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The Global Aerotropolis Network (GAN)
: A proposal of the Leapfrog type Developmental Strategy for Southern Africa

Shintaro Ishijima* and Mitsuhiro Maeda*

Abstract

A Second Unbundling type production network has been developed in South-East Asia. Some
embryos of industrial communities can be seen in industrial agglomerations there. GIN (the Global
Industrial Network) is a concept of networking those industrial communities.

Based on the Global Production Network Analysis, we conclude that the SADC (Southern African
Development Community) Member States need a new developmental strategy enhancing the latest
model of a production network, namely GIN, for a leapfrog type development.

An effective strategy is to build a new type of an aerotropolis, specialized in SMEs producing high
added value commodities, and to globally connect them. The network (the Global Aerotropolis
Network: GAN) will develop advanced industrial agglomerations in Southern Africa. Industrial
community building by ICBM (Industrial Community Building Measures) will also play a
complemental role.

Keywords: developmental strategies, Second Unbundling, Global Industrial Network (GIN),

aerotropolis, ICBM (Industrial Community Building Measures), ASEAN, SADC,

1 FEDME

AAFFED HIIZE, 21 ACOREEST 7Y 0 M2 B\ Tl
TR R R 22 ThD. Tk, BRETY
T (LAF, BiC, BT VT, &5, ) O ERESHZICL
TERD.

FEHEL, BRI LENRFEREEED D oL
NEFEIEONBERFTTORAAALLT, T r—r31
APEF Y N —7 PEARIBL TE TV, bbb, R
WO FIE, 20 HACH LIk R o 1 EFE % (Leading
Industry) THL7 7V —RE&EE IS m— 0
HEFER YN — 7 DREBENREREEE RIF T 525, /n
— VAR Y R — 7 ORERRIZIHE & B 72 56 R B R &
IR RAREEL, — B R R R B, 7 a—
VEFERY NI — 7 DRERENEAL T HIEZ OB E RS, &
WIOLDTHD. ZOEZFITHESE, 5% D Ta— )L
FEAY NI — 7 DRERRE THIL, £ 350 A BI7R %6 R g
BV FERFL NS (E D).

Received on September 30, 2015
*PEEHMT R PR KT, Advanced Institute of Industrial
Technology
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BRI — PEE T2 =T (DR YN =L LD a— P —Ta
2.0J, PEEFIRRTFBERFALEL 8 75, PEEHMT R FHERT,

IO a— S VAEFER N — I RBICEESE, 5B OF
BT 7Y 0 Mg 2 3\ Tl B e 8 B BRI O N R AR i35
DRARMFIETHD.

FEER T 7V I, L =7 AR B AR R
ROEDF AT, FFIoHE B S ki & Eius.

EBSEAIE, 201547 A 6 B, IL=T7 AR BEO &K
MM EERR L. 2015 FoMFOGRAN (1 B 1R
IV 25 B MR CAIET5H) & 1990 I~ T2
EWV) BEEIZDUNTIE, 1990 IR0 D 47% (19 {2
2,600 J5 N) 72o72b D73 2015 4RI 14% (8 & 3,600 J7
N) &720, IR LT (1 2).

EESEA B EZIICH, Z<OBBRERRD TNDEIINL,
R OZ R IR LD Tldek, Bl&kE$<nE
BN TOEIEE %, 21 o4 BT, —#o
WIS HUIBCA BN T HEER RS, A1H 7R 8R 5 B R O A
FIXAZEIAEN D DOBHAZEITEV 72, T72bh
TR FEAKDS B OBBEIL, ARENE WD IR
THMLRRE ORI O LT, B 5 Rk IC -3 A
TAFTTNIRFREE KBS HZLTHHEE 2 5.
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JNEFRZ2 AR F R E DS OB ENE Lo TETWA. Ml
ZVHHIBIZ BT, BRATHE VORI T 58 Y 2
FEDRDO Bz, w75 RIS ISR T AT L
R EAFZBR TS, LVOREIE, ESITFEE S
DI > TNBEF 2 5.
SHIZHER T 7V A MBSV TIE, 14 NEEAN—L
9% SADC (FF# 7 7V 1B %8 4 [F 4 : Southern African

Development Community) &V ) sk (EIBEHEEE) 23,

SO\ [FI B A ot G2 LT A i C O SRS I (2 [E FE B
FE AR (MDB) : Multilateral Development Bank) &
L DBSA (B 77V 154817 : Development Bank of
Southern Africa) STEET HIZEDY, Ml 2 (R0 3% e kg
5EZ D L CTHBEREWREFFO.

EEEX, TRT VT ORIRER) %21, YaxHiko g
Tl B BERIS 2R 2, LV FIEERS. WAL, THRT
CT ORISR | OT TV A ~OBEE, LI, TICAD(
I 3) 2% 2003 EEELCKRT —< L TR THDb D TH
5.

TICAD (ZBW TR RN TWD BT VT ORISR
DONET, BT LBFEESIL TR, KFDar 42
LT, 77— REGEEMM A PO, ZEERE
OIVEE AN S, THEEDERLZZEE2ETHLOTHD
LEZD. FNEFEO T 0w RE T 7 OB WTHE
RLIHEVIEDTHS.

FEHET, BICR TN, THRT 7 O shikER | %
H7H L EHEREKEL T, ASEAN &) MUl O 17
%% %5, TICAD |[ZB T ARSI ILTLHL—B L2 D
OO, EFFE, THTVT ORRHER EbTeblLiz K&k

ZRL, ASEAN &5 Hibis 73l B O J¢ R EIR DR,

B O AU B <L L DFIE ORESEIT EB o & 2 o7
TETHDHEZZD. ZOTDFRE T 7V AHIIZB T,
BERET 201, ZDIH7REEN S FTREMED H 25 Hh
WASRE ST T A IRIZ /2D, T7b b, AP T, B
BT VA E S, MET 7Y b B3 4 [FK (Southern
African Development Community: SADC) ¥ @ 14 2>

E (ZoH=7, ¥oe7r, RYut, e —2r, 7oa7,

DR TZ, LYK, RUDTUR, =TUA, FIET, BT 7Y
H, TV r R, ardBREHMEE - L. Bk
B O~Z WAL ) BT 2EET 5.

SADC DRI, MEEMORFRZRIEENRKENZE
Thd. ZOMZEL, ASEAN IZHHGE T 20 TH 5.

1 31 77V 4% Tokyo International Conference on
African Development.

2014 D1 ANHT7-) GDP (3£ 4) & iLpL, A2, A
T2l (15,115 Kv), E—=UT v A (10,517 RV) DI
OECD D& FEB R E O A3 E NIV KIS
Endbsdr—J7, BT, vT71(242 FL), arFRFH
FE (437 F), P8 —2(630 Kv), V=7
(1,006 V), Yo7 (1,031 KJL), LYK (1,130 KoL),
PFET (1,781 V) 8E 5. ZORIC, RYTF (7,505 K
V), T 7V (6,483 Kv), 7T (6.095 Ku), 7=
7 (5,273 K)V), RTTUTUR (8,484 RV) DML E T 5.

F4ED ASEAN % ok, EALicy » HHR— (56,319 K
V) Y7 VA (86,332 RV), ARALIZ AT T (1,081 F
), Ixr~—(1,221 V) R OTA (1,693 KV) B3bHD,
ZOMIZ~1L A7 (10,804 KL), #A1(5,445 K)V), AR
$27 (8,534 FiL), 74Ut (2,865 FL) e MR F A
(2,053 R/V) LEL, FEEOZERMER RON5.

ASEAN 73, BEIZ 1995 AED MR AP E L T b A
BRI RT T, TAAKROIx L ~—OMEZEKR LI
1994 £ 7 HD AMM(ASEAN Ministerial Meeting:
ASEAN SMHEA) OWF T, ZORE A TR TRl
B/ TTOB IO KLU T, 1993 FD~—AR)
ERRKIFERNE# O EU (European Union: BRINEA) K Y
1994 £ 1 H 1 B%%hE# D NAFTA (North American
Free Trade Agreement:dtKHHEE S HE) THY, 21
DIZIS N TITAE AN B E ] O R E R R L~ L DiE N
DINEDotz. ZRBICH T, CLMV #EEZE DT
ASEAN WO ZEEMEI IS TR EL, E512, CLMV #EA
BATREBEFHECTHH-D, HlEROE N KE) o7,

LOL7e 30, FEH ARG Z IRV IR D7 HIE, kI
N ORF R OREETIIRS, KERTF Yo 2%bbT
FRTHLHHEE ZHND. 20 ALK LAKED ICT OFEE (A
VA=) b, EEEEEE T LET IRV AT 4y T A
T FDBENEDHEATAE R, ZARMED R E e MilsliZ & BT
RSN —E RV IRBILIZED, BEHUR TR
KU 7 LR E A HT LN a— SV AEFE R N — I B3 A FE
N5Z&Llo7=098 ASEAN OFEFIORTLEZATHS.

2 ANFUREREELTHO R EEH

2.1 HESMKICETSO—NILEERYNI—SHE

HBHEIE L, ERALAICRITHIED, B ik oRk
FRRE DTZO IR 28 % ORRFEBOR DA L2 DB D
DEZFHOZETHD. HRORFERIZL, £ORTH,
DI LIS L EEER AL A1 (coherent) THHZ EDVR D
LD, EEEASIZBITDEREE, EARMICERERHK
TSI BN TODLEOD, ZIUTIFRSNT, EFEE,
FRIC U S e R B E BT A0 5D,

7 4: IMF World Economic Outlook Databases 2015.
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I DRERETHD, EIHBLDOTHD.

7B, BURAER ¥ 278 B BR IS AN 75 iR |2 EE B e 7
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HDHZEDD, BFEREITREARNICIIREOITEIC I > TE
WENDZLITIRB.

—75, BZERRF L OMFEITRNTH 1990 4R L /35
VADEENERESNDLNT 2o TEIZ, HNF U REFTH
TR (BIRREEFICB T, AN ICEREF &
) Tho. BUFBRFREDTDIATIE A1, BRo

HEBR, FAFTAMEDIRTE, BT OMEFFERR 2 RNE 13 D5.

U5 RIS OB, ZNOONEDISEL TR D
ZENTED.

BB H LR BEK AR AT 20 5720T, Thicik-S
WTELORFBOREZRIT5280%, ZOR IR TR
EDITHO I LS TRE T HT GO HINEEEZ LT TS
LD ZOBE, AREDITEIDOAICL > TRET DY
firk g% M*, BUFFIZEZDRRFBOR DRIl L > TEERETD
Iz 72 B BRIRAE R M** LIS L1295,

RFERELFERT D, LVIEHE AT 5L,
M*% M**|ZEHE T AZEFIESLEINGS. EREEDA
RO T AT IFREOIERTHY, Fhu, BERREE, £
TR D E % 78 MU ORI R e — T 25
Hbbiug, —BELanWgEbdbsd. —BLWGEEIE,
BOIL, EMHENDZ IS,

BURFX, M B OBUR BEH 3 5. BT 35 HulkOR %
REOETIL, mWELEEZRF-> TRV ENIBER B
Thon. M* B3 EHIRZRRE RO FEBREWSBER HHIcs
STHBORKEELIL TWDIGE, Fiddiiolkiiiix
SRBRWVEO0, M* LT HEICRIFE R EL B TED
KIFrIREAIRE LS5 6 (B EAL) , BURF D& AR ORE B
HaFEML T M*% M** I ZEFTAZLITA I THS.

F2OMIEE, M** 3R HIR7aR8 % i B D7 A HL)
REDTHHIEERIALT HER THD. B L, M*™%, B
I DB DORRFBOR D EHMIZL > T M* DA RSN
Bl i ChHDITBRE T, TRNEHNRRFEREDDIC
BEATHLRFETR V. FEIZL>TE, M*EDHEVR

REIZ720155.

FRRIZ, 20 HEFLLIRE DI S 2R 1, 2D L5705
L RAOTDILINTED, BUFIL, EROKZ DL N
[N TWADIEBAREE M* %, BURF BT 2 E /07
RFEREZERTDREDDENTEENTIRRETHY, H
LORBPEETHNDEWET D, ZZTEBUIL, FEO%
JRERISIC DX, SR ORIFBRZ FM T 524 E T
. EEE, BRBEBROT, TNNELRDEELT, B

LD BOR D Iz XH9 5. LLRND, #EidT,

SHIZEBZREE M*BHBLL TLEIEVHBDTHD. 20
AR T DR EROELDOFEFNZ, TOIHeLM
LCIZDIENFRETHSD.

Ja—rVERE Ry N — 7 LT, FE RIS O gl
FRETHEERERELT, ZORRIZBTE7a— UL
EFERYNT— I DRERREEY LT LD THD. HDHIRERIT
BIFL7a— VAR N — 7 OREREE AT, Th
DR IR R RIS T AR EER N (Rv b
T — ) ¥ 35, HURT M*S N*&—E L TWAIEAIZIER
BIT72Wb DD, ZOIH7REEIIMA ThHD. LIhi>TH
FEARFBOR A E T 5281080, N*e—8§ 25 M**%2 %
BlT5, L0IbDTHD.

Tibh, B BSRFEBOROFMIC I EE §~& M**
DIRRED, T N* L TRESNLTND, EEZXDHDTH
2.

ZDOIOREZFIL, BFBOREENE T HEMEICONT,
LT OmRgEL 59,

—RANITIE, FFE DR REIEZEAL, ZHUcE ok
BWEORA R T DLV T AF 20 ERELTE, ERE
FREHEITEPN TS, — 7 a— L AEERY NI —2
HBUINLO7eBIE, ROBNDTNF U AONET, 7u—
FIVEFERY NI — 7 DRERRIZ S > TR TESND N* 25 I
BHEIL, 10 M¥*% N* (M**) |2 U758 CE ORI BUR
EIERTHIETHD. S a— S )VEEXY NI —213, [V n
— OV EFER YN — 7 ThHDHTW, EHE EEoERE
FOHMEBZLHLDOTHS. LER-T, MY REITER
ERICIVBEIR T AT AR ERSNDIZL T, ERE
FEDRENTZT THATHLRIETR. D78, Za—N
NWAEFERY T — 7 BB W TIE, HiB O % B4 &
W2, [T V7 ORISR O 533 T s
ASEAN DRI UIZEZENCRESFRL, EEH 7700
Mgk D4 1% DI RIT OV TIT IR SADC DOFENTK
E<HIFFT 5.

22 TA—NIVEFERIRT—IDEREFEEBBOHER

T a— VAR NI — 7 PBUCB W T, R— Ry g
> (Baldwin, Richard) ®#TIZ{KHALL, 20 ikl LA
DI a—rVAEFER NI — I DBERER, LT 4 BEpS T
BLTWA.
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51 BRBEAS, SUBUBRRE, bbb [ A PELYEE D4 B A
FALTELT, FEAEEMENHAOEREZANIC
TREREL, ZEEHZIToCODRETHD. TRV
V—RBGEENH RO REPEE Lo 20 HALRIS
1960 EANLETORATHS.

EOBEREDS, IR— LRI DED, T7—Ab TR
CUBMET, | TAEPELTHE OB N ERT D, ZEER
KO THD. FELEEERIET, FFEIANDOL NG
EiE FEENE~OEEREEED, ZEECETS.
1960 05 1990 FARHIBAM DRI T 2.

H3EEMED, R— LRI 4L DEDH, BHVR TR
VU BMETHD. EEAEAMERN), HENRY—E XU
JDFIEIZLY, BENOHERE =y MR EDBTBEL, &
NEND ARSI R E L, IET AT IR Db DT
HD. ZORER, BOEEED L VHIK Ty # LB
(fragmentation and agglomeration) | 35435, W7
D7, ¥R ASEAN O#IZFUNT, 1990 4E1C LIRS f 3
L TODHDTHD.

HABRMEE, EEEDERETD, LS THY, /e
— NV PFE% F* v MU — 2 (GIN : Global Industrial
Network) BEfELFEA TS, BAUR TR R 7Tk
STHRAELUFEEEBNIBICBWT, &z Eh-mE o

U NMEEIRBLO Z A FI A 5708 B EREICEERET 22812 kY,

FE¥aIa =T MR, TNHEEIR =T NEEEE
H-C, ZRELERGIBRICL> THETILOTHD.

BHR T NN T BBETIE, ENENOEESEME
AR T 5 L5, Ve E T B O RE3E (2
AL EEAEML TRER EEICEE) THHIOIZHL
T, GIN Tl, ZOHIZBWTHE LI Uiz A/ ZE (
I 5) THHIEDHHE D RKXRENTHS. GIN [ TBLEH
TVT, B2 ASEAN OHUZIBWTEDREIEN Ao
D,

T ra—r OV PE R N — 7 DREREDZAIL, ZHLLRTIZ
BWTHZ ThH o3 REIE DO H VIR ER 2 B
FKE T . Fa—r VA ER Y R — 7 DRERE DA L LT BEIC
I, FEROFR BRI 245 C, HLW T m— L AERE Ry Y
— 7 ORERRIC AN LT 3 RIS 2 S8 L7 T U2 720

RS O TIE, BUAWIIZRER R A 25 . BUF
B, B REBATOF R II R M2 RS R R IEE 2T
IR WERM L2 Th, BEFHE AR 1C KD E I M
(inertia) 12XV, ENEKIFET 272DITITR WVREF EBUE
FIFLE R LIEEINDIENRE . BT T 5%<DE
HR, HERFORMZRHEBIVEG, 4 im OSSO
TRz B R T DIREN Ty afffiit7e> TNDHT2DThHh
5.

EHLEDOFHICLDE, HTOT OEFIZ, 20 Bt}

T 5T EHHEL, FOIOMeH/MeES, Hillkid3E (RE: Regional
Enterprise) &5,

LI, 7k lt 8 B, 7' a— VA E Ry N — 7 DRERED
ZALIZKHE LT E D F R A 8L, 2SR
FBORZEL, BFEREEZRINCE WL Rb5.

%1 ENE, BAH 1950 FRITIHBICHEE L7, BIF 3
FTLEVHFERRIS THD. 5 21T, ASEAN OEFE (v
HR—I, A, =L AT, 74V, TARA K OAR
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FRERER DR EDOIRYEA KR U
NI
An Approach to Teaching using Online Lecture Videos

Hiroshi Koyama*

Abstract

The Advanced Institute of Industrial Technology, AIIT is a graduate school of advanced professional
education. It has built an environment of relearning for the busy adult students since its
establishment in 2006. From 2014, to reduce their school burden and to heighten their learning
effort, it has started a new an approach, called blended learning, to teaching using online lecture
videos. This paper summarizes the teaching using online lecture videos, presents the improvement of
class schedule, the rule of watching quiz and the attempts of creating teaching materials, and
discusses the current issues and the future improvements which are obtained from the actual
operations.

Keywords: Blended Learning, Online Lecture Video, Flipped Classroom, Watching Quiz
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The Report of Practicing Entry class of CAD at Professional school
-the issues and practice of learning skills-

Tsuyoshi Aziro* and Keita Murata*

Abstract
This paper reports a practice of entry class of CAD software, named “Digital Design practice” at
Advanced Institute of Industrial Technology. The difficulty of learn CAD skills are that neither
instructivist nor constructivist would be inefficient. The integration of them is effective. So the task
with minutely defined learning objectives and feedbacks is performed. Then a clear difference of
pattern is observed between two groups, plenty achieving objectives and the other. Yet the pattern find
is not so important. The learner’s cognition of the difference of strategies and updating them,

meta-cognition skill are important.

Keywords: CAD, professional school, education, product design problem solving
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The Non-Structure Data Architecture for the e-Learning System

Sanggyu Shin*

Abstract
We describe the non-structure data architecture for e-learning system. Our proposed data structure
based on non-structure data architecture for suppose that create test questions appropriate for each
user’s level at low cost. In particular, when a user review their lesson, our system provides new test
questions which are assembled based on their previous test results and past mistakes, rather than a
completely random selection. By providing test question of the appropriate level, we hope to enhance

the user’s learning.

Keywords: Non-structure data architecture, e-Learning, automatic assembly, database
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Column Stores ,

Key-Value Wide Column Document Graph
Stores _ K Stores Stores Databases
“ra B
B Aol .7 Neodj
et a C hDB /
redis vodenot  HBHSE ® monge 4
Amazon
Ol '_I‘ bl a
QRACLE HYPLRTADLE Couchbase ’ Triruty

T

1 NoSQL 7 —#~X—RAD5535E

BT D NoSQL 7 — & ~_X—AD N & ITFHEE I _E23->T
WA, LA TFIZ NoSQL 7 —# _— A2 DWW T HIZR 5.

1)  Key-Value Stores

—BIARN 72T T, KD NoSQL 33835
IS THHY— 1 (Key Value) X7 &2 ZETH. 20
RPEE T M EME—72% — (Key) (2 — 2 D1 (Value) ZH##
3% 5 X TH%. Memchahed, Redis, Amazon @
Dynamo &ZDA—7" YV —AX—a® Voldemort,
Oracle ® Backly DB 72 E33%%.

2)  Wide Column Stores

Key-Value Stores OIEIEBEST, fHIZ Column family
TERREE N T 2. FILEELI-bDT, KT 78245
column Z— DOfEICHEAN T DA EFFD. Cassandra,
Hbase, Hypertable, Accumulo 72E DA —7" >/ —Z)R
FIET%.




3) Document Stores

Key-Value Stores DJLIRELIZEHET, —DDF—|Z—
DOEEMEANT D05, EOFHE T E (Document) &1~
A5, ML & SON JREDSTERMH LT, M/
JERE 2K B9 %, MongoDB, CouchDB, Couchbase,
Amazon DyanmoDB, OrientDB 72E DY /v — a3
5.

4)  Graph Databases

II7RED T — 2w TS DI DFEHDOAN—Y v
Thd. T—7 VD JOIN HE TIEeL, 777 CORE
BRI EDOHEA P ZHERINDY VXV Xy T —2 5387
DEIRTZTIEHT R T M ELEHEND. Neod,
Infinite raph, Titan, ArangoDB, Trinity 72& DY /L —
arNbb.

FLMREZT D e-Learning v AT LTI FEEH DT AR
F = OB ZIREL TV, TAMI IR SCED X
NMERINTNWDTD, BBV AT LA TIERF 2 A MEN)
F—H X —AT% MongoDBl4lOHHERE I LT-7 — 4
A EIToT.

4 FFatoMEmT—2HRETOEH

KT — ZREE DR EFHIRZFEDHED L7/ TN
BETITOar 7Y O, FrCREONEDO—B A HE
FFLRNOFEHELZNENDOERNZEDLE a7 Y0
VER A SR DV AT MG T 572D DT — ZRERL DX
FCThD.

AR TEINEO—EME LIE, KU AT LD
BT, REFBED L2 7T AN TOFEE R RIZL T
L1280, ZOIFZATHHTHILEDaL T Y ORE, 72
Db, FURENRERX—RZLIZ R DL ~L (B2 41
Gl ~UL) OF ANHBEOVERE BIR 5.

7Ty OEMMEE, ETEFEEOTE T —XD5
Wrasisk4 5. KFFETIE, KD e-Learning A7 AN
TV OEH, $]E, 2 — T OBLE DIE AR
STZE (T —HR—ADBLR) AT, BT —%, § b
BIEREFHT 22— — OB RN LEZ IR THLY
RIERESFELELISERTD. 0L, a7y oR
ENTOZRMABFIAFIE, FEEEEN LT 51D 0HE
FHIRT T —F & O T RS e EmE R ITH 35
VAT LEFIR T DRER T — A e O HTIC IS
FAEZE AT LAORBICEAT LM LT TNDTD,
T = AR A ZIUIHE S THRIRITKIG L2 d 2 b e
Y

— R R F OB AR AT BCHLNDHII, ik

RHBRECTAREL, © T T EMELTRUEZ{T-o TV,

B NEHERESNT-REICB O, FRHFRDHRRLLZFE

e-Learning > A7 AD 7= DIEMEET — X 545

ST, AIEEOEM O OMIRE RO IUT R VDD
HWTLOT L, HIEMEFELIRIZE DR & F 5
MR RSNDAFA AN RO HND. Fo, A~v—h7 4%
O FEEEH IR K L, @ERER 22 E OROLAZRE O

29

AIER DT\ T A EM B N5 A TS,

ZOIINT, EEESN WD T UV EIEH T RIET S
fEEN TN, Zoar7 oy A IREE AT IC/ER L2
v, BIESHTDTH LR T ECMEA ORI — ATl E
FEHLOWORBRETHD. ik, a7V OO
DHRDE, AR ORECKTDHT —2OERBIIH DN, £
DT —FDOIEFTLHHEREITEIEB LN TR,

FICENTRICARZN—RCEEF NS b
BB SRR AR T D DIZT AR EL R D RIED D,
RHEIRIEETEL DN EIRELEL T D820, —
DOERLEANDOHENRIET HIEFIARAHETHD. L
ML, FEBREOE Ao Ty OE eI,
FEEANAFLLEE A DEDLILICI ST, IR
BIRAREICR D LIZIASN 2L THD. ZOLIIRILT
IZBWT, flilx OFHFITHEECSNIZNEL IR T 5
MATHVRNE, = SOFERCHADOBE TELNSY
AT LDOBRFENRKOEN TG, ZHLZBEICH LT, NAE
DAF BIR R0 D5 8 FTREREH], FRESCDEIZ DD
DI L DB R AE R OB, KL THELENAE
DEPALZDNEFERLL L, FEH DG L7 HE OV
SV ESHLERERE RIS, METI2E8M ONERE2ZEE
DL HDOE THYNIRUET AT 2%, B AR
AR ET AT —FE T T —FDOFRELT v
TYRLERRFTTHIEEHok BEEE L THFEZ D T,
LML, AENE, 2RV AT AOF NG, AT —#
FEtE LIS,

5 MongoDB

MongoDB (ZBEfF DR T —Z _— R 355~ T (% 2),

RE2AVNIAT DT —FR—=ATHD. T—F%2FKRLTD
RN JSON FERTHD. H#E-T SQL AT LT RRD
JSON (X 4) iz DA A& A3 5 (X 3). JOIN
DIRNDT, JOIN SN FIZHETT DTN HD. FFlC
R 2 A MEMRDT, FEEOTANIELZOREROE
D, HIBROEENRWIGEITHY TH 5.

f Document

mame:"shin®,

age:19”

state A,

groups: | “compauter”, “electronic’]

name:tanaka’,

age:"18°

state:"C”,

groups: | “computer”, Tinformation”]

Collection

2 MongoDB (ELaL gy



30 fEAEER
# 2 RDB & MongoDB O Lt
RDB MongoDB
BIfR% DB K& = x> MMEIM DB
T—HR—=RA | T—HRXR=R 2L T3 DEHD
arr—7
T—T N aLsvay . LEOEEY
17 E; F—LEOT OES
VAN T 4=V R
oracle/mysqld | mongod : MongoDB 7 & >
Sglplus/mysgl | mongo : MongoDB @ shell 7’12 75 A

SELECT sno, name, tel
FROM students
WHERE age > 18
LIMIT 10

~ projection

«~ table

« select criteria
«— cursor modifier

O

« collection

«~ query criteria
« projection

« cursor modifier

db.students.find(
{age:{$gt:18} },
{name: 1, address: 1}
).limit(10)

3 MongoDB DA+

XML JSON
> {
<name>shin</name=> “name” : "shin®,
<phone>1234-5678</phone> “phone” 1 "1234-5678",
<street>1234 Shinagawa </street> “street” : "1234 Shinagawa”,
<city>Tokyo < /city> “city” : "Tokyo”,
<postalcode>1234</postalcode> “postalcode”  :"1234°
<country=Japan</country=> “country” : "Japan”
<.. )

4 JSON (JavaScript Object notation)

6 TR

AR DT — 2L, TAMIEO hThEIRAE
HRIZT 5. TANTEIIEE # R TR FTEETHY, £
T, @INAUTZ O MEE RIS BT e THY, HH—>
ORI OB  R fTHETH 5.

5 DLHZRE M STITITEE & 2038 UK AMER ATRE CHY),
ZDOENENORINBE OB T RS, ZTOBRPEOHM
SECUTRAFELC, MEOEES E DL~ Ko TS, D
0, HELV BRI THILA S T/ R R B 7@ 4R B T
HANLTHNT-MEIVEES 3R, RICETCHEAEDL
U E DR T ER R AL ER ATRE TH 2.

ARTIE, ENENOBORIE - IXERMZ KT —
ZEERL, MEERIREE DL CTEBT 57 — 2 —
ARREERETD. MEEERE ST CHESNDEST
AERIZ—2DOMEE LTRSS DD, Tha B, &
FADOL~)UICE DRI A B BN T TR #
EITRMET 5L, FCMETh-> TH RGOV~ icko

TRAEDOEBHENME SN F - R BEAMER T&
5.

1EoC, MREEZ ORI A BEAT, /2HEL, Zh=RIC
T =B R AN TEDIDNCT —F N —REFEE LS
N ERAN YA TN

BRI T — ARG, & B (R SRR 236 Ak
SNTBISIBICENZE N B DIEE 2R (G ) 2 FFD
(X 5). ZOEERIL, K27V EERT DA
ET DN, FERENPODT =R NI EZIF T, FHEN
WEEATOIGE KRS DI B T —ZI3UUE, KRS
5.

BB IENE NP E T WL D IEE L Ffo
TNWB728, TOMSLICEBar T2 () X Eofscic
LD LS TR EEFROMENER TE2HDT
FEEOLCE DR MEER It TEA L5175, IE
BRITLBHE DT AMNERICE > TEFSNDEITHEIL
7.

HONEE LB T FHBEDOEZESILT, FHEN
OISR FE L NNV ET oy THIENRELRY, T8
ERAmFOEBR Ty OB AEREBET. 20k
AT Y ORI, — 2O KENICEEST, tho K5
LHEET DI LI THER T ANDHIE L = TV R D
TEKRALEEDD. VAT LOM A H SR CRIBE O 5 & 1
RJIEE HIEL, 2R LAk B ER A "I RBIC T
HIEEHEL TS,

Fio, LOKRZFIZHDFCREDL TV EIATHE
Lok, FREFOEIJFMALY L VFEFH TR REL 25,
P ROTHHAE > LY BEE 2 DD,

7 #¥bHYIZ

LEDORF 2 A MERI DT — 4 _X—2% =T —H X
— ARG Lo THIFHIN DN RIT R D IDICHF T LS.
— 2 I, MO ThH THIREIGEIG LT
Y ORI EEIL 25, o B, AL zarT vy
DBIRPETED. FRIKZDO I/ MO, KAk
T, T —H_X— ADHGFSCHE IR AR D72V GERT Tdho
THHENRT NI AT AERIETED. HIZ, Lo KFEDH
NE/BZET, BN SN, LVEmRERE N
AT RERRRa L T LY OAER S P RRIC e D &I,
FE B OFHICHIE IR FIE T RMEEIC e D EE 2 b,

SE X

[1] Kanade, A., Gopal, A., Kanade, S., “A study of
normalization and embedding in MongoDB,” Advance
(IACC), 2014 IEEE

Computing  Conference

International, pp.416 —421.



Make content
ot Tt Gt Farm Select Test Question Type

e ms e e

rirtrrT e Input Test Question }
Input example answers

Add example answers if you need

correct answers or level of difficulty
L

(We consider test questions from which example answers
can be separated and focus on how to store the
question and example answers from which new
| questions related to the original question can be formed

o «TesridLaveil1Maie TestNal 13>
questionType: “multi select”,
guestionbevel: 1,

question: {

e-Learning > A7 AD 7= DIEERET — X 557

Even if it is a student of the same class, the test question of
a different level can be obtained.

Teacher E} Q

~<“— _ Set example answers' percentage of 8

question document

|y auestion jd: <Questionidlevei01ONGIOZZ>,

=
Test of a common level

FE 8

~
who
wants to use a test
gquestion can use
the question as it is
or a new question
can be generated
using the stored
example answers. )

Test of easy level

Same class

Also , another teacher can add new
example answers only for related

percentage of correct answers: 63 questionType: “muit selert”,

&qmﬂimum: 1,
example_id: <ExampleldLevell 1 ExNo1205>,

example_gont: “greuraws/u>" example_ront: “breusavesfu",

\ _id: <TestidLeveI01 OBjectNcATZ>

example_id: <ExampleldLeve)D1ExNs1 204>,

: = \ percentage_of_correct_answers: 63,

_d: dLeveial : mﬁ% me.-mu um::_' questions.
question_cont. “Find the word whote und..." Il
L s &
! ) ___ Example answers document 8TEEChET
example_id- <Exampleidlevell  ExNo1 204>, i p =
axample_cont: “BrousomweiusT, e .

<Questionidlevei01ONo0022>
it vl ] ExNo3405>,

example_cont: “prouowsfu=",

percentage_of_comect_answers: 40,

Example answers document

his Fig. shows a very simple sample data

Questions and each example
answers which are related that
question are divided and
| stored, respectively.

EXBmPIE_CORL “Prcuawe ",
percentage_of_correct_answers: 73,

A. Example answers document

guestion_id: <CuestionidLevesd1ONoD022>,
example_id: <ExampleldLeveld] ExNo1205>,

structure. The provided test question, which is
the data matched to the level of student, is
constructed from the stored example answers.
Each example answer with the percentage of
correct answers and other many students’

X 5

[2] Hongxia Xia, Sheng Zhou, Youngjian Liu, “Application
and evaluation of NoSQL in course group system,”
WIT
Communication Technologies, Vol. 51, pp.197-203.

[3] Dennis Michael

Whittaker, Jirgen Neumann, Johannes Magenheim,

Transactions on Information and

Kundisch, Philipp Herrmann,

Wolfgang Reinhardt, Marc Beutner, Andrea Zoyke,

“Designing a Web-Based Classroom Response
System,” 8th International Conference, DESRIST
2013, pp.425-431.

[4] MongoDB, http://www.mongodb.org/ (visited on 2015)

[56] Jun-Ho, Kwon, “NoSQL 7 — % X — Z O & Fr#hf)”,
Korea Information Processing Society Review, Vol. 22,
No. 4, 2015.
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Recycling of Waste Wood by Ultra-High-Temperature-Firing
and it’s Characterization

Kei Ishizaka?

Yoshimichi Mizukoshi2

Yoshinori Kanno 3 *

Abstract

We investigated into the recycling method of waste wood via ultra-high-temperature-firing performed

by originally refined kiln and the adsorption properties of the products were measured. The resultant

activated carbon was characterized by SEM observation and specific surface area measurement by

nitrogen adsorption method. The evaluation of adsorption property was carried out by using toluene,

formaldehyde, and ammonium gases. Our activated carbon was composed of homogeneous pore size

being 10~20pm, and well-developed honey-comb-like microstructure.

Keywords: Activated Carbon, Waste Wood, Specific Surface Area, Honey-comb type structure, SEM

microstructure, Adsorption property, toluene, formaldehyde, ammonium.
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2.1 TEREDH RRE 4 EEEER

O A AW H M RERAER

10L 7R — 3w 7\ FERER L 7= 3R A2 B A LakBR 4
w ANTH AR E ORI R AR E LT,

OBk
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0] % s

AN A 1248B DeiiEi b T.3])

T E'ET

BT 2B 0%E 1058C K OF SD DB b T2])

2.2 HIRWEMERERER

ABIFFETIIRR % 7R B 5L TR I REZRTEME R D& L L
WVOBLIEIND, DT lATh RV EIREEE T COFEN
ADBREFHECONTIER L. EHICRBRIEELTHWE
P NE 200°C OB EIRALER U7 IE MR SRR ALER LT
TS RE —EHRIZT VR, FBR VA TIETHE B
723 RX3RMOLBRDLEW THL. AR TIE, Tz A=
VAR—RELTRT D,
O w5 MERe R
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OBk
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OB IE
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2.3 SEM #i%
T2 DI AW AEFFEICKRELSET B0, 22 TR
ROHEER SEM I X0BlE2LT-.
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3.1 THRR DT RAREHREBOHER
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#* 3 ML ORERFAAL

#£1 RBKRoOER (BEfL:g)
1 2 3 4
BRRx 7.83 5.66 6.81 6.77
ARix 3.45 3.24 3.09 3.26
ik 2.17 2.99 2.29 2.62
DR 2.54 2.96 2.68 2.73
BB EE RO B

# 2 BILLT T RS IR ORI

B h] PR padzd R Wiz
0 3.48 4.2 4.5 3.5
1 0.86 1.87 1.82 2.46
3 0.25 1.15 1.05 1.82
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3.2 ERREMREABRDOGER

AL TR I LT Rk 22 TIERIL 72 RICBI T 2 1 d
RBROFEREE 5~12, BLUK 5~18 £T, £LHTRL
7.

My RNV AT T ERITEIRIZRDICHONT, i
EPME T TDEANICHY, T rE=TIEmIRICRDE,
W3 E < Te o TOEANZHD.

ARFETHROE L 7B SR BERR (I D LR L 720, bLx
KU THEN TR A TERERRE A AL TNz, Z 02D
AUTEHELT, HEF COREMRTIEOa Y Fa—L AR
AV REHERSND. BT HITRESIURIBIC AD £ TOKER
BRTELER, {1 R RRICBIT 225G 7 mEADa hr—
WEINTUARIERESEHZENHE THA).

#5 HBRiAOEE
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X 8 HAWFEYLEDRRIFEAL ZD 2 (40°C)

# 8 B0CTOH AW 5 I FE DRRIEZEAL,

BE R [h] 0 1 3 5 24
kLT 42 23 10 6 0.7
=Eppm] [ RILLTILTER 25 2 0.7 0.3 0.05
V% iy 4 21 11 6 4 1
—e— LIy —0—F7LUE=T | —a— RILLTILFER
60 3
—_— — A
£ 40 £2 \
& L
& .1\
s 20 1] 1 \‘\;
0 T ) O 1 :
0 10 20 30 0 10 20 30
BRI [h)] BRI [h]

X9 TARAEREORREENL 2D 1 (500C)

X 10 AW REOKRIFZE 2D 2 (50C)

37



9 60°CTDH AW I FE DORRIFZAL

11 HAREREORRZEN 201 (607C)

BF R [h] 0 1 3 5 24
kLT 40 25 15 10 25
=Eppm] [ RILLTILTER 3 2 0.7 0.4 0.1
FUOEZT 23 14 9 6 2
—e— LIy —0—TFUE=F | —a— RILLTILFER
60 4
E 40 E 3
= 2 )
;1( 20 b;o)\_a\ Q*L% 1 .\
I Y \
0 | ) 0 = 1 ——a
0 10 20 30 0 10 20 30
B[] BER[h]

X 12 AW REORIFZEL 2D 2 (607C)

# 10 70°CTOH AW 3 i BE DFLIRFZEAL,

13 HAWEREOKRGZEN 201 (70°C)

BE R [h] 0 1 3 5 24
kLT 55 30 15 8 1
=Eppm] [ RILLTILTER 3 1.7 0.5 0.4 0.3
FOEZT 24 12 6.8 5.4 0.8
| —e— LIy —0—TFUE=T | —a— RILLTILFER
60 K 4
E 40 E 3
= L\ )
AN E A
0 L O O 1 | A
0 10 20 30 0 10 20 30
B[] BRI [h]

14 AW AEREORKZEL Z0 2 (70°C)




IR IERKIZ & 2 ANEBEM OB EIL & € DR

11 80°CTDOH AN A 4 BE DRI ZEAL,

BF R [h] 0 1 3 5 24

kLT 35 20 10 7 1.4

=Eppm] [ RILLTILTER 2.7 1.5 1.2 1 0.9
V% iy 4 15 75 5.5 3.5 0.25

| —e— LIy —0—TFUE=F | —a— RILLTILFER

40
Eso*

2 20
% 10
0 .
0 10 20 30

e [h]

15 TAWEREORRZE D 1 (80°C)

w

»

|
o .

0 10 20 30
R [h]

N

REE[ppm]
=

o

X 16 HARFEREDORIFE ZD 2 (80°C)

£ 12 90°C TO M AW 35 14 B DORR IR IR (L,

BE R [h] 0 1 3 5 24
kLT 40 32 11 5 1
=Eppm] [ RILLTILTER 25 2 1.9 1.7 1.3
V% iy 4 19.5 14 2 1.5 0.001
| —e—FLIY —0—TFUE=F —a— RILLFILFER
60 3
E 40 €2
2 2
# h iy
a 20 Eg 1] 1
0 ' 0 0 ! !
0 10 20 30 0 10 20 30
Bl [h] B[ [h]

X 17 HAREREOREZEN 201 (90°C)

18 HAWAFIREDORKZE(L Z0 2 (90°C)




40 FEFEH]

3.3 SEM 8Z=DHEE
Wi 7o W MR RE 2 R B ORI R DRSS s K F FEZEDPARFIECIVEDNE R ORI THD.

TR RAETRDV N D, [ 19~2212, Z DRI Vit RIS PER T, W T AR BRT AR AR5 TNDHD
EAERT. T, BRS04 BRI AT 2D — A THD. Ll

R R ARIR AR LD AT, FSITHAREEDOKTHY, Wi ARG T DIEMELR I, MRALEEC & AR R LB 2 i L C
(26U CIRIEICHI > BB S, MLy b, & WRWOT, RERTHEOLIRETEELIRRPENT AH
IR -RIEIR T, ZOREFARITREREDRAON, 2D B PRELE ZTWD.

{55 200 % scale:200um {52 500 {5 scale:100um

19 T ZIROBET LA T H

TP

_———

e :.;‘.l-'-' .1'5_&3 m.l. taed Tl B e
EIEE (500°CLLF) kK 500 % IR (500°CLLF) (45K 2000 f5 wiiLAk (800~1200°C) : Fk 500 fi5  giipk (800~1200°C) : Fik 2000 %
scale:100pum scale:20pm scale:100pum scale:20um
Fev 7 LAV INEEL D7 DS A=F N AVN-2¢ ¢ F AN

20 FTEROKMEWTE (FREEER ) IER TR

{52 200 % scale:200um {5 500 f#  scale:100um
SRR TlX, MR SRR RIZOWTORRNOLOH BT R TRy

21 FIROFERTm LK EE



EIE A (500°CLLF) kK 500 %
scale:100um
K~ halEb b e

B 22 AZEROHEWTE (FREEERSY) JERTH

WAEIE D7 T BB LR T 2701, BAES T, T
AR FINET, WAV ARD turn over frequency DOHEE,
FRCRIRICI VT, YA MOERANR, ZOM, 5% O
W AT A—Z =B BT OLENDHY, ARETIE, =
WCEBREROMY ELDE T LIToT.

HEEIRIER I & 2 AREBEM OFEIL & 2 ORI

i (800°C~1200 f%) :#2K 500 i

scale:100 um
PRSAE NIV N-2¢" ¢ 0

4 FEDH

RO HZBICYW R AL, K0&EIR CTOBERND Al i/ 22)F

R, BEIRRORIEZ R 7z, KRARKIWE, (L LT
DZEZTIRIE LRRONAN v 7 A28, mIRHETARICE £

NDHEHADRAE RN T EME R ARG DT L8

HlREL ST,

7P, KFERITHKASHIRE TITONIb D THL.

S5 Xk

(1)t & e RO R bt & AR L7 e oo =

AFM . B R (FAME)

41






PESEHE IR BT FACE No.9, pp.43 — 48 (2015) (FA)

FEBANFRARETMEICETHIRVBRDMEA (RS>
B B W

Guideline and Analysis of Risk Items in Specific Personal Information
Protection Assessment

Sanggyu Shin* and Yoichi Seto**

Abstract

The national ID numbers enacted in 2013, the implementation of specific personal information
protection rating as defined in the subject such as government agencies that deal with specific
personal information. Although the published assessment report format has been described, such as
risk assessment item, established the basis for risk assessment items are not clear. So, I have created
in the working examples of personal information impact assessment of Japan for hospital and
assessment sheet, compares the risk items that have been shown in all the items assessment report of
specific personal information protection assessment, completeness of risk items, the analysis of such
validity were carried out. As a result, although has completeness, the risks related to system and at
management are mixed. It has been found that the risk assessment not be carried out properly.

Keywords: IS022307, national ID numbers,

Personal information Impact Assessment, Risk

assessment, Specific Personal Information Protection Assessment
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Prototyping Experiments toward Practical Use of Metal Material 3D-Printers in
Small- and Medium-Sized Enterprises

Toshitake Tateno*

Abstract

3D printers are expected to create a new design and development processes. Because 3D printers have
different principle from conventional shaping methods, it can fabricate complex shape, which has
never been realized. However, there are many problems for practical use. The critical point is the
fabrication cost. Especially, metal material 3D-printers cost many times more than conventional
fabrication machines. Therefore, it is difficult for most small- and medium- sized enterprises to test
the possibility to use. As a start point of discussion on using them in small- and medium- sized
enterprises, researches on current situations are needed. In this paper, two metal parts, which are
practical examples in the enterprises and have relatively advantages for 3D printing, are selected and
fabricated. Then, the cost and manufacturability are discussed.

Keywords: 3D-printers, Additive manufacturing, Metal, Small- and medium- sized enterprise, Cost
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Agile Learning Material Development Studio and Its Evaluation

Yoshihide Chubachi*

Abstract
In this paper, we propose a novel video studio in order to develop learning materials for using blended

learning.

It supports teachers to make video materials with high agility.

Keywords: blended learning, Video studio, Agile learning material developments
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Development of Automatic Bio-toilet for Pets to Reduce Owners' Burden
— Murakoshi-PT 2014 (Advanced Exercises: Innovation for Design and
Engineering) —

Takashi Murai* Shunya Fukutomi* Akiyoshi Myogadani* Hongyin Cui*
Toshiaki Natsui* Junfu Chen* and Hideki Murakoshi*

Abstract
The pet market has entered a period of maturity, with the amount of sales flattening out year after
year. However, toilet care products are expected to continue in a steady transition into the future, as
the number of small dogs kept indoors grows, and as the pet ages increase with the advancement of
medical technologies. Our project proposes the "Automatic Bio-toilet for Pets" as a new product that
offers superior absorbency, high safety, and deodorizing effects, while reducing this burden for pet

owners.

Keywords: bio-toilet, automatic toilet, automatic lid, alleviate pet owner's burden, mbed, aerobic

microorganism, biochip.
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Material Design Techniques based on Time Dependence on Properties

Abstract
To satisfy the target properties of adhesives, we had developed a new material design system (weak
conditioned combinatorial linear programming (WCCLP) and user friendly software) which is effective
and useful to search the combination of a well-balanced material. We have also proposed an algorithm
of risk evaluation by the WCCLP to optimize the material supply. In this report, we applied this
algorithm to the time-series properties. The algorithm is effective and useful to design and optimization

of time-series properties.

Keywords: Linear programming, Combinatorial optimization, Material design, Series data, Time-

series property.
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Development of a Method for Understanding of Architecture

Characteristics from Viewpoint of Users
- Fundamental Study of Function of Architecture for Creation -

Satoshi Yoshida*and Isshin Sasaki*

Abstract

It is not so difficult to find discussions about the logic of creation of products and services from
viewpoint of users in many industrial fields in these days. But it is not so easy find the discussions like
those ones in the field of architecture. This paper analyzes the most fundamental ideas to understand
the meaning of creation of architecture, so tries to focus on the functions of architecture. This idea
comes from the other academic fields and can make clear the fundamental purpose of creation.

This paper proposes to 4 kinds of diagrams that base upon the axes with function of architecture,
demand of user or uncertainty of development. These ones show us the new viewpoints to understand
the direction of development of architecture, and the fundamental understanding of development of

products with today’s situation.

Keywords: Function Design, Users’ Demand, Uncertainty, Complexity, Product Function
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A Service Design Education by Project Based Learning
in Advanced Institute of Industrial Technology

Seiichi Kawata*

Abstract
Abstract in English. A service design education program by project based learning in Advanced
Institute of Industrial Technology is introduced. Our institute started in 2006 and the master program
of innovation for design and engineering started in 2008. In this paper, we explains some experiences
of our PBL education system and our project results related to the service design education.
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Project manager education of enterprise agile project by PBL

Kiyoshi Sakamori*

Abstract
The reason for agile development is not penetrated in Japan, it is in the education system and the
large-scale contract that guaranteed deliverables. An enterprise agile As a method for solving such
problems. Enterprise Agile, is a combination of the corresponding to the strong waterfall development
of upstream business analysis and contract type contract, the agile development highly flexible and
development efficiency to change. In AIIT, We have developed a PBL teaching materials of scenario
type to perform a simulated practice of enterprise agile, to introduce its advantages.

Keywords: Enterprise Agile, PM training, PBL, Project management
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A Program to Support Startups Developed by Collaboration between Local
Community and Professional Graduate School

Toshiyuki Katano, Michiya Konae, Zheng Ruifen, Hirokazu Takahashi, Yoshie Kunisawa

Abstract

Startups give great impacts to strengthening the international competitiveness of industry. However,
the state has still small growth in Japan. Our purpose is to promote city development by
industry-university collaborations of Shinagawa city and us. We focus on two issues of support system:
a mismatch caused by difficult and various problems, and needs of practical experiences.

Therefore we constituted “Shinagawa Monozukuri Design Jukku”. After the approval by Shinagawa
city, our first approach was some sessions conducted as “AIIT Kigyou Jukku”. In conclusion, it
illustrates schools are required to be a great mediator between government-society to promote

industrial competitiveness.

Keywords: Entrepreneur, Professional, School, PBL, industry, government-academia

1 [XL®IC

PEEBIR R FBEAE BN ERDERIIF 27 L THD
PBL BUAE IZHBWT, FF, 7 A EIRATE A L7 Hilk o
RREMRR LD T — < H 1T | R L e 03 Ak & 7ol
REAMR L TG, ARRFLIT, 2014 4R ICARZ2OFTE#T
HOMNNKEEEL, FEOKVORBIIHF LG THIEEEM
ELTEES I TR PR B A ik &8 S L C i 2
BRSSO IOV THETILOTHS,

FEDTa— AR ZE U RS - —E 2D ET
AT AL DIEE | B HEMOBEEFILLVELL, 2 ANTY—
H =Tl bH T EOBEREIC
FEEEPLICELOBENEERERAONTND, BA
75>H§E BWTHEEB SN ERILL. BSHETRVRES 72

W, BB A fRAE L | 2 - AR BEME D B BRI
&%%@ﬂi%v%éﬁm«:twi BETHLEVDRT

W5, [1]ZD—2>DEAIEL TRENER SN TNDN,

Fe 03 [E O FLIR T A HE [E o Th D Tl EAMEF A IR g
THY, SHITEFEIRAERNIZH D,

FIT REAEET D701, ANRLDTE TR B
HED T, ZREHERTERVIT B HEN TS, LA L7
B, ZNSAIETEDOST, BICHEESEZEE L E
Ll g, BEEENL WK BNTEH, —fRDOREX
Ehi RIZIZ T b DIV EMDA L FaX—H—F 7 A
ZAE T AR E RN SR D EML TV B, EEHR O

Received on September 28, 2015

*PE AN K FBE K, Advanced Institute of Industrial Technology

FDERUEEEL /2> THRY,

TR R TRER O 7Ny O XIEEXH EVITD
NTWian, ZZTEI/ 7 REE, Mkl o N—Rizxtt
LAMBE RS~y F 778 2L BT CD,

— 5T, BUEREITHB VT, MW E o & B B R
F723D TV HIREH T2/ T D ENVEANT~O %G|
BiDOAN, E/, & ERICONWTOHR - TEITLTHEE
HOLiD,

ATavx 7ML, BEEEIRICH 1R AN TS IITX
&L BB O N EREI NI B IR K F Pt Th DA 0N H
L. Fi?éiw) CRIBRBEA BN LT, BEF ORI B S

HITHIb L, EERTERLSE, HIRORBICHF S T52
LR ERET LD THD,

DD B OT VAN EIEITE 3R TEDB D3
DAMAE BT 578 OEZEROY 7 N3 LTIZb 0
OERETERELTEE ., v F 72 Emd 50 E)IbD
ST HA B DEIFEICOWTHRETHHD TH D,

RBATaT = NI/, B EE. B o4% DA
N—b | BREEER HREGR . R EBBORE TIThLE
HDTHD,

2 BIEXEITOTZLOERERTTDFHRATIT

ABERIZOWT, BURM A E S AL, & ZAME R
DM EDFEPR DT NN TEDDNERD 2D AT R

P IMTIEL IRDIZ, TA4— VR =R 22— %@L



94

G SEa

THIEZE T n 7T 2o@mER-T,

2.1 HiR

BIZEoIRTHEN, F/MEEAE 2013 [ZLhiL, i
EALENL 1997 FOY R RS T OECD i
ET 1207 (OECD sEE T # A0 5 4 & H) 728, HEMN
7RG I OB OBLR A DIXERER IR TH B L
R CEB, [2]

WZxtL, BIZEZREET D7D DO IBIZ DN T, i
B RMFEEROSAREICII B FET TS HELL,
FEELTETNWD, WSRO TF ¥ —F v XL MRS
DRIZES MR R E ORIZEMZREL TIRE T2 I
Mz T, 78I —F—LMEENS 5 A O —=0 T %
ITONF ¥ —F v EXLOB LKA IE S —E 2% 2
2al —F U AR =2 TOREERENBLL T
Do

SHIZ, DEOBETEFIELL CERINSGZTURT 7
UFAL TR0 PR THRMICANES —EARFH TEL S
TURY = U TR EDH—EARFELTETND,

— 5 KT, B3R G FE M O T, FEEEL T
BRI R AT O S3OR E.L O R R R E
BanH LRI EEIT> WD, £L T, 2014 FJE (I
EBG I BALIEICE SR EER T, 2015 426 A MK
KIFHZAR F v — AR HEDIIRETOIF T A AAN—AL3D
TV B L DRNENFTREZR L5 5 & 2 7= b ) 1 FE 2 A2
TR Hizk SHIP 2B 72,

fth 7, PEREEITRFBERFTIE, 2014 RIS R
BOTEENMBROTZD D NFOELKRFERE T 2
TANZERIRE I, 2015 4R IZ R MR R PEE B ToH
KT - FREBEDTDDEENMBR T 0T TLTHD
FET—XTIha—REAIRE LT,

A —U—NI, EFFTENENXERNE S
hTna,

22 TA4—IRI—=H,LRE 21—
BIZESR T 07 F L OB M ERED T2
DRNZE SRR z»’:.JjF'ﬁLto
ZLOAE LB FIIL, 2V —F L T A=
BT 2 ANR—RIpE DO AN—RE DN EfF S, SO/ Fa
N—gl v HR— /w\%%fbﬂﬂ;ﬁ'ﬂ%m” 787 MNET
DOHERELFEEL TWD, £z, RN T —ray I 7pd %
FUOELTB AN MEABE IS L THEA 2 —E X
DEMSNTND,

%2015 47 H 1< KOIL (H10 %) PoRTAL (#:4) MONO
(BEE - TLrartry—) %R

WIZ, & 1ICES A BOT 0y 27 M CRIE T 5 AR
BEZFIL A A 2 — 2 F ML, B OMRO% A 2R

277,

SERSTH

F 1 A A 2—E i I

I T T R

X (18) 7878 EOBIFEEREN, AGEDLARIRZ TR
HOIRR

FRETILEEAL 7R BORFESRFUAIREIREROINR. S

all EVFA557 7R168 EJE%S?RHEQIKEHCHTQEEMTJ@F@E

ERUEEEAWEE  7AVE PRSI BREERROME I, 3iA.
i BR¥

allIE (2E8) 7A28

AU DYEE R oV T S5 A
AR

2.3 WIREMEDRES

INHEOMEZFHNVEL T, LI EFENEEL
5 2 2K o [F B g 4y 47 [B] e fli ik oo /2 3 5
2013215 ML R DB LT 5L, T CICHIRCEMSh
TWHHRERRAIE B EIL T 52N TET,

F1ZdHD LS, — 72 AIE ST s %, BE¥E%R O
BERFLTHY, V—RT7 78— —F, YT n—FfEx
R BEEERTOINXBHIMNE N, Fo, av—F 7
NR—R T, AN AD Y =T DXBRFLTHY, Ny B
REDARU ML, TS TOMBERI R IE TR,
FORER ., AIEXBITR O TRYRWES TR &
I ERTDON—F Y TRDY TS THHIENTEI

Enot,

T, mIRIZEBITHHEEN S W EWVIRFE A RITEC
B F Bl LT DY — 2% TE F LR v Re 7 BLRAY
07 hAORHEIT T,

ZORER AR 7o 2/ TEIBOSD T AF— (1
W) ) A2t BT BEAFORIZE MR T+ RIS TETH
RN DFBED R S A2 Y THIEELT,

— O TEERVP X DMER LR TE L2720 | Al
5.7 VAV S tals RN A oY 4 A AN DA AL DNt o T 53
PO ENTRIZ T TR EERRBR D LE LW R THD,

LT, ZO20DREE MR T HRIZEIEOLLEL T,
WETIRARBNE)IHOSDTFA B ZFAFE LT,

S@INEDIKYBDLLE F1F

BHEOAT—Y

A ERE

®
"|\ @

DR
T
@

@

1 g X 2 —EFPIESL—F—
3 AV—F T AN~ Zd!\)h)/q‘f\/k""
B @INEDTL DT 8

1 MLESTEEDOAT—)



B 2 28 itk & s L RN 2RISR T 7T AR

3 RNBOIKYTHFABORSR

31 BOKYTHAF—LIE

IT {7 m—r kbl e EfEE DB I X > T,
THALEVIEREOH Y TR RKESENLTETND, TH
AF—=EZTaF IR TTT 47V BEE DI E DD
AR IR IE DG AR T HZ LM ROHITND,

ZOWEIRT DT A RO T, b D30 O B
DEY—EAORMPETICE LR T 2 AD L2 TIZBEDLS
FHFAF—%HOSOTFAF— LA Tz, &6, T
DN T AT — | DORIHIMGE | ZNETORRIEI % I
MG OT AT T BN BIRTEE TIlL a3y FUAITSE R TRl
I EZR 8 P —E ZZ AL, v —A 1 - Za—s 1z
HRREEYICE O R AT BZENTEHIE LA BRI, T
DIV T VA F— 1R a2/ NTCOXERGELT,

BT AT — %R BELTFRR EL T, kD
3OEFITHIENTED, B 1IZiE, bOSITBITHHE
DIRT 25D, bDIVDAIZER, ZRRAREAN | B 24
BT, BERCAMPBBETHLIENE, Yar—HEbh
IE— A THEETAIENTRETHS IT /¥l T, —
WA AIZEOHIRE N E N EB 2B T, LinL, B
HOSIZEBNWTH, 3D TVAAFEOTUENVT TV r—
TarOERBREOSIYDOEEE TT, /Iy IS0
EMS 3¥3& 0%, MmaANK T, 790K 7705 10

7 OBGELDY DI LRI BIE ETITL OOV,

ABEOBURIE TR TETCND, 212, BARDEEFOLD
DY EESDFEREN DD, O-IITIL, TRk 27 FEE
FRFHEEBROEADOHFTH, FEFHHD-IVFEEAN
RS 1T 112.0 BEHOFHR TREROREELK
ENEANUILD TS, 5§ 312, KO LA &
L7enbTh D, d) KL, it <nbb 03D EENERM T
LEHELTREL, BEITREEO R, FF7 771 A
BENEFELTHDITHD, LT, TSR
P T 2 E BN KRR DY — ATl X &5
MAELELTIED ST FA LR EEHL, D30T
PAF— 1% EmTHZET MR OIEHEIZ 22T T
ETNWEEB X T2INDTHD,

32 BINEDIHKYTHFAUB

D SLOTHF AL BIL, OV DERZEICIBNT,
L ERTO R VB I 31T DBEF R OAIZE ST TIEss v b
NDY 7R ARITHHE LTz, ZRETITARWET LOAISE
P —E2XZ LT DL D THD,

®RIF, EETAT T EROIBOSVT A — kL,
HOSDLEOFEE R DL DM GES 52
T, FORBUT, EEICHTHRLEMHEL ., BIZE

DAL= FAANINLOF L AELTWD, K 212H58912,

~yF U T BEREE BB HERE D 2D D s R E 7R FHMA B RE

Tho,

@mINEDIKYTH A BO A EE

T RNLD YT R

RYFLYT | % &5
ZO N

N L i e ket
B4 20 FFEATRERE

321 WYFUU R

T U BERRIE. OO TS — LRI, BIE
URAYTT | FERHBAN R TR T fkx I i Ea RGO
(D —EATHD, v T U THEEEIZ OV TL, BV RA
TIAT =T —ENIFEE DOV T AT —OFFR
TELTRETDIENRERBYUTHD, EVRAZI T
0—7—&i%, FED S EICE WIS | HERE
REFIOEMITKEL, 7T A Hilf, BEELHOH
FIfEIRIC 7 7 &b | O3 T FAF —DORFEICE DM
RNNZT 7 VT —RTCEDANET, F—LELTE ST T
Wh, LIRS T A FaX—F—F T4 AZBTHAFa
N—gl v F— U LIIH MM R RTF— L THERIKEW) A
MOREERDFEIETHD, ENBLERTRIERTD A
VE RS E e Senb s ¢/ 7 hel i3 N NI oY g AN
EWHIEE | ZORBRY e~y T Y —E A TRER LT
&t D, EVRATI AT 0—F—|[ZONWTOMESH

95

HIMGIL, TE YR ARZ —DALE ST BT EWE ML

BIR & PO IR E T AR [l THY 71Uy 7 akT
—DNESTEIA ) _—=ar &I T A-F 257 /1i2k5
TP T—F — | [BITIENAMEE T,

B EVRATIRAT BT — IR FOE T AEEEE
LTW5, RPEDET ABIT, O3 T 5B
HFLIKEIEL, Hifi~ 1O A MEN L, T A~ R T A
MENZEEL, FILWRLEL S —EAZAIE CEDEE R

FORNTPA AR N E ST T 0T a—H T A THY .,

R BDEZDE TV RATI AT 0 —TF—|ZITWO A VL
éo

322 HEHHEE

HERRELL COREREKIT 2 obD, 1 DIE, AT
TTAT B THD, bOIDEL NS BT B R
STHEELLD ST P AF—ITH L, ST iR e
WG 5720 PBL RO OE, WRIFHEICI A4S



96

G SEa

MNICHHE 2R EFEME DB W OERAET 5, b — 213, £
BRI NI XA AIBRBE Th 5, ZER2IR5R, ik, fe %
BOANMEEDHZLT, 7L —0 2L —% R T HEEEL
A R=F 4 T IR EARE T D, TN ETORIESRITE
LomEWH LR EEIF =R MBSO — T Mt O
HRE72 o TND, EZAM, bO3VEEICHE W TT, iE
DEFETHEETHY, FERRDLERIENE, SHRMIN
EERO=— A& Wz Ieo TWDHDTITRNNEE X
TW5, R FEFED AT R ENCSINE R LI2LD
AVBETIT AT IR EE TR MBI RE CTHY A2 =T (X —
ADTENHDSE O ZIBNEETHD,

4 #ER

BizbiFAT B =/ b CIKIZB T 50307
AF— 1 EELERTOY 7 MBS TR T DB D5
B LI, ARIOT oY= T, Ti) o308 o
EEETIIVDRNoTmbDD4 % RFE K - )X
DF/IMEZEINE D RARTTT - OBIRE KO AIIT #&E
BRELEHEEHYOOBVMA TVRETHDHEE XD,
2B, AlIT HERIIEEBHEORE, KEORE~DZH
HEBWELTREOEFAEETADILEEREES
THEASNTHBETHY, 2 BHEOE Y RAL R, ARFH:
DX VT BRSE - L AR E R E OITEZIT > TVD,

¥, RFLENKOEHED—>L LT 2015 F 1 A &
JIXH DS - E R AFL ., A B OBHRLE, S
FITRLEEN LN ENLLRRFHR TR R 2720,
T B D-3<0E ) D BARRY 728 — AL LT, I DN T
DEHR -~y T T ORI R ET-oT2, £ LT, 2015
TR 12 B, WIEZEIER R WM SHIP ([ZBW\ T
ATIT EERE L TEEZROBHBLOVS RV T A D3
VEEREMTAIENTE,

5 ER

BETE ORISR O LT, BEZREZBELLLDOTHY,
— AT O TWDEZERMOLFITB N TR, BEEIS—
DI — RN b OB, ZOL RO ER D —>
V. AR AN B P A2 AR S RS N O AR AN E
EAEIRNENHIZLIZH D, L LIRS, ZREFER I
ORI, FAIBREE, EMECHIEEO~y T LTl
RO Z BB NBHEEIATONIE, BILWSFRED T
T, BEIE O ERT <D, TNHLOREZEH TS
SR DV — A% RAE L TWVDON, BT
ThHDH, AL, AIEEITHER LB OO RED D
KEFEFETHY, M KIZB O TREENR SN LR EDOER
23BIbDIYDTFAF— ] OZIREL TDHD-IKDTH A
VM EBR T 2IENTER, AARDFEEF G Tk DT

D ITH B IR EBE BRI I E R 27 Tu<K&dEl %
RICLTUKZERREETIIRODNEE R D,

6 HhYIc

KBRICART Y 2/ e BT B0, X, e
UAAIT T WA MEEALERIILD ZLDOF I
TN W, ST W2 2 1A R L B
50

SE X

(1] T B AT ELERNG | AT 2014 HAAE R B AR HAER
AFEHF p.p5-6 (visited on 2015)
http://www.kantei.go.jp/jp/singi/keizaisaisei/pdf/ho
nbundP.pdf

(2] s P 2013 P.P186-190

[3] fL IR A 5 2 DR O ERR T ANAT
Brik N5 E 202 T P.P1-9 (visited on 2015)
http://www.rieti.go.jp/jp/publications/dp/13j015.pd
f

[4] David H. Maister,True Professionalism,Free
Press,P.120,2000

[5] Philip Kotler and Fernando Trias de Bes ,2h7—®
AN —=ar =77 Uk, PP.74-78,2011



B AT LRI

PEERIN R F PR R FALE No.9, pp.97 — 103 (2015) [¥adE)

75

—O—NIEEBRIOHDIAMEHICRITT—

Systems Engineering Overview
- For Global Practical Engineering Education-

Keiko Shimazu™

Abstract

This paper gives an outline about Systems Engineering, based on ISO/IEC15288. The systems
engineering is considered as concurrent engineering and/or synthesis engineering. In this paper, we
provide comprehensive and concise explanation about the essences of systems engineering for getting
readers’ intuitive understanding, as well as we introduce “systems engineering handbook” published
by INCOSE (the International Council on systems Engineering), Systems Engineering Body of
Knowledge (SEBoK) and Systems Engineering competency guide book.

Furthermore, this paper reports a result of systems engineering hands-on education executed for

graduate students during 4 years, 8 semesters.

Keywords: Vee model, Systems Architecture, Systems Design, Systems Life Cycle Model, Integration

and Verification
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TWEELOMBEDR, RICHBEZRF>TNDZEICER T2
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HRICE AT _EZR200, FWESH TV, ZLTESH
BRI, ZOMWICER N TIRADZEDTEDE M
REAF N BRI AN DOZEH P ROOLNTNDEF 25,

2 VATLRIVOZTIOTHE
7GRS L, k% 1%, INCOSE (The
International Council on Systems Engineering) 23 #8925
ISO/IEC 12588 DV AT ARLLP=T VT ~FGATH Ay
e T a AERECHERL LT, TR 7L —U— IO E
BRI H B O R BB TR AR 22 9 51

ISO/IEC 15288 1%, Y AT ADITATHAINDET =—R
(2D, K E ERE SCECK DR ZEFH RO~ ANTF7 77
A AREMEEL, EIOITHEEFITRA LI ERE L, —
B CEDET L ETL— LT — L L CRBLLT-V AT
LRERTFIETHS. 1959 EICHEFEEEYELL CHESN,
1990 FARIC—ARPE S HIEHEIC Rk ST, T BlRE, 2
REAEL LY Ty 7 TR RE (ISO/IEC 12207) RPBEK
LR YE (ISO/IEC 29148) 72L, AT A& D FIZBHIE
T 51D OREHED R AEZ N TOB[2,3]. FRIZ, v A

A 7 Tk
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W R

TET =TT YRR T FAL kbl d
ISO/IEC 42010 (architecture description) i%, A7 LDk
MRETS R E OB, WCKZEOEER TIEIEAS T
5.

ISO/IEC 15288 342 TF 7L — AU =7 DOAREIT
KRET DAL AT LORGELE NI L > TR 52
LEERRKED D LITHD. TNEEBTH2DIZ, FA47
FATNDOYNORIEET, (FormiE{b72id ¢/e) 2K
RE(LEE#L T LEREEEITILD, av v by
=7V T DFERERERIHREL TWD(5 ). (AR D #72
AR v AEA FIRHT RSB L2036, ZhH 0 i 72 B
BRMER RO (RIRREL D FEB) 28T, A RINRS 2T 4
R FEA RGBT HIEAHIEL TS, Ty, LRI
RO R HEZR TSR DS T B D A o R AR RS T R
TIRDNEE Z BNAHLR Thb.

3 SEPERIMBHMIREIVATLIAIVCSZFYLY
D ERRIE MY

CSEP ( Certified Systems Engineering Professionals ) 1%
SE DEHBREL TO—EL VO RFRERBRE FFOZ L%,
EERAVICARRER 52 &% HIIZ, INCOSE 23l E L 738
FERIETHD. EPLCHUR OB RO E T, € OHiDH
N TOERRCRBI OB, ARRETENICRD. — 77,

ZOHAZBAD LA EHEIDRERE LRI LD DD,

(ZHFL, CSEP i, [EEHgA R T SE KN D3HHT
ZRETHHIETHD.

INCOSE (%, 199542t 4Ei@ D SEAEHERHRZEL, 2004
F 8 IV AT A V=T REE AR E L. ZOE:
% SE IZ B2 A LTI LR R L L7cb D23, INCOSE
Systens Engineering handbook T#&Y, CSEP & 5# D ks &
LThfibitTna4].

3~1 DhﬂIEglrj
CSEPIZI 3D, ZN2UTxi LT AU A [ER5 5

SE ik 2R ETHRHHELAT N 5. Al 1L, ASEP
(Associate Systems Engineering Professionals)& CSEP &, %

LT ESEP (Expert Systems Engineering Professionals) C&Y,

BEIZENENOLRIT-Aca BHINEND. T~z
U232 BRIC LB e BRI, 4 SRR RO THD.

CSEP & ESEP 1%, EBZFEXGEL TR EERBRA L
HTh%. —J5 ASEP 1%, BFEONCRIELZ oWl

DIEDITHEBEENTWDLOTHY, EBREBRIZF DR,

EHHBUBR L CSEP &Rl —ThY, ASEPRBE, #4372 SE 5

BB ETE 52T CSEP ([CHS T ENTES.
CSEP OREEHHET AL, 5 FELL DM D SE

EHBERBREAL, 55 3 FLLEORBRICBEILZDHEENGE

HENBZEMRDOLILS. F72, INCOSE 237K58L7Z SE #
#1285 UDP (Professional Development Unit) H.
NMOBELROOEND. D LT, VAT LRATLP=T Y
7 OEBERERA LT 2B EE AT DERETENFAT
SND. LEZREBRENL, BERILFERVAZ - v RUA,

NReRTA Y e FOANRE SE IRENCEE R FER OV
NINTHY, Y7 N TR E DAL R h 2 V=T
Vo b Z0HO—2LLTHEIT LI TN,

ESEP (%, EBEAY72 SE 554 %08 3512 H 5 SE &k
EHRBREBETHLO THD. 25 4(CSEP HEMHE L 20
)L LD SE EHRRERE, D55 5 FLL ERFETHLHT
EDNREHS AN E RS D, FHEABRITRS T, BHGEHR
BICLD AR OMECHIESND

a2

32 RLRABOMEM

INCOSE 28%179 % SE BAEDO ARG H L, A ¥—F>
k0> CSEP R ELH -~ — 12 2012 AE £ TSN TV,
Box L, ZONWEITTIEEER], FREXAT BN ER %
1To7z. RIGEHIT, AARRRO 2011 49 A 17 ABHED
HOTHD.

1 IZ7RLTZ 3 DDFKIE, ASEP, CSEP £L T ESEP @
EEERIOBEHR DEFHERTHD. WL KEEN RS
272> T 5. CSEP FREMRAE L, EU FHETEFLTH
110 ACTHY, KEBERAHFORLE 355D 1 ThD. 7V
7T, 3 DOREELAVNEBEOREENRLZL .
2005 4F 1 44, 2008 4F- 4 44, 200942 4, 2010 4E 3244, 2011
E1ALHERBL TS, BARANDOREHL, ASEPLESEPIZ
ETNEN 1 AT HOTHD. BEEARATT VX, ACEP &
ESEP DA H 1TV V223, CSEP 1Z— AT FEET 5.

WA, REFOEFELR, “KEH-HFF7, “EU”, “ZFOfl”
(23T, RBEBEEOHEIMMEMAEL-(X 2). “Zoft”iz
i, KRE, B4, EUREELSIO, TVT7 OF X CToEEH
WETTUAREE, ZHUCA—AN T B E T, X 2 13538
EARDORBNET, K3 ITMETHD. “KEH- 57D
REBHIT, 2004 FLAKE, —HRISHINL TS, “BEU7E %
DO OFEHIL, 2009 FLIEENETEIT R DM OT;
ZRL TS,

— 7, HINERIE, 2006 FELUREKRE -V FFIETRELT
Wa. “EUTOFREZ OHINZIT 2007 FHmEL, 2009
I OR 450%2ELCWD. “FOM” OREH L,
MED—FE LTAHMIEAH DRI, 2008 & 2010 4RI
B OVERL TNV,

Fio, “KE-HFTETOREET, EEROEHKIAT
(CACQDRBEDEIEZRAFTIBYE, 2008 0D 23.9%%E —

I FREL 2011 4R1T 5.9% Th-7=(X 4 DREHR).



Wil . VAT AR V=7 ) s — T u—r VRSB OH D AT

F7z, CSEP RBEE DD, “BU"E“Z DM DA FH KN
O DE|BEAET LICHERL, REIGEICHDLEIA LK
DL 4 DEMMOEFYITIRD. 2006 LA, 2010 4FET
HEINL, 2011 4EDEFIFATIE 2009 FLEFRCEAE
AT

3.3 AUREBREQHHEMEEIR

TOT CTHRLRIEBDZ A ROMEANE, BRIl 5.

FRZ IT ERTHE, ZRETARDRENEEZH-TET
SEF D, A RFBZOHAME OHEH N H >, CSEPFREH
THTIEA L CODEEF I, OO E RS S0~ HifF
DOBNTZERHEZRTED.

FEEET CSEP BEEBRIZITZLALE VRN,
INCOSE |ZHELL 728 E RS AT A P =T Vo T REHE
(KCOSE)Z ¢TIzl B LTV 5[5]). INCOSE 235173 H1E
HeFIEMESLETHD SE Handbook Z ST SEBRIT REEGE
ICHIIRLT=obEE O 1T B EFELSb 0D, 7
CTYAT A2y Y =T7 YU [EBE S #% (APCOSE:
Asia—Pacific Conference on Systems Engineering)i%, 2012
FEITHEE 2016 FELIEE THES NS,

ZOWEE, IT EEICBOTINETHANME ZHE -
TV BB IC BN 2 HIEL TETVDILLHY,
SCEP FEDEMIL, 4%bIER T X&ETHAI.
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RBEERR AL Ch, SEICBT 5 EDRENERTHZ
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100 MWEEEFE T

B2, F—D A N—RICOUEIEEERICT 7T 48T 4
B FHEEH I E T AR 2N 228 TXD.

BRIZECK T, R Y 77 - =TV T ER Y,
E ey, EMze R, 2558, nvd—R-~v—71>,
TIVT F V=T G, 7T —R T L n\JLhy, A H—,

MR AT 28 T BT 41503, CSEP OFR & BUE %32 EL ¢
W%, 72 ONN RSERKRMBICE TV ¥ — T
)L Certification Magazine” I, £ H T _EFEEELL TRedr i
B B T0D. EHITSE FR TA M WAT 4 —7  TRK
LT AT DAU (Defense Acquisition University)
T, R 57 v I L% B4, OMG (The Object
Management Group) & IES (the institute of engineers,
Singapore)b [AIER DT 17 T ARHHICE X H L TD.
5 YRFLRIVOZTIYIT ORE
51 AVALUAIVOZTYU T OfIE

VAT ATV =T Y70, O R (SEBoK:
systems Engineering Body of Knowledge) , CatBASILCV\5
JOUT, T Y D BARDZFIARI-BD, ZNENDO T

ERAIRIERL, BREEIZ AT DR T IERTHY,

FOREE, MRLETHMEEL L AT LOWELH AL
TIRIR T B L% BIREDDLIIHD. ThEEBT5
eI, FATFAINVOPNORKIEET, (BoFiEb
F 7<) BREIR I KD R b (holistically) % & 7L T
TAARIVEEERITH LD, WHIEZ (concurrently) 0 52 B Aif
FEELTWD, — RIS, 2B b V=TI T ERT D
FIETHDIN, VAT LA =T Y7 TlE, ZhaEi
FTHVAT IEREET AELT V FRIET L (LY =5
NERF) EFRAL QD 2L, BRI, mRE T
NEANSATGNT 7T VORI A B DRET T AT L
WE L THD(T],

HERE T IR ESNDY AT LBA%RIE, FIFEPHE
FEOBMHSLHFHCFELO Y E (FTag L)) 23,
AT —IHRNE D=—X WO ELD, ENEZIT o724t
HALRRRR G B D AT LADOT INTIA L ZTF AL, EHIT
FEMR G DN EONMZERE T 2% EROMIEERFIL,
BN FEFIEERET D, ZOFEE, ~FRPARL
RFTVW—FHT, IVATEBE TR AL, LB
DEEPERIELE, BEEIGIHEZREBAL)Y — AN
BN DIEN DD, 22T, T aliEd 572012, AN
ATNT T ETIVTIL, WRIET VOB 4 [BI#0iK
9 (recursion) Z&C, UM HELED Y — A AABLHIEL
7o ETAN, 4 [ERDIRL The ks, SN FEBLZN
IRNZENREIHELT.

VAT LA V=TIV T, VBT VRIS A E A

L, 4732210 2 DOET VORI EEBEEL, o2k
RiEbEAHEMCERT 5202 BIEL C0D. BRI,
FEIRSCH Y D FeAe D1E A FIRFIZBAAA L, B2~ A LR
AN (D.G.: Decision Gate) #F7A 7 H A7V HF DT =— AT
FEZLICHEL, WATLTEDLN TWAEEMICK T 2
REHEPER R T 5. Z0LE, 2RREMEZHE T DA
B, —RRIE, ARSI SEAEY, FERINIREV, [mIEkE
BERDT LT H R OVER T DT R A~ERLEE DR T 23
5. ZOAONV FHRNIIRBIEND, BT VOAFREL T
bhTWa (K 5). V FRIZ S~ AV RANTONEEAE S
AT LART =TV T Oa7 (core) ERELR, Z 2 HE KT -
WATL CHEIT T 28 7B ARECTOEEE A7 a7 (off
core) LIFE5[8].

V. FRIOEANH Y T W OF 7 o AFEO/EET,
BRSO Y | E DA R DD, Wb, IR AT A
BEBAT O ONLERERY O E ChD. L BEN
WZIE, VAT DERERLT DOl 72 B SR (R b
AV BT 2 — AL KRR MNE RO BMR) ORFIEZ RO
E¥THD. REORLDT o ABEN, TNENZOEE
ZRIFFIZEREL, 1B B2 T &k AL OIS
BT =X T F Y ELTED TS, DY, PAFLRL T —
XTIF v, FFEOTRIEST 1 FH (7282 1XHgRE
WERLE) AR T AL O TR, BEOBARAEENLT
PFALEN, RBHOFNLORM TR L2 E DF & IN3E
ELZRVRTER R T,

PLEDR, AT AR =TV 7O g+ 2kt
DOARETHY, av L b V=TV T RMELRFR T
LD, K5ITRTVFOLEMIHEY TR, ZnEh
DT TEAREL, T—X% T/ F v RER, D.G. O RE L
R EFELLNS, FIEFTO /AL (LCLE Lowest
Configuration Items) DL~ E#ESAET, HEREE D
S fiR% 10K 3 (teration). ZHLT, f/NBEALIZ RS VT
FERN, PFREV AT MERRE L CRE AT LA V=T
Vo7 TIRE) EEICAVWSA.

BB AORES Phases

PR BRI

Business Modeling

Requirements

| Incepein]| e

Analysis & Design
Implementation
Test

Deployment

Configuration
& Change Mamt
Project Management
Environment

X5 WAHNZHET A BIMOIER LT DRSS

52 #EIFOAIE
—77, M5 ITRT V FOEMITH S T2 T, 47



il . VAT LR V=T VT — T a— VR ER OB 5 ANMERICET T —

REAREOIERTRESIL, D RICIEMRICIEST, £
NHZNMAIZHA LTS, H oi L R R RN ER SN D
2l TRV FOERMOT 2 — BT LICHERS LT
WHDT, AMOBIMIZIORE () EBVICELE S
FTOIENETDNELRD. 1o T, VAT LA V=T
V7T, ZO/EE%A “integration and verification” &L, fUE
LIERREDO L ECHED DT L — BT — I R S TA.

REOFLE TR VAT LATL V=TV T N R T
v 7 (systems engineering handbook) &, %17k {4 % (SEBoK:
Systems Engineering Body of Knowledge) (%, 9 X T®
ISO/IEC15288 % FEH A2 HATHITES L TRY, 2
AV b P =T LG T AR E LR A R B
INTVWD.

53 YRFLAIVOZTYUT-N\URTvY

VAT BRI V=TV T NRT w7 (SENVRT )
i%, ISO/IEC15288 T/RSNDETAT F AV MWD Y AT
AR D =T Vo7 T e AT L, 37 Rl b E
72 T2 (activity) 2@ 356D THY, INCOSE 233
TL TS,

2015 42D ISO/IEC15288 WRTDNEICHDE T, 4 4 iR
ARSI TWH[4].

ZHUCRDEV AT DDTAT AT NV ERER T DR HER 72
B (7z—XDHEA) T,
Production, Utilization, Support LT Retirement T&H5.
ZM5H Utilization, Support @ stage IX[RICHARIZIF4TL C
EfEIND. £z, FA7 A7V E2LBLTCHITLTEMS
NWONEET v ZRED T CTHRITEIN 7 v 2 (Technical
Processes) ELTC, 14 OB EARRINTWA(K 6). ZD
5%, 4 -2 B ® Architecture Definition Process & 5 -2 H®D
Design Definition Process 73, 5.1 i Cik~/= 7—XF57F
YORE &, I/PMERRBEALOL~)LETOSR 25T
Z#1L7C, 8 -2 H® Integration Process & 9 -2 H @ Verification
Process 2%, 5.2 HiTik~7=“integration and verification” ®
TEZEITH Y 15,

Concept, Development,

I Business or Mission Analysis
Process

2 Stakeholder Needs and Requirements
Definition Process

3 System Requirements Definition
Process

4 Architecture Definition
Process

5 Design Definition Process

6 System Analysis Process

7 Implementation Process

8 Integration Process

9 Verification Process

10 Transition Process

11 Validation Process

12 Operation Process

13 Maintenance Process

14 Disposal Process

6 VAT LARTL V=T YT ERETREN TS
Bl 7 v ARt

54 SRATLRAIVOZTYUY OMBHERREIVETIY

AT BRI =T VT DIEAK T (SEBoK: Systems
Engineering Body of Knowledge) 1%, 7 DD/ X—MTHEALII
5(F D9 Far v T i, 17 OmakiE (3 2) T, 4
BT B (3R 3) 975[101.

H51Z, SEBoK D 7 /S—hDV AT LA V=TV
OBFAFEFHRMTERITMETS. 30 OFREEEZERY |
IF, NASA 21X U GPS(Global Positioning system)BA%E, 3
KEEIR T2 B0 8 08 A 715 L Skt & 3
INTWVD., ZNbhb, BKSEOKEER CTIRIEASh
TV EEFARZLNTED.

# 1 SEBoK %

#1-%— 1 | SEBoK's scope and structure,
including its hierarchy of parts,
knowledge areas, and topics

% 23— I | Foundations of Systems Engineering

% 3/3— I | Systems Engineering and
Management

% 43— I | Applications of Systems Engineering

% 53— I | Enabling Systems Engineering

% 63— I | Related Disciplines

% 7,3— 1 | SE Implementation Examples

£ 9 VATFARTL V=TS A BT —E

R ARk 1 Systems Concept

Ik AR 2 Super-system capability issues

ARk 3 Enterprise and technology
environment

ARk 4 Determine and manage

101
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stakeholder requirements

HIRk AR 5 Architectural design

ARk 6 Concept generation

Ik AR 7 Design for

ARk 8 Functional analysis

FNE ek 9 Interface Management

FIi%EYE 10 | Maintaining Design Integrity

FIRRAEIR 11 Modelling and Simulation

HIEkAE 12 | Select Preferred Solution

FIiaEYE 13 | System Robustness

FNEREIk 14 Systems Integration and
Verification

JNFLAENK 15 | Validation

FIi%aEYE 16 | Transition to Operation

JnEgaEk 17 Enterprise Integration

FIi%EYE 18 | Integration of specialisms

ik 19 | Lifecycle process definition

FIi%EYE 20 | Planning, monitoring and
controlling

# 3 VAT LARTL V=TIV e a BT DAL YL

ATy Kirsho~xZ e

DL~y

Awareness Learning and Development
Tell me about it (overview)

Supervised Certified Education

Practitioner Tell me about it (can explain and
understands why)
Experience of doing (on an
training course or as part of a
team)

Practitioner Experience of doing — Relevant
and Recent (last 5 years)
Objective Evidence

Expert Experience of doing — Relevant
and Recent (last 5 years)
Objective Evidence
Peer References /Assessment

6 BATOERKLEE

AT ETIORLICE Y, KLV AT LA U =TY
VOHEEEL, TVT THOEDOEE AN EHE NILNY O
OBHDHVAT DAL =T VT THDHH, ENORDIIL,
RO BT EZ R TR,

BB OB T, ISO/IEC 15288 ZRHLI-HB &

W EATOZ R RHTITE A EFEELR. ZDT25,
TIOTRMAEHED Y AT AR =T Y S it
AT, BUE, BCkSE (B LIS v AR —VESNL RS 1T A
FEHETD

ZHITHL, YRATF LR V=TI, BARADRE
WA UK WEVOFERL D, — 75, Fox OB ERED
BIOFERPEH/INTODI1L]. 2009 4055 2011 4FIZHED,
BB B R KRBT AT LT AL~ F VA M ZER}
T, ISO/IEC 15288 DFEHE DIERFELAIT oIz, ZOPIEIE A4
[\, BHEETURREEL, L—F —Fr—b EITRLE
DN T THD. PRITEFES TS AT FE DR
DREIOZNTHY, ZIUTEFIZL DV AT LA V=
TV T ORREEBELUIZEHROREEZRL TS, £LT,
IMANZ IR D3> TV BERUT LD H OITEE O E DO F &[]
DOLOHD. FRITEFESTNDTv—hD3, 2 FEFE (LY ke
IZHEFSTWNDBLDE, ZHTRNED) DI TNDI LI
FEHSNV. BIE DB AN THERSNIZFREH O
TR T EA (EEREYR) THY, BEIISEANIC
KLU THEFECHIEELIEKFHORICLAAIL T Db O
7.

JEFAR LG TR R T, o v T I EN D
DI, BHESHHEED LHERKRFET, T TITHREEL
TWAZLIZEDL DI EHEE LT, B R ANBIEAIZEST,
KRR OHTHY, AR EOBEZT TILAE V=AY
TV EBETOIRRETHLEHR L. — )5, EEFRE
OFAENTIE, BARANBEEDIET VDS RERR B
LTS, 2L, AMEANBIEAEE A RANREEDa Y
TN, SRR B E R (FEERENIED ISR DI K
ERBAXITI ALV, ZRHDOIENS, L THARN TS
RPN, ZOZEMICKHTAEE MR O TIERL, K%
7R B OB N EZHNEZET, ZARICZOFERO Mmi%kE
EENE ROTESEHLIENTHETHDHEZ R D.

-4 2009 FLEIE
2009 PLBEE
-#-2010 F#NE
~a-2010 FREE
-#-2010 FAHNE
-=-2010 PLEHEE
~=-2011 R #E
w2011 FBHEE

T VAT LR =TI B ILLD
=AY Y (!

L arv s vOBEMD ZENBNTH 72720,
HFRAEIAL 1%, 2008 AED & D 2kl L CTRIA L7-.
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7 FEDHIZTMAT

2012 AT, KE TR RKENEAMICEIA TET2
FRIEIR O B 100 4RIV IEFR U7 BRI Vi
23 IEEE bR RSN, 55 R SR RERORER A S L7-
BFEAZRYIOwGHEEL, THRHEOERIC 5 [BDE
bR BTz LTS, FRIC, FOT ORI, (L2 PRI A
DB, FEEFET 2B OMAENLETHLETESN
TV,

ISO/IEC15288 1, 2015 £EICIETEN, BEELE DR
SN FEEZAEL, FSLEEZOEEEA ST AR
Lo TG, ERGTREET F DIV AT LA V=7
I EHBE T AREI T AL T, R IEERE o7
ISO/IEC 15288 O#EBEHRMELRDEB 2 5. T LT, Tl
D, R P OEEDOBL CIERTHICAME#HK N THT Y
TOT RS SEHEREEHFO—REMIZLIZHIRTS
LHIE T 2.
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Design Development of Full Size Design and Developing Full Size Clay Model
without Facilities and Equipment for Full Size Model

Noboru Koyama* , Keita Murata* , Yusuke Shimazaki* , Sadamu Sudo*
Hiroaki Oobayashi* , Shinichi Tanaka* and Nan Mou*

Abstract
This paper summarizes the results of a project by research funds, which was given at the Advanced
Institute of Industrial Technology (AIIT) in the academic year of 2014. The project theme is based on
the development of full size design for “ Omotenashi (Hospitality) vehicle for Tokyo Olimpic 2020 ” of
PBL outcome. It called that the study for developing full size design process through making of full
size clay model without facilities and equipment. And also, it is trial for students to learning a

professional skill process through making full size clay model.

Keywords: Full size design development, Full size clay model, Tokyo Olympic 2020

1 [FC®IC

AEOWFZET —~1%, Rk 26 4EED PBL 7rY 2k
LT, EEEE, L7 —EOERNEL YT A DOT A
ERRET D20, TP AR (EYR) 7V A BIFEIZERY
FIR, TNAF AR T N ORUE AR O B L AR) (K
WFT, IV AZDIVAET N O A EB L -EF /L

FUET e ADFHELFERR EL THRD EEDTZHDTHY,

BT E— N HDENT LY ARXEFT ALDOF LN FIE
LLTOERITE.
EEE, HARZIZUD MR PO F YA 220 (R H Y
TR E) TTINHARXDORMEEFFOFRITOTT, L
LR OBHEFRTEZ, TVIARDETFT N ERETES

BREE (FREHECH M) OFRITIFEA LR VBRI H L7,

ZORWMT, LT LT
a3 TR WD SERIET.
WFgEFEE . MUB(TaT 22— A& TP AU HY)
WFEt /1 AR GREHEY)
FHEWIE: BRHEN (T A HY)
AR (T A W% - Bl )
RARFLIA (BR A BAEH )
HHiE— GEEl- 5 E - BhiEy)
doked (A G R TR Y)

, IV AT )Ll
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W, TV ARXT YA DRRFEEL TR A vy
2020 ODAK Y7 HEEVT 4 BF 1 2 E L7223, FELIE2E
THIT 5.

2 JOCIOMDOBE

21 BHETHELEEUTa in BRRAYZEYY 2020

L[E], TAYART A ELTHRELZOIX, 2020 0
HIA V7 TR ED SR BT 8% - ETITHL
ML TRLOL ) ZHREL TEHONLEE YT T8 Tl
EEVUT ¢ in WAV Y 2020 DT WA BR% % I
L7z, BZEA6D DR HURI OH H F ICe v o 74 E i
L7z B, BITLLTF O o RA L R BIEN Tz,
— 2 HIE ITS °F VXNV A3 — % 0E A LI WL,
ZOBIIAVIE Y D BT I EB AL T T ST R
PN E AR S TOXREDZETLE.

INELEL, AV I RERTEIN TN T —
UV = (Ra RJEL) ERARAY = (BHY) OW, %
HTHDRFANAY = OHMBAE L LR L. Z DR E,
SEPRICTHEN TODI=OICEOIFE AN EEICRHT L.
Fo, EHENIZT TN MITE THL =D FLBEL AR W &E
2RI NI EEINDEC YT A BE N THDHENHZ L%
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Foniz. (kX 1,2) HRMEEEOIERLTH. Bl AX1E, &K
2580 mm, 2=E 1300 mm, 48 1580 mm&7z> TUVN5.
(B X 4~T)

5: SHIEE YT A DA YT
20 BURDOT VY

ZLCF—L 2B TR, kO —S>0FmOT
PA L BT BILITRIELTZ.

O BE#ZEErYT4[T(Transport) e V7 1]
B GE ORTF R OBIMRE I T 2AL—A 2B
o R— T 5FEV T TROMEEETTHIL
WDTED. AV BREEZAL—RICBESES
720D 4 AT, YA R1T 4R 3400 nm, £=1E 1480
mm, A2 2000 Bl FEieoTnS. (B X3) 6: STEL VT 4D EATIRFHE (CG)

3 THRIEL YT ¢
7: SEEL YT (B HERFE S (CG)

@ Y—rAxXEELUT([S(Service)ELVT ¢
B SGEL TOBEIIRT o~ T T ATHYIR I, ZOZOHLEEVT A DT NP AZXDET LALIZ O
—heTHEEYT AT, RIGENTOIELEE L T, FNOBRHCHYE Rl 2 EEL SHMOEE YT+
ZANFEDEIRSTWA. AR 4 R DA E T AZ EINYARET NELTEYWET DI LT
BERLZGRENREDERERRLUETTT LN BRI A TOT VY ARETT IVEYWEIZONTIL, 3EICT
TE, BRI, HRMEE RO LEOICESE B LB T 5.
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3 EREBLATOETILEH

31 FIHAXETILEERDOERBELRBIZOLT
ARZEIZLDEL DT FA L EKICHBEBESNTNDET
JVEIE R ORIV — i, K 8 ICHDLHIRAr— LT
VRO S e L X-Y-Z Hho 55 CIEE A E D 5 A
TUhv =BGt DT, g2 T ELH D
BEOIENRHIUZT VAT —TH+oiEHTE, in
EDENWA—LET LOBUEICRE S TEALOTHS.

8: Ay — T T L ORYEM R

—75, HE)BE A=A —/o LI SN TWODHONX 9 O
IR TN AXEF L EUER DAm X 8m DEMEL AT

Fd = A THY, (THUTHETH AR5 T,

FEEITT N AXO 3T ERECNN TR LTS A D
FEEALTND) INLORREEME OIS, A OB ZH
¢ B Tns.

9. 7)Y A RET L0 BE A

32 INLHAXHZHLRATODIN YA XETILEUE
Ak, INPARETNEHIVET DI-0OITIE, 7P AR

T NRER ORGP LETHLH, FNITITR. Lo,

FOTE— O EWERICT BTDITIE, Ak, TEVT 4
EEILDIE, EYRKTORENSZDL. A EIOFZET
X, BRIV ATOINVY AR IV AT IVEAID O T RE
ETNOMFE, BELREIZIVRWET DL LT,

33 TAtER(Step1)

FTIEOIL, BUET DT VAL TEEE T T AhD
WE IR TR A~ LR BT 22 & bhbed Tz,

WIZ, 7V ADEEWOUREALT 5720, BEIL, Ik
EED RIAAT 50 mbh_ E7LAZ2R503, 4Ei 5mm 2
JELT DRI DAX AT +— LD K% CAD ECH
DR IERE G EF DLz, (B X 10~13)

— = i ﬂ

12: 100 mmt" T O Wi RO ALY A1



108 /N

13: SERRLIZAZ AT — LD

160 7oL A

3.4 FOtRA(Step2)

ETLOEOF LN, TR L DIERERSE OB E %
IRBOHEH L OT=d DR B A ERIL, 232, Hls
22l L TR LD M7, RS, ElEBOMR
ERHRDLEDNTZ, EREBOFIEL HRDLHEIITLI.
ORGSR, THRIVEEBLESNTAZABT F— 2D TV AR
MR L. (B 14~18)

18 FBRLIZZL AT L DK

3.5 Ot R (Step3)
ZDOBEBETCAIATT 3 — DRIV A REVAT B3,
W 50mEl FREDEZ ARV D 2 R DIRY < (5mn
TRE) BT 5. R RELC, ¥ IO E R
TE, SERRFOOOEIL IEICH D7 hio Tz,

(R 19~21)

150 ZLA T OHERER &
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20: JLARED LR

210 FERRLIZT LAV T

3.6 OtRA(Step4)

SERLTE VAT NVERET DT R ERATER, TEODLS
12, ZOFETFIVT A RIS THIRTWS, 2, ml
DINRT =72 ZNOBET —ADFRICADIRN T,
HOPUO ARTETEIEL, mEIIT—2 > TET L
ELTHERSE DL EE -T2, RF—V7)

D%, BENBKbDST-ET NVE, T—T R &M
LT, R OERTET NV ED. (B X 22~24) 240 B SN CEER LI VP ARET L



110 /N

4 BEDOELD

SEOF a2 IMNE, A FNEER, TAT T A7y F
EAB = NSH T NP ARET VESERTHET, 65 HT
BAFE TET=. BRI, TP A XTIV AFTT ITK2 H 35D H
M CRmRSEDHIENTEL.

Fiz, T BT —ra RBRARICHR VTS, B TELE
WY, EMRKETNVEVHIRTRKERAL IV G252
NTE, PREEDNIZERDZET AR TH-T-.

ZDIENDG, ZI3ARN, ABFSTHREI T80
mTHDLDT, TOTF AL ORFNTIE, Ar—/L (i R) T
FRT NP AR (EYR) TEMESNDHRETHHENHZLE
O TR LT-.

AWFZETIL, TNV AR T N BET BRGNS
T, ZOREFTESLERO LRETT VAR A
ETNERYELIZZLICRERBEN®D. T, WA
ARG A ET CEOMREERERL TOEL.

S5%1T, BT TOENTT VERWEREICHREBL TV
EMTENITEE 2D, Fiz, [RITIL, WAA—KET IV
FTRBHKELELE X TND.

5 BhYIc

AWFFEIE, PBL AL ASA—12FTRE, 2D HF X ITKZH
NFERTDHIEN T, BV, Zo7ey=/MNIELR
72T _XTOF &2 IS0,

SE X

(1] /b, FREE=E, FEEK, HEERE, K2
J&, AW, AR, v = T a7
“Super Cell”DEF /VHE K OB 7 1t D48
Wi, EEEHT R PR FACE No.7, 2013 412 A
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The privacy protection of biometrics in big data era

Yoichi Seto*

Abstract
The biometrics product market in Japan has been sluggish, because the new field of large-scale has
not been pioneered. One of the reason, it is that the privacy issues of biometrics is not clear. For
market development and enlargement is considered to be a clear privacy of biometric become help
solve. We introduce the laws and international standards of privacy of correspondence in each countries, and Privacy
Impact Assessment, in addition, the trends of the latest developments of the biometric authentication technology.

Keywords:
Tracking, Verification

1 [XL®IC

INAF AN T AX, F580, B, BRIRZ2EEANICEA O

M OB SPFRAEEAT OB T D [1]. 2001 4F 9 A 11
HOXE DRI L3 T nd o0t 22 ID, e-passport
REDNRAF AN I IERANSE S B, BAEITHRAR
9.11 L CRMFIH~DO IR AR E VL [2].

MBI B Y2 A AN T AR, tha0%
EERICHT G T5—F, FEZOLOEMRIREL THRHT-
b, TIAN—BHERPERERITH T 2B ST ETD.

B, NAFTANII AL, FA70l, TR,
Eo T —HBRZ LB~ — T T T T OIE A LT
INTWD[3]. ZOHE, HERIZHLIL TT I/ —~D
BLIE DM BE L7 .

HARTHE, BABREEEOREIZmT 2= F T

IR oMES T, A ROIBOERFE RSN

WMEENAHINTND4][5]. ZOMFTETIE, SAFA
w277 =2 DROFHRETL TN D.

NAF AN w7 EIE, F5, FRAERE OHENRETH-
e, Sk, By 77 —2FH BRISEBHIEOSLD B3
B CED. PR, AU RS DREEHT —F 2/ A A A
Mo ZHIRIZIINEL, BEEH, ¥—Fybh~—T7T v
T ~OEFIHTTERL3]. BRI TI A A AR
JIAD T FA R — PRI 5 . AR 22 &R R I20
TG REINEZNDT —FRMIEHE DR LA L L
NEETHD.

NAF AN I TGO RIHBLOIEROT=HIZIE, A4
ANV AD T FGA N — P AHEIZL, AT —2FR7 —H]
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Big data, Biometrics, Identification, Privacy Impact Assessment, Privacy Protection,

TTF 4RI BN EELRS6][7].
DI, AN — BT A5 EOERIE, S+ AN Y
ADFLNE, NAF AN T RCBT DT TAN—Ri#
BT 2B, EFEEORRIZOWVWTRMN T2, &I
INAF AN T ADFHTLWEIET L — LT — 7 DEZ DN T
BT 5.

2. EvY T RDNAF AN RY
21 FiLLWHiEOBE

INAFT ANV AOF) A 53813, IR AE7E D Forensic
& GUIEE OB NHIXCEY, NRAR—FLEED—F
el ota 1D, ABRHERE, 4/ ATM (285K AR
REDIEBNTTEZ, SFY, @Y, AR T DR A5
B PSS D B o72(6].

BE, WbWwaE v s T — 2% R ORI AR TCE. Al
U7 B IR A BB T D ERRRRAEE IR OB LW T A3 D B30
DODD. NAF AN I ADBREIZE B LTATEIY — 7T
A TR, ~VAT T IREDFHUWE BN T Tz,
TFENE =T 7 IR LT, IR DG ER DR DOITHE)
JBIEA ST, BEOBRBELAERERIL, ¥ — 7 v haikoT
A B =y NAERE CHE DITENBE 5T 2175 Fik
Tha. ATEE =7 T 40 7R8I, BV LS IR T
n5.

BlZIE, RUSRT IO, T3—MeE /s,
KT DL OBEOMER], Fln, Y —EA~DIE—MK
REENRILEMELTHI LK, BEEORGHE ICH-T-
Ji5 & BRSO P O S T %, B T IR B 9 A RIS A N 5
TE5[3].
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SERUT R RS 2 ATL, RIGE B oL bAE E 'R
T =L, FRIAEMICHETHIET, 5k
DY TED. EHIT, BRI R - BN RREORERN
e, KB (LBREDE YT F — 2B HETH
WaATHZLT, BEMTHY —E R0 E BP0 B
PERIZDZRIND~—r T 4 TN REETRD.

&l h
| : HEESEAER - xg )
4 i ﬁ (=g R EARE F=bF VI =ER |
8 ‘ ) 8 i |
# gi[ . b f m s W \
Ta ‘ 5 \ F 2Ans5 fanan | NEARERD
| peiEee 1 9 S ‘
I [ :
' : anb H P R
‘ ; wwans
% ;

. -—
L ym‘mx: _N'\\‘ / \\
A ] e e

K1 B 7T —2 LS AF AN 7 Hiffi

BERERE O ZEAR R 22 BN IR BB T CH D03, B A Z 5
ERT, HER, FleE O RAERHL, Z0ITE RS
T T 20D THS. HANERE LW, A R
EOFMES, 7T —DORIBELRVES O TODA,
BB 72 RS HHEN TV, AR 7e R AN S F
Mo TR,

2.2 #Rl, FBEEZLTER
PSR, NAFANZADHERELL T, L FD2ONZET B
7=[1].
«##%51] (Identification)
«ZREE (Verification)
AR, M2 1R T IO, TriosErBmISns7].
- iB#F (Tracking)
BENIASAF AN T ZADFiT= 72k Re LT B ST,
BEFFIHEL C2.1 HiTR~7=d0I, JEshERIc ki o~—
TAL TR, ISR E LTI AT O RIS LT
SkEE#E POS (Point Of sale System) 728 CTHU#SL
B WA TS, EEOMHEP ST N T&ED. S6IZ, &
HOAAZEIGE AT HZEATEY, JEEERR, IR R,
FEMEE B HROBEG FRELRY, ~—F T4 7 53 W T
AT, BB LIRIGEEREMMOT —2 ([RE, R4,
R, SNS 7o) bxtilAsGbErIET, JHEHN T
1B CERD TR ORI AR TE5(8].
BEHARICB OISO N EREINET L. #HdtT
—HRMANDIEFFEDT — 2 EFIAT BN, SAF AT A
T =R T DT TA N — MO R A IS TR <4
b5,

AFIS T ORI
AEERE BEIL7—H

.7 (dentification $BET (Verification)

FLORA  ep

LTS (Tracking)

BEANEBRDOERY KL DREE
2 I FERE IR R~

3. NAXANIGRDTSA 1N —1%

31 BEIZEITZTSA /N —EHIE
(1)OECD
OECD (Organization for Economic

Cooperation and Development) 7% 1980 #-IZERR L
T (7T A N — R L AT — % OEBRIBIZOWNT
DA R A BT HEHSEVE) 1L, MAT — X IE
DOBEMOPE L7 E 8 JRAIBRER SN T WD, KENE
1, FENCKT 27T A N —PREEOIERARIL OHLY T
Lo TWDHHEDTHY, XA A A NI 7 AT 5%
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Newly Revised BABOK® version 3

Yoshio Tozawa*

Abstract
New body of knowledge on the business analysis was published, as BABOK® version 3, on April 15,
2015. This is the major revision of “A Guide to the Business Analysis Body of Knowledge®”. The
business analysis is a profession which defines the change to develop new business values. Technology
advancement makes it possible to do the work which has been impossible to do before. This enables the
change of the way of work, leading new business values. This paper discusses what BABOK® version 3

focuses on.
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Business analysis is the practice of enabling change in
an enterprise by defining needs and recommending
solutions that deliver value to stakeholders.
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« Elicitation and Collaboration (4#)
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3.1 Plan Business Analysis Approach

3.2 Plan Stakeholder Engagement

3.3 Plan Business Analysis Governance

3.4 Plan Business Analysis Information Management

3.5 Identify Business Analysis Performance Improvements

Elicitation and Collaboration #1:&T')7

4.1 Prepare for Elicitation

4.2 Conduct Elicitation

4.3 Confirm Elicitation Results

4.4 Communicate Business Analysis Information
4.5 Manage Stakeholder Collaboration

Requirements Life Cycle Management Ni&T!)7
5.1 Trace Requirements

5.2 Maintain Requirements

5.3 Prioritize Requirements

5.4 Assess Requirements Changes

5.5 Approve Requirements

Strategy Analysis 1T 7
6.1 Analyze Current State
6.2 Define Future State
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6.4 Define Change Strategy

Requirements Analysis and Design Definition £1z&T1) 7
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7.4 Define Requirements Architecture

7.5 Define Design Options

7.6 Analyze Potential Value and Recommend Solution

Solution Evaluation £15&T )7

8.1 Measure Solution Performance

8.2 Analyze Performance Measures

8.3 Assess Solution Limitations

8.4 Assess Enterprise Limitations

8.5 Recommend Actions to Increase Solution Value
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* Analytical Thinking and Problem Solving

TN TEY,

* Behavioral Characteristics

* Business Knowledge

* Communication Skills

* Interaction Skills

* Business Analysis Tools and Technology
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Acceptance and Evaluation Criteria
Backlog Management

Balanced Scorecard

Benchmarking and Market Analysis
Brainstorming

Business Capability Analysis
Business Cases

Business Model Canvas

© 00 3 & Ot & W N

Business Rules Analysis

10 Collaborative Games

11 Concept Modelling

12 Data Dictionary

13 Data Flow Diagrams

14 Data Mining

15 Data Modelling

16 Decision Analysis

17 Decision Modelling

18 Document Analysis

19 Estimation

20 Financial Analysis

21 Focus Groups

22 Functional Decomposition

23 Glossary

24 Interface Analysis

25 Interviews

26 Item Tracking

27 Lessons Learned

28 Metrics and Key Performance Indicators (KPIs)
29 Mind Mapping

30 Non-Functional Requirements Analysis
31 Observation

32 Organizational Modelling

33 Prioritization

34 Process Analysis

35 Process Modelling

36 Prototyping

37 Reviews

38 Risk Analysis and Management
39 Roles and Permissions Matrix
40 Root Cause Analysis

41 Scope Modelling

42 Sequence Diagrams

43 Stakeholder List, Map, or Personas
44 State Modelling

45 Survey or Questionnaire

46 SWOT Analysis

47 Use Cases and Scenarios

48 User Stories

49 Vendor Assessment

50 Workshops
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Leverage in the information technology education

by using hardware teaching materials

Narita Masahiko *

Abstract
Embedded system areas, including mobile systems represented by smartphones, have begun an

important corner of the software industry. In IT product areas, rather than using existing PC hardware,

the cases where constructing a system product using newly created hardware, are increasing. In

addition, hardware prototyping environments are becoming low cost. In this paper, we introduce

information technology lecture courses, considering the above situations. And we will make some

recommendations to take advantages on these situations for Information technology education.

Keywords: Information Technology Education, 3D Printer, Robotics, Raspberry Pi, Arduino
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Development of Robot Service “BuddyBot” by International Collaborative PBL

Yosuke Tsuchiya*, Liyanage C De Silva**, Muhammad Saifullah Abu Bakar**,
Yoshihide, Chubachi*, and Masahiko Narita*

Abstract
In Advanced Institute of Industrial Technology (Japan), we have been carrying out the global PBL
(Project Based Learning) for developing a robot service in collaboration with foreign universities from
2008. Universiti Brunei Darussalam (Brunei Darussalam) and Unitec Institute of Technology (New
Zealand) participated in this global PBL last year. Then, we carried out a collaborative project by the
universities in these three countries as a new trial. We made a support robot called "Buddy-bot" for a
chronic infant patient by this PBL. In this paper, we report about the summary of the global PBL for

2014, and results of developments of the robot services.

Keywords: Global PBL, Robot Service, Collaborative Development
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An Analysis of Class Evaluation Data Using Text Mining and Its Application

Hiroto Inoue* and Mizuki Nakajima*

Abstract
The purpose of this paper is to clarify characteristics of non-degree students’ class evaluation in course
certification programs. In this study, 30 adult learners evaluated the lecture of “design analysis” in
the course certification program of human centered design of AIIT. The adult learners entered the
course without taking an entrance examination, and most of the learners were responded that “design
analysis” had been difficult. As a result of text mining, we found that the adult learners who felt
difficulty had two comments; “I were able to understand the utility of the data analysis, but I felt

difficulty to apply data analysis in my work.”

Keywords: Class Evaluation, Faculty Development, Text mining, Correspondence Analysis.
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Projection Unit to Enhance Video Games

Hiroaki Tobita*

Abstract
We describe unique augmented reality (AR) system that projects visual effects onto the environment and player’s
body to enhance a video game. We achieve our concept with compact pan-tilt units that contain a projector and
stereo camera. The camera works to recognize both the player and background, and the projector projects visual
effects onto them. By using pan-tilt motions the system provides a wide variety of visual effects. Also, our pan-tilt
unit is really simple and compact, so users can set multiple units and arrange their position and angle to project
more complex visual effects. In this paper, we describe our projection system, focusing on the implementation and

applications through the system demonstrations.

Keywords: Augmented Reality, Virtual Reality Visual Effects, Video Games

1 INTRODUCTION

With the development of both hardware and
software technologies, we can enjoy playing a wide
variety of video games in our living room [1, 2, 3.
With computer graphics technologies, many video
games provide high quality visual expressions that
are similar to the real world. With network
technologies people can share the same game field
from a distance. However, the elements and styles of
video games have been almost the same since they
first appeared. People generally play video games
with a TV screen, gaming device, and sensor like
camera. TV screen has simply changed the size even if
it is really important to represent the game world. To
enjoy videos game more effectively, visual techniques
that help players feel the virtual game world more
closely are necessary.

There are some systems that enhance the screen
among human-computer interaction researches. Most
Augmented Reality (AR) systems contain a camera
and projector to enhance the environment, such as
walls, floors, roofs, and entire rooms [4, 5, 6, 7. CAVE
[8] is a virtual reality system that enhances the entire
room by using several projectors that project virtual
information to each surface of the room. With AR,
users and the environment are enhanced by visual
elements and interaction techniques, so the approach
is useful for video games. Some AR systems focusing

on video games have been introduced. IllumiRoom [9]
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is an AR system that enhances the peripheral TV
screen for playing video games. The system sets
projector and camera units in an anterior direction of
the TV screen, so visual effects are projected to the
peripheral TV screen. However, the camera and
projector are fixed, so the system projects virtual
information in only a fixed direction. Also, RoomAlive
[10] is an AR system that enhances the entire living
room. However, as the system is really large-scale,
which makes it unsuitable for casual use, like playing
video games in a living room. It is not automatic, so it
is limited in setup. In addition, IllminAR [11] is a
compact AR system to enhance the user’s desk. The
system has an arm-type unit that contains a camera
and projector, so the user can move the projector and
camera position manually.

Conversely, pico-projector based systems have been
introduced [12, 13, 14]. The projector is really compact,
so a handheld system is possible. Users of such
systems hold it in their hand, so they can control
projected information by changing the position and
angle manually. Through a camera mounted onto the
projector, the system recognizes the AR marker and
surface conditions in the real world. Although the
system is really simple, it is useful to show virtual
information casually, like showing presentation slides
and multimedia content. However, users have to hold
the system to project virtual information. Thus, the
interaction between users and the system is really

limited comparing with conventional AR systems,
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because both users and the system move
simultaneously.

Therefore, we consider our projection system, which
is a pan-tilt camera and projector unit to enhance the
video game environment with pan-tilt motions (Fig. 1).
Our system can recognize players and surfaces in the
environment and project visual effects depending on
the game contents. Our focus is divided into two parts.
The first is to provide game effects (e.g., magic and
light) that are projected to both the player and
environment (e.g., the roof, floor, and wall in a living
room). The second is to design a simple and compact
system. Unlike conventional approaches [6. 7, 8l,
players can set it up easily and use it casually. Also,
the system allows users to set multiple projection
units, so the users project more complex visual
information by arranging the positions. In this paper,
we describe our projection system to enhance the

video game environment.

2 |IMPLEMENTATION

Figure 1 shows our current prototype of the
projection unit. Our projection unit contains a
projector, camera, and two servomotors (Fig. 1 (top)).
Both the camera and projector are set in the same
direction. To control servomotors, we use Arduino that
is a micro controller and is connected to a PC. We use
a stereo camera (Xtion Pro) supported by OpenNI
libraries to detect both people and background at the
same time. To project game effects, we use a
pico-projector (QUMI Q5), which provides 500-lumen
light. We use Unity to create game content.

Our system uses two servomotors to achieve the
pan-tilt motion of both the camera and projector (Fig.
1 (bottom)). With pan-tilt motion, the system can
chase a player and project effects onto his/her body
even if he/she moves. In conventional approaches to
enhance video games, the camera position is fixed, so
the system cannot recognize a player’s position if the
player is out of occlusion. Figure 2 shows how the
system recognizes a player’s position. With OpenNI
libraries, the camera retrieves in-depth information

from the angle of view (Fig. 2 (1)). Also, the system

can recognize a player (red area) (Fig. 2 (2)). If the

Figure 1. Projection unit: Contains a stereo camera

player moves, the camera chases him/her and sets the . . . .
and projector (top) and supports pan-tilt motion with

user’s position to the center of the camera angle (Fig.

2(3)).

two servomotors (bottom).
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Figure 2. Recognition of user and background.
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Figure 3. Example of Multiple Units

Figure 3 shows examples of the layout with two
projection units. By using multiple units we can
choose projection surfaces depending on the game
content. For example, if one player plays a video game,
visual effects are projected onto both the player’s body
and the background wall. If two payers play a video
game, the visual effects are projected onto each
player’s body. Also, it is possible to enhance only the
environment, so the system projects visual effects
onto the wall and floor simultaneously by using two

units.

Figure 4. Layout of Multiple Units

Our system overview is shown in Figure 4. In this
case, we use two projection units, a server camera,
and a TV screen. The server camera and TV screen

are connected to a server PC, and each projection unit
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is connected to a different client PC. The server PC
communicates with the clients through network.
Players mainly use the TV screen to play video games.
When a character in the game uses special weapons,
each unit starts projecting visual effects. Although
there are many visual effects in video games, we
mainly focus on projecting visual effects to enhance
the character’s actions. For instance, if a player uses a
magician in a video game, a magic circle is projected
around the player when the magician uses magic. Also,
car lights move outside the TV screen if the car in a

video game turns.

3 LIMITATIONS AND FUTURE WORKS

We observed that the projected effects were
sometimes out of position, so the system needs more
precise camera recognition before projecting the
effects. Our system estimates a player’s position with
a depth camera and projects virtual effects with a
projector. Even if camera recognition is a bit out of
position, projected effects are widely out of position. In
addition, in our current prototype there is no method
to distinguish multiple players in front of a camera.
We are planning to combine with sensor technologies
like iBeacon. If each controller contains an iBeacon,
the system will detect the position of the controller

and recognizes each player’s position.

4 CONCLUSION

We described our projection unit, which provides
visual effects onto the player and environment to
enhance video games. We mentioned our design
concepts and implementation. Also, we demonstrated
our system by showing several examples of visual

effects.
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Simplified Measurements of Road Surface Conditions
and Comfort Evaluation using Smartphone

Shigeomi Koshimizu*, Hisashi Ito*, Kyohei Takekawa®, Seiji Itai*
Shen Cheng*, Liu Ximing* and Hiroto Inoue*

Abstract

Currently, no regular or proper measurements of road surface conditions are conducted for the
sidewalks and narrow roads in communities. As a result, no efficient maintenance and repairs are
performed, leaving the road surfaces uneven and uncomfortable. In this study, we compared the data
obtained using conventional instruments for measuring road surfaces and the data obtained through
the use of a smartphone with a built-in sensor, and then sought to verify the effectiveness of simplified
measurements using a smartphone. In addition, we conducted a questionnaire survey on the comfort
of the road surface when traveling and found a correlation between the results of the questionnaire on
comfort and the coefficient of variation of the resultant acceleration measured by smartphone. This
correlation makes it possible to estimate the level of road surface comfort felt by users based on the
data of acceleration measured by the smartphone. In addition, we used these results and developed a
smartphone application that can search for more comfortable routes.

Keywords: Road surface conditions, Comfort evaluation, Smartphone, Acceleration measurement
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Representation of Lists by Partial Functions

Take-Yuki Nagao*

Abstract
A list is an important data type in programming languages to represent a sequence of data indexed by

integers. The purpose of this paper is to propose hyperlist, which is a mathematical generalisation of

list to allow arbitrary totally ordered as the index set. Hyperlist is formulated as an equivalence class

of functions on totally ordered sets. Primitive list operations such as list comprehension and indexing

operator are extended to hyperlist. Theorems are proved regarding the indexing operators.

Keywords: List, Partial Functions, Set Theory, Type Theory, Data Type

1 Introduction

The purpose of this article is to contribute a natural
extension of the notion of list, hyperlist, that allows arbi-
trary totally ordered set as an index set. Hyperlist given
below is designed to open up a new theoretical possibil-
ity of data modeling in computer science by simplifying
the representation of complicated data that are hard to
be described by lists, and also to facilitate contributions
of mathematicians of various fields to computer science
by providing a formalism that is easily acceptable by the
experts of various fields, including mathematical analy-
sis.

List is a common data structure utilised in program-
ming languages like Haskell [1] or LISP [2] to represent
a sequence of data like [3; 1;4] or [0; 1;2; 3; .. .]. Such data
can be constructed by prepending elements one by one to
the empty list []. For example, if we write e : a to mean
the list obtained by adding an element ¢ to the list a then

we have
[3:1;4] = (3:(1:(4:]])))-

A general form of (finite) list is

- (an = []))))-

[ao;a1;- -+ ;an] = (ao : (a1 : (a2 :

One possible way to represent such data in mathe-
matics is to utilise sequences, viz., one chooses properly
the index set J (which should be totally ordered) and
sets the value f; for each j € J so that a given list,
say [0;2;4;6;...], has the same elements as the sequence
{f; };es including the order. We refer to {f;},cs as a se-
quence representation of the list.

Various kinds of lists can be created with sequence

representation by choosing the index set J properly. To
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build a sequence representation {f;};cs of a finite list,
one could choose a finite subset of natural numbers as J.
For infinite lists there are many theoretical possibilities
and the property of lists depends heavily on the choice of
J. One may choose a countable/uncountable set for .J.

If J is the set of all natural numbers N then one could
enumerate all the elements starting from the initial el-
ement (the one with index zero). In this case, any ele-
ments of { f;},c is reachable from the initial element by
a finite iteration of successor operation (viz. after inves-
tigating each element f; one jumps to f;+1 by increment-
ing the index).

More complicated data structure like list of lists can
also be represented by a single sequence {f;};cs, when
we choose J larger than N. Let w be the first limit ordinal
(which can be identified with N) and consider the ordinal
w-2 = w+w as the index set. The sequence {f;};ew.2 rep-
resents a pair of two lists. The first list is the one starting
from the index zero, viz. {f;};cw, and the second one is
{fw+j}ijew, which has f,, as the initial element. There-
fore the sequence {f;},c..2 can be regarded as a “list” of
two lists: [{f;}jew; {fo+j}jew]- The limit ordinal w has a
role as a “boundary” in the sense that elements f; with
j > w are not reachable from the initial element by a
finite iteration of successor operation.

The above arguments suggest that a larger J leads to
a broader way to represent data, so our strategy is to re-
lax conditions on J. When formulating hyperlist below,
we take into account the case where J is totally ordered
but not well-ordered (for instance the set of all integers).
This means that we could also deal with the “lists” with-
out an initial element.

Hyperlist given below solves the problem of redun-
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dancy in sequence representation: another sequence
{gr}rex may equally well represent the same list as
{f;j}jes. This is the case where there is an order iso-
morphism ¢ : K — J such that gi, = f, ) forall k € K.
It is thus natural to realise a list as an equivalence class
of sequences with respect to order isomorphisms of in-
dices. This is the strategy we have chosen to design the

formalism of hyperlist.

This article is organized as follows. Notations are col-
lected in Section 2. The definition of hyperlist is given
in Section 3 and a comparison to the sequence represen-
tation is in Section 4. Basic operations and constructs
including sublists, list comprehension, addition, and in-
dexing operators are discussed in Sections 4 to 8. Sec-

tion 9 concludes the paper.

2 Preliminaries

We begin our theory by collecting notations and defi-
nitions utilised throughout the paper. Let N be the set
of all non-negative integers, Z all integers, Q all rational
numbers, R all real numbers, and C all complex num-
bers. These sets, except C, are endowed with the trivial

total orderings. We assume the axiom of choice.

The statement that f is a partial function from a set
A into another set B is written as f : A — B. The
domain of f is denoted by D(f) and the range (or im-
age) of f by R(f), viz. R(f) = {f(a)|a € D(f)}. A
partial function may be undefined on a subset of A (in
this case D(f) is a proper subset of A). We say that f
is total (or everywhere defined) if D(f) = A and write
f : A — B. To simplify notations we sometimes write
fa or fo to mean f(a). A sequence {f;};cs of elements
of Y can be identified with a function f : X — Y with
D(f) = J, provided J C X. Two functions f and g are
said to be identical if D(f) = D(g) and f(x) = g(z) for
all x € D(f). In this case we write f = g. Remark that
functions with different domains are considered differ-
ent. The restriction of f : A — B to a subset C C D(f)
is denoted by f [ C. The set of all partial functions from
A into B is written as A — B and all total functions
as A — B, which is a subset of A — B. The state-
ment f : A — B is thus equivalent to f € (A — B).
The operators — and —— associate to right, so that
A—B—C=A— (B— ().

In the sequel the symbol X is utilised to mean a to-
tally ordered nonempty set (X, <). The ordering < is of-
ten omitted when there is no possibility of confusion. We

mean by X the set X with the reverse ordering. Two to-

tally ordered sets (X, <;),j = 1,2 are said to be isomor-
phic if there is a bijective function ¢ : X; — X5 such
that o(z) <2 ¢(y) if ¢ <1 y. Such function ¢ is called
an order-preserving isomorphism (or order isomorphism)

and we write X; = X5 to mean this situation.

3 Hyperlist

We now formulate hyperlist as an equivalence class of
functions from a totally ordered set into some other set
(lists will be included as a special case of hyperlist where
the initial set is a subset of N). Given a totally ordered

set X and a set Y, we define the quotient set [Y]x by
Yix =(X —=Y)/~,

where the equivalence relation ~ in X — Y is defined
by
f~gifandonlyif f =gop

for some order-preserving injection ¢ : D(f) — X with
R(¢) = D(g). The equivalence class of f € (X — Y) in
[Y]x is written as f/X or [f(z) |z € D(f)]x. We denote

the quotient map by 7 = 7x = 7%, viz.

Wxi(XéY)—>[Y]X, ﬂxfzf/X.

An element a € [Y]x is referred to as a hyperlist, and
the set [Y]x hyperlists (with initial set X and final set
Y).

If two totally ordered sets X; and X» satisfy X; C X,
and the restriction of the ordering of X, to X; is iden-
tical to that of X, then we regard [Y]x, as a subset of
[Y]x,. Similarly, we consider [Y1]x as a subset of [Y2]x if
Y1 C Yo. We set [Y] = [Y]y (which is the set of lists for
programming languages). We have the following inclu-

sions
Y]le C[Y]a C[Y]o=[Y]=[Y]nC[Y]z C[Y]g C [Y]r,

where « is any natural number « € N. Obviously all the
above inclusions are proper unless Y = &. The equiva-
lence class of the empty function on X (i.e. the function
with empty domain) is called an empty list and denoted
by [|x. Note that Y]z = {[|o} = [9]x.

4 Sequence Representation

It is quite easy to translate a list given by sequence
representation into a hyperlist. Given a sequence
{fj}jen of complex numbers, the hyperlist f/N is the
realization of the list [fo; f1; f2;---] and (f | 2N)/N =

[fo; f2; fa; - - -] is the sublist of f/N with even indices. The



above two hyperlists are examples of the elements of [C]
with infinite length, but not all hyperlists in [C] have in-
finite length. For instance, g/N € [C] for any g : N — C
with finite domain.

As we have seen above, the set of hyperlists [Y]x con-
tains lists of various length. If X = N, then the length
of a € [Y]x takes values in NU {oo}. In a general case,
one defines the length, |f/X| of f/X € [Y]x to be the
cardinality of dom(f).

5 Sublists

We equip the set of hyperlists with a natural partial
ordering induced by inclusion of domains. More pre-
cisely, [Y]x is endowed with a partial ordering <, defined
as a1 < az if and only if for any f1 and f> with a1 = f1/X
and a2 = f2/X, there exists an order-preserving injec-
tion ¢ : D(f1) — D(f2) such that fi = f2 o p. Clearly,
the partial ordering does not depend on the choice of f;
and f>. The list a; is called a sublist of a; and as a su-

perlist of a;. We can write

a1 = (f2 [ ¢(D(f1)))/X.

This means that any sublist can be represented by re-
striction of the domain of the original hyperlist.

For fixed X and Y, the emptylist is the minimum ele-
ment of [Y]x and a maximal element is given by a = f/X
for any total function f. The important point is that the
cardinality of [Y]x is limited by that of X and Y. In
other words, we are restricting ourselves to an initial set
X that is large enough when talking about a given hy-
perlist, and similarly for Y. This is required to keep the
collection of lists small enough to be realised as a set to
avoid the Burali-Forti paradox (i.e. there is no set con-

taining all ordinals).

6 List comprehension

We now introduce a notation to build an element of
[Y]x using functions that have initial set different from
X but embeddable to X. Namely, given totally ordered
sets X, Z, a partial function f : Z — Y and an order-
preserving injection ¢ : X — Z such that R(v) = D(f),
we write [f(z) | z € D(f)]x to mean the hyperlist

[(f o) (2) [z € D(¥)]x. 1)

It is easy to see that the hyperlist (1) is independent
of the choice of 1. For any predicate P(z) on Z, we
define [f(z)|P(z)]x to be g/X, where D(g) = {z €
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X | P(¢(z))} and g(z) = (f oyp)(z) for x € D(g). The con-

struct [f(z)| P(z)]x is the list comprehension, which is
commonly implemented in functional programming lan-

guages.

7 Addition

In this section we discuss how to define the addition
of an element e € Y to a hyperlist a € [Y]x More pre-
cisely, we would like to build the new hyperlist e : a that
has e as the leading element prepended to a. First of all,
we have to add an additional index to X for the new ele-
ment. To this end, we set X’ = {@} U X, where LI denotes
the disjoint union — the empty set means the new index
here but any other symbol will work instead of @. We
equip X' with the total ordering <’ such that @ <’ z for
all z € X and z1 <’ a2 if and only if z; < xo for any
x1,72 € X. The new set X’ is seemingly “longer” by one
element, but one can identify it with X if we work under

certain conditions:

Lemma 1. We have X = X' if X is a well-ordered infi-

nite set.

Let us write a = f/X and consider f' : X' — Y with
domain dom(f’) = {2} U dom(f), defined by f'& = e
and f'x = fz for x € dom(f). We define the addition
e:a€(Y]xrase:a= f/X".

Lemma 1 suggests that one should work under X such
that X = X’ in order to avoid complication about the in-
dex set — otherwise one has to switch to a larger index
set on every addition. For instance, X = N is a good
choice and we have e : a € [Y]y whenever a € [Y]y. This

is not the case if one chooses X = Z.

8 Indexing Operator
8.1 Well-ordered Case

The hyperlists we have developed so far can be classi-
fied into to two kinds. The first kind of hyperlists is the
ones that has an initial element, and the second kind is
the ones that has no initial elements. A typical example
of the former is the elements of [Y]y and the latter is of
[Y]z. The difference boils down to the well-orderedness of
the index sets. Namely, any hyperlist of [Y]y has an ini-
tial element because N is well-ordered, and this is not the
case for [Y]z because Z is not well-ordered. This means
that the well-orderedness of the index set X is an impor-
tant property of [Y]x.

Let us now define the well-orderedness or finiteness of

hyperlists as follows:
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Definition 1. A hyperlist a = f/X € [Y]x is called
well-ordered (resp. finite) if so is D(f). The set of all
well-ordered (resp. finite) hyperlists in [Y]x is denoted by
WI[Y]x (resp. F|Y]x). The ordinal of D(f) is called the
domain of a and denoted by D(a).

By the ordinal of D(f) we have meant the unique or-
dinal a such that D(f) = « (the existence of such « can
easily be verified). Observe that the above definition of
D(a) is independent of the choice of f. Clearly, we have
F[Y]x C W[Y]x. Since any subset of a well-ordered set
is also well-ordered, we have W[Y|x = [Y]x if X is well-
ordered.

Not all hyperlists are well-ordered, however. Exam-
ples can be created by reversing a well-ordered infinite
hyperlist. Given a hyperlist « = f/X € [Y]x, we de-
fine the reversed hyperlist @ € [Y]; by & = f/X, where
fe(X —Y),D(f) =D(f) and f(z) = f(z). It is easy
to see that both @ and a are well-ordered if and only if
a is finite. This means that if a is an infinite hyperlist,
either a or a is not well-ordered, and also that the list
reversal is closed in F[Y]x but not in W[Y]x.

Given a well-ordered hyperlist « = f/X € [Y]x, we
take an order isomorphism ¢ : D(a) — D(f) (depend-
ing on f), and define a[j] = (f o p)(j) for j € D(a). It is
readily verified using transfinite induction that the func-
tion D(a) 3 j — alj] € Y is well-defined. This and the

convention (1) prove the following

Theorem 1 (Canonical representation of well-ordered
hyperlist). Let X be a totally ordered set and Y a set.
Suppose that a € W[Y|x. Then the following identity
holds.

a=[a[j]|j € D(a)]x @

Theorem 1 means that a well-ordered hyperlist is es-
sentially a sequence representation indexed by an or-
dinal, disregarding the indices but keeping the order-
ing. The equation (2) indicates that such a hyperlist has
canonical indexing operator [] (which actually depends

on the set X but the dependency is omitted).

8.2 General case

Regarding hyperlists that are not well-ordered, the
canonical form of Theorem 1 is not available. We can,
however, show that any right inverse of © can be re-

garded as an indexing operator:

Theorem 2. Let X be a totally ordered set and Y a set.
Then there exists a function v with the following property:

v:Y]x — X —Y, a=(roy)(a), ac€][Y]x.

Proof. We equip the set X — Y with a well-ordering
(existence of such ordering is guaranteed by the well-
ordering theorem). For each f € X — Y we define
geEX —Ybyg=min{fh € X — Y |xnf =xh} Itis
easy to see that v = nf —— ¢ is well-defined as a total
function. We have w(v(wf)) = mg = wf. This completes
the proof. O

The function v can be regarded as a generalisation of
the indexing operator, which we have seen in (2). Indeed

if we write a[z], for (ya)(z) then we have
a = [afz], |z € D(ya)]x.

Note that a is well-ordered if and only if so is D(va). We

also remark that + is not unique in general.

9 Concluding Remarks

In this article, we have formulated the notion of hy-
perlists that generalises the lists by extending the class
of index sets to any totally ordered sets. While we have
borrowed the concept of lists from computer science, the
development presented here closely follow the formalism
that mathematicians use in mathematical analysis. This
means that the hyperlist is a good theme for collabora-
tive work for mathematicians and computer scientists.

It is an interesting problem to extend the development
of this article to other concepts of computer science such
as association lists (that deal with key-value pairs) or

more general unstructured objects.
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The Sundown and Irradiation Position Influences an Impression of Color
Temperature in Indoor Space

Mizuki NAKAJIMA* and Takahiro YOKOI**

Abstract

To test Influences of surrounding residential environments at sundown to impression of color
temperature and irradiation position, We investigated two times before and after sundown to take the
impression of color temperature and irradiation position of the space that were multi-combinated. As
a result, evaluation of a feeling of obstruction, airiness and coolness affects the difference of the
impression of each space especially. And suggested that impressions of space have difference between
before and after sundown is caused by moving superiority on the influence of evaluation of a color
temperature and an irradiation position.

Keywords: Color temperature, Irradiation position, Indoor space, Sundown.
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