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AFE Z2ZAAM &) APH= A A7) AFEH ZRAMEZ sola A6 WA A10F F o= 3 Fd 7]
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B wge el sk ARE darks Waelst A48 AFE w5k A% wAl,

o2, RLE& AHE-sho] %3 HAE FH8] A A B el w3 Ao,

= Qo] 7ol Yol staLel ge W v|welA We F(7hY, Ful w)e] oA
| =

g S s E
HEAE Qo] mgA vt oo el wo

A & syt HATh ole s AlvEes IS

3 WS (personalized teaching)S B4 O FEA st, 25 FAES 159 I9F Foo 02 A9LEd

A (task)7F F-Egt Bl 2palo] &gt AAES B3shA] xeth. 1A, wxbe, AgE Az g A

o2 Qs A AARlelAl MAE FFolA EES =& F717F “H—r o, JNQIEEY wSo] A 3

F AAEE SN vl e ool de ¢ SIS —’Fﬁ-%
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H
Fgatt del 8R4+ At AR4 A% as s 2
problem)& 918) AlSHel 7)Ee] QaelFol AeiHwA 1T AsUS ARE Bayol @

A% 7|k A3 A=H¥l(intelligent system)®] W3} 7, A A2 omFE 7] 9 £S5 AT
st g Fewdll Hl#Hste] FH& sk Blo] shssith. 9% 718F 33471 (competency-based recommender) A2~

ATFELS FAY g BT, AFE, AHAZ) olH(history)S A= ¥ HEHHE
(collaborative filtering), F®IE 7]¥(content-based) % &4 (hybrid) HIHES WEhstch. 28y, Al

Aol o]y F7F Qlo] AAZF TE FHAA olE WS Tl AL F= AEE(cold-start) A 7S
g BEAHS A7k, 282 Sl (adaptive learning)S Y&l 2524 99 Z ¥ (ontological domain
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2 oad S 22 sHy o)y stepngel ekt
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w2} HA S FHeE dol 282 4 AW (online estimation approach)S AR&3lo] AA|7lo 7 &ae] o
F TS SAST. o] THdYAs A Y S AtE FAd gk A Sl 7|ukste] FA5k=

g, od & Ar Ao I olE dolHE AMESHA| gerh. A A4 FA4S FAE] A8, 1
F7I= Z4ze] i A s Jid stE 71 JiJJ—‘”(prohleV’ etk mEbA, o] A|&Fle] AMEE
527 A4l Hlol X (pace)® FEE ¢ Al gk, mEgE, & o] HAAdeA, HA FHAE Aol
Z2H5E= e v Bxmel dmglEel, Al @ o8 9% A4 s+ 2arE]Z(Exponential-weight

= _]1
algorithm for Exploration and Exploitation)(eF3 o2 Exp3 &gl & Exp3)e] &8%Y. o= HY 7]
F9o] A=A =2 ANt ALrt daglF(expert algorithm)Ql, HAE7F Z2AS A8 g4 2 o] 8-S
ek A4 715 Lare]F(Exponential-weighted algorithm for Exploration and Exploitation using Expert
advice)(FH o & | Expd ¥¢aE]F T+ Expd) 2 FA Aol W (Fuzzy linguistic approach)e] AH&¥= A
3} o]},
ojgtell Al =olE = upel o], AAjdo] wmE FX7|e} dHste], (i) AAEeRE A9 7|E Y T
otal7] 9ol stalel Aol s rmady pdEyw g
natrix)ol )8 SR} EH), S Tasdl Fug 5
I 7FeA &arg]ls Exp3©] Expdell HlE] ®2& 409
st dlol &8¢,

Al A<l 17l

oAl &= 1 % & 28 Fxsto], & Ewo Aol wE JiIYEE V¥ Vv FHU1E AR Zdaddas

12
r
o
k)

% 1] EAE msh o], el Ml FA/(100)E U A 9% FEAEDN 4 Zaned WE(120),
S 54 RE(L0) R A A8 A 2E(160)S EFA

AR dol A, A ZEad RE(120)S A

e Ages TARG. A 5o, o4 Zzvd uE
(1208 SH43S] AAIZE S Adkel AT, 9% 9 s 5 }
E
1ol

5)
aL, wEkA st SA4S, 7HE, Qv
s [}
(o] A

Eg~ A (Q-Matrix representation)& AR&3te], M- Fahe= dlol A&
o

2 ERAA, MEG2 Quops NN A9 JEAE, 2] P ARG dehln 2ze] de 2 ARl bl
ATEE 9F(EE S AFAT. ¢UiEYsE ARA e LTHE AW 2o wAE mAFonA
s4el g olsfske el AHSE. of WetlA, FU/1(1000E A ZAYAZLAN, Q-HE 25k FA}
A, Aol F(EE AE) $EE FAL BDRE HEL2S o7t AFEG. o HEH2E, E 29

15 vheh o], BAl AE A R P AE C el $AE e, AE
C = (cf,cf,c§, ....cn)

sko] #AE ek AA 2 g 4

¥ 7% % (Estimated Skill Level: ESL)& vtebdiTh, wheba), shao] <

7ol Al aie) 71 el o] A ZEukdo] dHT. dF 59, =

2o Tl S mEolelA, A (an, o) A0l AF £ ool HHEHE wolkE R FAl al e

20 HAES AAFAUR(20%0] 1=)& HeFth, Ao, 2R BE(1200E FAl] ulgshs 9
gl— _

3 4
3 Q%ra G 47 ool S 7

H(ES B E¥)S 2839 A9 g IxE AT .

AAle A, 5 54 BE(140)2 59 o5 ddd 54 JAE 535 v 275 #e MEE A9
doh, FAF R, TG 54 EE(140)S 449 HAE Z7] 93 27 HE 713 d¥(Required Skill Level:
RSL)(e]l& = 20 B uke} o] (a;, ¢p)E AU H (indexed)) S ATIIEE FAHHAL. dE B9, o] 5
4 EE(140)2 A9 g5 VS oldlsta FA4etE dlddl, E &< A& (learning material)®] 5/4& W3l
v HeE, AFRRERT. d2ZA, 82 1o Folzl npe} Zo], AFoR EF Am ule] ZHzte] Al fiE) =

= o) @Ale) BSLE FAah o) A8y
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RSL(“:‘: Cj) - ( len(4) len(4)

AA7IA Tz (MEZHZS Aol el & MEzA) dud sAe] 5= Ad olslE vehla, Tie (MEE

20 Apgloll o] & Wz 2A) At HAE YeERH, len(A)= St AR W] FAS] & geld. 2 A
go g oA A2 FHo] A= Ao, T FH EE(140)2 FHE Ao U sHozA s

K

T [e]
SRNFH e EE 59 e AT S 54 2E(4002 Adkd Al dieshks by w
RSL(ayc;) . . . o o
S EGA e AE 2R EE Sr). st =4 W5 (140)e Attt stAe Hrbstan
e s i";“ 25 el o) o] el et B (reward) S ?‘é% Hﬂr. dZA, 3t 54 BE

(140)9] B4 FH 59h 2 2 58t 33 o] FolAr,

7814 2
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L

R(ay c;) = min{(RSL(q, o) = ESL(q, ,)) . 0}

R
a; Ci - _

a1 (W) am ol qola) Sl ast FAHE A%l Ssl Awd Sue wgelr. el
oA 2 W e 3 AR Al B el gol RE BE T A% o BHIG. F, £94 2= 4
gol mia wae Sqat do] AEHI, £ 38 gl Agol AgHG. LW, FeA 1, F5H 2
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Iz wig- olE& 4 k. R AAARD FEedA, F371(100)= A A WYl (adversarial bandit) #AIE
TR Zddas ztux HH3 L 29 =2 (dimensionality reduction)E 98 Exp3 du8]&E &&3to
2A, 288 dAE FH3

e e bE] = W5 (Multi-Armed Bandit: MAB)<] W&ot} MABS] 7Hd-S Alzkel] AA B4 3lol
A BAE sk duElEs A AFEET. MBE FE FAA A" D APAAR EAlA ATtk WMyl
A A, E#elol(player)= Hule] BAAS A7) 98 SAH R o= HAS HEA (UM, o= S =9
ojgA)E ARG, MAB X2 o] E(agent)7F K9] 9F F 1o Z1& vl AIZF 28l (time step)(o]&= 2
= (round) B A=E(trial) 2% AAR) tolA Agste] Edolsta 1 42 o] g&& P<[0,1]1%2 ol|
BACHE, A4 x)& T Zolth. MBE &84 28 4 WaozA, ol w2y, FHHe AAS 3}
7] el HAol AHE ux 2L ol FHo| FolAW Mg 2ol WA o® dnyFE FAAA F
ATH. AA H== vEAA MRS e MAB ZH A9 A, Ao E 1gE g8 X WA g, 1A
A Z2Az gk ¥EA A (non-statistical) 7F8o] Eol7k Zeo|th. o] Ay R, RS Aghd

A :
HARRE FARA A5 = Seolol wel A (adversary)ol ol HdEEvil = 5 k.
Qo

AAIAQD FH71(100) = 2]l Aoz stAS F#A7]7] {8 HFAA MY FAZ gdd g Tl A
RS FAE 7 Advk. AdiA WY ZeEdeae] v EAA A, TS TAATI7] HE ol #A
T g9dste AL WY FEXE z2e o= Fddgd 5 uh. Ay iy EAle elA, Exp3e g Tt
WAE ZHEe dauglFolt). o] daElHFS MAB EAAA A FH ol EEJ]O]E_?_i(exploratlon and
exploitation tradeoff)E F+= dlol] Al&EH = dA](Hedge) &ad]Eol 7|9t} Exp3 Sald]l&ES 34 575
Zxste] o o] AwE 4 Q).

xi(6)

z(t) + (1 _pz(t)) 0=x (t)

E[%;(2) | iy, o ie—q] = pi(O) -

Exp3e vl g2= tolM KA 7Fed A (Ao HAL i=1, 2, ..., Kol & H7|E) T a4 i &

E[%:(t) | iy, ... Bpq]

do

5 X pi(t), p(t), ..., pr(t)ol wel B, 9 2JelA, s oA FH
A7 MAdo] &sl= olEv FAHE B A (estimated reward) (o] BA FAH X (reward estimate) 2% A=
2~ o]0 xl(t) =) > : o _ o o o B ; 7 1 =

T AS) o] ZAX 7]t (expectation) (0]l t-1 W] gFEroxe] X&) i), iy, ..., i4°] F]

xi (D)

pi(t)
oo wlAl ggmolae] Aue] Wk wAake] slgiA)el, Pe
WA 24 TRAAS AN oo wEw, o] Zuol® BEE glo] flaldl Ade BA x(

+(1-pi(©)-0

o

)

—

vl

Tl

pi()E Uiz #lo] BAAez FAHI, ASHA &= ol deir= 09 Bie] 39+ 4

+E <,
NdAE A58 w24 9 ¢ 5 Aok BF p(DE 34 6olA 2ol el ol did #Y

)y
i

r—{u:
=
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o] 7] A v c[0,1]= 94 iE Y3 A Fgvg (o) H5F9 AAH(egalitarianism factor) 2% X H)
% , wie A i8] A 7FE R (exponential weight)(o]=, 7+, Z47be] Ml o3|

ddsHAl 271gk) ol 7kl wiis et o] WA FAAE ARSske] aldn

Wit + 1) = wy(e) - ¢ FHO)

I(t) — {X (t)/pl(t) 1= it

: i #1i,

A A SES ARtels A, 4 HeredA FAX el thid 7t
AAlefell A, A e] Fojxl A7 ol glolA, Expd of@

€[0,1)e #E@ch, £, Arlelold, Exp3 dueFE A
82 5ol Sla) AAbEE Hhs o], A4l BEE wgS 1 oldel R e g
o] B FHE WA 002 AW oF Fol, AAHA FH71(100)14, Exp3

Rf(t)

=4 g & 9,

ﬁi(t) o= {Rl(t)/pl(t) ’ i = it

0, i i,

Ri(t
o374 i(2) = she] et 4 col AwE FAl aol UlF sAe] woll whel kA 2 w484 33
R
2ol Folx: nar @9 g gy,
%8 iAol 209 9% oAH) Erals

= 32 B odbgeo] AAdo] waEl 73} &5 (Reinforcement Learning: RL)S ARgdle] WS-8 HAAES FH3+=
T2 A2=(300)E SJAta = (pseudocode) o] FElZ AAIZTH. = 39 oA A Q] Z2A2(300)= A AB=A AT
g Woln] W4 T2 AAldoA= & 39 Z2A2(300)9 & F dE7F AFHIL/HAY g o] 7}
2 AdFol Fosteier 5]"3} Tk, 29 dA]AQl TN, RLS HdiA Mnl AAA AHEE ¢ 9l

213k AHES 913 YaEEFS Exps daLElEY AUt

M

AAIHQ] TZA2(300)E Ao 27138 52H(310)S oz AFEHY. 278 F2(310)L, A, B

o
kg
=)
)
~<
i
il
o
PL
rir
P
N
N
ofy
N
=
il
i
i
12
(.
=
)
o)
=Y
e,
ot
P\
N
=

om ARSE A, G4 7

oloA], dlAHel ZRAA(300)E A WS A% threl BARTE] ukg

2 A, e
A e g dneEhE, Expd AnB)e] W BeolAl, s, 2w o

= =
grole] sl e, o]z
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m
gW-
M
Ak
k]
o
dlo

$E el wel o deudAe A AU A% 240 AAS TFse], et g2 FA]

g 5 Aok,

F2(320)014, theme] zhAl 7tzte] AE SHE (probability of selection)o] WLk AxelolA, 1eld A
9 Sge T4l A F9 MAgH (not-yet-selected) A BAL el st FU L, el A
F9 7199 (already-selected) FA9] o §2 7FsdhA 3= 715 BE. a3 g4 @ olg Edose

= wolE derde s’ e suee 498 4 Aok dE S0l S5 el 12—01{1 npe} o), 7}
FAe] de &5 pi2 4z HAATE ¢ e weh e (o= alid A7k T

2 g5 =
HA o] "e&A FE"(probability of exploration))® A= &= QaL, F38+2] Go| = tho] A2 F 5o

Al
1
oA, = o ) 2 AlG HATE 7k el whet AeE SE (o] T AT o] 82 FE (e Y AA
o] "o]g ZE"(probability of exploitation))Z A= 4 a1, 82 A= BE HA Y X4 7}52 9
w; (t)
: Zj'{=1wj(t) _ ]
groll vigk s wAle] A4 7hFA e HE, S D)o 7t =2} (, o] 7k el e o] + &
g Azaz a4n Vw17V a4 oqn

oA, BAFe] AT T|Fo] olofFLt, & B9, B (ZFH, [0, 119 ¥ W) 24 #d = dd. F
ZH(340) 0l A, A, sl Folxl A F=Fol wial], Sl A FHE Al RSL 2 ESL°1 Hlﬂﬂﬂ%, A=
gk nvlae] AR HE HAo] AF o ¢

AHAA e ool met Jolshl AEE & vk F7H4

4
A9 sAol g stalel gl Askel A% RSLo] ESLUTI 24E o AXA AE(HE, e 2 gx)4

A & g

T Qa/Av, SOl A FHE Aol ek el Hol iRl 49 RSLo| ESLE Y e o FopA Al AF
=0, 94 3 Fx)E & AUk

S2H(350) el A, A HAFel 7]Rkate] ESLe] 73Al€ Tt

R;(t)

ojo}A, E2H(360)°lA, FH¥ Aol B FAA] 7} AR T, 1 A HAe g AN(Z, ¢

& eherolne 44)e 98 A5 EA 7 ARG, ANGelA, o] A FAH AT e
of o]&d FE (1, A5, 1 HAY} v A9d F5)S F/HIIAY Hd® §As] HdH, &, 1Y
@ el pas gl A4, 1, o8 aud goa Ae9e Azd VD g gimen gue
= ) B FAXE AMEstE e F9E ¢ JuOrE, FE] 7ol Foj wiey o], AAE THEA
wi(t+1

i€ ) g #5387 g8 dAe teA wiz) of ¥alA= A4 T (exponential term)e] A=l K

T 4+ B odbge] AAdo] waEl 73} g5 (Reinforcement Learning: RL)S AF&3le] &8 AA|E FHe7]
A3 AFY AR (400)9] AT BErolty, & 43 Fxsd, dAFed AFE A (400)E =
(processor)(410) 2 W2 2] (memory)(420) 5 E&3sl= AR oA HT.

AAldlo A, ZZAA(410)+ RLES ARt &8 FAAE FHs] A% 52O, Z2A2~(300)9F -3
o 7" 2 T AFE EE 4F)E FIYIEE FAHET. dE 5o, TRZAANUIDE T AHE Y

(Central Processing Unit: CPU), ©ixd A& E A~ (Digital Signal Processor: DSP), =z#f¥ A& #4
(Graphics Processing Unit: GPU), ZZA|A =o](processor core), PFo|ZZEZZAM (microprocessor), W}
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A ZA| o] 7] (microcontroller), = X213 7s Ao|E o]g o] (Field-Programmable Gate Array: FPGA), o
Al EA UA 3= (Application Specific Integrated Circuit: ASIC), TFE =90 ¥ 27 3= &
= olo] Aol A3t 23S xS 4 A,

AR oA, wRE](420) = ZZAA (410)0] ofa] HAEE= AP Z2ZAAN (41002 stolg & o] Ao
g 98 F2(7HE, deEd GJAEQd Z2AM2(300)9F #H3t VeH 5 F Hom dF)S FysHA st
22 MM A 7Fs (processor executable) o] W/XEE 183k FAA AMSEE AHHE, dlo)H, ¥,
<, "oy 7%, 7E & (7P , Aed npe} o] N-mlEg o] PR ¥ RSL, ESL, =& & FH)E
Fotes: FAEY. odE , AFH #5715 ARG wiAe 5 dE w2 (Read-Only Memory: ROM),

o A~ w2 (Random—Access Memory: RAM), 3 (volatile) Hl&e, B3 (non-volatile) ®Eg, =
2715 (removable) W22, H]ZE7F5 (non-removable) WE#, Z#|Al(flash) WEa], 2 A7 tjujol~ 2

A oA, EE oldl el AR 2R TFT & U

ol -
0

l

2L o rr 2 ou

R

M

S
L EA

£
>
>
2

HU i e

fru
X
N
oﬁt Fﬁ_

_:[o*

2 A 7" 54, 714, J2, Ee
A5H 457} A WA 2ZA FEE 4 Ak, oggk HFE 5
A deoly #d, 24 dojy F% F5° d5o® e X3Ho 23hd F Utk 7N
e o]9] oWl oyt Fits TRV o8 F v RIS FAFFE] oS
Fol (b, AL ¥ (compiled) ®== A9 (interpreted)) TRI1ef o], oxd,
assembly), 7]7A9](machine language), ZZA] A3 (procedural) Ao, A A& (object-oriented) &1
%lifi%‘ T 93, stedo] FEI 23E ¢ ok &o] "HFH d=Tts A wiA'E, HAFY
WEol (A Ao HFE AR stodgm MAE 7IHE FdsA HE ALE + 3
”é‘j/éoioﬂ o] AREE AW o9t A dHeoly FxE ARG F dve do9 wAE = T
=7k A wiAe o st= vza, £29 vsa 9 A7) HolzZel e 2] wjA], CD-ROM,
= F 715 A, E5HA taash 22 A7|-3 viAl, 2E]al ROM, RAM, ZHA] HlRe], Eel= &
(solid-state) MRz ¢} & g tufo]l2Z ey, old IAEA F=

st gA ol Alztel whel Wale B wE Ay eda, 71Ee] A% s 23 Alxwl] B
AN de] W AAREY A% Juk FHIE, dAdd, e TiEle], oy FEa w5

T
__1__
o]
AN

o] ofwl gpaoli} o
5

d
¥ g 2
[e]
ol o r2.
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e e -
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S
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L rlo
i)
roh S
=51
o
o
)
o
18
ol
o
—r
fetl
=51
)
P,E
rlr
)
(2
o
S
i o o rfr T

ol
-

Mr (o 2@ % or e

of fi do &
=

M
Q‘L
o

rot

&0
S

U A MFAR BAZA TR, 14 95 AAE A3
3 3 =

} H dAxeg Mg eEZRN =1 AFE FA4 (stochastic) wAZ Tf
o pe
=

i)

o

rr Lo
o
>

2

=2

[t

N

20

N

)%
[
2 HU
7
=2
>
Lo,
kot
ON

1o

ol
o

w

4 I 24 A~ (Markov decision process)Z A&
AAdHAZNA, c-u 71F 2 7182(Gittins) A
B A A sk ARE FHEE A2y

bl =

T
oL
2
=
=
4
oo X,
2
2
I
>
N
) (

1‘
O
o
Ify
)
o,
o>
ACA
||
o y
)
o,

N
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=3
%
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)
BN

A Ay o o IR
(o]

2o oy

T N
3o
X -
ﬂ,‘
a2
)
8
o
S
>,
ofo
ol
ol
2

3t et 7o) MM (action)dl H-S o]—“ Ao # =3}

volrf, 2 ol A Ao Sl

S 93 dEE ZAo 9EsHA = Expd GalElEE E8dtiE HolA, MJuEE AEE 3 wg d
< Agsls o JEF dugs uA At 248 AREske JAed, Jd7d, 34 7H7HL4 HA o uw&
ANPAE 93 wg Bdold HE] d= W9 (Multi-Armed Bandit: MAB)S Al&3te HoHde THdg. 2
A OA =Y EE AR F7]e FEEHAE AAEe R sA7bee 9, JIQIEEE A HdEUs #g
MNP 7M5E AMEE 37 93] g@M-o] 8 Efolme o] gloja] HEI (AL AL gstE A, oA, 22k
D (activity)oll sl a2 HH& dest 2 2 = A&, 53 449 &%

of kel it AR} B Ael, WA B AFeA @,

olgelA ¥ wel By Azt AAFA AEHo, ol AAe] ohm dlAH9
b ORI M B AN A A ANE Al ATAZ hef 2 3
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H2
120 140
|34 =239 55 84 54 VE
ESL RSL
\ 4 A 4
€ 16 | = | = |& G, | | | |Cp
a, |01]o02]03].. o5 a, |02 |04 ]o6]|.. |[1o
a, |02 a, |02
a, 00101]02].. 0.0 a, 0.2 |04 06| .. 1.0
a
A 4 A 4

RSL % ESL¢| H|xl

y

ESLe] 784!
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k1
N2

3

00

172

e

;

Egalitarianism factor y €[0,1]

Exponential weight w,

ESL

while studying do
EELEE

foralli=1,2 Kd(())
‘ — wilt i
pi(t) = (1 V) Fowo K
end
e =H

Recommend task a=i,€E(a, a,, as, ..., ag)
Hadd
if answer =1
Ria.cy = max{(RSL(c) — ESL(a)), 0}
else
Riacy= min{(RSL(qc) — ESL(a.c), 0}
ESL 44
ESL(acy< ESL(ac) + NR(a,c)

R~ (t) = {R Et)/pj (), ]J ; :tt

wi(t+ 1) = w;(t) - &)

end

end
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