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il 25 Ojgo A (5995 Cund (sougl 5 (owlidlen sla it
23- —
Parallel(n_jobs=11)(delayed
for in ['temperature’, 'humidity' , ‘dew Point’, ‘wind
Speed’, 'year', 'day in year', 'day in week', 'hour’, 'icon’
24- = 0
25- = 1
26- = 2
27- = 3
28- = 4
29- = 5
30- = 6
31- = 7
32- = 8

& Jgile ,o a5 varPreparing ol « S G o cutData b 4 pl o 00,5 0 canline a5 jghailen

Uide e cutData wli 4 by o can 308 (s0g50 .l 0 iy ya5 o3,ls | 3 modules.preparing_module #
e g, o0 LIS o Parallel oS 4 sods cypai @b B,me sl delayed aie ool oo 00,91 VF-Y
Olad VY Lz oS a5 jshailen 0gd adsl 20 lade Cawn 3LS 4 05, 0 Jled 4 & slo ke 95> COl_Name
['temperature’, 'humidity' , 'dew Point’, 'wind Speed', 'year', 4,1 & ,b ;lcol_name s wes o

ooliinl o3l a5 0 g8 o 530 & N_JODS .l ool 20,l0is 'day in year', 'day in week', 'hour’, 'icon’]

thread ®
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50 038 oslaiwl oadsle SO s wilgd co all VLl elil pole ol Jlade ST s l0 1) eadsls o slass ax
slass thread sla,xite 5l alaS jo 0 Ojle o el ool a8 5 )l 0 VY bl N_JODS jlade o35, o0
o 5l lages aiT 3 Sy lowlne jo thread « IS b a4 .0,5 aialys solitwl oS glyzl oo j0 1) a1
g plol Jale
0S5 o0 el 25 D50 & Sisel (sousi 5 suliBlen sl yuite 55, Slge (il i b 4
33- =
Parallel(n_jobs=11)(delayed
for in ['temperature’, ‘humidity' , 'dew Point', ‘wind
Speed’, 'year', 'day in year', 'day in week’, ‘hour’, 'icon'
34- = 0
35- = 1
36- =
37- = 3
38- = 4
39- = 5
40- = 6
41- = 7
42- = 8

Sl nl b ol Vb alin 523 (3j50] 5 o Sl slo e 59y S3ls0 (305 Pl Sl (sis3S so5

Ao a wliilga sleesls jo 040 o Sls>1,5 VarPreparing )5 ;i cutDataColRange ol 4 b a5
Lis o JolS 59, S el Jlayn 50 4L 4 bg e sloosls aSIle s .cenl Sglitte uiite wiz g el S ol
o 335 (o9 09d iy a5 CUtDAtaColRange ol 4 (5,50 &b a5 col 5L plpls ol oo piite SO
Silge i3 plml (gl oS 5,5 (sog56 el e 03,5l Y-V F isw yo cutDataColRange o 4 by ye

el p 5 Sygo a4 Ghjgal Jb sla paite (59,

43- =Parallel(n_jobs=11)(delayed
range(24)) for in
44- = 0
45- = 0
46- = 0

1l el s b sl prie gl carlin jsb g

47- =Parallel(n_jobs=11)(delayed
range(24)) for in

48- = 0

)
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49- = 0
50- = 0

[TehranLoadReal, «!,1 &b sl thread oo b (ojeel g cend sla ools g, (g5l50 (o510 al> o 4o

sl 0als 20 laie TehranDemandResponse, TehranTotalLoad]

Sbw O yg0 a4 Wodly Jod —o-V

Sle=1,8 varPreparing oL« oM jiserialize ob 4 b o sl (el & g0 4 baosls Lo gl

b 4 bgye cmsisS G055 a5 Sl axgs BB ogd o el o Jold o ya oab cpl Boyb 5l ogd
el 0 45,1 V-VF isw o Serialize

Sloas o0l yusd el O ygo A ol g owlidlgn (bige] (slaosls (i aS 5,k )l
51- = Parallel(n_jobs=11)(delayed for
in train_temperature_arr train_humidity_arr train_dewPoint_arr
train_windSpeed_arr, train_year_arr, train_day_in_year_arr, train_day in_week_arr
train_hour_arr, train_icon_arr
52- = 0

54- =
55- = 3

57- = 5
58- = 6

60- = 8

oS (o5 5 (oliilen [Bigel o slaosly (gly alie jsb 4 g

61- = Parallel(n_jobs=11)(delayed for varin
test_temperature_arr, test_humidity arr, test dewPoint_arr, test windSpeed_arr
test_year_arr test_day_in_year_arr test_day_in_week_arr test_hour_arr
test_icon_arr

62- = 0

63- = 1

64- = 2

65- = 3

66- = 4

67- = 5

68- = 6

69- = 7

70- = 8

141



DOI: 10.30503/nripress.2020.321

Sito oligS b ciol] i 50 ros x50l Ul o9, (o) 0

Sloas o0ls s el 4 ) Oygo 4 s 4L (igel slesls

71- = Parallel(n_jobs=11)(delayed for
in
train_TehranLoadReal _arr train_TehranDemandResponse_arr train_TehranTotalLoad
_arr
72- = 0
73- = 1
74- = 2
ie)ld Hb e glrosls (gl alie jobo s g
75- = Parallel(n_jobs=11)(delayed for varin
train_TehranLoadReal_arr train_TehranDemandResponse_arr,train_TehranTotalLoad
_arr
76- = 0
77- = 1
78- = 2

Ladly olbals -V

Pl s o8 bl Gloj o,y oald (b (ras a0l (IS 5k 4

S oy j0 a5 80,5 o0 e |
ob, Oldas golow 5l ool U .

5 bl 95 by gam pl8 Jolds als (639)9 a5 Ghjgel slaosls &5
wuils ol @l (i ooy 50 9 Wl 0o Jyero 0> 5l A il

Sloads sols cacs b sols sl RSt O 0 aS

79-

-1

80-

1

81-

82-

83-

84-

85-

86-

87-

88-

89-

90-

hstack

91-

92-

93-

sy
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94- =

95- =
96- =

97- =
98- =
99- =

100- =

lotsl,] 30,5 S 5 (sl NSTACK als 51 48 il 53 LB pamo oo 41,5 )] oy 1, o peiie plas caols] 5o
S reshape sl «opwiomed 0551 co Cawds | AT L Cond SO sloddlge olaas [EN b puizmed 090 oo 0ol
sly dataset) oo solel slaosls 55 oS 5l o jo conlio ShAPE @ ] slgize (pols jdd cygau |y )l

S oo ol | A ge]

101- =np.hstack 1
reshape(len 1
reshape(len 1
reshape(len 1
reshape(len 1
reshape(len 1
reshape(len
1
reshape(len
1

oj9ol Sl (2905 9 82959 V-V
dataset slas 5, 5l golows N_NiStOry_Steps ,xie 4 axg5 b conl 55« bjge] slaosls (glwoolel 51 o
0ol aSlils 4y (699,9 olaie 4 a5 o5 slaws N_history_steps .wigs a8,5 Jhaiys Jlej oy leie a4 ool
o sl A aS 0gd s sl Wb Y 29,5 a9 X (50955 4l,T K8 Ol 4ol oo lid |y 0gd o
097 .Cadild pudles (o s 11 SOl el 4ol Al 0929 pl5 G L (g, 0ol S Sy oy

DS 0 el i Ojpe i Gigu (ol Slp (oS

102- =48
103- = split_sequences

s 4y o iy y25 AV

6‘)—’ ‘5.....4545)5 05_‘>L3 RO PR M; ).'a; ) ww r:l.‘?u‘ 6|f LSTM mas 41‘.....: Jd.c ‘°35)'~?~ u.:‘ 50
ool gy Oy90 4 LSTM aslits Joo iy yus
104- Sequential |

Al
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105- add(LSTM(100 activation="relu input_shape
106- add 1
107- compile(optimizer="adam’, loss='mse

g Sl TEIU (g5l Jled ol i .l o0l 48,5 Jlai 0 Voo pl s boyg 98 olaad g o oadlive a5 jshailen

o INPUL_Shape .coul sods (5,8 MSE i590] ;0 deu,> ol 9 izmon .ol ADAM (g5luaig oU 45
99,5 el slaas g (n_features) b S5y ol Jols a5 vas o oliad 1) (59g,9 ool lsls
Sl el oo a8 5 a5 10 A8 Ll LSTM aSiis slaasY olaws wogsp ool ,o .ol (N_history_steps)
cloms] Comdg ¢ dudass dod .ol 0al sols Las Y-V JSo [0 oals a8 5 Las 1o slasg, b (soloiiun aSil

Ao solpiinn AUl 4 (69959 Sl Sy (lgie 4 leguli-ljgile g,y Celw catan )8 59, ( Jlo )8 59, (Jlo

leads u)f
- 7 RelLu :: il — | b k| e b
__—» |connected
- I
—_—

Wb S Sl A HIS Gaes Al S LS L Y-V S
LSTM aSiud (pd 390! —4-¥

855 oo pll 5 g0 a0 fit jgiws 5l eolaiwl b oo >yl aSlis 5390l
108- fit epochs=200, verbose=1

RO (8] 0315 Acgoomo (g 5Lwadlel —Y+-Y

5l eolaws Y5 cpl sl 00,5 s (sigel slassls b Sialer job ds aSlil (699,9 5 i lej o
S ol Gloj o7y S b 00,5 (oo Blol s asgaze sloogys Sl golaas plgie 4 (bjsel sl is0g,
Rl b s e g 0S 0950 .0 5 bl 15 s slaosly jo b resls olal> (ijeel slaosls ailes 08,5

ool iy Ojyge a4 5

109- =np.hstack len
- -1):len

50
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110- test day _in_year ser_shift_added=np.hstack((train_day_in_year_ser_shift[(len(trai
n_day in_year_ser_shift)-n_history steps-1):len(train_day in_year ser_shift)],
test day in_year ser_shift))

111- test_day_in_week ser_shift_added=np.hstack((train_day _in_week_ ser_shift[(len(tr
ain_day_in_week_ser_shift)-n_history_steps-1):len(train_day_in_week_ser_shift)],
test_day in_week ser_shift))

112- test_hour_ser_shift_added=np.hstack((train_hour_ser_shift[(len(train_hour_ser_shi
ft)-n_history_steps - 1):len(train_hour_ser_shift)], test_hour_ser_shift))

113- test_icon_ser_shift_added=np.hstack((train_icon_ser_shift[(len(train_icon_ser_shif
t) - n_history_steps - 1):len(train_icon_ser_shift)], test_icon_ser_shift))

114- test_temperature_ser_shift_added=np.hstack((train_temperature_ser_shift[(len(train
_temperature_ser_shift)-n_history_steps-1):len(train_temperature_ser_shift)],
test_temperature_ser_shift))

115- test TehranTotalLoad_ser_input_added=np.hstack((train_TehranTotalLoad_ser_in
put_shift[(len(train_TehranTotalLoad_ser_input_shift)-n_history_steps-
1):len(train_TehranTotalLoad_ser_input_shift)],
test TehranTotalLoad_ser_input_shift))

116- test TehranTotalLoad_ser output_added=np.hstack((train_TehranTotalLoad_ser o
utput_shift[(len(train_TehranTotalLoad_ser_output_shift)-n_history_steps-
1):len(train_TehranTotalLoad _ser_output_shift)],
test TehranTotalLoad_ser_output_shift))

117- test TehranTotalLoad_ser input_added O=test TehranTotalLoad_ser_ input_added
test TehranTotalLoad ser_input_added O[(n_history steps):] =0

oy ya5 508 5l eolaiwl b ol 29,5 9 (65,9 00lws 9,55, SO (sl ] Hlaw 12 4571 sols sasgamme s
oS (o0
118- test_dataset=np.hstack((test_year_ser_shift_added.reshape(len(test_year_ser_shift_
added),1),
test_day_in_year_ser_shift_added.reshape(len(test_day in_year ser_shift_added),1),
test_day_in_week_ser_shift_added.reshape(len(test_day in_week_ser_shift_added),1),
test_hour_ser_shift_added.reshape(len(test_hour_ser_shift_added),1),
test_icon_ser_shift_added.reshape(len(test_icon_ser_shift_added),1),
test_temperature_ser_shift_added.reshape(len(test_temperature_ser_shift_added),1),
test TehranTotalLoad_ser_input_added 0O.reshape(len(test TehranTotalLoad_ser_inpu
t added _0),1),
test TehranTotalLoad_ser_output_added.reshape(len(test_TehranTotalLoad_ser_outpu
t added), 1)))

55
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Cond (2955 9 53959 —IV-VY

lass 6615 sl loy o a5 udls azgi Wb oS o oolel ) Cows ST 9 (5999 ASgene i ol e

L oS pealys C8lyo 1) (g5 lamr 5 oad plandl (s foy Of ebol 2 a5 2y ulss ) (695,9 acgone

J.:L:c Cendy s (S‘f ‘5>9J.> 9(§99,9 dCg0ta ) S5 )l oolazw!
| 119- = split_sequences

o Pl Y-

@ aS) gl anlsl yo Jg 048 oo st a8 gl o solel L8 isu y0 aS s sleesls 5l sslaiul b
Celo gt o B oo,S oadly (L 3l |y celu o gl oads conion )b laie il Koy 8l >
Ol 4l vy (Bl )l g wiblse Bl (Aly Sl 0 &S D00 ples a4 laBs (s 035 esliiul gum
anlie (o8ly laosls L o gin iy S5 Culed 59 025 (o0 bl (S )90 Gred @ 55, Ve Gl eSS
ol pll BB 5 a8 sleslaiwl b ISl 00,8 o

120- =10
121- = 0 1
0
122- 1 1 1] =
foriin 1 24
= predict reshape(1
0 =
123- ifi<
for | in range -1- +1 -1)] =
- + 1+ +1 1)) =
0.,( - +1+
else
for j in range(0 1 1)] = -
+ 1 + + 1 -1)] = -
+1+
oS (o0 Rl ceslin [l &y 5 05 Gk Sl 0ol a8 5 O js0 (i aaldl 0 g
124- = reshape 1

95> SR,1g05 gy VY-V

s o >b o 45 Lgs o cims i slmosls b xbly (gloools auulin plovl 5 sl jsbite 4
23,5 oy 1y B loged Glgs oo 305 05 sk 5ol oo covas cel YF 2 b 59, 12 (o
125-  for i in range(0 |

Y
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= * *24) + 24
= *24):((1*24) + 24
= mape
figure
plot marker='0", markerfacecolor="blue’, markersize=2, color="skyblue
=1 =
plot marker='0', markerfacecolor="blue’, markersize=2, color="olive
linewidth=1, linestyle="dashed’, label="actual
title(r'Day '+ str(i) +' MAPE="+ np.array2string fontsize=20
draw
pause(0.001
show
WS oo pyad ]y Jol 5, b e e )b (g 4 Y-V SS
Day 0 MAPE=6.04689707
65001 ¢ '
6250 ‘\.‘
6000 - .//-\_,___‘_% 1
5750 r_,"
- "\L JJ""‘.
5250 o '\‘. f‘.‘
50007 predection
4750 4 VN e actual
J31 385 1 ool ey (oo o i €Y JSS
Lz ol e (b (ooagl g (olidln sla Shg 5 5k (639,9 polie Dlpnsl (o (Sased (IS b @
e 6:9i>wb aoliy aiile LYo 4y a5 Sloj Ll 25550l |y sdg,9 M aS WS o M Al oS
S92 Lo o Fhg 9 5k polie o (e a5 098 o0 Sl 098 Jlosl (639,951 polie )0 S5 Ol pss

g Jol i Sl esllael s 05,5 o czge a5 WS (b 1) Giisel Mg, (295 4 Wilgi aSlh

s 03w] Zalgd cmmigi OS D9 —YE-Y

1wl 5 O y90 4 VarPreparing LIS ;5 cutData sl 4 bgs o oS

def cutData(allData, start_date, end_date, col_name):

allData_size = allData.shape

first_falg = 1

arr = [];

# dataRangeWithBar = tqgdm(range(0, allData_size[0]))

for r in range(0, allData_size[0]):

if allData.loc[r,'hour'] == 23 and (allData.loc[r,"'year'] > start_date[0] or

(allData.loc[r,'year'] == start_date[0] and allData.loc[r,'month'] > start_date[1]) or

FA



DOI: 10.30503/nripress.2020.321 Do oliS b il g 50 o 55050k SL] 9, (o0

(allData.loc[r,'year'] == start_date[0] and allData.loc[r,'month'] == start_date[1] and
allData.loc[r,'day'] >= start_date[2])) and (allData.loc[r,'year'] < end_date[0] or (allData.loc[r,"year']
== end_date[0] and allData.loc[r,'month'] < end_date[1]) or (allData.loc[r,'year'] == end_date[0]
and allData.loc[r,'month'] == end_date[1] and allData.loc[r,'day'] <= end_date[2])):
if first_falg == 0:
temp = allData.loc[r-23:r,col_name]
arr = np.vstack((arr, temp))

if first_falg == 1:
arr = allData.loc[r-23:r,col_name]
first_falg=10

# dataRangeWithBar.set_description("Making array of " + col_name + " data
%s" % r)
return arr

il ) Oyso 4 VarPreparing .5 ;1 cutDataColRange sb 4 b o oS

def cutDataColRange(allData, start_date, end_date, col_range):

allData_size = allData.shape

first_falg = 1

arr = [1;

# dataRangeWithBar = tqdm(range(0, allData_size[0]))

for r in range(0, allData_size[0]):

if (allData.loc[r,'year'] > start_date[0] or (allData.loc[r,'year'] ==

start_date[0] and allData.loc[r,'month'] > start_date[1]) or (allData.loc[r,'year'] == start_date[0] and
allData.loc[r,'month'] == start_date[1] and allData.loc[r,'day'] >= start_date[2])) and
(allData.loc[r,'year'] < end_date[0] or (allData.loc[r,'year'] == end_date[0] and allData.loc[r,'month']
< end_date[1]) or (allData.loc[r,'year'] == end_date[0] and allData.loc[r,'month'] == end_date[1]
and allData.loc[r,'day'] <= end_date[2])):

if first_falg == 0:

arr = np.vstack((arr, allData.loc[r,col_range]))
if first_falg == 1:

arr = allData.loc[r,col_range]

first_falg=10

# dataRangeWithBar.set_description("Making array of Load data range %s"
% r)
return arr

sl 5 O y90 4 VarPreparing LS siserialize mb o by o oS
def serialize(var):
rows_num = var.shape[0]
serialized_var = var[0, :]
for i in range(1,rows_num):
serialized_var = np.hstack((serialized_var, varfi, :1))

return serialized_var

£
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o oals a4y 13 3l wulats BB slaplS 5 sasive slaws b b icte L il oad ools (ylas a5 jglailen
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el oals ploul (oals S Y ol o Oy sl olawd) Cawl 5g, 90 a5 o.A.;.JI celo YA cooion sl

B0,5 oo (G YA S o eaid cole lias adls sl eolanl b Jlge sl

B dmigd A5 3 ,Sdas 095w —Y-A

Sl oedais BB AS o 55 sle e

4- =31
Dyge & Supp a4 bge grdgs wilioe 05 50 adgl Sledas plnil gl Vb 0S5 29290 pite

el oaal 5 50 alSlas
n_lockBack: asiis as (69,9 (sloplS o puns
prediction_days: o i slajs, slaxs s

shift_days: sgo ools aSiis ay a8lg 00ls 59, diz )b aBly slomols 5l eolatul s cusion b 52 5
BarChart_days: aiil pp yuw Cidy st 59y i Jolis slabs s5l> slaloges
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A5 dd -Y-A

3,5 Jos 0gu 4y S oSS a6l el 00l 0018 pridgi pgo fad jo axd ) JISG oS sl s pled Ly &

Oogel anld a bas e 0,6l Lmols 3 aslsl o taSas Oyge a4 1) o] calise sla i ewdl ails oS
00 03ld esgs g Juad ,o oy Til plas o aS sla e polie Vo das sl o] 1aSas o LSTM as
oobol o ¥ las 058 o (6,105 ,L g ouiles abgs e slo b 5l causds g L (glaools polie ¥ olas . wgd co el
loosls ulwl p F Loz 00 5 oo pumndl G g hjgal dwd g0 o la)b ) las slo ke 10 00l s sl o
et (gl aS) Sgz g0 can g Dledlbl 5 S ol e a4y b 4l aS o lealS slaws (b5l (5l sailaz L
5L L 5 5l as 52 gl a8 ail 4y azg) 90,5 oo oolol (el (slo it (35)00 45 a1 L3y, €55 (05
Sloul sloaS wgles s yiege 45 Wigh alby o slaaS jo 4 sl 5L Al e g cwl AlBlas (b5l 4
diled 3 s Gl puiie O a3 (00,5 o DL g, g9 a5 el Cand (pl o calie slojg, (sl oo
P9l 4 byrye ll)T gl yiie )3 09290 (glao,55, # las 00,5 o olml g5 (Lo b (3590] (6l yricie
Sk (63959 2 4 bgrye (29,5 45 09 alnil (5 )5k ISl Wb add agd el g 05d )l i e b 5l
(39,9 b S pgd had jo aS jshilen A Lo 098 Jloy b 4l adlocl ) LS polie Va3 ogdi ral>
S daid Lxl jo a5 bl e b Ty olawd )] aw S aS el Laseiie slal b gom dw 4,1 & a0 4y 4
e 99,5 oo obml o] (8355 oyl g oad e JLSle eloly Joe @ b3 o)l 0925 (S
399 5| (K 4 sy 5B Eoy% Aol Sijpel Ve b 00,5 oo (a3 456D gl ) b sl el

J.:L,G,e aslol QT ebaie sl el o ol yus

LSTM 5 901 & g po ;9501 1 15 el
1 Set train_start_date, train_end_date, test start_date, test end_date, n_features, n_lockBack, prediction_days, shift _days,
BarChart_days
2 LoadVar := ReadFile(‘FilePath’); CalenderVar := ReadFile(‘FilePath’);
3 TrainLoadVar, TestLoadVar := split(LoadVar, train_start date, train_end_date, test start_date, test_end_date)
4 X_train, Y_train := MakeTrainSet(TrainLoadVar, n_lockBack, CalenderVar, TrainCalenderVar(LoadVar))
5 X_test, Y_test := MakeTestSet(TestLoadVar, n_lockBack, CalenderVar, TestCalenderVar(LoadVar))
6 X_train, Y_train := Shuffle(X_train, Y _train)
7 X_train, Y_train := Normalize(X_train, Y _train)
8 X_train := ReshapeForLSTM(X_train, n_features)
9 Model := DefineModel(LSTM (parameter), Optimization parameters)
10 | Model := fit(Model, Training parameters)
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LSTM o5 U (b g &2 g po ok o501 1 208 e
1 Predict_hours := 48
2 Shift_hours := 24
3 predction_days := 60
4 predction_shifts := floor (predction_days/(Shift_hours/24))
5 X test p =X test
6 X_teat_normalize := Normalize(X_test p)
7 Fori=1to predction shifts {
8 For j=1to Predict_hours{
9 Y _predict := predict(Model, X _test p [(i * Predict_hours) + j])
10 Y _predicttions = append(Y_predicttions ,UnNormalize(Y_predict))
11 append Y_predict variables to X_test_p
12 }
13 append Y _test[i * (Shift_hours - 1) : i * Shift_hours] to X_test
14 X_test p =X test
15 X_teat_normalize := Normalize(X_test_p)
16 Y_AII_predicttions := append(Y_AII_predicttions, Y_predicttions)
17 [}
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Fori=1to predction_shifts {
For j = 1 to floor(Shift_hours/24){
Plot(Y_AII_predicttions[i][(j-1) * 24: j * 24], Y _test[i])
MAPE = MAPE_calculator(Y_All_predicttions[i][(j-1) * 24: j * 24], Y _test[i])
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Bar_array = append(Bar_array, MAPE)
}

1
Bar(Bar_array)
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1 Set train_start_date, train_end_date, test start date, test_end_date, n_features, n_lockBack, prediction_days, shift_days,
BarChart_days

LoadVar := ReadFile(‘FilePath’)

WeatherVar := ReadFile(‘FilePath’)

CalenderVar := ReadFile(‘FilePath”)

TrainLoadVar, TestLoadVar := split(LoadVar, train_start_date, train_end date, test start_date, test end date)
TrainWeatherVar, TestWeatherVar := split(WeatherVar, train_start_date, train_end_date, test_start_date, test_end_date)
TrainCalenderVar, TestCalenderVar := split(CalenderVar, train_start date, train_end_date, test start date, test end date)
X_train, Y _train := MakeTrainSet(TrainLoadVar, TrainWeatherVar, n_lockBack, TrainCalenderVar(WeatherVar))

X _test, Y_test := MakeTestSet(TestLoadVar, TestWeatherVar, n_lockBack, TestCalenderVar(WeatherVar))

10 | X train, Y_train ;= Shuffle(X train, Y_train)

11 | X train, Y_train := Normalize(X_train, Y_train)

12 | X train := ReshapeForLSTM(X _train)

13 | Model := DefineModel(LSTM(parameter), Optimization parameters)

14 | Model := fit(Model, Training parameters)
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MLP 5 LSTM (o1 5 &S U (st (st 42 g0 o2 951 1 5540l
1 Predict_hours := 48
2 Shift_hours := 24
3 predction_days := 60
4 predction_shifts := floor (predction_days/(Shift_hours/24))
5 X_test p =X test
6 X_teat_normalize := Normalize(X_test_p)
7 Fori=1to predction_shifts {
8 For j=1to Predict_hours{
9 Y _predict := predict(Model, X _test _p [(i * Predict_hours) + j])
10 Y _predicttions = append(Y_predicttions ,UnNormalize(Y_predict))
11 append Y_predict and other related weather and calender variables to X_test p
12 !
13 append Y _test[i * (Shift_hours - 1) : i * Shift_hours] to X_test
14 X test p=X test
15 X_teat_normalize := Normalize(X_test_p)
16 Y _All_predicttions := append(Y_All_predicttions, Y_predicttions)
17 [}
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Fori=1to predction_shifts {
For j = 1 to floor(Shift_hours/24){
Plot(Y_AII_predicttions[i][(j-1) * 24: j * 24], Y _test[i])
MAPE = MAPE_calculator(Y_All_predicttions[i][(j-1) * 24: ] * 24], Y_test][i])
Bar_array = append(Bar_array, MAPE)

1

}
Bar(Bar_array)
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[2] https://www.freecodecamp.org/news/an-a-z-of-useful-python-tricks-b467524ee747/

[3] Google, “Introduction to TensorFlow,” TensorFlow. https://www.tensorflow.org/learn (accessed
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pandas jslel
matplotlib.pyplot plt
numpy np

tgdm tqgdm gui

tgdm tgdm

joblib Parallel, delayed

modules.preparing module varPreparing
modules.preparing module utilities

math
keras.models Sequential
keras.layers Dense
keras.layers LSTM
sklearn.preprocessing MinMaxScaler

sklearn.metrics mean_squared_error

TehranLoadReal pd.read csv('data/tehran/TehranloadReal repaired.csv', index col=False)
TehranDemandResponse pd.read excel ('data/tehran/TehranDemandResponse.xlsx',

sheet name-'Sheetl', header-None, index col-False)

TehranTotalLoad pd.read csv('data/tehran/TehranTotalload repaired.csv', index col=False)
AllLoads88 to 97 pd.read csv('data/tehran/AllLoads88 to 97-11 repaired.csv',

index col-False)

TehranLoadReal.columns=['year', 'month', 'day', 'coll', 'col2', 0, 1,

0, , 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23]

TehranDemandResponse.columns=['year', 'month', 'day', 'coll', 'col2',
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23]

TehranTotalLoad.columns=['year', 'month', 'day', 'coll', 'col2', 0, 1,

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23]

AllLoads88 to 97.columns=['year',6 'month',6 'day', 'coll', 'col2',

3, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23]

allWeatherData pd.read csv('data/allWeatherData with dayNum weekNum repaired.csv',
index col-=False)

Holidaies Ashora Tasoaa

pd.read excel('data/Holidays Ashora Tasoaa 88 99 Bitween Holidays is Holiday.xlsx',

sheet name-'calendar', index col-False)

print ('Separating days ...'")
headers ['year', 'month', 'day', 'coll', 'col2', 0, 1, 2, 3, 4, 5, 6,

4, 15 6, , 18, 19, 20, 21, 22, 23]
headersl ['year', 'month', 'day', 'day in year', 'day in week', 'hour', 'icon',
'temperature', 'apparent Temperature', 'dew Point', 'humidity', 'wind Speed', 'wind Bearing',
'cloud Cover', 'uv Index', 'precipitation Intensity', 'precipitation Probability']

headers?2 ['year', 'month', 'day', 'week day', 'vacation', 'ashora tasocaa']

TehranLoadReal selected varPreparing.selectNormalDay (TehranLoadReal,
Holidaies Ashora Tasoaa, headers)
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TehranDemandResponse selected varPreparing.selectNormalDay (TehranDemandResponse,
Holidaies Ashora Tasoaa, headers)

TehranTotalLoad selected varPreparing.selectNormalDay (TehranTotallLoad,

Holidaies Ashora Tasoaa, headers)

AllLoads88_ to_ 97 selected = varPreparing.selectNormalDay(AllLoads88 to 97,
Holidaies Ashora Tasoaa, headers)

allWeatherData selected varPreparing.selectNormalDayColl (allWeatherData,

Holidaies Ashora Tasoaa, headersl)

Holidaies_ Ashora Tasoaa_selected = varPreparing.selectNormalDayColll (Holidaies_Ashora Tasoaa,
headers?)

train_start date
train_end date

test start date
test end date

test weather start index varPreparing.get index s (allWeatherData selected, test start date)
test load start index varPreparing.get col index s(AllLoads88 to 97 selected,
test start date)

train weather arrs

Parallel (n_jobs-11) (delayed(varPreparing.cutData) (allWeatherData selected, train start date,
train end date, col name) for col name ['temperature', 'humidity' , 'dew Point', 'wind
Speed'])

train temperature arr train weather arrs[0]
train_humidity arr train weather arrs[1]
train dewPoint arr train weather arrs(2]

train windSpeed arr train weather arrs(3]

test weather arrs Parallel (n_jobs=11) (delayed(varPreparing.cutData) (allWeatherData selected,
test start date, test end date, col name) for col name ['temperature', 'humidity' , 'dew

Point', 'wind Speed'l])

test_ temperature arr test weather arrs[0]
test_humidity arr test weather arrs[1]
test_dewPoint arr test weather arrs[2]

test windSpeed arr test weather arrs[3]

print ('Weather variables is ready!')

train loads 88 97 arrs Parallel (n_jobs-=11) (delayed(varPreparing.cutDataColRange) (allData,
train start date, train end date, range(24)) for allData [AllLoads88 to 97 selected])
train AllLoads88 to 97 arr train loads 88 97 arrs[0]
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test loads 88 97 arrs Parallel (n _jobs=11) (delayed(varPreparing.cutDataColRange) (allData,
test start date, test end date, range(24)) for allData [AllLoads88 to 97 selected])
test AllLoads88 to 97 arr test loads 88 97 arrs[0]

print ('Load variables is ready!')

train serialize 88 to 97 vars Parallel (n jobs=11) (delayed(varPreparing.serialize) (var) for
var [train AllLoads88 to 97 arr])
train AllLoads88 to 97 ser train serialize 88 to 97 vars[0]

test serialize 88 to 97 vars Parallel (n jobs=11) (delayed(varPreparing.serialize) (var) for
var [test AllLoads88 to 97 arr])
test AllLoads88 to 97 ser test serialize 88 to 97 vars([0]

n_lockBack 48

prediction days
shift days 1
BarChart days

if prediction days shift days:
raise Exception ('Error: "prediction days" must be greater than or equal to "shift days"')

X, y varPreparing.split sequence(train AllLoads88 to 97 ser, n lockBack)

X norm, y norm varPreparing.normalize (X, X) ,varPreparing.normalize(y, y)

test test AllLoads88 to 97 ser

test np.hstack((train AllLoads88 to 97 ser[-n lockBack:], test))
X test, y test varPreparing.split sequence (test, n_lockBack)

X test norm varPreparing.normalize (X test, X)

n_ features

X_norm X _norm.reshape ( (X _norm.shape[0], X norm.shape[l], n_features))

model Sequential ()
model .add (LSTM (240, activation='relu', input shape=(n_lockBack, n_features)))
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model . add (Dense (1)

model .compile (optimizer="'adam', loss='mse')

model.fit (X norm, y norm, epochs=60, verbose-1)

predicted y arr np.array([])
predicted arr days list ()
testXNew np.expand dims (X test norm[0], axis=(0,2))

total days math.floor (X test norm.shape[0]/24)
total number of shift math.floor (total days/shift days)

total number of shift Bar tgdm(range (0, total number of shift))
for i total number of shift Bar:
if ((d shift days 24) (prediction days 24)) X test norm.shape[0]:
for j range (0, (prediction days*24)):
predicted y model .predict (testXNew, verbose=0)
testXNew temp np.zeros ((1,n lockBack,1))
testXNew temp [0 3L (0] testXNew[0,1:n lockBack,
testXNew temp[0, (n_lockBack-1),0] predicted y
testXNew testXNew_ temp
predicted y arr np.append (predicted y arr,
varPreparing.unnormalize (predicted y, y))
predected days list ()
real days list ()
predected MAPE days list ()
predected date days list ()
predected DiW days list ()
for k range (0, prediction days) :
predected day vals predicted y arr[ (k 24) : ((k 1) 24) ]
predected days.append (predected day vals)
pointer ((1 shift days 24) (k 24))
real days.append(test AllLoads88 to 97 ser[pointer: (pointer 24) 1)
MAPE utilities.mape (test AllLoads88 to 97 ser[pointer: (pointer 24)1,
predected day vals)
predected MAPE days.append (MAPE)
load idx test load start index ((i shift days) k)
day date str(int (AllLoads88 to 97 selected.loc[load idx, 'year'])) v/
str(int (AllLoads88 to 97 selected.loc[load idx, 'month'])) VA
str(int (AllLoads88 to 97 selected.loc[load idx, 'day']))
predected date days.append(day date)
predected DiW days.append(allWeatherData selected['day in
week'] [test weather start index pointer])

predicted arr days.append([predected days, real days, predected MAPE days,
predected date days, predected DiW days])

testXNew np.expand dims (X_test norm[ (i 1) shift days
predicted y arr np.array([])

total number of shift Bar.set description("Predection progress %s"

predicted arr days len len(predicted arr days)
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pltNum 0
for i range (0, predicted arr days len):
item len len (predicted arr days[i] [0])

for k range (0, item len):

plt.figure (pltNum, figsize=(8, 6), dpi=100)

plt.plot (predicted arr days[i] [0] [k], marker='o', markerfacecolor='blue',
markersize=2, color='skyblue', linewidth=1, label-="predection")

plt.plot (predicted arr days[i] [1][k], marker='o', markerfacecolor='blue',

markersize=2, color-='olive', linewidth=1, linestyle-'dashed', label="actual")

plt.title(' MAPE=' np.array2string (round (predicted arr days([i]([2][k], 2))
predicted arr days[i] [3] [k] ' day No.=' str(k+1) ' day in week='
str(int (predicted arr days[i] [4][k])) , fontsize=15)
plt.legend(loc="best', shadow-True, fontsize='large')

plt.draw ()
plt.pause (0.001)
plt.savefig('results figures/day-' str(k+1) ' test'+str(i+l)+'.png')
pltNum pltNum 1
plt.close ()

plt.show ()

MAPE list arr list ()
item len len (predicted arr days[0][0])
for k range (0,item len) :
MAPE arr list ()
MAPE date arr list ()
for i range (0, predicted arr days len):
MAPE arr.append (round(predicted arr days([i] [2] [k], 2))
MAPE date arr.append(predicted arr days[i] [3] [k])
MAPE list arr.append(np.vstack((np.array(MAPE arr),np.array(MAPE date arr))))

k range (0,item len) :
MAPE len len (MAPE list arr[k][0])
MAPE charts math.floor (MAPE len/BarChart days)
flag edge MAPE len/BarChart days math.floor (MAPE len/BarChart days)
if flag edge:
MAPE charts MAPE charts
for 1 range (0, MAPE charts):
idx strst i BarChart days
idx _end (i 1) BarChart days

X _bar np.arange (len (MAPE list arr([k][0] [idx strst:idx end]))

width 0.4

fig bar, ax plt.subplots (figsize= (15, 6), dpi=100)

rectsl ax.bar (x_bar, MAPE list arr[k][0][idx strst:idx end].astype(np.float), width,
label="MAPE"')

ax.legend()

ax.set ylabel ('"MAPE')

ax.set title('the ' str(k+1) 'th prediction  chart of ' str(i+l) 'th set of

str (BarChart days) ' days')

ax.set xticks(x bar)

ax.set xticklabels (MAPE list arr[k][1][idx strst:idx end])

plt.setp(ax.get xticklabels(), rotation-45, ha-"right", rotation mode-"anchor")

utilities.autolabel (rectsl, ax)

fig bar.tight layout ()

plt.draw ()
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plt.pause (0.001)

igures/day-"'+str(k+1l)+' chart'+str(i+l)+'.png')

plt.close ()

plt.show ()

033[92m' "Done!"
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x1lrd
[ENLET pd
matplotlib.pyplot plt
numpy np

tqdm tqdm_gui

tqdm tqdm

joblib Parallel, delayed
math
colored

colored stylize

modules.preparing_module varPreparing
modules.preparing_module utilities

tensorflow tf
tensorflow keras
tensorflow.keras layers
keras.models load_model

TehranLoadReal pd.read_csv('data/tehran/TehranLoadReal_repaired.csv', 1index_col=False)
TehranDemandResponse = pd.read_excel('data/tehran/TehranDemandResponse.x1lsx', sheet_name='Sheetl',
header=None, index_col=False)

TehranTotallLoad = pd.read_csv('data/tehran/TehranTotalLoad_repaired.csv', 1index_col=False)
AlllLoads88_to_97 = pd.read_csv('data/tehran/AllLoads88_to_97-11_repaired.csv', 1index col=False)
TehranLoadReal.columns=['year', ‘month', 'day', 'coll', 'col2', o, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23]

TehranDemandResponse.columns=[ 'year', 'month', 'day', 'coll', ‘'col2', o, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23]

TehranTotallLoad.columns=[ 'year', 'month', ‘day', 'coll', ‘'col2', o, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23]

AlllLoads88_ to_97.columns=['year', 'month', 'day', 'coll', 'col2', o, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23]

allWeatherData pd.read_csv('data/allWeatherData_with_dayNum_weekNum_repaired.csv', index col=False)
Holidaies_Ashora_Tasoaa pd.read_excel('data/Holidaies_Ashora_Tasoaa_88_ 99 repaired.xlsx',
sheet_name="'calendar', 1index col=False)

print('Separating days ...")

headers ['year', 'month', 'day', 'coll', ‘'col2', o, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23]

headersl ['year', 'month', 'day', 'day in year', 'day in week', 'hour', 'icon', 'temperature’,
'apparent Temperature', 'dew Point', 'humidity', 'wind Speed', 'wind Bearing', 'cloud Cover', 'uv
Index', 'precipitation Intensity', 'precipitation Probability']

ARA
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headers2 ['year', 'month', 'day', ‘'week_day', 'holiday', 'ashora_tasoaa']

TehranLoadReal_selected varPreparing.selectNormalDay(TehranLoadReal, Holidaies_Ashora_Tasoaa,
headers)

TehranDemandResponse_selected varPreparing.selectNormalDay(TehranDemandResponse,
Holidaies_Ashora_Tasoaa, headers)

TehranTotallLoad_selected varPreparing.selectNormalDay(TehranTotalLoad, Holidaies_Ashora_Tasoaa,
headers)

AlllLoads88 to 97 selected = varPreparing.selectNormalDay(AllLoads88 to 97, Holidaies_Ashora_Tasoaa,
headers)

allWeatherData_selected = varPreparing.selectNormalDayColl(allWeatherData, Holidaies_Ashora_Tasoaa,
headers1)

Holidaies_Ashora_Tasoaa_selected = varPreparing.selectNormalDayColll(Holidaies_Ashora_Tasoaa,
headers2)

allWeatherData = varPreparing.add_calendar(allWeatherData_selected, Holidaies_Ashora_Tasoaa_selected)

train_start_date [1388, 1, 1]
train_end_date [1397, 9, 30]

test_start_date [1397, 10, 1]
test_end_date [1397, 11, 30]

test_weather_start_index = varPreparing.get_index(allWeatherData, test_start_date)
test_load_start_index = varPreparing.get col_index(AllLoads88_to_97_selected, test_start_date)

train_weather_arrs Parallel(n_jobs=11)(delayed(varPreparing.cutData)(allWeatherData,
train_start_date, train_end_date, col_name) col _name ["temperature', 'humidity' , 'dew Point',
'wind Speed', 'year', 'day in year', ‘'day in week', ‘'hour', 'icon', 'holiday', 'ashora_tasoaa'])

train_temperature_arr = train_weather_arrs[0]
train_humidity_arr = train_weather_arrs[1]
train_dewPoint_arr = train_weather_arrs[2]
train_windSpeed_arr = train_weather_arrs[3]
train_year_arr = train_weather_arrs[4]
train_day_in_year_arr = train_weather_arrs[5]
train_day_in_week_arr = train_weather_arrs[6]
train_hour_arr = train_weather_arrs[7]
train_icon_arr = train_weather_arrs[8]
train_holiday_arr = train_weather_arrs[9]
train_Ashora_and_Tasoa_arr = train_weather_arrs[10]

test_weather_arrs = Parallel(n_jobs-=11)(delayed(varPreparing.cutData)(allWeatherData, test_start_date,
test_end_date, col_name) col_name [ 'temperature', 'humidity' , 'dew Point', ‘wind Speed’,
'year', 'day in year', ‘'day in week', 'hour', 'icon', 'holiday', 'ashora_tasoaa'])

test_temperature_arr = test_weather_arrs[0]
test_humidity_arr = test_weather_arrs[1]
test_dewPoint_arr = test_weather_arrs[2]
test_windSpeed_arr = test_weather_arrs[3]
test_year_arr = test_weather_arrs[4]
test_day_in_year_arr = test_weather_arrs[5]
test_day_in_week_arr = test_weather_arrs[6]
test_hour_arr = test_weather_arrs[7]
test_icon_arr = test_weather_arrs[8]
test_holiday_arr = test_weather_arrs[9]
test_Ashora_and_Tasoa_arr = test_weather_arrs[10]

print('Weather variables is ready!"')




DOI: 10.30503/nripress.2020.321 o olisS b ol g ) ot 5050k Sl S5y oes e

train_loads_88 97_arrs Parallel(n_jobs=11)(delayed(varPreparing.cutDataColRange)(allData,
train_start_date, train_end_date, range(24)) ENRDEY ] [AllLoads88_to 97 selected])
train_AlllLoads88 to_97_arr = train_loads_88 97 arrs[0]

test_loads_88 97 arrs Parallel(n_jobs=11)(delayed(varPreparing.cutDataColRange)(allData,
test_start_date, test_end_date, range(24)) allData [AllLoads88_to 97 _selected])
test_AlllLoads88_to_97_arr = test_loads_88 97 _arrs[0]

print('Load variables is ready!")

train_serialize_vars = Parallel(n_jobs=11)(delayed(varPreparing.serialize)(var) var
[train_temperature_arr, train_humidity_arr, train_dewPoint_arr, train_windSpeed_arr, train_year_arr,
train_day_in_year_arr, train_day_in_week_arr, train_hour_arr, train_icon_arr, train_holiday_arr,
train_Ashora_and_Tasoa_arr])

train_temperature_ser = train_serialize_vars[0]
train_humidity_ser = train_serialize_vars[1]
train_dewPoint_ser = train_serialize_vars[2]
train_windSpeed_ser = train_serialize_vars[3]
train_year_ser = train_serialize_vars[4]
train_day_in_year_ser = train_serialize_vars[5]
train_day_in_week_ser = train_serialize_vars[6]
train_hour_ser = train_serialize vars[7]
train_icon_ser = train_serialize vars[8]
train_holiday _ser = train_serialize vars[9]
train_Ashora_and_Tasoa_ser = train_serialize_vars[10]

test_serialize_vars Parallel(n_jobs=11)(delayed(varPreparing.serialize)(var) var
[test_temperature_arr, test_humidity_arr, test_dewPoint_arr, test_windSpeed_arr, test_year_arr,
test_day_in_year_arr, test_day_in_week_arr, test_hour_arr, test_icon_arr, test_holiday_arr,
test_Ashora_and_Tasoa_arr])

test_temperature_ser = test_serialize vars[0]
test_humidity_ser = test_serialize_vars[test_humidity_ser test_serialize_vars[1]
test_dewPoint_ser = test_serialize vars[2]
test_windSpeed_ser = test_serialize_vars[3]
test_year_ser = test_serialize_vars[4]
test_day_in_year_ser = test_serialize_vars[5]
test_day_in_week_ser = test_serialize_vars[6]
test_hour_ser = test_serialize_vars[7]
test_icon_ser = test_serialize_vars[8]
test_holiday_ser = test_serialize_vars[9]
test_Ashora_and_Tasoa_ser = test_serialize_vars[10]

train_serialize_88_to_97_vars = Parallel(n_jobs-=11)(delayed(varPreparing.serialize)(var)
[train_AllLoads88_to_97_arr])
train_AllLoads88_to_97_ser = train_serialize_88_to_97_vars[@]

test_serialize_88 to_97_vars Parallel(n_jobs=11)(delayed(varPreparing.serialize)(var)
[test_AlllLoads88 to_97_arr])
test_AlllLoads88_to_97_ser = test_serialize 88 to_97 vars[0]

n_lockBack = 48

prediction_days
shift_days = 1
BarChart_days 31
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n_features

train_AlllLoads88 to_97_ser_input_shift = train_AlllLoads88 to 97 ser[:-1]
train_AlllLoads88 to_97_ser output_shift = train_AlllLoads88 to 97 ser[1:]
train_temperature_ser_shift = train_temperature_ser[n_lockBack: ]
train_humidity_ser_shift = train_humidity ser[n_lockBack:]
train_dewPoint_ser_shift = train_dewPoint_ser[n_lockBack:]
train_windSpeed_ser_shift = train_windSpeed_ser[n_lockBack: ]
train_year_ser_shift = train_year_ser[n_lockBack:]
train_day_in_year_ser_shift = train_day_in_year_ser[n_lockBack:]
train_day_in_week_ser_shift = train_day_in_week_ser[n_lockBack:]
train_hour_ser_shift = train_hour_ser[n_lockBack:]

train_icon_ser_shift = train_icon_ser[n_lockBack:]
train_holiday_ser_shift = train_holiday_ser[n_lockBack:]
train_Ashora_and_Tasoa_ser_shift = train_Ashora_and_Tasoa_ser[n_lockBack: ]

test_AlllLoads88_to_97_ser_input_shift = np.hstack((train_AllLoads88_ to_97_ser[-1],
test_AlllLoads88 to 97 _ser[:-1]))
test_AlllLoads88_to_97_ser_output_shift = test_AllLoads88_to_97_ser
test_temperature_ser_shift = test_temperature_ser
test_humidity_ser_shift = test_humidity_ser
test_dewPoint_ser_shift = test_dewPoint_ser
test_windSpeed_ser_shift = test_windSpeed_ser
test_year_ser_shift = test_year_ser
test_day_in_year_ser_shift = test_day_in_year_ser
test_day_in_week_ser_shift = test_day_in_week_ser
test_hour_ser_shift = test_hour_ser
test_icon_ser_shift = test_icon_ser
test_holiday ser_shift = test_holiday_ser
test_Ashora_and_Tasoa_ser_shift test_Ashora_and_Tasoa_ser

prediction_days shift_days:

Exception('Error: "prediction_days" must be greater than or equal to "shift_days"')

Load_dataset
np.hstack((train_AllLoads88 to_ 97 ser_input_shift.reshape(len(train_AllLoads88_to 97 ser_input_shift),
1), train_AllLoads88_to 97 _ser_output_shift.reshape(len(train_AllLoads88_to 97_ser_output_shift),1)))

X_load, y_load = varPreparing.split_sequences(Load_dataset, n_lockBack)

X_load_norm, y_load_norm = varPreparing.normalize(X_load, X_load), varPreparing.normalize(y_load,

y_load)

X_Weather_Calendar = np.hstack((
train_year_ser_shift.reshape(len(train_year_ser_shift),1),
train_day_in_year_ser_shift.reshape(len(train_day_in_year_ser_shift),1),
train_day_in_week_ser_shift.reshape(len(train_day_in_week_ser_shift),1),
train_hour_ser_shift.reshape(len(train_hour_ser_shift),1),
train_icon_ser_shift.reshape(len(train_icon_ser_shift),1),
train_temperature_ser_shift.reshape(len(train_temperature_ser_shift),1),

train_Ashora_and_Tasoa_ser_shift.reshape(len(train_Ashora_and_Tasoa_ser_shift),1)

))
y_Weather_Calendar = y_load
X_Weather_Calendar_norm = varPreparing.normalize(X_Weather_Calendar, X_Weather_Calendar)
X_Weather_Calendar_norm = np.expand_dims(X_Weather_Calendar_norm, axis=(2))
y_Weather_Calendar_norm = y_load_norm

test_year_ser_shift_added = test_year_ser_shift

test_day_in_year_ser_shift_added
test_day_in_week_ser_shift_added

test_day_in_year_ser_shift
test_day_in_week_ser_shift

test_hour_ser_shift_added = test_hour_ser_shift
test_icon_ser_shift_added = test_icon_ser_shift

test_temperature_ser_shift_added

test_temperature_ser_shift

test_holiday_ser_shift_added = test_holiday_ser_shift

test_Ashora_and_Tasoa_ser shift_added

test_Ashora_and_Tasoa_ser shift
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test_AlllLoads88 to 97 ser_input_added = np.hstack((train_AlllLoads88 to 97 ser_input_shift[(
n_lockBack):], test_AllLoads88 to 97 ser_input_shift))

test_AlllLoads88 to 97 ser_output_added np.hstack((train_AllLoads88 to_97_ser_output_shift[(
n_lockBack):], test_AllLoads88_ to 97 ser_output_shift))

test_load_dataset np.hstack((
test_AlllLoads88 to 97 ser_input_added.reshape(len(test_AllLoads88_to 97 ser_input_added), 1),
test_AllLoads88 to 97 ser_output_added.reshape(len(test_AllLoads88_to_97_ser output_added), 1)))

test_X_load, test_y_load = varPreparing.split_sequences(test_load_dataset, n_lockBack)

test_X_load_norm, test_y load_norm = varPreparing.normalize(test_X_ load, X_ load),

varPreparing.normalize(test_y_load, y_load)

test_X_Weather_Calendar = np.hstack((
test_year_ser_shift_added.reshape(len(test_year_ser_shift_added), 1),
test_day_in_year_ser_shift_added.reshape(len(test_day_in_year_ser_shift_added),
test_day_in_week_ser_shift_added.reshape(len(test_day_in_week_ser_shift_added),
test_hour_ser_shift_added.reshape(len(test_hour_ser_shift_added), 1),
test_icon_ser_shift_added.reshape(len(test_icon_ser_shift_added), 1),
test_temperature_ser_shift_added.reshape(len(test_temperature_ser_shift_added), 1),

test_Ashora_and_Tasoa_ser_shift_added.reshape(len(test_Ashora_and_Tasoa_ser_shift_added), 1)

))

test_y_Weather_Calendar = test_y_ load
test_X_Weather_Calendar_norm = varPreparing.normalize(test_X_ Weather_Calendar, X_Weather_Calendar)
test_X Weather_Calendar_norm = np.expand_dims(test_X_Weather_Calendar_norm, axis=(2))

Load_input keras.Input(
shape={n_lockBack, 1), nome="Load"

)]

wWeather Calendar_input - keras.Input(
shape={n_features, ), nome="Weather_Calendar"

)}

Load_features - layers.LSTM{2c)}{Load_input)
weather _Calendar features = layers.Dense(48, activaiion="'relu’)(Weather Calendar_input}
x = layers.concatenzte([Load features, Weather Calendar features])

x1 = layers.Dense(12e, activation="relu"})(x)
Load_pred = layers.Dense(l, nome="OutputLoad")(x1)

model - keras.odel(
inputs=[Load_input, Weather Calendar_input],
outputs=[Load_pred],

3

model . summary ()

keras.utils.plot model({model, “results_figures/model.png", show s

zer=keras.optimizers. Adam{
raing rate-a.e81,
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path_checkpoint = "results_figures/model checkpoint.hs"™
es_callback - keras.callbacks.EarlyStopping{monitor="val_ loss", min delto-8, patience=18)

modelckpt callback = keras.callbacks.modelCheckpolint(
for="val_loss",

Train_history - model.fit(
1{"Load": X load norm, "Weather_Calendar®: X Weather Calendar_norm},
{"outputLoad”: y load morm},

epochs=108

=i 5+ _0 L]
M _SPL1t=w6.1

ﬂ LLbacks _[ES_callhaEk, medelckpt callback],

utilities.visualize_loss{Train_histery, 'Training curve', "results_figures/trining-curve.png')

model = load _model('results figures/model checkpoint.hs®)

predicted_y arr = np.array([]1)
predicted arr_days = [ist({)}
testxNew = np.expand_dims(test_X load norm[e], axis=(8)})

total days - math.floor{test_X load norm.shape[2]/24)
total number_of shift - math.floor(total_ days/shift_days)

total number_cof shift Bar - tgdm{range(2, total_number of shift))
i total_number_of shift Bar:
({1 * shift days * 24) + (prediction_days * 24)) test X load morm.shape[e]:
3 range({a, (prediction_days*24)):
prediction_pointer = ({1 ~ shift_days ~ 24)

np.expand_dims{test_X weather_Calendar norm[prediction_pcinter], oxis=(@}}}, verbose=a)
testxnNew temp - np.zeros(({1,n_lockBack,1))
testxnew temp[e,8:-1,8] = testxMew[e,1:n_lockBack,
testxnew temp[8,{n_lockBack-1},8] = predicted_y[&][
testiNew - testxMew temp
predicted v arr = np.append(predicted_y_arr,
varfreparing.unnormalize(predicted y[2][2], y_load))

predected days = List()

real_days = List(}

predected MAPE days List()

predected_date days = List()

predected DiW_days = L[ist()

[ 4 range(@,prediction_days):

predected_day wals - predicted v arr[(k = 24) : ((k = 1) 24}]
predected_days.append({predected_day wals)
pointer = ({1 * shift_days * 24 {k * 24))
real_days.append(test y_load[pointer: (poimter + 243])
MAPE - utilities.mape(test y load[pointer: (pointer + 24)], predected day wvals)
predected MAPE days.append(MAPE)
load idx - test load start_imdex + ({1 * shift_days) + k)
day_date = str{int{Allloads82 to 37 selected.loc[load idx,'year']))

str{int{allLoads88 to 97 selected.loc[load_idx, "monmth®])) o

8]
2]
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str{int{AllLoads88 to 97 selected.loc[load idx, "day']))
predected_date day (day_ ddtv.-_'}
predected DiwW_days rend(allweatherDatal 'day in week®][test_weather start_index
pointer])
predicted_arr_days.append([predected_days, real days, predected MAPE_days,
predected_date_days, predected_DiwW_days])
testiNew - np.expand_dims({test X load norm[{i + 1) * shift_days
predicted v arr = np.array([]1)

total number_of shift Bar.set_description{“Predection progres

predicted arr_days_len - len{predicted_arr_days)

i r (2, predicted arr_days len):
item_len u{|:|r'v.-_-|:I1r'tv.=_-|:I arr du}s[l][ 2]}

plt.title(" MAPE='
predicted_arr_days[i][3][k]
str{int{predicted_arr_ dav_ i

plthlurn |:|ltML|11 '_
plt.close()
plt.show()

MAPE_1ist arr = List()
i 1 redicted_arr_days[e][2])
4 - [(&,item len):
MAFPE_arr ()
MAPE_date_arr = L1si()
i predicted_arr_days_len):
L |'pr‘ed1cted arr dE‘."'[l][ 1kl 2))
MAPE_date | ) ]}
MAPE_list arr.a (np. ack{{np. { ._arr) .array{MAPE_date_arr))))

k ra 3, item_len):
MAPE_len = len{MAPE_list arr[k][2])
MAPE_charts = math.f "(MAPE_len/ BarChart_days)
flag edge - MAPE_len/BarChart_days math.floor{MAPE_len/BarChart_days)
flag_edge:
MAPE_char MAPE_charts + 1
i range(@, MAPE_charts):
idx strst - 1 * BarChart_days
idx end = (1 + 1) * BarChart_days
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e(np.float), width,

str{i+1) ‘th set of '

utilities

plt.
plt.
plt.
plt.c
plt.show()

print(stylize{"Done!™, colored.fg(4:5)))




