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Abstract

The use of the internet is constantly increasing, more and more people use it every day
in almost every activity of their life. They spend a considerable amount of time on it,
making it more than just a tool. One of the main uses of the internet is to search for
information on goods and services through search engines. The volume of internet
search data is huge.

This dissertation seeks to examine whether these online search data, and in particular
those derived from the Google Trends platform, can successfully capture the interest of
consumers in purchasing products such as cars. Actually, it studies the extent to which
Google Trends data have predictive power, in terms of forecasting car sales in Greece.
Sales forecasting is a key component of effective production planning and consequently
of optimal decision making especially in the automotive industry.

For this purpose, a number of forecasting models have been created based on various
forecasting techniques by entering data from Google Trends and several other economic
variables. More specifically, for each of the four car brands studied in the present thesis,
monthly forecasts have been made with 12 month time horizon for a specified period of
time. The performance of each model is evaluated by calculating the discrepancies
between its forecasts and the actual observations for this period.

Judging by the results of the forecasting process, in the present dissertation a forecasting
model was created using Google Trends data and managed to outperform traditional
forecasting methods by 17%. Also in most cases ' with a few exceptions’ the
introduction of such data has improved the accuracy of the predictions, albeit to a small
extent. So it seems that Google Trends data have significant predictive power, at least
in some cases.

The results of this thesis demonstrate the usefulness of online search data in
construction of predictive models, which can be used by the automotive industry as an
addition to the existing traditional forecasting methods. The value of the information that
can be extracted from such data is also pointed out and suggestions have been made
for future exploration of ways that may make its exploitation more effective.
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2004-013938| 654 (17532083 31 | 69 100| 44 | 48 | 16 | 10 |12%[14959| 737 |3242433
2004-022253| 383 [1396|1397| 77 | 73 | 99 | 96 29 |11%[14959| 742 |328(2452
2004-032789 526 [1876(1802/ 77 | 49 | 33 |88 | 33 | 17 | 60 | 12 [11%[14959 771|352|2371]
2004-04{3105| 564 [1656(1461/52 | 30 | 95| 20 | 25 | 39 | 97 | 28 [11%[15868 791 |368[2518
2004-05[2318 473 20971124167 | 64 | 65| 90 | 36 | 50 | 78 | 41 [10%[15868 837 |407|2424
2004-06[2261| 628 [3143(1720/50 | 32 | 43 | 98 | 36 | 62 | 78 | 16 [10%[15868 809 |3842349
2004-07|1858 504 [2955(2012/84 | 35 | 84 | 45| 60 | 29 | 72 | 34 [10%[16938 817 |3902319
2004-081728 486 (1961116928 | 62 |59 | 72 | 35 | 54 | 57 | 32 [10%[16938 831 |402|2314
2004-091349 525 (1792121937 | 56 | 38 | 64 | 58 | 20 | 45 | 36 [10%[16938 827 |399[2328
2004-1011834 343 [2052(1627| 79 | 63 | 60 | 39 | 79 | 46 | 82 | 52 [10%[16806 855 |422[2489
2004-112222/ 537 [1752(1477/51 | 68 | 65 | 49 | 67 | 36 | 78 | 60 (11%[16806| 826 |398|2655
2004-12 786|357 [1152(893 |23 | 90 |58 | 92 | 74 | 62 | 35 | 14 (11%[16806 773 |354|2786
2005-01{2808| 571 [24652181{62 | 56 [100| 72 | 76 | 75 | 66 | 80 |11%(15242 769 |350{2920
2005-022037 490 [20531127|33 | 48 | 32 | 89 | 92 | 97 | 32 | 58 |10%(15242 806 |381(3145
2005-032443| 623 [21412124/52 | 49 | 67 | 77 | 48 | 70 | 53 | 76 |11%(15242/ 817 |391(2855
2005-04{1603| 536 [19992114/40 | 27 |41 | 67 | 70 | 45 | 37 | 60 |10%(16392/ 878 |437(2868
2005-05(1608 508 [2259(1856/51 | 74 | 65 | 52 | 61 | 61 | 83 | 21 [10%[16392 867 |4272960
2005-06{1864) 586 (2129205453 | 79 | 51 | 58 | 80 | 62 | 31 | 48 [10%[16392 885 |441[3061]
2005-07]2087| 520 [1996(2002/57 | 48 | 39 | 45| 81 | 74 | 57 | 43 [10%[17250 932 |480(3272
2005-081684 426 [1288(1305(39 | 87 | 72 | 41| 74 | 90 | 71 | 68 [10%[17250 947 |492|3231]
2005-091687| 450 (1249111850 | 80 |57 | 70| 76 | 78 | 60 | 57 [10%(172501010/544[3382
2005-1011805| 462 [1590(1526/55 | 58 | 78 | 63 | 74 | 69 | 82 | 48 [10%[17529 998 |534(3307|
2005-11]1616| 430 [1454{1543/50 | 66 | 61 | 69 | 78 | 57 | 48 | 18 [10%[17529 902 |455[3442
2005-12| 719|553 (892|689 |37 | 42 | 62 | 79 (100| 89 | 44 | 56 [10%[17529 898 |451[3664
2006-01{2772/ 480 [2081{1848/62 | 72 | 64 | 67 | 93 |100| 60 | 68 [10%(16698 936 |482[3978
2006-02]2179 408 [1444(1305(49 | 63 | 67 | 68 | 42 | 41 | 48 | 48 [11%[16698 925 |473}4203
2006-032172| 486 (1840183969 | 68 |51 | 78 | 48 | 37 | 62 | 27 | 9% (16698 944 |489]4122
2006-04{2251| 439 [139412250/ 75 | 68 | 92 | 57 | 58 | 45 | 86 | 29 | 9% [17997| 992 |5284140
2006-05(2497| 511 [18702162{41 | 60 | 77 | 56 | 53 | 86 | 34 | 40 | 9% (179971033 5633753
2006-06(2801{ 510 17482002/ 70 | 56 | 47 | 44 | 50 | 31 | 70 | 21 | 8% [17997{1025/556(3694
2006-07]2638| 546 [16752063{67 | 59 | 76 | 78 | 46 | 55 | 37 | 46 | 8% (18641{1081|589(3748
2006-08/1889 467 [1084{1503(69 | 74 | 55| 53 | 31|42 | 71 | 45 | 9% (18641/1082/586(3869
2006-091781) 490 (1298(1141)39| 92 | 77 | 56 | 63 | 66 | 46 | 47 | 8% (18641 962 [488(3931 0
2006-1011954 397 (1366164169 | 69 | 83 | 53 | 70 | 69 [100| 36 | 8% (19284 906 (4414129 O
2006-11]1759 565 [1516(1176/60 | 60 | 67 | 60 | 65 | 50 | 48 | 55 | 9% (19284 909 [443}4221| 10
2006-12/821|910(817 (142574 | 57 | 54 | 48 | 69 | 51 | 49 | 55 [10%(19284 911 [4454394 0
2007-01{3770, 411 [2869(1744/62 | 77 | 63 | 78 | 54 | 82 | 58 | 54 | 9% (17610902 [420{4710, O
2007-02]2216| 405 [1755(1280/ 72| 52 | 82 | 65| 71 | 49 | 93 | 49 | 9% (17610 905 [422{4504 0
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2007-032772/ 57020401970/ 73| 71 |83 | 51 | 77 | 67 | 70 | 37 {10%[17610 960 |468/4643
2007-042348 438 [1965(1550/ 70 | 58 | 62 | 62 | 42 | 49 | 67 | 50 | 9% (194531006/5064737|
2007-05(2569| 578 23442448/ 69 | 69 | 57 | 59 | 86 | 60 | 51 | 53 | 8% [194531054,545/4972
2007-06(2590| 658 [25042031{46 | 38 | 58 | 59 | 61 | 63 | 78 | 69 | 8% [19453[10595494844| 14
2007-07]2905| 611 [2556/1917|59 | 74 | 56 | 73 | 75 | 65 | 77 | 73 | 8% [19976{1053/545/4918 0O
2007-082124] 488 [1600/1525(63 | 69 | 88 | 61 | 47 | 53 | 77 | 46 | 8% [19976{1023/520{4913| 7
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46 [2007-102272/ 581 [1694{1318/59 | 86 | 58 | 51 | 67 | 71 | 69 | 61 | 8% [20525(1023/520(5335 0 | O | O | O | O
47 [2007-11]1851{ 498 [1621{1005(56 | 55 | 57 | 64 | 66 | 74 | 51 | 52 | 8% |205251072/560(5054{ 5 | 2 |47 | 0 |21
48 [2007-12{ 762 |479|738|916 (61| 81 | 46 | 50 | 64 | 90 | 58 | 40 | 9% [20525(1069558(5179| 0 [ 3 [ 0 | 0 | O
49 [2008-01{3598| 573 [2836/1879/ 77 | 86 | 57 | 76 | 42 | 67 | 57 | 59 | 8% [18626(109956414363| 15| 0 [ O | O | O
50 [2008-022425/ 482 (1755/990|73| 96 |48 | 71| 60 | 90 | 61 | 60 | 8% |18626(108955614133 5 | 2 | 0 [ O | O
51 [2008-03(2131| 558 [1646/1312{61 | 77 |61 | 60 | 48 | 73 | 53 | 57 | 9% [18626(1118580(3986| 5 | 2 15|42 | O
52 [2008-042457| 712 2199170168 |100| 66 | 78 | 61 | 82 | 79 | 62 | 8% [20248(11285884214 0 | 3 (32| 0 | O
53 [2008-0512565) 623 [2087(1418/57 | 69 | 56 | 55 | 60 | 64 | 64 | 52 | 7% [20248(1199647/4177) 0 | O (15| O | O
54 [2008-06[2241) 686 (2313138967 | 60 | 43| 46 | 50 | 66 | 53 | 36 | 8% [20248/1256/693(34400 0 | O | O [ O | O
55 [2008-07|3063 611 [2477/1674/59| 65 | 46| 45| 61 | 49 | 51 | 61 | 7%[21026/1264{701(3395 0 | O | O |44 |42
56 [2008-081987| 647 (1436117353 | 82 | 59| 59 | 45 | 67 | 42 | 37 | 7% |21026(1197|645(3293 0 | O | O [ O | O
57 [2008-0911720 511 (12231022/64 | 82 | 54 | 54 | 64 | 70 | 50 | 47 | 8% [21026/1182/633(2856) 5 | 2 | 0 | O |18
58 [2008-102167| 613 [1497[1154/55| 74 | 60| 85| 48 | 61 | 47 | 56 | 7% |20763[1084{552(2060/100) 0 | O [ O | O
59 [2008-11{1448 5458371109 60| 80 | 50 [ 56 | 51 | 39 | 54 | 41 | 8% [20763 951 |442(1914/ 92| 0 | O | O |56
60 [2008-12/670|329|564|931|62| 65 |46 |40 |41 |51 |39 |35|9%[20763 857|364(1787/ 35| 2 |60| O | O
61 [2009-01j2058 676 |175211157|83 | 68 |69 | 73 | 49 | 43 | 83 | 43 |10%17795 839|340(1779( 38| 0 |14 0 | O
62 [2009-02/1718 480|11551387/100| 54 |64 | 70 | 75|31 | 71 | 49 | 9% |17795 884 |377|1536/ 62| 2 | O | O |62
63 [2009-031582 502 (10381269 63| 60 | 62| 78 | 54 | 44 | 64 | 55 [109%17795 884 |377(1684 41| O |14 | O |56
64 [2009-0411671) 654 [10851053/98 | 78 | 77 | 73 | 50 | 49 | 55 | 41 [10%20073/ 922 |4092054 30| 0 | O [ O | O
65 [2009-052446/ 923 (1634159961 | 68 | 64 | 61 | 58 | 45 | 73 | 33 | 9% [20073/950|4312327/ 22| 0 (26| O | O
66 [2009-0612072 772 (1673144470 | 67 | 39| 54 | 59 | 38 | 38 | 23 | 9% [200731021{480(2210 13| 2 |13 | 0 |18
67 [2009-07|3426/11543(27982084 79| 76 | 44| 60 | 38 | 56 | 47 | 49 [10%20418(10604722362 19| 0 (28| O | O
68 [2009-081581]109524091279/ 76| 74 | 50 | 53 | 44 | 36 | 54 | 41 | 9% [204181099 5042466/ 11| O (16| O | O
69 [2009-09 551|407 (1380, 714|64| 68 |54 | 66 | 50 | 47 | 47 | 31 | 9% [204181071|482(2661) 12| 4 (47| 0 | O
70 [2009-1011177|292|797|887|79| 71 | 58| 61 | 46 | 41 | 68 | 41 [109%20891]1047|462(2686/ 22| 0 |11 | O |15
71 [2009-11j2026) 356 (1153133756 | 56 | 48 | 46 | 39 | 33 | 45 | 34 [119%20891]1082/490(2263 14| 0 |11 | O |14
72 [2009-12/ 699|204 |600/1132/58 | 60 | 42 | 62 | 36 | 38 | 36 | 28 |11%20891/1071|481[2196/ 22| 2 |22 | 0 |14
73 [2010-01)3884; 545 [2084{1806/50 | 55 | 55| 47 | 40 | 31 | 48 | 46 [1294180431100505(2048 23| 2 |19 |28 |13
74 (2010-02/1857| 26813301942 |65 | 56 | 44 | 45| 50 | 40 | 53 | 50 |129%180431179511(1913{ 17| 0 |81 | O | O
75 [2010-032541) 5151634169858 | 49 | 36 | 46 | 40 | 32 | 32 | 58 |12%]180431379546[2067| 33| O | 27 [100| 48
76 [2010-04{1539 315]1071800|45| 42 | 38 | 41 | 39 | 25 | 43 | 64 |12%]188591446/574|1870 46 | O |100| 55 | 67
77 [2010-05(1337/209 (968|943|38| 36 | 30| 37 | 26 | 31 | 30 | 41 [129%4188591503573(1551] 38 | 31 | 19 | 80 | 39
78 [2010-06(1541 226 (1378109139 | 37 | 31| 41 | 27 | 29 | 27 | 40 [129%188591492/552(1434) 23 | 45 | 10 | 27 | 26
79 [2010-07/1106/211 (1168 619|51| 47 | 36|29 | 33 | 19 | 34 | 37 (129188291508 545(1682 27 | 16 | 20 | 0 |27
80 [2010-08/ 693|206 |686|440(41| 40 | 38 | 39 | 18 | 35| 32 | 39 |13%[188291502540(1555 15|18 |22 | 0 | 30
81 [2010-09/ 524 | 99 [530|601 (38| 47 | 34 | 33|24 | 31|39 | 43 |13%[188291493533(1471 9 (22|17 |24 |35
82 [2010-10| 782|220| 737|458 (29| 42 | 36 | 37 | 21 | 20 | 30 | 42 |14%[18977{1495534(1547| 14 | 20 | 25 | 24 | 34
83 [2010-11{ 622|173 (1033552 (32| 34 | 33|38 |26 | 27 | 34 | 26 |14%[18977(1513549(1420/ 41 | 34 |33 | 0 |33
84 [2010-12/ 290|154 |384|216|50| 35 | 36 | 33 | 27 | 24 | 28 | 42 |15%[18977(1564,590(1414] 17 | 22 | 17 | 24 | 23
85 [2011-01{1417/ 1751251555 (44 | 42 | 24 | 36 | 61 | 63 | 23 | 85 |16%[16254{1614,630(1593| 21 | 10 (37 | 19| 9
86 [2011-021120/ 154 |677|422|41| 32 | 29 | 40 | 62 | 55 | 32 |100|16%(16254{1619634(1577| 14 |20 |21 | O | 27
87 [2011-03 995|226 (847|894 (42| 31 [ 32| 34|62 |43 |33 |71 |17%162541667|672(1535( 19| 9 | 25|26 | 34
88 [2011-04 943|174 (1068763 (33| 33 [ 29| 34 |54 | 46 | 33 | 89 |16%/173031690/691(1435( 24 | 14 | 21 | 48 | 28
89 [2011-05 842|284 (121156033 | 31 [ 32| 32|58 |54 | 25| 81 |17%173031701700(1309 16 | 15|37 | 26 | 21
90 [2011-06| 7833201159 530|136 | 31 | 26 | 27 | 64 | 53 | 22 | 70 |16%173031675679(1279 14|39 |32 | 9 |13
91 [2011-07]1094) 235]1107/603|40| 31 | 26 | 35| 60 | 44 | 26 | 63 |17%17357/1679682(1204 14 |14 | 14 |19 | 14
92 [2011-081238 174|956 |478|44| 32 | 31| 35|50 | 48 | 32 | 60 [19%17357/1690691(916| 13| 8 |21 |10 |14
93 [2011-09/ 884|198 (904 |416|37| 27 | 28| 28 | 64 | 50 | 30 | 57 [18%17357/1692/692( 798| 20 | 10 | 15 | 17 {100
94 [2011-10/ 598|201 (486 |359|37| 27 | 28| 23 | 55 | 44 | 34 | 50 [19%16855(1675679(809| 25| 4 |37 |24 | 30
95 [2011-11) 934|249 (1218 417|36| 30 | 30| 29 | 51 | 40 | 26 | 60 [229%168551657|664(682| 27 | 10 | 26 | 16 | 27
96 [2011-121278 123|556 |430|37| 25 | 34|29 | 61 | 43 | 32 | 55 [229%168551640651{680| 18| 6 | 6 |32 |35
97 [2012-01) 631|233 (1374/409|39| 28 | 38| 28 | 78 | 41 | 36 | 59 [2294149291703700(796| 23 |15 |15 | 7 |41
98 [2012-02/ 438|106 |452|223|39| 30 | 28|28 | 69 | 44 | 26 | 56 (2399149291739 730|744 | 31 |100| 21 | 15 | 57

104




- [
< Els s o Els|s o é ? iE f—: £

ol c|o| ||| ©|T o < | ol o =Elo| o

# g § g E % % %| g-| 2 % a| g-| 2, g § i' g' i :g 5 g 3 ha
Slol<|o|d|d2lgl gl elelSElDTISIE B E 2"

~ 5 o ol O = o o O QC) g o)) =y = 5
el e

99 [2012-03 568|176|683|339|33| 25 |24 | 25|62 | 34 | 26 | 50 |23%149291795 774|729 19|30 |15(29 | 7
100(2012-04{ 396 |175(|531|290|24 | 26 | 26 | 26 | 62 | 38 | 23 | 52 |23%15861/1844/814|700| 11|18 | 8 | 0 |19
101{2012-05 464 |178|540(276|27| 23 | 21| 27|51 |32 |19 | 51 [24%1586111756|744|525| 16 | 34 | 37| 7 |17
1022012-06/543|170|489(258|27| 27 | 19| 22| 47 | 35 | 23 | 49 [25%15861/1706/703|611| 11 |30| 8 | 0 |11
103{2012-07)482|199|512 (264 |34 | 26 | 28 | 27 | 53 | 35 | 25 | 38 [24%161031706/703|599| 15| 6 | 20| 8 |22
1042012-08 529|117|489(229|33| 31 | 24| 30|51 |42 |30 | 47 [25%161031794{773|647| 12| 6 |12 |48 |15
105{2012-09 394 |122|373(217|35| 29 | 30| 25| 60 | 45 | 25 | 47 [26%161031821(795|739| 13| 9 | 23|21 |10
106{2012-10/ 593|136 |607 [148|29| 22 | 22| 26 | 52 | 44 | 23 | 46 [26%15904{1758/745|801| 21 | 13| 32| 39| 12
107(2012-11)472|130|549(209|32| 26 | 23| 27 | 63 | 38 | 23 | 38 [27%]15904{1685(686|809| 12 | 42 | 16 | 26 | 75
1082012-12/234| 68 |467|(144|26| 24 | 22| 24|58 | 42 | 18 | 43 [26%15904{1682/684|908| 12 | 11 | 12| 20 | 19
1092013-01)685|179|803(208|35| 27 | 25| 29| 68 | 45 | 23 | 41 [28%141381700/698|987| 11| 11| 8 | 24|11
110{2013-02/359|104|407(161|30| 25 | 23| 23| 70| 33 | 22 | 42 [28%141381752/740|1008 15| 7 | 9 | 6 | 24
111{2013-03 462|133|433(143|27| 27 | 32| 26| 64 | 38 | 33 | 46 [27%141381746/735|/869| 22| 8 |13 | 0 |11
112[2013-04{ 697 |163|421|180|28| 23 | 20| 22|52 | 34 | 22 | 43 |28%151541692/692|974| 11| 6 | 8 | 0 |71
113[2013-05{642|175|408|211|24| 26 |22 | 25|52 | 37 | 19 | 40 |28%151541663668|1015 16 | 5 | 8 | 0 |23
114[2013-06{476|163|441|259|26| 22 | 27 | 24 | 52 | 41 | 21 | 42 |27%151541688688|848| 6 | 5 | 2 | 0 |39
115[2013-07/ 660|156 58332228 | 26 | 25| 26 | 55| 39 | 23 | 33 |27%]154891701/699|885| 7 | 6 | 8 | 6 |88
116{2013-08 427|123|312(199|28| 35 | 20 | 28 | 44 | 48 | 20 | 44 |28%154891712(708|900| 4 | 4 |11 | O |44
1172013-09 345|145|456(243|27| 26 | 19| 24|59 | 51 | 17 | 42 [27%154891703|701|1014{ 9 | 4 | 8 | 11|32
1182013-10,660|197|418(321|28| 33 | 22| 26 | 54 | 50 | 18 | 44 [27%15091]1656/663|1188 9 | 2 |14 | 0 |31
119{2013-11)641|186|567 [369|28| 26 | 23 | 28 | 56 | 44 | 25 | 42 [29%1509111636|647|1196( 14 | 6 |18 | 5 | 26
120{2013-12/476|139|320(227|29| 27 | 21| 28 | 48 | 56 | 23 | 43 [28%1509111649(657|1163 7 | 4 | 4 | 0 | 24
1212014-01) 737|293|672(414|31| 27 | 24| 29|58 | 44 | 23 | 45 [27%137441650[658(1177| 13| 3 | 7 | 5 | 2
122[2014-02/539|157|427(203|28| 25 | 20| 25|48 | 46 | 20 | 42 [28%137441651/659|1310 14| 4 | 2 | 6 |11
123[2014-03 582|168|496(366|26| 23 | 26 | 25|58 | 39 | 24 | 43 [28%[13744/1663|669|1336 6 | 6 | 7 | O |14
1242014-04770|174|537|303|26| 25 | 22| 25|50 | 44 | 19 | 40 [27%147231672/676(1232/ 10| 5 | 8 | O | 3
125[2014-05( 743342551 |362|22 | 24 | 22 | 22| 48 | 44 | 20 | 48 [27%147231678680|1223 9 | 4 [ 5| 0 | O
126({2014-06/810|227|740(341|28| 24 | 18| 23| 47| 38 | 14 | 33 [26%147231690(690|1214f 7 | 4 | 4 | 6 | 16
127(2014-07/ 695|207 |675|360|26 | 30 | 26 | 25 | 54 | 45 | 21 | 47 |25%155401707|704|1169 5 | 3 | O | O |14
128[2014-08{427|150(318|211|31| 31 |24 (30| 47 | 51 | 24 | 40 [25%155401683685|1162 2 | 1 | 7 | 6 | 3
129[2014-09/560|171|516|275|34| 24 | 22 | 28 | 50 | 46 | 25 | 46 |25%155401666/671|10621 5 | 3 | 2 | O |13
130{2014-10, 662|217 |575(301|28| 28 | 24 | 31| 44 | 43 | 20 | 44 [25%151091633|645(916| 6 | 4 | 6 | 5 | 8
1312014-11 774149411 (227|29| 28 | 24| 32| 42| 43 | 22 | 48 [26%151091581{603(963| 8 | 5 | 8 | 0 | 8
1322014-12/ 722|178|563(319|29| 22 | 24| 29| 55| 38 | 23 | 40 [27%151091522(556/826| 8 | 3 | 5 | 5 | 2
133[2015-01) 870|223|553(392|31| 27 | 26 | 29| 49 | 48 | 20 | 44 [26%1366411393(453|722| 10| 7 |14| 0 | 2
1342015-02/649|159|394(268|30| 29 | 25| 32|50 |51 | 21 | 47 [26%136641424{478|880| 6 |12|23| 0 | O
135[2015-03 629|310|410(349|32| 26 | 26 | 34 | 54 | 47 | 25 | 52 [27%136641501{539|775|11| 5 | 5| 5 | O
136(2015-04,818|370|724(349|32| 27 | 25| 28|51 | 45 | 25 | 51 [26%146891525(558(823| 6 | 4 |17| 0 | 5
137[2015-05942|282|701|337|30| 28 | 22| 29|56 | 48 | 19 | 51 [24%]146891559/586/825| 8 | 4 |11| 0 | O
138[2015-06) 655|225|720(242|24| 25 | 19| 25| 45| 45 | 20 | 36 [25%]146891570[594|798| 10| 12|28 |21 | O
1392015-07/641|216|313|141|27| 23 | 20| 22| 43|39 | 16 | 33 [25%151621579(601|668| 11|49 |30 | 5 | 7
140(2015-08/588|130(314|263|37 | 31 | 27 | 31 | 52 | 46 | 23 | 41 |23%151621511|548|624| 7 |24| 6 | O |11
141[2015-09 456 |206|404|261|35| 31 | 26 [ 30 | 54 | 49 | 24 | 41 [25%151621438489|654| 3 |13 | 9 | 5 | 5
142[2015-10{ 531147473297 |31 | 26 | 27 | 31| 47 | 38 | 20 | 38 [249%151891418473|701| 1 |10| 6 |26 | 7
143[2015-11{ 982|197 (555|287 (29| 30 | 23 (29| 40| 40 | 25 | 41 [24%151891404{462|635| 10| 4 | 6 | 6 | O
1442015-12(1105203|475|367|32| 32 | 25|30 | 43 | 47 | 27 | 39 [25%151891402/460|631| 8 | 3 | 4 | 6 | O
145[2016-01) 826 |160|530(336|36| 31 | 26 | 33 | 51 | 45 | 24 | 47 [26%133251360[427|553| 11| 6 | 15|29 |21
146{2016-02/416|181|263(191|36| 29 | 23| 31| 47 | 48 | 21 | 41 [25%133251318/394|517| 8 | 7 | 4 |10 |24
147(2016-03 535|225|437(271|29| 33 | 24| 33| 42|54 | 20 | 39 [25%133251318/393|577|12| 6 | 0 | O | 7
1482016-041102/417|979(290|29| 31 | 25| 31| 46 | 38 | 23 | 48 [249%14581]11369(434|584| 9 | 10| 9 |42 | 7
1492016-051406| 442127361432 | 31 | 26 | 35| 48 | 48 | 24 | 50 [23%(14581]11396{455(647| 8 | 8 |12 |49 | 7
1502016-06/1196| 245|589 (447 |29 | 27 | 22| 27 | 45| 44 | 19 | 43 |[23%14581]1430(474|542| 7 | 5 | 11| 75|12
1512016-07) 915|263 |468(232|36| 38 | 23 | 34| 57 | 47 | 24 | 40 [23%]15256/1418{465|571| 3 | 2 | 0 | 26| 8
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152[2016-08 699|118|344(215|37| 37 | 24 | 35|53 | 51 | 26 | 45 [23%15256/1396(448|577| 5 | 1 | 6 | 33| 3
1532016-09 539|144|508(179|37| 31 | 26 | 33| 58 | 49 | 21 | 40 [229%15256{1414/462|566| 3 | 4 | 7 |51 |12
1542016-10 707 | 144|458 (281|34| 39 | 28 | 34| 48 | 55 | 24 | 41 [22%14917]1431{474|591| 9 | 5 | 4 | 41|19
155[2016-11) 757|188|619(391|34 | 33 | 24 | 38 | 54 | 47 | 25 | 55 [24%14917|1428/472|629| 9 | 5 | 6 | 37| 35
1562016-12/398| 91 |586(289|47| 39 | 27| 39|52 | 46 | 27 | 51 [24%14917/1451{490|644| 9 | 3 | 9 | 36|15
157{2017-01) 985|310|438(246|53 | 37 | 26 | 40 | 66 | 46 | 25 | 46 [24%13506/1537|534|612| 8 | 3 | 12| 9 |18
1582017-02 644 |226|479(358|50| 36 | 28 | 36 | 67 | 49 | 25 | 44 [24%13506/1547|536/646| 10| 6 | 8 |21 | 5
159(2017-03 888|254 |726(397|45| 36 | 27 | 35| 54 | 56 | 25 | 49 [23%13506{1533|525|666| 7 | 5 | 5 | 9 |11
160[2017-04,831|385|599(276|40| 33 | 24| 35|50 |51 | 20 | 51 [21%14767/1519(514|712| 9 | 5 | 7 |16| 8
1612017-051151/318|692(298|39| 31 | 26 | 32| 52 | 53 | 23 | 43 [22%14767|1516(512|775| 6 |16 |16 |39 | 9
162[2017-06/914|318|750(322|40| 32 | 27 | 30| 52 | 47 | 24 | 40 [20%]14767/1485(488(824| 7 | 5 |19|16| 7
163[2017-07/1031/ 181|734 (289|49| 38 | 24 | 36 | 54 | 58 | 29 | 41 [20%(158391464{471|812| 6 | 3 | 4 |10 |18
164[2017-08 738|173|439(253|46| 37 | 27| 39|51 |53 | 25 | 51 [21%]158391475(479(825| 2 | 2 | 2 |15| 7
165(2017-09 680|248|514(324|48| 31 | 28| 37|54 | 49 | 26 | 50 [20%]158391502/501|756| 3 | 2 | 7 | 15|16
166(2017-10 784 | 262|567 |368|48| 34 | 28 | 38 | 57 | 49 | 26 | 50 [20%149391505(503(759| 5 | 1 | 9 |20 | 9
167(2017-11) 793|209|403|408|43| 32 | 28 | 34 | 53 | 53 | 26 | 44 [229%0149391528/522|(740| 9 | 3 | 2 | 25| 7
168(2017-12/587|201|303 (364 |48 | 37 | 32| 40 | 57 | 47 | 30 | 52 [219%149391534(527|802| 5 | 3 | 13|36 | 20
1692018-01]1215/ 313|756 ({398|55| 37 | 34 | 41|53 | 51 | 31 | 49 [21%137121543|534|879| 11| 3 | 10|19 | 16
170{2018-02 713 |144|532(405|47| 31 | 28| 43| 55|52 | 26 | 36 [22%137121550/539|836| 6 | 4 | 7 | 41|12
1712018-031167| 206|636 (529|45| 30 | 31| 36|58 | 69 | 26 | 48 [21%137121528/521|781| 4 | 2 | 5| 9 |20
172{2018-041118 300|673 (325|45| 37 | 29| 40 | 50 | 52 | 27 | 53 [20%149631557|544|858| 7 | 1 | 7 | 10|20
173[2018-051054 276|837 |403|46 | 30 | 27 | 37 | 57 | 47 | 22 | 48 [19%]149631615(590(756| 7 | 6 |13 |37 | 4
174[2018-06/1225/ 296 | 658 322|45| 33 | 27 | 36 | 56 | 53 | 24 | 53 [18%|149631646|615|758| 4 | 4 | 6 |18 | 9
1752018-07|867|281|562(211|45| 34 | 29| 35|60 | 57 | 26 | 53 [18%161081639/610|761| 3 | 2 | 8 | 13|13
176{2018-08 973|335|513(242|54| 41 | 30| 40| 63 | 59 | 27 | 59 [19%161081644{613|730| 3 | 16|21 |13 | 6
1772018-09 675| 44 |443|327|50| 33 |28 | 39| 65|60 | 28 | 54 (18%161081644{614|/692| 3 | 3 |11 |31 | 2
178[2018-101073/195|550(399|56 | 37 | 34 | 43| 55| 52 | 25 | 55 [18%|15126/1653(621|640| 7 | 2 | 7 |56 | 7
1792018-11]1057|141|480|366|46| 36 | 29| 39| 48 | 48 | 28 | 51 [19%]15126/1593|574|630| 9 | 3 | 5 | 72| 9
1802018-12/619|131|291(245|53| 32 | 30| 41| 61|50 | 30 | 51 [18%151261519/515|613| 2 | 3 | 7 | 20|12
181[2019-01]1149 370|834 (286|61| 35 | 37| 45| 70 | 45 | 30 | 53 [209%0138501484/487|635| 7 | 2 | 8 | 13|79
182[2019-02 761 |240|560(329|50| 38 | 29 | 44| 62 | 55 | 28 | 50 [2096138501505/503|708| 2 | 1 | 5 | 15|19
183[2019-03 829|219|595(360|48| 36 | 33| 45|57 | 47 | 31 | 49 (18%138501556(543|721| 6 | 1 | 7 |19 | 7
184[2019-04/1385/425|850(417|54 | 33 | 34 | 43| 63 | 47 | 28 | 59 [18%15357[1620/594|773| 7 | 3 | 5 | 0 |12
185(2019-051452/ 4511047334 |51 | 35 | 28 | 38 | 57 | 47 | 29 | 55 [17%15357|1646|615|830| 4 | 4 | 9 |18 | 25
186[2019-06/1045/ 386|918 (311|48| 40 | 27 | 36 | 64 | 53 | 25 | 55 [16%15357/1611{588|868| 3 | 4 | 13| 0 |15
187[2019-07|11464|545|635(314|56 | 37 | 32| 37| 62 | 58 | 23 | 44 (17%166841616(592(900| 2 | 3 | 9 | 8 | 6
188[2019-08 986 | 828|509 (364 |62 | 40 | 35|44 |76 |61 | 31 | 62 [16%166841610/587|868| 3 | 1 | 6 | O |29
189[2019-09 925| 65 |460(239|79| 39 | 31|41|80 |67 |29 |51 [16%166841599578|868| 2 | 2 | 3 | 8 |22
1902019-10,987|121|431{267|63| 35 | 32| 42|66 | 52 | 26 | 53 [16%15247/1593/573|883| 2 | 1 |12| 0 |14
1912019-11)948|254|437(274|55| 38 | 32| 42| 62 | 52 | 30 | 55 [17%15247/1588/569|902| 6 | 1 |11| 0 |14
192[2019-12/650|116|137(391|55| 36 | 33| 43| 63 | 53 | 27 | 57 [17%15247/1594/574|917| 4 | 2 | 2 | 9 |49
193[2020-01j1475/358|475(240|67| 36 | 34 | 53| 77 | 51 | 30 | 65 [17%]135201619/594|921| 6 | 3 | 8 | 8 | 36
194[2020-02/ 956 |190|446(210|61| 35 |33 | 45|61 |55 | 26 | 54 [17%135201597|577|720| 4 | 2 | 4 | 4 |14
195(2020-03 711|108|175(117|36| 26 | 18| 29| 39| 32 | 18 | 43 [15%135201500[501|558| 7 | 2 | 7 | 11|65
196(2020-04457|175|176| 53 |31| 22 | 17| 25|33 |34 | 13 | 39 [16%127101349(381|628| 6 | 4 | 7 | 7 |28
197(2020-05 729|214|413(130|49| 33 | 28| 39|53 |40 | 28 | 52 [17%127101325/361|653| 6 | 4 | O | 16 | 59
198(2020-06/1029 298 |470(321|63| 40 | 33| 47| 63 | 52 | 28 | 56 (17%]127101387/410|/639| 5 | 3 | 8 | 8 |54
199(2020-07|1237| 326|564 (296 |68 | 39 | 39 | 48 | 73 | 54 | 35 | 56 (169%014864/1429/443|618| 3 | 4 | 10|16 |21
200[2020-08/ 904|216 (351|269 |67 | 44 | 33| 47 | 68 | 56 | 30 | 57 [16%14864({1430444|634| 2 | 4 | 6 | 8 | 6
201[2020-09/879|165(511|280|72| 32 | 33| 45|76 | 51 | 29 | 51 (15%14864/1426(441(625| 3 | 1 | 7 | 8 |31
202[2020-10/592|229(501|326|63| 36 | 32| 43 | 66 | 51 | 26 | 50 [16%141821422/438(570| 3 | 3 | 3 | 8 |10
203[2020-11 663|263 378|316 |44 | 27 | 18| 30 | 49 | 38 | 17 | 44 (17%141821414{431|737| 4 | 2 | 7 | 4 |22
204[2020-12/631|155(590|236|44| 28 | 20| 36 | 53 | 43 | 19 | 47 [16%141821427|442({809| 5 | 2 | 1 |11 |12
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#!/usr/bin/env python

# coding: utf-8

# # Predictions

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt
import seaborn as sns

import statsmodels.api as sm

import pmdarima as pm

from sklearn.linear_model import LinearRegression
from sklearn.tree import DecisionTreeRegressor
from sklearn.ensemble import RandomForestRegressor

from sklearn.svm import SVR

from sklearn.pipeline import make_pipeline
from sklearn.preprocessing import StandardScaler
from sklearn.preprocessing import MinMaxScaler

from sklearn.metrics import mean_squared_error, mean_absolute_percentage_error, mean_absolute_error

dataset=pd.read_excel(/Users/loukas/Desktop/dataset.xIsx',sheet_name=0,index_col=date’)
toyota=dataset[ TOYOTA']

toyota.index=pd.to_datetime(toyota.index)

toyota.index = pd.Datetimelndex(toyota.index.values,freg=toyota.index.inferred_freq)
toyota=pd.DataFrame(toyota)

toyota["#"]=list(range(len(toyota)))

toyota_test=(toyota.iloc[176:211])

scores={}

## TOYOTA Exponential smoothing

toyota=dataset[ TOYOTA']

toyota.index=pd.to_datetime(toyota.index)

toyota.index = pd.Datetimelndex(toyota.index.values,freqg=toyota.index.inferred_freq)
toyota=pd.DataFrame(toyota)

toyota["#"]=list(range(len(toyota)))

test=(toyota.iloc[176:211])

f1=]
for i in range(35):
train=toyota.iloc[:165+i,0]
fitl = sm.tsa.ExponentialSmoothing(train,seasonal_periods=12,seasonal="add",use_boxcox=False, initialization_method="estimated").fit()
fcastl = fitl.forecast(12)
fl.append(fcast1[11])

f=pd.DataFrame(f1,index=toyota_test.index,columns=["forecast"])

if np.inf in list(f["forecast"]):

f.replace([np.inf, -np.inf], train.mean(), inplace=True)
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f.fillna(train.mean(),inplace=True)

plt.plot(toyota_testf TOYOTA')

plt.plot(f)

plt.tick_params(axis='x', which='major',labelsize=10,labelrotation=45)
plt.title("TOYOTA model 17)

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/TOYOTA_model01.png",bbox_inches="tight’)
plt.show()

print("RMSE = ",np.sqrt(mean_squared_error(toyota_testfTOYOTA',)))
print("MAPE = ",mean_absolute_percentage_error(toyota_testfTOYOTA',f))
print(MAE = ',mean_absolute_error(toyota_testfTOYOTA,f))

scores['model_17=[np.sqgrt(mean_squared_error(toyota_test{TOYOTA'],f)),mean_absolute_percentage_error(toyota_test[TOYOTA',f),mean_absolut

e_error(toyota_testf TOYOTA'],f)]

## TOYOTA Auto Exponential Smoothing

from sktime.forecasting.ets import AutoETS

toyota=pd.DataFrame(dataset TOYOTAT)
toyota.index=idx =pd.period_range(start="2004-01', end="2021-07", freq="M")
toyota=pd.DataFrame(toyota,columns=["TOYOTA"])
toyota["TOYOTA"]=toyota["TOYOTA"].astype("float64")
test=toyota.iloc[-35:,0]
f1=[]
for i in range(35):

train=toyota.iloc[:165+i,0]

fitl = AutoETS(auto=True, n_jobs=-1, sp=12) fit(train)

fcastl = fitl.predict(12)

fl.append(fcast1[-1])

print(fitl.get_params())
f=pd.DataFrame(f1,index=test.index,columns=["forecast"])
if np.inf in list(f["forecast"]):

f.replace([np.inf, -np.inf], train.mean(), inplace=True)
f.fillna(train.mean(),inplace=True)
f.index=f.index.astype("string")
test=pd.DataFrame(test)

test.index=test.index.astype('string’)

tir=pd.Datetimelndex(test.index)

plt.plot(pd.DataFrame(list(test["TOY OTA"]),index=tir))
plt.plot(pd.DataFrame(list(f[forecast"]) ,index=tir))

plt.tick_params(axis='x', which='major',labelsize=10,labelrotation=45)
plt.title("TOYOTA model 2")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/TOYOTA_model02.png",bbox_inches="tight)
plt.show()

print("RMSE = ",np.sqrt(mean_squared_error(test,f['forecast"])))
print("MAPE = ",mean_absolute_percentage_error(test,f['forecast']))

print(MAE =",mean_absolute_error(test,f['forecast"]))

scores['model_21=[np.sqgrt(mean_squared_error(test,f['forecast"])),mean_absolute_percentage_error(test,f[' forecast']),mean_absolute_error(test,f['f

orecast"])]

toyota=dataset[ TOYOTA']
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toyota.index=pd.to_datetime(toyota.index)

toyota.index = pd.Datetimelndex(toyota.index.values,freq=toyota.index.inferred_freq)
toyota=pd.DataFrame(toyota)

toyota["#"]=list(range(len(toyota)))

test=(toyota.iloc[176:211])

## TOYOTA Auto ARIMA

toyota=dataset[ TOYOTA']

toyota.index=pd.to_datetime(toyota.index)

toyota.index = pd.Datetimelndex(toyota.index.values,freq=toyota.index.inferred_freq)
toyota=pd.DataFrame(toyota)

toyota["#"]=list(range(len(toyota)))

test=(toyota.iloc[176:211])

f1=[]

for iin range(35):

train=toyota.iloc[:165+i,0]

model = pm.auto_arima(train, seasonal=True, m=12)
print(model.get_params)

forecasts = model.predict(12)

fl.append(forecasts[-1])

f=pd.DataFrame(f1,index=test.index,columns=["forecast"])

plt.plot(testf TOYOTAT)

plt.plot(f)

plt.tick_params(axis='x', which='major',labelsize=10,labelrotation=45)
plt.titte("TOYOTA model 3")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/TOYOTA_model03.png",bbox_inches="tight')
plt.show()

print("RMSE = ",np.sqrt(mean_squared_error(testf TOYOTA'],f)))

print("MAPE = ",mean_absolute_percentage_error(testfTOYOTA1,f))

print(MAE =",mean_absolute_error(testf TOYOTA',f))
scores['model_3]=[np.sqgrt(mean_squared_error(toyota_test{TOYOTA'],f)),mean_absolute_percentage_error(toyota_test{TOYOTA,f),mean_absolut

e_error(toyota_test{TOYOTA',f)]

## TOYOTA AR model St=i % 1*S(t-12)+ 2*S(t-1)+st

toyota=pd.DataFrame(dataset[ TOYOTA')

toyotal=toyota[ TOYOTA'].shift(periods=1)

toyotal2=toyota[ TOYOTA".shift(periods=12)
bltoyota=pd.DataFrame(toyota).join([pd.DataFrame(toyotal).rename(columns={'TOYOTA':"toyota-
1'}),pd.DataFrame(toyotal2).rename(columns={'TOYOTA"'toyota-12'})])

y=bltoyota[ TOYOTA'[12:].astype('int’)
X=bltoyota[['toyota-1','toyota-12']][12:].astype('int’)

X_train=X.iloc[:164]
X_test=X.iloc[164]
y_train=y.iloc[:164]

y_test=y.iloc[164:]

reg = LinearRegression().fit(X_train, y_train)
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y_pred=reg.predict(X_test)

plt.plot(pd.DataFrame(y_test,index=y_test.index))
plt.plot(pd.DataFrame(y_pred,index=y_test.index))

plt.tick_params(axis='x', which='major',labelsize=10,labelrotation=45)
plt.title("TOYOTA model 4")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/TOYOTA_model04.png",bbox_inches="tight’)
plt.show()

print(RMSE = ',np.sqgrt(mean_squared_error(y_test,y_pred)))
print(MAPE = ', mean_absolute_percentage_error(y_test,y_pred))

print(MAE =", mean_absolute_error(y_testy_pred))

scores['model_4=[np.sqrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_pre
d)

# # Advanced Models ++ Gtrends

ds=dataset.loc[;,["'TOYOTA","gtl_toyota","gt2_toyota'"|+list(dataset.columns[-14:])]

ds["TOYOTA+12"]=ds["TOYOTA"].shift(-12)

ds1=ds.loc[:"2020-07",]

ds1.tail(15)

index1=ds[-35:].index

ind=pd.Datetimelndex(index1)

# ## TOYOTA model_5 DecisionTreeRegressor
Y=ds1['TOYOTA+12"]
X=ds1[[ 'TOYOTA' 'gtl_toyota','gt2_toyota','unemployment’,'Qgdp_Maverage', ‘gt_fir]]

y_test=Y[-35:]

X_test=X[-35:]

y_train=Y[120:-35]

X_train=X[120:-35]

tree=DecisionTreeRegressor(random_state=0,max_depth=4) ###### A > AN ~h =Y 8 <w'hshh h'goggletrends>s _ h i <
tree.fit(X_train,y_train)

y_pred=tree.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))

plt.tick_params(axis='x', which='major',labelsize=10,labelrotation=45)
plt.titte("TOYOTA model 5")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/TOYOTA_model05.png",bbox_inches="tight’)
plt.show()

print(RMSE =',np.sqgrt(mean_squared_error(y_test,y_pred)))

print(MAPE = ', mean_absolute_percentage_error(y_test,y_pred))

print(MAE =", mean_absolute_error(y_test,y_pred))
scores['model_57=[np.sqrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_pre

d]

# ## model_6 DecisionTreeRegressor

Y=ds1['TOYOTA+12"]
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X=ds1[[ 'TOYOTA' 'unemployment’,'Qgdp_Maverage]

y_test=Y[-35:]
X_test=X[-35:]
y_train=Y[120:-35]
X_train=X[120:-35]

tree=DecisionTreeRegressor(random_state=0,max_depth=4)

tree.fit(X_train,y_train)

y_pred=tree.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))

plt.tick_params(axis='x', which='major',labelsize=10,labelrotation=45)
plt.title("TOYOTA model 6")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/TOYOTA_model06.png",bbox_inches="tight’)
plt.show()

print(RMSE = ',np.sqgrt(mean_squared_error(y_test,y_pred)))

print(MAPE = ', mean_absolute_percentage_error(y_test,y_pred))

print(MAE =", mean_absolute_error(y_test,y_pred))
scores['model_67=[np.sqrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_pre

d]

### TOYOTA model_7 RandomForestRegressor
Y=ds1['TOYOTA+12"]
X=ds1[[ 'TOYOTA''gtl_toyota','gt2_toyota','unemployment’,'Qgdp_Maverage', ‘gt_fir]]

y_test=Y[-35:]
X_test=X[-35:]

y_train=Y[120:-35]
X_train=X[120:-35]

forest=RandomForestRegressor(random_state=0,max_depth=4) ####H#H#H AN > Ah " b _ B <wWhhoh h googletrends > _ hi <
forest.fit(X_train,y_train)

y_pred=forest.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))

plt.tick_params(axis='x', which='major',labelsize=10,labelrotation=45)
plt.title("TOYOTA model 7")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/TOYOTA_model07.png",bbox_inches="tight')
plt.show()

print(RMSE =",np.sgrt(mean_squared_error(y_test,y_pred)))

print(MAPE =',mean_absolute_percentage_error(y_test,y_pred))

print(MAE ="', mean_absolute_error(y_test,y_pred))
scores['model_7]=[np.sqrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_pre

d]
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# ## TOYOTA model_8 RandomForestRegressor
Y=ds1['TOYOTA+12"]
X=ds1[[ 'TOYOTA''unemployment','Qgdp_Maverage]

y_test=Y[-35:]
X_test=X[-35:]
y_train=Y[120:-35]
X_train=X[120:-35]

forest=RandomForestRegressor(random_state=0,max_depth=4) ####H# AN >' Ah ~h =~ 8 <w’ hhh h googletrends>s _ hi <
forest.fit(X_train,y_train)

y_pred=forest.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))

plt.tick_params(axis='x', which='major',labelsize=10,labelrotation=45)
plt.title("TOYOTA model 8")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/TOYOTA_model08.png",bbox_inches="tight)
plt.show()

print(RMSE =',np.sqgrt(mean_squared_error(y_test,y_pred)))

print(MAPE =',mean_absolute_percentage_error(y_test,y_pred))

print(MAE ="', mean_absolute_error(y_test,y_pred))
scores['model_81]=[np.sqrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_pre

)

# ## TOYOTA model_9 LinearRegression

#mh >Sh&" AL >¥>' <" gtrénds, B As "0 " h
Y=ds1['TOYOTA+12"]

X=ds1[[TOYOTA' 'gtl_toyota', '‘Qgdp_Maverage', 'unemployment]]

y_test=Y[-35:]
X_test=X[-35:]
y_train=Y[120:-35]
X_train=X[120:-35]

reg = LinearRegression().fit(X_train, y_train)

y_pred=reg.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))

plt.tick_params(axis='x', which='major',labelsize=10,labelrotation=45)
plt.title("TOYOTA model 9")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/TOYOTA_model09.png",bbox_inches="tight')
plt.show()

print(RMSE =",np.sqrt(mean_squared_error(y_test,y_pred)))

print(MAPE =',mean_absolute_percentage_error(y_test,y_pred))

print(MAE ="', mean_absolute_error(y_test,y_pred))
scores['model_97=[np.sqrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_pre

d]
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# ## TOYOTA model_10 Linear Regression

#m’ h>PFh&" AL LY grends
Y=ds1['TOYOTA+12"]
X=ds1[[TOYOTA''Qgdp_Maverage', 'unemployment']
##HHH#subtrainl

y_test=Y[-35:]

X_test=X[-35:]

y_train=Y[120:-35]

X_train=X[120:-35]

reg = LinearRegression().fit(X_train, y_train)

y_pred=reg.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))

plt.tick_params(axis='x', which='major',labelsize=10,labelrotation=45)
plt.title("TOYOTA model 10")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/TOYOTA_model10.png",bbox_inches="tight)
plt.show()

print(RMSE =',np.sqgrt(mean_squared_error(y_test,y_pred)))

print(MAPE =',mean_absolute_percentage_error(y_test,y_pred))

print(MAE ="', mean_absolute_error(y_test,y_pred))
scores['model_107=[np.sqrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_pr
ed)]

# ## TOYOTA model_11 Support Vector Regressor
#] D < AL >SS S MAWh A > BT Y6 S s G Tvehds
Y=ds1['TOYOTA+12"]

X=ds1[[TOYOTA' 'gtl_toyota','Qgdp_Maverage', 'unemploymentT]]

y_test=Y[-35:]
X_test=X[-35:]
y_train=Y[120:-35]
X_train=X[120:-35]

regr = make_pipeline(StandardScaler(), SVR(C=15, epsilon=0.4,kernel="linear"))
regr.fit(X_train, y_train)

y_pred=regr.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))

plt.tick_params(axis='x', which='major',labelsize=10,labelrotation=45)
plt.titte("TOYOTA model 11")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/TOYOTA_model11.png",bbox_inches="tight")
plt.show()

print(RMSE =",np.sgrt(mean_squared_error(y_test,y_pred)))

print(MAPE =',mean_absolute_percentage_error(y_test,y_pred))

print(MAE =", mean_absolute_error(y_test,y_pred))
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scores['model_111=[np.sqrt(mean_squared_error(y_test,y pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_pr

ed)]

### TOYOTA model_12 Support Vector Regressor

#h < AL >0 hA'wh A > bt Tt GTrends
Y=ds1['TOYOTA+12"]

X=ds1[[TOYOTA''Qgdp_Maverage', 'unemployment]]

y_test=Y[-35:]
X_test=X[-35:]
y_train=Y[120:-35]
X_train=X[120:-35]

from sklearn.svm import SVR
from sklearn.pipeline import make_pipeline

from sklearn.preprocessing import StandardScaler, MinMaxScaler

regr = make_pipeline(StandardScaler(), SVR(C=15, epsilon=0.4 kernel="linear"))
regr.fit(X_train, y_train)
y_pred=regr.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))
plt.tick_params(axis='x', which='major',labelsize=10,labelrotation=45)
plt.title("TOYOTA model 12")
plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/TOYOTA_model12.png",bbox_inches="tight’)
plt.show()
print(RMSE =',np.sqrt(mean_squared_error(y_test,y_pred)))
print(MAPE = ', mean_absolute_percentage_error(y_test,y_pred))
print(MAE =", mean_absolute_error(y_test,y_pred))
scores['model_121=[np.sqrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_pr
ed)]
scores_toyota=scores
##Y 7 <7 Brandls
sc=[]
sc.append(scores_toyota)
for kin [AUDI',OPEL','FORD]:

print(k,k,k,k,k,k,k,k,k,k,k,k,k)

z=dataset[k]

z.index=pd.to_datetime(z.index)

z.index = pd.Datetimelndex(z.index.values,freqg=z.index.inferred_freq)
z=pd.DataFrame(z)

z["#"=list(range(len(z)))

test=(z.iloc[176:211])

scores={}

#### Exponential smoothing

print(k,"EXPONENTIAL SMOOTHING HOLT WINTERS")
z=dataset[k]

z.index=pd.to_datetime(z.index)

z.index = pd.Datetimelndex(z.index.values,freq=z.index.inferred_freq)

z=pd.DataFrame(z)
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z["#"]=list(range(len(z)))
test=(z.iloc[176:211])

f1=]]
for iin range(35):
train=z.iloc[:165+i,0]
fitl = sm.tsa.ExponentialSmoothing(train,seasonal_periods=12,seasonal="add",use_boxcox=False, initialization_method="estimated").fit()
fcastl = fitl.forecast(12)
fl.append(fcast1[11])

f=pd.DataFrame(f1,index=test.index,columns=["forecast"])
if np.inf in list(f["forecast"]):
f.replace([np.inf, -np.inf], train.mean(), inplace=True)

f.fillna(train.mean(),inplace=True)

plt.plot(test[k])

plt.plot(f)

plt.tick_params(axis="x', which="major',labelsize=10,labelrotation=45)
plt.title(k+" model 1")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/'+k+"_model01.png",bbox_inches="tight')
plt.show()

print(k,'model_1")

print("RMSE = ",np.sqrt(mean_squared_error(test[k],f)))
print("MAPE = ",mean_absolute_percentage_error(test[k],f))
print('MAE = ', mean_absolute_error(test[k],f))

scores['model_11=[np.sqrt(mean_squared_error(test[k],f)),mean_absolute_percentage_error(test[k],f),mean_absolute_error(test[k],f)]

HiHHEHH AUTOETS
print(k,"AUTO EXPONENTIAL SMOOTHING")

from sktime.forecasting.ets import AutoETS
z=pd.DataFrame(dataset[k])
z.index=idx =pd.period_range(start="2004-01', end="2021-07", freq="M")
z=pd.DataFrame(z,columns=[k])
z[K]=z[K].astype("float64")
test=z.iloc[-35:,0]
f1=[]
for iin range(35):
train=z.iloc[:165+i,0]
fitl = AutoETS(auto=True, n_jobs=-1, sp=12) fit(train)
fcastl = fitl.predict(12)
fl.append(fcast1[-1])

f=pd.DataFrame(f1,index=test.index,columns=["forecast"])
if np.inf in list(f["forecast"]):
f.replace([np.inf, -np.inf], train.mean(), inplace=True)

f.fillna(train.mean() inplace=True)
f.index=f.index.astype("string")

test=pd.DataFrame(test)

test.index=test.index.astype('string’)
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tir=pd.Datetimelndex(test.index)

plt.plot(pd.DataFrame(list(test[K]),index=tir))
plt.plot(pd.DataFrame(list(f["forecast"]) ,index=tir))

plt.tick_params(axis="x', which="major',labelsize=10,labelrotation=45)
plt.title(k+" model 2")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/"+k+"_model02.png",bbox_inches="ight')
plt.show()

print(k,'model_2')

print("RMSE = ",np.sqrt(mean_squared_error(test,f['forecast"])))

print("MAPE = ",mean_absolute_percentage_error(test,f['forecast"]))

print(MAE =", mean_absolute_error(test,f['forecast']))
scores['model_27=[np.sgrt(mean_squared_error(test,f['forecast"])),mean_absolute_percentage_error(test,f['forecast"]),mean_absolute_error(test,f

["forecast"])]

z=dataset[k]

z.index=pd.to_datetime(z.index)

z.index = pd.Datetimelndex(z.index.values,freq=z.index.inferred_freq)
z=pd.DataFrame(z)

z["#"|=list(range(len(z)))

test=(z.iloc[176:211])

# ARIMA
print(k,"AUTO ARIMA")

z=dataset[k]

z.index=pd.to_datetime(z.index)

z.index = pd.Datetimelndex(z.index.values,freq=z.index.inferred_freq)
z=pd.DataFrame(z)

z["#"]=list(range(len(z)))

test=(z.iloc[176:211])

f1=]]

for iin range(35):

train=z.iloc[:165+i,0]

model = pm.auto_arima(train, seasonal=True, m=12)
print(model.get_params)

forecasts = model.predict(12)

fl.append(forecasts[-1])

f=pd.DataFrame(f1,index=test.index,columns=["forecast"])

plt.plot(test[k])

plt.plot(f)

plt.tick_params(axis="x', which="major',labelsize=10,labelrotation=45)
plt.title(k+" model 3")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/"+k+"_model03.png",bbox_inches="ight')
plt.show()

print(k,'model_3’)

print("RMSE = ",np.sqrt(mean_squared_error(test[k],f)))

print("MAPE = ",mean_absolute_percentage_error(test[k],f))
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print('MAE = ',mean_absolute_error(test[k],f))

scores['model_3]=[np.sqrt(mean_squared_error(test[k],f)),mean_absolute_percentage_error(test[k],f),mean_absolute_error(test[k],f)]

# AR model St=i H 1*S(t-12)+ 2*S(t-1)+t

print(k,"AR Baseline Model")

z=pd.DataFrame(dataset[k])
z1=z[k].shift(periods=1)
z12=z[K].shift(periods=12)

blz=pd.DataFrame(z).join([pd.DataFrame(z1).rename(columns={k:k.lower()+'-1'}),pd.DataFrame(z12).rename(columns={k:k.lower()+'-12})])
y=blz[k][12:].astype('int’)
X=blz[[k.lower()+'-1' k.lower()+'-12][12:].astype('int’)

X_train=X.iloc[:164]
X_test=X.iloc[164:]
y_train=y.iloc[:164]
y_test=y.iloc[164:]

reg = LinearRegression().fit(X_train, y_train)

y_pred=reg.predict(X_test)

plt.plot(pd.DataFrame(y_test,index=y_test.index))
plt.plot(pd.DataFrame(y_pred,index=y_test.index))

plt.tick_params(axis='x', which="major’,labelsize=10,labelrotation=45)
plt.title(k+" model 4")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/"+k+"_model04.png",bbox_inches="tight')
plt.show()

print(k,' model_4")

print(RMSE =",np.sqrt(mean_squared_error(y_test,y_pred)))

print(MAPE = ',mean_absolute_percentage_error(y_test,y_pred))

print(MAE =", mean_absolute_error(y_test,y_pred))
scores['model_47=[np.sgrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_p

red)]

# Advanced Models ++ Gtrends
ds=dataset.loc[:,[k,'gt1_'+k.lower(),'gt2_"+k.lower()]+list(dataset.columns[-14:])]
ds[k++127=ds[K].shift(-12)

ds1=ds.loc[:"2020-07",:]

print(k,"Decision Tree + gtrends")

Y=ds1[k+'+12]
X=ds1[[ k,'gtl_‘+k.lower(),'gt2_+k.lower(),'unemployment’,'Qgdp_Maverage', 'gt_fir]

y_test=Y[-35:]
X_test=X[-35:]
y_train=Y[120:-35]
X_train=X[120:-35]

tree=DecisionTreeRegressor(random_state=0,max_depth=4) ### Al > AN~ h =¥ 8 <w’ hs hh h'google trends>¥ _ hj <

tree.fit(X_train,y_train)
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y_pred=tree.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))

plt.tick_params(axis='x', which="major',labelsize=10,labelrotation=45)
plt.tittle(k+" model 5")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/"+k+"_model05.png",bbox_inches="tight')
plt.show()

print(k,'model_5')

print(RMSE = ',np.sqrt(mean_squared_error(y_test,y_pred)))

print(MAPE =" ;mean_absolute_percentage_error(y_test,y_pred))

print('MAE ="', mean_absolute_error(y_test,y_pred))
scores['model_57=[np.sgrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_p

red)]

print(k,"Decision Tree without gtrends")
Y=ds1[k+'+12
X=ds1[[ k,'unemployment','Qgdp_Maverage']

y_test=Y[-35:]
X_test=X[-35:]
y_train=Y[120:-35]
X_train=X[120:-35]

tree=DecisionTreeRegressor(random_state=0,max_depth=4) ##### A K > Ah "D _ 8 <w’'hshh h'googletrends>¥ _ hi <
tree.fit(X_train,y_train)

y_pred=tree.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))

plt.tick_params(axis='x', which="major’,labelsize=10,labelrotation=45)
plt.title(k+" model 6")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/"+k+"_model06.png",bbox_inches="tight')
plt.show()

print(k,' model_6")

print(RMSE =',np.sqrt(mean_squared_error(y_test,y_pred)))

print(MAPE =" ,mean_absolute_percentage_error(y_test,y_pred))

print(MAE =", mean_absolute_error(y_test,y_pred))
scores['model_67=[np.sgrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_p

red)]

print(k,"Random Forest + gtrends")
Y=ds1[k+'+12
X=ds1[[ k,'gtl_+k.lower(),'gt2_'+k.lower(),'unemployment','Qgdp_Maverage', ‘'gt_fir]]

y_test=Y[-35:]
X_test=X[-35:]
y_train=Y[120:-35]
X_train=X[120:-35]
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forest=RandomForestRegressor(random_state=0,max_depth=4) ####H##A N > AN ~h -~ Y 8 <w'hshh h’googletrends > _ h i

forest.fit(X_train,y_train)

y_pred=forest.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))

plt.tick_params(axis='x', which="major",labelsize=10,labelrotation=45)
plt.title(k+" model 7)

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/'+k+"_model07.png",bbox_inches="tight')
plt.show()

print(k,' model_7")
print(RMSE =',np.sqrt(mean_squared_error(y_test,y_pred)))
print(MAPE =',mean_absolute_percentage_error(y_test,y_pred))

print(MAE =", mean_absolute_error(y_test,y_pred))

scores['model_7]=[np.sgrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_p

red)]

print(k,"Random Forest without gtrends")
Y=ds1[k+'+12"

X=ds1[[ k,'unemployment','Qgdp_Maverage"]

y_test=Y[-35:]
X_test=X[-35:]
y_train=Y[120:-35]
X_train=X[120:-35]

forest=RandomForestRegressor(random_state=0,max_depth=4) ###H#A N >' AK ~ b -7 8 <w'hxhh h'googletrends > _ h i

forest.fit(X_train,y_train)

y_pred=forest.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))

plt.tick_params(axis='x', which="major',labelsize=10,labelrotation=45)
plt.title(k+" model 8")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/"+k+"_model08.png",bbox_inches="ight')
plt.show()

print(k,'model_8")

print(RMSE =',np.sqgrt(mean_squared_error(y_test,y_pred)))

print(MAPE = ',mean_absolute_percentage_error(y_testy_pred))

print(MAE =", mean_absolute_error(y_test,y_pred))

scores['model_8]=[np.sgrt(mean_squared_error(y_test,y_pred)),mean_absolute_pecentage_error(y_test,y_pred),mean_absolute_error(y_test,y_p
red)]

print(k,"Linear Regression with gtrends")
Y=ds1[k+'+121

X=ds1[[k, 'gtl_+k.lower(), ‘Qgdp_Maverage', ‘unemploymentT]]

y_test=Y[-35:]
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X_test=X[-35:]
y_train=Y[120:-35]
X_train=X[120:-35]

reg = LinearRegression().fit(X_train, y_train)

y_pred=reg.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))

plt.tick_params(axis='x', which="major",labelsize=10,labelrotation=45)
plt.title(k+" model 9")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/'+k+"_model09.png",bbox_inches="tight’)
plt.show()

print(k,'model_9")

print(RMSE = ',np.sgrt(mean_squared_error(y_test,y_pred)))

print(MAPE =", mean_absolute_percentage_error(y_test,y_pred))

print(MAE =", mean_absolute_error(y_test,y_pred))

scores['model_91=[np.sqrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_p
red)]

print(k,"Linear Regression without gtrends")
Y=ds1[k++12]
X=ds1[k,'Qgdp_Maverage', ‘'unemploymentT]

y_test=Y[-35:]
X_test=X[-35:]
y_train=Y[120:-35]
X_train=X[120:-35]

reg = LinearRegression().fit(X_train, y_train)

y_pred=reg.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))

plt.tick_params(axis='x', which="major',labelsize=10,labelrotation=45)
plt.title(k+" model 10")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/"+k+"_model10.png",bbox_inches="ight')
plt.show()

print(k,'model_10"

print(RMSE =',np.sqgrt(mean_squared_error(y_test,y_pred)))

print(MAPE = ',mean_absolute_percentage_error(y_testy_pred))

print(MAE =", mean_absolute_error(y_test,y_pred))

scores['model_10=[np.sqrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_
pred)]

print(k,"SVR with gtrends")
Y=dsi[k++12]

X=ds1[[k,'gtl_‘+k.lower(),'Qgdp_Maverage', ‘'unemployment1]

y_test=Y[-35:]

121



X_test=X[-35:]
y_train=Y[120:-35]
X_train=X[120:-35]

from sklearn.svm import SVR
from sklearn.pipeline import make_pipeline

from sklearn.preprocessing import StandardScaler, MinMaxScaler

regr = make_pipeline(StandardScaler(), SVR(C=15, epsilon=0.4,kernel="linear"))
regr.fit(X_train, y_train)
y_pred=regr.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))

plt.tick_params(axis='x', which="major',labelsize=10,labelrotation=45)
plt.title(k+" model 11")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/"+k+"_modell1.png",bbox_inches="ight')
plt.show()

print(k,'model_11")

print(RMSE = ',np.sqrt(mean_squared_error(y_test,y_pred)))

print('MAPE =" ,mean_absolute_percentage_error(y_test,y_pred))

print(MAE =", mean_absolute_error(y_test,y_pred))

scores['model_11']=[np.sqrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_
pred)]

print(k,"SVR without gtrends")
Y=ds1[k+'+12
X=ds1[[k,'Qgdp_Maverage', 'unemployment]

y_test=Y[-35:]
X_test=X[-35:]
y_train=Y[120:-35]
X_train=X[120:-35]

from sklearn.svm import SVR
from sklearn.pipeline import make_pipeline

from sklearn.preprocessing import StandardScaler, MinMaxScaler

regr = make_pipeline(StandardScaler(), SVR(C=15, epsilon=0.4kernel="linear"))
regr.fit(X_train, y_train)
y_pred=regr.predict(X_test)

plt.plot(pd.DataFrame(list(y_test),index=ind))
plt.plot(pd.DataFrame(y_pred,index=ind))

plt.tick_params(axis='x', which="major',labelsize=10,labelrotation=45)
plt.title(k+" model 12")

plt.legend(["Actual values","Predicted values"])
plt.savefig("/Users/loukas/Desktop/par/"+k+"_model12.png",bbox_inches="ight')
plt.show()

print(k,'model_12")
print(RMSE =',np.sqrt(mean_squared_error(y_test,y_pred)))
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print(MAPE =", mean_absolute_percentage_error(y_test,y_pred))

print(MAE =", mean_absolute_error(y_test,y_pred))

scores['model_12']=[np.sqrt(mean_squared_error(y_test,y_pred)),mean_absolute_percentage_error(y_test,y_pred),mean_absolute_error(y_test,y_
pred)]

sc.append(scores)

ML 0 S WA_M T Tt s Wt ath GR Y ChAs'wMn h € b
pd.DataFrame(sc[0]index=["RMSE","MAPE","MAE"|)####TOYOTA
pd.DataFrame(sc[1],index=["RMSE","MAPE","MAE"|)####AUDI
pd.DataFrame(sc[2]index=["RMSE","MAPE","MAE"|)####0PEL
pd.DataFrame(sc[3]index=["RMSE","MAPE","MAE"]}####FORD

with pd.ExcelWriter("/Users/loukas/Desktop/scores.xIsx") as writer:
pd.DataFrame(sc[0],index=["RMSE","MAPE","MAE"]).to_excel(writer,sheet_name='Scores',startrow=>5,startcol=5)####TOYOTA
pd.DataFrame(sc[1],index=["RMSE","MAPE","MAE"]).to_excel(writer,sheet_name=Scores',startrow=10,startcol=5)####AUDI
pd.DataFrame(sc[2],index=["RMSE","MAPE","MAE"]).to_excel(writer,sheet_name='Scores',startrow=15,startcol=5)####OPEL
pd.DataFrame(sc[3],index=["RMSE","MAPE","MAE"]).to_excel(writer,sheet_name=Scores',startrow=20,startcol=5)####FORD
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