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Preface

MANUAL OBJECTIVES AND READER ASSUMPTIONS

The Leboratury Bubrontines Prigramimer’s Refarence Monual describen the
Lahovatory Subroutines Package (LS 1 zet of vight data-processing
subrputines to be nged in u luhoratory oovironment.

To nge this manual, vou should be a luburatory-orienled programmer famil-
iar wilh Lhe FORTRAN IV or FORTRAN 77 programming language, You
ahould alse be familiar with either the RT-11 operating ayster {Single Joh
(50 or Foreground'Backpround (F/B] momitor) or the BSX—11M ar
RSX_11M-FLIIS operaling avstern. Lo addition, vou must understand the
mathematics invelved in explaining the subroutine alpurithma, Huwever,
ulthough the luberatory subroutines are written in the MACRO prugram.
ming languape, ¥ou do 1ol need to be familiar with 3MACRO to we them,

MANUAL STRUCTURE

The Leburutory Subrantines Programmess Reference Marug! contlains nine
chapters and four appendixes.

Chapror 1 ineroduces the Laehoratory Subroutines software amd explains
how to use the manual.

Chapter 2 describes the peuk-processing subvoutine, PEAK,
Chapter 3 detaila the envelvpe-processing suhrouting, NVELOPE,
Chapter 4 diseusrea the interval histogramming subroatine, HISTL

Chapter 5 describes the interval histogramiming with reference points sub-
rolline, RITISTI,

Chapter & details the fast Fourier Lraneform subroutine, FFT.

(9



Chapter 7 discuzses Lhe phase angle and amplitude speelrs subroatine,
PHAMPL.

Chuplar 8 deseribes the power spectrurm subronting, POWRSE.
Chapter 9 detaits the corralatinm fenction subroutine, CORREL.

Appendix A explains how to install, verily, and vse TAP nnder the BT-11
operuling ystem.

Appendix B explaing how L install, veefy, and use LSP under the
B&EX 11M operating svslem.

Appendix O containg an example of the inderactive hild procsdure for
RT-11, I.EPMAK SAY, The appeodiz alsn shows the oulpul [rom the
pracedure

Appendix D comtaina an example of the interactive bald procedure fur
RAEX-110M, TEPMAK TSK. The appendiz alsn ahows the outpul from the
procedure.

RELATEDN DOCUMENTS
The lwnwing documents provide muece infeemation abour the BET-11,

RSX-11M, or BSX-LLM-PEUS wperaling systems and the FORTRAN TV
and FORTRAN 77 progrumming languages:

Relurence Order Number
FDP-11 FORTRAN 77 Users (fuide AA_JRR4D-TU]
TASIREX-11 FORTRAN TV Usaer's Guide AA-193GFE T
FPOP-11 FORTRAN Language Reference Manual AL 186ED-TC
REX-1TMM-VLLIR MUR Operctions Monaal ANAH2ETA-TC
ASX—1IMM-_PLITS Task Builder Monuol AL H2E6A-TC
RSX 17 Uidities Munwual AA_HZERA-TN]
RI—I Proyrammer's Referance Moanual AA-HAITRA T
AT-FLRSTESR FORTRAN IV User's Guite AM-ST4UE-TC
AT -11 Suftware Support Menual AA-HATIA-TC
RY-IT Svitern Taers (Gruide AASATON-TC
RT-17 Svetom Mezsmge Maruod Ad FYR4C-TC

DOCUMENTATION CONVENTIONS

The lulhming conventiona are nged in this manoal.

s In programuming examples, all inlormalion the cnmputer prints appears
in black. All commandy und resprinses yon type appear in red.

= BT means you muast press the RETUBN key on your Lerminal.



« You produce cerfain characterz by typing 1 enmhbination of kevs tegelher.
For example, hold down the CTRL key and type the letter O to prodoce
the CTRI. O character, Combinativns sueh sa this are represeoted by

=

& o

+ Many commands in this manual contain the expreszion dvn:. When you
execute the cormmands, speeify 8 device and unit number in place of dvn;,
If you do not include s unit numhber, the systen uses anit 0 as 3 defaalt.

For a ligl of devices and their abbreviationz, see Chapler 3 of the KT—27
Svetern Uzers (Fuwde nr Chapter 2 of the RSX—1IMM-PLIS MOK
Ot ioms Moneol.

# [n deseriptions of commands or file names, capitu! lelters represent actaal
comilnands, [ile namea, ar file types. You must 1ype Lhese exactly a2 choy
appear. Lower pave lettera mean that vou must supply 57 name,

# The lerm ESEX-11MM-PLUS means either or both the BSX—11M or
BEX—11M-PLI™S nperating systoims.

# Brucketa represent optional clementy in 2 specification. When you use an
uplion, do ot type the brackets in Lhe command line,

N{OTLE
[Tnder ESX-11M/ESX—11M-PLITS, hbrackers are uleo a
part of the Uszer File Dirvetory (TTFD) portion of file specifi-
cations, that iz |group, member]. When you tyvpe Lhis por-
tinn of a file speeilicution, hracketz are reguired ayntax
glemnentz, You must type the bracketz in the command line,

xi






Chapter 1
Introduction to the Laboratory Subroutines

The Laeburatury Subroudines FProgrammer's Referance Manuod AGCOMpPAnNIes
the Laboralory Bubhrowtines Package (L8P, 4 ret, of eight laburalory, data-
Processing subronbines.

This manual describes the eight subroutines and explains how to use them
with yowr FORTRAN programs. IL cootains nine chaplers and four
apend Lxes.

Tou eun use any chapter in this maoual independently. Bach chapter is a
gellconluined dogument that deuls with all the ezsential uspecta of 4 partic-
ular subroutine. Fach chapler outlines the algorithm and lopic of 2 aubrou-
tine, bach chapler deseribes the zubroutine’s TORTRAN call, urpoments,
and the oplivna that can be used wilh Lhe subroutine, Eacl chapler has a
gpecial relerence divider that precedss Lthe chapter and ihal summarizes
the information contained in the chupler.

lu addilion, each chapter prescols one vr more example programa that use
the subroulines. Where necessury, verlain ch apters alse present floweharts
and glossaries Lo explain subroutine operation in greater dotail.

The appendixes tell you how {o install, verify, and use Lhe Laboratory
Subreutines  with your FORTRAN programs under the RT-11,
RSX—- L1 MM-PLUS nperatitg svslorms.

1.1 The Laboratory Subroutines Package

The Laburatory Subroutines Package vunsists of eight 2ubroulines that you
can cull from any FORTHAN [V program running under the RT-11 upera-
timg avatem and from uny PORTRAN [V or FORTRAN 77 Program running
under the REX-11M nperating system. The eight subroutines perform a
variety o slandard taaks commonly encountsred in the laboratory.

1-1



1-2

NOTE

FORTEAN 77 V40 is Lthe next version of FORTRAN
[V-PLUS W40, FORTRAN 77 i3 20 numed becauze il adhepes
to the 1877 ANSI sulset standard for FORTRAN program-
tiing languages. Beeause FORTRAN 77 is compatible wilh
FOETRAN [V-PLUS V3.0, vnur FORTRAN IV—DLUS V3.0
progrates cun run under FORTRARN 77,

The eight LSF zubroutines are:

1.

.-\-'.l

The prak-pricessimg subroutine, PEAK, detects penks in wavelorm
data.

The envelope-provessing subroutine, NVELOP, detects pouks in dizcon-
tinuous sepments senvelopes) of waveform data.

The interval hislogramming subroutine, HISTL. rounts the haimber of
elements in a data atreamn that fall into one or more predefined
categorics,

The interval histogramming with refurence points subroutine, BHISTT,
counts the nunber of elements in o dats seream marked with reference
points that fall inlo noe or more numerical intervala.

The fast Fonrier transform subroutine, FFT, numericall ¥ Hpproximates
Lhwe analytical or continzouz Fourier transform.

The phaze angle and amplitude spectra subroutine, PHAMI'L, converts
complex numerical values to phasze angles and amplitudes.

The power spectrum subroutine, POWRSE, determines the power RpeC-
truin {the relatinnahip belween power and siposl freguency) in a set of
Fourier coefficients.

The correlation jumetion sulroutine, CORREL, provides a discrete
method ol performing the correlatinn fanerion.

Eacih subroutine has hardware snd software options ¥ou can use to extend
the cupahilities of the subroutine, The chapter dealing with each subruu-
Line explaing which optivng the subrouline can wae, what the options do,
and when and how you should use Lhe options. The Laboratory Subroutines
Fackapge abso contains a simple, interactive provedure that lols you huild
Lhe sobroutines in order Lo create a customized version of your LEP soft-
wate, "Building” consists of assembling the subroutines with the oplions
you chooze enabled. The procedure does the following things:

L

Leta you select which subroutines veu want to azszemble and which
options ¥ou wanl tr nse,

Creates o file that sete Lhe switches to enable aptions you chouse.

UCreatez a flle thatl builds each zubroutine you requested with the P
tions vou chuse enahled,

Introduction to the Laboratory Subroutines



1. Creates o lile that tests ibe subroutines you built to make sure AT
softwure worka prapetly.

All of the laboratory subevutines are wiilten in MACEO assemhly lan.
guage. bul you do not hove Lo know MACRO (o use themn, You can invoke
any vl the laboratary subroutines with a FORTRAK call slutement gz Fou
would invoke any FORTRAN aubrantibe.

The specific FORTRAN call format for u Luhorarory Subroutine is oullined
in Lhe chapter deseribing that zubroutine. Tn all calls vou make to any of
Lhe Lahoratory Bubroutines, make sure vru stace all of the required wrpga-
ments explicitly. There ave no defuult values for any of the argumenta. If
you omit an argument, accidentally or on purpcse, or if you supply tna
many argumenls, a PORTRAN werror message results and oo data is
procrARad,

1.2 The Labworatory Subroutines Package Distribution Kit

The diztribution kit for the Laboratory Subroutines Package consists of a
mass-atorage velume containing the Taboratery Subroutines Package, this
mannal, a soflware product description (SIDY, and other urme,

The zubroulines ave supplied tn you on the distribution volume az bulh
rource files und objeet files. 10 you decide Lo enable aptions, Lhe interactive
build procedure creates custumized verzions of the subroulines from Lhe
souree files. IF you decide nuot Lo enable any optinns, you vun use the proce-
dure to build the subroutines without any NPtIonE, or you can, in soeme
cazes. usd the distribuled ohjeet files by linking or tusk building them to
your FORTRAN programes. The object Dles were buill with no swilches set,
and therefore, with ou cptions enabled. To determine if ¥ou cun use the
distributed object files, see Anpendix & if yon are using BT-11, ar Appendix
B it you are using KSX-11M.

In addition, the distribution volume conlains exanpte programs thal call
the subroulines, Example programs cxist on the distribution volume as
FORTEAN aource files. Example progrum Ale nate: huve the form:

FXnsubFOR  or  EXneub FTK
where: n stands for the number of the subrouline example program

anb  stands for the firsl three letters of the submuting's file
1181 b116

Far inslunce:
EX3RHLFOR  or  EX3RHLFTN
iz the third example program for Lhe RITIST] subrogtine.

Text of the cxample programs appears in euch chapeer alung with the ter
minal putpul Lhat reanlts when you ran the programs.

Introduction to Uw Labovatory Subrontines 1-3
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Filez on the diastribution volume are an follows:

Peak-processing suhmuline fles:

Far R1-11

FPEAK MAC
FPEAK OB

EXIFIPE FUOR
EXZFPEFOR
EX3FFEFOR
EX4F1'E FOR

Envelope-processing subroutine liles:

For RT-11

FNYVLOFP.MAC
FNVLOP.ORJ
EX1IFNV.FOR
EXZFNV . FOR
EXGFNV FOR

Interval hiztogramming subroutine filea:

For RT-11

HISTIMAC
HISTLORS
EX1HIEFOR
EXZAISFOR
LX3HTS FOR
EX4HIS FOR

lulerval histogramming with reference points subruotine files:

For ET .11

HHISTL.MAC
RITSTL.ORS

EX1RHILFOR
EXYKEHIFUR
EXIEHIFOR

Faat Fourier tranaform subroutine files:

For HT-11

FAFFT. MAC
F4FFT, OGBS
EX1F4F FOR

[mtrotduction 1o the Laboralury Subroutines

For REX-11M

FPEAE MAC
FIEAK O

EX1FPEFTN
EXZFPE.FTN
EX3FI'E F1'N
EXAFPE.FTN

For REX—-1L1M

FNVLOPMAC
FNVLOP.OBJ
EX1FNV.ETH
EXIFNV.FTN
EXIFNY . FTN

For REX-L1M

FITSTT.MALC
HISTLOR]
EX1HIS FIK
EX2ZHISFTN
EXIHES FT
EX4HISFT

For R3X-11M

EHISTI.MAC
HHISTI.OBJ

EXIRIILFTN
FXIRHLFTN
EX3EBILFTN

For R5X.-11M
FAFFT MAL
FAFFT.OR]I
EX1F4F FT



Phaze angle and amplitude spectra zubroutine files:

For BI-11

PHAMPL MAC
PHAMPL ORI
EXIIPHATOE
EX2rHA FOR

Fower spectrum subroutine files:

For RT-11

POWREP.MAC
POWRSF.OEJ

EXIPOW FOR
EX2POW . FOR

Correlation function files:

Fur BT 11

CORREL MAC
COREEL.OBI
EX1CORFOR

Verificativn procedure {iles:

For BT-11
LEFVER COM

Tnteraclive huild procedure files:

Far HT-11
LEPAAK SAV

For REX-11M

PITAMIL MAC
FHAMPL QB
EX1FHA FTN
EXIrHA FTN

For REX~11M

FOWRSP.MAC
PUOWREP.OR]
BEXIPOW FTN
EX2POW TN

For B=X 11M

CORREL MAC
CORREL.OBI
EX1C0OR EFTN

Fnr BSX-11M
LESPYEHR CMTD

For BEX—-11M
LEPMAK TSK

Files generated by the interactive build procedure:

For H1'-11

LSPCND MAL
LSPBLD.COM
LSFYER.COM

For RSX-11M

TSPCIKD MAL
LSPELD.CMTY
LEPVERCMD

E‘ﬂr loslructions on instaling, verifying, and using the Laboratorv
bllb!'ﬂullnHH, 3ee Appundix & if you vse RT-11 ur Appendix B if ¥ uze
BSX-11MM-PLUS. Each appendix ineludes a deseription of the interac-

tive build procedure, LEFMAK, and instroctions for uring it.

Introduclion to the Laboratory Subrentines
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FEAHK-PROCESSING ("EARK) SUBHOUTINE

FOIMAT:

CALL PEAKITABLE ENPLML M LAST INFTR OUTPUT IDIMO N PREARS

Whers:
ITABLE

TNPLIT
INLAST

INFTE

OUTPLUT

IDIMO

NFEAKS

15 u BE-element intewer actay T T9-clement arpay L ALTOGE
or DIEPE i enubled],

ITABLELY =  pryvioel polol deosily

ITATRLIZ) = buseline lost [etor

TTATRLEGTT = pule pasramelsy

TTABLTEAY —  minemuce ineredse indicsloy

TTATGBLES! = pulpul duty Lype

ITABLERY = srrurc iodisalorg

ITABLEYY = resnicy puioler

TTATILELEY =  input type indicatoer (00 ATTTOGE or DFPF i

enabiled]
1A an infeger Array conlaining inpul dula.

ia an integer vaviahle specifying subacript of lase dala element
m THNPIIT.

in an integer vamahle apecifning subscoipt of Tast slement n

THPLT processed,
1A a douhle-pubseriptad array wasd lo store ootput dats.

OLITPLIT W area, Nrh peak

QLITPLUITE M) crest heighe, Nth peak
OUTTPUTS, N0 crest time, Wil prak
CLITPLIT 4, M leading minimmrm height, Nth peak

QUTPUTIs W) -
OUTPLTTE N =
OUTPUTI?NY =
OUTPLTE ) =
QUTEPLTS N =
QUL G N =

leading minimumn time, Nth peak
width. Wth pealk

rrailing minimmm height, Mth peak
rrailing minimum time, Nth peak
ending indicator, Mth peak
current numhber of input
averaged

points

igun intewer variable specilying wuanber of peak data sets that
e b slored i QOTPLT,

19 un inleger varioble :pecilying namber of peak data sets al-
redy sloved o OLPTEPLNL

FILE NAMES:
FFRAK MAC (snuree file); FPEAK QBJ tobjeel. Lile



OPTIONS:

EIA
FAT
ATITOGH
DFP#
NOFLTS

(Thxtended Tnatruction Set — KIE11-15)
(Mxtended Arithmetic Element — KE11)
LAutngaining)

1Dnuble Precisinn Integer Input)

1o Filear)

APPROXTIMATE STZE OF SURMRROUTINE (TN WORDS)k

If ¥ wae the digital filter and enabla the fallowing optinns:

NONE
ATITOGE
DFP§

NONE [ETE FAR
LOGE 9045 46
1257 Logy 1150
1218 1079 1132

If vou enabla Lhe No F

ler (NOFLTE opLtiwon and the ollowing gplions;

NONE
AUTOGE
PP

MNONE BEIS EAR

= g1 LY
1115 g4 1131
1100 G4 101 3

TYPICAL EXECUTION SPEEL:

With PDPE-11734 and EES enabled: 1000 Pointa'zecond.

Wich PDIPP-11743 and EIS enabled: 450 Points/aecond.




Chapter 2
The Peak-Processing (PEAK) Subroutine

The peak-procesaing subreutine derecl: sipnificant [Nuetustionz, called
peaks, in datu deseribing o wuveform and reports definitive characterist jos
tor each peak found. The process iz known os peak analysis.

Input to the subrautine is u series of discrete positive inlepers eOTTeRpond-
ing to values of » wavelorm [unction at evenly apaced inlervals, To elimi-
nate distortivn-producing components in the dara, the input i2 linearly
averaged and filtered belore final provossing (Figure 2-1). Yoy can chunge
apecificd algorithm parumeters to enhance derectability of directinnal
trend: and baselines for o piven 2et of daka.

Figure 2-1: Flow of the PEAK Subrouline

PEAK -Procanaiig Algarithm

'— -
I INPUT _ Digal Trend 'Widlh Bascling Matagipon;
Aueraging "™ Fiiter ™ Arca 'Widih Cakulrlion : AUTPUT

PEHAK Suare-dl sin

L o8-Sl b

Qutput from the subrouting is in Lhe fem of gize and poaition for vueh peak
detevted. Size iz delined by area. height, and width, and pozition v ex-
Drossed in terms of when a peak begine, erests, and ends. The zubroatine
further reportz liow eoch paak ends — on a bascline ur at a wolley.

2.1 Definition of Basic Terms and Conventions

It is impertant s understand how some of the terma and convenLions de
scrihing the PEAK subroutine are uasd throughout thia chapter.
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# The tertn duta linpuet siveam degeribes all values prescoled to the sgb.
rourine lee prucessimg. Acrual values processed by the algorithm are
sometitnes called hewghta, for cianple, crese height, leadiog minioum
heaighil.

# The duration axis of the waveform is the titne axia. Time i3 moeasured as
the number of raw data pointz processed smce the starl of the input
gtreatm. Thus, the term crest tane meanr that cresl height was chsorved
whin u oumber of raw datu points equal to crest time were processed.

* “Noige™ i3 & generie term for alt distovtion-producing componenls in the
input data,

» Point-to-poiol changes ave local changes, as contrasted with overall
chanpes during the courze of the wavelorm, whicl are culled trends,

+ Changes are persistent in one direction if the number of changes in Lhat
direction excecds the numher in the opposile directinm.

2.2 The Peak-Processing Algorithm: Processing Raw Data

The peak-processing algorithm delects increasing and decreasing trends in
a set of data. Outpac from the PRAK subroulioe is directly related to the
prints where we obuerve changes in theee trends. When we gec an ncoess-
ing trend, the point where the increase beging is labelled the slurt of the
poak, und its value the leading minimum height, The point where & subse-
quent decreasing trend begins is the oveat, or crest Loight, of the pesk. And
the point where Llhe decreasing trend stops — or a  baszeline  is
detected — is Luken an the end of the poak, oe its trailmg minimum heipht.
Woe cun Lhen ure this informadion e calealate the area saod widlth of the
peak. Under ideal conditionz this sequence definez the totul function of the
algorithmn,

Acrnal conditivns are seldom ideal. however. Eovirommental irdiueoees
during dala collection tend to distorl Lhe pure function being analyeed. To
greul depree the algorthm and any eonlrnls that vou can exereise aver the
subroutine parameters are aimed al removing these distortivng an that only
the real Idominanl trends io the data are vizible.

2.2.1 Averaging of Input Data

The peak-processing algorithem Nvst takes 2 linear average nf input-data
paints: you can specily the numher of poinis to be averoped by means of the
first variable purameter, the Oripmal Point Densicy (OPTH, Thereaftor Lhe
tubrouline dedls only with averaged beiphls, which £an reprosent seversl
raw data pomta, Keep in taind, bhowever, that the time associaled with each
averaged height is based upun Lhe Lotal number of raw duta peints aver-
aped since inpul bepun.

Thia averaging proccss stuocths wny “rough edges” from the duts. Ohst-
ausly you will want Lo give 2erlous Lhought to the value vuu assipn tn the
OPD. It tow many poinls sre averaged, veal informalive may be logt. Tn an



extrene case you might misz an entire true peak, bul & more comumon
result is lute detection of zignilicund Lrend changes. By averaging too few
points, on the olher hand, you eould detect falze trend chunges,

T certain wpplications of the subroutine voy may lind thar peaks arce “Lall
and thio™ al the ontset of the wuvefirm, then tend Lu beeome "short aod Dat™
a2 i1 progresses. The algorithin compensates for this tendency by increusing
automaticully Lhe number of points sveraged when il detects a peak width
that cxceeds a preset oplimum.' Thus the alsorithm makes wide, short
peaks more vigible and inereases the likelibood of detecting reul data flue-
tuations that might olherwise appear inzigniliesnt.

2.2.2 Use of the Digital Fllter

The averuged data points are not processed directly by the trend-detecting
portion of the algorithm Lut are firse fillered hy meanz of u dipital Alrer,
The eguatinm for this nonlinear center-weiphled filter involves seven
averaged-data pointa haviog cosfficients of a modifed least-siguuren fit.

Yo=[ (Y, Yoi-diYu+ Yoo 110Y, + ¥.,0 | 14Y;): 42

The corlficients are tubed Lo prevent arca distortion for sniall peaks m the
vivinily of large onos,

As wach new averaged duta poinr iz caleulated, it is aced in the filter au
the last, or ¥, point. The new cenler pnint is caleudated, after whick Lhe
poinda used in the [iller ave shifted down hy ane, thal is, ¥ - Y., Prerequi-
wites For this provesy are:

m Seven averaged peints must be calealated before 1he digital filter muy he
applisd,

= The first poiol o be conzidered [or divectional-trend detection is Lthe cen-

ber point rezuliing fram applicatiun of the digital filter to chese eriginal
HewET points,

= Each subgeyuent et of 2even puints used by the Glter a chosen using a
Aliding “window™, that is, each new averaged puint {afeer the firt six) is
used seven limes in succeszive upplications of the Gler. Thare is o alight
twiat to the sliding window in that once the filter has been applied three
times, four of the points in the corrent application of the (ieer are the
resill ol uveraging raw dale while the other three (¥ Yo, ¥ 0 are che
resull of previcus applications of the fileer.

2.2.3 Trend Detectlon — Application of the Gate Factor

Althouph averaged and Ollered data have been smoothed in earlier ProULHS-
ing, the resultant filtered data prints may still exhibit slight pomt-tos puinl
fluctuslions unrelated to the dominast trend of the duly. ¥ou may sel Lo

LW en 1he halZond-al alheizhe sieasurement of 4 prak aceeeds 26, thr glgerithon
douleles the momber of peirts averapad.

‘Thie Peak-Processing (PREAKI Subroalme 23
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parnmeters the gate faclor and the minimum increase — =0 that the
alporithm eliminatez much of the effect of this Muctuation,

The gate factor ((3T) wpecifies a valid directional trend in lerme of the
number ol changes in drvection, cither peraistent or consecutive, over a
geries of filtered points.

The minimum increase (IM)is 8 standard used o test far a rewd Increase in
filtered dara frum point to point.

AL the mutaet of the inpot stream and at points where crezts ore detacted,
neither an inerewsing nor 8 decreasing directinmal trend has yet heen estah-
lished. The next established trend s determined al chese ponts as the Tirst
divoclion in which the dara change “gate” times.

At intermediate points a eurrent trend is alresdy established. Chunges in
directional trund at these pointz may Le eslablished andy il the numbey of
consctitive local changes in the new direction 12 equal 1o the gating factor,

A loeal change is defined in lerms of the relation between 5 given dalu
print and the local minimum or maximuin. I the eurrent heipht is less
than the local minimum, the change is dewnward. and cotversely, iF the
height is greater than the sum of the Incal maximum and Lhe minimim
incresse value (TMDY the change i3 apward, I the hwipht is between the local

minimum and maximum, no change iz indicated 1although the ares is
upsladod).

When processing is initiafized, and at the crest of each pesk, the local
minimumn is get to a very high value and the maximum o a very low value,
Ectween erests the Ineal minimum and mesximarn may be beel deserihed by
Lhio o diagram,

It should be strezzed ihal the points of grealest interest on Lhe
waveform — essuntislly the points that determine Lhe peak - are [ound
at the points of trend change: the boeginning of a peak, the prak cresl, and
soneliroes Lhe end of a peak, This Lesl is the beart of the algerithm.

2.2.4 Calculation of Area under the Peak

Two peuk characleristies that are not ealirely dependent on poincs of domi-
nant frend change arc area and width, The area under the peak, or inte-
gral, is caleulated by taking the sum of the ares increments corresponding
to cach [lltered point aod half the area incremenl at the fivst and last poinls
of a peak. The area incremcnt ot cach filtered point iz the product of its
height times the numler of points currently being avernped.

2.2.5 Algorithm Dafinition of the Width of a Paak

Calculation of the peak widlth musl be explained in a liltle more detail. The
peak-processitgg ulporithm defines peak width as the dilTerence hetween the
tirme when lhe crest oceurs and the time when a point is reached on the
Lrailing side of the peak whose heighl is hall the crest height as meazured
trom the height of the leading minimum (Figure 2-4:

The Peak-Proceszing (PEAK: Subrowline



It is pomsible that the data may establish an increazing Lrend an the trail-
ing =de of & peak hefore the puinl is seached where widlh s normally
Cileuluted. An increasing trend un the hack of a peak is seen as terminot-
ing the pesk; the width caleulation for the peak iz then made at the point
where Lhe inereasmg trend beyins. The value caleuluted is called the
exfirmated peok width, and it is half the difference between time of cresl
aveurrence and fime at which Lhe increasing trond is observed (Rigure 2-30.

Figure 2-Z Calculation of True Peak Width

Halgint

o Time K c
a = Leading Wimmum Hrlgh: d=hba
b = Cras1 Haight & = Papk Wsdth = Time = =TI B
c = Paim whose Value Is Y&a 1 h) { = g1

WR--1En -

Figure 2-3: Calocwlation of Estimated Peak Width
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2.2.6 Algorithmic Detection of the Baselina

A lipal and impoertaut slep in peak analvsis is to determine whether data
reported for a peak have been affveetad hy sunilar datys nhaersod for unnther
peak. The aiyorithm checks Ly see whether recurded peak dulu indicate a
period of relative quicseence hefore a new peak begins or whether a new
Peak beging with ne inlervening gquicscent perind, Such quiescence selalive
lo the nverall peak cunlonr iz interpreted as a baseline: when it dues not
seeur, wWe sa¥ thut the peak has wnded at a vallev. The problem thus be-
comes one of detseting whet, or 1) the basoline iv reached.

Normnakly we azsume thul when the alporithm is inittaled, input stacls
rom u quiercent state; Lherefore we mav Lake the point 1t which an in-
creasing trend is first olwerved o be the current bazeline heigh? as well s
the leading minimum height of the lind. peak Because baseline delection
thereafter involves a comparizon of relative minitnumes, thaz first delected
rimimutn bae 8 profoand efleel on Lhe entire process.

Onee a crest has been detected, any strempl w find 2 new buseline begins
oily afler the widlh huas been cqlondeted. The time pasl crest detection
when the haseline seurch heging iz a functinn of the caleulated width. Spe-
cificatly hazeline delectinn begins ot a time equab to crest tone plus Lhe
product of the width and the baseline test Factor (BT), an inpul warisble
paramwler. The interval belween creat doteclion and the starl of haseline
detectinn reflectz the durstion of a normwl peak as it decays to s relatively
quieacent ztate.

To detect an wetual baseline huiphe, the slopee of cuecessive tangenl lineg
from Lhe current baseline point i each new filtered point are culealated, If
Lwo suceensive increases in =lope ave ohzerved befire an increasing trend in
the Ibtered data is celublished, che secund of these points is tuken as the
lermimation of the peak, and the peak is seen an ending on o baseline,

Tf an increasing trend is establizhed belore two successive increasos iy slope
are obeerved, the peak is said L end at a valley, Uw new neak birgines al the
poinl where the increasing Lrend ia first obeerved, and the bazeline dats
remain unchanged.

Nnte that even though Lwoe succeszive inereases moslope indicnte 3 baseline,
the next peak dnes not begin wulil Lhat point where another MECreasing
trend i extablished, The leadiog minimmm peind (or the next peak is inter
preled as defining the height and time of (e oew baseline. The ures be-
Lween the trailing minimum of the lasl peuk und the leading minicum of
the new peak iz ignored,

' Dota taken during s pering indicatezs that there s no prak-producing actividy.



2.2.7 Flow Charts for the PEAK Subroutine

The series of flow churls presented as Fipures 2-4 Lhrough 20 gives doe-
tarled logic for the PEAK subrontine. Supplementary information is pre-
aented in Tables 2-1 through 2 3 Table 2L lists the combinations of
awitchiindicator =ettings that characterice significant events during pueak
detection. Table 2-2 defines the symbels wsed in Lhe Anw charts and aceom-
panying caplapation. Tshle 2 3 reviews und summarizes flow-charled
eventz as thev apply 1o three posstble peak confignrations:

o 4 peak sturtiogg oo the baseline and ending nn & "new™ baselioe

* 4 peak starting on the baseline and ending at a valley

* A peak slurting at 4 valley and ending on eather a bascline or & valley

Table 2-1: Switeh Settings fur Rignificant Evends in Peak Defindtion

Bignificanl Current Trend Indleators

Event Swhich Neercasing [herensing What ls Huppening witl

BS 11r n Relavvn o Prak Processing

] ] Mo

1 1 it Trant of peak that starlid un
curn:nr kasaline

[ | ( Durtected & boselne valwes k-
L for & rew pealy b begin fini-
Lial conritinngl

o I 1 Creml dotocted e pruak that
aliarkend g bBsedipe

| [l u [v-Aa

1 n 1 Mew prak boging helse pritt is
resisched ot wrhick widlh is 40 he
calonlited Coread calentiolinn of
vweidihl

1 1 n Adter erest, Dabicg Riropoinc
whrre width g w bis conlenylarad

1 1 1 M

2 n i ML

2 [ 1 On front side of popk that
srurted A oa valley

o | il Treting far new Zuscline vglue
after 2t deh has becn canlmy'sred

2 I 1 Crest detscted fur prak that
saried gt a valley
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Table 2-2:  Definition of Symbuols

1511
BNT
R&

BT
CiH
CEET
nc
T
Ll

LMH
LT

M1
BINT
MEH
b
LI
oMT
(N1 ]

wp

Currenl Baxoline height
Tame of current baseln huight.

Bazeline swilch:

1] Peab slirtw an hoagling

1 Luntking for widch

2 Towking far end o haselinge

Faafine reer factor'

Height of Tasl crest’

Ti.r]'.l! l'||.| :m-'r. ﬂﬂ_'Et-

[twrrert nunber of persielent deerensee in Gliersd date
Haritel that as wel £ =11 i 2immel (e dicraissimg

Beaober ul prersistent chanees (ratoy Goter) thot defres an
tneresssengdrereaging treod'

Acenmulabed srea ax sienal imercases
Current ool of peryissent ineressay o fllered dats
Swotch that is set (— 1137 edgnal o weressing

Minimiam diTerential bulworn filtgred daca points U Lhe algorichm inbee-
precs a3 algtilying @ menl ineropse’

Aw.tch Lthel indicutes whether so dnervase is neodod i the naimber 12l prints
HEUT o P o

1P -FDO il amler of points iz te e increassd

[FD -0 il ni inercnse iz needed

Tamrany minimuw height fisr paak’
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Table 2-2: Definition of Symbols (Cont.}
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Figure 24: Flow Charl for Peak-Froccssing Initialization, Data
Averaging, and Applicalion of Digital Filler
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Figure -5 Flow Chart for Peak-Processing; Calculation of Peak

Width and Search for Bascline
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Figure 26 Flow Chart for Peak-Processing: Area Caleolation
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Figure 2-7:  Flow Chart for Peak-Processing; Determining the

Basecline
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Figurc 2-8: NEXTI'I' Subroutine — Peak-Processing
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Figure 228 RITOUT Subroutine — Peouk-Processing
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Tahle 2-3; Dofinition of Peak Events (Cont.)
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Tabla 2-3: Definition of Peak Events (Cont.)
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2.3 How to Call the Peak-Processing Subroutine

The symbuolic name for the peak-processing subroutine iy PEAK, and the
gencral lurmat for the FORTRAN ecall is

CALL PEAK ITARLE INPUT, LY LAST INPTR OU TPUT.IDIMO S PRAKS:

For relerence, argwinent namesz in the call to PEAK have been assigned
arbitrarily. You may supply your own urpument names, but you must state
all of the arguments explicitly. There ure no default vulues for any of Lhe
urguments. If you wmit an argument, cither accidentally ur on purpose, or il
¥iu =upply too many arguments, 4 FORTRAN error messape resnlts, and

o duts is processed. The argumenls are described in the following
diseugaion.

ITABLE i= an integer array used to store intermediate results and other
information veguired by the algorithm; ita dimension is normally 58,
You muat set the valuea of the following array eloments to transmit
variable parameters and other informacion to the zubruuatine.

ITARLE1L] Number of raw input values ta be aversged o deterinine a
poant for nse by the digital filter: this varmable parumeter
s ealled the origina print density (OPTH in the deserip-
tiom of the algorithm. In gencral. the OPT should be an
chosen that the number of averaged data points on the
firat peak i wbout 100,

! Bee Seclinn L5 for the opliens yim am uze with the prak processing subeoutine.
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FIABLErZ)

[TABLE A

ITABLE!4)

ITABTEG:

ITABLEG!

The bascline test (BT7 [uclor {Secticn 2240 on a peak
whose width 12 WD, baseline detectiom heging al time®
WD-TTARLE:2) pusl crest time. Lo general, suggested val-
ued LAt range from 3 to 6

The bumber of either persistent or consecutive lacal
changes in nne direction needed to cztablish 3 new domi-
haal directional trend. I ia the gate parameter dizewssed
in Section 223 In peneral, suggested values can THTIEE
[rom 3 to H,

Mininwun dilferential (1M between filtered dala points
that the alporithm inferprets as a real ioerense; thizs cle-
metl, wilh TTABLES), delermmes real changes in domi-
nant directional Lrends cSection 2291 Tn genersl,
auggested values can vange from 1 Ln 5.

The data type of the output urray:

=1l outpue type s diuhble-precision integer
1. output Lype 18 single-precision flnating-point
-1 outpul Lype is donble-precision flosting-poind

Ervor indicator in the ealling  sequence  or inpur
Par4ametArs

=} Indicates nu error
N Indicutes ITARLE:N ig in error, for example,

[TARLE{ =10
ITARLE{Z:=0

=-N  Indicates the Nth argument is in error, for exam-
ple, INPTRATNLAST {zew the follpwing dizeuuainn’

=-8  Indicates that the calealated area to thiz point has
cansed an overilow. That i3, it excceds 2% - 1,
When the averilow v defected, PEAK returne with
INFIE and NPEAKS zet us usual. However,
CILT LT 01, NPEAES+ 10 will contain the value
ol Lhe area of the curreur peak up to and includiog
the point of nverflow. You must take correelive we-
tinn by saving this vulue and returnibg Lo the
FEAK subroutine for further processing. PTAK
calenlaces the remaining area and peuk character
iztics. When PEAK returns apain, the peak arca
reported ix the area of the peak from the lazl poinst
ol overflow, To delermine the actnal aren of the
peak, zimply convecl the overflowed volue to a pos-
itive, double precision, real number and add w it
the remaining area of the pewk.

E Hedeer tn romvenriong defived in Soctinn 21 o thiy chepher.



ITABLELT)

ITABLEA)

ITARLEBHE

Thiz element must be sel wr zern befnre the initial call is
made ta the subrontine for coch new stream of data, When
the aubroutine processes w dala atream m "parts” (Sectiun
241, it usee I'TABLE(T] [or reentry o process each subne-
quent part. This elemenl should thus not e altered by a

uger until all pariz have been proceased,

Elementz uscd exclusively by the subroutine while the

dara steeaun is being proceased,

INPUT iz an integer array containing the raw data tw he proceased. Naote
that ali data miust be positive and in the range O through 2276712%- 1)

INLANT is an inleger varnable having the value of the rubscript of Lhe last
eletnetl of INFUT oontaining data,

INPTR is an inteper varishle having the value of the suhacript of the lus

element provessed by PEAK, We can also Lhink of it as having a value
one lezs than the subseript of the next dalum in INPUT to be processed.
For exaimply, il the firat element of the array is to he processed, IINPTR
should be sel Lo zern. Yo muszt sct ihe vulue of TNPTR bofore calling
FEAK: however, PEAK changes the value before returning.

OUTPUT is a double-aubseripted array ased Lo store the resulie of apply-

ing the peak-processing algorithin. The Irat dimension specilies the
nurber of data elements to be oulput for each peak detected; there are
alwaye ten. The second dimension specifies the number of uets of pealk
dala that can be stored by the algorithm while processing the input
data and i5 defined by IDIMO.

The data type of (e oulpul urray iz aptional and can be any of thoas
spoecilied by TTABRLE: G

The ten data elements reported lor vach peak are;

QU TIUTE LN Area of Nth peuk

QUTIPUTE N Teight of crest, Nih peak

OUTPUT R, K Time of erest. NLh peal

OUTIrUT 4, N Height of leading minmum for Nth peok
OUTPUT RN Time ol leuding minimum for Kb peal
OUTPUTG N Widch of Nih peak

OUTruUTi? NG Height ol Lruiling minimum for Nth peak

OUTI'UTiR N

Time of trailing minimum for Nth peak

! See Secrion 2.5 fer the apcions you can vse with the pepk-proceaibg aulrouline.

The Peak-I'rovessing \ZPERAK: Subrouline

218



O U T N Indizuter of hew peak ended:

UTPUT{EG, N

IDIMCY is an integer variable thal trunsomits to the subrontine the second
dimenzion of the rutput arrav. 1. defines the numhber of peaks that can

= ended on valley
=1 ended o v baseline

he reported before the cutpul array ig filled.

NPEAKS iz an inteper variable giving the number ol peak data sels stored
in the outpul array, We can alse think of it as having a value il one lezs
than the second subseript for the next sl of nutput datu to he atored.
Fur example, for tw initial set of peak data to e slored, NPEAKS

should he a0t 1o 2ern.

You must sel the value of this uryument belbre calling the subrmatine:

however, Lhe subrontine van change the value hefore tetukring:.

NOTE

PEAK reluma (assiuming thers are no errorsd after either of
the fnllowing cvends:

1,
2.

All inpul dats elements huve been processed.

The nutput array i filled, and there in another sot of
peak data to report.

The argumenta TNPTR and KPRAKS indicute which
eventl caused the relurn und the carrent status of L
processing:

o If condition 1 osccureed  Lhen, INFPIH= L and
NFEAKS= [DIMO, Lthat is, the zubrooline has set

NFEAKS t Lhe proper value for the nest subroutine
call.

« I condition ¥ occurred, NPEAKS=-1 and TNFTR
equals the proper subacript value lor reentry - one loss
than the subueript of the next element to be processed.

If the subrouting is called wpain with either INFTR or
NPEAKS equal to -1, the suhroutine interprews the valae
A% TErO,

2.4 Using the Peak-Processing Subroutine

2-Zu

Tou can uze severa] inhercnd feutures of the peak-procesaing subroutine Lo
process data produced in real time, Thus, you may vze PEAK o conjunec-
tion with other routines thar monitor und digitize real phenomena. The
particulur arguments that make porsible this real-lime application are
INFTR, TNLAST, and NPEAKS ises Sectiot: 2.8). Let us vizsnalize the in puk
and sutput areays ax u series of "pigectbioles”, and TNPTH and NPEAKS ag

‘I'he Peuk-Frocessing ['EAK Subrogtine

Current number of input data poincs being averaped



poanlers Lo the nexe available data element to be processed and Lhe next
slol for oulputting dara, respectively (Figure 2-10% INLAST is a pointer 1o
the Just TINPUT elenwenl containing daca.

Figure 2-10: INPTR, INLAST, and NPEAKS Point to Slots

INPLIT

_|| L] 1

]I . . M -| LI = w0 :

'r t

INFTA INLAST

I

HREAKE [ LT

The subroutine returns when all dats in the inpul buffer have besn pro-
ceaged, that is, INPTR = INLAST, nr the output array is filled, whichever
occurs tirst. If all data in the input huffer have boen procezsed. INPTR will
equal -1 and NPEAKS will puint tn the last clot tanbgeript) in Lhe nutput
Array thal was Alled. W, conversely, all slors in the eutput arvay huve been
filled. NUEAES - -1 and [NITR pointa to the lust element izubmoript) in
the input arruy that was provessed. Neither is un errov condition, snd nei.
ther iz more udvantageons oulside the concexl of your apecillc application,

These conditivns give you great fexibility in bandling subroatine input
and output, When you have large quuntities of dada W process, viru need not
allocate space for all data ar onee beesure the subroutine is desipned to
proeess & given dula set m o aequential parts, o facl, all data necd not he
koown hefore provessing begins, as is Leue in real-time processing. Dats can
be azgmchronously eollacted into one buffer at the wame time that o previ-
vunly eollectod bulfer ta pracezsed.

Handling of culput is alzse fexible. T might, for example, e prioted or
stoved afler each return from the suhroutine, ur it might be lurther pro-
censed only when the output buller waa filled, Lhat, is, NPEAKS = -1, Vo
may choowe the procedure that i most convenienl far ¥OIL

Further tlexibility 13 introduced hy the fact that all argutenls in the eall-
ing statement except ITABLE run be changed between succossive callz to
the subroutline to reflect the vripgin of the retmaining input daln and where
the output &= 1o be atored. ITAGBLE must pot be tampered with during the
intervals between calls for & given data sleeam because i containg Lhe
current inloromation needed o resnme prieessing at the pnint where pro-
cegsing was atopped on the previons call.
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Lhe subroutine iz posilion-independent and recntrant. Although Lhena feg
tures ure of interest maioly at the gvatum level, they do result in addiéignal
ddvanlages at the wser level. Perbiups most sighuilivant iz the possimlity of
prigcessing several data strears simmltancousty. All pertinent information
eomeerning the history of o datla strean is contained in Lhe TTAELE HrFAY
rather than in the code for the subroutine. Tmaginutive uze of Lhe ATEU-
ments in the subrontine eall should make the subroutine Amctionally com-
patible with any upplicacion thatl uses the peak-procesaing alpurithm,

2.5 Modifying the Subroutine — Using Options

2-22

The following seclions explait which aptictE you can use with the penk-
processing subroutme, IP yuu want to usze any of the oplinns, WO trust
enable Lhem when you build the subroutine from the sueres file ueiny the
inleractive build procedure (see Sectinn 1.1,

251 EIS (Extended Instruction Set)

Enable this aption il your instatlation has FIS (KEL1-FI hardware or any
other floating-point. option awailable. Frnabling Lhis nption iwresses the
execution speed and decreases Lhe memory requirements for the subroutine
by approximately 139 words if AUTCGS ur DPPY 15 enalled ar by approxi-
malely 139 words i ATTTOGS or DIPFS s not enabied.

2.5.2 EAE (Extended Arithmatic Element)

Enabile thiz opticn if your instatlaliovn has BAT (KELD hardware aveilahle,
FEnabling chis vplion inereases the execution speed und decreazes Lhe mepn-
ory requirementa for the subroutine by approximately 47 words.

2.5.3 AUTOGE (Autogaining)

Enable Lhe autogaining option only if sou have a hipolar 12-bit AT con-
verler supplied by DIGITAL that has four, program-zeleclable gain valiues:
i, 4,14, 64, The converter has oplionn] features chat zllow the dyhiaun i
range to collapae under software cuntrol as the analoy wignal being moni-
tored approaches zerg valts, This feuture effectively increasez the vesolulinm
of the converted value as the analog signal becomes wealor,

Autogaining alluwn you to magnily the unalog signal by a Bactor of one ol
these gain vatues, a0 that the rezolling converted value becomes as signifi-
canl as pusaible without causing sn overflow. As un example, once u wignal
decreazes 1in absolule value! to 5 volloys 104 the mazimum convertible
voltage at a guin of 1, the gain iz incressed to 4, Thas the full dipital range
of the converter in implemented. Ax the rea] vollage of the analog sipnal
continues to decreaze in ubuelute value, the sellware increascs the gain
appropriately,
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I ahould be pointed out, however, Lhut while the vesolulion of the convurted
values increazes, some analog sigonals differing exactly by magnificativny nf
4. 16, or 64 vonlinue to be represented by the sume 12-hit number. To
distinguish values converted ar dilfersnt hardware gain settings, Lhe auto-
paming zoltware weta two additiveal bits in words that contain the con-
verted valucs. These are bitz 12 und 13, which indicate the gain value for o
particular dalum, as follows:

Gain Yalue Used

Bit 1% Bil 12 far Conversion
] i 1

] 1

1 L1 16

1 1 Bd

When the peak-processiug suhroutine is ussembled to process data colleoted
using the autogaining alzorithm, mpuc dats must 2til] be ponitive; noegalive
valuez aro set to #ere. A characteristic ol the bapalar converter weed in
Autogaining is tn veprescat converted values in the ranpe of zevo to maxi-
mun pogitive wnltage as 4000, to 7777, and thnae in the range of Zero Lo
maximun nepgative voltage ws 3777, to 0000,

To deal with all converted values in their proper pelution, the zubroatine
norinalives them before proceasing bepins: all values are effectively rapre-
sefited wa af vampled at u gam of B4, Fur example, all values saupled at a
gain of 1 are multiplicd by 64; those :ampled at o puin of 4 are multiplhed
by 16. and w0 on, Conssquently the resulting heighls and arcas are in-
crease<d by a factor of 64 over those produced hy zampling and processing
the satw unalog signal with 5 gain ol 1 fnn gait).

Mulliplving a 12-bil numhber by B4 resulta in an 16-bit ramber, which ig 4
danble-precision word, Consequentiy:

= The size of the required code increases by anproXimately 193 words.

& ¥ou muost increage the dimension of ITAGLE, the Orst argument in the
eall to PEAK, from BS Lo 70O,

» You most fet another element in ITARLT:

ITABLES: -1 mput duta not aulopuined
-1 inputl data autogained

By wsing thia paraieler, mput Lhal ia not autiraimed can atill be
processed.

= You should select ITABLEIS1 and IFAGLF:4) with un awaremes: that alt
data provensed can be as much az 64 limer mare sensitive than it eollectod
with a yuin of 1. For instance, if two values differ hy one when collected
at o gain of 1, they enuld be interpreted as dillering by as much az 64
wWhin Lheir values have heen nocmalized,
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2.5.4 DPP3 {Double Precision Integers)

If the upper ranpe of data poinls W be processed cxveeds 32767 bur is lesy
than 33554401 decimal 2% 13, won must chable this option. I you enable
Lhes optimy, all input duts can be double precigion intoger, that iz, the
gecond argumenl. in the FORTRAN csll satoinent, TNPUT, can be an
TNTEGER*S urruy (or equivalent). Consequently:

* I'he size of the required code mereases by upproximately 195 wnrds,

* You must increase Lhe dimension of ITARLE, ¢he frst argument in the
call to PEAK, from B% 1o 79,

¢ Tou muoal set another clemend in TTABLE-

ITARTE:H =0 input dats single-procision
=1 mput data double-presision

255 NOFLTS (No Fliter)

This option disuhles the software dipilal fAlrer that Lhe subrantine nortially
Waws. Enable this option il vou want to average und process data puints

wilhout filkering them, or if you want to apply vour own filter Lu Lhe raw
duts hefore calling Lthe PEAK subroutine.

Enablitgg the no filter cprion results in quicker provessing of data points
aid decredses the aize of the =ubroutine,

2.6 Examples Using the PEAK Subroutine

The four examples presenled here process the same waveform - the sum ol
four Ganssian curves — represented by the idenlical 1Y24 points. Uhe vari-
able input parsmeters are likewise the same for both exumples, and the
resulling outpat is printed oo Lhe terminal, Figure 2-11 in a graphic repre-
srntation of the inpul datu.

Figure 2-11: Actual Plot of the Input Data

———
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PEAK Fxample #1

Example | iz ideulized in several respeets. Normally vou will not lnow Lhat
the mput arvay will be empry Gpon relurn from the =ubrnutine or thal Lhe
otpus arvuy had sufficient roon for all ouepue dale. Yom must thersfime
pravide for chese prasibalities by checking INFER and NPRAKS, Alsu. oo
provision is tiade for error checking because the input and outpul are
known and the program has been debugged with respect to these Lvpes of
errors. ln practice, TTABLES) should alwavs be cheeked,

Thiz type of example was chosen willuatrate 17 minimal requirements for
implenicntation and 21 how Lhe subroatine and ils parameters alect a
givet sel ol dats.

M Exounple 1 the data are inpul sa four 236-puint parts; the subrnutine
rrocesses cuch patt &3 it is received, placing the resulta in the ourput HTFEY.
which ix lurge enough to avcummodate the complete set of provessed data.,
Upon relurn from the subroutine, the iopot array is alwaws EMPLY
(NITHR= 11 and the culpul array is never (led INPFEAKS = 1.
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FEAK Example #1
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Lrefine array variable: and Lher size,
VTYL'E is used to print a word deacribing how the peak etded ITYPFE),

Arrayd RMU SIGMA, and SIZE aye wsed to produce i waveform o
be processed. which i the sum of fowr (huusaian carees.

Data statements inilislizing the vurisble mput parameters to the
ulgnrithm (MITABLE und the argumentks Inr the call Wb PLAE,

Section producitg values thar represent the waveform: as X FILCA e A e,
Lbe next 256 values ure calenlated and PEAK iz called. Prur waveform
ESEMEnts are produced.

Bach time 258 values are produoced, PRAK is culled.
ITABLE iz nul affected by thy propram bul iz used bv the zubrnutine.

TNPLT contains the input dala; actual values change each Lime PEAK
15 called.

INLAST in the subscript of the last element in TNPUT that contaios
dada; ulways 256 in this example,

INPTE ix either 0 {initially av -1! subroatine looks for data to ztarl in
the first element in the INPUT array.

OUTPUT is the array where data [or each peal is aeorved; Space i
allocated Ln accommodute all data produced: argument rcimains
unchanged hy progracm.

TLMMO specifies the numher of 2os of peak data that ean be stored
before the OUTEUT wreaw iz filled.

NPEAKS zpecilies the number of sets of peak data produved thus far;
bueawse results are known, ne check 18 made for o Ml condition with
teapect to the outpul arvay,

Luop for each of fuur seetions of wavefrrm, ALl wlements of INFIIT
array are processed (INPTR —-10, bul OUTFUT urray atill bwes rnom
CMPEAK ST MO,

This seclion types Lhe resolts an the erminal,
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Terrnimal output with digital filter enabled:

FERK RO, PRES

HELF WICTH

1 A5755,
150
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ri
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Terminul output with Mo Filter oplion enabled;
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PEAK Example #2

Example 2 iz aleo idealized because the input and culput are known und
the program haw been debugged. Therefire ne sttor checking is done. The
vanable inpul purameters (ITABLE] are set to the same values amd in the
sHMME Thannel az in Example 1,

Allinput for this exumple 13 prezented to the subrouline in one large arcay.
Mowever the culpul array iz lavge enongh for only nne set of peak data,
Thus each Lime Lhe anbrontine relurns to the main Program {except for the
lant returm). the eulput array is (Wl 'INPEAKS = 1% hut the inpul ureay has
not heen completely processed (INPTR + -1, < INLASTY. On return From the
ubrouting, Lhe data m the culpot array musl be further provessed m this
evample printed nn the terioinal) hefore anolher eall is made W the subrou-
tine o process input, data.
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FPEAK Exumple #9
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Difine array variable: and Lheir size,
VIYPE is yaed to print a word desermibing hoew the peak ended (MTYPE)L

Arruya BMU, SIGMA, and 3128 are nzed wr produee the wavelorm to
b prucessed, which is the sum of four Goussian curves,

Datla statements inilializing the variable input paramelers to the
ulgorilbm ITTABLE) and the argumeniz for Lhe call ta PEAK.

Tvpe headings for peak sacput,
Produce 10324 values repreaenting the waveform.

Call the PEAK subroutine to continue processing the input array. If

the mput array i= empty and wo new peak data are in the output acruy,
exit,

ITABLE 3= nul affected by the propram bnt is used by the subroutine.

INPUT contains data to be processed, some of which may already have
bern processed.

INTAST iz the suhacript of the last element in INPUT containing data;
it ie alwave 1024,

[INPTE is alwaya equal 1o the subseript of the last element in the input
array ihuat waa processed. [nilislly it is zoro, but in subseyguent calls it
Points 1o Lhe laat element io the input array Lhat waz processed when

the outpul areay was {illed. The PEAK subroutine manupea thiz
elemont.

OUTPUT i= areay where data for cach peak iz stored. Space iz
avallable for only one sel of peak dale. Therefore euch time an
additional sel of peak datu is availahle, the subroutine relurns 1o the
main progricn su that more gpace can be made available to store data.

ITHMO zpevilies the number of sets of peak dala that ean be stored
before the OUTPIIT array is [lled: it is 2ot Lu une.

NPEAKS is vero (initiall¥), 1 (if one peak wus found but the input was
exhansted), or 147 two sete of peak data are ready to be reported,

Print poak duta.

If input dula iv not completely processed, call PEAE apein tn eontinue
Proeessige.
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Terminal outpul with digital filter cnabled:

PEAE Esanpls W2

FeAan Nd. TS F HEZGEH™ = T1rE - IICZCHT - TEIHC
H&LF WiarH T HNC:IBHT I TIME TYERE RATE

i STETEE, Hial . 1%, G3Z. .

Lz, 45, 57, CASELCNE 1a

2 1123, goo - e 343, Jd .

i 2. Wi SAGEL ZHNF la

3 1344323, 289 SZC e LOE.

Lok, 200 G455, SJaLLEY [

Terminal oulpel with Wa Filter option unahled:

FEAn Cacwrle 27

PEAK HO. AREM™ P H4=T541 P TIFE I, HE | GHT L TI4E
HALF WICTH T Y421 GHT T TIME IYPE R&GTE

1 AR147 . a3, tq, 00, L -

14, L. 4. BASIZ_[HE L-

= 118355, LS., K4 . 2l =L,

T Ll E3. Ba== [WE L.

| ISIZESZ, N 587, L. 1A,

17, zol. 837, SAL LY L
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PEAK Wxample #3

Bxample 4 iz almost identieal to Example 1. But, hecause Example 3 pro-
cerges Autogained dalu, the peak-processing subrontine had o be bailt with
AUTOCE emabled. Three change: were made to the ssuree code of
exumple 1;

L. In Section 1. thw size of ITABRLE wios inereased to 79 ¢lpments.

2. Io Section 4, clements & and 7 of [TADILE have been set to O and
wlement § has been set to 1 to zpecily swtogained dalu.

+ I Sectien &, each element in INPUT hag had 4000 notal added 1o i to
gimlate bipelar zero and 300 gelal added 1o il o aienlace Lhe higzh-
g5t gain vulue possible and 1o climmate the need G nnrmalization,
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PEAK Example #3
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Define arruy variahles and their zize.
VTYPE is used to print a word describing how the peak vnded 1TV PE).

Arruyn EMIL SIGMA | and SI¥E are used to produce the wavefortn to
bz procesasd, which is the sum of foar Gaussian curves.

Data stalements initializing the variable inpul parameters to Lhe
flgorilhm {TTABLE) and the urpuments far the call to PEAK.

Seclion producing values that represent the waveform: az X increanes,
Lbe next 256 values: are caleutated and PEAK s ealled, Four wavefirm
serments are produced.

BEach time 236 values are produccd, PEAK i3 called.
ITABLE iz nul affected hy the proprum hnt i3 uzed by the subrontine.

INPUT conlains Lhe input data: aclual values change ench time PEAK
ix called

INLABT is the subseript of the last element in INPUT contaiming date;
alwayz 256 it Lhis example

INPTE is cither {0 initially or -1; subroutine looks for dats to stast in
the first clement in the INFUT array.

QUTPUT is array where data for each peak is stured; apace is allocated
to accommadate afl data produced: arguinent remams unchanged hy
program.

IDIMO specifies the number nf sets of peak data that can he stored
bofore the OUITPLT array is Allad,

MPEAKRS specifies the number of setz of pouk data produced Lhus far;
hecauze posultls are known, o check 15 made [er a full conditino with
respect Lo Lhe ootput array.

Loop for wach of four seclions of waveform. All elements of INPUT

arvay ure proceazed (INITR- -13, bhut QOUTPIUT array sull has room
(MPEAK ST,

Thiz section types the results on the terminal.
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Terminal autput wilty digits] Alter enubled:

PEAR KRG AEERA
4al F H10TH

1 J5705.
LA
ILBL3.

141

J L3=3a2Z8 -
lzd.

Terminal outpul with Wo

FEAK KL, ARER
HALF WICTH

1 JALAY .

144

= LLB3G.

< LIZES?.

5 LETGH]
T HE1GHT

FERRK Edvamrls &3

F TIHE
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L3
g I8
3.
az,
S,

1S

Filter uplion enahled:

FCME Sazwuwrle =3

F HELGHT
I HEIGHT

P L

e
q24,
41,

—
S

Rl B
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FEAK Example #4

Exumple 4 in almaost identical w Example 3, But because Example 4 pro-
cegses double preciaion input duta, the peak-procezssing subrontine had to
b buill with TTPPY enabled. Fuur sectiona of Exarmple 3 were changed:

1. 1o Section 1, TNFL'T wus changed tn a double prevision integer array
and anme additional clementy were defined for the purpnas of generar-
inpr the input data.

2. Tn Section 3, the values of the parameters used tn produce the input
wavefmrm for PEAK were changed to yicld double precigion valuwes.

4. In Section 4, [TABLE(S) was changed to -1 su Lhat the output would be
given m donble precizien, Aeatmg-point values.

4. [n Jection i, the algoriltbm to ealenlate the input 1o PRAK was chanped
Lo produce donble previsiun integer values.
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PEAK Example #d

REAL -3 Qi i o 32 o ZHLI s 5. 694107 E1TE 5 vl o8l
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Define array variables und Lher size.
VTYYE is nzed te prinl & word describing how the peak ended (ITYPE,

Arvavs EMU. 31{MA, and B8TAF are uscd 1o produee the waveform to
W provessed, which is the sum of foor Gauseisan curves.

Duta stutements iniHalizing the variuble input parameters tu the
algorithm {ITABLE? and the arguments for the call 1o PEAK.

Beelon producing donble precision intepger values that represent the
wavelorm: ss X inereases, the next 256 values are caleulated and
PEAK iz called. Foue waveforin sepmenls are produnced,

Each Lime 256 values are produced, PUAK g called.
ITAGLE is nnt affected by the program hut iz uzed by ihe subroutine.

INPUT eontaing the double precision input data; actual values change
euch time PEAK is callod

INLAST i the subscript of the lask element in INFUT vontaining dara;
always 256 in thiz cxample.

TNPTH iz either O Gnitiallv) ot -1; subrouting lonks Inr data to start in
the first elemcut in Lhe INFUIT areay,

OUTPUT iz array where data for each peak is stored; space is allocaled
to aceommodale all dale preduced; argumenl remsins unehanged by
program,

IDIMD} =pecifiez the oumber of sete of peak dale Lhat ean be stoved
before the CUTPUT array ia Nilled.

NPEAKE specitics the number of zetr of peak data produced thus far;
Iecauss resulta are known, no cheek iz made for a full eonditinm with
respect to the outpul arruy.

Laoop for eack of (our sections of waveform. All elements of INPUT
arvay arc proceszed (INFTR -10 but OUTIUT array still has rooto
INPEAKS=1DIMO 0

This section Lypes Lhe results on the lerminal.
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Terminal wutput with digetal Liter enahled:
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ENYVELOPE-PROCESSING (NVELOFP) Subroutine

FORMAT:

CALL NVELOPITABLEINPUT LN LASTANPTROUTPUT,INTMO NTEAKS;

Whare:

ITABLE

NPT
PLAST

[INPTI:

CHITPITT

TDOTMO

NFEAES

15 o Bl-element interer array,

ITABLE(LY = npomber of additinnal salnes supplied
ITABLE2Y = pale parameter

lT."'hBJI.E[H] = haceline value indicator

ITABLLE 43 sutput data tpe

ITABLES: #rrnr indicator

ITAGLE6: = resntry pointer

i un inbeper array containing inpat data,

4 an inkeper variahle speeifying aubseript of last data clement
in INFIUT proceased;

19 an intsper vanahle specifying aubseript of last elomwent in
PUT procesasd.

18 A douhle-subacripted areay nsed to store ourpul dota.

CMITPLTO WG
OTITPT T W
OTITPITTIE, N
OTITPT TIA N
CHITPT TS, M

ending indicator, MNch peak

ared. Mth pealt

centraid, Ith peak

width, INth peak

¢rest time, Nch peak

CATTPUT G, N ereat height, Nth peak
CHITPUTT. N = leading miniimurm Lime, L peak

The following elementa appear it ITABLELi=1 or 2.

QUTFUTEM = first additional velee preesding corrent
envelape
gecond additional value precsding cor-

rent envelope

OUTPUTO M1 =
iz an integer variable specifring nurmlwer of peak dale ssta that
can be srored in OUTEUT,

ig an integer variable speellyiny number ol peak duty zetr al-
ready stored in QOUTTUT.

FILE NAME®S:
FNYLOPMAC fsource tiley FNYLOP.OBS (ubject [l

OFTIOGNS:
« FEls
L BAE

i Bxtended Instruction Sel — KELL-E)
rExtended Arvilthooelic Blemenl — KE1L



APPRAXIMATE SIZE OF SUBROUTINE (IN WORDS):
If the following options are enabled:

NONE | EIS | EAE
(31354 B20 | 644
TYPICAL EXECUTIH{IN SPEED:

With PDP-11/54 and EI3 pnubled: 4300 Pointw'secomd.
Wilh PDF-11:43 and BEIS enabled: 2000 Pmntw'second.




Chapter 3
The Envelope-Processing (NVELOP) Subroutine

This subroutine delects signiticunt fluctuations, called peaks, in sets of
duta. These duls represent dizeontinuogs sepmentr, ar eovelopes, of a
wuveform (Figure 3~1% The covelopes are chosen arbitrarily, but thoy
should he prescnted sequentially 1o Lhe original waveform,

Figure 3-1: Envclopes of Dato (may contain more than one peak)

Beginnml
Elﬁ Flr:;g Inerilneg &l
w Enwv=lope

Envelope

N\ D
AN i \

ta ba Proges=sed o -

Ay

Haight

Thrw o

ME =i

Each cvelope 12 reprosented by a zories nf discrete positive integens porre-
spottding Lo values of a waveform at cvenly apaced intervala. For the reault
of applyving the algorithm for this subroutineg to be correlated with the
overall waveform, vou muat supply the distances {elapsed times) between
envelopes. YVou can alse supply as tany as two additional data values for

roluted functions atl Lhe critical puint where a new set of envelope data
sLarta.



The subroutine reports definitive characteriztios Inr all peaks fund; sutpur
Fa the arca, width, and centruid for eacn peak, ss well ag Lhe height and
time of il erest. The tine at which each peak starts and where it eneds — at,
cuvelope lermination or al a valley — is also reported. The additional val-
ues supplied at the start of 2 new envelope are reported with sach peuk
detected in that envelops.

3.1 Definition of Basic Terms and Conventions

It iz importunt Lo understand how some of the terms and conventions de-
seribing e NVELOF zulroutine are used throughout this chapter,

# The term data stream describes all values prezenled to the subruutine fop
Processing.

® Data values that represent the peak being processed are referred 1o ua
heathta, for exarople, crest height is the maximum data value far u Zlven
penk.

# The duralion axis of the wavefnrm is the fime axis, for cxample, the Lime
ot which an envelope beygina 1z the leading time of a peak. Time is inews-
ured ag the number of input values processed siuce input began.

» Foind-do-puint changes are foee! changes, ss contrasted with averall
changes during the course of & waveform, which are tremeds.

= Changes are persistent in one directinn if the mwinber of changes in thar
direction cxeeeds Lhe pumber in Lhe npposite direetion,

# "Naoise™ 1a 8 generic term (or all distortivn-producing cumponents in the
input data,

3.2 The Envelope-Processing Algorithm

34

The envelope-provessing algorithm deteets inereasing and  decreasin i
trends Iwhich may define peaks; in a sel of data reprosenting a segmenl of
a wavelorm. Quiput from the subroutine iz divectly related o the times at
which Lhe envelope begins and ends and Lthe points wheyr charges in the
incressing'decreazing trends take place. We define the puint where an on-
velope beging or where s subsequenl incressing crend appests as the
feading minimum of & peak. A point where the data Rest show a deereasing
irend preceded by an increaning trend is called Lhe crest of a peak. Fach
peuk ends either al Lhe end of an envelope or 1t the start of a new peak iata
valley),

A funclional deseription of how the algorithin uppliea to cach envelope of
dala fnllows: detatls of bow the envelope = delined are prezeated in Section
3.3, which degeribes Lhe input stream.

The Fovelope-Proceszing \NVELODP Subriutine



321 The Baseline Valus

A hazeline value [ir Lhe woavelorm data can be vither the first elotment o
the input dala stream or the thid parameter in the input parameter Lable
[Section 331 Selling thia baseline value is intended to be a mechanism far
climinating the “eonstant” nojze level inherent in input dalu; it ahonld
therelore be less than any of the wavelbrm data valuesz 1o be proceased,

Thiz value is subtracted from cach dula valne before the Lrend-detection
porticn of the alpgnrithm 13 applied. [Iibe result of this sublruction iz nega-
tiwve, it is trealed 4s &8 78rn,

3.2,2 Trend Detection — Apglication of the Gata Factor

Data points rmay exhibit slight point-t-point Auetuations uorelsted to the
dominant trend of the data, You muy elimmate much of Lhis undesirahle
fluctuation by selecting an appropriate gate Gartor. The gate factor gpecifies
# valid dircetivnul trend in certos of Lhe nomber of cither persiatent or
canzeculive chanpes 1n divection vver a seriea of inpurt daly prints,

At poinls where a peak beging uwr where a crest is detected, neither an
increasing nor & decreasing directivnul trend has ot bren eatahlizhed, The
next currenl trend ig the firet direetion in which the dala change "gate”
humbser of Limes.

AL inlermediate points currenl trends are already cstablished. Changes in
dircetional trend at chese puinls van be established only 37 the number of
conserulive lneal changes in the new direction is equut to the gate fuclor

A lovul rhange ia defined in lerms of the relation betwesn a given dutas
point and the docal minima and maxienwm. If the current heaght ie Less
than the loca] mmdmum. the chanpe ia downward, and conversaly, if (o
height is grester than the local maximum, the change i upward, If che
height is belween the local mininum ued maxinoin. be chunge is indicated
ialthough the area and cencroid are updated:.

At poinls of trend change. such as the beginning of o peak or itg crest, tle
local minimum is get to a very hiph value and the meximom o a wel'v Lo
value. Belween poineg of crend chunge the loeal foinimum and maximoem
cail be bwut deseribed by the Que dizgram.

It should Le siredsed that the points o grestest intereet on the waveform —
ezzeniially the points that determine the peak — are found at the points of
trend choange, the baginning of the puak and its crest, This test is the heart
of tlur alpgurithng.

3.2.3 The Widih of a Peak

Peak widlh is measured az clapsed Lime hatween ils start and the end of Lhe
peak or the wnd of the envelope. Time 13 meazured in unite of distanee
between input data values; therelore peak widol is the count of the mamher
ol inpul dats values that deseribe Lthe peak,

The Envelope-Procesaing iNVRLOF: Subruutine T



—

Oyperation of the gate faclor makes it imperative thal at least “aale” num-
ber ul data values be recorded on cither wde of the vredt before o peak ia
detected; thal is, the width of ecuch peak must he at least twice the gate
parameler. The ringle exceplion iz a peak Lhat ends beeawse che envelope
terminutes; the widlh of such 2 peak must be at least six’ for it to he
reprted, The gate Tactor 13 not involved, and the nutput duta are reportod
even i np erest has heen detecled.

3.2.4 Calculating the Area of a Peak

The area under a peak is [ound simply by Aanenming the covrected pnints on
the peak. Thus if the width iz N.X represents the sh mnput datu point on
the peak, and BAS is the baseline vulue

)
AREA = X -Bag
j=1

3.2.5 Caleulating the Centroid of a Peak

The centroid is the Lime axis esmpunent of the Lwo-dimension] center of
maga of a peak. It is ealenlated aa the sum of the productz ol the current
time and corrected points. divided by the area of the peak. Thus if L repre-
sents time of mput of the ith data poinl, und nther 2vmbuls are 5z dolined in
Seelron 3,24, then

™
CENTHROID E T - X, - BAS : AREA

1=1

The cenlroid is the best approximation of the real pesition ol Lhe peak with
respect to the entire wuweform,

3.2.6 Flow Charts for the NVELGF Subroutine

The serien of flow charls in Figures 3-2 Lhrough 3-8 gives detajled lapie for
Lhee NVELOL subrmetine, Supplementary information is prosenled in
Tablez 3-1 and 3-% Table 3-1 defines the zvmibels vasd in the flow charts
and acewmpanying explanalions; Table 5-2u reviews and surmnmarizes flov-
churled eventa and assueinted waveform phenomena as Lhey relate to duta
ue posmible peak conliporations:

w A peak sturting and ending at the houndarices of an A
* A peak atarting at the beginnimg of an envelope and coding at & valley

= A peak atarting ut u valley and ending st the termination of an gilvelope

L An arbicrarily chosen rurmber Lol is twice the masol gate faccar; it jz past of Lae
algurithan and theredove may el be changed vAtiwwl erdilying the code.

The Envelope-Privsssing (NVELOP: Subroutine



Table 3-20 presenws significant data-colleclion events on your parl as Lhey
relate to a waveform Tike that presented in Table 3 -4a,

Nule Lhal the flow charts sl accompanyimg illustrations and examples
wusume that yow impoze an arbitrary threshold value w delimit data enve-
lopes in be procesaed.

Table (-1 Definitions of Symhbols TTsed

BAS Biwline height! MW Fext topal vislue thrighes

H Crast kright” N MNumber ef extra vnloes pecorded
at tlEf_..".i:l'l.l:l:ll:l..E' ul’ new i ]ope

I Crust-fouwit indicator Fay Parcial aea esomulated dueibg
increaes

CT Turme A eress height’ I Pastial cenimid peecomulated dur

i Lneneas
Il Cuaurker for namber of per T4 Total area =ummntion’
sxbenl decrenses in leighl
oI Treed indicarar (deceasing) | 10 Tuolal centrie summation’
T = deercpsing
Il = nnt dereastny
T Merher of perzislect in T Loscal Luere

crrdans or deckeages L D
censtderod B vealid clange in

Lrond'
Ic Countar for auesber of poe- ™ True Lime

suskent incremses i Leagal
I Trend indicatar 1ocissing) T, Tanwe af stars of envelope

L — ineressing

0 = nntingreaatng
LyT Tima of stavr of peak’ W audih of penk’
MM Current mipimwn Teight XI, Lurge value

Xl Fizse etra vglue pecoeded™

WX Current maxintuin fuwaghl X2 Second evirp value 1ecnndol®’
MET Time o current  bccicizm Tarpe U Puuk endy arend of ewvelope

heighs 1 Pash cnds ae vallew®

1 Walae woal ]l}' nHT
* Walus raporred L sigurilhm

# Vuhwe can chebge dur.og peak eirtection; reporled vialues nre thoee thal wre cwment when
fhie el of thi peskt iz delecled,
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Figure 3-2: Flow Chart for Envelope Processing Data Entry
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Figure 13-k Fiow Chart for Envelope Procossing:
Initinlization, Calculation of Peak Widtl,

and Finding Fnd of Envelope
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Figure 3=4: Flow Chart for Envelope Provessing:

Count of Hejeot Points and Reading Addilional Values
where Envelope Begins
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Figure 3-5: Flow Chart for Envelope Processing;
New Minimum and Crest Deteclion
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Figure 3=: Flow Chart for Envelope Processing; New Maximum:
Feak Heging at Valley
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Figure 3T: NEXTPT Subrootine — Envelope Processing
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Figure 3=8: RITOLUT Subroutine — Envelope Processing
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Table 3-2a: Envelope-Processing Alporithm
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Table #-Za:;  Envelope-Processing Algorithm (Coat.)

[uini®eetion | Flow Chart -|
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TFable 3-2b:

How to Compile and Prepave Data for
Envelope-Processing Subroutine

Perlineni Drata Jupplicad
Times Daseriptlon of Ewent o the Subroptine
a' Atort of daca etpeam., Jduta helow | None funless baseline valge
thrashotd i entered:
1
- a-b Mo Lue i jind ke againes thoeshold | Nene
- valu; count snmber of data eamples be- :
Trvw Lhrisshnld trejected: ]
]
(5 Liate |:.|I:'.EH.'|-I: thireshulit: ascortain volues i.‘iuppl_v rajecl count douhble-
af EUR.'lIl.E.r_'r MuaeLinns {1 o i_|_'|_'|:-'|_]l,'. preEisnan) wned additional wal-
s Ll requiped|
bl late mheaw chraghold Plage  eachk value in daw
stream
Thatie Gl buzloree threshole Place xiera in foka stresm
ol Mymitor date and ceet apaingt threshald | hoome
value; count nuinl=c af dalia samples be-
law thimashialid peesjected i
¢ Dralis break 1hreshold: sscercain values | Supply resecd count fdouble-
AfF suilieey fumerions to be inpot mrrcigion! and additional wal-
1e3 {if Pequired’
g3 [k apoeer threshald Pl ragh wging i data
SETCILT,
i’ Drala Sall lelew threshold Flace zebi in data sLresm

3.3 How to Call the Envelope-Pracessing Subroutine

The symhaliec name for the envelope-procezsing subroutine is NYELUOP,
and the general format for che FORTRAN call i

CALL NVELOPUITABLE INPLUT INLAST INPTR.OUTPUT, IDIM NPEAKS:

For veference, argument names in the call o NVELOP have been assipned
arbitrarily. You maov supply vour cwn argument names, but you muast state
all ol Lhe arguments explicitly. Theve are no default values for any of che
arpuments. [f you omit an argument, cither accidentally or on purpuse, or if
svou supply too many arguiments, a FORTRAN errur message resulls and no
dota is prowessed. The arguments are deseribed in the following discuasion.

TTARLE iz an integer array of 51 elements and is vged by che subrouline
to store intermediate resultz and sther informarcion reguired by the alpo-
rithnn You must sel the valoes of the fulluwing array elements to
trandmil variable parameters and nther informarion o the subroutine,

TTABLE(1] MNumber of addicional values (no more than owo) that vou
supply in the dara slream eaci time a sel ol duata [or o iew
govelnpe hegins, These values are preaumahly related to,

but not reprezantative of, the waveform being processed.
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ITARLE2)

ITABLE 3]

[TABLE4)

[TABLES!

[TABLE !

ITABLET)

ITABLE(ST)

Thix parameter dulines the number of pither persistent pr
conaeeutive lecal chanpgea in one direction necded Lo satab-
lish & new dominanl directional trend. It is the gale para-
meler discussed in Bection 322 In general, suppasted
values may range Trom 2 to 3.

The paramuler that indivates the baseline value BAS
lSectioh 3.2.4% to be uscd wilh the wavelorm data:

TF ITABLEIA =0, it is used as the bazeline value,

If ITABLEA =240, the [irsl element in the data stroam s
the baseline valuc; when this value is
detected in the data seream, the subrm-
bine inserts it into ITABRLI S,

The ¢lement that delines the data type ul the outpul array:

[ Qutput is double-precision inleger
=1 Output is :inple-precision real
=-1 Chitput is double-precision real

The element used by the subroutine to indicate errore in
the calling sequence nr input purameters:

=] Ihdivutes no crvor
=N Indivates ITTABLE(N is in ervar, [or example,

[TABLEI11:-2
[TATLE =0

=-N lodiestes the NLb argument is in error oF miss-
ing: for example, INFTR = [INLAST (aee the fol-
lowing discussion

Element thar must be set to wero before the initial eall to
the subroutine 1o process a new waveforin, When a dura
slream iz provensed in parls Jaes Section 3.41, the subrou-
tine wse: [TABLEG) lor reentry to process each subwme-
quent parl. Frr thiz resson you should net aller Lhia
element until all parts have heen provesssd.

Flements used exclusively v the subroutine while the
data glreum iz being processed.

TNIPUT i an integer array contaibiog the raw duts to he processed by che
subroutine. There may be a3 many s five dillurent types o data for a
singrle waveforin:

Raseline Value

W ITABLE3) is nomnegalive, this value iz omicted
[rom the data steeam, 1 ITABTLED s negative, the
lrst elemenl in the inpal stream is Laken to be Lhe
Bazeline value to e used: if the baseline value is neg-
ative. it 18 treated os & mero (Seclion 32,10
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Feject Count

Auxiliary Values

Waveform
Data Values

Zern Values

This demble-precizsion lnteger provides the elopsed
time, in terms of data sumples, between cnvelopes of
data. Actually il is Lhe connt of data values repested
by the subroutine sinee the last volue of the previeus
gnvelope. Boruoss the arvay iz single-preciaion inte-
ger, bwn elernents are necded - each veject count:
the least wignificant pare dow orderd 15 entered et
lillirered immediately by Lthe most significanl part
thigh vrderl in the nexl element. For example, il the
reject count is K, and Lhe suhacript for the preceding
element iz N:

INPUTIN + 21 — R
INPUUT M .« 10 = B - (INPUT (W - @y - yte

Keep i mind thal B i real, TNPUT is inleger, and
that fractional troneation takes place when a real
nutmber i\ equated o an integer.

[FITABLE L s zero, no auxilivry svalues will appear
in the data stream. Otherwisze as many as owo valoes,
n. reprezentative of Lbe waveform, mav be supplied
and associaled with each aet of data corrospunding to
an cvelope Lo b processed, These vulues may be any
single-preciaion mtegers, aod Lthere must be as many
ad specified in TTABLEL])

Heighia of the wavelurm wc evenly-zpaced intervalz
tnust he supplicd fur euch ervelape of data to be pro-
vensed; heighes thal do not exeecd Lhe baseline valae
are treated os equal to the bascline value and greater
than zero.

Becauze all wavelurrn data to be processed must be
greater than zeoo, detection of a Zero value hun spe-
cial sipnificance in that it indicates the end of an en-
vielope GF It 1 nhvioualy not a bascline vulue?,

The subroutine distinguishea hetween these varivus kinds of data in the
input wlream on the baais of the order in which Lhey are expeeted to appear:

_ BASFLINE VALUE
REJECT COUNT fLOW) ———— Timw sinee stert nf input data
REJECT COUNT iHLGHI—

AUXKILIARY INPUT VALLIE #];_,'—_.ﬂrﬂptiunal

AUXILIARY INPUIT VALDUE #2

Wavelermm Thats Values Sz supplied tnosubeoaline

| ZER{)

Cipslisrial

End of wavefrrm data for envelope



The subset of mpur values designated by the bracket is repeated for each
envelope of dats to be processed until the data stream ends,

INLABT i an integer variahle that egquals the value of the sibseript of the
last array elewend that containg data.

INPTR is an inlvger vamable that points 1o the value of the suhacripl of
Lher 1ast eleinent processed by Lhe subrouline. We may alsn think of i1 s
having & value one less than the subscripl of the next dulum in the LiLput
array to be processed. For uxamgple, if the lirat element of the Array ia to
be processed, INPTR should he aet to scru.

Tou must sel the value of this srgument before cilling the subrouline;
bowever, the wubroutine chunges the value before reluerning.

QUTPUT is u douhle-subzeripted array used to store the reanlis of appl-
mg the cnvelope-proceesiog algorithn The fvst dimension spreeifies the
number of dalu elementz w be output for each peik deterted, There ave
ulways at least seven. In addition the [TABRT R auxiliary valuws pro-
vided with euch envelope ure reported for each peak [ound in thutl enve-
lupe. The seeond dimension specifies the number of aets of penk data
that can be atored by the algorithen while procossing the inpol data,
Thus the Orst dimension 18 ¥ - 'TABLE), and the second i defined
by ILMCE Possible dala element: reported for euch peakl arw:

OUTIPUTL NG Indecator of bow peak cnded:

= 0 ended at Lermination of envelope
= 1 ended ur u valley

OUTPUTI2 N Area of Mih peak

CUTPUTIA M Centroid of NLb pealk

OUTHL T N0 Widlh of Nth peak

OUTPLUL G, I Poeition of Nth peak (Hme of crest height)
OUTRUT B, M Heivhl of Nih cresl

OITTPUTIT. ™) Starting position of Wth peak (time of feading min-

itnem heiglhc:

The following elements are optional:

OUTPL SN Firsl sdditional valve at start of cnvelope if
[TABLE 130

OUTPUTS N Second wdditional value at start of envelope (if
ITABLE - 4

IDIMO i3 an inlepger variakle that trabsmils ta the subroutine Lhe seeond
dimenzion of Lhe nutput array. Tt defines the number of poaks that can
be reported before the output arvay s filled.
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NPEAKR is an integer variable giving the number of zets of peak data
skored in the output areay. We muy atso think of it 3z having o veloe of
ome legs than the sceond subseript for the next zet of oulput data to be
storcd, For cxumple, for the initial set of chivelope dats to he stored,
MEPEAKS shuuld be set to zera.

Tem must sot the value of this argement. before calling the subrontine:
howewer, the subroutine cun change the value before returning.

NOTE

MYELOF returns (assuming there are nn errors) afrer either
of the following evends:

1. Al input duts elementa have been processed.

2. The output array is fifled. and there @ another zet ol
peak data to report.

Fho arpuments IKNPTH and WPEAKS indicale which svent
cunsed the refurn and the current stalus of L0 processing:

# If cundition 1 occurred then, IKFTE=-1 and NPEAKS-
INTMO), that is, the subrouting has =et KNPEAKS to the
proper value for the nesl subrvaline call.

o If condilion 2 vecurred, NPEAKS - -1 and INFTR equals
Lhe proper aubaeript value for recnity — one Jess than the
subacript of the next clement t be processed.

If the subrouline in called again with either INIPTH o
MPEAKS equal to -1, the subroutine intevprels the value
a3 Zero

3.4 Using the Envelope-Processing Subroutine

F=20

Tou can uss severdl inberent features of the cnvelope-privesning aubron-
tine tn process data produeed in real time. Thoa, voo can nee NYELOFP in
conjunction with other routines thal monidor and digitize real phenomena.
The particulur argumenls that make possible thiz real-time application ure
INPTR, INLAST, and NPEAKS 1zee Section 35.30.

Vignalize the input and output arrays as s series of “pigeonholes”, and
[NFPTE and NPEAES us poinlers tu the next available data element Lo be
proceszed and che oext zlou for outputting data, rezpectively (Figone 3-9).
INLAST 15 u poinler to the last TYPLT element containing dalu.

The subroutine relurns when all dala in the inpul buffer have been pro-
peased, thal in, INPTR = TNLAST, or the nutput array i3 filled, whichever
ocouars firat, If ali data in the inpat buffer have been processed, [NPTH will
egual -1 and NFEAKS will peint to Lhe lase slol (zubseripll in the nustpat
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arvay that was filled. If, conversely, all slots in the outpul Array have been
filled. NFEAKS=-1 und INPFTR points to the last element laubsuript) in
the input array that was processed. Weither iz an error condition, and nej-
Lher 15 more advantagesus outkide the conlext of vour apecific applieation,

Lhese conditions pive you preat flexibiliLy in handling suhroutine input
wnd matput. When yon have large quantities of data te process, vou need not
alloeste gpace for all data st once bocuwuse the subroutine is derigned to
procesd & given data get in sequential purts. Tn fact, all data need not b
Envwn before procesring bepinn, as illustrated by reui-time processing: data
can be aaynchronously collected into ooe buffer ul the same time thar o
previonaly collected haffer i= processed.

Handling of output is al:o flexible, It might, for example, e printed or
stured upon cach return from the aubreotine or it might be further pro-
cossed only when the gutpul buffer was Alled, that in, NPEAKS - -1, You
may chooze the procedure that is mosl eoaveniend for TOLL

Furthermore, you can chanpge all arguments in Lhe calling stulement except
ITARLE between succcssive calls to Lhe subroutine to peluct the origin of
the remaining input data and where the autpul i to be slored. You muat
1ol lamnper with TTABLE during the intervals between culln for o Zlven
duta stream. ITARLE wwntaing the eurrent inlurmation aeeded to resume
proceading al the point whera Irocessing was slopped on the previous eall,

The anbhrouline 1a positivn-independent and pecolrant, Althiugh these fes-
tures are of inteteat mainly at the system level, thew do result in additional
advantagos at the user level. Perhupe mozt significant is Lthat several data
streams cab be procossed airnmlranecorly, Al pertinent information com-
curning the history of a data stream in contained in the TTABLE HITAY
rathet than in the ende for the subroutine. Tmaginative ww of the arpu-
ments in the subroutine call should make the suhroutine funclionslly cotn-
patible with any application that wsea thoe envel ppe-provearing alpomithm,

Flgure 3-8 TNPI'R, NPEAKS, und TINLAST Point i Slots

NPT
i 4 - L ] ’ = v 4

!

IWFTA IMLAST

B -4 e -

s

HFEAKYS C LT
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3.5 Modifying the Subroutine — Using Options

The following seetions explain which optichs you can use with the
cnvelops-pracessing aubrontine, If vou wanl Lo use any of the oprichs, you
muat enahle them when you build the subroutime from the source [ile uring
the interactive build procedure (see Section 1.1

1.51 EIS (Extended Insiruction Set)

Ynable this option if your installation has RTHEE11-E hardware avatl-
ahle, Fnabling this option increases the execution speed and decreuses the
memory requircmernls [ur the subroumne by approximatedy DY words.

352 EAE (Extended Arithmetic Element)

Enable thiz option if vour installation has EAEIKE11} hardware availahle.
Enablitg this vplion increanes the execution speed atd devressss the mem-
pry requirements for the aubroutine by approximutely S0 worda,

3.6 Examptes Using the NVELOP Subroutine

-

The three examples prescoted here all vse the same code and process the
game 1024 dots points — the sum of six Gauzzian wavelurmy. The code
eonpares the comporite waveform against a preset Lthreshold value (Figure
4-10} and supplies the vesulta to the NVELOTP subroutine, Fach time the
input array is filled (2536 elementz), the subroutine ta called to process the
data and place the reaulls in the ourput array, Upon return from the sub-
routing o the maie program. the input array s always empty
JMPTHE= 1), and the output array has never vverllowed TNPEAKS & -10,

The code for these examples is ideulized in several respects. Normally vou
will not know thal the input array will be cmpty upon return from the
subrouline or that the output array had sullicient room for all output data,
You munt therefore provide for Lhese powsibilitiea hy checking INPTR and
NPEAKS. Also. no provision is made for error checking hecause Lhe input

and output are koown snd the program has been debugped. In practice,
ITABLES) should always be checked,

Thin type of example waz chogen 1o illuslrute 1) mmmimal reguirements for
implementation and 21 how the subroutine and its paramocters allecl a
given et of data.
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Figure 3-10:  Actual Plot of Input Data, Showing Threshaid
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KYELOF Example £1
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NYELOFP Exaonple #1
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Define array variables and their size.
VTIYFPE iz used to print 3 word deseribing how the peak ended (T YPE).

Purameters external to the NVELOP subrouline are initjulized.
Arrays EMUL SIGMA, and S1ZE are ured to produce the wavelorm to
ke processed, which ia the sum of =ix Gaussian curves, [T is the
Lhreshold ¥alue; 1C and X ave used for preparativn of the dato.

Data astatements initializing ibhe variable input parameters o the
algnrithm (UTABLE] and the arguments for the eall to NVELOP,

Section produving values thal represent the waveform as o fonction
of X.

[Law data are prepared for procesaing by cuomparing them to the
threshaold value (IT1, then cither incrementing the reject count (10, if
the datuin iz below threshold, or entering the datum in the input array
if phove threshold.

Each time 256 input values are produced. ur when all 1024 raw data
pointz hove been produced, NVELOPE iz called.

ITABLE i= not. affected by the program but ia used by the subroutine.

TNFUT cuntains the inpul data; actual valnes chatgte each time
NVELOL is called.

J i3 the subseript of the last element in INPUT thal containg dota:
always 206 except on last call.

TNFTE iz cither 0 ¢initially] ur -1; aubroutine Inoka for daty to atart in
the first element m the INFUT array.

OITPUT is the array where data for cach peak sve stored: SpAse i3
allocated to oceommodate all data produced; argument remams
unchanged by pragram.

ITHMO specifies the number of sets of peak dats that can he stored
before Lhe OUTPUT array is filled,

NIPEAKS sperifies the oumhber of sots of peak data produced thus fur;
because reaults ave known, ne check is made for 3 tull sondition with
respeel 1o the outpat arcay.

After NVELOP iz called, all elements of the INPUT ATtay are
processed (INPTR - -1,

This section Lypes the results on the terminal.
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NYELOP Exatple #¥

Example 2 provesses the same raw data points but the thresheld valhe is
lower \Figure 3-11). More of the data pointa are nuw shove threshald than
in Bxample L, and more peaks are recorded. Thas we have enlarged Lhe
vutput array so that we cun use the sume code oe in Example 1. Note Lhe

following chunpes in the source code.

In Section 1, the size of QUTPUIT iz incresasd:

JIAEMETON IMFUTS256) (OUTPUTI 74 ) sCHULE) 1SIGHMATE s51ZCIBY

In Seetion 2, the threshuld value (1T is changed:

DATH IT cLC B L0 g,

In Section 1, the value of TTMO js changed W indicate that QUTPUT has

TIWIE TG0

CATE L +IWPTR«INIHD (HPEGS S0 40 -G, 00

Figure 3-11: Plot of Input Daia, Showing New Threshold Value
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Nate thut Peaks 1, 4, und 5 correspond to Lhose m Example 1. Peuk heights
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are nol alfected hy the lowered threahold value, bt becsuse puore data are
exposed”, almost cvery other dala value i: changed,

325



3—a30

Tuerminu] Chalput

PEAK ML,

1

HUEL OP Feaws=la b2

- RE
M TIKE
THRFSHIOLT
W
iHEESRLCLL
T
“HRESFCLT
1577,
BELLEY
Fula
THRESEHOLLE
a0,
THRESEHOLT
=0,

SREH
FHETIGHT

R ]
LR = el I

L) —
o
- - e -

—_
LY L |

"l
-
"

Lt
--
-

Sl I UL 4 L T
r

e T

=
4 MmN oa
- A

[
ol
r

=l

=0 -

n
i
-
=

i
L
€L
'

ZEHUTROCD
TIHE

v FRL

Tiw Envelope-Processing (5w ELCH Subriutine

=d
1

|

b

Zarc
id4
ECZ
A4r
R
hdu )
Hu

JCZ

Lid .

Log-

g I



WVELOP Example #3

In Example 3 il iv agsumod that there ia g nonzerg bazeline offzel of 50
inpul units in the rame raw data procesasd in Examples 1 and 2 (Figure

3-12). Tlsing the code as modified for Example 2, we may ehiminale the
assumen] bascline nffset by =settin

E the thivd value in the ITARLE array to
20 {Bection 4k

DATA ITARLE 35041 (47207

Figure 3-12: Plot of Input Data, Showing Threshold Valuo from
Example £ and Assumed Bassline Offset
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Beeause the only change introduced to Example 2 1a the baseline correetion,
the only output values that change are the herghtz, and indirectly, the
AFGuS,
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INTERVAL HISTOGRAMMING (HISTI SUBROLTINE
FORMAT;
CALL HISTETTARLEINPUT, THGRAM!

Where;
ITAPLE is an integer array of at leazt 10 clements,
[TABLE1 = first interval lower lmit
ITABLE = gpegificd interval length
ITABLE3] = gpeeificd number ol eonliguous inlervala
cungidaered
I'TABLE4) = {otul oumber ol inpul array elements
eobteinm oy dalu
ITABLEIG] = itiliokizution [Qup
ITABLEIS) = under[low count
ITABLEIT) = ywarlluw count
ITABLEE] = pumber of ITHGRRAM elementa ercseding
largest porsihle Ringle-precision integer
ITABLES = grror indicatnr
ITABLE(I! = remporary internal stnrage element
INFPUT 17 un inleper array contaiming mput data.
TTGTRAM 18 an integer array uped to atore ontput dara.
FILE NAMES:
HISTTMAC 1aource filel HISTL.ORJ (object file
OPTIONS:
a FIs iBxtended Instruction Set — KE11-E)
* EAE i Extended Avithmetic Eloment — KE111
s [PH: {[onble-Pracigion Integers)
¢ FREQS {Frequency Histogram)

APPROXIMATE SIZE OF SUBROUTINE (1IN WORDSE):

If the following option: arc chabled:

MNONE El5 EAE
KONE 214 I 131
DPHE 247 1654 L
FREQH 27 155 5. "
TYPH4 ANTY FREGHE S L0 281

TYPICAT, EXECUTION SPEET:
With PD)P 11/34 and EIS enahbled: S0000 Points'scconid
With PDP-1144 and EIS enabled: 6500 Points'sccond.






Chapter 4
The Interval Histogramming (HISTI) Subroutine

The interval hislogramming subroutine counts the number of data ele
metts thut [all into nne or more predelined categories or data types. Seta of
zuch counls are nften presented graphically as bar-graphs or histograms, Tn
the conlext of this subroutine, a catepnry ie a defined numeric interval, and
u sl of eategories for a given application mmst be representuble as a contig-

uwas proup nf intervals of cqual length. Data to be processed must he repre-
aonled aa mtegera.

Resulls are presented as an wrray i which each outpul olement crrva.
gponds tu o specitie eategory, 'The oulpul element reports the number of
data elementys that fall into that eatlegury. Reported sepavately is a count of
the pumber of input data elements Lhal do not belong in any of Lhe prede-
fined calsgories. In addition, the subroutine ecan optionally produce a fre.
guency histogram,

4.1 Definltion of Basic Terms and Conventions

IL ia important to understand how same of the terte aod conventions de-
zeribing the HISTI subrouline are used throughout this chapter.

» The term dafa stream (or inpué dofa streant) describes all dats to Do

prucessed to produce one histugram. Note that che enlire dats stream
need not he processed at onve; il may be processed in sequential parts,

* fnterval describes a subsel of intepera 1T W is taken to be its length, the
intervul is defined in terms of ils lower houndary poiot and the next N-1
inlepgers in ascending order.

w {atepory i3 3 uhigque clussifieation of data.

=1



* Twe areas thut are outgide the eotal raonpe of intercst are: those valnes
Lhat are smaller than the minimum, or undarflos valnes, and those
larger thaty the maximum, v overflow values,

* Event means something that geherates a valid data ebenont,

# Clorndinnpm means s continuuur entity, partr of which can be diatin-
puizhed from neighboring pures onls by arhitrary divizion.

4.2 Your Input to the Subroutine: Its Characteristics

4-2

4.21 The Relation between Data and Catagories

Input to the subrontine is an array of integers that ure related in snme Wiy
tn the actual data thev represent, I Lhe data are numerical, such as meas-
urea of hetght, teraperature, or time, thi= relation s immediately meaning-
ful and ohvious. However, the relation may be purely arbileary, az when
ihe data deal wilh an abstravt eondition chut is reprezented by an intepsr
for eonvenience in proceszing; for exainple, 1f ballz of different colum are
being counled, an integor might be assigned to represent one color and
distihguish it from other colors,

Dats categories are also numerical; each is represented by an interval of
integerz. And like the datafinteger velution, the relalion hetween a cate-
gory i Lhe interval representiig it may he meuningfal or eomplete]y
arbitrury. Values assigoed to tlese intervelated enlilies iFigure 411 muzt
be mutaally consislent. For instance, an inteper reprezeiling a data ele-
ment must ke in the numeric interval cottespunding to the partionlar cute-
pory (e which that dota clement belongs. Figure 4-1 illustrates that
relations 1 und 2 are fbwed, and that onece relation 3 or 4 ia chozen, Lhe
remaining relation is no longer completely athitrary.

Figure 4-1: [nicrrelation betwosn DATA/CATEGORY and
INTEGER/INTERVAL Concepis

F ———————————————————————— e b B B ] l——.
' !
' |
| Heal Warle :
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-
i
|
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4.2.2 Descrlbing the Categories

The numeric intervales reprosenting the catepnries of inlersat to ¢ subrnn-
Line are defined by &n integer array of parsmeter volues thae vou set. The

[irst three values in che parsmeter luble define Lthe intorvals T
Sertion 4,37

» The firal clument of the purumeter talle defines 1he lower nwmeric lirnir
of the firat interval. Data values smaller than this imet da ool fall inte
any pr<edined category und are reporled separately (zee Scelinn 4.2 %0

» The aeconl element of the perameter tahle detines the numeric length of
each interval. Therefore Lhe firet inlerval spaus inbegers grualer than ur
equal to the first elemnunt but smalier Lhan che surm nf the first and second
glement:. Symbolically, if the fivsl wlement is [ 2nd the sevond iz J. Lhe
first inlerval spans all integersz, K1, for which

[ K1 <1+

The zecond interval spund all intepers, K2, lor which

I J=K2 =T 1 9.7

and go on. Wore that there are J vlemente in vach intecval,

* The third element of Lhe parameler table wlls the subroutine how many
miervuls — atarting with the value of the first element to sonuder,
This clement also specifies the mmimun dimension of the culpul array
because each interval has a correspending ontput array clement. The
implication of this value is that the last interval of mtercst spang all
integers, KW, for which

[ —iN- -2 KN =T+ N-J

where N iy the inteper value of the third cloment and and J are Lhe
mteger vulues of the first and sceond elemends, respeelively,

4.2.3 Quarflow and Underflow Counts

RBecawse the intervals of interest may uol span the entire range of legal
integuer input, i is possible thut the inpul data stream may comlain values
that do not fall wilhin snyv speeified calepnty. The subrontine counts the
number of data values outside Lhe upper and Tower limits of the aperi fied
catepuriea. The number of daluy valoes thut are smaller than the minimin
specilled in the first element of Lhe parameter table is callad ¢y underflow
connt and ir reporled in the zixth element of the parumeter array.' The
number ul values thul exceed 1he maximum valne in Lhe interval ul inter.

err i called the overilow count and is reperled in clhwe seventh clement of
the parirmetar table,

T Ser Hection 4.4, the edbrautine call.
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4.2.4 How the Subroutine Interprets Single-Precision Numbers

Acceptable inpul and sulpul vuloes for the ATSTT subroutine car be single-
precision integers o Lbe cange of 1 to 63530, smgle-precizion positive in-
Legers in FORTRAN have a vange of only O to 32767, This spparent eonflict
1z actually a matter of interpretadion and decimual representation of the
negative integers in FORTHAN; iL is gasily resnlved, a2 we shall caplain.

In theory 2 LB-bit binury number can represent a decimal number ax iarge
uy 65635, [n FORTRAN thia range iz divided inte two purts: valoes from 0
to 32VEY sre mterpreted and used as positive iotepens values in the other
half nf the range are interpreted and uwsed ws negative integers, In
FORTRAN negative numbers ranging om -127T68 to -1 correspond di-
rectly to binary numbers ranging from 52768 tn A5535.

The HISTI subroutine does not process or report values less than zern.

Therelvre all input and output valuez are treated ae ensigned s that we
can uzae the full positive range of the 16-bit word.

You may well azk "How docs this interpreluliion of the data by the subron-
tine affect my particuiar applicution™ The anawer is that;

1. All input values and all resulting output data tess than 32768 (2'7) wre
treated in exactly the same way by the subroutine and by FORTRAN
(Figure 4-27.

4. If cither your inpul or vutpol duta contain values greater than 32767
thut not greater than 655351, they are interpreted as negative by

FPORTRAN bt nat by the aubroutine, For example, il Lhe subroutine

outpute a single-precision ionleger value of 40,000, FORTRAN inter-
prole v as —25536.

Figure +2: Relation between FORTREAMN Integers ond Unsiprned
Rinary Values

FEHRTRAN Irdarpraladlon {23 Comglamant)

[H Jarsd. .. 65536

Unsigned *-Digit Binary Yalue
kBT
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We shall now presenl a simple mechanism for converting an inleger that
FORTRAN interprels us negative to a fleating . poind nunther equul Ln the
unsigned interpretation of the value. This conversion may not ulways b
DUCSSSATY,; S0tme operdtinms, such ws addition and anbtraction, are upaf
lected by the sipns of the operandy. The unsigned reanlts of such an D]HCTa-
tiun would be correct an long a= the resultzs were oot leas than 0 nr Freater
than 2" Howecver, operations such an divizion and multiplicalton, or print-
b und typing. are affected by the PORTRAN interpretation nf unsighod
integera larger Lhan A276T az nepative numbens.

The fallowing two methods can be used to convert unsigned zinple-precizivn
interers to floating-print numbers:

B ={1-NIABSNY 2 = 553536. + &
o

R N
IFINLTD R BBS36. - N

where B is the floating-point variable equivalent 1o the unsigned single-
precizicen integer stored in N, and PABS{N is a funetion available from the
FOHTRAN lihrary,

To converl & floating-puint number less than H3536 to an unzigined integer
Fou can uxe one of the ullowing equations:

W =R 65636 = IFIX (B2 768
nr

M = R A&5534,
[FiELTMTGE N =

where K i4 again the Hoatinpg-paint wariable, ¥ the uwnsigned imteger slorad
in M. and IFTY iz a tunclion available from the FORTRAN library.

4.3 How to Call the Interval Histogramming Subroutine

The symbolic narme e the interval hi!-.l:ngmr:_\ming aubroutine is FITSTIL,
g Lhe general format for the FORTRAN call’ je

CALL HISTOITARLE INFLUIT,JHGRAM;

For reference, argumenl names in tw call 0 HISTL bave been assigned
arhitrarily. You may supply your own arpument, nammes, hut you muwst state
all of the arguments explicitly. There are nn defaull values for any of the
arguments. If you omit an argument, cither accidentully nr on pirpose, or if
¥ousupply too many arguments, 3 FORTRAN avror Lnessage resulls und no
data is provessed. The argumenis are deseribed in the Iallowing diseuszion,

1 Fiormat for the dislributed vetsian; it mar change if the option FEEE i enabled 'sor
Sectinn 46,47,
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ITABLE 14 an integer arvay of ut least 10 elemenls, used tn:

o Transmic information o the subroutine frum the user CITARBIIEIL
threush I'TABLLIS,

= Beturn information [rom the subroutine to the wier (TTABLEI6) thenugh

[TAELEM

# Stere inlurmation on an interito busis ‘by the subrowtine: (ITARLEI0R

You musl set the arvay olemenols that eransmit inlormation to the

suliroutine.

ITARLEIT:
ITABLEZ)
ITABLEN]

ITABLE(4

FrABLINS)

The lewer Timit of the first inlervul {see Section 4.2 2)
The specified interval lenglh (see Seetion 4.2.2]

The total number of contiguons intervals W he considered
(zer Sewlion 4.2.2)

The tolal number of array elemenls containing data (slart-
ing with the firzt eleruent o the input array (USPUTY

A value that musl be set to zero before the initial call o
the subrouline; iU signals the zubroutine to initialize the
sulpul areay and other outputl elementa in the paraneter
tahle. On anbsequent calls 1o the subroutine, if o dillerent
segment of the 2ame duts stream iz being provessed, opera-
fion continues, and thers 1z no reinitialzzalion.

The next group of elements is uaed to report informalion not ineluded in the
actual luglograrn.

[TABLEW )

ITARLETN

ITABLEiHi

FI'ABLEM®)

The undertlow, or count of the number of inpul duts vahies
that are simuller Lhan ITARLE(1

The everllow, or eount, of the namber of input data valies
thal vaeseds the npper limit of the Just indzeval; the name-
ber of data values excecding

ITARLE 1T+ [TABLEZ) - ITATLFELA)
arc reported hees.

The number of outpur array eloments that have exceeded
the largest possible single-precision mteger (655331 In
FORTRAN this integer is 32967; however, this subrowline
can reporl inlepers as large as G5335 by trealing all dats
w5 ansipned pnaifive inbegers (see Seclion 4,247

An element nsed to report error conditinna:

== [} Ihdivutes no errors

=1 Indicutes that TTABLE(1I'4+I[TABLE( 2.
ITABLE: "= 63535

=N Indicates TTABLEMNY iz in wrror, lor example.
ITABLE 2)=10
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The Tollmwmg element is used by the subroutine for its own operation:
ITABLEOD:  Anelement used for internal storage oo o temporary busis.

INPUIT is an integer array centaining the data 1o be prives=ed. All daca
are treated as positive and unzipned (see Sectivn 4.2.4), The nhumber of
array elemuents to he processed s TTABLE(), and processing always
begins with the Arst element of the array, Mote, however, that all data
need not be placed in che array at one time. lnslead, one arruy of data
can he processed, the array refilled with new data, and the. subroutine
called again 1o proeess the arruy & second tine. It ia possible te continue
in this piccemesl fashion antil ull data have been processed. In real-time
applications such a processing cycle becornes sn ongoing function,

THGRADM it an integer arruy o atore the results of provessing; each array
cletnent s devoted cxelusively to vne of the munerical intervals that
represent & single cateyury. The order of the array clements correspunda
te the numeric order of the intervals, that is, the Nth element ol the
pulpul array will have a value equal to the number of data elemnents in
the input stream thal telong in the inlerval.

ITABLEI1) - iN-1)-ITABLE#) to ITABLE11 + K- 'TABLR¥-1

4.4 Input and Qutput — Using the Subroutine

Ag previvualy atated, all data for a particular histogram need noel be svail-
able, or even koown, before proceszing beging. Initializtion takes place tall
conttbers are aet to zeral only when ITABLRGS) equals zevn. Parameler tahlo
eleincnts are also checked for corectness when 1TARLFIS) oyuals rera,
Eefore the subroutine retueng, it aulomatically changes TTABLEIS 20 that
il 2 subsequent call is made to provess new data Tnr the saine histngram,
Proessing continues us thrmgh no inlerruption bad taken place. Thus an
entire sel of data for ooe histogram muy be processed st one time, memary
space permitting; or, il the user wishes, the data may be processed one
segmenl 4t A time. The valne assigned to ITABLE4) ahould indicate the
number of elements io the mpur arcay to be processed for a speeific eall.

The subroutine is positivn-mdependent and rectiirant. Although these fea-
tures ure of interest muinly ac the system level, they do result in additional
advanlupes at the user level, Perhaps most gighificant is the possihility of
processing several dala streams in purallel, All pueclinent information con-
cerhing the history of a data strvam i= contained in the [TABLE array
rather Lhan in the code for the subroutine. limagimative use of the argu-
michils in the subroutioe calt should make the subroutine funelionally cotn-
patible with any application that uses interval histogramming.

4.5 Modifying the Subroutine — Using Options

The [ullvwing sections explain which opfions you can uze with the interval
histugramming subroutine, If vou want to nse uoy af the oplinne, you muat
enable them when you build the subroutine from the zource file using the
interactive build procedure see Section 1,10,
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4.5.1 EIS (Extended Instruction Set)

Enable this oplice if ynur installation has FIS 1KE11-E1 hurdware or any
other floating-point option available. Enabling this oplion increascs Lhe
executinm apeed and decreuses the memaory requirements for the subrontine
by spproximately 121 words if DPHE is not enasbled. and by upprosimately
123 waords if DPHF 15 enablad,

4.5.2 EAE (Extended Arlthmetic Element)

Enable thiz option it vour installation has EAE 1 KE 111 hardware availahle.
Enabling this option increanes the execwtlion speed and decreases the mem-
ary requircinctls [or the aubroutine by approximately 87 words.

4.5.3 DPHE {Double-Frecislon integers)

Il the duats valuez o be histogrammed exceed 65506 (2"-1), chiz uplion
ot he enabled. I you are using & copy of the subroutme with Lhe nption
enabled, you must provide your data 10 the subrontine as follows:

& All input data must be double-precisinn integer, that s, the second Argu-
ment in the FORTHAN CALL statement, INPUT, must be an
INTEGEER*4 arrav {or equivalentl,

» Because this oplion expands the possible range of inpur values by = factor
of 63536 (2'%), the range of variables used ta define the exuct range of
inleresl must also be expanded by 2'%. Therefore the first argument in the
FORTEAN CALL ztarommenl, ITARLE, must also Le un INTEGER*4 ur-
ray or the eguivalent. TTABLE:L) and ITABLE2} may then select the
range of iblerest.

Enubling this option has uo effect on output becanse the range of input
valuea does not affect the size of ourput values.

Enabling DI'HE alune increases the memory requirement by B9 words.

4.5.4 FHREQS {Frequency Histogram)

A frequency for zerolh) histogram uaally has mewning only when inpul
data elonwnls represent omtiguons measurementa of & continuom wnd are
input sequentially. The freguency hislugram then tells, for cach contiguons
interval along the continuum, how ulten an event occurred that produced
one data element for the subruotine.

For example, suppose we are studving the distribution of discarded beer
cing on Lhe side of 8 road. Let the inpul daly be the distance betwesn cana.
The inderual histogram would thew deseribe the number of times cann were
found withm certain presel inlecvals, that is, how many were 5 feet apart
ar less, how many were hetween & and 10 foel apart, and so on The
frequency histogrum would deseribe the distribulion over sections of 1he
road; how many leer cans levental were found in the Grst quarter mile, how
many in Lhe second, and so on.
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Another example might be to deternune how olten twn events accur within
apecified time inleevals: for metance, how olten do the two events oreur
within 24 zecouds. how often hetween 2 and 4 scconds, and 50 on The Tre-
quency hislogrum would show how many cvenls veeurred within each sul-
asquent time slice.

Mathematicaily, il the interval length in the continuam ia chosen to be K,
and it an ifput, which representa contiguows messurements of that contin-

unm, ig taken L be N, the first element of ihe Irequency histogram iz M,,
where;

M, M, 1
>.ON #K= YN
i=1 i1

The gevund element would he M. where:

}L'1]+M2 I'rl_-f'.'12+1
BON, = 2K u N
i=1 i=1
and s0 o

If a [requency histogram is Lo be produced by che zubrmtine, this Gptiun
must bw enabled, When it is enabled, the length ol the TTABLE ATruY
iScetivn 4.3 muet be incrcased from 10 to 17, and sdditional paramelers
musl be defimed before implementation of the subroutine. The {irel oine
parameters are deflned exactly as if FREQS were not enabled, but
ITABLEND through ITABLEILT) mmgt bo delined as follows:

FTARLED Indicalor of whether to produce u frequency histogram:

b Tlo nol produce 4 frequency histepram
1 Produce u [requency histogram

[TABLELY Length tdimension) of array where resulta of the frequencey
histogramm are 1o be stored: il should he large ciouph io
hiald all input data for ope call,

ITABLE2Y Length of the inlerval of the continuum ta be uzed in con-
structing the frequency histogrum; corresponds to value nf
K in the preceding equations.

ITABLE 3 Number of frequency histugram elements already caleu-
lated; will be et to 0 by the cubroutine for the initial eall
to HISTL when TTABLE(S is (. ITAELEMZ) i updated
contthuously as mput is provessed by the zubrootine. Te-
cause clements of this histogram ave caleulated sequen-
thally, duts From the slurupe areay can be calescted each
titne the aubrourine hws processed all date in Lhe input
array sni returned to the calling routine. I elementz are
extracted, ITTABLE {13} can then be adjosted to reflecl
where the next clument of the frequeney histngram is to be
glored.
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ITABLE(14) Current partial count for Lhe next Cntry in the requency
hislogram; as soon ag the number of input elements sgtiz-
fien the requirements fur completing Lthe current interval
of the frequency hiztogram, TTABLEN S {8 inerementod by
1. and the next entry is placed in Lhe histopram.

[TABLE(1% Elements uzed exclugively by the gubroutine for inlernal
SLUTREE.

ITABLEILT)
NAOTE

If ¥ou enuble FREGE when you build the subroutine. Wau
maust wtill dimension ITABLE to 17 even if ITARLE(11=0.
The zubroutine uses ITARLE(LS) through [TARLTI1 71,

The subrouting alzo needs another array to store the frequency histograin
data. I TTABLE(L0! =1, the FORTRAN CALL statement Loken the form:

CaLl HEFTIITARLEINPUT IMGKAM. IFREGH

TFREY is the array to curtain the frequency hiztozram data. This integer
array must be at least sz long as =pecified by ITARLE1L: upim Tetirn,
ITABLIN13 will notify the wser how many elements in this ATTAY conluin
duxta,

If ¥ou remove data from the array Lelore a eubsequent call to the subrog-
tihe, you may adjust ITABRLEL2) before recutry to reflect the additional
sturage space how available.

TIF the number of array clements available for storage is not large shough,
that is, it ITABLE(13} becomes larger Lhan TTABLE(11), the subroutine
2taps somputing the [requency histogrum (but continues to process duta for
the interval hislogram!, You can teke correclive action by making
ITABLE(] 3t smaller than ITABLE(11) when the subvauring relums. Note
Lhat TTABLE(13) alan mdicates the number of elements lust in the fre-
guency histogram calealation (ITARLE(13}F ITABLE 114,

If FREQS is enabled, memory requireinunty ate increased by approximately
o8 words if DFHY is nul enabled and by spproximately 78 words if DPFTS iz
ehabbed.

4.6 Examples of Input/Qutput Variation Using the HISTI Subroutine

4110

The [bur examples presented here provess equivalent seta of data in similar
ways but focus on different capabilities of the HISTT subroutine. BExample 1
11 hased on the distributed version of the subroutine, A sol ul L 00 ran-
dom integens rangmg from 13 to 2293 & processsd, 300 ut a time, Fach
pequenlial set of inpul points is stered io alternate holves of the input
array Lo simnlate real-time applications, which conscrve procesaing time b
eollecting and processing data in parallel,

The Interval Histogramming (HISTD Subroutioe



NOTE

Il you nae FORTRAN 77 and vou want 1o duplicace Lhe termi.
nal outpul [or the example programs, replace the atandard
randoni-tiwmber gencrator in F4P0OTS with F4PRAN OB
Terminal vetput for the example programs is based on Lhe
FOETRAN TV random-oumber penerator, Tho FORTRAN 77
randoni-numher  penerstor iz diferent [rum that [or
PORTEAN IV and will not produce the same output. B
Section B.1.

Calegories of interest comprise 4 intervals of five integers cach: the mini-
tuen value for the first interval is 200 When provesaing iz complete, tho
[ullvwemg output s printed:

» Tntal counl of data ircmg hetonging to sach catepary, that is, the intorval
histograrn (LHGHE AL

* The number of data ilems smaller than the tolal interval of interest, 1hat,
is, the nnderflow count (ITABLEGG)

+ The number of daca ilums larger than the rolul interval ul interest, that
15, the everflow conit (ITARLE 71

= The total numher of vutput counlers that have exceeded 65595,
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oy 1 1
HISTI Example #1
OIMEMEICH ITRE.F 1100l aTRPUT ;=020 IRSPEAC I
ERUIVALFRTF « L 1A kv ] o d5]  CETAD.F 1 1

LETA ZTHELE 20T 00 53 (S0
LRTA DL 1205y

DC 2 J=2i121
[ EARTRLE [T I R RS |

DL 1 imM 22T
DKL EvAR DI L AT I eD L T

CALL HESTOIITAALE » ZhPUT DM = (1 5idAM
CFISTRALE IS (EG, O Gu i s
TrFEZ GG LTABLE 1 41

:.l:-%'." FLEAAT ! 'ER®Ok 1w zarger - " 3:
STLCP

CON TR

L3}

I e Gl CLOICE O ¥ &
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Hahe FERAAT Itk T3 AT i I wewmtm ] f 0
“vYFE 206G
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LI “hTE DAl FIOURT S S
TePL b i v W= ] 5 He [ A=[S  [HGhGr 4 e | it
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hPL Ay JTPBLEY DD sD-EWEL
dlier FORYAT o0 ' URGERF_CA CAUKT » " 10 f o " DYERF_Ok CAURT = o010, -
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Definge array  elements and  their  sices; nse  equivalence for
COTLVETLIET 0.

sSel parameter table clements: fhere ace A0 inrervals ol interest,
zlurling &t 20, and comprizsing 3 eletmenls each: iMput areuy coMeains
M data elemenls; sel TTABLES) 1o zevo o sighal initialization.
Initialize random: oumber pencrativn wariahlez.

Provide 20 sets of data (500 poinls each) for processing.

Deterrnine which half of the inpul array is to reevive the next sel of
input. data,

Caleulate neal set of vandom numbers for processing.
Process next set of input values:

TTABLE containg parametier table
INPUT eontaing inpuc for provessing, starting ul au beeript I
THUGRAD is arrsy where interval histogram is stored

Check for erronr nm reoneh,
End of dats generation and proseszing loup
Print vutput:

[nterval histogram (THGRAM)

Ubiderflow (TTABLEG %, nverflow (ITABLETI); counter overflaw count
TABLI =)
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Trerminul Output
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HISTT Example #2

Example & iz idenlical to Example 1 except that a frequency histopram is
produced in additinn tn the resolts output in Exumple 1, Tiw distyibnted
varsion of the object file for the HISTT anbroutine samnet be s 1o produce
a frequency hislogram. The zubruutine must be built fom the souree file
with the FEEQF vption enabled in order o pruduce a fregquency histogram
iRee Section 4.5.4 and Sectjon 110,

Onee FREWE has heen enobled snd the correct Form of Lhe subrouling is
available, the perameter table muat be expunded to inclode definitions [or
the interval size of the frequuney histogram and the size of the array in
which the frequency histogrum data are to be stoved. ‘Il name of the UTTAY
to he used Lo store the froguency histopram data (IFEEQ] mmst alsn he
added to the FORTRAN CALL statenient.

[Tpon complelion of processing, the oulpul inclides the elements ol Lhe
frequency histngram in addition to the values output in Example 1.

The lalerval Tistogrammme (HIS T Subroutine 417



HIST1 Exuemple 44
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Deline  srray  elements and  their sizes: use equivalence [or
COMYETIENTF

Sl parametor table elements there are 4 incervals nF'in[EmsL start-
inp &t 20, and cumprising § elementa each: inpul array contains GO0
clements; et ITABLESS) to zero 1o sipnal initialisation; indicals fre-
quency histogram should be produced, set number of elements in fra-

guency histogram array, and specify length of frequency hislogram
inlerval.

Lnutialize randain number generalion variables.
Urwvide b sets of duts (51 pointls each) for PrOCeRRing.

Determine whicll hulf of the inpul array iz 1o receive the next set of
input data,

Determinge nexl set of random numbers tor priceasing,
Froceas nexi sul of mput volues:

TTABLE contains paramoeler table

THPLUT contains input for processing, slurting at sulscript W
NTGHAM is uresy where interval histeeram 13 stored
IFREL iz urray where lrequency hislopram is stored

Check for error on return

Note thal ITARLF13; is ussumed to be less than ITADRTE: 111, which
15 aet at 1240 thevefore [TABLE(LD i not checked

Fond of daty peneration and processing lonp
Frint outpaul:

Interval histogram (THGRAMI

Underflow (ITABLEG) : uverflnw (T ABLETI: counter overflow counl
([TAPLE: &0

Frequency histngram (IFREGT. where T rahges fom 1 to
ITATGLEL3);

The lnierval Histogramming (HISTD Subroutine  4-19
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HISTL Example #3

The provessing echeme used in Bxample 3 s identies] to that for Example
L. One major varigtion in Example 3 is that euch input dalu element, is
increased by s faetor of 63536 12" and st therefore be Lreated az a
double-precision integer, Because the diztributed version ol Lhe nhject file
for Lhe HTSTT subrouline eanmnt process double-precizivn integers. ihe
solrce file muat be buill wilh the TTPHS option enabled (see Saption L.11.

Example 3 jllustrules hosw the propur version of Lhe subromtine processes
douhle-precision inlegers. Tnput values are exactly 2" (655361 Limes larger
thun thnae valies proceared in the previons gxarnples, and ontputl s anale-
puul tn that in Exumple 1.

Mute that when deuble-precision inlegera are processed. horh the Lnput ar-
ruy snd certain o Lthe parameter lable values nust be double- precision
ideper arrays wuta Lype TNTEGER*4. Because Lhe Irt, dnd. wnd 12th
purameters of ITABLE are all increused by 2°° oa Legrories aud intervalz of
interest are increaved so that Ltheir relation to the INPUE velneing the sam

as in Fwample L Thus oneput leom Fxample 3 @5 identical W that from
Example 1,

Because this cxample uses FURTRAN TV, double-preoaion arruye ITABLL
and TNPUTL ure equivalenecd to single-precision arrays ITABLE aml
INFLUT of the sueme word length. As a result values for the dushle-precision
elements can be ret via their single-precision equivalents,

The luterval Mistogramming (HIS1 Subrogtine  4-2]
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HIST] Example 20
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Dueline ureay elements aud their sizes; use eguivalence for conven-
tence;, note that ITABLD and [NPTUTTH are doublesprecision.

aet parametor table elements: there are 40 intervals of interest, atart-
ing at 20-2" = 1,210,720, and eomprizing 5-2-F = 327 680 rlements
each; inpul array containa WY elementz: sel ITABLINAY tn sero ro
algnad initialization.

Clear high and luw parts of donble-precizion input.
Initialize candum number generation variables.

Provide 200 sets of data (000 double-precision peointz eachd for
[EOUEEHLET.

Dolermine which half of the inpul array i3 to receive the next set of
ihpul dela.

Delermine next set of random oumbers for processing; place random
number tange from 13 to 285 in the high order part of the douhle
precision integer array ITABLD wvia TTABLE, cffeclively producing
random numbers i the runpe of 152" tp 29520

Frocesa next sel of inpul values;

TTABLL conlains parameter table

INPUTLD contains input for processing, slurling at subscript N
THGREAM iz array where interval histoprum is atored

Check for errur on retum.
End of data peoeration and processing loop
Frint oulpul:

[nterval histopran (THGRAM)

Underfiow (TTABLTEE; overilow ITATLIN 1 connter uvverflow connt
I'EABLTIA

The Interval Histooraroning VHISTH Subroutine  4-23



HISTT Fxamplce #4
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Define array elements and their zizes; use gquivalence for conven-
ience; note thal ITABLL and TNPLTD wre double-preciainn

Sl purameter table elements: there are 40 intervals of interesl, start-
g At 225 = 1310720, und comprising 5-3% = 527 B0 clements
wach; inpul array contains GO0 eletnents; set I'TADTING tw seto to
sigmal initinlization; indicuts frequeney histogram should be produced
sel mumber of elements in frequency histogrum artay, and specify
length ol frequency histogram interval (100002 565260 (RN,
Clear high and low parta of double-precision input,

Initialize random humber gencrution variables.

Frovide 20 sets of data (500 double-precision points each! fur
progessing.

Determine which halbf of the input ATEAY B Lo receive Lhe next sel of
inpur duta.

Determine next sel of random numbers for procezzingr place random
numbir range from 15 to 225 in the high order part nf the double-
Precision integer urray TTABLD via ITARLE, effeetively producing
random numbers in the range of 1524 1 295215

Provess next set of input values:

ITABLTY conlaine parameter tabie

INPUTD containg input for processing, starting at subscripl N
[HGRAM = array where interval histogram is stored

IFREY) iz array where lrequency hislogram is slored

Check for error on relurn.
Iote that ITARLIN LS ia assumed (o he loss than TTABLINIT), which
1t aet at 120; therefore ITABLIM L3 v not chegled,

End of data generation and procesging lunp
Print outpt:

lalerval hisugsram (THGRAM)
Underflow (ITARLLIB: nverflow (ITABRLINT I counter overlnw connt
(ITARLINED

Frequency hiatogram (TFREGNL). where | range: [om 1 o
ITARLI 11 TTABLEZ51)

The Interval Tistoprumming (HIETT Subrnutine 427
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INTERNAL HISTOGRAMMING WITH REFERENCE POINTS
{RHISTI) SUBROUTINE

FORMAT:

CALL BHISTIITABLE INPUT IHGRAM I FREG

YWhere:
ITAGLE

INPUT
IHGRAM
IHREQ)

13 an misper array of at least 16 elements,

ITABLE)
ITARLE2)
TTARTLE,
ITABLE4)
TTATLEE)
TTABLEWG
TTARLE(T)
TTARLE(

TTARLEM
TTARLEI4

TTARLEIL
ITABLEILY

ITABLE}3:

ITABLEIL4)

ITABLETLS}

ITABLE[LG?

firat interval lower limit

apecified interval length

total number of contiguous inlervals
considered

total numhber of arrav clemenls cun-
taining data

ramber of data values to be processed
after each reference is

detected

initialization flag

rriber of reforenee poinls

detected

underflow count

overflow connt

number of outpol arrey elements
excecding  lareosl  possible aingle-
precigion inteoer

error flag

frequency histogram indicator

= no egueney hizlopram

1 = frequency histugram

number of array elementa used tn atore
requeney bistorram ITAGBLEI2) 13
namber ol frequency  histopram  ele-
menle  wlrewdy caleulated 0
ITABLE(13:=1)

currenl purtigl count for next entry
inla  Lhe Tregueney  histogram  (Gif
ITABLE/12]1=1)

internul storagme

iz an inleper ureay conlaining inpat data.

i# gn inleper weray used Lo store output data,

iy un ioleger wrray uded to stnre frequency histogram data
(roegquired vnly when ITABLE{ 2 1),

FILE NAMEH:
REHISTIMAC (suuree [ile]; RITISTIOLT (ohiject filal



OPTIONS:

e ETS {Toxtended Inatruction Sel — KE11-E)
e FAT {Txtended Arithmelie Elpmenl — KE11]

o TFPRH [Dhiuble-Precisivn Inlepers)
APPROXTMATE SIZE O SLBROUTINE (1IN WORDS:

If the following optinns are snahled:
NOME |ElE | AR

NOKTE 2EG lga | 199
TPR% 60 247 | 273

TYFPICAL EXECUTION SPEED:
With PIIP-11/14 und EIS enabbled: 150HHY Proinleseoond.
With PTIF-11:03 und BEIS enateled: DM} [oinleseoond.



Chapter 5

The Interval Histogramming with Reference Points
(RHISTI) Subroutine

The interval histogramming with reference pnints aunbrontine counts cthe
number of data ebermnents chat fakl inlo une or more predefined categorics, or
data typea. Seta of such counts are olten presented graphically as bar-
graphs or histograms. The gubroutine inlerpreta preset numerical intervals
an categories: a set of categorics for a prven appheation must be ropresent-
ahle as a contiguons group of inlervals of squal Tength.

[hata to be processed must be represented by ungigned integens ool equal to
zar0. Data elemonts cquel o zero are imterpreted by ihe subrouline as
reference pointz, Processing of input data beging anly after ihe Orst refer-
ence point is detecred, Addilivnal reference points sre significant in Lhotl
Lhey partition the data atream,

Trterval histogramming results wre presented as an array in which wach
antput elernent iz azsociated with a apecific category. A count is alse kept of
inpuc clements that do nol belong in any predefined category: this count ia
reported separatoly.

If & frequency histograom 3s wlao produced, each elemeont of iLs oulpat. ATTAY
contain: the total number of data elements that appear in the dats stream
in the scgrent deseribed by each pair of reference points.

5.1 Definitions of Basic Terms and Conventions

Tt i3 important to understund how =ome of the terms and conventinna de-
seribing the HHIST] subrouline are uaed throughout thiz chapter.

» Dot strewrn lor fnpud data sfvcont: describes all duta Lo be processed to
produce one bistogram. Mote that the entice duta stream need not bo
procezsed al onee; it may he procegsed i seguential parta.



s Infereal deseribes a anhzet of integers, I is taken to be {ta length, the
mierval is defined in terms of its lower boundary point and the next N-1
integers in ascending order.

o Curéegary is a unigoe claszification of data.

s Two areas thel are potside the tolal runge of intercsl are; those values
that arc smaller than ihe minimum, vr waderffow valves, and those
larger than the maxiraum, or sverflow values,

» Eient means something that generutes & valid duts element.

3.2 Your Input to the Subroutine; Its Characteristics

52

Tour input o the aubroutine should have the form of @ steeam of inte parn,
divided into like segents by a set of reference poinls. This section deats
with how this data streum 13 seen in the real world and in the subroutine
world; it also cxplaing how the subroutine inmwrprets the ginple-precision
mmtegers in the input strearmn.

3.2.1 The Reference Peints — Their Significance
Heturence points zorve iwo purpozes:

a They indivate the peint in the input data stream where the interval histo-
gram should hegin, that is, al the first referenee point,

* They denote boundary pointa in the input stream which are used in the
production of a frequency histogram (ree Section 5.3.47.

Referenoe points are novinully used to gignily eventz that subdivide the
npul duts streamn into related partition:. For example, relerence points
enn signify ticks of a elock at a prescel rate during a sampling procese. Or,
if you are meniloring rezponscs o a seriez of stimuli, the oeeltrrence of
each stimulus could be recorded #a a refercnee point, and the dala charae
terize the response being observed,

5.2.2 The Relation between Data and Categories

Data to be hivtogrammed are nonsers integers reluted in gome wiy Lo the
actnal data they represent. I the data are namericsl, such as mossures of
height, temperatnre, or time, this relation i immediately meaningful and
obvious. Hnwever, the relution may be purely arhitrary, as when the data
deal with an abstract condition that i represented by an integer to b
processed by the subroutine; for cxample, if balls of dillerent eolors are
being counted, un integer musl bu assigned to represent one color to dislin-
guish it {rum nther rolors.

Dala categories are alse numerical: each is represented by an inlerval of
integera. And like Lhe datsiinteger relation, the relation between 3 cate-
gory and the inlerval representing it may e ohvious or completely arbi-
trary. Values ausigned to these inlerrelated entilies (Figure 517 must be

The Interval Histogramming with Beforence Pomtz i HHISTD Subrontine



rutually consiztent; for instance, an integer representing a data clement.
st be in the numeric interyul correspondimg to che particular calepory tn
which that data clement belonps. Figure 5-1 illustrates thal relalions 1
and 2 are fixed, uod Lhul ooce relation 3 or 4 is chosen, the remaining
relation iz no loopger cumpletely arbotrary,

Figure 3—1: Interrelation between DATACATEGORY and
INTEGERINTERY AL Concepts
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5.2.3 How the Subroutine Interprets Single-Precision Numhbers

Acceptable inpul und vutput values for the RHLISTT subrontine arve single-
precision integers in the range of 0 to 80030, single-precision positive io-
tegerz in FORTEAN have a vrange of ) to 32767, Thiz appavent condlict is
actually a matter ol inlerpretation and decimal representation of the FGE EL-
tive nunmbeors in FORTRAN; it iz eaaily resolved, us we shall explain.

In theory a 16-bil binary number can represeot o decimal number as Levppse
ma 55333, [n FORTRAN thia range is divided intu twe parts: values from 0
to 32767 are interpreted and used as posilive integers; values in the olher
half' of the range are interpreted and used us negative integers. In
FORTRAN negative numbers rangmg from —32768 1o -1 correspond di-
rectly to binary nuinbers ranging in decimal value rom 32765 o 65535,

The RHISTL subroutine dnes not process or report values less thao sero.
Therefore all inpul und output values are trcated ua unsigned 30 that we
ean uae the full pozitive range of the 16-hit word.

You may well ask "Hnw does this interpretation of the data by the zubrou-
time affeet my parlicular apphization’™ The aoawer ia:

1, All input vulues and a1l resulting oulpual data less than 32766 (2" are

treated 1o exactly the zame way by the subrontine and by FORTRAN
(Fipure 5-2).

2, Ileilher your mpuc data or the resulting sutpul contuin values grealer
thun J2767 (hut not greater thun 655350, they are inlerpreted az nega-
Uve by FORTRAN but ol by the subroutine, For example, if the zub-
reuling eutputs & single-previziun integer value of 40000, FORTREAN
interprels It us - 25536,
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Figure 5-2: Relation between FORTRAN Integers and Unsigned
Binary Values

= FIATAAKW mbempratalion (2s Camplemanl)

JZTET -3ama

|
2T L.
Q.. 5553

—= Unsigned 15 Cogit Binary Yaluo

A 1B

We ahall now present a simple mechanism for converting a value that
FORTHAN interprets ay negative to o flagting-point eember equal to the
unstgned interprolutinn of the vuloe. Thiz conversion may oot abways be
NBCESRANY; s0me operations, such as addilion and subicaction, are unaf-
fected by the wigns of the operands, The unsigned resulls of such an GPETE-
tion would be correct g0 long a3 the rosults were not less than O or greater
thun 63535, However, operations such aa division und multiplicalion, or
printing and cyping, arve affected by the FORTRAN interpretation of un-
signed nunbers larger than 32767 as negative numbers, The following twa
methods van he uzed w cunvert unsigned mingleprecision numbers Lo
floating-point nrmbers:

H = (1-[NIABE{NIW2} « 55536, + N
or

HE =N
IF(N.LT.OYR = 653536, + N

where B iz the floating-peint variable equivalenl to the unzigned aingles

precizion ioleger atored in N, and TARSN) is a function availahle fom the
FORTRAN library,

Tu convert a floating-point number kess Lhan 2" to an unsigned integer, you
can gae one of the mllnwing equations:

N - R- 60536, = TRTX (RA327TR3.
O

N = R - #5336,

IFRITALTEE N =

where R is again the floating-poinl variable, N the unsigned integer atored
in N, and IFTX is a function available from the FORTRAN library.
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5.3 How to Present Your Problem to the Subroutine

You can eantrol the Lype und acepe of the hislugramiz) output by thia sub-
routine by sciting Lhe appropriate parameter table eleimenty. You wet
specify the number of data elements t be processed fullo wing erach refer-
#nce point and deline your categorics of intsrest so thatl the resulting inter-
val histogram meets your requireinents. You can also specify whetlicr a
corvesponding frequency histegram is tn he produced. An array of paca-
meter values is used to pasa your prucessing requirctnents 1o the subroutine
iHection 5.4

2.3.1 Number of Events to be Processed Following Each
Reference Point

The nutnber of evenis to be counted into tlw interel hiztogram fellowing
detection ol euch new refercnce point ig gpecifted by the fifth element of the
parameter ureay (ITABLEGD), Section 5.4, 1] Lhis element is sel Lo rern, all
data clements fnllowing cach reference point are crunted into the interval
histogram. Repardless of the value of TTABLEGS). all data elements foll pwe
ing each reference poine are counted into the frequancy histogram, if one is
privliueed.

This particular feature ol the RATST] subroutine ig azeful Do applications
in which statistical inlurmation involves u fAxed number of data elements
relaled to each reference point. o sueh applications the refercnce point
ellen represents an event that causes, or provides the stimulus for, the data
te be hiatogrammed. Such data clemuenty often represont measures of Lime
or spuce relative to Lhe esuring evenl.

For example, suppoze you wish to sludy the svrival times of the fesl Gur
piecez of [ire-fighting nppuratus at the seene of a fre alter the alarm
soninds, The aounding of the alarm iz che sLimotus, and is representod by g
refercnce pnint in the dala stream: the duts elemencs repreasnt che clapsed
time belween the sounding of the alarm and the arrival of the picves of
equipment. Thuoz, if ITABLE(A) 15 set to 4 and the dato are myui chronulng-
ically, the arrival times nf the first four peces ol cquipment are counted
inte Lhe interval hislgram. & corresponding frequeney histogram would
record the total nmber of pieces of eguipment rexponding to the ularm,

9.3.2 Dwescribing the Categories for the Interval Histegram

The numerical intervale representing the cutepories of inlereat to the
subrmutines are deflined by means of a table of parameter values aet by 1he

user. The first three values in Lhe parameler tahle define theas intervals
loee Jection 5.3

# The first clement of the parameter table definea the lower limit of tho
Liest imterval. Data valuez smaller than this limit do nob Call inte oy
predefined calvgory and are reported 2eparutely (see Bectinn R2.30
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* The second element of the parameler tahle defines Lhe numerical length
of each interval. Therefore the fint interval spans values greater than or
equal to Lhe firat element bul smaller than the sum of the fivst and second

elements. Bymbaolically, if the Grat element s I and the second is 7. the
firet interval spans all data, K1, for which

[=RKl <1<+

The second interyal apans all values, K2, for which
l-J=K2 =] -2-4

and a0 0n. Nefe tha! there are J volees in sach inforval.

= The third elemnent of the parameter tahle tella the subroutine how many
intervals — starting with lhe value of the fivst element  to censider,
This element also specifies the minimum dimeosinn of the oulput ATTAY
bresuse each interval hus s cortesponding vutput array cletnent. The

implication of this value is that the last interval of inlerest spans all
values, KN, fur which

I-iN Li-d=EN<1+MN-J

where W is the value of the third element and 1 and J are the values of the
firat and sceond elementa, respectively.

£.3.3 COverflow and Uinderflow Count

Bevause the intervals of interest may not span the entive range of legal
1nteger mput, it iz possible that the input dats stream may coutain values
that do not fall within any specified eatepory. The enbroutine counta the
number of data values outside the upper and lower limits of Lhe specified
catepories. The number of data values that are amaller Lhao the minimum
specilied in the first elenwent of the parameter table (Section 5.3) iz callpd
the underflow count and s reported in the cighth element of the parameter
table. The number of values that exceed the maximam value in the interval
of interest is called the nverflow count and is reported in che ninth element
of the parametsr table.

5.3.4 Frequency Histogram

In addition to the other processing characterstics described, un aptional
frequency mr zeroth histogram ean alao be produced. [ takes the form of an
additional output arvay that indicates the level ol uctivity between earh
pair of eference poincs. SBpecificalty the swmber of input elements following
the nth reference point und preceding the n - Lih reference point are re-
ported az the nib element of the frequency histogram array,

5.4 How to Call the RHISTI Subroutine

The symbolic name [or the interval histogramming with reference poinls
subrouline is RHISTL and the generat furmut of the FORTRAN call is:
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CALL RHESTIITARLE INPUT IHOHAMLIFREQ]:

Frr refercnce, argument names i the call to RITISTT have boecn asmiprned
arbatrarily. You muy supply your own argument names, bur you must state
all of the argumenls explicitly. There are no defanlt values foe uny of the
arguments. 1 you omit an arguinend eilher accidentally or on purpose, ar if
O sUpply Luo many arguments, o FORTRAN ervor message reaults and no
dara is provessed. The arguments are deseribed in the following disengsion.

[TABLE i sn integer array of at leust 16 elements used 1o:

# Tranamel information [rom Lhe urer to the subroutine [TTABLE(L
through ITAGLE W

# Helurn enformarion frorn the suhrowtine o the user [ITARLET) thruugsh
[TABLE/ 11

* Transmilirepmt information wlrom the subrouline un the optional [re-
guehey bistogram (ITABLEL2) through ITABLE15

& Store information oo wn interim bazis (by the subrouting JTABLE 1S,

ITARLEIT)
You must set the weeay elemencs thul transmit informution to the
suhroutine,

TTABLEIL) Thes lovwrer limit of the firat mterval (ze0 Sectinn 5.4,

TTAELEIZ) The apecified interval length (zee Seetiun 5.9.2)

TTAELL3) The tatal number of contiguous intervals tn be conzidered
(epe Beetion 5.3.2)

TTAELE4) The tntal number of array elements containing data (sturi-
ing wilk the first element of the input arcay (NPT T

ITARTIS) The oumber of data valuwes to be processed aller pach refor-
wnce print i3 delected; if aet to zerw. ull valoes are pru-
ceased (zee Seclion 5.00.1

TTABLE(S: A value that musl be set o zero belore the initial cull 1o
the subroutine; it signalz the subroutme to inilialize the
matput array and rther ourput vlementa in the puraumeter
table, On subwequent calls o the subroutine, if a diferent
segment of the same set of dulu iu bring processed, opera-
tion conlinues and there is noe reintialiration.

The next group of elements is used tn report inlurmutinn nor ineluded in the
actual histoprram:

ITABLET) The number of reference poinls detected

TTaBLES) The underflow, or the couut of the aumber of input data
values thatl ure smaller Lhan ITARLEL
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ITABLER: The overflow. or the sount of Lhe number of input data
values that exceed the upper timil of the last interval; data
values exceoding

TTABLED + ITTAELE 21 ITARLE2)
are counted,

[TATLE 1N The number of wutput array elementz thal have excooded
the largesl possible single-precigion number (85535) (or
overflow/underflow count) 1see Section 5.2.3)

[TABLE(11) An clement nged to report ervor conditions:

=i} Indirates no errors

o | Indicates thal ITABLE:{l:-ITAELEiZ2]-
ITARLFE 13165515

=M Indicates the ITABRTE(N is in errar, for cxample,
ITAELE2:=0

= N Indicates incorvect number of arsuments in eall

The nest group of elements is used to transmitreport information coneern-
ing the optional frequency histogram. Note that you must et ITABLE 12],
and that ITABLE must he dimensioted 1o 17 regardless of whether u fre-
quency histogram is produced.

ITABLE L2 Indicator of whether a frequency histogrum should e

prolued:
=0 Do not pruduce a frequency histogram
=1 Produce a frequency histopram

IF [TABLEZ)=1, Lhe frurth argument in the
call statement muat be presend i(IFREQ),

ITARLE(11 The number of eclements in the array used to store the
frequency histogrum ithe dimension of TFREQ in the
CALL stalesment?

ITABLE14) Aumber of frequency hizlugram elements already calcn-
lated: will be set by the subrnutine to @ fur the injtial call
Lo RHISTL, when ITABLE(GS) iz 0. ITABLE{14) iz updaled
continuously we input iz provessed hy the subrouline. Be
canze elementa of thiz histogram are calculoted requen.
tially, data feom the sloruge areay may be extracted each
Lime the subroutine has processed all data in the inpol
arcay and returned tn the calling routine. Tf elements are
extracted, ITABLE(14} may then be adusted to reflect

where the next element of the frequency histogram is to be
atoredd.

ITABLE: T3] The current partial count for the next (ITABLE(14) 4+ 11
entry in the frequency histogram; each time annther refer-
ence point is delected, ITABLE!14) i updated and the next
entry is placed in the histogram.
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The next elelncnts ure used only by the subrmutine:

ITABLE(18,  Elements nzsed exclusively hy the anbroutine for internal
sLirage

TTABLE(1T;

INI'UT is un integer array conlaining the data 1o be processed. All dats
are lreuted aa positive and unsigned (see Section 5.2.9), All input ele-
iwenty equal to zere are iolerpreted as reference points fzec Swction
5.2.1). The enmber of array elementz to be procesaed iz I'TABLEY. and
prucessing always begins with the firgl elument. of the areuy. Note, how-
vver, that all data need not be placed in the areay at one Lime. Tnatead,
e urray of data can be processed, the arcuy refilled with pew data, and
the subroutine called apuin to process the array of data o second time, It
1 pugaible to continue in this piecemeal Tushion nntil all data have henn
prucessed. In real-time upplications such u processing cvele becnmes an
angoing finetion,

IHGRAM is an inleger areay to slore the resultz of interval histogram
processing: cach array element is devoted excluzively tn one of the no-
merical inlervuls that represenls a single eatopury. The order ol the
array elemeols eorvesponds (o Lhe numerie order of Lhe intervals, Lhat ia,
the Mth clement nf the outpul array will have a value egual Lo the
number of data elements in the nput stream thar bulong in the intervat.

TTABLE:Li+iN-1-TTAELE[Z)] 10 "TTABLE(11+ K- TTABLE(® 1]

TFFREQ is an array required only when ITABLE 2 -1 and is used to
store the frequeney histogram data. This integer array must ba al least
35 long a= specified by ITABLE(13), Upon relurn, TTABLE(14) notifies
the user huw many slemuenty in the sreay contain datz,

IFvom remove duta from the array befire a subsequent eal] to the subrmi-

tine, you can wdjust TTABLE14] hefore recntry tn reflect the additional
atorage space now available.

If the numher of arrar elements availuble for SIOLAZC v not large
enouph, that is, if ITABLE(14) hecomes larger than FLABLINE) the
zubreuline stops computing the frequency histogram (bul contmues to
provess interval histogram datan, It this condicion arises, frequency his-
togram data may be losl. To correct this problem, moke ITARLE14}

ginaller than TTABLE(13). ITARLE(14] indicatea the number slements
logl (ITATTE 14 HITABLIT 3,

5.5 Input and Output — Using the Subroutine

A previmgely staled, all data for a purlionlar histopeam necd mot be avail-
able, or even known, hefore processing hegine. [nitialization Laker place ull
wrunters are 26l Lo wernl only when ITABLEB) equals 2eru. Parameter Luble
elementa arc also checked for correctness when ITABLEG equals zero.
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Befnre the subrouline returns, it automatically changes TTABLEG) 50 that
if & subscquent call is made Lo process new data [or the zame histogram,
Procezsing continues as Lhough no interruplion bad taken plage, Thus an
eintire wet of data for one histogram can be processed al one time, FLL& YTy
gpace permitting; or, il the user wishes, the data can be processed one
aegment at o lime. The value assipned to TTABLEY should indicate the
number of elements in the inpul array to be provessed for a specific call

The subroutine ia poaition-independent and reentrant, Alihough theze fou-
tures are of interest mainly at the system level, they do resutt in additional
advantages at the user level. Perhaps most mgnificant is that several deats
sireams can be provessed simultancously. All pertinent information con-
cerning the history of a data stream is contained in the ITABLE ATTAY
rather than in the code for the subroutine, Inaginative use of the argu-
mentz in the subroutine call should make the subroutine functinmally eorn-
patible wilth any application that uses interval histogramming of duta
relative Lu refevence points.

3.6 Moditylng the Subroutine — Using Options

B-10)

The tollowing sections capluin which options vou can nse with the interval
histopramming wilth relerence points schrootime, I ¥iui want, to use any of
Lhe aptions, you must enable thetn when you build the subroutine from the
source {ile using the interactive build procedure (see Section 110,

9.6.1 EIS (Extended Instruction Set)

Enable this eption if your inztailation has RIS (KELL-F hardware or HIY
ather floating-pnint option availuble. Fnabling this opEion ilcreases the
execulion speed and decreases the memory requirementa for the subrogtine
by approximately 121 words if DPRY is not enahled, and by appraximately
123 worrds if DHRE is enabled.

9.6.2 EAE (Extended Arithmetic Element)

Enable Lhiv option if your installation has BAE (KE11) hardware available,
Enabling this option Incereases the exceution speed and decreuses the mem-
ory vequirerachits fur the subroutine by approximatedy 87 worda.

5.6.3 DPR% {Double-Precision Integers)

H ihe range of dala vatues to be histogrummesd exceeds 65535 (213, this
conditional option must be enabled. Mole Lhat if you are using a copy of the

aubrontine in which the symbol DPRE has been enablod, vou muat provide
vour data te the anhroutine as followa:

o All input data must be double-precision integer, that is, the zecond ArE-
ment in the FORTRAN CALL atatement, INPUT, must be an
TNTEGER*4 array {or squivalent.
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» Becauze thiz option expands the possible ranpe of input values by a (actor
af 2% the range of variables wscd e defline the exact range of interest
must alzo be expanded by 2% Therefore the first argument in the
FORTHAN CALL stalement, ITABLE, muoat glzo he an INTEGERYS ur-
ray or the cguivalenl. [TABIET) and TTARLE(Z can thenn selecl the
rabhge ol inleresl.

Enabling Lhia optiun has noe effect on the autput because Lhe ranpe of ioput,
walues does nol alleel the size of output values,

If DFEF is cnabled, the wize of the subrontine inereazes by upproximeately
74 words.

5.7 Examples of Input‘Output Variation Using the AHISTI
Subroutine

The three examples prezented here procezs cguivalenl sets nf data in simi-
lar ways hut focuz on different capabilities of Lhe REIIETT aubrontine.

Exumple 1 1a based on the distribuled versivn of the subroutine, A sot of
10,0090 random integera vanging from LS w 225 v processed, SHF at a cime.
Eurh sequential set of input peinie is slored in alternate halvez of e
INFUT array to simnilate real-time applicalions, which congerve processing
Lime by collecting and processing dawe in parallel.

NOTE

If you uze FORTHAN 77 und you want tn duplicate the terni-
nal output for the cxample programs, replace the standacd
random-tsinber geoeralor in TAPOTS with FA4PBAN QB
Terminal output [br Lhe example programs iz based on the
FORTEAN IV random-oumber penerator. The FORTHAN 77
random-number  geocrator 35 different from that  for
FORTRAN IV and will nol pruduce the aame putpul, See
Section B L.

Categories of interest comprise 40 inlervals of five integers each; Lhe mini-
mum value for the first interval is 20, When proceseing is complete, the
tollowing output is tvped un Lthe Lerminal:

s The total couni of dula ilems belomgmg to each calepory, that in, the
interval histogram (LTHGRA M

» The total number ol reference prints detected (ITABLETh

» The number of date ilems smaller than the total interval ol inlereat, that
is. the underflow count |\ ITARLE!S:)

# The number ol dala itema larger that Lhe Lotal interval of interest, chut
ig, tho overflow count (TTARLF 191

# The tolal oumber of output countors that have exceeded B3533
(ITABLE{107}
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RHISTI Example #1
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EHISTI Exanple #1
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Deline arvay elements und their sizes; wae squivalenee ol convenicnee.

ONS

Sel parameter table elements: there are 40 intervalsof interest, ztart-
ing at #k, and cumprising five clements each: inpul acrey contaits SO0
data elements; set TTARLES! 10 wero to aignal initislization (oo fre-
quency histogrum is producedy; set number of dats values to be pro-
cesaed after euch reference poinl Lu zare to signify Lhat all walues are to
he processed.

Initialize random number generation variakbles.

Prosviide 20 gels of data (500 poinls each: for proceaning,

Netermine which half of the input arvay is tn receive Lhe next st of
mpul dala.

@ &

Determine next aet of random rambers [or processing; produce 2ome
zere valuwy |reference poinls).

Frocess nexb set of inpul values:

ITAELE vontaing paratneter tahle
INFUT eontams inpul [ur processing, starting at subseript N
THGEAM ia array wiwre interval higtopram is storod

End of data generation und processing Inop

CXe

Ty pe output:

Interval hiatogram (TFIGRAM)

umber of reference prints deteeled {TTABLETH

L nderflow TTABLES; overflow (TTABLES): counter overflow cout
UTABLF 1)
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Terminal Chitput

IKTERVAL COUNT
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RHISTT Example #2

Example 2 is identical to Exomple 1 except Lhat a frequency histogram s
procluced in addition to the results outpul in Example !
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EHISTI Exsmple #2
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@ Nefine  array wlements and their =izes; use  eguivalence  for
conveniches.

@ Set parameter tahle elements: there are A mtervale of intereat, start-
ing aL 20, und comprising [ive elements each: input urray contains 500
elements; st number of data vulues to be processed after each refor-
ence poinl L zero to signily Lhal all valuez are o be processed: sel
ITABLEIB) to #ero to sighal initialization, indicate that fraquency his-
tugram should be produced and set number of elements in frequency
hustopram array.,

Inilialize random number penevation variables.

Pruvide 20 seta of data (5 points each) tor processing.

Determine which hall of the input array is 1o receive the oext set of
(nput data.

@ O

Determine next sel ol random numbers for processing: produce some
peru values (reference poinlsd.

&

Frocesa next set of input valuea:

[TATGLFE contains purameter table

INFUT containg inpul for procezsing, starting at subseript N
THGRAM iz arruy where interval histogran is stored
TFRER] is array where frequency histogram is stored

Clirck [or error on retyren.

End of duty generation and prucesaing loop

Tvpe oulpul:

Interval hislogram (JTHGRAM

Wumber of reference points deteeled (TTABLETH

Underflow il ABLES3Y; overflow (ITABLEUN Y connler averflow cound
(ITART.E(10N

Frequency  histogrum (TFEEQIN), where N rvanpges from 1 to
TTAELE:; 141

@@

The Toterval Histopraonming with Relerence Pomis IRHISTH Subrontine 19
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FHIST] Example #3

Example 3 15 identical te Example & excopl Lhat each input data element is
increwsed hy & factor of GARAIGIE™ and must therciore he represeiled a8 a
double-precision inleger. The distributed version of the subroutine rannor
prucess double-procision integers, The suhroutine must be bailt frem the
source file with DI'RE enabled in order to produce an nhiset file cupable of
processing double-previnion input 1see Section 5.6.9 and Section 1.1).

Exaemple 2 illusirales how the proper version of the sulroutine privestes
double-precision intepers, Inpul values are exactly 63536 times thoee pro-
cessid in previow: exumplez, and vutput iz abalogour fo thal in Example 2.

Note Lhat when double-precizion integers are priceszed, both the input ar-
ray wnd certain of the parameter table yvalues must be dmible-precision
intuger (data type TNTEGER*4). Because the 1st and Znd parametera gf
[TABLE are incresssd by 63536, cateporivy of interest are ingreased =0 thal
their relation Lo input remains the 2ame a5 1n Example % Thus output from
Example 3 is identical to that from Example 2.

Because this example waes FORTHAN IV, donble-precision arruys ITARLD
und TINPUTD are equivalent tosingle-precision artays ITABLE und TNPUT
of the zame length; thus valoes for the drible-prucision elements can Ty sel
via their sinple-precizice equivaletis.

‘The Interval Histngramming with Reference Puints ¢ RHISTT Subroutine 521



RHISTL Example #3
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@ Define array clemente and their sizes; use eguivalence fir conven-
tence; note that ITABLD and INIPUTD are dowble-procision,

(Z) Bel parameter table elements: there are 0 intervals of interest, starl-
ing at 20-2°° = 1,310,720, and comprising 5-2% = 227 80 eloments
gach; input array contains 500 elements; set number of data values oo
he procezsed uller each reference point; set ITABLES to zers Ly sipnal
initialization; indicate that ireyuency histogram should e produced,
and zet number of elements in frequency histogram Areay.

Clear high and low parts of double-precision input,
Initialize random number generation variakbles.

(=)

Provide 20 setz of dats 500 double-precision puints each) for
PIUEEEITIE,

=

Determing which hull of the inpul ureay i3 to receive the next sol of
inpul data,

@

Determine next sel of random nitmbers for processing: place random
bumber range from L3 b 2535 in high order part of the douhle-precision
inleper array ITABLD wia ITABLE, effectively praducing random
numbers in the runge of 13-2-° 10 225-2"; produrce randon z2ero values
|reference poinls).

(5} Process next sel of input valuee:

TTAELD containg parameter lable

TNPLT contuing input for procearing, starting at. subzcript W
THGRAM is urrav where indlerval higtogium iz atored
TWREL] iz arruy where frequeney histogram is atared

Check for error on return.

End of data generutinn and processing loop

RS

Typr outpuc:

Interval histoprum THGRAM)
Number of reference points derecled (TTABLDNT

Underflow (ITABTINEN overMow (TTABLDDY: counter mvardlow count
MTABLLY 103

Frequency  histogram (IFREQ/NY. where N ranges [rom 1 to
ITARLLYN L3 =ITABT.E(251)

The Inlerval Tlistopramming with Helerence Painte tRHISTT: Subrourine Frmt3
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FAST FOURIER TRANSFORM (FEFT) SUBROUTINE

FORMAT:

CALL FETITERROR, N TREAL ITMAG INVES ISCALE!

Where;
TERROR
"

IEEAL

IMAG

INYVERS

[BCALE

O THINS:

* ElS
& bAK

* PMAXN

i3

in

an integer variahle nsed to report crrors,

an integer variable specifving the number of elementy Lo he

tranaformed,

iz

an integer array coblaining thw rewl porlion of input or

ourput data.

13

an integer arvay conteiodng Lhe pmupinary portion of the

input or eutpel dada,

13

an inleper variable indicating whether TTT ia to perform a

Ineward or inverse Leeeslorm,

1
1

Iy

= o [orword Lranslurm
= an loverse Crunsiem

un inleper variuble sel by FFT Lo indicate scaling factor

rownber ol Limes redulle huve been divided by 25
FILE NAMES:
FAFFT MAC (source e, FATTT.OT (object file?

{Extended Tnatrurtion Set EELI-L
rExtended Anithmetic Blemenr — KELL
Auximum Array Sirel

APPROXIMATE S5IZ2E OF SURROUTINE (IN WORIDS):

If the following options are enablad:

NONE FI& EAE
FMAXN=1024 798 GG LT
F.MAXN=204E 1004 g1 924
F.MAXN=4006 1516 14710 1454
FMAXN=RE10Z 2840 24f4 248t

TYPICAL EXECUTION SPEED:
Wilh POP—11554 and BIS enabled; HHF Poantaiaeeond,
Wilth POF-11900 and EIS enahled: A4 Pomtasaerond,






Chapter 6
The Fast Fourier Transform (FFT) Subroutine

The fusl Fourier transforme (FET) anbrourine provides an efficient means
of numerically approximating wnalytical or conlinueus Fauorier translorme.

This chapter discusscs Lhe [wet Fourier transform (FIPT: subroutine, de-
seribved the subroutine’s FORTRAN call, and aullines the requitemenls fov
the subrgutme's use. Before dircussing the FET subrontine, however, thiz
chapter presents an introduction to Fouricr tranasforms.

6.1 An Introduction to Fourier Transforms
The Fourier transtorm converts, funetions in the time domain o LApCESSIONS
in Lhe frequency domwin. Figure 6-1 shows the effect of che Fourer

{ranafnrm,

Figure Ii-1: The Fourler Transform
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The Fourier transform separates a function of time into a set of sinusoids
that arve represented by a complex-valued fregquency function. Each non-
zero valee of the frequency function indicates thal o sipuapid at that fre-
guetey is o cotmponunt of the oripinal time function. The wvalue of the
Irequency funelion fur & given frequency s equal to the amplitade of the
asociaked winumoad,

The reat componenta of the complex-valued frequency fanclion indieate
sinusoids that are even functions, that is, ave funclions having Lhe property

fily = fi-1)

Caonversely, the imaginary components of the complex-valued frequency
function indicate sinuepida that are ndd functions; that ie, they are func.
tiona having the property

fit) = —-F{-t»

There v albio i 1overse Fourier Lranafrm. The inverse Foorier tranaform

converta a function in the frequency domain to an expreasion in the time
dormain.

£.1.1 Mathematlcal Definlton of the Fourler Transtorm (CFT)

The analytical exprassion of the Fourter transform is called the continuous
Fourier tranaform (CFT). Mathematically, the CFT ir represented aa:

=
H{} = | hiteed? "
s
The inverse CFT funetion is represented mathematically as
P
hith=] Hifv-el® =" "af

==

Where: | vy
hit) s the Lime funcetion to be transformed.
Hifl iz the T'ourier transform of hit),
t is time.
I ig [Fagueney.

6.1.2 Mathematical Definition of the Discrate Fourier Transform
{DFT)

A digital computer cannot perform the integration indicated by the expres-
sivn [or the OFT. A digitu] computer ooly ven deal with discrete data

The Tast Fourier Transform (FFTI1 Subroutine



points, Thus, the FFT anhroutine must uae a method koown as the discrets
Frurier translorm {DTT? to approsimale the CFT at dizerele frequencics.

The DFT docs not process a sontinuuus function, Inslead, it processes diu-
crete poincs thal give only an appruximation of the eontinwous function.

The DFT is represented mathemalioully as
I N-1 '
H(p,-'.m = N kedbie M fprn=0,12, . N4
k-1

The mathematical expreasion of Lhe inverse DR is

-1

v 1 N _]'I 2rnbk N

bledu g Y H(N.dt)-e MR e k=12, N1
n=10o

YWherse (in addition to Lhose tarms cxpluined for the CFT in Section £.1.1% N
15 the number of sampls input values Irnm ity or Hil .

Although the FFI' cubroutine uses the DPT alporithm a5 a model, it alao
Luken advantage ol certain comnpulational shorteuts to reduee Lhe time pe-
quired to evaluale Lhe resulting values, Because of thia compulalional time
redoetion, the shorteat method wsed hy the subroutine iz known us the fast
Fonrmer transform {FFT,

The rezults of FFT algorithm differ from the resules of DET algorithm only
hy a known seale factor. (Hee Section 6.3 for a descriplion of the seale
factor.)

6.2 Comparing the Continugus and Discrete Fourier Transform

In general, largely hecause of dilferent inpuls, Lhe results of Lhe FPT and
the TUFT only resemfle the expucted results of Lhe CFT, Only under certain
special conditions do the FFT und the DFT produce the same results as Lhe
CFT for correspunding frequencies.

The following seetions deseribe the special conditions in which the FET und
the CFT produce identical oulput, They also explain. wilhout formal proaof,
how and why some discrepancies arize butwesn the CFT and the FET,

NUTE

These sections do not provide an exhaustive explanation of
Lhe dincrete approximationz to the Fourier translurm, the dis-
erepancies that generally resull, or the methods needed to
minimize thesw discrepancics. For such a deseription. see a
puod, general text such az The Fast Fourier Triensfora by
E. {¥ran Brigham.

The Fast Fouricr Transform (FFT Subroutine 63
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6.21 Comparison of FFT and CFT input

The input to the DFT nr the FFT for a lunetion differs significantly from
the input to Lhe CFT for the same function. Input to the CFT i typically a
conlinuees function defined for wll values of rime. lupul o the FET for the

“mame” funetion muzt be o fnile set of discrete samples of the j_nl_';.ut fre-
tion to the CEFT.

This inhercut difference herween the actuu] input fo the OFT und the
actual inpul 1o the FI'T 43 the most sipnilicant slement causing diserepan-
ciee belween the expected and the wetua] results of the FFE.

To determime what the expucted resulte of the FYT should he, you should
examing the reaults of the anslytic CFT perfortoed un the actual inpal to
the FFT. Mathemutically, an expression for the ioput tn fhe FFT would e

gild = hith s Ay b 08
Wherea: t iz time.
o[t i the input to the FFT.
13 the multiplicative operatinm.
kit iz ihe oryginal ssanmed inpuat.
Ay L) 15 the sampling functicn.

The mathcinaticn] representation of ihe sample
furetion is

LB
lﬁlt—k-dt'l
kr o

wilre: fi g the impulzc or Lthe Dirac delra
function.

de  ix Lhe Lime interval betwepn
zamplea.

%0t 5 Lhe truneation funetion,

The truncation funclicn defines the total lengeh ol the sampling period. If
Lhe [unetion bit) ia to be sampled doring o lime duration, T, then:

.‘jt [y -t_ art '_l"'u - _I:c"l_

x{th - 1, for 3 5
and
aily = @ [ur all other valges of t.

Figure 62 shows the relationship belwsen FFT and CFT mput. It alzo
provides a graphic representation of the relatronship of I, As, z uand Lhe
resulling o ()

Tlw Fast Fuuarier Transioerm IFFT Subireline



In Figure § 2.

hity — & - QOS B
T,
dt

Y/ B
T.: 16

Figure 5-2: The Relationship Between FET Tnput and CFT Input
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6.2.2 Comparison of FFT and CFT Output

WA 3-xn

Given the mathematical expression for git), the aclual CFT of git) con be
derived analytically, ‘Three faets allow this dovivalion.

1. The CFT of hitl iz assumed 1o he known,

2. The Fouricr transtorma nf A 0t and 11 are well known,

4. The Founer tranaform of Lhe product of two funetives is demonstrably
equal tir the crmvalntion of the transforme of the fubetivns.

Thus, a mathematical expression for the CFT of the uetuu] mput to the

15 the Fourier tranzlvcm (CFTY of g (1),
it the convelution unction.

it the Fouricr trunsleem nf hoitl,

it the Fouricr transfm of A g,

ir the Fouricr translorm of x 41,

Ita mathenoticsl repreasntation is

[Ty~ SIN (7« Ty« I 0w - T = £

FET ix
(rifl Hif1+ 4,0 Xl
Where: it

.

Hi

A 1L

il

y

is froguonoy.
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Figure fi-3 illustrales the transformed output of the inpul functions shown
in Tigure 63,

Figure 6-3: COutput from the FFT
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s Figure -3 shows, the expected vulput from the DFT or FFT — a CF T of
the contimuous [unetion hit) — bears Iittle resemblance to the results thal
ahnuld be obtained from the OFT of the dizerete samples ol hil) that are the
actual input Lo the FET.

The reault of the CFT, (if', doe: not appear to be gnod enongh 1o make the
FFT a useful algorithm. However, the actual result of the FFT is not G
but rather iz » et of digcrete sumples of G,

When N input values ure sampled with 4 time interval of dt, that is:
T,:, =2 dt

the aample vulues of G ) that result from the FFT are al Irequencies of

L o n-1

0, = e B
L, T, Iy

For eonveniciee, Ti 13 reforred Ly an AF
1]

Figure 64 shows Gin - dl} returned by the fast Fourier transform,

Asg shown in Figure 54, the vutput from the FPT (indicated by the larere
dole) 3s:

Gin-df)for0=-pn-=N-1

and the values yielded arc

G[n-df]-%}-gt”- Iorm =1andn=KN 1

and

Gin - dll = 0 for other i between O and W 1

Bt The Fazt Fourigr Transturm (FFT) Submuline



Figure 64: (i(n+df) Returned by the FFT
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Thus, the sampled resulte of Gill relurned by the FFT svem to correspond
well with thuse of FiF), the expecled reault for frequencies in the range O Lo
[T - 172 = dl]. Mnwever, in the (requency range | N2 - df] to 1IN - Ly - dF,
gveh the sampled results of the FFT satill do not render a cloge approxima-
tion ol HIfL

Nevirtheless, hecanze of the periodicity of Gif1 caused by the convolutivn nf
Hit'y with Xif ), this problem area can be interproted aa part of the desired
salution. As Figure 6-3 shuws, Gif+ is periodic. The period of GF1 is equal
Lo N - df Thusz, G in Lhe range [1=-N 2 « df] to ~3f is identical with Gif1in
the tange [N/« dl] Lo [N-1 - df] Therefore, the last N'S values returned by
the FI'T can be interpreled as representing this negative frequency range.
In thea caze, if the output ia considercd to be ssaoeiated with the following
lrequency range:

[N 2o df [ to[(N=T1172df]
or
“ILiE-de to 1702 - din
Lhe T'FT gives a close approximation of Hif b

6.2.3 Similarlties and Discrepancies between FFT and CFT
Results

The caze illustrated in Figure 5-3 is an unuaval one, Normally, the actnal
resulia of the FFT do not mateh the cxpected reaults to within = seale
[actor. Tn fact, the exumple illustrated in Fipure 63 veprezenls Lhe nme
clans nf Aanctions and uses the one sampling lechnique for which Lhe reaults
of the FFT and the resules of the CFT agree within a known seale factor,

Three conditions must he satizfied Lo get such agreement between the re-
sults of the FFI und the reanlts of the CFT.

1. The funelion tn be transformed must be poriodic wnd band-limited; that
12, the lunctinn'a highest frequency compenenl must he fipite,
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4. The funciion to be Leanatormed muost he truncated at exacily aneg non-
zerrt integer muoltiple of the functinn’s period.

3. The functivn Lo be transformed must be sumpled at a rale greater than
twice the [unetion's highesl frequencey component.

All of theee condiliveg ure met in the example illustrated in Fipure 6.3,
1. The expression, hity - A& - COSBEY satizfies the firat condilion.
2. Becawsc Ty=2 - o/B, the expression xi1) sutisfiea the seenmd conditing.

A, Hecauze di 12 - w3 - 18] {implying a  sampling rae  of
(B - 16)/(2 - ), dt is greater than iwice B2 - 7 the highest Trugquency
vompenent of hitll, and the expression At sutisfies the tiird condition.

If these three vonditions are not met, discrepancies in the resalts Trein to
accumulale. For example, if the third requirement is nnt met — it the
chosen value for di is ton large — then the period fur (3 iz too shart, This
shortened period causes aliasing, that is, averlapping representations of the
cxpected transform that produce fulse frequency eonteibutions.

If the zecond requirement iz mil met, that 15, F'T or N is noL choasn so thut
the original function is lruncated at an exscl integer multiple of the period
of the hit}, the results of the FFT show u distarting effeet knnwn as lenkage,

1¥'T is an integer multiple of the period of hit), it causea the form of Xif to
be auch that the vamples of Gif) returned by the FET that are not related to
Hif} coinvide with the zerv’s of XiF1 (soe Fipare 6- 40, Howeever, if T iz not
an inteper multiple of Lhe period of hil), the tesults returned by the FET are
due in large parl to the transform of the function x() and not Jusl to the
transform of ibe intended function hith.

If the firul requirement is not met, then either the second or the third
condition cannol be met. Thiz failure cuuses the associuted discrepancies in
Lbe reaults,

In peneral, these discrepancies cannot be totally reaplved. But wou should
recoghize Lheir causes and possible effects su that vou can ase this FET
subroatine effactively.

6.3 Scaling the Results of the FFT Subroutine

Az mentioned in Section 6.1, the FFT subroutine uses a scaling procedure
that is ool vsed in the DFT algorithm,

There are two types of scaling procedure that are sspeeiully applicable w
the FFT sabroutine. The firat tvpe is peculiar to the subroutme itsell and
not to the FFT or PT algorithuns. The second type relates the actual sub-
routine resulta to those expecled from the ariginal CFT fanction.

The follnwing sections dencribe both types ol sealing procedure.
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6.3.1 Intarnal Subroutine Scaling Procedurs

The FFT subroutine uses inlecnul sealing procedures that cause il Lo vary
from the DFL algorithm in Lwo wawye,

1. Tomaximize spesd, the FFT subrontine performs ull operations in inte-
ger arilbmelse. Thua the inpat and culput ol the subroutine are single-
precision, integer values.

Huwwever, the FT'T subroutine gencrally cannol represent its oucpul in
Lhe legal integer range ( =32767) of FORTRAN. Because of this limilu-
tion, Lhe FI'T aubermtine must scale Lhe votput internally to 1il the
FORTEAN legal range.

The fasl Fourier transform subroutine indicstes the zcaling facter il
Usus 1m the argument TSCALE (w:o0 SBection 6.5% To obtain the actua]
results of the FFT, you must scale all data by multiplving them by
2 IRCALE.

2. When performing an inverse Lranaforen, the FFT decs ool include the
[actor 17N that appears in the expression for the inverse DFT. Thus,
you muat mulinly the outpue of the inverse FFT by I'N to duplicate the
requlta nf the inverse [T

6.3.2 Helational Scallng Procedure

The relational scaling provedurs s relatively simple. Les rutionale howeser
15 enmplicated and muost be explained in some detail. Thus, & review of
aome of the information presenled in previous sectiohs is wppropriate,

In Bection £.21, the conlinuous function of time, hil) was set equal to
A QOBIBLL Tt was then stuled that:

IR )]

{1t &
hit!  A-COSIB-ty+=— Hi =

0, farf=+ 4
T,

Where: 2 is Lhe eontinueous Fourier transtorm.

Then hitl was sampled and Leaneated to produee git), Lhe input to the DFT
for the continuous lunctinn of time.

It was alzo shuwn Lhat:
L
E 1) =—ix |_L| |
Although Gil) beurs little resemblanee 1o HIT), the DFT produces vulues

Gif) that give u good approximation for Lhe same value of Hil'} when dt and
T., are clwsen vorrectly.
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For wxample

g n s dt i]:ﬂ Gik-dfl =0 k- df
W re: nooisfd ..., MW-1.
L odmdh, . iN-L72 -N/2 ... -1,
di i 170l = dL).
C is the scaling componend.
iz the multiplication aperation.

In the above example, becavse hill is periotic and band.limited, and be-
canse dt and T, were chosen correctly,

ik «dfy = C- Tk dl

Ene Bection 6.2.2, (1 way shown thal

Cikdi = A-T, fork-dl = * ,.;—.,u + :i'l:: n=dh £1, =2+ .., 1>
2.t ] X .
i, J’urk*d_t:‘-—:'—T—“ P

From the above exprezsion, and from Hif) piven previoesly, il fllows that

=T, dt

Furthermore, bocuause

dr - T, ' N

it follows Lhat

C=2X

Where: M is the total number of aamples.

Thuy, for the example we have
Tk« dft = N - Hk - df}

Ty

LiM -Gk~ df) = Hik-dF
[n peneral, if hit) s periodic,
1IN Gik - dl= Flak - df)

Here il musat be stressed thal factor 1N is et part of the DF'T. Fuctor 1N
is o direct result of lhe upproximation thal resulted in git) from hitt, The
DT of git) is K], not 1°N « Gif 1. T'o summarize, if

ETEL 1

it =——I 1

then
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DFT ,
Lot = pim - dby =—= (% 1k - gt

Whiere: m =10 ... N-]
k =4l .. -1

2

—

| I |

Lhe description given ahove alsu applies to Lhe mutput of Lhe FFT zubruu-
tiee for a forward Lranaform ifrum tHime to frequency domain] becanse Lhe
resulta of the OFT and the resulta of the FFT aubroutine are identical in

the forward direction.

Hiwever, this deseription dues not apply Lo the output uf the FFT subrog-
Ling for an inverse transform. The output Fom the FET subrontine and the
output from Lhe DFT differ by & factor of 1N for the innverae transtarm. This
difference is direetly attribuluble to the DFT algoritien. (See Seclion 6.1.9.]

Thaerefore, if
T _
Ela-dt)——Cik-df,n=141....8 1
ko iIN-TE N2,

then

'FT
gincdll o= Gik - di
but

FFT
1Nt gin-dii= ik -db

ar

FET
Emc-de) = 15N - ik - df)

Fut we have just determined thatl LN - Gik - dl'i s approxitnalely Hile « df)
and, under special circumstances, is exactly Hik - df 5, Thus

FFT
gin e dt) s—i 1 MY Ol -l Hilk - dfn

ar

CET
Ein:dir== Hk df;

‘Tu summarize Lhe realing procedure that st Fouricr transform suhroutine

uses, we have

FET
hith=gin-de) —= Gik-df=N-Hik-df;

and

FFT
bitd~gin-dbl =— 1 N Gl -dld~ Hikg » din
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Thus. il vne underatands the assumplions that must be made, the scaling of
the sutput trom the FET anbroutine van be performed as follows

CFT -
hitsdtl ~F FFT (hit) i LN-2¥%F ¢ gedt k=01, ... N-t

'FT
FFTCHT e 25040F pa Hifif=kedfk =1, .. (N-1pg 32 ... -1

Where: hic; 15 Lhe saaumed function of time.

FI'T [hitt)  is cthe output of the FFT suhroutines for o fuc-
ward tranzform.

OFT _ . .
o iz an upproximate forward OFT
'l 15 Lhe number of samples.
H il 18 the asaumed [requency fnction to T

tranzforioed.

FET (Hif )1 is the sutput of the FFT zubrouline on inverse
Lransform.

CET . : . .
e is an approximate inverse CF'T

[SCALE i1 Lhe sealing indicator the subroualine returna
to the calling program.

6.4 Useful Properties of the FFT

The faxl Fuarier tranafrm has a number of nscful propertics. These proper-
Ligs ure histed an fallows; The fazt Fourier (ranstorm has 2 numher of ngeful
propertien. These properties are listed as [otluws:

& Linearity: hin + ginl—— Him! + 3 im)
& Symmeiry: 1N H m: = hl-nu

& Time Shaifting hin LY+ i) g HHme

# Prequency Shiftiag: himie™™ M e Him - k)

* Even Funcetion: h i) = He |H (o]

# Odd Functinn: h inl ~— jlm [H {m}|

# Time Convolution: himi * (o) s FTime il

# Frequency Convolution:  hin) gin! +—— %. H il * G (hn)
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6.5 How to Call the FFT Subroutine

The general format of the FORTRAN call to the FEFT subroutine is:
CALL FFTITERROR M IREAL IMAG INVRES IECALK)

For reference, argutnent namea in the call to FET have baen assipned arhi-
trarily. Yon may supply your mwn argument names, hut vou musl state all
of the arguments explicitly. There are no default valuez for any of the
argunientz. I you omit an argument. cither aevidentally or on purpese, oz if
you supply lov many srguments, o FORTRAN error messupe reanlts and ne
data iz processed. The arguments are deseribed in the following discussion.

IEEROR 1= un integer variable used tn report ervor cunditions, The values
thot IERRORE ean return and Lheir meanings are piven helow,

0 = Noerrgr
1 = N ialess than cighl
2 N 15 greater than 8192 or T MAXN

M 1z not a power of Lwo
Inerrrect nunther of urpumenta in call

ca
nnn

Iv Bs un integer variable that specifier the number of elements 1o be trans-
formed. N must be a value that iz a power of Lwo between cight and
whatever maximum array size ynu apecified in the conditional asssmhbly
parameters FMAXN. (See Section §.6,3 for an explanation of FMAXN

IREAL in an integer arruy N slementa long thal contains the real portinn
of the input data to be Lranaformed, FET relurns the real rezults Lo thia
array, replacing the input data,

TMAL is an inleger array N elements Jong that containe the IMAFINATY
portion of the input data (o be iransformed. FFT veturns the imaginary
reanlts to this urruy, replacing the output data.

INVRS iz an inleger variahle that indicaler whether the subrootine is to
perform a forward or an inverze transiorm. The two values Lhat Y1 CAan
use in INVHS, und their meanings are ziven below.,

INVRS =& The subroutine is tu pecform a forward transforan
TNVHS = 1 The subroutine is to perlurm an inverse leanaform

IRCALE is an argument ast by the FFT subroutine. Tt is an inleger vari-
ahle that indicates the rnmber of times the reaults of the FFT subroutine
have been divided hy twa, The FFT subrouting sets the sealing factor as
necesdary to overllow.

To oblain the unsealed resulle of the fast Fourier Lrunaform, mualtiply
each output element in IREAL and TMAG by jreal) 2090817
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6.3.7 Interprating the Results of the Output Arrays

Each uutput element relurned to IREAL snd TMAL a8 5 result of nppl¥ing
the FFT corresponds to the travslurmed function evaluated al o given fre-
quency value. The frequency value at which the function is evalnated de-
pends on the length of the perind of the input funetion, T,. Thus, frequency
valucs are evaluated al evenly spaced intervals of 171, whiel is referred to

as dl. For convenience, the following explanation discusses IREAL naly, but
upplies equaltly to IMACG,

The tolal frequency demain cnneists of values in the ranpe —[(N2;-[dl) tn
1020 11-0df0. Figure 6-5 shows the total range of Lhe frequency domain
uxpressed a2 a graph wheve tle x uxis reprezents [requency and Lthe v axis
represents amplitude.

Figure 63 Total Rangs of the Frequency Damain

Amplliade
I_ | Frequercy
AN g - —_ - o (M1 dF
. i -
¥
Totat Addige ol the Frequeray DomAio
AL

Althnugh evaluated al evenly apaced intervala, values relurned in the irsl
half of IREAL represent values in the second half of Lhe frequency domain;
that iz, they represent values in the range 0 1o [(M21-1]-0d1), Thus, vahres
returned in IREAT. beginning with the firgt cloment, or IREAL(LY, can ke
exprossed @a:
[HEATAtY = Gofd

swhere £ — b
TREALE) = {30

where f = dl ur 1T,
IREALCDY o Gif)

wohere £ - 2. 4f

IREATINZ) = Gil
Iy

where f = 5 l)w.'if'
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Values returned in the second hulf of TREAL represent valucs in the first
half of the [requency domain; thut is, they reprecent valuesz in the raTge
—(NFE) + ') Lo =idf r, Thue, values veturned in IREAT, beginning with the
first element in the second half of the array or [REALLNS -1 11 can be
cxpressed an:

IREALINA + 11 = {3F)

where f = - = df

(]

IREALINGZ + 21 = 06
wheref=( % [ 1)-dl'

IREALIN/GE + 31 - Gif) N
whers [ = (— g = 2) . df

[REALIN = {3 . N
where f - (— E - E—l) rdl or -df

For an explanation of why ihe FFT output wnrks this way, See
Bection B.2.2.

Figure 6-6 shaws five clements of the IREAL output array, sach of which
represeluts a traneformed funetion, The Opure shows which values in (he

frequency domain each element, (transiormed funetion correAponds te. The
five clemuntn ave:

TREALIL The first element in the vutput array

TREALLZ: The second element in the output array

TREALIN/2: "The [ast element it the Arst half of the output array

TREALIN/Z + 1 The first element in the second hall of the aulput
array

TREALIN) The last element in the gecond half of the culput ar-

ray. IREALIN) ia also the lust element of the entire
nufput arvay.
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Figure f~4: Five Elements in the IREAL Output Array

||:|'E.W.L|fr-|:l—-'-r.--'-.'I A =——— HE&L|ZI
FLl
o ro
] 1 | |
Bl t
BREAL{N'Z + 1] ! E. o IREAL B2}
1 L L 1
.I I Il o
J.' AN r S L VLN AL
T, T iy L L —
LS \ —— =
IREALIN)

MRAZ-16H-0

6.6 Modifying the Subroutine — Using Options

6—1h

The following scclions vxplain which options you can nse with the fast
Fourier subrouline. 1F you want to use uny of the optiong, vou muost enable
them when you build the subrouatine from the souree file using the

interactive haild procedurs (uee Bection 1,10,

6.6.1 EIS (Extended Instruction Set)

Enable this option it vour instublation has ETS (KELL-E) hardware or any
ather floating-point oplion available, Enabling ihis optinn mcreases Lhe
exccuiion speed and decreases the memory requirements for che subroutineg
by approximately 86 words,

6.6.2 EAE (Extended Arithmetic Elemant)

Enable this eptiun it your installation has EAR (KF111 hardware available.
Enabling this nption increases the exveution speed and decreazes the mer-
ory rewirementa for the subrouline by approxemately 50 words.

6.6.3 F.MAXN {Maxlmum I'Q Array Size)

The F.MAXN nplion specifies the maximum number of complex elementa
thal the FIT aobromtine can process ut one bime. The maximam oumber of
complex elements 18 limited 1o those multiples of 1K (1024 thal are powers
of 2 1m the range 1K to 8K (81921 In other wordz, F.MAXN s limited to the

values 124, 2048, 4096, snd 5192,

FMAXN allows you to control tiw size of the FFT aubroutine. The FFT
subroutine uses a guarter-sine-wave, lnok-up takble that reguires 2 number
af elements dircelly propoctional to the maxirmoem size of the FFT auhrou-

tine input array.
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F.MAXN is not enabled on the distributed object file. [f you do not choose to
anable FRAXN, the FFI subrouline vaes a defanll value of 1024 for
FAMAKHN.

[I'you want fo uze a larger meximum number of eomplex values, you shanld
redefine FAMAXN as 2048, 4096, or 5192 m rthe distributed spurce file,

Redefining F. MAXK inereases the memory requirementa for the FET sub-
routine. Spoeifieally:

L. Changing F.MAXN from 1024 e 2048 increases the FFT subrootine
size Ly 236 words.

2, Chabging FMAXWN from 1024 1o 4098 increases the FFT subroutine
Size by TES words.

3. Changing FMAXN from 1024 o 8192 inereases che FFT subroutipe
sizge by 1792 words.
6.7 Example Using the FFT Subroutine

The ollewing FORTRAN progeam example illustrates how the FFT sub-
rouline produees hoth forward and inverse transforms of w specific set of
inpul data.
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FFT Example #1
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FFT Example #1
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Defne arvay variables and their simes; inilialise paramelers external
b the subroutine, and et ihe value of array 1M Lo zern

Compute 32 vulues of a zine wave acaled by 1000,
Prmt the real und imaginary parts of tlie numbera to be tranaformed.

Call the FFI subroutine to purform a forwurd transfortn on valucs
slored in K and TA.

[t TEIRRORD i not equal w cero, print an error messape; i TSCALE ia
not equal Lo zera, print the sealing foretor.

Print Lbe real and imaginary parts of the forward transform.

Call the TFT subwuutine to perform an inverse Lransform on values
stpred in TH and LM,

W IERROR is nol equal to zero, print an ervor masaage: il ISCALE iz
fot equal tn zero, prinl the scaling factor,

Print the real and imaginary parts of inverse transforms hefore
avalingl.

Compute the sealing factor.

Multiply the roul and imaginary parts of 1he inverse trunafirng of dalu
by the scaling Cactor,

Print the real and imagioary parts ol Lhe inverse transform of dats
tafter zcaling).

Print error messages (orror ende rerurned).

Fnrmat statlements
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Terminal Output
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PHASE ANGLE AND AMPLITUDE SPECTREA (PHAMPL)
SUBROUTINE

FORMAT:

CATL PHARPLIN R, I PH AM:

Where:

N is an integer varizhle thal specifies the lenpth of the inpul and
output ATraye.

[E is an integer array contatming the real parvts of the mnput data.

i | ig an integer array containing the imaginary parts of the input
clata,

I'H i a real array uzed to store phase angles,

AN ig o fenl areay nsed to store amplitudes,

FILE NAMES:

PHAMPL MAC (sourec file): PHAMPLOR] (object file)
OTHER ROUTINES LISKELY

FLOAT, ATANZ, und BQRT from the FORTHRAN library.
OPTIONS:

& EI4 (Eatended lustmetion Set — KE11-E)
L] EALE (Exlonded Arithmetic Element — KE11)
@ F4PF (FORTRAN 77 sompiler)

APPROXIMATE SIZE OF SUBR{MWTINE {IN WOEDS)

I the llowing oplions are eoubled:

NONE EIZ BEAK

| £. ¥ 13 137

TYPICAL EXECUTION SPEED:
fith FDP- 11744 and ET5 enahled: 180 Printa'second.

With PDP-11:/03 and EIS enabled: T Pointe'second.






Chapter 7

The Phase Angle and Amplitude Spectra {(PHAMPL)
Subroutine

The phare angle und amplitude spectra (PHAMPLY subrouline deals with
complex vahiez ol the type produced by the fust Fourier Lransform (FFT
subruutine. (See Chapter § for mwore information on the FFT subrontine
PHAMPT converts such complox valuea into phase angles and amplitndes.

Lhe input to PHAMPL consists of two integer arrgyva, One integer array
cohlainy the real purta nf the complex values 1o be converted. The ather

inleger array conluina the imaginary parts of the comyplex valiges o be
converted,

The rutput from PHAMPL consiata of two real arrays. One real array eon-
tuins the phase wungles of the complex values. The ather peul HTFRY fontains
thw umplitndez of the comples vulues, All values in bolh real AYTAYE ure
relatedd through thair subseripts.

Muthematically, the function of the subvoutine can be deseribed as

A, = *'-.r’r’I.HE; W

Po= TAM ! {IM. IR

Where: F is the real array containing the velated phase angles.
A 15 the real arcay comtaining the relatod umplitudez.

IE i the integer areay containing the real parta of the com-
plex values.

IM iz the inleger arvay cuntsining the imaginary purtr of the
comyplex valnes,

=1



7.1 How to Call PHAMPL

The general lormal for the FORTHAN call is:
CALL PIIAMPLIN IR, IM.P1I_AM)

Far reference, argument numes in the call w PITAMPL have been assigned
arhitrarily. Y ou tay supply ¥our own argument namoes, hut ¥OUL Taust alate
all of the arguments explicitly. There are ne defaull values for any of the
arguments. 1l you omit an argumenl, either accidendally nr on purpose, ar if
Fou supply loo many argwments, 8 FORTRAN error message resules, and

noe data 3 processed. The arguments ure deseribed in Lhe Fallowing
dircussion,

N b2 2ty Jnlegger thar defines the length of the input snd output arrays.

IR 15 4n integer array conlaining the real purts of the complex values
tr he converloed.

™ 12 an inleger arvay containing the imaginary purts of the complex
valoes Lo be convertad.

I'H td & real array in which the subroutine stoves the phase angles
from the conversion.

PHil} = ATANZIFLOAT ML VFLOATIR:

AM 1 oa real array in which the subroutine stores the amplitudes ru-
sulting from the eonversion,

AMID = SQRTIFLOATIRD - IR - TMIT - IMidio

7.2 Other Routines Used by PHAMPL

FHAMPL requires the FORTRAN librury routimes FLOAT, ATANZ, and
SEKHT. Huwever, wou do not have to Luke sny special steps o secess these
library routimes, Because the FORTRAN library in regured by all
FORTHAN programs, the necesrary library routines are aocessed antomat-
wally when you link or fask-bnoild the program that calls PHAMPL.

FHAMFL acecsses Lhe FORTRAN 77 library and the FORTRAN IV library
differently. See Section 73,3 if vou ure using FORTRAN 77,

7.3 Modifying the Subroutine — Using Options

-2

The lullnwing sections explain which nprions you can use with the phase
angle and amplitude spectra subrontine, If vou wunt to use any of the
options, you musl enable themt when vou boild the anbrouting {rom the
source {ile wsing the interactive build procedure izee Soclion 1.10

The Phaze Angle and Amplitude Spectrs (PIHAMPL) Subroulioe



7.3.1 EIS (Extendsad Instruction Set)

Enuble thiz option if your instuilation haz EIS {KE11—E} hardware or any
elher floating-point option wvailable, Enubling thiz option incroases the
execution speed and decreasss the melmory requirementns for the subroutine
by approximately 44 words.

7.3.2 EAE {Extended Arithmatic Elemant]

Enahle this nption if vour installation has EAE (KE11+ hardware available.
Enabling Lhis option inersases the execution speed and decresses the mem.
ory requirements for the subrouline by approximately 25 wards,

7.3.3 FaP$ (FORTRAN 77 Compifet)

The distributed ohiect file is intended fur use with the FORTRAN IV com.
piler. Enable thia option if you ave using the FORTRAN 77 compiley,

7.4 Examples Using the PHAMPL Subroutine

The two examples presented here illustrate how to use PHAMPL to converl
vomplex values Lo their corresponding phase angles und amplitudes. Exam-
ple 1 uses random, complex numbers penerated by a random-number gen-
eratnt. Example 2 nses output from the FFT subroutine,

NOTE

U you use FORTRAN 77 and you want 1o duplicate Lhe termi-
nal output for the example programs, replace the standard
random-number generator in F4POTS with FAPRAN.ORBJ.
Terminal output for the example programs iz based on the
FORTRAN 1V rundoninumber generator. The FORTRAN 77
random-number  generalor iz diflforent from  that  for
FORTRAN 1V and will not produce the same output, Soe
Bection B.1.

The 'huse Angle and Amplitude Spectra  PHAMPL) Submoutine 7-3
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PHAMPL Example #1

@ -

3a
Ly
1naz
LEae
(Ej Leas

LG
Lia ;

OSHAEAMS I SRI3E LRI LF (320,130
CATR kel lar
LU BNl L R Y HE S AT P -3 L

(TR ETERLY WP<T
LRCLI=hELTIED
[4<L[1-MELT 1K
T2E £

Iy aaE R
IYPE LO0Z1H

o1t 2=1.:22
wA=LRIDN
B1-LkID:

FllomgTpy, iy 897
FllimSOHT N | e | +0EE0
1T IGRaG.P

I¥E LE3Y R

COLL FHAHF_C(ZZ.[R,[H.F.&2
TYPE 2G:340P
TYPE - 00Z%.44

FOFMAT . o120 " 2hOHF - Swuwclew 8. "0/

FNRAA TS RANMCIY JMFIT CATA - " M8l PAHT oo laf |5}

FCRHRTCS ! [AC MR Y= rau=+ 0, 1 QIL5%0 >

FORAFTOS 7 " FHetl AkGLES FROY SUBRJLUTIME * i f rr A5 L0 !
FCRHETCS - HAPM ITIDES SROY SUBZOLTIKRE o f a1 d7g 5010

FRUMAIC " PERSE MMSLES FRIA DIRECT CAl KUl BISEYS " -2 G 2F 15, 510
FEMHMAT (4 o GHFECITADES FROH DIRFS W, L _ATIORS " of (1 dF LS. 551
TR

EkD
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Define array variables and their sices; initialize parameters external
tn PHAMI'L subroutine; define reul and imaginary values of 32 ran-
dom nunibers o be procezsed.

Compute 32 random values and print veal and imaginary parts.

Calculale phase angles and amplitudes for rundom inpur values and
print resulta.

Call the PITAMPL zubruvutine to caleulate phase angles and ampli-
tudes [or random input valuen and print results.

@ & e 06

Formal statements
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Terminal Qutpul

PHAHPL Enanmic ®:
HANGOM INEUT Q&T4

REAL FART
-433 -89

anz 222

144 ]!

158 A7

-0 o

-13z L

-4% Ly7

448 -z

[MAGINARY FART

L4959 LNER

-a97 373

a5 v i

- 150 277

Z0E zza

-12E -zt

172 g £=!

2RE 05

PHASE ANGLEDS FROM GIREC| CALCLLATICHNS

-Z2.d5E6182 -2.39821
-L.02:2.H o ,ESERS
L2737 2.BE19711
-0.By¥ 708 .97ESg
l.3BEZB 1.50538
=Z2+BLUZ0 -1.33633
L+324L7 -0.,37732
a.5407%5 d.05EEQ

ARELITUDES #30H
TOR, 58257

DiRECT CALCIILA-30ONS

050 UUB

S7H.1UELA 1892, 760353
S11.BE3ZE d53.348E6E
ZaF.l1131 S0B- Y3876
23, 302 Z223.43074
=10, E1BLD c3.0272d
1230, haaEl 2B2.83555
ST | d?d.529:d

PHRSE AMGLES FRIH SURROUT [NE

-2+ d5518 -2-d58a:
=1.0211B 0.B5BES
1.277a7 2.6:971
- ayyoa 057654
1.35528 -d0533
-2 GLEZD -1-33634a
1.92417 -0.37752
DL SANTE d-056BE8

AHPLITLRES FlromM

SJoxDITIHE

TR, GAZFT 035046
27514510 d8Z . 7B0ST
F11.8E325 d53.348E8
24711131 JO0B- L3876
223,73032 Z228.48907:1
210, 512113 29.0173d
130G, 03481 262.93155
BZZ.FFEZL 424d.520. 4
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-4B7
33y
-11H
-174d
241
-i0d4q
dE0
28

-dSh
-J24
J2B
tal
Jag

L2
-151

PRIl Bt
= 7T
1.82517
1. 5 a5
14 G LGa3T
L4 BBETE
U 3dC5d
-1.2E1C3

GER.dM5ET
471.685317
gl P e T b
qE2. 32212
433.2C1EB
Z17.BOOET
a@2, 75317
153 .75533

-£435C13
-04771E1
1.88517
1.83258n
1.01333
2460573
0.34654
-1.381C5

EGE.¢7BAY
471.6R317;
AdF . U023
d9Z.39z212
4a3.3G610G8
17480027
Jd8z.75317
153.75855

d.04551:
- L 00z
-L. 75764
-0.3799E

L. 3443

0.d3514

J.04021

Z2.L3730

ALT . 5raz2
172.48850
A35,.59728
377.03:37
373, 19785
Jo9.10153
454 . J0U5S
335.389380

J.0d58E
-1l.70002
-1.75784
- 0.52848

1149443

LA e

304021

2+ 13730

2E5,57822
173, 4pfAL0
A3% . 58729
ATT.@awaz
J23,.13785
339.10:53
454 . JB4ES
33%5.38380
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PHAMPL Exampla #2

OIHEMS 1IN ANP ]2 sPHRSE L a5 - TP ARG 312!

IRIFED FERLIEZ 052A1 1 I ¥RED

PATAN LI LZaT -AH L 2 I 3 e Tl 290, 2 5.2, 0
DATA PIA3, LALENA S S 1FaS J2e0y

CT=FT* &,
CE_L REMLIIITL ]2 %)
[u] I R
REaL 1| = NeE I (L e AR AN DT I+ L e B[S s@dk o LT
@:} I i=TxGT
TYPE 22
TYPE 100w
TYPE LL:IL «SEARL
Tyl Lnaz JH@D

ERLL FET1ERRO= b ewlul o IHAG 230G E§
17 FERRODR.ME 0! FRIKI g0 ERRDR

CALL PHAFPLIY WLAL THAS (FHAES ayi:
Tv*E 3dacC

d; TAFE 1001 -1 A

TYZE 113 - 1Mng

T¥=F »a%| -PHASE

L [¥Fr 2207 ARP

37CP

200 FORBAL P IHLr ™22 "FHEHPL Famwem g ¥2° 040
SEOD FYHRMAT ! IHF AT DATa FRER 16T -0

Cm VORMAT I " #+#*fELL '@ Taaw " o 12123
FENT SORMAT I w4v IMAGINARY FORT #0407 801G |
CE‘) TEIT TORMATIM Y HLMLLTELCFE THE FFT':

ey 1 TORAAT 14 " ddrMERSE PYOLESA k- o (1Al [3-011

SCIZ FORAAT - PAABHF_TIDES#4%* ,/ dF!§." 11

SE30 FOEMAL D¢ 'ERSOR CIGE FRAKI T = ' |5, 500
F I

7-1n The Phase Angle and Amplitude Specira (PHAMPL) Subroutine



(1 Deline arvay variables and their sizes; injtialize variables external o
the aubroutine; specify input as integer,

(3} Generate 32 random values for input to the FFT subroutine and print
the real and imaginary values:

Valuea = 10 =BINX2, 1 — 200 *00%1% %X + NOISE

(4 Call FFT subroutine to provess theze input values: print any error
MEeRsages.

{(#) Call PHAMPT. subroutine to process the nutput from the FFT subrou.
tine; print the real and imaginary resulte of the FFT and the corre-
sponding phase angles and amplicndes.

@ Formal statenents
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Terminal Output

9HAMFL Examrle #2
1IMFUT DAaTS FOR FFT

HEKREAZ PART 44

10 LG
-1Z4a - B0
250 227
-131 -3
1% L20
By = —-23n
s 29
-85 -z0g
w3 [HACINARY PART %+
b o
a o
a 1]
0 i1
H 0
n o
Q L
o [
REEZLULTS OF THE FFT
rEEREAL PO +4+
-221 ]
d1BC L
q -7
21 24
1z L3
) d
4 L
1532 Lg
=2 x[HAGINARY FARTHHH
4] -i1BI1:
3 -4
-G =10
-29 14
u] -13
28 I5
5 -a7T
- SL
+++ "HASE ANGLES*++
Jd-:4168 1.55:5¢
0.00251 -1.3253>
-0.B3ECE -2 ODTAT
-0,344C5 oL BLATSE
[ I Tl -
0, 80053 Le LOT7LE
04 BIGGGE -1.03B40
=0 QT E l.03438
#++AMPLITLCESRRAN
bl R Ta Talé b tGil.5B4.H
diee ., 41001 fa.22322
E.Aa031% 1E.55295
b3 = FU L A2.20248
T 18.3dEd7E
a5 .80E3808 E.7TEZG
S, 00312 A1.52225
I1RA.O0757 FV 21805
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-Z02
d4d
-228
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[l ]

Ea- S e e e

11
135
1
Ln
dL
-l1Z
=
40

=133
K
-7

K
-1
1]

1
1E1%

-1.22062
1.1426¢2
-1, 4593940
CaG1a73
-0, 49395
2. 29355
oL 1876
1. Fegee

& HEHAFTY
33.UB376
FL07i07
L. 20B5EG
db.dsaaz
LE-2/8Bz
o.0398902
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POWLER SPECTRCM (POWRSF) STTRROUTINE

FOIIMAT:

(ALL, POWHRSPON IR, 1M P)

Wheve:

N 13 an integer variable that specifice the leapth of Lhe input arrays,

LA i an integer array containing the real parls ol Lhe input data.

B i3 an integer array contaihing the imupinary parts of the mput
data.

F ig a real array used o store power spoeeleum resalia.

FILE NAMEH:

FPOWERSP MAC (souree [1le); POWERSE.OBT {object fila)

OPTIONS,

« EIS iExtended lnslruclivn el — KE11-R)

& EAE (Eatended Arithmelie Element — KR117}
APPROXIMATE BIZE OF BUBROUTINE (IN WORDS):
If the following options are vnubled:
MNONE ElS EAR

11% 5 84
TYPICAL EXECUTIONS SI'"EEL:

With PDP-11/34 and EIS coabled: 6600 Pointr'second.
With PDP-11703 and ELS cuobled: 2400 Frointr'secomd.







Chapter 8
The Power Spectrum (POWRSP) Subroutine

The power speclrum (POWREP) subrouting deals with complex valucs of
the Lype produced by the fast Poormer transform (FFT) subroutine. (See
Chaptor & for o detailed descriptinn of the FFT subroutine, | FOWRS1? coin-
putes Lhe power spectrum — the relatiomahip between power and sipnal

(requency — ol o sel of Fourier sosfficienta by calenlating the squares of the
magnitudes of thal sel of Fourer eneffigienta.

The input to FOWRSF conmiata of twn miteger arrava, One integer array
contaihg the real parls of the Foureer coefficients, The other integer areay
containg che imaginary parls of the Feurier eoefficients.

The oulpul from POWREFP consista of one real array that contains the
valeulated power apectrum.

Mathematically, the function of the aubroutine can be deseribed as
P, = TR 1 T™®
Whera: P ia the real array nzed to store lhe power apectrum.

TR iz the integer array containing the real parts of the
Fourier coefficicnts.

M iz the integer array containing the imeginary parts of the
Fourier coefficientz,

8.1 How to Call POWRSP

The general formar for the FORTRAN call is:
CALL POWHSPIN 1K, M,



For reference. argument names in the call o POWHSE have buen asgigned
arbitrarily, You may aupply your own argument names, hut FO1 mst slate
ull of the orpuments explicitly. There ave no defaglt values for any of the
wrgumends, IF youn omil an araument, either weoidentally or on purpose, or if
¥ou supply teo many arguments, s FORTRAN error tnessage results and oo
data is processed. The arguments are described in the fallowing discussion,

N is an integer that defines the len Fthool the input und output AITEYVE.

IR iz ab integer array containing the real partz ol the comples Fourier
coefficients.

M 18 an integer array eontaining the imapinary parts af the eomnpley

Fourier coafficienls.

P is a real array in which POWESE stores the POWET Specttim he-
aults, ¥aluew for the array elements in B are compited a3 followa

FiTt = TROGSTRIT) -+ 1M *TMID

8.2 Modifying the Subroutine — Using Optlons

The fwllowing sections explain which opliona ¥ou can uze with the power
speclrum subroctine, TF vou want to uge any of the nptions, viu must coahle
them when you build the subroutine from the eouree file using the
interactive huild procedure (soe Section 1,13

8.2.1 EIS (Extended Instruction Set)

Enable ihis aptien i vour installution has ELS (KE11-E' hardware o any
other [oating-poinl option avaitshla, Enabling thiz oprtion increases the
excculion specd and deeveases the memory requireinunts for the subroutize
by spproximately 44 words,

8.2.2 EAE (Extended Arithmetlc Elament)

Enable this option if your installation has EAE hurdware available,
Enabling thiz oplion increases the sxeeution speed and decreazon Lhe mem-
oy requiremnenta for the subroutine by approximalely 25 words,

8.3 Examples Using the POWRSP Subroutine

e

The following exsmple FORTHAN propram illustrates hnw to Lse
POWERSFE o caleulale the power spectrum of complex Fourier coefficionts,
Example 1 usez random, complex numbers generated by o randomi-hiumber
generstor. Example 2 uses output from the FRT anbrouline.

The Pwwer Spectrum (POWRSE Subroutin



N{OTE

If wou use FORTHAN 77 and you want to duplicate the tormi-
nal eutpul fr the example programs, replace the standard
random-number penerator in FAPOTS with FAPRAN ORI
Terminul oulpul for the example programs is bused on the
FORTEAN IV random-number generator. The FORTRAMN $7
randnm-oumber  generator is  different from  that for

FORTRAN TV and will not producs Lhe same nuiput, Sec
Section B.7.

The Power Spectrum (POWHESD Subroutine
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POWREP Example #1

DIMSEEICOR L2 022001 20 -P1 00
DeTA R SD e
HESTuL I m 23R IM H RSO0, 1 350,

1 r(Ch

OC L0 L=t 32
IR -NERT I
S Li  IHi11-HEET ::
C) T~FE 820

TYFE 1902 2R
TFE 1303, 0F

TR A B
Kasl¥o |1
(:3:) HITINOL
Pill-Ziwzi+XL+xL
L CIMTIHLE
Tv%E |2 P

-
TN R SO I
IYFPE L . F

-

Rl FORHATO L. T2 " FOAREP Eqanle Wi - r 2010
LGz FORABTY " RAMCOM TMFU™ DRTAR" - " 1A mI fAS= 7 -0 T[S

[N R ] FE3H&ET ¢ - Iqah N> = rge- - o 1 gQ3L%0 -
(5) :cdw  FLUMAICasc PTRERFRIMDEAECT IALCULATIINE L 1aFim,so:
LM bl FLUEMAL LS T FOR=ZF FRIA SUBARDLUTIHE "¢ 1-IF 13 =12
srie
ERD
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@ @

Deline array variables and their sises; initizlize parameters sxternal
to POWRSF subrouline; define real and imaginary values of 32 rn-
dom numhers to be processed.

Compute 32 random vahies and prinl real and imapyinary parts.
Caleulate power spectrum for random input values and print results.

Calt the POWERSP subroutine 1o calewlate powsr spectrum for random
input values and print resulls.

Formal stalements

The Frwer Spectrum IPOWHRSE Sohrootine A-T



54

Terminal Outpat

FEANDOM [NMPUT DATA
FE&SL PART

- 249
151

Bl

-
-d3
-1
-22

224

IMAGIMNARY PRRET

-2d3d
-2dB
245
-a5
Loa
-od
ot
L3y

12800 alnhn
EZZ1T, Qo0
ESS0] L0090
12EBGE , QoDdd
12438, addhd
b Rt LR T LA T

AZ0S il
EE1=7F . Qoo

T2A000, il
[ERa bk R T o T T
BSS%1 s
152EE , Qs
TZATE 4 OB
3T G e

20T G
BEE13Z, i

POHRS? Framrle Al

-2dE
1k 1
-15H
P

K

-
[
-

73
-211

-ZdB8
1BE
113
13R8
1id
-id

=108

B

POKEM FROM Q[RECT CALCULATIOMG

L2505 . 00000
GOSLZ.n0Onuo
SLLBES. 00000
Scdl 3. 00nnn
LADdS . 00000

LIG . 00000
L7219, 000000
SEEAS . OO0DD

PUMER FRCH SUERILIT[NE

L23505.00000
BOS17.00000
SLLas..0hnnn
BudlA.000non
L3bE, 00000

13600000
L7213,.00000
LLRALE 00000
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-oAn
11558
-3
-SG
1
3
12

]
—

-1c:4
1c=
220
182

48
ES
=75

L LOST7H..OY
SSAE? . Mgin
2337A.00000
EOZAE.00000
HLZ2Bd.00000
VLBLO.0000n
JdEEZS . 00001

SOZ2:C.0n000)

L0S7E-00000
SodEF..0000n
23378 . 00011
EOZOE . fion
526400000
LiBLO. 00000
JEEZS - 00000
JHZL . 00000

-17Z
-11
-4c
1G3E

EE
1213
=231
-1

-BR
-2:d
-9%
LE7
B3
243

R

Lagda , ShiDnn
TEET, 4000
A720G, 40000
5504, 00000
327442 ,a2000
STEI0 0000
SEEDG Anann
g =5 RS THTAT 1T []

L EER 20000
TBLCE  andiin
300G i)
255840 0D
AFEAT 000
TG, 00200
SHEHG, 0001]
ZTEEL 3000
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POWHREP Example #3

DIMZMEION FSPECTIZZX sIRASG 22

i IMTEGEF % YA $Z20 BRI Y JLYRE Y
DETARM I D2 T eB 8™ 3200 0 0, 100 . 200, 025 o2,
CRTA M 3. Ldo539r - Pais /I 20y

LTe2[ra,
AL FRADLIIL -0+ (KD
GOL[--.4
ﬁEﬁLlJ.--ﬁbsjhllEi‘.':+E+::rl:i:|_'-1.T:-+:'I..i-il'-qlr'-.m-pq-:tl -
C‘-’:l L T«T+G1
Tver 2
rwe Lipde
1¥7E L33l +»En-
I¥=E L33L =Tk

SAL- FFTISWHIR «4 REAL - 1ML 1y SCALE
IFVEFTEY k-Gl PRINT 3000 L FRECS

e
vAL FORISF I RZAlL TFAS PSFECT
TFz 20r)

TEPE 1001 RLAl
TYPZ AGLD I HAL
“YPE €01 PLPEST

AN EY

I FERHNTELA2 ToY « "PCAREP Sequwip Wy " o0 41
190 FD¥HNTE " [92UT Cara FIRFFT '
[R4LhY ] FOSANTOS - woAyb AL FRRTe#% " 14 c0d | LE I
(‘5} 102 FORROT.: da 0 [MACTHARY PARTERSe " o (1 Q21T 0"
20 FORPAT #0° RESULTS QF ThE =FT '
2001 FORFMATY 20" *CJER SPELIIMM BESULTE - 1/ velt LE, 1
000 FOwea~ 7 8 SREIR GO0 FRIMFFT = * W LR o dre
F ML
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O Deline array variablez and their sizes; initialize variables external to
Lhe subrouting; specily iinpul as integer.

{Z) Generate 32 random values for input to the FET subroutine and print
real and imaginary valuwsa:

Values 100*SIN{D2 )+ 200 #0080 X1+ NOISE

(53 Call FFT subroutine to process these input values; print any error
EEsages

@ Call POWHSY subroutine to process the output from the FFT subroy-
ting; print the real and imaginary results of the FFI' and the corres
aponding power spectram,

@ Format stalsments

The Fower Spectrn (POWRSP) Subroutine 8-11



Terminal OuLput

TMPJUT DATA FOR FFI
*xAREAL PART# &%

PIAFSP Cuznrle x7

189 1RD
-17E _ BN
225 227
-131 =931
1b= Lo
-Z83 Epar L
LM iy}
-205 Zinf)
¥ TMAGIMNATY PART &+ 4
] o
] e
1] c
i 1]
a n
0 i
0 0
i 1]
RESJLTSE OF THE FFT
EERFCAL PARTI4#
-2 |
3184 1
q -7
21 Z
:d 1=
22 =
d 13
ALy =
T IMACTHNARY PORT =1
0 -1G11
B -d
-0 =123
-28 14
o -14
28 E
5 - 37
-7 3z

FOWZR BPFECTRIIM RESULTS

dgsda1.
INLEAUCE
d1.4
L2832, o
1IGE. 0

L2BR .1
di4n

101E8 0.0
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CORRELATION FUNCTION (CORHEL) SUBROUTINE
FOEMAT:

CALL CORRELITEREOR M IAL LAY IFFTA ISCA LE:

Where:

[ERRCIE isan integer varioble vuzed Lo repurl eroors.

N 1z an integer vaviable used Lo speeily Lhe number of samples to
b correlatod.

1Al 15 an nleger urray N slementz long containing the gamples of
Lbyer [irwl Junetion Lo b eorrelated.

A2 19 an inkeger array N elementa long contaiming snmplez of che
sevond function to be rorrelated.

IFFTA 19 4n inlkaper array ured tn hald the imaginars partiz) of Uw
inputl to the T'PT zubroutine.

ISCALE 15 un integer variahle ret hy CORREL to indicate tho seoling
faetnr Inumher of times reanlts have been divided by 21,

FILE NAMES:
CORRIL.MAC aource filel CORERLORT (object file!
OTHER ROUTINES USED:

Taat Fourer Transform (FRTI subroutine

OPTIOMS:
" FIs iExtonded Instruetion Sot — KELL-K)
» FAR (Fxtended Avithmetic Eloment — KELLS

APPROXIMATE SIZE OF SUBROUTINE (IN WOHLDS):
TF the following options are enabled:

NONE  [BIS [EAE
2606 2410 244

TYPICAL EXECUTION SPLEET):

With FTWFP-11/31 and FT5 enahled: 420 Points'zecond {for  aulu-

correlation)
280 Points/sceond (ol cruss-
correlation;

fith FTIP-11:/04 and ETS enabled: 150 Points/zecond  {lor  aulbo-
correlation,

104 Pojuls/sceond flor cruds-
correlalicn.






Chapter 9
The Correlation Function (CORREL) Subroutine

The correlalion functinn subroutine {CORREL) produces an cstimate for
the correlalion fimetion, The corvelation fanction measuros the similarity
of two functinng az voe of the functions {s shified in titme. The value of the
correlation function for any Lime shill, ™." is the integral over all time of

the product of the Grat fanetion multiptied by Lhe gecond function after it ia
shifted by an amount ".°

Mathematically, the correlation function can be described ay:

-
By (7 = | %{BI¥ IR + thdp
A
Where: xifland ¥ are the two [unctions to he cotparad,

tis the time zhift.
B, {11 ia the resulting correlation function.

When x([5)=yip, Ry ity is called an anto-correlation function. When x(p) +
¥R, Roat) is called a croms-correlation fanction,

As this formula indicutss, the correlation function yvields useful information
enly when the fanctions being correlated have finite content:

=

Jf it dt = o
u
But, because the funetions L be correlated do not normally have finite
content. Lhe corrclution function does nnt generally vield vzelul informa-

tinn, Under these vircumeatances, an estimate of the correlation function,

ealled the average correlation function, must provide ihe desired
infarmation,

)



The mathematical foreula for the average correlalion function ia:

Rt = & [ x@yip+ods
1]

Where: i, (th is Lhe eslimated average correlation lunelion.
x L3 and ¥ (B ave the two {unelions to be correlated.

T iz a represenlalive time interyal,
It iz this average correlalion function that CORREL celimatas.

The input to CORREL consizts of twe inleger arravs. One integer array
enntaing the samples of the first lunelion tn he correlated. The other integer
array contains the samples of Uhe second function to be correlated.

The nutput from CORREL {that iz, the eslimutes ol the average correlation
function at varions time shilta) s relarned in the firat input integer array.

8.1 Using the Correlatlon Function Subroutine

9-2

The digerete evaluation of the corvelation funclion implies a large number
of mathematical operations. Indeed, the nomber of mathematical speras-

tions inerosses linearly as the number of values of Rn{tj Lo be caleulated
LTLOTEAL#EH.

When yon use CORREL, however, ihis situntion i improved, CORREL
calls the fast Fourier transform (FFT) subroutine to process the inpul data,
stgnilicantly decrasasing the ngmber of mathematical opevativos required to
approximate the average correlation function. In luet, this method of evalu-
ation becomes more efficient as the number ul values of R to be caloulated
increases,

Bee Chapler 6 for a full deseription of the FFT subroutine.

To use COEREL, the two functions wou want Lo correlate should meet the
following requirenconts:

They muyl have n Fourier tranaform,
2. They must be real (mot comples} [unclions.

They musl e sampled ut the same evenly apaced intervals. {The num-
bsr ul sumples muat he & power of two,

4, They must be periodic.

=]

They st have A sample perisd that represents a non-zero, integor-
multiple of their peris,

There are exceplions Lo these requiremenls. You can alse yse CORREL to
eortelate [unelions Lhal are non-zern over only & finite-term interval.

The Corpelation Function (CORREL) Subroutine



Tn corrvelale auch a {unction, firat rample Lhe funection over the non-zero
intervals. Then. double the number of sgample values to be prucessed,
Finaliy, set the extra samples 1o zern.

9.2 Discrete Evaluation of CORREL

The fallowing is a brief summary, without prood; of the derivation of the
technique used by CORREL.

Convaolution, represented by the symbel %, iz delned ag
e
Ba Bl = xll+syin = _| X lw (E- 1) d
—

Correlation, representead hy the syvimbal ) | is defined as
-

R, il =x"% vit)=| xitlviE - &3t
These two funetions are roluted ag shown
XL =y B = 1 (00 & yird
Lince

=
nitleyity = |- -ty iE-trde

_w-

MNow, let 3 = t, and

—ac

x(tieyi) - | xiElyit - pidp

o,

= | xipivit +prdp

-

= x(EVE y (3 or KL A gt
[l cam alzo be shown that
_ rT
XL *w () == X[f; Y (T}
i|'|-[| .
Whiere: " represents the Fourier transform and

BT _ FT
X () = X (F1 and ¥ (t) «— V i)
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Furthormore, il can be observed that if

] [}
x (L] —— W IF}

then
. FT ]
iU e X {-f1 = X if1ithe conjugale ol X o0

sincet the real of portion of X () is an even function and Lhe imaginary
prrlion is an odd function ol

Finally, assuming all the preceeding atatements are true, we have

-39

Ry, (5] = x (138 % (] %<1+ vt e— X' d) ¥ if)

or

rmT . _
R, i} = =X Ift ¥ {f

CORREL uses this final relationship Lo produce the corrclation Munctinn.
The specific steps aro:

L. T'racslucme = 0eh
BT
x it —= X i1

2, Transiorm vy (.

yIt] = ¥ {f1
3. Caleulate the conjupute of 3 (.
Kify o Xif
4, Multiply X" (Fi by ¥ (3
X' Iy s
f. Perform an inverse fransform on the resull of Slep 4.

FT _
K. ikt =—3X DY i

9.3 Calculating the Correlation Coefficients

The resulta obtained by CORREL provide an eatimata for the dizerote aun-
correlation lunclion or the diserete crnas-oonrrelation function. The normal-
ized resulls of Lhe aulv-cerrelalion function and of the cross-corvelation
[unetim are koown ad cnrrelation coefficients,

The following eguacion provides the algerithom by which v gan derive the
corrcelation eocfficients from the results of the subroutine,

4y o The Correlation Funetion (CORREL Subroutine



E'.n.:- Rm.' ['I'I_.:'

o
C OVELRAMCS R0 Fern 012 N 1
Where: N i5 the mumber of pointa.
L_in) are the caleulated correlation coefficients in

the range -1, 1 for the funclions XD, it

R_iml is the ruw integer result fur the correlation
) fanction estimate returned by CORREL for
the functions xiL), witl,

E_ i 18 Lher valne of the antocorrelation funclinon
eslimate for x(t) for u zevo displacement,
that is, for =10,

K, {0 15 Lhe value of the autn-correlation function
) vatimate fur ¥t fur a zerv displacement,
Lhat i, for n- 1],

288 are the scale factors indicaled by CORREL
o when caleulating R . R, aod B respec-
tively, (For an illuatralion, sec the pro-

Framming example in Seclion 9.7

Fur many spplications, the scaled results of the correlacion function provide
ue much, 1f not more, information thun do the enrrelaljon coeflielentz,

9.4 How to Call CORREL

The general format for the FORTRAN call o CORKEEL, is;
CALL CORRETAERRORN.LALTAS IFFT A TS0 ALE)

For relerence, arpument numes in the call to COREEL have been Assighed
arbilrarily, You may supply vour vwn ArgUment natmes, but vuo myzt slate
all of the arguments explicitly, There are no defaull values fur any of the
arguments. 1 vou omit an argument, either accidentally or on purpoze, nr if
¥ou snpply lon many arguments. 2 FORTRAN error messupge vesulta, and

hoo data is proceszed. The arpumients ave deseribed in the lullowing
disensaion.

IERROR is un integer variable uaed 1o report ecror conditions,
Beeause CORBEL calls the FFT zubroutine, Lhe values TERROR can
reburn are the zame sa those returned by the [ERROR urgumenl in the
FET aubroueline,

The values that IERROR cun return, and their meanings are as follows-
0

No error
1 = Niz lows than eipght

2

N is preater than F.MAXN f2e0 Section 6.6.3 for a description of
F MAXN
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a M 15 not a power of Lwo
I Tneorrect nuwmber of arguments in call

N is an integer variable thal apecifies the mumnbcer ol surmples in both fune-

tions o be correlated. W mmst e 3 value Lhal is a power of two in Lhe
range ol B Ly FMAKN.

1Al 45 an infeger array atb leasl I elements in length thut containg the

gamples of the firsl funelion to e correlated, CORREL returns its resulis
ta this array, replacing the input values,

LAZ 3 uo intepger array at leazt N clemenls in length chat conlains Lhe
samples of the second funelion 1o be crelated,

It the artay specilied for TAT has the same bame undior oceupies the
aattw locaLiin s the arvay specified for IAZ vin other words, if the Lao
arrays  are  egquvalenced), CORREL performs the  averaps  aoto-
carrelation functict. 1 LAL hus & different name and ceeupivs a different
location from the array specified for TAZ, CORREL performs the average
croga-correlalion unetion.

IFFTA 1a an mteger array used for the imapinary partist of the input Lo
the FI'T snbrontine,

The length of IFFETA depends nm whether CORREL is 0 perfirm an
auto-correlalion nr 8 ocross-correlation, 1f CORREL is o perfiarm an anto-
vurrelation, then THFTA wnst be N oeloinents lonp. I CORBEL is o
perform s cross-covrelation. then WWFTA must be 2 + N elements long.

NOTFE

The nriginal values in 141, A2, and IFFTA are altered apon
return fFrom the subroutine.

ISCALE iz an inluger variable that iz set by COHREL. I indicates the
graling lactor, Lthat iz, the number of rimes 1he resulls of Lhe oorralation
lunelion have heen divided by two, CORREL 2ets [BOALER 5 necessary
tn avend averflow,

To obtain the unsculed resulls of the correlation funection, vou inust mul-
Liply the real uod imapinaey ootpat of the subroutine by BE=F

3.5 Other Routines Used

O

CORREL nses the FFT subroutine. Thus, you mast inclade both che
CORBEL wbjeel module and the FPT ohject module when vou link or Lask-
Luild a FORTRAN program thar ealls CORREL.

see Appendixes A and B ofor a detailed description of how to build a
FOETREAMN program.
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9.6 Modifying the Subroutine — Using Options

The tellowing 2ections explain which uptionz vou can nae with the cnrrela
tion unction subrouline. If vou wanl to gae any ol Lhe options, v muost
enuble them when vou huild the subroutine from the snaree 1l using the
interactive build procedure (50 Sevlion 1.1,

9.6.1 EIS (Extended Instruction Set)

Enahle this option if your installation has 1S (KE11-F hardware ar any
other floaling-point option available. Enabling ihis option increases the
execuiivn speed and deersszes the inemnty requirements for the anbrouline
by approximately 26 words,

9.6.2 EAE (Extended Arithmetic Elemeant)

Enable Lthin option il vour installatinn ha: BAE (KF11) hurdware avuilahle,
Enabling thiz optiun increazes the execntion speed and decreases the mem.
ary reguirements lur the subreuline by approximately 20 words,

9.6.3 FFT Options

Beeause CORREL valla the FET subroutine, the FEY oplinns have a direct
inflluence on CORREL's operalion, Thus, vnu should take the FFT optiohe
ino eonzideralion whenever ym medily DORREL,

Bee Section 6.6 [ur a descriplion of the FTT aptiots.

9.7 Example Using the CORREL Subroutine

The example presented here illustrates bow to use CORBEL to find both
the average cross-eorrelation und the average auto-correlation funetions of
8 specific ser of input dala.

‘The example program computes the unzealed and sealed BVETATE Cluus-
correlation funetion of 32 wine values and 22 cosine valaes sealed by LOO.
Then, the example program cotmputes the valoe of ihe AVETAZC auto-
correlation function, wilh zero shill, of 32 sine values and 32 enaine values.
Finally, the example program compulen the Averdge cross-correlation voef
ficientz ul the 32 zipe und 32 cosine values.
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CORREL Fxample #1

JIPLNEIDM [EOS1 I o2 1M1y a2 CIST 510 1 VLRI,
WIFEZHEION [SINHEZED: 210K ;320
COMPLE= a1l | YRPEFIZ 5

CI) CNTa ER=AL 5S¢ “_EES Trlm- | "K E1Gk1 o ZELEELRG R A
SCRAT R P THER I 2t

COTEF 13, 15158 =002y, 00

CT=F1LE.

I=FZ 300

DL i=1q40
D=Ca&iT.
E=3Iki1x
[OOST bor JoLgdl, iI1HIS B
2 [ U e Y B T T T ol T8 Tl
(B - AR S T- TR
LR T SR -3 TR )
L TeT+0T

Ol CI"I-!I-'I.L-GIEQF‘E-%-'.-E-[E:F--JE:I'E-|$T:IRE-!E::AI_5|
IF VIEWHOR,AE, 22 G 1] 20
L TYRE 1000 IS0y
FO=?  #a]1A03 41 ALY
{‘?} TP o [BCALE. LTI TAC=z, :Far
L2 1=1 3%
Y LOR 13« FALRIEIHI T
T“FE 1201 .=

CEuL RURREL I ZERRLY G2 D522 i GTHZ \ [5TORE + | SCACE|
IF1IERIDE (ME &0 5] TO 26

A=, #2A0G52ALED

TP IEZALE (LT IFRC: s, vfam

FEIMO=FRZAIEIRZL

CALL DOVRTL L JER®OR -1# + ICDSZ 3005 -15TARE, EH R
IFIIFRRIR,4E. 0 G110 20

[ TAC=Y. e [ABS) ISLEI B

ITVINCALE (LT &1 A=) . S 5AL

CLrso=TA0e ICOSF1 ;)

FRZ-EaRT iU 1MeaSC030!

OC ==
3 CERCL = |2 fFa0

TYPE LGOT ZELYDDC0GN, 50OR

ETOR

20 1¥PC 2900 BRI SG |  [ERRDW =] 2
N TOR

1 FORAAT I2H1 T 2% “SORAEL | vawnly mi ':

1o FRRART :vs " UMSCELED NLSLTE COF PORMEL A TLON 3F © I™ME AHD ZOETNT "¢,
1 fecdiysta

1001 FU=MaTif 0 ' L2110 FJEEULTE 1 GFPRE_AT 10k P SIRZ 4ME LISGLME - 50y
T 1I¥dE27,301

.ﬂ:| 10 FORHATOS: ¢ LERLUE OF AL TO- ARl qTLOM .1 S b S0 mlt i 2ERD E4CF T

TOALPELRGL S s 0t MALAL NME AYTE-CC RN AT 0K O IOS i HITH 2EHY

SHLTY = " | PELN A iy - CRISE-CLMN ATI0k CIEFV I IER TS FOR S1Ha |00
Z OF- DSeL0O0 ERE G FOCLDHAS: s o 1 IRFASLT W55 0

TEIG FUWHATI O e n s KUOR##a% QRET LENCTH © ,ad580

TR

£
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(=)

@G

Dimenzivn arra¥ variables and initialize the error Message varighle
ERERMES.

Initialize wrrays for input 1o the subroutine, Sine and eoaine vuloes -
1000 for one period.

Call CORREL to produce the wisesled results of vross-correlation of
Aine values and cosine values. Print unacaled results of cross-
correldalion of sine and cosine values. If IERROR ic oot zera, print the
Propr erent message. Compute the scaling lactor. Irint sealed resuliy
nf eross-corvelation of sine values and cosine valyges,

Call CORREL to produce auto-correlation of sing viluez scaled by
TiKH. I TERROUR is not cyual to zern, print Lhe appropriste error nuwes-
rage, Compite uuto-correlation of sine values acalod by 1000,

Call CORREL 1o produce auto-correlation of cosipe valuws sealed by
1000 If TERROR is not equal te zerg, priot the appropriate erroer mea-

aage. Compute valuc of auto-correlation of eosine valoes caled hy
[L1LL 1S

Compute the cross-enrrelation coefficjents for sealed zine and cosine
Valoes,

Print error mmessage (06 ervor code returned;,

Format, zstolements
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Appendix A
Installing, Verifying, and Using LSP Under RT—11

Thiz wppendiz explains how to inseall and verify the Laboratory
Subroutines Package (L8P softwure and how o create 2 FORTRAN 1V

program that calls the Taboratury Subrontines under the RT—11 aperating
zvalem.

Hewever, the appendiz provides only gencral information ahout Crenling
programa, [t does not include detailed inforimution about the FORTRAN IV
programiming language. the FORTRAN [V compiler, the MACRO fesem-
bler, or the KT-11 operating system, For additional information on Lbese
lopics, refer 10 the appropriatc RT-11 or FORTRAN [V documentation
cited 1n thiz appendisx.

A.1 Installation Requirements
Inslroctioneg in this appendix require that;

1. All filez acled upon by svstem programs are on the defualt device, DK,
unless otherwise noted it thia appendix.

2. ¥ou uzo the default files typea which ure:

FOR FORTRAN aource fles

MAC  MACRO source files

JORJ ubject files and vbiect library Fles
HAV image lexecutable} background filea

4. The gystem MACRO library, S¥SMAC SML. and the MACRO ansem.

bler, MACRO.BAY, have already been built and reside on the ayatenn
device, 87,



4. The FORTRAN 1V compiler, FORTRA SAY, has alrvady been built and
resides on the svztem device, 81

a. The FORTHAN Objecl Time Syatern. OTS SAY, bas hesn built and

added to the system libeary, SYELIB.OBJ, which resider on the system
device, SY:.

6. The syslem otility programs, PIP.SAV, DUPSAY, the RT-11 lmker,
LINK SAY, and the R1-L1 lihrarian, LIBR.SAY. huve heen installed
and reaide on the svilem device, 8Y:,

7. All necessury system programsz and files are installed and reside an the
gyslem device, 3Y),

A.2 Installing the Laboratory Subroutines Software

A-2

Instulling Lhe Laboratory Subroutioes sollware conaistg of copying the LSP
dislribution volume and maeking sny necessary corrections o the TSP
software,

If you wish to eoable any of the options described in this manwal, you must
also van the Hie LEPMAK SAY which iz part of vour distribated LS zoft-
ware. LAPMAK bailds the snbrountines by wssembling them with the op-
tins enahled, You can also uze LEPMAK to build the subroutines without
any options, but il you do not wish to wse options, you do oot need to run
LSPMAY. Section A.2.4.2 explams how to uxe LSPMAK.

A.2.1 Copying the Qistribution Yolume

Recause all stovage media can be adversely affected by environmental con-
ditionz, vanduliam, and human error, you should kieep several cnpies of any
goflware Lhal cannot be easily re-created. Copy the LEP distribution vol-
um# and then sfore it in a safe place. Uge the discribution volume only
when topying the LSP sollwure. Uae only copies for all other procedwres
described in this apprndix.

The LSF* sullwure is distributed on 2 single volume that KT—11 can read.
The provedure [or sopying the distribution volume varies depending on how
many measn storage devices you have, Il you have three nr more masa
alrage devices, follow the procedure in Seclion A 2.1.1. T you have only
two masa atorage devices, follow the provedure in Section A 2.1.48,

NOTE

Instruetigns for copring one volume e anoiher use the
SYUEEZE command rather than ihe C{PY command. The
SYUEEZE comunund copies Lhe protection code of files;, the
COPY comenand doen not. For additional information on

removing and restoring the protection onde of files, see
Seclion A22
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A2.1.1 Copylng with Three or More Mass Storage Devices — To copy the LSP
dislributivn wolume wicth three or more mass storage deviees, do the

followings:

1. Lo the distributivo voluoe,

2. Lowd a blunk sturage volurme.

A, Formal the bluok storape volume 10 necessacy. ID yoo wse BOS disks,
format each dink. 15 vou use BXDZ drives, ormal each disketis Lo be
either dingle density or double deosicy. (Mher storsge media cannol be
fnrmatised.

Tiae the FORMAT command W format vour dwske sand dizsketies, The
following example formatz an RS disk:

LTIATAT TR R

FPE: = /FORYET-&rpe v auze?yid

TFMNRHAT-I-"rrnai1zing zoHrPletse

When you use the FOEMAT commmand, dizketoez on KX02 drives are
formatted to be double denaity by defanlt. Tf won want them to be singlo
dengity, uae the SINGLEDENSITY switch with the FOEMAT com-
mand, The following example formatz a diskette to be single density:
PEORFET S RGPS 1% 1y T s

DY Les=ORMAT-AFY ;O SLEATYHES

FFORHAT=-I-Furmralbband veurlets

Sew the BT-11 Svslern Uwer's GQoede [ur mure informacion about the
FORMAT commund.

4. Imitialize the blank storage volume using the ‘-BADBLOCES swicch to

searel ok and isolate bad blocks, Type:

R R B N NN N - DA T

Jun i SIibiaiceed Bre yus sare? R

CUF=-I-thy Sad blocks detested dunsz

See the RT-11 Svedern Users Guide for more information ahout the

INITIALIZE command and what the system dnes if it finds bad blocks,
B.

Use Lhe SQUEEZE command with the {WOATTPUT switch to copy files
(o the dislrihution volume to the hlank storage volume Using the
SOUEEZE command with the {(ATTPIIT awitch copies all files from the
input [(distribationd wolume to the heginning of the outpur 1storage)
vulume and consolidutes all emply space on the output wolume at the

end of thut velume. The following example copies all filez from dvl: to
dv2:

CSOOESISAOUTFLT a2 e i B8P

Beg the AT 11 Systerms Csers Geide for more informalion about the
SRITETER rommand and copying filas,
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£.21.2 Copying with only Two Mass Storage Devices — L vou have unly two
mass slorupe devices, you canhot copy the LSI* distributinn vilume directly
giee the RT-11 zyvslem volume oceupes ane ol Fur mass atorage devicea,
To vupy the distribution volume under these circumstances. dn rhe
following:

1. Load s hlank storage valiare.

2. Format the slorage volure if necessury. If vou vse REOS disks, format
each dizk. If you use BX02 drives, formal euch dizketle v b cilher

wingle denaity or double density. Other storage inedis cantol he
formailed.

Use the FORMAT command o formol vour disks and disket Les, Thi
tollowing enample formats an RE0S disk:

fFURFRT LR e
BELIAFORMAT -&re v»ouw surp™ -
YEORHAT-1.Fatpatsing znwrlese

When you use the FORMAT command, diskettes on REQY drives are
formatted te be double donsity by defuult. TF ¥ou want them 1o be smgle
dengity, use the ‘SINGLEDENSITY awitch with the FURMAT o
mand. The following example lurmata a disketts to he single density:

SPORFEY S RGOS TS Tyt
DYz AFURMPAT-Are vou aure?, -
PFORMAT-1-Tarwmati1lvd camrletE

See Lhe BT-11 Swtem Users Goido for more infarmmtinn about Lhe
FORMAT conunand.

3. Initialize the hlank storage volume using the ‘BADRLOCKS switeh to
search for und isolate bud blocks. Tvpe:

SIRITIONL | A= 2803 075 roy 3
dumrsInriraliced ArF volL scpe? ¢ o~
OUP-T-Wp bad blochs aavacles cun s

See the AT-11 System Deer's Guide for more indormation about the
INITIALIZE command und what the syatem does if it finds bad hlncks.

4. Lse the SQUEEZE command with hath the "WATT and the $OUTUT
awtlches to copy filer from Lhe distribution volume to the blank storagze
volume, Using the 'WALT switeh causcs RT-11 to pauke before copying
filez, alluwing you to loed a blank storuge volume, if necesgary, and to
remove the RT-11 system volume from the gystem devies. Then O AN
load the L8P distribution volame in the system devies, RT—11 prompts
you with messapos telling vou when tn do each of these things. Anawer
YHC) tn each Inessagre when vou wre ready Lo cuntinue,

The AOUTPUT wwitch causes RT-11 to copy all files from the input
{distribution! valume to Lhe beginning of the ouatpul istorage) volume
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and conzolidates all empry spuce on the outpul wolume at the end of
that volume. After RT 11 finishes enpying the filey, it Promprs yuu with
a messapye Lelling ¥ou to replace the system volume in the syslem de-
viee, The lullowing example copies all files from dvil; to dvl:

PSOUEESE 2 a5 S0 T L T2 A D rogrg bl
Aduwnt owirue aalane v dul:® Dancoue? 05
Maunt imrut vaiuhe tr dud 8 Cant.puey o=

AL thia point, KT-11 copies the files und then types the following men-
HELEPE (b FOLT Lorininal;

Faant s<rsten velume dn Judzi Cerntinue? vin

See the RT-II Syatem [Mser's Guide for more infnrmation alout the
SQUBEFRZE command and copying fles.

A.2.2 File Pratection

Remember that all filea in the LEP distribution velume have been pro-
tected. Never remove this protection. TTawever, ufler copying the distribu-
Ltiun volume, you muy remove the protection of files from YOUF copied, i yon
widh, by nzing the RENAME command with the NOPROTECTION switcly
To protect an unpratecred file, use the [PROTECTION switch with the
RENAME vommand,

See the RT-I1 System Lier's Guede for more informatlioon ahont the
RENAME cornmand.

A.2.3 Making Corrections

From time to lime, the RT-11 Software Digpotod puhlishes correetions that
you muzt make to the LS sultware. The dispateh also publizhes imscroe.
tiona on how to make the correctinms.

You only need to make corrections published in the dispacch [or veraion 1.8
of the L3P soflware. Corrections that, were published in the dispatch for
previouz versions of TSP have wlready heon included in version 1.2,

Never make correctionz to your daatribution velume. Make eorrections to
¥our copics. After making any corrections. copy your software apain,

A.24 Selecting the Form of Subroutine to Use

You receive Lhe Laboratery SBubroutines s both object files and MACRO

souree liles. Read the lollowing sections o determine which farm of the
subrouline to ure.

£2.4.1 Using Digiributed Object Fitkes — [ yon do not want to enahle any of
the oplivns deacribed in this manual, vuu can use the distrdhnted object files
by linking them to your FORTRAN programs. (See Seetion 1.9 for a ligt of
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the TLEF files.) Before you do 2o, however, test them Lo verfy that they work
covrectly by running the program LEPVER.COM which ia parl ul your djz-
tribuled LEP software. Scee Bection A% for information about bow 1o rumn
L=PWIETL.COM,

A.2.42 Creating Customized Object Files — LSPMAK, the Ineraclive Bulld
Procegure — LI you do want w enable any ol the options described in this
manual, use Lhe mieractive build procedure. LAPMAK.SAV . Lu create cls-
tornized object files of Lhe Taboratory Subrootinez from the distriboled
zonree filea, (See Seclion 1.2 for a list ol the TSP files

ESPMAK SAY is part of your distributed LEE solteure. Tt lets yuL speei fy
the subroulines vou want to wssemhle and BPLINME ¥l wanl L uae,
Optivnz: available include:

E. Tthrary option — lels yon place the subroatinesz in u Libra ¥ which you
create by supplving a library nume.

2. hardware optionz — let vou make use of £1% hardware for any fioa ting-
peent option: or BAE hardware if you have uoy.

3. subrontine oplives — let ¥ou gpecily which subrowtines you want to
asscmble and which option vou wand to uze for cach subrontine.

When you run TEPMAK SAV, iL prompts vous with questions. Most ques-
linnz give the name of a subruutine or option. Answer "yes' if yuu want to
huild the subroutine or enable the option. Answer "ne" if vou du net. Some
questions regquesl infurmation and dell you how 6o type vour snswers, Fol-
low the tnstructinma grven when you respond  After vou wnswes all the
gueztions, LAPMAK creates three les on your oulpul device ag toliows:

LEPCNTIMAL — This e seta the switches Lo enahle the oplions vou
requested,

LEPBLD.COM — Thig indirecl-command file builds wach subrontine ¥Rl
requested. Thiilding eonsizts of wssemblmg cach subroutime vou specifed
with the awitches scl o enuble the options vou chise Tf vou spurified a
hihrary while ranning LEPMAK, LSPBLD createn that library und includes
i it the subruutlines you specifiel.

LEPVER.COM — This inditevt-command fibe verilies thae vour LS sofl-
ware 1110 good working order. It doea thig by rubniog sn example program
that tests each subroutine vou asked o huikd.

Refore you allempt 1o run LEPMAK SAY, wssign lngical device numes to:

1. The deviee containing all the Luboratory Subroutines seftware, Assipn
thiz device the logical name "IN for "inpue device.” Tvpe:;
«NSSI0H A e JRRE

4. The devier receiving the azzembled object files, Aszign this dewviee the
togaeal name "CHI" for "oulpul deviee” Trype:

«ASEICH 4 vz 07 e
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Now run the file LIPMAK SAY. Type:

SCA LI B Pl o L E R ]

T huild procedure vanz and heging typing questiona and informarion vn
¥our Lerminal. The fallowing text ghows all the guestionz ad information
that LEPMAK run type. However. when von run LEPMAK not all the
guestions and infrrmation will appear since some of it depends ofr vour
ILEIMERS 10 previeus quesliona. 4 zample of LEPMAK SAV and 1tz oulput
appedrs in Appendis O,

Labocatiory Subrovignes V1.2 By Le Frerpdire Fams RI-11

Fouar v assignad devices To7 iqmut CPHzr ced ngneak (O™ 29724

HOTE: 149is r-ocecyre essumps Lbat ol l Ciasxrisarad files Top
the Laberztory Subrnacite: rearkade ara an device "I,

Mbi= rreaepdure datanns 2Ll gusieqy gmd tenFeorary "3 ]uy
tescerl [1brare Fr_ew) ic crujgpe 'OU" .

LIARERYT OATINN

De vouwwert 1o build aWFk 1obeoere Tlle “ran these sebrontinms’s
LN |

Erter Lbe seRrificatian foasiunm n0° 14 zhazaclers: n° vhp

cesired librars file, fosaurle Dk LSFLIB.LE;

EMIER MAME »

A @arh subrcutire is 24481 La the Tibrdary v 103 cosoesporeir T
vbdcct fole ta rarpalls dalaned fromdewice "jU*
istkrs accertab g7 [y 7k

HERChERE GATIONS

Doss vyour WwarkFLre haue ~he E-8 SPELC tor Ay Floatir f Foint NE%ian T
(the EIS crtinnt ['FN]

SO0RS ruur mAChiue nane Lhe EOC nFELiaa™
ithe ERE arbaqn) 2¥:-41

GUERAUTIHE &MY a_337ITHM C=T 10Ny

Jo vnowwant 20 build bthe syt rcutine "FEAK T -y o4y
Cn “puwanz 20 disosle the =cfiware Jigitai Tilters
iemAble the HOFLTS or2127) [YFH]
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o zagwant tnerable ot le precicicn tnrut data Poncess1ng op FEAK
I1ke OPFE Pt}

Ca vau want tn Erable Processing of coded ASD tnrut data by FEBRT

Itk UTOLES opLiond [VSN]

Cavauswant ig Fyild the subroutine "NYELOP"7 [Y AN

Go vouwwarl ic buiid the subrontine "HIS5T11"7 [ FH]
Cu »rowwerl i ernable HIBTI ta praduyce 3 Frequaensy hiskogram?
[1he FRED% apt:ant | ¥ yN]

i¥/HN]

Ca vowwart to enablie donble prrecic on snmut Jatka rraapesingd by H[STIT
[the NPH® npLyan) LY¥FH2

Croo»ov wgrt 1o butld the subrastine "EHISTI"T [ %N
Do ¥cw Wwant To epable dousle nreadisian ine 1t dasg Frocessir s ko
[the OPES aesianl [v /W]

D0 YOU MANT L oaild the sabroviine "FFTU"? Ly/M]

RHISTI™®

Abal :» the vakivam leagih o anv inmeud arrday 10 Ee Frecessed by FFT

ikae F.M&%H ertinn:

4+ THE CEFAULT TMPUT A7Eny L=2dETH 400,

Da vaawant 1o brile tFe subccutine "PHARPL®? [YFN:

Cag rovwant 1 Euild the subzoutine *PFAOHRSP - [YoiN 2

NOTE: CIWREL needs z0aTadbine FFT Lo Foslian!

Do »cuwant to build the gubhrancine "CORKREL"? LY /M1

This frzst parTkipn p® the Laboraior? Sebroviines Luile

ToFa™ v sm ]
Ziagy Ly sMl
aadst LMl
Slaz* Lyl

FroceduTs 15 COmMFLELE,

Fuvie LAPCKC.MAC has Lbeen created o dguice 000,
ccts ke swisches reavirgd toc et le the cRL LGS Lhatl vou

have Toaupetad,

F:le | 2BRLL.COM has zlsc brer created on device "0U" - Yau
shaald peecuie thiz LndLrect command fLle neatk- JL wall
balld gach sibroutine eequesled on Jewoce 00"
LAae library Tile specilied.

Finells 1ke file LEFVYCR-COX kaz been sreated an dawaze "1,
Wouwshould execcute this canwand F1le afar gsyaa LEFELG, COM
co bwild vour fustaniTed LanatanaTy Saorodnines pbaect Tiles.
This gomband ¥ le wi1l] 9@ r3ry LAalk #9007 307 Lware has Lee:
sfneLalled,

gegeessfull;

STAF - -
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Now run the indireci-command file LSPBLD.COM. This file builds the subhroutines von
requested on device "(H™ and vreates a library file un that devies if you specificd one,
Type:

VBTt e EOLE

A.3 Verifying the Laboratory Subroutines Software

After inatalling the LAP goflware, test it to verily that wou perforined the
inscallulion procedure correctly, and tlhal your LELF software waa doliverad
in pued working order, To do 0. run the indirsct eommand (i,
LSPVER COM. Instructions Int running LSPVER.COM tollow, If vuu plan
to use the distributed ohjeet fles, folluw the instructions in Section AT, I
virr used LEPMAK, follow Lhe inziructinns i Heotion A3D.

A.J.1 Verlfying the Distributed LSP Object Files

To venfy the distributed TEP object files. use the distrihnted veraion of
[SPVER.COM. The distributed vursinn of LSPVER C0OM iz the firat cx-
gmple program in cach chapter of this munnal, These programa ¢atl Liw
distributed subroutine vhject filez thng indicating whelher they wnrk cor-
rectly. Before attempting to run LSPVER, do the following;

1. Make sure thul your syvslem Imeets the requirernents  Msoed in
Section A1,

2. Assizn logical device naunes. Aasign Lhe logical name "IN™ tn the device
cetileining rlw Laboratory Suhroulines sollaure, Azaipn the Lopcal
name 0T to the deviee which will he Your outpue deviee.

T aswign an inpot deviee type:

- . P
Dy I

daas JRo="

To assign an vutput deviee, ¥ e
CASECRY Cog o THnn

4. Caopy all ohject filea for the Laborateey Subroutines to vour ontpul de-
vice. See Section 1.2 for u list of the L8P files,

1. WNow run TSPVER. Typ:

yBTHEI SPYD

[LSPYER types the name and rmmber of each example program it rons
along with the output from Lhat Prugram an yuur terminal, Compare the
outpul with thut of the eorresponding example program in the manual. T§
they do not agree, and il vom are aore you have hol neglecled any of Lhe
requirements liated in Section A1, you muy have received a defective CRY
of your LEP software. Contact DIGITAL [ur more ioformation.
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A.3.2 Verifying the Customized Object Files

To wverify your customised object [les, use the indirecr-command Tle
LSPVER.CUOM that was ereated when von ran LSPMAK. LRPVER.COM
runs the exumple propram that calla the version of 1he subroutine with the
oplions you enabled. To run LSFVER, do the Dilowing:

1. Make sure that ihe deviee assignments for “IN" and “0OU" in Sectinn
A24 2 are sull in effeet. T they ave not, assign them ao they are the
same ws when vyou ran TSPRMAK,

2. Now run LEPVER. Tvpe:

LB SPOE L

LSPVER types Lhe name and number of each example propram it ranz
along with Lhe oulput from that program on your terminal. Compare the
vutpul with that of the corresponding exumple program in the manual. IT
they do not agree, and if vou are wure ynu have not neglected any of Lha
requiremetrts lizled in Section AL, you may have received o defuctive copy
of vour LS[* soflware. Cooluct DTGTITAT for more informutivn.

A.4 Storing the Laboratory Subroutines

After detevenining thut Lhe Laboratory Subroutines vou wunt 1o use are
golnd, copy them to ynur ayatem volume of to the develipment valume
where yon atore your FORTRAN progroms, ve pul ithem in 3 hbrary (sce
SHection A 6],

A5 Creating a Program that Calls the Lahoratory Subroutines

Ta create 3 FORTHAN LV progrum Lhal callr the Laboratory Subroutines,
do cthe folloaing:

1. Write and check your program

2. Tlse ane of the BT-11 edifers, such az EDLT, Lo enter vour program mta
a aource file, The EDIT cosnumand wilh the ({OCREATE swirch mvokes
EDIT and 1elle it te ercale o new file. Type:

_ECIT/CRCATC pre <, FIJED

where: prog i3 the name of vour FORTEAM zource prgram.

For information about colering the Lexl of your file, making changes,
and displayving the file, see the Intmdurfton 0 BET-77 and the BT 11
Syatem Lleers (Fuide.

NOTE
Always specify a file tvpe when vou use an RT—11 editor.
BT-11 ditors do nuot wse delaull file Lypes. In Lthis case,
give yiur souree file the type FOR since thar is the de-

fault file type the FORTRAN TV compiler usez when it
chmpiles your program.
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3. Use the FORTRAN TV compiler ta creatle an object Die of your program.
Tvpe:

VTS TIAY Brag R
whete: prog 18 the name of your FORTRAN source propram.

4. [l=e the RT-11 linker to link the object file of ¥OuT program with e
nhject flles of your Laloratnty Subruutines, Ty paa:

sLIHE Procamut bagunuls, o ok s
whepe: prog iz the name of vuur FORTRAN program.

aubl  is the name of the first Laboratory Subroutine object,
[ile som want 1o link.

subhy is the name of the last Lubmratory Subromtinge ehisct
hle vou want to link,

To wwmid linking individual subroutines 1o FOUT Prowram, ¥ou cun plac
Lhwe subroutines in a libracy. See Sectivn A6

&  Hun the progrum. Type:

VELT more
whiere: prog s the name nf your cxecutable program,

For more inforsnution about compiling. linking. and running FORTRAN IV
programa, soo the BT 10 Swveme User's Guide, und the RT-ITBESTYE
FORTRAN IV User's Guide.

A8 Using Libraries

Onee you decide which of the Laboratory Subroulines wou will use qnost
frequently, vou can link them rmaore vaxily to your programs by placing
them in g library. When vou place them in a Hhrary, you do not need to Lst
cach mndividwal subroutine in the Hnk mommand Lige. You ooly need to List
the library pame. When vy pluee them in the svslem  libyury,
SYSLIBGED, yiu do not even necd 1o liat the Library natoe in the link
comemandg line. The KT-11 linker sutoma Lieally searches the syatem library
for & subroutine or functivn needad by o PROZTam.

For example, supposc your compiled program, MYPR{N: OBJ culls the
subrnutines FPREAK, OBJ and F4FFT ORI Lo link MYPROC, vou have to
Ly pae:

an[He My PAO5 i TPERR SFAFETI

If you place the subroutines in a library called. for example, MYLIB.OBJ.
you link MYPROG by typing:

JLIME RUORAN JHY L[ BT

-
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II' o pdd the subroulines to the ayetern library, SYSLIB.OBJF, vou link
MYPROG by cyping:

P NETOE I e e e

The RT-11 librarian program, LIBR.SAY leta you add obect files or object
file libraries to SYSLIB. When you do ao. however. ¥ou musl remove cer-
tzin globul aymbola from BYSLIB's directory for Lhe library to fanetion
properly. Remove the global symbol $OVEH sach time you add files or
libraries to SYSLIB, Alzo rermove BERRS and SERRTB if wou previocusly
added the FORTRAN 1V OTS library to SYSLIR,

To add individual ohject files ar a hibrary to a zystem library containing the
digtributed SYSLIB.ORJ file and the FORTHAN 1V (T3 library, use the
LIBRAEY command with the 'REMOVE swilch. The LIBRARY command
invokes LIBR.SAV, The 'REMOVE switch allows you to remove a global
gymibal from a library directory. The following example adds an object file
residing on dvl: o 8¥YSLIB on dvifk and removes the appropriate global
sy mbas:

o TAIARYSREMOVE Ao 0:=S5EL1E dadzf3l2. NRaAE
Giobhal™ sOURHG
Giobal¥ SERRSIN
GlobalT sFRETRED

Glabel® fany owaer aloval vrevro9sls rewvased “row cizher
Tamrare i R
Clasal?™ ®M

where: file is the name of the Gle ur library you want to place in the
Library.

I you fai] to remove any of the necassary glohal aymbolz when vou execute
this cnmmand, you will get & warning mezsage for each svinbol vou lailed
to vemove, An example of the warning messape is:

PLIGR-H-211e33l 1m5sEefe of ICYRE

If you forget which glnbal aymbola to remove, ereate a dummy library file
by typing a command such as the following:

SLIBRARY FCREATE dwmmy S¥S_[2TET

where: dummy 18 lhe name of » dummy hibrary file.

Execuling thin command will produce error messages that list all the global
aymbola you should remowe. After noting the names of the globat symboly,
delete the dummy libravy file and type the correct eommeand for adding files
to BYSLIE,

For more information abnut the LIBRARY command and the BT-.11 librar-
ian program LIBR.5AV, aee the RT I11 Swstem User's Guide,
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Appendix B

Installing, Verifying, and Using LSP Under
RSX-11M/M-PLUS

Thiz appeodix explaims how to inslull and verify the Lahoratory
Subroutines Puckage (TEP) software und how to create a FORTRAN pro.
gram thai culla the Laboratory Subroutines under the HSX-11MM-PLUS
aperating systema.

However. Lhe appendix proavides only peneral infornalion about cTeating
programs. 11 dues not include detailed information about Lhe FORTRAN 1V
ar FORTREAN 77 programming lanpuspes, the FOETRAN IV or FORTHAN
77 commpilers, the MACRO assemmbler, or the RSX-1LMM-FLUS gperating
zystoms. For additional inforiwalion on these topics, refer Ln the appropriate
H3X-11MM-FLUS, FORTEAN 1V, or FORTRAN 77 dweumentation cited

in Lthiy uppendix.

B.1 Installation Requirements
Insiructivos in this appendix require Lhat:

1. All [les acted npon by svstem programa ave ot the default device, 3Y:,
under your LIC, unless olherwize nnted in this appendizx.

2. You use the default file extensions which are:

FTN FORTRAN zource files
AL MACRO source files
OBJ ohpect: filea

OLE  object library files
TSK task-itmage (cxccalable) Alea

3. The system MACEO libraries, REKMAC SML and EXEMC . MLE, have
already becn built und reaide on the zyslem device, ST

4. Fither the FUORTREAN IV or the FORTRAN 37 compiler has already
bean built and resides on the syzlem devies, 8Y),



p1

Fither the FORTRAN Object Time System (FOROTS or Lhe
FORTRAN 77 (Object Time Syslem (F4POTR) haa been built and added
ter the svstem libravy, 8YSLIB.OLE. which resides un the gyslom de-
vice, 3Y:. Make sure that only the object time gwstem vou will vae is
added 1o the system library,

. W owou use FORTRAN 77 and you want to duplicale the terminu] nudpAaL
for the example programs, replace Lhe standard rundont-nurmber geney-
ator 1n FAPOTS with FAPRAN OEJ. Terminal outpnt tor Lhe example
progrums ia bazed an the FORTRAN TV random-number penerator. The
FORTRAN 77 random-number generator is different from that {nr
FORTRAN 1V und will not produce the same sutpul. To replave the
standard rundom-mumber penerator with FAPRAN OB, ast the U i ta
[3.1] and use the follewing eommand:

#.2% BYDLIR=dunila :mIFUPRAN . HFEE

where; den: ig the device where FAPRAN OE) resides
‘gl s the UIC that FAPRAN.OBS is stored under

-t

System utility programs, for cxample DSC, FLX, LEHR, and the
R3X—TIM task-buiider, TKEB, have heen instulled and reside on the
svetem desiee, BY:

B All necessary system proprams and Gles ave installed and reside on the
gyetom deviee, 8!,

9. All tarks and MOR function: ure inatallod

B.2 Installing the Laboratory Subroutines Software

B2

Insialling the Laboratory Subroutines software consivta of copving the TSP
distribution volume und making unoy necessaty eorrections to the LS1?
soltware.

If you wizh Lu run any of the options deseribad in chiz mannal, PO muast
also run the file LAPMAK TSK whichy is part of your diatributed LSP snft-
ware. LAPMAK builds Lhe sobroucines by assemnbling them with the ap-
tions enabled. You cun also uze LSPMAK to build the subrontines without
uny options. Seclion B.2.5.4 explaing how to use TLSPYAK

B.2.1 Copying the Distribution Yolurma

Bevause all storage media can be adversely aflecled by environmental con-
ditinns, vandalism, and human ecror, it i3 a guod 1dea ta keep several copies
of any sofiware that cannol be eanily recreuted. Copy the LEP distributivn
volume and Lhen atore il in v safe place. Use the distribution volume naly
when copying the LB software. Use ualy copics fur all other procedures
deseribed in this appendix.
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The LEP sofiware i3 dislriboted on a mingle volume, Muat of the LEP distri-
burtion volumes are in FITES—11 frmat which HE3X-1TMM-FLUS can
read. Maguuelic tape distribution voly mes, however, are in DOS-11 formar
which REX-1TMM-PLUS cannot read,

Copy procedures vary depending nn the Lype of distribution volume and the
number of mass storage devicss vou have:

= If your distribution volume is a FILER-11 volume such ar an RK(3,
REDE, R4, or RLOZ disk and vou have three or moe maAs: sliTage
deviovs, follow the instructions in Sevbion B2.1.1.

» W vour distribulion volume is a FILES-1] vilume and you have unly two
mass atorage devices, follow the instroctiots in Section B2 19

# [f vour distribulion volume is 3 D05 1] lurmarted magnelic tape, follow
the inatructions in Seetiun B.2.1.8.

B.21.1 Copying a FILEE-11 Distribution Volume with Three or More Mass
Starege Devices — To copy a FILES11 distribution volume, dn the
fnllowing:

1. Load the distribution volume, Allocare the drive and mount Lhe diztei-
butivn volume. The volume lakel for Hhe Lahoratory Subroubines is
LA[* The Uscr Identification Cade (UTCY js [200.200 |- Type:

SA_L Juy s
A Jaa] HPEET

2. Loud a blank storage vulume, Alleate the drive. Type:

FA__ cuwno ML

3. I ¥ou use RSX- 1 IM-PLUS. muunt the blank zslorage volume foreign
2ince it has not vet been initialized as a FILFES—11 volumo. Tvpe:

el YRR R R I o

4. Format the blank sterape volumne if necessary, I you nge REKO0S disks,
format each disk. If yvou use RX02 drives, formal each diskette to be
either Tow izinple) ar hiph (doghle) denzily. Other storage media cannot
b formatted.

Uue the H3X utility FMT to format your disks and dizkettas, The fol-
lowing example formals an RKOS disk-

FEAT ST owh

*x WARMIMNG - CATA MILL BF LOST CNUEZ: +4+
CUOMTIMUET v OR M1 vmT

STERT FORMATTINEG

UFERATLOW CIOMPLETE

H
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Whets vou use FMT, disketoez ot BXOZ drives ore [ormatted Ly e luv
{ainple) denzity by defanlt. If wou want thets to be hiph (dooble) den-
sily, u=e the ‘DENS =HIGH oplion. The follawehp exaomple formasta an
RX02 diskelle 1o be dosble deosily:

Ml N e s NFHS =R IO

2% WATHING - DATAH WILL BE LOST ON DYVL: +u
ZOMTINUCT [ OR WI VI

CTART FORHATY NG

OFERPTIUN COMFLETE

See the RSX-11 [Mhifias Manual Tnr more inforration abont FAT.

Eun the Bad Biock Lacator Utility <BALD: to search tor bad blocks un
the storage volume, The :L1 switch canze: BAD to list al vour lerminal
the decimel number of any bad blocks fand. Ty pe:

JBAD fas: SLTEY

If BAD findz bad blocks, it tvpes a message for each one found. An
cxample of the meszage is:

BAC -- dun; GAD ZCIC FOUOND - LEBM = nnaenr

LBM means Lagical Block Number, and nnnenn is the decimal number

of the bad block found. When BATD finizhes reading the storage volume
it typos a meszage telling how many bad bloclkes it found:

"A0 -- Jdwn: TOTPL OPFC OLGCKS= n
TF BATY Bnd nnne, it Lypes 00 LI yvour volume bays bad bBlocks, 1solate

them uming the BATD =|AUTH aption with the INT command {ree
step 6.

If BAD types any other mezsace, gee Chapter 9 of the REX 17T Uhlides
Moarua! to lind cut what the message meanz and what o do aboat it

Initialize the blank storage yolume so 1L will be 1o FILES-11 lurmal.
Uae the MCE comnmgnd TNT with the /BAT = [ATITO] optinne ta isalate
lad blocks o the volume, Tyrpe:

ST cvy s/ BAD- DAUTO2EE]

TH] -- KOB&DBLOZY AOTL S22

-~

II' wou wze REX—11M-PLITS, INT does not type the above message: it
just displays ils prmpl Lo indicate il foond no bad blocks,

Hee the REX-TTM/MPLIIS MUHE Operationys Marewa! [ov oo infor-
mation about using the MOR command INI.
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T. If vou use BSX-11M-PLUS, youur storape volume iz 2Uil]l mounted for.
eign although it s now in FILES-11 [vemat. Dismount it. Type:

O s D B R T A

8, Yor bolh REX-11M and REX—11M-PLUS. mwwunl the wolume uy o
FILES-11 volume. Type:

PN A0 R

Y. Use Lhe REX Thisc Save und Compress Utility (DSC) to copy files [rom
the distribution valume to the storage vohune. The bllowing example
copies files fram a dizstribution volume on drive 1 Lo a stovage volume un
drive 2:

LRV RO IR IR

dee the FEX_J1 Ctififier Manual for more information wbout uaing
DEC to copy files.

B.2.1.2 Copying & FILES11 Distribution Volume with only Two Meas Storage
Devices — If vou huve only two mass storage deviees, you can not copy the
LEP distribution volume direetly zinee the RSX-11MM-PLUS svatem vol-
ume oeupies one of your mass atorage devicea.

To copy the distribution volume under these circlinslonces, use the REX
utility program DBECSA. DSCSE iz a atand alone version of DSC, e
broted, DSCEE no Innger needs the svarem volume. You ean nnload the
swstem volume Lhur freeing the syslem device, Then you can load the LEP
datribution volume in the system devies and boepin copying files, The ful-
lowing provedure explains how to copy the distribution volume using
TIECEE,

HUTE

Since thie procedure requires vou to remave the svslem wol-
ume, and halt the proceszor, muoke sure that no one elae is
using the svstem when you exceute the procedure.

1. Load a blank storage volume, Allocate the drive it is on. Type:
i BT (T

4. TF you uze BEX-11M-PLUS, mount the hlank storage volume foreign
since it has not vet heen initialized ua 2 FITES-11 volume. Type:
s I LR BT O S Y L i

3. Format the blank storage volume i necrasary. If vou use RE05 disks,

format each disk. If you nse RX02 drives, format cach diskette to e

either low (aingle) or high idouble] dengity. Other storage media can
not be lormatted.

Insluiling, Verfring, and Using T3P Under RIX-11W B-5



User the REX wtility FMT to formal your diaks and disketlos. The frl-
lowing example formats an RKOD disk:

FE1 CR L #T

#¥ WATN[YE - DATAHILL SELOGT OMDEL: ++

COMTIMUE™ Iv flw M1 ¥ AL

STHRET COMATTIY;

QPEF4TION DUMPLETE

>

When you use FMT, diskettes on HX02 drives are formatted o be low
Lsitigle ) denaity by default, If vou wanl them to be high ideuble) den-

aity, use the TIENS - HIGH opliun. The following examyle Tormats an
BXO2 diakette to be double density:

MTTETLY11/CEMSsHIL=RT

xx WATNING - DATAMILL RE LUST ON DYz 11
COMTIHAE® 2% OR HY yIE

STA4RT SORMATIT NG

JFERo[ [ON COMPLCTE

2

Hee the RS TT Cfidities Manua! for move information about TMT.

4. Hun the Bad Bluck Lacator Utility (BAL Lo search for bad blocks on
Lhe wlorage volume, The LI switch vauwses BAD to Hst at your terninal
the decimal number of any bad blucks found. Type:

*BRC Jum i /LLAED

240 -- WO GAD DLOCK DATA FOLND

H BAD hnds bad blocks, it tvpes o snessage for each one found. An
examyle of the meszage js:

FAD -- dun: BAG BELCCK FCLKE - LBM = woamwnw

LEN meuns Lyrical Block Mumber, and unonnon iz the decimal nambor

of the bad hlock found, When BAD finishes reading the storage volume,
it typea a message telling how wnany bad blocks it found:

BAM -~ dums I0TAL BAG CLOCKS- o
If BAD found nune, it iypes 0. 77 your volume has bad blngles, igolate

thom using the TATY [ATTTO] option with the INI command lzec
sterp 61

If BAD types any other message, sew Chapter 9 of the BSX_TT Calitios
Marwuel to find out what Lthe messupe mesne and what to do aboul it

a. Initializge the blank storage volume 30 it will be in FILES-11 format.
Line the MCR command IN] with the /BAD =[ATTTO] aption to jzolate
had hlnela nmo the volume, Typse:
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UMD cur g s e L TC Dims

TMl -- MC BAN DLOCK D&T& FOLKE
E

Tf you use REX-L1M-PLUS, TNT dors not t¥pe Lhe above message; it
Jusl displays its prompt to indicate it bund no bad Blocks,

Sec the REX -L1IMM-PLUS MO Uperafions Manuwa! fvr more inloe-
malien about wsing the MUR command TNT,

Boot DRCSE, The TTC is [1,51], Type:

FEECCT [ o5 jDSCERED

FAS118 U2 Z BL2S 0150 SAVE AND COMPRESS LTILITY U g, =

DECSH dizpluya its prompt. Tt is now booted and ready for input.
DEoED:

Remove the REX-11IMA-PLUS wvatem volume and Load & copyv of the
LSF distribution volume m the syetem device. Now wnatrnct ECSS to

begin copying files, The Following sxample copies files from o distrib.
tinn volume, on drive O to a storamre voltme on drive 1-

DSCSBR:cul;-dum + kT

Copying now begins. When it completes. DRSS displays ils prompt.
DECSE .

Now halt the processor, Remnve the LEP distrilution volume from the

svsteln device and replace the system voluime. Boot REX-11M or
HEX-11M-PLUS,

See the RS 1) [hlivies Monnal for move inlormation abonr using
DS 1o enpy files if v huve ouly Lwo masa slorage devices. Inforimy.
tion about DSCSS {sometimes called “stand-alene DEC™ 1 in the
chapter on DSC,

B.2.13 Copylng a DOS-11 Distribubion Yolume — To copy a TH35-11 diztribu-
tion magnetic tape, do Lhe fotlowing:

1.

Load the distribulinon volume. Allecaly the drive and mount the distn-
bation volume, The Tger ldentification Cade LI is [ 200,200, Type:

4. _ dun il
L NN TR T |

Load u blank slorage volume. Allocale the drive it iz oo Type:
11 RN Ty

IF you use BEX_11M-PLUS, mownt Lhe hlank storage volume lureign
singe it has not yel been initiolized as 1 FILES-11 volume. Type:

MFCL Ay FEOREET
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Format the blunk slorape yolume iF necraraty. I yon use HK0S disks,
format each disk. U you use BREXDZ drives, format each dizkette Lo be

eilher lvw tsingle) or high (double) densicy, Other storape media cannot
he formatted.

LTae the REX utility FMT to formatl vour disks and dishettes, The fol.
lowing example formale an REDG dialk:

*FF| kL P

3+ HARNTING - DATA WILL BELOST OMDRL: wd

CONTIKLEY LY OR M1 217

START FOGRMEATTING

OFERATION COMPLETE

When you uze FMT, diskelte: on RXD2 drives are formatted to be low
isinglel density by defoull. II you want them to be high idouble) deo-
sity, use Lhe 'DENE=HIGIT nption, The following examaple formurs an
RX02 diskette to he double density:

SFRT DY s JEYRE- AT A

*+ WARNIMG - CRTA WILL BE LOST OMDVL: &%

CONTIKLET [v OR M1 W

STERT FORMATTING

HEERATLON COMP_ETE

}

Bee the RSX-1T Utifutics Manue! for move information about ¥RT.

Fun the Bad Block Locator Utility (BADY to scareh lor bud blocks an
the storage volume. The /L1 ewitch causes BAD e lisl ab your terminal
Lhe decimal number of any bad blecks found. Type:

EE T N I
EAl --. WO BADBLOCE DATS =000

if BAD finds bad blocks, it tvpes a messape [or each one found. An
gxample of the message 18

Ral -- gun: BAD GLOGCE FOUND - LEMN = nnnnnn

LBM means Logicsl Bloek Nomber, ond nonnnno is the deeimal number
of the bad hlnck fimnd. When BAT) finishes reading the storage volume,
it types 2 message telling how many bad blocka it found:

BaD -—— dun: TOTAL BAD BLOCKS= =
If BAD found none. it types 0, I your volume haz bad blocks, isolate

them using the 'BAD=[AUTO| option with the N1 command (zee
atep 6.
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k.

I-\-'!

10.

11.

If BAD Lvpes any other message, 2ee Chapter W of the BSY 17 Liilities
Manual to find out what the messsge nweans and what L do
about e,

Initialize the blank slorage volume wo it will be in FILES-11 lurmat,
Use the 3CR command TNI with the ‘BAD = [AUTO option 1o isolate
the bad blocks on Lhe volume, Type:

ALl lamr fEeLi=LAU™ O 10T

[NT -- MOBPC BLOCK DA S3UME
R

IF wou nse RBX-11M-PLUS, INI dnes not type the above mesaage; il
just displays il prompt o indicate it found oo had blocks.

See the ASK-FIMM PLUE MCR Operadions Manaa! for more infor-
mation aboul uaing the MCR command M1

I you wse RSX- 1 1M-PLIIS, FOUr storage volume is atill mounred For-
€ign althmugh it iz now in FILES—L1 format, Dizfnount i, Trpu:

AL, a5

For both REX_11M and RSX-1IM-PLUS, mount the volwmne as a
FILEB-11 wvolume, Type:

MG e g. 5 15,

Create 3 UIC ol 1200,200] on the storage volume. Use the MO con-
mand UFD (Uzer File Directory ). Type:

FIED e D T B

Use the REX utility FLX w copy filez from the DOS-11 distribution
lupe to your FILES-11 storage volume, The RS awitch identifies the
storage volume az u FILES 11 volume, and the [THY awiteh identifies
the distribution volume an & DOS-11 volume. The wildcard eonstrue-
tion, *.%, tells REX-11MM-PLLS that you wizh to copy the most recent

verzion of all files. (Yuu cannot speeily version humbers an g DOS—11
formacted volume,

The following example copies files from a THIS11 distribution volume
on drive 0 to & FILES-11 storage volume on drive 1:

BTk L LI T B g D DT R0, 4 T
=

Sec Lhe REX_11 Ukilities Manwal For more information ahoutl FLX.

Use the RSX-113M utility program PTP to create a contiguous file from
LEPMAK.TEK, the interactive build procedure. Type:

FEE DO D200 O T PR AE L HREE

See the KEX-17 Uilities Manue! for more information ahaout PIP.
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B.2.2 Making Comrections

From time lo Lime, the BSX_JIMS REY JIM_DLES Softuere Dizpaich
publizhes corrections you must muke fo the LSE sollware, The dispaleh also
publishes instructions on hew to make the cerrectinns.

You only nevd to make correctiony puhlished in the dispateh for verwinn 1,%
of the LB woftware, Corrcctions that were published in the dispacch for
provious versions of LESE have already been ineluded in version 1.2

Never make correclions Lo your distribution volume. Muke corrections Lo
your copies. After making any corveelinna, copy your soflware again.

B.2.3 Selecting the Form of Subroutine to Use

Yoo receive the Laborutory Subvoutines ss both objeel files and MACKHO
source files. Read Seetiona B.2.3.1 and B.2.2.9 to delermine which form of
the subrouline to usze.

B.2.3.1 Using Disiributed Objeet Files — Yuu tun use the distributed ohject
filea if’

1. You do oot want to enable any of the options doseribed in thiz manual,
2. You are using FORTRAN TV,

4. Your srstem does not have a havdware floating-point unit.

You uze the distributed chjeel files by tazk-building them to vuur
FOETREAN programa, (See Section 1.2 for a list of the LEP files, | Bofore ¥y
do 0, bowever. test them e verify that they work correctly by running the
program LEPYER.CMD which iz part of your distributed LSP soltware, Sop
Section B.3 for information about how to run LSPVER.CMD.

8.2.3.2 Creating Customized Object Flles — LSPMAK, the Interaclive Builg
Pracedure —  If vou wuant to enable any of the nptions dezeribed in this
manal, ue the inlersctive build procedure, TSPMAK TSK, to create cus
tomized object fles of the Laborutory Subroutines [rum the distribiled
zource files. You can alzo use LEPMAK to build the subrontines wilkout
any vplinna. (See Section L2 for a list of the LST* {iles))

LEPMAK TSK is pari of your distributed LSP software. It lets you specify
the subreutines you want to asscmalle and the optiohs you want to use
Options availuhle include:

1. libravy option — lets yuu place the subroutines in a lhrary which you
create by supplviog & lihrary name.

2, hardware oplions — Jet you make use of 1S hardware (or any floating-
prinl optinnd or BAE hardware if you have any,

4. FORTHAN options — let you specify whether or not you will be uaing
FORTEAN 77,
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4. subroutine oplions — et vou specify which subroutines vou wanl Lo
assemble and which uptionz vou want o use for rach subtmuline,

When you run LSPMAK TSK, it prompt: vou with questions. Most ques-
tions give the nume of a subroutite or opLion. Answsr “ves” if vou want g
build the aubrouting or enahle the opHon. Answer “no” if vou do not. Svme
quezliona request mformation and tel] ¥ou how to Lype your answers, gl
low ihe instructinms given wlen ¥ou roespond. Aller oo snswer all e
questinng, LEPMAK crestea three files on ¥our vutput device under the
current LilC un follows:

LEPCNDMAC — This file sels the switches (v enable the optinng You
requested.

LESFRBIILCMD - This indirecl-comnand file builds euch subrouting yuu
tequented. Building conaists of asseibling each anbroutine yuu specilled
wilh the switches sel to enable the opHons vou chose. Tf vou specitied a
library while minning LSPMAK, LSUBI.TY creates thal library und includes
in it the sehroutines vom zpwrified.

LEFYER.CMT} _ This mdirect-conunand fije verifics that vour TSI anft-
ware i3 in gond working ordur. T does thiz by rumning an example program
Lhart tests each subrontine yon ashed to hujld,

Before you allempt W run LEPMAK TSK, assign logical device
FETes Lo

L. The device containing ail tiw Laboralory Subrontines softwarse. Azsipn
thia device the logical name “TN" for “inpul device,” Type-
ANEM dug - TR LT

2, The devieo receiving the assembled object [Tles. Assign thiz device 1he
logicul name 011" for “nutpur deviee ™ Tvpe:

SABY cur =00

Now run the file LSPMAK TSE, Type:

AT LR S D T HSHHAFEIED

The build pracedure mins and beging typing queslionz and mformation vo
your terminal. The following toxl shows all the questions and infarmation
lhat LAPMAK tan type. However, when you run LSPMAK, not all the
questiona and information will Appear Aince some of it depunds on Four
reEponses b0 previons questions. A sample of LEPMAK TSK and its autpnt
Appeuars i Appendix [,

—dboratory Sunhroabines U- .2 2ild Prazadu-a for ¥28-11K

Hove viow zes1dued Apajsos Yorirewl (IMT1 and cautpLy T T [y epd
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HOTEy Tnis rrocedere &2sunes LEat1 all @Lstributea files for
she Lakerate bty Subroutines Packade are an devacs “IN!
under UIT D200 20071,

This pracedure dirocis all ovirws and dtemProrary Tiles
texcery library Tiles? 1o davige "OU" vrder the
defauls UIC,

LiBRARY QPTTOMN

Co rou want to build a WER 11orary f11p fTom the5P subrnuzines®
[HAK]

Ernter the cnecificatior Lwndsinumof 3D craracvers? of vme

desyred library file. (enanmrle SY0:cl tLILSPLIGDLE}

ENTER WaME :

&g pach scbroutaine 16 added va Lqe J1arary s 165 eaTreeranding
pbJeot file 2 narwally delesed from dEO1CE "OLY,
Is this accertan]le™ LY /NI

HAROWARE GFTIOMNS

Coes vzl mach:;ne haua tmp EIS grkian dar any Flos%iund Polnt OFLLOGSF
(Lhe E15 pruioni [¥ /NI

Jces vour HAcSAifie AavB LhE EAE OF1iOn™
itnog ERE ortiery LY /Y]

FCETRAM OFTIJNG

Kill #nu ha vsirnd FTORTRAW 777 vthe FOP% aptiond [VFHI

MOTE: The softuate wertifFizokaon confand tils.« GUaLEILVER . CHMD .
wril use FORTREMW T ka2 cawwesluw Las Ladzatakarys Sobrowtiines
LesL PIJdfans, Tna sash veill ProCEdure 0T tnese te5i
Frradrams will assume =haz the arrroFriase FUNETRAN [
asirc: “ime avsign Librarey is cdded 1o the averemn LLbrazr.
SysL18.00E,

Blsp: §5inEe vocu khave respe-ced 1Thal veue systen does nat
keve &2 Tlcatind-point unil e Lhe Lask burid Poocedure
Alll &<<ume that vauzx FORTRAN I uhaect LiHe svsten

fdpes not —esquiTe 3 Fiaat:nd.raint ganskba

NOTE: Tne cofsware vertfication conazre Tile s OUSLSPUER.CHOr w111
158 FORTRAN 77 L conPLie the Laboratory Subroutines
“E5% Fro#rama. “he task buiid Procedure for these Lest
Frodrads Wwiil assune Lhat Lhe gearooriate FORTRARK 77
thoect tipe sysbem library 15 added o 0P greiom librars
CYELIB.OLE
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EURRDUTIME AND ALGORITHM GPTIONE

Mo rou want to bucle the subrputine "PCAg" ™ [ S
Do vouwart tc crsable 1he SafLuwace glyital fFileag™
lenable Lhe NMOFLT® apricor ) [ U |

00 »ouwant 20 evasla doubie Frecision inPuL dats Frocesging o PEAK?

tthe PP optiurn) CY /M7

Uo vou want to enakble ProcrsSing af coded A inmgt data b+ PERK?

Cthe BUTOCSE gptiom ] [¥SN]

Do vrou want to burld tke gub roucine *HUE_OP" ¥ [y /h)

Co*a)went ta build bhe syt routine "HISTI*2 0yrM]
Ca vou want Lo engbie HISTI 1o Froduce 3 lreavenoy Nlskodpan?
Cthe FREU® criigyp! [¥iNT

Oc ¥au want 1o emable daudle pracision Igryt data Processinag be HISTIw

Pthe DPHE prtian) [YsH]

Do vow warnd 10 butly “he subraygr:ne "RAISTT"F [Y4N]

Jc ¥Dw wani 1o onagble dauple Prevising inAaL data Frocessing hy RHIS117

“WNe CPRS artaon) [V Y]

Do ¥youwwant 4o hyild Lhe subroulire "FFT"? [Y/N1

What ic the mavinan Jenath of ALY iNMPuk avray to pe FIrOCELsed my FFT

tthe FLHARN apLicr o
to2as JysmMl
E0REY LY/ M1
AOEET LY/ N
B182 [Y AN
*#¥THE DEFALLT HAX HUH [MPAT &RFEY LENGTH HIL_ BE WSEC (10Z4)

Co *ouwwaae ta 59914 the =ubrgLtine "FHANEL" 7 [T |

Do vou wart 1o bulld “he subrouting " POWNRSE"T [%iN]

NOTEs CORREL needs 5k routine FFY e fuypctionl

Ob #3490 wankt to build Lhe sHbroutlineg "CORREL*® Cy /Ml

Fhis *irss rortian ar thae Lakeratary Subrautines build
Frocodyre ic conelate,

Fiie LSPCHD.HALC Fes been creotad on device "nU", Thas Fule
Sets tRe awitches rEquirted ba enabtle the orL1ans that v
Nave rEqueEsred,

File LSPELO.GHD has alen beem preated wr deplcp "Ou", Yoy
should evacule thyg indireat command Tile wekk . o woly
Leilg each subroniing Tequested cr qevier "OL"+ and Crgate
the ldbrar» #j1p sALcified,
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Finolly . 2ke TLle LEPUEK-LHIl has hean ateated an dewizpe "OL",
Yo shoLla execute this 2ammand Filep a®tpr ugina LEFELD . CHMD
ic buildvour cuscamized Laoorasory Sabhrnntines chasct files,
Tria conrnand File will werlify 1kat vocersefiware Fas EEEF
succesafully inzsnalled,

TThn —= 5TIE

Muw run the indirect-cormmand file LSPBLD.CMD. This file builds the subvoutines you
requested on deviee "0 and creates a library on that deviee if you zpecified one,

Type:

3020: LGPOLDEED

B.3 Verifying the Laboratory Subroutines Software

After installing the LSP aullware, Lesl il te verify that you pertormed the
inztallation procedure eorvectly, and that your LHEEP sulbware wos deliverwsd
in good working order, To do an, mon the indireet-command  file,
LEPVER CMLY Instractions for running LSPYER CMD follow, T you plan
Lo wse the distributed object files, follew the inatructiona in Section B30, 1F
vou used LEPMAK, folluw Lhe inslroctions in Section B3 2,

B.3.1 Verifying the Distributed LSP Object Files

To verify the distriboled L2 object files, use the distributed veraion of
LESPVER.CMTE The distribuled veesion of LSPYER.CMD rans the first ex-
ample program in each chapter of Lhis munoal. The:e programsz call the
diztributed anbroutme ohject fles Lhus indicaling whelher they work cor
reetly. Before attempting to run TEPVER, do the fellowing:

1. Make sure thal youwr svstemn meets the vegnivements listed in
Section B.1.

2. Assign logical device names. Assigo the logicu] name "1IN™ 1o Lhe devicee
containing 1he Laboratory Subroutines software. Awsign Lhe logical
name “OU" t the device which will be your nutpul. devies.

To agaign an inpul devive, typee:
JPSh Jaw = [W ;B
To assign an output device, type:

IR TR R T H P

3. Copy all of the object files for the Laboratory Subrountines to your out-
put device, {Hee Hection 1.2 [or a lsl of the LSIP files.)

4. Now run LSPVER. Type:

SHOM T 00 Zah TSP ERDH,
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LEI'VER types the name and number of each exampla program it mypz
alotgg with the vulpul from that propram on ¥our lerminal, Cuompare che
vulput with that of Lhe correspondiog example in tbe manyal, [ they do not
agree and you are sure you have not neglected any of the requirements
lisiled in Section B.1, you may hove received a defactive copy of your LS]
sullware. Contact DHGTTAL for more information.

B.3.2 Verifying tha Customlzed Object Files

To verify your customized ohject files, uze the version of LEPVER CMTH
Lthat wag creuled when pou ran TEPMAK. This version of LEPVER CMT
runs the cxample program that calls the version of the suhroutine with the
optiohs you enabled, Tu run LSPVER. du the Fiod Lo g

1. Make sure that the deviee assigiments for "IN and "0OU7 in Section
B.23.2 are sl in clfect. T they are not, assign Lhem 0 thev are the
aatne gz when vou run the LSPMAK.

2. MNow run TSPYER Type:

HECL LS SGCRT
LSPYER types the nume and number of cach example prugram it runs
alotyg with the oulpot from that PrOZTam ¢o your terininal. Compare the
oulput with thal of the corpespunding example prograin in the manuai. IF
thew do not agree, and if wou are sure vou have notl neplected any of the

requirements listed in Section 5.1, vou may have reccived 7 defectve rOpy
o vuur LSP zollware. Contacl DIGTTAL [ur more infurmation,

B.4 Storing the Laboratory Subroutines

Alter determining that the Laboratm'y Subroutines ¥ WANE [0 use are
souncd, vopy thenm to your sysiem velume ar o the development volume
where you atore your FORTRAN proprams, or place thetn in a library roes
mMection BoAY.

B.5 Creating a Program that Calls the Laboratory Subroutines

To crouts a FORTRAN progrum that calls the LaboraLtury Subroulines, dao
the following:

1. Write and cheek your program,

2. Uae one of Lhe REX 11 MM-PLLS editora, such ar FII, 1o wnter your
program into 8 pource file. Type:

SEOD Prreqd b IRED
whera: ProE iz the name of your FORTRAN zouree DToEram.

For information ubwut entoring the toxtl of vour file, making cliunges
and displaying the file, e the RSA—I1 [THlies Mamnna! and the
REXSIMM PLUS Guide & Program Lenefapmend.

lnstalling, Meritving. and Tsing LEF Under RR5=11M 13
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Always speeify a file extension when wu use an editor.
REX-11MM--PLUS editorz do nol use defzault file exten-
siona. In this caze, give your anurce file the extenaion
FTW since that iz the delault extension the FORTRAN
IV or FORTRAN 77 cnmpiler uses when it compiles vour
prograim.

4, Lge the FORTRANTY or FORTREAN 77 compiler to ereate un ohject file
of ¥our propram.

U you are using the FORTRAN TV compiler, Type:

}|.l:|. I

. -l

If ¥ou are uwsing the FORTRAN 77 compilar, Type

1
'
“

. FCIAT R RN

where:  prog iz the pame of your FORTRAN souree progratm.

4, Use the REX-11MM-FLUS ragk builder to task-build the object file of
your prugram with the object files of your Taboratory Subroutinea, The
‘FP switch tells the task-builder 160 use the floating-point unit. 1Tse fhe
‘FP switch 1f you uze FORTRAN IV and your system has a floating-
point unit. Always use the FP awiteh if vou ose PFORTRAN 77 sinee
vour syslem always has a floating-peind unit. Type:

B e T o e T R T N ¥ ST LU
where: prog  is the name of your FORTHRAN program.

gubl s the name of the first Laboratory Subroutine chject
file you want to task build.

aubn is the name of the laat Laboratory Subroatine object
file you went to task huild,

You can specily as many object filea as you wish fur input. Flowever, if
your Hst ol input files will use more than one line on vour terminal, you
gshould see Lhe REX-TIMM PLUS Tesk Builder Manyol for informa-
tion about bow to mput fles using multiple lines.

Ta avgid linking individual subroutines to your programs, you can
Place the subroutines in a library. See Section B.8.

5, Run the task. Type:
PRV ErR Al

where:  prog  is the name of your executable program.
For mere informution about compiling, linking, and running FORTRAN
programs, aee the REX-7IMM PLUS Guide to Program Develapment, the

FASIRSX 1! FORTRAN IV [ser's Guide, and Lthe POP-11 FORTRAN 77
{izer's Cruide,
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B.6 Using Libraries

nee you decide which of the Laboratury Subroutines vou will use mnat
frequently, you can tazk-build them e your programs more easily by plac-
ing them tn a library, When yon place them io & libeary, vou do ol need o
list each individusl aubroutime in the TKB eommand line. You only meed to
list the librury name. When vou place Lhem in the gyztonn library,
SYSLIB.OLE, you do not even need Lo list the library name in the TER
command  line. The RSX 11IM-M-PLUS task hoilder  aulumeatically
zearches the wystem library for a subrootine or function veeded by a
Propriem.

For exumple, suppose your eompiled program, MY PROG.OBRT callz the sub-
roulines FEEAK QRS and F4FFT.OB). To task-build MYPROGC, vou have
Lo Lype:

FTRE F9SFIIL I CFPI-H T30 FTFOE kR = 1T Fe

II' vuu place the aubrourines io a library called, for cxample, MYTTE.OLD,
you lask-build MYPROOG by tvping:

FTEH HYHROGI TP I=y P0G YL hoLnEst

You have to use the ‘LB awitch to tell BESX—11V%-PLUS thal MYLIR iga
lihrary file. However, if yon add che subroutines to the svstem library,
SYSLIEOLE, vou Lusk-baild MY PROG by typing:

DORE HATUPRDIGI S TPT oMy ERILET

Nnte that the interactive huild procedure, LSPMAK, allows vou Lo ereate a
library of your own. II vou use thiz option. LSPMAK nlaces in the library
Lhuse subrautines ¥ou tell il Lo build in response to later questions, IF you do
nol wae this aption when vou Orat run LSEMAK, but later decide Yuu want
e use & library, ¥ou can eilher rerun LSPMAK or use the BSX utility
program LER to ebeate a new libwary or add W un exiating one.

See the REX 1@ Cifities Manuel for informalion shout nging LER. The
REX-T1 Urilities Manrual alen talls you Low Lo use the systemn Library.

[natalling, Yerilving, and TTaing LS1° Under RSY 1IM - B—17






Appendix C

Sample of the Interactive Build Procedure for
RT-11, LSPMAK.SAV

The [ollowing example shows (he interaclive
LEPMAK SAY wilh its culput.

The example does the following;

build proecedure,

1. Plaees the subrontines in a new libravy called TSPLIE.OR
4. Enables the ETS aption.

4. Builds the [bllowing subroutines:

» PEAK — with the duuble-prevision integers option (the TYPPE uption)
enabled,

* FFT — with a maximum inpul array lenglh of 8192,



PGELEIGH R IRy
PASGION OL Ty O

B I TN R R U H

Laboratory Sobrowtives Y1, 2 8uwild Procedere tor R1-11

Havwe »cv cssifned deviees For trpet CDHeY apd auteat cOU=2? TN ARD 00

MOTZr Thuis procedurs aaaunes that nli dAratrshutad Fijas Far
Lhe Labaracnry Sanrolt1es 3ackaas 372 an Jaaige “1h",

This mrasedure direc%s gll potPus aod Sewrarory “iles
seHceprP: library files: 1o deowice "OU",

L1BRARY DF1LON

Co rowwer1 ic build o NEH Dtbrcacy Tile Icem Lhewe sebcoulbines?
IYFHNI v

Erter the spec:frcatian (HaxiHUH of td chazactessd of the

drstped Lebrary Fi1la, fawnneie NK=LSPLIE.OR.I}

FHTER NAHE = | HEBC IR O b e Ta -1

Ar 2ach subrantine is added %o 2he library» iss cOrreavonding
abdest file is normally deleied fromdevice "0OU"Y;
le this accericble® LY ML

HARDWARE JFT [ONE

Jeeps your dachine havwe the EIB arbyan far any Floatind paint aetion: ¥
{the ETS pprrionl LY /KT VR

SUBHOUTINE AND ALGOEITHM BRTIGKS

D0 #»ad wans 0 bulld vhe spbroniine "PFEAR"Y LY SM] %"

Ca rovwant 0 digable ika sefiware diaival Tilyer?
lgpatla 1ke NOFLT® aplLland DV /AY] RJES

Co rowwanl 1d enalle deoble pEredicsLen LI Ful 2214 FlrdcassLni3 by PERKT
([the OPP% ortian? [YrH1 wicdt

o0 vyou want tobyild the sgbrantine THUFI AP [YSNI YIFE”
Do vaouwant o build “he subrovtine "HISTI"® LY /N1 HfE
Co »ouwdant 10 butld the subreutine "RHIGTI? 0¥ el miRc

Np vou want to buald the subfourine "FFT"7 LvéN. e
What is the na=imuw lendtq aFf anv dneul array Labe mrocessed by FFT
{thp F . MAYN oriaml
12a7 [v Nl HEETD
A7 [y /N HED

-2 Sample of the Interactive Build Frocedure for ET-11, TEPMAK SAY



dOOG7 [YrN] fee
O:-OZ7 IveN)

Do vouwanl tec beild 298 sub-cutine "FEAMEPL®D Sy gyl el
Meovol wert io buifd poe subrcwtinp "FOMRSE 7 (o e
D vdwwant 20 b3 0 Lhe subronz19s "CORRE. "% [ p- 07

Thig “irak rartian nt LFe ~abatatary Scbhrovzings BuLle
Frocedure is 3aRAjetLe,

F1lle LCFCMDO.MAL ha= Leen eraaced or cevirne "OU" . This f1le
SEA5 e switehes pevwired toenable the nensans Lhat wny
hagve remusczted.

Fi1le LEPELD. UM Fas alsa oean created on daupece "JU", g
Should exgcute 1Pl inditent conmnand ila nesale I41 wil]
buyid cack subrewtine raquestes un doaee "0U" and crpage
Lhe Dibrearv T10le sreoifaade DLIG_SFLIALOBY.,

Firallv v ihe *ile LEAULK.COM has baen cteated on deajae "OU° .
Youshenld eaecuse th1s command *i1e 3fLer vsing | HFOLD-COH
to bl lg youwr custariTed Leborasars Subbeciines asdect fFiles.
This command *ile w1l verifs hae sour scfiware 935 beer
SURERAEsTully daakal.ed,

=TOF - -

LA LECLD

HADYIJAJECT 1Ol F 3k Ak OU:z _SPCNE+ I k: FPCAY
FREURS JETECTED:

v LERARY SCREATE NMLsLSPLIS. OB 11 sFPERK

MACKEO/OB_ECT=00FUFFT JJ:LSCCHMN+:H:FUrT
ERRORS CETCCTED: 0

+LIBRARY OLaLSPLIR.OBD JU;FAFFT

FORTRANSOSJEZT i LE=EX INsEEGTPE
aHAIHN.

fLIME A THECUTE i) LEFEn OUelLGPE % (\GL:LS ALIELLUEY
P AN QL LEPEY

Sample vl the Interactive Build Provedure for BT 11 LEPMAK SAY (-3



PEFAL FaanFlfe U

FERE KO, [P ] P oAz 13H1 TIHL L HE.GHT L. TTHF
a1 F HINTH " HEIGH? = TIHC THAF RN
1 E . i qrZasqa, o0, F9371113. .
LI 4030745, i FASELIkE L
- tA73CdLE- 57250, HH - Jdd 125, TN
7. TA9H ¢ . B3.- DAZCL TRE L«
| LAMINSARA. JUuuBz. Goo. HIEFE, Lu?.
1i4- ZuiBEac. gaa. DELLEY L
STOP - -

CELETESHOQUERY Ol =L 5PFY. &

WFORTHANOBJECT 20U LSPEY IHZEXIFAF
TMATH -

v [Mh FERECUTE:CL:LEFEX OL:LZFEX ,CL:LSFLTIB.0ORJ
LRUM OU=LSAEY
SFTEkamrle Fl

DATA TG BE TRAMNSFORMED - SIME HEVE SSRIZED 3Y 1500,

- REAL PART -

i 135 3Rz 565 s Bal 523 SE
1000 g Bza Bal oV odd dBz 129
n -L33 -d8:2 =503 =707 -03: - 333 -Sh
-1 -840 -823 -ga: -707 .E55 -3@z -195

- IMBARCTARRY PART .
] N n i 1 1! L a
0 i ¥ i L L = a
0 u e [ 1 i b O
o [ i i i i i [i

RESUL TS FRIIM THE FORKWARD FOURTER TRAMNSFORM (JF 37 POIMNTS U5 & S1HE HAVE

- REAL PRR1 -
" -7 H -G a -2 0 -2
G L o Z a u] u] o
w L 0 Z 0 z 0 z
o L 0 Z 1] 1] & b
- THAGTAAEY PARTY -
{1 -i159A1 H 2 N 1 ) n
i -3 1 -7 L -1 [ -d
0 -1 [ i [ 1 il 0
1] -1 [ -2 L -z i L=a84d

L Sample of the Interactive Build Procedore for KT-11, LSPAMAK SAY



RESULTE FROM THE [MYERSE FLURIER TRLMSFORE

- WEAL PaR| -
4 G217 124un

L2749

31977 21354 PHEZET RS
4 -E217 12200 -1%74s
-F12%Y -31354 78527 -TuimER

- HARCNARY PART -

-2 -2 £
-d L. -
1 =] 2
i 9 G
- FEAL PAR™ -

0 Lau 221
433 B:3 o7
o -3 =351
-398an -37a -[:2z

- IMACINARY FART
o C o
[ ] u
C 0 ol
0 ] L)

fDELETESNAOQUERY ML :LSPEX . +

-0
-L7
S

L7

551
Ban
S50

-850

L i e

SEFORE SCAl IHG -

J2258A ZBER72
22R0a 1775z
-2258H  -CESYE
2?0 -17FTF5

-5 |
u -id
5] -k
1] 11
AFTER SCAZ LA -
Fis Gan
Tz o5
ST -B3nG
TR -534
I iy
0 §
o il
L u

Rty |
12223
-23d53:
-12223

acoc
Jal
-asE

-ZE1

41356
254
-dL35E
-G5S

a7
1a%

-978

-1E5

Sample ol the Intersetive Build Procedure for RT—11. LEPMAK SAY C-5






Appendix D

Sample of the Interactive Build Procedure for
RSX-11M, LSPMAK.TSK

The following example shows the ioteractive build pracedure,
LEFMAK TSK with itz ouiput.

The example does the folluwing:

1.
2.
3.

Places the subroutines in a new library called LEPLIR OLE.
Enables the EIS uption.
Enables the FORTRAN 77 oplion (the FAT'E aption),

EBuilds the following aubrontioes:

s PEAK — with the deuble-precision integers vplion (the DEPH aption
enablued.

* FI'T — with a muximum input array lenglh of 814,



VIR O o= [ s
SROM SR - DU T
FRUR TM D200 i | LEPHARRE

—zbkrratnrs Subraaniqes Y1, 2 Build Frocedure Tor 2% 114

Heve vou assigmed deviees Tor fupwst 1Ty and guypl (37 [™5ND vy

MOTC: Tnis crappdure dssunes that all distritutee Tiles for
tap Labspratory Sulrcuiivres PAanKase afe or cenice "TH®
arder LS Dot ol ],

Tniz rracedvrp diregis all culeul 2re tevperary TLics
sencefrl Tibhrgry TLLES) L Fecice "2 yrder 1khe
dpfauli JLz,

LIORAEY TFTION

Oa vaguwant tobeile e MEW tibrao» file fonm these sub-aubkinese™
res syl oEm

Entart chpe srecificietlion (aasidud of A0 rkharactess) of the

desired Librarr Tile, (eravrle G¥N3 L+t ILSPLIG.OLE

ERTER MAME: CRI:[51 501010 22 Jp.CLORM

d=z saph subrogieiire L2 added tc the Librare s 115 cOfresmrandinag
anJpol Tlle tsirdemally deleted food Aeuyce "0HU" ;-
15 ahls dccertabic® [YFHNT RITH

HARCHARE OPTLONG

oes »our nackhine have the EIS artzan (a? an: Flagkinsd mai=t or1ign 7
LLhe CI5 artiand [YSNT vHE

FORTRAY QOPTILONG
Will vouw be usina FORTRAN 777 {the FAPS aabiant LisRD VT

MOTE: The *oftwaze we@rifizacyan coppand Files CLILEEVER LMD w1l L
use FORTRAN 7% va cawsle crna Lapofatary So5rainines
tect Ppradraws, TP tass 04113 Arucedare Far EARSE 1RG5
PrOdTaHS W1])] a550mE Lilgh She eprraoriace FORTRAN 77
objech Lipe sy5%em library is added tn she sPseem libracy
S¥5LIB.CLA.

EJBROUTINE ANDO ALGCRITHM COOT I0KS

Do vrouwant t3 poild whe subrowtine "PEAK"? [¥/NT s

Do rouwant Lo d15able “he suftware digizal filiery
tpmable she MOFLT$ ortionl LW /M1 ML

Do vou wante 68 enable double rreecisinm InPuy data Pfocessing by PEAKS
ithe DFF oriion: Cysl] vEC

D=2 Samgple of the Interactive Build Procedure for HEX—1E, LSPMAK TSK



SO0 Oy wank B3 puild the suhrgobine "HUELOP"® LY /0] RiTn
Do voll Wart to Luwild oys SR Zuutieeg "HIST )7 [Yey1 HiG-
Co ¥o0i bank £o puild 1hp SUkroaLtine "RHISI[" T [y in: M

Dorouwert L bvild 2 sub-out g e "FR1"T [Y:N] hiEs
HFat 1s tke manimupy Tendih of anv farur 3--4+ 1cte Proseeszsd 5 FFT
Iithe F.FEER art:orn g
12a= [Fu1 H
QOUF7 Z¥2m] WD
LONET [V AN D YT
=5 R LN ; Tﬁ:_-ll

Do v0u want 1c buily <he Saozentire "PHEMEL"? (VAW R
Covpuvann Laonyig the Subronusine "HOMRSP 7 Cv/NT i
Mo vew war L Lo build L2 subroutive "CORREL' ™ rvevy) M=

Thdis First maztan T LkE Labvarators Gut ruu<ivow Buzid
Arazadure 2 Cumeleye,

Fric LEPZM3.MAC has a=sn Coestec an deoaze NIV, Thig 7ilm
=ets 1Fe swiiches raqusrd L cngble nae aptichy ithaz ra.
kave requesgey,

Fole LEPELD. 242 has gl1sq aEen crealed oa devce "0, You
zhonld eaerntie thig indizect connand Fi1ae nawl, [t 4111
Lvila each subraigine "RELestPd uv daulce 'O and srpata
the Jlibrary Fila SPecLtLed s DR 030 2011, SFLIB.IiLD-

Firzlly s the 14191 GFVERCCHD Fas been nruatad ¢ cenige "OLT,
Yo shouwld PyEsaba Lh: - comnand “i1le afres csin g LEFBLC.MTHD
o bwill rasrcuztonL-ge —dboracars Bubrectiynges ahdzgt fLler,
Thig 2owwand (2. will ue FLPe bmaL scur sof<uare aas Lecr
=UPCas s Ul ly trotglled,

TTLL -- STOR

-

CEDUr _SPE_JHET

AMAT DU SPEAK SOUGLSACHD r DM e o IO IFPEAK

FLBRGRZ: L2021 +201 jLEPI L2 LB 'CE-dU*FPE™

SMAN CLaFAFFT =OU=LESPTN0 IN: T200 2NNITAERT

CLER ORZaT20L 0oL ILSFLB.OLE=0U: TaceT

B TEYF -

AEO L= FUCRIED

SFFF LLiLSPEX=IN= L 200 VEDSIERYF FE

STER UU:LSPESFFP SOdr_GPER JORZ2I20L 1201 JILEELTE.OLRSLE
*RIH OUel 5PEX

Sample of the Tnreraetive Puild Procedure fir REX- 11, LSPMARK TSE D-3
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r-@rn NO-

[

ARFR
RHALF WLlxiH

TT1TazL O,
LodusarfR.
.,
dd7onAdEd .
11E,

GFTPOJLSPEX - v ixsDE
¥FT7 OU:LEPEX~IH:[E00-Z0UJEEIFUF
#Tal UU:zLSPFY/FP =CUqLEFEX .CRZ: L2121 ILSELTR.CLB/LE
»RUM OU:LSPEX

AENME Ceanrle ¥4

FEICIT FTIME
[ HETGHT T TIMC
SRR nEp
4BI0TL- wii.
452230 EH-
THARZT, B3,
AUINRT ERE.
PIRES £5€.

FETEuamrle il

OAaTa TO BE TRAMSFIFHEZD - SLNE HAUE SCALED B L OO0,

- REAL PART -

il 195 a2z
Loon SEC =z
o =153 -aaz
-i1ncr =050 -9240

- JMACTHARY PRART -
h u] u}
ul n o
ul [ N
u} o L1

553
831
=TT

-aat

L e |

FRESULTS FA(OM THE FORHARD FOURLER

- REAL FART -
1] -7 'Y
1] 1 i
it 1 a
1) 1 n
- IMAGIMARY PARHT -
1] -10881 H
0 -3 0
1] -1 b
[y -1 1]

=3 k) koA

Sl R

REGULTS FROW THE IKUEREE FGURILER

- REAL FART -

-4 EZLT  :ZZ00
3127z 3154 ZOSE?
4 -H217 12200
-91972  -31254  -7O527

- IHAC IKARY FART -
-17 -8 -5
-f 5 -5
L2 A g
i 5 g

17748
2R5R7
1Tl
-EEBFEL

-17

17

A 231

Tk =i

=TT -4al
-7a7 -350
il ]

1 [

L L1

w o

L HE w41
TVFE

=1 I D
EAGEL ZHE
Jua:3l.
BASCLIKE

14522,

YaLLEY

ooz
=
=023
-dRe

L v

—_—n

Jga
L35
380G
-185

fov Y o I o Y g

TIiFFE
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