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Overnight Educational Field Trip in Cooperation with the Community
— Taking Advantage of School Benefits —
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Abstract
This study is to summarize the overnight educational field trip as <Let’s go to see the Research and Training Vessel BOSEIMARU>, and
analyze the satisfaction, expectation, free description and so on from participants, and their parents using questionnaire survey. The theme of
this program as “OCEAN” and visited BOSEIMARU and Marine Science Museum which are belong to Tokai University. In the result of
survey, there are many positive answers to match to the theme, and their parents, too. Although this kind of experienced programs are already
recognized taking important roles within the participants, but also there are educational effects to the sub-leaders who are university students.
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Table 1 Five Different Themes of Model Programs

7al T KA 7ur T AR EME
K] 8 57 e 75 BABZHELTFYL YT 5
e L 71 > B — I A 2815 E
K] 8 . A R 20km 7 A — 7 CHRER LN
(€7 v W& 2 % EE

5% & LR SETHMOL RN IO R & %
i PRI DIRE & %

D AT AR BR AL L [ B3 o0 i 7 23
£ 5L W2 T iGN & % < RE
(SRR BalebTEx, ANbLTTET 5
£ 7L e & 85T & 3% E

2. BK¥YUNRREFERITE

2.1 IERUVEMN
TedZpbrEb Ly VHEE o B HZHIY, Hifi
REDOA T =N RA )y REIEN L [HERT —~ %253
SHSERM) LT W) 27—~ & LTl
L, DB de BF ) CRMERFP &Y ¥ v A n b~
AF v U NAETH T THIAE D) 2l-hrbrEbh
Ly U} Takanawa H£F 70 V=7 R 12 g Lok
-

+1 R & L CRIR PN O SRR FEATEHA L, KHEp
BERRICE ZE D ELFTARE L, FH, AFR—Y, BEOR
LOEBEITH L LbHIC, RRFOMA - AWEREZEH L
THEMWRT —~ a2 sEssRftroo LT, REOAE
PR, AR PE R ORIENE &2 38V, HUE AR TR0 2 AR [ 22 3 & H
L FES

HMRFET v LYo —
http://deka.challe.u-tokai.ac.jp/tkp/index.html

=H
RicN

+2 Takanawa Jt E7m V=7 b ¢

(2020.3.13 [ e

MLTHY, SENE2EBEORETHS.

AEEAZFE T L LT, ZREOFHICH#ESIT LI &
TEFELEMENEBOBENRITRSI N TND THRIZ
BN EEREOER D) 2551, [HET0r 7 4]
LLTUTO3EICERLEZ (DMEZ25), @EDXH
ICEED, QMR TESLIICRDMN). O£V, GEEIIC
FRT I T4 T T == T EE# L., —DHO [Milz%
S0 oW TIE, W 27—~ &L, HERENET
DUFERENHER TR OFME O, WEER A
WIHE DRI (R OKIERE) T 5. T ED X H 105D
%, (B8 LAOBINITE] 102 b0, SMERT —~I2
NoT-HERFZOOEREZFFSZETHDH. I, FT
FADDOHTIHMEICONTOHPABEMAEHRT (2.2 1T
FEMIEEE), T E CICERTAAE L, EMEEAER L T
BLEOYEEER L. 77T 47 7 == T OERKICIE,
ZFHETHE 25 TEBR 720 TRE®T, BB ER
DEESS WV ERZENOHBEL TN T EBRUITHD,
FEREOW ML TIZE LW, K% (IR TEL X H512h
L0 0E, BIPHHEZ B L CEMES 2 OREEIRTHET
b5, EEMIOHEREN R TEER) 720 Tk, wHRz
SR R IR A T ke ) TR R R A A b A R T &
iz, EEER - EHRIC TRER) ~ LB - BRLHETH
5. flz0E, ARIOFATHE T, ) ICEREZ b,
PERANITUFEFETRA~ S HEF L QI D 2B I <,
WAk EZ R 580 22— EEOBRKICT 72 8 T
MTEDLLHITRDN] IHFEATHD.

BEEIMICESEZEMRL, bbby Py
TN, AITEO T LB ) & THMS) & L TER L (Fig.
1 W), By, $d, 70— (BIFRE), Hbm, 24
LAY a—) b, IEENCHT- > TOEE A, EELENT
HEhTwa., 7ok, AEMBKIL, SMEM, SIEEH,
ZFLCHREFEREIMEHY, BHANRIEAEICL-T
L EIp S5 TND.

Fig. 1 Boarding Pass as Program Guide
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Table 2 The Program of Let’s Go to See

The Research and Training Vessel BOSEIMARU
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Table 3 Profile of Participants
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Table 4 The Scale Questions for Children (N=22)
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Table 5 What Parents Expected of their Children
before the Program (N=35)
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Table 6 The Scale Questions for Children (N=15)
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Abstract

The increase in dementia is becoming a social problem. However, early detection is essential because the administration of drugs can delay

the progression of symptoms in the early stages. It is often found when a cohabitant notices a change in daily life. However, it is difficult for

elderly people who live alone. The purpose of this study is to detect the change by monitoring the daily life of the elderly. We firstly recognize

activities by the Bayesian network modeled by collected sensor data. Then, an activity is identified using the activity occurrence probability

calculated by daily life. In this paper, we propose the method and show the evaluation results.
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Fig. 6 Activity recognition method based on personal habits
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Fig. 8 Example of an ontology description of daily activities

X TARE Z2BEFEEOL— MIEEL, TOITEIORIR
AT DITE L 5 TR, TBRFEE2T5), [HERWg)
e LR L CREME L7z (Fig. 8). fERIZEEL TiX

BEEIZET DIBIEVAFHREZ R ORIEEAS Y b v —
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IZ AGROVOC & FRITHL 2 FEMOKEE, Rk, BREL7ZR & D
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7).
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TRTEHNTHER LIz 2RO TEV A EMEERETH D,



Table 2 Activity Occurrence Probability Table calculated by CASAS data set

BICEZ ZAIREMED H 2 ETETH

|Bathing Bed_Toile Eating  Enter_Hor Leave_HoiMeal_PrejPersonal_ R1_Sleepi R2_Sleepi Wash_Dis Watch_TVWork_Bed Work_Bed Work_LiviiWork_Tab Yoga wmak
Bathing | 2.487562 0| 5.472637 0| 2.487562 5.472637 36.81592) 3.482587 1.492537 0 2.985075 5.472637 31.34328 1492537 0.497512 0.497512 100
2t [Bed_Toile 5.960265 3245033 3311258 0 0| 7.284768 34.43709 1.986755 0 0 0.662252 0.662252 11.92053 0.662252 0 0.662252 100
BY lcating 2985075 0895522 0597015 0298507 5970149 | 2.985075 18.80597  0.298507 0 5970149 1253731 356209 1164179 20 1283582 0597015 100
(Z [enter_Hor 0.917431 0 1.834862 1834862 1.834862: 13.76147: 23.85321 0.917431 0 0 11.92661 5.504587 11.00917: 1284404;1376147 0 100
FC [Leave_tiol 0877193 0 0| 92.10526| 0.877193 0 0 0.877193 0.877193 0 0877193 0877193 1754386 0 0.877103 0 100
Meal_Pre; 1.36612 g 0 0.819672 1.36612 11.20219 0.273224 0 0 7.103825 9.562842 8.469945 16.66667 10.92896 0.273224 100
3 Personal_  5.39484  0.156372 0 179828 6.645817 24.62862 4.612979 1016419 1.094605 1954652 8.9914 29.47615 4.691165 4.222048 0.312744 100
"~ [R1_Sleepi 0.720927  0.729927 0 0.729927 0 0.729927 8.029197 0/ 66.42336 0 0.729927 0.729927 21.16788 0 0 0 100
H R2_Sleepi 1526718 71.75573 0 0 0 1.526718 19.84733 1526718 0 0 0 0 3.816794 0 0 0 100
== | Wash_pis 2816901 0 0 0 1.408451 2.816901 21.12676 0 0 0 8.450704 5.633803 9.859155 2.816901 45.07042 0 100
v [wateh_Tv 0.938967 0 13.61502 0 3.755869 15.49296 18.30986 1.408451 0.469484 2.347418 0.938967 3.286385 22.06573 1.877934 15.49296 0 100
47 [Work Bed 122199 0 203666 0 1.221996 4.887984 25.05092 2.443992 0.203666 0.610998 1.832094 12.42363 36.65988 3.665088 7.739308 0 100
Work_Bed 5.998357 0.164339 3.204601 0 1.396878 4.437141 29.58094  3.697617 1643385 0575185 2.711586 13.31142 24.65078 3.122432 5.423172 0.082169 100
&) Work_Livil 0.905797 0| 8.152174 0 2173913 1068841 1141304 0 0 0543478 4166667 3.985507 5.072464 375 15.03623 0.362319 100
Work_Tab  1.49925 0 1.649175 0 2548726 7.796102 '410.34483 0.149925 0.14992552.848576 *3.298351 7.946027 1154423 1094453 .149925 100
Yoga 0 0 0 0 0 ‘1588967 15.38462 0 0 et 2307692 0 1538462 30.76923 & 0 100
Table 3 Activities recorded in the CASAS dataset
Table 2 DEHO TH - 72531, [Meal Preparation] D% ———
\2%ET % [Eating] OFEEBK 2% Thd L u2RLT e S gD -
W5, ATBIAERTERIC K ATEERSGEE, A VT %y b — e
— 7T L0 HEE ST B O R O B RTATE) & O BIRIE e ateh_
MERVY, T 7D BATEIE R R O # T 2RI 5. Leuebone bR
Meal_Preparation Work_BedRm_2
4. %ﬁﬁ% & %$ Pesronal Hygiene Work_LivingRm
R1_Sleeping_in Bed Work _table
4.1 RRICAWAT—4 4ty bV I b7 LY Beephpg fi Beil O
T—HEy MIT Y MUK D CASAS 7 r Y =
I RO EOEMM LT, A1 U7 Ry kT — 7
—a2—Y—5 LV FOUAH MRFETHESREY 7 by = - L
T Tl Weka? & INIZ. CASAS 7y =2 bOT —¥ - ;
t v MCIE R, R2 &R SN 2 4 DKM O Rl . :
IZEBRIZ 6 » ARIAEIE L7BROT — 2 BNitdk s TR0, :
HAE, Bz, o4, BUo0E, 17870, [TERREE - g
(begin-end)’3 & T TV 5. Fidk S 724TH) 7 ~L I Table = !
3T I6FETHD. vk, 24 DITHIORBARTED ,
3 S - JEA S
@ &jjﬂ%&) 5 i’bf_‘“\ Y FEEMLEBGORTHY, Tof Fig. 9 The box-and-whisker plots of shape adjustment
OATENIXBIN TE 2. T—X &y boFIZiE, FUAT
EAFET TRE SN TWD A, ZHIEEZR 2 AMDIAEIC e
Tol=0h, HAHRHEEREZ & ClE— AP HET > - .
DONXREBUR DD 72, TR 2O TIEZ ORI OV TH o -1
LTV, Kl ch T — %y MIgkShic 0
bOEEFRTHZERMHEHTLZEE L. -
s X
4.2 T—Atv FORILIE :
FMAAT O 722, 7 — Xy MRk S B4 [F ° m#._mm
A, THEM), AT (AT DAL 21T 572, 1TEkk . . .
N P R o X Fig. 10 The box-and-whisker plots except outlier
223 begin DIFORFR 2 FTBAS AR S THER1), FTEMR ¢ b ’
HE/N in 7> S A A{TENC it , T
EZY begin 7> 5 e‘ndJ‘i'Cé’ﬁ@j( G s f?f'a‘ﬂj “&/#L F a8 LT Fig. 9@ Mk | OBOTEOERECH 2.
iy, TREZ) OB TR L4°25. EATE8MTRbR . 5
- o iz 45 RN . e WA TEI NN, T—H %ﬁllLﬁ’CIEf\tﬁéf@T—
7o T85HT) ZRET 572018, 1TENRAEAY begin DIFFIZ X Ao g
N ~ A 25%~T5%DHI TH D, DFEY, T =X OF RN
b Lot o a3g %éfVCwéiﬁﬁé MEr) &Lz, 7 0 4=
WD 50% NEE LTZES TH Y, [TBHOMEM Z R~ O
ey PN LTI SR TS A aininsy ey, Ty b SRTOB BRI RS
OYAR B AR LT B, RO CAM I T I D TR AE % R L T2 i ’ '

%hﬁ‘i:ET/V@1a?E$%K<EIXI&7‘£67‘:&), hoz
bR < LB AAT o 72 AFHE T, ORI Z VTR LE

X FNEERIRER] 2= 3%, ZMUVEIZ K> TRE > TW
22N D. ZONNEE RV % OR O (Fig. 10)



NA DTV 3y b =2 EATEARRHERIZ X B TEREEOTEORE & DRl

1e12 distance from cluster centroid (elbow curve)

— S

5 e
—— inertia

4

£s

-]

82
1
0

0 2 R} 6 8
number of cluster

Fig. 11 Result of the elbow method to determine the time-

division
p . BE
1TEh SR
S
45000
40000
35000 X a1
30000
25000
e P P e
15000
10000
5000
g—v—‘,x,& e e e W, o e o
@ ® @ s ° ° ®» 9 e @ =~ 2 E -
§ £ 5§ 823 ¢£3 £ 3 8§ ¢ 8§ ¢
g 3 ¥ £ § £ g & & 5 T X g & £ 8
£ & U 8 8 § g % ¥ ' £ 2 3 £
1 @ w0 = - S ° = - °
= g g = ¥ (- S H 3 b1
g & g i & % s g 8 £ ¥ 5
2 s g 3 £ x £ %
: 553 2 3
& ) )
2 & &

Fig. 12 Time-division considering time required for each
activity

Table 4 Activities belonging to Time-division (sec)

X491 18488-50000 R1_Sleeping_in_Bed, R2_Sleeping_in_Bed
X452 4496-18487  WatchTV

X3 1250-4495 WatchTV,Meal_Preparation,Yoga

X4 240-1249 Bathing, Eating, Wash_dishes

X495 135-239 Work_LivingRm, Work_BedRm1

X6 13-134 Personal_Hygiene, Bed_Toilet_Transition,
Work_Table, Work_BedRm2

X7 0-12 Enter_home, Leave_home
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Fig. 14 Example of recognized activities by the Bayesian
network

=== Confusion Matrix ===
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Fig. 15 Confusion matrix using the Bayesian network with all
activities recorded in CASAS data set

=== Confusion Matrix ===

abcdef ghij k|l mnop <-classifiedas

5 0 0 000000000000 0] a-=Bathing

050 0 000000000000 0] b= BedToilet_Transition
0 0582 0.0 0 0 0 051030 0 0 8 0 0| c=Eating

000 00007000000 0] d=Enter_Home
010 0000000000 0] e= LeaveHome
000 00(4)0 0000000 7 0] f=Meal Preparation
0020004 00O0O0O0O0O0 0 1] g-=Personal_Hygiene
000000048 0002000 0] h=RI_Sleeping_inBed
00000 O0O0O05 000000 0] i-=RSleeping_inBed
0070000003 000 40 0] j=Watch_T¥
000002 0000 400 018 0] k= WashDishes
00000001500 03 00 0 0] | = WorkBedroom_l
103000001300 03 00 1] m= WorkBedroon2
0013 000000900 00280 0] n=WorkLivingRa
ouuumsunoozun@u o = Work_Table
0060000 0O0G6 00010 0] p=Yoga

Fig. 16 Confusion matrix using the Bayesian network with
randomly selected activities recorded in CASA data set

=== Confusion Matrix ===
abcdefghijk!| mnop <-classifiedas
5 000000000000000] a= ing
050,.0.000000.0,00000 0/ b-=BedToilet_Transition
0 0:32:0-0 0 00 (1120 0 0 7 0 0 c=Eating

0 070750 0NO 0 0 000 0 00 0 0 d-=Enter_Home
00 ONT4320.0 0 0 0 0 0 0 0 0 0| e-=LeaveHome
0000 000000006 0| f=HealPreparation
0020 700000000 1| &=Personal Hygiene
0000 048 0002000 0[ h=Rl_Sleeping_in_Bed
0000 005 000000 0] i=RSleeping_inBed
0080 00038000 400( j=HatchTV
0000 0000400018 0| k-=WashDishes
0000 013 00037 000 0[ I =WorkBedroom_]
10380 001300 032480 1| m= YorkBedroon_2
0070 0009000 0 0| n=Hork_LivineRn
0000 000020 0735)0]| o=Hork_Table
0060 000600010 p=Yoea

Fig. 17 Confusion matrix using the Bayesian network with
activity occurrence probability
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Table 4 Example of discretized activity records

L) Bk SR BFT £ @B =% sSMES 51
Meal_Preparation 42491 2365 Kitchen 2010 B % E57 9~11
Work_Table 44464 97 Kitchen 20108 %= [E4H4 12~14
Eating 44944 1157 LivingRoom | 2010 B £ E&6 12~14
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Fig. 18 Example of a misrecognition estimated using the last
activity
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Abstract
The classical vehicle routing problem consists of finding a set of routes to serve all given customers. However, in practice, it

is often necessary to select some customers from a set of potential customers and to find a set of routes to serve them. Also,

there exists practical cases where backhauls and time windows must be taken into account. In this paper, we consider a

selective vehicle routing problem with backhauls and time windows and propose a column generation-based algorithm to solve

the problem.
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Table 1 Characteristics of the benchmark problems
Type by maxq; | Xq Q s
R1 1236 50 1458 200 10
R2 3390 50 1458 1000 10
C1 230 41 1810 200 90
C2 1000 41 1810 700 90
RC1 240 40 1724 200 10
RC2 960 40 1724 1000 10

AR (LD TIX Z O ER DA O Y &5y
WEHRLTWARWY) TEDLETHD.

s TR0 AHEMED AT () I
A ag(=ap) 1T 0TH D

e —E AWM s, i eNIZTT RTEHLL, s
SIENTHDLsEEDTND.

e Ny F < — 7 [MEHIZTable 1064 A 724 HE
SN TWb. =77 L, Table 1® maxgq; i
maxiey ¢; CH Y, ¥q 1 I¥ieng TH D

(2) EWHEE KIZTK=510D2#0 & Liz.

Q) EEExvF~—7MEOEYO l=n2@OBE
ERLEE, RV Om=n—IHOBMEZEMNL L L,
RRKFEWRE QI Q2L L.

(4) FE ie NOEMINE f; TR TED .

fi =0.1cpq;, IEN

(5) FEMHEDOEEEH gl =10 & L 7.

(6) ff F 7t 5 B IX Intel® Core™i7-7700T CPU 2.90GHz

(4-core) MCPUL 16GBD # & U Z## L /=PC

(OS : Windows 10 professional 64bit) T, i 5

FE X C# (A % : Microsoft Visual Studio

Community 2017) T 5.

Bl A= BB B D R RUBE RIS GE T U 7o S BE G

Y )L 73— (X Gurobi Optimizer Version 8.1.022T&H

5.

FIAERRE (FIEDS0~S3) OFFF I, S3D & T I

ROFHEREMAI800 L £ &2 iXiTby &

L7z,
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N E i Table 2~71Z/~9. 7272 L, Table 2~7IZB L

TIEFEUTFToOmY Thb.

(1) Table 2~7® Name [T > F~— 7 [HEOMEAL
Thb.

(2) Table 2~70 fIX LR LK ieN O & F ) —
EABMAREA a; & BV — © ABAMEEEA b, & T
DLHEDNTA—HTOSf<1THS.

(3) Table 2~7D z, & zy i TN ETNRKE -7 FHRE
CERMETHAS. =L, [—) FHETTY £
T ER AR RES RN LETHD.

(4) Table 2~7® n ¥R F - 7= AT 7] GE fif O #H i @
EHTHD.

(5) Table 2~7® Cols 1ZER L7251 TH 5.

(6) Table 2~7® time™ |3 %4k (FNEHDSO~S3)
OFHHRFERE (BEALIER) T, time® 13414 pLIE IS
S EBMEE (FNEOS0~S4) OFFFER (K
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Fm, ERMENRKRE - ZREFIC ST, %t
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ZOMMEERTIE, A TORMBEGH CETATRM (T
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FRAE SR E o 2 RIBEFNC BT, AR 7£0.035
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Flo, TOEMEBROREIEIL, FR1.00L0 /I
ETOMBER &, 4 7HHBR2, C2, RC2D % L DY
L, ERfEE RO RN TE ol %
RLTWD., ZoHBE L TiE, FA/0SWREE
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Table 2 Computational results (Type R1)

K=5 K =10
Name f 7 zy ne | Cols | time® | time® 7 zy ne | Cols | time® | time®
R101 1.00 1112.760 1112.760 25 131 10.0 10.0 1685.504 1696.128 52 251 56.6 56.7
R102 0.75 1428.724 — 34 244 1822.1 1822.1 1879.747 — 65 482 1821.1 1821.4
R103 0.50 1579.006 — 40 244 2059.7 | 2059.7 2073.624 — 68 482 1813.9 1814.0
R104 0.25 1727.620 — 45 298 2733.2 | 27332 2118.298 — 73 649 1854.5 1855.5
R105 1.00 1329.330 1376.203 34 201 59.7 59.7 1943.958 1950.706 60 433 136.8 136.9
R106 0.75 1557.884 — 39 270 2138.6 | 2138.7 2065.480 — 70 572 2011.4 | 2011.6
R107 0.50 1721.797 — 42 303 1823.6 1823.6 2158.181 — 75 668 1841.4 1841.8
R108 0.25 1751.254 — 43 338 1803.7 1803.7 2234.728 — 78 736 1820.8 1821.6
R109 1.00 1366.204 — 32 225 1975.1 1975.1 1979.373 — 61 505 1959.5 1959.6
R110 1.00 1544.040 — 38 240 21572 | 21572 2091.193 — 69 485 1829.0 1829.1
R111 1.00 1637.657 — 38 228 1839.1 1839.1 2028.195 — 68 462 1831.3 1831.5
R112 1.00 1731.566 — 39 262 2036.6 2036.7 2169.861 — 71 585 1802.4 1803.0

Table 3 Computational results (Type R2)

K=5 =10
Name f 7, 7y ne | Cols | time® | time® 7, 7y ne | Cols | time® | time®
R201 1.00 2143.158 — 78 1282 1800.1 1800.5 2242.014 — 86 842 778.3 778.4
R202 0.75 2137.523 — 73 909 2355.7 | 2356.9 2260.984 — 79 1020 1915.4 1918.3
R203 0.50 2143.594 — 70 978 1801.5 1803.2 2422.646 — 89 881 1802.2 1802.7
R204 0.25 2359.658 — 75 1182 1801.4 1803.1 2411.985 — 81 1152 1802.2 1805.9
R205 1.00 2220.226 — 75 1088 1804.3 1804.8 2419.569 — 88 1180 1967.2 1967.5
R206 0.75 2232.034 — 67 1227 1800.4 1802.1 2453.697 — 84 1234 1800.9 1802.0
R207 0.50 2198.664 — 68 1289 1800.7 1803.6 2372.486 — 83 995 1858.5 1862.5
R208 0.25 2359.849 — 78 1400 1801.4 1812.1 2506.566 — 80 1336 1801.8 1805.2
R209 1.00 2199.352 — 70 881 1896.2 1896.9 2355.743 — 87 1057 1836.2 1838.0
R210 | 1.00 | 2157.304 — 76 | 926 | 20431 | 20449 | 2400948 — 77 | 974 | 18075 | 18092
R211 | 1.00 | 2199.943 — 67 | 938 | 18323 | 18352 | 2431.080 — 83 | 978 | 19519 | 1955.1

Table 4 Computational results (Type C1)

K=5 K =10
Name f z zy ne | Cols | time® | time® z zy ne | Cols | time® | time®
C101 1.00 2215.401 2245.713 37 249 65.1 65.2 3353.590 3457.379 66 466 125.1 125.2
C102 0.75 2318.126 — 40 268 2328.7 2328.7 3425.226 — 71 654 3513.2 3513.4
C103 0.50 2577.873 — 39 340 2003.9 2003.9 3436.250 — 66 711 1875.7 1876.8
C104 0.25 2569.014 — 44 499 1927.5 1927.6 3517.126 — 78 718 1823.7 1824.2
C105 1.00 2282.907 2365.199 38 285 140.1 140.2 3470.680 3556.030 68 589 346.3 346.5
C106 1.00 2341.559 2393.869 38 407 1642.9 1642.9 3523.252 — 73 695 1822.2 1822.4
C107 1.00 2459.705 2511.391 40 323 318.6 318.7 3552.776 3630.186 69 599 706.5 706.6
C108 1.00 2397.715 — 40 360 1823.8 1823.9 3632.999 — 74 679 1808.7 1808.8
C109 1.00 2482.150 — 39 377 1834.3 1834.4 3438.845 — 71 643 1827.6 1827.8




i - ALkl

Table 5 Computational results (Type C2)

K=5 K=10
Name f 7 zy ne | Cols | time® | time® 7 zy ne | Cols | time® | time®
€201 | 1.00 | 4616.510 | 4698.352 | 92 | 2341 | 481.5 | 482.1 | 4633.582 | 4732.639 | 95 | 2802 | 491.8 | 492.8
202 | 0.75 | 4145.106 - 82 | 1388 | 1802.0 | 1802.7 | 4518.105 - 94 | 1785 | 1803.6 | 1804.7
€203 | 050 | 3910.374 - 79 | 1114 | 1802.1 | 1802.7 | 4419.673 - 94 | 1562 | 1834.4 | 1835.0
C204 | 025 | 3815.727 - 81 | 1294 | 1800.2 | 1800.9 | 4320.233 — 94 | 1593 | 1800.6 | 1801.9
€205 | 1.00 | 4598.378 - 92 | 1823 | 1824.7 | 1825.1 | 4574330 — 96 | 2182 | 19224 | 1923.0
C206 | 1.00 | 4297.118 - 87 | 1649 | 1802.5 | 1802.9 | 4485.557 — 91 | 2053 | 1800.4 | 1801.0
€207 | 1.00 | 4151.891 - 83 | 1574 | 18002 | 1800.6 | 4332.178 - 96 | 1799 | 1800.5 | 1802.1
C208 | 1.00 | 4073.884 - 86 | 1327 | 1800.7 | 1801.1 | 4466.735 - 91 | 1643 | 18004 | 1800.9
Table 6 Computational results (Type RC1)
K=5 =10
Name f 7 zy ne | Cols | time® | time® 7 zy ne | Cols | time® | time®
RCI101 | 1.00 | 2119.297 | 2121.167 | 34 | 224 98.4 98.4 | 3356711 | 3455795 | 64 | 480 | 253.8 | 253.9
RC102 | 0.75 | 2306.489 - 36 | 258 | 2447.1 | 2447.1 | 3557.083 - 69 | 485 | 1846.7 | 1846.8
RC103 | 0.50 | 2388.170 - 44 | 337 | 19404 | 19404 | 3637.563 - 72 | 558 | 1806.4 | 1806.5
RC104 | 025 | 2252.773 - 38 | 271 | 1931.6 | 1931.6 | 3769.909 - 68 | 528 | 1808.7 | 1808.8
RC105 | 1.00 | 2118.420 - 38 | 286 | 1806.9 | 1806.9 | 3420.146 - 62 | 449 | 2588.5 | 2588.6
RC106 | 1.00 | 2265.120 - 32 | 305 | 1946.6 | 1946.7 | 3559.426 - 65 | 530 | 1808.7 | 1808.7
RC107 | 1.00 | 2393.268 - 37 | 749 | 18744 | 18744 | 3756.876 - 63 | 537 | 1960.4 | 1960.5
RC108 | 1.00 | 2370.963 - 39 | 292 | 1802.1 | 1802.1 | 3855.973 - 69 | 529 | 2450.6 | 2450.6
Table 7 Computational results (Type RC2)
K=5 =10
Name f 7 zy ne | Cols | time® | time® 7 zy ne | Cols | time® | time®
RC201 | 1.00 | 4238.314 - 82 | 1783 | 1814.7 | 18149 | 4498.474 - 94 | 1500 | 1824.4 | 1824.5
RC202 | 0.75 | 3915.139 - 71 | 1067 | 1856.0 | 1856.9 | 4610.419 - 96 | 1183 | 2069.3 | 2069.4
RC203 | 0.50 | 3948.842 - 66 | 1064 | 1865.0 | 1865.6 | 4316.583 - 90 | 1121 | 1827.0 | 18273
RC204 | 0.25 | 4263.031 - 82 | 1126 | 1803.9 | 1804.4 | 4250.040 - 93 | 1403 | 18024 | 1803.5
RC205 | 1.00 | 4060.455 - 74 | 1059 | 1829.2 | 1829.5 | 4465.257 - 95 | 1116 | 1800.1 | 1800.3
RC206 | 1.00 | 4022.818 - 71 | 1303 | 1825.0 | 1826.8 | 4575.669 - 95 | 1356 | 1835.1 | 1835.5
RC207 | 1.00 | 4047.205 - 77 | 1181 | 19418 | 1942.6 | 4508.778 - 93 | 1250 | 1801.8 | 1802.1
RC208 | 1.00 | 4010.867 - 70 | 855 | 1802.6 | 1803.0 | 4372.123 - 87 | 1292 | 1802.3 | 18029
Table 8 Relative errors WEEE no DWEMT 22 LE2RLTND.
Name | K 7 Zy € MzT, ZOBMEEROMEIL, REEOHAERED
R101 | 5 [ 1112.760 | 1112.760 | 0.000 KERS DI AR E (FIEO S0~S3) o 2B time®
RI101 | 10 | 3915.139 | 3915.139 | 0.000 THHILZRLTWAREYD, FHEEEOEMED -
R105 | 5 | 1329.330 | 1376.203 | 0.034 OITIE, A%, R0 & BES M T I
R105 | 10 | 1943.958 | 1950.706 | 0.003 KT HNEORMMEORERLETHDLZ L EREL
C101 | 5 | 2215.401 | 2245.713 | 0.013 TW5.
C101 | 10 | 3353.590 | 3457.379 | 0.030
C105 | 5 | 2282.907 | 2365.199 | 0.035 6. EHYIC
C105 | 10 | 3470.680 | 3556.030 | 0.024
Cl106 5 2341.559 2393.869 0.022 %H%T&i, ‘J%Uﬁ&ﬁﬁflﬂﬁﬂi%%@ LT:E%REE@T%
C107 | 5 | 2459.705 | 2511.391 | 0.021 R MEAZ Y B, SIAEREICE S o Pl fig ik
c107 | 10 | 3552.776 | 3630.186 | 0.021 ERELL., LT, ELEMEOFG M Z REET
C201 | 5 | 4616.510 | 4698.352 | 0.019 H1-0OMMERE I L. BMEFERTIE, REL
C201 | 10 | 4612.626 | 4732.639 | 0.021 TfREEZR TR TORBEN TEITIRMEELRD D Z
RC101 | 5 | 2119.297 | 2121.167 | 0.001 ENTER. e, ERENRRE - ZBEFIZEB W T
RC101 | 10 | 3356.711 | 3455.795 | 0.029 I, MXEEZE0.035LL FOMARE S Z L 2B L, 2

RO 553 (%< ORFE Z2KETE 5 REMDS & E
DIOBRDI L THLN) KRE-TFEITAREM D E

RIEEZHVTEWBEOEITAIREMARE DL Z &2 M
GEL 72
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Abstract
The purpose of this paper is to present proofs of solutions of the linear differential equations of the first order by means of the variation of

constants and integrating factors. Further, we afford several concrete calculation examples.
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F9, U () + Pulx) = 0 27358 5 2B u@) &RV, G 2 SRS LT, [EB R TR 5 D YEfl ]
cky,

u(X) = C1€_fp(x)dx (Cl Li{{fé’?'ﬁ?i}ﬁ) (2.9)
ThHZEBDND.



B ]

ok, 28) 1, u)v'(x) =0Qx) Lo T HDT(2.9) LAabET

1 1
' — — _—  ,fP()adx
V() = 5000 = = e PO Q()
b
1
v() = — f e POIx0 () dx + C (C R
1

Lo Tn%. (2.9)E(2.10) # y = u(@)v) ITRATIUE

y = u()v(x) = Cie~ I PIax {Lf e/ PO (x) dx + C}

G
JThabb
y = e~/ Pax { f el P@AxQ () dx + c} (C 1HERER)
BFHIND.
|
3. 1 ERBERMS AREXDOEHESI
WIJE 1 1)4)5)6)
WROWG T REAZ R .
dy 1 )
(1) E - 7}/ =14+ 2x
dy 1
(2) E+7y = Ccosx

(fpr%) HB2mDEMREHAND.
(1)
1
P(x) = S Q(x) =1+ 2x?
EBL.

1 1
fP(x)dx = f (— ;) dx = —log|x| = log|x|™! = log—

| x|

ThHoHNb

1
el POIax — OBy — _—
|x|

ko7, 22)icky

(2.10)

(2.2)
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y = e~/ P()dx {f el POIax g (x)dx + C} (C i3 fTEEH)
1
= |x| {f—(l + 2x%)dx + C}
||
1
=+4x {f +—x(1 + 2x?)dx + C} (#E 5 1RIE)

=x{f%(1+2x2)dx+C}

o[ (L 22)ax+ ]

= x(log|x| + x2 + C)
= xlog|x| + x3 + Cx.

]
(2)
1

P(x) = Q(x) = cosx

<.
1

fP(x)dx = f;dx =log|x]|

72

fP(x)dx = ploglx| — le

ko7, (22)icky

y = e~/ P)dx U el Pdx g (x)dx + C} (C 3B ERK)

| -

|x] cosx dx + C}

xl{
{

f x cosx dx + C} (=5 FIE)

+
x”“

><|»—x |

{fxcosx dx+C}

:—<xsinx—fsinxdx+C)

ikl e

=?(xsinx+cosx+C)

) 1 C
=sinx +—cosx +—.
X X
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(2) DRI
R T2 AN D.

P(x) = —OBATHENE
m'(x) = m(x)P(x)
Thbb
1
m' () = —+m(x)
x
A TEEDO—> L LT, m(x) = x BRSNS,
dy 1
D + ?y = CcosXx

ORI mMX) =x =0t 5L

xd—y +y=xcosx
dx
Thebb
(xy)' = xcosx
HELND. LEn-T

xy = fx cosx dx + C (C ixEEER)

=xsinx—fsinxdx+C

=xsinx +cosx + C

Thbd. £oT
. 1 c
y =sinx +—cosx +—.
X X
]
pigE 2"

B ORI X A OEREIE AL 2 5. V(O)IIHLE 1[CB T A0 EE (72720, tiZm AR D% O %23#ET), rix

DR EEZRTERE T L. “VORHICHT 22TV —r #7257 ZePmbiiTng. 22 THllESEZa (al
ZEROHEET), —alFRE OB EKRT) L

av
e —a(V —r) (a>0) (3.1)

WET ME ST TR L 7225,
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BDaEET DL

—+al =
dt a ar

LD, F2EOEBERNTHMLS Z L1275,
P(x) =a, Q(x) = ar

EB<.
fP(t)dt = jadt =at

Einb

efP(t)dt = pat,

ko7, 22)icky

V@):e—IHUM{fefﬂﬂﬂQayu+wj (C iERER)

1 t
= pr: (fe“ -ardt+C)

(re®t +C)
C

eat

eat

=r+

LB ENREND.

Gilfie)  LLFO XS ICEBSBEE & LTS kb H 5.

(B.1)ix
dV = —adt
V—r ¢
EERTEHOT

1
av = — dt
fV—r fa

ThB. LER-T

Einb
|V _Tl — e—at+C1 — ecle—at

ThHD.
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£oT
V—r=+4ebe

BELND. LehsT

V=r+Ce® (CixEEE C = te )
ERAY )5
C
V=r+—0
| |
SE 3k
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4) REFGERER, ARFIEE TR = — 2 W R BiERE, 1994
5) A, RUFEAIIRE TRETRAM MRSy 23R, 1999

6) —FE Ty TRA— S LW E 7—) 5SS, 2007
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Abstract
The purpose of this paper is to present a concrete example of the Galois correspondence. Further, we afford a summary account of the

Fundamental Theorem of Galois Theory.

F—U— N Hurxl, e T EROEATH, W

Keywords: Galois Correspondence, Fundamental Theorem of Galois Theory, Lattice Diagram

1. IZL®IC

M TREENFERICIT DHCEHR ORE (Z20 30) ~HrTiE~) MiZBWT, FuT7HEOMEROMTiZ1T», £ L TolE
HOH v 72 BRRITRO 7o, AT, Ta7 SO BEKplz20%. o7 Rl Fo L9 2]k > TR Z
Ebdhn Y.

L {16}

M > G(M)

F(H) H

K G

Fig. 1 Galois correspondence

AL OEIZH T o TlE, WHER DEHAOZOOMRECRAM] Y2 & TEL OXEE RWICHB|Z LTz 209009,

*| EiRAEAE Y — B
Liberal Arts Education Center, Takanawa Campus,
Professor
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2. AN7EROERTEE

L OWYES K 5, L ERUEEChERT L X, L 2K Ofikik, K #L omsatke v, L/K ©&T. (kotik L/K
AT v THER, G = Gal(L/K) #zoie7krys. Hc Gal(L/K) ok x
F(H) = {a €EL|o(a) =a ({EEDoE H)}
Li<. F(H) 3H oF k(£ Hew)emEn Ll vxrcrbns. 72, L OB EM K LT
GM) ={o €Gal(L/K) |o(a) =a ({LEDa € M)}

LB GIM) IEGM v B LB,

EE (Va7 EROEATEE)
L/K #HWBkra7iike L, G =Gal(L/K) % L/KoWaT#ts+5.

(1) G DB H Sk LCGIFU) = H T 5.
@ L/K oHfEEM Ik LT FGMY =M Ths.

Tbb, G OWSREOREKNP LR HELE L/K OFEKM O&EKNS25E4EOMO L4 1 OXE (ZEK) 252 5.

s
M, M' % L/K ok, H H 1%, GO LT 5EE

() Mc M < GM)>GM")

(2) HcH & F(H)>FH")
MKV LD,
3. AATRIEOH
2 TREZBVEERICB T AEFHEM ORE (2D 30) ~H T~ "ICBW TR Z & 2R~z
bal =27 E
p(x) =x}-2=(x—a)(x —aw)(x —aw?) € Qx] (a=73V2, w1k 3 Fik)
DQ LD Fe /N AR
L= Q(a, (IJ) = {ko + kla + k2a2 + k3(lJ +k4a(1) + k5a2w |k0, kl’ "',k5 € Q}
Thsb. p(x) OFa TR, 3UHHRES; (721, —HEAED; ) CFAETHY, K =Q BT

G =Gal(L/K) =(o,7| 0% = 14,72 = 15,101 L =07 1) ={14,0,0%,1,07,0%7}

L7poTWWh. fHL
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legrara wPw,
gramaw, 0~ o,
g?:am aw? o o,
Trara o w?

oT:a - aw, w - w?,

ot a v aw? w e w?
L SLAY -

LG p)=x3-2=(x—a)(x — aw)(x — aw?) DIROEHEEEL L CHEEZT
_[a aw qE?\ _
ls = (a aw awz) =@,
2
a=(a aw aa)):(123)'
a
2 ([ Q aw  qw?\ _
g _(aou2 a aw)—(132),

_(/a aw qw?\ _
T= (a aw’®  qw ) =(23),
or = ( a aw qe?

aw aw?

aw a awz) =12),
2 (@ aw  qw?\ _
UT_(aa)Z aw a)—(13)
LD,

UETHZN, AT ST mbbdnT G OWSREOREN D i 5 8E LARKA 0 7 Hk L/K OFREEM O 2kns
LB LOMD I 1 OMIEDDH LD Z LR, T 7 HROEAEHL LTHLA TN DD TINERDEZ,
HeTHG OFSRE T TETD L

(%6 : G = Dy (F7214S3)
fi%3:S ={1g,0,0%} = C3(: ir%k 3 OKIEHE)
g 2 -

A={1g7) = C,y(: firkk 2 ORERE)
B = {16,0"[} = CZ (: gk 2 OK[EEE)

C = {1(;,0-2'[} = CZ ( . fﬁiﬁZ @JL«IEIE.\#Q

Tho.

P, bl =K =Q L'=1L= Qaw) ths.

L =Q(a,w) EEDTIEX = ko + kia + kya? + kyw +hkiaw + ksa’?w OFicESND. 72, w11 OFA 3 FIR
ThY, w+w+1=0ThHsZ LicHELTHL.
O L #kos.
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o(x) = ko + kio(a) + kyo(a?) + kyo(w) +kio(aw) + kso(a?w)
=k + kjaw + kya’w? + kyo +kaw? + ksa?
= ko + kjaw + k,a?(—1 — w) + ksw +k,a(—1 — w) + ksa?
=ko — kga + (ky + kg)a? + ksw + (ky — ky)aw — k,a’w
Ths. 2T, xB0T (LoT, §T) BEESHDEDOBREEMER
ko = ko, ky = —kg, ky = —ky + ks, ks = ks, ko =ky —ky, ks = —k,

ThbH. LizhnoT ko& k361'f£‘3§"(“g})67j3k1 = O,kz - O,k4_ = 0,k5 =0 BOTx = kO +k3(1) 725

LS = Q(w)
Thb.
@ LA %k 5.

(x) = ko + kyt(a) + ky1(a?) + k3t(w) +kyt(aw) + kst(a?w)
=ko+ kia + kya? + kzw? +kyaw? + kga’w?
=ko+ kia+ky,a? + k3(—1 — w)+ksa (-1 — w) + kga?(—1 — w)
= (ko — k3) + (ky — ky)a + (ky — kg)a? — ksw —kyaw — ksa’w
Thd. koT, x BT T (koT, AT) BEESNDIDDOBIE5EME
ko =ko—ks, ky =ky—ky ky=ky—ks, k3= —ks, ky=—ky ks=—ks

Thb. LER-Tky ke ky HEETHH0 k3 =0, ks =0, ks =0 20T x = ko + kya+ kpa® 725

L = Q(a)
Thb.
® LBxkwz.

ot(x) = ko + ky0t(a) + ky01(a?) + ksot(w) +kyot(aw) + ksot(a?w)
= ko + kjaw + k,a?w? + kyw? +kia + ksa’w
=ko+ kjaw + kya?(—1 — o) + k3(—1 — w) +ksa + ksa’w
= (kg — k3) + kpa — kya? — kyw +kiaw + (—k, + ks)a’w
Ths. £oT, xBer T (£oT, BT) EHESNDEDOLEFIRIL
ko = ko — ks, ky =k, ky = —ky, ks = —ks, ko =ky, ks = —ky + ks

wC\ig)_é) Lf:i)\o’(, ko,ks &ifiﬁT%5ﬁ§k1=k4%LTk2=O, k3=0Ti§)Z) J:OT
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x =ko+kiat+kiaw +ksa’w = ko + kia(l + w) + ksa?w = ko — kjaw? + kg(aw?)?

Ehb

LF = Qaw?)
Thb.
@ LC%akws.

02t(x) = ko + ki021(a) + ky021(a?) + k3o?t(w) +ky0?t(aw) + kso?t(a’w)
= ko + kjaw? + kya’w + kyw? +kiaw + kga?
=ko+ kia(—1 — w) + kya?w + k3 (-1 — w)+k,aw + ksa?
= (ko — k3) — kja + ksa? — ksw +(—k; + ky)aw + k,a’w
Ths. LEB->T, x B0t T (£oT, € T) AESNDLDOLE R
ko = ko — ks, ky = — ky, ky = ks, ks = —ks, ko = —ky +ky, ks =k,
D, LERST, ko ks BEETHENky =ks 2 LThky =0, ks =0 Th5. LoT

x = ko + kya? +ksaw + k,a?w = ko +kiaw + kya?(1+ w) = kg +ksaw — kya?w? = ky +kgaw — ky(aw)?
Emb
L¢ = Q(aw)
ThHb.
PLEofER A FGRIMAIcE LD TE <.

S={1;,0,0%}

A= {1G,T} B = {1G'O-T} C= {1GIUZT}

e

I = {]-G}

Fig. 2 Lattice of subgroups
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D EHE], “KRFPIERICE T DEEEM ORE (20 30) ~Hr 7 it~ B S EE (s 55
2) =FEmUE TAMMRECE) 57EAE, 1999

3) HEHERS NEH D720 OREFEAM] YA = A%t 1981

4) BEIRHE, RREPEIEIESE TR ) o = A4k, 1989

5) I AF 2 U— &, KRBNER, HEAE=R (Vo7 o) e,

6) A7« AF 2T — NE, WAKERE, ARIREGER THIfES v 7 #iam R E 3R] ) aEaktl, 2008

7) lan Stewart [GALOIS THEORY Fourth Edition) CRC Press, 2014

8) MMIFNFe TMRECRAM) S #IE, 1976

L'=L=Q(aw)

B ]

~Z

4 =Q

LS = Q(w)

T~

Lf=K=Q

L% = Q(aw?)

Fig. 3 Lattice of subfields

1979

Lf = Q(aw)

$, Vol. 12, No. 2, 2019, pp. 32-39
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