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Abstract

Food delivery services are well developed in the Republic of Korea, The increase of one person households
and the success of app applications influence delivery services these days. We consider a prediction model
for the food delivery service based on weather and dates to predict the number of food delivery services
in 2014 using various data mining techniques. We use linear regression, random forest, gradient boosting,
support vector machines, neural networks, and logistic regression to find the best prediction model. There
are four categories of food delivery services and we consider two methods. For the first method, we estimate
the total number of delivery services and the posterior probabilities of each delivery service. For the second
method, we use different models for each category and combine them to estimate the total number of delivery
services. The neural network and linear regression model perform best in the first method, this is followed
by the neural network which is the best for the second method. The result shows that we can estimate the

number of deliveries accurately based on dates and weather information.

Keywords: delivery services, linear regression, random forest, gradient boosting, support vector machines,

neural network, logistic regression
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Table 2.1. Description of variables

X (Ads) W 29 B
month 4 (m2: 9-10€¥ , ml: YmHXA]) DESC RN
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time AZF (0,1, 24) eI
season AL (2, 948, 712, A2) MR
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holiday2 7134 (1: oMASHAY, %‘é‘; Eadro] 5, 0: Y A]) WL
temp e asus
wind_dir 23F SESEN
wind_spe £ s
hum %= Q14
dust SRR Asws
temp_aver JH7)e SESEEN
temp_min H A7) o
temp_max 7| AL
cloud % s
climate IR (1 e, 20 FEXE, 3 LEWS 4 53) PSISES
rain_snow FH] (1: = E=+E= 9,0 Jux]) Wz
rain_amount A s
suntime AZA|7F AL
sunrise d= S
sunset AdE s

Y (ige%) o A EE
A 59/ DA A o A o184 GRS
B F38A400 da g ol 8 NPNEPS
c 22000 that W ol 8715 Asws
D sl7el T3t i o] 8715 EPNPS
SUM._call 4712 gl tigt T wid o] &4 AL

2719 ol A%7k womz HA| Holeel A 290 28 Fol 71 Fke.
AZFERE 5 o] §A%7k TR A o) ol AT ] YUTh o] ke F o §ASe] B 2,226
S ol 2 grolm Wk F o845k M B2 879 ool sl A LolRE S Feh of

off wsf vi-¢ 2
ol dHEY] SALRE 99, 1042 Aol 7heoln, 8d2 B, 48 d& Fooln] ARt A9AIZE

Holx] efgtet. webA F o] &) Skl deliA=

2 g
2 =l ARE WeEe] A%E Table 2100 1etgl DP 53] weHes (zt“/im o]- &),
2~

B(F=52] 0]83%), C(XR ol &), D(3A}F o] &)l al AA| o] &5+ SUM call2 %] 3t
Aot 27 A8 ulAE A (dust) H52] F-9-, KNN(K-nearest neighbor) ‘ﬂtg S o] g3}
< A=Ak 2EAE AP g2 PHE S KNN IS ARSS olfre, $4 23X =

A7F A o2 Aol 7P mEwA aHo s ASAE MAT ¢ e “”i"lﬂ —Erolr)r. =
3 month, day, time W4t WEY WpRA, VR 47 Wol Bolg A4S ATkl AR
GMM(Gaussian Mixture Model)& o]&3lo] ZHEAS 35l I 235 0]8-3}¢] 1—15,—:@]—3 A&

)
U
&



A Study on the Number of Domestic Food Delivery Services 981

i
I ’
1 E - oWIOTOr ©

T T T T
0 5000 10000 15000

sHE Ol 8714

Figure 2.1. Boxplot of month variable after grouping.
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Table 3.1. The result of linear regression (significant level = 0.05)

A 3AAS p-value A AAS p-value
Intercept 10.697 <2.00E-16 time_15 0.843 <2.00E-16
month_m2 0.693 <2.00E-16 time_16 1.021 <2.00E-16
day_mon —0.246 <2.00E-16 time_17 1.396 <2.00E-16
day_sat 0.260 <2.00E-16 time_18 1.822 <2.00E-16
day_sun 0.203 <2.00E-16 time_19 1.888 <2.00E-16
day_thur —0.077 3.87E-12 time_20 1.668 <2.00E-16
day_tue —0.154 <2.00E-16 time_21 1.473 <2.00E-16
day_wed —0.089 4.90E-16 time_22 1.319 <2.00E-16
time_1 —0.845 <2.00E-16 time_23 0.810 <2.00E-16
time_2 —1.526 <2.00E-16 season_spring 0.138 2.20E-10
time_3 —1.968 <2.00E-16 season_summer 0.235 <2.00E-16
time_4 —2.299 <2.00E-16 season_winter 0.127 2.60E-12
time_5 —2.604 <2.00E-16 holiday_1 —0.109 6.50E-14
time_6 —2.758 <2.00E-16 holiday2_1 0.052 3.94E-10
time_7 —2.748 <2.00E-16 wind_spe 0.007 0.003077
time_8 —2.460 <2.00E-16 hum 0.001 1.95E-08
time_9 —1.481 <2.00E-16 temp_max —0.006 9.52E-11
time_10 —0.296 <2.00E-16 cloud —0.017 2.05E-07
time_11 0.878 <2.00E-16 climate 0.044 2.32E-05
time_12 1.290 <2.00E-16 rain_amount 0.002 0.000212
time_13 1.127 <2.00E-16 sunrise —0.003 <2.00E-16
time_14 0.892 <2.00E-16 sunset —0.003 <2.00E-16

WA SAA AdE (stepwise selection) S Akl A o] HYIARYES Pl 24, adjusted-
R*7} 0.9822 AP3|ARFYo| HolejE &3] ABata ot dAh {9 £F 0.05 3kl
93 s 39 A4S} p-value= Table 3.13F 2t}
HA AP ARPY Fousol et AL et 2ok WA IR wiess A9EY, 993 10Y
o] T} Gof uls| o] & A457 won (month), 7h2dl HlF &, o2, AL mjgo| & A4} o
Th(season). ©] & 455+ @J}O]Zl , month®] E3}& Q54 season? 3|7 741_,_7} oJekg ulko
Aoz wolth mah F2do v Zw( , D)2 MEAeTh o g 99, 3, £, H)edle o
Aom(day), A 1248 71Eez 24 1UH( Al-10A) el w247t xu 9% A (11A-
23A1)0ll= tl wWrk(time). FY #HA A5 A9, FFH Yol obd ol njs) FH L Zd 2o Hﬂdﬁ—?ﬂ
Z7P ] (holiday), 7 D447} Z718ch(holiday?2). ThEo2 G

=7} =31 (hum), ﬂﬂﬂ(chmate), ko] WS v (rain_amount), Bl A7}
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912 sho] & 2= 9}
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Figure 3.1. Relative importance of the independent variables using random forest.

Table 3.2. Train and test error of the models (Total number of delivery)

Train error Test error
AE 3 2y 644.2067 640.9477
A THAE 437.6746 432.9345
It AE HAH 595.0497 611.5478
AZE WE 74 360.2602 445.7141
Al A" 13 296.9019 297.0031
&3ttt
7 Byg vas 8 A3 Table 3.29F 2t} A4 3ol thE By va] A=} oS58 BF
oA Y53 £ AFHE Holu glon, Ay ZaAES AEE HE 749 FLols vpmz) gre A
=gl &8-S HJL el & 4 9irh. ol Figure 32904 = i‘rcﬂ 7%%}5}. A Al 7 B
Y439 29, 49 Teem ALE M AE S WIS 45 oA3E AT 3T 2Yoz 00
3] 3.1.37%0 A Zh g3 AE o] 8 AFE &3 ==
3.1.2. 2 IRIBO| 0IBHIE 0I5 72 MjRSe olgulge W USE 3Y YA 9E - 2
+ A A3 AR (Multivarite Linear Regression Model), @538} A3 & & (Generalized Linear

Model)& ©]-83to o &3t

1) o3 A P37 28 (Multivariate linear regression model)

AR AENe ANl A4 4RAARDS FaTh. ABAARDINE 455 el
o]& H]%(posterlor probability) 2 o|&3&}7] e HFSHSE 0] ALY weight FFoE ATa
tHweight 7k = o] &AF/Hl 4F F o]&AF). FFHoZ AdE M= month, day, time, sea-
son, holiday, temp, w1nd,d1r, wind_spe, hum, dust, temp_aver, temp_max, cloud, climate, suntime,
sunrise, sunset©|t}. adjusted-R*-2 A(Z2/H2 AAl) 0.488, B(E=F24]) 0.959, C(A7) 0.973,
D(FA}) 0.7298 HAZ =ou S534, A 4F 2304 AP=rt 58] =t 2 452 7

oot W59 3AASTE (http://home.ewha.ac.kr/~josong/delivery/) oAl & 4= o} (Fol¢
% 0.05 712).



984 Jaeyoung Kwon, Sinae Kim, Eungee Park, Jongwoo Song

15000
0 10000 12000 14000
L

10000

expprednnt)

5000

2000 4000 6000

0
L

T T T T T T T T
0 5000 10000 15000 0 5000 10000 15000 0 5000 10000 15000

testsy testSy testsy

() A4 53 (b) AR Fe 2 () AEE WE} 7|7
Figure 3.2. Predicted values VS True values (Total number of delivery).

Table 3.3. The influential variables for each delivery service
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Table 3.4. Test error of the models

/B8 A T4 Rkl 3 2}
ke ke Bk 0.02689662 0.05835995 0.04476176 0.02646191
AuksiA 2 g 0.05839920 0.11337370 0.07222395 0.07370148

Table 3.5. Test error using linear regression (Number of each delivery service)

b/ WA A x5 2120 3]z} A d o1H

ARG 2y 37.71563 151.7389 210.7867 61.11236 134.7339
A ZHAE 43.68084 157.6834 288.7749 69.48777 169.5520
Az E WE 77 44.10318 170.7989 293.6540 76.80266 175.5340

Table 3.6. Test error using logistic regression (Number of each delivery service)

Zut/ 5 A A 324 271 32 A o ¥

Al A 2y 52.45214 175.5646 217.7885 65.15830 145.9894
A Y 2E 58.25157 179.2984 290.5880 76.34362 177.3491
XEZE WE 74 56.90918 192.4844 299.1761 79.66012 184.4864

Frh. baseline ¥H-3WHTEE A(SL/EHAARA)7F AHEHNTE HFEH oz AEH M+ time, holi-
day, wind_dir, wind_spe, hum, dust, temp_aver, temp_max, cloud, sunrise, sunset ©]t}.

| =3t o] H]-&2] test errorg T3+ Table 3.45 A HH WA Y Hrl= AFFAREFHA
WA AL gro] ke A ¢ 4 glrk. webd AR ARG o] o] gul&L dSsher] o Agd 5y
ozt & 4 ot 4 AFEE B giAE S/ 8 A A2 27, FF24] 22 test error 7}

A1y,

3.1.3. Zt U= 0| o|2H4 oIS 3.1.17%9] 32 23 37} (Neural Network Model, Ran-
dom Forest, Support Vector Machine) 2 o &3t & o] 842} 3.1.2732] 23 27}%](Linear model,
Generalized linear model) & ¢ &3t Zh viZ YT o|8u] &S Foto]l 4 M@ dTY ol 8UTE oS
et AANE 2 AP ARY S o)LL uf, Lutks Ay 2P visiA BE FollA test er-
ror7} 29tk ZF w2 g o] 8 SE ASE B A, M £2 23E HoFe A2 3.1.1700A
AR B8-S, 3.1.27%800A A8 37 2PES JHPE wo]ar ol test error7t 7HF Zokrh (Table
3.5 3 WAl ). uelA 9 dioled tidt HF Byor AAY Y & AY 3] S A=)
7 45 o8, AA A AS Fhe v Figure 3.3 A¥HY, & A% o

o] A HYSE & vk T3 oS AT gL T4, X7, 9}, S/ HAA A FOo7 o

& =

3.2. Y D3 (Y 2)

W 1oA F o] AT ST Foll NEHFY] wEu S-S ASEdeh W 204 7 g2
R BYe FHHEL o)F o]&ste] NEPFTH F o] 8ATE S Huzt drh. 4ol 59
Mol FEUS T B AE T AY 39 BYER 3.1300A 7P FL2 A5EE BYE A%
2Yuks o] g3tgich

3.2.1. 47HX| ABY 23S 7 w24 tidto] dAE A= (stepwise selection)S AA] B}

o] A APIALHS TR Yt I 23 adjusted-R>*7}F Z+2F 0.9192, 0.9708, 0.9657, 0.9558 2
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Figure 3.3. Predicted values VS True values (Number of each delivery service).
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Figure 3.4. Predicted average number of each delivery service per day.
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Figure 3.5. Predicted average number of each delivery service per time.
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Table 3.7. Train and test error of the models (each delivery service)

Train error Test error
A3+ 2y AR 2y A3 2y AR 2
Fab/ B A (A) 45.80322 29.62474 48.25828 33.95777
Z224(B) 260.02860 120.32880 240.21160 139.37720
271(C) 390.90930 248.83660 399.66450 264.47310
2K D) 97.32933 64.64778 94.54840 68.81949
AA HolE 240.82980 142.70220 239.11380 154.32210

Table 3.8. Test error of first and second methods

Hol-lg 1 \:g.ud 2
3/ BA A (A) 37.71563 33.95777
Z==224(B) 151.73890 139.37720
271(C) 210.78670 264.47310
B 2H(D) 61.11236 68.81949
ZAA delE 134.73390 154.32210
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