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Instructions

The exam is open book / open notes and you may use a calculator.  We will give points for correct answers, but will not subtract points for incorrect answers, so you should answer all questions. 
In order to make your calculations as straightforward as possible, assume that, unless stated otherwise,

· there are sufficient parts or raw materials so that the initial operation(s) are never starved;

· processing times have negligible variability, and over time, workers neither speed up nor slow down, but work always at the processing rates given;

· there are no machine breakdowns;

· when there are buffers shown, they are large enough to accommodate any amount of inventory that would reside in those buffers under normal operations;

· travel time and time to transport parts from one operation to the next is negligible;

· all operations run with 100% yield, i.e., the operations produce no defective units; and

· all processes are in steady state (e.g., in the middle of the day); thus, you may ignore any start-up effects.
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PART A

Mr. K’s Hair Salon

Mr. K’s is a very popular hair salon. It offers high-quality hair-styling and physical relaxation services at a reasonable price, so it always has unlimited demand. The service process includes five activities that are conducted in the sequence described below. (The time required for each activity is shown in parenthesis):

Activity 1: Welcome a guest and offer homemade herb tea.   (10 minutes)

Activity 2: Wash and condition hair.   (10 minutes)

Activity 3: Neck, shoulder, and back stress release massage. (10 minutes)

Activity 4: Design the hair style and do the hair.  (25 minutes)

Activity 5: Check out the guest. (5 minutes)

Three servers (S1, S2, and S3) offer the services in a worker-paced line. The assignment of tasks to servers is the following:

S1 does Activity 1.

S2 does Activities 2 and Activity 3.

S3 does Activities 4 and Activity 5.

MRK1. Which server is the bottleneck of the process?

MRK2. What is the utilization of server 2? 

MRK3. What is the average labor utilization of the servers? Assume the process operates at its capacity.

MRK4. Assume a wage rate of $18 per hour. What are the direct labor costs for one guest?

To increase the service rate, Mr. K’s is considering two alternatives:

Alternative I: To hire a new employee to help any one (and only one) of the servers without changing the tasks performed by each server.

Alternative II: To redesign the assignment of tasks to servers. For this, Mr. K’s is evaluating to reassign Activity 5 from S3 to S1.

MRK5. What would be the costs of direct labor of serving one guest under each of the two alternatives? Assume that the system operates at its capacity.

PART B

Penne Pesto

Penne Pesto is a small restaurant in the financial district of San Francisco. Customers order from a variety of pasta dishes. The restaurant has 50 seats and is always full during the four hours in the evening. It is not possible to make reservations at Penne, most guests show up spontaneously on their way home from work. If there is no available seat, guests simply move on to another place.

On average, a guest spends 50 minutes in the restaurant, which includes 5 minutes until the waiter has taken the order, an additional 10 minutes until the food is served, 30 minutes to eat, and 5 minutes to handle the check-out (including waiting for the check, paying, and leaving). It takes the restaurant another 10 minutes to clean the table and have it be ready for the next guests (of which there are always plenty).The average guest leaves $20 at Penne, including food, drink, and tip (all tips are collected by the restaurant, employees get a fixed salary).  

The restaurant has 10 waiters and 10 kitchen employees, each earning $90 per evening (including any preparation, the 4 hours the restaurant is open, and clean-up). The average order costs $5.50 in materials, including $4.50 for the food and $1 for the average drink. In addition to labor costs, fixed costs for the restaurant include $500 per day of rent and $500 per day for other overhead costs.

The restaurant is open 365 days in the year and is full to the last seat even on week-ends and holidays. There are about $200k of capital tied up in the restaurant, largely consisting of furniture, decoration, and equipment.

PP1. How many guests will the restaurant serve on an evening?

PP2. What is the Return on Invested Capital for the owner of the restaurant?

PP3. Assume that you could improve the productivity of the kitchen employees and free up one person who would be helping cleaning up the table. This would reduce the clean-up to 5 minutes instead of 10 minutes. What would be the new ROIC?

PP4. What would be the new ROIC if over-head charges could be reduced by $100 per day? Answer this question independent of the previous question.

PART C

ProofSmart Inc.

ProofSmart Inc., a supplier of home insulation materials, was burned down in a recent fire.  From the remains of what used to be the accounting ledger, the following information was recovered:

	
	2012
	2013

	Inventory
	$2,367,121
	$2,418,257

	Gross Margin
	42%
	45%

	Inventory Turns
	11
	[unreadable]


Prior to the fire, ProofSmart saw a sales growth of 48% in 2007, a record performance for the 18 year-old company.  (NOTE: Gross margin is defined as 1-(COGS/Sales).)

PS1. What was the sales for 2013?

Circle the answer closest to the correct answer.

a. $318,000

b. $38,000,000
c. $43,000,000

d. $66,000,000

e. $85,000,000

f. cannot be determined from the data given
PS2.  What was the inventory turns for 2013?

Circle the answer closest to the correct answer.

a. 10

b. 11

c. 12

d. 13

e. 14

f. 15

g. cannot be determined from the data given

h. none of the above

 PART D

Toyota and Capital One Cases

TCO1.  In the Toyota Production System, jidoka refers to
a. Level production, where different models are produced along side each other on the assembly line

b. Continuous improvement, where workers organize meetings to discuss ways of improving the production process 

c. The inventory retrieval system where parts are replenished only when they are needed

d. The aggressive reduction of changeover and setup times 

e. Continuous line-balancing to maximize utilization

f. The cross-training of workers for a wide range of skills

g. None of the above

TCO2.  Which of the following statements accurately describe the Toyota Production System?

I. The entire production is shut down every time the andon cord is pulled

II. There is zero idle time at each production step

III. The TPS uses no buffers

IV. TPS uses buffer inventories between line segments to avoid blocking and starving of the production line
a. I only

b. II only

c. III only

d. IV only

e. I, II, III and IV

f. II and IV

g. II, III and IV

h. I and IV

TCO3.  In the case of Capital One where is the bottleneck found? 


a. Q&A

b. Closing

c. Underwriting

d. Interviewing

e. There was no bottleneck

PART E

The right to vote (and not to wait)
In the past decade, two presidential elections in the United States have witnessed very long wait times at precincts (voting stations) in states that ultimately decided the election (Florida in 2000 and Ohio in 2004).

In Philadelphia as well, some voters complained about the long lines in some precincts, with most complaints coming from precinct A. In 2004, the average number of voters arriving at Precinct A was of 35 per hour and the arrivals of voters was random with inter-arrival times that had a coefficient of variation of 1 (CVa=1).

Philadelphia had deployed 1 voting machine in Precinct A. Suppose that each voter spent on average 100 seconds in the voting booth (this is the time needed to cast her/his vote using a voting machine), with a standard deviation of 120 seconds.

RV1.  
How long on average a voter had to wait in line precinct at A in 2004 before entering in a booth to cast her/his vote. Circle the closest answer.

a. 56 minutes
b. 58 minutes

c. 60 minutes

d. 62 minutes

e. 71 minutes

f. 75 minutes

g.  There is not sufficient information to answer the question
Given the long wait times for Precinct A, the city of Philadelphia is thinking of alternative solutions to improve voting conditions. One of the proposed solutions is as follows.

Proposal 1: Deploy an additional voting machine in precinct A.

Assume that the voter turnout is expected to have similar characteristics in 2008 as in the previous election.

RV2.  
Under Proposal 1, how long on average would a voter have to wait in line in precinct A in 2008 before casting her/his vote. Circle the closest answer.

a. 1 minute

b. 5 minutes

c. 6 minutes

d. 10 minutes

e. 11 minutes

f. There is not sufficient information to answer the question
RV3.  
Under Proposal 1, on average, at precinct A, what would be the ratio of the average number of people voting (at a booth) over the average number of people in the line (waiting)

a. 0.4 
b. 1.4 
c. 2.4 
d. 3.4  

e. 4.4  

f. 5.4  

g. There is not sufficient information to answer the question

RV4.  
Suppose Proposal 1 is rejected and that only one machine will be deployed in precinct A. In sign of protest, voters at precinct A decide to adopt the following rule: if the voting machine is busy, the voter will not vote and will leave (and not vote at all). What is the expected number of people who will end up voting on election day in precinct A (assume that the voting station accepts voters for 12 hours from 8:00am to 8:00pm)

a. Less than 100

b. Between 100 and 150

c. Between 150 and 250

d. More than 250

e. There is not sufficient information to answer the question
PART F

Airport Massage Station
A small company just opened a new massage station at Philadelphia airport. The company has a stand that offers massages to travelers. Customers can select a length of massage between 5 and 20 minutes and there is a unique rate of $30 independently of the length selected by customers. The average length of massage requested by customers is of 15 minutes with standard deviation of 10 minutes.

There are four employees delivering massages. The average number of potential customers requesting a massage is of 20 per hour. The inter-arrival times are assumed to be exponentially distributed. 

If no spot is available when the customer arrives, s/he leaves in order not to risk missing her/his flight.

AMS1.  What is average number of customers being serviced per hour at the massage  station? Circle the closest answer.

a. 7

b. 8

c. 9
d. 10

e. 11

f. 12

g. 13

h. There is not sufficient information to answer the question
AMS2.  The station manager is considering the option of hiring additional employees to deliver massages. The hourly wage of an employee is $50/hr. How many ADDITIONAL employees should s/he hire if s/he wants to maximize profits? 


[Profit = revenues from customers – labor cost]

Suppose that there exists sufficient equipment to accommodate as many new employees as needed.

a. none
b. 1 additional employee

c. 2 additional employees
d. 3 additional employees

e. 4 additional employees

f. There is not sufficient information to answer the question
PART G

Old City Photographics

Located alongside a cobblestoned street in Old City, Old City Photographics (OCP) specializes in the processing of the traditional 35mm negative film, a once dominant photographic medium now in decline due to the popularity of digital photography.  OCP offers three packages to their customers.  With the standard package, the customer gets a set of 6”x4” prints for $19.99.  The deluxe package adds to the standard package a CD-ROM of high resolution scans of the pictures for $29.99.  Finally, the $39.99 pro package is similar to the deluxe package in that it comes with a CD-ROM, although the customer gets a contact print rather than a set of prints.  (A contact print is an 8”x10” sheet of photographic paper that has all pictures on the roll of film printed next to each other at reduced dimensions and is used as an index.)  The workflow for OCP is shown below (s=standard, d=deluxe, p=pro):  
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OCP is operated by one person at every station.

OCP1. On average, OCP receive 13 jobs per hour consisted of 44% standard, 37% deluxe and 19% pro.  Which of the following statement best describes OCP’s process?

a. The process is demand-constrained

b. The process is capacity-constrained and “process film” is the bottleneck

c. The process is capacity-constrained and “scan film” is the bottleneck

d. The process is capacity-constrained and “make 6”x4” prints” is the bottleneck

e. The process is capacity-constrained and “make contact print” is the bottleneck

OCP2.  What is the implied utilization at “Scan Film”

a. less than 50%

b. 50% to 60%

c. 60% to 70%

d. 80% to 90%

e. 90% to 100%

f. more than 100%

OCP 3. Fixing the relative proportions of job types, what is the largest number of jobs per  hour that OCP can handle?  Circle the answer closest to the correct answer.

a. 10

b. 11

c. 12

d. 13

e. 14

f. 15

g. 16

h. 17

i. 18

PART H

TaxInc

TaxInc is a small company that offers tax advice by phone. Customers call to ask questions when filling their tax returns.

The calls can be classified into two types: simple and complex. Simple calls have to go only through Agent 1 while complex calls have to go through both Agent 1 and Agent 2. 2/3 of the total incoming calls are simple.

When a customer calls, s/he waits in line until Agent 1 becomes available. After receiving service from Agent 1, two cases can occur. If the call is a simple case, the customer leaves. If the call is complex, the customer joins a queue in front of Agent 2 until the latter becomes available. All calls are processed in the order of their arrival (FCFS: First Come First Serve)

The following data is available:

The average number of calls waiting for Agent 1 is 5 and is the average number of calls waiting for Agent 2 is 3. 

The average number of incoming calls (including simple and complex ones) is 30 per hour. The service time at both agents is assumed to have a coefficient of variation of CVp=1.
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0.0000

0.0000

0.67

0.4000

0.1176

0.0255

0.0042

0.0006

0.0001

0.0000

0.0000

0.0000

0.0000

0.70

0.4118

0.1260

0.0286

0.0050

0.0007

0.0001

0.0000

0.0000

0.0000

0.0000

0.75

0.4286

0.1385

0.0335

0.0062

0.0009

0.0001

0.0000
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0.1496

0.0565
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0.0047
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0.0002

0.0000

0.0000
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0.6250

0.3425

0.1598

0.0624

0.0204

0.0056

0.0013

0.0003

0.0001

0.0000

1.70

0.6296

0.3486

0.1650

0.0655

0.0218

0.0061

0.0015

0.0003

0.0001

0.0000

1.75
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0.3577

0.1726
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0.0240

0.0069
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0.0001

0.0000

r = p/a
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0.0750

0.0263
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0.0000

2.00
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0.0952
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0.0034
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0.0002

0.0000

2.10
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0.4156

0.2254

0.1058

0.0425

0.0147

0.0044

0.0011

0.0003

0.0001

2.20

0.6875

0.4306

0.2400

0.1166

0.0488

0.0176

0.0055

0.0015

0.0004

0.0001

2.25

0.6923

0.4378

0.2472

0.1221

0.0521

0.0192

0.0061

0.0017

0.0004

0.0001

2.30

0.6970

0.4449

0.2543

0.1276

0.0554

0.0208

0.0068

0.0019

0.0005

0.0001

2.33

0.7000

0.4495

0.2591

0.1313

0.0577

0.0220

0.0073

0.0021

0.0005

0.0001

2.40

0.7059

0.4586

0.2684

0.1387

0.0624

0.0244

0.0083

0.0025

0.0007

0.0002

2.50

0.7143

0.4717

0.2822

0.1499
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0.0282

0.0100

0.0031

0.0009

0.0002

2.60

0.7222

0.4842

0.2956

0.1612

0.0773

0.0324

0.0119

0.0039

0.0011

0.0003

2.67

0.7273

0.4923

0.3044

0.1687

0.0825

0.0354

0.0133

0.0044

0.0013

0.0003

2.70

0.7297

0.4963

0.3087

0.1725

0.0852

0.0369

0.0140

0.0047

0.0014

0.0004

2.75

0.7333

0.5021

0.3152

0.1781

0.0892

0.0393

0.0152

0.0052

0.0016

0.0004

2.80

0.7368

0.5078

0.3215

0.1837

0.0933

0.0417

0.0164

0.0057

0.0018

0.0005

2.90

0.7436

0.5188

0.3340

0.1949

0.1016

0.0468

0.0190

0.0068

0.0022

0.0006

3.00

0.7500

0.5294

0.3462

0.2061

0.1101

0.0522

0.0219

0.0081

0.0027

0.0008

3.10

0.7561

0.5396

0.3580

0.2172

0.1187

0.0578

0.0249

0.0096

0.0033

0.0010

3.20

0.7619

0.5494

0.3695

0.2281

0.1274

0.0636

0.0283

0.0112

0.0040

0.0013

3.25

0.7647

0.5541

0.3751

0.2336

0.1318

0.0666

0.0300

0.0120

0.0043

0.0014

3.30

0.7674

0.5587

0.3807

0.2390

0.1362

0.0697

0.0318

0.0130

0.0047

0.0016

3.33

0.7692

0.5618

0.3843

0.2426

0.1392

0.0718

0.0331

0.0136

0.0050

0.0017

3.40

0.7727

0.5678

0.3915

0.2497

0.1452

0.0760

0.0356

0.0149

0.0056

0.0019

3.50

0.7778

0.5765

0.4021

0.2603

0.1541

0.0825

0.0396

0.0170

0.0066

0.0023

3.60

0.7826

0.5848

0.4124

0.2707

0.1631

0.0891

0.0438

0.0193

0.0077

0.0028

3.67

0.7857

0.5902

0.4191

0.2775

0.1691

0.0937

0.0468

0.0210

0.0085

0.0031

3.70

0.7872

0.5929

0.4224

0.2809

0.1721

0.0960

0.0483

0.0218

0.0089

0.0033

3.75

0.7895

0.5968

0.4273

0.2860

0.1766

0.0994

0.0506

0.0232

0.0096

0.0036

3.80

0.7917

0.6007

0.4321

0.2910

0.1811

0.1029

0.0529

0.0245

0.0102

0.0039

3.90

0.7959

0.6082

0.4415

0.3009

0.1901

0.1100

0.0577

0.0274

0.0117

0.0046

4.00

0.8000

0.6154

0.4507

0.3107

0.1991

0.1172

0.0627

0.0304

0.0133

0.0053
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0.0483

0.0236

0.0105
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0.0375

0.0184
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0.4358
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0.8824

0.7679

0.6575

0.5521

0.4530

0.3615

0.2792

0.2075

0.1474

0.0995

8

0.8889

0.7805

0.6755

0.5746

0.4790

0.3898

0.3082

0.2356

0.1731

0.1217

8.5

0.8947

0.7918

0.6917

0.5951

0.5029

0.4160

0.3356

0.2629

0.1989

0.1446

9

0.9000

0.8020

0.7064

0.6138

0.5249

0.4405

0.3616

0.2892

0.2243

0.1680

9.5

0.9048

0.8112

0.7198

0.6309

0.5452

0.4633

0.3860

0.3143

0.2491

0.1914

10

0.9091

0.8197

0.7321

0.6467

0.5640

0.4845

0.4090

0.3383

0.2732

0.2146

10.5

0.9130

0.8274

0.7433

0.6612

0.5813

0.5043

0.4307

0.3611

0.2964

0.2374

11

0.9167

0.8345

0.7537

0.6745

0.5974

0.5227

0.4510

0.3828

0.3187

0.2596

11.5

0.9200

0.8410

0.7633

0.6869

0.6124

0.5400

0.4701

0.4033

0.3400

0.2811

12

0.9231

0.8471

0.7721

0.6985

0.6264

0.5561

0.4880

0.4227

0.3604

0.3019

12.5

0.9259

0.8527

0.7804

0.7092

0.6394

0.5712

0.5049

0.4410

0.3799

0.3220

r = p/a

13

0.9286

0.8579

0.7880

0.7192

0.6516

0.5854

0.5209

0.4584

0.3984

0.3412

13.5

0.9310

0.8627

0.7952

0.7285

0.6630

0.5987

0.5359

0.4749

0.4160

0.3596

14

0.9333

0.8673

0.8019

0.7373

0.6737

0.6112

0.5500

0.4905

0.4328

0.3773

14.5

0.9355

0.8715

0.8081

0.7455

0.6837

0.6230

0.5634

0.5052

0.4487

0.3942

15

0.9375

0.8755

0.8140

0.7532

0.6932

0.6341

0.5761

0.5193

0.4639

0.4103

15.5

0.9394

0.8792

0.8196

0.7605

0.7022

0.6446

0.5880

0.5326

0.4784

0.4258

16

0.9412

0.8828

0.8248

0.7674

0.7106

0.6546

0.5994

0.5452

0.4922

0.4406

16.5

0.9429

0.8861

0.8297

0.7739

0.7186

0.6640

0.6102

0.5572

0.5053

0.4547

17

0.9444

0.8892

0.8344

0.7800

0.7262

0.6729

0.6204

0.5687

0.5179

0.4682

17.5

0.9459

0.8922

0.8388

0.7859

0.7334

0.6814

0.6301

0.5795

0.5298

0.4811

18

0.9474

0.8950

0.8430

0.7914

0.7402

0.6895

0.6394

0.5899

0.5413

0.4935

18.5

0.9487

0.8977

0.8470

0.7966

0.7467

0.6972

0.6482

0.5998

0.5522

0.5053

19

0.9500

0.9002

0.8508

0.8016

0.7529

0.7045

0.6566

0.6093

0.5626

0.5167

19.5

0.9512

0.9027

0.8544

0.8064

0.7587

0.7115

0.6647

0.6183

0.5726

0.5275

20

0.9524

0.9050

0.8578

0.8109

0.7644

0.7181

0.6723

0.6270

0.5822

0.5380

20.5

0.9535

0.9072

0.8611

0.8153

0.7697

0.7245

0.6797

0.6353

0.5913

0.5480

21

0.9545

0.9093

0.8642

0.8194

0.7749

0.7306

0.6867

0.6432

0.6001

0.5576

21.5

0.9556

0.9113

0.8672

0.8234

0.7798

0.7364

0.6934

0.6508

0.6086

0.5668

22

0.9565

0.9132

0.8701

0.8272

0.7845

0.7420

0.6999

0.6581

0.6167

0.5757

22.5

0.9574

0.9150

0.8728

0.8308

0.7890

0.7474

0.7061

0.6651

0.6244

0.5842

23

0.9583

0.9168

0.8754

0.8343

0.7933

0.7525

0.7120

0.6718

0.6319

0.5924

23.5

0.9592

0.9185

0.8780

0.8376

0.7974

0.7575

0.7177

0.6783

0.6391

0.6003

24

0.9600

0.9201

0.8804

0.8408

0.8014

0.7622

0.7232

0.6845

0.6461

0.6079

24.5

0.9608

0.9217

0.8827

0.8439

0.8053

0.7668

0.7285

0.6905

0.6527

0.6153

25

0.9615

0.9232

0.8850

0.8469

0.8090

0.7712

0.7336

0.6963

0.6592

0.6224

25.5

0.9623

0.9246

0.8871

0.8497

0.8125

0.7754

0.7385

0.7019

0.6654

0.6292

26

0.9630

0.9260

0.8892

0.8525

0.8159

0.7795

0.7433

0.7072

0.6714

0.6358

26.5

0.9636

0.9274

0.8912

0.8552

0.8192

0.7835

0.7479

0.7124

0.6772

0.6422

27

0.9643

0.9287

0.8931

0.8577

0.8224

0.7873

0.7523

0.7174

0.6828

0.6483

27.5

0.9649

0.9299

0.8950

0.8602

0.8255

0.7910

0.7565

0.7223

0.6882

0.6543

28

0.9655

0.9311

0.8968

0.8626

0.8285

0.7945

0.7607

0.7269

0.6934

0.6600

28.5

0.9661

0.9323

0.8985

0.8649

0.8314

0.7979

0.7646

0.7315

0.6985

0.6656

29

0.9667

0.9334

0.9002

0.8671

0.8341

0.8013

0.7685

0.7359

0.7034

0.6710

29.5

0.9672

0.9345

0.9019

0.8693

0.8368

0.8045

0.7722

0.7401

0.7081

0.6763

30

0.9677

0.9356

0.9034

0.8714

0.8394

0.8076

0.7758

0.7442

0.7127

0.6813

30.5

0.9683

0.9366

0.9050

0.8734

0.8420

0.8106

0.7793

0.7482

0.7172

0.6863

31

0.9688

0.9376

0.9064

0.8754

0.8444

0.8135

0.7827

0.7521

0.7215

0.6910

31.5

0.9692

0.9385

0.9079

0.8773

0.8468

0.8164

0.7860

0.7558

0.7257

0.6957

32

0.9697

0.9394

0.9093

0.8791

0.8491

0.8191

0.7892

0.7594

0.7297

0.7002
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0.10

0.0909

0.0045

0.0002

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.20

0.1667

0.0164

0.0011

0.0001

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.25

0.2000

0.0244

0.0020

0.0001

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.30

0.2308

0.0335

0.0033

0.0003

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.33

0.2500

0.0400

0.0044

0.0004

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.40

0.2857

0.0541

0.0072

0.0007

0.0001

0.0000

0.0000

0.0000

0.0000

0.0000

0.50

0.3333

0.0769

0.0127

0.0016

0.0002

0.0000

0.0000

0.0000

0.0000

0.0000

0.60

0.3750

0.1011

0.0198

0.0030

0.0004

0.0000

0.0000

0.0000

0.0000

0.0000

0.67

0.4000

0.1176

0.0255

0.0042

0.0006

0.0001

0.0000

0.0000

0.0000

0.0000

0.70

0.4118

0.1260

0.0286

0.0050

0.0007

0.0001

0.0000

0.0000

0.0000

0.0000

0.75

0.4286

0.1385

0.0335

0.0062

0.0009

0.0001

0.0000

0.0000

0.0000

0.0000

0.80

0.4444

0.1509

0.0387

0.0077

0.0012

0.0002

0.0000

0.0000

0.0000

0.0000

0.90

0.4737

0.1757

0.0501

0.0111

0.0020

0.0003

0.0000

0.0000

0.0000

0.0000

1.00

0.5000

0.2000

0.0625

0.0154

0.0031

0.0005

0.0001

0.0000

0.0000

0.0000

1.10

0.5238

0.2237

0.0758

0.0204

0.0045

0.0008

0.0001

0.0000

0.0000

0.0000

1.20

0.5455

0.2466

0.0898

0.0262

0.0063

0.0012

0.0002

0.0000

0.0000

0.0000

1.25

0.5556

0.2577

0.0970

0.0294

0.0073

0.0015

0.0003

0.0000

0.0000

0.0000

1.30

0.5652

0.2687

0.1043

0.0328

0.0085

0.0018

0.0003

0.0001

0.0000

0.0000

1.33

0.5714

0.2759

0.1092

0.0351

0.0093

0.0021

0.0004

0.0001

0.0000

0.0000

1.40

0.5833

0.2899

0.1192

0.0400

0.0111

0.0026

0.0005

0.0001

0.0000

0.0000

1.50

0.6000

0.3103

0.1343

0.0480

0.0142

0.0035

0.0008

0.0001

0.0000

0.0000

1.60

0.6154

0.3299

0.1496

0.0565

0.0177

0.0047

0.0011

0.0002

0.0000

0.0000

1.67

0.6250

0.3425

0.1598

0.0624

0.0204

0.0056

0.0013

0.0003

0.0001

0.0000

1.70

0.6296

0.3486

0.1650

0.0655

0.0218

0.0061

0.0015

0.0003

0.0001

0.0000

1.75

0.6364

0.3577

0.1726

0.0702

0.0240

0.0069

0.0017

0.0004

0.0001

0.0000

r = p/a

1.80

0.6429

0.3665

0.1803

0.0750

0.0263

0.0078

0.0020

0.0005

0.0001

0.0000

1.90

0.6552

0.3836

0.1955

0.0850

0.0313

0.0098

0.0027

0.0006

0.0001

0.0000

2.00

0.6667

0.4000

0.2105

0.0952

0.0367

0.0121

0.0034

0.0009

0.0002

0.0000

2.10

0.6774

0.4156

0.2254

0.1058

0.0425

0.0147

0.0044

0.0011

0.0003

0.0001

2.20

0.6875

0.4306

0.2400

0.1166

0.0488

0.0176

0.0055

0.0015

0.0004

0.0001

2.25

0.6923

0.4378

0.2472

0.1221

0.0521

0.0192

0.0061

0.0017

0.0004

0.0001

2.30

0.6970

0.4449

0.2543

0.1276

0.0554

0.0208

0.0068

0.0019

0.0005

0.0001

2.33

0.7000

0.4495

0.2591

0.1313

0.0577

0.0220

0.0073

0.0021

0.0005

0.0001

2.40

0.7059

0.4586

0.2684

0.1387

0.0624

0.0244

0.0083

0.0025

0.0007

0.0002

2.50

0.7143

0.4717

0.2822

0.1499

0.0697

0.0282

0.0100

0.0031

0.0009

0.0002

2.60

0.7222

0.4842

0.2956

0.1612

0.0773

0.0324

0.0119

0.0039

0.0011

0.0003

2.67

0.7273

0.4923

0.3044

0.1687

0.0825

0.0354

0.0133

0.0044

0.0013

0.0003

2.70

0.7297

0.4963

0.3087

0.1725

0.0852

0.0369

0.0140

0.0047

0.0014

0.0004

2.75

0.7333

0.5021

0.3152

0.1781

0.0892

0.0393

0.0152

0.0052

0.0016

0.0004

2.80

0.7368

0.5078

0.3215

0.1837

0.0933

0.0417

0.0164

0.0057

0.0018

0.0005

2.90

0.7436

0.5188

0.3340

0.1949

0.1016

0.0468

0.0190

0.0068

0.0022

0.0006

3.00

0.7500

0.5294

0.3462

0.2061

0.1101

0.0522

0.0219

0.0081

0.0027

0.0008

3.10

0.7561

0.5396

0.3580

0.2172

0.1187

0.0578

0.0249

0.0096

0.0033

0.0010

3.20

0.7619

0.5494

0.3695

0.2281

0.1274

0.0636

0.0283

0.0112

0.0040

0.0013

3.25

0.7647

0.5541

0.3751

0.2336

0.1318

0.0666

0.0300

0.0120

0.0043

0.0014

3.30

0.7674

0.5587

0.3807

0.2390

0.1362

0.0697

0.0318

0.0130

0.0047

0.0016

3.33

0.7692

0.5618

0.3843

0.2426

0.1392

0.0718

0.0331

0.0136

0.0050

0.0017

3.40

0.7727

0.5678

0.3915

0.2497

0.1452

0.0760

0.0356

0.0149

0.0056

0.0019

3.50

0.7778

0.5765

0.4021

0.2603

0.1541

0.0825

0.0396

0.0170

0.0066

0.0023

3.60

0.7826

0.5848

0.4124

0.2707

0.1631

0.0891

0.0438

0.0193

0.0077

0.0028

3.67

0.7857

0.5902

0.4191

0.2775

0.1691

0.0937

0.0468

0.0210

0.0085

0.0031

3.70

0.7872

0.5929

0.4224

0.2809

0.1721

0.0960

0.0483

0.0218

0.0089

0.0033

3.75

0.7895

0.5968

0.4273

0.2860

0.1766

0.0994

0.0506

0.0232

0.0096

0.0036

3.80

0.7917

0.6007

0.4321

0.2910

0.1811

0.1029

0.0529

0.0245

0.0102

0.0039

3.90

0.7959

0.6082

0.4415

0.3009

0.1901

0.1100

0.0577

0.0274

0.0117

0.0046

4.00

0.8000

0.6154

0.4507

0.3107

0.1991

0.1172

0.0627

0.0304

0.0133

0.0053
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1
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1

0.5000

0.2000

0.0625

0.0154

0.0031

0.0005

0.0001

0.0000

0.0000

0.0000

1.5

0.6000

0.3103

0.1343

0.0480

0.0142

0.0035

0.0008

0.0001

0.0000

0.0000

2

0.6667

0.4000

0.2105

0.0952

0.0367

0.0121

0.0034

0.0009

0.0002

0.0000

2.5

0.7143

0.4717

0.2822

0.1499

0.0697

0.0282

0.0100

0.0031

0.0009

0.0002

3

0.7500

0.5294

0.3462

0.2061

0.1101

0.0522

0.0219

0.0081

0.0027

0.0008

3.5

0.7778

0.5765

0.4021

0.2603

0.1541

0.0825

0.0396

0.0170

0.0066

0.0023

4

0.8000

0.6154

0.4507

0.3107

0.1991

0.1172

0.0627

0.0304

0.0133

0.0053

4.5

0.8182

0.6480

0.4929

0.3567

0.2430

0.1542

0.0902

0.0483

0.0236

0.0105

5

0.8333

0.6757

0.5297

0.3983

0.2849

0.1918

0.1205

0.0700

0.0375

0.0184

5.5

0.8462

0.6994

0.5618

0.4358

0.3241

0.2290

0.1525

0.0949

0.0548

0.0293

6

0.8571

0.7200

0.5902

0.4696

0.3604

0.2649

0.1851

0.1219

0.0751

0.0431

6.5

0.8667

0.7380

0.6152

0.4999

0.3939

0.2991

0.2174

0.1501

0.0978

0.0598

7

0.8750

0.7538

0.6375

0.5273

0.4247

0.3313

0.2489

0.1788

0.1221

0.0787

7.5

0.8824

0.7679

0.6575

0.5521

0.4530

0.3615

0.2792

0.2075

0.1474

0.0995

8

0.8889

0.7805

0.6755

0.5746

0.4790

0.3898

0.3082

0.2356

0.1731

0.1217

8.5

0.8947

0.7918

0.6917

0.5951

0.5029

0.4160

0.3356

0.2629

0.1989

0.1446

9

0.9000

0.8020

0.7064

0.6138

0.5249

0.4405

0.3616

0.2892

0.2243

0.1680

9.5

0.9048

0.8112

0.7198

0.6309

0.5452

0.4633

0.3860

0.3143

0.2491

0.1914

10

0.9091

0.8197

0.7321

0.6467

0.5640

0.4845

0.4090

0.3383

0.2732

0.2146

10.5

0.9130

0.8274

0.7433

0.6612

0.5813

0.5043

0.4307

0.3611

0.2964

0.2374

11

0.9167

0.8345

0.7537

0.6745

0.5974

0.5227

0.4510

0.3828

0.3187

0.2596

11.5

0.9200

0.8410

0.7633

0.6869

0.6124

0.5400

0.4701

0.4033

0.3400

0.2811

12

0.9231

0.8471

0.7721

0.6985

0.6264

0.5561

0.4880

0.4227

0.3604

0.3019

12.5

0.9259

0.8527

0.7804

0.7092

0.6394

0.5712

0.5049

0.4410

0.3799

0.3220

r = p/a

13

0.9286

0.8579

0.7880

0.7192

0.6516

0.5854

0.5209

0.4584

0.3984

0.3412

13.5

0.9310

0.8627

0.7952

0.7285

0.6630

0.5987

0.5359

0.4749

0.4160

0.3596

14

0.9333

0.8673

0.8019

0.7373

0.6737

0.6112

0.5500

0.4905

0.4328

0.3773

14.5

0.9355

0.8715

0.8081

0.7455

0.6837

0.6230

0.5634

0.5052

0.4487

0.3942

15

0.9375

0.8755

0.8140

0.7532

0.6932

0.6341

0.5761

0.5193

0.4639

0.4103

15.5

0.9394

0.8792

0.8196

0.7605

0.7022

0.6446

0.5880

0.5326

0.4784

0.4258

16

0.9412

0.8828

0.8248

0.7674

0.7106

0.6546

0.5994

0.5452

0.4922

0.4406

16.5

0.9429

0.8861

0.8297

0.7739

0.7186

0.6640

0.6102

0.5572

0.5053

0.4547

17

0.9444

0.8892

0.8344

0.7800

0.7262

0.6729

0.6204

0.5687

0.5179

0.4682

17.5

0.9459

0.8922

0.8388

0.7859

0.7334

0.6814

0.6301

0.5795

0.5298

0.4811
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0.9474

0.8950

0.8430

0.7914

0.7402

0.6895

0.6394

0.5899

0.5413

0.4935

18.5

0.9487

0.8977

0.8470

0.7966

0.7467

0.6972

0.6482

0.5998

0.5522

0.5053
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0.9500

0.9002

0.8508

0.8016

0.7529

0.7045

0.6566

0.6093

0.5626

0.5167

19.5

0.9512

0.9027

0.8544

0.8064

0.7587

0.7115

0.6647

0.6183

0.5726

0.5275

20

0.9524

0.9050

0.8578

0.8109

0.7644

0.7181

0.6723

0.6270

0.5822

0.5380

20.5

0.9535

0.9072

0.8611

0.8153

0.7697

0.7245

0.6797

0.6353

0.5913

0.5480

21

0.9545

0.9093

0.8642

0.8194

0.7749

0.7306

0.6867

0.6432

0.6001

0.5576

21.5

0.9556

0.9113

0.8672

0.8234

0.7798

0.7364

0.6934

0.6508

0.6086

0.5668

22

0.9565

0.9132

0.8701

0.8272

0.7845

0.7420

0.6999

0.6581

0.6167

0.5757

22.5

0.9574

0.9150

0.8728

0.8308

0.7890

0.7474

0.7061

0.6651

0.6244

0.5842

23

0.9583

0.9168

0.8754

0.8343

0.7933

0.7525

0.7120

0.6718

0.6319

0.5924

23.5

0.9592

0.9185

0.8780

0.8376

0.7974

0.7575

0.7177

0.6783

0.6391

0.6003

24

0.9600

0.9201

0.8804

0.8408

0.8014

0.7622

0.7232

0.6845

0.6461

0.6079

24.5

0.9608

0.9217

0.8827

0.8439

0.8053

0.7668

0.7285

0.6905

0.6527

0.6153

25

0.9615

0.9232

0.8850

0.8469

0.8090

0.7712

0.7336

0.6963

0.6592

0.6224

25.5

0.9623

0.9246

0.8871

0.8497

0.8125

0.7754

0.7385

0.7019

0.6654

0.6292

26

0.9630

0.9260

0.8892

0.8525

0.8159

0.7795

0.7433

0.7072

0.6714

0.6358

26.5

0.9636

0.9274

0.8912

0.8552

0.8192

0.7835

0.7479

0.7124

0.6772

0.6422

27

0.9643

0.9287

0.8931

0.8577

0.8224

0.7873

0.7523

0.7174

0.6828

0.6483

27.5

0.9649

0.9299

0.8950

0.8602

0.8255

0.7910

0.7565

0.7223

0.6882

0.6543
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0.9655

0.9311

0.8968

0.8626

0.8285

0.7945

0.7607

0.7269

0.6934

0.6600

28.5

0.9661

0.9323

0.8985

0.8649

0.8314

0.7979

0.7646

0.7315

0.6985

0.6656
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0.9667

0.9334

0.9002

0.8671

0.8341

0.8013

0.7685

0.7359

0.7034

0.6710

29.5

0.9672

0.9345

0.9019

0.8693

0.8368

0.8045

0.7722

0.7401

0.7081

0.6763
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0.9677

0.9356

0.9034

0.8714

0.8394

0.8076

0.7758

0.7442

0.7127

0.6813

30.5

0.9683

0.9366

0.9050

0.8734

0.8420

0.8106

0.7793

0.7482

0.7172

0.6863
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0.9688

0.9376

0.9064

0.8754

0.8444

0.8135

0.7827

0.7521

0.7215

0.6910

31.5

0.9692

0.9385

0.9079

0.8773

0.8468

0.8164

0.7860

0.7558

0.7257

0.6957
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0.9697

0.9394

0.9093

0.8791

0.8491

0.8191

0.7892

0.7594

0.7297

0.7002





TI1.  
How long does a customer with a simple call waits, on average, before speaking to Agent 1?

a. 5 minutes
b. 10 minutes

c. 15 minutes

d. 30 minutes

e. 35 minutes

f. 40 minutes

g. There is not sufficient information to answer the question
TI2.  
Consider a customer with a complex case (i.e., that goes through Agent 1 and 2). How long would s/he spend waiting on the line between the time s/he calls and the time s/he hangs up (this time does not include the time spent speaking to Agents 1 and 2)

a. 16 minutes
b. 20 minutes

c. 22 minutes

d. 30 minutes

e. 40 minutes

f. 45 minutes

g. There is not sufficient information to answer the question
PART I

Kick Scooters
Metal frames for kick scooters are manufactured in two steps: Stamping and assembly. Each frame is made up of three pieces: one unit of part A and two units of part B.  

The parts are fabricated by a single stamping machine that requires a set up time of 90 minutes switching between two part types. Once the machine is set up, the activity time for parts, regardless of type, is 30 seconds each piece.  Currently, the stamping machine rotates its production between one batch of 120 part A’s and 240 part B’s. Completed parts move only when the entire batch is produced. 

At assembly, parts are assembled manually to form the finished products. The three parts and a number of small purchased components are required for each unit of final product. Each product requires 30 minutes of labor time to assemble. There are 12 workers in assembly. There is sufficient demand to sell every scooter the system can make. 

WB1. At the current batch sizes, the bottleneck of the system is 

a. Stamping

b. Assembly 

c. They both have the same capacity

d. Cannot be determined

WB2. At the current batch sizes, what is the process capacity in units per hour? Circle the answer below that is closest to the correct answer. A unit refers to a complete scooter frame (i.e. one part A and two parts B).


a. 1 units/hour

b. 5 units/hour

c. 10 units/hour
d. 20 units/hour
e. 30 units/hour

f. 40 units/hour

WB3. One way to increase process capacity is to 

a. increase the batch size at the Stamping step

b. decrease the batch size at the Stamping step

c. add more workers at Assembly 

d. none of the above
WB4. Which batch size for the stamping machine would minimize inventory without decreasing the current flow rate?  Circle the answer below that is closest to the correct answer.

a. 60 sets

b. 120 sets
c. 180 sets
d. 240 sets
b. 300 sets

Appendix

The Erlang Loss Function Table contains the probability that a process step consisting of m parallel resources contains m flow units, i.e. all m resources are utilized.  Inter-arrival times of flow units (e.g., customers or data packets, etc.) are exponentially distributed with mean a, and service times have a mean p (service times do not have to follow an exponential distribution). 

Because there is no buffer space, if a flow unit arrives and all m servers are busy, then that arriving flow unit leaves the system un-served (i.e., the flow unit is lost).  The columns in the table correspond to the number or resources, m, and the rows in the table correspond to r=p/a, i.e. the ratio between the service time and the interarrival time. The following two pages include two tables, one for small values of r and one for larger values of r.

Example: Find the probability, 
[image: image2.wmf](
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, that a process step consisting of 3 parallel resources must deny access to newly arriving units. Flow units arrive one every a=3 minutes with exponential interarrival times and take p=2 minutes to serve. First, define r=p/a=2/3=0.67 and find the corresponding row heading. Second, find the column heading for m=3. The intersection of that row with that column is Pm(r)=0.0255.

Note that Pm(r) can be computed directly based on the following formula

Probability{all m servers busy}=
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   (Erlang loss formula)

The exclamation mark (“!”) in the equation refers to the factorial of an integer number. To compute the factorial of an integer number x, write down all numbers from 1 to x and then multiply them with each other. For example, 4!=1(2(3(4=24. This calculation can be done with the Excel function FACT(x).
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		p		2

		a		3

		r		0.6666666667

		m		3		has to be less than 10

		nominator		r^m/m!		0.049382716

		denominator		counter		0		1		2		3		4		5		6		7		8		9		10

				indicator		1		1		1		1		0		0		0		0		0		0		0

						1		0.6666666667		0.2222222222		0.049382716		0.0082304527		0.0010973937		0.0001219326		0.0000116126		0.0000009677		0.0000000717		0.0000000048

				product		1		0.6666666667		0.2222222222		0.049382716		0		0		0		0		0		0		0

				sum		1.9382716049

		P3 (probability of all three bay's busy)		0.025477707

				2.5477707006		%

										0.025477707		1		2		3		4		5		6		7		8		9		10		15		20		30		50

		Flow Rate		0.3248407643						0.1		0.0909090909		0.0045248869		0.0001508068		0.0000037702		0.0000000754		0.0000000013		0		0		0		2.49348935746241E-17		6.91943988639809E-28		3.71916918558549E-39		3.4112258720853E-63		2.9750596607792E-115

		Loss rate		0.008492569						0.2		0.1666666667		0.0163934426		0.0010917031		0.0000545822		0.0000021833		0.0000000728		0.0000000021		0.0000000001		0		0		2.05159403391008E-23		3.52871350861727E-33		3.31421667912379E-54		3.0308609647049E-100

										0.25		0.2		0.0243902439		0.0020283976		0.0001267588		0.0000063379		0.0000002641		0.0000000094		0.0000000003		0		0		5.54660065343282E-22		2.91140039162903E-31		2.54663418607372E-51		2.02000265681416E-95

										0.3		0.2307692308		0.0334572491		0.0033345684		0.0002500301		0.0000150016		0.0000007501		0.0000000321		0.0000000012		0		0		8.12888285691916E-21		1.06172521834761E-29		5.75028304088796E-49		1.74863641781344E-91

										0.333333		0.2499998125		0.0399999328		0.004424767		0.0003685943		0.0000245723		0.0000013651		0.000000065		0.0000000027		0.0000000001		0		3.81865454036023E-20		8.4465026042346E-29		1.31197201705701E-47		3.28152709327518E-89

										0.4		0.2857142857		0.0540540541		0.0071556351		0.0007150518		0.0000572009		0.0000038134		0.0000002179		0.0000000109		0.0000000005		0		5.50405121112382E-19		3.02940555135814E-27		2.91354595230866E-45		2.79387454712885E-85

										0.5		0.3333333333		0.0769230769		0.0126582278		0.0015797788		0.0001579529		0.0000131626		0.0000009402		0.0000000588		0.0000000033		0.0000000002		1.41547829077976E-17		2.37754217120675E-25		2.12957438419748E-42		1.77124282244609E-80

										0.6		0.375		0.1011235955		0.0198237885		0.0029647524		0.0003556438		0.0000355631		0.0000030483		0.0000002286		0.0000000152		0.0000000009		1.97329699946788E-16		8.24752615876666E-24		4.57404831269035E-40		1.4585151935679E-76

										0.666666		0.39999976		0.1176468927		0.0254776471		0.0042283157		0.0005634572		0.0000626024		0.0000059621		0.0000004968		0.0000000368		0.0000000025		8.96593577549912E-16		6.34617656678706E-23		1.00939177031159E-38		2.64734837147252E-74

										0.7		0.4117647059		0.1259640103		0.0285524016		0.0049718277		0.0006955717		0.0000811434		0.0000081143		0.00000071		0.0000000552		0.0000000039		0		1.62865855989197E-22		4.21963599425816E-38		2.93643905103905E-73

										0.75		0.4285714286		0.1384615385		0.0334572491		0.0062341261		0.0009342453		0.000116767		0.0000125106		0.0000011729		0.0000000977		0.0000000073		0		6.15715079098646E-22		3.18021854390483E-37		8.79563980281588E-72

										0.8		0.4444444444		0.1509433962		0.038694075		0.0076793856		0.0012271938		0.0001635991		0.0000186967		0.0000018697		0.0000001662		0.0000000133		0		2.12931315839639E-21		2.09702665019794E-36		2.10857421825181E-70

										0.9		0.4736842105		0.1757049892		0.0500721203		0.0111407133		0.0020013151		0.0003001072		0.0000385837		0.0000043406		0.0000004341		0.0000000391		0		2.03170448681778E-20		6.49755816683475E-35		6.88946609639018E-68

										1		0.5		0.2		0.0625		0.0153846154		0.0030674847		0.0005109862		0.0000729927		0.000009124		0.0000010138		0.0000001014		0		1.51210136549445E-19		1.3869009560473E-33		1.20956900614444E-65

										1.1		0.5238095238		0.2236598891		0.0757929503		0.0204174982		0.0044717631		0.0008191517		0.0001287073		0.0000176969		0.000002163		0.0000002379		0		9.20460524015164E-19		2.18976021569291E-32		1.28479981888354E-63

										1.2		0.5454545455		0.2465753425		0.0897755611		0.0262263235		0.006254947		0.0012494264		0.0002141415		0.0000321202		0.0000042827		0.0000005139		0		4.74621003052922E-18		2.69540453821417E-31		9.01226759928704E-62

										1.25		0.5555555556		0.2577319588		0.0969743988		0.0294131489		0.0072996111		0.0015184431		0.0002710771		0.000042354		0.0000058825		0.0000007353		0		1.02142758264419E-17		8.72513697051418E-31		6.60020942608684E-61

										1.3		0.5652173913		0.2686804452		0.1042863246		0.0327819742		0.0084512804		0.0018277639		0.0003393267		0.0000551375		0.0000079642		0.0000010354		0		2.12892157048841E-17		2.69189259217471E-30		4.46179873402435E-60

										1.333333		0.5714285102		0.2758619976		0.1092149676		0.0351262111		0.0092800611		0.0020579912		0.0003918446		0.0000653032		0.0000096744		0.0000012899		0		3.41655845557365E-17		5.56467337475569E-30		1.53037351514865E-59

										1.4		0.5833333333		0.2899408284		0.1191799861		0.0400426944		0.0110876403		0.0025804402		0.0005158218		0.0000902607		0.0000140404		0.0000019656		0		8.48054855175887E-17		2.24992915596548E-29		1.64177923934E-58

										1.5		0.6		0.3103448276		0.1343283582		0.0479573712		0.0141831553		0.0035332606		0.0007565545		0.0001418338		0.0000236384		0.0000035457		0.0000000001		3.04971377229961E-16		1.61300685664911E-28		4.67785329033686E-57

										1.6		0.6153846154		0.3298969072		0.1496201052		0.0564685122		0.0177491973		0.0047108224		0.0010756012		0.000215074		0.0000382339		0.0000061174		0.0000000002		0		1.01173943689679E-27		1.06672760596331E-55

										1.666666		0.6249999062		0.3424656296		0.159846445		0.0624437397		0.0203901591		0.0056320314		0.0013391636		0.0002789145		0.0000516481		0.0000086079		0.0000000003		0		3.22087604653001E-27		7.6829982099877E-55

										1.7		0.6296296296		0.3486127865		0.1649598764		0.0655148368		0.0217896784		0.006135861		0.0014879205		0.0003160832		0.000059701		0.0000101491		0.0000000004		0		5.64296997150152E-27		2.0001905414386E-54

										1.75		0.6363636364		0.3576642336		0.1726220433		0.0702190507		0.0239871437		0.0069476428		0.0017338991		0.0003791466		0.0000737175		0.0000129004		0.0000000006		0		1.28075801861979E-26		8.10612431528706E-54

										1.8		0.6428571429		0.3665158371		0.1802670623		0.0750334511		0.0263015829		0.0078287027		0.0020090506		0.0004518321		0.0000903583		0.0000162642		0.0000000009		0		2.83652337927454E-26		3.15370939577056E-53

										1.9		0.6551724138		0.3836344315		0.1954743652		0.0849616105		0.0312756643		0.0098068339		0.0026547882		0.0006301149		0.0001330066		0.0000252706		0.0000000017		0		1.29954309057727E-25		4.26037576971933E-52

										2		0.6666666667		0.4		0.2105263158		0.0952380952		0.0366972477		0.0120845921		0.0034408602		0.0008594757		0.0001909581		0.0000381902		0.0000000034		0		5.47840883969582E-25		5.01002110257863E-51

										2.1		0.6774193548		0.4156456173		0.22537782		0.1058042425		0.0425470838		0.014672977		0.0043826014		0.0011491109		0.000268054		0.0000562882		0.0000000064		0		2.14242680589571E-24		5.19848853741224E-50

										2.2		0.6875		0.4306049822		0.2399927876		0.1166046782		0.0488022094		0.0175795721		0.0054946504		0.0015087491		0.0003686694		0.0000811007		0.0000000116		0		7.82674318870943E-24		4.81526178556907E-49

										2.25		0.6923076923		0.4378378378		0.2472024415		0.1220764722		0.0520737705		0.0191536381		0.0061188556		0.0017179716		0.0004293085		0.0000965851		0.0000000155		0		1.46104436521808E-23		1.40896098809543E-48

										2.3		0.696969697		0.4449116905		0.2543428727		0.1275877995		0.0554367816		0.0208085682		0.0067906725		0.0019485142		0.0004977058		0.0001144592		0.0000000204		0		2.68726504843461E-23		4.02209594617038E-48

										2.333333		0.69999997		0.4495412384		0.2590633971		0.1312810609		0.057727821		0.0219567817		0.0072657487		0.002114695		0.0005479538		0.0001278395		0.0000000245		0		4.00223453343755E-23		7.98770840703652E-48

										2.4		0.7058823529		0.4585987261		0.2684063374		0.1387060523		0.0624228595		0.0243608736		0.0082831165		0.0024787753		0.0006605701		0.0001585117		0.000000035		0		8.71744288664485E-23		3.05632228031872E-47

										2.5		0.7142857143		0.4716981132		0.2821670429		0.149916047		0.0697311168		0.028234295		0.0099830113		0.0031099888		0.0008631401		0.0002157385		0.0000000585		0		2.68429810954738E-22		2.12919835232667E-46

										2.6		0.7222222222		0.4842406877		0.295613563		0.1611785487		0.0773314744		0.032423775		0.0118998057		0.0038525374		0.001111718		0.0002889631		0.0000000953		0		7.8779346223728E-22		1.36919257149376E-45

										2.666666		0.7272726777		0.4923076128		0.3043994372		0.1686984421		0.0825456437		0.0353886424		0.0133020541		0.0044144432		0.0013062743		0.0003482184		0.0000001303		0		1.57516905242851E-21		4.54239447555659E-45

										2.7		0.7297297297		0.4962559564		0.3087384123		0.1724583742		0.0851936487		0.0369216706		0.0140412513		0.0047165709		0.0014129719		0.0003813569		0.0000001518		0		2.21161685001398E-21		8.17655525130701E-45

										2.75		0.7333333333		0.5020746888		0.3151787829		0.1780948558		0.0892135134		0.0392832533		0.015198158		0.0051972146		0.0015855199		0.000435828		0.0000001902		0		3.64814354162095E-21		1.94675364721006E-44

										2.8		0.7368421053		0.5077720207		0.3215373799		0.1837242224		0.0932876155		0.0417180575		0.0164133301		0.0057118528		0.0017738687		0.0004964367		0.0000002371		0		5.95836946877083E-21		4.55903849131817E-44

										2.9		0.7435897436		0.518815546		0.3340089566		0.1949484584		0.101583993		0.0468010486		0.0190202226		0.0068476175		0.0022015968		0.0006380557		0.0000003632		0		1.54497519076943E-20		2.38488076226987E-43

										3		0.75		0.5294117647		0.3461538462		0.2061068702		0.1100543478		0.0521571153		0.0218643153		0.0081324394		0.0027034845		0.0008103881		0.0000005465		0.0000000001		3.86563727022739E-20		1.17552371956507E-42

										3.1		0.756097561		0.5395845031		0.3579745497		0.2171784098		0.1186714328		0.0577714025		0.0249462417		0.0095741188		0.0032869126		0.0010179057		0.0000008087		0.0000000001		9.35501288989017E-20		5.48104628324109E-42

										3.2		0.7619047619		0.5493562232		0.3694750135		0.22814493		0.127409363		0.06362803		0.0282649539		0.0111795854		0.0039592259		0.0012653492		0.0000011782		0.0000000002		2.19438539197065E-19		2.42603840916951E-41

										3.25		0.7647058824		0.5540983607		0.3751067099		0.2335838656		0.1318159597		0.0666420485		0.0300123407		0.0120456467		0.0043309779		0.0014055894		0.0000014143		0.0000000003		3.32375219880457E-19		5.01049992164077E-41

										3.3		0.7674418605		0.5587480759		0.3806603324		0.2389909236		0.1362437384		0.069710375		0.0318178188		0.0129548202		0.0047276439		0.0015576923		0.0000016917		0.0000000004		4.9987731898888E-19		1.02265096358671E-40

										3.333333		0.7692307515		0.5617977225		0.3843197176		0.2425771037		0.1392059395		0.0717850145		0.0330534593		0.0135851746		0.0050063559		0.0016660049		0.0000019025		0.0000000004		6.53662062517287E-19		1.63498028208933E-40

										3.4		0.7727272727		0.5677799607		0.3915364998		0.2497032716		0.1451517203		0.0760013312		0.0356007336		0.0149047976		0.005599174		0.0019001019		0.0000023957		0.0000000006		1.10779191942835E-18		4.11738744818407E-40

										3.5		0.7777777778		0.5764705882		0.4021101993		0.2602710027		0.1541120698		0.0824835435		0.039608257		0.0170334465		0.0065805279		0.0022978923		0.0000033491		0.0000000009		2.3921781106663E-18		1.58759455804973E-39

										3.6		0.7826086957		0.5848375451		0.4123886296		0.2706850671		0.1631051549		0.0891396145		0.0438337497		0.0193436306		0.0076780437		0.0027564766		0.0000046252		0.0000000015		5.04089069872091E-18		5.87682148265751E-39

										3.666666		0.7857142551		0.590243849		0.4190805382		0.27753865		0.1691096963		0.0936650048		0.0467680499		0.0209855203		0.0084771779		0.0030986664		0.000005699		0.000000002		8.17908674323117E-18		1.37631247411864E-38

										3.7		0.7872340426		0.5928973582		0.4223793601		0.2809381268		0.1721129313		0.0959522863		0.048269521		0.0218371467		0.0088976154		0.0032813152		0.0000063142		0.0000000024		1.03797140868857E-17		2.09317276171743E-38

										3.75		0.7894736842		0.5968169761		0.4272692746		0.2860024067		0.176617115		0.0994120306		0.050563607		0.0231529273		0.0095548766		0.0035702861		0.0000073472		0.0000000029		1.47717290785986E-17		3.89620582109794E-38

										3.8		0.7916666667		0.6006655574		0.4320902104		0.2910243613		0.1811189043		0.1029045935		0.0529069779		0.0245147391		0.0102446289		0.0038778626		0.0000085266		0.0000000036		2.09106392383969E-17		7.18827103999822E-38

										3.9		0.7959183673		0.6081567373		0.4415291517		0.3009392901		0.1901080748		0.1099799935		0.0577367721		0.0273761293		0.0117239088		0.0045515134		0.0000113957		0.0000000055		4.12620619137684E-17		2.38466989683163E-37

										4		0.8		0.6153846154		0.4507042254		0.3106796117		0.199066874		0.1171624714		0.0627489429		0.0304200582		0.0133396732		0.0053075489		0.0000150819		0.0000000083		7.98356354710767E-17		7.65564551057639E-37

										4.1		0.8039215686		0.6223620881		0.459623477		0.3202430563		0.2079830908		0.1244366243		0.0679330548		0.0336443397		0.0150954992		0.0061510846		0.0000197758		0.0000000123		1.51611378126944E-16		2.38228728228681E-36

										4.2		0.8076923077		0.6291012839		0.4682949029		0.3296282549		0.2168457936		0.1317877258		0.0732783252		0.0370459226		0.0169942981		0.0070870209		0.0000257024		0.0000000181		2.82847585912253E-16		7.19653574438019E-36

										4.25		0.8095238095		0.6323851204		0.4725401558		0.3342538009		0.2212539913		0.1354877269		0.07600796		0.038812029		0.0179980363		0.0075910999		0.0000292087		0.0000000218		3.83871847740411E-16		1.23751384555732E-35

										4.3		0.8113207547		0.6356136129		0.4767264071		0.3388346205		0.2256452501		0.1392017725		0.0787737441		0.04062096		0.0190383006		0.0081199952		0.0000331254		0.0000000262		5.18833297833613E-16		2.11340219733017E-35

										4.333333		0.8124999883		0.637735828		0.4794849136		0.3418636361		0.2285627988		0.1416847724		0.0806369762		0.0418504019		0.0197521817		0.0084866386		0.000035984		0.0000000296		6.3281963888348E-16		3.0081981138405E-35

										4.4		0.8148148148		0.6419098143		0.4849257674		0.3478622427		0.2343728455		0.1466655162		0.0844081834		0.0443648833		0.021229051		0.0092543397		0.0000423518		0.0000000375		9.36487369013636E-16		6.04144263809941E-35

										4.5		0.8181818182		0.648		0.4929006085		0.3567117925		0.2430210018		0.1541664817		0.0901704946		0.0482724795		0.023567411		0.0104940421		0.0000537364		0.0000000533		0		1.68318369375837E-34





Sheet2

								Erlang Loss Table

														m

						1		2		3		4		5		6		7		8		9		10

				0.10		0.0909		0.0045		0.0002		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

				0.20		0.1667		0.0164		0.0011		0.0001		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

				0.25		0.2000		0.0244		0.0020		0.0001		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

				0.30		0.2308		0.0335		0.0033		0.0003		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

				0.33		0.2500		0.0400		0.0044		0.0004		0.0000		0.0000		0.0000		0.0000		0.0000		0.0000

				0.40		0.2857		0.0541		0.0072		0.0007		0.0001		0.0000		0.0000		0.0000		0.0000		0.0000

				0.50		0.3333		0.0769		0.0127		0.0016		0.0002		0.0000		0.0000		0.0000		0.0000		0.0000

				0.60		0.3750		0.1011		0.0198		0.0030		0.0004		0.0000		0.0000		0.0000		0.0000		0.0000

				0.67		0.4000		0.1176		0.0255		0.0042		0.0006		0.0001		0.0000		0.0000		0.0000		0.0000

				0.70		0.4118		0.1260		0.0286		0.0050		0.0007		0.0001		0.0000		0.0000		0.0000		0.0000

				0.75		0.4286		0.1385		0.0335		0.0062		0.0009		0.0001		0.0000		0.0000		0.0000		0.0000

				0.80		0.4444		0.1509		0.0387		0.0077		0.0012		0.0002		0.0000		0.0000		0.0000		0.0000

				0.90		0.4737		0.1757		0.0501		0.0111		0.0020		0.0003		0.0000		0.0000		0.0000		0.0000

				1.00		0.5000		0.2000		0.0625		0.0154		0.0031		0.0005		0.0001		0.0000		0.0000		0.0000

				1.10		0.5238		0.2237		0.0758		0.0204		0.0045		0.0008		0.0001		0.0000		0.0000		0.0000

				1.20		0.5455		0.2466		0.0898		0.0262		0.0063		0.0012		0.0002		0.0000		0.0000		0.0000

				1.25		0.5556		0.2577		0.0970		0.0294		0.0073		0.0015		0.0003		0.0000		0.0000		0.0000

				1.30		0.5652		0.2687		0.1043		0.0328		0.0085		0.0018		0.0003		0.0001		0.0000		0.0000

				1.33		0.5714		0.2759		0.1092		0.0351		0.0093		0.0021		0.0004		0.0001		0.0000		0.0000

				1.40		0.5833		0.2899		0.1192		0.0400		0.0111		0.0026		0.0005		0.0001		0.0000		0.0000

				1.50		0.6000		0.3103		0.1343		0.0480		0.0142		0.0035		0.0008		0.0001		0.0000		0.0000

				1.60		0.6154		0.3299		0.1496		0.0565		0.0177		0.0047		0.0011		0.0002		0.0000		0.0000

				1.67		0.6250		0.3425		0.1598		0.0624		0.0204		0.0056		0.0013		0.0003		0.0001		0.0000

				1.70		0.6296		0.3486		0.1650		0.0655		0.0218		0.0061		0.0015		0.0003		0.0001		0.0000

				1.75		0.6364		0.3577		0.1726		0.0702		0.0240		0.0069		0.0017		0.0004		0.0001		0.0000

		r = p/a		1.80		0.6429		0.3665		0.1803		0.0750		0.0263		0.0078		0.0020		0.0005		0.0001		0.0000

				1.90		0.6552		0.3836		0.1955		0.0850		0.0313		0.0098		0.0027		0.0006		0.0001		0.0000

				2.00		0.6667		0.4000		0.2105		0.0952		0.0367		0.0121		0.0034		0.0009		0.0002		0.0000

				2.10		0.6774		0.4156		0.2254		0.1058		0.0425		0.0147		0.0044		0.0011		0.0003		0.0001

				2.20		0.6875		0.4306		0.2400		0.1166		0.0488		0.0176		0.0055		0.0015		0.0004		0.0001

				2.25		0.6923		0.4378		0.2472		0.1221		0.0521		0.0192		0.0061		0.0017		0.0004		0.0001

				2.30		0.6970		0.4449		0.2543		0.1276		0.0554		0.0208		0.0068		0.0019		0.0005		0.0001

				2.33		0.7000		0.4495		0.2591		0.1313		0.0577		0.0220		0.0073		0.0021		0.0005		0.0001

				2.40		0.7059		0.4586		0.2684		0.1387		0.0624		0.0244		0.0083		0.0025		0.0007		0.0002

				2.50		0.7143		0.4717		0.2822		0.1499		0.0697		0.0282		0.0100		0.0031		0.0009		0.0002

				2.60		0.7222		0.4842		0.2956		0.1612		0.0773		0.0324		0.0119		0.0039		0.0011		0.0003

				2.67		0.7273		0.4923		0.3044		0.1687		0.0825		0.0354		0.0133		0.0044		0.0013		0.0003

				2.70		0.7297		0.4963		0.3087		0.1725		0.0852		0.0369		0.0140		0.0047		0.0014		0.0004

				2.75		0.7333		0.5021		0.3152		0.1781		0.0892		0.0393		0.0152		0.0052		0.0016		0.0004

				2.80		0.7368		0.5078		0.3215		0.1837		0.0933		0.0417		0.0164		0.0057		0.0018		0.0005

				2.90		0.7436		0.5188		0.3340		0.1949		0.1016		0.0468		0.0190		0.0068		0.0022		0.0006

				3.00		0.7500		0.5294		0.3462		0.2061		0.1101		0.0522		0.0219		0.0081		0.0027		0.0008

				3.10		0.7561		0.5396		0.3580		0.2172		0.1187		0.0578		0.0249		0.0096		0.0033		0.0010

				3.20		0.7619		0.5494		0.3695		0.2281		0.1274		0.0636		0.0283		0.0112		0.0040		0.0013

				3.25		0.7647		0.5541		0.3751		0.2336		0.1318		0.0666		0.0300		0.0120		0.0043		0.0014

				3.30		0.7674		0.5587		0.3807		0.2390		0.1362		0.0697		0.0318		0.0130		0.0047		0.0016

				3.33		0.7692		0.5618		0.3843		0.2426		0.1392		0.0718		0.0331		0.0136		0.0050		0.0017

				3.40		0.7727		0.5678		0.3915		0.2497		0.1452		0.0760		0.0356		0.0149		0.0056		0.0019

				3.50		0.7778		0.5765		0.4021		0.2603		0.1541		0.0825		0.0396		0.0170		0.0066		0.0023

				3.60		0.7826		0.5848		0.4124		0.2707		0.1631		0.0891		0.0438		0.0193		0.0077		0.0028

				3.67		0.7857		0.5902		0.4191		0.2775		0.1691		0.0937		0.0468		0.0210		0.0085		0.0031

				3.70		0.7872		0.5929		0.4224		0.2809		0.1721		0.0960		0.0483		0.0218		0.0089		0.0033

				3.75		0.7895		0.5968		0.4273		0.2860		0.1766		0.0994		0.0506		0.0232		0.0096		0.0036

				3.80		0.7917		0.6007		0.4321		0.2910		0.1811		0.1029		0.0529		0.0245		0.0102		0.0039

				3.90		0.7959		0.6082		0.4415		0.3009		0.1901		0.1100		0.0577		0.0274		0.0117		0.0046

				4.00		0.8000		0.6154		0.4507		0.3107		0.1991		0.1172		0.0627		0.0304		0.0133		0.0053
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		p		2

		a		3

		r		0.6666666667

		m		3		has to be less than 10

		nominator		r^m/m!		0.049382716

		denominator		counter		0		1		2		3		4		5		6		7		8		9		10

				indicator		1		1		1		1		0		0		0		0		0		0		0

						1		0.6666666667		0.2222222222		0.049382716		0.0082304527		0.0010973937		0.0001219326		0.0000116126		0.0000009677		0.0000000717		0.0000000048

				product		1		0.6666666667		0.2222222222		0.049382716		0		0		0		0		0		0		0

				sum		1.9382716049

		P3 (probability of all three bay's busy)		0.025477707

				2.5477707006		%

										0.025477707		1		2		3		4		5		6		7		8		9		10		15		20		30		50

		Flow Rate		0.3248407643						1		0.5		0.2		0.0625		0.0153846154		0.0030674847		0.0005109862		0.0000729927		0.000009124		0.0000010138		0.0000001014		0		1.51210136549445E-19		1.3869009560473E-33		1.20956900614444E-65

		Loss rate		0.008492569						1.5		0.6		0.3103448276		0.1343283582		0.0479573712		0.0141831553		0.0035332606		0.0007565545		0.0001418338		0.0000236384		0.0000035457		0.0000000001		3.04971377229961E-16		1.61300685664911E-28		4.67785329033686E-57

										2		0.6666666667		0.4		0.2105263158		0.0952380952		0.0366972477		0.0120845921		0.0034408602		0.0008594757		0.0001909581		0.0000381902		0.0000000034		0		5.47840883969582E-25		5.01002110257863E-51

										2.5		0.7142857143		0.4716981132		0.2821670429		0.149916047		0.0697311168		0.028234295		0.0099830113		0.0031099888		0.0008631401		0.0002157385		0.0000000585		0		2.68429810954738E-22		2.12919835232667E-46

										3		0.75		0.5294117647		0.3461538462		0.2061068702		0.1100543478		0.0521571153		0.0218643153		0.0081324394		0.0027034845		0.0008103881		0.0000005465		0.0000000001		3.86563727022739E-20		1.17552371956507E-42

										3.5		0.7777777778		0.5764705882		0.4021101993		0.2602710027		0.1541120698		0.0824835435		0.039608257		0.0170334465		0.0065805279		0.0022978923		0.0000033491		0.0000000009		2.3921781106663E-18		1.58759455804973E-39

										4		0.8		0.6153846154		0.4507042254		0.3106796117		0.199066874		0.1171624714		0.0627489429		0.0304200582		0.0133396732		0.0053075489		0.0000150819		0.0000000083		7.98356354710767E-17		7.65564551057639E-37

										4.5		0.8181818182		0.648		0.4929006085		0.3567117925		0.2430210018		0.1541664817		0.0901704946		0.0482724795		0.023567411		0.0104940421		0.0000537364		0.0000000533		0		1.68318369375837E-34

										5		0.8333333333		0.6756756757		0.5296610169		0.3983428936		0.2848678213		0.1918472589		0.1205186351		0.0700478522		0.037457786		0.0183845703		0.0001594289		0.0000002678		0		1.99499503108188E-32

										5.5		0.8461538462		0.6994219653		0.561840439		0.4358348465		0.3240586662		0.2290219439		0.1525034549		0.0948965859		0.0548135888		0.0292652019		0.0004087224		0.0000011056		0		1.43729946885098E-30

										6		0.8571428571		0.72		0.5901639344		0.4695652174		0.3604004449		0.2649223222		0.1850547358		0.1218757837		0.0751449555		0.0431418384		0.0009309328		0.0000038909		0		6.88076655287332E-29

										6.5		0.8666666667		0.7379912664		0.6152338281		0.4999387351		0.3939101384		0.2990994748		0.2173652419		0.1501001778		0.0978032552		0.0597722664		0.0019245532		0.0000120025		0		2.3427295191565E-27

										7		0.875		0.7538461538		0.6375464684		0.527344608		0.4247194986		0.3313300346		0.2488714488		0.1788218265		0.1221013433		0.078740883		0.0036724332		0.0000331756		0.0000000001		5.98149909642231E-26

										7.5		0.8823529412		0.7679180887		0.6575102279		0.5521382063		0.4530160804		0.3615405161		0.2792090645		0.2074553081		0.1473974391		0.0995437131		0.0065551642		0.0000836113		0.0000000004		1.1944075289399E-24

										8		0.8888888889		0.7804878049		0.6754617414		0.5746352413		0.4790083031		0.3897518852		0.3081647		0.2355702611		0.1731408277		0.1216610643		0.0110627976		0.0001948453		0.0000000019		1.92947542411397E-23

										8.5		0.8947368421		0.7917808219		0.691679572		0.5951120453		0.5029056351		0.4160412248		0.3356333335		0.2628687001		0.1988879818		0.1446080943		0.0178053557		0.0004246394		0.0000000077		2.59201667951086E-22

										9		0.9		0.801980198		0.7063953488		0.6138085883		0.5249079951		0.4405162445		0.3615845079		0.2891580971		0.2242999503		0.1679632263		0.0275226455		0.0008735298		0.0000000279		2.96212066580741E-21

										9.5		0.9047619048		0.8112359551		0.7198027075		0.6309324967		0.5452006318		0.4632988551		0.3860370327		0.3143259816		0.2491300436		0.1913791583		0.0410937797		0.0017091064		0.0000000939		2.93445201467633E-20

										10		0.9090909091		0.8196721311		0.7320644217		0.6466632178		0.5639521769		0.4845149037		0.409040783		0.3383184329		0.2732079439		0.2145823431		0.0595466598		0.0032006074		0.0000002936		2.56024863704986E-19

										10.5		0.9130434783		0.8273921201		0.7433180833		0.6611559291		0.5813144755		0.5042879912		0.4306639782		0.3611229807		0.2964237932		0.2373660048		0.0840675589		0.0057669997		0.0000008616		1.99378646390128E-18

										11		0.9166666667		0.8344827586		0.7536806342		0.6745450357		0.5974233611		0.5227359438		0.4509844993		0.3827555555		0.3187140012		0.2595803279		0.1160108541		0.0100423891		0.0000023891		1.4017396025051E-17

										11.5		0.92		0.8410174881		0.7632519917		0.6869472149		0.6123998849		0.5399689779		0.4700840992		0.4032508124		0.3400493985		0.2811220979		0.1569089111		0.0169633571		0.0000062944		8.98455889125221E-17

										12		0.9230769231		0.8470588235		0.7721179625		0.6984640259		0.6263517187		0.556088927		0.4880446401		0.422655115		0.3604257634		0.3019250403		0.2084821057		0.0278836748		0.0000158353		5.29464852048455E-16

										12.5		0.9259259259		0.8526603001		0.7803525945		0.7091841273		0.6393745726		0.571189116		0.5049457318		0.4410215417		0.3798564677		0.3219514221		0.2726489532		0.0447227905		0.0000382027		0

										13		0.9285714286		0.8578680203		0.7880200861		0.7191851535		0.6515535449		0.5853546168		0.5208633228		0.4584063964		0.3983668931		0.3411850725		0.3515363224		0.0701555382		0.0000887074		0

										13.5		0.9310344828		0.8627218935		0.7951763423		0.7285352964		0.6629643639		0.5986627151		0.5358689325		0.474866817		0.4159902655		0.3596257585		0.447489712		0.1078516744		0.0001988974		0

										14		0.9333333333		0.8672566372		0.8018702513		0.7372946415		0.6736745062		0.61118348		0.5500293075		0.4904591762		0.4327645936		0.3772847543		0.5630835712		0.1627751218		0.00043185		0

										14.5		0.935483871		0.8715025907		0.8081447364		0.7455162942		0.6837441908		0.622980371		0.5634063515		0.5052380478		0.4487304526		0.3941814116		0.7011316519		0.241554192		0.0009102468		0

										15		0.9375		0.8754863813		0.8140376266		0.7532473329		0.6932272553		0.6341108419		0.5760572295		0.5192555704		0.4639294046		0.410340542		0.8646973833		0.3529355733		0.0018666916		0

										15.5		0.9393939394		0.879231473		0.8195823819		0.7605296163		0.7021719241		0.6446269182		0.5880345757		0.532561091		0.4784028925		0.4257904442		1.0571042604		0.5083365162		0.0037319244		0

										16		0.9411764706		0.8827586207		0.8248086992		0.7674004684		0.7106214793		0.6545757364		0.5993867592		0.5452009988		0.4921914843		0.4405614357		1.2819462428		0.722511429		0.0072863342		0.0000000001

										16.5		0.9428571429		0.886086249		0.8297430214		0.7738932622		0.7186148462		0.6640000396		0.6101581786		0.55721869		0.5053343748		0.4546847732		1.5430981596		1.0143510162		0.0139152897		0.0000000003

										17		0.9444444444		0.8892307692		0.8344089674		0.7800379181		0.7261871031		0.6729386273		0.6203895634		0.568654618		0.5178690715		0.4681918701		1.8447261187		1.4078341571		0.0260318632		0.0000000009

										17.5		0.9459459459		0.8922068463		0.8388276955		0.7858613302		0.7333699261		0.6814267614		0.6301182713		0.5795463986		0.5298312161		0.4811137409		2.1912979175		1.9331549403		0.0477652101		0.000000003

										18		0.9473684211		0.8950276243		0.8430182134		0.7913877329		0.7401919768		0.6894965306		0.6393785729		0.5899289484		0.5412545004		0.4934806145		2.5875934559		2.6280496384		0.086064323		0.0000000096

										18.5		0.9487179487		0.897704918		0.8469976423		0.7966390162		0.746679241		0.6971771758		0.6482019205		0.5998346423		0.5521706486		0.5053216752		3.0387151491		3.5393509443		0.1524422862		0.0000000293

										19		0.95		0.9002493766		0.8507814438		0.8016349981		0.7528553238		0.704495381		0.6566171968		0.609293477		0.5626094462		0.5166648983		3.5500983409		4.7247994881		0.2656953379		0.0000000871

										19.5		0.9512195122		0.9026706231		0.8543836149		0.8063936605		0.7587417092		0.7114755317		0.6646509453		0.6183332376		0.5725987986		0.5275369552		4.1275217163		6.2551455254		0.456087399		0.0000002514

										20		0.9523809524		0.9049773756		0.8578168561		0.8109313547		0.7643579871		0.7181399457		0.6723275809		0.6269796589		0.5821648104		0.5379631686		4.7771177146		8.2165767364		0.7717122855		0.0000007057

										20.5		0.9534883721		0.9071775499		0.8610927173		0.8152629792		0.7697220521		0.7245090783		0.6796695816		0.6352565808		0.5913318749		0.5479675058		5.5053829409		10.713511308		1.2880567114		0.0000019302

										21		0.9545454545		0.9092783505		0.8642217245		0.8194021361		0.7748502796		0.7306017049		0.6866976635		0.6431860956		0.6001227713		0.5575725958		6.3191885784		13.8717988864		2.1222193648		0.0000051495

										21.5		0.9555555556		0.911286348		0.8672134903		0.8233612676		0.7797576804		0.7364350839		0.6934309385		0.6507886856		0.6085587624		0.5667997661		7.2257907989		17.8423756032		3.4538368488		0.000013417

										22		0.9565217391		0.9132075472		0.8700768099		0.8271517754		0.7844580369		0.7420251017		0.6998870577		0.6580833517		0.6166596927		0.5756690903		8.2328411739		22.8054231836		5.5555810224		0.0000341797

										22.5		0.9574468085		0.9150474469		0.8728197466		0.8307841265		0.7889640243		0.7473864023		0.7060823411		0.6650877322		0.624444083		0.5841994436		9.3483970846		28.9750861637		8.8371954274		0.0000852217

										23		0.9583333333		0.9168110919		0.875449705		0.8342679462		0.7932873179		0.7525325031		0.7120318945		0.6718182124		0.631929222		0.5924085623		10.580932132		36.6048054597		13.9085227499		0.0002081723

										23.5		0.9591836735		0.9185031185		0.8779734975		0.8376121002		0.797438688		0.7574758981		0.7177497156		0.6782900255		0.6391312532		0.6003131059		11.939346546		45.9933309746		21.668958024		0.0004986324

										24		0.96		0.9201277955		0.8803974016		0.8408247673		0.8014280849		0.7622281508		0.7232487893		0.684517345		0.6460652562		0.6079287187		13.4329775946		57.4914805782		33.433392914		0.0011721697

										24.5		0.9607843137		0.9216890595		0.8827272113		0.8439135047		0.8052647141		0.7667999774		0.7285411745		0.6905133695		0.6527453238		0.6152700907		15.0716099928		71.5097176793		51.108183926		0.0027064334

										25		0.9615384615		0.9231905465		0.8849682827		0.8468853049		0.8089571044		0.7712013208		0.733638082		0.6962904004		0.6591846334		0.6223510167		16.8654863109		88.5266247177		77.4352196737		0.0061421994

										25.5		0.9622641509		0.9246356203		0.8871255743		0.8497466474		0.8125131675		0.7754414185		0.7385499459		0.7018599129		0.6653955139		0.6291844533		18.8253173831		109.0983552507		116.3280771801		0.0137111335

										26		0.962962963		0.9260273973		0.8892036831		0.8525035445		0.8159402526		0.7795288622		0.743286487		0.7072326205		0.671389507		0.6357825729		20.9622927152		133.8691528916		173.3319156744		0.0301252527

										26.5		0.9636363636		0.9273687686		0.8912068769		0.8551615826		0.819245195		0.7834716527		0.7478567717		0.7124185346		0.677177425		0.6421568151		23.2880908927		163.583031192		256.2486185245		0.0651874832

										27		0.9642857143		0.9286624204		0.8931391233		0.8577259588		0.8224343596		0.7872772487		0.7522692641		0.7174270189		0.6827694035		0.648317935		25.8148899883		199.0967146419		375.9813277267		0.1390038288

										27.5		0.9649122807		0.9299108515		0.8950041153		0.8602015141		0.8255136803		0.7909526117		0.7565318744		0.7222668384		0.6881749502		0.6542760485		28.5553779694		241.3939472984		547.6686187182		0.2922516257

										28		0.9655172414		0.9311163895		0.8968052946		0.8625927631		0.8284886956		0.7945042454		0.760652002		0.7269462051		0.6934029904		0.6600406751		31.5227631059		291.6012821581		792.1989904114		0.6061500061

										28.5		0.9661016949		0.9322812052		0.8985458727		0.8649039212		0.8313645809		0.7979382328		0.7646365758		0.7314728196		0.6984619081		0.6656207773		34.7307843769		351.0054712523		1138.2221375884		1.2408218448

										29		0.9666666667		0.9334073252		0.9002288498		0.8671389286		0.834146177		0.8012602691		0.7684920896		0.7358539087		0.7033595847		0.6710247981		38.1937218783		421.0725835865		1624.8058946432		2.508110385

										29.5		0.9672131148		0.9344966443		0.9018570318		0.8693014725		0.836838017		0.8044756916		0.7722246354		0.7400962603		0.7081034347		0.6762606953		41.9264072297		503.4689854615		2304.928320962		5.0082147873

										30		0.9677419355		0.9355509356		0.9034330456		0.8713950066		0.83944435		0.8075895068		0.7758399333		0.7442062557		0.7127004379		0.6813359736		45.9442339813		600.084325414		3250.0449832975		9.8832474452

										30.5		0.9682539683		0.9365718601		0.9049593532		0.8734227697		0.8419691627		0.8106064161		0.779343359		0.7481898981		0.7171571696		0.6862577146		50.2631680211		713.056674003		4556.0342950801		19.2827501437

										31		0.96875		0.9375609756		0.9064382645		0.8753878017		0.8444161994		0.8135308375		0.782739969		0.7520528401		0.7214798288		0.6910326047		54.8997579814		844.7999769491		6350.9014499994		37.2095529931

										31.5		0.9692307692		0.9385197446		0.9078719488		0.8772929589		0.8467889799		0.8163669273		0.7860345235		0.755800408		0.7256742632		0.6956669606		59.871145646		998.0339887142		8804.7172043919		71.0414291831

										32		0.9696969697		0.9394495413		0.9092624452		0.8791409274		0.849090816		0.8191185981		0.7892315073		0.7594376246		0.7297459936		0.7001667534		65.1950763564		1175.8168624947		12142.385288657		134.242112607





Sheet2

								Erlang Loss Table

														m

						1		2		3		4		5		6		7		8		9		10

				1		0.5000		0.2000		0.0625		0.0154		0.0031		0.0005		0.0001		0.0000		0.0000		0.0000

				1.5		0.6000		0.3103		0.1343		0.0480		0.0142		0.0035		0.0008		0.0001		0.0000		0.0000

				2		0.6667		0.4000		0.2105		0.0952		0.0367		0.0121		0.0034		0.0009		0.0002		0.0000

				2.5		0.7143		0.4717		0.2822		0.1499		0.0697		0.0282		0.0100		0.0031		0.0009		0.0002

				3		0.7500		0.5294		0.3462		0.2061		0.1101		0.0522		0.0219		0.0081		0.0027		0.0008

				3.5		0.7778		0.5765		0.4021		0.2603		0.1541		0.0825		0.0396		0.0170		0.0066		0.0023

				4		0.8000		0.6154		0.4507		0.3107		0.1991		0.1172		0.0627		0.0304		0.0133		0.0053

				4.5		0.8182		0.6480		0.4929		0.3567		0.2430		0.1542		0.0902		0.0483		0.0236		0.0105

				5		0.8333		0.6757		0.5297		0.3983		0.2849		0.1918		0.1205		0.0700		0.0375		0.0184

				5.5		0.8462		0.6994		0.5618		0.4358		0.3241		0.2290		0.1525		0.0949		0.0548		0.0293

				6		0.8571		0.7200		0.5902		0.4696		0.3604		0.2649		0.1851		0.1219		0.0751		0.0431

				6.5		0.8667		0.7380		0.6152		0.4999		0.3939		0.2991		0.2174		0.1501		0.0978		0.0598

				7		0.8750		0.7538		0.6375		0.5273		0.4247		0.3313		0.2489		0.1788		0.1221		0.0787

				7.5		0.8824		0.7679		0.6575		0.5521		0.4530		0.3615		0.2792		0.2075		0.1474		0.0995

				8		0.8889		0.7805		0.6755		0.5746		0.4790		0.3898		0.3082		0.2356		0.1731		0.1217

				8.5		0.8947		0.7918		0.6917		0.5951		0.5029		0.4160		0.3356		0.2629		0.1989		0.1446

				9		0.9000		0.8020		0.7064		0.6138		0.5249		0.4405		0.3616		0.2892		0.2243		0.1680

				9.5		0.9048		0.8112		0.7198		0.6309		0.5452		0.4633		0.3860		0.3143		0.2491		0.1914

				10		0.9091		0.8197		0.7321		0.6467		0.5640		0.4845		0.4090		0.3383		0.2732		0.2146

				10.5		0.9130		0.8274		0.7433		0.6612		0.5813		0.5043		0.4307		0.3611		0.2964		0.2374

				11		0.9167		0.8345		0.7537		0.6745		0.5974		0.5227		0.4510		0.3828		0.3187		0.2596

				11.5		0.9200		0.8410		0.7633		0.6869		0.6124		0.5400		0.4701		0.4033		0.3400		0.2811

				12		0.9231		0.8471		0.7721		0.6985		0.6264		0.5561		0.4880		0.4227		0.3604		0.3019

				12.5		0.9259		0.8527		0.7804		0.7092		0.6394		0.5712		0.5049		0.4410		0.3799		0.3220

		r = p/a		13		0.9286		0.8579		0.7880		0.7192		0.6516		0.5854		0.5209		0.4584		0.3984		0.3412

				13.5		0.9310		0.8627		0.7952		0.7285		0.6630		0.5987		0.5359		0.4749		0.4160		0.3596

				14		0.9333		0.8673		0.8019		0.7373		0.6737		0.6112		0.5500		0.4905		0.4328		0.3773

				14.5		0.9355		0.8715		0.8081		0.7455		0.6837		0.6230		0.5634		0.5052		0.4487		0.3942

				15		0.9375		0.8755		0.8140		0.7532		0.6932		0.6341		0.5761		0.5193		0.4639		0.4103

				15.5		0.9394		0.8792		0.8196		0.7605		0.7022		0.6446		0.5880		0.5326		0.4784		0.4258

				16		0.9412		0.8828		0.8248		0.7674		0.7106		0.6546		0.5994		0.5452		0.4922		0.4406

				16.5		0.9429		0.8861		0.8297		0.7739		0.7186		0.6640		0.6102		0.5572		0.5053		0.4547

				17		0.9444		0.8892		0.8344		0.7800		0.7262		0.6729		0.6204		0.5687		0.5179		0.4682

				17.5		0.9459		0.8922		0.8388		0.7859		0.7334		0.6814		0.6301		0.5795		0.5298		0.4811

				18		0.9474		0.8950		0.8430		0.7914		0.7402		0.6895		0.6394		0.5899		0.5413		0.4935

				18.5		0.9487		0.8977		0.8470		0.7966		0.7467		0.6972		0.6482		0.5998		0.5522		0.5053

				19		0.9500		0.9002		0.8508		0.8016		0.7529		0.7045		0.6566		0.6093		0.5626		0.5167

				19.5		0.9512		0.9027		0.8544		0.8064		0.7587		0.7115		0.6647		0.6183		0.5726		0.5275

				20		0.9524		0.9050		0.8578		0.8109		0.7644		0.7181		0.6723		0.6270		0.5822		0.5380

				20.5		0.9535		0.9072		0.8611		0.8153		0.7697		0.7245		0.6797		0.6353		0.5913		0.5480

				21		0.9545		0.9093		0.8642		0.8194		0.7749		0.7306		0.6867		0.6432		0.6001		0.5576

				21.5		0.9556		0.9113		0.8672		0.8234		0.7798		0.7364		0.6934		0.6508		0.6086		0.5668

				22		0.9565		0.9132		0.8701		0.8272		0.7845		0.7420		0.6999		0.6581		0.6167		0.5757

				22.5		0.9574		0.9150		0.8728		0.8308		0.7890		0.7474		0.7061		0.6651		0.6244		0.5842

				23		0.9583		0.9168		0.8754		0.8343		0.7933		0.7525		0.7120		0.6718		0.6319		0.5924

				23.5		0.9592		0.9185		0.8780		0.8376		0.7974		0.7575		0.7177		0.6783		0.6391		0.6003

				24		0.9600		0.9201		0.8804		0.8408		0.8014		0.7622		0.7232		0.6845		0.6461		0.6079

				24.5		0.9608		0.9217		0.8827		0.8439		0.8053		0.7668		0.7285		0.6905		0.6527		0.6153

				25		0.9615		0.9232		0.8850		0.8469		0.8090		0.7712		0.7336		0.6963		0.6592		0.6224

				25.5		0.9623		0.9246		0.8871		0.8497		0.8125		0.7754		0.7385		0.7019		0.6654		0.6292

				26		0.9630		0.9260		0.8892		0.8525		0.8159		0.7795		0.7433		0.7072		0.6714		0.6358

				26.5		0.9636		0.9274		0.8912		0.8552		0.8192		0.7835		0.7479		0.7124		0.6772		0.6422

				27		0.9643		0.9287		0.8931		0.8577		0.8224		0.7873		0.7523		0.7174		0.6828		0.6483

				27.5		0.9649		0.9299		0.8950		0.8602		0.8255		0.7910		0.7565		0.7223		0.6882		0.6543

				28		0.9655		0.9311		0.8968		0.8626		0.8285		0.7945		0.7607		0.7269		0.6934		0.6600

				28.5		0.9661		0.9323		0.8985		0.8649		0.8314		0.7979		0.7646		0.7315		0.6985		0.6656

				29		0.9667		0.9334		0.9002		0.8671		0.8341		0.8013		0.7685		0.7359		0.7034		0.6710

				29.5		0.9672		0.9345		0.9019		0.8693		0.8368		0.8045		0.7722		0.7401		0.7081		0.6763

				30		0.9677		0.9356		0.9034		0.8714		0.8394		0.8076		0.7758		0.7442		0.7127		0.6813

				30.5		0.9683		0.9366		0.9050		0.8734		0.8420		0.8106		0.7793		0.7482		0.7172		0.6863

				31		0.9688		0.9376		0.9064		0.8754		0.8444		0.8135		0.7827		0.7521		0.7215		0.6910

				31.5		0.9692		0.9385		0.9079		0.8773		0.8468		0.8164		0.7860		0.7558		0.7257		0.6957

				32		0.9697		0.9394		0.9093		0.8791		0.8491		0.8191		0.7892		0.7594		0.7297		0.7002
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