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Background: After· the development of (-off- Tine) pattern recognition tech­

niques for biophysiological data (e.g. (i>, <2>) and the implementation of 

s ingle task processing on - line routines (e.g. <3>, currently being t ested 

for routine purpo~es in cl i nical applications, <4>) yarious attempts have 

been undertaken to more ge-nerally solve the problem of on-line processing 

of biophysiological data on mi"nicomputers and medium-s~ale lab computers. 

Especially ·in th~ .experimental s tages flexibility is required to find opti­

mal solutions for routine aprlications. :These activities include the deve­

lopment of s pecial (macrol)·languag es for biosignals. _(<5>, <6>), of Real -

TimeSystems \'lhiCh can be accessed by higher level ·lang.uages (<7> }, and of 

hardware options. providing fl~xibil~ty in the interrupt·m~chanism of a com-

puter < B>. 

The advantaqe of . a macro language for biosigna l processing i s the s implici­

ty in programmjng such a l anguage. The disadvantage is the required assembly 

time which ranges between 20 and 40 mi n~tes fo r. a typical program (on IBM 

1130, 3 .6 usee cycle time). A programming error therefore is expensive - un­

less a l arge scale computer i s avaHabl e which assembles the.program before 

us e on the l~b computer. 

A Real - Time System (RTS) as developed -at the Langley ·Porter Institute, 

UCSF, consists of ~bject modules (therefore no overhead due to assembling), 

the programs which are to be scheduled by the RTS hav e to be written for · 

each particular problem. 

Purpose of SOMNIA: Supervi s i ng the Real - r ·ime System 9f LPNI on the logi ­

ca 1 1 eve l . 
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1 thank Dr. Joe Kamty~ for provtdtng me the great 

~pportunlty .of joining hts sttmulattng re~ear~h 

team. 

Comments. 

The names of all modules which are ·specifically designed for 

SOMNIA start with the letters so • Sleep Onset. 

The routines cff the Rea-l Time Sy.stem begin with the letters RTS. . . 

The te·rm ~·eva 1 u·at I on" will _be .used to denote· the processIng of 

the phystolo~lcal data to distinguish It from :·the organtzatlo~al 

processes of SOMNIA. 
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0 Purpose 

· At th'e .Lang.ley Po.rter Neuropsychiatric Institute of. the 

University of Callfbrnla a study abo~t sleep onset Is being 

prepared. ·rhls study will Include the measurement of seve­

ral channels of physiological data llke·electrocard1ogram 

(EKG), electroencephalogram (EEG), electromyogram (EMG), 

body temper·ature, breath r'hYthm, etc. the measurements are 

to be taken Jn a certain time period before sleep onset. 

In an early stage of the experiment ~he computer ls used 

to reduce the Information of these data and to store · 

the resultl~g Information for furthe~ processing. 

The desc~tbed program •ystem Is designed for more g~neral 

use In experiments with different ktnds of analog data; the 

objectIve of the fl rst Imp 1 ementat I on· however Is to serve 

the sleep onset experiments. 
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1 Experimental lmpl I cations. 

========================== 

1.1 . Type of Input Information. 

The data thai are- to be col .lected are electrical signals 

which co~respond to physiological processes. The Informa­

tion that· Is to be extracted from ~hese signals may be ~ar­

rled over by 

a) am~lltude modulatlori CAM) 

b) frequency modulation( ~M) 

c) DC offset 

or by any combination of th~se three. 

Examples: 

1) the EEG Is usually processed as AM signal. The frequen­

cies of Interest for physlologtsts go up to about 30 Hz. 

2) the heart beat rate Is an FM signal on the EKG. · 

3') the body temperature generates -In a therinoelement a DC 

signal. 
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1~2 Event( During the Experiment.· 

· Exp~rlmeots with l ·fvlng beings frequently take an unexpec­

ted cou~se. An electrode may fall off o~~ ·rn certalri ~lr~ 

cumstances, It might .be desired to modify experimental co·n­

dltlo~s. In the particular example of a ~leep onset expert- · 

meat an additlon~l dlf~lcUlty appears: we cannot predict 

the sleep onset time- the expe·rlment may last for two mi­

nutes 6r· lt may la~t for one hour. 

1.3 Effectiveness of the ~xoertmeht. 

Physiological experiments are time consuming and expensive. 

It Is desired to make results vtslble as soon as poss~~le 

tn order to Influence the continuation of the experiment 

accor·df'og to the Information that was obtained during_ the 

ex per Jment. 
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2. Demands of the Program. 

======================= 

Because ·of un·certatnty, dur·Jng the plan.ntng·stage, as ·to 

which featu(~s of the experlmeMt will be Interesting, the 

system .should be as flexible as possible. 

2.1 Pat~ Collecttgn. 

1) The ~umber of data channels should be variable during 

the .experimen t . 

2) It should be possible to· choose freely from the avai­

l ab 1 e hardwa·t:"e channels. 

3) The data samp l i ng rate must be Independently variable on 

each ch·anne 1. 

2.2 DataProces.slng, 

1 > Th·e tasks to be performed on the data should be I ndepen­

deritly variable on each channel. 
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2) The tlme .perlod of data to be processed (hereafter re­

ferred to as i'wlndow size•·•') should be lnd~p_ende.n·tly 

variable fQr each channel, accordlrig to the task that Is 

to be p_erfcirmed -on the data of each channel. 

3) lt . mlgh.t be useful to have the sys-tem· on-line dfsplay 

som~ results obtained bV th~ process. 

1) lt. should be posstbl_e to store the raw data of the ex­

periment as well a$ the processed · lnfo~matJon. Then It 

would be possible to reproduce results later, or to re­

·process data, or to compare the lnfotmatlon which . was 

obtained by u·ndertaktrig different p:rocesslng procedur·es 

on the data. 

2) In ~ase It wbuld seem useful to get more accurat~ Infer• 

mat·l on from the data than was orIgInally plan ned, we 

shou 1 d a 11 ow for storIng the raw da-ta wl t"h a hIgher re­

solution tban we actually -need for the process. 

3) In order to save storage space It ·should be possible to 

select the information tbat Is to be stored. 
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4} For the needs of the slee~ onset st~dy we should allow 

for storing the data to a rlng buffer (a data area with­

out logical end In which the oldest .da~.a Is be·lng ove·r- · 

written by new data). Thus we save s~orage and keep only 

the most .recent data which we ~re Interested ln. 

2.4 tntera~tlon.~ 

1) The system should be capable of'acceptfng. Interactions 

by ihe operator to madtfy program parameters during the 

ex per I ":len·t. · Thus we can t ncreas·e the samp 11 ng · rate· for 

EEG data If we det~ct unexpectedly high E~G frequencies, 

ad.d a ne\'1 task tf It seems· approprIate for the exper'l­

ment, or .drop all functtons of~ channel If an electrode 

falls off. However, the data process of the 

channels .n.a..t con-cerned by such an · Interaction should. rutt 

be Influenced. This means In part·lcLilar· that no data of 

the experiment wtll be lost during an lnteractlon. 

2) A change of orgar:'llzatlonal p~rameters Implies struc­

tural changes In the program and/or tlie data. 
. ,• ' 

Bec~use the Interactively requested changes In the 

structure of .the process must be obtained quickly, the 

system should be ·sophlstlcat:ed and ~hould be able ·to 

calcu1.ate quickly the optimal ·new process conditions 
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according to the· request. 

J) Ch~nge~ In t~e program structure or the data organiza­

tion may cohfuse·the lnterpretatf~n of the 

result~. Therefore, the program must document ·Itself 

prdperly: w~~t It Is dplng, at which ~oint of time, 

.and. ·what the produced · data r·epresent. In order to· syn­

chronize the data 6f the program with other 6b~ervatlons 

of the exp~rtment, the program should record . the time. 

It al~o·mlght Issue time signals to the one running 

the experime-nt or to registration .paper on w·hlch signals 

of the experiment are r~corded. 

4) It will be po·sstble to ~.equest too much· from the pro­

gram ln ' respect to tlm.e or to storag~ capacity. An on­

line system which Is fed wfth data steadily must p~rform 

Its ta~ks within a certain range 6f· itme and ~ust not 

produce more cia ta than space Is provIded for. ·The system 

should keep control over Its ca~acftfes and posslbly no­

tify the operator about · t~s load upon request. 

·' 
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3 Design of SOMNIA 

=======~======== 

,S.leep .Q.nset t:1,onftor .fiotlfted lnter- Actively_. 

3,1 Qvervlew. 

The C.PU has ·to perform three main tasks In communication 

"'I t h pe ~ I ph era 1 u n i t s .: 

a) data collection 

b) btiffe~ orga~lzatton and data storage 

c) control of Interaction 

tnternally the following three t~sks must b~ performed: 

d) calculations for program structure and optimal storage 

allocation 

e) o~ganfzatlon · of the modules according to the calcu­

lations 

.f) system's modifications after an lnteractloh b~ the 

operator 

The Real . Time System (RTS) by P~ Harris and J. Johnston 

(Appendfx B~ ~chedules different tasks 6n up to 10 dlf~ 

ferent priority levels acco~dlng to the·user'·s speclffca­

t Ions and supe·rv·. l.ses 'theIr execu.t ton. W~ can utI 1 t ze the 

·s upervtsion of RTS for ~he modules specified under a), b), 

-c), d), a·nd f). In e) 'we warit to specify \\/hat RTS Is to 
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~upervlse. Thl$ module therefrir~ must g~t contr61 of RTS. 

3.2 Hierarchy of Tas~s. 

1) The data collection must get the highest priority t_n a.n 

on-line system In which the data source Is an Indepen­

dent v~rJahle. It will be performed by the RTS r6utlne 

-- > RTSAD.S, 

·2) On .·the next lov1er (relative) priority level \'le must 

handle the system modification. At th'e point of time at 

which the system ·allows Its mo.d.lflca·t·ton this must hap­

pen v~ry .fast In order to allow a unique Interpretation 

cf the ~ata after a modification~ This task will he per­

formed by .the module SOFIMO C.East lnstructlon MQ.dlfler). 

3) Dependl.ng on the kind of modification It may become ne­

ces~ary to redetermine progr~m structure and optimal 

storage allocation. This must happ~n In the context of 

·all tasks to be perfor~ed. For this SOCALC, the Sleep 

Qnset~ulator, \"1111 be responsl .hle_. 

4) The module that organizes the Real Time System has to 

. come .next. First It Initiates the. higher pr1or(ty,pro­

c~sses and later, after SOFlMO changes the tasks of the 
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Real Time System, It must rnodl .fy ·RTS accordingly .• 

T~ts module al~o may be schedul~d by the Real Time Sys-
. . 

tem1 bec~use .. RTS al.lows its s·elf-destruct ton and the de-

ftnltton 'of new tasks during Its own run ·ttme. The mo­

du 1 e.'s name ·t s SORTMO (.B,ea·l TIme MQdl f T .e r). 

5) The prevlqus modules ensure co~rect data Input~ On the 

next level of the hlerarchy these data have to be pro­

cessed (befor~ th~y become unavailable). SOBOR, the· 

Buffer Qrgantzatton Routine wl.ll take care of th .ts task. 

6) On the lowest level of the hle.rarchy we may allow human 

lnter~ctton with the scheduled processes~ This means~ 

we don't allow external tnteractton before the program 

has t .aken care of a 11 ongoIng prQcesses. Because the . 

data transfer rate of a human Interaction ·ts ve~y 

small in comparison to the Internal data rate 

of the CPU, the operator .may not even reall~e the low 

priority of his actions. SOMMM <M.an Machine Message) 

wl.ll 'replace the RTS Idle. routine, waltlng for external 

command~ wht~h lt may anilyze In Its spare time. 
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3,3 Data Structures. 

We must provide data areas for 

a) A-D bu'ffer of RTS 

b) se.l ected dafa to be evaluated 

c) transfer buffer f6r data to be ~rltten to dtsk 

The slz~ of a) and. b) depends on the particular program 

configuration and on the space available. It fs more efficient, 

therefore, to specify a la~ge data area to ~e shared by 

a) and b), ~~~.size of c) d~pends on the maximal block sfze 

on the disk. In order to most efflclent·l.y utilize the disk 

we wfll ·always wrfte maximal sized blocks when we h~ve col­

lected enbugh data to fill a block. 

1t Is a ~onventent restriction to o~ly allow the speclflca­

t f.on of pov1ers of 2 for tIme pe·r I ods an.d sIzes ·of data 

nases. · Thus we· can eas I 1 y synch ron f ze our process an·d ef­

ficiently organize the b.uffer:area for the data, Further­

r1ore, v1e can prevent a systems overl9ad by colnct'dental de­

Mands of s~veral programs. This restrlct1on m~kes It easy 

to adapt the data . to ext sting ll'.brary rout.lnes (e,g •. Fast 

Fourl~r Transformatl6n), which require n=a**m data for tn-

_put (m · e N). 
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1) Dynam(c Buffer Area. 

The highest channel number arid the lowest sampling period 

det·erml ne the size per time un·t t for the A.,.D buffer ( RTS 

samples data for .ill channels from 1 to the highest channel 

number specified with the lowest samplin~ period specified; 

SOMNfA extracts from this data pool the data It nee~s.) We 

should p~ovtde space fpr twice the amount of time that we 

provfd~ for the extracted and sorted data. Thus·we c~n pro­

cess one pool' of data· while we fill the other one (double 

buffering)~ ' The selected data shoul~ be ordered according 

to· the channels t hey belo!1g to. Then they easily can be . 

evaluated .channel by channel. Because of the restrtctions 

we defined for the sampling periods, the nu~be~ of data 

per channel always will be a power of 2. We therefore can 

easl.Jy compute the entries and current pointers of the 

c:hannel buffers. However, we can save tlnie by . employing se­

perate pointers for eaeh channel buffer~ 
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Fig. 1 Dynamic Buffer Area 

s pace dlstrtbutlon as for 3.5 example. 
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2) Transfer Buffer. 

The p~yslcal record size on the POP-15 _(hereafter called 

"block") Is 251 \'JOrds. The amount of data to be stor.ed f9r 

each channel will be either zero or a power of 2. Depending 

on the particular program configuration the sizes and num~ 

ber of logical records wil l va~y. Therefore we shall . use 

variable format records which we shall pack Into a block. 

The records must be· I den.t If I ed by the channe 1 number they 

correspond to. Because the data are to be stor .e~ to a· rl ng 

buffer each 'block must be Identified by a sequence number 

or better even by a ttme tdentlfler. 

Because we might b~ Interested . ln a spe~1flc selection of 

records, It Is better to have the lnfor~atlon ·about the 

records along with a location pointer .lri·a directory than 

to have it at the beg inn t ng of each re.cord. Because the 

number of records In a block may vary, ~he size of the di­

rectory .may va·ry also. When we start the records at the he­

Binning of a block and the d.trectory a~ the end of a block 

a~d let them grow tow~rds each other we can utilize the 

whole block most efflctentl .Y. 
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Fig. 2 Transfer Buffer Area 

3 13 248 250 
·. 

time .data data 2 4 1 4 

·.ch .1 channel 2 13 233 3 10 

directory 

directory cont~Jns ~hannel #, samp11ng period, start 

address, lcnght. 

3 ·'• System St.ru.c.tyre. 

Ho'IJ do these modu.l es work. tog.ether ·? 

We need~ t~ble by which we can Inform SOMNIA .about the 

tasks to be performed. · \·le . cou .ld generate .thfs l·n-structlon · 

table · ~fth the inter~ctfve command language 1n Interaction. 

wfth a dummy process. But usually·we . shall want to run a 

··series of experiments with the same tasks to be performed. 

Therefore we ~hall use a separate program SOINIT wh1ch· ge~ 

nerates ·a table descrrb1ng the l·n.ft1al prog.r.am configura­

tion; This table wilt be stored on disc and/or tape. spi~IT 

can be extenslvely selfdocumentlng, becaus~ . Jt does not 

have · to be on-1 lne. Eventually It should be abl'e to estimate 
. . 

the load of the system for the Issued Instruction table. 

In case 6f an ~xp~cted oVerload 1t might give suggestions 
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for a cut.back of demands~ 

f\11 the described modules are to be run under the supervr":" 

"sJon of RTS. So we need a program which reads the lnstruc~ 

tlon tabl~ Into a COMMON are~, lnlt1allzes RTS, runs· SOCALC 

to d~;!termlne the system con.flguratlon. SOCALC runs S·ORTMO 

to modtfy the task schedule of RTS accordlngly. SORTMO 
. . 

· schedules and runs SOFIMO and·SOBOR which wtll become ac-

tive pertodl~ally depending on the calculated time an~ 

sp.ace schedu 1 e. 

Last SOMM~1 gets actIvated. Wheri SOMMM encountered an In­

structlon by the operator It will prepare the 1nstructlon 

for SOFIMO which becomes actlve_whenever the storage situation 

Is favourable for a schedule modification. If the modlffca· 

tlon r~qulres a new schedule fdr the RTS processes SOFIMO 

will run SOCALC and SOCALC will run SORTMO. 

Thts nested calling structure allows for fle·x_lb·le managing 

Qf the RTS processes. Table l.shows the relation ~etween 

the dIfferent resources of the pro.gram system durIng the 

Initiation. 
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3.5 Example of a Program Conflgyratlon. 

We shall assume that we want to evaluate ·two cha~~els EEG, . 

rfeterml.ne ·.th·e .. heart be·at rate, and stor·e : Information about 

the body temperature. We want to use for this P4~pose 

.analog channels 1, 2, 4, and T respectively. The EEG ,data 

are to be collected with a sampling per.lod of t=4 (t=l024 

Means 1 sec.), the heart beat ·wtth ·t=64, and the body tem- . 

perature w1th t=8192. We shall store the raw data of th~ 

EE·G channe 1 s and of the body temperature I li the rIng buf-

fer. 

\'le ·further assume that v~e want to evaluate channel 2 on­

line wlth a sample period (ref~rred to. as 11 ~valuatlon 

perlo.d"·> ·o.f t=8, the heart beat with t=.GI~, and ttie body_ 

temperature v~lth t=8192. Let us choose th~ window st ·ze for 

the EEG data processJng to 128, for . the heart beat to 2048, 

ond for the temperature 8192 (I.e., we look on·ty · at .one 

temp~tature value at a time). For slmpl Ietty we glve the 

code numbers 1, 2, and 3 for the evalu~tlon routines 6f 

channels 2, 4, and 7 respectively. 
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The generated sleep onset instr~ctlon table the~efore 

Noul d 1 ook as .fo11 ows: 

channel # 1 2 3 4 5 6 

sampling periods 4 4" 6l~ -
store,, raw data yes yes no 

-evaluat-Ion period 8 64 

Hlndow size 128 2048 

eval uatf"on mode 1 2 

7 

8192· 

yes 

8.192 

8192 

3 

This insiructlon table may h~ve been generated off-line. 
. . 

~ SO~ALC has to check It now for compatibility with the on-

1 lne system and has to adapt It eventually. 

We shall assume th~ size 1BUDIM of the dynamic buffeT area 

to lrOO'O words. RTS requires fo·r I t·s. A-D· buffer spacze for 

as many channels as the highest number Indicates (here: 7) 
' 

wit~. a sampl lng period ai low as the lowest samp1 lng 

perlcd Indicates (here: 4}. 1n order to make sure · that we· 

shall not overwrite unprocessed areas of th~ A-D huffer we 

H.e ought to have double buffering. Now we can determine 

the maximal size of the A-0 buffer to 

IADSZE = LENGTH * NCHANS .. 2, 

where · · 

- LENGTH Is the highest pow~r of 2 such that 

LENGTH =< IBUDIM I (2 .. NCHANS). 
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LENGTH ls the slze of 

channel. 

NCHANS Is the h lg.hest 

IBUDIM l.s the slze 

tn our example we get 

LENGTH = 256 .words 

nnd therefore 

IADSZE = 3584 words. 

of 

a s l·ngl e A-D-buffer of a single 

channel n unibe·r 

the dy.namf c buffer area. 

The time requlr~d to ffll one A-D buffer Is the repetftt~n 

period . 

. MREPT =· LENGTH * MSAMP = 1024, 

MSAMP = minimal sampling period. 

We want to. establish our data a~eas and processes such 

that they repeat all MREPT mlll.lseconds. Therefore we have 

to modlfy the Instruction table such that no sampling 

period exceeds the repetition period. 

In case a \'If ndow sIze exceeds the repet 1 t I on per I o.d we 

shall esta.bl ish· a Vl/ork area with enough space for data of 

the whole ~lndow. 

The size of the work area fo~ each channel therefore Is 

I ~·/A C I CHAN) = ~1AX (I\~ INDO (I CHAt-D, .MRE'PTJ I NEVAL( I CHAN) 
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\"ihere 

· and 

I~IINDO, (I CHAN) ts the window stze 

NEVAL (I CHAN). ts the eval0at1on period of the respec­

tIve ch·anne 1 • 

\'le obtain work .area sfzes of 128 1 32 1 and 8 for channels 

2, L~, and 7. respectively. l.e. 1 we use 3S84 + 128 +32 + 8 

= 3752 words of the dynamic buffer area. 

By this setup we obtain an over all re~et·ttlon cycle 

IOPT = MAX (IWINDO (I~HAN) , MREPT) = 8192, 

1 .e., all IOPT msec .eJ.t pointers of the dyne)mtc buffer 

area will point to thei .r starting posftlon. T~at Is t he 

point df tim~ at whfch we may allow for modification of 

the ta.sk schedule1 because the data ln all buffers have 

been processed. 
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3.6 The Comman.d Language .. 

The command language ts· to be used to tnteractlvely lnflu· 

ence the program parameters 

a) ch'annel numbers 

b) sampling per1ods 

c) .data· storage 

d) periods ftir data evaluation 

e) vllndo\'1 size for data· evaluation 

f) evaluation to be performed 

The . commands should not Influence the ongoing pro~ess be­

fore the validity of the command Is checked~ · 

The ·syntax check should be very fa s t. 

The security -must be very high, t.e. 
a) meaningless commands must not do -any harm to the pro-

cess. 

b) there should be some feedback about the Interpretation 

of the commands before they take effect. 

· The consequence of a command rnl ght· b.e a .. tot a 1 re-organ I za­

tlon of the storage structure • . Therefo~e It should be 

possible to concatenate several commands referrtng . to one 
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task In order to ~revent changes wh l~h might be overthrown 

by an Immediate following command. 

Each · t/0 channel can be considered ~epresent~ng a task In 

Its meaning for operating systems <1>. We may specify th~ . . . 

chann.el number fl rst to· denote that the foll owl ng commands .. 
·refer to the·respectlve channel. The comma~ds following . . . . 

nay simply consist of a parameter spectflcatlon and a 

value. for ·th~t pa~ameter. 

After approval of the lnterpretat ton of the command.s by 

the ope·rat-or. \·Je then need to te 11 that the mod If I cat I on 

actually · take Pl.ace. 

BNF - Grammar for the Command Language: · 

<taskmod1ftcatlon> =~=<channel speclftcat~on> 

I <l.nstructlon > lo 

<approval> 

<Instruct ton> ::= <parameter specification> 

<value> 

We may Interpret . a command st·rlng w.Jthout an. lnst-ruct"lon . 

(I.e., a command string containing only ·channel number I 

a n.d ·aPpro v a 1 ) as : "f o r get t as k I I 11 T h a t · me an s : des c he d u 1 e 

task I If It \"Jas -specified. 



- 28 -

1'/e determine t.hat of tw.o cont·radtct.fng Instructions the 

last one Js.stgnlftcant; thus we may even a)'low that the 

same parar.:mte·r specif_Jcat.ion appears ·more than o.nce In a . 

command string. This feature makes it possible to correct 

an lristrGctlon after disapproval 6f tts displayed Inter~ 

r>retatlon. 

The . chann~l buffer for the teletype at the PDP-15 may 

store only one character at a time; we shall Implement the .• . 

language therefore ~lth very short tokens. 

Vocabul-ary of the command language: 

<channel spec1f1catlon> :.: = 1 

2 

~· r 
4 I . 

5 

6 

7 

< pa rame·te r s pe~ Iff cat ton> .. -.. - s 

R 

E 1· .. 

\·r . 1 

M 

(sampllng pertod) 

(r~w· data storage) 

· (evaluation period) 

(·\'1 t .ndow s t ze) 

(evaluation mode) 
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<value> : : = 0 I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 I 

12 I 

13 

14 

15 I 

16 

(approval> .. -
~ . - G (go) 

comment: RO means no data·storage, . 

Rf,· \'lh·ere ·· f>O, means raw data are to be stored 

tn Instruct fa~ M, <value> denotes the· evaluation mode; 

In ~11 other lnstr~ctlons, <vaJue> d~notes the 1og2(x), 

\'lhere x Is the Intended parameter value (by. deft·nftlon 

a P.owe r of 2 ) • 
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Examples of Commandstrtqgs. 

command 

a) 3 

·S 8 

n 1 

E · 8 

s 6 

VI 10 

M 7 

G 

b) 2 

E 6 

R 0 

G 

c) 5 

G 

meaning 

select channel 3 

Install sampl lng per rod of 2**8 =2·5 6 untts 

yes, store raw data 

eva 1 uate data wtth a perlod of 256 untts 

correct sampling period to 2**6=&4 unit~ 

set wt"ndow slze to 2**10=1024 untts 

evaluate data wtth program 7 

go on and 1 et ·forego·r ng Instruc-t tons t·ake 

effect 

select channel 2 

change evalt:~atton pe.r r·od .. to 

don't store anymore the. rav.J 

approve modi fi cat.lon . 

select channel 5 

and "forget-" .ft 

6·4 

data 
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3'. 7 The Cor)m,and_ Languag·e Analyzer. 

Human Interact lon wl th the :pro'gram· l_s hand.l ed on the 1 owest . 

lev~l of the process hierarchy. Because the tlme .of ·lnter-

·act·ton Is unpredictable· for the pr·ogram we may replace the 

Idle process by a continuous check for Interaction. We ha~e 

to test whether the contents ~f the channel ~uffer have 

cha~g~d since the last ch~ck. This ·also works If we want 

transmft ' the same symbol twice, because It takes more time 

to fill up the buffer than to tes.t lt; ~herefore the buffer 

will be te~ted before Its regeneration rs finished and will 

have a -different value at test time •. The new value Itself 

nay be deter~lned somewhat later when the buffer Is fully 

regenerated. Then analysts of the symbol may take place to 

find out \thether or not It ts valid In Jts context. 

l.f t-he symbol Is valid It ~Ill be used to build' the c-om­

Mand strl~g and the analyzer can be put In rts next state. 

If It Is not It mu~t be lgn6red (evehtually even a not yet 

completed qomnarid should be erased from the command string 

to allo~. for correction of the eritfr~ command after an er­

ro.r occured: I.e._, the a·nalyzer should be put. back to C'l 

previous stage). 

When the command string Is buJlt up completely the analyzer 

should not accept further ln~ut ·before It delivered the. 

string to SOFIMO. 
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4 Oescrlptlon of the Modules, 

=========================== 

4.1 SO!t!IT 

i s an Independent mainline program which cr~ates 

the lnstruct ·ton table for: · SOJ~NIA. 

(2302 words) 

The sourcel lstln·g of · ver·slon 1 is selfdoc·umenttng. 

4.2 SOSTRT 

'Is the mainline program whlc;h starts SOMNIA. 

( 1~5 \vords) 

COMMON area IN. 

reads t n s t r u c t I on tab 1 e f r o·m d t s k, 

Initiates. frle for tran~fer · buffer, 

.defInes s t ze of dynaml C· buffer a rea, 

init·tallzes the Real Time System, 

sets up a pr·oces s descrIptor for 

SOCALC on priority level 30, 

SORTMO on priority level 70, 

.SOMMM . on p~tortty level S, 

r>Uts so.CALC and SOM~1M on the run queue, 
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t~rns on the real time. clock and starts RTS, I.e., 

transf~rs control to SOCALC and SOMMM. 

4.3 SOCALC 

lnltfall·Y run_by SOSTRT, 

In case of modlffcatlon re~uests run by SOFtMO. 

( 4 61 \vO r d S ) 

COMMON are9s. IN, PT, HO • . 

determines from the Instruction table highest channel * and 

lowest sampling period and loc~t~s the information fn 

the headl in~ tri the fnsiructfon table, 

In It I a 1 i zes transfer buffer. POt nters, 

calculat~s maximal buffer space. to be btcupled by A~D- b~f­

fer, 

Initializes pointers for general data buff~r, 

determines repetition cycles for operational and organlza~ 

t·l on a 1 routInes, 

adjust5 Instruction table to program co~dfttons, 

determtnes required work area for ea~h channel and puts rn~ 

f6rmatton into the trailer of the Instruction table. 



4.4 SORIMO · 
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~odlfies RTS according to the calculations by 

SOCALC. 1s b~tng run by SOCALC. 

(201 words) 

COMHON a~eas GB,· IH. 

sets time since RTS lntttallzatlon, 

dequeues TITSADS, SOFIMO, and SOBOR If they are In a RTS 

queue, 

sets up new process descriptors fo~ 

RTSAOS with repe~ltlon cycle MSAMP, 

SOFIMO·wtth repetition cy~le IOAP, 

SOBOR with repetition cycle · MREPT~ 

Th~se routines ar~ put back .onto the:clock . queue and 
-

are run lntt·iallY to the appropriate tt~e deter-

mined from the running time and the repetition 

cyc)e. 

4.5 SOFIMO. 

called periodically all IOAP msec. 

(400 words) 

COMMON areas IN, MO. 
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checks_whether ~odfficatio~ req~ested and returns, 

othenli se. 

if . modification requested-: 

-4.6 SQBOR 

If channel Is ~o be 6mm~tted: modifies lnst~uc­

tlon table accordingly and returns. Instantly 

if channel is to be modtited or new channel to 

be ~dded: modlfies Jnstructlon table and 

runs SOCALC •. 

- buffer organization rouitne, 

called periodically all MRE~t - msec~ 

< 13 ~~ 1 v·ro r d s > 

Cm1MON areas IN, GB, PT. 

gets current run time of the program to stora In the 

h~adllne of the transfe~ buffer 

s tores s~mpllni rate and bookkeepfng Information Into 

the directory of ~he transfer buffar 

updates ·polnt.ers for A-D buffer, general data buffer, 

a.nd transfer buffer 

stores . transfer buffer ·to dl s k, If· full 

calls the data evaluation organizer SOEVAL. 
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4.7 S0~1MH 

- man machine message, 
.. 

endless routine whtch ~eplaces tdle . process of RTS 

( 56 2" wo r d s ) 

r.OMMOJI a rea MO. 

Fig. ~ Transttlon Diagram of SOMMM. 

'- .· S:Ja.ttAx 

"'- aM4lfj~e r 

~ Ftj. 4 



4.8 SQEVAL 
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evaluation organizer 

(24 words) 

Version· 1: dummy routine displaying the channel number of 

the ch~nnel to be evaluated. 
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;d TI.-H: r:::Tni\~·, i';[.:;l r:~:~IODtC;:d.LY OPLT'T > ~~) !LEFT 
~'I L LI ::j[ ,..(. t.:D;; T :-; :~nn. F Tf:P. II:; ··.: f.O !J TJ n ~~ r IJ 1: S J\ T "Hi·· F. ru. h L 
JJVE'L". 1\0\·JF.:t.I::;:H, THE PC, f,C, ·;o, Ll\, ~\h ·~ Lf; f~F,E !:AVLD 
Atl!) RFSTCtRE!1.JCtR THE: US[R. TPE DI IS DJSPL~lJ::D DUftUlC THE . 
Tli·1F: THf.l THIS CFM1Tl) PROCESSOR IS F.Ufr·JHIG, AND IT F.UnS 
1q M: l.::FF~CTIV!:LY INFHliTF.: PRIORITY LZVEL. · 

f?T:3DG CPRO CSR) 
. Cl\ !.!.:'3E !) P hO CSR 'TC i' E: 

C~~O AGTIOf~ IS Tt\I';Et' 

U .. ):; Tli:f·: I'~ ?1!... P r. 0 CSE) 
D fP.I!f~!lf-:1) CfPCl t'l TH [ CJ.OCY. /INlJ H.U~l C! !.! E!JES). 
I f 1H E F' f1 I S fHl T P R t:~ ~-: i ~J I'. ) 

Wr~:r· D!,' CI f.HP.I T) (l DlBI T = .C TO :o 
Ct\U:;ES THE: flF-~!!f~llUPG OF A E'IT PFOC[~)SOE, OF OF THE 
fi\STl ROLJ.TINF. CIDIP.IT = f,1; SEE RTSFD. 

r.· T ~:;:; 0 
A.R~JS TI1F: F.E0L TF1E SYSH:~1, fUHtJS OiJ .TI!L DI (,~( f:i:lil~ n:•JE: 
GLOCK), \'JJUCH CAUSES 1\ CLOCK HlTERF~UPT TO THE f~EAL Tim: 
SYSTE:1 i:.IJi~RY ~qLLISEl.XHil) (1/1024 SECO~·'DS), 1\f'lD GOES TO A 
USi~R S!li=>PLIED <uR DF.F'f.\lJLT) IDLF. PROCESS CALLF~D 'RTSJDL'. 
THE PD·FOR THIS IDLE: PROCESS IS SET~UP I.NTEhNALLY, At·lD RUtJS 
AT PRIORITY .LEVEL -1. CDNTROL RE~1AINS IN THl:. IVLE PRO CE.SS, 
EXCEPT WHEN IT IS NECESSARY TO RUN A HIGHER PRIORITY LEVEL 
PRO CESS. 

RTSTOP 
TURNS O.FF THE REAL Tli~E CLOCK, AND RE-1tH·TIALIZES TH£:. 
REAL Tl11S SYSTEt~1 CRTS ,~ RTS.r L;). THE f\OUTHlE WHICH CI\LLS 
RTSTOP TAJ\ES C1tJ THE SAr1E STATUS AS TH£ r~AIN PFIOGRI\1~ U ~ED 
ItJITlf\LLY--A rlOt·l- S:~{EDULZD PROCESS F.UNtHNG:AT PRIO!UTY l,.EVE.L 
CPRIORITY L'~VF:L 1 M'TER RTSINT IS CALLI;:D). 
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f; L , f'XJ i.i ( F: T SIX: F" ) ( 0 n ," J) IQ N C DJ F F ) ) 
E nt.DU~S on:::;J)I~U:S) THE DIC1ITI. Ir~TUH1Cl~ (.lJJ) 1\i:D CLP~r:, 

I L( .. . I"'' ··cpo--tri"'l,.I''·') '1I rr r y P'll c,-,_ T ·. r~ 1'·-·· r ~I Tr.,-. r·l'Pr ··· j\ ~ 1\\· !'.•b ,,t. I .... I : 
1

\., t~. ! I I , .t ... ~- ~·."·f.;· L: ·l·· ~- ... 11:. ,-, LL-· •· f: .. -· - ~ ,. 
r:.oTF: PI HiP:JT PIL3 t\EE. CU:i·:T'1 lt:}lL!' TH~: Dl IS T!.JP~li~D (HJ. 

r .T.3TtHi CETSTCF) CO~'!; DJ'TON (;'iiTOF)) . 
ALWI.V S C!)CIE!:if·J' T l\LUJ\0 THE PU•L Tii1F. ~~y~:iTEI•l TO "SEE" THE CLOCK 
PULSE FRO.;'IJ THE f1I Cl..OCr:. THESE ROUTitES ALLO\v ONE 10 Tlm'.l 
TIM[ C'~.J Af.JD OFF vnn:ouT DISABLitJG. THF DI . 

DJ.Pr\\JS CDIC.:OND 
rllFA·u.-:; r·ur.~~~c: r~·r. in C'i~,,. /\~.10 "RE"I"F'Yla. . .r~Rc;" THL c:.r·j'"T'~ f" " Tpr nr., , . .• ... .1 . . ,~ . r, .. .. . , ,., r ., _, ,r; ~,; .. _.. '- ,... . l• . , J . ••• 

;;o nu.r THE DI f;1AY P.E P.ETllRt·lET) TO ITS OPI.GI rlf' L STf\ H .: [:'t . t. 
Ct\ LL TO '11 CD rn.. fi0 n: : 1\ tlY H!F' II T CIt·: TEF: PUP T) FITS £:[ T DUfd f1Ci 
THE PA 1EE l•;JLL P.E;··JAJtl SET.~, \1!lLL CAUSE-AI·! It-!TE.Fif:UP'I IF THC 
PT IS Rl·:TUP.tH:D TO AN EJ~i'. Pl..t;:D STATL THu:·;, A Slf1L1LE CLOCX 
TIC l\, f-',Nn SH~G LC Hl n~I1Hl.IP TS 0 N P. f.IY I NP ll T P. I T ~II LL 1·.1 CIT E' ;:· 
L.0:3T, FUl.ONLY nELAYED HY THE Pf,USE:. 

RT~TON CIPJEID CFT~·f''GF<IDI!3JT) CJ.DIL'l T= ~-17) 
'Ji::•\NS Dl C!JTPUT UIT ;l ItJIDIT ON COFF). 

.R. SP~:cr·tiL U S!;:fl' S FO IITHJ ES 

LP.VAL = I ~CF(1}11.Ji\U . C . LITP) F'OUTUJC) 
fUNCTIOr .. : IJ.'J!JCl! C:iiiJES THZ VAUJE CF THE. t, C. HI· u1\T 'ii:L: \.'f'>LUE: 
OF U~Vf\}. SPSCIFIF:T) Hl THE PD, THIS r! IJ!:;T t.l~ TH,l F II\ ST. r.x;~:C'IT ­
f.,3LE ~Tt\TEffJENT 'In TH£ PPOCESS . 

IP = IF UU3E: CI P> 
i'llNCTIOi•1 ii;}!!CH .LilVES.Tli~ DI .PIT tnli1iPEP iJ!-IICH CAUSE.D THIS 
PhOCESS TO BE Hl!N. lliiS t•iUST BE THE FIHST L'Y, d .:UTALL.L 
~.:TATE'·E 1H I!l THS BIT PROCESSOn. CIPilLSr: I~ lf;CF FUNC'fiC~·l. ) 

IPLTH1 = !PTP·JF.CJP ) 
- FUNCTIO~~ VIHICH GIV r::S THE TH1E OF TH!!: L11ST Ir:TDIRUPT Cf;l_l~j[D 

BY D I D I T if I p·. 

IT 11-ll: = I c~~\TF C TI ~1f.) C. LI E:B5 RTf~ ) <t.: X H:F: N~\ L Tl i,iE·) 
HlTElmUPT PROTf~L:TF!J VERSION OF LILF:Mn r~(.lUT!tU:. FOrl UETTitJG 
r H £ v ;\ UJ E o F .c; LOP 1. • u v f.'. R I MH.E s. u ::: E sEc n 0 tl 1 • c. ) 
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::Luf . ;..~ -:; pf,Jt;·~ F.f! :·i_ ··ru. 1 / i.i PJ~:r f'IIFFE!·, I ri U ;-iU\' . .:unt; 
C II IJF~·z). T)(:·: nr. Tf: I 1:' Jl::llf· i' l ~::Tfl r. Tf: \ 1 Tl' Tlil. L'~l.U;.;,'j' l;f, 1t 
; · ~:gT f·IR3T, (,: ; ~, J~; ·:'.lf.THU·; .. ;·::) CA U;,··) =,;C CHiinlF:L. t ,TJr~~: :~ ) : 

;; c 1, T1) ,:·~< ~ , fl), ••• XC (·iCHi-. 1 . , TD ,~:c I ,.·!;~) ,;·:c•, r~·.), ••• 
1 I.;;.:: Fii:.C ll I h[ f.J I~: f·(l[ :G I·! l.'r 5. (. l: ~:. E C. F' ;<J: ~-· (,1 L D IT L.(l TH f::.IJF F F.l. ~~ 

. f\f\E ! !l THE St)!·1E PM~f~, 7.2 U SL:C. PER t: u r?J:: 0 IHd\\.'1. ~;L.. 

rn ~c: ;;: T CI B f.! F F H C 1 ) ) 
rnr·[_, r~· cr·; Dif1[~J, u :. nFTH C 1 ,1)) 

STCtRE.3 [11\Tt\ FRr.::J f1/C RiiW r~UFFER IN JHUFFF~, Tir1r:-oi . [)::.h;·:ll n:·'D 
1.~~~-i·1liLTIPL[XE:!l. TP1E .E.El·.!IJIRED IS HOUCiHLY lll u:=iEC. f'EJ; \·'ObD. 
THI.3 E.OUTJtlE IS R[-F.~:TRI1.NT,.ANO CAN Hl,PDLE f10 :·10f;'[ "!"Ht\f! 
;.:.;;~\fEll Cl-ll-1 t·l ~ ELS (.; F f:'A Ti-\. 

G ET£~F 1 C U:f.JG TH, ~~(:!·it\\-~ S, IN DE/"\ , IRI NGB C I) , UJSEI. F < l)) 
L ETBF 2 (('., DI ~~EN, l_F.!··JCi TH, 'JCHMJ S, IN DE:X, WI t-'Lib < 1) , lU.:li:.BF C 1,1)) 

GETS Tl ilE-0 RDF.RI·~ l, DE-i'11J L TIP LEX ED nf', TA FRO f:J /1 i1 UL UP l.;;.X F. D 
r:IN.G euFFEr;. <THI S nounNE Is usc:D E-~Y. RTSG[T .~( RTSGT8, ro 
bi:T DI~T;~ liUT,OF TH E H/ l) RING BLJFF[f:. ) 

(.,DCC! N\.1. · 
CAUSES THE A/D F<t\V.' lJATt· TO.EE fYJIJLTIPLIED OY A CONVE.l~!:·IOP 
f r"1CTOfi. A DEFI'IIJLT V(~LUF. OF .1.{~ IS u·sr~D Ur.JLi;~~,;~:; Tl:E L;~.!.F l:f'.LLS: 

,• 

f., .)C:3I:: T CI ~V;\N, F 1\ C TO F) 

GET? THr.: CClNVf..:P.SlOtl r ACTOR FOn THE /1/l; Dt\TA r)(.l CHr :;Jt:t-.L II JCHfltJ 
rr. THC Il;TEGF.P [C:I.llV?;LEt.JT CF THE HEAL \.AHIJ;ELL 'Ffi(;'!Ch ' . 
CSE:·: t;L'~i.'V.) TliL :;/'.GNITUDE OF ~1\CTC'h i'11.1S'[ l::t: 1.Ef.)S TIU1 N 
cr·:OT =) IE.:.P. f-1 ~· "J!··JP.t:H AS Si'lAU. P-S .• 125 ~.:ILL.BE FnPhE:SE~-.'TED 
~·III: FULL 1:·~ PIT f\CCUF:/\CY. 

A DCI\LB (IGHAtJ, UdX.l LO, li\l'H~ E:~·J) 
C/iUI:Rf',Tl: A/D OU.TPUT: IADOLn IS THE (fllRELf(T u: S CD:·IP L) 
OUTf'\IT OF THE. A/D .:::t\~1PLf.R C CHM·~NEL d I CHi\iJ); n1c CCHJV EF ~~J(L~ 
i't'CTOF J.:-: ~:eDIFIED SO TlttiT l110NEVJ \·:ILL Pr:: THE tJF:v; ;\;D OUTPlJT 
F011 TH~ St~;n: IHPUT SIGt-lAL. IT IS f:!JGG[STCD Tl!liT Pl:.:\J<-TG-l'Ef\1-; 
VALUES ClF tHl ~~~ fi!Gt·1J.\L fi[ USED FOR Ct; LII?. f·'A1ION. 
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C. L: ')t.: !? :-: llf' P 1 ... J :-: q P(l 1 t TI !·' E ~; 

i•:C:t:fi\:J -- ~:t.CFC' ~)l:r':.Cl:!TJ il !~ 

FUih.::TICt·) TO ~·IODIFY TH:~ hlW f'.f,; D/'.11\ LF.Hif·L JT ![.: ~:;TChLll 1 ~1 

THt: AID hirW )3UF'F~E •. ICHt~NL IS THE CH/',f'HJ ;~ L ~!Ul=1Lr:E, r·:EvJDf.T 
IS THE f'd~Ji/ CP.f.l\1/) PI\TA .. JUST SAMPLED, Ol.i)D~.T 1:=). '11-l[·(li..D (!·'OflTFJFTJ) 
"' 1'" ·r r·c· 111' J" I r· I' I.~ ·~r RI"•I:' n ~ · ['IDA ·r (I {\ I) J c:- I r• 1'} 1 !" I• . , ( 1 ~· : I I·\ t"\ . i t~ . . \ I . 1.

1

• j ,.') l,., -~ . \ .I c. :J .• ..~ .. 1, . • ,.. t ~ \•; t ) • 'I l L~.. t\ c I : 

F. NTRY; THE !'10tH FIE') _FO R~1 U F NEll! DA T i'11J :3 T f". L Iii Tl-! C t\ C 0 n D~I T. 
A D:~FAULT Vf.I1!:_;Jon OF i'10f'Ft\D <~11-IICH SI!1f;lL'I' PETU}H, S) IS e n Tl !F. 
ti~' ER' S U.P.Rf1RY~ i''iOflF~\D IS CfH.LED f RC!i•l. THi:: f1/iJ Sl~!1f' Lf.h --
t: f\1\.IF. l!;)t·.GE OF li!O_;,FI1 D CA!-l CAUSE CATASTf.OPHIC EP.PC'F.S ';iPICli t•RE 
UIFFIClJLT TCl DFTr:CT! D<IN'T - ~JRITE: YOl'R 0\•;tJ VFJ;~'llON OF ~-iC'OFf,l) 
vtlTHGUT ~; IRST CO!·!SULTif.l(:i A sr~~!IOR Pf:OGri,~•!MEFd Ill! 
THE INDEX M1D UvliT R~DISTEP.S r··1l!ST f~E PRESLhVLP !..)' THL U~:l!::HI 

RTSAVE --USER' SFiC!l.lTr'r·lf~ T0 Sf\VE DATt'.· <In.CASL OF CEf\::,J~) 
THIS ~::t.tl\.ROUTitlE SJ-IQ!fl.n CCHlTf\Irl .THE CLOSIIH) OF l'ILES tH' D 
~!Ht\TE\IER ~_::LSF. JS [.::~E:DE:f'J TO RECOVI:::F r"f-11\ f\FTLF· f.,p U!Wi:.W\/Ehf;l:Ll~ 
rF1RCrROCCUBS DUHH.lC1 fl. RU!'·i. 1-~0 I!~PIIT/OlJTPUT SHOLILO[E . 
f\TTEflPTED FR() !·IJ TH~ FOUTINE. THIS ROUTiiiE IS PUT0 ·1·11'\TICI1LLY 
c,, LU~ D ItJ TH F.: S TMI DA H D RECO VEPY. PROGl:~ DUH L . J.l;::SCRI BE IJ Li\ TEL 
CPO ST-r·10RTF :~ PIJ!~1P). THS SYSTEf\1. LIBRARY CON'l'AHlS _{\ DEFfiULT 
Vf. R::;roN I,:IHICH SII•iP-LY RETURNS. 

F:tSIDLE -- IDLE RO!JTHJE. THE DEFAULT VI~FSI.C~I OF HTSIDI. SH'JPLY 
,Jllr~p s· !0 ITS Ot\IN !tJEr"DRY WCATION--"SITS 1HE.RE.. IDLir'\.i" . 
CO~Hf1UL IS TP.Ml SFEI\t:n HERE VJHEN THERE U~ t~OTHHJ G. [ L.=T T(1 

·"ER'" ,....\, .. -R~ICf·'L' ,~,y- r:..E U~ 1.-D TO ·rr.·c,··r ~"'\1' ,-;l'f''l'' :···.·--·no. u ;-_,:,:. ·.::; . r: . ,.) 1 v ... 1'11• ., ~ :::;~ • ..~.') 11~ ,.; ~ -~; ...,,u. :.:; , .·. l L . 

U SUt' S \1 1:1~ ~110 N i'1 l 1S T tW T RE TURP ! 
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H•i:: Jl lt.i!TiiL If1T[H ,?, t;E: ('!1) I~ :· ;• p; HIT f"'f:.l.ll~~TE!; i!I!It,.J: fl"c 1 :, 

n ;\ ~.::;.u·:;F, U I'd;: M' IUPliT/Clt!Ti· :JT nF~IJI LL •.. TiH~ LEFT LrtF OF 

,....., 

Tt~:.~ m:ci3H:F! <FIT~;,, fC 0 I~:. nt:~~i:J<Vl·.!J H;J1 H!FLIT SIC~!HI.S~ !""" 
·TIE~ HIGHT JU.Lr <BIH; 9 10 17) IS Rt.SE:EVt:D H~f; CUTPUT SIGPJ\l.S. 
i«'HEt~EVH-l A FULSE IS REGII~VED Of·J ONE OF _THl If.iFUT LI N i.::~; c-; Tn ~~), 
THt: co·p.m:spo~jDHJG DIT HJ THE DI IS SET /1HD /\ FFWGFdd·l INTFJd~l.IPT '~ 
lS G Ei~ERATED. . 

0:(11-i.~'!f.;LLY, PR.C1<;ir:f\f'1 If'-1 T[HJ-1l.IPTS P.HE: liH!CFi\T[D r!Y n·t\tdl!Hdl 1/D · ~ 
l'EV•ICES. ··THE ti1TE:Rfi\1PT Ct\liSES I11fvlF:niPTi!. THM!~;F!·.h (IF' (J.ltJThOL 
TC. THi~ i''iONITOH <r·:r.·UI\1/~Lf::NT TCr ,H'!S"' (t': ) > IN L(l~;l 01\L;FJ. ~·1F>Jr!}:Y. 
THf-: /COti'I_TOH PETFR!Htn::s v.ll!ICH I/0 l.lE\iiCF. Cf'·U~:;ED THE 11'-lTi:]·:f\UPT, "" 
li l\1 ES C<1 f1 TRO L Tl.l AP liFP ROPH!t' TF. "PEVI GE~ HA I·J Dl..EP", At![) Fd·:TtJF: NS 
CCHlTF\OL TO THE IlJTF.F'RUPTEn PROGRAM C.l\~:STUhiPli 1\l..L r··JOOJ.FIED 
REGISTER$) .AFT:-::R· T.l{[~ I/0 INTEIH\UPT HAS P.:::ErJ PhOCCSSCD. 1 ~ 
D.E.C. HM; ~iADF. ALLO\t'f,f·!CES FORTH£ f\DDITIOIJ O.f 3 US,U·.·:· 
L:E\fiCr~S; 01.m "}!C'f•1F-ili\DE" DIGITI\L H!Ti:f·"7Ff\CL IS CC:Nt:ECTS D TO 
T ll F~ CC;·JFUTFH A~~ Ml I/0 f1E\IICE.) !'t 

0 1..JR HFA'L TI:"lr: C!JlCi\ IS PER!1AND-lTLY COPi1 ECTED TO EIT C' C;f THE 
DT.. IT Ci FJJERJ\TE:3 f·, PULSE t:VHIY l/1~;~~. 4Tif SE:C(l;·JD, SETTII'!U EIT ;.~ ~ 
Mlf.J Ct.llSii.!G I\ P~0CHM•1 INTERRUPT. 

\•iH~~N TH!£ ['':Ot:!ITOR DET!':Rf1It~f::S THt\T T}it·. Ii'JJCHfdJPT ~·Jt~ S bUllChJ.I1L:rl 
!'.'1' THE DI, IT THAtlSFET.S CONThl'L TO THi:: !:'!I "Hf\tJDLH~" O;ILr. 
~.:t\f'lE: G aJDIC), THE DI HANDLER FIRST Ff.l\l:S. THE DI r~D..iiSI~.:h 
T!J liF:T!~H!r1.H1E \~·•:JGH IrTliT BIT COR biTS) IS ~-;!::T--Il::, b'HICH 
I~'PIJT "LH< Cf\USUJ TilE Ir~n:RHUPT. IF l<JI (1 IS ~;LT C'FY THi: 
F-Li~L.TJ H: cu:CX), THE Tii1r~ Vi'.RH\1"-'-LE 'Tii·1f:.' IS I~JGfi;:r~:~~.~D LY 1. 
IF so·:·E OTHER P.JPUT nlT IS SET, THE f::·IT PFWCESSJH FrJ!·; THt\-T 
F I T I3 P~!T Ct.! TH~.\ F\lHl OR CLOCK ~~UEUf:. Cf•JORr~ (1N THIS LATFh.) 

(Hl f..U. p;·~OC!FU\'•l IPTERRUPTS, DI OP OTl.iEf!, THL FEl-1L IINt: SYST!Tf1l 
ChTS) TAI\CS CDNTrWL AFH~H .TIU£ If:!TERf:UPT HAS BEE~; PhOC[f;s;:o, 
fiND !1ETI~Hi''fHlf.S IF' t.NY Nl~·l PHOCESSF;; [•1 Ei·:D TO Ul~ litH!, i.FFC·hL: 
COWIROL IS Rt:Tl!RnED TO TilE IN1f:fmUP:JED PF•Ol.ihl\f'i. T!(i:: It·lTFJd;Uf T 

1 1J·,~·l· ,._,,..,.Rl°F'rl Cl-· )('R'I.1 Itr.Tt.-HnUPT) ·rc C"ll .-D \~] ·.,,J·f.r['' ... f.,. . •- :J JJf< .)~' r.:.··.c. -hl.·1 \;-\ I •- •· ,) '/' ~ .l'.l.. f-lo" lo', .. •,:,t; . . <':_ 

H.lTF:RRUPT"; IT IS Llll LT INTO TilE CCH1PUTf~f;. THE. f.l'J':L TJ:V:!:: 
SYSlF.:.<i f·iAY Dl~TF.Fif;Jitl~·: Tl-if\T IT IS TI,·,.J:::: TC LUNA HIGHEr Pr::Wfi!TY 
Pr:OCF.SS, .Mi fl INTCRRUPT THE CURREtJTL'i' tlWt!lt!Ll PH) C:;:;;:;sur.'TT.L 
HF~ llJGlu~F. PRWniTY PTK•Ci~SS IS CO~·!PLETEn. THI.S IS CI'LLEU n 
"•."f)fTi'AOI I!'l'rF·CjfrT'' Aj] Tl{ .... ro·oKJ'\.J;'fl i i'G I'H"""Ir.I" '' "I'I'J!''' J.. • ..,•.: .ti1:.c. \: _,:. 'f" r· ; ,..., ··- J.r r... . ·' .· '•L~ .... :.. fJ :1, PL~L;,.:, \.l .... ~ •• 1& · .... · . ....;, . 

F'1C . f..EGM~rnm. :~OFTU\RI~ H~TEf.'PUfTS J S Tllt. FutJC~IOn oF· THL HF.J\L 

Tl~E RTS.F4 PACJ-;;~GC IS lJES1GiH.:D TC' T~KE Cf.il"'l~·OF flAtlY OF ·n:E 
F'i.i~'CTICH! S f~EC~UIRED Cli- THT<: USf.:R, 1\i:n FJ\FTICUL!\RLY TO iif',,),;f 1HT: 

.'_·· ·::::. 

I~~ 

FiT~: {',V;;Il.;~EL;:: TO Tl!E rC:\TRM·l U~~[f?. 8 

, I 
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; ;:·~ rT·:: ;: ,:;:~ CC!':Tf·f,l. rr:r ~'/: '1 J:idd·; ;·.!· . ... II : Tli : f'~'f'i 11:::~ 1\FT::i 
..\;;".I::.~-.,: ·.~- ~ ·~~ :::rP;~ r~ · ··, ···:·IT IS· (:' ·i}'J.. ; :r;·~ r: . 'l}<L O. : . Lli·"~_ (''~:. .:."~f'L 

! ... 1~ 1 T ,~-- ::: E r·. r· -:.~ ;~ ·.-l ;: F r ,. :; \ ~ .. I J.. Y r~ ~ ~ · J: : . ~~ T :' T L' ~, --.: F ·:·. ; L ~ .. L ~ .-_~ ~- '~ r .. ~·. :-

c U: C h :, U ~: U [ c.: u~:c ) ; !": '-' '1 C'. ' ' ... ,, r. ( r 11 ~· 0. ' 1 h. I" :l I P H.h 1'. ur T c:a1~ C J•: 
( .r. ·s Ti'. , .. 'I; . . 

:· Ht ~: 1 ."~: ~(" :, '.!('':' ,.,r r·r~nr:Ec:~~!=:~ ~.'I·~ICI~ J.,EL:.:'CJ!lDUU~D 'lC L~~,~~;.:~;:: 
,~CTI'.!r '.T t· C:IVE'' !"'1.""''1' :IM!:: . CLl\Q I:3 SCHTED At.:IX'r:f'T::G ~~" 
:''.!t\l ·.~T Mr. (1:1 I TH TIL~: GC' H'G Tf1 THE }'!r'rF.Ji' PRIQF;~ TY FRO CESS). 
\-ll-' 17 " ".:~~-E: CJJ'C!' 'T'T,.._. rClJPR~~lT TH:t) !S EQUAL OH GREATU~ lHfH! 
·Tw"· :-'.P,l T!'·lr rr ..,.. .. ,... PRC:CFsc:o f.T THE Tf'P OF Tilt: CLI<LJ, THi\T H~~ .. -
r· :- 0.-: T::: -1/' r.·~~ ... ~r.r · ..... ~r. r.r vn ()I.JT) PUT r• t1 Tf':· L'Lit'l' 1'1-','·" f·' }'t ' / '1-'CC: 

• • , 1 ' • • .1 •• , • • , • • r .._ ._ ,_, I- 'W • • ~ \ V ~ rJ • 

T"1'' ('~! · :TT'.'E ~:~ n::: SENSE: THAT IT \'!ILL BE RUN A·S SDON AS I'LL 
E'Qllf-\L OR fiiCiH~R PP.ICRITY PROCESSES f',PE·co:•;pu::TED. If THI~ RE­
PJFTTr: ~' r'.::::RIOD CIPI::PT) IS·> G, IREPT J-S f,DDt.:D TO 'H:E. HUN 
"-"T ';"' T" rl.l~ PD f'oj,ll"l Tl-!1;" .Pt:I()Cr.-~C' JC: PL.'C"r:)!i=-DtiLr[:·o (Pll'f 111\C}1, cvJ· • • ...... - - J. ..... ' :; •. . - ~ j-, ..... ....... I . • • ••• '- I - "" • ~ L . ~ I 

THE: CLI<C.), T:· r•r;- Pl!N ~· T Tl-!14 t-! V\'1 Pf!~l '~"; '·JF •. ( THF T ~ 1 T T~f\ L F:U~! 

TT"')~ rs r.·sttiRT.) IF THf£ rnocEss rr~xn1 (,r.·r TP!': ,..:..w·~ Ht.: 
! <:>r.'p77T'T''Tr; n f)r:'DT('lf') n<. -1 TT T~ I·'OT.f:''!T (1'·.1 ~j)l · ' CtJr·.lf; ··n-,, I:•!'} ···- ..... .&........... . 1 ....... t •. · t, .1 ... r . , ... , l·'- ' ·'· 

l'[;_l~]{ ( n THT~ r.·r.uq: IT T s "fH<- '!' 1.r~nnu::n" . 

Til;~ P!Hii~. IS f\ LIST OF nt;CT.I\IftTCrl" pr.•~l(;J::f~~-Cr-; .... r-~T ·"" ' - jClf;­
ng:c; TO f>};Ir:nTIE:~ (T![~> GOJ.t:G TO Jl!E FIRST l:::~·lTt!:RED). TF~: 
PPUCEf>~ 1\T .TJIF HlP QF P.UNQ WlLL E-E P:lf!'-1 r,S !;;cor·l {i S f: I.L Hhi}:i::r: . 

.. ~, Udf.;L i''HlORIT't PF:CC[S[i[S r1LREADY STJ\f.TU) Hi'V~. [:I:U·; t.:Of'1FL~T::u • 

ISTre:~ I~: f;. UST OF P !~(!CESSES i•lhlCI; H1~'ii'. L~-:~:1.' lf·)'UTTUf'TCU ;:y 
RT~:. ISTI'iCK. IS 1\f<PM'G.F.:D HI CIHWNOI..OGIC:\l~ Gf'Dd< - -'~•J!lCii J [~ 
!. l ,... T r· n q r) ·-}~ f' \.I tJ ·~·I (l r.: I T1. .r.::I M , ... I~ ·{\ r 1·'() r' 1· (': (': ("!' .,.. I' ;;· I I' .1. ''I•' L, • '"r·· <,. :·· ,.., 
f 1 .. • • .111

.,1 - ~ I • • I " l .. ' • i . f I • • r·. ' •._I l': v -- l \ v ' .. - ... I ' ; • L.o \ ' '.. • f. .. .. .... ' I 

Oi'!~Y fY f\ !PlitifT PPH PITY PROCCSS, f;fl') 1 :;Tr.Ud.'f-.Ti:D FLC C: . ~·. ;:; .. ~: 
:·usT [.;.: C(l·Jf LI':T;~r~ r:E:H.lHE OTHL:n F·r:oci·:s:~t.~: (;J" ~.CU~·.L ~·F;JC:,IT'i 

I i; ~ u ; ; ·;t,RY, Tl'r: CLKU IS A U ST OF "It.JP,CTI\!L:" hd:Ci .. : :::;.i...;~: 
C"Lt~Dli~~3 Hl \•1 t-\ITIHG" ) \·}HICH 1JJILL FE "i'CTIVt:T~.([l" CHi T C'~·l· THF 
ru;.;~~) AT THE TI!1i;: H'!"lll..J•TEf13Y THEir' F t.!(.J TI:I[. C:)E.!iHPTIC~! 

I\ "SCiii.~i1!JtEO" V:F;0Cf.SS IS CHJE TH~\T HhS l.:Ef::f.l FUT 0~! T!-(~. CLJ;C..) 
TL;: "l\CTIVE" P·fllH.:Er-S ES -- THOSE Ot! RUt·.iC; Uf,I Tlf!U TO r:·: :~Tf1l:T::.D, 
1ti(:Si~ I!J I:3Ti~CJ\ \dHCH ~.tEHi:~· HlTIWHLJF'TED, At\;!) Tl:r~ C1-!E CUHF.CJTtY 
PtJ!':t~H~li - - f\f\E FlH-' ,., Cl;OPDJ.PG TO PRIOFI TY !YVi;:L. . TJ.r::~ GC' FII":ST 
TO THfo: CUP.Rr::~!T' .. Y nUt•'llH'G PRClCESS, ~ii~XT Tt: At: INTFfH::UFH.fl F'hC1 -

·-,...r 11 1'1' Fl'I'J ·v T' Rl 1" - T Tfl[.• f' Ifr1· "'"'C .. ,, .. rc l." r•Tt" ··r.··, Ct .. ·1,-,, ,. \:. ;. ,1 ~L• .. t-.• , •• ,.~: 0 ·,c. . . , ,..,, , c.~ .... , ~ .• · . • ,•.l;.:. i, . 

THf:: :~AIN FORr1 C:P f.0!'1~·11WICt\TlOtJ \VITH PIS P.' VOLVf.~.: THE !!~T 0f 
": 1~0 c· L,' c..;··~ I} •:- ·~I' i) TP TO rJ (" (" F- .... , ' C" ). ,, l ,' I C'·( CfJ ~· ·r~·\ I '·' ·rl ,· '· . ·:\ I~ I,,~ ,. .:' ~:· r. r. ,.., I • I - " .... ~ ~ Lo • ..,v, ; - . • I' ._, , .~II I "· !.. f· 1 J ~wo • • ' . ' ~- .• · '· • J t' 

r:·r-(lC'r:ccnr.. ( SI'PF;('t!'fJJ·.I l,') IT~ PR'IOniTY lr\Jt..'l F' 1 .. l·'': 1'J1'lf1J! TJf·l\~ f" • , , ! .. o • , . 1 • o t I • . I . , • ,0 o l"\ '•" .. J.~ .. ·' , "" . [.:~ , - I .o ' . ,1 , 

nut:. TH1:·:," M~D fl C(ll'[ \·lORD TO P.E !111\Dt~D IWW 'fl!(; i 1 C ~:n:; ·.~! IT 
J :3 f:TM!TED. 
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Ti:F I f'I TI;\ UZt TJO~! C1~ T~·:·H!D f f?I~~ .r I; 1! : \/UL'J~·~ .: : fLit' TI::;:,: TJ.;~ 
r···· ·• l'T·• ·- C'(C'l' r .. '' '' i'.-'Il''' '1 J 1<" I' J (•J 11 ll "'J['l' '(·, ·,;· ~ . I ' ·' ' ·l· .-r-~ . .. ~ .. l·':t. .. _:~d· .. •'} .. .J l ;. ·· ; ~.: = ~. )\ .> d ·. )·. t I • • \ 7 } : J,. .. i~ .. • ... ; •. . ' :·, , . l ~ .. ,L t,,,\ ; f 

fl•F Thi~ H).~1-;';('Jp'p·· ,i i )~J:··u:· P[liil ·~·);::s, Ii·J1JJiLIZII:Li (t . J..·r: C· ! 
Fl\' r·FU.FC) TLE f)J nr'D r.r~~, ri·:-i·nr .. G n:F. FhJCif.ITY 1Y'JLL H::. Tw:~ 
CU ri::i Lt·tTl.Y 1\llt ' tiHiti p;:,oGESS TC 1, 1\f.~i) Si::TTii··l• L!r ··· THE F;; Fn;, 

· THE I D LE P HC1 Cf·: S S C rn:::: I D U ·• C TilE FAT LH lt' G () F TH t. !·10 i-ll TO h 
SO TH!.;T HTS G'ETS. CONTf-!OL AFTEH HAHDV.1/l.RE HJTD'il~LIPT S IS ~'C'T 
rom: UNTIL RTSGO I S CHLLED. ) 

TH~ AD!1P.I~:ss (tF :"1 PROt;F~SCR, ITS PRWHITY U<:Vr:t., t.d-!D ITS 
J:EPi=:TIT!Ot·J TIMf. f,PE PUT ItiTO A PU p,y :;ui.\F·C'UTit•t : HTSFf-. • . 
SIJF;.ROIJTHl·E R!SADS IS USED TO SET UP f.\"/f.J Pf;h·iH'lETEriS t;:·JD PUT 
THE PRIORI ·TY LEVr;:l~ .~. FEPETlTIOtJ Tif·1!i·: Ii~· TO TH ~:: PD ror. Till\ ~:T !" . 
1~/D S{1:•JPLF.R CRTSf•D~~). CTHE USER Ht1::: 1l) :.CHf.: .. DULE Rt:::.f'.l>S.) 
.3U8/I('!IJTINE FTSXF.O I S USED TO· PUT THE STJ',f(T 1JJt)L~ 1\t.lD /;C ~!OhD 
Cl.f)VAU INTO THE PD, i~ND TO PUT THl~ PROCE~3SOn ON THF. CLO.CI~ 

C-! U E UL ~)IJ.£:)110 tJTHl ~~ H Tf:FW N IS US f£!) TO P UT LDVf.\ L U~ THE P P, M! I') 
P 1.J T nn.: !5-RO CE SS,l R O~l THE f; UN Q liEU E.. ::: H·:F? U~l f'r.J 0 h T ;:; l~l. n C!H1 U~ 

. L1 SF iJ 0 ~J LY F('! R P !':(' CC3 SO P S \111 I Clf HI\ V 1:: P 1: i·: l·i ;;[!, T IJ P E Y h "1 ::-:p fi C n L 
fiTSf~D,. IrJ THE Ci\ .SE Of f!TSADS). 

f'. SltlGU:: PROCi"~SS ("ft..STl") Cf\tl F-:E P.Uil i",T "Hf..J~iltil\hl. U:V:<L". 
THIS t':EMJS IT P.U!J S f.\S PE\RT Of TJH; Dl It'TCf1hUP1 HAnDLEr\, r:;t·' D 
'rs · tWT AFFf.CTFD FY P.TS PRIORITY CO!JfjJDCRA,TICi·-JS. THIS f;fLt.:Hd. 
F [ATUHE vU\S ItJCLUOED FOR THE VEHY ·SPECIAL CASlf.-; \\'Hi:..fd:: SOi'lE 
r:H'O uF "f.AST" PfiOCESS NEEDS TORE RUN, l:Np USit-JG "OliD!i-1-

AF;Y" PHOCSDURES lvOiJL'.l H~VOLV~~ TOO f•!UCI! 0\fl::RHd'·D TI~il~. . 
T } l E P C , I\ C , L l{ , ,,, (;~ , X R , & LR A R E SA V E: D · P. t: D r. l~ S T 0 R E D !.:: Y Tl i [.' 

. H MW LE H. ANY 0 TH ER F LCi IS TE R S C E • G • , TH l'. E. NTh Y WC h D 'i 0 f, U U 
'C'R-~)Cli~rJl.l, OR. 1\UTO - HlCRE!'iENT JiEGISTI!:HS) ~·-HIL:H i~I\E u~-i~D E· Y 
THE "Fj~::iTl" ROUTH·:C i~~UST 8E fESTOREP PlFOHE . LU\VJt.·G. 
**~-NOTL: TH~ PI I S DISf\BLED DURING THE TI1•IE THnT Ft\STl I S 

I::.EitlG FiU t: . · CLOCK TICKS At~D U!FUT BIT INTEH>UP l ::: 
lviLL FE 'DEUIY[D UtHIL Ff1STl I S FINIS!ISD. 
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'f}:f~ l.!~,:-: ro~F Ill f'!JL::iU: !ll\l'.[S t·· FO~~~:::E'·U: 't'O ':nc CHi\OtH;:~: f'i\1t; 
FI-JJGE::,,:;rt:~.:; \•ITH r:;:TFI·:U.L ~ .. VL: ·~.: -- ~r_!(:i·l i1 ~· TI'L sn;:'JL!l~; {,'·.:;""! 

1~ ::: ~f'(l.f.J -~E ::iW ~-' fl L;·;. l'! 1, f · Et:! C TH l TI i'·H: i:. t-:.:. LJ., I,,} d-' 1. · F Ll' C~:. ~: ~)'1 i.; :·.: 
i·iHICH Hrif To rF ~·;,~HEOJJU~D pr· 'I.JI·J. p,s f\ rc;:~~U!_T c:F PI Fl::L~;L.:~, 

l~t.\JE TO LE Sl.~T up· !W ::;!JPROUTI~ ··:: RT~;r-q:, 'lHL. l .. 'f1' ~> \JH!'Cii f\h;~. 

~'iLT UP hY BTSI~H (:.Sf. DI S TI~CT 1 ~:;or1 THl.: Ff'l' S SET l:JP EY F•ff,JJi: 
.COR R.T3AD). , 

. . 
\1HEN THERE IS (ORE Hll\1~ OtJE I~1 PUT Cit:TE:RFUf'T) FliT SCT on THF. 
D I C 1\ S ~1 A Y HE T H F.. Ct\ SE A F T~R A PAU SE) , THE LD ',·.IJ~ 5 T 8 I T SET IS 
P}:OCE~iSED F lf<ST CGI\lif~G THl~ CLOCK t.:. Ff\STl 1-iiGH~ST PrdC11iiTY) •. 
FC1R HlTt.flHUPT F,ITS C::~ TO 8), TI-ll£ CUrdil:f!T Tii1L IS Sr\\!EJ) ,'~I~~ 
f.IV(l.l,LABLF. TO TIP:: PSF.R THROUGH THE I-PTH1E hOUTli'J ;~. I.~:., THF 
TPIE CF TIH.: LAST PUU3C ON ANY INPUT ['.JT IS f\UJ/IYS f\\lfiJLAGLL 
I F · T H l!: t) [ LAY T U1 E F 0 R T H E P R 0 C E S SO n A ~: S I G t-J L D TO b I T Ct\ 1.1 S p,~ G 
THE INTERRUPT .IS ZF:f:O, ·THE PROCESSOR I~) PUT ON THE HI.Ji~ ~;UEiJE 
TO BE RUtJ H'1~1£Dii1TELY. IF THE: nELA'x' TII1E (S t'lOT Zl~HO, Til·~;: 
PF\OGESSOR IS FIJT.0~1 TilE CLOCK GUEllE, Tt1 PL HlHl HlJTH,U.Y hT 
t. 'JHH:fi .T}:ftF-- u:lfmF.::;ro ~!DING TO THE HlDICP.Tf~D DEI.fY. <Pl .THIS 
Ct!SE, IF ThE IH~PETITIOn TH1E IS t-JOT ZEF.O, THi:: PhOC~.~;s ':'ILL 
PE Hl.!f.] Pl~RWDICALLY.) IF DIE DELAY TH1E 1~3 Zl':FW CIHE PfiOC!•:ss 
I~; P IJT.Oiol THF. f;IJN f.·!!Ji.!:UD, I'ND THE REPETITION 'ti1·lC' I~~ t!OT ZF:i\0, 
TJ:E PROCES!:DR I~:; (IJ..S() PUT O~l THl~ CUICl\ C·1 1'lEL1L,.To [!F: lil.l~l 

f.\C.frHl_f-1T A 'I}ITER TJ;1t::- - l.ORR.ESPONDING TO THi rn:Pi.:.TITION Tli~E. 
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1 S.F 11 

r~\t\T (;F THL:: r-:r,·.::;;·;nci~ JS Ct!NTi- ~ ;: E D Iii f :·WLvli'-1. f'lU. c·~1 lll~;:. 

'111:-~ t_C,4D STRING Sl·((lllt.:·l !31~ AS ;:r:tLO~ S CU S:UJ(i 1.0tHii.J~ \I~'L.): 
u~Lso Si~E r:i:SCHIFTION cr Pos·j- :JrRTU1 ~)iir·IP S.) 

>+- MA H J, SUBR 1 , SIJUP.?.. , ••• , SUf\Rtl ;n TS. !tl 

ALL PRCCESSOR :JlHlES t:;HICH ARt: USED I _tJ ANY CALLS 1'0 f!TS.fll 
f~UST APPSAR IN AN EXTF.RtML STATEt~ENT IN THC PROURI-Hi OH 
SUBROUTINE \~HIGH , .·1t~XE::::. THE Cf-\LL IV A SUPFWUTit~E Hti~) J.T:~ · fi"-
()1H.1 tJi\P'iE ,In l\r 1 'E~\TER~·' fiL STI\TEifJEJIT, IT S [~~TEIHlf.lL C .GLC!EU. LI~:T 
1:.1lL1~ FE THOIJRnUOHLY "N[SSED LIP" - - f'()tl'T rx·, IT! . 

r.DT USES AUT0 - U.'Cf\E!1Fi'JT REGISTER 17, '••'HIGH IS l\L:.:o t::~I·:D r.y 
l-:TSUET ~< 1\T$ T?, 1:'H[N 7 CHf.HJN:-:LS OF Dll. Tf\ 1\1'\L L! SI~D. [lf~ T f•!11Y 
~!OT HE USED \'JHHl rqSGET OR Rrf;GT2 APf-: l.l~) t~D WI'IH NCHtHi3 = 7 . S) 

THERE IS t. SP~CI/\L FILE ('ADr\EYS') 0~·1 ·nK~:l, \•.'HI C!l _ CDI·1 TI\ lt\1 S :' 
::>FECI,(·~L · VERSIO~I (!F THE (:/·L Sf.l!'lijL[I\ . /IDl<:~'tS Ttii\ES THF v;·.LUL t-'1 

. r IHEF.!!:D HI THS lEFT l~f~I.F OF THE Dt1TA f~IITLHC S I~S TJ!ii. S:~>JPU: 
\11\LiJE F(;R ODD · CHM-ir-!ELS, AND THE VALlll~ If·l THt: Hll.i~I'T Ht'>LF Fnf . 
TJ:i~. EVEi·l CHH!H·l ;~u;. THEVtLIJES AHt: TFEf'-lED A~~ - 1'- S . C0 - 1l'LEi ·i~:wr · ~ 
H!TZGE.nS Ul f•IULTIPLES OF S (I.DU ORDE.R 3 I:'.JJ~; i•!ISSH!L). 
·CUF:C~t~TI\'E Vf)J..llr:s f'RE.E:t\~::liLY E;;~TERE:.D F-Y f:;t!:TTU.IG P.LL S\·:ITCHL::::: H' 
TJ:EfH)PRQPRIATE HI\.LF OF THE KEYS C-~1), ?\ND Sl:.TTit:Li !- ~nTC!if.S ;~· 
OFF \,IJ-:'ICII COR!iF:SPOr~D TO Tilt:. lfl/\GNITUI)E. ) L.G. ~ +~.~5 .~ -~~"; 
COCTAU t·\Ri! .SET FW ~.H-HJ ~H1 lf1l f< 111 l rH ~'10, HE~3PECTIVELY~ -
T!-ii~3F: VALU!~.~; f;f\[ HEA'D AS +?.50 & -25(J ( (1CTf\L), Pl~f:~P1.CH\!ELY. ,_. 
LC:AD THlS 1\S FOl.Lnl·lS: 

>+- AA.l:N , ••• ,SI.IB'F.f·l ;t. Dl{[YS,RTS. ~~~ I ~ 
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Jl.1 F :; n r F l-.n P C:C: liE!_' ~ 

FILE: f·.1Sf',HS r;or lDAili.l~ CSHUIJLI)!!'T l'J.ifPir l ) 
NtH::Hh7: ernst: ::r OR RTt:G T?.) 
l~Nf.Jt~N=tJC)!(:.,I··l S-= TflO BIG. 
J? T SP R :. TO 0 iYJA II Y P D ' S. 
f\ M\ A 1\ = .1'\ r) ll R E ;; S 0 F P HO C S R I N (;(1 L L TO fi T SP H • 
RTSPI!.: ni F' IT·# <I 01 BIT) TOO J..AEGt.. 
1\·1~1,1\A= A.D:1f:ESS OF C~\ LL T() RTSOi 
f'TS KI: D (: P. P TSf:'llN : r D NOT It' LI ~ .. r. 
f\1~1\1\n= t\fl;)FESS OF PROCSF: 1[.! CbLL. 

HT SYSH::1-DETECTJ~[1 rRRORS: lOPS 71/.l XXXXXX 

1-- SYSTE·:·1 0Vl<.:PL0i4!) CO.U~UES TOO ElG ) 
? -- TC' 0 ~·~ f~ :; Y P F' IC' R I TY IJ~ 1J E LS 
.)-- SYS1Ttl ERRC'R: R\H·1Q f.f1PTY ON PRE-l'~ll1PT 
/1--SYST!~r1 r.RRO!\: I:1H\Ci\ t-:~1PTY O~l P.ES'fl1F~t: 
~--S'(!>TL1 fRRflR: CU\f~ E:''IPTY ON CLOCK DEQUitJG 
f,--~:;n:::~J ERf~OR: EUt~li E:'tJPTY OrJ EXIT F'fiC:'l sur .• "liUN" 
7--SYSTfo::•} i:-.R'FiOR~ CLMl. f.f•1PTY ON E.XIT FROiji Sl.IEI. "SCHI:.D:JU::" 
10 --fCl::;. THAf'l PRO r~fSS ·H Ut·l ABO \1 f~ FO H TfU\f! 1.1: Vf. L 
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P. T. S. .PhC ;.: 1 4 

TH'·: P(1 ST ~1 0i\TS:'"J 'J J 1F P!iOGRA~l :,y n: IJ"if;rl!~D \•JI IH 1ttt:. U:~~·::.• :; 
f'F'CliP.;\~·IS CRr-.::31~~ ~-:i.!D, c~n U\T!£h • i-FTi~P i~ (.l-.DU!T o:c_q:-hL~·.Ir. t: ·:~ ·o. 
f,QTH {\F! 1 fi(;f1CKr:::; l:iiLL FE l"li~SCf . I; '. Ll! l\T CH: CL. 

, tFTEF: i\ "CR~SH" ·u· \·il i lCH m:: C(!f•lPIJTEH "HtH;GS" Ct:.G., fd-l 
ILLElif\L. f·1EmRY HI:.:FSFE!·lCE), THE RESET PUTTON ~HLL HAVL Tn Pf: 
PUSHED I N ORDER TCl GET 'I:HE CC•!1PUTER GC'!NG AGflUJ, IN THIS 
CP,SE, ALL THE FOLJ..OlvH'G HEGISTC:RS SHOULD 13E HECOEDE.D -­
BEFORE THE RESF: T P·ll TTO N IS P USHEDI 

( ~ 0 0 C~ ~11. Vll ~ ' 0 1 I H10 1 0 1 · 1 1 ~ I I 1 B I NA R Y) 

C 0 1 2 3 4 5 6 7 : 0 CTA U 

#DIGITS REGISTER VALUE (0 CTA U 

(2) INSTRUCTION • • • • • • (AU/AYS) 
.. 

( 6) . p c • • • • • • • • • • • • • • • • • • CAUJAYS) 

( 6) AC. e I • • ·e t ' t • I t e t e t .• t e CONLY IF f,ESET IS NEEDE~)) 

( 6) LR • • • • • • • • • • • • • • • • • • 

( 6) XR t I • ' t t t f t t t t t t t t t t 

(6) r~u ................... 
LOADH~G. THL!: PROGRJ\triS CGLOAD: LOADER V9P) 

>t- ~11\ HJ, SUB R 1 , • , , , SUBIW ;R TS • l'lil 

( 

( 

( 

.. 

.. 

.. 

< N 0 N - RE: SI DE N T) 

>t- l•lAJtl,~''.JF.Rl , ••• ,SUBRN ;RTS, ~~,RTS .• Pr1 O·: I:.SIDtTD 

) 

) . 

) 

1NHEN IN A LOOP, AFTER /l, "CRASH"·; ETC. 
T A J<E f1 P U ST- f·10 H TE>1 D U fl1P , 

f1NY Tll'JE YCllJ ~J JSI! T0 

1 • P 1.) SH THE STOP 8 U T TO N 

?.. ·1-'E:tURD THEINSTF, PC, AC, LR, XR, t'l. ~l~J RE.G' S, AS t'ECESSAF.Y 

3. PUT r,l004S .(Q CT/~ U IN THE ADDPF.SS KEYS, P USH STOP CCJH 
STOP /HF SET) & TH EtJ START. 

Rl: Sl IlDi T V r~:RSICH! ~ 
4. TilE POST ["'lClRif-:;1 hll"lP ~ILL REPRI NTED If·1i'IJe:llJt\H.LY, FOLU:WED 

HY i\ rq, .TYP::: A '1' -- Ot"JE CHARI\CTEP Of.Jt.Y·. 
CTHE C~-lJIJ!"lP t·'J/\Y PIE USED FOR FURTHER DI.:.DUGC::IPG.) 

nOti-HESIDENT V i~F\SIO.t·l :· 
II, TYPE A '1' fOLLO\'.IH!G THE 'l'Q, ( 0 N E CHA Fi A C T Ui 0 f'J L Y) 

5. v/HEN THE i"l0t1ITOR RETURNS, LOAD THE Dl.Jf'IP PROGHA !~ CCiLOflD:> 

J, R. ,JOH NSTON 

1,.. 

-"">, 
~-· 

·..-., 

I 

! 
I 

~I 

I .· ... 



' . 
f' P I P V 1 .3r. 

i 1' ' > \\L 'JF+- !l T~~ ,.. , 

i • s y s n: r·1 TAP io: . 1.10 l' 3 
f". , f.O 1_1 r~ C E ro· I U(S 0 F . 

[10 ClJi'1U1T J.', TION. 

: PIP \.' l.?t• 

---::" > 1 TT CA) +- DT2 .tJDF\5 r·oc .. 

; 

I 

.,.. 

,-

(?: . 

,.. 

' ~ 

~ 

.. t*-

~~ 

r: 

"' 
~ 

r~ 

~ 

~ 



. ! 

I ·J ; .... - I 

· .. 

Fi\l·U . I • 1 

. 7 !J !~. c 1 ~- ~ 7 .') 
Cf'I,~r.: : .. {,ilE I:-; :-:·F:··1 i' I\'Ho: u:-:· · !··, Ul·=l .• i: f: ~~ ,_ , ·fi:Ll~-'J '~:: f'(' .•'L:.Ll.) 
(~·i:~(\L TI··~;: :,y:-:n:··~ i:C :ITUE:; 'X ;u:·tFf·I·T'::ll I :' l IU. I.T:.:\/"i; ~·PC) 

' C23 \::0!?[)~:) TIME DELAY 

C,\LL- 11£-: LAY ( IT) 

n~:r· L:'- ) 
DSit\ IT 

\•lt\ITS l~'*IT,HICROSECO t-l DS U:.r( l.l~'3·o i llt~I~lUi·D 
\ 

C 3r·~ \"fW~.) fJCf~ LED DISPLfl.Y Of s::VEHf1L CW\I'~ Nrt.::~. O·f li!TFGf.fi 
'1):\Tf.... ('lf.l THF. ~-COPE C\~ITH PHI NT OF !"lltl .~ t1fti~ I../1\Ll!F.~:.) .-

CALL [lSII~JT 
.H!JTIALIZ[·:S ClST TlMlJ: ONLY) ~~= L PJ.',SE~; ::;crlr:£.-.o 

ct,LJ.. ll ~,FLf;Y ( !FU-'.YCl) ,NEU1,ICI!i: ,~JClW ,ITfiP) 
lH-SP Lf; Y S t<;: V·1 f.' 0 f I P TEG f.l1 '(\ Tf, C G 1'f; }: TI ! ·L; \•, l1 H 
IPAYCl)) Citl THE ICH·~-1-TH ;;;[CTICt-J f.ll' THf.·. SJ.)f·':.~ 
CFROf1 Hll;: 'ITlfJ), ~·JITH VSRTICAL SII..i~ U2l!f1L TO 
CF'UL.L ·SIZE )/t\CHN. fl. DEC! f1tiL bHI D r.::; DI SPLf,Y::D 
r1 T THr~ L.:EP.0 Vi\LUE OF' THE Dl\ T1~ FOF\ FJ.\ Cll CHI\ ~~~N~.L 
-·-TCt 'lf\f\l<, TIIZ POSITION 0 F F:A CH f.\f:(f-:1\Y 1; .. LEM~N T; . 
ITM3 COPTIO~lt\1.): -1, NO PRHIT; 0 TO .~, HUNT :·-JI~.) •;· r~/\X . · 
\/fH.IJ[S AT t.OTT0f,.i OF DISPLf•.Y, ITf~~: l 'l l'!JS1AI 1 Ci:.l:·ii:o'1 U~FT. 

PRHI T OCTAL r, [·i n POSSIBLY. HITEGE!:.: t~ ND/Ofi FL01~1Il!Cl 
\/ii))Jf.::i .t..:7 VM~ In llS FH:GISTEt;s, t\r'IJ Sf:.l...ECTi~D ~1 E.'ICii1.Y 
1D C/\ TIC) fJ S. <2 5i'· \;.! 0 RDS + P 1-<I :.1 T HdJ TI f·.J r~!-:~) 

CAJ. L nu·.uJ Cl'iCCtliE,i\,B,J, ••• ) 

n CO DE RmiSTERS 
Lh , /l.rv , frr! , 9.~ ' S ( 0 C Tf\ U 
AC,r'K~1 CHlTEGER); SC,)\f~ ,l.R({JCTAL) 
< .~. C , :--x;~ ) CF LO f-', TI tl G) ; • Af.\ , • 1\ti , C • {,A , • . '\f.) 

CO CTP. L f.v. F LCH TI PCi) 
C M (.(1 l)t_:: 0 P 1'1 0 i·l S f\ R E " 0 R- ED" • t: G ~ 3 G IV E S A L L r. P. T W N S) 

A ,D, I, •• o Ani~ i\DDF:ESSF..S. OF' NENORY tDCf1TIO!Jf TCt FC 
f)Uf1P !~D-- HJ Til~~ f'i0 DES Hl DJ. Ci\ TE f) FY r1 Cfl I'll· . • 
C SEE 1\ DDI TIO (lA L ·DO CU fvJEt~ Tfl TIO N, Pf1 Ci L f, l .) 

r•i I tJ r, · . Fir~D rH!\1:1:.111 VALUE OF AN I NTEGEB ARRAY. 
~1 AXA fltlDfiJ~iXH1Ui1 Vf\LUE or AN HITECI::R ARHf\Y o 

: .Ii'1HJ = t•llti/\ CI RAY.(l) , NEL"!J) 
I··· 

I 11f\X - ~1 AXA C I Hf.l Y C 1) ,~n:un 

t ru\Y ( 1). = 1ST .E LF.MEN T 0 F ARRAY , 1-1 LU'l = ;/ L u:~1·ii~fJT~~ . 

CFILE !·) Ai1t::· i·Ur-~;11\X, 114 WOf'WS ) 

; 

· I 
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. I 

I 

f...•· 
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.t:~~ 

~ 

, 

(~ 

~ 

~ 
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fl·l'.·! 1 • ;-:: 

"' I S\ 1 TCJ ! UJ(;IL:r\L f:II:·!GTIOriS, r; t: .. l'II RN "1T'U~" C-1) IF ~\WY, 
I . ;\ l.J L.:~:.: OR ,'ILL, GF THE Tf~Sn:n :.;\JITCHES flEJ· . . ()f-J~ Hii~ :~UITl;f!;~s 

f\HL r.;U~!BEI<ED FROi'fJ THE: BIGHT, STMnltlli \HTI! 1; 
.<·~:: 1 c 4 5 \v RDS) i\C17=1 ,1\Cl(;=:-"!, ... ,ACk-1 =18 . 

I I 

.-.. 
• I 

.. ,. .. 

. lEX TF 

.: FE/\ TF 
F SE-X T 

IF THE ST1\TCD CONDITION·s ARE NOT r·v:r, f\ Vf.\l_UC Of 
"FALSE" C'~) IS f.ETUP.NED. 

1YP I Ci\L U :~;;:;c Z : 

IF C • I•JCl T. S.' IT C}l C 1) ) ---
r:o -;... - , I f S\·.1 • 1 I S C F F • 
.. 

I F C 1\ L. L :::v: C 1 , ? , 5 ) ) 
r.'Q --- ,.If · S~.'lTCHES 1 ,2, AtJ D ~) t\ hi:. OtJ. 

I F ( h :-.: Y S'Vi ( 1. , :\ , r.; ) ) 
[X) -- - , JF S\:!ITCHES 1 ,'3, ('R 6 M\E O ~J . 

GT~T OR SE.T VAL!JF: OF INTEGER OR FLOf,TIIH.i Vt\FIHEU~ 
~JHt~H IS .0 lf.lFL'D Hl f\ !1lf.\CJ:O P.UUTI!Jl:.. TH[ ~-!1\!·JE 
OF nt;~ ViiRIM1Lf: NEED NOT C,:ONFOHi'l TO THE FOhThM.J · 
t·10. DE CO tl lJ EH TI (1 tJ • 

TYP I Ci\ ~~ ll Sf\G ~:: : 

E')\ TERNAL . H!IJi'1bl1,FtJIJf'iBR 

A - F EX TF C Fr~ IJr1CfD 

Ct4LL ISE:XT CHI!H~.O.R,<If.!TEGER E:,\PPESS!(J[J>) 

CI\L L FSEXT (f~.ilJi'1f\P., <FLO{.\TlNG EXPRESSilJ !·l >) 

C F Il.,:E r-..~ Af:1 E S : I EX T • F , 1 7 \'! 0 R D S ; F E:X T • F , 3 7 ~.10 R D S) 

I -~ 

I""\ 

I"" 

p , 
~ ... ,. 

I ,.. 
,._, 

~ .. 

"""" 
111ft 

,....., . 
f~ '!! 

~ 

~ 

ff' · 

" _.. 

"' 
~ 

,.. 
~~· 

... 
! 
~ I 

I 

fill) 

r·•· '~ 



.. 

.~ .. ~ i 

tA , 

'. 

I 

l ;·; Tt-\ D..! 1\[),J!I;':T <F.LJ.UIVhLC NCE) .· .. ;.J AF<HAY 1'C 1 STf>J'iT fiT TL~. : 
i~DIJRESS . C(HiTt~H)I;:f) lti r .• GLOP.L'D VAf\IA[:L£ •. c 5 1 . \1. rw ~D 

c 

THIS'i\L!J:l\·JS DY~JA!1IC ALLDCATIOI-.! OF BUFFLHS AT f:tfi'l TH1E. 
( ?. 5 t•.'ORDf:') . 

TYPICAL iJ ~--:Ali E: 
' 

DH1-EtJ SIO t-J' I TD1P < 1 ) 
r:;.; n:m• AL POJ.iJ TR . 

CALL EX T1~DJ ( I TEllP ,PO HI TR, N 1 ,n 2, N .3) 

1Hf. DHIF.~·'SIOPS I-ll ,N2,N.) AI'E OFTIOfiJ;.\L f\11Gli11UlTS; 
!·t· ,{OF rnr~E!'SIOf•1 S \1UST BE HiCUIDCD FOH AN 
'!·l-Dll'JE!·lSILHi f'L 1\Rl\1\ Y -- OR i~ OH:. FOr: H) CW\riGE. 

THIS {•1!\ Y ALSO E.E ll :3E D I:J I TH ~i(l l.;- E:X HJ\fjA L PO IN TE:F G. 
n:::: F C· U .. Q\o; I N G r::~: 1\t'lP L F. A L 1.D \1' S THE 14 L 1..0 CA TI Cl ~~ 0 F UP TO 
Hi PUFFERS: 

Dif1PJSION IP.·LIFFlC1 ) ,IBIJFF2(1) ,ITEMPCD 
C0i1~:'K:\ N IBUFRUHl96) ,IPNTR(l'C)) ,HEXT,NEXTAD 

f·.'E X T = 1 
cr. L L E i~ T :~ ll ~J a: r-:x T ~~ D , n U F H ) 

1.}\LL E;<TADJ CIBUFFl,HF:XTAD,ISilED 
I P N T n C N EXT) = t! E;·n /H) 
t.,EXTAD = t: ':XTI~i.l +I SIZE 1 
PEi\ T = ·:~r:;n + 1 

CALL E X TAD J C I BUFF 2, N EX T A 0) 
I P P T R C 1.1 ~~X T) . = .l\· [!)~ T A D 
1·lEXTAD = (l EXTI\D +. I Sl 7~E2 
NCXT = ~lf~XT + ·1 

C,~.LL EXTI\D.J' CITF:f·1P. ,IJEXTAl)) 
<TEi·irOR1~RY DUFF'Ef~: t!OT t\LLOCATE])) 
• • • 

THE PUFFERS ALLOCATED HERE AHE f.i\JIHLAUU: TO 0THLf\ 
ROUTII!i:S, U~)I!JG EXTAD .. I ~~THE I~DDE~~SSES IN THE IP~iTh 
flliRI\Y. 1\DDITIOt·.JI\L P.IJFfiER S W\Y HE 1\LWCnTU) IN OTHLH 
ROU TI N?.S , USHlG [,'(TAD~! & THE P~d'U~!~CTEHS Hl CO:H1C\~l. 
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I :3FFT HlTEG[f,:, SllPI~R FA ST FOURIER Ti~M·· ~~FOH11 ( ~t111 \1dd!f.i + ~ : JHE:;) ~~~~ 

I SFFTR Of CO~·lf'U~X t1R HEAL SERIES 

r.r::.JlFTS = ISFFT CIPFUiY(l) ,MPO~<JR, !CODE) 
~~ ~3HFT~~ = ,I!:WFTH ·~IfH\AYCl) ,t\1PO\·iR 1 ICODE) 

I R RAY I S A 1·1 A H Rt, Y 0 V : 
N CO ['IP LEX H.' TF.G ERS . <I Sff T) , 

"'~R,x~q , ;<1 R,Xl I,;~~H, ••• ,Xl~F:,;<NI, 
Ol1, I! i. 0 tl - CO t1P LEX Hl T~G ER S <I SFF TF) 

r1 PO~! R I S . Tl; r~ PO \•I E R 0 F ?. I fJ DI C/1 T I [·.' G THE tll.l i'i[; EF; 0 F 
C'Xli'!lPLF.X _CIR REt~U VALUES H!. THL: SELIEfi.· 

ICODf=: UlDII.;f.'lTES DIRECTION OF TR~Il·iSFCI.lll'l: · 
+, DIR.CCT; -, IPVERSE. . . 

t·! SHFTS IS THr: Nl.Jf113ER OF SHIF'TS.~1f-'IDE: TO AVOID OVF..ErL0U, 
All ,n H1 R NClJ\f-1A Ll lf.'. TIO N. THE A CTW1 L \.'J.\ LUC 0 f 1H t:: 
Tl.J'.NSFORt'l JS THE OUTPUT Sl·:RIES Tit1ES :2** [~ ~"iHFTS. 

' THE TF\AtJSFOFI·1S ARE DEFINED: 

J\ C 10 . = £.1J f1., ,J . [XC ,J) * E XP ( -2*P I* I * .J>~: lVN ) J , 

\'l: ~~f;E I = SG!RTC -.1), ,!(. •. 1, l< = ~1 ,1 ,2., ••• ,~ ~ - 1 

FCh ISFF·T·R, THE C!ITPIJT JS OIHJCRE'D: 
. f\ CJ) , fiC ~,]/ ?. ) , f\RC 1 ) , A I C 1 ) , AR C ~~) , I\ I C ~; ) , ••• , M < r I ~~ -1 ) 

':;HICH I S f.\LSO ·THE EEGUIFiED FORM OF'. HJPUT FOrt I,!VEF\SE .• 

ISFFT .:''( ISFFTR ~1RF CONSIDERA·BL'f FASTER CI:=>FF'T Tf1 l\ES EOUCHLY 
~~7·7.' AS !Jl[~G; ISFFU: FO!JG.HLY 457. AS LOI~Ci), U:dl':)ID::Fl~[:LY 
SH(lRTF:R CISFFT ~::~ ISF'FTF~, i'JITH F'l!JJATHJCi CO~JVEJiSICJ[.J flti[) f.\t! 
EC.'UI\/f1Lr.:NT SH!~::s Tf'.PLF. Fi.UWIRE 692 ~.1 0RDS), 1\[.JD CONSIDE.Fi\f.'.LY 
i•lOEE r,CCU~ATE CF:OllGHLY 1/2 AS MANY BITS HJ l~PHOR) 11~: Cor~­
PI~.RE.D TO THF. If l TE(:i~R HOllTINE <IFFT) H ! Tilt: UFF'T Pf1C!'ii\GE·. 
\.lFFT.HEOUif;E:S 1.33Lt \•JOROS C1C7P. \HTH TH[ SUPF.r\FUJO\l;;; !J\ST 
T~o !0 0Ui\Dfu~,:.!TS CF THE SirES TABU': RE!•lOVf::f)) • UFFT REG:!~IELS 
LCI\DHJG OF.HELEEH:, ISFFT l"'ES IWT. 

THIS Pf',CI<A(:f..: U S[S t\ PRLCOi'iPIU:D SINES TM:'.U: • . <TJ:f. r .~ Pr0Clil\:,, 
'SH~tif~N' G£NERATI:: S 4 i•IJ\CHO C0~1PILMlLE SH1 E~; TAbLE:~': !~Ir;f.:~; J, 
SHlCS~:, SHlES.'3, ,:, SINE:Sii. THE TAP.LES f\HE 514 1 :;:; :.,g, 130, 
,~ f.tS WORDS LONG; AND f\'i11Y · BE US£ ~'ITH TRI\l'l SFORI'1S OF LE:t~G1'H 
?C!·'I~,U~~Lt, 512, . ~5tS l:.JORDS r.ESPECTIVELY.) THL SINES TABLE 
iv!f.sY DE UUiGER THAI' NEEDED. CSINES2 IS ON LIEHARY. A:·JOTHU\ 
T r\r\U~ n HY BE USE YJ BY Hl CLUDI NG .IT I tJ . TH 1::: LDA D ::THH;~i .) 
Jq.; l0PS!'O i~ Rf\CR .IS GC:tiERATEn IF THE SI N :;~~:; TiiCIX IS 100 sr·~I\LL. 
NCT£: f', C:Jt!:::S Ti'1L'LC !1nGE: ENO .UGH FOF\ 2.* N V/-iLliF:fi ilW .. ;T l:fo: lJf; ~.~D 
1;1 I Tll THE AUTO CO f;RE LA TIO !·.! RO UTI tJ E I Si\ U TP C Di~:7;Cl\1U ED L: ~·~U'\·)) • . 
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·.• .. ,~·, ~•: l'') ·l·r; . l-; l'r.' ?. ,.,.,. ·! ,;: ·· J· r;:-r.· · ('·' ) •· ,·. (f'''·) ·· 1 · r ..... ,-. '" 1 ··· ·."",-· 
. · \, ) . . ., . . '·ll I! · ~ .1; ..., ,l, , · ~- ._,,_.' ,\• C: · 'I f.. , :flt ... •· · • . .... 

~ .. . . : .... 
T 
T 

T 
T 
J.. • ' 

I :]FCl\;! E 
rcpc~·J 

(• ' . ... 

T 

T 

T 

T - - . 

() r ,\( ri- ;;) = ;'I <.:<) t ·:· (t: "(: • 11 = r~) ':: ~: ~i'-

.'\ ~~ .' 7, .. 
" !~ 5 .•c 111 A n = l'...~. · .. 

I 
I 
I 
• 

T/ 
I T T T T I I 
T T T I I . . . . " " . " " - . .. . ' , T 1 I 

. 
~ - •. . . . . • • • I I 

T 
...... ., •••••• • ii4"''"""1A"',., 

r,....'T' PC''''~: .. ?.C\ 1 ~ C:UTPUT OF ISFFTR 
GET POv.rt:r. FROIYJ O·UTPUT OF ISFFT 

C 1 G9 WORD S) 

N SHF T S = ) SPO V' R CIA C 1) , IP ( 1 ) , MPO ~J R) 
., 

-~ ·~HFTS = ISPQ\!) <IA(l) ,IP Cl ) ,IJPfr\<.JR) 

· I Sl\ U T H 

i·l Sli F T S 

TH!: · ;-'01." SR CO EFF'I CI EN T 
:'~ t,C ~!I !U uE: r,·, < .., ) J **2 I 2*-* C N SH F TS -+frj PO \;JF,) 

T.~"" ~or('!pr~" ~:· TP( K ) f\~ C!SPOL'H {.: :~;:C.":.'): 
or f'A ) 

7
·n ~ 1 ) , p ( ? ) ? , ••• r ( ~~I"'' ~ ~ ' '! / '? -1 ) .f < < 1 ~"'· ~ ! ) 

. P (G) , 0 , PC 1 ) , 0 '· ••• , .:-' ( :• - ~ :' ? t < CO i(P ~. ~;;' 
hl rl'f': T~" :-- -~~PO'.H', nr~LY If HE:t,~U I HED TO 1\VOID t~V~"~l . ~" · ', 

T,': ·Tt::" Tnr- t:I!:::Ftv nt:" FO!IRTFP rx1r:·r.nrrFr1Ts CCHlPt:rrn 
fiY I .'3F'fTf. 

IP· IS Tl!f. C 1.JT?!JT 1\F':::.'.' FOR Tl! 1- '"r·· ·,..r, ·'f' '"i';-"I '~I :: :·: 
l•.'I!ICH i'JAY EE tHZ SA!'·1E AS THt: ItJP!rf' ;.,Fr:tY CJ.·\). 

\·! POVJR If: THE PO \·I ER OF 2: t\' = ~:**~~Jf0 1,11J1. 

, 
~ 1(J[.J ... CYCU(: n tJ TOalHFr:u:o,TlON FllttCTIO[.i 0-F A hU\L f;Ud.l..S 
( 1 54 h_(J ;;~;;::; ) 

li~i' IS THE: It'PUT SEPIES, i·J _l,~J('r;Df; )J\f·-'C. I;{\' ; . 1~Y l~l;: Tl:~ 
SA!·J;;: ;\!~ Tlii~ C'IJTPUT M·:nt.Y CIX) [LLO\:!. 

L\ 1::; T:iE 0\lTl'l.lT Aftl\AY, 2N V.'OFWS 1.DtJG:. THE Fifis;· n 
\•l(tFnl::: CO~!TP. H~ THE CC'RP.E"UITI() f~ F~J:·J;:TioP, TilL f'ECC'~Ill 
i'• \·.'Of\DS f·,f~[ 't'Of:l<!!JG .· :·'TORf\GF:. 

i.,.if'O\>J P IS THE FOV.I EP OF :-~: [·J = ~·~ ,l::f:[ ·i f'(HJ~~ • 
ICODE t.: o·T= ~, ~ HJDICATf::3 TllflT TliL i·lf.)\I'J OF TI\L .~l:I.Jf.::~> 

I ,.. 'T'(I J·'" r'IJT1~)"'" rrr.·ll J- R· () (•) T)lt"' ,. , .. ,.,J.. . 1'0' I' " ,.-,, . -- .,.I,... '.I 
, .:; I, . - ... t:, o I ~ .l . 1f I \ ,r f~. 1 

, ' ·: \ l~, ;,~ .. 4:. , ' . C... ~J , ' \ , l.LI ' 1l"' d l ;:, 1 • \ .. · a 

Ji\AVG IS Tl!E i\V[RJ\GE Ci•IF:Arn CF' TH!T. sn:rt:s. 
Hi!.~~:-: ~~I' *~JSHF'T~~ IS THE ZERO-Li\Ci W•LL!l~ OF THL iX'' t:, ­

Pr-: U\ TW t' FUN CTIO ~J. 

THE FI P.ST r·; VA UIS S 0 F THE 0 11 TP U T AP.l1AY CO f!Tt\ H~ TH [ ND E l•lA Ll ZED 
AUTOCD~REU\TIOr·J FUNCTION: 

IXCl~+l) = CGCU I G((:J>J * 1~107'-~.~~, L = c~,l,?., ••• ,tl-1 
Cl.k'l·lS fWPRESl~ !~ TED PY S77777 COCT), Of\ .9~, 999~~) 

THtC t,:c; n - CYCUC . f! li TCCOr.:m~I.ATIO~l FUNCTlO l! I~: !')i:.FI~;·;:.D: 
GCU = R!J:•J,J [XCJ)*X CJ+UJ / 01-U, .J = ,:,1 , 2 , ••• r: - I-L 

-
.-. 

i -! ' ,. 

I ,....I 

~ 

0 
·: ' ~., 

,.,, 

~ 

(.o 

i 
~ . I 

! ~ 

·-;: ' 

e 

~ 

-~ 

~ 

~ 

~ 

... 
~ 

,._-..,._ 
··.· 



f"" 
. ,... 

,..... 

~ -:·. I 

,... 

~ 

.. ~ 
"·"'~' 

,.. 

""' I 

"'< ·• \ 

! 

" 
·I 

i 

. ., 

i 
., ,, . I 

I 

. .. .· ~ 

! 
i 

. 

·: 

1 • ·: 

rr: I\ t· U.l :; \J !~:~~ T (• . FU~ r-~ TIll Ci ~. r ·~: ~·, Y TC' ~··~f.. ~<I? U\1 ~:·1 Z.E :t ~; ·r .: '~~ r:;. ~ 
r u: • i· T i. ~) 1.1 1 (•:· ,. T ~\ .; !' 1 r,• 'lTl.~ •:::P ,, : r y rc~ \.. I •• 1\ J, , .. '·' } u! !! n f' 1:; • c 1 1 ~- ':: ·-~:. r· :·· 1 

!~SHF T - !FH~A Cli<Cl ) ,FX(l) ,l'l,~JSHFD 

CALL FL()ATA <I~\(1) ,n~Cl) ~r·l.,tiSHFJ) 

I X C I ) I :1 :1: * C -n SH F T) = f C 1 ) 
f. <I) · =' ~· .• (" ~lc-': r;~:;HF T * F' l..D A TC I XC 1 ) ) 

rJSllFT I:~ IllPUT VOR flDATI\,. (l\JTf'UT l't.ll. .IF'L~i\ 

THE ' r'.JXED' HlTEG!:P ARRAY HAS ·f·Jt\;U:'l!.Ji'l LEFT JUSTIFIC/qiC'~1 • 
f::C; TlliH THEJ\E IS ~1li'l!f'1W1 Tr:lH~C/\Tin l~ - -UtlLihl~ l'Hl;. !..TM--lJf:,hf 

I , ·;r'J' 
: •. 

rOVfi',f\t·J INTD.i::Ti :<Ut 1 CTION. ~ 

I LOG ~ 
I E:)\P?: 

It' TF.G F.R !JIG et\ fiL 2 C 2C. \" 0 RDi3) 
ILITI:.GER F>~PONE:NTIATION, PASE 2 

fi. -· I LOG?..CN) 
N - I EXP~~ cr-:) 

INTEGER PART Of llH.:iLZ,~\1:}-S(~O J 

2*'1"-iYJ 

SF SH! · ·· 
Sf' CO S 

SU? f.H Ft\ ST SH! ~ f LIN CTIO N 
~31J? F.fl F f'. ST CO ~':!IN E 

F S - Sf' m N C\) 
F C -: ~-:F QJ SCX) 

THESE F lHl CTIO fj S A FiE EVA LUI\ TC:.r) l.W . Ll t"~ ~~1\F~ Irl TCHPO U. TIO ~: 
OF THE SitJES TAP.U~. USING SH1ESZ, Tt:i: ['1AXH1Ul'l fH' fJ) L UTS 
'E. R RC1R I S < :::: , 0 0 r~ 011 ~3 

. . 

IGl\USS l1ULTIPLY AN If'.lTl~GER tii?HAY [\Y (\ SY!~~!i-.Tl1I C Gr\u~;SJi~l~ 
( 2b~ • .. ;R P:S) CN0.F:I··1AU FUNCTION. (['1AY NOT BE 0[~ .LH··R5C?)) 

CALL IG/\USS CIRf.IY<l) ,[-.J, SlGt~A ,AfJOR~1) 
IRAYCl) IS Tl!E FIRST J:.LEW~rlT OF THL f.Fhi-1Y, 
~; IS n:E tl IJi'JBFR 0 F E LEI~Et·JT~; CE VE~J OF: 0 [ll.)), 

SIGfl.lf.\ IS THE STD. DEVlf.\TI(lf\1 DJ.VI!l[D [:y THL L~NGTH 
0 F T H I<.: A F: R ~ Y (P, I S DI t1J E tJ S I 0 N L E S S) , 
ANO Rf1 I S t'l POSITIVE N 0 Rr~A LI Z/:. TID P Fl~ CTO H. 

q:J t•1P U Tr-1 T HH.i : I RAY <I ) = I R/, Y CI ) :+; 
MW·R!'t] * f:XP C- . 5*( CN +1 -2*1 )/ C2* N* S1Gf1A)) **~~) 
C'HvO INTEGER MtJLTIP LI CATIONS P Efi PO H·l T) 
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•, CU;I;:.!:iJTtiTIOf·J Uf u~;F.F·'' '3 LIBP1 ;;y HOUTif.il:~; P?IG ·C 1 • 7 

Fti;·,~.;.;!) f(1RTr~ ,\;1 (;(1\.L TC ' l::f,cr:.'(_ :-'U\l.i f."Ci'~(L,;_;: 1'riiCl·: 1\l.LC!\;~-. r-:: 1, 
(I.Il~ ·. : hD~3) .Ql(.'DITIUi.l(d, !J.:nnit:G ! 'i; P!--JL'f. H1p:~r: fiOIITUJi.~S i\i::uUIIIU). 

F liPfU i T 
F P RN TX 

C G5 I~ RDS) 

I ;;p 
t' 

I ·. 

tX-TERNl\L PEHDO,READI,RE.ADF <CHlLY THOSE HEQ.UIRE:D) 

I~SSIG N 100 TO l..DC 
CA L L fHJN f::\•i 
Gf1 L L F' ~ ECA n· C L(l C, READ I , IV 1 , IV?. , ••• ) 
;~ SSIG i'J 21)(1 TO 1..0 C. 
Gt\ ·L L T• 0~.; f.V 
CALL F 4 Eft\ D C 1.D C , Hi~ 1-\ Dl' , V 1 , \/ 2 , ••• ) 

F0RTR/W CriLL TO THF. NACRO PRi t\i T PI\Cl\{IUl::, \•JHICI\ 
AU.NJS \.X't-!l1ITIOtlAL WADING OF ONLY THCI~.iE f•OUTit~E~ 
li·lil CH AT-\ E R i!:~qJI R l~ D. . 

CALU!I(: SEPUEt.iCF.: 

EX T[f;tJ 1\ L P flfl TtiO, P R~! TIH ,PR !·qN F' ·,P rn~ TfH , Ph f.J T FX , 
PRP~fiB, OR PRNT7B, As· rll~:::DfiD 

Ci\LL fLJPRt ' T <ISP ,PRNTtH,N,IVl,IV2, •• o) · 

C11 LL PHI'ITGH 
81\Ll~ F /1PRt-~T CISP ,PHNTNF ,N.,V l ,V2,. o o) 

CM~L PRi 1 TCR 
. Ui L L FP m· TX C IV.! I lYTH ,P i1!-l TFK , N F, V 1 , V 2, o •• ) 

CALL Fhr-l TGR 

IS Tll !~ ('.; \HlPER 0 F LEA DiiH.l f:?- LA!-! tc:: o 

I S n:E f·.IIJIIBER OF SIGN_IFI'GMH DIC-i!TS, OR CHilf,' So 

HilDTH IS IKE \ODTH ALJJHJED FOB T}!E riXED POINT If. 
~l f . IS 'THE il U!'lBER 0 F F Rt'1 C TlCHl/\ L .LJIG! T So 

CI F THf~ r; l11'1L:EH IS TOO LARGE TO FI 1' IN TO THE A Llll TED 
\•liDTH, TIP~_t:tl~l}li~H OF FRf'.CTIONALDIGITS IS DE:Cf~Et\SED 
T(l W f\ H n :..; G • . IF TH I S TD E S N ' .T yJ (1 R K , Uti~ V {', L U E I S Ph P) T t D 
IN Fl..01\Tif\tl FO~I'1AT. ALL0\11 - ~. SPACES FOR ::.IGI~ & PQH!T.) 

THE CALL TO PRfJTCR Cf\USES PRINTING OF THE LitH£ JUST .SET\.IF. 
POTE: PRNTFX ·1~ FPP.T:TX J\RE TO BE USED ~-iiTH L:ACI! OTHEI~ llNLYl 
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(.F DI :! l 'f) 
CFJ~ I'!I T) 

fPGf: 1.1. 

-~l~ T .', I!·; IT J {. LI £..! ~ Til i·~ · ;; PICA TF.I) (1/i T ~)l.U T, f; t' D 
rr.liTlf;LI;~L TJ:.;· r·:E:1\l"' c 1 PHit·lT r:·,Jun t.:E. 

••• 

• e • I 

A SSHi ~.1 12t'~ TO W CP 
· CAlL · R n I ~! f T < .£; , lD CP ) 

CA L L P fi Hi I t ( 4 , 1.D CP ) .... 
Gt\ L L F D J ~q T ( l , !~) 

[fP P. D~PE.SS ] 
[REI1D FROM 4 <TTY)] 

· [PR!NT. ClN 4 CTTY)J 

m Et; n r r n -rl 1 < n JU ) J 

LCiCP IS THE fP ADDRE:ss--~'HICH IS St::T·ofoiLY ~vi!EN THE D/\T SLOT# 
(1.:, .Sl;Y) REFERS 1T'1 THE TTY. IF LOCP =U, Illi:~ f-·rn:VJO liS Vnl.llf. UF 
LO CP I ~3 U- Sf. D •. 

IO DE\) 1: 
([1 \•: f~ D ~i ) 

~~xn:Ri·;AL rn~ l'~::FE;:NCES TO 1\SS!JRF: WALlH)L1 OF A llti~.!DLEf : . · 
THE USE OF OtlE{,F· THE FOLLO\'IHlG I rl l\IJ LXTEHt:f\L STtJ. T 1~­

f·JEN T v'.I LL ASSURE TH F.: THE LM' iH IJG 0 F IIi E l!J.!. i·~ DU::H FOF, 
Tli[ J.!I\T SLOT .HlDICATED IN PM\F: t! Tl!t:SI S; 

'IO DE\/ 1, IODEV.2, 10 Dr::v ,3, lO JJi~IJ 4,10 Df.V 5 ,Ht [Jl·~V(; , IO DEV?, lO m:VP, JP D\;:'1:{ 
Cl), cr.), <3), · C4), C5) , <fl) , <7), en, c-r.) 

U SI\G E ~ 

l<?l _ ll:~ \1 l , lO DEV 3, lO DV 1'·18 

CAUSE~:; IJ)P,DHiU OF HHNOUmS F"CJJ; Df~T SLOT S 1, s, t, -S 
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r .. 1 

,· r ...... ' 1··,. 
l; I., 1 t.; J '·'·' · l.l :::1 AF;c; u :F:!·J n;; u n id.J-liF , ::::::r.:~~ o j.: r . ... )· 1 r.c: ,'; F(! 1. n-.11 1: 
u-LI s\ nr; CALU~~C ~;uwr·:!·JGES, O'.J'·. AT f\ Tlt·ii::. TI!L~ LOUTH~[·: 
C 18. \·; FW S) IJSE S .G LOBL' D VARIAULES .Li ET?\Jl ,:t< .uO TAD • . 

TYPICAL U St\Ci E : 

,Jr1S . SLWR 
J~·1P .+l+fi.l /N = If AP.G IJ!~f.I!T S 
.·D SA \ A RG 1 

• 

SUDR 
.GI.D8L Gf!:TAHG,GETADR,.GETAD, .COTAD 
~ry.<f:(~ 

-1~1\c sunR 
l'i\C* .Gr::TJ~D 
,Jr-1S* G F.Ti~F.G 
C1 S · T t RC3 I t.1 t\ C , t\ D DR I N • G 0 T 1\ ll) 
Jr:1S* GE:TA DR 
C A D DR E S S 0 F 2 N D A RG IN A C ) 
Jl·1 S*• .G !~ TA HG 
CSR D M:tG Hl. A C , ·11 DDt? E S S I N • Ci 0 TA [)) . 

.READ! READ A UNE: FPOI''l TTY, AND RETURt·i A CliJ1f1f.\CTEr; P~T 1\ 
HDlNE~! THll': TO THE US[R CHl fiC). A [.;1~1•' Lli·JE IS 
R D1" E\:.1 RfoJ~ D r. t' Ul THY fO LLO\H NG R E TIJ!HJ 0 F Cl\ HE H1G E l• i:. Tl:F• ~.! 
C 1 4~} ~; Rl.)S) 0 R fi L 1TO UE. 1~ N E. 1HRY 'ID R D 1 N f.),,J FOr; CF. S THE: F: F.fi!H NCi 

OF A tJ l·Jo.1 Llt!E FVEN IF THE OLD LHJE \IJr,S t·JO T ALL IJ~)f:D. 
HDlJEvJ SET~: P.. f•'LAG FOR USE OF NEvi Lll·rC 0!~ t~D~T Ci-\LL 
TJ 1\ r; Y .P f~A D RO ll TIN ES • 

TYF I CAL U SAG E : 
• G LO H L n rf.·, l') 1 , RD Ul EVJ 

· ,Ji•lS* HD 1 t~ E\J 
U'E::\IJ l.HiE REHD ('?.. lS·T CH;~RACTER. IN AC.) 
,Jf·1 S* FE ?1 1)1 

( ~; ND Q·l A R 1-~ C TE ~ I f1 A C • ) 
,Ji'l S* flD 1 N F.\'!· 
( 1S T CHARACTF:R Of [\1 a•J UN F.: IN AC.) 

HE 1~ DG B; HE/\ [)7 13, !\Et1 OI , REP, DO , REI'\ DF A hE. /\ m~ T 0 F 
FEEE FOR!I1 CONVERSICJ!~ :iOUTHlES FOr Tl~XT, ItH:!:C!~R 
OCTAL, li]lrl FJJiP,THJG INPUT; 
flEM1fiX. & RE/\.fl7X ARE FIXED FOEl'l TEXT FOUTI:H::~:. 

F4Rl;:f.\n {\1,1_0\';S FORTRAn CALLS TO THE. EI/-\D PACJ<fH~ F:. 

CSE!: f.~DDITIO!.JIIL DOCIH'JEtHATION ON PMil~ P.7.) 
CF'ILE N A~~lE S: HI::AD v/2A [vJEDGEDl & .DPF V lB) 
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Pt\C"f: q ("• 
(., .. 

:·';\C-f~C1 DHITH!~~:; FOH ·:A : \1!~-iHIHII T::;<T l;i" lf:,"Ji\ hi'iJ 
Pt~JrJTH'G Ff:Ci~ r.r·: l!lTi::!-.t·{\L ur•:: .. ·;·:JF!·d·,. Ll.!FFi. .. HLD 
I/O f\LJJW:; USL UF' Tlil·. C('!•IFIJTEh I'JHILE TJ:i·. U:·.;;. If; 
Bf·.HJq p;.rr·1TEp. (lCT/\l., HlTEGEf\, FLOflllNG, h:!D Tl~;<T 
CO N V E R S I 0 N R 0 U TI N E S A H £ t1 VA I Ltd~ L C • 

fi'4PR~IT ALl.D\~S FORTRMJ CALLS TO THE READ PACKAGE. 
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Pf":!I'T VrL!.I;:;,: ( f~ Vt\PH lJ REJiiST;:J~:.~. (;t~,.i U':i..: Ti:: ~ 

:;t~Cl,'!_l.FFB'T H\C!{PCil~~; r::: I'HH.l'L!~l.l!~:~r.Lr• TJft" .r or;TUii'' 
M:ITiiT:TIL~ f\;-~n I/0 H ,_..;\f\1.1[~;. f'.LL Fi.rl:~Tl:i(S nhE 
HESTO F~F D ?1F TFP THE "! 1 :? IS Tr~ I•;U·'. 

C/\ L L P U fP C i·1 lXl fiE , A , D, I , • • • ) 

. SUl~G E·STl~ I" nA CPO USAGE : 

' ·, 

• f) E f H' 1: L1U :tJF , ;1 ,f.! 
,.Jf·1 S* DU t1P 
,_li'·1P • +? +tJ 
.ns~~ <~} 

• EN D~1 

7.!) u !•JF 
• DSI\ 
• DSA 

• 
• D SA 

r 1 , t·! 
f.;] 

'A~~ 

• 

t1CODE IS I~ C:ODE TO SPECIFY THE TYPE 0F PBHITOUT DEf)IRED: 

i'1CCI 91~ 
f1 
1 
2 

P·RHJ TO IJT 
LIN I<, AC:, ;'19., CA TA SW 1 TCHZS ('0 CIA U 
A C · ,~. i•l Q ( .IN TH~ F.R ) ; S C , X R , LR C 0 C TA U 
CAG,Mli) .~ f'IJ)ATING AC CFLOATII'JG), l~ F.AC (OCTAL) 

THESE OPTIONS rlAY BE "OR..:ED". <ZERO OPTIQN IS ALVJt\YS USED_-) 
I H ~ S I R U C T U R E 0 f T H E P R I N TO U T I S SH 0 Vi N F' 0 H CO DE 3 : 

* .(L LLLLLl L AAAAAA MMMMMM SSSSSS 
<-AAAAAA) <-MMMMMM) SC XXXXXX LLLLLL 
C -F .F FFF .£ E) E EEEEE M MMMMM C -F .F FfF -IE E) 

CC LLLLU = 0 00000 C -·II I I I I) l'l f'IJ!YlMMM C -F .f' Fn~-£ E) 
CC LLLLU = ~ •• 

• 
• 
• <- ISUSED TO HlDICATE BLANK OR MINUS, 

+IS USED TO INDICATE PLUS OR I~INUS.) 

IS T UNE <CODE kl): L.OCATIO~J OF Jt:1S TO DUMP, OCTP.L VA.LUF.S OF 
LI N K , A C , I"JQ , & DA I A SW I T C HE S • 

2ND LINE C CO DE l) : INTEGER VA LUES OF A C & f'IG~, 0 GTf\ L VALUES 
(l F S IEP COUNTER , I I'J DEX R 2:G l STU; , LI fll T REG • 

.)RD L·H!E CCODE 2): FLOATING VAUJI~ OF COl'·1Bit.!ED AC,f·~ OIORT'l 

r, D D I T 10 [·1 A L LI N E S : 

. . . 

CXHIT~. IN I NG . EXPO IH;:N T IN A C) , 0 L. T(d~ VP, LUES 
0 F ·1 ST nJO WO h DS I N THE F )...0 11 TI t·~G {' .... C, 
F'LCIHTH!G.\!ALllE OF THE fLOATING AC CFH~ST 
nJO \40 R D S 0 N LY ) • 

0 CTf, L VALUE 0 F ~1 E~lC HY LOCATION, C1 CTA. L VI\ UJE 
OF ITS CONTENTS;.& IF COD~: 1; .Tf{~ .I-~lTEGE'R 
Vf.Lt.JC, AS vJE;LL; 8< IF CODE~;, THE OCTAL . 
VALUE OF THE SliCEEDING ~~ORO, 1\t~D lHE F"l.OAT­
IUG VALUE OF ThE TIW ~JOF:DS Tf\ K::::N TDGE:nn:n • 
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p J)lJTJ { '( 
F ~i~D\ Cll 

· ·rintiiT 

Ft\(i L'. f.i? 

THE i'•)f!ll·' 'SI.J({HOIJTI~!E lS PF~I ! -! TC, '.~ JilCH A.DDS Tlti~ .i.~:Cll 
CHl~RACTF:R Itl THE f1C TO AN HlTEP.to'I\L U:JE EUFFER CLif.1PIJF ). 
CALL P.!:UISTEP~:i EXCEPT THE I\C Aht: PEESfJlVEO.) viHnl -
['.lt:R P. CARRI14f~S RETUIHl <15.0CT)·C'R f\LT nom: <175 nc:) 
IS F !·1T 1.:RF.:.!1, T!-1A T CHI\ RA CTER . I~~ 1~ D DE D TO LJ f·lL Ll f, n 
•. t•' t\IT :r;; E){f:t.;lJTEl) TO \·.iAIT FQR Cf.il•JPLt:'fiON f.1F F·nEVI0.!I~; 

I/(1 1 JHn,LJI;- I.-:· r•1fl'/E'D Ir•(Tc·r r:~.rn·TtrvJ;· ·I 'tT:;-J·'(\1''1· ~··:'''7 F'''r' . J ,.. , v L~ oJ • J.,. t 1 • .. . . I [, l,... • 1~ l .. '. ,H r1 '- \ 1 •·• l 

CIOUt·'E), M'D IOL.I NI: IS PIHi,;T J: D (lf'·l TI·!I·: III'HT ~·rr::CTFIEl> 
lW THF. .c; !..Di~L' v VllBIAIH.l:: Phl!f.ll T O .. J:[L~FT 'f(l !lii.T ::un .':: 
TTY) • C(l N TP.O L IS rn: TllHN E f) Tr TH £ U SI~J< I !''lt·JEPJ J:l TELY 
1\ F T E R THE I N I TI AT 10 N 0 F 0 U TP ! ! T F F (1[1 Il1 L Ir'H:. 'l H \1 !:: , 
trt1PIITI\TIO~l ?Y.THEUSER, HlCLUDit'lG.C:L::TTl!'G l!P A '!El;.! 

.FHif'lT Ui·;::, i11f.iY PROCEED HHILE THi! • . Fl-;If:Tl[.J( .. (';f THF. 
ClJnRE!·JT LU!E Tl\hES PLACL \''}!EHtVEf( THC. r•iriXHlU!~l ;~Uf•1 -
[.i:R (1 F GHi\lif\CTL:RS (7 ..'> DEC) IS t11Jl1l.i:D TO LIt·:[ 1.1F' j t; 
C1\ RR lf~G :~ HE TURN IS A lJ TO f\lA TIc,.~~ LLY f.1 D LlE D To· TH f. LI r' E, 
1\ilD IT IS Pngn:D. THUS NO CH~1U1CTER S liRE i:.lj!~H LO~iT 
2Y 0\Jt-:RPRHITHirJ Oi-l THE RIGHT;~ DGS. 

I . 

;\ f,~.IRLY CO~·IT'LETF.: SET OF SliBFO\lTUlES <ALL OF I:!Hil;i[ 
USF.: PRHJTC) ·. I S I!JCi..UDED fOR CC(·!'Jff.{Tlt~l:i /.\ND 1\Dulr''G . 
VARIOWS. KH!n:~ CF DATA Tl) Lli\liHJF. OfiLY F10UTltJ Ef.i 
I:l ::;ECTIOr·' 1· CFOLLO\HNG) CAUS E f.CTIJAL FRINTi,l"C1; 'lllL 
n~~ST. SI JPL'l f\DD CHARf1CTERS .'fC.! LIIWUF'. TH;£ Qt!JVi~h~: ro :-; 
ECittTHlf~:; 1\m: Pfd\T:t:TICUED .I!HO :.: EJ' I\f~t,Tr·. FILC::;.· 

.GLDBL" 0 VARIABLE \d!ICH COt-:TAI!JS THE DATSLOT FOfi THP~ 
OUTPUT LINIT. PF;IJtllT IS PRESET TO 11 CTI'Y). t.:OT!~: 
THE. DI'IT SLOT IS· HHTIALIZED ONLY ON nu.:: FlriST Ci\LL 
To· Ud·;Y) Ot~E or THESE HO,UTHJES. IF THE DAT SLOT IE 
CHAt.lGED AFTEH nu·~T, TJll~ ·usEH :·1UST f·jAhE ~;URE. THf\T THE t·~':::\'1 
DAT SL{~T ll1\~:~ PEE!'-1 HJITIALI?:EO. PHI1ACH ·IS 1\ .• l1L0LI..' D 
VA R rt~r:u· \1.! HI CH .CO.tlTA INS THE f11 AX I 11 U!•l I·J lJirJb Eh 0 F .CJ!i~di­
ACTERS PEH LH!E (73), t-~OT ·co·U!HIJ.1G THE. CAEi\lf;G[ hCTIJfdl. 

rll R01JTH1J~ TO SF.T !)AT SLOT, ItliTif\J.,.Ii). IT, t, ~::Er TllF 
fp A nrmESS IF THE DAT SLOT REFEI\ S TO THE TTY. 

..... 
••• 
{\ 5 SIG tJ 12(1 TO 11.1 C 
C1\ L L P f.\ HJI T U! , LD C ) 
••• 
CALL P R I !J I T ( 8 , ~,) 

[tP P.I:DRE;-iS = STATEI1Ed T i.' 120l 
. [P HI P T 0 I•! ,j • S. IJ ( T TY ) J 

lPRHJT OfJ D.S. g (\IP ) J 

HI ALL THE RO UTHJ ES. THtl T HHHJIDE A CHARA CTEH OR 
OIGIT'CDUtJT IN THE AC ON Et·lTFiY, F.ITHEH P1 POSITIVE 
0!1 NF.GA.TIVF. Vt\IJJE 11AY BE USED CSO TIIAT J.A\o.! -N l'lf',Y 
BE U SED ItJ P Lf\ CE 0 F LAC C N ) ) • 
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.· 

. ·: 

F'M:i·l· f\ .-:, 

,~Hit: T 

1 • C 1\H R If;Ci E <Xl!·i TRO L ~~~ H:I T ll-i T I 0 ~.! 0 F UIJ Tr U T 

P Rf\1 T CR 1 ••• 

...... 
Pf:!'TE . .J •••• 

PRI N T~~ ..... 

("' 

.. :. ' 

t?RiNTO · •••• . . . 

CALLING SEPUEPCES: JMS* SUP-R 

PHI NT LH!F: v!ITH CARRIMiE RETURN 

P· R I N T ~. H ! E h' I Ill i-1 0 C~. f-in I 1\ Ci E n I:: T U FW 

FRitH Llt:l::_, f 0l"d1 F" EED, ~. CI',Hf"lll\GE RE.TlJf"itJ 

PlUNT tHIE: ID l.HlBUF· -- If THEnE IS AtJY - - \'.!I TH f', 
1~ARRI1\C1E RETllm', AND t·JAIT FCR C(H:PU~TIO~l Of PI!TF't!T. 
(.:ntiS FIC1 UTINE SHOULD P.E USED EL.H,RE fil:TIIIn~ Tl1 'l'HF 

·: ·JON I TOP -- 0 THEP.\H SE THE l11 :-;r LHl E ~1f, Y r:o T Gr 
P RH' n~n.) 

0 CTA t t,: U!"·1!lE R IN A C ; .. JI>1S* PH I lJ'fO 
PRINT ~ OCTAL DIGITS. USES ~RNT!W: MJ. rmT S1\VED. 

i PEINTI •••• HJTEGEH t·Jf!i1R EH I N AC; J!1S* PHI NTI 
~ FJ;IWr :;!Gi-l {iN~l 6 INTE~GER DIGITS. USLS P.H iiTtJ.l: 

'·· i 

L 

. j 

• I 
I 
' 

~ - . 

...... . . 

I 

PHINTF . . . .. 1\!0 ~;:OF.D FLOATHlQ 1-J lJ["lBER I N t~C,I1G.!; ~J f•1 S* Pl\li·~TF 
PHHlT DF::CH1AL: -F".F'FFF'-£E. U~;E:S PENH~F: NlJ t·mT SI'.VF.D. 
O;ORD L~Ot.JTAINHJG EXPO NEtJT IN ;\C.) 

3. TE.~\T HOUTINES 

t' r;t; T6 B •••• 

P !\N T7 B .. ·-~ 

LAC N ;· ,.J!1IS * PHNT6B; .DSA BUF.FR 
Pf\HJT THE "LF.fT:'lOST N • SIXRT CHI~HACTEJ\ S OF THE ~~Tf\lt!G 
S TO RE D l (.1 p, ll F F' r • ( TH R E I:: CH A PACT a~ S P EJI v:o l"W • ) . 

i11,Q · IS NOT SAVED. 

!.A C ~l ; ~Jr1 S * P Rt-.1 T7 8 ; • D SA · B U F FR 
PRI NT THE I.EF'TI.!O ST 1·.1 • A.SCI I CHA Rf1 CTi:J~ S 0 F THE 3Tn H10 
'-JTOR[D It' BllFFR. <FIV!!: CHARACTERS PER VJOF:D f·i\I-J;.) 
f-lt;( IS t·WT SAVED •. 

P Hr-i II.! C • • • • lJ.'\ C N i .. Ji rJS* P RN TrJ C; Jf·1P • +I ·K·.; ; 
l_P,C CCI-'ARI; L'\C CCHAH 2 ; ••• U\G C CHf; B~l 
FR·IOT THE ~.; CHlHIACTEHS HlniCATED ltJ THE C{)LLitJG 
SEQUEN"CE. . 
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' fila 
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,... 

,.. 
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f"' 

-:-:::~ 
~· 

., 
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j 

' ' I i 
I 

'· 

~ . 

..... 

. . , . 
P fi:: tno ..... 

P m. Tt'l · ..... 

" . ' . 

• • • • 

J- RtJTF Fl • • • • 

r1 It' f, G; ,1:1~>!: P f~~~ Jr: ~-

p R I II T (.. !"Tf~ Gl~ ~, 01 LA I·· h ~; ) 

OCTAL. r~u:-,JF~[H Itl MP; h• ItJ AC; J i'l S* PHlHJO 
PRH!T N HIOH ORilt-:R OCTAL DIGITS. IV ~·I>!;, Pi~Ifl T 
i·J -1) LEADII"3 P.LANl<S. IF N<6, til! CONT1HNS TH[ lHlw;r:D 
L0\•1 CYPDEP. !JIG In;, LEFT JUST! VI E:D. 

H!TFGUi (;1J!Ji3Ef~ I!.l i'JC\; h1 H! AC ~ J i'I S* FRr.lHH 
PRH'T ~:rcr~ P.N!) il HJT!.~GE11 1>IC:l1~·;. I'F ~~>S, Phii·:T 
;·.:-IS 15:11: li l ;1:,:; I' LM~ KS. U::A DH.!r! Z EFiC S f\ E r: L U\ P i\L n ; 
f'ItU\L ZF.f:f' L) t' HHJTED. TilE ·siGi\! <P.!J\f' l'\ Of, :·:InW;) 
FRECF:J::iJ~; THI·: F IP.ST PFUI·lTED' DlliiT. t~+J CIU\hf.•CTEJ~S 
A P.E P f-1 IN TED; IF TilE HlTEG En I S LA HG t:.li 1Hi-\ r: ~.1 Dll:il T:i , 
f:~.rTHA DHiiT::; 1\PE PRH1TED TO PliGQlll.:[ Tht~ rtJLL '.JHJ.tt:-: • 
. ~'!·:~ IS ZEf\0 1)!\; f/C TURN. . 

!J~ G f·i ~ ,J.··l:)* .P R!.JTN F ; , D Si\ V i! 
PRINT 'IE\.:! 1·111 L \IP, LIJ.E 0 ft' FIll 1\ TI [; G · t'J iJI'IE EH C F'tO '~.:I nr 
N SIGtHFICt'\1-!T 111CilTS: -r,FF ••• F-ILE 
\dDTJ·: 1:3 .iJ+5 GHIH1i\CTFRS; IF . THE MAGNITUDE CJF THJ< . 
t:~i.PO,i,J.E(',IT Cf.E) IS IJ\RGE:R ,TliMi ThiO DIGIT:..), E/\TUi Dll.iiTS 
ARE P Hltl H~ n TC! PRODUCE FULL VA Llh~. ( P.-1 TH i:. FC· fit']i\·T 
' ' 0 0'V" _ _ t:··~r· ·j··-cl~f'T(' A' f"lG~.\. q l ·l,ll/ 01" ··1l(,li . C' ., r_:, . . .... , r, l.. 'L. .:J L, . v ... , ~ L • 1:. ._.f •. 1\ . \ ;> u . ~J , 

+ HEPRESEtJTS A SIGN: PLUS OR flll'lUS. ) 1HE · FLO~\TING 
Vt~UH~s· cH: ;~ H!TEt·JTIOHALLY :·!ClT HC!!Htlll~D OFF. 
i·1G -I S i~OT ;:1\VED. 

Lf,yJ. -t! ; .WlS* PR~~ TVX; .D~'Zf'. \HDTJI; .DSA F 
PI<H'T FL<t:D POINT VALUE OF FLOATING tJ!J h1bEH (fo'), ~! 
IS IPF. ;'-' IJIJIH~:I~ C'F FRJ\CTIO!ML !HUlTS; ~.iiDTH IS lJlJ·_ 
I.•!IIHH OF THE FIELD. IF THE \UiLUE IS TOO Lf~F!GE: TO 
F l ! I N THE !)P E GI F I E D l~ I U T H , Til E V 1\ Ll J f: 1 S F P. I r! T L l 1 ~! I T H 
f\ f<El)lJCED tJ!I!'1C-ER OF' FRACTIO!JAL !HGI 1S, IF PO SSIELE; 
IF TilE H;T:::GEE Vf.\LUE IS TOCi 1.Af-liE TO JilT It·1 THE 
:·:JPECIFIED \'i!DTH, THE VP.LUE IS PR I NTED Irl F'UJATHJG 
f C) Ri'1f\ T. ['l C,l I S ~' 0 T SA V E 0 • . 

Ii!.TEG!~f: FtiAGTIOl·J. IN i1G~; N IN f1G i .. 11'1 5* PhNTFB 
PRINT SI Gtl~D l'l1fiCTION Qfi N SIG!HFICA fH DlLITf;. 
~·'.k10~~~~ ((ICT) IS PRINTED AS (+) .5C'i.i0 CN=II, SfiY). 
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Cl\ U-~·r PH IN T; F p H!rJA T C N Nil n··.>~ 1. •• ) 
PHHITS' THE COil TENTS OF A HOLLEFI TH FIELD ld·::·.;E;";(,T;7.i.'' 
hY A FTf?[>;~T STt\TE!tJE('.!T t•iHICH 1'1UST .I.:'CC.:Ir! 1:HTJ: ;.\ r.::r 
fHG IT f!ll:V1DLB C~5, Sf1Y) • THE 1-i ,y. F;I.f"i;-.: l', Af;C IG~;nr;r.~). 

TH:~ t·\tl-1 _CPPllli\CTEHS FOLI..OV~Irn T.HL DU!!J!\ f-dd. PHU•T:-:.::1 • . 
\, 

T';'P J. Gr-. L u -:-;;\(: :: : 

Ct\ LL JT F HiT 
J. Hl FMI\ T C: 7!: ~~/\ i1P U~ ) 

• • • • 

•• WI I 

1 .. (11 J:-!:T·'f·H. 1T ( J•O::f·' or,r.llt'lj' N \ 1 i~r~l-' 1 t\i'•) ) . ·', I ·• ,. . j . • f J t • ~~ L. L ' , J , • f V J I t • f e fl • 

.fORTI~~.;· Cl'\..1.. ]1 FRH~T f-'f.tCKi,G!.~, lJ~)tHU.: '...I'll! 
i' P.r.~ 'il~O , F !'W T;-: I , PPN t:'; F, PH-J.Tff( ,f'!~ i.:T .:; ~!,, Ff n T~ u • 

CALL P rn t: J. T ( t•· !Jf·J I T, 111 CP ) 
SET P Fl P T l'!! IT •""- HJ I Tl i\ LI ZE. 

( SE!!: :.t.) CU:··1f.t.J TA TIO t-J 0~1 PAGES 1 .7 {< 1 .t-::) 
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...-. n.,.. 11 ""f'. 
i .-. ... !J' 

P PH' rr. 
DI';T:' T~ 

' . . 

PTtrr '!'{"' -. 
P lli'-1 TFP. 

\ ;:"Pl TF. . 
f.' D.I:~ T7 

• DP F 

fiP RP' T 

r-J~P F~-J T 

-~ 

.. 
1;1('• ~ . ·- .- :··r' -· ,~ r.n l i T ' ' .- ··• . ' I ... .. · 

, ... •, "l, porr.!T ,.. Df'T ' ' T .., F~·~ r·: 1'l'l~ PJi t•'T: . . ·:-!· · ,~rr.·_, .. ,_., , . ... r;· 
. ' - v ' . I- \ ... I:J ' I • I .I • ~ J • . • I. ..._, , 

PmJHlS; (Pf?SFT'') 

513 PR B IT . I 

r-.<; Fr.,.!, T 

,, 
nn! ~~ T PRH'TI ,PRNl!H 

· PP.H~ T. ~ 

18 3 PRHlT PRHlTF,PRt'ITNF,PRNTFX; <PRFCO tJ) 
PHINT. & .DPF 

'2 (, PJHr T P RN TFR 

·-32 PfUN T P Rti 1'6 B 

7> ..... PRNT7I3 

1 39' . i':'"" rt - C i)p l1l. L D, DP 1·1. ST , DP F .li l·; , I.JP F • Li F , DP FfHJ L, 
!iP F Q r::: "" r. ~ 4 f'1P Y 'i I· ;"P Y R 5 D,. P t1 () I; ,,., ) .o'J '). , ., f I ' J e- ' I - ... '1 '1 .J • . J ~ ? , t 

:~.1 ppp! T ~CPrp: T 
D RTP.T7 fllllt 

G:'" 

,. 

. .. ,. 
I~ 
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lJI '1'10 fl '1 1 ,- ·•i .. . -~,II' '[. r ~1 i.: d J., .,:. J.;._ll_,,, 1.:.. lll1. 1 us: ' ,.. , · "{' r:: !"'I'. -,,,. 
·, . '· 

... 
' 

RE!\Dl 
rw 1 tJF.i.·J 
h D:~ C'l 

iWCHAfl 
RlJV fl LU 
r-1 DVA L~~ 

r;nmJ 1 T 
ED~lAF.!( 

RDI NI T 

120 

I 

-- ., r, ...... r ... ,... ~1\fr.'"f1T( .. 1~{"""rJ- : i') r .'1 TE ;~ T '·· '·F "'.( Tl;' 
H'!')FPq1 firp:- ('r. FnRTrt ~· 

THESE f.'f''li:'Ir,;Es .r.'~:- c· '· i"'r"!"!~Tf'"'_!~~D ,. ,. T1' -~ "T' "'~, , , 'i'~ ' ·-

ROL/THIE:S 'HF.C\UIF:t:D ARE LC'ADI::fl. 
. ' 

. THI::: I·S THE BJ\.SIC READ.ROIJT!f.!.(~. I•JIII~N F:[I\T'll r·,p l ·f' l: H ~'·' 
IS r.i\L!XD, ·~~ THE HITERi,lAL Plli'FTh IS l:.::·'Jr1Y, 1. 
r I .~ T~, 1· · r: ,., r·! '· r·> I r. t}:-~ U T ·~.' r." ,. r·1·.· n '·' TJ' ~.- T! ... l [··1·vr· .. ~ •• :') T ... , "~ • . ld:..t\ tJ ~ I I •• ·~ I . .• . ' ·-

ll:JTIL {• (;i;r·::r,·.Gr.: nETUEP (lJ .: n.T m'DE .If: TYPi:.::; 
THE fif:ST l;HnHt\CTEH n'PED IS :-IET1.!f.'PE£.i r;·: TJ:i:: i· C. 
FUPTHEH Ct\LLS TO REA'Dl Cf\li£I·:s ~::UGCL~:::::IVE CHt'\L­
f\CTEf:~:; 1D PC Rf~TURNE]) Hl THE.f\C, LJNTit. l'. C.:M·.f·IM:[ 
RE:T1Jf?t1 or td.T NODE IS RETURt!t:D. THE iJDO' CI\LL Tl:!.:~J 
QHI SU5 TW.:: r; f~l: ::I t!G 0 F A ~~ E\1' 1J f! L. ;" nlH1 lH i::' T~~L~ T'l:T •: . • 

. {1 Cf',LL 'It: P.l'lli·!Zl·~ AL\'.'AYS C~·IJ~;[fj TilL liiJ1DU!S !: r f. :!:::.~.~ 
J.T.!!r. iii)D fi;::Tl~f;:!L3 · THE: Flf.ST .CHAnt\CT tJ: li'~ TiiF: L\C. 
1~ C1H~L TO r:n;Jl'):.' (:{!,USES A !·i!?.:\~ LHiC 10 i:n:: hLflf) lHl~ ~~1~;~T 
TII"J E A~l Y f-FI• D FiO UTI tJ F. IS USE L 

,JI'lS* :~~UER / Rf::ADl ,F:Dl N B~J, ~:mi,JY~~J 
CCIIM~ Pi::TIJP.IJED I!~ I1C (fEADl ,xDH' !::l,I tHiLY)) 

FOE ~\ l.L. Tl! E: !.J!Ji11 CR 1 CAL fl(l U II n ;.~~: , tJ u:•J ;]";I Ct'. L V £, l .. : ll. ::: 1 J:, Y 
P.F. SEPI'\ Ht\ TED PY L UHJ KS, HO R , Tl~ p.s, 1-\ CO frlfJ~\ , ;:; t.Nd", J t\(i·F' 
F'ETUnn, ('f\ i~t! t'LT r~ODL MlY Cn:~~::H' P,THH! CF ; .Lit!;',::·. 
l:Ori. TM::S, PLU·SES, ·oR ivJilJUSES fi1\Y H\ECU:r; ':l;i•. t''tii!E(,I~~~'.l . . 

' HlPUT, :'I'E GP t·.)VERSIOll ROlJTn:r::s /'H!~ Pf'.hTITIO:·.'ClJ J r~ ·~n . 
~1l!'t d1A TC r I LCS • 

• CiLOBL'D Vt\HII\BLES \vHICH COtJ.'fAIP THE U\ST Cl'/dUICH~J;: 
HE!-1D, A.nD THE l~lJr1ERICAL VALliE FEOf•l THE U.;ST C!\LL TO 
R Ell fX:1 , n C. 1\ D 1 , 0 J? R F. I\ D F • C H lW A Ll ~ +1 :: H [) V f\ L.~; CCI N T 1\ H~ S TH !:: 
H IfJ H OiWEI't l'l{\f.l'fl SSA. VOH R EJ\ DF . ) . 

.GLOBL'D 1/i\niAPLES tl!JUCH COt.lT1-'\HI TilE D/~T SLOT t1Lii·1Li~F< 
OF THE lltliT TC RE P.ZI'.D <PRES~:r TC1 1.1: TTY), i\(!D TltE 
,ASCII CHiiJH1CTF.R + 3n) FOfi THE 1 lllF\l.< TOnE r1f.\DE Ot.l 7HF. 
TF.LETYPE c r:V\T GLOl' 4 Of.JLY ) HlLliCt·\TitJCi tJEED FOfi· rm:~JT 
CPT-.;ESFl TO"[" <333>), 

Fil r:.OI.ITH'E 1Tl ;3ET Dt1T SLOT, It! ITif.\LIZE ITt hf..f'D hT N ~ 
8! SET tP ADOHESS IF Df.1T SLO.T P. LFEH S TO TTY. 

EX TEm~ A L IO DE:V 1 
••• 
CD tl TH: IJE 
••• 
f\. SSHH-1 t 20 TO L0 CP 
CALL H.DHJ IT ( 4, LO CP) 
••• 
Cf~LL RDI.Nl T Cl ,e1) .; .. 

[tP A n·m~ES$ = STA TE:t1lEN T II 12 n 1 
[READ FfW l1 1), S. 4 C TTY) J 

[READ FIWf~ !). ~. 1 (Dl<l) ·J 

· H-: E \f 10 l.l S \1 A L L1 E 0 F' l.D CP I S l1 S t: D 1 F !1'! CP - 0 • 
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· SLEEP o·NSET MONITOR NOTIFIED .INTERACTIVELY 

~- VERSION 1 . c~RIStlAN · FRIEDRICH•FREKSA, SPRING 1974 

NAMED COMMON AREAS: 

f"" IN: 

.. ,· . 

1NSTRUC35 > 

IHEADC7> .. 

IOAP · 

LIMO 

LENGTH 

MREPT 

NCHA.NS 

MSAMP 

IBUDlM 

NSAMPI< 7> . 

PIODEC1> 

NEVAL(7) 

IWINDOC7> 

NGDSC7> 

SYMJ30LTABLE 

-------·--------------

INSTRUCTIONS 

INSTRUCTION TABL£ 

HEADLINE OF INSTRUCTION TABLE 

OVER ALl'! RE.PETlTION PERIOD 

SIGNAL FOR MODIFICATION 

SIZE OF l A•D BUFFER OF l CHANNEL 

REPETITION·CYCLt FOR ORGANIZ. ROUT. 

HIGHEST . CHANNEL #SPECIFIED 

MINIMAL SAMPLING 'ERIOD SPECIFIED 

DYNAMIC BUFFER SIZE 

SAMPLING PERIODS 

CODE FOR EVALUATION MODE 

EVALUATION PER'IODS 

:wiNDOW SIZES 

REQU.IREP WORK ARE~ FOR EACH. CHANNEL .. 

--

,,..-

·~ 

. .. , 



~ PT: 

~ 

17"" 

I CHAN 

INSTR 

IDA1<4> 

KPOINTC27> 

lGBPTCS> 

ITRAPO 

ITRALI 

lGBSTC7) 

NADSTC7> 

MODIFICATION 

CHf\NNEL I 

INSTRUCT ION CODE. 

SPECIFICATIONS FOR CHANNEL MODIFICAtiONS 

POIN'l'ERS 

'P.OlNTER VECTOR· 

GENERAL BUFFER POINTER FOR 7 CHANNELS 

AND A FICTIVE BTH .CHANNEL 

TRANSFER BUFFER POlN·TER 
.. 

~RANSFER BUFFER LlnlT 

POINTERS TO .THE.START POINTS OF GB 

~ GBt GENERAL BUFF.ER 

P. . 

IGDBC4000) GENERAL DATA BUFFER 

t WILL BE CHOSEN AS LARGE A$ POSSIBLE 

FILE NAME VARIABLES: 

FILRAWC2.> · 

FILENC2) 

C·ONTAINS NAME OF RAW DATA: F lLE 

CONTAINS N·AME OF INSTRUCTION TABLE FILE 

LOGICAL VARIABLES: 

IFFIL : .TRUE., IF INSTRUCTION TABLE ALREADY EXISTS ON DISX 

.FALSE., OTHERWISE 
.. 

IPOWR2CI>: .TRQE._, lF: I IS .A POW.ER OF 2 

.FALSE. cOTHERWISE 

SWITCHC I>: .TRUE:.·, IF CONSOLE SWITCH I IS ON 

.FALSE~ PTHElWISE 

.-
-· 
·-

f ....... 



OTHER SYMBOLS: 

~ IT~ANS<251> 

""' .. 

, I 

RAWST<7> 

lOKI 

IOSPl 

ITT 

LOC 

JAN·Et 

INST5. : 5 

IDOPlOD' > 0 

·.IADPO 

.IADCO 

I A DOLO 

INSAM 

·'IT IME 

I'll SEC· 

LA TIME 

ISEC 

MIN 

·IRE·C 

'INEVAL 

IPOIN·T 

TRANSFER BUFFER 

•y[s~. iF RAW DATA ARE TO BE STORED 

'NO' OTHERWISE 

LOGICAL US~R DISK U~IT 

LOGICAL I FOR VIDEO .DISPLAY 

LOGICAL TELETYPE UNIT 

RETURN ADDRESS 

NUMBER OF CHANNELS SPEClFIE.D 

>NDICATES TO SOFIPIO THAT SOMPJM FINISHED 

· ASSEMBLING A COMMANDS.TRING 

DO MODIFICATION 

A~D BUFFER POINTER 

A•D BUFF.ER COUNTER 

OLDEST DATA POINT IN A•D BUFFER 

INCREMENT FOR SAMPLE POINTER IN A•D BUFFER 

PROGRAMRUN TIME 

RUN TIME IN "SEC/1024 MODULO 1024 

RUN TIME AT LAST PROGRAM CALL 

RUN TIME· IN SEC MO.DULO 60 

RUN TIME IN MINUTES 

RECORD I 

INCREMENT FOR EVALUATION POINTER 

ACTUAL QATA POINT IN GENERAL DATA BUFFER 

,-, 

-. 
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c 
c 
c 
c 
c 
c 
c 

c 

c 

c 

c 

c 
c 
c 
c 

c 
c 
c 
c 
c 

c 

c 
c · 
c 

.c . 

c 

c 

1 · 

'2 

3 

24 

180 

S 0 I N I T • 

GENERATES SLEEP ONSET INSTR11CTION TABLE. 

VERSION I, CFF.5/J0/74. 
. 

LOGICAL U"FlL, IPOWR2 

-DIMENSION F'll.EN<"2 >,I HELP< 7>, I HEAD <7>, NSAMPI <7>-,MODE < 1> 
1, NEVAL < 7>, IWlNDOC 7>, RAWST C 7), lNS·TRU (35·) . 

. . 
EQUl VAl.ENC_EC INSTRU C 1 >,I HEAD< I>>, <I NSIRU< 8> ,~SAMPI < 1 > > 
1 ; .CINSTRUC 15> tMODE< 1) >, <INSTRUC22l, NEVAL< I> l 
2;<1NSTRU<29> ,lWlNDO< 1> > 

EXTERNAL READI. 

DATA FILENCl),FILENC2>15HlNSTR,aHUCT/ 
DATA yES,HN.0/3KYES,3H . NO/ -
DATA IDKJ,IDSPL,ITT/2 1 8 14/ 

DOES INSTRUCTION TABLE ALREADY EXIST ON DI.SK? 
CALL ENTE.R< IDKI ,FlLENl . 
CALL RENAM< IDKJ , _F.ILEN,F ILEN,-IFF IL> 
lFCIFFIL> GO TO. 1000 

INSTRUCT • FILE WAS NOT FOUND. 
INITIALIZE SCOPE. 
CAl..L DSl·NIT 
WRITE<IOSPL,1> 
FORLUT<6X 
1.,52 H S L E E P 0 N s· E_ T I N S T R U C T I 0 N .T A 8 .1. E> 

WRI.TEC1DSPL,2> <1,1:1,7) 
FORMATC//BH0CHANNEL, 9 Xt 716> 

WRITE<ITT,3) 
FORMT<46H ENTER SAMPLIN-G PERIODS <POWERS OF 2 OR ·zERO>.) 

. WRITE< ITT·t24.> <I, 1: 1, 1> 
. FORMAT C 715) 

ASSIGN -100 TO LO~ 

INITl.ALlZE READ ROUT.INE. 
CALL RDNEW 

. 0 0 12 0 I CHAN: 1 , 7 . 
C * * * lNITIALlSATIONt NO RAW DATA STORING ·IN ICHAN~ 

RAWS·TC-ICHAN>:HNO 
c 
c 
c 
c 

c 

CALL F4READ U.:OC.,READI.NSAMPI <ICHAN> > 
. . 

. UNLESS ~PRESCRIB~D DIFFERENTLY, EVALUATION RATE EQUALS SAMPLING 
RATE. 
NHELP: NEVAL(ICHA-N>:NSAMPI< ICHAN) 
IF< NHEl.P') 90~, 120,110 

,.... 

. .. 



~ -

c 

c 
c 
c 

c 

c 
c 
c 
c 

c 

c 
c 
c 

·c 

c 

.. n~w··· wii.(,&IU;.n ~,.,,. &.. ..Li'iU ~t.n .JIJ it rvVtt..l1 Ul' ~. 

lFC • NOT .IPOWR2 ( NHELP> > GO '1 n 931 

NCHANS: !CHAN 
120 CONTINUE 

f.30 WRITE< IDSPL,4) NSAPJPI 
4 FORMAT U 8H0SA('JPL1NG PERIODS , 716) 

5 
VRITE<ITT,·5l 
FORMATC/37H0ENTER CHANNEL 1•s, THE DIGIT.IZED RAW 
f/32 K- D.ATA OF' ·w_HICH ARE TO BE. s·t-ORED.J 

200 ASSIGN 200 TO LOC 

210 

CALL RDNEW . . . 

DO 2UJ ICHAN: l,NCHANS 
CALL F4REAO <LOC,READ-1, IKELPC ICHAN> > 
IF<IHELP<lCHAN> .EQ.I) GO T.O 221 

~ ~ . 

CHECK, WHETHER REQUIRED CHANt,JELS DO EXIST • 
lF'ClHELP·<-ICHAN>.LT.G!hOR.IKELPCICHAtn .GT.NCHANS> . GO TO 910 

A-TTRIBUTION OF ·THE DATA to THEIR CHANNELS. 
DO 2UJ JANEL: I, 7: . . 
IF'CIHELP< ICHAN> -.EQ.JA.NEL.AND .NSANPI <JANEL> .NE .IIJ)RAW-ST <JANEl. >=I 
CONT,INUE . . . . 

220· -VRITE<IDSPL 1 6) RAWST 
6 FORMATC15H0StORE RAW DATA,3X, 7(3X,A3>l 

WRIT£< ITT, 7> 
7 roRMATC/49 H·0ENTER PEARS OF CHANNELl'S AND EVALUATION PERIODS 

1/52 H_(IF. DIFFERENT FROM SAPIPLING P~RlODS> • POWERS OF ·2.> 

300 

310 

ASSIGN 300 TO LO.C 
CALL RDNEII 

DO 320 I:I.NCHANS . 
·CALl. F4REAO CLOC 1 READ I, lCHAN> 
IF<lCHANl gH1.3301 310 . 
IFCICHANeGT.NCHANS) GO TO 911 
CALL F4READ (LOC,READl• NHELP> 
IF<NHELP.LT.NSAMPICICHAN>> GO TO 900 
1FC.NOT.IPOWR2(NHELP>> GO TO 930 
NEVAL<ICHA.Nl:NHELP 

320 
c 

CONTI HUE 

c 
c 
c 

· c 

c 

330 
8 

400 

WRITE(lDSPL,s>NEVAL 
FORMAT (_J 9 H0EVA1.UAT ION PERIODS 1 71 6> 

STORE . USED CH·ANNELI •s IN IH.ELP • 
JANEL:0 
D 0 400 ICifAN: I• NCHANS. 
IFC NSAMP.I <I CHAN> ~EQ .0> GO TO 430 
JANEL: JANEL+ I. 
IHELPCJANEL>:ICHAN 
CONTINUE 

!.IJHTJl"fTTT ~ C\'\ 

.. -. 

-· 

...... 

..... 

..... , 

. .., .. . 
' 



c 
c 

c 
c · 

c 

-
J,g H CHANNELl>. 

4 J.I(J ASSIGN 410 TO LOC · 
WRITE< IT Tit Jg) ( IH.EL.PCICHAN>, I CHAN: 1 ,JANEL> 

J 9 li"ORPIAT <I X, 714 > 

·cALL RD NEW . 

DO 420 l:l,JANEL 
,.... 420 CALL F4READCLOC,READ l, ·IWINDO·Cl >) 

c 

c 

.JANE :JA IEL . . 
D 0 450 1: 1, NCHA.NS 
ICHAN: NCKANS+l-l 
IF"UCHAN.GT .IHELPCJAN£)) GO TO 4·40 

C VALID VALUE FOR II"INDOW SIZE? 

c 

c 
c 
c 

c 
c· 

c 

c 

. c 

c 

c 

NHELP: lVI JJD'O(JAN!) 
IFCNHELP.LT.t1EUALCICHAN>) GO TO g20 
IF< • NOT .1POWR2 < NHELP>> GO . TO gJ0 
IWlftDOCICHAN>:NHELP 
JANE:JANE•l 

. lfCJANE.EQ.0) JANE:7 
ao ·ro 450 

440 lWlNDO<ICHAN):IlJ 
450 c·oNTltiUE 

WRITE<IDSPL,ll>lWlNDO 
J1 FORMATC12. H0WINDOW SlZE,5X, 71 .6> 

12 

JAN£1.:0 
DO 580 ICHAN:l,NCHANS 
IF'< NSAMPlCICHAN> .EQ .0-) GO TO 5.00 
JA MEL: JA.NEL+ 1 . 

· IHELP c;ONTAIU'S USED CHANNEL I 'S. 
lHELPC~ANEL>:lCHAN 
CONTINUE 

. WRITE< ITT, 12) C IHELPC lCHAfO, I CHAN: I ,JANEL) 
·FORMATC/45H0TYP·E EVAl.UATl.ON MODE UNDER PRINTED CHANNEL 1/lX, 71 

510. ASSIGN 510 TO LOC 
CALL RDN~W . 

520 

530· 

540 
550 

D~ 520 l:J,JANEt · 
CALL 'F4READCLOC,-READI,.MODE.Cll> 

JANE: JANEL. 
DO 550 I:J, NCHANS 
lCHAN: NCHANS+I•I 
lFCICHAN.GT.IHELPCJANE>> GO TO 540 
IJi'<RAWST <I CHAN> .EQ .HNO> MODE (JANE> :-MODE C.J ANE>" 

·MODEClCIIAtU:NODE<JANE> . 
JANE= JA NE• I 
·IFCJANE.EQ·.0) JANE: 7 
60 TO 550 . . 
PIODECICKAN):QJ 
CONTINUE 

..... 

..... 

..... 

- ~ 



.. - - ·- .. -.,... - ....... , . ..., ,. .. ...., .... -
13 FORr1ATU2 H0EVALUAJIONS,6X, 716> 

c 
c 

....... c 
C WRITE INSTRUCTION· TABLE ·oN DISK. 

CALL ENTER.CIDKI ,Fll.EN> . 
P" WRITECIDKl>lNSTRU· 

WRI'TECIDSPJ..,14> 
14 · · 'f'ORMATC//J0H0TKIS TABLE IS STORED ON DISK.> 

GO TO J0UJ· ·. . 
c ., c 

,... c 
c 

g00 
,.... 901. 

c 
c 

ER·ROR MESS.AGES. 
WRIT£<ITT,9·0l) NHEJ..P 
FORMAT<Ig,l7H TOO SMALL VALUE.> 
GO TO 940 · . 

g13 WRITE< ITT, 91 U IHELPCICHAN> 
gt'l -FORMATCI7,23H NOT A VALID. CKANNE·L I.> 

GO TO 940 
c 
c 

c 
c 

g20 
921 

·930 
·,JI 

c 

c 
c 

c 
c 
c 

g40 
.941 

998 
999 

1.000 

c . 

WRITE< ITT, 921) 
FORMAT<52 H 'W-INDOW·SIZE MAY NOT BE SMALLER THAN EVALUATION RAI 
GO TO LOC 

WRI TE<l TT, 931) NHELP· 
F.ORI'IAT<Is, 1.6K NOT POWER OF 2 •. > 

WRITE<ITT ~941> 
FORMAT<tsK-ENTER NEW STRING!> 
G.O TO LOC . 

PJESSAGE FOR TEST PURPOSES. 
f' ORMA T ('3 6H P R 0 G R. A PI L 0 G I C E R R 0 R n 
WRITE C ITT~ 998.> 
PAUSE 210~21 

CALL SEEK.< lDKl.-FILEN> 
READ CIDKI > 1 NSTJiU 

C****** T.EST • 
. WRITECg,J00g)lNSTRU 

· 1009 f'ORMATU9 H INSTRUCTI 'ON TABLE.15<.7I7/)) 
C****** 
· 101Z CALL CLOSECIDKJ> 

STOP 
END 

PIP VIJ~ 

.~· 

,.... 

..... 

- ~ 

.~ 



c 
c 
c 
c 
c 
c 

,.. c 

.. · 

c 
c 

c 
c 

c 
c 
c 
c 
c 

c 

c 

T TT ... o T2 SOSTRT .SRC 

s T A 

VERSION I, CFF 5/10/74. 

DIMENSION FILENC2_> ,FILRAWC2> 

COMMON /lN/1NSTRUC3~>,NGDS<7> 

EQUIVAL£NCECINSTRUC7>~IBUDIM> 

EXTERNAL SORTMO,SOCALC,SOMMM 

DATA lDKI/2/ 

·R 

DATA Fl~ENC1>,FlLEN<2>15HlNSTR,3HUCT/ 

r· 

· DATA FlLRAWC I >,Fl-LRAWC2)/5HSLRAW,4HDA·TA/ · 

READ INS.TRUC·TION TABL£ FROM DISK. 
CALl. S·EEKCIDKl,FILEN> 
READ ClDKJ l INS·TRU 

OPEN DlSK FOR. TRA·NSFER BUFFER. 
CALL ENTERCIDKI,FILRAW> 

• 

GENERAL BUFFER DIMENSION MUST NOT BE BIGGER THAN THE 
CORRESPONDING VALUE. IN THE COJWIPION STATEMENTS. 

· IBUDI.M:4000 . 

CALL RTSlNT 
CALL RTSPRCSOCA-LC,30,0) 

CALL RTSPRCSORTM0,20,0) 
CALL RTSRUNCSOCALC,0> 
CALL RTSPRCSOMMM,5,"> 
CALL RTSRUN C.SOMMM, 0> 
CALL RTSGO 

PAUSE I 
STOP 
END 

PlP Vl3A 
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T TT, -DT2 SOCALC SRC 

c 

c 
c 
c 
c 
c 

c 

c 
c 

c 

c 
c 
c 
C*** 

2 
C*** c 
c 
c· 
c· 

c 
c 

SUBROUTINE S ·. 0 C A 1. r. 

DISTRIBUTES B~FFER SPACE. 

-VERSION 1, CFF 5/10/74. 

DIMENSION NSAMPI C 7>, NEVAL ( 7>, lWiffDOC 7) 
I, 1 GBPT (8), IGBST C-7>, NADST (7) 

COMMON /IN/lNSTRUC35), NG'DS (7) /PT /KPO~NT C27> 
COMMON /M0/1DUMMY,INSTR,IDATC4> 

EQUl VALENCE< lNSTRU <I>, IOAP > 
J, <INSTRU (3) ,.LENGTH>, CINSTRU C4), MREPT >, U NSTRU (5), NC~ANS > 
2, <INS_T~U( 6>, MSAMP>, CI NSTRUC 7>, IBUD IM>, <I NSTRU C B>, NSAMPI C I>> 
3, CI N_STRU<22), NEVAL C1 > >, CINSTRU< 29>, I"W INDO< 1)) 
4, <KPOINT C 1>, IGBPT (1)), <KPOI NT C 9>, 1 TRAPO>, <K POINT< J 0> 
5, ITRALf>, CKPOI NT C II>, IGSST C I)> . 
6, CKPOI.NTC21 >, NADSTC I>> 

EXTERNAL SORTMO, T-IME 

10. 
WRITE< s,2l 

.FORMATC7H ·soCALC) 

FILLWORD OCT. -377777 
MSAMP:I31071 

GET HIGHEST C·HANNEL. I AND LOWEST ·SAMPLING PERIOD. 
D 0 10 I CHAN: 1 ,._ 7 
IFCNSAMPICICHAN>.LE.0) GOT~ 10 
NCHA NS: lC-HA N 
IFCNSAMPICICHAN>.LT.MSAMP) MSAMP:NSAMPI<ICHAN> 
CONTINUE . 

SET TRANSFER BUFFE.R POINTER. 

, .... 

,... 

-,.. 

-

. fill!\ 

1TRAP.0:3 - ~ 
I.TRALI: .25 0 

CALCULATE REPETITI_ON PERIOD AT BEST FOR ACTUAL INSTRUCTION TAl : ~ 
. LE,.GTH: lBUD:lM/ (4* NCHANSl . 1 

c 
I: I ~I 

20 1=·1*2 . 
IF<I.LT.l.ENGTH) GO TO 20 

c 
C INCREMENT LENGTH TO NEXT HIGHER POWER OF 2. 

LENGTH:! - . 
c 

·C 

c 

IGBPTO> POINTS TO THE FIRST WORD AFTER A·D -BUFFER CRIGHT NOW) 
. _IGBPT CI>:LENGTK*NCKANSier:2+l . 

25 MREPT:LENGTH* MSAMP 
lOAP: PIREPT 

DO 30 !CHAN: 1. 7 



·-'· 

, ....... 

c 

c 
c 

.C ,... c 

c 
c ,.... 
c 
c ,.... 
c 
·c 

c 
,.... c 

,..... 
c 

PIP 
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30 

40 

. -· · . .- . - ··- .. - · . .. ...., .......... ... ..... ~l-.u '~:onJ.uu ;;:,nuua..u NU' tu:. 1..£.11\:.it.l\ 
THAN REPETITION PERIOD. IF .UECESSARY, CHANGE. 
IFCNSAMPI C'ICHAN> .Gt.MREPT> NSAMPI <ICHAN):M.REPJ. . 

CALCULATE NUMBER .OF DATA FO.R TRANSFER BUFFER PER CHANNE·L. 
NAD·sr <I CHAN): MREPT /NSAMP I C If~HAN> 

COMPUTE P.OINTER FOR GENERAL BUFFER. 

IGBPTClCHAN+l .): IGBPTCICHAN>+MAXCIWINDOCICHAN> ,MREPT> /NEVAL<ICII 
IGBST CICHA N): lGBPT <I CHAN) · . _ 

OVER ALL .PERIOD ·oF SLB EQUALS MAXCMREPT,WINDOW SIZES> 
IF~ IWI NDOCICHAN> .Gt .IOAP> lOAP: lWlNDO<lCHAN>-

EVALUATE REQUIRE-D BUFFER FOR EACH SLB CAL·L. 
NGDSC ICHAN> :MREPT/NEVALCICHAN> 

IS ENOUGH SPACE AVAILABLE IN GENERAL BUFFER? 
MGBS: lGBPT<S>•I•lBUDIM 
IF CMGBS,L£.0)· GO TO 40 

NOT E~~OUGH SPACE AVAILABLE IN· GB. 
LENGTH:LENGTK/2·. 
GO TO 25 
CALL RTSRUNCSORTM0~0) 

RETURN 
END 
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t TT c.J) T2 S.ORTP10 SRC r-

c 
SUBROUTiNE S 0 R T M ry 

c 
c REAL TlPJE MODIFIER. -, 
c 
c 
c 

·c 

c 
c 
c 
c 
C*** 

I 
C*** 

c 

VERSION 1, CFF.5/l0/74. 

· COf'tJON /GS/.1GD8<400.0") 
COMMON /1N/1NSTRUC35),NGDSC7> 

EQUIVAlENCE< lNSTRU< I> 1 IOAP>·, CINSTRU <3> ,LENGTH> 
1 t<INSTRU (4) ,MREPT>, <I NSTRU <5>, NCHANS>, UNSTRU (6) ,MSAMP> 

EXlER HAL . R TSADS, SOF 1 MO ,S OCALC, S OBOR, SOMMM, TIME 

DATA ICOUNT/0/ 

IT :lEXTF<TIME> 

T. 
WRITE ( s, 1·). 
FORMATC6H SORTMO> 

IFC1COUNT.EQ.0) GO TO 10 
CALL RTSDQ<RTSADS> 
.CAll RTSDQCSOF·IMO> 
CALL R TSDQ C"S OB OR) 

C THE SAMPLER BUFFER. IS TWICE AS ~ONG AS THE USED BUFFER• 
C <VALUES ARE FOR ONE CHANNEL>. 

c 
c 

c 

c 

c 
c 

10 LNGTAD:L.ENGTH*2 

CAL.L RTSAD ( NCHANS ,LNG TAD, IGDB (I>, 60, MSAPIP > 
PISAST: IT+MSAM·P . . 
CALL RTSKED CRTSADS, 0,MSAST> 

CALL RTSPR<SOFIMO,.-B,lOAP") 
I FIST: IT+ 1 OAP+MREP T 
CALL. RTSKEDCSOFlMO,B,IflST> 

CALL. RTSPR<SOBOR,IB,MREPT> 
MREST:IT+MREPT 

·CALL RTSKEDCSOSOR,B,MREST> 

!COUNT: I 
RETURN 
END . 

PIP -Vl3A 
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r · .TT c,·D T2 SOFUIO SRC 

c 
c 
c 
c 
c 
c 
c 

c 

c 
c 
c 
C*** 

. l 
C*** 
c 

·C 

c 
c 

SUBROUTI.N£ · S 0 Y 1· · M· ~-~ 

FAST INSTRUCTION TABLE MODIFIER. 

VERSION I, CFF 5/18/74. 

J.OGl~AL SWITCH 

DIMENSION NSAMPI C 7) ,PJODEC 7), NEVAL C 7> 9IW INDO< 7 >. 
COMMON )IN/lNSTRUC35),NGDSC7) 
COMMON ./MO/ICHAN, INST5, IDAT C'4)' 

EQUIVALENCE . 
I < INSTRLJ< 8), NSAPIPI C l >), Cl NSTRU (15>, ~ODE< l > > 
2, CINSTRUC22>,NEVALC I)), ClNSTRU C29>,1WINDOC 1) > 

EXTERNAL SOCALC,SOMMM· 

ID. 
WRITEC8,1) 
F-ORMAT C5H SOFIMO.) 

NO MODIFICATION REQUESTED 8Y MMM 1 
IF Cl NST5. NE.5> .·RETURN 

I D 01'100: 0 
C TREAT THIS CHANNEL. 

JIB 
c 
c 

140 

c 
c 

150 

D o· 11 0 I: 1 , 4 
IFCIDAT<I>.N£.0) GO TO 150 
CONTINU.E . . 

.FORGET THIS CHANNEL. 
DO 140 1:7,28,7 
K:I+ICKAN 
INSTRUCK);:0 
GO -T .0 200 

MODIF·y THIS CHANNEL .• 
D 0 170 l ·NST5: ·& ,4 

-

~I 

K: INST5*7+.ICHAN A. 
IFCIDATCINST51.EQ.B.OR.IDATCINST5>.EQ~INSTRUCK>> GO TO 170 

170 
c 
c 

c· 
c 

200 
c· 
c 

c 
r. 

INSTRU<K>:IDAT<INST5> . . 
IDOMOD:J . . . . 
IF<NSAMPICICHAN>.EQ.B> INSTRUCK>:B 

CHECK, WHETHER VALUES FOR ICHAN MAKE SENSE. 
IF<lWIND OCIC·KAN') .LT .NEVA·LCICHAN>) NEVALCICHAN> :IWINDO< !CHAN> 
IF C NEVA·L UCHAN> .LT_.NS.AMPI ( ICHAN> > ·NS.~MPl.( ICKAN>: IWINDOC I CHAN> 

CALCULAT~ BUFFER REQUIREMENTS. . 
'l.FClDOMOD.EQ.I> CALL RTSRUNCSOCALC,fiJ> 

TEST. 
IFCSWITCH(3)) CALL RTSRUN<SO~MM,0) 

·swtTCU Ofli J N~'r~JJr.Tt ON FOR HI~TRUCT I OH TARU" MOn Tfi'Tr. AT T nN -
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T. T lt~.H2 SOBOR SRC 

c 
c 
c 
c 
c 
c 

c 

c 
c 

c 
C*** 

3 
C*** c 
c 
c 
c 
c 

' s 

c 

SUBROUTINE S 0 B 0 R 

BUFFER ORGANISAT.ION ROUTINE • 

· VE.RSION I, CFfi 5/10/74e 

.LOGIC.AL ·SWITCH 

DIMENSION ITRANS (251 >, NSAPJPl C 7) ,MODE <·7-), NEVAL.< 7) 
I,IGBPT<s>,IGBSTC7l,NADST<7>,fiLRAW<2> 
DlMENSION FTES.T <2> . 

C OMMQN /·I N/.lNST.RU C35 >, NGDS< 7> 
COMMON /GB/lGDB C4000> /Pt IXPOINTC27> 

EQUI VALENC·E< INSTRU <2>,LIM0), UNSTRU C.l> ,LENGTH> 
1 ,.<I NS,TRU <4>-,MREPt·>, CI NSTRU (5 > 1 NCHAN.S), CI'NSTRU C ()), MSAMP> 
2,ClNSTRUC7>,lBUDIM>,<INSTRU<S>,NSAMP1<1>>,<1NSTRUCl5>,MODE<I) 
3, CINSTfiU (22) t NEVAL< J )) , <KPOIN.T < .1) , .IGB.PT ( n )., CK'POINT ( 9), I TRA.PG 
4, <KPOINT C 10> ,ITRALI >, <KPOINT C II>, IGBST< I> ,IAD IMI > . 
S, C KPOINT.C21 >, NADST C 1> > 

EXT~RNAL STIME 

DATA LATI~E,ISEC,MIN/3*0/ 
DATA lDI.SK/2/ 
DATA FTEST<l> 1 FTESTC2l/5KTESTF.,4HIL.EI/ 
DATA FILRAW<ll,FILRAW<2>15HSLRAW,4KDATA/ 
DATA lAD OLD/0/. 

TEST. 
WRITE<s,J> 
fi0RMATC4H SOBOR> 

GET TIME ·OF CURRENT SAMPLE IN MIN,SEC, AND NILL.lSEC. 
CIWJUST B£· CALLED AT LEAST ALL ·2 MINUTES.> 
I TIME: IEXTF< ST UJE> . . 
MlSEC:ITIME·LATlME . 
Ifi<MlSEC.LT.l024> GO TO 10 
LA TIME: I TIME . 
lSEC:ISEC+l 
MlSEC:MI'SEC•I02~ 
·GO TO 5 . 

' ' 

10 IF<lSEC.LT.~60> -GO .TO 15 
MIN:MlN+1 

· C 
c 
c . 
c 

c 
c 

c 
c 

15 

lSEC: lSEC•60 
GO TO 10 

PlAIN LOOP.. OVER ALL CHANNELS. 
DO 500 lCHAN:I,7 

CHANNEL. NOT USED?. 
IF<NSAMPI<ICKAtf->.EQ.riJ) GO TO 500 

INlTIAl.l7.F. IADPO TO OI_.OF:ST OATA. POTNT OF r.URRl="~IT r.~•Hlt-•1:"1 _ 

....... 

-
-· 

-· 
-

.,. 



.r· 

c·. 
c 
c 
c 
c 
c 
c 

..,,...., • ..,_ .,,_u i.J.I..U"i .. ...,,., .••• 

IF <IADPO.GE.lADI.Ml) lADPO:l f~!lPO•IAD IM1+1 

~:E~o;~T A•D BUFFER C_QUNTER r.· 

RAWDATA STORING? . 
lFCMODECIC.HAN>..LT.0> GO TO 400 

CALCULAtE INCREMENT FOR ·SAMPLE POINTER • . 
.INSAPJ:NCHA.NS* NSAl"JP 1( ICHAN> /MSAMP 

C yEs.· ENOUGH FREE SPACE IN TRANSFE.R BUFFER? 
~ 100 . IF.CITRAPO.Gt.ITRALI~2> GO TO 200 . 

c 
C yE·S. STORE .ACTUAl. S'AMPLING PERIOD INTO ADDRESS .BOOK. 

,.. lTRANSC.ITRALl+D:NSAMPlC ICHAN> · 
c 
c 
c 
c 
c 
c 

c 
C· 
c 

.C 
~~ c 

c 

105 

GENERATE CODE FOR 8 OOKKEEPlNG. 
ITRANS<ITRALI>:ICHAN*256+ItRAPO 

MOVE DATA LIMIT FOR TRANSFER BUFFER •. 
lTRALI: 1TRAL1•2 . 

SIGN BORDER BETWEEN DATA AND ADDRESS BOOK WITH OCT. ~77777. 
ITRANSC1TRALI+l):131071 

STORE RAW DATA INTO TRANSFER BUFFER. 
LOOP -RUNS FR~ ACTUAL DATA POINT TO lHE END Of ITRANS. 
lFtlTRAPO.GT.ITRALI> GO TO 210 . ·. . . 

ARE STILL DATA OF CURRENT CHANNEL AVAILABLE IN A•D .BUF'JER? 
lF'C.IADCO.GT •. NADST(lCHAN>> GO TO 300 

C · YES, STORE DA·TA INTO TRANSFER 8 UFFER. 
ITRANS<ITRAPO>:IGDBCIADPO) 

c 
C INCREME·NT TRANSFER BUFFER POINTER. 

c 
c 

c 
c 

c 

c 
c 
c 
c 
c 
C. 

c 
c 
c 
c 

c 
c 

ITRAPO:ITRAP0+1 

1 NCREMENT A•D . BUFFER COUNTER. 
lAD CO: lAD CO+ 1 

INCREMENT A•D BUFFER POINTER. 
1 AD.PO: lAD PO+ 1 NSAM 

110 lFCIADPO.GE.lADlM1> lAD·PO:IAl)PO•IAD IMI+I . 

200 

210 

GO TO· 105 

NOT ENOUGH SPACE. FOR DATA IN ITRANS. 
FILL FREE BUFFER UP WI ·TH LIMITER. 
lTRANSClTRAPO>:lTRAN$(IlRAL1):1~1071 

TRANSFER BUFFER f .ILLED UP • STORE ON DISK • . 
WRITECIDISK>IJ.RANS 
IFCSWITCH<l>> CALL CLOSECIDISK> 

.INCREMENT RECORD .NUMBER BY 1. 
IREC: IREC+ 1 

STORE CURRENT SAMP·LE TIME INTO TRANSFERBUFFER. 
ITRANSC'l ):MI N*64+ISEC 
ITRANS<2>:MIS£C 

RESET TR~NSFER BUFFtR POINTER. 

,..., 

-

-· 



c 

. 
1 TRALI: 25 0 
GO ·to UJ0 

THERE ARE No· MORE DATA FROM THIS CHANNEL IN A•D BUFFER. 
RESET 'A•D BUFFER POINTER TO BEGIN OF CURRENT CHANNEL. 
IADPO:IADOLD+ICKAN 

C STORE REQUIRED DATA FOR EVALUATIONS INTo· GENERAL DATA BUFFER. 

. c 
,... c 

,..... c 
c 
c 

c 
c 

-c 
c 

' c 

c 

400 lPOINT:lGBST<lCHAN) . 

410 

CALCULATE . INCREMENT FOR EVALUATION POINTER. 
INEVAL: N.CHANS*·NEVAL< I CHAN> /MSAMP 
IEND:IPOI~T+NGDS<ICHAN>.;l 

LOOP RUNS FROM ACTUAL ·DATA- PO-INT TO THE END OF CURRENT 
BLOCI IF THIS ·CHANNEL. 
DO_ 410 -IPT:IPOliT,IEND 
IGDB ( lPJ'): lGDB < IADPO> 

INCREMENT A•D BUFFER. POINTER. 
IADPO:lADPO+lNEVAL . 

IF<IADPO.GE. IADIMI) IAOPO:IADPO•IADIMl+l 

ALL DATA FOR EVALUATIONS 'IN GENE'RAL BUFF'ER? 
IF<IPT.EQ_.IGBPT<ICHAN+l>•l> GO TO 450 
T. 
WRIT£(8,411 > IPT 
FORMATCI6) 

NO, INCREMENT GENERAL .SUFfER POINTER.. 
1GB ST <I CHAN>: IE NO+ 1 
GO TO 500 

C CALL EVALUATION -ORGANISATOR. 

. c 
c 
c 

c 
c 
c 

c 
c 
c 

450 CALL SO£VAL<ICHAN> · . 

500 

RESET GENERAL BUFFER POINTER. 
iGBSTClCHAN>:IGBPT<ICHAN) 

CONTINUE 

EVALUATE <IADOLD INCREMENTED 8 Y USERLENGTH> MODULO 
A•D BUFFERLENGTH. 
lAD OLD: I AD OLD+LE NG TH*NCHA NS 
lFCIADOLD.GE.l.ADIMl > lADOLD:IAD OLP•lAD IMI+·l 

GREEN LIGH:T FOR PIODIFICATI'ONS. 
LIND: 1 . 

RETURN 
END 
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T TT T~\\~DT2 SOMMM SRC 

c 

c 
. c 
c 
c 
c 

c 
c 

c 

SUBROUTINE S 0 M M M 

MAN - MACHINE • MESSAGE • 

VERSION I~ CFF 5/10/74. 

DUJENSION IOPTC5) 

COMMON /~0/ICHAN, INS·T5, lDAT C4> 

DATA NOPT./5/ 
DATA INSTR/5/ 
DATA IOPTC1l,lOPT<2>,IOPTC3>,IOPTC4),10PTC5)/ 
I · . ,35, 29, 21, 39, 23/ . 

ICHAR:•29 
C*** ID. 

• 
200 WRITECS,2> ICHAN,INST5,1DAT 

2 FORMATC6H SOMMMt6lS> 
C*** 

INST5:INSTR 
C WAIT, UNTIL FAST lNSTRUCllON TABLE MODIF'ICATOR SETS INSTR:0. 

c 
c 

1~0 lFClNST5.EQ.5) GO.TO 10a · 
ICHAN~0 
DO 5 INSTR: 1,4 

5 IDAiC1NSTR>:0 
105 IDATCINSTR>:0 

INSTR:0 · . 
110 ISIGN;:l 

111J 
NEW INPUT? . 
IFCITTCARCIOUMMY>·176.EQ.ICHAR> GO TO t0 
DO 120 1:1, 100~0riJ 
CONTINUE 

C***** 
ICHAR:ITTCARCIDUMMY>•1.76 
T. 

6 
C***** c 
c 
c 
c 

c 
c 
c 
c 

c 

I 

211J 

30' 

WRITE<s,6>ICHAR 
FORMATC10X,l3>. 

CHANNEL.# ALREADY KNOWN? 
IFClCHAN.NE.ril> GO 'TO 20 

IF NOT A VALID CHANNEL I, lGNOREI 
lF(ICHAR.LT.I.OR.ICHAR.GT.7> GO TO 10 
ICHAN:ICHAR 
WRITE< 81 1 liCHAN 
FORMAT<sH CHANN~L,l3> 
G·O TO 10 

INSTRUCTION ? 
DO 30 1:1,.NOPT 

ATTRIBUTE CH.ARACn:R TO ITS OPTION. 

IFCICHAR~EQ.IOPT(l)) GO TO 40 
CONTINUE 

....... 

·-
... ..... 
:··; 

··~··.· .· 
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c 
c 

c 

c 
c 
c 

4 

.a.hwA•• " "'A-'. 'Ju nvJ ii..i ni'IVWIV( 

IFCINSTR>50,10,50 

FINISH LAST INSTRUCTION. 
1FCINSTR.EQ.0.0R.IDAfCINSTR >.EQ.0) GO TO 45 
1FCINSTR.NE.2> IDATC1NSTR>:2**IDATCINSTR> 
WRITE<~~~>IDAT_ CIN.TR> -
FORMAT< ·ltJH NEW VALUE,Is> 

45 · INSTR:I 
WRITEC8j3) INSTR 

3 FORMAT <12 H INSTRUC.TION, 13) 

IS INSTRUCTION A~ CGO>? 
IF<INSTR•5)10,200,10 

C IS CHARACTER A MINUS SIGN? 

c 
c 

c 
c 
c 
c 

c .. 

50 IFCICHAR.£Q.•3) GO TO 60 

IF CHARACTE·R NOT A DIGIT, IGNORE. 
IF <"ICHAR.LT .B.OR.ICHAR.GT • 9> GO TO HJ . . .. 

NOT THE ONLY DIGIT OF THE NUMBER? . 
IDAT <INSTR>: IOAT C 1-NSTR>* 1.0+1 SIGN* lCHAR 

IF NUMBER OUT OF RANGE, IGNORE WJ-iOLE INSTRUCTION. 
IFCINS.TR.EQ.2> -GO TO 110 
IF<IDATCINSTRl.LT.0.0R~I~ATCINSTR>.GT.l6) GO TO [05 
GO TO 18 · · . . 

C IF NOT A MODE CHANGE INSTRUCTION,. IGNO·R£ MINUS .SIGN. 
60 IF(lNSTR.EQ.2) ISIGN:•ISlaN . 

GO TO 10 . . 
c 

END 

PIP Vl3A 
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T TT..DT2 MAX SRC ..... 
r 

.liTLE MAX 

''f"" 
.GLOBL MAX,GETARG,GETADR,.GETAD,.GOTAD ,.., 
I . . 
I 

~: 
AiElURNS THE BIGGER VALUE OF . TWO ARGUMENTS 
/CALLING S~QUENCEa K:MAXCI,J> · . . 
I 

~. I 
,.., 

/VERSIO~ l, CFF 5/10/74. ,. 
,.... I 

MX XX· IENTRANC~,EXIT 
LAC MAX 
DAC* •. GETAD /STORE STARTADR • 
JMS* · -..(~ETARG 
DAC II /FIRST ARGUMENT . ,... . JMS* GETARG 
DAC Jl /SECOND ARGUMENT 
TCA ·t-J . 

f?' TAD 1 /l•J ~ 

SMA /NEGATIVE? 
JMP POS /NO. 
LAC J /YES, I.E. J:MAX 

.... ~ 

SKP 
POS LAC I /I:I'lAX 

JPJP* MAX /RETURN ~ 

I 
.END MAX 
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.T TT..OT2 1POWR2 SRC 
· I"' 

,.... 

.TITLE IPOWR2 
r"' .GLOBL IPOWR2,.GETAO,GETAOR,GETARG,.GOTAD ..-. 

I 
I 
/VERSION· I, . CFF 5/UJ/74. 
/RETURNS AC:•l, IF ARGUMENT A POWER OF 2, 
I . AC: 0 OT-HERWISE. ,.. /C~LLING SEQUQE .. CEa I:·IPOWR2 <N> • .... 
I 

IPOWR2 XX /ENTRANCE,EXIT · 
,.... LAC IPOWR2 

DAC* .·GETAD . 
JMS* GETAR(J 

... --. TCA /COMPLEMENT !.-,., . • . 

DAC . INCOMPI /STORE COMPLEMENT OF ARGUMENT 
LAC ' (I /LOWES.T NONNEGATIVE POWER O.F 2 ,... 

I 
DAC 11 

I ,_ COMPA TAD INCOPIP IDIFF.ERENCE 1 ARGUMENT-CLIMBIHG t2 ..-., 
SMA /NEGATIVE? 
JPIP D~CIDE /NO. 
LAC I 
RCL /NEX·T POWER OF 2 
DAC I 

iP' 
I 

JMP COMPA /CONTINUE LOOP A 

DECIDE SZAI CLC /ZERO? 
(!bl CL~ I.FALS£.:0 

JMP* IPOWR2 I.TRUE.:•I 
I 

•£·NO IPOWR2 .. ~-.. 

~· PIP Vl3 A ~ 
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r-

,.,.. 

~ 

r 

F'-

~ 

""' 

T tt .. OT2 _ITTCAR SRC 

• TITU: ' ITTCAR 
/ 
/I TTCAR PUTS LAST TYPED CHARACTER C8 ITS 10•1 7> 
/INTO AC. 
I 
IVEHSIO_N 1, CFF 5110/74. 
I 

.Gl.OBL I TTCAR 
I 

KRB: 700312 .­
/ 
1 TTCAR X-X 

KRB 
JMP* 

I 
.END 

PIP VJ3A 
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