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Menu recommendation based on constraint

Masaki KATO
Abstract
At the university athletic club, they focus on meals in addition to team power,
physical strength. Meals are more than just eating. nutritionists of university
calculate and provide nutrients. It called ‘Athlete Food’ for athlete. This kind of
menu limited because it is high calories and high protein, and the nutritionist
choices popular and standard menus that go well with rice. Therefore, some
members leave meals causing problems with not able to get the standard
nutrients. In previous studies, there is a lot of research that consider user’s
condition, likes and dislikes, color, of the day. ‘Athlete Food’ targets athletic club
of many people, not alone. For ‘Athlete Food’, the user can’t enter the menu
atmosphere, and can’t select the recommendation meals.

Further, it is necessary to recommend a menu for two weeks and not to overlap
the previous week. In this study, we propose a menu recommendation system
based on constraints with the aim of avoiding the same menu. In details, describe
the amount of nutrients that athlete should intake and output a two-week menu.
Also, two-week menu not overlap the week of previous week. There are two issues
to be addressed in realizing this method.

Formulation of Menu Recommendation as a Constraint Satisfaction Problem
Each menu contains various nutrients. Exploring menus that meet
constraints for each nutrient can affect other nutrients. Therefore, it is
necessary to formulate as a constraint satisfaction problem that assigns
objects called menus, not a constraint satisfaction problem that assigns
simple numerical values.

Considering menu continuity
Recommending menus that meets the constraints will continue to
recommend the same menu unless the food ingredients database is updated.

For the first problem, when the SAT solver Sugar is applied as a solution to the
constraint satisfaction problem, menus are recommended through a server with

reference to nutritional value data. Also, dishes use bearing to define the amount
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of energy, protein, fat as a set of bearing. Solve constraint optimization problems
and automatically output those that satisfy constraints.

The second problem, it recommends a menu for two weeks and not to overlap
the previous week. Two-week menu should overlap from menu restrictions.

The SAT solver Sugar system incorporating the proposed method was
implemented and its operation was confirmed. Contributions of this research are
as follow:

Formulation of Menu Recommendation as a Constraint Satisfaction Problem
To formulate a constraint satisfaction problem, the main dishes, side dishes,
and desserts as variables, the dishes classified as main dishes, side dishes,
and desserts as domains, and the required intake and dishes for each
nutritive value to formulate as a constraint satisfaction problem Was defined
as a constraint. By formulating the menu recommendation as a constraint
satisfaction problem in this wayj, it is possible to add constraints such as cost
and inventory in the future

Considering menu continuity
Menu variation has been increased by not overlap previous week and they
doesn 't get tired of eating. It can also consider the amount left over from the
previous week. Ask my club members to evaluate the dietitian"s menu and

proposed method, but they said it 's not so good.
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HFLTWOREID 88 TEE 2. ZOREL ID (Ixhi L THER b relation N
(ZHDTZORGITHIL 2R LT <2 D.

3.2.3 %

WL D@ X 3BT IlEoEan U —OE R 8 &R odlch
nl—, XU, JBE, RKMMOH HFEEDEELFR T HZ & ’C:k%?foé
ERRHEBEIC S S DL Wb DRSNS D720 Dl 27T 5. £72, £ HH
DFEROA v Y —, LAESE, FE, KO RERER X OWEHE R
&R D B AR RERR 75_’%”1”3 ELTERLL. ok, LEERER LR ERET
FHREBELDOORESNTHELZSR L TV D,

HARMIZIE, LT O#Ey ThD.

@D Ximain-calorie + Xjsupb.calorie + X;dessert.calorie + Xirice.calorie=1800,
1EOEFEOH ) —DAED 1800keal LU L
@ Xi;main.Protein + X; sub.protein + X;dessert.protein + X; rice.protein =70,
AT < EIZ 7og UL I
® Xi,main.fat + Xisub-fat + Xj desserr.fat + Xi rice.fat =50,

Xi;main-fat + Xisub.fat + Xidessert.fat + Xi rice.fat=55,

JEE % 508~558
& LTTEIRB LRI A ERL L TV A7 Z ONRIIEZ TICEERT H.

Flo, BHEPEHELARVWE DL, UTOHIKGEATS.

@ X1,mainFX2,mainFX3,main ¥ X4, main...

EEE N oV
@ X1 sub*Xo sub* X3 subEX4 sube.-

RIS & 720
® X1,dessert ¥ X2,dessert X3, dessert# X4, dessert. -«

TP F RS 720
FRIL, BEARATEHTH VD #o THRIEN 22D, ﬁfﬁﬁ (BT 2 HRIEER T 220,

B, EBIIXATHIT Irice)] L TWAED, T—HOHTIE, 5 EAR
L= b EFEFNTND
3.3 BRI DEHEDERE

Z OFITIE, BRZOEREEDBEIZOWTHIT 5. £97, —HMERI

Ff
N
g2
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SEHEE T 2 ORI CHB LZi@Y Th D, R ClilEEoBE L1, —#
MRS 2 HERS U, RO OBSIHERES TIE, REOBNL S DX 219252 &
ThHbH. Xgq TRTLIG, #HEEOBEBDOE 2 HI1L, 14 HE OB A2 1ERKRT
%. 14 HHEOBESLOEE THIVUTIRE ThH HRME &4 5 7220 & 5 [ TARR
Ihb.

Wiz, M5 TrRTLEIC, 21 ARIOERIZ %2 5.

21 HREIOENE DG THAVUIRNE & #5700 & 9 BRI STV 528,
S B Z2ELS EHEOBNL A BTN E WD ZENEE, WA ML ARM

5 21 HED#RL

11



Mo TLEI. ZHETEBRICRFLEONRHD A = 2 —R3 B0 7 & =R RT
DA =2 —PRERXENEVIFERH-TZ. ZTOb 14 AMTHIETERA L
ADPHHIRWERE T 5724 BN 14 B B OBRNAHER T1T 9 .
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PAE VRTLTF—XTIFY

¥ 3 WCHHALIZET U v 7 % AW TBRNIHERS o 2 7 A D FEE DR % 3
T4, ZOVAT AL, KEL ZonarR—xr bbb 1o81E, HE
DELT 209 BRLHEEE RIS, 2 > BIX, HHFEHEE R T 57200 TET
% SAT LY L 3—0 Sugar Th . ¥ AT LADOLEEOHIKEX 6 (277
I BRREE, FEEIZOWTHT 5.

4.1 %5t
BRZHEEE 21T 9 ECED LD BREREIET &My TRLURA LT 5.
FT,BLT —F_X—ZADY A N EFGHIAL. FEAIAATEY A D DEFERZEEY
[RBELE ODEREITH. FOEEOEFND [relation] [relation 3 H;
Rl EERTD. K oEEe L, A2 LW OERNZRH 2L THEE
FAERL Y A b ZERLL, CSP 7 7 A ML CHRNE A T 5.

R

BRI HERES
—‘IL Hh
.
\ UL il
5/? , BR L HE B I EER
7
! 71

|
Sugar MR L sammy -

6 WL AT LDT —FT 7 F v
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[HEUZF}

I

}

relation

|

relation XS

|

4

|

A ABRILY X B

|

[ —_ ]

7 BRYCHEB SISO 7 v —F v — |

4.2 RE

4.2.1 SAT B JL/\—Sugar
SAT 1%, Gz on-mEmiEXE2EICT 5 L) REE R ~OHHEE Y T

14



CSp »| SATHIE
SATY /3 —
A
CSPm g " SATE B D%

X 8 SAT >/ )L R—
WIIET 2B EHET H2METH H[4]. BEIZT 2 HIESY THRFEETH
XH & OB AL TE R FTEE & MEEN, F7E LT U2 rlae & MEEN 5.
5.2 btz SAT N TR ATREZR A, T OB Z B3 2 BHEEERY CTHME & 7
2.

MEmAITESEEE TH 2 o5, T72bb, 2ER0mEAITV < 20
DEiDH S (AND) Th Y, FHilZW< 200U FZ71v0#ES (OR), £V 77
JNIMEERH D WNITOHBEETHD.

SAT BRIK) Y vos—i%, Bz biicfilfse 2@z SAT RIEIZAF =1k L,
SAT Y W X—ZHNWTH E OO EZRDDH AT LA THD (X 8).

Hilf Fe 2 RE D SAT A biciZ S £ I E R FIEDRGFIET S.

B ALEE, RBIEHAWSNTWD SAT F a1kt Th s, Z /L
ETIE, BSEEEN x EF5EBHER ac€Dom(x)IZX LT, x=a #EWI 54HE
EHpx=a)ZH\5. IO ONTIE, ZasEKAESE L TEEL, &%
R T 5.

AR, BB LEOWBE TH 5. ZEFFFLIETIE, Hl 2 EK
REG L LTRBT 256, FBBEEDNT-E—20E%2 L% L0 ) FIFBRA
HThHD., ZDEE, BEEHXIZOWT, B px=aNELRIBENE
L5, WINOEZEATH S & ORI FEERED# L 72 5.

TEG AR, B BLTE & FRRIC SIS x & B E R acDom(x)
(CHLT, x=aZz B8R 2MmEEK px = )2 M5, EEAF b TITHKY
DIERREGITE R LD, IR RS ETITRIR O R RERICER T 5.
7B, HRICOWTIE 2 BEF ORI DA Z R ET 5.
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KT FAIEIE, BEEER x O 2 EERBUCER L, xDIHTHN 1IZEL
W EERTMEEREHND. 2B, BHORAAL O TFRIZoLEEL, R
AL ANTEENRVEIL, ZRO 2B 284801 5. HlKiC o0 T, B
BERF AL & RRRICHI 28RBS & LCRILL, ERAES T O A H
(2R T 5.

KRR AL, XA Bk & RERIC SIS x @ 2 HEHERBUZ DU
T,x DM BICHHST 2 MEEEEZ WS, RA AL CEENRWVEICH LT,
FNH AT DEZBIMNT 2R BFERTH S, FRINC DN TIISFF 5k
BRI R EESICHER LTH LT 5.

B AAbiElL, SR EH x & FEBUER a€DomX)ICK LT, x = a%
BT AMELE p WS, HIRICOWTIE, HIKIOERT 5 A TR E
T %% & /5T 5.

AWFIETIE, R RFHAIE A B kiE A > TIT 5. £72, Sugar Z{&
WEWET e 7T AR TO X 91272 5. Sugar (FMERER X OMEHAMEDS E O Il
INNR—Th%Z L EEHEE T 5[5]

4.2.2 BRILHE R I

AHFIETIX, SRR AL L N5 biEZ > TIT 5. £72, Sugar Z{f
WEWET BT ARLTFOL Ik,
£7, 321 CHHALIEMABBOEOI T TV THDLIVRLIELDTHS. int A
29 % 2 & THRRHKIOFLR, BIfYefRI0BMN, tho a7 Z A o
ENfEIZITAS (M),

WIZ, Sugar ZffE-7-flfD 7 07T AEFHHT S, 3.2.3 Tith] L= D
Iric1moEEOIr Y —OEFD 1800keal LU L, 72 AE < E X 7og LA
F, JBEIZ50~558 £ LTCWABEHZDLHIZRD. Hal)—DFiHN
1800kcal D L 9 1I2OH A HAELL 72 &1 >DHIFI THNIE>=72 ETEFIZRE W
0, @b 5EMELL LD DEBAELL T O L 5 efilfD%GE, H258EU ET1o#F
&, HOHYELLT T 1 oE RN EWT 2R (K10).

ZOFKINE, OEIERE SN E HITED BT T EIEITE 2 A2, HDh
TAUIE, TOFEFICLTND. @, ObFEERICERE, TH—FbEbRnX
LTS (K11).
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(intx_1115);1H B OEFOEEID
(intx_1215);1H H DRI OEIEID
(intx_1317);1H B OF ¥ — r OEFID
(intx_1413);1H H D FEOEIEID

(intx_2115);2H B OEFZDOEEID
(intx_2215);2H B ORIZZOEEID
(intx_2317);2H B ®OT ¥ — FOEFEID
(intx_2413);2H H D FEDOEFID

(intx_3115);3H B ®DEROEEID
(int x_32 15) ;3 H H ORIZEDEIEID
(intx_3317) ;38 B ®F ¥ — ~OEFID
(intx_3413);3HH DOFEOEEID

9 Sugar D" 11 77 LDH 1

(>=(+x_11_kecal x_12_kecalx_13_kcal x_14_kcal) 1800) ...D
(>=(+x_11_prox_12_prox_13_prox_14_pro) 70)

(<= (+x_11_fatx 12 fatx 13 fatx 14 fat)s5) ..@
(>=(+x_11_fatx 12 fatx 13 fatx 14 fat)50) ..®

10 Sugar D7’ 11 7' LD 2

(alldifferent x_11x_21x_31) ...
(alldifferent x_12x_22x_32)..@
(alldifferent x_13x_23x_33) ...®

11 Sugar O 711 7 L DOF 3
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FrE EBE

AIEEIZIBWNT, BAZHEEE D v AT AOFEOREA 2] Uiz, ERRIZFET
HHENZ sample 7 7 A W EAIAER LI RICT A Z TR s 7 A0EEDO S
—HBDIZKHILTE A5 L9272, ZdDsample 7 7 A Vi, BHELSCZ ORHEE
DRFEAMHERZETIER L, 2 HREIOBNHEE 21T/ > 72D & [X 12 T/RT.

UL, FEBRZSGHREEE O H AR ERER R & 4 Bl ORKEMT — & < —
AL LTHEEELTRoTLEZA, EZEEMEL L TR TE. 2L, 7R
— NEOFRFEMEZWIZTEHEN RN E NS ZENEZLNDS. 2L, KEOR
ih 1008 R°FEX, REROBEEM 1 HOGE ThHoTclcdTh D, FERITT AU —
FNEERERDLEE, £, BEEOEEY 2 [MiRitshs 2 en3H 5729, X 13
D EDNREBMT —F N—AD IR, B, FRZHEED 2 FITRETDHZ LI
L7z, ¥ =N, 1 oLk EnanizolEEE 52 L L35, £,
THRIT T & FEE CH D 600g THHIE L TWDHTZOEHE LRV, D 2 fFl2 L
TEFFLIA, SR bEEAMEE LTl TET. = OfEE b RE0F —
B R—=ZDEEE N DI N ThH D EEZ LD, STIRFE ORI ER
Ry £ TIEA IR OFIF) 2 i 7= TRBU I, Z D72 SR RE DT — & X
— AT, KVBBERS LT —FX—REHEH L TTAY— FRICH# L
TeBRSIHERE AT R D LB R D.

1B E ®Omainig N\ IX—=TTY .
IHE®OsublE OO Y T TY .
1IHEBE®Driceld AL —T7

18 B @ dessertid At Y —T7
2HEOmainE FF Uy WMETYT .
2HE®OsubE AZ2 U —-—LA00vw T TY.
2HE @D ricel3 B TY .

2H H @ dessertid 7 U T Y.

%] 12 sample 7 7 1 /L CTHFAT L IZBE DB HERS
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EHR4 D, ¥ A 7, hn U — & 37 8 B, IR A
9 ¥ A1 rice,105,2.6,0.4,21.6¢
* 9 ¥ As,2,rice,127,3.5,0.4,25.8¢
th %82 A,3,rice,149,4.9,0.6,29.2¢
ARG T 4 ,4,riCe,165,5.4,0.9,32.0¢
A H 5 rice,247,7.8,1.9,46.9¢
Z ¥,6,rice,983,16,4,2.7,213¢
#14,7,rice,132,4.8,1.0,26.0¢
A ¥ 8,sub,228,15.3,17.8,1.6¢
F 5| % #44,9,5ub,200,16.5,10.0,12.1¢
&% H Y #,10,5ub,194,16.6,10.0,10.5¢
k= b,11,5ub,19,0.7,0.1,4.7
Wi 712, dessert,34,0.9,0.1,8.5¢
Wi L < 13,dessert,54,0.6,0.1,14.3
& 14,dessert,60,0.4,0.2,15.9¢
A b ¥ 15,dessert,46,0.9,0.1,11.8¢
7 L7 "7 16,dessert,38,0.9,0.1,9.6¢
ISA T w7 I a7,dessert,51,0.6,0.1,13.4¢
NA A v 7 18,dessert,53,0.7,0.6,12.8¢
Ny a7 =7 19,dessert,64,0.8,0.4,16.2¢
A ¥ 95 20,dessert,59,0.4,0.1,15.7¢
7 2 - 21 dessert,49,0.5,0.1,12.9-¢
4, 4,22, dessert,40,0.6,0.1,10.2
WA= Hite¥,23,dessert,57,0.1,0.2,15.5¢
VAT F>&,24,dessert,61,0.2,0.3,16.2¢
~|z X7 ,25,main,177,28.5,6.0,0.1¢
X A #E,26,main,270,23.9,17.9,0.2¢
40 27,main,304,26.2,20.4,0.3¢
~— 21/ 28,main,405,12.9,39.1,0.3¢
A e 2 29, main,321,13.2,28.5,3.0

FHBID, ¥ A 7 e ) — & 282 B B L e
9 ¥ A rice,210,5.2,0.8,43.2¢
+ 9 ¥ A2 rice,254,7.0,0.8,51.6¢
th %52 A, 3,rice,298,9.8,1.2,58.4¢
ARG T 4 ,4,riCe,330,10.8,1.8,128,0¢
A H 5 rice,494,15.6,3.8,93.8¢
Z ¥,6,rice,983,16,4,2.7,213¢
#11,7,rice,264,9.8,2.0,52.0°¢
A ¥ ¥ 8,5ub,456,30.6,35.6,3.2¢
F 5| % #44,9,5ub,400,33.0,20.0,24.2¢
&% Y #i,10,5ub,388,33.2,20.0,21.0¢
k< k,11,5ub,38,1.4,0.2,9.4
Wi 712, dessert,34,0.9,0.1,8.5¢
Wi L < 13,dessert,54,0.6,0.1,14.3
& 14,dessert,60,0.4,0.2,15.9¢
A b ¥ 15,dessert,46,0.9,0.1,11.8¢
7 L7 "7 16,dessert,38,0.9,0.1,9.6¢
ISA T w7 I a7,dessert,51,0.6,0.1,13.4¢
NA A v 7 18,dessert,53,0.7,0.6,12.8¢
Ny a7 =7 19,dessert,64,0.8,0.4,16.2¢
A ¥ 95 20,dessert,59,0.4,0.1,15.7
7 ) - 21 dessert,49,0.5,0.1,12.9-¢
4 4,22, dessert,40,0.6,0.1,10.2
WA= Hiite¥,23,dessert,57,0.1,0.2,15.5¢
T Fi>%,24,dessert,61,0.2,0.3,16.2
~|z X7 ,25,main,354,51.6,12.0,0.2¢
X A % ,26,main,540,47.8,35.8,0.4
A0 27,main,608,52.4,40.8,0.6¢
~i-—- 22 v 28 main,810,25.8,78.2,0.6¢
A e ) 2 29,main,321,13.2,28.5,3.0¢

13 ZE N FEYEAE, A 2N 2 f51C L7 FR T

Fo, TNNOORFT A Y — MEOBRSLHEE OWRRILE RAx Z 2 6.
FT, MBI AN T R N EEE LENHEE N E 2 b D AR OBRSLHEE I,
EANBEO 2 A FE2EFL TRV, TOOBNHEE S TH 2 A R0
TUTEERE 25, 507 A — &I 850 ME SN TWAHZD, TLailBx
DAREMEIIRWNCH D, Lo T, A UREBEHR T A MWD IRWEGHIME R &%
fEAND Z & Ta A FRDRWEECREM bR TE DEIHEE 5 2 &2
TEXHEEZD.

XD, TAV— NAEOEKELZEE LHELARETHIEEZD. B
~NELETOHHBICH G EHNRZDOHOKHTEHTHZ LITHDH. £D
D, bLENELE LGS, TOBTONTEBRELZHAETH. ZTORHET
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EDRENNK T EDRHERRNR RO DN D . Ea IR OBRIHEE IS
MEEIRT 4=y 7 iR IAT) 2T, NRRBHEEZIS Z LT
&, TORBUEBI LR B2 HERE 972 2 & TR D 2 &2 <, AR
AWRETHILNTED. TNRET TRUIRREGRDO T Z LA TE DHRZHE
BERRETOIENTELLOBERRaX MR EGRMDLEERD.
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FO6E BHYIC

BRAZHEEE NS S HICHE L TV 2012, Mo ANa R hOEES
FRERED 7 4 — RN 7 B E 2 T2k HEE SV CTH D, HAICESE YT
ToWRNEHERE 1322 < B DD, R LR CTRABIZH T 2R ERREDAKR—Y
[ZxET DRI 2R N T Dk 2 7 REE7e EORIEE B &, KFEOx5 & e -

TSR RFIET TR EEDOKRFATHIETE D LI IZRIVTHARD AR —>
DIFALIZH D7D EB XD, AMETIE, TAV—FEOA =2 —RNHKHZ L
72, FETHRIED IS ERR M b HR T DI OREE HinE L, 7
7 —F Z ATz
BRNEHERS DRI FE e R & LT oL

R S L CERIET 272018, FHOER, B, 79— 22K

ELT, EX, R TY— F;”%éﬂéﬂﬁ%%%4/kbf LT

FRF MO VLEEIE LORB O BEEHR AN E LTER L. 20k

INTHASTHEEE Z e 2MEE LTERET A2 & T, 4% b a R MOTEE

72 EORHIFKIZIBINT S Z ENARETH 5.

BRSO D& IR

AREHO—HE EWH 72N LIk A= —DfEENE X, BF-bo/RF

IZHTAE L NI ONEL 2oTn. £, TENEREORE~ELELS

ETEXD L) RIBENARETH D, I DHIT, KELOBNL L IRETIEOURL

ZEREICHI LA L TH BV, REBEHRREITETHALHR TV LN EEE

MM el S 7.

ZHETIE, BRZOERME DB ECHIAIIC K D REM OHRIZ DN TR AT
X7, SkIE, RELICEBRICEHMZ L TH B2 ORFl<CRIRE S & BR7HE
BET AT DMIMAATe. ZNHDT 4 — RNy 7 &0 K3 2 & T Z O
B ATLEEMLT7 A —FRZHEELTHH 52 LT, KEXOEHLRD
SAGICEN D RN S D LB 2D, F2, RKEMOT —X OB MLEAR ]
KThDH. ZNHDOT—ZNLHEE SIME S8 LWOELOB3 2 & 6 T
ZAULFE CHPEECHiE D BN CE, A UMEBHE2NED BHELE L TE el d
<720, aX MEBRELRNDL LV REMOBRENES 2D LB DI
5. EOICEBICERTLIZT VI — FNelb I L TRELNEZIDLANGA ==
—ODHIEERH D0 LW T v — N bUBETH D EE 2D, BCHERE
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DOBIFITEY 3D & EHIZ, T A MR ER EL2ZEET DU AT L& BFE
THZLEEMHTHIEE2EZTND.
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AWFEEATOICHIZD, B THRE, THEZ2HY £ LA BB
(ST L B £, F7e, BB B BRI > T DAL HRENT TR = D kR
(SODEVEHH L BT ET
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