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N ABSTRACT
\Q

‘QTwo 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(0,1) 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
c~1
fY(x) = x exp(-x)/T'(a) 0<x<® 1l<ac<w

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

Atkinson and Pearce (1976), Fishman (1973), Fishman (1976), JShnk (1974),
Greenwood (1974), Marsaglia (1977), McGrath and Irving (1973), Tadikamalla
(1978a, 1978b), 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 functioms 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)/iz t(y)dy.

2. Generate v v U(0,1).

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.




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

»
]

x,(1 - 1/(x3 - xz))

1/2
3 )

"
]

Max (0, X3 - X

X, =0a-=-1

3
x4 - x3 + x;,’l/2
Xy = x4(l + 1/(x4 - x3))
Here X4 is the mode, x, and X, are the points of inflection of f(x)
and X and xs are the points at which the tangent of f£(x) at X, and X,

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

X, = x, = 0. These points are illustrated in Figure A.

1 2

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 fY(x) is rescaled to
£(x) = exp(x, ln(x/x3) + x5 - x]

to avoid evaluating the gamma function and to yield f(x3) = 1.
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Figure A. Algorithm G2PE for a = 5.




The majorizing function is

t(x) = f(xz) exp(—AL(x - xz))
=1

= f(xh)exp(-AR(x - x4))

where AL = l-(x3/x2) and AR = 1-(x3/x4)

to make t(x) tangent to f£(x) at X,

and xa. 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(xz)(x - xl)/(x2 - X

= £(x,) (x4 - x)/ (x5 = %,
Both functions are shown in Figure A.

Based on these functions and the

f(xz) + (1 - f(xz))(x =

f(xa) + (1= f(xa))(xﬁ -

) 0 < x S

1A

xz)/(x3 - x2) X, < x
x)/(xA - x3) Xy <x < x

) X, < x.< 1

squeeze technique discussed in

Section 1, algoritim G2PE can be implemented as follows.

Algorithm G2PE

Initialization
1/2
1. Set Xy &=~ 1, D X4 s AL s X, = %, fz 0
If D 3.x3 go to step 2. Otherwise set
X, = Xy - D, AL =] - x3/x2, X, = X, + 1/AL,
and fz = f(xz).




2. Set x4 =X 5 4

£, = £, pyp =%, - %5, Py =Py -~ £,/2

3 + D, XR =1 - x3/x4, X. = x, + lllR.

L,
P3 = Py + fa/kR.

Generation
3. Sample u, v v U(0,1) and set u = up,.

If u > P> 8° to step 4. Otherwise set x = x, +

If x > x, and v E_f4 + (xa -x)(1 - fé)/(xh - x3)),

3

deliver x. If x < x3 and v = f2

(x, - %,), deliver x. Otherwise go to step 6.
3 2

+ (x - xz)(l - £/

2)

&o  Ef u > P,» 80 to step 5. Otherwise set u = (u - pl)/(p2 - pl),
X =X, - Zn(u)/AL. If x < 0, go to step 3. Otherwise set
v = vfzu. If v f_fz(x - xl)/(x2 - xl), deliver x. Otherwise

go to step 6.

5. Set u vE u. If

(u - pz)/(P3 - pz), x=x, - 1n(u)/kR, v = vi,

v

A

fA(XS - x)/(x5 - xa), deliver x.

6. If 2n v j_x3 Qn(x/x3) +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:
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Figure B. Algorithm G4PE for o =5,




Algorithm G4PE

Initialization

11

2. Set X, = %, + D, Xg = x4(1 + 1/D), AR =1 - x3/x5,
f4 = f(xé), and f5 = f(XS)' Set Py = fz(x3 - XZ)’
Pp = 5,05 = 2g) T pys g = £ (3, ~ %)) 49y,
P(‘ - fs(xs - xa) + p3’ PS = (1 = fz)(x3 o~ xz) + P4,
p6 . (l - f4)(x4 = x3) + ps’ P7 -~ (fz - fl)(xz = xl)/z + P6,
Pg = (f4 - f5)(x5 - xa)/Z + Pys Py = -fl/kL + pg»
Pio = £5/23 + Py
Generation
3. Sample u v U(0,1) and set u = u P1o* If u > P,» 80 to step 7o
If u > P> 80 to step 4. Otherwise deliver x = X, + u/fz.
4. If u> P,> 80 to step 5. Otherwise deliver x = X, + (u - pl)/fa.
5. If u > P3» 80 to step 6. Otherwise deliver x = Xy + (u - pz)/fl.
6. Deliver x = x, + (u - p3)/f5.
7. Sample w v U(0,1). If u > Ps» 80 to step 8. Otherwise
set x = x, + (x3 - xz)w. If (u - pa)/(pS - p4) < w, deliver x.
Otherwise set v = f2 + (u - pé)/(x3 - x2) and go to step 13.
8.

1/2
3 3/ » Bpmmgm fyon By = 0

If D> X3, 80 tO step 2. Otherwise set X, = x

Set x, =a -1, D = x

g =R

X = x2(1 - 1/D), AL =1 - x3/xl, f1 = f(xl), and f2 = f(xz).

If u > pg, go to step 9. Otherwise set x = x; + (x, = x,)v.
If (pg - u)/(p6 = Pg) > w, deliver x. Otherwise set

vty lus ps)/(xa - X,) and go to step 13.

i,

-




10.

11.

12.

13.

If u > Pg» 80 to step 11. Otherwise sample v, v U(
1473 v,y > w, set w = Wy If u > P;» 80 to step 10.
set X = X

o (x2 - xl)w, woe o Jwle = ps)/(x2 -

If v f.fzw’ deliver x. Otherwise go to step 13.

Set x = x. - w(x5 - xa), v = f5 + 2w(u - p7)/(x5 =

to step 13.

If u > Py> 80 to step 12. Otherwise set u = (p9 -
x=x - (Znu)/AL. If x < 0, go to step 3. If w<

deliver x. Otherwise set v = w fl u and go to step

Set u = (p10 - u)/(p10 - p9), X = xs-(lntﬂ/AR. If

w < (AR(x5 - x) + 1)/u, deliver x. Otherwise set v

If &n v > f(x), go to step 3. Otherwise deliver x.

0,1).

Otherwise

xl).

xa) and go

U)/(pg i Ps):
(AL(x1 -x) + 1)/u,

13.




3. COMPUTATIONAL RESULTS |

Based on the findings of Cheng (1976), Marsaglia (1977) and
Tadikamalla (1978b), 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 RGAMA.




Marginal Generation Times (in Milliseconds)

and Memory Requirements

Method
a RGAMA? GAMMA  GB G2PE @4PE
1.0001 .53 .56 .70 .46 .39
1.2 .53 .61 .67 .45 .33
1.5 82 .64 .63 .41 .33
2 .52 .70 .62 .62 .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~,83P 101-1.57°
Memory
Requirements® 538 316 290 405 566

s implemented using the KK normal generator. For the implementation
using the polar method, add approximately .09 milliseconds for all o
and decrease the memory requirements by 224.

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

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

10




Each of the algorithms requires a one time initialization. In order
of increasing set-up time the algorithms are GB, RGAMA, 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, RGAMA is fastest for M< 3,
G2PE is fastest for M = 4 or 5, and G4PE is fastest for M > 6. For a > 2,
RGAMA is fastest for M < 7 and G4PE is fastest for M > 7. For no combina-

tion of o and M is either GAMMA or GB the fastest algorithm.

Memory requireﬁents are also shown in the table. 1In order of increas-
ing memory requirements the algorithms are GB, GAMMA, G2PE, RGAMA, and
G4PE which includes necessary routines such as ALOG, EXP and SQRT. However
RGAMA requires a normal variate generator, which as implemented here is
algorithm KR given by Kinderman and Ramage (1976) with memory requirements
of 289. While a normal variate algorithm requiring less memory could be
used, marginal generation times would increase for RGAMA. 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. 1In 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.

11
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b APPENDIX
PROGRAM MA&ALIN (INFUT«OUTP| TeTAPES=IAPLT«TAPER=0| TEUT)
°C BRUCE SCHMEISFR  JULY 12,1978 SCUTCFPN METHONTISY LNIVERSITY
€ TO COMPAKRE GAMMA yARJATE GENERATION ROUTIANES
C A = SHaPE PARAVMFIEN (F TeE GAMMA DISTRIBLTION
. DIMENSTON NANF (8),4,A¢(10) 3
i VUATA NAME/FTANI#92ManS2,2CHNG2,2C2FF2,#G4Przy
£ DATA 4S/1¢VU0019)102%1¢%5e2,93.95¢980420,9100_,1000,7
i BETA = 1.
N = 10000
C
DO 10 1=1+10
ALPHA = AS(])
¢
QQ,ZQ lzlcq
SUM = 0. {
SUM2 = (e = |
TIME = SECOND (X
C

00 30 K=1eN
GO TO (1e233s4e8),
1 CALL GAMMA (ALPHABETA,ISFEC,X)
GO T0 15
2 CALL ReAM(BALEHAWPETAISEEN X)
GO TO 15
3 CALL GR(ALFHAGRFTAYLESEED,Y)
Go TO 15
4 CALL G2PE(ALFHAEETA,ISEFDX)
GO TC 15
— 5 CALL GuPE(ALFHA EETALISEEDX)
1S SUM = s M + X
30 SUM2 = SLMZ + Xux

TIME = (SECOND(X)=TINE)®#yJ000/N
1 SUM = suvm / N -
‘ . SUMP? = SLVMZ/N = S|iM#s|iiM
20 WRITE (6e101) NANE(U) ¢ALEHASUMeSUMD 9 TIMFE 9N
101 FORMAT (#0%s849u4F1Ceay16)
10 CONTINUE
STCP
END
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' cruuaﬁl
SPAGEISBESI;UMﬂggng“(
?t::ﬂ coryY FUR‘.NISHLD ™0

SURROULTINE RGAM (A, RETA, ISEFPyRGAME)

r BFLCE SCHMFTCSFR  JULY 12,1¢c7”f SJUTHERN METErDTST UNIVFFESITY
¢ TC GEMERATE STANFAPL GAMMA VAR[ATES L SING MLFCACLIA#S CCFCTF W2 THCD
C REFERMCE HIS ARTIFLE IN COMP. ANC MATH, WITH 3PBETEAiIEL<
¢ VCL 3,PP.321=32%, 1677
[ A = SHpPE PARAMETFR
¢ X = GUNERATEL VAPTATE
€ A MUST 3E GREATER THAN 1/3 AND HF FESCC™MENDS A LT, 2
(=

CATA R/ W/

IF (R 4=¢, AY GO Tr 1

P o= A

S = 43323323/CCPRT(2)

710 s 14=147320F1%#°

CC = A » 20%%2 = ,5%(C=],73205]1)%#2

CL = 3,2A=-1,

CS = 1,-S5%¢
€
() REJECTI/N PRPNCEDI'RF BEGINS KERE
C

1 CALL NOFMAL(TSEFN,Y)

Z = S*x ¢+ £°

IF (Z +LEs Co&) GC TC 1

RGAMA = s%7%*2

b = =ALCG(RANF(TISEFN))

CO = E + SoY¥#? = QRGAMA + CC

T = 10 - 70/7

IF (CO + CL*T#*(]1,4T%(,54,3233232%T)) ,CT, Co) ¢C 1C 2

IF (CD + CL*ALCG(7/70) LT, O4) GN TN

2 RCAMA = RGAMARPFTA

FeTLRN

EMND

SURFOLTINE NCOMAL(TSFEL,X)
,
¢ GENERATTION FCF ANMC NOBMAL(O,1) VARIATFE USINEG
€ THE ALGRPJITHM GTVEN BY KINDERIMAN AND PAMACGF
& IN THE JOAURNAL CF TKE AMERICAN STATTISTTICAL ASSCrIATICN 1277¢
r. .
r CCDED BY PETER RONNER AND PMODIFIED RY RRULCE SCHMETISFEF
(o MARCH 1977 AND JUNF 1677 RESPECTIVELY
c
¢

DATA TAIL/2.216035RATVEH4T7]/

LU=RANF(]ISEFT)

JF(UL oGt ¢oBR&CTCLN272987FFR) GO T 2
(>
(o RETUFN TETANGULARP VARIATE €8 PEPCENT FF THF TIVF
o

YsRAMF(ISEFN)
X=TAIL*(14131121£63F4441F0*LU+Y=1.0)
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RETLRN
TE(LLaLTee97231CCSLYT72€CE) GO T 4

TAIL CIMPUTIATINN

VaRAMF(ISEFD)

W=RANF(ISEFP)

Tl=TAIL*TATL/2.C

T=Tl=ALLG(Y)

JE(V*VAT GT,T1) 6N TN 3
X=SCRT(2.0*T)
IF(UUeGEeeQBEEESATTORESGHSC) X=X
RETURN

IFCLULT.eQ5RTZ0CP267904632) CO TN 5

FIRST NEACLY LINFAR NENSTTY

VE=RANF(TSERD)

w=RANF(ISEED)

7aV=Ww

LET V= MAX(V,W) AND LET WsMIN(V,W)
IF(VeGTow) GC TC 100

TEMP=V

V=W

w=TEMP

T=TAIL=-.€30824P016G2196(C*\
IF(VOLE.o7555Q1531647€C1) GO 10 9
DIFF=EXP(=T*T*,5)/2,50€662R27443100-,1800251610€RF,(2%

* (2.21502FP€T71£6471=ARS(T))

IF(ABS(Z)%,034240503750111.LE.DIFF) GO Tr ¢
GO TP 5
IFILLLT4eG112127RC27F703) GO TO #

SECOnD MFACLY LTNEAR CFENSITY

V=R ANF (TSEFD)

W=RAMF(ISCEN)

1zV=W

LET V= MAX(Vyb) AND LET baFIN(V,W)
IF(V.CTew) GO TC 101

TEmOsY

V=

w=TEMP
T=2e47972740622266141.105473661022070%W
IF(VeLE, B72R34076A71760) GC TN 9

DIFFsbXP (=T*T*,5)/2,50€629274€3100=,18CC251G1CEF562#
* (2.21602FF£715K4471=ARS(T))
TFLABS(7)#,04026440437212684LELDIFF) GC TC ¢
G0 10 7

THIRD NFARLY LINEAR CENSITY

V=RANF(TSEEN)
bERANF([SZFN)
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I=\=b

LET V= MAX(Vyb) AND LET k=sMIN(V,W)

IF(VeGTow) GP TN 102

IEMPay

V=w

waTFMP

T2.4797274062226461=.5G550713EC15940%W

TF(VLELBOEETTG24423817) GO TN 9

NIFFaEXC(=T*T*,5)/2,5C€€2R2764631C0=,16CC251G1CCESE2
(2.2160235R€71656471=A881(T))

IF(ARS (7)) %, 523774 R0ERRELFSOIFF) GC TC S

GO 10 8

x=T

TF(ZeGEeCeOQ) Y==¥X

RETLRN

END

SUBRCUTINE GE (ALPFAGBETAVISEEL 4X)
BRUCE SCKFMEISFR AULEUST 441978 SMUTIFESN McTHEORTIST UNIVER

GAMMA VanlATE GFNERAIER, KFFERENCE CHENGs AFPLIFD STATIS
(1977)«2601¢71=-7%,
ALPHA = &HAPE FARAVNETER

A olnAan|n

BETA = SCALE PAERAMETER
ISEED = RANDCM MULMEER SEen
X_= GEMNERATEC GanmME VARTATE

€

DaTa ASAvE /-1,y
IF (ALPRA <EG, ASAVE) Ge Tn 100

s

Canaue INITIALLIZATICN

ASAVE = Al PRA

B,

A le / SURT(ALFHA+LLFHp = 1,)
8 ALPHA = 1.,38626
AL PrHu + 1./A

c

CHaRBeGENERATICM OF ONE CamvMmp (ARTIATE X

C

100

= Raink {ISEEDY
= RANF (ISEED)

Ul
uz2
) A » BLOGIU1Z(1e=L 1))

ALPHA # EXP V)
uleul®u2
B+ (%Y = X

X N X<

IF (R + 2.,5040774 = a4,8%5 ,GE, 0e) CO TC 200
IF (R JLT. ALOG(Z)) GC +vn 10n

200 X = BETLuX

RETURN

END
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COPY F

SURRFLT IMNE G2PE(ALPHA,EFTA,ISFFD,Y)
WLy 12,1678

REJECTINN AND PFCTANGULAR KEJECTICN
CISTRIBUTICMN,

£ = THE SHAFF PARPAMETER (8 LGT, 1)
X = THE GENFCOATED VALUE

CATA ASiVc/=1e/sYLL/1,4/

IF (ALPFa +FC, ASAVFY €0 YC 100

Favsas SET-LP REGTNC HERF

c

r

10

ASAVE = ALPHA

X1 = Q.

Y2 = 0.

F2= Q.

X3 = ALFFA - 1

C = SCRT(Xx?2)

IF (D «CEe Y2)
¥2 = X3=(C

XLL = 1o = X2/Xx2
Y1 = X2 ¢ 1/7¥U!¢
FZ = EXT(XA*ALLG(X2/Y2) + X3 = X2)
X4 = X3 + 0

XLR = 1, = ¥Y2/X%4&

XS = X4 ¢ 1/7Y%LP

F& EXFP(X3I®ALCE(YSL/Y3) + X3 = X&)
°1 X4-x2

P2 Pl = F2/¥L1

F3 P2 ¢ F4/Y(LE

GN T 10

(*****VARIATE GEVEPATTCNM PRCCEDLPE BSGINS HERE
r

S0

an

1606

110

2¢C

U = FANF(LSEFC)*P2
V = FANC(ISEFD)

RECTANGLLAR RFJYFCTINN

IF (U +CTe 21y 69 77 200

X = Y2 + U

IF (¥ +LTe X2y GF T 110

IF (V oLTe F6 ¢ (Yo=X)*(1=F4)/(¥Y4=¥3))
Gt IC 4uC

IF (V oLTe F2 ¢ (X=Y2)9(1=F2)/(X3=¥2)})
GN T 4CU

LEFT TAIL GENFQATIMON

IF (U «C(Te P?2) €O TR 300

L = (U=F1)/(FP2=P1)

X = X2 = ALOG(IUY /7 XLi

I (X «LTe 04) G TC 100

V=V * F2 » |

IF (V oLTe F2 * (X=Y1)/(X2=X1))
GO 1 440

G0 Tr 500
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KIGHT TAIL GFENFRATTINN

L = (L=F2) / (P3=02)
Y = X4 = ALPCG(L) / YLF
V=V * F& * |

IF (V oLTe Fa*(¥5=Y)/(XxE=Y4)) GT TO 5CC

FINAL RIJECTICN Tov

IFLALOGIV) GT, X3#ALCG(X/X3) ¢+ X3 = X) EC TP 1CC
X = X*R: TA

RETLRN

END

SUARCLTTNE CaMMA (MLOPHE, BETA, TSEFPR, ¥Y)

BRUCE SCHMEI SFF SNU'THFRN METHCOIST UNMIVFRSTTY MAY 24, 16G7°R
T3 CGENcFATE FAVMA VARTATES WwITH MEAN ALPHA#RETL
ANC V/RIANCFE ALPHASBETASEETA USING TANIWMAMALLA%#S ALGCFTITHM
CESCRIREN TN GFNFRATION CF GAMMA VARIATES == 17
TC APPFAR TN C2CM,
VALIC ONLY FPR ALPHA LCT. 1

DATA ASAVE/=14/
IF (ALP+A LFC, ACAVEY GC TO 10Q

SET = L2 FONSTANTS

SAVE = ALOHA

ALPHA = T,

05 + JE¥CTCRY ‘“o“LohA-g)
L % (l,4R) /7 ®

(8=1s) / (p%R)

EXP(=4a/2) / 2.

A
A
8
c
N
€

GEMER/TIPN NF FANEC VAFTATE

U = F ¢+ RANF(TSEFN) % (l,<F)
IF (U «CTe «5) GN TCQ 200

Y = A ¢ ReALNG(L4Y

IF (X «LTe Os) €GN TN 100

Y = p =X

GC TC 3.C

X =2 A = REALDC(24=l=1))

Y= ¥ = A

L = RANF(ICTEFM)

IF (ALOC(U)Y oCT, (A+ALCG(D*X)=X+{Y/8)+C)) CF TC 1CC
Y = Y#8¢TA

RETURN

END
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SUBFOUTIME G4OE (ALKFAJBFTALISFEC,X)
BRUCE SCHRMETSFR JLlLy 1078  SQLTHFas _METEROCIST UANIVERSIT

GENERATICN CF ONME FSeUCN.PANDON VARTATE USING
THE FOUR PUINT METFCL wIvii EXPCNENTTIAL TAILS
FROM ThE GAMMA DENSLITY F “NCTIOA

ALPHA = SHAPE PanaAMETER
BETA = SCALE wapaMbl1ER
ISEED = nANDCM nuwErp SEED

2XaNalaNatelaa el

X = GENERATEC GawvMA VARIATE
REFEREMCE Be SCHMELSER SGFEZE MNFTHCDS FOE GAMMA VARIBT:
GENFRATIUNs OREM _TECF cfFFQRT 7800q  JULY 1978

C

DATA ASAVE /=le/sXLLs=1l,/,
IF (ALPrA «EG, aSAVE) G Tn 100

c®
C

#eve INTTIALTZATICN

ASAVE = usfHHp

X1 = x2 = Fl =
X3 = ALPFA = 1,
0 = sapT1(Xx3)

Feg = 0,

IF (D .GE. X3) G0 TC lo
X2 = X3 =D
X1 = X2%(le=1,/n)

ALL = )a=X3/X1
Fi EXP (A3¢AL0C(X1/X’) X3 = X2y
F2 A3« LY X3 = X2,

E
o

10 X4 X3 + 0
x5 Xaw {leel, /n)
XL = 1, = X3/X5

nn

Fa EXP (A3¥ALNGC (X4/7X2) + X3 = Xa)
Fs EXP (A34ALNG(X5/%X3) & X3 - XK)

lale)

CALCULATE PRCRARILITY Fogm EACH OF THE TEN cEGICNS

’

P F24xX3=Xx2)

Fat (x4=x3) + PL
Flu(x2=x)1) + Pg
P4 = Few (XS5=x4) + P13

1
Pa
P3

PS = (14=F2)8(X3=-X2) + Pys 3
P6 = (1.=F4)#(Xa=x3) + Pg
P7 [E2=Fl)#(XoexX])4,6 , Eg

P8 (Fu=FS)# (Xg=x4)9 & |, PY7
P9 ~Fl/XLL + PH

C

ElQ = FR/XILB & pYG

Cua#asGENERATE ONE GAMMA VARIATE X

o]

’0

100 U = RaANF(ISEED) < Plg

IRE FCUR KEGICNS WITH ?FRQ FRCRARILITY AF REJECIICN

c
{8
<

IF (U ,67. P4) €0 TC S04
IF (U G1. Ply €Gqa_T€ ZOA

X = X2 + U/Fg
GO To 1au0
200 IF (1! . GT. Pz G TC _20n

SO

X = X3 + (U=Fl) /F4
20
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y ALITY FRA
FRUM COtY FURNISHED TO DDC g

GO TO 14uC

5. 200 IF (U_.6T, F3) GO _1C _40A
X = X1 + (U=F2) 7 F1
GO TO 140

Q. 400 X = X4 + (U=F3) /s FS
GO TO 1440
c
¢ THE TWo WKEGICNS LSING_EE-TAMGULAR S ECTION
¢

1’ 500 w = RANF (ISEEN) ‘
. IF (U .6Tle PS) €GO _TO €00

X = X2 + (A3=%X2y & = )
IF ((U=K2)/(F5=p4) «LE., wy GO TO 1400

V.= F2 +» (L=Fg) /7 (A3=%p)
Go TC 1302
t? 600 IF (U .6T. P&y G0 TO 704
. X = X3 + (A4=x3) % w

IF ((Pe=U)/ (Fb=pZ) «GE, w)y GO TO 1400
V = F& + (U=FG)/(X4~23)
GO TQ 1300

THE Tw0O TRIANCGULAK RERICNS

a¥aks)

il 700 IF (U .GT. PE) Go C SO0n
w2 = RANF(ISEFC)
IF (W2 .GTe W) d = W2

IF (U .Gle P7) GO TO E0p
X X] + (X2=X1)y#W
v E]l + Dottt (11=pE)/ (X22X])

IF 'v JLE., FZ#wy €0 To 1400
GO TO 1300

/6, BOO A = X5 = W¥(X8=vg)
V = F5 ¢ 2e#nt(y=p7)/(X5.Y4)
G0 YO 13090
_ .
€ THE TwO EXPGNENTIAL ReGIONS
C -
. 900 IF (U .6l. PSY GQ Te 1040

= (PO=U)/ (FQ=p&)
= X] = ALOCG(Uy/XLL
1E (X JlEas 0a) GO TC 10Aa

U
X

IF (W oLTe (XLoiXl=x)+1 3/0) GC Tn 1400
V = wi#F %Y
GO_T0o 1300

/:!. 1000 U = (P1n=U)/(P]g=P9)
= X5 = ALOG(U)y/ XLk

X
1E (w 1 T. (XIRe(XS=X) +3,32U) Co TC 1400
v

= Weépg#U
C
F PERFQOKM TrE SIAMCARE oF JFCTIOA
c .
/:; 1300 IF (ALOG!V) 46T, X3%aLCG(x/Xx3) + X3 = ¥) g0 To 100
®__ 1400 x = RETA®X
RETURN
END
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