-oriented NoSQL database

— NEZ LCHE A= 0| -9k | O| E{ = JSON document =

HZT2HE| 0] MongoDBO| S8 X & &

=) @ ,,,,,,,,,, Transform
Thingt Loader
Thing2 === [l | Transform |
Loader
—— TXT N Transform |
Loader
—
=) RULY | .. Transform
Thing¥ Loader

0|F AM=HIOIH g IOl H| 0]~
(Document-oriented NoSQL, i.e, MongoDB)
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AI=H|O|E 24 A|AR OFF|EIA (2/2)

« A=00lH A4 Al AF

= L O T = e
— MongoDBE storageZ AIE0l= 38 Z2 13 HEE 1A
2. 11 A L
— & 7|8 IHIO| A K|S
0|5 AF=C|O|E
S ZM Engine MongoDB
4 ) / \
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1 . A I
Spatio-temporal Primitive API p—
Join Processor find, / - dbihing1 ».
= insert, N
update, | db.th‘ngz N
- . delete, ! )
Web Spatio-temporal ; LN\
| Server | _1 | Aggregate Processor i q / dohinginfors }
* 1
MongoDB o
built-in index \db'mmgN,,
single field index, R
Index Manager compound index, i
g *-- muIIDtikey index,
geospatial index, [
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— QOutput
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Preliminary Experiment (1/2)

= ARE H[O]H
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Preliminary Experiment (2/2)

W Proposed INL ™ Lookup

= A AZFSE AL .
— INL (Index Nested Loop) °

« 7|Z= RDBMS Z QI Hit @ Z

— Lookup 2

« MongoDB2| Slookup 7| & AlE ¥

— Proposed j

- H|OF & 1

A - - = n
10000 20000 30000 40000 50000



100m 4 avg/min/max

— Input
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500m
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— QOutput
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— (%Y, 1)3DBUE B2t cellES AS X2 EH (octree)

Lowest resolution cube, downsampled (4¥4*4)

+
—‘;‘,3 / each downsrampled (2%2%2)
4
Layer 1
¢
[ 1A
I g
Full resolution cube, partitionned in 64 subcubes
Layer 0
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Thank you!

Any Question?




