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ABSTRACT

This report gives 74 functions apnropriate to use to test pronrams
wvhich solve one nonlinear equation in ope real variable. The functions

are given in a Fortran subroutine as a two-dirensional array.



A SET OF 74 TEST FUNCTIOMS FOR MOLINFAR FOUATION SOLVERS

- —— ———

which have been gathered as a set of test functions for a nolyalporithr

to solve F(x) = 0. These functions are arranged in a two-dirmensional

array whose indices are passed throurh the block common
COON  /FDATA/ J,3J

and thus F{x) can be used in its simnlest form. The ranres of the indices

are
J=1 33 =1 to 14
J=2 JJ « 1 to 12
7=3 JJ =1 to 10
Js 4 J) =1 to 24
J=5 JJ=1to 14

These functions may be classified into overlanpine eroupns accordine to
various properties the functions possess. This classification is given
below with the notation that 3-8 denotes the eighth element of the
third group (i.e., J = 3, JJ = 8).
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SI!IPLE (25 members)

1- 7 1-11 2- 2 2- S 2- 6 3- 3 3- 4
4- 2 4- 3 4- 7 - 4- 9 4-10 4-11 a-12
4-14 4-15 4-17 4-18 4-19  4-20 4-21
4-22 4-23 4-24

CLUSTERED ROOTS (7 members)

1- 6 1-10 5- 1 - 5= 2 5- 3 5- 4 ~ S- 5

MULTIPLE ROOTS (14 members)

1- 2 1- 3 1- 4 1- 5 1- 6 1- 9 1-10
4- 1 4- 4 4- 5 4- 6 4- 8 4-16 5- 8

FRACTIONAL ORDER ROOTS (7 members}

1- 3 1-10 2- 8 3- 4 3- 7 5-11 5-12

DISCONTINUITIES (4 members)

1- 5 2- 9 - 2-10 3- 2

ASYMPTOTES TO ZERO (6 members)

1-12 . 5« 6 5--7 5- 8 5- 9 5-10

ROUND OFF SENSITIVE (5 members)

1- 8 -9 2- 4 2= 7 3- 5

NOMN-FINCTIONS (3 members)
3- 8 3-9 3-10

PATHOLOGICAL (11 members)
1- 3 1- 5 2-1 2- 4 2- 9 3-1 3- 2
3- 4 3-13 5-11 5-12

BADLY SCALED (6 members)

1- 1 1-11 2- 1 2- 3 5-13 5-14
FROM 'REAL' PROBLEMS (2 members)
1-13 2- 7

(A number of other test functions from 'real' problems are available, hut
they require too much Fortran code for inclusion here).



FUMCTINM F(X)
CO DM FRATAY JeJ)
PATAE P /3,1615926 /
CO TO(Y 020 7,307 ,400,500), JJ
C TEST CUNCTICNS N USE SUMMER 1957
1CO COYTIMS :
O TCl152523444595,7s0,9,10,11,12513y,J

1 F = (X=cl2( rR}F (X o 2TC+8 )% ,]17=0
PETURY ’
2 IFIAMS5(X)aToT4E?2Y X = Jo.FR
F = AOSIX—a, ) 2% ,%
RETURPM ’ ' .
3 F = APS(X—3A1.2)¥*T7HAS(X+1657-2)%%] 5t ({X=al1"-06) /ANS(X-a1E-10)}
DETLRN
& YALOR = 0.

IF(XNTLD,) XALOZ = Xx*ALOC{ARS(X))
€ = (X=<11,257)y%#2A#(cD #)X—_1%#XALOGHE? ~7,)
RETUPM
L) COMT MU=
TELANS(X),"F N, 9) <0 TO S01
TF{X,LE.=.4) T = SIN(& *X)
JF(X.fT=et) F = 1
[F{Xe~EL—al15F~"3) (¥4o2C=CRY /X¥ (X~ 2F~0B)/X
1F(xX, "E_=-1,7=-"0) f (X+2200C] )% (1.+COS{4CC*Y)/2.)
TF{Xe " "uol)) T PRG{Xm 2 ) 8% L¥X
. JE(X.0:€..,5) F ARS{X=,0L) 482
< FFCAPS{AY.ABE,0,7) F = APS(X)
IF(XoCTu220 g AND X LT o603, ) F = (X=3N0,)%{X~214a)*#(X=399,}*#2

RETURN :

. F o= APE(X=17,)%%0%p0S(X=17,1)1%%1,R¥(X-20,)
DETHPN

7 € = (V=) ) E (Y= ) R(X=2 ) RIX s )R IX-5 1 ¥ (X—A,)
PETDON

& F o= LOIX=21,)*X+175, ) #X=T735, ) ¥X+1624,)#X~1764,) *X+T720,
FETYDN

9 Y = X + 1,111 .
€ ="l = YR (1" e=Y#(Ra ,~Y%*{12,-Y)))
PETLON

1°. vV = X = 1212,

TREATS{Y )} oRT o 15+T7) ¥ = SIAN(1F+74Y}
T = ALORIC (1,4 Y™ ¥#D )% (Y416, )#SARTIAPS{Y-R.))
QQTUPN
11 Y = SOPT(ARS(X=207,1)
TF{APSIY) LT400,Y O TO 1119
€ = ALORIG{O7,)#COS(]12,0 J4+{X=4N0, )% {143 % (X=400.))

RETUMM
1116 = ALNARLC (1. +YRED Yy HC0S(X /40, y
DETUDM
12 F o= 1./(ADS(X#X¥X)+1,)
PZTURN .
C FORESTRY - INVESTHFNT RETURN FUNCTION
13 Y = 1 + X )

3 ]



C

2=l
20
101
21

22

’a
L7

P o= 20,/Y%%16 L3R, /Y%%26 44q0./Y¥%33 4475,/Y%%a0 -1, 12%¥(Y¥¥*40~1,)
) JUXEYRELTY) =4 & —A /VERL =2 yykita

RETYRM ‘

T=ST FUNSZTICMS OF S°PT, 1967

COTO(27 9213229223249 25,2632732P3299290+291)J
IF{(AP5(X) LT, 1l.F+8) =0 TO 101

F= 1.222F+9 = APS(X)

RETURM }

F = To4 X¥¥#4

PFTUPN

F o= S1v(X)

CETURN

€ = rDdS(,071%X)

PETUPN

 F = (X+To)¥(X4+C )2 (X=27,}%#({X—1043,)

IF{ 2RS{F)Y.LT. 1.F=82382S(X) ) F =12,
PETUPN

NO "7 1 = 1,47

RU = FXP(a, ) #({DU+1.)/7(ARS(NUILCUS(2))
Y = APSI(X)

Fe CIM(X)®(X¥#241,) — EXPUSORT(Y)/10.n%(X=1. )% ( X+ #2=5,)

" RETUPH

2%

&D1

71

7.7

TCR
27
2P

29

[F(U AR&(X) .GT 650N,y +0 TO 601
F o= SINEX)*Ux#2D 41,) — FAP(SQRT{ARS(X) )1 ¥(X=1,)* (X%#2-5 )
2ETURM

F = 1,C4+20350I0M(] 2X¥=R_,0)}
RETUPM '
MINIMIZe INTEFARAL  EXPIXTI(T®T+1) — (T#¥242) O (0s1)
1790 = ) : :
2 = X#*(,0700a2) = 7, c—r¥S|GN(]asX)
i=" . '

MO 701 1 = 2Hal
= FLOAT(I-1)/74D,
o= rop U TXD{ZRT ) (TH#2+] ,) =(2.4+Txk2) ) #i#y
=(Pe%” + 1. + (TXO{Z7)#2,-3.)%¥%¥4)/90,
O TO (702,70%), 1700
1l =

Z = X¥(1.002071) +1.7~2%SICN(],9X) '

2

GO TC- 792

FoStR =TI/ (2,658 42050 X) ) ) ¥*SIAN{L1,9X)
RFTUPN

E = {AaS({XanDa )i 4

PETUNN

F =(X=2, )}/ (X=4, )} (X8, )/(PRS{X=Ro )*F AZSIGNI]o s X6} ) IX¥X+].)
QETURN

IFL ARS(X) LT, 10, ) £O0 TO 1nlQ

F = APSQ(X+T, )42

M
~J
]
2
1



1610

70U

20
s

272

0‘]&

LAl A
91~

g

EX-S

oY ok J R LTS

F o= SIANTY +X#XySTNIXY)

RETURN

F = SIAN(]  +X#XsSTIVIX))

REFTURNM

JFCO  2PSIX)

CTe £2.0 ) X

F o= CXP{=X)* {1, +,5%5TN(X))

RETURN

eEUMCTIOMS OF FFP, ]QAP
COTO(30,31,1?,?3,?4,’5,?6,37,jﬂ,39),J

=1,

IF( wCTe 1010,

PETHRN

+F( XOLTO
[F( X%
IFlL X, 0
JFl XofTo
TF{ XMW"

IF{U XoGF .
;F( Xaliw
TFU Xoriv,
PETY"

-qo
-’30
-7,
-1,

"111

0.

2a

‘ll

}

)

}

«AlNs XalTe

F=Q,

.,BNT‘, ‘nLTO-ZQ

=z =1«

s ANDY, x«LToTlu

oINPs X LTl

-JAN{ S X(pLT’)?o
wANN, XaLTe4,
F=COS(X=4.)

)

)
)

)
)

8R.0*ST1GN{1.0+X)

1V02, ) F= (X-1001.)%*Z2c>1s

F=X4+2,

-

F=1¢
Fs2.%X#¥X -1la

F=x‘10
F=X"3 e

F = SIMIPIZ{AMAX)(1F-12+ARSIX})I*SIGN(L,.9X)) ) *X

RETLEN

Y==X

TRIY.re, i

Y=X=-1.

lF(Yf-G:\.OJ

LEIA |
7.=Y
Y= ¥=A

)

)

IF{Y.G5.0,)

ro= J)RA
GO TQ #1nR

~O0TO 214

rnTo0 714

GOTD Rr1a

TFI YuLTe =2)170TH o1r

Y==?
F=y
PETYRN

Z = AAREYI(Y F=n0,Aa=5(¥X))
E=X=1o0/SORT (10414 /(2%#7))

RETIEN

Fz (Y41} /(XN=EX+D2, )

PETI)OM

Y=1 .-"X

IF{ Yor"6eQ, )

GO 0 714

PISTIX+151710 1/10n,==~ )

DIST{Xa4l131Cs X} Ny=em= }



25710,

718 Z=Y
Y=A=X
TR Y,nT20 ) =0 TO 712
ARARYD
GOTN 715

712 TFLY olLSe=2 3y O TO 714
Y= =7

710 F=Y
RETIINM

%27 F o= STYIPI/ZSORTIAF C(X)))*Y
PETUPN

729 F=N,

DETUYRY

70 YaX4],
F=%.
RETLIPN

C
C =13PLrMS TaAXeN TSRO TRAURLO-=S ) yRALSTUH{R=15) ,0{LNeaRANNT(16-23)
ad0 conTIMIE
401 aOTO( 6 481,42,40,40 ,4% 085,47 ,48,34,50,51,52,53,54,55,56,97,5%,5%

® AU AT IR 042l ]) s )
L F s {X%{X=1,))%2D2
arTyey
4} F = XEX - 1,
RETHTN '
a? F = XHEIC - Y,
PETUYC
W2 F = FYXP({X)#{Y=1,)%%2
RETURN
4a F = X (X=10) %52 '
PETYPA

H<] F =z CXPI)(}-!-[X—1°]§-¥-7
PFTYRM

L4 £ = SIMIX) = X/2,
oETURN

47 F = {SINT Q)= Xsng)as?
NETUYRN .

4o F = XX*TXP(-X)
CF TURN

40 F = (L{4o%X =20 )%#X + Q. )8X = 18,}
PETURN ‘

BT F = ({X==,)13%X 4 17,17X + 21,
NETUPM .



"1 F = {LIX=3, %X =4 ,}1%X —15C,y¥X —~100,
RETURM .
=7 F=IJ
) Al LL = 3"’0
651 T = F¥{X—-FLOAT(LL))
DFTUD?{ .
52 F = COSUY) - XX*FXO(Y)
- RETUDM
CL F = TAR{X) - COS({X) ~.5
RETURY
5 € = ({COS{X)= XHFXP(¥))iHHq
DETUDN
S TF( Y o7Ga 0. ) X = 1 .F~280
E = X 4 ALOA[ARE(X))
PFTYNM
kY F = (X®X —1,)¥%X =1,
RETUPY
SR F = X = [ {P{-X)
RETHPN ‘
&N F o= TAN{X) = V1,71¥%Y
QETIIPN
e £ = TAMIXYY = D,7X
PETURY
£1 F = TAM(IXY) = 3N #X
2ryure ’
6?7 F = XFea =2, 4% =§
DFETHEM
£2 £ = XEUIX=14) =4 A(STN(X))=ERD2 -
e COMTIRNGS
NETUPY

FUMZTIONS OF FFPURARY 1967
S0 CONTIMUR
2O TOUT 971972, 737,72 074G, T7,T8s79,50,31,62,63) J

70 Y = ¥=112,
K7 F = SPMIY)RE1, +YFY) =~ EXPISVRT{ACS(Y))1/10,1%(Y~ L)y ¥{Y¥Y-5,)
DETHR"]
71 ¥ = X + %420, .
' IF( 2ASIY) .0Te ?.55+4 ) ¥ = SIGNI2,.5E+5,Y)
2 THD RN
72 Y = X412,
IFL #RSLY) n”T, 1. ) r0 TG 572
F = 7, ®COS(A %01 & Y)
nETURN
872 T = 1 + Y*®Y
nETULN
77 ¥ = 10, #(X4K,2)
IF{ ARS{Y) 2T, 1. ) A0 TO 573
F = Zo*COS("’o"‘pI *Y,
RETUPM
572 F = (1,+4Y*Y)#(1o4(Y=1 ) ¥(3,4+(Y"1a)%(-2.-Y)))
PETUPNM
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7

575

TA

R7¢

2

7r

70

R

&1

2

‘29

o= (N=1gT)H(X=T4 )1 )% (V=D ) *(X=2.00217{X-2,000M12) #{X-&,)*(¥~4,05)
* ¥{X=",0¢7) -

PETYM

Y= /\"5(7)

IFC Y AT, 507 ) .0 YO &75

F = FxPl-Y)

PETURN

F = olc‘-l?';

nCTUR

Y= APS(X) )

IFL Y ~T. 1770C,) GO TO 576

F = (X=1c)#{X+7.4)5EXP1=Y)

RETYRH

F = »,1F-17-<

Ll FRLeIt

Bz (X=2 )RR (X4 N ) ¥ (X=282, ) ZIXXRAE{] 4. Q%558 (X)) +,N01)F] . F+3
nETT -

T o= (X=A00 32 {X+2002 (yE{VY32 IR [(X-1N00D. I%_1-+5/F
» ({X%%¥D $£1 )% (] o4+, P*C0OS{)Y )

RETURY ,

Fom (X=2o )% (X+A )X Fi/ (14 XE¥]12,1)

ETURY ,

TFl X.7%e 24 oz YY=24)F (1, +XEY/EXP(SAURTIV) )

IFE XuLTu2eo®M™ Xa"Tot ) F = SURT(AIS({X=2,)#AQS{Y=1,))

IS XL lae ANN Y AT, 0 ) F oz XR#2,28(] ~X)%#]1,4

TFEXelL™n s AN X GTe=1) F oz (=X)1¥%]l 4% (X+1o)¥ +,6

IF(9,Le,=), ) F o= (=)1a=X)"#),8ESINL 1. /SORT(~-1.-X})
BETYPH ' ,

J&(XarT-—1,1 F
TF(XeLEo=1.) F

ARS{XYH¥] 4H (X411, ) %%, 6
(1.+X)HE2% (1. + JORXSINIL,/SGRT{=1,X)}})

PETIUPN

Y = 430, %(¥=,"1) ,

TF( AQS‘Y) nLTn 1n ) = =(Y+b?}*(Y-nQ)

IFl ARS(Y) .77, 1, ) F o= o34%{1o+STN(Y)+,1%Y¥*Y)
PETUPN

Y = 1af+o¥(X=1,E=0)

Fom (Y=4, 1% {Y42.)%(Y+4]10)

RETULN .

cMn
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