List of Probability Density Function and Cumulative
Distribution Function for Common Continuous Random

Variable
July 5, 2023
1. Normal Distribution
fz) = \/1_ @2 (55 )
2ro
1 %
F(x) = 3 {1+erf(0\/_)}

where erf(z) = 2= [ e~ dt.

2. Log-Normal Distribution

where erf(z) = % [l e tat.

3. Skew-Normal Distribution

w2 o \/ﬂ
F@):@(x;f)—2T<x_€,>
=1 2 -1 “M _
with ®(z) = [*__ ¢(t) —2[1+erf<f>} and T'(h,a) = 5- [ “—z—dr (0o < h,a <

+o0) is Owen s T function.

4. Alpha-Skew-Normal Distribution



where ¢(-) and ®(-) are p.d.f. and c.d.f. of the normal distribution with mean p and variance

o2,

Flo) =) +a (350 ) o)

5. Log-Skew-Normal Distribution

o) = g(panx)@mnx)

where ¢(-) and ®(-) are p.d.f. and c.d.f. of the normal distribution with mean p and variance

a2,

6. Generalized-Normal Distribution

B e s
f<x>_2ozf(1/ﬁ) (> 0;3>0)

where I'(z) = [~ t*"'e'dt denotes the gamma function.

L.
Fl) = 5 +sign(o = i)y ( 15| )

where [ is a shape parameter, « is a scale parameter and (s, x) = fox t*~le~!dt is the unnor-
malized incomplete lower gamma function.

7. Mixture of Two Normal

f(x,p) = pfi(z) + (1 —p)fa(x)

with 0 <p<1,fori=1,2
1
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o—(a—mi)?/20?

fi(z) =

8. Beta-Normal Distribution

rr=0lo(5)] - riarn [ () <[+ (50 e (5)

where
a ®(z)
Glz) = ﬁ/{) 21— )5 ldt, 0<a, B<oo
and
g(x) = %@(z)alu ~ a(2)) ()

and ®(x) is the c.d.f. of normal distribution with mean p and variance o2.

9. Arcsine Gaussian Distribution

o >
T/ @(2)[1 — @()]

2

fx) =




where ¢(-) and ®(-) are p.d.f. and c.d.f. of the normal distribution with mean p and variance
2
o’

10. Double Gaussian (Two-Piece Normal) Distribution

oy o Aexp [—(z —p)?/207], = <y,
1 {AQXP [—(z — p)*/203], x> p,

where A = (V27 (01 + 02) /2)71.

11. Inverse Gaussian Distribution

fa) = /2 pr&ng}

o= ({3 () e () (3 ()

and ®(x) is the c.d.f. of standard normal distribution.

12. Laplace Distribution

1 T=p if ¢ <
Py =270 sy
1—§exp(—0) ifx>p
13. Beta Laplace Distribution

fla) = { {Z“B(ajb)}:llexp(—lﬂ) exp{—|z|(a — )H1 —exp(—|z])/2}""!, =<0,
{2°B(a,0)}  exp(—|z]) exp{—|z|(b — 1)}{1 — exp(—|z])/2}*"", 2 >0
where @ > 0 and b > 0
F(l‘) _ ]exp(a:)/Z(aa b)7 T < 07
Il—exp(—x)/?(a7 b)a x> 0.
14. Double Exponential (Skew Laplace) Distribution
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where o; > 0 and o, > 0.

15. Asymmetric Laplace Distribution

f(z) = L {eXp((A/"‘?)(l' —w) ifx<p

k+1/k |exp(=Xk(x —p))  ifx>p
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where, p is a location parameter, A > 0 is a scale parameter, and & is an asymmetry parameter.

F(z) = {%GXP((A/K)(HE —w)  fr<p
1-— # exp(—As(z —p)) ifx>p

16. Exponential Distribution
flz)=Xxe™ (A>0)
Fz)=1—e

17. Gamma Distribution

f(z) = Fﬁ(;)xaleﬂ’” (a>0;8>0)

F(z) = ﬁwx, Bz)

where (s, x) = fox t*"tetdt is the unnormalized incomplete lower gamma function.

18. Beta Distribution
o711 - ac)ﬁ_l

fla) = B(a. ) (a@>0;8>0)
where B(a, 8) = Fp(?oziga)) and I is the Gamma function.
B(z; a, §)
F(z)= ——~
“ =B, 5)

where B(z;a,b) = [ t'(1 —¢)’~'dt is the incomplete beta function.
19. Beta Prime Distribution

(z/o)* (A +a/o)*"
B(a, B)o

F(z)=1 +0 (,5)

1+z/o

fz) = (a>0;8>0)

where I, (o, ) = Bé?;aé;') is the incomplete beta function.

20. Logistic Distribution

fa) = ——"_ (s>0)
x) = 5>
s(1+ e*(“”*“)/s)2
1
F@) =T
21. Double Logistic Distribution
L 2% , <0
o1+02 (1+6%)2
f@)=9 | &
= x>0,




where o; > 0 and o, > 0.

22. Generalized Extreme Value Distribution

exp(—s) exp(— exp(—s)) for £ =0
f(s) =< (1+&s) " exp (—(1+&s)71¢)  for £ #0 and &s > —1
0 otherwise

where s = (z — p)/o and o > 0.

exp(— exp(—s)) for £ =0

F(s) = exp (—(1+&s)7¢)  for € #0 and &s > —1
0 for £ >0 and &s < —1
1 for ¢ <0 and s < —1

23. Weibull Distribution
k k-1
fla) =~ (f) e @/ (3> 0k > 0,0 > 0)
o
F(z)=1—¢ @)

24. Gumbel Distribution

where 2z = m;—“

25. Student’s t Distribution

v+1

f(x):L%;)(lerj)_ T w0

() 2B ()
F = — 4zl X .
(r)=g+r ( 2 > VT (%)

where o F(a,b;¢;2) = 07, %)(f)”n—? is the hypergeometric function.

26. Skew t Distribution

f(z) =2¢9(x;v)G (/\l’ ! ii};v + 1)

72

where g(z;v) and G(x;v) are the p.d.f. and c.d.f. of the usual Student’s- ¢ distribution with
v degrees of freedom.

27. Chi-square Distribution

_ # k/2—1_—z/2
1@ =St ¢
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where x > 0 if £ = 1, otherwise x > 0

Fla) = r<k1/2)’y (gg)

d.
(diz)?1dy?
(dlx-i-dz)dl +d2

f(ﬂf)zm

272

28. F Distribution

(d1 > O,dg > O)

where x > 0 if d; = 1, otherwise x > 0

F(z) =1 a. (dl dQ)

—_, =
djx+dg 2 2

where I,(a,b) = Bég(zal;?) and B(z;a,b) = fom tafl(l _ t)bfldt.

29. Pareto Distribution

a

f(z) = zafi (x > T Tm > 0;a > 0)
-1 (22



