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A NuMmser HAs THRree PrIME FAcToOrs. Two OF ITs PrIME FACTOrs ARe 3 AND 5. THE OTHER PRrIME FACTOR IS EVENWHAT

UNDERSTANDING THE PROPERTIES OF NUMBERS AND THEIR PRIME FACTORS IS A FUNDAMENTAL ASPECT OF NUMBER THEORY, A
BRANCH OF MATHEMATICS THAT DEALS WITH THE PROPERTIES AND RELATIONSHIPS OF NUMBERS, ESPECIALLY INTEGERS. \{/HEN
ANALYZING A NUMBER THAT HAS EXACTLY THREE PRIME FACTORS, WITH TWO OF THOSE BEING 3 AND 5/ AND THE THIRD BEING
AN EVEN PRIME, IT BECOMES A FASCINATING EXPLORATION INTO THE STRUCTURE OF COMPOSITE NUMBERS, PRIME FACTORIZATION
AND THE NATURE OF EVEN AND ODD PRIMES. THIS ARTICLE AIMS TO DELVE INTO THIS SPECIFIC SCENARIO, ILLUSTRATING THE
MATHEMATICAL CONCEPTS INVOLVED, AND PROVIDING COMPREHENSIVE INSIGHTS FOR STUDENTS, EDUCATORS, AND MATH
ENTHUSIASTS ALIKE.

’

PrRIME FACTORS AND THEIR SIGNIFICANCE

WHAT ARE PRIME FACTORS?

PRIME FACTORS OF A NUMBER ARE THE PRIME NUMBERS THAT MULTIPLY TOGETHER TO PRODUCE THE ORIGINAL NUMBER. PRIME
NUMBERS ARE NATURAL NUMBERS GREATER THAN 1 THAT HAVE NO DIVISORS OTHER THAN 1 AND THEMSELVES. PRIME
FACTORIZATION INVOLVES EXPRESSING A NUMBER AS A PRODUCT OF ITS PRIME FACTORS, WHICH IS UNIQUE ACCORDING TO THE
FUNDAMENTAL THEOREM OF ARITHMETIC.

FOR EXAMPLE, THE PRIME FACTORIZATION OF 60 Is:

e 22x3x%x5

UNDERSTANDING PRIME FACTORS HELPS IN SIMPLIFYING FRACTIONS, FINDING LEAST COMMON MULTIPLES, GREATEST COMMON
DIVISORS, AND ANALYZING THE PROPERTIES OF NUMBERS.

WHY Focus oN NUMBERS WITH EXACTLY THRee PRIME FACTORS?

NUMBERS WITH EXACTLY THREE PRIME FACTORS ARE CALLED SEMIPRIMES OR TRI-PRIME NUMBERS WHEN SPECIFIC CONDITIONS ARE
MET. THESE NUMBERS ARE SIGNIFICANT IN VARIOUS APPLICATIONS, INCLUDING CRYPTOGRAPHY, AS THEY FORM THE BASIS OF
ALGORITHMS LIKE RSA ENCRYPTION WHEN CONSIDERING LARGE PRIME FACTORS.

IN THE CONTEXT OF OUR FOCUS, THE NUMBER HAS EXACTLY THREE PRIME FACTORS, SPECIFICALLY WITH TWO KNOWN PRIMES (3
AND 5) AND A THIRD PRIME, WHICH IS EVEN.

ANALYZING THE PRIME FACTORS: 3, 5, AND AN EVEN PRIME

UNDERSTANDING THE PRIME FACTORS

- PriIME FACTOR 1: 3 (AN ODD PRIME)
- PrRIME FACTOR 2: 5 (ALSO AN ODD PRIME)
- PRIME FACTOR 3: THE ‘EVEN’ PRIME, WHICH IS A KEY POINT OF INTEREST HERE



THE CRITICAL QUESTION IS: WHAT IS THE EVEN PRIME?

THE ONLY EVEN PRIME: 2

IN THE SET OF PRIME NUMBERS, 2 IS UNIQUELY THE ONLY EVEN PRIME NUMBER. ALL OTHER PRIMES ARE ODD. THIS IS BECAUSE:
- 2 IS DIVISIBLE ONLY BY 1 AND 2.
- ANY OTHER EVEN NUMBER GREATER THAN 2 IS DIVISIBLE BY 2 AND HENCE NOT PRIME.

THEREFORE, IN OUR SCENARIO, THE “EVEN" PRIME FACTOR MUST BE 2.
7 7/

CoNsTRUCTING THE NUMBER WITH THE GIVEN PRIME FACTORS

GIVEN:
- Two PRIME FACTORS ARE 3 AND 5.
- THE THIRD PRIME FACTOR IS 2 (THE ONLY EVEN PRIME).

SINCE THE NUMBER HAS EXACTLY THREE PRIME FACTORS, IT CAN BE EXPRESSED AS THE PRODUCT OF THESE PRIMES, POSSIBLY
\WITH REPETITION.

PrIME FACTORIZATION OF THE NUMBER

THE GENERAL FORM OF SUCH A NUMBER IS:
\[N=2% \TiMes 3”& \TimMes 5°c \]

WHERE:
-\(A, B, c\) ARE POSITIVE INTEGERS (SINCE THE PRIME FACTORS ARE PRESENT),
- THE EXPONENTS INDICATE THE MULTIPLICITY OF EACH PRIME IN THE FACTORIZATION.

KeY POINTS:
- ALL EXPONENTS ARE AT LEAST | BECAUSE EACH PRIME FACTOR APPEARS AT LEAST ONCE.
- THE TOTAL NUMBER OF PRIME FACTORS (COUNTING MULTIPLICITIES) IS \( A + B+ C \).

NoOTE: IF THE PROBLEM SPECIFIES EXACTLY THREE PRIME FACTORS, INCLUDING MULTIPLICITY, THEN \( A+tB+tc=3 \)

PossiBLE EXPONENT COMBINATIONS

TO HAVE EXACTLY THREE PRIME FACTORS, THE SUM OF EXPONENTS SHOULD BE 3:

I\CAV) [\(B\) [ \(c\) | ExpLANATION |

| 1] 1| EACH PRIME APPEARS ONCE, TOTAL FACTORS = 3 |

| 1102 ApPearS TWICE, 3 ONCE, 5 NOT PRESENT; TOTAL FACTORS = 3 |
| 210 3 APPEARS TWICE, 2 ONCE, 5 ABSENT; TOTAL FACTORS = 3 |

| O 2|5 APPEARS TWICE, 2 ONCE, 3 ABSENT; TOTAL FACTORS = 3 |

| O] 1|2 APPEARS TWICE, 5 ONCE, 3 ABSENT; TOTAL FACTORS = 3 |

| 1123 once, 5 TwiICE, 2 ABSENT; TOTAL FACTORS = 3 |
| 2113 once, 2 TwiCE, 5 ABSENT; TOTAL FACTORS = 3 |

HO\X/EVER, SINCE THE PROBLEM STATES THAT THE NUMBER HAS TWO PRIME FACTORS 3 AND 5, AND THE OTHER PRIME FACTOR IS
2, IT SUGGESTS THE THIRD PRIME FACTOR APPEARS AT LEAST ONCE, AND ALL THREE ARE PRESENT.

THUS/ THE MOST STRAIGHTFORWARD CASE IS:



\[N=2"\TiMes 3"& \TiMes 5”c \]
witTH\(A, 8, c\eeQ T \) Ao \(A+B+Cc=3\).

THEREFORE, THE NUMBERS ARE:

1.AC2771 \1iMes 31 \7TiMes 571 =2 \1iMes 3 \1iMes 5 =30 \)
2.\(272\1iMes 3" 1 \TiMes 50 =4 \TiMes 3 =12 \)

3.\ 277 \1iMes 32 \TiMes 570 =2 \TiMes 9 = 18 \)

4. \( 271 \TimMes 31 \TimMes 572 = 2 \TimMes 3 \TiMes 25 = 150 \)

BUT THESE CASES VARY IN THE NUMBER OF TOTAL PRIME FACTORS DEPENDING ON MULTIPLICITY.

IF THE NUMBER HAS EXACTLY THREE PRIME FACTORS COUNTED WITH MULTIPLICITY, THEN THE TOTAL EXPONENTS SUM TO 3/ AND
THE SPECIFIC EXPONENTS DETERMINE THE NUMBER.

IN SUMMARY:
- THE MOST RELEVANT NUMBER WITH EXACTLY THREE PRIME FACTORS, TWO OF WHICH ARE 3 AND 5, AND THE THIRD BEING 2, IS
30 (since \( 2 \TiMes 3 \TiMes 5 \)).

PROPERTIES AND SIGNIFICANCE OF THE NuMBer 30

PrIME FACTORIZATION OF 30

\[
30=2"1\1imMes 3" 1 \Times 571
\]

WHICH CONFIRMS IT HAS EXACTLY THREE PRIME FACTORS, EACH APPEARING ONCE.

DivisSiBILITY AND APPLICATIONS

-Divisors oF 30: 1, 2, 3, 5, 6, 10, 15, 30
- NUMBER OF DIVISORS: 8
-SUMOFDIVISORS: 1T+2+3+5+6+ 10+ 15+ 30=80

APPLICATIONS:

- USED IN TEACHING PRIME FACTORIZATION.

- SERVES AS AN EXAMPLE OF A SEMI-PRIME WITH THREE DISTINCT PRIME FACTORS.

- RELEVANT IN COMPUTING LEAST COMMON MULTIPLES AND GREATEST COMMON DIVISORS.

GENERALIZATION AND ReELATED CONCEPTS

NUMBER THEORY INSIGHTS

- THE NUMBER 30 IS A SQUARE-FREE NUMBER BECAUSE NO PRIME FACTOR APPEARS WITH AN EXPONENT GREATER THAN 1.
- |T IS THE SMALLEST NUMBER WITH EXACTLY THREE DISTINCT PRIME FACTORS.

OTHER NUMBERS WITH SIMILAR PRIME STRUCTURES

- NUMBERS WITH TWO PRIME FACTORS: SEMIPRIMES LIKE 15, 21, 35.
- NUMBERS WITH THREE PRIME FACTORS BUT WITH HIGHER EXPONENTS, E.G., \( 2°2 \TiMes 3 \TiMes 5 = 60 \), WHICH HAS



FOUR PRIME FACTORS COUNTING MULTIPLICITY.

IMPORTANCE IN CRYPTOGRAPHY AND MATHEMATICS

UNDERSTANDING SUCH NUMBERS AIDS IN GRASPING THE CONCEPT OF COMPOSITE NUMBERS, PRIME DECOMPOSITION, AND THEIR
ROLES IN ENCRYPTION ALGORITHMS THAT RELY ON THE DIFFICULTY OF FACTORING LARGE NUMBERS.

CoNCLUSION

IN CONCLUSION, A NUMBER THAT HAS EXACTLY THREE PRIME FACTORS, WITH TWO OF THEM BEING 3 AND 5, AND THE THIRD
BEING THE ONLY EVEN PRIME 2, IS EXEMPLIFIED BY THE NUMBER 30. I TS PrRIME FACTORIZATION \( 2 \TiMes 3 \TiMes 5 \)
HIGHLIGHTS THE FUNDAMENTAL NATURE OF PRIME NUMBERS AND THEIR ROLE IN BUILDING COMPOSITE NUMBERS WITH SPECIFIC
PROPERTIES. RECOGNIZING THESE STRUCTURES ENHANCES OUR UNDERSTANDING OF NUMBER THEORY, PRIME DISTRIBUTION, AND THE
FOUNDATIONAL ELEMENTS OF MATHEMATICS. \WHETHER FOR MATHEMATICAL CURIOSITY, EDUCATIONAL PURPOSES, OR
PRACTICAL APPLICATIONS LIKE CRYPTOGRAPHY, ANALYZING SUCH NUMBERS DEEPENS OUR APPRECIATION FOR THE ELEGANT
COMPLEXITY OF THE NUMBER SYSTEM.

SUMMARY:
- THE PRIME FACTORS ARE 2, 3, AND 5.

- THE NUMBER WITH THESE PRIME FACTORS, EACH APPEARING ONCE, IS 30.
- THE TOTAL PRIME FACTORS (\X/ITH MULTIPLICITY) SUM TO

FREQUENTLY AskeD QUESTIONS

\WHAT IS THE PRIME FACTORIZATION OF A NUMBER WITH PRIME FACTORS 3, 5, AND AN
EVEN PRIME?

THE PRIME FACTORIZATION INCLUDES 3, 5, AND 2, SINCE 2 IS THE ONLY EVEN PRIME. SO, THE NUMBER CAN BE EXPRESSED AS 3 X
5 x 2 (orR POWERS THEREOF).

CAN THE THIRD PRIME FACTOR BE ANY EVEN PRIME NUMBER?

NO, THE ONLY EVEN PRIME NUMBER IS 2, SO THE THIRD PRIME FACTOR MUST BE 2.

\WHAT ARE SOME EXAMPLES OF NUMBERS WITH PRIME FACTORS 3, 5, AND 2?
ExaMPLES INCLUDE 30 (2x3%5), 60 (22x3x5), 90 (2x32x5), anp 150 (2x3%52).

IS THE NUMBER NECESSARILY COMPOSITE IN THIS CASE?

YES/ SINCE IT HAS AT LEAST THREE PRIME FACTORS, THE NUMBER MUST BE COMPOSITE.

\WHAT IS THE SMALLEST SUCH NUMBER WITH PRIME FACTORS 3, 5, AND 2P

THE SMALLEST SUCH NUMBER IS 30, WHICH IS 2X3X5.

CAN THE THIRD PRIME FACTOR BE REPEATED MULTIPLE TIMES?

YES/ THE THIRD PRIME FACTOR (\X/HICH IS 2) CAN APPEAR WITH ANY EXPONENT, SO THE NUMBER CAN BE 27kxX3%5 FOR ANY
POSITIVE INTEGER K.



How DOES KNOWING TWO PRIME FACTORS HELP IN FINDING THE TOTAL NUMBER OF SUCH
NUMBERS?

KNOWING TWO PRIME FACTORS (3 AND 5) AND THAT THE THIRD IS 2, THE NUMBERS ARE OF THE FORM 2" kX3X5, WHERE k> 1,
LEADING TO AN INFINITE SET OF SUCH NUMBERS.

IS IT POSSIBLE FOR THE THIRD PRIME FACTOR TO BE A DIFFERENT EVEN PRIME?

NO, 2 1S THE ONLY EVEN PRIME NUMBER, SO THE THIRD PRIME FACTOR MUST BE 2.

\WHAT IS THE SIGNIFICANCE OF THE THIRD PRIME FACTOR BEING EVEN IN THIS PROBLEM?

SINCE 2 IS THE ONLY EVEN PRIME, THIS CONDITION CONFIRMS THAT THE THIRD PRIME FACTOR IS 2, SIMPLIFYING THE PROBLEM TO
FACTORS 2, 3, AND 5.

ADDITIONAL RESOURCES

A NumMmeer HAs THRee PrRIME FACTORS. Two OF ITs PrIME FACcTors ARe 3 AND 5. THE OTHER PRIME FACTOR IS EVENWHAT

INTRODUCTION

MATHEMATICS/ OFTEN REGARDED AS THE UNIVERSAL LANGUAGE, OFFERS A FASCINATING WINDOW INTO THE STRUCTURE AND
PROPERTIES OF NUMBERS. AMONG THE MYRIAD TOPICS WITHIN NUMBER THEORY, THE FACTORIZATION OF INTEGERS INTO PRIMES
STANDS AS A FOUNDATIONAL CONCEPT. PRIME FACTORIZATION NOT ONLY REVEALS THE BUILDING BLOCKS OF NUMBERS BUT
ALSO UNDERPINS MANY ADVANCED MATHEMATICAL THEORIES AND APPLICATIONS, FROM CRYPTOGRAPHY TO COMPUTER SCIENCE.

IN THIS CONTEXT, CONSIDER A PARTICULAR PROBLEM: A NUMBER HAS THREE PRIME FACTORS. TWO OF ITS PRIME FACTORS ARE
3 AND 5. THE OTHER PRIME FACTOR IS EVENWHAT.” THIS STATEMENT OPENS A PANDORA’S BOX OF LOGICAL REASONING,
PROPERTIES OF PRIME NUMBERS, AND ALGEBRAIC IMPLICATIONS. THE CHALLENGE IS TO ANALYZE, INTERPRET, AND UNDERSTAND
THE STRUCTURE OF SUCH A NUMBER IN DETAIL.

THIS ARTICLE AIMS TO PROVIDE A COMPREHENSIVE, DETAILED, AND ANALYTICAL EXPLORATION OF THIS PROBLEM, DISSECTING
ITS ELEMENTS, EXAMINING THE IMPLICATIONS, AND UNCOVERING THE UNDERLYING MATHEMATICAL PRINCIPLES. WE WILL BEGIN BY
CLARIFYING FUNDAMENTAL CONCEPTS, PROCEED TO ANALYZE THE SPECIFIC PROBLEM STATEMENT, AND THEN EXPLORE BROADER
IMPLICATIONS AND RELATED TOPICS.

UNDERSTANDING PRIME FACTORIZATION
WHAT |s PRIME FACTORIZATION?

PRIME FACTORIZATION IS THE PROCESS OF EXPRESSING A POSITIVE INTEGER AS A PRODUCT OF ITS PRIME FACTORS. EVERY
POSITIVE INTEGER GREATER THAN 1 CAN BE UNIQUELY FACTORIZED INTO PRIMES, ACCORDING TO THE FUNDAMENTAL THEOREM OF
ARITHMETIC. FOR EXAMPLE:

-12=2%x2x3
-100=2x2x56x5
-360=2%%x32x5

PRIME FACTORS ARE THE PRIME NUMBERS THAT MULTIPLY TOGETHER TO PRODUCE THE ORIGINAL NUMBER. | HE UNIQUENESS OF
SUCH A FACTORIZATION MAKES PRIME NUMBERS THE “ATOMS” OF NUMBER THEORY.

SIGNIFICANCE OF PRIME FACTORS



(UNDERSTANDING THE PRIME FACTORS OF A NUMBER IS CRUCIAL FOR VARIOUS REASONS:

- DIVISIBILITY AND GCD/LCM CALCULATIONS.

- CRYPTOGRAPHY, ESPECIALLY ALGORITHMS LIKE RSA, RELY ON LARGE PRIME FACTORIZATIONS.
- NUMBER CLASSIFICATION: PRIME, COMPOSITE, PERFECT, AMICABLE, ETC.

- MATHEMATICAL PROOFS: MANY PROPERTIES DEPEND ON PRIME FACTORS.

THe RoLE oF PrIME FACTORS IN NUMBER STRUCTURE

THE PRIME FACTORIZATION INFLUENCES THE PROPERTIES OF THE NUMBER, SUCH AS:

- NUMBER OF DIVISORS: DERIVED FROM EXPONENTS IN THE PRIME FACTORIZATION.

- SUM OF DIVISORS.

- ABUNDANCE OR DEFICIENCY (PERFECT, ABUNDANT, DEFICIENT NUMBERS).
- PRIME FACTOR PARITY: WHETHER FACTORS ARE ODD OR EVEN.

DISSECTING THE STATEMENT: A Numser HAS THRee PriME FACTORS. Two OF ITs PrIME FACTOrRS ArRe 3 AND 5. THE
OTHER PrRIME FACTOR IS EVENWHAT.”

CLARIFYING THE COMPONENTS

THE STATEMENT CAN BE BROKEN DOWN INTO KEY PARTS:

1. NUMBER OF PRIME FACTORS: THE NUMBER HAS EXACTLY THREE PRIME FACTORS (COUNTING MULTIPLICITIES OR DISTINCT
PRIMES).

2. KNOWN PRIME FACTORS: TWO OF ITS PRIME FACTORS ARE EXPLICITLY 3 AND 5.

3. THE THIRD PRIME FACTOR: DESCRIBED AS “EVENWHAT,” WHICH APPEARS TO BE A TYPOGRAPHICAL OR INTERPRETIVE
VARIABLE STANDING IN FOR A PRIME NUMBER THAT IS EVEN.

INTERPRETING “EVENWHAT”

THE PHRASE “EVENWHAT” IS NOT A STANDARD MATHEMATICAL TERM. |T SEEMS TO BE EITHER A PLACEHOLDER, A TYPO, OR A
CONCEPTUAL LABEL. GIVEN THE CONTEXT, THE MOST LOGICAL INTERPRETATION IS:

- "EVENWHAT” REFERS TO AN EVEN PRIME NUMBER, I.E., A PRIME NUMBER THAT IS EVEN.
- THE ONLY EVEN PRIME NUMBER IS 2, AS ALL OTHER EVEN NUMBERS ARE DIVISIBLE BY 2 AND THUS ARE COMPOSITE.

HENCE, THE ASSUMPTION IS THAT THE THIRD PRIME FACTOR IS 2.

THIS INTERPRETATION ALIGNS WITH COMMON MATHEMATICAL CONVENTIONS AND THE STRUCTURE OF PRIME FACTORS.

MATHEMATICAL ANALYSIS OF THE NUMBER

DEFINING THE NUMBER

BASED ON THE ABOVE REASONING, THE NUMBER, WHICH WE WILL DENOTE AS N, HAS:

- PrRIME FACTORS: 3, 5, AND 2.

- SINCE THE TOTAL NUMBER OF PRIME FACTORS IS THREE, AND THE KNOWN FACTORS ARE 3 AND 5, THE THIRD FACTOR MUST BE
2.

PRrIME FACTORIZATION OF N

THEREFORE, THE PRIME FACTORIZATION OF N CAN BE EXPRESSED AS:



\[N=2% \TiMes 3”& \TimMes 5°c \]
\WHERE:

-\Cal\ceQ 11)
-\(e\eeQ 1)
-\(c\eeQ 1\)

BECAUSE THE PROBLEM STATES THE NUMBER HAS EXACTLY THREE PRIME FACTORS, IT IS ESSENTIAL TO CLARIFY WHETHER THE
EXPONENTS ARE GREATER THAN OR EQUAL TO -|/ OR IF THE FACTORS ARE SIMPLY PRESENT AT LEAST ONCE.

CLARIFICATION ON THE NUMBER OF PRIME FACTORS
- DISTINCT PRIME FACTORS: THE NUMBER HAS THREE DISTINCT PRIMES: 2, 3, AND 5.
- TOTAL PRIME FACTORS (INCLUDING MULTIPLICITY): DEPENDING ON CONTEXT, THE TOTAL COUNT COULD BE MORE THAN THREE

IF EXPONENTS ARE GREATER THAN 1.

THE TYPICAL INTERPRETATION IN SUCH PROBLEMS IS THAT THE NUMBER HAS THREE PRIME FACTORS COUNTING MULTIPLICITIES,
WHICH SUGGESTS THAT THE TOTAL NUMBER OF PRIME FACTORS (INCLUDING REPETITIONS) IS THREE, I.E.,

\[N=2"{a} \1iMes 3"{&} \TiMes 5°{c} \Quabp \TexT{wiTH} \Quab A + 8+ c =3 \]
AND EACH EXPONENT IS AT LEAST 1 (SINCE EACH PRIME FACTOR APPEARS AT LEAST ONCE).

ALTERNATIVELY, THE PROBLEM COULD BE INTERPRETED AS THE NUMBER BEING DIVISIBLE BY EXACTLY THREE PRIMES, REGARDLESS
OF EXPONENTS.

PossiBLE STRUCTURES oF N
ASSUMING EACH PRIME APPEARS AT LEAST ONCE, THE POSSIBLE EXPONENT COMBINATIONS ARE:
| ExroNenT of 2 (\(a\)) | ExponenT oF 3 (\(8\)) | ExponenT of 5 (\(c\)) | Sum \(a + & + c\) | NUMBER OF PRIME

FACTORS (COUNTING MULTIPLICITIES) |

3 (EACH PRIME ONCE) |

3 (2 APPEARS TWICE, 3 ONCE) |
3 (3 APPEARS TWICE, 2 ONCE) |
3

GIVEN THE PROBLEM'S FOCUS, THE MOST STRAIGHTFORWARD INTERPRETATION IS:

\[N= 2% \TiMes 3”6 \TiMes 5”c \Quab \TexT{wITH} \QuAD A, B, ¢ \ceQ 1 \QuAD \TexT{anD} \QuaD A +B+C=3

WHICH IMPLIES THAT EACH PRIME FACTOR APPEARS EXACTLY ONCE:
\[N=2\7iMes 3 \TiMes 5 =30 \]
SPECIFIC VALUES AND V ARIATIONS

- Minimum case: \( N =2 \7iMes 3 \TiMes 5 =30 \)
- OTHER POSSIBILITIES IF EXPONENTS ARE GREATER THAN 1:

SUPPOSE THE EXPONENTS ARE:

-\(A=2,8=1,c=0 \RiGHTARROW N= 2”2 \TiMes 3 = 4 \TiMes 3= 12\)

-\(A=1,8=2, c=0 \RicHTARROW N= 2 \TiMes 3"2= 2 \TiMes 9= 18 \)
-\(Aa=1,8=1, c=1 \RicHTARROW N= 2 \TiMes 3 \TiMes 5= 30\)



BUT SINCE THE PROBLEM STATES “A NUMBER HAS THREE PRIME FACTORS”, IT LIKELY REFERS TO THREE DISTINCT PRIMES, EACH
APPEARING AT LEAST ONCE, LEADING US TO THE PRIME FACTORIZATION:

\[N=2\TiMes 3 \1iMes 5 = 30 \]

WHICH IS THE SMALLEST SUCH NUMBER.

BroOADER IMPLICATIONS AND RELATED CONCEPTS
PrIME FACTORIZATION AND NUMBER CLASSIFICATION
THE PROBLEM OFFERS A CHANCE TO EXPLORE HOW PRIME FACTORS INFLUENCE THE CLASSIFICATION OF NUMBERS:

- SQUARE-FREE NUMBERS: NUMBERS NOT DIVISIBLE BY ANY PRIME SQUARE GREATER THAN 1. FOR EXAMPLE, 30 IS SQUARE-FREE
BECAUSE ITS PRIME FACTORS ARE ALL TO THE FIRST POWER.

- COMPOSITE NUMBERS: NUMBERS WITH MORE THAN ONE PRIME FACTOR. ALL NUMBERS WITH PRIME FACTORS ARE COMPOSITE
EXCEPT FOR 2, 3, 5, ETC., WHICH ARE PRIME.

- HIGHLY COMPOSITE NUMBERS: NUMBERS WITH MORE DIVISORS THAN ANY SMALLER NUMBER. FOR EXAMPLE, 60 HAS PRIME
FAcTors \( 2”2 \TiMes 3 \TiMes 5 \).

PRrIME FACTORIZATION AND CRYPTOGRAPHY

PRIME FACTORIZATION IS VITAL FOR ENCRYPTION ALGORITHMS, ESPECIALLY RSA, \WHICH DEPENDS ON THE DIFFICULTY OF
FACTORING LARGE COMPOSITE NUMBERS INTO PRIMES. THE SIMPLICITY OF SMALL PRIMES LIKE 2/ 3, AND 5 MAKES THEM
UNSUITABLE FOR CRYPTOGRAPHY, BUT UNDERSTANDING THEIR STRUCTURE PROVIDES FOUNDATIONAL INSIGHTS INTO THE
COMPLEXITY OF FACTORING LARGER NUMBERS.

PRIME FACTORS IN ALGEBRA AND NUMBER THEORY
PRIME FACTORS ALSO PLAY A ROLE IN ALGEBRAIC STRUCTURES:

- GREATEST COMMON DIVISOR (GCD): DETERMINED BY THE MINIMUM EXPONENTS OF SHARED PRIME FACTORS.
- LeasT common MULTIPLE (LCM): DETERMINED BY THE MAXIMUM EXPONENTS.
- NUMBER OF DIVISORS: For \(N=p_1
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