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ABSTRACT

This thesis ·describes the development of a prototyp.e :
.

.

.

microproc·es$or-based faul t recorder ca�ble·. of digitally
recording power syste� trans,iertt .waveforms. The recorder·
can moni tor. and record 16 event channels and 8 analog chan
nel.s wi th signal bandwid ths of 350 Hz, or 16 event channel s
and 16 analog channels with signal bandwid.ths of 180 Hz.
The recorder may be .synchroni zed to an. external sa tell i te
controlled time base.

General information on the system. hardware. and softwa·re
is presented •. Resul ts of laboratory tests,· a description of
field test.s· and. recommendations for further development of·
the system are included. .

.



v

-. TABLE ··OF CONTENTS
�

Page

.

. Co.Pyri9ht . ii .

Ac kno.wl ed9 emen ts· iii

Abstract iv

Table.o.� Co.ntents v.

List o.f Fi9ures
'. '.

Vll

List ·o.f Tables viii

List o..f Abbreviations ix

. 1
. Intro.duQtio.n
·1.1

' ·Overview
1.2 : . Desi9n Obj ectives

1
2

2 Oigita.l· .F�qlt Recorder Hardware ..

2. I Introductlo.n· 7
2.2 Micro.pro.cesso.r Se1ectio.n ·7
2�3 ReCo.rdin9 Device Selection. 9
2.4 Hardware Descriptio.n 10
2.5 Pro.cess9r· 11
2.6 Memo.ry· 11·
2.7 Serial.Line. In·ter£ace :13
2 .• 8 F10.ppy Disk. System· 13
2.9 Ana1o.g to. Oi9 i tal Converter 14·
2.10 Anti-AI iasin9 Fil ters 15
2.11 . Parallel Line Interface ..

··

.. 16
2.12:· Satellite Clo.ck Interface .·16·· .

2.12.1 Custo.m Satellite Clock Interface. 16··
2 .• 12.2 Ps.rallel Satell i te Clock Interface· 22

2.13 :. Packag ing . 24··

3 Digital .Fault Reco.rder S.o£tware
3.1 In tro.duc t10.n.
3.2 .. : So. ftwa r.e Develo.pment System·
3.3 .. Data Structures.· ..

3�4· Data. Acquisitio.nand Tri9gering
3.5 ... Fault Data Manipulatio.n

.

3.6.
..

Wavefo.rm Re·constructio.n. and Display.
·3.7 Miscellaneous Routines

25
25·
·27 ..

3" .:

41
·.·43

44- ..



-. 4.

·vi ..

Evalua ..tion .2£. Recorder Performance··
4.1: . .lntroduc tlon .

4.2 . Laboratory 'ests
·4.3. ·Field .Test Results,
4.4 Conclusions and Reeommendatiom!i.·

5

6

ReferenCes

. AP�endices
..

.

.1 Low-Pass Fil te:r Details
6.2 Waveform. Rec.on.stt'uc tlon Fil ter Deta i1 s

6.3 Hardware· Con·fi.guration ..

6 •. 4 Satellite Clock·lnterfaee Connection
6 � 5 Comm.and Man.ual

.

6 ...6. Recorder program Listing
6.7 8748 program Listing

-. Page

47
47
59
61

66

68
72
·76
·.78
$1
un
176



vii

LIST OF FIGURES
.-

Fig •.
.

2.1
.' .'

Dig ital faul t recorder hardware .'

block. d iag ram
.

. 2.2 . Real-time-clock interr:upt 'generation .

2.3 Time data to. LSI-II·

.

Page ...

·

12

2.4 SPC standard clock. interface bit
. defin! tio:ns ..

'

. 18

21···· .

22

. .

·

3.1. . Software' d.evelopment system'

3 � 2 .' Single s.ample data block

3.3 Oi.sk 'layout

3.4 Software block diagram

3.5 Real-time-clock interrupt service
routine

26

28.'

31

32

33.

3.6 . Analog to .digital converter inte·rrupt
.service routine

35

3.7.
.

AcquirE;ld data ring buffer

4.1 Labor.atory test hard.ware connections

4.2 power-up response'
·

4.3 Recorder. operation 60. Hz . 2.4 Vrms·

4.4 Start command

38

4.5' . Fault 1 tharin�l 0 signal
·

4.6 Fault. 1.Channel 0 commands.

4.7 Frequency resppnse 60-180 Hz
48" Hz sampl ing .

4.8.· Frequency response' 60.-180 Hz
No. waveform- rec.onstruction

48

49

50

52

53 .

53

5S

56

4.9 960 Hz sampling :power-up printout

4 .l�. Frequency·· response 60�350 Hz.'
960 Hz. sam'pl ing .

57

58 -.".

.
.....

"

4 � 11 . Event channel test' 59



.

viii

.

LIST OF TABL.ES
---'.

.

TaJ:)l'e .

2.1 Clock selection bit interpretation

.

,

. Page.

.19..
'



.. AID

ALE

BCD·

CPU

CSR

CT .

. D/A

DEC

. EPROM

I/O

IC

MODEM

PROM

PT

p.ti.

RAM·

ROM

• SPC

TTL

.
.

LIST OF ABBREVIATIONS·

- Analog. to Digital (conversion) ..

- Addre.ss Latch Enable·

._ Binary Coded: Decimal
- Central Proc�s$ing Unit

- Comm.and and. Status Reg ister

. _ Current Transformer

_ Di9 ital to Analog (conversion) .•....
_ Dig ital Equipment Corporation

• E·.rasable Programmable Read-Only Memory

-Input/Output
.. Integ rated :Circu.i t .

_ Modulator/Demodulator

- Programmable Read"'Only Memory.

- Pot·ential Transfor·m.er·

- Per Unit.·

- I:landom Access Memory

_ Read�Only.Memory
.

.. ; ..
.

.

- .Saskatchewan Power Corporation
.

- Transistor-Transistor L09ic



'" :

1. Introductiori

1.1 Overview. ...
. .

. ....

'.
Advances· ·in the. field of digital elect.ronics are bring-

ing •
. increa.s:ingly complex computer .appl�cations into the

realm', of econee tc feasibility.·' Digital processors are

simul taneous1 y and. rapidly becoming more powerful .and .1ess

expens.ive. This proj ect is' the . appl ication of the. current

level. of microcomputer technology. to crea te a research tool

in the area of· power system fault recording. The app1 Ica-

tlon presently requires all. of the power of the processor to

giv.e performimce in the desired range•. However, the rapi.d

advance of the state of the art in mini a:nd· microprocessors

promises to' make future versions of the r eeo rd er not·· only

more. powerful, but also .less expensive.

In power system swi tching sta tions,. instrumenta tion is

required to monitor,' control and record quantities.associ-··

ated with power· system operation. Traditionally the. record ....

.

'. .... '.

ing system has consisted' of an analog 'strip chart. recorder'

writing. on 1ight";'sensitive paper. . Difficulties with this

method rang·e.. from the reliability and mai.ntafnability of any.

precision 'electro-�echanical device. to'. the'" pr.oblems of .. con- .:
verting the data to a form in which it may be processed and'

. analyzed· by .ceapueer s •. .: The latter point.· fs '. of
.

particular.

importance, s Inc e if it were ro.utinely possible to transfer."
'. .

fault information .to a c en craj computer it would provide' an :
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easy means for system �lanners to ensure· tha t their: .systetti
.

.
. simulations were indeed: accura t�.

Th.& Saska�chewan· Power· Corpo.ratiori,· recognizing.·· :the.·

advantag.es . of ·digital techniques, incl�ded faul t recording .....
as a high priority in their • Swi tching sea tion Autom.ationW

proj ect.
.

The .: goal ..of .that proj ect .
was .to perform all

system.
. .

.

A
.
single, rather large, minicomputer was used as a base for

.

the·. system. The succe.sa of the· proj ect lead. to the .. pro) ect

described in this thesis1 namely the feasibil ity of perf<?rm- ..

ing the fault recording .function on .8 microcomputer •

•

1.2' Design Objectives.

The following· design obj ectives were' developed in .

con

sUltation with the.author's thesis supervisors and repres.en

tatives from the Saska tche·wan' Power.· Corporation [5]. The

... reascns behind the obj ective·s are described in considerable
.

.

detail' in the final report. of· the Saskatchewan· Powe{ .

ce r.- , .

. poration switching station automation. project [3].

Intended Use',
------ --

The digital faul t recorder is to be ,a portable. instru-

.

ment capable. of digitizing and recording' samp'les of. voltage

.and current waveforms supplIed by conventional poten.tia.l and·
.

....

current transformers.:· The. recorder is jntended·.. to be.

installed in. switching stations.or· substations .. · on
'

a
.

tem-
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· porary basis.··· The. in,tended uses of the recording system. are'
.

.

.to· provide records of.' faul t data. (waveform
.

recenser uc t Ien)
.

'. and to provide, data' fQr .the calculatiQns Qf PQwer flQws' dur

ing. system disturbances (lQad shedd ing tests, sys:tem stabl1-

i ty stud.ies) •.

· Sampling !!!.2 StQrage Capacity.'

Carr et a1(2] ,,·have indicated that' the minim.um, sami)lihg •

. rate' fQr reasonable wavefQrm reconscr uc tacn is 24" Hz·. A

miriimum·Q·f 7 channels are required to' mQnitor .che 4 cur renea

and '3 VO''l tages Qf a single' transmissiO'n 1 ine·.· . A higher sam ...

pIing rate and larger number Qf channels are desirable.. At

least 16· channels Qf digital signal.s must alsO' be sampled'

and recorded. The'
.

rec.order shQuld··· prov Ide at least 2

seccnds Qf·· prefa'ul t '. and 120 secQnds Qf PQstfault informa

tiQn. '. SQme Ind fca t Icn Qf . the amount; Qf recording" space"

remaining should be pr cv Id ed •. The record ihg·. time shQuld be

.' adjust,able and shcul.d be dependent en the con t inued pre'sence
Qf a . system· di·sturbance. Thus,' a. record ing will' have a

minimlJlft duration �hich'will be exceed'ed if . the disturbance'

which in1 tiated the data acquisi tiQn perSists for longer

than the specified recording .duratiQn.

· Triggering

. .

oa ta aequt si·ti'Qn may be tri9.gered by any selected c·han";'·· ..

. nel
.

or '. channel s:; .. Tr iggering can b:e set to occur wherf the
.'

rate' Qf change Qf the signal exceeds a
.

preset val ue.,"
.

The'



trigger thresholds :.' must'· be easily adjustable. Triggering.

will also be possible froIn. an external.' contact.· c Losur e '. or

change c;,f state on a digital input.

Tililing.Options

The digital' faul t recorder . will' incorporate a real

.

time-clock to set the sampling rate and to maintain the date.

'. and' time. provision. must be made for· attaching' an external

time. signal (such as' a sa tell i te-controll ed clock) to the

'. reco.rder. The satel,lite clock option allows data from' geo

graphically' remote recorders to be compared and analyzed on

the same time base.

Acc·uracy . .!!!2 Rang.e·

Vol tage signals should be measured to an
. accuracy. of·

0�2% 'of 1 p.u.-. . Overvol tages of 4 p.u. should be .recorded
.

. .

wi thout 1 imi ting •..
'

Current signals' should' be mea ..sured to an '. accuracy.' of

1.0% of 1 p.u.. Overcurrents of 28 p.u. should be recorded'
.

.

witholJt limiting."

.
.

These objectives reflect the. quantization· inherent .. iil

digital reco rd Inq , There'is a direct tradeoff' between .' the

1 p.u. accuracy and· the. maximum signal. to be recorded

without.· limiting: (assuming a linear analog to digital cers

verter)·�
.
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Interfacing Re9uirement�.·

The micrO.cO.mputer .hardware· will· hav.e analO.g. inputs

capable O.f. measuring input stgn"ls frO.m ";10 to' +10 vel t.s.

Digital inputs will be TTL compa t Ib I'e •. This prO.ject d,eals

O.nly with the ·.hardware asseciated with .the microproc.essorso
Signal isO.latiO.n and cO.nditiening will b·e suppl i�d by SPC' to

.

cenver e the ·signals· frO.m standard PT's and eT's to the
.

.
desired range.

InteractiO.n with the·.system will be through a ·standard

serial l.ine whic� may be cennec eed to' a ha.rdcO.p¥ or video'
. .

terminal, e r thrO.ugh 'a mO.dem to' the telephO.ne netwerk.·

Ontario' HydrO..· has shO'WO the. advan.tag·es Q-f being· able to'

remotel y acceas: recerd ing devices( 4]. .. Oa ta tr.ansfer frO,m

the· stO.rsge: med ium will .be pessible· en. the serial 1 ine

altheugh this will O.nly be prac t Ica.l fer tr.ansmitting· short

r eco rd s ,

PackaSing Requirements

.
.

.

. The system should be packaged in a
. portable· enc Ieaur e

suitabl.e. f�r. use in. a switching station (.indO.er). envir:on-
. .'

.

mente . The system must be capable ef operati.ng in' an electr:-
.

icall y
..

no. isy envirO.nment •..... Suffic ient. electrical shielding

and fil tering ·mUst be. prov Id ed to'. pr even t
"

this ne ise frO.m

interfering with the O.�eratiO.·n of the· unit •

. The system must be pe rtabLe and general' purpose since a

. specific test·. site ·was net cho sen ,
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�owe� Calculation

. .

.Another obj e�tive that received. some discussion waS th�
'

..

real .... time
.

calculati.on of power flows in the Reg in� South

minicomputer' installation�' ·This calculation was fel t· to be.
.

.
..

desirable· .since. it· would allow tr i9gering from power flow·· .'
.

disturbances as well .. as from· current· or vol tage distur-'

bances.
.

In
.

addition, .i.f. only'· .the power flow signal was.

recorded,. a sUbstantial' reduction in the amount. of data. to

be recc rded wduld be achieved •.

This objective was discarded early in the -development·
.

.

of the recorder since no available microcomputer was power-

.ful enough to. perform the required calculations.'
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2.' Digital.Fault Recorder Hardware

2.1 Inttoduc.tion

Once the r eco rd er design goals were specified, possible

methods. of implementing' the system were considered.' The

first tw.o sec.tions of· this chapter out! ine the major' deci

sions made rega(ding the recorder hardware. • . Following this,

a description' of the hardware elements of' the recerder is

presented. HardWare constructed specifically for this pro-

ject is discussed in.more detail than hardware which was

simpl y purchased.

2�2 Microprocessor Selectiorr- .

.'

The cholce of mic.roprocessor is critical as. .i t '. affects

almost all· the' subsequent bardwa r e and software aspects of

the system. The. points which must be considered in' select

fng
.

a microprocessor for a particular application inClude

power consumption, speed,. instruction set, availability
'" ..

of.
. .

. per t phe r e l s and 'cost.' An additional point is ease of pro-
.

.

'. .

.

grammability; .that is., once the hardware has been selected,"
, .

how much' difficul ty will there. be in writing, testing, and

debugging the so·ftware. Because the faUlt recorder was to
. .

. .

'. operate . in the swi tching sta tion, power consump.tion was not

-.

considered a factor in processor choice' fo.r
'.
this .... applica-.

.

.

. .'
...

. .

.'
.

.

tion.
". ....

..' .... ". -,

"

..
"

."

.'

.' .: ', ... '

..

. .".
.

'
.

..".. ..

The processors widely available at the' time'·' that this'
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chc Ice . was b.eing . made... were the Intel 8080,. the M'Otorola
.

. � .

.

6800, and the Digital Equipment C'Orporati'On·. LSI-II. These.

'. prce essc r s. "'�re desc::ribed in detail in refer:�mce's 13, 18. and.

15 respectively. ' All three were available as.' packaged' sys

.. tems inclUding case, P'O'\tier supply; card-cage, and backplane •.

Similar peripherals were available at abcut; the saine·. cost

f'Or .all three.

.
.

.

. .

.
.

All. three process'O.rs· were fel t t'O be fast

enouqh t'O meet the. r ecc rder requiremen·ts. The 8080 and the.·'

6800 are 8�bit. micr'Opr'Ocess'Ors and the LSI-ll is a 16-bit

micr'O.pr'Ocess'Or •..
" The 16":,,bit word length 'Of the LSI-ll' was .:

considered' an advantage for dealIng wi th the data fr'Om the

12-bit analog ee digital cenver ee r, The LSI;;.ll. ean . operate'

directly 'On fl'Oating point numbers, an ability·n'Ott shared by

the 'Other .. tW'O m Ic roproc easc r s •. This Ls an impo.rtant feature

f'Or this application because 'Of the large am'Ount 'Of fl'Oa.ting

po In t, arithmetic done in the wavef'Orm rec'Onstr�tion portion

'Of the rec'Order.

The fact'Or . which .' m'Ost· .: influenced the selecti'On: of

m Ic roprcc easc r was :that 'o'f' prog·ramJilability. Use 'Of either"

the 6800 'Or the 8080 would have necessitated wr i ting .all of

. the s'Oftware· in assembly language. Higher. level languages

existed f'Or 'tilese. processors but. could no t be. used '.

as .' they

we.re e1:th'er too slow, or required' the purchas'e '0·£· an .experr-
. .

sive d.evelopment system' from the manufacturer. .: ced e f'Or 'the ..

LSI-II::'. could
.

be written' and . tested '·on .. ·the· Electrical····

Eng ineerlng PDP-11/60 and then loaded into· the. LSI-II for
.'

e�ecutiori.· . In addi tion�

.

·software f'Or' the '�SI�ll could be····
.:
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writterl either' in. assemblY"language, or' In··a variety of

hig.h-Ievel·. languages' available on the larger members. ()f the

POP-II family. .

.

... ...
.

. :.' .' ". .'
.'

.

.'
. '..

After consideration .o f the above factors t.he LSI-li was
•

chosen" as the, microprocessor. for use in the digital' fault

.
recorder.

2.3 Recording Device Selection

The second major hardware component in· the digital

faul t recorder is the d ev tc e- upon which the 'data will ul ti:"

mately be recorded. The devices available to .' inte·rface.· to'

the LSI-Il were· magnetic tape, both cassette and standard

9-tra�k,. and magnetic disk, both hard and floppy.

The cassette tape system was el iminated
.

from considera

tion immediately as the recording rate was much too s.low to.

allow continuous recording of·fault data.·

. Nine";':track ma<j',rietic tape was considered. to be. advanta

geous . for several reasons.. Large 'quanti tles of data could

be stored' on a single tape.and· .recording·.·.rates. are hig.h·.
. .

.

The tapeS' .could be read and used. by almos.t any other con-e-

puter .system. The major shortcomings of mag-tape,' which

p.recluded its.' use ." in the digital' :faultrecorder, were'the

high cost and la.rge. size and weight of the tape transport.
. ,,' .' ', .'

"

:.".

In addi.tion" the data on the tape is not,block replaceable".

This means' that.data·may .be written on.l y at"the: end ·of ·dat�···
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already. on the' tape, so 'any' unwanted data could not be'

overwritten without overwriting the entire tape.

Hard disks share the advantages of high record:ing
,

rate

and
.

large
.

data' storage' volume. with nine-track m.ag-tape.

Unfortunately, :t.he only drives availabl·e for' use. with the"

LSI-II used. re�ovable" cartridges, a's' sealed "Winchester"

drives were -. not.' yet availabl.e. .

The . removable-cartridge

drives .: were heavy, expensive, fragile, and r'equired a cl ean

.
envir.onment in which to operate. This woulq have defeated·

.

the portable nature of the recorder, and so ba rd ·d·isks were

dropped from consideration.

Thi.s leaves,'only the floppy disk as a recording medium.

Floppy disks suffer from limited. storage capacity and

record Inq rates, "but have several.adva·ntagesfor this appli

cation. They are Slilall, lightweight, quite rugged and inex-

.
pensive, all of which are 'factors critical to'. the. digital

faul t· recorder. '. They share with mag-tape' the advantage of

industry�wide compatibility •. A more .detailed d.escription of

the floppy' disk system selected .•. for the. dig i tal faul t·

recorder is pre$ented in a following section.

.

.

..

.

:
.

.

.

.

.

'.
2.4 Hardware Description

As de'scribed in the···· pr ev-Ic us . sections, the' d·igital

.' fa ul t '.' .recc rder ... ' is; based on.' an . t.sr-ai mic roprocessor and a

.floppy '.disk.sto r.age •• ·system.
'. .

A detailed :description .' of the

r.sr-i i and per.lI;'h:eral equipment is prev.ided in refe'renees 14 ::- .. :.
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and 15�' The overall structur.'e· of the hardware. is' shown·. in

block diagram form in figure 2.1. The items marked with an
. ... ..

... .
.

star C*) were used only durinq developnent of. the·· digital
.

.

.
.

f�ul t·. record.er, and'. are riot present in the final unit. The
. ,

following sections' describe each of the hardware' elements in

further detail.

2.5. Processor

. ...

"The LSI-ll is the smallest member of the Digital Equip-

ment CorPQration PDP-li product line. It· is a 16;..bit pro

cessor with fixed, and floating, point arithmetic capabili";'
ties. ,Direct memory access allows. peripherals to. transfer

data to or from memory withou.t affecting. processor .. opera- .:

tion. The most severe 1 imita t.ions imposed by the LSI-li are

its abil tty to access only 64k . bytes of m$llory; and the

prese.nce of·' only a single level' of device interrupts. The

LSI-Il is contained on a single 5.25 by 8.9 inch (dual size)

board, and. commuTlicateswith the other ha rdwar e modules via

a 38 line bus. The backplane used in the digital fa\,llt
.

r eco rder . has space for 16 dual, or 8 quad .size boards. ' The

backplane·. is mounted in a 5.25 inch. high standard .. ·.19 . inch

rack-mount ' .. box

.

trol panel •..

, .

al.ong wi th power supplles, ·fans, and a con-

'2.6 Memory

This mod.ule· uses 32 16k' bi t
.

dynamic' memory. chips '.' to.'
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provide 32k. l6-bit words of randomly addressable memory •

. Due to ·the· memory-mapped-i/o arch; tecture of, the LSI�ll only
.

.

.

3.0k of ·this memory could be used.,
.

All the' data· .ta ken from '

..

.

. the. analog. and event inputs are buffered'. in this. memory to

provide prefault. recQrding capability and to prevent the'
. .'

disk heads from being continuously in contact with the

floppy disk •

.

2.7 Serial Line lnte.rface

The ser ial 1 ine . in ter face provides
.

4 RS-:232 se r ial .

lines'· £o·r .. communication betw.een the digital fault r ece rder

and a console. terminal, a printer, and other c.otnputers.. It

also gene·rates the timing Signal which. fixe's ·.the sampling

rate of the recorder. Thoe use of one of" th.e '. 'channels . to

provide this real-time-.-clock facility is described in the

satellite c l.ock interface section. The data rates. of. the

remaining three. channels may· be. individually adj usted from

150 to 38400 bit� per $e�ond.

2.8 Floppy Oi sk System' .

A, OSO-440 dual drive, single sided � .

full, si iii, ..

'

double

density' 'floppy. disk system is· used in the digital fault

recorder. The DS0-440 is a complete emulat'ion ,'of the' DEC

RXm2 'floppy disk sY$tem.· Each diskette has a, storage capa

city of" ,,$1.2,512 bytes.··· The dr.ives· 'and �ontroller. are
.

..
. ..

mounted in a separate 5.25 inch rack mounta,bie enclosure •.
'

,
.'
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The controller interface· Is con ta Ined on a single,. dual

size, board and is connected to the drive subsystem .by a 26'
• <.'

pin .ribbon cable. '. The· controller. interface uses direct

memory access to transfer data to and from the d ig1 tal faul t

·

recorder's, memory •.
" This is the most sophisticated . form' 0.£

· input/output. available in an LSI ....ll system.'. It has. the"

advantages of high sPeed and little or no program interac-'
.

.

tion after the ini tisl start�up.· The reduction in processor

load provided by DMA disk I/O is c.ritical to' the operation

of the digital fault r ece rdar , If the disk.did not provid.

DMA I/O the LSI-li would not have time to service it and

still perform the sampling and triggering function·s.

The maximum sustained data'. tran,sfer· rate to the fl.oPP¥

disk is about 16000 bytes per second. . This proved to be the

factor which limited the- sampling rate, and number of chan

nels, of the digital fault recorder.

The floppy disk controller In ce r faee boa rd : also con-

·
ta.ins a bootstrap prog.ram stored' in non-volatile read�only

memory. On pOwer�up, this ·program reads the digital'· fa·ult

recorder .: software off the disk into memory, and then begins

execution.'

· 2.9 Anal.og to Dig i tal Converter

. '.

The analog' to digital converter samples. the analog sig- .'

nals from the swi tching station P'l" sand CT's and converts
. '.' .

.

them to a d ig1 tal representation�
.

A oa ta Translation 0'1'1761
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conve.rter· . is .'. used in the· d i91 tal faul t record�r·". This aid

converter module. provides 12 bit. conversion accuracy on. each

of 1.6 channels and' is. contai.ned oil a. single quad sfze board ....
" .

A featur·e of prime ilJlpOrtance is that .'. the '.' DT176l' provides

DMA transfer of the.. digitized. data to the digital fault

recorder memory. The· reductLon in ·p�ocessor load prov Id ed.

by DMA operation. o·f ·the. aid cenvereer is critical to the

operati6n of the recorder,

The DT176l may optionally be' configured to· lrlclude. 2

analog output channels. Such a board. was, used during. the

developnent of the. digital fault recorder.

2 .1� An.ti-Al iasing Fil tel'S

There are two separ�te sets' of fil ters in the ...digital

fault.· recorder. One set, with a cutoff frequency of· 189 Hz

is. used when the recorder is operating at its. 480 Hz· 'sam..;.

pIing .frequency •. The other. set, with a 350Hz cutoff ts

used when the recorder" fs·· sampl Ing .. at.' 960· Hz. All' ·the '.'

fil ters are .. active : s�cond-'order Butterworth constructed

around LM124.· quad: op-amps ·'[91'.. 'The fil ter design, and

schematics are . included in appendix 6.1.

The filters are mounted in a 3.5.. inch rack mountable
.

�nClosure' and are ." ccnnec ced: to. the D'i'1761 aid 'b'oard by a
. .

. :. ".
.

'50:pirt ribbon cable .•

'

All the analog and. event in·puts of the·

digital fault rece rder .are:.m()unted .on the fro,nt.ofthis .

.

enclosure •.
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2.11 Parallel Line Interface

This d�l size board provides .the 16 event' inputs... to·
. ..
..

.

the. d.igital fault r ecc rder ,. It is a Data' Tr.ans1atiQn OT2768'

which is equivalent to the DEC ORVll •. All inputs' a.nd . out�·

p.uts are TTL 'compatible� The recorder .places a status word
/

on the 16 out'put lines of this interface. Other devices may

use this. status word to monitor. the· ope.ration· of the

recorder.'
.

Our ing developnent of the recorder software this

parallel line interface· was . used as a high speed link

between the .recorder and a host computer.

2.12 Satellite Clock Interface

The sa te.11.i te clock interface took. two· forms during the

development of. the dig i tal. fa ul t recorder. The first inter- \

face was a custom constructed
.

board which allowed direct

. connection of the recorder' to an Arbi ter Systems sa tell i te .

clock. receiver [16].· The' second. interface consisted 0·£
..

two

1 ine interfaces identical to tha t desc.ribed in: the'parallel
.

...

.

.

.
: .

. ... ..

previous. section. This version accepted· timing signals in' a .

form that SPC has standardized on. These lnterfaces are

. described in the. f.ollowing two subsectLcna.,

2 e
.
12.1 Custom···sateLl ita· Clock' Interface'

. As mentioned' in the: :ptevious· paragraph, this versten of
. .

.
.

'.

the. satellite c l.ock interfac.e was constructed especially for

the.dig ital fault . recorder. The. inter fac,'e requi rements were.'
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fel e to

. .

....

'. ". :,'" "':. ", "

. '. .

.

'.'
'. ..' .:

be complex en�ugh to warrant use of a micr�proces-

'sc r , The jnterface was constructed on �.. ·dual-width .wire

wrap' module and was based. on an Intel 8748 sin9·1e chip

mIcrcpr cc eaec.r [12] e .

' The .8748 was chosen .as it was', a eom

plet'ely self-:contained device,. wi th on-chip I/O , timer,

RAM, and EPROM �' ..:

The. software for the 8748 was wr;it.ten in a.ssembly

Lanquaqe and assembled using .. a cross-assembler, running under

the UNIX operating system. [7] • Th.e program was burned into.

the 8748 .' EPROM using an EPROM prog rammer connee ted to. the.

PDP-II.

The first function performed by the s�tellite clock

interface was·· to generate an accurate timing. signal to set

the sampling rate 'of the digital fault· recorder. The

hardware for this functio.n is s.hown in 'figure 2.2. The IC

. numbers. ·refer to the post tion of the IC on the interface

board.' The.Address Latch Enable (ALE) output of the 8748 is'

a TTL level' signal which ,operates at 1/15 of the cLock
:

fre

quency of the 8748� A 6 MHz crystal was used to provide the

timing reference for the 8'748. The 400 ·kHz ALE signal is.'
. .

.

.

passed through rate·. generator IC SF' and .emerges as'a 120 .kHz

sig.na1 . which Ls fect through' three d ivid.e-by-s IC' s (4F, 3F,

2F). to emerge as a 960 Hz signal.' This signal is' therr
" ..

passed back .through other portions of 2F,. and ..3F to provide'

480 Hz arid 240 Hz signals� All�three clock signals are sent
. ..... .

to. the anti-aliasing' filter boacd which selects one of them'
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and returns it to' the satellite clock interface board. Thus

the sampling rate is set &utomatically·bY.the.· selection of ..

an anti-.al iasing cutotf.". frequ.ency. The .

cLoc k .signal . is

gated by CSR bi t 6 (real-time-clock . interr.upt . enabLe). .and

then passed to . the bus event line •. pulling this 1 ine low

causes the' LSI:".ll to perform an'. interrupt service. through
. .

.

address 01008• Use of the bus event 1 Ine to generate inter-,
. .

. .

rupts resglts io.'a considerable. simplification of the .�atel�
.

. .

Ii te clock' interface as no interrupt acknowled9� or vector.'

genera tio.n hardware need be pr.ovlded. In o·rder tha t the

LSI-1l .

can.· determine which·. clock frequency. has' been

selected, the fil�er board also controls bits .0 and 1 in the

CSR. The .s·tate ·of these· bits. is interpreted by the LSI-ll

as shown in table 2.1.

ai.e 1 B.i t 0 In terpret'a tion'
13 13 240 Hz clock.
13 1 480 Hz clock
1 0 96'13: Hz clock
1 1 No fil ter board

Table 2.1 Cl'ock selection bit interpretation.

In. a like manne'r',' CSR bit 2 is controll.ed· by". the' satelli.te

clock receiver • It
.
is high when no receiver is. cenneeeed

.

and is pulled low when a receiver is. connected.

The" second functi.on per.form,ed by the sa.tel11te.· 'clock

iriterface.' was to provide. time-of-day information, to' the.

'. LSI-ll so' that toe time and date of rec'ordings may be noted.
'.'

This' portion' of: the satellite clock'interface is shown in
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figure 2. 3� The t.S'I�ll indicate$ that it wants to ;read' the'
•

•• 0" •

.. .
.

.

time by wri.ting a 1 into .. bit 4. of the C.SR. This r a Lse s P2-3

in the 8148 wbich causes. it to copy' the. current . time and

date to ·a· bUfter' and"then' send the.content.s of that buffer

to the LSI";'ll a byte··at· ·a· time.'·
.

First, three. bits of label

information .. are latched out· to . P2-fiJ through. P2�2 •..'. The time

data corresponding to this label is then latched' out on the

8748·' . bus lines whi.cb also generates a pulse on the WIi·llne.·

This raises bit 7 in the LSI-ll CSR and pin T9 in. the' 8748.

When the LSI-Il seeS CSR bit 7 go high it reads the. time.

label and data from' the data '. reg ister. This' resets' CSR

bit 7 and' 8748 pin T0. When the 8748. sees pin TfiJ go low it

sends the. next label and data byte. This' process Is

r.epeated .. until all the. time and.date information has"been

transferred· to the LSI-ll. This information consists of 5

BCD bytes· indicating the time and date at which the clock

'. was last set, and 5 bytes indicatIng how. many' clock
.

ticks

have' occurred; since that time•. The 8748 timer "ticks" 25013 .

.

'

240
times per second and. thus can time intervals of· 2500

seconds· .

(over 13 years) before requiring .rese.tting.

The remaining hardware on-the satellite clock interface

board was· used to.· set· the -cLock .. Ln the'· .87.48:. The set time

signals may come from either· the satellite clock receiver or

from' the LSI:""ll. If t.he receiver'. is. connected to. the. inter

.

face. it.will .set the 8748 .ct.eck once' every .secend, . If no

.

rece.iver '. is' connected the 874:8 clock is set from the LSI.;.ll·
.

. ..: .

.

.

.

under operator control. Operation of· the 8748 is
..

' identiccU···
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in . both cases, the only difference' is the source ee the set

time signals ...
·

A 1 isting .of the 8748 program '{s
.

contained. in appan-

dix 6.7. The program is short, and' self-explanatory,. so no

discussion of the, program will b.e presented here.

During final testing of the 8748 sa tell1.te clock inter

face, SPC .indicated' ,that a standard'"clock interface .had been

chosen and that it ,would< be' prefer'able' that. the digita.l

fau! t' recorder. conform to this. standard. <Work on the 8748

version of' the sa tell i te
.

clock." interface'. was hal ted and'

design of a new interface was be<Jun. A description of this

Ln te rfac e is prcv.Id ed in the following section.

2.12.2. Parallel Satellite Clock Interface

The. SPC clock interface scanda.rd has 30 data lines and

a single control· line. The data. lin,as are assigned, as shown

, in f:i9 ur e 2. 4 •

�.: "aN I· �.,.+ _••• -1. 4·· .. •·••• .. ··f�· -.;�.�.••••••.••.�: ••.•• "t •••• 'f

I. I 1 I 1 . I . I
.

t I ,.
'. 100 davll ',

10 dos I'
.

clavs 110hrl hours. I 10 lIIin I .'
. lin 1 10 see. J see ,.

I·. I' t I· I. .1 t 1'1, I'
I 29 28127 26 2S 24\23 22 21 2Ot19l8117 16 15 14113 12,11110 , 8.' "' 5 411·2. 1 01
l. ' 1 .

.

I
.

I' I I" til'
.

, 1

t..
.

�.
.'

· n n., �,
. ii' t t -I' I ¢ t '4 ..

"

t

Figure 2 .. 4·' :,sPC seandard clock. interface. b.it .

defini tions.

.
. . '

.. The'rising edge of. the control signal ·indicates. that 'the
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time and 4.ate information on the datalines is valid.
.

. . ':. .'. '.

.

.' . .'
'.

.

'. r.t was .very easy to adapt the digital. f�Ul-�" recorder to

conform .. to this' standard, as all that was'required was to

add two OT276.8 parallel I/O boards to. the system. '. The low

order 16 bi ts . of· the' time and date are. connected. to one'

board, . and the high. order 14 bi ts are· connected. to the

other. The remaining·. 2 bits.' of the .second board are not

used.

The real:"time-clock generation functio.n of the. 8748

Satellite clock interface was not provided by.this parallel

interface ··technique so some other means of gen·e:ration had to

be. provided.. A. commercial" real-time-.clock· b()ard for the.'

LSI-II could not be .. used as all the available un I ts were

based en a·1 MHz' clock and could not' generate· the requt red

960 Hz. interrupts.· It was discovered tha t' the. crystal con

trolled serial"";llne rate generator could be used as an .accu

rate source of 96a H2 interrupts.
.

.'
. .

.

One of the unused .seria·l.l Ine por.ts was designated' as
.

. . .

the" real-time-clock" port. 'This port was then. set for 9600

baud, 8 bit data transmission with no parity, and a single

.stop bi.t.· Thus 10. bi ts a re transmitted in a.' se·rial fashion·
.

'. ....

for' each. byte loaded. into the transm! tter buffer.· . Because

the· serial· line interface uses double. bufferi�g' a byte may:

be load�d. into· the interfa.ce while the. immedia·tel·y preceding'
.' ,'.. :

"

.

.

.

'.

:

byte is b.ei.ng transm i tted.

. \
. .

·If the byte is 10'�d'ed before the

preceding byte hes �been completely .. sent··. the .•... transmitter



ready interrupt·s. wi.Il. occur·' at a. fi�ed rate .of 96" Hz •.

.

. Using every other interrupt. to start a conversion resul ts in

. a 480 Hz sampling' rate.

Tbe LSI-II counts the clock interrupts, to maintain . the

time and date if no satellite clock receiver Is present;' and
. .

.

to provide fault time resolution .better than that provided

by the· sa telli te clock receiver.

2.l3pa;ckaging.

The computer, disk drives,' and anti-alia�!;ing filterS

are' each contained in.a 19 inch rack mountable cbe ss t.s , The

three units require a total of 14 inches ·of (vertical) rack

space and' were mounted in a 4 foot high cabinet. The rest

of the cabinet space was empty. The recorder wei9·hs about

.

55 kg when mounted in the· cabinet.
.

The disk subsystem

requir.es that the ambient. temperature be between 15 and .35.

deg rees Celsi us .[ 141•.
" The' c()mputer and filter subsystems

are 'less restrictive,· requirinq only that .the.temperature be
. .

between 5 and 4" degrees Celsius [15] •
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3. Digital Fault: Rec�rder Software'

3.1' Introduction

This cha.pter. provides' a general. descriptiol'l of the main

software modules. of the system, and·their·interaction. A

detailed discussion .. of
.

every so ftwa re '. module' . is not

presented as the comments in. the listing'. provide suffic ient

explanation of the purpose and operati.on of the'· module. A

full: listing of the digital fault recorder . Sof·twa·re t.s
.

inc1 uded . in append Ix 6. 6 � A command manual for the recorder'

is
.

included in appendix 6.5. A description of the software

development system' on which the software· was wrItten will be

pr eseneed before the rece rder softwa·re is d Lscusaed , In the
.,

discussion of the recorder software variable names and,' reu-

tine names have been underlined •

.

3 .. 2 Software Deve10pltent Sys·tem

.

The digital fault recorder program is . about. 24k .bytes .

long. and is, written alntost entirely Ln the programming

. language C. C is' a .moQern,. g,eneral-purpose' programming'

language and;contains facilities to ease,,:"the development of

well. structured' programs (61. These . facllities .: include:

statement. groupirig� :" decision making. (if� else): looping
..

(whilet: for, do); and .selecting one. of a set·· of' possible
.

"ca·se.s (swi tch) •

'.
.

The major,. features .o f the software· development' system, .
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.

. Floppy
.

.

Disk

Serial" Line

Figure 3.1 Software development system

.' . .

Upon power-up, the LSI-li runs a program that transfers

data from one serial line to the other. Thus, the terminal

appears to ·be directly connected to the· host computer. Pro-··

grams' are. written and compiled on the host computer. using
..

all the tools available under the large operating· -system.
.

.

'.

When the prog raa
. :is to be executed. the system in ·the host

computer '. determines .' that. the program. mus,t be executed'

remotely, .. and '. then loads. the. prog ram into the LSI";'ll •. '. The

terminal now appears to be communicating· with thepr.ogram in

. the LSI-ll •. When· this, program. terminates,. the LSI-II begins

tranSferriI)9 data. between the serial lines .' again,.' and: the"
. .

the terminal' once' again appears ee be connected to the host

. computer. The quick tur-naround. provided by. this' system cen- .

. tributed. muc h .. to the ease of writing the fault:recorder.··
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software·•..•. The' ,development 'system .. 'is similar
.
to

described by Lycklama and Christensen[10].

that'

3.3 Data· Structures

An. Qriderstand ing of the data sl1ruc tures used wi.thin the.

digital fault' r ece rdar is necessary before the. discussion of

.'the software modules that manipulate ,this data can begin.

In. the following :section� the term .' analog ,data' is used to

·
refer to data that have: been taken from. the aid ". converter, .

-,

and the term 'digital·d·ata' is used to refer to. d·ata that

have been taken from the event inputs •

.,

, The fundamental element of.' data manipulated' by' 1:he

faul t . recorder is a sample of a.nalog and digital data. In

order to provide'maximUm data storage and pre£aul t recording

time,
. the analog and ·digital data are packed together as

shown' in' figure 3.2. . The last· 8 elements are n'ot present if

only 8 channele 0.£ analog data are be',ing taken (960 Hz'. sam-

·

pl ing rate) � Thus" at the 960 Hz .. sam,pli�9
.

rate a sample

block . is 16 bytes long, while at the 480 Hz $ampl ing rate..
, a,

sample block is,32 bytes long. '. The data rate' is the saa e- i'n

both· cases; . '.15360 bytes per second • .The. sample n�ber is

maintained as a check. that da·ta· on the disk hav.e· ne t . been

· corrupted. In order' to' reduce the number of bit clearing.

and. setting operations the. sample number, and, event channel'

data, are. stored' as the l's compl'ement of their. actual
I

. value. The
. timing . flaq (f) , if zero" ind ica te;s

'

..

'

. that
.. the.'



�.28 -

.......

-

WOrd 15 .

. . 14 . 13

o
L
.2
3.·.·
·4
5
6
7
8
9

. 18
11
12.
13'
.14

. 15'

e15
e7
e3
ell
snJ··
f
1
1
.1
1
1
1
1
1
1
1.

e14.
e6
.e2
elS
sn2

.'. 1.
I
r
1
1
1
1.
1.
1
1
_1

e13
'&$
e1
eg'".

snl
1
1
1
1
1
1
1
1
1·
I
1

I
3. 2 l' "

Bi t· in W)t.d
12. 11 10 9 8

.

1 6 5 4

el�
.'. e4
e0
�

sne.
1
1
1
1
1
1
1
.1
.1
·1
1.

Analog Olannel 0
Analog. Olannel· 1.
AnalCCJ -. Ch�l. 2.
AnaJ.cg Chanru.al 3 "

Analog Olanne1. 4 .

·M�09. 0Wmel� 5
AnalOg Olanne16
AnalQiJ .Channel 7 '"

Anaio;r Channel 8
Maler; Olannel 9· .

. Malog . au�nn� 19 .

Analog Olannel· 11
Analog Olannel' 12

.

MalOJ�el' 13 -.

MalOC) <llamal. 14·
Ana10a Channel. ·15 •..

Figure 3.2
.

Single sample data block

time and date as·soeiated with the fault ·refer to this sample
. .

in particular'. The analog data are stored as offset binary'

integers, . with 0 corresponding to -10 volts a.nd 77778
corre·sponding to, +9.995. volts.

The sample blocks.· are. written. contiguously on disk·
.' .

number 1 when' a' fault is' detected. Each"disk block holds.

256 bytes, which corresponds to 1/60' th of a second of data, .'
.

. or.one power line cycle.· Thus' the term.'cyc:1e".is.used as a

..
'

syno.nym for a disk block in the. fau� t recorder software.

The' �Hg itai'·fault recorder maintains a set of directory ..

'

. .

.

en er re s . so that data for a particular.' fault may be accessed
. .'

easily. Ea,ch d Lrec-ee ry entry¢onta1ns .all, the: paramet�rs
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for a particular fault. These parameters' inGlude ...
.

. a) the disk addresses Qf. the first arid last block' of

r ece rded data ·f·or·· this fault .. .'

b). the type'·, of' c:lock (in ternal
.

or
.

ex tarnal) in use

when the fault occurred •.

.

c) the· n.umber ..of analog cbannej s., the sampling' rate,'

and' the number o.f samples per power-line cycle.

.

d) the· time and date of the fault.

e) the recording label.

f) the event. cbannel parameters.

g) the analog channel parameters.

h) the. number of pre, and post, fault blockS.

The event channel parameters consist of a channel ,name.'

and' two flags indicating the triggering· conditions .for the .

.

. chann.el.· There are 16 such parameter ..structures, one'. for

each event channel.

The an,alog .

channak' paramete'rs consist o'f. a channel name

and a tr igger'ing
.

level.. There are ·.l6.'.suc.h pa rameter struc

tures, one for each. anal'og .channel. The latter 8 structures

are not used if only. 8 analog channels are being sampled.

.. .. .'

Directory entries ;are contained on' the last half of.' the .'
,

.disk . in: drive···.·(tJ.: An.extra directory·entry not associated -.

·······
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.'. with .any fault is used to store parameters so that they may'

be "read from disk .and
.

thus riot have to be typed in each t:ime

the. faul t. recorder is powered-up.

The layout of the data on the disks is shewn in f19-"

'. ure 3.3. Empty directory sl-01:s In the middle of the d irec- '.

tory table, and· empty. data· e rea s . between other data are

automatically.· reclaimed "b:y the' faul t recorder each time the .'
.'

.

start command is given, by moving· . the latter. blocks down·'·
,

.
.

over the empty space.s. If the da ta on d is.k 1 a re moved, the

corresponding directory entries are. updated· to reflect· the

chanqed posi ti_qn' of the data.

The heart of· the digital faul t recorder conslsts .of the.

routines which acquire data .and watch for fault conditions.

These routines are interrupt d rLven , as shown. in. figure 3.4 •.

·

Because they are so. critical' to. the operation, of the

recorder a complete descrtption of these" routines will be.'

presented.

The primary routine is . the real-time-clock interrupt·
·

service routine' ( rtaint). .: The. clock runs continuously, .

regardless· of . whether.' or . not data· are being • acqutr ed ; The

actions of. the routine are shown In flowchart form in fig

ure 3.5 •.
I Pi rst the 'real-time-clock' is repr imed by wr iting

.

·

into' .zhe serial'" line In ter face.· transm i tter r.eg iste.r·... Th'e .

.
.'

.

"

.

time��·f_:daY counter is. then. incremented and' the ..... sampl ing

;'.
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.

.

'.
.....

.

... ".
. ....

.

.... '

..

'

...
"

.' ......•. .

... ...

.

.

.. .

.

. ...
. .....

.

tick '. ceuneer . decreme.nted.. If the' sampling tick. counter is'

.ne e yet zero the interrupt service routine rE!tturn$.. If." the'

.

counter
.

has . reac hed zero it is reset and the. system status

word is sent' to the {)arallel (event) .interface ounput; . chan-.·

nel. If the system. status word ind Ica tes . tha t . sampl in9 is

to be done (81 t 0 Hi) the· aid converter i.s . started •. If

there is no e�ternal .. ' time-o f-da y . clock connected to the

recorder. the interrupt' service' routine returns. . If there is.

an external. eLock , .. and if it. has valid data, the. time and

date are read. and. the time-of-day counter is. set. to B. The

interr�pt service' routine .. then returns.' Note that the'

time-af-day counter. is ul)dated even when an extern.al clock

is • cennee eed , Thus time and date in.formation is provided

w.i th the. accuracy .of· the. external. clock, and wi th .the reso"

lution of'. a sin9le samplin9 interval.' Da ta. from two,

remote, recorders can be synchronized to withi.n a sin91e

sample. The time-of�day counter is a . 32 bi.t: counter, so the.

time and' date must. '. be set . at least once': every

32 -.
.

2
.96B

seconds (about 51. days) if an external clock is not con-

nected to' the recorder •

.

The. aId converter interrupt service routine' ( monitor),

which impl.ements· the..• tri9gerin9 a.190ritbm,· .is...

· shown in

flowchart form in figure 3.6. This routine is ente(ed·· when

the.
.

aId converter finis})es s�mplin9 the analog channels a�d
"

.

.

·

.: storing the.correSl'Ondin9' di9italdata in memory. '1t8fitst'
.

...."..
.

action .Ls to -ehack that it has not been reenten�d/. that is,
.

that the' previous invocation of .the routine has exi ted. -. If
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. the ro.utine' has been· reentered an ar re r message .�s printed

on' the console and' the program ha.lts. If. the! 'rQutine has

nee: been r.eentered . it then. checks. the state. of .the· sa.mpl 109'

bi t in the. system status word. The monitor. rouc.Ine exits.·
.

.

.

..

if this' bit is ne e high. If the bit. is high, the state o.f

the rece rd Inq bit in the' sy·stem· status word is tested. The

current time and. da·te. ·information is co.Pied if this bit is

. o.ff. Thus, when a faul·t is r eco rd ed this Co.Py indicates the

time and date a t which the faul t \4as detected. .A check is.

then made fo..r a/d cQ.nverter. hardware errors. If an erro.r

haa o.ccurred,· a diagnostic message is .printed and the pro

gram halts •. If an e rre r bas not oceur.red, the event.· inputs

er e read. and. the. aId converter DMA control. reg iste'rs are

reset'. The a/d converter always acquires data ·£'t·om·.. a'll 16

channef s even' if the reco.rder· is sampling at 960 Hz and

usin9' o.nly the first 8 channels. ". The memory into" which .the
.

a/d. converter .places. the data is arranged .as a ring buffer.,

shown schematically in figllre 3.• 7. The a/d pointer points

to where' the' data for the next set of analog data wilt' be·

DMA'd tn ee ; The funct:io:o' o.'£, .. the other' pointers to. thi.s.,

buffer are described: later. in ·this section.

..". ..
.

.

.

The mo.ni tor routine. then checks to. see if an .event
.

.

trigger has eccur redv . First, a check .t s made to see if<any

of tbe event lines have changed state since they were. last·'

sampled •. ' This'. cpe ra t Icn 'is performed. by ·taking. che-.
.. ..

excl�sive-o.r o.f the ev�nt state and the state saved by· the ,.,
.. ". ."..

.

previous. irivo.cation o.f •. ,the
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-. 1 ..cycle
(1/S0.secot'l
of data)

umber of
pretault ... '

• cycles ..

'

. pointer

..

Figure 3.7 Acquired. data ring buffer

changed state, no tti'9g·er. could have' occurred. Any bits

that changed. state are noted as having. gone from the 0 to 1

state. (leading edge), or .fr;.om the, 1 to 0 state (trailing
. .

edge),. Any bits .that went high are checked to see

·

.. if such a

tran.sition is to cause. a, trigger,. and.· if.· so, the·. trigger ,'.

. .' .

flag ', is set.· .. The same operation i.s then perfo.rin.ed. on any

'" bits ··that went low •. The'� leading-edge' i and 'tr'ail'ing�edge' .
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masks are set .. fro. 1;:he· -,
ev en t cbannef parameters.•

The �nalo.9 cbarmefs ar e . then tested. for a faul t .: condi-.

tion. A cha-nnel's current sample is compared with the. sam-

ple on that channel' taken.' one cycle (1/60'th second)

earlier (lastPointer). If the. change is 9reater than the

user-specified limit· for that channel, the.tti9ger·.·fl.ag is

set. BecaUse' of the time constraints on the monitor rou

tine tlle event channels and the. analog
.

channels are not··

.' checked in the same invocation. tn addition, only one quar

ter of the. analog cbannefs are checked each time. Thus· all

the'. event channels, and. each analog channel ate test.ed for a

fa·ult condition. every fifth sample.

When all trigger: testin9 has been c.ompleted:, the. event

data' are packed' In wi th the a·na109 data as described in sec ...

tion 4.3. The monitor routine then exits"if a' full

cycle (1/60' th second) has.' not yet been ta·ken •. If a full

cycle. has been taken (8 samples. at 480 Hz sampf Inq , or 16 at

960) . '. the. .!..!!$ po in tilr is updated to po in tat where the nex t

.' cycle of information will be placed.. If the updated; into

pointer .. is pointing. to the. .sane loqation <as the .. outof

pointer .it means ,that the. floppy disk has not. been able·' to

·9·et· the data out of memory fast enou9h.·· In this,case a
.. .. ..

.
.

·.diagnostic message is printed and the program halts .• I.f the

into ·pointer.·.·ha.s not overrun the outof pointer' the program'

.

continues, testing the:. sta:te o·f. ·the
: recordlIlg bit in the

system aea eus .word·�·
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. If' t'nis bi t is off, the, tr igger flag 1s tested. to sefi
.

. .

if a fault'c:ondition existed anywhere in . the' .cycle •.. If not,.

the outot:':pointer is. updated to point' one . '�ycle furthe.r

.along_ ... If a fault was detected. in the cycle the recording

bit ..
is set in the system status. word· and. the' postfault. block

counter is set· to
.'

the user-spec ified number of postfilul t
.

cycles to be recorded ... The moni t·()r routine then exits.

If the recordin.·g·· bi t ts ·on, the trigger flag is tested

to see if a fault condition existed in .the cycle. If not,

the postfault counter is decremented •. When this
.

. ..

counter

reaches zero the sampl ing bit in the system status word is.

cleared, and data acqufat tion for the fa ul t termin�t.es. If
•

a faul twas detec.ted. in the cycle the postfaul t counter is
.

reset to the specified' number of. postfault cycles. The

monitor; routine then exits •.

In summary, the into po inter is updated by t.he moni tor;
............- ...

routine every.· cycle. The outof pointer is updated by the'

moni tor routine.' every. ·cycl·e unless data are being record'ed

on the disk • In this' case the disk controller software.'

.

wri tes the' data to which the o.uto£ pointer 1s pointing and.
"

.

then updates. the outof po inter., .•. The • distancei by which the

outof po �n ter 1ags< the into po in ter thus set$'· . the . prefa ul t
'

.• recording:· time� . The postfault recording time' specifies, the

amoun t; oL data; to be r eco rd.ed after the fault· condition ter

minates.,· . The' number; of cycles recorded .for· a particular '

.

. fault is' then:.'
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.

.
.

.

.
.

...

where Npre is ·t.b� specified number of· pre£aul t .cycles to· be ..

r sce rded., N
.'

is the specified number of po.·stfaul t cycles
. post .'

.

. .

to be r ece rded , and Nfaul t is the number of cycles fQr which.

the fault condition' exists.

3 .. 5 Faul t Oa ta Manipulation
.

. Writing fault data on' the disk is .the. fundamental pur+"

pose of the' recorder.· This operation is handled by the

start, and· recordfault routines. The seare routine Is

ente.red· .

. from the· command decoder when the user enters the

start c.omm.and. It searches for the first .f.r·ee ..

' .block on
..

disk ·1, removing any unused d.irectory slots and empty data

areas as it proceeds� . If there· is no free. spae'e on disk 1

. an error message· is printed and the command terminates. . If

..

free space does exist the. start routine then. sets' up the'

· trigger masks for the event channels, and. the trigger limits

for the analog channels •..
· The·. aid "converter reg isters are

initialized and' the into' and. outof pointers are set up to
-

reflect the desired prefau! t recording interval." The. sarn-

· pIing ., bit in the' system' stat.us. word is, set, the routine'

wait·s un.til the pr.efault recording interval ha.s·been 'satis";'

fied., then·· a message is printed .. that sampl'ing' has started
'. .

.and· .the ac·tual·. trigger ..parameters a re set. 'The routine then
.',

·

enters a loop; wai ting for the recording flag .: in the',system
.. :". .

status word to go high, or for. an control-x to be .' typed'. on·
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the .. console.... If'. the latte·t· cond i tlon is met the sam.pling.·

bit is cleared . and the start command terminates. If" .th�·

former condition .is met the routine. recordfault is called.

When the'
.

tecQrdfault roue Ine • r-eturns
.
the start routine"

loops, .: star.ting. the process again at the point where free

space is sought.

The recordfault routine fir.st prints a message that.

recording is . in progress. It.· then checks to see if the·

ou.tof poif)ter .

has caught up to the in.to. . po in ter •. '

. If. the'
-

pointer has caught up the sta te of the sampl ing bi t in. the

system status word. is tested. If this bit is low it means

the en.tire fault has been recorded, So a directory entry is

written. and the recordfault routine re:turns. If the. sam-

plin(J bit is high; the routine waits until the into pointer
-

gets ahead of the outof pointer •. The cycle to. which . the

outof pointer points is then written on. the disk and the

.

outof po in ter is updated. The routine' then loops. back to

the point where the check. f·or ..the. outo.f pointer hav Inq

caught up is made -:

The other routines that manipulate the fault· .data a r e
'

rmf.ault,
.
rmlfault," and prfault.

.'
.

The rmfault and rmifaul t .

routines remove all, or a' portion of, data for a
. particular

·.recordi.hq. To remove a fauit entirelya. -l·isplaced Ln the

last block entry of t.he. directory •.
•·
This directory slo.t.· is

th.en. noted '.as empty �nd. will"".b.e overwrit.ten when the start.·'
comm.and fs' .:

'

given.. . To
.

:·remov.e ...... po.rtton·s··: -of· a fault" the
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fi'rst . block .. and.. ·last. block
.

ener Ie s in the directory are.

modlf.ied to pOint to the first and la.st blocks r·espectively

.of t:he remaining data on ·disk 1. A special case of.the

rmfault routine (rm *) causes the, entire directory space to

be cleared. The, prfault routine dHisplays the data for a
.. .

.

specified fault. This· .procedure is desc.ribed in the follow-

ing section.

3.6 Waveform. Reconstruc tion and .Di splay

It is not sufficient for the fault recorder simply to

write· the data on the disk and leave it at that •.
'

Some sort

of display of t.he recorded data must also be prov.tded , For

the. ev'ent channels.' this is qui te slmple; a' table of event

states is printed on the terminal with a line produced for

each change' of event. state,. The .analog channels pose a

sO'mewhat larger problem because of the quantized nature' of

the" recorded data. For sine. waves about 25. sa::r;nple.s per'
. . ..

cycle are necessary for a dot display to give. an accurate

. representation' of th.e signal. Joining the data points with'

straight l.ines lm.proves ':this to. about 10 .samples per cycle�'

Use of a waveform' intEtrpOlation. routine allows accur.ate

display of sinusoidal signals sampled only 2.5 times. per'

cycle •.. This .allows the third harmonic. of a 60 Hz signal,
". sampled at 480 Hz,to.be·displayed. ·The···routine i,p:terpolate -,

infplements the algorithm which is described. fully.' Ln appen- '.

dix 6;. 2. The first and last cycles o.f a fau! t •

can .

.. not '. be

displayed correctly because the, algorithm> uses ·da·ta··points·
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',precedin9 and followin9 the 'point bein9' interpolat�d�
,

chart ,time 720
real tlme

=

waveform dl,splay lncrement (deg reeS)

Thus if the waveform absc issa increment' is set to ' 3 degrees

(of a 60' Hz cycle) the time scaling ,will be 240:1.. ,'The time
,

scal in9 ailows low-cost, low frequency response, strip chart

recorders to': be .uaed . as a faul t, wavefo'rn\ display device.,'

The, fault, recorder is not capable ,of drivin9" several d/a,

display channels simultaneously.

3.7 Miscellaneous Routines

,
The 'other maj or' 'r'outines in .the fa ul t r ece rder are l!!',

which 1 ists various parameters' �nd ex, which ex�mines the
•

... - ....

input channels.- : ,The.!! routine is, interestin9 in i,ts treat-
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ment • of' siJbcommand characters.· .Before call1n9 the routine

getchar to read a characte r from the console the routine·.!!.! ...

is called. This. routine . sets. the terminal raw. i/o mode,'

which causes. character's to be passed to the pro9rani as .' soon.

as they are typed •. Thus the action for the. subcommand char

acters. is. taken. as. soon as the c.haracter is typed;. no car

riage return is required.' This treatment of. the subcommand'
.

characters.' has two maj or side' effects. -. The £11:'st is tha t

since command act.ion -. is taken as .scon as the character is

typed., there is no way of backspacing over, _
..

and reentering

the command.' The other is tha tall typeahe.ad :characters are

thrown away when swi tching into and out of raw mode.

The routine main is the entry point for all C programs.

The fault recorder' main reue Ine prompts the user fo·r the

sampl ing tate to be used, calls bootl to do some initiafiza..;o

tion,' and then calls the routine shell � Shell reads aline

from the >coosole and breaks it into separate arguments. The

first' .

argument is taken to be a command name; the command

table .t s searched; and. if a mate.h is.' found. the.· routine."

corresponding' to .. the . matched.' name is' called. The' special'
. rcue Ine riJ in the command· table causes. shell. to ex!t. This'

is .. how the editor' q' command operates.·' A prototype of the'

command arguments is also conta�ned in the. command table.

The only purpose. of this entry is to allow routines 1 ike.
.

.

"" ".... .
'.

.

.

. .... .'

help and puse to print tbe prototype argument in additiQn to H
H

the command name, .:
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Menu d rIv en Qperator. intera¢tion is . provided by' the

. nl$hell' routine. -, The routine·'nshell pr ints the command' names

in the .command table a.nd then prompts the user to enter the

number of .the c.ommand ·to be exeeut.ed .. '. An .inval id response

causes the. menu. .of commands ·to be', redisplayed. A command

address of· f3 causes nshell to exit when that. command is

selec.ted.



.- 47··-

4 � Evaluat.ion of: Re.qo�der Pe(formance

4.1' I.ntroduction

Af te r . construe ting and prog ramm Ing the faul·t . r ece rder , ..
. ..

.
.

.. .
.

.
.

.

an eval.uation· of its performance· was made. 'The main concern

..

was to demonstrate tha t the recorder could· carry' out .. th.e

required . function·s. The resul ts of tests performed in the

laboratory a re presented. in. the following section. The sub

sequent
.

section describes some of· .the problems encountered

after the recorder was installed for field' tests. The' final.

section of . this chapter presents a brief analysis of .the.

entire project, . and ,gives some' suggestions. for' furtheJ'

developnent of' the recorder •.

4.2 Laboratory Tests

The hardware configuration used for· the recorder" per-·

formance. tests is shown in figure 4.1. A sweep frequency

generator. was used to simulate the power system analog Sig

nals, and. a switch was· used. to s.imulate the' event signals.

The .

frequency' generator· was' connected .: to analog input

channel 9.
.

(A9.)· and the swi tc.h was connected. to '. event·' input

channeL 9. (Ee) •.
'. A permanent record of the' test results 'was .

obtained by connecting. a printer and strip .chart to the

. .
.

. .'

..
'

.

'. .... ....
.

". .. ....
.

.•.. '.
Most of. the····test n)sul �s. 'shown . in this. section.' c.onsist

·0 f.' a . �r·ti.on of .. the,·.p·r1..n·ter output and .a ce r re'spcnd Jnq: strip

.....
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, Recorder'·
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Y ·Cbar·t

.

S1g.
.Gen.·,

......---...... Printer

Figure 4.1 '. L.aboratory test hardware connections:

char e , Operator. input is underl ined to d istingui.sh· it· from

compuaar output. The strip charts" are labeled with the

chart·· speed in mill imeters per second, and. the. time· � seal ing

in seconds of .cha r e time to seconds of real time. The sen-

si tiv ity .of all the st:r ip charts· is 0.5 vol ts per . mill ime-

ter.

The first test perfo.rmed was a check on the power-up
.

.. .

. response. of the recorder, and the, handling of a few simple;

commands. On power-·up� .. the ·t�order· fi.rst prompts for the

sampling rate' (480 'or 96·0. Hz.l to be used •..
· Once this par�

. eter has been' entered, . the. recorder. then·· sl zes • its memory,
.. .

.

prints. out the rin9 buffer siz,e, ..
the maximl..ltn 'number of pre";'

fault cycles .which may.be r ece rded., and the .default value of

. several.' system";"wide parameters.· The recorder then pr ints
.

.

th�' ,. fr>' .'. (!aul t .!:ecorder) '.
prompt. and awa.i ts operator. input.· .:

'

.

This "s�'quence is." shown in. figure '4.2'•..... The· .: .·prompt·. and'
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Figure 4.2' Power-up Response·

r eapense for the sampling frequency (in this c a se. '48f(J Hz)

are not shown· in the pr In toue ,

The' signal gener�tor was' set.·· to produce a 6f(J .Hz,

2.4 volt rms. sine wave. This . signal· was applied directly to

analog input channel f(J, .bypassing. ·the anti�aliasing filters.

Recorder opera·tion. wi th thi.s signal appl ied is shown in fig

ure 4.3 •. This provides an example of the' _!!amine command.

Fi rs't .' the .

command. is given i specifying' analog channel. f(J
.

as
.

.
.

the channej, to be examined •.
'

The recorder then ." prIn cs
'

out

the ·channel··· number,
.:

the channei . name (blank in· thi·s case) ,
. .

'.

.

and the. channel triggering parameter., The .' :.' �ommarid' is



'·50

......

.
1 I) I). 0:(

.

:
to

� I INA" GlttI'!ttili!t<San:"

·100.0" / 2;""" �."
- ....

, 1 00;.0" .:.(�,1 :rtl, ..10.0)' 'J.2..

10. I)" .R. .
# .evC:LES· ,. 1 TO 1680) .:.

,,0 SI�fIK.. . 6P1EJIM.Taf'f .

_0
.

S:eNAL.. SEN....TCIfI!'
"

.

. � ;.

....0 S :.HAL . 6EN.I!�i:JA.
. T J:Jotl! .S leNAL
(SEc) (VOLTS)

'.

0.· OOQO
.

�O. 47+"-'......._.-';'--�-III-- ++,_�-.__·,,,,,,,,,___,,,,.-+,,, ...__.-....+_i-._..-.-_..._...__.

__+.. _,t _

o. 0006 '!"'1.17.
0.001.1 .

-l.eO .

o, 0017 ("'2.,33'
0.0022 . -e.75
0.002$' -3.05
0 .• 00.33. -3.23

. 0.0039 -3.30
o. 0.044 -3;. 23
0.0('50 .. "",3.03
O� 0056 -2.'68
o. '006'1 '-2.1·8'

: _ . 0�0067 -i.54
0.0072 -0. SO .

0.0078
.

0.00
0.0083 0.78

.

1).0089 1.51
0.0094.'

.

2.15' ..

.

0.0100 e.67
.

1).011)6
.

3.0.5
0.0111. ·3'.30

.

0.'0117
.

3.40
0 •. 0122" 3.36'
0.0128'. . 3.17·

.

'0" 0�33
.

2.84
0.0139 2.·4.0
O. 0144 '. 1. 86-
0.0150' 11027

.

0.01$'
.

0.62,' ..

'

0.0161' -O�'1)7'· .. '

o, 01'67 -o� 78'
",,0 S:6NAL :GII!N��"

,.
,.

...

...

...

...

..

..
..

....

...

.,
,

:

. "
,.

,
,

'

,
, .

, .

I

,
I

I
.,

.,
,

I�.
I'
t ...

..

.
'

...

...

...... ,

, .

,

:

..

' ...

.

. I
. '" .

. ,
,

. : ..

....

'.,.

... '. :
10;. 0"

Figure 4.3' Recorder Operation 0'0 u� 2.4 vrms



- '51 ..... ,

.' '.

then given to. assign· 8: name to.' ·the. channel •.. The ,<. charac-

ter is printed. by the. faul t recorder to. indicate that' the'

operator has" erased' a": character .by typing a back$pace�. •

The I I' commarid causes the faul t recorder to print ". the·· rms·

val ue of the signal appl ied
.

to
.

the .channel. A new tr igger

ing parameter' is then entered wi th the '.' co.mmand. The.

reco.rd.er prints the .valid range of response and the parame

ter is entered. Finally, a 'd' command is given to. . display

the signal appl Led to. the channel. Once again, the recorder
..

'

prints the valid range o.f respo.nse, and. in this case, a sin

gle cycle (at 69 Hz). o.f display is. spec ified. A table and.·

graph o.f the sig.nal is theri produced ,

Setting .up all the' parameters (name.' and trigger) fo.r.

all the analog and digital channels is obvio.usly quite time

co.nsuming and requires a lot o.f typing. The· faul't r ece rder

pro.vides a means o.f saving the parameters on the flo.ppy disk

.. so. they need nc t be reentered by hand each' time ·the· recorder·

is powered up ,

The primary functio.n
.
of the 'fault reco.rder. is, .. of

co.urse, -. to. rece rd faul ts. This o.peratio.n . is enabled by th�

.·'start' command as shown in figure 4.4 •.

In this example a fault was simulat.ed . by. turning' o.ff.

the signal generator.'
.

The II faul til was detected when samples
.

.

.'

.

from two. subsequent cy.cles. diffe.red by mo.re than HJ%.. . The'
.

.
.

faul t recorder' rece rded ". the: signal 'waveforms, printed: how
. '.

mlich·"da.ta was· .recorded I : tne:· 'time' of the·' faul t, .. ':and the



- 52 ....

�smer
SAfotfItLrNe : $1"""1( i ltD .

..
.

25':·CVCLES' �DD· _ ..... 49· .. S�48:.33::1!562 ...
Rgg....· �. 1977 I"II:JJIIpI!' CYCLU·
SM1firI.%N. STfINItTIIm ._

S�"'·STa"D' ...

Figure 4.4 . Start Command

amount of free disk space left. It then resumed monitoring

for fault. conditions. Finally, sampling was terminated by

typing· a • control ....X· •. The. faul t . waveform for channel ."

(signal generato·r) was displayed on the strip chart recorder

as shown in f1gt.1re 4.5 •.

The lower·· trace· is the. recorded signal. The uppe r .

trace
.

is. a marker which cbanq ea
:

state· at· the· point.·

correspond ing to the· fa ul t time pr in ted by the recorder.

The signal displayed before the mar ker goes high is the pre-.

faul t portion of the record ing. . The faul t recorder checks ..

for the presence of a trigger.ing condition every 1/69' th of ..

a second. This, and. the relatively high analog .... triggering

threshold. (10'), account for the delay between the time at

.
which the signal·beg ins te> visibly. d ecay ... and the

.

time at

which· the faul t is detected.. The commands entered to pro';'

duce this strip chart are shown in figure 4.6 ••... The fault·

recorder .. prompts. for·· the.· portion of faul·t· data··· to be

d is.played, then· ind teates tha t the da ca are being· displayed·
..

.

.
.

. ". ... :

on the analog outputs •.. The time scaling is also. printed.
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Figure 4.6 . raul t 1 Channel 0 Commands

In this example the 60 Hz input Signal . is displayed as a.

0.25 Hz. signal.

The frequellcy r e spcnae of the 'recorder was then tested

by starting the recorder and· swee.ping the .signa:1 generator
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�rom· 60 to 18S H�. ". The 'recorded data were then::di,sP:1.ayed on
.

a ·strip cha rt; as shown' in figure 4. 7 � .• At the ·:highttr
.

fre

quencies some distortion can be detected· in . the • form. of"

apparent amplitude modulation of the Signal. The amplitude

distortion .is never
. larger than a. few percent ". even at . the

highest (180 H�)·. freque.ncy· recorded.'
.

As an indication of the effectiveness of the waveform

.

reconstruction .'. algor1 thIn . the same signal'.' was displayed·

without interpolating any points. between the sampled value.s.

As carrbe seen in figure 4.8 the display is.unintelli9ible.

Even· at the lowest· frequency shown . (60 Hz)' the sinusoidal.·

. nature of the waveform can not be determined.

The 'largest drawback of the •. reconstruction sc·heme· is'

that sample.s both before and after the interpolation inter

val are used. Thus the first and last. portions of a. record

ing can not be interpolated properly. . In order to provide"
.

.

at least some display of these' regions,' the '. fa·ult recorder'

duplicates the ". first. (or' last) cycle of recorded data when ..
·

the first (or last) cycle of.a rec.ordin9 is displayed. This

seems a reasonable thing' to· do, as presUmably there are no .

large transients preserit at these po ints. This is not tr.ue

under· all triggerin9. conditions however, so these re9ions
."

must be. regarded as approximate at best.

The fa ul t' r'eco rd er wa.s chen rebooted. and ·the· 960 az .

sampl'.in9· rate was· selected� .: This automatically reduces the

.

number:'of anal09 ch�nnels to eight, as shown.in 'the: ..power�up
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Figure 4�7 Record�r frequencY,respon$e 69-180 Hz.
488 Hz. sampling .'
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. Figure· 4.8 Recorder Freque·ncy Response 60-.180·. Hz No

. waveform reconstruction

printout in figur� 4.9.

The frequericy response of the recorder ,was .. tested: by

sweeping··. the input signal from 60 to 350 Hz. The resul tant .

.

recording Is shown in figure 4.10.
.

The. 'roughness' of· the.

display at· the high fr·eq1,lencies ·is due to the limited number

of points' interpolateQ.. Increasinq the. time· seal ing. to 480

or ·720 to 1 w.ould produce.a s�oother display •..Tbe time to

.

produce the display would, .of. course, be two, or :three ..·times

as long.
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The event channels of the· faul t recorder were then

given a. rudimentary test. Event chanrief 0 was set to
.

trigger on eithe,r the leading or trailing edge of its sig-'

nal.· .. Sampling was then . started and the swi tch ground ing

event channel 0 was opened and closed �' The display of· the

resul tant faul t data 1.s shown in. fig.ure 4.11.

even

though only channel 0 wa.s enabled for triggering. The fi.rst

line 'of the display shows the state Of the event channels 'at
.

..
.

. . ...

the. beg inning. of th.e .r ece rd ing. Each', time <any. even t channel'
.

'.'

changes state a line is printed showing the' time,' and' the
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Figure 4.11 Event Channel Test

new state o·f the event channels.

4.3 F.ield Test Results

•

Our ing ··final. testing of the· fa ul t recorder it wa s

. discovered tha t the memory board purchased for the recorder

was slower' than the memory board on which' the' sys.tem had

been developed.' Wi th the slower memory installed the : fa ul t

recorder, would not operate a,t the 96S ',Hz sampl iil9 rate., The
. ". .

slow' memory has recentl y been repfae ed : and' the recorder now .

.

.

'

." .

. .

operates a t either sampling frequency.

Several problems aur faced when. the fault .' recorder' was

installed
.

in SPC' s Cond ie swi to-hing sta tion for f1 ald test- .

.
.

.

.
:.

ing •. The. recorder would occasionall y 'hang'; no t respond ing .

to fault conditions or to commands' from th.e keyboard.' The

Pfoblem seemed to be, caused by the analog ..

'

to· digital con

verter boardr replacing. the board el iminat�d. the. problem�··
,

'

The second problem detected in the' faul.t·· recorder was'"
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related to the· event channe.L tri9gering.· ,The,' problem.

appee r ed ,whe,n tbe recorder. was set to, tr igger a, recording on

the low-to�high, transition "of any event channel. Under

theSe conditions a recordin9 would sometiines' be ttiggered

even, when' no
,
fault condition (low-to-hi'gh transition)' had

occurred. • The e'troneous recording would continue until'

there was no space on the disk. The problem was traced to a

bug in the, system software.' The software, was pa tched on-,

site, and' not�tions of the change,were made in the prograin

listing.

,The third problem appeared after the recorder" wi th no

external,' clock connected, 'had been left runnlng for a few,

,

days. The, day of year entry in the tim;e and date' pr in ted by

"the system did not increment properly. The day would incre

ment once (say from 196 to 197) but the next day, would, not

", ,(from 197 'back to 196). This problem was also"traced to a

bug in, the system software. ,Once again" the, pa ec h was minor'
,

enough ,tha t it ,could be done on"';si tee

A point of note is ,that -both of the pr ec.ed ing. bugs were

in the' portion of the software.written in assembly language.

No' bugs have. yet been' discovered .In . the section. of . the

software written in C •. '

The final problem was that, intermittently, the'. editor
.

,command WOUld. hot .work properly•.. This problem has not .yet
'"

been fully. rectified, but seems in some way to be related to

electromagnetic .. noise' affecting the system. After an
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ini tial warmup pe,riod, and wi th t;he' recorder shie'lded by its ..

enclosure, the problem could nee be made' to .

occur.-· In, any

. case, simply rese.ttiilg the system' .cleared the problem.. Thi·s:

problem was not felt to be too serious sinc.e it is intermit

tent, easily. cieared, and dOes, not a.ffect. the recording
. .. .

function .of the system.

4.4. cencf uatena and Recommend.at,ions.

The .foll.owing sub sec t Ions review ..
· the'. c rIq inal design

specifications and
. describe. th.e degree to which they were

attained.

Intended Use
.

----- .

The main obj active of this proj ect .' was to develop a

portable instrumen.t capable of digitizing and recording sam

ples of power-system vol tage and. current waveforms·. The'

r ecc rder has been' in service for over one year and has

recorded data from several system disturb'ances,. thus ind i'"

cating·. that the. overall objective has 'been reached'•. :

" ,'...
.

.

Sampling. and Stotage Capa'city
. .

.

.

The minimum objective'of 240 Hzsampl'ing on each of. 7 .

.
analaq and l6digital'(event) channels waS surpas$edby the··

reco rdert s ability to, sample and. ·.record a· analog and 16

digital 'channels .at 960Hz,. or 16 analog·andl6.digital,
.:

.channels at 48� Hz. The obj ..
ective of recording 2 seconds of

prefault and 120 secend a of p.ostfault information was not
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reached. The recorder. is capable of recording only

1.8 seconds (109 cycles) of prefau1t and 31.5 seconds 6f

postf�ul t informatio.n. <The com.puter's memory. size
.
p1aceq

, . .

the restriction on the prefau1 ttime and the disk capac i ty
. ..

placed the re·s·triction on the' postfaul t time.

The: triggering. objectlves for the recorder' we�e· full'y

met. Recording may be triggered by any selected .chennel or'

cha·nne1s. Triggering can occur when the rate of . chanqe of

an analog signal exceeds a preset limit. Tr iggering is al.so
.

possible from' the change of state of . a digital .input (or'

inputs) .' The. tri9gering.. parameters are easily set by com- .

mands from the' operator's terminal.

Timing

The dig i tal faul t recorder. incorpor�tes .all the timing
.

.

·.ca.pabilities as stated' in' the·· original design spec·ifica·t.ion�'·
.

The recorder' incorporates a real-·time-clock to set the sam

pling rate' and to main'tain the date a�d·.time. An exte.rnal

.

time signal' (s.uch as a satell i te controlled . clock) '. may .be.··

attached··.· to· the· recorder.' The' optional sate.ll-i te clock
... .

'. .' .

allows da.ta f.�om. geographically remote recc rd er.s : to' be com- ....

.
. pared and. anal·yzed on the· Same time base.'.

·Accuracy.� Range

The r ece rd er meets the. obj ectives of accuracy'. of· 0 .. 2%

.

/



of 1 p.u. for voltage si9nals and. 1.0' of 1 p su-, for e ur r en t
:

signals. Voltag.e si.gnals of 4 p.u. and current. signals of

20 p.u.· can . be recorded . without· limiting thus meetin9 the

objectives for .signal rang.e.• ·

Interfacing Requirements

The Saskatchewan Power corporation provided. signal iso-

.

lation and conditioning ch:cuitry .. to·convert the signals'

from standard PT' sand CT's to the tl0 vol t ranq.e. accept'ed .

by the faul t recorder •. The recorder i tsel f can not inter-'

face directly to the CT" sand PT' s.

Operator interaction wi th the recorder'.' is
.

thro·ugh· . a·

standard hardcopy or video terminal as stated in the design

objectives •. The recorder was.also to have been abl.e. to be

accessed from a remote site through the telepho·ne network .•

This should be. simply a matter of replacin9 the operator's

termin.al with' a modem -. connected to an ordinary telephone.
.

. . .

1 ine, but has never· been .tested •

. packaSIins Requirements "

The recorder.' was. to be packa9ed in. a portable enclosure

and had to be; caPa·b.le::o.f· o.pera.tin9 In··.an electrically noisy

environment. Experience: w!:th the·.· 'recorder" bas shown 1 ts

ability to operate succes'sfully in a switchin9·stat.ion. The

.

recorder may best be desc.ribed
.

as" semi-portable' as it is

qui tre large. (about.l.2 meters ,high,. 0.5 meters: wide and 0.4.

meters deep). and heavy' (abolit 55 k9) •. '
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powerCalculatiow

The recorder. obj.ectives indicated the· desirability of
.

.

calculating the power flow in a ttan$Jllission line in re�l-

time. The computer used in the' recorder was not fast enough

to permit. this calculation;.
.

This, anQ the postfault record

ing . time, . were the' only major design objectives, not·

att.ained •.

. Recommendations ·for Further Work'
-------_ .._...

.

__._-

The ·fault .. recorder reflects. the fact .that it was

designed . for use· as a. research. tool.
.

Several. changes would

be necessary to make ita commercially acceptable product.

.
.

The recorder prompts and commands·· are quite. terse.

Th.is is not a large problem now as the recorder is operated

by Saskatchewan Power Corporation' Research and Developnent

personnel. A simpler, more 'friendly' form of interaction

would be nec ease ry i.f. the recorder.were to be run by . Opera-
·

tions personnel.

.
.

The recorder can'display only one analog channel at'a

time. A device capable. of displaying several analog and

event channels s.imultaneously would" greatly increase the.

· usefulnes·s of the rec.e-rd e r , .: One possibility niight be. to use

a video graphics terminal· to display the data, wi.th hardcopy
.. ... .. .

.

...

... ..
.

·

available. from an ·x/.y or· electrostatic plotter."

The 'sampilng' rate and ··hlJl'Clber of .channej s . is. limited by
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the rate at which data can be transferred' to the disk�,

Replacing, the floppy disks with a sealed, hard '(Winchester)

disk, would make, possible higher" sampling ra,tes and more

channels. The best configuration would Inc l ude both a Win-'

,chester disk and some sort of removable media device such, as '

floppy disks,' or' cartridge tapes. This would allow, program

and data transferral on the removable med ia and high speed

record ing on the fixed d iSR'. 'A larger capac i ty d isk w�uld

'also increase the' postfault "recording time.

More local processing of the fau! t data should be pro-

vided. The recorder would be more useful if, it could pro-

duc e graphs of line impedances and power flows,. Additional
It

functio,ns, 'such as load m.oQelling might also, ,be added, to the'

recorder.

"
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6. APPENDICES·

6.1·· Low-Pass Filter Details
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Anti"'aliasing is provided· by two bankS of· active
.. second-order· Butterwor.th fil ters.· These fil ters are based
on LM224 quad op-amps. One board has 16 filters wi th a cut- ..

off· ftequency of 180 Hz and shol.11d be used when the recorder
is set for 480 HZ samplIng. The other

.

board has fil ters
.

.. wi th a 350· Hz cutoff and should be used when the r eco rd er is
set for 960 .Hz $ampl il19 •.

180 Hz
350 Hz

-R
34k
95k

Cl
.0�018uF
0.033uF·

C2
0.0039uF
0.ftJ068uF

.

The fil ter boards .ar e connected to the faul t recorder·
by a 5'11 pin ribbon cable. The pin description for this
cable is included in the hardware description of the analog
to dig i·tal converter board. The fil ters are cennee eed to
the front panel by a 40 pin ribbon cable.. The pin descrip
tion for this cable is:

1 NC
·2 Oigital Gnd

3. O/A X
·4 Analog Gnd
SOIA Y
6 Analog Gnd
7 NC
8 Ne
9 AID 15·

lftJ Analog Gnd
11 AID 14
12 Analog·Gnd
13 AID 13
14 . Analog Gnd
15· AID 12

. 16 Analog. Gnd
17 .. AID 11

-. 18· Analog Gnd
19 AID 10
20

. Analog Gnd .:

21 AID 9
22 Analog Gnd
23 AID 8
24 . Analog
25· A/D 7
26 Analog
27

.

AID 6
··28 Analog
29 AID 5
.30 Analog
31 AID 4
32 Analog
33 AID 3
34 Analog
35 AID 2
36· Analog
37 AID 1
38· Aaalog
39

. AID ftJ
·40 Analog

Gnd .•

Gnd

Gnd

Gnd

Gnd

Gnd·

Gnd

Gnd

Gnd·



speciiic_uons and APplicatton.s·
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6.2 Waveform Re<:onstruction Filter Details

..



. .

The o�put Y(jw) of a filter H(jw) with input X{jw) .

is given by .:

Y(jw) = H(jw) • X(jw)

Th� time danain response y( t)· correspond ing . to "l (jw )

is given by the ·inverSe FOurier transfocn:

.

00
yet) =.fw .f Y(jw)�w t dw

-00 ..

If the input· signal is an impulse (sample) with Xo

anplitlde then Xo(jw) has an. anplittxie Xc) for all freque,n

cies. If. th.ls signal is passed· throU;h an ideal. lOW-paSS
.

filter wi th cutoff frequency t1b and gain� in the passband,

·the output signal will' be:

Xo ue.. ;

Yo (t) =

"2iIb .ie eJw t dw

'Abich reduees to the familiar sinc f\.l'1ction:

If
.

the input signal is a ser:i�s' of impulses separated'

by the samplil'¥1'" interval Ts, where Ts.·+- and the Samplirg-··
.

.

. S..,
.

'11b.frequency' fs" is twice .the:. filter cutoff frequency. fs• 7' .'

then· the
.

output of the filter' will be the SlJIl· of all· the

'. Yn(t) •
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00,
= ,1 y(nTs}
n--oo,

'

00,' ,sin(ueCt-nTS»= ',2 x{nTS) ueCt-nT)lP-OO
, s '

If t' is defined.. as the 'relative' time t' :,.,f:; then:,
,

," s
,

'Vilere (7 :. 1 - "t'.

For reasons of practieallity, the sequence must be

truncated at some point. 'lbe error introduced, by this trltl'""
"

, cation may be minimized' by applying suitable windowin;J coef-

ficients:

, N' '

yet') = siJl(1I't:) 'l K (_l)n rx(-n) + ,XJni-l)]
,

,

..' lPS-n -'t + n + n

The samples obtained', frau a sinusoidal, signal of fre-
'

quency,wand phase'" are given by:

x (n) = sin<'ww + 15) : .:

The maximun interpolation error', will ' occur 'midway between

t'NO samples, where Cf = "t' =}. At this point:

,

'

N cos( (2n+1)�
y = 4 sin(1iw+ 15) 'l K (_l)n �n+;,'" , � "

"
n==ta-:n

At this point the- value of the signal frau 'Vilich the sampl�s','
,

,\\lere, taken is ,given by:

,

'
,

x = Sin(�+ .0) ,.,



.

- 3·-

Thus the. relative error. �twen x and y is:··

x...V .. V
·e=�=l-"""···

. x . x
.

.
.

. cos( (2n+1.)�
.

.

= 1 - 4 � K . (-1)
n .·US.·

y n=0-n .

2n+l

For zero error: ..

. cos( (2n+1)�
.

1fU1 'It .

N
n ·UScos (

.1If1
-

l'
= .:2 � (-1) • 2n+l·�s· . 0=1 .

Thus the error can be .zeroed at N frequencies. '!he frequen

cies so chosen for· the fault reCorder were 0, 30, 60, .90,

120, 150 Hz for the 480 Hz sampl ing . rate, and· (,3, 60,. 120,

18.0,· 240, 300, 34S Hz for the 960 Hz sampling rate. 'the

resul tant windowing coeffic ients are. sho\'Wll in the fau]. t

recorder listing ...
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6.3 Hardware Configuration



.
.

. .

.
..

. :
.. ..

.

.
.

'!his appendix describes the hardWare configuration of the fault
reccrder,. see the hardWare. manuals· for the .particular boards

.

for· a description of how the swi t,Ches/jUnpers sho�d be set to
.

obtain the follOWil'¥;J paraneters.·
.

1. CPU Board.
.

. a) Master Clock Enabled
b) Bus . Event Line Disabled
c) Power-up Mode 2 (begin execution at 0173000)

2. Memory
a) Start Address 0000000
b) Size 30k \\brds

3. Serial Line Interface
a) Base Address. 0176500
b) Base VectOr 0300
c} Channel 3 Console Device

.

(address 0117560, vector 060)
d) Reboot on Channel 3'Break
e) Rates:

Channel 0: not used, any rate aCceptable
Channell: printer speed

.

Cllannel2: .System Clock, 9600 bald
.

Olannel 3: Console tenninal speed
.

f} Data/parity/stop bit format. (all channels)
8 data bits

.

1. stop bit
No. parity

g) Serial line levels canpatible wi th RS-232C.

4. Analog I/O Board
.

a) Address 0177000
b) Vector. 0130
c} AID +/';'10. volt, Offset Siannary .

d} DIA +/�10
.

volt, Two I S complement

5. Floppy Disk
a} Address 0177170
b} Vector 0264
c) Bootstrap Enabled
d) Bootstrap·AddreSs· 0173900
e) RX02 mode·

6. &lent Inputs
a} Address 0174400

.

b) Vector 0150

7 •. sa�ili te Clock (Low Order)
.

a) Address 0174410
b) . Vector 0160

.

8. satellite Clock (High Order)
.'

a) .Address 0174420 ..
'

b)- Vector 0170

9. Terminator, COntrol
.

a) KWl1 Compatible
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by a circuit as shoWl below�

.....

"1"

Request A·
.

Data
Strobe
from

. Satellite
Clock Data Trans

Q

.

'lhis circuit latches the data strobe (pin 16) fran' the
satellite clock, to provide a' data rea;1y' signal to the
faul t recorder. Wlen � faul t recorder reiikis· the infonna
tion,

.

a narrow (750 nsec),. pulse is generated on the
Da\TA 'llWS (J2-C) line \'bich resets the strobe latch.

Note �t the 01'2768' s do not latch the infonnation on

the data· lines. 'Ibe
.

satellite Clock should change the data
on theSe lines only at the leading edge of the data stroi:)e
signal •. '.

.

'lbe full pinout for ·the 01'2768' s may be fOlJ'ld in their
hardware manuals�

First
Interface
Board
(0174410)
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-. INTRO·(I) . 15-11art-80· INTRO(I)

.
..

. ..

The followill1· three .sections provide a concise . description
.

of the operation of the digital fault recorder.
. .

.
... .

'lhe first �tion (1) describes the ··recc;,rder level c�� .•
'.

'lhe .. secom c
, section (II) describes. the. edit leVel C(llllIllCln3s•..

.

'lhe third section (III) describes .recorder. typing· eonvetl-
.

tions.

-.

-1 -



Eo(i) ". l$...Jan-80· EP(I).

NAME
ad - edit fault·data

SYNOPSIS·
ec;l ft

DESCRIPl'ION
. Ed switches the fault recorder fran reco.rder mode to edit.
iiiOde. 'the data recorded· for fault. fI may.be displayedana
portions' removed •.. '!he pranpt· is changed . fran ' fr> ' to
led it>' (\\bere it Is. the·arg,lIllent· given in the catllllaDd) to
indicate that ·th� .fault recorder is in'edit mode.

'Ihe. ed itor ltwel subcamnands are: : .

dsp . display analOg or event data

global change display paraneters for this fau! t

help print editor level canmands ..
'

Is list parameters for this fault

q quit, go back to recorder mode

nn'
. reinove portions of recorded infotmation

'lhe subcamnanc1s are described in detail iri section '2 of this.
manual.

.

.

- 1 .�.....•....



.

EXCI) .l5�an-89· ..
.

. .

E}(I)

NAME
ex � exanine. -an .

input chanhei· ..
·

smOPSIS
ex [[aeltl

DESCRIptION .. .. .. .
.

.
E� printS the nunber, nane, arxi triggeriBl paraneters for

.

'CE'aimel •• It then waits for a canrnaOO character, which may
be one of:

.

. + step to. nt;txt highest channel •.
Channel nuttbers 'wrap-aroUlld' so that stepping past
the hi9�st. analog· channel gets to.·tbe lowest. event
channel (ee). Steppin; past the highest event channel
gets to the lowest analog channel (as) �

step to next lowest channel.
.

.

Steppin;r past the lowest. analog channel (as)· gets· to
the highest· event channel. . Steppirg paSt the lOW$st
event channel (ai) gets to tne· highest analog.· channel.

/ for event channel, print cUrrent state. (9 or 1).
for analog channel, sample a few cycles of channel .• ,
canpute the· rms valUe of the signal (in vol tsl, am

·

.print the result�.

d Display.channel
FOr analog channels the fau! t recorder pratlpts for the
nunber . of c�les to display ... channel t is then sam

pled .aOO displayed in the current output fonnat..
.

FOr EtVent c.hannels this canmar¥i is identical· to the
'/' call1llarX1 �

= Set triggering· paraneters ..

For analOg channels the '=' shoUld be follo\\led by a···

nuttber . iOO i<::ating the tr igger . level. for channel. t .

'1bis nunber (taken as a percentage of the· full· $Cale
.

+/-19 volt input ran;re) specifies the. change in values ..

sampled at identical posi tiona on .su:cessive . cycles
\\tlich will. cause a recording. Bettin; this.nutiber to
lSS effectively preventS the signal on channel t .

frem ...
causing· a record�.
FOr eVent channels the '=' should be followd by. tw:>

· characters indicatin;· .

the· triggerin; paraneters> for
· the channel. '1be letter 1·and/or the . letter .t incii-

·
cate that the leading (rasp. traili�) edge 0·£ the
signal on channel· t is to cause a rec6rdin;. MY·
other characters incrica.te .that chan;eS in .the state of
this channel arenoe ·to cause a recording.· ...

Enterin; an· inval id .

or no response�·. after . the·· equal
ccmnand leaves·· the. tti9gerin; paraneter. I.I\chariged�
Note: All analog and. event channels are . recorded for ·

.. the entire fault, regardless: of their triggering
.

parameters.
.

.� 1-



EX(I) . lWan-80.
.

EX(I)'

: Set channel nane .'
.

. 'Ihe 1 :.1 shOul4.bEt followed· by . a . channel .. nane•. 'ibe· ..
.

nCll'le must,be enclosed in double quotes. (") U it con-
.

'tains any speces or tabs. Olamel nanes may be. up to'
. 32 characters 19n;J. .

.

.
.

.

.

. ..

\n. (newline, or carriage return) .

Tenninate exanine cCmttar¥i.
.

'lhe faul t. recorder reeurna .:

to recorder mode.

A list of the .valid ccamam characters will be printed if an

illegal charaCter is entered.

Typeahead does not �rk for the CClllllland characiter.

- 2 -



GLOBAL(l)·
. l5-Jan-80· .'GLOBAL (1) '

.

NAME
.

global - set global system paraneters

SYNOPSIS .

global·
1. ·Change Recording·Label .

.

. 2. �t Prefault Recording ·Time
3. Set. PostfaUl�. Record ing Time
4 •. set wavef6�·. Oi.splay Fonnat
5 •. Set wavefonn Display Abscissa Increment·
6. Tenninate conunand

.

Enter nunber of desired .selection : !

DESCRIPrION .:

Global sets various syStem-wide (global)·. paraneters. It
pnllts

.

a menu of subca.nanan:is, then .pranpts for a subc:anmar:d
nuaber , Entering an invalid camnarxi nunber; or no nunber at
all, will. cause the menu to be redisplayed. The .subc_an:is.
are:

1. Chanqe ReCordi"J· Label
The fault recorder will print the cur'rent recording···

·

label and then wait for a new recording label to be.
entered� The new recording label must be encloS$d
in double quotes (n) if it contains any spaces .or

.

tabs. Entering only a carria;;e return to the pranpt····
for a new recQrding label will leave the recording
label lI'1changed.

.

2. Set pre.fault Recording Time
The fault recorder will print the current nunber of·
prefault cyeles· to be recorded and the valid range
of th, followin;y input, aoo then wait for· a nunber
to be entered v

: Entering a nunber outside the speci-··
fied range, or no nunber at all, will leave the pre- .

.fault reCording time unchanged.

3� Set Postfault Recording Time·
.

..

'l1le faul·t recorder will print the current nunber .of
.fX)stfaul.t

.

cycles to be recorded and. the valid range
·

of the following inpUt, am then wait for a nunber
· to be entered.: Enteritr;J a nunber outside .the speci
fied range,.or oo·nunber. at all, will leave the
·po�aul t· recordin:] . time· t.nchanged..

.

.. 4� Set waveform·.Display· Fonnat
· The fault recorder : asks if the analog waveforms are

to be displaYed .. on the tenninal. If this question
as answered affimatively.· the fault· . recorder will
display the· waveforms in a tabular form on the con
sole temlnal. The recorder then asks. then .asks ... if

.

a graph· .es 'Nell· as a table. is desired •.. If the.·
. • wavefoms are not. to. be displayed on. the tenninal,
they· will . be

.

displayed·· by sending the values to .

.

- 1 -
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..

15�an-89 GLOBAL (I)

digital to analog converter 0 fo'( ultimate display
on a strip-chart reco�er. The output rate is 30
points· per secord , so a 69 Hz signal"disPlayed every'

.

19 . dSJr&eS ' wi.ll . aA'Sar on outpt,lt as a 9�83333 Hz

signal •. ' (72· secords per second) A timiD;J signal' is
present on. d/a cbannal··l. This signal changes state
at the point that correspoms to the fault time as

displayed by the 'Is -f' canmand.

5. Set wavefo:tm· Display AbScissa Increment
.

The . fault r:ecorder' prints· the current abscissa
increment and then pranpts for a new abscissa tncre
�t (specified as a nunber of dSJrees of a 69' Hz·
signal)" An inValid input, or no input at all! will
leave .the increment ang Ie lIlchangEd -.

6 •. ' Tenninate·command
The glQbal command tenninates.

"
.

: ...



,HELP(l)"
,

,.l,S-Van-80 ,'HELP'(l)
,

.

NAME

help - list fault recorder' cOtmtaOOs

SYNOPSIS '

help

lESCRIPTION

Hele lists the fault recorder canman:is and their argunent5.
�1:1onal argunents are sbown, enclosed in square brac�ets.. A

nuneric argU1lent is shown as a 't'. For exanple" the Is.
canmand is shown as :

Is -[aefgt]

This means that the Is canmarXl may have an opti-onal argunent
consistiB,J of, a dash (-) follot.'ed by any of the letters a,
e, f, 9, or, t, or any canbination of these letters •

•

"" 1,' ,-,



' '. LS (I)
.

LS(I)

.

NAME
Is - list infonnation

SYNOPSIS
Is -[aefgtl·

. .

. DESCRIPl'ION
.

Ls lists system infolination. 'lbe operation of this ccmmand
15 c9ntrolled by,the· argllRerit, which must consist of a dash

. (-) followed by one. or more of the folloWing' characters :

a List analog channel nanes and triggeri� paraneters.

e List event charinel names and :triggering parameters.

f List fa·ults recorded on disk. 'lbe. nunber of cycles
recorded,. the nunber of pre and postfault cycles; th•.
sanpl irg rate, the time at \lihich the' faul t occurred,
the clOck type, am the recordi.rJ;J label are listed for
each fault recorded e-

'

.

9 List global system paraneters. 'lbe current recordi�
label, the nunber of pre and post faul t blocks to be .

recorded, the sanpling .frequency am clock· type in. use ,
ani the analOg wavefom display paraneters are listed.
If the the stripchart form of analog wavefotm·· display
is selected,. the time base of the display is . listed in
tems of:

.

secords of strip chart time / secords of real time

t Print time and date •

. If no argunent is given '-9f' is defaulted •.

'

- 1.-



RM(I) 1�an-80 RM(I.)

no - rsave; fault infonoation

SYNOPSIS
no [*]. {ttl [ft] •• �

,

DESCRIPl'ION

.B! removes the specified faults fran the directory...

· If the '*' �rgunent is given,.!!! fauits· will be ranoved
fran the directory..

.
.

.

· In e1 ther case the. USer is asked if· he Is sure he wants to
remove the' fau! tS, .:

'

.. 'Ibe system' keeps. the fault mmbers seqUential' by. moving
higher' niJ1t.bered· fau! ts . d�. to the slots v�ated by the
removed faults•. For exanple, assuue that 10 faults have
been recorded. 'Ibey will be nunbered fO to £9.. Further
assune that faul ts fl and f7 'are no� interestiD;J, am· are to
be. removed to· free up some .. space on the disk. A .• I1'8 f3' f7'

·

catIl\aOO. is given to remove the falilts. If an 'ls _ft .: c�
mal'¥i' is now given, the remainin;J faults will be nutlbere:i fS
to f7. i.e. f.4. beeane f3, f5 bacane f4, f6 beeana f5, f8
beeane f5· 'and £9 beeane f7. . 'Ibe camttaRi to remove· the two
faults could have been given as tw:> ·separate cailmar¥is, 'nn
f7' and 'cO f3' (or 'nn f3' ·ani·' nn· f6' ., since fQ.r this case

f7 has moved down to beeane f6). 'Ibis ler:gthy exanple shoW$'
that care must be taken to insure that valuable fault data
is not removed accidentally.



START·(I) '.

NAME
.

start - start sampl ing

SYNOPSIS
start

DESCRI.P1'ION
Start: initiates. the recordin;J operation of the fault·
recorder.

If any space on the disk has been freed by use of the 'nn'.
cailnaBi the· remaining data on the. disk will be shuffled
around to leave all the free· space in one contigoous block.
'lbis operation is' announced by the message 'Squi shing data.' ,
or 'squishing Directory' or both, aoo may ta.ke over a minute'

.

to canplete. 'lhe control-x key is disabled so there 1$ no

way to abort the squishlng.

'lbe message 'Sampling Started' will be" printed when the
fault ·recorder . has started taking data'and checking for .

.
.

faults•

. If a fault ceeura, the message 'Recording' will be printed,
followed by the time of the faul.t and· the nlll\ber of cycles
recorded � sampl ing will thtn be restarted . if free. space
still remains on the.disk�

'lbe only camnand that is. acknowledged during sanpling is
'control-x' whieh stops sampling and returns to the camnand
level. Any other characters entered will cause a' question
mark to be printed1 sampling will continue unaffected.

-1 -.



UTIL(I)
.

lS-Jan-80. UTIL(I.)

util - util ity canmand··

.
SYNOPSIS·

util
1•. Store Parcmeters on Disk
2. �cd Par.an�ters fran.Disk .

3 e . Set Time .. ...
.

4 � Set· �tminal Input/OUtput options.·
5•. Fomt�t ·pisk:·

. . .

6. Copy. Disk·
7 •. Display .Disk Statii
8. Reset System
9. Terminate ComIliand

Enter nunber of desi�ed selection.: !

OESCRIPl'ION
Util is a 'catch-all' for several, littl�used canmands. It

prlnts a menu of s-.bcanmar¥is, then pr·CtnptS. for a subcanman:i
nunber •• Enteriri;J an invalid cClliliand nunber, or no nUOber at.

all, will cause the menu to be redisplayed. '!he subcaDmaMS·
.

are:

1. Store Parameters on.Disk
Several global par$leters are written onto the· dis.k
fo� sub_quent retrieval.· '!he parcmeters saved at:e:
- The recording. label.
- The analOg and event channel parameters, .incllXl�
ill3' channel names and triggerin;J parameters.

- The nunber of pre, am post-fault cycles to be
.

recorded.
- The analog wavefom display format and. abscissa
incrEllient.

.

- The tetminal input/output parameters.

2.. Reed Paraneter$. fran Disk
'!he parameters saved on the disk by the above· c�·
mand are. read from the disk. If the parameters on

• the disl,c are not valid, none of the. fault, recorder. :

parameters Will be c�ed�
.

3. Set Time
.

'ltle cOllllllaD:i requests the date and time in . the fol-
lowin;J formatr

.

.

000 HH.MM [S5]
Where DID 1s the· day of· the· year, HH is. the hour, MM.

.: is the minute, arid· SS is the: second. '!he secords
are optional and if· not entered· are set to 0. '!he
cCJmnanci:

.

then·. prints the entered· time. and' asks if it
.

is correct. If the. question Is : ansWe.red .' affima
tively

.

the. fault·· recorder's· idea of the date and
time is set. '!he date. and time can not be, set. if an

external satellite receiver is connected to the
faul t· recorder � ..

.

.

.

.. . : .

4.
.

Set Terminal Inp.lt/Output options· ....

-1 -.



UTIL(I) 'lS-J:an-80
.

UTIL(!)

· This·' c.anmand a$ks. if' the terminal·.is a· paper"
(conversly video) terminal, if the outpUt is to be'

·

sent to the printer port as well' as the terminal, ..

'

am if pause mode Is. to be selected. 'Paper-terminal
mode" causes backspaces to echo as .' <' . characters.
Nonnally. they echo as <backspace>space<.backspace>,
Which erases a character oil a video. terminal •. Since'
the fault recorder has no printer, the. printer mode'
Should not be selected.. 'Pause· mode' ..

'

allows the
fault· recorder W be used wlth terminals th�t use
the XON!XOFF handshatdng .$Cheme�· Upon receipt of an.'
XOFF (control-s) character, the fa\l],t recorder..will'
$tOp seoo� chat�ters to the tenninal until an XON·

.

. (control-q) character is received.

S. Fonnat Disk
'lbe' floppy disk .In drive 1 is formatted in lEe.' dou
ble density fonnat wi th a tw:) sector interleave. and
a seven sector ·offset between tracks.• · 'lbis . inter
leavir¥iJ schefte is vital. to the throu;Jhput of the
disk system.. All disks should be fonnatted. before .

they are used in the ·fault recorder to prevent disk
overrun errors caused by incorrect sector interleav
in;J. All data stored on the disk are destroyed ..

6. COpY Disk
'lbe contents of the disk in drive mmbeir g are

copied. onto· the disk. in drive nunber.l: .All the
'data previously stored on the disk in drive nunber 1"

·

are destroyed.

7. Display Disk Statii
.

'Ibis canmand prints the contents of the RX02 floppy
disk controller· error registers anQ the·· status of
each of the disk drives. 'lbe error register' infor
mation is of . use. only after' a disk error has'
cccurred ; 80th drives must .be 'Ready' and 'Hi Den
sity' for the fault recorder to operate. If a drive
is 'Ready' , but 'Lo Density' . it indicates that.· the

· disk in that, .dr.ive needs to be fonnatted.

8.' Reset System
· A power-on-reset is simulated. .'1'he following opera-
tions are carried out :"

.

1. 'lbe. system is rebooted fran the floppy. disk in
drive. 9. . ....

.

2. A self-te$t on'the hardware is, carried 'out.' .

3. All channel . nantes� tr.iggeri1'l9 paraneters and ..
global paraneters assline their defaul. t values •.

4. An 'ls:-g' canm.aOO is ex.ecuteci to
.

display the"
global, paraneters.

. .

S. The 'fr>' prattpt is printed � am' the c:;amncmi
.. ' interpreter started.·

"

9. Terminate 'Command '

The uti! canmand terminates. .

-.'
.
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. DSP(·II) lS�an-80 . DSP(II)

NAME·
dSp � di�play. faul t. d�ta .

SYNOPSIS
dsp [at] eel

DESCRIPl'ION
. Q!E<1l) is used to 'display fault data.

If the e argunent is'
.

given, the event channels will be

displayed in. �ular. 'fonn�'" 'Ihe top line of the table will
show the state of the' event ·channels at the instant record
ing began. Each time an event· channel changes state another
line will be displayed. showin;J .the time and the state of all
the . event channels at that time..

.

If the at argunent is given, that analog channel will be
displayed. 'Ihe fault recorder·'will pranpt for the first

. cycle to be' displayed and the lumber of cycles,' ·to be

displayed. Valid cycle nunbers ran:Je fran 0 to N-l, where N
is the nunber of cycles recorded, as sho'Wl'l by the t Is "f'
ccmrnar¥i •. ' '!bese' values will be pranpted for lI'ltl:J. .valid
parcmeters are enterE!d. 'Ihe recorded signal will ·then be.
displayed in the current analog output fonnat.

.

•

- 1.'"
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GLOBAl;. (II) . lS-Vari-80·."
. GLOBAL (II)

NAME
. global - set global parameters

SYNOPSIS
. global

DESCRIPrION
..

GlQbal(II) is a subset O.f the global(I) �.. . 'Ibe O.nly
global "Parcmeters that can be mOdifed a.re the analcg O.utput
fO.mat, am the increment aB,;Jle for the analog display� .

.

.

'Ibe .remainihg global parcmeters are set fran the data read.
fran the· disk directory for the fault \\hen edit mode was

entered.
.
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LS(II) . l5..Jan-80 "

.
LS(II)

NAME
'ls - list infoDllation

SYNOPSIS
.

1s -[aef9tl
'

.

.

DESCRIPTION
Ls(II) lists the infol'1J\at�on associated with the faU! t being
iii'ted..

.

'lhe .operation of this camlard is controlled. by the
argunent \tbich must consist of a· dash (-) followed by one or

more of' the £ollowin;J characters.

a List analog channel nanes, am. triggering . levels of the
'.
fault bain;' editElCi.

e List· event channel' nanes and triggering paraneters of
the faul.t being edited.

.

f List the fault nunber, the nunber of cycles.' recorded,
the nunber of pre and postfault cycles, the sampling
rate, the time at 't.bich the faul t occurred, am the
recording label of .the fault belI'l9 edited.

g .: 'lhe analog waveform display paraneters are listed •

. 'Ibis ccinmanl;l pr ints the current d isplay �rameters, not
the paraneters as they were �en the fault occurred.

t Print time and date. 'lhis canRlard prints the. current.
t1Jne am date., not the time and date that the faul t was .

recorded.

If no argunent is given, '-gil is defaulted e-

-.1 -



Q.(II) . ·lS-Jan-SO Q (1]:)

NAME··
q - quit·

.5mOPSIS
q

DESCRtPI'ION .

.
.

.

..
.

Q. terminates the ed(I) canmaBi•. 'Ibis. switches.: the fault
recorder fran edit mOde back to recorder mOde.



RM(II) .

. lS:-V'an-Se
..

. RM(II)

rm - ranQVe portions of recorded data
.

.

SYNOPSIS·
.

. rm

.

IESCRIPl'ION
. run r�oves all, or part of the data recorded for the· fault

. Eiin:J edia,d. . 1he user is first asked if the entire fault
is to be removed.

If an affirmative anS\Er is 9iven, the· entire· fault is
deleted, and the fau! t recorder reverts to. recorder mode.
(since there isnothin9 left to edit for this fault)

If· a nE!9stive anS\Er is 9iven, the user .Is . asked hOw many.
prefault cycles he tNOuld like ranoved •.

• 'l1le val.id ranc:Je of ...
anS\Ers is printed, if the. nlJDber entered is outside this·

.

rar¥;Je an error mesSage is printed and the c� aborted -.

·

'lbe . user Is then asked how.many postfaul t cycles he tNOw.d
like removed. Qlee again the valid ranc:Je is printed; an

invalid response terminatin:J the c�. If both responses
were valid the appropriate nunber of. cycles will .be removed •

.

- 1 -



BACKSi>ACE(III) lS..,Jan-80.
.

BACKSPACE (III ) ..

NAME
backspace - delete characters

SYNOPSIS
backspace key, or control-h·

lESCRIPl'ION
BackspaciJXj erases characters back to the beginning· of a

line. For exanpl.e:
.

hh(backspace>ellp<backspace><baCkspace>p

is tM. same. as "help", where <backspace> has been· used to
indicate the backspace charaCter.

. .
.

If the. terminal i/o mode is set· to 'paper-Terminal· mod.e' ,
backspace$ will echo as a left angle bracket '<'. NOrmally·

.

backspaces echo as <backspace>space<backspaee>, which erases

a char::acter on a video ter:minal.

-1·-



CCNrROL X(II�.): . Cc.Nl'RQL x (III)

NAME .

control· x ... abort canmaoo

.' SYNOPS6S '.

.

.
X··- x key struck while cntl key is depressed

DESCRIPrIQN '., .

.'
'..

. .

Typin;J a' control x causes the current caamar¥i
.

to' be aborted.·

Some critical caomands cannot be aborted. For these can-··

mandS! th�· message . 'cannot abort CCXl1l11aOO'
.

is printed if a
control x is typed.

.

'l'he ccmnam continues unaffected •.

� 1 -
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NO(iII) • lS-Ja�8" NO(III)

no - terminate paraneter input

SYNOPSIS
no

OESCRIPrION
In most cases a response of no to a pranpt for input will
cause the camtand which is awaiting input to terminate. 'l'he
only exception is for canmams that. are expecting a. �slno

. response -e-

For exanple, entering. no to the util. 'Enter mJl\ber of
deSired. sel�tion: ,- pranpt, causes the util ccmnaOO to

terminate:.

- 1 .;..



RETURN (III) lS..Jan-88· RETURN (1 II).·
.

N� .

· carriage return/newline - enter line

SYNOPSIs
<return>, or <newline>, key

DESCRIP1'I�
All input to the digital fault recorder inust 'be followed. . by

· a <return> •. Strikirq ttlis key signifies' the end of the line .'

·
of input.

.

Either the <return>, or <neWline> key may be used, the
effect is the same.

.

- 1 ,_



. TYPEAHEAD(III) ...
.

lWan-80
.

TYPEAHEAD(Ill)
.

DESCRIPrION .... .

... ... .....
.

The digital fault recorder has ·full .typeahead, which means

that· characters. may be entered as. fast as desired·, whenever·
desi.red, even \Clen some camnam is typi� •

.

If typi� is
done during outpUt; the input characters will appear. inter
mi�ed wi th the output characters, but· they .will· be

.

stored .

. ·away .

arxl· interpreted. in the correct order ... 'lbus,· c�s
can be entered one after �other . without. waiting for the.
first to finish, or even begin.

.

- 1. .....



YES/NO(III) . l5�an-80· YES/NO(III) ..

NAME .. . . ....
.

yeS/oo - affirmative/nEgative answers

DESCRIPl'ION
.

All fault recorder pranpts· 'Ahich expect a yes/no· response
look only· at .the· fir·st character of the response. If this
character· is ''I' ,. or fy' , ·the response is taken to be 'yes'.
If the· first character. is '·n'· or 'NJ, the response is taken
to be 'no' .•

·

My other· charac�r· will cause the question to
be asked again.

- 1 - ...
,
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1*
.

.: . .'
..

'

.

".
.

*********************************1r***********************************
.

*

*

*

*

••

'. *.
ParametEtr Definitions

****************.*****.************************************1'*********'
*1 .

tdefine STACKSIZE 1024.

Idefine NACHAN 16
Idefine NECHAN 16

. 1* allow 1k byte fot stack *1

'define NUNITS 2
Idefine LASTSECTOR 26
'define NTRACKS 77
'define SEX:TORSIZE 256

Idefine NOFAULT 010000

idefine aMSNUM 64
Idefine NMSFULL 2684355.

1* nunber of bytes in disk sector *1.'
1* 100% charY;}e for analog channel *1

1* nUBber of samples to take rIDS over *1
1* nos value for 1 pu readi� '!II
1* RMSFULL • (RMSNll4 * «2048**2) 1 4) I 100) 'Ill
1* i.e. let full scale sine way. (-HJv to lev). */.
1* be printed as .1.07 pu *1
1* Conversion factor fra'll waveform'dec;JrQes to *1
1* secon:!s.,; *1 .

1* (1/6�) 1 360 *1

'define AMiLE2TIME 4. 629629e--5 .

'define I:11'HE'mINC 12

Idefine PI 3.141592654

Idefine ANALOG 0400

1* default increment angle for table *1

. 1* analO; channel flcg' *1

/* default m.mber· of prefaul t blocks (cycles) *1
1* . defaul t nunber of postfaul t blocks (cycles)'·I
1* maximun post fault blocks *1

. .

'define DPREFAULT 4'
Idefine OPOSTFAULT 10
Idefine .�AULT 999

1* special blocks on disks *1
Idefine DTRACK 41
Idefine PTRACK 26
'define PARo1SB� PTRACK*26, .' 1* paraneters sav«i' here *1
Idefine Onux::TCRY

.

tn'RACK*26 .' 1* start of directory *1 .

.

Idefine NBLOCI<s 77*26
"

1*' last block on d tek *1
,define CBLOCl<S (l+«l+sizeof paons) /S�IZE» .' ./* nunber. of disk. blocks per direct

1* stty bits *1
Idefine VIDEO. 0100000
Idefine �S 06000
Idefine TABS2 0.4000
'define. A/IW 040
Idefine CAMOO 020

1* data . transfer comman:is *1.' .'.

.,'.
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..

'

..

'
.

Idefine· B READ 1
tdefine 8-WRITE 2

/* status \1iord. bitS */
. 'define SAMPLING 1 .

'define RJOC:ClU>Il'¥3 2 .

1* control x parameters */ .'

tdefine IN'l'ERRtJPT: 070
'define CNl'LX 03� .'

.

/*
.

serial. line definitions· */
'define DLll'0l77560

.

'define OLIEN 0100 .

/* satellite clock.definitions */
'define CLOCK· 0174410

/* dlvllj clock definitions: */ .

'define �LK 017652m
'define CLOCK_VECTOR 0324

/* floppy disk definitions */
'define RX02 0177170
tdefine. RXERROR 0100000
'define INIT 040000
'define Al7 020000

.

. 'define Al6 01000"
IdefineRX02 MaE 04000
'define HI DENS 0400
.define TR�O 0200
tdefine RXIEN 0100
'define RXDONE 84'0
'define UNIT 1 020
i. define FILL 8UFF 00
t define EMPTY8UFF 02
i define WRI'l'E-SEC'l'M 04

It . define READ SEX:Tat 06
, . define SET DENSITY 010·
.• define RFAD STA'I'US 012 .

# define WRITi DEL DATA 014
t define READ 'ERROR' 016 .

.

'define R>GO Or
.

tdefine IBMSD 0152
Idefine DEC-DO 0153
.define INIT_JXlItE' 04 '

.

. /* analog to di9ital converter definitions */
tdefine Dr1761 0177000·

.

'define I71't'MA VEC'l'CR 0134.
'define 0l'G0 i1
idefine D4A EN 02

'. #define GS0�04
tdefine GSl 010
#define EXl'_EN 020

.
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'define RTC EN 040
'define orlEN 9H'" ..

.

. 'define 0l'READY 0290
'define INC 0100
Idefine Dl'ERR(R 0200

.. 'define JJI'MM)K 97777·
.define Dl'OfFSE'l' 04000
'define OI'RA.WOF� 9174000 .

'define Dl'Dt\_x 910000"
.

1* Parallel line defini tions. *1 .

'define IRll 01744"0



Jan 15 2B:12 1980 C00.h Page 4

. .. .. .

.. . .:. ',
.

.

.

..
.

1*
.

..

..
. .. ..

.

.

*********************************************************************.
*

*

*
Macros ...

*.

*

*
.

*********************************************************************

*1

idefine litax(a,b) ({a) > (b) ? (a) : ·(b»
tdefine min{a,b} .. (a) < (b) ? (a).: (b)}

-_
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.
�. .

.. . . .

.*********************************************************************
* *

pata Structure Definitions *

* *
.

. *******************************************************************.*
*1

1*
* Structure to access .an integer
*1
struct {

int integ ;.
int lnteg2 ;

} ;

1*
* Structure to access the. �rds of a lo.n:J integer.
*1
struct {

into biw.rd ;
int loword ;

} ;

1*
* The structure of the cCXl1ll\ai'ld
*1
struct and {

char
char

. int

table

} ;

•and·. nane ;
. *and-options •

-
,

(*and addr) () ;-

1*
* The structUre of the time data

, *1·
stnct tdata {

char b sec ;
char ... b-min • .

- .'

ebar b he ;
char· b-xe;··
into b-day ;

into . c:ticks ; ..

char .c_sec ;
char .·c min;·
char c-hr·

-
,

char . b xl ;
..

into .. c-day ;
} ;

1* . ... ....

*
. The structure ·of the raw time data .

*/
struct tbuf· { .

·

long basetime. ;
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l� offset ; •.
} ;

.

/* ... ... '.
.

.' .....
.

.: '. .

* 'l1le structure of the parcmeters of each analog' chaMel
.

�.
.

.

struct aparm { ..
,

char '. name{32] .;.
'. float· del.til_trig 1

} ;

/*
* The structure of the parameters of each event channel
*/
struct eparm' (

char
char
char

} 1

name(32] ;
.' lead trig;

.

trail trig ;
.

-
.

/*
* 'l1le structure ·of a disk directory .element
*/

.

struct direct {
lnt
int

lnt
Oint
int

Z _
� ..,-�ruct

.

..7 <.. lnt

first block- •
.

-
'

last block; .

_.
�

.

ext clock;
nct'iin ;

,

snp;yc. ;
tbuf f�ul t time ;
rate 1..

'

. char dsnante[32};
stroot eparm eparms{l61.; .

stroot apann apa�$(16] ;
int· pre fault;

.

.int post_fau!t t
. float" theta inc ;'
int

.

tstate(3] 1
.. char gfleg;
char· dafleg; ..

1 ;
'define BLK.;_N\JIl.-SIZE (sizeOf. parms.first�block + sizeof panns.laSt_block)

/* first disk block of fault */
/* last disk block of fault *1.
/* must be. first 2 elenents of str;u:t */
/* external. or internal clock */

.

/* nunber of analog channels .*/
/* nunbet of samples per cycle */ .

/* fault. tbae */
/* sanpling rate */
/* rEll\ainin; variables are. saved */
/* and restored */ .

/* data set· ncme *1
/* event Channel .. parameters */
/* analog channel paraneters *I
/* nunber' of prefaul t blocks *1
/* nunber of postfaul t blocks */
/* table increment */

.

1* stty state */
/* £leg for 9 raPl or juSt table *1
/* £leg. for table(gra{bl or analog */
/* must be last; i tein in strtct!Jre */
1* as. da£leg is used as terminator */

.. /* for copying structures around */

/* .

* The structure of the .i'x02
.

error buf.fer '.,

*/
stroot rxebuf. {

char
.

. char
char

.'

errnun ; .

. wcreg ; .'
.

'. d0track ; .'
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} ;

char.
char
char
char
char

.

dltrack ;
ttrack ;
tsectQr t..
errstat ;

track; .'

/*
* 'ttle structure of the linked
*/
strt£t dbuf {

struct dbuf, *b forw ;
. int *flt__aata;·

} ;

•

.

. ..
'

list of pointers into adbuf'
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..

. .

. 1*
*********************************************************************
* *

*

.
.

Device Register Structures *

* *

***..-***************************************************************
*/
1*
* analog to d 19 ital converter
*1

.

stroot d tl76l { ..
char dt carlo 1
char dt-c$rhi ;
int dt-dbuf· 1
int dt-weount ;
int dt-busadd ;

- ..

} ;

1*
* satellite clock interface
*/
S1;root. clock {

int
int
·int
int
int
int
int

} 1

1*
* floppy disk
*/
struet· rx02 {

char rx csrlo 1
char rx.csrhi· ;
char rx-dblo •.

char rx
-

dbhi ;
.

} 1

stroot rx02 alt {
int- ... rx esr ;.
int . rx:db: ; .

} ;

1*
* aerial line ...

*1
struct eui f

char
char ..

.. char·
char

.. char
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} i

char
char
cbar

:

dl x2 1
dl-xbuf i.·

dl:xa ;

1*
* parallel line
*1
struct drll {

lnt
lnt
lnt

} ;

dr_csr ;
-,

dr xbuf ;

dr:rbuf ;



�.. . .' ....
****************�*****;,,**************************.*******************
* *

* Exte,rnal Variables *

•• •

**********••*********************************************************
'it/
'ifdef DEBOO
lnt deblgf ;
lenUf
Ine *adbuf ;
Int buffersize ;
int maxcycles ;
Ine maxdisplay ;
Int .maxprefault ;
lnt *adend

. ;

1* buffer for aid to dma into *1
. 1* size of aid buffer (\\'Ords) *1
1* t of c�les that fit in adbuf *1 .

1* maximum number of cycles displayable *1
� maximum number of prefault cycles *1
1* marker for end of aid buffer *1

struct dbuf *dp1trs ; 1* linked list of pointers Into adbUf *1
stnx:t dbuf *iritopltr, *outofpltr 1

. 1* pointers to linked list *1·
Int *lastp:ltr, *adpl1;,r ; 1* pointers into adbuf *1

.

Int dtrig [�] ;

.

Int leadsig ;
Int trailsig ; ..

Int r:eenter ;.
int samPlo ;
int . passno ;
int· nbsamp ;
Int lastdig ;
int hnbsamp[4] ;
Int allchan ;
Int nchan ;
int sn'(blk ;
int adcounter ; .'

iilt fl tdet ;
int maxachan i

.

int maxechan i ..

int nrecord ;
int nleft ;
Ine nretry i'

int status .,

struct direct panna i'
struct direct entry i
struct rxebuf rxerr ;

int rtticks t.
int rtfrq ;

.

float nextpoint, laStpoint·;·
int ipoirit ;

.

.

....

extern float 1<480 Il. k96S(]' ;

./* delta trigger limits */ .

l'it leading edge digital trigger */
-

.

1* trailing edge digital trigger *1

1* fl� to detect overflow *1
/* sample number « 12 */
1* pass number (for triggering) *1
1* nunber 'of bytes per sample *1

.

/* previous digital data *1
� offsets into· adbuf *1 .

.� flag indicating all, or half channels */'
1* number of channels *1
1* number of samples per disk block */
/* another pass counter for faul t detection '*1 .

/* fault detected flag *1
.

1* maximim analog· Channel */
1* maximum. event channel *1

1* nunber of postfault blocks to write *1
/* rulIiber of disk blocks left to write *1
.1* number of disk retries */

1* system .. status \\'Ord *1

.;* cur rent ·parameter.s*/
1ft direCtory .of· faul t

.

being 'examined *1
1* error. 'status ·buffe·r *1.

'.

1* counter for single chame1 ana�og i/o *1
1* in1tial value of rtticks *1

.... 1* lim! ts . for 'Wavefonn· interpolation. */.
1* sample subScript correspoming to laspoint *1
/* window shaping coefficients; *1

.
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.

.. jmp_buf jbuf ; .

/* block nunber of.next directory antry */
. /* block nunber of next fault entry *1

. /* tr.ack nunber of ·next .fault entry */ .

1* sector nunber of next. fau! t entry */

/* fau! t beiDJ exciDined: */
1* directory block of faw. t being examined */
./* current time· (raw)

.

*/
/* tick counter */
/* initial value of tick cOWlter .*/

/* lOn;Jjunp environnent */

int dblock ;
int fblock.;
int ftrack ;

.

.. int fsector ;. .

int fnunber ;.
. int dblock ;
struct tbuf ctime· ; .

int ticks; '.
int iticks t
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•

. li�ltrle <$1:dio.h> .

• inc100e <setjmp.h>
• incluie "dlJ0.h'

/*
. * Ini tialization Routines
*/'

.

1*
* main - entry point of pragran
*/

.

mainO
{

extern stroot and, and1;:able t

, ifdef JEBlG.
printf ("Enterin;J main routine\n") ;

I emif
fo·r (n) {

printf ("Enter �pling rate in Hz� (480 or 9�") N) ;
readf (N'd" ,&panns.rate) ;
if «parms.rate:" 960) II (parms.rate" 480» {

break f
}

}
chngps (PL4)' ;
bootl· 0 ;

setjmp (&jbuf) ;

chngps (Pt.0> ;
DT1761·>dt dbuf := " ;
OT1761->dt-dbuf:= 0 I O'l'Jl\.X ;
while (sheIl ("\nfr>", &andtable, 0» ;

I ifdef lEBOO
printf (Nleavin;J main routine\n\n") ;

• emit
}

/*
* bootl - ·test hardware, intitialiZe variables
*/
boot! ()
{

extern monitocO, rmintO ;
extern int argc ;
extern char *argv{] ;
extern· reset{) ;
reg ister Stroot aplinn *aPltr ;

register struct epann *ePltr ; ..

'

·

reg ister int i ;'. .

'. char *cpltr ;
.
extern char * U break i

I ifdef maoo
- - .

·

extern char * U tSize i
ex.tern char *-U-stackSi:te ;

'. . emif '

.
--

· if (parms.ra�·=i 480) . {
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.

.

nchan·. 16 ; .'

parms.smpc}lC •. 8 t
smp,lk :iii 8.; .

nbsamp = 32 ;
· allchan = 1 ;.

·

itickS • 2 ;
}
else. {

nchan • S s
· parms.smpc� • 16 ; '.

smpblk • 16 ;
.

nbsaIip =- 16·;·
a11chan • 0. ;
i ti(:ks == '1 .;'

t
}
ifdef tEBOO
if (debU)f) {

printf ( II itick$ %d\n-, i ticks) ;
.}
emif
tickS· =- iticks ;
parms.thetainc = OTHE'l'AINC ;

parms.pre_fault =- DPREFAULT ;

pams.post_fault = OPOS'rFAULT ;

parms.gflcg = 1.: .'
.

parms.daflag = " ;-
for (i � 0 t . i c 4 ; i++) {

hnbsamp(i] :II nb$CIRp/4 * i ;

•

}
parms.nchan = �han ;

.

m.axachan • nchan - 1 ;
maxechan = NEeHAN -1 ; .

if (CLOCK->c_:.csr >= 0) {
.

parms.ext c1ock++ ;
· _

. }
parms.dsnane[0] = "0' s.

· ...

if «RX82->� csr: &. fOOJ2 MaE) =- 0) {'
..

'

panic-("OISK Nar-RX02") •

}
..'

,

. OTD'4A_VEC'l'(:R':">integ:l &monitor';
.

.

0'l'IMA'VECT(R->inteq2 = PL4 ;
. attacn (.INTERROP1', &reSet, e, ;

CLOCK_VECTOR->integ:ll &rtcirtt ;.'
. CLOCK._VECTCR"';)iriteg2·.' PL4·; ..

. OLCLK->dl_xcsr '.- 1e1; .

.
OLCIJ(->dl xbuf =- 0 .:

for (apltr:. &parms:aparms[0] ; apltr < &parms.apc!rms[l6] ; .apntr++) .{
aFntr->nane(el • ."'. ;

aP'ltr->delta�trig·. 100 ; .

} .

for (ePltr. &pai:ms.epanns(01 ; eFPtr < &parms.eparms[161 ; epltr++) L
epntr,,:,,�name[0J == '\8' ;

ePltr�>lead_tdg • 0 ;

epntr·>trai1 trig • 0 ;
. .-

}



}
emif
dlXltrs :II st;>rk. (i). ;

.'

maxcycles - i / .(S�IZ£·+ sizeof *dp'ltrs) ;

maxcycles - abs . (maxcycleS) ;
.

buffersize =:maxcycles •. 128 t
. adbuf. (dPltrs + -maxcycles) ;.
adend - adbuf + buffersize ;
if «maxpr'efault = IRaXcycles - IS) <- 1) {.

panic ("Not Enoi..gh Memory') ;

}
maxdisplay = (maxcycle$ - 4) * 16 i 1* must ass�e 16 samples per cycle! *1'.

1* s.ince may �rk witb data of either. rate *1
1* regardless of current clock rate */.

.

for (1 = 0 ; i < maxcycles ; i++) {. .

(dlXltrs + i).,.>bforw = (dlXltrs + «i+1)% (maxcycles)) ;

(dpttrs + i)->flt_data:ll (adbuf + (i * 128»; .

Jan 15 20: 12 1986 . o00.c pa<Je 3. .:

i .. (getsp 0 - sbrk (0» - S'1'ACI<SIZ£ t .

ifdef IEBOO .

.

if (deb.l.gf) {.... .

. printf (�8reak is at 0%0\nStack pointer 0%0\nAllocate size 0%0\n", ..
.

'

sbrk (0), getsp (), i) ;

I

}
. 1fdef D£BOO
if (debt.gf) {
printf- ("dp'ltrs %0 adbuf %0 adend %0' maxcycles %d buffersiZe. td\n",

dpttts, adbuf, adend,. maxcycles, buffersize) ;
.

printf ("maxdisplay %d\n", maxdisplay) ;

}
emif
status = 0 ;

print£ ("\nOFR�3 Initialized\n\n") ;
.

printf ("BUffer size %u bytes. Roan for %d prefaul t cyc1es�\n" ,
buffersize· * 2, maxprefault) ;

argc .. 2 ;

a[9v[1] = "-g" ;
1s1 (&parms, �l) ;

}

1*
* reset - execute non-local·goto back to camtan:l level
*/
reset .()
{

}
lOJY;Jjmp' (&jbuf, -, 6) .;
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,

Uncloo,e <$ttHo.h> ','
,

Unclooe <setjmp.h>
Uncluie' "c0�.h"
1*
***."***********************.,,.,,****************************************

" ,

*

*

*

Initial ized External' Variables "

*'

."

'w

*****************************************************1r*""".".,,**********

*1
1*
* Shell level commands
*1
struct cmd andtable (] {
t ifdef IEBtXi

"d�" ,noarqs,.&deb!.g, ,

"dunpl' ,noargs,&dunp,
1* set/reset deb\q9i� neg *1
1* dunp out a disk block *1

t en:lif
"edit ,"[ft]" ,&Edfault,
'''exit "[ae) '" &ex '

, I' .

Itq1obU" ,noarqs,&q1ob,
,

Ithelp" ,noarq$,&help, ,

'''1s" ,"-{aefgtl " ,&15;
,I ifdef IE$OO,

"quit",noargs,i},

1* edit a fault */
1* examine a channel *1
1* set global sy.;tem paraneters *1
1* print out c.�rent caMWds *1
1* list parameters *1

'

1* exit (start transparent task *1
• emi£'

"IJIl","(*] Iff] [ft] .�.,",&tmfault, 1* remove faults *1
"start" ,noarqs,&start" 1* start takirg data *1
�util" ,noarqs,&util, 1* u�ility routines *1
"

} ;

1*
* '!'he editor subcCXl1lllardS
*1
struct and ,edands [} {

, i ifdef IEBW "
,

"debut' ,noargs,&deblg,
"dunpl' ,noargs ,&dunp,

i emif
"dsp","[atl (e) ",&prfaUlt,'
"global" ,noargs,&exqlob,
"help" ,noarqs,&helpex,
"1s" , "-[aefgtl " ,&lsf,
"q" ,noargs,S,
"rm" ,noargs,&rmlfault� •

"

1* set/ reset debu;Jg iD;J £leg '*/ '

1* dunp'out a disk block *1

1* display faul t info *1
1* change display parCllleters *1
1* print out current CCJll1laOOS "'1
1* list faul t parameters "'1
1* go back to shell */
1* remove a faul t *1 '

} ;

1*
* the utility command menu

*1 ' .'

struct, cmd utilmert[J {
"store Parameters on Disk" ,noargs,&aave,

"

, "Read Parameter,s from Disk" ,noargs,&restore,
,

,

',"Set Time" ,noarg.s,&tinieset; 1* set internal clock'*;"

....

.. ,',.
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. .

.' ..
'

.'. . '.' .' '

.

. "Set Terminal InpltloutPUt options" ,noargs,&sttymode;
.

"Format Disk" ,noargs;. ' &foonat, /*. format floppy disk *1
ItCOpy Disk" ,noargs.,&rx copy, .

. '.

.

"Oisp1ay Disk Statii",noCirgs.,&prxstat, 1* diSk error regh;ters *1
"Reset. System" ,noargs,&rstsys,
"Tenninate Command" ,noaI9s, 0,
o

} ;

1*
* the global camnand menu
*1
strLM:t cmd glol:men[J {'

"Charvae ReCordirig Label" ,noargs,&reclbl.,
"Set Prefault Recording Time" ,noargs,&preflt,
"Set Postfault Recording. Time" ,noargs,&postflt,.
"Set waveform Display Format" ,noarg$,&wavedSP,
"Set waveform Display. Abscissa Increment" ,noargs,&absinc, .

uTe rminate Coltinand II ,noargs,0 ,
o

.

} ;
..

1*
* the window shaping coefficients
*1

float k480 n {
1. ,

-0.9900026 ,

0.9273505 ,

-0.7689065 ,

0.5211294 I

-0.2548521 ,

0. 6549272e-01 ,.

0.
} ;

float. k960 [] {
1. I

-0�9957045 .

:. , .

0.9678518 ,

-0.8924927 ,

.0.7589350 ,

-0.5767922' ,

0.3653717 i

-0.1315151' ,

0.
} ;

1*
* various messages .'

-.

*1 .

. '.

char flthed IlJ '.

"\n I cy::les pre p:>st rate

char noargs[] { ".. } ;

time .' . clock record lng label\n"
.

} '.

; .
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char c1ktimeout [] {
"Clock. Timeout" } ; .

..

.. /*
. * Deb�9 iBJ flcg.
*/
tifdef _00
int deb�f 1 ;
'eMif
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. . .

.
.

.

iinclLde <std10.11>
t inclLde <setjmp.h>
'include "c00.h-

1*
.

* u�ility functions
*1

.

1*
* ex wparm - wai t for rx02 transfer request flag, then send w::»ro
*1

- .

ex wparm (aCCJ)
{
-

register lnt t�er ;
. timer • 2""00 ;
while (RX02->·ex csrlo >- 0)' {

if . (-tImer .. �n {
.'

.

panic ("Disk Timeout") ;.
}

}

}
RX02->ex_db � aCCJ ;

·1*
* ex wean'- write ccmnand' to nc02
*

-

return -1 if :error set
*/
ex wean (arg)
{-

if (ric chk() < 0)
.

{
-

return (-1) ;
}
RX02->nc esc • arg ;
return (0) ;

}

1*
* 'cx_chk - wait for disk to becane' ready
*1

.

ex chk ().
{
-

t

while «RXS2->cx_csr & RXDONE) .. 0) ;

if «RX82->cx csr <. 0) II (RXm2->cx_db & !NIT_DONE» {
ifdef raoo

_

.

if (debug£) {
prxerr () ;

}
t end if

}
return (-1) .;

return. (0) ;
}

1*
* raw -. Sets .tty mode to raw

.

*1.
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raw 0
{

int tbuf(3) ;
.

gtty (O�. tbuf) 1

tbuf[2] .. I RAW ;

stty . (0, tbuf). ;
1

1*
* UI'lraw -- sets· tty mQde to -raw

*1
unraw 0
{

int tbuf[3] ;

gtty (0, tbuf) ;
tbuf[2] =, -RAW ;
stty (0, tbuf) ;

}

1*
* rx read - read data fran floppy disk
*1

-

rx read (drive, block, buffer, nbytes)
.

{-
reg ister int retry ;

for .(retry =- 0 ; retry < 6 ; retry++) {
if (rx trans (B RFAD, ddve, bloCk, buffer, nbytes) >;ic 0) {

...
-

return TO) ; .

.

}
nretry++ ;

printf ("retry\n") ;
}
prxerr () ;

return (-1) ;.
}

1*
* ric_write - write data to floppy disk
*1
rx write (drive, block, buffer, nbytes)
{
-

.
.

.

.

reg ister· int retry ;

for (retry s 0 ; retry < 6 ; retry++) {
if (rx trans (B WRITE, drive, block, buffer, nbytes) . >- 0) I.

.

-

re�urn (0) ;
}

}

nretry++ .;
.. printf ("retry\n") ;

prxerr () ;

return. fool) ;
}

·1* ...
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.. ' ....

* rx trans -"'!" transfer data to/fran disk
. *

-

..;_ argunents are canmand,. ddve rnmber, block nunber, .

*
...

.

buffer address, nunber of bytes to transfer· (_t· be .even)
. */.'

.

rx_trans (CQl'llland, all'lit,' ablock; buf, nbytes)
char *aunit;'

.

char *ablock ;
int *buf;

.

char *nbvt-es • .

{.
;r.... ,

int track;
int sector';
reg ister int 'ntrans ;

reg ister char *block ;

reg ister .
char .*unit ;

block lilt ablock'; .

unit =. all'lit ';

.

if (lI'lit >= NWITS). {
perr .( "Bad Drive Nunber") ;
return ;

}
ifdef IEste

.

if (debtqf) {
printf ("rx trans: driv.e:%d track:%d sect.or:\d\n" ,unit,..

bloek/2G,blOCk\2S+1) ;
.

.

pdntf (" buffer:\o nbytes:\d ccimnan:i:%d\n" ,buf,nbytes,
canmand);

.

}
emif
unit =* 020 ;

While (nbytes) {
if (block >- NBLOCKS) {

perr ("Bad Block NUmber") .;
return. (-1) ;

}
.

track = block I LASTS� ; .

sector = (blOCk' LAS'l'SB:T<Jt) + 1 ;.
ntrans .. nbytes > SEC'lXllSlZE·? �IZE : nbytes ;

nbytes =-
.

ntrans ;
.

ntrans -/ 2 ;
.

if (�- BRFAD) I
if (rx �aa (HI DENS I unit I RFAD_SECTCR I RmO) < I/J) {

-

return 1...1) .;
}

.

rx wparm· (sector) t
rx-wparm (track) ;
if-(nc wean (HI DENS I EMPl'Y

...
BUFF J R}(GO)''< 0) {

_

'return T-:-l) ;
} .

}
else.{ .'

rx_wparm (ritrans) ;

rx_wparm
.

(but) ;'
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.... if ftx wean (al DENS r FILL_BUFF I 1000)' c 0)' { ..

return (-1) ;

}
. rx wparm (ntrans) ;
rx-wparm (but) ;

.

if�(rx 1II.Can (HI DENS unit l WRITE SEC'i'(R I ..R)I.G(» < 0) {
. .

� return (-1) ;

}

.'.

rx_wpapn (sector) ;
.

rx_wparm (trac�) ;

buf =+ ntrans ;
block++ ;

}
return <rx chk (» ;

-

/*
* prxerr - print out current rx02 error buffer .

*/
.

prxerr ()
{

register int i ;

.printf ("RX02 Error'Status\n") ;

printf (ttCSR %o\nBUF %o\n" ,RX02->rx. csr ,RX02->rx db) ;
i '. 30000·;
". - -

while. «RX02->rx esr & RXOONE) == (il) {
if (-1 ;. 0) {

.

printf ("Disk Timeout\n") ;
.

return; .

}

. }

}
RX02-) rx csr .' READ ERRat·' RXGO ; .

rx wparm-(&rxert) ;-
rx-chkO ;

.'.

.

pr!ntf ("Error Code %o\nW:>rd Count %d\nDrive 0 Track %d\nOrive 1 Track %d\nTargl
rxerr.errnun & 0377, rxerr.1II.Creg·& 0377,
rxerr.d0track,rxerr.altrack,rxerr.ttrack,
rxerr.tsector) ;. .

printf ("%a disk retries' since' power up\n",nretry) ;
i = rxerr .err$tat ';
printf ("Unit %d �lected\nHead' %sLoaied\nDrive 0 %s Density\nOrive 1 %s Densit�
i&020011:0,i&0407"· : "Not ",i&0207"8i If. :"1.0" ,i&0100?lfH11f :-1.0" ,
rxerr • track) ;.

.

/*
.

* prxstat - print rx02' statuS
*/ .

. prXstat 0··
{

reg ister illt i' ;
register int unit;

.

·.prxerr 0 ) .
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.

. .

... ... .
.

.

.

. printf (tlCSR. %O\n" ,RX02->rx_csr) ;.
for (unit .. riJ ; untt < 2 ; Unit++) .{ ..

.
i =: 3�riJ00 ;. .

.

.

.

while . «RX02->rx csr & RXDQNE) -= 0) {
.

if (-i ;. 0) {
. printf ("Disk Timeout\nll)

. return; .

i
RX02.,.>rx csr =: at DENS I unit«4 ., READ_STATUS I RXlO ;
i-3000i; ....

-

·while «RX02->rx csr & RXDONE·) - 0) I
.

if (-i:= 0) {
.

printf ("Disk Timeout\n") ;

return; .

}
}
i • RX92->rx_db ;

..

printf ("Unit %d ".,unit) .;
if (i & 0200) {

printf ("Ready, %s .Density\nll ,i&940?IIHi":"Lo") ;
. }
else .{

1
printf ("Not Ready\n") ;

}
if (RX02->rx csr < 0)· {

prxer.r () ;
}

}

/*
* getdata - read n samples fran chan .

*/
.

getdata ( chan; n)
{

register int *dpntr ;
.

reg ister int count ;
reg ister int i.;

.

•
.

ifdef OEBlG
.

if (debLgf) {
printf ("getdata (0%0, %d) \n", chan, n) ;

}
. endif

.

.

. dpltr. = adbuf ;
count .. n ;

rtsetup (1) ;
do (

.

rtwait 0 ; .. .

PT176h..>dt csrhi = chan ; .

.

,while (0'l'1761->dt csrlo >- 0) .;.
.

*dpntr++ == OT176i=>dt dbuf - O'mAWOFFSET ;
...

} lIbile (-count) . ;
.

_

ifdef �OO·
if (debugf) {



Jan 15.20: 12 1980 cl(!J.c page 6 .'

}
end if

dpttr == adbuf 1. .

.

count. ==. n 1.
.

do [.
.

if «count & 07) =- 0) {
.. printf ("\nlt) ;

}
printf (.-%6.0. ", *dpltr++) ;.

} �ile (--<:Ol.llt) ;
printf ("\n-) .1.

.'

}

nextpoint == 369. / panns.smpcyc 1.
lastpoint .. 0 ;
ipoint == 15 ;

/*
* rtsettlp. -:- set. up for

II real-time" routines
*/

.

rtsetup (irtticks)
{

.

.

t
.

lfdef IESI.l;
if (debugf) {

printf (" rtsetup (%d) \n" , irtticks) 1.'
}

# end if
rtfrq' == irtti.cks ;
rtticks .. rtfrq +.10 ;

}.

/*
* rblait - wait for clock to. tinle out
*/
rtwait ()
.{

reg ister inti ;

ifde£' rEaOO
if (debU3f) {.

DT1761->dt_dbuf = 02000 ;

i
}

..endif
.i := 30000 1.
if (rtticks < 0) {

panic· ("CloCk oVerrun-) ;
}

.

.
�ile (rtticks) { .

if (__;i =- 0)' {
panic (-CloCk Timeout") ;

}
}
rtticks := rtfrq ;

"ifdef rEB�
if (debU;f) {

DT1761->dt dbuf == 0 ; .
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.

}
·.1· emif
}

.

1*
..

* rx panic - got a disk. error t.ben one cannot be afforded
*1

- ...
.

rx panic {) .

(
-

.

chngps (9200) i
prxerr· 0; .

panic ("Disk. failUre") t
}

1*
.

* notnes - the intlarrupt vector. is attached. here dur ing cdticalr
* - disk operations that must. not be aborted
*1
noints 0
(

.

}
pr intf ("Cannot abort C(l'DIDaI'ld\n", ;

I'll
* roundup - return snallestinteger greater than or equal to £Val
*/
roundup (£Val)
float. tval ;.
{

. reg ister int sign ; .'
register tnt ival ; .

sign = 9 ;
.

if (£Val < 0) {
ival = -£Val ;
signrf ;

i
iva! =- £Val ;.
if (ival 1= £Val) {.

ival++ ;
J
if (Sign) {

iva! =- -ival ;
}

}
retUJ:n (ival) ;

I'll
* r$tsys -
'Ill
rstsys .()
{

reset system·.

.

.. .. .

.
.

.

if. (ask ("Are �I,l sure you want to reset· the system? "l) { ....exit () .1. ..

.

}
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1*
* Commands.
*/

iincluie <stdio.h>
. I incluie <setjmp�h>
tincluie "C90.:h"

..

/*
* help -

.

print out main level c�arr3s .:

*/
help O·
{

extern struct and audtable ;

helpl (&cmdtable) ;

}

/*
* helpex - print out eqitor sublevel C(J'I1Rlallds
*1

.

helpex O·
{

}

extern stroot and edands ; .

helpl (&edcmds) ;.

1* .

.. .

* helpl - print out available commands
*/
helpl (ccmnands)
struct <::md *C::anman:3s ;
{

register stroot and *C:mdpltr ;
.

andplU .• ccmnands ;
.

.

printf ("CORIiland.s presently implemented are:\n\n") ;
do (

}

. printf ("%s %s\nlt,(*andpltr).and nane,(*andpltr).cmd options) ;

} \\hile «*++andPltt) �cmd.nane) ;..
- -

timeset 0
{

}
timel (0);

1*
. * timel - if called with nonzerc argunent, print current idea of system time ..

- if called. with ". arg�ent, ask ·for time, then set time .'
..

..

*/ ...
timel (cal1nand).· .

{
.... register char *cp.;

.

register int i;
.

. int day;
.·int hr ;
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int minut ;
int sec.;
struct tdata prtime ;

if (Canmand =- 0) {. .

if (parms.ext cloCk)
.

{ ...• ..

.

.

perr r"cani t set external clockU) ;

return; .:

1
· for (n) {

printf ("Enter Date and Tinte (ODD HH MM (SSJ) : It) ;
if «1 =·readf (W%c:Acftdtd",&day, &hr, &minut, &sec» - 3) {

sec-0;
.

}
.. else if (i < 0l {

return ;

}
else if (i != 4) (

.

continue ; ..
}
if « (cp - sec) > 6") 1.1 «CP - minut) > 6")

II «ep" hr) > 24) II Hap:i day» 366»· {
continue;

.

}
printf (W%d %d:%02d:%02d\l\If, day, hr , minut, sec) ;

. if (ask (WCorrectlt)) {
.break ;

..

}
}

· chngps (PL4)·;
.

ctime.offset ;:: " ;
ctime.basetime - day / 100 ;
ctime.basetime -« 4 ;
day -, 100;

.

i = day/ 10;
ctime.basetime -1 i ;
ctime.basetime =« 4 ; .

day =, 10;
.

ctime.basetime -, day;
ctime.basetime s·« .2 ;
i .. hr / 10 ;
ctime�basetime ::I Ii;
ctime.basetime =« 4 ;
i-hril";
ctime.basetime .• l i.·;
ctime .basetime ..« 3 ;
i,. minut I 1" ;
ctime.basetime.=1 i :

·

ctime.basetime =« 4 ;
i =.minut % HI ; .:

· ctime.basetime·" i r ;
.

. ctime.basetime �« 3 ;
·

i ::I sec I 10 ;.
.

ctime.basetime -, i ;
ctime.basetime .« 4 ;
i ,. sec , 10 ;
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•
.

-. I

·

.' ctime.basetime == I . i ;
·

ifdal tEsOO
.' printf .

(R%O\h" , . ctime.pasetime). ;
end if

.

chngps. (PU) 1..

return 1
}
chngps (PL4) ;

unpac� (&ctime# &prtime) ;
ifdef .IEBOO

.

printf· ("Base Time 0\0. %0 Offset 0%0 %O\n" i ctime.basetime,·
ctime.basetime, ctime.offset, ctime.offset) .

; .

· endif
.

. chngps' (PUn t .

printf ("Time last set at %3d %2d:%92d:%02d\nCurrent. time %3d. %2d:%02d:%92d."
. prtime.b day, prtime.b hr, prtime.b min, prtime.b sec,

prtime.c_day, prtime.c_hr, prtime.c:min, prtime.c sec,
.

i - (prtime.c_tic.ks * 10.416667» 1
. .

}

/*
* format - focnat a floppy 'disk
*/
formatO'
(

extern reset () ;
char sectors{26] .;
register int tracks; .

register int i 1

register char *spltr ;
extern noints () ;

if. (ask (,,\nFormatting destroys all the data stored on the disk.\nDO you really
.

.

return ;
.

}
printf("Insert disk into drive nunber 1, type <return> to continue:") ;
if (getar9s 0 < �) {

return;
..

}
.

attach (.INTERRUPl', &noints, 0) ;
for (tracks ... " ; tracks < 77 ; tracks++) l .

i == (tracks * 7) % 26 ;
for (spltr ill 1 ; sPlltr < 14 ; sFntr++) -I

sectors[ 1++%26] ... spltr. ;
.. sectors( i++%261 :: spntr + 13 ; •

return ;

}
rx wparnl (DEC' 00) ;.
rx�wpann' (traCks)' ; .

spotr ill &sectors ;
.

i.- 26;
.

do {
.' rx �rm (*Spntr++)

} 'hhile <-=i) i.
..
, ..
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}.
rx ehk () ; •.
attach (INTERRUPT, & reset, en ;

1

1*
* Start CQ11Il\and - start taking data
*1 .

.

start 0
{

.

extern .tnt arqc ;
·

extern char *clktimeout ;
int ddtr iq [NACHAN].·;

.

tnt dleadsiq· :
tnt dtrailsig ;
register int i ;
register int bit;
register !;Stroot epaan *epltr ;
stroot dbUf *sintopltr ;

'long timeout.;
.'

. sttuct tdata prtime ;

for (;;) .{ .

.

· i • ·DLll..>dl rbuf :
· DLll->dl_rcsr = a ;

if (findfreeblock () <.") {
statuS =& .-SAMPLING t .

printf (-Sampling stopped\n") ;
. i 111 DLl.l->dl_rbuf ;

DLll->dl_rcsr 111 DLtEN ;
ret�n ;

}
for' (i. = 0. i i < 16.; i++) {

dtrig[il 111 NOFAULT ;
ddtr iq (i}' ,. parms.aparms( i) .del ta_triq *.40.96.;

}.
leadsiq = 0 ; .

ttailsiq =' 0 ;

dleadsiq == 0',;
·

dtrailsiq·. " ;
,

.

bit == 1 ; . .

for (1..0; i < 16 ;.i++) I
epntr • &pa�s.eparms[il ;

.' if (eP'ltr�>lead�triq) [.
.

.' dleadSiq 111 I bit;
}
if (epltr->trail triq) {

'" dtrailsig" I bit;
}

.

'. bit .« 1 ;
.'

}
samplo" " ;

passno.:II 010'; •... .

.

adcounter ;: S'npblk ; .'

fltdet = 0 i.
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i =- OT1761�>d�dbuf ;
OT1761->dt 9sr10 = 0 ;
Dr1761->dt-csrhl = 017 ;
timeout = r00 ;

.

.whi.le (OT1761->dt csrlo .>- 0) {. .

.

.

if (-tim"iout .. 0)· {
.

pat)jc. ("AID conVerter

}
i = DT1761->dt dbuf •

_ '.

Dr1761->dt_csrhi:= IM: I 017;
Dr1761->dt 'AlCount • -16 •

_ I

. outofpltr - dp'ltrs ; ..
. sintopttr ==

.

intop'ltr == dpttrs + panns.pre fau! t ;
.

i =- intopttr....>flt_data; .

...

_
.

.

. Dr1761,,:,,>dt_busadd" i ;
.adP'\tr = i ;

lastp'ltr =- i - nbsamp * (parms.smpcyc + 1) ;
nrecord • parms.post fault ;

t ifdef. IEBU:;
_

if (debiJ;f) {
printf ("adpttr %0 laSp'ltr %0 \n" ,adp'ltr ,lastp'ltr) ;

printf ("intop'ltr %0 outofpntr. %o\n" ,intopltr ;outofp'ltr) ;

printf ("lnto address %0 Qutof addres %o\n" ,intopntr->fl�data, outofpltr->fl�
}

.

• endi£

status :II SAMPLING ;
timeout.n.iWlrd =- In0; 1* fooge 1OD:J consant *1
timeout.10Wlrd = " ;
while (outo·fPltr 1- sintopltr) {

if (-timeout "·0) {
panic (&clktinu!out) ;

}
}
printf ("samplilY:J started\n")· ; .

for (i = 0 ; i <- maxac:han ; i++) {
.

dtrigUl - ddtrig[i] ;
}
leadSig = dleadsig ;
trailsig = dtrailsig ;

for (;;) {
if (status & RECCJU)ING) {

if· (recordfault () >= '0) {
break .;

1
.... }

.

.. else { ..

if (DLll-)dl rcsr < 0) {
. if. «OLll->dl rbuf & 0177)

.

!= CNrLX)· { .".
DLll;_}dl_Xbuf ,. '".;

. continue ;

,' ...
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}
else. { .

•.
.
continue ;

}
}
status =& -SAMPLING ;

printf ("Sampling stopped\n") ;
i :I DLl1->dl rbuf ; .

DLll�>d1....;rcsr:. OLIEN ;
·return ;

}
}

}

/*
* a copy - copy disk in drive 0 to disk in drive 1
*/
-

.

a copy ()
(
-

extern noints () ;

extern reset () ;

register int nb1klft ;

re;ister int ntrans
.

;

reg ister
. int· block' ; .

printf ("Insert source disk into d.rive 0, destination disk into drive 1.\nType c

if (getargs 0 < 0) {
.

printf ("Copy not done\nn) ;

return ;

}
attach (INTERRUPT, &noints, 0) ;
nleft = NBLOCKS ;

blOCk = " i
while (nleft) {"

nblklft :. min (nleft, maxcyclel ;
n1eft =- nb1k1ft ;

.. if eta read (0, block, adbuf, nblklft * SEC'l'(RSIZE) < 0)'.
II (ix write (1, block, adbuf, nblklft * S�IZEl <�» {

.

return;
.

.

}
. block -+ nblklft ;

}

} .

.

attaCh· ('INTERRUP1', .&reset., ·B) ;

/*
* perr - pr into error'message...
*/

perr (message)
char. *message ;

{

}

.
.

. priritf ("Error - %s\n" , message) ;
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/*
* util ity canmands ..

*1

'incluie <stdio.h>
t incluie <setjmp.h>
tincllde "cOO.h"

utile)
{

extern stroot and *utilmen ;

nshell (&utilmen) ;
}
1*
* exan Ine �c:imland
*/

ex (�., CIl\dPltr)
str";:t cmd. *andPltr ;

{
. extern. int argo ;
extern char *argv[] ;
float rmsval 0 ;
float· fval· ;
tnt analog ;.
reg ister int chan ; .

char c ; ..

reg ister int 1 ;
char strrg{35].;
regist�r int ppntr ;
int ivaI;

.

chan = 0.;
analog .• ANM.OO ;
c .. 'a' ;
if (argc .. 2) {

c 11 *argv(ll ;

argv[l1 [Ol lit '0';
chan ,. atoi (argv[l]) ;.

}
.

if «argo> 2) II (te 1- 'a') && (c. 1= 'et») {
puse. (andpttr) .; .

return ;
}

. if (c =- 'e') {
analog. = 0 ;

}
for (;;) {

for (i.·" ; i < . (sizeof strrg I sizeof c) ;

strn:j[il • '\0' ;
.

}.
.. if (analog)· {

if (chan < 0) (
chan = maxechan ;

. analog • " ; ..

i++) {
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}
. else if (chan ,; maxaehan) {

chan = 0 ;

analog = 0 t
}

}
else t

if (chan < 0) {
chan =- maxachan ;

analog·. ANALOG ;

}
else if (chan >.maxechan) {

chan·fiJ;
analog =- ANALOG ;

}
}
if (analQ9) {

ppttr = &panns.aparms[chan] ;
}
else {

}
ppttr = &panns.epanns[chan] ;.

•

pparms. (analog, chan, &panos) ;
raw () ;

.

i • (getchar. 0 & 0177) I analog ;
unraw () ;
switch (i) {

default:
.

·

pr intf (" [+ - : = I dl It) ;
break ;

case '\n' :

case '\n' +ANALQG
Case CNl'LX :

.

case CN'l'LX+ANAIOO
return; .

case '+' .:
case '+'+ANALOG

chan++ ..
,

break ..
.

,

case ,_t .
.

case '- '+ANM.OG. :
c� ;

.

break ;

. case' I' :.
··case 'd' :

· pdntf (" %c" , (DRll->dr rbuf & (1«chan) ) ?'1': '0') ;
break j

" . -
.

case t I'+ANALOG .: .

· printf (It %.igv ms", rmsvaJ. (chari» t
break·;

.
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case 'd'+ANALoG
�rintf (It • cycles (.1 to %d) :", maxdisplay} ;
1f (readf (It\£" ,&tval) <= 0) {

.

break·
.

.. ':
}

.

if « tval > maxdiSplay) .. 11 (tval < .1» {
.

break ;
.

}
.

getdata (chan, iva! = tval * parms.smpcyc + 6�) ; ..

£Val .* 360. ;
graPlchan (0., fval, parms.smpcyc) ;
break ;

case '.' : .

if (readf (·'2s" ,strn;J) > 0)· {
PP)tr->lead trig == � ;

ppntr->traiI trig = 0 ;
for (i :I 0 ;-i < 2. ; i++) {

switch (strn;J(i]) {
case '1' :

ppntr->lead_trig = 1 ;
break ;

case't' :

ppntr->trail_trig = 1 ;
break ;

'.

}
}

}
break ;

case '=-'+ANALoG .

:

printf (It (.1 to 100) It) ;
if (readf (It'fit ,&tval)· <= 0) {

. break;
}
if « tval >= 0.1) && (tval <= 100» {

.

pt:ntr...>delta�trig = £Val;
}
break; .

case ':' :

case ': '+AW\LOO :.

if (readf (1t'32s1t, str�) >= 0) I
strnepy (PPltr-.>nane, strn;J, 32) ;

}
break ;

1
}

}

/*
* RJarms - print parameters
*/ .. .

. .

.

pparms (analog, chan, appntr).· ..
{
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.

register into ppltr ;

'. ppntr ;. appltr ;

if (analog) r. '. ".
. .

..

ppttr ;. &ppltr->apartns[chan) ;
}
elsa {

ppltr CII &ppltr';">eparms[chart) ;

}
printf ("\il%ct-2d ",analog ? 'at : 'e' , chan) .;

printf ("%�32.32s ",ppntr->�e) ;
if (analog) {

printf ("%5.1£%%." ,ppntr->delta_t�i9) ;

}
else {

printf (" ,ete" �ppntr"'>lead trig? 'I'
.

ppltr->trail trig? 't'-: ':..' ) ;
-

.
.

'-'
,

}
}

/'*
'* rmsval - take data fran channel and retutn [inS value
'* - in fraction of f..ul scale
*1

flo�t
rmsval ( chan)
{

register int c6trlt ; ..

register lnt '*dpttr ;

float'sqrt 0 ;
float fsun ; .

float £Val ;

getdata (chen, Rt1SNU'-t) r

faun ,. " ;
count == RMSNtM :
dpttr == adbuf ;
do {

fval ,. '*d{iltr++ ;
..

fsun =+ £Val '* . £Val ;
} 'Itlile· (�count) ;

.
.

. return (sqrt (fsun / . R4SFtiLL» ;

}
. '. .

.

/* :
'. ..• •...

'

'.

* grap:tchan - .print grapbQf channel values, every panns.thetainc degrees...
*'. fran theta· == start to theta = l�it

.

*/.
graPlchall' (start, limit� ·scyC).
float start;
float limit. ;

{
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.

register.int i ;'
register lnt.j ;

.

register lnt fillchar ;

float interp:>late () ; ,
float fabs· (). ; '"

.

float theta ; ..

float volts r

• ifdef IEBOO
-if (debU;f) {

i :. (limit * scliC) / 369 .. �
j = 9 ;

.

.

printf ("%d samples\n", i) ;
dol

if «j & (7) =- 9) {
printf ("\n") ;

}
printf ("%6.•2f

.

"', adbuf[j++]. /204.8) ;
} \'bile (j < i) ;

.

. printf ("\n·).;
}

.• emif
if (parms.dafl� =- 0) {

printf (" Time. ·Signal\n. (see) (volts)") ;
fillchar:ll '-' ;

}
else

•

pr intf
.

( "wavefo tin on d/a ") ;
darate 0;

.

DT176l->dt dbuf == ((J ;
OT1761->dt-dbuf :II 9 I � X ;

rtsetup . (ti'rms�smpc� * 2)-;
}
for (theta :II start ; theta. <= limit; theta :11+ parms; theta inc) {

i :II voltS =Ii interp:>late (theta, $eye) ;.
if (parms.daflcg) {

.'

.

. i == min (i, 03777) ;
.

.

i == max (i, �409") ;
rtwait J) ;
OT1761->dt dbuf = i & 0'1'MASt< ;

-
.

}
else (

printf ("\n") ;
.

. print! ("%7.4f \6.2f",theta*ANGLE2T]ME,vQltsl204.8) ;
if (parms.9flcg .. 0) . {

continue ;
}

. i =/ 64 ;
.'

}
if (fabs (theta) < patms. theta inc) {'

if (panns.daflcg)
.

(
,

.OT1761->dt dbuf:: 02000
.

-

}
else {

O'l'lia. X •

-
I

}
fillchar :II '-' •

.

.

I
.



}
if (j .. 0) {

printf (ill ") ;
continue ;.
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}
if (pal'inS.daflag) {

continue ;

}
for (j =.-l2 ; j <= 32 ; j++) {

if (j .. n {.
pr intf ("* ") ;
continue ;

}
if «fillchar 1= ' ') && «j % 8) .. 0»· {

printf (11+") ;

cqntinue t

}
if «j < 0) II (j < i)

.

. II «j > i) &&. (fillchar 1_ ' ') n {
printf ("%c",fi11char);
continue ;

}
}
fillchar .• f ,

;
}
if (parms ..daflag) {.

DTI761->dt dbuf • .0

DTI701->dt:dbuf = 0
}

; .

I D'l'M_X ;

1

./*
* interpolate·- retL}fn y value be1:w!en samples
*/
float
interpolate (�le, scyc) .

float· ang Ie . i

{
float. sun, si.gma, tau i·
float s.in () ;

register int i ;
.

reg ister float *kpntr ;
.

float incpo int ;

t ifdef lEBOO
if (deblgf) {

.

.

printf ("�le %.7e .•. nel(tpoint '.7e ... lastpoint %. 7e\n" ,atra1e,neKtpoint,last!
}

It emif
incpoint ;I 360. I scyc ;
while <cm31e > nextpoint) { .

nextpoint· =+ incpoint ;.
laStpoint =+ incpoint ;

ipoint++ ;
}
'tthile (aD:lle c lastpoint): {
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lastpoint =�. incpoint 1

nextpoint =- incpoint t
ipoint- 1

}
if (aD;J1e == n�tpoint) {

return (adbuf[ipoint+l]) ;
}

.

if (angle:==ill lastpoint) {.
return (adbuf( ipoint]) 1

}
tau == (angle - lastpoint) / iJlCpoint ;
sigma * 1. - tau;

.

sun =-" ;
t ifdef .JEBOO

if· (debu;Jf) {
. printf ("sigma %.7e tau %.7e\n" ,sigma, .tau) 1.
}
emif
kpntr, =- scyc == 8 ? &k480 :. &k960 ;
i =" ;
while (*kpntr) {

.

sun =+ *kpntr++ * «adbuf(ipoint-i1/(i+tau» +

(adbuf[ ipoint+l+i1 /(i+sigma») ;
i++ ;

}
return « sun * sin ( PI. * tau » / PI) ;

}



,
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iincillie <stdio.h>
t inclooe <Setjmp.h>
Unclooe "c03.h"

1*
' "

, ",','
* stt)fllode � select terminal type, output ports
*1

'

" .

stt)fllode ,()
{

extern char pal t '

;

reg ister int mask ;

register int i 1
int sta,te'(3] ;,

,mask- 0;
9tty ((6, sta�) t

,

i - state[2] ; ,

,

printf ("CUrrent mode is: 'spaper ..
, i&VIDEO? "_": "") ;

printf (",sprinter", palt? "": "-") ;

printf ("'spause\nNew mode:\n", (i&'mBS)-T1\BS2? .. : "_") ;
if (ask ("video terminal"» (

mask -I VIDEO ;
}
palt -' ask ("pr inter on") ;
if (ask ("pause mode")}, {

mask -I TABS2";

}

}
state[2] =- (i &

-

(TABS'IVIlEO» I maSk ; ,

stty «(6, state) ;

1*
,

* save - save current paraneters
*1
save () ,

{
,

,9tty (0, parms.tstate) ;
if (rx write «(6, PA1lMS8LOCK, ,&parms, sizeof parms) >- (6) {

,

,

,,..

printf ("Parana-ters saved on disk\n") t
}

}

1*
* restore _' restore, current paraneters'
*1

" restore ()
{

register int 'i ;
, register int *ill'ltr i
rec;J ister int *oll'ltr ;

if' (rx_read (0, P�SBLOCK, adbUf, sizeof panus) c 0) {
return;

,

}

•



/* '.' .
.'

.

* exglob - exanine level global c�·
*1
eKglob n
{

extern stroot and globnen[] ;.
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.

oP'ltr = ."plums i .

.

if «i->pre..fault < 1) H (i->pre_fault> 2"") II. (i->post_fault < 1)'
.

. t I (i->post fault> 2000)· II (i->thetainc < 0.1) 11 (i->thet.dnc > 69» . (
.

. perr T"Bad data on disk. Paraneters not changed");.
.

return;
.

}
opttr = &oPltr->dsnCi\\e(0] ;

ip'ltr = &lpitr.;.>dsnane[0] ;
while (opltr <= &parms.daflcsg) {

.
*op1tr++ • *ip'ltr++ ;

}
stty (0, paIJQs.tstate) ;

printf ("Par_eters restored fran disk\n") ;

}

/*
* glob - top level global canmBnd
*/

.

glob ()
{

extern stroot cmd glotmen[] ;
nshell (&globnen) ;

}

nshell. (&globnen(3]) t
}

/*
* reclbl ...;. set record ing label
*/
reclbl ().
{

char strirq{40] ; .

printf ("CUrrent recording label: \"'s\"\nEnter new recording label: ..
,

parms.dsnane);
.

if (readf· ("%325" ,string) >- 0) {
strncpy (parms�dSlane, string, 32) ;

}
}
/* ..

,

* preflt - set pr.efaul t recording
*/
preflt ()
{

time .:

Int iva! ;

.

printf. '("CUrrent prefault recordiilg tiJite %d .cycles\nEnter new prefault record irx
'. if( (readf("%d" ,&ival)'>0)&&(ival >. �)&&(ival <� maxprefault) l {"
.' . '. .

'

..
'



}

.

parms.pre

.

faul t �
.

iva! ; .'
. -

.
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}
/*
* postflt - set postfault rf;ICording time
*f
postfit o
{

int ival ; .

.

pr intf ("CUrrent postfault record irq time· \d C}'CIes\nEnter new postfault. record:
If( (readfC'\dJl ,&ival»9) &&(ival > 9)&&( ival <- �AULT» {

parms.post tault. ival';
.
- .

}
}
f*
* wavedsp - set wavefonn display format
*f

.
"

.

wavedsp 0
{

if (ask ("Display on tenninal"» {
. parms.dafla; ." ;

. if (ask ("GraPl fault wavefo.lJlis"» { .

.

panns_gflag" 1 ;
}
else {

parms.gflag .

= " ;

}
}

.

elsa {

}
panns.dafla; .

= 1 ;

}
.

f*
* absinc' - set waveform display· abscissa increment
*f

.

.

absinc () .

{
float tval ';

printf ("CUrrent abscissa increi1lent \.2£ deg.rees ..
, parms.thetain7)· ; .

if (panns.daflag) {
.

darate () ;'
} .

printf ("\nEnter· new abscissa incr.ement (degrees) (0.5 .ee 59) .: tI) ;
if «readf ("\f",&tval) > 0) && (tval >- 0.5) && (tval <- 60» {'.

parm.s. theta inc =- tval ;
}
if (parms.daflag) {

.darate ();
}

.

printf ("\n") ;
}

.1* .'
'.' '

.'
. '.'

.

* darate - pr int dfa output' rate as secorda per .secom .



Jan 15 29: 12 1989 cl3.c Pac)e 4

*/
darate ()
{

}
printf (".(% .2f seconds per second)",720. / parms�thetainc) ;

/* .

* Is -:" list .current parane-ters
*/
Is (arq ,cmdpttr)

struct and *cmdpltr ;
{

lsI. (&parins, -1, Clndpltr) ;
}

/*
* Isf - list parane-ters for .jil$t one. fault
*/ .

1sf (arg ,cmdp'ltr)
stroo·t cmd *cmdpltr ;

lsI (&entry, fnunber, cmcipltr) ;

}

/*
* 1s1 -list .paraneters
* - arg'lments are:

-a � list analog channel parameters
-e - list event channel parameters
-f - list faults
-<3 - list global panneters
-t - prir:'t current time

- if no argunent is. entered
t -9f' is detau! ted to •..

*/
lsI (directory, afnun, cmdpntr) ..
stroot direct *directory';
struet and *andPltr ;

:

{
extern irit arqc t
extern char *argv[] ;
extern char *flthed ;

reg ister char ..cPltr ;
reg ister int i;

.

reg ister stru::t direct· *dentry ;.
int fr.ee ;
int fnun ;

if (argc > 2) {
puse (andpltr) ;
return ;

}
if (atg'C'" 1) {

. argv(ll = "-gf" ;'
l '.' .

cpltr· _'. argv(l] ;

if. «*cJ;:ntr++ 1- I_I) II (*cpltr =- '\"'» {



. }
.
else {

lsfault
. ( fnun) 1·
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puse (andpttr) t .

return ;
}
dentry .. directory ;
for (;;) {

.

fnun:= afnll1l ;
.

switch (*cpltr++ & 0377)· f
.

default:·
puse (andP'ltr) ;
return r

case '\9J' r .

return ;

case • a' :

for (i .. � ; i < dentry->nchan ; i++) {
pparms (1, i, dentry) 1

.

}
break;

case 'e' :

for (i .. e ; i <- maxechan 1 i++) {
ppeu:ms (0, i, dentry) ;

}
�reak ;

case' f' :
.

prif'ltf (&flthed) ;.
if (£nun < 0) {

fnun .. � ;
free :I NBLOCl<S ;
for (i :I OI�Y ; 1 ; i.=+ DBLOCI<S) {

.if « rx read (�,. i, &entry ,
sizeof entry) < 0) II
(entry.last�block "·9}) {

break. ;
}
if (entry.last block < 0) I.

continUe ;
. } .

.:
.

free =- entry.last block - entry.first block;
lsfaul t (fnuo++) ;

-
.

-

}
printf (-Roan for %d �1es\n· ,free) ;

}
break;

case '9'
if

.

(afnUll < 9) {
.

printf. ("\nRecording La.bel: \ "%s\"\nn ,dt\!fltry->dsnane) ;

printf (n'3d Prefault CYCles\n%3d Postfault Cycles\nn,
dentry->pte fault, dentry->post fault) ; ..

.

....

printf(n%d Hz samPling Fre�ncY\",d Analog Channels\nft



· .

. .
.

.
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,dentry-> rate ,dentry->nchan) ;

printf (a,s clock\n" ,dentry->ext clock?1IExternal":
"Internal") , ;

-

}
, if (parms.dafl�) {

printf (·OUtput on d/a's·) ;,
}
else {

, 'printf ("Table with%,s graph",
parms.gflCJ3 ? .. : ·out" ) ;

}
printf (" in %.2£ degree steps·, parms.thetainc) ;

if (parms.dafl�) {
darate () ;,

}
, printf ("\nlt) ;'
break ;.

case 't' :

timel (1) ;
break ';'

}
printf ("\nn, ;

}
}

1*
... rmfaul t - renove £aul ts fran directory
*1

'

rmfaul t (arg, cmd{:lltr)
Stru=t,cmd *aadpltr ;.

{
extern int argc ;.
extern char *arcJv [] ;
extern noints () ;.
extern reset 0 ;

reg ister int i;. ,

register'int eflCJ3 ;

register int rdblock ;
, int £nun,;
int faults[28]";.
int *ipltr ;
char **Cpltr ;
int nrenove ;

eflCJ3 = '0 ;.

do {
attach (INTERRUPt', &noints, 8) ;

"

if (argc <'2). {
eflcg++ t
break;. ,

}
if (stranp ("*", argv(l]) =- 0) t

clear ()";-
i = ti:J ;.'

, break;. ,
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}
.

iptQ: = fa� ts ;
cpttr - ,a�'\1[l] ;
pr intf (If Ilt\"l.1 .

nrem�e" qt<1c :... 1 ;
.. for (1 - nt�ove ; 1·; i-) {

. if (tr*cpttr !_. ' £' )
.

{ .

efl.ag++ ;
.}

.
. ..

**�tr ,. '9' t : ...

·

if (_scanargs ("%d", cpicr , &ipttr) .!- 1) L:
eflcq++ ; .

.

·

}
if ("ipntr < 9) {

.. eflcq++ ;
}
CP\tr++ ;

· prtntf (" f%dfl, *ipttr++) ;
if (eflcq) I. .

goto out;
}

}
*ipttr - -� ;

ifdef IEBOO
.

if (debu;Jf). {
for. (i - " ; «i < 20) && (fau! t::;( i]

printf ("%d ·,faults(i]) ;

}
if (ask (II", ....0) {

break ;

1- -2» ; i++) I

}
end if

}
pr intf ("\1'\") ;

i .. nremO\1e ;
for (rdblo<:)(" OIR!l:'l"CRY; (i) && (rdblock < NBLOCI<S) ; rdblock .-+ OBLO

ifde! tEBOO
if (debu;J·f) {

fnun - 0.;

}
end if

printf (ftfnun %d i %d\n" �fnUt\, i) ;

if (rx_read (0, . rdblock, &entry ,
. (BLK NtM· SIZE». < 9) {
i- '0;

-

.

break;
}

.

if (entry.last block - 9) { .

break -;. .

.

} .
.

if (entrY.last blOck < 0) {
.

.

continUe. ;
. }
...
for (ipttr.,. faults; *ip'ltir != -2 ; ipttr++) {

if (*ipttr. ==< fnun) {
.

.

. entry.las.t block - -1. ;
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if (rx write (0, rdblock, &entry,
(aLK NOM SIZE) < 0) {
i = 0' ;

_

.

break: ;
.

. }

.

*iPltr :II -1 ;.
i- .

,

break ;
.

}

("Bad fault n1;lllber") ;

}

}
attach (INTERRUPT, 'reset, 9) ;

/*
* puse - print canmand usage
*/

.

.

puse (aandp.ltr)
struct.. cmd *aandPltr ;

{
register stru::t and *andPltr ;

}

cmdp'ltr = aandPltr ;
printf ("Usage: %s %s\n" ,cmdPltr->and_nane,cmdp'ltr->and_options) ;

/*
* clear all directory space
*/
clear 0
{

register int *ip'ltr ;

register int track ;

if (ask ("Are )IOu sure )IOu want to clear. the entire directory"» { ..
.

. for (ip'ltr = adbuf ; ip'ltr < adbuf+ (26 * 256 / 2) ; ) {.
*ipntr++ :II" ;

.

.

} .
.

. for (track:ll 0'l'RACK ; track < .N'i'MCKS ; track++) {
rx write (9, track * 26, adbuf, Z6 * 256) ;
- .

}
} .

}

# i fde£ tEB{X;·.
/*

.

* turn deb�9iB3 .fltg on/off
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*1
.

deb� ()
{

}

. printf ("debt.JJf chaBJeCL to %d\n" ,debUJf _
..

1) t

1*
* dunp·out a disk block
*1
dunp ()
{

}
tamif

char *drive, *track, *sector ;'
reg ister int i ;

register int *ipltr ;

printf ("drive track sector:") ;
if (inputf (",d%d%d" ,&drive, &track, &sec to r) < 0) {

. return;
.

.

}
} �Ue «drive> 1) II (track> 76) II (sector < 1) II (sector> 26»;
if' (rx read (drive, track * 26 + sector - 1, adbuf, 2Sfj) < 0) {

-

return;'
.

i :III' 8 ;
for (ip1tr _ adbuf ; iiXltr < adbuf + 128 ;

printf ("'8oit',*ipltr) ;
if (-i" 0) {

printf ("\n") ;
i :III 8 I.

ipltr++) {

}
}
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iinclme <stdio.h> .

I inclooe <setjmp.b>
,include "CB0.h"

1*
* recordfault - • record ·a· single fau! t
*/

.

record fault ()
{

.

. reg.ister struct dbuf *routofpltr' ;
int track;

'.

reg ister int sector ;
.

register char *message ; •.

strlCt tdata prtime ;

..

.. routofpttt =- outofpttr ;
.
track - ftrack';
sector·a £sector ;
mes.saqe • "\0g7Recording\r\n" I

. for (;;) {
if «OLll->dl xesr < g) && (*message» {

OLll->dl_xbUf •. *message++ ;

}
if «DLll->dl resr < 0)

.

status- 0 ;
return (-1) ;

.

&&. «DLll->dl rbuf & 0177) .. CNTLX» {
-

}
if

ifdef , DEStX;
if (dElbU; f) f

(routofPltr->b__forw == intopltr) { /* disk has ealght up */

}
t emif

printf ("ca1.J3ht up\ntf) ;

"

if (status & SAMPLING) {
continue ;

}
else {

break' ;

}
if «RX02->rx csr & RXDONE) == 0) I

continue ;
}

.

if (RX02->rx csr < 0) {
rx_panic 0 ;

}
RX82->rx esr :II HI DENS 1 FILL BUFF. 1 . IDC30 t
while (Ri0�')rx cicIo >= 0) ;-:-

'. RX82->rx db = 128 ;
.

. While (RX02->rx. esrtc >= 0) t
RX02";'.>rx db ,. routofpttr->flt data;
while (R}Cg2->rx esr & �T == 0) ;
if (RX02->rx csr-< 0) {

.

rx_panic 0 ;
}

. RX92->rx_cst = HI_DENS 1 UNIT 1 1 WRITE_5EC'l'CR· I RX:;O;
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*/

J
printf ("deb\.gf charqed to %d\n" ,debt.gf _

..

1) ;

/*
* d1.Jlip out a disk. block
*/
dunp 0
{

}
leroif

char *drive, *track, *sector ,
register·int 1 ;
register int *ipntr ;

do {
printf ("drive track sector:") ;
if (inputf (·'d%d%d" ,&drive, &track, &sector) < 0) I

return r
.

}
.

} W:lile «drive> 1) II (track> ,.6) II (sector < 1) .11 (sector> 26»;
if. (DC_read (drive, track * 26 + sector - 1, adbuf; 256) < 0) { ..

return ;
.

}
1 a 8 ;
for (ipntr a adbuf ; ipntr < adbuf + 128 ; i.Pl�++) {

. printf ("%80" ,*ipntt) ;
.

if (-1 � 0) {
.

pr1ntf ("\n") ;
1 ,;. 8 ;

}
}



.
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'include <stdio.h>
I include <setjmp.h>
iincluie tec00 ..hii

1*
* record fault ..... record a single fault·
*/ .

recordfaul t 0
(

r�ister struct dbuf *rout6fpltr ;
.

. int track·;
r�ister int sector;
reg ister char *message ;
struct tdata prtime ;

routofpltr - outofpntr ;
.

track == ftrack ;
sector == fsector ;
message ,. "\007Record ing\r\n- ;
for (;;) {

if «OLll->dl xcsr < 0) && (*messaqe» {
DLll->dl xbuf ,. *messa<Je++ ;

}
..

if (routofpltr->b forw ==

ifdef IEStx;.
.

.

.

.

-

if (debu;J f) {

}
if «DLll->dl rcst < 0)

statt.S - 0 ;
return (:",,1) ;.

&& «DLll->dl_rbuf & �177) - CNl'LX.» (.

intopltr).{ /* disk has catght up *1

}
emif

if (sta t1JS & SAMPLING) {
continue ;

}
. elSf! { .

break ;

}
.}
if «RX02->rX csr & RXOONE) .. 0) {

continue .;
}

.

if (RX02->rx esr < 0) {
.. rx

....panic () ;
}

.

RXS.2...>rx csr • HI DENS I FILL BUFF I m<CO. ;
while

. (RX0�:)rx cSrlo >- �) ;-
RX02->.rx db" 12S ;
while (RX02->rx csrlo >- �) ;

.

RX02->rx�db ,.. routofpntr->f1t da� ;
while {(RX02->rx· csr & RXOONET == 0) ; .

.. if (�2->rx csr-< 0) {
.

.. rx �ic. 0 ;
.

}...
.. - .

. RX02->rx.:_;,cst :. HI_DENS I UNIT_l· I WRITE_Srerar I ruG) ;
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while (RX92";>oc csrlo >- 0) ;. ..

RX02�>rx db:ll·· sector· ;.
while (RX02->pc csr.lo >- 9) ;.

RX02->rX_db :II track;.
.

if (++sectOr > 26) {
sector -I ;.

.. if (++track > 76) (
.

.

statUS:ll' "'SAMPLING ;
break ;.

I

}
parms.first block :II fblock ;.
parms.last bl()Ck .. track *. 26 +. sector - 1 ;.
parms.post�fault :II nrecord - nleft ;.

. ifdef J:EBOO-
.

if (deb\qf)
.

{ .

.

printf ("block %.d to %d\rt" ,panns.first block,parms.last block) ;.

} ..
.

.
_ _

�if
. .

.

printf ("%.s%.d CYcles Recorded - "» message, .

parms.last_block-parms.first_block) ;

unpack (&panns.fault time, .&prtime);. ...
...

printf ("%.3d %.2d:%.f,32d::%.82d:%.04d\n", prtime.c�day I prtime.c_hr,
prtime�c min, prtime.c sec, sector :Ii (prtime.c ticXs· * 1�.416667)} ;.

printf ("ROan fOr %.d more cycles\n" ,NBt.oCKS-pt'U1'Ils.last_block) ;.
return (oc_write (0., dblock, &parms, sizeof parms» ;.

}
routofpttr == routo£tntr->b_forw ;..

outofpttr :. routofp.ttr· ;. /*. update outofp1tr so overr\ll *1
1* checking works *1

.,

}

1*
* findfreeblock - set up pointers onto the disk
*1
findfreeblock • ()

•

{
reg ister int iblock ;. .

reg ister int oblock ; ..

register int nblockS ;..
int ntrans ;.. ..

int sentmessage ;. .:

dblock.= DI�Y ;.
..

£block:ll g.;
.:

sentmessaqe :II Ii} ;
for (;;) {

if (rx�read (0, dblo<:k, &entry, SB:TCR$IZE) < 0) {
. return (-1)';

tf (entry.lase_block == 0) {
break ;..

} .

.

if (entry.last_block < 0) {
. if (squishdlt() < 0) { .:



.. continue ;.
J.. .

if (£block != entrY�f�rst block) (
. if (sentmessaq·e.-= 9) {

.

prin�f (-Squishinq data\n") ;
.

sentmessagef-+ ;
} .

.

.

riblocks.= entry.last_block - entry.first_block ;
iblock - entry.first block;
oblock = fblock ;.

_

while. (nblocks) {
.
ntrans =- nblocks>maxcycles?maxcycles:nblocks ;

.

nblocks ... ntrans ;
if «IX read (1, iblock, adbuf, ntrans*SECTCllSIZE)
II (IX Write (1, oblock, adbuf, ntrans*S�IZE)

_

return (-1) ;

< 9).
< 0)
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return (-1) ;

}
oblock. =+ ntrans ;
iblock =+ ntrans ;

}.
entry.first block = fblock ;

entry�last block =- oblock ;

·rx_wrlte (0, dbloek, &entry.,· Sa:TmstZE) ;
}
fblock =- entry.last_block' ; .'

if «dbloek =+ OBLOCKS) >- NBLOCKS) {
break ;

}
}
if «(fblock + parms.pre faul·t + 1) >- NSLOCt<S) II (dblock ">= NBLOCI<S» {

. printf ("\n******** \0e7DISK FULt.\007 *******\n") ;
return (-1) ;

}
if (rx write (1, £block, &entry , 2) < 0) {

_

return (-1) ;
.

1* posidon head */ .

}
ifdef·. JEBOO
if (debt.g f) {
printf .("dblock:%d fb1ock:%d\nli ,dblock,fblock). ;
.}
emif .:

ftrack == £block I 26 ;
fsector • (£block % 26) + 1 ;
return ·.(e) ;

}

/*
* lsfault - list par1;iculars of desired fault
*/

..

lsfault (£aul tn\.in) .'

{
.

.

.

strlX!t td.ata prtinte'; .

. register oint i;
'.
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if (entry.last block <a. ")
.

{
- .

return ;

J ..

'

}
ifdef moo.

.'
.'

..

'.'
.

if (debUlfl {
.

.

Printf ("%d %d %d" ,dblock, entry.fi.rst_biock, entty�last�blOCk) ;

r
endi!
unpack
printf

}

(&entrY.faul t..t.iJlle, &prtime) ;
. ". .

.

("'2d' %4<3 %3d %3d . %3d %3d %2d:%82d:%e2d.%94d %c \"%.325\"\n",
faul tnl,lll, entry .last�bloct<-entry.first_block ,entry�pre......faul t,
entry.post . fault,
entry. rate"';
prtime.c"""day, prtime.c_hr, prtime.c_min, prtime.c.;_&eC,
i == (prtll1le.c ticks * 10.416667),"

.

.

' entry .ext_clock'? 'E': ' I' ,

entry.dsname.) ;

/*
* r:ml fault - remove faw t
*/
rml. fault .

0
(

extern nointsO ;
extern reset () ;
char *i;

.

reg ister int npost ;

reg ister int npteoff ;
.

register int npostoff ; .

npreoff .. '0 ;
. npostoff - 0 ;
if (ask ("Remove Entire Fault"» {

npostoff = entry.last�block+l ;

}
.else {

printf ("NlJOber of prefaul t cycles to remOve (0 to· \d) . 1" �.
entry.pre fault-I) ;

if (inputf ("%d",i'i) < 0) (
return ;.

}
if (i < entry.pre faul t) {

'. npreoff .-1; .'
}

.

else (
perr

.

("Number out of range·) ;
return; .

l
npost == .entrY.last block-entry.first_block-entry.pre_faUlt ;
printf ("Nt.Jnber.oC'postfaul.t cycles to remove (0 to %(3)"?" �

npost-1) ;
.'

if (inputf ("%d" ,F; i) < g) {
return.; .

}
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if .( I. < 'nPGst) I
.

. nJX)stoff - i ; .

}
else' (

}

perr ("Number out of' range")
return ;

}
attach (INrERRUPr, &ooints, S2Sfil) t
entry.first bloCk =+ npceoff ;

entry.pre fault =- npr'eoff ;'
.

entry.laSt block -_ npostoff ;

.
entry.post-fault :ir_ npostoff ;
if (entry.post fault < 0) {

. en.try.post fault - 0 ;
}

-

if (rx write (0, dblOck, &entry, sizeof entry) < 0) {
""":

rx_read' (O,.dblOck, &entry, sizeof entry) ;
}
attach (IN'l'ERRUPl', &reSet, 0) ;

}

1*
* edfault - interactively display ard delete faults
*/
edfaul t (a1'9, cmdpltr)

struct cmd *atidpntr ;.,

{
extern int argc ;
extern char *argv(] ;
extern char' * f1 thad ;

extern stroot· cmd *edands ;
register char *i ;
char pranpt[lfa] ;

if «argc 1- 2) II (a1'9v(l][fa] 1- • ft l II (a1'9v[l][l] == SH I.
pose (andpltr) ;

.

return.;
}
a1'9v[l] [0] - .'0' ;
if ( lGetint (argv[l], &frumber, lID) < 0) {

- .

printf ("Bad rUBber") ;
} .

.

dblOck ,. OIR!X:'l'CRY - DBLOCKS ;
for (l - 0 ; i <- fnunber ;.) {

dblOck =+ OBLOCI<S;
.

if «.rx read (0, .dbIOck, &entry, sizeof:
.

. -entry) < 0) '11' (entry .last block =- fa» {
perr ("Bad Faul t Numbere) ;-. '.'

'return;
}

.

if (entry.last block> ra)· {
.

1°++.•
_. .

.. ,.

}
} .

printf (&f1thadl ;
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isfault (fnunber) ;

spr intf (pranpt, "\ned f%d>",. fnunber)
,

;

while «entry.last.:..block )= 0) && (shell (Pranpt, &edands, 0») ;

/*
* squishdir. - reol'9aniie directory
*/
squishd ir O·
{

reg ister int idbloek ; .

register lnt odblock 1
.

register int * ipntr ;
ifdef IEBOO

.

int sdbflg ;
.

emif

t
printf·("Squishi� direcmry\n")';
ifdef. DEBtX;
if (dElbU;f) {
printf ("dblock %d £block %d entry.last_block %d\n" ,dblock,fbloek,

entry.last_block) ;
}
emif
for (ipltr .. aibuf; ipltr < adbuf + 128 ;

*ipltr++ - � ;

) {

}
idblock .. odblock - dblock ;
do {

�ile (entry.last_block < 0) I
idblock =+ OBLOCKS ;

i.f (rx read (0, idblock, &entry , sizeof entry) < 9) {
-

return (-1) ;

.

}
}
Wlile (entry.last block) 9) {. .

if (rx wrTte (�, odblock, &entry, sizeof entry)
return r-l) ; .'

.

< 0) {

}
idblock -+ DBLOCKS ;
odblock =+

. DBLOCKS ;
if (rx read (0, idblock, &entry , s1 zeof entry)

-

return (-1) ;
.

< 9) {

}
. . .}. .

} 'Abile (entry .last block) ;
ffdef IEBOO '.

.

�
.

if (debUlf) {
prjntf ("odblock %d\n" ,odblock)

.

;
.

}
sdbflg = debU;f ;

debU;f = "';
.

I . emif
\1bile (odblock < NBLOCKS) {

if (rx Write (9, odbloek++, adbuf, SEX:'J.Ul$IZE) < 0) {
.

-, return. (-1). ;.
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}
I . ifdef IESOO

. deblgf .. sdbfl9 ;
t emif

return (9) ;
}

1* .' .'

* prfault - print out fault waveforms
.

*1
.

prfault (arg, .CR\dp-ltr)
struct

.

and *aodPltr ;
{

extern int ar<Jo ;
extern. char *argv{] i'
register int *iP'ltr ;

register int *opttr ;
. register int i ;
float interpolate () ;
int �Plun ;

. float fva! ;
float incval ;
int iva! ;
int firstt·ime ;
int bit ;
int block ;
int nblocks ; .

int ntrans· ; .

int count;
int chan ;
char *begin ; .

char c. ;
struct tdata . ftime ;
struct tdata prtime ;

if ({argc 1= 2) It .({cc = argv[1][0]) != 'a') && (c I=- lei») {
puse (andPltr) ;

return;
.

}
if (rx read (1, entry.first block'" entry.pre fault, adbuf, SPrl'mStZE) < 0) {

-

return ;
-

.
-

}

if ( *(adbuf ... 133 - entry.nahan) < 0) { 1* flaq �rd of last sample in t

printf ("Bad Data - Free� fla; not found\n")
return.; .'

.
}

'.

.

saIilp'UJIl .. -1. ., (entry.smpe� * (entry�pre_f�ult ... 1)} t
.

firsttime .. 1;
argv[11 [01 .. '0' ; ."
chan .. -1;
chan '=. atoi (argv[l]) ;.
if (c == let) {

printf ("\n Time
..

e15 e14 e13 e12 ell el" e9 e6 -:
'

e7 e6'. e5'
nblocks = entry:�last_blQCk .- entry.first_block ;

.

"
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.
block =- en:try�first block ;

.

unpack (&tmtty.fault_time, &ftime)·;
. while (nblocks). { ....

ntrans == nblocks > maxcycles ? maxcycles : nblocks t
nblocks - ntrans ;
if (rx read (1, block, adbuf, ntrans * SEC'l'ORSIZE) <: 0) {

.

-

return;
}
block =+ ntrans ;

.

for (ipltr =- adbuf ; ipttr < adbuf + (ntrans * 128) ; ipltr-+
if (firsttime) {

.

.
samplo = (ipltr[41 & "OTMASK) + 010000 ;

1
if « ipltr [41 & ""'D'I'MASK) 1- (sanp'lo.'" 01(000» {

printf ("Non-consecutive sample\n") ;
return ;

}
i = (iPltr[0] & 01700(0)

I «ipltr[3] » 4) & �74(0)
I «ipltr[1] » 8) & (360)
I «ipltr(2] » 12) & 117) ;.

if ·«i .1- lastdig) II (firsttime») {
firsttime = 0 ;

.

fixtime· (&ftime, &pi.'time,
sampnum*«entry.rate=-960)?1:2» ;

.

printf ("%3d %2d:%02d:%02d:%04d ",
. prtime.c day,
prtime�c-hr,
prtime.c�mfu,
prtime.c-sec,
ival=prtlme.c tieks*10.41667) ;

for (bit = ItlH'0900 ; bit;
.

bit = (bit» 1) & (77777) {
printf ("'c",

. bit & i ? '0' : 'I ') ;
if (bit. 1== 1) {

print! (" ");
}

}
printf ("\n".,·;

}
++samplum ;
lastdig - i ;

}
}
return ;

}
if «( chan < 0) II (chan >= entry.nchan» {

perr ("Bad <llannel") ;

return; .:

}
block = entry.last block - entry.first block 1

pparms (1; chan, &entry) ;
.

-

do {
printf . ("\nFirst CyCle ... NtJnber of cycles to display: ") ;

.

if (iri�tf (·%d%f" ,&begin,&fval) < 0) {
.
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return; ,

}
count = roundup (tval) ;
if «tval >' maxdisplay) II (tval < a.m {

,

'COl.U'1t l1li -1 ;

}
,

' ,

} while «begin >=, block)' II (be3in + count> block) II (count ,<= Ql» ;
block l1li entry.first' block + begin;.

'

if (begin 1= 0) {- ,',"

block- ;
,

}
count =+ 2 ';
opltr =- adbuf ;

,

do (
if (block =- entry.last bloCk) l

, block;_ ;
-,

}
ipltr • adem - 128 ;
if (rx read (1, block++, ipttr"Sa:TORSIZE) < 0) I.

-

return;
}
if «firsttime) �&, (begin ... 0» (

,

block-;
firsttime':0 ;

}
i l1li entry .smpc� ;'
do { ,

i ifdef DESOO,'
if (debl1:J f) {

" *Opltr++ ::i (* (iP'ltr + chan) & 0'l'MASI() ,.. DTOFFSE'l' ;

printf ("%d\nlf ,*:'_opltr) ;

oPltr++ ;
}
errlif

ipntr =+ entry.nchan ;
} \'bile (-i) ;

I: while, (--count) ;
ipoint =- entry,..smPCW ; ,

incval l1li 360. / entry.smpc� ;
,

lastpoil)t l1li incval - «entry.pre f�ult - (1 == begin) + 1) * 360.) ;,
, nextpoint == lastpbint + incval ;- ,

fval l1li fval * 360 + lastpoint ;

grafhchari (lastpoint, £Val, entry.smpcyc) ;
}

1*' ',"
,
,,',

,

* fixtime - ", add 'signed offset to current time
, */

, fixtime, (fran, to, offset)
struct tdata * fran ;
struct tdata, * to ;

{ , '

reg tster str4Ct tdata' * fpttr ;

reg ister struct' tdata *tpttr ;'

register tnt i,;
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I ifdef IE.Boo
if (debug£) {

printf ("fixtime - offset %d ticks\n", offset) ;

}
.

• emif
.

fpntr == fran;
tpntr • to ;.

.

i = offset;

tpntr-><: ticks ,. fpltr->c tickS ;

tpltr->c:day" fpntr->c_day ;

tpltr->c hr ,. fpntr->c hr.;
.

tpntr->c-lDin" fpltr->c min ;

tpltr->c_sec • fpritr->c sec t

tpltr->c ticks � i·, 969 ;
i =1960-;. .

.'
.

tpntr...>c sec =+ i; .

if (tpntr->c ticks < 0) {
tP'ltt->c tickS =+ 950 ;

tp\tr->c-:"sec- ;
. - .

}
if (tpntr->c ticks >= 969) {

tp'lt'r->c ticks .- 960 ;
.

tpntr->c:sec++;.
.

}
if (tpttr->c sec < 0) {

tpntr->c sec =+ 60 ;

tpttr->c:min- ;.
}
if (tpntr->c sec >- 60) {.

tpntr->c sec -- 60 ;.

tpntr�>c:min++ ;
}
if (tpntr->c min < 0) {

tpntr->c_min =+ 60 ;.

tPltr->c�hr- ;.
}
if (tpntr->c min >- 59) {

tpn tr-,>c. min 69 ;

tpntr->c:hr++ ;
.

}
if (tpntr->c hr < 0) {

tP\tr->c hr -+ 24 ;

tpntr->c_.day- ; .:

}
if (tpntr->c hr >- 24) { .

.

tpntr->c hr .- 24 ;

tpntr->c�day++- ;. ...
.

. -

1
}
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1ft
1ft Asseml:)ler support routines for the raUl t Data. Recorder
�.

.
.

/ft debUgging flag
.

debu;) .� �

1* non-unix instructions
rti = 2 ':' clc
mtps � 106400 � clr

1* C routines accessed by this segment
_globl _monitor ,_rtcint,.;,..panic .

1* C variables; accessed' by this segment.·
_glob1 adp\tr, nbsanp, adem, adbuf, lastp\tr, dtrig'1 hnbsamp
_globl -1eadsig-; trailsig, lastdig, sanp\o, nreeord,. nTeft, reenter
_globl -stat\$, Passno, alTchan, adcounter ,-smp,lk, TntolXltr,. outofpltr
_globl :fltdet

- -
.

- - - -.

I adp\tr
I nbsart\p"
ladeni
I adbuf· .

I lastpttr
I dtrig
I hnbsamp ..

I leadsig
I trailsig.·
I lastdig

.

I samplo'
I nrecord
I nleft
I reenter

·

I status

I passno·
/ allchan'
I adcoU'1ter
I Sllp,lk
I intopltr

.. I outoflXltr
· I fltdet

- pointer into. data buffer
- nuaber of bytes per sample
- end· of data buffer.
- data buffer
- pointer to data samples one. cycle back'
- delta trigger limits'
- vee.tor of offsets· into ad·buf
- fault·cordition. \1ihen· these bits go hi
- fault coooition . when these bits go 10
- prey iaus d'ig ital sample
- sanple nunber
- nunbar of disk blocks to reccrd after faul t clears
- nunber of. disk blocks left to record

'.
- flag ind icating overrll'l arror
- syStem status \\Ord
- pass nunber

.

- all channels flag
- another pass counter
� nunber of samples per disk block'

.'

- pointer into adbuf
- pointer out of adbuf

..
- fault deteCtion £leg

. .

I analog. to . digital converter paraneters.
· I BQ\RO MUST BE SET UP . Fat. OFFSET BINARY
I HI ORDER BITS MUST AUW� BE l's

.

· OTCSRLO = 1 77ftJ08
DTCSRHI =177001
OTDBUF = 177002
DTWCNT = 177ftJ04
D'l'BADD = '177056
GO = 1

• DMA EN = 02
AIX:HECK = 0402�0··
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I satellite �lock parameters
CLOCKCSR == 0174419

.. I drll parallel lirie paraneters .. '

DRXBUF.·:II 0174402.
.

.DRRBUF·-· tin74404

I external clock paraneters
ctRCSR :II 0174419

.

CLI<R.LO � 917441.4
..

CLKRHI :II 0174424

.

I dlvllj serial line 'clock paraneters
OLXBUF =.0176526

.

/ offsets in� directory structure

sxr CLK • 4
TBuF = 012

I other constants.
SAMPLING ;. 01. I status W')rd bit
RECamING =- 02 I status W')rd bit

1***********************************************************************
1* monitor -,.. read data, check for fault corrlition
�-

.
.

1*
monitor:
7*· Initia1i�tion .

• if debu:J
mov $3777,*$DTDBUF

.end!f
tst

beq
mov

jsr
1:

inc
bit .

bne
c1r
rti.

1:
mov.

mov

·mov

mov
mov

'. mov

bit
bne

. mov

mov

*$ reenter'
1£-

.

$errms;,- (sp)
. pc,*$�nic

*$ reenter

$sN4PLING, *$ statU$·.·
.

1f
-

*$.....
reenter '.

r5 ,-(sp) .

r4,-(sp)
r3,-(sp)
a,-{sp)
r1,-(sp)
rC ,-(SP)· ..

$Ra:OOOING, *$ status'
.1£ .'

'.-

$ ctime:,r9
. $Yarms+TBUF,rl

I timer.

I overrun??
/ no, just continue
I yes, print message

. I put up flcq
. I . are � really taki� data?
I yes, go read. data·
I otherwise p.tl1 dOWl flag·

. I and return
.

/ save the reg isters

/ record i�? :
.

/ yes, don' t .cha�e time
'

.. / point r9. to current time
I point 'r1' to. fault time.'
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1:

mov . (1'9)+, (r1.)+
mOIl

. (1'9)+, (£:1)+
. mov � ( 1'9)+, ( r1 ) +
·mov ··(1'9),(rl)

.

allp. . $AOCHECK, *$O'l'CSRLO
.

beq· If
mOIl $ fltlnS3 , - (sp)
jsr pc,*$_panic

1:
mOIl

.

*$_nbSamp,r3 ..

10011 . *$_adPltr,11I .

mOIl 1'9,rl
mov 1'9,-(sp)
mOIl *$ORRBUF, - (sp)
add r3,ra
cmp *$_adend,rS
jhi If
10011

·

.*$ adbuf rO
'-

,

1:
.mov · .1'9, *$0T8AID
mOIl 1'9,*$ adpttr
mOIl · $116.-;*$D'rWCm'

.

clr r5

mtpS .rS

mov *$
....lastPltr ,rO

add r3,re
.. anp *$ adeoo.,rO·
jhl

-
.

If
ntov *$ adbuf ,.re .

- .

1:
100\1

. r0, *$_lastpttr
. mO\l $179000,r4

sub $2, *$_passno
·bpl U

1*
1* Digital. triggering routine
1*

mov . • (sp) ,r0
mO\l

. *$ lastdig ,r3 ...

xor 1'97r3 .

beq 8f
mO\l 1'9,r2
can r2
can es:
bic r3,r0

I copy tinie

I see if dma wnt correctly.·
I if the same, we are o.k.

.

I otherWise it is a calanity

I this should actually not be this
I serious, but it is hard to recover

I fran.
. .

I Actually 9 iveo the time constraints .

I it is impossible to. recover fran.

I get nun�r of bytes per sample
I <let current aid pc:>inter
I save it in r1.
I and on the stack
I get digital·data
I add in nunber of bytes per sample
I �. of buffer?·
I no, skip ahead
I yes, wrap around

.
I set up aid bus address.
I save current pointer
I set up.�rd count, always 16,chaMels
I since the hardware is hard to set to
/ channel 0 otherwise.

I clear fau! t. detection flag.
I and turn interrupts back on

I get pointer to last cyCle.
I addin nunber of bytes per sample
/ end of buffer?

.

I no, skip ahead
I yes, wr.ap around .

.

I save updated pointer
I set up bit mask.

.

I update pass· nunbitr
I if. >= 0, do analog trigger

fi:lTeh eol.
E. No ,.,_."". .'

... I get digital data· ,ch",. 7/SO ..

. I get data fran. l.ast sam�.... ....

I any bits c�ed?
/ no, skip ahead

..

I yes, save a copY of' data..
.

. I get canpl�ent o·f dig i tal. data
I set mask ··of bits that changed .

/ mask. fo.r bits that Went hi·.
.



bic ..

bit
. bne··
bit

.. beq.

. t:3,r2
*$. leadsig, 1'0
9f-
*$ trailsig ,r2 ..

. Sf- .

r5

/ mask for bits that �nt l�
/ did bit go hi?
/ yes, go put up flag
/ did.· bit go 10

.

/ no, skip ahead

.Jan is 20:·12 1980 . c0t.s Page 4
.

inc / put up flag
9:

8:

/*
/* Analog triggering routine
/*
Ll:

mOil
.:
*$_passno ,r2

mOil hnbsamp( t2) , r.3
mov S_dtrig,r2 ...
add r3,1'0
add r3,rl
add

..

r3,r2
tst *$ allchan
Ceq d02b

mov (nJ)+,r3
bis r4,r3
sub ( r1)+,r3
bpI ·1f
nec) r3

1:
cmp ( r2)+,r3
adc r5

mov . (r0)+,r3 .

·bis r4,r3
sub (r1)+,r3
bpI·· If
neg r3

1:
cmp (r2)+,r3
adc r5

do2b:
mOil

. (nJ)+,r3
bis· . r4,r3
sub (r1)+,(3 ...

bpI If
neg r3

1:
cmp·· . (r2)+,r3

. adc rS

mOil (1:0)+,r3.
bis r.4,r3
sub (rl)+;r3·.

. . '.

/ get pass mmber .

I get offset .

/ get pointer to trigger values
/ set pointers·to offset

/ all channels?
/ no, do only half

/ get last sampQe
/ turn on top bits
/ sootract this cycles value
/ if positive, skip
/ get absolute value

/ check difference .against setpoint
/ set flag if difference is too lar�e

/ get last sample
/ turn on. top· bits

.

/ subtract. this cycles value
/ if positive, skip
/ get absolute value

I check difference against setpoint
./ set flag. if difference is too large

I get last sample
/ �urn on top bits·

.

/ subtract th.is· cycles. value
/ if positive, skip
/ get absolute value

/ check difference against setpoint
I set flag if difference is too large

/ get last sample
I turn on top bits

.

/ subtract this cycles value. .:



.

. . ..:
.

.

.

.. .
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'

bp1 1f
neg

· r3
1:

cmp {r2)+,r3
ade rS

.. / if positive, Skip'
I get absolute value

. I chec�. difference against setpoint
/ set flB; i� difference is too large

done:

1*
1* Pack dig ital data in'wi th analog data·
1*

mov (sp)+,re
.

can r4
mov (sp)+,r1
mov re,t2.
btc . r4,r2
bie r2,(rl)+
swab re
mov. · diJ ,r2

. bic r4,r2
Die r2,(rl)+
asl .. r0
asl re
asl' r0
asl reo
mov

.

r0,r2
bie r4,r2
bie r2,(r1)+
swab

.

r0
bie r4,r0
bie

· re, (rl)+

.

I get digital data
I switch bit mask around
I point ri to. current data samplEtS
I copy dig i.tal data

.

I mask ·for hi bits
I stuff in 4 bits
I switch around digital data

.

I copy it again
I mask for 4 bits·
I stuff in 4 b1ts
I shi ft d i9 i tal data up

.I copy it again
I mask for 4 bits

I get last 4· bits
I mask for them
I am·stuff them in'

·1*
1* Update sample nunber
1*

add
bie

$019000,*$ samplo
. *$_SClnplo,Trl)+

. I increnent sample ntinber
I stuff in sample nunber

1* .
.' .

1* Take appropriate action on fault condition.'
1*

add .. rS,*$ fltdet
dec *$ adcounter
bne 9f-

.

I reneuber i.f faul t . was·d.etected
/' decrement' pass eount
I if not .. zero,·just return

mov

mov

cmp
bne .

mev·
.

jsr ."

*$ snp:,lk,*$' adeotinter
.

I reset "pass counter
'.
* Tntopltr ,*$ into}ntr I update into pointer .'

*$ intop)tr ,*$'outofpltrl check .for overrun .

'1£-
_ . .' .

· $dermSg ,-(sp)
..

/
.

report overrun
·

pc, *$.:_panie ..

1:
. bit $RECCJmING,*$_status

.

'. I are \ala .recording?



.
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beq ..8f

*$ nleft·
9f-·

.

$S�ING,*$ statuS: .

9·£
-

I no, skip ahead

I fault in this block? .

I no, skip ah$ad .

.

. I reset ni.mber of blocks left
I and skip ahe·:d

·

I decrenent blocks left .to record '.
I . if not done,. return

. I otherwise turn off sampling
I and return.

tst *$ £ltdet
beq 6f-···

•even

mew
.

.

*$ nrecord,*$ nleft
. br 7f-·· ..

- .....

*$ fltdet
1£-

I faul t in this blOck?
.

I yes,. go freeze time, etc

. 6:
dec
bgt
bic
br

8:
tst
bne

mov * outofpntr ,*$ outofp:ltr/ otheniise I,lpdate out of pointer·
br 9f··

.

-

I and return .•..

1:
bis
bic
mov

7:
clr

9:

$RJOC:CRDING, *$. status
$190000,(rl)

-

*$_nrecord,*$_:.nleft .

*$_fltdet

I start recordin;J
I mark sample
I set up m inimun nl.illber .of blocks

I clear £leg

1*
·1* Restore registers and return
/*

(sp)+,r0
(Sp)+,tl
(sp)+,r2·
(sp}+,r3
(sp)+,r4

tnOV. (sp)+,rS .

• if df!bu:J
.

mov
• $0 , *$D'l*I:BUF

.erKiif.
clr *$_reenter,

.

rti
I pull ·dowl £leg
I and return

errms;: <overrun error"'>
flans;: <aid converter failure\0>

.

dermsg: <disk· overrun"'>

*$DLXBUF
.. • $1, *$_ctime+6 .

· I rep.-ime clock
...

· / increment offset

...
.

. .

I*****************************·***�**************·********************** .

.

..

1* . rtcint - real time clock interrupt se�ice routine
.

�_. .... .

.

1* If status w:>rd inPictates that samplin;J is in. pr09ress, start aid
.

1* converter� .•..... ..
.

..

1* Put status word. ondigital .output

rtcint:
clr

... add
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·

adc *$ ctime+4.·
dec

..

*$-ticks . / decranent tick count
bne 8f- I go return if not ready
mov *$ status.,*$DRXBUF.·

.

/ send status �rd.
mov *$-tticks.*$. ticks.

·

I reset tick count
dec *$""":rttieks

-
.'

/ for real-time routines.
bit $S�ING, *$ status / sanpling?· ..

·

beq
. 1f

. -

/ no, just skip ahead ...

bisb $OMA·EN *$DTCSRLO I yes, start up aId
_
.,

1:
tst .*$yanns+EX1'_CLK· / external clock?
beq 9f / no,· 90 return·
tstb

. *SCIl<CSR / external time ready?
bpJ. 9f / no, go return
mov . .r9 ,�(sp). I save re·
mov $ ctime,r0 I point rO to current time
mov *$CLl<RHI, ( dJ)+ I get base. time
mov *$CLI<RLO, ( dJ)+
clr (dJ)+ / �lear offset
clr (to)
mov·· (sp)+,r0 / -. restore r9

9:
8:

tti I and return

•
/
I C routine .1Ilpack
I

.

/ lIlpack (fran, to)
I struct tbuf * fran ;
I.· struct tdata * to . ;
/ convert raw time in
.glob1 unpack
unpack:-

jsr
mov·

mOv
mov

mov

fran to cooked time in to

rS,*$csv
4 (rS) ,r2
6 (rS) ,r4
(r2)+,[9 .

(r2)+,r1 .

· mov
.

.

rl,r3
bic $ 117,r3
mov· r3, (sp)
asoe . $-4.,[9.
mov r1,r3

... bic $ 17·, r3
·

mOl $H,.· ,t3 .:

add (sp) ;r3 ..
movb .. r3, (r4)+.·

.

ashe .. $-3,r0
mov .... rl,r3
bic . $117, r�
mov

.

r3, (sp)
· ashc $-4 , [9
mov rl,r3
bic

.

$17 ,r3 ..

mul . $10. ,r3

/ save reg isters
./. point r2 to 'from'
I point r4 to • to'
/ get base time
/ ·10 order �rd too

/ get 10 �rd .

.

/ mask for secomas
· / Save un!t secoms

.
I get 10' s seconds to 10 bits .

/ get 10 �rd
/ mask for 10'.5· secoeda

· /10's

/ save seeorrls· .

/ get minutes to 10 order bits
/ get 10 word

.. / mask for minut.es·
.

/ save unit minutes
/ get 10's minutes to lo.bits

.

/ get 10 �rd
.

.

.: / mask for 10' s minutes ..

/101s
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.add (sp) ,r3
lllOI1b 1;3; (r4)+
ashe $-3,1"0 .

mov . rl ,r3
bie $117,r3'
mov r3, (sp)
ashe $�,r0'
mOil rl,t3 .

bie $13,r3
mul . $19. ,r3
add . (sp) ,r3
mov r3i (t4)+
ashe $-2,r9
mov· rl,r3
bic. $ 117,r3
mov e3f (sP)
ashe

'.

$�,r9
mov rl,r3
btc

:

$ !l7,r3 .:

mul $10. ,r3
add e3, (sp)
ashe $-4,r0
bie $ u.ei .

mul • $190.,rl
add . (sp) ,rl
mov rl, (rtl)+

.
/ convert offset and add it in

maV (r2)+,rS
mOIl (il) ,rl .

IIlOIi
.

$960. , (sp)
mov rl,-(sp)
mov

.

r9�-(sp)
jsr pc,*$ . lurem
mov r:9 , ( r4T+

.

jsr pc ,*$__ludiv
mov

.

(sp)+,(sp)+ ..

mov· $60. , (sp) .

.

mov r1,-(sp)
.

mov r:9,";(sp)
jsr pc ;*$ . lurs
movb·· r:9,(r4)+ .'

j.sr pc ,*$ hdiv
mOIl (spl+;rsp)+
mav $60., (sp)
mov rl,';"(sp)·.
mov· r0,-(sp)
jsr pc,*$ lur.em
movb. re, (r4)+ .

jsr pc,*S_lu:liv>'
mov . (sp)+,(sp)+ •....

mov $24., (sp)
..

mev. rl,-(sp).
mev ". r:9 ,-(sp)
jsr .' IX: ,*$ lurent·
mov t1J, (r4T+ ..

'

jsr< . pc,*S 1001"
. �

.

.
.

I save minutes
/ qet hOurs to 10 order bits.
/ get 10 �rd
/ mask for hours
I save unit hours
/ qet 19's hours to 10 bits .'.
/ qet 10 �rd
/ mask for la's hours
/ la's

/ save hours' ..
/ qet days
/ qet 10 w:>.rd.

'. / save unit days
/ qet 10's days in 10 bits .

/ get 19's days
· I mask for bits

.

/ get offse.t

/ ticks per second
.

/offset

/ qet remainder
.

/ save ticks
· / qet. quotient
/ clean up stack·
/ seconds per minute
/ offset

.

/ qet remainder
/ save' secooos
/ qet quotient·
/ clean up stack
/ minutes per hour
/ offset

· / qet rE!!llainder'
/ save minutes
/ qet quo tient
/ clean up stack

'.' . / hours per day
/ offset.

. ". ..' .

.
.

/ 'qet remainder
·

/ save �urs
'. / qet quotient·
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mov·· .

. (sp)+ ; (sp) + I clean up stack. ..'

,.') (,.If)mov IS, (r4) . I save d.ays 4E- "" 0 "
.

I add base time to offset P.1'cl.. ,.J,mov 6 (rs) ,ra .

. I point tiJ to base time
mov r0 ,r1· E. NO"iN,"- .

add .' $Uf,rl I point rl to offset secorvjs Av, 7 /80movb ( 1:0)+,r2 I get base-seconds
movb. . (r1) ,r3 I get offset seconds
add r3,r2 I add them tOgether
movb r2, (r1)+ I save them
movb ( It)+,r2 / get ba� minutes
movb ('rl) ,r3 I get offset minutes .

add
.

r3,r2
.

I add them together
mOiJb r2, (r1)+ I save them·
movb (r0)+,r2 . / get base hours
movb .(rl) ,r3 .'

/ get offset hours
add r3,r2 I add. them together
movb r2,(rl)+ I save them ..

inc re I skip over hole in structure
inc r1
add (r0)+, (r1)+ I add days together

/ 'carry'
tst (r0)+ I sldp past ticks
attp; $60., (r0)+ I carry·over to minute?
bhi 1f I no, skip
movb -(tel ,r2 I get secords .

sub $50. ,r2 I take out on. minute.
movb r2·, (r0l+ I put seconis back
incb (r0) I and bunpminutes

1:

antil $60_, (r0)+ I carryover to hour?
bhi 1f I no, skip
movb -(r0) ,r2 / get minutes

. stJb $50. ,r2 I take out one hour
movb r2,(r0)+ . I put minutes back
incb (r0) I and bunp hours

1:
cin}:b

.

$24 •. ,.(r0)+ I carryover to day
bhi 1f I no, skip
movb - (r0) ,r2 I get hours
sub $24. ,r2 I take out· orv;! day
movb rz, (r0)+ I put hours back

.

inc r0 I skip over hole
inc ..

' (r0) I and bunp. d.ays
1:

.. jmp *$cret land return
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IIIiIIIIIIIII11/1/1IIIII11111/1//1/1111///1/1/1///11111/1111/1II111/11111/ .. ·.·
//

.

...

1/>
II RX92 BOOl'STRAP· II
H H
11/11/1111(1111111/1/1/1111/1111//11/11/111111111///1/1/1///11////11//1111·

1//11/1//1///1//11//1/111//I1/I//1I/III11//1/1/1//I1/II/I11/1/1111////11// ..
II Note:. 1hls bootstrap must. be stored on track 1 sector 1 and track 1 .

/1 sector ·3
/1/1////111111//1/11//1111/////////111111111111111111/1/11//1/11111/11111/

11111111/1111111/1111/1111111111111111111111111111111111111111111111111111
1/ CQlSTANTS
RXCSR :II e17717�
RXDBUF = 0177172
RX02 MD .. 9490�
HI DENS :II 0400
RX-DONE :II 040
EMi7rY .. 02
READ· .. �6.
GO :II 01
!NtT DONE .. 04
.-

I RX02 Command Status Register
/ RX02 Data.Reg ister
/ RX02 iOO ication

.

I Hi dens! ty (2S6 bytes per sector)
I Controller ready· for ccimnarid
I anpty buffer. .

1 Read sector
1 Start Colmlarld
1 Initialize done fi.;g

STRACK = 1
. SSE.'t'rat :II 5

�IC· :II 0407
FSEC:'l'CR =. 1·
LSEC'l'OR = 2'6.
5EC5IZW = 12.8.

I .�ack tAlere system starts
. 1 sector tAlere . system starts

I !leader ma::J ic nunber
I Fi rst sector on track.
I Last sector on track

. I 128 �rds per sector
..

BR7 :II 0340
.

/ Processor priority level 7
.

1/111/111111111111/111111111111//1111/1/1111/111/1/11/11/11111111111111111

111/1111111111111111111111111111/111111111111111111111111111111111111/1111
// ERROR TER-1INATION . ..

.

.

II If some error occurs during booting,· the processor will halt•..
II An error code will be left in register 0.
II 'lbe error codes and their meartj.ngs are:· ..
II 0. Disk system is not confiqured as· RXS2
II 1. First �rd of system is not MPGIC.
II 2. Timeout occurred Wiile waiting to transfer parcmeter to disk controller
II 3.· Disk error aecurred .

. .

.

.
.

// 4. System on disk. is too big to fit in memory .

.

11/1111/1/1/1///1//////1111//1111/1111///11111/11/11/111///111/1111/11111/
.
..,

11/11111//1//11/1/1/1//111/1/1//1////11/11///11/111///11/11//1111//11/1111·
/1 N� �IX ·INSTROCTIONS

..

.

halt =-·0·'" clc .: •. ..

.....
..

.

.

.

�=� � .. .

.

11111/111/1111/11111/1/11/1//I/IIIIIIIIIII/II//IIII/I(11//11/1/11/1/1111/1
111/1111111/)lillll/IIII//IIII/)II//II/!I}/II/IIIIII/11111//1/111111/1//1/·
II Start off routine··..··

.

II 51. 5i Ze alld clear. memory
II 2. Copy progran' to high memory
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// 3. Start prog ram in high memory

/. start of manory
j no operation (OSD-440 Bootstrap needs to

/ see this as first instruction of progran
/ branch over trap vector

/ Bus timeout trap vector

�=0'" •
nop

br If.

trapi ; BR7.

1:
mov $UJ2fJ .:sp
mov . sp,r0

1:
clr ( ri)+
br 1b

trapi:
sib $6,r0
mov

.

r0,sp
mov· $main,rl
mov $1"00,r2
sub $774,r" .

sub ri,r2
asr r2
mov. r0,r4

1:
•

mov (d)+, (ri)+
sob r2;lb

.

. .

/ initialize stack pointer

/ clear memory
/ ani loop

/ cane here Wlen out of RAM
/ get pointer back to ran·

/ set up. stack
/ pointer to progran
/ "-0rd ceoneer
/ .set pointer to relocate prograti
/ set "-Ord Coll'lter

/ remember .

where progran staJ."ted

/ copy pJ."ogran up

clr (sp) / set 'return address'
jmp ( r4) / and start prog ran ..

///////////////////////1/////1////////1////1/1//////1///////1//////////11/ .

///////////////////////////////////////////////1//////////////////////////
// .Actual boOts.trap prog ram, posi tion . independent code.
//
// .Reg ister Assignnents
// 1'0 - Word cocnter

// r1 - Bus address
// r2 - Number of bytes to transfer for this sector
// r3 - current sector
// r4 - current track
// r5 - timer.

main:
bit
bne.
clr
halt·

$RXS2_MD,*$RXCSR· / is disk configurecl correctly? .

If / yes, skip ahead
r0. . / otherwise set error code

/ am halt
1:

mov $STRACK, r4
mov $SSECTOR,r3
..m6v. $SECSIZW, r2

.

clr rl

jsr.
..

pc ,rx reada

onp
.. $MJlGIC,*$0·.

.

I start of system

/ : read ··first· block
/. into location �

/ is .first "-Ord the magic nunber..



/ will system overWrite this section?
/ yes, go report error

.

/ set \l.Qrd comt (note, carry must be
/ clear or previous branch \l.Quld have been
/ taken)

.

/ loop comeer
/ pointer

/ copy \l.Qrd dOWl
/ decrement \l.Qrd COlIlt
/ if done, skip ahead
/ otherwise decremelt count and repeat

/ any bytes to transfer?
/ yes, transfer them
/ no, 'return' (start booted system)

/ increment current; sector
/ last sector on track?
/ no, just continue
/ otherwise increment current track
/ reset sector comt

I nunber of Words to transfer
/less than one sector left?
./ yes, transfer entire sector
/ otherwise just transfer remainiR3· portion

soo·· r2,re / decranent counter
jsr pc, rx read; / read the secto r
add

.

$SfX:SIZW * 2, rl I up:iate bus address
br loop . 1 and start the loop again

//11///////////////////////////////////////////////////////1////////1/////

////////////////////1//////11/////////1////////1///////////////////1//////
.

.

// rx_read - read sector

rx_read:
jsr

rx_reada:
mov·

jsr
mov

jsr
mov

Jan 15 20: 12 1980 boot.s Page 3

.
1:

beq .1f
mov si .ee
halt

mov
.

*$2,re
add *$4,r0
bee If

mov .: $4,re.
halt

cmp pc,eS
blo 7b
ror re

7:

1:

RlOV. $170,r5
mov· $29,r2

copydn: .

mOIl ( r2) + , ( r1 ) +
dec r0
beq loop
sob rS,coP'jdn

loop:
tst re
bne If
rts pc

1:
inc r3

.

anp $LSECTCR,r3
bhis· 1f
inc r4
mOIl $1,r3

1:
mov $S0:SIZW, r2
cmp r2,I1l

. blo ·1f
mOIl

.

1:0,r2
1:

pc,rx_wait

/ yes, skip ahead
/ otherwise set error code
/ and halt

.. / set up counter

./ if no overflow, skip ahead

/ otherwise set error code
I. and halt

/ wait for canpletion

$RI DENS I·· READ 1 GO, *$RXCSR / send read camtatrl
pc,rx_pwait . ./ wait foe transfer request fla;
r3,*$RXD8UF· / send sector nunber
pc,rx IXoait, .. I wait for transfer reqUest flcg
r4 , *sRxosUF

. .

/ send track· nuaber
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jsr pc ,rx wait :I wait for canp1etion
mov Sal DiNs I EMPl'Y I GO, *$RXCSR 1 send· enpty bUffer canmam .

jsr po,ex pwait . 1 wait for. transfer request £leg
mov r2,*$RXosUF . 1 send W)rd count

jsr pc,rx.pwait 1 wait for transfer request £leg
mov ei , *$RxosUF / send bus address
jsr pe,ne wait 1 wait for canpletion
rts pc

-

1 then return
111111111111111111111111111111111111111111111111111111111111/11/1111111111

111111111111111111111111111111111111111111111111111111111111111111/111/111
II IX wait - wait foe caap1etion of caamam, check error status

-
.

rx wait:
1:-

bit $RX OONE,*$RXCSR 1 done f1eg set?
beq 1b

-

1 no, just wait
tst *$RXCSR 1 error bit set?
bpl If 1 no, Skip ahead

7:
mov $3,rS
halt

1 otherwise set error code
1 am halt

1:
bit $INIT DONE,*$RXDBUF / power fail?
bne 7b

-

1 yes, go report error.
rts pc 1 otherwise return

1/111111/1111/111111111111111111/.1111/11/111/111111/111111111/111111111111

11111111111111111111111111111111111111111111111111111111111111111111111111
II IX. peit - wait for transfer request fla;

-

ne_pwait:
mov $30000. ,rS .

1 set up timeout check

1 decrement timer
. 1 not tiJned out, skip.
1 otherwi sa set error code .

I am halt

1:
dec r5
bne 2f
mov $2,r0
halt

2:
tstb *$RXCSR 1 £leg up?
bpl Ib 1 no, loop
rts pc 1 otherwise return

1111/111111111111111111111111111111///111111111111111111111111111111111111
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·

;

·

;
;

;.8748 setel·lite clock interface
.

,

; W. Eric Norun .

; University of Saskatc�n
..

;
; This progran allQWS the 8748 to be used as the interface between a

; satellite controlled clock, am an tsr-n ,

;
; The internal timer· is used to create 4�fiJ mic.rosecord 'ticks� �ich are'

; counted ard passed to the lSI-ll on demand. 'the base time is set by
; the satellite clock if 'present; or by the tsI-ll itself.

;

· ;
;************************************************************************

;

; 8748 Reso�ce Allocation .

; pg - not used
; Fl - f1S} indicating that 'cold storage' is full
;

; TB - fl� indicating that.the tsr-n is not ready to .recieve data
; Tl - flS'J indicating that base time data is present and· readable
;
; INT '"" interrupt. request input •••• iRilcates that base time data in

the 'Wanning oven' is accurate .and should" becane
the current time

- . strobe output. to clear Tl fleg
- strobe output to set LSI"ll data ready flag

; BUS - time data to LSI-1l
; .Pl - set time data ·fran clock (or fran LSI-ll)
; P2fiJ-2 - time data identity to LSI-Il.
; P23 - fla;r indicating· that the lSI-ll wafits the current time saved

.

; in 'cold storage'
; P24-6 - time data identity fran clock (or ISI-ll)
; P27 - interrupt ae!<noledge line.

;
;
. RD,

; WR
;

;

; ***********************************************************************
.

.
,

;

;
; Register allocation

;�
; rl
; r2.
; r3
; r4
; rS
.

,

;. re'
.

; rl'
;r2'

-··pointer to remove data fran cold storcge
- pointer to place data into �nning (Jven '.

- identity of next· set time element
- identity of time. element . written to the ts�-,U

,

- nunber of items remaining· to be transferred' to the LSI-ll
. :,. 'temporary storage for aCcunulator during interrUpt routines

- pointer' used during interrupt service rout.Ines
-

. pointer used during' interrupt service routines .

-' cleared
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; . cold storCJ;Je (lS bytes)
; wanning oven (8 bytes)
; current time (lS bytes)

; offset to get seCOrDS
1 offset to get minutes
; offset to get hours
; offset to get ·10 order days.
t of.fset to get hi order days
; offset to get 10 order tick COlrlt

; offset to get hi order tick COll1t

;
;
; Input data identity
.
,

.hex .

isecid .equ . -20
iminid ..

.equ -30
ihrid .equ -4"
ildyid .equ ...50
ib:lyid .equ -60
;
imskid .equ. 70
iincid .equ . -10

i identity bits for seccods
; identity bits for minutes
; identity bits for hours
; identity bits for 10 order days
; identity bits for hi order days

; mask for identity bits
; inc:rElllent for identity .bitS ..

;

;
; output data identity

.oct
osectd .equ
aninid .equ
ohrid .equ
oldyid .equ
ob:lyid .equ
o00id .equ
oolid .equ
oo2id .• equ
oo3id.· .equ
o04id .�equ
nitems .equ·
;
;
intrvl.·· .equ
;

; . .'

.
.

.

.'. .' .'
.

:..
.

� '.: .

.

;**************.*.* **••••••••*•••••••••••*•••••••••*.* ..

370 . secorxis. ,

··371 ; minuteS
372 ; hours
·373 ; 10 days
374 .. hi daysr

...375 . ; .10 order offset
376 .

377
370 ..

371 . hi order offset '.,

10d ." ;". nuaber of i tans to send to the [81-11

-5 ; nunber of timer ticks per timer interrupt
.

.
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t. Low memory,
.•oct

.

.

•org·
jmp

reset and . interrupt vectors

000�
.

reset .; go to. PQwr-on reset routine

���3 .

timacc .. ; external interrupt· (t�e accurate)

;************************************************************************
;

.
.

; Internal Tim.er Interrupt Service Routine
;
;*******************************************************,***************** .

•org ���7
mov rS,a
mov a,iintrvl
mov t,a
sel rbl

; save accunu1atOr
; set up internal timer <'gain

; switch to alternate registers

in a,p2 ; are we to freeze time?
jb3 freeze · ; yes, go freeze· it.
jmp incoff ; otherwise just increment time offset

freeze e- freeze •••••copy time to cold storage··,

maY' nJ·, tact!ve ; point �. to current time
mov rl , 'cldstr

.

; po int rl to cold .storage

mov a,@nJ . ; get byte of· currene time
mov @rl,a ; am save it cold storage
mc nJ ; increment currene time po inter
inc rl . incranent frozen time pointer,

mov a,@te ; get byte .of current time
. mov @rl,a .

; and save it cold storage
inc nJ ; increment current time pointer
inc r1 · ; incrEment frozen time po inter

mov a,@nJ . get byte of current time,

mov @rl,a ; am save it cold storage
inc nJ ; incrEment current time po inter

. inc rl ; increment frozen time pointer

mov a,@nJ ; get byte of current time
mdV @rl,a · . am save. it cold storage,

inc nJ 1 incranent current .time. pointer
inc· .

rl ; incranent frozen ·time· po inter
.

mov a,@nJ. · ; get byte of current time
mov @rl,a .

. am save it cold ·storage·

, .

.• inc .. nJ ; incranent current time po inter
inc r1 ; incrEment frozen time pointer

mov a @nJ .

· ; get byte of current time,
...

mov @r1,a ; and save.it cold storc:ge
inc nJ incranent current time po inter

..

..
;

inc r1 · .
. increment·£rozen time pointer,
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incaff

Il\OY'

mov,
inc
inc

mov'

mew

Inc
inc

mov

mov

inc
inc

mov

mov

sel
. mov

mov
mov

ael

j'fl
cpl·

mov

add
mov

inc
mov

addc
mov

inc
mov

addc'
mov

.

Inc'
mov

. eddc.
mov

'. a,@rtJ
. @rl,a .

r0
. '. r1

a,@r0
@rl,a
r0.
r1

a,@r0·
@rl,a .

.r0
rl

a,@r0
.

@rl,a

rb({J
i'0 , tcldstr
r3 , tosecid .

r4,tnitems
rbl
•

incoff
fl

; get byte of current time
; and save it cold stor�e.
'; increment current tiIne pointer
; increment frozen time pointer.

; get byte of current time
; arid save it cold stor:::�e .

; increment current time pointer
; increment .frozen· time po inter·

; get byte of current time
; aoo save it cold storage
; increment current time pointer
; increment frozen time po inter

; get byte of current time
; aoo save it cold sto.rage
; T:ime now frozen•••.

; select ori9in� registers
; set output pO inter to frozen time

; . set output identity to. secor¥is .

; set Qutput counter to .. nimber of .bytes
; aoo select .alternate: regi�ers again.

; if flag is up, leave· .it up'
; if down, put it up.

; incoff. � •• increment t-lme offset
r0,tactive+off0; set pointer to low order offset

a,@r0
a,r3
@r0,a

r0
a,@r0
a,r2'
@r0,a

nJ.
a,@r0
a,r2
@r0,a

.

nJ
a,@nJ

. a,r2
@r0,a

inc' nJ
mov a,@r0

.

addc' . air2
mov .• @r0,a

.

; get first· byte of offset
; increment byte.
; save updated byte

; ·increment pointer
;. .get next byte·
; add· carry. of previous operation to' it
; then' save it

; increment pointer
; get next byte
; add carry of previoUS operation to it
; then save it·

; increment po iilter .

;. get next byte
.t add carry of previous. operation to it
; then save it

.

; . incranent· po inter'
; get next byte
; add carry ()'f previous. operation to it
; then .save it'

. .

. ; offSet now· up3ated
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sel
moV
retr

roe
a,r5

; select orig inal reg lsters
.; restore accunulator
; timer interrupt service routine canpleted

;
; ".. .. ..." .. .., .."..
,.***************************************************************************. .

;
; External Interrupt 5ervic.e Routine (Time Accurate).
;

.

;***************************************************************************
;

.0Ig €I4f1JIlI
timacc'

dis tcnti ; turn off timer interrtq)ts
mew IS,a ; save' accunulator
mov a,tintrvl · reset timer,

mov t,a

ani p2,tl77
.

. ;. acknowledge the interrupt
or! p2,t200
ins . a,bus ; clear the data strobe bit

sel -. rb1 · select alternate" registers,

mew r0,twrmOvn • po int.r0 to time in war:min;J oven ..,

mov . r1, tactive ; point rl to' active time storage

mov' a,@.r0 ; get byte of· Wa'nn:in;' oven time
mew @ri,a ; and save it in the active time area
inc r0 ; increment pointers·
inc r1

mew
. a,@r0 .

.. get byte of war:ming' oven time .

,

mew . @r1,a · and save' it in the active time area',.

inc r0 ; increment pointers
inc r1

mov a,@r0 ; get byte of war:ming .oven time"
mov @rl,a ; and save it in the. active time.area'
inc r0 ; increment pointers'
inc r1

mov a,@r0 · get byte cif WamliIY;1 oven time.,

mov @r1,a . ; and save it in the active tiine area

inc .r9J ;
.

increment pointers
inc .r!

mew a,@i'0 ; get byte of war:mir¥!J oven time
mew @ri,a ; and save it in the active time area
inc r0 · incrEment pointers',

inc rl
; now clear the time offse·t .

c1I' a

mov @rl,a ; clear byte of offset
inc rl .

. and update pointer,
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mov @rl,a .. ; cle.at byte· of offset
inc rl ; and update p:>inter·

mov·
.

@rl,a · clear byte of offset,
. inc rl ; and upiate p:>inter

mov @rl,a · clear byte of offset,

inc rl ; and update po Intar:

mov @rl,a ; clear byte of offset

sel· . �. ; select·orig inal registers

mov . ri,tisecid
.

· set input id to Secoms,

. mov rl, iwtmovn .

· set input. pointer to wann� oven
I

mov a,rS ; restore accunulatot
en tcnti · enable timer interrupts againI

retr ; am return
;
.

I

•
I

.*************************************************************************
, .... .

.. .

;
; Power Up Routine and Main Progran
;

. .•..

;*************************************************************************

.0[9
reset

;
.t Clear storage
;

1900
; reset •••••entered. on power up•.

mov r0,tcldstr ; set pointer to start of storage ..

mov rl,tactive+19�c1dstr ; set up loop counter
clr a ; clear accunuiator

clrstr .

mov

inc
djnz

;

@nJ,a
r0
rl,clrstr

; clear byte
; update po inter
; am loop till done

...
I

;
.

set up reg isters

. ··mov
mov
Sel
mov

.

. mov

·sel -.

·mov·
. mov ...

rl,iwrmovn
r2,tisecid
rbl
r2,19
r3,U
rt:t(J

; set input p:>inter to. warrnirg . oven .

.; set input·· id to. secor:ds
; select alternate registers·
; put 0 in r2'
; put 1 in r3'
select original· registers again

; set time invtervala,iintrvl
t,�

tenti
.

r enable timer interrupts ....
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en .i
strt .. t

1 enable external interrupts
; start timer

;
e. Main routine••••• input or .output data 'lben able,

;

loop
jfl . full ; if fleg is up, cold storage is full
jmp empty ; otherwise it is empty

eon
jtfcl empty ;. if LSI-ll not ready, skip ahead

mov a,r3 ; get identity
outl p2,.:a ·

; and send it
. inc r3 ; increment identity .

inc. a ; check to see if it has wrapped around
jnz okay .. ; if not, skip ahead
mov

. r3, ioo3id . ; otherwise fix it up
.

okay·
mov a,@r0 ; get data byte
outl bus,a ; and send it to the LSI-ll
inc It ; increment pointer
djn� r4,empty · .all data sent?,

clr fl · yes, pUll doWl fla],

empty.
jntl loop. . ;

.

if no time data, just· loop
ins a,bus ; otherwise .clear· the flag
in a,p2 · read the identity·,

anI a,Umskid .

; mask for input identi ty
add a,r2 ; canpare with desired identity
jnz loop .. if not correct, loop,

in a,pl ·
. otherwise read the data,

mov @rl,a ; store the data .

inc r1 · ; increment the· po.inter

mov· ... a,r2 i get identi ty
add a,iiincid .: · i set it to the next item
mov.· a,a �. aoo put it back

jmp loop ; then repeat

• end

I·
.. ..:
..
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