u.'-lobj‘.'.uww LS FAL Y
a0 pluy (/!

s el —

|A.$pbég

LS ailulis’ Cu p oo 5381 0 5wy i Ol i
Grieo ploy &S 20 VFee pulyg
B o ply C8 2 Olusduno 09,5 121,k
DPYF+e-Yo): diow 05

do o
g AlulS Copae slaylidle 5 ades 5 (VYWY L) WL g 5l By plo Olbla )l cwaige &S
Cond g audgi 1) ailouls” Co o 13810 5 51 ol g g0 b g SO AVl aS o)ls s o)lgen (Jloous dibulis
les (Sloyie)a § i ply 0olgls SlaaluliS oalod (sl g 0090

& oz glaglds 30 w! Sl asas Gl gileiST 5l solaiwl pogde a5 VP e Lo was ol g

R&D 05,5 oy b g ailodgas (o CRM jo a5 &8 1 4 e (b iiin Cawlgsjo s Ll 51 (60,150 w0500
Dgu oo 45‘)‘ ‘.J.n) )0450&;3 r:L?u‘ J).w

b (Salon 5 650,40l b g 5950 0 g0l (ol 51 AlulS o poe 15810 3V F oo il g Sl 59, 4 dlLdl

S pdy anlgs plxil S e 10 sl (e

Gino ply S 2l cogos Lulg

info@payamnet.com

YA-YEFePYSe| «YI-AAFYAQAD

1Eee olo g0

\ Brie play S 20 VF e alng LW o Ol s
Gpioo ple &8 13 Slaiis 0,5 7],
DPYF««-Y+ ) i oS


mailto:info@payamnet.com
mailto:info@payamnet.com

Oﬁo%'&ww LS FAL Y
Gprino ol (/!

s el —

s o)

L Y Ol ol Dlmio (saains g (ye (S9) g (5loding

sl g gonils g aalipbly JolS Sledlbol (39380 LIS o 5 00) (g2 92miils slaasbippbly Selogil o e piamas 2
LT (57315 5 JolsS e ply Jloyl g ol Jlosyl b Lozaly sl Lansgs

N S aalol g4 35 O jgody g axiano o SYsb e b slaald ioled

DY T (6555 5 g @z e e

A ZYa0 -+ s3lwoolu g 3u0
R L5 s (sloailyy iz Sl o
& Gliws &hgod il I ST glaals sesle Bi>

¥V by Slonio 5 uilss o0 4 Latal s § s

YV o, (Glrs B U515 o B3I g (o o 3,088 g kel (5 logeidasan oli 55 winns

7 e el Cal s Sl aelass

¥ 0011 e ailis aslol g i agam Ll

Y Bt play &S0V F v g LS Sanr Ol s
Gpioo ple &8 13 Slaiis 0,5 7],
DPVE+ =Y\ i oS



Olbli)l wsige oSyl

@pino ply

. 4

- °A

L4

Ol ole Clxio gusuaiws 9 (¥ (59 giw (55w ot
‘al.?gﬂ Slew! ool J‘(_;‘)gsf. (_gL:bJ.llé SS9y 2 9.7;2....0 g ul..S i ‘MUQQL: 4.1.0:> )| slew! 4...15 u...a &9y ¥ QM R
;‘ 9 .)5....:6@ ool u.u.aLo.v “'\'“"L‘CS" M .b)j.c &Lbo)‘ﬁd...ls J.AL...: as 4.‘05;)4’ Slbo o)\.a..i) 55La...u.‘> CL:L..» m)\b u)j.u.v‘sn

o oo 51,8 0I5 LB o codile g0 1) ead Ty laeslgadS 0el SIS Wi ] 1SS 2 59,

BT

o) ok

- g i b i Sk S paln 4 e g D -l e
PP
V]
3 TR
W 30 ende il &2 1y ' . _»°v v aptl) sqp el
~ et
® i Sl W
Al s chrge i Pasiiaty AT Saf e e OF 3,Skee 30t 3
s (M
g
tunl e fm e
B e - i
UM e Gl F S0 y
) o ey | gl Gl b e o B e N - Syl e s sibnts
iy el o b S (e Wi A ) =
YT o
-— ..-;- - - -]l
, = YT SR p— ot
— o
24 i el e
2 A S gty gl d s S g M O i i b bt il Il e v e i St 0 el O el i
oy St g sl U § i (A S & Sl g 14 2 P i A i S fr e (i (T § e L S M rake
Ay Jostet s & ok Te) by g o A e ] Sl . [ i i i W g (e ok (el (T Ay sy ok
N — gy Thes st Bt oF thes soamnl & Sadhueg o Sl 00 & Deaveny SERaT wd & At oF M bapart partuarag et sl e reeeet sy aih B
gt (oads Bovrowt ade & Doy Lanrriy o0 S bt ert Losriel Loty Povlioument Lesieng S0 Saic boen dlb b schie iy champidny » ek st

SratIErastl u) S8 SAFTMS U 08wt by TG TE 35T @ 4 U (et | Raveve Tug Bratsuetd Lasamay rebeds weas |

St b (ol Jime Sl gl wis

i | pine
Lvoye
S - -t » &y . - |I|a_
b ok sk
ol iakd oS g lese 32 2 Salladl joud Sl lgd -l [ %3 '\0«:(-
s | g e sk
g ol ey il bl U e it el syl {4 S (o |l3-—
L J by 4
i - Jot - ".w‘
14 P [n...‘
g oigede 5 Lo i e e |lluu.
phdh 1 nae Jule N8 s e SN . 5o 2 . | 20 anies
i o spene T
= bl Ll e n 120 ke )

Y Bt play &S0V F v g LS Sanr Ol s
Gpioo ple &8 13 Slaiis 0,5 7],
DPYF+ =¥+ s oS



Oﬂo%'&w&e& LS FAL Y
a0 pluy (/!

s el —

JolS’ UMbl (539331 515 g yoko) (2978015 (5ol bl Seilagi g y2oke immens 523
9 SISy ol Sl 3 oot JUus! b Lol y Sl bansgs a5 92810 Lauwgi aoliglly

(gl

B o

goeiils Jawgs aaliy Ll o lilinl g JolS” SleMbl 5g,5 .

O ;2 5 ley e 5l Sledbl 8g,9 Sl Y

OLRiRgsy e oo yisd Ban 4 Al bl (3luoslol jo g e
SIS g g2l e T bLs,| Sl

Lozal, sliwl Lawgs ayan b sl o 5l

s B IS 50,5 cualine Sl

< » &b = =

izl I3 b e 5 aom i b bl IS

~n

Bt play &S0V F v g LS Sanr Ol s
Gpioo ple &8 13 Slaiis 0,5 7],
DPYF+ =¥+ s oS



. 4

S| usge S5 o
Grio ol M0

i gl —

A (o Ls‘)" ol 00l d.a.s)f )Ia; 5o "t\.nl.aul.’l.a 09)3” u‘g».c Lacl SUIS g0 yO ad.nl.:ul.va dan ‘JMJ‘)JB 9 oualie st.:
y asb bl 89,5 Sed diael SUICl s § (ool g0 Conad jo Wilgny b ol axsls 1) "l Ll 0955 ol )15 aul (]
Wil oo 8,1y ylege (ylgie 4 b g sl axsls 1) Tasb Ll 89, 051" s phaw )5 aS Jie0 j0 .08 caslie

S5 1y ol saalie g amio (pl 4 39,9 03l

Jolgs il | (Solu Oilead | iled | Lainly | 17 lgelus | ¢

‘ ey E¥b1

o lalS (gol> || ST
S =
D s
2 o W
2 g waoygs )
de5 A Gl @
SauhaslisedyRtel ol @
PSRN S S

Jeo Al
e laizl LS.l -

solel co
trasun Oislbl | dalag

JHE oy gl

2935 o) eigalys

Caogaar Caawlasd

I

asl UL 3559

o Bt play &S0V F v g LS Sanr Ol s
Gpioo ple &8 13 Slaiis 0,5 7],
DPYF+ =¥+ s oS



FAY

BLgs ahud | Salu Olead | hiled | Lainly | 17 lgely | (Dlel ¢ylia | Lol gia

Relauls @ PESINES /’
b lalS gol> (v sl

g2 Ans > dwslas

Sasleen kel lilae ey

39> a3 Sydo ilal

g

bl Cawlasys plasl

rasun Ol | uulsg

JHE 0y Ryl

Lo DR L

v

CaIgac Sl

13329548, Sminyy

ol (yLls 2g;9

o 330 Sladai

AY

o

gl 4,5 Gl 50 5 bald b laul leasl bl 99,5 A5 5

ods sl QT Glp 0,65, Ko abogs po (o0l olful.: 30 5 bl oals o,y 0ol &Sng)lf g DS bbb Jod > @

amio 15 555 he aebll b s " 0pd oo 00l Lisled Canl oid S Copibge b Lot sl bl sl &ygo ol 4o il

Dy oo 03l iuled g 098 o )y g

1 Bt play &S0V F v g LS Sanr Ol s
Gpioo ple &8 13 Slaiis 0,5 7],
DPVE+ =Y\ i oS



Sk sign S5 0B
Grio ol M0

i gl —

- (IAT10 | i g olalf cgpbom 1011) ¢ gho g Bl
| il

e W 10 a0 diad ° v Yy |V L) S e
b Gl ol bl o |
el aga & -y
Tont Yitke | :
) vlas o seinian \Jilie B
soisar o1 pime T wrears el Y el |
A pla B e ige 1l - v,lwn 8
Ll ol & .«--.u.t-& et 439 N - cup ) wb UWW‘—C“"I{" Ay oy d paless gl el
iajyaat - e, e ¥
Ladgidd | i"a wlsmns oo
Test Abswopst in Daghed Test Tiie U‘J‘.W - ailaly
pria i e W o AL el -
o v N Al s ey A e s Mt S L B
Py L |
Pl o bt o ~
Brone
ST @
. J=

ools isles T (gl 4l bl ds 9955 S ail sl 1) 4l bl oL [0 il jeme ool WSV IS ipge > @

Dgd oo Culad Cugr il g SV gdmas 4 Wi s g oS ()L ) asae pl piies ST g 06 ol

Wil anils el bl 5955 o3ll" aal bl 8955 jeme 15 g all Ll 0939 00l sGL 40 (59,55, ipgw > @

S 1y uaz aabbl 59,5 el 5 895 0 03l gl (SleMbl 39,9) aabiybl 59,5 axio 4 Lo

] s oy s
e olia

anniial networth Title

o5 ok

adals 1l

b Sl

Absiract

p— — p— — — p— — —
e

S NN SR S
;f‘

ol sl wali ol Ll

g
i1
¥
§
g
f

\% Bt play &S0V F v g LS Sanr Ol s
Gpioo ple &8 13 Slaiis 0,5 7],
DPVE+ =Y\ i oS



Sl gusige S50 oM
Grio ol M0

s el

' et it
T
.
J ks
] o
| i o
it | i
il
nd

b

i i

| -Mb_‘ atal

wled o)ly ) s 4Ll 4 bgy o Oledbl )lg5 o dxas ol jo

69 Slp pj amio il 00,5 oy |y lasb bl ME 1S ¢ wll alils sg2g ool oL [0 69,55, ik I @

g o 03l i Led

(V4) sane @ -
S ply 5y
Qoegie gy o W VNAS e D W e i -

oD T— e Ty o

Y RRNT S

b GW (e

el B AN U Bawys a0l LA ot 808 Roy) 2Ll & | fany AR &y plag el gata 00

&l ;L Wialgilh b g o
Warlabiyy it el neld Lane
Was/a¥/ e et T e
Wesla¥i e C“"’ Onll(l,.lgu‘p_l,
A Grion play &S 800 e g W s s

Gpioo ple &8 13 Slaiis 0,5 7],
DPYF««-Y+ ) i oS



. 4

OEGL.JJLUW-“P Syl ALY
Grio ol M0

2,5 odnline e oo |y aclp bl laie 5 goeiils gl asvan ol o @

o male UL e -t o gl ol 4 4L

LSy AlulS 4 ply Jlo)l 5 daply ovalin @bl (iolpg o p) e asSs 5,k 5l le g0 aao (i @

[50S4 ply Jloyl] [lgolsy o3mlia] [0l (bl Gl

Oygo 4 a5 (Oledbl 59,9 gamas jo 1) ol o)l (gael bl 4 by e Sledbl lgi o 4l Ll ilpng Cond 0@

D)5 Gilpg g gereal wad o0 BT,L )l gambo LS &l

BT |phw.”..y¢*!

Lok l_
MW'I;
PIOPY e { ) [
LYYWV ( zzaz) B
C " ) i
ey f
ORI ¢ — ‘i
Ly ( ) i
¥
wans ( )
wi C )

Syl 3925 o luliS (saen s aly Jloyl Sl g oas Lles 5 aman"aAbulS 4 sl Jlo)l" asSs oL @

oadlie Ceond 3 olgse Iy bS5 somiils o 28l 0 5 Jlo)l Glaply saen doply (goanlin aeSs o5 L @
2,5 sdalin "asls

q Bt play &S0V F v g LS Sanr Ol s
Gpioo ple &8 13 Slaiis 0,5 7],
DPYF+ =¥+ s oS



4

Sl it S5 oM
Y // 4

s el

. [ R

e bl (Ll e pralh s T WU gl
ol 04 Ay U sl Baogl aal il el 04d o)) 300l @y ol Qe il g ph el Tgaty ssataal] fasti by il
404 s -
&b o ey L )
Waa/oF)YP o2 el Lyl sana '
Wesl/s¥/ s Sl Lpawld Laca Y
Was/a¥/ s 2 %ol 0l Ele Al pyy r

P Egamas P )1 F UL it

wivd s Ui
&l | ple WS3lgls pl g pli a3
[LETTR M Ihgetyhpbhbly ralh faona |
IPaa/a¥/T? HsThykik! e lh Laona r
IFas/e¥iT? ATy kl b sana [
IPes/a¥/Ty ppewsywpwspwegwep LT T TG ERTS B B oeald fana r
Waslev /W ooe Y e o

Pl Egame 1A U b
(& A r [ ¥ Lol - <

4 Cewl oo plxil sl LL cpl (55,5 HloliS b goeiils lawgs a5 oo )l5 plos 09l co 00ls iuled iy j0 a5 Joum 0 @

gai oamline Oy oo |y o ploxil &, ol yan

v b W e Lol dame T algile U 3 AL
il 8l A Al dawdl 4l 5Ll ait) 02 Py 30 1 Juad [wilinibs W plas Jlanyl] Dlgatas anmibial laatl ks Slunl
a4 oWl
&N ey wHalyils ol g pli Az
Waslab/yy ot bkl el Lacne A
Weala¥ e 2 ! Lyl saes Y
WesloV/ e et ) Ao Wt 2y, r

Gpioo ple &8 13 Slaiis 0,5 7],
DPYF««-Y+ ) i oS



. 4

Sk sign S5 0B
Grio ol M0

i gl —

bl a5 00 ax g b cpe 50 9 o3 b cand oad Lo slinl 4 Loyl a5 5,5 snalie (g5 oo Coond ol o @
e b el o an b oll lawgs

el sl 3ol sliwl bawgs 46l LL sl 02D | Jlay] 3wl 4y el

asbiplly B,

Ginlyg oo 5 ail e yils s s 5 YL o] s e 45 LS S eV ) eoliiad | laz
SleMbl ity g Cond 10 DleMbl 3955 b 5 (o gh Cow 8 Coomd 0 Lol (g0 3l magib 0 3ylg dnliy s ol 1) "ledl!
oS o0 SIS Leaslb bl LU, e (g5,

asb Ll b, < aledlbl iolne < awmgicand < ol ssi0

x
- Y ;ﬁ‘il
Sleib) 959

frans 934100 g

% 5L N

3)9%) plid)

o0yl 83y b oo agls

AR Brie play S 20 VF e alng LW o Ol s
Gpioo ple &8 13 Slaiis 0,5 7],
DPYF««-Y+ ) i oS



Sl pussige Sy
oS
im0 ply

s el

-°A

Aol AR 1) bk 3pp0 vy Causl) Came gpin ) ‘

wile il agp

el R ]

—

3 S ey

b wile

P LT

Oilng g eanlie b g ailoads (hpdy jeim a5 msd oo oabbl Cund o)ls lasbo bl BU)S (gaeSs o) 5l ax

Gy, 1003 e

. Az, s 5
ﬂna! 1400/0%720  1400Y

) 1400/10/7Y

Akl
180070/
ann* 1400110709 .

ann* 1400,10/11
QOgE e
o4

‘- L
. Hoom
7 [m[o] e R
gogE e
o
aan; > 140010/

9711008

72005

96370003

ST432345

ST

7134002

97123109

429910

My et e 1400

s

Cams) Lasas 1400,

W e A0V

S g 1400/

o et annwns
bt e 140
Sily>
le> ot
5 1400,

.5,,'« | g—

wor

1000

10/08

ovon

1008

1008

00

iy Rl s s g T e
O e ey 3 sl g (408

y (Brmabaut) Loy Lo (e sallle
)3 (A ey 3 (Brdahdown) ald
S g g B Gy el 5 el

Y

Wheler (AP 3 AWBe (ol

Ched) ke padosSl lana 1ol (54
b aad augh peelf GliS a5 /pige)
B T S

i e

B e ol e o e e T
o ARF LD Jestiawd U gl ol sl
TOPRS

(O N S S T L I ppees =
SR ) (e wals )l oliae e LSS
St

JULH bglu iyl g S Jein g gl b
S el (gl CRLM b o 00l pugy
e
D e e e e )
b oty 3 b o ) iy patU iy
O 3 LN ey

Zhel W

PRt & A

2Rl W

VY

Bt play &S0V F v g LS Sanr Ol s
Gpioo ple &8 13 Slaiis 0,5 7],
DPYF+ =¥+ s oS



Sk i S50 o
@io plu L/!

i gl —

0\l cameiily o U lasie el LLAS o L aS 0,5 oudlive 4ylai o 1y del Ll Cand Jaom b ol jo
) 9T (T )0 Gl okt 23, Jo S UYL ok J Jgaz S A

il e aalisbl

g dxzl e aali bl S o Ceond 4 0L ALl oS s S ML}GA aabobl ,» G,aLa:}l aS w@abbl us

ol Al bl o1 leie ol bl lgze

Al g0 el Ll oaisS o)y (geziils sl gzl

blge 4abinbly 595 Gilig o Naz &b (Glalns (AT L
w505 "ol ol sliad anl &jge e el sad Jloyl sliwl 4 b Jeesl a5 cel o b wbiel el o

oS oo oomline 1y " Uanl 0" & jle & jgo ]

el 43S ez AT ogie o

= |=[o

iii

WS oo Colan b acl bl e ol asas 4 1) L as 1 I8 (5o )8

Ly ol o 50 90,5 eline (g oo 1) WSledged Jlu)l LS )15 g gl )15 a5 olaply cad 1ply JLo)|
2,5 Jlo ! ohlasls &

'Y Brie play S 20 VF e alng LW o Ol s
Gpioo ple &8 13 Slaiis 0,5 7],
DPYF««-Y+ ) i oS



u.liﬂbu'&uww S il °A
Grio ol M0

i gl —

o

1400790008
1400/7008
14DV 20
1400/ 0020
T400/0% M

1400/0%/20

Ll Uy pU .y

I mils
I il

(el dane {

(il aanns

| P

les JLol Ty soly goeiils cpul ay wilgh o Jl0LS 1 goniils 5l el oaiw )8 ol Jlo )l aaSs o5 L

1400/ 100 0%
1400/ 10v0%
1400,9930
1400/0% 20
1400/0%/20

140V 09/ 21

S i
(rheld Lame k]
Ul

el fans

D505 Jlu )l abogs po sliwl a5 (go0zs Jou! )55 o0 40SS (] 5o b 5l ioae Jes! Sl n

s anles ) luad, sl o bl

)¢

Bt ploy <80V F e olig LS Gae Sl ys
Gpioo ple &8 13 Slaiis 0,5 7],
DPY¥--Y-) iw oS



Ololi)| awsige oSyl a°A

@0 play

s gl —

g e L e e L e L

et n

P-ﬂp—ouu.—a.«uqum| bt e el ke (A S MMIM-W.A-]

(e e o v ot st e )
R L
@ o frarpem hawis | M | 1

e k| o 1y ot s | Lasnly i g w0t o w4 sk

@ g B, A 34t ey 9 )| 1

LR LT T

—

b g o
-

et

preSprT}

Vo

Bt ploy <80V F e olig LS Gae Sl ys
Gpioo ple &8 13 Slaiis 0,5 7],

DPY$- =¥+ i oS



Sl uusige Sy
o &
@0 plyy

a°A

310 Aoldl (i 35 gm0 ds giume dxiuo 3O Y eb o b glruld iy les

Jluzmd atuad (5513450 glgle aye (leSid oS>

1FAVY

155353 1847

23 g3 e

- -y = - 5 S S - s 2

il )3 318 b (Ggds (65350 4> Cauwlus 9IS (gjlw 83k Cag2 whaolisd Jao g (ilpe dluadw HLSLu jl (6550

bl g oEghan (g

1400

Saglt Jbjle

Fhlie ohes

bl | Lue oo | she alubieo Conbia gl | 5iagdi (g;830

ohpae Loglue wiljies! Lojlaze

Pgmsls g Gy

Pl g G edige

(Gl

Lo (sleloys Ol )aS pheae @i )y Oleibl & 4l b el diuly 3ol)l5 (55 ghiwae (gjlawsdle g =hb 4 BOL) cawlio 38lac LSl @le 53

e (6530 Ll gl 1530550 (glvais;efl Ldwe YU A% g dlwgw Jar g Cdl> (clad y,=Blg (olod Pl 33 250 AdgE Hatuiie (I Gl gz

[aelal] 215 3509 93 .caul jladis g paiie (s8lg Jiluwo ;3 Ll (gialgas a5 1)y jLS S djgel sl@ealy & et ysSl ol ABdLe g 1) eduoy Pluws (TS

Efficient performance of robots depends on capable control systems design, Based on its perception, robot controller chooses commands to achieve a

specific goal. State and action spaces of real-world problems are continuous and high dimensional. Reinforcement leaming can handle complex problems

but require many training samples collected via interaction with environment which is costiy. For interaction reduction, hierarchical reinforcement learning

and artificial samples generation using environment dynamics model can be used. First type of hierarchical methods is spatial decomposition which

breaks the target task into simpler sub-tasks for each of which a sub-policy is learned, The agent's behavior is a sequence of these sub-policies with

specific goals so it is easily understandable and sub-policies can be initialized by domain knowledge. Second type of hierarchical methods is temporal

abstraction which decomposes rollout to shorter ones with different time scales to accelerate learning but its working mechanism is not clear due to

using & neural network at each layer of hierarchy. Due to clear working mechanism and the ability to use domain knowledge, a spatial decomposition

approach named LaREPS is proposed which addresses previous hierarchical methods drawbacks such as focusing on just one sub-policy and non-

hierarchical learning. In LaREPS, the top level policy chooses one of the sub-policies from the bottom level, The chosen sub-policy selects action for

execution in the environment. The two levels of policy are learned using REPS method and clustering of collected data. Assigning each cluster to one of

the sub-policies keeps them diverse, Comparison is made with hierarchical methods such as HIREPS, HIRO, HAC, HiPPO, and I0C on multimodal functions,

puddle world, and pick-and-move problems, An experiment using KUKA iiwa robot is presented in which training is done in IIWA-STACK simulator and

evaluation on the real robot. In the second part of this thesis, a novel dynamics medel with adaptive simulation horizon for artificial samples generation is

proposed. Using the model for simulation leads to accumulated error. To address this issue, a classifier network ends the simulation whenever the

artificial samples distance to real samples distribution is larger than certain threshold. The proposed approach outperforms MVE and DDPG methods on

HalfCheetah environment but is outperformed by STEVE However, in problems that low computational complexity is important; the proposed approach
can be a reasonabie solution
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