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CHAFTER 1

Introduction

This dooument describes o library of FORTRAN collable routinesy, called REL-
TIM.LIiEBy  that were developed for use 4in real time mochine control
aprlications.  The four deneral cotedories of routines, and v brief des-
cription are fiven below. A more detailed description of each cotoadgory of
rodtines e «given in the succeeding chapters. Chapter 2 discuszes the
Ui=dital to  fAnalos  (UACY and Analods to Digital Conversion (ANCY Routines.
Chapter 3 discusses the Parallel Input/0utput (1702 Routines. Chapter 4
discusses  the Programmable Real Time Clock Rowtines. And Finallye Chaptler
ma Lhe Feel and Poke Routines.

Y odiscus

DEaC/600 FRoutines

These routines operate the igital Egquipment Corporation  (OECY  AaVIL-a
figitol to  Analog Converter, and the AIVIL-A dpalod to DHidgital Converter.
The routines allow the user to send o voltase oul throush o dgiven channel
of the A0, or read a voltage in from o given channel of the ALC.

FPoarallel Inpab/Output Routines

These youtines operote the DEC IRVIL-J  High Density Farallel Interface.
The routinss allow  the user Lo write cutey or read iny, a 146 bit binary
numbsr Loy ov frome one of four channels.,

Boreoggranmale Real Time Clock Routines

These roubtines ore used Lo operote the DEC KWLIL-C Programmable  Real Time
Claclk ., routines allow the user to starh and stop the clocky Keep track
afy and tobhe time, in hourszsy wminutes, secondsy, and milliseconds.

Feol and Foke Routines

These routines allow the uvser Lo write o rumber to, or reod o number  fromy
o given address in menory.



CHAPTER 2

igitnal to &nalod and Analog Lo Digital Conversion FRoutines

2.1 Introduction

This chapter discusses two routines  that are used Lo operate the UGEC
ArVIl-a 4 Channel 12-FBit /6 Converter and the ADVI1-A fAnalog to Digital
Converter. A seneral discussion of the routines is siven iz this introduc-—
t1on . 5 more detailed description is contained in the following sections.
Section 2.2 discusses DAC, and Section 2.3 discusses ALC.

20101 General Capobilities
The #eneral capabilities of the two routines ared

Timd
Writes o digital number to o wser selected channel of the AAVILI-A
whiich is then converted into a proportional onalog voltadge.

A
Feads o digital number from o wser selected channel of the
AV LI~y which iz proportional to the voltage applied to the chane-

el
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21,2

rJ

Foutine Arduments

The arduments wsed by DAC and ALC arel

CHANNG

LaCVal

ALGCVAL

The channel that the user wants to write to or read from. In
routine  I1AC, CHANRND can  assume  the values 0y 1y 2y ov 3y cor-
responding to channels 0y 1, 2y and 3 respectively. In routine
ATy CHANND can  assume the values O through 7y corresponding to
channels O throusgh 7 respectively. No error checking is done to
ensure  that CHANKNDO has an  acceptable wvalue. CHARNKND is  an
INTEGERX2 variable.,

The digital number thot iz sent to the AGVLLI-A for conversion into
an analog veoltage., The analod voltade is directly proportional to
the digital number. DTACVAL can range from O to 409%, which will
cause  wvoltages of ~5.12 v and +5.12 vy respectivelyy Lo appear on
the selected channel. The chart below shows the range of digital
values, and  the corresponding  analog voltoges. DACVAL 1s an
INTEGERYZ vardable.
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Two useful FORTRAN formalos for use with DACVAL are diven below.
The first formulao calculates the output voltage (OQUTVOLY that is
seneraoted by o given value of 0ACVAL . Tae second  formula calcocu-
the wvalue of DACUAL  required to senerate o given output

vl tosge,

OUTYOL. =  DaCVal. - 2048 ) / 400, (1)

DECusl = TFDH O O OUTVOL % 400, 3 + 2048 3 (22

The digital value read from the AIVIL-A Analog to Digital Convert-
GBY . ARCVAL ds dirvectly propovtional to the voltode appearing ot
tihe selected channel.  The number to  voltage conversion  chart
ahown  obove for DACVAL also 5 Foar ATCVAL . Two useful FOR-
ThaM formalas uszed with ALCVAL are given bhelow., The first formula
coloulotes  the dnput voltode  CINVOLTY that denerated the given
volue of ANCVAL . The cecond Formula coloulates the value of
ANCVAEL that  would be denerated by o given input voltadge. alCVaL
ie an INTEGERYZ variable.

TRVOLT =  DACYAL ~ 2048 ) / 400, (3)

ADCVAL = TFIX INVOLT ¥ 400. 7 4+ 2048 ) L4
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2413 Source Code

The source code for the routine OAC is LKRLIAC . MAC. The source code for the
routine ANC is LELADC.MAC.

214 Installation Notes

The addresses of the redgisters of the AAVILI-& and the ADNVLLI-A should bhe at
the factory configuration for Lhé routines to work properly. If the redgis-—
ter addresses have been changed, the routines must also be chandged, The
factory configuration for the redister addresses ist

AAVLIL-A Tiidital to Analos Converter
Factory Configuration of Redister Addresces

P Redgister | Redister |
b Mnemonic ' Ootal !
V' Svmbol I fiddress

smes cooe sses seee sets Sess sess L0ss sess Gess mrs ase sass Sees sess ess Sees Sess PONE Sees Sese Bees sere

oot O b 170440 !

oonac 1 b 170442 )

sute 4ous sane sebe S00e ees Seve 084 Sses Lese S04 SM04 SIET SoRe SeAS S00E S00t 90sb Same sabe Se0P SRS Peek

oonal 2 b 170444

ss00 mos sase seve ess Soes suse pess B4y ese Sese Bhie COEe G00s Gees bese 64es Bevs seve Baps sbrs et ed

oAt 3L 170446 1

cess Gase cuoe saas Bess bess sees tese Shos Sors B0s Fevs bess eeas Sess ess Seh Sse bOOR SN mess sese Bber

AL L-0 Analod o Didgital Converter
Factary Confiduration of Redister Addresses

I Begister | Register |
P Mnemonic V Octal !
P Svymbol P fAddress J

! CHR Foo170400 !

! [ER boo170402

G4 oeve e com @ass bese Sese Bsee Sres Bese bevs ney sese Soes buse Soes 60s 4res Sese buem Shes Bber Sees

200085 Further Information

Further information on the aaVll-ay and the aWLlI-A s available in  the
following publicationt

DIGITAL -~ Microacomputer Interfaces MHandbook
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2.2 Dt

The FORTRAM callable MACRUO~11 subroutine AL is used to write o digital
number (DACVAL) to o user selected channel (CHANND)Y of the saaVll-A. At the
fAAaYil~&, an output voltadge ie dgenerated which is directly proportional to
necval. TACVAL con vange in value from O to 4095, corresponding to voltade
voalues of ~ 5,12 v and 4+ 5,12 v respectively. The wvoltadge wvolue cor-
responding  to any didital number can be calculated by linear interpolation
{wsee Fformalas 1 and 2 aboved). The channel numbery CHANNO, can  randge in
volue - from O to 3y corresponding to channels O through 3 of the AAVLL-A
respectively.

The eyntax of a call to LUAC ist

4

INTEGER CHANNGO, DACVAL

L

Call IaC ¢ CHANMNO, TACVAL )

+

Some sample ¢alls ared

Calle Talt ¢ 0. 0 0

This call causes o voliagse of -~ 9,12 volts to appear on channel 0 of  the
Aettl -,

Calll, Tat ¢ 3, 10324 )

This ooll couses o voltose of - 2.%8 wvolts to appear on channel 3 of  the
AL L a0
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2+3 ALC

The FORTRAN callable MACRO-11 subroutine AIC iz used to read o digital
number (ALCVAL) from a user selected channel (CHANNGY of the AIVI1-A Analog
o Iigital Converter. ALCVAL de directly proportional +to the voltage
appearing  on the channel of the ALV1iI-A. AUCVAL can range in value from O
o 4095 corresponding to voltadges of - 5,12 v and 4+ S.12 v  respectively.
The wvolltadge wvalue corresponding to any ALICVAL can be calculated by linear
interpolation (see formulag 3 and 4 obove). The channel number, CHANNG,
can range  in wvalue from O to 7y corresponding to channels O throudsh 7 of
the AAV1I1I~A respectively.

The syntax of o call to ANC ist

+

IWMTEGER CHANMO, aADCVAL

+

CaLl alC ( CHANNO, alICVaL )

L

Some sample calls ared

Call AlC ¢ 4, ADCYAL D

This call reads the didgital number corresponding to the voltodge appearing
on  channel 4, and assidgns the number to ANCVAL. I the voltade was + 2.56
vy ANCVAEL would be equal to 3072.

Thie call reods the digitel number corresponding Lo the volltodge oppearing

on  chanrmel 7. and assidns the value to NUMBER, I+ the voltoage was + 3,84
vy MUMBER would be equal to 3584,
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Farallel Input/0utput RBoutines

Z.1  Introduction

This chapter discuszes the two routines used Lo operate the DEC IRVII-J
Hi«gh  Tensity Farallel Interfoce. A general discussion of the routines is
given in this dintroduction. i more detailed deszscription of Lthe +two

routines is <iven in the following sections. Section 3.1 discusses DRVWRT,
ond Section 3.2 discusses DRVRED,

v

Feledl  General Copaobilities

The general capabilities of the two roubtines ared

THRVWET
Writes o 16 bit binary number oult to o user selected channel of

the DRVILIL-J.

DRVRED
Reads o 146 bit binary number in from o user selected channel of
the TRVIL-J.



Farallel

Input/Outpult Routines FAGE 3-2

F.1.2 Routine arguments

The two

CHANEL

NUMBER

formml arguments for both IRVWRT and DRVRED ared

The channel that the user wants to write toy, or read from. CHANEL
can assume  the values of 1y 2y 3y or 4y which represent channels
Ay By Cy ar I respectively.  HNo error checkKing is done by the
routines to ensure that CHANEL haos an accepltable vaolue. CHANEL is
an INTEGERXZ variable.

The number that the uzer wants to write to the selected channels
or the number that is read from the selected channel. HRUMBER is
an INTEGERX2 wvariabley, and is  represented by  the LEI-11/23 in
two’s  complement form if its walue is nedative. The table below
shows the pattern of conversion between o decimal intedger wvalues
and  dits  two‘s complement bimary and octol representotions.  The
two s complement binary form of the number is whalt appesars ot the
paraliel I/0 port during a read or writse operabion.
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PSTIGHNEDR ! THOS COMPLEMENT !
P DECIMAL ! BINARY ! QCTAL !
PoovaluE ! REFRESENTATION I REFRESENTATION !

! 0 1O 000 000 000 000 000 ! 000000 !

050 sums sess mess Gove vars wess ae Sese S0es DGOV Seak ve4s SEPS Bese SHie sess Sems sbes seve ete SeSe SeSY SaNs Pest Bese SEse Seec best Senr WAS SONe 0004 G008 SRS MHSE Sbe MSAE ESPE S04 G4 Sess G40 PONH sene Gase Sebe beee GeEE sabE weee Se0E

! 1V 0 000 000 000 000 001 ! 000001 !
! 2 1 0 000 000 000 000 010 ! 0O0002 !
!
!

+ ' ¢ ! 3 !
13 ! + ‘ L I
! 7 00 000 000 000 000 111 1 000007 !
! ' g0 0 000 000 000 001 000 | QOO0 !
! o0 0 000 000 GO0 001 001 ! Q00011 !
. ! . !
e ! . ! . !

0 111 111 111 111 100 ! 077774 !

S0s sase sess seve sore Bese bams s4se Gess b0se Bis SESH Sere G0S Gess sees SO0e Gess Sers e Ses BESE S0ee Seis Gess Sest sewt Pers bore Sves sy Sese sese Mese Sede sees owbe Sess ere Sese Sers

! 2765 1 O 111 111 111 111 1061 ! O7777% !

Sess o2t 4240 smes eres tons bess 2004 Sles Shes G0ut Bise S0ss Sers bese Pess See Sees Eors Seee Seee ewss Shes Sees S444 4SS 10eS Eees $E00 PESE SENE SESD BESe Sest S0as Sete Sess Beas FEAe B00h S20e See Se0C D0k eues Sees Pese Ferd Shce aes bees Smes

| 32766 ! 0 111 111 111 111 110 ! 077776 !

! FA747 10 111 111 1ilo1l1 iy v
b "77u3 ol 000 000 600 000 000 ! 100000 !
b 5276? Eod 000 000 000 000 001 I 100001 !

A& bl 000 QQO 000 D00 01“ § 100002 !

061 4a3e seme etk sent teas ase reus oss sess suns brss Bise Bess havs ert bser sews sash sese SOab b Less wbn Bhes sesu Bers avse sest Sbes SRl S0SE sres sass Srve bese Bk bese bess sens

Pl 200 000 000 000 011 ! LO000E !

41 sees ease ese suss Fess sbes tuse aest csvs sese dess 4SSe Fear Sess Shse SRS Peet Sire Bess 4ese Se0s SeRS Sins PEse ess SASH RENS FOE Sh0R Sese Sase Sms Sess SEee Bies PARG Sers SESS G0OL 414s Sead SHES Fese SeEe Sebs wess ssie

! ! ! ¢ !

L4 H L4

! | . E . !

! - 4 0 1 111 111 113 111 100 ! 177774 !
! S 3 11131 30 111 111 305 | 177775 !

! - 2 b1 111 111 11l 1l 110 1/77/6 !

€504 wese Shee beat Bere seee sete Bes P80 TR bese BEGs Sise sess Bese Fees Sebe G4 B0ss bess Feis Gees Sess S4se Bise Seas OSe beve Ses EREr Seie Seel S040 Bere 0% Seew Geer eus Sest Bes S50s Sess SHEe SiSs Gese Sacs eese Bete Sues Gese msee sise

! S T A A A T 1 O A O A A ]J“”/? !

Toble 1 Decimol/Binary/0ctal Conversion

FAGE 3-3
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I.14+3  FProtocol

The parallel I/0 routines allow the LSI-11 +to communicate with suterior
hardware devices through the IRVI1-J High Density Farallel Interface.
Since the DRV11I-J is transceiving electrical sidgnalse to and  fFrom wterior
hardware devicesy the timing of those sidgnals is very important. It would
e prudent to maKe sure thoat the device iz "listening® when the LDRVII-J is
"talking® and vice versa. The TREVILI-J comes with 4 protocol signals to
ensure that signal synchronization.

Since IRVWRET aond ORVEED were not written with any specific hardware device
i mindy they make wvirtunlly no use of the protocol sidnals.e The only pro-
tocal sidnal used is the USER RIY (user device ready) £ignal. The USER RDY
pin  (pin  23) of the channel in wse must be grounded (by the user/user’s
device) for the IIRVLI1-J to be able to WRITE out o number. Note that the
RVLL-d can READ whether or not the USER RIY sidgnal is ¢rounded.

Arnother protocol signal which is readily available for use by a user device
s  the DRVILY BOY sidgnal.  The TREVILL RIY sidsnal (pin 24) of the selected
channel does high (+ 3 ) when a write operation is pervfarmed. The IRV
RIY signal remainsg bish until a read operation is performed, at which point
it is #oes low (0 w).

I generaly the user i responsible for sidgnal synchronization., The user’s
device must be reody to receive or send o number whern the RVII-J i writ-
ing or reading o number respectively.

Further information on signal protocol is wavailable in the DRY1I1I-Jd Uszser‘s
Guide listed helow.

el Sidgnal Levels

The voltadge vaolues that must appear on the poarallel I/0 port pins for prop-
er operation arel

Input/0utput Sisnals

1 = 4+ 3 v O = wroaund

Frotocol Sisnals

L= gyound O = 4+ F vy

.18 Source Code

The source code far the routines DEVWRT and DRVRED is located in  the file
nHRVGLL . MaC.
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216 Inmstollaotion Notes

The addresses of the redisters of the DRVI1I-J should he instoalled at the
factory conftiguration for the routines to work properly. If the redister
addresses have been chanded, the routines must also be chandged. The facto-
rv confidguration for the redister addresses ist

IEVLL-~Jd High Density Farallel Interfoace
Factory Configuration of Register fAddresses

I Redgister | Redgister |
VoMnemonic t Octol i
b Svmbol P fAddress !

=480 esse mes s4oe 5004 S04t bher sese Sees bese Sers S0s bess sens Gesy Gens meie sess Sess sEse Sems Sese bese

! R oA 1 7464160

00 nen Gees Guse Gune sese sire sess Sens sees SEw Seee boes aees sese Sres ess ity Sess FOSY Sees Fess sav

PODBRR oA b 764162

sass Seen sase Sess sess 4ase sa0e seis 00e Gees ess PEve Sase $H06 Pere S0se Shek Sres Sees Seas Sees Suss sere

POoCBR RO 7464164 )

eave sese eesn sase BESH Soer ese mbe sise beve 0S4 Seus evs bese Sret Gess ese sese Eves erse Gses Seer Sess

boDRR RO 7464166 1
PGSR 01 764170

boDeR C b 7464172

sats sese sase Sees ssay ssts sess sees sase mree Feey Shes Sves Ledh SEES S03s Bese sese maes tuss eeus sbse beee

POCsSkR b 7441740 )

0

oDk o0 b TFe4176

90 S40s sete sore sves Siss bees sese bess st bess Bean sees beve Sobe $0SE Seee S0 sees Ses Bise Sade mese

2.h.7  Further Information

Further inforsmticon  on the OEVILI-t 4z oavaidlable from  the following

publications

NIGITAL -~ Microcomputer Interfaces Mandbook
DTGEIT AL - DRVIL-Y FPoarallel Lirme Interfoce User’s Guide
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3

2 DRVUWRT

The FORTRAN callable MACKRO~11 subroutine IRVUWRT is uszed to write o number
(HUMBER)Y to n user selected channel (CHAREL) of the DIRV11-J parallel 1/0
unit. The 16 bit binary number sent out must be o valid INTEGERX2Z wvalue
(~327468 <= NUMBER <= 327467). Nedative numbers are represented in two’s
complement form ag shown in Table 1 above. CHANEL, an INTEGER¥2 wvariable,
can take on the values of 1, 2y 3y or 4 to represent channels Ay B, Cy or T
respectively.

The USER RIYY bit (bit 23) of the selected port must be grounded if  the
Wwrite 1is to occur. If the USER RIY bit is not grounded, an error message
will be printed out on the terminal.

The syntax of o call to DIREVHRT it

INTEGER CHANEL, NUMRER

L

Call.  DRVWRT ( CHANEL, NUMBER

+

Some sample calls ared

Call. ORVWRT ¢ 1,y 7 3

This call sends the binary number O 000 000 000 000 111 to channel f.

Call DRVWRT ( 2y 32746 )
Thizs call sends the binmary number O 1311 111 1131 111 110 to channel E.

Call. DRVWRT ( 3, 32767 )

This call sends the binoary number 1 000 000 000 000 001 to channel C.

CALL ORVWRT ( 44 -1

This call sends the binoary number 1 111 111 111 111 111 to channel D
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3.3 [RVRED

The FORTRAN callable MACRO-11 subroutine DRVRED is used to read a number
{(NUMBER?Y  Ffrom a user selected channel (CHANEL) of the DRVI1I-J parallel I1I/0
urtit. A 146 bit binary number is  read from the selected choannely and
aesigned on INTEGERXZ value. If the most significant bit (bit 1% is highy
the number is assumed Lo he nedative, and is interpreted os a two’'s comple—
ment number {(as in Table 1 above). CHANEL, on INTEGER¥Z variable, can take
on the volues of 1y 2y 3y or 4 to represent channels Ay By Cy or I respec-
tively.

The syntax of o call to URVRED isd

&

INTEGER CHANEL, NUMBER

*

Call.  DRVRED ¢ CHAMEL, NUMBER D

*

Some somple calls ared

Call DRVRED 2, NUMBER )

Thizs call reads the bhinary word that is presently on channel By and assidns
the sguivalent INTEGERYZ2 value to NUMRBER,

Call DRVRED ¢ 32, IVALUE O

“gns

This call reads the binary word that is presently on channel C, and assi
the eguivolent INTEGERXZ value to TVALUE.
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Frogrammable Real~Time Clock Routines

4,1 Introduction

This chaplter discusses the four routines used Lo operate the DEC KWWiil-C
Frograommable Real-Time Clock. A general discussion of the clock routines
ie dgiven in this introduction,. M more detailed descoription of +the four
routines is given in the following sections. Section 4.1 discusses STRCLK,
Section 4,2 discusses STPCLEs Section 4.3 discusses REFTIM, and Section 4.4
discusses SETTIM.

4.1+1 General Copabilities
The denerol capabilities of the four routines ared

STROLK - Starts the clock
STHCLEKE - Stops the clock
REFTIM -~ Keeps the time in hours, minutes, secondsy and milliseconds
SETTIM - Sets the time in hours, minubtes, secondsy and milliseconds

.13 Fouwtine Arduments

The roubtines STRCLE and STFCLE baove no arguments.  The routines KEPTIM and
SETTIM use the FORTERAN common block CLERLK. CLEBLE must appear in the col-
Ling programy and i¢ described below?

The FORTRAN syntax for the common block isé

€

INTEGER  HOUR, MINUTE, SECOND, MILSEC

L3

COMMON / CLRKELK / HOUR, MINUTE, SECONIN, MILSEC

+
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The common block variobles are described belowd

HOURS IMTEGER%Z. The present vaolue of the time in hours.

MINUTE: INTEGER#Z. The present value of the time in minutes.
SECOND:  INTEGER*Z. The present value of the time in seconds.
MILSEC: INTEGER¥Z. The present value of the time in millisecondss.

4,1.23 Alternative Interrupt Service Rowutines

The clocky when started by calling STRCOLK, will denerate an interrupt svery
I wmillisecond. At each interrupts prodram control is transferred to an
interrupt service routine. In our casey the interruplt service routine is
REFTIMy which Keeps track of the time in hours, minutes, secondsy and mil-
liseconds (note thal KEPTIM is NOT o FORTRAN collable subroutined.

It is possible that the user might want to use an interrupt service routine
gther than REFTIM. For exdamples the user misht use a roubtine, called SAM-
FLEy to sample data from some external hardware device every 1 millisecond.
To implement S5AMPLE: the wser must pul the address of Lthe first instruction
of SAMFLE in the first word of the intertupt on overflow vector. This is
dorne by changing Lhe first evecutable stotement of the routine STRCLE. See
the source code for an example,

4.1.4 Source Code

The source code for the roubtines STRCLK, STRPOLX, and EEFTIM iz located in
the file CLOCK.MAC. The source for the routine SETTIM ie located in the
file SETTIMJFOR.

A.1.5%  Ingtallotion Notes

The addresses of the resisters of the BEWWI1-C shouwld be ot the factory con-
Fidguration for the routines to work properly. IF the redgister addresses
have been chandged, the volue of CSRADR in STRCOLK, STRCLK, and  KEFTIM,  and
the wolue of  BFEAIR  in STRCLK must be chandged accovdingly. The faclory
coanfisuration for the EWHLLI-C redister addresses iel
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RWVL1L-C Frogrammable Real-Time Claock
Factory Configuration of Redgislter Addresses

I Redgister | Redister |
! Mnemonic ! QOctal 1
P Symbol I Address |

' CER bo17042 !
' BFR boo170422 |

b CLk OV 440 1

S50 eerv case SHer Sues Hes sess 200 woes opes Bess se0t Seve Gere seer Sese Sese ees YOSE Sees Pebe sest Bee

4,1.6 Further Information

Further information on the KWVL1L-C Frogrommable Real-Time Clock dis avail-
able in the following publicationt

NIGITAL ~ Microcomputer Interfaces Handbook

4.2 STRCLK

e FORTRAN collable MACRO-11  subroutine STRCLK iz used +to start +the
KUWW11-C Programmable Real-Time Clock. Calling STRCLK causzes the clock to
bedgin operating in Mode 1 (an interrupt is dgenerated for every clock over-
flow until the clock idie stopped), at a fregquency of 1 MHz, with a clock
intervupt being denevrated once per every 1000 clock oveles (every 1 wmil-~
lisecond?.

The frequency of the clock interrupts coan be changed by altering either the
control status  redister number {(CSENUMYy  or the buffer preset redister
number (BFRMUMY) . The clock cvele frequency can be reduced Ffrom dits 1 MHz
value by chansgsing CBERRNUM (which will slow down the interrupts)e  Or the
gverflow frequency can be increased or decreased by increasing or decreas-
ins BRFRRUM respectively. BFENUM 1s loaoded with thé number of clock cycles
before an dinterrupt on overflow is dgenerated Cin two's complement formd.

STRCLE has one other Key feoture; it lowers the priority of the processor
when it services a Kevboard denerated interrupt. It does this by changing
the vwonlue of the provessor stotus word which is stored os the second word
of the Kevboord interrupt vector. It was found necessary to lower the Key-
board priority because Lyping at the Keyboard was causing some of the clock
overflow interrupts to g0 by unserviced, This coused the clock to "lose” a
millisecond here and there. No adverse effects on the Kevbooard performance
have heen obzerved.

¢

fAosomple call to STRCLK ist

Call. STROLK
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4.3 STRCLK

The FORTRAN callable MACRO-11 subroutine STRFCLK is used to shut off the
KWVil-C  PFrogrammable Real-Time Clock. After STPCLK is calleds no further
interrupts will be denerated, the value of time will remain at the value it
had  when  STFCLE was calledy and the priority of the Kevbooard interrupt is
returned to the value it had before STRCLK was called.

# osample coll Lo STFCLK izt

Call STPCLK

4.4 KEFTIM

KEFTIM i o MACRO-11l interrupt service routine that is used to Keep Ltrack

of  time. Every 1 millisecondy the KWUWV11~-C Frodrammable Real-Time Clock
generates an interrvupty and progrom control is passed to RKEFTIM. KEFTIM

performs  three maJor tosks. Firety BEFTIM checks the flag overvun bit of
the KWVL1L-C CSR to see whether more than one clock interrupt has occurred
cincs the last clock interruplt was serviced. If more than one overflow hos
poocurred,s an srror messagse will be printed out. Some amount of time will
haove heen "laost"'.

Neyst, KEFTIM increments the wvalues of HOUR, MINUTE, SECONT, and MILSEC as
approriate. Finally,y KEFTIM clears the CS5R‘s overflow flag and overflow
overrun flad to Ltell the clock that its interrupt hoas hsen serviced.

In order for Lthe vaolue of the time to be passed back Lo a main programy, the
madln progrean must contain the common block CLERLK.

There 1z ne sample FORTRAN coll to RKEPTIM since it iz not a FORTRAN call-
abhle subroutine.
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4.5 SETTIM

SETTIM ig a FORTRAN subroutine that provides the user with o convenient way
to set the wvalue of +the time. SETTIM simply assidgns the values of the
subrouytine arduments to the equivalent common bhlock wvariables. Thus the
commoarn block  CLEKBLEK  must appear  in the calling program,. HNobte Lhaot the
subroutine does no error checking (say to make sure that the values of time
are  positive). Hote also  that S5ETTIM could be replaced by four FORTRARN
assignment statements of the forms

¥

#

HOUR

MINUTE
SECOND
MILSEC

4

33
141

*

The syntax of o call to SETTIM ist

INTEGER HOUR, MINUTE, SECONI, MILSEC

+

COMMON / CLRELK / HOUR, MINUTE, SECOND, MILSEC

+

CaLL SETTIM  HOUR, MINUTE, SECOND, MILSEC )

¢

f4 sample ¢alls isd
Calll SETTIM 1, 14y 51 7463 3

This call selts the value of HOUR Lo 1, MINUTE +to 14, SECOND to 51, and MIL-
SEC to 743,
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Feek and Foke Routines

el Introduction

This ochapter discusszes the two routines FEEK  and  FOKE. 4
discuszion of the roubtines is given in this introduction. & more
description of the two routines is diven in the following
Section 5.1 discusses FEER, and Section 5.2 discusses FOKE.

H.1:1  General Capabilities
The €eneral capabilities of the two routines ared
FEER Feads o number from o user selected memory location.

FORE Urites o number to o user selected memory location.

He1l03 Routine fArduments
The two formal oarduments for bobth FEERK and PORE aretd

ALIRES

The address of the wmemory location that the user wante

from or write Lo. ARDRES ds an INTEGERYXZ2 variabley o
aesighed values in either decimal  or  octal  forme. Esn
addressing in decimaol and octal form are =iven below. Th
responsible for  making  sure  thaolbt  ATDRES  is o wvalid
address. - The uwser is warned thot poking o number to a
memcry location can have  substoantial  affects on the

softuware performance.

NUMEER
The number that the user wants Lo write Lo the memory loc
the wvalue of the number reod From the memory location.
an INTEGERY*Z variable.

ganeral
detniled
gsections.

Lo read
rd may be
mples of
& user 1is

machine
nounKknown

syatem’ s

ationy or
NUMBER is
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The user iz reminded thot nedntive numbers are stored in  two’'s complement
form (see section 3.1.2). Thus, it may be useful to FEERK toy or FOKE fromy
o nedative valued address. For ingtance, the address of the CBR of the
KWV11-C  Frogrammable Real-Time. ClocK is 170420 in octal form, which tran-
zlates to the signed decimal inteder value 3824,

The user is alszso reminded that he can assidgn  octal values o inteders
directly in FORTRAN. FORTREAN uses the guotation wmark svmbol, ®* 5 to sid€ni-
¥ that the following number is Lo be interpreted oz an octal value., Thuss
the statement?

ANDRES = "170422

is equivalent Lot

ANDRES = - 38E2

where 170422 is the address of the buffer preset redgizter of the clock.

5.1.3 Source Code

The source code for the routines FEEK and FORE is located in the file FEK-
FOR «MAC

9.2 FEEK

The FORTRAN collable MACRO-11 subroutine FEERK i used to read o number
CHUMBERY from o user selected memory location.

The syntax of o call to FEEK isi

THTEGER ALDRES, MUMRBER

Call  FEERK ¢ ADDRES, NUMBER )

L3
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Some sample calls to FEEK ared

Call FEEK ( O, NUMEER )

This call reuads the contents of memory location O and stores the wvalue in
NUMEER .,

CaLl. FEEK ( "60, RKEYVEC )

This ¢nll reads the contents of memory location &0 octal (48 decimal, which
igs the first word of the Kevboard interrupt vector) and stores the value in
KREYVEC. ‘

Sed 0 POKE

The FORTREAN callable MACRO-11 subroutine PORKE dis wused to write a number
(HUMEBERY Yo n user selected memory location.

The syvntax of a call to FORE isd
1]

INTEGER ADDRES, NUMBER

&

CaLL  FORKE C ALDRES, MUMRER )

*

Some sample coalls to FORKE aret

Gl FORE D, "LZVF727 %
This coll writes the ocbtal number 177777 (- 1 decimal is stored as 1
in twe's complemsnt octal form? to the memnory location whose address i

Call. FORKE ( 3824, "113 )

This call writes the octal numher 113 to the memory location whose address
ig =~3824 (38724 decimal is stored as 170420 in two's complement octal forms
and is the address of the C5R of the clock)e:e This call causes the clock to
bedin operatin«g in Mode 1,y ot 1 MHzy with interrupt on overflow.
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Brief Description of Library Routines

# brief description of nll the routines contained in this library is  given
below!

Digital to Analog and Analodg to Digital Converter Roubtines:

el
Writes a digital number to a user selected channel of the AAV1I1I-A
Tigital Lo Analod Converter. The UAC converts the number into o
proportional analos voltoade.

Feads n digital number from o user selected channel of the ADIVII-A
agnolod Lo Didgital Converter. The digital number is proportional
o the analodg voltadge applied Lo the channel.

Forollel Inpubt/0Output Routines

TRVWRT
Writes o 16 bit binmarvy number cut Lo o user selected ohannel  of

the DEVIL-J Hisgh Density Forallel Interface.

DRVRED

Fende o 146 it binory number din from o user selected ohannel of
Lhe TRV LL-J High Density Farallel Interfoace.



Brief Description of Library Routines

Fyroadgrammable Real Time Clock Routines

FAGE

A2

Starts the KWVL1L-C Programmable Real-Time Clock operating at 1

MHey in Mode 1y with intervupte on overflow occurring every 1 mil-

lisecond.

STFCLE

Stops the operation of the KWVLI1-C Frogrommable Reoal-Time Clock.

REFTIM

Keeps track of the passade of Lime in hours, minutes, secondsy

milliseconds.
SETTIM

A oeasy Wway Lo reselt the value of tiwme in hourss minutes,
and milliseconds.

Feel and Foke Routines
PEER
Feads a number From o user selected memory location.

FORE
Writes a number to o user selected memory location.

and

secondsy
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Hardware Installation Motes

The following paradraphs list the addresses of the hardwore redisters used
in the RELTIM library. The addresses hove all been left ot the INFC factory
configurations. IFf any of the redister addresses have been choan<ded, the
corresponding software in the library must also be changed for the routines
Lo operate properly.

The following abbreviations are used belowt

BRPR - Buffeyr Freset Redsister

CLik QY -~ . Clock Overflow Vector

CSR -~ Lontrol Status Redister

IHAC - igital to fnalod Converter Holding Redister
LER -~ Tata Buffer Redgister

Mordware used with the DAC/ANC routines

Aeay Ll Digital to Anaolod Converter
Footory Confiduration of Redister Addresses

I Register | Regiaster |
P Miemonic !V Ootal !
P Symbinl b odddress [

oonaG 0 b 170440

ool 1t 170448

Pooomc o 2 b 170444

4985 B4 eer Sree Sese Bem ese evt sere eas Bere TR S4se Bees faie Ses Asee BMee BeIe Base Sees Seme Siwe

oG 3L 1704446
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AOVIL-A Analog to Digital Converter
Faoctory Configuration of Redister Gddresses

P Redister | Redgister !
U Mnemonic ' Octal !
P Symbol U Address
! CSk ! 170400 ]
! TBR ! 170402 1

4o bh9s oeem bems ee Sabt S8 Gete bebs Saes Sem Se Sae TN 4316 £0re bEes S0se Seee Svee smse Sebe vere

Hordwore used with the Forallel 170 routines

HREVLL-J High Tensity Farallel Interfoce
Factory Configuration of Redister Addresses

I Redgister | Redister |
P HMnemonic 1 Qotal !
P Symbol I fddress !

POoCBR A L 744160

bODRR A 784162

OGSk B FéEALEST

Pkl B Fhalss !
CoceR © o1 744170 1
CmER ©o1o7ealyn o
oCEr O b 784174
CIER T 1 764176 !

o0+ bese sbea sese dees sber bE Sheh S3ss ese PN seas 4nbe Sess bess Fhee bues Sese biss Bees Sevs Sese PRRI

-



Mordware

Hardware

Insgtnllation Holes

used with the Clock routines

RKWVLL-C Programmable Reaol-Time
Factory Confiduration of Resister

! Redister ! Redister |
! Mnemonic t Octol i
b Svmbaol I Address !

b CBR boo170420

onbe eere st mas et sees Suat see Gesn cubs ebs Sees Tess Gess FOIh Sess SO0 Gese Sese Sees Seen

' BFR Uoo1704a22

sate sows s0sh sar sers wees mees S Saes Spes asse G20 Sase Gees SOB Gess Seee esy S00e Sevs Vet

L 8 O S AV 449 |

Clock

fiddresses

FaEGE

B-3



AFFENTIX C

Hardware Information References

The Didgital Equipment Corporation publications listed below contain a more
detailed discussion of the specifications and prodramming details of the
harvdware used with this Llibrary,

AAV1L -4 4-~Channel 12-RBit U786 Converter

Microcomputer Interfoaces Handbook

HIW11 -4 Analog Lo Digital Converter

Microcomputer Interfaces Handbook

»—t

—

fn

fd
]

High=-Tensity Faraollel Interface

Microcomnputer Intevrfoaces Hondbool
DRVLL=-J Farallel Line Interfoce User’s Guide

FuVii~C Programmable Reol-Time Clook

Microcaomputer Interfaces Handbook



AFFENDIX

Library Developwment Hishtory

LIERARY NAME? RELTIM.LIE

LIERARY CONTENTS: Genegral purpose rountines for use in real
time machine control applications. The
routines are wsed to operate o digital to
analog convertery an analos bo digital
convertery a parallel line unit, and o
programmable real btime clock. Routines to
peek and poke are alzso included,

SOURCE CODE LANGUAGES? MACRO-11y FORTRAN

COMPUTER USEIN: Higitol Equipment Corporation LSLI-11/23

OFERATING SYSTEM! RT-11 FR (8) V04,000

HARTIWARE REAQUIREMENTS? Digitnl Equipment Corporation’si
Ll -8 A-Chonnel 12-Bit 048 Converter
AVIL-A Anaolog Lo Higital Converter
THRYL1-J High Uensidty Farollel Interfoce
RWVLL~C Programmoble Reol Time Clock

LIBRARY CREATION DIATE: Moy S, 1984

LIGRARY DEVELOFMENT OaTES Fabruory thiroash Marche 1984

LIBH&HY DEVELOFMENT STTES Mornufacturing Syvstemns
Modeling and Control Laborotory

HNepartment of Mechanicnl Endineering

niversity of Michigan

Ann Arbory Michigan 48104
LIBRARY PROGRAMMERS? Fred Rasmussen and Le K. Lowderbaush
LIBRARY FROJECT SUFERVISOR! Professor fA. Galip Ulsoy
LIBRARY FROBLEM CONTACT? Frotessor A. Galip Ulsoy
LIERARY FUNDING SOURCE: The library was developed primorily for

use with the Vardioble Goain Adoaplive
Coantrol prodectd NSF Grant MEAM-8112629
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Likrary Source Code Listings

idix contains o listinsg of all the source code uss
are dgiven belowd

This appe
Libhreory FHELTIM LIR.  The source code ©ile names

and Analo®s o gital Convertsr Routines?

D0 A

Ll Mal

srputSOunteut Foutines

Farallel

DRVLL S MAC

Roubtiness

I Time Clack

Py 1

Foeoe raminad e

.

PR O A

+d o create

the
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DIGITAL TO AMALOG AND ANALOG TO DIGITAL CONVERTER ROUTINES

o

The following podes contain
the source code for the routinesd

JATETM
ALc



VEge

o ae

ey

MR R SR e VR 4 WB

e G M2 e e

L T d

TS

S T

STITLE DAC
LGLORL. Diac

General lescription? This real time routine is used to initiate a
digital Lo analod conversion. It is assumed that the
nﬁvli - board is installed at the standoard adressesd

naco 170440
Dl 170442
nacs 170444
DACE . 170444

Calling exampled
Catl, DAaC CHanNNG, DACVAL)

Arauments:
Common bhlockst None
Formal ar gsuments?
CHANMOD An dntigerd? variable sontaining the DAG
choannel number
UECVAL YD The intedserd? volue thot is to he converted

Euternagl Referenceaed None

by Lol Loawdesrbaush

HOy (R 4y B
MOy @(Hﬁ\{yPﬂ SGET CHANNEL #

EIagY @ORE Y 4y B SGET UALUE

ATaE Ry 02 EHNEL HUMEER BY 2

MULTIRLY THE OF
2 ATDING TT 710
SET WP ADRESS FO
MOVE THE Valug X

¥
L REsRO v
S Fi FOa40 KO ¥
4
3 I

i

1 -

MOy Bl e (R0
P

o0

ITSELF
FOCONVERTER
HTO THE CONVERTER

lls.‘

w b x e _\,l



T P Y

CET sma cae

NS e NI smae MBS e

T

O R T

s TITLE ALC
HELOERL ADRC

General lescription? this dis o fortran callable subroutine that will
praform annloedg to digital conversions.

Coalling example? CALL ATCCCHANND, ATCVALD
Arsumentsl
Formal arguments?
CHANNOYD The channel number(0-73 of the ade channel

where the conversion is Lo aocur.

AUCVALLD the inteder result of the analod to digital
CONVETrsLian.

by Leaol Louderbaush

oy O g GET THE NUMEER OF ARG

Q0 s CLEAR THE CONTROL REC

RGPS, EELTO401 sMOVE THE CHANNEL NUMBEE

FOF THE COWTROL REGISTE

@37 0a00 sETART THE CON

(17 a0 sTEST TO SEEIF
i

EELFOA0S, B ORI Y JRETURMN THE RESULT

70 THE HIGH AUDRESS
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FaRaLLEL INFUT/Z0UTPUT ROUTINES

The followins padges contain
the source code faor the routines?

ORVUHRT
IRVRETD



K NOR KRR AR ROk K
F O DIRVWRT cMAC &
A NOK ks Aok oK

The following MACRO-1L code is designed o allow o user to work with the
Uigital Eguipment Corporation DRVIL~J Hish Tensity Farallel Line Interface

from o FORTHEAN srostaie.

v

Widtten by Fred FBosmussen

Spring 1984

Manufacturing 8

Modeling and Control Laboratory

tepurim*ul gf Mechanicol Engineerind

Uhiv@“”l
o

A

Ann Al

of Michisgan
R Iy

ot
e Michigan  48104-2128

alected number

SOE T T sment, DRVWRT, writes outl
slected channel of the DRVILI-Y parallel

DEVWRT R T GEL g REL , CON
THRURT

o FHALEA FThe hose that an
Loy b mive th nddress of thﬁ ﬁmﬁm
sther fFor the desi

ridex Will be oadded
] ]

atatus

ingde %mll e uddwd
of the data baffer
. ] i A0 povt.
whichys when looded into t aa T
3y wx!{ case thot poart Lo mpw“'tw in the
nnlpui mode s with no dntervupts allowed. Mote
Lhat bLhe u “uodevice sLill bhas to selt bit
18 of the desived povt’s CEE (dground 4t) For
ythe port to opevrole properly os an oubpul

¥ e pee e ofe
p QT .

5‘
==
i

-

GOUS00

Fan]
H]
v

SRy MEA g Mz A= smas 24 e

~

[

VWRT D MmOy B IRES Fal iMdove the desired ohannel number dinto RO
e channel number by 2
the channeldl number by 2 gdoin

MOV DEREASRD Y, B PHove the contents of the desired CSR into
i uner ready bit of the CER is




WRTDAT

1

SMFERROR

WERTOATL MOV FUSRUWRT, CSREAS (RO

MOV @4CRE) yDBERREAS (RO

¢
&
¥

RTS RO

ERREORT JSR Ly ERRMSG

g e

Gl e G e

sz -

SEBTTL DATA ITNFUT SEGUERCE

.

y o The following program sedsment,
M slooted channel of bhe DRVILI-J

ama e

S0y RO

FO
e
' MOY BCSREED, CERBAS (RO)

MO TEREAS (RO) , 04 (RE)

it 15, the

ih Hobit
tset if the

use

of the processor will be
ready bilt dise sebt.
.o

$1IF the branch

surite

ie

sety
numbear .

user veody it
out the desired

user ready bit of the CER was
warn the user and return to the
BT OSTOm.

iGince the
inot setly
callind
CoR with the number to
out the dota.

sLoad the desired
sallow it to writle

sWrite the desired number to the data

shuffer redister.

shReturn to the calling program.

not
desired
carn be

device had
it aof the
output data

waser thot his
the user ready
therefore no
Lo thot port.

sbarn the
senabled
sLERy and

twiritten

sReturn to the caolling program.

TRURET,
porollel

in mdmber from

LI

reads
170

e
toe

uneeaer

[

added
status

index will be
of the control
150 pﬁrt
index wills
of the dota
desired IT70 port.
when loaded into the desired
thaot port Lo operote in the
o o dnterrupts allowed,

that an
address
gl

ot oan
aodress

fys
T

The

e oadded
fruffar

4"

¥

& e e
GOy
'\I

.

i

¢

¥

Lhe
Far Lt
whdohoy
Wwill cous
e s Wi

VY

yresister
sf mumber
Chky
sinput

EE

b

sMove the desirved channel number into RO

3

number
aTimnfie e

by

by 2

the channel
the ohannel

sMultiply
Pl tiply e in
CER
in

with the number to

the dota.

rad
(!n(i

o e

o

the
it

s load
sallow

Y
i
‘e
|

the
and

desired channel’s
it it o in the

from

siahery

the number
buffer r

$Fmad
sdoto




smemory locoation that ie reser

B TS PO sReturn o the colling progra

The followins prosramn sesmnent, ERRMSG, prints oul o message
warning him that the user ready bit of the desired port was
hﬂrﬁwqr@ of the ORVLIL-J4 requires thot the user ready bit be
data to be output.e Hote that the user ready hil iz set

o
31

PﬁL‘ T ER Hib&udéH»! o ORLy REL , CON

ML vLi s FF

REMEGT JFRINT 49

sFrint o warnding Lo the user,

SRR P sheturn to the calling progra

ST /WARNING. THE USER

READY BIT Wag WOT GROUNDED.

sThis macro statemernt is nesd
stotement Filled up an
voand every dnstraction
¥ il mven numbhered address.

¢
v o Rl

5wt
\ '
." sl

b

rved for it.

e

o the usery
naot set. The
set in order
by #@rounding

s

MOOUTRUT GENERAT

gd becouse the
odd number of
muat bedin on
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FROGRAMMARLE REAL TIME CLOCK ROUTINES

The followindg pades contain
the source code for the routinesd

STRCLK
BTFCLK
REFTIH
SETTIM



R RS

ey

e
N

0o

Kk
¥ Gl

Ko MAC

RARR K

*

O O R

R e

e e wman

ez M2

O-11 code is
corporation’s

MY {1

From YH“fHﬁN !

ey

Frad

by

Written HAS BN

-

e g

~ue

e

R

{
i

S

1
!

Ui
Ly

|‘ ]
Ann AT

RS

e e

R

SR
in
(RN

seotion .
pwwa&m%
Fortran

~

e FEL s OVF

- h wen s
Jd. ¥ 'ty
¢ 1 stor
. 4 r B b
@ 1 w LT
N M
& A

LR

The

 nd
i,
s
Py
L4

he

thaod

MR e R Aze Sl

-

lr(r}

dmaisned
KWL L -0

Wu(l

e
the
COMMON

clock
;lmﬂatwd
clock

locoted oh s
Toaded il

HBETVLCE T
Clear
3 '!' }", [eRe

Wwith the

Clock

oWk

Heol-Time

o ouser b
afsmable

ricame ol
TOpET

ot
for @

T3
e
Tladele

-
IR

FOF;

af menory
Mote that
ha the same
in the

Wil
o

LE T
()
gk d
they

af the

(R R

w-; T
of bhie lis

lines

iy v g e b
VLTV L UL L

of Lhe
v Lhatl

gt

[

vl e
ot

Firat word is
till)\}
second word
{octalyy and will
atatus word
clock overflow
3oCootal) will
and prevent
srwicing of the
priority

1w

S
v 4

The
gl

E

e G50 T
i

Ty

wi il

e
dorvhoes e

WAV AL

Ve andg
chuirins

s

e




tlevel Lo 7 (the highest pricrity level)d).
AT o L0420 ;Thw address of bthe control status redister
s OCERY of the REVLIL-A claock dz 170420 {octal).

BRERATR = 170422 yTh& nddress of the bhuffer preset redgister

$LHFRY of the RKWWLIL-A clock die 170423 (octal).

QO0L 13 $The number 0001173, when inserted into Lthe
OSHRy will couse the clock Lo operote in mode
sly ot o freguency of MMz, with the interrupt
son clock overtlow enabled.

174030 iThe number 176030, which is the two’'s comple-
sment of 1000 (decimal? sxpressed oz on octal
snumbery Will couse the clock to aoverfiow once
severy 1000 clock ovoles

SETVEDS = 00040 fThe address of the first word of the inter-

srupt vector for the Keyvboard. The second word
;w# the Keybooard interrupt vector contains the
seprocessor atatus word (FSW) Lhat will be used
swhen o Kevboord intervupt i being serviced.
$The FPSW pricrity must be lowered Ffrom its
snormal 1ﬁvr1 ? {the hidghest priovity possi-
sbhiled) to level 3 in orvder Lo prevent the Key-
shoard fFrom inL@r#@rinﬁ with the clockK. IF
shhe PSW is left ot level 7 a clock overflow
toverrun can occur when the user bypes dobo
sinto the Kevhoard from the FORTRAN collins

R TOS T

4
9

PR EFTIM, OUVVED st bhe address of the dnterrapt on overflow

yeervice routing (REFTIMY in the firzt word of

sthe interrupt on overflow vector.

MO FOVFSW, QUVEDHZ sPut the overflow processor stobtus word into

sthe second word of the interrupt on overflow

svector.

i8et the Kevboord interrupt orocesso nloatiug

;wmrd Lo 140 fooctald : the kReybooarg inter-

srupt priority lews.

Wiy B RATE shood the bhuffer pre redsister,

UM CERATR shood the control status redister. This com-
smand octunlly starts the clock opevating.

BTs PO sheturn o calling proseam,

MOV QGO 40, KEYVEC

MOV RFRN
POV FCERE

Cod lowdng prodgreon section,
xuul‘H( Tie #unkleh of BEFTIM 18 Lo
i ince the clock wos started. The counters
Gy nnd milli ”und% ave odjusted os nesd be of
. cheoks the Flag overrun (FOR) bit of the
ons overtlow has occurred since the last bLime it se
EEETIM clears the overflow flog (OVWFLO FLAGY and FC
control Lo the maln program.

TiMy ds the olook’s intervrupt on overflow
cloof bhe btime that
the howrsy mindtes,
wach clock overflow.
ﬁm aoe L mors than
the olock. Lastly.
H mltﬁ before it returns

TiM also

STTMy Pl Ty 03
Ty FORMEG

u}.l ]...yl UN
SLEBLE MO MINUTE  SECORMY MILBED  CERATR

e

AT e LT 0400 s The addre of tive control status redsister of




sthe clock is 170420 {(octall.

CHEFOR = Q10000 s This "mosk® number is used to check whelther
sthe FOR bit is sel.

CLEBFORK = Q10200 tThis "maskK® number is wsed to clear the FOR
sand the QVFLO FLAG bhits.

FOHRFOR, CERATIR s IF the FOR bit die clear, branch to continue
HOFOR sthe routine. Otherwizsey print an error mes-
PG FORMSG taadge saving that a flag overrrun acourred.

e -

NOFORS

o sIncrement the millisecond counter.

SEC e OO L750 sCompare the present millisecond count Lo

BLO CLEAR $1000 (decimnlr, I+ MILEBEC is lower than
$1000 beanch to CLEAR.

CLE MILSEC PSince MILSEC iz 1000 or dreater, clear ity

thiﬂh sand dncrement the second counter.

§ SECOND. 474 sCompare the present second count to &0

BLO CLhﬁh fldecimal)., IF SECOND dis lower Lhan &0
sbroanch to CLEAR.

Gl BSECOND shince SECOND iz &0 or #reaters clear it

£ sond dncrement the minute count.

TE o674 sCompare the pr syt minute count Lo &0

S Yidecimaldy. IF MIHUTE 43 lowesr than &0
shiranch to CLEAR.

CLR O MINUTE sSdnce MINUTE is &0 or greatere olear it

SO O sand dncrement the hour count.

CLEFOR, DSRATRE

C?wu; the OUFLO FLAG and FOR bits i they
e sed,

xxLUPH Ffrom this interruplt service routine,

mA oape @

Lowinsg srogram sedgment, STFCLE, turns of € the o sending o

]
et ofE code” Lo o the comtrol shotus of bhe olook

of the contyol stotus resizter
i 170420 foctall.
mhcn inserted into the conbrol
i Wi ll stop the clo :
the Firet word of the inter-
sroLhie Revbooards The second word
interrapt vector contains the
fprocessor stotuas word (FEWY thot will be used
fuhen o Kewvi rol odnterrapt s bednd gserviced,.
i The currvent P5EW volue (149) should be reset
sho the wvalus ftnot it hod before 4 woas oalter-
yed by the L routine (340, This will
sreset the Kevooord dintereupet priority level
shaock to 7 (hishest priority? from ilts cur-

tThe addraass
sod o the ol
This mumber
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srent level

4
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STRCLEKS MOV $RILCLK, CESRADR sStop the clock.
MOV FO00340 KREYVECHZ iheset Lhe Kevboord interrupt processor shotus
sword boack to its originogl value.
Ts PO sReturn Lo the calling program.

The following program segment, FORMEG, prints oul o messade o the user,
warning him bthot o flag overrun has cccurred. & floag overrrun ooccurs 1
the clock overflows when the overflow Fladg i =til)l set From the loast over-
Flows thaot iss the interrupt ryvice rodbiney which clears the overflow

fla=sy has not Findished servicing Lthe previows overflow,

FORMSED JFRINT $MESSAG sFrint o warnins to the "
SRR s sReturn to the oallins COE TN
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General lescoriptiont

Subroutine SETTIH
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o series of o

o dvalaent

simply provides
varinblest HOUR,
srment statements

YU%MUN bloock variaoble.
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General Usscripticni

Subroutines FEEK and FOKE are FORTRAN callable assembly londguage routines

that read

valuee, ond write a certain

i

the contents of o particular memory location
vialue to

i ven

ond e
memory location,

Lurn

that
respectively.

e values and addresses entered in the FORTRAN colling program should be

in decimal form.

given

grsuments

Common blocksd Mone

Formal arduments’

AT

syvrhaa

Calling

Colling aswoamplel

Call FEEK O Oy
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Manufacturing Svstems

Modeling and Control Laboratory
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P

epartment

ol by
Arhor,

«TITL

MOV 1

MOV o

TH P

of Mechanical Enginesring

of Michigan

Michigan  ABL104-212%

E SUBROUTINES PEEK aAMD PORE

CT FPEEK RU, T.0RBLyREL CON

!-.. F:‘ '.\
Lo SUBROUTING FEEK

Gog =0 P sStore the contents of
AUREY y RO stviove the desired addr

PEDURESY dinto register

sifove the contents of

dinto the contents of

SRy RO sRestore the value of
satack.

o sheturn Lo the colling

23

ROy B4IREY

+

GoORSY, RO

~
<
3
s
A
-

shordewnl .

Mowve the desired adde
AUTIRESY dinto BO.
yMove the contents of
itred oddress,

tore register O to
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yErom hbhe stack .
¥
;

o iPeturn o the calling

register O on stack.
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N
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VAU,
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PG .

Stoare register 0 on the stack for later
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ValtE dnto the

ite original value
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