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Abstract—This paper presents a computer program to

evaluate nutritional status especially for the elderly in order
to help to solve optimal dietary planning problem by food
exchange list method. The proposed computer program was
coded by PHP language. Computational test for 10 elderly
cases and also an implementation has been done. Each case

was successfully solved by the proposed program for 20
independent trials. The computational results showed that

among these cases, the highest and the lowest of the average
searching iterations were 98.6 and 12.3 iterations,

respectively. The average searching time was between 2.47
and 10.07 seconds.

Index Terms—Food exchange list, dietary planning problem,
body mass index (BMI), local search technique

I. INTRODUCTION

HAILAND has been expected to become aging
population, accounting for 20 percent of the population
by 2021 [1]. Interestingly, there was a research team

studying Thai elderly health survey in 2013 [2], they

reported that only 5 percent of Thai elderly are healthy, but
the rest and the most of them (95 percent) got sick. The

biggest two numbers of diseases found were high blood
pressure disease and diabetes. Both diseases may be treated

and prevented by focusing on nutrition control. To be a

partial part concerning this coming public problem of
Thailand, authors would like to propose a computer program
for elderly or whoever wants to do easily meal planning.

There are some related works referred to [3]-[5].

This article contains four topics, introduction,
methodology, result, and conclusion. Additionally, two

tables of all computational results including searching time
and iteration are also appended at the last section in order to
further reads.
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Il. METHODOLOGY

This study consists of two main parts, the first part is on
computational work including a proposed program and the
second part is an implementation of a selected result.

Computations used in this study are listed as follows

1) Body Mass Index (BMI)

M1 = Weigh(kg) (1)
Height(cm)
2) Waist to Hip Ratio (WHR) [6]

_ Waist(cm) )
~ Hip(cm)
3) Ideal Body Weight 1BW)

WHR

IBW = Height(cm) —100 for male

@)
=[Height(cm) —100]x 0.9 for female
4) Required Energy (RE)
RE = Demand x IBW (4)

5) To convert RE to acceptable macronutrient
distribution ranges (AMDRs) in Kilocalorie unit for elderly
may require mapping ratio 55:20:25 of carbohydrate, protein
and fat, respectively from [7].

6) To convert AMDRs in kilocalorie to weight in gram
unit, we use the knowledge that a gram of fat is equivalent

to energy 9 kilocalories and carbohydrate or protein can
provide energy 4 kilocalorie per gram as well.

7) To generate ingredient list per day, food exchange list

is very useful and widely used to provide essential
information to set proper meals according to the obtained
RE in step 5) and also the AMDRs in step 6). However, a
mismatch between theory (step 5 to 6) and practices may

occur, but this study is acceptable if the error tolerances of
energy and the quantity are no more than 30 kilocalories and
3 grams, respectively.

A conventional method for step 7, generating ingredient
list, with human force can cause a large mismatch and tend
to spend more time in trial and error until requirement
found.

For this reason, an efficient iterative procedure was
proposed to solve the tedious work from the human force.
The iterative procedure operates when the main program
invokes
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and it will stop looping until one of the termination criterion,
solution quality, and time limit is met. This procedure and
main program have been coded in PHP language and also
have been evaluated performance detailed in the next section.

I1l. EXPERIMENTS AND RESULTS
There are two experiments, one in the computational test
for 10 cases in 20 independent runs for each and the other in
the implementation of a selected computational result. Table
I shows informative input of the cases which can be divided
into two groups of male and females equally.

TABLE |
INPUT DATA FOR EACH CASES

Weight kgy Waist cmy Daily

Cases Sex/Agecyearn) ] ) -
Height cm) Hipcm) Activity

1 Male /61 55,168 78 /88 Heavy

2 Male /62 68 /162 93,95 Light

3 Male /74 51,165 76 /96 Heavy

4 Male /81 58 /150 64 /71 Heavy

5 Male /80 52,160 82,86 Medium

6 Female /69 50,155 68 /80 Heavy

7 Female /75 49,155 7290 Heavy

8 Female /60 55,151 68 /80 Heavy

9 Female /67 68 /158 88,98 Medium

10 Female /73 58155 93/99 Medium

TABLE Il

COMPUTATIONAL RESULTS FROM 20 TRIALS PER CASE

Cases Iterations Searching time (milliseconds)
Min Mean Max SD Min Mean Max SD

1 17 4765 122 2612 171 247 328 043
2 5 6950 107 1740 276 1007 1427 310
3 3 3890 138 3726 198 283 448 058
4 2 1230 32 861 220 329 572 081
5 5 2270 66 1614 240 371 592 088
6 2 293 63 1782 227 304 468 065
7 2 2140 69 2108 236 307 423 060
8 80 9860 141 2203 274 492 957 209
9 3 3425 132 3461 219 381 654 113
10 4 7040 170 5801 298 473 930 192
Source: [8].

Table Il summarized computational results from 20 runs of
all cases. Middle columns show details of used iterations in

minimum, mean, maximum and standard deviation. The left
columns are of the searching time as well. Consider searching
times, their units are in milliseconds and the maximum time
among all of them is 14.27 milliseconds. It is very shorter
than of time spent by the human. That means, the nutritionist
can help more elderly patients. Fig.1 illustrates the entry

form of the proposed program after calling it either through
the installed computer  or internet  website
(httpzmwww.northern.ac.th/kcal).
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Fig.1. The caption of entry form of the proposed nutritional
program which everyone can freely access and try at
www northern.ac.th/kcal Reproduced from [8].

All entries for users inserting their own personal information
are arranged in the top-down format with name, height in
centimeter, weight in kilogram, sex, daily activity categorized
into 4 levels from heavy on the top to light on the bottom,
waist, and hip in centimeter, respectively. Among 10 cases of
a computational experiment, one of them was selected to go
on implementation. The one is case 5™, a man with 80 years,
52 kilograms weigh and 160 centimeters height. Fig. 2 showed

its details, computation executed very fast by 34 iterations
and about 4 milliseconds in time spent. At the beginning of

the report, the man was classified into good health group with
his BMI at 20.31 but waist/hip ratio at 0.95 indicated that he
is looked like an apple-shape. It suggests that his proper
weight should be between 54 and 66 kg. He may need slightly
more food. The food pyramid summarized the number of
servings per day for each nutritional portion as follows, fats:3,
reduced fat milk:1, vegetable.7, sugar.2, medium fat meat:2,
lean meat:4, fruit:8 and starch or grain:6. These volumes can

convert into energy about 1,825 kilocalories, carbohydrate
269 grams, protein 91 grams, and fat 40 grams.

Food exchange list plays an important role to convert the
obtained portion to practical quantity. Each portion of fat,
reduced fat milk, vegetable, sugar, medium meat, lean meat,
fruit and starch are equivalent to 1 teaspoons of rice bran oil,
164 grams of skimmed yogurt with natural flavor, 100 grams
of asparagus or kale, 5 grams of sugar, 40 grams of chicken
as a medium-fat meat, 30 grams of canned salt tuna as a lean
meat, 120 milliliters of apple or orange juice, and 55 grams
of cooked rice or 90 grams of cooked noodles, respectively.
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Fig. 2. A reporting result of case 5 at run no. 5. Reproduced
from [8].
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From the obtained food pyramid and food exchange list
mentioned above to the real world food, meal planning or
meal program is also very important due to less of more
eating may cause reduction of human performance during
work, eg. hungry or sleepy as well. To deliver energy into a
body smoothly for a day, this study was divided into four
meals as shown in Table I11. Implementation for all menus has

been done very well and shown in Fig. 3.

TABLE Il
THE SELECTED MENUS FOR 4 MEALS A DAY OF 1,825 KCALS

Meals Menu

1Tuna Fried Rice
2. Mushroom Soup

Breakfast

3Juice

Morning break 1 Pineapple Yogurt Smoothie

2 Mix Fruits

Lunch 1 Fried Noodle in Soy Sauce
2 Apple Juice

Dinner 1.Cooked Rice

2 Fried Asparagus with Shrimp
3.Chicken Tom Yum

4.Orange Juice

5.Guava and Apple

Fig. 3. A picture of completely prepared 4 meals a day, breakfast
efty, morning break (bottom center), lunch top centeryand dinner
(right). Source: [8].

IV. CONCLUSION

This article proposed a computer program for nutritionist
and anyone in monitoring health situation based on body mass
index and also in planning proper meals for a day. The
program was code in PHP language because of its familiarity
with internet system where has been expected to support users
in various platforms. A target of this program was focused on
the nutrition of the elderly who will be the most people in the
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world. An experiment has chosen ten samples, male and
female equally to be case studies for the proposed program.
The computational results from randomly 20 runs for each
case have shown that no more than fifteen milliseconds were
spent to reach the satisfied result. We can say that the
proposed program can search very fast with respect to human
work which may need more than fifteen minutes. An obtained
result from computation was selected to realize through the
food exchange list step. For this case, Tuna fried rice, fried
noodle in soy sauce and cooked rice with fried asparagus
played an important role in the main course of breakfast,
lunch, and dinner, respectively. In the near future, authors

TABLE IV
COMPUTATIONAL RESULTS OF 20 RUNS FOR CASE 1 TO 5

Run/  Iterations Searching time (milliseconds)

Case 1 2 3 4 5 1 2 3 4 5

1 65 78 27 9 38 219 802 253 225 417
2 47 70 101 16 24 261 1066 198 369 488
3 122 70 12 17 12 291 1172 201 305 404
4 27 70 28 16 43 265 1083 285 220 290
5 29 70 23 2 34 171 1046 320 330 354
6 39 70 73 9 48 282 1050 448 258 299
7 21 5 43 3 66 253 276 275 380 402
8 50 80 23 27 20 178 352 268 281 240
9 22 1079 18 7 209 399 244 423 343
10 26 70 18 3 8 177 1427 322 270 450
11 39 70 8 3 19 241 1126 253 282 282
12 46 70 10 8 5 265 1199 223 314 372
13 42 70 10 20 31 283 1116 324 403 300
14 31 70 64 7 16 246 1083 357 393 398
15 64 70 3 11 17 291 1091 233 345 415
16 17 70 19 2 7 243 1271 309 320 254
17 82 70 99 17 10 195 1139 316 572 324
18 37 70 43 20 17 291 1232 294 348 306
19 84 70 138 6 22 244 1110 251 283 592
20 63 70 27 32 10 328 1108 284 264 439

TABLE V
COMPUTATIONAL RESULTS OF 20 RUNS FOR CASE 6 TO 10

Run, Iterations Searching time milliseconds)
Case 6 7 8 9 10 6 7 8 9 10

1 42 8 83 24 24 227 260 537 279 529
2 21 14 80 12 4 264 274 408 356 319
3 12 15 141 77 50 468 236 293 654 458
4 42 2 83 30 89 468 255 709 356 835
5 26 6 114 65 12 369 238 354 379 299
6 51 27 83 132 170 290 302 604 300 363
7 18 44 102 22 50 288 253 433 586 380
8 24 37 80 17 89 356 423 441 266 804
9 44 65 141 18 12 448 423 276 507 405
10 10 7 8 9 170 306 299 786 276 359
11 26 69 114 103 50 311 262 285 423 444
12 61 2 102 12 89 294 330 324 285 742
13 31 20 83 31 12 336 347 676 282 416
14 63 7 80 5 170 266 287 372 324 329
15 25 12 141 28 50 259 270 307 438 406
16 13 6 83 49 89 246 406 957 451 930
17 30 8 114 24 12 270 369 337 400 396
18 2 55 1023 170 244 257 275 219 320
19 43 12 83 7 46 289 327 714 357 345
20 2 12 80 17 50 228 324 763 784 372
Source: [8].
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want to continue developing a convenient and efficient app
on mobile for the elderly to take care of themselves.

APPENDIX

In an appendix, there are two tables (TABLE IV and V)

shown searching performances of the proposed program in
time and iteration for 20 runs.
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