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1- Work load
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- Supervised learning.

- Unsupervised learning.

- Reinforcement Learning.

- Environment

- State

- Reward

- Policy

- Value

9- Update/Change adaptation rules/policies
10- Predict/Analyze resource usage

[ e R R Ae R

11- Keep runtime models up-to-date
12- Reduce large adaptation space

13- Detect/Predict anomalies

14- Collect unavailable prior knowledge

Uil g Loe=d)

VY e | it p)las | pgwo Je | DN =0 D

L elaladlaes aSUl (gan wisS Jrae lisgs coluyxs

RNV iS00 L%Lj 4 Lruuyd,ab)_x )l Lg)_,ja)\o(_;
6ol caitws 4w udle (6aSol slapiysSdl

BlaL
ublay Jas
A

ol T 50685 (6,150l o Taain ooyl (6, S0b eyl b
Re+1 (

=E—
- .

(Fooo 3L0) (o105 (5,250 allaa S yuslic o) JSLis

sl ] paSols i yli 1) aylocs JSois o
Casmbgoclot Lole Supsb oLz Thsmor JolisaS
iyl thama 5 st ele S
sl ol A sl e 4 ale ol ol gl
T Gols o S0 o e S Bl Jale oS
Barhivg lapimn )0 cuile (Sob eSS
90900 el (ué) cwl sad ol 4 350)lg0 50
(WP y0S
a0 Bahd laci ol g (10198 a3 g Sl 40
e | Gl sl b (1l ,ussh Gl
o job aspisio illee bl L aglgo slSin o
390 police yob 4o (098003, S0l So hngi i
ablso sl obs glaciwlw 5.0, S a8 ()
QS joy 4 e 5oy Lo 5o (g)S e b
e = alie Sl solaiwl Jodd g anjed o ot
9 g e ooleiwl i bwgiaS Ll ciussg

009y Ile Lijg-l dunwgo sale doliliad
1 ol il ey o ale frassleS il f— Yo —




Ui 0oL=di

ubhain=gm | el | pide oyleds | pow Jlw

lwooly wlge 3l S il sasle vgama joia o
Somiuuz h (b (=2 453 9 po3d S0l g9 1
Al oo gl ol b o ("Galassl) aale b
Oles 1w ypge allie S ol (iess (550l
b {(eor) ghivial 5 (LA gmoicss (oo
lize au (BlauasSl) gzges ol )18 (w050
s bl 5 hine oy it o] (ysil
Lgl)__s U_LAB soin aslicd QLc\lb\)'I Lg)b)__sa)@(g Lgl_i_w:
ol (bl glwaiin
Uolol gylwdiniw 0983 003,80l (Jele Caun
it o 15 0 (sl ol (L mand) S
oS (g)lopeyes 18 sam aisliian wlellbl ol
o o (o s il Ll g
50 laasliab ole bl cowl ) Stas wlusl ali S o
oyl b beao Gl aSaiab aialy oy 59 bhso
L iilgd b plasaige ailsa s phatwl oS Uil
e 50 il cpiag ilsT g h B 4 B aiiS (s
=D 596005 35503 (85 (§aSob (Byb LS SeS
4.l dgame LS gl ley g wylo piuw 00
O cbio Joles So 0, Sl aiejls e Joudo o
gl Lol Sl gloymeyes ¢ wns Glaje elas
aeS el g calisSl ajlye S ol 4y pylosais
olaces aS el ol Celaas) (Lol (JSCie 0g-d 50
Slacib saliael Sis Lol s bew cowl ( Stas el
goita 5 oloj ) lun Loz dlaei il (1 Sieo 85k
Hlan lop digai wigls cdls il Ho aS ol
e i (2l G2 gyS (rasd sl sl S
Sy S i 0985 S0l alt o sl
SlagSeran priwa LSl @l wlaiades
i gl Jlais] 2 je3 Syl eolaiwl gay 8olas
=28ly Lo jo ols Leies s (IS Y50z
Slilae (g g job 40 aS g Glul S
- Improve quality
- Work Load
- Balance qualities with resources
- Balance qualities with cost
-~ Tmprove resource allocation
- Protect against cyber threats

- Explore
- Exploration vs Exploitation trade-off
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1- Policy based Reinforcment Learning

2- Value based
3- Policy based
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1- Model based

2- Value Function as Lookup Table
3- Coarse-grained

4- Fine-grained
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- Value function Approximation.

- e-Greedy

- Non-stationary

- Monitor-Analys-Planning-Execute-Knowleage
- SelfAdaptive Systems

- Maneged system

- Maneging system

~N O Ul s WD =

Uil g Loe=d)

WY oo | it sylas | pgee Jlo | il 2D = 0D

W)l @B 09 pdiegs b,
slad gluoeS 5l gSele sl pasSole 9 Sag) S
L Jlie lguie an el lase 22U 0y s el
slaaSia Mb)@w9@g@&»&)\oaww
el glad b ablie (Sl Uing) o2l (e guao (suas
L 0SS0 palyd 000l slacussg et Ll S)o
DlaBe 1 e 0983 (5250 (a8 iz S92
cwl dzlge calaasl - (gl 0y PEEEI Ul_im_{b
lelos Lntloly Lasisgs s 1A 505 (sl
g oalo plas Wad |y sg s syl 4 S wig i e wlsil
e 50 )0 wiloai oy 153 (ol oS0L (g0
Glilacabidglalag o Glilac iz e dS el (Js
S (L)) wlbais Ozl Vs aS o, S Glawl
U9y (9lonoyea-BlauSl Jase o Jgese Jo o)
L 6y 5ol s sy s el o
(65 ) il Jaso I Lae S ol b
b5 i (g idlz 0 e iglS g olsu]
SEUIVERTEAD AN SRS NIV SETSUNTY RES I SER
5 ol pe) el (Sl aihé S Sl Lkl
u_m\ujva,ouug_x_g,o (_Jl_paub_,\_cd_) (Ye\Y (g dias
e ool o) Ly b oSSl sl
Lol iealS calaus! (e asait o g a8l (iealS
bty (S0b 0 e b oS Jugws]) 2hSan
0=l 0lgo lsIse 45652 5 Sloy dz aS cnl pal Ll
Lo aS ol humo pimy) Fenling slabumo o) laso
3 oley dob jo Ganbioldac ol gl o g aiiwa
a0 Cylplo (B o3 g ¢ lw) Sols Gaaliel (oS e
Ueige Ll g 09290 sledySag gl Sogs
amd pladl G h eolledhis oyl el jg iz g
cuehd sae o asgaials jlo oly iy Sayas
s ele sl o oo el plnd b ol o
oo > Coalian 3 i s 65 sl

uugo)ﬁduuu)g.alwgmud;uws
| e cemleSliel — V¥ —

Caydaale

1 c)— (Gl



S0 @il dld ladigel (i o |y glwding
&l galie e gl Q- Leamningsl ) Sean g (Jo)3g0
Lol oo, S soleiwl () ol Sian g (Juyigo) jLizesys
ol slapsiioshs oAl S A5 Ao 13
05 (suiu,Sw sl O-Learning )85 g gu.0)lo
oolai il 60,15 sla aeliy g (5l (gilare lagpivlo
1sp2dpmlite agund sl (1 g Sol g 00y g0) 050,S
abgsye o yioia ol hgiodls sla sl siing
SARSA g (5518 Q-Learning I ol S g ol ope .l
S e polaial wliie s 5 casls b gl Lol gl
5lwisaS e =3ls (R Sian ¢ ol e
slocdls jl SesS slaacgamedn ami )0 g g 50
(i Cagie Mg e 0gd e gjL8 @ hie o aab by
L Lo 0o Size b Ll 6 s S ol iyl L6
Soia Le il 0, Sug, s ol Lol g las (gle el wis
dcgama o (diwwd) gld wulic lwlia aiels
iS50 Jeee O bl 1o 983 (S0l aS el )L
5ol 3 solatal slgiing ChSea 5 sl
ale aiz loas lisge gl L))l 1o e 0983
s Lo Mbl L Lols (115 5 LT g g y00lS) L imo e
H9de Liled 5l 5 a3)liS e Shial 4o ]y cysisg 1
polataal slg iy ailsly o iS o olat ol Ja sl
as a5 S0 B jl =l a3l Q-Learning 5|
paloliw)yls gled slaails luaisgs sl "Gaas
[a)_uls\,o sl aslayy> [g_u)gijbl LovoySugy ol dan (14
20 3280 phiiay L aS oS e soleiwl Bl
Sl bo S0l (lse jo.o)lo iws ygw 4 sl
SBsg5 ek an aglSylas celaasl g5 pope JyuiS 4

soinie Lol o¥laio) lilae Lo gy

olgidin Ubg) ©)leme ) (054d0 5)9p0
S0l yolic 4568 S Lo (s g ool ol

1- Sensors

2- Effectors

3- Parametrizaed stochastic action selection policy
4- Deep Network Learning
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1- Markov decision process
2- Reward function
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Algorithm 1 PPO. Actor-Critic Style

1 for iteration=1,2,... do

2 for actor=1,2,...,N do

3 Run policy 7, in environment for T timesteps

-4 Compute advantage estimates _-il ...... 4 T

5 end for

6 Optimize surrogate L wrt #, with and minibatch size M < NT
7 Guld —

8 end for
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1- Actor-Critic.
2- Proxcimal Policy Optimization
3- Clipping
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Reward fr) =0 Amax =10 ms
r(t)=at* f(At) if At >2*Amax
else

f(At) = - At / Amax +2

1- Dimmer value
2- Reward Function
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