n
in

Mean. 7 = =1

n
Z T
=1

N

and p =

IQR. IQR = Qg — Ql where,
@1 = value in 0.25(n + 1)th position,
Q@3 = value in 0.75(n + 1)th position.

B ap oy (S
Variance. s? = =1 — n
n—1 n—1
2
S (x5 — p)? S a2 — Czi)”
and 02 = = = : N
N N

Standard Deviation. s = V52 and o = V02
> (zi —2)(yi — )

=1 _ > TiyYi — nTY
n—1 n—1

N
Do (@i — pa) (Y — piy)

Covariance. s;,; =

i=1 > TiYi — Npap
and oy, = * ~ = v Y
_ Say Oy
Corr. Coef. r= —— and p= ——
SzSy 020y
Ny (A n B)
Probability. P(A) = N~ P(A|B) = “PB)
Bayes’ Rule.
P(A|E;)P(E;)
P(E;|A) =
) = P ) + -+ POATE P
Discrete Random Variables. y = F(X) = Z xP(z),
x
where P(z) = P(X = z), and F(zg) = P(X < ) =
Y P(a), 0% = E(X = p)*) = Y (x — u)*P(x), or
z<xg x
Y=a+bX = py=a+bux & 0¥ ="b’c%

X — g

€T

Standard Value (Score). Z =
Binomial. P(z)= <n>p””(1 — )", u=np, o*=np(1 — p),
x

n_ (M) _ n!
where C)= (z) = =

Some Formulas in Statistics??'%*

OSCN s EAT N:af
HyperGeo. P(z) = “’C’;] L = () (Jg’)‘ >, M:n%
e\
Poisson. P(z) = o w=2A o=\

Joint R.V.s. Cov(X,Y) = E[(X ux)Y — py)] =

Y (@ = px)y — py)P(z,y), 0
Cov(X,¥) = E(XY) - iy =| T S enrte 0| =i

and p = , whereas E(X +Y) = pux + uy,
Var(X £Y) = 0% + 0% if Cov(X,Y) =0,
Var(X +Y) = 0% + 0% +2Cov(X,Y)

W =aX +bY = o} =a*c% + b0} + 2abCov(X,Y)

Cont. R.V.s. = E(X) = / zf(x)dx, where f(z) is
X

density func. and F(xg) = P(X < z¢) = / f(x)dx,

z<xzg

0% = B(X — p)?) = / (z — 1) f(z)de, or

X
7k = (X - ) = 1B - = | [ 2 saya] -
B(g(X)) = / o(2)f(2)dz,

X

_1 <zxr<
Uniform Dist. f(z) = { b(_) Ztﬁefw_iszj

2
_a+ b,02 _ (b—a)
2 12
Normal Dist. (X~ N(u,o? 7)) = —— o (@—p)?/207
(XN 0% [0 =y

with mean p and standard deviation o.

Standard Normal. Z ~ N(0,1) is “standard normal”
where values of F(z) can be read from the table as the
area under the standard normal curve from —oo to z.

X P(1-P
Proportion. P="— and = P,0? = g

n n

: Y 1 o2= 1 Y

Exponential. f(t)=Xe™ ", p= Yo = Ft)=1-¢

_ o
Sampling. EX)= =pu & ox = —=

Vn

Central Limit Theorem. Z =

Mo .

is approximatel
ofm PP Y
normal.
Graphs.

Normal Distribution

] z

Area is equal to F'(z) and can be read from table

Exponential Distribution

Shaded area is equal to F'(t)

*DISCLOSURE

This paper will be distributed in all exams. It does not
mean that you should not learn these formulas. Rather,
you should learn these formulas and their usage in various
problems. They are provided, as you can easily recall them.
Any (implied or not) missing formula that we studied is of
your responsibility.
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Poisson Distribution

A 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 Standard Normal Distribution
0/ 0.9048| 0.8187| 0.7408| 0.6703| 0.6065| 0.5488| 0.4966| 0.4493| 0.4066| 0.3679 (Values of Cumulative Distibution Function F(z))
1/ 0.0905| 0.1637| 0.2222| 0.2681| 0.3033| 0.3293| 0.3476| 0.3595| 0.3659| 0.3679 Z 0.000 0.01 0.02/ 0.03) 0.04/ 0.05 0.06] 0.07, 0.08 0.09
2| 0.0045| 0.0164| 0.0333| 0.0536| 0.0758| 0.0988| 0.1217| 0.1438| 0.1647| 0.1839 0.0/ 0.5000| 0.5040| 0.5080| 0.5120| 0.5160| 0.5199| 0.5239| 0.5279| 0.5319| 0.5359
3/ 0.0002| 0.0011| 0.0033| 0.0072| 0.0126| 0.0198| 0.0284| 0.0383| 0.0494| 0.0613 0.1/0.5398| 0.5438|0.5478| 0.5517|0.5557| 0.5596| 0.5636| 0.5675| 0.5714| 0.5753
4 0.0/ 0.0001{ 0.0003| 0.0007| 0.0016| 0.0030| 0.0050| 0.0077| 0.0111| 0.0153 0.2/0.5793| 0.5832| 0.5871| 0.5910| 0.5948| 0.5987| 0.6026| 0.6064| 0.6103| 0.6141
5 0.0 0.0 0.0/ 0.0001| 0.0002| 0.0004| 0.0007| 0.0012| 0.0020| 0.0031 0.3/0.6179| 0.6217|0.6255| 0.6293| 0.6331| 0.6368| 0.6406| 0.6443| 0.6480| 0.6517
6 0.0 0.0 0.0 0.0 0.0 0.0| 0.0001| 0.0002| 0.0003| 0.0005 0.4 0.6554 0.6591| 0.6628| 0.6664| 0.6700| 0.6736| 0.6772| 0.6808| 0.6844| 0.6879
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0/ 0.0001 0.5/ 0.6915| 0.6950| 0.6985|0.7019| 0.7054| 0.7088| 0.7123|0.7157| 0.7190| 0.7224
0.6]0.7257|0.7291|0.7324| 0.7357| 0.7389| 0.7422| 0.7454| 0.7486| 0.7517| 0.7549

1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 0.7/0.7580| 0.7611|0.7642| 0.7673| 0.7704| 0.7734| 0.7764| 0.7794| 0.7823| 0.7852
0] 0.3329| 0.3012| 0.2725| 0.2466| 0.2231| 0.2019| 0.1827| 0.1653| 0.1496| 0.1353 0.8/0.7881|0.7910/0.7939| 0.7967| 0.7995| 0.8023| 0.8051| 0.8078| 0.8106| 0.8133
1/ 0.3662| 0.3614| 0.3543| 0.3452| 0.3347| 0.3230| 0.3106| 0.2975| 0.2842| 0.2707 0.9/ 0.8159/0.8186|0.8212|0.8238| 0.8264| 0.8289| 0.8315| 0.8340| 0.8365| 0.8389
2/0.2014/0.2169| 0.2303| 0.2417| 0.2510| 0.2584| 0.2640| 0.2678| 0.2700| 0.2707 1.0/0.8413]0.8438| 0.8461| 0.8485| 0.8508| 0.8531| 0.8554| 0.8577| 0.8599| 0.8621
3/ 0.0738| 0.0867| 0.0998| 0.1128| 0.1255| 0.1378| 0.1496| 0.1607| 0.1710| 0.1804 1.1/ 0.8643| 0.8665| 0.8686| 0.8708| 0.8729| 0.8749| 0.8770| 0.8790| 0.8810| 0.8830
4/ 0.0203| 0.0260| 0.0324| 0.0395| 0.0471| 0.0551| 0.0636| 0.0723| 0.0812| 0.0902 1.2/0.8849| 0.8869| 0.8888| 0.8907| 0.8925| 0.8944| 0.8962| 0.8980| 0.8997|0.9015
5/ 0.0045| 0.0062| 0.0084| 0.0111| 0.0141| 0.0176| 0.0216| 0.0260| 0.0309 0.0361 1.3/ 0.9032| 0.9049| 0.9066| 0.9082| 0.9099|0.9115| 0.9131/ 0.9147/0.9162 0.9177
6| 0.0008| 0.0012| 0.0018| 0.0026| 0.0035| 0.0047| 0.0061| 0.0078| 0.0098| 0.0120 1.4/ 0.9192| 0.9207| 0.9222| 0.9236| 0.9251|0.9265| 0.9279| 0.9292| 0.9306| 0.9319
7/ 0.0001| 0.0002| 0.0003| 0.0005| 0.0008| 0.0011| 0.0015| 0.0020| 0.0027| 0.0034 1.5/0.9332|0.9345|0.9357| 0.9370| 0.9382| 0.9394| 0.9406| 0.9418| 0.9429| 0.9441
8 0.0 0.0/ 0.0001| 0.0001| 0.0001| 0.0002| 0.0003| 0.0005| 0.0006| 0.0009 1.6/ 0.9452| 0.9463| 0.9474| 0.9484| 0.9495| 0.9505| 0.9515| 0.9525| 0.9535| 0.9545
9 0.0 0.0 0.0 0.0 0.0 0.0/ 0.0001| 0.0001| 0.0001| 0.0002 1.7/ 0.9554| 0.9564| 0.9573| 0.9582| 0.9591| 0.9599| 0.9608| 0.9616| 0.9625| 0.9633

1.8/ 0.9641|0.9649| 0.9656| 0.9664| 0.9671|0.9678| 0.9686| 0.9693| 0.9699| 0.9706

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3 1.9/0.9713|0.9719]0.9726| 0.9732| 0.9738| 0.9744| 0.9750| 0.9756| 0.9761| 0.9767
0/ 0.1225/ 0.1108| 0.1003| 0.0907| 0.0821| 0.0743| 0.0672| 0.0608| 0.0550| 0.0498 2.0/0.9772|0.9778| 0.9783| 0.9788| 0.9793| 0.9798| 0.9803| 0.9808| 0.9812| 0.9817
1/ 0.2572| 0.2438| 0.2306| 0.2177| 0.2052| 0.1931| 0.1815| 0.1703| 0.1596| 0.1494 2.1/0.9821| 0.9826| 0.9830| 0.9834|0.9838| 0.9842| 0.9846| 0.9850| 0.9854| 0.9857
2| 0.2700| 0.2681| 0.2652| 0.2613| 0.2565| 0.2510| 0.2450| 0.2384| 0.2314| 0.2240 2.2/0.9861|0.9864| 0.9868| 0.9871| 0.9875| 0.9878| 0.9881| 0.9884| 0.9887| 0.9890
3/ 0.1890| 0.1966| 0.2033| 0.2090| 0.2138| 0.2176| 0.2205| 0.2225| 0.2237| 0.2240 2.3/0.9893| 0.9896| 0.9898| 0.9901|0.9904| 0.9906| 0.9909| 0.9911/0.9913| 0.9916
4/ 0.0992| 0.1082| 0.1169| 0.1254| 0.1336| 0.1414| 0.1488 0.1557| 0.1622| 0.1680 2.4/ 0.9918|0.9920| 0.9922| 0.9925| 0.9927| 0.9929| 0.9931| 0.9932| 0.9934| 0.9936
5/0.0417|0.0476| 0.0538| 0.0602| 0.0668| 0.0735| 0.0804| 0.0872| 0.0940| 0.1008 2.5/ 0.9938/ 0.9940|0.9941|0.9943| 0.9945| 0.9946| 0.9948| 0.9949| 0.9951| 0.9952
6/ 0.0146| 0.0174| 0.0206| 0.0241| 0.0278| 0.0319| 0.0362| 0.0407| 0.0455| 0.0504 2.6/ 0.9953|0.9955| 0.9956| 0.9957| 0.9959| 0.9960| 0.9961| 0.9962| 0.9963| 0.9964
7/ 0.0044| 0.0055| 0.0068| 0.0083| 0.0099 0.0118| 0.0139| 0.0163| 0.0188| 0.0216 2.7/ 0.9965| 0.9966| 0.9967| 0.9968| 0.9969| 0.9970| 0.9971/0.9972| 0.9973| 0.9974
8| 0.0011| 0.0015| 0.0019| 0.0025| 0.0031| 0.0038| 0.0047| 0.0057| 0.0068| 0.0081 2.8/ 0.9974|0.9975| 0.9976| 0.9977| 0.9977| 0.9978| 0.9979| 0.9979| 0.9980| 0.9981
9| 0.0003| 0.0004| 0.0005| 0.0007| 0.0009| 0.0011| 0.0014| 0.0018| 0.0022| 0.0027 2.9/0.9981| 0.9982|0.9982| 0.9983| 0.9984| 0.9984| 0.9985| 0.9985| 0.9986| 0.9986
10| 0.0001| 0.0001| 0.0001| 0.0002| 0.0002| 0.0003| 0.0004| 0.0005| 0.0006| 0.0008 3.0/0.9987| 0.9987|0.9987| 0.9988| 0.9988| 0.9989| 0.9989| 0.9989| 0.9990| 0.9990
11 0.0 0.0 0.0 0.0 0.0/ 0.0001| 0.0001] 0.0001| 0.0002| 0.0002

Exponential Distribution (Values of € ~*)

A 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 A 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0| 1.0000| 0.9048| 0.8187| 0.7408| 0.6703| 0.6065| 0.5488| 0.4966| 0.4493| 0.4066 5/0.0067|0.0061| 0.0055| 0.0050| 0.0045|0.0041| 0.0037|0.0033| 0.0030| 0.0027
1/ 0.3679| 0.3329| 0.3012| 0.2725| 0.2466| 0.2231| 0.2019| 0.1827| 0.1653| 0.1496 6| 0.0025| 0.0022| 0.0020| 0.0018|0.0017|0.0015/ 0.0014| 0.0012| 0.0011| 0.0010
2| 0.1353| 0.1225| 0.1108| 0.1003| 0.0907| 0.0821| 0.0743| 0.0672| 0.0608| 0.0550 7/ 0.0009|0.0008| 0.0007|0.0007| 0.0006| 0.0006| 0.0005| 0.0005| 0.0004| 0.0004
3/ 0.0498| 0.0450| 0.0408| 0.0369| 0.0334| 0.0302| 0.0273| 0.0247| 0.0224| 0.0202 8/0.0003| 0.0003| 0.0003| 0.0002(0.0002| 0.0002| 0.0002| 0.0002| 0.0002| 0.0001
4/ 0.0183] 0.0166| 0.0150| 0.0136| 0.0123| 0.0111] 0.0101| 0.0091| 0.0082| 0.0074 9/0.0001]0.0001| 0.0001/ 0.0001/0.0001|0.0001| 0.0001| 0.0001| 0.0001/ 0.0001
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Statistics.
s 2T o Mlei—x)? =S n

n ' n—1 n—1 ’

X —u X —pu - o2 T—p
Z , Z=—+—, Var(X)= — and t =

o o/vn ar(X) n s/\/n’
. X . 1-P p—P
=2 B = P vy = T g P

o1 0-2 = 0_2 ) E(X2) v, Var( ) = 2u.
Estimation. Bias(f)=F()—6, Rel.Efficiency= Var(e})
Var(6,)

Confidence Intervals. The formulae given below are
most commonly used ones. You are expected to identify
and use them, including their usage in hypothesis testing.

CI: z £ M E where M E=(reliability factor) x
and UCL=2+ MFE and LCL=2 - ME

g g
\/> f
S
2 1a/2f<,u<x+tn 1a/2f

[p 17 [p(1 —
®D— Zq2 <P<p+za/2 ( p)

(stand. err.)
<pP<ZT+2a2— =

® T — 2y

o —

(n—1)s (n—1)s?
° 27 P ——
anl,u/Z Xn—l,lfa/Q
7 Sd - Sd
tn1 a/2 < pqg < d + tn—l,a/Qi where

NG

n

> (d; —d
nd—l

2 2

o (Z—7)—2a)2 f+f<ux py < (Z—F)+2as2| E+ 4“’

Ny

S S S S

° (i'_g)_tv,a/2 i"rip </U'X_/~LY<(£E_2?)'HU,O¢/2 i"'l

Ng Ny Ng Ny

where deg. of freedom is v=n,+n,—2 and pooled variance is
o (=152t (0, ~1)s

2
= (
P Ng + Ny — 2

assuming equal pop. variances).

Some Formulas in Statistics*?2013—Reve

5] Bl

<P,—P, <

py(1 _py)

is the

where v = 5
s2\° 52
Zx . —1 v —1
(=) o=+ (22 ) sny =)
degrees of freedom (not assuming equal pop. variances).

Hypothesis Testing. (Check the previous section, C.I.)
Test statistic is compared with (one sided) zy Or £y o
Test statistic is compared with (two sided) zq /2 or £y o/2

:P<x/f
zavahw(twosuwd)-—Qf’< U/VF’

alternative is o, > oy,

p-Value (one sided) >zp | Ho: = o

2 Zp/2

H01M=M0>

s
F-value = —92” where

52 or 0, # 0y is alternative with s, >s,.
Correlation. B ~ o
R Y@ —T)(yi —y) _ Y wiyi —niy

558y : n—1 n—1
n—2
t-value = rvin - 2) with (n —2) d.f.
=)

Regression. Trendline (regression line) § = bo + bix

n
> (xi =) (yi — ) le% -
b Sy _ Szy _ =1 _ =1
1 = TS - 82 - n - n
D S >a? —na?
=1 i=1
and bg =y — 01T

Explanatory Power. SST = Z(yZ —

i=1 i=1

0P =B (- ) =

S (1 — (bo + brz))? =

i=1 =1

SSR =3 (i

i=1
n

SSE = ;(y 9i)* =

SST =S E 2 = =1- 2=R?
S SRn—I—S’S , R ST o0 " R?,
2
Y L% ssE
g =S = =
¢ n—-2 n-2
2 2
Inferences. si = — Se = Se and
! =\2 (n—1)s2
;(%‘ - )
p= 70 i (n—2) d.f.
5b1
CIL: by — thoa/2Sh < b1 < b+ to2,0/250,
MSR SSR/1 SSR
HT: F = = =
MSE  SSE/(n-—2) 52

Prediction and Forecast.

. 1 (zy, z)?
PL: §n1 £ ln_2a/2 [1 + -+ M
Z (z; — 2)?

=1

} X e for yp41

. 1 T —z)2
CIZ y7t+1ﬁn72,a/2 |:n+(nn+1)
> (zi—2)?

=1

}xse for E(yn+1|Tnt1)

Multiple Regression.

Sy(Toiy — TgraaT
k=2 : 14 = by + bix1 + baxo where b;= y(Te1y m;m z2y),
S$1(1 rwlwg)

b _Sy (Taoy = ToyzaTary)

sz(l rglzg)

, and bo:ﬂ — b1T1 — baZo.

k>1:58ST=SSR+ SSE, MSR:SSTR,
2 SSE r_ SSR/k _ MSR
" (n—-k-1""  SSE/(n—k-1)  s2
, _ SSE/(n—k—1) A
< 2 — 2:1_— — = 2
(adjubted R ) R SST/(n—1) ,R=1(3,y) VR?
*DISCLOSURE

This paper is to be distributed during the exam. It does
not mean that you should not learn these formulas. Rather,
you should learn these formulas and their usage in various
problems. They are provided, as you can easily recall them.
Any (implied or not) missing formula that we studied is of
your responsibility.
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Student's t-distribution
(Cut-off points)

a or a/2

0,100

0,050

0,025

0,010

0,005

3,078

6,314

12,706

31,821

63,657

1,886

2,920

4,303

6,965

9,925

1,638

2,353

3,182

4,541

5,841

1,533

2,132

2,776

3,747

4,604

1,476

2,015

2,571

3,365

4,032

1,440

1,943

2,447

3,143

3,707

1,415

1,895

2,365

2,998

3,499

ONOAADWN =

1,397

1,860

2,306

2,896

3,355

©

1,383

1,833

2,262

2,821

3,250

-
(=)

1,372

1,812

2,228

2,764

3,169

—
-—

1,363

1,796

2,201

2,718

3,106

-
N

1,356

1,782

2,179

2,681

3,055

-
W

1,350

1,771

2,160

2,650

3,012

-
D

1,345

1,761

2,145

2,624

2,977

-
a

1,341

1,753

2,131

2,602

2,947

-
[=2]

1,337

1,746

2,120

2,583

2,921

—
~J

1,333

1,740

2,110

2,567

2,898

-
©

1,330

1,734

2,101

2,552

2,878

-
©

1,328

1,729

2,093

2,539

2,861

N
(=]

1,325

1,725

2,086

2,528

2,845

N
=y

1,323

1,721

2,080

2,518

2,831

N
N

1,321

1,717

2,074

2,508

2,819

N
w

1,319

1,714

2,069

2,500

2,807

N
S

1,318

1,711

2,064

2,492

2,797

N
a

1,316

1,708

2,060

2,485

2,787

N
[=2)

1,315

1,706

2,056

2,479

2,779

N
~

1,314

1,703

2,052

2,473

2,771

N
3]

1,313

1,701

2,048

2,467

2,763

N
©

1,311

1,699

2,045

2,462

2,756

w
(=)

1,310

1,697

2,042

2,457

2,750

8

1,282

1,645

1,960

2,326

2,576

Cumulative Distribution of Standard Normal Distribution F(z

0,00

0,01

0,02

0,03

0,04

0,05

0,06

0,07

0,08

0,09

0,0

0,5000

0,5040

0,5080

0,5120

0,5160

0,5199

0,5239

0,5279

0,5319

0,5359

0,1

0,5398

0,5438

0,5478

0,5517

0,5557

0,5596

0,5636

0,5675

0,5714

0,5753

0,2

0,5793

0,5832

0,5871

0,5910

0,5948

0,5987

0,6026

0,6064

0,6103

0,6141

0,3

0,6179

0,6217

0,6255

0,6293

0,6331

0,6368

0,6406

0,6443

0,6480

0,6517

0,4

0,6554

0,6591

0,6628

0,6664

0,6700

0,6736

0,6772

0,6808

0,6844

0,6879

0,5

0,6915

0,6950

0,6985

0,7019

0,7054

0,7088

0,7123

0,7157

0,7190
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0,6

0,7257

0,7291
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