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Function createWindow (x, windowSize, metadatay; )lf ULP v Jj s e el i Cﬁ‘ 20 0w ‘“‘)‘ Geos (omas
Input: x /12D array containing active load, VS cLis 1 Woosls il w s als
/Iweather forecast data and time data ’ o Ch bt >
Input: metadata /12D array containing weather forecast s Slet el 5 S LG s o, & 5lo
//data and time data for the next timestep s slas g5l S e &
Input: windowSize /ISize of the array containing historical values 4 2L eslo )l;'._}LM; (emac S 4 ool u,uﬁ.a‘ Sy A o
Output: window //Final array containing historical values _
/lexpected for the active load for last time step, 4J_>),° ) )5.|a'im Cpod A 0gh oo)5|)d GJLA) Syw Sg0
/Iplus metadata for the next timestep _ . . . . ) )
Output: y (window <- extract_window (x, windowSize) rv-:i)js-” j‘ oolaiwl b ass )L'-’ S0 )l;:>LM; wols u")b)-’u“:-’

//Extracts an array containing the number of ) . . ST .
//samples specified by the windowSize SY 22 ‘5)95) e & CHFL (BN g (50 “)‘f'lﬁ’ Slldll’lg Window

v <- extract_active load (window) .. L . . = . . 1
//Extracts and removes the active load from the L 0y 090 6Lm°)55) olass oS LS 50 )‘)3 ol )LS 4"’")|
//final timestep and preserves it in y

d T sy Sledbl ams )8 098 o s Window Size
window <- concatenate (window, metadata) 929l ey = bl aze A

//Concatenates the extracted window array with 5 I t C)L“) Lt—n C)L“} ).‘ )lé ;éfaﬁ SleMbs| 3 @LA)« Sledb!
//the metadata) i B
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5 6olpin oS 5 Al Ghlene FOSS el vy Slej 68
Ao oo slii |y CLSMNet

Input Layer
1D CNN 1DCNN 1D CNN
Kernel Size 13 Kernel Size 11 Kernel Size 9
64 Filters 64 Filters 64 Filters
Strlde of 2 Stnde of 2 Stride of 2
o 3 Dmpuut o 3 Dmpuu( u 3 nropm
Chance Chance Chance
1D CNN 1DCNN 1D CNN
Kernel Size 11 Kernel Size 9 Kernel Size 7
32 Filters 32 Filters 32 Filters
Stnde of 2 Smde of 2 Stnde of 2

03 Dmpout 03 Dmpout 03 Dmpnm
Chance Chance Chance

= E O

LST™M LST™M LST™M LSTM LSTM
50 Units 50 Units 50 Units 50 Units 50 Units

Return Return ™ Return Return Return Final
Hidden States Hidden States Hidden States Hidden States State
Fully Connected Neural Network

1 Neuron Return 1 Output

Active Load Prediction for the
Next One Hour

Output Layer

CLSMNet o golpsuioy @uos mas 450 (6 koo :(F) S0
Sl g 08l 5l Al g slagysy 4 oliws Gl
el oa ools ialed ¥ aSach o a5 sus solinu! [FF] Adam
[Function Adam (a, By, B, F(8), B, mg, vg, t)
Input: o

Tnput: f,, B, € [0,1)
Input: f(6)

Step-size
Exponential decay rates for the moment estimates
Stochastic objective function with parameters 8

Input: 8, Initial parameter vector
my 0 Initialize 1 moment vector
vg < 0 Initialize 2" moment vector
te0: Initialize time-step

Output: 8, Resulting parameters

while 6 not converged do
tet+1

9 — Vofe(8:-1) Get gradients w.r.t stochastic objective at time-step t
my ey xme_y + (1= 1) X ge Update biased first moment estimate
vy & By X ey + (1— Ba) % gf Update biased second raw moment estimate
Compute bias-corrected first moment estimate
Compute bias-corrected second raw moment estimate
Update parameters
end while
Return 6, Resulting parameters

Adam g jlwaiags po 5951 (V) aSauls
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Function nextWindow(x, metadata, Ypred):
Input: x 2D array containing active load, weather forecast, and time data

Input: meradata 2D array containing weather forecast and time data for the next time-step
Input: y,,0q 1D array containing predicted active load for the next time-step

Output: The next window

x « inverse_transform(x)

Yprea ¢ inverse_transform(ypyeq)
nextpour < Yprea U metadata

Transform scaled data to original scale

Transform scaled prediction to original scale
Concatenate prediction and forecast data to create data
for the new time-step

Concatenate x with the newly created time-step

Shift window one time-step

New window

X = x Unexthaur
x « shift_window (x,1)
Return: x

9551 5L (St Gl o (Pl oy adgi (YY) wSals
it Aaw b ()55 & g0 4 an ] onl 4 el SS 4 p3Y
Dy g0 0SS slall s wos S g 00l pll Ll 550
)90 oy slags yu 5l ooliiul b 1) osigd 1S5 anld ol A S

Lol g Gilwans -0

(gt S8 ptemie slajlae (Byxe 5l G (i ol 0
B giloesly dame 58l 5l gan Se ) laods
B son s & 9,50 CLSMNet b)) mls ¢ s 35850
Do obsS (S 53 S92 g0 o) (el (F e kg a5
D5 oo duwslde Jb B ya0

i, SO uzmduw (5 )Lz —O-)
RMSE) "t Slayyo ufilis a5l o 1) og, 23l sl
RMSE .55 o oolii] (MAPE) "llas 3l 03 0o ouSilio 5
1035 o0 S 0jll bl Babo ) 010 degera 90 G (sllaS e

RMSE = Q)

) oo S EBS ynd (5l L;)l.{l4_7;.;..,;&.~.,MAPE
o)kl G g Al so (6 xS0l oy Do |y s ol

n

1
MAPE = —z
n

i=1
adyy slajlone ey o b anslie jolate 4y onl 5 ogdle

30 (CORR) ™ 520 Sosads < 5 5 (RSE) Tl s Sl so
6‘)—} 45 ol RMSE )L‘t.xo 03 wL.ﬂA a5 RSE ‘)5'“’6'4 oolaul

Y. -,
L I.| (\')

Y;

el 458y s mesls b ) L5 by Ul sla o) <)
&y o Jo o sl e RSE iSosS polie RMSE asiles
.85 e 5l |, CORR 5 RSE

Gaas uac 4l i )5al g 55

’ UiJsal (epoch) slas s dlaxt 4l (a2 )lia ‘

I

’ el sal slaoals 2555 ‘
’ sal e eala 5,80 }4—
’ G ala e b e Uiy ‘

’ sy aak i o 4l ‘

Yes

epoch Jas3 a4 T aidly (alS w S S

CLSMNet Guos omac a5t (o300 sl 43 :(8) JSib
wras 4D slazg Flagsgyy 5 dlize ¥ VIS
A2 o Hlid O S jgel aTyd ulul 1, CLSMNet

b G pae (S —F-0
asgorme il oolitul b ros (orae aSed (Ajsel wnlE 0L 5l
T G 0) widloe bz g Sy ol S Y 9 X slaosls
B o plail sas | Olelis 08T b cio i d(Wide] Coway

5% 9,855 (sl had oud sleiiey B9y 50 (S 900 Sln
0olo degomme s (e 50 M AT jshailes . andlS X o0ld degoe
Gl 5381 3L 5 loj o g Ol Cursg alndS Sledlbl gol> X
g odd o0l Bres (sras 4SS 4 (hilop lp )l b 5l 63,65,
Jo oS o 0l 1) soisT el (glps o0 o 92551 L Sl
(Sloy SleMbl g lsn § OT Cordg 0l (gm i bl oliul b
S5 6 bl sl 4 bl ol s 098 00 0l saz 4l
4 Sloy a8 SO 0,y g oals adlsl ansds wlelw oledlbl gl
Sy bawgs iy 913 5 bz £ USS S e 08 > gl

283 o ialed |

Ayl A e [ETTE TR Lo

JEPXE R R EE T W B T
A i & s Ala e
W Chy o Gl

L s 41 G alag)
b adia ) ook

515k (St LU Gl 1 (P) SIS
Slelo )0 98T )L cmim Glp gom Sloj ooy adgy ¥ aSas
Do o inles 1) sos]

VEe e VY ol o)led Voojleds poo Jlo lpl G0 Cato (559 0500 9 CutsS gy —sele 4 iS

Y¥
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mput: | (None, 1, 419)

Taput_Layer TnpufLayer
et Ay et et | (None. 1, 419)

input | (Mone, 1. 419
CNN1_Layerl: ConviD
output: | (None. 1. 64}

input ane, 1, 419] input one, 1. 419
put | O } CNN3_Layerl: ConviD b Ll )

output: | (None, 1. 64)

CNN2_Layerl: ConvlD

output: | (None. 1. 64)

input: | (None, 1. 64)
ontput: | (No

mput: | (None, 1, 64)
Diropout_CNNI1_Layerl: Diopont
output: | (Mone. 1, 64}

input | (None. 1. 64)
output. | (None. 1. 64)

mput: | (None. 1. 64)
output: | (None. 1. 64)

input. | (None. 1. 64)
output: | (None. 1. 64)

LeakyRelu CNNL_Layerl: LeakyReLU

LeakyRelu_CNN2_Layerl: LeakyReLU LeakyReln CNN3_Layerl: LeakyReLU

iwput: | (None, 1, 64)
output: | (None, 1, 64)

input: | (None, 1, 64)
output: | (None, 1, 64)

Dropout_CNN2_Layerl: Dropout Dropout_CNN3_Layerl: Diropout

input: | (None, 1. 64)
ontput: | (one. 1. 64)

input | (None. 1. 64)
output: | (None. 1. 64)

MaxPooling CNM1_Layerl: MaxPoolingl D MaxPooling_ CNN2_Layerl: MaxPoolingl Ty MaxPools

:_CNN3_Layerl: MaxPoolingl D

iput | (None, 1. 64)
CNN1_Layer2: CouvlD CNN2_LayerZ: ConvlD
- output. | (None, 1. 32) -

wput | (None. 1. 64)
output: | (None. 1. 32)

mput: | (None., L, 64)

CNN3_Layer2: ConvlD
- ontput. | (Noue. 1. 32}

nput. | (Moue, L, 32)
output: | (None, 1, 32)

mput: | (None, 1, 32)

wput (None, 1, 32)
LeakyRelu_CNN2_Layer2: LeakyReLU LeakyReln_CNN3_Layer2: LeakyReLUT

output: | (None, 1, 32}

LeakyRelu_CNNI_Layer2: LeakyReLU

I

Dropout_CNN1_Layer2: Dropout

output: | (None, 1, 32)

mput: | (None, 1, 32) (Nome, 1, 32)

(None. 1, 32)

wput: | (None, 1, 32)

Dropout_CNN2_Layer2: Dropout Dropout_CNN3_Layer2: Dropont

output: | (None, 1. 32)

: ! :

outpu

output: | (one, 1. 32)

input: | (None. 1. 32)
output | (one. 1. 32)

| input: |moue, 1.32)
[ ontpnt | (Nane, 1, 32) ]

(None. 1. 32)
(None. 1. 32)

MaxPooling_CNN1_Layer2: MaxPooling] D MaxPooling_CNN2_Layer2: b

‘ A 2 CNN3_Layer2: MaxPoolingl D

| input: ] [(None, 1. 32). (None, 1, 32), (None, 1, 32)] |
Lc
= | ontput \ (None, 1. 96)

wput: | (None, 1, 96)
LSTM_1: LSTM
- output: | (None, 1, 50)

nput: | (None, 1. 30)
LSTM_2 LSTM |—
ontput: | (Neme, 1, 50}

mput: | (None, 1. 30)
LSTM_3 LSTM
- output: | (Noue, 1, 30}

nput: | (None, 1, 50)
LSTM_4 LSTM
output. | (None, L, 50)

wnput: | (None, 1, 50}

STM_3: LSTM -
output (None, 50)

input | (None, 50)
output: | (None, 1)
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