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Abstract

This research focuses on reducing costs and improving the efficiency of ice delivery routes. By
applying mathematical modeling to transportation planning, the study aims to design more efficient delivery
methods. The research found that a major problem was the excessive distance traveled during deliveries,
leading to higher fuel costs. Therefore, it was necessary to study and improve delivery methods.
Transportation data and customer information were collected and analyzed using the savings algorithm,
the nearest neighbor algorithm, and VRP Spreadsheet Solver, a mathematical tool used to calculate the

shortest distance for goods delivery. Comparisons between traditional delivery methods and those using
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the calculation program showed a 17.11% The total distance can be reduced from 754 kilometers to 625
kilometers, a decrease of 129 kilometers. Additionally, the transportation cost can be reduced from 3,622
baht to 3,000 baht, a decrease of 622 baht per day. These results demonstrate the importance of using

technology and mathematical methods to improve the transportation processes in this industry.

Keywords: Transportation, Saving algorithm, Microsoft excel troubleshooting program, VRP spreadsheet

troubleshooting program
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Figure 1. Ice transportation route map
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2.1 maiusuTIndaya
2.1.1 ivdeyaiuguildanmadumuaiidvedlsmiudndmmunsiiu Wi dumdunismuds
huds Aifagadninds uazdymeassalumsfifnu nstuiindeyafifnduviavuduazinteyaiiin
Feanaanadadumenssudaiudeaelusunsa Bing Maps
2.1.2 ivdeyaduiun wararnuessumue

v

2.1.3 iudoyasuszeznisluudazidunisnisvuds lnevinisiudeyase BEIRLA UNTIAL-
funau 2567 uazduiinteyadenanluusazseunisvudsastulusunsy Microsoft Excel ilethludaidunsneds
Saving Algorithm 35 Nearest Neighbor Algorithm TUsunsu Microsoft Excel Solver uazlusunsy VRP
Spreadsheet Solver faify doyanisvudniufsldluuazfiorsidumaassrosnanafumadionas 5 g
Toya wdhmALed s neusmdunienaeis Saving Algorithm 35 Nearest Neighbor Algorithm TUsuns
Microsoft Excel Solver uazlusunsa VRP Spreadsheet Solver @sluguiidslilldfinnsantsnaniudaazinadly
ATVUEN
2.2 \n3esfiafildlunisudiomn VRP
2.2.1 75 Saving Algorithm
mﬂ%agaﬁﬁ’mﬁﬁuﬁﬂiuiﬂﬂmsu Microsoft Excel (Table 1.) TA1uamuA1 Saving (Saving value)

IINTLIENNTEAIFAUNUST 1-11 91nauns (1) mudSves (Gao, J., Gu, F., Hu, P., Xie, Y., & Yao, B. ,2016)

Table 1. Origin/Destination location (Km)

Node 0 1 2 3 4 5 6 7 8 9 10 11
0 0 3 4.5 4.9 10.5 16.3 39.7 27 27.6 19.5 12.3 9.3
1 3 0 4.2 4.6 10.1 159 39.4 26.7 25 19.1 11.9 9
2 4.5 4.2 0 2.1 6.1 11.9 353 22.6 20.9 15 7.9 4.9
3 4.9 4.6 2.1 0 7.6 13.3 36.8 24.1 224 16.5 9.4 6.4
4 10.5 | 10.1 6.1 7.6 0 8.4 30.7 19.1 17.5 11.6 4.4 4.1
5 163 | 156 11.9 133 8.4 0 28.4 11.5 9.9 4 4.1 7.1

6 39.7 | 394 35.3 36.8 30.7 284 0 18.4 18.8 24.5 276 | 305

7 27 26.7 22.6 24.1 19.1 115 18.4 0 1.9 7.6 148 | 17.8
8 27.6 25 20.9 224 17.5 9.9 18.8 1.9 0 6 13.1 16.1
9 195 | 19.1 15 16.5 11.6 4 24.5 7.6 6 0 7.3 10.3
10 123 | 119 7.9 9.4 4.4 4.1 27.6 14.8 13.1 7.3 0 3.1

11 9.3 9 4.9 6.4 4.1 7.1 30.5 17.8 16.1 10.3 3.1 0
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310 (Table 1.) luidunmanisvudelignAivianua 11 918 wazuddsTeldunandmssdedulaynse

Feanusaidenyndeiilndiigalunisdndanoula
Sij = d()i + d()i +dij (Do, aun1sn 1

o Sij (Saving value) Ao ANUSENIAVBITLELNIRINAIAUS | LURLIALA j
Ay Aoszazmennsumiadudu Ghuvmdsd o)lusumis i
d = ° A v ° roal \rL ° L

0 ABITHLVINANNAMNAUWIUAY (ALAUIN 0)bURLAUY |

dij ADTEUENINAINAIWAUS | TURUS j

UERIFIDENNIIAUIUMNSEEEMIUsERIRINALUUET Al 1 TUsunus? 2 fannd 2

dy; =Bunsiumennsumisit 0 (gadus) TuSsihumisd 1 wihdu 4 Alawns

0y = Fumsidumeangumiait o (nssue) Ldswhunsi 2 wihiu 6.5 Alawns

d & a o A o o A o a

1 = Wumaduysansunied 1 ludwhumied 2 widu 3.5 Alawms

flatiu
Sij = do]_ + d02 - d12 (2) e, @1nsh 2
S; = (4+ 6.5)—3.5 =7

Table 2. Origin/Destination Location from Program Microsoft Excel (Km)

Node 1 2 3 4 5
1 4 6.5 3 2
2 4 3.5 4 3
3 6.5 3.5 5 6
4 3 4 5 4
5 2 3 6 4

2.2.2 75 Nearest Neighbor Algorithm

Huisfumaedsduiieglndiugndsgnaning Tasunaasdedsiifuaugueserumivug ildly
n1svudaduAT uazndug Depot WeUSumAINURIB UM MUELANAILY nduadiadunidsiaunsuyngs
Sudsdudn Tnensanadunabuduazainangaiieglndndedudunniian mﬂﬁ?uﬁumﬁ;mﬁa&ﬂﬂﬁ SEGREAGN

'
a

wumannign uaziiiugafiediugnanneuniigaadluidunis vigauasunnan wansns (Figure 2.)
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Figure 2. Nearest Neighbor Algorithm

2.2.3 Tsunsu Microsoft Excel Solver

ndeyaszermaituiinlulusunsu Microsoft Excel (Table 2.) lviwSuudeoyafinauwayseognianis

udeaiude euszanananielusunsy Microsoft Excel Solver fanduid 3 Tmuinns (Evolutionary method)

Mvuaadidwineidesnisiienssegnenuiduign lngldanslunisiuinmisiinesvedlusunsy Microsoft

Excel solver (Figure 3.)

10.1

159

394

26.7

25

19.1

11.9

# | w | B
1 B 0

2 c 3

3 D | 45
4 E | 49
5 F | 105
6 | G | 165
7 | H | 397
8 1| 27

9 J | 276
10| kK | 195
| L |23
12| A | 93

Figure 3. Route optimization

4 5 6 7 8 9 10 11 12 RUMIAUNN

D E F G H I J K L A # 9@ | szezma

45 | 49 | 105 | 165 [ 397 | 27 [ 276 | 195 | 123 | 93 2| A
2| A 0
11 L 3.1
6 G 4.1
10 K 4
9 ] 6
8 I 19
7 H 184
5 F 307
3 D 6.1
4 E 2.1
2 C 4.6
1 A 3

using Microsoft Excel Solver (Km)

Nndoyaszaznan duiinlulusunsu Microsoft Excel (Table 1.) lviasandunysdsdumiioglng

s dududivusn wiwiniulidduiiisumisiieglndiugadauuansiiegianisdnmdumanisuudsdudd

(Figure 3) lARIILnLan A = L = G =K =) HPF D EC A MU UaINITOUEAITZE N84

AN INATU KALYIINITTINTLELNNATULAASUAUIUATUALMUINTAIFUAT LaznduLIIRAENAulATEasN1aTI

84 Km
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2.2.4 Wsunsu VRP Spreadsheet Solver
n15tulusunsy VRP Spreadsheet Solver axfasinddauyafisndusing o dsll deyaminy

Aoan13vedgndt Ainazfyn assdga nailunisliuinig Sruaugeds anusilunisdusa S1uauseiild snede

aNAN AT LIAENNY arANglunisuuds (Figure 4.)

snilngw 4 Net
Vehicle: an 1 Stops: 12 profit: 2485.29
Stop Location Driving Working
name Distance Delivered time Arrival Departure time
0 A 0.00 0 0:00 08:00 08:00 0:00
1B 6.66 11 0:14 08:14 08:20 0:20
23] 13.92 21 0:27 08:33 08:38 0:38
3.6 22.14 31 0:43 08:54 08:59 0:59
4 E 26.12 39 0:49 09:05 09:10 1:10
5L 32.04 49 0:57 09:18 09:24 1:24
6 1 39.95 64 1:08 09:35 09:43 1:43
7 K 45.36 79 1:16 09:51 09:59 1:59
8 C 60.03 95 1:36 10:19 10:25 2:25
F 63.22 103 1:41 10:30 10:35 g0
D 67.80 115 1:48 10:42 10:49 2:49
H 74.98 126 2:04 11:05 11:11 3:11
A 2:10 11:17 11:37 3:37

Figure 4. Route optimization using VRP Spreadsheet Solver

nUayaTreen1eivuiinlulusunsy VRP Spreadsheet Solver (Table 1.) 199715001 sinuvvsds@uA1i
aglndgasudu Juduiuusn vdwintulidduanisumianieglndtiuadauuanisitogrsnisdadunianisuuds

Aufn (Figure 4) TEFHIIUNYIT A = B = J =G DEL= K= CF= D H A T ua i sauans

srugnelAsEeEN199IU 78.96 Km

3. NANTTIVY
3.1 nM3Uszaananelusunsy (VRP SPREADSHEET SOLVER)
mﬂﬂ’]ﬁﬁﬂmuaxi’mmuﬂ@mﬁLﬁmﬁﬂumuﬁﬁ'ﬂ nsiiudsyavsamdunenisoues nsdinulseiuds
NINNUIY lﬁv‘iﬂﬂﬁ’itmwsﬁsﬁ'a;ﬂaﬁu’d 7 e IngldTUsinsu VRP Spreadsheet Solver wiawvidliuuamslunns

wiledgmniatuluGemeinisansseeninsvud Fuan1sinseitoyansd
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snilndw 4 Net
Vehicle: aa 1l Stops: 12 profit: 2485.29
Stop Location Driving Working
count name Distance Delivered time Arrival Departure time

0 A 0.00 0 0:00 08:00 08:00 0:00
1B 6.66 11 0:14 08:14 08:20 0:20
23 13.92 21 0:27 08:33 08:38 0:38
3 G 22.14 31 0:43 08:54 08:59 0:59
4 E 26.12 39 0:49 09:05 09:10 1:10
5 L 32.04 49 0:57 09:18 09:24 1:24
6 1 39.95 64 1:08 09:35 09:43 1:43
7 K 45.36 79 1:16 09:51 09:59 1:59
8 C 60.03 95 1:36 10:19 10:25 2:25
9 F 63.22 103 1:41 10:30 10:35 2:35

) 67.80 115 1:48 10:42 10:49 2:49

H 74,98 126 2:04 11:05 11:11 311

A 78.9c IS 2:10 11:17 11:37 3:37

Figure 5. Processed from VRP SPREADSHEET SOLVER, Route 1

Toyasrern199iLlaan Bing Maps 82 km iisufun1sUszananasglusuns 78.96 km @11130a0

syeEN19adle 3.07 km WisoWnAU 3.74%

snilngw Net
Vehicle: 4 &6a 1 Stops: 14 profit: 2711.38
Stop Location Driving Working
count name Distance Delivered time Arrival Departure time

0 A 0.00 0 0:00 08:00 08:00 0:00
1 [E 11.99 12 0:13 08:13 08:18 0:18
2 ™ 13.79 19 0:16 08:21 08:27 0:27
3. C 14.59 31 0:18 08:29 08:35 0:35
4 D 17.03 41 0:23 08:40 08:46 0:46
5 1 18.66 53 0:27 08:50 08:55 0:55
& B 19.66 67 0:29 08:57 09:03 1:03
7 K 43.85 82 0:57 09:31 09:37 1:37
8 F 76.41 90 1:35 10:15 10:20 2:20
9 H 83.99 97 1:42 10:27 10:35 2:35
I 93.56 110 1:56 10:49 10:57 2:57
L 101.57 118 2:07 11:08 11:13 J:13
N 105.62 128 2:10 11:16 11:23 3:23
G 108.34 138 2:15 11:28 11:33 3:33
A 2z S 232 11:50 12:10 4:10

Figure 6. Processed from VRP SPREADSHEET SOLVER, Route 2

Uoyaszeyn199n Bing Maps 159 km iiguiun1suszananamslusunsy 123.4 km a@unsoanseeeni

adlé 35.6 kmn wSBWINAU 22.89%
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snilndw Net

Vehicle: 4sa1 Stops: 11 profit: 2634.54

Stop Location Driving Working

count name Distance Delivered time Arrival Departure time
0 A 0.00 0 0:00 08:00 08:00 0:00
1D 7.98 15 0:13 08:13 08:19 0:19
2 K 14.46 28 0:26 08:32 08:38 0:38
3 E 16.08 43 0:29 08:41 08:49 0:49
4 B 20.81 53 0:38 08:58 09:06 1:06
5 F 21.50 68 0:40 09:08 09:13 1:13
6 1 24.71 79 0:47 09:20 09:26 1:26
7 H 30,16 20 0:55 09:34 09:39 1:39
8 G 32.77 102 1:01 09:45 09:50 1:50
93] 36.80 122 1:08 09:57 10:04 2:04
10 C 37.48 133 1:09 10:05 10:11 2:11
11 A 49.39 1:26 10:28 10:48 2:48

Figure 7. Processed from VRP SPREADSHEET SOLVER, Route 3

Toyaszeyn199n Bing Maps 159 km iiguiun1suszaianamislusunsy 123.4 km anunsoansseeni

adlé 35.6 km wSBWINAU 22.89%

sailnaw Net

Vehicle: 4a&an1 Stops: 11 profit: 2697.71

Stop Location Driving Working

count name Distance Delivered time Arrival Departure time
0 A 0.00 0 0:00 08:00 08:00 0:00
1 C 17.75 17 0:27 08:27 08:35 0:35
2 1 30.48 37 0:49 08:57 09:03 1:03
313 34,75 57, 0:59 09:13 09:18 1:18
4 K 54.80 69 1:36 09:55 10:00 2:00
5 B 55.63 79 1:38 10:02 10:10 2:10
6 E 65.36 89 2:00 10:32 10:40 2:40
7 F 69.43 99 2:08 10:48 10:55 2:55
8 G 76.08 115 2:21 11:08 11:14 3:14
9 H 80.58 126 2:28 11:21 11:27 3:27
10 D 84.18 137 2:37 11:36 11:41 3:41
11 A 10..7 I 2:50 12:03 12:23 4:23

Figure 8. Processed from VRP SPREADSHEET SOLVER, Route 4

T03aT88EN193N Bing Maps 61 km Liguiun1suszanananislusuingy 49.39 km @1u150anTzee IR

19 11.61 km 50U 18.03%
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sailnawn Net
Vehicle: 4&a 1 Stops: 15 profit: 3435.77
Stop Location Driving Working
count name Distance Delivered time Arrival Departure time

0 A 0.00 0 0:00 08:00 08:00 0:00
i1/B 6.04 10 0:06 08:06 08:12 0:12
2 M 6.58 15 0:07 08:13 08:20 0:20
3 E 11.32 33 0:14 08:27 08:33 0:33
40 13.22 49 0:18 08:37 08:45 0:45
5H 13.31 59 0:18 08:45 08:50 0:50
6 1] 13.53 70 0:19 08:51 08:59 0:59
7 G 16.31 83 0:25 09:05 09:10 1:10
81 30.67 93 0:55 09:40 09:45 1:45
9N 39.13 105 1:12 10:02 10:07 2:07
L 59.63 115 1:51 10:46 10:51 2:51
C 70.48 131 2:07 11:07 11:12 3:12
D 76.30 149 2:17 11:22 11:28 3:28
F 92.75 159 2:37 11:48 11:54 3:54
K 97.54 174 2:47 12:04 12:10 4:10
A 3:00 12:23 12:43 4:43

Figure 9. Processed from VRP SPREADSHEET SOLVER, Route 5

To3aT88EN193N Bing Maps 138 km Wigufiumsuszananasiglusunsy 103.17 km a11130aA5888174

adl@ 34.83 km visoWINAU 25.24%

snilndw Net
Vehicle: 4an1 Stops: 12 profit: 2856.28
Stop Location Driving Working
name Distance Delivered time Arrival Departure time
0 A 0.00 0 0:00 08:00 08:00 0:00
1 C 2.65 10 0:02 08:02 08:08 0:08
2 L 6.96 22 0:06 08:12 08:18 0:18
3 F 7.96 36 0:09 08:21 08:26 0:26
4 K 8.73 51 0:11 08.28 08:35 0:35
5 B 9.07 69 0:12 08:36 08:44 0:44
6 E 11.22 84 0:18 08:50 08:55 0:55
7 D 13.41 102 0:23 09:00 09:08 1:08
8 1 14.97 114 0:25 09:10 09:16 1:16
H 21.71 128 0:39 09:30 09:35 1:35
G 32,91 138 1:01 09:57 10:02 2:02
] 36.61 144 1:05 10:06 10:12 2:12
A 3ss T 112 10:19 10:39 2:39

Figure 10. Processed from VRP SPREADSHEET SOLVER, Route 6

Toyaszeyn199n Bing Maps 136 km Wiguiun1suseuianamelusunsy 109.36 km @13130aa58889N 18

adlé 21.89 km wawinfiu 16.1%
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sailnaw Net
Vehicle: 4a&aa1 Stops: 12 profit: 3193.46
Stop Location Driving Working
count name Distance Delivered time Arrival Departure time
0 A 0.00 0 0:00 08:00 08:00 0:00
1D 13.09 10 0:11 08:11 08:16 0:16
2 K 17.36 25 0:15 08:20 08:26 0:26
3 B 26.98 47 0:23 08:34 08:42 0:42
4 E 36.67 58 0:34 08:53 08:57 0:57
51 37.13 74 0:35 08:58 09:04 1:04
6 1] 45.62 88 0:48 09:17 09:22 1:22
7 F 51.18 104 0:59 09:33 09:39 1:39
8 L 62.94 118 1:21 10:01 10:07 2:07
H 70.74 135 1:35 10:21 10:28 2:28
G 85.01 150 2:01 10:54 10:59 2:59
= 100.18 162 2:13 11:11 11:16 3:16
A 11675 | 227 11:30 11:50 3:50

Figure 11. Processed from VRP SPREADSHEET SOLVER, Route 7

Uayaszeyn199n Bing Maps 123 km iiguiun1suszananamelusunsy 116.75 km @1u150aa5882N 19

aald 6.25 km sawiniu 5.08%

3.2 NMSUSUBUNAN B ULATNAINITINLEUNIS
ANSANYUAUNIINITVUAITS 7 L@UN9 NUIUS LI DL d 99 I lulmAagidunnad auwansnany
aghadiuladn Ineruwinmndnsnisduiudenads 4.8 Alawnsdedns Weussmnumin 2.5 fu wazsiaidiu

Aad 34.94 vmsedns Yhlvanunsadneiduyunisvudduwiazidundliataziden

Table 3. The results before routing.

Distance Number of Loads Cost
Route Transportation Routes
(Km.) (Sack) (BHT)
Routel  A-B-C-D-E-F-G-H-I-J-K-L-M-A 82 126 394
Route 2 A-B-C-D-E-F-G-H-I-J-K-L-M-N-A 159 138 763
Route 3 A-B-C-D-E-F-G-H-I-J-K-A 62 133 298
Route 4 A-B-C-D-E-F-G-H-I-J-K-A 138 137 663
Route 5  A-B-C-D-E-F-G-H-I-J-K-L-M-N-0-A 136 174 653
Route 6  A-B-C-D-E-F-G-H-I-J-K-L-A 54 144 260
Route 7 A-B-C-D-E-F-G-H-I-J-K-L-A 123 162 591

33U 754 1,014 3,622
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HanaunsIadunemuteyainnsafnwlatuinteyalilagldiSseddunsiiunimiuguuuuils
mumuduass Inesausis 7 @dunialdwadnsnisldszozmeianun 754 Alawns 91uuUsTvn 1,014 nszaey

LaTIANYUE 3,622 U

Table 4. The results after routing using the VRP Spreadsheet Solver program.

Distance Number of Shipping
Route Transportation Routes
(Km.) Loads (Sack) Cost (BHT)
Routel  A-B-J-G-E-L-I-K-C-F-D-H-A 78.96 126 379
Route 2 A-E-M-C-D-J-B-K-F-H-I-L-N-G-A 1234 138 592
Route3  A-D-K-E-B-F-I-H-G-J-C-A 49.39 133 237
Route 4 A-C-J-K-B-E-F-G-H-D-A 103.17 137 495
Route 5  A-B-M-E-O-H-J-G-I-N-L-C-D-F-K-A 109.36 174 525
Route 6  A-C-L-F-K-B-E-D-I-H-G-J-A 43.85 144 211
Route 7 A-D-K-B-E-I-J-F-L-H-G-C-A 116.75 162 561
394 625 1,014 3,000

HAGWSYEaNTInLEUN19INTUTUNTU VRP Solver Spreadsheet lnglddayagnAuazusunadumluiu

n3vaeu uazAvuEtY 3,000 Uiy

mBefore m After

138
103.17

82

I 78.96

DISTANCE (KM}

Weanuiu (Table 4.) Tnasiumns 7 dunmslanadnsmaldsvesmaianun 625 Alawns I1uiuussnaud 1,014
COMPARE DISTANCES

@
i
—
w
o0 2
= :
]
—
| |

ROUTE1 ROUTE2 ROUTE3 ROUTE4 ROUTES5 ROUTEG& ROUTE7?
BUS ROUTE

I 109.36

I 1234
I 52
I 0030
I /385

Figure 12. Compare distances
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Figure 13. Compare costs

TaglfhmsdndumauasSsuiisunadndlaglidoyaszorna 1 Sunuimdaniithlvsunsudianld
Tumsdadunudturielszesmsunsianiy 754 Mawesniu 625 Alawns Andu 17.11% uazdumue
yudsiuanaeanidu 3,622 v W 3,000 v1n Ay 17.17% Tnsnadmsaniuvdeannutiadeluntsvudduud
avfuenaiinnuietiosiuog fuusinaaudeanisvesgnd a1nnsldnaaeddlusunsuduiunisineedesd
nsfnwlunsinuvestsunsuiielsinasladeyalulusunsugniesiigauasmsimuananlunsyhnuvesnis

salaa

Sulusunsuiellusunsufinatlunisiesgsinadns Js0139gvhlilinadnsifnan

4. 3AUTIBNANITIAY

Mninguszasinuiseileansresmanassunueaudditunsdnmidy auedifeliilusunsy VRP
Spreadsheet Solver Wunlduazlsifoyanisdnidumeszoznan 1 fu wldlunuiddslasnsihdoyaiildude
dunslnilagldlusunsy VRP Spreadsheet Solver daldnadwsuagyinisiuioufioununised 4 (Table 4.)
Fandoyaazifiulsiimdsainiiunlusunsa VRP Spreadsheet Solver 11snl4lunsdnidunisudn Hueli
syozvnslunisi e 754 Alawnndy 625 AlawnsAnidu 17.11% uasdunuarmudaiuanasainida
3,622 U LT 3,000 U Ao 17.17% Fan1seadunnenisuudeieds Saving Aleorithm 33 Nearest Neighbor
Algorithrmn TUsinsy MS Excel SolveruazTusunsal VRP Spreadsheet Solver nsdifinyn Tssudnndmmunasuiu
wanslfifuinnissaduniamsoudaninuds #aeTusunsy VRP Spreadsheet Solver anunsadn @umesaudile
3% wnﬁéy'uﬁqml,ﬁam'%auLﬁauﬁﬁ%uﬁ{]mm VRP 31 9 wazilSeuifisuiuszesyneneudadums Tnenanisise
flaonndesiu nued 1wiu wazmames Alyna (Veluwan & Srimungkun, 2018) fiwuth nsdasavudeduddag
n15lalusunsu VRP Spreadsheet Solver @1u1sasnansyeenialaain 12,702.48 1wde 11,540.52 anad 1,161.96
Alawns Andu 9.14% wazandununisvudsaslaain 81,765 v nde 75,945 anad 5,820 U Amdu 7.12%
wenniifdenadeetiu Jakara et al. (2019) filFsreeliin msdndumaedelusunsy VRP Spreadsheet Solver

anansnanAlaneaInnsIudIlauInnINig Nearest Neighbor Heuristics
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