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Q9

B orgelAt 2RMEY BA ALY 48 BRE o) §3te] intra-day BAE BAF o) 3o B2 ALY WS
2 gohht PHe ANATE AN PEL B A9 ol e 53 T BAY Tyl AF HE3to] 7]
29 BAR PHoRE 95T 4 AW 2 99 AR W47k folFe BATh Alzo] Fobd W4T} intra-
day BAH $3F AS58L FIAIEA FAS) A Ae WSS TP ALY A8 2D} o Wp
T YA b ALY A 29 9 Bal oS5 vl BTk BAS Az Ui £39 =Y
o] S43ithe A% A3k

, BHME] E312F 0|=, intra-day SME| E312.

ZAES B3 5 2 Rd st A7 B AR50l A AgEA gt Z7)d=
Bianchi 5 (1993) 2} Andrews$} Cunningham (1995)¢]] 9/]:1]/\1 autoregressive integrated moving av-
erage(ARIMA) Bdo] 48 F3}F oS0 ARgH It 2 5, we SAH F31FoA AE4 27]7}
1A= WA Box-Jenkins®] A4 ARIMA EdEo] &5 &85 oiX 1 glrt. 3, A|ZF 9] =

B D919} Zo] BT ] Bt 22 9 (intra-day) B3 A5 E 5T YA HUA HE= "é% s
315 Huhe intra-day B339 Rdo] Ao A EitelA] B4 oj X3 9t} Tych 5 (2002)% dy-
namic harmonic regression 2@-& intra-day 53} ol &l 583131 t}. Taylor (2008)+ exponential
smoothing 2@ 1A @] FAIE 531 A S0 AT AS At AZd ARIMA =29, &
714 AR 249, dynamic harmonic regression 2253} vl F7}51 ). Weinberg 5 (2007)+& H|
O|X ¢ WP E-S 58 ©Hg ZAE 8% Rdo] &8319 k. Shen Huang (2008)+ singular value
decompositionS 158 @] e F3laf oSl &85t
Tt AEAG HeE ol AL 59 AgHe =dvke 54
71E9] g 5L 2¥E o] 83 v E Bt ABA MeE
berg %, 2007; Shen¥} Huang, 2008). ©]2} Z+-8 wbHo WM elo AR ZAZ AT 2= Q)
At HIole dAst FAA EE FUst g AR BLE Zohd A9t Atk Taylor
o] =2 A U AR AASt HAEHY] =ES uE o2 A . © AFE 2008dE AT
At Aol o3 A% (200810048.01).

2RAA R (121-742) AL af2F A4S A7t etw 493, B a4, E-mail: myungkim@sogang.ac.kr

oA v 23 ou|E Zhe=th
A&t} (Gans 5, 2003; Wein-
o

)
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(2008)+= Schwarz Bayesian Criterion(SBC)= ARIMA E 4o #8361, Tych 5 (2002)2} Tay-
lor (2008)& ~HEY EAME Wi Meo ARt 22, olzfst WHHES] A+ oleld W
S 593 gopd Fodt Mr) 712 Be EdoA I8 ujuE FaA Zopd W4l 29 53
92 A E B3] Xt Aotk I o]l " tidt oS 9hel A Xetkal Utk Gans 5
(2003)= 1¥ vl E SIA € &9 EFE AABE o, o] B thst BAAE Fod-2 &R
AAH AR A Bt girt.

B Rt AMEY B4 AGY 48 Rl ATAAN folF ALY MEE B PES A
AFIA Bk ANE PEE B Aoje] 3 eae FAE] Aele 52 B9l $3eF oS0l 485
of 7lee] 29 B A BT} HEo) M2 ARY WS 4 T BTHE Fold £ Yge B
of Zr}. ANH RS Folo] DL AR WL ARY A8 o] 4850} 22 B A% &
Hoke TPk Qe 1E) AQY A8 Bl v FohEch B4 A3 Aol wAW ALY W
2 2P ALY AY BdL /120 S ADY AT ek b ALY AP BERc) o
U B8 o) ZolA] Bek HEHG oI5 ATE e ich

B rge thed) ol FAHIA ek Al 2ol L 2AE B3 AR dwHoR FeiA dt
54 ABaTh ALY 49 B AAEY BAS o83 U AuEe A 37014 A7he ol A
w, ool B Bk PHE of ol A AHsolch. Hu) (Gl 3 2Be] BAH FIHFL o]
A% AR BAL A 480l olFA N, Aol AN ARY WSE o83 ARH A8 2L oS
ATt Grhsol ek, AR B GF A7 o] mAY G4 AFAC)

N
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. B Sk K2 53
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TFolAe Hulol A o vy 4 23 F4E ARE o &3th As+ 20039 3Y
14 2003'd 109 2447k F 16540l sfFdh= A= otk o] AF+= Weinberg 5 (2007) ] 2] 3
NE Aol gtk FAEE 244 S GH oA, RS M= @A TAIAA] &3 9A] Afo]d
Hemg B dFoE Weinberg 5 (2007)8} vbA7IA 2 A 7AlolA 25 9A] 5E 7R 9] B3)=
sttt 58 o2 F3las AABI e, s 169719 77hez o] FojA 9t}
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(b)

x 10 (@)
350
T e Mon
42 el o Tue
300 / Wed |4
4 iy S, Thr
Il-ﬁ‘““:"g, L, Fri
3.8 - + 250 B P, L
y g
1 B
= 36 _ § “
] _ — - § 200 t: A
3.4 - ] ~
oot ' =k I |
3 L E| E| 100}, 4
2.8 _;_ -
50 .
1 z 3 4 5 50 100 200
weekday time
O 2.1, (a) QUY H7 E51200| 2ZEZ box plot22 UEI. 2Z0| 1 2 5= 2| €@ wAlst (b)
ERULEH SUNAIL 52 Che| AlZHUY d7 Sstefs UERd.
2Y 27 21(a)9 (b)E 27] 228 Eel A0 532 e, S48, (b)dAs F F7te)
REAE BN DAY 4 995 2o, oelF BY5E 202 FAA ATl AL ASE ol
St AR HFEY FoAd btk $AZF ZAE AAS A2 oplth AZoA AFe nel o] B
AFAAE FAF P 2HEY BAT ADY 5L o83 R AP W5 E RohuA Ak
3. JE MY DUt AHEY 2A
3.1, MM MY QU ATEY 2SS 0[5 Wi Me

Njpe j9e AZF F2F [th—1,te] Atelell 282 T3S vehdith o714, j = 1,2,...,J0]aL k =
1,2,...,Kolt}. Brown % (2005)°) &3t 5322 time inhomogeneous X o} —‘_v—i% Uz, 9
2o T3 Njwd yjn = /Njr + 02502 W3ker 39 Hake] ¢b4g 38l (variance stabilization)E 2}
R S o okg Tl gt B3P0l Wobd A9 AFRER AT 254
E313S Brown 5 (2005)9] WHHS webA W3S A7)

S AT Weinberg S (2007)014 AHE®
s Ee AR Ay 2d2 S

f

Weinberg 5 (2007)+= , AZ8Z Hul ¥
T2 gt Al@A A% Zd(seasonal linear model)

w
=

A ) g3kl 2 w9 &3}, 183 o5 AuAg g9E
3 2o

Model A: y;, = p+ aa; + B + €k

Model B: yjx = p + aa; + Bk + Ya;k + €k

A7, € ~ N(0,0%) 018 d;9} k& 27] 49 298 Uehl] F& W4eh Az YehlFe i
£ udth aq @ Bre dj240] yoll M &3S} kA Zbo] yoll X B34S Yehdth ane
d; 2949 kAZro] yoll mA= B3z 245 A2 4528 35 vttt Model A+ 2 3%
9} AIZF &} 2= Wb Model B 0] 59 4528 9% 23ty vy Fuz, ZFAH S35
of fdel Y& A, Ao Fd v 5483 2 S Hole 4% {d a9t #E

HojHeh ol dgdoe] thE 8ol vlsiA S8 B2 S3FE Hole A 22 ol Aol A

-
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29t 2 A7lM A8E THE FAF ABAAE ol 2L Esbe B tehdeh. mea,
mao WMIaRs) A FU thede] 89 Wat YAz RSk
£ 243 e 27 F A7 ek ks 217499 (time domain)ol A A|7ke]
S AAD B4 Poln, T S AADo] o\ F718 2a WEE o) 1}

&
ghell whet o] & 4 7k
< 7k B4de der I 9d (frequency domain) | A&} ~HEF FAo] gty ~AHAEY 74
S AARE AT Aol b WEFAS) AANA A2 Tk AFEY B4 EE 7] $A0
ZAALG A2 E AHEF (spectrum) olgk= FE o oA A F7](period) F= RF 4 (frequency)d
2 HF WEE 288 & 1 P E EM46ke AP S Teith
oJd A|AYE A8 X, 0 W=3AEA F oHg A (weakly stationary)2] AZ-S 7FAH A|7F

7V BE(Xy) =
QAN A7) FEA p, = COV(Xr, Xipn) & B 5 AT 1714, h=0,+1,42,.. o]t} 34, 2
Z4 J o= oo th&H = /IS E spectral density

F@) =5 S puexp(=ihg)

h=—oc0
2 98 4 9t} Spectral density= o} 2] periodogram f((b)% o] &3l AT 4~ Qltt.
fo > pnexp(—ihg). (3.1)
h=—oc0

AAAoR A (3.1)2 ofele] BAL oA T 4 Yk

2

n—1

F9) = gz | 32 o1 xpl—ihe) (32)
2] (3.2)+ Fourier W3S o] &3 A ‘{;}7']] AL T Atk A (3.2)F ol&Tt] FHS IA5F e
Stal $5< periodogram © & Sh= 23S I3 Fof 7 AEA F71E 2 5 ok e 4 7}
=t Hthe] periodogram = JHH 2 o817 et periodograme 7FA TS e 2l o]
of = F71E o, ool Fo3 AFA F7]°0 st
B AFelAs 2FER F4% ARG A¥ BdS AFst] FAT AZA F71E Fohdth {3
ARG F718 Fe AL vkt 2o] 29 Aeldn

| A0 9 B9, o8 A

=3 A H EA4E
Step 2. ¥4 212 A7 (white noise test) S F3NA 73 F7] o] HE Folgict

IAE A= 9 o] shF D= Fbste] F7] #42 Adstar, wod ARY

3
sHEY BAL Soto] Aol AdE ALY F717k BAE ST 15 JREE F7} A7 7]
ABA olfg AunT] sl A2 WEE TP IS5 ALY 4Y 2D} 712 W

|
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2 EPW ALY AY 2D o5 JREE v 37} Bk A59 BT 7} /1S Weinber 5
(2007)0] ALEBHAE olelel S o3BT

| & e 3 K k|
rmse; = (k Z (Njk - Njk) ) , ape; = Z ?
k=1 k=1
A7) N2 j Lo kAl ol &5 o] d ZAE] B30 g Ny = §3, — 0.250.2 ALk o] ijr 9
9] F F412 Z}7] root mean square errors(RMSE)2} average percentage error(APE)2.2 ;4 &g

A

2 AR B AFeAE 3R F 169719 A5t HE5EHAEE K = 1697} o] &H ). <
2o 58 U9R B3 AAE dSeE, 5] B dusR o)jRojArk. RuE, TAE B3}
dZe] 2 BAL o% Balgol upebh] duht Be AL ZAE ] WA=t Fo5T, A9
EH X A o

oz 3% B9z ATk B A7olAE oY BT o % 717 20039 79 2598
717 & 64o] LA}, A=, 64709 RMSES APE7L 2450l A ol Se) B
g AT, Ak g 5o BARS ol 85k Y ol Z5ee] Fe4o] Bl olrk,
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ALY 718 ﬂﬂ A 2FEY EXMo] B3|, olo] ¥AA
§S AABHATE AIZRE SHAUSTE ot F3lES TEHUSE o
sto] 57 Y] S8 kT Y] F3lEe) tist FAAY EX ARE Rl e
DA 4 ek 57 o] St ok ok B3kl thete] A ng A
S AXT Ay, F Y AIAY EFoA Bartlett?] Kolmogorov-Smirnov 7%
Bartlett, 1966; Durbin, 1967; Fuller, 1976) 2 Fisher®] Kappa Z7A 543 (Fuller, 1976)°l
= 9u] Q&= F719 X M4 eR siHE 5 Utk
7| IS4 51 A Bl S Sl B ek 3 F
Y 412 AT or A4S 4 gk $A, 28 419 (a)E HE 58 ¢
st A3}, H o periodogramoi EH—T5}~— period+ 1699 3 3= A T/}
s 2457k 1697 nbct 475t 74]” HES eSS 9 ]5]"3“], EA49 o]-g4d
7} 169740) B2 T3l otF T E FU1E ZE Qe AS v]git) & o)
F7E4E A @er a9 4.19 ( )& B9, i periodogramel| tf-g-3h=
=3 —;'a_iﬁﬁ AgE FF ABNS A Jong 3 F= 598 AAH| R, F
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x 107 (a) x 10°% (b)
14 4.5
(] 4 Lev)
12 1
2.5 .
10 N
al 4
E E
o a 7 © L N
= & 2D
= =
= =
= = 2t 1
2 e 1 =2
1.5 =
a |
> =)
o £fEiiisaiioraviriioriiiniiosisioriiiex
0.03 0.04 0.05 0.06
5—min a day
O 4.1, (a) 52 ©H9| S35t2F9| periodogram 12192 Z|U periodogram g0l oY= FI1= 1692 6120 ol &ha
(b) oIF tt9| E3t2F2| periodogram 12 22 Z|U periodogram 0l Y &= FI|= 4.82 2F AFA0f o &

source DF SS MS F' stat P-value
day 4 4057058.1 1014264.5 2303.88 <.0001
time 168 152111670.9 905426.6 2056.66 <.0001
day X time 672 2136286.5 3179.0 7.22 <.0001

ARGE thste] WA| 22 AL ANFATE WY e A 23, T AL IAF BFOIA f
3 2719 Aol WAS| Atk AAG Al Egke] Aol UAF F718 Btk AdL, mdo] 3
27h 20 Qe AA AE WEL9E BE EJAAA Feldee gt oz A8 AAgel 2
Qe ABYE ASHES A F3T At Aolm, o)zl AAE BhA vehi He Aol
% % qnh FAM9 F18 27 A4 77 £48 298 23 T Sl 2AY wRelA Auig

periodogram Ftell si@de F7132 oF 36050|th. Ao AMEE AksE FE 169719 PR
W glom® 36055 21.3(= 3605/169) Do)l sidshe gtolth 92l BA At dFdo] 597
T} Joerng, 2192 < g Do sigsict. welA Model A9} Model B AA| 33} o5 3t
2polQl ke & 22 FU1E AT AEA MEE st QS uidith ol 4 B9 AMEE A
A M7t %XH?J% o mgirt.

379 %
Ay 2l °“ﬂ§ %E—%—% v B7t siich 4 o) HPEE S ]“C /‘HE—‘: ]a/‘é A
oF 2t
Model C: Yjk = W —+ Qag; —+ ,Bk + §mj =+ €jk
Model D: y;r = p + aa; + B + Va;k + 0m; + €5k

AN b, L Y my A Yo] yofl pXE EHE 9 9] E3E WSty Model C2}F Model
D+ Z7] Model AS} Model Bl € o] AZA 4§ F718 Zojtt. 2t 9] o 58 Hrie
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AER AT} IEA MY 2US 0188t INTRA-DAY 2HE| S5k 0f

i

i 4.2. Root mean square error(RMES)2} average percent error(APE)S 0[25t 20034 72 252U 2 E 10¥ 242UHX| 9|
Model A, B, C, Do| ol E35}2t 0|5 ZIt At

RMSE Hdgk Hay B3I TeH
Model A 51.400 12.783 21.271 19.522
Model B 45.544 12.052 20.440 18.023
Model C 46.888 12.927 20.380 18.785
Model D 41.553 13.232 19.422 17.827

APE Hdgk Hag B3I TeH
Model A 36.291 5.812 10.173 9.352
Model B 30.245 5.678 9.228 8.061
Model C 37.570 6.120 9.759 8.589
Model D 31.273 6.388 8.748 7.788

ofefet 22 Yo APt
<A vz 9] 100€ 49 ALRE in-sampleZ ©]§3to] A F3FL o STt

= -
- 200349 79 259014 109 24974 F 6429] BB 58 W92 o) S ahch
3

- Y B3 oS3 F, IAEE RMSES APEES A4tste] oS 58& 718

7k mdlle) o5 sl e F7h A= & 4.20] 29F AejF o] Sk & 2 F71E YEhlFe As
£ 718 Model C= Model Al W]sllA RMSESH APES] @t # F4%k0] ¥ w2 Z2e & 5 3
th & ol XAk ~dEY BAL FalA] gtohd @ & 78 Rl uide e, 52 A
=7F EoblES vt up7HAE Model DE Model Bol| H]3i4] RMSESH APES] w3k 2 5
Fgkol B @Al vkt webA Model D7F Model Boll HIiA] o 52] A7t Eria & 4 k. &
¥, Model C= Model Bell wlsijA] o5& o] dojxl= daE Hirh ojet 22 A= 4 o9 AZ

do] T3 AT AT 8. g YA ThEoRA = A4S e AT 53 dSoA Bt 5

Q3itha S AE 4= S ZAolty. Model A, Model B, Model C, Model D8] A v]ao] ojAE= A

EY, QAR AR} Q9 R A AEE 9 3 & o] IHE X3S Model DojlA] o
74

D] x4l the WA Rhe AR 2HMEY AL AASA W3S 4% 2HE BE, Model
C, Model D} A3he ol4% f98 A7 4BHL Uehia 922 BAskeh ol Model C,
Model Dol 4] ¥HJ 8 315 9] A4 A5 o) ALA, 2o & D) ALA olglel= The

A8l 9 4 9 guidth F7] 24 2k F A9 BEAA Hoh periodogramo] P&
F7]% Ego] 1081601 Itk o] Model C % Model DE FalA 58 gel |49} Ax1 @k, ol
2729 ARA F717h JAH AR, BA0) AR A2o) W9l A w2 PAAL F71E B
ojee Aoz a4 o} A 4 glr.

L AFEAE Fotol J d 9 99 ZIE Fohisich A=
o] A ABY ArE ALY Y Bdlo] TP o] o] WSS EPHA G 712 ALY A
Y mdshvlad A A2e WrE 3 mdel o BIyol 7E mduct 9482 Bark,
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A4S she AAelA E & ARA Eot v A7 99 ARl AT+ e Ui Fe

< oA TAD + ek 2B o2 AR 2 ¢
s AL o Ytk FF Hoh 7] 99 E

AAR oz B 7|74 A2 F718 2T o+ e
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Spectral Analysis Accompanied with
Seasonal Linear Model as Applied to
Intra-Day Call Prediction
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Abstract
In this paper, a seasonal variable selection method using the spectral analysis accompanied with seasonal
linear model is suggested. The suggested method is applied to the prediction of intra-day call arrivals
at a large North American commercial bank call center and a significant intra-month seasonal variable is
detected. This newly detected seasonal factor is included in the seasonal linear model and is compared
with the seasonal linear models without this variable to see whether the new variable helps to improve the

forecasting performance. The seasonal linear model with the new variable outperformed the models without
it in one-day-ahead forecasting.

Keywords: Call volume forecast, intra-day call arrival, seasonal linear model, seasonal variable selection,
spectral analysis.

This work was supported by the Sogang University Research Grant of 2008 (200810048.01). This paper is

based on the first author’s M.S. thesis at the Sogang University.

2Corresponding author: Associate Professor, Sogang Business School, Sogang University, Shinsu-dong,
Mapo-gu, Seoul 121-742, Korea. E-mail: myungkim@sogang.ac.kr



