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Impact Analysis of Data Size on Hadoop and Spark
Processing Performance

Seung-Hye Han, Yun—-Mook Nah
Department of Data Science, Dankook University
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Analysis of Optimal Advertisement Channel Status for
BLE Indoor Localization System
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The early diagnosis of Alzheimer’'s disease (AD) and mild cognitive impairment (MCI) is essential for patient
care and research. The preventive measure plays critical role to get rid of progression of AD. However, the
smaller number of training samples and the larger number of feature representations are the major challenges
in proper diagnosis of AD. In this paper, we applied a new approach on structural Magnetic Resonance (MR)
image to discriminate between AD (or MCI) and healthy controls (HC) using import vector machine (IVM). In
this method only the subset of the input vectors of Kernel Logistic Regression (KLR) are selected by
minimizing the regularized negative log likelihood to reduce computation cost, thus improving the performance
of classifier. The kernel based discriminative approach is adopted to deal with complex data distributions.
Experiments on the ADNI data set show that our proposed method can significantly improve classification
accuracy of AD, with support from MCI and normal controlled subjects.

1. Introduction

Alzheimer’'s disease (AD) is a slow fatal
neuro—degenerative disease affecting the people over the
age of 65 years[l]. The deposition of two abnormal
protein fragments known as Plagues and Tangles in
the brain destroy the neuron cells. Hippocampus, where
the memories are first formed is initial affected region
by this disease, thus the early symptoms of AD include
memory problems resulting difficulties in word finding
and thinking processes [2]. Eventually the patient
suffers from a lack of initiative, changes in personality
or behavior, in day to day function at home, or at
work, and in taking care of oneself. With the increase
in population of elder people in developed countries, this
disease become a major problem in socio—economic
implications. According to reports the number of
affected people will be doubled in the next 20 years,
and 1 in 2 above 85 people will be suffered from this
disease by 2050. Thus, accurate diagnosis of AD is
very important especially, for its early stage.
Conventionally, the diagnosis of AD is performed by
neuropsychological examination, in support of
structural imaging. It is reported that in the early stage

of AD, degeneration of neurons takes place in the

medial temporal lobe, gradually affecting the entorhinal
cortex, the hippocampus, the limbic system. The
neocortical areas are affected at the final stagel3].
Therefore, the study of medial temporal lobe atrophy
(MTA), and particularly in the hippocampus, the
entorhinal cortex, and the amygdala provides the
evidence of progression of AD. Generally, MTA is
measured in terms of voxel-based, vertex-based, and
ROI-based approaches[4]. However as the disease
progresses, other regions in the brain are also affected.
In such cases, whole-brain methods is preferred rather
than a specific region based. The characterization of
brain atrophy for differentiating AD and MCI patients
can be performed more efficiently.

Numerous methods have been developed to classify an
individual class from two groups of subjects (e.g.,
patients vs. healthy subjects). The commonly used
classifiers in AD classification include the support
vector machine (SVM), artificial neural network (ANN),
and other ensemble classifiers. Among them, SVM has
been used widely to distinguish AD subjects from
elderly control subjects using different biomarkers. The
classification begins with learning stage from training
population. These are well characterized subjects with

known diagnosis of healthy and patients. In order to
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categorize new subjects from the test population into
one of the classes the subjects of the training
population SVM 1is utilized.

The goal of a SVM 1is to maximize the margin of
training data by constructing the optimal separating
hyperplane or a set of hyperplanes in a high- or
infinite-dimensional space. Based on this newly
constructed hyperplane classification, classification tasks
can be performed. SVM classification technique has

been implemented by B. Magnin et al [5]. Three
dimensional Tl weighted MR images of each subjects

were automatically parcelated into region of interest
(ROIs). Grey matter from each region of interest is
extracted as feature for classification.

Zhang et al [7] proposed multimodal classification
approach based on the biomarkers such as structural
MR], Position Emission Tomography(PET) Cerebro
Spinal Fluid (CSF) in combination with multiple kernel
SVM. 93.2% accuracy of stratification for AD from
Healthy Controls (HC) has been achieved by the
multimodal approach. Sigi Liu et all [6] proposed deep
learning based classification among AD, cMCI, and NC
based on 83 Region Of Interest (ROI) of s—-MRI The
accuracy was obtained upto 87.76 while segregating AD
from NC. Similarly, F. Li [9] proposed PCA based
multimodal using the s-MRI, PET, CSF) and Label,
MMSE score as the biomarker. ADAS-Cog is used as
features, training and testing the multi-tasking deep
neural network. Around 91.4% of accuracy was
obtained by the method when analyzing AD from NC
and 774% in  MCI from NC. Multiclass multimodal
approach was proposed by Siqgi Liu et al [10]. Total 83
ROIs of functional MRI and PET were used as features
and training and testing was performed with deep
learning embedding network which achieved the
accuracy of up to 53.79+4.76% while classifying AD,
ncMCI, ¢cMCI, and HC.

Finally, we present a new classification approach which
uses a small fraction of features to train the classifier.
With the wuse of spars feature for Ilearning and
classification, computational cost and excessive use of
memory 1s minimized. We apply the Import vector
machine (IVM) to select only the important features for

training of machine and classification of subjects.

2. Methods

2.1 Kernel Logistic Regression and Import Vector
Machine (IVM)

In this section, we describe the theoretical basis of
IVM. The foundation of IVM is based on statistical
learning theory derived for logistic regression with

kernel features. Thus, we begin with the explanation of

. T
regression. Let x, = (xl, ..... xn) represent

logistic ;

observed samples with class labels y,& C= {1,.....K}
pattern classes. The training set is represented (azi, yi>,
t=1,...,m. For the binary class problem, where input
samples ; are iid., the conditional class posterior
probability Pl-(yl-/ %3“)) is estimated using logistic

regression model.

Pz‘(yz'/l"i;w>: (1)

1+ eXp(— wai)

The logistic regression predicts the class based on

probabilities which is either p, for ¥, =1 or 1—p for

Y; =0. Thus we can write cost function of logistic

regression as

In order to fit the parameters for given model with

training the given data-points, we try to find parameter
w that minimizes (). This results to selection of w

which is most likely to generate the labels in same as
in the training set. The minimization can be obtained
by using the gradient and the Hessian. In order to
prevent overfiting one may introduce a prior over the

parameters and optimize

Qw) = Q) + JwTw ®

Therefore the iteration scheme could simply be
formulated with the Newton-Raphson iteration method.

To extend the linear model to a non-linear one, the

original features X, are transformed into higher

dimensional space k‘n using a kernel function

k = k(l’n,l’n) 4)

nn
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The model of kernel logistic regression now presumes

the a posteriori probabilities are given by

exp(w’k, )

e e S 5)
Zexp (wlk,)
C

Pre(w)

with kn as the ’I”Lth column of kernel matrix K, the

unknown parameter w=[ ----- w ] referring to C

classes. The parameters are determined in a iterative
way by optimizing the regularized objective function.

One of the limitation of standard Kkernel logistic
regression is that all possible traning samples are used
to evaluate the kernel function, thus increasing the
computational complexity and memory requirement for
large datasets. Meanwhile, the complexity of the
classifier can be controlled by enforcing the sparsnes in
learning model. The sparse kernel machine’s uses only
the kernel function evaluated at subset of the training
data points for prediction of new inputs. The most
common methods to implement sparseness is by
introducing a suitable prior or by subset selection. One
of the popular example for sparse kernel machine is
SVM, which only support vectors are used to prediction
for new inputs. The main idea of incorporating

sparseness into kernel logistic regression is to select a
subset U of V feature vectors out of the training set
T Thus the kernel matrix consists of only the

selected subset ¥ of important kernels kv from all

samples 7’ Zhu et all6] proposed import vector
machines (IVM), which uses a smaller fraction of
training data to realize the sparse kernel logistic

regression. The subset is determined by Greedy

manner. This method begins with empty set ¥ then
constructs the set of import vectors by successively
adding data samples. The construction process of sets
stops once the convergence criterion is reached. The

convergence criterion is used by the ratio

€= |Qt - Qtht|/| Qt| with a small integer At

Such as the regularization and kernel € parameter, the
threshold for excluding import vectors this criterion

influences the sparseness of the model.

3. Results
3.1 Experiment setup

Data used in preparation of this paper were obtained
form  Alzheimer's disease Neuroimaging Initiative
database (ADNI) www.loni.ucla..edu. The ADNI was
lunched in 2003 as a public-private partnership. The

primary goal of ADNI has been to test whether serial
magnetic resosance imaging (MRI), positron emission
tomography (PET), other biological markers, and clinical
and neurophysical assesment can be combined to
measure the prgression of mid cognitive impairment

and early Alzheimers disease (AD)

3.2 Experimental Results

Total 80 baseline subjects were selected for the
experiment with 33 HC, 32 MCI, and 15 AD. All
structural MR scans used in this paper were acquired
from 3T scanners. The demographic status is shown in

Table. 1. We partitioned each subject image

<Table. 1> Demographic status

Normal MCI AD
No. of Subjects 33 32 15
Average Age 74.25 74.63 75.27
Average
i ) 16.19 15.96 15.553
Education Points
MMSE 29.38 27 23.8667

into 65 region of interest(ROIs). For each of the 65
ROIs, we compute the grey matter (GM) tissue volume
from the individual subject’'s MR image. We used the
Freesufer to exrtact the volumetric information of MR
We performed the multiclass classification for three
classes, namely AD, MCI and NC. We obtained the
training accuracy of 98% (49/50). While the test
accuracy was obtained as 70% (21/30). Time required
to complete the execution by logistic regression was 4.1
seconds, while the IVM completed the execution in 1.6
seconds. Similarly, training accuracy of 100% (26/26)
and 76.2% (16/21) were obtained in binary classification
of AD vs NC. Finally, training accuracy of 98%
(49/50) and 76.9% (10/13) were obtained in binary
classification of NC vs MCIL

4. Conclusion

The early diagnosis of Alzheimer’s disease (AD) and
mild cognitive impairment (MCI) is essential for patient
care and research.The preventive measure plays critical
role to get rid of progression of AD. However, the

smaller number of training samples and, the larger
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number of feature representations are the major
challenges in proper diagnosis of AD. In this method
only the subset of the input vectors of Kernel Logistic
Regression (KLR) are selected by minimizing the
regularized cost function to reduce computation time.
Experiments on the ADNI data set show that our
proposed method can significantly improve classification
accuracy of AD, with support from MCI and normal

controlled subjects.
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Parameter | Unit
X2RF IC
Center Frequency 6.8 [GHz]
Band Width 2.3 [GHz]
Parallel Sample 256
Sinuous Antenna
Size 45 X 45 X 14 [mm]
Frequency Range 6.0 - 8.5 [GHz]
Radiation Degree 65° - 80°
Gain 60 dBi
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Distance [m]
Estimated
1.98
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2.10
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[mm]
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Abstract

The Bluetooth Low Energy (BLE) is a promising technology widely used for Internet of things (IoT)
because of its low energy consumption. However, with the development of IoT, The disadvantage of BLE
is becoming more obvious. Due to only three channel is used for BLE broadcasting, the signal collision
would become very serious when a large number of BLE devices is existing in a narrow area. This leads
to a low scanning performance. According to adjust the parameters (advertisement interval and scan
interval), the effect of collision on scanning performance could be mitigated. However, how to adjust these
parameters is an issue. In order to make the analysis of scanning performance simple, we developed a
simulator in this paper. At last, we will compare the simulation results made by our simulator with theory
and experiment. The comparison results would show the validity of our simulator.

1. Introduction

The BLE technology is one kind of wireless personal area
network technology. Due to the feature of low energy con-
sumption, it is widely used for IoT services. The specifica-
tion of the Bluetooth system defines only three channels
(index=37, 38, 39) is used for BLE broadcasting [1]. This
leads to high signal collision rate when there is a large
number of BLE devices with a short advertisement interval.
As a consequence, the discovery latency for all surrounding
BLE devices is extended. Meanwhile, the signal density in-
creases with the increasing of BLE devices which leads to a
short delay for capturing a signal. So far, many literatures
discussed the relationship between BLE parameters and scan-
ning delay. In [2], the latency performance for very small
number of BLE devices has been analyzed. In [3] [4], the
discovery latency from a special BLE device’s standpoint
has been studied. We also discussed the latency for discover-
ing all surrounding devices with different advertisement inter-
val in paper [S]. In order to analyze the BLE scanning more
clearly and simply, we use JAVA to design a simulator for
testing the BLE scanning performance in this paper.
According this simulator, we could adjust each parameters
simply.

The rest of this paper is organized by following: In sec-
tion 2, we overview the most related analysis of BLE scan-
ning performance and the operation principle of BLE scanner
and advertiser. In section 3, the structure of our simulator
would be described. The comparison of simulation results
with theory and experiments will be shown in section 4. At
last, conclusions are made in section 5.

2. Related work
2.1 Scanner

For scanner, one of the most important parameters is scan-
ning interval. BLE scanner periodically scans the advertising
channels one by one (index=37, 38, 39) and listens to adver-

tising information of advertisers, as shown in figure 1.
According to the BLE specification, the ScanInterval (7))
and ScanWindow (7)) should be less than or equal to
10.24 s. Whenever, ScanWindow should be less than or
equal to Scanlnterval. There are two kind of scanning mode
in scanning process, continuous scanning mode and dis-
continuous scanning mode. In continuous scanning mode,
Scanlnterval equaltoScanWindow, and BLE gateway scans
each advertising channel without sleeping. ScanWindow
should be shorter than ScanInterval in the discontinuous
scanning mode, and BLE gateway alternatively repeats scan-
ning and sleeping in every Scanlnterval[2].

2.2 Advertiser

One of the most important parameters for BLE scanner is
advertisement interval. A advertisement interval is composed
by a fixed AdviInterval (7)) and a pseudo-random AdvDelay
(7,), as shown in figure 2. In each Advinterval, Advertising
event is defined as a cycle of advertising operations where
advertising Packet Data Units (PDUs) are sent in sequence
over each of the three advertising channels (index = 37, 38,
39). According to the BLE specification, the Advinterval
should be an integer multiple of 0.625ms in the range of
20ms to 10.24s, and the AdvDelay should be within the
range of Oms to 10ms. In addition, an Advertisement period
(7,,) for each channel should be less than or equal to
10ms [2]. The data rate of BLE technology is 1Mbps in air,
and the broadcasting packet size is 47bytes. So, the broad-
casting time for one packet could be defined as 0.376ms.

Scanlnterval{7) ScanInterval(7)

ScanWindow ScanWindow ScanWindow
T Tw T
Ch=37 Ch=38 Ch=39

(Fig. 1) Scanning processing
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AdvDelay(7) AdvDelay(7)
Advinterval(7) > Advinterval(7) i«---3|
Advertising Advertising Advertising
Event Event Event

Twa Twa Twa

ADV ADV ADV

PDU PDU PDU

Ch=37 Ch=38 Ch=39

(Fig. 2) Advertisement processing

2.3 Discovery latency

In paper [2], we analyzed the relationship between discov-
ery delay and advertisement interval. We only consider the
continuous scanning mode in that paper. Both scanning inter-
val and scanning window are 10.24s. The probability that
BLE gateway capture a signal successfully in n beacons' en-
vironment is

9 Tm n—1
P=1 :

TR, M

where 7, is the broadcasting time for one packet which

could be defined as 0.376ms, R is the advertisement interval,
T, is advertisement delay. Then the average scanning time
for the BLE gateway to capture a signal successfully is de-
fined as

p= Ty 2

where 7, is the delay caused by hardware limitation, and
P, is the interference probability from environment like WiFi
and multipath.

3. Simulator architecture

In this paper, we only consider the continuous scanning
mode (Scanlnterval = ScanWindow). This simulator is used
for analyze the BLE scanning performance. So, connection
between BLE devices is not considered in this paper. The
simulator is developed by java.

3.1 Key factor in simulator

In order to make the simulator work more similar with re-
al, many factor should be considered. The key considerable
factor is listed by following:

iBeacon generate: Each generated iBeacon includes iBeacon
name, advertisement schedule. The time in this schedule
would be used for collision detection.

iBeacon broadcasting: iBeacon broadcasting schedule is gen-
erated following BLE advertisement rule (advertisement inter-
val + random delay), iBeacon broadcasting start point is gen-
erated randomly in a advertisement interval.

Scanning success detection: In each advertisement interval,
scanning successful condition is at least one packet of which
from that three channel is received by scanner.

Collision detection: If two iBeacons are broadcasting their
packet by same channel simultaneously, then signal collision

could occur. Collision detector would check the advertise-
ment schedule of each iBeacon to find the lost signal be-
cause of signal collision.

Scanning start point generate: Scanning start point is gen-
erated randomly in the second advertisement interval. After
this point, scanner would start to discover surrounding BLE
devices use channel 37, 38 ,39 one by one.

The flowchart is described by figure 3. In first step, sys-
tem should generate appointed number of iBeacons. An
iBeacon could be discovered only when scanning channel is
same with advertisement channel, and no signal collision
with other iBeacons occur. So after broadcasting start, the
system should check if scanning channel is anastomotic with
advertisement channel of a iBeacon and if there is signal
collision. At last, the iBeacon which satisfy that two con-
ditions would be treated as a discovered device, and the dis-
covery time would be recorded.

iBeacon generate

|

Broadcasting
start

Device is
discovered

Scanning is
successtul?

Signal
collision?

Nol

Packet lost

(Fig. 3) Flowchart of BLE simulator

3.2 Simulator function

Two key function of this simulator is obtaining the aver-
age scanning time for all surrounding iBeacons and average
scanning time for capturing a signal successfully. The adjust-
able parameters include iBeacon number, advertisement inter-
val, scanning interval, and iteration number. According the
adjustment of these parameters, we could get different output
results. In order make the simulation results accurate enough,
we should set a bif iteration number.

4. Simulation results

In this simulation, the parameters are setting like table 1.
Only continuous is considered in this paper. 50 iBeacons is
used for the experiments.

(Tab. 1) Parameters setting

Parameters Value
I, 0.376ms
I 10.24s
T, 10.24s
Mean-T, Sms
T 10ms
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4.1 Average scanning time for all surrounding iBeacons

Figure 4 shows us comparison of scanning for all sur-
rounding devices between theory and experiment. At here,
the parameters 7, and P, are set as 8ms and 0.06,

€ 1
respectively. In figure 5, we compare the simulation results

with theory. Both the parameters 7, and P, are set as zero,

which means we only consider the ideal situation at here.
From these comparison, we could find the simulation results
could reflect the scanning performance correctly.

25
23 = L;— Elp_erlllle'ﬂ(_ P
21 coodve Theory ‘JL.Q
19 g
" T

a
1.5 %
13 a7

devices

1.1 2-
09 | g .
07
0.5

Scanning time for all surrounding

5 10 15 20 25 30 35 40 45 50
The number ofiBeacons

(Fig. 4) The comparison of overall scanning time
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Eos e
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B 10 15 20 25 30 35 40 45 50

The number of iBeacons

(Fig. 5) The comparison of scanning time for a signal

4.2 average scanning time for capturing a signal successfully

In figure 6, we also setting the environment variable 7,

and P, as 8ms and 0.06. From the comparison of theory and

2
simulation results, we could find with the increasing of the
number of iBeacons, the experiment results is more consistent
with theory. In figure 7, we only consider the ideal situation.
From the comparison result, we could find the lines of theo-
ry and simulation almost is coincident with theory.

_ o018
] 0y
2 016 ! = B = Experiment
= At
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ERY \m
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The number of iBeacons

(Fig. 6) The comparison of theory and experiment on

scanning time for capturing a signal successfully
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(Fig. 7) The comparison of theory and simulation on

scanning time for capturing a signal successfully

5. Conclusion

In this paper, we refer to the operation principle of BLE,
and made a simulator by JAVA for analyzing BLE scanning
performance in large BLE devices environment. According to
compare the experiment, theory and simulation results, we
could prove our simulator is working well. In this simulator,
we only need to adjust BLE meters (advertisement interval,
scanning interval, the number of BLE devices, and so on) to
obtain the scanning time. This make the complex experiment
simple.

In futures, we will update this simulator that make it
could work on discontinuous scanning mode. Also we would
add some parameters could reflect the environment effect
like 7, and P, to make the simulation results more similar

with reality.
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Analysis of RF Signal Characteristics in Various
Space for Improvement of Indoor Localization

Jeong Won Kim and Lynn Choi
Department of Electrical Engineering, Korea University.
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Jae-Hyun Park, Kyung-Oh Lee, and Goo-Rak Kwon
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dxith Aol £t o] By 2 %—Er"ﬂ/‘i“ oA H7ts s Aoz MY AlEFS Q’O 9 Ao} 7}L
EP 2ulE ZAEZ /Rt sk ofolele] AlAEle Arduino 9 Arduino Wi-fi shieldE }04 ofo]zto] 7

Sol WAE mAsd AAtes de &ﬂasw1mam A% YA TYE Yk 3 &AHWWPﬂﬂ

/\P*‘lbk gl 9 AdEg AE =& 'EM] g = A Relay moduled 83993 Android StudioS &-83}o
Application® AT, 20hE EAEE ALgAel ds Ao e FRE 4 stk Azka
Aee] Al A FE Zu7EA Y A AAES By §84

1. M= olal FEAoR #sta Alofstr] fshe, d¥ A=

A s e AEglo] Ty Qe H4E 5 9t o ICT(Information & Communication Technology)”]%
olo] wet ol AlEoAE Ul R F&3te] Aojd = U= 59 #H&o] e XPHI Y FFeln, 53 A9
ol #Alo] FolAHA ko 273l AlA, FiHlel, AsAf aglze B Vles HEA RN TRt 2RI
T 9H AER dAE 7 AREo] QY dAEE AR FWFo R A MY HARE W F glonz
QIETU0T : Internet of Things)e] Alth7F E4ks]a 9t &) 3 AEAR WIS Eale] el oyx 2HE $EE
o TS ZRAAIEOIY AsA), WulAlo] el A Il 817 3, aFEH o] 9 thekgt B 2~ AF sl oY
o] P Jlom #H A5v) ghds] xaiEal gick AEE&S HAHsets AAW AdEgor Zh3 B gt
oA IoTe Azt gita} #Hehrjse] wa= <8, oje} e EVINA wF, ¥ T AzF-e 20009
TEA ol A A HA 2ola e HAFEH, TV 52 ZH5E IT 7|99 vheke A= AAe 31 Fola, o
A\ o3 B EAdA AREHAR I 9t FkA X 7 99 ~ntE g #d AA gl dEgs F
ghoolE g A7 AR FTtel wet BE s dYa 7 el drh[1-2]
2ol ArAbaL 3 Frbske] B2 ALt Eel <19 T 5 o] Rl ole} Z2 A AAs= AFOE WEY
7} wE3 gtk wd dA FUe ~uE vy BRaEE da glo] sld 717le AFES ARt 1o g R
W& el obd R wETE AN gl WHE & & AMEAE dA AME RS gRlsta AR Ao &
ot AREA A B 2k AETL vk A5 BAY Aok E3 ZA] BEE3 Ax 3 Ao ddE=
Z A8 A Rate A B Applicationg Alg3le] dZAo2r AdS Ao & = 9
T A oyAE E&HoF TS fE ~utE o8 AN A HEd S BR E & drh
22l =(Smart Gird)eh= 7ol =SQlo] HA=H, AvkE
T = (Smart grid)¥, (HA-FH - A-gel o] PAR o] Fo 2. 28

A 715 @EF Al Ar7jes giste] A9 I 21 Al2"l FMHE
kel M A7 SR AAZE ARE wITgo A ™IS AA A2g FAEt FaFAH RS ¢4,
Aqux T&& HAslele 'AFE HAEW' s e Ae =4 RRo 2= HFRA Electricity Meter(Analog)
Lot SA-ad AATY A AAE JRFAT HAFAME o] &3te] AdS SAA HAL, Ao F-olA
2 ddsta JHFgoe R FHIe FRE Fdlo dYA = Relay 9 2715 o]83te] A& AofsiAl 48t S5+
28l AAZE 3 BAYE a&Ho=2 HAFIE Ao E MCU(Arduino UNO)ol Wi-Fi shieldE 23] Serverdehs =33
7N etk sPA SAYPA dlo[ElE LCD YAl sidFUIcE Begh ARSR}
2utE agEs HE Qx| A5y s o] FrhEo] 7} dskeE 79 Applications: o]83le] ArRFOR ks ERIskAL,
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70w BHES) AL Ao] & 5 glk ARl P ) A & % FARE Y28 2ol Y dneFE A
4 WE A R o] RRoE Ay @ 4 glom] gl o] vgb skm vk, MCUZF FEH 1 7719 Aol 4dnw
9 % 9lck Aegon gt WA ARRS AL a7
guth 284 ARGE ANSA Hn 1 g o§F

3

of AeAge ) ALE o

d
4
(5

=iE astol Felol e
k=A% Smart phone / Laptop %L]E]' EE?}, Relay% 0]'9'—6}'0:] Xﬂcﬂ T 7—‘}@@ XJ'Q‘]
I on/off2 on¥ A5 3lE Fhol FHHI offd HF 022
WiiFi grel FA A "k
. e Sre ARAMES w7 AdsET geadsy
RS- i
‘ AC/DC Fx1¢F 948t 12V AC/DC gkol Exlth -4
Sensor o MCU Re|ay module wFol7] wZEo]l RMSE A&AA AMs stA =AU
, | | AFg olgel® el A % A A4E 27 Ates
Socket || o i I G ofel & 497} glof BHAATA el WA U 2T
i - PowerOn/ we 7FAL Atete] whebl M8 AA sk 13 2ol
| . RMS & AM83Hs B4E ol &5t wRdd e 4%
Real time measurement | WE Far} 220V7k ok Favick th2] we] $-ad
| 7159 220VE Aesta i 49 FAL ol gste] wi
£Hd | ; s YEb Al A8 A H T
S0T
(27 D AA A27 FAHE "Z'
A (D
2.1.1 Hetst= S E 2408 &
HE g HE|ZAE 52= 7FE Hectricity Meter(Analog) S
olgalol %4 ¥ AE AL e, 2eln o g ot s s
Arduino UNO %o Ago] fith. A% #e o] o] sensor,pox - gethodloue();
2 9, | EoR ol AHg BANE AT & Ak Seril.rioe s o )
’ L B Sertal.println(sensor_nax);
A ER1e] AR SRl Q1o W Y AR //the VEC on the Grove interface of the sensar {5 Sv fERp s
< et AE AMEH Had ERE T S QU e 2 D Eude CUrrent={ T [Gat yserisar o/ 024 S, 20 1O0umI0;
AME ¥4 o2 Mt AW ~9xHAY ARESAY effective_value=gnplitude_current/1 414;
= = o . — o J/mummum_currant=1/1024*5/200* 1080000/1,414=24,4(mA)
Relay%“ O]—%o}oq ‘E]_Z:llgi Apphcatlo L LEIDIZOD g O]—g—B‘H “;Uﬂly |(',\f sinusotdal ﬂ“ﬂ”ﬂ““q current
A AR T Al 4 9ok Sertal.println("The anplitude of the current 1s{in mA)");
Sertal printin(omplitude_current,1);//0nly one number after the decinal point
Serial.prinkln("The effective value of the current 15(in mA)");
Serial.println(effective_value,1);
float v= 220/5art(2);
Led sotCirsor(, By e
floot w = vianplitude_current/1000/5q1(2); HEEEE S
led.prant('P:"Y;
Led. print(w);
led. print(W )
SUMN = Sumw + W;
summ-sums/ 3666/ 100,
led, setCursor(, 1);
led.print("A:");
Led. print(sum);
Led.print("kith ")
(29 3) 345 & 5 A4 F AN % Y 22 3=

TR Arduino®l] codingsle] ] meiks AEAA ZekE
Arksle] LCDoN A=Al 485 Ak B8t AR ks 2841
ARE AFAEE o)F S Sever® HO[EE slo] glo] s
ZAzE 0 2i= DRl A7) Bk

(9 2) Atsts= SAF LaugF
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1) Electricity Meter(Analog)
o8 AC/DC AFAMAMES ALE3] 2 A3 dx a9
of et e 7] FAH7 AL 2FS e vE

>

A
thotE AES E oaE dUEAY 38 dE" A
F7F wobx FA43] ofge FEk AT ARk of Al
AES s Ay Ao U= Electricity Meter(Analog) &
ARESIZIR B, F & ARARE T2 Bl AlES et
of vlal -, FAE el uixlsle] AR8sIIT
AeAow oz AAME AR 2 A A3 Zu3 V)es F
gst7] Qs AA el ete] Fasihal Azeth HEs &
A7l S E 1A acdR{HE 54 T He 7t o] B A

o)

AR s
FAME T4 Electricity Meter(Analog) S AHS3H== A3
3 o]#A acHFE SABIATE 19 §&o o

=
A BB AL ZAHFY AFS A= WAl

==

(2¥ 4) Electricity Meter(Analog)

2) galo|

deflolt A7 RoAN F2E F HE Yol THA
AEE WEA O A wE gE & 3R] Fes Ao
s Ao® AT 99 Ak VEA R oY dRR
L FHANA AT P doAM HAHAS oo FAU
wolFAl "uh AL ofF Hold AES A =
ARE S BoAFE &3t 971d8s TN
Q7182 A =2 Aol Hellolg 7w A= RE
& A 5 e 2 HEE voloE E= AUuel=E
o] T AP =2 ke tolemrt Al tole el F4sio]

(¥ 5) Relay Module
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3) Arduino Wi-fi Shield

Wi-Fi Shield24 Arduino UNO® AAAIAA Wi-fi7} 7}
S THEaL o]& o]&3fe] MCUE ©]&35le] Web serverE
W 3 7 34 dlolH k& #1745t Server A7 2 HolHE
Appell HEste] AR AAIe R ghe &9l & 47t drh
ek AAZAME Wi-fi E41S 3le] RlayE 994 24 57}

ek

(¥ 6) Arduino Wi-fi Shield
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Implementation of Cafe Ordering System for
Operating Cost Saving

Kim Se Jin, Mo Han Sol, Park Sin Yeong, Bum Jee In and Kwon Goo Rak

Dept of Electronic Engineering, Ajou University

Ju]4) Fh=rh EAska sleh 1
1 Algo] 7}53t B3 W4

n:&‘i L)
=

7He FEUF AZGE €9 HAA A2H

1. AE
21 Azd TR
A7 o] ARES SBO 719E olgetn Yt IASS
ol B TOE AW Wy 9lstd Fhule] WEEge u &% 7} CaF@24 s ue €
slel wuld =g RIstel A sl she WAz S EAshn Coa——
w3k QR el B5AoR AMEE L Qe o] WE Mol RS
o =n ~ N
o @4 AN E L8 Axrt dng A4S FRudds] A% l (
S E3le] PICK UP %g Fias - R R e R IS - :
Aow Qe Ae An 1 Feu), B S0 g Ay o
2 A9 Yy 10}51 9
B R ilOIEMlO]*E olgdle] BgH o walr} b phplh
WA e 2 AYE YOES 9l & 4 gl APP xe1d . ) \
a3 7 olg wAdA EE AY U FRu Az o4 [1] ~ —» [2]
BAE A43t= POS TS Aokstual i)
9o A= Azl AAA AT WA 719l OlE A u (g 1) AA Nz=d FAE
BA AN el s Axde] st ARAOR Uiro] HHE A

A"l A7 APPY-E3 POSHE#o =2 Ys 4 Ut}

APP Z2 L cafe2dE T3 AWME T2® wgto
v, ApPez 397ty 9 2as AFATY] 98k
PHPA & AF8-3}o] register.php®t loginphpE A4 35}
t}.
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o
o

ot g3 delglolss B4 wAA AHlzs ojgA A
HAEA ARSI, Ao o] Aulz Azl ole] W T
A AES B2 AT,
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3] PhpMyAdming o]&3te] dolEj o]l As A ES
o}, 183 FileZilla Z213S o] 435te] A8 phpitdd
S J== i, Android Studio® ©] &3}l register &
login layoutS A3 ow phpst 53] dHolguo] 20

RS AT Bele 5+ QRS shol mAEel HUst
e Fomd n§ H9 WBE Fowd Hxm, H9 W
8 olgslo] AdlA TAES AP AT F 9
=% sgieh [1]

POS Z 23 Visual Studio 2010, MFC c++3o] &
ARt Wl SR OE S Y9RAs B3 ¥QAE HFHS
T3ttt =3 POSe SMS d4 T3 Clickaell
SAlel AEEE SMS AEd TR WS CHANE AL}
o POSolA 39 HAME &3l &g 3 delA PICK
UP Azt dE 2 -

2.2 DatabaseZ ©]-§3 WA 714 9 ¥E A

A 7Rsjeka IRIES A7 8 AREs] 913 Databases

o3t

o

R

221 WA 7Rl a9 % ¥E

Lot

(a9 29 #Zo] PhpMyAdming ARE-ste W4 7k93) 39
AL 913 Hols A3t
(713 3)3F 2ol phpE AREstel WA 7k =g A skl
(27 ¢k 2ol phpE AHEStY] 7hYE AHE 29l 29l
5 Add IJES RIT F Y= A= A4 ST
249 register.php®t loginphpE FlleZilla T2 138 o] -&3ke] A
Hlo| == g
g MHi: localhost » [ EI0JE{8I0| £: cafeworld77 » [ EOIZ : user info
BT Jsau B4 340 EUEW Eimport
= 35 Collation 27 nNull 7123

id int(20) UNSIGNED OFL|Q

name varchar(S0) utf8_general d o2

password varchar(30)  utf8_general o2

email varchar(s0) utf8 general ofLe

point int(20) o2

phone  varchar(50) utfé_general o o2

(2% 2) PhpMyAdming o83t Heol& A4

,73,

<?php
error. reportmg(O)
require "init.php";

$name = $_POST["name"];
$password = $ POST[”password"]
Semail = $_ POST[”emall"]
$phone = $_POST|["phone"[;

$sql = "INSERT INTO ‘user_info’ (" id","name’,
pass Word email® ph one’) VALUES (NULL,
“$name."" i $password N Gamail. "t $phone e

"

%response = array();
response["success"] = true;

echo json_encode(S$response);
if(!mysali_query($con, $sal)) {

echo '{"message":"Unable to save the data to the
?atabase "3

>

(2" 3) register.php

<?php
error_reporting(0);
require "init.php";

$name = $_POST["name"];
$password = $_POST["password"];

$sql = "SELECT =#* FROM ‘user_info> WHERE

‘name” ="".$name."" AND *password’ ="".$password.";";
Sresult = mysqli_query($con, $sql);
$response = array();
while($row = mysqli_fetch_array($result)){

$response =
array("id"=>$row[0],"name"=>$row[1],"password"=>$
row[2],"email"=>%$row([3],"point"=>$row([4],"phone"=>
$row[51);
}
echo json_encode(array("user_data"=>$response));

>

(¥ 4) login.php



222 POSolA g9 HAE T3 XJE A

//7—]}\]] I:H~~ -fEJ 0 ILH

void CTableMemberDlg :OnButtonTableMemberB1() {
char SQLQuery[512] Templ[50]=""Temp2[50]="",
CString String;

GetDI gltemText(IDC EDIT_TABLE_MEMBER, String);
if(String=="") {

AfxMessageBox("AM A EQ&AFAR");

return;

m_List_Table_Member.ResetContent( )i
if(m_Radio_Table_Member_R1.GetCheck()==BST_CHECKED) {
wsprmtf(SQLQuery "select name,d from user_info where
nam}e "%s" String);

e | S
if(m_ Rad1o Tab e_Member R2.GetCheck()==BST_CHECKED) {
sprintf( SQLQuery 'select name,id from user_info where
id= '%s'” tring);

CPI’OJECtApp* pA?§=(CPrOJectApp*)AfoetApp();

pApp—>DB.Exec(S5QLQuer

while(pApp—>DB.Fetch()! =5QL_NO_DATA) {
pApp—>DB.GetStr("name", Templ);
pApp—>DB. GetStr(” d' Temp2),
wsprintf(Templ,"%s\t%s" Templ Temp?);

m_List_Table_Member.AddString(Templ);
pApp—>DB.Clear();

(1% 5 POSIIA ¥9IE A9 919 519 44 =

[

(29 59 Z=A™ POSoA PhpMyAdmind] #7%¥ do]e ]

o]29] FRE A,

/e A g A S hel A AYAT
wsprintf(SQLQuery,"select optionmile from optioning");
pApp—>DB.Exec(SQLQuery);
pApp—>DB.Fetch();
pApp—>DB.GetStr("optionmile", Temp);
pApp—>DB.Clear();

GetDlgltemText(IDC_EDIT_TABLE_ACCOUNT_ES,total); //%
93-3A A= AL R T

GetDlgltemText(IDC_EDIT_TABLE_ACCOUNT_E3,changemile
);

GetDlgltemText(IDC_EDIT_TABLE_ACCOUNT_E4,aftermile);
index=atoi(total )*atoi(Temp)/lOOO,
String.Format("%d" index); // A @ njdgA
index=atoi(aftermile)+atoi(String);
String.Format("%d",index); /&% v}<dg A
wsprintf(SQLQuery,"update user_info set point='%s'

where name='%s' and id='%s",String,name,registration);
pApp—>DB.Exec(SQLQuery)

(718 6) POSHlA 2RIE AHTF AM-S g 2=

o
e FEE o)

g )1} 7o) POSEZRE:e] 18 59

AAF Q) EAES A7 AL AEH JuE doleuo]
o B,
23 SMSE AHg3tel AZ9E LRER A%

Eal

public partial class Form1 : Form {
public Form1() {
Initialize Component():

}

private void bultonSend_Click(object sender, EventArgs e) {
try {
WebClient = new WebCIlent()
string to, msg:
to=textBoxTo.Text:
msg=tesxBoxTo.Text:
string baseurl = "https://api.clickatell. com/http/
sendmsh7user-cafeworld88&password=J GTYPYWWFaRRAc&api_id=
3604059&t0=""+to+" &text=""+msg+""";
client.OpenRead(baseur):
CheckBalance():
MessageBox. Show("Successfully sent Message):
}
catch (Exception ex) {
MessageBox. Show(ex.Message):
1
}

=

(" 7 Chor AP =4 AE Zray

= *M o}O% 71z MFCZ 24
W PICK UPHES 8 5lo] 3
Fo,

2449 3 4

- HEIY
Login cafeworld
caleworldi@gmail.com
ETY
BZ1088690189
EHTRIN

REGESTER
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Login
cafeworld

BEziesl?|

CAFEWORLD

Welcome cafeworld
GO HAMSE=20

U 0| HFLE
cafeworld@gmail.com

U REE230

7Hie 3o ARE Geto]l a9l ok 27 99 o] 34
5 59 MRS IS E AT F 9]
YA [ = §

POS Z2a9e Fol Al 01§79 FES 9
4] 919 (39 103} ol HAWEE A4e)

9 % AR

=R

e R
B T
Message
PICK UP X283 H

,75,

¢ 006-1800-4473 v &3 tw|

20164 108 42! S22

SR
PICKUP' |os 100

(29 12) Ax7t gaEdivs 24 A5 98

POS Z2IgldlM &4 vAAE dFse 45 (28 12)9 2

ol £42 HAT F Uk

HAA A7)

],
b
olgael AxgE FPTAT A5 F LS 9

o2 B3l Aol A A% wel Tog, AY 2w &
g, B4 5o WL AR & A sof Al 0§ A5 4}
FE BRI BAFE AFY YL AoR welt

g uebt A% Aoz nAel 43 AeEA M gas
APPO.Z 3h= Wi E FEE 5 UESD o, POS T2
5900 APPS Bl FEF IS BT 5+ Y=E )5S

Ag o]t}
4. F1 B3

[1] Crane, Mk, Storrie LombardiLj., SilbermannN.A., Rebull, LM.
"MySQL/PHP web database applications for IPAC proposal
submission”, Progress in Biomedical Optics and Imaging, #l 70169,
pp26, 2008

(2] 4, e, * ¥AGAE 918 POS dlolgwo]x HA 2 &&
Bk " g AR A Y 3] A, Al6H A3E, pp. 1-16, 2001

[3]“'How to create a Login form for your Android App”
https://m.youtube.com/watch?v=x6jQAal.z108 2016.04.06

[4'How to Send SMS to Mobile or Cell Phone from Your
Application Partl of 2 https:/m.youtube.com/watch?v=FHIwdRkLfvs 2016.06.01
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Abstract

During the next rise of the population of senior citizens for the current social problems large and emerge
aging s the problem of individuals, even your future. Started to have a lot of interest in health care. This is
about the entire elderly population and health care of young people based on the industry, by starting to focus
its attention among health care industry which is growing fast. Smart fitness and health care industry are
now in their focusing only on technology development, and actually can not consider the cost of technology
system for the deployment. actual user need prevention of chronic diseased and to improve the practical

effectiveness has a very unusual case. Arduino,

a simple sensor unit combined affordability in this situation.

The sensor and the actual practical for the technology to increase.
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Hrtsta, dld A SFAANA FHA dole £ As5S Y F v WHE AASTh

1. ME 2. 8% ool o|& wy

7lE 9 AFE 2ol #AY deolHuwol~E Sqoop[3]& TAE dHolEulol~ 22 AHY dolg A
Fsto] 7199 dHolHE A% H AHE WA dolH ¢ %229 Hadoop Atelel di#e] vlolH & dAFsts =7-9]
ol A Wobdel whel #E H]go] FrkeA HAn th. Sqoopoll Al HolElE 7F4 & W, & row? HlES
ole] met &AL dolg#y ¥ AL YA - YoM file BEZ HDFSol #gsct. Rdl2& HDFS U
ERF LR HolEHE &7 HolHE AFs 4 3d o dlolHE #AY uvolguo]~z YR S e,
= o] Fa3uH1]. Hadoope ©]&]3k EAE sfA3}7] o] @ Map-only jobs A #Hrt. Sqoopel dlolH
A A A 2 MY S A F et Hadoops AHS AE 2= 19 1% 2k
371 el = deolHE HDFS(Hadoop Distributed File
Sysem S 4540 5. Tk 499140 43 401 R oy e——
£ HDFSE H$3ste= =% Sqoopel UTh  Sqoop ’ : !
Hadoop®] MapReduce 715 % Maps AH&3te] dlolE& Impi?tc}gfport E Map | %h E
T2, ) Gather Metadata /:(/ i

2 =foAe oy vy £y Ass Pt A o s — !
& MapReduce Job& ®lR 2ol Fa3st= Spark SQL l}\\“ yd / ’_E/,, Map = = i
< EQlete] Sqoop 45 WAL 7hetal, dolE A7 ~ l
2999 4% 252 e + 9= v a4 e QBT —
B g o S N ]

wEY A g 2k 2ddAME 43 delH o R — |
e gl dolEo) 3ddAE diolH HAE AHT v P Map —— = E
A 37, 4o = TPC-C dlolgldl s dsta, 54 .
AN A HrE Aol wE HAs YPS dolEr vt . Hadoop Cluster 7

(19 1) Sqoopd] HlolE AH Fx
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< gdgsiA A5 @gs #
Sqoop AHAS] A @& WA SEA
4 = QAT Sqoop®| AFE-3StE MapReduce 7]5<
22 goll A 33t SparkE =Y =N o U2 HE
< YERE F 9t
Spark[4]+= <A A G 3t
AS WlEE el 28t

i

Spark SQL[5] DataFrame APIE o]&3lo] #AE F
9} Hitet dAH daudgss FEsAY. DataFrame
4y dz=e Jgow HAAXsd 2L #AAY APIE
AF8-3t AL Sparke] A APIE =7 & 4 )

Spark SQL®] <QlE]#lo]~9} Sparkele] A3 #AE 2
g 2% #Arh

User Programs
(Java, Scala, Python)

L ! }

Spark SQL DataFrame API

JDBC Console

Catalyst Optimizer
L
Spark
Resilient Distributed Datasets

(¥ 2) Spark SQL9| Interface, Sparke}2] #-A|

3 HO|E M2 MS HT &2
Sqoop® Spark SQL®] d®lolE A% S wwsls
AN THS 29 BHL g b WA
[e]

doll A =] AW AbgS e E Aotk

<E 1> B AW ALY

=5 MySQL Hadoop/Sqoop/Spark
CPU Pentium E5400 Intel xeon E3-1231
(2 Cores) ver3 (4 Cores)
Memory 4GB 12GB
HDD 1TB 2TB
(O8] Ubuntu 15.04 Ubuntu 15.04

A9 =2 AW 2t F 3 el MySQLE M A8t
yrA] el Feay @3S FAS] #dte]l Xen

olgtE stolHutolAE FI I BAS TFESHATH
Host OSE A& ZZe] Guest OSel Memory 2GB,
HDD 200GBE &9datirt. 75¥ 249l Hadoop#t
Sqoop, 1¥]3 SparkE AA ATt FHsEH TE A
< 19 33 Zr

Hadoop/Sqoop/Spark
Master
Slavetl Slave2 Slave3 Slave4
Mem : 2GB
HDD: 200GB
Host OS |
| HP server |
(29 3) F¥=H +5 34

Hadoop2 Master ==9} Slave 4 node® T3]3,
Sqoop< version 1S 7|22 Master =05 A X8}
t}. SparkeE Hadoop¥ v}3H71A] 2 Mastere} Slave 4t =
T=39th. Hadoop, Sqoop, Sparkd X MAd& 7 2¢

5H Az WA
Hadoop 273
Sqoop 145
Spark 162

4, TPC-C ol E

A3 deolelE TPC-CI6] HlelHE 7|Fo=® 33t
TPC-C= TPCeh= Hlge] 7]#ol A dolEuo] 2o 4
S Hrkekrl fg wAAnAE vEAEd, 1 F
on-line transaction A2 A%< H7sl7] Y& wHe 2d
ojth. 7} HolE Atolo] IAILEE ¥ 49 )

Warehouse 10 District
W*10
3k

i

100k History L
W*30k+ [~ 1+
S\;\?*C‘IkOOk S [ Customer }
N *
= AN New-Order W30k
' W*9k+ [ 0-1
w 3+

1+
N\
AN SEE— N
Item | Order-Line | Order
100k W#*300k+ 5.15 W*30k+

(¢ 4) TPC-C HolE #AE

:
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TPC-C deold 44 A [TelA 2Enass A
el ALgstgon, fe] BARAN & 5

A
< A=
23} 7ro] warehoused] 7|F7F RE Elo] B¢ e A4
of d&Fg vwAA Hrh B =&oA= warchouse TF
50074 & d7gste] HlolHE A st 2t Hol&e] A7)
o row F& X 339 ZTh

<% 3> "Hol& dolfy Z7] ¥ row I

Table ™ A71(GB) Row
stock 15.96 47,059,587
order_line 9.26 137,932,346
customer 8.27 13,180,985
history 0.92 14,605,628
orders 0.55 14,001,609
new_orders 0.11 4,479,536
item 0.01 99,533
district 0.00 4,630
warehouse 0.00 459

5 85 got 21

AEe 99k o] MySQLAl AA1® dlel8E Sqoop™
Spark SQLS &83le] HDFSZ 3 2 AA&st= Ak
S vlsle] Wt WARZ ImportE 3 w J3S
ux= 29lo]  Sqoopel A=  Mapper, Sparkel A=
Partition®] o|th. 23 B2 o] WSy 59 s WA Y
A AEE RAE S

Ls

E

¢ lr ﬂll

o,
olr
2
o2
ot
tio
=)
7

H
_O|L
)
o
i
fi

rr
=)
ful

MY 7
= HAYE oW o= *4“3}—‘#7} 2 4 Aded,
Sqoopdl A= HolHE 714 e o gAYy 7)Fo] HE=
columng AR F dr}t. AF&A7F A ASA &3 H o)
£ Yol Primary key #°]l 9= 7% Sqoop®] °1& 7]+

o2 FEMYES 3o HolHE 7tHA "u. o]
Sqoop< o8] 709 Primary key #t¢] Composite key

o

=
7 §-, multiple columng 7|22 HeolHE 7[IX1 &
AE AYSHA 7] wEol AA% vFo] E keyE FE
Aol Fo3dy. X A= primary key’/l $e

history Elo]&& A ¢star % Sqoopol Al default® *
AetE key @S ol &3 FEMYES StEF AT item
3} district, warehouset= Hlo|E ] o] u]$- 7] o
Aol A ALlsta YA 6709 Ho] & I3
1851

WA Sqoope] AAl AlzbE SAS Ade ® 49 2o

<3} 4> Sqoop® Mapper = ¥ A A7t

(&9 %)
Table Size 4 3 16
name (GB) | (default)
stock 1596 | 1,720.24 | 1,553.68 | 2,063.22
order_line 9.26 1,462.43 | 1,391.38 | 1,824.72
customer 8.27 986.636 942.939 959.642
history 0.92 113.549 121.751 132.445
orders 0.55 96.3542 100.026 126.032
new_orders | 0.11 28.8934 37.7343 54.0038

Z} glo]E ¥ =L7] 9} partition 7|50l Wt TS F&
17V YAk o35 mapper7t S o) Ao

A Ao 1 7}
T F2 Ao yeuth olZle® mapper F7F Eoldt
tha Fx Aol FolAl= Aol oyl T Al &H e
MapReduce cluster 4 %5°l 27 mappers AA F+
Bol T8 S & F A

L3 Sqoopoll A= YUY Database A|EolA JDBCZ} of
H o AEFY "ol AP =FE AEE & dE 34
AFeo, A5 AF F 7 MySQLo| 2=, sld &
< AT F QA slE RS ARESHA
AREsle] & o wWEA deolH

2

E
g ko] ad e Fa

o

o

<3 5> Default(JDBC)¢} Direct(mysgldump) 41 H] L

(&2 %)
E:rl?]lg Size(GB) default direct
stock 15.96 1,720.24 1,726.52
order_line 9.26 1,462.43 1,490.21
customer 8.27 986.636 983.323
history 0.92 113.549 112.432
orders 0.55 96.3542 98.1854
new_orders 0.11 28.8934 31.8769

A A3 direct wAS AH&StE Aol Feol AA o

e vAA FH%
U5 Spark SQLS AA s AdE Lotruzt gt

ok Sqoop A% A¥ele] v E & EE HoES T
A8stA] gda, 7 delHdol #we

o
=
stock, £7F =7]¢l customer, "FA O 2 primary key7Z}



gl history ol%Al & 378e] Hel&xwt dom dds
2y stAtt. Spark SQLt A AAE &=7F okl ul
woll, dste 7w wet =S Aol vk ®=F
Job A Al MRS AREEY] witel, A mEe Y

& Sparkell @@ah= ol Fasith shARt # AY &

e WEZE FEA ¥ AFelrE AAd
partitioning #< A &o™ Out of Memory Error”}
ST A Sl odlelb WA EA] g partition
1% columndt 7MGFE Yol Aol HEasith wak
Spark® multiple column 7|22 ©loHE 71X &
g 7] W&, dolHE 742 uw Primary indexE A}
|8 & At WA Sqoop™ B AHS JIFLE fo

A e A 67 2l

<3 6> Spark SQL A A A3} (Sqoopd} £ key 71%)

E:gg Size(GB) | partition 4= Al ZH(Z)
stock 15.96 1000 1548.737312
customer 8.27 15 1192.780777
history 0.92 10 103.334931
t}S-& partition 7|5 primary key® 3+ A3 A3}o)
=
<% 7> Spark SQL Az Z3} (Primary key 7|s)
’r{:rlill: Size(GB) | partition 4= A ZH(Z)
stock 15.96 10000 1716.476442
customer 8.27 1000 765.143275
history 0.92 30 228.182476

Ag A3} stockd history Hol &L A
W, customer Elo]EL A|7lo] FojE A
Sqoop¥} Spark SQLY A A% AnE

wgk AL 19 59 Zrh

2,000.00

1,800.00

1,600.00 o S ,/

1,400.00

1,200.00 /-\\

1,000.00 - —e—shoek
800.00 - ——customer
600.00 ; history
400.00
200.00 —

0.00 i z
sqoop spark spark
(primary key)

(29 5) "HolE ¥ Sqoop¥ Spark SQL HA A%s wHlxL

HE AA As NS v 23 "Hols 277 7}
F 2 stock HolEd A= Sqoopd Spark SQLO AT
2ol AA VA &gka, 37+ 2719 customer H o] E
ol = Spark SQLOIA primary keyE 7|52 =2 Ho]H
s Y 9 P owmE AsE EAth wAe=
primary key”} 1 history H o] &% stock Hlo] &3}

3t S HER LT

0

6. 22 ¥ #% o7

0%

2 =idAE Sqoop?t Spark SQLS AM&3dte] AHEH
dolHE HDFSZE A$3ds AeS va H7e

Spark SQL©] MapReduceZ memory AolAl F3)alo] &
=7 9 wE Aolgte ddYE 2, dd Ad A
e A HolEo vt Spark SQLe] B £& A%S U

EbSlTh Aol GFE vAE floRZE A F A
Z A WA= partitioning 47, & WA T partitioning 7]
column®l AL & 4 YAt} partitioning 715 column®]
s deE =] gow HolHE #5sHA AL & &

SA Hol F4F AHE AT 9FS nAA "k

FE AFoAE AF B4 F AR} HUH FES
Hetste] vEE AV|E 584 A¥E 8 & A g o)y
7133t Aol ofd AAl By AWE FH2HEY P&
o oju gt Zpol7t Q=R ot A Sk
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A study of design development for turn—-signal
helmet cover utilizing Arduino

Ju—eun Kim, Soo-kjin Kim+
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Database Performance Analysis for Large-scale Image
Processing in HBase
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=M= t‘]xéﬁé“ﬂolﬂ Eﬂo]ﬁﬂﬂ o] AlzHlo®
Apache Hadoop¥} HBaseE AF&-3tt}t. Hadoope w4+ 3
AA|2="¢] HDFSeF #4F A2 2 #2E 93 YARNS
2 o]Fo]x] <9v}6]l. HBasex Key-Value W2l¢ A9
719k B4 dlolejwl o] =2 A[7] 7]E #AAE dlo]Euo]
o} T EE NoSQL dlo] el wo]~o|t}. Hadoop® HBase
Google BigTabled] /HdS Alsste] 435 AAste] A
g5 T3kl Aget

o
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