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1. Nonparametric Tests
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1. Rank-Sum test of Distributional Equivalence
2. Early Partition
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5. Conover



A1 Dby €Y o ko [ GOLamBI (G 3l o Dlasans ke dolidad L] V-

do g2 0355 0SS Jlas 55 Jilas 55 & 035 Gl Sl ) GYleisl 55 4w
A dal gy (kL Sl S) L

e e e 03 GAB N 5 (6 8L e Sle 53 deslie 3)50 253 N 55 L
. N-—-(mn+1 N—-—(mn-1
il ( )/2 SN )/2 b pln s 4 bali e s e jaa
) daly g0t 05 1y il pll iou Sl e 450 5Sole o005
(V489 (5 518) 5 g0 oy
N—-—n+ 1)
2

n—
91=nl<N—T)+(Nl—nl)<
_nlN+Nl(N—n+1)
- 2
Jtégja):uéjﬁ.ﬂ.hjnijub';g,a);w\.ia:)ykshciji «(7) dasly y3 a8

*)

Ca 5 (V) sl y Sy geos 015 oo 1y el =Kl ST 0 505T oL ol ol ol

..3}&.3

K= — 2 (N n—1>zei2 3(N + 1) V)
NN+ 2 i N;
1
Jodss 5 05 5 eslial b el — IS ST 05leT Oga5T ol Syl 350 shitens

(Y0¥ (S 5 ) 558 e

o K _K(N?-1)
B e EY (D S G Ty 8
N3—N

(&5 lgs s 3ldm) V (33T a5 L Zrd-yu;}‘ 235 Ghls G oyl

ol Sl sy s b s edialon  Jloz| CaSs dbl a gl oybT opl .ol

s 5 42 (6l 050 0 a5 Dl 5 (65l L S8l et OSG ast L
A o3lizal Excel2016 51531 5 i Wesls

1. Average Rank



Yool o Olpl Gyed Bble 30 Ob QWSS yan Olows § 30 ki (v g

S b goals.o

45l G 0sa3T plamil 5 bk m Sl cpmer s WARP s 5L S5 ol

05 S 2 WWVPRATAD Sl 0y3 55 (bl 5 086 (s ¢ AP U O3 e

J.AT‘)A EEVBL Cfb Ol )‘ ob C\}:\ JJ...G.A J.iJULA Y ,b}:f Ol Lodioslarwl

O LS 5 pozn Slowr 5 ) 8l oSl 0T sty Ol SLT S 0 1 Ll
S WARP o 5l (1) Jsder s S5 WARP s 5o Il 06§15 (5 4

) Jj.,b- u"‘ij;b u\.AJu.a olas b I L;\.AJL«: B g‘.gi C)b\'—ﬁ Ji:‘.:;

d}-\:- )345)}.19¢M Raso| ou\..&'au;)“)f (Y) d)u\:— )J}Ov\.ji JLAJ: (f) A.bb uﬂLa‘j

(5LP‘ # pr'& u"'L""‘ B ol JLAJ: w;\» &LMA,‘)J SIS ol oliosls OLas oY)

..s)\uusﬁjJ&&Tob?j;WJwU;L;ﬁ@AJM;@QW

(1PYI= 1120 Sl 083) 36 e (IS pan (519 WARP L jilo i ) Jgu

1376

1377 522418453
1378 717544581
1379 851885123
1380 96180.9593
1381 113838745
1382 129585.903
1383 147784334
1384 164507.001
1385 187632074
1386 226097902
1387 250682697
1388 33986351
1389 595757664
1390 1337505.54
1391 169617295
1392 1811009.42
1393 181330179
1394 2433376.23
1395 2505157.23

17
3838131428

69091 46937
81856.99807
9235093035
109739.1426

124862042

142798.234
158917.5332
1821950332
218647.2534
03041394
329475.8896
5710576113
1290705547
1636874244
1747418022
1747758.212
1343983.306
413666.794

1378
382085312
50018.1952

B1509.362
92177 3067
109205.174
1404374
141931563
157954 484
180750315
1731987

24078171
317103436
573171564
128423535
162820737
1738382.19
1739488.9

2333065.6

24010526

1BY
36933.0732
483415586
£6531.668

892457915
103624404
120176173
137790282
153521833
176834 548
211680772
233937.687
319215522

1380
339,058
434655887
59959.498
T0843.7954

85745438
108443405
124053439
137497015
154758.014
188107172
209744481
281605.662

558618218 496136.515

124478278
1579548.23
168470033
1682366.19
125436085
BITTRA05

1218112
1408108.17
15146255
15225053
2040063.78
10362713

1381
321175903
400177185
57966.8342
68218.8722
714818151

105165.81
120792057
133777.749
153778.7%
183788.186
4270655
278319489
487894592

10924604
1379928.29
14769546

1478580.1
1981656.36
41766

1382
5440531
451975743
62297 8406

73486.003
83634.3482
987845433

129605.965
144358.814
167828723
199600097
219988.762
30218814
517999.8
117130874
14876689
158464009
1579257.73
111458008
2170663.86

1383
281108154
367294343

50873.084
59578 9094
67664.5809
B1497 6915
923703786

117198.645
18847
160088.156
179112617
10718814
424599357
959242 986
118954751
129376789
1301535.74
1741954 36
179901179

1384
21793073
35515.2752
491958803
57485.5084
657263498
TB388.8817
89366.1358
103396.13

131669.264
156622704
17448422
238400399
418148227
936748 605
1178796
1264289.24
1265978.01
169434302
174550942

1385
160611294
340341073
LIpivRE:)
552029218
B2709.6473
757209604
858605648
98909.0338
108694.737

148118642
166251.068

2318044
1412139
894560407
11531759
1205533.4
121492959
162636493
1681022.21

138
JaTETN)
38506
457345
532812
607127
32804
838450
961933
105306
119209

1387
217622
349695
g3 4
566412
44202
75128

88213
101566
111641
126780
152405

1388
13808
318318
41
51539
86405
70176
806435
93086.6
101934
115006
138845
156187

1389
238909
31078
4308122
50456.8
514734
683182
89719
910039

99699
113083
135822
152687
206245

13%
134395
306399
424004
496414
363609
678327

T

88777
976041
110813
13304
148380
0174
355253

1391
B8
28369
bk}
483537
HBl4E
661029
75474
863965
940414
107434
12643
145360
195853
5104
TB1424

1392
1653
27666
382856
447699
08844
612357
698378
802287
88053.1
100034
120057
134819
182273
320950
A
911200

1393
21
318465
40135
519318
89917
02604
794148
920365
102218
117837
140800
155980
1N
3680
829301
1047505
1120995

1394
pakiIa}
179046
385532
454255

3147
615375
698047

80306
891693
101897
12583
136062
184341
wn
T258
910562
976434
977333

13%
mut
73589
317985
45208
03318
60267.6
683833
87344
874312
100118
120276
133368
181076
317829
09631
854683
958673
959192

183337

161282
27609
383921 406582 370899
BTI6S7 919527 841804
1088527 1150843 1047737
1176152 1240408 1133882
1185624 1247834 1143347
1588754 1671722 1530327
1643985 1727514 1583531

230818

B25210)
1030511
1112563
1120801
1501974
1554073

1006577,
1084444
1090997
1462310
1512576

1054710
1061837 988350
1423398 1315460
1473596 1371588

G gl sl

1543010 1346839



4 lio) £ ¥ 0 3lod /(SLaiBl (8 3o Joho Siligions _oode doliad [ ¥+

(Y- P20 ko3 0393) O g OEF WS pao (81 WARP Jlog 5l ¥ Joue
1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1385 1387 1388 1389 1390 1391 1392 1383 1394 1385
096195 095762 092565 083307 080496 0.86578 070454 0.68119 0.65317 063252 067074 061106 059878 058746 057201 053047 061209 053478 052438
096198 086495 083614 089941 07309 070674 067726 065588 069588 063344 062102 060972 059374 055054 063572 055529 054443
096753 084298 090596 0.73982 071543 068659 066509 070448 064317 062943 06166 060035 055676 064152 056066 054968
086652 093342 075804 072993 070119 067678 071946 065446 06409 063055 061419 056867 065964 0577 05655
104592 0.84559 082137 078367 075872 080505 073282 071826 070433 068501 063589 073721 064331 063149
088327 084957 082066 079421 084008 076968 075127 073517 071642 066356 076148 066694 065318
082111 079441 076324 074177 078416 071687 070201 068685 0056926 062081 071039 062052 060788
093076 090521 095576 087597 085637 083542 081302 075498 086603 0.7557 0.74091
095312 09234 097895 0.89437 087424 085587 0.83253 077212 089632 078191 0.76672
097471 103662 094034 092462 050607 087892 081792 096349 083316 081862
096855 094746 059292 050293 083743 088219 085511 083902
087451 085099 078927 091316 079655 078078
096097 093291 086822 101326 087808 086252
088265 102434 089029 087407
09054 103213 0.89953 088319
093152 107128 093087 091464
114174 09945 097641
085643
098155

161478 144054 141071 152085 12263 120509 114019 111281 117651 107111 10535
171588 154266 150433 161357 131771 128769 122784 119792 126336 115498 113315 110451
150213 13594 132018 141005 11621 113035 108477 105861 111415 102086 100073 097412 094808 088247
172423 156033 151566 161731 133235 129637 124391 121515 12786 117046 114877 111844 108868 1.01377

14779
151597
1.40961
155809
157628
1390 166463 160639 159833 154923 139553 135066 145779 119386 116586 1.11335 108609 114443 1.04781
166452
177055
155314
178443
181777 175471 15926 154633 164335 136198 132178 127265 124461 130815 119885 117654 114513 111562 103839 116817 101965

55 SARP Jool cul o3 5525 a8 WARP &S 55055 A3 Ol &5, sbOles

Jsdr) 65k s ile 5 (F gdor) JleaSTbe s 5l LSS b vy o ol 0355 g

el okl (F

(Y- 1720 Sl 093) b duw QWS yan Sl g Jlowd b (g b Y Jgu

1976 1377 1378 1379 1380 1381 1382 1383 1384 1385 1386 1387 1388 1389 1390 1391 1392 1393 1394

1395

-11871 -30555.9 -41794.5 -467614 -601509 -77950.1 -781559 -B6B617 -962407 -118116 -144052 -185358 -339730 -780044 -955359 -960665 -1095563 -1286121 -1299956
123423 -18746.0 -30386 -365548 -502507 -67296.6 -69537.3 -785257 -BB267.7 -110304 -135845 -178107 -332414 -772843 -948345 -054164 -1088038 -1279554 -1293520
31855 188392 -121959 -200609 -343016 -50196.3 -353936 -64845.1 -75089 -97619 -122371 -165711 -320339 -761083 -936899 -943545 -1075871 -1268905 -1283080
45289 316047 12745 .61 -24049.6 -30008.2 -16587.8 -56575.5 -670989 -90072.3 -114173 -158415 -313165 -753842 -929828 -037060 -1068053 -1262033 -1276358
562814 423007 234135 105182 -14785.6 -287996 -386021 -483147 595921 -B2640.8 -106394 -151298 -306146 -747120 -923367 -630946 -1060993 -1255980 -1270347
740402 595068 404408 26896.8 -13709.5 -24769 -35652.1 -465808 -70073.2 -933014 -138921 -294303 -735651 -912079 -920605 -1049724 -1243921 -1260611
896964 747097 55460 414486 -13896.3 -246749 -364412 -59908.3 -826012 -129265 -284649 -726216 -902894 -911992 -1040070 -1237654 -1252496
107845 925459 731671 59062.7 -10644.9 233928 -47160.2 -692485 -116852 -272617 -714706 -891785 -901601 -1027948 -1227152 -1242145
124607 108665 892301 747942 -13607.1 -38047.5 -501732 -107944 -263022 -705879 -883239 -BG3777 -1017767 -1218289 -1233442
147733 131943 111986 981269 -241446  -44034 -949327 -250539 -692670 -870688 -881797 -1002148 -1205361 -1220761
186198 168395 148555 132953 -18409 -710937 -227799 -670279 -848743 -B61773 -G79185 -1184875 -1200603
110783 192052 172017 155210 537512 -210935 654104 -832821 -B47011 -964005 -1171396 -1187511
299964 279224 258339 240498 -157376 -601739 -782328 -799557 -607263 -1123116 -1139803
555858 526805 504407 479891 -448230 -633077 -660881 -747194 -983732 -1003050
1297606 1240453 1215471 1166035 -196758 -254353 -290684 -5B4700 -611248
1656273 1586622 1559443 1500821 -10629.8 720798 -396896 -426196
1771110 1697167 1669618 1603973 -331025 -362206
1773492 1697507 1670724 1603639 -330126 -361687
1393477 2293731 2164301 2175633 -375419
2465258 2363414 2332288 2239036

18423
44033
574765
747386
108087
129724
201585
46116
1041261
1329088
1434605
1442485
1960043
2023607

128973
285236
41509.3
615103
915197
112002
186061
395627
1000192
1287660
1384726
1386312
1889388
1850249

171118
319047
553345
871059
107495
189725
415506
1058815
1375175
1472146
1466744
2002086
2058170

109319
259521
538214
728458
134452
518333
852976
1093281
1187501
1195269
1635728
1692745

176282
425817
602074
124359
304107
822708
1064758
1150248
1151937
1580908
1631868

258169
439493
100879
271810
772159
993016
1083231
1052628
1504063
1558720

179288
742353
240567
729303
945173
1032799
1042270
1445401
1500631

60004]
235768
748713
980029
1069594
1077020
1500908
1557100

160960
631956
837798
924054
933409
1320388
1373593

203093
280961
287514
658826
709093

748942
757180
1138353
1190452

445116
495414

343630 378857
389758 423025 39380.2

s laasl s le



YoYU Ol e Bble 30 Ob QWS yan Olous § 30 i (w2

(PYT1- 1720 Slo) 098) Ob v O S pan (Sl (S b o Sl £ Joo

1376 1377 1378 1379 1380 1381 1382 1383 1384 1385 1336 1387 1388 1389 1390 1391 1392 1393 1394

&

O ) R R A 1 1
O ) P R R S S P 1 Y G R
R ) R g R O R O ) 1 g 1
O ) R R P P P g G
O ) R A R i P P P g G
O ) R R A 1 1
O ) P R R S S P 1 Y G R
R ) R g R O R O ) 1 g 1
O ) R R P P P g G
O ) R A R i P P P g G
O ) R R A 1 1
O ) P R R S S P 1 Y G R
R ) R g R O R O ) 1 g 1
O ) R R P P P g G
O ) R A R i P P P g G
alalelolalololalalalalalalalala]alala]s

Wiaaaaaaaaaggggccc

) O O U O R O O g
O ) R R P P P g G

0 0
0 0

Goies slaasl sl

D28\ SR )y 23y 8 daw S o 3l ST Sl O S 0L SARP o
e 68 sy oAb e3ls b g 5dsdie Sim s apT el s g e
G Sl e Fle Ste S 53 e 3 o e 5 e w53 Se b ke
i 3 Cote sde 3y SOL Y sdr il e ok KT Sl 5 8 !
AL o WAY Tl 3 0 ST Dl 5 (658 ool Lol dom s 5 o Sle (e

029720 _ 190) 190 5 1 Lasls oS 5525
5 b oS sl do s OY Ll (e Cod) L2k Jles| S5l WARP . b

933 ge wlyy S (N =

3,5 35 5,8 oIl glast 35, Jsa ) il Ol as 5 Sl (Sl ldie Sl
Ol 5 55 bl CuSl 3y 5 a8 Sl ek kL g0l
b Vs 4 Lal a0l ol S s e3lizal (K-W) 0 LT 31 08 4S5 e
i gl p K-Wo )bl &7 sl 03V ol ol il sl (g5 L S )
Joes G blE aan (gl odis b K-W o LT 53 8 dlons ol Jazous
S sl ibe 4 ISl G ile Glisyge Glao,leT acloes gl 45 A oslizul

,a,\.:w\,uK-WUuTgw\muﬁgﬂmey,&f@

1395

o oo oo ooooo o000 oo o o000



A1 Dby €Y o lodt [ GOLaBI (G5l o Dlasizes ode dobidad [T YA

3pms pe S e 09T 53 o 5l 0l (Y) Hlssai 5 (8 Jsur 55 OT s
CuSs 3y blie o5 5 06 dew gl OB U O e Do 5 53 (bl S
53 il s abk (ol 355 o odalie (0) U 43 &S 5 boker .l (g ksl
Uit e 4 (el G abl 4 S bl )s Cumbge wlal p e Sle VFAY JLs
P03 elie ) 5n Slag s S 4 b g pe olie B la i SIS L g 0 e

.%T@QQ@Q@JA&:@L_AJ&:&)&@,&);SARPu‘é.assl.».nu:.;q
SARP suel (5l g K-W (39031 guli .0 Joue

JLA mn i 137 130 13 138 pEL 1384 1385 136 1387 bt} 1389 1% bt 139
. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
L] 130 150 L] 130 bl 1% 150 L] 130 bl 1% 150 L] 130 bl

nf 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
1 3 6 i 15 i} ] ¥ & 5% ] 1] El| 108 10 13

¥ 5l £ 15 B ) % % i) % % i B 15 B 5

153 13 120 108 | 1] 4] 5% L * B il 1 i 6 3

9% 5 510 950 1415 1938 L 0 ans 515 6270 410 ] 995 1140 12920

¥ 4345 5080 25 %0 0645 510 9405 9500 9405 510 B4 T30 25 6030 540

14630 13015 11485 10070 I 7505 £365 50 an 315 175 bl 1520 104 65 85

K 00 0o 0o a0t 00 m 00 004 005 0o 0, 013 018 0% 04 004
W 024 04 058 081 10 14 18 145 3 48 57 805 it 1800 il paE]

Apu)hu L 5% 5% L 5% 5% 5% 5% L 5% 5% 5% 5% L 5% 5%

o slaasl i le

By g3 Olgea oS Sl bt ol 558 oo sdalive (0) Jgd 53 4S5 bOlen

735 &5 il oS 03 WW Jle s 3 5 55 S| CSs 6l
bl 4 s balys Cumbge elulp sl o KT Ll odalin b5 0T 5 wl)s
e Al 65 Jald Il il o ) 53 1 gk h e i i 4 ] S
OT)_SJ':JL;‘?.L')(N\:\)\ oT slacas b‘MJ@Y\{;ﬁdﬁf}beY
350 2 A0 ¢ ide ol @l 0, ,\m‘(f)@\,;mm\gm‘(n‘:')s,\,u;ﬁ,
b ply ol slad 5 W9 tow cpl 55 3 ge (slagg) S 35 ps3 Jidw 53 ks S
Jsl sl o 3l p g 2wy 53 A 3,57 VFY: L,:,,'u,&-,ius\,.‘gv e 1 el i

ol 03 35 el S &K 5 AL e VOF Ll bl 73 3 G KeW e T

1%

14630
0



VAl L Olpl Gsed @ble 30 O QNSO yan Olows § 30 i (ow) g

gi pols 4o bl alse VY Uslas 9‘“ Dldas 1A aayls s S

s K lao,LT slas (A) 5 (V) Ly, oslazul b iomed 5 Eu 4w (Gl ol
J‘.’."‘J J)\Q,Z:’ucK-W Q)AjTCJJs\l:-JAJJ.MMBu'/Y?}'/"f oy AJW
23lin 1l o ekl G et 4 5 S0 i 93 50 T XY 5l oS e
ol s Jlt gl ISy sba 308 e deslons 5 d e ol (1 W 5K (glao, LT
SloesbT s 5 sy 00 oy 5l (6l Sy Ao £ T sluss (WARP
VWV osldws fpl:- aJlas BEEIP B LR d\.w Y. ey 4:-}7 la Jj,’."\i@ Sy s a.\.fh:\i
I 55 40 5 sbas 5 anlos W 5 K glao) T 5 plonil g e (gisoneds al> 10

Lledi syl ()

Lho))JGALJ)JoMA:.wBuWo)bTﬁéuAAf‘l{‘_g)\:}Lﬂwaﬁjw)jd\ﬁ
Y
3 e W ol (gl odbianlons Hldis S S50, c»;d.w.lli.a xX <oyl b

v

v

X N pu polie ol en 4 VWWWAAPAY Sy alols s | K-W o,LT Sl &,
6 G pu i KW Sl o)lT slie 055 5655 das e Ol (0/44)
CaSs sl oS el s ol U5 a5 Jhe B8 Sad pde psghe
adle 53 06 GV s 51y S5l (548 OE S e Sl 5 55 (kL
CaSe 5l Bl g s Sdge e S5 1, Al edalie (F) Jads 53 &S

ol 06 o (6 8 OB AS e Solowr 5 )3 Al (6l L



A1 Ol ) Y o lodt [ GoLaBl (G5l o Dlasises  olde dolidad [T VY +

35
30
25
20
15
10
uy = N . ~ X L < ) 4 < ™ o . ~ X 2
£ oAbl N T e e N - N NN
L L& L &5 a7 a5 a6 &8 24U 2T o7 o 27 8 &L
Seriesl Series2

K-W o kT Skl Ngy .Y Hloge
sis sbaasl sl

5 SVsame 5 15 Ay B a4 Hleds Goses ) 5 Dldlee anlis
ey 53 &S5 ol g Sl Oslize 2L LOT a0 ezt 53 3,0 Sl 5
et ol aalllas IS b Ll s gd o0 DLl i )l g Sty Oladllas 4w las
esa 33 (YY) 0lLea 5 Jdl 5 (1F4A) LUSST i 5 S Sladllas L
s Dlalllan b omen ool ok ST Sl 5 (55 5 Cund sl 25 5 kS
Sl 5 Cand Jol ogas 55 (OYA0) &5 Sk 5 sl 5 (Vo)) b 5
b o g 53 (IFR9) ey 5 JluigS andllos b iomed s gund 0l K5 T
! et 0l ST s oo

Slgiy 9 (5 5 domi
S eslizal b Ob dew (6,48 OB A O pan Sl 5 5 o S5S anlllae ol o
S o bs otd )T Sl 5 68 5 Cnd Jpol 5 &bl Siba,
el Dldalin )3 (28 358 00 o 3l Ol s b o) K-W 05T
23 Gl Gl oy ST Sl 5 (658 0ol bl 0 )T Cams ool

OT s o8 .ol o3l GLEI VAT Jlo 53 06 Ao (5,48 OB S s e Sl 5



YO L Olpl Gyed Bble 30 Ob QWS yan Olows § 30 ki (v g

ol 51 a6 ol S eses AUl Chge s b G 5 Slley
sl 035 06 (6,48 OB A o e

s o5 3550 53 Goie DEMLI Wl 0l ST Sl 5 J sl 05057
i S a3 015 o s s 5 iy B sl ga (5 0 350 53 OB A5 e
dr g 3L O] e 3lge 4t 55 Slacks 5 Ly AT mbaw 5 LS el
33 5 edkd ol le Sl Sl 6 s byl sl 06 s 4 by e glsenls &S ol &
) Wesls il o 87 (6 dilip Ll 5 S 550 ctn g ¢ paie Copsllan b S5 cap5s IS
Sl S8 5 p3Y bh Coglas w3y 5 2l s AS o (oOie D)y
LS b e 2 1y adllans; ge 0593 JS 015 (03 plply oSl LOE &6 3 g
Sy 5 ess J§ SSE 5 gl mb CuS ladle 4 a5 L i 8 Sy
4 LIl (e DU LS wlb el )3 35 o0 slgtiy OB LS 5 e Mis
SLYE ol Lols b 55T ) 53 (ol Sllllas 058 0k w5 4SS
35 250 Dlallas ol Lo o ol el adyl 55 ol (gmsp O calisee
ST Slboear 5 Jsol 3,5 oS 5 jme oMMie Sy )y p (Sl oy g5
ol )T Ol sla s 15151 ST Sldlas 53 55 0 slgiin pl ol .ol o
OB okiS O pme Mo 55, gl (53 (o) S 53 S SSE g g0
Calg 55 b ssd w6 o3kl Glag, 5 b Gilhe ol uls Como b 345 e3lizd
5,8 &yl pmlis b cla, Sl Ol 2
S108 9 puds
SIS 4 e Olygls 5 (530l (6 5ldke Sliions asldaad 0118 Wlwws 51 0L 3

355 on () Serlon i3 go Oy lie 3ol (gl 1y a5l 5 b



A1 Dby €Y o lod [ (GOLaBI (G 5lo oo Dlasdzns ode dobidad [T YYY

ah 9 mbw

Aguiar, V. H., & Serrano, R. (2020). Cardinal revealed preference:
Disentangling transitivity and consistent binary choice. Journal of
Mathematical Economics, 102462.
https://doi.org/10.1016/j.jmateco.2020.102462
Amirahmadi, B. (1995). Survey of bread consumption in urban and rural
areas of Iran and the share of bread in the supply of vital energy and
household costs. Proceedings of the Special Meeting, Institute of
Nutrition Research and Food Industry of Iran. 166. (in Persian)
Blundell, R. W., Browning, M., Crawford, 1., De Rock, B., Vermeulen,
F., & Cherchye, L. (2012). Sharp for SARP: Nonparametric bounds on
the behavioural and welfare effects of price changes. Available at SSRN
2158658.
Conover, W. J. (1999). Practical Nonparametric Statistics, (third ed.)
Wiley, pp. 288.297.

Demuynck, T., Seel, C. (2018). Revealed preference with limited
consideration. American Economic Journal: Microeconomics, 10(1),
102-31. http://doi:10.1257/mic.20150343

Diaye, M. A., Gardes, F., & Starzec, C. (2008). GARP violation,
Economic Environment Distortions and Shadow Prices: Evidence from
Household Expenditure Panel Data. Annales d'Economie et de
Statistique, 3-33. http://DOI1:10.2307/27739817

Diaye, M. A., Gardes, F., and Starzec, C. (2008). GARP violation,
Economic Environment Distortions and Shadow Prices: Evidence from
Household Expenditure Panel Data. Annales d'Economie et de
Statistique, 3-33. https://doi.org/10.2307/27739817

Dong, F and Fuller, F. (2010). Dietary structural change in China's cities:
Empirical fact or urban legend? Canadian Journal of Agricultural
Economics/Revue  canadienne  d'agroeconomie,  58(1),  73-91.
https://doi.org/10.1111/j.1744-7976.2009.01159.x|

Erfani, A., Davoodi, P., Sadeqi, F. (2017). Grouping of Monetary Assets
in Iran Based on Nonparametric Approach to the Money Demand.
Journal of Economic Research (Tahghighat- E- Eghtesadi), 52(4), 879-
904. http://doi:10.22059/jte.2017.63663 (in Persian)

Frechette, D. L and Jin, H. J. (2002). Distinguishing transitory nonlinear
shocks from permanent structural change. Structural Change and
Economic Dynamics, 13 (2): 231.248. https://doi.org/10.1016/S0954-
349X(02)00005-X

Ghasori, Sh., Haghighi, A. (2016). Consumption of bread by Iranian
households during 2007-2014. Statistics. 3(4), 46-52. (in Persian)



VIV D L Olpl e Bble 30 Ob QWS yan Olows § 30 ki (w2

- Homayonifar, M. Tavana, H. (2008). Application of the methodology of
revealed preferences to test the rational behavior of rural households.
Quarterly Journal of Economic Research, 8(2). (in Persian)

- Hossinzad, J., Pakroh, P. (2016). Analysis of the structural changes in
consumer preferences of red meat and chicken meat in Iran. Journal of
Animal Science Researches, 26(1), 175-186. (in Persian)

- Hovhannisyan, V. and Gould, B.W. (2012) Structural change in chines
food preferences, Agricultural and Applied Economics Association's
2012 AAEA Annual Meeting, Seattle, Washington, August 12-14.

- Hovhannisyan, V., Kondaridze, M., Bastian, C., & Shanoyan, A. (2020).
Empirical Evidence of Changing Food Demand and Consumer
Preferences in Russia. Journal of Agricultural and Applied Economics,
52(3), 480-501. https://doi.org/10.1017/aae.2020.13

- International Union of Bakers and Confectioners (IUBC). (2018).
https://www.worldbakersconfectioners.org/en/about-us/

- Jin, H. J and Koo, W.W. (2003). The efects of the BSE outbreak in Japan
on consumers preferences. European Review of Agricultural Economics,
30 (2), 173.192. https://doi.org/10.1093/erae/30.2.173

- Jin, H. J. (2006). Verifying timing and frequency of revealed preference
violations and application to the BSE outbreak in Japan. Canadian
Journal  of  Agricultural Economics, 54 (1) 139.157.
https://doi.org/10.1111/j.1744-7976.2006.00042.x

- Kafka, K. I. (2021). Economic Theory and Economic Reality: A
Continuously Dialectic Relationship. In Bridging Microeconomics and
Macroeconomics and the Effects on Economic Development and Growth.
IGI Global, (pp. 1-26).

- Kohansal, M., Azam Rahmati, E. (2020). A Survey on Revealed
Preferences of Iranian Citizens for Sugar and Lump Sugar. Agricultural
Economics and Development, 28(110), 261-277.
http://doi:10.30490/aead.2020.265689.1021 (in Persian)

- Koo, A. Y. C. (1963). An Empirical Test of Revealed Preference Theory.
Econometrica, 31(4), 646. https://doi.org/10.2307/1909164

- Kouhbor M A, Aghaei M, Rezagholizadeh M. Investigation the
Consumer Choice in the Use of Dental Services Care Applying Hekman
Two-Step Procedure. jemr. 2019; 9 (34) :139-170,
http://dx.doi.org/10.29252/jemr.9.34.139 (in Persian)

- Mehrara M, Yavari G, and Yaseri H. (2020). The impact of rice imports
on domestic consumer welfare using the inverse demand system. Jemr,
11 (41) :51-89, http://dx.doi.org/10.21859/jemr.11.41.51 (in Persian)

- Molla Yousefi, M. Hossinzad, J. (2018). Investigate changing consumer
preferences for sugar and sugar baskets. 11th Biennial Conference of



A1 Dby €Y o kot [ GOLamBI (G 3l o Dlasins ke dolidad [ Y1

Iranian Agricultural Economics. Faculty of Agricultural Economics and
Development, College of Agriculture and Natural Resources, University
of Tehran. (in Persian)

Mosavi Samrin, S. (2013). The evolution of consumer theory in
economics and some issues. Jostar Mobin, 23. (in Persian)

Organization of Statistics of the Islamic Republic of Iran. (2015). Iran
Household Expenditure and Income Report. (in Persian)

Pastor-Bernier, A., Plott, C. R., & Schultz, W. (2017). Monkeys choose
as if maximizing utility compatible with basic principles of revealed
preference theory. Proceedings of the National Academy of Sciences,
114(10), E1766-E1775. https://doi.org/10.1073/pnas. 1612010114

Sakhi, F. Bostan, Y. Rezvani, M. & Fatahiardakani, A. (2019).
Pasteurized and unpasteurized milk structural failure analysis of
consumer preferences in urban and rural households Iran. Agricultural
Economics and Development, (In print). (in Persian)

Salami, H., Mohtashami, N. (2017). The Assessment of Absolute Poverty
Lines Consistency in Provinces of Iran: The Revealed Preference
Approach. Agricultural Economics, 11(1), 29-51.
http://doi:10.22034/iaes.2017.24044 (in Persian)

Salami, H., Sadafi Abkenar, S. (2019). A non-parametric Approach to
Specifying Changes of Preferences German Consumers for the Iranian
and U.S. Pistachios. Iranian Journal of Agricultural Economics and
Development Research, 50(1), 79-95.
http://doi:10.22059/ijaedr.2018.261600.668626 (in Persian)

Samuelson, P. A. (1938). A note on the pure theory of consumer's
behaviour. Economica 5.17, 61-71. https://doi.org/10.2307/2549561
Samuelson, P. A. (1948). Consumption theory in terms of revealed
preference. Economica, 15(60), 243-253,
https://doi.org/10.2307/2548836

Smeulders, B., Crama, Y., and Spicksma, F. C. (2018). Revealed
preference theory: An algorithmic outlook. European Journal of
Operational Research, 272(3), 803-815.
https://doi.org/10.1016/j.ejor.2018.04.026

Varian, H. R. (1982). Non-parametric methods in demand analysis.
Economics Letters, 9, 23-29.

Varian, H. R. (2006). Revealed preference. Samuelsonian economics and
the twenty-first century, 99-115.

World Bank. (2016). https://data.worldbank.org/

Zanardi, A. (2000). Are Individual Preferences for Public Spending
Consistent with Garp? Econpubblica Working Paper No. 71. Available at
SSRN: http://dx.doi.org/10.2139/ssrn.412240n



Investigation of Changes in Bread Consumers’ Preferences
in Urban Areas of Iran Using WARP and SARP Approaches

Mohammad Rezvani®, Yadollah Bostan®
Milad Etghaei®, Ahmad Fatahi Ardakani*

Received: 2020/03/0 Accepted: 2020/12/19

Abstract

Investigating consumer behavior and rationalizing it in selecting different goods
and services is important because it measures individuals 'preferences over
domestic or foreign goods and demonstrates the impact of impulses and policies
as a structural failure or a change in individuals' preferences. In other words, the
validity of the assumption of rational consumer behavior is examined. The test
of revealed preferences is a powerful way of examining changes in family
preferences. Therefore, the purpose of the present study is to investigate the
stability and structural failure of urban consumer preferences for bread basket in
the period 1996-1999 using strong and weak nonparametric test of revealed
preferences in Iran. Initially, the weak preferences matrix revealed using average
price data and the amount of bread types derived from household expenditure
and income plan in urban areas and comparing consumer choices over different
time periods. The results of the WARP matrix analysis show that there are no
inconsistencies in the bread basket consumers' preferences. Due to the absence
of violations in WARP, further changes in preferences using SARP were
investigated. The results showed that rational behavior of bread consumers in
urban households of Iran is rejected. Also, the results of K-W statistics indicate
that there is a structural change in 2014 and indicate that there is no effect of
transient shocks and structural failure in urban consumer preferences for bread.
Given the years of failure of the utility function and the rationalization of
consumer behavior and rational behavior, it is suggested to consider this in
estimating the bread demand function of households.
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