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BACKGROUND INFORMATION

MATHEMATICAL OPTIMIZATION - THE SELECTION OF THE
BEST COMPONENT FROM A SET OF AVAILABLE OPTIONS

OPTIMIZATION PROBLEMS CONSIST OF FINDING THE
MAXIMUM OR MINIMUM OF A REAL FUNCTION, KNOWN
AS AN OPTIMAL SOLUTION

OFTEN INVOLVES A CONSTRAINT

MOST WIDELY USED IN THE AREAS OF MATHEMATICS,
COMPUTER SCIENCE, AND OPERATIONS RESEARCH




MATHEMATICAL APPLICATIONS

o CALCULUS OF VARIATIONS SEEKS TO OPTIMIZE AN
ACTION INTEGRAL OVER SOME SPACE TO AN
EXTREMUM BY VARYING A FUNCTION OF THE
COORDINATES

» (GLOBAL OPTIMIZATION - THE DEVELOPMENT OF
DETERMINISTIC ALGORITHMS THAT ARE CAPABLE OF
GUARANTEEING CONVERGENCE IN FINITE TIME TO
THE ACTUAL OPTIMAL SOLUTION OF A
NONCONVEX PROBLEM

* MATHEMATICAL APPROACHES TO SOLVING
OPTIMIZATION PROBLEMS INCLUDE CLASSICAL,
LINEAR & NONLINEAR PROGRAMMING, AND
GAME THEORY




BUSINESS APPLICATIONS

OPTIMAL ALLOCATION OF RESOURCES LIES AT THE
HEART OF THE SCIENCE OF ECONOMICS

CONSUMERS ARE ASSUMED TO MAXIMIZE THEIR UTILITY,
WHILE FIRMS ARE USUALLY ASSUMED TO MAXIMIZE THEIR
PROFIT

ASSET PRICES, TRADE THEORY, AND THE OPTIMIZATION
OF MARKET PORTFOLIOS ARE ALSO MODELED USING
OPTIMIZATION THEORY

MACROECONOMISTS BUILD DYNAMIC STOCHASTIC
GENERAL EQUILIBRIUM (DSGE) MODELS THAT
DESCRIBE THE DYNAMICS OF THE WHOLE ECONOMY




VISUAL EXAMPLES

The level curves of utility functions (indifference curves)

Optimal sales level: f(x, y) = 103,680

Optimal indifference curve: U(x, y) = C

Budget line: 20x + 30y = 600 ' X
Budget line: x + y = 60

The relationship between the optimal indifference The relationship between the

curve U(x, y) = C, where C = U(18, 8) and the budgetary constraint and the
budgetary constraint is 20x + 30y = 600 level curve for optimal sales



REAL WORLD EXAMPLE: DISNEY WORLD




TOURINGPLANS.COM

CROWD CALENDAR SHOWS HOW BUSY EACH DISNEY THEME PARK IS
ATTENDANCE ACROSS DIFFERENT WEEKS, MONTHS AND SEASONS
CUSTOMERS CAN PLAN A PARK VISIT AND AVOID CROWDS WITH THE HELP OF:

*EACH PARK'S OPENING AND CLOSING TIMES
*THE PARK'S EXTRA MAGIC HOURS SCHEDULE

* ANY SPECIAL EVENTS THAT MIGHT AFFECT YOUR VISIT

SHOWS YESTERDAY'S RESULTS - THEIR PREDICTIONS VERSUS WHAT ACTUALLY HAPPENED
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SUMMER 2016 AT DISNEY

Animal Kingdom Average Posted Wait Time
10a.m. - 5 p.m. June and July

GRAPH DATA BASED ON STANDBY WAITS,
POSTED WAITS, AND PEOPLE IN LINE BETWEEN 10
A.M. AND 5 P.M. (THE PEAK TIME FOR CROWDS)

MOST MAJOR ATTRACTIONS AT THE ANIMAL
KINGDOM HAS HAD A WAIT TIME DROP IN 2016

ATTENDANCE IS LOWER FOR EPCOT, DISNEY'S
HOLLYWOOD STUDIOS, AND THE ANIMAL
KINGDOM, BUT HIGHER AT THE MAGIC
KINGDOM, VERSUS THE SAME PERIOD IN 201 5.

OVERALL, ATTENDANCE IS SLIGHTLY LOWER
THROUGHOUT WALT DISNEY WORLD



MAIN ALGORITHM

* TRAVELING SALESMAN PROBLEM (TSP)

,,,,,, i

* OPTIMAL ROUTE |

e BETTER SOLUTION = CHEAPER SOLUTION
* TIME DEPENDENT TRAVELING SALESMAN
PROBLEM (TDTSP) id S

THE COST TO TRAVEL FROM ONE CITY TO
ANOTHER DEPENDS ON:

e THE DISTANCE BETWEEN CITIES

* TIME OF DAY OF THE TRAVEL

A non—optimal tour: The optimal tour:
B C D



ALGORITHM: AVOIDING LONG LINES

Q = COMPUTER TIME TO COME UP WITH A RESULT
R = THE SET OF ALL RIDES YOU WANT TO RIDE

R = SPECIFIC RIDE IN R
EDGE E; ;1 = WALK FROM RIDE | TO J AT TIME T

START AT THE ENTRANCE AND RUN A TIME-DEPENDENT NEAREST NEIGHBOR ALGORITHM FOR
EACH RIDE IN R

* EACH R/IN R IS THE RIDE VISITED AFTER ENTERING THE PARK
SAVE THE SET OF ALL EDGES FOUND IN THE PATHS INTO S

CREATE A SMALL NUMBER — RANDOM TSP PATHS FOR YOUR RIDES — JUST PUT YOUR RIDES IN
R IN ANY RANDOM ORDER TO START WITH. FOR EACH PATH IN P, CALCULATE THE "COST" OF
THE PATH



ALGORITHM CONTINUED

WHILE (WE STILL HAVE TIME ACCORDING TO Q)

PICK 2 PATHS (PARENTS) FROM P USING
TOURNAMENT SELECTION

PICK A GENETIC OPERATOR SUCH AS:
« RANDOM MUTATION
e TIME-DEPENDENT RANDOM MUTATION
* LIN-KERNIGHAN
e« 2-OPT
« CYCLE CROSSOVER
» BRUTE FORCE PERMUTATION

» FAST PASS MUTATION

APPLY THE CHOSEN OPERATOR TO THE PARENTS.

THE PATH THAT IS CREATED BY THIS OPERATOR
AND THE PARENTS IS CALLED THE CHILD

CALCULATE THE COST OF THE CHILD

|F THE CHILD'S COST IS LESS THAN THE COST OF
THE WORST PATH IN P:

o DELETE THE WORST PATH IN P
« ADDCHILDTO P

IF WE'VE GONE A REALLY LONG TIME WITHOUT
ADDING A CHILD TO P:

o DELETE ALL BUT THE 1 BEST PATH IN P

» (CREATE NEW, RANDOM PATHS FOR ALL OF
THE REMAINING SPACE IN P

DONE // WHILE (WE STILL HAVE TIME...)

SEND THE RESULTS BACK TO THE SERVER



HOW MANY POSSIBILITIES ARE THERE®?

e MAGIC KINGDOM HAS 43 ATTRACTIONS,
RANKING BETWEEN THE GAME OF CHESS
AND GO IN TERMS OF COMPLEXITY

e TAKES INTO CONSIDERATIONS FOOD

Game Ways to Play  Like a Touring Plan with
’ PLACES AND SHOWS

Tic-Tac-Toe 31,896 8 attractions
Connect 4 45x10M2  15-16 attractions e VARIATIONS FOR DIFFERENT TIMES OF THE
Checkers 5 x 10420 21-22 attractions DAY OR YEAR

Chess 10740 to 10050  35-42 attractions

e TAKES A LOT OF COMPUTING POWER

Go 100170 106 attractions

e THERE ARE 10'70 POSSIBLE MOVES IN THE
GAME GO, WHILE ONLY 108° NUMBER
OF ATOMS IN THE OBSERVABLE UNIVERSE



CALCULUS OF VARIATIONS

THE FEASIBLE POINTS THAT SATISFY THE
CONSTRAINT FORM A POLYGON

THE EDGES OF A POLYGON — EDGES OF
THE PARK AREA

EACH RIDE IS SIMILAR TO A VERTEX ON A
POLYGON

THE EXTREMA OCCUR AT THE VERTICES

MANY SIMILAR PROBLEMS INVOLVE
LINEAR PROGRAMMING
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