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ABSTRACT

“
~Two algorithms are given for generating gamma distributed random

variables. The algorithms, which are valid when the shape parameter is

greater than one, use a uniform majorizing function for the body of the

distribution and exponential majorizing functions for the tails. The

algorithms are self—contained , requiring only U(O,1) variates. Compar-

isons are made to three competitive algorithms in terms of marginal

generation times , Initialization time , and memory requirements. Both

algorithms are faster than existing methods, for all values of the shape

parameter.
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1. INTRODUCTION

During the last few years many algorithms have been developed for

generation of gamma random variables having density function

f
1
(x) — x~~~ exp(—x)/r(a) 0 < x < °°, 1 < c~ < ~~~.

To the author ’s knowledge, these include Ahrens and Dieter (1974),

Atkinson and Pearce (1976), Fishman (1973), Fishman (1976), J6hnk (1974),

Greenwood (1974), Marsaglia (1977), McGrath and Irving (1973), Tadikamalla

(l978a, l978b), C.S. Wallace (1976), N.D. Wallace (1974), and Whittaker

(1974). Most have been implementations of the general acceptance/rejection

algorithm, with many using the modification referred to as the “squeeze”

technique by Marsaglia (1977). The algorithms developed in this paper use

the squeeze technique, which in the general case proceeds as follows:

Let f(x) be the density function from which random variates are

desired and let t(x) and b(x) be majorizing and minorizing functions of

f(x), respectively (t(x) > f(x) for all x and b(x) < f(x) for all x).

Then

1. Generate x having density r(x) — t(x)/~~ t(y)dy.

2. Generate v ~ U(O,l).

3. If v < b(x)/t(x), deliver x.

4. If v <  f(x)/t(x), deliver x. Otherwise go to step 1.

If t(x) fits f(x) well, if r(x) yields variates quickly, and if b(x) both

fits f(x) well and is quick to evaluate, the squeeze technique yields

variates quickly even when f(x) is time consuming to evaluate.1
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2. The Algorithms

Similar to the beta algorithms of Schmeiser and Shalaby (1977), the

points of inflection and the mode are central to this algorithm.

Define

x1 
x2(1 

— l/(x3 
— x2
))

1/2
x2

Max(O, x3 — x 3 
)

x3
ct - 1

1/2
x4 — x 3 +x 3

x5 
x4(l + l/(x4 

— x
3
))

Here x3 is the mode, x2 and x4 
are the points of inflection of f(x)

and x1 and x5 
are the points at which the tangent of f(x) at x2 and x4

cross the X a~cis. If n < 2, there is no left point of inflection and

= x~ 
= 0. These points are illustrated in Figure A.

Figure A About Here

The simpler, and slower, of the two algorithms is described first.

The algorithm uses a uniform majorizing function for the body of the dis-

tribution and an exponential majorizing function for the tails. It is

denoted G2PE since it is a gamma (G) generator which requires evaluating

the density function at two points (2P) and uses an exponential (E) major—

izing function for the tails.

For simplicity f~(x) is rescaled to

f(x) — exp[x
3 

2~.n(x/x3
) + x3 

— x]

to avoid evaluating the ganmia function and to yield f(x
3
) 

1.2
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The majorizing function is

t(x) f(x2
) exp (_A

L
(x — x

2
)) 0 < x < x

2

— l  x2
< x <. x4

f(x4)exp
(_X

R(x 
— x4)) x

4 
< x <

where A
L 

— l— (x31x2) and AR 
— l-.(x

3
/x4) to make t(x) tangent to f(x) at x2

and x
4
. Several previous algorithms have used exponential tails, although

not as implemented here. Schmeiser (1978) discusses the use of exponential

majorizing functions for distribution tails in detail.

The minorizing function is

b(x) f(x2
)(x — x1

)/(x2 
— x

1
) 0 < x < x2

f(x
2
) + (1 — f(x2

))(x — x2)f(x 3 
— x

2
) ~c2 

< x < x3

= f(x14
) + (1 — f(x4))(x4 

— x)/(x4 
— x

3
) x

3 
< x < x4

f(x4)(x5 
— x)/(x5 

— x4) x4 < x < 1

Both functions are shown in Figure A .

Based on these functions and the squeeze technique discussed in

Section 1, algorithm G2PE can be implemented as follows.

Algorithm G2PE

Initialization

1. Set x
3 

— a — 1, D = ~~
l/2 

~
‘L 1, x1 

= x2 
= f2 0.

If D > x
3 
go to step 2. Otherwise set

x
3 

— D, XL 
1 — ~C

3
/X

2~1 X
1 

X
2 

+ 1/A
L,

and f2 
— f(x

2).
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2. Set x
4 x3 + D , A

R 
= 1 — x3

/x4, x5 
= ~~ + l/XR•

f
4 

f (x~), p1 
= x

4 
— x

2
, p

2 
= — f2/A L.

p3 
= p2 + f4/AR.

Generation

3. Sample u, v ~ U(O,l) and set u = up
3
.

If u > p
1
, go to step 4. Otherwise set x x

2 
+ u.

If x > x
3 
and v < f

4 
+ (x

4 — x)(l — f4)/(x4 
—

deliver x. If x < x3 
and v < f

2 + (x — x
2
)(l — f

2
)/

(x3 
— x2), deliver x. Otherwise go to step 6.

4. If u > p2, go to step 5. Otherwise set u = (u — p
1
)/(p2 

— p
1
),

x = x2 
— £n(u)/X

L
. If x < 0, go to step 3. Otherwise set

v vf
2
u. If v < f

2
(x — x1)/(x2 

— x
1
), deliver x. Otherwise

go to step 6.

5. Set u (u — p2
)/(p

3 
— p2), x x~ — £n(u)/XR, V = vf

4
u. If

v < f
4
(x
5 

— x)/(x
5 

— x4), deliver x.

6. If ~.n v < x3 Zn(x/x3
) + — x , deliver x. Otherwise go to step 3.

The second algorithm, denoted G4PE for reasons analogous to G2PE, is

illustrated in Figure B. The majorizing function is uniform over the body

of the distribution, triangular over the shoulders, and exponential in the

tails. The resulting area under the majorizing function is partitioned into

the ten regions shown. Four regions have zero probability of rejection. Of

the remaining six regions, two require uniform variates, two require tri-

angular variates and two require exponential variates.

The algorithm may be implemented as follows

:5
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Algorithm G4PE

Initialization

1. Set x
3 

= a — 1, D = 
1/2 

= X
2 

f
1 

f
2 0.

If D > x3, go to step 2. Otherwise set x
2 

= x
3 

— D,

x2(l 
— l/D), AL = 1 — x3/x1, f1 

= f(x
1), and f2 f(x2).

2. Set x
4 X

3 
+ D , x

5 
= x4(1 + lI D) , AR 1 — x3

/x5,

f
4 f(x~), and f5 f(x5). Set p

1 f2(x3 — x2),

p2 
= f~ (x4 

— x
3
) + p

1
, p

3 
= f

1
(x
2 

— x
1
) +

p
4 

= f
5
(x
5 

— x4) + p3, p5 = (1 — f
2)(x3 

— x2) + p4.

p
6 (1 — f

4)(x4 
— x

3) + p5 ,p 7 
= 

~~2 
— f

1)(x2 
— x1)/2 + p6,

p8 = — f
5)(x5 

— x
4)/2 + p7, p9 

= _f
l/A L + p8,

Plo f
5
/A~ + p9.

Generation

3. Sample u ~u U(0,l) and set u = u p
10. If u > p4, go to step 7.

If u > p1, go to step 4. Otherwise deliver x = x
2 + u/f

2
.

4. If u > p2, go to step 5. Otherwise deliver x = x
3 + Cu — p1)/f4.

5. If u > p3. go to step 6. Otherwise deliver x = x
1 + (u — p2)/f1

.

6. Deliver x = x
4 

+ (u — p
3)/f5.

7. Sample w % U(O,l). If u > p5, go to step 8. Otherwise

set x = x
2 + (x

3 
— x2)w. If (u — p

4)/(p5 
— p4) < w, deliver x.

Otherwise set v f
2 + (u — p

4
)/(x

3 
— x2) and go to step 13.

8. If u > p6, go to step 9. Otherwise set x = x3 + (x 4 
— x3)w.

If — u)/(p
6 

— PS) > w, deliver x. Otherwise set

v = f
4 

+ (u — p 5)/(x4 
— x

3) and go to step 13.

7
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9. If u > p8, go to step 11. Otherwise sample w2 ~ IJ(O ,l ).

If w
2 

> w, set w = w
2
. If u > p7, go to step 10. Otherwise

set x x1 + (x2 
— x1

)w, v f1 + 2w(u — p
6
)/(x

2 
— x1).

If v ~ deliver x. Otherwise go to step 13.

10. Set x = x
5 

— w(x
5 

— x4), v = f
5 

+ 2w(u — p7)/(x5 
— x4) and go

to step 13.

11. If u > p9, go to step 12. Otherwise set u = (p
9 

— u)/(p
9 

— p8
),

x = x1
— (2.n u)/AL. If x < 0, go to step 3. If w < (A L

(xl 
— x) + 1)/u,

deliver x. Otherwise set v = w f
1 
u and go to step 13.

12. Set u = (p10 
— u)/(p10 

— p
9
), x = x

5
— (2

~
.nu)/A

R
. If

w < (A R(xS 
— x) + 1)/u, deliver x. Otherwise set v = w f5 u.

13. If Lit v > f(x), go to step 3. Otherwise deliver x.

8
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3. COMPUTATIONAL RESULTS

Based on the findings of Cheng (1976), Marsaglia (1977) and

Tadikamalla (l978b), it appears that the three fastest existing algo-

rithms are to be found in these three papers. Using the names used

in the above papers, Cheng’s algorithm is denoted by GB , Marsaglia’s

algorithm is denoted RGAMA , and Tadikamalla’s algorithm is denoted by

GAMMA.

The table compares G2PE, G4PE, GB, RGAMA and GAMMA in terms of

generation time per variate , initialization time, and memory require-

ments. The times are based on the generation of 10,000 variates and

are accurate to within .02 milliseconds. The algorithms were coded in

FORTRAN on the CDC Cyber 72 at Southern Methodist University. The uni-

form variates were generated by the relatively fast RANF internal to

the FTN compiler.

Insert Table About Here

It is clear that all five algorithms are robust to changes in a,

with all algorithms but GAMMA being slightly faster for larger a. In

this implementation , the algorithms can be ranked in order of increas-

ing marginal times as G4PE, G2PE, RGAMA , GB and GAMMA , except that

GAMMA is faster than GB for a < 1.5. G2PE is about 15% faster , and

G4PE is 30—40% faster, than the previous fastest algorithm RGANA .

9
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Marginal Generation Times (in Milliseconds)

and Memory Requirements

Method

a RGAMAa GAMMA GB G2PE ~4PE

1.0001 .53 .56 .70 .46 .39

1.2 .53 .61 .67 .45 .33

1.5 .52 .64 .63 .41 .33

2 .52 .70 .62 .42 .33

3 .49 .71 .60 .40 .29

5 .49 .75 .56 .37 .28

8 .47 .76 .57 .39 .28

20 .46 .78 .54 .40 .28

100 .47 .76 .55 .38 .26

1000 .45 .72 .53 .38 .26

Set—up Time .24 .34 .18 •53~~83
b 1~011~57b

Memory
Requirements 538 316 290 405 566

a
AS implemented using the Kt~. normal generator. For the implementation
using the polar method , add approximately .09 milliseconds for all a
and decrease the memory requirements by 224.

bDepends upon the value of a. The lower set—up time applies when a < 2
and the higher value corresponds to a > 2.

cNemOry requirements include necessary routines such as ALOG, EXP and
SQRT.

10
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Each of the algorithms requires a one time initialization. In order

of increasing set—up time the algorithms are GB, RGANA , GAMMA, G2PE and

G4PE. Since the algorithms with lower marginal times tend to have higher

set—up times, a tradeoff is made which depends upon M, the required num-

ber of variates for a fixed a. For a < 2, RGANA is fastest for M < 3,

G2PE is fastest for N = 4 or 5, and G4PE is fastest for M > 6. For a > 2,

RGAHA is fastest for M < 7 and G4PE is fastest for N > 7. For no combina-

tion of a and N is either GAMMA or GB the fastest algorithm.

Memory requirements are also shown in the table. In order of increas-

ing memory requirements the algorithms are GB, GAMMA , G2PE, RGANA , and

G4PE which includes necessary routines such as ALOG, EXP and SQRT. However

RGANA requires a normal variate generator, which as implemented here is

algorithm KR given by Kinderman and Ratnage (1976) with memory rewiirements

of 289. While a normal variate, algorithm requiring less memory could be

used, marginal generation times would increase for RGANA . For example,

using Marsaglia’s polar method, total memory requirements for RGAMA were

only 314, but marginal generation times increased approximately .09 milli-

second for all values of a. Of course different normal generators will

result in various tradeoffs between speed and memory.

Ease of implementation may be crudely measured in lines of code and

additional algorithms needed. In ascending order of lines of code the

algorithms are GB, RGAMA , GAMMA , G2PE and G4PE. The only additional algorithm

needed is the normal generator used by RGAMA.
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IF (P .L 1. ALOG,�) ) GC i-fl iOn

lo ft.. A ____________________________________________________

k El U R
END

17

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-—-—--

~~

--

~~ 

,-. -

~~~ oo~’i ~~~ NiSHED TO DDC

S~~~RrL. T 3P~ r.Zp~ (A L PI4A, BCT6 ,ISF r0,y )
C I *# * *~~P 1C E  ~ (hMC ISF P ‘ ( IV  12 ,1c7~ S- ’ LT~~ER~ ~‘F IHcrTc I  I’~1~~F~~~IIYC IC C.k~Nt~~ATC A ~IA”~r A P o  C -A ?” PA )~A R t * T~ L ! T MG EY P ( p . F ’ . f l A L  1811
C ~EJ1CTION AP C P~ C’A NC-ULA P F- EJ EC I IC N FO P TH E ~f ) CV CF Ti .~r

C C1 ST R IPUT 1 f ~’.~.C A • T’-~E c H A c r  D~ D A M C 1FC ( A  .GT . 1)
V ~ T~-L GFM FVAIE! ’ VA LUE

C
D A T A  A $ A V ~ /~~I./, V LL ~~1,/
IF (ALP P-A .FC. A~~~ V C 1  GD 16 100

C
V.~~$*~~4 5

~ET—L P RE C,T~~ I~FQ~
C

AS A~~E AL DWA
V i s e.

• 0.
F2 . C.
X3 • ALF)- & — 1
C • !CRIU~~)
IF (0 .CE . Y~~~ c~n ~ 10

• X3—C
X L L  s 1. —

Y j  a V~~ + 1 / f l)
F 2  • E X r X~~*A LPG ( Y ?/ Y ~~) + V3 —

10 X 4 a X 3  + I)

• 1. —

a Y4 + b / f i R
F 6 a E X P ( Y ~4 * A L C C - ( Y4 / V 3 ) + V3 — V t.)
Dl •

P2 • P1 —

p3 a P~ + F4 / Y I C
C
C**~ **~~A R I A T E  C-E~’E PA I T r ’ ~ DO CCE OI . PE E~ GI’1$ HEPF
C

1(( I. •
a F A N c C I ~~E F f l )

C
I, REC TA NGI LA ° R~~~FCT1O N
C

I~ ft .C-T . 0 ] )  C-i T~ 200
V • V2 + U
IF (V .11. X~~) Cf ‘C 110
IF ( ‘d .1.1. F4 + (Y4— Y) * (1—F4 )/ (Y4—V 3 ) ) C-C T~ ~C0
GD iC’ 4t.C

110 IF (V .11. ~ 2 + (V—Y ~~)* (I—F2Il (X3~ Y2)) Gr 10 ~OC
GD IC 4 Cu

C
C L E F T  T A L  CC. M F~.A ITC M
C

‘CC IF (L .CT. 0~~~) C - f l  ID 3~iO
1. • (t’—~’1)/( P7—P 1)
V a V2 — A L~~C-- ( t’ ) F X ) . I
1~ (V .LI. C.) CC IC 1O~

* ~ * F2 *I F ( )i  .11. C 7  + (X—Yl )/(X2—X1 )) GD IC 500
C-C ’  if  4~j0

18 



THISPAGEISBEST QUALITY FRACTICABLE
FROM 00P1 FU~thiSki~D TO DDC

V.

C PIGHT T~~IL C- FMF~~A TTV.’1
4’

3 C C  1.. • ((:~~C 2 )  , ( 03 _ D ? )

V a V 4  — AL DC(L ’) F YIP
• \, * F4 *

IF (V •L T. C 4* ( ~~5~~Y )~~ (~~5 — Y 4 ) )  GO T~ SOC
C
V. F L- SA L R ! J~ CTT”~ TQ~C
4C0 I~~(A L CG 4V ) .GI . X 3*A LCGCV /)3) + X3 — Y )  C~ 1” ](~t 4’C V •

P~~T IRPJ
U40

!L~~RCL T ’ N E ~‘*“ '1 Ut°H A, ~f1A, TSF CD , Y )
V.

C EFUCE ScHMFI !F~ ~C ” ~~F P Y ~ MFTHCOI~~T U~~T~~F~~SyTY MAY 24, ~çi~
C 13 C~~~~~ATC C / ~~MA V A R I A T E !  11TH ~EA ~ A L P I I A * P F T L
C AP~C V t R IA ~’CF A L~~HA s e E T A e E E T A  USI’~G I I / ~~A I1 A~~S A Lr ,C. C TTM~’
C ~ ESC RHE’~ T~ GFN r~~8 iI’jN C C G A M M A  VA ~~IA T ~~~ —— I T
C IC ~~~~~~ T M C - A C M .
C ~a LI C 0~’LY ‘~D~ A L DHA •GT. ]
C

DATA A~~~’v~~/—1 ./
IF (ALPrA .F C’. A~~A~IE1 GO Tfl 103

C
C ~E1 — I’
1’

A S A ’ v E •

A • A LP~~A — 1 ,
• •~ + •~~*~~C - P T  (4.*AL °hA—3 )

C • A * (1.4-Ri / D

C • ( S — i . )  / ( t * ° )
E • EX P (—A /~~) I 

? ,
C
C G E P E R t T I l ’ P~ 

flF r t~4!  VA PU’E
C

lCt i  ~ • F + R4MF(I ~ F F I~) * (1.— F )
I F  C L .GT.  .~~

) CO T O 200
V a A + B * * L D C ’ ( I + t )
IF (V .LT. 0.)  C- I TI l.)0

GC IC 3LC

~CO V • A —

Y a Y — 4

ICC I • p A p J r ( I ~~E r r )
IF (AL0 ~~(U) .C-T . U*&LtG O’Y)—V+ (YFPI4C)) C.!’ IC. I C C
V a

RF TL JR N
END

19

—- --~~~~~— —-~- -~~~ - -~~~~~~~~~~ .--- _ _ _ _  _ _ _ _ _ _ _ _



THIS PA0~ IS BEST QUALITY &CTYC.Am’~

~~~ 00k- I J~N-1S~~
1
~ 

TO DDC —.

Su~~-Ou-r 1~ E (i~ oE (C -L~~ .A ,R C r A . IcFEC.x~C hMij C~ ~~~~~~~~~~ JLL’! 1n-~~ SO LT’- F~~ U~~T~~O~- T ~~T ‘I f ,I’j E F S IT
C GENEpAI ICN CF O~ h ~~‘t I iCf l . .~~A I9U OP d V A ~~~A T E U S T \ ~C-
C ~ iE FO (M PuII\ T M t r ~~cc ~ I y H  E X P C N E P 4 T T A L  T A I L S
C F i.H.n~ T~..E GM M P ’~A n~~N~~I 1 Y  F, ~ICI1op, 

__________

C A LPHA ~rI~~P E HA. iA’~~ 1EF
C BETA = S CALE L A n ~~Y L 1 E R
C IS_EE C) ~~A (~cç~~~~~~~~~~c~~~o
-C A = c5ECcE ,~A t E C  (‘-a~ M A ‘~A F In i -E

R E F E P E~ CF H. SCM4 lE L~ EF SCFEZE t~F~T HCflS FOC GA~~~A ‘~A FIA T ’
-c ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 78Q ~~ iJL! 1978

DA T A A~ uv E /—I. ,,XLL I— 1 ,,
IF C A L~ reM .EC . ~S4~~~) ~~ 

T~p 100
C
C*****I N I T I A L I 2 A T I C N
C

SAV ML p

= F l  = a .
X 3 A L P’ P A  —

= SO P T L X 3
IF C D .G E. X 2 )  GO r~C 10

= X 3  — 0
______________  = x2’~a,~ 1.-/n)

~LL = J . — X-)/X1
= E X P ( A 3 * / t L O G ( A j , X 3 )  + x3 — X ) )

F? = £ XP (A 3 f~ _______________________

2, 10X 4 = x 3 .U  - 
- - .

A S = X 4 i~ ( 1. +1 ,/ f l )
_ _ _ _ _ _ _ _ _ _ _ _  = 1. — i(3..4J (.5 ________________________________

F4 FXP (A34IALDG(A.. ./,~~) • X 3 — X 4 )

F5 = EXP CA3+4 LnG (*’~,~~~, • — Ac~C
c C A L C U L A T E  PRC RARI L 1T ’y  Fo~ EA CH OF y~~~ TEN ~EGIC~4SC

P1 =
P2 = F4*I~~’e~~A~~) • Pt
P3 

~~~~~~~~~ • P~
Pt. F c * (X b — A A.) • P3
PS = (~~~.F~~) *A ~ —x2) + P4
P6 = (J . —F 4 )4I (X 4—~~3) • p

~P7 = ? — F 1 ) * t X ~~— .X1)’J .~ PA
P8 = (F4—FS)* (Xc ~~X4)~~,E • P7
P9 a — F1/XLL • PH

~iO = FcJ)(LP .~ —

Ca****G ENEpAT ~ ON E GA M NA V A R I A T E  V

100 U = PAN F (ISEED) ~ PlC
C

THF FC,.M )
~F G TC N~ W I T H  7EPC CP C~~A~~TL1IY rF PEJ~ CJIC~~ .._

-C
IF (U ,(il. P”) GO 1~C ~ 01~IF LU j3j. Ph ~•0..J4.~_1fl~i H
X = X~ + U/F’2
Go T~ )AuO

200 IF 11~ ~~~~~~~~~~ ~o T~C 30n -

= x3 • C U — P l ) , f 4

- -.-



p—~- 
-_ _ _ — -.-__—-.-—.-—— .- -—-- - _ -

~
-.---— . ., -

~~

. --_._—._ ..— _.-.

~~

—

~~~~~

_ - - . _ - - .  _-..--

~~

— .-.-
~~~ 

— -- - -

ESTQUALIT YFR~C~ ICABLZ

GO T O ~4UO

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ —_ —--_- ——-——-.— -

V = X l • W—F2) / Fl
G~ 1~

~~ ___________ ______________ ______________________

GO T O 14J0
C

1 ~-1F r~Iç~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C
500 w = P~ t.~~(I SEEfl )

• IF ~~~~~~~~~~~~~~~~~~~~~~~ -~~~

A x2 • (A3 -X ? ~ * ~

IF ( ( U — P ~’.) / ( F c — P ~~) .LF. l~~ 
G~ 10 1400

V = F2 + ( U — P ~~~) / ( A 3 — ~4 7~
GO IC 1:3~~3

8 600 IF ft .~1. P~ Go ¶0
• A = Xl • (X ~~— X ,3~ *~~~

IF  ( ( P o — U ) i ( F 6 — p ~~ . GE .  ‘~~~ Go TO 1400
V = F~ • ( U — P 5 ) ) ( ~~’4 * 3)
GO TO~~LL0O

C
- c THE T~O TPT*~ GULAM CF~~TC NS

9 700 IF ( U  .G’T . P P)  (
~O ~c cOt )

= RAI4F (ISE~ C~I F  ( W ~ ~~~~~~~~ 4 ____________________________________

IF Cli .G C .  p7~ G~ TO P~~
A = X l + ( X 2 ~~X 1 ) * W
V~~ F I • 2 . 41. 1~~h,— p t) I I X 2.._~(1IF ‘V .LE . F 2 *~~ Cc io ~t .0o
GO TO )3~)0

/ 0. 800.. A = X .S ~~~~~~~~~~~~
V = FS • 2.*~~* ( u P 7 ) I ( X S _ ~~4~
GO ~o ~joa

C T HE T~~O EX PG~ E 1 1 Ig L  RF IONS
C -

gn fl IF Cii . . ( i I .  ~~~ G~ .....

-r() 131
U = (pQ— IJ)/ (Fg—pd) 

-

X = X l  — ALOE (LJ ’i /XLL
IF c x  _ i  F. o~~ tin T~
I F  ( W  .Lr. (A LL* (X 1-fl+ 1 .)/U) GO Tn 1400
V = W*F 1~~U

_____________ 
_______________________________________________________-

1000 U = (p J q ) . . ( l ) / ( P ]Ø ~ P9 )
A = AS — A L C C .( LJ~,/ ~~L k
IF E~ , t. (A I R* L~~~ .1L Lj.~~~/UI C~ri +r~ 14ofl
V = W 41.F5*U

C
C ~‘E ~F (j k ..T p—s ~ L4&~ AJiC -c~ -,~~.C-T1 OK - -

C/ 3 1300 IF (ALOGIV ) .oI. X 3* A LC GCX /x 3 ) • X 3 — U go To ~0o -

• AaOO A =
i~ El UP N
E~ iD

21

_  _ _ _ _-

~~



UNCLASSIFIED
S E C . J R ’ ’ ~~~A 55 l  C 4 CM ~ w 

~~~‘ S P A O E ‘W ’- ,.n O.j . Enc.r.d)

REPORT DOCUMENTATION PAGE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
.2. OOV T AC cE SS ION NO. 3. RE C # I ~~N T S  ~ A T A ~~C~ ~~~~~~~~

OREM 78009
4 ~ IT _ E .na Si,bi,rI ~ , 5. TY O E QF REPORT & PERICO C~~’~ ERED

SQUEEZE METHODS FOR GAMMA VARIATE G~~S~~TI0N 
Technical Report

S. P ( R F C R M i ~~~ OR G. RE°C°~ ~~~u BER

S. C O N T R A C T  O R  G R A N T  -~~~Ma E p .,

bruce V. Schxneiser ONR N00014—77—C—0425

9. RFORM1N G O R G A N I Z A T I O N  S A M E  ANO A G G R E S S  10. P R O O R A M  E I..~~MEN~~. PRC~~~~~ TA S~C
AREA a W O R E  U N I T  M L j u 5~~~ S

Southern Methodist University 
~~ 277 236Dallas, TX 75275

C Q’ 1 T R O L L . NG  O F F I C E  NA ’ .t A N O A G O R E S S  12. R E P O R T  GA T E
Naval Analysis Program August 1978
Office of Naval Research 13.  P i U M B E R C F P A O E S

Arlington, VA 22217 23
4 . M O i i T ; R 1 N G  A G E N C Y  ,IiME S A O O R E S S ( I f  ~iiie,.nt from Controlling O lflc.) ¶ 5.  S E C L R I T V  CLASS.  (of :.~i. reportj

Unclassified
- IS. . O E C L A S S I F I C A T I O N - ~ N G R A O 1 N G

SC N E C U L E

6. G~~ T R I k U T I3 N  S T A T E M E N T  (~ ( this Report)

Distribution of this document is unlimited .

I7 . D I ST R I B IJ T I O N  S T A T E M E N T  (of he abatract .nt.,.d In Block 20. Ii aiff.r.nt (rem R.porI)

3. S IJ P P L E MEN TA RY NOT ~~3 — -

19. ~~~Y W O R D S  (C oncIrn ~. on t.o.,s. .id. I t  n.c..s.ry id Id.nIIly b~. b lock numb.!)

Gamma Distribution Rejectiàn MetT~o~i~
Simulation Monte Carlo

Random Number Generation Distribution Sampling

20. A S S I RA C T  (Contln u. on ,.re,.. .sd. ii nec.e•asV and id.nIity by block numb.!)

Two algorithms are given for g~nerating gamma distributed random varia-
bles. The algorithms, which arevalid when the shape parameter is greater than
one, use a uniform majorjzing function for the body of the distribution and
exponential majorizing functions for the tails. The algorithms are self—
contained , requiring only U(O,1) variates. Comparisons are made to three
competitive algorithms in terms of marginal generation times, initialization
time, and memory requirements. Both algorithms are faster than existing

- - methods, for all values of the shBne narameter. -

DD ~~~~ 1473 C G I T I O M  OF I ~ ØV 69 IS O~~SOt. t~~C UNCLASSIFIED
S. N O I 0 ~~- - f l 4 - 6 6 O I

S CC L ~R I y  ~~~. A S S I  r I O  C T I OR O~ r N I S  •~~GC ~W’ien .Gata tfl!.!.d)


