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Abstract: Large amounts of multivariate data can be stored in data storage through the development
of sensor and storage technology. Consequently, it is possible to obtain new findings by analyzing
multivariate data. However, multivariate data analysis is generally difficult, so support for a visual-
ization system is essential. In this paper, we present new visualization system of parallel coordinates
plot (PCP) embedded a feature of snapshotting operation histories in language form. Our proposed
language is like SQL, and it can represent SPJ (Selection-Projection-Join) by relational algebra. These
make analysts possible to interact both operation and language on PCP, consequently by using pro-
posed system, the users can analyze multivariate data heuristically. In addition, we show the versatility
and usefulness of the proposed system by visualizing two different contents of clothing cultural prop-
erties and moving logs of cars.

Keywords: information visualization, parallel coordinates plot, multivariate data analysis, SPJ query
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Fig. 1 A system overview.
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x1 ALEOEH
Table 1 Definition of symbols.
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A; B
R(A17A27"'7An) VbL—v3 v
t] :(a1$a27“' 7an) y‘70)[/
D,L' = dom(AZ) " B N e g
={ai,, iy, B A; DR ALY (EFE)
BYE A; DALY Dy &EH
o + BBk
R[Ai0A4;] RD A; b A; Lo -84

R[AimAin"' 7Aik] Ro)AiwAizv"' 7Aik J:O)ﬁj‘
(1<iy<ig<- - <ip<n) FHH
RESD A & By L6456

R[A:0B;]S o
[ 5] o

FIL, # 7N 1 o098 [BHHE] 2 THAZETT—
Y1 TNVERBTL., COREBEBIHEERSL L TH
DHBFERRYPHNLDT, HAHEMNEE ) LABED L) 7
BRIZHLD0, &Rt RELTED L) ZEmIZH 5D
hE—HTHET LI ENTES,

UTFTIE, PCPEYL—Ya v ORRICOVWTESET
5. Vb—varyROEMA OLKER 2 Ofi% &+
5. F72, dom(A;) DEFR, D VEME A OEMME L 2
DA TORIRET S, 20, 7Vt 2K 2 O 1
AIHBTL L) BB THCZET, Jb—a >y ROA
YAY Y A% TRTPCP ETET.

3.2.2 PCP & SPJ B

KRIETIE, PCP I $ 24 0% 573 a3y e LTRET
BEZ: SPI E I W Tk~ %, 3.2.1 BHT/RL7Z2 PCP I
XL, BIRCEIc B A IR (Selection) |, [§1% (Pro-
jection) |, [#%& (Join) | OREfEZ BFEICEREL, 215
DiEE % ALY A T 4 B CRECF T AE 2 AL LA % i
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Qy,2 _— Un,2
\ 31 .
: 02,2 \

3,2

1,1

b]  —
[ R—

t3

2 PCP L) L—vary R&ELZH
Fig. 2 An example of PCP applied to relation R.

A; A A A

0‘1,1\

G 1
1,2 1,2
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(x1’3 I 1,2

3 ER (Selection) DF

Fig. 3 An example of “Selection”.

ZA. bbb, [EIR (Selection) ] (& ) EMHAEIC K 5
BAA ATV, [§H2 (Projection) ] 12 & 0 FR$ 28
2L, [#4 (Join) ] ICX Y EEOBEME LT
%. LT Cl, SPIERME PCP ORRIZOWTERT .
EIR (Selection)
BARIEIL, B2 LB 3 O X 9 2 TR
HIRETH LT, FRTHY TVERY ALRKREY
boTEBT L., 4bb, KT 4D LI
R[A; > i) NR[A; < o] ZATHIMEL LTHERT 5.
&%2 (Projection)
GHEBMEL, B 5 O X9 Izt ) bk x & - THE
HTs. $4bb, ROGEWES (A, Ao, An}
DEITEE X = {Aj, Aig, -+, A} 1TSS T BB
OHREYY HTEMEL R[X) L LTEET L. F72,
A M LRI AT A%y TVE) LT
HWeaLlaBTbneds.
#4& (Join)
FEEEIEL, B 6 0L ) IZiiz BT 5 E b o T
FHT L, bbb, Jb— 3 v R(A, Ay, -, Ay)
Y, UL =35> S(By, By, Bp) ENENHHD
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A A

Y2 R[4 = 1]
V1 AR[A; < y,]

4 R (R[A; > 1] A R[A; < y2))
Fig. 4 “Selection” (R[A; > y1] A R[A: < y2]).

Ay Ay Az Ay Ay Ay A e Ay

1
‘XA,I
az,1 ~ « 2,1
o, e 8 Uy iz cen [
. Q4 \ai“
N o< /1
o3 . Q23 .
\ cee =B Upym

' i
I Qa3 I

5 4§12 (R[X], X = {Ai1, Ai2, -+, Ain})
Fig. 5 “Projection” (R[X], X = {Ai1, Ai2, -, Ain}).

Ay Ay A B

01,1

alZ\ coe

/
2
1
\
T

cee Bm,k

ayq \ O‘1‘.1I } - = Bm1
o 5 cee coe Bm,Z
§ \
Q1 Q2 Bj1 B12 .
— Bmk
.o .an’2 s ﬁj ) Bll3 coe m
1,1 I/

X6 #4 (R[A:0B;)S)
Fig. 6 “Join” (R[A:6B,]S).

¥ 7NV, AiOB; DFETORE, BOBMEAT ) #

TE% R[A0B;]S £ LTERT . 4B, KL TH
ZENTEDL ORI =DH, TRDLEHEDOALET .
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J#IIE, R[A;] & R[Bj] OWHIZEEIFET 5N
4 (INNER-JOIN) DIEA, FHHZHETH > T
b AR I 20K A (OUTER-JOIN) &
WREE T 5.
3.2.3 PCP O¥BHEE
RIETIE, s PIRET 2 PCP ST AL 5573
v & L TR BE = H A RE IS D W TR R 5.
&%+ (Coloring)
Coloring #1E1Z, EEOBEME A Ofi % FEHEITH DG
BT ONLBEEL LTERKRTSH. PCP IO
FEATICED, ¥ TNV ERTHROBICL o TT— o4
EDORZFDEL, BOBHERRY ZIFTRE, &
W&o Th T — Y &R0 2 818§ 5 Z LA RE L
hh.
#EE (Coordinating)
Coordinating #£1Z, PCP Ol 2 {LiZ DA IZIE~
LikfEE LCEHRTAH. PCP X, HioNEFICL - T
77 AYORZITRHEY A i OAHEE (28] 3Bl b
72, WREEZEECTEL LIZEELEERTHS.
ZOEhOMEKIEE LT, PCP OKEIEOMHEOIE~
B2 2 fRE T 5 2 ERENEE, 77 1) vk
RAONDD, SHOPEL LARFH L TOHBEI LT 5.

3.3 (PC)2L
RETIE, A DIREY AT LB W TEELRBRES
D12TH5 (PC)PLIZONVTIHRNRS,
KREITI, 32 fHiTER LA, 5HED PCP 12§ 54
577 a0y BT L0OFETH L
(PC)’L #5€# ¥ 4. T bbb AR, PCPICBIT 5
RS R 2 SRRl LIRFE 3 2 MEAA L, HIZZDFFEL D &
(2850 PCP OFEE R % BT 2 MM A % i 2 % B
Thb.
LUFTIE, (PC’L OFFRMAROMEZ RS, %8, #
FVAT ADERB L OZH TR E (PC)2L OEOFEM
IZoWTid, 48 A1 IRY. AFHIZ2WTIE, SQL
» SELECT, FROM, WHERE 4Ji2f12 € COLOR BY
MERFTCFIHTRELE T 5.
T, (PCPLICBVWTEDLIIZE DDA 5T
Va i re BT A ik 5.
e R (Selection) : WHERE 4 [4; BETWEEN g,
AND g5 | 7% [R[A; > 1] A R[A; < yo]] IZHHY.

e 5152 (Projection) : SELECT AJ 12 R O 544 X
DIEMEH % T v <X ) THIZ,

e fi4 (Join) : FROM 4J®» [R <JOIN 4J> S ON
R.A;08.B;] »* [R[A;6B;]S] \Z4HY

o 551) (Coloring) : COLOR BY 4JI2 [A;] &Ftikd
5 LT, B A ORI PCP O# % B531T.

o HlifitE (Coordinating) : SELECT 4J® R O#B454
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X DBMELD Ay, Ao, -+, Ay &) FIZEIEFE DT,
PCP OO ENE 5T I

72720, HHLTWAEIA 75 OB L EEDE

&, FEEIZATF LBV TIRUTORIELET 5.

e WHERE MIZB VT, imdlif% i AND BLUTOR O
HEHTRETH 5.

e WHERE #JIcBWT, [—ili o OR
HEHTRETH 5.

e WHERE #JI2B\C, @i om#HEE (AND/OR)
W ECH—Ob D EHTRETH 5.

e FROM 423 T, INNER JOIN & LEFT OUTER
JOIN, RIGHT OUTER JOIN, FULL OUTER
JOIN 0 AR TH Y, HRESLHKEAZ LI
fERT& 7%,

o JOINMJIZHBWT, FMXE L TRz d Dl 1
DDRHET 5.

3.4 E&EFE

REVAT LOWEOB ZE 7 IZRT. REVAT L
BEREZHDITFRHATELLHICT 5720, Web 77 7
2L TEL DmWADPSLFHTE S L) ITHEE L. %
Sme LT, =% A NI PHP, 2747 2k
WLEE 2 HTML, CSS, JavaScript = fi/H L 7-.

W FE A TIEPCP 28R L CTWwah. W FEC T
(&, RS CHRAE L 2RSS 2 7 — 7 il B &
CFIRENTW A, &b, Wil LA A o PCPEGICH L
Tix, [D3.js*2] 7 5 12 [Parallel Coordinates *3] %
L7,

(TR NGRGYGo) | LOSTNGRGYRAY | ARENGRGIT) | RONG.INGRGHTWY | RRGENCLOSSRMY | CoNVERTL08S(0w)

B::Join & Projection Button

7T OREY AT L DOERY)

Fig. 7 An example of system screen.

*2 https://d3js.org/
*3  https://syntagmatic.github.io/parallel-coordinates,/
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3.4.1 EEIITFLICHTE SPI BRIOETT

KB BT BIR(EE 3.2.2 T TR (Selection),
5% (Projection), ¥4 (Join) O EIREIEIZOVTRND,

TIZBWTC, Wi A O PCP &l 2~ A% —
YIVTKTy 7§52 CHIFRRDSTREE Z2->TBY,
CHIZ L DI (Selection) AFIHTRETH 5.

7o, MEHFREBICHS DIIVKRY i, B 1AT2NY
L—ary12exinLTEY, §% (Projection) & i
% (Join) 2SFIHTWTEETH B. K& v ORI, FEE
(Join) ®7zH>DY L — a v Ky yHBEEINTBY, 7
Vw7352 L TH 8 DEHNEREN, VJb—2arD
WA EBRAZIENTE S, 2B, T TIIHE (Join)
ENTWBL)L—varyRy a1 EZ7)y 755
&, KA (Join) fMRBTE 5.

D=2 aryRy I aMIciE, 5% (Projection)
DIZODERY HARESNTBY, 7Yy r352ET
WOFR/FEFREDYVBEZ LI ENTEL. B, Ih
5D NTNVEY ANFIRT DEROBEIT DTl &
ETTANVTERLTBY, 7=ty ML L7293
IZIE LTV,

72, Wil BEA OMAESE 7 ) v 7 LS AL
FZ v 745 LilO Coordinating #4179 Z & ASTX 5.
3.4.2 REIIFLIZIH IS (PC)2L OEFT

3.3 fi Tk N7z (PC)2L IZ DWW THMT 5. Aikagid
X 7 OWETH C O (PCL & 72 5FMuiETH 5.
R=VTEICFRENS TFA M7 4 =) FIZ (PC)%L %3t
WL, PCP LICKMBSTBETH 5. — T, PCP LO#fE
FRICELTYH, (POPLICL->CRiik&ENzTFF AT 7
ANELTY 7 u—FiJRETH L. &8, (PC)L % fik
W B8—FI12B LTI, [PEG.js*] # W TER L 7.

Wi LA DOPCPEIEZ 27 v 73528 T, Z0)8
% 24812 Coloring 25 ETH 4. F 72, 4l Coloring
DEONEFEIZHE LT, JBHEsBIEOS &3 A NI [H,
fk, ®, AR PWEONITENT B L) ICEE L, LTFHO
B EEO TRAT 5.

JOINSEZIEET S |
(e.g. INNER JOIN,
LEFT JOIN, etc.)

cccccc

#5&(JOIN): R[A;0B;]S

8 #f (Join) DOFEMZIGET A WiH

Fig. 8 A screen in order to set “Join” condition.

*4 https://pegjs.org/
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3.5 flE

AHEITIE, REVAT LA THET LEERHLIZOVT,
i E 2l VT 5.

AL, CHRHFEAE LD AHEIN TV D [FREER
5] o, XA - FRENTEFERO) L —var A
FHI L2, VL —va v APEOBME, [4], [/
B, THeese], [Eked, TEMRT], TR%] %5 %.

JL—3vary A&BEHLZPCPIZOoWT, LT 41HH
EfTo TV ZETR 9 DX ) RFRER D,

o FEOHIPA % FRET 5 (Selection)

o [FE] & [/NFR] & TR ey i34+ (Pro-

jection)

o HDJEF % ANE 2 5 Coordinating
o [4] W% FEHEIZY TV E B 5317 % Coloring

PCP 13— Mryic, NAFHBI L PATH, WMAHREIE 7 v A L
RN NS, bbb, 1990 4£~2010 4EEIZR - T
&, TR & 4] 2IEMBETH Y, [NFR] & [4E] 8
WA CTH L Z &b, ZOZENnL, BiEIZHLT
& TRFEABROEEPEN TV L2 Lkwn], %BH
LT (Do ErENTHL2d L] %
EE Vo R E.THI ENTE D,

ZITHINE, VR ofEFAale [4] 2L T
VTACDHENE IR L TL 200 %5HT52 L %2%
A, FOROIZ, EAFEHELYVARINATNS [AO
BREREET ) 25, AOBEBREOERERDOY L - 3
YBEHMMLE. VL= a3y BAREOBMEICIE, [4E],
[HAER] P65 %.

R’EVATLIIBWT, #i4 (Join) 2479 2&TY L —

ANER A AKE
e = —————
W Ve —
y & :
4 1 : 2,500,000
12,000,000 / OL E
/20007 |
/) 1
y L ! 2,000,000
hd
10,000,000 1,500,000
1,980
1,000,000
8,000,000
1,960 500,000

9 RS FBRALF BT 57— €y P &#EH L7z PCP
Fig. 9 An example of PCP applied a data set which represents

the number of students in each schools by year.

*5  http://www.mext.go.jp/b_menu/toukei/002,/002b/
1403130.htm
https://www.mhlw.go.jp/toukei/saikin /hw/jinkou/
kakuteil7/index.html

*6
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On-going Step

v NN NN

On-going Step

On-going Step

Desired PCP

2

\:

SELECT SELECT
[(EFEH].[F],
[(EZ2EHK]. NFER],
[(EFEH]. [FFER],
[(EREH]. [BEFK],
[(EEEHK]. [BRAFE], WHERE
[(FEFEH] . [KF] (

FROM [fEZE&E#]

[EFEH].[F]
BETWEEN 1992.8 AND 2017

)
COLOR BY [FEFEH].[F]

[fEE%]. VER],

[(EZEH].[£],

[(EFEH]. [AF]
FROM [fEZEHK]

(EFEH]. [F]
WHERE BETWEEN 1992.8 AND 2017

)
COLOR BY [TEF&EH].[£F]

SELECT
[(EFEH] . [F],
[HREHR]. [BEH],
[FEFEH] . [ER],
[(FEFEH] . [KF]
FROM [TE#EH]
INNER JOIN [H&E#]
on [HAEH].[F]
= [EFEH].[F]
WHERE

[EFEH]. [F]
BETWEEN 1992.8 AND 2017

)
COLOR BY [fEFEH].[F]

Snapshot

Snapshot

Snapshot

11 #fEEfE L (PC)2L Ofl
Fig. 11 An example of an operation process and (PC)2L.

AE B.HH4E# ANERE

® % “%

2,500,000

12,000,000 4

2,000,000

10,000,000
1,980

8,000,000
1,960

10 LRSS TR, MAEBONIEEEY PCP
Fig. 10 Correlations of years, the number of elementary school

students, and the number of live births.

Tarv ALYl —varyBuEHATAIENTEL,
ST T ¥ - LTERAEITHIZ LT, @100
IABFORELR D, W10 25, T4 & [HAEK] »5%H
BThy, [HAERK & /R IZNEHEETH 5 2 L5255
b, ZOZEnb, THEINETIZONTHAERD D L
TWa] vy Z e, THMAERD DI/ NERAEFER
DWPICERLTWAE] Vol EAVRIBENS . 72
bbb, [NFEROIEREBIT AT OB IRK L Tw5]
EV) TEWREEINS, REVATLTIEZIDOLHIZL
T, Eml - BN R GHAETH 5.
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— 5T, FRCORLL) R EoBEIE, B 11 TR
FTE)IMEORET (POLICLAAF Yy TYay bk
BT e TEh, BEIRFELIZAFy 7Y ay Mdw
DOCTHMNHT I ENTE, 77— GHOBRELY ZET 5.

4. EERATARILAH

4.1 1EIWATEEHI 1 REGSTILEL

INFTILEAE, EHTHETATVINT —H A
TREHEE T — ¥ R= A E LT [NBEET T — 4
N—2A | OWHEEIT->TE72[30], [31]. KT =% N—2
BT, IREiSCEH Td 2/ hBEE 100 £ 8 X OVh
111 A OV TIREDSTTRETH 5. REITIE, TDT7—
FR— A &R L CERITULE 2R, BARNIZIE, X
fik [30], [31] THRAT 2 AR O TAT DA B IS W
THHL 4T .

T I T, MRfigER AT (BT, TE—F] &w9) 12
HEH LA ZHRT 2EICOWTHAT . 4B,
KETHHI ) L—a v BLOBENEIZER 2 IR, #BE
FGE O PCP L3 % (PC)%L, #MAH 0 PCP 122
WTH 18 IR, CORREELT L) 2 TIE, 2.1
TRL7:& ) % PCP ECOHERRITEA L 20O
DMERZWE L. ZOFMEIZOWTUFCHIET 5.

9, PCPICxf LY L —Ya vy R 2#HTAHZ LT,
ANHBEEWC BT % 7 — 7 D &fk(g% PCP THRRT A L

TN &, e LKL S TIE L S A I EAE L /Nl
(BHEDFEY OFERL) 05 5, KEDK L MO ROFEY)
T EEIR SO T - EREUCEE ) T2 2 LT, KA
RO EFHIL 725D TH 5 [29].
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x2 MMIBRICET 2 L—vareZoahiid s BN
Table 2 Relations related to Kosode Byobu and that

attributes.

Jb—vary  JEk

JbL—3arv

Ry Main FrEA 7, R,
1, M’, BE
Ry €—-F B, £ F
£—F gt | BOORT | g1 sk
&\4 % %, %,
B % ey B
= FEATER)
F Ee
XUV
AN O
o
7700 v ~ >
TR —— E— -
N EE 1
1,750 ///
7 : )
- y— /
o RHOFHT [N

12 /MHBHROFATOZEE & PCP 12 B1T 5 a4k L 7241
Fig. 12 Transition of Kosode Byobu’s “Mode” and

visualization of PCP.

SELECT
[E—FL[E—F],
[Main].[$4K],
[Main].[#4%],
[Main].[#%%]

FROM Main

INNER JOIN [E—F]

ON [E—FK].[EHES]
=[Main].[E¥ &S]

s - COLOR BY [£— K].[E— K]
E—F F1K 7g &

% %, 3
B %, & %

s s

T - /

P =

13 PCP (/MR [€— F] OLBIZHES W THILE AT
9 (PC)2L % L 725
Fig. 13 An example of PCP applied (PC)2L in order to

visualize transition of Kosode Byobu'‘s “Mode”.

MTEL, LALEAS, TORETEIEZICERTUL

LVDODPDPAHETH 5.

ZFITHENE, EMROMAO—FIE LT, IMIOFAT
R [E=F] T2 L= 3 v Ry, 244 (Join)
T4, $hbb, R IIHL, Ry 2/l 1 BG5S T
W [BRFS] 23— LTS ZIT). ik
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D, M12 IRT LI RFRER L, B, K12 OFH
Y OFATERTEETH Y, FLEIROOFHTERT
HETHAH., ZORNPS, BBLZ [E—F] twirdbo
& T OZBLERED Y, [£— N ZNMhowTE
R HLLDIZE AL ENTES.

Mz, = F] WiNicd 2R (BRI 1, [H
F NI H B EE B IS LTS L DY T A5 DHIE
THIEDGDL, FRKHLT, [E— N #iNICH 5 E
F Ui & Do/l &, [ s % 525%
[fel & T3] ISR LT IAIDBHELET DI EDGD5h.
—HT, [F—F] WNCh 2 EHR [ g Mi] &, [
E NS H B EHE TR 1S LTEL D7 TAYH
FHET DI LD AH., TRH6DOZ LD, DTOZ LN
THALIC L DFERR T E 5.

o [BEE/] 340 bk LTt asd %

o [T/ [JCAR/ Ml 13880 Z & LoD%od 0D

WATASH B

o [JAG I 13Yd B E L2HRATA D B
Thbb, [£—F] OZEIZED 2V, MMIAHD [H
FE OBEIET AT EMRTE D,

PLEDS, $REY AT AL 5T, /Il IRET O H %
AEEO [E—F] & (3] Loz X )R
T&7-.

BWWT, BEOTF—% v — A% oOERE R 24T
VOO MBIERT. T ZT, Ry, Ry &, ZNFNE
%W SRS NERERT. B 14 (a) TlE, [£—
N1 BNICH 5 5% [BERA] 2HEIRSWZIREICH 5.
14(a) 252 &, BRI PERENZZEI2LD,
11 fEo/NBE RS FR S, BER/AMIATHE D4 [4EAC ¢
1600 4E A H 5 1650 4E A T [HE © M-, Tl 4%
TR, R R DHERRTE L. IS OB OMA
®h5, BPRICE=F [EREMI] & LRSI TWA
VNIRR AR T A S L 2 £ 2 Th D,

B4 14 (b) 1&, X 14 (a) THHN7 [F44], THE], [H
] OEZPRIICEIR L 7IRETH D, Thbb, Ryl
BT, (BRI &R SN/l B oEmn %
RTEMBMEEBERLZ (K 14(Db). 22,6, A—0k
B Z O D/NA D B0 E ) e MBET S, DF ),
A VARG VADSR LT v FIE— DR E AT 250
AVAY Y ARMFET LI L BRI LTWAS,

14 (b) ®IKEEE (PC)2L # IV CEilaib T 2 &,
15 OY X M LNE. ZDY A ML, R & R,
DG M2 WK A& (INNER JOIN) 205 ZEAMHB#: &
(LEFT OUTER JOIN) (23 X2 THSERZFRT
5 &, M 14 (c) M35 N7z, W 14 (a) BN 22 o 720k
T A5, Coloring BEFEIC & o TIX 14 (c) TIEE ¥ 71
DFTRENTZ. K 14 (a) L 14 (c) DBFEROMHEK
FENEN 1L 20 CTH o7z, ZORFERIE, [BEREAN
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Table 3 Aggregate condition.
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FH HE ik -k
%, %, %, &\4«
1,500—?‘%” 8 % PN R N
\i REATER)
1,650 ¥ e N
m F
17007 aa R
B
e 2%
| - :::illgﬁ
@7 e J

(a) & — Nl B /Ml 2 2R

FK 2=} ik E-FK
e ﬁ% 2 % PN ﬂuﬁum-{*\ .
{\:‘r BEEATER)
165 ey e
|3 T TR
. @
1,7004
@3 R
[ B
am =5
1,7504 ‘
® |
NG J: i

(b) BE R/l DR % 38

K #H Eiﬁ E—F
R
% %, %
g s, P, i
i 2 % ey & R N
1e0p] | v ” = “*
= BOEHTER)
| TR
1,650 WY e
3 =
1.7004 BN
a4 mER

al =
1,750
R xp! h\R

() K56 T 7% NHRHS & 0 S ARG B 128

X 14 (PC)2L @ JOIN /)& 28 L Tl fifk L 7240
Fig. 14 An example of visualization changing (PC)2L JOIN

clause.

SELECT
[Main].[#£4],
[Main]. [ﬁiﬁ]
[Main].[3%],
[£—F] [rc F1
FROM [Main]
INNER JOIN [€— F] on [£— FL.[ENES] = [Main].[ERES]
WHERE
([Main].[#] BETWEEN 1593.0191326530612 AND 1663.621173469388)
AND
([Main].[#+&] BETWEEN 375 AND 393
OR
[Main].[#&] BETWEEN 99 AND 122)
AND
([Main].[#3%] BETWEEN 269 AND 393 )
AND
([®— FL[E— F] BETWEEN 367 AND 393)
COLOR BY [£— F1.[E—F]

15 [ 14(b) ® PCP %#{#ff L7 (PC)%L
Fig. 15 (PC)2L preserving Fig. 14 (b) PCP.

W EBRIICIESE SN TR WA, F—0EM e AT
LN O FIEEL TWD 2 EERT. ORI TZ YT
BHHIEEWIEET D720, TNEHD LRI DWT RO CHE
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HEEHEE 2017/8/4-2018/12/18
X A B2 TH~HT%
X B W~ ENr
X B/ B/ T~F4&2TH
HEAT 1A M E (D)
BEBRE L 1%
t Zenfone2
oy TR 98 14

SRR S N RIS OMERE T o 72, T5 &, 3B
B/, 2 AR/l & B0 O BATE AR TR S
N7z D% EBRAMEERT HODPWL VLD, KD 4
UhZzbZFbE— FEERTEIPAWL L OO 3 I
I,

Pl Xk, EAFLIZEY, EMEORDH
ARG RERE LTEH 2 5T vwINiBE R
MRICH SNz, Sk, AMIBHEROBMZRIZH L

TIXAGFROFERE, HMNO N FH 2 2MBORR %5
%?é ENTET. MAT, (PC)’L OfffHE X0z

XTI TICEBT AP R RT 2 LT E .

4.2 [EHAIRALA 2 BBEETOT

NI TIIEA X, HBHETT 2L [ZDOADFEV
(Electric Vehicle) 1Z#e )iz CH U@z L& &0
HEIAVF—] ZfEEL T RXN—AICERL TBL
Z&T, EVOBNHEIIHET 5 ZMaREEEHT S
ECOLOG (Energy COnsumption LOG) ¥ A7 4 % {2
ZLTE7[34). AHTIE, 20 ECOLOG ¥ A7 4125
A IERIBALE 2R BARIZIE, | 3 OKXE A %
MRELZIEZIANVF-OBERSTEITH) T L 2% 2
b, B, IR SHICE L CIEOCHE [34] TR TWw 57z
O, TITEHTZOWMHILE ED X ) RFIHIC L > TER
L7z on Tk 5,

ZITR, KMAKGETLZESXOEEICLD,
B9 AIXH B OEIT AV F—-DOEBEEFWIRT 5 T TOH:
fEIZDOWTHMAT A, KETHH IV L—T a2y §~6, &

BHEER 4 1 RT. 2B, [Signal] EXMH A IZFAE
T2ME5 X OBEMICHAT 2EEICEY) [HEE], [Eik]
= TN L72b o, [ElapsedTime (s) ] (&8 5 X%
WS D 7201200 - 72, [LostEnergy (KWh) | 13
LXMW A EET L7720 CHE LB NEERT. T2, 45
W REO&EHEEFR 3 ITRT. 2B, TITOL M)y 7L
T 1EOEEDOZETHY, PCPIZBITL 1% 7 NMiEZ
D1 M)y TEREALE L.

IREBIGI O PCP &M 2 (PC)2L, M PCP

8 MR ATEE L 7RIS [32], [33]
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% 4 ECOLOG Y AT AT A L—aryeZzohild s EME
Table 4 Relations related to ECOLOG System and that attributes.

Jl—var Ul—vark JEh 5419
S1 Main TRIP_ID, ElapsedTime (s), LostEnergy (kWh) X[ A (281} % HEBHEETD S
So NextSemantics TRIP_ID, ElapsedTime (s), LostEnergy (kWh) [X[H B 2B} 2 HEHEETE
S3 NextSemantics2 TRIP_ID, ElapsedTime (s), LostEnergy (kWh) X[ B/ 128174 HBjEE 707
S, Signal TRIPID, Signal KH A 12d 255 X 12onT [l $7-1 [

k] % TRIP.ID T k25 L7zT v

SELECT
[Main].[ElapsedTime(s)],
[NextSemantics].[NextElapsedTime(s)],
[Main].[LOST_ENERGY(kWh)],
[NextSemantics].[NextLost(kWh)],

- [signal].[Signal]

- FROM [Main]

INNER JOIN [NextSemantics] on

[Main].[TRIP_ID] = [NextSemantics].[TRIP_ID]

INNER JOIN [Signal] on [Main].[TRIP_ID] =

[Signal].[TRIP_ID]

WHERE ([Main].[ElapsedTime(s)]

BETWEEN 68 AND 278)AND
([NextSemantics].[NextElapsedTime(s)]
BETWEEN 46 AND 163)
COLOR BY [Signal].[Signal]
A B A B
Elapsed ﬁ%apsed Lost Energy LostEnergy Signal
Time(s) me(s) (kWh) (kWh) %
", | ", y 5

\ %

i %,

16 AKXBIZHLET X ICL AT ANF—DPBERS
BALZATH (PC)2L %M L 726
Fig. 16 An example of PCP applied (PC)2L in order to visu-

alize effects on lost energy by signal X in section A.

IZOWTH 16 1Z/RT. COREZERT L9 2 Tld, &
TR L DS H4RE Y 2 7 4 L CHELR TV, IO TR
AL, ZOTFIEICOWTU T CHET 5.

9, PCPIIWL S 234428 T, KMAICHET
57— 5 O&RE% PCP CERTAHIENTES., L
Ladss, ZOIREETIZY TIVIESEMEICZE L TBY
GINTHSEE L,

FITAMENE, KA ICHZICRESNET X D
BAEFEZDHDI, Yb—3 a8 #fEs (Join) 4.
Tabb, SUIZHL, S4 & M)y TG EsRTwS
[TRIPID] %% — & L THiA (Join) 2479. ZHUCX
D, B9 X o ], Mkl KB LA255, XA
B % [ElapsedTime (s)] [LostEnergy (kWh) | O#1R
I HULTE 5.

SHIHTEE, KB A ICHET 52X B RXE B &,
B X OO 2TV hot. TDXD s
ThH, BEVATLLETIET PRy 7 IR ETTH S
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EIITED. Thbb, S & Sy, S3, S4DIL—v a3
% [TRIPID]| %% — & LCHifr (Join) 2479 2 & T
PCP L CZhZNEUHoMRE S Hic&s. b0
BEICX D&, [EB5 X OREZ 5T 5720121
C(=AKXM+BXH) LWwIXMIZEHTLE L], &
WO mAE b5 L.

F72, 4.1 B EFRRIS, AT IEFATHERR L 2 H% 5 R AE
ER% (POPL TR LAD LD I LN TE L. %R
DR L7ZBIZ Y (PC)2L 2 ) 2 IFUH T & & CHEA
uEETH A.

DERS, PCP I ¥ 28/EB L U8 (PC)2L 12 & 2 #(E
A7) L TRET X LAXKHEDRRE S TE .

5. ¥&HESENDEE

KIFFe T, THALFED 1 5TH 2 PATEE 7T v b
% BRSBTS SPTICHIN T2 RN EZFHEDO L) 1T
PR L 7T by A7 2 2% L72. 2T, PCP®
B R AT - BT 57200 F5EL LT (PC)2L 0t
Koiro7z. T2, KV AT L% RS T 2 /il
&, HEEETO 7wy Fo72 e b 20037
O LTEA L, AR TR OE— FOLESL
mL, BEEFGETT 7 TEAHHRTROXE A 12D THi72
TR E S5 L7

(PC)2L RO Itk L LT, PCP Ofifih 513, PCP
DEBEEDOHEDIVERNEFE2faET 52 &, BIRT—%
ANOEFE V) BIRTIE, £HER, Y771 R EdE
AoND., SHBOMEE LT, UL X)) aikies d2d
%2 & T (PC)L OfEfeME L PCP L W% fo T
(S LZHEIEYT. £/, THILFOIZ S5 ICHAER, X
DAL IERATBUED TR TH 5 2 L 2/R LT <

HE OAMIEEO —EE, JSPS BAEE (GREE S
18K11750) DBhELIZ & 2. F 7z, —#03 ELIEE s BAR
B fEIEFITTE CPRC 25 R ~ PR 27 4R1E) [IIESR &k
TIOINT =W A TT =5 %P AiiEE o/ E S
BWFge—/ R 2 kS L LT XY BRI

*9 http://www.rekihaku.ac.jp/research/list/joint /2013 /
digitalarchive.html
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ft %
A.1 BNFEEICES (PC) L OXEES

<Query> ::= <SelectClause> <FromClause> <WhereClause>
<ColorByClause>
| <SelectClause> <FromClause> <ColorByClause>
| <SelectClause> <FromClause> <WhereClause>
| <SelectClause> <FromClause>
<SelectClause> ::= "SELECT’ <ColumnList>
<FromClause> ::= "FROM’ <JoinList>
<WhereClause> ::= "WHERE’ <ConditionList>
<ColorByClause> ::= ’"COLOR’ 'BY’ <ColumnName>
<ColumnList> ::= <ColumnName> ’,” <ColumnList>
| <ColumnName>
<JoinList> ::= <RelationName> <JoinClause>
| <RelationName>
<ConditionList> ::="(* <AxisCondition> ")’
<LogicalOperator> <ConditionList>
| *C <AxisCondition> ")’
<JoinClause> ::= <JoinStatement> <JoinClause>
| <JoinStatement>
<AxisCondition> ::= <Condition> <AxisCondition>
| <Condition>
<LogicalOperator> ::="AND’ | 'OR’
<JoinStatement> ::= <JoinMethod> <RelationName>
’ON’ <JoinCondition>
<Condition> ::= <ColumnName> <Range>
<JoinMethod> ::= "INNER’ "JOIN’

| 'LEFT’ *JOIN’

| 'LEFT’ "OUTER’ *JOIN’

| 'RIGHT” "JOIN’

| 'RIGHT’ "OUTER’ "JOIN’
| 'FULL" "JOIN’

| "’FULL’ "OUTER’ *JOIN’
<JoinCondition> ::= <LeftCondition> <Theta>

<RightCondition>

<Range> ::= " BETWEEN’ <NumberLiteral>’AND’
<NumberLiteral>

<LeftCondition> ::= <ColumnName>

<Theta> ::="="| "> |’<’ | '>=" | '<=" | '<> | 1=

<RightCondition> ::= <ColumnName>

<NumberLiteral> ::= DecimalLiteral | FloatLiteral
<ColumnName> ::= <RelationName> ’. <AxisName>
<RelationName> ::="[* UnescapedIdentifier ’]* | Identifier
<AxisName> ::=’[* Unescapedldentifier ]’ | Identifier

7272 L, DecimalLiteral, FloatLiteral, UnescapedIden-
tifier, Identifier I ZNEFNEImRE T2 RT. IO
e OEFRE, DTOIERER TET.

DecimalLiteral = [+-]?([1-9][0-9]*|0)

FloatLiteral = [+-]2([1-9][0-9]*|0)’."[0-9]+

UnescapedlIdentifier = ["\[\]\x00-\x 1f\x7f0-9]
[MONx00-\x 1 A\x 7£]*

Identifier = [*,<>=().\[\] "\\x00-\x20\x7f0-9]
[M<>=0) N\ \Wx00-\x20\x 7f]*
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