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Abstract — Pilgrimage of Muslims is considered the largest models, Box-Jenkins, ..etc. are commonly used
human gathering all over the world in which more than three  techniques. However, if the given data are in lisge
millions move together through a very limited spacein a  form or very little, the statistical methods wiif[3, 4, 5].
short time period. The yearly number of pilgrims coning |, orger to handle such a problem, fuzzy time serie
from outside Saudi Arabia, denoted by NPO for short is models [3, 4, 5, 1, 6, 7] have been developed atieabin

more than two thirds of the total number of Pilgrims. fi The first ti - del introd
Therefore forecasting the NPO is considered by Saudirabia practice. e first time series model was introduty

as the most important indicator in determining theplanning ~ S0ng-Chisson 1993. And since then, fuzzy time_ serie
mechanism for future secure and comfortable pilgrinage have drawn attention of many researchers becauds of

seasons. The main objective of this article is to giioy the good performance for some kind of forecasting prots.

fuzzy time series approach [1] to forecast the yeBr series of In [1] they proposed a method for handling foreicast
NPO and to show that it gives better forecasts than of university enrollments using fuzzy time series.
BoxJenkins Procedures. In order to achieve our objive, In this paper, we exploit the fore-mentioned method

the fuzzy time series method is used to forecasteHuture five forecast NPO
observations and the results are compared with theesults !

given by Shaarawy et. al [2]. The remainder of this paper is organized as follows

section (2) presents some basic characteristicRizdy
Keywords — Fuzzy Time Series; Fuzzy Sets; Linguistic time series. A complete description of the alganithsed

Variable; Time Invariant Model. to predict NPO in section (3). Section (4) is datkd to
evaluate the forecast performance of fuzzy timeeser
|. INTRODUCTION procedures and compare their numerical resultsalligin

the paper is concluded in section (5).
Forecasting is important for any society to effesiy

control a plan which is often engaged by collectinigrge Il. Fuzzy TIME SERIES
number of time series data in order to be ablesterdchine
the trend of the development. In this section we introduce a brief review of fuzine

Pilgrimage (or hajj) of Muslims is one of the mostseries. Let) be the universe of discourse =
important events all over the world. It is consa@tbithe { U1, --,Un}, a fuzzy set[8A of U is defined as
largest human gathering in which pilgrims move tbge A = pa(Un)/ug + pa(Ug)/ug + - - - Haa(Un)/uy
through a very limited space in a short periodrogt This wherepais the membership function éf pa: U — [0,1],
important event is repeated annually, and the nurobe Ha(u) denotes the grade of membershipiah A, pa(u;) €
pilgrims is increasing year after year. In addifibajj is [0,1]. LetY ()(t = ---,0,1,2,---), be a subsetRf be the
one of the main sources of gross national prod@&tR) universe of discourse on which fuzzy sgi@)(i = 1,2,---)
in Saudi Arabia. Therefore, it has received a gre@re defined and leE(t) be a collectionu(t)(i = 1,2,---).
attention by the government of Saudi Arabia. Ewargr, Then,F(t) is called a fuzzy time series oh(t)(t = ---,
the kingdom of Saudi Arabia spends a great deaffofts 0,1,2,---). It is obvious thaF(t) can be regarded as a
and money to improve the hajj system, which inctuddinguistic variable, andu(t) can be viewed as possible
security, economy, management of water and elettridinguistic values of F(t), where p(t)(i = 12,---) are
resources, services and goods required by thenuasber represented by fuzzy sets. Furthermore, we can seso
of pilgrims. However, without knowing the number ofthatF(t) is a function of time, i.e., the values df(t) can
pilgrims in advance may make the process dpe different at different times. F(t) is caused b¥(t - 1)
improvement very difficult. Therefore, it is vemyportant  only, then this relationship is represented by
to have a mechanism for predicting and forecastiregy Ft-1)— F()
number of pilgrims in order to determine the sizela Let F(t) be a fuzzy time series. If for any tinieF(t) =
quality of expansions and maintenance needed imvtbe F(t — 1) andF(t) only has finite elements thef(t) is
holy mosques in Makkah and Medina and to avoid argalled a time-invariant fuzzy time series, otheeyisalled
mistakes or disasters that may occur. One of th mdime-variant fuzzy time series[1].
components of the total number of pilgrims is theniber ~ Assume that the value of the time series at tineT;
of Pilgrims coming from Outside the kingdom (NPO). and assume that the value of the time series at¢im 1)
The first objective of this paper is to use thezfuime is Ti1, then the variation of the time series betweem tim
series approach to forecast the number of NPO data. and time { - 1) is equal toT, — T,,. Here, we will
Fuzzy time series have been applied to a diversity introduce some heuristic rules that will be usedttia
data such as stock exchange, temperature, enra)imexlgorithm[1].
...etc. In forecasting, statistical methods suctiras series

Copyright © 2016 1JEIR, All right reserved
66



International Journal of Engineering Innovation & R esearch

Volume 5, Issuel, ISSN: 2277 — 5668

Rule 1: The variation of the time series value betw
timest and ¢ — 1) is related to the variations of the ti
series values between tinh@nd the past values, and -
relationship of te time series between the current ve
andlast value is closer than the one between thisevahd
the other past values.

Rule 2: If the trend of the time series past value:
increasing, then the current value of the timeeseis
increasing. If therend of the time series past values
decreasing, then the current value of time series is
decreasing.

Rule 3: Let the variation of last value be a criteri
Compute the fuzzy relationships between last vane
the other past values based on datriations. From the
derived fuzzy relationships, we can know the degrek
relationships between the variation of last valud the
variations of other past values. The variation ofrent
value can be obtained from the derived fu
relationships.

Basedon these heuristic rules, firstly we can fuzzife

The fuzzified variation of the historical time s
betweenT; andT,-; can be described as follo
F(t)=uy/(big decreasg+ u,/(decreas) + - -+ +y(L) + --- +
u./(too big increasg (2)
where F(t) denotes the fuzzed variation of the time
series betweehand (-1), u; is the grade of memberst
to the linguistic valud., mis the number of the elemer
in the universe of discourse, ¢ 1<i<m.

To forecast the time series value t, we must decide
how many valuesf the time series will be used, where
number of time series values to be used is caltex
window basisSuppose we set a window basiw values,
then the variation of last value is used to beiterdon and
the other variations ofv past values arused to form a
matrix which is called theperation matri. Thecriterion
matrix Qt) and the operation mat O"(t) at t are
expressed as follows [1]:

(big decrease)
y

(decrease)
Co

(big decrease)

(too big increase)
v
Cm

(too big increase)

c)=Ft-1)=| @

(decrease)

o . : o ) Fit-2) 0 Oz O
historical time series data. We use the fuzzifiedation Fit—3) On  On O
of the historical time series data and the linguisalues 0“() = = : : : 3)
(big decrease), (decrease), (no change), (incregsig) Flt—w—-1) Ouy O Oun
increase), (too big imease) to forecast time series vall

Table 1: Number of Pilgrims coming from outside #giorr
Year NPO | Year NPO Year NPO Year NPC
1390 | 431270| 1401 | 879368| 1412 101291F 1423 143101
1391 | 479339| 1402 | 853555| 1413 992813 1424 141970
1392 | 645182| 1403 | 1003911| 1414 995611 1425 153475
1393 | 607755| 1404 | 919671| 1415 1043274 1426 155744
1394 | 918777| 1405 | 851761| 1416 1080465 1427 165440
1395 | 894573| 1406 | 856718| 1417 1168591 1428 17078L
1396 | 719040| 1407 | 960386| 1418 1132344 1429 172984
1397 | 739319| 1408 | 762755| 1419 1056730 1430 161396
1398 | 830236| 1409 | 774560| 1420 1267556 1431 179960:
1399 | 862520 1410 | 828993 | 1421 1363992 1432 182819
1400 | 812892 1411 | 720102| 1422 1354184 1433 175293;
Table 2: Actual values and variation of N
Year 1390 1391 1392 [ 1393 1394 1395 1396 1397] 139¢ 1399 1400
NPO 431270 479339 645182 607755 | 918777 894573  71904D  73931983023( | 862520 | 812892
Variation - 48069 | 165843 -37427 | 311022 -24204[ -175533  2027P 9091: | 32284 | -49628
Year 1401 1402 1403 | 1404 1405 1406 1407 1408] 140¢ 1410 1411
NPO 879368 | 853555 100391 | 919671 | 851761| 856718 960386  76275577456( | 828993 | 720102
Variation | 66476 | -25813| 150356 -84240 | -67910 4957 103668  -197631 1180° | 54433 | -108891
Year 1412 1413 1414 | 1415 1416 1417 1418 1419] 142( 1421 1422
NPO | 1012917] 992813 995611 1043274] 1080465 1168591 1132344 105673026755' | 1363992| 1354184
Variation | 292815[ -20104 2798| 47663 37191 88126 -36241  -7561}4 21082 | 96437 -9808
Year 1423 1424 1425 | 1426 1427 1428 1429 1430] 1431 1432 1433
NPO | 1431012 141970 153475 | 1557447| 1654407 1707814 172981 161396b79960: | 1828195| 1752932
Variation | 76828 | -11306] 115053 22688 96960 53407 22027 -11587618563¢ | 28594 | -75263

The relation beteen the operation mat O"(t) and the

criterion matrixC(t) can be calculated, and we can ge

relation matrixR(t),~m by performingR(t) = O"(t) ® C(t), where
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whereR;= O;xc;, 1 < i< w, 1 <j< m. From the relation
matrix R(t), we get the degeeof relationships between t
last value of time series and the other past valueisne
series data variations. Then, we can get the fetiece
variation of the time seriestatwhere

F(t) = [Max(Ry,Res, - ,Ru1) - -MaxX(Riz,Rez, - \Rag) -+
Max(le, R2ma' o sRNm)]

[Il. PREDICTION ALGORITHM

In this section, we discuss in more detail the afgm
used to predict the time series of number of pihgi
coming from outside the kingdom of Saudi Arabia (I
consists of 44 observatioifom year 1390Al # to year
1433 AH) table (1).

Step 1: From the time series data shown in table
compute the variations of the time series valugs/éen
any two continuous values. The variation of timeies
current value is the time series current value sithe
time series previous value as shown in table
To define the universe of discoursg let v, be the
minimum of variation andv,. be the maximum c
variation. Then the universe of discot

U = [Vmin = 01 Vmaz + 02 where vy, and Vi are
suitable positive numbers. Herg,i,= 369 V= 478 and
U = [- 198000, 311500]

Step 2: Partition the universe of discou U into
several even length intervalgu,,- - - ,U. In this paper, we
partition the universe of discourkkinto six intervals
u;=[-198000-113083]

U= [-113083-28167]
Us= [-2816756750]
us= [56750141667]
Us= [141667226583]
Us= [226583311500].

Step 3: Define fuzzy sets on the universe
discourse U. First, determine some linguistic valu
represented by fuzzy sets to describe the degre
variation between two continuous values. re, we
consider six fuzzy sets which afe= (big decrease A,=
(decrease)As = (no change)A, = (increase As = (big
increase),As = (too big increase).Then, define fuz
setd, A,--- ,As on the universe of discoul U as
follows:

A= ]./U1+ 0.5/U2+ O/U3+ 0/U4+ O/U5+ O/UG
A= O.5/U1+ ]./U2+ O.5/U3+ O/U4+ 0/U5+ O/Ue
Az= O/U1+ 0.5/U2+ ]./U3+ 0.5/U4+ 0/U5+ O/Ue
(6)
A4: O/U1+ 0/U2+ O.5/U3+ 1/U4+ O.5/U5+ O/Ue
A5: O/U1+ 0/U2+ O/U3+ 0.5/U4+ ]./U5+ 0.5/U6

A6: O/U1+ 0/U2+ O/U3+ 0/U4+ 0.5/U5+ 1/U6

Step 4: Fuzzify the values of time seri
historical data. If the number of variation of tivae series
at valuei is p, wherep € u, and if there is a value
represented by fuzzy sed in which the maximum
membership value occurs @t thenp is translated td\.
The fuzzified varfg)ions of the time series data sinowr
in table (3).

Step 5: Choose a suitable window basis w, aialculate

the output from the operation ma O"(t) and the

criterion matrix C(t), wheret is the year for which we
want to forecast the time series value. The fued
forecasted variations for all years are given bied4)

Step 6: Defuzzify the fuzzy forecasted
variations derived in the former step as foll
e If the grades of membership of the fuzzif

forecasted variation are 0, then we set the
forecasted variation to 0.

« If the grades of membership of the fuzzif
forecasted variation have onone maximumu;, and
the midpoint ofu; is m, then the forecasted variati
is m. If the grades of membership of the fuzzi
forecasted variation have more than
maximumuy,uz-+ , ux, and their midpoints
arany,my,---, my, respectively, then the foreced
variation is (n, + my+ - -+ +my)/k.

Step 7: Calculate the forecasted time series value.
forecasted time series value is forecasted vanatios the
true value of last year.

Step 8: Calculatethe mean absolute percentage e
(MAPE), which is a measure of prediction accuraty
forecasting metheb in statistics. It usually express
accuracy as a percentage, and is defineformula (7):

1 o= true value — forecast
MAPE=—3"| '

x 100 (7)

true valie

Table (5) shows time series true values versusigiest
values and the error estimalAPE) for all years for
window basew = 5 . Figure(3.1) shows the graph of bc
true and predicted values.

3.1. Accuracy of rediction for Different Window
Bases

From equation(3) it is clear that the operation ma
0"(t) size depends on window baw and consequently
the relation matrixX(t) which is the kerel of prediction.
Table (6) shows prediction for different valuesnohdow
base, e.g.w = 510,1520,25,30. Also table (8) shows
MAPE errorfor the different values (w.
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Table 3: Fuzzified historical values of time series 1417 0 05 1 0.5 0 0
Year Variations Fuzzified Variations 1418 0 0 0.5 1 0.5 0
1390 1419 0.5 1 0.5 0 0 0
1391 48069 As 1420 0.5 1 0.5 0 0 0
1392 165843 As 1421 0 0 0 0.5 1 0.5
1393 -37427 A 1422 0 0 0.5 1 0.5 0
1394 311022 As 1423 0 0.5 1 0.5 0 0
1395 24204 As 1424 0 0 0.5 1 0.5 0
1396 -175533 A 1425 0 0.5 1 0.5 0 0
1397 20279 As 1426 0 0 0.5 1 0.5 0
1398 90917 Ay 1427 0 0.5 1 0.5 0 0
1399 32284 As 1428 0 0 0.5 1 0.5 0
1400 -49628 A 1429 0 0.5 1 0.5 0 0
1401 66476 Ay 1430 0 0.5 1 0.5 0 0
1402 -25813 As 1431 1 0.5 0 0 0 0
1403 150356 As 1432 0 0 0 0.5 1 0.5
1404 -84240 A, 1433 0 0.5 1 0.5 0 0
1405 -67910 A
ﬂg? 1‘(‘)3228 ﬁf Table 5: True values versus forecasted values usiag
1208 197631 A proposed fuzzy time-series method with the wind@asi®
1409 11805 Ao W=5
1410 54433 As Years Actual Value Forecasted Value Errors|(%)
1411 -108891 A 1396 719040 908865 26.4(0
1412 292815 As 1397 739319 605957 18.04
iﬂi ‘2%‘;4 )’: 1398 830236 753611 9.23
1415 17663 A 1399 862520 929444 7.76
1416 37191 As 1400 812892 876812 7.86
1417 88126 ™ 1401 879368 742267 15.59
1418 -36247 A 1402 853555 978576 14.65
1419 -75614 A 1403 1003911 867847 13.55
ﬂgcl’ %1(5(2‘332;5 2‘; 1404 919671 1188036 29.1¢6
1422 9808 A 1405 851761 849046 0.32
1423 76828 A 1406 856718 781136 8.82
1424 -11306 A 1407 960386 871010 9.31
1425 115053 Ay 1408 762755 1059594 38.97
ﬂgg ;éggg 234 1409 774560 649672 16.12
1498 3407 A 1410 828993 788852 4.84
1429 52027 As 1411 720102 843285 17.11
1430 115876 A 1412 1012917 649477 35.84
1431 185636 As 1413 992813 1239500 24.85
1432 28594 As 1414 995611 1007105 1.15
1433 -75263 A 1415 1043274 1009903 3.20
1416 1080465 1057566 2.12
Table 4: Forecasted variations with windows bass5 1417 1168591 1094757 6.32
Years Membership functions of forecasted variations 1418 1132344 1267799 11.9¢
Uy U, Uz Uy Us Us
1396 0 05 i 055 o 5 1419 1056730 1061719 0.47
1397 05 05 0 0 0 0 1420 1267555 986105 22.2(
1398 0 05 1 0.25 0 0 1421 1363992 1451680 6.43
1399 0 0 0.5 0.5 0.5 0 1422 1354184 1463200 8.05
1400 0 0.5 1 0.5 0 0 1423 1431012 1368476 4.37
118; 0(')5 é 8_-? g 0?5 8 1424 1419706 1530220 7.78
1403 ) 05 1 05 o 0 1425 1534759 1433998 6.57
1404 0 0 0 05 1 05 1426 1557447 1633967 4.91
1405 0.5 1 0.5 0 0 0 1427 1654407 1571739 5.00
1406 0.5 1 0.5 0 0 0 1428 1707814 1753615 2.68
1407 0 05 1 0.5 0 0 1429 1729841 1722106 0.45
ﬁgg 2 0?5 0'05 (1) 065 8 1430 1613965 1744133 8.07
1410 ) 05 1 05 0 ) 1431 1799601 1500882 16.6(
1411 0 05 1 05 0 0 1432 1828195 1983726 8.51
1412 0.5 1 0.5 0 0 0 1433 1752932 1842487 511
1413 0 0 0 0 0.5 1
1414 0 0.5 1 0.5 0 0
1415 0 0.5 1 0.5 0 0
1416 0 0.5 1 0.5 0 0
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Table 6: Predicted values with different window 8gas

Years different window bases and the coressponding prediction

True values | w=5 [ w=10 [ w=15 | w=20 | w=125 w = 3
L3496 T19040 QOEBG4.GT
1397 TAE1H GOGRSG.GT
13595 HA02E6 Tod60LGT
13494 BG2520) 92044433
1400 #1292 HTGH11.GT
1401 BTOEGE TA422GT.00 T42267.00
1402 HOdann OTHOTO.AS | DTEATH.53
1403 1003911 BOTRAG.GT HGTHAG.OT
1404 919671 TTEs046.00 [ 118505600
1405 BO1T6L SA0046.00 | 84804600
1406 HoGT1R THILAG.O0 TRLI1G6.00 TEITA6.00
1407 DG0GERG SETLR.GT STLO09.67 HTLO09.67
1408 TH2755 1059594.33 | 105959433 | 105950433
1404 TT4abl GAOGTL.GT GAOGTL.6T GAO96TL.67
1411 28993 THEHDL.GT THEEGL.GT THEELL.OT
1411 T20102 S43254.67 | B432R4.67 [ B43284.67 | 543284.67
1412 1012917 G404 TT.00 GASATT.00 GA9477.00 649477.00)
1413 092813 1239500033 | 1239500033 | 1239500053 | 1239500.53
1414 DO5611 1007104.67 | LOOT104.67 | 100TLO4.6T | 100TLO4.67
1415 1043274 LOO9902.67 | 100990267 | 100990267 | 100990267
1416 10E0465 105756567 | W05TH65.67 | 105TH65.GT | LOGTH65.6T | 105756567
1417 1165591 1094756.67 | LOD4TH6.6T | 1094756.67 | 1094756.67 | 1094756.67
1418 11542344 126770943 | 126770933 | 1267700053 | 126779953 | 126779943
1414 1056750 LOBITI.00 [ 106171900 | 10617100 [ TOGITIS.00 [ 106171500
1420 1267555 O86105.00 | 986105000 [ 98610500 | 95610500 | 9856105.00
1421 IRTFRTTE L451650.000 [ 1451650000 [ 145168000 | 1451620000 [ L451a80.000 [ 1451658000
1422 1354154 Laaa200.33 | 14632000353 | 1463200053 | 1463200053 | 146320033 [ 146320053
1423 1431012 L36E4TH.67 | 136847567 | 13684TH.06T | 1368475.67 | 1368475.67 | 1368475.67
1424 1419706 1530220.33 | 1530220033 | 15302200338 | 1530220053 | 1530220033 | 1530220.53
1425 15347549 L433997.67 | 1433907.67 | 144390767 | 143399767 [ 1433997.67 [ 1433997.67
1426 1557447 LG3396T. 33 | 1633967.33 | 163306T.53 | 1633967.53 | 1633967.33 | 1633967.33
1427 1654407 LGVITAS.67 | 1aTITA8.67T [ 1AT1T38.6T | 1T1TEE.6T | 167174867 | 1aT1748.67
1425 1707514 175361533 | 17361533 [ 1TH3615.338 | 1753615.53 | 175361543 | 1753615.43
14249 1729841 172210567 | 1T22105.67 | 1722105.67 | 1T22105.67 | 1722105.67 | 1T22105.67
14330 1613965 174413267 | 174413267 | 174413267 | 1744132.67 | 174413267 | 1744132.67
14341 17949601 1HO0S81.67 | 15005851.67 | 150088167 | LS008R1.67T [ 150088167 [ 1500881.67
1432 15251495 TOSAT26.00 | 1983726.00 [ 195372600 | 1983726.00 | 1983726.00 | 1983726.00
1433 1752932 1R842486.67 | 1842486.67 | 15842486.67 | 1842486.67 [ 1842486.67 [ 1842486.67

Table 7: Prediction errors with different windowskea

Window bases(w) MAPE (%)
5 9.78
10 8.21
15 6.54
20 4.77
25 2.90
30 1.92
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Fig.3.1: The true NPO and forecasts of observations

V. FORECASTING

In this experiment, fuzzy time series predictiogoaithm was deployed to forecast the next five fatabservations.
The point forecasts for these observations arendiyetable(8) and the result are shown in figu(4.
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Fig. 4.2: The true NPO and future five observations

Table 8: Predicted values for the next five years

Year Forecasted Value V. CONCLUSION

1434 1752930 The authors have proposed to use the fuzzy timesser
1435 1752890 approach to forecast the series of number of Rilgri

1436 1752900 coming from outside the Kingdom of Saudi Arabianfro

1437 1752980 year 1390 AH to year 1433 AH. Point forecasts foe t

next five future years are provided by the authmiag the

1438 1752950 proposed approach. The mean absolute percentage err
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(MAPE) of the last five observation forecasts aehik by
the approach is equal to 7.7%, compared with thalte
of Box-Jenkins approaches(9.6%)[2]. It has beenwvsho
that the proposed approach gives better forecésts t
those achieved the traditional Box-Jenkins appresch
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