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Note: Answers may be written either in English or in Hindi, but the same medium should

- be used throughout the paper.

1. This Question paper consists of three sections. Attempt all questions from Section
I and any fwo out of three from Sections II and I1I.

2. Marks are indicated against each question.

3. Use of a simple non-programmable calculator is allowed.

4. Statistical tables are attached for your reference.

SECTION -1

All Questions are compulsory

1. Explain the different types of considerations necessary for successful forecasting.

2. Explain the following judgmental forecasting methods:

(i) Jury of Executive Opinion Method
(i) Sales Force Composite Method
- (iii) Anticipatory Surveys and Individual Subjective Assessment Method. (10, 10)

SECTION -1
Attempt any two questions out of three

3. A company observes the following quarterly sales data:

Quarter Q1 Q2 Q3 Q4 Q5 Qo6 Q7 Q8

Sales 120 150 180 210 140 170 200 230

It is believed that the series exhibits trend and seasonal variation.
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Seasonal indices (multiplicative): Q1 =0.8,Q2=1.0,Q3=1.2,Q4=14
Smoothing constant & = 0.3

Initial forecast F; = 130

a) Explain why a multiplicative decomposition model is appropriate.

b) Deseasonalize the first four observations. Show calculations clearly.

¢) Using the deseasonalized value of period 4 and the given initial forecast, compute the
smoothed forecast for period 5 using simple exponential smoothing.

d) Re-seasonalize your forecast for period 5.

) Explain one limitation of using simple exponential smoothing for this series and suggest

a better alternative. (3,4,4,2,2)

4 a). A researcher collected the following data on actual observations and their corresponding

forecasts:
Time Period Actual Value (V,) Forecast Value (F,)
1 50 48
2 55 53
3 60 65
4 58 57
5 62 60
6 65 67
7 70 68
8 68 66
9 72 75
10 75 73
Assume the naive forecast is:
Ft(N) =Y

(i) Compute Theil’s Ustatistic for the above data.

(ii) Interpret the value of Theil’s Uand compare the model’s performance with the naive

forecast.

(iii) Explain why Theil’s U is preferred over measures such as MSE when evaluating
forecasting models. 5,3,2)

b) What are influential observations in data analysis? (5)

5.a) Explain how to test the overall significance of a multiple regression model.  (8)
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b) Establish the relationship between the coefficient of determination (R?) and the F-test. (7)

SECTION -II
Attempt any two questions out of three

6.a) Derive the ACF of AR(1) and show that it decays exponentially? (10)

b) Consider the MA(1) process:
Y, = & + Ogi_q, 6 ~ WN(0,0%)

(1) Explain what is meant by a stationary time series. Using the MA(1) model above, explain
whether the process is stationary and why?
(i1) Describe how shocks affect the value of the series over time.

(iii) State the expected pattern of the autocorrelation function (ACF). (10)
7. a). Describe the Box—Jenkins approach in a step-by-step manner. (10)

b) Consider the following ARMA (2,1) model:
),t =10+ 0.6 ),t—l - 0.3 Yt—Z + €t + 0.5 €rq

where €,is white noise, and Y is a stationary variable. The model and all its coefficients are
statistically significant.

(i) Identify the autoregressive and moving average parts of the model and interpret the
coefficients 0.6 and 0.5.

(i) Explain how a shock &; affects the value of ¥; and its future values.

(iii) What pattern would you expect in the autocorrelation function (ACF) of this process?
Explain briefly. 5,3,2)

8.a) Consider the following estimated long-run relationship between two variables:
Y. =24+08X; +u;

The residuals #i.are found to be stationary. The following Error Correction Model (ECM) is

estimated:
AY't = O.SAXt —_ 0.6'&1—_1 + gt

(i) What does the stationarity of ii; imply about ¥; and X,?
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(ii) Write the error correction term (ECT) explicitly using the long-run equation.

(iii) Interpret the coefficient of the error correction term.

(iv) Distinguish clearly between the short-run effects and long-run equilibrium using the

ECM above.
b) Consider the model:
Vi =ag+a1Vioq + L1 Xp—1 + B Xp—n + U
B, =05 (t=2.8) B, = 0.4(t=2.5)

(i) Why is testing individual t-values not sufficient for Granger causality?
(ii) State the correct joint null hypothesis.
(iii) Based on the information, would X Granger-cause Y? Justify.

(iv) Explain the role of lagged Y in this model.

2,2,3,3)

(3,2,2,3)

r
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@3-l (SECTION-I)

ol weet srfaard §

1. ¥hd gaiegAe (forecasting) & AT smavas (e vR & AERi/EE &
ST HITSIT] (10 3i)

2, T fAvTarcas qaigan fafesl (judgmental forecasting methods) #r
SITEAT HITT: o

(i) el T B S T3 (Jury of Executive Opinion Method)

(i) o P Feiforie @ (Sales Force Composite Method)

(iii) 319 FHETOT 3R SATFaerd A FHedisa [ (Anticipatory Surveys
and Individual Subjective Assessment Method)! (10 3i&)

@=-1l (SECTION-II)

e A & gl oY Al ¥ 3o T

1 3. T% U=l HAeAtai@d Ff8® (quarterly) foghr 3eT @l &:

GEIG Q1 Q2 Q3 Q4 Q5 Q6 Q7 Qs

‘ - IEEQI 120 150 180 210 140 170 200 230

Ig AR ST § & #@er # wdica (trend) 3R Al seea (seasonal
variation) f&@® &a gl

AT FIHH (AUTcHP): Q1=0.8, Q2=1.0, Q3=1.2, Q4=1.4
TR fEuTi® \alpha=0.3
s TR qaegHE F_{1}=130
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a) §HSNC T U IUNcAS 3T9ee Alge (multiplicative decomposition model)
T 39gFd Bl

b) Tgal TR gaiihall Sl 'BisTeEe (deseasonalize) HiToiT| OGN TISC T
¥ fewmd|

c) 39 4 F Faaases Aea 3R U 90 GRS el H 3U9ET HIF,
el arci TR (simple exponential smoothing) T 3YAT & 3@ 5 &
fore T qeiegAE &7 s fifee]

d) 3a 5 & AT A9 YA T I HEHT (re-seasonalize) ST

e) 30 H@ar & foIT TXer °rey TR & I9Aer i v A1 Ia¢ 3R vh
SER Tashed G| (3, 4, 4, 2, 2 3i=)

4 a). TF MUSAT & AEATdh faelihal R 30 Heftld qalgAm=T &

T=afei@a ger Ty

waY afy aFdafa® T (Y1) TERAET 7T (Ft)
1 50 48
2 55 93
3 60 65
4 58 57
5 62 60
6 65 67
7 70 68
8 68 66
9 72 75
10 75 73

A of T FEa (naive) JaHR & Fi(N)=Yi-1

(i) 3UeFd SeT & U el & Q-Gif&aHT (Theil's U statistic) 1 0= FHifag

(i) et & F-FHeT T el il AR AT YaAE & A Alsel F FaLd HI
GEEUEAITI
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(iif) TRV FoF JaTeaTe Hise @I Hediwad X GAT TATHS S 3Url &I Jefell
& @i & g (Theil's U) & F4T Traf@iesar & sier g (5, 3, 2 3iF)

4 b). 3cT TI2WYUT H JHIGeTeN 31daiesT (influential observations) a1 §?
(5 37h)

5 a). ¥ASIC & TS §g-9fcerAa Aiger (multiple regression model) & @#Ha
Agca I qeToT F fRAr S &1 (8 31)

5 b). ERoT Uk (R*2) 3R F-wlieror & &= deer v fifawl (7 3)
@s-1ll (SECTION-III)
daT A7 @ el Y wealf F3eaw §

6 a). AR(1) #T ACF =gcdeeT (derive) Hifaiw 3R fd@W & a5 o &
(exponentially) gear &§? (10 37)

6 b). MA(1) 9fshar W TR SIfaIT:

(i) v RRIT o 4@l (stationary time series) ¥ T diewd §? IR feU arw
MA(1) #Tsel &7 39T Hd gq, FHee & Far a8 uikar &R ¢ AR =97

(i) vt ST &% 7eF (shocks) TAT & AT H@ell & Ao F FY ganiaa
T gl

(iii) 3fTeTRINGIAT HeerT (ACF) & 3nf@id deaT & Iard| (10 37)

7 a). SIFT-SIhT TISEhIT FT TOT-ET-TROT goTT HIerT] (10 3iH)

7 b). A=AT@T ARMA (2,1) Alsal W TR Fifew:

Y:=10+ 0.6 Yt-1 - 0.3 Y2 + €t + 0.5 €t-1

Siel Et Sg18¢ dAlsel §, 3R Y Th TR =} 1 #Alser 3 5w @l auries
WITETHT T ¥ AGea o’ &l

(i) #Alser & 3iENRTAT (autoregressive) 3R AT T (moving average)
HIENT I gge=T FTST 3R FoTw 0.6 3K 0.5 H sarear S|

7




7544
(i) TH=T 5 v seH et Vi AT AN 39F #lasy & Fgeat i FH geniad
LT &

(ifi) 37T 57 wihaT & 3TeIPINaRE HereT (ACF) 7 g deat & 371
HIfSTEN? T&T H AT (5, 3, 2 37h)

8 a). al W F A AT ETATAT SrEelias d9y W IR HiEe:
Ye=2 + 0.8Xt + ut

3V (residuals)ut R 9w 1w §1 Pwfaf@a 3fe gur Aa (ECM) &
3TeTATST of3TET 9147 g

AY:=0.5AX:— 0.6ult-1 + &t

(i) ut &7 T=RAr Yt 3R Xt F SR F FI7 cUar 87

(ii) Erefepice FHIROT T 3UTRT A I GUR 9 (ECT) @ Tove &9 4 fod|

(iii) Ffe FuR g (ECT) & Ui 1 surear Hifew|

(iv) 3ued ECM &1 39T & feqchlicies T8 3R Ereienliclsh Hcdel & s
TS 3R FAW] (2, 2, 3, 3 37F)

8 b). Alsar W faaR HifaT:

(i) IR FROMET (Granger causality) & foT SITFAeTd t-HAT ST IIETOT AT

(i) T HIFT YT IRSFe= (joint null hypothesis) saTd|

(i) STHAPRT & YR &, FAT X, Y & ASR-HROT (Granger-cause) Sa1317?
e g ffST

(iv) 38 Aser & 98 Y (Y_{t-1}) & §fAsT Tao¢ SIfawl (3, 2, 2, 3 31)
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"Siatistical Tabies |

A: Normal probabilities

Table entry is the probability in the
right-hand tail of a standard normal
distribution (mean 0 and standard
deviation 1). For negative values of z,
probabilities are found by symmetry.

Probability

Second decimal place of z

n

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
254
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4

3.5

0.5000
0.4602
0.4207
0.3821
0.3446
0.3085
0.2743
0.2420
0.2119
0.1841
0.1587
0.1357
0.1151
0.0968
0.0808
0.0668
0.0548
0.0446
0.0359
0.0287
0.0228
0.0179
0.0139
0.0107
0.0082
0.0062
0.0047
0.0035
0.0026
0.0019
0.0013
0.0010
0.0007
0.0005
0.0003
0.0002

0.4960
0.4562
0.4168
0.3783
0.3409
0.3050
0.2709
0.2389
0.2090
0.1814
0.1562
0.1335
0.1131
0.0951
0.0793
0.0655
0.0537
0.0436
0.0351
0.0281
0.0222
0.0174
0.0136
0.0104
0.0080
0.0060
0.0045
0.0034
0.0025
0.0018
0.0013
0.0009
0.0007
0.0005
0.0003
0.0002

0.4920
0.4522
0.4129
0.3745
0.3372
0.3015
0.2676
0.2358
0.2061
0.1788
0.1539
0.1314
0.1112
0.0934
0.0778
0.0643
0.0526
0.0427
0.0344
0.0274
0.0217
0.0170
0.0132
0.0102
0.0078
0.0059
0.0044
0.0033
0.0024
0.0018
0.0013
0.0009
0.0006
0.0005
0.0003
0.0002

0.4880
0.4483
0.4090
0.3707
0.3336
0.2981
0.2643
0.2327
0.2033
0.1762
0.1515
0.1292
0.1093
0.0918
0.0764
0.0630
0.0516
0.0418
0.0336
0.0268
0.0212
0.0166
0.0129
0.0099
0.0075
0.0057
0.0043
0.0032
0.0023
0.0017
0.0012
0.0009
0.0006
0.0004
0.0003
0.0002

0.4840
0.4443
0.4052
0.3669
0.3300
0.2946
0.2611
0.2296
0.2005
0.1736
0.1492
0.1271
0.1075
0.0901
0.0749
0.0618
0.0505
0.0409
0.0329
0.0262
0.0207
0.0162
0.0125
0.0096
0.0073
0.0055
0.0041
0.0031
0.0023
0.0016
0.0012
0.0008
0.0006
0.0004
0.0003
0.0002

0.4801
0.4404
0.4013
0.3632
0.3264
0.2912
0.2578
0.2266
0.1977
0.1711
0.1469
0.1251
0.1056
0.0885
0.0735
0.0606
0.0495
0.0401
0.0322
0.0256
0.0202
0.0158
0.0122
0.0094
0.0071
0.0054
0.0040
0.0030
0.0022
0.0016
0.0011
0.0008
0.0006
0.0004
0.0003
0.0002

0.4761
0.4364
0.3974
0.3594
0.3228
0.2877
0.2546
0.2236
0.1949
0.1685
0.1446
0.1230
0.1038
0.0869
0.0721
0.0694
0.0485
0.0392
0.0314
0.0250
0.0197
0.0154
0.0119
0.0091
0.0069
0.0052
0.0039
0.0029
0.0021
0.0015
0.0011
0.0008
0.0006
0.0004
0.0003
0.0002

0.4721
0.4325
0.3936
0.3557
0.3192
0.2843
0.2514
0.2206
0.1922
0.1660
0.1423
0.1210
0.1020
0.0853
0.0708
0.0582
0.0475
0.0384
0.0307
0.0244
0.0192
0.0150
0.0116
0.0089
0.0068
0.0051
0.0038
0.0028
0.0021
0.0015
0.0011
0.0008
0.0005
0.0004
0.0003
0.0002

0.4681
0.4286
0.3897
0.3520
0.3156
0.2810
0.2483
0.2177
0.1894
0.1635
0.1401
0.1190
0.1003
0.0838
0.0694
0.0571
0.0465
0.0375
0.0301
0.0239
0.0188
0.0146
0.0113
0.0087
0.0066
0.0049
0.0037
0.0027
0.0020
0.0014
0.0010
0.0007
0.0005
0.0004
0.0003
0.0002

0.4641
0.4247
0.3859
0.3483
0.3121
0.2776
0.2451
0.2148
0.1867
0.1611
0.1379
0.1170
0.0985
0.0823
0.0681
0.0559
0.0455
0.0367
0:0294
0.0233
0.0183
0.0143
0.0110
0.0084
0.0064
0.0048
0.0036
0.0026
0.0019
0.0014
0.0010
0.0007
0.0005
0.0003
0.0002
0.0002
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B: Critical values for t statistic
Table entry is the point ¢ with the Probabily p
probability p lying above it. The first \

column gives the degrees of freedom. .
Use symmetry for negative ¢ values.

10

Tail probability p
df | 0.1 0.05 0.025 0.01 0.005
11 3.08 6.31 12.71 31.82 63.66 .
2 | 1.89 2.92 4.30 6.96 9.92
3164 235 3.18 4.54 5.84
4 | 1.53 2.13 2.78 3.75 4.60 ’
5 | 1.48 2.02 2.57 3.36 4.03
6 | 1.44 1.94 2.45 3.14 3.71
7| 1.41 1.89 2.36 3.00 3.50
8 | 1.40 1.86 2.31 2.90 3.36
9 | 1.38 1.83 2.26 2.82 3.25
10 | 1.37 1.81 2.23 2.76 3.17
11 | 1.36 1.80 2.20 2.72 3.11 .
12 | 1.36 1.78 2.18 2.68 3.05
13 | 1.35 1.77 2.16 2.65 3.01 {
14 | 1.34 1.76 2.14 2.62 2.98
15 | 1.34 1.75 2.13 2.60 2.95
16 | 1.34 1.75 2.12 2.58 2.92
17 | 1.33 1.74 2.11 2.57 2.90
18 | 1.33 1.73 2.10 2.55 2.88
19 | 1.33 1.73 2.09 2.54 2.86
20 | 1.33 1.72 2.09 2.53 2.85
21 | 1.32 1.72 2.08 2.52 2.83
22 | 1.32 1.72 2.07 2.51 2.82
23 | 1.32 1.71 2.07 2.50 2.81
24| 132 171 206 249  2.80 !
25 | 1.32 1.71 2.06 2.49 2.79
30 | 1.31 1.70 2.04 2.46 2.75
40 | 1.30 1.68 2.02 2.42 2.70
50 | 1.30 1.68 2.01 2.40 2.68
60 | 1.30 1.67 2.00 2.39 2.66
70 { 1.29 1.67 1.99 2.38 2.65
80 | 1.29 1.66 1.99 2.37 2.64
90 | 1.29 1.66 1.99 2.37 2.63
100 | 1.29 1.66 1.98 2.36 2.63
oo | 1.28 1.64 1.96 2.33 2.58
80% 90% 95% 98% 99%
Confidence level
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C: Critical values for F statistic

Table entry is the point F* with the
probability p lying above it. The first

4_ column gives the df in the Frobgplly
f denominator, the column headings
‘ give the df in the numerator. The F
‘ second column gives the value of p.
}
{ - denom. numerator dfy
dfs P 1 2 3 4 5 6 7 8 9 10

0.10 39.9 49.5 53.6 55.8 57.2 58.2 58.9 59.4 59.9 60.2
1 0.05| 1614 199.5 2157 224.6 2302 234.0 236.8 2389 240.5 241.9
0.01 | 4052.2 4999.5 5403.4 5624.6 5763.6 5859.0 59284 5981.1 6022.5 6055.8

0.10 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38 9.39
2 0.05| 1851 19.00 19.16 19.25 19.30 1933 19.35 19.37 19.38 19.40
0.01| 9850 99.00 99.17 99.25 99.30 99.33 99.36 9937 99.39 99.40

0.10 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24 5.23
3 0.05| 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79
0.01| 3412 30.82 2946 2871 2824 27.91 27.67 2749 2735 27.23

0.10 4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94 3.92
4 0.05 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96
0.01 | 2120 1800 16.69 1598 1552 1521 14.98 1480 14.66 14.55

0.10 4.06 3.78 3.62- 3.52 3.45 3.40 3.37 3.34 3.32 3.30
5 005 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77 4.74
0.01] 1626 13.27 12.06 11.39 10.97 1067 1046 1029 10.16 10.05

0.10 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96 2.94
6 0.05 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06
0.01} 13.74 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87

0.10 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.72 2.70
7 0.05 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68 3.64
0.01] 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62

0.10 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 2.56 2.54
- 8 0.05 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35
0.01] 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81

s 0.10 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44 2.42
9 0.05 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14
0.01 | 10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26

0.10 3.28 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35 2.32
10 0.05 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.98
0.01} 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94 4.85

3
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QTN

o L) " it o 3’: L
11 12 13 14 15 20 25 30 60 120 00
60.5 60.7 60.9 61.1 61.2 61.7 62.1 62.3 62.8 63.1 63.3
243.0 2439 2447 2454 2459 248.0 2493 250.1 252.2  253.3 254.3
6083.3 6106.3 6125.9 6142.7 6157.3 6208.7 6239.8 6260.6 6313.0 63394 6365.8
9.40 941 9.41 9.42 9.42 9.44 9.45 9.46 9.47 9.48 9.49
19.40 1941 1942 1942 1943 1945 1946 1946 1948 1949 19.50
99.40 9942 99.42 99.43 9943 9945 99.46 99.47 99.48 99.49  99.50
5.22 5.22 5.21 5.20 5.2 5.18 5.17 5.17 5.15 5.14 5.13
8.76 8.74 8.73 8.71 8.7 8.66 8.63 8.62 8.57 8.55 8.53
27.13 27.05 26.98 26.92 26.9 26.69 26.58 26.50 26.32 26.22 26.13
3.91 3.90 3.89 3.88 3.87 3.84 3.83 3.82 3.79 3.78 3.76
5.94 5.91 5.89 5.87 5.86 5.80 5.77 5.75 5.69 5.66 5.63
1445 1437 1431 1425 1420 14.02 1391 13.84 13.65 13.56 13.46
328 327 326 325 324 321 319 317 314 312 3.0
4.70 4.68 4.66 4.64 4.62 4.56 4.52 4.50 4.43 4.40 4.36
9.96 9.89 9.82 9.77 9.72 9.55 9.45 9.38 9.20 9.11 9.02
2.92 2.90 2.89 2.88 2.87 2.84 2.81 2.80 2.76 2.74 2.72
403 400 398 396 394 387 38 381 374 370  3.67
7.79 7.72 7.66 7.60 7.56 7.40 7.30 7.23 7.06 6.97 6.88
268 267 265 264 263 259 257 256 251 249 247
360 357 355 353 351 344 340 338 330 327 323
6.54 6.47 6.41 6.36 6.31 6.16 6.06 5.99 5.82 5.74 5.65
2.52 2.50 2.49 2.48 2.46 2.42 2.40 2.38 2.34 2.32 2.29
3.31 3.28 3.26 3.24 3.22 3.15 3.11 3.08 3.01 2.97 2.93
5.73 5.67 5.61 5.56 5.52 5.36 5.26 5.20 5.03 4.95 4.86
2.40 2.38 2.36 2.35 2.34 2.30 2.27 2.25 2.21 2.18 2.16
3.10 3.07 3.05 3.03 3.01 2.94 2.89 2.86 2.79 2.75 2.71
5.18 5.11 5.05 5.01 4.96 4.81 4.71 4.65 4.48 4.40 4.31
2.30 2.28 2.27 2.26 2.24 2.20 217 2.16 2.11 2.08 2.06
2.94 291 2.89 2.86 2.84 2.77 2.73 2.70 2.62 2.58 2.54
4.77 4.71 4.65 4.60 4.56 4.41 4.31 4.25 4.08 4.00 3.91
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.7, " Statistica| tables |

1 2 3 4 5 6 7 8 9 10
266 254 245 239 234 230 227 225
11 0.05|4.84 398 359 336 320 3.09 301 295 290 285

0.011965 7.21 6.22 567 532 507 4.89 4.74 4.63 4.54

2.61 248 239 233 228 224 221 219
12 0.05| 475 3.89 349 326 3.11 3.00 291 285 2.80 275
0.011933 693 595 541 5.06 4.82 464 450 439 4.30

0.1013.14 2.76 2.56 243 235 228 223 220 216 214
13 0.05)| 467 3.81 341 318 3.03 292 283 277 271 267
0.0119.07 6.70 574 521 4.86 4.62 444 430 419 410

0101310 273 252 239 231 224 219 215 212 210
14 0.05|4.60 374 334 311 296 285 276 270 2.65 2.60
0.01 {886 6.51 556 504 470 4.46 4.28 4.14 4.03 3.94

0.10 1 3.07 2.70 249 236 227 221 216 212 209 206
15 0.05|4.54 3.68 329 3.06 290 279 271 264 259 2.54
0.01}1868 6.36 542 489 4.56 432 414 4.00 383 3.80

0.1013.06 267 246 233 224 218 213 2.09 206 203
16 0.05{449 3.63 324 3.01 285 274 266 259 254 249
0.01}1853 6.23 529 477 444 420 4.03 3389 3.78 3.69

0.1013.03 264 244 231 222 215 210 206 2.03 2.00
17 0.05|445 3.59 3.20 296 281 270 261 255 249 245
0.01 840 6.11 518 4.67 434 410 3.93 3.79 3.68 3.59

) 0.10 1 3.01 262 242 229 220 213 2.08 204 200 1.98
18 0.05[441 355 316 293 277 266 258 251 246 241
0.01]1829 6.01 509 4.58 425 4.01 3.84 371 360 3.51

0.101 299 261 240 227 218 211 2.06 202 198 1.96
19 0.05|438 352 313 290 274 263 254 248 242 238
0.01 818 593 501 450 4.17 3.94 377 3.63 3.52 3.43

0.101 297 259 238 225 216 209 204 200 196 1.94
20 0.05|4.35 3.49 310 287 271 260 251 245 239 235
0.011810 5.85 494 443 410 387 3.70 3.56 3.46 3.37

0.101 296 257 236 223 214 208 202 1.98 195 1.92
21 0.05}432 347 3.07 284 268 257 249 242 237 232
0.018.02 b5.78 487 437 4.04 381 364 351 340 331

0.10 295 256 235 222 213 206 201 197 193 1.90
22 0.05}430 344 3.05 282 2.66 255 246 240 234 230
0.011795 572 4.82 431 399 3.76 3.59 345 3.35 3.26
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11

12

13

14

15

20

25

30

60

120

2.23
2.82
4.46

2.17
2.72
4.22

2.12
2.63
4.02

2.07
2.57
3.86

2.04
2.51
3.73

2.01
2.46
3.62

1.98
241
3.52

1.95
2.37
3.43

1.93
2.24
3.36

1.91
231
3.29

1.90
2.28
3.24

1.88
2.26
3.18

2.21
2.79
4.40

2.15
2.69
4.16

2.10
2.60
3.96

2.05
2.53
3.80

2.02
2.48
3.67

1.99
2.42
3.55

1.96
2.38
3.46

1.93
2.34
3.37

1.91
2.31
3.30

1.89
2.28
3.23

1.88
2.25
3.17

1.86
2.23
3.12

2.19
2.76
4.34

2.13
2.66
4.10

2.08
2.58
3.91

2.04
2.51
3.75

2.00
2.45
3.61

1.97
2.40
3.50

1.94
2.35
3.40

1.92
2.31
3.32

1.89
2.28
3.24

1.87
2.25

3.18

1.86
2.22
3.12

1.84
2.20
3.07

2.18
2.74
4.29

2.12
2.64
4.05

2.07
2.55
3.86

2.02
2.48
3.70

1.99
2.42
3.56

1.95
2.37
3.45

1.93
2.33
3.35

1.90
2.29
3.27

1.88
2.26
3.19

1.86
2.22
3.13

1.84
2.20
3.07

1.83
217
3.02

2.17
2.72
4.25

2.10
2.62
4.01

2.05
2.53
3.82

2.01
2.46
3.66
1.97
2.40
3.52

1.94
2.35
3.41

1.91
2.31
3.31

1.89
2.27
3.23

1.86
2.23
3.15

1.84
2.20
3.09

1.83
2.18
3.03

1.81
2.15
2.98

2.12
2.65
4.10

2.06
2.54
3.86

2.01
2.46
3.66

1.96
2.39
3.51

1.92
2.33
3.37

1.89
2.28
3.26

1.86
2.23
3.16

1.84
2.19
3.08

1.81
2.16
3.00

1.79
2.12
2.94

1.78
2.10
2.88

1.76
2.07
2.83

2.10
2.60
4.01

2.03
2.50
3.76

1.98
2.41
3.57

1.93
2.34
3.41

1.89
2.28
3.28

1.86
2.23
3.16

1.83
2.18
3.07

1.80
2.14
2.98

1.78
211
2.91

1.76
2.07
2.84

1.74
2.05
2.78

1.73
2.02
2.73

2.08
2.57
3.94
2.01
247
3.70

1.96
2.38
3.51

1.91
2.31
3.35

1.87
2.25
3.21

1.84
2.19
3.10

1.81.
2.15
3.00

1.78
2.11
2.92

1.76
2.07
2.84

1.74
2.04
2.78

1.72
2.01
2.72

1.70
1.98
2.67

2.03
2.49
3.78

1.96
2.38
3.54
1.90
2.30
3.34

1.86
2.22
3.18

1.82
2.16
3.05

1.78
2.11
2.93

1.75
2.06
2.83

1.72
2.02
2.75

1.70
1.98
2.67

1.68
1.95
2.61"

1.66
1.92
2.55

1.64
1.89
2.50

2.00
2.45
3.69

1.93
2.34
3.45

1.88
2.25
3.25

1.83
2.18
3.09

1.79
2.11
2.96

1.75
2.06
2.84

1.72
2.01
2.75

1.69
1.97
2.66

1.67
1.93
2.58

1.64
1.90
2.52

1.62
1.87
2.46

1.60
1.84
2.40
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1626 , T .+ Statistical tables }

P 1 2 3 4 5 6 7 8 9 10

0.10  2.94- 255 234 221 211 205 199 195 1.92 1.89

23 0.0514.28 342 3.03 280 264 253 244 237 232 227
0.01 {788 566 476 426 394 3.71 3.54 341 330 3.21

0.10 (293 254 233 219 210 2.04 198 194 191 1.88
24 (0.05)|4.26 340 301 278 262 251 242 236 230 225
0.01 | 7.82 561 472 422 390 3.67 3.50 3.36 3.26 3.17

0.101 292 253 232 218 2.09 202 197 193 1.8 1.87
25 0.05]|424 339 299 276 2.60 249 240 234 228 224
0.01 | 7.77 557 4.68 418 3.86 363 346 3.32 322 3.13

0.11291 252 231 217 208 201 196 1.92 188 1.86
26 0.05|4.23 337 298 2.74 259 247 239 232 227 222
0.01 772 553 464 414 3.82 359 342 329 3.18 3.09

0.101 290 2.51 230 217 207 200 195 191 187 1.85
- 27 0.05}14.21 335 296 2.73 2.57 246 237 231 225 220
® 0.01 1768 549 460 4.11 378 3.56 3.39 326 315 3.06

0.11289% 250 229 216 206 200 194 190 1.87 1.84
28 (0.05{420 3.3¢ 295 271 256 245 236 229 224 219
0.01 764 545 457 4.07 375 3.53 3.36 3.23 3.12 3.03

0.10 | 2.89 250 228 215 206 199 193 1.89 1.86 1.83
29 0.05|418 3.33 2.93 270 2.55 243 235 2.28 222 218
0.01|760 542 454 404 373 350 3.33 3.20 3.09 3.00

0.10 | 2.88 249 228 214 205 198 193 183 185 1.82

30 0.05|417 332 292 269 253 242 233 227 221 216
0.01 756 5.39 4.51 4.02 3.70 347 330 3.17 3.07 298
0.10 1 2.84 244 223 209 200 193 187 183 179 176

40 0.0514.08 323 284 261 245 234 225 218 212 2.08
0011731 518 431 3.83 351 329 312 299 289 2.80
0.102.81 241 220 206 197 190 184 180 176 173

50 0.05]|4.03 3.18 279 256 240 229 220 213 2.07 203
0.01 717 506 420 372 341 319 3.02 289 2.78 270
010279 239 218 204 195 187 1.82 1.77 174 1.71

60 0.05]|400 3.15 276 2.53 237 225 217 210 2.04 1.99
0.01|7.08 4.98 413 3.65 3.34 3.12 295 282 272 263

0.1276 236 214 200 191 183 178 1.73 1.69 166
100 0.05(394 309 270 246 231 219 210 203 197 193
0.01 1690 482 398 351 321 299 282 269 259 250

0.10 | 273 233 211 197 188 1.80 175 1.70 1.66 1.63
200 0.05)3.89 3.04 265 242 226 214 206 198 193 188
0.01 | 6.76 4.71 3.83 3.41 311 289 273 260 250 241

0.10 1271 231 209 195 1.85 L78 172 1.68 1.64 1.61
1,000 0.05|3.85 3.00 2.61 238 222 211 2.02 195 1.89 1.84
0.01 1666 4.63 380 3.34 3.04 282 266 253 242 234

™
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30
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1.87
2.24
3.14

1.85
2.22
3.09

1.84
2.20
3.06

1.83
2.18
3.02

1.82
2.17
2.99

1.81
2.15
2.96

1.80
2.14
2.93

1.79
2.13
291

1.74
2.04
2.73

1.70
1.99
2.62

1.68
1.95
2.56

1.64
1.89
2.43

1.60
1.84
2.34

1.58
1.80
2.27

1.83
2.18
3.02

1.81
2.15
2.98

1.80
2.14
2.94

1.79
2.12
2.90

1.78
2.10
2.87

1.77
2.09
2.84

1.76
2.08
2.81

1.75
2.06
2.79

1.70
1.97
2.61
1.66
1.92
2.51

1.64
1.89
2.44

1.59

1.82
2.21

1.56
1.77
222

1.53
1.73
2.15

1.81
2.15
2.97

1.80
2.13
2.93

1.79
2.11
2.89

177
2.09
2.86

1.76
2.08
2.82

1.78
2.06
2.79

1.75
2.05
2.77

1.74
2.04
2.74

1.68
1.95
2.56

1.64
1.89
2.46

1.62
1.86
2.39

1.57
1.79
2.27
1.54
1.74
217
1.51

1.70
2.10

1.80
2.13
2.93

1.78
2.11
2:89
1.77
2.09
2.85

1.76
2.07
2.82

1.75
2.06
2.78

1.74
2.04
2.75

1.73
2.03
2.73

1.72
2.01
2.70

1.66
1.92
2.52

1.63
1.87
2.42

1.60
1.84
2.35

1.56

177
2.92

1.52
1.72
2.13

1.49
1.68
2.06

1.74
2.05
2.78

1.73
2.03
2.74

1.72
2.01
2.70
1.71
1.99
2.66

1.70
1.97
2.63

1.69
1.96
2.60

1.68
1.94
2.57
1.67
1.93
2.55

1.61
1.84
2.37

1.67
1.78
2.27

1.54
1.75
2.20

1.49
1.68
2.07

1.46
1.62
1.97
1.43

1.58
1.90

1.71
2.00
2.69
1.70
1.98
2.64

1.68
1.96
2.60

1.67
1.94
2.57

1.66
1.92

2.54

1.65
1.91
2.51

1.64
1.89

2.48

1.63
1.88
2.45

1.57
1.78
2.27

1.53
1.73
2.17

1.50
1.69
2.10

1.45
1.62
1.97

1.41
1.56
1.87
1.38
1.52
179

1.69
1.96
2.62
1.67
1.94
2.58

1.66
1.92
2.54

1.65
1.90
2.50

1.64
1.88
2.47

1.63
1.87
2.44

1.62
1.85
241

1.61
1.84
2.39

1.54
1.74
2.20

1.50
1.69
2.10

1.48
1.65
2.03

1.42
1.57
1.89

1.38
1.52
1.79

1.35
1.47
1.72

1.62
1.86
2.45

1.61
1.84
2.40

1.59
1.82
2.36

1.58
1.80
2.33

1.57
1.79
2.29

1.56
1.77
2.26

1.55
1.75
2.23

1.54
1.74
2.21

1.47
1.64
2.02

1.42
1.58
1.91

1.40
1.53
1.84

1.34
1.45
1.69

1.29
1.39
1.68

1.25
1.33
1.50

1.59
1.81
2.35

1.57
1.79
231

1.56
1.77
2.27

1.54
1.75
2.23

1.53
1.73
2.20

1.52
1.71
2.17

1.51
1.70

2.14.

1.50

1.68

2.11

1.42
1.58
1.92

1.38
1.51
1.80

1.35
1.47
1.73

1.28
1.38
1.57

1.23
1.30
1.45
1.18
1.24
1.35

1.55
1.76
2.26

1.53
1.73
2.21

1.52
1.71
2.17

1.50
1.69
2.13

1.49
1.67
2.10

1.48
1.65
2.06

1.47
1.64
2.03

1.46
1.62
2.01

1.38
1.51
1.80

1.33
1.44
1.68

1.29
1.39
1.60

1.21
1.28
1.43

1.14
1.19
1.28

1.06
1.08
111
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