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Introducing a new CMOS-MTI architecture for fast and
highly low power 4:2 approximate compressors: insights
into their applications in image processing
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Abstract: The performance of digital signal processors (DSPs) can be improved by introducing some
acceptable errors, such as the inaccuracy of hardware computational blocks. In fault-tolerant signal and image
processing, approximation multipliers are used. These programs are superior in speed and energy efficiency
but sacrifice accuracy. In this paper, we focus on the design of a 4:2 approximation compressor, which is at
the heart of the inexact multipliers. This study proposes a concept for an approximation multiplier that uses an
MTJ-based 4:2 approximation compressor to reduce hardware and power consumption compared to current
designs. Using 180 nm CMOS technology and a novel adiabatic MTJ/CMOS hybrid structure, a method is
proposed to create compressor circuits with a 4:2 approximation compressor. The evaluation findings in the
above-mentioned technology show a significant improvement in the proposed system. The compressor
performance was simulated in ADS and calculated in terms of delay, power and power delay product (PDP)
with values of 969.53 pj, 067.41 ps and 216.2 fsj, respectively. When multiplying images in MATLAB, the
proposed compressor is used to simulate an 8x8 multiplier. The MSSIM and PSNR are competitive with values
0f 26.79 and 15.52, respectively, which is comparable to more complex approximation coefficients.
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Extended Abstract

1- Introduction

Utilizing unconventional CMOS devices and new
nanotechnology is one method for minimizing leakage
power in low-power electronics design. Low-power
applications can benefit greatly from the usage of some
developing technologies. The non-volatile memory known
as magnetic tunnel junction (MTJ) provides a fast access
time, a small footprint, and is compatible with CMOS
technology. Thus, it is well-suited for implementations in
in-memory logic systems. Since MTJ-based LiM
structures have nearly negligible quiescent power
dissipation, they are ideally suited for low power systems.
Because of their high performance, digital signal
processors (DSPs) provide excellent computing platforms
for handling multimedia.

Multiplier circuits are commonly employed in the image
processing industry. To improve the circuit's efficiency
and shorten the critical route delay, compressors are
employed for summing. Since more efficient multipliers
require faster compressors, this necessitates lowering their
power requirements. To improve performance while
decreasing power consumption, 4:2 and 5:2 compressors
are commonly utilized in modern multiplier designs.

In this study, we introduce a new logical design for an
approximate 4:2 compressor and use it to develop an
approximate multiplier. To do this, cutting-edge hybrid
adiabatic compressors are incorporated into the multiplier
circuit. Current-mode logic circuit design significantly
decreases the time it takes for an output to be generated.
Therefore, the performance of the multiplier circuit can be
greatly enhanced by designing the central section, which
comprises of compressors, in MTJ/CMOS technology.

2- Methodology

A broad variety of silicon FET (MOSFET or FinFET)
based compressors are built on the same two essential
logic blocks, regardless of whether they are designed for
precision or non-precision 4:2 compressors. In this work,
4:2 compressor in CMOS-MT]J technology was proposed
using the adibatback logic design. Therefore, the truth
table of the approximation mode and the magnitude of the
approximation error are described first to introduce the
design of the 4:2 approximation compressors. Next, the
logical circuit structure of the approximation compressor
is shown and its circuit function is introduced at the gate
level. Adibatback logic in CMOS-MT]J technology is used
to create and design the approximation models described
in this article at the transistor level. Through simulation in
ADS, it is ensured that base gates and non-precision
compressors operate correctly. Following the compressor
architectural design, this part explains the approximate
multiplier architecture that was employed to test the
suggested approximation compressor. While the outputs
of this multiplier architecture have an acceptable accuracy
when compared to the exact multiplier, it should be noted

that all of the 4:2 compressor components utilized in this
article's proposed multiplier are approximate.

3- Results and discussion

All of the suggested compressors are built on 180 nm
CMOS-MT]J technology, run at 1 GHz, and require only
0.9 v of bias voltage. Transistor count, latency, power, and
PDP metrics are all examples of operational efficiency
metrics that can be used to analyze the quality of the
proposed hardware architecture. Less transistors means a
more compact design. Latency is the amount of time it
takes for a design to carry out its intended function; it is
used to gauge the highest possible running speed of a
circuit and to broach topics like power consumption. For a
wide variety of equivalent accuracy, the parameters of the
design, such as the number of transistors, latency, and
power consumption, should be optimized. In the
architecture of compressor designs, a design with less error
has been considered. Compressors are typically designed
with the assumption that all input states have an equal
chance of occurring. The total number of errors, the total
number of transistors, power consumption, delay and the
Power-Delay Product (PDP) delay of the proposed
approximate current mode compressors are reported. In
comparison to previous approximate compressors in
current mode articles, the suggested approximate
compressor performs better, as evidenced by the table, in
terms of power and delay, transistor count, and error count.
We have used the ADS2009 simulator to evaluate the
suggested approximation multiplier circuits.

4- Conclusion

This study proposes a novel, remarkably simple 4:2
approximation compressor architecture. In accordance
with different applications, it uses a revolutionary
MTIJ/CMOS adiabatic structure-based design to minimize
power consumption problems. With a specified error rate,
the suggested system exhibits an acceptable accuracy.
Thus, the suggested technique has a favorable error rate
and greatly improves both MED and MRED. This
compressor, which has minimized hardware complexity,
latency, and power consumption with flexibility in
accuracy criteria, was also suggested in the paper for a
multiplication operation. Utilizing ADS simulator, this
adiabatic architecture was planned and built at the
transistor level utilizing MTJ/CMOS technology at 180
nm. Using MATLAB, the suggested structures' potential
for usage in error-tolerant applications like image
processing was examined. Findings from the study
indicate that, when compared to previous efforts, the
suggested multiplier performs satisfactorily for picture
multiplication in terms of accuracy, speed, and power
consumption. Our goal is to supply multipliers in the
future using differential current mode architecture and 5:2
compressors with MTJ technology. We will also assess the
multiplier's performance and ensure that applications
continue to process data accurately.
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Abstract: Resistive load is used to test diesel generators, eliminating wet-stacking phenomenon in diesel
generators and also to check the full and efficient performance of generators under rated load. In present paper,
the design and fabrication of a controllable load resistor laboratory is investigated to ensure the correct and
effective performance of diesel generators in the South Pars Third Refinery. The function of the device will be
that by implementing a resistor load, it will place an artificial load on the generator. Scheduled test operations and
loads increase gradually. As the load increases, the device will begin to measure and record diesel generator
parameters including generator output voltage, current, frequency, power, temperature and oil pressure in the diesel
engine at a specified interval. With the help of recorded data, it can be assured that the diesel generator is capable
of increasing its power proportional to the load and also the ability of the diesel generator to continue operating at
the highest possible level for a sustained period of time.
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Extended Abstract

1- Introduction

Diesel generators are among the most important and
excellent in medical, industrial, and other service centers.
The most important purpose of using diesel generators in
refineries is to provide a reliable power source for
emergency needs when the gas power plants of the refinery
go out of the circuit and are no longer able to supply the
required energy. Also, in parts of the refinery where the
power grid is not available, diesel generators must be used
to supply the required power for the maintenance or
operating groups. For offline testing and ensuring the
correct operation of diesel generators, it is necessary to use
a resistance load test device. Resistive load test includes
checking and evaluating the diesel generator and confirms
that all the primary components of the generator are in
working and operational condition. In fact, the resistance
load test device provides an artificial load for the generator
and brings the diesel engine of the generator to the
temperature and oil pressure in operating conditions.
Additionally, emergency diesel generators (EDG) are
intended to feed the necessary and vital loads when the
GTGs are out of operation, and these generators are also
used for Black Start. Black Start is so-called when there is
no electrical energy in the refinery and even UPSs are not
able to perform services. (Just like the initial start
conditions of the refinery).

In phases 4 and 5 of South Pars, two EDG devices with
output power of 4500 KVA, voltage of 6 KV, frequency
of 50 Hz, power factor of 0.8 and rotor speed of RPM 1500
have been installed to feed essential and vital loads. Each
EDG is equipped with a UCP (generator unit control
panel) which is located in Sub-station 1 and also has a LCP
(local control panel) which is placed inside the EDG
package. Considering that EDG can be started both
manually and automatically, so in case of voltage drop and
loss of the main network, first EDG-A after 30 seconds and
then EDG-B after 5 seconds and synchronizing with EDG-
A enters the circuit. Finally, after the network is stabilized,
EDGs can be removed from the circuit in two ways,
manual and automatic.

2- Methodology

As mentioned, resistive load is used to test diesel
generators, eliminate the phenomenon of moisture
accumulation and incomplete combustion in diesel
generators, and also to check the complete and efficient
operation of generators under rated load. Due to
importance of the matter, in this article, the design and
construction of a controllable resistive load laboratory
sample has been investigated to ensure the correct and
effective operation of the emergency diesel generators of
the third refinery in South Pars.

In the current research, a resistive load device has been
designed and built using the method of controlling the
firing angle of power thyristors, and then it has been tested
on a 25 kVA diesel generator. The function of the device
will be that by implementing a resistive load, an artificial
load will be placed on the generator. The test operation is
timed and the load increases gradually. As the load
increases, the device will start to measure and record the
parameters of the diesel generator. Using the recorded
data, it is possible to ensure that the diesel generator can
increase the power capacity with the load as well as the use
of the diesel generator to continue working at the highest
possible level for a sustained period of time. Since the
electrical power of the diesel generator is discharged
through resistance, hence in this research, a cylindrical
resistance element made of ceramic is used. It is necessary
to explain that the element wire is wrapped around the
ceramic ring.

3- Results and discussion

After the test is completed, this device will provide a
complete report of the diesel generator components,
including generator output voltage, flow capability,
frequency, active power, temperature and oil pressure of
the diesel engine in a specific time frame, stable and
proportional to the increase in load. in addition, the
construction of domestic load bank due to the extremely
high importance and many applications of alternating
current and direct current load banks in industries,
emergency diesel generators, uninterrupted power
supplies for testing batteries and also in order to prevent
foreign exchange from leaving the country, it is strongly
needed. In the current research, after the design of the
prototype, circuit simulation was done by MATLAB
software, and after achieving the desired results, the circuit
schematic was drawn using Altium Designer software and
implemented on printed circuit fiber. Finally, the assembly
of the parts for the use of the device was done well.

4- Conclusion

In general, the circuit has three layers, including
command, Optodiac and power. The command floor is
responsible for controlling the circuit. The Optodiac layer,
which is the second layer of the circuit, connects the two
layers of command and power, and since the Optodiac
communicates through light, noise does not transfer
between these two layers. Therefore, this type of Optodiac
performance can be mentioned as its advantage. The
power class, which is the third circuit class, has a different
arrangement depending on the type of load. As a result,
due to the fact that the maintenance and repair program of
diesel generators is necessary and unavoidable, periodic
and regular tests are necessary and important in addition
to the test that is performed immediately after the
installation of the diesel generator.
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Abstract: Intrinsic motivation has garnered significant attention in recent years, empowering both living beings and
robots to learn autonomously and cumulatively, even without extrinsic motivation (rewards from the environment). This
concept, drawing inspiration from psychology and neuroscience, has opened up new avenues in artificial intelligence.
Algorithmic architectures for intrinsic motivation facilitate exploration and the effective acquisition of motor skills in
scenarios where environment rewards are sparse or absent. This is particularly relevant for many real-world problems,
where large portions of the environment offer no explicit rewards. Consequently, intrinsic motivation holds not only
theoretical significance for enhancing artificial intelligence algorithms, particularly in exploration tasks, but also practical
implications for real-world or near-real-world applications. In this paper, we delve into the significance of intrinsic
motivation, providing a brief overview of its origins in psychology. We then systematically categorize and examine
research on intrinsic motivation in artificial intelligence. Additionally, we discuss the reinforcement learning method as
a successful approach for incorporating intrinsic motivation. Finally, we explore the practical applications, limitations,
and future intrinsic motivation research.
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Extended Abstract

1- Introduction

Intrinsic motivation is a foundational concept in the realm
of artificial intelligenc, inspired by human cognition and
behavioral sciences. Unlike extrinsic motivation, which
relies on explicit rewards from the environment, intrinsic
motivation propels agents to engage in exploration and
learning for the sake of curiosity and novelty. This quality
is particularly crucial in environments where external
rewards are sparse or non-existent, challenging traditional
artificial intelligence models to learn effectively. Recent
developments have incorporated intrinsic motivation into
machine learning, aiming to enhance adaptability and
autonomous problem-solving. This paper aims to delve
into the role of intrinsic motivation within artificial
intelligence, tracing its origins, evaluating existing
models, and discussing its practical implications.
Furthermore, intrinsic motivation facilitates continuous
learning and adaptation, allowing agents to refine their
decision-making  capabilities  autonomously.  This
approach is increasingly being explored in unsupervised
and reinforcement learning scenarios to stimulate
exploratory behavior that leads to better generalization and
task performance. The integration of such models has
potential applications across a range of fields, including
robotics, complex system navigation, and cognitive
modeling.

Of course, examining the position of intrinsic
motivation in psychology and intrinsic motivation in
reinforcement learning is also among the objectives of this
review paper. The structure of this paper is as follows: In
Section 2, we show that motivation is a response to the
question of why behavior occurs. Section 3 discusses the
different types of motivation. Next, the position of
intrinsic motivation in psychology and various related
theories are reviewed in Section 4. In Section 5, the diverse
research in this field is categorized, and each study is
analyzed and evaluated. Given the importance and
effective performance of reinforcement learning
algorithms in intrinsic motivation, Section 6 introduces
this method and the intrinsic motivation in reinforcement
learning algorithm. Section 7 examines the limitations,
applications, and future work in this domain. Finally, the
conclusion is presented in Section 8.

2- Methodology

The methodology section provides an in-depth
examination of how intrinsic motivation is modeled and
implemented in artificial intelligence systems. This
involves categorizing existing algorithmic frameworks
that simulate intrinsic motivation through predictive
models, curiosity-driven mechanisms, and novelty-based
exploration strategies. Key methodologies include the use
of self-supervised learning techniques, which enable
agents to build internal representations of their
environment and use prediction errors as intrinsic rewards.
The research also reviews various computational
approaches such as reinforcement learning algorithms

embedded with intrinsic motivation. These algorithms use
auxiliary tasks and prediction models to drive learning,
even in the absence of external feedback. The evaluation
focuses on the impact of these models on learning
efficiency, task performance, and scalability. Theoretical
concepts are combined with empirical results to illustrate
how these models contribute to more effective exploratory
strategies.

3- Results and discussion

Our findings indicate that intrinsic —motivation
significantly enhances exploratory learning, particularly in
tasks where external rewards are infrequent or sparse.
Through experiments involving various intrinsic
motivation  frameworks, we  observed marked
improvements in task performance and learning rates
when compared to models driven solely by extrinsic
rewards. For instance, models utilizing novelty detection
and prediction error as intrinsic signals demonstrated
superior adaptation capabilities in complex and unfamiliar
environments.

The discussion extends to compare intrinsic and
extrinsic motivation models, noting that while intrinsic
motivation fosters better initial exploration, it may require
balanced integration with external incentives for optimal
task completion. Challenges such as computational
overhead and fine-tuning for real-world applications are
also addressed. The results underscore the practical
implications of applying intrinsic motivation in artificial
intelligence, particularly in fields that require adaptability
and independent learning, such as autonomous robotics
and cognitive simulations.

4- Conclusion

The integration of intrinsic motivation into artificial
intelligence systems has proven to be a powerful tool for
fostering exploration and learning in environments where
explicit guidance is minimal. This paper has highlighted
the key methodologies and impacts of intrinsic motivation
in enhancing machine learning models. While promising,
the approach still faces challenges, including the
computational cost of training and ensuring alignment
with specific task goals. Future research should aim to
develop more efficient and scalable models, as well as
explore how intrinsic and extrinsic motivations can be
effectively balanced to enhance performance in real-world
scenarios.

The potential applications of intrinsic motivation span
from robotics to interactive systems, signaling a promising
frontier for adaptive and human-like learning processes in
artificial intelligence. By addressing current limitations
and focusing on advancements in algorithm design and
computational efficiency, intrinsic motivation can
continue to shape the evolution of artificial intelligence,
making it more robust, adaptable, and capable of learning
autonomously.

25

. A
JCDSA, Vol. 2, No. 4, Spring 2024 “ \f



|
: \,,_ Islamic Azad University , Shiraz Branch
[aubha,ﬁm.ﬂasiﬁ}imd.,bau

\/ Journal of Circuits, Data and Systems Analysis

@ sanad.iau.irfjournalljcdsa fl{:.:',-

Oblo 5 )3 3L (53900 Yo Sl GBUIe y3 59 00

f@l}m Ql?:.w sVGQLMJLP u..w :'Hsf..)“l.l.,.u SR SV} ‘\‘_JLQ? SR IV}
(Saeed.Jamali.eng@jiauctb.ac.ir)
(Setayesh@aut.ac.ir) 1,45 « yuuS pal  irio olKils ¢35, § <S558 i 00Siils =Y
(mJahanshahi@jiauctb.ac.ir)
(sj. Taghvaei@shirazu.ac.ir) o)l ;! o5l ol s oKisls (SLlSe  pwiigeo caslasls -F

IR SﬁLo.;.ml) Oladd 1o s o ojll b, g 0ai) Sgzge 4 aS |l 005 Ll v 4y |y Gloanld azgi (5550 059 el TovuSs
Sl baJoe cnl iolacl ple 5 (alisipls; » ogdle ylad 351 Jlasuasgs SLlS 5 gmos &yt |y & )lee 5 G231 s(laoms 31 3L) (g
bl 01, 6550 S S loe 331 Gl BLasST jo S50 (555 g0l 5Nl sla s jloxs ailos S slonl egian (isn jo 1) oo
S97 dauzmo 5l (Aol hage Sl o5 slaion o oS wies (rogas iz gL (oBly slis les |l (BB 515l 575 4
4 aSh oyl BlassT oy (o logase eaian (hgd sboe ol daugs ;0 olis Cawsl gk Ll 5l sl gedg0 cpl s (o 0l
1o S9y0 (95Kl Coedl 4 e pl 0,5 )1)8 colatuls jge Couly 4 SGo P L g oxBly slos IS o Wilgh e j las 5 (50,15 bl
R it 950 5 OaBGILALLS (Syias (B9p 50 (5930 (Sl el DEERS (s )0 (oulidily; o O oulr 4 (BT oS

o5 5l (B eales )0 el ool cy (S50 GBSl S5 50 B890 (69,505, lsredr (sl (6 S0l by, cmizres ilaid S
el ool o)Ll ooy | lipio g by dgasme « 9,0 (55Nl os

s ((o)lewl) Dol slalase o 058 (6 S0k (oiile (6 S0k« g0 LB Sl (S Lipsle fgalS slaelg
DOI: 00.00000/0000 S50 alie £ 55
VEFNYY allie Sl G VE-V/AVE alie b s s VE-Y/-ENY alie Jlul )b

9 (5)1.4.7.0 ‘Las'a},t.‘sl.ia adlae 4 &5 ol @J.C $0y5> (od,y)

S sl lpe (580l wrs o ojlxl AT 03ls o slacgsgae Ao - )

27 2290 S5 sealleble Sigoty e slottle 2 05 1 Gy ol el 4 isas 655 sy ge Sy abnsay Sl

JYaial (S0l 500 Sl b 395 o sl ggiga cnl [F0] L e L i3, 65 o Blaa g ST, el
g 5o sle wils Sl o elodsl (g ,ael . . . = ) .

» Spfees slanlie s b ghRielsloial sl L a8 0 sgrse sleanld I sessame S Juls ol

S Sy ol sl ple Pl T osrs @ e Glaosdle G L ol s IS gba baplad bl ol oo

ST P JPPRL SARE SIS SRV JRNEH S I | PRI PPN G B PPy .[\]o}:’@}ﬁwéﬁf o 5 5yl Vsl oG2S e S0l

g ead SBl e, 53 (G (I - e CAR A LA, | o Ll Sy 0 lasaialys ol ded (305 wa LS o
S e Shols (5> slacen s eon Rl Bk s, S Sag, el pol> e sl il 3S 5 5l S by
Aol SO ol jo el 00,5 i sleix] sl L) danngs
C\.Lo.wjm 05.‘> f) 9 k51">b .]a...?bo L- ‘ u_i.:)éyd EHoles 6‘4.0...49.& Soete (;9_” J...Su’.o JLU& |) ‘:J»é' Lo 9 ui c;‘ " (5&’0)9’
b iy (055 50 S oo S8 el a8 51 e K 51 ool ool sloaiy ) 51 Lo o5 30 i (0 seyian glopiaes Ul
Sob ool LF 5 ol38l el 5 5 . . P . )
<5f..~fj s ol [F] ogi e é»‘;?w o=lP :,; TSR ST ey s gl jekite [V] e (slapinn 15 iga
Gl (gl o) e Al sk ol 0 s Sty e Y] el Gl 5 penllolle 550l

aS iloads (Byxe €LSresgs 2d ab P laie Cod ggdge ul 4

Jgtens odiysi ¥
2 Intrinsic motivation (IM)

V5 =VEY i — o e ylond —po93 Jhow — b ailobus g s 0313 e Sy oy puis S/\\f


mailto:Saeed.Jamali.eng@iauctb.ac.ir
mailto:Setayesh@aut.ac.ir
mailto:mJahanshahi@iauctb.ac.ir
mailto:sj.Taghvaei@shirazu.ac.ir

Joe bl @ 0,3 Wigh oo el a5 axis ol e (slo G
-0 &85 L3, 5l S gt i8S Gzt 151G 00,61 (55, ool
S oy solug, Cos ar ]y 08 a8 s el o] g
wloolagg, 511 ol b aslaS oo sl anligs Ol o] Jol>

IV S o 593 it oo anligd b Sl el o gy

$95° 9 S Sl -T

0929 Caodlad S 31 0 sl (gl oy g0 aS Cawl ool ol Lo @ 4 o
PNl Gl ) (b o @dls 5o oy b (S9)d D pgon il
G5l IV ] ol ol 58 5o 51 (oS 5 b Sy 255 L (90
D55l 05 ge (U Joe S 30,55 (sl anme e I gy
b b e o5 0gd o0 oolital (ola)ld; 6,50l colaa ¢l (S9m
ol 2lajls adsl slasls 1 jshaie .all 00ij 9250 adsl slajls
Glo3lasll Jaze slaslayg, [VY] ol Jioadgs o i b bls | jo a8
) «Ban gl awgy  Swly a5 05,51 oo 3925 4S9y oSl
Bas g Zeol 18, iy o] Cogets a5 oS sl 08 8d o
LoBgine s potde 4 2 (S (B (o Sl Ll sl
VT el gl oaniSans 5 (e 5 Cae) broansScy o
Ol a5 Dles 4y i3l (g5kd al S e Sy (8RS (S50
2 ol o8l bl 5 age glagilly oo Sz 5 ol
Glajls 5l asSKilags job 4 Sgye L3Sl VY] cul I pll
Redse Jol iy slp s5kad Sl B g 5l (sl
V9 Gl JUSs (e e 5 S e g0 0Ll oyl 4
5 o9 Amld Gales 51 G950 (S IYY] o5 0525 (g 5
g s ol iulad Xy poloall e 45 o8 listesy>

ladilgy 30 (950 03551 =¥
@l alwgar a5 (glesgs e T3k Cud)b
ria‘u)_;.} )L..M..a ‘09,‘»‘5.0 ool QL....: leul.m.:‘ 0’94y u|)|..\JL.M.> OFeR
&S oSl oyl 13 Sepe Gu5Sl je cud b ol ady, o]
BLo iz Ly, b 186 3 ) s slogtlol & Lot
Al o Dlogzge a5 s 4 S Gl Ll ol gendine
(Ol Swuls) wms ploul aule oo b (88l (S50 o 59l8xS)
IVFT S o s3b )T (6,80l 5,13, 50 (copes i (g0 oSl
Db (ooliiplyy 0592 30 (F9y0 5Nl (ol Gladod ) 5l S
3 Flaizs slapes b 3o ;0 aSul Ll 0,5 4255 foge 4355 90 4
Ol il ladsiz 5l g 0o 09> Ll oy 2 4 097 20 45
&S pied dzlge ganaiLd g B g5 L Lo I ilazsls

¢ Cognitive dissonance
7 Flow

8 Learned helplessness
9 Self-schemas

19 Intrinsic reward (IR)

Q\\ PV e o,lae 0lond —p093 Jlu = b ol 5 B 031 i ftn oS s mm

O 5 Jlox/ Loian (o9p ;0 S9)0 5SSl sladoe » (559,

Yv

S5 45 455 o o SMisT ey ol o 5 (i
ol ol Gua a5 olas |, iisel i Lo 55 ol LasT
ool e ghan Gaem 0jem )0 (950 S5l Slain (590 callie
Goaiwd (Sl a5 YU x> g geS 4 axgl

ol (g & G 9 008 &l 55 Slanios (ol lgil (sl sleiny
ool axlo oyl oolatuls g0 Al w65 g colae g Llse skl
SrSok g by, 5o (e LSl Rl () el ]
5Ll 550 Alie ol Blanl s 31 55T g0 b peSl s
O3Sl A 0 oo Hlid ¥ Cand jo 145 Gl O jso (o dllie )
o 33 e (555 Elgil s F oSl 135 ol 4 (Sely
OF Oselm Bl glaay i 5 wlislyy jo gy Gi5Sl oSl
S OlEAS O Ceond 50 055 (o0 18 gy 9y90 T iend o
Sl s o Sise GBS 2 g oal (guiaies o> (nl Eeiie
G50l sl ceslie o Slos g Comonl @) 4z gi b ool a8 5103
w95 g Ghgy cnl (Brme 4GB (Jgye (RSN e T SusE
bousgasme Vo Cwnd 03l oo F9y0 0Kl Soed (5,50l
maz Loled S e oy |y 0352l )0 eal Sla)5 5 eo )8

Sl 0l BLIA o o (605

o Sl gyl =¥
—o b Sl g (egran hga ISlidesle slupj 9 S de Juad
90 4 gl ged adS 13, Ganl 9290 LIz (oyp 0 Ol
4z a3b S S8 [l HL8; 51 L Syo (o Wil so oS 5w
gl V] 808 oo pois )3, o )2 5 9398 0 )13, crge e
4 LSy Sy, Sl SO LSl el atigs (Sl e oYl o]
M}udw&‘y‘ﬁbuld.o‘) OPJW‘&WW)JW
oSl LYV 5138 o 3l Ll s,y cols ogad b g WS 0
IV S oyt 3 Jl28, )T i b g atls (logs oy Jsbo 5o
Alpod g 039 by (gamslyd asl e U L Tize cdl> 5.5
Elgl 55l S wiadiae 55,551 l51s ey sk 51 g lads S o s
Dol 9,0 G5l b T Sgm 35Sl Jle sl [A] o ls ki
el o0 a8l] 35055 ygel e giie 5 alisee slaay i [4] sl
et SRSl N AT lo d) T op 6 @ g oo lag)T ale
Gosaboe N0l LIl Sl DVFP sl Sekeal (VY
DAL osss asgal Sasleys DIV Gos ess DIFLY (L)
3,8 oylal [Ye ] ¥ i g3 o gz )b o VAl LIS ol

0 5.1 a5 wed (6l g, Slo s bagles 5 dacslis dajls

G e gl wsls 1) GUlg iz 58 Sem slaslug, B,k

! Artificial intelligence (AI)

2 Intrinsically motivated reinforcement learning (IMRL)
3 Reinforcement learning (RL)

4 Extrinsic motivation (EM)

5 Drive




ol e S sl IYO] conl Sggin SIS 55 opss 5l b oL
B 4z gisyee oy BRI L) (89,0 (25K Oolds Wb gadge
Sedon pll (s ploj o o5 Cel (65l (g (55T 0l
53> S L 5 o 5590 4l (ol oy it sslaen
o> Zodlad 5l o ol gl ol Jge 4 Eodled sloil 4y o,La
0,0 Wiled,S 3N lulisly, Al s)ls ws il sla s, sl
2 (poye den &) poye (S slp il 5l ol Ty ax 4
ol s Bl ol 58 WS e 0 Jgy0 (23Sl dagyle; (B
@ g el S 5o 0, 8es (giluosly (KoSz o)l ye Sllllas b
30 LolSaus 1 St (V) Jgoz 5o losls plexil o yludl ol oo

OS5l Glagon 5L Dlegoge 5l 093 o ytesh ol sanasb
gt 09> Gliite w3 dysly 4 0o Gl (o IS o Al Ko
sl Jow bl g by olFaus ol &5 el ool ax gl (S Fae
A SIS 5550 gom iz ) oS oy walgs (Slewls (goleiiny
Pl slins @ (S, 35S T 0l 9 ' (oo ol (ol 0025 o0
6o By L8] s s @yl S5 cols; lp ol
ade b pade S sln 1) (Jlesl o oo oSSl (G950 & jg0ns
GRS slp L BegS je ggdse al (2B ol
odalin B zodgar oz st o5 A 5 8,55 (o SOb

] o0l oo)5T & a0 ul.’z....ay Ob.o.% (P9, uu;&‘ 390

O ley Galex (Jeaz Jo (gl W L YLLS )5 0 g el

$$9° Sl ilicee glaay L 51 (B () Jgux

Glops i Poiio ouys
. gl
Sl sr S92 (Ko 9 (St wiile) (pla gl alwgas Sllge> 8,5 Lo 4 ks Jib J= Jed 5l ploosesy 7 Sl 4 ks gk sl ol
4 olis joliieds el )l 5 00 g (Bge (Sujslnd ekl plpieas o C8lye s Ty slosess bws (Sl s s
- )
Iva] ws o (336 o aalS (sl o il Jolos Iv0] o sl ealin ol ooty | &2
‘J: 3 ..g‘ 9
Sl
S e 2l s ol b e a8 alyd g A5 o5 ls sl il e SeReals w0yl 3l SeSenl 2alS gl bapensls )| et
L0 pobas SLlS Lasl, 5 polals SLlS” Lyl o Kt 5) b IS (g9t Ivol wes oo "’5' )
S92 I 3 ailisl rhans g 00 53 prha (e 45 Aied ax il oS e Y IME
j Ivol codl aig 655l e o ol
S35 5 amgio grlaw 929 sl o 5 sbob ) [YO] sl asls Py
b ooloplnl s 1) (6 S mmonas auild g braiulys (il 5 (lad 1 liesss ‘
. L'.; dw e 5o . & .. L‘)
A olas (ol e elaiplael ST S e SpTprasd 0 i L:’; L:’l RIS
Laolaxiwl 540 0,54 Jo ,Slo a5 laso b Jobas )0 09,550 aejls 1 Kol : © (b gs
9 o2 JM ~ Joles 53 (0 F5e wieild 1 Sy Sl 5 s oSl sl ) 95
el Ty 5l Lales g agy slo il 0,5 U JLis 5 00 b lge < ] el bl
IV] el oS b ible sla Sinds g lanign (55,3, 4 jLo bl ' e
&5 Lol o9 ool ey b ooy 35" o3l Lfg 035 £adge :gaieadle sl
THEIIE S B et B IR Ay o B0 8 |y ble bl o5 (g5lSonS ol 1y 45, ol | gl
I¥F] ssl oz 5 036 ped B ud b & oS o ) o
. - I A wd Cobl g Samn - S6 b)) Gk 955U
WBdle a5 Jbys 0,5 0SB eoliiulyyge oot slaaie) jo 5olSmS
Ivsl aias o plosl (S oo el oads bl 455
Ival cal ol 039> S oy i
[Y?] ;6;)‘; 9 Lg)Lusa;L..a sbé)'ﬁﬁ wais LgLQ:\.&J}aJ.:)‘ J.aLu :L_g)jd.laié as g o ol L_gJ.Squ.Jb sbeddls o A% bk
Ir o] asl il zolaw sl)ls Wlg oo (5 5abee ol I IVA] ol e L5 @ g Lol LS a $23%595
Ivs] el abalss . 5 ol 395 &y 185 4y s o adle g
o _ S5 ) > )Jm S 9‘ o BLassT o jsliws il gomzy @y (Sl
’ Ive] aales 5 5 ,5abse <5 piuc pilas
[v#] (0% 4 3685 cme 4y & Lol 05 1,0 ’

L 3lede 5 piteens Jonily b LS o (ol )l 65,500 12300 0 (e A J e
. e . 1. b (it 2eb) GBI (e IM o ol
Sl rals 5o i Ul b Lo oo Lo 51 (610 0 00 1 Kwslss 5 (sie ) o ] B )

¥yl b 59, o o>
DY sy T @ 0500 (aw 03 45 g 0 :050 azgi 40,558 eie dlanl 4 o, (gl o3l B
1) 0,8 las 59, 5 )lads lacdan Laid wuias cod Glulidl 1) o Sles divon adun JToas) las b e y5liwsd 35250 grlaws Slsseanls ol 3l | Bud pudiis
Tl oS s adgi (o35l capems 9 ool Slaal [V] axas o ol 31 B IPSPIENN

4 Rhesus monkey
3 Role-playing
¢ Escapism

! Deci
2 Ryan
3 Hull
. =

YA IFY ) — o,k o lows 095 Jluw — B dilolu g b 0315 b ylro Sl oy uiii \//\'



QS o o SbLe ) Loty azs] BlasST (oS )lgs o 4o j5b 4
e b s B8k 5 IR (sla LS Sialan (s 505 o ysle
PS5 ol wilgy go A1 lasre w0di) 89290 )5 g LSl slo
55 g o ISl sl S 255 3l 8 S5l | 5
B s S e o Jle plyea VY] 0 5L 1 g0
S oy 5 iy sl iie s fiee 4 |y Bk sl oSas
00 0,55 DleMbl g Ao Laze jo Slaos] )8 galiwg 4y ol U]
oS35 e 5 STl (6 SBE (S5 i e i) o)
S Sz 4 (S (Fob wiload (53 g0 SRS Ak » &S
o el bl (g Wls canl 00 )5 4y o 5 w8 T ol Jule ygiST
b e Consg slizl bl den a5 A3l uls comsg
Elgl G 7edly plad 0,5 o lal Wb d jo aiiud 0d5) 39250
53902 HelS 31 gy (slosle oo sl bl oo aloly (sl Sl
Sl 5 sEsman g 039> Sl [YY] 5l 552y g0 SLelS
slJae By 1y cwliiply, 10 Jsere slaay lai b wilos,S o5
Sy opge O 5l 5 03,5 315 093 055> ey (lmslone
= Ol iy oS wlead &l eST g0l (Slawle slaJas
Ol e anlel gamaiws |y b Jaw ol alizes s 516 wlos S
Sl o dlgain lidss sonaib ol p caliue diws Cuas alio
2 s g Joe (F Ll 5 e gl Jow () 5l Wil e oS
O J5S 5 0508 ssloniallss (F (6y9l5) (S35 (F (Kol
(pae) (5slSnsS (s SBLE (¥ Ban (7 (loiz] (Stuly (2lo
csosieie Bl e gaanas (ulaS s S Las bl sl andl . coalad
et 0T e 339 s 0 998508 5 Wyl o L plo Sliigean
ool Lplaiz! aiws G 3l s 4 wilg o Sladion (IS G 0gdlay
S [0 585 10 aS el ol gx (659,0 e (o Lpsis 34
5 Ol olpogdle g adls ol l) Calid (n iy a5 5,5 )15
P ($950 Bl ganaiws ol 4 dlie HBains s bl g oSy
SR 5 ($90 PRSl aseg clls azg b sl Sy
S8 )3 el 03,8 28y (open ilas ahali paiz Byl jl (e ghas

O 5 Jlox/ Loian (o9p ;0 S9)0 5SSl sladoe » (559,

gt gR 5O (930 b3Sl -8
s [AYFD alingls, pole (g GBSl psrde olSiuls
Sleoje> & Cosl atudly gsia o5 cal [YF] (5el5dg,0
Sl o ek 4 L) (ls S, o [PVXAL esle (650l
5 diedgn slaele jlsuesgs wi, b oasS lag ol [Ya] (us,
oo asilen aidu s | Lo les 5l (Slaegezme (Lbo 2Tk
e P S e la Sls [Sesgs glul () slo
3 S il el i G Al b plaol; 4 lites s
Sl (GBS 0 (b e edllged sla Sy 5l (S
O3S an b el joe lojne jo (Jis) JLiresss (55 0k
S 8kes 1S mshi oo azlpe Condly (nl b ces ;5 G055 Condy
ol yo g guige 0 Shae Jolod 5 Lo 1S )0 o] (50554055
065 o ol > ples J 1S 508 [F e ] s saizs Loy LT L
Lis 4 loazeale ' (osSom b aSly 058 ol oy JuSiy 0 by
s (Sealnd s )0 (orae Ojgots (LD5Sa (nl 45 A
asSilags & yg0h o] e Tl CPG siles col oas
o BlassT 2y e gl Slasbre gloas ol (353a355)
(i) panee (Al 1ilos S 35 ped 3l g5 a0
(@ S (o0 @l 8 SToly Jos 53, 21, )bl &5 G (295w
2 5ok g BLasST sl slaskp (oasilejlusss gy (555
3o e szl (pleal) coloe (7 glisl sl golaw
B R TP TE S NCP TN PO Ie] Al e 8 51 l,Ks asl
S9lSoS BLAST s o5 Canl (59,0 (A5 s (5355
5o o oS a5 45 ol byl 5 Sy 05 so gl 505 yome
oS sl ol )5 i § &ildend |y S5sS S as5 Liless]
iyt oolul 5 | IR &5 aiS o Sl |, Sluys olSosS
(lanwg) God s )093 & jpoty WIS dnidn « 225 S50k
WS (oo g isdioe plnil odezmy b pwd by &5 ol o )
SLasST (slp S slaial; 0,5 eald (Sgye LSl s [F -]

L oolyen w09 (ol gl iy 5 oS wlides 5l glasds (V) Ivy]l el
sl 00 1) caslie
ISy (S IM Flawlors o oo Y Jguer
Jl
w81 B, b il coleo Llje ol o] e
s
&
5 GBlol meeles 2i5 Jlosl | gnSoly qmalie Sogs i | G I oSS & et &)
CLSASS S | L ool auld GuS yepopl | itS aeslie 5l esliial b oyl | s GlasS| b oold late il -
SEhie gl | b 4l M g pslis 650k | 50 Sl Giog i el il | enlis &S psliied IM L RL 5 panlis (]
5 e ERSL (olB | S Gl a5 slaghs, | Ghse laptac TSl e |l ) Sl 5 dpax Sleladl g laciny
IMLRL Ll poyed medlie | b Jasaily 5 5 pdylasl egiae Sl J>
! Synergy

2 Central pattern generators

Q\\ PV e o,lae 0lond —p093 Jlu = b ol 5 B 031 i ftn oS s mm

Y4




35 lawg 6,.50L ol colue
Jele

&b L RL slag 63l
Gy il s bl
Sl 95T p 5SS
sl JuS sl

S ool

o5k 4 S S5 rilr Sl b
s @ Lo ls L5 &8s
Gl pien Ol 4 5l i e
YV E R - E A W

oyl (o8l slis alises

5 55 plojoae o JuellS hls

b Lo Sol &y oalogieel ly wuaz (s,
Al 4y sy Gl e 0 (295 sl IM
4 e g 3l a8 A5 S il
S 45 & ailge 45 555 0n laosi 255l
Slr e gbey Jlome ) g 03,5 S8 | Lanee

by Blas a1y Sols Ty gl

ARRRY
[as]

O ksl eolanl
slad gilodae 5 Gooe
5 eolaul b atays o>
el lp IR JuSe
> sleayssl @5).';31

Jole

Slrp e olid 4 b
Senlbiaogays o LU (g5l com,
Ccudgaze g oledbl 4,k 4
PR VEYS el L_gLéé L_SLQJ\.\A

sk oo (g3lo e

Jrss g Slasl o kle ol
a5k os by 5 ez ladas
8, eaSol (e slaibl

Conlad pas 20l5 g ooz

Fole l a6 5ba egmas ol 3 IM (o)
Slass & 0B Som ool & 5l e
a1l dphe o s S g 055 Layme
SlS a1y Jele o5 slosyid 5 IS (550l
S e rgt 055 ol slanyssl sy

Y-Y\
[va]

ouS plati S 5958
L olyes RL st
wax IR S

RV &

slegiles 5l colatul jo cusgaze
e eyl 4 ks g e ool
Seoyid sl ioles 5l eolaul
Loslolaze 0 Somb oSk

L o)l dadigel IS Sse
9 st S0l el sla s,
slagss, o Slee s5me ool (512
4 ks N S UCB' ool

o..\.._x..: \.JL..—JL‘XA

S oI RL o asS glp wam ooy, «l)|
L osds iglS @blia | Bl 5 25 1ar 31,
RV S SRVIL SUUYRNE R T B
60 0 50 9 SLaiST yy Joles as RL o laill

&S e bl Sl 2

Yery
[v.]

Jolss o5l ealeles RL
el slap e
5 S5 gl asb
0SS (e O

Slapaslle Giluaz LS, ()lgbe
Wy 6 lears S 4 oy Sl
sEsas gl ole )0 o g, oyl

3hoslaiwl b aliws J> oUlgs ogups

5 Gl Jl o o peabues (6 S0l
3 alie g o alby 4 aaby S

P ErSpeeal Gnyaely oUlg
3l ol

ly lealades RL glo g, Lyl 5 g
dele yo atbyiny alies o ol arwys
lrotlds slopeie 5| plell L opias

ol 5 Sllgo 5o o soalive

Yory
[¥a]

slawlas 51 eolaul
S eyt

lr 4t (B9l Conlow 2L
Wgaze diged > gy6l ESlas

el NP-hard e IS jsba

5 oI RL 8 ladiges oS 09ue
b slad s s ey sless]

axly 42 e 5

Silwdin 50 99 (255 Hlo 3l eolainl Coonl
olass g9l el 515):.31 SSlas lacs]

dgdze L;LQ‘U}QJ

&l iSlas SSS
4 aily a9l
Sz 5l )l
[ S VNPT
slr o)l wiledley
&9 SHleSy L
S e oolitul Lol

5, Slos 0920 3l JolS (g ka8 STy0 345
Wy A iy Sl gl
Somess 3l oolanwl jo Cooguze
b 3 5 Sesiollo b Sl (5]
G a5l e a5 (g, anwgs
slolasd 5 al, cll> slolas aalsy

S S loline

RL  (slapm oSl (o9l g yus
St o 5 06 S U9 )5 Sgue
9 Yo Gyl SVl ojlstel qse

o=k

el 4w Blas] SSS SO Bee
ol €yl anly s 5T (3l i Tasy
a1 eVl el Al b 4 S
el S 2 00l 00) s 5, el
b oS o ST ) Ll (eSilos s 5 dpmsloo
kb SLassT sla g, o lyel @i S

S e 1,

Yevy
[£A]

Sl yiSTas

L [RNATREN

2,95
955
Somezs 5l eolail
oSy Ko gyl
G lor

alass]

bl ele

‘o\_\ﬂ% QJ\.>
o wlie Jobss ol (sla il
ER PSPV R PRSP PRER-El1]

By glalame )3 al slagys

sleals o

ooal (BlassT canlow SO @ ol
Ll 25y sz gl o
&l g Bos by gl (g pSaiges
$lp 1R Loyt g Jloe Gy, S
by & azg e (el SlaS]

9551 3l iSla ol 4 ooty oS olgiiny
O3 Oroel BLEIST EMMSe S (51, oabogaze
Soslaiul b o, o8l (nl - ols ilby @ azgs
Slp alaon 0 5S35 K (o951 S irmass S
el leser b 4y g SLassT LIS b
&S Gl S @S0k @ (gl sleane
e glecesgame cov | al gyl

D3l o0 S o S las

YovYy
[¥a]

oyl eslanal
oxile, iShe 4 ¢l

id Sledlb|

i lolid S (Samn
9 Jub Slasst 338 lal a5l
Gilwaned Jow &L;ly“ 59 Codgase

oz lae e g3luil 5o

slis sleosls o5 Jlade 4 LS
iloded Joo dge sln (s
& it ) g Jal ISl
pela a5l 2alS g (Bl (sbss

Sl sla el )b (gws

51 ool b Wlgio 45 (S0l pies 4l
Joe S Hdly slis slaosls oS jlade
SFIl Sy G 5 2850 St | (55l
wly slos o a5 WS slb g Uy
sald So b ) e ool il 12| L8
CoSly slaosls «oadly slis o b alazs
@beles sle Wil g 008 yslaez VL

S o ooliiol S50 sbp el

Yove
[av]

! Upper Confidence Bound

o mIFeY Gl — 0,k 0 low — @93 Jlw — b dilolw g 1 0313 b fue oo 4y

. Ym




O 5 Jlox/ Loian (o9p ;0 S9)0 5SSl sladoe » (559,

e
[ve] s lwaswilss

&IV e
[1p8] Blaust 4

S9es Jajle
[V‘l] ‘;i’)b

[1aa] Solas

2% Flizt (G950 b Sl
[155] Jale Wi b bauxa

000060

938 P55 gl
[VEY] oy Sy g1y

4

Paled p SiTue BLTaST
VAl 4zl laciez bz o

_

Quz (6 loro
(Ve ¥] e asy 38

_

4l Wz gy (5l
eyl Jlssl b6 o

J

ar.“.. o

&b ol jod 4y F9,0 (5 Sl SCS piioy g oS Wb glaodls 1) JSCh

Ve & gly oo Slides ol 5l 0ed s gmme YO
4o olol p allie g0 ;o sl [FYFE] 0,5 o Lal T pgmaies]
sl Bl oo G (g i 5o Jele sl b Cusad pas (08
07y 55k ool Al Cl RL o o8l ol 2 (g 99 2 by
Dg Slaass cpl sl Il 5l e el )l eudas g 0L Olwlowe 4 5Ls
wate JUb (6550l ln i 2 e 69,5, TS 5 T s,
Dgad 4 55 Al b oS woges alf oI5 Cige e 5l esliul b
S5 b0 gl 1501 092 axlse (o o @i S BB )l
g Mebgn gl ol (ooiuilSe (5Tl Sty pstde 55,
2B (oo ol Bb;y lp (950 (S e & 05 (B Bl
o Al ) gl Tl Coyin a5 WS S el ol CosBee )
5,5 65k oolo RL i85 59, 2 1y ol ol 3 of LEY] wilss,
385 sln s S0l Jale (sl 565 (loslons Joa ¥ pale 57 S 0
o by g ooz slo Lo ;0 B3l 5 sl adilg vz 650k
S5k 51 S JalS jebo 4 Wlgs (oo o5 Giulg (sl Joo a0 S
ooleio ] ad Ll RL (ol oy, 55I 51 onliasl b w9 it iy

r:.)..c&l.cd.:lm‘;..: L).Jl)éw..&mg))ow ;Q.:Uas L;‘)’ u"&ydu

! Resonances
2 Schmidhuber
3 Roy

4 McCallum

3> Oudeyer

6 Merrick

7 Maher

e
\/’L\( VP liamj— 05l 0lons — 098 Jloo — s cilouw g B 0313 b lte Julos g s = 1

owild g (o s Joo -1-0
Colan gl (ot Cadyb) il st IM glagins
st TEY] st cslie ails @l s b gedans ol 5 (6,500
S8l S e 4y g died il e IM golpainy sloJow
SLo)les 4 &y s wly 50k e by 4 ond
Oz Om dmlie 4y G3gr Al (s (S e 5o e
($95° I Joe o ol 2o 55 o K lade ot (in iy
Ol gl aiBgel Jaw amiliz ] oo Cawdy bajlade a8ly b > L
S5l 0525 95800 655l 05Kl 4 e ol ok 4y Joe
Sy Bl gl e ol a5 o)l o)lal el &
3 ol 5o a5 (aawg)ad, ol alasd 4 a5 g5 b 1) collad/cundye
ool IM Gl 0,805, sl (085 (o0 (et 015 (00
G L oads 4y 2 slacnds (s ( lis; L) ) 55L0b sl lns
Ol 4 ol cnl 09l o iy a3l (al 9550 0 b Ul
Bly (79,5 g wmo o0 ploxl ) Jleel 0l 1 50 457 Jlab cdlad S,
S o denliie Jloel ol s 3l Bl asl o (zils b1y 593 Jles!




WS e ], soasie ol ulby b oo oSy Sog
W NEPIE RSP PONCEL SOV RURX SURSPSI W R VCSPOP IR S 8
Glalize b ablie SUly 5 (edly S, lolase ;5 ool
Sl lene plo a4 Cond g plSoainl g 0,Sles (gl g dlwgn
Ban oy 0 ,sl Bre el Gaass ol sblie 1o jlastial
slas a5 el ous el [£2] ())Ka 5 ¥ uil )l by conlatiogs
o el S Glyedr el 08 5 daeliga (IS (5 S0k Jlad
A5 wals ) SlensS LegSae (6 5ok Sl ol (sl Goa
S (oo mal B 1) Sodazmn Sl e 6 50k 5 I Bl (rizmen
2 Sndiolde alies o)ls 500 (T L eyl cnl o5 o2l
Ja...uy as kg)fg'é > susl el Egn j9i90 — )i».u?' kgLasJa.',:u
RVRCERPIINCI PORIPIN 2 I PR N PN IS L OIS TSN
g se el a5 el ClBS 5 Jled (g3b 5 eoliiul b bl awgs
)‘| 9 o/....i‘ ob L;@L& sllosw ‘_;‘).3 \) Q> LgLﬁ:Q)Lero ..\4|5,.: QLg)
oS 5 5 ool b onyl ol oS ooliiul alie ciyllsy > (sl o]
ol (gilwosly Jue (o g Joe 2 (Se (o (6 50k ool
s b agrlsa 53 (6l ey oS Vsl s s cnl St o
sl (6 Josuzmy sladse a5l ol @) Gl o5 el S )les g0k
Llye callin Lol oyl ol bass o 15l slo iy plo ¥ Jgom o
sudosloglas lagl aly wysS L (s, 5 50t slailzr b cales

(5s99) S50 -¥-0
slacl, Saajls g 5e 0,5 lp oot Jale (S i
5 M ol 2 S mreal 5 oSS 1 2iS gl o el wialign
G52 B8 5 T At Sl s (o s gaa Sl
o S50l Ny ) (oot SR 5 W L e oo 4 Dol
&S W S o jasad wl Glgedy S oS o Wl
5 Al wos el oals aSlls ST A G » | Sglaey
omatws o [F0] 285 s )3 g e €y oo o & e (oS
OlSer 5 Takolo bawsgi lategsy olsl 5l (o (SU Gt
sono5l onilejlungs acds 5l eolitul b oyl 28,5 & 9w [55]
SG by 4 Lo )3 oole it b o Sla Sy bl sl
Joe Sy g (5l Sl 51 oolitinl Ly a8 035,85 yme |, S joeie
oSl g2 (39 Wz (b5l b g WS e bl € soler 5SSl
@bt Qs aSe plulid 1) war glaShy lgw
a5l G Gl ks rals (Bly play y0 e sla Sy
3 iy 5 by lalase (o oolain] collB g s slrosl
4 aax S o canyolb gl bl el Gaass ol sblse
ales 3l (Bl (o Glapis 3500 5 sy 4 5l 5 BT lse

Do (o Do oS ()l

3 Hangl
4 Marsland

sl il 5l dl 3 ojlail 4 slagg, G jo aile (Sb e
by glo Gioghy 5l (B ¥ Jsoz 0 sl (o0 Gegh cnl (el
Lo cllie Lol o) 461 5 ogdle il od 03,51 ik il b !
ous 0351 525 )T auly 02,55 b g w5y Gl sl G b e

Sl g (e oo -Y-0
lr QB plxil cud)b) (Sl 5 (e ($950 (05255 (slappincews
Wgd g0 095 55 & (Sl 05t b s bl 2 650k culon
S s Soias (Bptans ((Siwld 5 e sla o [05]
2 e 9y B35 ) ke SaJSE alws 4l T s eSol
09 Al (Kl (S sla e 50 058 g0 Coln (Sl
slad o sols slagan Sy o) ablusgs Blaal o alie 4
Joe o bl 2 o Jos 3 a5 (e 5 (o (5 > S
O 0gd o ASNs e aBgel el S 4T Bl ueSs
WS oo paseies | Jole (S lifo Slae x50 laanslis (pl a5
el 055 4 mie Jgare job 4 wgd Sl i Jaeo ST
pldl (liidly, il slas o5 5l Lopiinne 5,505, (nl 0sd oo
65,8 cale dVF] 6138 156 151 0 e Lags 1925 ol ol oas 4 5
cou S 0 VY] (6 j9abot 5 [V (6 S puoaiogs ¢ Siwslis [¥Y]
S)le0 (6 yS o3Il b Jad po pogie ) sl € P popie byl jo
o il 53 €lled ibge dly 63050 S0 ol
S e Slatine | dsgerme o L (I K 0 S
& Jos Gl 5 035 on G 5 08,8 elais hogE 38 50 5 oo

by Caws Bus oyl

sl 550l sln oszlr @l L IYV] lKes 5 Yl
Sl ol il 5 (il 5l (S Sy 55K
3 9 G5l p (e 6550k oy p L] (Lol el s S
b e 5l olealide ilgn B ol egias by le
oo g lieds> (gl AS wied drwgl g Wjle | due colazwl LB
S olone e sulidisly; 5o (F)0 (B35S g 5l pledl b oyl sl o3Y
6 wns e plil Giogs blaay 1) il ks, el a5 wis,S wl,) 1,
S5 soyian Sladuls los DS > 43 Sl Glyise
5 sy b sl a5 03, K 0l 1, goame snlinul LB slac e
(P aiby 5o sl shws i a5l (e s wbe Lol
glyl ailgly a5 Joazy IR obml (ol oolertny woz)lz 4l
ol 0095 (B aims e 1) 5,5 wws 5 GhglS 5l salisee

5ol w5l soliiul b wis,S 3 ladse [OA] o
GrSok (g Jae Sy arae 4 olyem 4 aiiie - Jole ok
vk ar ail ol Ll aS wies dnwgi 1) (Go)0 (5Nl Sueks
yob 1y cadaiSle ages slo lge g 00 S oolaiwl IR 51 Sog>

! Barto
2 Baranes

Ty N FE s — o)l & ko — 093 Jlw — 1 dilaluw g 1 0313 b fte Julos 4y i S/\\f



O 5 Jlox/ Loian (o9p ;0 S9)0 5SSl sladoe » (559,

Sl o IM S lowlxe g Joo :Y Jgur

LSTM® slaayy

L:z:J.\A LS)L»W ISinn 9 RL

3 ez sle i &l g g 50l

SS58s sise S5 0590

syl 5 il - e (slajloarss
Aol 08 (5 S0l

Jl
) sl
w2395 G bs, o il /o L5 bt oy
9
(e
\ . o c : Loz ! o Sab
L ORL) Gros usii ol | 5 sl slaesls w3 | sl x5
1S b 45 el IM O 5 gen gl 4l | gl g el clen! Gbo e g SeL | YA
B o P Cadgaze 5 S0kl . A
Sl a5 ¢ (Pnet) b, et e 4 0l sl ol S5 5 e glagslol IMRL Gl 5l oslatal b lacsl, bawgs | [9Y]
HE RS @S e e g e .
(Qnet) b bgi 5 Sl (65 read
| i Ol a4 LS S ] gdny | T oS 1540l 5 (gl wso> >
L ol 55 |l A LN TS &*’@ oS el sln oz szl
16 el IM elo IS (e sl 6Sol | 4 ls poe (oF Ol a5 | ael)lS T Badas Sg5le b YL Y1a
= R FF | el iyt o | L ol clly e | by ol S e 455 il o¥]
oL U oood 5o SR )
e L;H yj SIS sgegr 5 VL ol L | eoliiad cllB 5 olalis )l | ash S ol o8 Sapeb clales 5l a9 e ol
RS 5 Y 5...._|as
e Foduzmm o )5 sl Hly gl | wigd il Co iy 4 soz Gl b g
ARV a>g5 8 talS Sowomn gals gy wos sla oy, &l
b, 4 45 GBY (S jf oolii ) ‘5{/ > e Sz el gl > S®pyy Sl
. - Slpbpahl 38 b 45l | ol @ )l pigel | Ojpot ol Jue 6 253b 55 (55l paiged
l) S¢> LgL@Q)LQ,o LgﬁSQLL o)'\q\ B _ B - B
i P S g ane o8bee | 0 (Sbs pnle alS (Gl s IM S sk Sl S, cnl o2
sl (o lazl 5y (Ol & jp0ny i _ vy
Glase jo by, ilwosly | plojee 5ol Sl g ok, | oS 51, (Kuls  juils 5 s yolic aS
23 S5 5 s IM JuSe : [ov]
_ ok, 4 b by, peesd (28ly | SOl eolainl b Jow paiz | eizees S o Culan |y GBlasST asS e
D 35t 6l (T K095 - ' ‘ ]
) U jles @olil a0 b | 5 Vb LS (om0 oolddsgomme | aupd slp Dl Soogrml god 1SS )
S o oolatul 5,80k ey g )
. s®ly slas o eolanul e LB 98 oo odlaiwl oI5 bl g (6 Tl
5 IM 5l S5 ool glod | lobed giluonly o Sowme | Gialdl ool e il | @lp EMZIM oS5 g8l slos 1))
“5)319.3 LARRS }l as u.a)..i:\ )Lu ‘@5'3 slze » ‘_g):fali LSL‘”“-;?N' Slaws u.&:lf » Gﬂ)lf L IM u.:f)i J.AL») L5|4M93 6L®ng)
JEes 5l a2 )3 (spSolil |y Loyl 383 melat @ |y Jae xS0k lp jloyee |l med Glp eselie 1Sl fory
Ol s g SVl IM | 5 BlassT s Jols Copoe | b,y JEie 6 pSpeeal olly | ol Wl le Lol jaie Lz .ol 2500 ™
ol gy Yl Sepm | A 5k las 5 @l | SLEST (Siskx 5 ol syse 0 | Sl JiKew SVl M LS
ool ) g, Sol 5 BLEsS| | ol b ol sleesls ol | s psls omemis o aVloisl g
"‘\'256" Lg‘e..\.lbL.:I:..,ca Lg)..féb '6)5]95 4,0 Lg;:o)'k\i\
Y «l e =
HRL) 5l ealds oo Sob ele
o g3l iy s ez | 45 o iy > ol lroslds 58 Tk e
gl s, ) ) 9 by i e e
, WANECNERERHC JPNCH I g
4 SEADS ob & HRL Lele | (s3yaby ndyombide @ 5l | iyl g s J5uS 4 5l
) ‘ Jafmdbaoug}ul)s”ﬁﬂdu@
‘Si 9 O[S v_uél.o.n 81)_._y| cl).o.m 6‘)’.‘ R J5| (89T BEENS TS u.»| ._\S)h uA.aA..L A } ] Y.vYy
- i ] | ol S 0 oSS (siyaelin Gl
Gyl Gy ariem Jae | e elede g Jeoly ol sleges | 5 mhwe RL ole b annlis _ [av]
e L . L ) . O30 § RS0k Oypes IM 5 )k Sl gt
OFLsS slatlen | oSee slatlen ples 6Tk | s 3Shee il (oSl pealeds ) o
Olyear Loyl Gl 5l 3500l 00 o)l
oduzmn slalame jo o4l
' S e onlitl oles Lol
Ly Va5l b L g lexe
B )5') kL s) s e mhe 6ol '
oSl ol spm A ST s e ot e il | S S REALX (gjlans o5 ne
_ (ot Rl WS e ails | 9,008 65l (ollg _ N
@ elipl ol yaeliy 5 SiglS . - GrSol bl Sl ot Sl
5 CGlasl aelas s Sawms | 4 Sy osn dlobl ) '
sty €l Jstn waip |7 T b s, | e b e Gk R 5 J5as | YTy
12 555> Sl o adgs B PR g BBy | B A TSRS I Gl oy M Lzl b Jolss cp) | [04]
< ‘ . . 3 3 ool d
s )>Le‘ ‘)"’l "ly 6:: d=lhe yo sl og 0l 5 sob 4 gl mhaw ol ea 15 L s 4; o o
9 g wloladl g CBlas S _ . il Lg LY 25400 )
RIE) 9 SRSk L ooy oo s 5ol il | Lt b 55l okl 5 by | el by, )510/ Syl s ;505')
‘_gl)g k5:\».14:;.@ L_gLasA.aU).g 6')?‘ 9 ) e oISGA O yge0 (RS 0 g&.’.‘}ﬁ‘
b Glaal 4 ol
Sl Wl 60,5, @l | aly p e 650k g RL I eolacl
TPPO b 4 ool RL o280 | S5 sl Yl Slomloms atizo | otz (35,2 J55S ilotnd | )0 (55,0 558 4 oliiws sl oy Yove
Jols 55l slons L VO] | L cUSulZ odlae glajluaccs | glocabon  Judoo obUlys | 51 solinad closl 6 l5cms ooy cinllsg [5¢]

4 Proximal Policy Optimization

3 Long short-term memory

A

\\" VP liamsj — 05l 8lows — 093 Jloo — U cilobus g s 0315 b ite Jubos dy pub mm Y

==

! Deep Reinforcement Learning

2 Goal Babbling

3 Hierarchical Reinforcement Learning
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Abstract: In the age of information and digital transformation of businesses, knowledge management is recognized as
a key factor in creating sustainable competitive advantage. This article aims to provide a practical solution for
organizations to effectively leverage their knowledge by proposing a decision-making model based on a fuzzy system.
Specifically, a novel decision-making model based on a fuzzy system is introduced; which, by utilizing a cloud space
alongside binary values of zero and one, helps organizations prioritize their knowledge management processes and choose
the optimal strategy for implementing these processes. The proposed model, considering both qualitative and quantitative
factors affecting knowledge management, assists organizations in identifying their key processes and focusing their
resources on achieving strategic goals through proper prioritization. The results of this article show that the proposed
model not only improves organizational performance but can also be used as a powerful management tool across various
industries. Additionally, the findings of this paper can serve as a valuable reference for managers and decision-makers in
different organizations.
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Extended Abstract

Introduction

In the age of information and knowledge, organizations
face challenges like market volatility, rapid technological
changes, and intense competition. Knowledge, as a
strategic asset, plays a key role in achieving competitive
advantage. Knowledge management allows organizations
to manage both tacit and explicit knowledge, improving
decision-making, innovation, and organizational learning.

Studies have shown that efficient knowledge management
processes enhance organizational performance. For
example, Basra Fernandez (2015) found that organizations
with effective knowledge management are better at
adapting to market changes. However, more precise
models are needed, especially in knowledge-intensive
industries, to prioritize key processes and strategies. This
paper aims to explore the role of knowledge management
in improving organizational performance, particularly in
knowledge-based industries. It reviews relevant
frameworks, examines factors affecting success, and
assesses the relationship between knowledge management
and performance. The findings will help managers
implement effective knowledge management strategies to
improve organizational performance.

Methodology

The foundation of every science is its understanding, and
the credibility and value of the laws of any science rely on
the methodology used within that field. The methodology
applied in this paper is developmental-applied in terms of
its objective and is categorized as descriptive based on its
nature and method. To filter the identified factors, the
Likert technique was used. The opinions of experts, as
utilized in Fernandez's research, were examined. In the
final step, to prioritize the factors influencing the
implementation of knowledge management strategies, the
fuzzy technique, specifically the MAMDANI & SUGINO
methods, is employed.

Results and discussion

The comparison between the MAMDANI and SUGINO methods
and the results obtained from Khadiyor and colleagues' research
shows almost identical results. The knowledge management
strategy determined by the proposed method for Darougar
Company is a system-based strategy, and the results indicate that
the proposed method has not only determined the strategy but
also taken into account and prioritized the processes related to
knowledge management. Adhering to a knowledge management
strategy within an organization requires implementing processes
corresponding to it. Prioritizing knowledge management
processes based on dependency factors may lead to a process that
is not aligned with the established strategy being prioritized for
implementation. Implementing this process, which has been
prioritized for execution due to its dependency factors, not only
defines the knowledge management processes but also sets the
strategy related to them.

When comparing the proposed method with Fernandez's method,
the proposed method was able to not only control the ambiguity
and uncertainty in assessing the dependency factors but also
provided a more accurate prioritization of knowledge
management processes. Furthermore, the proposed method
successfully determined the knowledge management strategy by
aligning processes and strategies. Compared to the method of
Khadiyor and colleagues, the proposed method was able to not
only determine the appropriate knowledge management strategy
but also prioritize the related processes, providing a more precise
solution for implementing knowledge management in an
organization according to its specific realities. Additionally, the
proposed method, by specifying the priority levels of each
knowledge management process, provides a clear solution that
explicitly defines how to combine both strategies to achieve the
necessary synergy.

Conclusion

This paper aims to examine the role of knowledge
management in enhancing organizational performance,
particularly in knowledge-based industries. The paper
reviews the relevant literature, explores various
knowledge management frameworks, and examines the
factors influencing its success. Additionally, using both
quantitative and qualitative methods, the relationship
between knowledge management and organizational
performance indicators will be assessed. The results of this
paper can help managers develop and implement effective
knowledge management strategies and achieve significant
improvements in organizational performance.
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Task Interdependence: «| |+] 100
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Procedural/Declarative K.: |+] 100
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Abstract: This research has evaluated the reduction of embodied energy consumption in the building (energy consumed
during construction) and comparing it with energy consumption during the exploitation period (electricity consumption).
First, according to field and library studies, influential independent variables are explained. Then the Embodied energy
of a building in hot and dry climate in Shiraz city is calculated after modeling in Excel software. The results in this article
include two parts: theoretical results that are the product of literature review and experimental results that are obtained
from calculations and analyzed. The results of this research show that the Embodied energy of each square meter of the
sample building in the architectural sector is 1.8 megajoules per square meter and the results show that these variables
change the Embodied energy between 0.3 and 3.75 megajoules per square meter. As it is known, the embodied energy
during the construction of a building with an area of 1080 square meters is equal to three years of electricity consumption
of a building. This research also shows that architectural efficiency can reduce the Embodied energy of the building in
the construction industry.
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Extended Abstract

1-Introduction

Given the high energy consumption of buildings in Iran
and the fact that no research has been conducted on
reducing latent energy by utilizing architectural design in
residential buildings in the hot and dry climate of Shiraz,
the present study aims to fill this research gap. Background
studies show that although a number of variables can
reduce the energy during operation and electricity of a
building, they significantly increase the latent energy of
the building, so it is necessary to address this important
effect. The ultimate goal of this study is to help
construction workers, including architects, to present
designs that, given the high volume of construction in the
country, in addition to observing all the principles of
architectural design, also reduce latent energy. Therefore,
the hypothesis that strategies for reducing latent energy
during operation increase latent energy is proposed and the
question will be answered: What effect do practical
strategies for reducing latent energy during operation have
on latent energy?

2-Methodology

The type of research in this study is applied and the method
of collecting field and library information is used. The data
analysis method is quantitative and based on statistics and
tables. The analysis in this study is of a quantitative
explanatory type. In explanatory analysis, the cause and
effect relationships between independent and dependent
variables are discussed and examined, and the researcher
confirms or rejects the cause and effect relationships
between variables and Embodied energy by rejecting or
confirming statistical hypotheses, and after analysis,
solutions are explained. In this study, a review of the
research literature has been used to select the method of
calculating the Embodied energy of materials and
implementation details and selecting variables. First, the
Embodied energy of the building is calculated in Excel
software. Then, the Embodied energy of the entire
building is compared with the changes in the energy
reduction variables during operation, and then the analysis
is performed. According to the research literature, the
components of energy consumption reduction during
operation in climate design are considered as independent
variables and Embodied energy as dependent variables.

3-Results and discussion

In this study, to prove the hypothesis, after reviewing the
research literature, the design variables effective on

reducing energy during operation in hot and dry climates
were determined. In order to determine the effect of the
variables on the total Embodied energy in the building
under study, it was necessary to calculate the total
Embodied energy of the building, and then in the table
designed in Excel, the research variables could be changed
each time and the Embodied energy results extracted. This
was done by examining 8 variables. The total Embodied
energy of the building under study, calculated in Shiraz
with an area of 1080 square meters, was 1944
(Gigajoules), and the Embodied energy per square meter
of the building was 1.8 Gigajoules. In examining the
energy consumption variables during operation and
Embodied energy, the following results were obtained.
Thermal insulation, double-glazed glass, glazing, and pilot
lights reduce energy consumption, but increase Embodied
energy in the building. Reducing the surface area of
external walls, reducing the surface area of openings, and
building density reduce Embodied energy and reduce
energy consumption. Variables such as building
orientation and opening orientation reduce energy during
operation but have no effect on the latent heat.

4-Conclusion

The results show that the research variables cause the
Embodied energy to change between 0.3 and 3.75
megajoules per square meter. The researcher, in examining
the electrical energy consumption of a building and the
Embodied energy, has concluded that the Embodied
energy during the construction of a building with an area
of 1080 square meters is equal to the three-year electricity
consumption of a building. Therefore, according to the
research objectives, the following solutions are effective
in the Shiraz climate.

1-Architects can calculate the effect of increasing spaces
and areas according to the Embodied energy table of the
building and avoid additional spaces and details in the plan
and provide solutions in the design that reduce the energy
during operation and Embodied energy.

2-The porch and central courtyard in this climate, although
they reduce the energy during operation, significantly
increase the Embodied energy of the building.

3-In the study of climate design, the use of windows with
fewer surfaces and external walls with fewer surfaces and
a dense plan reduces energy during operation and reduces
the Embodied energy of the building.

4-The use of multi-pane glass and thermal insulation
reduces energy during operation but increases the
Embodied energy of the building, but this increase in
Embodied energy is not significant.
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Abstract: Colon cancer is the third most common cancer from all cancers in 2020. In determining the appropriate
treatment, the oncologist has to know the stage of the tumor, which is the most common method of the “Tumour, Node,
Metastasis” staging system. Therefore, in this study, an attempt is made to estimate the size of the tumor and the extent
of its spread to the lymph nodes with the help of magnetic resonance images. The data of this study was collected from
the TCIA portal and in the first processing step, after improving the image quality, segmentation was done to separate the
tumor region from the whole image. In this study, in order to extract and classify the features, the convolutional neural
network VGG-16 was used and for the validation, the 10-fold method was applied. The results of this study indicate an
accuracy of 94.2%, which is better than pathological and CT methods with accuracy of 91% and 77%. It should be noted
that the effectiveness of the implemented algorithm in separating the 1st class was higher than the other class. Still, no
significant difference was seen between the average values of the parameters in the three classes.
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Extended Abstract

1- Introduction

Colon cancer is the third most common cancer from all
cancers in 2020. Stage and grade of the tumor are the
important factors in the process of diagnosing and treating.
Today, the most common method for determining the
stage of a tumor is the “Tumour, Node, Metastasis” (TNM)
staging system, in which M indicates the presence of
metastasis (spread of the tumor to other tissues) in the
body, N indicates the extent of spread to the lymph nodes,
and T indicates the size of the tumor. Computed
tomography (CT) and pathological imaging are two
common methods which employed to determine T and N
parameters. These imaging modalities have some
disadvantages like, high absorbant dose of X-ray, need to
invasive procedure and time consumption process.
Therefore, it is very important to use an imaging modality
which uses a safe procedure(without any dangerous ray),
easy accessibility to determine the stage of colon cancer
tumors. In this study, at the first the magnetic resonance
images of the colon cancer patients will be collected, and
after that, the preprocessing, image segmentation, feature
extraction and classification using modern machine
learning methods, would be other steps. Considering the
above-mentioned issues, this study is innovative in several
aspects, including the use of a safe imaging method
without hazardous absorption dose to determine the tumor
stage, the simultaneous determination of the two
parameters T and N, and the improvement of the accuracy
of the results compared to previous studies.

2- Methodology

Data collection is usually the first step in any research
project, and in this study, 1312 MR images was collected
from the TCIA portal. After that, in the preprocessing,
converting the image formats from DICOM to JPG,
histogram equalization to homogenize the gray level
histogram and a manual segmentation to extract region of
interest(tumor region) wass done. Feature extraction and
classification are the most important parts of our
workflow. In previous studies, various methods have been
used for feature extraction, and in most of these studies
predefined (Hand Crafted) features such as shape-based
features, histogram-based features, first-order, second-
order and higher-order statistical features have been used.
The most important disadvantage of using hand-crafted
features is that because these features are predetermined,
they are ambiguous in terms of optimal number and
quality.

In other words, the user has doubts about determining the
number of features that can lead to the best classification
result, while another doubt in choosing each of the features
is that what guarantee is there that this feature is good and
why should not go for other features? By reviewing
previous studies, it can be noted that among all deep neural
networks, the VGG-16 has excellent capabilities in feature
extraction and classification from images due to its
structure and activation functions used in its different
layers. Therefore we used a CNN (VGG-16) to extract a
vast variety of features from each image and classification.
Another important point in the discussion of network
evaluation is to examine the validation of networks in the
training and testing phases. To achieve this goal, the data
must first be divided into three parts: training, test, and
validation, and then the 10-fold cross validation method
was be used.

3- Results and discussion

It should be noted that the data in the database, consists of
three categories, so the output layer of the VGG-16
network in this research is designed to have three output
classes (TONO, T3N1 and T3N2). Another important point
in the context of using machine learning methods is the use
of validation methods. In this study, the 10-fold cross
validation method was used. Therefore, the accuracy,
specificity, and sensitivity of the model in the ten
repetitions must be obtained and their average reported.
The values of the accuracy, specificity, and sensitivity of
the model are 94.2%, 95.8%, and 96.4%.

4- Conclusion

This study was conducted to determine tumor size and
lymph node involvement of colon cancer using magnetic
resonance imaging in 1312 patients. The results of this
study (94.2%) indicate that it is possible to simultaneously
assess the extent of colon tumor spread to lymph nodes and
metastasis without the use of carcinogenic imaging
modalities such as CT and other invasive modalities such
as endoscopy or pathology. It should be noted that in this
study, the data were categorized into three categories
based on the two parameters T and N, which is very
common in clinical work. Therefore, it can be claimed that
the method used, unlike previous studies that focused only
on a specific group of patients (for example, only T1b), is
able to examine a more general population of patients.
Another innovation used in the study is the use of safe
images without the risk of radiation.
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