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INSTRUCTIONS

1.

Carry out these instructions and those printed on the front cover of the
Examination Book.

All students must attempt part A of the paper.
Cdculators are allowed.
Stationery supplied  — Formula sheet

— Normal distribution tables.

—t - distribution tables.
— F - digtribution tables.
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Part A - All questions are Compulsory

Question 1

A developer isinterested in maximising the profit contribution from each unitin a
development and wishes to know, among other things, how best to arrange each
property on the block to maximise buyer satisfaction.

The devel oper has conducted a survey of buyer preferences from those who have
purchased properties in other subdivisions. The results of this survey contain
information about the style of building, the position of the property on the block,
distance from shops and other facilities, access to block from street, public
transport availability, nature of motor vehicle access, and other information
relating to buyer preferences.

The devel oper is now anxious to analyse this data and incorporate the analysisin

an upcoming development. The analysis requires the use of Principal
Components and Factor analysis.

(1) Briefly explain the methodology of these techniques and areas of application.
(i)  Explain how these techniques could assist in the above analysis.

(10 + 10 = 20 marks)

Question 2

(1) Are exponential smoothing models better than decomposition methods
for forecasting? Discuss the merits of each.

(i) Datafor the number of apartments rented each year by a property
manager are asfollows:

Year Time No. rented Y ear Time No. rented
1984 1 654 1992 9 701
1985 2 658 1993 10 703
1986 3 665 1994 11 702
1987 4 672 1995 12 710
1988 5 673 1996 13 712
1989 6 671 1997 14 711
1990 7 693 1998 15 728
1991 8 694 1999 16 ?
2000 17 ?

The property manager wishes to forecast the number of apartments that
will be rented in 1999 and 2000. A chart of the data is provided below.
One of the following four modelsis suitable for this purpose. Select the
model (one only) that you consider best achieves this purpose and justify
your explanation.

Model 1 - Trend equation

Coefficients Sandard Error t Stat R Square 0.954
I ntercept 650.31 272 239.28 Adj. RSquare  0.951
Time 4,94 0.30 16.51 Std Error 5.002

F 272.643
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Model 2 - First order autoregressive

Coefficients Sandard Error t Stat R Square 0.893
Intercept 32.03 65.93 0.49 Adji.RSquare  0.884
Yi1 0.96 0.10 10.02 Std Error 7.167
F 100.392
Model 3 - Second order autoregressive
Coefficients Sandard Error t Stat R Square 0.892
I ntercept 52.13 72.48 0.72 Adj.RSquare  0.871
Yi1 0.43 0.34 1.27 Std Error 6.965
Yio 0.51 0.32 1.59 F 41.405
Model 4 - Second order autoregressive with timetrend
Coefficients Sandard Error t Sat
Intercept 724.25 305.68 2.37 R Square 0.931
Time 5.38 2.40 2.24 Adji.RSquare  0.908
Yi1 0.01 0.34 0.03 Std Error 5.879
Yio -0.12 0.39 -0.32 F 40.424
Chart of the Data:
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(i)  Discuss the most common deficiencies of predictive models.
7+ 7+ 6 =20

marks)



Question 3
The following activities have been identified for asmall residentia subdivision.
M ean
Activity Description Activity completion Activity

Predecessor time (weeks) Variance

a Purchase land - 9 4
b Subdivision design and approval - 5 2
c Secure contractors a 3 2
d Sitedrainage a 8 5
e Excavation for Stage 1 c 4 2
f Install basic services (Sewer, gas, ab 11 3
electricity & water)

Prepare designs and specifications ab 6 1

Excavate and pour foundations d.ef,g 2 1

i Erect building frames and windows h 7 2
| Brickwork and door frames i 5 3
k Electrical & plumbing stage 1 i 3 1
I Plaster, roof, doors & ventilation i 4 2
m Painting, complete electrical & plumbing  j,k,l 6 3
n Driveways, fence & garden | 1 1

Complete the following:

() Construct a network diagram for the project

(i) Identify the project critical path and interpret its meaning.

(iiii)  What isthe mean project time and the standard deviation?

(iv)  What isthe probability of completing the project within 30 weeks ?
(vii)  Supposethat it was possible to crash the following activities:

Activity Normal time  Crashtime
] 5 2
m 6 4

What is the maximum time these activities may be crashed?
Explain your reasoning.

(12+5+ 3+ 5+ 5=30marks)



Part B-  Optional

To be eligible to obtain a distinction or a high distinction in
PR220, students must attempt this question.

Question 4

A developer of inner city apartments units has taken a sample of 78 apartments and has
extracted revenue generated for each apartment from the corporate database. He bdlieves
that the revenue received is determined by the price charged and the advertising
expenditure allocated to each apartment.

The proposed model assumes that revenue received by the developer is explained by
price and advertising. Further, it is contended that while advertising increasesrevenue,
there is some limit to advertising expenditure(that is, after some level of advertising
expenditure, increased units of advertising add more to cost than revenue).

The hypothesised moddl is:
i X, ~ pricein $000
Y = by + b X; +b,X, + bXs where #Xz ~ advertisng in $
X; ~ Advertising squared

e . n aX; ax axXiz 1. ~
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€ xiaviU €axiz aXiXis &Xi2Xis  &4X3 04
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U
21606 6318946 3915305 903885764 HQ)l
13402 3915305  2989,630 775,253,497 ug)z
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08,841,117 3

Solving this system for b produces: b = (X"X)1XY

é 0.399592142137 -0.001007569146 -0.001532621462 0.000004091240 l:l é19,005
é-0.001007569146 0.000004293552 -0.000000964613 -0.000000000547 l:l é6,308,292

é-0.001532621462 -0.000000964613 0.000022879896 -0.000000055577 l:l é,481,158

o] ey e ey

€ 0.000004091240 -0.000000000547 -0.000000055577 0.000000000146 u e808,841,117

Modd satistics are;

beta VAR(beta) Std Error t-stat

219.499 55.27043999 7.4344 29.52 SSE 10235.46

-0.15711 0.00059387 0.0244 -6.45 SSR 74040.35

0.44835 0.00316468 0.0563 7.97 SST 84275.81

-0.00024 0.00000002 0.0001 -1.68 VAR(error) 138.32
Se 11.76
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é 55.27039999112 -0.13936397603 -0.21198765523 0.00056588821
SZ(X'X)']- _ 3-0.13936397603 0.00059387134 -0.00013342242 -0.00000007560
€ e -0.21198765523 -0.00013342242 0.00316467932 -0.00000768722
€ 0.00056588821  -0.00000007560 -0.00000768722 0.00000002024

Revenue = Y = b, + b,P + b,A + b;A2

U
U
U
U
u

Therate of changein tota revenue for a unit change in advertising may be obtained from:
Margina revenue _ 1Y) B
fromAdvertising = f(Adver) - Pzt DA

(i) Briefly evaluate the model. Arethe results consistent with the devel opers expectations.
Carry out an F-test on the model to determineif it issignificant at a = 0.01.

(i) Test the hypothesisthat the optimal level of advertising expenditure per apartment unit is
$4,000 (A =4000), test at a = 0.01.

To test the hypothesis that $4,000 is the optimal level of advertising expenditure per
unit:  [i.e. b, + 2b3(4000)]

Ho: b, +8000b, = 1
H,: b, +8000b; * 1

Construct at-test t = (value based on sample) — (hypothesised value)
of the form: B sample standard error

(b, + 8000b,) — (b, + 8000b,)

N
var(b, + 8000bs)

The variance of alinear combination of variables, say X and 'Y, isgiven by:

VAR(@X +bY) = @VAR(X) + RVAR(Y) + 2abCOV(X,Y)

(15 + 15 = 30 marks)

TOTAL MARKSAVAILABLE (FOUR QUESTIONS) =100



Formula Sheet - Networks

tjj = expected time Sﬁ = variance

OTj; = most optimistic time St = standard deviation

PTjj = most pessimistic time MTj; = most likely time

ETj = earliest timeat node] LT; = latest time at nodei

TSij = total slack for activity i, | FSiJ- = free slack for activity i,
ETj = Max [ ET; + t;j ] LT; =Min[LT; - tj; ]

TSjj = LTj-ET;-t; FSjj = ETj - ET; - tj

. _ OTj +4MTy + PT; 2 . ®Ty - 0Ty 92

J 6 i T& 6 &

z= Mﬁ%ﬂ S = Ssﬁ

Crash Cost - Normal Cost
Normal time - Crash time

Per Unit Crash Cost =

Areas under the Standard Normal Probability Distribution

WNNNNON NN PRRRER PRRPRPRRE O0000 00000 N
COVONOUI RWNFRO ©CONOU AWNRO ©ONOUT AWNFRO

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.0000 0.0040 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.0319 0.0359
0.0398 0.0438 0.0478 0.0517 0.0557 0.0596 0.0636 0.0675 0.0714 0.0753
0.0793 0.0832 0.0871 0.0910 0.0948 0.0987 0.1026 0.1064 0.1103 0.1141
0.1179 0.1217 0.1255 0.1293 0.1331 0.1368 0.1406 0.1443 0.1480 0.1517
0.1554 0.1591 0.1628 0.1664 0.1700 0.1736 0.1772 0.1808 0.1844 0.1879

0.1915 0.1950 0.1985 0.2019 0.2054 0.2088 0.2123 0.2157 0.2190 0.2224
0.2257 0.2291 0.2324 0.2357 0.2389 0.2422 0.2454 0.2486 0.2517 0.2549
0.2580 0.2611 0.2642 0.2673 0.2704 0.2734 0.2764 0.2794 0.2823 0.2852
0.2881 0.2910 0.2939 0.2967 0.2995 0.3023 0.3051 0.3078 0.3106 0.3133
0.3159 0.3186 0.3212 0.3238 0.3264 0.3289 0.3315 0.3340 0.3365 0.3389

0.3413 0.3438 0.3461 0.3485 0.3508 0.3531 0.3554 0.3577 0.3599 0.3621
0.3643 0.3665 0.3686 0.3708 0.3729 0.3749 0.3770 0.3790 0.3810 0.3830
0.3849 0.3869 0.3888 0.3907 0.3925 0.3944 0.3962 0.3980 0.3997 0.4015
0.4032 0.4049 0.4066 0.4082 0.4099 0.4115 0.4131 0.4147 0.4162 0.4177
0.4192 0.4207 0.4222 0.4236 0.4251 0.4265 0.4279 0.4292 0.4306 0.4319

0.4332 0.4345 0.4357 0.4370 0.4382 0.4394 0.4406 0.4418 0.4429 0.4441
0.4452 0.4463 0.4474 0.4484 0.4495 0.4505 0.4515 0.4525 0.4535 0.4545
0.4554 0.4564 0.4573 0.4582 0.4591 0.4599 0.4608 0.4616 0.4625 0.4633
0.4641 0.4649 0.4656 0.4664 0.4671 0.4678 0.4686 0.4693 0.4699 0.4706
0.4713 0.4719 0.4726 0.4732 0.4738 0.4744 0.4750 0.4756 0.4761 0.4767

0.4772 0.4778 0.4783 0.4788 0.4793 0.4798 0.4803 0.4808 0.4812 0.4817
0.4821 0.4826 0.4830 0.4834 0.4838 0.4842 0.4846 0.4850 0.4854 0.4857
0.4861 0.4864 0.4868 0.4871 0.4875 0.4878 0.4881 0.4884 0.4887 0.4890
0.4893 0.4896 0.4898 0.4901 0.4904 0.4906 0.4909 0.4911 0.4913 0.4916
0.4918 0.4920 0.4922 0.4925 0.4927 0.4929 0.4931 0.4932 0.4934 0.4936

0.4938 0.4940 0.4941 0.4943 0.4945 0.4946 0.4948 0.4949 0.4951 0.4952
0.4953 0.4955 0.4956 0.4957 0.4959 0.4960 0.4961 0.4962 0.4963 0.4964
0.4965 0.4966 0.4967 0.4968 0.4969 0.4970 0.4971 0.4972 0.4973 0.4974
0.4974 0.4975 0.4976 0.4977 0.4977 0.4978 0.4979 0.4979 0.4980 0.4981
0.4981 0.4982 0.4982 0.4983 0.4984 0.4984 0.4985 0.4985 0.4986 0.4986
0.4987 0.4987 0.4987 0.4988 0.4988 0.4989 0.4989 0.4989 0.4990 0.4990




-8-
Areasin both tails combined for the Student's t Distribution

0.05 of area 0.05 of area

=TINV (probability, df)

Degrees
of freedom 0.10 0.05 0.02 0.01

1 6.3137 12.7062 31.8210 63.6559
2 2.9200 4.3027 6.9645 9.9250
3 2.3534 3.1824 4.5407 5.8408
4 2.1318 2.7765 3.7469 4.6041
5 2.0150 2.5706 3.3649 4.0321
6 1.9432 2.4469 3.1427 3.7074
7 1.8946 2.3646 2.9979 3.4995
8 1.8595 2.3060 2.8965 3.3554
9 1.8331 2.2622 2.8214 3.2498
10 1.8125 22281 2.7638 3.1693
11 1.7959 2.2010 2.7181 3.1058
12 1.7823 2.1788 2.6810 3.0545
13 1.7709 2.1604 2.6503 3.0123
14 1.7613 2.1448 2.6245 2.9768
15 1.7531 21315 2.6025 2.9467
16 1.7459 2.1199 2.5835 2.9208
17 1.7396 2.1098 2.5669 2.8982
18 1.7341 2.1009 2.5524 2.8784
19 1.7291 2.0930 2.5395 2.8609
20 1.7247 2.0860 2.5280 2.8453
21 1.7207 2.0796 2.5176 2.8314
22 17171 2.0739 2.5083 2.8188
23 1.7139 2.0687 2.4999 2.8073
24 1.7109 2.0639 24922 2.7970
25 1.7081 2.0595 24851 2.7874
26 1.7056 2.0555 2.4786 27787
27 1.7033 2.0518 24727 2.7707
28 1.7011 2.0484 24671 2.7633
29 1.6991 2.0452 2.4620 2.7564
30 1.6973 2.0423 24573 2.7500
40 1.6839 2.0211 24233 2.7045
50 1.6759 2.0086 2.4033 2.6778
60 1.6706 2.0003 2.3901 2.6603
70 1.6669 1.9944 2.3808 2.6479
80 1.6641 1.9901 2.3739 2.6387
90 1.6620 1.9867 2.3685 2.6316
100 1.6602 1.9840 2.3642 2.6259
110 1.6588 1.9818 2.3607 2.6213
120 1.6576 1.9799 2.3578 2.6174
130 1.6567 19784 2.3554 2.6142
150 1.6551 1.9759 2.3515 2.6090
200 1.6525 1.9719 2.3451 2.6006
300 1.6499 1.9679 2.3388 2.5923
500 1.6479 1.9647 2.3338 2.5857
999 1.6464 1.9623 2.3301 2.5808




Table 3B: Valuesfor the F Distribution with 0.01 of the areain the right tail
Degrees of freedom for the numerator
df 1 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120
1 4052 4999 5403 5624 5764 5859 5928 5981 6022 6056 6106 6157 6208 6234 6260 6286 6313 6339
2 9850 99.00 99.16 9925 99.30 99.33 99.36 99.38 99.39 99.40 99.42 99.43 99.45 99.46 99.47 99.48 99.48 99.49
3 3412 3082 2946 2871 2824 27.91 2767 2749 27.34 27.23 27.05 26.87 26.69 2660 2650 2641 2632 26.22
4 2120 1800 16.69 1598 1552 1521 1498 14.80 14.66 1455 14.37 14.20 14.02 13.93 13.84 13.75 1365 13.56
5 1626 1327 1206 11.39 1097 1067 1046 1029 1016 1005 9.89 972 955 947 938 929 920 9.11
6 1375 1092 978 915 875 847 826 810 798 787 772 756 740 731 723 714 7.06 697
7 1225 955 845 785 746 719 699 684 672 662 647 631 616 607 599 591 582 574
8 1126 865 759 701 663 637 618 603 591 581 567 552 536 528 520 512 503 495
9 1056 802 699 642 606 580 561 547 535 526 511 49 481 473 465 457 448 440
10 1004 756 655 599 564 539 520 506 494 485 471 456 441 433 425 417 408 4.00
11 965 721 622 567 532 507 489 474 463 454 440 425 410 402 394 386 378 3.69
12 933 693 595 541 506 482 464 450 439 430 416 401 38 378 370 362 354 345
13 907 670 574 521 486 462 444 430 419 410 396 382 366 359 351 343 334 325
14 886 651 556 504 469 446 428 414 403 394 380 366 351 343 335 327 318 3.09
15 868 636 542 489 456 432 414 400 389 380 367 352 337 329 321 313 305 29
16 853 623 529 477 444 420 403 389 378 369 355 341 326 318 310 302 293 284
17 840 611 519 467 434 410 393 379 368 359 346 331 316 308 300 292 283 275
18 829 601 509 458 425 401 384 371 360 351 337 323 308 300 292 284 275 266
19 818 593 501 450 417 394 377 363 352 343 330 315 300 292 284 276 267 258
20 810 585 494 443 410 387 370 356 346 337 323 309 294 286 278 269 261 252
21 802 578 487 437 404 38L 364 351 340 331 317 303 283 280 272 264 255 246
22 795 572 482 431 399 376 359 345 335 326 312 298 283 275 267 258 250 240
23 783 566 476 426 394 371 354 341 330 321 307 293 278 270 262 254 245 235
24 782 561 472 422 390 367 350 336 326 317 303 289 274 266 258 249 240 231
25 777 557 468 418 385 363 346 332 322 313 299 285 270 262 254 245 236 227
26 772 553 464 414 382 359 342 329 318 309 296 281 266 258 250 242 233 223
27 768 549 460 411 378 356 339 326 315 306 293 278 263 255 247 238 229 220
28 764 545 457 407 375 353 336 323 312 303 290 275 260 252 244 235 226 217
29 760 542 454 404 373 350 333 320 309 300 287 273 257 249 241 233 223 214
30 756 539 451 402 370 347 330 317 307 298 284 270 255 247 239 230 221 211
40 731 518 431 383 351 329 312 299 289 280 266 252 237 229 220 211 202 192
50 7.7 506 420 372 341 319 302 289 278 270 256 242 227 218 210 201 191 1.80
60 7.08 498 413 365 334 312 295 282 272 263 250 235 220 212 203 194 184 173
80 696 4838 404 356 326 304 287 274 264 255 242 227 212 203 194 18 175 163
100 690 482 398 351 321 299 282 269 259 250 237 222 207 19 189 180 169 157
120 6.85 479 395 348 317 296 279 266 256 247 234 219 203 195 186 176 166 153
1000 6.66 4.63 3.80 334 304 282 266 253 243 234 220 206 190 181 172 161 150 1.35
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PR220 End of year examination 1999

Time Allowed: 2 hours

The exam paper consists of tWO partsasfollows:

Part A: All students must attempt this part of the paper

Part A of the paper will be marked out of 100% of the marks available
for this part of the examination paper.

Students who achieve at least 50%, but |ess than 60%, of the available
marks for Part A will be awarded a pass (PA).

Students who achieve at least 60% of the available marks for Part A will
be awarded a credit (CR).

Theaward of credit (CR) isthe highest mark available for Part A.

Question 1. Multivariate analysis Marks = 20
Principal Components and Factor Analysis

Question 2:  Time Series Forecasting Marks = 20

Question 3:  Network Anaysis Marks = 30

Part B: This section of the paper is optional

To be eligible to receive the award of Distinction or above, students
must complete this section of the examination paper.

This section of the examination paper is based on the work completed
during the special classes held during second semester.

Question 4:  Modelling property data Marks =30



