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I NTRODUCT I ON

The APLTPLUS/pC Financial and Statistical Librarv
consists of more than 200 ApL routines (programs) thai allowyou to

" perform f inancial caLculations. forecast time series. compute statistical measures. generate probabi I i ty distribut ion data. manipulate data arrays.

The routines can be used on a stand-alone basis or they canbe integrated into other ApL applications.
This manual is directed toward financial analysts,

management consultants. and appl ication developers. you
should have rudimentary ApL skills to make fuli use of theLibrary ( see !ha!_!oU_Need_To_[qAt_AbSu!_Ap! ) .

QrganlgEgi on_qf The_UAnua I_A1d_Dqcumqn t a t i on_Cqnyenglon s

The Reference ManuaI comprises !his lntroduclion, fivechapters.. and-an alphabetical index of routines. Chapter 1contains brief summaries of aII the routines in rheFinancial and Statistical Library. Chapter 2 describes theroutines in the FINANCE workspace. Chapter 3 describes theroutines in the E0RECAST worklpace. Ch-apter q describes theroutines in the pR0BABILITy woikspace. lnd Chapter 5describes the routines in the Sf/4II^SIfCS worksbace. The
manual states and illusrrates !he algoritl:ms empIol.ed; it isnot intended as a tutorial in either the theorv or
appl icabi I i ty of the Library rout ines

The types of information included in ihe detai 1ed
descr ipt ions are

. Program: lhe name of the ApL routine.

" Group: the category that coniains several
functionally related routines. These groups have
been formed to help you search the Libiary forparticular capabilities: they are not groups in the
APL sense.

" Syntax: a symbol ic representat ion of hov a rout ineshould be used. The syntax depicts vhether theroutine takes a right or left argument. or returns
an explicit, assignable result.

Copyright 19{1 3 STSC, Inc Financial-Stat ist ical Lib.



. Subroutines: a complele list of aII other routines
required to run the routine under consideration. To
use a routine in a different operating environment.
copy it and alI of its subroutines from the Library
workspace and save them into the new workspace.

. Description:
does.

a brief summary of what the routine

. Input: a description of the routine's argument(s)
as shown in the syntax.

. Output: a description of the explicit result ( if
any), any global variables produced. or other
information printed ( if any ) when Lhe routine is
run. Discussion of the algorithms employed is
usually included in this section.

. Examples: a sequence of actual executions that
illustrates most operational variants.

" Notes: any supplenentary lheoret ical informat ion.
special pointers or cautions. or arnplifications on
the examples.

In the examples in the nanual. user entries are
indented six spaces to distinguish them from system
responses. This convention matches sysien behavior,
However, where user entries exceed lhe page vidth. Lhe
second Iine is indented three spaces. (There is no indent
on the systetn in this case.) l.lhen a system response exceeds
the page width, the second line is indented six spaces.
matching system behavior.

Hor,/_Tq_cel_E!alted

The Financial and Statistical Library runs under the
APL'PLUSiPC Application Development System, which runs on
the IBM Personal Computer and ceriain other personal
computers. Your personal cornputer should have at least 255K
of RAM memory and one disk drive. (If you have less than
256X of RAM memory, you will be able to copy individual
routines from the workspaces on the disk. but you will not
be able to load an entire workspace. ) The Library consists
of one disk containing the application softvare (four APL
workspaces on side one of the disk) and this Reference
ManuaL

To prepare your computer to use the Library. you must
Ioad the Disk Operating System (DOS) and the APL'PLUS/PC
System. (Refer to the installation instructions that came
with your APLIPL,US/PC System. ) You do not need to leave the
APLTPLUS/PC System disk in a drive unless you plan to use a
system HELP facility fiIe. (The HELP facility is only
available vith Release 3 of the APLTPLUS/PC Svstem. )

Copyright 1983 STSC. Inc Financial.-Statistical Lib.



Insert t.he Financial and Statistical Library disk in anavailable drive. If the disk is in disk drive A, you load
vorkspaces lrith the APL tibrary number 0 (zero). for
example, to .load the FIII,{lrCE workspace, enrer:

)LOAD O FINAIICE

If the disk is in disk drive B, use the Iibrary number 1.
and so on.

To copy particular routines from the workspace. enter:
ICOPY O FINANCE DIROR DCF IDF IROR

You can omit the library number if the disk is in your
default disk drive. Once you have loaded one of the
workspaces. you can begin to use the routines in that
vorkspace.

Because of the eight-character lirnit on r"rorkspace names
in the APLTPLUS/PC Syslem, the pROBABItf?y and STATISTICS
workspaces appear in the softvare as pR]BABIL and Sf,{ff.t?f.

Ehe!_!eu_Nesd_!o_Koov_Absu!_Ap!

The APL knowledge needed for direct use of the Library(as illustrated in this manual) is summarized here.

Dala is assigned !o variables (without display) with
the left arrow. The data in the variable can bL displayedjust by entering its name. Data vectors are formed by -

entering actual values separated by spaces or by using the
reshape funct.ion (p) to recycle parrial data to-the langth
specified by the Ieft argument.

vECT)Rl*2q81632
VECTORI

z { o lb Jl

VECT0R2 - t2ptt tr s
V ECT OR2

tlq5{q5qq5'ttl5

Matrices are formed by reshaping data to the shape of
the left argunent. The length or shape of an array cln be
determined by usin-o o without a left argument.

MATRIX - 3 \pvECT0R7
MATNIX

2 \ I 15
32 2 \ I
l5 32 2 \

pVECT0Rt
5

oVECT0R2
t2

Copyright 1983 STSC. Inc. -3- Financial-Statistical Lib.



gMATRIX
3tl

The result. of a routine can be assigned
or used in another routine only if, the syntax
indicates an e>:plicit result (for exampJ.e. fi

Data vectors are joined to make a Ionger
the catenation func!ion (, ),

l,VECT0R1.5'r 128
I 2 r.l 8 t6 32 6q 128

evECT0Rt,vECT0R2
L'l

to a variable
of the rou!ine

* LEVPAY X).

vector using

Indexing of arrays is done with square brackets.
Semicolons separate the row and column index sets for
matrices. Indexed assignment can be used to change
particular elements of a vector or matrix.

vECT0Rllq I 3 4l
16 2 8 16

vECTORI[2 ql-22 qtl
VECTORI

2228\q32

MATRIXI2 3:2 ll
t 1t

JZ LO

MATRIXIZiI
32 2 q 8

MATRIX[:q]*'ll q2 q3
MATRIX

2 \ I ql
32 2 q q2
15 32 2 tr3

The synbols for the common arithmetic functions are '.-. x. and r. 'Ihe star (*) is used for exponentiation.
These functions apply to entire arrays of data. Arithne!ic
functions performed between a scalar (singte nunber) and an
array are performed as i.hough the scalar were extended to
the shape of the arraI. Negative numbers are formed with
the high ninus sign ( , SHIFT 2). The nriddle minus sign t-.
SHIPT +) indicates subtraction if data is on the Ieft. or
negates the data on the right if there is no left argument.

AII APL evaluations ( arithmetic or othervise ) are
perforned from rightmost to leftmost function. but this
order can be overridden using parentheses. There is no
inherent order of precedence. Any routine, function.
parenthesis. or brackeL separates an APL expression into its
executable components (including commas for catenation, but
no! spaces in a numeric vector). The following exampl.es
illustrate the APL order of execution.

Copyright 1983 STSC. Inc. -q- Financial-SLatistical Lib.
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rt5

1?

rt 5 50

5 20

5 20

2+5'7

5x?+2

( 5'? )+2

5'7 8+2

3 5x2 q

3 5x2,rl

2"1 '3 5

2 12 20

(2.4)'3 5

5 20

3 5'8
l0

3 5'8
r8 30

l7

(* then .)

(+ then r)

then

(r then'. both uith
scalar extensions )

(r on two vectors)

then x )

then , )

then ' )

(' is the only functiont

then ' )

then p )

2q

oVECT0R2.vECTOnr

(oVECT0E2l,vECT0nl (o then .)
12 2 22 8 qq 32

If you vant to srite some custom APL programs. 1.ou uill
need to know the basics of program definition mode. lo:.tl
and global variables. conversarional input. results
formatting. and workspace management. If you uill be
dealing vith large volumes of data. you may want to learn
how to use the APL'PLUS FiIe System.

A good introductory tutorial on these topics is Ap!_!S
EAEyj,, one oI the boolis included uith the ApL.pLUS'pC
System,

Har_ra_Use-Tbe-Lrbrar y

The Financial and Stat ist ical Library is a diverse
collection of routines vith thousands oI varia!ions. I'tosr
are non-conversational: you supp!y data and pdrameters
( interest rates, periodiaities. algorithm suitches, and sc
on) to the routines in the form of right anC Ieft arouments.
These arguments can be actual numeric values, variabies
assigned appropriate values. or any APL expressions that
produce the approoriate valrres, including other r()utines
fronr the Library, You can use the routines dire:tly so that

Copyr ight t 98 3 STSC, l n: Financ iaI-Stat ist ical Lib.



the resulls are calculated and possibly displayed
immediately. or you can incorporate them into your olrn
programs,

In the first casei you can have complete control of the
sequence of the computations and base your decisions about
further calculat-ions on the intermediate results, You may
need several related routines to perform an analysis, using
the results of some routines as the inpu! to olhers.

In the second caser you can'package" several routines
inLo a prograrn r-hat you write. In such a package. or
"application", a Library routine would not be invoked
immediately, but- would be executed when your program arrives
at the step containing the routine. Other parts of a custom
progran typica).ly include a section that prompts for data.
parameters, and options: and a section that fornats the
resul!s clearly,

Eoth of these approaches are illustrated here using the
example of a horne mortgage analysis. You could use the
ad-hoc, immediate execution approach as follows:

. Use the f,fyPlY program to compute the monthly
interest on a J50.000 mortgage loan for 25 years
(300 months) at llt interest and assign the result
to the',rariable fIVI . Compare the example to the
documentation for the f,EyPtf prograrn found on page
2-36. Note that LEVPAY not only applies to home
mortgage Ioans, but also to any fixed oayment loan
of arbi trary durat ion.

INT * LEvPAI I 50000 300 .ll
. Assign the monthly principal strean and the total

monthly payrnent to the variables PRfn and Pty.

PRIN - Zl (Global result of. LEvPAY I
PA,T * PRIN + INT

o Look at the numbers.

INT
q58.3333333 q58.0'{253?3

PRIN
31 . ? 2320 513 32.01'r00117

PAY

'r90.0565385 rt90.0555385

q.q5l3806trr

rl 85.5051578

'{90.0555385
. Determine the totals wi!h the T0TAL program.

TOT AL INT
9t015.95154

TOTAL PRIN
50000

TOT AL PAY
I'l?016.9515

Copyright 1983 STSC, Inc. -5- Financial-Statistical Lib.



Convert these results to yearly subtotals and print
a table showing cumulative results to two decimal
places using the MQy program and the APL*PLUS System
f unc t i on r['Mf ,

YRIJITI - | r2 MQ'I INT
YRPRfil - 1 12 MQY PRIN

' CElL.2t OfMT (IRINTiCUI"I yRINTTPRIN;CUM YRpRItll
,480.21 5,'{80.21 31.'12 400.47
.r+33.87 10,91r{.08 32.01 8'17.28
,382.16 16,296.24 32.31 1,345.80

The left argumenL of. -fMT is the format
specification; here it indicates lhe use of commas
in the thousands position and a field lridth of 1l
including two decimal places. The right argumen!
contains the data vectors for each of the columns rn
the resulting tabl.e. (other argument styles are
possible. ) Calculations (CUH in this example ) can
be applied to data rdithin the format expression.

To extend the scope of your analysis, you might decide
to vrite an interactive application to consider the tax
deductibility of your interest payments and determine your
net cash outlay after the tax effects. Since you must pay
some Ioan origination "points" and other fees. add your
up-front expenses to the analysis. You,d also Iike to
imp:ove your table by incorporating column headings and row
labels.

The folloving simple prompting program returns a
five-element vector of lhe relevant loan information. Note
the use of the conment symbol ( A ) and the use of the quote
(') to print character data ( text ).

5

5

5

:

1,426.q3 95,770.07
910.99 96,681.06
335.90 97,015.95

38,?8 39,485.53
39.13 44,455.22
39.+9 50,000.00

VECTOR OF 5 LOAN PAFAI'ETERS
RESU LT

r R-GET L0 AN I NF0
1l a PR?!{PTS r1n AND firTuRlvs
21 8*00000n INITIALIZE
3l 'PnINCIPAL At40UNT' o nlll*-
!l 'NUMBER TF YE,4RS' o 8[2]-
5 ] 'PERCENT INTEREST' O R[ 3 ]*,
6l 'NUMBER 0E P0INTS' o sIq]*
1 ) 'OTI|ER ST ART -UP ['EES' O R[ 5 1*

I

The program does nor attemp! data validity checking or
error handling. The I.VPUT workspace distributed by STSC
contarns a recommended set of prompting utilities thar could
be used for Lhese purposes.

Copyright 1983 STSC. Inc. Fi nancial -Stat is*. ical Lib.



The program 0NEL0AN incorporates the prompting program
wi th several Lib:rary rout i nes to complete ine ippt ic'at ion,Note lhe Iocalized variables in the program neabir.

trl
i2l
Lli
tcl
Is]

t7l
t8l
tsl
t lo l
trll
t12]
tl3l
t 14l
t ls l
t 16l
I r? l
t rB l
t t9 ]
l2ol
t21l

t2ll
[ 2c ]

t 25 |

t2't I
t 28 l
[ 2e l
t 301
[31]

rlVjL Jl,V ; LVF ) i LVii rr/I i Il r i f .9I V i :;.t t 9 i y.'iI Jt i LQppI V i I65. ; j I
P5,C,.irRl/S yt.iRLI )tiAL\'SI; FOR ,\OilTttt,y FLyED RA!t VttRT;Aitilss0,vts RECULAR p,4LVt.VtS Sr.4,rr 1,v Jl,ytlaR.!, uflILE p0I:lls r,vIr .r- J,9
START-UP atES IRE PAID I:l DECEMBER t)F rHE pRtVtoUs yzit,i.
REQUI RES ;L08AL VARIAELtS <SII8rI5r,4, ( ygAR )f Irf, aIrSt JANrtAfiy
P4Y,UElIf) AIlD <TAXSRACI(EI> (JlARGIIAL I\IcaHT TAX PERI.'ExTI.
REQUIRES R)UfINES <LEVpAy>, .HQy,, <CUt1>, <ROUttD, , < ItCRtA..;8,..PCTOF', .TI,'/45>, AIID <To> FRou THs !I,UANCE IJoRXSPACE.
ALSO REQUI RES T!]E PRONPTIIJG ROUTIIIT <CTTLOANIIIFO> .

PRONPT ?OR PRIIICfPAL ANf. lIO. TEARS, IETEREST PC!, POIYTS, F'5.;
InFo+GETL0AtIIN?o

SEI UP TI]E IEARLY LABELS. INCLUDII]G SIARI-IJP YEAR
I Rs+l STARTTEAn-L).0 T0 tNp0t2l

a C0NPUTE IEE AONfHLI IttTEREST, pnIilCIpAL, TOTAL pAt.uEilT
r NT. LE V pA y r. r,tpot I l. ( I 2, IXfO( 2 I ) . t,lFot J I t lOo

^ LEvPAy PRODUCES CLOBAL VAnIABLE Zr
PRI :t.zr O PAy'IttT,PRIt,uoilTuLt pAt'Eltt I5'O O.Or ROUXD pAtltl O "A C0NvER? T0 IEARLt ToTAr,S roR D)SpLAt t,URpoSES

^ FIRST I ttTERESf, ItCLUDUtC 'pOIJtS, Ar SETUp
f RL'tT+MtFol\l pct0? In?olt'J), L r2 UQ! rrl

^ TBEE PRIttcIP4L,, tITE ilONE pAID AT SETUp
TRPRIil.O, I L2 ,uQI PRIII

^ EINALLT COI,lPUTE THE TAx SAvINCS ATID N8,,.CASII OUTLAY
sA v E+ | RI ilf . IAX B SACKEt I t0 o O ouTey Rp R I N, t.! I ilT - sAv a. ADD 1,{A fetS Iil rEA FIRST posITIOn
0UT+ll, IllPotS)l INcREASt oUT

^ DISPLA! RESULIS 9ItE HEADI:tCS, COuirAS, AND 2 OECIttAL pLACtS,fEAR INTERESI CUH IilT PFITTCIPAL CUE PRfN TAX SAVTGS ilE! :;Ii:]

' I$. 6CP1 l. 2' 0fl{r( tRS ; I RI ilT iCUH f RI Nt i I RpnI x iCutt f gp n J I i s A V t I OtJ: I

Before executing the program for the first time, youassign the necessary global variables. Since the stariing
-vear and )'our tax bracke! wi lI probably be constantthroughout the analy'5is of seveial mortgage loans. thel,areexcruded f.rom cETL0AirrilFo and designed inIo t]re applicitionas glcbaL variables. This means that these variabies do notappear rn lhe program header but must be assigned outside ofche program. Thus. properly <iocunrented globai variables areone.vay of parameterizing options in an ipplication __
makjng.them. changeable but not requiring iirem to be enteredeach time the apSrLication is run. -

STARTYEAR * 1983
T A)!BRACKET - 39

Nov )'ou can run tlre proerann,

Copyright 1983 S'I'SC, Inc. Frnancial-Staristical Lib.



CiIELOAN
PRINCIPAL AMOUIIT
it:

50000
.'IUI.,IBER OF TEARS:
r-:

25
PERCENI INTEREST
n.

ll

NUMBE R OP POT IIl'S

3

OTHEN START.UP FEES
n.

800
AONTHLY PAY14ENT TS
tr90.06

TEIR IilfENEST CUA INT PRINCIPAL CUI,I PRIN TAX SAVI'ICS NET OUTLA'/

1982 1,500.00
r983 5.q80.21
l98q 5.\33,87
198s 5,382.16
1986 5.324.q1
19 8 ? 5 ,26 0. I I
r988 5.188.30
1989 5.108.18
1 9 90 5 .018 . ? 9
1991 4,919.05
1992 4.807.77
1993 'r.683.6119gtr q.545.09
1995 4.390.5q
1996 'r,218.101997 rr,025.?1
1998 3,811.06
1999 3,571.56
2000 3.30'r.35
2001 3.006.22
2002 2.673.60
2003 2.302.'{8
200tr 1.888.t 1

2005 1,rr26.t13
2006 910.99
2007 335.90

1,500.00
6.980.21

12.q1{.08
l?.?96.24
2 3,120. ?1
28.380.82
33,559.12
38,67?.30
q3,596.09
48,615.1rr
53.422.91
58,106.52
62.651.61
67,oti2.15
71.260.26
75.285.97

82.568.58
85.9?2.9q
88.9?9.15
91.652.?6
93.955.23
95.843.6{
91 ,210.0'l
98,181.06
98,516.95

585.00
2 ,L3't ,28

2,099,04
2.076.55
2,051.q'r
2.023.c4
1.992.19

0.00 0.00
q00.rr7 

'{00.u7c46.81 8r.7.28
498.52 1,3ri5.80
556.20 1.902.00
620.5? 2.522.51
692.38 3,21c.95'l'12.50 3,98?.'{5
861.89 4,8q9.3q
951.63 5.810.9?

I ,07 2 . 91 5 ,I8 3 .8I
1.197.06 8.080.9q
1,335,59 9.416.53
1,490.14 10.906.67
1.662.58 12.569.2'{
1,85r..9? 1q,tr2t{.21
2,069.52 16,'r93.83
2.309.12 18.802.95
2.576.33 21,379.28
2.814.rr5 2q.253.?3
3,201.08 27.460.81
3,578.20 31,039.02
I OOt f1 1< nlr ta
q,'{5rr,25 39,{85.53
'1.959.69 qt{.U55.22
5,5{4.78 50.000.00

.918.q3
,8?5.03
,826.51

,645.06
,570,03
,486.31

,288,70
,1?2.cJ
.0'r2.70
897,97
736.q8
556.3t

131.00

You migh: riol'decide tc write another program :al:ed
TL'0LCANS thaf--;ilL compare two different mortoaoe ioar:s. B]'
rnt:olucing thl -nflatrcn rale lnto the ana.l.'sis. yot. coric
select be*-ueen the loa;rs baseci on rict presenr- val.ue. 'iou
might even u:ie a breakeven routine to cietermine the nurnb'e:-
of months ne{ressar'}' f or the better Loan to es:abI isn :'-s
surrerioriiy. {Such a demonstraiion picgram does inCeed
existl For full <ietaiis. enter rTu0LAANSt0]c rn the ailttlvdE
vorkspace. 'ihe Frrcgrans GETLCAllINF0 and aNflJ.:,V are also in
:he r'.-r,'lA;r wol'lisDace. )

Copyrrght 1983 STSC. lnc. Financia]-Statist ical Lib.



You r_CommeIt S_AI e_we I qomg

we're eager to hear your commenLs on the Financial and
Statistical Library. We,ve provided a Feedback Forn andpostage-paid mailer at the back of this manual for vourconvenience. If the form is missing, send you, co*ients to:

STSC. Inc.
l'tarket ing Communicat ions
2ll5 East Jefferson SLreet
Rockville. Maryland 20952

Please include your name, address. and the name of the
application software with your comments.

Copyright 198J STSC. Inc. l0- Financial-Sratistical Lib.



CHAPTER I

PROGRAM SUMMARIES

FINANCE Workspace l-2
F0nECAST glorkspace l-I3
PRoEABILIT'I Workspace l-lG
STATISTICS tforkspace l-20
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Ihe_tlry4leq_Wo r k5pacs

Ersupr -4!5EIt
C ASHMCT

Calculates managed cash. investment, and loan positions
using specified maximum and minimurn balances.

PLANT
Calculates plant depreciation using future plant
regu r renen ts .

Ereupi--Eq!25

80 ND
Computes a bond amortization schedule using purchase
price and coupon parameters. yields coupoi payrnents.
interest earned. and ex-coupon book value.

BPRICE
Computes a bond purchase price (present value) usingyie).d rate and coupon parameters.

8Y IELD
Computes -the period yield rate for a bond using initialprice and coupon parameters.

q1oupi_Q,l I qALAr A

ACOMP ARE
Calculates actual comparative differences between twotime series.

PCOMP ARE
Calculates percentage comparative differences betveen
tvo ttme serres.

AEDI FF
Calculates actual first differences between successivetime periods of time series data.

PFDIFE
Calcula!es percentage f irst differences betveen
successive time periods of time series data.

AVEEAL
Calculates the average balance over successive periods
of !ime series balances.

AVGRED
Reduces a matrix of time series into a single average
tine series.

CUM
Calculates the cumulative sums of a time series ormatrix of time series.
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CUMPROD
Calculates the cumula!ive products of a time series ormatrix of time series

DIV
Extends the division function to handle division bvzero and division betveen vectors and natrices.

DIV RED
Reduces a trdo-ror.r matrix of time series into itsquotient, handling division by zero.

G RE AT EST
Calculates the largest value in a time series, or theIargest values in a matrix of time series.

LE AST
Calculates the smallest value in a time series, or tnesmallest values in a matrix of time series.

TIPROD
Multiplies a time series by.several factors, yielding amatrix of alI possible combinations of themultiplications.

TIHES
Extends the multiplication function to aIlo!r,multiplication of a list of factors by a matrix of timeseries.

PCTOF
Multiplies percentages and an array of data values.

PLUS
Extends the addition function to allow addition betveenvectors and natrices.

MI NUS
Extends t.he subtract.ion function to aIIovl subtractiorr
betveen vectors and matrices.

TOTAL
Totals lhe values in a Lime series or a natrix of timeseries.

ACG REG AT E
Totals (down) a matrix of several time series.

vT DSUt4
Calculates the weighted sum of a time series or matrlxof time series. parameters are positive or negative
ue ights.

YTD
Calculates cumulative year-to-date sums across multipl,eyears of a time series. Can also be used with matrii
data.
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Ersupi--e45t
B ALFOR

Calculates balance forward for balance sheet
sLatislics.

SBALFOR
CaLculates balance forvard for balance sheet
statistics. preserving initial balance in the result.

BREAKEVETI
Calculates the breakeven period given an opening
balance and cash flow.

CU RRENT
Calculates the current and long term portions of debt
using the debt principal paynenf strean.

PAYMT
Calculates lump-sum payments using a payment stream and
paramelers of periodicity and payrnent type.

^B 
AL

Calcul.ates changes in balance accounts.

68ILS
Calculates changes in balance accounts with a specified
initial change.

Groupi__ent uAELLAE

MQI
Converts one or more time series to
periodicity using parameters specify
averaging. or linear interpolation.

IIQYFACTOR
Replicates daLa Lo refl.ect a change

FTRS?
Sets the starting period positions for data in a time
span.

LAST
Set the ending period positions for data in a iirae
span.

I] ALFYN
Performs a half-year'shift on time series data.

MTI,/
Converts monthly !ime series data to weekly time serres
data.

VTM
Converts weekly time series data to monthly time series
data.
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PRI OR
Produces the values of a time series from a prior
per i od

STIFT
Shifts data alonq a time axis.

Grqup: __EoJvLELLES_

CDCF
Calculates discounLed cash flow with continuous
compounding. using parameters of payment type.
periodicity, and discount rate.

CIROR
Calculates internal rate of return using continuous
compounding. Parameters allol' selection of periodicity
and choice of effective annual rate or nominll annual
rate.

CIDF
Calculates an internal discount factor usinq continuous
compound i ng .

QrzuBi-eUAEY-LLYE

cFv
Calculates future value of a cash stream where discounc
rates are compounded continuously. pararneters are
payment type. periodicity, and nominal annual discounr
rate.

CPV
Calculates present value of a cash stream vhere
discount rates are compounded continuously. parameters
are payment type. periodicity. and nominal annual
disount rate.

Qreupi_-AAAI

EPRIN
CaIcul ates

GLOAN
Calculates

LEV P AY
Calculates

D LEV P A'T

SoIves for
program.

equal principal payment Ioan data.

loan data given a payment schedule.

level payment Ioan data.

any missing parameter needed for the LEttpAy
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LEVPA! I
Calculates level payment loan data hrhen the interestrate varies from year to year, or trhen the principal
portion of the payment must be a multiple oi a qiiren
value.

LO AN
Calculates seLectable loan data.

Calculates Iine of credit for a given cash stream.
Conputes principal and interest, Ioan balances. fees,
and acquisition costs.

TLONN
Calculates terrn loan data.

V LO ATl

Calculates variable payment schedule loan data.

Greup: _2f,PEEALLTLaN

ACRS
Calculates depreciation using the Accelerated CostRecovery System ( ACRS ) ,

DE PRE
Calculates selectable depreciation methods.

STL
Calculates straight line depreciation.

STD
Calculates sum-of-years digits depreciation.

DEAL
Calculates declining balance depreciation vith orui thout an opt irnal swi tch.

sFu ilD
Calculates the sinking fund method of depreciation,

ACCSF
Calculates the accelerated sinking fund method of
deprec i at ion .

G!oupi__pIsLL LAALE

LE ADLAC
Leads or lags a time series using a time index andmultip),icative factors. The pro6ram DA,tLAG cangenerate the time index and multiplicative factors.
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DAY LAG
Produces multiplicative factors for a specif ied number
of days of lead or lag.

QFACTON
Applies quarterJ.y factors to a nonthly time series.

YfACTOR
Applies yearly factors to a monthl.y time series.

SPRE AD
Spreads one tine series across another time series.

EI'qUB:-I!TqEEfI

ETIR
Calculates effective yearly interest rates, given
nominal rates and number of compoundings per year.

ilYTR
Calculates nominal yearly interest rates. given
effective rates and number of compoundings per year.

QTN2NDI NTEREST
Calculates secondary interest effects of a cash flow
using quarterly data.

Y N2NDI TIT EREST
Calculates secondary interest effects of a cash flow
using yearly data.

Sre.upi--ri,Y C-YLAEI

AV GCOST
Calculates cost of qoods

FIFO
Calculates cost of goods
f irst-out" basis.

sold on an

sold on a

average cost basis.

"first-in,

" last- in. f i rst-out "
LIFO

Calculates cost of goods sold on a
basis.

DI SCOUNT
Calculates discount amounts based
schedule.

VO LCOST

on a volume discount

Calculates total costs based on a volume discount
schedule.
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Graupi--U4! LEULALE

CORI
Determines whether the resulting values of a time
serles are calculated or input. and performs the
required caLculations.

ELTOF
Yields specified elements of a time series.

I NCRE ASE
AIlovs increments of specific elements of tine series.

REPLACE
AIlows replacement of specific
series.

INIT
Replaces initial value(s) of a
value(s).

LLE
Completes a time series to spec
with leading zeros.

elements of a time

time series with input

ified number of periods

RZF
Completes a time series to specified number of periods
wi th trai I ing zeros.

RLF
Completes a time series to specified number of periods
by filling to the right with the last value in the
serles.

LFF
Completes a time series to specified number of periods
by filling to rhe left wirh the first value in lhe
serres.

TRANSPOSE
Reverses the rovs and columns of a natrix of data.

PLUSMINUS
Selects only positive or only negative numbers from a
serrest or converts numbers to absolute values.

E!s.upi--M4lELL

ECMAT X

BuiIds a matrix colurnn-bv-column.

BRMATX
Bui lds a matrix row-by-rol.
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Ereupi.--{Ilu4I
MIN

Compares tlro time series and yields a time series
containing the minimum values from each period.

NAX
Compares two time series and yields a time seriescontaining the maxinum values from each period.

MI I]SCAN
Compares successive periods of a time series andreplaces the higher value of each comparison with the
Lower vaIue.

MAXSC AN
Compares successive periods of a time series andreplaces the lower value of each comparison vith thehigher value.

QrauBi__PII AEV_LLILE

PDCF
Calculaies expected value of cash flov. s9nr.r^6aa
every period, vith parameters of periodicity. payment
type. nominal discount rates. and probabifiliei ior
each f low.

PFV
Calculates the probabilistic future value of a ma!rix
of cash streams using interest rates and probabilities.

PPV
Calculates the probabilistic present value of a matrixof cash streams using interest rates and probabilities.

9r.eupi--84IEI
DCF

Calculates generalized discounted cash flow with
discounting cornpounded each period.

FV
Calculates the future value of a cash stream usinonominal annual interest rates.

PV
Calculates the present value of a cash stream usingnominal annual interest rates.

ROR
Calculates rate of returni allows selection of type ofrate of return under program control
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I ROR

Calculates internal rate of return; used by other rate
of rotrrrn nrna.. r. _Jrams.

MI ROR

Calculates internal rates of return for a matrix ofdata.

AROR

Calculates annuity rate of return based upon thepresent val.ue of al).'equity investments and negative
flows discounted at specified rates.

DIRON
Calculates discounted internal rate of return on a cashflow discounted at specified rates.

MS AROR
Calculates a modified savings account rate of return,applying positive benef its [o negative flows prior roretnvestment.

SAROR
calculates savings account raLe of return compoundingposiLive benefits forward at specified reinv"!t..ni
rates.

STROR
Calculates sinking fund rat€ of return. applyingreinvested positive benef its to future neliti,r.-flovs.

DC I ROR
Calculates internal rate of reLurn for a combination ofdiscrete and continuous cash flows.

IDF
Calculates the internal discount factor of a cashstream, assurning no reinvestment of positive benefits,

MIDF
Calculates the internal discount factor of a cashstream matrix of data. assuming no reinvestment ofpositive benefrcs.

n?fnF
Calculates an internal discount factor for acombination of discrete and continuous cash fIows.

CF'FI

Calculates a sinking fund cash flow. setting asidepositive flows to fund future neqative flou]
Parameters are periodicity and r;investment rare.
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Ereupi-_E4lIq!

I NCOME ASSET S
Calculates the ratio of Income Statement items to
Balance Sheet items.

PER
Calculates percentages between one time series and
another.

graupi--ECq{qI{E

RND
Rounds a time series to a specified number of decimal
places.

ROU ND
Rounds a time series or matrix of
respect to a multiple of a specif

ROU NDU P
Converts an amount to the nearest
the original quantities.

n0u NDDovil
Converts an amount to the nearest
the original quant i t ies.

time series with
ied value.

specified value above

specif ied value below

9Equpi--fl.rEt
FEDTAIT9

Computes Federal corporate taxes, based upon the l9?9
tax law. lncludes optional tax loss carry forvard,

ITC
Calculates investment tax credit and recaptures if
stated life differs from actual life.

Ercupi_-IETIT
CUNR ANCE

Calculates a series of cash balances from time series
cash flow numbers keeping the resulting balance vithin
specilied maximums and minimums.

CUHZEROM AX
Calculates cash balances from time series cash flow.
keeping the minimum balance above zero.

I NTRANGE
Tests a time series for val.ues that are whole numbers
and within a specified range. Returns a result cf 0 or
I for each number tested.

Copyright 1983 STSC, Inc Financial-Stat ist ical Lib.



T RANGE
Tests a time series to determine if numbers are withrn
a specified range.

RANCE
Converts a time series to keep all numbers within a
specified range.

MAXITALT
Suspends a nodel execution when upper bound is
exceeded.

I'I NII ILT
Suspends a model execution when lower bound is
exceeded.

Srqupi--IIUEt!LLAE

ANTIU IT'T
Calculates various uniform annuities: present value,periodic values, or ultimate value. parameters areperiodicity. payment. rates, and payment-type svitch.
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E!supi--qlqlE
DS E ASE ACT ON

Derives

SE ASF ACT ON
Seasona I
f actors.

Erqup: E.rPo TAAALE

EXP0SNo0Tn I
Performs single

EX PO SMOOT E 2
Performs double

EXP0SM00Tt3
Perf orrns tr iple
srnoothing.

(constant model ) exponential smoothing.

( linear model ) exponential smoothing.

(quadratic model ) exponential

Ibc_IC.8Eq4!I_!sI'ksps se

seasonal adjustment factors for a time series.

izes a time series using seasonal or cyclical

Qrcupi_2g8LLELLEYD

DTTRETIDI
Derives first order (linear) time trend coefficients.

DTT RE II D2
Derives second order (quadratic) time trend
coefficients.

DST EPT NEND
Derives starting vaIue. slope, and number of elementsas parameters for the SIEPIREI'D program.

DPOVER
Derives polynomial (power series) tirne trend
coeff icients.

DGRO'TT E
Derives sets of grorrth rate parameters using leastsquares fit(s).

AGR
Derives annual grovLh rate parameters for monthly,quarterly, or yearly time series.

Eresp : __8.[PgLEEA.p

EXPOGROVTfl
ForecasLs based upon
are nunber of terms.
t rme.
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AST MPT OT E
Forecasts asymptotically, parameters are number ofperiods, coefficient of time, and upper limit.

SCU RV E
Generates values along a saturaLion ( logistic ) curve.Parameters are initial and intermediate time periods
and values, ending time period, and either the maximum
value or slope.

Qreupi--f0EELE'E_NQ

ETT RE tID 1

Forecasts based upon

FTT NE ilD2
Forecasts trased upon
t rend .

FPOVER
Forecasts based upon
t rend .

FGFOVT E
Forecasts based upon
Ieast squares fit.

firsl order (linear) time trend.

second order (quadratic) time

a polynomial (power series ) tine

a compound grovth model using a

Elqup: _8E!4rIqlv
fDI FF

Forecasts based on the average
t!,/o t ime ser i es.

FRE'CRE.SS

historical difference of

Forecasts based on a regression of tvo time series, one
independent. and one dependent.

FRATIO
Forecasts based on the average historical ratio of tvotime series.

FT RENDR IT I O

Forecasts based upon the first order (Iinear) timetrend of the historical ratio of two time series.

Eroup: __fMo ULLAA

UOVINCAYE
Calculates the moving average of a time series, usingspecified nurnber of periods and either midpoini,
leading edge, or trailing edge periods.

Movt'tAxscAil
Calculates moving maximun with variable effect r.,idth.
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MOVMI NSC AN
Calculates moving minimum \rith variable effect !/idth.

,,IEIGIITDIVE
Calculates the lreighted moving average of a tine
series, using number or periods, weights. and the same
averaging options as the program tt1vINcAvE.

Eroupi_?EEl,D

TT NENDI
Forecasts first order time trend using slope and
intercept.

TT REND2
Forecasts second order time trend using slope and
intercept,

STEPTRETID
Forecasts using a step trend funcLion. parameters areheight. slope, and number of terms. parameters can be
derived using the program DSTEpTnEND,

PO'I ER
Forecasts using an nth order (power series) time trend.

cnovT E
Forecasts using various growth rates. using base value
and monthly. quarterly. half-yearly. or yeirly growth
rates.

DORC
Forecasts by anount, grovth rate, or a combination of
the tno methods.
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Tbe_PE0!4lMII_lslLEpeEe

Epupi--EU8 L&LaLL

CUMDI SCRETE
Returns sanples from lhe discrete distribution: all.ows
specification of cumulative probability parameters and
number of samples.

DISCRETE
Returns sanples from the discrete distribution: allows
specification of probability parameters and number of
sampJ.es.

HISTOCRAI,I
Returns random samples from a histogram distribution.
Parameters are endpoints and heights.

PO LI CON
Returns samples from a polygon distribution.
Parameters are endpoints and probabilities. or
endpoints and heights.

PO L'I GO NCUN
Returns sanples from a histogram distribution whose
cumulative distribution function is a polygon.
Parameters are endpoints and probabilities. or
endpoints and heights.

CUMfl ISTOGRAT.I
Returns samples from a histogram distribution whose
cumulative distribution function is a polygon.
Parameters are endpoints and probabilities, or
endpoints and heights.

Etsupi__4{4!LUe

PBET A

Returns samples from the Beta distribution using power
parameters.

PB INOMI AL
Returns samples from the binornial distribution usinq
parameters of probability of success of each trial.-

PC AU C N'T

Returns samples from the Cauchy distribueion using
parameters of mean and vidth.

NC AUCEY

.Returns a specified number of samples from the standard
Cauchy distribution.

PCII I SQU ARED
Returns samples from the central chi-square
distribution using parameters of degrees of freedom.
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PNONCENCTISQ

l:!yrf,. samples from the non_central chi_sguareotstrlDutron.

PEXPONENTI AL
Returns samples from the exponential distribution usrngparameters of mean(s).

NEXPONENT I AL
Returns g lpggified number of sanples from the standardexponent iaI distribution.

NE XT NENE
Returns specified number of samples from the standardextreme distribution.

PF
Returns samples from the F-distribution usinoparameters of degrees of freedom.

Prvoir and PCENTRTLF
Returns samples frorn the non-central F_distributionusing the non-centrality parameter and tn" tr--A.!."".of freedom.

PC IMNI
Returns samples from the Gamma distribution using powsr
Parameters.

PGEONET RI C
Returns sanples
the probabi Iity

PGEOMET RI C I
Returns samples
ratio based on
trial.

PHARMONIC
Returns sampJ.es from the harnonic distribution.

PIT Y PE N and PG EO
Returns samples from the hypergeometric distributionustng parameters of number of samples, number ofspecial items. and population.

PLAPLACE
Returns samples from the_Laplace distribution usingparameters of mean and vidth.

NLAPLACE
Returns a_specified number of samples from !he standardLaplace distribution.

P LDECR

19tytl.. samples from the Iinear decreasingdistribution.
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PLI NCR
Returns samples from the Iinear increasinq
distribution.

PLOGISTIC
Returns samples from the Iogistic distribution usinq
parameters of mean and width.

NLOGIST IC
Returns a specified number of samples from the standard
Iogist ic distribution.

PNORMAL
Returns samples from the normal distribution using
parameters of rnean and standard deviation.

ilNONMAL
Returns a specified number of samples from the standard
normal distribution.

PLOGNORNAL
Returns samples from Lhe lognormal distribution using
parameters of mean and standard deviation.

PLOGNORMALI
Returns samples fron the lognormal distribution using
pararneLers of mean and standard deviation of the
associated normal distribution( s ).

PPASCAL
Returns samples from the pascal distribution using
parameters of number of successes and probability-of
success,

PNEGBIN
Returns samples frorn the negative binomial distribution
usrng pararneters of number of successes and a ratio
based on the probability of success.

PO RDER
Returns samples from the order distribution usino
parameters of sample size and number of extrenal
observat ions.

PPOISSON
Returns sampl.es from the poisson distribution usinoparameters of means.

PSVITCN
Returns samples fron the switch distribution usino
pararneters of probabil.ities

Returns samples frorn the t-distribution usinq
parameters of degrees of freedom.

PNO NCENT R ALT
Returns samples from the non-central t-distribution
usrng paraneters of means and degrees of freedom.
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PTNIANGULAR
Returns samples from the triangular distribution using
pararneters of endpoint values.

PUNIEORM
Returns samples from the uniform distribution us.inq
lower and upper Iimits.

NU N I EORM
Returns a specified number of samples from Lhe standard
uniform distribution.

PVEIBULL
Returns samples from the Weibull distribution usinq
power parameters,

Qrqupi-2IfIfd
TDIST

Computes the Student's t-distribution usinq a vector of
scores and degrees of freedom.
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Ihs_tI4I].{IIe5_!srLspasc

9rsupi-!.4{ LQSLALT

DST AT
Displays basic statistics for a series of numbers.
including sample size, maximum, minimum. range, mean,
variance. standard deviation. mean deviation. median.
and mode.

F REQ

Calculates frequencies for a discrete empirical
distribution.

FREQDIST
Calculates frequencies for continuous empirical data.

PCTILES
Calculates percentiles for a series of numbers.

Elgupi--qqEEELLLE

ACORR
Calculates estinates of the auLocorrelation function of
a series of numbers.

ACOV AR
Calculales an estimate of the auiocovariance function
of a series of numbers.

ctl
Calculates a natrix of correlation coefficients.

CO RR
Calculates simple and partial correlation coefficients
based on the result of the program clrr.

PCORR
Calcul ates
based on a

cc0 Rn
Calculates
shifts in

simple and partial correlation coefficients
matrix of sample data.

cross correlations vhere one data vector
period with respect to another.

Group: __RrcEEtELoI

REG
Performs single and multipJ.e regression. yields table
showing variable number, regression coeff icient,
standard error of the regression coefficient, t-value.
beta coefficient. degrees of freedom. sum of squares,
mean square, and F-statistic.

DST AT REG
Prr.nts a report of the results of multipl,e regression.

Copyrighr 1983 STSC, Inc. l-20 Financial-Starisrical Lib.



ST E PNEG
Gene rates

ST REG

Calculates
data.

FECfif .SS

Perforns sinple regression only.
PFC

Calculates table of residuals from a reqressron.
s?-{ r8E^S

Calculates statistics on the residuals of a regression.
DST ATRES

Generates a descriptive display of statistics on theresiduals from a regression. including .u*, .u, oi -

absolutes. sum of squares. Durbin-Watlon statistic,
number of runs 1r "nd -), expected number of runs.'andstandard deviation
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CHAPTER 2

THE FIA'.{A'CE WORKSPACE

The ffil,{/vC[ workspace contains programs that perform
calculations relating to loan amorti;ation, depreciation,internal rate of return, inventory costs, and !o on. Italso contains a more general clasl of routines that helDcalculate.and manipulate data arrays. A number of progiams
are "English' cover functions for Apt functions and
operators. but their consistent use will make your customprograms easier to urite and maintain.

,{s58rs 2-2
80NDS 2-tl
C ALCU LATE 2 - 5cAsE 2-r8
CEANGETIHE 2-22
c0ilTnATES 2-25
CTIMEVALUE 2-32
DEET 2-3tI
DEPRECIATIOIY 2,qq
DISTNIEUTE 2-5r
IilTENEST 2-55
INVENTOR'T 2-58
NANIPULITE 2-51
HITRIT 2-66
AI NNAX 2-61
PTIMEVALUE 2-69
RATES 2-72
RATI0S 2-88
ROUNDINC 2-89
TTIES 2-91
rfsr.t 2-93
T IMEV ALUE 2-97
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Prograrn 3 CASIIM1T

SynLax: R-Y CASHM?T X

Group: ,,1^SSE?S

Subrout ines I None

Description: Calculates managed cash and funds positions.

Input: .f : Cash balances produced by operations

Y[1] : Maximum desired balance for cash on hand

y[2] = Minimunr desired balance for cash on hand

I[3] = Opening short term investments (marketable
securities)

YIq] = Opening short term debt

Output: R : Managed cash balances
Zl : Managed short term investrnents (qlobal

variable, '
Z2: Managed short term loans (global variable)
If funds are needed to meet the minimun cash
re=quirement, short term investments are liquidated
and short term debt is assuned. if necessaiy.

If an excess of funds over the desired naxinumexists, the short terrn Ioans are paid off. Ifthere is still an excess. short tLrn investments
are made.

Example. 200 r00 50 JO CASUH7T -100 O lO0 200 3OOt00 100 120 200 200
zl

0 0 0 20 120
aa

180 80 0 0 0
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Program ! PLANT croup: ,l.tSET^S

Syntax: R-y PLANT X Subroutines: None

Description: Calculates depreciation and investments forplant requirements.

Input: If the model span equals /V periods, then:

XL I T0 Jtt I = Deprec i at ion schedule f or assets hetd at
the opening of the model span.

XtN+t T0 2Arl : Depreciation fraction to be appl ied
against assets'purchased" during the
model span. Depreciation is applied
in the period following the purchase
period.

X[2N+l T0 3Nl : Gross (y[3]=O) or net (y[3]=l) olanr
requirements over the model span.

Y[l] : Opening gross assets

t[2] ,= Opening accumulated depreciaLion

Y [ 3 ] ,: Calcular ion type :
0 +* gross plant requirements input in .[
I -- net plant requirements input in I

Output: R : Depreciation for the ry periods
Zl . " Investments" made by the nodel f or the itr

periods (91obaI variable )

Examples: In these examples, ,v : 3.

200 50 0 pLANT 'r0 35 30 .25 .2 .15 250 300
320

tt0 50 52
zl

60 tlo 20

200 50 1 pLANT q0 35 30 .25 .2 .15 250 300
3 20q0 ?2.5 88.125

l5t) i12.5 108.125
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Program. B0ND

Syntax z R-BOND X

Group: B1NDS

Subroutine I IDF

Description: Computes a bond amortization schedule.

Input: XI I ] = Bond purchase price

r-[2] = periodic coupon payment

.r[3] = Number of coupons remaining

.f [ 'l ] : Optional -- Redemption value of the bond(default : 1000)

.I[5] = Optional -- Fractional part of the tirst
coupon due to the buyer (default = l)

Output: I : Coupon payments paid
Zl : Interest earned by the bond (global variable)
22 = Book value of the bond ex-coupon (global

variable )

Examples : B0IVD 98 r . l9 20 q

20 20 20 20
71

21..5tt3 2tt.759 2q.8?B 25.000
z2

985.720 990.363 995.122 1000.000

BoJtrD 981.19 20 tl 1050
20 20 20 20

zl
36.879 37.503 38.150 38.82r

,a

997.q6? 101{.3q6 1031.850 r050.000

SOJVD 981.19 20 tr 1050 .6
12 20 20 20

zl
23.1q5 39.297 t{0,0r{7 rto.82?

aa

992.081 1010.555 1029.953 t050.000
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Program: BPRICE

Syntax: R*BPRICE L

Description

Input: xt 1

xL2
rt3
rlq
xt s

Output: R

Examples:

Group: BoNDS

Subroutines: None

Computes a bond purchase price,

,, Per iod yield rate
', Periodic coupon amount
* Number of coupons remaining
', Optional -- Redemption value of the bond(default : 1000)
,' Optional -- Fractional part of the first

coupon due to the buyer (defaul.t : l)
Present value of the bond

EPRICE .025 20 q

981.190

EPRICE .025 20 't 1050
1025. q88

EPRICE.025 20 t{ 1050.6
r028.?r9

Program: BY IELD

Syntax I R*BY IELD X

Group: 80NDS

Subrou!ine. IDE

Descr ipt ion: Computes the period yield rate for a bond.

Inputs Ill = Initial price of the bond
= Periodic coupon amount
= Number of coupons remaining
= Optional -- Redernption value of the bond

(default = 1000 )

= Optional -- Fractional part of the first
coupon due to the buyer (default = r)

rt2
rt3
Ittl

rtsl

Output: R =

Examples:

Bond yield rate

SYIE'ID 98 5
.0535

8YIEI,' 98 5

.052t{

EYIEID 98 5

.0635

50 5

50 5 1050

50 5 1050 .5
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Program: AC0MPARE

Syntax: f-Y ACjMPARE X

Group: CALCULATE

Subroutines: None

Description: Calculates actual comparative differences.

Input:

Output:

Example:

X= Time series
Time ser ies of the same length as .f

n = l-f

10 r0 l0 to AC0NPAIE 5 6 7 8
5rt32

PTOgrAm: PCOMPARE Group: CAL}ULATE

Syntax: 8*Y PC0MPARE I Subrout ine: DIV

Descrip!ion: Calculates percent comparative differences,

Input:

Output:

Example:

X=
Y:

I

Time series
Time ser ies of the same length as .t

: (I-.t)+.f

l0 l0 10 ro PcoMPARE 5 5 7 I
.667 .q29 .25
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Program: AEDIFF croup: CALCULATE

Syntax I R-AFDIFF I 5ubrout ines: None

Description: Calculates actual first differences.

Input: X =

Output: I :

Examples:
3

A single vecior time series or a matrix whose
!'ows are several Lime series

Actual differences between successive limeperiods

AFDIFF l0 l3 15 16 16
210

x
38 23 27 ll
34 3rt q7 20q2 2 3 27

AFDIFF X-r5 { -16
0 13 -2?

-rr0 I 2q

7

J

2E

3l
3l
15

PTograrn: PFDTFF Group: CAL7ULATE

Syntax: R*PFDIFF I 5ubroutine: DIv

Description: Calculates percent first differences.

Input: I=Timeseries
Output: R : Percent differences (Itf+ll-ItIl)+xtIl)
Example? PFDIFF tO r2 lS rg

, a( 1
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Program: AV EB AL

Syntax : R-Y AV EE AL X

Descript ion: CalculaLes the
of a stream of

Inpu!: X

Output: n

Examples:

Group: CALCULATE

Subrout ines: None

average over successive periods
balance sheet i tems.

vector stream or matrix whose rows are several
s t reams

Opening balance( s ). If X is a vector. y is ascaLar. If I is a matrix. y is a vector with
one element for each row of X. I is padded with
zeros if it is too short

= Successive averages. of the same shape as I
80 AVEBAL 100 120 150 200

90 110 135 l?5

x
r00 120 150 200
140 110 100 120

80 AVEEIL X
90 1r0 135 175'to t25 105 lr0

80 90 AVEBAL X
90 ll0 135 175

ll5 125 105 ll0

Program: AVGnED

Syntax. R-AVcRtD X

Group: CALCULATE

Subrou! i nes: None

of tine series to aDescr ipt ion : "Average reduces" a matrix
single time series.

Input: .f : Matrix of time series

Output: R : Single time series average of f
Example i X

100 1?0 150 lrt0 180
150 170 lt0 210 1tt0
I 10 190 r30 100 130

AVGRED X
120 150 130 r50 150
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Program. CUM croup! CALCULATE

Syntax z R-CIIti! I gubroutines: None

Description! Calculates the cumulative sums of a timeseries or a matrix of time series.

lnput: l=

Output: F

Examples:

Vector or matrix

: Cumulative sums of .f

cuv 23 l6 37 l9
23 39 76 95

x
23 16 37 r9
Ir5 q3 32 2l
l8 27 l8 31

CUM X
23 39 75 95
45 88 120 rrrl
rB q5 53 gtl

(by rows if .t is a matrix)

PrOgTAm3 CUNPROD Group: CAL7ULATE

Syntax z R*CUMPROD X Subrout ines: None

Description: Forms a cumulative product.

Input:

Output :

Example:

I. Time series

R : Cumulative products of X
matrix )

cut4PROD l0 20 30
l0 200 6000

(by rows if I is a
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Program: DIV Group: CALCULATE

Syntax: R*'I DIV X Subroutines: None

Description: Ext.ends the division primitive function to
handle division by zero and division between
vectors and matrices.

Input: X:Scalar.t
Y : Scalar. t

If neither x
conf orm.

output: R = y+I ehen .rr0
0 vhen I:0

Examples: 100 100 DfY l0 0
10 0

serres. or matrtx
series. or matrix

I is a scalar, lengths must

tme

nor

Y

lr.t l5 28 30
ls 20 32 35

'IDM2q5
1rt I 7 6
l8 l0 I 7

Program: DIv RED

Syntax: R*DIVRED X

Group: CALCULATE

Subrout ine: DIv

Description: "Divide reduces" a tvo-rov matrix of time
series to a quotient time series. A zero
denorninator Droduces a zero ouotien!.

Input: X : T\^ro-ron matrix of time series

Output: R = Single time series quotient of x

Example. X
r00 120 150 I'r0 180
25 20 30 28 30

DIVRED X
r{6555
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Program 3 GnE ATEST

Syntax z R-GREATEST X

Description: Calculates the
or the largest
series.

Group: CALCULATE

Subroutines: None

largest value in a Lime series,
values in a matrix of time

Input: X

Output: P

Examples:

Vector or matrix
: Largest value in a

a natrix
CREATEST 23 16

5l

T
23 16 37 19q5 q3 32 2l
t8 27 18 31

GREITEST X
37 tt5 3l

vector or the row

37 19

maxima of

Program: LEAST

Syntaxl. R*LEAST X

Group: CALCULATE

Subroutines: None

macr I x

value in a vector or the row minima of

23 l6 3? l9

Description: Calculates the smallest value in a timeseries. or the smallest values in a matrix oftime series.

Input: X

Output: ,9

Examples:

vector or

= Smallest
a matrix

LE AST
l5

x
23 15 3? l9
qS tr3 32 2r
l8 27 l8 31

LE AST
r6 2r l8
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Program I MPR0D

Syntax: 8*I I'f PR)D X

Description: Multiplication of a t
factors.

Group: CALCU LATE

Subrout ines: None

ime series by several

I nput :

Output:

Example:

X=

R

l0
20
30

Time series
Vector of factors

= Matrix whose rovs
series rnultiplied

r0 20 30 I'PRoD

consist of the original time
by the respective factors.

123'l
20 30 {0q0 60 80
60 90 120

Description: Extends the multiplication primitive function
to handle multiplication betveen vectors and
natrices.

Prograrn: T IMES

Syntax: fi*Y TIMES X

Input: I: ScaIar. time series.
Y = ScaIar, time series.

If neither I nor y is a
con fo rm.

Output: fi : Y'X (performed row
vector and matrix)

Group: CALCULATE

Subroutines: None

or matrix
or matrix

scalar, lengths must

by row r"hen operating on a

Example: v
lq 15 28 30
l8 20 32 35

,I TINES q 2 3 I
55 32 8rt 30
72 40 96 35
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Program: PCT0F

Syntax: 8*Y pCT0F X

Group: CALCULATE

Subrout ine: TflrIES

Description: Multiplies one array by an array of percents.

Inpul: X

Y

Output :

: Vector or matrix of data

: Array of percenLs: a scalar, a vector vith asmany elements as columns in .f, or a malrix thesarne shaPe as I
R : Data-grl?y resulting from multiplying.r and I

::9_9i"i9i.s.by r0o. A vector inuitiiried by amatrlx ls multiplied by each row of tte matiixto produce a matrix reiult.
q0 PcT0F 100 120 r25tto 4g 50

x
r00 120 150 140 180
150 170 tr0 tqo 180

LO PCTOF X
l0 12 l5 lq 18
15 17 ll 14 18

l0 ll 12 15 20 PCTOF X
r0 13.2 l8 2t 36
t5 18.7 13.2 21 35

Examples:
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Program: PLUS Group: CALCUT ATE

Syntax: fi-Y PLUS X Subrout ines: None

Descriptionr Extends the addition primitive function to
handle addition between vectors and matrices.

Input: x : scalar,
I : ScaIar,

If neither
conf orm.

time series. or matrix
time series. or matrix

I nor Y is a scalar, lengths must

Output: F : Y+X (performed row by rov when operating on a
vector and matrix)

Example:
l4 l6
l8 20

l8 l8
22 22

Y

28 30
JZ 55

! PLUS q 2 3 I
3l 31
35 36

Program I MINUS Group: CALCULATE

Syntax: R*Y NINUS X Subroutines: None

Description: Extends the subtraction primitive function !o
handle subtraction betveen vectors and
matr!,ces.

lnput: x: Scalar, time series.
I. ScaIar, time series,

If neither I nor Y is a
con f orm.

output: R = Y-.f (performed ror,'
vector and matr i x )

Example: Y

l4 15 28 30
l8 10 32 35

YMINUSq23I
10 1q 25 29
lrt l8 2g 3q

or maLrIx
or matrix

scalar. lengths must

by row vhen operating on a
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Program: T0T AL

Syntax z R*T0'l AL X

Description: Totals al
matrix of

Group: CALCULATE

Subrout ines: None

I the values in a time series or a
time series.

Input: .f: Time series or matrix whose rows are single time
series.

Outputi n: Single time series total if X is a single timeseries. or a vector of totals if x is i matrixof time series. i is equivalent to +/X.

Examples: x
0 20 30 rto 50

TOT AL X
150

x
l0 20 30 q0 50
15 ?5 35 50 ?0
25 rr0 50 85 90

TOT AL X
150 195 300

Program: IcCREcATE

Syntaxr R-AcGREcATE X

Descript ion: Produces a vector sum of
series.

Group: C ALCU LATE

Subrout ines : None

a matrix of time

Input: X = Matrix of time series

Output: fi : Sum of the columns of X: a single time series
Example. X

100 120 150 1'r0 180
150 l?0 ll0 210 1't0
110 190 130 100 130

ACCREGATE N

350 q80 390 q50 tr50
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Programt VTDSUM Group: CALCULATE

Syntax: fi-Y VTDSUM .f Subrout ines: None

Description: Calculates the weighted sum of a vector ormatrix of data.

Input: X

Y

Output:

Examples:

: Numeric vector or matrix
: Numeric vector of tr€ights. If .f is a vector.the lengths of I and I must conforrn. If X is amatrix. then y must have one weight for each royof y.

R = I,leighted sum. If I is a vector. then fi is
(ylrl'xIlj) + ... + (YtX],I[lr])

If I is a natrix, these Iinear combinations areperformed ron by ro\r, as shonn below.
(YIr]xIll:l) + ... + (ytirl,Itt:l)

2 -t 3 | HTDSUH 10 15 12 20
ol

10
ltl

5

2l

x
15 l2
r5 l8
r0 l5

qtr 5l

20
20
20

-I 3 VTDSUH X
80
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PTO9TAM: YTD GTOUPI CALCULATE

Syntax : R-Y YTD I Subrout ines : None

Description: Calculates year-to-date cumulative sums foreach individual year in a time series.

Input: .f : Vector time series or a matrix of time seriesvith one time series per row

y : Model periodicity
I ** monthly
3 *- quarterLy
6 ** half_yearly

Output:

Exanples:

R = Cunulative suns for the data in each year. ofthe sarne shape as I

3 Y?D l0 12 I 12 l3 l0 l1 l2l0 22 3l rt3 13 23 3rt 46

I
9

x
23q55

l0 lt 12 13 ltl

SYTDX
3 6 l0 5 tr

19 30 q2 t3 27

6 'TTD X
3 3 7 5 l1

l9 lt 23 l3 2?

18
15 15

7 15
r5 31

l8 25
i{2 5g

I
o

I

9

Copyright 1983 STSC, Inc. 2-t.l Flnancial-Stat ist ical Lib.



Program: BALE1R croup: CASII

Syntax: R-I BALFjR I Subroutines: None

Description: Calculates balance forward for balance sheetslatistics.

Input 3

Output:

Example:

X.

8:

Changes to balance
Opening balance

Ending balances on hand

20 BALF1R r0 -lo 20 -20
20 tro 2030

Program: SB ALF0R

Syntax: 8*Y SBALF?n X

Group: CtSfl

Subrout ines: None

Description: calculates balance forward with initial
balance preserved.

I nput r

Output:

Example:

Changes to balance
Opening balance

R = Closing balances on hand with f as first amount

20 sBALF?n r0 -10 20 -20
20 20 tto 20
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Prog ram: BRE AKEV EN

Syntax3 fr*Y BREAKEVEN X

Group: C ASII

Subroutines: None

Description: Calculates the breakeven period given an
opening balance and a cash flow.

Input: .[ = Cash flow time series or a matrix of cash flows.
with one cash flov per row

Y = Opening balance(s) for the cash fLow(s)

Y should be a scal.ar if X is a single cash flow. and
a vector if I is a matrix of cash flows. If Y is
not long enough. it is padded with zeros.

Output: n : Positive integers ttrat designate Lhe breakeven
period for each cash flow. The breakeven
period is the period when the opening balance
plus the cunulative cash flow is first
non-negative. If this value is always
negative, one plus the length of the cash flow
is returned.

Examples: _ _ E
5 5 r0 20 '{0 70

IO EREAKEVEN T

O EREAKEVEN F

- I I rRE AI(EV EN F
6

at
-20 -5 5 l0 20 q0 70
-25 10 lO 10 lO tO rO

O BREA'(EVEN CF
5tl

-12 -10 BREAKEVEN CE

20

55

58
50 BREAKEVEN CF
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Program: CURRENT Groupl CASr

Syntax: R*Y CURRENT f Subrout ines: None

Description: Calculates the curient and long term portion
of debt for balance sheet s!atistics.'

Input: x =

Output: R
al

Exanple:

Total debt principal payment srream
Number of periods current (comprising I year)
: Current portion of debt: Long term portion of debt (global variable)

tt cURRENT l0 10 l0 10 2o 20 20 20
50 60 70 80 60 q0 20

zl
60 rr0 20 0 0 0 0

q0

80

Program: PAYttT Group: CASN

Syntax: R*Y PAyltT.X Subroutine. ue,t

Description: Calculates Iunped payment amounts for cash
f low detai l.

I nput : X= Payments incurred

Periodicity and payment method
+1 ++ nonthly
:3 -* quarterly

+12 ++ yearly
+ ++ advance payment
- ++ arrears paynlent

Output: R = payments actually made

Exanple: 3PAYMTt 23qS5
0 0 5 0 0 15
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Program: 6BAL Group: CASII

Syntax: fi*Y 
^BAL 

X Subroutines: None

Description: Calculates changes in balances for cash flow. statement. and sources and uses of fundsstatement,

Input: I = Balances on hand for each-Deriodf = Opening balance

Output: R = Changes in balances

Exanple. 20 aBi{L 30 20 'lO 20
t0 -10 20 -20

Program:

Syntax:

Descr ipt

^8lLS
R-Y aBALS I

Input: X :

Output: F =

Example:
20

Copyright 1983 STSC. Inc

Group: C ASn

Subroutines: None

Financial-Stat isticaL Lib.

Calculares changes in balances twith specifiedfirst change) for cash fIow. and sources anduses of funds statements.

Balances on hand for each period
Opening balance

Changes in balances with y as first term
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Program: MQY

Syntax: fi*Y MoI X

Descr ipt ion: Converts
di f ferent

Group: CIIANGETII'tE

Subrout ines: None

Input: X z

vtl

one or more time series to a
periodicity.

Original time series or matrix of time series

I = original periodicity
I -r monthly
3 -* quarterly
s -- half-yearly

12 ** yearly

I = Desired periodicity

I = Optional -- Type of conversion (default : 0)
0 ** sum when compressing: divide into equal

parts when expanding
I -+ average vrhen conpressingi replicate when

expand i ng
2 -- take the first periodic value when

compressing; interpolate linearly from
the current value to the subsequent one
when expanding

3 -- take the last periodic value when
compressing: interpolate Iinearly fron
the previous value to the current one
when expanding

{ -* take the first value vhen compressing:
insert zeros after each number when
expand i ng

5 -* take the last value vhen compressing:
insert zeros before each nunber when
expand i ng

-/ttl = Optional -- Closing values vhen It3l=2 and
expanding: opening values ehen y[ 3 ].3 and
expanding. One val.ue is permitted for each
time series being converted (default : 0 ),

= Converted tine series or matrix of time series

In the following examples, yf.S is a yearly time
series. and MQI is used to convert y?.S to a
quarterly time series.

YTC

100 200 'r00

12 3 MQY YTS
25 25 25 25 50 50 50 50 100 r00 100 lo0

I23IMQYYTS
100 100 100 100 200 200 200 200 q0o {00 qoo q00

Yl2

Yt3

YItl

Output: R

Examples:
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In the following

12 3 2 r4QY

100 125 150 r75

In the following
300,

example, the closing val.ue is 0.

v7c
200 250 300 350 't00 300 200 100

example. the closing value is

MQY'ITS
200 250 300 350 '{00 375 350 325

example, the opening value is 0.

Yrs
150 175 200 250 300 350 q00

example. the opening value is

100

In

12 3 2 300
125 150 175

the foLlowing

f2 3 3 rtrQY
50 75 100 125

the folloving

l2 3 3 60 trQy yrs
?0 80 90 100 125 r50 l?5 200 250 300 350 q0o

I2 3 q MQY 'TTS
100000200000tr00000

l2 3 5 I'QI Y?.S
0 0 0 100 0 0 0 200 0 0 0 q00

In the folloving examples, 0IS is a quarrerly
time series. and Mqy is used to convert eTS io a
yearly time series.

€rs
t0 20 30 tr0 50 B0 70 g0 90 100 1lO l20

3 12 
^rQY 

0I.S
100 260 t{ 20

3 I2 I MQY QTS
25 55 105

The following example is equivalent to
3 I2 'I MQY QTS.

3 12 2 MQy QTS
l0 50 90

The following example is equivalent to
3 l2 5 

^rQY 
Q?S.

3 12 3 MQY QTSq0 80 120

Notes: For each choice of y[3], the compression and
expansion algorithms are inverses of each other.
Conversion for a matrix of time series (one t.ime
serres per row) works analogouslyi that is. the
specified conversion method applies uniformly to aIl
rows. The converted result is a matrix.
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PTOgTaTnZ MQYEACTOR GToup: CITANGETIME

Syntax: F*Y MQY?ACT1R X Subroutines: None

Description: Replicates data !o reflect a change in modelperiodicity.

Input: X

T.

: Time series to be replicated
: T\do-elernent vector of periodicities

t -* monthly
3 *- guar!erIy

t2 -- yearly

I I I 22 2 3 3 3 q rr rr 5 5 56 667 7 7

1 3 ttQ',IFtCToR 1 2 3 '{ 5 6 ? I 9 lO
2 5 I 11

Y[1] = Periodicity of input time series
y[2] = Periodicity of output time series

Output: P : Adjusted time series where each tern of I
appears with frequency IIl]+yt2l if ytll,yt2l.
If YI r 1.yt 2 ], the central term from each groupof y[2]+rIr] is selected.

Examples: 3 | nQ'IFACT)R I 2 3 q 5 6 7 I
88

ll t2

8
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Program: rIRSI

Syntax: R+I FIRSf X

Descriptions Sets the
span.

Group: CH ANGET IME

Subrout ines: None

startrng position of data in a time

Input:

Output:

Exanple:

.[ = Time series

Ylll = Output time series Iength

I[2] = One less than the starting position of inpultine series X -

R : Time series of length II I ] containing It 2 Jzeros and then remaining data from.f
6 3 rISSr 10 20 30 qo 500 0 0 r0 20 30

Program: LAST

Syntax: P*I LAST X

Description: Sets lhe ending position of
span.

Group: CII ANcET II,tE

Subrout ines: None

data in a time

Input: .f : Time series

IIl] = Output time series length

It2l = one more than the ending position of input
Etme sertes X

Output: F : Time series of- length yIl] containing yt2l_l
t-erms of r vith zeros for Lhe remain6". oi th.data.

Example: 6 \ LAST lO 20 30 qO 50l0 20 30 0 0 0
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Program: ]t ALEY R croup I CH ANGET IME

SynLax: R*t IiALFYR X Subroutines: None

Description: perforrns a half-year shift on a time series.

Input: X

v

Output:

Examples:

= Time series

= periodicity
t ** monthly
3 *- guarLerly

t2 ** yearly

R = Shifted time series
exLended so no data

1 flALFyR 2 Z 2 tl
0000002224\

3 I]ALFTR 2 2 2 \oo222q{q556
L2 IIALFYR 2 2 2l223rt'.r56678

whose length has been
is lost

4q665888
rr666888

qrt565888
888
tt.tl q 5 6 5 g g I
8r{

Output:

Example:

Program: NTV Group: CEA/]IIETIME

Syntax; R*Y MTV X Subroutines: None

Description: Converts monthly data to weekly data.

Input: .f = Monthly time series
Y : Vector of remaining workdays per month for Lhemonths corresponding to the monthly data
fi : Converted weekly data

15 20 MTV 300 500
100 100 100 125 125 125 125
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Program: VTN

Syntax t R*'t VTM X

Group: CHANGETIME

Subrout ines: None

Description: Converts weekly data to monthly data.

Input: .f . Weekly time series
y: Vector of remaining workdays per month for the

months corresponding to the veekly data

Output: R : Converted monthly data

Example: 1 5 ZO vTH 100 100 100 125 125 125 I 25
300 500

Program: PRI0n

Syntax. R*PRIOn X

Group: CH ANGET IME

Subroutines: None

Description: Produces the values of a time series from theprior periods. Hhen used in combination vith
filfl. generates an initial condition and
subsequent terms.

InpuL: I:Trmeseries

Output: R: Tirne series. where the last val.ue of .f is
dropped. and a zero is added to the front

Examples3 PRfOn I 2 3 rt s
0l23rl

25 IilIT PRI'R | 2 3 r.t s
25 I 2 3 rl
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Program: SIIIFT

Syntax: tg*Y SHIFT X

Description: Shifts data along

croup: CH AN6ET IME

Subroutines: None

a time axis.

Input: X
Y

Output: R

. Time series
= Shift index

= Shifted time
dropped from
added to the
dropped from
added to the

2 SfrFr I
00123

_2 
SEIET

3q500

series. If I>0. Y

the back of .f . and
front. If I<0. ly
the front of I, and
back.

23tr5

123q5

terms are
Y zeros are
terms are

I Y zeros are

Examples:
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Progranr: CDCE croup: C1NTRATES

Syntax:i R+Y CDCE X Subrout ines: None

Description! Calcula!es continuous discount cash fIo'r,.

Input: .[ = Cash stream

I[1] : Type of cash flov
I ** in advance (payment at the beginning of

each period)
0 -r continuous (payment spread evenly

_ throughout each period)
I ** in arrears (payment at the end of each

periodr

Y[2] = Periodiciry
I *- monthly
3 -- quarterly
5 -* half-yearly. 12 -* yearly

y13 f0 
^,l = Nominal annual discount rates. year by

year. If enough rates are not provided.
the last one is replicated as necessary.

Output: F : Discounted cash flov, where discount is
compounded cont inuously

Zt = | + the nominal periodic discount rates(gIobaI variable)

Examples: I 3 .OB . I CDCF l0O 1OO 100 100 lO0 IOO
100 98.02 96.079 9r{.175 92.312 90.032

zl
1.02 1.02 1.02 r.02 1.025 r.025

0 3 .08 ,t CDCF r00 100 100 100 100 l0o
99.007 97.0q5 95.125 93.2q1 91.157 88.915

Zl is the same as the value listed above.

-l 3 .08 .1 CDCF 100 100 loo l0o 100 100
98.0? 96.079 9q.176 92.312 90.032 87.81

Zl is the same as the value listed above.
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Program: CIRjR Group: ClNTRATES

Syntax: RrY CIR1R X Subroutine: CIDF

Description: Calculates a _continuous internal rate ofreturn

lnput:

Output:

Example:

I : Cash stream. including both revenues and
- expenses

Y[1] = Model periodicity
l -- nonthly
3 *- guarterly
6 -* half-yearly

12 *- yearly

Y[2] = Optional -- Type of rate vhen periodicity isnot yearly
g *- produce the effective annual rate(defaulr)
1 ** produce the nominal annual rate

R : The annual continuous internal rale of returnof the cash stream, No reinvestrnent ofpositive stream benefits is assumed: R equalsthe rate needed to yield a net present value(with continuous compounding) oi zero. trithmultiple rates of return. the rate closest tol0t is calculated.
As Iong as compounding is continuous. the ratesof return are the same even if the fiows arecontinuous vithin the periods or occur at theends of the periods.

r2 cIR0R -300 I 50 loo 200 5o -lo0 5o r 0o
.235097qq35
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Program: CIDF Group: C?NTRATES

Syntax: 8-y CIDF X Subrout ines I None

Description: Calculates a continuous internal discounl
factor.

Input: I = Cash stream. including both revenues and
expenses

I = Initial approximation of the internal discount
factor

Output: i = The internal discount factor of the cash
stream. No reinvestment of positive stream
benefits is assumed; the result is the discount
factor needed to yield a net present value(vith continuous compounding) of zero. with
multiple factors. the factor closest to .9 is
caI cul ated.

Discount factor : l+( l+rate of return).
Example: .9 CIDE -3OO lS0 l0O 2OO 50 -rOO SO IOO

.809552?162

Copyright 1983 STSC, Inc. 2-31 Financial-Sratist ical Lib.



Progran. Cfv

Syntax: R-Y CFV X

Group: CT IMEV ALUE

Subrout ine: CDCE

future value of a cashDescr ipt ion I Calculates cont inuous
s t ream.

Input: X = Cash stream

Y[l] : Type of cash flow
1 r* in advance (payrnent at the beginning of

each period )

0 -- continuous (payment spread evenly
_ throughout each period)

I -* in arrears (payment at the end of each
period)

y[2] = Reriodicity
I *- monthly
3 *- quarterly
5 -* half-yearly

12 _* yearly)

I[3 T0 IV] = Noninal annual discount rates. year by
year. If enough rates are not provided.
the last one is replicated as necessary.

Output: R : Total future val.ue, vith discount rates
compounded cont inuously.

Examples: I 3.08.1 Cfy 100 100 too rOO r00 100
6rr8.9255095

0 3 .08 ,r cFv 100 100 100 100 r00 100
6q 1.958692r.1

-l 3 .08.1 cFr r00 r0o loo l0o lo0 too
635.0622527

Copyright 1983 STSC. Inc. 2-32 Financial-Stat.istical t ib,



Program: CPV

Syntax:. R-Y CPV X

Output:

Examples:

Croup: CT IMEy ALU E

Subrout ine : CDCF

Description: Calculates continuous presenL value of a cash
stream.

I nput : X . Cash stream

Ytrl : Type of cash flow
1 *- in advance (payment at the beginning of

each period )
0 *- continuous (payment spread evenly

_ throughout each period)
I *- in arrears (payment at lhe end of each

It2l = Per

period)

iodici ty*+ monthly** quarterly
-* hatf -yearly
-* yearlyI

r[3 TO i' I . Nominal annual discount rales. year byyear. If enough rates are not providid.
the last one is replicated as nlces=..y.

,t = Total present vaIue. with discount rates
compounded cont inuously.

I 3 ,08 .t cPv 100 100 too 100 100 l0o
570.6193515

0 3.08 ,r cPv lo0 loo 100 100 100 lo0
56q.5019299

I 3 .08
559.4288945

I cPv 100 100 100 100 100 100
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Program: EPRIN

Syntax: R*EPRIN X

Description: Calculates equal principal paynent loan data.

Inputr Xtll = periodicity
l -* monthly
3 *+ quarterly

12 *- yearly

= Principal amount

= Number of periods

: Annual interest rate
: Optional -- payment method

0 -- arrears (default)
I ** advance

Periodic interest payments
Periodic principal paynents (global variable )

EPRIT' t2 1000 q.o5
37,5 25 12.5

zl
250 250 250

EPRIN | 2 1000 rt .05 I
37.5 25 12.5 0

zl
250 250 ?50 250
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croup: DEBT

Subroutines: None

x t2l
rt3l
rttrl
xt s l

E:
Lt =

Output:

Examples:
50

2 50



Program: GL0AN

Syntax: f-Y ?L7AN X

Descriptionl Calculates

croup: DEBT

Subrou!ines: None

Ioan data given payment schedule.'

Input: It I l = Periodicity
I ** monthly
3 ** quarterly

12 *_ yearly

" Principal amount

: Number of periods
: Annual interest rate
: Optional -- payment method

0 -* arrears (default)
I -- advance

xt 2)

xt3I

Ittr I

rt s I

y : Annuity (principal plus interest ) paynents
Output: fi = periodic interest payments

Zl : Periodic principal- piyments (globaI variable I

If an outstanding balance remains at the end of thespecified periodi. a final balloon puyr"ni ir--added.

Examples: loo soo 200 7L7AN t2 1000 J .0550 q7'5 2tr.875 16.118?5
zt

50 {52.5 175.r25 322.375

100 500 200 aLoAN l2 loo0 3 .05 Iq?.358q 23.5q57 .1 q.2586 0
,1

52.63r6 rt76.rtSq3 l8S.7qlq 28S.1728
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Program: LEVPAY Group: DEBT

Syntax'. R*LEVPA'I .[ 5ubrout ines I None

Description: Cal.culates level payment Ioan data.

Input: .rt 1l = periodicity
I ** monthly
3 *- quarterly
6 -* half-yearLy

l2 ++ yearly

: Principal amount

= Number of periods

= Annual interest race

= Optional -- payment method
0 r- arrears (default)
I -- advance

Output: I : Periodic interest payments
zl = periodic principal- piyments (global

Examplesi LEvpA,r t2 1O0o q .0s
50 38.399'{ 26.2tgg t3.rt29l

zl
232.0r18 2'r3.612{ 255.?930 268.5827

LEV PAY l2 1000 tr . o 5 I
38.tr{47 25.2812 13.q775 0

zl
231.1062 2'r3,269? 255.0733 269.5S09

variable )
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Program: DLEVPA't

Syntax'. RTDLEVPAI X Subrout ine:

Group: DEBT

rDf (if X['r]=0)

Description: Derives Ievel payment loan (mortgage)
parametersi the input to the LEVpAI program.

Input: I is a five-element numeric vector where exactly oneof. x[2 J through It5] is zero, and all the other'
elements are positive. DLEVpAy solves for the iLernrepresented by the zero using the other elements ofx.

IIl] = periodicity
I ** monthly
3 ++ quarterly
6 -* half_yearly

12 +* yearly

{[2] " Principal amount of the loan

.Xt3l = Number of periods (rounded up to an integer)
Ittrl: Nominal annual interest rale (as a decimal)
I[5] = Periodic annui!y (principal+interest) payment

Output: R is the same as X. except that lhe zero becomes
the desired amount, To obtain a period-by-period
breakdor;n of the principal and inlerest,
R[f 2 3 {] can be used as the argument of. LEvpA\.
DLEVPAY assumes that the payment method is "inarrears".

Examples: In the following example , DLEvpA,f. finds the
amount that can be borrowed at l2t inte:est vith
a 5177 paymen! over l0 years.

DLEVPAY 12 0 10.12 111
l2 1000.089r1 76 l0 0.12 1?7

In this example, DLEVpA,t finds the number ofyears it vill take ro repay JlOOO at t2t
interest. with a yearly payment of.Sl?7.

DLEVPAY l2 1000 0.r2 L.t7
l2 1000 10 0.12 r77

In this example, DLEVpAy finds the interest rare
being charged on a J1000 loan. \.rith a ten-vear
payment schedule of tL77 per year

DLEVPAy r2 1000 10 0 1?7
l2 1000 l0 0.120021858 1?7
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In this example, DLEVpA'I finds the yearly payrnent
on a t1000 loan borrowed at l:t interest.

DLEVPA'I 12 1000 10 .12 0
l2 1000 10 0.12 176.98q16q2

See the documentation for LEVpAy for more
information on the following example.

INT*LEVPAY l2 1000 1O . l2

rflrI I ]
120

zllll
55.98tll5tt2

LvItll+Ztltl
176.98415rt2

First year
breakou t

Interest

Principal

TotaI payment
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Program. LEVPAY L

Syntax: fi*Y LEVPA'I I X

Group: DEBT

Subroutines: LEvPAy. R0UND

Description: Calculates approximately Ievel-payment Ioan
data when the interest rate varies from year
to year, or when the principal portion of the
payment must be a multiple of a given unit.

Input: I : Vectcr of interest rates. one per year

Yfll = Principal loan amount

Y[2] = Optional -- Periodicity of interest and
payment schedule (default : l)

I ** monthly
3 *r quarterly
6 ** half-yearly

12 -- yearly

Y[3] = Optional -- Unit amount of which each
principal payment is a rnultiple (default : I )

Y[{] = Optional -- Iteration tolerance for the
payment average (default : .lxI[3])

y[5] = Optional -- Limit on the number of iterarions
(default : l0 )

OuLput: R : Periodic stream of interest payments

2l . Periodic stream of principal payments (global
variable )

Z2 : Periodic stream of total payments (R+Zt)
(gIoba! variable)

Examples: In the following examples. I is the annual
interest rates for four years.

I
.05 .l .08 .05

10000 l2 tO0 LEVpAyt X MuItipIes of StC0
500 750 tl 2q 1q0

z1
2500 2200 2500 2800

LI

3000 2950 292r.r 29'10

10000 l2 SO LEVpA'tr X MuItipIes of .t50
500 7S5 tr:8 1q0

LI
2tr50 2200 2550 2800

z2
2950 2955 2978 29q0
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10000 6 S0 LEVpA,tt X Half-yearly payments
250 220 377.5 325 21rr 16q 70 35 -

1200 1250 1050 1150 1250 l30o 1'.r00 lr.r007)
lrt50 Itt70 lq2't,5 1r{75 1q5q lqSq lq70 lq35

Notes: LEvPAy 1 uses an iterative technique to find a
sequence of principal payments v/here the total
payment is approximately constant. Iteration halts
when either the difference bet,reen successive total
payment averages is less than the specifiediteration tolerance. or until the slecified numberof iterations are run, The length of ttre result(and of Zt and 22) depends on the number of years(the length of X) and the periodicity. Any
adjustment to the.principal strean necessiiated byrounding is nade in the final period. The payment
type is assumed to be in arreais: that is, jnierest
and principal are paid at the end of each period.

Program: LOAN

Syntaxz R*L1Atl X

Description: Calculates

Subrout i nes :

selectable loan

Group: DEBT

LEVPAY , EPRIN. TLOAN

data,

lnput: Xtrl =

Output:

Examples:

type
level payment
equal principal
!erm loan

xI2) = Periodiciry
l -- monthly
3 _* quarterly

l2 -* yearly

x'[3] = Principal amounr

x[q] = Numbe:'of periods

X[5] . AnnuaI interest rate
x[6] = optional -- payment method

0 ** arrears (default )

I -* advance

= Periodic interest payments
= Periodic principal payments (global

See the examples for programs LEVpAy,
TLOAII .

Loan
I **

3 *-

fr
71 variable)

gPRf iv, and
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Prog ram: L1FC

Syntax: R*Y L1EC X

Group: DEBT

Subrout ines : None

Description: Performs line-of-credit calculations.

Input: I = Cash stream (negative numbers are loan
takedowns ).

Y[1] - Periodicity and payment type+l ++ monthly
+3 -* quarterly

+12 ++ yearly
: :t t:T::11 i1 gavsnce

-+ payments ln arrears
Y[2] : Credir limit

Yt3l = Annual interest raLe

Ittrl = Placement fee percentage (as a decimal)
I[5] . Optional -- Contingency fee percentage (as adecimal: default : 0)

Output: I : Interest costs
Zl : PrincipaL paynents (globaI variable )22 : Fees and acquisiLion costs (global variable)
Z3 : Loan balances (global variable)

Notes: For every negative flov in the cash stream. money rsborrowed up to the specified credit Iimit.- Int.'r"..is paid on !!9 unpaid balance. and a placernent feeat the specified percentage rate is collected oneach loan. .Th" contingency fee percentage value isthe rate.paid on money committed but not usedi thatis. credit limit minus curren! Ioan balance.
Examples . t2 10OOO .08 .0 I

1 500 3000
. 150 2q0 2rr0 120 0

zl
00015001500

50 q5 35 q2.5 50
z7

2000 3000 3000 r5o0 o

l2 10000 .08 .01 .005 L]FC -2ooo -1000 0
I 500 3000

0 150 2rr0 2q0 r20
ZT

0 0 0 0 1500

50 60 q5 35 '{2.5
LJ

0 2000 3000 3000 r500
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Program: T L0 AN

Syntax : RtT L0 AN X

Descript ion: Calculates term loan data.

Input: xt 1 l

xt2)
rt3l
rIq]
xt s l

Output: R :
,1

Examples:

Group: DEBT

Subrout ines: None

= periodicity
1 -* monthly
3 ++ quarterly

12 ** yearly

: Principal amount

= Number of periods

= Annual interest rate

= Optional -- payment method
0 -* arrears (default)
I ** advance

Periodic interest payments
Periodic principal payments (global variable )

TLOAN 12 r000 4.05
50 50
2T
1000

TL0AN | 2 1000 rt .05 I
500
zl
1000
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Prograrn: VL0AN Group: DEBT

Syntax: R*Y VLOAN X Subroutines: None

Description: Calculates loan data for a variable payment
schedule.

Input: Itll = Periodicity
I *+ monthly
3 ++ quarterly

12 -* yearly

: Principal amount

: Number of periods

= AnnuaI interest iate

= Optional -- Payment method
0 ** arrears (default)
I -* advance

Y= Principal payments

Output: I : Periodic interest payments
Zt: Periodic principal payments (global variable
If there is an outstanding balance at the end of
the specified number of periods, a final balloon
payment is added.

Exanples: 100 500 200 vL0AN r2 1000 3 .05
50 tr5 20 10

zt
100 500 200 200

t00 500 200 t'L0AN t2 1000 3 .05 Iq520100

100 500 200 200
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Description: Calcul.ates the total depreciation stream
produced by a stream of capital investments,
using the Accelerated Cost Recovery System
(ACRS) method.

Input: x = Time series of capital investments

Y I I ] : ACRS cl.ass type ( 3, S, lO. or 1S )

Y[2] = Optional -- Starting year for the time series
( if 0 or omitted, the current year (iISt I I )
is used)

Y[3] = Optional -- Periodicity of the time series(if 0 or omitted. yearly is assumed)
1 ** monthly
3 ** quarterly
G *, half-yearly

12 ** yearly

Output: fi : Time series of all the depreciation produced byL The depreciation produced by each element
of .t is accurnulated into the proper elements ofR. The periodicity of R is the sarne as that ofX. (Use the prograrn ttoy to change theperiodicity of the result. )

Examples: In the following examples, .f represents five
expend i tures.

x
2000 't000 't000 2000 q000

In the following examples, the percents 2S 3g 37
are used for years 1983 and l98rt. the percents 29tt7 2rr are used for 1985. and percents 33 't5 22
are used for l986 and 1987.

Program:. ACRS

Synfax: fi*Y ACRS X

Group: DEPRECI AT I0N

Subroutines: None

Starting year : 1983 *' -fSI I l
3180 22q0 880

Starting year: l98q
3100 22't0 800

Starting year : 1985
3100 22tt0 880

Sfarting year : 1985
3 r00 22tt0 880

3 tcRs x
500 1760 3'120 't020

3 l98rr rcn.s .r
500 r920 39tr0 3rt20

3 1985 ,{CRS X
590 2250 3600 33tt0

3 1986 ACRS X
660 2220 3550 33rt0
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The folloving example calculates quarterlyexpenditure starting in 19grt.

3 198r1 3 AcRs x
125 37s 625 750 rl05 1235 1355 1q3o 1605 15951S85 1580 lr65 795 q25 2,{O

' The following examples use a s_year recoveryperiod, a lo-year iecovery period, ana-i'isiu"u,recovery perrod, respectively,

5 r983 ACRS X
300 10'r0 2020 2980 3700 32r.rO 1600 800 320

l0 r983 ACnS X
160 600 rt60 l6'rO 2O0O 22OO tgBO l?rtO t5q0 13q0960 400 200 80

t5 1983 ACRS X
100 tr00 820 lrq0 lq6o r580 r5o0 1360 1260 1 1601050 950 850 800 700 5oo 2oo 100 q0

Notes: Under the ACRS nethod, one set of yearly percents rsused for the years l98l to l9gq. anothei !et for1985. and a third.set for years beginning rge6.(The ACRs method is nor applicabte-f". yEuii-f.i".to l9Bl. ) The program determines the appropriateset of percents to use for each element'5f-I ;;;;the starting year and the length and periodicily ofx.

Program: DEpRE

Syntax I n-DEPRE X

Descr ipt ion: Calculates

Input: .ft

xt

Ourput: R

Examples:

croup: DE?RECIATI0N

Subroutines: ACCSF, DBAL, SFUND(calling LEvpA't) STt, SyD

selec!abIe depreciat ion melhods.

1l = Depreciation type
I -- straight I ine
2 -- sum of years digits
3 ** declining balancetr *- sinking fund
5 ** accelera!ed sinking fund

2 T0 N I = Input parameters for each depreciation
me t hod

= Monthly depreciation stream

For descriptions of lhe input parameters andexamples of the computations. iee thedocurnentation for the programs ACcSi, DBAL,
SFU ND , slt , and .SID,
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Program: ST L

Syntaxz R-STL X

Description: Calculates straight I

Input:

Output:

Examples:

xt

xt

Group: DE?TECI ATI0N

Subroutines: None

ine depreciation.

1l . Original basis

2l = Number of years of useful life (if
fractional. Lhe value is reduced internallyto vhole nonths )

3l = Salvage value (either a fraction of theoriginal basis or an actual dollar amoun!,
: Monthly depreciation stream: one el,ement foreach month in the useful liie
MQI is used here to convert monthly data toyearly data.

D*S?t 20000 5 2000
oD

bU
I12MQYD

3500 3600 3500 3600 3600

I 12 ttQ,I srt 2OOOO 5 .l
3 600 3 600 3 600 3 6oO 3 600

D*SII 20000 q .5 20O0
OD

54
r12MQtD

q000 tt000 't000 4O0O 2OO0

.rt
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Program: 5Y,

Syntax: fi*sYD I
Group: DEPRECIATI0N

Subrout ines: None

Description: Calculates sum-of-years digits depreciation.

Input: .flll = Original basis

x[2] = Number of years of useful life (if
fractional. the value is redu'ced internallv
to vhole months)

.r[3] = Salvage value (either a f raction of the
original basis or an actual dollar amount)

I[{] = Optional -- Year to force a switch to
straight Iine depreciation

Output: I = Monthly depreciation stream. one element for
each month in the useful Iife

Examples. MQ\t is used here to convert monthly data to
yearly data.

D*SID 20000 5 2000
oD

50
I12MQTD

5000 4800 3600 2tt00 1200

D*.SYD 20000 5 .r 3

'oD
60

It2ilQYD
6000 tr800 2q00 2rt00 2{00

D*5ID 20000 tl.5 2000
oD

5't
I 12 trQ,I D

6q80 50tr0 3600 2160 720

D*5ID 20000 rr.5 2000 3

oD
5'l

L12MQYD
5q80 50rt0 2592 2592 1296
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Program: DB AL

Synf ax.. R-DBAL X

Description: Calculates
or L'ithout

croup: DEPRECI ATI0N

Subrout ines: None

declining balance depreciation with
an opt imal swi tch,

Input: X[1] = Original basis

ft2) = Number of years of useful Iife ( iffractional, the value is reduced internallv
to whole months) -

.f[3] = Salvage value (either a fraction of theoriginal basis or an actual dollar amount)

flq I = percent declining. usually 2OO. l5O. or 125

rtSl = optional -- If equal to l. indicates anoptimal switch; if greater than f. indicates
a forced svitch in the specified year

.r[6] = Optional -- If equal to t. requests a switchto straight line; if omitted or not equal. to1, requests a switch to sum of years digits
Output: R : Monthly depreciation stream

Examplest l,tQy is used here to convert monthly data toyearly data.

I t2 MQY D8IL 10000 lo roo0 200
2000 1500 r280 r02tt 819.2 6SS.rr 52'r.3 ql9.rr 33S.5

3rt2.2

I t2 MQY D8IL l000o 10 1000 2oo I2000 1600 t2B0 1030 882.9 ?35.7 568.6 {ql.q 29q.3
147.1

I 12 MQ! DBAI 10000 l0 lo00 200 52000 1600 1280 r02r.r 88rr.6 ?3?. I 589.7 qq2.3 29q.9
tq7.q

I r2 ilQY D8lrL 10000 lo 1o0o 200 I I2000 1600 1280 l02rl 8t9.2 555.q 52q.3,{19.,{
338.9 338.9

| 12 MQI DSAI 10000 l0 l00o 200 5 I2000 1600 1280 102rt 5t6 516 515 5r6 516 516

Dddl returned l2O elements in the cases above.and lltt elements in the cases below.

1 t2 MQY D8IL 10000 9.5 ro00 200
2r05,3 1562.1 1312.1 1035.9 8l?.8 545.7 509.7q02.rt 317.7 191.3
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I L2 ttQY D8lr, 10000 9.5 t00o 2OO I2105.3 1662.1 1312.1 toq0.1 880.1 720,1 550.1tr00. t 2'10.0 80,0

I t2 MQy DB,{t 10000 9.5 1000 200 I 1

2105.3 1662.1 1312.1 r035.9 81?,8 6rr5.7 509.?tr02.rt 339.'t 169.7

Program3 SFUND

Syntax: R*SFUND X

Input:

Output:

Example:

Group: DEPRECIATI0N

Subroutine: LEvpAy

Descriptionr Calculates the sinkinq fund method ofdepreciation. Given an implied interest rare.the depreciation for each period is the sameas the principal payment made on a level
payment loan ( "backend loaded" ) that would
amortize the total depreciation.

Illl = original basrs

Xt2) = Nunber of years of useful life
x[3] = Salvage value (either a fraction of the

original basis or an actual dollar amount)

.tIq ] = Implied interest rate

fi : Monthly depreciation stream

MQy is used here to convert monthly data to yearly
data.

I l2 MQI SFUND 1000 5 100 .06
159.021? r58.8805 1?9.350q 190.q695 20t.27?9
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Program 1 ACCSF

Syntax I R*ACCSF X

Input:

Output:

Example:

Group: DEPRECI ATI0N

Subrout ines: None

Description: Calculates the accelerated sinking fund method
of depreciation where the deprecialion balance
rs reduced at the compound rate necessary to
amortize the total deoreciation.

xtll = Original basis

X[2] : Number of years of useful life
I[3] = Salvage vaLue (either a fraction of the

original basis or an actual dollar amount)

n : Monthly depreciation stream

MQy is used here to convert monthly data to yearly
da!a.

I 12 MQY ,{CC.SF t 000 5 100
359.0q2't 232.8502 ttr6.9185 92.5993 58.q893
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Program: LEADLAG Group: DISTRIBUTE

Syntax: fi-Y LEADLAC I Subroutines: None

Description: Lead or lag a tine series by a muttiplier.

Input: J( =

rtr
Y12

Output: R

Time series

I " Time index
t0 N) = Multiplicative factors

= Adjusted time series scaled by the factors and
:!i{tga by the time index. Glnerally, an inpurxtll in a particular time period startsproducing output y[1] periods later. if Itll>0:or lYlll periods earlier, if ylll.O. The
successive outputs produced by .flIl arerlrl'rl2l, xlrl,y[3], .... rt]l,ylir]. rhelength of f equa).s the length of I.

0 .6 .3 .t LEADLAi tO 20 30 '{0 5o5 l5 25 35 q5

I .6 .3 . t LEADLAG tO 20 30 tr0 500 5 l5 25 35

Examples:
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Program: DAY LAc

Syntax z R-DAY LAG X

Input: .rt 1l

xt 2l

rt x
x(.21

Output: n :

Examples:
0

Group: DISTRIBUTE

Subroutines: None

Descriptionl Calculates a lead lag operator from the numberof days lead or lao.

: Model periodicity
I *- monthly
3 *+ quarterly

12 ** yearly

: Number of days lead ( - ) or lag ( + )

contain: g single number. it is assumed to beand ItlJ ts assumed to be l.
Lead lag operator -- can be used as the leftargument to the LEADLAC progran.

DAYLAC 12 45
.875 .125

DAYLAG r2 -'I 5
r .r25 ,8?5

DAY LAC 45
,5 .5

DAT LTG - q5
2 .5 .5
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Program: QF ACT0R

Syntax: R*I QFACT0R X

Group: DI STRI EUTE

Subroutines: None

Description: Multiplies quarterly factors across a monthly
time series.

Input: X = Monthly time series

f : vector of quarterly multiplicative factors to bedistributed across.f
Output: fi : Adjusted monthly time series r.rhere the firstthree terms of.[ are multiplied by ytl], thenext three terrns of .f are multiplied by It2J.

and so on.

Examplei 2 3 \ QFACT1| I 2 3 I 2 3 | 22tt636gttg

Prog ram: YF ACT0n

Syntax: R-I 'tFACT0n X

Group: DISTRIBUTE

Subrout ines: None

to be

f i rs i 12
nexL I 2
so on.

23q5

15 3 6

Description: Multiplies yearly factors across a monthlv
time series.

Input: f : Monthly time series

Y : Vector of yearly multiplicative factors
distributed across I

Output: f = Adjusted monthly time series where the
terms of f are rnultiplied by ytll. the
terns of I are multiplied by yt2l. and

Examplei 2 3 u yFACf1R 1 2 3 r.t 5 r 2 3 q S I
12345123q5

2 'r 6 8 l0 2 q 6 I l0 2 tr 9 12 15 3 G 9 t2
9 l2 20
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PTogTam: SPREAD GToup: DI'TRIBUTE

Syntax: fi*Y SPREAD I Subroutines: None

Description: Spreads one time series across another.

Input: X = Time series
I = Tirne series

Output i = Time series which is the surn of the following
vectors:

rtll x.r.0 0 0 .., o
I[2] '0,I,0 O ... o
I[3] ' 0 0..r.0 ... 0

ItMl ' o O 0 ... 0..r

Example: l0 20 30 SPFETD . 3 . rr .3 . 23 10 20 20 l3 6

Notes: The length of I is one less than the sum of thelengths of f and f.
(Y SPREAD .f ) : I SPRE^D y

The relationship between Sp,nE/D and LEADLAG is thatthe f irst ( p.f ) terms of. y SPREAD .t are the same as

(0.'T'I LEADLAC X

The l(th tern of y SPREAD I can be viewed as the sumof aIl products Ilfl'yIJ] where (t+J):N+1. For
exanple,

Rt3l = (rI r ]'I[3] )+(I[2]'yt2l )+(.rt3l'rtr I )

SPREAD can be used to calculate a depreciation timeseries: the input time series are the capital
lnvestment strean and the depreciation schedule for
t1.
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Program: EYfn

Syntax: fi*Y E\IR X

I nput :

Output :

Example:

Group: I NTEREST

Subroutines: None

Description: Calculates effective yearly interest rates.
g iven nomi nal rates .

I = Nominal yearly interest rates

I. Number of compoundings per year -- can be avector matching the length of .[; 0 indicates
cont! nuous compounding

8: Effective yearly interest rates

I 12 12 365 0 tYtR.06 .06.0? .O? .O?
. 0 5 . 0 6 I 6 ? 7 I I I I 5 . 0 7 2 2 9 0 o I O I 6 . 0 7 2 5 0 o I I 3 1 ?

.072508r812s

Progran: ItIIR

Syntax: tr-I /VYfn I

I nput :

Output :

Exanple:

Group i I NTEREST

Subroutines: None

Description: CalculaLes noninal yearly interes! rates,given effective rates.

I = Effective yearly interest rates
I : Number of compoundings per year -- can be avector matching the Iength of .I: O indicates

cont inuous compounding

R: Nominal yearly interest rates

| 12 t2 365 0 iryJn.05 .06 .07 .07 .07.06 .058q1050578 .06?8q9?q'r65 .05766q9196?
.0676585'r8't7
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PTogTam: QTN2NDI NTEREST GToup: I NTEREST

Syntaxf-Y QTR2NDINTEREST X Subroutines: None

Description: CaLculates secondary interes! effects from a
cash flow.

Input: I z Quarterly cash flows. unadjusted for the effects
of marginal investing or borrowing

= Effective tax rate
= AnnuaI interest rate on investments
: AnnuaI interest raLe on loans
= Opening cash balance (positive for

investnents. negative for loans)
: Net to cash after taxes

: Taxes paid (+) or tax reduction (-) as a
result of investing or borroving (global
variable)

: Investments (+) or Ioans (-) after adiustments
tglobal variable) -

: Before tax revenue (+) or expense (-) (gJ.obaI
variable)

vtl
Y[2
I TJ
It't

Output:

Example:

When cash on hand is positive, marginal cash flow nis from investments; when cash on hand is negative,
marginal cash flow R is a result of loans.

Taxes (Zl) are computed and "paid" quarterly;
rnterest rs computed monthly.

. r.r8 .08 .12 -l2oo QTR2tTDINTEnEST 500 500 500
500 500-15.5 -8.2 -l 4.5 9.6

z1-1q.3 -7,6 -l {.1 8.8
z2-715.5 -223.'t 215.3't.t9.7 r289.3
z3-29.7 - | 5.8 -2 8.6 lB. 

't
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Program: YR2NDINTEBEST croup: INTEREST

Syntax: R-y YR2IIDINI"EREST X Subroutines: None

Descriptioni calculates secondary interest effects from acash fIow.

Output:

Input: f : YearIy cash flows, unadjusted for the effects ofnarginal investing or borroving

= Effective !ax rate
= Annual, interest rate on investments
= Annual interest rate on loans
= Opening cash balance (positive for

rnvestments. negative for loans)

= Net to cash after taxes

: Taxes paid (+) or tax reduction (-) as aresult of investing or borrowing (gIobaI
var i able )

Z2 : Investments (+) or loans (-) after adjustments
( g IobaI var i abl e )

Z3 : Before tax revenue (+) or expense (_) (global
var i able )

when cash on hand is positive, rnarginal cash flow Ris fron investnents; when cash on frand is n"g"ii.r".marginal cash flov F is a result of Ioans.
Taxes (Zt) are computed and "paid" quarterly:
interest is computed monthly.

Example: . '{B .08 . l2 -l 2oo yR}NDINTEREST soo s00 500500 500-59.5 -32,5 -q.5 r7.? 38.9
,r

-5'{.9 -30.1 -q.3 15.3 35.9
71

-?59.5 -292.1 203.3 ?21 1259.9
z3

llir.'{ -52.5 -8.9 3q ?tl,g
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Program: AVGC)ST Groupl INyENT7R,1

Syntax: F*I AV GC)ST X Subrout i nes : None

Description: Calculates cost of goods sold on an average
cost basis.

Input: XIl T0 /V] = TotaI inventoried cost for IV periods

X[N+l T0 2iV] : 1e1"1 number of units produced for
sale in the IV periods

Xl2N+t TO 3NJ: TotaL unit sales in each of the ry
per iods

' Ytll = opening unit stock

Y[2] = Total cost of the opening stock

Output: n : Cost of goods sold in each of the t periods

Example: In this example, N=2.

100 250 AVCCoST 125 r75 75 100 100 r5o
2l'r.286 287.?55
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Program: FIF0 6roup: INVENT7RI

Syntax: fi*Y FIEO X Subroutines: None

Description: Calculates cost of goods sold on an first-iri,first-out basis.

Input: XIl TtJ

rlJv+1

Il2N+ |

Ivl : Total inventoried cost for IV periods

T0 2N): Total number of units produced for
sale in the iV periods

T0 }N'l = Total uni t sales in each of the /V

periods

Ylll = Opening unit stock

I[2] " Total cost of the opening stock

Output: R = Cost of goods sold in each of the jV periods

Exanple: In t.his example. /V:2.

r00 250 FIF0 t25 175 75 r00 100 r5o
250 2S6.25

Program: LIFO Group: INVENT7?,!

Syntax: fi*I LIFo X Subrout ines: None

Description: Calculates cost of goods sold on an last-in
f i rst-out bas is.

Input: XIl T0 it] = Total invenloried cost for IV periods

X[il+l T0 2rT] : 1e9"1 number of units produced for
sale in the lV periods

I[ 2rV+ I TO 3tl) : Total uni L sales in each of the iV

periods

rlrl . opening unit stock

Y[2] = Total cost of the opening stock

Output: R: Cost of goods sold in each of the Ar periods

ExampLe: In this example, N=2.

r00 250 LIF0 t25 175 ?5 100 100 l5o
r87,5 300
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Program: DI SC0U NT

Syntax: R-Y DISC7UNT X

Descriptions Calculates volume discounr.

Group: INvENT?Ry

Subrout ines : None

Input: X = Time series of dollar purchase amounts
y = Discount schedulei that is, ytoddl is theninimum. amount of purchase necessary to earn adiscount at the raie ylodd+ll. Oi"lount-."fu=

( the even el.ements of I ) are expressed as
dec imals.

Output:

Example:

f: Time series of discounted anountsZl : Actual discounts for each purchase (globaJ.
variable )

1000 .02 s000 .05 loooo .r 3oo0o .2 DISCOUttT500 1500 6000 2o0oo
500 Irt70 5700 18000

zl
0 30 300 2000

on volume.
can be bought

voLcosT 500

Output 3

Example:

Program.. VOLCOST Group: IN|ENTIRI
Syntax: fi*y VOLCOST I gubroutines 3 None

Description: Calculates total cost as a function of volune,

I nput : x = Time series of unit demands

Y = Schedule of unit costs dependent
Ytoddl is the minirnum volume thatat the price y[odd+r ].

R: Total cost for each volume

0 6.5 1000 5 5000 5.5 10000 5
1500 5000 20000

3250 9000 33000 100000
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Program: C0RI

Syntax: 8*I C0RI X

Description: Selects
values.

time series of

croup: MAN I pU LATE

Subroutines: None

calculated or input

I nput : X = Tine series of calculated values

Y : Time series of the same length as I,
representing input values

Output: n : Time series defined as follows:
lrhen yr0. i=y
when y:0. R:corresponding calculated value .X

Example: l0 O 30 O SO CORI t2 lq 15 lB 20
l0 lr{ 30 t8 50

Program: ELT0F Croup: I,|ANIqULATE

Syntax: F*I ELT1F X Subrout ines: None

Description: Selects elements of a time series.

lnput: f :
t:

Output: fi

Example:

Time series
Element numbers to be selected

: The elements of I specified by y

3 5 ELT1F L 2't I 12 11't t2
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Program: INCREASE

Syntax: F-Y INCREASE X

Description: Increments

Group: I,IANIPULATE

Subroutines: None

selected values of a lime series.

Input:

Output :

Exanple:

X = Original time series

f : vector of alternating element
increments (or decrements if

R : Modified tine series

2 200 tr -5 rivcnErsE l0 20l0 220 30 35 50 60

numbers and
negat i ve )

30 rto 50 60

Program: nEPLACE

Syntax: R*I REpLACE X

Description: Replaces

Group: 14ANIPULATE

Subroutines: None

selected values of a time series"

Input:

Output :

Example:

I : original
I : Vector of

va lues

F = Modified

?22
l0 22 30 {rr

t ime series
alternating element numbers and new

time series

4 tt\ REPLACE l0 20 30 qo 5o 5o
50 60

Program: IRIIT croup: IiANIqULATE

Syntax : R*I INIT X Subroutines: None

Description: Establishes initial conditions.

Inpu!: X.Timeseries
Y = Initial terms for the time series

Output: fr = .[ with I replacing rhe initial terms

Example: l0 20 INIT I 2 3 r{ s
l0 20 3 'i s
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!rogram: LzF

Syntax: R*Y LZF X

Descr ipt ion : Generates a t

croup: I,tANIpULATE

Subroutines: None

ime series using left zero filI.

Input:

Output :

Example:

f,:
l:

n

Time series
Length of resulting time series

: Last I terms of x. If x is too short, it ispadded on the left with zeros.

5LZFrOs
0 0 l0 I

Program: RZE

Syntax: R-,1 RZF X

Description: Generates a

croup: MANIpULATE

Subroutines: None

time series using right zero filI.

it is

Input:

Output:

Examp).e:

X=
t:

n

Time series
Length of resulting time series

= First Y terms of I. If x is too shortpadded nith zeros on the right.
5RZr108

l0 I 0 0 0

PTO9TAM: RLF Group: I,TANIPILATE

Syntax: R-I ftf .t Subrout ines: None

Description: Cenerates a time series using right Iast fill.

Input: Time series
Length of resuLting

X=
Y:

Output: R : First y terns of X.
padded on rhe righl

Example: 5 RIF t0 I
l0 I 8 B 8

rlme serles

If X is roo short, it iswith its Iast element.
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PTOgTAM: LEF GToup: MANIPULATE

Syntax: F*Y tFI' I Subrout ines: None

DescripLion: cenerates a time series using left first fiIl.

Input: X

Y

Output:

Example:

Program: TNANSPOSE Group: MINIPULATE

Syntax t R*TRANSp?SE X Subrout ines: None

Description: Interchanges the rows and columns of a matrixof data.

Input: .f : Matrix or vector (treated

output: R = Transposed data

Examples. X
100 120 r50 1q0 l8o
150 l?0 ll0 210 I'r0
ll0 190 130 100 130

TRANSPOSE X
100 r50 rl0
120 l?0 190
150 110 130
tq0 2r0 100
r80 140 130

TRANSPOSE 5 IO 2O
)
l0
20

as a one-rov matrix )
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= Time series
= LengLh of resulting

R : Last y terms of .f .
padded on the left

5 IFF IO 8
l0 l0 l0 l0 I

time series

If I is too short, it is
vith its first elenent.



Program| PLUSMINUS croup: U'lntpUtnt
Syntax: fi*Y ?LUSMIilUS X Subroutines: None

Description: Setects positive or negative terms from aseries.

Input: X
Y

Output: n

= Time series: I or -1

= Series modif ied as follovs:
If Y:1, negative elernents of y are replaced by
ze ros .

If Y:-l, positive elemenr-s of .[ are replaced byzSr?s. and-negative elements are repl.ated bytheir absolute values

I PLUSMINUS l0 -lo 20 -20 30r0 0 20 0 30

- | PLUSHINU.S l0 -10 2o -20 lo0 l0 0 20 0

Examples:
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Prog ram: BCMATX

Syntax: R+Y BCMATX X

DescripLion: Builds column matrix.

Group: ilATRIX

Subroutinesl None

next row. The number
than the number of
colurnns in f eguals

x. If y is too short.

J

Input: x
v

Output: R

Examples:

Input: X
Y

Outpu!: f

vector or matrix
Vector

: New matrix vith I as the next column. The
number of columns in fi is one more than the
number of columns in x. The nunber of rows in
R equals the number of rows in X. If y is tooshort, it is padded with zeros.

U,fI-'r56BCilATIt23
MAT

llr
25
JD

7 8 ECMATX NTT

Group: MATRIX

Subroutines: None

1rl 7
tqt
360

Program z SRHATX

Syntax: 8-I ERMATX X

Descr ipt ion: Bui lds rov matrix.

Vector or matrix
Vector

: New matrix with y as the
of rows in fi is one more
rows in X. The number of
the number of columns in
it is padded vith zeros.

Itl.4I.tf568RMATXtz

NAT

Exampl es :

7 8 BNMATX MAT
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Program: MI N

Syntaxr R+y MIN X

Description: Extends the
the minimum

Group: MINttAX

Subroutines: None

minimum primitive function to takeof vectors and matrices.

Input: I = ScaIar. time series.
I = Scalar. time series,
If neither.t nor y is a
conform.

Output: fi : ILI, performed row
vector and natrix.

Example:

or matrix
or matrix

scalar. lengths must

by row when operating on a

Y

r{ l6 28 30
r8 20 32 35

I MIir 20 20 25 30lq l5 25 30
l8 20 25 30

Program: ltAx Group: MIN!|AX

Syntax . R*'I NtX X Subrou! i nes : None

Description: Extends. the maximum primitive function to taKethe naximun of vectois and matrices.

Inputt f = Scalar. time series,
Y = ScaIar, time series,
If neither.f nor y is a
conform.

Output: F : Ill. performed row
vector and natrix

or matrlx
or matrix

scalar, Iengths must

by row vhen operating on a

Example: Y

ltt l5 28 30
l8 20 32 35

Y MAX 20 20 30 30
20 20 30 30
20 20 32 35
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Program: t'll NSC AN Group: MI NMAX

Syntax I R*MINSCAN X Subroutines: None

Description: Minimizes consecutive terms of a time series.

Input: X =

Output 3 R

Exarnple:
I

Time series

= Time series adjusted as follows:
Rlll :.rlll
RII I = Minimum of XtI-t I and XII l. for f,2

MINSCAil I 2 3 tr 3 2
12332

Program: MTXSC AN croup: NI NMAX

Syntax : R*MAXSCAN X Subrout ines: None

Description: Maximizes consecu!ive terms of a time series.

Input: x :

Output: R

Example:
I

Time series

= Time series adjusted as follows:
8[r] . IIr]
nIf ] : Maximurn of .rlf -l I and IIII. f.or 1,2

MAXSCAil l2 3 tr 3 2
23rtrt3
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Program: PDCE croup: 7TIMEVALUE

Syntax : R*Y PDCE X Subrout i ne i DCE

Description: Calculates a probabilistic discounted cash
f lov.

Input: x = Matrix of l( likely cash streamsr one per rov
YI I ] = periodicity and cash flow rype+l ++ monthly

+3 ** quarterly
+G ++ half_yearly

tt1:: I;":iI""." {payment ar rhe besinnins
of each period)

e+ ln arrears (payment at Lhe end of eachperiod)

'I12 T0 I(+ll : probabilities for each cash flow in x.
summing to t.

ytr+z f0 A,l : Nominal annual discount rates. year byyear. If enough rates are not
provided. the last one is replicated
as necessary.

If Y consists entirely of probabil.ities and interestratesr then I- l.I.

Output: n : Discounted expecled (average) cash florr. with
the discounting compounded every period.

ZL = I + the nominal periodic discount rates

Examples:

( gIobaI var i able )

x
100 lt0 r20 130 t'r0 150
100 100 100 100 100 1oo
90 90 80 80 ?0 70

3 .3 ,'l 5 .25 .08 .1 PDCF X
97.5 98.529 97.078 98.002 95.5q2 95.891

1.02 1.02 r.02 1.02 1.025 1.025

-3 .3 .q5 .25 .08 .l PDCF X
95.588 95.597 95.175 95.08 9q.t87 9q.528

Zl is the same as above.
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Program: PEY croup: ?TIMEV |LUE

Syntax : R-Y PFV I Subrout ines: ?DCF . DCF

Description: Calculates the probabilistic future value of acollection of cash streams.

Input: .l : Matrix of X likely cash streans. one per rov

Ilrl = Periodicity and payment method
+1 ++ monthly
+3 G{ quarterly
+6;+ half-yearly

112 -* yearly
r *+ in advance (payrnent at the beginning

of each period)
** in arrears (paynent at the end of each

per iod )

YI2 T0 Krll = Probabilities for each cash flov in f.
sumning to l.

YIX+? TO tl ' Nominal annual discount ratesr year byyear. The last rate entered is
replicated so that each element of f
has a rate.

If I consists entirely of probabilities and lnterestrates. then I- I,t
Output: R : Future value of the expected (average) vElue of.t conpounded at the rates in I. Thc periodic

interest rate is the annual rate in I-dividedby the nunber of compoundings per year.

Example: I
t 00 I r0 120 130 I tr0 150
100 100 100 100 100 100
90 90 g0 80 ?0 70

3 .3 .q5 .25 .08 .1 PFy I
65{.?587922
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Description: Calculates the probabilistic present value fora collection of cash streams.

erogr"r, PPv

Syntax I R*Y PpV X

Input:

Output:

Example:

Group: pT IMEV ALUE

Subroutines I pDCF. DCF

.[: Matrix of K likely cash streams, one per row

Illl = Periodicity and payment method
+1 ++ monthly
+3 -- guarterly
+G *- half_yearly

+12 ++ yearly
+ ++ in advance (payment al the beginning

of each period)
- -- in arreais (payment at the end of eachperiod)

Yl2 TO tr+ll = probabilities for each cash flow in X.
sunming to l.

't[.K+2 T0 /tr] = Nominal annual discount rates. year byyear. The last rate entered is
replicated so that each element of xhas a rate,

If I consists entire).y of probabiliries and inreres!rates. then I*-l , y

R : Present value of the expected ( average ) valueof .f discounted by the iates in y. ineperiodic discount rate is the annual rate in y
divided by the number of compoundrngs per year.

x
100 t10 120 r30 Itl0 l5o
100 100 100 100 loo lo0
90 90 80 80 70 ?0

3 .3 .'t5 .25 .08 .l PPy I
50'{.5t{l93qt
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Program: DCF croup: RATES

Syntax . R*'f DCf X Subrout i nes : None

Description: Calculates a discounted cash flon.

Input: X : Cash stream

y[ 1 ] = periodicity and cash flow type+l ++ monthly
+3 *- quarterly
:6 *t half-yearly

tt1:] 
{;":}}""." (paymenr at rhe besinninsof each period)

** in arrears (payment at the end of eachperiod)

Y12 T0 rVl = Nominal annual discount rates. year byyear. If enough rates are not provided.
the last one is replicated as necessary.

If I consists entirely of probabilities and interestrates. then y* I , y.

Output: R : Discounted cash flov, with the discounting
compounded every period.

Zt = | + the nominal periodic discount rates(global variable )

Examples: 3.08.1 DCF lO0 r00 too 100 lO0 100 lO0
100

100 98.039 96. ll7 9r. .?32 92.38S 90. l3l 87.933
85.788
a1

1.02 1.02 r.02 1.02 1.025 1.025 1.025 1.025
-3 .08 .t DCr t00 r00 100 100 lo0 lo0 100

100
98.039 96.117 9q.?32 92.385 90.131 87.933 85.?88

83.595

Zl is the same as in the first example.

l2 ,08 .1 DCF 100 100
100 92,593

zl
I .08 l. I

-12 .08 .t DCr 100 100
92.593 8tr.l75

Zl is the sane as in the first example.
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Program: EV Group: RATES

Syntax: F+I f I .t Subrout ine: DCF

Description: carculates the future value of a cash stream.

Input: X=Cashstream

YIrl = Periodicity and payment method+l ++ monthly
+3 *+ guarterly
+6 *+ half-yearly

tt1 :- I:":il"^"" (paynenr at the besinnins
of each period)

-+ rn arrears (payment at the end of eachperiod)

'It2 f0 il] : Norninal annual discount rates. year byyear. The last rate entered will be -

replicated so that each element of.[ hasa rate.

If Y consists entirely of probabilities and interesrrates. then y* I , I.
Output:

Example:

R : Future val.ue of .f compounded
The periodic interest rate is
in Y divided by the number of

at the rates in y

the annual rate
compoundings peryear,

3.06 ry 1000 20oo 3o0o
r5532.9rt623

q000 5000
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Program: PV Group: RATES

Syntax: fi*I Pl/ X Subroutine ; DCF

Description: Calcul.ates the present value of a cash stream.

Input: X = Cash stream

II I ] : Periodicity and paymen! method
:t -- monthly
+3 ++ quarterly
:6 *- half_yearly

+12 ++ yearly
+ ++ in advance (payment at the beginning

of each period)
- ** in arrears (payment at the end of each

Per iod )

'I[2 T0 At] = Nominal annual discount rates. year
year. The last rate entered is
replicated so that each element of
a rate.

If Y consists entirely of probabiliries and interestrates. then I*-l . I .

R: Present value of.f discounted by the rates in
Y. The periodic discount ra!e is the annual
rate in Y divided by the number of compoundings
per year.

3 .06 Py 1000 2000 3000 tr00o 5oo0
1trq18.61772
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I has

Output:

Example :



Description: Calculates selectable rate of return.

Inpu!: X

Program: R0R

Syntax1. R-Y R2R X

It

Output: ,l?

Examples:

Group: RATES

Subroutines: IR7R, DIR0R, SFROR . AR7R
S,{ROR, NSAR2n. fDr and their

subroutines as sel.ected:
DCT, PV, FV, SFCFL

: Cash stream, including both revenues andexpenses

I I : Rate of :-eturn
1 ** internal rate of return
2 -- discounted rate of return
3 ** sinking fund rate of returnq ** annuity rate of return
5 ** savings account rate of return6 -* modified savings account rate of return

2l = periodicity
I ** monthly
3 -- quarterly

12 ** yearly

I T0 Nl = Any remaining input parameters for eachrate of return type
: Rate of return
For descriptions of the input parameters andexamples of the computations. iee thedocumentation for the programs tnoi,- ptnon,
Sr8OF, AR?R. SAR?R, and u5,lnOn.

yt

II
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Example:

Prograrn: ffi'oR croup: ?ATES

Syntaxl R-Y IR?R X Subroutine: IDF

Description: Calculates an internal rate of return.

Input: I : Cash stream, including both revenues and
expenses

Y[1] = Model periodicity
I ** monthly
3 ** quarterly
6 *- half-yearly

12 -. yearly

v[2] = Optional -- Type of rate when periodicity isnot yearly
0 ++ produce the effective annual rate(default)
1 *- produce the nominal annual rate

Outputs fi = The annual internal rate of return of the cashstrearn. No reinvestment of positive streambenefits is assumedi the result is the rate
needed to yield a net present value of zero.
For multiple rates of return. the rate closestto l0t is calculated.

r2 IROR -300 150 l0o 2oo 5o -lo0 5o too
.265032032
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Program: MI R?n croup: RATES

Syntax 3 R+Y MIRlR X Subrout ine: MIDF

Description: carculates several internal rares of return.

I nput : X : Matrix of cash streams. including both revenuesand expenses

Ytll = Model periodicity
l.- monthly
3 -* quarterly
E ** half-yearly

12 ** yearly

I[2] : Optional- -- Type of rate when periodicity isnot yearly
6 ** produce the effective annual rates(default )

l -+ produce the nominal annual rates
Output: fi : Vector of annual internal rates of return ofthe cash streams. No reinvestment of positivestrean benefits is assurned: the result is therates needed to yield net present values ofzero. For multiple rates of return for anindividual strean. the rate closest to l0t iscalcul.ated.

Exanple:
50 100

150 200
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F LOV-300 r 50 100 200 50 -roo
-300 -too 50 50 l0o t00

t2 ilIn?R FL?V
.255032032 .1032940015



Program: ARCq

Syntax: R*Y ARAR X

Description: Calculates an

Subrout i nes :

Group: RATES

DCE, IDE, IROR, PV

Input:

annurty rate of return.

X = Cash stream, including both revenues and
expenses

Y[1] . ModeI periodicity
t *- monthly
3 -* guarterly
5 -- half_yearly

12 -* yearly

Y[2 T0 rtr] : Annual annuity discount rates for eachperiod

outputl i : The annuity rate of return of the cash stream;that is, rhe program .rROR is applied to rhecash floy based on the present value of allequity investments and negative florrs at theuser-supplied discount rates. The last rateentered is replicated for any unspecifiedperiod. For multiple annuit! ratis of return,the rate closest to l0t is cilculated.
Example: 12 .0S InOR -3OO lS0 100 200 S0 -100 S0 too

.2007155r1 22
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Program: DIR0R

Syntax: R-y DIRO| X

Description: Calculates
re turn .

Group: RATES

Subroutines I DCF. IDE. IRlR

'a discounted internal rate of

.r : Cash stream, including both revenues andexpenses

yIt] : Model periodicity
t -- monthly
3 *- quarterly
6 ** half_yearly

12 ++ yearly

'It2 TO IVI = Annual discount rates for each period
Output: n : The discounted internal rate of return of thecash stream; that is, the program JROfi isapplied !o rhe cash ftow disc6una";';l i;"annual- rates -supplied. The last rate enleredis_ replicated foi any unspecif i"a l"ii"J. 

-.i".
nulriple discounted iates'ot returi.-;;;'."1;closest to l0t is cal.culated.

Example: l2 .os DIR7R -300 lso l0o 200 50 -lo0 50 r00,20{792rtll5

I nput :
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Program: MS An?R

Syntax: R*Y MSAR?R X

Descr ipt ion: Calculates
return.

Subrout i nes :

a modified savings account rate of

I nput : X = Cash stream, including both revenues and
expenses

Y[1] = Model periodicity
t -- monthly
3 -* quarterly
5 *r half_yearly

12 *- yearly

!12 T0 rVl : Annual sinking fund and discount ratesfor each period

Example: r2 .05 ttsAR?n -300 150 l0o 200 5o -lo0 50
100

112806275
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croup: RAT ES

DCF, FV, IDF. IRON
PV , S ARO R, .9FCrI,

output: R : Modified savings account rate of return of thecash stream: that is. the program IfiOR isappl.ied to the cash flow moOiiiea by thesinking fund method and then by the'savings
account method. See Sffioi and.S,t,ton. Th6 lasrrate entered is replicated for any unspecifiedperiod., F.or multiple modif ied savingr'"iio"ntrates of return. the rate closest to lot is
c a Icul ated.



Program: S AR?n

Syntax: n+Y .9,lR0R X

croupr RATES

Subroutines: DCF, Fv, IDF, IROR. Pv

Description: Calculates a savings account rate of return.

Input: .I : Cash stream, inctuding both revenues and
expenses

Ylll = ModeI periodicity
I -+ monthly
3 *+ quarterly
6 ** half_yearly

12 -* yearly

It2 T0 Jttl : Annual savings account discount ratesfor each period

Oulput: R: The savings account rate of return of the cashstreami. thar is, the program Ifiofi is app).ied tothe cash flow based on the present valuL of aIIequity investments and negative flovs at theuser-supplied discount rates, The rates aresubject to any remaining positive benefitsbeing cornpounded forward it the given
reinvestment rates to the period-of the finalstream element. The last rate entered isreplicated for any unspecified period. Formultiple saving5 iccount rates bf return. therate closest to lot is calcul.ated.

Example: l2 .05.9/ROR -3oo l5o 100 200 s0 -loo 50 l0o1017196382
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Program: 5ff,08

Syntax: R*I SFR'R L

Group: nATES

Subroutines: DCF, IDE, In0n. Sfcft

Description: Calculates a sinking fund rate of return.

Input: I : Cash stream, including both revenues and
e xpenses

Ytll = ModeI periodicity
l -* monthly
3 *+ quarterly
6 *- half_yearly

l2 ** yearly

'I12 T0 /Vl : AnnuaI sinking fund rates for each
period

Output: fi: The sinking fund rate of return of the cashstreani that is. the program If,Oi is applied tothe cash flou based on the assurnption ol
reinvestment of suff icient positive strearn
benefits at the user-supplied rates to fund allfuture negative flows. The Iast rate ent€redis replicated for any unspecified period. Formultiple sinking fund rates of retirrn. the rateclosest to t0t is calculated.

Example: 12 .05 SFfOn -300 ISO r00 2OO SO -r0O SO rO0
.2{72tt9389
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Program: DCIR0R

Syntax:r f-y DCIn1R X

Description: Calculates
combination
f lows.

Group: R AT ES

Subroutine: DCIDF

an internal rate of return for aof discrete and continuous cash

Input: .f : Tno-ron matrix r.rith one more column than thenumber of periods represented Uy tne .""f,-"-streams. The first row, p*rIt:l,.onrisis orthe discrere cash srream. includinq b;i;-- -'
revenues and expenses. Dttl is th6 flow at thebeginning of thL first perioa ie"J-oi-itr"-"".otnperiod) and DIr] is the'fIo!, at ttre enJ ot-''period r-1,-for I = 2,3....,rr+1. The secondrov, C+I[:; ] , consists of the continuoui-iiJr",each of w!lc! is spread uniformty ;;;;i; ;;;;period. c[ I ] must- be 0. and ct ri d;;i; ;ir;'flov received during period f_t. foiI = 2.3..,..JV+1.

YIt] . Model periodicity
r -* monthly
3 -* quarterly
B r* half_yearly

12 ++ yearly
Y[2] = Optional. (except if yt3l:O] __ Type of ratevhen periodicity is not yearly0 -+ produce effective ainual- rate (default )1 *- produce the nominal annual rate
f[3]: Optional -- Compounding (discountinq) ryDeo ** compound D periodically and c -

cont rnuously (default )I e- compound both D and C con!inuouslv2 ** compound both , and c perioaiciiii3 *+ compound D continuously and Cperiodically
Output: R : Annual internal rate of return based on thecombination of D and C. lto reinvesir"nt-oipositive stream benefits is assum"a. -i"r--multiple rates of return. the rate.tosest t,,t0t is calculated.
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Examples: x-300 I 50 100 2oo
0 -100 -50 0

12 DCIROR X
.25t1 521608

12 O r DCIRON
.2tr85793'r79

12 O 2 DCIROR
.282055250t|

I2 O 3 DCIROR
.2630537952

50 -100 50 100
s0 100 I 50 200

Program: I DF

Syntaxt R*I IDF X

Description: Calculates an

Group: RrfES

Subrout ines: None

internal discount factor.

Input: X = Cash streami including both revenues and
expenses

I . Initial approximation of the internal discount
f actor

Output: R : The internal discount factor of the cashstream. No reinvestment of positive streambenefits is assurned: the result is the aiicount' factor needed to yiefa i n"t pr"r"nt value ofzero. .For multiple factors. the rate closestto .9 is calculated.

Discount factor: lr(l+rate of re!urn).
Example: .9 IDf -300 rSO too 2OO 50 -lO0 SO 100.7904938173
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Program: MI DF

Syntax: F*I MIDF X

Description: Calculates several

Group: RATES

Subroutines: None

internal discount factors.

I nput :

Output:

Example:

: Matrix of cash streams, including both revenuesand expenses

y = llitial approximation(s) of the inrernalctlscount factors

n : Vector of internal discount factors of the cashstreams. No reinvestment of positive streambenefits is assumed; the ,esuit is the discountfactors needed to yield net present values ofzero.

Discount factor : l+( l+rate of return ).
F LOV-300 _l5o r00 200 50 -lo0 50 loo-300 -loo 50 50 loo loo r5o 200

.g MIDF FLOV
. 790'{938173 . 9053.' 672t6
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Program: DC I DF

Syntax: R*Y DCIDF X

Descript ion: Calculates an
combinat ion of
f lows.

I nput :

output:

Group: RAT ES

Subrout ines: None

internal discount factor for adiscrete and continuous cash

X : Tvo-row matrix wi th Iv* t columns f or lrr periodsrepresented bv the cash streams, The ti..i-io",D-Xlr; l. consists of rhe aisiieie cash srream,incLuding both revenues and expe;ses. Dt I lequals the flow ar rhe Ueginniit of the firstperiod (end of rhe zeroth perio6) and Dt.rlequals the flov at the end of period f_i.-forI = ?.3 . . . , ,rV. l. The second ,6r, -C*f 
f z; j,consists of the continuous i1."". each spreaduniformly virhin each period.- Zitj ;;r;-;;-;,and ctIJ equals rhe flbw..i"i""o-or.in9 l"riJaf-1. for I = 2.3.....,w+1.

Ytll = Initial approximation of the internalolscount tacLor
't[2] = optional -- Compounding (discountinq ) tyDe0 *+ compound D periodicalry ana-i . -rr!

continuously (def ault )'I *- compound both D and C continuously2 -* cornpound both D. and c pe.ioaicaiii,3 ** compound D continuously and Cperiodically
fr : The internal discount factor based on thecombination of D and C. uo reinvestment ofposi t ive stream benef i ts is aiiumeA.

Discount factor : I | ( l*ra!e of return ).
Examples: X-300 I 50 100 200 50 -l 00 50 l0o0 -loo -50 o 50 lcO 150 200

.9 DCIDF X
. ?907503555

.9 I DCIDE X
.8009102518

.9 2 DCIDF X
.77999?5855

.9 3 DCIDF X
.7917256q6
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Program: SFCF L

Syntax: 8*Y SFCFL X

Description: Calculates a

Group: RATES

Subroutine: DCF

sinking fund cash flow.

Input: | =

Ytl

Yl2

fc

y*-

Output ! P

Original cash fIo\,t

I = Periodicity and cash flov type+1 ++ nonthly
+3 ++ quarterly
+6 ++ half-yearly

+12 ++ yearly
+ +* in advance lpayment at the beginning

of each period)
- ++ ln arrears (payment at the end of eachperiod)

T0 N) = Nominal annual interest rates. year byyear. If enough rates are not provided.
the last one vill be replicated as
necessary.

Y consists entirely of interest rates. thenr.y.
: Modified cash flow where early positive flotrsare set aside into a sinking iund to fund aIIfuture negative fl9y., fhii fund pays rnrerestat the rates specified in I. Aftei aIInegative flows are funded. the result consistsof the remainder of the positive flows. Onlyflorrs from the first positive one to Lhe lastnegative one are affected. All others villremain unchanged. The sinking fund wi ll beconsloerect rnfeasibl.e if the positive flowscannot cover subsequen! nega!ive flo*s. Inthis case. fi:.f.

Exanples: _ L2 O SrCFL -3OO 100 250 -tOO 50 i00 -90
300 100 50 0 5o lo 0

_ l2 0 ^sFcFI -300 1oo 250 *200 50 l0o -90
100-3oo loo lo 0 o o 0 0

l2 0 ^srcFr -3oo 100 50 -2oo 2s0 t0o -90
ttt INC0NJNc CASE EL0vS INSUFFICIENT T0 C0vER

FUTURE OUTFLOVS-300 l0o 50 -t00 250 lo0 -90

_ l2 , I 9FCEL -3oo 100 250 -200 50 100 -90
300 100 68.182 0 so 18.182 o

_ r2 .l ^trcft -300 100 250 -200 50 100 -90
100-300 loo 61.072 0 0 0 0 o
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Program: INC1MEASSETS

Syntax: 8*Y INC1MEASSETS X

Group: RATI0S

SubrouL ine: DIf

income statement itemsDescr ipt ion: CaLculales the ratio of
to balance sheet iterns,

Input: X = Balance sheet time series
yllj = periodicity

r ** monthly
3 ** quarterly

12 ** yearly

'll2 T0 ri/l = Income statement time series. The
length of y must be one more than the
length of I, and .t and I must have
enough data to account for a whole
number of years.

Output: R : Ratio of each incone item by the period averageof the balance sheet itens.
Example: In this example, X represents quarterly balancesfor tvo years. The yiarly aveiage balances are

120 and 200.

x
100 l!0 125 145 170 200 2ro 220

3 24 30 45 36 q'r 5o 55 8o IilcouElssETs x.2 .25 .375 ,3 .22 .25 ,325 .tr

Prog ram: PER

Syntax:. R*Y PER X

Descr ipt ion: Calculates percentages.

Group: RATI0S

Subrout ine: DIv

Input:

Output:

Example:

I: Time series used as
Time series used as

R : Y percent of .f , or

23q56PEn5q0 50 50 100 150

the divisor
the dividend

100' ( Y+I )

585'{
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Program: RiID Group: R7UNDING

Syntax: n*Y R,|tD X Subroutines: None

Description: Rounds to a given number of decimal. places.

Input: X
Y

= Time series: Number of decimal places for rounding

: Rounded time series

I nirD 23 .'t\52 23.75 23.75q8
23.7 23.8 23.9

2 RND 23.?q52 23.?5 23.75q8
23.75 23.75 23.75

Output: fi

Examples:

Program: RoUND Group: ROU NDI Nc

Syntax: F*I RoUND X Subroutines: None

Description: Rounds data to sone multiple of a given unir.

Input: .f : Nuneric vector or matrix

I[l] : Unit anount used for rounding

Y[2]: Optional -- Type of rounding (default:0)
0 ** round to nearest unit
I *- round up to next unit
I -* round down to next unit

OutpuL: fi:Roundeddata

Examples. X
l2rr2.3 1888.? 2110.9 2504.8 2635.1 2.r,7\.5

50 ROUND X
1250 1900 2100 2500 2650 2750

50 I ROUND X
r?50 1900 2150 2550 2550 2800

50 -I ROUND X
1200 1850 2r00 2500 2500 2?50

.5 ROUND X
12q2.5 1888.5 21,tt 2505 2535 27?q.5
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Program. R}UNDUP croup: ROUNDING

Syntax: F*y R}UNDUP.I( 5ubroutines: None

Description: Rounds an array of dala up to a desired powerof 10.

Input: X

,l

Examples:

: Data array (scalar. vector, or

= Desired pover(s) of ro. y can
as long as its length conforms
of x,

f . Rounded data

2 n0uNDUP 3rt56 q563 563r1
3 500 { 600 5 700

| 2 3 R?UNDUP 3t{56 ,{563 563q
3 q 60 tr 500 5000

| 2 3 R0UNDtlP 3rr56
3rl 60 3500 rt000

matrix )

also be an array
with the length

Program: R0UNDD1VN

Syntax: F*Y R1UNDD?ttN X

Description: Rounds an array of
pot'rer of 10'

croup: nOUNDI NC

Subroutines: None

data dovn to a desired

Input: I : Data array (scaIar. vector. or matrix)
Y : Desired pouer(s) of f0. y can also be an arrayas long as its length conforms with the lengthof .r.

Output: R = Rounded data

Examples i Z R1UNDD1YN 3q56 q 563 S63q
3q00 'r500 5600

1 2 3 R1UNDD1VN 3'rS6 '{563 5G3q
3 '{ 50 'l 500 5000

| 2 3 R?UNDDOVIV 3q56
3q 50 3'{00 3000
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P:'ogram: FEDTAXlg

Syntax: P*Y EEDTAXIg X

Description: Calcul.ates
structure.

Group: T AXES

Subroutine: MQy (onIy if ft I Irl2 )

federal tax, based on the 1979 rate

Input: .f : Vector representing a profit or loss stream
YIt] = Data periodicity

r *_ monthly
3 *r quarterly
s ** half_yearly

12 *- yearly
y[2] = Optionat (if It3l omitted or 0) __ Tax losscarry forvard (0 or negative)
y[3]. Optionat -- Starting year of data in x(0 *r lg79 or after)
A pre-1979 starting year may be supplied so lhatsome or alI of Lhe taxes may be caltulated accordrngto the old rate structure.

output: n : Taxes payable
Zl = Tax loss carry forvard (global variable)
The lengths of both fi and Zl match rhe lengrh of.r.

Examples: t2 FEDTAX? 9 2O0OO 30000 -10000 500003q00 5250 0 9250
z1

o 0 -lo0o0 o

l2 -q0000 FEDTAXTg 20000 30000 -10000 600o00 r700 0 9250
LT

-20ooo 0 -10000 0

r2 0 1918 FEDTAX.tg 20000 30000 -lo00o 60000qr{00 5250 0 9250

3 FEDTAX.T I 20000 30000 -10000 50000
5350 8025 -25?5 15050

zl
0000

3 FEDTAX.t9 20000 30000 -10000 -60000
0000

21

0 o 0 -20000
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Notes: The U.S. corporate tax law noL, provides that incomestarting in 1979 be raxed ar rh; foffowinf i";;;;
. t7t on the first J25000. 20X on the second t2SO0O. 308 on the third J25000. q0g on the fourth t25000. q5* on any excess over .f100.000

The old rate structure for pre-1979 income was

" 222 on the first J25000. qB* on any excess over t25000
Because of the sliding tax scaIe. the rncome stream.[ should be in abso]ule dollar amounts.

If the income stream- is not yearly. the programannualizes it, cal.culates thL annual tax-buiden. anddistributes the rax inro rhe perioJi froporti"nif-io
!l:..i::"1: in each.period. niry tax-lIss carryrorvard rs placed in the last period of the yiar.
The program can handle a fractional number of years( if periodicity is not ybarly). In thrs case. anytax loss carry forvard ior tire partial year is loit.
While FEDL{.r?9 contains the correct tax rates. itdoes not completely simulate the compiexities of theu.s. Iax cocle because it simp),ifies thesophisticated carry back/carry forvard rules into an
::::l]"rre, carry-forvard only. The program shouldrneretore be used as a modeling tool ana not as aself -contained tax accounting iystem.

Program: ITC

Syntax: R-ITC X

Descript ion: Calculates invssgrnsn3 g6r.

Group: T AXES

Subroutines: None

Input: Itll
xt2)
xt3l

Output: fi[ 1 ]
nt2l

= Purchase price
: stated life in months
= Actual life in months

= Initial investment tax credit
= Refund. if any

A l0t investment tax credit is assumed.

Examplet ITC tOOO0O0 60 qB
56655,5? -33333.33
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Program: CUMRANcE

Syntax: fl-Y CUMRAN1E X

Descr ipt ion: Maintains a
range,

Group: f ES?^g

Subroutines: None

cash balance !rithin an approximate

I nput :

Output:

l=

vtll
Yt2l
Yt3l
Yttrl

f,:

Vector of cash flows over successive periods

= Rounding factor ( the number of povers of lO ): Minimurn of the ranoe
= Maximum of the ran6e: Opening cash balan;e

Vector of cash balances produced by the flo,^rkept approximately within the specified range.Any excess cash over the maximum is rounded
donn to even 10rf[r]'s and any cash shortageunder the minimum is rounded i.rp to evenl0'Ylll's. The result has the same Iength asx.

Notes: The expression:

3 25000 q0000 10000 cuttRANCE X

produces a result with an opening balance of 10000and. depending on x, a closlng bilance letreen-iioooand q0000 
-(possibly a I i ttle more ) . Any excess cashrs rounded down to even thousands and any cashshortage is rounded up to the next thousand.

Example: 3 2SOOO rlOO00 10000 CU}tR,{ivCE 13300 22300
30000 -50000

25300 rr0600 tr0500 25500
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Program: CUMZER0MAX

Syntax: R*Y CUMZER1MAX X

Description: Calculates a time series of
opening balance and a cash
the resulling balances are

Group: TE.9f 
^S

Subrout ines: None

balances from an
fLow, as long as
not less than zero.

Input: .f : Cash f lotr time series
Y = Opening balance

Output: fr : Non-negative time series of closing balances

Examples: f-5 10 -15 l2 -10 rl

O CUMZEROI|AX E
0r001226

8 CUAZERj||AI E
3 13 0 12 2 6

18 CUMZENOMAX F
l3 23 I 20 l0 1'l

Program 3 I NTRANGE

Syntax: R*Y INTRAttcE X

Description: Tests for an integer vector

Group: IE.SIS

Subroutines: None

vithin a range.

Input: | =

Ytll
Yt2l

Output: R :

Example:

Numeric vector

= Lover Iimit
" upper limit

Boolean vector; ls correspond
in I that are integers within
range,

3 7 INTRANGE I T.5 2 2.5 3
00010101

to the pos i t ions
the specified

3,5 'l 4.5 5
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Program: TRAN}E

Syntax: F*Y I|ANCE X

Description: Tests to see if data is
range.

Group: TESTS

Subroutines: None

within a certain

Input: I z

rI I
'r l2

Output: R

Exanple:
0

Tine series

I : Low Iimit
J = High Iimit

= Boolean vector: 1s indicater.rithin the specified range

26TnANcEl23rr567
rllll0

that the value is

Progran: nANCE

Syntax: F-y RAilCE X

Descr ipL ion: Limi ts

Input: | =

YI I
r[2

Output: R

Example:

Group: IESTS

Subroutines: None

dala !o certain range,

Time series

I = Low linit
I = High limit
= Time series .f filtered betveen the Iimits

26RAN'Et23q56?
23rt566
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Program I MAXE ALT

Syntax: R*Y MAXIIALT X

Description: HaIts a

Group: It'.Sfs

Subroutines: None

Progran if a maximum is exceeded.

Input: x= Input time series
Allowable maximum value

Output: R: X if maximum is not exceeded, or a vector ofzeros if rnaximum is exceeded by any eleneni ofX. prior to, returning such relult, the programhalrs; -that is, the piogram MAXilALT is
suspendecl.

Example, C1S? * tg6 NAXIIALT UNITSxpRICE

Program: MI NE ALT

Syntax: R-Y MINITALT X

Description: HaIts a program if a

croup: fESIs

Subroutines: None

minimum is exceeded.

Input: Input tirne series
Allowable mininun value

Copyright r9B3 STSC. Inc. 2-96 Financial-Stat ist ical Lib.

X:

Output: R : .[ if rninimum is not exceeded. or a vector ofzeros if minimum is exceeded by any element ofx. prior to. returning such reiult, the piogramhalts; -that is, the piogram Irfjvlr,ttf is
suspendeo.

Example: fi'EVENUE - O NINITALT UNITStpnlCE



Program. ANNUIT'I Group: TIMEVALUE

Syntax: R*ANNIIIT'! X Subroutines: None

Description: calculates. various uniform annuity results.

Input: Illl = lype of calculation
--::l:yl:.e the present value

annu r fy
0 ** calculate the time series of

values of the annuity
I r- calculate the ultimate value

of an

periodic

of the

rt2l
annu i ty

3 Periodicity
I *- monthly
3 *- quarterly
5 -- half-yearly

12 *_ yearly

: Periodic payment

: Number of periods

= AnnuaI interest rate

= optional -- Type of payment (default = 0)
0 ** in arrears (payment at the end of each

period)
l -* in advance (payrnent at the beginning of

each period)

rt 3l

Ittrl
rtsl
rtsl

Output: R : Annuity calculation specif ied by rI I J

Examples: The following examples calculate ultimate value.

ANNUITv 1 l 50 r20 .05
775q.113972

ANilUITy l l 50 120 .05 1

7796.q5rrrttt7

The following examples calculate successive
balances.

ANNUITYO6IOOS.I
100 205 315.25 q31.0125 552.553125

ANNUITv 0 5 100 5.r l
105 2r5.25 331.0125 q52.553125 580.1912812
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present value.
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The following

AIINU ITT
2586.278038

ANilU ITT
2599.209428

examp les
-l r 50

-l I 50

calculate

50 .06

50 .06 I



CHAPTER 3

IHE FOREC AS T I.'ORKSPACE

The FoRECAS? workspace contains programs that:
. parametrically generate nev data

o conversely. derive appropriate parameters from
empirical data

. conbine these approaches by deriving parameters from
history and using them to project the future.

The vorkspace also contains programs to perform regressions.
to seasonally adjust data, and to snooth results.

c'rcLE 3-2
DENIVETREND 3-q
EXP0Stto0TE 3- l0
EXPOTNEND 3-I3
FORETREND 3-I5
RELATION 3-I8
SI4OOTIlING 3-20
TREND 3-22
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Program: DSE ASF ACT0R

Syntax: fi*Y DSETSEACT0R X

Group: CYC LE

Subroutines: DIv. SPREAD

Description: Derives seasonal adjustment factors for a time
series.

Input: X. Time series (covering at least two years; can be
a fractional number of years) -

y = periodicity
I +* monthly
3 -_ quarterly
0 ** half-yearly

Output: R: Multiplicative periodic adjustmenL factors(averaging l; Iength of rl equals l2ry)
Zl : Seasonally adjusted time series(equals I + ( pf )oR ) (global variable )

Exampl e : Reshape 3 years of quarterly data

Notes:

3 DSEASFACTOR X
0.6lrl 1.0q9 1.096 l.2rt2

3 \pzl
73.35 72.q8 rrl.98 q3.4?
35.85 51.99 52.06 5q.?q
58.68 3?.19 'l 7.q6 57.62

The seasonal adjustment algorithm is based on a
multiple regression technique. For a more intricace
seasonal adjustment technique, Lhe Ill method (nol
included) should be investioated.

Copyright 1983 STSC. Inc. 3-2 Financial-Statistical Lib.
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Program: SEASEACTaR croup: CYCLE

Syntax: n-Y SEASFACT}R X Subroutines: None

Descriptiorl3 Seasonalizes a time series,

Input: X

Y

Output: R

Time series
Seasonal or cyclical factors

: Time series scaled by seasonal or cyclical
factors. The length of the cycle is determined
by the Iength of I. $tith monthly factors. each
month is nultiplied by that month's factor.
regardless of year. ttith quarterly fbctors,
each quarter is multiplied by that quarter,s
factor. irrespective of year.

x
l0 10 l0 l0 l0 l0 l0 l0 l0 l0 l0 l0 20 20 20 20

20 20 20 20 20 20 20 20

FAC
l.t .8 t.1 I t.l I 1.2 1.3 I l.rt .9 1.2

FAC SEASFACTOR X
rl 8 lr l0 ll 10 r2 l3 l0 Irr 9 l2 22 16 22 20 22

20 2\ 26 20 28 t8 24

1.1.8 1,2.9 SEASEACT?R 10 10 10 l0 20 20
20 20

rl 8 l2 I 22 15 2rt 18

Exanples:
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Program:. DTTRENDI

Syntax: R*DTTRENDI X

Description: Derives first order
coeff icients.

Group: DERMTREND

Subroutines: nEC , DIV , DM

(linear) time trend

Input: X:Timeseries
Output: R[ 1

nt 2

n[3
Rt'{
RIs
nt6
Rt 7

fi[8

= iV = nunber of terns in the lime series: /: intercept
= I = slope
= Standard error of I
= Computed t-value
: Standard error of estinate
= Simple correlation coefficient R

= Rt2

The time series .t is fit by the least squares
method to the Iine,l + 8x? for t=1.2.3.....ii"

Example: _ DTTRENDI l0 l2 l5 20 ?8 q0 57
7 t1't.5 1.180 5.355 5.2q5 .gr.t3 .890

T-l T0 ? o -q+7.5xI
3.5 rl lg.5 26 33.5 rtl tr8.5
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Program: DTTREND2

Syntax: R-DTTREND2 X

Group: DERMTREND

Subroutines: REc, DIV . DM

Description: Derives second order (quadratic ) time trend
coeff icients.

Input: X

Output: n
n
p

P

n
R

n
n
R

n
n

Time series

ll = it: number of terms in the time series
21. A: intercept
3l : I . linear coefficient'ql : C = quadratic coefficient
5l . Standard error of I
6l . Computed t-value for I
? I = Standard error of C
8l : Computed t-value for C
9l : Standard error of estimate
t0l " Simple correlation coefficient R
lll : Fr2

Exanple:

The time series .t is fit by the least squares
method to the parabola A + (BxT], + CxT'z for
T-1.2,3,..../V.

DTTREND2 r0 r2 l5 20 28 q0 57
? 1tf -q,5 1.5 1.094 q.llq .13t1 11.225 1.225 .998

.997

T-l T0 ? o lq+Ir-q.5+fxl.5
tl ll lrt 20 29 rtl 55
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Program: DSTEPTREND

Syntax: fi*Y DSTEPTREND X

Input:

Group: DERIvE,IREND

Subrout ines: DTTRENDI , REC
DIV , DIVO

Description: Derives the parameters of a step trend
funct ion.

X= Time series of Iength rt/.

Partitioning nurnbers for I consisting ofpositive whole numbers whose sum is rtl . The
combination of the number of elements in eachline segment is used to approximate the original
t irne ser i es.

output: R : Triplets of parameters that can be used as
input to STEPTREilD to approximate .t by a series
of line segments. Each triplet consiSts of the
starting value. the slope of the line segment.
and the number of elements comprising the line
segmen t ,

Example: IS-ll T0 l0 )r2 o ?S
I q I l5 25 35 't9 64 8t r00

PAR*2 \ q DSTEPTREND TS o pAn
I 3 2 g 9 r.t '.tg l7 r{

STEPTREND PAR
I r.r 8 17 26 35 rrg 65 g2 99
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Program 3 DPolJEn Group: DERMTREND

Syntax: R-Y DP1VER X Subroutinesl None

Description: Derives JVth order (pover series) time trend
coeff icients.

Input: X

v

Output :

: Tine series
= The pouter l, of the power series. I must be less

than the length of .t.

F[1] : I
fif2] = Length of .r
R[3] = Constant term Co
ll[{] = Linear coefficient Cl

:
n[3+Y] = Coefficient Cy of Iry

The tirne series I is fit by the least squares
rnethod to the power series (polynomial):

C0 + (Clrf) +... + (f,!xfrf)

torT.rtoRt2l
Examples:. 2 DPqVER rO l2 rS 20 28 rr0 5?

2 7 tq -q.5 1.5

3 DPoVER l0 l2 15 20 28 trO 57
3 7 I 2,33333 -0.5 0.1565?

Copyr ighr 1 9B 3 STSC, I nc . 3-7 Financial-Statistical Lib.



PTOgrAm: DGNOVTI| Group: DERIIETREND

Syntax: ,?-y DcRjVTlt.f gubroutine: AGR

Description: Derives growth rate parameters,

Input: .f : Time series

YIr] = periodicity
I *r monthly
3 *+ quarterly
6 -* half-yearly

12 ** yearly

I[2] = Optional -- parameter selection s,ritch0 -* derive a single pair of parameters (r.C)
from all of rhe data in i (default)

I *- derive pairs of parameters (t,C) for
each year's data in I. Available onlyif periodicity is not yearly

Output: fi = N.A,c if yt2l : 0 or omitted
N.A1.Gr.A2,c2,,.. if yt2l = I and rtll: l2

The data in I, or each year,s data if yt2l = t. isfit by least squares to the model:

x = Ax(llcrFnEQ),t T0 x

where,t = base value.6|FRE0 is the periodic growthrate. [880: l2+IIl]. and K: number of terns inthe segment of .f that is fit to the model./V. Rltl is the length of the tine series X. Thegrowth rate c (or Ci) in R is an annualized nominal
9ror,/th rate. -If any element of I is non_positive,the corresponding grovth rate is 0.

Examplest In the fotl.oving examples. the program derivesgrohrth pararneters for eight years. tvo years, andfor each of tvo years. respeitiveiy.

.[*10 ll l3 r6 zO 25 31 3?

12 DCROVTE X
I 7.591 0.2l7tl

3 DcR1yTfl X
I 7.591 0.8596

3 I DGROVTE X
I 8.292 0.6833 16.'trr 0.9153

Copyright t9g3 STSC. Inc. 3-8 Financial-Statistical Lib.



Program: AGn croup: DERIVETREND

Syntax : R-'I ACR X Subrout ines: None

Description: Fits a time series to a grov/th curve,

Input: X

v

: Time series

= periodiciLy
l -* monthly
3 *+ guarterly
6 *r half-yearly

12 ** yearly

= Two-element vector. The time series I is fitby Least squares Lo the model:

I : Ix(l+6)rl T0 N

where ,/V : length of x, A = base value, and6 = periodic arorrth rate.

fi[l] : /. the base value

R[2] = Annualized norninal grovth rate(Cxfrequency). fit2l equals zero if any
element of I is non-positive.

x
l0 1r l3 15 20 25 3l 3?

:*R*12 ACR X
7.591 0.2r?'{

Rlrl,(1+n[2]),1 T0 8
9.2q1 11.25 13.7 15.67 20.3 2q,?l 30.08 36.62

Stcnx
7.591 0.8695

Output: R

Examples:
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Program: EXP0SM00TEl

Syntax: R-Y EXP0SM00TIlt X

I
lrr t1 12 9 tl ? 5 9 12 l0 trl

.2 5 10 EXP0SHo0TET X Long
10,5 10.6 r0.5 10.6 10.6 (Less

LI
10.8 10.8 lr.l 10.7 10.7 9.98 9.18

10.6

Group: EXP0SMq0TIt

Subrout ines : None

term smooth ing
f luctuat ion )

9.15 9.'t2 9.'t7

Description3 Performs single exponential smoothing on
time series when the following model is
appropriatel. XlTl = I + tlll where r[7]
randorn noise, for f = 1,2.3...,

Input: X = Historical tine series to be smoothed

Y I I ] = Smoothing constant c, 0<-< I
Yt2l = Number of periods to be forecast after I
I[ 3 ] : Initial estimate of the constant leveLt

Output3 R : Forecast for the series of length Y[2)
31 = Original historical series I (global variable)
Z2 = Smoothed historical series (olobal variable )

Examples:

.250EXP0SHO0TErX
9,76 9.75 9.75 9,76 9.?6

2.8 q.'{q 5.95 5.56 7.q5 7.35

(More sensitive to
initial estimate)

7.09 7.q7 8.38 8.7
9.75

.8 5 lo EXPOSMooTHI X Short term smoothing
13.3 13.3 13.3 13.3 13.3 (Wider fluctuationr

z2
13.2 1l.q 11.9 9.58 10.7 7.7q 5.35 8.rt7 ll.3 10.3

13.3

.8 5 0 EXPOSM00TUI X (Less sensitive to
13.3 13.3 13.3 13.3 13.3 initial estimate)

11.2 11 rl.8 9.56 10.'t't.'1q 5.35 8.rt? lr.3 10.3
IJ. J
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Program: EXP0SM10TII2

Syntax: P*Y EXP0SM00TE2 X

Group: EXP0SM10TII

Subroutines: None

Descriptionl Performs.double exponential smoo!hing on a
tine series when the followinq model-is
appropriate: XIT] = ,t + (B,Ti . elll where
<[?] is random noise, for I = 1,2.3..,.

Input! .f = Historical time series to be snoothed

YI I ] = Smoothing constant *. 0<-< I
I[2) = Number of periods to be forecast after XY[3] : Initial estimate of the constant level ,{yItr] = Initial estimate of the trend factor 8

Output: fi = Forecast for the series of length yt2),

Zl : Original historical series X (global variable )

Z2 = Smoolhed historical series. adjusted for trend
( g Iobal var i ab le )

Z3: Sequence of adaptively calculated estimates
for I (global variable )

Example: I
l5 r3 l5 l3 r7 16 22 19 28 25

.2 5 t0 2 ExP0sM?0T82 X
27 .6 29.3 3 r. I 32.8 3rt , 5

z2
13.1 lq.rt 15.9 l5.l l?.6 18.1 20.6 21.1 2q.5 25.9

z3
2,12 2.03 1.97 1.?8 l.?q 1,61 1.7 1.57 1.78 1.73
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Program I EXP0SM00T113

Syntax: fi-Y EXP0SM)0TH3 X

Group: EXP0Sl,l00TH

Subrout ines: None

Description: Performs Lriple exponential smoothing on a
time series 'rhen the following nodel is
appropriate: xtrl = A + (BxT) + (.$xfxfrl) +

tlll where t[?] is randon noise. for
T : 1,2.3.

Input: | =

vf r

Y[2
Yt3
YItl
Yts

Output: R

,1

Z2

Historical time series to be smoothed

= smoothing cons!ant -, o<-<l
: Number of periods to be forecast after .I
= Initial estimate of the constant level ,{

= Initial estima!e of the trend factor I
= Initial estimate o! the quadratic factor C

Forecast for the series of Iength I[21.

= Original historical. series .I (global variable )

= Smoothed historical series. quadraticall.y
adjusted (9lobal. variable )

: Sequence of adaptively calculated estimates
for I (global variable )

: Sequence of adaptively calculated estimates
for C (global variable )

x
13 l5 r3 r7 16 22 r9 28 25

.2 5 l0 2 ,\ ExP1sM}1Tfl3 x
.2 33.5 35.9 q0.5 '{tt.5
.6 1rf .8 16,'l 15.3 l8 18.5 21.5 21.8 25.127.2

z3
7 2.75 2.85 2.53 2.63 2.q2 2.19 2.rr8 3.11 2.89

zq
q22 0.395 0.-?73 0.321 0.305 0,26't 0.2't5 0.232

0.26 0.225

71

z\

Example:
I

JU

IJ

t

0.
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Program: EXPocRoHTn

Syntax: R*EXP0GR0VTE X

Group: EXPoTREND

Subroutines! None

Description: Forecasts based on exponential growth.

Input: X[1] = Number it of terms to forecast
X[2] = l(: base amount (initial value)
I[3] = I : coefficient of time

Output: R : Exponential growth curve generated by the
equation Nx(rBxJ vhere r : '1. for
f :0.1,2,...,ir-l

Examplet ExpjcR1ttTr I lOoO .l
1000 1105.17 t221.\ 13rt9.85 I'l 9r.82 l5'r8.?2

t822.72 2013.75

Program: ASYI{PT0TE

Syntax I R*ASYMPT0TE X

Group: EXP?TREND

Subroutines: None

Description: Forecasts asyrnptoticatly reaching upper Iimit.

Input: .rtl
rl2
r[3

: Nurnber I of periods to forecast
= I : coefficient of time
= N " upper limit (asymptotic value)

Output: n = Time series generated fron I('( l-rt-6'1) where
{ : rl. for T:0.1.2.....JV-f

ExamPle: ,.SYMPT?TE 8 . tr lo0o
0 329.68 550.67 598.81 ?98.1 B6'r.56 909.28 939.19
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Progran: SCU RV E

Syntax. R-SCUnvE x

Description: Generates values along a. curve.

Group: EXP?TREND

Subroulines: None

saturation (Iogistic)

Input: .f = Vector of parameters:

XT
xt
xt
xt
xt

: Initial time period
: Initial value ( '0 ): Intermediate time period ( 'II I ] )

= Intermediate value ( >I[ 2 ] )

= Ending time period for the output (,It3l)
= Either the ultimate saturation value(>rlql. if rt?l is 0 or omirted) or the

time period in which the rate of increase
is qreatest and the value is half-vay to
saturation (if X[7]:0): Parameter type for X[6] (default = 0 ifI[?l absent)

rt6

x I'l

Output: R : Time series of values along the SCURVE at each
time period from.Illl ro.rIS]. inclusive. IfItSl is less than IIl]. rhe values will be
projected backwards in time fron IIl] to ItSl.

Exarnples. SCU1VE 2 l0O S 200 l2 SOO
100 r28.12 r62.33 200 2'{0.r9 200.89 320 3SS.tl

385. grt rtl2.9 r.133.99

scuRvE 2 100 5 200 12 5 I
100 128.9 162.56 200 239.53 219.O7 316.5 3SO.l7

379.06 rt02.89 q21.89

Notes: In the first example. the value is '133.99 in period
12, while the ulrima!e sa!uration value is 50b.

In the second example. the val.ues are half-!ray to
saturation at 239.53 in period 6, If more lerms(X[5]) were taken. the values along the curve woul.d
approach t{79.05.

The program assumes that the values vill
asymptotically approach zero as time proceeds
backwards.
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Program: FTTRENDT

Syntax! fi*Y FTTRENDI X

croup 3 E0RETREND

Subrout ines: DTTRENDI , REC
DIV. DIVO

Description: Porecasts based on a first order (Iinear) time
t rend.

Input: .f : Historical time series
y[1] = Number of periods to forecast
y[2] = Optional -- Number of periods of history to

include in the output (default = 0).
Output: n: Time series with the last y[2] terms of.[,

folloved by forecasts for yIt] periods into the
future. using the linear model r+8xfffit.

Example: 5 3 ETTRENDI l0 l2 l5 20 28 '{O 5?
28 tro 5? 56 53.5 7l 78.5 g6

Description: Forecasts based on a second order (quadratic)
time trend,

Program: FTTREND2

Syntax: F*Y FTTREND2 X

I nput :

Output:

Example:

Group: f0RETREND

Subroutines,. DTTREND2, REG
DIV. DIVO

x

Yt

YI

: Historical time series

1l = Number of periods to forecast

2l = Optional -- Number of periods of history '.oinclude in the output (default = 0).
: Time series L'ith the last y[2] !erms of X

followed by forecasts for Ilt) periods into t.he
future. using the quadratic model
A+(ExTIMEl+CxTIMEt2.

5 3 FTTREND2 tO t2 r5 20 28 'r0 5?
28 q0 5? 7r.t 95 119 1q5 176
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Program: FP'VER Group: F?RETREND

Syntax : R-Y F P0VER .f Subrout i ne : DPjttER

Description: Forecasts based on an Jvth order (power series)
t ime trend.

I nput : X: Historical time series

Ylll = Power l/ of the power series. Iess than Lhe
length of I

I[2] = Number of periods to forecast

Y[3] . Optional -- Number of periods of history to
include in the output (default = 0).

Output: I = Time series vich the last I[3] terms of I
followed by forecasts for f[2J periods into the
future. The time series is generated by the
pover series (polynomial ):

C0 + (Clrrl + ...+ (CrVxfril)

vhere r\, = ylll and time I corresponds to the
respective elements of .t.

Example: 3 7 \ FP?VE? l0 l2 l5 20 28 tro 57
20 28 rt0 57 80 I l0 lq8 195 252 320 tt00
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Program: EiR0VTE croup: FORETREND

Syntax: R-Y FGq1UTE X Subroutine: AGR

Descr ipt ion: Forecasts based on a gror^rth model .

Input: | =

ytll

Yt2l

Output: R :

Example:
20

Historical time series

= Number of periods to forecast

= Optional -- Nunber of periods of prior
history to include (default = 0)

Time series r,rith the Iast y[2J periods of
h istory f ol lor,red by y [ 1 ] per iods of f orecasr .
I is fit by Least squares to the model
X " A,(1+6)'l T0 N where il = base value,
6: = periodic arowth rate. and rlt = number of
terrns in x. , and c are used to extend the
tine series for.I[1] more periods. If any
element of .t is non-positive. the gro,,/th rate
is assumed to be 0.

I \ FCR0VTil 10 11 l3 l5 20 25 3l 37
25 3l 37 q'{.58 5'{,28 55.08 80.rtrr 97.93 119.2

1q5.1 l?5.7
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PTOgTAM: EDITF Group: RELATION

Syntax: P-Y FDIFF X Subrout ines: None

Description: Forecasts based on the average historical
di f ference of two t ime ser ies.

Input: x: Independent time series, includes both history
and forecast

Y

Examples:

= Dependent time series, includes only history

R = Time series consisting of the history y

folloned by a forecast derived by adding the
average of the historical differences f-.f to
the f orecast data in .f .

I 6 5 15 FDIFF | 2 3 rt 5 5
l 5 6 15 9.75 10.75

I 3 2 't FDIEF | 2 3 q 5 5
132q55

Program: rFECnES.S

Syntax: R*Y rRECRES.9 I

Group3 RELATI0N

Subrout ines: None

Desc r i pt ion : Forecasts based on a regression of tvo time
series.

Independent time series. includes both history
and forecast

Input: X .

I . Dependent time series. includes only history

Output: R = Time series consisting of the history Y

folloved by a forecast based on the forecast
data in .f . A regression Y : I + 8xX uses r-he
historical data. The parameters I and 8 are
used to derive the forecast for y.

Example: 1 5 6 16 FREcFESS I 2 3 'r 5 6
1 5 5 15 18,5 23
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Program. EqATI0 croup: RELATI7N

Syntax: R*I FRATI0.f Subroutine: DIV

Description: Forecasts based on the average historical
ratio of two time series.

Input: I : Independent time series
and forecast

I: Dependent time series,

Output: R . Time series consisting
followed by a forecast
the forecast data in.t
historical ratios Y+.f .

Example: I 5 6 16 ERATIO | 2
1 5 5 l5 12.5 15

, includes both history

includes only history
of the history Y

der ived by mul t iply in9
by the average of the

3'r56

Program: FTRENDRATI0

Syntax: fi*Y FTRENDRATI0 X

Group: RELAT I0N

Subroutines: DIv, DIVO
DTTRENDL. REG

order (Iinear)
ratio of two time

Descr ipt ion: Forecasts based on the f i rst
time trend of the historical
ser ies.

Input:

Output:

Example:

I : Independent time series. includes both history
and forecast

Y = Dependenr time series, includes on).y history

F : Time series consisting of the history y
folloved by a forecast derived by multiplying
the forecast data in I by projected ratios
based on a Iinear time trend of the historical
ratros Y+I.

I 6 5 I6 FTRENDRATIO I 2 3 q 5 6
1 5 5 16 22.5 31.8
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Program: tIoV INGAVE croup: SM1]TI|INC

Syntax: fr-Y M?VINGAVE X Subroutines: |lone

Description: Calculates the moving average of a time
series.

Input: X:Timeseries
y[1] = Number of periods to be averaged

y[2] = optional -- Average type
I -- Ieading edge average
0 ** midpoint average (default)

-l ** trailing edge iverage

If Ytll is even and Y[2] equals zeror then Ilr] is
raised to the next higher odd integer.

Output: fi : Smoothed time series. The extreme values of I
are extended to produce the averages at the
endpoints.

Examples: 3 N0VINQIVE 3 9 5 l2 I l8 l5 3 l2
5 5 9 9 13 lrr 12 l0 9

3 | ttovINcAyf 3 9 6 l2 9 r8 l5 3 l2
3 5 6 I 9 13 lq 12 10

3 -t t't1vIIrGtyE 3 9 6 l2 9 l8 l5 3 r2
5 9 I 13 ltt 12 r0 I 12

Program: MoVNAXSCAN Group: SM1jTEIN1

Syntax: F*I MaVIIAXSCAN I Subroutines: None

Description: CalcuLates a moving maximum with variable
effect width.

Output:

Example:

x= Time series
Number of periods for smoothing

F : Smoothed time series whose fth term eouals the
maximum of terms XtIl through rtI+Y-t i

3MoVMAXSCAN1725583
7?58883
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Program: M1VMINSCAN

Syntax: R*Y l,l0vl'tINSCAN X

Group: SM10TIIINC

Subrout ines: None

Description: Calculates a moving minimum with variable
effect width.

Input: X=Timeseries
Y . Number of periods for smoothing

Output: R = Smoothed time series whose .Ith term equals the
minimum of terms Itfl through XtI+y-1j

Example: 3 |!jVMINSCAN I 7 2 6 S 8 3
t225333

Program: vEIcETEDAYE

Syntax: fr-Y VEIOETEDAVE X

G roup : Sl,l0 0T E I NC

Subroutines: None

Description: Calculates the weighted moving average of a
t ime ser ies.

Input: r=Timeseries

Y[l] = t\t: number of periods to be averaged

I12 T0 Jv+ll = weights for each period

I IrV+2 ] : Average type (optional )
I *- leading edge average
0 -- midpoint average (default )-l -- lrailing edge iverage

If Ytll is even and I[2] equals zero. then yt2] is
changed to l.

Output: fi : Smoothed time series. The extreme values of x' are extended to produce the averages at the
endpo i nts .

Examples: 3 .3 .5 .2 vEIGI|TEDAyE 3 9 o l2 9 lg 15 3

IZ
q.2 6.6 8.1 9.6 11.'1 t\.7 13.5 8.q 9.3

3 .3 .5 .2 I \'EIiETEDAVE 3 I 6 l2 9 lB 15 3
t2

3 q.2 5.5 8.1 9.6 1r.7 I'r.7 13.5 8.q

3 .3 .5 .2 -t ttEtcflTEDAyf, 3 9 5 12 9 l8 15
1 rt

5.6 Ll 9.6 ll.7 lq.? 13.5 8.'r 9.3 12
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Program: TTRENDT Croup : TREND

Syntax, R*TTRENDL X Subroutines: None

Description: Forecasts using a first order (linear) timetrend.

Input: .[[l] -
l[2] =rt3l =

Output; fi : .4

Example:
ll0

Number of periods to forecast
,{ : intercept of the I ine
B : slope of the Lrne

+ 8xf for ?:l to.fIl]

TTRENDl 5 IOO IO
120 130 ltt0 150

Program: TTREND2 Group: TREND

Syntaxz R*TTREND2 X Subroutines: None

Description: Forecasts using a second order (quadratic )time trend.

Input: Illl " Number of periods to forecast
l[2] = I : intercept of the parabola
.f[3] = I = linear coeff icieni
xlql = C : quadratic coefficient

output: R : A +(BxT1. + c,T,2 for ?=l to Itrl
Examplet TTREND2 S IOO lO.l

ll0.l 120.q 130.9 lrrl.5 152.5
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Program: STEPTREND

Syntax: R*STEPTREND X

Group: TREND

Subrout. ines: None

Description: Forecasts. using a step trend function.

Input: X : Succession of triplets, one triplet for eachinear segment of the function.

For f = 0.1,2,.... each triplet consists of:
.[[1+3xf] = Height at the left end of the line

se9men t
.I[2+3xf] = Slope of the Iine segment
I[3+3xf] = Nurnber of terrns in the segment

Output: R : Time series consisting of the successive line
segmen ts

Example: S?EPTREND 5 I 3 I .7S rr tl .5 G

5 6 7 I 8.75 9.5 r0.?5 ll ll,5 l2 12.5 l3 13.5

Program: POVER

Syntax z R.P?VER X

croup: TREND

Subrout ines : None

Description: Forecasts using an ,vth order (power series )

time trend.

Input: Ilr : Number of periods to forecast
Il2l = Constant term
X[3] = Linear coefficient
.I['r] : Quadratic coeff icient

:
.flIt|+21 = Coefficient of T,Iv

output: 8: I[2] + (It3lx?) + (xt\)tTx2) a... * xIN+2lxT,N
for l=r to II r ]

Example. pOrE'R S rO0 l0 .l .01
ll0.l1 120.'r8 131.17 lq2.2rr 153.75
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Program: ?R}VTH croup: TREttD

Syntax t R*GR1UTE X gubrout ines: None

Description: Forecast.s using various growth rates.

Input3 xlll = Number of periods to be forecast
x[2j . periodicity

t r* monrhly
3 -+ quarterly
E -- half_yearly

12 -+ yearly

I[3] = Base value

xttt T0 rill = Annual grovth rates for each period. Ifnecessary, the last rate entered vill bereplicated to provide a rate for eachperiod.

Output: F : Time series generated by groving the base valueby the given annual rates. comp6unded eachperiod.

Examplesr CR1VTE 4 t2 too .OS .l
105 115.5 127.05 139.75

GRoVTE I 3 100 .05 .05 .05 .05 . I101.25 102.52 r03.8 r05.09 107.?2 lr0.,rl
113.18 rl5

Program:. D0Rc

Syntax: R*Y D1Rc X

Group 3 TREND

SubrouL ines : None

Description: Calculates dollar amount or grovth rate.

Input: .f: Tine series of dolIar amounts (greater than orequal to I ) or growth rates ( Ieas than I ).
Y . Opening dollar amount

Output: fr : Time series of dol.lar amounts. The opening
balance y is grown at the rates given'in X]
Ho!^rever, when terms of X are larger than I ,they are inserted in fi as actual dollar
amounts.

Example: to' D7Rc .2 ,r 150 .l 200 .l .05
l?0 132 150 155 200 220 231
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CHAPTER 'I

THE PROBABIIITY WORKSPACE

The PRoEABILfIY workspace contains routines to generate
randon sanple according to various probability
distributions. These distributions are classified as eirher
analytic (when the distribution function can be expressed as
a mathematical formula) or empirical (vhen the user suppJ,ies
the shape of the distribution function). Each of the
routines generates multiple samples. For the analytic
distribution generators, any parameters required may vary
from sample to sample.

EilPI NIC AL \ -2
ANAL\TIC q-7
DISTFil q-42
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Program: CUMDISCRETE Group: EM?IRICAL

Syntax: R-lV CUNDISCqETE C SubroutiDe: NUNII7RM

Description: Returns samples from the discrete distribution
rrhose cumulative probability function is
specified by C.

Inpul: IV : Nunber of sanples desired

C[ 1] : First I value. .f l
Cl2) = Cumulative probabiliry ar xt (probability of

Il )

C[3] = Second value. 12

:ru, 
= cumulative probabiliry ar 12

it-t*t'fl : Xth value
CIZ,K) : Cumulative probability at the Kth value

Output: fr = iI samples from the discrete distribution vith
cumulative probability function C.

Notes: CU|'IDISC&ETE requires that Ct2l be positive. that
{Ctoddl) be increasing. and rhat ICIeven]] be
increasing, IdealIy, Cf,2,K I should be l, but the
program scales the cumulative probabilities to
satisfy this condition.

See the documentation for DISCRETE for an alternate
way to generate samples from the discrete
distribution.
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Program: DISCRETE croup: EM?IRICAL

Syntax: fi*JV DISC8ETE D Subroutine I NUNIF2RM

Descriptiont Returns samples from the discrete distributron
specified by D.

Input: ll = Number of samples desired

D[1]: First I value..Il
D[2] = Probabilitv of Xl
D[3] = Second valire. 12
Dla I : ProbabilitY of 12

:
D[-l+2xK] : /(th value
Dt2rKl = Probability of the Kth value

Output: R = ll samples from the discrete distribution
specified by D.

Notes: DISCRETE requires that IDtodd]l contain no
duplicates. and Lhat {DIeven] ] be non-negative and
not all zero, If the sum of the "probability"
values is noL l, the program scales them to satisfy
this condition.
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Prog ram : II I ST 0Gn AM

Syntax: R*l/ HIST)GRAN D

Group3 EMPIRICAL

Subroutine: NUNIF0RM

Description: Produces random sanples from a histogram
distribution.

Input: /V : Number of samples desired

D: Numeric vector specifying the histogram to be
used as the probability density funition asfollovs:
D[1] = Left endpoint of first interval
Dt2l : o
D[3] . Right endpoint of first interval
DItr ] = Height of f irst interval
D[5] . Right endpoint of second intervalD[6] : Height of second interval

:
Dll+2'Kl = RiSht endpoint of Xth interval
Dl2+2,K I = Height of xth interval

Output: fi : Itr samples from histogram specif ied by D.

Notes: The endpoints D[l 3 S ...] should be strictly
increasing. The heights specified should be-
non-negative and not all 0. Ideally. the area under
the histogram should be I, but the progran
automaticaLly adjusts the heights to sitisfy this
condition.
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Program: P0L'IC0N

Syntax: R-iV P0LYC1N D

Group: EItPIRICAL

Subrout ine : NUNIE0RM

Description: Produces random samples from a polygon
distribution.

: Number of samples desired

= Numeric vector specifying the polygon to be used
as the probability density function as follows:
Dlll:Firstlvalue
DL2) . First height
D[3] . Second .t value
D[tr] = Second height

iI-trz'xl =r(thxvalue
Dt2'Kj : l(th height

Output: R = IV samples from D polygon distribution.

Notes: The.f values Dlr 3 5 ...1 should be strictly
increasing. The heights specified should be
non-negative and not all 0. Ideally, the area under
the polygon should be l. but the program
automatically adjusts the heights to satisfy this
condition.

Input: Iv

D
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Program: P0LYc0NCUM

Syntax: r?-r\t P0LYC0NCUM C

Group: EMPIRICAL

Subroutine: NUNIEORM

Description: Returns samples from a histogram distribution
whose cumulative disIribution function is thepolygon spec i f i ed by C.

Input ! fl :

clr
ct2
ct3
ct tl

cts

:"

Nunber of samples desired

= Left endpoint of the first interval

= Right endpoint of the first interval. Cumulat ive probabi I i ty at C[ 3 I
= Right endpoint of the second interval: Cumulative probability at C[Sl

tLr,z,xl = Right endpoint of Kth interval.
C[2+2,K] = Cumulative probability at Cll+2,X1

output: R : lv samples from the histogram distribution whose
cumulative distribution function is polygon C.

Notes: P0L\c0NCUM requires that ICIodd]) be increasing and
{Ctevenl I be increasing. Ideally. C[2+?xX] sh5uldbe l. but the prograrn automatically adjusts theheights to satisfy this condition.-

The program CUI,tilIST0CRAM is equivalent to pOL,fc0NCUM
since if a polygon (collection of straight Iine
segmen'-s ) is used as a cumul.ative distribution
function. the underlying density function must be ahistogram {step function ). See the docunentation
for EIS'l'OGRAM for an alLernate method of qeneratino
sampies from a histogram distribution.

Programs CUMEIST0cRAM

Syntax: ,R*ll CUMnIST0cRAM C

Group: ENPIRICAL

Subroutines t P0LyGONCUH
NUNIFORM

Description: Equivalent to ( and calls ) the program
P0L'tc0NCUN vhen generating samples from a
histogram distribution with a known cumulative
distribution function. See the documentation
for pOLyG0NCUM for complete details.
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Program: PBETA

Syntax: R*P PBETA Q

croup: ANAL'lT IC

Subroutines I NUNIF7RM. PcAMMA
LPOVER

Description: Returns samples from the beta distribution(s)

Input: P . Power parameter. a scalar or vector
0 = Power parameter, a scalar or vector

If P and Q are both vectors, their lenqths must
conform.

Output: I = Samples from the distribution. An individual
sample corresponds to its respective
distribution parameters. The Iength of I
depends on the length of the arguments.

Notes: The density function for the beta distribution with
parameters (P,Q ) is

F ( I ) : ( ( C ( P + Q ) r C ( P ) ' 6 ( Q ) ) x ( I r P - I ) x ( I - I ) r Q - I

for 0<X<l and P,g'9, where 6(") is the gamma
funclion. Statistics for this distribution are

MEAN. P+P+Q
V ARIANCE = (P'Q)+(P+0+l )x(P+Q)r2
ttoDE = (p-l )+p+e-2
R/tr6E : [0.r]

The important beta dist:'ibution is beII-shaped if
P.0>l and skewed right or left depending on wheiher
P-Q is positive or negative, The greater p and Q
are, the greater the kurtosis (spikey-ness) is.
tlhen P:0=l. the distribution is uniform. and when
P.Q<l the distribution is convex (hiqher at the
endpoints).

The beta distribution can be generalized by the
transformation

Z*LOV+ (EIGE-L)v \xP PBETA Q

and the random variable Z has

HEAN = L0v+ (E Iefl -L0V \xP+P+Q
V ARIANCE = vARIANCE AB0VEx(IIIGH-LOv\'2
M0DE = LoV+ (EIcE-LoV \x (p-1 )+p+Qr2
RANGE - lL)rt.EIcEj
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Program: PBINjMIAL

Syntax: F*Iv PBIN0MI AL P

Group: ANALYTIC

Subrout ine: NUNIF?RM

binomial

fl = Scalar or vector representing the number of
independent trials

P = Scalar or vector representing the probability of
success in each trial

Output: R : Samples from the distribution. An individual
sample corresponds to its respective pararneters
in ir and P. The length of R depends on Lhe
lengths of f and P.

Notes: The binomial distribution is a discrete distribution
vhich represents 'the number -f of successes in IV

independent trials, lrhere p is the probability of
success on each trial. The probability function is

Descr ipt ion : Returns samples from the
distribution(s ).

I nput :

f(.r) : (.f 1il)'(PrI)x( l-p)iIV-.f

uhere X : 0,1.2,....f.

Selected statistics are

MEAN = NxP
V ARI ANCE : itxPx I -P
M0DE = iV[ [Pxfl+ I as veII as

JV[ (Pxltt+l )-f if P'IV+l is an integer
SKEV = ( 1-2xP)r(IVxPxl-P)r.5
KURT0SIS : 3+( l-6xP'l-p)*lVxpxl-p
RAN?E = [0,1.2,....1t1
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Program: PCAUCflY

Syntax : F+lrt PC AUCH't I,/

Group: Ail AL,tT IC

Subrout ines: NCAUCIIY . NUNIFORM

Description: Returns samples from the Cauchy
distribution(s).

Input: M : Scalar or vector representing the mean
parameter ( s )

,y': ScaIar or vector representing the ',/idthparameter(s)

If ll and y are both vectors, their lenqths nust
conforn.

Output: f, = Samples from the Cauchy distribution. An
individual sarnple in i corresponds to its
respective distribution parameters. The length
of f, depends on the lengths of tf and p.

Notes: The density function for the Cauchy distribution
with parameters (M.y) is

f(.X) : l+(oy)x1+( (I-rir)+V)r2

selected s!atistics are

IIEAN = 14

VARIANCE = INFINIT,I
l,lEDI AN = N
MODE = N
SNEV : 0
RANCE = ( -f dFI/Vf ?Y ,INEINITt')
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Program: NC AUCH'l

Synf ax : R.NC AUCIIY N

Group: AN ALYT IC

Subroutine: NUNIF0RM

Description: Returns /V samples from the ,'sLandard" Cauchy
distribution with density function

F(.f ) : l+(01)xl+Ir2

Input: Iv : ScaIar or vector representing the number of
samples to be returned from the distribution

Output: F = Iv samples corresponding from the distribution.
The length of F equats]v.

Notes! This distribution can be generalized by the
transformation:

Z-tt+VTNCAUCE'I N

and the random variable Z has

MEAN = M
V ARI AttCE = INFINIT'I
MEDI Atl = M

l.l0 DE = 14

S/KEY = 0
RANcE = ( -IrvFfilITY .INFIilIT'I I

See the documentation for pCAUCE'(.
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Program. PCflISQUARED

Syntax t R*PCIIISQUARED DF

croup I AN AL'!T IC

Subroutines I NUNIFORM. PBETA
PGAMMA. 

^POI]ER

Description: ReLurns samples fron the (central ) chi-square
distribution.

Input: DF : Scalar or vector representing degrees of
freedom to use in the distribution( s )

Output: n : Samples from the distribution. An individual
!9mpl9 in F is chosen frorn the chi-square
distribution with Lhe corresponding degrees of
freedom in Df. The length of R is the same as
the length of Df.

Notes: The density function is

f(I) = (+(2rDF+2).G(DE+2) )x(.tr(DF+21-t )xr-X*2

for .f>0. where C(. ) is the gamma function. Selected
statistics are

ME AIl -- DF
VARIANCE z 2xDF
H1DE = OtDF-z
SKEV = (2r1.5)+DFr.s
KU RT 0 S I S : 3 + I 2 +DF
RANGE = (0.rIvFfilt?Y)

A chi-square distribution with Df degrees of freedom
is equivalent to 2xpclHIiA DF+2. pCEISQUARED 2 is
the same as PE.fPoMJttTI AL 2. See the documentat ion
tor PEXP1NErvfIrL and PGAMttA for derails.
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Program I PN0NCENCEISQ

Syntax t R*NC PNoNCENCHISQ DF

croup: ANAL'ITIC

Subroutines: NN0RMAL
NUNIFORM, PBET A

PCHISQU ARED, PcAMMA. 
^p1rtER

Input: irc : Scalar or vector non-centrality parameter(s)
tF: ScaIar or vector representing degrees of

f r eedom

If both irc and DF are vectors, their Iengths must
conform.

Output: fi = Samples from the distribution, An individual
sample in.f corresponds to the respective
elements in flC and Df. The length of fi dependson the lengths of IVC and Df ,

Notes: A non-central chi-square (NC,DF ) distribution is tne
sum of the squares of DF independent normal
distributions with means ItUtIj (tsJsDF) and variancel. The pararneter lrc is def ined 6s (+/fftlrl)r.g.

Selected statistics are

NEAN = Dr+(NC,2)
V ARI AilCE = (2xDE )+( trx/VCr2 )

Some authors use a non-centrality parameter definedas IrrCl*(+/ttut2rr2. To convert. use the relationshipitc-(2rrVCl)r.S.

Descrip!ion: Returns samples from the non-central
chi -square distribution( s ).
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Program: PEXP0NENT I At croup: ANALIT IC

Syntaxt R*PEXP0NENTIAL l, Subroutine: NUNIE1RM

Description: Returns .urnpf"" from the exponential
distriburion(s).

Input:

Output r

Itt : ScaIar or vector represent ing the mean

. R = Samples fron the distribution. An individual
sample in R comes from Lhe exponential
distribution with corresponding mean in M. The
length of R is the Iength of ltf.

The density function of the exponentiaL distribution
ls

F(I) : ( l+ir)xr-.f rM f or .f >0

Selected statistics are

ttEAN = U
VARIANCE = H'2
M0DE = O

MEDIAN = Nxo2
SKEV = 2
KURT0SIS = 9
RANGE = ( 0.f AtrJrYrrY )

Notes:
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Program I NEXP0NENTI AL

Syntax z R*NEXP0NENTI AL N

Group: ANALYT IC

Subroutine: NUNIf0RN

Description: Returns samp).es from the "standard."
. exponential distribution.

I nput : IV : Scalar or vector representing the number of
samples

Output: R : The desired sanples from the distribution

Notes: The distribution has the density function

F(X) = r-.f for I>0

This basic distribution can be generalized by the
transformation

Z. LOV +V I DT II \ilEXPOilENT I AL II

Selected statistics for z are

IIEAN = LoV+VIDTE
vARIANCE . vIDTEr2
NODE = LoH
IIEDI AN = LoY+rlIDTExOz
SKEV = 2

XURT 0.5f .S : I
RANGE = (0.filfIitf?y)

See also the documentation f.or pEXpONENTIAL-
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Prograrn: NEXTRE44E C.oui, ANALITIC

Syntax: F*/VEX?REIJE /V Subrout ine: NUNIE7|M

Description: Returns iv samples frorn the standard Type-I
extreme distribution.

lnput: Itl = Nunber of samples to generate from Lhe
distribution.

Output: i = Samples from lhe distribution.
Notes: The density function for this distribution is

F(I) : r-I+t-I (for aIl I)
and the cumulative distribution function is

PRoB(RANDOU VARIABLE < I) : r-r-I (for aII
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Progran: Pf'

Syntax: R*M Pf ir

Group: AN ALyT IC

Subroutines: NUNIF0nM, PBETA
PG AT|MA , APOLIER

Description: Returns samples from the F-distribution(s).

Input: M : Scalar or vector representing degrees of freedom
IV = Scal.ar or vector representing degrees of freedom

I f if and ,it are both vectors, thei r lenqths must
con form.

Output: R : Sanples from the distribution. An individual
sample in f, corresponds to the respective
degrees of freedom in M and rV. ThL length of R
depends on the length of l, and JV.

Notes: The density function for the F-distribution vith lrt,lr
degrees of freedom (for numerator and denominator,
respecr ively ) is

f ( I ) : cl.lxU+^t ) xl[!{!.?]r1ry!1al.l'!U13_L:l
G (Mr 2l rG (lll2 ) x (fr+M!I ) r. 5 xM+/V

where.fr0 and c(.) is the gamma function. Selected
statistics are

HEAII = Nrtl-2 if N>2
v ARIANCE : ( 2x(,tvr2lxpt+N-2)rMx(IV-{ )x(ir-2 )r2 it il,,.1
t{0DE = (llxlr-2 )+lttxll+2
RANGE = [0.r,ilffilrfy)
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Program: Prvoiv with pCENTRALE

Syntax: fi-rlfd PN1N DF I 9CENTRALF DE2

Group: ANALYTIC

Subroutines I NN1RMAL
NUNIFORM. PBETA

PCII I SQU ANED , PG AMMA
PNONCENCHISQ, 

^POVER

Description: The combination of
PCENTRALF returns
F-distribution(s).

the programs P/Vott and
samples from lhe non-centra]

Input: ifd : Non-centrality parameter(s)
DFI and DF2 = Degrees of freedorn

The lengths of parameters irc. DFl. and DF2 must
conforn: aIl scalars. aIl vectors, or a combination
as long as the lengths of vectors longer than one
natch.

output: R : Samples from the distribution. An individuar
sample in R corresponds to the respective
elenents of. NC, Dfl, and DF2. The length of R
depends on the lengths of. NC, DFl. and DFz.

Notes: This distribution is defined as lhe raLio of anon-central chi-square distribution with
non-centrality parameter IvC and degrees of freedom
Dfl and a (central.) chi-square distribution \rith Dr2
degrees of freedon.

Refer to the documentation for the programs
PN0IlCENCEISQ and PCTJSQUARED for more information
about the distribution parameters.

Program: PCENTRALE

Refer to the docurnentation for the
information about how to use plrr0ltl
PCENTRALF to generate samples from
F-distributions.

croup: ANALyT IC

prog ram PN0N f.or
in combination vith
non-central
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Prog ram: PC AMMA

Syntaxz R* PGAMMA P

Group: ANALYTIC

Subroutines: tIUNIF0RU, PBETA. 6p7VER

Descripiion: Returns sampl.es from lhe gamma
distribution(s).

Input: P : Scalar or vector of power parameter(s)

Output: R : Samples frorn the distribution. An individual
sample in R is chosen from the gamrna
distribution with the corresponding pararneter
in P. The length of J? is the Iength of p.

Notes: The density function of the gamma distribution is
F(I) : (l+C(P))'(I'P-l),r-X

for 0<X and 0.P. 'rhere 6(.) is the gamma function.
This basic Aamna distribution can be generalized by
the transformation

Z* LOV +I,I I DT E XPG AHM I P

and the random variable Z has

MEAN = LoV+VIDTtxP
VARIAI,ICE = P\VIDTETz
M0DE . L?V+VIDTE\Ol P-l
SKEII = 2xPr-.5
KURT0SIS:3+6*P
RANCE : ILOv.INEIttIT'I \

The Erlang distribution is the same as the gamma
distribution. but usually an Erlang-type tr
disLribution refers to a gamrna distribution where

P : Positive integer x
LoV=O
VIDTE = I+KXLANEDA

so that

I'IEAN = 1+LAMBDA
V ARI ANCE . I+K\LAMBDA,2
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Program: PGE]METRIC croup: ANALYTIC

Syntax'. R-PGE?HETRIC P Subroutine: NUNIF7nM

Description: Returns samples from the geometric
distribution(s) with parameter(s) p.

Input: P . Probability of success on each independent
triaI.

Output: fi: Samples from the geometric distribution. Anindividual sample in R comes from the geomeLric
distribution r.rith corresponding parameLer in p.
The length of R is the length of p.

Notes: The geometric distribution is a discrete
distribution which represents the nunber I offailures before the first success in a sequence of
independent trials. where p is the probabflity of
success on each trial. The probability function rs

f(.t) : Px(l-P)r.f where I:0.1.2.,..

Selected statistics are

NEAN = ( l-P)+P
VAnIINCE : ( l-P)rPr2
HEDIAN : [-l+( r-P)o.5
l40DE = O

SKEV = (2-Pr+(l-P)r.5
KUnT0SIS : l2+(Pr2l+l-P
RANaE = (0.r,2,...1
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Program: PcE1METRICI

Syntax: R*PGE0I4ETRICl E

Description: Returns samples
distribution.

Group: ANAL,tTIC

Subroutines: NUNIFORM, PBETA
PGAMMA, PNEGBIN

pp0ISS0N, 
^p1t/En

from the geometric

F : ( l-P)+P. vhere p is the probability of successon each trial
R: The number of failures before the first successin a sequence of independent trials

Notes: P|EOMET?ICt is similar to pcEOtIETRIC exceDt the
argument of. pcEjMETRfCl is (t-p)rp vhereai the
argument of. pcE1METRfC is p. The same conventions
about argument and result length apply topcEoNETnICt as apply to pcEOilETRIC. See the
documentation for ?7EOMETRIC for cornplete detailsabout the geometric distribution.

Prograrn: PflARM0NIC Group: ANALrTIC

Syntax t R-PE ARMoNIC il SubrouL i nes: None

Description: Returns samples from Haightis discrete
harmonic distribution wiih parameter(s ) rt/.

Input:

Output:

Input: rV: Distribution parameter. jv can be a vector of(varying) positive integers.
Output: F = Samples from the distribution. If t is avector. each element of I is drawn from the

corresponding distribution,
Notes: For positive integer(s) il. the distribution isdefined as the nearest integer to the ratio of Iv roan integer dravn at randon irom t to 2xrv. The rangeof the distriburion is a subset of 1 1 .2,3, . . . ,/vlthat includes 1 and ir,
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Program: PH'I PEn \,/i th p6Eo

Syntax: R*At PilYPER A PCEo M

Group I ANAL'ITIC

Subroutines i None

Descriptiont The combination of !he programs pryyptR and
PCE0 returns samples from hypergeometric
distribution(s).

Input: IV : Sample size
i,, = Population size
I = Number of special items in U

The parameters IV, M. and,{ can be vectors of equal
Iengthr or any subset of the parameters can be
scalars.

Output: fi: Samples from Lhe distribution. en individual
sample in I comes from the hypergeometric
distribution with corresponding parameLers in
lt. ,, and H. The length of I depends on the
length of lr, il . and ,rt.

Notes: The hypergeometric distribution is a discrete
distribution shich represents Lhe number.x of
special items in a sanple size of IV. lrhen lhere are
a total of,l special items in a popularion of size' tt. The hypergLometric distributio-n is therefore
analogous to the binomial distribution. except
sampling is done without replacement. The
probabi I i ry funct ion is

F(I) : ((.f:,{)x(JV-I):M-l)+tV:t for X = 0.1.2,

Selected statistics are

./VLT

tlEAN = NrA+tl
V A R I A N C E : Jtl x ( ,{ | U ) x ( ( t - ,{ ) r U ) x ( M - Iv ) + M - I
Sf,Er/ :

--Jt{:?r/)i{)__-' 
lll{-lliu-d )r. s ) r (M-2xlv-l

(lrx(r+tt)x(M-l )+it)r.5 H-2
RAI,lcE = (0.1,2,....trL,t1

Program: PCE0 Group: AHALYTIC

Copyright 1983 STSC, Financ iaI-Stat ist ical
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PTOgTam: PLAPLACE GToUp: ANAL,ITIC

SYNtax: rR-rTI PLAPLACE V Subroutines I NLAPLAcE. NI]NIFORM

Description: Returns samples from the Laplace
distribution(s ).

Input: ft : Scalar or vector representing the mean parameLerV = Scalar or vector representing the width'
parame Le r

If lrf and y are both vectors. their lengths must
con f o rrn.

Output: R : Samples from the distribution. An individual
ggmple in_R corresponds to its respective
distribution paramLrers. the lengih of R
depends on the lengths of il and V.

Notes: The. density function for the Laplace distribution
wi !h parameters tt.r/ is

F(X) : (.5f&/)xr_l (I_tf)+V

Selected statistics are

MEAN . tl
VARIANCE = )xllt)
MEDI AN = It
I|0DE = N
SKEV . O

KURTOSIS = 6
RANGE = (-INFINITy.INFINIT,I t
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Programr NLAPLACE

Syntax z R-NLAPLACE N

Description: Returns Jv samples
distribution nith

F(X) = .5,r_l.f

Input: lt : Nurnber of samples

Outputs R : Samples from the

Notes: This distribution can
transformat ion

Z*N+VXNLAPLACE N

croup: ANALyTIC

Subroutine 1 NUNIF1RM

from the "standard" Laplace
density function

to return

distribution
be generalized by the

and the random variable Z has

MEIN = ll
VARIANCE . zxV'2
t4EDI AN = t,
NoDE = M
sfitY : 0
KURToSIS : 6
RANCE = (-INFINIT\ ,INFINITy')

See the documentation for pLApLACE.
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Program I PLDECR

Syntax: R-PLDECR A

Group: ANAL,tTIC

Subroutines: NI]NITORM, PTnIANcULAR

Description: Returns samples from the Iinear decreasingprobability distribution(s ).

Notes: The density function for this distributionstraight line of height 2+/ when .f:0 that

Input: / : Scalar or vector pararneter

Outputt n : Samples from the distribution, An individual
sample in R is chosen from the Iineardecreasing.distribution r,,ith the correspondingparameter in i{. The length of I is the lengthof l.

ls a
dec re asesto 0 when X.A, A>0. That is,

f (.f ) : 2x(A_X )+/r2 f or O<.f 1,{.

Selected statistics are

MEAN = lr3
VARIANCE : (.4r2)+tB
MODE z O

t4EDIAN: Ixl-.5r.s
SKEP : .{x2r.S : .5657
KURT0SIS : 2.\
RANcE = t0.Al

This basic distribution can be
transformat ion

generalized by the

Z-Lov+PLDECR EIcE-LIv

and the random variable Z hds

MEAN = LOV+(EICE-LOv r+3
V ARIANCE = ( (EIGil-LOp)r2 )+lB
NoDE = LjV
MEDIAtI = L7V+(HICn-LOV)' t-. 5r.5
SKEU = .rr'2r.5 : .5557
KURT,SIS = 2.\
nANCE = [LOV ,n ICE I
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Program: PLINCR

Syntax: R*PLINCR A

Group: AN ALIT IC

Subroutines I NI]NIFoRil. PTRI ANGULAR

Description: Returns siamples from the linear increasinoprobability distribution(s ) .

Input: , = Scalar or vector pararneter

Output: R : Samples from the distribution. An individual
sample in F is chosen from the linear
increasing distribution with the correspondinoparameter in i{. The length of R is the lengtfrof A.

Notes: The density function for this
straight Iine of height 0 when
2+/a when I=A. A>0. That is,

f(.f) : zxl+A'2 for OsIs/|.

Selected statistics are

distribution is a
.t:0 that increases to

MEAII = 2\l+3
VARIANCE : (t*2)+lB
l,tODE . A

MEDIAN : tx.5r.5
SKEV : -.{r2,.5 : -.56S7
KURTOSIS = 2.tl
8.tnGg : [0.r]

This basic distribution can be
transformation

Z-LOv+PLINCn ilICn-L1v

and the randon variable Z has

MEAN = L0V+2x (EICil_L1tt r+l
VAnIANCE = ( (ilIGE-L|g)r2 )+lg
MoDE. EIOE
MEDIIN . LOtt+(fl1cfl-10t, )x.5r.5
SKEtt - -.qx2'.5 : -.5657
XURT0SIS = 2.\
RANcE = [LOv ,fl IcH )

general.ized by the
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Program: PLOCISTIC Group: ANALYTIC

Syntax3 R-1, PL0cISTIC Ir' Subroutines: NL0GISTIC. NUNIF0RM

Description: Returns sampl.es from Lhe logistic
distribution(s).

Input: M : Scalar or vector mean Daramerer
v : Scalar or vector vidth'parameter

If both M and V are vectors. their lenqths must
conform.

Output: F : Samples from the distribution. An individual.
qgmple in n corresponds to its respective
distribution parameters. the Ienglh of n
depends on the length of tf and V.

Notes: The. density function for the logistic distributionvith parameters U,y is

F(I) : ('-(I-il)+y)+Vx( llr-(X-Nl+V\,2

Selected statistics are

MEAN = H
vARIANCE : ( (oH)r2)+3
MEDI AN = H
MoDE = A
SKEV = 0
KURT0SIS = a.2
RANGE . (-INEINITt .INFINITt I
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Program: NL0GISTIC croup: ANALYTIC

Syntaxt R*NL0qISTIC N Subroutine: NUNI|7RM

Description: Returns ltr samples from the "standard" logistic
distribution with density function

F(I) = (r-I)*(1+r-I)r2

Input: Iil : Nunber of samples to return

Output: F : Samples from the distribution
Notes: This distribution can be generalized by the

transformat ion

z+M+ritxNL0cIsTIC N

and the random variable Z has

l4E lll = tl
VAnIANCE: ((oY)r2)*3
TI'EDI AN = N
MODE z M

sr(Ev : 0
KURTOSIS = q.2
nANcE = (-INEINITI .INFINIT,I )

See the documentation for pL0cISTIC,
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Program: PNIRMAL croup: ANAL,]TIC

SynLax: R*M PN]?MAL 5 Subroutines I NN7RMAL, NUNIF0RM

Description: Returns samples from the normal
distribution(s).

Input: M : Scalar or vector, the mean of the distribution
5 : Scalar or vector, the standard deviation of tnedistribution
If both nt and ,S are vectors, their lenqths must
con f orm.

Output: fr = Samples fron the distribution. An individual
sample in R corresponds to its respective meanin M and standard deviation in S. The lengthof fi depends on the lengLh of M and S.

Notes: The density function for the normal distributionwith mean t, and standard deviation S is
f(.f) = (*Jx(q2)r.5)'r-.5'( (I-t!)+S)r2

Selected statistics are

ME All = lil
VARIANCE - S,z
MEDI Al{ = M

MODE = M

.SKEY : 0
KURT0SIS = 3

RANGE = (-INFINIT,T .INFINITY I
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Program: NN0RMAL

Syntax z R*NN0RMAL N

Group: ANAL'ITIC

Subrout ine: NUNIf0RM

Description: Returns /v samples from the standard normal
distribution; that is. the distribution wirh
dens i ty funct ion

F(I) = (+(02)r,!)xr-.SxX'2

Input: rll : Number of samples to return
Output: fi : Samples from the distribution
Notesi This basic distribution can be generalized by the

transformation

Z-M+S\Nil?RNtL N

Selected statistics for Z are

MEAN . M
V ARI AIICE = Sr2
II0DE = l,t
MEDIAil = t4
SXEV : 0
KURToSIS = 3

firf rVGE = (-INEINITy,JtTFfMIY )

See the documentat ion f or PNORI'|AL
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Program I PL0cN0Rt'tAL

Syntax: R.M PL0cN0RMAL S

croup: AN AIyT IC

Subrout ines: NN0RMAL. NUItIF0RM

Description: Returns samples from the lognormal
distribution(s).

Input: M = ScaIar or vector representing the mean
5 = Scalar or vector representing the standard

dev i at ion

If both it and .S are vectors. their lenqths must
conform.

Output: R : Samples from the distribution. An individual
ggmple in R comes fron the lognornal
distribution with the corresp6nding mean and
standard deviation. The length of R is
determined by the length of i and S.

Notes: The density function for the lognornal distribution
ts

F(I ) : ( tXrDx (02 )r.5 ) xr-( ( (eI )-/ lr2l+ZxD,2

for I>0, where r{*orrf+(l+(SrM)r2)r.5 and
D-(ot+(.S+M)r2)'.5 are the mean and standard
deviation of an associated normal distribution.
selected statistics are

MEAN = 14

VARIANCE . Sr2
MEDIAN : M+( ti(.s+rrl)r2)r.5
M0DE = M+( l+(S+tt)r2)rt. 5
RANGE = (0,fnrFIlrtII)

The definition of the lognormal distribution is thatits logarithm is normal: that is. ou pLOcN0nilAL S isa normal distribution with mean,| and standard
deviation D. If the mean and standard deviation of
the associated normal distribution is known instead
of the mean and standard deviation of the loqnormal
distribution, the program pL7cttORMALl should-be
used. See the documentation for pL0GNARMALt.
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Description: Returns samples from the lognormal
distriburion( s ) .

Program: PL0cN0RHALI

Syntax: fi*ttf PL?e N0RtIALt S

Inputi M=Scalaror
assoc i ated

g: Scalar or
deviation

If both M and
conform.

Group: ANAL,IT IC

Subroutines: NNORMAL, NUNIFORM

vector representing the mean of !he
normal distribution

vector representing the sLandard
of the associated normal distribution
S are vectors, their lengths must

Output: n : Samples from the distribution, An individual
sample in R_corresponds to its respectiveparameters in Ir{ and S. The length- of fi is
determined by the length of ll aid S.

Notes: The density function for the lognormal Cistribution(one whose logarithm is normal) is
F(X) = (+.fxSx(02)r.5)x,-( ( (oI)-tt)r2)+2xSr2

for I>0. Selected statistics are

HEAN = rlrt+.5xSr2
Y A n I A N C E : ( r ( 2 x l{ ) + .S i 2 ) x - I + r S i 2
MEDIAN = 'NtttoDE = rit-Sr2
RANCE = (0.rjvrtfrry)

If the mean and standard deviation of the lognormaldistribution are known instead of the mean andstandard deviation of the associated normaL
distribution. the program pLOcN0RltAL should be used.
See the documentation for pLOCNO|MAL.
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Program I PPASCAL

Syntax : R*Il, PPASC AL P

Output:

croup: ANAL,tTIC

Subroutinesl NUNIE0Rtn, pBETA
PCAMMA. PNEGBITI, PPOISSON. 

^POVER

Description: Returns samples from the pascal (neoative
binomial ) distriburion(s ),

Input: Jv : Scalar or vector; number of successes in a
sequence of independent trials

P : Scalar or vector; probability of success on eachtrial
If both iv and p are vectors, their lengths must
conform.

fi : Samples frorn the distribution, An individual
sample in R comes frorn the pascal distributionvith corresponding parameters in Jt, and p. TheIength of R depends on the length of rv and p.

Notes: The Pascal distribution is a discrete distributionthat can be interpreted as the number I of failuresoccurring prior to Iv successes in a sequence of
independent trials rrhere p is the pro.bdUility of
success on each trial. Thus r, + N ppASCtL p is thetotal waiting time to achieve JV successes. Theprobability function of the pascal distribution is

f (I) = (X!rv+.f -l )x(prIV)x( t-p)rI
for X = 0.1.2....

Selected statistics are

I'IEAN = itlx( l-P)+P
v AnI lilcE : IVx( l-P)+Pt2
N0DE = tlt-( jV-l )x( l-p)+p as well. as

fr-l if rrf is an inteoer
SKEV = (2-P)r(rVxl-P)'.s
KUnT0SIS : 3+( (pi2)+6,1_p)+lrrt_p
RAN'E = {0,1.2,...1

See the documentation for PNECBIN for a slightly
different approach ro the pascal distributi6n.'
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Program: PNE'BIN

Syntax: R-/V PNECBIN E

Descr ipt ion 3 Returns
( Pascal )

Group: ANALYTIC

Subroutines: NUNIF7RM, ?BETA
PGAMMA, PPOISSON. 

^POvER

samples from the negative binomial
distribution(s).

Input: Jtt : Number of successes in a sequence of independenttrials
F : (1-P)+p. where p is the probability of success

on each trial
Output: n : Number of failures occurring prior to lr

successes in a sequence of independent trials
Notes: PNEaEIN is similar to ppASCAL except the right

argument of pilEGBIN is (l-p)+p whereas the;iqht
argument of PPASCAL is p. The same conventiois
about argunent and result length apply to pt/EGBIIv asapply to ppASCAL. See the doiumenl-ation for ppASCAL
for complete details about the negative binomialdistribution.

Program: P0RDER

Syntax: fi-t PanDEn S

Description: Returns lows5g sy
sanpling from the
interval (0.1).

Group: ANALyTIC

Subroutine: NUNIF0RM

highest observations when
uniform distribution on the

Input:

Output:

IT:
J:

Number of extremal observations desired
Nurnber of observations in the sample, or vecto!.
of varying sample sizes

R : Lonest Iv observations ( if /V'0 ) or hiqhest ltr
observations ( if /lt<0 ) in a sample of size S.If 5 is a vector of varying samples sizes, R is
a l/t/ by pS matrix vhose columns contain l/r/observaLions for the respective sample sizes,
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Program: PP?ISS?N Group: AilALyTIC

Syntaxt R*PPjISSjN M Subroutine: NIJNIF7iM

Description 3 ReLurns samples from the poisson
. distribution(s).

Input 3 M

Output:

: ScaIar or vector representing the mean of thedistribution '
R = Samples from the distribution. An individual

sample in R corresponds to its respective mean
in u. The length of F is the Ienglh of tr.

Notes: The Poisson distribution with parameter M is adiscrete distribution whose prbUability function is
f(I) = ((r-lf)xlf;I)*:.f for I = 0.1.2..,. and lrt>o.

selected statistics are

MEAN = N
VARIANCE = M
MODE = U.t as well as

rtt-f if lt is an inteoer
SI(EP : Mt-.5
KURT0SIS:3+lllt
R,{ME : {0,1.2....}
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Program: PSv ITCIT

Syntax: R-V PSVITCE p

croup: AItALyTIC

Subrout ine: NUNIF]RM

Input: y : Tvo-element vector (yt,v2 ) or two-column.matrixnith each column containing several. values foryl and y2

P = Probabilities. lf. v is a vector, p must also bea vector. lf. V is a matrix, p can be a scalaror a vector vith one probability for each row ofv.

Output: n: Samples from the sr.ritch distribution r.,ith
parameters vt, vZ, and the correspondino
probability in p. An individual jample in R
corresponds to the respective pararneiers in l,
and p. 

-The Iength of R depends on the length
of y and p.

Notes: The probabi I i ty funct ion for the swi tch disLr ibut ionnith parameters yl,f2.p is

Description: Returns samples from the "s,ritch"distribution; a discrete. two-valueddistribution that takes on value I1 withprobability p and takes on vaLue I/2 lrithprobabiliry l-p.

F(Xl z / P if X = Vl
\ r-P if X = V2

Selected statistics are

NEAN - (Pryl)+(t-pr'Vz
VInIANCE = ( (v t-VZ)r2)xpxl-p
ltoDE = Yl if p : .s

v2i,f.ps.s
SKEU = (px( 1-p),1_2,p)+(px1_p)r1.5
KURT0SIS : ( t+(-lxp)+3xpr2 )+px t-p
nANCE = lVt.V2l
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Descrip!ion: teturns samples from Student,st-distriburion(s).

Input: Df = ScaLar or vector; degrees of freedom

output: ft = samples from the distribution. ln individual
, sample in I comes fron the t_distribution vitrrthe corresponding number of degrees of freedomin DF. The lenglh of R is the length of ti:

Notes: The density_function of the t-distribution !rith DFdegrees of freedom is
F ( r ) =___________e.llp[:1)!.?-)_

( (oDr )r. sxc(DF+2 i;ai;ir;2 )rtFt.(DF;iFt
where 6t. ) is the gamma function.
Selected statistics are

Program: PT

Syntax: R*PT DF

Copyright l9g3 STSC,

Group: ANALyTIC

Subroutines. NN0RMAL, NUNIF0Rt!. pBETA
PCIIISQUARED, peAttMA, 

^p7h,En

UEIN = O

VARIANCE = DF+DF-2 if DF,2
MEDIAN = O

MoDE = O

SKEV : O

KURT0SIS = 3+6+DF'-4 if Df,q
RAllcE = (-INfINIT,I ,filf'IrvfIy)
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Program: PN0NCENTRALT

Syntax: fi*M PN0NCENTnALT DF

Group: ANAL'ITIC

Subrout i nes t NN0RI'f AL
NUNIFORM,. PBETA

PCE I SQU ARED , PG AMI''A . 
^POVER

Description: ReLurns samples from the non-cenLral
t-distribution(s),

Input: Itl : scalar or vector representing the constant mean
parame ter

DF : Scalar or vector representing degrees of
f reedom

If both M and Df are vectors. their lengths must
conform.

Output: R : Sarnples from the distribution. An individual
sample in i corresponds to the respective
elements in lrt and DF. The Iength of f depends
on the Iengths of U and DF.

Notes! This distribution is defined as the ratio of a
normal distribution vith mean l, and variance 1, and
a distribution (I+Df)r.5 where.f has the chi-souare
distribution vith Dr degrees of freedom, and ii
independent of the normal randon variable in the
numerator.

tlhen DF is large. the non-central t-distribution
(|{.DF) is approximately nornal vith mean M and
variance l.

When It is 0, samples from the (central)
t-distribution are produced.
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Program: PTRI ANGU LAn

Syntax r R-A PTRIAN?ULAR B

croup: ANALITIC

Subroutine: NUNIF7RM

Description: Returns sanples from the triangulardistribution(s).

Input: I : Non-negative scalar or vectorI : Non-negative scalar-or vector
If both ,t and I are vectors. their Iengths mustconform.

Output: R : Samples frorn the distribution. An individual
19mple in f cones from the triangulardistribution nith the corresponding parametersin I and L The lengrh of R is d;i";;i;;;-;ythe lengths of I and B.

Notes: The. density function for the triangurar distributionwiLh parameters r.B is a triangle 6nat int".."oli
Lhe I-axis when I:-I and.t:B.5nd that.i;;;-;;';peak of 2+/a+t when I:0. That is

f(I) = / (2xX+A\+l\A+B when _llIs0
\ (2xB-.t)r8xI+8 vhen OsIsS

Selected statistics 6re

MEAN - (B-l )r3
VARIAITCE = ( (At2)+(.1,9)+!rl)+tg
NoDE = O

MEDIAN : (xd-I)xit-(,Sxr{.rA+B )r.S where M:dfg
SKEII =

( -2 x 2Ll]-x1l?rA:ixtr4:qr?L:l:U!..1.:?.)..-?:4..1)
( ( A.2l+( i{x8 )+Br2 )rl. s

XURT0SIS = Z.q
RANGE = t-,1 .81

This basic distribution can be generalized by thetransformation

Z-LIKEL,t +( LIKELT -LOv I pTRI ANGULAR HIGfl _LIKEL,T

and the random variable Z has

HEAil = (L0t/+EICE_2xLIKELI \+3
VAnIANCE = VARIAilCE ABOVE, r,here ,{ =LIKELy_L\V and

B=EIGE-LIKELI
MODE = LIKELY
l,lEDI AN = LIKELy +NEDI AN ABOVE
SKEV = SKEV ABOVE
KURT0SIS - 2.q
RAN?E = lLOv.EIcE)
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Program: PUNIFOilM O.o,-rO, ANAL1TIC

Syntax z R*LOV PUNIFORM HIGII Subroutine: NUNIEORM

Description: Returns sanples frorn the uniforrn
distribution(s).

Inputi ,0V : Scalar or vector representing the lower limit
flICE = Scalar or vector represenLing the upper limit
If both ioy and HI?E are vectors. their lengths rnust
conform.

Output: R : Samples from the distribution. An individual
sample in F corresponds to its respective
limits in Ljv and f,f6f. The length of f
depends on the lengths of. LOv and flcf.

Notess The density function for the uniforn distributionvith limits Lov.ilIct is
r(.r): t+nIc8-L1v f.or L0vsxsEIcfl

Selected statistics are

NEAH = (LoV+ilICEl+2
YAnIINCE = ((EIGE-LOV','2r+t2
HEDIAN = (LoV+nIcfllrz
froDt ( None )
5(8V : 0
KUnT?SIS . r.g
RANCE = [LOv,EIcE)
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Program: NUNIFORM croup: ANALrTIC

Syntax: R-NUNIF0RM N Subroutines: None

Description: Returns samples from the "standard" uniformdisrribution.

Input: ll : Number of egually likely values from theinterval t0, t l.
Output: J? = Samples from the distribution
Notes: The density function is

f(X) : I for 0sI<l

This basic distribution can be generalized by the
transfornat ion

Z- L0V + ( E I e E - L0v't' NU N I E 0RM N

Selected statistics for Z are

MEAN = (LoV+nIGE',rz
V ARI AilCE = ( (EIGE-L1V \'2'tr t2
I{EDIAN : ( LoV+8It}El+2
MODE (None )
S'CEY : O
(URTO.S'.S : l.g
RANCE = [L?V.EICE1

See the documentation for pUNIFORtt.
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Program: PVEIEULL croup: ANALrTIC

Syntaxt R-PVEIBULL P Subroutiner NUNIF7RM

Description: Returns samples from the tteibull
distribution(s).

Input: P : Scalar or vecLor power parameter

Output: R : Samples from the distribution. An individual
sample in R comes from the tteibull distributionvith correspondi49 parameter in p. The length
of R is the length of p.

Notes: The density function of the weibull distributionvith potrer p is

f (.1 ) : Px (IrP-l )xi-Irp f or .f >0

This basic distribution is the pth root of rhe
exponential distribution vith mean l. It can be
generalized by the transformation

Z* L0V +t{ I DT E \ PrJ E I BU L L P

and the random variable Z has

MEAN = L0t/+tlIDTExc( l+1rp)
where 6(.) is the gamma function

VARIANCE . (VIDTEa2 )xC( 1+2+p)-(6( r+l+p) )r2
RANGE = (LOV,INFITIIT,I ,
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Program: T DI ST

SynLax: R-DF TDIST X

Input:

Group: DISTFN

Subroutines: None

Description: Computes Student,s t-distribution.

X: Vector of t-scores (greater than or equal to 0)

DF: Number of degrees of freedon (a single positive
integer )

Outputt F : Vector of probabilities matching the Length of
x. RtI I equals pR7B(-XlI)sTsXtI I ) vhere r is
the t-distribution uith DF degrees of freedom.

Examples: 10 TDIST t.172 t.812 2.7Gq
0.7999rt 0,89992 0.9800

Thus. for 10 degrees of freedom:

r,372 is the 90th percentile
1.8r2 is the gSth percentile
2.76{ is the 99th percentile

30 ?Dtsr l.3l 1.69? 2.tr57
0.79986 0.89995 0.97999

Simi).arly for 30 degrees of freedom.

Notes: Note that PR1g(OslsX) = ,S t DF TDIST.t, and thar
PR08(T<X ) = .5 . ,5 ' DE TDIST.X is the cumulative
distribution function for I>0.
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CHAPTER 5

THE S?,{TISTICS WORKSPACE

The Sf/ff.SffC^g workspace contains programs to calculatestandard statistical measurernents, derive iorrelationcoefficients. and perform regression and residual analysis.

BAS ICST ATS 5 - 2
CORRELITE 5- 5
nEcn8ssI0N 5-10
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Program I DST AT croup: D AS ICST AT S

Syntax I DST AT X Subrout ines: FMT . ST AT

Description: Prints basic statistics for a data series.

Input: .[ : Data series

Output: Descriptive display of statistics
Example! DSTAT tS l2 lt l6 t7 ltt I l9 l3 I tl tO g 5

SAMPLE SIZE
MAX IMUM
MITIIHUN
R ATICE
ME AII
V AN I ANCE
STD. DEVIATION 3.992
MEAN DEVIATIOIT 3.III 3
MEDI AN

Itl
l9

5

ltl
t2
15.385

r1.5
MODE 8 II

Program: FREQ croup: BASICSTATS

Syntax: R*fREo.t 5ubroutines: None

Description: Calculates frequencies for a discrete
empi rical distribut ion.

Input: | =

Output: R

Empirical data vector (discr€te)
: TL'o-rolr matrix, The first rov consists of theunique elements of .I in ascending order. andthe second row consists of the nr]mber of timesthe corresponding element in the firsr rovoccurs in X.

fRsQr53q2l5563
23q55
l213l

Example:
I
2
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Program: FREQDI ST

Syntax: RGf FREQDIST X

Group: BASICSTATS

Subroutines: None

Description: CalculaLes the frequency distribution for
"continuous', empirical data.

I nput : = Empirical data vector (from continuous
populat ion )

Y : Class specifications
Ylrl = Left endpoint of left-most classY[2] = CIass vidth
Y[3] = Nunber of classes

Output: n r Tvo-row matrix. The first row consists of themidpoints of each class in ascending order. andthe second row consists of the numbir of
elenents of I lying in the corresponding cIass.(A class contains its right endpoint bul notits Ieft endpoint. )

Example: The program NN0RMAL fron the pROBABI!.ITy worksoace
generates samples from the standard normaldistribution.

-3.5 r 7 FREQDIST NTIORilAL 30O3210123
7 t7 78 106 ?rt 15 3

(Actual output will vary from the illustration. )
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Program: PCTILES Gror:p; BASICSTATS

Syntax: 8rY PCTILES,Y 5ubroutines: None

Descr ipt ion: Calculates percent i les for a data vector.

lh^ttI t.,rPu L ,

T

Output:

Exanples:

: Data vector

: Percentiles desired. If I is a single integeriv, the tr-l percentiles are calculatid. tf i isa vector of decirnal values. Lhe correspondingpercentiles are calculated.

R : Percentiles of the data I deternined by I. Forevery a,(0s.<f ), the percentile corresponding
to - is Lhe smallest value in I rrhich tauses-the empirical cumulative distribution function
at I to be > -.

The program NNORHAL from Lhe pROBABILIT,I
workspace returns the indicated number of samplesfrom the standard normal distribution.

.r*ft/v0fiM,tL 300

\ PCTILES T-.5013 .0252 .5555

,05 .r .25 .5 .75 .9 .95 PCTTLES I-r,5951 -l.l7l1 -,6013 .0252 .5565 1.2599 1.6362
(Actual. output vill vary from the iltustration. )

Copyright l9B3 STSC. Inc. 5-t{ Financial-Statistical Lib.



Program: AC1RR

Syntax: nrY AC0RR X

- croup: C1RRELATE

Subrout ine : AC)v AR

estinates of the autocorrelation
a time series.

Description:

Input: I =- t:

CaIcul ates
function of

Time series
Largest autocorrelation lag desired (ys.5,lenglh
of .t)

Output: R = Tr^ro-row matrix. The first rov equals lags
1 ,2. 3 . . . . , Y; the second row equals the
autocorrelation function at the correspondino
lag.

Example: { ACOR? | 3 2 S 3 ? 5 l0
l23q
0.1208 0,{333 -0.2292 0.05

Program: ACoYAi croup: ClRRELATE

Syntax: fi*I AC1Vtn I Subroutines: None

Description: calculates an estimate of the autocovariance
function of a Line series.

Input: I:Timeseries
I: vector of Iag indices for the autocovariance

Output: n : Autocovariance function of .f at the given Iags
Example: o | 2 AC1vAR I 3 2 S 3 7 5 lo

7.5 0.90525 3.25
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Program: CM

Syntax z R*CM X

Input:

Output :

Exanple:

Group 3 C0RRELATE

Subroutines: None

Description: Calculates a matrix of correlation
coefficients,

: Matrix of observations; rows correspond to cases
and columns correspond to variates.

R : Matrix of correlation coefficients; stI:Jl isthe correlation coefficient between variate .I
and variate J.

x
7382321

ll 3 3q 3tl
q7 20 26 \2
2 tro 2? 3tl
I 20 rr ?

35 30 tr7 tt3
2't 5 33 21

cnI
1 -0.2358 0.5322 0.6032-0.2358 1 -0.0799 0.2032
0.5322 -0,0799 I 0.7683
0.6032 0.2032 0.7583 I
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Program: CoRR Group: C7RRELATE

Syntax : R*V C0RR H Subrout ines ; None

Description: Calculates simple and partial correlation
coefficients.

Input: lf = Square matrix of simple correlalion coefficients
analogous to the result of the program Clt.

y : Vector of variate numbers. The first two
elements represent the pair of variates for
which a coefficient is desired. Remainino
elements designate variates whose effects shouldbe removed in determining the partial
correl,ation between variites yitl and trtZl.

Output: R:

Exanples:

Sinple ( if 2=Iength of y) or partial
correlation coefficient between variates y[ 1 ]and Y[2].

x
38 23 27
3 3tr 3tl

20 26 \2
tro 27 3rl
20 rr 7

30 tt7 {3
5 33 2t

:'t4-CH X
I 0.2358 0.5322 0.5032-0.2358 I -0.0799 0.2032
0,5322 -0.0799 I 0.7583
0.6032 0.2032 0.?683 I

The folloving example is a simple correlation.
23ConnH-0.0?99

The follorring examp).e removes lhe effec! ofvariate 1.

23tC?nnM
0.055t{

The folloving example removes the effects ofvarlates 1 and {.

231qC1RnM
-0.3571
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Program: PC1RR Group: C7RRELATE

Syntax'. R-V PC1RR X Subroutine: CM

Description: Calculates simple and partiaJ. correlation
coef f ic ients.

Input: X

v

Output:

Examples:

Notes:

= Matrix of observations. Rorrs correspond tocases and colunns correspond to vari-ates.
: vector of variate numbers. The first tlroelements represent the pair of variates forwhich a coeff icient is desired. Remaining

elements designate variates vhose effects shouldbe renoved in deternining the partial.
correlation betveen variates ylll and yt2l.

R. Simple (if Z:length of y) or partial
correlation coeff icient betveen variates yI I ]and Y[2].

x
7382327

ll 3 3'.t 3'l
\7 20 26 tt2
2 q0 27 3q
I 20 rt 7

35 30 rt7 tt3
21 5 33 21

This exanple is a simple correlation,

_ 23PCONRT
0.0?99

This example rernoves the effect of variate t.
23LPCORRX

0.055r1

This example removes the effects of variates Iand q.

_ 23tttPC?RRx
0.3577

See also the program CCfiR.
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Program. CC0nR

Syntax: F+I CC0R1 X

Description: Calculates cross correlation.

Croup: C0RRELATE

Subrout ine: CM

. Two-column data matrix. The rohrs represent theobservations of tvo variates

Y = Positive integer specifying the maximum shift ofthe first variate relative-to the second

Output: F : Two-row matrix, The first rot, contains theshifts from (-I) to y and the second rov
contains the correlation coefficients for theshifted f irst variate relative to the second-(Positive shifts occur when the first variateslides up relative to the second. The oreaterthe shift, the fewer comparable observaIions
can be used in the correlation. )

I nput :

Example: x
58 lr.
I 76

39 46
7 5q

\2 22

2 CCoRR X-2 -l o r 2-0.31't5 0.858q -0.9205 0.818? -0.8141

Note that -0.31't5 is the coefficient vhen 6g I 39is correlated vith 46 5rr 22.
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PTOgTAM. REG Group: REGREIrION

Syntaxz T*V REC X Subroutines: DIV. DIVO

Description: Performs simple and multipte regression,

Input: x = Matrix of observations. The rows correspond tocases; the columns correspond to variates.
variate selection vector. consistinq of some orall of the column indices of L thi last
element of y indicates which variate is the
dependent variable, and the remaining elementsspecify the independent variables.

Output: R : Five-column rnatrix containing various
regression statistics. F consists of trro
submatrices:

The first roe of ,t represents the intercepr(constant term). The remaining rows of ,l
correspond to selected variables. The columnsof I correspond to the folloving:
1. Variable nunber (except nt l:1 I is the

dependent variable number)
2. Regression coeff icient
3. Standard error of the regression

coefficient
tr. T-value for testing the hypothesis thar theregression coeff icient eguals O
5. Beta coeff icient ( except nI I ;5 ] = O I

The submatrix I has three rows and gives
analysis of variance results. The iows of Irefer t.o variation due to the regression.
variation due to the error fron [he regression.
and total va:'iation. The columns of I
correspond to the followinq:

lrl
lgl

1

?

q.

0
Degrees of freedom
Sum of squares
Mean square (except 8t3;rl
of the est irnate )
F-statistic (except B[2t5
correlation coef f ic ient n

I - Standard error

l: Multiple
and 8[315] : Pr2)
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Example: DAT A

6rl q 2
8l rl 6
72 6 2
9l 6 6
83 I 2
95 I 5

2SIRECDATA
I 110.25 3.759 10.707 0
2 rt.125 0.535 7.'t07 0.53?
3 4 0.rt37 9.153 o.?5?
0 2 556.25 328.125 71.591
0 3 13.75 tt.583 0,990
0 5 6?0 2.ltl 1 0.979

Notes: ln the above example. the left argument of REG
selects the folloving regression model.:

VARIATEI (C0L I 0f DATA) =,t + (BxVARIATE2l, + CxvARIATE3

The progran calculates the coefficients / : rr0.2S.
I : rt.l25. and d : 4. The F-value (71.591) with(2.3) degrees of freedom shows that the regression
is highIy significant.

The result f of the program REc can also be used:

. as the right argument of the program DSTATREG
to print a formatted display of the regression
statistics, or

. as the l'eft argument of the program RES to
calculate the residuals for the regression.
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Program I DST ATREc

Syntax : DST ATREC T

Group: REGRESSI0N

Sub::outines: None

Description: Prints a report of the results of multiple
regress ion.

Input: I : The matrix output of the Rf6 program

Output: A descriptive display of the regress:ion results.Variable o refers to the constait term (intercept).

Example: See the documentation for the prograrn RE6 for thevalues of T and DATA.

r*23lREcDATt
DSTATNEG T

VARIABLE NEG, COEFF. 5. E. COEFT. T-VAI:,UE BETA COEEF.0 '{0.250 3.759 lO.?07
2 4.125 0.535 7.-,to1 0.6373 q.000 o.rt3? 9.it53 0.757

DEPENDENT VARIABLE = I

UNADJUSTED ADJUSTED
NULTIPLE CORRELATION COEEF . R 0.990 0.987R-SQUARED 0.979 0.97r
ST ANDARD ERROR OT EST INATE 2 . 1II I 2 . 3 9I,

ANAL'TSIS OF YARIANCE

SOURCE OF V ARI ATION DF SUM SQUARES ITEAN SQUTRE F-V ALUE
ATTNIBUTABLE TO RECRESSION 2 556.250 328. I25 7I.59I
DEVIATION FROI,' REGRESSION 3 13.750 q.583

ToTAL 5 570.000
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Program: STEPREc

Syntax. STE?RE? X

Group: RE?RESSI0N

Subrou!ine i DIv

Description: Generates user-controlled stepwise regression.

Input: .f: Data matrix with the cases stored in the rowsand the variates stored in lhe columns. The-last column represents the dependent variabie;aIl others are independent.

Output: The following global variables are produced afterthe final step:

vARIATES : ordered vector of variable (column)
numbers used in the final step

C0EFFICIEilT.S: vector consisting of the constant
term (regression intercept) followed
by one coefficient for eich variate
in the final step

RESIDUALS: vector of residuals from the reoression
at rhe final step

These residuals could be produced by the equation
I[ ; ( pI ) t 2 ] l- ( 1, x[ : v ARI ATES ), + .,CTEF F IC I ENT S

The program automatically selects the variables roadd or delete from the regression at each.tuq..
based on partial F-value iomputations. a "uiiubr"entered into the regression Larly can be removedlater. Such variables are identified to you: youdecide whether to accept the program.s seiecti6ns.If you choose not to dLlete a suggested variable,the program figures out rrhich vaiiable ro add. Ityou choose not to add a suggested variable, or ifthe regression equation fits the data perfectlv.
the program ends. At each intermediatl =t"p, 

''
regression statistics and an analysis of varianceare printed.

Example. DAT I
2 3 q 7 I l0
I 3 7 1l 15 l?
3 q 6 l0 l0 15
2 3 8 I ll 11
135999

When you execute STEpREG D/|f,{, the program passesthrough rhe following variate seleciiois if'vouagree vith its selections: 
'1 , '{ l, q I 5, I 5, 5.5 2. S 2 3. 5 2 3 r. At that point a perfect

regression relat ionship is found.
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Progran I STREC

Syntax I T*V STREG X

Group: RECRESS 10il

Subroutines: CM, REc, DIV. DIVO

Output: R : Five-column matrix containing various
regression statistics. fi consists of trro
submatrices:

Descript ion: Performs simple stepwise regression.

Input r | = Matrix of observations. The rows corresoond tocases; the columns correspond to variatei.
Variate selection vector, consistinq of some orall of the column indices of .I. rh6 tast
element of y specifies the dependent variable,
and the remaining elenents ( in any order)specify the independent variables.

The first rov of / represents the intercept(constant term). The renaining rows of/|
correspond to variables selected in decreasing
order of the proporrion of the variation of tiedependent variable they represent, The columns
of .l correspond to the folloving:

1. VariabLe number (except Ftllll is the
dependent variable number )

2. Regression coeff icient
3. Standard error of the regression

coeff icient
rr. T-vaIue for testing the hypothesis th6t theregression coeff icient equals O
5. Proportion of variation ieduced (excepr

Rt1:51 : 0)

The submatrix 8 has three rovs and qives
analysis of variance results. The iovs of Icorrespond to variation due to the regression.
variation due to the error from the r6gression.
and total variation. The columns of I
correspond to

l/ |

l8l

l.
)

q,

0
Degrees of freedom
Sum of squares
Mean square (except dt3
of the est irnate )

F-statistic (except E[ 2
correlation coef f icient
Rr2 ).

Standard error

Multiple
8[3:5] =

Financial-Statisricat Lib.
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.9IREG requires more observations than variables
selected in y. If a perfect regression is
found. then the superfluous variates are not
included in the result ?.

Example !

Notes:

0
0.819
0.139
0.005
0.005

39.832
0. 98 5

0.9?

Lhe programs STEPREG

DATA
150 q7 50 35 200
320 30 10 r03 358
100 26 50 50 167
90 19 50 rt4 1rl

250 38 70 61 290
57 9 50 23 36
58 2't 50 30 133
95 23 50 rr0 r35

2tr8 67 90 55 399
30rf 25 90 l02r{ 279

I 2 3 'I 5 STREG DATA
5 -50.961 51.967 1.173
1 0.788 0.t72 q.595
2 2,227 0.879 2.53rrtt -0.067 0.05 1.3q8
3 1.27{ t.rtol 0.909
0 rr 118535.598 29559.r5
0 5 3?23.002 7rrq.5
0 9 122359.5 27.287

See
and

also the documentation for
nEc .
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P rog r am : FE'c R[.S.S

Syntax: rR-Y RTCRES^9 .f

Descr ipt ion: Performs

Y:/ r

croup: RE'cFES^SI0lr

Subroutines: REC, DM

simple regression for the model

B'X

Input: x = Independent variable
I = Dependent variable

Output: F : Vector of regression statistics:
F[ 1] : Intercept ,l
nt2l . Coefficient I

Example:

8[3] = Standard error of I
Rlql = Computed t-value for ,R[5] . Standard error of the estimarent6l = Correlation coefficient
F[?] = Square of the correlation coefficient

t0 l2 15 20 28 rr0 5? REcRESS r0 20 25 30 3540 50-t0.71q 1.22q .19{ 6.311 6.283 .9q3 .888
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Program: RE.S 6roup: REGRESSIIN

Syntax: R*I RES I Subroutines: None

Description: Calculates a table of residuals fron aregression.

Input! .f : Matrix of observations. Rorrs correspond tocases and columns correspond to variites.

Output:

I : Regression matrix output from the program FE6.

F : Four-column natrix. The first column containsthe case number, the second column contains theobserved value of the dependent variable, if," -
third colurnn contains thl corresponding vatueestimated from the regression, and the-fourthcolumn contains the residuals.

DIT I
6{ \ 2
8l rt 6
72 6 2
91 6 6
83 I 2
95 I 5

Example:

I*23lREGDATt

T RES DATA
I 5q 6q.?5 -0.75
2 8t 80.?5 0.25
3 72 73 -1
r,t 9l 89 2
5 83 81.25 l.7s
5 95 97.25 -2.25

Notes: The output frorn RES can also be used as the rightargurnent to the programs STATRES or DSTATRES.
STATnES returns a vector of residual statistics, and
DSTATRES returns a format!ed display of thesestatistics.
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Program: STATRES

Syntax: rR*.ST,{IfiES rtf

Group: nEcRESSI0tl

Subroutines: None

Input: M = Matrix output from the RES program or any matrix
whose fourth column contain! t6e residuais from
some regressron.

Output: R : Vector of statistics on the residuals:Rlll : Sum of the residuals
R[2] : Sum of Lhe absolute values of the

res iduals
R[3] = Sum of the squares of the residuals[[4] : Durbin-gtatson statistic
Rt5l = Number of runs of positive or negative

res idual.s
n[6] : Number of positive signsR[7] : Number of hegative signsR[8] = Expected value of the number of runsR[9] = Standard deviation of the number of runs

Example: See the documentation for the program nE6 for thevalues of I and DITAi see the documentation forthe program RES for the value of tt.

r*23lREcDATA
t't*T RES DAT A

n[:q]-0.?5 0.25 -l 2 1.?5 -2.25

STATNES N
0 8. r3 .75 2.009090909 5 3 3 q l.095ttrt5l l5
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Program: DST ATRES

Syntax z DSTATBES M

Group: RECRESSI0N

Subrout ine : ST ATRES

Description: Prints a report on the residuals from a
regress ion.

Input: M: The matrix output of the RE^9 proqram or anvnatrix rr'hose fourth column cont"ins the -'
residuals from some regression.

Output: A descriptive display of statistics on theresiduals.

Example: See the documentation for the program tE6 for thevalues of ? and Ditfri see the bocrlmentation foithe program FES for the value of M.

I*23lREcDATA
It-T RES DtT A

_ lt[ : q ]
0.?5 0.25 -l 2 1.75 -2.25

DSTATNES M
SUH OF NESIDUALS O
SUI,' OF ABSOLUTE RESIDUTLS 8
SUN OE SQUARES OF RESIDUALS 13.?5
DUREIN-VATS7tl STATISTIC 2.009090909
IIUNSER OF NUNS 5

POSITIVE SIGNS 3
NEGATIVE SIGNS 3

EIPECTED NUHBER 0F ?UNS rr

STANDARD DEVIATION I.O95qq51I5
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ACCSF 2-50
ACOMPANE 2-6
AC0nR 5- 5
ACOYAR 5-5
ACRS 2-r.{
AFDITF 2-7
AGGNEEATE 2-r5
ACR 3-9
ANALYTIC (croup) q-7
ANNUITT 2-97
ARon 2-78
,f SSEr S ( Group, 2-2
ASYNPTOTE 3- r 3
AYEEAL 2-8
AYCC0ST 2-58
AVGRED 2-8

^8AL 
2-21

EALFOR 2-18

^BALS 2-21
EtSICSTtTS (Group) 5-2
ECHATX 2-55
80ND 2-tl
SOlrDS (croup) 2-tl
BPRICE 2-5
EREAKEVE/|I 2-19
ERtttTt 2-66
8'IIELD 2-5

CALCULATE (croup) 2-s
CASE (Group) 2-rB
CASEHCT 2-2
CCORR 5-9
cDcF 2-29
cFv 2-32

PROGRAMS AND GROUPS

CUMZEROMAX 2-94
CURREI,IT 2-20
CYCLE (Group) 3-2

DA'I LAG 2-52
DBAL 2-q8
DCF 2-7 2
DCIDE 2-86
DCIROR 2-83
DEBT (Group) 2-3tt
DEPRE 2-'I 5
DEPRECIATI0AT (croup) 2-qq
DEnMTREND (Group) 3-r.l
DGROVTH 3-8
DI R'n 2-7 g

DISCOUNT 2-60
DISCRETE 4-3
DISTEN (croup) rr-q2
DISTnIBUTE (Group) 2-Sl
DM -r0
DIVNED 2-IO
DLEVPA'T 2-37
D0nc 3-2rl
DPOVER 3 - 7

DSEISFACTaR 3-2
DSTAT 5-2
DSTITREC 5-12
DSTATNES 5-r9
DSTEPTREND 3-5
DTTNENDI 3-'I
DTTREND2 3 _ 5

ELTOE 2-61
EMPIRICAL (croup) q-2
fPFIJV 2-3tt
EXPOGROVTE 3-13
EXP0SI't?0TE (Group) 3-lO
EXP0SM00Tnr 3-10
EXP0SM00TE2 3- I 1

EXP0SM00TE3 3-12
EXPaTREND (Group) 3-13
fYIS 2-55

fDIfF 3-18
TEDTAX't9 2-91
FGROVTE 3-I7
FIF0 2-59
rrnsT 2-25
FORETREND (croup) 3-r5
FPovER 3-16

CETN6ETIME (croup )
CIDF 2-31
CIROR 2-30
cH 5-6
C0NTRATES (Group )
c0RI 2-6 I
coRR 5-7
CORRELATE ( Group )
cPv 2-33
CT IMEv ALUE ( croup )

CUl,l 2 - I
CUTIIDISCRETE 4-2
CUMSISTOGRAM 'I-6CUHPROD 2-9
CUMRANGE 2-93

INDEX OF

a- 1J

5-5
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FRATIO 3-19
[RE6R85S 3-18
fFEQ 5-2
FREQDIST 5-3
FTRENDRATIO 3-I9
FTTRENDI 3-T5
FTTREND2 3-I5
fv 2-1 3

cL0AN 2-35
GREATEST 2- r I
GR0VTE 3-2tl

flALTYR 2-26
EISTOGRAM II-'{

IDF 2-8rl
IilC't'EASSETs 2-88
INCREASE 2-62
INIT 2-62
I NTEREST ( croup )
INTRANCE 2-9I.I
ItlvENT0nI (Group)
IROR 2-'t6
trv z-tz

LAST 2-25
LEADLAG 2-57
LEAST 2-11
LEVPAY 2-35
LEvPrYl 2-39
LFF '2-6tl
LIF0 2-59
L0AN 2-rt0
L0FC 2-'lI
LZF 2-63

NCAUCHY 4-II
NEXPOTIENTIAI {-I5
NEXTREME q-7
NLAPLACE 'I-23NLOGISTIC 4-2'I
NNORMAL 'I-29NUNIFORM q-qO
N'IIR 2-55

PAYMT 2-20
PBETA 'I-8PBINOMIAL II-9
PCAUCilY 'I- 1O
PCENTRALE 

'I - I7
PCII I SQU ARED tr - 12
PCOMPARE 2 -6
PCoRR 5 -8
PCTILES 5-II
PCT0r 2- r 3
PDCF 2-59
PER 2_88
PEXPONENTIAI, q-1'I
PE tl-16
PFDIFf 2-7
PFV 2-70
PGAMMA q-I8
PCE0 't-21PGEOMETRIC I,I - I9
PGEOMETNICI 4-20
PEARNONIC 'I-20PEYPER 'I-2IPLINT 2.3
PLAPLACE q-22
PLDECe {-2rl
PLINCR 'I-25PL0CISTIC rr-26
PLOCNORMAL 'I-30PLOGNORNALI q-3I
PLUS 2-lrl
PLUSNI NU S 2- 6 5
PNECEIN 'I-33Piloil 't-17PNjNCENCnISq q-13
PNONCETITRALT q - 3I
PNORMAL 'I-28POLYGON q-5
POLYG0NCUI'I 'r-5PORDER q-33
POVER 3-23
PPASCAL II-32
PP0 ISS0N rr-3r{
PPV 2-7 |
PRIOR 2-27
PSVITCT tt-35
PT 4-36
PTIttTEVALUE (croup) 2-69
PTRIATlGULAN 'I-39

2-s5

2-58

MANIPULATE (croup) 2-51
MATRIX (Group) Z-68
HAX 2-6'l
UAXEALT 2-96
MAXSCAN 2-58
NIDF 2-85
MI N 2-67
MINEALT 2-95
MINMAX (croup \ 2-61
t'tINscAN 2-68
MINUS 2-I'I
MIROR 2-77
N0vINCAVE 3-20
ilovNAXSCAil 3-20
MOVMINSCAN 3-2I
MPftoD 2- 12
MQY 2-22
I'Q'TEACTOR 2-2\
MSAROR 2.80
MTV 2-26
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PUNIFORM 'I-39PV 2-7 \
PI,/EIBULL q-'I 1

QEACT0R 2-53
QTR2NDINTEREST 2-56

RTNCE 2-95
nATES ( Group I Z-7 2
RATI0S (Group ) 2-gB
REG 5- IO
RECRSSS 5- r 6
nEcRESSI0N (Group) 5-10
RELATI0N (Group) 3-lg
NEPLACE 2-62
REs 5-17
RLE 2-63
RM 2-89
Ron 2-1 5
nouND 2-S9
ROUItDDoVil 2-90
nouNDINc (Group ) 2-99
ROUHDAP 2-90
RZF 2-63

sARan 2-8 I
sBALF00 2- l8
scuRvE 3- l rl

SEASFACTOR 3-3
sEcFL 2-87
sFnon 2-82
SEUIID 2-tt9

SIIIET 2-28
SM00TEINc (croup) 3;20
SPnEAD 2-5rl
STATRES 5-I8
STEPREG 5- 1 3
STEPTREND 3_23
STL 2-tt6
sTREC 5-1r{
sYD 2-\7

TAXES (Group) 2-9r
TDIST q-q2
rE^SrS (Group) 2-93
TIMES 2-12
fINEYALAE (Group, 2-97
T LO ATI 2-\2
TOTAL 2-I5
TRANEE 2-95
TnANSP?SE 2-6rl
TREttD (Group) 3-22
TTRENDI 3-22
TTREND2 3-22

vL0AN 2-rl 3
v0LcosT 2-60

VEIGflTEDAVE 3-2I
vTDSU\4 2-16
vTM 2-27

YFACTOR 2-53
YR2NDINTEREST 2-57
vTD 2- r7
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w€ write ow publicalions to holp you you can h€lp us by lilling out and r€turning FEEDBACK
Your reply wlll be forwarded to lhe person who can bgst benelit trom you; comments

'D
1. ls ihe wiling st,aiohttorward and clean

2. ls th€ male.lal orgilized well?

3 fuo lhs sxmples cl6ar md well chosen?

4. Cb lhe illuslrations (tigures md tabtes) clarily lhe materiali'

5. Oo you lind the sizs ol the publication md the way il ls bound
conv€nienl?

At€ lhere errors. or mislsading intormalion. in the publication?
ll so, whore do they occur?

Did you fhd any prts ot ths pubtcation unduly hard to
r'ldorsts|d? ll so, which are they?
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Financial and Statistical Library
PO96

Y€s ll No fl

Yes tI No tl

Y€s tl No Il
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I
I
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I
I
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I
I
I
I
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I
I
I
I
I
I
I
I

How can we clrsrgs this pubxcation ro make lt more us€lul to you? (ll you need more room.
deas€ wrilo on lho back )

Thank you lor your comments No postage is necsssary it mailed h ihe U.S.A
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