GSIS%

Graduate School fInf mat on Sciences

TOHOKU Univ
Aoba-ku,Sendai 980- 8579 ,Japan

B & X #F

RFREFHRHEFHRMFERE

M4 EE
(2022 &£E)



Hk

B X
}jﬂ_/ﬁ\ ..................................................................................................................... 1
F U TURHRY S s FY Fa T AR S e 1
R 7)) 20 T 3
HBIEZEH AR (BFIAIEEE) e 4
AFNAFERE T L v B e 5
é\;ﬂj 4 ﬂg}{; (2022515’%) ;%i&ﬂ,z—%‘»ﬁﬁ%ﬂqg% H *%% ...................................................... 6
JE A B AR A
. »]ﬁ;&ﬁ}iﬁﬁ%ﬂ,@ﬂ%p\]ﬁ .................................................................................... 7
o [EIRAL AR ZE R B ER) B ST ETEIE - o evvvvneerrrmen e et 10
o BT ERAI Rl H e OB EETE S ettt 11
o LA RE v vvvvee e 11
° E-T;F“ﬁq, | R R R TER PP RS 13
o B e eeeee e 53
o BEIEAIT A R R OTFEES (BHIEIEIE) e 55
o BFH - 3/ 781 5 ettt 61
o B A HEAE G 2 T A DT e e ettt 75

(HHRFT— A, VATLATHFA Y T=A, VT T 2T7a=A, FTHFAN=T 4T
VAT =X, W) 79 v —HEI— A, ZHERFHFI—A, XTIV FH A L
YAT—A, FU—N)VAFIVER T — A, Information Technology and Science Course)
* International Graduate Program Al Quantum Computing, and Data Science (AIQDS) --- 89
(EEYVE N FHEOBERE 2179 Fi5 7a 7 F 4)
o [ FE ] ICEEIE T ET 275 Ly vveeeseeeeesee e ettt 93
(7= FFERR LR R b 70 7 5 A WA BN EIRR LR R e 70 7 7 & kait

FEIB LR e 70 T L)

o B ERARILTT 1) — T A 2 7 T T 7 57 Ly veeeee et 101
(RNVFTA AT a YYHEMITE) =y —F 707 7 4)
. fﬂ?’—?i’%ﬁﬂj{iﬁ7°ﬂ 27 G L e 107

(RRBIERAIEERARERE 7a 75 4, NLARETL 7 ba =27 AHEBKFR 7O 7T 4,
BEIMER A SRS 7O 7T A, ) — o X T U IIWESFIAIRFRE 7O 7T L)

. E%kﬁ%i%ﬁii7g L7 G N e 131
o T R B T I G B T o | 2 D U a T weeem e e e e e e 133
o TEHRH R RS T AR AR B SRR BB L D\ T 135

o MDD RFABEEENZ BT AT OV FEEE | D U T e 137



Hk

E LR PE
B = - E PP 141
e R ) e L T PP 147
0 ey SR e T e L PP 148
O G e e I B 1 1= O PP 149
o RSSROTEHT DG D EEE « L BGHHE ST 1o e veeeerrerererre e 150
B I Y R L 151
viks
o BB I B o T IREAE |2 D WA T rveeems e mrn sttt 153
afi ALHI
B | N NG 1 1 L LR LR LT PP PP PPPPPIY 157
o B KRB R AR - ovvee e 177
o AL R R B B H e 179
. ﬁjtﬁii{iﬁ;@ ............................................................................................. 181
° %jtﬁijﬁi%'lﬁi&ﬂg}iﬁﬁ%ﬁl,ﬁﬁi ..................................................................... 189
« FULAEE A OBERRIO I I OB T % O BI5 OIR A B 2 B oo 195
* BULREAT 515 B AFRD G OBV T B B BRI oo 201
. %jtﬁiﬁﬁ%iﬁ%i .......................................................................................... 203
o BT U IIF R A R -+ vvvemm e e e e et 206
o [EHAEMERERERNCBIT D NT A A Y D OB IFEE BT B N e 207
. ]%i&ﬂ"iﬁﬁ%ﬂ'bib A :—%‘-@d:ﬁgkc: Mt 3 Ij\]jgﬁ ...................................................... 209
R —5
. %ﬁﬂx&é_%—- ...................................................................................................... 211

TEREHAAFFER B AR F v > /S A BB X

O I L3028 R e 219
B A O A A R RRREERE: 220

N T T A 0. S LT T S P SO PRI PP 221



B K CHB O/

&

i

AR ZE T HHR “HD” b “FH” ~BY, 2 Ea—H - Xy NI RERDOS
¥ I ERFBIILRET IO, HFERBANMICEE 0T, 228, £/2, ZOMRELT
NHERHEN S HITEREZ LT LW EEREPEEN TN D, TOFERDNEOAK L BN EO
LT DOITIE, TFMOARZELLIICET 5B 771210 TR < ARSI/ D D 1F RO B R E
BT o8 a, R L L ORRME LRI ED 2 L PBERAI R &0 D, [THREHITERH
TiE, BB, ASCH:, S BTSRRI 276 - EHIR E e 2 3R S AEHD
HAVEEE LCRIT S & & biZ, BRI AMEBRT 2,

BIEAERFE T JOT -RYS—

TERBFE TR CIE, RIS 5 BAE A Rk LI PRI E OB 255 5,
OIE#RN A 2 & U7z SRR 2 JAV O REr & B0 - HRBIc ISV C B BFHC VLT
MBI 72502 BT D RE I XA ISR R A I CIEF CE DI E A LT\ D,
QAL ORI =— X E s E 250, B E B2 b - T, HHBZRoHELZE L THEO
RIRIZEHMT 52 LN TE 5,
QHEERHIRE & a3 o= —va VRBHEA L, U THFERRERET 5 2 L. UTEEIC
B EE IR 2 E N TE D,

ATEAERIE AUFaSL-KRYD—

TEHREVAFZER T, T4 7 a~ - RY —ORUEZEEEZPERERTE D L), LLFOJEHC
O HERRRAAL « FEhid 5,

OIEHEF 72 R & U7 SCR 2R3 5 ISR & SR BRI B3 5 SRS - BeRe D212
T, LEARERH K OHMEA LR 5 2R BEHEE o — X 252 2 LT BRSUERE
(AR DA FEFE A 2 Bl 9 2

HomBEURL BT RE, 1 - AEasREE, B - EESREE, KT HE, S5E - AT 4 THE, DB
WARE, F2RFREO 7T OORHCIE T DIEEHIEE, M, FERRY. AR 2 EWREF OS5 )
IR LT 4 SORBEEORERRL S L, PR T 2FARITED S H 2 B E (4 HfD) #E/RT2 L8
EETEFOODESE LTS,

HRHIZERS 7T SORHIADE TORBCAFI BRE, H - AmRF B RE BEbR - e RFBRE,



B K CHL DS

ARTERBRE, il « AT« 7FRBERE DB - TR ERE, SRAR RSO L TS h, £
DORPWEHI A DR EMRA 25T 5 L, BT v F—r 3y THHEZR E DM@ B i
ZIBIET 2 2 & T, FFENTFENE - FIEL OFRERF OIS0 ORI~ L EEIATe Z R TE
DY F 2T MERRE T2 > TN D,

Z LT, INOER L@ - FR A 2E0T 2T, BT —0 - HER B2 B
HINTERT 5 2 & TIEESAGR I~ E R SN DRI Z b OBF B HIEL LTRESh TS,
OWIETICTRO bNDEWRELE 7'n =7 MEHGEN 2 BOHS, R OFPRIMNII T DA
IR DS AR A D,

@ HERRDFMIEELZ IR 5 & & HIT, EERmSOUIFFE DI ISV THIFERRR OF A K
O BRZE YT 9,

& LA S DOFFA N O ik, A8 S L ITPRIEFA « PIEESLEIS U TRE S 1L,
Z 2T, REHA., AR EHE R LUWHERHR S BB I L S N o e LA SR A R
Birb OIS 25272703 b BN INEEIEDM T DI, BBz el Agd o~ L BN SN DIE
TEMHEMTDON D,

BEIRE To0< - R)o—

THREETER Tl RIS 5 AR 2@ L2 RIS O 2R 53 5,

O @R 2 B & L7 SRR 2 S0 ek & MO BRI « BEECHESW T, X0
([ZRWTHIL L TMAIR 2R 2 2T LIFE TE 28e7), XITmEICHM Bt R TE 51
LR ZA LTS,

OHEH R ORI =— X & E 2 SO M OFBLEm W MEL L BiEZ b o TUAEMEA 2 HEE L,
M2 M OFEROFERICHBRT D Z L3 TE %,

QEERERAGE LSV a I a=r—va Vel e A L, HFUKEDOHIZERRZRE L. £hil X
> TEWIMNIB T 2FERRAD B ORI e85 2 L TmBEICEMAR Y —#— L LT
HEG|ITDHIENTE D,

BERE HAUFaSL-KRIYD—

THREFIIERCIE, T 7 e~ - R =R L BELFAENERTEDL L5, UTOFEHTEE
DEEERRERAL « FHT D,
O aR 2 B & U7 ST 2 T 2 8072 ik & BB B BT % i BE T B P RONG X O RE D
ST T 72D, SRR CAR D WM FEFRE A 2 HE i  %.
WFFEFREARRN L2 A DOHITET —~ ORI GO TRARE. 158 - ZLmsRRE, B - FIREREE,
TARTERE, SR« A7 4 THE OHEL - TR A2 REREO T SO T LIRSS,
BIF— - HHER ARECRT 2HMBA LY I —n) | NEEARPHE) | TR
Al TREEEREPHME B) 2 BPER0ICES D BB 2R T LA~ SR S D,
OHFEZTIZRO b D mWMREME., 7 n Y= MEHEES, KOV —F— v T2 B s w12t
T5, F7o. ENICRIEIOZERL R OV THEOWE) L CHFZEEE 217 5 S22t 5,
QFERRRDOFHEIEEL IR 5 & & bIS, W ERSUIE SV THIERRCROFE K OB 2191217



B K CHB O/

Do

PSR DAL OB, BFZERH & L OOl SAU7-4F 2 IR S LD THELBHI %
2] COME, THHRSIEREHE) O E | ARED &ICLEICE U CRE S R -

FRFEICBOT, FREME, FMSCPERE R ORI S SRS L 0 R Sh 5 1

(AR D OBIE 22T 7285 b B RS A FhN, s i AEa S~
LR SN TATHEIMTON S,

BERDEBN

AR S

RSERIE, V7 b0 = TR IR ORE R YRS SRR, RBIR G, KR v
U2 72 E DT OUMEOFEHEEE, FEREOIRE L THEPE A TR B H0E & SRR X Ak
(I C ORISR OB & BB AATV ., FROWEREE ) — K5 A2 25T 5,

VAT LIEHREFEER

VAT DAL LT BEE R OZE, IF MO, B, AREDOT A XL AT =X LD
BFZE, FIHEL AT LS00 RT 4 7 ADMIEEATH & & biT, BEOEMPERE RS L, HFHR AT
LEHLE LTI EOWMROY —X—L 25 \NME#ERKT 5,

AR IR FER

NEREER OB ih) OAREZAL, ANH - E2fFEven - 2 o=71) v 7 Lo
BRAGEHELS &> TARIER U A7 MBS 2 ZlmaIfE R a6 207 E2 B L, B
B L CWAEREL, #fi. AR, RT3V F—7 ST o EOf 2 BT

IS RIFEHMFER

AERS ARy N = ERT S BR LT D NHOMREE - ikt a2/ Z L&A
Fa LI WA 2 ORIM & AMOTKREAT O 7o, Adn, (R, B, ARy b, fEi 27T AR LI
O LIEMFOMIEL . FEhEDLRR Ml OREIIZ, ~— REOY 7 b OJelEr FRELdf 2
JoH LT8R 235,



B R

H

il

A

AREEBRE (FF4FE)

H Hobs ek Tl - IR ERabREE Z DAt
ANFHX (4 H6H) ERNEZE 7 i TS FAT B HEE
NF - WF - RAFA VT — g | - B ERFEL) SAsdE PR R B SE B 5E

4 > (Hik) CHE (ARTES) SRR U—F e T RE L NBEE
FARire S LR A TR S
(4A411H~8H9H) 51 R ZER R ST O B D
1 EHEE TS () 5L (FE%E)

51 PR RS ST O EN B o | EEEEEZ kT (5 A )

5 SI7EL GRAAES)

HALREAINFE SR (6 A2 2H) RN i
g | WCEBRH [9 AT TIEHR] * o LR OV RS AR R R E
(MC2. DC3)
5 2 FHHF R R R SR F—TF L F L RA
7 NEERIBRFT AT A (7TH27H~28H)
B 1 R bR RE N
HZAKRE (8H10H~9H30H) | %2 en b mEE
g | Mt Etmmsciet [9 BT FEH] *
(MC 2., DC3)
G (926 H)

g | 1 OANT - - fRAFHEAY =2
F—vay (9H28H) *

2 R 2 IR AR HET O RN B O | BHERFEREEER

10 (1lOA3HA~12H26H - BI¥EL (10H28H~30H)

1H4H~2/3H)
%2 EHEE TR E ()
MSCEBYRE [3 AT TTES] * H A2 AE SRR HBERE S FRIRIZ 55

11 (MC 2. DC 3) * E"%‘—‘%T%ﬂ@%ﬁ%%

AFRE (12H27H~1A3H) | 52 FWzepkabkar ma

12
RS [3 T PEE] * H AR SRAE SRR

1 (bC3) « BASFEIE

- EEREH AR RRRTEZ GB—
FGE2E)
iRt (3 AT TEE] * 2023 AFREEES 1 S SR fu bR

o (MC 2) Boff « At
FAFAR G (3 A24H) 2023 4EET 4 —TF 7 - T

3 (P, B, i) AR N BE

*FIOHBRIZ, ZERHIEENH Y £T DT,

WFZERL Web ~_— VS CREFR L TL 7280,




FMAEE (20225F) FHRHMFHERREIER

RS

(2022. 4~2023. 3)

H A KoK K & £ H A KK K & £
s o2 i
# 6
A3 4 5 5.1 8 9 2 3 4 5 6 7 8
Flwo u oz oo 5 6|09 w0 o iz 13 M
4
Bl 17 18 19 22 2 2 2 6 17 18 19 20 21 2
24 29 23 2 28
Mo 26 2 s 2 o4 s w2z B
3 4 5 3
1 2 FEESE #LEYDB ZELNDAE 6 7 l XinH 4 5
8 0 11 12 13 14 6 7 8 0 11 12
gl 6 17 s o9 o a8 o4 a5 16 17 18 19
220 23 24 25 2 27 28 20 21 2 B u 5 2%
29 0 31 21 28 29| 2
12 3 4 123
5 6| 7 8 0 1 4 5 6 7 8 10
Sl s w7 o |E| 0 a2 3 4 15 161
19 20 2 2 23 24 % 8 19 0 2 22 23 4
26 27 28 29 3 25 2 21 28 29 30 3
T2
72 5 | %0 suns 3 4 5 6 1
9
3 4 5 6 7 8 9o |s|8 S w nm 1z 13 u
2l oz o s w6 |[Fls o 7 w9 w0 n
1
no B o o 2z »\A|n2 23 4 5 2% 27 8
24 27 28 |
Mo o2 0B 29 30 20 0 3
12 3 4 5 6 1z 3 4
i i
7 (&) (9) w0 Joo2 s 5 6 1 8 9 10 I
8 2
gl 516 17 18 19 20 [Af12 13 14 15 16 17 18
20 22 23 24 25 2 27 19 20 21 2 2 24 2
XEHER
28 29 30 3 26 21 28
o2 3 2 3 4
4 5 6 1 8 9 10 5 6 7 & 9 10 i
gl o3 w56 7 [ Z 012 13 14 15 16 17 18
19 23 21
8 0 0 w2 B 9 20 21 2 a3 24 25
25 26 27 28 29 30 26 21 28 29 30 3
X AFAFIERERURBECTT,
X 12HO6/22 (OK) FRIZEZATINREETVET,
X 12M08/8 (A) KIERA. 8/9 () RARERATT,
X 22BMO10/10 (B) FRETTSEREFVET.




A

THAFE (2022 £E) FHREFHEMRRERESF

1. FEHIH

Bl BSR4 4A11H (H) ~BM4F8 A9 R (k) (HiskHiMETs)

o A4 10H3H (H)

~BT 4412 H26 H ()

ARMBEIA4R (k) ~AM5H2A3H (&) MRET)
%1 6122 B (K IRANAAH 2R 1T 5

%2 8H8H (1) Id/KEH

L8 H9H (K IFAREHDRFEHN

%3 10 H10 H (H) IIMB N FEELIT

2. IREHIM]
BEAE  SM4FE4A1H &)
BEAARE  SM4FESHA10H OK)
AFRE HF4E12 A 27H (K
EHWIRIRE SFsE2H6H ()

3. ITHFPE
< BE R AT

- [HEHREP IR A ) T — g v
= INVARNE|

=T X L RA

- iR 5 (9 AETH)

* TR AR TR AR R
(9 AETH)
- NEBESER A Y =T
(1 O ANE - % - fAFH)
- REFAE
- AR G0
(5t - Bt - 1)
* TP TR AR miE

4. NikBafk
- REpPeers Ak
< KFPE EIAG
< REFRE FIAG [T
- KFpE FHIAGL [AREN]

~ SF4FE4H8H (&)
~ SF4FE9H30H (&)
~ SF541H3H (k)
~ SM5HE3H3LAE (&)

Sf4FE4A6H 0K A
<BeH7T U —HlH>
FEf L7avy (BRI, Web $8#0)
Sf46 A 22 H 0K
SRA44ETH2TH (k) -28H (K)
G499 260 (H) (k)
<JHUNFKAR—IL >
SfM4FE9A26H (H) (k)
<AEHE AR R == >
SR449 H 28 H (k) (F#) (FPE)
<NHHEFFIER R >
SM4F10H 28 H (&) ~30H (H) (FE)
SMB4E3H 24 B (&) (FE0
<HAAT U —HliE>
SMBHE3 A 24 B (&) (FFtk)
<NHHEH P IER G >

SM4ET7TH48 (H)

BMA4FE8AS0H (k) ~9A1H (K
Sf54E2H40 () ~2A5H (H)
SM542H28H (k) ~3H2H (K






BB B AP
AL KRR IR AR BIENR
PEITAE 12 A 2T B flE

(BR'5)

BIR ZONHIT, BALRFRFPERE AR CERBFERIEE1305, DIT TR &), )

%6%’%125&0“’%3%@%%% (ZEED & | LR GE B AR (LR TAIZER &, )
WZBW TR T AIRERE . BAEL WBRIEFIECOWTED DL D LT 5,

825k AWHTRHIRB W TR T AR H . B OVEIE AL, Ail2Eoiffe (LT TR
Bl &Wno, ) IZho TUIRIREUD, BUBEOREE (CLT BHERE] 2o, ) 12> T
AL D,

3%k AWAHZ, HHREFEa—A, VAT ATPA v a—R YT hy=Ta—A ZATHAN
— 7 A VI FERY T T —HE A, EREREE A AT 4 I, F A
T Aa—RA FTa—LRAXVERK T —A, Information Technology and Science Coursef TR
B 77 v —HEHEMMER T 0 7T L EE X, ZOREFIEZOWTIHBNC

Al
1 ZoOWNHIL, FERRISFELA LA B 11 5,
2 CSERRIGEEELIANIC AT, EFE R OWRAT LB O ER H . B OVBIE T IEIZ OV TIE, 20

WIRLOHLEIZ2 D) BT, ZOWNHIEITO H ORTHIZBW CERIERTORFRIZ LV #H S i
¥ERE. BAEBROBERIEET S,
=l

1 ZOWNBIE. VERRISHE4AH 1 H Bt T9 5,

2 ERRITHFEEELIRENCINT, PR ORAT LB ORFER R | AL OB FIEIZ DWW TR, BUE
BOREFL (FEEERIFHEEMRIE Y 7 b = 7GR O HE, /XTAkwﬂ%ﬁﬁﬁﬁﬂ
HY 7 MU = T HERGROHEIN N NS ERE P HECEMRE 2 2 2 =5 —3 3 VR,

R, EWRAESE AT, SaEtEIE AT, HA%ﬂmﬁﬁ THT S OB R FRm O BT AR 5050 %
<, ) OB b LT, RBIEETOBNC X
5 =l

1 ZOWEIE, 1994 H 1 H D DIifT9 5,

2 PERRISHEEELIRTICAS:, MR OFRAS: LB ORZERE . B OBIE S TE I2oW TR, &
EBORE 1 (FREERFHEREMBIEA V2 — vy TPHEDIR, ¥ AT AMEMREF B
RLE A v & — vy THHEO RN NG AE R A SRR B A 2 — vy THHE, THHE
FROGER T, DIEROMOEEZRS, ) OBECH»HDOLT, RBIERTOHNZ XKD

175 el
1 ZOWHIE, k2044 A 1 BB T4 5,
2 SRR 19 LIRS, HEEROSRAT: LI-E ORERH . BTN OYEIE T EIC OV T, &

E%OBIFES 1 (FHRERR S ELEMR R L7 e T 4 7 A /= a VAIRRBHE DI,
VAT NMERRFELEMBEER T T T T A = a VRIBRME DI, AMtSE
R EEBCEME A HE R OB NS A SR PR EMR B T e T 7 A S
N— g VRAISIHE DI AR, ) KOWIRE 2 (BRERHERS A7 LFme, G A7 L5685
R, ERNA =y THHEWT NCEERA v F— 2y TRHHEDEZRL . ) OB DD
59, RBIERIOBNC X D



THHEL I FERH B B I

F ORI
1 ZOWHIZ, ER21F4H 1 Boift L, dEZRORNIRE 2, A ¥ —Fy N LFEOHIZD
Wi, k204210 A 1 BB T 5,
2 FRK 20 FEELIRNC AT, EFROWRAT L7cE ORERE . B OVBIE B OV TIE, &
E#ORIRE 1 GNTEDDFHH KOEHRY 7 7 > —HEHPER T 7 77 LDBIEHEEIRS,)
S OIS 2 OHLE (Al E@éﬂﬁ&@@ﬁ)%?/—ﬁﬁﬁﬁﬁﬁm7m77A®EWﬁﬁ%%
<o ) 2o BT, RBIERTORIC &

=1l
1 :@Wﬁm\ﬁﬁxﬁymaﬁEmﬁfé
2 CSERR2EFELIRTIC A, #E%, AT, WP R QMR A LT ORER B . A VRIS A
DONTIE, WIEBORIES 1 ROBIES 2 OBUEICH D LT, RBIRIOFIC X 5
BRI
1 ZoOWNHIE. ﬂﬁ&mﬁ%ﬁ1aﬁ HHATT 2.
2 CSPRR2SFFELIRTIC AT, 5, AT, SRR O AN LT ORER B . A VRIS JTIEIC
DOWTIE, BUEROBIFES 1 ORISR 2 DBUEIZN D BT, RBIEHTOBNZ X 2
BRI
1 ZoOWNHIE. %ﬁ%ﬁ4ﬂ15ﬁ%%ﬁ¢é
2 SRR 24 FEEEDARMC A, 5, AT, BRI OMEAT Lo FHORERE . HAER OBE 1L
kowfi\&E%®%%%1&U%ﬁ%2®ﬁm_)#b%T\ﬁk%w®mmié
o=l

1 ZoOWEX, k264 H 1 B0 %,
2 SPRR 25 FEEELARMC AT, 7, AT, BREROMEAT L7eFHORER B, B OBE L
[ZOWTIE, SEZDBIES 1 K OBIES 2 OFUEIZ b 5T, ZRBRERTOFIZ L S

o=l
1 ZOWRIX, k274 H 1 B0 5,
2 PR 26 FEEELARMC A, 5, AT, BRI OMSAT L7eFHORFER . B R OBE 1L
WZOWTIE, SEZORIERSE 1 KUBIERSE 2 OBUEIZ D0 BT, RBIERTORIZ L 5

o=l
1 ZoORBUE, FRk28F4 A 1 B2 bliaf14 5,
2 PR 27T REELIATIC AT, AT, R OSEAT LB ORERH . B VRIE 1L
[ZOWTIE, SEH ORISR 1 K OBIESF 2 DREIZH )b BT, RBURIOFNIZ X5

o=l
1 ZOWNHIZ, FRk2944 H 1 BBl T9 5,
2 PR 28 ARELIRMIC A, MY, fRATE, R OMEAY: Lo H OfRERE . AR OVBIE 1L
IZOWTIE, BEZRORIERSE 1 LOBIES 2 OFEIZ 00 BT, RBIERIOFINZ L S

o=l
1 ZoOWBIX, ERk30F4 A 1 B oiiftd %,
2 OPRR 29 AREELIRMIC A, HE5, fRAT, R QMR Lo H ORERE . AR OVBIE 1L
IZDOWTIE, EBORIRSE 1 LORIERE 2 OBEIZ)» D00 6T, ZRBIERioplc L 5

o=l
1 ZOWEIE, k314 H 1 B0 iifrd 5,
2 SPRR 30 ARELARMC A, HE5, fRAT:, R OMEAT: Lo ORERE . AR OBIE 1L
IZOWTIE, IEHORIFES 1 K OBIES 2 DREITO0b BT, ZRBIEHTIOFIZ L S



TR SR B B P35

o=l
1 ZOWEIIZ, Bf244 A 1 B 6HE{TT 5,
2 Ppk 31 (BFon) LIRS, Y, A, BB OME A LB ORERE . BAT S
OIBIETTEIZOW TR, SEZORIFRSE 1 KORBIERS 2 (FHEBIG@EME B 7 — 2 BHERRIHE
DIEZERLS) OBEIZO» DO LT, Z2BIERIOFINC L 5,

o=l
1 ZOWEIIZ, BfM344 A 1 BB 7T 5,
2 N2 FEELIRNC A, 2, WAZ, IR R OME N2 U238 ORI H . AR OVEIE 71
DNVTIE, BIEZOBIERS 1 KOBIERSE 2 OBLEIZH O LT, ZRBHERTOFINC X 5,
o=l
1 ZoORBIE, SF4F4 A 1 BB HTT 5,
2 3 FEELIRNCAT:, %, WMAZ, Sp RO AR U238 ORI E . AT VIS 71

DOWNTIE, BUEZRDORBIESF 1 L UBIERE 2 OBEIZHDD BT, ZBIERiOFNC X 5,



T HRLETRSE R B SR s 3
IEERFI PR EER B ERIEEE
SRk 64E2 H 10 B HE

1 AWHZERHIRSS 6 55 2 HOBER H OBEICHOWTE, RICEDbDET D,

() AFFERRTHRREEO AL, AFRRBENH CLF RENHL Lo, ) BIFRE 1 OB
B HAZBET 2561, FREXNIFHONOIBER 252 LT iule 572w,

(2) APEDBEROEEIZHTZ> TL, EEHE OFGREZER TR B0,

(3) BIEAIHE & L CROLEFERBIX, kLB T 5,
D) AR O MBI O RTHRRR O R H
2) A OMAFFER O RTHRRER K OME LRVR O ¥R
3) AL DO HEFIHE R B
4) FAL KRB m R B HRERIEREE 1 1CE e DR
5) = DA IERH BN 3RD DR FERE

2 AWFFERHRRESE 6 558 4 HOBEE H OBBIZ WL, RICE D b0 LT 5,

(1) ABFZERME B OS24, BIENHRIES 2 OBLER E 2 BET 25815, FEUTFO
YIOIZBE M AR L2 iude 7w,

(2) AFHDBEROIREITH Tz TE, BB OEKRBEBRTIUIR B0,

(3) BAERIE & L CROLEERBIL, kD LB LT 5,
1) ABFZER ORI O R H
2) RF-OMAFFER O 3R
3) HAL KRR m R B HRERI R 1 SUTHIERSE 2 (T8 D 5 ¥ERE
4) = DA FERIESZ A8 DR E

3 EMELA KOBEE B LA OER B 2 BIET 25813, FAEXIFHOOIZEEmZiRE L
AR AN B AN ST AN

el

ZOBEHE, FRK6F2 A 10 B BhE{TL, RS 4 H 1 B b %,
el

COBEIZ, AL 1044 H 1 BB H1TT %,
B Rl

ZOBEHIE, AR 16412 A 16 H B T L, FR 1644 H 1 B bEH T 5,
B Rl

COBEIZ, AL 19F4 H 1 BT %,
B Rl

ZOBIEX, SAE4L A1 APDIETT D,



AR (Stam R H)

THSFE (2021 F£F) AHREREIMBERRUVERXES

O AW7EROFER HIZ, LEERE. FRE ROEER BICX s TnET,
O ETEHDOBEAEIT 30 HALAETHY . 0 ) bIS@EEAER A 4 BALLLE, FrE SR o MEH
16 AL EZERR L TS0,

B 1 (R

(FRERLRE)
ZERE e 5 & LS fi§#5
RS ERE:
T EIEA LTS 2 |1 S FfE

W) EA - NH Tk
BH OWR-HE W
i R R 2 | I W T en E
IR R EL R -

B EREHRHAD S b
. e e 72>, 4 BB L3
SRR 2 L NI TR T P e PR

mE - HE =
AT ) R (1) Y S it
Y A - I EA
N SCIE B A 2 |1 B B R ERR
YR FEh - B BT
r —ff - FH BT
il

WERE X, TR TOERICOIz > TH@BIZBHRE L TV AR E T
EAEF H O

TR OB ORI/ T S0 5 NFEPEARN B L2 1T 72 b ek z et 4%
R H

THEHREF OB & BORKMEZ FERIZOTZ 0 @D T 729DIiT, B B2 72 R AR & 7
HIZERH
3. AWFERND SRR ARIE L L TOFRB e ER ST 572012, BUEDOHM DB
RIRDFAEPHET D LNEE LWVAR A G A DER A

3
O %%
I.

N




AR (Stam R H)

REEE GtaiEzBME)

TEMREFIBER 2 HAL
Legal System in Information Society

IR ORI HRNEE R ol

BOREHAFICTY OB I L > T ERELTCINET
Bk Lo 238 E T, BxdmE LT b
{Tlpole, FIUIHBHESEFHEL VoL RIEL LIS
EEELT ALEOH Y BRI H D e
EMRIE, EAIERE 2 H L TOhDH DT, FSRN-o
FECIEHBEEINBZNES LD EEENIT A OWFSE
T D RS o d D, Fa TIERIZH D D
BEIZOWT Y, HFER UL IS AALL EO R 24
THERENGHS L, TR —B L Lol &
R OBEELESDRITIZR LRV, ZOmEE, 1F
Wda U7 o, MOMERE, EAFHRZRE, ICT I0F
Db AERMME A RN T 5 — . HFREE0BRICE -
THIENRED L HIZERLTCWLONHET S Z &%
HIEL L, igaED T,

Problems  concerning Information = Communication
Technology (ICT) and law are increasing. Since we always live
with great benefits of ICT, everyone has a possibility to become
an offender, otherwise, victim. This course will give students a
chance to learn legal framework and legal mind on ICT and

how to act correctly when the incident occurs.
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Information Ethics is one of the applied ethics. Our society
has become more convenient and more comfortable by means
of information technology. But, at the same time, the rapid
change and development of information society has brought
many problems in various fields of our daily life. In studying
and researching in this graduate school, it is one of the requisite
trainings to think carefully about the problems of information
society.
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Students will learn how to conduct data analysis by working
on a pseudo-project that is being carried out at a private
company. Students will work on research planning and data
analysis. Data are provided by Dentsu Inc.
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Humanities and Social Studies in Information Sciences
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Faculty in GSIS Human-Social Information Sciences
Department will discuss issues around advanced information
society from their respective field of research.
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Mathematical Structures I
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This course is an introduction to algebraic theory of
hypergraphs.

A hypergraph is a family of subsets of a fixed finite set, and
we give fundamental examples of hypergraphs. Through the
properties of these examples, we introduce Johnson schemes
which gives a framework for design theory, and we reveal
linear algebraic properties of them.

As an applicaition, we prove the Erdos-Ko-Rado theorem.
This theorem is central in extremal set theory, and we also
touch on main problem in this area, including asymptotic
behavior of properties of hypergraphs.
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We will give a basic course on the relations between
sequences and analytic functions. A power series has an
obvious relation with a sequence through its coefficients. This
idea of a generating function enables us to analyze the
sequence deeply. In addition, however, there are several other
methods to associate an analytic function to a given sequence
such as continued fractions and the Schur algorithm. In this
course, we explain fundamentals about these methods and may
give some applications to moment problems and signal
processing. The attendees are required to have knowledge
about Calculus and very basic of Complex Analysis.
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An overview of the theory of the spectra of graphs is given.
Spectra of graphs have quite a wide range of applications,
including Google’s PageRank algorithm as a famous example.
The topic is basically about handling and using eigenvalues and
eigenvectors of certain real symmetric matrices, so students
will be able to deepen their knowledge and understanding of
Linear Algebra. The course provides an introduction to the
theory of spectra of graphs and then discusses more advanced
results, such as applications to coding theory.
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A knot is a circle embedded in the three-sphere (or the three-
dimensional Euclidean space). In this lecture, I will describe
some basic facts about knots. In particular, for beginners, I will
start with elementary topology, homology group including its
definition and concrete calculations, and as an application I
will introduce the Alexander polynomial.
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The mathematical modeling for the biological/social
phenomenon is the process to construct mathematical model
with some appropriate mathematical expressions/translations
of the biological/social assumptions/hypotheses about the
phenomenon. Estimation of the appropriateness or the
translation of such assumptions/hypotheses requires some
knowledge and sense of biological/social science. On the other
side, the mathematical expressions/translations of them
requires some mathematical knowledge and sense. Therefore,
we need an appropriate integration of them for the reasonable
mathematical modeling. This is an interdisciplinary
characteristics of the research with mathematical model that
has the reasonable consistency/appropriateness to the
assumptions/hypotheses about the targeted real phenomenon.

In this course, the introductory lectures about some subjects
in population dynamics are provided, focusing on the above-
mentioned mathematical modeling in mathematical biology.
Some assignments requiring the presentation in the class or the
essay submission are provided, which are related to topics
introduced in the lectures. They are aimed for students to
consider by themselves the subjects treated in this course. In
some classes, the style of mini workshop or presentations about
the topic provided as the assignment will be planned, too.
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Mathematics for Information Sciences
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We will learn fundamental mathematical tools for
Information Sciences like as sets, mathematical logic,

mappings, mathematical relations, properties of integers,
congruent equations, algebraic structures and graphs through
exercises.
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Algebra and discrete mathematics
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In this course, the student will first learn the notation of sets
and logical expressions, as it will play the role of the grammar
in mathematics. Examples in discrete mathematics and algebra
will be given in order to solidify the understanding of the usage.
The ability to use the proper notation is necessary not only for
learning modern mathematics, but also helpful in writing
computer programs, understanding and writing technical
documents logically. Discrete mathematics is an excellent
subject for the training of logical thinking.
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Highly-Reliable System Design
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Fundamentals of highly reliable and safe information system
design against faults and errors are presented in the lecture. The
contents include: basic concept on reliability, fault-tolerant
technology using redundancy, and highly reliable system
design methodology.
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Mathematical Informatics
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Students will acquire a cross-mathematical perspective and
ideas on the subject of quantum computation, which is
attracting attention as a new computational technology, as well
as on probabilistic inference, learning, and optimization, which
are important methodologies in data science. In addition to
learning these methods, we will teach the methods (statistical
mechanics, spin glass theory, replica method) to evaluate the
performance and conditions of the methods when confronting
large-scale problems in reality, keeping in mind the
mathematical commonality regardless of the field of
information science.
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Mathematical Modeling and Computation
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This lecture introduces typical mathematical models on
some physical and social problems observed in nature and in
events which are basically formulated by a system of partial-
differential equations, and also teaches the numerical methods
based on the finite-difference method for solving the
mathematical models. Each student is subjected to make his
own mathematical model and submits the computational result
as the final report.
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Theory of Computation
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Computer Structures

R R ENEE HEA FIC- ONE B

BAE, ~A 7 u7aty PTMBAR RN S A—3
— a2 — XD HEIAN TR THIA &, B0
Btz Xz 5% —727 /0y —L L THNESITH
N5, KERTIE, a3 va—ZOHEAREREZDRE
FEOREBCHOWTHET D, 3V a—Z DAL,
PERED R, ttmsy, HELFX, ey 7 —%7
I Fx (T —HSALHI), SA T T A MBI L D
Refl, ISHERR EDBESEBEET, N—RKy=T &

AR (RFIRLH)

VIR 2T DA E T =— AT HEMETRD S
ZEEANLETA.

The microprocessor is considered to be a key technology in
present-day information society -- its applications are ranging
from embedded systems to high-end supercomputers. The
course will introduce the basic organization of computers and
their design principle. The goal of this course is to learn the
fundamentals of computers, performance measures,
performance evaluation with benchmarks, machine languages,
computer arithmetic, processors (with datapath and control),
performance enhancement through pipelining, and application
case studies, resulting in better understanding of the basic
concept of hardware/software interface.
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Intelligent Integrated Systems
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Fundamentals of intelligent integrated systems such as
integrated circuits technology, VLSI processor architecture and
intelligent VLSI computation are presented in the lecture. The
contents include: introduction to intelligent integrated systems,
high-level synthesis of high-speed low-power VLSI processors,
characteristics of a short-channel MOS transistor, low-power
CMOS VLSI architecture, reconfigurable VLSI, circuit
implementation technology for high-performance VLSI
processors related to timing closure, signal integrity, power
integrity and clock generation/distribution, VLSI design CAD,
and design for testability.
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Parallel and Distributed Computing
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Foundations of Software Science
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Reliability of software is crucial in modern society where
social infrastructures are controlled by computers. We lecture
methods of understanding software with mathematical logic
and discussing/verifying its behavior with rigor. ~ Specifically,
we cover computation models and their formal semantics that
form the basis of software description, as well as software
specification, verification, and type systems based on those
models and semantics.
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Computer Architecture
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The term "computer architecture" means the concept of
designing computers and is also its philosophy. This course
begins with the basic principles of computers, and then talks
about instruction-level parallel processing, vector processing,
parallel computing systems, and their control mechanisms.
Supercomputing techniques such as vector systems and
accelerators are also reviewed.
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Logic for Information Science
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This course introduces a mathematical logic for software
verification. Improvement of the performance of computers
makes it common that not only electronic devices and
appliances but also automobiles, aircrafts and spacecrafts are
controlled by software. Unintended bugs in such software
may cause even fatal accidents and corporate bankruptcies. In
fact, there have been many incidents due to software flaws: a

space rocket has exploded because of a tiny error in the control
software; a bank has suffered severe damage because of the
omission of checking values in the account management
program. They tell us the significance of a firm assurance
that software does work correctly as the developers intend.
This lecture introduces a formal software verification method
to solve those problems and how to use model checkers and
proof assistants.
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Communication Theory
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A wide-area network represented by the Internet becomes
pervasive in human society as an infrastructure that supports
the communication necessary for daily life and work.

In this lecture, we will discuss network technologies such as
communication protocols and congestion control methods and
their performance improvement, and also issues and solutions
of communication tools such as e-mail and SNS.  The
purpose of this lecture is to understand communication systems
based on information and communication technology through
discussions.
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High-Performance Computing
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This course reviews high-performance computing systems
from both aspects of hardware and software. The course talks
about the importance of parallel processing, parallel system
architectures, parallel algorithm design, parallel programming,
and performance evaluation methodologies.
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Cryptology
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The purpose of this class is to overview the fundamental
theory of cryptography and information security. We first study
some preliminary theory including the elementary number
theory, algebra and computational complexity.After that, we
study the main topics of this class: that includes number-
theoretic public-key cryptographic schemes such as RSA and
Diffie-Hellman's key exchange, and zero-knowledge proofs.
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Environmental Informatics
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Mathematical Structures, Special Lecture
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In this course we learn the basics of quadrature formula in
numerical analysis and Euclidean design in combinatorics
mainly in the framework of the theories of kernel function and
orthogonal polynomial, and then overview some implications
to isometric embedding theory on (finite-dimensional) Banach
spaces and design of experiments, in particular block design
theory and response surface methodology.
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Numerical Analysis
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This lecture gives an advanced knowledge on the numerical
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analysis methods that are the basis of analysis such as fluid
mechanics, thermodynamics, strength of materials, and
measurement control engineering. Main topics of this lecture
are application of numerical analysis.

This year, Professor Kanjuro MAKIHARA and Professor
Satoru YAMAMOTO will be in charge.
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Codes are an important class of combinatorial structures for
both theoretical and practical reasons. In this class, I talk about
an introduction to algebraic coding theory. In particular, self-
dual codes are studied. Some relationship with combinatorial
structures are also given.
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Our goal of this class is to understand the eigenvalue
problem of Laplacian on graphs.
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Mathematical System Analysis II
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Probability models are essential in mathematical analysis of
Random phenomena. In these lectures, we focus on Markov
chains as basic models of random time evolution. Starting with
fundamental concepts in probability theory (random variables,
probability distributions, etc.), we study fundamentals on
Markov chains (transition probability, recurrence, stationary
distribution, etc.). Moreover, we overview random walks,

birth-and death processes and Monte Carlo method, and their
wide applications.

Background knowledge on elementary probability is
required.
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Algorithm Theory
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Algorithms now play a very important role for the reliability
and efficiency in several social systems. This course focuses on
design and analysis of algorithms from the viewpoint of
theoretical computer science. We deal with parallel algorithms,
approximation algorithms, randomized algorithms etc. We also
show some applications of algorithm theory to practical
problems.
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Intelligent Systems Science
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In this lecture, we deal with machine learning, which is one
of the central research topics of intelligent systems. We mainly
focus on the theoretical approaches based on computational
complexity and formal language theories, both from basic and
practical view points.
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Natural Language Processing
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The most important means of communication are the
languages that we use everyday, like Japanese and English.
This course provides an introduction to the natural language
processing technology that is used to extract and process the
information and knowledge communicated via languages,
focusing on basic technologies ranging from morphological
analysis, syntactic analysis, and semantic analysis to linguistic
knowledge acquisition.

In the programming exercises, students will work on an
actual task in natural language processing research.

Hence, we assume that students have some familiarity with
the Python programming language.
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Information Biology
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Design and Analysis of Information Systems
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In highly reliable information systems, theory-based
methods are playing important roles. This course focuses on
mathematical modeling, problem-solving methods, and
analysis methods that are useful for designing and evaluating
information systems. By learning various theory-based
methods such as algorithms and computation, computational
geometry, and data analysis, students will learn the basics of
computational thinking and understand the role of theory in
information systems.
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Computer Vision
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This course explains various problems of computer vision
and their solutions. The problems are basically inverse-
problems in which we wish to estimate some information about
an object or a scene from their image(s), such as the categories
of objects and the three-dimensional shape of a scene. Students
will first learn a series of fundamental concepts, and then study
a number of approaches to the problems of computer vision,
where the main focus is on deep learning methods.
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Intelligent Control Systems
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The aim of this lecture is to obtain the basics knowledge and
to know the latest trend for intelligent control systems.
Lectures on robot kinematics, robot vision, and feedback
control theory will be given. Lectures on building blocks for
robot vision systems such as image sensors, image processing
and visual tracking will also be given.
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New mechanical systems using advanced mechanisms are
being developed in a range of areas for medical care and
welfare, space exploration, disaster rescue purposes and so on.
Students will learn fundamentals for non-linear system
analysis and control system design methods. First, phase plane
analysis methods and Lyapunov methods are introduced as the
main ways to analyze non-linear systems. Next, non-linear
feedback control system design methods that can be used for
mechanical control systems with non-linear dynamics. Finally,
students look at several control system design methods. This
class includes some exercises using MATLAB.
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Acoustic Information Science
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Humans are parts of information processing and
communication system as senders and receivers of information.
Thus, knowledge of human information processing mechanism
is indispensable for developing communication systems that
realize comfortable communication environment for anyone.
From this viewpoint, in this class we give lecture on
fundamentals of human perception of sound. In addition,
principles of advanced acoustic communication system and
technologies for realizing comfortable sound environment..
The purpose of this class is to understand how the human
information processing mechanism is related to the modern
sound communication systems.
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Humans estimate how the world is through processing
information obtained by senses. Vision is one of the most
important senses and understanding vision will contribute to
wide variety of scientific and engineering fields.
Understanding vision also contributes to the understanding of
essence of brain functions. Vision is a complicated system,
which includes color perception, motion perception, depth
perception, form perception, and more, and has important
relationships with learning and memory. Appropriate
approaches and models are necessary to study vision. This
course covers the functions of eye, retina, and visual cortex and

information processing approaches to study them.
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This course will give the student an understanding of
information storage technology and information storage
systems. The components and operation of information storage
systems will be discussed, with a focus on magnetic recording
devices such as hard disk drives and magnetoresistive random
access memory etc. There will also be lectures on coding and
signal processing for information storage and lectures on
micromagnetic modelling of magnetic devices and structures.
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As the Internet of Things (IoT) expands, everything around
us is coming online and joining integrated networks. Even
everyday items like furniture are going digital. This class
explores interactions between people, content, systems, and
environments in order to build a world that is not only smarter,
but also one that is happier, and better integrated. This class



focuses on relationship and interaction in order to achieve
greater harmony.
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Applied Fluid Mechanics
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This lecture will be given on the fundamentals and
applications of multiphase fluid dynamics and numerical
analysis related to the fluid dynamic phenomena with
heterogeneous interfaces, gas-liquid two-phase flow, phase
change, cavitation, and the fundamentals of turbo-type fluid
machinery such as pumps and turbines. The main topics to be
understand are as follows. 1) Flow pattern and classification
method of gas-liquid two-phase flow, 2) Fundamentals of two-
fluid model, 3) Modeling of dispersed multi-phase flow and
numerical analysis, 4) Modeling of liquid atomization 5)
Classification and role of fluid machinery 6) Generation of
cavitation in pumps.
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Project-Based Learning for Frontier Mechanical Engineering
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In this lecture, we treat a variatinal approach to the scattering
problem for the nonlinear dispersive equations.
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In this class, the technology required in the field of medical
welfare is described from the engineering viewpoint, and the
creation of new sensors and actuators which are the basis of the
development of medical welfare engineering, information
processing technology and systematization, and the
development of these are described.
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Robotics technology is useful for space development and
exploration activities. In this course, the subject of Space
Robotics is elaborated on the application to orbital servicing
missions and lunar/planetary exploration.

As for the "orbital robotics," the following topics are
lectured:

- Angular motion kinematics and attitude dynamics of a
spacecraft,

- Multi-body dynamics and control of a free-flying space robot,
- Impact dynamics and post-impact control when a space robot
captures a floating target.

As for the "lunar/planetary robotics," the following topics
are lectured:

- Mission and system design for Lunar and asteroid exploration,
- Mobility system design and analysis for locomotion on the
lunar/planetary surface,

- Sensing, planning, and navigation of a mobile robot.
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The main goal of this course is to expose students to the
theory of finite subsets of a sphere. Well-positioned set of
points can be used to approximate integrals of continuous
functions on the sphere, as one can easily guess. We will make
this precise by introducing the concept of a spherical design.
Constructions and optimality of point sets forming spherical
designs are discussed.
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Modern Linguistic Theory
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Natural languages are composed of words, phrases,
sentences, and discourse. Each of these linguistic units are
hierarchically structured. Each word is a specific pair of the
sound and meaning of morpheme(s); combination of words or
morphemes results in compounds, phrases or sentences; and
concatenation or sequencing of sentences results in
subordination, coordination or discourse. In each level of these
combinations there are various sizes of linguistic structure
including phonological structure, morphological structure,
(lexical) conceptual structure, syntactic structure, information
structure. Grammaticalization and/or metaphor/metonymy can
induce a variety of derived or non-compositional meaning of a
word, phrase, or sentence. Discourse interpretation is also
subject to specific rules.

In this lecture, on the basis of recent theories and discoveries
in linguistics including generative syntax, lexical semantics,
morphology, phonology, functional grammar, cognitive
grammar, theories of grammaticalization, historical linguistics,
linguistic typology, and so on, you will be able to learn about
the systematic structure of natural languages, how and why
languages have changed, and why there are so many varieties
of languages in the world, and so on.
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An Analysis of Syntactic Structures
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The essential aim of this course is for you to learn what
linguistics, what kind of linguistic (above all, morphosyntactic)
knowledge we have, how it is learned, what the universal
properties of natural languages are, what rules and tendencies
there are about diachronic changes, and how and why cross-
linguistic variations occur. Throughout the lectures of a
textbook by the teacher and your own practice, you will acquire
the basic knowledge and skills about theoretical linguistics.
Also, you will learn how to collect linguistic data by means of
various corpora and how to make a quantitative analysis of
linguistic data.
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Learning Psychology from Brain Science
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In this lecture, several topics will be introduced from basic
knowledge to the latest findings in the field of neuroscience
and psychology, which focus on the "brain" that is deeply
involved in human abilities and mind. This field is an
interdisciplinary frontier area where neuroscience, psychology,
biology, medicine, engineering, physics, and other disciplines
are coming together to elucidate it, and it is expected to have a
wide range of applications. In this course, students will learn
about the use of internal resources (information processing
mechanisms, empirical knowledge, innate constraints) and
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external resources (situations, others) in higher-order human
cognition, such as memory, reasoning, problem solving, and
decision making, and the interaction between them. Deepen the
understanding of "human knowledge" and "mind" and their
individual differences.
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Cognitive Psychology
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The aim of this lecture is to introduce you to cognitive
science. Cognitive science is a mixture of cognitive psychology,
neuroscience, engineering (especially, Al), linguistics and
philosophy. Our specialty is psychophysics, cognitive
psychology and neuroscience. Therefore, most of the topics
will be research works in those fields.
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The shock of the 2011 Tohoku earthquake and tsunami
prompted us to reflect upon many serious problems. In this
lecture we study two great thinkers of the 20th century, Martin
Heidegger and Hannah Arendt, to prepare ourselves to make
fundamental observations on the crises of the modern world.
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An Analysis of Verbal Expressions in Linguistic
Communication
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In this class, you will be given lectures on the general rules
that govern the syntax and semantics of natural languages (the
so-called “grammar”) such as English and Japanese, and
practical activities that will help you improve your own skills
of logical reading and formal writing of English articles. More
specifically, you will be expected to learn how to communicate
in an accurate and sophisticated English that is formally
acceptable in academic activities, by understanding the English
grammar and making practices of reading and writing based on
the knowledge.
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Linguistic Analysis of Text Structure
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We will try to understand the rural problem, the relevant
social theory and the method of research, from the standpoint
of rural sociology, especially in terms of communication
between agriculture and food. After some introductory lectures,
we will select some journal articles and read them.
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The course will cover fundamental methods of sociological
fieldwork including qualitative inquiries, case studies,
interviews, and monographs. Students will participate in the
process of developing research designs, preparing and
conducting fieldwork, conducting interviews, and analyzing
collected data. Students will examine the position of
sociological inquiries within the society as well as meaning of
writing, representation, and power to deepen their
understanding of fieldwork and research ethics.

Aya Okada will be the primary instructor this semester.
Fieldwork will be conducted around the issues of nonprofit
sector, giving behaviors, and/or volunteer activities.
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We will learn to see "society" or social structure as the
process of interaction and its institutionalization (as a system
in that sense). We will try to look back on our everyday practice
reflectively, and make it more thoughtful. The basic standpoint
or theory is the symbolic interactionism. The form of the class
is the reading and application of the text.
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"Civil society" refers to the realm of social interactions
distinguished from the government (public sector) and
economy/market (profit sector). This course sheds light on
"civil society" playing diverse roles in the contemporary
society and explores theoretically and empirically its
significance and limitations through careful reading of relevant
publications.
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Tokugawa is the instructor of this class this year. Students
will learn some methods and theories in sociological
qualitative inquiry in introductory lectures, and understand
them through reading texts, and some practice of documents
collection and observation in everyday life.
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Methods of Sociological Interviewing
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In this lecture, we will examine Japan's electoral democracy,
which has not yet been digitized. In particular, we will focus
on electoral systems and local council systems that are difficult
to digitize. The lecture will be mainly classroom-based, but
there will be opportunities to ask students to give reports. In
order to promote digital democracy, it is necessary to pursue
the dual goals of guaranteeing rights and promoting
administrative efficiency.
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The purpose of this course is to read and discuss journal
articles recently published in top political science journals to
advance our understanding of the state of the art in the field of
comparative politics in developing countries. In so doing,
students are expected to cultivate their own research ideas in
the field.
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Political Consciousness Theory
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Analysis of Micro Socio-Economic System
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You will learn some fundamental micro-economics in this
course. You are expected to be able to apply microeconomic
theory when watching various issues and data in the real world.
Level of this course is standard for graduate school, and
students participating the course are required to understand
microeconomics of undergraduate level.
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Spatial Economics
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Spatial ~ economics regional  industrial

agglomeration and international trade by incorporating spatial

factors into traditional economics. This lecture mainly focuses
on New Economic Geography and New Trade Theory, which
exhibit a remarkable development in recent years. Specifically,
we introduce new trade theory of international economics and
core-periphery models of regional economics, and then show
their applications. To understand this course, you are expected
to have some basic knowledge of microeconomics.
The lectures will be in English.
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Urban Economics
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Regional science is known as a field to study the spatial
distribution of economic activities in cities and regions, and
isbased on economics, city planning, geography, and other
related disciplines. Though the spatial aspect is indispensable,
itsperceptions can be classified into two categories: one is to
treat “;countries”; or “;regions”; as discrete points, and the
other is to treat them as the continuous figures. Basically
focusing on the latter approach, this course introduces various
issues in the regional science. After reviewing some of the
redecessors in classical location theory, such as the central
place theory and von Thiinen's agricultural land, Alonso's
onocentric city model is introduced. This course also introduce
variety of issues regardless of modern or lassical, and of
theoretical or empirical.
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Game theory studies how several intelligent and rational
individuals make their decisions. In this lecture, students will
learn noncooperative game theory, which considers the case
that different players have conflicting interests and they
interact with each other. I will introduce the concepts of matrix
game, extensive game, repeated game, Nash equilibrium,
Subgame perfect equilibrium, Nash bargaining solution. Some
applications in economics will be illustrated for students to
deepen understanding of the essence.

I use English this year. I also provide my Japanese lecture
movies recorded in 2001 for students who expect lectures in
Japanese.
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Various hypotheses regarding economic systems must be
tested against the data observed in the real world. Econometrics
provides powerful tools for that purpose. This course focuses
on econometrics and spatial econometric models, and discusses
the basic techniques and problems associated with the
estimation and statistical testing. Specifically, basics of the
linear regression models and hypothesis testing, the method of
instrumental variables, spatial
autocorrelations, and various spatial econometric models are
included in the lecture. Installation and implementation will be
demonstrated in the lecture, and bringing either laptop PC or
tablet PC to the lecture helps the understanding.
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Socioeconomic Network Analysis
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Various socio-economic phenomena, such as human
relationships, spread of rumors and infectious diseases, human
mobilities in cities, transactions between firms, international
trade, can be analyzed as networks. In this lecture, we introduce
theory of complex networks, which has been developed rapidly,
and discuss its applications to socio-economic analysis. In
particular, we study characteristics of network structures, e.g.
small-world and scale-free properties, dynamical processes on
networks such as spread of infectious diseases. Furthermore,
we introduce network analysis methods such as community
detection and implement the analysis using some software.
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This lecture covers the statistical analysis methods for
spatial information. Spatial information is data that is related to
spatial positions, and is useful information to understand the
current status of cities and regions. The spatial information is
divided into three types: spatial point pattern data such as
locations of facilities, observation data at certain locations such
as temperature data, and aggregated data by certain spatial
boundaries such as population of municipalities. These data
types require different methods to analyze. The purpose of
lecture is to study the statistical analysis methods of spatial data
in a comprehensive manner, considering their similarities and
differences.
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The aim of this lecture is to study the mathematical methods
necessary for the analysis of road traffic networks, in particular
the theory of traffic flow and network traffic assignment
models.

In traffic flow theory, students learn the formulation of the
Lighthill-Whitham-Richards (LWR) model, which is a
representative of so-called macroscopic traffic flow theory, and
learn how to solve the LWR model mainly for single roads.
This will enable us to calculate the details of travel time delay
and congestions length caused by bottlenecks and traffic
signals.

For the network traffic flow assignment models, we mainly
study the user-equilibrium assignment, which assumes that
drivers choose routes so as to minimise their generalised travel
costs. In addition to the formulation and solution algorithms of
deterministic user-equilibrium assignments, stochastic user-
equilibrium assignments are also studied. A simple static flow
model is mainly used as a traffic flow model, but a dynamical
model that accurately reflects the traffic flow theory is also
studied. We also study evolutionary game theory in order to
understand the concept of stability of equilibrium solution.

Many of the above topics can be understood by performing
numerical calculations. In this lecture, we aim to achieve the
learning goals via programming mainly in Python. Experience
on Python is not necessary to take this class, but students are
expected to have experience in programming in any computer

language.
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Behavioral Analysis

IR R HNEE B B

TP DA IRE L AT KO EE A S T
LT, FOVAT LONEIHFET DEL2 DT L—F
—DOITEFEEEET LT DI ENEN, TORE, T

VIZEEND/RT A—=21F, ANETIZT AT L OBIEE
T =2 DTS HER T D L BEER B D,
ZORE T, AOITEIET L& L TREMIHER
ENTWD REBIEET Vv &0 BT, T LOHG
B 5. R RIOIERE, FHROTIE. HEEREROMR O
EIZOWCHERT 2, Fric, KEREDY 27126715
N& DITEV T 2 FICE 2, 72, PC L TR 5&f
ERWEEE 1T,

To learn theoretical bases, estimation method, application
examples of the statistical models frequently used for behavior
analysis; Generalized linear model (GLM). Applications to risk
related cognition and behavior will be focused. It include PC
exercise using R language.
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This course pays attention to the public projects such as
constructions and improvements of roads, railways, ports,
airports, dams, breakwaters, urban redevelopments, parks, and
anti-disaster preventions. The objective of this course is to
study the theory and practical methodology to analysis the
influences of those projects and to evaluate those from
viewpoint of socio-economics. The main topic is cost benefit

analysis.
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Time Series Analysis
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This course aims to present the basic theory and practical
applications of spectral analysis for time-series data. In the first
half, lectures are given on the overview and the fundamental
theory of spectrum analysis. In the second half, lectures are
given on stochastic processes, their engineering applications,
and time-series data analysis. The lecture goals will be
achieved if students acquire the basics of utilizing spectrum



analysis and time-series data analysis for their own research
subjects.
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Data Science for Urban Transportation Systems
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In this class, models and methods for analyzing various data
in urban transportation system, especially, GPS trajectory data,
human activity data, and mesh statistics are taught. We will
learn how to interpret traffic behavior from trajectory data, how
to model decision making, how to predict traffic conditions,
and how to model transportation systems considering
interactions.

This class provides various urban and transportation data.
Students will learn data handling techniques and data science
methodologies to be applied to urban and transportation
planning by using computers. Students are expected to present
their final analysis results in class.
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Institutional Analysis
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This course lectures the basis of contract theory. Using this
theory, from the viewpoints of information and incentives, we
discuss the reasons of the existence of various social
institutions and the design principles of better social
mechanisms.

The contract theory consists of "complete contract theory"
and "incomplete contract theory." First, we learn the basic
theory. Then, we apply it to the current topics of social issues.
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Mathematical Urban Modeling
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Media Communication Studies
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Recently, as media environment is radically developing, we
often find extremely complicated situation in our modern
global society. We attempt to catch up these changes as well
as find relevant methods in order to find difficulties and
academic approaches to solve them.

In this class, theory, methodology and case studies in relation
to media communication will be considered as the main three
approaches.
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Narrative Media Studies
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Recently, the term “lookism” has gone viral to mean
discrimination or prejudice based on appearance, and
sociological and ethical studies have been conducted on this
issue. This year, the course focuses on the relation between
lookism and media representation. We will be reading
theoretical articles and essays on various topics related to
lookism. We will be also reading (or viewing) selected media
texts dealing with the issue. Ideally, students in humanities and
sciences could share their findings and thoughts on topics and
texts proposed in this course.
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Information Literacy Studies
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This lecture examines the "information literacy" that people
need in a society that is highly supported by information
technology. We will discuss the changes in lifestyles and
required skills due to the advancement of information
technology, including the hybridization of traditional media
such as newspapers and magazines with the Internet, fake news
and fact-checking, TV and YouTube, and collaboration in
music production in the Internet age. In the second half of the
lecture, we will discuss the changes in information literacy
brought about by changes in the media and how to foster such
changes. In the second half of the lecture, we will listen to the
activities of guests involved in the media industry and have
discussions with people working in society. In the second half
of the lecture, we will listen to the efforts of guests involved in
the media industry and have discussions with people working

in society.
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This course provides an understanding of the information
and computer literacy for beginner students of "Human
Information Sciences", "Socio-Politico Information Sciences",
"Socio-Economic  Information Sciences", "Media and
Information Sciences" and "The Information Literacy
Education Program".
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This class is mainly for graduate students studying
Humanities and Social Sciences (Of course, graduate students
from all disciplines are welcome!), and provides a broad
experience of the basics of data science.

The class will be conducted in the form of hands-on training
to experience various types of machine learning using Python.
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Analytics of Learning Data
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In this lecture, we will discuss the
design/development/evaluation methods of information
systems that support teaching and learning using artificial
intelligence and network technologies in the field of
educational technology, reviewing papers in this field.
Specifically, we will cover the concept of teaching and learning
as informatics, considering it as the transfer and composition
of information, the problems of understanding and interpreting
learning based on media theory, and the systemic issues of
media and education. In addition, based on recent research
trends in educational technology research, we will introduce
learning analytics methods related to educational big data, and
understand methodologies for designing teaching and learning
support systems from an informatics perspective as well as an
educational perspective.
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Social Psychology of Language and Communication
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Mathematics for Applied Economics
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By studying economics, we learn how we can mathematical
tools to economic analyses. I basically focus on mathematical
tools rather than economics, but I hope that you all students
develop economic intuition in this course. The mathematical
tools we learn are shown below.
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Recently, there is an interdisciplinary research field of
econophysics, which analyzes economic phenomena with
methods developed in physics. In this lecture, we study basic
topics in econophysics, particularly related to phenomena in
cities. Specifically, topics such as complex networks, nonlinear
phenomena, and scaling are studied, and their growth and the
generative models are introduced. We also review data such as
human mobility and SNS, which are recently available.
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The aim of this lecture is to introduce you to cognitive
science. Cognitive science is a mixture of cognitive psychology,
neuroscience, engineering, linguistics and philosophy. Our
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specialty is psychophysics, cognitive psychology and
neuroscience. Therefore, most of the topics will be research
works in those fields.
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IT Business Management
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Applications to many fields in engineering like control,
signal processing etc. and in information sciences are in mind
through the lecture course for the basic knowledge of statistical
machine learning theory as well as stochastic processes. Brief
introduction will be given to methods for applications like
statistical estimation etc., and to the relationship with
statistical-mechanical informatics. We first lecture probability
and statistics and their fundamental properties and explain the
basic frameworks of Bayesian estimation and maximum
likelihood estimation. Particularly, we show EM algorithm as
one of familiar computational schemes to realize the maximum
likelihood estimation. As one of linear statistical models, we
introduce Gaussian graphical model and show the explicit
procedure for Bayesian estimation and EM algorithm from
observed data. We show some useful probabilistic models
which are applicable to probabilistic information processing in
the stand point of Bayesian estimation. We mention that some
of these models can be regarded as physical models in
statistical mechanics. Fundamental structure of belief
propagation methods are reviewed as powerful key algorithms
to compute some important statistical quantities, for example,
averages, variances and covariances. Particularly, we clarify
the relationship between belief propagations and some
approximate methods in statistical mechanics. As ones of
application to probabilistic information processing based on
Bayesian estimation and maximum likelihood estimations, we
show probabilistic image processing and probabilistic
reasoning. Moreover, we review also quantum-mechanical
extensions of probabilistic information processing.
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Information and Communications Technology
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Human-Robot Informatics
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Human-Robot interaction system, such as search & rescue
robot system and teleportation with haptic interfaces, requires
effectual evaluations on human factors related to human
sensations and subjective  properties.
investigation study on the following themes.
1) Disaster response robotics
2) Haptic interface
3) Field robotics
4) Advanced mechanisms

Lectures and
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According to the progress of several genome projects, we

now have a large number of biological information. Along with
the genome information, we can use expression data and
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protein structure data to analyze the internal state of biological
systems. In this lecture, computation methods to use the vast
accumulating biological data to reveal the nature of biological
systems. The lecture will be focused on the application of the
methods rather than the technical details of the methods.
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Biomodeling
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Knowledge systems that support the solution of various
problems in a networked society require new software
designed and implemented using diverse knowledge and
processing functions connected by networks (applied
intelligence software). In this lecture, we discuss the functions
and configuration of applied intelligence software for solving
various problems in the real world from the viewpoints of
network computing technology for handling distributed
processing platforms and pattern information understanding
technology for handling non-symbolic knowledge.
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Information Network Systems
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The relation between transmission channel, electromagnetic
noise and communication quality is explained as a fundamental
of information networks, and the theory and practical

implementation of various kinds of transmission systems and
communication quality are discussed with reference to
technology, such as digital systems, and multiplex access
technology in various transmission systems. Moreover, about
advanced information networks , distributed processing and
intelligent processing in it are shown. Furthermore, a lecture is
given about principle of the information security which
becomes important for our life and society as well as its
operation and management.It aims at obtaining broad and
systematic understanding about communication systems at
large including the newest topic by these lectures.
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Brain-functional Integrated System

R AT HNMEE R B2

HAEMGAROEER /D=2 —F LRy NU—2
DO FLRE 72, R RIE e EOFH AR L
Hic, PEARERBRKE L (=a2—TF kY NT—2 %
MRS 2 FIRIZOWTESR, S5, RAOMENN— K
T TNCOWTORRERD &3, 2 ORISR
WA,

In this course, students will learn the basic architecture and
learning algorithms of artificial neural networks. In addition,
they will understand the semiconductor integrated circuit
techniques for neural network implementation. This course
also provides students the latest knowledge for brain-inspired
hardware systems together with current challenges and

solutions.
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Health Informatics
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The regulatory systems categorized into three types, neural,
humoral and behavioral mechanisms which play an important
role in maintenance of the homeostasis of the body. These
control systems response and compensate by the second, by the
minute, by the hour, by the day or by the year to the internal or



external stress. The worse lifestyle could induce a breakdown
in these regulatory systems, and cause lifestyle-related diseases
such as hypertension, ischemic heart disease or obesity.
Furthermore, an impairment of regulatory systems involves
changes in physical or mental functions. We will consider the
importance of the lifestyle to keep the body healthy in this
lecture. This is a lecture-centered course.
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Applied Mathematical Fluid Dynamics
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In modern fluid dynamics various ideas of applied
mathematics including dynamical systems, differential
geometry, Lie groups, statistical mechanics and high-precision
numerical method are utilized. The lecture consists of three
subjects: - Mathematical Aspects of Hydrodynamic Stability -
Statistical Fluid Dynamics - Computational Fluid Dynamics.
Those who attend the lecture will obtain advanced knowledges

of the fundamental fluid dynamics and other nonlinear sciences.
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1. The differential equations play a very important role in
physics and engineering. In this lecture, sutudents study some
ordinary differential equations of a complex variable, some
partial differential equations and the method of Green's
function on the basis of the contents studied in the
undergraduate course for the differential equations.
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2. The main topics are as follows : integral representations
of solutions for second order ordinary differential equations of
a complex variable, partial differential equations, heat
equations, Laplace's equation, Poisson's equation, the
eigenvalue problem of partial differential equations and related
Green's function method and so on.

3. Students study those topics by keeping application to
engineering in mind, along with their fundamental concepts.

ERERIATLIE 2 HAL
Engineering of Biological Information Systems
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Advanced Computer Training
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The aim is to familiarize oneself in the computational
environment of the GSIS, and to be able to utilize the
workstations to its full power. The course consists of taking a
training session in one of the following skills.1. Sessions in
Unix and C-Lanuagein Windows machines. 2. Sessions on real
time measurements of data,and analysis on dynamics. 3.
Sessions on MATLAB indispensable in modeling. 4. Sessions
on data analysis and digital media expressions utilizing various
applications. 5. Sessions on original construction of applied
systems and their management. 6. Sessions on developing
skills for security systems and network environments.

XA THERBECRAT LR 2 B
Secure Information Communication Systems

B2/ 3 I SRR 4= RN I B
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The objective is to learn the basics for building an
information communication system securely. In this lecture,
we first study the basics of modern cryptography which is the
fundamental technology to construct information security. In
particular, we learn about the algorithms and implementation
of symmetric key and public key cryptography. We then learn
about the outline of physical attacks applied to the
implementation and countermeasures against them. On that
basis, we learn the related technologies such as next-generation
cryptography, secure computing technique, hardware
authentication, electromagnetic information security, and loT
security.
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Management of Information Technology
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Entrepreneurial Studies.

Students will learn how to build a company and the essence
of successful entrepreneurship.

The objective is to prepare students for immediate success.

SRR OEREEER 2 B
Foundation and Practical Development of Advanced Technology
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3. WIFEELHIE & LT E Ta i iiiia n e

Lecturers are engineers invited from industries. Students
learn how what they have learned so far can be used to solve
real-world problems and what is needed in practical situations,
whereby meaningfulness of their daily studies is understood.
1) How the principles and theories learned in undergraduate
and graduate school are applied to the front lines of business.
2) Trends in advanced technology and actual problems that
arise at the corporate level of practice.

3) How to build one's carrier as a researcher or an engineer
learnt from senior engineers.

2 HifZ
HYAE LA v—F—

English Communication

BRI

The objective of this class is to acquire reading and listening
skills that can help students succeed in various business
environments. A strong emphasis will be placed on reading and
writing for the TOEIC test. There will be a strong focus on
new vocabulary acquisition, increased reading fluency, and
improved listening comprehension. Through regular
vocabulary tests, reading and listening exercises, and extensive
reading, students will improve their business English.
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BHRMERE 1 HA
Statistical Systems Analysis of Complex Systems
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Since data obtained from the real world are huge and diverse,
it is important to establish a set of analytic methods based on
statistical modeling, which enables us to capture basic
characteristics of such big data. This course provide
introductory lectures on time series modeling, AIC, state-space
models, point processes, and spatial modeling.

Information Technology Fundamental 2 Hifif
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Information Technology is the use of computers to store,
retrieve, transmit, and manipulate data, or information. This
course will cover basic IT, what the database is, and how the
data is stored in and retrieved from the database. In order to
turn data into useful information, this course will cover data
analysis, and how those information can be presented using
data visualization and WebApp. Also, the course will discuss
about data-driven algorithms which are machine learning that
currently revolutionizes the world.

Computer Science Fundamentals 2 H.{if
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In this class, native-English-speaking researchers will give
lectures on advanced research topics in computational science
and ICT. The details of the schedule and the content of the class
will be announced as soon as they are determined. This class is
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an intensive course.

EEILEVT—Yar 2HL
English Presentation Intensive Course
EER RiHIEF 124 #H . Steven John Bretherick

This class will allow students to master the techniques
necessary for giving effective presentations. Successful
students will be able to
1) plan, write and deliver an approximately 10-minute
presentation on a technical topic
2) listen to, analyze and evaluate contents of presentations
given by others.

Students will consider needs of their audiences when
planning and designing a presentation, and practice how to
refine ideas to be "worth sharing."

Students will also practice basic techniques such as body
language, eye contact, and intonation. In addition, there will be
practice in spontaneously asking and answering questions.

A=y THHE 1 T2 B
Internship
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Internships in private companies and government agencies
are offered as training opportunities for information sciences.

BAAUA—UOyTHHE 1 T2 B
Internship Abroad
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SO THORBE S ORI — WM &2 e L CHEAER - 2
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Internships in private companies and government agencies
from overseas are offered as training opportunities for
information sciences.

TEHRAPRAES I 1 B
Special Lecture I on Information Sciences
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G2 ERT 25 51T Web ~— TR L £, )
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Special Lecture II on Information Sciences
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FREARFAFERLT 1 AL
Special Lecture III on Information Sciences
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FREARFHERN 1 HAL
Special Lecture IV on Information Science
BESIN
GEFZZ TN T 2HE 1L Web X— VTR LET, )

Computer Hardware Fundamentals 2 BT

IR RTATE ESEE R T2 |

Both computer architecture and LSI technology will be
lectured for a better understanding of modern computer
systems. The lecture includes

Logic design of ALU, memory hierarchy composed of
SRAM, DRAM, NAND Flash, and HDD, and control units
with hard-wired logic and microprogramming.

* Structure of computer systems using processors, memories,
input/output devices as building blocks.

High-performance computing mechanisms such as
pipelining and parallel processing.

* Issues and tradeoffs involved in the design of computer
system architecture with respect to the design of instruction
sets.

In addition, research topics on state-of-the-art LSI
technology will be also presented in the lecture.

BREF1 )T EZBRER 2 A
Law and Management of Information Security
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A rapid progress of quantity of data and its diversity caused
many legal, social issues to be solved. Information Security
Technology is key idea to solve these problems, and it works
well if it contains suggestions to Business and Society. In this
lecture, we will discuss adequate information security available
in real world.

A8 =2y bEFXFa2 T«
Internet and Information Security
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Internet and Information (In-)Security have been developing
in tandem. In this lecture, the Internet technologies and related
information security aspects are discussed. Students will learn
the philosophy and the basics of Internet technology and will
also develop an insight into the associated security concerns.
The underlying theme will be the weakness of the implicit trust
model in information networks that is widely used. Each
lecture will focus on one aspect of the Internet, will discuss at
least one related attack, examine the corresponding trust model,
show its vulnerability, and demonstrate how the vulnerability
is utilized in the attack. Also students will gain hands-on
experience during this lecture. There are no pre-requisites for
the lecture. Students are expected to bring their lap-top for
hands-on experiments.

FYRIT—=0tEFXa)T4EE 2 HL
Network Security Practicals
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Information and Network security is a multifaceted topic and
of paramount importance in todays networked information
society. This course is designed to experience and understand
the basic issues in network and information security. We will
carry out hands-on experiments to look at the weakness of the
underlying network and its applications. We will see how the
weaknesses are exploited by hackers for reconnaissance and
attacks. We will examine the modus operandi of some generic
attacks and discuss measures that should be taken to prevent
such attacks. The hands-on experiments will be arranged in a
controlled network environment. Students will be expected to
use their own PC/device to access the environment. The
exercises will also involve training in leadership roles for
problem solving in security issues.

T—REFERE
Data Science Basics
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Our goal in this class is to introduce you to the basic
knowledge used in Data Science. We will provide you with a
survey of the fundamental data science concepts as well as
step-by-step guidance on practical implementations. You will
get a comprehensive understanding of the different data
science techniques that can be used for prediction and for
discovering patterns. You will also be able to create a general-
purpose analytics process.

EvIT—2XFXLTy TEE 1 H(
Big Data Skill-up Training
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Python, the programming language, is considered a pioneer
of the coding world. Unlike programming languages like R, it
supports structured programming, functional programming
patterns, and object-oriented programming. Python is an all-in-
one, unified language capable of handling running embedded
systems, data mining, and website construction. The reason for
the growing success of Python is the availability of data science
libraries.

In this class, we will learn the basic commands and syntaxes
in Python, such as list, dictionary, class, function. The goal is
that students manage to understand all the fundamentals in
Python so they can utilize this in more advanced classes using
Python. This class can be considered as a prequel to the
Training Camp I class.

T—AHErL—Z=VT XY T 1 HLAZ
Data Science Training Camp I
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The reason for growing success of Python is the availability
of data science libraries for aspiring candidates. These libraries

INLTRTDOIAT T Y EEHLT.

have been upgraded continuously. Many libraries are available
to perform data analysis::

- NumPy is important to perform scientific computing with
Python. It encompasses an assortment of high-level
mathematical functions to operate on multi-dimensional arrays
and matrices.

- Pandas, also developed on top of NumPy, delivers data
structures and operations to change numerical tables and time
series.

- Matplotlib is a 2D plotting library. It offers data visualizations
in the form of histograms, power spectra, bar charts, and
scatterplots with minimal coding lines.

In this lectures, we will utilize all those libraries to perform
some analysis and machine learning on simple datas. Prior
knowledge of basic Python syntaxes is necessary for this class.
Complete beginners of computer programming are
recommended to take "Big Data Skill-up Training" before the
attendance to this course.
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Data Science Training Camp II
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By project-based learning on a team, students will learn how
to handle and analyze big-data. This course is designed for
students who have experience with computer programming.
Attendees are recommended to take "Data Science Training
Camp [" before the attendance to this course.

WRAT—428% 2 H
Applied Data Sciences
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In addition to numerical analysis and computer science a s
the academic foundations, practically what kind of problem is
solved in what way based on the data science is essential. To a
cquire such a problem-solving ability is the purpose of this
course. The course includes an introduction to data science
research of economics, biology and ecology, each of which is
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taught by the expert 1 ecturers.
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Practical English for Data Science
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BHRERBEBEEEIF—IL 3 HAL
Seminar on Mathematical Structures
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The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of Computer and Information Sciences or outside
of the department, conducts instructions on topics on the
frontier of mathematical structures.

FRERBFEIS—IL 3L
Seminar on Computer and Information Sciences
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The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of Computer and Information Sciences or outside
of the department, conducts instructions on topics on the
frontier of the computer and information sciences.
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Advanced Seminar on Mathematical Structures A
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The goal is to aquire the basics and the thought processes on
the subject of Mathematical Structures. The course involves
running a seminar where the members exchange ideas over
research papers written in foreign languages, first-hand
materials and textbooks.
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Advanced Seminar on Mathematical Structures B
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The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and

presentations of the thesis themes. The actual content is to be
determined by the faculty member in charge
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Advanced Seminar on Computer and Information Sciences A
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The goal is to acquire the basics and the thought processes
on the advanced topics of computer information sciences. The
course involves running a seminar where the members
exchange ideas over research papers written in foreign
languages, first-hand materials and textbooks.
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Advanced Seminar on Computer and Information Sciences B
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The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and
presentations of the thesis themes. The actual content is to be
determined by the faculty member in charge.
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Seminar on Mathematical System Analysis
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The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of System Information Sciences or outside of the
department, conducts instructions on topics on the frontier of
mathematical system analysis.
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Seminar on System Information Sciences
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The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of System Information Sciences or outside of the
department, conducts instructions on topics on the frontier of
the system information sciences.

VAT LIEHRBEFEFHEA 3 B
Advanced Seminar on Mathematical System Analysis A
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The goal is to aquire the basics and the thought processes on
the subject of Mathematical System Analysis. The course
involves running a seminar where the members exchange ideas
over research papers written in foreign languages, first-hand
materials and textbooks.
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Advanced Seminar on Mathematical System Analysis B
BRXE HUHE  2HE

B+ L a2 ERT 2BV TIT 5 WFZERREIC
W5 SCHRER AT, FEm. . SEER. ﬁﬂﬁk%@%?iﬁ
Enbeh . 2o BANEITIEERE D DFRIC
Do

The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and
presentations of the thesis themes.
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The goal is to acquire the basics and the thought processes
on the advanced topics of system information sciences. The
course involves running a seminar where the members
exchange ideas over research papers written in foreign
languages, first-hand materials and textbooks.
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Advanced Seminar on System Information Sciences B
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The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and
presentations of the thesis themes. The actual content is to be
determined by the faculty member in charge.
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Seminar on Human-Social Information Sciences I
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The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of Human-Social Information Sciences or outside
of the department, conducts instructions on topics on the
frontier of human-social information sciences.
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Seminar on Human-Social Information Sciences II
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The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of Human-Social Information Sciences or outside
of the department, conducts instructions on topics on the
frontier of human-social information sciences.
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In the field of human-social information sciences, a seminar
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is organized, solely by the faculty member or together with
other faculty members of different departments and schools,
where from the viewpoint of information sciences, instructions
are given on topics concerning structures and functions of
different levels of natural language, mainly focusing on
English and Japanese.
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The goal is to acquire the basics and the thought processes
on the subject of Human-Social Information Sciences. The
course involves running a seminar where the members
exchange ideas over research papers written in foreign
languages, first-hand materials and textbooks.
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The goal is to acquire the basics and the thought processes
on the subject of Human-Social Information Sciences. The
course involves running a seminar where the members
exchange ideas over research papers written in foreign
languages, first-hand materials and textbooks.
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The goal is to acquire the basics of human-social information
sciences as well as the thought processes and methodology of
the field. We read academic publications in English, first-hand
materials in English, and textbooks, and ask the students to
make presentations for the research in progress.
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The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and
presentations of the thesis themes. The actual content is to be
decided by the faculty member in charge.
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The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and
presentations of the thesis themes. The actual content is to be
decided by the faculty member in charge.
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The course consists of acquiring skills in searching by
English corpus, bibiliographical researches, fieldworks on
language material, informant checks, language process
experiments, debates on those, presentations on the research
outcome, needed for completing the Master's theses. The

specifics are to be determined by the faculty member in charge.
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These lectures provide advanced education on information
literacy education, including the design of ICT-based
education and advanced matters related to educational practice.
Seminars will be held in collaboration with faculty members
alone, within the department, other departments, other graduate
schools, and external lecturers in related fields.
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In this course, students will acquire basic knowledge and
research methods related to ICT-based educational design and
practice in the field of information education. The purpose of
this course is to brush up research plans and results.
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In this lecture, we will conduct a series of research activities
(literature survey, collection of materials, experiments,
discussion, presentation of research results, etc.) related to the
research topics to be addressed in the process of writing the
master's thesis. Specific details will be provided by the
supervising professor.
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In this lecture, practical training and exercises including

research presentation, discussion, introduction to literature,
construction of educational design, and educational practice
will be conducted on topics related to ICT-based information
literacy education in the field of information education.
Six credits of this course will be evaluated as equivalent to six
credits of Information Education Design Theory B as a
requirement for completing the first two years of the course.
However, students who earn credits for this training cannot
earn credits for Design of Information Education B at the same
time.
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The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of Applied Information Sciences or outside of the
department, conducts instructions on topics on the frontier of
the field.
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The course takes a form of seminar where the faculty
member, solely or together with other faculty members of the
department of Applied Information Sciences or outside of the
department, conducts instructions on topics on the frontier of
the field.
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The goal is to acquire the basics and the thought processes
on the subject of Applied Information Sciences. The course
involves running a seminar where the members exchange ideas
over research papers written in foreign languages, first-hand
materials and textbooks.
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The goal is to acquire the basics and the thought processes
on the subject of Applied Information Sciences. The course
involves running a seminar where the members exchange ideas
over research papers written in foreign languages, first-hand
materials and textbooks.
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The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and
presentations of the thesis themes. The actual content is to be
decided by the faculty member in charge.
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The course aims to provide opportunities for the student in
the process of completing the Master's thesis in taking parts in
researches, debates, problem sessions, experiments, and
presentations of the thesis themes. The actual content is to be
decided by the faculty member in charge.

A4/ "= 3 VREIRBHE 6 BT
Innovation Oriented Seminar on Mechanical Engineering

BIRE  HYEE  2BE

i RN IR N A S eb STANGNIE S Tt (VSaN b IV
TR FRNT —<1ZDWC, iR, Flam. TR
REEFUEREOEEET, R LF70 747
DENZES L, BEDZDOMBELME 2L TWND
Z &, ARWHED 6 BLIE, A 2 FOBRRE TEM L L
THHE B6 HAAL & [FZIZFH T 5, 7272 L, AAHEZ
NAERFT 2315, WHE B O HAL A RIFFCEST 5 Z &%
T&ER,

Sessions

involving research presentations, debates,

bibliographical survey, experiments will be held on frontier
topics in mechanical engineering, with an emphasis on themes
with strong innovative bents.
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The goal is to complete the preparations for starting the
Doctoral Specialization Internship A and B and to acquire the
background knowledge for the third year of the second stage
doctoral program. The course consists of lecture courses,
bibliographical researches, debates, problem
experiments. The specifics of the course is determined and
directed by the doctoral adviser.
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The goal is to acquire the ability to execute research projects,
and to make presentations of the original results in those
researches. Each student is required to carry out the research
under the supervision of the dissertation adviser, and to present
orally the results of the original research projects in seminars
or conferences organized by the dissertation adviser or faculty
members associated with the projects.
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The goal is to develop the ability to plan and to execute
research projects. In particular, the student is to submit a
research plan to the Dean of the GSIS and to make a
presentation of the dissertation put together according to the

submitted research plan in the dissertation defense organized
by the GSIS. The research plan is to include the background,
the preceding literature on related research and the unresolved
issues, the purpose, the scheme, the methodology, the state of
preparations, the academic and social implications of the
research once the proposed plan is executed, the record of
publications, the list of references.
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The goal is to develop the ability to give instructions on how
to conduct research. In order to earn the credit for the course,
the student is required to participate in one of the following two
forms of activities. a. to be part of discussions and Q&A
sessions in graduate seminars and lectures over a wide range of
topics. b. to take on supportive roles in completing senior
theses and Doctoral theses.
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With the goal of getting special dissertation seminar I and II
started in mind, the course aims to develop skills and bodies of
background knowledge needed to execute the research projects
concerning the dissertation. The course consists of attending
lectures, bibliographical research, debate, problem sessions,
experiments, classroom teaching experience, social activities,
where the specifics are to be directed by the academic adviser.
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The objective of the course is to develop the ability to
execute research plans and to make presentations of the
outcome of the research. The credit is earned once the student
carries out the research, and makes oral presentations of the
endeavor in seminars or conferences the academic supervisors
take part in.
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The course aims to develop the ability to plan and to execute
research plans related to the field of information literacy. In
particular, the student is to submit a research plan to the Dean
of the GSIS and to make a presentation of the dissertation put
together according to the submitted research plan in the
dissertation defense organized by the GSIS. The research plan
is to include the background, the preceding literature on related
research and the unresolved issues, the purpose, the scheme,
the methodology, the state of preparations, the academic and
social implications of the research once the proposed plan is
executed, the record of publications, the list of references.
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The objective of the course is to develop the ability to
execute research plans and to make presentations of the
outcome of the research. In order to earn the credit for the
course, the student is required to participate in one of the
following two forms of activities. a. to be part of discussions
and Q&A sessions in graduate seminars and lectures over a
wide range of topics. b. to take on supportive roles in
completing senior theses and Doctoral theses.
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The students participate in academic conferences related to
data science to deepen understanding of data science research.
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The students participate in academic conferences related to
data science to deepen understanding of data science research.
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By project-based learning on a team, students will learn how
to handle and analyze big-data. This course is designed for
students who have experience with computer programming.
Attendees are recommended to take "Data Science Training
Camp [" before the attendance to this course.
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Studying at overseas partner institutions and conduct joint
research. The period of stay is six months in principle.
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In this course, students will gain experience using the
standard academic writing tools, such as mark-up language
LaTeX, as well as advance their ability to convey information
using appropriate data visualization tools. Additionally,
students are taught to write basic LaTeX documents that are
relevant to academic writing as well as how to convey and
visualize relevant data effectively.
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For the period spanning from one week to three months, the
course load involves a domestic internship relating to
information sciences at training institutions, research-and-
development labs, companies, public institutions, NPO's
located within Japan, and so on. Through the internship, the
student is to experience the practical applications of academic
researches thorough the exposure to how the industry is run on
the daily basis. A report is required to be submitted to the
institution where the internship is held and to the faculty
member in charge. The credit for the course is granted when
the faculty member acknowledge research-and-development
activity for 40-80 hours in total.
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For the period spanning from one week to three months, the
course load involves a domestic internship relating to
information sciences at training institutions, research-and-
development labs, companies, public institutions, NPO's
located within Japan, and so on. Through the internship, the
student is to experience the practical applications of academic
researches thorough the exposure to how the industry is run on
the daily basis. A report is required to be submitted to the
institution where the internship is held and to the faculty
member in charge. The credit for the course is granted when
the faculty member acknowledge research-and-development
activity for more than 80 hours in total.
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For the period spanning from one week to three months, the
course load involves an internship relating to information
sciences at training institutions, research-and-development
labs, companies, public institutions, NPO's overseas, and so on.
Through the internship, the student is to experience the
practical applications of academic researches thorough the
exposure to how the industry is run on the daily basis. A report
is required to be submitted to the institution where the
internship is held and to the faculty member in charge. The
credit for the course is granted when the faculty member
acknowledge research-and-development activity for 40-80
hours in total.
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For the period spanning from one week to three months, the
course load involves an internship relating to information
sciences at training institutions, research-and-development
labs, companies, public institutions, NPO's overseas, and so on.
Through the internship, the student is to experience the
practical applications of academic researches thorough the
exposure to how the industry is run on the daily basis. A report
is required to be submitted to the institution where the
internship is held and to the faculty member in charge. The
credit for the course is granted when the faculty member
acknowledge research-and-development activity for more than
80 hours in total.
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International Graduate Program
Al, Quantum Computing, and Data Science (AIQDS)

Introduction

We have been conducting Data Sciences Program (DSP, 2015-2017) and DSP II (2018-2020), both of
which were focused on development of data scientists and domain experts with data science knowledge
and skills. Although many international students have graduated from our programs as potential data
scientists and experts, the situations involving data science has changed dramatically in this five years.
One of the major changes is rapid improvement of Al technology and its commoditization. The others
are emerging computational technologies such as HPC and quantum computing. Recent acceleration of
digital transformation involving those changes urge us to launch a brand-new international graduate
program of data science which fully incorporates artificial intelligence associated with emerging HPC
and quantum computing (AIQDS). It is worth remarking that this unique educational program is only
possible with our legacy of DSP and DSPII, and leading achievement of HPC and quantum computing
in Tohoku University.

AIQDS is a graduate program to develop highly-specialized globally working researchers who can find
out and solve real-world problems by utilizing knowledge and skills of data science and artificial
intelligence through HPC and quantum computing. This program will start in October, 2021, as a part
of “The International Priority Graduate Programs (PGP) -Advanced Graduate Courses for International
Students-" supported by the Ministry of Education, Culture, Sports, and Technology (MEXT). In this
program, students take courses related to their own expertise in their graduate school, and also learn data
science, artificial intelligence, and fundamentals of computations including HPC and quantum
computing. On top of that, through various trainings including PBL, students sharpen their sense for
finding out real-world problems and learn practical skills for solving them by utilizing state of the art
computing technologies such as HPC and quantum computing.

Graduate School of Information Sciences (GSIS) plays a managing role of AIQDS in collaboration
with Graduate Schools of Life Sciences, Economics and Management, and Biomedical Engineering at
Tohoku University. Actually, the students take their expertise course in their graduate school, and learn
most of the subjects/trainings related data science and PBL in GSIS. The courses related to the program
are mostly taught in English. In addition to learning of the expertise and data science, AIQDS expects
the students to be familiar with Japanese language and culture, and to build various human networks.

Program Overview

The AIQDS is a graduate program that combines a two-year master's program with a three-year doctoral
program. A participant in this program must be a student of either of the four graduate schools: Graduate
Schools of Information Sciences (GSIS), Life Sciences, Economics and Management, and Biomedical
Engineering. Actually, the student’s learning and research are supervised by a primary mentor in the
student’s graduate school. In addition, the program assigns a non-GSIS student with GSIS
professor/associate professor as a sub-mentor for supporting the student’s application of data science to
her/his research.

Master's course

(1) Course work

I. Expertise course offered by the student's own graduate school

II. Fundamental data science course

III. Data science course: sensing, high-performance computing, artificial intelligence, statistics,
computer science, data mining, quantum computing, etc.
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(2) Practical trainings and internship
I. Data science training camps
II. Internship in private companies (elective subject)

(3) Research work for the master degree in the student's graduate school

Master’s course : 2 years
Lectures

Practical training

Master’s thesis

Doctoral Course
(1) Data science project-based learning of real-world problem solving

(2)Advanced data science seminars
The program assigns international conference, symposium, and/or workshop as advanced data science

seminar

(3) Research work for the PhD in the student's graduate school

Doctor’s course : 3 years
Advanced seminars

Project-based learning

Doctor’s thesis

Financial Support

Japanese government (MEXT) scholarship will be available for excellent students who intend to be
actively engaged in the AIQDS program and contribute to its objectives. A monthly stipend is available;
details of this and other information are listed below. Awardees of the scholarship will be selected from
the candidates who are successful in the AIQDS examination process. The MEXT scholarship scheme
applies only to those who live outside of Japan at the time of application and were born on or after April
2,1987.

(a) Exemption from Application, Admission and Tuition fees

(b) Monthly stipend: 146,000 JPY for 2 years in Master's course.

(c) Flight tickets between the applicant's country of nationality and Japan

# Self-supporting international students are highly encouraged to participate in AIQDS.
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Application Application fee (a)

Coming to Japan Airfare (c)

<|4

Admission Admission fee (a)

v

Master’s course  Tuition fee (a)
(2years) Monthly stipend 146,000JPY (b)

Application for the Scholarship Extension

Doctor’s course  Tuition fee (a)
(3years) Monthly stipend 147,000JPY (b)

v

Returning home  Airfare (c)

For Master and Doctor: 5 years course
Number of recipient as the candidate of MEXT scholarship: 4 students
Term of the scholarship: 2-years in Master’s course.
* Please contact AIQDS Admissions Office to see what kind of support can be considered when you

go onto your Doctor's course.

For Doctor: 3 years course
Please contact AIQDS Admissions Office to see what kind of support can be considered.
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Tohoku University | i
What's the Safety Confirmation System?

A system that allows you to easily report your
safety status to the university!

This system will send safety confirmation and emergency notifications
to the addresses registered in the Student Affairs Information System
” or Integrated Electronic Authentication System so that you can receive
~ them on your mobile phone or PC.

If you receive a notification by e-mail, access the system via the URL
> provided in the message.

For instructions on registering/changing your e-mail address, and
) information about the system, please access the below website:
http://'www.bureau.tohoku.ac .jp/somu/anpi/index.htm

Dedicated mobile app Accessed via e-mailed URL

W Warning' |

Message list - TS0 E— -
wRRERR (L) = fERRIRE
Q sg ! t[;;; OXP + NHE + RS Z A Select your safety situation

o L) [ #% unhamed [

MERLERE (biEE)

Petpiaey ZRH% Select safety situation of your family Please make sure
BE —8 COXS ~ HRR + B = Y i

;gumza 16:10-2014/1073 16:10 [ £RMEH Unharmed n youve regIStered an

MEEEED () FE Select situation of your home e-mail address that

wE/ ORH
BE —8 COXY +« RRA + B85
B

2014/8/26 15:00-2014/10/3 15:00

you check frequently.
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