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PREFACE

: Much»of the first gamma-ray specﬁfoscopy'work was
performed with simple single channel analyzérs and low res-
olution detectors. The small amounts of data collected Were*i
easily handled with simple mechanicel equipment aﬁd the nu-
- merical analysis of the data was performed by hand. In the
mid 1950”59 simple puise height analyzers were de?eloped
which could collect data in many enefgy ranges simultaneous-
>1ye The speed of the anzlog-to-diglital converters aﬁd,the -
‘éapacity of_electronié nemories limited the amount of data
which could be'collec}tedo Mechanical printers aﬁd manual
_ oalcﬁlations Were still practical,
| Large écale integration and the development ofAhigh
speedrpulse,pfocessing eléctronics has made 1t possible to
design.pulse height analyzers capable of sorting thousands
of counts-per second into theusandé of energy channelso

High resolution detectors have added to the comﬁlexity‘of
Z.the data collected, Clearly, hardcopy output equipment is
ihadequate fo handle the lafge amounts of data gehéraﬁed'in
a typ1cal research project. ,Alsogkmore soppisticate& numer-
.ical anelysis methods are needed'toAtake fullladvantage of
the lérge amounts of data which can now be'collected; A
miﬂiacombuter operating sysiem can provide the extra coiputé
ing power necessary for most applications, but.it.is
sometimes necessary to use large computers in gammaaray'
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iv
spéétroscopy'pfoblems where ﬁany elements'are present aﬁd
doublet and triplet pesks exist, ' :

| Aimodern 4096echannelzpuise.height analyéeramay;‘

coliect over oﬂe hundred thousand bits of data in a single
spegtrdmc It is desilrable. to save gll data collected during -
-the course of an ihvestigation as Well‘as transfer it to
larger computers for analysis. The standard paper tape
pﬁnch éupplied With'Teletype‘equipment is éapable of output
at the rate of‘teh characteré per second, ' It takes over sn
hour to punch an éntire spectfum with such'equipﬁentav'The_
volume. of paper tape generated nay Ee very_cumbersomeo

Magnetic tape provides a means of storing and trans-
fering the large amounts of data collected during the course
of an investigaﬁiona ‘The same spectrum which tékes mofe than;
an hour to output onto paper ta?e mey be sﬁored on magnetic |
tape in less thaﬁ five seconds. The amount of ﬁagnetid tabé
»uéed is so small that over-one'thousand spectra may be stored
on a single Z@OOmfoot reel, Magnetie tape also. allows COmm=
~plex, user=interactive functions to be included in the minim
computer operating systemn

The purpose of this project was to develop the
softWare:necessafy to store and manipulate data on magnetic
tape in the most efficient andrversatiiesmanner pessible;ﬂ

I wish to acknowledge the many helpful suggestlons
; provided by Dr. George W. Nelson and the technical supporu'
offered by Mr. Thomas A. Caffarella.
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ABSTRACT

.
Sbftwarélﬁéévdevelépéd to interface a standard mini-
‘computer éontrolled pulse height analyzer to a seven track
nggnetic tape drive. Algorithms were devised to maximize. -
efficienCy and versatility, yét maintainrén easy to use in‘.=
sfruotion set which anticlpastes many hsef errors and providéé
diagnostics for éérvice personnel. Complex functions such as
:baokground étripping‘and SpeCtrum comparihg we:erwritten,to
allow user interaction and manipulation of spectra without
~deétroying the original data. All programs were written in

e modular form to facilitate future software,developmento



CHAPTER 1
INTRODUCTION

The development ofvhighyspeed microelectronics and
mass memories has léd to the construction of'vefy sophisti%»
cated pulse height énalyzers forrgammawray'spectroscopfg,
These analyzers are capable.cf.collecting.pulse height data
in thoﬁsands of chaﬁﬁels simultaneously. Obviously,rthis_
development has led to evermincreasing difficﬁlty in han-
dling and analyzihg the large amounts of dats collected,
Fortuhately9 the same elcctronics which have made modern
pulse helght anslyzers possible heve also made possible the
construction of'miniacomputefs with the control and Ar.‘:omp"urt'==
ing capability necessary to service these de‘v;iceso

There are many pulse helght smalyzer - mini-computer
_systemshavailable on the market toeday. The one in use at
The University of Arizona 1s the Northern 636 - Nova 1200
combination. The ideas and algorithms developed for this’
particular syétemAafe éirectly applicable_tc most other

systems available,

Rasic Nova - Northern Operating System

'The basic pulse height analyzer for gamma-ray Spec~
. troscopy includes a detectcr9 instrumentation amplifier, .
enalog-to-digital converter, and input-output devices.

1



2
- Meny types of detectors méy.be used for gamma=-ray spectros« ;'
copy; Solidwstate Ge-Li detectors éfe used for high energyj
resolution and Nal detectors'are used for low level counting,
- The instrumentation amplifier}and aﬁaldgmtOQdigital converter
employ the same high degrée of eléctfonic'sophistication as
the analyzer. Input-output is accomplished fhrough a stand-
ardkmodel 33 Teletype. The slow speed of operation of such

a device limits the overall efficlency of the system'which
is otherwise made up of state-of-the-art devices., All user .
interactiqn with the systenm as well as 2ll data output is
channeledvthrough the Teletype. A block diagrém of the data

end control logic flow in such a system is shown in Fig. 1.

Mini- = B |
Computer |- o‘P84¥2eT | | ADC <@—Amplifier
I
I |
v
Data ‘ ‘
Teletype ' o Detector
" ===~ Control o »

’ Figo i. Data Flow in the Nova - Northern Systen,

Computer Controlled Functions
Certain enalyzer functions and operating modes may
be controlled by the mini-computer by either software acticn'

or direct user intersctlion via the Telet&pea These include



- selectien.of the Pulse Height_Analysis (PHA) or Multi-
Chennel Scale (MCS)'medes end memory addificn or subtraction :
modes, Counting segquences may be initiated or terminated
.aﬁd 8 number of &ié?lay modes selected by the operator or
the minieeomputer,l The ﬁiniwcomputer'may place the pulse
height analyzer memory in the external'mode for direct ac-
ecees to data. With the standard Nova - Nofthern operating
system, these functlions must be directly initiated by the

user.

On-Line Analysie Capability .

.The Nova minimcomputev is capable of'performing a
certa;n amount of mathematicel reduction of the data colw .
lected by the pvlse height analyzere Software has been
implemented to calculate the areas, widths, and energies of
peeks in spectra. The system may be calibrated by typing in
ehannel nﬁmbeTS*and:associated energieso .Peaks to be~anam
llyZed are identified (intensified) by the user prior to

initiatimg ﬁhe analysis prcgramso

| Special background strippingg'eurve fittingg and
analyeis of mult;ple peaks is not possible with the programs
gtored in the miniwcomputera It is possible to punch the
spectrunm on.paper tape using the Teletype,_eut this is very
time consuming. . o



‘Typical Research |
Besearch performed with the pulse height aﬂalyzer'

may be divided ihtb-two broad categories; single isotqpe
tfaoer senalysis and multiple isotope unkndwn anglysis. The
first category includes ezperiments Wwith single tracér'elec‘
mentsg such as dysprosium, Which are infroduced info the
system under inveS%igationp The;amouht of the isdtope prés»
'ﬂrent is deterﬁined by the area under Spe@ific peaks, Under
; thesé controiled conditions, 1hterfering isotopes may be:
eliminated and data collected only in the energy range of
‘ interest. This reduces-the amouht and complexity of data to
bé énalyzed and standard Teletypevhérdcopy qutput méy be ’
sufficient. It may be, howevef, desirable to keep a record
of the entire specfrum for later review; |

| The second type of experiments commonly performed
Jinvolve tﬁe analysis of complex unknown samples with many
isoﬁopes ﬁresent;' There is s greaﬁ possibility of ihterferf
ence between peaks. In many cases, hundreds of individual
.pééks.may'be present. Clearly, the analysis of sﬁchﬁspectra 
is out of.the scopy of the mini-computer implemented pro-
_ gramsa The analyéis must be performed on large‘eomputers
.psing sophisticated prbgrémé; _It is Véfy desirable to save
the entire spectrum for later reviéW-if neceséar§n Paper

tape is vastly inadaguate for this task.



Shortcomings of the Nové=N0rthernfSys€em

As indicated earller, there are many limitations in
the.miniméomputer/pulse helght analyzer system. The
limited computing capability makes it neéessaryrto transfer
the spectra to a larger machine. Input-output through the
Teletype is very slow and the papér tapes generated require'
a large volume for storage.. Thé user must be present to
remove the spectra from the analyzer., Expeiiments invelving
the irradiation and_counting of short'half;life isotopes are
'needlessly slowed down by the time'required to analyze and '
dump out tha data after a counto >Not only is the analyzer
- time poorly used, but the reactof time ié also used.ineffia
clently. What 1s needed is a fast, high density, portable

mass memory system. Magnetic tave provides such a memory.



CHAPTER 2
MAGNETIC TAPE OPERATING SYSTEM

Magnetic tape drives may be sdded to almost any mini-
computer syétemo Complex hardWafe and software support must
aflsobe.added9 however. The hardware connectién between'the'
mini-computer and the magnetic tape érive is accomplished
through a device called a'formatter or eentrQllera This
electronic dévice conmunicates déta as weli as the control
pulses_required by the magnetic tape drive. A complex set
of programs 1s required to prepare the data forrstoragefand
operate the tape drive. . The date and control logic flow in

. this expanded system is shown in Fig. 2,

gtz Mini- e, L
Controller | | computer m___;Analyzer || ADC
| x | — .
| l o o h
i v _ :
. ! | Date Amplifier
MT : . »
.. Drive Teletype - — - Control : %
Detéctor

Fig: 2. Data flow in the Nova - Northemm - Wang System
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Software |
P?ogramé must be written torcommunicaﬁe instructiqns ;_'“
-to the tépe drive as weli as data. The status of the tépe
system ﬁust»be éetermined before and after data %ransfero
Descriptions of the control and status programs follow. The

data handling programs will be discussed in the next chapter, |

Control‘Programs

Paper tape readers and punches ére largelﬁ mechanicsal,
so they perform few additional funetioﬁs.and require little
electronic hardware td operate. Software requirements of
these and otherfhardc@py'deViées:are‘minimale Magnetlc tape
equipment not only ieads and writgs data, but also performs
file search, rewind, parity check, and read-after-write
operatiénso This requires a high degree of eleetroﬁic éech»'
- nology and extensive software supporﬁ° "

Fortunately, the software required to control the
tape motion functions and the transfer of date is usually
supplied by the manufacturer of the controller. Thils soft-
ware is tailored to the particular tepe drive and mini-
computer being used.  All the user has to do is call ceitain
subroutines and supply the requested informatione A de-
tailed knoﬁledge of the operation of thésevprograms is not
vnecessaryp however, iﬁ‘ié important to fﬁlly understand all
_the detalils of their useov The magnetic tape handling rou=
tines sﬁpplied with the system are listed in Table 1.



UNIT

REWIND
READ
WRITE

" WEOF

SPACE

CMPLTE

TABLE 1
MAGNETIC TAPE HANDLING ROUTINES
Places the addressed tape drive on-line and
sets the parity and data density.
Bewinds the selected tape to BOT,
Reads a record.
Writes a record,
Writes an endwofwfiié mark,

Spaces forward or backward a specified number
of records or files,

Completes the previous eommand.



Status Check v

" During the course of normal operation, two types of
system melfunction are likely to occur. The first'are
classed as mechanical failures and include paritypvﬁad tape,
Word'countg and daté late errors. The second type of mal=
fﬁnction is logical and stems'from éoftWare #hich tries»tok
: pe#formfcertain functions which the magnetic tape transport.
ié incapable of, These include such things as reading over
end of file marksg‘épaCing over beginning-and»end of tape
marks, and giving a write commsnd when the file protect mode
is activated. It is of great im@ortanée to have a magnetic
téﬁe status check and error routine which is capable of
chécking the éysbem dgring:aliiopératidné involving the mag-
netic tape drive, This system should give detailed infor-
mation about the location and nature of the maifunction and
provide a means ofArecovery if possible.

Four rbutines have been included in the'basié mag-

‘netic tape softWare package. The first one is called before
any operations involving the maghetic tape are attempted and
checks to see that the drive has been placed on-1line, If
the operator has néglected to press ON LINE after 1oadiné a
new tape on the drife; a'méSSage.to that effect will be typed
out, The:situati@n mustAbercorrected.before_the-program‘is
aiiowed to continue., The system may recover from thisferrdro

| _It is possible to prétectﬁtapes from accidential 1

erasure by removing the write ring from the ﬁape reelo  If a



v io
routine is initiated which will attempt to write on the tape,
a file protect check 1s made. -Ii the write ring has been
removedp:a message will be ty?ed out asking that 1t be re-
‘placed. The program will not continue until the situation
has been rectified., Again, sjstem,recovery'is posSibleo ‘ |

Magnetic tapes come‘in a variety of lengths. it is
therefore neceséary to checkvfor an End%ofatape fiag aftér
each write operation. If an End-of-tape is encountered
during a write sequence, the file being written will be come
pleted. No further write commandé willibe completedo. The
' End-of-tape routine ty?eé a messege When the end of tape is
reached. |

The final status routine is called if an error is
detected by any of the other magneticAtape handling'routines9
These routihes'inoiude those listéd ih Table 1. This rou- |
tine interrogatés the status buffer in the magnetié tape

controller and determinés whether the error is due to hard-

© Ware or software problems. A message_is typed out giving the

type of error encountered aé well as the address of the in-
struction which caused the error to occur, Thé contents of
the status buffer are also printed‘outo o |
A careful review of the technical-specifications for
"the equipment used, as well as the software operating system
manualsg 1s required to insure that logicai errors are hot
made. Flow charts for these routines are shown in Figs. 3,

Lh 59 Slld 66
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TEST-
NT STATUS
REGISTER

T?

/TYPE MESSAGE
WAIT FOR

CHARACTER

Fig. 3. Flow Chart of MT On-Line Check Subroutine

TEST-
_| mT sTaTUS
'REGISTER

FILE
PROTECT
?

-\ RETURN |

R
TYPE MESSAGE
WAIT FCOR

\_CHARACTER‘

Fig, %, Flow Chart of MT File Protect Check Subroutine
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TEST-
| MT STATUS
"| REGISTER

TYPE-

END OF TAPE [

~Flg. 5. Flow Chart of MT End-=6jf-=Tape Check Subroutine

TYPE=-
LOGICAL

| TEST-
| NT STATUS
REGISTER

- TYPE-
SR  HARDWARE
MALFUNCTION

"Fig, 6, Flow Chart of MT Error Check Subroutine



CEAPTER 3
DATA STORAGE ON MAGNETIC TAPE

Mény types of'mini@cémputérsg1formattersg and maé< :
" netic fape drives are avéilable on the market today. Each
‘has its own operating procedures and requirements, Speéial
care muét be taken to insure that daéa is handled properly

' aﬁd that no scramblihg or loss occurs. This is‘only possi-=
~Bie after a thorough review of all technical matter per-
taining to the particuiaf;operating.system in use.

| . Sixteen bit mini-computers are by far«thé most com-
mongméchinesAon the market today, and whén used with standard
9+traék magnétic tabe hardware, offer the simplest means of
recérding data on tape; The standard 16-bit computer word
‘is broken into two 8«bit bytes by the férmatter (which also
supplies & parityrbit)>and is stéred as.two consecutive
‘79mbit frames on magnétic tape. No part of the word is lost,
sé no special menipulation is required. Likewlise, some
16-bit mini-computers using 7-track magnetic tape drives
write data in a 6-6-4 frame configuraﬁion with sppropriate

parity bits. Again, no data is lost.

Unconventional Hardware Systems

The Nova 1200 = Datum <« Wang Mod 10 combinatlien re-
~quires special conslideration. When a_lé«bit computer word -

i3



is sent to the'forﬁattergvénly 12 bits are actually stored
on tape in two ¢onsecutive 7-bit frames. The formatter
provides a parit& bit for éach frame. The opposite iS'trﬁer
when a read sequence‘is initiatedo Cnly 12 bits are fecov«*
ered and assembled into the 16-bit computer word, the

remaining bits being set to zero.,

Data Packing B
The bit configuration for the Datum - Wang system

is shown in Fig, 7g The bits in the 0,1 and 8,9 positions
must. be shifted oﬁt of these positions and stored on tape in
allater word. To achieve maximum data density on the mag-
netic tape, four bits aré removed from three computer words
and ménipulated toAform'a‘fourth Word which is then written
on}tape after the first threea- When évmagnetic tépe read 1é
performedé four words are read and reassembled into three
complete 16-bit computer words. Careful bookkéeping is re=-
quired to allow reassembly of the-qudS in a read operation.

~ A convenlent means of packing data utllizes the AND,
'SHIFT, and ADD functions of the mini-computer. The algo-
rithm used to pack data for storage on magnetic tape 1s
shown in Fig. 8. A mask word is used with the AND function
to_remqu’the bits which will not get stored on tape. These
bits afe then shifted aﬁd added together to form-the fourth
12-bit word which is written after the first three. This |

‘process is continued‘until a complete record has been written.
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Fig. 7. Blt Configuration Before a Write Operation
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Data Unpacking

A reéverse prccedure of'shifting,.maskingD and adding
is used toﬁreassemble~the original-threefiéwbit couputer
‘wdrds; Aslstated earlier, it is essehfial to kéep traek of
where each bit is for each word, 6therwise¢ bits from one |

word maey be reassembled into another.

Y

Recofd Length | '
The”number of words Which-ma§ be written in any oné
recérd'(eachAword coﬁéisting of two frames) is deterﬁined byr
the particulér'hardware in use, Any number of words from 2
to 4096 may be written on tape in eny single record with the
Datum - Wang Mod 10 system. Eéch'reeord is terminated with
several special characters and a blank gap. If the number
.of words writﬁen in the records is éma119 much.time and tépe
,is WastedAwriting these characters and gépso Long records,
~however, requiréllarge'segments of computer memofy fer the
: packing énd unpacking operations. ‘There is a tradeoff be-
E tweén computer memory use and tapeAwriting.speedo For the
Nova 1200 with an 8K nemory, 3008-computer words packed inte
4008 formatter words prove to be-an'efficient compromise.
With this record 1eﬁg£hg it is possible to write a conmplete
4096 channel spectrﬁm on tape in about five seconds, using '

less than three feet of magnetic tape,



18
File Structure

Once the most efficlent Way of storing individual
records on magnetie tape has been determimed9 it is neces=
sary to find an equally effigient way of organizing the
spectra and assocliated data into files. Each file is made

up of many data récbrds and is separated from'other files by
>speoialvendw6fwfile ﬁarkéo Most hardware systems have the
capabllity of spacing forward 6r backward over any specified
number of files regardless of the number of records in them,
It would seem reasonable to organize the data into files_»
such that each file contains all the information pertinent

to a particular spectrum.

Record Configuration '

Two systens were considered for étoring the gamma-
rey spectra and assoclated data on magnetic tape.,  Each
system has its own attributes and shortecomings which must
be taken ‘into account and tailored to the specific demands
of the system in use., The first method involves dividing
‘.the data into uwo groupsﬁ a spectrun blook and a descriptive
data,blocka ~The spectra are written_in files starting with
the second and the data blocks are written in consecutive
records in the first file. Therefore, the first record in
éhe first file contains thev&escriptive data for the first
spectrum onyfapee'ﬂThe second_reccrd'iﬂ the first file con=

tains the data for the second file on tape and so on,
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When a new speotrum is written onn tape, ﬁhé foilowing '
sequence bf,gvents takes pléce, First, the tapé is rewound.
The first blank record is then located and the data written
ftherec The\tapé is then spaced to the corresponding file
where the spectfum is written. Fig. 9 shows how ﬁhe tape
is organized in this situa*tiono |

This system is very efficient when it is necessary
to examine the data contained in the:descriptivé block
often. -Littie time is lost by spacing ffoﬁ file to filé@
This method‘is very.cﬁmbgisome, hdweVer,'when many spectra
éfe writtén on the tape. It takes a longer time to write
eadh successive_spectruﬁ»’ Problems also arise when this:
type of tape is read on'ahbther machine.

- The second systém is geafed to fést writing of '
spectra on tape as well as rapid reading of data back into
thdanélyzero Examination Qf'the'descriptive‘data block is
a littie slower sinée the tape must bé spaced a full file
toxget to the next descriptive data blocgg This type 6f
file organization i1s shown in Fig. .10. Tﬁis system alidws
examination of the descriptive data block of a pre#ious

spectrum without having to rewind the entire tape.

Number Repreéentation
Many typés of numbers are used to represent the
various pieces cf_déta collected. The type of number used

' to represent a particular parameter is- determined by the use
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-tovwhich the particular parameter will be put. PFrinted |
méssages to the user, such as the sample namep‘are best
represented in ASCII., Integer numbers, such as the'file
’number and the raw specﬁrum.data, are best left as pure
-binary’numbersn Calibratipn numbers and various times,afe
bésﬁ represented in the floatihg point code employed by the
:particular computer in use. betails of the number typres and '
theilr representation on ﬁagnetic tape will be discussed in

,aslafer section.



CHAPTER 4
MAGNETIC TAPE COMMANDS

.b'Onée the file structure and'record length (as dic-

. tated by the particular hardware being used) have been
determined, it is necessary to decide what operations using
the magnetlc tape are required. Theée operations may in-
elude readingvin and listing the descriptive dats abput the
specirag feadiﬁg.and writing the spectra,to and from the
magnetic tape and aﬁalyzerg and perfdrming éertain manipula=-
tions on a particular spectrum of interest. Discussion of

these three types of operations wilifollowo

Preliminaries

'; Before any programming begins, several thingS»must
be determined about the software operéting gystem supplied
.‘by theAanalyZer manufaétureru A cére map of the analyzer
software should be made. This will allow the programmer to
determine where he may store his additional software. Par-’
ticular attentidh sﬁould be given to the page O‘locatiéns‘
used by the snalyzer progral, Page O 1ocatiqns are ﬁsed for
_indirect.aadresses and are g conveﬁient means of accessing
often-used subroutines,' | .

_ The utility routines ﬁsed by the analyzer.prégram
should be identified. These routines typically include

22 |
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programs to input and‘outpﬁt nﬁmbers and messages on the |
Teletype, convert numbefs from one form to another, and
output error conditionso Theée routines will be very useful
in the development of new softwaié and will reduce the
amount of programming cohsiderabiyo

Since the mini»compﬁter perfornms some mathematical
redﬁction of data, it wlll have a floating point interpreter
}software‘package as part of the general analyzer sof tware.,
This set of rdutines is used to perfcrm baslic mathematical
operations on floating point numbers., Inpﬁt and output of,
fioating point‘numbers is also possi’éleo Particular atten-
tion should be given to this program as it will be used |
often in most of the additional software developed. The
manuals supﬁlied with the miniecomputer software paékage
should be studied snd special needs of the floating point
interpreter noted.

One final_area which must be studiedAprior to any
‘pfogramming is the use of ihterdpts by the main program,
B Iﬁterupts are used to allow the computer to continue dpera;
.tion,whilé slower input-output devices are in}operationo
The ihterupﬁ’prioritiés nust be éstablished and the ensble
and disable interupt routines.understood0 Input-output on
_the-magngtie tape is repid enough.so_that9 in most ins¢ances9
interupﬁé may be disabled duringkall magnetic tape‘ | |

'operationsa
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:Instruction Decode |

‘ Once the entire operating system has. been studied and
understood, programming may begin. The first routine to bev |
written is an:instruction decode program. Thie program is
used to input an instruction sequence from the Teletype and
oonvert it to the starting address of the softWare requlredo
Instruction input should be limited to as few characters ag’
necessary to decrease the probability of errors. TFor this
thesls project, new routines were initiated by typing h@
(where @ repiesents,a spaoe.ehafacter) followed by_apéropri=
ate charscters. Once R@ has been typedglthe‘progrem’weits :
for additionaloharacterén The next character isrtyped in
and;then compared with a list of allowed eﬁerationzcodes; i
If the character matches a code, the program  jumps ﬁo~thaf
routihe; otherwise an error message is typed and the se-
quenoe may be retried. A floﬁ'chart‘of the R@ decode

routine is shown in Fig. 11.

_Descriptive Data Block

While it is of great interest to store spectra on
magnetic tape, the spectrum itself is of little use. A
number of other bits of information about'theiépeetrﬁm must
be stored elong ﬁith it on tape. For gamma=ray spectroscopy
applied to neutron activation analysis, this information

should includea !
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Fig. 11. Flow Chart of Re Decdde Routine
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1; Sample name
2,  Date and sémple ID number -
- Time of day |
b, Real and live count times
5. Delay time | |
6, Irradisation time and reactor power

7. - Detector geometry factor

 Provision should be made for additional entries. Also, it
- may be determined that some of the information is not re-

- quired., It should be possible to terminéte the:data input
after the basic information has been enﬁerede‘ This allows
' :fér faster processing of samples and data., Data input and
output is handled by two subroutines called DATAI and DATAO.
These foutines msy input or output 1ong or shoiﬁ data tables
and be used to list data'from either the daté-buffer or the

magnetic tape pack-unpack buffer. A detailed description of
) these routines as well aé the number representation used and

a map of the descriptive data buffer is given in Appendix A

Data Commands

Data may be input to the compﬁter while céunting is
taking place. IEntry into these routines is initiated by
typ;ng R@D-=, A description of the operation of the D@ and

A@ routines 1s given in Table 2,
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TABLE 2

DATA COMMANDS

REDO@ .  Output full data block

' ReD1@ Input short data block
R@Dpze - Qutput full data bloeck
Aepie Input short data block

~AeDze Input full data block

CLA@ro@ No dsta output
» Do pesk anaslysis

AGP1@ Output short data block
Do pesak analysis

 A@P2@ . Output full data block
C Do peak anslysis
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The déta block used for magnetic tépé read and write -
6perations should be made common to any other data blocks
'used by other programs. Peak analysis routines are initi- R
ated by typing L@, Data is requesfed b& A@D-@ and is stéred 
in the same buffer as data entered after the E@D-@ commsnd.
Fig; 12 shows a flow chart of the modified A€ routines which
now use the DATAI and DATAO subroutineso The routine for
input of data'is made very simbple by -use of the DATAI sub-

' routine. A flow chart is shown in Fig. 13.

Contents List

- It is often desirable té examine the descriptive data
,reéord which is stored on the magnetic tape as the first
reéord in o spectrum file. A special contents list routine
wasg Wfitten'té alloﬁ this. Entry into'thiékroutine»is made
éfter the 1nstruotion'R@Cw@ is given. Subroutine DATAOVis,
used to oufput the dataAin either a 10ng~br short format,
Aftef_entryg the computer asks for a startiﬁg file number.
' This allows the user to examine the contents of a Tile which
is located far from the begihning of.thé tape,,'After a
spectrum is wfitten-on tape, the tape is held in that
position. No rewind and sp&ce‘ferwardvis required to locate
the file. A subroutine called FFIL is used to locate the
file. It checks to see that the tape is not blank and that
' the file numbef reqﬁeéted does exist on the tape. This sub-

routine is‘des@ribed-invfull in Appendix B,
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Once the specified file is found, long or-short.
versions of the descriptive da?a buffer are 11sted° Output
continues until the last file on tape is reached or the
operator presses CNTL D on the Teletype., A flow chart of
the R@Cm@ routine is giveh in Fig. 14,

Speetra InputwOutpuﬁ

Cnce the descriptive data has been entered and the
sbectrum accumulated ih the pulse height analyzer,rthe data
‘may be'written on magnetic tape. Before this may occur, two
-things ﬁust be donee_-Firot' the analyzer mvst'be placed in-
4the external memory mode so that the data may be acecessed by
the computer° The method for doxng this will vary depending
on the type of analyzer used, Software for this operaﬁion
is subpiied iﬁ the Basic program package of the anelyzer -
mini-computer combination. The programmer must locate this
routine aﬁd‘determine its call sequeneeo The starting
address should be located in page O of the mini-computer
- memory; The second‘thing which must be done before'the_
spectrum mey be written on magnetic tape is to locate the

first blank file on the tape.

© Write Command

| The spectrum write command is called by typing RQW@
on the: Teletypeo The program then proceeds to find the
first blank file on the magnetic tape by using a subroutine

called FFBF., This subroutine reads the tape and determines
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the file number of the present file, It then speces forward
until it senses a blank file. Details of the operation of
this subroutine are given in Appendix B. -

Spectré which have already been written on magnetie
tape should be protected from accidenfial erasure or the
writing of new spectra over them. Data recorded in this ,
ménner shbuld'nét be subject to erasure even though it is
thought to be useless at the time. This is the philosophy
behind the laboratory logbook. All date should be recorded
andﬂéaVed for later anélysis-or uséo _Therefore,'the.R@W@
command will write the new spectrum'invthe first blank file
on tape and will not write over any spectra already stored
there., This action should not cause any problems since the
tape is capable of storiné almost one thousand spectra.

When the first biank file is found, the program
writés the new descriptive data biock and the éalibration
table in the first record.' The speotrﬁm is then written in
the following records@ An end-cof-file mark is then written |
on the tape. Finally, the program will ﬁ&pe out the file
number intQ which the spectrum has been writteha A flow -

‘chart of the R@We@ routine is shown in Fig. 15,

Tape Erase Command
| Provision has been made to allow for the erasure of
s tape. This action may be used to initialize a magnetie

tape which was used for other program storage or erase all
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}ébectra on a tape so that it ma& be re{zsedo Entry to the
_ erase routine is made by typing R€E® on the Teletype. The
computer then asks for verification of the erase command.
This is necessary since’all of the R@:comménd letters are
1oéated near esch other on;the keyb‘oardD and aceidential |
"entry into the erase routine 1s possibleok The user must
type_the letter C to continué the erase seguenceo Pressing
eny other key will return control to %he.main program,

..If the character C has been typed, the tape is-iea'
woﬁnd to the BOT ﬁark and zefo records are written. Writing
continues until the-EOT mark is sensed or the operatér
types CNTL D on the Teletype;~ Aftef‘either.of these actignsg-
B -éﬁe tape is rewound to the BOT and the meésagé TAPE ERASED |
| ié tjped out. It takes asbout Zu'minﬁteS'to erase an entire
"2400 foot iagnetic tape. The CNTL D termination provision
" makes it possible to save much time if it is known that only

' § few spectra have been pfevibusly written on fhe tape. The

. flow chart of the R@E® routine is shown in Fig, 16,

Spectrum Read Command

| A.spectfum.may be read from the analyzer back into
the analyzer memory by typing RE@R-@, The‘aﬁalyzer must be
placed in the external memory mode; as for the Write se-
guence, .The program will ask for the spectrum file number
which musf be entered on the_Teletype,_ Subroutine’FFIL.is

~used to find the specified file number. This is the same
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ASK FOR ERASE\
[ VERIFICATION | _

TYPE C TO '
\ CONTINUE

Fig, 16, Flow Chart of Ee Routine
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subroutine which was uséd'to locate é specific file for the
contents list routine, and isrexplaiﬂed'in Appendix'B;

e | Two types of descriptive dats transfer are possiblé
during a read operétion, The first one transfers.all data
from thé-firstvrecord on tape into the data_bﬁffef,‘ This

- includes transfer of the eaiibratioh table., During testing
of a prototype vefsidn of the read foiztine9 it was found
that'it=may be desirable to suppress?the transfer of the
".callibrate table. This suppression is useful if an error is
detected in the calibration table stored on tape. If there
are many sbectra stored with the samerincorrecf calibrate
tableg it is very time consuming to reenter the table after
each magnetic tape read. By typing B@R2@ it is possible to
transfer the descriptive data and the‘spegtrum without
effecting the present calibration table which is stored in
the mihiwcomputer membryo-'A flow chart of the R@R-@ |

routines is given in Fig. 17,

' Complex Functions

-,”Magnetic tape is an excellent onmliﬁe'mass'memoryA
for fhe storage of spectrae Various spectra may be recalled
~at any time for further examinatioﬁ or analysis.  This
capabllity leads diiectly to several user-interactive rou=
tines Which may be uéed to manipulaté data; .Since the
spectra'are stored on-tape9 retries'aré possible_aﬁ& no

original data is lost.
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.Spectrum Compare
_ The first user»interac*ive routine described .will
alléw the user to.compare two spectra, The,firstrone is
read into the analyzer by use of the RGR-8 command, The
second spectrum is then asked for after entry into the
compare routine. This is lnitiated by typing RErE€. Sub-
routine FFIL»is then used to locate the specified fille.
_ The program then asks for séﬁeral parametérsc The
 first is the multipliéation factor. _This is the number
which fhe spectru@ on tave will be'multiplied by before it
is entered into the anslyzer for comparison. This allows |
tﬁe usér to_compare two spectra which have vastly different
couﬁt,times or which were made of samples of different
activity. Oﬁhér analyzer routines may be used to obtain the
mﬁltiplication factor directly. FRoutines exist for intem

grating the counts under a photopeak. Taking the ratio of

’: theSe'areas.may-be uged to caleculate the multiplicationk

 factor. This factor 15 important in the stripping routine
._ which will be deécribed later, |
Limits nay be placed on the region to be comparedo

The program tests to make sure that the limits specified

are within the limits of the analyzer and are not in the

'_ reverse ordere_.A shift factor may_then be entered;} Eiﬁher
'é:léft or right shift may be made, This allows corrections

.fér drift in the amplifier and snalog-to-digital converter.

Tests are made to see that the shift plus limits are not
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out of bounds of the analjzér memory. Subroutine MSD
ié uéed to input the file nuﬁber and other data. A des-
cription of éubroﬁtine,Msﬁ appears in Appendix C.

Once the datas has been entered, subroutine SETW is
celled to locate the starting address of the record and
first:word which are to be ﬁransfered to the analyzer. The
appropriate shift factor is also introduced. rAfdetai;ed
descriptioﬁ of subroutine‘SETW’is given ih Appendix C.

© A1l intensification is removed from the spectrum in
the'_kanalyze:rvro The spectfuﬁ on tape is then stored in every
’othef channel in the analyzer. Each bit of thé comparison
spectrum is intensified. The result is a display on the
analyzer CRT which shows the original spectrum in odd
numbered channels and thernew spectrum, shifted, scaled by
- the multiplication factor, and intensified in the even |
{numbered channels. As mentioned earlier, this routine is |
‘»useful for determining the shiftvand multiplication factor
necessary for use in the strip routine. A flow chart of the

- compare routine is shown in Pig. 18,

- Spectrum Strip

Typing R@S@ initiates fhe spectrum étrip routine,
The fiie nunmber and input paraméters are input Just as in
fhe spectrum compare routine. Subroutiﬁes MSD and SETW are
used;7<lnténsification is removed from the spectrum in the

analyzer. Each channel_of data which makes up the spectrum
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von tape is then reédo shifted; scaled, and subtracted from
the correspohding channél.in'the analyzer. Underflows are
set to zero and intensified. Cﬁre should Ee taken to round
off ﬁumbers and make sure that no shifts are introduced
during successive readse A éoéd test of this routine is to-
. subtract alspectrum from itself, - The'resulf should be zeré
in each channel. A further test is to subtract half the
spectrum twice, or one third the gpectrum three times, Vih
each case, the result should be zero or, in the presence of
round off errors, a one left. A flow chart of the spectrum
stripping routine is shown in Fig. 19. .

The uses of the stripping routine are numerous,
It ﬁay be used to subtract peaks which interfere Withvoéher
“peaks nearby. This is particularly useful when a Nal
detector is used. Stfipping ﬁay also be ﬁsed to remove |

background radiation and other interfering counts.,
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CHAPTER 5
PROGRAM STORAGE ON MAGNETIC TAPE

Magnetic tape has ﬁroven to be.a fast, reliable,
storage»mediﬁm for the large émounts of déta collected
during the course éf gamma»réy spectroscopy éiperimentso
The many advantages of magnetic tape Bver Telétype and high
‘speed paper tape havé been delineated. Magnetic tape‘also'

parvides an efficient method of storing and recalling
program material. |

A rapid means Qf storing and recalling programs is
.ﬁarticularly ugseful when new programs sre assembled or ex-
isting programs arezupdated, The basic analyzér andl |
aésemblérlﬁrograms require aboﬁt 8K of miniécomputer Memory,
about ﬁhe éameAamount as a spectrum from the pulse height A
analyzera_ It would be very time consuming tg read in'thé ‘
aséembiéf‘program fﬁom paper ‘taﬁeﬂ read in the old analyZér
program, énd then punch out an update versioﬁe Each of the
above operations reguires over a half an hour‘tb execute on
the Télet&pegvbut legs than 5 seconds on the’magnetic tape
drive. | | | ' |

As with‘all computer systems, occasional brogram
failures will occur, wither'due_to hardwafe problems or

'operator error, Rapid system recovery is essential to
| | Il
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efficient, utilization of the emalyzer system. Under most
circumstances, the software required to read from maénetid
tape is not destroyed by operator errors; and, since it is
relatively short, is less prone to meéhahical failures. It
is»fasﬁer‘to read in the magnetliec tape handlers from baper

: tape and then the main program from megnetic tape than it is
. to read in the eﬁtire analyzer progiram frpm paper tape. If |
the pérticu1ar mini-computer in use éoes not have magnetic
gore memory, any power outage will cause a couplete loss of
ali data in memo:t“ye The use of magnetic tape is part;cularly
useful in these instances.,

. The magnetic tape handlers were kept as short and
simple as,possible to speed up their loading and lessen the
prébé%ility of theif loss due ﬁo'mechanical problems. All
control functions of the mégnetic taﬁe handlers are initiated
from ﬁhe front_panel of the mini~computer; no interface with
- the Téietype is mé.deo A typical user instruction set 1is

' shown in Fi},g° 20,
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PRESS STOP
PRESS RESET
'SET 000000 IN THE DATA SWITCHES
PRESS DEPOSIT ACO |
' SET 60 IN SWITCHES
- PRESS DEPOSIT AC1
SET FN IN DATA SWITCHES
PRESS DEPOSIT AC2
SET ADDRESS IN DATA SWITCHES
PRESS START

(program will load mini-computer memory)'.

SET MAIN PROGRAM STARTING ADDRESS
 PRESS RESET
PRESS START

Pig. 20, Sequence of Steps to be Followed for
Manual Operation of the Magnetic Tape Drive



CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

Standard hard‘copy‘equipment was found to be the
factor which limited the overall system efficiency in an
otherwise state-of-the-art gamﬁa~ray'spectroséopy systemo
With proper planningp magnetic tape ﬁas shown to be a fast,
high densityg'portable mass Storage medium for'gamﬁaeray
spectroscopy data., It allows user-intersctive operations
such as spectrum strip and prevents accidential loss of
data. All spéctra mey be permanently recorded for future
étudyo Reactor time may be used more efficiently sincg
4shorf half lived isotopes may be counted and theirAspectra .
étored on magnetic tape before analysis in a:relatively shoft‘
timee} Reactor personnel no longer have to walt for lohg
-data.output operatiéns.to be_completed.before the nextA
samplé may,bevirradiated° |

Much of the same software used to write gamma-ray
spectra on magnetic tape may be used to store pfogram
material there also. This greatiy 1ncreasés the speed at
which program modifidation may»take place and makes éysfem

feco#ery.after a program fallure fast and simple.

L7



L8

Recommendations

Several operations are possible once tﬁe ﬁagneticA
tape bperating Systemvhas been inétalled and tested., OCne
requires the addition of a real time clock. With the
A_addition of ﬁhis equipment, automatic functibné are possible:
That 139 various counting operétions and sequences may be
initiated automatically'and the date stored.én tape, This
allows the sysﬁem'to operate without userrinteractiono
| This would be useful for counting large numbers of samples
or a single sample a large number 6f times for half-l1ife
‘determination. | _

It is also possible to transport spectra to larger
computers by use of magnetic tape. All that ls required is
& review of the magnetic tape handling software used in the
large computer. Programs to remo#e the spéctrum data may
Be~wri£ten using the same algorithms as used in the mini-
-‘computer_systema Special number conversion routines nay
have to be included to change the number fbrmé'from the
’ mini»computér representatlion into forms recognizable by the

large computer,



APPENDIX A
SUBBOUTINES DATAI AND DATAO

|  Data essenﬁiai to ﬁhevundefétanding of the spectfé
is stored in the first record of the spectrum file. This
déscfiptive data block must be read in and output by ‘
séveral different magnetic tape opefa%ing routines.
Efficient use of time also dictates that long and short
vefsions of the data block be possible. Subroutines DATAI

" and DATAO were written to input and output daﬁa.:espectively,

Subroutine DATAI

Subfoutine DATAT is used by the AGD-@ and RED-@
routines to ihput the informetion ﬁoibe stored in the de-
scriptive data record of the spectrum file. 'Subroutine
DATATI has two modes which aré initiated.by the number typed
after the letter D, The character "1" is used to denote
that the'shbrt version of the data list should be input,

A "2 indicatgs that the complete data set should be entered.
After entry, the subroutine asks: |

o ~ SAMPLE NAME?: |
The user may then type a single line oh the Teletype which
describes the spectrunm tobbe written. The line may be ter-
.minated at any time by typing a carriasge return. The sample.
name.may contain any characters except. the carfiége return. -

ko
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The proéram‘then asks:
SAMPLE ID NUMBER?
The user must type eight charaéters on the Teletype, These
eight characters are usually broken up intorfour'two digit
numbers repreéenting ﬁhe day, month, year, and sample count
number., After the eighth character is typedovthe program
‘asks: | f , | | .
TIME OF DAY?
Four‘digits must be typedo The time'of da& should be
entered in 24-hour format. |
If a one has been typedyrthe programvnow sets all
remaining data‘to Zero, Otherwise, the program continues ﬁo
input data. The program‘now asks for three times, the live
-~ count time; irradiation.time,'and delay time, Fbllowing
4each time entry, the_user muét type a letter S,fM9 H, ofqu'
This allows the user to input the tinme requestedAin the most
practiéal units. The ﬁime enteredAis'converted to seconds
before 1t is stored in the data buffer@ Subroutine TMCQﬁ_is,
'uéed to convert the times to seconds from the indicated |
units. This is done to maintain a‘degree ofruhiformity'in
~ the data. _v’ |
| F‘inaily9 the prégram asks for the reactor poﬁer in
kilowatts énd the detector geometry factor. Both of these
nunbers are entered in the floating point formst used to |
" represent the various timéso Flow chéfts of Subroutines'

DATAI and TMCON are shown in Fig, 21 and Fig. 22.



GET CCDE

INPUT=-
ID NUMBER &
TIME OF DAY
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Call Seqﬁencew

JSR DATAT
CODE -
- RETURN
CODE = @#: Short Dats .
CODE # ﬁ; Long Data

INPUT= LIVE
COUNT TIME

JSR TMCON

INPUTw
DELAY TIME

JSR TMCCN

INPUT@

IRRADTATION

\ TIME
JSR TMCON

INPUT«

REACTCR POWER

INPUTa
GEOMETRY
'FACTOR

Fig. 21, Flow Chart of Subroutine DATAI



- INPUT-
ENTER NUMBER
\ IN FLOATING
\ POINT
i
ASKe
SECONDS

MINUTES, -
HOURS, DAYS?

¥

"INPUT
CHARACTER
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Call Sequence:

JSR ‘TMCON
. RETURN .

STORE
2= NUMBER IN

‘DATA BUFFEE

“| SECONDS

CONVERT-
MINUTES TO

-1 HOURS TO SR—

CONVERT=-

SECONDS

~ lcENVERT-

DAYS TO 1 .
SECONDS K

Fig, 22. Flow Chart of S

ubroutine TMCON
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Subroutine DATAO

' Subroutine DATAC is used by the AGD-@, REC-@, and
R@Ra@‘routinee to output the data in bhe.descriptive data
block, As with the subroutine DATAI long and short ver-
sions of the data may be output° The subroutine may output

“data from either the data buffer or the magnetic tape bufferu’
The subroutine is called by the main program by an
indirect jump to a page zero location. The JSR DATAC in-
etruction is followed'by‘two code numbefs which tell the.
subroutine how much data to output and-where'it is locafed;’
The-first word, CODE A, indicates whether or not the full
data<record is to be output. A zZero stends for the short
version, a nonzero~causes the entire reeord to be output.
The second word after the JSR instruction, CODE B, is used
to indicate the location of the Tecord, A zero indicates
that the data is located in the MT buffero This is used
-Vduring the ReC-@ routine which lists the contents. The MT
buffer is used so that the data in the data buffer is not
lost during the contents list bperatione A nonéero word
lfer.CODE.B indicabes bhaf_the data buffer.is to be listed.
Thisiis used'to cbeek the contents after a DATAI operation.,
This may be necessary at the end of a lengthy (overnight)
count When the data was. entered shortly after the count |

was started, A flow chart of subroutine is shown in Fig. 23,



sh

-

Call Seguences

| TRANSFER

DATABUFFER
TO MT
BUFFER

JSR DATAO
CODE A -
CCDE B
'RETURN.
CODE A = @: Short
~ # s Long
CODE B = @#¢ MT
# s DATA
_ ¥ '
OUTPUT-
ID NUMBER &
TIME OF DAY

OUTPUT- - \
REMAINING
DATA /

Fig., 23. Flow Chart of Subroutine DATAO
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Data Buffer Map

A ehart.of-map shbuld be made to shoWAthe'ldcatipnsj
and types‘of numbers ﬁsed for the desériptivevdata recérdo.i'
This will insure that the proper numbers are input and
‘ouﬁput during the DATAI and DATAO operationsa The data ._
buffer map used for this thesis is shown in Fig. 24. . Note
that 1t is 300 words long to match the length of a single

" record. The calibration table is also included;

Number Representation

Séveral-types of number'ahd chzracter representat;on
are used. The particular form used will depend on the use
to which the information will be put. Sample name and ID
numbers as well as the time of day are stored in standard
- ASCII code, Thls format allows direct. input and output of
this information of the Teletype. Since the data is not
used anywhere else, this repregentation is suffiecient,
, Erograms forkinput'and output of ASCII characters were
4included in the standard analyzer éoftWaré~pa6kage°

Binary integers were used to represent the file
‘ numberg codes, and’ spectrum datau This form proved to be
convenient since no mathematical operations are requixedo
Input‘aﬁd outpuﬁ rouﬁines were éupplied as §art of the
ashalyzer softwareo Spécialbroutines exist in the floating
»point“interpreter_to change binafy 1ntegers.in£6~floating'

Jpoint numbersand back if necessary,



’a

s

CALIBRATION TABLE

(FPN)

%) } . ] . 2 i 3 "‘ -
of FN CODE 1. CODE 2  CODE 3 CODE: 4
SAMPLE NAME
(ASCII)

100 Sample Number (ASCII - TIME (ASCII) e ,
Count Time (FPN) |Delay Time (FPN) | IRR Time (FPN) | Reactor Power (FPN)
Geom, Factor (FPN) | ‘ ' '

200

Fig. 24, Data Buffer Map
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' APPENDIX B
" SUBROUTINES FFIL AND FFBF

All routines éxcept,thevdaﬁa input-output routines
'require locaﬁing either the first Elank file on the magnetic
tapé_or'a‘particular file. Subroutines FFIL and FFBF are -
éesigned to do thiso Each routine ié.written to locate the
file requested with no aésum@tions mede as to the contents:
othhe tape or -its location on the tape drive. Four sub-
_programs are usediexﬁensively in these'réﬁtineso They are

- CODE, SPF, SFOR, and RFR. Detalled explanaticns of these

subprograms . will be given at the end of this Appendix,

' Subroutine FFPIL

The séartlng address of the subroutine FFIL is stored
in page 0 of the,mini%compufer Memory. A JSR @LOC followed
by the file number in binary comprises the call sequence for
»subrdutine'FFILd After entry, the progrém spaces bhack one
 file and checks for a beginning of tape maer ,This is done
to deﬁermihe if a space forward one recofd (SFGR) is neces-
STy, If there is no BOT mark, it is necessary to space over
the file mark before any read commands nmay be givén, otherm‘ '
wise an error will occur. Once the tape is positioned at the
’beginning of tape or beginniﬁg of a file, the first'record 3

1s.reado The codes are checked to determine if a file does
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‘exisﬁo If no file existée the tape is spacéd back. to the
beginning'of the next file. This process continues until |
the specified file is found or the BOT is reached, Return.
to the»mgin program is made if the file is found: If the
largest file on tape is less than the specified file, a

. message to that_effect'is typed out., If no files are found
aﬁ& the BOT encountered, the subroutine will output a
message saying that the tape is blank, Contrﬁl is then
'returnéd to the main esnelyzer program. A flow chart of

. subroutine FFIL is shown in Fig. 25.

" .8ubroutine FFBF

Subroutine FFBF operates in much the same way as

' éubrogtine FFIL. The exception is that it spaces forwaid
until the first blénk file is found. If the tape 1s blank,
the tépe is set to the first file after Ehe BOT mark., - The
file number found to be the firét blank one is returned to
the main‘progfémn‘ Muech use is made of subroutines CCDEP

| SPF, SFOR, and RFR. The flow chart for subroutine FFEF is

shown in Fig. 26,

Subprograms CODE, SPF, SFOR. end BFR

Subroutine Code checks to see that the third through
'sixth words in the first record on the file match a preset
group of numbers. The code numbers were selected‘tc teét
all seven data channels of the read-write electronics in

the magnetic tape operating system. Also, the odds of



JSR SPF
= 100008 JSR RFR
B JSR SFOR
JSR RFR
JSR SPF
190088

Céll Sequence:

JSR SFF
JSR FPIL ! 10000
RETURN

Note: "Subroutine FFIL
returns with the first
record uunpacked in the
MT buffer, '

MAXIMUM FN

Fig, 25, Flow Chart of Subroutine FFIL
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1160809

JSR SPF

Pig. 26. Flow

|
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' JSR. SFOR
JSR RFR

JSR SPF
189809

FN = 1

JSR SPF
g .

JSR RFR

JSR CODE

| bad

JSR SPF
100908
JSR SFOR
FN = FN +i

RETURN |

Chart of Find First Blank File Routine



JSR SPF

| 108800
“|JSR SPF

1908089

%

JSR SPF
¢ .

bad

JSR CODE

good-

GET FN

JSR SPF
g

Fig. 26, Continued
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finding just this combination of words at random is very
spall, If the codes are good, the-subprogram returns to the )
subroutine at the call address plus one. If the codes are
‘bad, the return is made at the call address plus two.
| Subprogram SFP is used to space the tape forward
or backward one complete file. The word at the call address
ﬁlus»one isruéedvto indicate which direcfion thé tape is to
be spaced. A zero indicates that a forward space is desired
and a large negative number (in twos complément) indicates
a space back of one file is required. Retprn is msde to the
~eall addréss plus two. B

SFCR is used after a spacé back one file to reset
the tape posifion to the beglinning of the file., This is
required since'the'space back command'sets the tape just
shead of the last end of file merk. Any read command
attempted would set an error condition since'the'réad would
attempt‘to read over the end of flle mark.

- After thé tape has been positiohe& by ﬁsing the'SPF
and SFCR commands, the first récord,is read using the RFR
"subprogfam;rlThis brogram'reads the first record in the file
and unpacks the data into the magnetic tape buffer., A call
to subprogram CODE is then madé-to.determine whether or not
‘the file is blank. | |

The starting.addresses.of these four subprograms are
:stéred in pége 0 locations of the mini-computer. A simple

JSR @LOC is all that is required to call them,



- APPENDIX C
SUBROUTINES MSD AND SETV

Special data is required for oﬁération of the two
' éomplex functioﬁs inélﬁded in the new-softWaré package. This
data includes a shifﬁ and multiplicatiéﬁ factor'énd a set of
limitsq. Subroutine HMSD is.used:té iﬁﬁut this daté for both
‘the Rawe and Rasa routinésa The main purpose of MSD is to
léheck the limits and shift factor to see'that'the enalyzer
-mémpr& limits are not exceeded. This would occur if a large
‘ shift were entered and the iimiﬁs specified Were near the
ﬁéundaries of_the anal&zer memory. . The flow chart for
~‘su’o:c*mlzti‘m‘z MSD 1s shown in Fig. 27, - _

| Once.thevdata for REME and RESE is entered, it is
‘necessary to find the first number on tape which corresponds
" to the lower 1limit, The effective Word number is calculated
by adding the iower 1imit and the shift factor. Becords are
read in succession untll the required word is found, The
program then returns to the main‘programe A flow chért for

' subroutine SETW is given in Filg. 28.
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INPUT= |
FILE | .| ISR FFIL
NUMBER

INPUT=
SHIFT
MULT.

INPUT AL

SH< AL ? >

Fig. 27. Flow Chart of MSD Subroutine



SET- .
| we = SHIFT

SET=

WCTR =
15484

]

READ &
UNPACK A
RECORD

INC=
WC + 1

- WCTR + 2

' Fig. 28, Flow Chart of SETW Subroutine
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