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Problem

e Find an optimal diet for our group members with maximum happiness
o Food dataset from Public Health England’s governmental website
o Based on preference of different categories of food
o Constraints: fulfilling nutrient requirements

e Method: linear programming

e Modeled as a modified knapsack problem



Background

Related diet problem:

Stifler Diet (1939): wanted to find the amount of each of 77 items of food to be
eaten per day in order to at least meet the requirements of dietary allowances
suggested by National Research Council with minimal cost.
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Mathematical Model

Objective:
2831 H: happiness score
H= Z DX p;: each food item’s preference rating
A
i=10

X;: amount of each food item in 100 grams
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Constraints:

£1;: amount of nutrient in 100 grams of each food item x;

I o /N i - Maximum/minimum daily recommended values for each nutrient

Nutrients include: protein (g), fat (g), carb (g). energy (kcal), sat_fat (g), trans_fat (g), cholesterol
(mg). sodium (mg), potassium (mg), calcium (mg), Vitamin D (mcg), Vitamin E (mg), Vitamin B6
(mg), Vitamin B12 (mcg), and Vitamin C (mg)
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Constraints:

2834

Z X; < B max forall x;°s in the group of beverages and alcoholic beverages
i=10

where 5pa-= 30 hunderd grams (= 96 ounces)

B & B0 (IS0 2830)
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Implementation

1. Data Arrangement
2. Lpsolve Script Generation
3. Lpsolve Analysis



Food Cod Food Name Description

Group  Male Pref Female Pi Previous Main data referenc Footnote  Water (g) Total nitr Protein (g Fat (z) crose (; Maltose (; Lactose (s Alcohol {
WATER TOTNIT PROT  FAT STAR  OLIGO TOTSUG GLUC  GALACTFRUCT MALT LACT ALCO

Water  Total nitre Protein  Fat Starch  Oligosace Total sugi Glucose | Galactose Fructose Maltose  Lactose | Alcohol  Non-starc}
4

13-145 | Ackee, canned, drained § cans DG 6.5 6.5 554 MW4, 1978; and Vegetables” 767 " 046 7 29 7 152 T o8 " o1 ” o0 T 7 7 00 7 o0 N
Agar, dricd Literature sources DG 6.5 6.5 Wu Leung ctal. (1972)Food” 97 7 026 7 13 7 12 ) T " 00 " 00 " o0 ” Yoo T o0 TR
Agar, dried, soaked anc Literature sources DG 6.5 6.5 Wu Leung et al. (1972) Food” Foo I r ) ™ " 00 " o0 " o0 7 Y o0 T o0 7150
Alfalfa sprouts, raw  Analytical and literature sour DG 6.5 6.5 Vegetables, Herbs and Spices” P oss I F T F o3 [ o1 [ 00 | 02 Yoo T 00 | lE]
Allspice, ground Literature sources 4 4 Marsh et al. (1977) Composit” Foss | r N N N 7 00 N Y o0 T 00 N
Almonds, flaked and gr 10 samples GA 5 6.5 14-801 14 Reviewed 2013. LGC, Snack. Faor [ r [ei2 [ 27 T a2 Tr ™ 7 o0 [ o0 | 00 | 14
Almonds, toasted Literature sources and caleul GA S 6.5 McCarthy and Matthews (190" Va4 G I e [ 27 I a3 Tr ™ 7 Y 00 7 o0 > 75
Almonds, weighed witt Calculated from 14-870  GA 5 6.5 14-802 5C Fruit and Nut Supplement, 16 Fust 7 d F 2o [ 1.0 F 1S Tr ™ | P o0 00 ! 00 ! 27
Amaranth leaves, boiles Calculation from raw DG 65 6.5 Wu Leung et al. (1972) Food” Foas I r I 6 [ 0.1 T 02 T 7 00 | 02 F o0 [ o0 N
Amaranth leaves, raw  Literature sources DG 63 6.5 W Leung et al. (1972) Food” Y os6 r [Tl 01 7 02 Tt ! 00 | 02 Y 00 7 oo N
Amla Literature sources FA 8 8 Gopalan et al. (1980) Nutritiy” " oos " r 8 | N N N N Yoo 7 oo N
Anchovies, canned in o 10 samples, 4 brands jc S 516-323  Data from Fish and Fish Prod” " a0z 7 £ w7 0.0 d F oo " o0 oo 7 oo " oo "o 7
Anise Literature sources H 4 4 Marsh ct al. (1977) Composit” Foam I 7 s N N N 7 o0 N N " o0 " o0
Apple juice concentrate 10 samples, 68.6 Brix; impot PE 8.5 8.5 Fruit and Nuts Supplement, 17 3 Foo8 " o5 [ o6 [ 23 7 0.0 r 73 P339 "104 " 00 " 00 ” 00
Apple juice, clear, amb 10 samples, 9 brands, from ¢ FC 8 7 14-271  DH, Nutrient analysis of fruit” o002 7 o1 ™ 7 37T 0.0 r V24 e 7 55 7 18 7 00 ” 00 " 00
Apple sauce, homemad Recipe wC 4 417608 Updated 2014 r Yoo4 " 03 ! 02 [ ” ! Tr r Y s P 48 ! 137 L 00 | 00 [ 00 [
Apples, cooking, baked Calculated from 672¢ apple ( FA 8 8 14-007  Updated 2014 r Foo2 " o2 " o4 [ o T Tr r F 24 " 00 ! 66 I 81 [ 00 [ 00 [ 00 [
Apples, cooking, baked Calculated from 14-344 usin FA 8 8 14-008  Updated 2014 e Foo2 " o2 "o3 ! s17_ | Tr e P20 " o0 | ss " 68 | 00 [ 00 | 00 |

ooking, baked Calculated from 14-320  FA 8 8 14-010  DH. Nutrient analysis of fruit” o002 " o2 " oa T 7T T r P25 " o0 ! 70 I 19 I o0 [ o0 d

, cooking, baked Calculated from 14-342 usin FA 8 8§ 14-011  DH, Nutricnt analysis of fruit” Foo2 ' o2 [ o3 [ w0 [ Tr d P21 00 ! s9 I 16 [ 00 [ o0 d

, raw, f Bramley apples and unspecif F 6.5 7.5 14002 LGC, Nutritional compositiol” Yoos " 03 7 o3 [ 317 [ Tr r ¥ 20 59 " 10 o0 "0 o0 7

6.5 7.5 14003 LGC, Nutritional compositior” Poo4a " 02 7" 02 [ 27 I T @ s [ 43 L 07 00 [ oo [ oo [

we Calculated from stewed with FA 8 814-004  DH, Nutrient analysis of fruit” Foo3 " o2 ' o3 [ T Tr r P31 L oo ! 62 P 1no [ oo [ 00 [ 00 [
ooking, stewe 22 samples, autumn and win FA 8 8 DH, Nutrient analysis of fruit” Foo2 " 02 I o3 [ w0 [ T r V21 T 7 s9 " 17 Yoo " oo "o 7

6 samples, 3 brands and calet FA 8 § LGC, Fruit and vegetables, 17 Po32 " 20 [ 05 [ 28 | Tr r Y3 37 " 199 " 00 " o0 r

22 samples, autumn and wint FA 8 §14-012  DH, Nutricnt analysis of fruif "o " o6 " os 3 Te r Y] T« [ 67 [ 28 ! 00 | 00 | 00 [

, cating, raw, fle Calculated from 14-319 usin FA 8 8 14-013  DH, Nutricnt analysis of fruit” Yoo8 " os " osa [ 4 ! Tr r F 18 F's8 ! 24 ! 00 | 00 r
Apricots, dried No stonc: FA 8 8 LGC, Nutritional compositior” Forr I 48 [ o1 [ 188 7 802 7 00 r Y 208 100 " 126 7 00 " 00 &
mp emen a Ion Apricots, dricd, stewed Calculated from 450g fruit, 7FA 8 8 Fruit and Nuts Supplement, 17 o3 " 19 "oz 7 92 Y303 7 oo r i P 44 " 89 ” 00 ” 00 r
Apricots, dried, stewed Calculated from 450 fruit, 7FA 8 8 Fruit and Nuts Supplement, Fox2 ' 20 [ o3 [ 77 7 38 7 o0 r T oss P 44 | 47 | 00 | o0 d
Apricots, raw, flesh anc 18 samples FA 8 § 50-860  Reviewed 2013, LGC, Frui oia " 09 " oa [ 31 [ 134 [ 00 d s Y09 7 46 " 00 " 00 " 00
Apricots, raw, flesh anc Calculated from 14-025 FA 8 §/50-861 | LGC, Fruit and vegetables, 17 Fo13 " o8 I o1 [ 29 P ¥ oo r s Fosg 742 P00 " oo oo T
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1. Data Arrangement

Preference_Switch.s switch_final sh

Food sub-group codes  Codes Subject 1 Subject 2 Subject 3 Subject 4 average(mr average(fe
5 35

Cereals and cereal produc A 6 4 3 4 e
Flours, grains and starches 1 AA 5 2 3 4 35 as pref.out
Sandwiches AB 9 7 3 2 8 25 b pref ot
Rice AC AC 8 4 3 4 6 35 pret.run B ainrartc
Pasta AD AD 4 5 3 3 45 3 T I . |
Pizzas AE AE 7 6 2 1 65 15 Pewcpref ot -pref.o Scrl pt BaSh
Breads AF AF 3 2 4 2 25 45 i e SRl 1183 = /* prefl.run B89 Trania
Rolls AG AG 2 2 4 4 2 4 SRRt 0OS: Mac X
Breakfast cereals Al Al 1 1 5 4 1 45 P A i then echo /° prefz.run as Tracoretou .
Infant cereal foods AK AK 1 3 1 3 2 2 ef1.run pref2.run ~ pref_ind_switch. T reToT L
Infant cerea ~ : 3 3 T FERERERD R SW: iTerm2
Cakes AN AN 5 9 5 6 7 55 pref_ind_switch. ~d "\e11" > pref_ind_switch_final.
Pastry AO A0 1 5 3 4 3 a5 - Dretnd_outtenfnal.
Buns and pastries AP AP 1 7 2 5 4 3.5 - -
Puddings AS AS 1 8 5 4 45 45
Savouries AT AT 1 3 1 5 2 3
Milk and milk products B B 4 4 4 4 4 4 3 e ReaTsrerTn
Cows milk BA BA 3 3 4 4 3 4 Resbipiereh . 1l ¢ oA
Breakfast milk BAB BAB 3 3 4 5 3 a5 5 Line 1, Column 1 TabSize: 4| Shell Script Gash) 5 Line 1, Column 1 Tab size: 4 ShellScript sash)
Skimmed milk BAE BAE 3 1 5 4 2 45
Semi-skimmed milk BAH ~ BAH 3 1 5 4 2 45
4 6 3 5 5 4

Whole milk BAK




Implementation

2. Lpsolve Script Generation

max:
05.5!_!06.Sx_'hﬁ.Sx_l06.Sx_idx_th_S#Sx_S‘Sx_hﬁ.5!_806.Sx_Bc!x_ﬂon_uMx_uo&.sx_udx_llw

ﬂl.5x_l!7v!.5!_13&8,5){,18%5.Sx_lgmﬂ.Sx_lhﬂ!.sx_lglv!.Sx_IBJ‘B,SxJDbB.Sx 19548, 5x_196+8, 5x.

5x_230+8.5x_231+B. 5x_23248.5x_233+8. 5x_234+8, 5x_235+8.,5%_236+B,5x_237+8, 5x_238+8. 5x_239+8, 5x_240
+B.5x_241+B.5x_24248.5x_243+8, 5x_244+8, 5x_245+8, 5x_246+B, 5x_24748.5x_248+8. 5x_249+8. 5x_250+7% 25
148.5%_252+8.,5%_253+B..5% 25448, 5%_255+B.,5%_256+8.5% 25748, 5% 258+8. 5%_259+6x_260+6x_26146x_26246
5_263+6,5%_264+6.5x_265+7x_266+4x_26745x_268+7x_269+7x_270+7x_271+7x_212+Tx_273+Tx_274+7x 27541
X_276+7x_277+7x_21847_219+Tx_280+7x_281+7x_282+7x_283+7x_284+7x_285+7x_286+7x_287+7x_288+7x_289
+7X_290+7x_291+7x_202+7x_293+7x_294+7x_295+7x_296+7x_297+7x_298+7x_299+7x_300+7x_301+7_302+7x_3
biﬂx 304+7x_305+7x_306+7x_307+7x_308+7x_309+7x_310+3,5x_311+3,5x_312+3.5% 31343, 5x_314+3.5x 315

X316+3,5x_317+3.,5x_318+3.5x_310+3,5%_320+3,5x_32143,5_322+3,5x_323+3.5x_324+3,5x_325+3,5x_
3213 328‘3.51,3194.5)(_33% 5x_331+35x_33244x_333+4x_334+4x_335+4x_336+4x_33T+4x_
338+7x_339+7x. 414B%_342+Bx_343+6x_344+6.5x_34546.5x_346+6.5%_347+8x_34B+Bx_349+8x_350+4x
R Y D AP M e e A TR N T

Ip_diet.py

def is_number(
float(s)

ValueError:

gender

open('./NewNew_Data.csv')
reader = csv.reader(f)
next(reader)
next(reader)
next(reader)
data = []
nRows

row reader:

UNREGISTERED

item = [row[1], row[3], row[4], row[5], row[11], row[12], row[13], row

row[48], row[49], row[50], row[51], rowl[
nRows H
data. append(ltem)

range(len(data)):

il range(19):
(is_number(data[i] [j1)
datali] [j

E Line 1, Column 1

Script: Python
OS: Windows 10
SW: Eclipse, Python 3.5.1

1, rowl651, rowl72],
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Implementation

Ip_output_male.txt

Value of objective function: 1794.33880959

3. Lpsolve Analysis et v ot e et

x_0
& 4
x_2
. x_3
max; ) x_4
$6.5048.5 146, 5248, S X MSK SUTH IS TAE OB, SH QUBXINSX_LLHX 1248, S 13080 14 x_5
; 1548, 16'!;21;4)( 18+8x_19+6,5x_20+6.5x_21+8X_22+8x_23+8x_3 ’31\_2503! 26+8x_27+8x_: 25 X_6
3500 34c0n 354Ex, 696,56 3745, 55 3503,50 3816.2 a1 -
4446, SX_46+6.,5x_47+5. 5x_4B+6.5x_43+6.,5_ 52 Ta53Bx S4B, S4B S4BT+ x_7
x_8
x_9
x_10
= . x_11
Script: Ipsolve ==
- 13

228+8.5x, zzm
X 23285 23348, 237185 C2384875x

x_14

OS: Mac X owT

- x_16

5x_234: _239 x_17

~a Sx um 5x Py 850 2402851 (_244+8.,5x IR Sx um 5x um.s 248+8,5x_249+8.5x zswx zs o x_18

1485525248, 5% 25348, 5% 254+8. 5% 255+, 5% 256+8.5% 25748, 5% 25848, 5%_250+6x_260+6x_261+6x_262+6 pSO Ve =19
- X_

20

Sx_26346..5x_264+6.5_265+7x_266+4x_26745x_268+7x_269+7x_21047x_27147x 212475 21347 21447x 21547 .
X_276+7x_277+7_278+7x_279+7x_280+7x_ '+ 7% _:
+7x_290+7x_291+7x_3 mnx 203+7x_294+7x_295+7x_296+7x_297+7x_298+7x_299+] 301+7x_302+7x_3 x_21
04+7x_305+ P e A N e M TH x 22
3.5x_317+3.5x nm si 319+43.5%_320+3.5x_321+3,5x 32243, Sx_323I5c 32ded o 2253 0 —:
x_327+3.5_328+ »3 x_332+4%_3: 4+4x_335+4x_ aswx 337+4 x_23
T T T P e 615, 55347485, 48455, 49985, 350047 Y
e e g e g s x_363+3 —:

R L R T

- N 0rE xR o 3823 55 X25




Value of objective function: 1794.33880959

Actual values of the variables:

Food Name Group Name Variable 100g of food to consume daily (opt value)

Chicory, pale variety, boiled in unsalted water DG x_716
Cranberries FA x_853 30

Duck, raw, meat only, weighed with fat, skin and bone MCC x_1049 2.94369
Fennel, Florence, boiled in unsalted water DG x_1089 8.29889
Fruit juice drink/squash, no sugar added, diluted PCC x_1162 30
Gourd, ridge, raw DG x_1199 21.6347
Jackfish, raw Jc x_1316 0.46012
Jelly, sugar free, made with water BR x_1327 30

Lemon juice, fresh, weighed as whole fruit FC x_1492 30

Lime juice, fresh FC x_1520 15.6523
Marrow, boiled in unsalted water DG x_1575 30
Mushrooms, white, raw DG x_1699 3.7122
Orange juice, ambient, UHT FC x_1760 0.0189024
Passion fruit, flesh and pips, weighed with skin FA x_1817 30

Rock Salmon/Dogfish, raw JA X_2346 0.990351

UNREGISTERED

Ip_output_process.py

Implementation Script: Python

OS: Windows 10
SW: Eclipse, Python 3.5.1

csv
re

open('./NewNew_Data.csv')

next(reader)
value of objective function: 1794.33880959 data = [I

3 Lpsolve Analvsi )
. pSO Ve na ySIS Actual values of the variables: (e ) LR

x_0 ]

& 4 ]

x_2 ]

x_3 ]

x_4 0 item = [row[1], row[3], row[4], row[5], row[11], row[12], row[13], row[
X_Z g row[48], row[49], row[50], row[51], row[64], row[65], row[72],
x_| nRows H

x_7 0 data.append(item)

x_8 ]

x_9 ]

x_10 ) fileinput (m;mt):

x_11 ) t x'):

x_12 ) output - Line.split()

x_13 ]

x_14 ') output[1] ‘0

x_15 0 var_num = int(re, arch(r' ', output[0]).group())

-t : iten - [datalvar_nun] [0], datalvar_num] [1], output[o], output[11]
:—ig g print (' ‘. format(item))
x_20 o Line.startswith('Actual’):

:—g g print(line)

x_23 [4 £ Line 23, Column 57 Spaces: 4
x_24 0

x_25 0



Solution: Male

Value of objective function: 1794.33880959
Actual values of the variables:

Food Name Group Name _ Variable 1009 of food to consume daily (opt value)

Chicory, pale variety, boiled in unsalted water DG x_716 30

Cranberries FA x_853 30

Duck, raw, meat only, weighed with fat, skin and bone MCC x_1049 2.94369

Fennel, Florence, boiled in unsalted water DG x_1089 8.29889

Fruit juice drink/squash, no sugar added, diluted PCC x_1162 30

Gourd, ridge, raw DG x_1199 21.6347

Jackfish, raw JC x_1316 0.46012

Jelly, sugar free, made with water BR x_1327 30

Lemon juice, fresh, weighed as whole fruit FC X_1492 30

Lime juice, fresh FC x_1520 15.6523

Marrow, boiled in unsalted water DG x_1575 30

Mushrooms, white, raw DG x_1699 3.7122

Orange juice, ambient, UHT FC x_1760 0.0189024

Passion fruit, flesh and pips, weighed with skin FA x_1817 30
0.990351

Rock Salmon/Dogfish, raw JA X_2346



Solution: Female

Value of objective function: 1639.81681676
Actual values of the variables:

Food Name Group Name _ Variable 1009 of food to consume daily (opt value)
Chicory, pale variety, boiled in unsalted water DG x_716 30
Cranberries FA x_853 30
Fennel, Florence, boiled in unsalted water DG x_1089 9.78434
Gourd, ridge, raw DG x_1199 2.39609
Jackfish, raw JC x_1316 0.809946
Jelly, sugar free, made with water BR x_1327 30

Lemon juice, fresh, weighed as whole fruit FC x_1492 30

Limes, flesh only, weighed with peel and pips FA x_1522 20.8073
Marrow, boiled in unsalted water DG x_1575 30
Mushrooms, white, raw DG x_1699 3.72073
Nutmeg, ground H x_1731 0.269869
Orange juice, ambient, UHT FC x_1760 0.0146341
Passion fruit, flesh and pips, weighed with skin FA x_1817 25.8045
Rock Salmon/Dogfish, raw JA X_2346 0.490755

Tea, black, infusion, average PAA X_2647 30



Variations

e Unhappy case: minimize our satisfaction but in a healthy way
o  Try to minimize our happiness and keep enough daily nutrition
o the value of objective functions for male (8.33620465) and female (15.27183148) both
decrease sharply
o the numbers of food in the optimal food list for male and female are less than original

model
o Male: seven kinds of food (originally fifteen)

o Female: nine kinds of food (originally fifteen)



Variations

e Vegetarian case: maximize our preference with a vegetarian diet

o  We modify our model and add some constraints that set the amount of all the food that

made with meat and fish to zero
o optimal happiness scores H__ =1454.78168382 for male,
H .= 1296.64981001 for female

m

o substituting meat and fish will reduce our happiness when we have the same nutrient

constraints as before

o consume more cereals and dairy to fulfill the nutrient need



Variations

Diversity case: maximize our happiness with plenty of diversity of food
items

o  We modify the original model to enlarge our possibility to getting more different types of
food

o we bound each group with an upper limit so that we cannot eat more than 1000 grams of
any food for a single day

o  The maximum happiness score drop from 1794.33880959 to 618.16189370 for male and
from 1639.81681676 to 558.85880275 for female

o male can consume food from 14 kind of groups,
female can consume food from 13 different groups,
originally both male and female eat food from 8 different groups



Conclusions

From original study

e To maximize our happiness, a daily diet should consist of mostly fruits and vegetables.

e For non-vegetarians, fish seems to be the most nutritious meat type.
e Debatably, from our results, male seem to be more easily satisfied than female.

From variation studies

e To make oneself unhappy, breakfast cereal and milk/cheese might be good choices for
male and female respectively.

For vegetarians, with vegetables and fruits they could never be alone and sick.
e Having a diverse diet — a more balanced diet + a lower happiness level.



Conclusions

Limitations:

Preference scores based on the small survey within our group (n=4), not representative
The survey was inevitably focused on each food group, instead of individual food.
Based on the dataset by Public Health England, cannot cover all U.S. foods

Further studies:

Preference scores based on bigger survey randomly sampled from different populations.
Survey focusing on individual food.

Based on the dataset by U.S. Department of Agriculture

Personal diet based on individuals
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Questions?




