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Abstract: Due to the increasing popularity of cooking-recipe sharing sites and the success of complex network
science, attention has recently been devoted to developing an effective network-based method of analyzing
the characteristics of ingredient combinations used in recipes. Unlike previous approaches dealing with static
properties, we aim at analyzing the dynamical changes in ingredient pairs jointly used in recipes, and propose
an efficient method of detecting the change patterns for co-occurrence activities of ingredients. Based on the
activity change patterns detected, we construct an active network among ingredients at every time-step, and
extract active co-occurrence patterns. Moreover, we provide a method of interpreting active co-occurrence
patterns in terms of recipes. Using real data from a Japanese recipe sharing site, we demonstrate the effective-
ness of the proposed method for extracting the activity change patterns for ingredient pairs, and confirm the
validity of active co-occurrence patterns extracted. Moreover, we uncover the characteristics of the seasonal
changes in ingredients jointly used in Japanese recipes by applying the proposed method.

Keywords: recipe analysis, change pattern detection, dynamical network analysis, visualization, social me-
dia mining

LR R B LA e R T e
Division of Electronics and Informatics, Ryukoku University,
Otsu, Shiga 520-2194, Japan

2 BARFHLENEERER
Department of Electronics and Informatics, Ryukoku Uni-
versity, Otsu, Shiga 520-2194, Japan

) kumano@rins.ryukoku.ac.jp

b)  kimura@rins.ryukoku.ac.jp

© 2018 Information Processing Society of Japan

1. 1FU®IC

BEL AT A NOBBIZE T, [AADPEEROR
JERETEDL ) LV ERAEL, £ LT, E#NHMho
AAIWZEDEHIZZITANENTWSEDN] vy k)R
T = BRBBIROND L)%, LY EHEE D AT 4

30



BHRNIBR ARG FEEEFIEESA Vo1 No.2 30-40 (July 2018)

BT ARFZEDTRE L T B (1], (2], [3], [4), [5]. F 72T
A, Wt RREEE MR B O A IS 2 AR %
H725 LTV A v T — 2B (6], [7] 1, ARG
BADICHICE L CHEH S h>2H ) [8], [9], [10], [11],
Ahn 5 [12] ® Teng 5 [13] 1, FELL 2 ¥ EH A POk
B EHWTL Y ETHibR b A OMEEOR# %
ST BA Y T =2 N=AFHEEZEL T 5.

Ahn 5 [12] 1, LY ENTHEIMHE DN L A OME
HEHFRMLEWOBEN ORD 720D % Y N T — 7 R—
AFEE G2, WRBECAELOSHE L ST L7z, £
LT, PRI EL C OFRMLEM 2 3E LM< T %
MRS 2EmsH Y, —J7, ’T7 Y 7REIEERMLEY %
I L7 T OFIH % 8 211255 5 2 L 252
L7z, 20k )iz, LY ENTIHE L7287 Ofg
BT B4y M — 7 R=AFFEOREIE, EELVE
METH L. RWFZETIE, BNRMEE ST 20687 7
O—F 80, AMPFEHORELZMZIT S RS
NDHZHAOKEIL S EHAET A baxfR e LT, 221
Fans Ly EPTIE L 72kt <7 OB L % 54§
5l xR, 11, BMRT (TF, 7-%) ot
T 7T AT A DEEERTL. AMRTOL Y ENT
DIEICOWTIE, TI 7 THERE L 29 TR WA
HHETAHIL, 72, 2059 RHMO#EE (W {D>DH
B2sdh ), ZNOEOHED L&D ITVOTHLED) IFA
MARTIEFELTWBEZEDREEND. Lzd> TH
&, BEMART (u,0) IS LT, FECBIFRHERT 7 7 1
YT DALY — V2 FRDL L2 ER L. FOLH 7%
NG =L, T T4 T 4 ZLEOES L FNITHIET
LIBEEFEOMERBT AL TELZONS.

KEL T, FEMRT (u,0) 1T LT, u&ovdino
L X fiibn7zL ¥ COHIZOW T OB RS 7 — & 7
5, P74 ET TN Z =2 2T 5 FheRET
Lo FLTC, BB LT 274 7 14 28y — v icHko
WC, BRAT Y TIZBIFBEMEEDT VT4 T xRy

0.05

0.04 N N
> <—— active period 1
2 (03l | < active period 2
3 » <——> active period 3
g oo [ <—> inactive period
i ‘
0.01
0.00 l l l “ l M l
0 50 100 150 200 250 300
Day
1 PRICBIEMRT (TF, T=F) OfET 77174
DIEY

Fig. 1 Co-occurrence activity of ingredient pair “sesame and
bitter melon” in an average year.
22T, HAOEBL YA 1 N TH S [Cookpad]
(http://cookpad.com/) |2 2011 4F & 2012 fEIcffs s hrzL
TE RN 1T, LYERATHIT T & T—vodieshps
FHOKE LTERLTNA,

© 2018 Information Processing Society of Japan

NT— %/ T 2, 222, /— Fidamicadiol,
Y7 (u,v) DERI, TORMAT Y FIZBITF5EM u &
vOEBN—XRETHY, u b v OIGRIEEDERFY &
WRTEZEDOHMAT Yy 7TREDLLVWRFEICREVDE
FLTWE, RIZ, BELLEMESDOT 757414 7% v b
T— 0 R FELRET 2= VIGHET A LICL D, KR
ATy TICBITLBEMOEET 77« THE/INZ— 2 %4
M35, 22T, 526N AT Yy 7128 5 EM4E
EDOT T4 T Ay NI =2 1L, FORMAT v 72
ULy ETHWS N HEDSER T & _Em a7
PO ENLEM A Yy NI =2 THDH, Z LT, O
MAT Y ZICBILEMOEET 774 7y - &
X, TOT7 2774742y NI —=2HNOTI 22T 1 B
TLHEG Ay VT RERLTBY, ZOREMAT Y 7
B2 EM ORI LRI Ny — 2R L, HLFEOR
HLIEY Yy VKT EEZONL., TAald, TEHEL
DEMMEEEZRE LT, SEMRTOL Y ¥ TR
BRI T — 7 BB > TNAZ EI2L Y, SPEICH
LTEMOEET 774 7y — U BEEZHTT 5. L
7285 T, FNHBEEIAMA LB OHOFF NS —
DR ELZADREML DD L V) T LIEET S, ik
2T =%~ A =0 7T, ZOREEBRTEER T TR
ThZEpkpon, TSP -~y - ara—
oAU ETrarDEI LoD T L =0T =7
AR S T B [14], [15], [16], [17], [18], [19], [20], [21].
KT, W L-BMOFET 757 1 73/ sy —
BECH LT, &89 — v &L Y ¥OBED S RT 5T
%525, HRORHL L EHEY A FOEF—F ZH»
T, MFEEEFFMET 2. £3, EMXTOT 774174
ALY — YBHICBWT, RBEFEERIR-ZAT A ik
bUEREPENTWD T L 2EIET 5. RIS, LS
LIcEMOEET 77 4 7N Y — > DY % G5
LEEBIT, HADOEIL v ¥ THbN L EMOMERIC
BT 5 FHE O E S 22T 5.

K CORWRIIROEBY THDH, 28T, FEHRE
BIURFHEIIOVWTIHRRS, 3ETIRLIYEF—7 25
BEMOTEET 774 7Ny — VR B L CENE S
e bFE2REL, 4ETRET— ¥ 2 M 725l EE
DREREHRET S, 5 =TI, BEMEICOVWTHLES.
6EITTLEDOTHA.

2. %A

COBETIL, MHEZEEICOWTIRN, KHLxE L TH
WAL LR EAT 5.

RERHAL 2 9RE T 5 &, 1AEIEXME [0,T) Lo o
EETHERTIELNTEE., TITEERT X, Z0iE
L72HEE AL BT A 1 FEOESITHL. 72821E, BHE
R HALICER T 286, (X [0,1) ICAHST %) FERH X

31



BHRNIBR ARG FEEEFIEESA Vo1 No.2 30-40 (July 2018)

7y 701 A1IHTSY, (KM [T -1,T) I2HET5)
RMIA Ty 7T —11312 H31 HTH A, HERICIIHEEK
D ADDFEE VDY, TNOHIFERYEEIN TS,
BICHDONLEM DL LI, DX BFEHICL LEE
2, MEOWMEE > TWwh . KEFETIE, MO
LN TFREICBNTCEFHEOBELSHTT 5. 22
T, FEZHR/TZ LOKTHO%EE

S={{t]eR/TZ | t=0,1,...,T — 1},

ER—HT 5. 221, RIEIERESKRDOELSTZ 3ERE
KOBEETHY, HEAR/TZ T, EEO L [0,T) 12
WLT, [t]=[t+nT)€ER/TZ (VneZ) Thbsb. FES
ICHETBHRE VIS L RO L) IZEFRT H. [EEDOE
B, v (0<t,t/ <T—1, t£¢) LT, M ([, [])
i, t<t' D& Ett) (C[0,T) THY, t>t DL E
[t,T)U0,#) (C[0,T)) Tds.

52 ONIRL D EIET A MZOoWwT, I THKEM
s LY ETEbR - EMEZREL, L0L) %k
B OMELEHITAE S ITBWTHHA I N TV S %54 d
. EMOEEEV TERT. £1=0,...,T-1IZKLT,
BERIA 7 v 7 (] ICBAR S R L S ¥ DA £ Ry &
L, Ry PEFEE Ny &34, $&bb, Ny =Ry
Thb. BEORLLEM u,v e VIIXF LT, AT v
T ICHERENIZLIETu L v DWHEEATHZD
DORE wy(u,v) T 5. F7z, BIAT Y 7 [t] 12Heh
ENBLIYETDu & v DILRIEEE Pu,v][t]) TET.
X(u,v) % u & o OMGEEt Ly EORICET 2 B
RN T—=5 35, $hbb,

X(u,v) = {ap(u,v) | [t] € S}

Thb.
3. BEE

TEOuveV (u#v) IFLT, £F, AMXT (u,v)
DT ITAETABALNG -5 RIS 2. B2 80
BT (u,v) (w,w € V) LT, T, 2OT7 I 74
EF« BN -2 d 5. KIZ, Bl L72&fb8
= HDE, BEEMAT Y Tt € SI2BWT, AME
BV OTITAT2y bT=7 Gy = (V,wy) ©HEL,
BMOEET7 V7« THEENG -2t 35, 2212,
wi(u,v) 13/ = Fu &/ —Fo OMOBERY > 7 (u,v) D
HATHY, BEMu LBEM v ORHA Ty 7 [t] TOHE
N—ZX I EEELTWVAE.

3.1 BM~AT7OT7ITF1ET 1
R LEMDORT (u,v) EBICEEL, €07 774
ET 4 IZDOWTHNRS.

Y, £t=01,....,T-1IZF LT, zyu,v) 357

© 2018 Information Processing Society of Japan

A= H Ny & Plu,v|[t]) THA TGP HEEE T
WA ERET A, S5, X7 (u,0) DT 7T 4 ET 11
J(u,v) HOMMIZGETE 2 LIRET A, 2212, J(u,v)
BRIEOBEMTH L. J(u,v) =1 DHEE, (u,v) 37 TT7 4
EF s Blbmzfzowvni vy, THu,v) =0 &L,
P(u,v|[t]) = p'(u,0), V[]eS (1)

YD J(uv) > 2 OBE, (wo) RT U7 1 EF 1 BE
ROES

770 (y, ) = {tl(u, )yt g (U v)}
FED, ZIUSHIRT 5 J(u,v) HOIRERE DM
p? () (u,v) = (pl(u7 V)55 D) (s v)) (2)

DHAES B EES 5 (F 2 2.
S (G=1,...,J(u,v)) IZxFLT,

72720, [t] € Sj(u,v) C

P(u,v[[t]) = pj(u,v)

THY, T2, j=1,...,J(u,v) IZH LT,
0 <ti(u,v) < <tyuw <T—1, (3)
Sj(u, v) = [[t; (u, v)]; [tj41(u, v)]), (4)

tJ(u,v)+1 = t1(u,v),

0 Spj(uvy) < 1a
pj(u,v) # pjy1(u,v),
pJ(u,v)—}—l(uv U) =D (U7 U)

THnb. N(4) &0,

[100]

2 J(u,v) =4 DHPEDT I 74 EF A LB — ¥ (T4(u,v),
pt(u,v)) OB REEAMAICHEZHV, FEEHTERL TS,
RO A AT » 7 1] TEMAT (u,0) G ER
LY EH zy(u,v) ERLTVS

Fig. 2 Example of activity change patterns (74(u,v), p*(u, v))

in the case of J(u,v) = 4, where, day is used as the unit
of time and the circle shows an average year. Each bar
in radial directions indicates the number z(,(u,v) of

recipes including ingredient pair (u,v) at time-step [t].
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Fig. 3 Fundamental statistics for the Cookpad dataset.
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Fig. 4 Evaluation results of the proposed method for detecting
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activity change patterns of ingredient pairs.
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Fig. 5 Evaluation results of the proposed method for extract-

ing major active co-occurrence patterns for ingredients.
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Fig. 7 Structure of major active co-occurrence patterns for ingredients at time-step

[t] = (1].

Table 3 Most representative recipes for APp = {Gpy )
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Fig. 8 Structure of frequent co-occurrence patterns for ingredients through two years.
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