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ABSTRACT

Information security is an important matter, especially with the increased demand for
information due to the advent of the Internet, as this information has entered many
scientific, commercial, and military fields, and this has become widely circulated as
the need to protect this information from penetration has arisen by developing
techniques to encrypt and preserve information. In this research, a system based on
mixing was developed, taking advantage of the strengths of both algorithms, to ensure
information protection and more reliability, and to add an additional level of security,
where the modified symmetric encryption algorithm, which works with the public key
AES, was combined with the modified asymmetric encryption algorithm, which
works with the private key, RSA algorithm. In the AES algorithm, there was an
increase in speed and a new security prefix by adding Four-S Boxes to the generation
key, as well as adding Four-S Boxes to the encryption algorithm to increase the
computational complexity of the difficulty of breaking by the attacker. In the RSA
algorithm, an additional level of security was added to the modified algorithm by
increasing the complexity of (n), which depends on the values of the initial numbers
(p, ), in addition to adding other layers of complexity by calculating the value of e.
Among the most prominent findings of the study is that hybrid algorithm(AES+RSA),
compared with previous studies, has a high level of security, strength, and speed at the
time of encryption and decryption, as this hybrid system algorithm was faster than the
RSA algorithm and slightly slower than the AES algorithm, as the throughput was
high compared to other studies.

Keywords: Cryptography, Cryptography Algorithms, Mixing AES and RSA,
Execution Time, Throughput

1. INTRODUCTION
The matter of protecting and preserving information from penetration is a major
concern as a result of the increased demand for this information, which is represented
by (texts, images, audio files, and video files) that have entered many areas, including
wireless networks, and engineering, medical, and military fields, where this
information is exchanged through an open environment that is easy to penetrate, as it
called on scientists to develop techniques to hide this information, and among these
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technologies are cryptography algorithms (Zong & Natgunanathan, 2014)(Abood,
2017).

Cryptography is of Greek origin from two words first, crypto means "hidden secret";
The second is graphein, meaning "covered writing". Encryption is an important
science and it is one of the techniques of concealment science. It is an important and
necessary technique to protect information from external attacks. Through this
technique, the original message is converted into a secret encrypted message between
the sender and the receiver using encryption algorithms. There are two types of
cryptography algorithms: symmetric key algorithms are also known as the private key
cipher system, where this one has one private key for encryption and is itself private
for decryption, while the second type of algorithm is known as the asymmetric key
cipher system is also known as the public key cipher system, where this type of
algorithm has two keys, the first is private for encryption and the second key is private
for decryption(Rajkamal & Zoraida,2014)(Bokhari & Shallal,2016)(Timilsina &
Gautam,2019), as shown in Figure 1.

Encryption Decryption
P Cipher Text P

Plain Text 5 Aw Plain Text

Figure 1: cryptography model

The main term of cryptography can be described as follows (Stallings,2006):

Plain Text: An original plain message or data, it's nourished into an encryption
algorithm.

Encryption Algorithm: The encryption algorithm converts plain text into ciphertext by
using performs various substitutions and transformations.

Key: The secret value independent of the plain text and encryption algorithm. It's also
input into the encryption algorithm. The exact substitutions and transformations
performed by the algorithm depend on the secret key.

Cipher Text: The ciphertext is a random stream of data, it’s the output
incomprehensible of a scrambled message. It depends on the plaintext and secret key.
Decryption Algorithm: The decryption algorithm run in the opposite. It takes
the ciphertext and secret key and produced the plain text(original format),as shown in
figure 2.
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Figure 2: Cryptography Algorithms

2. LITERATURE REVIEW

(Bokhari et al.,2018) "Hybrid Blowfish and RSA Algorithms to Secure Data between
Cloud Server and Client." In this paper, a hybrid algorithm is proposed to encrypt and
decrypt data during transmission between the server and the client in cloud computing
(CCS and CCC). Applying the HMAC feature to the ciphertext that was produced by
the fish algorithm, the results of the proposed system were good in comparison with
previous literature.

(Abd Zaid &Hassan,2018) "Lightweight RSA Algorithm Using Three Prime
Numbers." In this study, a novel strategy is utilized to obtain (n) with the same length
as the usual RSA but with fewer bits for prime numbers by using three prime numbers
instead of two prime numbers. This method uses three prime numbers and the Chinese
Reminder Theory (CRT) to increase speed for both the regular RSA key generation
side and the decryption side. Research results indicate that the average speed
improvement is 80% in the key generation process, 96% in the decryption process,
and only 4% in the encryption process.

(Carlo et al.,2019) “Modified Key Generation in RSA Algorithm”. In this paper, the
RSA algorithm is modified based on modulo and public key. , the public key was
modified to be a hidden key through the random selection of the collected values and
converting it to a different value. From the results of this research, the modification of
the RSA algorithm based on modulo and the public key gave a new model consisting
of two levels of the encryption process and the decryption process. One of the
conclusions of this research is that the new model has the factors to hide the private
key.

(Isiaka et al.,2019) “Hybridization of RSA and Blowfish Cryptography Algorithms
for Data Security on Cloud Storage”.In this research, a hybrid system is proposed that
is able to use the BLOWFISH symmetric encryption algorithm and the other
asymmetric RSA, where the algorithms are designed in such a way that one of them
authenticates the authorized user and the other provides confidentiality and security
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for the data stored on the cloud. One of the most prominent results of this research
was a high improvement in data security in cloud storage.

(Ezekiel Bala et al.,2019) “Hybrid Data Encryption and Decryption using RSA and
RC4”.In this study, a hybrid system based on two algorithms was designed to add
very high security to the public and private keys. The first is private key encryption
based on a straightforward symmetric algorithm, and the second is public key
encryption based on a linear block cipher. Compared to other encryption algorithms,
this one offers a more reliable and secure authentication system. Data is transferred
utilizing keys with symmetric encryption to accomplish hybrid encryption. Public key
cryptography has been implemented for symmetric random key encryption. Once the
symmetric key is retrieved the recipient can use the public key encryption method to
decrypt the symmetric key. In comparison to earlier tests, the research's findings
indicate a significant improvement in data security and a general improvement in the
system's performance. This system was programmed using the C# programming

language.

(Alegro et al.,2019) "Hybrid Schnorr, RSA, And AES Cryptosystem.". This study
develops a hybrid Schnorr Authentication Algorithm-based authentication algorithm
that confirms the identity of the message's sender. When a message is sent from the
sender to the receiver and vice versa, algorithms with RSA and AES encryption
methods are combined to increase security and lessen the impact of a man-in-the-
middle attack on the system. by including further encryption techniques.

(Timilsina et al.,2019) "Performance analysis of hybrid cryptosystem-A technique for
better security using blowfish and RSA”.In this research, a hybrid system was created
by combining two algorithms, AES and RSA. By combining them with each other,
their performance is analysed based on five parameters, which are throughput,
encryption time, decryption time, total execution time, and plaintext size to the ratio
of ciphertext size with key size. Various for the Blowfish algorithm range from 32-
bit-448-bit. As a result of this research, we found that Blowfish RSA with a key size
of 448 bits has better performance than all other bit sizes.

(Abd Zaid & Hassan,2019) "Modification advanced encryption standard for design
lightweight algorithms.". In this paper, AES-128 encryption has been analysed and
made lightweight with respect to power consumption. In the modified AES algorithm,
it is proposed to implement the AES mix columns operation and combine the round
key addition operation with the mix columns to perform one cycle, and the shift row
operation is modified into shift rows and shift columns and the number of rounds is
reduced to only 6 rounds for the modified AES. The results of the research were that
the modified algorithm excelled and was faster and had a safety ratio of 6 rounds due
to the modification in the operations of mix columns and transformation rows higher
than the standard algorithm due to its success through the set of statistical tests.

(Gupta &Sanghi,2021) Matrix Modification of RSA Public Key Cryptosystem and its
Variant” .In this paper an RSA public key cipher system is proposed using # x &
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square matrices. Also, a variant of RSA using the model coefficient p” ¢ with a matrix
with a modified matrix has been proposed.

(Chaloop, & Abdullah,2021) "Enhancing Hybrid Security Approach Using AES And
RSA Algorithms." In this study, a hybrid encryption method is introduced to
safeguard sensitive data shared between individual users, businesses, organizations, or
cloud applications, among other things. During data transmission over the network.
Firstly, the algorithm was designed by merging two algorithms, AES and RSA, and
secondly, the work of this algorithm was evaluated in comparison with other hybrid
algorithms based on its efficiency based on time analysis. In comparison to earlier
studies, the experiment findings demonstrated that this hybrid method is more secure.

(Guru & Ambhaikar,2021). "AES and RSA-based Hybrid Algorithms for Message
Encryption & Decryption." In order to address security issues, lack of complexity,
time, and other issues, a hybrid encryption method that combines the AES and RSA
algorithms is developed in this study. According to the research's experimental
findings, the hybrid encryption algorithm RSA and AES may not only encrypt files
but also improve the technique's efficiency and security.

(Abroshan,2021) "Enhancing Hybrid Security Approach Using AES And RSA
Algorithms".In this paper an effective encryption system is proposed to improve
security in cloud computing. Improvements have been made to the hybrid algorithm
(Blowfish, ECC). In order to improve security and performance, Blowfish will
encrypt the data and the elliptical curve technique will encrypt the key. Moreover,
digital signature technology is used to ensure data integrity, and the results show
improvement in throughput, execution time, and memory consumption parameters.

(Sahin,2023) “Memristive chaotic system-based hybrid image encryption application
with AES and RSA algorithms” .In this paper, we propose a two-stage image
encryption model, the first stage is the logistic map, chaotic Lorenz system and
memristor-based super similar system, and the second stage with AES and RSA
encryption algorithms applies the scheme to improve the security of encrypted
images. The results of this research show the effectiveness of the proposed image
encryption scheme in terms of security, speed, and reliability and provide valuable
insights for the development of chaos-based encryption systems in the future. This
research was evaluated through statistical tests and compared with previous studies.

1. PRINCIPLES OF ALGORITHMS AND TECHNIQUE

1.1 AES Symmetric Algorithm

It is a symmetric algorithm that was replaced by the DES algorithm in 1991. The AES
algorithm supports three key sizes 128,192,256. The AES algorithm is an analog
algorithm that uses a single key for encryption and decryption. The AES algorithm
gives more security and high confidence in the encryption of information, as AES 10
passes Rounds for the 128-bit key, 12 rounds for the 192-bit key, and 14 rounds for
the 256-bit key[Stallings,2006][Chowdhury et al.,2010]. The AES algorithm goes
through four stages [Mandal et al.,2012]:-
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1- First Stage (Substitute Byte)

In this stage. The AES algorithm contains a 128-bit data block, which means that each
data block is 16 bytes, in this type, every byte (8 bits) of one block of data is
converted to another block using an (8-bit) square known as Rijndael Sbox.

2- Second Stage (Shift of Rows)

In this stage and depending on the location of the row, the data in the three rows of
the case is shifted periodically, a circular left shift of 1 byte is made, and a circular
left shift of 2 bytes is performed, for the third and fourth rows.

3- Third Stage (Mix Columns)

In this process polynomial bytes are taken instead of numbers as the fix matrix is
multiplied by each of them as polynomial vectors.

4- Fourth Stage (Add Round Key)

In this stage. It is a single XOR between 128 bits of the current state and 128 bits of
the round key. Figure 3 shows the steps of AES algorithm.

Plaintext Key Plaintext

[Addroundkey | ll wio, 3] [ Addroundkey ]

| Substitute bytes | [ §
2
B
3
=
g
2
E
2
2

Round 10

Ciphertext Ciphertext

(a) Encryption (b) Decryption

Figure 3: AES Encryption and Decryption Diagram

1.2 RSA Asymmetric Algorithm

This algorithm was published in 1977 by scientists (Rivest-Shamir-Adleman), which
is an encryption algorithm used to encrypt information and increase its security, and
this type of algorithm is asymmetric as it consists of the public key that is for
encryption and the private key that is for decryption, simply the RSA algorithm is
slow, and the calculation is RSA is of integer modulo n=p*q, where this algorithm
requires a key of at least 1024 bits to increase the security of information encryption,
the larger the key size such as 2048, 4096, the more secure the information
encryption[Sadkhan & Sattar,2014]. To create public and private keys, follow these
steps [Chuang et al.,2016]:

Steps of RSA Asymmetric Algorithm

Step-1: consider two large prime numbers p and g.

Step-2: compute n=p*q
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Step-3: compute ¢(pq)=(p-1)*(g-1)

Step-4: select integer e such that GCD (p(n),e)=1, 1<e< ¢(n), then get public key:
KU={e,n}using for encryption.

Step-5: Calculate d=e’(mod ¢(n)), then get private key: KR={d,n} using for
decryption

Step-6: Calculate cipher text C from plain text M such that (C=M° mod n) for
encryption, then calculate plain text M from cipher text (M=C? mod 7) for decryption.
Figure 4 shows the steps of RSA algorithm.

/ Kcey Generation \

Select p, g p and g both prime

Calculate n = pxg
Calculate §ln) = (=~ 1)(g~1)

Select integer ¢ ped($(n), @) = 1, 1 <o <&M

Calculate o dw ¢ mod ()

Public key RU = {e, n)
Qﬂ'a!o kev KR = (d, n) /
(" Encryption )

Plaintext M=<n

Ciphertext C = A (mod n)
o /
-~ ™

Deceryption
Ciphertext (s
Plaintext A= C* (mod n)

_/
Figure 4: RSA Encryption and Decryption Diagram

3. METHODOLOGY

In this paper, a hybrid system based on three steps was developed. The first step is the
encryption and decryption of information using the modified AES algorithm with a
symmetric key, the second step is the encryption and decryption of information using
the modified RSA algorithm with two keys, and the third step is the combination of

the two algorithms to produce A new algorithm takes advantage of the strengths of the
two algorithms called mixing AES and RSA cryptography algorithms represented in
speed, security and computational complexity. The steps are divided into the
following:

3.1 First Step (AES Algorithm Modification)

The first stage of the research methodology is the modification of Advanced
Encryption Standard (AES) algorithm with one symmetric key AES with a key size
of 128 bits. The purpose of developing the algorithm is to increase the percentage of
security and speed and add complexity to the key and encryption to be four times
higher than the standard algorithm by adding (Four S- Boxes) to generate the key and
(Four S-Boxes) to encrypt the original data so that it is difficult for the attacker to
break it and access the original information.

Encryption Process
Inputs: Plaintext data block.

(13)



Output: Ciphertext data subblock right.

- Use a latch selector to select the right block of 128 bit from the input data block.

- Store the plaintext in 2d 4x4 state matrix Sy 4.

- Select the round key of 128 bit.

- For key expansion, generate the word0 of keyk[0] from

K[n]:w[0] = K[n — 1]:w[0] D SubByte(K[n — 1]:w[3] > 8) © Recon][i]

- Generate the remain words from K[n]:w[i] = K[n — 1]:w[i] & k[n]:w[i — 1]

- Store the round key in 2d 4x4 key matrix Kyy4.

- Add round key matrix to the plaintext using  xor-function
§4><4 = Sixa @ Kyxa.

- Select two bits, (Byte 3.2) mod 2 and (Byte 3.3) mod 2 of key matrix Kyy4.

- The selected two bits determine one of four sub byte (s-box table).

- Each value of produced state matrix §4><4 replaced with the corresponding value in
the selected S-box to produce SByy4.

- Each row in SB,.4 is moved over (shifted) 0,1, 2, or 3 spaces over the right
depending on the row to produce SR, y4.

- Product the state matrix SR,.4 by mixing columns matrix My, to produce
CMyxq = My X SRyxs.

- Repeat the above steps 10 times from Add round key.

- The ciphertext of 128-bit produced CM 4

w([0]:woo Wwo; Wop, Wpos
_W[1]=W10 W11 Wiz Wis
"w[Z]iwyg wyp Wy wag
w[3]:wszg wz; wzy wss

k1

Where w;; 2 hexadecimal digits for word w[0]
Decryption Process

Inputs: Ciphertext data subblock right.

Output: Plaintext data block.

- Product the state matrix SR4x4 by mixing of Inverse Columns Matrix M., to
produce ICMy,y = Myys X SRyxa.

- Each row in ICM,,, is moved over (shifted) 0,1, 2, or 3 spaces over the left
depending on the row to produce ISR4y4.

- Each value of produced state matrix ISR 44 replaced with the corresponding value
in the selected S-box to produce ISByy4.

- Apply inverse for the selected two bits to determine one of four sub-bytes (s-box
table).
- Select two bits, (Byte 3.2) mod 2 and (Byte 3.3) mod 2 of key matrix Kyy4.

- Add inverse round key matrix to the plaintext using xor-function
Saxa = Saxa ® Kaya.

(14)



Store the plaintext in 2d 4x4 state matrix Syy4.

Select the round key of 128 bit.
For key  expansion, generate the word0 of keyk[0] from

K[n]:w[0] = K[n—1]:w[0] @ SubByte(K[n — 1]:w[3] > 8) @ Recon|[n]
Generate the remain words w’s from
K[n]:wli] = K[n — 1]:w[i] @ k[n]:w[i — 1]
Store the round key in 2d 4x4 key matrix Kgy4.
Repeat the above steps 10 times from Add round key to find deciphered text.

AES Modified Encryption and Decryption, as shown in figure 5.

3 it coip .u =xr=r=—= 1 | | e e 3
i == a||||||||=1,|1|,|-—r—3*‘_+“‘
= SES I ' !V |W ‘ :
—iil u'x@mn:l-—l-“‘

Figure 5: AES Modified Encryption and Decryption

3.2 Second Step (RSA Algorithm Modification)
The second stage of the research methodology is the modification of the standard

asymmetric algorithm with two keys. The purpose of developing the algorithm is to
increase the security rate and add complications to the clear text by dividing it into a
matrix with dimensions (2*h) and calculating its determinant, in addition to adding
complexity to the key by giving large values to (p,q) and thus The value of (n, N)
increases, in addition to adding other complications to the algorithm, so that it is
difficult for the attacker to break it and access the original information.

Encryption Process

Select p, q, where p, q both prime, p # q.

Calculaten = p X q.

Construct (M), 5, matrix from plaintext block into.
Calculate determinate |M|.

Calculate N = p(p" — 1) x (¢g" - 1)

Calculate the Greatest Common Divisor gcd(|M|,n).

(15)



- Select integer e where ged (e,N) =1; 1 <e <N

- Select integer k, where 0 < k < e; d]e.
kxN+1

- Calculate d = . where: d = e L mod N

- Select r, where r = 2.
- Calculate x = r + 2e
- Calculatey = 2n —r
- PublicKey PU = {x,y,1}
- Private Key RP = {d,y,r}

- Calculate ciphertext C = M7 mod [J’T”])
Decryption Process
- Calculate decipher text M = C d mod[yzi])

RSA Modification Algorithms Encryption and Decryption, as shown in figure 6.

Figure 6 : RSA Modification Algorithms Encryption and Decryption

3.3 Third Step (Mixing AES and RSA Cryptography Algorithms)

In the third step, the files are encrypted and decrypted using the hybrid or combined
system by merging the two modified algorithms AES and RSA, where the file is
divided into two parts, one part works with the modified AES algorithm with a 128-
bit key, and the other part works with the RSA algorithm. . That works with a 128-bit
key. Thus, after the encryption process between the two algorithms, the encrypted file
is obtained, through the decryption algorithm of this mixing algorithm, the original
file is obtained. The primary purpose of mixing two algorithms is to take advantage of
the strengths of security, speed, reliability, and throughput of each form of encryption.
The second primary purpose, by combining public and private key cryptographic
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systems, is to overcome some of the drawbacks of each algorithm. The block diagram
of mixing AES and RSA cryptography algorithms, as shown in figure 7.

Figure 7: Block Diagram of Mixing AES and RSA Cryptography Algorithms
4 QUANTITATION ANALYSIS

There are many performance measures, used to measure the performance which is
used to enhance hybrid system-based AES-RSA Algorithms and the hopping
technique, and they are as follows [Isiaka et al.,2019]:

4.1 Time of Encryption: It takes to convert a plain text to a cipher text.

Time of Encryption = recording time after Encryption - recording time before
Encryption ....(1)

4.2 Time of Decryption: It takes to convert a cipher text to a plain text.

Time of Decryption = Record time after Decryption — Record time before
Decryption ...(2)

4.3 Time of Execution: Is the summation the encryption time and the decryption
time.

Time of Execution = Encryption Time + Decryption Time....... 3)

4.4 Throughput: Is the rate at which data or file is transferred. It is the size of the file
uploaded divided time it takes to recover the file.

Throughput = Total size of the file uploaded /Total Evaluation Time of
Algorithm...... 4)

(17)



4.5 File Size: Is the size of the file uploaded to the server.

5 RESULTS EVALUATION

In this research, two algorithms, AES and RSA, were modified and a third integrated
algorithm called Hybrid Algorithm(AES+RSA) was produced. Where these
algorithms were evaluated in terms of speed in encryption and decryption time as well
as different file sizes for information, as well as calculating the throughput of each
algorithm, through the use of the platform Microsoft Visual Studio Community 2022
(64-bit), Version 17.6.5 Visual Basic language to construct the algorithms, under
Windows 10 64-bit, The CPU Intel(R) Core(TM) i5-3230M CPU @ 2.60GHz, RAM
8 GB DDR3 and HARD 320 GB are the device specifications used. This paper uses
ten files with sizes of different (1.19 MB, 5.384 MB, 11.804 MB, 21.4 MB, 35.350
MB, 42.8 MB, 46.4 MB, 50 MB, 59.809 MB, 106 MB). In this paper calculates the
encryption and decryption time for (AES, RSA, and Hybrid System), and compares
this study with previous studies. The results in this paper depend on two approaches
as shown below.

5.1 Securing Data

In this research, three algorithms were developed and tested on ten files format (.txt,
Jpg, .mp3, .mp4, .pdf) of different sizes, where the encryption and decryption time
measured (in seconds) were calculated for each of the AES, RSA, Hybrid Algorithms
(AES+RSA). The results showed that the hybrid algorithm provides reliability and
has a high level of security of the transmitted the data when comparing the algorithms
RSA and AES, as shown in table 1 and figure 8.

Table 1: Time for each Algorithm in second
No of Plain file Modification Algorithms Mixing Algorithms
File size (MB)
AES RSA AES+ RSA

Encryption Decryption Encryption Decryption Encryption Decryption

Time Time Time Time Time Time
1. 1.19 0.011 0.028 0.1 0.2 0.01 0.19
2. 5.384 0.09 0.07 0.2 0.9 0.1 0.3
3. 11.804 0.18 0.12 0.25 0.95 0.15 0.45
4. 214 0.3 0.33 0.35 1.55 0.25 0.7
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5. 35.350 0.55 0.61 0.65 2.85 0.35 0.95

6. 428 0.79 0.8 0.83 4.57 0.5 1.1
7. 46.4 0.88 1.01 1.1 5.1 0.75 1.35
8. 50 1.04 1.14 1.25 5.65 0.87 1.43
9. 59.809 1.1 1.19 1.3 6.2 1.02 1.48
10. 106 2.18 1.35 2.38 7.62 1.5 2.1
25
2
15
0.5
ot ool aid ad ‘l
1.19 5384 11.804 214 3535 71 59.809
M AES Encryption Time M AES Decryption Time i RSA Encryption Time
M AES +Encryption Time M AES +RSA Decryption Time
Figure 8:Time in Second for each algorithm

By calculating the total execution time in table 2 of the three algorithms for ten files
of different sizes, it is shown in figure 9. Because compared to other algorithms, the
hybrid algorithm produces outcomes that are better and has higher levels of
information security. And that the speed of the hybrid algorithm in the overall
execution is faster much slower than RSA algorithm and much slower than AES
algorithm

Table 2: Total Time in Seconds for Each Algorithm
Plain file Modification Algorithms Hybrid Algorithms
size (MB)

AES Total RSA Total AES+ RSA Total
File Time (Second) = Time (Second) Time (Second)
1. 1.19 0.039 0.3 0.2
2. 5.384 0.16 1.1 0.4
3. 11.804 0.3 1.2 0.6
4. 214 0.63 1.9 0.95
5. 35.350 1.16 35 1.3
6. 42.8 1.59 5.4 1.6
7. 46.4 1.89 6.2 2.1
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Figure 9: Total Time Execution Time for Three Algorithms

The results in this research showed that the hybrid algorithm in this
research was faster 23.31% execution time compared with previous
studies (Chaloop, & Abdullah,2021) ( Ghaly & Abdullah, 2021) and

table 3 shows that.

Noof Plain file
File size (MB)

1.19
5.384
11.804
214
35.350
42.8
464
50
59.809
10. 106

LIPSO B D=

Figure 10 shows the execution time of the hybrid algorithm with execution time for

previous studies

Table 3: Compare Hybrid Algorithms with Existing Systems

Existing Systems

(Second)

0.53
0.67
0.90
1.26
1.73
2.15
245
2.78
2.95
4.26

(20)

Hybrid Algorithms
AES+RSA (Second)

0.2
0.4
0.6
0.95
1.3
1.6
2.1
23
2.5
3.6
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Figure 10: Execution Time for Hybrid Algorithms with Existing Systems

51 Throughput

Throughput means the sum of file sizes different divided by the average execution
time of the algorithm. The table shows the values of throughput of the three
algorithms (MB/second). Analysis of throughput shown in table 4 and figure 11.

Table 4: Throughput values for the algorithms

Total Files Sizes RSA Hybrid Algorithms AES
(MB) Throughput Throughput Throughput
380.137 86.395 244 461 276.082
244 461 278

300

200 8@.395

w iy

0
RSA Throughput Hybrid AES Throughput
Algorithms
Throughput
Figure 11: Throughput values for the algorithms

The results of this research , through table 5 showed that the throughput of the
hybrid algorithm was higher according to the size of the files and compared with the
throughput of previous studies (Chaloop, & Abdullah,2021) ( Ghaly & Abdullah,
2021) , and the figure 12 shows the throughput analysis.

Table 5: Values of Throughput of Hybrid Algorithms with Existing System

Total File Size Existing System Hybrid Algorithms
(MB) Throughput Throughput
380.137 193.110 244.461

(21)



244.461

300 193.11
200
100
0
Existing System [] []  Hybrid Algorithms
Throughput Throughput

Figure 12: Values of Throughput of Hybrid Algorithms with Existing
System

6 Conclusion

In this research, a hybrid system based on the combination of the symmetric and
asymmetric encryption algorithm AES-RSA has been improved. Where the
purpose of this research was to improve encryption performance, enhance data
security, store keys, calculate encryption and decryption time, execution time, and
throughput for the standard algorithms and the hybrid algorithm, and compare it
with previous studies.

Among the most important findings of this research is that the improved hybrid
AES-RSA algorithm is 63.15% faster than RSA Algorithm, and 36.85% slower
than the AES algorithm.
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Abstract:

This study presents a semi-quasi Hamsher module that each non-zero Artinian
submodule has a semi-maximal submodule, which is a generalized of Hamsher
module. And semi-quasi Loewy module that each non-zero Noetherian submodule
has a semi-maximal submodule, which is a generalized of Loewy module. This article
introduces some properties of semi-quasi Hamsher and semi-quasi Loewy modules .

Keywords: semi-quasi Hamsher module, semi-quasi Loewy module, semi-maximal submodule and
semi-socle submodule .

Introduction:

Throughout rings and modules are unitary. We use the terminology and notations of
Anderson and Fuller[1]. Faith [2] defined a module X is Hamsher if each non-zero
submodule of X has a maximal submodule. In[3] we see that X has finite length if and
only if X is Hamsher and Artinian. Weimin[4] generalized to quasi-Hamsher module
X if every non-zero Artinian submodule of X has a maximal submodule. A ring R is
said to be right maximal if each non-zero right R-module has a maximal
submodule[2].This class of rings includes right perfect rings. In this paper, we
characterize semi-quasi-Hamsher module(for short; S.Q.Ham.Mod) if each non-zero
Artinian submodule has a semi-maximal submodule(for short; s-max.sub).

1-S.Q.Ham.Mod: The class of S.Q.Ham.Mod is closed under submodules, also
closed under extensions, direct products, and direct sums as we see in the following
propositions .

... f
Proposition(1.1)Let 0 =X; = X g>X2—> 0 be an exact sequence of modules. If X; and
X> are S.Q.Ham.Mod, then so is X.

Proof: Let L#0 be an Artinian submodule of X. If g(L) # 0, being an Artinian
submodule of the S.Q.Ham.Mod X, g(L) has a s-max.sub N. Then LNg'(N) is a s-
max.sub of L. If g(L) = 0,L S ker(g) =Im(f) = X, , so L has a s-max.sub since X is
S.Q.Ham.Mod .

Proposition (1.2) Let {Xi}S.Q.Ham.Mod be a family of modules, then the following
statements are equivalent :

1-Each Mi is S.Q.Ham.Mod

2-11i X; is S.Q.Ham.Mod

(26)
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3-69:'6’ X; isS.Q.Ham. Mod
Proof: (1) = (2) Let L#0 be an Artinian submodule of [],;X;, and let fi :
[I.c; X; —Xi be a canonical projections. We have Xi such that fi(L)# 0. Then f; (L) is
an Artinian submodule of S.Q.Ham.Mod Xi so fi(L) has a s-max.sub N. Thus LN{"
'(N) is a s-max.sub of L[6], therefore [[;.; X; is S.Q.Ham.Mod .

(2) = (3) = (1) These are obvious because the class of S.Q.Ham.Mod is closed
under submodules. Cai
and Xue[5] called a module X is strongly Artinian if each of its proper submodule has
finite length. It is easy to see that a non-zero strongly Artinian module has finite
length if and only if it has a maximal submodule if and only if it is finitely generated.
And since every maximal submodule is a semi-maximal submodule, thus we can see
that a module X is semi-strongly Artinian if every of its proper submodule has finite
length[6]. So we can say that a non-zero semi-strongly Artinian module has finite
length if and only if it has a semi-maximal submodule if and only if it is finitely
generated . Proposition(1.3) the following statements are equivalent

X is S.Q.Ham.Mod;

2-Each Artinian submodule of X has finite length

3-Each Artinian submodule of X is finitely generated

4-Each semi-strongly Artinian submodule of X is finitely generated

5-Each non-zero semi-strongly Artinian submodule of X has a semi-maximal
submodule, so it has finite length .

Proof: (1) = (2)Let L be a non-zero Artinian submodule of X. Since each submodule
of L is still Artinian, L is an Artinian Hamsher module, which has finite length.

2)= (3) = @) © (5) and (3) = (1) Thes are obvious .

(3) = (2) If L is an Artinian submodule of X and L has infinite length, then the non-
empty family { N € L | N has an infinite length } has a minimal member, say N.
It is easy to see that N is strongly Artinian and N has infinite length .

As a generalization of maximal module the module X is semi-maximal if it is semi-
simple[7], and [8] defined quasi-maximal module if Rad(anng X) is semi-maximal
ideal of a ring R. Also a ring R is said to be right semi-maximal if each non-zero right
R-module has semi-maximal submodule[9], and we call a ring R is right semi quasi
maximal if every right R-module is semi quasi Hamsher. The next characterizations
of right semi quasi maximal rings follow immediately from the above proposition.

Theorem(1.4) The following statements are equivalent :

1-R is right semi quasi maximal ring

2-Every non-zero strongly Artinian right R-module has a semi-maximal submodule
3-Every (strongly) Artinian right R-module has finite length;

4-Every (strongly) Artinian right R-module is finitely generated.

(27)



Camillo and Xue [3] called a ring R right quasi-perfect if every Artinian right R-
module has a projective cover. Using Th.(1.4) and [3], we see that a ring R is right
quasi perfect if and only if it is semi perfect and right quasi semi-maximal[3]

Proposition(1.5) If R is commutative semi perfect ring with nil J(R), then R is semi-
quasi maximal ring .

A ring R is right maximal if and only if R/J(R) is right semi-maximal and J(R) is
right T-nilpotent[5]. The ring R is a local commutative ring with nil J(R) which is not
T-nilpotent. Hence R is not maximal[3], but R is semi-quasi maximal (Prop.1.5).
Therefore there is a semi-quasi-Hamsher R-module which is not Hamsher. We
conclude that semi-quasi-Hamsher modules and right semi-quasi-maximal rings are
proper generalizations of Hamsher modules and right semi-maximal rings,
respectively.

Example(1.6) Let V be a division ring. Let R be the ring of all countable infinite
upper triangular matrixes over V with constant on the main diagonal and having non-
zero entries in only finitely many rows above the main diagonal. Then R is a local
right perfect ring which is not left perfect. Miller and Turnidge [10] constructed and
Artinian left R-module X which is not Noetherian. Hence R is not left semi-quasi
maximal. This shows that the notion of semi-quasi maximal rings is not left-right
symmetric.

In view of the above example and prop.(1.5), we mention the following result .

Proposition(1.7) Let R be a semi perfect ring with nil J(R). If J(R) is of bounded
index n, i.e.( j" = 0) for each j € J (R), then R is semi-quasi-maximal or semi-quasi-
perfect.

Modifying the proof of [2] we have an analogous result.

Theorem(1.8): The following statements are equivalent
1-R is right quasi-maximal ring
2-The category Mod-R has a cogenerate G which is S.Q.Ham.Mod
3-The injective envelope E(X) of X is S.Q.Ham.Mod for each simple right module X.

Proof: (1) = (2) This is obvious.
(2) = (3) Since G is a cogenerator there is a monomorphism E(X) G for each simple
right R-module X. Hence E(X) must be S.Q.Ham.Mod, since G is.

(3) = (1) Let X range over all simple right R-modules. Then @E(X) is a co-
generator of Mod-R and @E(X) is S.Q.Ham.Mod by prop.(1.2) Let A be a non-zero
Artinian right R-module. We have a non-zero homo. f:L— @E(X). Since f(L) is a
non-zero Artinian submodule of E(X), which is S.Q.Ham.Mod, f(L) has a semi-
maximal submodule of N. Then f "!(N) is a semi-maximal submodule of L .

2-Semi-Quasi Loewy Modules : [12]Recall that a module M is called Loewy if
every non-zero factor module of M has non-zero socle. And a module M is called
quasi-Loewy if every non-zero Noetherian module of M has non-zero socle[4]. A
module M has finite length if and only if M is Loewy and Noetherian [1]. A module X

(28)



X
Rad(X)
module X is semi-quasi Loewy module(for short; S-Q Loy. Mod.) if every non-zero
Noetherian module of X has non-zero semi-socle. The next two propositions show
that the class of S-Q Loy. Mod. is closed under extensions and direct sums.

is semi-local if is semi-simple[13]. In this section we interduce a concept that a

Proposition(2.1) Let 0 =X, EA x5 X,— 0 be an exact sequence of modules. If both X;
and X, are S-Q Loy. Mods., then X is S-Q Loy. Mod.

Proof: Let % # 0 be a factor module of X.

Xr X X
We have an exact sequence 0 » — - —— ——= 0
Ly L L,

X, X, X
If —+ 0and soc (—) # 0, then soc (—) = 0.
L L L

1

h_o Bt o (XZ) 0 and (X) 0
le— ’LZZL;& .Then soc L # O and soc () #0.

Proposition(2.2) Let {Xi}ia be a family of modules. W is S-Q Loy. Mod. if and only if
every Xi is S-Q Loy. Mod..

Proof: The class of S-Q Loy. Mod. is closed under factor modules .
Conversily; let f;: X; =@ X; be a canonical injection.

If Sy is a non-zero (Noetherian) factor module of
L

X
@, X then there is iel such that 0 # g: X; - QL;"

EBEEI XE

where g:@D;e X; — is the natural epimorphism.

Since Im(gj) 0  which is isomorphic to a (Noetherian) factor module of

X; ,we have 0 # soc(Im(gji)) S soc (@iLEIXI') .

o

IfR = P; is an infinite product of the fields P;

i=1
then R is not a Loewy module [8]. Since every P; is a Loewy module, this shows that
the class of Loewy modules is not closed under direct products. We do not know if
the class of S-Q Loy. Mod. is closed under direct products.

A module is called strongly Noetherian if each of its proper factor module has finite
length[14],[15]. It is easy to see that a non-zero strongly Noetherian module has finite
length if and only if it has non-zero semi-socle if and only if it is finitely
cogenerated[6] .

Proposition (2.3) The following statements are equivalent:

1-X is S-Q Loy. Mod.
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2-Each Noetherian factor module of X has finite length

3-Each Noetherian factor module of X is finitely cogenerated
4-Each strongly Noetherian factor module of X is finitely cogenerated

5-Each non-zero strongly Noetherian factor module of X has non-zero semi-soc
and finite length

Proof: (1) =(2) Let % # 0 be a Noetherian factor module of X.

Since each factor module of % is still Noetherian, thus i—(has finite length .

(2)=3)=(4) © (5) and (3) =(1) These are obvious .

5) =Q) If % is a Noetherian factor module of X and %has infinite length, then the

non-empty family {L € L' € X| ‘f has infinte length} .
X
has a maximal member say L. Thus R is strongly Noetherian and

has infinite length .

A ring R is called right S-Q Loy. if every right R-module is S-Q Loy. . The next
characterizations of right S-Q Loy. rings follow immediately from the above
proposition.

Theorem(2.4) The following statements are equivalent :
1-R is right S-Q Loy. ring

2-Each non-zero (strongly) Noetherian right R-module has non-zero semi-socle
3-Each (strongly) Noetherian right R-module has finite length

4-Each (strongly) Noetherian right R-module is finitely co-generated

It follows from Th.(1.4) and Th.(2.4) that the rings studied by Tanabe [11] are
precisely left semi-quasi maximal and left S-Q Loy. rings. An analogous result of
Th.(1.8) is the following

Theorem (2.5) A ring R is right S-Q Loy. if and only if Mod-R has a generator C
which is S-Q Loy.

Proof: If Xis a Noetherian right R — module X = <

L

C" is S-Q Loy. prop.(2.2), so %ﬂ has finite length prop.(2.3). Hence R is right S-Q
Loy. th.(2.4) .

The convers is clear

The next proposition gives a class of commutative S-Q Loy. rings.
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Proposition (2.6) If R is a commutative semi-perfect ring with nil J(R) then R is S-Q
Loy. Mod. ring .

Proof. By Th.(2.5), it suffices to show that R is a S-Q Loy. Mod. . Let A be an ideal of

R . .
R such that - is a Noetherian R-module .
. . . . R . (R
Then the commutative semi — perfect Noetherian ring 1 has nil | (E) :
R, .. . R .
Hence  is an Artinian ring. Then ; has finite length as an R-module .

R is right Loewy ring if every right R-module is Loewy[4], its mean every non-zero
right R-module has non-zero socle, equivalently, the right R-module Rr is Loewy.
Every left perfect ring is right Loewy. In [16] R is right Loewy if and only if % R is
right Loewy, and J (R) is left X-nilpotent. The ring R in [3] is a local commutative
ring with nil J (R) which is not X-nilpotent. Hence R is not Loewy, prop.(2-6) but R is
semi-quasi. Therefore there is a S-Q Loy. Mod. which is not Loewy. We conclude
that S-Q Loy. Mod. and S-Q Loy. rings are proper generalizations of Loewy modules
and right Loewy rings, respectively.

Let R be the ring in ex.(1.6) Then R is a local right perfect ring which is not left
perfect[17]. Miller and Turnidge [6] constructed a Noetherian right module X which
is not Artinian. Hence R is not right S-Q Loy. Mod. .This shows that the notion of S-
Q Loy. rings is not left-right symmetric. In view of this fact and prop.(2.6), we state

the next result, which follows from [11] .

Proposition (2.7) Let R be a semiperfect ring with nil J(R). If J (R) is of bounded
index n then R is (two-sided) S-Q Loy. ring .

Since a commutative regular ring need not be Loewy (see R = [[{Z, P; preceding prop.
2.3),

Proposition (2.8) Every strongly regular ring R is a (two-sided) S-Q Loy. ring .
n

Proof:let z xiR be a Noetherian right
i=1

R — module.It suf fices to show X

has finite length, we have

x;R = — for some ideal A of R,since — is aright
! A A

Noetherian regular ring it is semi — simple,

R .
and S = xR has finite length .
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3-Semi-Quasi Hamsher Rings(S-Q Ham. Rings)

Morita duality. A bimodule gIr defines a Morita duality if gIr is faithfully balanced
and both Ir and gl and Ir are injective co-generators. In this case, both R and G are
semi-perfect rings. In [18] we can see a presentation of Morita duality, by using
properties of Morita duality .

Proposition(3.1) Let gIr define a Morita duality. If Xr is a I-reflective right module
then

XRr is S-Q Low. Mods if and only if the left G-module gHorni(Xr , GIr) is S-Q Low.
Rings .

XRr is S-Q Ham. Mods if and only if the left G-module gHorni(Xr , gIr) is S-Q Ham.
Rings .

Theorem(3.2)If gIr defines a Morita duality, then the following statements are
equivalent:

R is right semi-quasi maximal

G is left semi-quasi maximal

3- R is right semi-quasi Loewy

4- G is left semi-quasi Loewy.

Discussion and conclusion: The aim of this manuscript is to introduced a new
generalized of Hamsher module which is semi-quasi Hamsher module that each non-
zero Artinian submodule has a semi-maximal submodule. This class of module is
closed under extension, direct product and direct sum. Furthermore; we introduce a
new generalized of Loewy module which is semi-quasi Loewy module that each non-
Zero

Noetherian submodule has a semi-socle submodule. This class of module is closed
under extension, direct product and direct sum .
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Abstract:
The aim of this study is to understand the interaction between different minerals and radiation,

including how they respond when exposed to expected levels or doses of radioactive sources. The
study will advance understanding of the consequences radiation exposure and provide insight into
mineral use at relevant contexts in nuclear, industrial etc. The principle objective is to investigation
on five type o four different minerals in radiation effects by using the plotting method. The main
steps of the survey included choice for 5 minerals analysis include Iron, thorium and lead, calcite
and pyrite or vice versa where mineral samples were irradiated by cesium radiation source or x-
rays. Then the study is done by using plotting method which consists of evaluating dosimetric
effects and consequent from radiation exposure. Part of this technique includes constructing impact
curves for each mineral as a function of mass attenuation coefficient and its physical or chemical
properties when irradiated. In addition, the study includes modeling data from the plots with
specific and related mineral composition parameters that vary under different levels of radiation.
The ultimate purpose of this investigation is to assess the radiation-induced effects on each mineral
based on the results and ascertain how radioactivity may affect physical-chemical properties for
each particular type.

Keyword: Radiation effects, Mineral, Thorium, Calcite, Pyrite.
1. Introduction

Biological networks include protein-protein interaction (PPI) network, gene regulatory network
and metabolic pathway where Graph theory is extensively used in the field of biology to analyze
various biological systems that ultimately help us in understanding an organization of a biological
system. One of the most relevant studies on this latter matter is an investigation by Barabasi and
Oltvai (2004), which explores how graph theory can play a role in studying the architecture of
biological networks [1]. Almaas (2007) reviews work in network analysis techniques and their
application to systems biology [1]. In addition, this theory is critical to investigate molecular
structures, chemical reactions and identify the features of atoms and bonds. Molecular entities may
be depicted" in the form of graphs, in which atoms constitute nodes and the chemical bonds
between them are edges. In the research of Trinajsti¢ (1992), explores the applications of graph
theory in chemical graph theory [3]. Furthermore, graph theory is essential to the world of
electrical engineering for analysis of communication networks; routing algorithms and coding
theory. Since networks have topologies (or structures) that govern the way nodes interact with each
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other, it is natural to use graph-based models and algorithms for creating and improving network
building.

Deo (2005) covers many different uses of graph theory in electrical engineering [4]. Graph theory
also is the cornerstone for numerous computer science algorithms and data structures. It is
applicable to different fields like network analysis, social networking analysis and algorithmic
design optimization. An alternative and more detailed treatment of graph theory and its use within
Computer Science is presented in the book by West (2001) [5]. In addition, Graph theory plays an
important role in the area of operational investigation for dealing with optimization challenges
including scheduling and transportation networks and supply chain management. Graph-based
algorithms can be used to model and analyze complex systems in order to improve the allocation
of resources, as well help decision making parties. Ahuja et al. Applications of graph theory in
operations research [6]. (1993). The device is employed in various scientific areas and state-of-art
information & computer technologies. A graph, denoted by Q = (M,N), is formed as a collection of
vertices (M(H)) and edges(N(H) in the graph H.

In the realm of graph theory, a cut-set denotes a collection of edges that, upon elimination, causes
the graph to become disconnected. The vertex connectivity of the correspondence graph H is
characterized as the minimal quantity of vertices that, upon removal, result in a disconnected
residual graph [7-9]. significantly, Haregeweyn and Yohannes utilized the non-agricultural
pollution model (AGNPS) to gauge drainage basin pollution in Ethiopia [11], whereas the focus
was on second-generation computer software for internal dose evaluation in nuclear medicine [10].
Ilyas et al. concentrated on the estimation and comparison of diffuse solar radiation distribution
throughout Pakistan [12]. Arshad Ali delved into temperature gradients for thermal systems
utilizing the spectral methodology [13]. Moreover, investigations were carried out concerning skin
dose evaluations and methodologies for estimating radiation dose to the skin throughout
fluoroscopically assisted practices [8].

Within the scope of this manuscript, we delve into the visual approach for evaluating the influence
of mineral radiation on five particular mineral types. This work extends prior research efforts,
which encompass the utilization of recognized methodologies to assess radiation dosage on the
skin during fluoroscopy, as explored in the work of [16].

2- Create a mathematical model using hr to estimate the estimate of M(hr)
Graph theory.

In an empirical setting, the present study employed a graph-based methodology to predict the
amount of minerals and evaluate the influence of radiation on a specific group of individuals.
Through exploring all possible situations, we investigated different likelihood of mineral radiation
among a randomized sample consisting of 11 individuals. Thereafter, we performed a thorough
examination of the aforementioned situations, analyzing and assessing the various outcomes to
determine the utmost precise calculations. This study presents three options as outlined:

2-1 Using the graph-based technique on the interval [3, 23] in Table 2-1, our objective was to
evaluate the average mineral content in urea samples for the selected group of individuals. With
respect to this aspect, illustrates the central mineral rate, which signifies the count of mineral
radiation within the subset of individuals. The analysis conducted led us to derive the following
equation:

(36)



. m(hr, )-m(hry)
M, (hr) = M, (hr) + TN hr (D

It is a useful equation used to calculate the average mineral concentration for a particular interval

based on figures of radiation rate derived from minerals.

Table 2-1. M(hr ) to hr and compare with the obtained experimental value using graph.

No Name Rate of Class of Class of Absolute
mineral Ml People People Error
Exp. Det.
M(hr) M(hr)
1 Iron 3 3.11 3.09 0.15
2 Thorium 9 3.48 3.41 0.041
3 Lead 14 3.52 3.49 0.048
4 Calcite 17 3.73 3.66 0.109
5 Pyrite 23 3.90 3.81 0.199
Z 0.547
3.}1
348 352
N3 .‘Jls
3.90

Fig. 2-1 The function M(hr ) is determined based on the variable hr, and it represents the
relationship between hr and the corresponding values of the mineral M.

Through the application of a graph-based approach within the [4.26] interval in Table 2-2, our
objective was to approximate the mean mineral content in urea samples for a specific study
population. In this scenario, denotes the focal point for mineral M, (hr), reflecting the mineral
radiation tally in the sample of individuals. From our examination, we arrived at the subsequent
equation:

m(hrz )-m(hr, )

(37)



Table 2-2. M(hr ) to hr and compare with the obtained experimental value using graph.

No Name Rate of Class of Class of Absolute
mineral Ml People People Error
Exp. Exp.
M(hr) M(hr)
1 Iron 4 4.23 4.23 0.07
2 Thorium 11 4.45 4.45 0.037
3 Lead 17 4.72 4.72 0.051
4 Calcite 21 4.89 4.89 0.089
5 Pyrite 26 5.01 5.01 0.125
Z 0.372
4.23
4.45
47
4.89
5.01

Fig 2-2. The function M(hr) is determined based on the variable hr, and it represents the
relationship between hr and the corresponding values of the mineral M.

Employing the graph-based approach for the interval in Table 2-3, our objective was to assess the
average mineral content in urea samples for a specific study population. In this scenario, denotes
the central measure for mineral rateM, (hr ), signifying the mineral radiation count within the
sample population. From our examination, the equation formulated is as follows:

(38)



m(hry )-m(hrz)

The study investigated how radiation affects the physical properties of particular minerals and
questioned which among them are more likely to be damaged if exposed to radiation. The research
specifically covered five minerals: iron, thorium, lead, calcite and pyrite. The researchers tested
this assumption by exposing samples of these minerals to radiation such as cesium radiation or X-

rays and observing the physical and chemical changes that ensued.

The results of this study contribute to the understanding on the consequences of minerals radiation
exposure. This knowledge has additional importance for diverse nuclear or industrial scenarios,
where insights on proper use of minerals paramagnetic in radiation conditions come at hand.

(39)

M; (hr ) = My (hr ) + ro=ms 3)
Table 2-3. M(hr) to hr and compare with the obtained experimental value using graph.
No Name Rate of Class of Class of Absolute
mineral Ml People People Error
Exp. Det.
M(hr) M(hr)
1 [ron 5 5.19 5.16 0.12
2 Thorium 9 5.31 5.28 0.041
3 Lead 18 5.36 5.31 0.049
4 Calcite 26 5.39 5.33 0.057
5 Pyrite 31 5.51 5.44 0.082
Z 0.349
5.19|
5.31 5.36 5.39
5.51
Fig. 2-3 The function M(hr) is determined based on the variable hr, and it represents
the relationship between hr and the corresponding values of the mineral M.
Conclusion




L .
The research utilized the plot approach to gauge and interpret the impacts of radiation interaction

on the minerals. Through plotting influence curves for each mineral derived from the measured
alterations in their physicochemical attributes, valuable data was obtained. Subsequently, the data
was scrutinized to discern the variations in specific mineral characteristics, contingent on the
degree of radiation exposure.

The research also included use of graph method which was used to determine the mineral radiation
level in a given sample of individuals. The introduction of ten alternative methods for assessing
mineral radiation was therefore considered. A comparison among these potentials was performed
to determine the most accurate estimations.

The research findings showed that the best estimate is in interval [3,23] which provides minimum
absolute error rate over all evaluated periods. Conversely, the smallest range [5,31] also result in
worst case for absolute error rate. Thus, it is suggested to choose the path with lowest absolute
error rate so that estimation of mineral radiation could be done more accurately.
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Abstract. In this work we will study geometric conharmonic curvature tensor
characteristics Viasman- Grey menifold ,and the constant of conharmonic type Vaisman-
Gray Manifold conditions are obtained when the Viasman- Grey menifold is a manifold
conharmonic constant type (V). Also,we will prove that M Vaisman-Gray Manifold of
point wise constant holomorphic sectional conharmonic (PHKm(X)) — curvature )
curvature tensor if the components of holomorphic sectional (HS- curvature) curvature
tensor in the adjoined G-structure space that satisfies condition.

Keywords: Constant type, Vaisman-Gray Manifold, Pointwise holomorphic sectional.

1. Introduction

The Hermitian manifold is one of the most crucial topics of the Comparative
geometry. This subject classified into various elements in trying to precisely
determine its specifications and features. Then appeared important matter is the
classification of the different classes of almost Hermitian manifold according to
specific features. Many researchers studied the almost Hermitian manifold and they
found many important geometrical properties. One of them is Russian scholars called
Kirichenko, when he used G-structure space to study the almost Hermitian manifold
that does not depend on a manifold itself but on a sub principle of all complicated
frames' collective fiber bundle is known as the adjoined G-structure space[8]. We
used this method to study the projective tensor of the class Vaisman-Gray manifold
(VG-manifold). This class Wy €@ Wy denotes this, where W; and Wy corresponding
to the nedrly kohler menifold as well as the locélly conformél kohler manefold (LCK-
manifold)[2].

In 1994, Kirichenko and shchipkova, studied the class W; @ W, under the name
Vaisman-Gray manifold. They found its structure equation in the adjoined G-
structure space [6]. In 1996, Kirichenko and Eshova studied the conformal invariant
of the class Wy @© Wy [7].

There are many researchers studied the geometry properties of the curvature tensors
on almost Hermitian manifold. Ali Shihab [1] studied the geometry of conhormonic
curvature tensor of almost Hermitian manifold. One of these curvature tensor is
conharmonic tensor. kirichenk & shechepkova fund the equations of proper VG-
manifold with respect to the structured & vertual teasers [3]. In particular, M.
Vaisman-Gray was prove of point wise constant holomorphic sectional
conharmonic (PHKm(X)) — curvature ) curvature tensor if the components of
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holomorphic sectional (HS- curvature) curvature tensor in the adjoined G-structure
space that satisfies condition.

2. Preliminaries

Make X(M) the smooth surface. vector field module of M. C®(M) be a set of
operations on M. The Hermitain manifold (H M) be a set {M, J, g=(.,.)} where M is
2n-dimensional (n>1) smooth manifold; J is a tangent space endomorphism.Tp(M)
with  (Jp)?=id and g=<,> Metric Riemann such that on M.
(JZIW)=(Z,W).Z,WeZ(M)[9].The basis {€1 -----,€q -..J€1 ....J€4} is named an
authentic competent AH- structural basis { J, g }, by using this basis, the new as a
basis be constructed as follow {11, ... iy, «oe i1, . Iy }. Where 13=0(€4) and iz= G (€4),
this basis is known as an almost structure basis or almost basis. The equivalent of the

frame is {P, ... i1, ..., 1 -r, Il, ,In} This is known as an A-frame.
The indicators u, g, | and p in the vicinity 1,...,2n and the indexes m, q, 0, p, n, 1, 8
and d We shall use the numbers 1,2,...,k. employ the markings

{if =1iy,....ig =1i,} where @ =a + n.than form can be used to write a-
frame{p, | P R ¢ irj‘}. The components matrices of the complex structure

f and y of adjoined the following forms of Q-structure space are:

(<IXJY>I}>=( \/—_n1 & _1,;1 ) (g})=(ﬁ [5‘)

Where I}, is the rank n unit matrix[8].

Definition 2.1 [10]:
A tensor of type (2,0) which is defined as is 1;; = RE"»‘C = g“ Ry ji called a Ricei

tensor.
Definition 2.2 [4]:

In The adjoined G-structure space , the components of Ricci tensor of Viasman-Grey

manifold are given as the following forms:
1-n
l- Tgp =—— (aab t Apg + Aq + ab)

— a0 — cah ca L -1, 4 h 1 n a . a
2- Yap =71y =3B Bepp + Acp + (a%ay —a fxn)_ga' n0p +(n—2)a%,

Definition 2.3 [4]:

Let (M,J, 9) be a Vaisman- Gray Manifold .The Conharmonic curvature tensor of

AH- manifold M of type (4, 0) which is defined as the following form:

1
Tijki = Rij _m['ﬁ'zﬂjk — T Gik + k9 — Tik9ji] )

(44)



Where 7, R and g are respectively Ricci tensor, Riemannian curvature tensor and

Riemannian metric. And satisfies all the properties of algebraic curvature tensor:

O TX,Y,Z,W) = =T(Y,X,Z,W);
2)T(X,Y,Z,W) = -T(X,Y,W,Z); @
NTX,Y,ZW)+TY,ZXW)+TZ X, Y,W)=0
NT(X,Y,ZW)=T(Z,W,X,Y);
VX,Y,Z,W € X(M)
Theorem 2.4 [12]:
In the adjoined G-structure space, the components of Conharmonic tensor of VG-

manifold are given by the following forms:

D) Tapca = 2(Bableal + AraBpica);

. 1

i) Tapca =2A4%ca + 2-1) ("padc — 104 );

b 1 b b

iii) T gpca = 2 (_Bathhcd + “[[f‘sd}) T D ('rda‘?c] - "T:[ 531);

. . — Aad adh __ pah d __
i) T gpea = Ape + B*"Bype — BYBy,

1 agd).
-1) (r(c 61)) );

(n

1. Main results
Definition 3.1 [11]:
Suppose that A(X, Y, Z, W ) = AX,Y,Z W ) — A(X,Y,]Z,]W)

Consider the following tensor A(X,Y) = A(X,Y,Y, X)

We say that an AH- manifold M is of constant type at p € M
Provided that for all X € T), (M)

AXY) = A(X,Z) 3)

Remark 3.2 [11]:
If (3) holds for all p € M then the manifold M has pointwise constant type.

If (3) is constant function, then (M, ], g) has a globally constant type .

Definition 3.3 [11]:
An AH- manifold M ?™n is conharmonic constant type (V- constant type )

tX,Y,Z,W € X(M?™). That

AXY,ZW) =2X, Y, ZW)—-AX,Y,]Z,JW)
Consider the following tensor A(X,Y) = A(X,Y,Y,X)
We say that an AH- manifold M is of constant type at p

(45)



Provided that forall X € T), (M)
AXY) = AX,Z).
Theorem 3.4

If M is Viasman-Grey manifold of the conharmonic tensor then M is manifold

conharmonic constant if and only if

1
AXY) = AX,Z2) = 8( =B Byq + all8y]) — = (ri"6 =l 85

Proof:

Suppose that M is Viasman-Grey manifold of conharmonic tensor,we find the
following result:

By using definition (3.3) it follows :-

1LAX,Y) = T(X,Y,Y,X)— T(X,Y,]Y,JX)

Let M2™" Viasman manifold to compute the AX,Y,Y, X)and AX,Y,]Y,]JX) on
the space of the adjoined (r-structure
®
T(X,Y,Y,X) = Tyji X VY*X! = T g XOYPY XD+ Ty XOYPY XD 4 T o XOYPY XD
TapeaX YPYCXT 4T ) oX0yYPYyexd 4 7 o xaybycxd 4 T, . xayPyéxd 41, - x0yD
TopeaX YOYCXD LT o sXOYPYCXD 4T 5 oa XOYPYEXD 4 T o5 aXOYPYEXD 4 T XY
TapeaX YPYEXT+ T o5.aXYPYCXT 4 Tgpa XY PY XD
By using the properties of conharmonic tensor equation (2), we get:
T(X,Y,Y,X) = Typoa XYY XD 4 Ty og XOYPYERD LT 5 XOYDYCXOLT o oXOYDYCY
TopeaX VPY XD+ T,y 00X 2YXE
“4)
i) T(X,Y,JY,]X)
In the space of the adjoined G-structure space
T(X,Y,JY,JX) = Tiji XY (V) UX) = TapcaX*YP UV UX)? + TapeaX*YP (V) UX)
TaﬁcaXaYE UY)CUX)d + TabéanYb UY)eUX)d + Tabc&XaYb UY)CUX)a + TaﬁcaXﬁYE
TaneaX YO UY)EUX) + TapeaX YO UY)CUX)T + TopeaX YO UVEUX)D + Ty a XY
TaieaX YPUY) UKD + TapeaX YO UV)EUX)T + TapeaX Y2 YY) UX)T + TapeaX Y
TapcaX YPUV)UX)T + TapeaXYP UV (UX)T

By using the properties of conharmonic tensor equation(2), we get:

(46)



T(X,Y,JY,JX) = T 45ca XY UV UX)? + TapeaX YO UV)CUX) T+ TpeaX ¥ JY)°
Ta5eaX Y2 UV)EUX)E + TopeaXYPUVUX) T+ TapeaXYPUVEUX)E

&)
According to the properties (JX)® = V-1x¢ and(JX )a = —V—-1X% we get:

T(X,Y,]Y,]X) = —Taﬁmxﬁyﬁycxd + TapeqXOYPYEX T+ TabCaXdYbYCX& + T 500X
To5eaX?YPYXT— T, .5X0YPYCX4d

Making use of the equation (4) and (5), we get :

T(X,Y,Y,X) =TX,Y,]Y,JX) =T 4pea X OYPY XD+ Topoa XOYPY XD+ T pp o, XYY XD 4

To5ecaXYPY XD 4T 50 XYPYEXT 4T, s XOYPYEXTLT 5 XAYDY XD — Ty na XY
T oapeaXOYPYXD =T, 5, XOYPYEXT T 5 -XOYPYycxd 4 T, . XoyPytxa

= AT 450 XY PY X4

This is the V4 of theory (2.4) equation (iii) and the compensation, we get:

[a ¢b] 1 _[a ¢b] _[b ca]
[c5d])_(n_1)(rd 5(: - 5(1 ))

_4 (2 (-BW"B, .+«

b 1 (.lagb] _ [bga]
-8 (—B“b’lthd + a[[f(?d]]) — (n_l)(rdaé'c -7, 6&1) (6)

22 AX,2) = T(X,Z,Z,X)— T(X,Z,]Z,]X)
Let M?™ Viasman manifold to compute the AMX,Z,Z,X)and A(X, Z,]Z, ] X) on

the space of the adjoined G-structure

(®

T(X,Z,Z, X)) =Tijjjq X' Z'Z*X' = TopeaX ZPZX? 4+
TapeaXZPZXP + TopeaX ZPZ X + T opeaXZPZC
ToapeaX " ZPZ X 4+ Top5oaXZPZX? + TopeaX“ZPZ
T&ﬁéanzﬁzéXd + Tdﬁc&XdZSZCX& + T&bé&XaZbZ'

By using the properties of conharmonic tensor equation (2), we get:

(47)



T(X,Z,Z,X) = TapeaXZPZX0 4 TopeaX ZPZEX T+ T 5.0 XOZPZCXT + T 5 g X ZP 7
TopeaX ZPZCX T+ T, 05X Z0ZC X1

(7)
@ T(X,Z,]Z,]X)

In the space of the adjoined G-structure space

T(X,Z,JZ,]X) = TijiuX 2T JZ)* UX)' = Tapea X ZPJZ) JX)? + TapeaXZP(JZ)°(JX)
TaﬁcaXazﬁ UZ)CUX)d + Tab@anZD UZ)CUX)‘I + Tabc&XaZb UZ)CUX)a + TaﬁchaZE
TdbéanZb UZ)(?UX)d + TdbcéiXde UZ)CUX)& + Taﬁc‘anZﬁ UZ)(?UX)d + TaﬁcaX“ZE
TapeaX“ZPUD UX) + TapeaX “ZPUD) UX) + TapeaX“ZPUD UX) + T gpeaX "2
TapeaX 20 U2 UX) + TapeaX 2" U2) JX)"

By using the properties of conharmonic tensor equation (2), we get:
T(X,Z,JZ,JX) = TapeaX“ZP U2 UX)? + TapeaX 2P U2 UX) + TapeaX 2P J2)°(.
TaseaX 2P U2 UX) + TapeaX 20 UD) UX)* + TapeaX “Z°U2) JX)*

According to the properties JX)* =v—-1X%and(JX )d =—V—1X% we get:
T(X,Z,]JZ,]JX) = =T 35.qXZPZXY + TyppaXOZPZEX U+ T poa X ZPZEX T+ T 500X
TopeaX®ZPZXT — T, ,2X°Z07Z¢X1
()
Making use of the equation (7) and (8), we get :

T(X,Z,Z,X) = T(X,Z,JZ,JX) =T 4poa X ZPZ° X + Tpppq X ZPZEXT + T 5., X ZP ZE X

ToicaXZPZ XU+ T 50 XOZPZEX D+ Ty pa XOZP ZEX AT 35 o XOZPZEX Y — TapeaX U
T opeaX 2P 26X — T 5oy XOZVZEXD — T 5 oXZP7¢X4 4 T, ,2X707¢X 9

= AT 45,4 X222 X1

This is the V4 of theory (2.4) equation (iii) and the compensation, we get:

= 4(2(=B"Byeq + ale5)) - — (62" = 1P 55))

[c%al) m-1)\'d
b 1 Llagb]  [b ed]
= 8 (_Bableth + a[[gﬁd]]) —_ n—1) (Vda§C —_ Q 6‘(; ) (9)

From equation (6) and (9) it follows:
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1
AX,Y) = A(X,2) = 8(=B™"Byeq + alfdy)) — =5 (ri "6 = " 67)

Thus by definition (3.3) we get:

M is constant type if and only if

1
AX,Y) = A(X,2) = 8(=B™"Byeq + alfdy)) — =5 (ri"00 = " 67)

Lemma 3.5 [5]:

An AH- manifold M is a zero constant type if, and only if, M is Kahler manifold.
Corollary 3.6:

If M is V G-manifold of conharmonic tensor , then M is not Kahler manifold.
Proof:

Let that M is VG-manifold of conharmonic tensor

By using Theorem (3.4) we get:

M is constant type

AX,Y) = A(X,Z) = 8 (—BabﬂBm + a[“(?f’]) S ('rd[a(?

b]_. [b ca]
[c%l) ~ D e 0 )

C c d

By using Lemma (3.5) it follows
M is not Kahler manifold .

Conclusions

1- Prove that if M is Viasman-Grey manifold of the conharmonic tensor then M is

manifold conharmonic constant if and only if

AX,Y)= A(X,Z) = 8 (—Bath,wd + a:[a(?b]) - L(-rd[“(?

b] _ _[bga]
[c ~d] (n-1) e O )

C C d
2- Prove that if M is V/ G-manifold of conharmonic tensor , then M is not Kahler
manifold.
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Abstract. In this work, we made a concept game of & -nano g-open sets “employing
the notion of grill nano topological space, or G(NT;.S), where i = {0.1.2}. The
relationships between various kinds of games have been researched with the use of
numerous figures and propositions while providing similar examples.

Keywords. SN g-closed set, N g-open set, G(NTy.S), G(NT;.S)and G(NT,.S).

1. Introduction

Choquet [1] studied grill () on a topological space (X.t )that has already been
explored. In [2] a nano topological space was defined using lower, upper, and
boundary conditions. In [3] a game was studied and the concepts of grill Ti -space
where i = {0.1.2} and denoted by G (Ti.X) . In [4] introduced grill g-open set on the
game of the generalized , grill-g-closed set and insert © — g — Ti-space with
i = {0.1.2} were examined, and a game G (T;. ©) was defined. In [5] introduced the
game denoted by (G) between “two “players Aand B , the range of options
J1.J2.J3 ...],, for every Player. These possibilities are referred to as moves.In [6,7]
studied a game is defined as alternating when one of the Players A chooses one of the
options /;.J5./3....J,, . Can be chosen by B when the choices of A are Known. In
alternating games, the player must determine who starts the game. In this paper
provided the sorts of games through a given set. The gaining and losing strategy of
any player P in the game G ,if P has a gaining strategy in G denoted by (P < G).
On the other hand, if Pdoesn't have a gaining strategy denoted by (P < G). if P has
a losing strategy denoted by (P < G) and if PP doesn't have a losing strategy denoted
by (P < G).

2. Preliminaries

Definition 2.1 [2] Let R be an equivalence relation on U known as the
"indiscernibility relation," and let U be a non-empty finite set of objects termed the
universe. Then different equivalence classes for U are created. It is argued that
elements in the same equivalence class are indistinguishable from one another.
e “The approximation space is referred to as the pair (U.R). Let X € U". The
set of all objects that can be categorically identified as X with regard to R is
the lower approximation of X with respect to R, and it is denoted by "Lz (X).
To put it another way, L R (X)=_ U,ep{R(x) : R(x) € X}, where R(x) stands
for the equivalence class established by x U.
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e According to U_R(X), "the set of all objects that can possibly be classified as
X with respect to R and" it is the upper approximation of X with respect to R.
This is,

Ur (X) =U v {R(x): R() N X+ }

e The collection of all objects that cannot be classified as either X or not-X with
regard to R is known as the boundary region of X with respect to R and is
indicated by the symbol B r(X) thus B r(X) = Uz (X) — Lg (X).is defined.

Definition 2.2 [2] The set of all objects that may conceivably be categorized as X
with respect to R and it, as denoted by U_R(X), is the upper approximation of X with
regard to R. That is, suppose U is a“universe, R be an equivalence relation on U
and” Tz (X) ={@.U.Lg (X).Ug (X).Bg (X)}where X agree with the following
axioms.

o U.pety(X)

e The union of the elements of any sub-collection of Tz (X) is in Tx(X)

e The intersection of the elements of any finite sub collection of Tz(X) is in

Tr(X).

Then 7z(X) is called the Nano topology on U with respect to X. The space
(U.tx(X)) is the Nano topological space. The elements of Tz(X) are called Nano
open sets.

Definition 2.3 [1,8] A nonempty collection & of nonempty subsets of a topological
space X is named a grill if
e AEGandA € BES X thenB € &.
e A.BEXandA U BEGS thend € SorB €S [6].
Let X be a nonempty set. Then the following families are grills on X. [1,67]

Definition 2.4 [2] In space (X,T,&), let D € X. D is named to be grill-g- closed set
denoted by " & - g-closed", if (D- U) € & then, (cl(D) — U) & & where, U € X and
U €t Now, D€ is a grill-g- open set denoted by & -g-open”. The family of all " S -
g —closed" sets denoted by ©gC(X). The family of all " & -g-open" sets denoted by
© Y0 (¥)

Definition 2.5 [4] The space (X, T, ©)is a & -g-Jp-space shortly & -g-To-space" if for
eachm = opand m.o € X, there exist U € & gO(X ) whenever, m € U and 0 € U
orm&Uando € U.

Definition 2.6 [4] The space (¥X.T.S)is a © g J;,-space shortly & g-Jj-space" if for
each m, o € X and m # o. Then there are & g-open sets U;, U, whenever m € Uj,
o0& Uy, and 0 € U,,m & U,.

Definition 2.7 [4] The space (X.T.S) is a ©g T,-space shortly " & g J,-space" if for
each m # o . There are 9 Y-open sets Uy, Uy whenever me m € Uy, 0 € Uy, U; N Uy
=0

3. Grill Nano g-open —on Game
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Definition 3.1 Let (U,tz(x),3) be grill Nano topological space and E € U ,E is
called “grill Nano -g-closed set” denoted by &Ng-closed if (E—G) & & thans
(CL(E) —G) ¢S where G €U and , G € tg(x).E as “grill Nano g -open set
denoted by ©Ng —open” . The family of all “grill Nano -g-closed set denoted by
SNgC(U) .The family of all “grill Nano -g-open set” denoted by SNgO(U) .

Example 3.2 Let (U, 7z (x).S) be grill Nano topological space
U={a; a; az}. UR={{ay} {ay as}} X ={a; .a3} € U.
R(x) ={0.U.{a; }. {a;} {a; a,}}

tz(x) — closed ={0.U.{ay as}. {a; asz}.{az}}

S ={Ud{a; }{a;. az }.{a; a3z }}

Then &NgC(U))=P(X) / {0} and &NgC(U) is (ENgO(U))*

Remark 3.3 For any (U,tz(x).S) then

e Each Nano closed set is a SN g- closed set
e Each Nano open set is a @N g-open set.
Convers above Remark is not true. Shows from exam 3.2
e {a;}is@NgC but { a; } is not Nano closed set.
e {a; az}is ©NgO setbut {a; as}is not Nano open.

Definition 3.4 Let (U,zz(x).3) be grill Nano g — T,space denoted by SNg — T, -
space if for every 1#] and i#€U.3G€ GNgO(U) whenever
ieEGandj € Gori & Gand j € G.

Definition 3.5 Let (U 7z(x).S)be grill Nano g — T; space denoted by SNg —T; -
space if for every 1#] and ijE U.3SNgO sets G, .G,
wheneveri € Giand j € G; andi € G,.j € G,

Definition3.6 Let (U,7z(x).S) be grill Nano g — T, space denoted by SNg — T, -
space if for every i#] then are GNgOsetsG,.G, whenever
i€EGandj EGyand G, NG, =@ .

Definition 3.7 Let (U, 7z(x),3) be a grill Nano topological space, G(NT,.S) is a
game that is defined as follows :In the m-th inning, the two players A and B will play
an inning for each natural number., the prime race, A will select a,, # b,,, whenever
@, by, belong to U. Next B choose NG,,, belong to SN g0 (U) such that a,, belong to
NG,,and b, not belong to NG,,, B get in the game, whenever B ={
NG;, NG, ... ... ,NG,,...} satisfies that for all a,, # b,,in U 3 NG,,, belong to P such
that a,, belong to NG,, and b,, & NG,,. Other hand A gets.

Example 3.8 Let G(NT,.G) be a game U={a;a, az} and
U/R = {{a2 Jay  as }}
X={a; ap} S U thentr(x) ={0.U,{a; }.{a; as}}
TR (x) —closed= {0.U,.{a; az}.{a, }},& ={U,{a; }.{a; ay}.{a; a3}}
e Then SNgCWU) ={U,Dd.{a; }.{a, }.{al, as }.{al_ as }}
e GNgOWU)={0.Ufay as}{a; as}{as}{ay}}
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Then in the first race A shall choose a; # a; whenever a; .a, € U following B
choose {a,.az}€ GSNgO(U) such that a, € {a,.as} and a; € {a,.as}in the other
race A shall choose a; # az whenever a, .az € U following B choose {a;.az}€
SNgO(U)such that a, € {ay.as} and a; € {a,.as}in the tertiary race , A shall
choose @, # aszwhenever a, .a; € U following B choose {a;.az}€ SNgO(U) such
that a; €{a;.az}and a, & {a;.az} B get in the game ,whenever B =
{{ay.as}.{ay.as}} satisfies that for all a,, # b,, in U3NG,, EB such that
a, € NG, and b,, &€ NG,, whenever NG,, € SNgO(U) so B is the getter of the
game .

Theorem 3.9 Let (U, 75 (x),3) be ©NgTy- space if and only if B < G (NT,. ©)
Proof. since (U, 15(x).®) is a SN gT,- space, then any choice for the primary player
A in the m-th inning a,, # b,, whenever a,, .a,, € U. The other it is possible to
locate player B. NG,, € @NgO(U) so B ={ NG;.NG, ...... NG,,...}is the gaining
strategy for B . Contrary to lucid .

Theorem 3.10 The space( U 75(x),S) is a GN gTy- space if and only if. there is a
@Ng — closed set containing only one of the items a # b .

Proof. Suppose that two points are a and b. belong to U with a # b since U is
SNgT,- space .3Gisa SNg — open set contain only one of them ,therefore
(U — G) is @Ng — closed set contain the other one .Contrary to Suppose that a and b
are two points belong to U with a # b .dH is a ©SNg — closed set contain only one
of them ,therefore (U — H)is ©Ng — open set contain the other one .

Corollary 3.11 Let (U, 7z (x).®) be a grill Nano topological space, B < G (NT;. ©) if
and only if, for eacha # b of U 3H € @NgO(U) such thata € H and b & H.
Proof. Suppose that a # b with a.b € Usince B < G(NT,.S) then by Theorem
3.9 the space(U,7z(x).®) is a SNgT, - space therefore theorem 3.10 is applicable.
Contrary to: by theorem 3.10 the grill Nano topological-space (U,Tz(x).®) is a
SN gTp,- space, therefore Theorem 3.9 is applicable.

Theorem 3.12 (U,tz(x),&) be nota SNgT,- space iff A & G(NT,, ©).

Proof. Of the m-th race A of G(NT,.3) choose a,, # b, whenevera,, .b,, € U.
B of G(NT,.S) cannot be founder G,, is a SNg — open set contain only one point
of them, because (U,7g(x).S) be notaSNgT, - space then A & G (NT,.S) Contrary
to lucid .

Definition 3.13 Let (U 73(x).3) be a grill Nano “topological space”, and describe
the game G(NT;.S) as follows: the two players A and B compete in a race for all
natural numbers, with the m-th race, the prime round, being the most difficult. A shill
picks a,, # b,,, whenever a,, .b,,.belong to U. Therefore B choose G,, and H,,,,
belong to SNgO(U) such that a,, € (G,, — H,,), and b,,, € (H,, — G,,,),B get in the
game whenever B ={{G; — H; }, {G, — H; },..., { G, — Hy, },...} satisfies that for
al a, #b, o U 3{G,H,}E€B such that a, €(G,— H,), and
b,, € (H,, — G,,), other hand A get .

Example 3.14 From Example 3.8
SNgCW) ={U,0.{a; },{ax},{a; ay},{a; az}}
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SNgOWU) ={0,U,{ay as}{a; az}{as},{a; }}
Then in the prime race A shall choose a; # a, whenever a; and a, € U therfore
B choose {a,.az}and{a;.a3}c SNgO(U) )suchthata; € ({a;.az}-{a,.as})and
a, € ({ay.az}-{a,.as})in the other race A shall choose a; # a3 whenever
a, and a; € U therfore B can’t find G,,.H,, € SNgO(U) , such that a; €
(G,, — H,,) and az € (H,, — G,,) then A get in the game .

Theorem 3.15 (U, 7z (x).S) is a SNgT; - space if and only if B © G(NT,.S).
Proof. Suppose that (U, 7z (x).3) be a grill Nano topological space in the prime run A
shall select a; # b; whenever a; and b; € U therefore ,since (U tx(x).&) is
a ©NgT; - space B canbe founder G;.H; € 8NgO(U) such that a; € (G; — H;)
and b; € (H; — Gp) in the other race A shall choose a, # b,whenever a, and b,
€ U therefore can be founder G,.H, € @NgO(U) suchthat & (G, — H,) and
b, € (H, — G3) in the m-th race, A shall choose a,, # b,,whenever a,, and b,,
€ U therefore B can be founder G,,.H,, € 8NgO(U) such that a,, € (G,, — H,,)
and b,, € (H,, — G,,). So B={{G,.H, }, {G,.H, },..., { G,,. Hy, },...} is the gaining
strategy for B. Contrary to lucid
Theorem 3.16 (U, tz(x).®) isa &NgT; - space if and only if for every point a # b
dtwo &Ng — closed sets K;and K, such that a € (K; — K;) and b € (K, — K;).
Proof Suppose that a and b are two points of U with a # b since U is a ©NgT; -
space then 3 G;and G, are SNg — open sets such that a € (G; — G,) and b €
(G, — Gy).then 3 &Ng — closed sets (U — G;) and (U— G,) , such that a €
{U - G) —(U - G)} and b€ {U - Gp)
—(U — G,)} whenever (U— G,) =K, and (U- G,)=K,.
Then 3 two ©SNg — closed sets (Kjand K,) satisfy a € (K;NKy) and b E
(K NK{) thena € (K; — K;)and b € (K, — K;). contrary to suppose that a and b
are two points of U witha # b I3two SNg — closed sets Kjand K, satisfya €
(K; NKy) and b € (K, N Kf) then3ISNgO(U — K;) and (U — K,) whenevera€
{(U-— K,) —(U- K))} ad be {(U- K;) —(U- K;)} whenever
(U—- K,)=Gyand (U— K;) = G,.
Corollary3.17 Let (U 15 (x).S) be space, B © G(NT;.®) ifand only if for each
a, # a;of U K,,K, € SNgO(U) , such thata; € (K; — K;) anda, € (K, — K;).
Proof. suppose that a; # b; with a; .b; € U since B & G(NT;.3) so by-theorem
3.15 the space (U,tz(x).8®) is a@NgT;- space. So, Theorem 3.16 is, applicable.
contrary to Theorem 3.16 the grill Nano topological-space ( U,z (x).S) is aGNgT; -
space so theorem 3.15 is, applicable.

Definition 3.18 Let (  7z(x).S) be a grill Nano topological space, G(NT,.9) is a
game defined as follows: In the m-th race, the prime round, the two players A and B
compete in a race for each natural number. A shill picks a,, # b,,, whenever
a,, -b,,.belongto U. Therefore B choose disjoin G, and H,,,.i.eG,, N H,, = ¢
belong to @8N gO(U) such that a,, € (G,, — Hy,,), and b,, € (H,, — G,,),B get in the
game whenever B ={{G; — H; }, {G, — H; },..., { Gy — Hy, },...} satisfies that for
al a, #b, o U 3{G,H,}E€B such that a, € (G, — H,), and
b,, € (H,, — G,,), other hand A get .

Example 3.19 From Example 3.8
SNgCWU) ={U,0{a }{ax}{a, @ }{a; as}}
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SNgoU) ={0,U,{a, az}{a; as}{as} {a; }}

Then in the prime race A shall choose a; # a;whenever a,; and a, € U therfore
B can’t find two disjoin @NgO(U) with a € G,, , b € Hpie., G, N H,, = @ then
A is get in the game.

Theorem 3.20 A space (U, 7z(x).S) is SNgT,- space if and only if B & G(NT,.S).
Proof. Suppose that (U 7z (x).S) a grill Nano topological space in the prime race A
shall choose a; # b; whenever a;and b; € U therefore .Since(U,7z(x).©) is a
&NgT,- space then B can be found G; and K, € @NgO(U) such that a; € G; and
bje K, .G;NK;=0 in the other race A shall choose a, # b, ,whenever
ayand b, € U .Therefore B choose G, , K, € SNgO(U) such that a, € G, and b, €
K,, G, N K, = @ in the m-th race A shall choose a,, # b,, whenever a,, and b,, € U
, therefore B choose G,, ,K,, € @NgO(U) such that a,, € G,, and b,, € K,,
, GnNK,, =0 . So B={{G, , K;},{G> , Ko} yer eee e {Gpy , K} ... }. Is the
winning strategy for B. Contrary to is Lucid.

Corollary 3.21 A space (U,tz(x).8) is a@NgT,- space if and only if A
® G(NT,.S).
Proof. From theorem3.20 the proof is lucid.

Theorem3.22 A space (U,7z(x).3) isnota&NgT,- space iff A © G(NT,.S) .
Proof: by corollary3.21 the proof'is lucid

Theorem 3.23 A space (U,7z(x),&) is not a@NgT,- space if and only if B
» G(NT,.S) .
Proof. by theorem3.23 the proof is lucid

Remark 3.24 For any space (U,7z(x).S):

e IfB © G(NT;4+1.©) then B © G(NT;.S) wherei = 0.1

e IfB © G(NT;.®) then B < G(NT;,&) wherei = 0.1

The relationships described in the Remark 3. 34 are made clearer by Figure 1 that
follows.
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| A% G(T2.X) |__. | A% G(T.X) | — | A% G(To.X) I

! ! !

| B © G(T2.X) ] — 3 [ B © G(T1.X) I S | B © G(To. X) |
! 1 I
| T, — space | > | Ty — space | > | To — space I

l l !

| ENg — Tg — space |

| ENg — Tz — space I —_ I ENg — Ty — space |

I I I

[ B - G(NTp.S) l

| B © G(NT».S) ] — I B © G(NT;.S) l__.
| ameovme) | — | A% G(NT..S) | — | A% G(NT,.S) |

Figure 1. The relationships described in the Remark 3. 24
Any player's winning and losing tactics in in G (T;. X) and G(T;. S).

Remark 3.25 For any space (X.t.& ):

e IfA6 G(T;.S)then A & G(T;,4;.S), wheneveri = {0.1}

e If B+ G(T;.®) then B * G(T;4;.©), whenever i = {0.1}.

o IfAS G(T;.S)then A & G(T;.X), wheneveri = {0.1.2}.

The relationships described in the Remark 3. 25 are made clearer by Figure 2
that follows.
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B o G(NT,.S) B % G(NT,.©) = B o G(NT,.S)
A S G(To.X) A5Gmx) | — | Accmx |
| Not T, — space | S Not T, — space — Not T, — space

|

Not GNg-T,-space

T

I

—_— I Not&SNg — T, — space | =

A S G(NT,.S)

I

A & G(NT,.S)

I

B % G(To.X)

B % G(T;.X)

T

Not ©Ng-T,-space

!

——>| A S G(NT,.S) |

!

B % G(T,.X)

Figure 2. The relationships described in the Remark 3. 25

The winning and losing strategy whenever X is not ©Ng — T; — space and not

T; — space
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Abstract

The study was conducted from July 2022 to June 2023 to investigate the seasonal
biological, chemical, and physical changes in the waters of the Tigris River and their
impact on the city of Tikrit. The results showed significant temporal variations in
water temperature for all study stations, with the lowest values occurring in winter
and the highest in summer. The biological oxygen demand (BOD) also exhibited
temporal and spatial differences, with lower values in summer and spring and higher
values in winter. Total dissolved solids (TDS) exhibited significant temporal and
spatial variations at a significance level of p < 0.05, with lower values in summer and
higher values in winter. Calcium ion (Ca*') levels showed significant temporal
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variations, with the highest values in winter and spring and the lowest in summer.
Magnesium ion (Mg?") levels exhibited temporal and spatial differences, with lower
values in summer and higher values in winter. Sodium ion (Na*) levels showed
temporal variations but not significant spatial differences, with the highest values in
winter and the lowest in spring. Potassium ion (K*) levels exhibited temporal
variations, with higher values in winter and spring and lower values in autumn.
Nitrate (NOs") levels showed temporal variations, with the highest values in summer,
autumn, and winter, and the lowest in spring. Phosphate (PO4+*") levels exhibited
temporal and spatial differences, with the highest values in summer at the fifth station
and the lowest values in summer at the third station.

Bacterial species were isolated from the water samples, and some predominant
bacterial species were identified, including Escherichia coli, Klebsiella spp.,
Staphylococcus spp., Aeromonas sobria, Citrobacter amalonaticus, Enterobacter
aerogenes, and Salmonella enterica.

Keywords: Filtration stations, bacteria, physical and chemical variables.
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Abstract

The aim of this work is to introduced the concept of the best one-sided approximation of unbounded
functions in weighted space by using algebraic operators in terms the average modulus of smoothness. We
also show an estimate of the degree of best one-sided approximation of unbounded functions in the terms of
average modulus of smoothness.

Keywords: weighted space, algebraic polynomial unbounded function, and average modulus of
smoothness.

1. INTRODUCTION

Ronald [1] in [1968] studied the problem of approximation in a normed linear space has associated
with it a dual problem of maximizing functionals. Thus, Doronin and Ligun [2] discussed the problem of
the one-sided approximation of functions by n-dimensional subspaces and find the exact value of the best

one-sided approximation of the class W'L;. So, Nurnberger [3] studied Unity in one-sided LI-
approximation and quadrature formulae. Babenko and Glushko [4] studied the problem of the uniqueness of

elements of the best approximations in the space Lq[@, b] and expressed the problem of the best
approximation and the best (@, 8)-approximation of continuous functions and the problem of the best one-
sided approximation of continuously differentiable functions. Thus, Yang [5] presented one sided Lp norm
and best approximation in one sided Lp norm. So, Motornyi and Sedunova [6] found the best one-sided

approximations of the class WL of differentiable functions by algebraic polynomials in Ly space. Thus,

Bustamante et al. [7] studied polynomials of the best one-sided approximation to a step function on [-1,1]

and they proved that polynomials are obtained by Hermite interpolation at the zeros of some quasi
orthogonal Jacobi polynomial. So, Alexander [8] in 2016 found the Best One-Sided Approximation of Some
Classes of Functions of Several Variables by Haar Polynomials defined using modulus of continuity

w(f,t) and Wpi ( f,6 ) and in the same year, Alaa and Mousa [9] studied some positive factors for the

one-sided approximation of the infinite functions in the weighted space Lp «(X) and give an estimate of the
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degree of the best one-sided approximation in terms of the mean continuity coefficient Thus, Sedunova [10]
studied the best one-sided approximation for the class of differentiable functions by algebraic polynomials
in the mean. Also, Jianbo and Jialin [11] presened the Strong and Weak Convergence Rates of a Spatial
Approximation for Stochastic Partial Differential Equation with One-sided Lipschitz Coefficient.
Furthermore, Raad et al. [12] found the best one-sided multiplier approximation of unbounded functions by
trigonometric polynomials in term of averaged modulus.

2. PRILIMINARIES

Continuing our previous investigations on polynomial operators for one-sided approximation to
unbounded functions in weighted space (see [5]), it is the aim of this paper to develop a notion of direct
estimation polynomial approximation with constructs which fits, to gather with results (see [8] and [9]) for
unbounded function approximation processes.

Let X = [0,1], we denoted by Lp_ B (X),1 < p < o be the space of all unbounded functions that defined

on X, with every function in this space has the norm given by

ol = (f; Ip(x)lp)p < co. M

Let W be the suitable set of all weight functions on X, such that |p(x)| < MB(x), where M is positive

real number and

B : X = R weight function, which are equipped with the following norm

1

ol = (i [22) < co. @

The local modulus of continuity of a function p : [0,1] = R in the pint x is denoted by

8k 8k

wk(p,x,ﬁ)p_ﬁ = sup{|A;‘f p(x)|:x,x +rk € [x — - + 7] 3)
such that

A (p,x) = X=o(=D)*(Dp(x +18) if x,x +r8 €X @)
The average modulus of smoothness we defined by

T (§,8)p 5 = llwk(p,-,8) |l - )

Let N be the set of natural numbers and Hj the set of all algebraic polynomials of degree less than or equal

tok € N,

The degree of best one-sided approximation in Lp_ﬁ (X),1 < p < o, of unbounded function as p by
operators Py & g, are denoted by:

Ex(0,X)pp = inf{|lp = Pellps * Pe € Hy } (6)
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ék(prx)p,ﬁ = i'”f{"@k = Prllpp * P die € Hp& Pp(x) < p(x) < gy (x)} (7

It easy to verify that there are not linear operators for one-sided approximation in X. Some non-linear
construction have been proposed in [ 3] and [ 6 ].

Let us consider the step function

0, if =1 <x<0,
‘D(x)‘{L if 0<x<l, ®)

determine two collections of functions {ka} and {G }, Py, Gx € My, such that
Pr(x) < P(x) < g (x), x € [-1,1] ©)
and

Ce =1lp—Pellpp—0, p=1 (10)

For the first one we work in space Lp_ B (X).For 1 < p < 0, we construct two different sequences of

operators, for X € X ,k € Nand pE Lp_ B (X) define

M. (p,x) = p(0) + [} Py (t-x) p', (Dt — [; gp(t- x) p'_(Ddt (1))
and

Ni(p, %) = p(0) + f; gy (t- 2) p', (Ddt — [} Pr(t- x) p'_(Ddt  (12)
it is clear My (p), Ny (p) € Hy, we will prove that

M (p,x) < p(x) < N, (p,x),x € X and both

llp = M ()l p < Cillp'll 5 and

lp = M (Il < Cellp'll, 5, where G be as in (10)

In the second part, for function Lp_ B (X), we construct operators

Gy(p,x) = [J[p(1-y)x + yt) — w(p, (1 — y)x + yt,y)]dt (13)
and

Hy(p,x) = [ To(1-y)x +y0) + w(p, (1 = y)x + yt, y)]dt. (14)
Itis clear Gy (p),Hy (p) € Hy and so we can define

Lk,y(prx) = Mk(Gy(p)rx) (15)
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Ty (P, x) = N (Hy (p), x), (16)
Where M, (p) and NV} (p) by as equations (11) and (12) in that order.
We will prove that

Lk.y(prx) < P(x) < Jk_y(p,x), x € X and

present the degree of best one-sided approximation of unbounded functions by operators L Ky (p,x) and

Jry (p,x),x € X in terms averaged modulus of continuity.

In the last years there has been interest in studying open problems related to one-sided approximations (see

[11, [2D).

We point out that other operators for one-sided approximations have constructed in [7].

1
In particular, the operators presented in [6] yield the non-optimal rate O (T (p,\/—E)) where is ones

consider in [4] give the optimal rate, but without an explicit constant. The paper is organized as follows. In
section (3) we calculate the degree of best one-sided approximation of unbounded functions by mean of the
operators define (13) and (14).

Finally in the some section, we consider the degree of the best onesided approximation by mean of the
operators defined in (15) and (16)

3.AUXILIARY LEMMAS

Lemma 3.1:

Letp € Ly, 3[0,1], ¥ € (0,1), and the operators Gy, (p)& Hy, (p) are defined through equations (13)
and (14) in that order.

Then, Gy, (p,x) < p(x) < H,(p,x), x € X =[0,1] and

Max{[|Gyllp,p. 1Hy 15} < 2 T(p.Y)p 5

Lemma 3.2:

Let @ (x) be given in equation (8). Every X € [—1,1] we known
P.(p) =T, (arc cosx) and
ax (p) = T;F (arc cosx).

Then, Py, gx € Hy, Pr(p) < p(x) < gx(p), x € [-1,1] and

412
g (P) = Pe(Plpp <

Lemma 3.3:

("



Letp € L, s(X),1 <p <o, k€N, and k = 2.Let M, (p) and Vi (p) by as equations (11) and
(12) in that order. Then,

M (p), Ny (p) € Hy and
M (p,x) < p(x) < Ne(p,x),x € X =[0,1].

Proof:
From equations (9), (10), (11) and (12), it is clear that

M (p), Ny (p) € Hj. We have

1 ) 1 I
Mie(p,x) = p(0) + [, Pre(t-x) p’, (Ddt— [ gpe(t- x) p'_(D)dt
where Py, i € Hy,, such that P (p) < p(x) < gi(p), x€X
and || Py — gllpp = 0

since, P (p) < p(x) < gx(p),x € [0,1],

thus

1 1

d(t- x) p’+(t)dt—f d(t- x) p' _(H)dt

a@mmsmm+f 0

= p(0) + [, d(t- x)p'(Ddt
= p(0) + p(x) — p(0)
= p(x).
So,
p(x) = p(0) + p(x) — p(0)
=p(0) + [, p'(t)dt
= p(0) + [, d(t- x) p'(Ddt
= p(0) + f, @(t- x) p', (Ddt— [ @(t- x) p'_(t)dt
< p(0)+ [ e (t- x) p', (Ddt— [ P (t-x) p'_(Ddt

= Nie(p, x).
Lemma 3.4:

Forp €L,z (X),1<p<oo, k€ €N,and k = 2.Let M, (p) and Ny (p) by as equations (11) and
(12) in that order. Then,
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Max {||p — M (Dl llp = M Plp s} < CicllP'llp -
Proof:

Since

p() = M (p, )] < [2 (@ (h) = P (W) |0 Cx + B |dh,

We put (h) = qgy (h) — ka (h) and from Holder’s inequity, we get

1%
dx

[ ar()|p’ e+ )| dn
B(x)

(Ilp = M (@)l )P < [

[ a]p’ e+m)|dn
B(x)

) dx

< [ ]|

< e Pdw 2L (7, %W an) dv)

B W) 1 g
< Rlax@Pdw ([ [52] av)
Thus
lo = M)l < Uyl @ Pduy /2 ([ |22 avy v,
Hence

lp = Mi(P)lpp < llakllpllp'llp g = Cllp"ll, g -
Likewise, we show that,
lp = NMe(Plp,g < Cicllp'llp -

4. MAIN RESULTS
Theorem 4.1:

Letp € Lyp(X),1 <p <, k €N, andk = 2. Let G,(p)& H,, (p) are defined through equations
(13) and (14) in that order.

Then,

Max {|lp = Gy (P)|| ;. lle = Hy (DDl 5} < CLOPITR(P. YD
and

Ex(Ppp < GBIk (P,Y)p g
Proof:

It is used to, take q such that 1 / p +1 / q =1, from equations (13), (14) and Holder’s inequality, we get
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11pG0)=Gy(px)|P
_ P — D Fes —yuees
Wllo = Gy()llpp)? = 7 fy [

p
0

Hy(p.x)—cy(p.mr d
B(x)

1 oy |wlp,(1-y)x+yty) |P
< 2vyb [0 7 [ e,

Puth = (1 - y)ximplies dh = (1—y)dx
1-y+t !
Gllo = Gy (Dllp )7 < 52 7 [ [2La)” gpae

zpyp/fl'

fyf |m(p(:1)y)| dhdt

21’37‘? w(p.hy) [P
f | B(h)

Thus,

2 1 |w(p,hy)|P
”p - Gy(p)"p_ﬁ 5 (1_3))1/10 (.J‘O |m‘8p(fi)y | dh)l/p

2
< 0o Wl

_ 2
- (1_y)1/p tk (p! y)p,,{?

We have constant depending on ¥ and P, then

2
A=)/
le =6, , < GO.PIT(P.Y)p 5

Analogously, we can show "p — H,(p) " <GPt Y)pp-

p.B —

We go to the following inequality:
Ex(Plpp < [[Hy (D) = Gy (D)

<lle=H,@), ,+ e =G0, ,

< C(y, Pty (PrY)p.ﬁ'
Theorem 4.2:

Letp € L, g(X),1 < p < o, k € N.Let Ly, (p) and Ji ,(p) are defined through equations (13)
and (14) in that order.

Then,
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Liy(p,x) < p(x) < Jiy(p,x), x €X

Max {[lp = Ly )|, 5 lp = Ty Dy 5} < € G2P) + =700, 7) 6
and
Ec(Plpp < (CLD) + 770, g

Proof:
Let Gy,(p) and H,, (p) are defined through equations (13) and (14) in that order.

So, from equations (15) and (16), it is clear L, ,(p), Jx , (p) € Hy.

Also, from equations (15), (16), Theorem 4.1, Lemma 3.3, Lemma 3.4 and Lemma 3.1, since

Liey(p,2) = My (6y(p),2)) < Gy (p,2) < p()

< Hy(p,x) < Ny (Hy(p), ) = Jiy(p, %), x €[0,1].
Moreover,

le=Liy @, ; < llo =G|, ; + 16,00) = Licy ]

< G.p)t(p,y)pp + ||P = M (Gy(p’x)) ||p.,8

<GP Y)ps + Ck||65’(p)||p.ﬁ

Gy(p,.)
= CP)T(P,Y)pp + Ce || ||
P

B0

3C
< GO Y)ps + T (G )y

3C
=GP (P )pp + 7 T (0, D
— (C . 3Cx
= (C1np) + (P Y)p -
The approximation for "p - J k_y(p, x)"p 8 follows similarly.

Thus,

ék (p)p,,{? < " Jk,y(pr x) - Lk.y(p)"pﬁ

<llo =Ly @I, , +llo = ey e,
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3C
< 2(G,(y,p) + Tk)fk (P.Y)pp

6C
< (GO + 59T, Y)p g
Theorem 4.3:
Letp € Ly p X),1<p<w, k€N, and k = 2.Let Pr(p) and ¢x (p) be the sequence of

polynomials constructed as in (9), set

Ax(p) =L, 1(p) and By (p) = J, 2 (p),

where

Lki(p) and Jk 1(p) are given as (15) and (16) respectively.

'k 'k

Then

Ak(p,x) < p(x) < Be(p,x), x €X,

3¢, 1

Mazx {llp = Ax(P)llpp. [0 = Be(@llps} < (C1(y,p) + 701
and

= 12km? 1

Ex(P)pp < 2(C(y,p) + k:; )Tk (P D)p g
Proof:

1
Using equations (15) and (16) with y = E and kK = 2, we get

Lk%(plx) = M, (G%(ﬂ,%)) and JR%(prx) = Ny (H%(ﬂ,%))

where

G1(p), H(p) € Hy. Also
k k

M, (G%(P));M (H%(P)) € Hj

Using Lemma 3.3, since M (p,x) < p(x) < N, (p,x), x € X.
Hence, A (p,x) < p(x) < B, (p,x), x € X.
We need an approximate for [|p — A (p) |l g one has:

Using (15), Lemma 3.2 and Theorem 4.2 we obtain
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3

C 1
lo = A@)ls = o = £2@)] < ©0p) +2E00. 1

12km? 1
K12 )Tk (P, -

Analogously, we can show

12km? 1
1o = Be(@llpg < (€0 p) + 22504, (0,2 p

Thus,
Ex (P)pp < IBx(p) — APl p
< |[Bx(p) —pllyp + llp — A (Pl p
< 2(C,(y,p) + 222

1
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