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UNDERSTANDING PROBABILITY IS FUNDAMENTAL IN STATISTICS AND VARIOUS FIELDS SUCH AS ECONOMICS, ENGINEERING, AND
SOCIAL SCIENCES. \W/HEN DEALING WITH MULTIPLE EVENTS, ESPECIALLY THEIR INTERSECTIONS AND CONDITIONAL PROBABILITIES,
IT’S ESSENTIAL TO GRASP KEY CONCEPTS THAT ALLOW US TO ANALYZE COMPLEX SCENARIOS. IN THIS ARTICLE, WE EXPLORE
THE GIVEN PROBLEM: WITH Two EVENTS E AND F, wHere \( P(E \cap F) = 0.1 \) ano \(P(E) = 0.8 \), How Do WE

DETERMINE \( P(FIE) \)? ADDITIONALLY, WE WILL CLARIFY WHAT THE NOTATION \( P(FE) \) COULD REPRESENT AND HOW TO
COMPUTE IT ACCURATELY.

UNDERSTANDING BASIC PRoBABILITY CONCEPTS

BEFORE DIVING INTO THE SPECIFIC PROBLEM, IT IS IMPORTANT TO REVIEW SOME FUNDAMENTAL PROBABILITY CONCEPTS.

EVENTS AND PROBABILITIES

- EVENT: A SPECIFIC OUTCOME OR A SET OF OUTCOMES WITHIN A SAMPLE SPACE.
- PROBABILITY: A MEASURE BETWEEN O AND 1 INDICATING THE LIKELIHOOD OF AN EVENT OCCURRING.

JoINT AND CONDITIONAL PROBABILITIES

- JoInT ProBABILITY (\( P(E \cap F) \)): THE PROBABILITY THAT BOTH EVENTS E AND F OCCUR SIMULTANEOUSLY.
- ConpiTioNaL ProgagiLITY (\( P(FIE) \)): THe PROBABILITY THAT F OCCURS GIVEN THAT E HAS ALREADY OCCURRED.

GiveN DATA AND WHAT IT TeLLS Us

LET'S ANALYZE THE DATA PROVIDED:

-\(P(E\carF)=0.1\)
-\(P(E)=0.81\)

FroMm THESE, WE CAN INFER THE RELATIONSHIP BET\WEEN E AND F AND COMPUTE VARIOUS PROBABILITIES.

CaLcuLaTing \( PCFIE) \)

THe conpiTioNAL PrRoBABILITY \( P(FIE) \) IS DEFINED AS:



\[
P(FIE) = \rrAc{P(E \car F)XP(E)}

\]

USING THE GIVEN DATA:

\[

P(FIE) = \rrac{0.13{0.8} = 0.125
\]

THererore, \( P(FIE) = 0.125 ).

THIS MEANS THAT GIVEN EVENT E HAS OCCURRED, THERE IS A 12.5%, CHANCE THAT F ALSO OCCURS.

UNDERSTANDING THE NoTATION \( P(FE) \)

THe NoTATION \( P(FE) \) CAN SOMETIMES BE CONFUSING. TYPICALLY, IN PROBABILITY, THE INTERSECTION OF TWO EVENTS IS
DENOTED AS \( P(E \cap F) \). However, IN SoMe CoNTEXTS, \( P(FE) \) MIGHT BE SHORTHAND FOR THE SAME INTERSECTION
OR COULD BE A TYPO.

ASSUMPTION:
GIVEN THE CONTEXT, IT’S SAFE TO INTERPRET \( P(FE) \) As \( P(F \capr E) \).

ReLaTING \( P(FE) \) To KNowN QUANTITIES

Since we ALReADY kNow \( P(E \cap F) = 0.1 \), anD AssumMing \( P(FE) \) REFERS TO THE SAME, THEN:

\[
P(FE) = P(E \cap F) = 0.1
\]

WHaT Is \( P(FIE) \)?

AS CALCULATED EARLIER:

\[
P(FIE) = \rrac{P(E \car F)}X{P(E)} = \rrac{0.13{0.83 = 0.125
\]

FINAL ANSWER:

\[

\soxen{

P(FIE) =0.125
}

\]



ADDITIONAL INSIGHTS AND RELATED PROBABILITIES

UNDERSTANDING THE RELATIONSHIPS BETWEEN THESE PROBABILITIES ALLOWS US TO ANALYZE VARIOUS SCENARIOS:

1. INDEPENDENCE OF E AND F

- |F E AND F \WERE INDEPENDENT:

\[

P(E \cap F) = P(E) \TimMes P(F)

\]

- GIVeN \( P(E\caP F) =0.1\) ano \( P(E) = 0.8 \):
\[

P(F) = \rrac{0.13{0.8} =0.125

\]

- Since \(P(F) \) 1s 0.125, ano \( P(FIE) = 0.125 \), THIS SUGGESTS THAT E AND F ARE INDEPENDENT.

2. CompuTing \( P(F) \)

- |F INDEPENDENCE HOLDS:

\[
P(F)=0.125
\]

- IF NOT, MORE DATA WOULD BE REQUIRED TO DETERMINE \( P(F) \).

3. COMPLEMENTARY PROBABILITIES

- THE PROBABILITY THAT F DOES NOT OCCUR GIVEN E:

\[
PO\Text{noT F}IE) =1-P(FE)=1-0.125=0.875
\]

ReAL-\W ORLD APPLICATIONS OF THESE PROBABILITIES

UNDERST ANDING HOW TO MANIPULATE AND INTERPRET THESE PROBABILITIES HAS PRACTICAL APPLICATIONS:

- Risk ASSESSMENT: IN FINANCE, DETERMINING THE PROBABILITY OF CERTAIN MARKET EVENTS GIVEN SPECIFIC CONDITIONS.
- MepicAL TeSTING: CALCULATING THE LIKELIHOOD OF A DISEASE GIVEN A POSITIVE TEST RESULT.
- QUALITY CoNTROL: ESTIMATING DEFECT RATES CONDITIONED ON CERTAIN PRODUCTION PARAMETERS.



SUMMARY

T o SUMMARIZE:
- Given \(P(E\cap F) = 0.1 \) ano \(P(E) = 0.8 \),
- THe conpiTioNaL ProBABILITY \( P(FIE) \) Is coMPUTED AS:

\l
P(FIE) = \rrac{0.1X0.8} =0.125
\]

- Tre NoTATION \( P(FE) \) MosT LikeLy rerers To \( P(F \cap E) \), wHicH 1s O.1.

IN CONCLUSION, THE PROBABILITY OF F OCCURRING GIVEN E HAS OCCURRED IS 12.5%. UNDERSTANDING THESE RELATIONSHIPS
ENHANCES OUR ABILITY TO ANALYZE COMPLEX PROBABILISTIC SCENARIOS AND MAKE INFORMED DECISIONS BASED ON DATA.

NOTE: ALWAYS ENSURE CLARITY IN NOTATION AND CONTEXT WHEN WORKING WITH PROBABILITIES, AS DIFFERENT TEXTBOOKS
OR FIELDS MAY USE SYMBOLS DIFFERENTLY.

FREQUENTLY ASkeD QUESTIONS

GiveN THAT P(E AND F) = 0.7 Anp P(E) = 0.8, WHAT IS THE PROBABILITY OF F
GIveN E, P(F | E)?

P(FIE)=P(EanoF)/P(E)=0.1/0.8=0.125.

UsinG THE DATA P(E Anp F) = 0.1 anp P(E) = 0.8, How po You compuTe P(F |
E)?

P(FIE)=0.1/0.8=0.125.

Ir P(E AND F) = 0.1 anp P(E) = 0.8, WHAT Is THE VALUE oF P(F | E) IN DECIMAL
FORM?

P(FIE)=0.125.

GIVEN THE PROBABILITIES, HOW CAN P(F | E) BE EXPRESSED IN TERMS OF P(E AND F)
AND P(E)?

P(FIE)=P(EanoF) /P(E)=0.1/0.8.

WHAT 1s THE FORMULA TO FIND P(F | E) wHeN P(E AnD F) AnD P(E) ARE KNOWN, AND
WHAT IS ITS VALUE BASED ON THE GIVEN DATA?

THe ForMULA 1s P(F | E) = P(E anp F) / P(E). SUBSTITUTING THE vALUES: 0.1/ 0.8 =0.125.



ADDITIONAL RESOURCES

CoNDITIONAL PROBABILITY

UNDERSTANDING THE NUANCES OF PROBABILITY, ESPECIALLY WHEN DEALING WITH MULTIPLE EVENTS, IS FUNDAMENTAL IN FIELDS
RANGING FROM STATISTICS AND DATA SCIENCE TO EVERYDAY DECISION-MAKING. TODAY, WE DELVE INTO A SPECIFIC SCENARIO
INVOLVING TWO EVENTS, E AND F, AND EXPLORE HOW TO COMPUTE THE CONDITIONAL PROBABILITY P(F | E). THIS MEASURE

TELLS US THE LIKELIHOOD OF F OCCURRING GIVEN THAT E HAS ALREADY OCCURRED, PROVIDING CRITICAL INSIGHT INTO THEIR
RELATIONSHIP.

UNDERSTANDING THE GIVEN DATA

LET’S BEGIN BY DISSECTING THE INFORMATION PROVIDED:

-P(EanD F)=0.1
-P(E)=0.8

FROM THESE, WE AIM TO DETERMINE P(F | E), WHICH IS THE PROBABILITY OF F GIVEN E.

FUNDAMENTALS oF CONDITIONAL PROBABILITY

CONDITIONAL PROBABILITY IS A MEASURE OF THE LIKELIHOOD OF AN EVENT F OCCURRING WHEN ANOTHER EVENT E HAS ALREADY
OCCURRED. |T'S FORMALLY DEFINED AS:

\[P(F | E) = \rrac{P(E \TexT{ anp 3 F)XP(E)} \]

THIS RATIO ADJUSTS THE PROBABILITY SPACE TO ONLY INCLUDE OUTCOMES WHERE E HAS HAPPENED, FOCUSING ON THE SUBSET
OF THE SAMPLE SPACE WHERE E IS TRUE.

KEY POINTS:

- P(F | E) QUANTIFIES THE DEPENDENCE OR ASSOCIATION BETWEEN E AND F.
- |7 15 oNLY DEFINED WHEN P(E) > O: IN oUR cAsE, SINCE P(E) = 0.8, IT'S WELL-DEFINED.

CaLcuLaTing P(F | E)

APPLYING THE FORMULA!

\[P(FIE) = \rrac{P(E \TexT{ anp 3 F)XP(E)} \]
SUBSTITUTING THE KNOWN VALUES:

\[P(F|E) = \rrac{0.13{0.83=0.125\]

INTERPRETATION:
GIVEN THAT E HAS OCCURRED, THERE IS A 12.59% CHANCE THAT F ALSO OCCURS. THIS INDICATES A RELATIVELY LOW



PROBABILITY OF F HAPPENING IN THE CONTEXT OF E/ SUGGESTING EITHER INDEPENDENCE OR A WEAK ASSOCIATION DEPENDING ON
FURTHER DATA.

UNDERSTANDING P(F | E) IN CONTEXT

THe vaLUe ofF 0.125 (or 12.5%) CAN BE ANALYZED FURTHER:

- e P(F | E) ~ P(F):
E AND F ARE APPROXIMATELY INDEPENDENT, EIS OCCURRENCE DOESNIT SIGNIFICANTLY INFLUENCE FIS PROBABILITY.

- If P(F | E) SIGNIFICANTLY DIFFERS FROM P(F):
THERE MIGHT BE DEPENDENCE; FURTHER INFORMATION IS NEEDED TO ESTABLISH THIS.

\WHILE WE HAVEN'T BEEN PROVIDED P(F) DIRECTLY, THIS VALUE SERVES AS A CRUCIAL STARTING POINT FOR UNDERSTANDING
THE RELATIONSHIP BETWEEN E AND F.

ExPLORING P(F | E) THRoUGH BAYES' THEOREM

BAYES' THEOREM PROVIDES A FRAMEWORK FOR UPDATING PROBABILITIES BASED ON NEW EVIDENCE. |T STATES:
\[P(FIE) = \rrac{P(E [ F) \TiMes P(F)}P(E)} \]

GIVEN THAT WE know P(E aND F), wHicH eEQuUALs P(E[Fl F) = 0.1, anp P(E) = 0.8, WE CAN EXPLORE VARIOUS SCENARIOS
oR eSTIMATE P(F | E) DIRECTLY FROM THE INITIAL DATA, AS WE'VE ALREADY DONE.

However, wiTHouT P(F) or P(E | F), we cANNOT DIRECTLY coMPUTE P(F | E) via BAYES' THEOREM UNLESS ADDITIONAL
DATA IS PROVIDED.

WHAT AsouT P(F | E*c)?

IN THE REALM OF PROBABILITY, IT'S OFTEN INSIGHTFUL TO CONSIDER THE COMPLEMENT OF E, DENOTED AS E”C (THE EVENT THAT
E DOES NOT OCCUR). THE PROBABILITY OF F GIVEN E*c, P(F | E®C), CAN REVEAL WHETHER F IS MORE OR LESS LIKELY WHEN E
HASN'T HAPPENED.

FORMULA:

\[ P(F | E*c) = \rRAC{P(F \TexT{ anp } E"c)HP(E"c)} \]

W/ HERE:

-\(P(E*"c)=1-P(E)=1-08=0.2\)

-\(P(F \text{ anp } E*c) =P(F) - P(E \Text{ anD } F) \)

IF P(F) WERE KNOWN, THIS CALCULATION WOULD BE STRAIGHTFORW ARD. W ITHouT IT, WE CAN ONLY SPECULATE BASED ON
THE AVAILABLE DATA.



IMPLICATIONS OF THE DATA AND REAL-\WW ORLD APPLICATIONS

UNDERSTANDING THE RELATIONSHIP BETWEEN E AND F THROUGH THEIR JOINT AND MARGINAL PROBABILITIES IS VITAL IN
NUMEROUS CONTEXTS:

- MebicAL DIAGNOSTICS:
IF E REPRESENTS THE PRESENCE OF A SYMPTOM, AND F INDICATES A DISEASE, KNOWING P(E AND F) HELPS EVALUATE THE
LIKELIHOOD OF DISEASE GIVEN SYMPTOMS.

- Risk ASSESSMENT:
IN FINANCE, EVENTS LIKE MARKET CRASHES (E) AND SPECIFIC ECONOMIC INDICATORS (F) CAN BE ANALYZED SIMILARLY.

- MACHINE LEARNING:
PROBABILITIES LIKE THESE UNDERPIN ALGORITHMS THAT ASSESS FEATURE IMPORTANCE AND DEPENDENCIES.

SUMMARY AND FINAL REMARKS

IN THIS SCENARIO, THE KEY TAKEAWAY HINGES ON THE SIMPLE YET POWERFUL FORMULA!
\[ P(F | E) = \rrAC{P(E \TexT{ anp } F)XP(E)} \]

WHICH, WHEN APPLIED TO OUR DATA, YIELDS:
\[ \eoxeo{P(F |E) = 0.125}\]

THIS VALUE SIGNIFIES THAT, GIVEN E HAS OCCURRED, THE PROBABILITY OF F IS 12.5%. WHILE THIS PROVIDES A SNAPSHOT OF
THEIR RELATIONSHIP, FURTHER DATA—PARTICULARLY P(F)—WOULD DEEPEN THE ANALYSIS, ALLOWING US TO EXPLORE
INDEPENDENCE OR DEPENDENCE MORE THOROUGHLY.

IN CONCLUSION:

(UNDERSTANDING HOW TO COMPUTE AND INTERPRET CONDITIONAL PROBABILITIES IS CRUCIAL FOR MAKING INFORMED INFERENCES
BASED ON GIVEN DATA. WHETHER IN ACADEMIC RESEARCH, INDUSTRY APPLICATIONS, OR EVERYDAY DECISION-MAKING, THESE
CONCEPTS SERVE AS FOUNDATIONAL TOOLS FOR DEALING WITH UNCERTAINTY AND COMPLEX RELATIONSHIPS BETWEEN EVENTS.
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