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Reinforcement learning based feedback control of tumor growth by
limiting maximum chemo-drug dose using fuzzy logic

Hoda Mashayekhi, Mostafa Nazari

Abstract: In this paper, a model-free reinforcement learning-based controller is designed to extract a
treatment protocol because the design of a model-based controller is complex due to the highly nonlinear
dynamics of cancer. The Q-learning algorithm is used to develop an optimal controller for cancer chemotherapy
drug dosing. In the Q-learning algorithm, each entry of the Q-table is updated using data from states, action, and
reward. The action is the chemo-drug dose. The proposed controller is implemented on a four states
mathematical model including immune cells, tumor cells, healthy cells, and chemo-drug concentration in the
bloodstream. Three different treatment strategies are proposed for three young, old, and pregnant patients
considering his/her age. Chemotherapy is used in all cases. In the older patient, immunotherapy is also used for
modifying the dynamics of cancer by reinforcing his/her weak immune system. A Mamdani fuzzy inference
system is designed to limit the maximum chemo-drug dose by regarding the age of the patients. Simulation
results show the effectiveness of the proposed treatment strategy. It is also shown that immunotherapy is
necessary for finite duration cancer treatment in patients with a weak immune system. The used strategy is a
model-free method which is the main advantage of this method.

Keywords: Cancer, Chemotherapy, control, Reinforcement learning.

b e a i o iils — 01l 335 1) 5 J S Oleckige ezl o 257 Al 6 ilae 1L s adgs ey 5


http://dx.doi.org/10.52547/joc.15.4.13
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.2.3
http://joc-isice.ir/article-1-760-en.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1400.15.4.2.3 ]

[ DOI: 10.52547/j0c.15.4.13 ]

636 e Sl ealinal b lays s (63,13 535 S3lussidomn L s3n g iy 28 (6,8 5L (s $SGk J S s

A Aaan (o lin cua

3 s Sl 51 S Ol e Salys D s alis
a4 aly g IS e, 5 OLSGa 5 ol il e 0T J S
33 Gpdoolaml wsle OT ol sl S5y sy Mo o
.[\~]~u;;nu;.~td'u)>&,:%Jﬁd\ﬁo;ﬁpuﬂ}f\j&
Sl sl e Jea J 87 5 Sl el age J 257 oy S 5
ol sl o LI DVY T D3 Sles 4 atly Sleys sy &S5
S13 533 Silwaig sl K35 p-“w}ij‘ Wb giluang Gl
Sl o [1F Y] Slas 5515 aslimal 5y50 55 Slays esd
Shadsl sl el ooy adsl Camer OBl 5 e 5 YL
la gy ol Ol

S5k w53 3, i S S a6 Sk
3 ol JES7 (51 03 28 55k gy cal 51 [10] bl e ile
axlinal Oya g Sde 5ok sy e e bl Ll bnpte
St (Fp 02 Sy ol S rees LY V2] cnl ol
(omliily,y 51 S P L [YPTN ] ol 0k oslizal 5 (555
Ln b 45 le (11 1) Ol i 168k Ol 25 6, S5L
L cang 51l 8L ln Jolo [YV] 35l e oal 3 )3 Jolas
S ool da g esls S5 Bl sy 1y San slag !l
035 ady Sl W L A8 e S8l ys 2,55k dase plan]
Lol ol coslhs g gt Ol 5 QTS
A al 2 ol Sl el gy JTes) Oy g0 4 87 (6 J 25

@ 83k 51l 5 Sl Jo 6 255 6,50 e B
3550 sl Jube St esliad Oy 5)ls Hldis J 287 (ol Lil5 e 0
Wl ol b el Sl gl sl 4,8 15 eslizd
bl Jlesl ol odiasOliss & Canlin gla il il IS
630 s @ iy opl Sl eslimel .l Sl 1y sl fele Lo g odd
_;pt,ur,,,.};;df.xm 1> 4L 3 s Jike 2l
Wl el (sl SN el 3 (550l

Slays gl Sloys @51l &K 11 ol dlas 55 Lol Coda
533 S die sl 4 AL o o doe 4 5L Ok O S
Sl o €] (Hladig dlis &K D)o 4 Slops et 5,1
3 ol gl 55 o o3linel (58 5,83k 1 e ey 31 OT Jo
Sls ooy opl 5 Aibeed O o o (5L Js Sl eslinal 4
ssbie 4wl 1 e SlleT s (g by (gSleesly LB
Slod JSSa s a5k 5 e Ol sl 4 61y (et b5
— o Sl e a5 Sl ol @1 LOT Lol 5 5 e b sl
gi,a)r;,.,u&Q;Cw\é\ﬂﬁ,uﬁﬁpuuup\@'u,;
S5 5 ealinal b ol o eslinud 15 Sloys el I (gmal ptes
Slom A e Sl Slodeerd G013 S93 (Slen (56 p
g il J S Lo g Glags parh §3)13 553 G 355 5n 35

38 (oS sk ol 4o sh e plil (258 (680N gme

dondo =)

O (B o sley 51 o 13 53 e 5 5 e bale e
(pais Gl glos a8 Slidss Ll ass Jsb s V] Adb s
Sl o by 4 (Y] Sl 0 it O e 51 Ol 5 0Ly
ot (Y] Gl (151 Jl s Olb jw dauly 4 65 e cglos 28
SIS S Y Sl b Ol e ol g & 5 O pubes VWY S 35
OMails 51 (g5l 4 55 3550 OT Olajs 5 O (5Ldite 95
@8 55 5SS (RS ks (Sl pole laane) )3
e leod aug gy Sl s 0l e (SL; gildue Y]
dalgs a5 8 55 g e Crse S 8 gladde i
058 L o8 A dal s (s Jloys sl €1l o pe SL ks
JREPEIC I PR YU

S oo o olizal 3530 Ol Olays 51y 5SS (sla b,
Ld 2B Eay 5l Sls el 5 Sleys et cSloysgn ol
4 sa & Gl 5 k,E e sl 8 eslisal 350 Ol sl S
iy il Sloys et 3,8 o 15 eslinal 340 03 2.8 b
035 €S 4 Sl lad ghe Codo o sdle Ll s #5151 Sleys
Sl oslazal 3550 Jlays Glag,ls [F]5ls 0 55 B ywae So)ls js3
sdshe iS5 ede Sloys ped lagyls wile O e Oleys
35 LOT & o Comsn 03,8 5l a5 oIl (slad gl 4 S o
23 (29013 Caglas slml Com e Lagols 5L 5 O a0 (pioman N pd oo
il g AR 0l sk 5o 5,05 15 edd Hlew O

Bl S AL @68 4 b odd Ll Slays gy copoen
ssbilen 15 A8 5 b 3 gudomn 0593 S5 I sb 3 1y Gl (slad sl
Odd G ogdle Olays o935 Jsb Oas SYsb L us s S
S 3l lan O 53 5 (29,15 Cwslae D ST ON (Sl o
Sl 2 6l 05 Ly S Jlesl 3,1 553 5 Sleys sl b,
(Golow dle Olaw o a1 lies by sS6 @ 555 00 &1
o S5 1 e ol 53 1> (Ko 5 BSA 486 5 o
el o o3l Hlay e Sls s 905 593 ST Jlesl 6l (556

Sl ki 1 Ol e SCalis @yl gl Sl sladie
slagsls DGy (il Sladshe (Gl glad e Jold Ll ke
23 Ol Slys e Gl leang ba s,y [0] Lib Glys
JAS oy [P 01, 5 o dlae 53 .l os 51,1 [4-8] sla 87
G0 L e el ol 53 . Conl 45 5 15 o3lizul 350 i
—ot S Oleys gy 358 o e e I (sla iz
S eslizul 550 [V] 0L 5 01 baw s Sloys el 5 Sleys
S5 sy dse s X (Siludig i) e )y Sl 43 S
S b Gmte JRST s AL O 5 b ol S

Llos S eslazul e Sla a5

Journal of Control, Vol. 15, No. 4, Winter 2022

VEe s Ol oF olad (10t J 257 e


http://dx.doi.org/10.52547/joc.15.4.13
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.2.3
http://joc-isice.ir/article-1-760-en.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1400.15.4.2.3 ]

[ DOI: 10.52547/j0c.15.4.13 ]

@36 Gt 3l izl b Sl ys send 6313 555 (S3ludgoms b a5 iy 2585 (0,8 2L gttee Sk J 1S

S e ( Sulin cua

Jobo 2 655 2 old @b &S5 )0 4 0T SIS 5500 o 3l 3
et Sl g 595 Obsl xS G Ll ol esls Ol
— e G913 593 055 aaS il Coda pl a4 Oy sl Sloys
sl sl sk S 5 Sl
Lol o ol abais g5 aw bl Ol O S s e
S5 sl Condl Gl 35dome Olaj Olays (21> (gl 4T [V ]
4 pRenw psag Og Dol abd Ll Il sse s Osd Jol ab

MLGA RISl
1 s
ETF = (Z,O,—) (o)

] S 5 Sl Sl Joles dbis !

CrS

= )
dy

n<cz+

Olays 4y Sy 55 sage 25 (F) dasly ola jmalyly islae cpl by
AL cé\f Spds ghyls el (R aoili .L.fsn Wl 5 9does Olo )
i S s gt oOST (B) Alaly Coaly S slall)
e SLIs & Ghlen Glp o el LIl Hses Ok Dol
Sl g2 ol HILLL e 5 05y ol aball (Ad s o]
S Sl st SIS 3 il 3 gudomn Ol Sleys S5 5 K 4 Ok
S (R Gl bl ) p Sl gl L oy 55 Sleyd sl
—sa) YY) 538 e el e S ol S
Sl il 2ol ) s $Salys o W3l Gl S 4 AL Sy
S e bl G 2 @350 Ll e Salys 53 i
4 Wb ledis ogy cpl 5diss OT s LB Wl ok Seb 5 wsliE
rf ,Y'Y',\~].u~\{ﬁ,'c;)}.p
{56 =fl,w W
p=gu®) 4y<t<t,
Ol 3555 Lawy & Gl gt sla il 51 ide p &S
slp 29,9 Cb 3 e o Doge opl 33 pd e STU(E) 5doee
5o R ke 4 %= FOORD) E FOR)ts € 8
t <l 2009 dheel 5l S 4 o oSl 53559 o
RSP oW § 21
Db Giledds 15 D ge 4 Sleyd gl ol by

4o (1 5) W
dt HsVy k,

03> 0L 1, (1) = 0 dar Sojg0 a0 Sy el T daily s

S o5 L e el ) Sk 5 oS b o el 0l
S 5 gyl Sl 4 fg polie ol cnlize () 335
G bap Sk Sl6 a4 Ll oo 4 sl o)

Led sl S (Sl 5 Ol sl e GlaCss o

Ol @l s e bl Je 6Kl ot eslinal Q¢80
uu.ut;)yMu;,‘fT,oLbﬂ,&lwg}{au)ﬁ)mu
S s8N B3 g odins OS5 (Sluand b 5,8 o 513
el Ol s Olay3 53 0 4]l ag
o Jlize S5 (o5ly Je g3 ibu 53 Alie oyl walsl s
AL g e JAS 5 0,8 o N g 2050 O 5 )
S50 2 Sileand Sl Jeols il (e 358 00 0313 b i (68
-5t O (S o gl 0338 e 513 (s 35m il ey 4

ey

B w9y g balge -Y
Ol gw (b Sl e -Y-)

Sldshe o JlB Salys 03l 0l ¢l Gl lade
o e e Gl s [YA VAL el ot Sl Gl e 5 e
e 3 e ol oS g o3zl Ol o Sl > (53luicd 1 [YA]
s T (1)) S slad sho (1)) sns) Slad shor Il e
M) 055 35 Slded cosls chle 5 (N(E)) Pl b
(D) = N(E) oo 4 e b i LSl ots S5
Syge b Jde X4 (8) = M(E) 5 x3(t) = 1(t) x,(t) =T(t)

%1 =100 (1) (1= boxy (1)) — €y (D)x2(2) )
— azx; (t) (1 - e*®)

%2 = 11x2(8) (1= by (1)) — c2203()x, ()
— c3x1 ()% (1) M
— azx,(t) (1 —e*®)

. px3(t)x,(t)

X3 =5+ —————=— cyx3(t)x, (¢t

3 a+x2(t) 1 3( ) 2() (Y’)

—dyx3(t)
— ayx3(t) (1 —e*®)

S Sy 0 G s Wl slad sl L2y Joe )

by la byl ol ods 43 8 ki a1y 47y ki, b og s
A 2o Sl Comer G b S e e San ot 0L by
Sl oz S b o palole S 4 bd e g BB LSL
EAL s Lsho M5 S £ 5L el sk il oks 8 8 iy
3975 s 4 romer (ml ladshe L b Dose 4 d
Sole b S Wahpe S5 ekd S Sl sladhe
FOMPRTIRISATS —p’;f?:égt)

el e Oy J s 4 Jlesl (50 J95 edias Ol U O Hle

L e ladhe S (Sl sbdyle g5 6 Sloys et 55,1

Journal of Control, Vol. 15, No. 4, Winter 2022

VP b Ol oF oyl (10l o S dloma


http://dx.doi.org/10.52547/joc.15.4.13
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.2.3
http://joc-isice.ir/article-1-760-en.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1400.15.4.2.3 ]

[ DOI: 10.52547/j0c.15.4.13 ]

636 e Sl ealinal b lays s (63,13 535 S3lussidomn L s3n g iy 28 (6,8 5L (s $SGk J S 1l

A Aaan (o lin cua

L olg e Sl opl 53 58 e a5 T o (8) + (1 — My (B)
sladsbe 03 o 5l 5 el Sdsbe B 05 Ty o oo
Saold 53 I a5 eld Ol Jes 35 r:]a.i Iy b
G S 4 OT 6l Sogline ldie Yo & Cl Slys et
GIE LA /Y NN /Y /Y /YD R D /5 oY A
@ ay el okd w3 8 i ys A ={ /0N /Y G/ G F
W38 a5 53 515 593 40 gazme 1 (o 5 Ol or ley L2
(bolas adsl S 3l ps s b Sk 0l s LSl el
@5 Oype oAb Gildde s 5 03,5 Sl |y Sl Jee
o 51 305k 3L, b obe) cpl 53 b e Jie Gl Sl 4
2385 S (33l Joe Bl e 358 (0 55, 4 Q s
G b wuT 3 S sls aalsl Cogllas Sl 4 Oy Ol bl

B 1SS LV il

1 [Bab; Young MiddleAge " oid |
0.5
2
=
&
s 0
2 . . . J
E 10 20 30 40 50 60
€ Age
«“
(<]
g 1Low T T Medium ' ! ! High |
o
3
o
0.5
0
. . . . | | | ]
1.5 2 2.5 3 3.5 4 45 5

j)\:jj:;fl.b-})uﬁygbqu}.ér«@lj:\Jﬁ.i

38 81N g
o | SeS | Ol | dlile | Jlgs
Usar | Lawge | L) | Lewsw oS

25 R) by &b S (ot Jos Cosllas oLl ke &

1 gh o oslaz|
Tt+1
) e(tT) —:(E(Tt)"’ D) T),e((t +1)T) <e(tT) @
0 e((t+1)T) = e(tT)

ol 93 48 ol s 1 (6513 paigas Olej oins O Tl

4 a5 ol o Slie @(E) ol odd w3 8 bins o/ dlie

(S5l L3t ) s b a0l 8 S e 3 sley Ll

3 gad o3lizal Sloys ek (65505 35 G 2 Q Usdr 51 015 o0

Wl 0 0315 DL Y S8 53 0lays Usb )3 e S5k ol s
el T S 5 02, SIS 48 piomes

IO ] L g5 o gLt

2 Slrdowd $9515 598 g5l cpuni -Y-Y
o o Sl

Ao o2sls a5 0T 4 b Ol Oloys 53 8 530150 51 (S
Dozt &5 Gl sl o Ll el ey ol Ll 3 8
s IS Slag 6 & S 1) (625 Sal5 S35 Ol s Ol
Sad s 3Ll 6l 6t U5 Ol Slen &G 0 15 08
slgiday 1) (5208 553 il JlagS Hlan <SG (sl S350 (L
L ol sladsbe 5lejl abl5 JlgS Sl &5 0% 15 ool
plazal 51 0 55 Wl sladshe Laim & Ol gl 6 L 5 20
2304 gUlF 2l 4 a5 b GRIBIL IS sk a0
2335 oS Sl saob 5505 Ll Wl glad sk W55k
Sl s 4 65558 ey 55 b s plesal (Il (slad ghor Lai
595 5 bl ot JolS” Ol Hlay Al g O el s
i ool 038 Jaiys (13,8 03linad Ol ey 4 i (5 58
Usar ol Ga0l3 593 S ol pual (6l 656 prm &K
Ol So5slosd palie sl 2 OT ol & ol ops 8 sl
23 5013 553 S 5 ey e bss Sosde mlS ol 0l
Gl o 031> Olzs Y K& 53 o5 shailean. ol o 03,57 Y IS
G35 ol ¥ ] sl okt 3 8 iys B 4l gols a3 STus

el A 03ls BN Jgr 53 55 Glihes il 0t 6l
e YV IPTI AP WS PRRURPS e
SO 315 S5l 638 8l 05K Slas 36 Sl el ks 03Lizad
Wals (650 ptum (g Lol o oslinal 155656 1 Sy

S n s 5 saT 0y S 6 ) 5015 S5 e

R ST 2 e S T
a e o3ls 28 T gy 55 208 5,50k ol ualie
Sl oY (o S0k n e IS 5L ke
R Gl wb 5 A Jael alie o gams S SVl a4 gazms
bl o Ol Sloys gt 53 3,8 (i Wlos b comlize
o308 Sadshe & e 4 il Gls ek 6,15 Olie e
sl ol S G a5 (sl jeo 3 5 LT sl izl s a7
A 55 8 DY a8 azmn ol gl L8 frlaze Canl jhep Ola o7
ol seds a8 8 L 55 (p(8) Sl e slad s sl Olas IS
ools b e i 53 oS Sl sl s Sy 4 byl
X(8) =0 Oles glhe o s dalg (glodtand 48 0
g8 eslatul Gloys ek SIS 53 Gleys el ST by il e

Sose w g odg Sl s Gl Sdsle & sy ot S

Journal of Control, Vol. 15, No. 4, Winter 2022

VEe s Ol oF olad (10t J 257 e


http://dx.doi.org/10.52547/joc.15.4.13
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.2.3
http://joc-isice.ir/article-1-760-en.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1400.15.4.2.3 ]

[ DOI: 10.52547/j0c.15.4.13 ]

v 38 late 3l aslinal b gleys cond (53,13 553 3lwssdomn L ssn g iy (085 (68 3y (mem &k 287
S e ( Sulin cua
Immunotherapy
Chemo — drug Tumor size
> | Ccancer Model »| State identification
decision

Y

Reward Calculation

A\ 4 \ 4

Learned optimal Q [«

learning agent

Q table

el

Fuzzy system

é\ﬁggu):@rij\k)?ir)}!o)‘,.p):cs}b):sm_\;@lglﬂ):wig;)\:j;:Wam&xﬁszGWL«;:«QJéL__g\ﬁijlefcjb:YJi.'z
2358 o0 Jles! e &:ALJA C)Lol

zw -7

C_,; 4w O Oloys 5y (oslgiiny oy S ol plas ¢l

S a (sl s 8,5 Jains lab s oS 5 Ol Sl

.V.:Azsam‘l)ll))l“ﬂ:_,S-A{Ua‘,mghjzéj‘:b:wlul}\a\

[FY Y Y] Dlos (5loacd (gl dobe (gl al)ly palae ¥ s

) BN e ALk
mg'lday?! Al ol s 5 s a,
mg~tlday™* i S slad g & e 5 5 a,
mg~tlday™? N b sladshe & &4 as

cell™! ) Sl gl lg o b Ko by
cell™* day™ \ Gl sbedse ple o b oSe b,
cell ™  day™* ) Sl sladsh 5 sal Gad sl o LB, 55 o
cell™* day™ /0 b sbdsh 5 el sad sl om B, F 5 c,
cell ™  day™* ) Sl sbadsbe s ol ladshe o B, & 5 cs
cell™ day™ ) S sladsbe 5 (o ladsho o 65 & 5 Ca
day™ Al ol g 5 e i 5 d,
day™? ) O 53 o5 ool o5 75 d,
day™' V/o L sladsha L) &5 m
day! ) Pl glad o di) & 5 T
cell "t day™! s sl gbdsle M5 F 5 s
cell X ol g = £ a
day! A sl e Gl 5 p

Journal of Control, Vol. 15, No. 4, Winter 2022

VP b Ol oF oyl (10l o S dloma


http://dx.doi.org/10.52547/joc.15.4.13
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.2.3
http://joc-isice.ir/article-1-760-en.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1400.15.4.2.3 ]

[ DOI: 10.52547/j0c.15.4.13 ]

636 e Sl ealinal b lays s (63,13 535 S3lussidomn L s3n g iy 28 (6,8 5L (s $SGk J S A

S s ulia gua

S S 3k sla gl X s

PIStH e L
A 2B S s 5 586 14
Y B SN 3 Sl F n
Ee 28 S 5w bl g
| S S5k 5 sl 5, il €
0 1 » 08
E 08 3 04 Learning Algorithm:
= i Input: States S, Actions A, Reward Function R,
€06 202 parameters {y,n,¢€,8}
2004 (= 0 Output: Q: S XA - R
o 50 100 0 50 100 Initialize Q to all zero or arbitrarily
g Repeat while Q is not converged or for the
0?2 & 60 desired episodes
8 £ 40 s «initial random state from S
21 § While s is not the terminal state
F g 20 a «select action from A according to
E 0 2 (€)-greedy policy
0 50 00 3 0 50 100 s’ « next state according to
Time (day) Time (day) cancer model based on s and a

—o Sals Bl Al Y Ol ey 61y Ol s U3 F S
09k ol dads O3 9 Il LI 4 5 odd Jawo Js SI ey O 53 Sloys
b, dal g0 5 Ogks Sl a4y (e ¢ g0 5
osls QLS O Jﬁ.z 03 Ol Dlew lp Slys oad o0ls 30
ol dads O35 5L s 4 Gl Leseie 7 jshiles (ol odd
s 3 ool ooy DL 0 555 B 51 2eST 53 (a5l sa s 05

Q\CSFJBJbJ}AjQ}JuJDLﬁMWA:

Chemo-drug dose
- N w
- 2 N 2 w o

e
)
.

ol . . . .
0 20 40 60 80 100

Time (day)
Sl s 4l Yo Ol Slew 4 Jlesl Sloys et 6,05 30 0 Ko

.L...:\o.,\..‘..c\qdlLg.s}buobj):du})\suy}:o}v\{J.sl;ddaji().sﬁ
e ¥ Olyd Wlo Ty shw p9d Il
(S5 o (Floyd s
oo b 5 Ll e Ol Hlo b atlis 0o la ey olis
“she A, 5 el gladshe W5 50 U pde s e SIS
Vb (il e npd o b s =020 o, el sl
AR ARYARTVE  JC T AP W Y N P P

() daly 4 4 5 L s e il S Yo Y0 VY e VY

r « calculate reward using R
Update Q using equation 2
ses'

Return Q

BB S p e RS 2, S S

Sbd o (Wl Ve Olgx slow 1 Jol Il
ool> LAY 5 Y Johter 53 Ol Hlew sl el sl alyly ol
o G ghyls slew oF Jador 53 0ls enls (gla il (gl bl ok
o ol ol e 505 Sk 4 A8l gn S g5 Osk b
ek Ll g 3n 55 pem S S 87 b o7 Bl e 258 ) sl
915 595 Sl S 5501, S e ad ke sl Olys SIs
wals A3l o 4'4% Szt 2l Sl ok (b 636 e G
Aol Com aelsl 53 & paw ey Gmomen 5 Dben () Gl DY
YA VIR - IV 4 QRCNCE- R R A (F Y PR
Gtz {78 I CIV i IO /Y /Y /0D /YD
s 0393 S 88 Jdo & Ol Hle 81 A3 Oy &7 shailen 355
e 85 3018 H1E o sl 5o G e lad sk 03 1 G 5l ¢
ok o3ls QL ¥ JSKE 5 Sleyspand o 53 Oy Slew 43 Ol
e(t) = (ol Sl Xpg = 0 Ols gl S O .ol
ol ki odalie S5 oyl 53 a5 ghailen Xp (1) — Xpg = Xp (1)
Sools Zhle 5 Col @by i Caw 4 Sbow glade slaw
Sladshe Gl ol a5, L 1 ey 55 05 5 Gleod e
Alos Sl (6 ph Loy b (23505 a8 Sl ey 5l 5 !
—nt Aolse s s el glad ke 5 Wl (slad gl sl
WOloys digy O b b aslsl )3 457 Wsd o S2alS &S5 Hles Sleyo

RS CZ‘LA‘ Lo T Conex

Journal of Control, Vol. 15, No. 4, Winter 2022

VEe s Ol oF olad (10t J 257 e


http://dx.doi.org/10.52547/joc.15.4.13
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.2.3
http://joc-isice.ir/article-1-760-en.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1400.15.4.2.3 ]

[ DOI: 10.52547/j0c.15.4.13 ]

@36 Gt 3l izl b Sl ys send 6313 555 (S3ludgoms b a5 iy 2585 (0,8 2L gttee Sk J 1S

S e ( Sulin cua

N
IS

Normal cells
e o
[-;] (-] -
o
m \\
o
Tumor cells
o
e -

-
(=3
o
o

50 100

10

o

Immune cells
o - N
Drug concentration
o [}

-
=3
o

50 0 50 100
Time (day) Time (day)
lors ot sals Chile Al #r o Sles 6 O o e L8, 7 S
bose s Os ol abadi O Sl s 4 5 0dd o Ga Sl ey O 52

.Q)M‘?)yj}-ledéwMWQML&D)J&Q‘}'D}M\

Chemo-drug dose
- &

o
2
.

0

0 20 4l0 6l0 8‘0 100
Time (day)

Odb b Bs a4l ey sl 4 Jlesl Sleys ek 53015 555V JSC

0y 3 Sloysisest sloys sosl 3l oozl U ypeg Oy Jslei alai
SRR P

o3ls OLS A Ji.i 03 Sl el 53 ol Jlesl Sloys cand (S 9)l5 95

Cde Ll b oods 3L 9ol 595 oy Yo 3 ey ol odd

Jals ab 0352 5l 5 sle 035 Ol s 4235 o 51 S

ol R 355 5 Sph o f S Sl ey (35013 s D5

il o S glad sl b a5 4 56

-
g
o

»0 ")
8os T 04
© -
]
€06 £0.2
[=] =}
[
Z 0.4 0
0 50 100 0 50 100
5
o 1 = 60
8 £,
co8 8 0
5 c
E 0.6 g 20
=04 o
0 50 1005 0 50 100
Time (day) Time (day)

W5 W56 5 Y0 o I3k Ol @b (51 Ol o s 18, A JSC
W5 3 e s Bbe ol sl sols CBE 555 W5 B el ekl L

Al s Sl gl bl ol

Sl 5 eolial b il 5 g HILL e O ol daks
My g5 bk 6o 2 W) daly b Gilbe Gloysgal 350 Zop8
Sl 58 OT Ll 3l Esl 5 5,108 o J1 sl lad shoo
4 S Gdo () daly 538 el Hliie &7 b wlsl gl b L
b oss S 250 Sus ol b bl gl g K05 Sle
(ol Ol Il 05y Ll e s (A S 58 Glojll
A Sl e e s Code 4 2 psle

Slod et (Gl gl Sl eslamal b gl o S 585 51 g
Ol laie 41 4 4 5 b8 e Jlas 1'9% 595 Sl
S s sl Ogllae e 5Xyg = 1 el slad sk (sl
Oodo 5 ol sl Lai Ol asdlas (sl (Sl Xpq =0
e() = Sope 4 b mbl G sl 5 Gl gbdle
b Olg o b opl 3 sd 0 s T (D) + (1 —D)x1 (D)
Sbadshe 035 o 35 sl S L 05 Ty b o
Wl ot 8 8 )3 T = 0.9 dlin 535 g b 1y Gl

Tl 5 Gy sl Jlast 31 g Sl B0 s (81 o 515
Sl LSl ol 0sls QLS 7 Jg:u 03 Sld et G 93 S bl
Ol 55 05 55 Glodeed @ols chle 5 Sl sladsle
25 adsl Sials s Ol &5 shiles ol 4By Lho G 4 35w
alsl 53 a5 eg Sloys pard SIS 1 LEL el g VJL“' slad sk
osls Ol Y Jﬁ,:, 03 Sld e sl 5o '”J?G‘ C)LA Obeys
el ol

— e {09 LIk Pl WD lpgw Il
250 390 b Jlosd

=S Slorz ot 53015 535wl pale (K 55 i Sl b
DS or 5 3k B8 g Ay e o U oaphe sl
312 593 wlig g Sl ey Sl @Bl 1) o8 ) p i
Ol A Jﬁxﬁw,u) 295 om 3 ases B AS lhy gl
NEPHNIPAHIETPR DIPCRNGIN YT -3 SO PR P IRLIW PRT- N
- dutlﬁ;,; A1 Gy Ve el dob s sl skl L
A 5l ey il oS i ) Gl et saols IS s
S n iy SRl Sl e lad e By o SIE 5l a3 sl
JSKE 52 6 shilen il o) Sl bl Sl s e el
S gladbe Aoy ST 5 g 555 Y0 B s edalia A
> U s ¢ Sloys cord 59015 S93 Q’ﬁrfJ:SJA{‘J;{‘J> |
ools 533 GRIFIL s s Sl ey Js S 0 Ay 4 g0
Gy Uy U oosd o odalin o5 jshilen 558 0 J 28 0w

Lo ml sl 095 )5 Slays et uls ShlE

Journal of Control, Vol. 15, No. 4, Winter 2022

VP b Ol oF oyl (10l o S dloma


http://dx.doi.org/10.52547/joc.15.4.13
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.2.3
http://joc-isice.ir/article-1-760-en.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1400.15.4.2.3 ]

[ DOI: 10.52547/j0c.15.4.13 ]

636 e Sl ealinal b lays s (63,13 535 S3lussidomn L s3n g iy 28 (6,8 5L (s $SGk J S g

A Aaan (o lin cua

S gl a5 p W) daly b illae Gleys sal ST ale Sl
b i bl o o dal OT i 4 e 5 25 6L
ool 0l o L3I VY] 5 [¥ ] o 53 Gle y S T 51 elin

Do 0T Lol gl 2 1 slay 2 Jlasl (55015 550 0K 5
Jast Sles 0T o 5 c)lan dble (251> O o (i Aile
2 Slodsed Gals 393 Gileagdes @l s ol 53 S
ol 3l ek b s 656 M&_Uuﬁﬁydp
25 gl Al pateia 593 Gl o Sl 1 S5 @R

23 Al e alie 5 sb 4 gl ¥V 3 s plail SIS L anglis s
Soge 4 Sl lad e Bl 4 536 LS J 1S (Ghod 55
Je 45 (300 &S Sl ol 53 0kl oslizal Bg) Coanl Lol s g 4ty
ok &l b b amlie 53 3,16 oS ST (b 55 e (Sl
ke [N L alie o jbl dlis 5o Al oo alie 5 55 [YY] )0
Saols Jhesl Gl pioman 9 Sl ol 5585 Sloyd pad 4 by e
Coatl izpad sl 0kl 03liul (631 (s &S sl e
3 guoe Ol Oloys (2213 (1 s <S> 53 ok 5 Slos3 sns]
sl 45 S 5y 3 sm
S dmi -°
Jie 4 55 03 Ol Olays (11 Slays 512l &G Alie a5
JAS s gt cpl 4 s 8 Sl (258 6,53 Sloe p pren
Slp 3 SL) Glatng e &K Do 4 Sloyscacd Sl3 S33
U pde ol @yl by pwloes 51 eslizal Q &S 50T J
b 53 S gl s 4 il e (L) Je dls &
Ol Slo Sl Tl Ol (o b a3 LaoiS'J 28
548 LI LOT Ll )5 5 b clize Sloys JSS 0 4w I3k 5
Sload oot G513 535 Gilessoms 6l Sldes (S5 e S
5 63903 e 4 slay o (B e ol 03 3 8 eslicd
2 ol 53 omomen AL o OT (s 5 Slaes g3)ls 33 ST
el o o3lizal Sloys gasl 3l 3gdoes Oloj Oleys 4 Oy (15
3 s ashien lew 03 Gl Glad e i) usE Lol Gloys sl
2338 o seg sk ol ab O Il Cel Sl ki
93 e LS o e 0313 51 3 ¢ Slaj o 5 Bka Ol jleny (ol
ol g o) opl Gl Al saes s ol bl e as-U
T il e 6058 dadmme Ol Oleys 53 ML e Ok ol
35 ok )l ag J S r;win O35 jge akias OLES (g5luacs
Gaoleys 3l eslizal b odd &1yl 3 s, 5 eslizal .l O Olays
T 53 a8 ol layls” 51 I sl sl ol S eslizal 5 (oS
al Syso 4 Q6,8 5L iay Sl eslimal mmes A el &
sl 53 & el Jlesl 5 Y ae soms (luan el
el Sl e ABb o anatie B 5 gre (Al Olex
53682k 2 S Jlesl il o sl 638 (g5 )30 4 Jile

35 : : :
3,
b 250
2 2.
]
S 2y
S
B
15/
£
2 4l
o
05
0 . . .
0 20 40 60 80 100

Time (day)
G50 ¥ o ool @b Sley & Jlael Sloys gt 5,1 S50 18 S

OT 51 oy 5 0ok 3 9domn s 5515 595 595 Y0 B .Sl 0lile BL 5155 A 5

J.Jkihsl J:u.; o3 gdoee

Sweer g -¥
Ol o Oloys Gla Hle o 5 ool 5 cmnlin Slays sy &S5 41
IS w0k 5 Ol Dlew w1y dlie pl 3 AL o
3 olew a5 Sl 0 &yl LOT Ll 12 5 e b Conlize Sla o
S Ol e Sl Sl s 4 sl ols o3lizal Gloys ek
Do ol 53 (el G315 Sacoalss pde (sl 5 il o o
al- J xS Gy 3l Gls et 65013 S5 4 sls Jlesl (ol 5
oslizel AL o e & sly b T (8 6,80k e
gl 51l & Um0l g SF1 Al (s nl 3 el 0
ab S B s 5 e b BB L O sk 53 5 edd g8
5 o st

(F)=0) (ot e Sk Jobo 3l ol 0L gy 63l e3ly (sl
(e o2 Ody S15 s (g (B (WJde opl s ool old eslinal
5 ol s 5 Jole o sl e 4 S s O ks e
53 b dS gl ol b el 0t ) Bl [YA] o o 51NV ] o e
@b o 3 Glsed ool SIS 5GEs il gl dlie
OAd Jdast p 4 e 555 5 mles S eolial [Fr] mr o L ailine
D5k 5 Ol Dlew 53 61y (leand gl 358 o (R Sl
Slew 53 el 0l (gilwesly J xS Sg) canlie s Shes odins OLES
V3 s Sl o OLL 0 5, B0 51 28T 53 (Gle s e Ol g
— Sl Sad sk G 4 506 Oy sl ot 55 gy Dl
B obaok Ol ley 53 Osas Osky ol da 05 Sl4L) il
odd 3gudoms S5 ldie B Sloys e (69505 93 55 g dl e
Sl olew 3 Sl azils 1530 9505 595 38 W 5 ey (Sl
3 Sl Sl e CusE 5 e Sy £
Gl Bl Ob el e 3 Soke 4 Sl oks eslinad
Wl Sl gt Ol b Gl o gad gl 5168725 5 0 8

Sladsbe Ll ol Olys LIbs gk Oy (sl g 355

Journal of Control, Vol. 15, No. 4, Winter 2022

VEe s Ol oF olad (10t J 257 e


http://dx.doi.org/10.52547/joc.15.4.13
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.2.3
http://joc-isice.ir/article-1-760-en.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1400.15.4.2.3 ]

[ DOI: 10.52547/j0c.15.4.13 ]

\A!

@36 Gt 3l izl b Sl ys send 6313 555 (S3ludgoms b a5 iy 2585 (0,8 2L gttee Sk J 1S

S e ( Sulin cua

[11] N. Babaei and M. Salamci, "Controller design for
personalized drug administration in cancer
therapy: Successive approximation approach,”
Optimal Control Applications and Methods, pp. 1-
38, 201.Y

[12] N. Babaei and M. U. Salamci, "Mixed therapy in
cancer treatment for  personalized drug
administration using model reference adaptive
control," European Journal of Control, vol. In
press, 2019.

[13] K.C. Tan, E.F. Khor, J. Cai, C. Heng, and T.
H.Lee" ,Automating the drug scheduling of cancer
chemotherapy via evolutionary computation,”
Artifficial Intelligence in Medicine, vol. 25, no. 2,
pp. 169-185, 2002.

[14] S.-M.Tse, Y.Liang, K.-S.Leung, K.-H.Lee, and
T.S.-K.Mok, "A memetic algorithm for multiple-
drug cancer chemotherapy schedule optimization "
IEEE Transactions on Systems, Man, and
Cybernetics, Part B, vol. 37, no. 1, pp. 84-91,
2007.

[15] D.Vrabie, K.G.Vamvoudakis, and F.L.Lewis,
Optimal Adaptive Control and Differential Games
by Reinforcement Learning Principle. Lomdon,
UK: Institution of Engineering andTechnology,
2013.

[16] M. Sedighizadeh and A. Rezazadeh, "Adaptive
PID controller based on reinforcement learning for
wind turbine control," World Academy of Science,
Engineering and Technology, vol. 13, pp. 1-23,
2008.

[17] P. Abbeel, A. Coates, M. Quigley, and A. Y. Ng,
"An application of reinforcement learning to
aerobatic helicopter flight," Advances in Neural
Information Processing Systems, vol. 19, pp. 1-8,
2007.

[18] I. Carlucho, M. De Paula, and G. G. Acosta, "An
adaptive deep reinforcement learning approach for
MIMO PID control of mobile robots,” ISA
Transactions, vol. In press, 2020.

[19] C. Pi, K. Hu, S. Cheng, and I. Wu, "Low-level
autonomous control and tracking of quadrotor
using reinforcement learning,” Control
Engineering Practice, vol. 95, 2020.

[20]W.  Koch, R. Mancuso, R. West, and A.
Bestavros, "Reinforcement Learning for UAV
Attitude Control," ACM Transactions on Cyber-
Physical Systems, vol. 22, 2019.

[211] R. Padmanabhan ,N. Meskina, and W. M.
Haddad, "Reinforcement learning-based control of
drug dosing for cancer chemotherapy treatment,"”
Mathematical Biosciences, vol. 293, pp. 11-20,
2017.

[22] J. Martin-Guerrero, F. Gomez, E.Soria-Olivas, J.
Schmidhuber, M.Climente—Marti, and N.Jemenez-
Torres, "A reinforcement learning approach for
individualizing erythropoiet in dosages in

S b Sl oslizal umman 5 b el S5 55 Sl cain gy (LD

M\a@ a-\iiT gSL“)K ala B R @JE

elp -
[1] H. Ritchie and M. Roser, "Causes of Death,"” Our
World in Data, 2020.

[2] F. Biemar and M. Foti, "Global progress against
cancer—challenges and opportunities,” Cancer
biology and medicine, vol. 10, no. 4, pp. 183-186,
2013.

[3] R.P. Araujo and D. L. S .MCelwain, "History of
the study of solid tumour growth: the contribution
of mathematical modeling,” Bulletin  of
2Mathematical Biology, vol. 66, pp. 1039-1091,
2004.

[4] J.C. Doloff and D. J. Waxman, "Transcriptional
profiling provides insights into metronomic
cyclophosphamide-activated, innate  immune-
dependent regression of braintumor xenografts,"”
BMC Cancer, vol. 15, no. 1, p. 375, 2015.

[5] L. G. De Pillis and A. E. Radunskaya, "A
mathematical tumor model with immune
resistance and drug therapy: an optimal control
approach," Journal of Theoretical Medicine, vol.
3, no. 2, pp. 79-100, 2001.

[6] T. Chen, N.F.Kirkby, and R. Jena, "Optimal
dosing of cancer chemotherapy using model
predictive  control and moving  horizon
state/parameter estimation,” Computer Methods
Programs Biomedicine, vol. 108, no. 3, pp. 1337-
1340, 2012.

[7] K.L. Kiran, D. Jayachandran, and S.
Lakshminarayanan, "Multi-objective optimization
of cancer immuno-chemotherapy,” presented at
the 13th International Conferenceon Biomedical
Engineering, 2009 .

[8] S.L. Noble, E. Sherer, R.E.Hannemann,
D.Ramkrishna, T. Vik, and A.E.Rundell, "Using
adaptive model predictive control to customize
maintenance therapy chemotherapeutic dosing for
childhood a cutely mphoblastic leukemia,”
Journal of Theoretical Biology, vol. 264, no. 3, pp.
990-1002, 2010.

[9] M. Engelhart, D. Lebiedz, and S. Sager, "Optimal
control for selected cancer chemotherapy ODE
models: a view on the potential of optimal
schedules and choice of objective function,"
Mathematical Biosciences, vol. 229, no. 1, pp.
123-134, 2011.

[10] A. Ghaffari, M. Nazari, and F. Arab, "Suboptimal
mixed vaccine and chemotherapy in finite duration
cancer treatment: state-dependent Riccati equation
control," Journal of the Brazilian Society of
Mechanical Sciences and Engineering, vol. 37, no.
1, pp. 45-56, 2015.

Journal of Control, Vol. 15, No. 4, Winter 2022

VP b Ol oF oyl (10l o S dloma


http://dx.doi.org/10.52547/joc.15.4.13
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.2.3
http://joc-isice.ir/article-1-760-en.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1400.15.4.2.3 ]

[ DOI: 10.52547/j0c.15.4.13 ]

636 e Sl ealinal b lays s (63,13 535 S3lussidomn L s3n g iy 28 (6,8 5L (s $SGk J S Al

A Aaan (o lin cua

change the dynamics of a system:Application to
finite duration cancer treatment,” presented at the
22nd  Annual Conference of Mechanical
Engineering, Ahvaz, Iran, 2014 .

[35] M. Nazari, A. Ghaffari, and F. Arab, "Finite
duration treatment of cancer by using vaccine
therapy and optimal chemotherapy: state-
dependent riccati equation control and extended
kalman filter," Journal of Biological Systems, vol.
23, no. 1, 2015.

[36] R. S. Sutton and A. G. Barto, Reinforcement
Learning: An Introduction. Cambridge, MA,: MIT
Press, 1998.

[37] L. P. Kaelbling, M. L. Littman, and A. W. Moore,
"Reinforcement learning: A survey," Journal of
Artificial Intelligence Research, vol. 4, no. 1, pp.
137-285, 1996.

R S50 T gy

S Ol & ol ile (6,85 slaast s 51 S i oS b
o 93 3leion oalE )3 ol amma b oS Jule (51 1) Dby 2
gl s e b ot ot 25 58 6580 L gy 5Tl S
L osl &5 o0 05 53 Jolo i b Jolod o 52 T 35
(& b 4 S e i ) el S ez EbL S 5K 0L
31MDP) OS5l (6,8 ol sl T3 b (208 5,830 il
Jm Gl g s Je bgy (s55%b 5 5 JH8 e o b
(s 333 o 4 S 585 (6,500 (slas Koy 51 (K PP s e
535 3,8 S eslial 555 e O i o 53 Ll 5 00 5 3,15 5L
4 gome s Jlgr s a [TV] 5SS15 b o sl Q 6,550
S € Sl (sl ok Cas o5 A lasl alie as gazes S OV oalie
Jla| il 5@ € A Jae b pilas Jule Sulta 6y R 2154 w6 S
b g Sl oalie 358 ke (6,8 panal 13 gz le 53 P IS
3 gn 030l T

03 Jaome b Sl 0T (b 55 o8 ol st s ] K ule 25 5T
1St 58 Sl ale t o &K 3 tins o 55 S Glo slapts
Looms A8 o Sl Jaoe L ol (6l 1) At e S5 5 03 505 odalis
Ul s fle 3550 i Sppq Al Sl 4 5 eols by o o
53 Sea1 S 4 5 €S b i Jsl el Py (Spy Seaq) -
shat €A Jos o5 ncu&.ﬁdu&'@t,ateAy@
3 0l 4 [FV] 3503 b Gl &S S’ o S5 S € S o (sl
JUst b el il &S Wlg o ol TS > A = ap = mi(sy)
Oljes 0ias0lis Ty € R conliie 3ol .ules &L s (S, Ay, St41)
(o8 (5,8 oL Altes S BL e Ay ok Sl Jes 035 ogllas
53 oli S R(s, @) gla slsl fromms 5 ol (b 8L Das
— e @B ¢ a5l ol (Q (6,85l 53 bl a1 Ol Job
5504 Sl Sl a5 Jes a CukS odias Ol &SI, Q(S, @) it
Al ey mn 5 (S 3l 02, S Q (5, S S e
35 e 03lial Q cum;wgwl%@pﬁy\wlﬂ

hemodialysis patients,” Expert Systems with
Applications, vol. 36, pp. 9737-9742, 2009.

[23] B.L. Moore, L.D. Pyeatt, V. Kulkarni, P.
Panousis, Kevin, and A.G.Doufas, "Reinforcement
learning for closed-loop propofol anesthesia : a
study in human volunteers," Journal of Machine
Learning Research, vol. 15, pp. 655-696, 2014.

[24] P. Yazdjerdi, N. Meskin, M. Al-Naemi, A. Al
Moustafa, and L. Kovéacs, "Reinforcement
learning-based control of tumor growth under anti-
angiogenic therapy,” Computer Methods and
Programs in Biomedicine, vol. 173, pp. 15-26,
2019.

[25] R. Padmanabhana, N. Meskin, and W. M. Haddad,
"Optimal adaptive control of drug dosing using
integral reinforcement learning,” Mathematical
Biosciences, vol. 309, pp. 131-142, 2019.

[26] M. Tejedor, A. Z. Woldaregay, and F.
Godtliebsen, "Reinforcement learning application
in diabetes blood glucose control: A systematic
review," Artificial Intelligence in Medicine, vol.
104, pp. 101-183, 2020.

[27] C. J. C. H. Watkins and P. Dayan, "Q-learning,"”
Machine Learning, vol. 8, no. 3, pp. 279-292,
1992.

[28] L. G. De Pillis and A. E. Radunskaya, "The
dynamics of an optimally controlled tumor model:
a case study,” Mathematical and Computer
Modeling, vol. 37, pp. 1221-1244, 2003.

[29] A. Talkington, C. Dantoin, and R. Durrett,
"Ordinary Differential Equation Models for
Adoptive Immunotherapy," bulletin of
Mathematical Biology, vol. 80, no. 5, pp. 1059-
1083.Y VA

[30] L. G. De Pillis, W. Gu, and A. E. Radunskaya,
"Mixed immunotherapy and chemotherapy of
tumors: modeling, applications and biological
interpretations,” Journal of Theoretical Biology,
vol. 238, pp. 841-862, 2006.

[31] Y. Batmani and H. Khaloozadeh, "Optimal
chemotherapy in cancer treatment: state dependent
Riccati equation control and extended Kalman
filter,” Optimal Control Applications and
Methods, vol. 34, pp. 562-577, 2012.

[32] A. Ghaffari, M. Nazari, M. Khazaee, and B.
Bahmaei, "Changing the dynamics of a system by
using finite duration inputs: Application to cancer
modeling and treatment,” Journal of Solid and
Fluid Mechanics, vol. 4, no. 1, pp. 79-91, 2014.

[33] M. Nazari and A. Ghaffari, "The effect of finite
duration inputs on the dynamics of a system:
Proposing a new approach for cancer treatment,”
International Journal of Biomathematics, vol. 8,
no. 3, pp. 1-19, 2015.

[34] A. Ghaffari, M. Nazari, B. Bahmaie, and B.
Ghaffari, "How finite duration inputs are able to

Journal of Control, Vol. 15, No. 4, Winter 2022

VEe s Ol oF olad (10t J 257 e


http://dx.doi.org/10.52547/joc.15.4.13
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.2.3
http://joc-isice.ir/article-1-760-en.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1400.15.4.2.3 ]

[ DOI: 10.52547/j0c.15.4.13 ]

Yy

@36 Gt 3l izl b Sl ys send 6313 555 (S3ludgoms b a5 iy 2585 (0,8 2L gttee Sk J 1S

S e ( Sulin cua

4 ga ol s adsl Sl 6K b B (6L e

C3La L PP 208 on 555 & g b Jolad 53 Sl ol 5 A5 00 S
Ay Sl Coos 4 Sl (BI85 Joe ol IG5 22 Sl
Seslisal b Q Jgdr e 2 Q (685l By 55 s
ol 3 sBioe Sas 4 bl s e (Il Sl eds L, Sledbl
OLas 1y s foe Loy st 5 dins oo 0L 1 058l Lol ba b Jplsr
S 1A Jas 055 sllan Ol Q Jsi 55 Q(S,@) Jot e ins o
Q(s,a) Joe s p Ol il Gl s e Ol S LI 4
asn 0L ;S Sl 53 Jos plawil 1 Wl 355 S5 §game
o35 Al Sl 3 50 Sluhe B S o 2365 Q 6,805k oy Sl ol

SRPUERP=TY

Q"(sy,ar) = E Z Yk Teyk+1 an
k=0

Sl il Coanl Olje & Sl b5 LS OSY ST il

231y GsS sl s Jeley =0 By e e 0L 1y et T 5 S uS
I a5 0T gla sk 39y 0 ) o &Y (B3 5 3,8 oo i
Q)}.p@e.u_.\— s gl Sl &'.Ll s 4 e a2 s J—Sdﬁ
38> UL S 353 s 4 o) SIS o iy 2l ol
St = Sl Jasl g 3oL Sl eslinal U Q Jgder 35 Aal g a5

D3 gh 0 5954 g Jee 5S4

Q(Str at)
< Q(sy,a) o

+1 X |req + Yg’ff( Q(st+1,at41)-Q(st at)]
LSS 5l e e Jobe s 05 M E[0,1] 5,550 &5
b esls S Ol Jsb 53 Al Y 9 M el 93 das e i
(ole S s s a5 4 Q Jader o Sl adaline a I e
$Blys sk 4 Jder e JMie 5 33 5 a5 4 503 Q Ui
wolsl oy ) Kon 4 68 G5 B 02, 1SS g8 e (a35l0ke
s &y DQy1 2 |Quy1-Qel S8 Lo 55 8 Gkl byl 5yl
o8 s JaS oleal fule .[r&,w};,)@)tf%;win@\;@
1S o OBl 5 Cenlew Gilbos 158 Joo Sp I 5t Sbj
a; = argmax Q(sp ) *7
.ufsa_f\;te ezt U 5 1y bl (sla foe Il o 55 ole
2503 pU € wlay o Sl ol ol ol e S8 e S € S
JUGINTYPES Cl;;..ﬁlQ ag dgd t o 00 By 2olS dalsl b Culgs 5o

. > =
.A\AJ.AI};'C)Gﬂs\;:ﬁélhruu)zr:wﬂl&b&hu)\fdjl:.“{):

Journal of Control, Vol. 15, No. 4, Winter 2022

VP b Ol oF oyl (10l o S dloma


http://dx.doi.org/10.52547/joc.15.4.13
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.4.2.3
http://joc-isice.ir/article-1-760-en.html
http://www.tcpdf.org

