IF AN LP HAs A PoLYGoN FeasIBLE REGION, WHICH OF THE
AcTIoNs BeLow Woulbd STiLL DEFINITELY Keep THe
FEASIBLE

IF AN LP Has A PoLyGon FeasieLE ReGloN, WHICH OF THE AcTions BeLow Woulb STiLL DEFINITELY Keep THe
FeasiBLE

UNDERSTANDING THE NATURE OF FEASIBLE REGIONS IN LINEAR PROGRAMMING (LP) IS CRUCIAL FOR OPTIMIZING SOLUTIONS
EFFECTIVELY. WHEN AN LP PROBLEM’S FEASIBLE REGION FORMS A POLYGON—TYPICALLY A CONVEX POLYGON IN TWO
DIMENSIONS OR A POLYHEDRON IN HIGHER DIMENSIONS—CERTAIN ACTIONS OR MODIFICATIONS TO THE PROBLEM CAN STILL
GUARANTEE THAT THE FEASIBLE REGION REMAINS UNCHANGED OR AT LEAST RETAINS ITS ESSENTIAL CHARACTERISTICS. THIS
ARTICLE EXPLORES THESE ACTIONS IN DETAIL, PROVIDING CLARITY FOR STUDENTS, PRACTITIONERS, AND RESEARCHERS \WORKING
WITH LP MoDELs.

UNDERSTANDING THE FEASIBLE REGION IN LINEAR PROGRAMMING

WHAT Is A FEASIBLE REGION?

THE FEASIBLE REGION IN AN LP PROBLEM IS THE SET OF ALL POINTS IN THE VARIABLE SPACE THAT SATISFY ALL THE
CONSTRAINTS SIMULTANEOUSLY. THESE CONSTRAINTS ARE TYPICALLY LINEAR INEQUALITIES OR EQUATIONS. \WHEN PLOTTED,
THESE CONSTRAINTS OFTEN INTERSECT TO FORM A CONVEX POLYGON (IN 2D) OR A CONVEX POLYHEDRON (IN HIGHER
DIMENSIONS).

PoLyYGoN FeAsIBLE REGIONS

A POLYGON FEASIBLE REGION MEANS THAT IN TWO-DIMENSIONAL SPACE, THE INTERSECTION OF CONSTRAINTS RESULTS IN A
POLYGON—POSSIBLY UNBOUNDED OR BOUNDED—ENCOMPASSING ALL FEASIBLE SOLUTIONS. THE SHAPE AND SIZE OF THIS
POLYGON ARE DETERMINED BY THE CONSTRAINTS SPECIFIED.

AcCTIONS THAT MAY orR MAY NoT PReSERVE THE FEASIBLE REGION

ToO DETERMINE WHICH ACTIONS WILL DEFINITELY KEEP THE FEASIBLE REGION UNCHANGED, WE ANALYZE COMMON MODIFICATIONS
TO LPS/ SUCH AS ADJUSTING CONSTRAINTS, ADDING NEW ONES, OR CHANGING OBJECTIVE FUNCTIONS.

AcTIONS THAT WILL DerINITELY Keep THE FEASIBLE REGION

BASED ON THE PROPERTIES OF CONVEXITY AND THE LINEARITY OF CONSTRAINTS, THE FOLLOWING ACTIONS ARE GUARANTEED TO
PRESERVE THE FEASIBLE REGION:

1. ADDING REDUNDANT CONSTRAINTS THAT DO NOT CUT OFF ANY EXISTING FEASIBLE POINTS



2. SCALING ALL CONSTRAINTS BY A POSITIVE SCALAR
3. REARRANGING OR REWRITING CONSTRAINTS IN AN EQUIVALENT FORM WITHOUT CHANGING THEIR GEOMETRIC MEANING

4. REMOVING CONSTRAINTS THAT ARE IMPLIED BY OTHER CONSTRAINTS (I.E., REDUNDANT CONSTRAINTS)

LET’S ELABORATE ON EACH OF THESE ACTIONS:

ADDING REDUNDANT CONSTRAINTS

WHAT ARE REDUNDANT CONSTRAINTS?

REDUNDANT CONSTRAINTS ARE THOSE THAT DO NOT FURTHER RESTRICT THE FEASIBLE REGION BECAUSE THEY ARE ALREADY
IMPLIED OR ENCOMPASSED BY THE EXISTING CONSTRAINTS.

IMPACT ON THE FEASIBLE REGION

- SINCE THESE CONSTRAINTS DO NOT ELIMINATE ANY FEASIBLE POINTS, ADDING THEM WILL NOT ALTER THE FEASIBLE REGION.
- For EXAMPLE, IF A CONSTRAINT IS A CONSEQUENCE OF OTHER CONSTRAINTS, ADDING IT EXPLICITLY MAINTAINS THE EXISTING
FEASIBLE REGION.

ScALING CONSTRAINTS BY A POSITIVE SCALAR

EXPLANATION

- MULTIPLYING ALL COEFFICIENTS AND THE RIGHT-HAND SIDE OF A CONSTRAINT BY A POSITIVE SCALAR DOES NOT CHANGE THE
FEASIBLE REGION.
- THIS IS BECAUSE THE INEQUALITY REMAINS EQUIVALENT, JUST EXPRESSED IN A DIFFERENT FORM.

IMPLICATION FOR FEASIBLE REGION

- THE FEASIBLE REGION REMAINS UNCHANGED BECAUSE THE SET OF POINTS SATISFYING THE SCALED CONSTRAINT IS IDENTICAL TO
THAT SATISFYING THE ORIGINAL.

ReWRITING CONSTRAINTS EQUIVALENTLY

\WHAT Does THis MeAN?

- CONSTRAINTS CAN OFTEN BE REWRITTEN OR REARRANGED WITHOUT CHANGING THEIR MEANING—E.G., CONVERTING BETWEEN
DIFFERENT FORMS OF INEQUALITIES OR EQUALITIES.



EFFecT ON FEASIBLE REGION

- AS LONG AS THE REWRITTEN FORM IS EQUIVALENT, THE FEASIBLE REGION REMAINS THE SAME.

ReMOVING REDUNDANT CONSTRAINTS

WHY ReMoVE REDUNDANT CONSTRAINTS?

- REMOVING CONSTRAINTS THAT ARE IMPLIED BY OTHERS SIMPLIFIES THE LP PROBLEM WITHOUT CHANGING THE FEASIBLE REGION.

ENSURING THE FEASIBLE REGION IS PRESERVED

- ONLY REMOVE CONSTRAINTS IF THEY ARE PROVEN TO BE REDUNDANT.
- THIS ACTION MAINTAINS THE ORIGINAL FEASIBLE SET.

AcCTIONS THAT WouLd NoT GUARANTEE PRESERVATION OF THE FEASIBLE
REGION

W/HILE CERTAIN ACTIONS GUARANTEE THE FEASIBLE REGION REMAINS UNCHANGED, OTHERS MAY ALTER IT, EITHER SHRINKING OR
ENLARGING IT.

ADDING NON-REDUNDANT CONSTRAINTS

- INTRODUCING NEW CONSTRAINTS THAT ARE NOT IMPLIED BY EXISTING ONES CAN REDUCE THE FEASIBLE REGION, POTENTIALLY
ELIMINATING SOME FEASIBLE SOLUTIONS.

CHANGING THE COEFFICIENTS OR CONSTANTS IN CONSTRAINTS

- ALTERING CONSTRAINTS IN A WAY THAT TIGHTENS OR LOOSENS THE BOUNDS CAN CHANGE THE FEASIBLE REGION, EITHER BY
RESTRICTING OR EXPANDING IT.

ReMoVING CONSTRAINTS THAT ARE NOT REDUNDANT

- ELIMINATING CONSTRAINTS THAT ARE NECESSARY TO DEFINE THE BOUNDARY OF THE FEASIBLE REGION CAN ENLARGE IT,
POSSIBLY MAKING IT UNBOUNDED OR INCLUDING INFEASIBLE POINTS.

MoDIFYING THE OBJECTIVE FUNCTION

- CHANGING THE OBJECTIVE FUNCTION DOES NOT AFFECT THE FEASIBLE REGION UNLESS IT LEADS TO A DIFFERENT FEASIBLE
SOLUTION SET, WHICH IS RARE SINCE THE FEASIBLE REGION IS DETERMINED INDEPENDENTLY OF THE OBJECTIVE.



SuMMARY: WHICH AcTions WiLL STiLL DeriNiTeLY Keep THE FEASIBLE
REGION?

| AcTIoN | GUARANTEE OF PRESERVING FEASIBLE REGION | EXPLANATION

| ADDING REDUNDANT CONSTRAINTS | YES | THESE DO NOT RESTRICT THE FEASIBLE REGION FURTHER. |

| SCALING CONSTRAINTS BY POSITIVE SCALAR | YES | EQUIVALENCE PRESERVES THE FEASIBLE SET. |

| REWRITING CONSTRAINTS EQUIVALENTLY | YES | SAME GEOMETRIC MEANING, SAME FEASIBLE SET. |

| REMOVING REDUNDANT CONSTRAINTS | YES | ELIMINATES UNNECESSARY RESTRICTIONS WITHOUT CHANGING THE FEASIBLE
REGION. |

PrRACTICAL IMPLICATIONS FOR LP MODELING

UNDERSTANDING WHICH ACTIONS PRESERVE THE FEASIBLE REGION HELPS IN SIMPLIFYING LP MODELS, IMPROVING COMPUTATIONAL
EFFICIENCY, AND ENSURING THE INTEGRITY OF SOLUTIONS. For EXAMPLE:

- MODEL SIMPLIFICATION: REMOVING REDUNDANT CONSTRAINTS STREAMLINES COMPUTATIONS.
- CONSTRAINT SCALING: FACILITATES NUMERICAL STABILITY WITHOUT ALTERING THE SOLUTION SPACE.
- CONSTRAINT REWRITING: PROVIDES CLEARER INTERPRETATIONS OR EASIER IMPLEMENTATION.

CONCLUSION

\/HEN DEALING WITH LP PROBLEMS WHERE THE FEASIBLE REGION IS A POLYGON, CERTAIN MODIFICATIONS CAN BE CONFIDENTLY
MADE WITHOUT AFFECTING THE SOLUTION SPACE. ACTIONS SUCH AS ADDING REDUNDANT CONSTRAINTS, SCALING CONSTRAINTS
BY POSITIVE FACTORS, REWRITING CONSTRAINTS EQUIVALENTLY, AND REMOVING REDUNDANT CONSTRAINTS ARE SAFE CHOICES
THAT PRESERVE THE FEASIBLE REGION. CONVERSELY, CHANGES THAT TIGHTEN OR LOOSEN CONSTRAINTS WITHOUT THESE
PROPERTIES CAN ALTER THE FEASIBLE SOLUTIONS, POTENTIALLY LEADING TO SUBOPTIMAL OR INFEASIBLE RESULTS.

A THOROUGH UNDERSTANDING OF THESE OPERATIONS ENABLES PRACTITIONERS TO MANIPULATE LLP MODELS EFFECTIVELY
ENSURING OPTIMAL SOLUTIONS ARE FOUND EFFICIENTLY WHILE MAINTAINING THE INTEGRITY OF THE FEASIBLE REGION.

’

REMEMBER: ALWAYS ANALYZE THE IMPLICATIONS OF ANY MODIFICATION ON THE FEASIBLE REGION BEFORE IMPLEMENTING IT IN
YOUR P MODEL TO AVOID UNINTENDED CONSEQUENCES.

FREQUENTLY ASkeD QUESTIONS

IF AN LP HAS A POLYGON FEASIBLE REGION , WHICH ACTIONS WILL DEFINITELY KEEP THE
FEASIBLE REGION UNCHANGED?

ACTIONS SUCH AS ADDING REDUNDANT CONSTRAINTS THAT DO NOT CUT OFF ANY PART OF THE FEASIBLE REGION WILL KEEP IT
UNCHANGED.



DOES INCREASING THE RIGHT-HAND SIDE OF A CONSTRAINT IN A POLYGON FEASIBLE LP
REGION ALWAYS PRESERVE THE FEASIBLE REGION?

NoT NECESSARILY;, INCREASING THE RHS MAY EXPAND THE FEASIBLE REGION OR MAKE IT LARGER, BUT IF IT CAUSES THE FEASIBLE
REGION TO INCLUDE POINTS OUTSIDE THE ORIGINAL, IT REMAINS FEASIBLE, SO IT CAN KEEP THE FEASIBLE REGION UNCHANGED IF IT
DOESN'T REMOVE ANY EXISTING FEASIBLE POINTS.

W/ OULD REMOVING A REDUNDANT CONSTRAINT FROM AN LP WITH A POLYGON FEASIBLE
REGION ALWAYS KEEP THE FEASIBLE REGION UNCHANGED?

YES, REMOVING A REDUNDANT CONSTRAINT THAT DOES NOT DEFINE A BOUNDARY OF THE FEASIBLE REGION WILL KEEP THE
FEASIBLE REGION UNCHANGED.

IF A CONSTRAINT IN AN LP IS ACTIVE AT THE OPTIMAL VERTEX , DOES REMOVING OR
RELAXING IT DEFINITELY KEEP THE FEASIBLE REGION UNCHANGED?

NO, REMOVING OR RELAXING AN ACTIVE CONSTRAINT AT THE OPTIMAL VERTEX CAN ENLARGE THE FEASIBLE REGION, SO IT DOES
NOT NECESSARILY KEEP IT UNCHANGED.

W OULD ADDING A CONSTRAINT THAT IS ALREADY IMPLIED BY EXISTING CONSTRAINTS
KEEP THE FEASIBLE REGION UNCHANGED?

YES/ ADDING A CONSTRAINT IMPLIED BY EXISTING CONSTRAINTS (A REDUNDANT CONSTRAINT) WILL KEEP THE FEASIBLE REGION
UNCHANGED.

IS TIGHTENING A CONSTRAINT IN AN LP WITH A POLYGON FEASIBLE REGION GUARANTEED
TO KEEP THE FEASIBLE REGION?

NO/ TIGHTENING A CONSTRAINT CAN REDUCE THE FEASIBLE REGION, SO IT MAY SHRINK OR ELIMINATE PARTS OF THE ORIGINAL
FEASIBLE REGION.

IF AN LP HAS A POLYGON FEASIBLE REGION , WHICH OF THE FOLLOWING ACTIONS WILL
DEFINITELY KEEP THE FEASIBLE REGION?

ADDING REDUNDANT CONSTRAINTS THAT DO NOT EXCLUDE ANY FEASIBLE POINTS WILL DEFINITELY KEEP THE FEASIBLE REGION
UNCHANGED.

ADDITIONAL RESOURCES

IF AN LP HAas A PoLyGoN FeasiBLE REGION, W/HICH OF THE AcTIons BeLow Woulp STiLL DEFINITELY Keep THe
FEASIBLE

LINEAR PROGRAMMING (LP) SERVES AS A CORNERSTONE OF OPTIMIZATION IN VARIOUS FIELDS, FROM ECONOMICS TO ENGINEERING.
ATITS CORE, LP INVOLVES MAXIMIZING OR MINIMIZING A LINEAR OBJECTIVE FUNCTION SUBJECT TO A SET OF LINEAR
CONSTRAINTS. THE SOLUTION SPACE—COMPRISING ALL POINTS SATISFYING THESE CONSTRAINTS—IS TERMED THE FEASIBLE
REGION. W/HEN THE FEASIBLE REGION FORMS A POLYGON, IT INDICATES A PARTICULAR GEOMETRIC STRUCTURE THAT OFFERS
BOTH INTUITIVE INSIGHT AND PRACTICAL IMPLICATIONS. A COMMON QUESTION AMONG STUDENTS AND PRACTITIONERS ALIKE
CONCERNS THE ROBUSTNESS OF THIS FEASIBLE REGION: SPECIFICALLY, WHICH MODIFICATIONS OR ACTIONS, IF APPLIED, WOULD
DEFINITELY PRESERVE THE INTEGRITY OF THE FEASIBLE REGION’S POLYGONAL SHAPE? ANSWERING THIS INVOLVES UNDERSTANDING
THE GEOMETRIC AND ALGEBRAIC PROPERTIES OF LINEAR CONSTRAINTS AND HOW THEY INTERACT UNDER VARIOUS
TRANSFORMATIONS.



THIS ARTICLE EXPLORES THE QUESTION IN DEPTH, DISSECTING THE NATURE OF POLYGONAL FEASIBLE REGIONS IN LINEAR
PROGRAMMING, EXAMINING DIFFERENT ACTIONS THAT COULD ALTER THE CONSTRAINTS, AND IDENTIFYING WHICH OF THESE
ACTIONS WOULD UNEQUIVOCALLY KEEP THE FEASIBLE REGION POLYGONAL. SUCH AN UNDERSTANDING IS ESSENTIAL FOR
DESIGNING RESILIENT OPTIMIZATION MODELS AND ENSURING SOLUTIONS REMAIN VALID UNDER PERTURBATIONS OR MODIFICATIONS.

THe GEOMETRIC NATURE OF THE FEASIBLE REGION IN LP

BEFORE DELVING INTO ACTIONS THAT PRESERVE THE FEASIBLE REGION’S POLYGONAL SHAPE, IT’S CRUCIAL TO UNDERSTAND
WHAT MAKES A FEASIBLE REGION POLYGONAL IN LP.

LiINeAR CONSTRAINTS AND POLYHEDRAL SHAPES

LINEAR PROGRAMMING PROBLEMS ARE DEFINED BY A SET OF LINEAR INEQUALITIES:
“\NCA_{MIx 1+ A_{i123x_2 +\coots + a_{in}x_~N\Le@e_1 \), For\(1=1,2, .., M\).

EAcH INEQUALITY DEFINES A HALF-SPACE IN THE N-DIMENSIONAL SPACE. THE INTERSECTION OF THESE HALF-SPACES FORMS THE
FEASIBLE REGION.

W/HEN THE CONSTRAINTS ARE ALL LINEAR, THE FEASIBLE REGION IS A CONVEX POLYHEDRON (OR POLYTOPE IF BOUNDED). IN TWO
DIMENSIONS, THIS IS VISUALIZED AS A POLYGON;, IN THREE DIMENSIONS, A POLYHEDRON; IN HIGHER DIMENSIONS, A CONVEX

POLYTOPE.

Key POINT: THE FEASIBLE REGION IS ALWAYS A CONVEX POLYHEDRON (OR POLYTOPE) WHEN CONSTRAINTS ARE LINEAR
INEQUALITIES, WHICH INHERENTLY HAVE POLYGONAL (OR POLYHEDEAL) SHAPES.

PoLYGONAL FeAsiBLE REGIONS IN Two DIMENSIONS

IN TWO-VARIABLE LPS, THE FEASIBLE REGION IS TYPICALLY A CONVEX POLYGON. THIS POLYGON IS BOUNDED IF THE
CONSTRAINTS FORM A CLOSED SHAPE AND UNBOUNDED IF THE FEASIBLE REGION EXTENDS INFINITELY IN SOME DIRECTION. T HE
VERTICES OF THIS POLYGON ARE THE BASIC FEASIBLE SOLUTIONS—POINTS WHERE CONSTRAINT BOUNDARIES INTERSECT.

IMPLICATION: THE POLYGONAL SHAPE ARISES DIRECTLY FROM THE LINEARITY OF CONSTRAINTS, AND MAINTAINING LINEARITY IS
KEY TO PRESERVING THE POLYGONAL NATURE.

ACTIONS THAT AFFECT THE FEASIBLE REGION: W/HICH KEEP THE POLYGONAL
SHAPE?

UNDERST ANDING HOW VARIOUS MODIFICATIONS TO THE CONSTRAINTS INFLUENCE THE FEASIBLE REGION IS CENTRAL TO
DETERMINING WHICH ACTIONS ARE “SAFE” IN TERMS OF PRESERVING THE POLYGONAL SHAPE.

1. ADDING OR REMOVING LINEAR CONSTRAINTS

ADDING CONSTRAINTS

- EFFECT: INTRODUCING A NEW LINEAR INEQUALITY FURTHER RESTRICTS THE FEASIBLE REGION, POTENTIALLY REDUCING ITS SIZE
OR MAKING IT EMPTY.



- PoOLYGONAL PRESERVATION: SINCE ADDING A LINEAR INEQUALITY INTERSECTS THE EXISTING REGION WITH A HALF-SPACE, THE
RESULTING FEASIBLE REGION REMAINS THE INTERSECTION OF LINEAR INEQUALITIES—THUS, A CONVEX POLYHEDRON/POLYGON.

- CONCLUSION: ADDING A LINEAR CONSTRAINT DEFINITELY PRESERVES THE POLYGONAL SHAPE, PROVIDED THE FEASIBLE REGION
REMAINS NON-EMPTY.

ReMoVING CONSTRAINTS

- EFFECT: REMOVING A CONSTRAINT RELAXES THE FEASIBLE REGION, POSSIBLY ENLARGING IT.

- PoLYGONAL PRESERVATION: THE INTERSECTION OF FEWER INEQUALITIES REMAINS A CONVEX POLYGON, SO THE SHAPE REMAINS
POLYGONAL.

- CONCLUSION: REMOVING A LINEAR CONSTRAINT DEFINITELY KEEPS THE FEASIBLE REGION POLYGONAL.

SUMMARY: BOTH ADDING AND REMOVING LINEAR CONSTRAINTS, AS LONG AS THE FEASIBLE REGION REMAINS NON-EMPTY,
GUARANTEE THE PRESERVATION OF THE POLYGONAL SHAPE.

2. CHANGING THE COErFICIENTS OF CONSTRAINTS (SCALING OR SLIGHT ADJUSTMENTS)

ScALING CONSTRAINTS

- EFFECT: MULTIPLYING A CONSTRAINT BY A POSITIVE SCALAR ALTERS THE BOUNDARY LINE BUT DOES NOT CHANGE THE HALF-
SPACE IT DEFINES.

- PoLYGONAL PRESERVATION: THE FEASIBLE REGION REMAINS THE SAME, THUS, POLYGONALITY IS PRESERVED.

- SLIGHT COEFFICIENT CHANGES: SMALL PERTURBATIONS IN COEFFICIENTS DO NOT ALTER THE FUNDAMENTAL LINEARITY, THE
REGION REMAINS A CONVEX POLYGON UNLESS THE CHANGES CAUSE THE FEASIBLE REGION TO BECOME EMPTY OR UNBOUNDED IN A
DIFFERENT MANNER.

CONCLUSION: SCALING OR MAKING SMALL ADJUSTMENTS TO THE COEFFICIENTS OF EXISTING LINEAR CONSTRAINTS DEFINITELY
PRESERVES THE POLYGONAL SHAPE.

3. ALTERING THE OBJECTIVE FUNCTION

W/HILE THE OBJECTIVE FUNCTION IMPACTS THE SOLUTION PROCESS, IT DOES NOT MODIFY THE FEASIBLE REGION ITSELF.
- EFFECT: NO CHANGE TO THE FEASIBLE REGION, WHICH REMAINS A POLYGON.

- ConcLUsIoN: CHANGING THE OBJECTIVE DOES NOT AFFECT THE POLYGONAL NATURE OF THE FEASIBLE REGION; IT REMAINS
POLYGONAL.

4. INTRODUCING NONLINEAR CONSTRAINTS OR NONLINEAR CHANGES

ADDING NONLINEAR CONSTRAINTS

- EFFECT: NONLINEAR CONSTRAINTS (E.G., QUADRATIC INEQUALITIES, EXPONENTIAL, OR TRIGONOMETRIC FUNCTIONS) TYPICALLY
PRODUCE CURVED BOUNDARY SEGMENTS, TRANSFORMING THE FEASIBLE REGION INTO A NON-POLYHEDRAL SHAPE.

- CONCLUSION: INTRODUCING NONLINEAR CONSTRAINTS WOULD NOT GUARANTEE THE FEASIBLE REGION REMAINS POLYGONAL; IT
GENERALLY CEASES TO BE A POLYGON.

ALTERING EXISTING CONSTRAINTS TO BECOME NONLINEAR

- EFFECT: SAME AS ABOVE, THE POLYGONAL SHAPE IS LOST.

SUMMARY: MAINTAINING LINEARITY OF ALL CONSTRAINTS IS ESSENTIAL; ANY NONLINEAR MODIFICATIONS DEFINITELY DESTROY
THE POLYGONAL NATURE.



SUMMARY OF ACTIONS THAT PRESERVE THE PoLYGONAL FEASIBLE REGION

BASED ON THE ABOVE ANALYSIS, THE ACTIONS THAT DEFINITELY KEEP THE FEASIBLE REGION POLYGONAL IN AN LP ARE:

- ADDING LINEAR CONSTRAINTS: BECAUSE THE INTERSECTION OF LINEAR INEQUALITIES REMAINS CONVEX AND POLYGONAL.

- REMOVING LINEAR CONSTRAINTS: AS THE INTERSECTION OF FEWER INEQUALITIES STILL YIELDS A CONVEX POLYGON.

- SCALING EXISTING CONSTRAINTS BY POSITIVE FACTORS: SINCE THE BOUNDARY LINES STAY THE SAME, THE FEASIBLE REGION
REMAINS UNCHANGED.

- MAKING SMALL LINEAR ADJUSTMENTS TO COEFFICIENTS: PRESERVES LINEARITY AND POLYGONAL SHAPE, BARRING ANY DRASTIC
CHANGES THAT COULD RENDER THE FEASIBLE REGION EMPTY OR UNBOUNDED IN A DIFFERENT MANNER.

ACTIONS THAT COULD JEOPARDIZE THE POLYGONAL SHAPE INCLUDE:

- INTRODUCING NONLINEAR CONSTRAINTS OR TRANSFORMATIONS THAT PRODUCE CURVED BOUNDARIES.
- APPLYING NONLINEAR MODIFICATIONS TO EXISTING CONSTRAINTS.

IN ESSENCE, THE KEY IS THE LINEARITY OF THE CONSTRAINTS. ANY ACTION PRESERVING LINEARITY——ADDING, REMOVING, OR
SCALING LINEAR INEQUALITIES—GUARANTEES THE FEASIBLE REGION REMAINS A CONVEX POLYGON IN TWO-DIMENSIONAL LPs (OR
A POLYHEDRON IN HIGHER DIMENSIONS).

PRACTICAL IMPLICATIONS AND FINAL THOUGHTS

UNDERSTANDING WHICH ACTIONS PRESERVE THE FEASIBLE REGION’S POLYGONAL SHAPE IS MORE THAN AN ACADEMIC EXERCISE, IT
DIRECTLY INFLUENCES HOW OPTIMIZATION MODELS ARE BUILT AND MODIFIED IN REAL-WORLD SCENARIOS. FOR EXAMPLE, IN
SUPPLY CHAIN MANAGEMENT, MANUFACTURING, OR FINANCIAL MODELING, CONSTRAINTS OFTEN EVOLVE DUE TO NEW POLICIES,
RESOURCE AVAILABILITY, OR STRATEGIC SHIFTS. KNOWING THAT LINEAR ADJUSTMENTS—ADDING OR REMOVING LINEAR
CONSTRAINTS—DO NOT ALTER THE FUNDAMENTAL GEOMETRIC NATURE OF THE FEASIBLE REGION PROVIDES CONFIDENCE IN HOW
MODELS RESPOND TO SUCH CHANGES.

MOREOVER, THIS INSIGHT EMPHASIZES THE IMPORTANCE OF MAINTAINING LINEARITY WHEN MODELING PROBLEMS THAT REQUIRE A
CLEAR GEOMETRIC INTERPRETATION OR WHEN USING SOLUTION ALGORITHMS OPTIMIZED FOR POLYHEDRAL FEASIBLE REGIONS,
SUCH AS THE SIMPLEX METHOD.

IN CONCLUSION, IF AN LP HAS A POLYGON FEASIBLE REGION, ACTIONS THAT DEFINITELY KEEP THE FEASIBLE REGION POLYGONAL
INCLUDE ADDING, REMOVING, OR SCALING LINEAR CONSTRAINTS—ANY OPERATION THAT DOES NOT INTRODUCE NONLINEARITY.
CONVERSELY/ INTRODUCING NONLINEAR CONSTRAINTS OR NON-LINEAR TRANSFORMATIONS WILL TYPICALLY ALTER OR DESTROY
THE POLYGONAL NATURE, LEADING TO CURVED OR MORE COMPLEX FEASIBLE REGIONS. RECOGNIZING THESE NUANCES ENSURES
THAT OPTIMIZATION MODELS REMAIN BOTH ROBUST AND INTERPRETABLE, ALIGNING GEOMETRIC INTUITION WITH ALGEBRAIC
MANIPULATIONS.
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