. A DIGITAL RECORDER

 FOR POWER SYSTEM DISTURBANCES

A thesis submitted to the
- Faculty of Graduate Studies
'in.partial fulfillment of the requirements
for the degree of Master of'Science
in the Department of

Electrical Engineering

by
William Eric Norum
Saskatoon, Saskatchewan

January 1982

‘The author claims copyright. Use shall not be made of
‘the material contained herein without propTr acknewledgement

as indicated on the following page.




14

"The author has agreed that the lerary, University -Gf

"Saskatchewan, shall make this thesis freely available for

inspection. Moreover, the author has agreed that  permission
for extensive copying of this thesis for scholarly purposes.

' may be granted by the professor who supervised the thesis

work recorded herein or, in his absence, by the Head of the
Department or the Dean of the College in which the thesis
work was done. It is understood that due recognition will be
given to the author of this thesis and to the University of
Saskatchewan in any use of the material in this thesis.
COpying.or-publication or any other use of this thesis for
financiail gain without approval by the University of
Saskatchewan and the author 8 written permission is prohi-
bited.

Reqhests for permission to copy or make any wother use
of material in this thesis in whole or in part should be
addressed to: ‘ : : ' ' '

Head of the Department of Electrical Englneering
. University of Saskatchewan
Saskatoon, Saskatchewah, Canada



iii

' ACKNOWLEDGEMENTS . =~ -

'The-authér wéhld like to thank*Profeséors G;J; Huff and
T.w.l01ewes fpr‘their.assistahée, guidance and encoﬁrégement
-during:thé course of this project.' Thg,assistance of Mr. S.
HardYﬁ_in.the planning of:the-project and;thé éffbrts_of Mr.
R.. Moffat during the 'fiéld,rﬁests aré gratefully ack-

nowledged.

Financial support for this project was received from
the National Research Council and from the Saskatchewan

Power Corporation. .



iv o

UNIVERSITY OF SASKATCHEWAN.

Electrical Engineering Abstract 82A216

. "A DIGITAL RECORDER .
FOR POWER SYSTEM DISTURBANCES®

‘Student: Eric Norum - L Supervisor:ﬁT;w. Clewes
‘ Co-Supervisor: G, J; Huff

M. Sc. Thesis presented . o) the College of Graduate Studles;-

January 1982
 ABSTRACT

This thesis describes the development of a prototype-
“microprocessor~based fault recorder capable  of digitaliy
recording power system transient waveforms. The recorder
can monitor and record 16 event channels and 8 analeg chan-
nels with signal bandwidths of 350 Hz, or 16 event channels
and 16 analeg c¢hannels with signal bandwidths of 180 Hz.

The recorder may be synchronized to an external satellite- -
controlied time base. ‘ ‘ ' '

-General information on the system hardware and software
is presented. Results of iaboratory tests, a description of
fieid tests and recommendations for further 'development of -
the system are. 1nc1uded. - : "
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1._'Inttoductiod.'

1.1 Ovorview‘.i

, Advances in the field of dlgital electronics are br1ng~r
ing 1ncrea31ngly complex ‘computer applicatlons into ‘the
realm--of economlc' fea51biiity.-"Diglta1 processorS'lare
siﬁultanoously ‘and! ;apidly‘becoming more powerful.anduiess
expensi&e. This project iS'thenopplicotion of the current
level rof microcomputerwteoﬁnology.to,create a research tool -
in'the area of power system fault recording, The 'applica—‘
tion presentl? reqﬁires.all.ofithe power of the processor to
give performancexin the desired range.  However; the rapid'
advance of the state of the art in'mini and‘microprocéssoro'
'promises to make future versions of the reéOrder- not“oniy .

nmore powerful, but also less expensive,

In power system switohing stotions«_instrumentation is
reouired to monitor,-controlhand record quantities;associ-.-.'
ated with power system operation. 'Traditionally theorecorob t‘
'1ng system ‘has con51sted of an analog strip chart recordert
wrltlng on llght-sensitlve paper. . D1ff1cu1tles -with this
methed range from the reliability and- malntainabilxty of any
preclszon.olectrofmechanical‘dev1ce_to the problems of con-
‘oertiog- the oatattora form in ﬁhich itfmay beptocossedand__-

anai?zad=byocomputeré.:'Therlatterfpoint tis of particular

‘importance*‘sinCe .1f it were routinely possible to transfef;r e

fault information to a central computer it would prov1de -an:f



easy means for system planners to ensure that their:SYetem :

. simulations were indeed accurate.

The Saskatchewan Power Corporation,v‘reccgnizingr'thed

advantages of dig1ta1 techniques, included fault recordlng.f._

as a hlgthriority in thelr"Switchlng‘ Station-‘Automationr
prOject.' 'The . goal nof that project  was to perform all

-switching,Statienuinstrumentaticn'on a'ccmputerized' system.

A single,‘rather 1arge, minicomputer was used as a base fer .

'the;system. The success of the project lead to the project
described in this thesis;rnamely the feasibility of perfermnc

ing theefault recording.fnnctien on a microcempnter{

1.2“Designnobjectives

The following‘design'cbjectives'were'develeped in con-
snitation Wirh the-anrher's,thesis supervisors'and represen—
_tatives from the Saskatchewan Power, Corporaticn [(5]. The
=_rea$ons behind the objectlves are’ described in con51derab1e..
detall in ‘the f1na1 report of the Saskatchewan ~ Power ‘Cor—;‘:f

"porat;on-sw;tchlngrstat;on automationnhrcject”[3].

: Intended Use. .

VThe'digitaI*fault recerder is to be. a'portablen~in3tru—-5“
ment -capable of dlgitizing and recerdlng samples of. valtage

A?and current waveforms supplled by conventional potentlal and,

current rtransformers. “The_ recorder is 1ntended te‘ be -

1nsta11ed 1n.switching staticns.or-‘substatiens;'cn.ja tem—



Aporary basis. The intehdéd*Uses of the recording system are

- ko prov1de records of fault data‘ (waveforn 'reconstructiony‘

'-dand‘to prov1de;data for the calculations of power flows'dur-

- ing system d1sturbances (load sheddlng tests, system stabll-‘u

ity studles).

_Sampling-and'Storage;Capacity,

Carr'et'a1[2]~have indicateddthat.the minimum sampling;
.rate . for‘ reasonable waveform reconstructzon is 240 Hz. A
mlnlmum of 7 channels are requlred to monitor the 4 currentsz
and 3 voltages of a s1ngle transmission line. A hlgher sam+~
p11ng rate and larger number .of channels are desirable. At
least 16 channels of digital signals must also be sampled
andlrecorded._' The‘ recorder should .prov1de. at,lleast 2
seconds of. p:efault‘eand 12ﬂ.secondsdof pOstfanlt informa-
tion. Some.indication of -the._amount of recordingi space’
remaininé Should be prooided. ‘The-reco:dingﬂtime should be
';adjuStebie‘andtshoulddbe'dependent on-the}continuedipresence“"
of a :9ysten-tdisturbance. 1Thus,‘ a?fecotddn§=wiil'nave:af'

| minlmum duration which’ w111 be exceeded 1f the disturbancer

whxch initiated the data acqu151t10n persists for longer

than the spec1f1ed recordlng duration.

'.Tfiggefingw

Data acqulsitlon may be triqgered by any selected chan—'

t-nel*,or ‘channels..t Tr1gger1ng can be set to occur when the57 ¢v“

ratetof'change'of the.51gnal;exceeds a- pteset :value, :The;r



triégerurthresholas gﬁust- be éasily aéjustable. Triggering .
- will also be.pdssible:frbm:an external ~contact - closure or

‘change of state on aﬁdigital-input.

 Timing Options

Tﬁe digital fﬁuit recofder:willﬂincdrpotate ra” real~ 
“time~-clock to set;the,sampling?rate‘ahd to maintain the date.
"ahd'time._ Pfévisionfmust Se.madefofattaéhing an éxternai
 time. signall (such asla satellite-cbhttoiled"cloék) to ﬁhe'
:,,recorder, The sateilite élock optionraliows data from geo-
graphically-'témote:recorders tojbe'éompéred-and analyzed on

the same time base,

Accuracy and Rangg -

Voltage signals should be meésured to an accuracy of
#g.2% of 1 p.u;}' OVervoltagés-ef 4 p.u. should be recorded

without limiting.

CurrentVSignaIS'Should:be mé&éured-tos_aﬁ accuracy of
1.0%. of_l-p;u.;_'OQercurrentS'df'25 pfu.,should~be reccrdedj:“

without limiting.

‘These objedtiégs refleét‘the,quantizations inhgrent. iﬁ:
digital?_fe¢ordinq.-  There‘islé direct tradecff'be£weenQ;he"
1l p.u. accuta§y uand"the fhéximuﬁ signal . to ‘be fecdrded
Vwithout,r1imiting l(assﬁmin§‘a linear‘anaiég.tétdiqiﬁél'cone

Verter);_



Interfacing Requirements;';

The mlcrocomputer-‘hardware will  have analog- inputs
capable of‘,measur;ngfilnput sxgnals from -14 to +1ﬂ volts.‘

7D1g1tal-1npqts‘will be TTL‘compatlble.. Thls pro;ect deals

only with thé-hardware associated with the mlcroprocessor so

51gna1 1solation and cond1t10n1ng will be supplied by SPC to
‘convert ' the. s;gnals- fromr standard ,PT' and CT* 'S to the

'_des1red‘range.

Interaction thh the . system w111 be through a :standord :
sefial_ line whlch may be connected to a hardcopy or v1deo
terminal, or through - a modem to. the telephone network.o
dntario Hydro. has shown the advantages of belng'able to
remotely occesslrecording devioes[4]. " Data _tronsfer‘ from
the storage medium willl,beo possible'-on.the serial line
~although this will only be proctical;for-transmitting"short

records. -

Packagingznequifements.o

The system should be packaged in a portable‘,ehc163ure
suitable ﬁor <use' in a sw1tch1ng statlon (indoor) environ-
mont,ioThefsysoem must be capable of,qperatxng 1n'on elec;rfy
-icallynoisy:.enoironmento.-Sufficiahtelectricai:shiéldinq-
andlfiltéfing'must be brovided to prevent -this“noiso  from 

interfering with the operation of the unit.

The system must5beopo:table'ahd:generalfpurpose siﬁce a .'

,specific'test:éiteoWaéﬁnotochosen. :



‘Power Calculation

Another objectlve that rece1ved some dlscussion was the -
real~t1me'fcalculat1on of ~power‘ flows in the Reglna South‘

minicomputet‘installation; This calculatxon was felt to be.

‘desirable. since it ‘would allow triggering'from power-flow.];:

disturbances as_wellfas from current  or voltage distur-
bances. In 'addition, if only the power flow signal was,
, recorded, a. substantlal reductlon in: ‘the amount of data to

be recorded would be achleved.

This objective was discarded eafly‘in the -development -
of the recorder since no available microcomputer was power- -

ful encugh to perform the required calculations.



'2;"Digita1 Fanltbaecorder'ﬂardware

2.1 Introduction

dnce the recorder.design'goalswerespecified}possible':
‘nethodse of imolementinge‘thelosystem were;conSideredQ' The‘
first‘two sections ofrthis chepter outline the major deci-
sions made regardlng the recorder hardware. Followinq;this,
a descrlptlon of the hardware elements of the orecorder '15
presented. Hardware constructed spec1f1cally for this pro-
ject is discussed in moreﬁdetailr-thenf hardware whicnc was

simplyrpurchased;‘

2.2 Microprocessor Selection-

The choice of microprocessor ie-critiCal as it  affects
almost all the subsequent hardware and software aspects of
the system. The points which must be considered in-: select-
ing a 'microproceSSor fora'particularﬁepplication include-n
power coneumotion;'sbeed, instruction.set,-'availability of
-periphereis"and cost.' An addltlonal p01nt is ease of pro—
grammablllty, that is, once the hardware has been -selected, g
how much d1ff1culty will there be in wr1t1ng, test;ng, andn’
-debugglng the software.‘wBecause the fault'recorder  was to
r,operate in the-swltchingostetion,tpower.con5umption-wae'not‘
'considered-arfactor iﬁ processorfchoice‘rfor _this‘7applica-.

tion.

The proéesSors widely availebie'et'the“time7jthat~Vthis



‘choice was being made were the Intel 8080,.the Motorola
Gsdﬂ.and:the_DigitalEQuipment'Corperationi‘iSIFll, : These
ﬁPrOce556f57~are'described'inﬂdetail,in-referencee‘l3;nlé:andz
.'15 respectively.- All three were available as packaged sys-

“tems 1ncludlnq case, power supply. card—cage, and. backplane.e

,Slmlla:‘perlpherals-were'avaxlable'at about the ,same,‘cost '_j'

for all three1r_ All three processors'were-felt to be fast
enocugh to meet the recorder requlrements. The 808@ and~.thes
-Seﬂﬂ are 8- b1t mlcroprocessors and the LSI-11 is a 16-bit
midroprocessor.n'the 16fb1t word.length of the LSI-11 was
censidefed :an adventage fpr dealing-with ;hé data from the'd

12-bit analoeg to diéitél-cdn?e:ter; The LSI~11 can :operate-
directly on floating pointfnumbers,-an ability no« shated‘by
the other twe microprocessors.  This is an-imbortant,feeture
for thie appiicatien beeause,of the_large,amoune of floatiné
point afithnetic‘doneiin-the weveﬁorm‘reeonstruetion portionrn

of the recorder.

" The factor which most - influenced the selectionﬂ-ef
'micreprocesser nwesf'that'offpregrammability. Use of_eithet” .
" the 6888 or the.SQSB‘weuid‘hene necessitated writing all ofd' 

- the. softwareﬁ in assembiy languege; Higher level languages
rexlsted for these processors but could not be used they

were e1ther too slow, or requlred the purchaSe of an expen-

 sive developmen;hsystem from-the manufacturer.w cOde for the

LSI-11" could be wrztten and tested on.fthel Electrical )
Engineering PDP-ll/Gﬂ and then loaded into . the LSI-11 ffor

executlon. --in“ addltlon,l software for the LSI-11 could be .-



written either in assembly language, or in a variety of
high—level.ilanguageS'avaiIable'on the iarger members of the -

V-PDP—ll.family;'

_ Aftet‘consideration of the above factors the LSI-11 was -
chosen as the microprocessor for use indthe'diqital'fault

recorder.

2.3 Recording Device Selection

The second major»'hardware component in the' digital
fault recorder is tﬁe-device~upon which the‘data will ulti-
mately be recorded. The devices available to 1nterface to.
the"LSI-LL were magnetlc tape, both cassette and standard

9-~-track, and magnetlc disk, beth hard and floppy.

The cassette'tape system was eliminated from considera-
tion immediately as the recording rate was much too slow to

allow continuous.recording of fault data.

Ninewtrack magnetic tape was. consxdered to be . ‘advanta-.

-geous -for"several reasons.‘ Large quantxties of data- could‘i,
"~ be stored‘on'a-single tape.and-.recordznq;;rates. are high.
The tapes-‘could"be read‘aﬁd used by almoet anytother tom%“'
puter system. The major shortdomingé of mag-tape,"which‘t'
theCIUded ‘its use . in the digital fault recorder, were the =
-high'dost and‘large size and weiqht of the tape -transport.”:

In addltlon, the data an the tape is not block replaceable(

This means that data may be written only at the end of data:'f'
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already ‘o n the - tape, any unwanted data could not be

overwrxtten without overwrltlng the entire tape. -

'ﬁard disks share‘theradeahtages of high recordingr‘fate
lane ‘large.’ eata' stotege"voluﬁe w1th nine-track mag-tape.‘
Unfortunately, the only drives avallable for 'USe _wtth,rtﬁe'”l
LSI-11 usedr_removable 'Cartridges, as-sealed “Winchester'
- drives were not yet".available. The :removable-certridée
~ drives were heavy;‘eXpeQSive,lfragile, ehd”reqﬁired a clean
environment in which to operete. VThis would - have defeated.
the -pottable hatuce'of.the recorder, and sb_hard~disks'were

dropped from consideration.

This leaves only the floppy disk as a recording mediem.‘
Floppy disks " suffer freh limited' storage capacity and
recording rates, but have several advantages- for this appll—‘
Vcatxon. They are small,rllghtwe1ght,-quite rugged and inex~
_pensive, all of which are factors critical to  the  digital
faultr‘recorder. ;rThey share‘with_hag-tape the_edvantage of
1ndustry—w1de compatlbllity.r A more detailed description of
athe floppy disk system selected ferr the -digitel’feult,

recorder is presented in a follow1ng sectlon."
' 2.4 Hardware Description

As described in the ?=previous sections, the» digitalr

'rejfaultr'recorder s based on an. LSI- 11 microprocessor and a

floppy dlsk storage system. A detalled descrlptlon of the“

LSI-11- and peripheral equlpment is prov1ded 1n references 14 L



o1l -

“and 15. Tﬁeoverall strdeeure-of'the*hardwere‘is' Shewn-‘ih
block diegram-form is figure 2.1. The.items marksddwifh an
:ster.(*) ﬁere~used'sh1y during development, Off thev:digitei_
fault srecorder, eﬁd}are'no;-present‘in the finai-unit,"The.v‘
followinqsectionsdesqfibe;each-ofthe herdware-elements'iﬁ'r

further detail.
2.5,Ptocessor‘

The LSI-11 is the smallest'member of the Digital Eqdip-
ment Cotpdration PDP-11 product line. It is a 16-bi£'proh'
cessor with fiked,.and‘fleating,‘pOint arithmetic capabili-~
ties. .Direct memory access'allows peripherals to transfer
data to or from memory.without affectingr prdcessor. opera-
tien.l Thesmost‘severe limitations imposed by the LSI-11 are
. its ability to access only 64k  bytes of memory, and the
presence of 'ohly a single leéel'of devise interrupts. The
LSI-ll is contained on'a ‘single 5. 25 by 8 9 1nch (dual size) -
beard, and communlcates w1th the other hardware modules via

- a 38 11ne bus. - The backplane"used- in the dlgltal fault .

recorder has space for 16 dual, or 8 quad 31ze boards. - The“"

backplane is mounted 'in a 5.25 inch h1gh standard 19 inchf,,

rack-mounti‘box; along with power suppl1es, fans, and a con-

‘trol panel.
2.6 Memory

This module uses 32.iskvbit fdynamic'5memofy3-chips'etef
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| prov1de 32k 16~bit words ofirahdomly aodfessablermemory.-e
Due to the memory-mapped—l/o archltecture of the LSI-11 on1y 
38k of -th;s memory‘could be used. - All-the data taken from
 ‘the anaiog‘anoteveﬁt inéutS-are.buffered.in this7fﬂemorYQ to -
provide ptéfauit:'recording oapabilityi-aod to‘ptevent the- 
disk.heads'froﬁ5 being' oontinuous1y 'ih_contact.with ‘the

floppy disk.

2.7 Serial Line Interface

The serial 1line interface prosioes  4 RS-232 serial
lines ‘f0r,.communication between the digital fauit reco:dEr
‘and a conscle termlnal, a printer, and other computers. It
' also generates, the timlng signal which fixes- the sampllng'
rate of the fecotder. The use of one of ”the='channels to
provide this real-time-clock facility is:described in the
satellite olock-ioterface section. The data rates of _the '
remaihing three channels may be individually adjusted from
158 to 38499 bits per second.

A

2.3'Floppy Disk System

A Dsn-44a dual dr1ve, single s1ded,,fu11 siie;,'éouble?~'

density floppy dlsk system is- used 1n the dlgltal Eault'f:‘

recorder. The DSD-44B is a complete emulation . of the DEC -
Rxaz floPPY dlsk system. Each,d;sketterhas a-storage,cepaé :
c1ty of 512, 512 bytes.‘ TThe drives: and controlier--sre,

mounted._in a separate 5 25 inch rack mountable enclosure."'
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The controller-interfeoe:is contained ot a sinole; dual -
1siza, board and.is‘oonneoted,to-;he‘drive sﬁbsystem:by a 26
pin ribbon cablef f'Theg'coﬁtroller interface. 'uses"direotl
memory access to transfer data to and from the digital fault
| ,recorder s.memory.j‘thls is the most sophistloated form :of
-input/ootput. availablef'in‘ an- LSi—ll‘ system. It has the -
advantagessof high speed and littie.or-no program interac--
tion after'the-initialrstartéuP.' The reductlon in processorj
- load provided by DMA dlsk I/0 is cr1t1ca1 to the operation
of the dlgltalrfault recorder. If the disk did not provide
DMA I/0 the LSi-11 would not have time to VserVioe-'it and

still perform the sampling and triggering'functions.

The meximum-sustained-dataitrensfer‘rate to the floppy
disk is about 16800 bytes per second. This proved to be the
factor which liﬁited'the=sampling rate, and number of chan-

nels, of the digital fault recorder.

The fiopp?“disk'oontroller interface- board’ aiso' oon?
_tains ‘a bootstrap program stored in non-volatile read-only—
meﬁory. on power-up, this program reads the d1gita1 fault'

recorder software off the disk 1nto memory, and then beglns o

execution.

2.9 Analog to'Digitel.Converter'

 The analog'tomdigital.converter samples the analog sig- -
- nals from the~swit¢hiﬂg‘stetion PT's and CT's and converts.

.them to a dlgltal representatlon.r A Data Transiatioh;DTl?Gl'
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cdnéerte:"isi usedin;thé:digitaifauit-fecorde:«ﬂ‘ihista/d

cpnvefter‘moduie_prbviqesj12 bit chVersicﬁ‘scquraéy-on each f
of lﬁchanhelslandisfgoﬁtainéd'on asingléquadéizé-boérd..-
A feature of priﬁe-impoftaﬁda'isfthats,theT DT1761: provides;.
‘DMA  transfer :of the :aigitized dat&_£o the,digita1 £au1£':
recorder memory. The reduction in,proceSSQr lcad provided.

by DMA opetation, of iheia/d converter is critical te the -

operation of the recorder.

The DTJ?Gl'may optionally be'cdnfiguted to include 2
analog output  channe1sa Such a board.wés-used during the -

development ofgthe.digital fault recordek,

2.10 Anti-Aliasing Pilters -

There are two separate sets of filters in the- digital
fault recorder. One,sét, with a cutoff frequency of 186 Hz
" is used when the recorder is operating at its 48¢ Hz sam-

pling ;frequéncy.,” The.‘othér, Set;fﬁith a 350 Hz cutoff is.

used when'the,fecdrder"'is~,$ampling¥:ét 966 Hz. ALl the

filters afe,‘aCtive . second~order 'Butterworth constructed =
around LM124;'QUédf op~amps - {9].. The filter design, and

schematicsfare‘included in apéeﬁdik 6.1,

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

'énclbsu:el and Jaréf*connectedf'to the DT1761 a/d hoard by a -

-Sﬂfpin ribben cable. "All the:analog and event inputs ofithef."

. digital fault .recorder are mounted on the front of this.

“enclosure.
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'z.ii'Pareilel Line Interface .

Th1s dual size board prov1des the 16 event iﬁputs -tc.

the d1g1ta1 fault recorder., It is a Data Translation DT2768f -

which 1s equivalent'to the'DEC DRVll. All 1nputs ~and 'out-e
_puts are - TTL compatible. The recorder . places a status’ word
on the 16 output lines of this interface. Other devices ‘may
use this,'status. word to mcnltor the‘ operation ,pf_the
reccrder.- burinq-development-of the;;ecorder software‘ this
parallei line interface -wes .ueed as a high speec link

between the recorder and a host computer.

2.12 Satellite Clock Interface

The'satellite clock interface took.tco-forms.ccrinqrthef
development of the digital fault recorder. The first inter-.
face was a custom constructed 'board ‘thCh"allowed_ ditect
- connection of the recorder'tocaﬁ'Arbiter SYsteme satellite
- clock receiver [lG].ﬁ:Tﬁe second interface consieted'of ©two
parallel 1line interfeces:identiCaI to'that described in the
preVious;section.~ ThieiVetsion accepted tihing'signals iﬁea.
form that SPC has standardized_cﬁ{"rhese-interfaces are

described;in the;ﬁcllowing:twc‘subsectione;

2.12.1 Custom'satellite-c1ock'tnterface

- As mentioned in the prev10us paragraph, this ver51on of_ '
:the satellite clock 1nterface was constructed espec1a11y for

the_dlgital fault‘recerde;. The interface requirements were



felt to -be‘coﬁplex‘énough“to‘Qatfaot‘dse-of a'mioroproceé-f'
_tsor. The ioterfaoe wasooostrﬁoted on"ao duél-width wireé'

ﬁrap"module ‘and'iwas 'basedt an Intel 8748 s1ngle chlp
microprocessbr‘[iZ}.. fhe 8748 was chosen as 1t was- a .com-
pletely 3sei£woontained‘fdov1oe, w1th on—chlp I/O-.'timet}

RAM, and EPROM.

_The-softﬁare_for' the 8748 was written -in aésembly-
. language and assembied.using,azcrossfassemblersrunningoooéer;
‘the‘UNIx operatingmsystem_[7it Tho program was butned771nto_
the 8748 ,EPROML'using an EPROM-ptog:aMmer,connected to the

?helfirst'function perfotmed by ther satellite cIockt
interface -wasf to'genératé an acourate timing. signal to.set-
the sampiing rate of tho ‘digital fault- recotder. . The
hardware for this funotion'is shown in figure 2.2. Tﬁe IC
.numbers-refér to the position of the 1IC on  the ‘interface_

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

a TTL'level'signal-whioh:opetates_at'l/IS of the ciock 'fre-‘o'

quency of the,8748; Ao6 Mﬁz crystal was-uoed to provide:thot ,:o'

timing referenoe for the 8748. The 4Bﬂ-kﬂz 'ALE signal @ is:

passed.throuéh rate generator IC 5F and emerges as-a 120 kHzt_'

signal which isffea;throogh‘threefdivide4by—sfICfs (49; IF,

2F) to emerge‘ as a: 9631Hz- éignal.' This szgnal is: then
passed back through other portlons of 2F,. and 3F to provide
480 Hz-and-ZdB Hz 31gnals.' All. three clock s1gnals are sent

to the . ant1-a11as1ng fllter board whlch selects one of them;'
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-'and returns it to«the satellite clock interface'board. Thus
the - sampllng rate 1s set automatlcally by the - selectlon of
an ant1+a11a51ng cutoff frequency. The clock s:gnaleis

geted by.CSR‘bit 6'(real;time-clock 1nterrupt ‘enable) and

then rpassecc to the bus event line. Pullzng this line. low"t'

,causes the LSI-ll to. perform an 1nterrupt serv1ce, through
Vaddressrﬁlﬂﬁs.' Use ofrthe,buslecent.line‘tc generete-inter—}

' rupts results in.a considerable.simpliﬁicatioh:of the satel- -
iite clock ;ihterfaceas.nointerruptackhowledge or_vector;
generation herdware need beeﬁtovided. In order :thet ‘the
xLSI-ll can determiee 'which clock frequency has been‘
selected, the filter board also controls bits @ and 1. in ther
CSR.  The state of these bits is interpreted by the LSI~11
as shown in table 2. 1. | |

Bit 1 Bit # Interpretation -
249 Hz clock.
480 Hz clock

- 968 Hz clock
. No filter board

Y %)
R Sy

'Tablelz.l -Cleck selection;bitcinterpretation‘:~7~

- In a like menner,‘CSR bit 2 is controiied'by"the' sateilitew
clock receiver. It is hlgh when no recelver is connecteds:

'and is pulled low when a recelver 1is connected.

The second functlon performed by the satelliteJ‘clock

- Vlnterface ‘was to- prov1de-‘t1me—of-day, 1nformationrto:thes

LSI- 11 so that the t1me and date of recordings may be noted.e,, -

 This portlon of the satellzte clock 1nterface is shown in
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--fiéufe 2.3;. fhe-LSI?lieindiCaﬁea'thatuitrwenté tb"reed'rfhee-e
time by'ﬁfiting'arl iﬂto bit 4 of the‘CSR. [ This raises P2-3
in the 8748 whxch causes 1t to copy the cdrrent time and
date to -a buffer and then send the contents of that buffer
to the‘LSI—ll-a byte at~a-time. F1rst, thréee bits of label
infermation are latched out to - 92—0 through P2-2. The time
data correspond1ng to this label is then latched out on the
8748 bus lines which also generates a pulse on the WR iine.
This raises bit 7 ;n‘the;LSI-ll CSR and pin T8 in the 8?48.,

When ;the LSI~11 sees TCSR'bit 7 go high it-feads‘the time

label‘and'date.froﬁ-the data - fegister," This‘.resetSj-Csﬁ"'
bit 7 and 8748 ‘pin Td. When the 8748 sees pin T8 go low it
sends the. next label and data byte. This process is.
:epeateer until all the time and date information has been .
‘tfansferred-to.the'LSI-ll;‘ This information consists of 5
BCD bytes - iﬁdichting -tﬁe time and date at which'the clock -
-~ was last set, and S bytes 1nd1cat1ng how . many clock tieke-

have " occurred since that time. The 8748 timer 'tlckS“ 25061

40
times per second and thus can time 1ntervals of 5%35 seconds

(over 13 years) before requlrlng resett1ng.

The»reMaining'hardwate en'the setellite elockinterface
board wdé- uéed,té-éetethe~clock”in'thea8748;1'The set time
signais may come'from;eithef~tﬁe satellite clock receiver or
fromfehe LéIell.: 1f thenreceivefais,connecfed*td the inter-
'face:it.ﬁill eet the-874§e610ckjohce-every “sec6nd1 If neo
receiyer"is connec ted ﬁhe 8748'clocgeisreetlfromrthe:LSI-;l

under operator eohtrol.‘VOPeration of the 8748 is_‘identical;‘
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in both cases, the oh1y5di£férengenis'thé source of the set

time signals. -

A listing bf-the'87481program-is :containéda-in éppen~'_"'

dix-6'7. - The program is short, and self—explanatory, 'S0 no’

dlscu551on of the. program will be presented here.

During final testing of the 8748 éatellite clock inter-

face SPC indicated that a standard.clock interface had. been

chosen and that-it-wbuldx'be' preferable';that‘.the digital
fault recorder conform to this standard. ‘Work on the 8748
version of'the.satellite: clockﬂ interfacei was*rhalted .ahd'
design of a neﬁ interface was begun. A description of thié

interf?ce‘is provided in the follewing section.

2.12.2 Parallel Satellite Clock Interface

The SPC clock interface standard has 30 data lines and

'a-Single.contrbl-line-' The data lines are assigned as shown

‘in figure 2.4.

" T

s ol

k] S o 1 S k] T

| | T ] } | )
100 daws! 10 dsws | daws 110 hrl hdurs 110 ein | . f10sect  sec |}
| { 1 | N | | o i
| 29 23127 26 AR 21 20419 18!17 16 15 1411’ 1211110 ¢ 8 7146 3 4432 1.0
R R T S S

_ Flgure 2.4 ' 8PC standard clock 1nterface bit .
def1nit1ons

The rising edge of the cqnttolr}signal ‘indicates. that the
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'time and dateiihformation‘on:the data lines is valid.

It was very oasy to adapt the dlgltal fault recorderrto
conform .. to this standard, ‘as all that was’ requ1red was to
add two DT2768 patallel 1/0 boards to the system, - The low'_
order 16 b1ts; of.‘the time-‘and date_are.oonnectedttonoué"
board, and the high order 14 bits are connected to the
other, The reﬁéining-‘é bits of the second board are net .

used.

The real-time~clock qéneration function' of the 8748
' sotellite clock intetfaco'wos'not‘provided byfthis paraliel
interface'teoﬁniqué so some other means of'generation had-to“
be provided.-_ A commercial ‘real- time—clock board for the -
LSI-ll could not be used as all the avaxlable units. were
based on a.l MHz-clock and could not'génerate-the reduired
7966 Hz interrupts.' It wos discovered that the crystal con-
ttolled ser1a1 line rate generator could be used as an accu—

rate. source of 966 Hz interruptsf

One of the unused ser1a1 line ports was " designated

the real-tlme-clock' port. Thls port was-then set for;96667

baud 8 bit data transm1551on with no parlty, and’ a, single :

stop bxt. Thus ‘18 b1ts are transmitted in a- ser1a1 fashlon'3 e

for-each byte loaded into the transmltter‘ buffer.o: Because

the ser1a1 line 1nterface uses double buffer:ng a byte may.

be loaded 1nto the 1nterface whlle the 1mmedlate1y precedingli -

-byte is belng transmltted. If the byte is loaded before the -

: p:ecedlng_byte‘has;rbeen ¢¢ompletely,-sentu-th .-transmltter
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ready interrupts: will occur - at a"fixed'rate:of 968 Hz.
Using every other interrupt to start a conversion results .i'ri

'a 488 Hz sampling rate.

_ -Tne LSI-1l counts the clock interfugts;to méin;aiﬁl‘the
time and dateiifrho-satellite,clock'reéeivef isi§resent}‘and
to prbvidé fau1t fime resolution better than théf provided
by the satellite clock receiver. - | |
2;13'fackaging_

The computer, disk drives, and anti-aliaSing. filters
are each céntained in a.19'inch rack mountablé chassis. The
three units require a total of l4 inches of;(verticaly rack
space and':were'mOUnted in a 4 foot high cabinet.  The rest
of the cabinet space wQs'empty. -The regorder wéiqhé"about
"55 kg when mouhtéd fin the - cabinet. The disk subsystem
reQui;es-thét thé ambient temperature be bDetween 15 énd 35
degrees - Celsius Ilﬂ];"‘fhe"computer and*filteerubsystems
,ére'less'rest:ictivé,‘requiring~on1y‘that.the‘temperature be

between 5 and 4956egreés‘Celsiﬁs tiS];
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3. Digitél Sauit:Recorder Software'

3.1 Introduction

'Thischagtef-provideS'a éeneral_description-of the main
séftwaré‘ modﬁies- of the:system; and'théir'ihtéradtion;‘-A
detailed dlscu551on of' every SOEtﬁaEe: ‘module  'is - noﬁ
-presgnted as the comments in. the llsting prov1de sufficzent
explandtidn‘of the purpose and cperation of_the module, . A
full ;iistiﬁg of thé digital faﬁit recorder:SOEtware is.
included in appendix 6.6. A command manual for the recorder'
is-.included in appendix 6.5. A description qf-the softwére
development system‘on-which.thersoftware-was written will be
presented before the recorder softwaré is discussed. 1In the
,discussion'of the-réborder software variable names and~‘fou-_

tine names have been underlined.

3.2 Software Develophent'System

'Tﬁe'digitallfault fecordér'progfam is.'aboutf 24k,b§tes.
long,fand is; w:;tten ‘almost3*entiféiy 'inithe programmingﬁ
laﬁguage'd; C is‘ a “modérn, 'genefal-pﬁrpose programmlngﬁ'
language and contalns facilltles to ease’ ‘the development of
well structured programs [6] - These facil1ties_.;nclude:"‘
statement grouplng,f dec151on making (if,r‘else): léopihg
"(whlle, for, do); and- selectlng one of ‘a sef‘séf‘ possible

'“cases (sw1tch)

N The:majorafeatures}of théisoftwareudévélopment"Vsystem}r;"'
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shown in ‘block ‘diagram form in figure 3.1, are described

below.

.Floppy
Disk
i i —— | | Host -
Fault - High™ Speed LinK | Computer
— ~ | Recorder | - ' ‘
Terminal | = Serial Line

Fignre 3.1 Software'dévelopment system.

Upon power-up, the LSI-ll runs a program that transfers
data from one serial line to. ‘the other. Thus, the terminal
'appears to be directly connected to the hest computér. Pro?-;
grams are. written_ and:compiled,on the host computer ﬁsing
“all the tools available‘hndér the larQe; opéraripg--system,-
when -thef program-fis5to'bé;exeCuted the_system_in‘thé_ﬁéstﬁ
computer‘:determines V;hat.‘the program _must{_bé‘ execﬁted'
remotely, -and  then loadsfrhélprogram?into the LSI-11. The.

: terminallnbﬁ appears to-be'coﬁmunicating-with the=program'in :

‘the isi-ll; when this program term1nates, the LSI-11 beg1ns:'
‘_ transferr1ng data. between the serial lines . aga1n, ahdd‘ther’
;her terminal oncg.agalp‘appearS'to-be-connected to*therhosrrr
_computer}7;Thé quiék turnaround_proﬁided By;tgisnsyétem con—:

-tributed muchf_to. the~'eésé df,writing7:héffau1t»recorder;”
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'software. ‘_Th development system is 'siﬁiler -t that -
descrlbed by Lycklama and Chrlstensen[lﬂ]
3.3 DatarStceCtures'

An . understand1ng of the data structures used withln the

digital fault recorder 1s necessary before the dlscuss1on of

_ fthe software modules that manlpulate_this data c¢an  begin.

In the following sections the term ’analogidata"is:usedctown
‘refer to data that have been taken from the a/d converter, '
and the term ‘'digital data' is used to refer to data that

have been taken from the event‘inputs.

The funﬂamental'eiement ch data manipulated‘ by - the
faulit .recorders is a sample of analog and digital datae In
ordexr to providefﬁaximom‘data storage'and é:efault fecording
time,r‘the analog and ‘digital data are packed together as
Vshown~injfigefe 3.2. - The last 8 elements are not present if
only 8-channels‘of:anaiog data-are being taken (966'Hzﬂsem—l
pling rate};‘ Thus, at'theaésﬂ'ﬂz' samp11ng rate a. sample-
biock’»is‘ls'byﬁesrloog,-while at the 489 Hz sampling rate a‘er
sample:block is¢32‘byte5-long.' The data rate is the same- in
both-‘cases;fj1536ﬂ‘;bYtes‘per second. rThe‘samplerpumber_is
naintained as a checklthat data'on she disk have not been
"corrupted. Io_ ordecf*to-reduce che numbet of bit cieering_‘
and settlng operatlens the sample number, and event channell-
data, are . stored asi the lFs complement of their actuaif '

-Valde.- Thertiming;flagv(f),:iﬁ zero, 1ndicates that; the
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Bit in word '

-

{wora 14013 120 1) w9 87 6 5 4 3 .2 ?
9 el5 eld el3 el2] Analog Channel 8
1] €7 e & o Analcg Channel 1 =
2} e3  e2 - el ef| - Analog Channel 2 =
3] ell - el e - eB - Analog Channel 3.
41 sn3  sn2 " snl - snd "~ Analeg Channel 4
51 £ .1 Y1  -Analeg Channel 5 =
61 1 1 1 11 Analog Channel 6
7] 1 1 1 i ‘Analog Channel 7
8 1 1 1 1 Analoy: Channel 8
9 1.1 1 1| Analeg Channel 9-
18 L 1 1 1 “Analeg Channel 18 - .
1y 1 1 1 1 - Analog Channel 11
12 1 1 1 1 Analog Channel 12
13 1 1 1Y Analeg. Channel 13
14 1 1 R | Analog Channel. 14 -
| 15 1 2 1 1 nalog Channel 15

Figure 3.2 Single sample data block

‘time and date associated with the fault refer to this. sample

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

integers, with @ correspondlng- to -19 volts ,and 7777

correepondinglto-{9.995.volts.

“The sample blocks are writteho contlguously on diskrr
rnumber 1 when 'aj fault is detected Each disk block holds;:
256 bytes, which corresponds to l/Gﬂ'th of a second of data,?

_or.one power line cycle.- Thus the term 'cycle' is used as a

synonym for a dlsk block in the fault recorder software.

The digltal fault recorder ma1ntains a- set of dlrectory_e
entries so that data for a partlcular fault may be accessed o

eaSily.‘_Each-directo;y entry;contalns _allr “the ‘;parameters‘f'”
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for a partieuiar fahlr._ These'parameters'include A

.aj; the dlSk addresses of the flrst and last block of

recorded data for thlS fault

b) "rhe;type;ef'elock (internal’or ‘external) in use

" when the fault occurred.

¢)  the number of analog channels, the sampling rate,

andfthe number of samples per power-line cycle.
i d). thetimeeand date efzthe faulr.r
e) rhé'regording label.
f) | rhe’evenrrchannel parametersa:
g} the_analeg'channel parameters.-r
h)‘ .‘the number.ef pre, and post, faulr blecks.‘

'The'eventfchannel parameters consist of a channel -name

and rwo flags lndicatlng the triggering condltions for: the.‘.*

~¢hannel. There are 16 such parameter structures,‘ one'_forf

each event channel.i

Theeanalog_channelfparameters cehsist‘of.a channel name
and a triggering'level; -THere.aretléfsu&h parameter struc-
tures, one for each analog channel.,u The latter. 8 structures

are nor,used‘lf only. 8 analog,channels-are belngrsampled.

_Direcrory,enrriesiare contained on the 1ast'ha1f.ofjthe,'3

‘disk in drive . @.: Anrextra directory‘enrry not associated
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with any fault is used to store parameters so. that they may‘T'-

'-be read from d1sk and thus not have to be typed in each t1me

the fault recorder is powered-up.

The layout of the data on the disks Ls' shoon in fig-
~ure 3.3.  Empty dlrectory slots in the middie of the d1rec-ai‘
tory teble, and-empty_data 'areas. between other data are
automatically recieimed'by'the'fault recorder each time the,e
55355 command is g1ven, by moving the lattef blocks"dowh
~ over the empty spaces. If the datalon disk 1 are moved, the.
correspondihg direetofy,entr1es are‘updated~to reflect thef

changed poeitign'of the data.

3,4 Data Acgquisition and Triggering

:'The.heart of-the digitellfault‘recorder‘consiete of the
routines--which acquire date ahd Gatch for fault éonditiohs.
~These routlnes are 1nterrupt dr1ven, as shown in flgure 3.4,
.Because they are sor,crltlcal to“the operation. of the:
tecorderha complete deScriptioh-of these"toutines will bee

presented.

The primaryrroutine is -the -realftime-clock 1nterrupth‘
'service routine (_rtoint);‘ QTheereiook' runs'oontinuously)e
. regardless-of‘whetherjer‘notidata'are being ,ecquired.,‘ The

actionst,ofh_the.fodtinehare showh:ineflowchatt formtin_fig-Lt
ure 3.55';?irst‘the ‘realetimeecfock"ieareprimed by.writing

into ‘the 'sefial lzne 1nterface transmltter reg1ster._ The

'utime—of-day countet is then i1ncremented. and- th u“samplihg T
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' tickr'countet-.decremented; tIf tho'sampling tick_countet is
;nnot.yet sero theinterrnptiserviceroutine_retnrns.-.If'-the

 counter *has*‘reachedhzero;it is-resetand-theis?stem'status:
"word_ishsent'to therparallal (event) interface'outPUt chan;f'
‘nel; -If the system status word 1ndicates that sampling is
to be done (Bit @ Hi) the -a/d converter is ‘started. If
there is no external time—of-day clock connected to the ‘
Vrecorder the 1nterrupt service routlne returns. If the:ehls‘
an external ‘clock,‘ and if it has va11d data the time and

date are read and the time—of—day counter is'set_to 8. The
lntekrupt service toutine-_then‘ returns. Note‘ that the
time—oféday‘counter‘is updated even when an external clock
is'dconnected}f_rthus time and date information isrpfovided
with thehaccuracy of the,external clock, an&'with therlreso~'
lution of  a single samplingf.interval. 'Dataj from two,

remote,;recorders can he synchronized to within a single .
sample. The time-of-daygcounter‘is‘a-32 bit counter} so the
time andi date‘_must :fbe set ‘-at:Vrleast'h‘once‘? every
.32 ' | '

'%gﬁ seconds {about 51 days) if an. external clock 15 not con-:*“

nected to the recorder.

The a/d converter 1nterrupt service routlne ( mon1tor),~
which 1mp1ements sth -trlggerlng .algor1thm,~-i s -shown in
'flowchart form in flgure 3.6, This roatine is entered“'when.i'

th_- a/d converter flnlshes sampling the. analog channels and .~

hstorlng the. correspondlnq d1gltal data in. memory. Its flrstfl,f73

actlon 1s to check that 1t has not been reentered, that is,

'that the previous 1nvocation of the rout1ne has exited.- g
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5the‘ routine- has'heenrreentered-an ettorrmessage is printed
:Von the console and the program halts.. If-'the-”rootiner has
nct been reentered it then checks the state of. the samplinq
bit in the system:status word.r;The monitor, routine exitsﬂ
if this-'hit is not high. if the bit is high,dthe state of .
the recording bit in the- system status word is tested. The -

current time and date information is copied if this bit is

- off. Thus, when a fault 1s-recorded thlS copy 1nd1cates the

time and date at which the fault was detected. A check is
then made for a/d converter hardware errors. ~If an 'ertot
has occurred,‘ a-diagnostic message is printed and the pro—
gram'halts. If an error has not occurred, the event. inputs
areh read and_ the a/d ccnverter.DﬁA‘conttol registers are -
reset; The'a/d'converter always acquiresldata from:-all llG
channeis -even if the recorder is'sampling at 960 Hz and
‘using-only the first 8 channels.l The-memory'into‘whichr‘the.
a/d. converter places the data is arranged as a ring buffer, -
shown schematically in figure 3.7. The-a/d ~pointer points'
to where the data for the next set of analog data will be
DMA'4 into. The functlon of thei other pointers to this]

buffer are describedslatet 1n-this section. _

The-_gggiggg,routine thenrcheCKSrto see if anJ evant

'trigger has occurred.; First, a check is made. to see lf any’ -

of the event 11nes have changed state since they were last- =

sampled.- : This;‘.openatlon 1is; performedz by taking.ithew-“h -

cexclusive—or'of‘the;eﬁentfstaterand the state saved by the -

previous invocation of the _monitor routine. If no bits
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fumber of

prefault

R loutof
-~ 1 cyele
 (1/60 secont
of data) /

last
- "pointer

'-into g
pointer

A/D pointer

Figure 3.7 Acquired data ring buffer -

changed state, no-trigger.éouldA have. occurred. Any bits
that changed state are noted as having‘QOne'from the 8 to 1
- state (leading edge), dr_from'théll,;to- 2. sta£e  (trailing“ra

edge)..  Any7bits'that“ﬁentfhigh'ate‘checkéd-to seeﬂif‘such a

cycles ..

‘transition is to cause a trigger, and if so, ths trigger

_ flag-;is set;'.1Thezsamerperation~is then performed_énfany

-.bits=that went 1dw;7,The"ieéding-que‘,“ahd"tﬁailingéedge'
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‘masks are set from thezevent chanhel‘parameters,

 The analog channels are. then tested for a fault condi-t'
:tion.‘ A channel's current sample is compared with the sam-
ple on that channel taken one cycle  (1/68° th”-second)'

earlier‘tlastpointer). . If ‘the change is greater than the

user-specified limit for that channel, the trigger flag is _
set. éecanse‘,of the time constraints on‘thettmonitorjrou-"
tine the event channelsiand the analog channels are not
- checked inlthe same;invocation. In eddition, only.one-quar-
ter of the analog channels are checked each tlme.‘ Thus rall
the event channels, and each analog channel are tested for a

fault condltion_every flfth,sample.-

When a11 trlgger testing has been completed he . event
dato are packed in with the analog: data as. descrlbed in sec-
tion 4.3. The  monitor routine then exlts if a full
cycle (1/68'th 'second)_ has not yet-been.teken. If a_full_'
cycle_hasfbeen.taken‘(B_samplesjat 489 Hz sampling, or 16 at
96é)"the,in£2 pointer{is undated~tonpointtat'where'thelnext"
,cyCle-of information wiii he pieced{';I£  the tupdatedﬂtiggg‘
pointer- is r”pointinq toﬂithe.‘seme"1ocetion?'e3'thengg§g§
pointer it means that the. floppy dlsk ‘has not. been .ehle; to
‘get the data' out of ‘memory fast enough "In thls,case a
diagnostic;message~is-prlnted-and‘thecprogram halts. I1f the
inte pointer . has not overrun the ggggj pointer the program”;‘
cont;nues, test;ng the state of the, recordlng b1t “in ”~the

system status word.
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: If this bxt is off, the trlgger flag is tested . see
_lf a fault ccndltlon exlsted anywhere in the cycle. If not,
~ the 22525 polnter is. updated -toi point one. -cycle further
:along. If a fault was detected ‘in the cyeie the recording”

bit: is set. in the system status word - and the postfault. block

7counter is, set to the user-specified number of postfault'd_

"cycles to be recorded. The monitor routine then exits. .

If the record1ng bit is: on, the tr1gger flag is tested
to see if a fault condition exlsted in-the cycle. If not,
the postfault counter is decremented._' When this ‘counter
reaches zero the sampllng bit in. the system status word 1s-
cleared, and data acquisition for the fault terminates.. If'
a _fault was. detected in the: cycle the postfault countet is
'feset to the: specxfled number of, postfault cycles, The

monitor routine then exits.

-In summary, the into peinter is updated by the monitor

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

_monitor rcutine=every.cyc1e unless*data are being reCOrded N

,h‘ oh the disk In"this case the dlsk ccntroller softwareﬁ

| ,wrltes the- data to which the ggggg peinter is 901nting andh
‘then updates the outef polnter.. Thef'dlstance' by wh1ch.the
outof peinter lags the 1nto p01nter thus sets the rprefault'
ﬁrecerding time. The postfault recordlng time spec1fies thes
amount:otdata to be recorded after the fault condltion ter-
' mineteseh::The_ﬁnumber;‘of'_cycles.recorded fer-a particula;

fault is then: -
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N

pre;+ Npost * Nfaultj‘
where Npre is the spec1f1ed number of prefault cycles to. be,
‘recorded, N pn-t is the sPec1f1ed number of pastfault cycles.

to be recorded, and Nfault is the number of cycles for whxch_"

the fauit condltion exists.

3.5 Fault Data Manipulation

-Writing fault data on’ the ‘disk is. the . Eundamental pur-
.pose_'qf the.'recorder.‘ Thxs operation is handled by the

start, and recdrdfault routines. The start routine is

entered - from the command decoder when the usar enters the
ggé££ command.l It searChes-for the first .£ree:.block- on
diskmi; 'removing ‘any unused directory slots and‘emptyjnata
areas as it proceeds. If there lS no free space on disk 1
an error message is printed and the command terminates. 1f
:freerspace does exist the 55355 rout1ne then sets wup the
_trigger masks for the event channels, and the trlgger 11m1tsl
for the analeg channels.‘ The a/d converter reglsterSw-are
initialized and - the .iggg'andbggggg p01nters are.set”up‘to',
reflect the desired prefault recordzng 1nterva1. . -The .sam-
:pllng .bit in 'the' system _status ‘word is set, the routlne-‘
1wairs untii the prefault'recording interva; has-been satls-;
fied;m then - a message is pr1nted that sampllng has started.
_and the actual trlgger parameters are set., The routine then'

enters ‘a loop, wa1t1ng for the recordlng flag 1n the system

status word to g0 - high, or for. an control-x to be typed,;
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'the ;conSole._- Iff,thevlatter~conditien is met'the'sampling;
_bit is'cleared‘ahd'the start"commandr‘terminatee. If .the

former condition is met the routine recordfault iSiCalled.‘

When the recordfault routine returns the start routine-

loops, starting the proceSs again at the:point'wheretftee‘

space is sought.

| The_recerdfault fodtine'first prints a message that‘
reéotding ie ‘in progtess; -'It; then checks to see 1f therl'
‘ggsgg poiﬁter has caught up to the into pointer._ fIf. the-
réointer‘ hasf caugﬁt up the stete of,theisampling.bit.in‘the
system status word is tested. VIf this bit is low it tmeans
the entire fault ﬁasjbeen recorded, so a directory ehtry is

written and the recordfault routine'retﬁrns.‘ If the sam-

pling  bit is high, the routlne waits until the into. polnter
| gets-ahead of the outof polnter.. The cycle to which ‘the
outof pointer points is then written on the disk and the

- outof pointer is'updeted.r The routine then loops back to

the peint where the check for rthe‘outofrpointer-having___r

caught'upyis made.

~The otﬁer;routinesrthet menipulate the fault data are’

. rmfault, rmlfault,"and Erfault._ The rmfault and rmlfault-

routlnes remove all, or a portion’ of data for a particular .

‘recordlng, To ‘remove- a fault entirely a -1 ls placed 1n the .

last block entry of the dlrectory.. This dlrectory slot jis

then . noted as empty and w111 be overwrxtten when the start;'*

COmmandsls- glven. ,3To_eremove portions of a fault the



first block and last block entrles i the directory are

‘modifled to p01nt to the first and last blocks respectively .
-‘of the ‘remeznlcg_ datar-on .disk 1. A~specia1‘caserofcthe
‘rmfeolt rOucine‘(rm.?)‘ceuses'the‘entire,directory space to
-~ be cleared."‘fheu,Erfault'iroutine‘displays'the data for a
specified fauit;-'TﬁiScorocedure'is deScribed in the follow-”

ing section.

3.6 WaveformlReconstruction-and‘Display S

It is not sufficient for the fault recorder Vsimcly, to
write. the data on the disk and leave it at that. Some sort
of display of the recorded data must also be provided. For
the event checnels;.this is quite simple; a table of event
states is princed on the terminsl with a line 'produced for
each change of ‘event. state, The analog channels pose a
somewhat larger prcclem‘because'of the quantized nature‘ of
‘the- recorded ‘data;‘- For sine waves about 2% samples per

' ycycle are necessary for a dot display to give an accurate

-representation of the signal. Joining the data points with7:"

straight lines 1mprowes“this co about 19 .samples per cycle.

Use of a waveform- 1nterpolation ‘routine alliows accurate

d1sp1ay of sinusoidal signals sampled onIy '2'5 times rper"'

'cycle.- Th1s allows the third harmon1c of a 60 Hz 31gna1, 3

"‘sampled at 480 Hz,'to be dlsplayed. The routine 1nterpolateL

*1mplements‘ the algorithm whlch is descrlbed fully in appen-r

dix 6.2. The first and last cycles of a fault can.,not -bef-”"-

displayedg,correct1y~ because thenalqorithm~uses'datE'pointSV
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--rpreceding and following.the poiht beingfinterpolatgd; ”

The routine graghcha displays the- analog data, calling

on 1nterpolate te provzde intersample analog values. _Thef

- waveform may be displayed en tho terminal in tabular 'form,‘
~ with or ;wiﬁhout‘an‘accompanyinq;graph.r The graph produced"
- resembles the outpot'of a'strip chartrrecorder,;but is poor
quality because of the low resolutioni of the-terminal.
Alternately, the waveform may be displayed on a strip chart
recorder connected to the fault recorder d/a outputs. In
this case,-the=intorpolatod points are sent to the digital
-to_ analog'oonoerter ot ovrate,of 30 points per second. The
resul tant time scalingfis'specifieo by the foliowing':equa-

tion..

chart time _ . o , 720 '
. real time ~ waveform display increment (degrees)

Thus if the waveform abscissa increment is set to 3 oeérees
(of a 60 Hz cyoio)rthe time‘scolioQQwiil be 248:1. The time
scalingiailows-low-cosé ‘low frequency reSpthe, strip chort‘
récoodors toﬁjbe -used . as a fault waveform display device,

' The,faultfreoordeo is not capable of driv1ng several--d/ao“

display channels simultaneously.

3.7 Miscellaneous Routines :

The'other'majorfroutines in the fault teoorder.are‘lsl]'
-which lists. various paramEterS"and'ex,‘which'exémines the

1nputrchannels. The ex routine is. interesting in. 1ts treat—
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- ment of subcommand characters.a Before calling the routine'

getcha to read a character from the console the routine raw._"

1s‘-ca11ed. This routine sets the terminal raw. i/o mode,:-
‘which causes characters to be passed to - the program as - soon

- as they are typed. ‘Thus the action.for:the‘subcommand‘char- .
acters,is‘taten_as,soonras the character is typedgtrno ‘car-'

riage . return is requireothrThisrtreatment of the subcommand
characters has two major side’ effects. - The  f1rst'-is"that-f
since command.ractlon is taken as soon as the character is
" typed, there is-norway of backspac1ng_over, . and reenterlng
" the command. - The other is that all typeahead%characters_are'

" thrown away when switching into and out of raw mode.

The-routine main'is‘the entry point for all C programs.
The fault recorder main rdutine prompts the user for the

samp11ng rate to be used, calls bootl to do some 1n1t1a11za-

tion, and then calls the routine shell. Shell reads a line
frcm=the,console and breaks 1t‘into separate arguments. The

first ‘argument is,‘taken to. be a command name; the command'

.table is searched, and if a_;matCh"is, foundi th .routine - )

‘correspondlngs to the matched(name‘is'called., The special‘

~routine @ in the command table causes sheli to exit. This

is‘-howrthe editor"q"command‘operates.'-A‘prototypelofgthe-
'commandgarguments is also contained in the. command table. .

_The;'oniy 'purpose .cf -this'entry~is‘to'allow routines like”

“help and puse. to print the prototype argument in addltlon t°ﬂfn-'

the command name.-
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| Ménu-drivén opera£or,in;eractioh ‘is -ﬁrévided by the_-
.nshell'rdutide; The'routiné:nshelllprintsuthe'command'names
in:the c§mmand'£ab1e-and ﬁheh prompﬁs'the ﬁser to enter the
number of’_the command to.beréxécuted; :An,invélid response
causes theﬁénﬁ.@f comﬁandé-ﬁo be‘z;edisplafedg A command
address of: ﬁ 1causes“ néhéll to exit wheh that:command is

sélected.
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4. Evaluation of Recorder Performance

4.1 Introduction

 .Aftgrr¢on§£:ucting and programming the,fault'rfecotder; ,
‘an evaluation‘bf’its‘pé;fofmancerwas madea,fThe mainf&oneetn
was to deﬁénstréte:that the recorder could . carry o@ﬁ . the
réquired :functions. . The results of.tests‘perforﬁed in_thQ'
laboratory are‘?resenﬁéd in.théffgllbwinq section. The sub- -
sequént 'section"des¢ribés s§me of the problems encountered j-
after the recorder was installed for field tests. The final
ééction of this_ chapter presents a brief ahalysis.of_the‘--
~entire project, and gives some- suggestions . fof';further-

development 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 s

generator was used to simu1ate the power system analog sig-

' nals, and a switch. was usedﬁto}simuiatefthe' evént signals.
The  frequency' genefatdr~‘was'_connected_,té' analoé input
channel @ (A6) and the switch was cénnected to event input

channel @ (EB). . iA_permanént record of the test results was . -

obtained by connectiﬁg_a"printef and strfp"éhart~fto,'£he‘  o

Most éf.thewtesﬁ résults'shownfin';his.section,'consist

_;of‘a.portidn of:tﬁeﬂprinter oﬁtput énd.a.Corrgspohdingfstrip
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E , ‘ Digital : 1 -
Fault ‘
.. Recorder.
EQ -
Printer

Console |

Figure”4.1-.Laboratory'test.hardware connections’

chart, Operator input is underlined to distinguiéh-it -from-
computer cutput. The strip charts are labeled with the
chart~speed in millimeters per second, and_the tihe-;scaling'
in ‘seconos of chart time=to seconds of real‘time. The‘sen-
sitivity of all-the Strip-charts-is .5 volts per millime-

ter.

The first test_performed"was.e'check'.on: the power-up

-response of the recorder, and the handling of a few simpie,

commands. On'power-up;fthe-recorder~first'prompts for the f—

sampl ing rate2(48ﬂ*or-965 Hz.) to be used.,-Once this param~
- eter has been entered, the recorder then sizes cits memory,
prints out ‘the ring buffer sxze, the maxlmum number of pre-

‘fault cycles whlch may be recorded, ‘angd the default value of"

several system-wide parameters. . The recorder then prlntsr )

the 'fr>"(fault recorder) prompt and awaits operator 1nput.o'

'Thls sequence is -shown in. figure‘4.2. F-Th;:,prompt and
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Figure 4.2 Power-up Response

response'for the sampiing frequency (in.  this éaseff483 Hz)

are not shown in the printdut.i

The sigﬁal. generétor was‘_setﬁt§  prpduce a 60 Hz,'
2.4 volt rms sine wave. ‘Thisléignal‘wés'apﬁlied directly to-
analeg input channel B,:bypasging-the anti;aliasing filters..
Recorder_operaiion with this signal appliedfis.shown in £ig— A
ure 4.33,:Thisyér§vides ah;éxample of thé--EZamine 'cbmﬁaﬁd.'

,first‘-the - command is given,'specifyihg'analdg'channelrﬂNas

the Channei“to-bé'examinéd 'The recorder'-thén 'prints' out -

'thé"channel number, the channel name (blank in. thls case) ,

and the channel trlggering parameter..' The ':' command is
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- Figure 4.3 ‘Recorder Operatioﬁ 60 Hg‘Z.i vrms
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then given to'eSSiQh-afdame“to“the channel.  The '<* charac-

ter is prznted by the fault recorder to indicate that the -

. operator . has'.erased a’ character by typingra'backspacet,
The '/! command causes the fault recorder to print';the"rms--
value of ‘the signal applled to the channel. A hew’triggere
ing perametersis then entered . with the '=!' ccmcand. The
recorder-.prints-the,valid rahce oftresponserand‘the perame-
ter is entered. Finally, a 'd? command is given tor‘display'
the'siodal appiiedfto the'chahnel.‘ Once again, the recorder,
prints the vaiid-range_of resﬁonse, and‘in‘this case} a sinf_
gle cycle',(at 60 Hz),of'display is.specified.c‘A table and

graph of the signal is then produced.

Setting up all the'parameters_(name- and trigger)  for
all the analeg and digital channels is obviously quite timer
consuming and requires a lot of typing. The fault -reccrder
provides aﬂmeans of saving7the parameters on the floppy disk
- s¢ they need not be reentered by hand each t1me the recorder

is. powered up.

The primary function of the_ffault 'recorder';is,frof
- course, - to record faults. -This operation is enabled by the

f'start’ command as shown in flgure 4.4.

In this example a fault was simulated by turnlng off.'
rthe s1gna1 generator. The ”fault'rwas detected when samples"
'from two. subsequent cycles d1£fered by more than - 10%. “Theu“
fault recorder ‘recorded .the-31gna1 waveforms,.prihted”howd

much“data waS»recorded,Lthe# time-lofA the= feult,fﬁdnd the
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R STRRT ,

SAHPLING “STARTED ~'*- S L
25 CvcLes Recompep — 49 - 8:48:33:7%62
- Rogm ram 1977 HﬂﬂE’CYCLIST- : o
SAmPLING STARTED - : :

SArPLING STOPPED

Figure 4.4 Start Command

amount of ffeeedisk:spece left. . It ﬁhen resumed monitoring
for fault . conditions. ?inally) sampling‘was'terminated by
typing a 'control-Xf.',The, fault ,waveform for channel @
(signal generator) was displayed-on the sorip,chart recorder

as shown in figure 4.5.

The iower\trace'is- the recorded‘ signal., . The - upper
trace eis a marker which changes state: ae' the - point
corresponding to the fault time printed by the recorder.
The signal displayed before the marker goes high is the pre~
fauitiportion'of:the record1ng.-;The fault reoorder_rcheckso::
for the'preeence,of.a triggering condition,ebery-l/sﬂ'th-of.'
‘a second. ‘Tnie, and‘the reiatively high ranelog‘oﬁrigoering'
 thresho1d (lﬂi), account for the delay between the time at‘
‘which the signal begins to visibly decay and the tlme at
which  the. fault_is-detected.‘ The commands entered to pro-
dnce-this~strip'chartzare‘shown71n :figure 4.6._;‘The‘ fault

o reCorder:,promptsf‘fore;the“'portion. of fault deta"to-be

dispiayed, then indicatés that the data are being displayed =

on the anaIOg}*outputs,f_The‘time'scaling'is eiso_printed.
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Primedin USA.

Figure 4.5 Paulit 1 Channel @ Signal
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Figure 4.6 Fault 1 Channel ¢ Commands .
- In this example the 60 Hz input signal "_iéjdiSpl_aYed as a
@.25 Hz signal. - h | I
The frequency response of the recorder was then tested _

by startmg the recorder and sweeping the 31gna1 generator
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trom 60 to‘lsﬂ-ﬂz; The'recorded data were theh*disélayed'on,
'_as strip chart as’ shown in flgure 4. 7.- At the. hxgher fre-
' quenc1es some distortlon can be detected rfthe ‘form of -
- apparent-. amplltude modulation-of”the‘signal.:'The ampiitude
'distortionhis heverfiarger thanla,few'percent"even at fthe

highest (180 Hz) frequency recorded.

As an indication of the effectiveness of ‘the waveform
'reconstruction: algorithm the same 'signai:‘ﬁas displayed
without interpoleting any points betWeen-thersampled values.
As can be seen‘in-figure 4;8 the displaYisanintelligible.
7 EVen-atthe'lowest-freguency shown r(6b Hz) the‘ sinusoidal

‘nature of the waveform can not be determined.

. The largest drawback.of the? reconstruction scheme  is
that saﬁples both before and after the 1nterpolation inter-
val are -used. Thus the first and- 1ast portions of a record-'d_
- ing . can not be interpolated properly. In order to provide

at least some display of these reglons, the fault recorderd,

duplicates the 'first (or last) cycle of - recorded data when.ﬂ,f

the first (or last) cycle of a recordlng 1s displayed. This
seems a reasonable thing to do, as presumably there are no -

large transients present at these points. 'This is notf-true‘

~under - all tr1gger1ng condltions however, so these regions

must be}regarded'as approx1mate at best.o

g The fault recorder was then 'rebooted"and‘ hei 968 Hz
sampllng ‘rate was selected.; Thls automatlcally reduces thes

i number of: analog channels to elght, as shown in the power-up
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Figure 4.7 Recorder. frequency response 60- 189 Hz
489 Hz sampling
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- Figure 4.8 Recorder Freguency Response 68-18¢ .Hz No

- waveform reconstruction

- printout ‘in figure 4.9.

The frequency response of the-regordgr _was‘fiested; by
s#eepiné'-the input signai from 60 t& 354 Hz; “¢he reéultant-
Vreéording‘is shownrin figure‘4‘lﬁ. ~ The 'roughness’ -of'\thgg,ﬁ
display at ‘the high frequencies is due‘to;:he limited number‘j'
of peints- 1nterpo1ated Increa31ng the'time“scaling7£o  Aaa'

~or. 720 to 1 would praduce a smoother d1sp1ay. Thé time to -

 produce the d1sp1ay would, of course, be ‘two or three times ..

as long. .
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Figure 4.9 960 Hz Sampling Power-up Printout -

The event channéls of the  fauit reéofderlrwgre then
given a rudimentary tést. , Eﬁent channel G.iﬁas set to
trigger on elther the 1eadlng or tta;llng edge of its -éig-:-
nal. j,Samp11ng was ‘then started and the switch grounding
: evént channel-ﬂ was opene& and closed." The display of- the

resultant fault data is shown in figure 4.11.

All the event chénnélsiafe.recorded and disp1ayéd reven
fh&ugh only~¢hanng1 a'was‘enabled for tti§ge;ing. The first
line of the displaylshows;the-étate 6f theTéVept dhannels~at
‘the'beginning‘pf the'ré¢ofdiﬁg} ,Each}fiméjany,event chanﬁel

changes state‘afliﬁe-isrprinted-shoﬁing the  time, and the
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g Figure 4.11 Event Channel Test
new state of the event chahnels.

. 4.3 Field Test‘Results

During3fina1 testing of the . fault recorder it .was
.discoveréd that th§ memory beard pﬁrchased'fdr the recofder
was slower than the memory board on which the " system = had
been déveloped. ”With‘the slower memory instalied ﬁhe‘fault

recorder ﬁould not operate at the 960 Hz samplihgrrate;; The

‘rslow' memory has recently been replaced and the recorder now .

operates at either samplxng frequency. :

Sevéral prqbiems sur faced when the fault ' recorder was

installed in SPC's Condie switching station for field test- . -
ing.”,TherreborderVWOuld'bccasionally:'hang'; net :eéponding‘-

Cto fault conditions or to cémmands‘from the.keyboardj"The

. problem- seemed to be caused by the analog ‘to digital con-

'verter board- replaclng the board el1m1nated the problem.‘5 o

_ The sécond'problem detgcted in‘the'fau1t~ recorders_wasg_
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related to the.;eveﬁt channel ;riggeringij Thef;probleﬁ 
apééaredfwhenthe-recorder.was set to:tfigge;'a.recordinq db“
' ghe.'low-tofhigh.transition .ofg any‘ éﬁeﬁt'channel.ijﬁndét ‘
'these‘éon&itions‘afreéoiding wduldl §ometimes ‘be triggefed

even . when “no_ faultcondition(low-tbﬁhigh transition) had
,éccurred.faThe erfoneoﬁs reéording would’,contiﬁué unﬁil‘
‘there was no:space oh the disk. The prdblem‘was‘traced to-a
bug in the system éoftware;"Theasoftware  was patched on-.
site, -and notations of the_changé.were made in the'program

- listing.

- The thlrd-préblem appeafed'afterrthe_recorder,‘with no
exterhal {clock' cannécted, had been left running for a few
days. The day of year entry in the time and daéé printed'by .
‘the system did not ingreﬁent properly. The day would iﬁcre-
ment once (say from 196 to 197) but the'next'day‘-would -not\
-,(ffom_ 197 back to 196). This problem was also traced to a
bué in the system‘softwére. - Once again, the patch was minor
énéughf:hatritacodld‘bé dbng’oh4site¢ ' ‘ | |

 ,A‘pbint of ﬁote'is,thétwbﬁth of-ﬁhe prgceding-bugswefeg
ih.the-portian'of'the-sdftwafé;written‘in‘assemblyrlanguage. |
: No-bugs paje‘yeﬁ-been discovered in the 'seCtibh;:of ;ﬁhé

software written in C.

" The‘final prcblehfwas tha£; 1ntefmitt§ntly, thef éditor1

'Acommandufkould@unétiwork'p:opefly;'iThis problem hasrndt1Yetrﬂ:'r!

' been-fuliy,reC:iﬁied,-butfséemSuin‘some,way‘to_beﬁréiatéd_tdls

o electromégnetic ,‘noisej.affecting 'the"SYSteh. After = an’
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'initiél‘warmué beriod, énd.with thé-reéordqr shielded by its:'

_enciosure,, the prdbiem_couldrnot be made-to-occut¢ In any _'-"

,case,‘simply‘resétting.the systemﬂclearedlthg problem. 'This
problem was not felt to be too serious-sincé it‘is'intermitQ
tent, easily.ciéared,,and ‘does not affect the- recording

function .of thé-system.

4.4 Conclusions and Recommendations

The following subsections review - the original design
specifications and describe . the degree to which they'we:e.

attained.

Intended USe.

The‘main objeétive:of.this project  was to develop a
Portable instrumenp capable of digitizing and récording'sam-
bles-of poker-SysEem veltage and currgnt‘ waveforms. - The
recorder has been in service for over one-year and has
recorded data froﬁ‘severai system disturbances,: thﬁs “indi-

‘ dating that the overall objective haS'beén reached;‘frﬁ

Sampling,ahd Storage Cépacity .

. The mihimum objective of 248 Hz sampling on each of 7 g

‘analcg: and‘lG.digital-(event)-channelsfwaS«surpassed-by;the.~"

recordegﬁs ability to sample and.]fécdrd 8 anaidg»iahdi_lﬁ'f
digital :channels .at 960'&2;‘3or *16 ahalog'aanIGidigitai .
.chénnels at 489 Hz. The~objective'of recording-z-seconds of :

‘prefauit‘ and. 120 chondé_.of postfault information was not -



- '62 -

reached.  The reoordor: iS “caoablo; of reoordingr‘ oniy _
1.8 seconds (149 -cyoles} of'rprofault and_31.5 seconds ofvl
postfoUIt ihﬁormotion; .The computer's memory"size plaoed '
the restriction on the prefault tlme and the disk capac1ty

pPlaced the restrlctlon on the postfault time.

Triggering

'Thetriggoring.objectioes for7the,recorder' were,‘folly '
met.._Recording may be,triggergd‘oy any seiectod_chanoel or
channels; Triggering”can.QCour when the rate ¢f change of
an analog signal exceeds a preset limit. Trigqering_is olso
possible from'the.changelof state of - a digital.plnpuﬁ “{or
inputs) .- The. triggering parameters are easily setrbyrcom-

mands from the operator's terminal.
- Timing

_Thé digital fault recorderrincorporoteé all the timing
ﬂcopabilities as staﬁod'io‘the«original design speoifioation{'f
~The recorder:incorporates a real-time-clock to set'the-:oamul'

- ‘pling ‘rate. andito'maintain the daté and«tiMe.o An oxternol,'
time signal (such as a satellite controlled clock).ﬂmay ;be
{ attached - the recorder. ”The' optlonal satéllite ciock‘
| allows data from geographically remote recorders to be com~r7

,_pared and. analyzed on the same- tlme base.

"Accuracy‘and RanQe

 Tho recorder“meets the_objectives'of accuracy _of"Q.Z%
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of 1 p.u. for. voltage sxgnals and 1.0% of l p.u. for current
slgnals. Voltage signals of 4 p u. and current _signals of
20 p.u. -can be -recorded.without-llmlting-thuermeeting the

objectives for signal range. '

Interfacing Requirements

Tbe'Saskatchewan Poﬁef”Corpotation-provided_signalliso-
_lation_ and _coﬁditioning circuitry.‘to»convett the signals
from standard_PT?s=eod CT's to the_tiﬂ volt.itange- ecceptedo
by _theb'feultlrecordet. ' The recorder itself can not inter-

: face:directiy:to the CT's and PT's.

Operator interaction with the tecordera'iS' through a .
, stanoard hardcopy or video terminal as stateo in the design

objectives.- The‘recofder\was'also to'have been abie to be
5accessed ftom a remote site through the telephone network..
This should be 51mp1y a matter of replaclng the operator s .
terminal with. - modem connected to an- ordlnary telephone

line, but has never been tested.

Packaginglaequirements'

'jThe_recofderiﬁas;to‘be packagedtin.a‘porteble‘enclosure
and had to.befoepablegof‘operatiho in[anyeleotricelly noisy
environment;- Experience*ﬁitb'thej-recorder* has shown its
abil1ty to operate successfully in a switching station. The
trecorder may best be descrlbed as 'seml-portable' as’ it is
_ qulte large (about 1. 2 meters hlgh, 9.5 meters wide and g. 41 -

meters deep) and heavY (about 55 kg).o
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.Powef;Calculatidh*‘

~ The. recorder objectives indzcated the-'desirability"of
'5‘ca1culat1ng tle ‘powerrflow in a transmissioq line ln=ree1-

~time. The coﬁpﬁber‘used7in,thebrecotder'§as bot faSt encugh
to“permitethis calculetion;a'Tbis, and the*postfeult'recor&-
‘ingr‘tice;r were the ‘only. maﬁor design 'objectives‘ not -

attained.

Recommendationsefor.FurtherJWork'

The fault  recorder - reflects the fact that it was
designed for use as a research tool. Several changes would

be necessary to make it a commercially acceptable product.

The recorder promprs and--cocmands--are quite. terse.
This .is not a large problem now as rhe recorder is operated
by.Saskotchewan ?ower Corporation Researchpland Development -
personnel A simpler, morei'friendlyﬁ form of interaction
- would be necessary if. the recorder were. to be run by Opera-"

'tlons personnel.

The recorder can display only -one analog channel at a

- time. A dev1ce capable of dzsplaying several analog and

L event channels szmultaneously would greatly 1ncrease ”the;-

"usefulness of‘the recorder., One posszb111ty might be to use -
a video graphlcs terminal to display the data, with hardcopy

‘avaiiablie - from an x/y or. electrostat1c plotter.-c

-The-saﬁpling:rate endrnuﬁber‘oflchannelsiis limited by
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fﬁhe*'fate‘ atl whiéh data can be transferred to: the dlsk
Replaclng the fleppy disks with a sealed hard (Winchester) R
d1sk.-wou1d ‘make. pesslble hlgher sampllng rates and more
ehehnele; “The beet'ceefigeration-would inciude both a Win=
eheeter,disk'and some sor;'of'removableimedia device.suchnese
 floppy disks or cafﬁridge tapes. This would 'allowr,progrem
and ‘data transferfal-en the removable ﬁedia and high speed
recording on the fiked‘disk; A larger capacity disk would

-also increase“the'pdétfault recording time.

. More local processing of the fault data should be pro-
Vided... The recorder would be more useful if it could pro-
deCe~graphe-of line impedances and power flows. Addltional
functiens,-such.ashloadrmodelling'might also be added:to the -

recorder.
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6.  APPENDICES

6.1 Low-Pass Filter Details



Anti-aliasing 1is provided by two banks of  active
- second-order Butterworth filters. These filters are based
on LM224 quad op-amps. One board has 16 filters with a cut-

off frequency of 186 Hz and should be used when the recorder
is set for 480 Hz sampling. The other board has filters

‘with a 35@¢ Hz cutoff and should ‘be used when the recorder is J'

set for 960 Hz samplzng.‘

_R cl ) c2

189 Hz 34k - @8.018uPf 6.8839%ufP
359 Hz - 95k : 8.833uF 9.0068uF

The filter boards are conhected to the fault reccrder.
by a2 54 pin ribbon cable. The pin description for this
cable is included in the hardware description of the analog
to digital converter board. The filters are connected to
the front panel by a 44 pin ribbon cable. The pin descrip-
tion for this cable is:

1 NC 21 A/D 9
"2 Digital Gnd 22 Analog Gnd
3 D/AX . . 23 A/D 8 :
‘4 Analog Gnd : 24 - Analog Gnd .
5 D/A Y 25 A/D 7
6. Analog Gnd - 26 Analog Gnd
7 NC ' _ 27 A/D 6
8 NC - R 28 Analeg Gnd
9 A/D 1S - | - 29 a/D 5
16 Analog Gnd. 30 Aanalog Gnd
11 A/D 14 31 a/p 4 '
12 Analog Gnd = 32 Aanalog Gnd
13 A/D 13 ‘ 33 A/D 3 ‘
14 Analog Gnd. " 34 Analog Gnd
15 A/D 12 35 A/D 2
16 Analeg Gnd : . 36 Analog Gnd
17 A/D 11 = S 37 A/D 1
.18 Analog Gnd = - 38 Analog Gnd
19 A/D 19 L 39 a/D @

20 Analog Gnd . - 49 Analog_Gnd
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T * Thigh 18 Tigy Note 11 _ i .

" input OThes Cutrwmt " o | = 1300 ~-130%] = 186]6] na

- |1wof = - Jso] - ! a5 |200

b Ta* Thigh 10 Tigw [Nots 1 ‘
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TR 5 - ) I i ]
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Input Y8 k-] Vﬁ . . v
Vog = WV (28 V for LMZSOD) . | - |23t ¢ %3] 0 - |43
Vog » 30 V (26 V for LM290Z), r.-'r...,,:er.“ o [-ifjo | ~t18yo |~ |2
[ Dilerential (nput Voitage Aangs i ‘ Vion_ |~ |- Vel -1 = |Vec] = | = [vee[ ¥
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fiy = 20%4, Voo = 1SV, Foru-\lo&ﬂu. 5 (100] - § 29 J10Q| - - lwo| -
TA = Thigh 10 Tigw (Note 17 b I P N BRI - - - -
| Channel Sepaaation ' i - = 1) = | = |~120] = § = |-i20{ ~ | o8
C 10 kHE € 1.6 20 kHZ, Input Rsfersnces ) . . !
Commoniode Riection Astio i TlemmA |0 |28 { - Je | O] -] o] - | as
fAg < 10kN . ‘ S .
Powst Suppty Rejwetion Astio T ] PSAR |88 (100 ] - | 8% |100] - | % 166 ] - | <8
Tutput Voltsge Pangs S YoR [] - J3al g - |33] 0 - 33| v
Ry, * 261 {Ry_» 10 ks} for LM2902), ; .
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' Vog < 30 V126 ¥ far LMZ9O2), Ry~ Tx1 % |-1-fwl-1-122]|-1i-
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Vep v S0 v, Ap 10kl Ty -‘I',.,,,,n‘l‘.,,,muun . .
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NOTES:
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L mt from umulrmi shorts on all amolifiers,

SINGLE SUPPLY

© 30V w Vool
. . —n—*——-bVw

1131181
T

[

vggi{One

SPLIT SUPPLIES

Vao

1.3 V to Ve iMan.)

1118118
)

1

1.8V to VaR{Max.) -

vaa
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6.2 Waveform Reconstruction Filter Details



The output Y{(jw) of a filter H(jw) with input x{dw)
is given by . . | | |
Y(jw) = H(jw) . X(jw)

 The time demain resporisé y{t} corresponding to Y(jw)

is given by the inverse Fourier transform:

e .
YO =4 T yGw)elWt aw
..°°7 

If .the.‘ inp.tt.sit-;na,l is an impulse (sample) with x
anplitude then X (jw) has an amplitude x, for all frequen-
cles. If this signal is passed throush an ideal low-pass
Filter with cutoff frequency v and gain in the passband,

- the cutput signal will be:

X oo | .
Yot =E° -4‘.[,: JJmt 4.
which reduces to the familiar sinc function:

e sin u,t |
- YolB = Xy —gr—

If the input signal is a series of impulses separated
by the sampling. interval TS' where Ts"Tl; and thesamplmg B

frequency'fs.i is twice the filter cutoff frecuency f= Ebi-i s
 then the output of the filter will be the sum of all the

BACH

' .00
Y = 3y (g



= I y(nry
_ ‘00 sin( L {t-nT_]))
= I x(nT.)< -l .
mm~oo S Up(t-nTgy
I1f © is defined as the relative time t = -.1'.:-,-‘ then:

Y (‘t) [Fgoox { n)—(FT

= sin(my ¥ .5 x(-n) , x(n+l),
o TR o0t R R
where o= 1 - T,
For reasons of practicallity, the sequence must be
truncated at some point. The error introduced by this trun-

_cation may be minimized by applying suitable windowing coef-

ficients:

. . |
y(t) = sinfwe) 2K, (1P EEA 4+ X mlg] ;

The samples obtained from a sinusoidal signal of fre-

quency w and phase ¢ are given by:

x(ﬁ) = sin(_ng::_"_,u+ 8
The max imum interpolation- errof “will occur midway between

two sanples, where o = + = %-. At this point:

: cps('(zml)mi-
y = sin(%+ H 3 xn (-1)? ———py

At this point the value of the signal frem whlch the samples :

owere taken 13 given by.

xs-s_’-l,r-i.(_ms_"_ ,6). - o



Thus the relative Ve-rror‘between xand y is: -

e L,
e==1-%. .
N cos((z.m'l‘“f'ﬁ
=1-% 3K, (-1)" — S,
. =3 r . 2n+l
For zero error: '

cog(i2ntl)mu

| N |
‘ . _ :
cos(lg-gqr‘- Er-g. glx _(—1)9 ﬁZ- T

Thus the error can be zeroed at N freqdencies.: The frequen

cies so chosen for the fault recorder were @, 36, 68, 99,

126, 150 Hz for the 480 Hz sampling rate, and &, 6@, 126,

182, 248, 308, 345 Hz for the 960 Hz sampling rate. The

resultant windowing coefficients are shown in the ' fault

recorder listing.
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6.3 Hardware Configuration



'I‘hls appendix descrlbes the hardware configuratlon of the fault
recorder. Seée the hardware manuals. for the particular boards
for a description of how the smtches/junpers should be set to
“obtain the following parameters. ,

1. cpU Boardi : ‘
-a) Master Clock Enabled
b) Bus Event Line Disabled
c) Power-up Mode 2 (begin execution at 0173%6)

2. Memory
a) Start Address lﬁ%ﬂ%
b) Sl.ze 30k Vbrds

3, Serial Line Interface
a) Base Address 9176500
b) Base Vector 9369 :
c) Channel 3 Console Device
‘ (address 91775608, vector 864)
d) Reboot on channel 3 Break
e) Rates:
Channel @: not used, any rate acceptable
Channel 1: Printer speed
~ Channel 2: System Clock, 9608 baui_
- Channel 3: Console terminal speed
f) Data/parity/stop bit format (all channels)
8 data bits
1 stop bit
No parity
9) Serial line levels compatible with RS-232C

4. Analog I/O ‘Board
a) Address 9177800
b) Vector 9139 '
C) A/D +/-18 volt, Offset Biannary -
d) D/A +/-16 volt, Two's Complement

S, Floppy Disk ‘
a) Address 8177179
b) Vector @264
C) Bootstrap Enabled :
d) Bootstrap Address: 0173008
e) RXg2 mode.

6. Evant Inputs =
a) Address ﬂ1744ﬂﬁ
b) Vector 0150 .

7. Satellite Clock (Low Order)
a) Address §174410
b)‘rVector G168 '

8. satellite Clock (High Order)
" a) Address @174420 .
b)- Vector 9176

9, Terminato.r, Control
a) KWll Compatible



-2

by a circuit as shown below.

Ill"
: ‘ S Request A .
Data P @ '
Strobe '
from =————— -
. Satellite Q . . ' .
Clock i ) 4; ' Data Trans

This circuit latches the data strobe (pin 16) from the

satellite clock, to provide a 'data ready' signal to the

fault recorder. Wwhen the fault recorder reais the informa—

tion, a narrow (750 nsec) pulse is generated on the
DATA TRANS (J2-C) line which resets the strobe latch.

ﬁote that the Dr2768's do not latch the information on

the data lines. The satellite clock should change the data
on these lines only at the leading edge of the data strobe
51gnal

First
Interface
Board .
(0174410)

The full pinout for the DT2768's may be found in their_

hardware manuals.
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6.5 Comman—d Manual



- mmom ¢ 15-Jan-80 . . IMIRO(D)

.The followin; three sections provide a corcise descrlptl.on
of the operation of the digital fault: recorder. ' :

The first sactn.on (I) descr:.bes the récorder level calinarﬂs.'- :

The . secord.. section (II) describes the edit level conmands. o

The third section (IIIJ describes recorder typmg comren-
_tiens. : .



B . 1sdam86 - ED(@)

: ed - edit fault data
SYNOPSIS = o
e £

DESCRIPTION :
_ - EQ switches the fault recorder from recorder mode to edit

mode., - The data recorded for fault TF may be d_:.splayed_ﬁf |
portions removed. The prompt is changed from 'fr>' to
- 'ed £3>' (where f# is the argument given in the command) to
indjcate that the fault recorder is in-edit mode.
The editor level subcommands are: .-
dsp display analog or everit data
global change display paraneters for this fault

‘help print editor level commards -

1s  list parameters for this fault
q . quit, go back to recorder mode
m remove portions of record—ed. information :

The sv.bcumnarxis are described m detail in section 2 of this
manual , _



EX(I)

NAME

SY.’NOPSIS

. 15-Jan-80 @

ex - exanine an inp.xt channel

ex [[ae]4]

DESCRIPTION

 Ex prints the m.mber, name, and trlggermg parameters for -
‘channel #. It then waits for a cou'marﬂ charactar, which may‘ -
. be one of: ,

B

step to. next h:.ghest channel . : -

Channel mumbers ‘wrap-around' so that. stepping past
the highest analog channel gets to the lowest event .
channel (ed). Stepping past the highest event channe]. -
gets to the lowest analeg channel (a4).

step. to next 1owest channel. , '

Stepping past the lowest analog channel (aﬂ) gets to
the highest - event channel.  Stepping past the lowest
event channel (ed) gets to the highest analog channel.

for event channel, print current state (3 or 1).

- for analog channel, sample a few cycles of channel . #,

compute the mms wvalue of the signal {(in volts) , and
_prmt the result. :

Display channel

For analog channels the fault recorder prompts -for: the
nunber of cycles to display.. Channel # is then sam—
pled and displayed in the current output fomat..

For event channels this command is identical to the .

V/' command.

Set triggering parameters - ' '
For analog channels the '=' should be followed by a-
number  indicating the trigger level for channel #.
This number (taken as a. ‘percentage of the - full scale -
+/~19 volt input range) specifies the change in values .
sampled at identical positions ‘on successive cycles

. which will cause a recording. Setting this number to

100 effectively prevents the signal on. channel 4 from
causing a recording.

For event channels the '=' should be followed by two.
- characters indicating the triggering parameters for
_ the channel. The letter 1 and/or the letter t indi-

. cate that the leading (resp. trailing) edge of the .

signal on channel % is to. cause a- recording. . Any -

~ other characters indicate that charges in the state of'

this channel are not to cause a recording.
Entering an invalid or no response ' after the- equal
command leaves the triggering parameter unchanged. -

~ Note: All ‘analog and event channels are . recorded for |
- the entire. fault,- :egardless‘ of their triggering -

parameters.



EX(1) - '.-_._-175-Jan'-8.l. e o _'E:X(I)‘f

Set channel name : ‘
The ':' should be follomed by a channel name. - The
‘name must be enclosed in double quotes (") if it con-
“tains any spaces or tabs., Channel names may be up to -
- 32 characters long.: o ' :

e

_\n“ (newline, or carriage return)

Terminate examine command. The fault recorder returns .
to recorder mode. :

A list of the valid command - characters will be printed 1f an
1llega1 ‘character is entered.,

Typeahead does not work for the command character.



‘GLOBAL(I)

SYNOPSIS -

1.
2.
3-
44
50
5.

global -

global‘

15-Jan-80" - L | GLOBAL(T) - |

set global system parameters

Change Recording Label . _

Set Prefault Recording Time

Set Postfault Recording Time

Set Waveform Display Format ‘
“Set Waveform Display Abscissa Increment
Terminate Command

Enter nunber of desired selection : #

DESCRIPTION

Global sets various system-wide (global)- parameters. It

prints
number.

a menu of subcommands, then prompts for a subcommand
Entering ‘an invalid command number, or no number at.

all, will cause the menu to be red),splayed The subcommands.

~are:

1.

2.

N

Change Recording-l:.abei |
The fault recorder will print the current recording -

“label and then wait for a new recording label to be

entered. The new recording label must be enclosed
in double dquotes (") if it contains any spaces or

tabs. Entering only a carriage return to the prompt -

for a new recording label will leave the recording
label mchanged. ,

Set Pre_fault Recording Time ‘

The fault recorder will print the current number of -
prefault cycles to be recorded and the valid range
of the following input, and then wait for a number
to be entered. Entering a number outside the speci--
fied range, or no number at all, will leave the pre-'

fault recordmg time mchanged

Set Postfault Recording Time - |

' The fault recorder will print the current number of |
Ppostfault cycles to be recorded and the valid range

- of the following input, and then wait for & number

- to be entered. mMtering a number outside the speci-
- fied range, or no number at all, will leave the

postfault recording time mchanged

Set Waveform-Display Format

-The fault recorder asks if the- analog waveforms are

to be displayed on the temminal. If. this question
as answered affimatively the fault recorder will

‘display the waveforms in a tabular. form on the con-

" sole terminal, The recorder then asks then asks if
- a graph as well as a table is desired. -1f the

- waveforms are not to be displayed on  the teminal,” -
 they will be displayed by sending the values to o

-1-



GLOBAL(I)

s,

6-"

15-Jan-88° - GLOBAL(D)

digital-to analog converter a for ultimate display-
on. a strip-chart recorder. The output rate is 36 -
points per second, so a 69 Hz signal ‘displayed every

19 degrees will appear on-output as a 9,.83333 Hz

signal. . (72 seconds per second} A timing signal is
present on d/a channel'l. This signal changes state
at the point that corresponds to the fault time as
displayed by the 'ls ~f' command.

Set Wavefomm Display Abscissa Incrment

 The fault recorder prints the current abscissa
- increment and then prompts for a new abscissa incre-

ment (specified as a number of degrees of a 60 Hz.
signal) . An invalid input, or no input at all, will
leave the increment angle mchanged. o -

Terminate Comnand S
The global command terminates.
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help - list fault recorder'ctmnands
SYNOPSIS - | B
help

DESCRIPTION : ‘ ' : o .
Helg lists the fault recorder commands and their arguments.

- Opticnal arguments are shown enclosed in square brackets. A
numeric argument is shown as a '#'. For example, the 1s.
command is shown as : : :

1s -(aefgt]
This means that the 1s command may have an optional argument

- consisting of a dash (-) followed by any of the letters a,
e, £, g, or t, or any cambination of these letters.



s

" NAME-

SYNOPSIS

15-Jan-80 S s

1s = list information .

ls -[aefgt}

' DESCRIPTION - ‘
Ls lists system mfo:matzon. ‘The operation of this command
1s controlled by the argument, which must consist of a dash
(=) followed by one or more of the following characters :

a
e

£

List analog channel names and triggering pﬁraneters.

List event channel names and t:riggering parameters.

List faults recorded on disk. The m.mber of cycles
. recorded, the number of pre and postfault cycles, the -

sampling rate, the time at which the fault occurred, -
the clock type, and the recording label are listed for
each fault recorded..

List global system parameters. The current recording
label, the number of pre and post fault blocks to be
recorded, the sampling frequency and clock type in use,
and the analog waveform display parameters are listed,
If the the stripchart fom of analog waveform d’isplay
is seléected, the time base of the display is listed in-
terms of: :
seconds of strip chart time / secords of real time

t Print time and date.-

"If no argument is given '-gf' is defaulted.



. RM(I)

NAME

. SYNOPSIS

15-Jan-8¢ . T o | RM(1) -

m - remove; fault informatibn

m (" () (8 ..

IESCRIPI‘ION

Rm removes the specified. faults from the dlrectory. :

If the '** argunent is given, all faults will be removed ‘

fram the directory.

In either case the user is aslced if be is sure he wants to

remove the faults. o

~ The system keeps the fault numbers sequential by‘ moving

higher numbered  faults down to the slots vacated by the
removed faults., Por example, assume that 18 faults have
been recorded. They will be numbered f§ to f9. Further
assume that faults £3 and £7 are not interesting, and are to
be removed to free up some space on the disk, A '‘m £3 £7'

- command- is given to remove the faults. If an 'ls -f'  com-

mand is now given, the remaining faults will be numbered f@
to £7. i.e. £f4 became £3, £5 became f4, £6 became £5, f£8
becane f6 and £9 became f7. The command to remove the two
faults could have been given as two ‘seperate commands, 'm
£7' and 'om £3' (or 'mm £3' and. 'm- £f6', since for this case

f7 has moved down to become £f6). This lengthy example shows . -

that care must be taken to insure that valuable fault data
is not removed accidentally.



smer@y 0 is-JanBO . - START(T)

start - start sanplmg

SYNOPSIS

Stal.’t

I'ESCRIPT N

Start ‘initiates the recordmg operatlon of the fault
Tecorder. '

If any space on the disk has been freed by use of the ‘m’'.
catmand the remaining data on the disk will be shuffled
around to leave all the free space in one contiguous block.
This operation is announced by the message 'Squishing data’,
or 'Squishing Directory' or both, and may take over a minute.

‘to complete. The control-x key is disabled so there is no

way to abort the squishing.

The message '*Sampl ing Started* m.ll be printed when the'
fault recorder has started takmg data and checking for_

faults.

If a fault octurs, the message 'Recording' will be printed,

followed by the time of the fault and the number of cycles

recorded. Sampling will then be restarted if free space
still remains on the disk.

The only command that is. acknowledged during sanpling is
'control-x' which stops sampling and returns to the commard
level. Any other characters entered will cause a question
mark to be printed; sampling will continue unaffected.



UTIL(I)
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util - utility command-

SYNOPSIS

- util

" 1. . Store Parameters on Disk

2. Read Parameters from Disk

“3.. Set Time -

4. Set Teminal Input/Output optmns
5. Fommat Disk

6. Copy Disk

7. Display Disk Statii

8. Reset System

9. Terminate Command

Enter number of.desir_:ed selection : #

DESCRIPI‘ION

util isa 'catch-all' for several, little-used commands. It -

pnnts

numnber.

a menu of subcommands, then prampts for a subcommand

Entering an invalid command number, or no number at. :

- all, will cause the menu to be redisplayed. The subcommands

. ares

1.

3.

Store Parameters on Disk

‘Several global parameters are written onto the disk .

for subsequent retrieval. The paraneters saved : are:
- The recording label.
-~ The analeg and event channel parameters, includ—-
ing channel names and triggering parameters, -
- The mnumber of pre, and post-fault cycles to be |
"~ recorded.
- The analog mveform display fomat and abscz.ssa -
increment. . :
- The temminal inpl.it/output paraneters.

Read Parameters from Disk: o
. ‘'The parameters saved on the disk by the above com-
- 'mand are read from the disk., If the parameters on =~
the disk are not'valid, none of the fault . recorder . :
- parameters will be. changed

Set Time

‘The cansand requests the date and time in the fol~

lowing format; -
- DDD HH MM (SS]
where DDD is the day of the year, HH is the hour, MM

is the minute, and SS is the second. The secords

are optional and if not entered are set to 6. The
canmand . then prints the entered time and asks if it

" is correct. If the question is - answered affirma-

tively the  fault recorder's - idea of the date and
time is set. The date and time can not be set if an
external satellite receiver 1§ connected to the
fault recorder. - : S T

Set Temminal Input/Output options

-1 -
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5.

9.

. '15-Jan-84 R s 1 X e N

This comnand asks 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,

and if pause mode is to be selected. 'Paper-teminal
mode' causes backspaces to echo as '<'  characters.
Nommally. they -echo as <backspace> space<backspace>,

which: erases a character on. a video terminal., Since ‘
- the fault recorder has no printer, the prlnter mode
. should not be selected. 'Pause mode' allows the -

fault recorder to be used with terminals that use-

the XON/XOFF- handshaking scheme. Upon receipt of an B
XOFF (control-s) character, the fault recorder will

stop sending characters to the terminal: mtil an ¥ON

'(control-q) character is received.

Format Disk ' ,
The floppy disk in drive 1 is fomatted in DEC dou-

" ble density format with a two sector interleave and

a seven sector offset between tracks, This inter-
leaving scheme is wvital -to the throughput of the
disk system. All disks should be formatted before
they are used in the fault recorder to prevent disk

. overrun errors caused by incorrect sector interleav-

ing. All data stored on the disk are destroyed

Copy Disk ‘ o
The contents of the disk. in drive number 8 are
copied onto  the disk in drive number 1. All the

"data previously stored on the disk in drive number 1°

are destroyed.

Display Disk Statii :

This command prints the- contents of the RXﬁz floppy
disk controller  error registers and the status of
each of the disk drives. The error register infor-
mation is of use. only after a disk error has -
occurred. Both 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 t'nat drive needs to be formatted.

" Reset’ Systen -
- A power-on-reset is simulated 'me followmg oper:a-.

tlons are carried out :

1. The system is rebooted from the floppg disk 1n“
drive 9.

2. A self-test on the hardware is carried out.

. 3. All channel names, triggering parameters and L

global parameters assume their default values.

4. An 'ls ~g' command is executed to display the -

o global parameters. ‘
5. The 'fr>' prompt. is. prmted,_ and_ the command
interpreter started.. ‘ : '

Teminate Command

~ The util command tenninate's,. -

=2 fﬁ"



NAME
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dsp - dxsplay fault data

SYNOPSIS

dsp [a#] 7[e]1 :

| DESCRIPI‘ICN

(;_) is used to dzsplay fault data.

If the e argunent is given, the event channels will be
displayed in tabular form. The 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. showing the time and the state of all
the event channels at that time,. . ‘

If the 28 argunent is given, that analog channel will be :
displayed. The fault recorder will prompt for the first
cycle to be' displayed and the number of cycles to be

' displayed. valid cycle numbers range from @ to N-1, where N

is the nunber of cycles recorded, as shown by the ‘'ls =f'
command. - These values will be prompted for until valid
parameters are entered. The recorded signal will then be
displayed in the current analog output format.
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-global ~ set global parameters
. global

DESCRIPTION ‘ '
Glebal(II) is a subset of the lobal(l) command. The only
global paraneters that can be modifed are the analog output
fomat, and the increment angle for the analog display..

The remaining global parameters are set from the data read

from the - disk directory for the fault when edit mode was
entered, _
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. _hel_p - _list. editor mode subcamands :
smopsts

- help
DESCRIPTION

Help lists the.-edi‘t méde 'ss.bcotuuarﬂs and their . arguments.
Argument notation is the same as help(I).



Lsan

NAME

SYNOPSIS

lS-«Jan-aﬂu-‘ o '_ - S , LS_(II)

1s - list informmation

1s -[aefgt]

' DESCRIPTION
Ls(11) lists t:he infomation associated with the fault being
edited. ~The operation of this command is controlled by the
argument which must consist of a dash (-) followed by one or
more of the follom.ng characters.

,_.a

List analog channel names, and tnggering levels of the

. fault being edited.

List-event channel names and triggering parameters of - |

the fault being edited.

List the fault number, the number of cycles recorded,
the number of pre and postfault cycles, the smplmg
rate, the time at which the fault occurred, and the
recording label of the fault being edited.

- The a’naiog wavefom display pafaneters are listed.

This command prints the current display parameters, not
the parameters as they were when the fault occurred., -

Print time and date. This command prints the current.
time and date, not the time and date that the fault was
recorded

If no argunent is given, '—gf' is defaulted.



Q(IT) B © ‘15-Jan-80 LD

q - quit
,sﬁxopsxs
q

DESCRIP'I‘I@I

Q terminates the ed(l) command. ‘This switches - the fault |
recorder from edit mode back to recorder mode.



(I 1sJam80 . RM(D

NAME

m - remove portions of recorded data

- m

‘ MSCRIPI'I(N

Rm removes all, or part of the data recorded for the fault'

,F'm; ed:.ted.‘ The user is first asked if the entire fault

is to be removed.

If an affimative answer is given, the entire - fault is
deleted, and the fault recorder reverts to recorder mode.
(since there is nothing left to edit for this fault)

If a negat‘ive‘an'smr is given, the user is = asked how many
prefault cycles he would like removed. : The valid range of

answers is printed, if the number entered is outside this

range an error message is printed and the command aborted.

* The user is then asked how many postfault cycles he would

like removed, Once again the valid range is printed; an
invalid response teminating the command. If both responses
were valid the appropriate number of cycles will be removed,



BACKSPACE(III) ~ 15-Jam-80. BACKSPACE(ITI)

backspace ~ delete characters

SYNOPSIS '
o backspace key, or control—h
 DESCRIPTION

Backspacing erases characters back to the beglmunq of a
line. For exanple. :

hh(backspace:»ellp(backspace) <backspace)p

~is the same as "help" where <backspace> has been used to
indicate the backspace character. ,

If the temminal i/o mode is set to ‘'Paper-Teminal mode', .
‘backspaces will echo as a left angle bracket '<', Nomally -
backspaces echo as <backspace>space<backspace>, which erases
a character on a video teminal.



CONTROL X(III) ~ . 15<Jan-80 | CONTROL X(IIT)

control ¥ ~ abort command
- SYNOPSIS o

X7 = x key struck while cntl key is depressed
mscamr:m _ ‘ ' .,
‘ Typing a control X causes the current command to be aborted '

- Some critical cmnands cannot be aborted. ' For these com~ .
mards the message 'Cannot abort command' is printed-if a
control x is typed. The command continues unaffected..



NO(LII)} . 15-Jan-80 . ~ No(un)

NAME

no - terminate parameter inp.xt _

SY.NOPSIS S

no

DESCRIPTION

In most cases a response of no to a prompt for input will
cause the cammand which is awaiting input to terminate; The

only exception is for camarﬂs that are expecting a yes/no. -
response. ,

For example, entering no to the util 'Enter number of

desired selection. : ' prdupt, causes the util command to - '



RETURN(IID) . 15-Jam-89 RETURN(ILI) .
carrjage return/newline - enter line

SYNOPSIS - | o

<return>, or <new1 ine>, key :

DESCRIPrmu : : ' g
: All input to the digital fault recorder must be followed by

a <return>. Striking this key signifies the end of the line .

~of input.

Either the <return>, or <newline> key may be used the
effect is the same. - ,



TYPEAHEAD(III) - 15-Jan-8¢° ~ TYPEAHEAD(III)

DESCRIPTION - . , ‘ - e :
The digital fault recorder has full typeahead, which means
that characters may be entered as fast as desired, whenever:
desired, even when some command is typing. If typing is
done during output, the input characters will appear inter-
mixed with the output characters, but they will be stored
-away and interpreted in the correct order. Thus, commands
can be entered one after another without waiting for the
first to finish, or even begin. ,



CvEsMowmn . 1sanss | YESNO(IID)

yes/no - affirmative/negative answers
_ All fault recorder prompts which expect a yes/no response
‘look only - at the first character of the response. If this
character. is 'y', or '¥', the responses is taken to be 'yes'.
If the first character is 'n' or 'N', the response is taken

to be 'no'. Any other character will cause the question to
be asked again. ' C
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_/*

RRFARIRRARAR AR TR R IR RARRARRRNRR AR RRARA AR TR TARRRAA RN R R ENRR AR TRkl
*  Parameter Definitions . o N

********“************“********:***_*****'**************************“*_ -

*/

tdefine STACKSIZE 1924 - /* allow 1k byte for stack */

#define NACHAN 16
$define NECHAN 16

fdefine NUNITS 2 -
$define LASTSECTOR 26
tdefine NTRACKS 77

#define SECTORSIZE 256 ~  /* number of bytes in disk sector */ .
$define NOFAULT #16000 /* 108% change for analag channel */.
§define RMSNUM 64 : - /* number of samples to- ‘take mms over */
#define FMSFULL 2684355, /* s valuve for 1 pu reading */

/* RMSFULL = (RMSNUM * ((2948**2) / 4) / 180) */
/* i.e, let full scale sine wave (-19v to 16v) */
’ ~/* be printed as 7.07 pu */ :
fdefine ANGLE2TIME 4.629629e~5. /% Conversion factor from wavefom degrees to */
: ' /* seconds. */ ‘ ,
/* (1/69) / 360 */

#define DTHETAINC 12 = /* default increment angle for table */
#define PI 3.141592654 . -

~ ¥define ANALOG 2460 B analog channel flag */
#define DPREFAULT 4 /* default number of prefault blocks (Cycles) */
$define DPOSTFAULT 16 - /* default number of postfault blocks (cycles) */ .
#define MAXPOSTFAULT 999 /* maxumm post fault blocks. */

/* special blocks on disks */

#define DIRACK 41

$#define PTRACK 26 : '

#define PARMSBLOCK PTRACK*26. /+ parameters saved here */
. #define DIRECTORY DTRACK*26 . /* start of directory */

' #define NBLOCKS 77%26 /* last block on disk */

#define DBLOCKS (1+((1+3123°f Parms) /SESTCRSIZE)} S mmbér of disk blocks per direct

/* stty bits */
#define VIDEO 0100000
§define TABS 06000 R
fdefine TABS2 04606 -
§define RAW 940

" 3define CRMOD 320

/* data ~trarisfer’-camnands */
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$define B READ 1 -

#define B WRITE 2

~ /* status word bits */
#define SAMPLING 1 =

“$define RECORDING 2

/* control x 'paramekers */
#define INTERRUPT 070 .
$define ONTLX 830

/* serial line definitions */
$define DL11 8177560
* #define DLIEN 0103

/* satellite clock definitions */.
- #define CLOCK 6174410 '

/* dlvllj clock definitions */
$define DLCLK 0176520
#define CLOCK VECTOR 8324

/* floppy disk definitions */

~ $define RX@2 9177178 =
#define RXERROR 2190220
fdefine INIT 9402000

$define Al7 020000 .

. #define Al6 610000

#define RX@2_MCDE g4000
#define HI ! DENS 0409

3define TR | . REQ 0200
$define RXIEN 8180

#define RXDONE 349

fdefine UNIT ) 020

%¥: define FILL BUFF 03
define BﬂP‘l‘Y BUFF 82
define WRITE | “SECTOR #4
define READ ¢ SECTOR 96

- define SET | DENSITY 019
define READ STATUS #12

“define WITE DEL_DATA @14

4 define READ ERROR 416
$define RXGO BT

- #define IBM | 8D 9152

$define l]":C DD @153 -

#define- INIT DONE 94 -

L R T

Wad analog to dlqital converter definxtlons */

$define Dr1761 0177000 :
#define DIDMA_VECTCR 9134

§define DICO 71 ‘

§define DMA EN 02

- §define GSO 04

“#define GS1 914 :

#define EXT EN 028 .
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#define RIC_EN 940
- #define DTIEN 0108
- #define DTREADY 8200

$define INC 0100
#define DTERROR 0200
- #define DIMASK 87777 -
#define DIOFFSET 04000 .-
#define DTRAWOFFSET 0174009
fdefine DIDA X 0100002

/* Parallel line. definitions */
$define [R11 0174460‘ )
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L T T e S e L e L 2t s
* - N ‘ . . - *
* - . Macres. - .. o ' L "

& ‘ . ‘ : - *
| RRRAERRERARTRARARRRIR RN RRRERRAARARER AR R AL RER AR AR R AR Ak d kR AR RNk N*

*/ S _

$define max(a,b) ((a) > (B ? (a) : (b))
#define min(a,b) . {(a) < (b} ? (&) : (b))
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S

*****************‘*******f**********************ﬁ***ﬁt***************
* - Data Structure Definitions : ' : *
* - ’ . *

‘ ******************ﬁ********************************ﬁ*****************

*/
o

* Structure to access an mteger
*/ .
struct {
int integ ;
int integ2 ;
3 '
/% - . .
" * Structure to access the words of a long integer
*/ ‘ ‘ ‘ C
struct { :
~int hiword ;
int loword ;
};
/*
* The structure of the ccmnand table
*/
struct omd |
char *and. name ;
char *and options ;
~int (*and_addr) (} ;
}:
/*
* The structure of the time data
*/
struct tdata {
char b sec;
char . b min ;
char b hr ;
char b xd; -
int' Db day ;
int. - c_ticks;
- char ¢ _sec;
char . 'c_min ;
char ¢ _hr ;
‘char bxi; .
© - int c_day ;
} i '
* The structure of the raw time data.
*/ - o

struct tbuf { :
o lorg basetlme 3
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long  offset ;
} g '

e
* The structure of the paranet.ers of each analog channel
*/ ] ‘

struct apam [ :
char - nane[32l ‘7.

" float delta trig ;

}; : -

s
* The structure of the parameters of each event channel
*/
struct eparm
char  name(32] ;
char  lead trig ;
) char  trail trig ;

/* : . .
* The structure of a disk directory element
*/ , B
struct direct { . _ g '
int first block ; o /* first disk block of fault */ -
int last block ; . /* last disk block of fault */ _
g ' , /* must be first 2 elements of struct */
int . ext_clock ; /* external or internal clock */
‘int nchan ; - : /* number of analog channels */
int Smpcyc ; /* number of samples per cycle */
2o 2 Z._.struct thuf fault time ; /* fault time */
int rate ; _ /* sampling rate */

/* remaining variables are saved */
/* and restored */

char  dsname(32] ; . /* data set name */ '
struct eparm eparms{l6] ; = /* event channel parameters */
struct aparm aparms(lﬁ] /* analog channel parameters */
int pre_fault ; . /* mumber of prefault blocks */
int post_ fault - . /* nunber of postfault blocks */
float thetainc ;' = - /* table increment */
int:  tstate{3} ; - - - /* stty state */ -

-charr  gflag ; - - /* flag for graph or 3ust table */

char - daflay ; . /* flag. for table(graph) or analog */
‘ ‘ S /* must be last item in structure */
/* ag daflag is used as terminator */
S for copying structures arcmd */ o
} :
idefine ‘BLK Nlm SIZE (sizeof pams fxrst block + sxzeof panus.last: block) ‘

/* ' '
* The structure of the rxﬂz error buffer
*/ ‘ o )

struct rxebuf

- char errnum ;
~char woreg ;-
char - d@track ; o
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char ~ ditrack ;
char : ttrack ;
char tsector ;.
_ char  errstat ;
}' - char track ;
’

/*

* The structure of the lmked list of pomters mto adbuf
*/ ' .

struct dbuf { ‘
struct dbuf *h forw
int *flt data
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-

******i"***-*****_**_*****************************i*****ﬂ**********i****
* - S I oy _ *
* = Device Register Structures L,

.* . ) ) : . : . *
t*im***_*****mtt*******i*t**t****-**i*‘t**iﬁt*************‘*******i* R
*/ : : . :

/*

* analeg to digital corverter
* / :

struct dt1761 |

char dt csrlo
char dt csrhi
int dt dbuf.
int ‘dt weount ;

(P

|

b

/*

* gatellite clock interface

%/

struct clock { §
int ¢ _csr ; ;
int e Xl ;. o
-int c_rbﬁl H
int c X2 ;
int cx3 ;
int c x4 ;

- int c_rbuf2 ;

b s ' '

/*

* floppy disk

*/ ’

struct rx62 {
char rx_ csrlo ;
char rx csrhi :

1

struct rxﬂz_alt'.{ -
int - rx csr ;

7 int rx db ;.
R ' .
3 o

* serial line‘

*/

struct dlll {
char - dl_resr
char -+ 4l x@ ;
~char- - 4l rbuf
char 'dl x1;
- .'char  dl_xcsr

- -y

- -
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char

41 x2 :
char dl xbuf ;
char ©  dl_x3 ;

-} '
/* .
* parallel line
*/ B
- struct dril §
: " int dr_csr ;

_int dr_xbuf ;
int  dr_rbuf ;
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/%-.

**************i*****i*****************************i***********i******
* , . - : _ *
* R External Vanables ‘ g . *
* : o *

**********f******t*************************************************i*
* g . - .

!ifdef DEBUG

int debugf ; _

gendif : o ' L

int *adbuf ; . /* buffer for a/d to dma into */

int buffersize ; A . /* size of a/d buffer (words) */

int maxcycles ; ' ~ /* ¥ of cycles that fit in adbuf */.

int maxdispilay ; C /* maximum number of cycles displayable */
int maxprefault : - /* maximum number of prefault cycles */

int *adend ; - /* marker for end of a/d buffer */
struct dbuf *dpntrs e /* linked list of pointers into adbuf */
struct dbuf *intopntr, *outofpntr ; ' /* pointers to linked list */.

int *lastpntr, *adpntr ; /* pomters into adbuf */

int dtrig {NACHAN] ; : /* delta trigger limits */ .

int leadsig ; /* leading edge digital trigger */ -

int trailsig ;. - /% trailing edge digital trigger */

int reenter ;- - /* flah to detect overflow */

int sampno ;7 , /* sample number << 12 */ -

int . passno ; - /* pass number (for triggering) */

int nbsamp ; ‘ /* number of bytes per sample. */

int lastdig ; - /* previous digital data */ |

int hnbsampii] ; - /* offsets into adbuf */ '
int allchan ; — /* flag indicating all, or half channels */
int nchan ; - /* number of channels */

int smpbik ; : o /* nunber of samples per disk block */

int adcounter ; - /* another pass counter for fault detection */
int fltdet ; -~ , /* fault detected flag */ :

int maxachan

 /* maximum analog channel */
" int maxechan

/% maximun event channel */

e Wb

int nrecord ;. - /* number of postfault blocks to write */
int nleft ; ' - - /% number of disk blocks left to write */
int nretry ; - © /* number of disk retries */

int status ; o - " o L system: status mkd */

struct direct pams
struct direct entry
struct rxebuf rxerr

_/* current parameters */ -
/* directory.of fault being ‘examined */
/* error 'status-buffer *

we Wme W

int rtticks ;. - - count:et for single channel analog i/o */

int rtfrq ; /* initial value of rtticks */

float nextpoint, lastpoint © /* limits for wavefom interpslation */

int: ipeint ; - "~ /* sample subscript corresponding to laspoint */

r

extern float k486[] ' .k965 [] : /"' window shapmg coefficients ; %/
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- int dblock /* block number of next directory entry */.

int fblock ; - /* block number of next fault entry */ -
- int ftrack ; A . /* track number of next fault entry */ '
. int fsector ; - - . . /* sector number of next fault entry */
int fnumber ; - /* fault being exanined */ '
.+ int dblock ; - - , /% directory block of fault being exammed */
_struct tbuf ctime ; ©  ©  /* current time (raw) */
int ticks ;. . - - /* tick counter */ '
int iticks ; ) -/ mitial value of tick counter */

- jmp buf jbuf ; Y lomjunpr-erwiroment */
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#include <stdio.h>

$include <setjmp.h>
#include "c8d.h"

. /'*.

- * Initialization Routines
*/ .
* main -- entry point of program -
*/
main() 7
extern struct cmd cmdtable ;
[ d ifdef DEBUG '
printf ("Entering mam routine\n") :
# endif
for ;) {
' - printf ("Enter sampling rate in Hz2. (4821 or 958) ") ;
. readf (“%d",&parms.rate) ;
if ((pamms. rate == 959) Il (pamms,rate == 488)) {
~ break ;
}
} 7.
chngps (PL4) ;
bootl () ;
setjmp (&J'buf) ;
chngps (PLO) ;
DT1761=>dt dbuf =8 ; .
DT1761->dt dbuf = 0 ! DTDA X ;
~ while (shell ("™\nfr>", sanidtable, 9}) ;
$  ifdef DEBUG
printf ("leaving main routine\n\n")
: endif
}
/*
* bootl == test hardware, intitialize vanables
*/
?ootl{) _
extern monitor(), rtecint() ;
extern int arge ; -
extern char *argv(] ;

. extern reset() ;

' reg:ster struct aparm *amtr :
register struct eparm *epntr ;
register int i ;
char *cmtr ; ,

‘ © extern char *_U break P
¢ ifdef DEBUG o '
' " extern char * U_tsize ;
. extern char * U stacksize ;
I endlf ‘

if (parms rate == 48&) {
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nchan = 16 ; ©
pams.smpcyc =.8 ;
smpblk = 8. ;

- nbsamp = 32 1
.allchan = 1 ;
iticks = 2 ;

elise {

C nchan = 8 ; : ‘

-parms.mpcyc = 16
smpblk = 16
nbsamp = 16.
allchan = 9
iticks = 1 ;

“s wWs s

}
B I ifdef DEBLXS
lf (debuyf) { '
| printf { it1ck.s %d\n , iticks) ;
¢ - endif
" ticks = iticks ; '
parms.thetainc = DTHETAINC ;
parms.pre fault = DPREFAULT ;
pams.post_fault = DPOSTFAULT ;
parms.gflag = 1 ;
pamms.daflag = 0 _ o
for (i=9; i <"4';_i++) {
: hnbsamp{i] = nbsamp/4 * { ;

pams.nchan = nchan ;
maxachan = nchan ~ 1 ;
maxechan = NECHAN -1 ; .
if (CLOCK->c csr >= §) f
| parms.ext clock++ ;

parms.dsname(@) = '\@' ;

' if ((RXBZ-)rx csr & RXBZ Mcm) as 0) {
} ‘ pamc " (*DISK NOT Rxaz*) :

- DTDMA VECTOR->integ = smonitor ;

 DTDMA VECTOR=->integ2 = PL4 ;

“attach (INTERRUPT, &reset, 8) ;
CLOCK VECTOR->integ = &rteint P

. CLOCK _VECTOR->inteq2 = PL4 ;

- DLCLK=>d1 ._Xcsr.= 181 ; -
DLCLK=>d1 xbuf =@
for (apntr = &parms.aparms[ﬂ] ;

apntr~->name({d@] = '\@' ;

apntr->delta trig = wa

agntr < sparms.apamns(16] ; apntr++)

.}:‘or (epntr = &pams. epams[g] pntr < &pams.epams[lﬁl ; e?ltr.’*H'_jf f._
. epntr-Pname[B) = '\3' ; : o
-epntr->lead trig = @ ; S
em’i;r->trail__trig = iﬂ P
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}

/*

* reset - execute non-local - goto back to command level

*/

i= (getsp 0 - sbrk @) ~ smcxsxzs
ifdef DEBUG. .

if (debugf) { -

_ . printf ("Break is at ﬂ%o\nstack pomter ﬂ%o\nAllocate size B%o\n P
} S Sbfk (0)! getsp ()' 1) H
endif - _

dmtrs = sbrk (i) H :
maxcycles = | / (SEX:'IURSIZE + sizeof *dmtrsl P
maxcycles = abs (maxcycles) ; :
buffersize = maxcycles * 128 I
-adbuf = (dpntrs + maxcycles) ;

adend = adbuf + buffersize ;

if {(maxprefault = maxcycles — 15) <= 1) {

: panic ("Not Enough Memory") ;

maxdisplay = (maxcycles - 4) * 16 ; /* must assune 16 samples per cycle */
/* since may work with data of either rate: "/ '
/* regardless of current clock rate */ -

for(1=ﬂ,1<maxcycles;i++){ o

{dpntrs + i)=->b forw = (dptrs + {(1+1)%(uaxcycles)))

(dpm:rs + i)->flt _data = (adbuf + (1 *128)) ;

ifdef DEBUG :

i€ (debugf) {

printf ("dmtrs 30 adbuf $0 adend %0 maxcycles %d buffersize ad\n",
dpntrs, adbuf, adend, maxcycles, buffersize) ; .

;})tintf {"maxdisplay 3d\n", maxdisplay) ;

endif

status = 9 ;

printf ("\nDFR—GB In1t1alized\n\n")

printf ("Buffer size %u bytes. Room for 3d prefault cycles.\n '
buffersize * 2, maxprefault) ;

argc = 2 ; :

isl- (&pams,- -1) ;

reset ()

longimp (&jbuf, 8) ;
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| #include <stdio.h>
tinclude <setjmp.h>
#include "c89.h"™
. ' _

*
*
*

Initialized External Variables - | L x

**************************************i*******t*****i****************_

*

*

**************************************w****t*************************

*/
/*

* Shell level ccmnands

*/

struct cmd amdtable (] {

%+ ifdef

 endif

§ ifdef

DEBUG -
"debug” ,noargs,&debug, ,

"dump” ,noargs,&dunp, /*
"ed® ,"[£¥]”,sedfault, /*
‘ Yex" ,"{ae] #" &ex, , /*
- "global” ,noargs,&glob, /*

"help”®,noargs,shelp, - /*

"ls" ,*-(aefgt] " ,&ls, VA

DEBUG .

"quit® ,noargs,d, /*

t endif

};
*

"rm*,"[*)] (£3) [f#] ..." ,&mfault,

"start",noargs,&start, [ *
*util®,noargs,&util, AL
a

* The editor sm:ccmnands

*/

| struct cnd edands (1 §

- 1fdef

4 endif

_};7
S
*x/

DEBUG - ' '
*debugy” ,noarqs,&demq R /*
*dump" ,noargs,&dunp, /*

"asp®,"(a#] {el™ sprfault,

"global® ,noargs,&exglob, /™
*help" ,noargs,&helpex, /*
"1s" ,"~laefgt] *,&1sf, /*
"q" ,noargs,s, /%
"m* noargs,&mlfault, /*

Lo the utility cormnand menu

struct cmd utilmen() | '
‘ *Store Parameters on Disk" ,noargs,&save, .
" "Read Parameters from Disk®,noargs,&restore,

~ "Set Time" ,noargs,&timeset,

/*

set/reset debugging flag */

dump out a disk block */

edit a fault */
examine & channel */

set global system paraneters */

print out current commands */

‘list parameters */

. exit (start transparent task */ -

/* remove faults */
start taking data */

utility routines */ .

- set/reset debugging ‘flag *) .

dump out a disk block */
display fault info */

* change display parameters */

print out current commands */
list fault parameters */

go back to shell */

remove a fault */

set intetnal clock */
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"Set Terminal Inp.lt/Output optlons",noarqs,&sttymode, C
"Format Disk",noargs, - &fommat, - /* fomat floppy disk */

. “Copy Disk" .noargs,&rx _Copy,
"Display Disk Statii" ,noargs,&prxstat, VL disk error r'egisters */
"Reset System™,noarys,srstsys, : ' o
"Terminate Command®,noargs, @,

0
b
/* . .
* the glcbal command menu
*/

struct cmd globmen{) {
*Change Recording Label® ,noargs,&reclbl,
"Set Prefault Recording Time",noargs,&preflt,
*Set Postfault Recording Time" ,noargs,&postflt,
"Set Waveform Display Format",noargs,&wavedsp,
"Set Waveform Display Abscissa Increment® ,noargs,&absine, -
“Terminate Command”,noargs,@,
0 o
b '

/x _ :
-~ * the window shaping coefficients
*/ - . .

float k488 (1 {
1.
-0.9980026
8.9273505
=5, 7689965
0.5211294
-9.2548521
8.6549272e-01
B.

- ™ W o wm owmomow

};

£loat k953 [] {
10
-0.9957645 -

. ©8.9678518
-0.8924927 .
B.758935¢
-§.5767922 -

¢.3653717

-2.1315151 -
g. o

Y wm W WM m wm oW

b

/* Co . .

* various messages

*/ .

char flthed(] { s o L : o

"“\n % cycles pre post rate o time clocl; recording label\n" } ;.

_ cha; noargsf] { ™" }‘,,
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char clktimeout{] ( = =
- *Clock Timeout* } ;

s

" * Debugging flay.
*/ -

$ifdef DEBUG.
int debuygf 1 ;
gendif - -
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“#include <stdio.h>

- #include <setjmp.h>
#include "cog.h" L

‘/* o

* utilicy fL_mctions -
*/

/* ' .

* rx wpam — wait fo: @2 transfer request flag, then send word
*/

E'x _wparm (arg)

- register int timer ; -
-timer = 20000 ; :
while (RX82->rx csrlo >=8) { -
if (~~timer == g) { .
' o panic (*Disk Timeout™) ;
L }
}

RX@2->rx db = arg ;
} :

Vid ' v

* rx weom - write command to rx@2
* -= raturn -1 if error set
*/

rx_weom (arg)

if (rx_chk() < 8) {
} - return {-1) ;

- RA@2->rx_csr = arg :
return (3) ;

}

/* ' ' _
* rx chk — wait for disk to become ready

R 74 L

- rx_chk ().
R

whlle ((RXB2->rx Ccsr & RXDONE) == Ql) i

: - if ((Rx@2->rx_csr < @) || (Rxmz->rx db & INIT_DONE)) {
4 ifdef DEBUG ,

if (debugf) {. :
) - prxerr () i
3 endif - . :
T I return (—1)'_;
} _ ‘
return {8) ;

3

* raw — sets tty mode to raw
wp _



© Jan 15 28:12 1989 clB.c Page 2 -

raw ()

1}

{ o -
int thuf{3] ;
gtty (8, tbuf) ;
tbuf (2] =| RAW ;
stty (@, tbuf) ;
} : S
/»
* unraw -— sets- tty mode to -raw
*/
‘unraw {) )
int tbuf{3] ;
gtty. (9, tbuf) ;
tbuf{2] =& RAW
stty (9, tbuf) ;
/* ' ‘ '
* rx_read —— read data from floppy disk
*/ -
rx_read {drive, block, buffer, nbytes)
{
register int retry ;
for (retry =0 ; retry < 6 ; retry++) | S
if (rx_trans (B! READ, drive, block, buffer, nbytes) >= G) {
' . return ) ;
} _
nretry++ ;- -
printf (“retr:y\n")
prxerr () ;
return {-l1) ;
} _
/* o : - :
* rx write - write data to floppy disk
*/ . ‘
rx _write (drive, block, buffer, nbytes) -
register int retry ;
for (retry = @ ; retry < 6 ; retry++) {
-. if (rx_ ‘trans (B NRI’I‘E, drive, block, buffer, nbytes) >= ﬂ) [
: - 7 return {9) ;
3 _
nretryH- :
o - printf ("retry\n") P
} .
prxerr () ;
, return (=1) ;

x



. Jan -is"zg:l_z 1980 cl.c page 3,'

*orx trans - transfer data to/from d1sk

* . = arguments are command, drive nunber, block nu‘uber, S
. - buffer address. nunber of bytes to transfer (must be even)
.*/
X trans (ca:mam, auut, ablock, buf, nbytes)
~ char *awmit ; ,

char *ablock

int *buf ;

{char *nbytes ; -

int track ;
int sector ;
register int ntrans ;
register char *block ;
register char *unit ;

block = ablock ;
unit = aunit ;

._if (wnit >= NINITS) {
perr :("Bad Drive Nunber")
} - return
¥ ifdef DEBUG
if (debugf) {
printf ("rx_trans: drive: %d track:3%d sector:¥d\n" ,unit,
block/26,blocks26+1) ;

printf (" buffer:3o nbytes :8d caamami 3d\n” ,buf ,nbytes,
commardd) ;
} .
# endif

wnit =% 929 ;

while (nbytes) { '
if (block >= NBLOCKS) |
_ perr ("Bad Block Mmber") :
} return (~-1) ;
track = block / LASTSECTOR ;
sector = (block % LAS'!‘SM) +1;
' ntrans = nbytes > SECTORSIZE ? SEC'IORSIZE H nbytes H
nbytes =~ ntrans ; .
ntrans =/ 2 ;
if (command == B READ) {’
if (rx_wcom (HI_DENS ! unit | READSECT(I-I | R)GO) < @)
' T return (-l)

(24 wparm (Sectcr) H

X wparm (track) ;

if (£x_wcom (HI_DENS | EMPI‘YBUFFIR)BO) <9
return (-1) S :

wpam (ntranS) H
_wparm (buf)

FRT

else {
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if (rx_weom (HI DENS | FILL BUFF | Rx;o) < ﬂ} {
- return (-1)
}

IX_Wparm {ntrans} .
rx_wparm (buf) ;. -

if (rx_wcam (HI_DENS | mittmmsmlnmo) < 8) {
| - return 1

" rx_wpam. (sector) ;
rX_wparm (track) ;

buf =+ ntrans ;
block++ ;
} ‘ ‘
return {rx_chk ()) ;
. . :
/* . .o L
* pryerr -- print out current rx@2 error buffer
*/ :
prxerr. ()
register int i ;
printf ("RX@2 Error St.atus\n" :
printf ("CSR %O\nBUF %o\n (RXB2->x_ csr,RXﬂ2->rx db)
i'= 30000 ;
while ((RX@2->rx_csr & RXDONE) == 4} {
if (—i1i==0) { _
- printf ("Disk Timeout\n") ;
return ; .
} } |
RX#2->rx_csr = READ ) ERROR | RXGO ;
rX_wparm (&rxerr)
rx chk() ; '
printf ("Error Code $o\nWord Comt $d\nDrive @ Track %d\nDrive 1 Track %d\rﬂ‘arq:
rxerr.errnum & 9377, rxerr.wcreg & 9377, ,
rxerr.ddtrack,rxerr. dltrack,rxerr.ttrack,
rxerr.tsector) ;- ‘
printf {"%d disk retries- smce power up\n ,nretry)
i = rxerr.errgtat ; - '
printf ("Unit %d Selected\nHead %stpadad\norwe @ %s Density\nDrive 1 $s Densit‘
‘ 18020071 :0,180492% "Not " 160282 HI" "l‘.n',x&ﬂlﬂl""l-li"-"l’.n"
) rXerr track)
/.
* prxstat _— prmt rxﬁz status
Y , ,
prxstat {)-

register mt i

. register int umt

- prxerr () ki




}
/*
*/
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*-printf ("CSR %o\n ,mz—>rx csr) ;-

for (unit = 9 ; unit < 2 ; unit-H) {.
1= 3%66
wmle (IRXB2->rx cst & RXDONE) == g) {
. . 1f (--1 == ) {
printf ("Disk Tlmeout\n") ;
. o : return,., o _ :
R)(ﬂz-s-)rx cST = HI DENS I mit<(4 | READ S'I’A'H.B | R)GO
is= 3%@0 , .
‘while ((RXBZ-)rx csr & RDONE) == 9) {
if (—i==8) { -
- printf ("Disk T1meout\n") ;
- return ; .
-}
}
i= RXP2->rx db ;
printf ("Unit %d ».unit) ;
if (i & 9200) |
) printf (“Ready, %s Density\n",i&f40?"Hi": "Lo“)

elgse { = .
; printf ("Not Ready\n") ;

)

| if (RX@2->rx_csr < 9) {
N

prxerr (O ;

" % getdata - read n samples from chan -

c{;etdata {chan, n)

.

- register mﬁ *dpntr ;-
. register int count ;
- register int i ;

' ifdef DEBUG'

if (debuyf) |
: prlntf ( get.data (9%0, 3d)\n", chan, n) :

-endif - -
- dpntr = adbuf ;
. count = n ;.

rtsetup 1) ;
do [

: rtwait 0O ; '
DT1761->dt csrhi = chan P
while (DT1751->dt_csrlo >= @) ; - '
: *dpntred = m‘1761—>dt dbuf - D'I‘RAWOFFSET
} while {-=count) ; . o

 ifdef DEBUG -

if (debugh) (- -
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dpntr = adbuf

'comt =n;

do { . S

i ((count & 97) == 8) f
- peintf (™\n") ;

} . o
: - printf ("%60 *, *dpntr++) ;o
} while {—count) ; ‘

) printf (™\n") ;-

t endif

nextpoint = 360, / parms.srnpcyc
lastpoint =@ ;
} ipoint = 15 ;

/*

* rtsetup —~ set up for "raal-tune routines _
*/

ftsetup (irtticks)

. 2 ifdef DEBUG
if (debugf) {
printf ("rtsetup (3d)\n",irtticks) ;
& " endif

rtfrg = irtticks ;
rtticks = rtfrg +.19 ;
} '

. /*
o * l.'thalt -- wait for clock to tJ.me out
*/
rtwait ()
{

register int i ;

$  ifdef DEBUG
if (debuyf) { |
DT1751->dt_dbuf = 82000 ;
¥

$#  endif ‘
1= 30006 ;
if (rtticks < 8) { |
. panic ("Clock overrun") F

‘wtnle (r:ttxcks) { :
i (~i=p) | '
, 5 panic ("Clock 'rimeout")
}

s - rtticks = rtfrq ; -
# ~ifdef DEBUG - -
. if (debugf) { . T
~ DT76l->dt dbuf =0
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& endif
} .

- * rx_panic — got a disk error when one cannot be afforded
*/ ‘ e ‘ ‘ : : ,
rx_panic {)

chngps (9208) ;
prxerr 0O
panic ("Disk Failure")

}

/*

“* noints - the interrupt vector is attached here durmg critmal
* — disk operations that must not be aborted:

* / . )

noints ()

{

) printf ("Cannot abort command\n") ;

PN

* roundup — return smallest integer greater than or equal to fval
*/

roundup {fval) :

{float fval ;

: regzster int sign
register int ival

-t wmpy

sigh = ¢ ;

“if (fval < 0) {

fval = ~fval
signk+ ;

-y

b
if (1val i= fval) {
‘}' : ival++

if (sign) {
} ival = -jval

return ( ival)

}

:/rstSys -— reset system‘_
f‘-’-tsys .() .

if (ask ("Are you sure you want to reset the systeup s)) { 3
} exit () i : .
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e |
* Commands
*/

 ¢include <sﬁd10 422 .
“#include <setjmp.h>

. pinclule "cO.h®

/* ‘ :
* help — print out main level ccmnands :
*/

help () .
{

extern struct cmd audtab_lé ;
helpl (&condtable) ;
} ‘ ‘

/* :

* helpex -— print out editor sublevel commands
*/
t{xelpex ()_

extern struct cmd edands ;-
helpl (&edands) ; :

/* - ‘ N

* helpl -- print out available commands

*/ ' ) .

helpl {commands) .
struct cmd *commands ;

register struct cmd *amdpntr ;
© cmdpntr = commands ; :
pri?tf ( c::matﬂs presently implemented are.\n\n")
do :
printf ("%s 3s\n" (*undpntr) .cnd_name, (*andpntr) cmd optlons)
| } while ((*chdmtr) .omd’ name) , ,
| ;:im.eset 0

, - timel (8) ;

% timel — if called with nonzero argunent, print current idea of system time -
-~ if called with @ argunent, ask for tune, then set time - .
*/ .

, }:mel (cmand)
" register char *cp ;.
register int i ;

" int day ;
int hr ;
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int minut ;
int sec.; ' o
- struct tdata prt.une P

if (cermnarnd = 0) {
if (parms.ext _clock) { . : B
perr ("Can't set external clock")
} return ; :
for (3} (- - '
printf (“Enter Date and Time (DDD HH MM {88]) : ") ; - '
if ((i = readf ("%d%d%d%d" (&day, &hr, &minut, &sec)) == 3) {
sec = 0§ ;
}

- else if (1 < 9) {
' return ;
}

else if (i t= 4) {
continue ; -
}

if {‘((cl_p.’t sec) > 6d) || ((cp = minut) > 60)
Il ((cp = hr) > 24) || ((cp = day} > 356)) {
' continue :

y | _
printf ("%d 3d:992d:802d\n", day, hr, minut, sec) ;
Cif (ask ("Oorrect")) { ' ' ‘

break ;
_ }
} ,

. chngps (PL4) ;
ctime.offset = 3 ;
ctime basetime = day / 10@
ctime.basetime =<< 4
day =% 100 ;
i=4day/ 18 ;
ctime basetime =] i ;
ctime,basetime =<« 4 PR
day =% 10 ;
ctime, basatime =| day
ctme.basetlme =<< 2
i=hr/ 16 ;
ctme.basetme =I i
ctime.basetime =<< 4 ;
i=hr$10;
ctme.basetme =] i
ctime.basetime 2<¢ 3 ;

-1 = minut / 18 ;

. ctime.basetime =| i ;
‘ctime.basetime =<< 4

i = minut %18 ;
- ctime.basetime =-I i P ‘

- ctime.basetime =<< 3
i=sec /18 ; -

- ctime, basetlme ={ i ;
ctime . basetime =< 4

i=sec%10 ;
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~ ctime.basetime =| { ;
3 ifdef EEBUG
: ' prmtf ("%O\n , ctime basetime)

“chngps . (PLﬂ)
} return ;
chngps (PL4) ;
unpack (&ctime, &prtime) ; _ .
ifdef DEBUG ' ' ‘
printf (“"Base Time 2% 0D - Offget 43%0 I\n", ctime.basetime,
- ctime.basetime, ctime, offset, ctime.offset}
# - endif '
chngps (PLA) ;
printf ("Time last: st at %34 22d:482d: %ﬂ2d\nmrrent time 334 %z-d‘:%ﬁ,Zd:%ﬂzd.%(
_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 ticks * 10.416667)) ; :

/*

* format -— fomat a Eloppy disk
*/

{.ormat()

extern reset () ;
char sectors(26] ;
register int tracks ;
register int i ;
register char *spntr ;
extern noints () ;

if (ask (™\nFormatting destroys all the data stored on the disk.\nDo you really
return i
}

printf("Insert disk into drive number 1, type <return> to "ontinue“‘} :
if (getargs () < 9) (-
‘return -

} | ,
attach (INTERRUPT, &ncints, @) ;
for (tracks = @ ; tracks < 77 ;
i= (tracks * 7) % 26 ; o '
for (spntr-=1 ; spntr < 14 ; sptr++) {
sectors[i-l-l-%zt’»] spntr ;
sectors{ i++%26] = spntr + 13 ;

tracks&) {

} :
_ if (rx_weom (UNIT Y | WRITE SECTOR | P’GOK @) [
: return 3
3

;rxwam(DECDD)
'rxwpann(tracks)
spntr = &sectors ; _ ‘
. 1= 26 ; : :
rxwparm (*SpntrH-) ;- o I o '
}mne(-—n

wd wa
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,}‘

rx_-chk () , T -
o 1 attach (INI'ERRUPI‘. &reset, a) ;
}
/* '
* Start caunand start taking data.
*/ g P _
' ?tart ()

 extern int arge
extern char *clktimeout
int ddtrig[NACHAN] ;
int dleadsig ;
int dtrailsig P
register int i ;
register int bit ,
register struct epann *e;ntr :
struct dbuf *sintopntr
‘long timeout ; :
struct tdata prtime ;

for G3) {
i a DLll—->d1 rhuf ;
'DL11->dl_ Yesr = g ;

if (findfreeblock ) <o) {
status =& “SAMPLING ;
- printf ("Sampl ing stopped\n") ;.
i = DL11->dl rbuf ;
DL11->dl TCST = DLIEN

return ;
}
for (i = _;\1(16 i++) {
dtrigfi] = NOFAULT
. ddtrig[i] = pams aparms[i] .delta trig * 4ﬂ 96 ;

leadsig = 9 ;

trailsig = g ;

dleadsiq = ¢ ; :

dtrailsig = 9 ;

bit=1 ; o
for(i-g,i(ls de+) { .
epntr = &pams.epams{ i} ;

-if (epntr->lead trig) {
- dleadsig =| bit ;
-}

- if (eg\tr->trail tng) {
dtrailslg =f bit ;

N -
: “hit =<< 1 ;
sampno = § ;
passno = 918 ; . :
 adcounter = gnpblk ;-
- fledet =g ;



‘Jan 15 29:12.1989. cl1.c Page 5

i = D“l'1761->dt dbuf ;

DT1761->dt csrlo = ﬂ :

DT1761->dt_ > cschi = 317

timeout = 168 ;

while (D’I‘1761->dt csrlo >= ﬂ) { -
' if (-—timeout == ) {

, panic ("A/D converter fa:.lure")

-}

i = PT1761->dt dbuf '
DT1761->dt csthi = INC 1 817 ;
D'l'1761—>dt weount = ~16 ;

-

outofpntr = dpntrs ;- ' '
-sintopntr = intopntr = d;ntrs + pams pre fault
1 = intopntr->flt data ;
DP1761->dt | busadd = § ;
admtr = {; '
lastpntr = 1 - nbsamp * (pams smpeye + 1) ;
nrecord = pamms.post fault ; .
$ ifdef DEBUG
if (debugf) {
printf ("adpntr %0 laspntr %o \n" ,adpntr ,lastpntr) ;
printf (“intopntr %o outofpntr 3o\n",intopntr,outofpntr) ;
printf ("into address %o outof addres 3o\n",intopntr->flt_data, outofpntr->flt
# endif

-e

status = SAMPLING ; . :
timeout.hiword = ﬂlﬂ “/* fudge long consant */
timeput.loword = 9 ; -
while (outofpntr 1= sintopntr) {

if (~—timeout ==9) {

} panic (&clktimeout) ;
}

printf ("Sampling started\n") ;

for (i=8; i <=¥- maxachan ; i++) {
dtrig{i] = ddtrig(i) ; .

} ,
leadsig = dleadsig ;
trailsig = dtrailsig

Eor ('t) { .
if (status & Rscmnmc;) { o
- if (recordfault () >= ﬂ) {
B break ; =
o}

R
if (DLll->d1 resr < gy £ -
if (ToL11i->dl_rbuf & 5177) = CNTIX) |
: DL11->d1_xbuf = *2* ;.
contmue H :
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3
- else {
} continue :

b
" status =& SAMPLING
- printf ("Sampling stopped\n") ;
i = DL1l->dl rbuf ;-
DL11->dl_ resro= DLIEN
- return ; :

}
1

/* S , '
* rx copy — copy disk in drive ¢ to disk in drive 1
*/ - o

: fx_COPY 0

- extern noints () ;
extern reset () ; :
register int nblklft ;
register int ntrans ‘;
register int block ;

printf ("Insert source disk into drive 8, destination disk into drive l.\nType
if (getargs () < 8) {
‘ printf ("Copy not done\n") ;

return ; -
}
attach (INTERRUPT, &noints, ) ;
nleft = NBLOCKS ;
block = @ ; =
while (nleft) { '

nblklft = min (nleft, maxcycle) ;

nleft =- nblklft ;

Cif ((rx read (@, block, adbuf, nblklft * SEC‘KRSIZE) <. G)
i (rx weite (1, block, adbuf, nblklft * SECTORSIZE) < m) {
- L retut.'n H
}
‘bilock =+ nblkl.ft :

} .
' - attach (INTERRUPT, &reset, ) ;
/* - E .
* perr - print error message .
* o

perr (message) = =
. char *message ;

}

prmtf ("Brro: -— %s\n r message) :
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/* R
* ytility commands .
*/ _

¢include <stdio.h>
# include <setjmp.h>
#include "c@0.h"

Caeil()
extern struct cmd *utilmen ;

‘nshell (&utilmen) ;
} S
/* . .
* examine command .
*/

ex (arg, cmdmtr)
struct cme: *cndpntr
£

extern int argc ;
extern char *argv(] ;
flocat mmsval () ;
float fval ;

int analoeg ;
register int chan ;
char ¢ ;. -

register int i ;
char strng{35] ;
register int ppntr ;
-int ival ;

chan = @ ;
analog = ANALOG ;
c='a ;
if (arqcms 2) { :
- cs= *arqv[l] ;
argvil} g} = 's' ;
} chan = atoi (azgv[l]) | _
if ((argc) 2) 1l ({c 1= *a’) a& (c 1= ‘e’ ))) {
puse (cndmtr) P
y ' return ; '
Sif (c == tet) {
} analog =
for( ) | . 2
- for (i=g ;i< (sizeof strng / sizeof c) ; l++) |
- strmy[i] = '\g* ;- ,

i€ (analog) { -
_ - if (chan < @) . S
N " chan = maxechan :
.- analeg = 4 ;
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y o
else 1£ {chan > maxachan)‘ {
chan=ﬁ; L

-analog = @ ;

}
else { , ‘
: 1f (chan <P |
chan = maxachan
analog = ANALOG

-y wa

3 ‘ |

_ else if (chan > maxechan) {
‘ " chan = @ ;

} - analog. = AMNALOG ;

}

if (analog)

: - peatr = &parms.aparms[chan]

" else {

}
pparms. (analog, chan, sparms) ;
raw () ;
i= (getchar () & 0177) | analog ;
C unraw ()
’ switch (i) {-

e

ppntr = &parms.epams[-chén] R

-h

default : :
printf (" [+ - .=/ dI™;
break ; -

case '\n' :
. case "\n'+ANMALOG :
case CNTLX : '
. case CNTLX+ANALOG :
. return ;

case '+' :
~case '+'+ANALOG
‘ chan+ ;
‘break ;

'casé (L

case ' '+AM\LOG
C chan— ;
‘break ;

-case /' :

- Qase 'd' : ‘
. printf (" %c .(DRll-)dr rbuf & (1<<chan))"'1' 'ﬂ )
break

- case '/'+ANAIm ' - .
‘ printf (" %, 1gv ms" rmsval (chan)) ;
break _ S o



Jan 15 29:12 1988 cl2.c Page 3

1

/*

case ' d'+ANALOG

printf (" -cycles (.1 to 3d) :", maxdispléy)' ;
i1f (readf (‘%f",&fval) <= a) {
. break ; :

if ((fval > maxd1splay) !I (fval < .1)) {
. ~ break ;

getdata (chan, ival = fval * ms.smpcyc + 65)
fval =* 369, ; P

‘graphchan (0., fval, parms.smpcyC)
break ;

case '=' ;
if (readf ("32s5",strng) > 2) {
‘ Ptr->lead trig = 2 ;
Ppntr—->trail _trig =@ ; .
for (i=0 ;71 <2 ; i) {
switch (strrg{i])'{-
case '1' : ,
ppntr->lead trig = 1 ;
break. ;
case 't' :
ppntr->trail trig =1 ;
break ;

} .
break ;

case 's'+ANALOG :
printf ("(.1 to 100) ) ;
if (readf ("$f",sfval) <= g) {
: ‘break ;

if ((fval >= §.1) s& (fvai <= 109)) {
: Pmtr->delta - trig = fVal :

break

case":

case ':'+ANALOG : '
if (readf ("%325", strrng) >= @) {
o } strncpy (ppntr->name, strng, 32) ;

break :

* pparms - ‘print parauet;ers" a
*/ S :

ot

Ppams -(én‘aioq, chan--, appntr)



Jan 15 20:12 1980 _ cl2.¢ Page 4

: register int p'.'antr ;
ppntr = appntr ;

© if (analog) {-
' ppntr = &pmt:—>apams[chan]
} _

elsa {
printf (™\nsck-2d ",analog 2 'a'
printf ("3$-32.32s ",ppntr->name)

if (analog) {
: printf ("85. 1f%% ",pmtr—>delta trig} ;

f:pxtr | = ‘&ppntt-‘->epar;ms{chan] ;

"

‘e' , chan) ;

-

else { » ' 7 .
prmtf (* 8¢ ‘,ppntr->lead trig ? '1' : =,
' ppntr->tra11 tng et =)

}

/e . |
* rmsval - take data from channel and return ms value
* - in fraction of full scale

/0 o

float
rmsval (chan)
{ ' ‘
register int count ;.
register int *dmtr ;
float sqrt () ;
flcat fsum ;
float fval ;

getdata (chan, }'MSNIM) ;-

fsum = 9 ;

count = RMSNW
dmtr = adbuf ;
do { S
- fval = *dmtre+ ;

) . fsum =+ fval * fval 3
} vhile (~—count) ;

‘ } ‘return (Sqtt (fsun /- mSPULL))

/o

* graphchan prmt graph of channel values, every patms thetainc degrees

‘ */ from theta = start to theta = limt . -
B

graphchan (start limit, scyc)
float start.; -

- float limit ;
|
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e

. register int i
register int j ;
‘register int fillcher ;
float interpolate () ; .
float fabs () ; '
float theta ; .
float volts ;-

$ - ifdef DEBUG
if (debugf) { -
i= (limit * scye) / 360.
i=9;
printf ("%d samples\n"
do {
if ((j&l?)ﬂﬂ) {
' | printf ("™\n") ;

_ printf ("45.2f *, adbuf[ j++] / 204.8) ;
} while {(j < i) ; , . .
, printf (™\n") ;
# endif '
if (pams.daflay == @) {
printf (* Time Signal\n (sec) (volts)") ;
fillchar = '=' ; ‘

}
else [ v
p:mtf { wavefonn on a’/a™ ;
darate () ; : '
' Dr1761->dt dbuf = g ; :
: Dr1'761->dt dbuf = 3 I DTDA 3 X
} rtsetup (pams.smpeyc * 2)

for (theta = start theta <= limit ; theta =+ pams.t-:hetainc) {
i = volts = interpolate (theta, scye) ;
if (pamms.daflag) { ,
, i =min (i, 83777) ;
1= max (i, -94008) ;
©ortwait () ;
, | DT1761->dt dbuf = i & DTMASK ;
else {
printf ("\n") H
~printf (“%7.4f ¥6.2f" ,t.heta*AbBLEZl‘IME,volts/ZM 3 ;
if (pams.gflag == g) { ‘
‘ continue
)
| 1=/ 64
: if (fabs (theta) < parms.t:hetainc) {
if (pams.daflag) { ' ‘
: ‘ UI'1751->dt dbuf = P}ZQGG | DTDA X

else {

- fillchér = et . o



‘}‘

VA
* interpolate -= return Y value between samples

*/

fleat
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" if (parms.daflag) {
y continue ;

cfor (3= -32; j <=32;
if (3 == 0) {

, printf (™*") ;
continue ;-

) {

}
if ((fillchar 1= ' ') && ((3 3 8) == 0)) B

Cprintf ("+") ;
: ,contlnue HE

}

if (F=10) {
printf ("1™
continue 7

1

if ((J<0) (5 < 1)

1 ({3 > i) && (fillchar = ' M) {
printf ("%c",f:.llchar) :

contmue :

. }
} ,
fillchar = ' ' ;
} —_ .
if (pamms.daflag) |
DT1761->dt dbuf = 8 ; ,
DT1751->dt_dbuf = § | DTDA X ;

. interpolate (argle, scyc)
float angle

{

- register float *kpntr

float sum, sigma, tau
float sin () ;
-register int i ;

-y

b1

float incpoint ;

ifdef DEBUG

if (debgf) { '
printf ( angle 3.7e

endif o
incpoint = 358. / scye ;o
‘'while (amgle > nextpomt) {
nextpoint =+ incpomt
- lastpoint =+ mcpomt
ipoint++ ;- _

© me wme -

-}
while (angle < lastpolnt) [

: .nextpdint '%.7e. :

lastpoint. t.7e\n" ,ar‘gle,nextpoint,l _aét*,
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- lastpoint =— mcpomt .
_ nextpoint =- mcpomt i
_ 1pomt-- HE. :
}
if {angle == next:pomt) {
" return {adbuf[1pomt+1]) :

}
if (angle == lastpaint) {

| - return (adbuf{ipoint}) ;
tau = (angle - lastpomt) / incpomt
s:lqma =1, - tau;
. sum =@ ;
¥ ifdef DEBUG
if (debugf) { ,
}, printf ("sigma 3.7e . tau %.7e\n" ,sigma, tau) ;

B endif - - :

- kpntr = scyc == 8 ? k480 : &k960 ;

i=29;

while (*kpm:r) [
sum =+ *kpntr++ * ((adbuf[ ipoint=-i] /{i+tau)) +

(adbuf(ipoint+l+i] /( i+sigma) )) ;

1++ 3

} _

return (( sum * sin ( PI. * tau )) / PI) ;
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#include <stdio.n>
#include <setjmp.h>
: #incluie "cpd.h"

/* '
* sttymode — select terminal type. output potts
*/ : S
sttymode () _
{ .
extern char palt ;
‘ register int mask ;
- register int i ;
int statel3) ;
.mask = @ ;
gtty (a9, state)
- i = statel2] ; ‘
-printf ("Currem: mode is: $spaper ", i&VIDEO? "- " ey,
printf (™ssprinter *, palt ? "%: "=") ;
printf (‘%speuse\nuew mede:\n", (1&TBBS)-=TABSZ" " “—"J. H
if (ask ("video teminal™}) { . .
mask =| VIDEO ;
S
palt = ask (“printer on") ;
if (ask ("pause mode“)} {
| "~ mask =| TABS2 ; .
state[2] = (i & "(TABSIVIDBO)) I mask ;
} stty (8, state) ;
Wi : .
- * save -~ save current parameters
*/ : : .
- save () | 7
: gtty (8, parms.tstate) ;
- if (x_write (@, PARMSBLOCK, &parms, sizeof parms) >= @) {
' printf ("Paraneters saved on disk\n") ;
_ }
}
o
- * restore -~ restore current parameters-
i’/ 7
g rest'.ore () o

register int i
register int *ipntr ;
: reglster int *omtr ;

if (rx_ read (s. qusamcx adbuf sizeof. pams) € m {
. return AR

} C o

i= ipnt‘r_'-- adbuf
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opntr = gpams ; . '
if ({i->pre_fault < 1} 14 (i->pre fault > 208y 11 (i->post fault < 1)
B (i—-)post fault > 20¢0) 1| (1->theta1nc < 3.1) |1 (i~->thetainc > 64)) . {
perr ("Bad data on dlsk. Parameters not changed") _
. return kL L
}
opntr = &omtr—)dsnane{ﬂl 7
ipntr = sipntr->dsname{d) ;
while (opntr <= &panus.daflag) i
} C o *opntr++ = *ipntréy ;-

' stty (8, parms.tstate) ; -
printf ("Parameters restored from disk\n") ;

}

/* o ’ N :
* glob -~ top level global command
*/ ‘ o : )

glob ()

i | : _
extem struct and glotmen[]

nshell (&globmen) ;
}

o ' . _ |
* axglob -- examine level global command
*/ :

exglob ()

{ : - : '
extern struct cmd globmen(] ;

nshell (&globmen{3]) ;
} .

J% ‘ _ .
* reclbl — set recording label
*/ | '
- reclbl ().

{

- char string[wl

prmtf ("Current recordmg label: \"%s\"\nf:nter new recording label: "
parms.dsname) ; ,

if (readf ("332s”,string) >= 9) { : o
strncpy (parms.ds\ane, string, 32) ; . - ‘ - |

* preflt -- set prefault recording time
*/ S ,
preflt ()
{

- mt 1val

printf. {"G.u:rent prefault recording time 3d. cycles\nmter new ptefault recording
. 1f{(readf("%d" ,&ival))@)&&(ival > ﬁ)&&(zval <= maxprefault)) {.
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parms.pté_fault"a ival ; -

* postflt — set postfault recording time
*/ S
| l{aostflt {)
int ival ; _ _ |
printf ("Current postfault recording time 3d cycles\nEnter new post_:faul‘t record:
L£((readf("3d" ,aival) >d) s&(ival > 0)s&(ival <= MAXPOSTFAULT) ) {
: parms.post fault = ival
} .
} ‘
/* , ‘
* wavedsp — set waveform display format
‘wavedsp ()
{
if (ask (™Display on termmal")) {
- pamms.daflag = @ ;
-1f (ask ("Graph. fault waveforms®)) { .
pams.gflag = 1 ;
} : .
else { |
. - parms.gflag =
3
" else { :
pams.daflag = 1 ;
} ‘ :
}
e :
* absinc -— set waveform dzsplay abscissa mcrenent
*/
?bsmc (§]
f.loat fval ;
printf (“Current: abscxssa increment %.2f degrees *, parmsathetainp)- :
if (parms.daflag) { : , :
o darate () ;
| 3 ' .
printf ('\nEnter new abscissa increment (degrees) (ﬂ 5to 58) : V) i
if ((readf ("sf",&fval) > 8) && (fval >z 0.5) && (fval <= sa)) {
- parms thetainc = fval
}
if (parms.daflag) {
.- darate ()} ;
- : - .
} - opeinef (M) 5 -
/*

* darate: — print d/‘a output - rate as_Seco:ﬂs per second .
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*/
darate ()

| printf (*(3.2f seconds per second)",720. / parms.thetainc) ;
Wil . . ,
* 1s —- list current parameters
- 1s (arg ,ondpntr)
- struct c:md_ *ondpntr ;

, 1sl (&pams, -1, audpntr) ;

/*
% 1sf — list parameters for just one fault
*/ ‘
1sf (arg,ondpntr) -
struct omd *cndpntr
{

}
/*

* 1sl - list parameters
* - arguments are:

1sl (&entry, fnumber, cmdpntr) ;

-a - list analog channel parameters
~-g - list event channel parameters
-f - list faults
-g - list global parameters
-t - print current time ' o
- if no argunent is.entered '-gf' is defaulted to.’
*/ . C
1sl (directory, afnum, andpntr) L
struct direct *directory ;
. {strutt ond *andpntr ;
extern int argc ;.
extern char *argvi]
extern char *flthed
register char *cmtr
register int i ;
- register struct direct *dentry ;
int free ;.
int fnun

-y We

~

if (argc > 2) i o
puse (cmdpntr) H
- return ;. .
} g
if (argo=1) { . .
- argv(l) = ""Qf" P

cpntr = argv(l] ; '
llf ((*cmtr-l—l- 1= ! ') II (*cmtr== '\G )) {
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puse (c:ndpntr) ;.

return;- T, .
} 7 | _ _
dentry = directory ;
for (;;) {

fnum = afnum ; .
switch (*cpntr-H- & 537'7) i
default : ‘

puse (an_dpntr) :
return ;

case '\g' : .
return

-8

case ‘a' :
‘ for (i

}

break ;

8 ; i < dentry->nchan ; i++) {
ppams i, i, dentry) I

case ‘e’ : , |
for (i = ¢ ; i <= maxechan ; i++) {
ppams (4, i, dentry) ;
b

" break ;

case 'f' :
printf (&flthed)
Aif (frum < @) {
- fnumn=0@ ;

free = NBLOCKS ; -
for (i = DIRECTORY ; 1 ; i =+ DBLOCKS) {
if ((ex_ reacl (8, i, sentry, '

- sizeof entry) < a) I
{entry.last_block == 2)) f{
break ;

}
if (entry.last_block < a) {
, -} o continue;-r

. free =- entry.last _block - entry.first bloc:k
‘ }‘ 1sfault (fnumH+) ; '

: Pfintf ("Fbcm for %d cycles\nﬂ,fgee) ;o
llse{ - ‘ ‘ o
1sfault (fnun) ;"
t}x’eak H
-~ case 'g' :

1f(afnum<ﬁ){ o :
printf. (“\nRecording Label: \"%s\"\n dentry—)dmane) :
~printf ("$3d Prefault Cycles\nt3d Postfault Cycles\n .

o dentry->pre fault, dentry->post_fault) ; :
ptintf("%d Hz Sanplmg Frequency\n%d Analog Channels\n
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_ ,dentry->rate dmtry—)ncban) ; T
prmtf ("$s clock\n" dentry-)ext clock?"External”
"Inr.emal")
-
if (parms Jdaflag) { ‘
‘ prmtf ("Output on d/a’ s") ;3

_}__
else { -

printf ("Table withis graph" :
_ pamms.gflag ? "7 : "out" ) ;
} _

printf (" in 3.2f degree steps”, parms tbetamc} ;
if (parms.daflag) {

- darate () ;.
}

. printf (™\n") ;
break ;

R A
timel (1)
break ;

}

printf (*\n"}

e

)

/*
* mfault -~ remove faults from directory
*/
mmfault (arg, cmdpntr)
struct cmd *ondpntr ;
» :

extern int argc ;
extern char *argv(}
extern noints () ;
extern reset () ;
register int i ;
register int eflag ;
register int rdblock ;
int fnum. ; .
int faults(20) ;
int *ipntr ;

char **cpntr ;

int nremove ;

.

eflag = ¢ ;
do { .
: © 7 attach (INTERRUPT, &mn’lts, 8) ;
if (argc < 2) { : S
‘ eflag-H- :
break ;

1f (stremp ("*", argvil]} == @) {
_ clear () L
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B '
ipntr = fal.q ;
- cpatr = &a [1]
. printf ("m l\; :
nremove = Qt-gc -1 ;
_'_for (i= ﬂtgnwe; i i--1{-
- (**cmtr '= £y {

-

‘}‘ eflag++ ;
’ tr = lgl : . '
_1f (_scanargs {"id", cptr, &Ll:ntt) 1= 1) {
) eflag++ ;
if (*imtr <! -
| - eflag++ ;
CREr++ ; - )
_pﬂntf (" fag”", *i;ntrH-) H
(efla;) {
. } goto out ;
) ‘
if (ask ("% == 9) {
} break ;
: *ipntr = —2
$ = ifdef ERUS '
: if (debugﬂ {

for {i =9 , ((i< 20) && (faults[i] i= -2)) i++) {
: printf ("%d » faults[i]) ;

printf ("\n") ;

# endif
fnum = 8 ;
i= ntemave : '

. for (rdblock = DIREC'I‘WY 3 ( i) && (rdblock < NB!'.OCKS) ; rdblock =+ DBLO
¥ i.fdef DEBUG _ ‘ ‘
if (debugf) {f -
}
¥ endif

printf ("fnun ¥ 1 %d\n"‘.fnuu, B

if (rx read (@, rdblock, &ent:y,
' (BLK_NUM_SIZE)) < 9) {

" i=9;
: break ;
} o _
if (entry last block == l) {
break ;
P
if (entry last block < G) {
‘continue ; -
U}

"for (ipntr. = faults 3 *1pnr.r 1= =2 ; ipntr++) [
S if (*ipntr == fnum) { -
entry.last block = -1 H
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1£ (rx write (ﬁ, rdblock, &entry,
(BLK_NUM sxzz)) < ﬁ) {

i=7 :
- break :
-}
‘*ipntr = -l
fo ;
break
- }
S
} fumet ;
} hhile (9) ;
out ¢ . :
if (i) f '
- perr ( “Bad fault mmber")
|
if (eﬂag).{ :
} puse (omdpntr) ; _
| : attach {INTERRUPT, sreset, &) ;
/* '
* puse —— print command usage
*/

puse (acmdpntr)
struct ond *acndpntr

{ |

register struct and *andpntr ;

cmdpntr = acmdpntr | '
} printf (“Usage: %s §s\n",cmdpntr->and name,cndpntr->and_options) ;
/*
* clear all d1rectory space
*/
clear ()

register int *ipntr ;

register int track ; 7

if (ask ("Are you sure yon.'l'want to clear the entire directory*)) 7{ ‘

for (ipntr = adbuf ; ipntr < adbuf+(26 * 256 / 2) ; ) {
*ipatrd+ = 2 ; o : o
} | S S |
for (track = DTRACK ; track < NTRACKS ; track++) {
- rx write (@, track * 26, adbuf, 26 * 256) ;
, } _

} .
#ifdef DEBUG .
.

* turn debugging flag on/off
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: ?ebug 0 o , |
' printf ("debugf changed to %d\n debugf =" 1) ;
} . . .
/o
- % dump out a disk block
*/
'-c{iunp ()
char *dnve, *track *sector
register int i ;
register int *1pntr :
do { .
printf (“drive track sector:") ;
if (inputf ("3dickd",adrive, &track, &sector) < ) {
- return ; _
} |
} while ((drive > 1) || (track > 76) || (sector < 1) | (sector > 26});
if (rx_read (drive, track * 26 + sector - 1, adbuf, 256) < 9) { '
} return ;
i=g;
for (1[:‘1!:1‘ = adbuf ; ipntr < adbuf + 129 ; ipatre+) {
printf ("$8o% *imtr) :
if (—i == 9) {
printf ("\n") ;
i=8; _
}
}
}

$endif
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#include <stdio.h>
§include <setjmp.h>
#include "cgf.h* - -

/* .
. * recordfault -— record a single fault
*/ : :
recordfault ()
{ _
, egister struct dbuf *routofpntr
int track ;
register int sector ;
register char *message ;-
struct tdata prtime ;-

- routofpntr = outofpntr ;
. track = ftrack ;
" - sector = fsector ; '
message = "\3@7Recording\r\n"
“for (;;) {
if ((DL11->dl xcsr < @) && (*message)) {
DL11->dl xbuf = *messaget+ ;

}

Cif ((DL11->dl_rcsr < 9) & ((Dl..ll->dl rhuf & g177) == cmx)) {
status = 3 ;
return (-1)

-}
if (routofpntr->b forw == mto;nur) { /* disk has caught up */
& ifdef DEBUG

if (debugf) [ |
printf ('ca!.l;ht up\n") ;
}
3 endif
if (status & SAMPLING) {
‘continue ;
else { , |
break ;
y o } o o
if ((RX@2->rx_csr & RADONE) == 0) {-
continue ;

1 '
if (RX@92->rx_ esr < B) {
) ' 24 panic ()

,-Rxe2->rx ¢sr = HI_DENS | FILL BUFF | RXGO ;
“while {Rx&lzmrx csrlo >= ) ;
"RX@2->rx db = 128 ; -
. while (Rx32->rx c:srlo = 9) ;-
RX82->rx db = routofpntr->flt data ;
while ((RX82->rx_csr & RXDONE) == 0) ;
if (RX@2->rx _csr < ) { ,
. -} -~ rx_panic () ;

- RX§2->rx_csr = HI_DENS | UNIT_1 | WRITE_SECTOR | RGO ;
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*/
?_ebig 0 | | |
 printf ("debwf changed to td\n",debwyf =~ 1) ;

/t

* dunp out a disk. block
*/

?W\P 0

char *drive, *track, *sector ;
register int i ;

register int *ipntr ;

do { ‘ .

printf ("drive track sector:") ;

if (inputf ("3dydid”,sdrive, &track, &sector) < 8) {
return ;

} while ({drive > 1) {1 (track > 76) || (sector < 1} H (sector > 26)),
if {rx read (drive, track * 26 #+ sector ~ - 1, adbuf, 256) < 8) {
return ;

i=8; : '
for (ipntr = adbuf ; ipntr < adbuf + 128 ; ipntre+) {
- printf ("%80" Hipntr) ;
if (~~i== @) {

printf (\n") ;
i=8;

Yerdif
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#include <stdio.l>
$include <setjmp.h> .
dinclude "cg0.n® < -

/*
* recordfault — record a smgle Eault
*/
recordfault ()
- register struct dbuf *rout0fpntr
‘int track ;
register int sector ;
register char *message
struct tdata prtime ;

-e

routofpntr = outofpntr
track = fgrack ;
sector = fsector 2
message = "\ﬂamecording\r\n" ; ,
for (;:) { '
-~ if ((DL11->dl_xcsr < 9) && (*message)) .
DL11->d1 xbuf 2 *messagett ;

e

}

if ((DLll—)dl resr < 8) && ((DL1l->dl . rbuf & 917‘7) = CN‘I‘U(}) {
status = '
return {-1)

T
' if (routofmtr—>b forw == intopntr) { /* disk has caught up */

¥ ifdef DEBUG .

if (debugf) {

} printf (“cawght up\n®) ;
- endif '
if (status & SAMPLING) {

continue ;
} .

_else { - ,
bre'a_k :
}

-}
if ((Rx92->rx cst & R)DONE) == 9) {
cont.inue .

}-

if (RXBZ—)rx esr < ﬂ) {
' o4 pamc () ;
S

RXﬂZ-)rx csr = HI DENS I FILL BUFF | R)GO
. while (RX#2->rx csrlo »= 9) ;
RX@Z-)rx dbh = 128 ;
‘while (RXP2->rx cstlo >= ﬂ) o
RX@2->rx db = routofmtr—)ﬂt data r
while {(RX@2->rx: csr & mET = g) ;
if (RXB2->rx_csr < ﬂ) { ‘
| ~ rx_panic ()
|

RX@2->rx_cst = HI_DENS | UNIT 1. | WRITE_SECTOR | RXGO ;
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while (RX@2->rx csrlo >= 8) ;
RX#2->rx_db = sector o
while (Rxaz->rx csrlo >= 9) ;

_ RXFJZ-)rx db = track

ig (Hsector_> 26) {
' sector = 1 ;
£ (++track > 76) {
status =& “SAMPLING ;
‘ break ;
oy hah
} o -
routofpntr = routofpntr->b_forw ;
outofp\tt = routofmtr /* update outofpntr so overrun */
} o /* checking works */
parms.£irst_block = Eblock
parms.last | block = track * 26 + sector - 1
parms.post_- fault = nrecord - nleft ;
3 ifdef DEBUS
if (debugf) (-
;}xintf ("block &d to %d\n pamms.first block ,parms.last | block)

. endif
' printf ("%s&d cycles Recorded — ", message,
' pamms.last block-parms.first block) ;
unpack (&pamms.fault time, sprtime) ;
printf (*83d %20:8974:402d:$84d\n", prtime.c  day, prtime.c hr,
prtime.c_min, prtime.c_sec, sector = (prt:me.c ticks * 1p.416567)) ;
printf (“Room for %d more cycles\n" ,NBLOCKS-pamms.last biock) ;
return (rx write (8, dblock, &pams, sizeof pamms}) ;

}
/* - . .
* findfreeblock == set up pointers onto the disk
* .
findfreeblock () - '
{
register int iblock
register int oblock
register int nblocks ;

int ntrans ;. o
int sentmessage ; -

- we

dblock = DIRECTORY ;
fblock = @ ;
sentmessage = § ; _
for (;;) { . -
‘ if (rx_read (P, dblock, &entry, sacmasxzs) < 8) {
‘ retum (-1) ; _ o

} -

if (entry last block == 6) {

g break ; ‘
1}

if (entry.last block. ¢ @) {
1£ (squishdir() < o)y {
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L retu'rn {-1) ;.
' ] contmue ;
if (fblock 1= entry £irst_block) {
if (sentmessage == @) {
printf ("squishing data\n") ;
; sentmessageH
‘rblocks = entry, last bleck - entry. first block ;
‘iblock = entry.first | . block ;
oblock = fblock ;
while (nblocks) {
ntrans = nblocks>maxcycles?maxcycles:nblocks ;
‘nblocks == ntrans ;
if ((rx_read (1, iblock, adbuf, ntrans*smsns) < 8)
H (ex write (1, oblock, adbuf,. ntrans*sm'msrzs) < 0)
} return (-1) ;

oblock =+ ntrans ;

) iblock =+ ntrans ;

entry.first block = fblock ;

entry.last block = cblock ;
: x_write (@, dblock, &entry, SECTORSIZE) ;
fblock = entry.last block ; :
if ((dblock =+ DBLOCKS) >= NBLOCKS) {

" break ;
}
}

if (((fblock + parms.pre fault + 1) >= NBLOCKS) || (dblock >= Nawcm)} {
- printf ("\nexarswxes \PJ@IDISK FULL\FO7 *******\n") ;

return (-1} ;
} .
if (rx_write (1, fblock, &entry, 2) < 0) { /* position head */
return (-l) : - :
}
$§  ifdef DEBUG
if (debugf} {

printf ("dblock ' fblock: %d\n" dblOCk'fb-lOCk) ;
'}
§ endif =

frrack = fblock / 26 5
fsector = (fblock % 26) +1;
return (0) -

}

/*

* lsfault - list particulars of desired Eault
*/ ' S

1sfault (faultnun)

{ .
: struct bdata prtime ;
register int i ;



© Jan 15 20:12 1988 cld.c Page 4

if (entry. last _block <= 0) {

. return H
}o
E ifdef DEBUG . ,
: if (debugf) { '
printf {"%d %d 3d" ,dblock. enr.ry first block, entry.last: block)
} ‘ ‘
# endif

©unpack (&entry.fault time, &prtime) ;
pnntf {"s2d 344 %34 %3d %3d $3d 32d:382d:%024, %ﬂ4d .1 \"% 325\"\:‘1"

faultnum, entry.last | block—entry first block,entry.pre fault,
entry.post_fauit,
entry.rate,

_ prtime.c day, prtime.c hr, prtime c min, prtime.c sec,
i= (prtme.c ticks * 16.416567),

- entry.ext clock ?'e* 2 "I,
entry.dsname ) ;

-

/*

* milfault — remove fault
*/

{:mlfault ()

extern noints()
extern reset ()
char *i ;
register int npost ;
register int npreoff ;
register int npostoff ;

-~ e

npreoff = 9 ;

-npostoff = 0 ,

if (ask ("Remove Entire Fault™)) {
npostoff = entry.l.ast_block-l-l :

else [ ' ' -
printf ( Nunber of prefault cycles to remove (A to %d) 3,

: entry. pre_fault——l) H
1f (inputf ("%d",&i) < 8) {

, return. ;

if (1 < entry.pre fault} i
npreoff = i

) _

else {
. ’ perr ("Number out of range")
N return ; -

npost = entry.last block-entry.flrst block=-entry.pre fault
printf (*Number of postfault cycles tTo remove (a to ¥d) pw .’

npost-1) ; -
if {inputf ("%d",&i) <oy {
T return :;
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1f [i < npost) {
_npostoffs i

else [ - ‘ o '

perr ("Ntmber out: of range") ;

: return ; ‘

} S

} o \ -

attach (INTERRUPT, snoints, 9284) ;
entry.first block =+ npteoff :
entry.pre_ fault =- npreoff ;

‘ entry.last block =~ npostoff
entry.post_fault =- npostoff
if (entry.post_fault < 9) {
}. entry.post fault = @ ;

if (rx_write (@, dblock, &entry. s1zeof entry) < g) {
' r%_read {8, dblock, &entry, sizeof entry) ;
}

attach (INI‘ERRUPT, &reset, ﬂ)

e e

}

/*
* edfault - interactwely display and delete faults
*/
edfault (arg, cmdpntr)
{ ~struct cmd *cmdpntr

extern int argc ;

extern char *argv(] ;
extern char *flthed ;
extern struct cmd *edands ;
register char *i ;

char prompt{10) ;

if ((argc 1= 2) - (argv[],] @) =) |} (atqv[ll [1] == B)) {
 puse (ondpntr) ;
‘retuwrn.;

. _

arqv[n[ﬂ] '8’ ;

if (_IGetint (argv(l], &fnuuber, 10) <0y {

) printf (“Bad nuuber") :

dblwkﬂommY-DBlOCKS H
for (i =9 ; i <= fnunber ; ) {
' ' dblock =+ DBLOCKS ;
if ((rx read (8, dblock, &entry, sizeof:
Tentry) < @) 11 (entry. last _block == ﬁ)) {
perr ("Bad Fault Nunber")
: return :

}

if (entry 1ast block > 0) {
. e e

1

© printf (sflthed) ;
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| lsfault (Enunber) | |
sprintf (prompt, "\ned f%d>" fnumber)  ;

. while {(entry last | block >= ﬂ) && (shell (prompt, &edcmds, ) ;
b , ‘

>
*. sqmshdir - reorganize dlrectory
*/ : : ‘

?q!.ushdir {}

register int idbleck ; -
register int odblock ;
register int *ipntr ;
ifdef DEBUG '
int sdbflg ;
# endif

printf ("Sqmshxng directory\n") ;
$ ifdef DEBUG
‘ ~ if {debugf) {

printf ("dblock %4 fblock 3d entry.last block %d\n dblock,.fblock,
entry.last | block) :
}

3 endif |

for (ipm:r = adbuf ; ipntr < adbuf+ 128 ; ) {
. *imtridt = B

}

idb%ock = odblock = dblock ;
do
while (entry.last block < @) {
idblock =+ DBLOCKS ;
if (rx_read (9, idblock, &entry, sizeof entry) < 2) {
return (—1) ;
‘ } |
}

while (entry.last block > a) IS
. if (rx_write (9, odblock, &entry, sizeof entry) < ﬂ) {
' return (-1) ;
} ‘
idblock =+ DBLOCKS -
- odblock =+ DBLOCKS ;
if (rx_read (9, idblock, &entry, sizeof entry) < ﬂ) {
y return (-1) ;

. } while (entry.last_block) ;
$  ifdef DEBUG -
if {(dGebyyf) { ' :
} prmtf ("odblock %d\n" ,odb}.OCK) P

sdbflg = debugf
debugf = 9 ;
# endif ' _
while (odblock < NBLOCKS) { '
if (rx_write (9, odblocl«-i-, adbuf, sac‘roasrzz) <'0) {
: return (-1)

0\.
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s }
o)
' - 1fdef DEBUG
- debugf = sdbﬂg
#  endif .
}' return (@) ;
/*
* prfau‘xt - print oul: fault wavefoms '
*/ E ) )

prfault {arg, cndmtr)
{ struct cmd *condpntr

extern int argc ;
extern char *argv{]
register int *ipntr
register int *opntr
‘register int i ;
float interpolate () ;
int sampnum ;

‘float fval ;

float incval ;

int ival ;

int firsttime ;

int bit ;

int block ;

int nblocks ;

int ntrans ;

int count ;

int chan ;

char *begin ;

char ¢ ; :

struct tdata ftime ;
struct tdata prtime ;

. e us e

if ((arge 1= 2) |t (((c= argv[l]{ﬁ]) l= 'a') && (c 1= 'e'))) {
(dndmtr)
return P

) , _
if (rx_read (1, entry first | block + entry.pre fault, adbuf, 'SECTORSIZE) < ) {

return ;
} o ‘
- if ( *(adbuf + 133 - entry.nchan) < @) { R /* flag mrd of last sample in i
printf ("Bad Data -- Freeze flag not found\n") ;
retum : .

Y

sanpnum = l - (entry.smpcyc * (entry.pre fault + 1)) ;.

firsttime = 1 ;

argv{l] (@] = '9_' P

chan = -1 ;

chan = atoi (argv{ll) ; - : ‘

if (c == 'e') f o e
printf (™\n  Time elS el4 €13 el2 ell eld .ee eB el &6 €5
nblocks = entry.last block - entry.first block ; : o
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, block = entry.first_ block
unpack {&entry. fault ._time, &ftune)
~while (nblocks) {
ntrans = rblocks > maxcycles ? maxcycles : nblocks ;
nblocks == ntrans ;
if (rx_read (1, block, adbuf, ntrans * SECTORSIZE) < @) {
' } return ;

block =+ ntrans ; S

for (ipntr = adbuf ; ipntr < adbuf + (ntrans * 128) ; ipntr =+
if (firsttme} {

sampno = (ipntr{4] & "DIMASK) + 910009 ;

if ((ipntr(4] & "DTMASK) != (sampno =~ $1£249)) {
printf ("Non-consecutive sample\n”) ;
y return H
i= (ipntr(0] & 2176900) '
I ((ipntr(3] >> 4) & 37480)
P ((ipntr{i] >> 8) & 9358)
I ((ipntr{2] > 12) & 917) ;.
if ((i != lastdig) |{ (firsttime)) {
firsttime = @ ; |
fixtime (&ftime, &prtime, -
sampnum®* ( (entry.rate==950)21:2)) ;
printf ("%Bd $24:392d:%02d:%944d “,
prtlme c day,
prtime.c | hr,
prtime.c _min,
prtime.c. "sec,
 ival=prtime.c_ticks*10.41657) ;
for {bit = 9160908 ; bit ;
bit = (bit >> 1) & 977777} |
printf ("sc",
. bit& 1?'g' : 1Y) ;
if (bit t= 1) {
printf (" ") ;
}

}
printf (™\n") ;
}
. +Fsampnum ;
lastdig = i ;

}
return ;
}
1f {(chan < @) || (chan >= entry nchan)) {
: perr ("Bad Ct'lannel")
return ;
block = entry.last block - entry.first block
ppafms (1, chan, &entry) ' ‘ o
do L S
Cprintf ("™\nFirst Cycle Number - of cycles to display " ; o
| Cif (inputf ('%d%f',&begm,&fval) <8 [ _ L
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return ;

count = roundup {fval) ;

Cif ((fval > maxd1splay) B (fval < ¢.1)) [
count = =1 ;

}
} while ((begin >= block) 11 (begin + comt > block) || (cont <= a))
block = entry.first_block + begin ; .
if (begin 1= @) {
} block— ;

count =+ 2 ;
. opnty = adbuf ;

“do (
if (block == entry last block) {
: block— ;
A
1pntr = adend - 128
if (rx_read (1, block+t, ipntr, sms:zm < 2. {
return ;
} .
if ((£irsttime) &&V(begin == §)) {
‘ block== & .
) firsttime = 9 ;
i = entry.smpcye ;
do { . . '
: *opntr++ = (*(ipntr + chan) & DTMASK) - DTOFFSET ;
I ifdef DEBUG : e
' - if (debugf) { ‘ _
printf ("$d\n" ,*--opntr) ;
' omtr++ ;
} .
$ endif

ipntr =+ entry nchan ;
} while (=i) ;
} while (=—count) ;
~ ipoint = entry.smpcye ;
incval = 3608, / entry.snpcyc : ‘
lastpoint = incval - ((entry.pre_ fault - (i = begm) + 1) *. 36@ Y i
. nextpoint = lastpo int + incval ; , , -
fval = fval * 350 + lastpoint ; :
) graphchan (lastpoint, fval, entry.smpcye) ;

* fixtime - add signed offset to current time
*/ - . .
flxtme (frcm, to, offset)

struct tdata *from ;

struct tdata *to ;

register struct tdata *fpntr
register struct tdata *tpntr
regxster int i ; |

e Wy
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§ . ifdef DEBUG
if (debugf) {
- printf ("fixnme - offset %d tzcks\n p offset) H

L - endlf

tpntr->c_ticks = fpntr->c_ticks ;
tgtr->c_« day = fpntr->c day ;
tptr->c | " hr = fpntr->c_hr ;

~ tpntr->¢ min = fpntr->c | m:m ;
tpntr—->c sec = fpntr-)c sec ;-

tpntr->c tlcks = 1% 960 ;

i=/ 960 ;

tpntr->c_ sec =+ i; -

if (tpntr->c_ ricks < ey {

- _ tmtr-)c ticks =+ 950
tpntr->c sec-- ;

-

if (tpntr->c_ ticks >= 969) {
tpntr->c_ticks =- 950
tpntr->c_secH ;

-

if (tpatr->c_sec < 0). {
tpntr->c_sec =+ 60
tmtr—)c > min—— ;

-

if (tpntr->c_sec >= 68) {
tpntr->c sec =~ 60 ;
tpntr-)c mint+ ;

~ if (tpntr->c_min < 9) {
' ' t;:ntr—)c min =+ 6@
tpntr->c | *hr—— ;

-

if (tpntr->c_min 5= 58y {
: t;ntr-?c min =- aﬂ
tpntr->¢_hre+ ;

e

if (tpl'!tr—>c;hr <o {
tentT->c_hr =+ 24 ;
: tpntr->c day— ;
if (tpntr->c_hr >= 24) {

tpntr-)c hr =~ 24
tmtr—)c day++
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. /*
/*

/* debu;g ing flag

debug=- 2

/* Assembler support routmes for the Fault Data. Recorder

/™ noneunix instructibﬁs

rti = 2 T clc

- mtps = 196400 "~ clr

/* C routines accessed by this segment
.globl monitor, rteint, panic -

/* C variables accessed: by this segment -

.globl _adpntr, nbsamp, adend, _adbuf,_ lastpntr, dtrig, hnbsamp .
.globl leadmg, trailsiqg, 1astd1g, sammo,_ nrecord, nleft, reenter ‘
.9lobl “status, passno,_. achhan, adcounter,_smpblk, intopntT, outofpntr

.globl ~fltdet

/ adpntr
'/ nbsamp
/ aderd

/ adbuf

/ lastpntr
/ dtrig

/ hnbsamp
/ leadsig
/ trailsig:
/ lastdig
/ sampno

/ nrecord
/ nleft

~/ reenter
-/ status

~ / passno -
/ allchan
/ adcounter
/ smpblk

/ intopntr
../ outofpntr
-/ fltdet

'I-ll'-lllHlHIIHII.I'IIH

pointer into data buffer

number of bytes per sample

end of data buffer

data buffer '

pointer to data samples one. cycle back
delta trigger limits

vector of offsets into adbuf

fault condition when these bits go hi

fault condition when these bits go lo-
previous digital sample

sample number

nunber of disk blocks to record after fault clears
number of disk blocks left to record
flag indicaring overrun error

system status word

pass number :

all channels flag

another pass counter

nutber of samples per disk block "
pomter into adbuf

pointer out of adbuf

fault detection flag

/ analog to. digital converter parameters -
w4 BQRRDMIBTBESETUPF@OFFSEI’BINARY
/HICRERBITSMLBTA[NAYSBE 1's

- DTCSRLO = 177300
DTCSRHI = 177901
DITDBUF = 177032
DTWCNT

DTBADD

GO =1
DMA EN = 82

= 177926

= 177994 . .

~ ADCHECK = 040200
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~ / satellite clock parameters =
CIDCKCSR = 0174419

4 drll parallel line paraneters,
DRXBUF .= 8174402 '
DRRBUF = 9174404

/ actemal clock paraneters :
CLKCSR = 5174410
CLKRLO = 0174414
CLKRHI = 05174424

'/ dlvllj serial line clock paran’eters‘

DLXBUF = 9175526

/ offsets into directory structufe
EXT CLK = 4 .
TBUF = 212

/ other constants
SAMPLING = 91 : / status word bit
RECORDING = 02 / status word bit

/*********ﬁiﬂ******’**’*********”ﬂ**************N*****t*******ﬂ*m

/* _monitor -- read data, check for fault condition

/1\'
/*
monitor:
7* Initialization .

Af debuy
. mew $3777 ,*#SDTDBUF
Lendif
tst *$_reenter
beq 1f ‘
mov Serrmsy,~(sp)
Jjsr - pc,*$_panic
1l: o : .
inc *$_reenter
bit $SMPLING,*$ ‘status -
bnie ~1f :
cir *$_reenter.
e rti : o
1: ' o
mov n rsl-(sp)r'
- MoV rd4,-(sp)
mov  r3,~(sp)
mw - r2,-{sp)
mov rl,~(sp)
. mov 2,-{sp).
bit " SREIZCRDING,*S status
bne 1f .
mov . S_ctime,rp :
oV .$_parms¥l‘BUF,rl

/ timer.

/ overrun??
/ me, just continue

-/ yes, .print message '

/ put up flaq :
./ are we really tak:rg data?

/ yes, go read data
/ otherwise pull down flag

-/ and return

/ save the registers

/ record mg?

4 yes, don't charuge time ,
./ point r@. to current time -
-/ point rl to. fault time:
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/*
/*

mov
noy .
mow

add -

cmp
jhi
mov

mov
mnov

mov

elr
meps

Rov -

add

hi
mov

mov

- MoV

sub

bal |
/* Digital triggering routine '

nov

mov .

Xor

~ beq

mov

com -

com
bic

‘(rﬁ)+,(rl)+ '

(@), (11)+

(rd)+,(rl)+

- (rd),(r)

if
$fltmsg, -(SP}
P *$_panic .

*$ msaap,r:i

*$_adpntr 10

g,rl
mr"'(SP) -
*SDRRBUF.’(SP)
r3,

*$ " adend, o
1t

- *$_adbuf, 10

19, *SDTBADD
9,*$_adpntr

: 5!}.6. TESDTWONT

s

5

*$_lastpntr,rd
r3,r0 :
*S adend,tﬁ

CAET
*3 adbufprﬂ

0,*$ 1ast:pntr

- $170006,rd
- $2,*$_'_passnor

: (SP) 24"

*$_lastdig,r3
e, r3 :

3f

m,r2 . .

2

r3

13,0

$AII:!ECK,*_$DTCSRLO R

'/ get digital data
'/ get data from last sampli

 / yes, save a copy of data -
" ./ get complement of digital. data

/ copy time

/ see if dma went correctly

~/ if the same, we are o.K.

/ otherwise it is a calamity -

-/ this should actdally not be this

/ serious, but 1t is hard to recover
/ from. ‘
/ Actually given t.he time constramts
/ it is impossible to recover from

/ get number of bytes per sample -
/ get current a/d pomter :
/ save it in rl -

/ and on the stack

/ get digital data

/ add in number of bytes per sample
/ end of buffer?

/ no, skip ahead

/ yes, wrap aroux

/ set up a/d bus address.

/ save current pointer '

/ set up word count, always 16 channels
/ since the hardware is hard to set to
/ channel @ otherwise.

/ clear fault detection flag
/ and turn mterrupts back on

/ set up bit mask

/ update pass number

/ if >= 8, do analog trigger ‘ :
| " Parched.
€. Norum
RAvy.7/80 -

/ any bits changed?:
/ no, skip ahead -

/.set mask of bits that changed
/ mask for bits that went hi.




Jan 15 20:12 1980 Pt.s Page 4 -

bic 3,2

bit  *3 leadsig,rs |

- bne 9f

'/ mask for bits that went low.

/ did bit go hi?

stb (rl)+,r3-

: . / yes, go put up flag 1
bit *3 traxlszg.rz- : /did bitgolo - - A ,
- beq - Bf . / o, skip ahead o ‘
9: S S X S
. inc 5 / put wp flag ]l tine
: o * ' ~7 Save current digital state
mov  $1@,*S_passno / reset pass number
jbr - dqne y : / and go to done
/* .
/* Analog triggering routine
/* :
Ll: ‘ 7
‘ mov *$_passno,r2 / get pass number .
mov hnbsamp(r2),3 / get offset .
mov 3 _aerig,r2 / get pointer to tngger values
add . 3,10 / set pointers to offset - ‘
add 3, ' .
add "r3,r2.
tst *$_allchan / all channels?
beq do2b / no, do only half
mow (r8)+,r3 / get last sample
bis  r4,r3 / turn on top bits
sub {rl)+,r3 / subtract this cycles value
bpl 1f / if positive, skip '
_ neg r3 / get absolute value
1: .
cmp (r2)+,r3 / check difference agamst setpoint
adc 5 / set flag if difference is too large -
mov - (r@)+,r3 . / get last sample
‘bis r4,r3 / turn on top bits .
sub ' {rl)+,r3 / subtract this cycles value
bpl - 1f -/ if positive, skip.
neg 3. -/ get absplute value
1: ‘ ‘ B
cmp (r2)+,r3 / check difference agamst setpomt o
ade S "~ ./ set flag if Qifference is too large
dozb: : o |
mov - (rd)+,r3 / get last sample
bis . -r4,r3 ./ turn on top bits -
. sub (rl)+,r3 - / subtract this cycles value
" bpl 1f . / if positive, skip
neg = r3 / get absolute value
1: . S ' : '
' cemp - (r2)+,r3 / check difference against setpomt
ade . IS L / set flag if dlfference is too large -
- r{sw ' '_(rﬂ)+‘,r3 / get last sample’ .
~bis . r4,r3 / turn. on top bits

/ subtract this cycleé value

lrmeove
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bpl  1f - - . -/ if positive, skip

e

neg 3 -/ get absolute value
1: S .
omp - (r2)+, r3 T / check difference agamst setpoint
adc ' 5 , : o / set flag if difference is too large
done: | | | '
pr _ o e
/* Pack digital data in with analog data .
/* o : : .
mov (sp)+,08  / get digital data
 com r4 B -/ switch bit mask around '
. mov - (sp)+,rd ‘ ./ point rl to current data samples
mov e,r2. o / copy digital data
bic rd,r2 R / mask for hi bits
bic r2 (el}+ - ./ stuff in 4 bits :
swab - -/ switch around digit:al data
mov. - - rﬂ r2 ' / copy it again :
- bic rd,r2 g / mask for 4 bits
bic r2,{l)+ / stuff in 4 bits
asl. o ,. / shift digital data up -
asl 9 : ' _
asl 9
asl o' o ‘
mow ,r2 : . ./ copy it again
bic =~ r4,r2 - / mask for 4 bits
bic . 2, (rl}+ S ' - .
swab.. 19 : / get last 4 bits
bic rd,rd ' / mask for them _
bic = . g, ()+ ‘ / ard stuff them in
. /* Update sauple nunber
/*
add Sﬂlﬂﬂeﬂ *S sanmo -/ increment sample number
“bic - * san{:no (r1)+ ./ stuff in sample number
/- | B |

/* Take appropriate action on fault condit:ion

ada - r5,% fltdet -~/ remember if fault was detected

dec *$ adcomter - "/ decrement pass count
bne 9f - B / 1f not-zero, just return
mov - *$ snpblk *$ adcounter / reset ‘pass comter |

mov . * 'i'ntomtr *3 _intopntr / update into pointer
cmp *3 _intopntr, *S _outofpntr/ check for overrun
. bne - £ - .
- mov - $dermsg,-(sp) .- / report overrun
- jsr - pc,*s_pamc B

 bit $REcoaan,*$ status -/ are we recording? .
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beq

tst

beq

mov

. br

dec
bgt
bic
br

tst.
bne

- mov
br

bis

bic -

mov

clr

9:
/*

/*
mov

mov -

mov

mov
nov

.if debug

mov

endif o
: - *§_reenter

- elr
rti

'lf

,Sf

*3 fltdet
6

*S nrecord %S nleft_,

7f

| *$_nleft

9f

$SMPLIM§,*$ Status e
- 9f

*S_ fltdet'

9f

| SRECCRDING,*$_status

$190096, (rl)

*$_nrecord ,*$_nleft -

*$_fltdet

'/* Restore registers and return

{sp)+,c0
{sp)+,rl
{sp)+,r2
(sp)+,t3
(sp)+,r4
(sp)+,r5

$0,*SDIDBYF

ermsy: <overrun error\@>
fltmsg: <a/d converter failure\ﬂ) ‘

" dermsg:
even |

<disk overrm\ﬂ>

/ no, skip ahead

/ fault in this block‘-' :

-/ no, skip ahead -

'/ reset number of blocks left .

/ and skip ah#:d

'/ decrement blocks left to record .

/ if not done, returh

-/ otherwise turn off samphng

/ and return

/ fault in this block?

-/ yes, 9o freeze time, etc

* outofmt.r *$ _outofpntr/ otherwise update out of pointer
: _ / and return

/ start recording
/ mark sample

-/ set up minimum nunber of blocks
/ clear flag

 / pull down flag
| / and return :

/*_**f*'kﬂ*******t.******j*-*****t******"t*_******“*******ﬁ**'-k******i*tt**-** .

/*

~ /* Put status word on digital outp.rt

rtcint.
clr

add

*snmaus' :
$1,%$_ctime+s

/* _rtcint — real tirﬂe‘clock interrupt service routine

/* If status word indictates that sampll.ng is in progress, start a/d
/* converter. : _

'/ reprime clock -
-/ increment offset
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~ade  *S_ctimerd
" dec. *$_ticks
bne @ 8f
. mov

mov *#$™ _iticks,*$ ticks
dec *$ rtticks
bit ‘SSKHPLING,*S status
"beq . 1f
bisb = S$DMA_EN,*SDICSRLO
tst . *$ _panns+£:x1' CLK
beq 9f .
tsth *SCLKCSR
bpl-  9f N
mov - ,-(sp)
- mov $ ctime,rd ‘
mov *SCLKRHI, { 19)+ o
- mov - *SCLKRLO, (@)+
clr  (r@)+ -
clr (0)

mov (sp)+,rB 3

rei

/ C routine unpack

/ unpack (frcli\,_ o)

/ struet tbuf *from ;
/ struct tdata *to ;
/ convert raw time i.n fram to cooked time in to

-globl _unpack
mpack-

jsr £5,*Scsv
mov’ 4(r5) ,r2
mov 5(r5),r4
mov (r2)+,c0

- mov . (r2)+,rl
mov - rl,r3
bic-  $n17,r3
mov 3, {spy
ashc . $-4,r8
mov rl,e3

- bie $!_7':f3
‘mul - $10.,13
add . (sp) ;X3
movb - 3, (rd)+
‘aSh-c 3-3.!‘9

o omevw . -rl,.rd

Cbic - $117,r3
mov - r3,{sp)
ashc $-4,rd
mov ~ rl,r3

" bic 817,13
mul

731@.,r3

*S statl’s'*smui‘ °

'/ decrement tick count

/ go return if not ready
/ send status word

'/ reset tick count - _
'/ for real-time routines.

/ sampling?

./ mo, just skip ahead -
/ yes, start up a/d

/ external clock? -

/ no, go return -

/ external time ready?
/ no, go return

/ save r@

-/ point @ to current time

/ get base time
/ ¢lear offset

/ restore rd

/ and return

'/ save registers
/. point r2 to 'from'

/ point r4 to 'to' .
/ get base time
/ lo order word too

-/ get lo word -

/ mask for seconds
/ save unit seconds

/ get 18's seconds to lo bits :

/ get lo word
/ mask for 1¢'s seconds

-/ 18's

/ save seconds _
/ get minutes to lo order bits -
/ get Yo word ‘

./ mask for minutes-

/ save unit minutes

-/ get 10's minutes to lobxts R
"/ get lo word K -
./ mask for 10's minutes S

/ 18' s :
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add

movb: 3, (rd)+
ashc $=3,10

mov - - rl,r3

bic  $117,r3
mov  r3,(sp) -
ashc $-4,r9

mov . rl,r3

bic - $13,r3 ,

- add - - (sp),r3
mov r3,(rd)+
ashc $-2,r0
mov. - rl,r3

. bic $117,3
mov £3,(sp)
mov  rl,r3
bic - $117,r3 .
mul $14.,r3
add  r3,(sp
ashc $-4,r8
bic $13,e1
add (sp) ,rl
oV rl, (xd}+

, / convert offset and add it in

: mov (£2)+,r0
mov {r2) ,r1
mov_ l’l,"(_SP)
mov 9 ,-(sp}
jsr pc,*S  lurem
mov 8, (d)+ _
Jsr pe S ludiv

- mov (sp)+,(sp)+
- mov rl,~{sp)
mov’  r@,-(sp) ‘

© Jjsr pc.*$ - lurem -
movb - 8, (rd)+ .

- Jsr pe S ludiv
mov (sp)+, (sp)+
‘mov $640.,{sp) _
mov - rl,-(sp)

. mov M,~(sp) .- -

- jsr pe,*s  lurem
movb - @, {rAy+
jsr pc,*s Ldiv.
mov (sp)+, (: (spy+
-mov o $24.,(sp)
mov- . rl,-{sp)

- omov . d,-(sp) .
jsr  pc,*$ . lurem -

Smov 19, (dd)+
jsr.

po,*S_ladiv

/
-/ 1@'s
/

/ save mmutes :

/ get hours to lo <'>'rder blts

/ get lo word
/ mask for hours
/ save unit hours

/ get 18's hours to lo bits |

/ get lo word .
mask for 18's hours

save hours
/ get days
/ get lo word

-/ save unit days
/ get 18's days in lo blts

/ get 18's days

- / mask for bits

/ get offset

/ ticks per .secord |
/ offset

/ get remainder

/ save ticks

/ get. quotient

/ clean up stack -
/- secords per minute
/ offset ‘

/ get remaimler
/ save seconds

/ get quotient

/ clean up stack ,
/ minutes per hour

-/ offset

-/ get remainder |

/ save minutes

-/ get quotient
+ / clean up stack
-/ hours per day

/. offset

/ get remainder

" /.save hours
-/ get quotient"
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mow . {sp)+,{sp)+ -
_ mov ,(rd)
/ 2dd base time to offset
C omov - 5{(r5),r@
mov . r@d,rl
movb - (rd)+,r2
- movb . (rl),r3
add r3,r2 :
movh . 2,(rl)+
movb  (rf)+,r2
movb (rl) ,r3
add 3,12
movb | r2,(l)+
movb {(rD)+,r2
movb  (rl),c3

add 3,2

movb  r2,(rl)+ .

inc bai) :

inc rl

add (r@)+, (r1)+
/ ‘'carry’ : .

tst {(B)+

cmlb $6. "(m)*"

bhi 1f

movb - =(x@),r2
sub- $60.,1r2
movb 2, {d)+
inch (@)

cmpb  $66.,(rd)+
bhi 1f

movb ~-{rg) ,r2
sub $60.,r2
movb r2,(@)+
inch (rd)

cnpb  $24.,{r@)+
bhi 1f ,
novb -(B),r2.
sub $24.,12
movb - r2,(rd}+
inc ¢’

inc. . (@)

. imp *$eret

-/ point rd to base time

| | ’a.,.:..'u. line .
/ clean up stack

/ save days <— mov el Cr4)

Pach-ia(

' E Nﬂrum
/ ‘point rl to offset seconds .
/ get base seconds : Av,‘ 7 /80
/ get offset seconds -
/ aid them together
/ save them

| -/ get base minutes -
-/ get offset minutes
'/ add them together

/ save them .

/ get base hours -

/ get offset hours

/ add them together

/ save them '

/ skip over hole in: structure

/ add' days together .

/ skip past ticks

/ carry over to minute?
/ no, skip

/ get seconds

/ take out one minute .
/ put seconds back

/ and bump minutes

/ carry over to hour?

/ carty over to day
/ mo, skip .
/ get hours -

-/ take out oneday

/ put hours back
/ skip over hole

/ and bump.days

-/ and return
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;5//////////////////////////////////////////////////////////////////////Z.: '
Z R RXB2 BOOTSTRAP - -~ - - . - %
////////////////////////////////////////////////////////////////////////// |

| ////////////////////////////////////////////////////////////////////////// S
// Note: This bootstrap must be stored on. track 1 sector 1 and track 1 -
/7 sector 3

//////////////////////////////////////////////////////////////////////////‘

////////////////////////////////////////////////////////////////////////// |
// CONSTANTS ‘

RXCSR = 9177170
RXDBUF = 8177172

/ RX@2 Commend Status Registec
/ RX@2 Data Register

RXG2_MD = 04008
HI_DENS = 0400
RX_DONE = 940
EMPTY = 02
READ =06
GO = g1
INIT_DONE = 84

STRACK * = 1
" SSECTOR = 5

MAGIC = 0407

/ RX92 indication

/ Hi density (256 bytes per sector)
/ Controller ready for command

/ Bapty buffer

/ Read sector

/ Start Command

/ Initialize done flag

/ Track where system starts

-/ Sector where System starts

/ Header magic number

FSECTOR = 1. . / First sector on track
LSECTOR = 26. . / Last sector on track
SECSIZW = 128. / 128 words per sector

BR7 = (340 / Processor priority level 7

7 //////////////////////////////////////////////////////////////////////////

//////////////////////////////////////////////////////////////////////////
// ERROR TERMINATION :

// 1f some error occurs during bootmg, ‘the processor will halt,
// An error code will be left in register 4. -

// The error codes and their meanings are:

~ // 8. Disk system is not configured as RXB2

// 1, First word of system is not MAGIC.

. /7 2. Timeout occurred while han:ing to- trahsfer paraneter to disk controller ‘
// 3. Disk error occurred

// 4. System on disk_is too big to fit in memory
//////////////////////////////////////////////////////////////////////////

//////////////////////////////////////////////////////////////////////////
g/lwm UNIX ins*mmrxons :
alt =- 0 c {od

nop = 9248 "~ clc¢ - ' " | '
) ////////////////////////////////////////////////////////////////////////// -

| //////////////////////////////////////////////////////////////////////////
// start off routine = S |

// 8l. 8ize and clear memory - -
// 2. Copy program to high memory -
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/7 3. Start program in high membry

. =BT,

trapd:

" nop
br

trapd ;

mov
mov

clr
br

sub
mov
mew .
mov
sub
sub
asr
mov

mov
sob

clr

£
BR7

$1820,sp

(rg)+

1b

$6,10

2,sp
$main,rl

'$1000,12
. 8774,x8
.orl,r2

r2 i

rd,r4

(rX)+, (@) +
r2,lb

{sp)
(r4)

' / start of memory
/ no operation (DSD-44¢ Bootstrap. needs to

/ see this as first instruction of program
/ branch over trap vector

/ ‘Bus timeout trap vector

'/ initialize stack pointer

/ clear memory
/ and loop

/ come here when out of RAM
/ get pointer back to ram.
/ set up stack

-/ pointer to program

/ word counter

/ set pointer to relocate progran
/ set word counter |

/ remember where program started |
/ copy program up |

/ set 'return address’
/ and start program

//////////////////////////////////////////////////////////////////////////.

LIEIZEIIIIZIZ LTI ELLILTITIIEILL L1111 2070100477 101171771111777777777777717
// Actual bootstrap program, position independent code.

4

// 19
/7 1l
/2
/7 3
// 4
/75

- main:

// Régister Assignments

— Word counter
- Bus address
- Number of bytes to transfer for this sector
- current sector .
- current track

— timer

bit
bne
clr
halt

S omov

Coelr

mov
jsr
cmp

ol

" $MAGIC,*S@

SRXF2_MD,*$SRXCSR - / is. disk configured correctly’

1f - -/ yes, skip ahead :

< I / otherwise set error code -

C / and halt

$STRACK,rd / start of system

$SSECTOR, 3 ' A ‘

SSECSIZW,r2 = /. read first block
-/ into location 2

- pe,rx reada . o : e

-/ is first word the magic number.
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mov
halt

- add

mov
halt .

cmp
blo
ror

copydn: -

inc

bhis

inc
nov
mov

anp
" blo

| 1:
- sub -

jsr
add E

beq  1f

mov -

$1,r0

*52,10

*54,(9 o
1f

sa,r@

$17,r5
$28,c2

(£2)+, (c1)+
9

 loop

;5 scopydn

rd
1f

e

r3
$LSECTOR, 3
1f

r4

$1,r3

$SECSIZW, 2
x2,rd '
1f

w,r2

r2,r9 ‘- _
pe,rx_read

_/no,

/ yes, skip- ahead -
/ otherwise set error code
/ and halt .

_,'/ set up counter

/ if no overf'low,; skip ahead

/ otherwise set error code
/ and halt

-/ will system overwcite this section?

/ yes, go report error :
/ set word count (note, carry must be
/ clear or previous branch would have been

~ / taken)

/ loop counter
/ pointer

/ copy word down

/ decrement word count

/ if done, skip ahead

/ otherwise decrement count and repeat

/ any bytes to transfer?
/ yes, transfer them
‘return’ (start booted system)

/ increment current sector

/ last sector on track?

/ no, just continue

/ otherwise increment current track
/ reset sector count

/ number of words to transfer
/less than one sector left?

./ yes, transfer entire sector 7
/ otherwise just transfer remaining portion

/ decrement counter
/ read the sector '

$SECSTZW * 2,rl / update bus address

loop

/ and start the loop again -

7 //////////////////////////////////////////////////////////////////////////- |

-~ // r%_read — read sector

, ////////////////////////////////////////////////////////////////////////// :

rx_read:
jsr

o TX_ reada:
nov -

jsr
mov
jsr
mov

pe.rx wait

./ vait for completion

ssx_oms.l‘-‘am | GO, *SRXCSR - / send read command

. PC.tX_pwait

r3, *SRXDBUF

pc,rx_pwait
- t4,*$SRXDBUF

./ vait for transfer request flag
/- send sector number

-/ wait for transfer request flag

/ send track nunber
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jsr pc,rx_wait / wait for campletion

mov SHI_DENS | EMPTY | GO, *SRXCSR / send empty buffer command -
jsr pc,rx__pwait -/ wait for transfer request flag

mov r2 ,*$RXDBUF / send word count

jsr pc,rx pwait / wait for transfer request flag

mov £l , *SRXDBUF / send bus address
jsr pc,rx wait ./ wait for completion
rts / then return

//////////////////////////////////////////////////////////////////////////

Yerddriiiddiinriaairiuiiiiiiaiiiiiiiiiis
// r%x_wait -~ wait for completion of command, check error status

rx _wait:

1:
bit SRX_DWE,*SRXCSR -/ done flag set?
beq ib / no, just wait
tst ©  *3RXCSR / error bit set?
bpl 1f / no, skip ahead

7 , .
mov $3,rd  / otherwise set error code
halt ~ / and halt

bit $INIT_DONE,*$RXDBUF / power fail?
bne 7b / yes, go report error
/ otherwise return
//////////////////////////////////////////////////////////////////////////

gl
// % _pwait - wait for transfer request flag

rx_pwait: _ :
mov $30000.,r5 ~ / set up timeout check
1: _ :
dec 5 / decrement timer
bne 2f -/ not timed out, skip.
mov $2,r9 ./ otherwise set error code
' halt / and halt
2: o
tstb  *SRXCSR - / flag up?
bpl }.b , / no, loop

/ otherwise return
//////////////////////////////////////////////////////////////////////////
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8748 Program Listing
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‘8748 satellite clock interface

W. Eric Norum .
Unwersity of- Saskatchewan

This progran allows the 8‘748 to be used as the interface between a
- satellite controlled clock, and an LSI-ll.

The internal timer is used to create 486 microsecond °'ticks' which are
counted and passed to the LSI-l1l on demand. The base time is set by
the satellite clock if present, or by the LSI-11 itself.

RhRddeddhihhtRhhihdihhihkiihdRhddhhihdhhiidhhidhidhiidihrtidikdihdy

Fo
Fl
.
™

INT

RD
WR

BUS
Pl
P29-2
P23

P24-6
P27

rﬂ .
1
r2.
r3
rd
S
4/ A
rl’
2!

LI I I

-

8748 Resource Allocation

not used '
flag ind:.cat:.ng that 'cold storage' is full

flag indicating that the LSI-11 is not _ready to recieve data
flag indicating that base time data is present and readable

interrupt request input....indicates that base time data in
the 'waming oven' is accurate and should become
the current time

-strobe output to clear T1 flag

strobe output to set LSI-l1l data ready flag

time data to LSI-11 -

set time data from clock {(or from LSI-11)

time data identity to LSI-1l _

flag indlcating that the [SI-l1 wants the current time saved
in 'cold storage’

time data identity fram clock (or LSI-11)

interrupt acknoledge line .

***********************************************************************‘

Reg 1ster allocation

pomter to remove data frcm cold storage

pointer to place data into waming oven -

identity of next set time element -

identity of time element written to the LSI-11 - .
number of items remaining to be. transferred to the I.SI-—ll
temporary storage for accunulator during interrUpt routines

pointer used during interrupt service routmes ‘
-pointer ‘used during interrupt service routines
cleared S ‘ .
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r3' - contains 1

e e wa We W

rém "1ayout

.dean

cldstr .equ 32 ; cold storage (19 bytes)

wImovn  .equ 42 ; waming oven (8 bytes)

active .equ 54 ; current time (1# bytes)

seconds .equ g . ; offset to get secords

minutes .equ- 1 ; offset to get minutes

hours .equ 2 ; offset to get hours
“lodays .equ. 3 ; offset to get lo order days
hidays .equ 4 ; offset to get hi order days

off@ - .equ 5 + offset to get lo order tick count
offl .equ 6 : :
off2 .equ 7

of£3 .equ . 8 C | _

offd .equ - 9 ; offset to get hi order tick count

.
’

Input data identity

N s W

.hex - ‘
isecid .equ -20
iminid  .equ -39
- ihrid  ,equ . -~40
ildyid .equ @ =5
indyid .equ -60

identity bits for seconds.
identity bits for minutes
identity bits for hours
identity bits for lo order days
identity bits for hi order days

W we we We

imskid .equ 79

mask for identity bits
iincid .equ - -1@

increment for identity bits

- wy

we e W

Qutput data identity

.oct

osecid .equ 379 . ; seconds

- ominid .equ ' 371 ; minutes

ohrid .equ 372 ; hours

oldyid .equ 373 ; lo days

otdyld .equ 374 3 hi days
r

oofid .equ 375
oolid .equ 376
oo2id - .equ . 377
oo3id - .equ - 370
~oo4id  equ 371 hi order offsat

nitems .equ  1lgd . .;,-nunber of items to send to the LSI-11

-
r .

lo order offset

-e

'intrvl_ equ -5 m.mber of 'timer't'i'cks per timer interrupt

~4

e P e e P T e e T Y

T me wme we W
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; Low meuory, reset and mterrupt vectors

~r Wi Wa W W

freeze

_-<0CL
- .org
Jmp -
019 .
Jnp -

*******************************************************i****************

.org
mov
mov
mov
sel

in

mp

mens

inc
inc

mov

mov
inc

nov

- ine

mov

S mov
inc
~ine

mov
mov
inc
inc

. @609
. reset

o083

_timacc_'

2007

5,a
a,$intrvl
t,a

rbl

a,p2
freeze
incoff

3, #active

rl,#cldstr

a,rd
@rl,a
d
rl

aorm
erl,a-
n)

rl

a,0rd
erl,a
aths

- rl

a,@rﬁr
@rl,a
M‘ .

‘rl

a,emm
@rl,a

1P

rl
a',@rﬂ :

bo'
rl

erl,a

: 9o to power-on reset routine

- we

e wE N - We ™G

Ny Wd wms W2

N WE W W

-y me Wma e -

ne N we e . W we e

-

. me we we

external interrupt (time accurate)

Internal Timer Interrupt Service Routine

dRddkkhihihhiedhihhhhhidhiihrrikhhrihhkhihiihihhhkhihkhhhihhihhithihdhiihis

save accunulator
set up internal timer again

switch t_:o alternate registers

are we to freeze time?
yes, go freeze it.
otherwise just increment time offset

freeze.....copy time to cold storage
point rd to current time
point rl to cold storage

get byte of current time

and save it cold storage
increment current time pointer
increment frozen time pointer

get byte of current time.
and save it cold storage

- increment current time pointer

increment frozen time pointer

get bYte' of current time
and save it cold storage

increment current time pointer

increment frozen time pointer

get byt:e of current time

and save it cold storage .
increment current time pointer
incrament frozen time pointer -

get byte of current time-

~and save it cold storage

increment current time pomter '
increment frozen time pointer

‘ get byte of current time

and save it cold storage ‘
increment current time pointer

"Increment frozen time pointer :



‘Aug 14 @8:34 1979 clock.87. Page 4

mov
inc

~ ine

incoff

mov -
mow

- ine

mov
mov
inc

mov
mov

 sel

mov

-mév
_mov

sel

ifl
Cpl-

adde
mov

ine

mov

adde

mov

“inc

mov

~ addc.
e

inc

mow

mov

- erl,a

nl

addc
- grg,a

9/

a,lrd

- @rl,a

Sl

| @rl,a

rﬁ.
rl

a,ard’

e ]
o, #cldstr
r3,#0secid

- rd,#nitems

rbl
incoff
£l

rﬁ ’ $active+offd

a-,@rﬁ'
a,r3
Qrd,a

Y

a,am
a,r2
@_rﬂ rd

'm'

a,ord
a,r2

- @rd,a

ap@rﬂ o

Ca,r2

erg,a

v S
a,0r8
a,r2

We Wy WE W W - W W " ME wp N -y e me N -r wE wWe We

ne

get byte of current time
and save it cold storage.
increment current time pointer
increment frozen time pointer

‘get byte of current time

and save it cold storage
increment current time pointer
increment frozen time pointer

get byte of current time

and save it cold storage
increment current time pointer
increment frogzen time pointer

get byte of current time
and save it cold storage
Time now frozen....

select original registers

set output pointer to "f-rozeh time

. set output identity to seconds.

set output counter to number of bytes
and. select alternate registers again.

if flxg is up, leave it up
if down, put it up.

; incoff,,..increment. time offset

e W

-y W WE W . wme We WME W -y W wy

wa ™y e wa

- ug We wE e

set pointer to low order offset

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 pre\nots operation to it

‘then save it

increment pointer

- get next byte

add carry of previous operation' to it

- then save it .

“increment pointer . -

get next byte L
add carry of prevmus operation to it

then save it

offset now updatéd '
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sel
mov
retr

W Wmd We W Np We e N

timacc
dis

mov

mov

~ mov

anl
orl

ins .

sel

mov
mcy

mow
mov
inc
inc

Moy
now -

inc
inc

mov

~inc -

inc

‘mov
- inc
inc

mov
inc
inc

clr
mov

inc

.org

rbo
a,rs

2400

tenti

5,a

a,¥intrvl
t'a s

p2,$177.
P2, $200
a,bus

. rhl

'- 9, fwrmovn
.1, $active

a,erd
erl,a
-t
rl

2,0
@rl,a .
19

rl

a,lrg
erl,a
')

1l

a,erm
frl,a
e

-l

a,erg
érl,a
o I

rl

V.l @rira‘
orl

- e wp

External Interrupt Service Routine

- - - b L TR 1)

e

ws My we e wp WS ~r wa e e ws e

- ~a wy W

e me

select original registers
restore accumulator ‘
timer J.nterrupt service routine cunpleted

L Ly e L Lt s L Ll i Ly

(Time Accurate)

e dededededededeededeit dededodede S e ey de A el Fee R oo dede o e e e e e e Ao e e e oo e e e A e e Ao e de A e e

turn off timer interrupts
save accumulator

reset timer

aclmowlédqe the interrupt
clear the data strébe bit -

select alternate registers

point r@ to time in wamming oven '
point rl to active time storage

_get byte of warming oven time

and save it in the active time area
in¢rement pointers -

i get byte of wamming oven time

and save it in the active time area
increment pointers '

get byte of waming oven. time -
and save it in the active time area
increment pointers o

-get byte of wanning oven time

and save it in the active time area :

‘increment pointers

get byte of wamming oven time
and save it in the active tme area
increment pointers: '

now clear the time offset -

clear byte of offset
and update pointer
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erl,a.

mov ; clear byte of offset
inc  rl ; and update pointer
- mov. - erl,a ;s clear byte of offset
“ine. ) ; and update pointer .
inov erl,a ‘ , clear byte of offs‘e't
inc Tl ; and update pointer-
mov arl,a ; clear byte of offset
‘sel rhé ‘ ‘:' select-original régist_ers
. MoV ‘r2' $isecid ©  ; set input id to seconds
- mov rl, #wrmcvn - - ; set input pointer to waming oven
mov _a,rs : restore' accumulator
en tenti ; enable timer interrupts again
retr i |

and return

****************i********************************************************

Power Up Routine and Main Program

TR IR A AN ded I TR R R AN dedehdedededeedededededrirdodede dededed e e dedotedededededrdedededesedkdedook dedededededed Ak dede de o

Mk WE W WE we Wy g W W

org . 1099

reset ; reset.....entered on power up.

; _

; Clear storage

f
mov d,#cldstr | ; set pointer to start of storage -
‘mov rl, #actwei-lﬂd—cldstr set up loop counter

: clr a ; clear accumul ator

~ clrstr .
© mov @rﬁ,a ; Clear byte -

inc - 8 ; update pointer -
djnz  rl,clrstr - ; and loop till done -

set up reg 1sters

~e "l. "I.

set input pointer to waming oven

‘mov rl #wrmovn‘ 3 :
mov - r2,¥isecid - ; set input id to. secords ,
sel ‘rbl ; select alternate registers
- mov - 12,40 ; put 9-in r2' :
mov r3,#l ; put' 1 in 3! o
‘sel rbd ; Select orlginal reqisters agam
mov © o a,dinkrvl - set time J.nvterval |
en ténti ;'énable timer i.nterrLipts :



ik e my

full.

empty

oop

en

strt

jfl"

Jmp
jto

. mov

outl
inc

inc .

.erd .

R

Cfull
. empty

Cempty

'a,r3'

p2,a
r3
a

okay

- 13,8003id

a,erd

- bus,a

g
r4, empty
fl

loop

a,bus -

a,p2 -
a,#imskid
a,r2

loop

a,pl.
@rl,a
rl :

- apr2 | .

Lz

‘loep:

~e

- me Wme s we e

L ™E me % Ny ws

w e M W4 me me

=t wp W

‘me WA wd
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; enable external irit'errupts
; start timer '

- Main routine.....inp!.lt or. output: data when able

-

otherwise it is empty

“e

get identity
and send it .
increment identity

if not, skip ahead
otherwise fix it up

get data byte - :
-and send it to the LSI—ll _
increment pointer
all data sent?

yes, pull down flag

if no time data, just. ldop
otherwise clear the flag
read the identity. ‘
mask for input identity

if not correct, loop
otherwise read the data
store the data ‘
increment the pointer
get 1dent1ty _ ‘
set it to the next item.
-and put it back

then repeat

-

if flag is up, cold storage is full

if LS1-11 not ready, skip ahead

check to see if it has wrapped around

compare with desired identity
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