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Transcription




Stacy HoehnNovember 16, 2010
Games and Mathematics Probability: Casinogames like blackjack Probability and Linear Algebra:Many board games in whichmovement along a track ofspaces is completely determinedby dice, spinners, and/or cards. For these types of games, linearalgebra can help us determinewhich squares on the gameboard tend to be occupied themost often, which, in turn, canhelp us develop strategies thattake advantage of thisinformation.
In Monopoly, players buy, sell, rent, and trade real estate in acompetition to bankrupt their opponents. They take turns rolling a pair of dice, with the totals indicating howmany spaces to proceed along an outside track that includes 22 Properties 4 Railroads 2 Utility Companies 3 Chance Squares 3 Community Chest Squares 6 Miscellaneous squares labeled Go, Income Tax, JustVisiting/Jail, Free Parking, Go to Jail, and Luxury Tax. Players start at Go. If doubles are rolled, you get another roll. Rolling3 consecutive doubles sends a player directly to the "In Jail" square. To get out of jail, the player must throw doubles, pay a fine of 50, oruse a get-out-of-jail-free card.What squares would we expect to visit most often? Simulation
A Simpler Example Start on the board location marked ‘1’. Flip a coin: Heads – move one space clockwise Tails – move two spaces clockwiseProbability of being on each of the board locations after n turnsLocationn On 1n 2n 3n 10n 15n .1250.26560.25200.2499It appears that as n grows larger, the probability of being on any of thelocations at the end of turn n is approaching 0.25. Is this the case?
Translating into Linear Algebra Let xn be the vector whose 1st entry is the probability of being in location ‘1’ after n turns 2nd entry is the probability of being in location ‘2’ after n turns 3rd entry is the probability of being in location ‘3’ after n turns 4th entry is the probability of being in location ‘4’ after n turns 1 0 0.25 00.50 x0 , x1 , x2 Examples:00.50.25 0 0 0.5 Let A be the matrix whose entry in row i, column j is the probabilityof moving from location j to location i when flipping a coin.0 0.5 0 0 0.5 0A 0.5 0.5 0 0 0.5 0.5 Note that x1 Ax0, x2 Ax1, and, in0.5 0.5 0 0 general, xn 1 Axn.
Markov Chains A probability vector is a vector with nonnegative entries that addup to 1. A stochastic matrix is a square matrix whose columns are allprobability vectors. A Markov chain is a sequence x0, x1, x2, of probabilityvectors, along with a stochastic matrix A so that x1 Ax0 ,x2 Ax1 , and, in general, xn 1 Axn . If the probability vectors x0, x1, x2, that make up a Markovchain converge to a vector x, then x is called a steady-state vectorfor the Markov chain. The steady-state vector for a Markov chain tells us the longterm behavior of the process. The steady-state vector for a Markov chain is a probabilityvector x so that Ax x.
Back to Our First Game 0.25 0.25 . For our first game, the steady state vector is x 0.25 0.25 This means that in the long run, we would expect to be onany of the squares with equal probability.
Our Next Game: Start on the location labeled ‘1’. Flip a coin. Move 1 space clockwise if you get heads,and move 2 spaces clockwise if you get tails. If you land on Space 3, slide directly back to Space 2. 0 0.5 0.5 Transition Matrix: A 1 0.5 0.5 0 00 Probability of being on each of the board locations after n turnsLocationn On 1n 2n 3n 5n 00000Steady-state vector: 1 3 x 2 . 3 0 In the long-run, you would expect tobe on Space 2 two-thirds of the time!
Chutes and LaddersRules: Start with your playing pieceto the left of Square 1. Spin the spinner and moveaccordingly. If you land on a squarewhich contains the bottomof a ladder, move to thesquare at the top of theladder. If you land on a squarewhich contains the top of achute, move to the square atthe bottom of the chute. The game ends when you (orone of your opponents)reach Square 100 with anexact spin of the spinner.
Chutes and Ladders (cont’d) The transition matrix for Chutes and Ladders has 101 rows and 101columns! The first column (which corresponds to the starting position) has 1/6 in the rows corresponding to squares 2, 3, 5, 6, 14, and 38 0’s elsewhere. The column which corresponds to square 99 has 5/6 in the row corresponding to square 99 1/6 in the row corresponding to square 100 0’s elsewhere. After two turns, the probability of being in the various squares is: 1/36 for Squares 3, 12, 15, 17, 18, 19, 20, 39, 40, 41, 42, 43, 44 2/36 for Squares 5, 10, 11, 14 3/36 for Square 31 4/36 for Squares 6, 7,8 0 for all other squares 0 0 The steady-state vector for this game is x , as we might expect. 1 
Monopoly as a Markov Process:Necessary Assumptions: After picking up a Community Chest or Chance card,you perform the indicated action and then shuffle thecard back into the correct stack instead of just puttingit on the bottom of the stack. Get-Out-of-Jail-Free cards are not used; they aresimply shuffled back into the deck if picked. Jail Options: Always leave jail on the first turn. **Remain in jail as long as possible (until thirdturn or you roll doubles).
Steps to create Monopoly’s transition matrix:1. Make a matrix with 40 rows and 40 columns which simplymodels where you can move by rolling the dice once, ignoring thespecial rules if you roll doubles.2. Modify the matrix to include 3 special rows/columns for jail:jail—1st turn, jail—2nd turn, and jail—3rd turn.3. Make changes to account for the fact that the Go-to-Jail squareacts like a slide to the jail (1st turn) square.4. Make changes to account for the Chance cards.5. Make changes to account for the Community Chest cards.6. Take into account the special rule about going to jail if youroll doubles 3 times. This will require adding 80rows/columns to your matrix!
The Steady-State Vector for -TermProperty NameProbabilityJail9.39%Illinois Avenue3.00%GO2.92%B&O Railroad2.89%Free Parking2.82%Tennessee Avenue2.82%New York Avenue2.81%Reading Railroad2.81%St. James Place2.68%Water Works2.65%Pennsylvania Railroad2.64%Electric Company2.62%Kentucky Avenue2.61%Indiana Avenue2.57%St. Charles Place2.56%Atlantic Avenue2.54%Pacific Avenue2.52%Ventnor Avenue2.52%Boardwalk2.49%North Carolina Avenue2.48%Marvin 394041Long-TermProperty NameProbabilityVirginia Avenue2.43%Pennsylvania Railroad2.36%Community Chest 22.30%Short Line2.29%Community Chest 32.23%Income Tax2.20%Vermont Avenue2.19%States Avenue2.18%Connecticut Avenue2.17%Just Visiting2.14%Oriental Avenue2.13%Park Place2.06%Luxury Tax2.06%Baltic Avenue2.04%Mediterranean Avenue2.01%Community Chest 11.78%Chance 21.04%Chance 30.82%Chance 10.82%Go to Jail0.00%
Expected RevenuesColor GroupExpected Revenue perExpected NumberOpponent Roll (withof Opponent RollsHotels)Total Costto Break EvenDark Purple 14.20 620.0044Light Blue 36.81 1,070.0030Magenta 57.34 1,940.0034Orange 80.35 2,060.0026Red 87.36 2,930.0034Yellow 87.45 3,050.0035Green 96.78 3,920.0041Dark Blue 80.65 2,750.0035
Which is better?Expected Revenue after n Opponent RollsColor Groupn 30n 50n 100( 193.88) 90.20 800.40 2,220.79Light Blue 34.43 770.71 2,611.42 6,292.84Magenta( 219.68) 927.19 3,794.38 9,528.77 350.57 1,957.61 5,975.22 14,010.44Red( 309.33) 1,437.79 5,805.58 14,541.17Yellow( 426.62) 1,322.31 5,694.61 14,439.23Green( 1,016.60) 918.99 5,757.99 15,435.98( 330.60) 1,282.33 5,314.66 13,379.31Dark PurpleOrangeDark Bluen 200
Conclusions Jail is the most frequently visited square, followed by Illinois Avenue. Squares that are reachable from Jail or Chance/Community Chest Cardsare more likely to be visited than other squares. Park Place, which is one of the traditionally coveted dark blueproperties, is visited approximately 45% less often than Illinois Avenue. The orange property group, when fully developed, has the lowestexpected break-even point of any of the properties. (Important forshort games!) The green properties, when fully developed, have thehighest expected revenue per turn. (Important for longgames!) The dark purple properties are hardly worth buying due to thelow frequency in which they are visited and their high expectedbreak-even point.
special rules if you roll doubles. Modify the matrix to include 3 special rows/columns for jail: Steps to create Monopoly’s transition matrix: 2. jail—1st rdturn, jail—2nd turn, and jail—3 turn. 3. Make changes to account for the fact that the Go-to-Jail square acts like a slide to the jail (1st turn) square. 4.
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2018 RADIOLOGY REVIEW - University of Chicago 


G. Scott Stacy, MD 7:15 MR Imaging of the Foot and Ankle G. Scott Stacy, MD 7:50 MR Imaging of the Shoulder Larry B. Dixon, MD 8:20 MR Imaging of the Hip G. Scott Stacy, MD 8:55 Bone Tumors Larry B. Dixon, MD 9:55 Coffee Break 10:10 Metabolic Bone Disease Larry B. Dixon, MD 10:40 MR Imaging of the Knee G. Scott Stacy, MD 11:30 Imaging Arthritis
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Bellbrook High School Cozad Begins Duties July 1 D 


Charlie O’Dell Boys’ and girls’ lacrosse – head coaches Jeff Chew and Vince Molseed . Jennifer Hoehn, General Manager for Sodexo, sponsored the event, which included . Recipe books are available for 5. To purchase yours, contact Ms. Hoehn at 848-5001,
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Community of the Cross Lutheran Church The crossbeam 


Heidi Hoehn-Low, daughter of Gordy and Nancy Hoehn Kristin Kolkmann, daughter of Dick and Elaine . Charlie Eklund Ron Nelson Isak Sevig Roger Aronson Caroline Harkner Sophia Baroun Saoirse Schouten . I can find lots of great ideas in books 
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ICD-10 Troubleshooting: Inpatient - OrHIMA 


ICD-10 Troubleshooting: Inpatient Tips from Coders to Coders Spring 2016 About the Presenter Stacy Hardin, RHIT(pending) CCS, AHIMA Approved ICD 10 CM/PCS Trainer Stacy joined RMC in 2006, and is currently Regional Coding Manager for RMC. In this role Stacy performs coding quality rev
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Fertile Ground - New Mexico State University 


as well as produce that comes in to New Mexico. In 1995 Stacy attended the peanut training school in Gorman, Texas, and in 2002 became the state super-visor for the Fruit and Vegetable Inspection program. Stacy has attended ISO 9000 Lead Auditor training and a USDA GAP/GHP and harmonized auditor training. In 2007 Stacy
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BELL COUNTY 4-H NEWS NOVEMBER 2009 


November 2: Broiler Order Due November 2, 9, 16, 23, & 30: Youth Leadership Mtg, 6-8pm, CEO November 3-4 : Major Show Sign-up, 5-8pm, CEO November 5: Scholarship Training, 6-8pm, CEO November 6-8: Junior Leadership Retreat, Brownwood November 9: Consumer Meeting, 5pm, CEO November 10: Photo Workshop Planning
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VALUES EXPLAINED: KINGFISHER BLUE = SHARING Courses Events 


President Judy Harris president.sydneyu3a@gmail.com VP Education Anne Richardson vpeducation.sydneyu3a@gmail.com VP Public Relations TBA Treasurer Ivona Kadlec sydu3a.treasurer@gmail.com Secretary Pamela Frei secretary.sydneyu3a@gmail.com Admin Manager Lynda Cronshaw officemgr.sydneyu3a@gmail.com Course Listing Order Course Delivery Booking a Course Insurance Principal Officers . 5. REGIONAL .
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Aina Haina Shopping Center Hours of Operation 820 West .

Grilled Pork Chop & Tofu (Cơm Sườn Nướng & Đậu Hũ) - 14.25 15. Grilled Tofu (Cơm Đậu Hũ Nướng) - 14.25 16. Grilled Shrimp & Tofu (Cơm Tôm Nuong & Đậu Hũ) - 16.25 . Thai Tea (Trà Thai) - 4.50 . Iced Coffee (Cà Phê S 
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Yahoo: Failures - Harvard University

Stock closes at an all time low 8.11 Yahoo invested 1Bn in Alibaba Yahoo co-founder & CEO Jerry Yang steps down after 18 months Microsoft and Yahoo agree to search partnership 2008 Yahoo tries to buy Google for 3Bn. Google denied the offer 2009 Yahoo acquires many media companies Microsoft tries to buy Yahoo for 44.6Bn Yahoo denied offer .
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Reviewers Guide – AT&T Yahoo! Go Mobile

Reviewers Guide – AT&T Yahoo! Go Mobile AT&T Yahoo! Go Mobile gives you access to a wide range of the Yahoo! services you . select download then select attachments to view and download the attachment. 4 . emoticons, audibles, voice IMs and attach photos to IM conversations. To use Yahoo! Messenger, click on Messenger in the Yahoo! Go .
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MANAGERIAL FINANCE - GBV

of Managerial Finance page 2 Introduction to Managerial Finance 1 Starbucks—A Taste for Growth page 3 1.1 Finance and Business What Is Finance? 4 Major Areas and Opportunities in Finance 4 Legal Forms of Business Organization 5 Why Study Managerial Finance? Review Questions 9 1.2 The Managerial Finance Function 9 Organization of the Finance
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Chapter 1 The roles of finance function in organisations

The roles of the finance function in organisations 4. The role of ethics in the role of the finance function Ethics is the system of moral principles that examines the concept of right and wrong. Ethics underpins an organisation’s sustained value creation. The roles that the finance function performs should be carried out in an .File Size: 888KBPage Count: 10Explore furtherRole of the Finance Function in the Financial Management .www.managementstudyguide.c Roles and Responsibilities of a Finance Department in a .www.pharmapproach.comRoles and Responsibilities of a Finance Department .www.smythecpa.comTop 10 – Functions of Business Finance in an om23 Functions and Duties of Accounting and Finance nded to you b
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Yahoo Microsoft: A Horizontal Romance, or a Broken

News, Finance, Sports and Rivals Entertainment -Yahoo! Music, Movies, TV, Games, Video and omg! Life Style - Yahoo! Autos, Real Estate, Food, Tech, Kids, Health o Connected Life - Co-branded broadband, Yahoo! Moblie Digital Home, Desktop
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2017-2018 GRANDE ÉCOLE MSc in MANAGEMENT

Descriptif des cours Course Outlines 10 Catalogue des cours/ Course Catalog 2017-2018 FIN: Finance/Finance A : Actuariat/Actuarial, Insurance E : Finance d’entreprise/Corporate Finance The course liste tables and the course outlines G : Finance générale/General Finance M : Finance de marché/Market Finance S : Synthèse/Synthesis IDS: Systèmes d’Information, Sciences de la Décision et .




2y ago




301 Views






















Behavioral Finance and Wealth L Management

Introduction to Behavioral Finance CHAPTER1 What Is Behavioral Finance? Behavioral Finance: The Big Picture Standard Finance versus Behavioral Finance The Role of Behavioral Finance with Private Clients How Practical Application of Behavioral Finance Can Create a Successful Advisory Rel




2y ago




365 Views






















Catalogue des Cours Course Catalog - ESSEC Business School

10 Catalogue des cours/Course Catalog 2021-2022 FIN: Finance/Finance E : Finance d'entreprise/Corporate Finance G : Finance générale/General Finance M : Finance de marché/Market Finance S : Synthèse/Synthesis IDS: Systèmes d'Information, Sciences de la Décision et Statistiques/ Information Systems, Decision Sciences and Statistics
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kama sastry 2004@yahoo.co.uk in.groups.yahoo .

kama_sastry_2004@yahoo.co.uk up/hot-indi
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IX. “Can You Buy Me Now?”: The Erratic Closing of the .

2016-2017 Developments in Banking law 547 by both parties, Verizon was supposed to purchase Yahoo’s shares for 4,825,800,000.965 Excluded from the transaction were Yahoo’s holdings in Yahoo Japan and Alibaba.966 The sale will end Yahoo’s twenty 
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Implementasi Rest Web Service Pada Aplikasi Pengolah Pesan Yahoo . - Core

REST Web Service: Gambar 3. Desain Sistem REST Web Service 3. HASIL DAN PEMBAHASAN 3.1 Gambaran Umum Aplikasi Pada Penelitian ini akan menghasilkan sebuah aplikasi pengolah pesan Yahoo Messenger dan Aplikasi REST Web Service. Aplikasi pengolah pesan Yahoo Messenger berfungsi untuk mengirim dan menerima pesan Yahoo Messenger.
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SINGAPORE - Kelly Services

FINANCE Chief Financial Officer Degree/Master 15 20,000 25,000 Finance Assistant Diploma 1-3 2,800 3,400 Finance Controller Degree 10-15 10,000 18,000 Finance Director Degree 15 15,000 20,000 Finance Executive/ Senior Finance Executive Degree 2-5 3,000 6,000 Finance Manager/ Assistan
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Ministries of Finance and Nationally Determined Contributions

Rodrigo Rojo, IDB Sr. Consultant and advisor to Ministry of Finance of Chile. Colombia German Romero Otalora and Laura Marcela Ruiz Daza — Office of the Vice-Minister — Ministry of Finance. Ireland Paul Ryan — International Finance Division — Ministry of Finance Sean Judge — Department of Finance — Ministry of Finance




1y ago




222 Views






















Trade Finance & Supply Chain Finance Awards 2022

In February 2022, Global Finance will publish its annual selections for the World's Best Trade Finance and Supply Chain Finance Providers. Global Finance will name the best trade finance providers in more than 100 countries and territories, eight global regions and
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