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1. Machine Learning Methods
2. Neural Networks
3. Decision Trees
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1. K- Nearest Neighbors
2. Random Forest (RF)
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1. Standby mode

2. Photovoltaics

3. Demand side management

4. Demand side response

5. Multiple linear regression (LM)

6. Support vector machine with radial kernel (SVM radial)
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1. Gradient boosting machines (GBM)
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1. Model Predictive Control (MPC)
2. Data-driven model Predictive Control (DPC)
3. Bilinear building model
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. L’Aquila

. Classical bang-bang controller

. Correlation coefficient (Cc)

. Mean absolute error (MAE)

. Root mean squared error (RMSE)

. Relative absolute error (RAE)

. Root relative squared error (RRSE)

. Appliances energy prediction Data set
. University of California Irvine
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1. ZigBee
2. Decimal
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1. Min_max


http://necjournals.ir/article-1-1527-en.html

[ Downloaded from necjournals.ir on 2025-11-15]

Yo e (SB35 Bpas > 50 Jelse o

2 g oo dbul dla o 93 ;0 iy S MBRUIES gy 50 qouenad Ci 0 (65500 il
OB S5 ©ygon 5 3980 E9xb Sy oS Kol wipsll o) ol 5B &S gl dls e
Sl (S M 4 d2gi L adiged § A5 waendl o Sy jl (S ol 2]y S5 pa b8 e
P9 oo ablo JolS €853 Sy Jol alsyo (bl )3 S )18 0)5 el 585 (So gpd o
23l it s 5l ol glls oS lo3 b 8y (gl S (sl ) oy sl el yo ol 5l g
V5] g o ples] u |

S 9 WIS (o0 g5 JolS 3ef pgoy]) €800 G o5 S el LS 53 hgy S
a8 a8 o g JolS s yd (g S MBRuUlES w5jls JolS s o 4 Cond (s 5YL Cds
gl o8 Casl S5 @ pY dleee (Sl 9B S Ojgod 05 e S cpl Sl e e
Sy o il 5l Gl gepp lad dlsje yp 53 CE 0 S il sl

ot o 025 K

olisul (y9000)) 5 sl sl &5 Cuwl gyl it B9y wluen (S5 K i)
sl Sy sbad > bjgel slalie (0 5Seo3 K Jold (6399 «dl> 93 2 )5 [5]395 0
Cygod 5 & g )y b 3980 odlitul (anadl (sl oSl & e sl il (2955
ohigel oloj )3 15 2,08 1y Jao el g (b0l B gy )3 ayluad (355 — K o255l

Sl Bagwi 4 oSy b il (loj U]y Sluwlne plos 9 35l oo adigel 035 4 o5
S i oty b oo S TS (SO b Tiped e (00 o 4 (2B e ) ]
JsS90 ptalefl al> po a laslome )l plos 9 2,05 p5Y Sloj Bly )3 5 sl oo sl 2190l
Sl ) gm0y 9 sl Sldos dluan (5S35 — K o) oSl o cpl oy e 235 oo

[V T as o &l o i plgieds Sluabl BB ol ad )8 51 (gylun 55 Lol camd oo ploxl

1. Partial decision trees (PART)
2. Instance-based learning
3. lazy
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Algorithm: K-Nearest Neighbors

Input: D , a chunk of the original distance matrix
, dimension of the chunkn pynksize
Split, index of split
Chunk, index of chunk
Maxk, an array to hold the farthest neighbors for each row index in the chunk
[row] ~«blockldx.xxblockDim.x+threadldx.x
If row' < nepunksize then
row’ « split X Nepynksize +7OW'  ®
For column’ < 110 ngpynksize 40 ©
column « chunk X N pynksize + column’ o
If row = column or row > n,,,, or column > n., then o
Continue
If [row’ X Nepynksize + column'] < Gk'[Maxk[row']].weight then o
Gk’[Maxk[row']].source —<row o
Gk’[Maxk[row’]]. target « column o
Gk'[Maxk[row']].weight « D[row’ X Nepynsize + column’] o
Search the new maximum element in row’(D) and store the index in Maxk[row']

End
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Algorithm : Random Forest

Input: Sequence of N examples < (x1,y1),...,(xN,yN) > with lablesy; e Y = {1, ..., L}
Distribution D over the N examples
Integer K specifying number of iterations
number of variables =P
Do fort = 1,2, ..., K (number of trees)
Choose bootstrap sample D; from D to constructtree T; e
Select m input variables at random from P .
(m«KP) o
To determine the decision tree at a node of the tree o
Calculate the best split based on these m variables in the training set o

End

siobas Sz oS o ot Y S

odlatul aliste (glajlime 5l (gglSonly (slasbg; g laas o) C8d (i iy (2L5) o
P9 e Ol 4N ©yg0ds bylins cnl Sl (B (S0 cpl asbl 53 095 oo
.))f odlawl :M/" y W)w )l ulyu.a Lo.wa.a 9 M‘ﬁ ).a:wa O 4]0)]) o W W) dl)).
Wy 9 Je (glopuite (y dad darly Gad Bl S35 SV L) 4 (San oo @2 0
&S Gl LSS pusiio 90y Olpusd e Wb Y 4 SO0 5 (Siumed o b ST andl .l guyas
b puito s s il K005 =V 4 [ Soaasad o ps & T ygo 50 IS aubiians dlaily o] @
ot Gl b 9> g3 5 g 298 0 S S dlaily T 4 g 39 Sl KouSy pesSas


http://necjournals.ir/article-1-1527-en.html

[ Downloaded from necjournals.ir on 2025-11-15]

el 50 (elilas) ale 45 / IYAR oy ) oylad Y 65 ¥

ol ol sly u‘a’l) Nawsod g Kz yb )13 dgng e jusie sy diuly o Hlade
55 2Ly layle plo Jsey8 i HI8 4y 5 03,5 aiS 1y 3l 2555 Waodly o 48" S8 lev o

Sl pj @0l

MAE = 2020 i
RAE = H 0y 0l "
s - [T ;

sl g pSojl sl ol g (35 e Y (D)9 (551 Bpane) (Bly sSoilal jlada y(i) &5
©ygo WeKa l38le 5 bawgs ¢ o)l joolie (ol Al Al oo (5:Ske Jlide MeEAN (Y) (ypiman

s @l g
USis g dluen cp5cSosp —K MBRUIES i yofll dw eyl §) Jols sllas i cpl 5

Col 4855138 gy 1 g duglie )50 ¢ S pjlg) (6551 sy (sloodls degecne g9y 0 (Sola
Cw) 045 031> quu (Y) Jﬁ.&? 5 LQJ C.)L..) as

laosls degorms (53, » b s slyz! 5l Jols slhas ¥ Jou

Sl bexe /e 63! MS5Rules Ay —K SHobas S
<L) Gloen
RMSE QY/AQ - § IRATARRN Y IAOD
MAE OY/- 1Ay FO/NOFY ARVAR B
RRSE ANAYO QY FAIFEAY
RAE ASIYYEY YE/IAAY OOIYYOA
Cc - [fOVY -/£av4 SIVY A

S slasl s e


http://necjournals.ir/article-1-1527-en.html

[ Downloaded from necjournals.ir on 2025-11-15]

£y e (S8 (G55l Bpan > She Jelse e

L sl ol oo g ol YU jlons lallas 2o ys 45 3945 s odmlie (V) Jodo (sloodls 4 av g5 L

50 i yoSl A s 9 Jloys |y odls Tl gy el 510087 duawslio ot 8ym0 oLl sloylize b

oS (e 5 (Sl (§)kme RMSE aSil 4y ax gl 095 g0 2 5 008 Jlob (slvodls (55, 2 05

@ (V) Jgio @l 23,5 e odlitul (giloleys () dw dusliie (sl Jlhme cnl 5l LS erdly oo

ROM PSR-

oads Jboy gloools (g5, » wa.u)ji.” szl Jol> RMSE slkas Y Jgu=

w55 s 5Ldle 5 Decimal Min_max Slne Gl
M5Rules oo A} JJeAY < IAOY
lasa o 3 Soo 5 —K [+\-8 ./-95F < [29AA
RandomForest [« ¥\ s - I£ARY

i claasl sle

b Jlowsd gilole s (slaodlsy 4y bgyjo lad (5208 95 o0 0dalin (V) Jgior )3 &5 5k lon
bl on (Solad JSix ool 5l erlaz
2 52l b sl 5l B ol w5 a3l o (She YAyl ookl 3,90 031> dcgasre
sl plgie 15 aiiS MB & jebolen sl wily Jao gllad g (295 <8 e )
95 b sl cpl ges o2latul Jelgs 350 9 (nyiee Bl Gl b Shy (Staven (L))l
kel 039 & b SRy iy ol 4 Amde olail olagiy bl & Sy b g Coeal
sl Shels el ailiol do Jimgh opl D Ngd o Bla 15,5 Slis sl g Cunl o5 Hlw
Hgd e Bl 2Bl A ) S (L5059 45 (b Sh (e 98 e 485 e )3 1A enl oS

ol ol o3l oyl Lee] @ a8l olad] g olen 4y b Shg cpl o ptete (F) Joio o


http://necjournals.ir/article-1-1527-en.html

[ Downloaded from necjournals.ir on 2025-11-15]

Sl 555 (aollnd) ale 4,23/ WWAR oy &) oybous VY 0,90 fY

o S5 oo ot T Jgox

Ranked Attributes Weight
1. lights <AAYYYA
4.T2 Y- YY
12.T6 NYYEYA

20. T out </-93100

23. Windspeed <[+ AYAYY
3.RH_ 1 NV R
6.T3 NV 4

i claasl sl
B oyt JDAYYA 5o b lidgy blog 5 bl (Sig oS canl ool Sl (F) Joi
Srae &5l s Giw ) 3B S o oABF 3s b (Sl Jore 13 Led g ol ax )y
Cawl ausld ui;l&
K ,M5Rules z,o3 auws (glynl o (F) Jodo jo 00 S5 slo Sihg 8,5 Jlas o b asbl
(SB pilg) 6551 i 00d Jloy (slaodly dsgaxe (69) 0 (Bolal JKix g dluer oy S5
ol 015 ol (B) Usd > RMSE Jls 31 oolitsl b Loty o) sllas

alizes g3l Jloy o ie, 5 (Sie Y obil 5l Jol> RMSE glas 0 Jgu

w930 s 3Ldle 3 main_data Decimal min_max oo Gl
M5Rules QY/YYAA ofeeqy Y CJAESY
alon o 5 Saay —K /- AT o[+ RN - IAAAY
solas K YVIYVYO RNl <[+VYY¥ < IYOFN

S sleasl dsle

ilodlog Wodls 5 Bl npo Siis ¥ il e e odalie (8) Jpte 3 & ysbplan
Jeel bl (59 p (Bolad JKis g dolanen o 5 Sod 5 — K MBRUIES 52 )63)] duw  yupaw 595 o0

clalas LJ> 4 MBRUIES 5 oSl 39u5 s0 0anlio 35 oo 5y8 w390 odel Cawds s 4


http://necjournals.ir/article-1-1527-en.html

[ Downloaded from necjournals.ir on 2025-11-15]

¥r e S (5 Bpn 53 Fn Jalse i

@ S §e 3)Sbee dluen (p 5S35 K w2 )oSll Al o calie 0y cnl sl oL
olas S w3 ol sl ialS ol 5l ol clalld ss)s g 34l MBRUIES 5]
K MBRuleS 52,5801 93 b dulio ;> ol (slallas: 1oy g bl o (g2 0] sl ool e

Dy e ol 50 (65380 0,8 las g 00y yieS doluad (p S Sud —

(S 5 om0
e p p5e Jolge adlas 4 Limgss cpl )5 dal Lis cuenl g (6550l plio Codgase 4 a5 b
Al o D503 YAYYD 5 (S59 YA (slyl> oolitwl 3)50 00l dcgazme b aidldyy (B 310 (6]
Do ol ol 0dd (6 yglaen (sasud e S5 5l LSS aidy Ve pm alols 4 ol ¥/0 e y3 4
Al imen 5 calie giloJloy gy o 388 golSedly w8l Jlis &
Cowl 031y dcgazme (pl (gl b S (o yiote

o slaosls 5105 288 aoxi oot 55 8 S 5 0 b3 @l & o
i inte (Siza ¥ 555 555 5 ok IS oS 2 b g o Sl b
635 s 8T iy log g gl (Shy d5b e et § Ll Gl /o oVS 4 s
2 (Kb (Srae 55l s5) 2

@ olgn &5 2 Shy ryiere (B S5l Bpae > 22dpo (lp oy Glyie 4
)3 oot GU1 53 bod 5 Ol 423 (olidy)y hlog 9 gl 4l a)ke ol sty oLU
ey o ywygun) (oolisslgn ol 1z 3 Lod g cujlys dn 3 et b jl 2,18 o bed g )l

ol 5885 (w2 3y90 (Sl yoSl plo 4 Cuns (Bolad S 555!

&b

weka 3l p 5 b g9l sl [V]

2 S5 it a8l s jluiel” (WA Cagiluanss sazxo g lsluly (o b3ye [V]
(05 (o) ¥ ojlosd qomionn 0y93 (bl (6531 iy " Glauslio 5 055 9,0, Lilei

S bl pole 5 (w2 s20) 03lj B eyl (Data MiNIng) (g55a00 (WWAY) dogo « S jo, 05 [V]

FoalS Il p i uokiges 0395 " 3,0)18 5 panlie (gglSedls” (WYAY) el yl ga [F]


http://ensani.ir/fa/article/journal-number/38980/%D8%A7%D9%86%D8%B1%DA%98%DB%8C-%D8%A7%DB%8C%D8%B1%D8%A7%D9%86-%D8%AF%D9%88%D8%B1%D9%87-%D9%87%D8%AC%D8%AF%D9%87%D9%85-%D8%B2%D9%85%D8%B3%D8%AA%D8%A7%D9%86-1394-%D8%B4%D9%85%D8%A7%D8%B1%D9%87-4-%D9%BE%DB%8C%D8%A7%D9%BE%DB%8C-56-
http://ensani.ir/fa/article/journal-number/38980/%D8%A7%D9%86%D8%B1%DA%98%DB%8C-%D8%A7%DB%8C%D8%B1%D8%A7%D9%86-%D8%AF%D9%88%D8%B1%D9%87-%D9%87%D8%AC%D8%AF%D9%87%D9%85-%D8%B2%D9%85%D8%B3%D8%AA%D8%A7%D9%86-1394-%D8%B4%D9%85%D8%A7%D8%B1%D9%87-4-%D9%BE%DB%8C%D8%A7%D9%BE%DB%8C-56-
http://necjournals.ir/article-1-1527-en.html

[ Downloaded from necjournals.ir on 2025-11-15]

Ol (557 (a0lihiad) iode a5 / VYRR Yo ) )leud VY 03 \ad

[5] Altman N.S. (1992). “An Introduction to Kernel and Nearest-neighbor

Nonparametric Regression”. The American Statistician. No. 46(3), pp.175-185.

[6] Arghira N., Hawarah L., Ploix S. and M. Jacomino (2012). “Prediction of
Appliances Energy use in Smart Homes”, Energy, No. 48 (1), pp. 128-134.

[7] Barbato A., Capone A., Rodolfi M. and D. Tagliaferri (2011). “Forecasting the
Usage of Household Appliances Through Power Meter Sensors for Demand
Management in the Smart Grid”. IEEE International Conference on Smart Grid
Communications (SmartGridComm), IEEE, pp. 404-409.

[8] BasuK., Hawarah L., ArghiraN., Joumaa H. and S. Ploix (2013). “A Prediction
System for Home Appliance Usage”, Energy Build, No. 67, pp. 668-679.

[9] Candanedo A., Dehkordi V.R. and M. Stylianou (2013). “Model-based
Predictive Control of an Ice Storage Device in a Building Cooling System”. Appl.
Energy, No. 111, pp. 1032-1045.

[10] Castillo-Cagigal M., Caama™no-Martin E., Matallanas E., Masa-Bote D.,
Gutiérrez A., Monasterio-Huelin F. and J. Jiménez-Leube (2011). “PV self-
consumption optimization with storage and active DSM for the residential
Sector”, Solar Energy No. 85 (9), pp. 2338-2348.

[11] Cetin K.S. (2016). “Characterizing Large Residential Appliance Peak Load
Reduction Potential Utilizing a Probabilistic Approach”, Sci. Technol. Built
Environ, 22(6), pp. 720-732.

[12] Ceti K.S., Do H. (2018). “Evaluation of the Causes and Impact of Outliers on
Residential Building Energy Use Prediction Using Inverse Modeling”, No. 138,
pp. 194-206.

[13] D’hulst R., Labeeuw W., Beusen B., Claessens S., Deconinck G., and K.
Vanthournout K. (2015). “Demand Response Flexibility and Flexibility Potential
Ofresidential Smart Appliances: Experiences from Large Pilot Test in Belgium”,
Appl. Energy, No. 155. pp. 79-90.

[14] Firth S., Lomas K., Wright A. and R. Wall (2008). “Identifying Trends in the
Use of Domestic Appliances from Household Electricity Consumption
Measurements”, Energy Build. 40(5), pp. 926-936.

[15] Foteinaki K., Li R., Heller A. and C. Rode (2018). “Heating System Energy
Rexibility of low-energy Residential Buildings”, Energy and Buildings, No. 180,
pp. 95-108.

[16] Jekabsons G. (2016). “M5'regression tree, Model Tree and Tree Ensemble
Toolbox for Matlab”. Octave ver, 1(0).

[17] Johnson G. and I. Beausoleil-Morrison (2017). “Electrical-end-use data from
23 houses Sampled Each Minute for Simulating Micro-generation Systems.
Applied Thermal Engineering”, No.114, pp.1449-1456.

[18] Jones R.V. and K.J. Lomas (2016). “Determinants of High Electrical Energy
Demand in UK Homes: Appliance Ownership and Use”, Energy Build, No. 117,
pp. 71-82.

[19] Kavousian A., Rajagopal R. and M. Fischer (2015). “Ranking Appliance
Energy Efficiency in Households: Utilizing Smart Meter Data and Energy


http://necjournals.ir/article-1-1527-en.html

[ Downloaded from necjournals.ir on 2025-11-15]

£ e (S8 (G55l Bpan > She Jelse e

Efficiency Frontiers to Estimate and Identify the Determinants of Appliance
Energy Efficiency in Residential Buildings”, Energy Build, No. 99, pp. 220-230.

[20] Luis M., Candanedo, Véronique Feldheim, Dominique Deramaix. (2017).
“Data Driven Prediction Models of Energy Use of Appliances in alow-energy
House”, No. 140, pp. 81-97.

[21] Mitchell S., Sarhadian R., Guow S., Coburn B., Lutton J., Chisti I., Rauss D.
and C. Haiad (2014). “Residential Appliance Demand Response Testing. 2014
ACEEE Summer Study on Energy Efficient Buildings, Pacific Grove”, CA,
August 17, 22, p. 2014,

[22] Muratori M., Roberts M.C., Sioshansi R., Marano V. and G. Rizzoni (2013).
“A Highlyresolved Modeling Technique to Simulate Residential Power
Demand”, Appl.Energy, No. 107, pp. 465-473.

[23] Ruellan M., Park H. and R. Bennacer (2016). “Residential Building Energy
Demand and Thermal Comfort: Thermal Dynamics of Electrical Appliances and
Their Impact”, Energy Build, pp. 46-54.

[24] Seem J.E. (2007). “Using Intelligent Data Analysis to Detect Abnormal Energy
Consumption in Buildings”, Energy Build, No. 39 (1), pp. 52-58.

[25] Smarra F., Di Girolamo G.D., De luliis, V., Jain A., Mangharam R. and A.
D’Innocenzo (2020). “Data-driven switching modeling for MPC using
Regression Trees and Random Forests”. Nonlinear Analysis: Hybrid Systems, 36,
100882.

[26] Spertino F., Leo P.D. and V. Cocina (2014). “Which are the Constraints to the
Photovoltaic Grid-parity in the Main European Markets?”, Solar Energy, No. 105,
pp. 390-400.

[27] Zhao P., Suryanarayanan S. and M.G. Simoes (2013). “An Energy
Management System for Building Structures Using a Multi-agent Decision-
Making Control Methodology”, IEEE Trans. Ind. Appl. No. 49 (1), pp. 322-330.

[28] https://archive.ics.uci.edu/ml/machine-learning-databases/00374 /.

[29] https://archive.ics.uci.edu/ml/datasets/Appliances+energy+prediction.

[30] http://sciencewise.info/resource/Ibk_algorithm/Ibk_algorithm_by_Wikipedia.


https://archive.ics.uci.edu/ml/machine-learning-databases/00374%20/
https://archive.ics.uci.edu/ml/datasets/Appliances+energy+prediction
http://sciencewise.info/resource/Ibk_algorithm/Ibk_algorithm_by_Wikipedia
http://necjournals.ir/article-1-1527-en.html
http://www.tcpdf.org

