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Derive THeE DFG For THE EQuATION BeLow: M= (B + C)E- (8 + C)

INTRODUCTION TO DErIVING THE DFG oF THE EQUATION

W/HEN WORKING WITH ALGEBRAIC EXPRESSIONS, UNDERSTANDING HOW TO DERIVE A FUNCTION OR A FORMULA IS ESSENTIAL FOR
ANALYZING ITS BEHAVIOR, OPTIMIZING IT, OR APPLYING IT IN VARIOUS CONTEXTS SUCH AS ECONOMICS, ENGINEERING, OR DATA
ANALYSIS. THE EQUATIONM = (8 + C) E - (8 + C) IS A COMMON FORM THAT APPEARS IN DIFFERENT FIELDS, OFTEN
REPRESENTING RELATIONSHIPS BETWEEN VARIABLES, SUCH AS COSTS, REVENUES, OR OTHER QUANTITIES.

IN THIS ARTICLE, WE WILL EXPLORE THE STEP-BY-STEP PROCESS OF DERIVING THE DIFFERENTIAL FUNCTION GRAPH (DFG) FOR

THIS SPECIFIC EQUATION. THE DFG HELPS VISUALIZE HOW THE FUNCTION CHANGES WITH RESPECT TO ONE OR MORE VARIABLES,
PROVIDING INSIGHTS INTO ITS INCREASING, DECREASING, OR CONSTANT NATURE OVER DIFFERENT RANGES.

UNDERSTANDING THE EQUATION COMPONENTS

BEFORE DIVING INTO DERIVATIVES AND THE DERIVATION PROCESS, IT’S CRUCIAL TO UNDERSTAND THE COMPONENTS OF THE
EQUATION:

-8 A VARIABLE, POSSIBLY REPRESENTING A BASE VALUE OR CONSTANT.

- C: ANOTHER VARIABLE OR CONSTANT, POTENTIALLY REPRESENTING ADDITIONAL COSTS, CONSTANTS, OR COEFFICIENTS.
-EA VARIABLE, PERHAPS REPRESENTING AN INDEPENDENT VARIABLE SUCH AS ENERGY, EFFORT, OR A FACTOR INFLUENCING THE
OUTCOME.

- M: THE DEPENDENT VARIABLE, WHICH DEPENDS ON THE OTHER VARIABLES.

THE EQUATION IS EXPRESSED AS:

\Mm=G+CO)\tiMesE-(B+CO)\]

NOTICE THAT (B + C) APPEARS TWICE, INDICATING POTENTIAL FOR FACTORING OR SIMPLIFICATION.

STeP 1: SIMPLIFY THE EQUATION

TO MAKE THE DERIVATION CLEARER, START BY SIMPLIFYING THE ORIGINAL EQUATION:
\[M=(@E+O)\tiMesE-(+C)\]

FacTor ouT (8 + C):

\[m=@E+C)E-D\]

THIS SIMPLIFIED FORM MAKES IT EASIER TO ANALYZE HOW M VARIES WITH RESPECT TO E, ASSUMING THAT B AND C ARE
CONSTANTS OR PARAMETERS.



STeP 2: DerIVE THE FUNCTION WITH ResPecT TO E

ASSUMING THAT B AND C ARE CONSTANTS, THE SIMPLIFIED FUNCTION:
\[M(E) =&+ O(E-1\]

IS A LINEAR FUNCTION IN TERMS OF E. THE DERIVATIVE oF M WITH ReEsPECT To E (penoTeD As \( \rrac{pm}{pE} \)) INDICATES
THE RATE OF CHANGE OF M AS E VARIES.

CALCULATING THE DERIVATIVE:

\[ \rrac{om}{oE} = (& + C) \TiMes \FrRac{DH{DE}(E - 1) \]
SINCE THE DERIVATIVE OF (E - 1) WITH RESPECT TO E IS 1:
\[ \rrac{om}{oE} = (8 + CO) \TiMes 1 =8+ C\]
INTERPRETATION:

- Tre DerIVATIVE \( \FRAC{DMHDE} = &8 + C \) IS CONSTANT, WHICH CONFIRMS THAT THE FUNCTION M(E) IS LINEAR IN E.
- THE sLoPE oF THE FUNCTION IS \( B + C \), INDICATING THE RATE AT WHICH M CHANGES WITH E.

STep 3: UNDERSTAND THE DIFFERENTIAL FUNCTION GRAPH (DFG)

THe DFG OF A FUNCTION PORTRAYS HOW THE FUNCTION’S VALUE CHANGES WITH RESPECT TO ITS INDEPENDENT VARIABLE, EIN
THIS CASE. SINCE THE DERIVATIVE IS CONSTANT:

- THe GrAPH oF M(E) IS A STRAIGHT LINE WITH sLope \( B8 + C \).
- THE INTERCEPT OCCURS AT WHEN E = 1:

\[M(1)=GE+CO)(1-1)=0\]

- THE LINE PASSES THROUGH THE POINT (1, 0) wiTH sLope \( B8 + C \).
DEPENDING ON THE VALUES of \( & + C \):

-lIF\(8+ C>0\), THE FUNCTION INCREASES LINEARLY AS E INCREASES.

-lIF\(B+ C < 0\), THE FUNCTION DECREASES LINEARLY AS E INCREASES.
-IF\(e+ C=0\), THE FUNCTION REMAINS CONSTANT AT ZERO.

STEP 4: ANALYZING THE EFFECT oF V ARIABLE CHANGES ON THE DFG

UNDERSTANDING HOW THE DFG BEHAVES WITH DIFFERENT PARAMETERS PROVIDES VALUABLE INSIGHTS:

IMPACT oF CHANGING B AND C

- INCREASING B OR C:

- Raises THe sLope \( B + C \).
- RESULTS IN A STEEPER UPWARD OR DOWNWARD LINE, DEPENDING ON THE SIGN.



- DEcreASING B OR C:

- LOWERS THE SLOPE.
- CAN FLATTEN THE LINE OR INVERT ITS DIRECTION IF THE SUM BECOMES NEGATIVE.

IMPACT OF E ON THE FUNCTION M

- SINCE THE FUNCTION IS LINEAR, FOR EACH UNIT INCREASE IN E:

-Mincreases BY \(B+ C\) F\(8+C>0\).
- mpecreases BY \( B+ Cl\) F\(8+ C<0O\).

STep &: VisuaLizing THE DFG

To visuaLize THE DFG:

-PLoT THELINE \(M(E) =G+ CO)(E-1)\).
- MARK KEY POINTS:

-WHeNn \(E=11),\(Mm=0\).
- FORE > 1, M INCREASES OR DECREASES DEPENDING ON THE SIGN oF \(8 + C \).
- For E < T, MBEHAVES SIMILARLY, REFLECTING THE LINEARITY.

- OBSERVE THE SLOPE:

- STEEPER SLOPE INDICATES RAPID CHANGE.
- Zero sLopre (wHen \(B + C =0 \)) RESULTS IN A HORIZONTAL LINE.

APPLICATIONS oF DerIVING THE DFG

UNDERSTANDING THE DFG OF THE EQUATION HAS PRACTICAL APPLICATIONS IN VARIOUS DOMAINS:

EconoMics AND CosT ANALYSIS

- MODELING PROFIT OR COST FUNCTIONS WHERE VARIABLES LIKE B AND C REPRESENT FIXED COSTS, AND E SIGNIFIES PRODUCTION
LEVELS OR EFFORT.
- ANALYZING HOW CHANGES IN PARAMETERS AFFECT PROFIT MARGINS OR COSTS.

ENGINEERING AND SYSTEM DESIGN

- EVALUATING HOW SYSTEM PERFORMANCE (M) VARIES WITH INPUT ENERGY (E).
- DESIGNING SYSTEMS WITH DESIRED RESPONSE CHARACTERISTICS BY ADJUSTING PARAMETERS.

DATA ANALYSIS AND FORECASTING

- USING THE LINEAR RELATIONSHIP TO PREDICT OUTCOMES.



- PERFORMING SENSITIVITY ANALYSIS TO SEE HOW INPUT VARIATIONS INFLUENCE RESULTS.

SUMMARY AND KEY T AKEAWAYS

- THE ORIGINAL EQUATION SIMPLIFIES TO A LINEAR FUNCTION INE: \(M= (8 + C)(E- 1) \).

- THe DerIVATIVE \( \FrAC{DM}{DE} = B + C \) INDICATES A CONSTANT RATE OF CHANGE.

- THE DFG 1s A STRAIGHT LINE WITH sLore \( B + C \), crossing THE PoINT (1, 0).

- VARIATIONS IN B8 AND C DIRECTLY INFLUENCE THE SLOPE AND, CONSEQUENTLY, THE BEHAVIOR OF M WITH RESPECT TO E.
- VISUALIZING THE DFG PROVIDES INSIGHTS INTO THE RELATIONSHIP DYNAMICS, ENABLING BETTER DECISION-MAKING IN
PRACTICAL APPLICATIONS.

BY MASTERING THE PROCESS OF DERIVING AND ANALYZING THE DFG FOR THIS EQUATION, YOU CAN EXTEND THESE TECHNIQUES
TO MORE COMPLEX FUNCTIONS AND MODELS, ENHANCING YOUR ANALYTICAL TOOLKIT ACROSS MANY DISCIPLINES.

FREQUENTLY AskeD QUESTIONS

\WHAT IS THE FIRST STEP TO DERIVE THE DIFFERENTIAL FLow GrAPH (DFG) FOR THE
eQUATIONM=(B+ C)E- (g + Q)?

THE FIRST STEP IS TO IDENTIFY AND PARSE THE INDIVIDUAL OPERATIONS AND VARIABLES WITHIN THE EQUATION TO UNDERSTAND
ITS COMPUTATIONAL STRUCTURE.

How DO YOU HANDLE THE COMMON SUBEXPRESSION (B + C) IN THE DFG DERIVATION?

YOU INTRODUCE A TEMPORARY NODE FOR (B + C) TO AVOID REDUNDANCY , REPRESENTING IT ONCE AND REUSING IT IN BOTH THE
MULTIPLICATION AND SUBTRACTION OPERATIONS.

WHAT ARE THE NODES AND EDGES IN THE DFG FOR THIS EQUATION?

NODES REPRESENT VARIABLES AND OPERATIONS (ADDITION, MULTIPLICATION, SUBTRACTION), WHILE EDGES DEPICT DATA
DEPENDENCIES, SUCH AS FROM (B + C) TO THE MULTIPLICATION AND SUBTRACTION NODES.

How cAN THE DFG HELP IN OPTIMIZING COMPUTATIONS OF THE GIVEN EQUATION?

BY VISUALIZING DATA DEPENDENCIES, THE DFG ALLOWS FOR IDENTIFYING COMMON SUBEXPRESSIONS (LIKE B+ C) TO COMPUTE
ONCE, REDUCING REDUNDANT CALCULATIONS AND IMPROVING EFFICIENCY.

\WHAT IS THE ROLE OF THE INPUT VARIABLES IN THE DFG OF THIS EQUATION?

INPUT VARIABLES B, C, AND E SERVE AS SOURCE NODES PROVIDING DATA TO THE COMPUTATIONAL NODES, DICTATING THE
FLOW OF DATA THROUGH THE GRAPH.

CAN THE DERIVED DFG BE USED TO IMPLEMENT HARDWARE OR SOFT\WARE
OPTIMIZATION?

YES, THE DFG PROVIDES A CLEAR REPRESENTATION OF DATA DEPENDENCIES, ENABLING EFFICIENT SCHEDULING, PARALLELIZATION,
AND HARDW ARE IMPLEMENTATION STRATEGIES.



\WHAT IS THE FINAL STEP AFTER CONSTRUCTING THE DFG FOR THIS EQUATION?

THE FINAL STEP IS TO ANALYZE THE DFG TO IDENTIFY OPPORTUNITIES FOR OPTIMIZATION, SUCH AS REUSING COMMON
SUBEXPRESSIONS, AND THEN TRANSLATE IT INTO CODE OR HARDW ARE LOGIC ACCORDINGLY.

ADDITIONAL RESOURCES

DerIVING THE DerIVATIVE of THE FuncTioN \(M=(E+ C) \TiMesE- (8 + CO) \)

INTRODUCTION

CALCULUS, PARTICULARLY DIFFERENTIATION, IS A FUNDAMENTAL MATHEMATICAL TOOL USED ACROSS VARIOUS DISCIPLINES
SUCH AS PHYSICS, ENGINEERING, ECONOMICS, AND COMPUTER SCIENCE. |T PROVIDES INSIGHTS INTO HOW A FUNCTION BEHAVES AS
ITS INPUT VARIABLES CHANGE. IN THIS DETAILED REVIEW, WE WILL EXPLORE THE PROCESS OF DERIVING THE
DERIVATIVE—COMMONLY REFERRED TO AS THE “DERIVATIVE” OR “DIFFERENTIAL”—OF THE FUNCTION:

\[
M=@E+C)\TiMesE- (&8 +C)
\]

THIS FUNCTION INVOLVES MULTIPLE VARIABLES, AND UNDERSTANDING ITS DERIVATIVE REQUIRES CAREFUL APPLICATION OF
DIFFERENTIATION RULES, ESPECIALLY THE PRODUCT RULE AND THE CHAIN RULE IF NEEDED. OUR GOAL IS TO METHODICALLY
ELUCIDATE THE STEPS INVOLVED IN DERIVING \( \FRAC{OM}{DE} \), AND, IF RELEVANT, DERIVATIVES WITH RESPECT TO OTHER
VARIABLES SUCH As \(g\) or \(C\).

(UNDERSTANDING THE FUNCTION: STRUCTURE AND V ARIABLES

BEFORE DIVING INTO THE DERIVATION, IT'S CRUCIAL TO ANALYZE THE STRUCTURE OF THE FUNCTION:

\[
M=@E+C)\TiMesE- (8 +C)
\]

- V ARIABLES INVOLVED:

- \(8\): A VARIABLE THAT COULD REPRESENT ANY QUANTITY DEPENDING ON CONTEXT.
- \(C\): A CONSTANT OR VARIABLE, DEPENDING ON CONTEXT.

- \(E\): THE VARIABLE WITH RESPECT TO WHICH WE WANT TO DIFFERENTIATE.

- FUNCTIONAL COMPONENTS:
- Tre Term \((& + C) \TiMes E\): A probucT InvoLviINGg \(E)).
- THe susTRACTION oF \((8 + C)\): A CONSTANT OR VARIABLE TERM.

KEY OBSERVATIONS:

- IF \(8\) AnD \(C\) ARE CONSTANTS, THE DIFFERENTIATION SIMPLIFIES SIGNIFICANTLY.
- Ir \(8\) anp/or \(C\) are FuncTIONS OF \(E\) OR OTHER VARIABLES, THE DERIVATION BECOMES MORE COMPLEX.

FOR THE PURPOSE OF THIS DISCUSSION, WE'LL ASSUME THAT:

-\(B\) anp \(C\) ARE cONSTANTS WiITH RESPECT TO \(E\).
- |F THEY ARE VARIABLES, THE DERIVATION CAN BE EXTENDED ACCORDINGLY.



STeEP-BY-STEP DERIVATION
1. EXPAND THE FUNCTION

THE FUNCTION IS ALREADY SIMPLIFIED, BUT REWRITING IT CAN SOMETIMES CLARIFY THE DIFFERENTIATION PROCESS!

\[
M=@+C)\TiMesE-(&8+C)
\]

THIS CAN BE VIEWED AS:

\[

M=E@+O\TMesE+[-(GB+ Q)]

\]

WHICH IS A LINEAR FUNCTION IN TERMS OF \(E\).

2. RECOGNIZE THE STRUCTURE

THIS IS A LINEAR FUNCTION oF \(E\):

\[

M= (8 + C) \TiMes E + \TexT{consTANT}
\]

WITH THE CONSTANT TerM \(- (8 + O)\).
3. APPLY DIFFERENTIATION RULES

Since \((8 + C)\) ARE CONSTANTS, THE DERIVATIVE WITH RESPECT To \(E\) INVOLVES:

- THe DERIVATIVE oF THE ProDUCT TERM \((8 + C) \TiMes E\) wiTH respecT To \(E\).
- THE DERIVATIVE OF THE CONSTANT TERM \(- (B + C)\), WHICH IS ZERO.

DIFFERENTIATION RULES INVOLVED:

- ConsTANT MULTIPLE RULE: \(\FRAC{D}H{DE}[k \TiMeS E] = k\), wHere \(k\) IS CONSTANT.
- ConsTANT RULE: \(\FrAC{D}{DE}[\TEXT{coNSTANT}] = O\).

DerivaTioN ofF \( \rrac{om}{pE} \)

GIVEN THE ABOVE, WE CAN \WRITE:

\[
\rrac{om}{pE} = \rrac{oXpE} [(8 + C) \TiMes E] - \rrac{p}{pE} [& + C]
\]

APPLYING THE RULES:

\[
\rrac{pM}{pE}=(+ Q) -0=(G+C)
\]

RESULT:

\[



\BOXED{
\rrac{pm}{pE} =8 + C
}

\]

THIS IS A STRAIGHTFORWARD LINEAR DERIVATIVE, ASSUMING THE CONSTANTS \(8\) anp \(C\).

EXTENDING THE DERIVATION: W/HEN V ARIABLES ARE NoT CONSTANTS
WHAT IF \(8\) ano/or \(C\) are FuncTiONs oF \(E\)?

IN MANY REAL-WORLD SCENARIOS, VARIABLES ARE NOT INDEPENDENT CONSTANTS BUT FUNCTIONS. For EXAMPLE, IF:

-\(e =&(®)\),
-\(C=C®V),

THEN THE DERIVATIVE BECOMES MORE COMPLEX:

\[
M= [B(E) + C(E)] \Times E - [g(E) + C(E)]
\]

\WHICH SIMPLIFIES TO:

\[
M=@+CE-(B+CQC)
\]

BUT Now \(B\) anp \(C\) perenp on \(E\).

APPLYING THE PRODUCT RULE:

\[
\rrac{om}{pE} = \rrac{oXpE} [(8 + C) \TiMes E] - \rrac{p}{pE} [& + C]
\]

\WHERE!:

\[
\rrAac{p}{pE} [( + C) \TiMes E] = (& + C) + E \TiMes \rrac{p}{pE} (8 + C)
\]

AND

\[
\rrAc{p}{pE} [B8 + C] = \rrac{pB}{DE} + \FrAC{DC}{DE}
\]

THus,

\l

\soxen{

\rrAac{om}{pE} = (8 + C) + E \LerT( \rrac{pB}{DE} + \FrRAC{DC3}{DE} \RIGHT) - \LEFT( \FrAC{DB}DE} + \FRAC{DC}{DE}
\RIGHT)

}

\]



\WHICH SIMPLIFIES TO:

\[
\rrac{om}{pE} = (8 + C) + (E - 1) \LerT( \rrac{pB}DE} + \FRAC{DC}{DE} \RIGHT)
\]

THIS GENERAL FORM ACCOUNTS FOR POTENTIAL DEPENDENCIES OF \(B\) anp \(C\) on \(E\).

PRACTICAL EXAMPLES AND APPLICATIONS
ExampLE 1: ConsTanTs \(B\) anp \(C\)

Suppose \(g = 2\), \(C=3\), coNSTANTS. THEN:

\[
M=(2+3)\TMesE-(2+3)=5E-5
\]

DERIVATIVE:

\[
\rrac{om}{pE} =5
\]

THIS CONFIRMS THE EARLIER DERIVED FORMULA.
ExampLE 2: VariagLEs \(8(E) = E*2\), \(C(E) = \sin E\)
IN THIS CASE:

\[
8(E) =E"2, \quap C(E) = \sINE
\]

THEN:

\[
M=(E"2 + \sINE) \TiMes E - (E"2 + \sINE)
\]

WHICH SIMPLIFIES TO:

\[
M=(E"2+\sINE)E-(E"2 +\sINE)
\]

DIFFERENTIATING:

\[
\rrAac{om}{pE} = \rrRac{DXDE} \LerT[ (E"2 + \sINE) E \riGHT] - \rrRAc{D}DE} (E*2 + \sINE)
\]

APPLYING THE PRODUCT RULE:

\[
\FRAC{D}{DE} \LerT[ (E"2 + \sINE) E \riGHT] = (E"*2 + \sINE) + E \LerT( 2E + \cos E \RIGHT)
\]



AND:

\[
\rrAcC{D}{DE} (E"2 + \sINE) = 2E + \cos E
\]

THEREFORE,

\[
\rrac{om}{pE} = (E"2 + \sINE) + E (2E + \cos E) - (2E + \cos E)
\]

\WHICH SIMPLIFIES TO:

\l

\BOXED{

\rrAac{omM}{DE} =E"2 + \sNnE + 2E"2 + E \cos E - 2E - \cos E
}

\]

OR FURTHER:

\[
\rrAac{om}{pE} = 3E"2 + \sINE + E \cos E - 2E - \cos E
\]

THIS COMPREHENSIVE EXAMPLE DEMONSTRATES HOW DERIVATIVES ADAPT WHEN VARIABLES ARE FUNCTIONS OF \(E\)

SIGNIFICANCE AND APPLICATIONS OF THE DERIVATIVE
UNDERSTANDING THE DERIVATIVE OF THE FUNCTION \(M\) WITH RESPECT TO \(E\) OFFERS VALUABLE INSIGHTS:

- SENSITIVITY ANALYSIS: How sMaLL cHANGES IN \(E\) imPacT \(M\).

- OPTIMIZATION PROBLEMS: FINDING MAXIMUM OR MINIMUM VALUES oF \(M\) wiTH respecT To \(E\).

- RATE OF CHANGE: IN PHYSICS, FOR EXAMPLE, IF \(E\) REPRESENTS TIME, THE DERIVATIVE INDICATES THE INSTANTANEOUS RATE
AT WHICH \(M\) CHANGES OVER TIME.

- MODELING REAL-WORLD PHENOMENA: FOR FUNCTIONS INVOLVING MULTIPLE VARIABLES, DERIVATIVES HELP PREDICT SYSTEM
BEHAVIOR.

SUMMARY AND KEY TAKEAWAYS

- Tre DerIVATIVE OF \(M= (8 + C) \TiMes E - (8 + C)\) wiTH respecT To \(E\), assuming \(8\) ano \(C\) are
CONSTANTS, IS SIMPLY:

\[
\soxen{
\FRAC
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