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INSTRUCTIONS

A) This is a closed-book closed-notes examination.

B) This paper carries 108 marks. You may answer as much as you like; but the
maximum you can score is 100.

C) Relevant tables are given with the question paper.

1. Consider the queuing model M/M/c. Define W, (0) as the probability that a customer has
zero delay (i.e. no delay) in the queue.
a. Find the expression for W;(0).

b. Calls to a technical support center arrive according to a Poisson process with rate

30 per hour. The time for a support person to serve one customer is exponentially

distributed with a mean of 5 minutes. The support center has three technical staff

{0 assist callers. What is the probability that a customer is able to immediately

access a support staff without being delayed on hold? Assume that customers do

not abandon their calls.

Find the length of the queue for the model described in (b) above.

. This call center has been taken over by an MNC and the three technical staff are
transferred. A very experienced engineer has been hired whose service time is
normally distributed with a mean of 1.5 minutes and a standard deviation of 6
minutes. Find the average number of customers waiting in the line in this case.
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[Hint: Recall that = Y=o — S (1_5), where the symbols have their usual

meaning.|
[5+5+5+5=20]

2. A company has two grades of inspectors, I and II, who are to be assigned for a quality
control inspection. It is required that at least 1800 pieces be inspected per 8-hour day.
Grade I inspectors can check pieces at the rate of 25 per hour, with an accuracy of 98% at
a wage rate of Rs 4/- per hour.

Grade II inspectors can check pieces at the rate of 15 per hour, with an accuracy of 95% at
a wage rate of Rs 3/- per hour.
Each time an error is made by an inspector, the cost to the company is Rs 2/-.
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The company has available for inspection job eight Grade I inspectors, and ten Grade I
inspectors.

The company wants to determine the optimal assignment of inspectors which will minimize
the total cost of the inspection.

Formulate this as an LP problem.

[15]

Obtain the strategies for both the players A and B and the value of the game if the pay-off
matrix of A is given by the following:-

6 1 3 2 3
5 7 =5 1 4
8 4 -1 2 2
3 3 -2 25

[15]

Consider the following double sampling plan, where the symbols have their usual meaning:
N =500; n,=50;¢;,=1, 1 =4; n, =100; ¢c; = 3; r, = 5.

What type of inspection is being advocated by this plan?

Describe its operation.

Find probability of acceptance of a lot that has fraction defective p = 0.05.

Find the average sample number for this plan.
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[2+5+10+3=20]

Measurements of the thickness of support beams are taken by a single operator. The same
beam is measured twice by the operator. Twenty such beams are measured. He finds the
standard deviation of these measurement values to be 3.743 mm; while the average range
of these beams is 0.2800 mm. From engineering considerations, the specification on the
thickness are 50 + 8 mm. However, in order to capture the market, the management has
set the thickness target to be 51 mm.

a. Assuming the process to be in control, estimate the precision —to-tolerance ratio for
the measuring instrument.

b. Is the gage capable?

¢. Give an estimate of the product variability.

d. Mention the aspect(s) of variability which can be captured by this study?

e. Mention the aspect(s) of variability — if any - which cannot be captured by this study
and how they can be overcome?

f. What is the observed process potential?

g. Assuming the thickness to be normally distributed, what is the process fall-out?
h. Calculate the capability index in which the management would be interested.
[4+14+242+24+2+4+3=20]



6. Answer the following questions as best as you can:-

i).

vii).

Xii).
xiii).

Xiv).

XV).

xvi).

xvii).

Xviii).

The j*" constraint in the dual of an LPP is satisfied as strict inequality by the optimal
solution. The j™ variable of the primal will assume a value

If the j*™" constraint in the primal is an equality, then the corresponding dual variable
1s

If, the optimum of an LPP occurs at X = (1 0, 0,2)and Y = (0, 1, 0, 3), then the
optimum also occurs at

If in any simplex iteration the minimum ratio rule fails, then the LPP has

AOQL means

Consumer’s risk of 10% means that

If nothing is known concerning the pattern of variation of a set of numbers, we can
calculate the standard deviation of this set of numbers and state that the sample

mean+3 the calculated standard deviation will include at least % of all the
numbers.

Who is reputed to have said: All models are wrong, but some are useful.

Two person zero-sum game means that the

Who is considered as the father of game theory?
Who is considered as the father of SQC?
Who introduced the notion of loss while discussing concepts of quality?

Customer behavior in which she moves from one queue to another (in the hope of
reducing her waiting time) in a multiple channel situation is

When is the World Quality Day celebrated?
When is the World Consumer Rights Day celebrated?

When is the World Standards Day celebrated?

When measurements show a lack of statistical control, the standard error of the average

Who is credited with having developed the PDCA wheel?
[1x18 = 18]



STANDARD NORMAL DISTRIBUTION: Table Values Represent AREA to the LEFT of the Z score.

Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
-3.9 | .00005 .00005 .00004 .00004 .00004 .00004 .00004 .00004  .00003 .00003
-3.8 | .00007 .00007 .00007 .00006 .00006 .00006 .00006 .00005 .00005 .00005
-3.7 | .00011 .00010 .00010 .00010 .00009 .00009 .00008 .00008 .00008 .00008
-3.6 | .00016 .00015 00015 .00014 .00014 .00013 .00013 .00012 .00012 .00011
-3.5 | .00023 .00022 .00022 .00024 .00020 .00019 .00019 .00018 .00017 .00017
-3.4 | .00034 .00032 .00031 .00030 .00029 .00028 00027 .00026 .00025 00024
-3.3 | .00048 .00047 .00045 .00043 .00042 .00040 .00039 .00038 .00036 .00035
-3.2 | .00069 .00066 .00064 .00062 .00060 .00058 .00056 .00054 .00052 .00050
-3.1 | .00097 .00094 .00090 .00087 .00084 .00082 .00079 .00076 00074 .00071
-3.0 | .00135 .00131 .00126 .00122 .00118 .00114 .00111 .00107 .00104 .00100
-2.9 | .00187 .00181 00175 .00169 .00164 .00159 .00154 .00149 00144 .00139
-2.8 | .00256 00248 .00240 .00233 00226 00219 .00212 .00205 .00199 00193
-2.7 | .00347 00336 .00326 00317 .00307 .00298 .00289 .00280 .00272 00264
-2.6 | .00466 .00453 .00440 .00427 .00415 00402 .00391 .00379 .00368 00357
-2.5 | 00621 .00604 .00587 .00570 00554 .00539 .00523 .00508 .00494 .004380
-2.4 | .00820 .00798 00776 00755 00734 00714 .00695 .00676 .00657 00639
-2.3 | 01072 .01044 .01017 .00990 00964 .00939 .00914 .00889 .00866 .00842
-22 | 01390 01355 01321 01287 01255 01222 01191 01160 01130 01101
-2.1 | 01786 .01743 .01700 01639 01618 01578 01539 .01500 01463 01426
-2.0 | 02275 02222 02169 02118 .02068 02018 .01970 .01923 01876 .01831
-1.9 | .02872 02807 02743 02680 .02619 02559 .02500 .02442 .02385 .02330
-1.8 | .03593 03515 .03438 03362 .03288 03216 .03144 03074 .03005 .02938
-1.7 | 04457 04363 .04272 .04182 .04093 .04006 .03920 03836 03754 03673
-1.6 | .05480 05370 05262 05155 .05050 .04947 .04846 .04746 04648 04551
-1.5 | 06681 .06552 .06426 .06301 .06178 06057 .05938 .05821 .05705 05592
-1.4 | .08076 07927 07780 07636 .07493 07353 07215 .07078 .06944 06811
-1.3 | .09680 09510 .09342 09176 09012 .08851 .08691 08534 .08379 08226
-1.2 | 11507 11314 11123 10935 .10749 10565 .10383 .10204 10027 .09853
-1.1 | 13567 13350 13136 12924 12714 12507 12302 12100 11900 11702
-1.0 | .15866 15625 .15386 15151 .14917 .14686 14457 14231 .14007 13786
-0.9 | .18406 18141 17879 17619 17361 17106 .16853 16602 16354 16109
-0.8 | 21186 .20897 20611 20327 .20045 .19766 .19489 19215 .18943 18673
-0.7 | 24196 .23885 23576 23270 .22965 22663 22363 22065 21770 21476
-0.6 | 27425 27093 26763 26435 26109 25785 25463 25143 24825 24510
-0.5 | .30854 .30503 .30153 .29806 29460 29116 28774 28434 28096 27760
-0.4 | 34458 .34090 33724 .33360 .32997 .32636 32276 31918 31561 31207
-0.3 | .38209 37828 37448 37070 36693 36317 35942 .35569 35197 .34827
-0.2 | 42074 41683 41294 40905 40517 40129 39743 .39358 38974 38591
-0.1 | 46017 45620 45224 44828 44433 44038 43644 43251 42858 42465
-0.0 | .50000 49601 49202 48803 48405 48006 47608 47210 46812 46414
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