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Abstract

In times of disasters or emergencies, the number of people using smart device
applications (App) can increase dramatically. For example, in the case of massive
Nankai Trough earthquake, as many as 8.8 million people are expected to be
affected. If a large number of these people simultaneously use a disaster-response
App, it is essential for App to continue functioning as usual. To ensure this,
performance testing and large-scale deployment simulations must be conducted in
advance. This need is especially critical for mission-critical App designed for use
during disasters. Although existing load testing tools can be used for large-scale
simulations, the loads generated by these tools are typically based on predefined
and static scenarios. This makes it difficult to replicate the complex conditions of
actual usage. By using App themselves to generate loads, it becomes possible to
create more complex scenarios that better reflect real-life situations. This approach
enables a more realistic evaluation of App performance under diverse conditions.

Existing methods for simulating large-scale App deployment include approaches
that use physical devices and approaches that use emulators. When relying on
physical devices, either on-premise devices or cloud-based services can be used.
However, this tends to be impractical from a cost or resource perspective.  Al-
though emulators can accommodate larger scale than physical devices, they require
significant overhead to emulate hardware features such as displays, input devices,
and sensors. As a result, simulations on the order of millions of instances become
difficult.

To address these challenges, this research proposes converting an App into a
headless App (vApp). This allows the App to operate without depending on
physical devices or emulators, thereby simplifying large-scale simulation. One
straightforward way to remove the frontend entirely would leave only the core logic.
However, this approach makes it impossible to test user input logic. Therefore, this
study proposes rebuilding the frontend using a design pattern commonly employed
in App with GUIL This allows for generalization of the elements that need to be
rebuilt. MVC (Model-View-Controller) model is adopted here as an example for
frontend rebuilding. During the process of making App headless, three major
points were considered.

The first point involves an automated control mechanism for vApp. Since vApp
has no GUI, existing methods such as touch operations or screen transitions are
unusable. Moreover, manual operation is impractical for large-scale simulations.
Consequently, an agent-oriented simulator (Agent) was introduced to simulate user
operations and behavior scenarios. This enables vApp to be controlled automati-
cally.

The second point concerns the design of 1/O model for vApp. In a large-scale



simulation, each Agent is paired with one vApp. However, since vApp has no
GUI, conventional input and output mechanisms, such as touch operations or
screen transitions, cannot be used. To address this limitation, operations and
information must be exchanged through message communication between Agent
and vApp. This communication mechanism is defined here as “1/O model.”
Two models are proposed to facilitate this interaction. The first is vScreen Model,
which focuses on screen structure and transitions. The second is vOps Model,
which places more emphasis on the services provided by App.

The third point addresses a sensor information exchange model. When App
runs on a physical device or emulator, it can directly obtain information such as
GPS data or battery status. However, because a vApp does not run on an actual
device or emulator, these types of sensor information do not physically exist. To
overcome this limitation, this study leverages the fact that Agent simulates user
behavior. Agent pseudo-generates various sensor data and sends it to the vApp.
This mechanism allows vApp to behave as if it were operating on a physical device.
Two models are proposed for exchanging sensor information between the vApp and
Agent. One model handles data asynchronously (Asynchronous Model), while the
other exchanges data synchronously (Synchronous Model).

To verify the effectiveness of the proposed approach, an example App was im-
plemented as vApp using MVC pattern. Partial rebuilding of GUI in that vApp
resulted in App variant. This made it possible to clarify the implementation dif-
ferences and confirm the reproducibility of the method.

A comparative evaluation was then conducted using five different methods that
combine various execution environments, forms of App, and operation methods.
These methods were evaluated based on computing resources, required time, ex-
ecution costs, ease of automation, ease of debugging, scalability, fidelity, and im-
plementation overhead. The results show that the proposed method demonstrates
clear advantages in many of these areas. Regarding computing resources and scal-
ability, executing lightweight vApp on general-purpose servers enables simulations
on the order of one million instances at reasonable cost and within reasonable time.
In terms of execution costs and time, substantial savings were observed compared
to other methods. Notably, the proposed method achieved approximately twenty-
four times better cost efficiency than emulator-based approaches. Removing GUI
also simplifies automation. Since there is no need to track screen transitions or
user input, the control program becomes less complex than existing automated
tools.

On the other hand, there are indications that the method may be inferior in
terms of fidelity, as it is difficult to reproduce all user interaction patterns or
device-specific behaviors. Additionally, implementation overhead remains an is-



sue, particularly due to the need to restore GUI if vApp is converted back into
a fully functional App. Future work includes developing an automatic mecha-
nism for generating vApp from existing App and refining Agent to simulate more
detailed user behaviors. Further research will also involve conducting large-scale
experiments with millions or tens of millions of simulations and clarifying which

types of App and requirements are best suited for this method.
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T5, COMKZEN3 1R, 2—VF—FF2ZIaL— 155 Agent i, a7
By ZINLUTEEX vy =Y 2K EL, BE2FETT 5, LrL. TOWK
TE, 7Y P Y FOITRTOERDRESIND D, 7Y LY RIKF
TR - ANUHOO vy 7% Ial—a Yy TRIFTERVWE WS [E
MHb, DD, 702 by RIZBTI 22— - ANZUHETI20d vy 712
BONTORBHOE FREAREEL D D, BEDS X T 2B W TEKRME
ZHIXE T VRIDFET b, 22—V —ANUEOuY v Z70fFlr LT, Aay
MU YT 24 RTANY VR 25 BEFHNL, Ay b U, HREICE R
TEARYE WIRIE A7 =AU 4 Y FyDUH A X)) ZHIBL, NUHEE
MEBRT 2 TFETHSZ, chsooady ZHELEIELRWGE. App DS
T =X VABMKRTEIR, - - AR TV ADELRDLONS Z e »
Hb, LIzDoT, 7B b Y NIKFT 22—V —ANZUE T 20P v >
DOMGEDRA T+ TH B2, 25 LEMENRET VA INEE S,

3.2.2 JOYrIYVROBEE

Ay RL2ZLT 372012, Apphb 70y by RELTHREL, AppDa >y
nYy 7 DAERIBROGE, 2= —ANEZUET 20y 72BNk
MHETA2ZEDTERVEWSELD -T2, 2D, 7Y PV RERT
BET2Z20TIERL, Appd7ay by FEABEELEL, GULIZIRIELRWET



App Remove vApp
: Frontend
Core Logic Core Logic
VR 5
Front End
A
Output Input Output ¢ Input

X 3.1: 7oy by FELETRE

I—H— ANBUNHTESZ LD1CT %, TOHETE, 22—V —ANLHEHOa Y v
IR LoD, HENRERIEBTDAEREST S,

7y by FOFMEEZITOR, M 2E2FR 2R3 2 5% LT, 7
L— LT =AW HEL T A VRE =AW FEEREZ S, 7L —A
7 —271%, App DIEER BT 270 0HBEREMT 2D TH D, FITKITE
3 oDt A RIS S

—OHIZUI 7L —24Y—2DHHMATH 5, BIRIIZIE, UIRCETF2HDT
H 5,

o HEMR UIOEERIYR—F Vb v 1P xy MZXZHEAMARBER UL
2= DRt

o IRAEZAKIZIE U 7= UL EHT O HE LR

TOHWEZ, arvadyrEaty VORI IETH B, BRI, LITRIR
ZIF2DTH 3,

o IREEEH - 77— 2 7 —EHERFHITT 372D DIHAPHEE X —
o FT—ART7xvF, MYy rFEITL UlHilE%Z 5L LT WG AR RE

o XM T 4 T API 7 7 RARLHNEITA 77V DGR R— FL AES
HKoarayy 7EFEICERE - 7V X4 LA TibAJEEICT

BRI App D7 L —27—2 & LT, Xcode[12] DIEfEF % UIKit[26] % Cocoa

Touch[27]. Android Studio[13] D125 % Jetpack Compose[28] 72 E23H %,
“ORE THA YRRV VR TTETSH %, THA YRR =V GUL 21

DApp IR L THWHNEDDTHD, Ul D AppDaruTy 7 EniiLed <
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T % 7= OFAHTREREREHEH 2 HE T, KRB D DIZiE, MVC (Model-View-
Controller). MVP (Model-View-Presenter). MVVM (Model-View-ViewModel)
REBHD, WThD 2= TRLOSTEE 2EHL. 77V 75— avA
DEa Y R—3 Y MHHMERKEIDHEZ 52 2 DR TH 5,

THA URE=VE T =27 =7 KDHREXIEGL. 7L —2T7—=2ATH
FHENATWE 72D, THA X —V WS ERID —RILICELTWS &
EZD, £oT. 7Y LY FOBMBRIZE T A v R&2 -V 2R L,

MVC E7I)LDEHA

THA Y RZ—=YDOHFTMVCETADRDHEHINTVS 78 [29]. RIFFLT
X MVC £51 (ASPNET) Z25H A4 & —rofle LTHAT %, MVC &
7 (ASP.NET) #K 3.21Z"3, MVCETFME, 77V — a>% Model,
View, Controller ® 3 DD EES % [30]

App Model

Result Manipulate
v Controller
Result Event
Handler Handler
lirsdate andle aFe
Y
Nicw i View Event
i Update Listener
e —<=
Output Input

X 3.2: MVC &5

e Model: 7 /) r—>a ilBlils7—&EHYayuy vy 724 L, 21—
P —DEERH Y T4 VI —EADRLDFEITICL > TT —XDEENEL /-
e, ZO8ER % Controller 1IZIR S, Model 13, 7 —ZEHPEL I A 20Ty
JDFELITF, T—RRN=ZAND7 7R, APL#ER Y OERER KL, 77
r—a O RERE R RS
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View : Controller 22 5 DIGRICEDNWT, HEIZH L TR RIABZDOL XV
VO RHYT L, Viewld, 2—HF XX REINZUVUIarR—%x> r2EM
L. Model 20 42t X 1727 — & = Controller DFERICHE- T, 2 —H —1IZ
MUTHENR 7 4 — FXNw 7 213 2% E 2 Fo,

Controller: L—%F—06D AN ZZEL. TOANZIIET 20y v 7 %248
Y35, Controller 1, =¥ —D7 7> a3 5. MNEIT 5 Model
ANDT—ZBMEERFRT 5, F72. Model 2> HIRXNIMEREZE L. Zh
WCHEHDWTHEY) 7 View Z R L, View I3 U TRRZEH T 2% 14
{53 %, Controller 121X, Event Listener, Event Handler, Result Handler,
View Update & W o 7- NEREZENZF £ 5, Event Listener I&, L —3—
Do DEEANZRIT 50775 THb, Hle LT, RER>DZ ) w7
X7+ —LDEEFERETH S, Event Handler X, Event Listener 23%]
L7eARY MTS L TR X5, Event Handler IZFFHE X5 &
BEIL72A XY MG L7z, Model a7uyy 72 ECH 3, AT,
28y MY VT[4 T NT Y R25 L Vot ANEFIETZRY v 2y
HNET %5, Result Handler 1%, Model LB Z5E T 55 &, LG R %
Model 2» 52133 %, ZIELTHNHICEINT, X T % View Update D
W Z M §, View Update 1&. Result Handler {ZFEONH X L7z BRIZ,
View O E#H % FI1T79 %,

BREEICL-THEHIZIESR

7ay by ROBMBEOHEZX 3.3 128”3, App E~Ny FL (LT 2779
2. MVC EFTMIZEWT Model B X O Controller DFFEDHNEPEZ 2T 5,
MTRCENEFNOEZRIZBII2EERICK > TEEINZRIZOWTIHRR S

Model : ZH7Z L,
View : HEARRODEN 2L I 570, HIRT 3,

Event Listener : View 23\y FL 2L k> THEEIN L0, 2 —F—
POBIERZET 2HENTERY, ZD7D, Agent POIERZET 5 Z
EMTEDZ LHIBIET 5,

Event Handler : ZH#H7 L,

Result Handler : View Update 23HIFRZX 115 72, Model 2> 53215 L 7245
RIZHDWTHIET B View Update ZFEOH T Z & TE RV, ZD72H,
Model 20 525 L7-AGR 2 ZH L, Agent ISEETEX S X5 IWXBIET 5,

View Update : View 23HIfR N 5729, HIFRT %,
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VApPP Model
A
Result Manipulate
v Controller
Result Event
Update| Han:dler Harldler
v
View  'e--t: View Event
Update Listener
o4 e
Output Input

3.3: 7uy by FOHESRE

3.3 I—Yx>FEAIZSaL—4 (Agent) DEA

ARETIE, 3 vApp DIRIEMEO LB EZ I L | L CTIREHME e LTH
WAHI—Yxr MEAY I 2L —& (Agent) OME LA FIZONWTHNRS,

HE D App NOEIEIZ, A7) =TT RFETOXR Y F°, ANITNNAL X%
HAWT2—HF =12 X o THIENFEHINS, LU, vVAppIERZ V=V AT
NARBEDN— R 2 7 IRIFEETICETINBE 20, #7218 vApp IS5 3
BERRITT 2B T 208N H 5, X512, ZOEEMMEIZ vApp 2K
FEEIT LB I 2=y a v icbHvna 720, FEITvApp DEIEZFEITS
522N Y —2OBE SEERNTIER Y, Ko T, vApp DIERIEREITT
ZHAHAIZEETH D Z e AR 5, BIFOHEIRETFEDZ {1X. GUI
BEPRBLCHRIET 2R TH L2720, Ny FLZARETIAHATERL, %
oo TVRLTRAMDE ST vApp 1IN L CHHEMARTRER FIED AT 505, fl
W A7) T MK BERFEITT BRI THD, 2—F—DEEE+H5IC>
2L —bTETS, RO —F —1TENNT 2 BEEMENE WS HELD 5,
M EZREZ, AL TIEANY FLRBRIETH % vApp IZHXHLATRET. 22 D3R
DL—H—DITENIZ D 2 IEEILFICHATZ 2 /EMME L LT, Agent ZH W3
el

Agent ¥ 1%, FHANCHESI N2 F VAR TN TV XLIZHEDOVTRIED X R
I RBERMCETTEZY 72727 7075 A%1ET, & Agent IZFHANICHRE X
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NATEIS V) AICEDE, vApp I T 2IMET v 75 225 (T L, I/OETIL
BELTVvApp NANZIEET 5, 1RO HEHEEX, DO LORESINTT A
FRZV T ERT VR LAEIKIET 2 2 e 03% L, EEHSF VA2 +51ICH
HTERWEELDH S, ZHITH L., Agent I3 —F LD & 5 RFIEPHHEE T
App ZET 20 B XMICET ML TE2DO0KRERFNTH S, 722 21X, %
ERNCFIH X5 App Do — ATl DEEEEITHE) ) TSNS %) [HLSIEHRORERR
R EBHDITH AR —  2HAEDE 2 2 2T, ERIGEWVEMERIRES F U &
DOEBNAIREL R D, Fz. Agent IXNEIREE (. K. TEIEMRY) 2
B, FRCEOWTITIHEZLI BN TE LD, B35V Z LT A
D HBENTEHELIEES I 2L —2 a VIIKMTE %,

3.4 vApplcNITBI/0ETI

KHIES R 2L —> a Y TvApp ZEHT 258, & Agent 13X 150D vApp & Xf
W o>TEWET 2, LA L. vApp X GUI Z2Hil= /=, TERD X v FRIELH
HEBR E Wo Tz A IR Z v, £ 2T, Agent & vApp D TX vt —
WEIC X B2 BEE BRI EITHORBEDN DD, ZOEKNLEG T 1/0ET V]
ELTERT 5,

AFFETIE. ZDI/OETNE LT lvScreen Model] & TvOps Model] Z#2
BT 5%, INLDETNOMEEK34ITTRT, EHLDETADEL TNBE0IE
App DRFHIC K> THRZ 2, 207, BEFETEWADET A ZERHL, 3£
29 % App ORHEIIS U CHEYIZRET NV Z RIS 2 /588 L,

3.4.1 vScreen Model

DURIZ vSereen Model OBEE Fz Of, HIH D FRRNFHHRZ Agent THW 2 HAEHIC
DWTIRAR B

vScreen Model DIE

vScreen Model 1%, HHENK L BEELEHLZET L TH S, BERRNITIE. vApp
MERIZ TSend Input and View Data] W5 IV R—3x> b ZEA L., Agent ]
121X Mnput List) BE Y View Data) ZFi7-H 2%, ZDETI/LTIE, Controller
DEFTH % Result Handler 25, Model D7 B v 72 Xk o T X /45 R
Z2E L. ZOWNEIWIGC T N O@EYIRIE 21T 5,

o 1R FVT 14 TERDIBT I Model h» 5325 LR, KXY 7R
AT, Fzv PRy ZVAD KSR T 4+ — LHEOERRA VXTI T4 7
FRE LTI 2 T —2D%E, #F7BML7EZETH 5 Send Input
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VA VA
PP Model PP Model
Result Manipulate Result Manipulate
+ Controller . Controller
Result Event Result Event
Handler Handler Handler Handler
v 1 1
Send Input Event Event
and View Data Listener Listener
A A
Input Input
\ 4 A
Agent View Input Agent S
Data List
vScreen Model vOps Model

3.4: vScreen Model &2 TF vOps Model

and View Data I X3, Z 2225 Agent @ Input List IZEEF I N5, D
B% Agent X, Input List b2V X b6 AN ZEIRL. vApp IZEET %,

¢ A VRS VT4 TERDIFE | Model p5Z(F L 7FERA, 7F A b, H
B XTATDEIRIFA SV RTI7 T4 TER LTINS T —XTDH
D, Agent DENEICHE R 52 57— X THoGE. FillBMLER
T® 5 Send Input and View Data lZIE X4, Z 2725 Agent D View Data
EEEXND, ZOFE Agent I, View Data #F|H L T2 —H—D> I 21—
Y aryrEIITT 5,

CDETME, AV RTTT 4 TEHEZENRY, Agent ORI EL 52 5T %
ARRATRAYDEIRIEA VY RTI T 4 THER Agent W L TEET SR8
WCED, ROZEFZAEEICT 5, —D2HIWE, vApp A a7 r Y v 7 OULIHFERIC
J& U T Agent \ZIRIEA T ZFIRNCENL I B2 Z EAREICR D 28 TH D, D
Hi. Agent DEIE%R vApp VKT 2 BIHZRRAEICIOG U TELX® 5 Z &3]
BHETHE, 20D, LDOBHFIHEWS I 2L —>a YDIAJREE R 5,

—HMEA Y LT, BRTIZAENZ W App DA, BT % Input List D
BEOEIML., EEHEEL ERZZLITMA. ¥I2b—aryofTicEEsr
23z enTHEINS,

LEDoT, ZOETFTAMET I 2L —Ya VICEEENERINZEER. H
HEEPRREINIAEEARDBROENTWBIGEICEMRET LV THLES R 5,
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BEEORTIEHRZ Agent TAHWLWBHEM

HHED App IKBWTIE, =Y =2 HHICRRENERT B CRIEZ RS
%o T2t 2R, KERFOEEE App TlE. App 2SEFEEEEE 2 HHICFRR L, 2—¥ —
BFFRRINHE L — NERESB LU TEEH 2D 5, LA L. vApp IZiX GUI
DFELR WD, ARL—PF —ITHERENLHEMEZDE F Agent 1T THES
ZrETERWY, B L vApp M2 THIEICERRT %) R THEBEIERLTD, %
N% Agent DHEINIZITE A AL R WD, THIL B VWEITESC ARG E
C2RNDD 2, £oT, Agent HIOEHWED 71 75 22X LT, HHFRIZE -
TL—HY—ZEEL LI ELTWENEZEET 27D DMLMHABRBETDH 5,

Z 2T, vApp NERCHIEHF RHE L THEREINE TFA MR, FA M DIE
AR T4 TERBREHT 5, AKD App THIUIEEFHENCF]H XN 51E
R X EOMBESRERRT XA M RY) 2 HERREFAFOEKRZEOT — &)
LT Agent IZiEET %, Agent I TN ZEREZITED, 2 —F =2 HEH % Z T
BREREZITODPDO XS REMEZHIRT %, 25 LT, GUIZRELZ vApp T
b, I—HF—DRNEL T 5EHRZ Agent NEE S X 512725,

3.4.2 vOps Model

vOps Model &, vApp DRt S 29— R ZHEML/ZET L TH 5, Agent X,
HoLDE->TWBE S F Y FITEINT, vApp I U TEIED A N CEfE %
EHiT 5, Agent IS F VA ZFFo TW0WB 7280, vApp 205 D View B % F|
3§ 2 BB,

ZDETIME, FBANCERINLSF VA RRIBIERZITO 12D, V7 L&A
LR EHIAETH D, EEOHZEME N WS Z MR, FHRARD
BV WS KL D 5,

— R E UT, Agent BDHANCER I NS F U FITHEDWT vApp "D
EATT R OENWEZ EET 2720, vApp MIOEHEL LTANZRZET 224 IV T
CIZERRDZRAI VI TANEEITTZHELD 5, T2, KEROBHEERIE R
R App D & 2 REHIRRD L —F —BIEICHET 2 App DA, Agent ISHIHE D
RRNBLITIC KM T2 2 e TEF, BHEEORVWI I 2L —vareib,

ZD/d, ¥Ial—yarOREENZNZEERINZWEGEERR LN
ATEEROP CRIBEETZ T IREGHICENRET VN THELEEZ 5,

3.5 TNATAFEOEHIBEHROED FHL

2 ZTE ARICBVTAY— P TANL RFFFEDGPS - Ny 7V —REDE
YHERE YD LSS EHIAT 5, F72. vApp & Agent [H Tt WV EHRE
R¥d 5 2D ET L (Asynchronous / Synchronous) %773,
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3.5.1 TIUHEROEDIFVDOHEN

—RINC, PIFRT AL AL 2L —&X ETApp ZFEITT 2581 Av—1
FNA XN TWVWD GPS R EDE Y HFRP, ARV —T 4 VTP AT 4
DEHT 2NNy 7V —REREDIREERT App 225 EHZERIETZ %5, ZL T,
App IZEF L2 EWME N e Yy 7 THWS, L L. vApp @I T AL 2T
a2l —ZXEFHLEVWED, ZN501 Y HERNIYBINCFELRWY, 22
TRRZEFIETE, U HEREF/ITER LT vApp It T 2 HHA R EA T
%, BARENZIE, Agent P2 —HF —% > I 21— b LTWARICEHL., Agent 23
SR O HERE THRINICAER] LTvApp NIEET 2 HE 2 o7z, ZHUT K
D, EELZI2L—2ZHVT L, vApp BRERYE VHERERITED., H
TSP T AL ZETEHEL TWE2D LS KIREES 2 N TE 5,

3.5.2 TUHBRORXBETIL

£ VY IEERIE vApp & Agent I TTRIAZNZ 72, TN 5 DRELE T IMIFEED
ETNEMHHT S, ZNHDOREEET L LT, Asynchronous Model ] ¥ [Syn-
chronous Model | ## R L7z, R LAEKBUET NLVOBEZK %X 3.5 12T,
KIZINDHDETMTOWTHIAT 2, £ HEHITERSNTRICF vy > 2
ENd, TOF Yy aFTBLUT 4T 4 BARHFRITENT IState) & LTER
95, State X vApp & Agent DE¥E LDHNZHIFEL. TNENDOHITHHAIN
%, EEXN 5 State &, ZEROF vy > 2313 State ZXFFT 272012, 2
{5 State Z Shadow State] £ EFL7zo UMRR L 2ET L OFMIZOWV
TR %,

Asynchronous Model

Asynchronous Model l&. vApp & Agent 232N ZAUHIN. L7z & 4 I > 7T State
EREZETIZETNANTH S, TOETIMIL, State DIEZ(FEIEFEINCH S 729,
vApp X Agent O NFFLHIRIUCEAG S RV, ZDETIICEIT B, State DR
FFIHZL D@D TH 5,

1. TState) ik, X N71E#H % State IS 5,
2. TState] fHlX, State \ZHNX N 7=1HH% [ Shadow State) 120 L TIEET %,

3. [Shadow State] fHli%. %ZfE L 7=1&# % HE D Shadow State IZF vv > 2
S5,

4. TShadow State] fllix. HEIZJEH L T Shadow State ZZHR L CTHEHT 5,
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Shadow y Shadow

State Slate y State State \
I {Notify Get Ack |
-1 I R o
State j Sg?:tzw . S ) s g? :tzw
Agent | |
Asynchronous Synchronous

3.5: State DRHAETIL

ZDETILTIE, vApp & Agent DE WML L7z & 4 I > 7T State % i£32(5
T572D, F70 T LDETHENER > TV THRELZITITL L, KK
YIal—Ya VIRIETHFIMICEERETH 5, — /T, BRINZEEICE S
ZT2WEEIIE, State 23IEFHAICEIE T 2 Z e 6, BRI EIIFRS ML —
VT 4 OWERIREE 125,

Synchronous Model

Synchronous Model &, vApp & Agent 23[AEHARIIZ State ZIEZET S ET LT
Hb, ZOETIMI, State DESZ(E Z AN S 725, vApp % Agent DNER
WECEAEEINS, TOETMIBIT S, State DZBAFNAILLTOMD TDH 3,

1. TState) X, XN 1EHR%E State (KT 2,

2. [Shadow Statel fliZ. State ZH|H T 2721 State] HNIEHRZERT
% (Shadow State T TERZZET 5 £ THIE) .

3. [State) fHliZ. State IS TV B EREIEET %,
4. [Shadow Statel fAllZ. =ZE L =1E#Hi% Shadow State IS %,
5. [Shadow State] fHiX. Shadow State ZZHE L CTHEHT %,
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ZDETINTIE, vApp & Agent DSFEIHAMIIC State R DEXLD L, REDTET
% % T Shadow State IZfFH%S 5, Z DR, FERIIZHEICSDOE T IaL—
TarvEEITTEIRNELD 20, 70T LAOMEITHREICEND 5551315
DA L. RERORIMETT 2[R D 5, AR TIE. BRABDOIHIZ
Do Ialb—2aryoREeEMT 5729, Asynchronous Model Z£H L 7z,
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F£4F HIREApp N \DiEHA

REFIEOMEFEIEZ1T S 72012, Bl App NDHEHZITo 7o ITITHEIEL
7z App O E R X, IEFIETHET L7z vApp. vApp I35 5 1/OET N, TN
A ZFFE DL P IEROE D N DEIEHFEIZOWTLL R TR S,

4.1 BE

ARETIE, FI3HE App DEIKGEERL. HWT vApp DEARIY25EEE,. vApp
¥ Agent DI/OEF N, Z L TEYHERDPNTOWTIHICHENR S, FEIHL T
775 ADFMY — 22— RIEFEICER L TV 3,

4.1.1 flE App DEIE

ARE App 1%, KERFOBEEEH App TH 5, > AT LI vApp. Agent, Backend
Server TR S NS, AT LAZHRT 2 ZNENDEFRICTOVWTLURTIERS,

vApp

vApp ([ | App RIRBFIETHEANRZEEHTE>TAY RLZXLL72d DT
BB, FIT Agent 2 & DEAEDZ(E M TS, Backend Server 2> 5 DIFHROEIE % F
%, LUTNT vApp OFFORREZ K E hIidR %,

o Agent AN T 2 EIFHR %3215 L. Backend Server 7 S EHHRIZIG U 72
HO R R & BEEERT Y R+ 2 BUS T %,

e Backend Server 7> 53218 U 72TV A b % Agent IZX(ET %,

o Agent 20 HIEIR U 7T 25215 L. Agent DfLIED & Agent 2315 U 7258k
T\ D REEERR IS 2 AT S

o R L7248 % Agent IZE(E T %,
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Agent

Agent \Z, vApp ZAIH L TS 2 fE 2> I 21— LD DTH S,
2. vApp 225 DHEHEROIIE R X, MHZEDS I 2L —>aryz23T 5, IRT
Agent DFFOEREZ K F D2 12N 5,

o (ENEMZAMN - ZHE L. Agent IZIEET %,

o VApp 22 HBEHEFT Y X P 2 RZIE L. U R PN SRR L 7@ T &2 vApp 12
EET %o

o vApp 225 %A5 LBEEREEICIO U T, HEOMERREEE T 2,

Backend Server

Backend Server 1%, vApp Cl3E L33y VY= RIZFEL. App 25DV
JIZAMIHLTT—REZBRETEIATLATH S, vApp » A EER % 2Z1E
L. ZONMEFHRICIS U MXIER e BE#RT OV X b 2 RET 2 aEZ2HiD, L
72535 T, Backend Server TIIHIXIIEHR & HFTDV XA M %2 T — X RX—X HEM
LTW3,

4.1.2 EEHE

FT 5 AT L DOWEEKIZ K 4.1 1T7" 3, Backend Server 7% ¥ O RFIE T
FFL7-NEDHIIE) NS D DIIEEKICEE R VWb D Uiz, FEEET 5 vApp
F. A= 7+ VAFDAA T4 77TV —=2a»yTHH, MVCETI[30]
DTHARE =V 2TRAT25DL T 5, MVCET NI 27T ur o 6% T
57:0DT7 L — L7 =2 3HVT, BEFIETERLBDICTEHSTMVCET LD
BRICYTUIDTEEL 2,

TARTOFEEIZI JavaScript[31] ZH W5, HEHIZ=2H 5, —DHIE. Apache
Cordova[32] ZFHW\W2 Z & T, FERE LA vApp CGUI 25 LTApp L, A¥—
FNIAYHDIAT AT T TV = a VIET B Z e BARERE NS TH B,
S, YR—F7FF7v 74— LT, Android, iOSKZEDIZO AT T v b
74 —=LIELTWEDRHTH 5, JavaScript D EITEREIICIE node.js[33] Z A
Wiz,

4.2 vApp

ARFEITIE. vApp D BRI FIEFTRIZOWTHHT 5, 2O—IRe LT, 5
L7 vApp I QUL 25527 v 77 4%BM L. App & L7=HEDHIZRT,
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VA
PP Model
Result Manipulate
v Controller
Shadow Result Event
State Handler Handler
v 0
Send Input Event
@ and View Data Listener
A
Y
IR WebSocket
Y
Agent WebSocket
A \
Shadow View Input
State Data List

41: B App D7 —F 77 F %

ZHUZE D, App & vApp DT T T LA DIEEDEWEIAMIZT 5, App DY —
23— RFO—E%EX 4.2, 431", vApp DY —2a— RO—#E, K44, 4.5
WRLTz. B, ZTNHDOV R MDY —Ra— Rk, REOFHHICEWTARER
TRWE D Z KIEICEIB L TWa,

4.2, 4.3 TlE. (1)~(6) DFEEN MVC ETUIHIGLTED, Zhzh
JIEZ View., Model, Event Listener (Controller) . Event Handler (Controller) .
Result Handler (Controller), View Update (Controller) T®» %, X 4.2, 4.31Z
BII 2 BEHZEZOKREZ LN TAR S,

o View : AR DHEHEIX, HTML THHERRONEZHH., id X 7% H\T Ul
AVR—FVFOEHTZ VI BDTH S, X4.2, 4.3DGEEHHT 3,
Controller 7 Z AN ® updateRoute() IZ & - T, View 7 7 ANTEHEHL T\
2UlayR—%>Y FTH5., id="route” DENELEHINZHEIC. FLr
HTML I K X8 2 ¥\ 5 EEEE 5o,

e Model : XK DHEREIX, a7 vy vy 7 2HY L. Event Handler 22 HFEUNH X
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N, arzuay vy OfEE% Result Handler IZEET 2205 DTH %,
4.2, 4.3 DEE AT %, Controller 7 Z AND eventHandler() 2* 5 Model
27 7 AN D generateRoute() B E ., WEIZBW TR Y v 7 03FHET
5, I THERSINIMRE a— Ny 7B ZHWT, Controller 7 7 X
W ®D resultHandler() ZFEOH 3 & W0 5 HEREZ £i0,

e Event Listener : ARDHKREIX, 2 —F -2 o EZZE L. BIEONE
% Event Handler IZIEET 22 WO DTH S, K42, 4.3 DGE AT
%, View 27 7 ZIZBWVWTEFRE XN TV S button 252 —H —12 X o T click 23
FEirahs 2z zZ(E L. Controller 7 7 XD eventHandler() % M H 3
WS HREZ RO,

e Event Handler : AR DFEREIX. Event Listener 22 5FFNH X, ZE L
72 Event OFIZJSE U T Model DR Y v Z 2 UH T WS D TH 5,
4.2, 4.3 DGEXRFHIHT %, Controller 7 7 AND this.view.shelterl.
addEventListener () 2* & eventHandler() 23FEUHI X 41, eventType 53 click-
Shelterl. clickShelter2, clickShelterd W3 TH AU Model 7 7 ZAND
generateRoute() ZMENHE L. eventType 23 clickEvacComp T & 2143 Model
275 ZD evecComp() ZM-OHF & WS HEREZ FF D,

e Result Handler : 2kDH#HEIZ. Model a7 mr Yy 70 HIFUH S A,
Fi R DFEFIZ S U T View Updata ZFFOH T WS 6 DTH 2, K42, 4.3
DGEZHHT %, Model 7 7 AN®D generateRoute() 206 2 — LNy 7B
Bz e T2 X4, result OFEEHDY updateRoute D& T Controller 27
Z A D updateRoute() Z M L. result OFEHDY updateShelter D E
updateShelter() ZFE T WS HKRER B D,

e View Update : ARDFEREEIX. Controller @ Result Handler 7> & FEONH &
M, ZHEINT—RICEDOV T View DD D Ul a Y R—F ¥ P2 ZEHET
2EV55DTHL, K42, 4.3 DHEZHHT %, Controller 7 7 AN
@ resultHandler() 2> & updateRoute() 23FEH 4, View 27 7 RI2HBIT %
this.route £ W5 UL 2 Y R—3 ¥ P DEZZHET 5 & W\ 5 EREZ D,

—77. 4.4, 45 Tl&, vApp ZEET 2720178 > F =¥ FOEMER Elfi
L., K42, 43 LB LTHIRR - ZEEINTVWIEEDD S, (1)~@)xzheh
JIEZ Model. Event Listener (Controller) . Event Handler (Controller). Result
Handler (Controller) 7o TW5, 72720, FEZDOKEREICIIZE LT W=,
4.4, 45 IZBI B EER DAL N THAT %,

e View : HIER,

e Model : ZH L,
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e Event Listener: App) Tl&. View 7 7 RIZBWVWTERE I LTV button
BL—HF—IZXoTclick BWETEIN D L Zhz3ZE L. Controller 77 XD
eventHandler() 2L X T Wz, TvApp) Tl View 7 7 ADEIE LR
Wiz, WebSocket[34] 12 & o T Agent 22 H5#{E%Z3{E L. Controller 7 5
A D eventHandler() ZMEUNHI T X S ICEHE L7z,

e Event Handler : Z8E 72 L,

e Result Handler : [AppJ TiX. Model 7 7 XN ®D gentrateRoute() 7> 5
I — )Ny Z BERURE U TREZ S 4, result OFEEEDS updateRoute DIFEIC
Controller 7 7 Z2® updateRoute() ZFEH L. result OFEEEDS updateShelter
DA, updateShelter() ZFFNH LTV, TvApp) Tld. View Update
DIFE L7202, Agent IZRf LT WebScoket IZ X o> THIRZIEET S L5
WCEE L7zo vApp IZB1F % Result Handler DFEEEIZEH LTI, 4.3 ETqf
MDA 2,

e View Update : HlFR,

4.3 vAppIIXI9gBI/0ETIL (vScreen Model)

Bl App Z W7z, vApp IZX5 2 1/O 7 LV OEEFZHHT 5, {8EFIE
WBWT, vApp IZXf$ 2 1/OEFT /L& LT [vScreen Model] & [vOps Model |
ZIRE L7z, vOps Model I3IEEICT > INiET L TH D, HlE App ¥ L TarkH
WHWBRED 20 &I L, BilE App 121 vScreen Model Z25823& U 7z, vScreen
Model {& Controller @ Result Handler 25, Model D27 B Y v 712 X o> T
TRz ZE L. ZONFEIISC TUHEHZITS, MRONBDHRE Y, AT +—
LIREDA Y RTIT 4 TEFZEDEE, Input List ICE#L, FIBML 72
FTDH % Send Input and View Data IZE X4, ZDEZRIT X o T Agent D Input
List ICIXEEN D, Tz HERONBDBTFAIRA TR MNREDIEA & T
T4 TBERTHY., Agent OENEICHE X H 2 57— X TH-o7%E. Send Input
and View Data J€ X 41, Agent @ View Data IZE[E XN 5,

4.6 12 vApp IZBI1F % vScreen Model IZB3 %Y —RXa— REe#¥7-, X 4.6
WD (1) D Result Handler Tl&, Model D27 BT v 712 &k o TR X 745K
32 g L. NAEIZIG U T Send Input and View Data ZFEH L TW5S, K4.6 N
D (2) @ Send Input and View Data Tl&, WebSocket[34] Z T Agent \Zxf L
T Input List &2TF, View Data %#3X{5 L TW %, sendSheltersToAgent() 25 Input
List Z3%f8 L. sendRouteToAgent() 23 View Data Zik{g L T\ 5%,

4.712 Agent 1281} % vScreen Model IZBH3 %Y —Ra— RZ2t7, K4.7
MWD (1) D onSheltersData() {IZBWT, Input List & U TEEEFFD Y X h DZ(E%
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<!DOCTYPE html>
<body>
<button id="shelterl">shelterl</button>
<button id="shelter2">shelter2</button>
<button id="shelter3">shelter3</button>
<button id="evacComp">Complete Evacuation</button>
<div id="route"> Route Information</div>
<script src="app.js"></script>
</body>
</html>
class View {
constructor () {
this.shelterl

document .getElementById (’shelterl’);
this.shelter?2 document .getElementById (’shelter2’);
this.shelter3 document .getElementById (’shelter3’);
this.route = document.getElementById(’route’) ;}

class Model {
constructor () {this.onResultHandlerCallback = null;}
generateRoute () {
msg = {type: "updateRoute",payload: this.route}l};
this.onResultHandlerCallback (JSON.stringify(msg));}
evacComp () {}

4.2: App DY — &2 — K (1:View KX T Model)
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class Controller A
constructor (model) A
this.model = model;

this.clickShelterl = "clickShelterl";
// Shelter2 and Shelter3 programs omitted.
this.clickEvacComp = "clickEvacComp";

model .onResultHandlerCallback = (result) => this.
resultHandler (result);
—————————————————— (3:Event Listener)-------------—-----—-—-
this.view.shelterl.addEventListener (’click’, (
shelterl) => this.eventHandler (shelterl));
// Shelter2 and Shelter3 programs omitted.
this.view.evacComp.addEventListener (’click’, (
evacComp) => this.eventHandler (evacComp));}
------------------ (4:Event Handler)---------------—--—----
eventHandler (eventType) {
switch (eventType) {
case "shelterl" || "shelter2" || "shelter3":
this.model.generateRoute ();
case "evacComp":
this.mode.evecComp () ;}}
------------------ (5:Result Handler)--------------—----——-
resultHandler (result) {
data = JSON.parse(result);
switch (data.type) {
case "updateRoute":
updateRoute (data.payload);
case "updateShelter":
updateShelter () ;}}
—————————————————— (6:View Update)-—--------=-----—-——---——-——-
updateRoute(r){this.view.route.innerText="${r}t‘}
updateShelter (data){}

Xl 4.3: App DY —ZX 23— F (2:Controller)
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LTW3, (2) Tld. EEERTDO U R b2 & 8EEERT O#ERZ L. vApp I8 LiX(E %
LTW3, (3) D onRouteData iZB W T, View Data & U THEEBEHRZZEL T
W5, (4) Tl REEHERZ HWT Agent 25 OEIEZ L, (EFIREZZLZE LT
W3,

4.4 tUHBFERDIXEETIL (Asynchronous Model)

BIRE App & Wiz, T34 2R Dt > HEHROED D %35 5,
RBEFERICBVWT, U EHRORELET L E LT, Asynchronous Model| &
'Synchronous Model | Z#2%8 L7z, il App 1Z1& Asynchronous Model % 523 L
7z Asynchronous Model I&, Agent ¥ vApp [Tt > ¥ E#Z IEFHAFNI LS 2
ETNTDH S, £ PIHHRIE State & L TERINLZRITF vy o2 S, HFEANZ
FEFIACEE I NS, HFMITRZE X Nzt 3 FHIE Shadow State & L TF vy
PadN, BREWIGCTHEHEN S, X4.812 Agent IZB1F % Asynchronous Model
WKHES5Y —Ra— Fz#El, K4.8MD (1) D generateLocation() IZHB W T+
YHIFHRE LTGPS 2 2 2L — F LT, SN BB R AR L. sendAgent-
Location() ZFEFH L TW 5, (2) D sendAgentLocation() 125 W T vApp X L
Tt v HE#R% WebSocket Z FHWTEF LTV, KM4.912 vApp IZEIF % Asyn-
chronous Model IZR8 5 % Y —Xa— RZ#iE 7z, K4.9HND (1) D eventHandler()
WZBWVT, Agent 226t HIF#R%Z3(E L. updateAgentLocation() ZFFNH LT
W3, (2) D updateAgentLocation() IZBWTERE L EERZ ¥ vy 2k L
THRIEFEL TS,

class Model {
constructor () {this.onResultHandlerCallback = null;}
generateRoute (start, end) {
this.onResultHandlerCallback (this.route) ;}
evacComp () {
this.onResultHandlerCallback () ;}

4.4: vVApp DY — X a— F (1:Model)
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class Controller {
constructor (model) {
this.model = model;
model . onResultHandlerCallback = (result) => this.
resultHandler (result) ;
—————————————————— (2:Event Listener)---------—--————-------
this.wss = new WebSocket.Server ({ port: 3000 }, QO
=> {});
this.agentSocket = null;
this.wss.on("connection", (ws) => {
this.agentSocket = ws;
ws.on("message", (msg) => {
this.eventHandler (msg) ;});

—————————————————— (3:Event Handler)-------------------—--
eventHandler (eventType) {
switch (eventType) {
case '"selectedShelter":
this.model.generateRoute ();
case "evacComp":
this.model.evaComp () ;}}
—————————————————— (4:Result Handler)--------------------
resultHandler (result) {
data = JSON.parse(result);
switch (data.type) {
case "sendSheltersToAgent":
sendSheltersToAgent () ;
case "sendRouteToAgent":
sendRouteToAgent (data.payload) ;}}}

4.5: vApp ® Y —ZX 22— F (2:Controller)
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class Controller {
—————————————————— (1:Result Handler)------------------——-
resultHandler (result) {
data = JSON.parse(result);
switch (data.type) {
case "sendSheltersToAgent":
sendSheltersToAgent () ;
break;
case "sendRouteToAgent":
sendRouteToAgent (data.payload) ;
break;
default:

————————————— (2:Send Input and View Data)---------------
sendSheltersToAgent () {
const msg = {
type: "sheltersData',
payload: this.model.shelters
3
this.agentSocket.send (JSON.stringify (msg));

sendRouteToAgent (route) {
const msg = {
type: "routeData',
payload: route
3
this.agentSocket.send (JSON.stringify (msg));

4.6: vApp IZBF B vScreen Model D 5%
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class Agent{
————————————————— (1:Receive Input List)-----------------
onSheltersData(shelters) {
const idx = Math.floor (Math.random() * shelters.
length) ;
const chosen = shelters[idx];
this.selectedShelter = { lat: chosen.lat, 1lng:
chosen.lng }I;
this.sendSelectedShelter () ;

————————————————————— (2:Send Input)---------------------
sendSelectedShelter () {
const msg = {
type: "selectedShelter",
payload: this.selectedShelter
s
this.socket.send (JSON.stringify(msg));

—————————————————— (3:Receive View Data)-----------------
onRouteData (route) {
this.shadowRoute = route;
this.stepCount = 0
this.followRoute () ;

followRoute () {

this.movelIntervalld = setInterval (() => {
this.stepCount++;
}, 5000);

4.7: Agent IZB1F % vScreen Model D 5%
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class Agent{

——————————————————— (1:Generate Sensor Info)-------------

generateLocation () {

const lat = 35.68 + (Math.random() - 0.5) * 0.01;
const 1lng = 139.767 + (Math.random() - 0.5) * 0.01;

this.agentLocation = { lat, 1lng };
this.sendAgentLocation () ;

——————————————————— (2:Send Sensor Info)
sendAgentLocation () A

const msg = {
type: "agentLocation",
payload: this.agentLocation
s

this.socket.send(JSON.stringify (msg));

4.8: Agent IZB1) % Asynchronous Model D 5%

31



class Model {
——————————————————— (2:Cache Sensor Info)----- - - —————--—--

async updateAgentLocation(location) {
this.shadowAgentLocation = location;

——————————————————— (1:Receive Sensor Info)--------------
async eventHandler (event) {
data = JSON.parse(event);
switch (data.type) {
case "agentLocation":
// DHEZICEH AgentModel
this.model.updateAgentLocation(data.payload) ;
break;
default:

4.9: vApp IZBF % Asynchronous Model D52
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5.1 HB&FE

FEEEFRRIE, R5LIR LS5 DDFEETHW S, FITRE, 77V —>a v
JRE. BEFRBIC X o TFREDOD D ET o720 FITRRIE, WHEHT AL R, =
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HBHZrThHH, a—TY FETILD Android A¥— 75> 5%, =TIl —
2% Cuttlefish[2] Z W3, LA — K, BRASHERMOHENIAES TH 5
s, 729U R —bLRE2HMHETIEIZEE LT

7TV —a YRR, App. AppDarudy ZDA, vApp D 3FEETH
%, BEIEREIX, NICX 21EL BENRED D 5, BEMEETIE, @HE D App D
BE1E Appium[18] ZFHW, a7 vuy v 7 DANRE vApp TIEMHE O BEHEEA L
FHWSZ 2 L7,
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Fik FAITIREE 77 r—3a VIERE BRIEERE
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5.2 FHM@IER

FHEEE AT E U, SalfiE B3 B CRHME 21T 5, BUEIZFED < G-
AIRERTEH I OW TR, EERRFIEIC X o TE S - BUEZ Fl W TE &I 72 5T
2179,

o STBUY—X1100 A Y ARV RA%EFITT BT ERGTEY ¥ — 2 % 5,

o FRERR : 100 HA Y ARV ABFEITT 272 DDME[HI LEME TICET S
IRE ] 2 FFA,

o RITER I 100 H A Y ARV ARFEITT BB E L 185 T N4 ADEANE
7 ¥ DA FHEE B AT,

o HIMLDBZ T : App ZHEMEIES 270D Y —LHIFE - IREDES X K
HENMLS 2 70 DERIEDREDE S & % 7 i,

e TNYIDBERE TNy ZITHWZ u Z7ONE - BUSHIE - BEGEIC K -
THES S z i,

o FRIEM I App DA Y XAV R EWEMX B 2 EDOES X kil (EITHRDEH
FZERBL W),

o BRM YT NA X LT App ZFHTRIET 2 FHE 2. SBT3
Wiz ENZTEFICY I 2L — a VATRETH % H % 7,

o EEEA—N—AY K 1527 App 10T B 72 DI BN ERED B ST,

5.3 SR
S HEIEE IS T 2 (5T EOFHE 2 3% 5.2 IR,

5.3.1 5HEUYV—X

BFEOBRNMNFREY Y —RITBF 2ERRFETA VAR RN K, 100 54 >~
AR ADFITICRHERFEY Y — 20 %2R 531513 F, FEL 20100 5
4 VAR Y ZADEFTITRHERFHE Y Y — 2OMEEIE. YFRTF AL R B HAEEY
V=Rt L, FE3 4. 5 IEFRHAITRTERRIEZ BAEITHEY Y- L, A
L7ze 72720, FiE4A 5DFEY Y —RDOEIFRETH L7720, FlEL4DETEY
V=2, FIESTHEHLEZDDEELWVLWDDE Lz,

FIE3, 51100 HA Y ARV ADFEITITHERFTEY) Y —2ADE#=EH T %
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K 5.2: FTIROFHMiE R

A H FiE1 F2 F£3 Fik4 F5
ARy Y —2 1(1M) 1(1M) 2(50,000)  5(6,250)  5(6,250)
FTEIRe ] [ A 1(19) 1(17) 4(5) 5(2.5) 5(2.5)
FITEH (3] 1(1.95B)  1(1.56B) 2(28.08M) 5(1.17M) 5(1.17M)
HELOR S X 1 2 3 5 5
TNy TOEZE 2 3 5 4 4
Rkt 1 1 3 5 5
S 5 3 3 1 3
FAEF —N—AY F 5 5 5 1 3

£ 5.3 BFED 100 F A4 VAR Y RAEITICHRELRFEY Y — 2

Fik BAA VARV A/BMY Y =R 100 A Y ARV ADY Y — A

1,2 1 1,000,000
3 20 50,000
4,5 160 6,250

HU7-, FEBRIRIETIX, 4250 CPU ZHHLTWA 7%, CPUMHARX®D ERIZ
400%TH D, CPUMHEDOHIE I TDOIFIETEMEL 72,

o CPUMHRDEfGa~> F ipsa~vr

o CPUHRDFFETE : FHER K TOEA Y AX 2 ZAD CPUHROE
RIZED . FEZR

o CPU ffHROMERIE : 108 Z 2 icHllE
o JIEHAR © FATBAGAD & 600 AR (HEt 60 [EIHIE)
DIRICFIES. 5 OFEBRAER G, BAGTHEY Y — RCBIT 2 RRKETA Y RAE Y
ABOEN T EERT,
FE3
HAEHE Y Y — 2B 2 BKRFATA Y AR Y 2BUE. U TFITRTRTcEH L,

CPU RO LR (186%)
BN A Y ARV 2D CPU % (3.92%)

RRFETA ¥ AR R (20) =
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3+ 5.4: EERERE O

THH fiE

CPU EFIL Intel(R) Xeon(R) E5-2650
Y CPU ¥ 4

Vi a7k 4

HEZ L v N 4

oy 7 R 2.00 GHz

XEVHE 8 GB

ANV —VRE 38 GB

cpu HHAERD FRIX, %3 2 FE5 DEBTRDZHRAEITA VAKXV 2D
cpufFFHRZHH L7z, Bfif v A&Z 22D CPUMHARIILRO=20EEDH
s EH L,

e T3 a2l —&DCPUMHMHE:6.71[%)
o vApp @ CPU M : 1.84[%)]
e GUIDOA — N—A v F 1 1.84 X 0.2 = 0.37[%]

T3 a2l—&DCPUMHEIZ, #5418 LERREICE VT Cuttlefish[2] %2
%ﬁbtW@CPU@@A®%%%ﬁV%¢vmm®CPU@ﬁXM$£5®%%%
RERH W, GUIDOA— "=~ FliX, vApp @ CPU D 20%& L. vApp
@ CPU EHRITIE L 72,

FE5

HATEEY YV —RITBIF 3RRETA Y RAZ 2503 vApp DA VA &Z ¥ 2
% 1, 10, 50, 100, 125, 150... & ¥EMX ¥, CPU HEN M LIzA v AR ¥V A
ROz, EBMREK5.11TRT, ERER»S, 165 4 ¥ A X > AT CPU ffi

RARBFD LT e, mARFITA VAR AL 160 & L,

5.3.2 PREEFR

BERBNSHEHB U, SFEOMERRIKAO, 100 4 Y AR A %FITT5
FTOFIEEZZK5.5ITRT.
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X 5.1: {ERFIEDOFEITHER
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ZADEINEIT S,

FiE2

FHE21E, AY— b TN 22 —EFHCEN L, App D KIREERITEITS8HE
PHET %, AY— b7 VOFEIQETEL LFABRICI0- HE2ET 2, £V 7
FSERBORERIZIZ S AZE L, TAAL REHHAOYHA > 7 5 2% T 3, BE
Ity — L ORAFIIZ 1 HZE L, App DIEIERT AL AREXHENLT 2 702
T LENERT %, T A M EMERCIZ 17 HEZE L, BIfERERR & MERERBRZ1T 5,
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# 5.5: BFEOFTERHE & FIE

TR PR FIE

1 194 A TNA RFE (107 ). ZINEHEE 57 H). BlX (2
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W EMEEL, av 7 F TRy —It T35, 7R EMEEICIE 2B E B
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5.3.3 ETE&EH

BEEZB» A LA, FFED 100 A VAR ADETICHEREFa R
P ERBHEHZELCIORT, AL —MI1 FL=155.62H (20244 11 A
20 HFRF ) & L7z,

#£5.6: 100 54 Y AR Y ZADFETEH

FiE X MEHE AR it [9]
1 TNA R $153 x 100 & 1,530 M
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BliXEH $5 x 100 F& 5M
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