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M.P.G. USERS’ MANUAL

INTRODUCTION

This Manual contains all 1nformation necessary for use and
cperation of the Maintenance Program Ggnerator (MPG) progran.

provides harduware oriented telhnical personnel with  the
ability to easily generate and execute programs on the POP-1]
seri1es of computers. While these programs ..f be written 30 as
to perform any type of task, the major application ezpected are
Ero?ra-: that a1d in the mainlenance and repair of peripheral
evices.

Qppendiz H of this manual contains a summary of the capabilities
and support provided on the initial release of . RAlso
contained 1n this ARppendiz 1s Lhe changes 1ncorporated 1n
subsequant releases (versions) of MPG.

RELATED PROGRAMS

The XXDP Update Program 8 2 (UPD2 - MAINDEC 8 11-DZQUB-H) 18 used
for certain MPG media maintenance and creation functions. In
addition, MPG 1s supplied on XXDP media and therefore 1s preceded
by execulion of the applicable XXDP Monitor.

RELATED DOCUMENTS

For details concerning the operation of the XXDP Mon:itor and the
?TDDZ ro rag, refer to the XXDP User’s Manual (MARINDEC #

There 13 now available from SOC an MPG Summary Manual
(11-DTSMA-R-D) which consists of e3xcerpts from this document. It
13 considerably smaller 1n si2z¢ and contains summarized
information concerning MPG loading, commands, instructions,
buffer areas, patlerns, "and Device Roulines. This manual assumes
] knnulcdgahlc MPG user.

ORDERING INFORMATION

The f1les which comprise MPG are integral componenis of the XXOP
Multi-Media system. KWhen all 1tems of cerlain XXDP packages are
ordered, MPG's binary f1les will be 1ncluded. However, MPG
llstxn‘: and/or binary fi1les can be ordered separately from
the SoYtware Distribution Center (SDC). When binary fi1les are
ordered, thc, will be supplied on the single XXDP medium on which
they reside Tor that opackage. For exdmple, 1f the JECTAPE
vergicn of MPG is ordered, you would get onrly TCOP DECTAPE » 18.

——— Ar—— —r——
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The listing kit supplied for MPG consists of the program listings
for all Device Routines, this Users’ Manual, and the XXDP Users’
ﬂanga{i The SDC Checklist numbers that are applicable to MPG are
as follows:

Checklist Description

2J197-RZ Listing K1t

ZJ197-RC Listing K1t and TCOP gECTRPE s 18
ZJ197-RD Listing Kit and TMOP 9 Track MAGTRPE 8 3
ZJ197-RE Listing Kat and RKDP DECPACK & 2
ZJ197-RF Listing Kit and TMOP 7 Track MAGTAPE # 3
Z2J197-RY Listing Kit and RXOP Diskette 8 &

R checklist entry for ‘he RPOM was not included i1n the above list
since XXDP 13 "not available on that type of medium. The user
nust build the system on his oun &ack from one of the available
media. In the” case of the RPOY for MPG, all that 1s needed :s

the Listing Kut.
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2.0 GENERRL INFORMATION

Since the principal wusers of MPG will be non-gro ramming
personnel, a special language Mas been developed o llplilg
rogram definition and cntry. Thi: language consistis of En?lis
anguage format statements Tor data processing and I1/0 functions.
Chafacteristics of this lan,uagc include flexzability, machine
1ndependence, and casy learning.

In addition to the program language, the user 1s furnished 2 sel
of commands that allow him™ to contrgl MPG's operations and
utilize the sugport functions provided with MPG.  These support
functions 1nclude program modification, storage and retrieval of
defined programs, device assignment, eic.

The combination of the grogra- language and the wuser commands
rovide the foundation Tor MPG’'s utefulness as a diagnostic tool.
1th case of use being 2 ll{or consideration in ‘s design,

these components were oriented toward relieving the user of as

many tedious operations as possible. For example, 170 operations
may be defined ot o hxah level where the user specifies only the
function to be performed and MPG handles the device at™ the
interface level with default values for memory address and byte
count. The user -a¥ stil] have MPG handle the "device interface

but define a sncc fic memory address and byte count for the 1/0

function. Or, the user may program the device at the 1nterface

level himself with complets grtcdo- of device usage.

Another consideration was the ¢limination of associated programs
or libraries that would tend to complicats G's usags.
Therefore, MPG containg all routines required to support the user
and his programs. Even though 1t performs a compile function,
MPG does not require additional assembly programs or macro
libraries during 1ts operations. MPG 1s completely self
contained 1n the 3tand alone version. In the operating “sysiem
;cr:ion 1t will utili12e only the componenis required, suth as 1/0
andlers.

In keeping with the ease of use philosophy, all commands and
program statements are entered to vis the keyboard. For
instance, the user, after dclcrnlnnn? the task to be programmed
makes o series of keyboard entries which consist of briel
statements that define the task to MPG. Upon conplctxn% these
entries, the user can then use the MPG commands to execule these
statements (qrogran) with & varietly of options without changing
the statements he entered.

——— i ——— -
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MPG FEATURES

USER PROGRAMS

The user 18 required to specify the tasks and/or data operations
that are to be performed by his program. These are entered in

thc !Srn oé pro!ran lazguagc statemenls which are defined 1n
pendix refized” t8 each statement will be 2 line number

which 1s uscd for Sranching and for statemgnt modifications. The

uscr enter his own values for the line numbers or enter a
space on! have PG calculatc and dis;llg the next highest line
number which will have an i1ncrement faclor of ten.

MULTIPLE USER PROGRAMS

MPG w1ll support :llultancous cxccutxon of up to sizteen wuser
programs. This capabslit * useful 1n troubleshooting
interaction problems or for a oulni concurrent troubleshootin
of 1ndividual device problems by two or maore technicians. Eac
:rngra- controls one device and 13 treated as o separate entity

% o!rals are_ distinguished by having o number (1, 2|

c) assigned Yo each. The format of various commands utilize
thcsc nu-hcrs and allow the user to perform operations on any
program without affecting the other programs.

USER PROGRAM DATA ARERS

In the course of urlt:ng : {roarau the user may have need of
-cnor? locatxons which will Be used as couutcrs storage areas,
data inp etc. Khile MPG allows the user acfxnc specafic
memor adarcsscs 11 uontcd 1t alseo provxdc: the user with
predelined arcas which are relerenced by symbolic names. These
areas are of two types with the first being a series of sizteen
contigugsus 1 word loCations thal are uniqué_ to each program.
These™ locations, whose names are TMOO thru TMIS, are useful for
data meaningful onl! to that program. The second type of data
sreas 1s co-on o all rograns and is useful uhcn passing
information between pro,rals or for sup g 1ng or altering data
frol the command leve This second as two formats which

may be used as the need dictates. Thc first format is ten
contiguous 1| word locations with the sgnbolxc names of COMO thru
COMI." The second format 13 a buffer consists of sizteen
cont uous 16 byle areas (256 by tcs total) with the names of BFOO
thry Any COM or BF arcas be accessed ‘¢ wuser
progra:s “and also sltered fron l ¢ command level u?th the FILL
command.
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170 ARERS

Since many 170 operations will not be dcpcndcnt upon usage of
specific memory locations HPG providcs two types of I/0 areas
which have Trcdcf:ncd s!uholl mes. For ecach ro ram there 13

s varisdle Jength read Brea ( I ) followed immedia ely in ncnorg

by » varxablc length write ares (WRIQ). When Entcrtng

Fetching each pro;ran the user l: astc loeggccif! the s12¢

these afeas. he pFesel values, which are es, My c

changed 1o .RB vcluc from O lo or the largcst alloucd by

memory size. IO and WRIO are unig uc to each :ro ream and even
thoug luo or m rc ’rans n bz g? the sa ! mbolic nan*s,
each p ,ran wl ferenc) ifferént arcas of memory

othcr 0 arca uhxch 18 knoun a3 FREE, extends from thc end of

MPG to thc end of ncnor! Its s12¢ will be determined by the

size of ncnor! he number and length of user programs.

Important aspects of FREE are 1ts use as an area for larg 1/0

operations and as a common ares where 1/0 dots is passed betuween

programs. Caution should ag exercised when nultiglc pro rans are
srbitrarily wusin area since the data redd by one

program could dcs!rog another program’s data.

Note: In the Memor Hanaaﬂncnt version of the combined
s12¢s8 of RDIU and BRI cannol exceed 29 éSO bytes. FREE
will have a maximum s12¢ of 24,576 byle' (12K uords) and
will exi1st at the Jowest 12K uords of available memor
If 12K words are not available, FREE will be ot t ¢
largest area available.

The high level I/0 statements utilize the program’s 1/0 areas  as
defaull values. READ and WRITE statements will default to RDIO
and WRIO, respectively, with byte counts of 256. When the FREE
area 1s referenced as the memory localion for these commands, »
byte count must be specified.

It should be noted that the user is nct required 1o use these

sreas and has complete {fresdom |n dclxnxng spccxf;c memory
sddresses and b tc count: lor his operatidng, course,
this freedom tempered by the ncccssxtg ol dxscrctlon in the

user’s sclcctlon of memory areas. They should not be within MPG
or other user srogra-s !l within hxs program area, thc! musi be

thhxn his RDIO and WRIO arcas. They may be anywhere wilhin Free
emory.

If the wuser 1s doing only read operations or only write
operations and their length exceeds the size of RDIO butl are less
than the combined s12¢ oI RDIO and WRIO, hc nag specify RDIO as
the 1/0 area. Since WRIO follows n nclor and_1s
contiguous, the user has 1n effect an I/O arca the sxzc of RODIO
lus "WRIO. Care must be taken to never perform reads, whose
ength exceeds the ¢12¢ of RDIO plus WRIQ, 1nto ROIO or reads,
whose length exceeds the si12¢ of WRYO, 1nto WRIO. If this
eccurs, the program’s source statements and possibly 1ts object
code will be destroyed.
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MFG Features (Cont'd)

3.5 OPERATION SWITCHES

Since there are several functions common to the type of programs
written with MPG (printing of error information, stopping after
an error, elc), these functions are revided as  integral
components of MP3. However, 1n ccrta%n situations some or all of
these functions may not be desired. Therefore, MPG has for each
grogran o sel of software switches (bits) that are interrogated
hroughout execution of the user’'s program. These swilches are
presel to defaull_values but can be modified by the user in three
different ways. The first {wo methods are through commands.
With one {format of the OPSW command, the user can change the
switch setiings for a particular Trogran while the other”™ OPSK
format grovn ¢s for setling _all resident programs to the same
value wilh one command entry. The third method is by statements
1n the user’s program. By usin' the symbolic name , the user
grogral can contain statements 1hat relerence its OPSN and modify
he switch values at any time during execution of the program.

Rs will be seen, certain bits 1n the OPSH word are not used by
MPG. If the user wishes, he may utilize these bits for his own
urposes. Since cach OPSW word 13 modifiable from Lhe command
evel and the user program can interrogate any bits 1n 1t, these
bits ll! 3¢ used to control the ezxecution of & progrem 1n a
manner To be determined by the user.

The switch (bit) meanings of each :rogran’s one word OPSW have
been defined 1n accordance with the standard bit usage listed in
the Dia n?:tlc Engineering Standards Document 8 175-003-009-0 and
are as Tollows:

OPERATION SWITCHES
Presetl value 13: 100000
BIT VALUE FUNCTION

- - . - - -

i1S= 0 Continue program exacution on error.
1 Cease program execution on error. (Preset)
4= 0 Go to next device at ¢nd of program.
1 Cycle program on current device.
13= 0 Print on error.
1 Do not print on error.
2= 0 Not used.
i11= 0 Notl used.
10= 0 Stog when the device list 1s ezhausted.
l Cycle the device list.

: - - — -
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ontinue on current device on error.
o to next device on error.

Bit 9 13 effective only when

bit 1S = 0.)

Perform error checking.
Do not perform error checking.

o not perform special operations.
erform special operations as 1ndicated 1n
the device routine’s documentation.

Not used.

Check for I/0 timeout.
Do not check for 1/0 timecut.

ﬂutonot:callg display device counts
based upon the value of Bit 3.
Do not display device counts.

Display device counts at the

end of each program pass.

Display the counts only after the
{1nal program pass.

Clear the device counts when the

RUN command is 1ssued and after cach

Erogral pass excepl the final pass.
lear the counts onlg when

the RUN command 18 13sued

Print all data non-compares detecied
with the VERIFY statement.

Print only the first data non-congarc
detected with the VERIFY statement.

Print 'PROGRAM COMPLETED’ message after

the final pass of the Erﬁarau.
Do not print 'PROGRAM COMPLETED’ message.
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MPG Features (Cont’d)

OPSW BIT LAYOUT

) [] ] [] )

i i i i cLERR

i CYCLE ! i DON'T ¢ DON'T ! COUNTS ¢

" CURRENT ! NOT ! ERROR ¢ CHECK 1 OMLY AT !

i DEVICE § USED i CHECK i FORI/O i RUN i

; 5 : } TINEOUT { COMMAND i

i i ; ; ; i
femmmneee ;- e $ommmmnoe- i

113 110 17 y ' i

i i i i i~ PRINT 1§

i DON'T i CYCLE ¥ DO i DON'T i ONLY i

i PRINT @ DEVICE ! SPECIAL i DISPLAY i FIRST i

i ON i LIST 1 "JPER- 1 DEVICE 1 MISCOMP i

i ERROR i i ATION 1 COUNTS ¢ ON 1§

i i i i i VERIFY |

[ ] [ ] [] [ [} ]
.......... T s £y
115 112 19 5 13 0 i
i i 1" G0 10 i i DISPLAY ! DON'T i
i STOP i i ONEXT i i DEVICE 1 PRINT i
" ON i NOT i DEVICE?! NOT i COUNTS i PROG |
i ERROR ! USED ! ON i USED i ONLY ON ! COMPL'D !
i i i ERROR | i FINAL 1 MSG i
i i i i i paAsg i i
i i i ] i i i

Preset Value = 100000
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4.0 DESCRIPTION OF OPERARTION

MPG 1s provided on XXDP media and may be loaded bg the XXDP
Monytor or UPDl1/2 progrems. However, i1nherent with MPG is the
ability to operate on media which 13 dedicated solely to MPG. In
this case, MPG provides 1ts own boot and loading funclions,
Refer to Section B for instructions concerning creation of MPG
dedicated media. Rlso, refer to Section” 6 for instructions

ertrining to the loading of MPG_ by XXDP or from its own
";gxcatcd media and to Section 7 for an example of 1nitiating

Riter bcin? loaded, the MPG Stand Rlone Ezecutive’s housekeeping
section will initi1alize vector locations O through 276, determine
the memory size, clear higher memory, and request the date.
Rfter receiving the date, the Execulive will attempt to access
Memory Management’s MMRO register. If found, a message will be
1ssued that asks if Memory Managemeni is to be used. If the
rcglg is Y, <CR>, or <LF), the name of the MPG file to be loaded
will be sel to THMAnm.MPG. If MMRO was not found or 1f the reply
was N, the file name will be set to TMGAnm.MPG.  Next, new
c?nsolc terminal constanis are requested followed by the loading
0

Note: The remainder of Section 4 (Description of Operation)
ertains to the non-Memory Managemeni version of MPG.
he Memary Management version s ncarl¥ identical 1n

operation” except for some additional capabilities.
Refer to Section 9 for information concerning these
capabilities.

Once loaded, MPG wi1l]l assume conirel of the processor.
Housekeeping will be performed followed by the lyping of MPG's
title line which i1ncludes_1ts version number and the addresses of
the restart points. (The restart point RST1 provides for
complete clearing of internal MPG flagwords, tables, and user
programs while "RST2 performs Lhe same funclions except that any
user programs are left intact.) After the_ title message 13
dl!allgl p PG will load the Valid Devices Table, which 13 file
TVORna MPS, from the load device and place it 1n MPG’'s program
space. ext, a Memory Ma which lists the Free Memory
available, will be dlsplc*cd. (pon completion of the Memory Ma

display, HPG tspc: 1ts ENTER C message followed by an asler:s

and 13 now ready to receive ils first command.

The MPG user commands provide a variety of services such as
operation control, user program definition and execution, progran
modification :roiral storage and retlrieval, elc. These
commands, whic re listed” 1n Appendiz R, resull 1n 1mmediate
action by MPG. Rfler cach command 13 entered, 1t 13 checked for
valndxé# and then the task 1t specifies 13 performed. Following
this, MPG t¥:¢s an asterisk and waits for the next command to b
eniegred. 18 continues unti] the user has entered all desired
ccamands excep! RUN. At this point, & RUN command or a2 null
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" Dascription of Operation (Cont’d)

¥y.1

keyboard cntr! (carrla!c return only) will cause MPG to ‘rocccd
to user program execution. MKWhen all programs have completed or
1f no programs were available for execution, MPG will return to
request additional commands.

ENTERING R PROGRAM

Upon recognizing the ENTER command, MPG will issue the ?RSGN DEV:
message which ‘requestis an entry that is either the tcvuord NONE
ar the model number and if appliceable, the decima]l umil numbers
(from 1 to 16 unit numbers specified individually and/or as
strings) of the supported device for which the ’rogral is to be
written. Following this wmessage and rcp&“ w0 MOre messages,
which display the presat sizes of ROIO and WRIO and request new
values, are issued. For each message either 2 null keyboard
entry, which 1ndicates that the preset values are to be used, or
a decimal number, which specifies the desired size of cach area
in bytes, may be entered.

It the reply to the "ASGN DEV: wmessage was NONE, 2 small dummy
device roulineg, which occupies mifimum memory space, will be
generated followed by MPG proceeding to program statement
groccsslng. If o model number was entered, the device routine
or the mode] specifiad will be losded into memory with 1is
filensme being dlcsla,cd on the console terminal. "Acting upon
information contained within the device routine, MPG will “issue
the first of {thres messages. These messages, cach of which
require & reply, will identyTy and display the preset values for
the device’s Sevice register addrass, interrupt vector address,
and bus request priority in that order. RAfler sach is dtsEIAycd.
8 read will be issued to the console tc*boarl. If data 1
entered, 1t will be used to replace the existing doata. If a null]
entry (carr:atc return or line fesad only), the driginal data will
be Jeft 1ntact. The first two messages process one word of data
while 1he third has the capahilitl of displaying and receiving
two words (separated by a comma). This feature 19 requircd for
communication devices which require different bus prioritses for
read and write. 1! the second bus priority word (write's) 13
:cro! o:lg the first word (read’s or the gﬂly priority) will be

1sployed.

Note: If the re l! to the ASGN DEV message is terminated by o
line 1..5 instead of a carriage return), the subsequent
messages and replies for ROIO 3ize, WRID size, device
register oddress, interrupt vector address, oand bus
priority will be b passed and rasults in their preset
values bcxn! vtilized. ARlso, 1! the rcrl! to any one of
the five mes3ages just mentioned 13 termindted by o line
feed, any remalning messages will be bypassed.

When device routine processing 13 completed, MPG allocates room
for the ROIO and WRIO arecas, 13sues o ncssa!c indicating that it
18 rasdy to receive program statements and then types 8 “’greater

——— ———— ——
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than® () snan. Rt this time the user bagins entering these
statements. (Refar to the sample proarals included with each
Device Routine description 1in Rppendiz D.) Since all ‘ro!ra-
statements must have 2 1ine number as their first component, this
nust be the first cntr! for the stalement. The user may enter @
1 to 4 character decimal number followed by a tad (or 35 ce) and
MPG will use thatl as the statement’s Ilne number. Or, he may
anter a space and MPG wil]l generate 2 new line number which has
the value of the current line number ¢ 10. RAfter the line number
18 defined (by either method), the :ro!rol stotement s gntered
on the same  line and followed by 3 carriage return. Rs aach
ertry 18 recerved, it 18 validated and then stored 1n memory in
condansed format. This continues without 0a! other actions until
the END and DONE statements have been procesled. Following the

MPG will scan the stored program statements, make further
valxixtg checks, and then compile a section of machine code based
upon the functions indicated By these statements.

Nezt, MPG 1ssues the “PGMS COMPILED 7 MEM REFORMATTED™ message
and then types an asterik to indicate that it is ready for the
nezt command. If the user desires, he may enter the MM command
and have dlsplagcl on the console lerminal a memor nap, which 13
a series of messages listing the slarting and ending addresses
for each wuser program and for Free Memory. Included for cach
Ba;aaa- 13 1ts name 1f 1t was fetched or the defaull name of

1f 1t has been entered withoutl & name hcnn! specified.
Rlso included 13 the model code of the device assighed 1o the
progrom. Whether the memory map 13 displayed or not, the user
sy now execute the program just defined, list the progrom
slatements and the oclal machine code generated for the prograom,
define another program in a different program slot, or iniliate
any other MPG command.

iMhen the ENTER command or the FETCH command 13 issued, MPG makes
no checks as to whether a program already existis for that slot.
I1 one does ez13t, 1t will be destroyed by the new program.

EXECUTION OF R PROGRAM

Once the user has defined one or more &ﬁ&’ran:, he may nitiate
their execution through use of the command. The format of
this command :rovndcl for activating a single {ro‘ra- or multiple
programs with each program being started at 1ls beginning or,
optionally, sl : specilic statement on the {first unil. fter
entering "8il desired commands, the entry of the RUN command will
inttiate precgram executson.

Note: If desiring to cont:nue execution of & previously stopgcd
program without 1nitiating any otlher programs, 1lhe
1ssuing of the Continue command (CONT p)° faollowed by
¢1ther™a null keyboard entry or the RUN command without 2
program number will initiats program ezecution.

-
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Uﬂon recognizing any of these entries, MPG will begin gcon
the program slots ut:ln:ing ’ pollin! loop technique. Star
with slolU 8 1, MPG will chetk each slot and ascertatn |
program 1s praesent. If not, it proceeds to the next slol.
rogrem 13 present, an internal progrem fla’uord will be tested
o determine 1{ the program has bedn specilied for ezecution and
1f 1t has, whether 1t has been siopped the user or by an error
occurrence. If neither of the sto! conditions are present and if
the pro!ran 1s not uallln' for an 1/0 termination, then control
will" bé ftransferred to The program’s object code at 1ts current
sddress. The program will retain control (c:ccutin') unti] one
of the following conditions causes it to return control to MPG:

\ - The Device Routine has initiated s high level 1/0 command
and 13 warting for device termination.

~ The Device Routine attempted a high level 170 command but
the control unit was already busy.

~ The Device Routine detected an error during 2 high level I/0
operation.

= The wuser program contains a Control Release (LETGO)
statement which 13 being performed.

- The user program has completed.

Jpon receiving control again, MPG performs ihe ncccs:ar!
functions for  suspending that program and then proceeds to tes

the next program glot. RAIter processing the last ‘ro’ran slot,
the scanning wil] resume at progrem slot 8 1. 11 all progrems
are waiting for I/0 termination, MPGC will continue o p:ng
through the program slots looking for s program that is ready t

continue execution. When one of The I/0° functions terminales,
the next time that 1ts associated program slot is scanned,
program execution will be resumed. When o 8evice 13 already busy
or "when a control release (LETGO) 13 13sued, *rogran execution
will be resumed on the next program slot scan. This allows all
other programs at least one chance at execution before these
programs regain contirol.

Program slot scanning continues unti] all programs have «ither
terminated or been stopped by the user or because of errors. If
sultiple units were specified for the program’s device, {the
program will be run on each unit belore terminating. When
Eroccsséﬁl a program’s termination, MPC will 1ssue 2 ° g
OMPLET. message for that program. Upon determining thatl al

pro!ran slots are” 1nactive, will return to the command

seclion and request new commands.

An automatic feature provided b! MPG at program termination s
the display of the applicable statistic counls accumulated by the
the program’s device routine. These counils, which 1nclude” the
commands 1ssued, bytes read and/or wrilten, and errors, are
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displayed at the end of sach progran pass or when contiauing _lo

the next unil upon detecting an error on the current unit. The

sutomatic display of these counts and when they will be displayed

are controlled by bits in the program’s word. Another

method to d*:pla h* ¢ counts at anytime i3 with {he REPORT

sommand. he oprron will ls:éa!'thc same informatien
p

that 1s automatically displayed at the ¢ d program pass.

Rs mentionsd previously, when 2 program returns control to MPG
1ts  ezecution will Eﬁ suspende This congists of storing the

contents of registers through and the in a reservedared
within the program’s space. RAlso slored in this space are any
words left on the stack by the user program. When determines

stack wat saved words and restore registers RO through
before resuming execution of the program. It should be noted
that the mazimum number of words that can be saved off of the
stack__1s tharty. If & user !rogran returns control with more
tha: %0 words on the stack, 1t will™ be aborted with an error
condition.

that groaral is to be given control again, it will reload the
any

Whenever a program 1s specified for execulicn with the RUN
command or when 1t 13 repeated for the next device 1n the device
list, all storage arsas for the registers, stack words, temporary
work areas (IlDO through THMIS), "the device routine words (BLK,
CYL, SECT, etc.), and the a‘plica‘lc device routine counters are
cleared to 2e¢ros or set to their preset values before stariing
the program. Clearing of the device routine counters can b¢
controlled by the wuser with b1t 2 1n the program’s OPSH. The
user may specify that these counts are to be reset only when the
command 18 issued.

INTERRUPTING USER PROGRAMS

While user programs are cxccu!xn, the user may enter commands by
first ,a:nxng MPG's attentior wilh an CONTROL''C’ entry from the
keyboard. Updn recognizing this entry, which will be honored
on ! 1f wuser progrims are executing, MPG will suspend execution
of the user programs and abort any oulstanding read or write
1ssued by user programs 1o the console terminal. Rs an _added
dcbugilng a1d, WG will display the values of the PC and SP at
the "time of intarrupl and whether a user pro'ral (identified b
1ts number) or MPG had conirol. Followin his message,
types 1ts ENTER CMND message and the asterisk which 1s preceded
h‘ an 1 to 1ndicate that MPG 1s at the 1ntcrrug! command level.
AU this time the user na¥ enter any command wilh the exceplion of
those that could change the position 1n memory of the currently
executing programs or the current device number for a2 user
prcgram.” The Commands which will not be honored are:

E0R

—————

-_— ma e e am—
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ENTER FM

FETCH ASS] (directed to a pro’raa)
MODIFY SHIF (Memory Mgmnt only
DELETE UBMARP (Memory Mgmnt only)

After all desired commands have been entered (changing of OPSW
values, stopping & program, elc) and the RUN command or the null
entry made, execulion ol the user programs will be resumed ot
therr ponnl of interruption.

If the user wishes to use one of the restricted commands, he must
1ssue¢  the STOP command for all cxccutln! programs and then let
program execution resume. Return to the Command entry section
will occur 1mmediately 1f a program did not have control at the
trme of 1nterruption or 1f one di1d, when 1l releases control.

One command has been includ*d s!ccilxcall’ for use when
1nt¢rrupt:n’ user programs. The KILL command provides the user
with the ability to e1ther abort a progrom that has hung 1n
loop which does not allow return to or to force an 1mmediate
termination of a program. Any gro'ran stopped with the KILL
command can be restarted only with The RUN command.

USER PROGRAM MODIFICATIONS

Riter a user program has been entered, the need may ari3e for
replacing or sclctxng esisting statements or for the 1nsertion of
new ones. Rather than require the user to re-enter his entire
grogra- with updates applied, MPG contains a source correction

acility which provides the functions necessary for this purpose.

Once the user has defined a program, he -a' alter 1ts statements
through wuse of the MODIFY command. MWhen this command, which can
specily only one {rogra-, is entered, MPG sels 11self to accept
prograa siatements "from the keyboard. Each statlement entered
nust contain a line number (slatements have a 1 to 4 digit line
number as their first component) and 1t is this that 1dentifies
the %{" of update required. R line number followed h! the word
DELETE will cause_the deletion of the -atchin' numbered statement
in the program. If a program statemenl is enlered and 1ts line
number matches an exisling statement, the original statement will
be replaced with the new statement. If there 13 not a matchin
line number, the new statement will be inserted i1n correc
numsrical sequence. RAfter all corrections have been entered, the
user 1ssues the DONE command which causes MPG to re-compile Lhe
lodlflﬁd program. Following this, MPG returns to request another
command.

If the user desires a listing of all statements 1n his wupdoted
program, he may 1ssue the DISPLAY command which will display all
statements and optionally, the octal machine code generated by
the compiler, cn the console terminal or alternate print device.
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Rnother form of proaran modification is accomplished with the
RSSIGN command. 1th this command the user can change the unit
numbers assigned to an existing :rogral or even change the device
constants for the program. If the user wishes to chinge only the
device constants (dévice register address, 1nt¢rru{t véclor
address, or bus priority), "all that is needed is the RSSIGN
command 1ssued with the orlslnll model and wunit numbers. The
erisiing values for the addresses and priority will be displayed
and then changes, 1f any, can be entered.

SAVING AND FETCHING OF USER PROGRAMS

Since some user programs may be rather large and under various
conditions -a! neéd to !c keyed-1n & number of times, MPG
provides the ability to save and then later retrieve the user
grogran’s statemenls on ei1ther the system load device or gagcr

ape. This capability 13 accomplished Through use of the ASSIGN
/SRVE, and /FETCH commands.

The ASSIGN command has a format which allows the wuser to alter
the devices used by the /SAVE and /FETCH commands. Normallg, the
system Joad device 13 the preset device for these commands.
Refer 1o section 5.2 for more details.

The /SAVE command 1dentifies the rcviou:l‘ entered program whose
statements are to be saved and the name that they will be saved
under. Rfter receiving this information, MPG will™ extract each
gro ram statement stdred in the condensed format, expand 1t to
ull format, and then write 1t to the SAVE device 1n the correct
blocked {format. This continues unti] all statements have basn
processed. MPG then returns for the next command entry.

The /FETCH command 1dentifies the stored srograu by name and the
program slot into which 1t will be loaded. Processing of this
command 1s very similar to the ENTER command described 1n section
3.1. The one major difference 1s that the FETCH device 1s
searched for the named program and that the grogral statements
are read from it instead of the keyboard. Olher functions such
as device assignment, statement = validation, and program
compilation are performed 1n the same manner,

Rdditional commands are provided to aid the user 1n the saving

and fetching of his programs. The /LIST command provides 2

directory of the programs resident on the FETCH device while the

/DELETE “command 2l118ws the user to delete programs {rom the SAVE

ga;éc;. The /ZERO command will 1ni1tialize & new medium on the
evice.

——— - —— —
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5.0 DEVICE SUPPORT INFORMATION

5.1 DEVICES REQUIRED FOR MPG

The devices required by the stand alone version of MPG are
necessary for 1ts lodding and communication with the user. RAny
other devices required would be the wunits to be tasted. The
following are the miniaum requirements:

- One PDP-11 series centiral :roccssor
(LSI-11 throgﬁh 11770) with »

minimum of 16K words of memory.

= Rny one of the following load media
devices:

- TUSE DECtape transport and
associated TC1! control unit.

- RKOS DECPACK disk drive and
assoclated RK11 control unit.

= TUL1O MRGTAPE transpaort and
associated TM11l control unit.

- TUlb MAGTAPE transport and
associated THMOZ2 control unit.

- RX01 Flopsg Disk drive and
associated RX11l control unst.

- RPO4 Disk drive and associated
RH1l control unit.

- One console terminal (LR30, LA3G
LT33, or VTOS) and 1ts associated
control unit.

- Device to be tested

S.2 OPTIONAL DEVICES FOR MPG

The devices listed 1n section 5.1 are required for MPG and 1ts
Ezecutive. There are, however, additional devices which may
o:t:onnilg be used for certain MPG funclions. The supgort for
these devices 18 completely 1ndependent of the high level 1/0
device routines.

The LIST device, which 13 1nitially assigned to the consol
terminal, con be assigned to grxntcr (LP11, LSI11, or LVI]
through use of the RSSIGN comand. When this option 1s used, ;l

¢
%
print” information generated by the user programs, high level I/0

—— — —  a———
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device routines, progrem source displays (DISPLRY command), and
the dzractor, disp a! (7/LIST command) will be directed lo the
rinter. If desiring Yo resume use of the console terminal as
he LIST device, The assignment of KYBD, KBOO, or NONE as the
LIST device will effect this change.

The SAVE and FETCH devices, which are initially assigned to the
MPG load device, may be rediracted to other !cvlcc through use
of the RSSIGN command. Either or both the SAVE and the FETCH
device -a! be assigned to ancther unit on the lgad dcvifc. This
1s accomplished by entering the load dcvé&g &" model number
followed by the dc!xrcd unit number with the IGN command. The

FETCH device can be assigned Lo the paper tape reader (PCIl or
PR11) and the SAVE device to the paper tape punch (PCl1). It
should be noted that uhc;ogié%! p;saa tape, the wuse of certain
MPG commands (/LIST, : T, and /ZERO) will result 1n
errors bcnn' reported. Rlsc, even though not used, the one 1o
s1x  characler program name used in the /SAVE and /FETCH commands
must stil] be supplied when using paper tape. Riler assigning an
alternate SAVE or FETCH device, reassignment to the load device
can be lCCOIglISHC‘ b! assigning e1ther LORD, NONE, or 1is model
name and unit number to the desired device.

MPG DEVICE USRGE DETRILS

Sections S.1 and 5.2 lyst the devices that can be used by MPG for
1ts own functions. This section provides the details !bout MPG
usage and also general information about the devices.

Console Terminal

The console terminal driver 313 located 1n the Executive and
operates 1n an 1nterrupgt driven mode. The preset values for 1ts
device constants are:

Read: Device Register Rddress = 177560
Interrupt ™ Vector Address =
Interrupt Proc. Status Word = 200 (BR 4)

Write: Device Register Rddress = 177564
Interrupt Vector Rddress = B4
Interrupt Proc. Status Word = 200 (BR 4)

During 1ts one time housekeeping, the Executive samples the
console terminal by testing the write status register. If not
there or 1{ READY 18 nol set, “the Ezecutive will halt. (This s
the onl’ halt 1n the Ezeculive that is not preceded by an error
message.) When stopping at this halt, register RO contains an
address which points at (the word containing the read device
register address. The five words 1ollou1ng this word are 1n the
same order as listed above. Al this Lime, the user may chan?c
any or all of the si11 words and thereby direct MPG 1o an operabls

102
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console terminal. Rfter the changes have been made, depressin
QONTINUE will cause MPG to repeatl the console terminal test wit

he new values.

During execution, the MPG console terminal driver recognizes
certain control characters and acts upon them as follows:

RUBOUT

CONTROL /U

CONTROL/C

CONTROL /0

CONTROL/S

The last characler enteread on the current read will
be deleted. The character or characters deleted are
t?f“ and enclosed 1n backslash (\) charactlers. I
a entered characters have already been deleted, o
carriage return/line feed wili be typed.

Types the “tU™ characters, deletes all data entered
on the current read, and then t‘pcs » CR/LF.
Effectively re-1n1t1alizes the current read.

This entry 13 honored only if user progrems are
runnxn!. When processed, 1t causes an, read or
write o the console terminal to be aborled, the
“tC" characters to be typed, and entry i1nto MPG's
User Interrupt Mode to be made.

Causes all further writes to the console terminal to
be suppressed. This action remains 1n effect until
MPG returns to request a new command or wuntil an
error 18 detecied by MPG components other than the
Device Routines. If used while user programs are
runaning, all messages issued 1o the console terminal
are suppressed and will remain sup:rcsscd until all
user rograms have either een stopped or
terminaled. If desiring taﬁrrcsunc t,pin' durin
user pro’ral execution, a CONTROL/C entfy will rese
the 1ntefnal software flag wused for “suppressing
typeouts. Dur:n; command entry there is no way to
resume typing until the curreni command completes.

This entry 1nstrucls MPG to suspend all further
writes to the console terminal after the current one
completes. The console terminal is put in o
simulated busy conditign and remains so until any
character, olher than a CONTROL/S, 13 entered on the
keyboard. This character 13 discarded and typing
will resume at the point of interruption witlh no
loss of data. This feature can be used while user
pro?rals are running and will have the some effect
on thetr output.

For console terminal writes buffcrrxn? 1s provided for wup to
0

twenty bytes. There 13 ns ﬁu!fcrrlng

r read datas.
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PRINTER

Any of three printers (LP11, LSIl, or LVI1) can optionally be
assigned as the MPG LISt "device and will be used for ceftain
display functions. The driver for the printer 1s interrupt
driven and operates with the following presel constants:

Device Register Rddress = 177514
Interrupt Vector Rddress = 200
Bus Request Priority = 4

The above constants can be changed after using the ASSIGN command
to assign the printer as the LIST device.” The current values

:111 b: 1splayed after cach RSSIGN command and can be changed 1f
esired.

PRPER TAPE AND LOAD MEDIA HANDLERS

The handlers contained 1n MPG perform the services required for
rogram and fi1le maintenance. This i1ncludes the loading of MPG
1les, the sav:na and fetching of wuser programs, directlory

ur

displays, etc. rently, MPG supports seven handlers which are
for the tolloutng devices:

PC11/PR11 Paecr Tape

RK11 DECpack Disk

1C11 DECtape

TMO2 MAGT

TMI1 MAGTAPE

RX11 Flolpg Disk

RPO4Y Dis

Due to s12¢ requirements, the MPG Executive will contain the
Paper Tape handler and only one of the other handlers which will
be 1is load med1a. This resultls in six versions of the Executive
wilh each supportin, s different load medium. Refer to Section 7
for further details conccrnin? the various Ezecutives and
instructions for generating MPG load media.

These handlers are modified versions of the XXOP Program
handlers. They are not interrupt driven_and require only device
register addrcs!cs for their operation. Due 1o their odriginal

X implementation, the device rcg::tcr addresses are {1344 and
sannot be changed. The following 3re the addresses for each
evice:

177550 = PC11/PR11 Paper Tape Reader
177554 = PC11 Paper Tape Punch

177400 = RK11 DECpack Disk
177340 = TC11 DEC .8.
172440 = TMO2 MRGTRPE
172520 = TM11 MAGTAPE
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7170 = RXll Flo Disk
5700 = i
: S.4 DEVICES SUPPORTED FOR USER PROGRARMS
The title of this seclion i3 somewhat ni:lcadinl Devices
considered as supsor ted under MPG are those for whic hiah level
I/0 functions (Re Write, Seek, etc.) are available. owever,
due to the flcxa‘xlil! and power of the low level language, 2
knoulcdgcahlc user ma ogram at the device interface level and
therefore, in a lcsscr scnsc ol the word, has support for
practxcall an PDP-ll device. cvcn thou h the dcvncc ou
. wish to cxcr 1s¢ not be 1n 1hc following l1st, do not ldse
heart. You wil ust !avc to work a 1ittle harder 1than if the
high level I/O unclions were available for the desired device.
Even so, 1t 13 still casier to progran the device interface with
instead of comp o:xng necessary instructions 1n octal
machine language and writifg thcn to memory.
Supported Devices:
- DH1l 16 Line Programmable Asynchronous Multiplexor
- DJ11 16 Line Asynchronous Multiplexer
- DL11 Single Line Interface
- D@11 NPR Synchronous Line Control
- DUIlL Single Line Synchronous Interface
= LP11/LS117LV1l Printers
- PC11/PR11 Paper Tape
- RKO6 Disk
- RK11 Cartridge Disk
RPO2/RPO3 Disks
RPO4/RPOS/RP0O6 Disks
RSO3/RSO4 Disks
TC11 DEC Tape

TM11 Magnetic Tape
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S.S DEVICE SUPPORT SUMMARY TRBLE

The following table reflects the type of support provided by

MPG

for each device. Note that some devices are sup*ortcd for MPG

functions but not for high level 1/0 operations.
and the other devices that are |

hese devices
isted butl which do not have high

level I/0 support 1ndicated, all have small basic device routines

which contain the symbolic names of the device registers.
devices that are sugporlcd a8 SAVE and FETCH devices, other
paper tape, are app

DEVICE HIGH
MODEL LOAD  LEVEL LIST FETCH SAVE
NRME DEVICE I/0 DEVICE DEVICE DEVICE

DH11

HKHMHKIHIX X XXX
MK I

[ Y Y Y ey ey e ey Y Y Y )
Pk Push Ponh et Pt Pt P Pressh Pt Pt Pt Pusd Punch

2R
RR

RK11 X
RPO2

p. ¢}
0
@
b

o
w
MHIHICIIHIMIH XK XK
XXX
KX

—

= 4

(o= ]

n
MK XM
X XX X
MAIKHKHXKIHHXK XX
MAMIMIM I M

icable only 1f they are the MPG load device.

Also,

than
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MPG LORDING INSTRUCTIONS

As stated prcviou:l,, MPG 1s supplied on XXDP media bul has the
ability to operate Trom media which 13 dedicated to 3t. Section
6.1 contains the 1nformation concerning loading of MPG through
XXEP while sections 6.2 through 6.8 pertain to MPG dedicated
media.

The boot procedures contained 1n sections 6.2 through 6.8 may be
used to load ei1ther XXDP or dedicatled MPG media. Convcrsclz,
the boot procedures listed 1n the XXDP User’s Manual may also be
used for loading both types of media.

Upon completing an! of the following load procedures, MPG wil]l
perform 1ts housekeeping functions, request the date, 1ssue 1ts
intiali1zation messages, and then type an asterisk to signify 1ts
readiness for the first user command.

LORDING VIR XXDP

Riter loading the XXDP Monitor by wusing the 1nstructions 1in
¢1ther the 's User’s Manual or in sections 6.2 through 6.8
the Monitor will type 1ts title line and usage 1nformation and
then wait for a” keyboard entry. At thi13 point the user nag
dxrcctl! goad MPG by “typing one of the {following command

followed by a carriage reaturn:
R TCMPG (TC11 version)
R RKMPG (RK11 version)
R TMMPG (TM11/TUIO version)
R THMPG (TMO02/TULL version)
R RXMPG (RX11 version)
R RBMPG (RPO4 version)

This entry results in Lhe specified version of MPG being loaded
and contrdl being transferred directly to 1t. )

The difference 1n the versions listed above consisis of the type
of device that wil] be used as the primary SAVE/FETCH device.
Paper Tape 18 the secondary device 1n all versions,

An alternate method of loading MPG 13 through XXDP's UPDl or

programs. Instead ol loading MPG™ directly as just
described, enter either "R UPDI™ or "R UP as the rcﬁl! tu the
Monitor. The selected UPD program will be loaded dnd will
request the date. Riter making this reply, an asterisk 1s typed
and Lthe program waits for s command enlry. At this point the
user must enter two commands i1n order to 1nmitiate . The
first command specifies that o program 13 lo be loaded, the
device from which 1t will be loaded, and the program’s name.
The valid program names are those listed previously but with
.BIN axtensions. The second command i1nitiates ezecution of the
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b.2

6.3

lcaded program. Rn ¢2 ..Bl. of londin! and 1nttiating the RK1L

version of from an RKI1 pack 18 as follows:
LORD DKO:RKMPG.BIN
START

The only difference 1n MPG's cperation when loaded under XXDP 13

that alfter MPG requests the date, 1t will request the unit

number of the drive that 13 to be assigned as the initial
CH/LORD device. When loading dedicated version of

MPG, i1t 13 always set to the load device. In the prior czanax

a reply of O will set the SAVE/FETCH assignment to the same RX1]

unit as which MPG happened to be loaded from.

It should be noted that when HPG assumes control, 1t wmll
destroy the XXDP Monitor and any UPD Yrogral in core. In order

to resume XXDP operation, the load medium must be rebooted or
MPG’s /BOOT command used.

DEDICATED MEDIA LORDING INSTRUCTIONS
The following sections con!ann thc information and instructions
neccassary for the loadin Each section will apply o »

ef
specific lype of MPG xnpu' -cdxu- Rs additional nc 13 are
supported, their instructions will be added.

TC11 DECTRPE INPUT
The following are the 1ni1ti1a] steps for loading from DECtape:
1. Mount the MPG tape on umit 0.
. Set the REMOTE/OFF/LOCAL  switch to

REMCTE.
3. I{ hardware boolstrap loaders BM792-YB,

MRi1-08, or BHB?3—Y5/YB are prasent, go

to section 6.3.1.
4. If not present, go to section 6.3.2.

B.2.1 TC1l HARDWARE BOOTSTRAP

1. Set the Switch Register to:

773100 for the BM792-YB or,
773120 for the MR11-DB or,
773030 for the BMB73-YR or
773070 for the BMB73-YB.

2. FPress the LORD ADOR switch.
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£.3.¢

E.4

3. If the BN792-YB, set the Switch Register
to 77734 (word count register for
DECtape).

4. Press the START switch.

TC11 SOFTWARE BOOTSTRAP

1. Set the Switch Register to 010000 and
press the L RDBR switch.

2. Set the Switch Register to the first of
the !ollouxng values and press the
DEPosit switch. Continue epositing
unti] all values are entared.

10000= 12700 MOV 8TCWC,RO
1773
12710 MOV 8-256. , TCWC
177400
1001C= 12740 Mov s4002, TCCH
4002
5710 R: TST TCCM
100376 8PL A
10020= 1271g MOV 83, TCCH
105710 B: 1S1B TCCM
100376 BPL 8
i 1271g MOV 8S, TCCM
105710 C: TSTB TCCH
100376 BPL C
10040= 5007 CLR PC

3. Set the Switch Register to 010000 and
press the LOAD noﬂn switch.

4. Press the START switch.

RK11 DECPRCK DISK INPUT
The following are the initi1al steps for loading from disk:
1) Mount the MPG DECpack on drive 0.

2) Load the drive, write lock 1t, and then
wast unti] the drive 13 ready.

2) 11 hardware boolstirap loaders BM792-YB,
MR11-DB, or BMB73-YR/YB are present, go
to section B.4.1.

- c03
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If not present, go to section B.4.2.

6.4.1 RK1]l HARDWARE BOOTSTRAP
Set the Switch Register tc:
773100 for the BM792-YB or,
7723110 for the MR11-DB or,
773010 for the BMB73-YR or,
773030 for the BMB873-YB.

Press the LORD RDR switch.

Q)

e}
3)

4)

to

Press the START switch.

6.4.2 RK11 SOFTWARE BOOTSTRAP
Set the Switch Register to 010000 and

1)

2)

3j

press the LOAD

switch.

If the BM792-YB, set the Switch Register
777406.

Set the Switch Register Lo the first of
values and srcss the

the followin
DEPosit switch.

Continue

epositing

unti] all values are entered:

10000= 12700
177406

12710
177400
10010= IE?QE

105710
100378
10020= 5007

Set the Switch Register

press the LORD

MOV
MOV
MOV
AR: TSTB

BPL
CLR

switch.

Fress the STRART switch.

SRKWC , RO
8-256. , RKKC
85, RKCS
RKC>

A
PC

to 010020 and

————— e mme S—————— e

- -

— ———




- - —————— o —— —r— v w— . -— — e r——— i —

E03

' M.P.G. Page 30
MPG Loading Instructions (Cont’d)

£.5 TMI1 MAGTRPE INPUT
The following are the ani1t1a] steps for loading from magtape:
1) Mount the MPG tape on drive 0 and make
1t rcadr 3“_ rewinding 1t to BOT and
placing it LINE.

) If hardware bootstrap loaders MR11-DB or
Eng?g-vn/va are present, go to section

3} If not, go to section B.5.2.

£.5.1 TM1l HARDWARE BOOTSTRRF
1) Set the Switch Register to:

773136 for the MR11-DB or,
773050 for the BMB73-YR or,
773110 for the BM873-YB.

©) Press the LORD ADR switch.
d) Press the START suwitch.

6.5.2 TM1] SOFTWARE BOOTSTRAP

1) Set the Switch Register to 010000 and
press the LORD switch.

2) Set the Switch Register to the first of
the Iollouzng values and press the
DEPosit switch. Continue depositing
unti]l all values are entered:

10000= 12700 R: MOV $MTBRC, RO
17254
5310 DEC MTBRC
12740 MOV 860011 ,M7C
1001C= 6001l
105710 B: TSTB MTC
100376 BPL B
5710 157 MTC
10020= 100787 BMI R
12710 MOV #60003,M7C
60003
105710 C: TSTB MTC
10030= 100376 BPL C
5710 1ST MTC
100777 D: BM] 0

S007 CLR PC
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MPG Loading Instructions (Cont’d)

£.6

6.6.1

b.6.2

3) Set the Swilch Register to 010000 and
press the LORD suitch.

4Y) Press the START suwitch.

TMOZ2 MAGTAPE INPUT
The following are the initial steps for loading from magtape:
1) Mount the MPG tape on drive 0 and make

1t ready 3“ rewinding 1t to BOT and

placing 1t OR-LINE.

2) If hardware boolstrap loader BMB73-YB 13
present, go to section 6.5.1.

3) If not, go to section 6.6.2.

TMO2 HARDWARE BOOTSTRAP

1) Set the Switch Register to 773150.
2) Press the LORD RDR switch.

3) Press the START switch.

THMOZ2 SOF TWARE BOOTSTRAP

1) Set the Switch Register to 010000 and
press the LOAD switch.

2) Set the Switch Register to the first of
the following values and press the
DEPosit switch. Continue epositing
until all values are entered:

10000= 12700 MOV sMTCS1,RO
172440
12760 MOV $1300,MTTC
1300
10C10= 32
12760 MOV s-1,MTFC
1777?g
10020= 1275? MOV #31,MTCS!
57?5 A: TST MTDS
10030= 100375 8PL R
12760 MoV #-256. ,MTWC

177400
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e
10040= 127%? MOV 871,MTCS1
105710 B: TSTB MTCS!
100S0= 100;?5 ?g% ETCSI
= 1088 o B C
5007 CLR PC
3) Set the Switch Register o 010000 and

press the LORD switch.

4) Press the STRART switch.

.7 RX1l FLOPPY DISK INPUT

thtfolloulng are the initial steps for loading from the
13k:

1) Insert the MPG Diskette 1n drive 0.
2)
3)

Insure that the drive 13 ready.

If hardware bootstrap loader BM792-YL s
present, go to section 6.7.1.

4) If not present, go ts section 6.7.2.

£.7.1 RX11 HARDUWARE BOOTSTRAP
1) Set the Suitch Register to 173400.
2) Press the LORD ADR switch.

3) Press the START switch.

B.7.2 RX11 SOFTWARE BOOTSTRAP
1) Set the Swilch Register to
press the LORD switch.

Set the Switch Register to the first of
the !ollou;ng values and press the
DEPocsit switch. Continue depositing
until all values are entered:

010000 and

2)

GO3
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MPG Loading Instructicns (Cont’d)

6.8

6.8.1

b.8.2

10000= 5000 CLR RO
12701 MOV #RXCS,RI
177170
10571} R: TST8B RXCS
10010= 1776 BEQ R
12715 MoV 83,RXCS
5711 B: 187 RXCS
10020= 1776 BEQ B
100406 BMI D
105711 1STB RXCS
100003 BPL C
10030= 116123 MOVB RXDB, (RO} +
770 BR B
5007 C: CLR pC
10040= 0 D: HALT
776 BR D

3) Set the Switch Register to 010000 and
press the LORD switch.

4) Press the START switch.

RPO4Y DISK INPUT

The following are the 1nit1al steps for loading from disk:

1) Mount the MPG pack on drive O.

2) Load the drive, write lock 1t, and then
wait unti] the drive 13 ready.

3) If harduware bootstrap loader BMB73-YB 1s
present go to section 6.8.1.

4) If not present, go to section 6.8.2.

RPO4 HARDWARE BOOTSTRAP

1) Set the Switch Register to 773320.
€) Press the LORD ADR switch.

3) Press the START suwitch.

RPO4 SOF TWARE BOOTSTRAP

1) Set the Switch Register to 010000 and
press the LORD ADR switch.

PSS —
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2)

3)

4)

Set the Switch Register to the first of
the following values and press tine

DEPasat switch. Continue epositing
unti1]l all values are entered:
10000= ;E?u! MOV SRPCS],RO
176700
127ég MOV 823,RPCSI
10010= 5033 CLR RPDC
5062 CLR RPDA
10620= 12760 MOV 8-256. ,RPWC
177403
12710 MOV 871,RPCS]
10030= 71
105710 R: 71578 RPCS!
100376 BPL A
5007 CLR PC

Set the Switch Register to 010000 and
press the LORD switch.

Press the START switch.
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7.0 INITIRTING MPG

When the Executive and MPG are jnmitiall loadc* the uill
display information pertinent to MPG's gperdtion, hey will also
request 1nformation Irom the user and allow him to :pcgll' if MPG
13 to wulilize certain optional hardware features if they are
available on the s!slcl. The lolloutna cxanglc lists  Lhe
-::Ta es that can dccur durnnl this ] itjali2ation process.
Incluled after cach message is a Brief explanation of the message
and 1is o{tional responses, if any. Note that any rcstoncc aust
be terminated by either o Carriage Return <CR> or” a Line Feed
<LF> and that default values are supported when e1ther of these
are the only entry made. For this ezample, the loading of MPG's
RK11 Ezeculaive on an 11/70 system has been chosen and all user
responses have been underlined. Rlso, even though they may be
the same as the default values, responses are shown for all
messages requiring them.

DTEIR-n RKMPG - RK11 EXECUTIVE FOR MPG

This 1s the Executive’s title message and l1sts 1ts MRINDEC
number, revision number, and type of load device. This
message will be different for each version of the Executive.

"DATE  (DD-MMM-YY)
%10-FEB-76 <CR)

The current date 1n standard DEC format 1s requested by this
message. A valid date must be entered as the response.

?LORD/SAVE/FETCH DEV UNIT 8 7/ 0 (CR>

This 1s an oplional message and wi1ll occur only 1f the
Execulive has been lgaded By c¢i1ther an XXDP Monitor or XXDP's
UPD1/2 programs. Since another program has Joaded the
Executive, "1t hag no way of determin n’ the unit number of
the load device. Therefors, 1t requests That the unit number
be entered. This number will sluays be retained for the LORD
device but the SAVE and FETCH devices may be rcassx’ncd later
with the RBSIGN command. The default unit numbef for this
response 18 0. This message will not occcur 1f the Executive
1s the program that 13 booted. In this case, the Executive
ratrieves the current unit number from the device regisiers
and stores 1t as the unit number for all three devices.
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?USE MEM MGMNT (Y/N) 7 Y (CR»

This messa u:ll occur only if the Execulive has _detected
the prese cc of Memdry Management feature. The repl
cnlcrcd will dctcrninc which version of the MPG program 1 lo
be loaded. If Memory Management 1s not present or 1f N1
entegred, the non-ﬂcn r! Hana cncnt version of MPG (DTHGAn)
will be loaded. Y or a default entry will
result 1n DTMMAR being loadcd

CONS TERMINAL CONSTANTS:

This 1s a header message which precedes a series of four
messages that allow "modification of the Trcsct values for
constints used with the console terminal. @ UP
terminator was enltered on the reply to any of the three
preceding messages, this message and the following four
ncs:agcs will not be 1s5sued and their default values will be
used.

?FILL AFTER: 012 7 012 <CR»

Requests the oclal value for the_byte after which f{1l]l
characters are to be transmitted. The default charactcr 13
Line Feed (012). R (LF> terminator on any one of these four
messages will cause the Executive to ggplss the remaining
messages.

?FILL WITH: 000 7 O <«CR»

Requests the octa] value of the character to be 1ssued when
transmitting {11l characters. The default character 13 o
null (octal 000 byte).

?FILL COUNT: 002 / 2 CR>

Requests an octal count for the number of {11l characters
th l are to be transmitted. Defaults to two characters.
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?CONVERT LOWER CRSE TO UPPER (Y/N) 7 Y (CR)

This message asks the user 1f he wishes the Execulive 1o

automatically convert console keyboard data from lower case

to upper case. This would be applicable if, for ecxample, the

console terminal is an LA36. If the rcpl* is N, the data
] will not be converted and the user will have 1o use the Shift
i key when making all MPG entries. Default value 1s V.

At this point the Ezecutive will load the appropriate version of
MPG and turn coatrol over to 1t. The rcaaxnlng acssapcs listed
are 1s3sued by the MPG program. For 8 (CR> or a (LF> may be
used to terminate any responses enlered.  However, a P>
terminator will not cause bypassing of any subsequent messages.
Rlso, default values are supported for all responses.

ODTMMA-n  M.P.G. RSTl: zxzxxixzz; RST2: 111311

This 13 MPG's title message and li1sts 1ts MAINDEC number and
revision number. Also “included are the octal addresses of
the two restart goxnts available within MPG. Refer o
Section 4.0 for delails concerning the two restarl points.

MPG BRSE RDDRESS = zx1111

The starting memory address of the MPG program, which
imaedrately follows the Executive 1n memory, 1s l:p’lyld 1n
this message.

?USE UNIBUS MRP (Y/N) 7/ Y (CR)

This message will occur only 1f the Memory Management version
of MPG 13 being executed and 11 1t has detected the presence
of the Unibus Hag feature. The reponse to this message,
which has a delaull value of Y, will determine 1§ MPG 18" to
utilize the Unibus Map.

?USE 22 BIT RDRS (Y/N) 7 Y (CR»

This message will occur only 1f the Memory Management version
of MPG 1 bclng executed and 1f 1t has determined that the
processor has 22 bit addrcssxn? capabilities. The Y response
or the default response will instruct MPG to use 22 b1t
addressing. Otherwise, 1t will use 18 bit addressing.
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¥ MEM MARP *
ABS RDRS: FREE MEM = zrxzxxrr TO rrxzxxrx (MIDL) = zxxzzsz:)

END OF MEM = xzzrxzzx

The above messages are produced by the MM (Memory Map)
command which _1s performed as the last slep 1in
1n1t1al12ation. The starting and ending addresses of Lhe

memory ared and the address of ils"mid point (MIDL) are
displayed. "The third message displays the end of actual
memory. This third ncs:agc does not occur i1n the non-Memor
Management version. For that version, the end address o
FREE"1s the end of actual memory.

¥1st command

The asterisk indicates that MPG has completed initialization
and 13 now ready to receive 1ts first command.

-_— - e st e e————— e —— e —
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| 8.0 GENERRTING MPG MEDIA

NPG supsorls operation when loaded from various media as
specified 1n section 6. This support includes tavin! and
fetching of user programs on the load device or other unils on
1ts control unit or on paper tape. Rlso inclided is the 1n1ti1al
loading of MPG and the loading ol the Device Routines for wuser
programs.

The files required by MPG and any user programs are stored 1n
absolute format which 1s compatible wilh the f1le structure
uti1lized by the XXDP grogral. Since this conpat:bllita exisis
and since XXDP provide$ file mainienance services, XXOP 13 used
to create and maintain MPG medi1a. This use of XXOP slgnificantls
reduces the si1z¢ of MPG by not rcquxrin? additional commands an

routines for functions use cxclusxvcl, n MPG media maintenance.
It should be noted that the user stil]l has adequate maintenance
capah:é:tcs for his programs through use of the MPG slash (/)
commands.

MPG and 1ts Device Routines res:de on the XXDP/MPG media 1n
agiolulc format with .MPG extensions while the Executives have
.BIN e¢xtensions. User programs are also stored 1n the same
format but with .USR extensions. This allows the user to casily
distinguish between his stored programs and the fi1les provided as
components of MPG. It also eliminates the possibility of
duplicate file names.

The format of the filenames assigned to MPG componenis adhere to
XXDP multimedia standards with the exception of the Exscutives.
Since they are the f1les specified 1n LOAD statements, their
names more readily i1ndicate their differences and the fact that
they are part of MPG. RAlso, they do not contatn revision numbers
so that the same name may be usc! regardless of revision.

For MPG componants, & new seri1es of MRINDEC numbers have _been
allocated and are 1dentified by the first two_letters OT. These
two letters 1ndicate that MPG is a Diagnostic Tool. As a general
rule, the MRINDEC numbers maich the component’s fi1lenames ¢xc¢:t
for lhe XXDP conventions of dropflng the D and the adding of the
MCO 1level. Once again, the only exceptions are the Exdcutives.
The following are the filenames "and INDEC numbers far Lhe
Executives Uwhere n 13 the revision number and m 1s the MCO

level):
Filename MARINDEC # Version
TCMPG.BIN 11-DTEQR=-n TC11 DECtape Executive
RKMPG.BIN 11-DTE1R-n RK1l DECpack Ezecutive
TMMPG. BIN 11-DTE2R-n TM1] Maglape Exzecutive
THMPG. BIN 11-DTE3A-n TMO2 Magtape Executive
RYMPG.BIN 11-DTEYR-n Rx11 Flopp Disk Ezecutive
REMPG.BIN  11-DTESA-» RPO4 Disk Breculive
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TMGRna. MPG

THRna. PG
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filenames
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programs, which can n?cratc onl, when loaded h!
en

lowing f1lenames and MRINOE

MPG (Non Memory Management)
MPG (Memory Ha!agcncnt)

and MAINOEC numbers for the

Device Routines currently provided with MPG:

Filename

TOHAra . PG
TDJAnm.MPG
TOLAne. PG
TOQAa=. PG
TDURaa. PG
TLPRna. PG
ne.

TPCAna. PG
TRKAnn . MPG
TRPAan. MPG
TRSAna. PG
TR3Ann. PG
TRGANm. PG
TTCAnm. PG
TTHRan. PG

ddddd bdddd

R

Pt Pt P Push P Pt Pt Pt et Pt Pumt Puass Prume

?

11-DTTCR-n

Device(s)

N
QO""
X<
et Ptk Pumtt
st Pt p—an

20

R

, KWl

=t pmn Pace Pme
P
e e
>
—~0
3=
N e

R338-2EREY
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o

RSO3/RSO4
RPOS/RPO3
RKD6

TC11/TUSE
TM11/TUL0

The following sections contain the :nstructions to enerate Lhe
variods MPG med1a using the
assume DEClape input but can be used as 2 basis (or generating

from any ncd:un. Note that

transfers the MPG Ezxecutives

ncccssarg for
{2 have the

pragram of XXDP

¢3¢ ezamples

the last command 1n cach exom lc

fi1les. This 13 not rea g

MPG cperation but 13 shown 1n case the user wishe
se f1les on the cutput mediunm.
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Genersting MPG Nedaia (Cont'd)
TC11 DECTAPE MEDIR
Rssunzn? the MPG nnput medium 13 on drive O and the output wili
be created on drive 1, 13sue the following UPD2 commands:
CoMmMAND FUNCTION
ZERQC DT1: Inttializes oulput medium
LORD 8T0 TCMPG.BIN oads Cta,c xcc :rle core
SAVM uls baolab ¢ Exec on tape
FILE DT1:<DT70:%.MPG Puts all MPG files on tape
FILE DT1:<DT0: ??MPG.BIN Puts all MPG Exec’s on tape

g.2

8.3

RK11 DECPACK MEDIR

Assuming the MPG 1nput medium 13 DECtape
?s DECpack drive O, 133ue the !ollouxng UPD2 commands:

output
COMMAND

- -

ZERQ DKO:

LORD DTO:RXMPG.BIN

SAvH DKO:

FILE DKO:<DTQ: *.MPG
FILE DKQ:<DTQ: ??MPG.BIN

TH11 MAGTAPE MEDIRA

RAssumin

cutput 13 MAGTAPE

drive

drive 0 and that the

Initializes output DECpack disk
Loads disk E:cc inte corc

Puls bootlable Exec on disk

Puts all MPG f1les on disk

Puls all MPG Exec’'s on disk

the MPG 1nput medium 13 DECtape drave O and that the
O (can be scvcn level or nine level),

1ssue the following UPDE commands:

-—— e e

FILEF HTO (DT0: &. MPG
FILEF MTO:<DTO:??MPG.BIN

Initializes outapé MAGTRAPE

Loads TMOZ MAGT 1ec i1nto core
uls bootable T zec on tape
Loads TMIl MAGT 1ec 1nto core

Puls TMI! Ezec on tape
Puls all MPG f1les on tape
Puts all MPG Exec’s on tape

——— ——— ——— e — i A — . Sr— i ——— . ana— - ——— -




DOY4

M.P.G. Page 42

aenerating MPG Media (Cont’d)

8.4

B.S

8.6

8.7

TMO2 MAGTAPE MEDIR

The UPD2 commands necessary to gcncrltc 3 TMO2 version of MPG ars
1dentical o hose nccdcd for the *6 vcr:ton The onl!
difference 1s that instead of spefify lng M MMO: should h
used. The MAGTAPE media produced for the TMI] or the TMO2 may
loaded on e1ther the THll or the TMOZ. The boolstrat loadcr
determines the load device type and then loads either the first
or the second Executive on taps.

RX11 FLOPPY DISK MEDIR
Hssunxn, the MPG jnput -cdxun 18 DECla: drive and that ihe
g ¢

output Floppy stk drive 0, 1ssue ¢t fo]louxng UPDE commands:
COMMAND FUNCTION

ZERO DXD: Initializes outpul Diskette

LORD DTO:RXMPG.BIN Loads Flop: Disk Exec 1nto core
SAVH DXO: Puts Boota Yc Exec on Diskette
FILE DXD:<DT0: %, MPG Puts all MPG f1les on Diskette
FILE DXO:<DTO:??MPG.BIN Puts all MPG Exec’s on Diskette
RPO4 DISK MEDIA

Rssuming the MPG 1nput medium 13 DECtape drive O and that the
output 1s RPOM drave O, 13sue the following UPD2 commands:

COMMAND FUNCTION

ZERO DBO: Instializes output disk
LOAD DTO:RBMPG.BIN Loads disk Exec 1nto core
SAVM DBO: Puts bootable Exec on disk
FILE DBO: <DT0: #.MPG Puts all MPG {1les on disk
FILE DB0:<DT0:?"MPG.BIN Puts all MPG Exec’s on disk
USER PROGRAMS

The UPD2 program can also be wused o transfer stored uger
programs be uccn different MPG media. idhen doing this, the LORD
and DUMP commands may be used for 1ndividual gro grams while
FILE or FILEF dev:#, ﬂsn commands may be used lor transferring a
Jser programs.

he
11
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MEMORY MANAGEMENT VERSION OF MPG

The Memory Management version of MPG, which has a filename of
THHﬂnn.HPE requires 18K words for loading and occupies 16K words
or less afler Nousekeeping. Not only does 1t have all of the
features described for the non-Memory Management version, but 1t
also has some additional features unique to 1ts application and
some restractions.

RODITIONAL COMMANDS RAND FERTURES

The following are the more visable differences between the tuwo
versions of :

- During 1ts hnusctccpxn,, the Memory HManagemant version of
MPG will determine i1 the Unjbus Map and 22 bt addrcssnn&
are available on the 8!810.. If either or both are,
will ask 1f they are (o be used. At this time the user may
specify any conb?natxcn of usage for these features.

= MWhen Entaring or Fetching a user !rogra-, the user 18 given
the opportunity immediately oafler entering the command to
specify the starting address (aligned to a word boundary)
ol his pro,raa’s ICIOP! ared. If"an address is entered, the
rogram will begin at Thal location and will remain at that
11éd address “until deleted or moved to 2 new address
through use of the SHIFT command. I{ an address is not
entered, MPG wil] assign a memory address 1n the same manner
as the non-Memory Management version. Notle that {fized
address programs will be 1dentified by an F 1n their ling of
the Memory Map display.

= Two commands have been_added and an existing one expanded
for this version. Their {full descriptions and optional
formats are listed 1n Rppendiz A.N.

The SHIFT command allows the user to move his program to
different area of memory and also change 1ts progrem slol.

The UBMAP command can be wused to change the Unibus Map
registers assigned to a user program.

The M command wilh a program number specified, will list
the following detazled 1nformation aboul the program:

== The standerd i1nformation line which consists of the
absolute program area addresses, the program’s name,
and the device assigned to the program.

-~ The values that will be loaded 1nto the User Mode PARR
and PDR registers when the program 13 running.

== The absolute addresses for RDIO and WRIO.

— o mr————— - e e e e e w——
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== The absolute addresses of FREE, MIDL, and the ¢nd of
memory.

[f the Unibus H.f s bcln’ used by the program, the
following will also be displayed:

-- The Unibus addresses for RDIO and WRIO.

== The numbers of the Unmibus Hag registers, which are
assigned lo the program, and their contents.

== The Unibus addresses for FREE and MIDL.
=~ FREE’s Unibus Map register numbers and their contents.

- The "DISPLAY CODE™ command will display the absolute
udgrcsscs and the virtual addresses of the program’s cbject
code.

- The ROM, WRM, BOC, RDD, and SUB commands wil] supgort up Lo
22 bits for their addresses and/or operands. The CBD and
COB commands still support only 16 Bits.

9.2 TRAP ROUTINE

R common trap catcher has been added for traps that occur at
vectors 4, 10, 114, 250, and non MPG traps at 34. If the tra
occurred 1n & user program while 1t 138 running, an attempt w1l
be made ls k1ll that program and continue running any remainin
rograms. If the trap occurred 1n 8 halt wall ofcur afle
he display. Depressing the "CONTINUE’ ‘swilch after the hall
will cause & jump to the restart (RST2) point. When the trap
catcher 13 enlered, 1t will display the following i1nformation:

- The vector address of the trap.

~ The contenis of registers O thru 7 and the PSW at the time
of the trap.

- The contents of the Memory Management registers (MMRO-MMR3).
= The contents of the fa1ling mode’s PAR and POR registers.
-~ Whether a user’s interrupt was being processed.

-~ Whether the trap occurred within MPG or a user program. If
3 user program, 1ts number will be displayed.

T T T
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9.3 RESTRICTIONS

The following restrictions apply only to the Memory Management
version:

- The s12¢ of each Brogran’s ares (device rouline + RDIO +
I0 + source + objeft code) cannot exceed 12K words.

- The s12¢ of FREE will be 2 mazimum of 12K words.
- The RESET 1nstruction 13 a no-no and is not supported.

- The VECTOR instruction 13 not supported. Therefore, the
user will not be able Lo write and include an i1nterrupt
service rouline 1n his program. MPG’s generation of
absolute addresses for the user program’s object code
prohibits this feature 1n 2 virtual envifonment.

- Extreme care must be taken 1f the wuser 13 wusing absolute
octal addresses in his program. Octal addresses, which
reference the device registers or other rcszstcrs in the 170
{agc, are supported. = However, if outsi8¢ of these arcas,

raps may occur 1f the area they reference 13 not mapped.

- The mazimum s12¢ of an absolule octlal address entered on
user program statements 15 1b bits. This includes high
level f/O statemants.

9.4 MEMORY MANAGEMENT IMPLEMENTARTION DETAILS

MPG utilizes the Memory Management feature 1n 2 manner that 13
compatible with all PDa-ll "s. This results 1n the Data Space
and Supervisor Mode capabilities not being used 1f present.

MPG operates 1n Kernel Mode and then transfers the mode to User
Mode when 1t gives control to & user program. Prior to givin

control, the User Mode rc,nslcr: are mapped to tha

user’s areas. When the user ﬁ;&' am gives control back, Kerne]
Mode will be entered again and will remain 1n thal mode until
1t gives control back to the same program or to another progrom.
Interrupts generated by user program device routines are serviced
in Kernel Mode. Rlso, certain rovided functions utilized by
the device routines and program stalements (PRINT for ezample)

will result in Kernsl Mode being entered for a very brief pcrlaa
to 1nitiate the function.

To 214 1n the undcrstandlng of MPG's operation, the {following
tables list the usage of the PAR/PDR registers for ecach mode:
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S.5

Kernel
PARPDR Usage
-3 Rlways mapped to MPG’s program space.
Y-85 General work and also used during
interrupt servicing.
7 170 Page
User
PRR/PDR Usage
0-2¢ User's ro’ran area
3-5 The F 170 area
b Shared code area within MPG
7 1/0 Page

The values loaded 1nto the User Mode PRR/PDR registers are
in1t1ali1zed only when the RUN command is 1s3sued or when starting
the next pass of the program. When the user program 1s running
and gives ug control, the current contents of these registers are
stored and then reloaded when 1t gains control again. This
allows the user to set up his own values 1n certain registers and
operate without being concerned that MPG will change them Dback.
However, certoin registers must never be changed or the resuils
will be unpredictable. So, keep your hands off of PRR/POR
registers U, 1, 2, b, and 7 since they are holy. If you must use
2 /PDR pair, use one or more of the 3, 4, and S group. These
are__normally for FREE, but 1f the program never references FREE
or MIDL, they can be used for other purposss.

If the user has a program which must know whether 1t 1s running
under chor’ Managemant or not, the following two statements ma

be used to determine this fact. The second statement w1l

perform the GOTO 1f Memory Management 1s being used:

LORD TMOO WITH OPSUW
IF TMOO = 2 GOTO nnnn

UNIBUS MAP IMPLEMENTATION DETARILS

When a device routine 13 loaded for a user’s program, a f{lag 1
interrogated to determine 1 tne device required the Unibus Map.
If 1t does and 1f the Map i3 being used will determine hou
many contiguous registers are nesded (1 to 3) and then ask for a
first rc;xs er number. The valid register aumbers are 1n the
range ol decimal 7 thry 30. If three registers are needed, the
hxa est valid register number would be 28. If a number 13 not
entered, MPG will select the lowest avarlable registers and then
display the number of the first register chosen.” If the wuser

—

———— e m— —— —
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later wishes Lo use different registers wilh his program, he may
1ssue the UBMRP command and change the registers.

The following table lists the utilization of the Unibus Map

registers:
Registars Usage

0-1 Lower area of MPG's program space.

P4 Never used within HPE. avcxla le as
a work raegister.

3-5 The FREE I/0 area.
Y Shared code area within MPG.

7-30 Assignable to user programs.

Registers O, 1, and b are 1nmitialized by MPG upon_ 1ts 1nitia]
lodding and whenever MPG 13 restarted. Rﬁﬂé’t‘r‘ 3 thru S and 7
thry are re-1niti1ali12¢d whenever the UB command 13 1ssued
and when memory's format 1s changed. The latter occurs after a
program has been Ente~ed, Fetched, Deleted, Modified, or Shifted.
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RPPENDIX R
USER COMMARNDS

MPG COMMAND SUMMARY

For detailed descriptions of the following commands, refer to
section A.H.

ENTER p
ENTER p RS name
RUN

T (also SRVE and FETCH)

REPORT p COUNTS (also STRTUS)

F* P ?8 bbbb (Memory Mgmnt only)
UBMAP (chorg Hgnnt on g)
FILL BEnn WITH *asa.

FILL BFnn WITH o000, oooo etc
FILL BfFnn HITHPaaaa...a

/LIST ALL,FAST
RO
/BOOT
M op,p,p (Memory Mgmnt only)

RDM bbbb,ccce
WRM bbbb,ocoo
BOC bbbb,ccce
ROD o0o000,0000
SUB o0020,0000
CBD o000

COB dddd

J04
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R.2 MPG COMMAND ENTRY INFORMARTION

The following 15 1nformation concerning the details oand options for
entry of MPG commands:

-- ?lldconnand entries are terminated by a carrrage return or a line
ced.

~- A1l command names (RSSIGN,DISPLAY,ENTER,RUN,/LIST,etc) may be
entered e1ther 1n full or in their shortened form which 1s ?hc:r
first two characters (RS,DI,EN,RU,/L).

-~ Separator words (AT, TO,WITH RS) and certain keywords
(BﬂF.Ban,COH COMn,LIST,SAVE,FEYCH, CODE, STATUS,COUNTS)  ma be

entered 1n full or 1n their shortened form which consists o only
their first character (R, T,W,AR) and (B,Bn,C,Cn,L,S,F,C,S,C).

For ezample, “FILL BFO2 WITH 1,2,3" could be entered as
“"FIB2 W 1L,2,3

== Device model numbers and the keywords NONE, KYBD, KBOO, and LORD
must be entered as four charactlers.

== In the command sul-ar? and definiticns, commas are shoun as
cperand separator characters; spaces may be used 1nstead.

== Leading and trailing commas and/or spaces will be 1gnored.

== Multiple commas and/or spaces will be treated as 2 single comma
or space.

number ine numbdrs, and buffer numbers do not need to be
entered. If they are ‘hcg will be 1gnored, regardless of the
number of them entered.

-- Lcadxng zngos in pro,ral numbers, octal data, decimal dats, unjt

== Several commands accept nultn:lc program numbers and 1n some
cases, intermixed formats. These commands are:

RUN DELETE KILL
STOP REPORT MM (Memory Mgmnt only)
CONT DISPLRAY

-~ The following commands require a program number eniry but will
accept only one number:

ENTER MODIFY SHIFT (Memory Mgmnt only)
RSSIGN /SRVE UBMAP  (Memory Mgmnt only)
OPSlp /FETCH

-- A1l commands that perform I/0 operations on ei1ther the SAVE
d;vxcct or the FETCH device are pref:zed witlh the slash (/)
character.
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' A.3 MPG COMMAND OPERAND DEFINITIONS

P

line number
In

mdl

0000

name

bbbt
ceee

ddds

nn

The decimal program number 1n the range of 1 to 16
that 1s assigned to a user program 1n MPG

The one to four digit decimal line number
prefized to sach statement 1n 2 user program.

The four character model number of a device that
will be used within MPG. This may be the control
clcﬁtronxcs’ model number or the wunit’'s mode!
number.

The one or two digit decimal unit number 1n the
range of O thru IS for a specific unit on a
multiple unit control electronics.

A word of data expressed 1n one to six oclal
digits.

2": or more RASCII characters used to define ASCII
ata.

One to six alpha-numeric characters. Uszd to
1dentify saved user programs.

RAn absolute memory address sgccxllcd in one to 31z
octal digits. May be one to ei1ght digits (22
bits) on"the Memory Managsment version.

A decimal number in the range of O thru 65,535.
One digit number 3n the range of O thru S,

?Stuo digit decimal number 1n the range of 00 thru
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R.4 MPG COMMANDS - DETAILED DESCRIPTIONS

CLASS 1 -- PROGRAM ARSSOCIATED COMMANDS

ENTER p
ENTER p RS name

RUN ¢
RUN p AT line number

RN P
’ n,
RUN 5. p

STOP p
STOP p,p.p

CONT p
CONT p,p,p

KILL p
KILL p,p,p

Indicates that the user wishes to enter

rogram statements that will be
identified as program number p (1-1B).
If a program name is not supplied, the
default name of ORPHAN will be assigned
to the progran.

Note: Only one program number will be
processed wilh this command.

This command 1ni1tiates program execution
al the first statemenl ol the program
indicated by p. R second format, T
line number, provides for starting a
rogram at a specific statement which 1s
1dentif1ed by its line number. R single
command may be used to start one or more
programs with an, miz of formats. If no
program number Is supplied, MPG will
scan the program slols aend start
execution of any user programs that are
active. For example, a2 CONT command has
just been 1s8sued lor a progranm.

Used to stop the execution of one or
more programs. Each program will remain
intact and may be resumed from the point
1t was stopped.

Used to resume execution of one or more
programs that have been stopped by
user command or have ceased execulion
due to the occurrence of an error.
Actual program ezecution does not resume
until a RUN command 1s entered or a null
keyboard eniry 1s made.

This command is used primiarily to force
termination of wuser programs™ that are
hung in an 1nternal loop "and therefore
do "not relesse_ _control to MPG which
would allow the STOP_ command to cesse
their execution. KILL can also be used
to stop a program that is not in a loo:.
However, any grograu stopped with the
KILL command will be stopped xnmcdxatclﬂ
and can be restarted only with the RU
command.
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DELETE p Instructs MPG to delete the indicated
DELETE p PP programs and deallocate the memory 1hey
occupled.

RSSIGN mdl TO p Rllows the wuser to change the unit

numbers assigred to an existing program
and/or to chinge the device's Zonstants.

RSSIGN md!,u,u TO 5 It a single “unitl_  device no unit
RSSIGN mdl,u,u-u TO p number 13 needed. If nultl unit
RSSIGN mdl,u TO SAVE device, such as nagnctic tape, cxthcr ]
RSSIGN mdl, u_TO FETCH single unit number series of single
ASSIGN NONE TO LIST unit numbers, lna/or 8 string “of
consecutive wunit numbers (maximum of
sixteen) nag be specified. hWhen wusing
this commaid to changc unnt nunbcrs 3
line feed tcrn:nator on the
cause MPG to bypass rcqucs xng ncu
device constantis.
The NONE entry 1s used to as the
! current cvxgc for the ng* §n3z and
FETCH devices. Olhcr kc words which nn!
be used for deassignm nl are KYBD an
KBOO for LIST and L for and
FETCH. It should be noted lhat lor thc
LIST, SAVE, and FETCH operands cntr’
onlg therr first character [L
acceplable.
REPORT p Forces the display of all device
registers, error information, and
REPORT p,E STATUS, p statistics for the program or programs
REPORT p COUNTS specified. This command applies only to

t ose programs that utilize high level
1/0 language statements and = device
routines” wWwhich provide reporis.

var1ation of this command allows the
user to dlsplaa specific  report
information. The OUNT operand_ will
display only the counts uhilc the STQTUS
operand will display onl! the device
registers. It nclthcr of hcsc operands
aré¢ speci! 1¢d hcth reports will be
displaye H only the first
letter for COU TS and STRTUS 13

acceplable.
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Used to set the MPG cratlon Switches
to the values lndlcatc 0600 which is
an octal word (Refer Scct:on 3.5).

[f the progrom nulhcr 1s nol enlered,

the Operation Switches lor all CUrrcnllg
resident programs will be sel to the
indicated value,  Hhen is entered,

only that nrogrll switches will be
modified. hen cntcrtn! program
number, only one may be ehtered.

This command 13 supported onlﬂpon thc
Memory Management version
first” formal 13 uccl lo move !hc
specified progrom new ared In
-c-or whose :xarlin, aldrcca 13 dclincd
¢ octal addréss Dbdbbb. The move
u?ll performed as long as the ares 18
not nlrcaly occupied and there 13 enough
room. The secon lorlal allows the user
to change his program’s number and
consequenliall tlc ollxn loop slot.
If this command is ¢ rcctc at a rogram
whose memory address controlled
MPG, the program -ay be relocated 1n
memory in order to retain the sequential
-cnorg addressing _common (]
controlled programs. The third format
allows the wuser to return o program
which 18 located at a fixed address the
was defined earlier, to MPG control of
1ts address.

This command 18 supported only on the
Memory Management version of . With
th1s command the wuser may change the
Unibus Map registers asst,ncd to ro ram
The ¢ rst action formed to
¢~ assx,n the rchctcrs currcntl
assigned to thc ro ran Nezt, 1t w1l
ask “for new ter assignments 1n a
manner which 13 t cnltcal to the way 1t
rcqucstcd the register assignments when
the gral was Entered or Fetched.
Aftcr ¢ assignments are received, all
progrems will bc recompiled.
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CLRSS 2 ~- DATR PROCESSING COMMRNOS

FILL BFnn WITH o0000,0000,etc Rllows the user to load one of the
sixteen common data buffers wilh gi1ther

FILL BFan WITH %aaa...aa octal words or RSCII date. The valuse
FIL. BUF WITH aoco, ooaa etc  of nn may be O thru 1S and specifies
FILL BFan WITH Saaa. uh:ch 16 !tc bultcr is to be filled.
FILL BUF WITH PRTn f less th yles of octal uordt or

RSC data lc spcclftcd the entered

data will be propagated tﬁroughout the
16 bytes. { mdre than 16 byles are
entered, the dotas will be trunceted
after Uthe first 16 bytes. In the third
format, where n is ndt sgcclf!cd all
s:x!ccn buffers will be treated as one
h!tc buffer. Octal or RASCII data
will ropagalcd throu hout its entire
length with n ’strtcti (other than
the si1z¢ of the byte keybousrd read-in
area) on the number of hgtcs entered.

The prefiz codes ® and 8 for the RSCII
data  formats provide the wuser with
control over the inclusion of carrlagc
returs and line feed characlers at the
end of his data. The #® format wi]l
automatically include the CR/LF while
the 8 format will result in only the
data entered by the user.  When
‘ropagatxn data,” the CR/LF will be
reated the same as user data.

The PRTn format will f1]] the indicated
buffer with the dit pattern specified by
PATa. The various patlerns available
are listed 1n Rppendiz C.3. For this
loraat n con have a value of 0 -9, R,
or
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FILL COMn WITH ooos

FILL COM WITH ®aa..s
FILL COMn WITH 8aa
FILL COM WITH PRTa

—— . ———m—
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This 18 an alternate format of the FILL
command and allows the user to access

the tea common work arcas which are {wo
byles ecach. The number n reprasenis the
work ares number and may hc n the ran
of O thru 9. The data ma ntar ;!
a pattern or in eilher o la

format. If a number is not sup Itci
COMO through COMI wil) b: treated t
twenty bylte area with data propagation
taking place if less than tucntg bytes
of data is entered.

The codcz # 8, and PRTn are treated the

same in "the FILL BFnn command.
Houcvcr uhcn filling » specific COM
word (COMA)  and ,n the !ac format,

the resulting contcnt: ol the COMn  wors
will be 8 CR/ALF, regardless of the
number of data characters entered.

CLASS 3 -- USER PROGRAM SOURCE MAINTENANCE COMMANDS

MCOIFY »

DISPLAY p
DISPLAY p CODE
DISPLAY p p CODE,p
/SAVE p

/SAVE p RS name

/FETCH name RS 3

Instructs MPG to interpret the
subsequent keyboard «entries as progra-
statements whiCh are to be applied
corrcctxons to the program specified b!

he program p must already e1x:s
c!orn using this command.

Causes the dxs! of the ?raa ?
statements on print device he
second format causcs the display of
program statements and the octal lachxnc
code gensrated for ecach statement.

Instructs MPG to write the progrom
statements of rogra- : to the currcni
SAVE device. They will be saved wunder
the one to tlx character I.D. code
furnished by name. Il a name is not
specified, the statements will be saved
under the name _assigned to Lhe progrim

In -clorv Program p will st

retained in memory.

Uscd to rcl# proarals reviously saved
MPG. ame entry furnidhes the

1 D of the saved program on the

current FETCH device while p 1ndicatss

the progrem slot 1ntc which 11 will be

loaded.

—— —— ey —— ——— - - —— — — ——— o —— - ————
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/DELETE nanme
/DELETE name,name,.nanme
/LIST

+ZERC

/B0O7

—_— i em——— - - -— - D
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This command 1s wused 1o delete wuser
pro;rons stored on the SAVE ﬂcvicc. One
or Rore names may be supplied.

The directory of the FETCH device may be
listed through use of this command. If
the keyword is not tugtlicd only
the slved user jrogrias will be listed:
[t ALL 13 entere 1] files, including
those required ‘g MG, will be listed.
If FASY 1s ¢nlered, only the filenames
of the files will be listed. L and

T are 1ndependent of cach other. The
tnformation produced h! this command
will be dis la,cd on the current LIST
device (eithef the console terminal or
the printer).

Uze of this command will 1nitialize the
dxrcc!or! of the SR device. It s
useful when creating alternate program
library media. Extreme core musl be
taken “when u:lﬁac this command. If
directed at the load device, it w1l
destroy the data on that device. It 13
for this reason that s warning message
which requires a reply,_ is displaye
before performing the Zgao functidn.
This message displays ths SAVE device’s
mode! and wunitl numbers and requires a
es reply before performing the Zero
unction.

Causes MPG to perform o simulated
bootstrap_function on the current FETCH
device. The first data block read by
noraal bootstrat will be read by MP
into memory starting at location "zero
with a branch to location 2ero after the
read completes. This destroys the
memory resident MPG.

CLASS 4 -- SERVICE COMMANDS

stplax the limits of the memor
locations occupied b# each user progra
and the addrasses of Free Memory. (MM
stands for Memory Map)

- — — e e




User Commands (Cont'd)

Fo

ROM

BoC

RDD

SJB

CBo

CoB

P
MM op.p.F

bbbb
bbbbd,ccce

bbbb,coce
bbbb,oocco,0000,etc

bbbb,ccce

0066,0000,8tc
$C06,0603
0000

dddd

FOS
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This command 13 supported oaie on the
Memory Hanagcncnl version of With
this comma he user may disp I.Y more
detarled lnlornalion about 8 sxn’ ¢ or
eries 8 uscr ! !rr-: to
eclion 1 i as to uhat
information is dnspIAyc

This co-and formats memory by
clzllnalHPE ’ Tnuscd lcnor’ space
betwesn cont ol user pro ams and
then recompiling o use Ero rams.

This si1tuation shouldn t occur but undcr

some unxquc error or abort conditions it
might.

Display the contents of the word at the
octal ncnnrv address spacified by bbbb.

the tonal second address 13
suppl:cd display up 1o and 1ncluding
the second addresi.

Write the single or strlng ef oclal
words (co00) "beg 1nnxn! the octlal
memory address specified by hbbh

Used to calculate the branch offset
value belween two even memory addresses.
The first address (bbbb) is "the memor
address of a branch offset {type o
branch instruction with the “second
address (cccc) being Lhe _destination
address of the branch. The ansuer
produced must be visually checked for an
out of range condition hg the user.

Rdd the two or more octal numbers and
display their result.

Subtract the first octal number from the
second and display the rasuit.

Convert 1the octal binary number to
decimal and display the dchnal resull.

Convert the decimal number to binary and
display 1t 1n octlal.

—— - ———

T
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USER PROGRAM LANGUAGE
B.1 MPG PROGRAM LANGUAGE SUMMARY

See the following pages for detarled description and definition of v,
n, and In. ( ) indicates other valid symbolic operataors.

LORD v WITH v

INCR v

INCR v BY v

DECR v

DECR v BY v

MOVE (NBR, SRC,DST)

MOVE v T0 v

MOVE v AT v TO v

ADD v TO v

ADD v RT v TO v

SUB v FROM v

SuB v RT v FROM «

NEGRTE v

SET v BlT n

SET v BIT »n THRU n AND n (-,3)

CLERR v BIT n

CLEARR v BIT n AND n THRU n (8,-)

IF v BIT n SET GO T0 In (SET, CLEAR)

IF v BIT n8n-n CLEAR GO 70 In  (CLEAR,SET)

IF v = v GO TO In (=,0,¢(,2),(z,0]

If v AT v = v GO TO In (=,¢5)

GO 70 In

LINK In

RETURN

PRINT # tezt-text-text-test

PRINT 8 taext-text-text-text

PRINT v IN BINARY (BINARY  OCTRL ,DECIMAL ,RSCII)
PRINT v AT v IN RSCII (nggsaﬁbcrn& Q?CIHQL BINARY)
FILL v WITH RANDOM (R ASCIY, [vari1able),PATA)
FILL v AT v WITH RSCII (RSCII,RANDOM. [variable] . PATA)
ROTATE v

ROTATE v AT v

DELAY v

VERIFY v WITH v

VERIFY v AT v WITH v

VECTOR v TC In (N/R for Memory Mgmnt)
LETGO

ENTRY

EXIT

RESET (N/R for Memory Mgmnt)
MORD v

END

For specific gcrnphcrll instructions such as RERD, WRITE, REWIND, SEEK
etc., ses wrileup listed under appropriate device name, in Appendiz O.

— i — ——
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B.2 MPG PROGRAM LRNGURGE - VALID PRRAMETERS

VRRIRBLES (v) - Rny of the following are equally interchangeadle:
Symbols - Any predefined symbolic name listed 1n
Rppendix C or Appendiz D. Includes those for

temporary storage, common storage and device
register names.

Jctal Numbers - Any octal number from O thru 177777,

Decimal Numbers - RAny number preceded by a "D’ will e
considered a decimal number. The acceptable
range 1s from: DO thru DBSS3S.

SIT NUMBERS (n) - Any decimal number from O thru IS.

LINE NUMBERS (ln) - Any decimal number from O thru 9999,



[
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B.3 PROGRAM LANGURGE DETARILED OESCRIPTION

LORD [variable! WITH [variable]

" INCR [variablel

INCR [variablel BY [variablel

' DECR [variable]
DECR [variable] BY [variablel

MOVE

MCVE {vari1able] TO [variable]

Load the value of the second
vari1able 1nlo the memory address

specified by the first.

Increment the contents of the
memory word locplion indicated b
the f!r:t variable by the amoun
specified by the second. Increment
by 1 1f the second variable 13 not
specified.

Decrament the contents of the
memory word location indicated b
the first variable by the amoun
specified by the second. Decrement
by 1 1f the second variable 13 not
specified.

The MOVE instruction with no
parameters 1mplies an indirect
move. The number of bytes to be
moved 13 contained in Jocation NBR.
Location SRC contains the starting
address of the data, while location
DST points to where 1t 1s to be
stored.

Move one word from the memor
location 1ndicated by the firs
variable to the location 1ndicated
by the second.

MOVE [variable] AT [variable] TO [variablel

ADD [variable] TO [variablel

Same 83 basic MOVE exce
variable specifies th
byles to be moved.

pt the first
¢ number of

Add one word located at the memor
location 1ndicated by the {irs
variable to the word “residing at
the location indicated by the
second. Replace the second with
the result.

ROD [variable) AT [variablel TO [variable]

Same as basic RDD except the first
variable specifies the number of
bytes to be added.
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SUB [variable] FROM [variablel

NEGRTE [variablel

: SET [variable] BIT [n] - [n]8[n]

JO5
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Subtract one word located at the
memory locatxon indicated by the
l:rss variable from the “word
residing at the location indicated
by Lhe sccord Replace the second
with the result.

SUB [variable] AT [variable) FROM [variablel

Same as basic SUB ezcepl the first
vari1able specifies the number of
byltes to be subtracted.

Two's complement the contents of
the memory location referenced by
variable.

Setl the bxt |dfnl|ll¢d ba the
number n ocation spicified

by varxablc

Bit combinations (AND,8) or bt
groups (THRU,-) can also be sel.

CLEAR [variable] BIT [n] THRU [n) AND [n]

Reset the bit 1dentified by the
number n 1n the location specified
by variable.

Bit combinations (AND,3) or bDit
groups (THRU,-) can also be reset.

IF [variable] BIT {n) SET GO TO [line number]
CLEAR

If the bit 1dentif1ed by thc nuuhcr
n 1n the location specified s
variable meets the condnt:on calle
for (Set or Clear) then perform a
?ran branch to the statement
lnd cated by line number.

if [variable] BIT [n] AND [nl8[n] THRU [n] SET GOTO [line number]
.3 CLERR

AND

Bit combinations (AND,3) or b1t
?roug (THRU,-) can be 1dentified
or ltest.
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IF [variablel f
¢
=)
(=
O

b

(Cont’d)

KOS
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[variable) GOTO [line number]

If the relationshi (=, ete),
between the contents of memor
specified by the variables, 1
true, perform o groarau brancﬁ to
the s atcncnt deAtified b' llnc
r

number. Unsi anch
instructions will c uscd

NOTE- There 18 one difference
between this instruclion oand all
others. If the second variable 1
2 decimal or octa]l number, 1t is

used as a value, nol as an address.

If 1t s Sglﬁo ltc name (tag), 1t
18 used as an address that contains
the value to be compared.

, IF I[vari1able] RT [variable] = [variable] GO TO [lsne number])

GOTO [line number]

LINK (line number]

RETURN
PRINT #[text-text-text]

PRINT #[text-text-text]

O

Sanc :rccccdtng IF ocperation
excep t the “first variable
:pccnllcs the number of byles to be
compared. Note that ei1ther GOTO or
GO TO 1s acceptable, and only
compare for = or O is valid.

Causes an wunconditional program
branch to the statement 1ndicated
by line number. Either GOTO or
03 TO are valid.

Used as » Junp to subroutine to
subroutine gnnnxu at  the
statement 1ndxco ¢d by line number.

Used as a return {from a subroutine.

When this statement 13 encountered,
print  the text message on the
display dcvlcc assigned to this
rogram. Follow the text with a
Earrlagc Return and Line Feed.

Same as PRINT %, axcept that the
text 13 prxntca without a carriage
return and line feed following.
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PRINT [vari1able] IN BINARY
oCT

FILL [vari1able] WITH RANDOM
ASCII

i {variable)
ATn

FILL [vari1able] AT [variable] WITH

ROTATE [variable]

ROTATE [var:able) AT [variablel

VECTOR [variable] TO [line number)

LOS
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Convert one word of data located 1n

memory ol the address specified b!
var:a le to the format rcqucstc
prxnl it on _the assigned

dcvxcc First character

onlg (g 0,0,R) 13 acceptable.

PRINT (variable] AT [variable] IN BINARY
OCTAL

DECIMAL
RSCII

The f1rst vor:ablc spccxfxcs the
number “ be printed
(starting at the ocatxon specified
by the second variable). R decimal
or octal number 18 valid.

Fill the ares of ncnor, slartln
with the location specified thc
first variable with 256 bgtcs of
random data, the ARSCII aracter
set, the bit combination specified

"the second variable, or the
Epsgxlxcd pattern (see Rppendiz

RANDOM

ASCII

[vari1able]
RATn

Specify the number of bytes to be
filled"by the first variable.

Rotatle thc number  of bvtcs
speciiied var1able, in this
program’s ur: ¢ buffer (WRIO), one

place to the right.

Rotate the number of byles
3{‘01'!0‘ h' the first variable
artin he location specified
by thc sccond variable, one place
to the right

Store the address of the line
number 1n the location SpClelCd b!
the variable. This location

normally an  interrupt  vector
addrcss (Note: Not supported on
éga )Hcmorg Manasgement version of

_ —— ———— -
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VERIFY [variable) WITH [variablel

MOS
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Compare two bytes at the address
specified by the first variable,
with two bytes at the address
specified by the second. Print any
patr in octal along with the byte
number if they do not compars.

VERIFY [variable] AT [variable) WITH [variable)

PRUSE

DELAY [variable)

ENTRY

EXIT

LETGO

RESET

memory

Save registers RO thru

Restore registers RO thru RS

Same as previous except [irst
variable specifies 1the number of
bytes to be comparad.

Congxlcs as a Wait for Interrupt
instruction.

Delay the number of milliseconds
indicated by variable. This should
be 2 decimal value_ such as D1000

instruction
loop, and
vary with
It

for 1 second. This
uses & simple time-out
the actual delay will
and processor spaed.
accurac! 18 critical, the User
should lime 2 delay of 60 Seconds
(D60000) adjust the value he
desires Gg the percentage deviation

from the one minute delay.

RS on the

This instruction 1s for use
start of an intcrru;t
routineg written 1n MPG

and

stack.

at the
service
language.

from
the stack then do a return from
interrupt tRTI) instruction. This
instruction 1s for use at the end
of an MPG interrupt routine.

Causes a8 contirol release as
described n Section .
Execution resumes inline when
control 18 returned to this
program.

Issue 8 Bus Inmitialize to the
hardware. (Note: Not supported on

the Memory Management version of

MPG.)
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WORD v Store the bxnar, value of the
vari1able specified as the next word
in the uscr ro’ran Octal and
decimal values for v,
Rlso, if a symbolic nanc is entered
for v, the a!drc:s for the s!nboléé

name Will be generated.
AT YOUR OWN Rf
END End of program. Must have the

highest line number. Causes return
to"the Control Routine when 1ts
object code 13 executed during
program execution.
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RPPENDIX C
PREDEFINED SYMBOLIC NAMES

USER PROGRARM EXCLUSIVE STORRGE

Each MPG user pragram has access to 1b locaticns that are part of
the program and that have predefined symbolic names. Each
program uses the same :'-bollc names, but when two or more
programs are co-residenl, these common names reference different
physical locations internal 1{o each progrom. The valid
predefined symbols are as follows:

MO0 TMOM MO8 THi2
TMO1 oS ™09 TM13
a2 ™06 10 THIN
™33 ™07 ™1 TMIS

Likewise, the symbolic names ROIO and WRIO refer to ecach of the
two 170 areas’ included as part of each program area. The
locations NBR, SRC, and DST, which are used b! he i1ndirect move
instruction (MOVE), and lhe operation swilch word (OPSHW) alsc
exist separately wilhin cach program ares.

RDIO NBR
WRIO SRC
0PSH DSt

USER PROGRAM COMMON STORRGE

Each MPG user program also has access to 10 locations that are
;hgsxcall common to all Kroprans resident al any given time,

hay are !lso accessable by the FILL command. These mdy be used
for communication between progrems, or variation of parametars by
command. The valid predefine Syl‘OIQ are as follows:

coMo0 COMS

coml coMe

core coMz

coM3 comns

Com4 com9
The common or shared 1/0 area 13 referenced by the symbolic name
;?5{. The middle of this area 13 raferenced !g the symbolic name

FREE CRLF

MIDL

A ccemon Jocation containing the RSCII code for a Carriage Return
and Line Feed can be referenced as CRLF, and used for formatting
messages.
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Symbolic Names (Cont'd)

<«
.

The common data buffer 1s accessable both by MPG command and by
each gro gram, and allows the user to generate and change data
withou! modifying the program 1tself. The buffer 13 256 byles
long and con hc referencdd 1n subdivisions of 16 byles using the

following symbols:

BUF /BF 00 BF QY BF 08 BF1
BF 0l BFOS 09 E;l
BF 02 BF 06 10 1M
BFO3 BFO? BF 11 BF 15

Far the FILL command, this buffer can be refarenced as_ a single
256 byte buffer by u:nn? the name BUF or just B. If BUF 1s uled
in a pfogram stotcncnt t 13 equivalent td BFOO.

MPG PREDEFINED BIT PATTERNS

Inherent within MPG 13 the ability to easily generate variable
length dat% fields with any !l 8 series "of predefined b1t
patterns hese f1elds may bc cncratcd with ei1ther the FILL
program statement or the command and are wuseful when
checking for failures due to data scnsx!nv:t!. These patterns
are 1dentified by symbolic names that are lisled below along with
the b1t patterns that each produces:

PRTO 100000 WALKING ONES

PAT! Q77777 WALKING ZEROES

PAT2 100000 EXPANDING ONES

PAT3 Q77777 EXPANDING ZEROES

. ——a— em- —— -




Symbolic Namas

PATY

PRTS

PRTS

PART?

PRTE

PRTY

PaRTA

PRTE

{Cont'd)

177777
etc.

070707
107070

070707
107070
etc.

125252
0S252S
125252
05252S
etc.

000000
000001
000002
000003
etc.

165555
133333
165555
133333

ete.

e +2%
RLTERNATE ONES (HORIZ.)

RLTERNATE ZEROES (HORIZ.:

ALTERNATE ONES (VERT.)

ALTERNARTE ZEROES (VERT)

OCTAL CHECXERBOARD

BINARY CHECKERBOARD

COUNT WORDS

RPCY DISK SERIAL DARTA

— e ——
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RPPENCIX D

DEVICE ROUTINES

DEVICE ROUTINES - GENERRL INFORMATION

The 1nformation wunique to a particular device and the
routines necessary to perform the operations indicated by 1ts
high level language statements (RERD, WRITE, SEEK, etc.) are
contained _1n _an MPG pro,ral segaen! referred to ..Hﬁ Device
Routine. The Devize Routines aré resident on the G load
device and are aulomatically loaded by MPG when 1he device 13
specified by model name for a user program.

While device routines are primsrily drivers for the various
POP-11 devices, they also provide other services to the user
andlh=: program and also to MPG. Services for the wuser
include:

- High level language functions

- Statistic accumuldtion and display
- Error detection and display

= Device registers display

- Symbolic names for device registers

Services for MPG are actually extensions of MPG and are
activated by MPG when nccc:sar,. These services 1nclude
housekeeping™ functlions, rcsort 1splays, and functions
required for the KILL command.

The device routines serve as add on cOl‘oncnts to the basic
MPG progream. Without them 1t is stil] possible to write
?rogra-s for any device by wusing the low-level language.
his basic feature allows programming al the device 1nterface
level. MWith them, higher level functions such as Read
H;l{l, %cck. Rewind,” e¢tc., con be 1nvoked with one nrd
statement.

R feature provided by the device routines 1s lhe specifying
of device registers by symbolic name. In order to reference
a device’s registers by name, the MPG user must assign that
device 1o the progrem he is defining. Rs an extension of
this support, abbreviated device routines exist for all
devices mentioned 1n section D.2 even though high level
functions have not yet bean programmed.

The remaining sections of Appendiz D contaings documentation
pertaining to the devices for which high level functions have
caen progfammed.

—— e e o B




FOb

' M.P.G. Page 70
D.1 -~ Davice Routines - General Info (Cont'd)

D.1.1 CONMON FERTURES IN DEVICE ROUTINES

Rlthough each device routine 13 tajlored to the device it
supporls, several features are common among *ll full support

| device routines unless otherwise noted. hese faatures,
which will be documented only once to avoid redundancy, are
described 1n this section. KWhen a device rouline descriplion
lists one of these features, it will direct the user to this
section for detarled informalion.

OPSW Special Operation Bit

One bit 1n the Operation Switches (OPSW) word asscciated with
cach wuser program has been reserved for use as 2 flag to the
device routines. This bit, which 18 called the "Special
Operations (SPOPER) flag, 1s bit 7 of the OPSK and noy or may
not be supported by a device routine. R typical application
of this bdit’s usdge would be 1ts control of the Maintenance
bit 1n the device’s registers. KWhen SPOPER 13 set by the
user, 1t would 1ndicate to the device routine that all I/0
operations are to be 1ssued wilh the device’s Maintenance bit
set. For other devices it l.* have a completely different
implementation and meaning. herefore, refer to the
a‘pl:cahlc device routing section to determine 1f this bit s
utilized and 1n what manner.

Remember that the OPSH can be modified e¢1ther at the command
level with the OPSH command cr 1n the user’s programs with
the LORD, SET, or CLEAR 1nstructions.

Information Words

R total of c1ght words are avairlable to each device routine
for wuse 1n passing i1nformation between 1tsel! and the user’s
rogram. Siz of these words may be implemenied as needed for
he” device routine’s own requirements. Examples of these
words are CYL, HEMD, and SECT for o di1sk. The other two
words, which have been assn,ncd specific symbolic names and
functions for all device routines, are as follows:

Nome Definition

SIZE A one word location which 1s loaded by the device
routineg wilh the number of byles actuall
transferred on an 170 operation that pcrloruca
dats transiers.

ERR R one word location which 1s cleared to O’s before
each I1/0 operation. Will be set to & value of !
1{ an error was detected on the 170 operation.
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Statements

The following statements will be acccglcd bg all full support
] u

device roulines and will produce simi

NOWRIT

WAIT

COUNTS

r results:

This statement 1nstrucls the device routine to go
into a mode where 1t returns 1mmediately to the
next statement in the wuser’s rogram  after
initiating an! 170 operations. This allows the
user to initiale an I/0 operation and then sample
the device registers while 1t 13 1n progress or to
perform concufrent data operations.

For communication devices, this mode also allows a
simyltancous READ and WRITE 1n order to Lest the
data loop back provided h! the hardware. Multiple
170 operations can be stdrted in parallel as long
as diflerant units (lines) are selecled, When any
subsequent statement attempts to select a line
that 1s already 1n use, the program will wait at
this point wuntil the 1nitial 170 on any common
line 13 completed.

If NOWAIT 13 13sued on & non-communications 1iype
cf device and another I/70 statement 13 13sued
before » prcv:ousl? 1ssued one has terminated, the
device routine will automatically wait unti] the
operation 1n progress 1s completed and then
in1ti1ate the next operation.

When using this statement, care must be taken to
ensure that a WRIT 13 1ssued after the last [/0
cperation 1n the progrem. Otherwise, an error
display -a! be mis3ed and the final counts will
not be updated for the last 170 oparation.

Resets the NOWAIT mode and 1nstructs the device
routine to return to 1ts preset mode of operation,
In 1ts preset mode, the device rovtine will wast
until the curreal 170 operation has terminated
before returning to the next statement 1n  the
user's program.

This statement produces o display of the
statistical counls accumulated thus far 1n the
operation of the wuser’s ﬂaogran. This display
will be directed to the MPG LIST device (consold
terminal or printer) with the i1nformation produced
being dependent upon the device routine.

606
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D.1 - Device Routines - General Info (Cont’'d)

STATUS  With this statement the wuser coan display the
contents of the device registers associated with
the device assigned to his program. The dxsplag
will be directed to the MPL LIST device wilh eac
register’s contents being identified by the
register’s symbolic name. Normally, two sels of
contents will"be displayed. The Iirsl sel is Lhe
registers’ contents “when the lasl interrupt
occurred. If there has not baen srcvnou:
interrupt, these will nol be dicpla ¢ The
second sc! consists of their current conlents and
will always be displayed. For the second display,
the contents of the rcg:stcr: are relrieved upon
processing this statemant.

COMMON ERROR INFORMATION FOR DEVICE ROUTINES

When cncountcrln’ an grror and 1f permitted to do so by bits

and he program’s the dcvncc routine will

display information pcrtalnxn to he  error. This

informdtion will be directed to the MPG LIST device and as &

ainimum will consist of an error I. D and the line number of

the current statement 1n the uscr s prograa Dcpcnd:n‘ upon
1

the device routine and the error addi1t10nal
information also be display c! Thxs usually consists of
the current un:‘ nusber, the contcnt: of the device registers

at the time the error was detected, and thc error b1t
mnemonics. For details as to what 13 roduccd by & specific
device routine, refer to that rouline’s seltion in this
appendix.

There exists within MPG three error ncs:agcs which na‘ be
1ssued during execulion of 4 user program. Khile The

errors will be displayed with the n;o gram's number as an
1dentrfirer, thc, sre 1ssued b G and not by the device
routine. 1rst llt!l? occur when “the VERIFY
statement 1: being used within thc user’'s program. The other
luwo messages may dccur when 8 user program or device routine
18 giving control back to MPG with 113 stack having improper
?Q}E:hutcs. These messages and therr explanations are as

ollows:

DATA ERROR (STMNT & nnnn)

A data miscompare has been detected by the VERIFY
statement. he data that did not compare will be
disp ll!cd following this message. Whether to list
onl first -xscon are or all ,M1scompares 1
controlled by bit 1 1n the program’s OPSW. The
data error count within the dcv:cc routineg wil] be
incremented when this error occurs.

—— . . . etgrtn. e et ——

-




f

M.P.G.

" D.1 - Davice Routines - General Info (Cent’d)

#ERx INV STk ROR

106

Page 73

The value of the stack pointer was !rcatcr than

the mazimum allowable value when o us

r program or

device routine returned control to MPG. The wuser
trn gram will be terminated 1mmediately and cannct
¢ continued through use of the CONT command.

*ER* STK TOO BIG

This error occurs when 2 user program or

device

routine returns control to and has left more

than thirty words on the stack. Since

space resérved for stack information 1s
for the

words long, stack dats would be lost

storage
thir

program. ~ Therefore, this 1s reported as an ¢rror

condition and the program 13 terminated.

Riter any error 13 displayed, other than the stack

The CONT
command cannot be used after 1ts occurrence.

control

errors, “execution of the uurb grogran will cease, unless
1

directed to continue on error b being reset

itn  the

rogram’s OPSW. If the progran stops altcr an error and the

ONT commanéd 1s then 13sued, execution will resume
next statement 1n the user’s program.

at the
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MINIMUM SUPPORT DEVICE ROUTINES

For certain devices MPG provides a minimum level of support.
This supporl consists ol symbolic names for device regisiers
when programming a device al the interface level.” This
capadility eliminates the need for oclal oaddresses when
acccssxng these reg:sters. Also, bg altering the device
rchstcr ' base address, the same gr %ran may be run without
ngdxflcatlon on a similar device but at & different Unibus
address.

In order to reduce f{1le usagc, the information for all
minimum  support devices has been i1ncluded in one file which
has the fi1lename of TMSAnm.MPG. When one of these devices 1s
specified for a_ program, this file will be loaded as 1is
device routine. Immedlately after loading the file, code
wili be executed that deletes the information for all devices
other than the one specified. The length of the routine’s
area 1n memory is then adjusted to the size needed for only
the specified device’s information.

The device mode]l names and the symbolic names :upaortcd for
each device are listed 1n the Tollowing table. Rlso listed
1s the displacement that will be added to the device
registers’ base address for sach symbolic name.

DEVICE NAME DISPL DESCRIPTION

CD11 CDST +0 Card Status
CDCC +2 Column Count
CDBA +4 Current Rddress
coDB +6 Card Data
CR11l CRS +C Card Status
CMll CRB1 +2 Card Data
CRB2 +4 Card Data Compressed
DCl1 RCSR +0 Receiver Status
RBUF +2 Receiver Data Buffer
TSCR +4 Transmitter Status
TBUF +b Transmitter Data Buffer
DN11l ACU +0 Ruto Call Unit
KWll KWSC +0 R.T. Clock Status
KWBR +c R.T. Cloack Buffer
KWCR +4 R.T. Clock Counter

LKS +S006 Line Time Clock Status
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t

RC1l RCLA +0 Look Rhead
RCDRA +2 Disk Rddress
RCER +4 Error Status
RCCS +6 Control and Status
\ RCWC +10 Word Count
RCCAR +le Current Rddress
RCMN +14 Maintenancse
RCDB +15 Data Buffer
RF1i1 DCS +0 Conirol and Status
WC + Word Count
CMA +4 Current Memory Address
DARR +6 Disk Rddress
DARE +10 Address Extensicn Error
DBR +12 Disk Data
MA +14 Maintenancse
RDS +16 Rddress of Disk Segment
RX11 RXCS +0 Command and Status
RX01 RXDB +2 Data Buffer
RXTR +2 Track Rddress
RXSA +2 Sector Rddress
RXES +2 Error and Status
TR11 TACS +0 Control and Status
TRDB +2 Data Buffer
TMO2 MTCl +0 Control and Status |
Tuls MTWC +° Word Count
MTBR +4 Unibus Rddress
MTFC +6 Frame Count
MICe +10 Control and Status ¢
MTDS +12 Drive Status
MTER +14 Error
MTRS +16 Rtiention Summary
MTCC +20 Character Check
MTDB +22 Data Buffer
MTMR +24 Maintenance
MTDT +26 Drive Tﬁpc
MTSN +30 Seri1a]l Number

MITC +32 Tape Control
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DJ11 16-LINE RSYNCHRONOUS SERIAL LINE MULTIPLEXER

st g

PRESET BUS REQUEST - 5,8 (REQD/NRITE)

REGISTER NAMES RECOGNIZED

CSR
RBUF
TCR
BCR
TBUF

MPG INSTRUCTIONS SUPPORTED

RERD NOWAIT HDUPLX
WRITE WAIT STRTUS
BRERK FDUPLX COUNTS
CRESET

STATISTICAL INFORMARTION

BYTES: Read, Written

CMNDS: Rcad Write, Break, Misc.

INTERRUPTS: Rcad Write

ERRORS: Qverrun(QVR), Franxng(FRM)
Par1ty(PAR), 'Dat

OPSW SPECIAL OPERATION BIT SUPPORT

When Bit 7 (SPOPER) of the OPSW 1s set, the Maintenance Mode
Bit (Bit 2 CSR) will be set prior to 1ssuing each 170 data
transfer command.

1/0 TIMEOUT

If a tcrn:natln interrupt 13 not received 3 minutes after
lnllxatxn? /0 o*cra 1on, the progran will be aborted and

he user nformcd his time 18 apprizimate, calibrated on a
POP-11/45 with no other user programs running.
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D.3 - DJ11 Device Routine (Cont’'d)

F. INSTRUCTION DESCRIPTIONS

READ
READ
RERD

RERD

WRITE
KRITE
WRITE
WRITE

BREAK
BRERK

CRESET

(
v
v

INTO RDIO)
NTO v

This 1nstruction will cause a data transfer to occur
betuween the unit previously assigned to this Device
Routine and the memory area speci¥ied by the second
variable. The {first variable contains the byte
count for the transier.

0%56 INTO RDIO) () = default values
I

v INTO v FROM u

Same as above read except U specifies the units or
line numbers. Whatever unil numbers were assigned
have no effect. This allows simultaneous data
transfers on_up 1o 16 lines. R typical form of U 1s
4-7811 or 4 THRU 7 AND 11.

(D256 FROM WRIO)

v

(FROM WRIO)

v FROM v
v FROM v TO u

<

The description for the Read Instruction ap;lxcs to
the Write except for the direction of data flow.

ON u

This 1nstruction causes a break (spacing condition)
on the assigned unit or on those specified by u as
in the Read Instruction. The duration at the "break
18 determined by v which specifies the number of
character times to hold the spacing condition.

This 1nstruction 1n1tiates an MOS clear sequence
which clears the si1lo and all 16 URRT’s. I then
clears all of the bits 1n the Contral Register.
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| D.3 - DJI1l Device Routine (Cont’d)

0.3.1

NOWRIT

WAIT

FOUPLX

HDUPLX

STRTUS

COUNTS

Standard implementation - see section D.1.1.
Standard 1mplementation - see section D.1.1.

Places the DJ11 1n_a Full Duplex Mode. This 1s the
in1ti1al mode cf a DJIl after a RESET or CRESET.

Places the DJ11 1n a Half Dupler Mode.
Standard i1mplementation - see section D.1.1.

Standard 1mplementation - see section D.1.1.

DJ11 ERROR INFORMATION

This device routine processes errors 1n the standard fashion
described i1n section D.1.2

The unique error messages which may occur 1n the use of this
device routine are as Tollouws:

DJ11 TIMEOUT ON 1/0

An 1/0 operation was begun, but Lhe tlerminating
interrupl was not received. The time allowed forf
this ;ntcrrugt to occur 13 approzimately thrae
minules when Yhe program 1s run on the POP-11/45 and
no cther programs are running.
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"D.3 - DJ11 Device Routine (Cont'd)

DJ!11 ERROR:  ddd,ddd,etc

The codes ddd represant mnemonics which are printed
to indicate which error bits were set. The message
may contain from one to three codes. The following

mnemonics may be printed in Lhis message:

PAR = Recetved Data Paraty Error
FRM = Freming Error
OVR = Overrun Error

-.3.2 CJ11 SAMPLE PROGRAMS

L}

L.

L)

Write same data sequentially to units 5,6,7 and 14

'RSGN DEV: DJ11,5,6,7,14
0010 FILL D64 AT WRIO WITH ASCII
»0020 MWRITE D64 FROM WRIO

»0030 MWRITE 2 FROM CRLF

»0040 END

> DONE

Write same data simultaneously to units 5,6,7, and 14
*ENTER |

?ASGN DEV: DJ11

»0010 FILL D64 AT WRIO WITH ASCLI

»0020 MWRITE D64 FROM WRIO TO 5-7814

>0030 WRITE 2 FROM CRLF TO S THRU 7 AND 14
»0040 END

> DONE

#RUN 1

Write different data sequentially te units 1,4 and 1}

#ENTER |
?7RSGN DEV: DJ11

»0010 WRITE D16 FROM BFOO 10 |
»0020 WRITE D16 FROM BFOI ;g T

>0030 WRITE D.6 FROM BFO2 1

#FILL BFOO WITH #TEST MSG NBR !

L e — —— ————————— © _ —
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*FILL BFOl WITH ®#TEST MSG NBR 2
:;6#L18F02 WITH #TEST MSG NBR 3

Write different data simultanecusly to units 1.4 and 1l

*ENTER |
*RSGN DEV: DJ11I

3=
QO
*RRRE

!
I

-y g —4
(elele)
L e

T
D
D
D

5
5555
i3
KRR
R28

l
)
{
)

:
3

Read 1 character from unit 12 and Write 1t to unmits 12
and 14. Use the operation switch to loop on this
program.

¥ENTER |
"ARSGN DEV: DJI1!

Y0010 READ 1 INTO TMOO FROM 12
0020 gﬁéTE 1 FROM TMOO TO 12 AND 14

#0PSH | {40320

Test the DIJL1 using the Special Operation Bi* to couse
data wrap-sround.” Set the OPSW to loot the program and
turn on the Maintenance Bit. Use 256 tes of random
data cach time, and sequentially check all 1b lines.
#ENTER |

7ASGN DEY: DJ11,0-15

»0010 FILL D2S6 AT WRIO WITH RANDOM

>0020 NOWAIT

>0020 FERD
>0040 HRITE

HAIT
> 0060 gﬁSIFY 0256 AT RDID WITH WRIC

#0PSW] 100214
#RUN |

-— — e e ot — — —— - E——
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DL11 SINGLE RSYNCHRONOUS SERIAL LINE INTERFACE

PRESET RDORESS - 175610
PRESET INTERRUPT VECTOR - 300
PRESET BUS REQUEST - 4,4 (RERD/WRITE)

REGISTER NARMES RECOGNIZED
RCSR
RBUF

XCSR
XBUF

MPG INSTRUCTIONS SUPPORTED

REARD WRIT SEND
WRITE CRLL RECY
BRERK LISTEN STRTUS
CRESET RNSKER COUNTS

STATISTICAL INFORMATION

BYTES: Read, HWrittian

CMNDS: Read, Write, Break, Misc.

INTERRUPTS: Read, Write

ERRORS: Overrun(OVR), Framing(FRM},
Parity(PAR}, Data

OPSW SPECIAL OPERATION BIT SUPPORT

When Bit 7 (SPOPER) of the OPSW 13 set, the Maintenance Mode
Bit (Bit 2 XCSR) will be set prior to issuing each I/0 data
transfer command.

1/0 TIMEOUT

If » terminating interrupt 13 not received 3 minutes after
1n1t1ating an !/0 o?cra 10n, the program will be aborted and
the user Informed. This time 13 approzimate, calibrated on a
POP-11/45 with no cther user programs running.

—— - a—
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"D.4 - DL1L Device Routine (Cont'd)

F.

INSTRUCTION DESCRIPTIONS

RERD
READ
RERD

—

E
1E
E

255

R
2

CRESET

NOMRIT

WAIT

CARLL

(DeS6 INTO RDIO) () = default values
v (INTO RDIO)

v INTO v
This i1nstruction will cause & data transfer to occur
between the device connected to this DLII, and the
memory ared specified by the second variable.  The
first” variable contains the byte count for the
transfer.

(D2S6 FROM WRIO)

v (FROM WRIO)
FROM v
The description for the Read Instruction apgllcs to
the Write except for the direction of data 1low.
This instruction causes & break (spacing ccondition)
on the line connected to this DLI1. The duration of
the break 18 determined by V which specifies the
number of character txgcs to hold the spacing
condition.
This 1nstruction clears all the bits 1n the receive
contraol register RCSR and transmit control register
XCSR.
Standard 1mglementation - see section D.1.1.
Standard 1mplementation - see section D.1.1.

Used to 1nitiate a call thru o MODEM from o DLILE.
gcts , ga!a Terminal Ready, wails for Carrier
stected.

—_———— ———

——— e ———
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D.4 = DL1I Device Routine (Cont'd)

LISTEN

RNSKER

HANGUP

SEND

RECV

ROROFF

STATUS

COUNTS

Used to wail for an 1ncoming call. Test the Ring
Indicator and does not proceed unti] 1t 1s detected.

Used to answer an incoming call to_a DLIIE by way of
a MODEM. Sets Data Terminal Ready, walts “for
Carrier Detected.

Used to terminate o call. Lowers Request To Send
gcl;gs 1S milliseconds then lowers Dats Terminal
cady.

Sets up line for transmit. Does not cause any data
transfer. Raises Request To Send, then waits for
Clear To Send.

Sets up line for data receplion. Does not cause any
data transfer. Lowers Request! To Send.

Sets Bit O of RCSR which turns on the paper tape run
relay when so attached thru o DLI1-A and DLIL-C.

Clears Bit O of RCSR which turns off the paper tape
run relay wnere applicable.

Standard 1mplementation - see section D.1.1.

Standard 1mplementation - see section D.1.1.

e e A - r—— . — —— . ——— mr——
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D.4.2
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DL11 ERROR INFORMATION

This device routine processes errors 1n the standard fashion
described 1n section D.1.2.

The unique error messages which may occur in the use of this
device rouline are as Jollouws:

DL11 TIMEOUT ON I/0

An 170 operation was begun, bul the terminating
interrupt was nol raece ved. The time allowed for
this 1ntcrru‘t to occur 1 approxlnatcly three
minutes when the program 1s run on the POP-11/45 and
no other programs are running.

DL11 ERROR:  ddd,ddd,etc.

The codes ddd represent mnemonics which are printed
to indicate which error bits were set. The message
may contain from one to three codes. The followirg
angmonics may be printed 1n this message:

PRR = Received Data Parity Error
FRM = Framing Error
OVR = QOverrun Error

DL1l SAMPLE PROGRAMS

1. Wait for the phone to ring, answer 1%, send a message 1o
the calling station, then echo back each character
received until a "rubout’ 1s delecled. Rfter & ’rubout
18 detected disconnect and terminate the progranm.

#FILL BUF WITH ¥RERDY FOR DL11 ECHO TEST
*ENTER 1
"RSGN DEV: DL1L

>0010 LISTEN
ANSKHER

» 0020

0030 SEND

0040 MWRITE D26 FROM BUF
>00S0 RECV

»0060 READ 1 INTO TMOO
>0070 IF TMOO = 377 GOTO 110

»0080 SEND
»0090 WRITE 1 FROM TMOC
»0100 GOTO 50

»0110  HANGUP

607

-
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D.4 - DL1Ll Device Routine (Cont’d)
y0l120 END
DONE

¥RUN |

2. Provide a program compatible with sample number 1, that
will 1mitiate a call, receive the b bgtc message and

print 1t. It should then transmit, the R
set one character_ at 2 time and print

CII character

the echoed

character string. This should be followed by & ’rubout’

and a disconnect.

ENTER |
?ASGN DEV: DLI1

;0010 CALL

0020
>0030 READ Deb
»0040 PRINT D26 AT
>00S0 LOAD TMOO WI
»0060 LOARD SRC WIT
>0070 LOAD DST WIT

IN ASCII

28

SEND

WRITE 1 FROM TMOO
RECY

READ 1 INTO TMOI

140 GOTO 90
AT _RDIO IN ASCII
WITH 377

N N N N N N N N N N N
8 QOO0 00D0D00D
oB88BITLERISH
"—
™m

SR
X
&

¥RUN 1

3. By using the Special Operation b1t in the OPSW, wuse the

Maintenance Mode for data loopback, do a
Read and Write, and then verify the dala,

*ENTER |
?ASGN DEV: DL1!

>0010 FILL D256 AT WRIO WITH RANDOM
»0020 NOWRIT

>0030 RERD
»0040 WRITE

simultaneous

—— —— —— -——— - e et E -— 1

— A ——————tn e ——




0.4 - DLIL1 Device Routine (Cont'd)

> 0050
»0060
»0070
»DONE

#0PSU]
*RUN

WAIT
EESIFY D256 RY RDIO WITH WRIO

iOOEDO

M.P.G.
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D@11 NPR SYNCHRONOUS LINE INTERFARCE

PRESET RDORESS - 160030
PRESET INTERRUPT VECTOR - 300
PRESET BUS REQUEST - 5,5 (RERD/WRITE)

REGISTER NAMES RECOGNIZED BY ALL INSTRUCTIONS
RCSR
TCSR

RERR
REG

REGISTER NAMES RECOGNIZED BY SELREG INSTRUCTION
RBAP RBRS COET SEQ

RCCP RCCS SYNC RBCC
18AP TBRS MISC TBCC
TCCP TCCS TBUF POLY

MPG INSTRUCTIONS SUPPORTED

SELREG CALL
SELSEQ LISTEN
READ ANSKER
WRITE HANGUP
CRESET SEND
NOWAIT RECV
WAIT FOUPLX
NOIDLE HOUPLX
IOLE STATUS

COUNTS
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D. STATISTICAL INFORMATION

BYTES: Read, HWritten

CMNDS: Read, Write, Misc.

INTERRUPTS: Read, Write

ERRORS : Vertical Redundancy Check (
Block Check Characler (BCC)
Reve Non-Existent Mem (RNEM)
Xmtr Non-txistent Mem (TNEM)
Rcve and Xatr Latency (RLAT, TLAT),
Sc:r and Xmtr Clock Loss (RéLK, TCLK),

ata

VRC),

E. OPSW SPECIRL OPERATION BIT SUPPORT

When Bit 7 (SPOPER) of the OPSW 18 sel, the Test Loap Bit
(Bat 3 MISC) will be set prior to 1ssuing each 170 data
transfer command.

F. 1,0 TIMEOUT

If a terminating interrupt 1s not received 3 minules after
in1tiating an 1/0 ogcra 1on, the program will be aborted and
the user informed. This time 1s approzimale, calibrated on a
POP-11/45 with no other user programs running.
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D.S - DQll Device Routine (Cont’d)

G. INSTRUCTION DESCRIPTIONS

SELREG

SELSEQ

v

This instruction enhances the low level language of
' allowing the reference of DQIl Secdndary
Registers by name. The names recognized by thid
instruction™ are listed in section C, and couse the
appro riate 4 bit code to be loaded in the REG/ERR
egislar.

Y

This 1nstruction simplifies grogran access to the
iwo 16 by 16 registers thal are available when the
Protocol option is added. The variable v should be
the register_number 1n decimal or octal. If 1t 13 a
tag suth as TMOO, the contents will be used as the
regisier number. This instruclion will place that
number 1n the proper bils 1n RCSR

RERAD (D2Sk INTO RDIO) () = default values
READ v (INTO RDIO)
RERD v INTO v

WRITE
WRITE
WRITE

CRESET

NOWARIT

This 1nstruction will cause a data transfer to occur

between the device connectled to this DQL), and the

memory ar¢a specified bH the second variable. The
{1rst' variable contaihs the byte count for the
ransfer.

(D256 FROM WRIO)
v (FROM KRIO)
v FROM v

The description for the Read 1nstruction app
the Write, ezcepl for the direction of data

Sets Master Clear, clears all Secondary and Sequence
Control Registers, then sets bits “per charactler
equal to 8

Standard implementation - see section D.1.1.
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D.S - D@1l Device Routine (Cont’d)

WRIT

NOIDLE

IOLE

CALL

LISTEN

ANSWER

HANGUP

SENC

RECV

Standard implementation - see section D.1.1.

Resets the Idle Mode b1t 1n TCSR.

Sets the Idle Mode b1t in TCSR allowing _ the
transmission of IDLE characters whenever T2 GO 1
2¢ro.

Used to 1nitiate a call thru a MODEM from a_ DQll.
Sets Data Terminal Ready, wairts for Data Set Ready.

Used to wait for an 1ncoming call. Tests the Ring
Indicator and does notl proceed unti] 1t 1s detected.

Used to answer an _1ncoming call to a DQll by way of
a MODEM. Sets Data Terminal Ready, waits {for Data
Set Ready.

Used to terminate a call. Lowers Request to Send
gclsgs IS ‘milliseconds, then lowers Data Terminal
cady.

Sets up line for transmit. Does not cause any data
transfer. Raises Request to Send, then waits for
Clear to Send.

Sels up line for data reception. Does not cause any
data transfer. Lowers Request to Send.
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0.5 - D@11 Device Routine (Cont’'d)

D.5.1

FOUPLX
Places the DQL1 1n a Full Duplex Mode. This 1s the
inttial mode of a D@Ll after o CRESET or a RESET.
HOUPLX
Places the DQI1 1n a Half Duplex Mode.
STATUS
Standard 1mplementation - see section D.1.1.
COUNTS

Standard 1mplementation - see section D.1.1.

DQI11 ERROR INFORMARTION

This device routine processes errors 1n the standard fashion
described 1n section D.1.2.

The unique error ncssa?cs which may occur 1n the use of this
device routine are as Tollows:

DGI11 TIMEOUT ON I/0

An 1/0 operation was begun, bul the terminating
interrupl was not received. The time allowed for

thise 1ntcrrugt to occur 13 approximately three
minutes when the program 13 run on the PoP-1{/45" and
no other programs are running.

0Gll ERROR:  ddd,ddd,etc.

The codes ddd represent mnemonics which are printed
to 1ndicatle which error bitls were sel. The message
may contain from one to ei1ght codes. The faollowing

mnemonics may be printed 1n this message:

TCLK = Transmitter Clock Loss Error

RCLK = Receiver Clock Loss Error

TLAT = Transmitter Latency Error

RLAT = Receiver Latency Error

TNEM = Transmitter Non-gxistent Memory Error
RNEM = Receiver Non-exzistenl Memory Error
PBCC = Receiver Block Check Error

RYRC = Receiver Verticel Redundancy Error
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c.5.2

1.

(Cont'd)

DQ11 SAMPLE PROGRAMS

Test the DQII us:ng the Tast Loog bit 1o cause datas
wraparound. Set the OPSW to loog he program and turn on
the Test Loog bit. Use 2 printabie charac!cr as 8 sync
character ([).

*ENTER |
"ASGN DEV: DQll

>0010 CRESET

»0020 SE.REG SYNC

) MOVE COMO TO REG

) FILL D& AT BF02 WITH 20040
0050 IDLE

Y0060 NCOWAIT

»0070 READ D16 INTO BFQC

» 0080 =§§¥E Di6 FROM BF OO

>0100 NOIDLE

>0110 PRINT Die AY BFQ2 IN RSCII
>0120 EMO

) DONE

#ILL CCHMO WITH s(!

#FILL BFOO MITH #[[DQ@ ST MSG )
#0PSM 4214

#RUN |

Hodxlg sample program numbe~ 1 to have the DQL1l strip off
ync charazlers as they are received. liote- Riad
byte count must be decreased.

#0DIFY |

ENTER STHNT'S

Y435 SET RISR BIT 1|
70 READ D14 INTO BFOZ
> DONE

RN 1

——— -
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D.S - DQll Device Routine (Cont'd)

3.

Test the automatic switchover from prtlar¥ to secondary
write registers and back again. Use the Test Loop b1t as
in program 1.

#ENTER |
?RSGN DEV: DQIl

»QC10 CRE%T

y0020 SELREG SYNC

»0030 MOVE COMO TO REG

»0040 Fétt D64 AT BFOM WITH 20040
0050 1

Y0060 NOWRIT

0070 READ D64 INTO BFOM

> 0080 BF 00

:

BESRER
BEEREEE

&

4 AT BFOY IN RSCII

N N W N
00000

;
3 g

R

EEFFE
RRRRS
2RER
rrrrx
EREE
8888~
AAAR

i
fé

Hodxt! Frogram 3 to test the switchover of the raad
registers while using only the primary write registers.

#MODIFY 1
ENTER STMNT'S

»70 READ DI6 I

>80 REAC D16 INTO BFOS
»90 MRITE De4 FROM BFOO
»100 READ INTO

>110  RERD 1

> DONE

#RUN |

—— —— — ———— e —— -
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D.S - D@11 Device Routing (Cont’d)

S.

For systems with the DGL1-BB (PROTOCOL) Option, display
the contents of the Character Datection and Sequence
Registers.

*ENTER 1
?ASGN DEV: DQ1l

0010 PRINT lCHRRﬂCTES DETECTION REGISTER CONTENTS

>0020 LORD TMOO W
Y0030 SELREG CDET

) Q_TMOQ

> ?S%ﬁ; REG IN OCTAL

>0070 IF ;?00 < 20 GOTO 40
NT

SEQUENCE REGISTER CCONTENTS
>0100 LOAD TMOO WITH

>0120 SEL T

»0130 PRINT REG IN OCTAL
>0140 INCR TMOO

»01S0 IF TMOO <« 20 GOTO 120
>0160 END

> DONE




0.8

t
m

E08

M.P.G. Page 95

RK11 DISK DEVICE ROUTINE

The RKI1 Device Routine, whose filename 13 TRKAnm. MPG,
supports the operation of RKOS and RKO3 disk drives. Other
types of disk drives na! be utilized as long as they do not
require special considerations 1n  the manipulation of the
device registers.

PRESET VALUES RND SUPPORT SUMMARY
- Valid Model Nomes and Unit Numbers

In reply to the "ASGN DEV:™ message, two model names (Rk!l
and 5KBS) ars acceplable and -a“ be accomparied by
marimum of 1b unit numbers. For (this device the umit
numbers must be 1n the range of O thru 7.

- Interface Rddresses

The following are the values prese! for the RKIl and maa
be altered "from the console terminal following the "RSG
DEV:" message:

Davice Register Base Rddress = 177400
Interrupt Vector Rddress = 220
Bus Request Priority = §

- Symbolic Register Names

The sazbollc names listed below la¥ be used to reference
the 11 device registers 1n MPG Instructions. The octal
displacement associ1ated with cach name 13 the value that
wll] be odded to the device register base address to
cbtain the actual memory address of the desired register.

Name Displ Description

RKDS +0 Drive Status

RKER + Error

RKCS + Control and Status
RKWC +6 Word Count

RKBA +10 Bus Rddress

RKDA +le Disk Rddress

RKOB +16 Data Buffer
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, 0.6 = Rk1li Device Routine (Cont’d)

Supported Instructions Summary

The follou:n? 1s & summary of the 1instructions supported
by MPG for lhe RKILI. Delailed axplanations are lxsgcd n
section D.6.2.

RERD ROFMT CRESET STEPUP
WRITE WRFMT DRESET STEPON
SEEK RDCK NOWAIT STATUS
WRL OCK WRCK WAIT COUNTS

Information Words

The five words listed below are used toc pass informatjon
between the wuser program and the device routing. The
first three are related and are used to cp¢c1f! the
location on the disk where the I/0 operation 1s to begin.
The last two words are used to pass information back™ to
the user program. RI]l words are 1nitially preset to O’'s.

CYL R one word location that contains the c¢ylinder
nusber 1n bits 0-7 that will be used 1n sublequent
1/0 operations. The contentls of CYL and HEAD w1l
be shifted to the a Eropr:atc bit positions, merged
into one word with T, and then loaded 1nto RKDRA.
This occurs for all $/0 operations thatl require a
disk address.

HERD The word location that foilows CYL and contains the
value of the head number to be used (0 or 1).

SECT This word contains the sector number 1n bits O0C-3.
Located 1mmediately following HERD 1n memory.

SIZE Standard 1mplementation - see¢ _section  D.1.1.
Costaaéé are updated by READ, WRITE, RDFMT, WRFMT,
an .

ERR  Standard 1mplementation - scs section D.1.1.

Statistical Information

Through use of the COUNTS statement or the REPORT command
statistical information for the progrem can be dis lagca
on the MPG print device. This information consists “of
octal formatted binary counts under different catagories.
The catagories and the functions from which data will be
included under cach are:

C—
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D.6.2

BYTES RD: RERD, RODFMT

8YTES WR: WRITE, WREMT

READ CMNDS: RERG, RDFNT

WRITE CMNDS:  WRITE, WRFMT

SEEK CMNOS: SEEK

MISC CMNDS: ROCK, WRCK, WRLOCK, DRESET, CRESET

DEV ERRORS: Al hardware errors

DATA ERRORS:  Invalid wunit number arrors and errors
detected by the VERIFY statement.

INTERRUPTS: Nun?cr of " entries 1nto the 1nterrupt
routine.

- OPSW Special Operation Bit Support

When bit 7 (SPOPER) of the OPSW 1s set, the Inhibit
Increment (INH BR) b1t 1n RKCS will be set prior to
1ssuing each 170 command.

DESCRIPTION OF RK11 INSTRUCTIONS

The RK11 Device Routine supports execution of sizteen MPG
lana%agc statements. For certain functions (RERD, WRITE,
ROFAT, "WRFMT, SEEK, ROCK, and WRCK), the desired disk address
must 'be loaded 1nto CYL, HERD, and SECT bafore performing
those functions. In the followin dc:crigtxons. data shouwn
enclosed within parentheses 1ndicates the default _values 1f
nothnn! 18 entered for the statement’s operands. The v s
used Yo 1ndicate a variable operand as defined 1n Rppendiz
B.2. Note that :f an odd byte count 13 supplied 1n any o

the following 1astructions, it wi] effactively be
decremented h! 1 before being used. RII1 I/0 operations are
&&rforlcd with the Stop on Soft Error (SSE) bit set 1n the

CS register.

REARD (D2SE INTO RD10)
RERD v (INTO RDIO)
READ v INTO v

This instruction transfers the number of byles,
indicated by the first v, from the disk to memory
bcgnngxng at"the memory location specified by the
second v,

- m—
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WRITE (D256 FROM WRIO)
WRITE v (FROM WRIOQ)
WRITE v FROM v

Transfer the number of bytles

from memory to disk
beginning at the

memory location 1ndicated by the

second v,

SEEK
Performs a seek to the disk location specified by
the current values of CYL, HERD and SECT. This
instruction does not terminate until the Search
Complete Interrupt 18 received.

WRL OCK

Causes the current disk drive to be write protected.
RDFMT v INTC v

This 18 a read 1nstruction but with the RKCS Format
(FMT) bt

set. Same as RERD except that only tuc
bytes per sector (Header Hord) are transferred to

memory and default operands are not supported.

WRFMT v FROM v

Same as the WRITE 1nstruction

but has the Format
(FMT) b1t set.
RDCK
This instruction 1ssues the Read Check command on
the sector addressed by CYL, HERD, and SECT.
WRCK v AT v
Performs the Write Check command at the current
sector with the number of data bytes specified by
the first operand at the location specified by the
second operand.
CRESET

A Contrel Reset

command 18 performed by
instruction.

this
No interrupts are involved.

]
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The Drive Reset command 1s 1ssued to the current
unit with this 1astruction. This instruction does
not tcr:nnatc until Search Complete Interrupt 13
recelved.

The following 1nstructions do not perform any I/0 functions
cn the RKI1I.

NOWRIT

WAIT

STEPUP v

STEPDN v

Standard implementation - see section D.1.1.
Standard i1mplementation - see section D.1.1.

Eas* 1ncr¢n¢n!|n, of the values of CYL, HERD, and

rovxdc with this statement. The variable
v is 2 coun of the number of sectors that thess
values are to be incremenied. Incremeniing of the

value will occur when the value of SECT ezxcecds
decimal 11 and incrementing of CYL will]l occur when
HERD exceeds 1. When the values o! thc three words
exceed 202,1,11, wrap around to 0,0,0 will occur.
For example, 1f v =1, the resull ‘will be the
address of the next sector on disk; 1{ v = decimal
12 (Di12), the new address will bc the same seclor
but on the next head; 1f = decimal 24, the
rcsultlnz address will be' the salc sector and head
but on the nest cylinder.

Note that this instruction (and STEPDN) will o cratc
with invalid values 1n CYL, on
execution. Regardless of their 1nilial contcn s,
the contcnl: of all thrcc uord: will be valid when
this i1nstruction coun etes. This allows the use of
“FILL & AT CYL WITH RANDOM” statements followed by
“STEPUP 0" to generate random disk addressss.

This statement 18 essentially the same as STEPUP but
provides a decrementin facnl:l? for the three
values. When wrap around occurs, 1t will go from

c,0,0 te 202,1,11.
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D.6 - RK1l Device Routine (Cont’d)

D.6.3

Since the values of CY# HERD, and SECT are preset
o 2eroes, STEPUP or STEPDN may be used to set these
words to their desired 1nitial values with one
statement. For cxanelc, STEPUP D496 would result 1n
the decimal values CYL = 20, HERD = [, and SECT = H4.

STRTUS
Standard 1mplementation - see section D.1.1.
Included wilh the standard display 13 the dn:alag of
the current contents of the wirds CYL, HERD, "and
SECT. These values do not necessarily reflect the
current osttion of the disk, but merely the
contents of the three words.

COUNTS

Standard i1mplementation - see section D.1.1.

RK11 ERROR INFORMARTION

This device routine processes errors 1n the standard fashion
described 1n section D.1.2. Note that the contents of the
device registers and the CYL, HERD, and SECT words at the
time of the error will be dxsplagca for all errors except the
“INV UNIT 8% grror.

The unique error messages, which may occur 1n the use of this
device routine, are as follous:
DATAR ERRCR (STMNT & nnnn)

Standard i1mplementation - see section D.1.2.

INV DEV I.D.

When processing a search complete type of interrupt
the drive 1dentity 1n bits 13 thru 1S of RKDS did
not match the current unit number.

INV UNIT o

The current wunit number, which 13 dxsglaycd in
octal, 1s not in the range of 0-7. The RSSIGN
command may be used to correcl the e¢rronsous wunit
number. Increments the data error count.

J08
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STATUS ERROR: ddd,ddd,etc.

This message 1ndicates that an error status bat has
been detected in the RKIl device registers. The
codes ddd identify whaich bils were found with a
mazimum of five bcxnﬂ listed. The following are the
codes possible for the ddd fields:

DRY = Drive Not Ready

DPL = Drive Power Low

DRU = Drive Unsafe

SIN = Seak Incomplete

DRE = Drive Error

OVR = Overrun

WLO = Write Lock Out

SKE = Seek Erraor

PGE = Programming Error
NXM = Non=Ezistent Memory
DLT = Data Late

TME = Timing Error

NXD = Non-Existent Disk
NXC = Non-Existent Cylinder
NXS = Non-Existent Sector
CSE = Checksum Error

WCE = Write Check Error

TIMEOUT ON I/0

Rfter 1ni1tiating an 1/0 operation, the terminating
interrupt was "nol received. The time allowed {of
the interrupt to occur 1s approzimately 22 seconds
when on the PDP-11/45 and with nd other wuser
programs erecuting.

T/0 ON CRESET

This error, which 1ndicates that Ready (RDY) did not
set within a few milliseconds afler 1ssuing the
Control Reset command, may occur under e1ther of two
conditions. The first is when the CRESET statement
18 1ssued and the other 1s for the 1nitiation of any
other I/0 function. When anitiating any functlion,
the device registers are tested for efror conditions
left over from previous functions. If present, the
Control Reset command 13 1ssued to clear lhese
conditions and timeout may occur 1n this situation.
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UNEXP SRCH COMP INT

RAn  unexpected search complete 1nterrupt has
occurred. This error may occur from e1ther of two
conditions. The first is when this interrupt occurs
on an_ I/0 operation that should not resull 1n this
type of interrupl (RERD, WRITE, elc). The second
condition 13 when the search complete interrupt
occurs before the normal interrupt on the SEEK and
DRESET functions.

UNIT NOT RDY

Immediately prior to 1nitiating an_ 1/0 operation,
the Drive” Ready bit (DRY) in"the RKDS register was
found to be rcsc!.

D.6.4 RK11 SAMPLE PROGRAMS

The follou:na are sample RK11 programe that perform the
functions 1ndicated 1n their descriplions:

1. This program will start at cylinder O, head O, sector O of
unit 2 and wrate o sector with random data, read 1t back
and then verify the read dats with the write datas. 1t
will then 1nCrement to the next sector and repeat the
operation wilh different_ random datas. This ~ entire
sequence will be repeated 20 times.

78US REQ =
ENTER STMNT’S

>0010 LORD TMOO WITH D20

0020 FILL DS12 AT WRIO WITH RANDOM
»0030 WRITE DS12

»0040 READ DSl12

>00S0  VERIFY DS12 AT RDIO WITH WRIO
>0060 STEPUP |

>0070 DECR TMOO

>0080 IF TMOO > O GOTO 20

>0090 END

> DONE

#RUN 1
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2. The lollounna program 18 an example of using the low level

language an
the use of hig
program could
would automatically include s
reporting.

:ro,rannln! at the interface level without
evel 170 statements. An equivalent
¢ written u:ln% the SEEK instruction and 1t

stistic gathering and error

The purpose of this sro‘rln is to imtially 1ssue
Control Reset comman o unit O followed by a seek to
cylinder 8, head O, sector O. When this seek “completes
then 1ssue a seek to cylinder 128, head O, sector O an
wait for 1t to complete. "The dual seeks will be repeated
ten }IICS. Only the pertinent messages are shown in the
example.

*ENTER 1

?ASGN DEV: RKOS

"RDI0 = 256 7 O

"WRI0O = 256 7 O

>0010 LOAD RKCS WITH 1

>0020 LOAD TMIO WITH 12

>0030 LOAD RKDAR WITH 400

>O0040 LOAD RKCS WITH 11

>00S0 IF RKCS BIT 7 CLERR GOTO SO
>0060 IF RKDS BIT & CLEAR GOTO 60
»0070 LOAD RKDA WITH 1000

>0080 LOAD RKCS WITH 11

>0090 IF RKCS BIT 7 CLEAR GOTO 90

0100 IF RKDS BIT 6 CLEAR GOTO 100
>0110 DECR TMIO

>0120 IF TMI0 » 0 GOTO 30

>0130 END
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3. The following example consisis of two programs which will

cop
cop

s4cC

? the data from one disk to another. Data wi)l be
¢d 1n four sector blocks from unit O to unit 1. Since
h program can process only

one device at a time, two

programs that synchronize themselves are needed.

ENTER 1 RS RKCPY!
?ASGN DEV: RK11,0
°RDIO = 256 7 O
?WRI0 = 256 7 O

>0010 LOAD COMO WITH O
0020 READ D204B8 INTO FREE
>0030 LOARD COMO WITH 1
>0040 LETGO

0050 IF COMO = | GOTO 40
0060 STEPUP Y

0070 IF CYL » 0 GOTO 20
0080 IF HERD » 0 GOTO 20
0090 IF SECT > 0O GOTO 20
0100 END

*ENTER 2 RS RKCPYZ
?RSGN DEV: RKI1l,!
"RDI0 = 256 7 O
WRI0O = 256 7 O

>00i10 IF COMO = ! GOTO 40
>0020 LETGO

»0030 GOTO 10

Y0040 WRITE D2048 FROM FREE
»00S0 STEPUP 4

>0060 LOARD COMO KITH O
»0070 IF CYL > 0 GOTO 20
>0080 IF HERD > O GOTO 20
>0090 IF SECT > 0 GOTC 20
>C100 END

> DONE

#RUN 1,2




(&
=~

— < B ——— —— - —-— - — e

' BOS

M.P.G. Page 105

TC11 DECTRPE DEVICE ROUTINE

The

TC11 Device Rouline, whose f{i1lename 13 TTCRnam.MPS,

supparts the execution of 1,0 operations on the TUSE DECtape.

PRESET VALUES AND SUPPORT SUMMARY

Valid Model Names and Unit Numbers

In reply to the “RSGN DEV:" message, two modal names (TClI
and ) are acceptable oand -ag be accompanied by »
mazimum of 16 umit numbers. For this_ device the wunit
numbers must be 1n the range of O thru 27,

Interface Rddresses

The following are the values preset for the TCI1 and na“
be altered "from the console terminal following the
DEV:" message:

Device Register Base Rddress = 177340
Interrupt Vector Rddress = 214
Bus Request Priority = 6

Symbolic Register Names

The s¥-bolxc names listed below l!r be used to reference
the TC11 device regisiers 1n MPG Instructions. The oclal
displacement associated with cach name is the value that
wil be added to the device register base address to
cbtain the actual memory address of the desired register.

Name Displ Description

TCSY +0 Control and Status
TCCH +c Command

TCWC +4 Word Count

TCBR +b Bus Rddress

TCDT +10 Data Buffer

Supported Instructions Summary

The !ollouxn% 1s_a summary of the instructions supportad
by MPG for the TCII. Dc'ailcd siplanations are listed 1n
section D.7.2.

- - - e aa ————— —
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TC11 Device Routine (Cont’d)

FWD RONUM STOP STATUS
REV ROALL STPALL COUNTS
RERD HRALL NOWRIT

WRITE WRTN WAIT

Information Words

The three words listed below are used to pass information
between the wuser ﬁrogran and the device routine and are
in1tially preset to U’

BLK A one word location used by the user progrem to

specify to the device routing the number of the

Ctap c block on which the I/0 operation 1s tg

beg nn Thc occ§’7lbl* range of values for this word

18 dccxla he commands that utilize the
contents of BLK are:

READ RDALL
MRITE WRALL
SIZE Standard 1mplementation - see  section D.1.1.
Contents are updated by READ, WRITE, RDALL, WRALL,
RONUM, and WRTHN.

ERR Standard 1mplementation - see section D.1.1.

Statistical Information

Through use of the COUNTS statement or the REPORT co-ond
statistical information for the progrem can be dnsg 8y ca
on the MPG print device. This information consisis
gctal formatted Dinary counts under different cota orxcs
The catagories and the functions from which data will be
included under each are:

BYTES RD: READ, ROALL, RONUM
BYTES WR: WRITE, WRALL, WRTM
RERD CMNDS:  READ, 'ROALL, RONUM
uurs CIDS: WRITE, WRALL, WRTM

TOP, 'STPALL'

DEV ERRORS : A1l hardware errors

DATA ERRORS: Invalid unit and BLK number errors and
errore detected by the VERIFY statement.

INTERRUPTS: Nun?cr of entrigs 1nto the interrypt
routine.

7
%
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D.7 = TC1! Device Routine (Cont’d)

©
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- OPSW Special Operation Bit Support

Bit 7 of the OPSW (SPOPER) 13 not supported by the TClI
device routine and its satting has _no effect upon device
routine operation. Support for the TCll maintenance bit
was not included due to the complexity of providing
meaningful functions with the varict' of op!ratxon needed.
MPG's low level language lends [Ttself to this type of
application and does not require seldom used code 1n the
device routine.

DESCRIPTION OF TC1l INSTRUCTIONS

The TC11 Device Routine _supports exacution of twelve MPG
language statements. For ceriain functions (RERD, WRITE

and ), the desired block number wmust be loaded
1into BLK before performing those functions. In the following
descriptions, data shown enclosed within parentheses
indicates the default_ values 1f nothing 1s entered for Lhe
statement’s operands. The v 1s used to 1ndicate a2 variable
operand as delined in Rppendiz B.2. Note that 1! an odd byte
count 13 supplied 1n any of the following 1astructions, "it
will effectively be decremented by 1 before being used.

FWD

The lagc direction of all subsequent commands 13
controlled with this slatement, FWO, which 13 the
&Ecsct direction, indicates that all subsequent

RD, MRITE, RDA(L, WRALL, RONUM, and WRTM commands
are Lo be pcrlornca with the lapc moving in @
forward direction during dets (transfers.” Block
searching will stil]l be done 1n whichever direciion
13 needed to arrive at the specified block. This
command does not cause any tape movement.

REV

Similar to the FWD snstruction but 1ndicales that
all data transfers are to be done while aovnn, tapse
1n the reverse direction. FWO/REV also controls the
instial  tape direction when searching for
specified block.

o —— - - —

— e am— - r—
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0.7 = TC1l Device Routine (Cont’'d)

RERD
RERD
RERD

ik
Fir

:

ROARLL

(D256 INTO RDIO)
v (INTO RDIO)
v INTO v

This instruction transfers the number of bytes,
specified by the first v,  from DECtape to memory
beginning at the ncaor! localion 1ndicated b! the
sefond v. Data will Be transferred starting Bt the
block whose number 33 stored at BLK with (he t‘ﬂ‘
direction controlled by FWO/REV. Searching for the
block will occur, 1f needed.

(D2S6 FROM WRIO)
v (FROM WRIO)
v FROM v

Same as the RERD except that the number of bytes
will be written to tape from memory.

INTO v

Reads the block number cf the next block into memory
at the location 1indicated by the second v. Tape
direction 1s controlled by FWO/REV  and  block
searching does not occur.” The first v 1s a byte
count and 1n effect controls how many block numbirs
will be read. If 2, the block number of only the
first block 1s read. 1f 6 for example, the numbers
of the next 3 blocks will be stored 1n memory.

INTO v

Thigs 1nstruction 18 very similar to the RERD
statement. However, since the TCll Read Rl] command
includes two checksum words and transfers 18 bits of
data at a non-NPR level, special consideralions had
to be taken. Block searching and data transfers

take place without interrupts. The entire processor
18 dcsxcaicd to this instruction during the search
and during data transfers. I1/0 operalions on other

devices should not be 1n progress when intliating
this command. This is dué¢ to the tight timing
requirsments 1mposed ugon data servicing. The time
used to service another device's interrupt could
possibly resull 1n errors on this command. Also,
since the data consists of ei1gthteen bats,
di1fliculty was encountered 1n trgln’ to stuff them
irto @ aOP'll sizteen b1t word. The method chosen
was to place data bits 16 and 17 into bits O and |
of the Tirst word of & pair of ncuor¥ words and data
bits O thru IS 1n the second word. This results 1n
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WRALL

KRTM

STOP

CTPALL

two memory words for every ei1ghteen b1t word,
Therefore, the byte count for the L (and WRALL)
command must be doubled. The reading of one block
with the ROALL command results tn the transfer of

eighteen bit words., With a sizteen b1t word
this would resull 1n 2 byte count of 516. However,
due to the double word storage format already
mentioned, the ROALL command mus spccx!! s byte
count of 1032 1n order to read all déts in gnc
block. Byte count totals will reflect four bytes
read for every ei1ghteen b1t word.

FROM v

Esscntxall! the same as the ROARLL 1nstruction ezcept
for the direction of data transfer. The mode of
cperation and all special considerations pertaining
to the RODALL statement apply 1o WRALL. Data 13
expected to have bits 15 and 1771n bits 0 and | of
the first word of a pair of words with bits O thru
1S in the second word.

v FROM v

This_instruction 18 used to write the timing track
on DECtapes. FHWD/REV conirols the tape direction
and block searching 13 not performed. Since this 1s
a non-NPR  funclion and 13 performed withgut
interrupts, the restrictions for ROALL/WRALL
concerning processor control and the operation of
other devices apglg to WRTM. Since the data words
are sixteen bils, the bgtc count 13 handled 1n the
same manner as for WRITE. Data transfers begin
sccurring as soon as RERDY sets.

Thx: command stops tape movement on the current
unit,

Used to stop tape movement cn all units.
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WARIT

STATUS
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Standard 1mplementation - see section D.1.1.

The NOWRIT mode has no effect upon the ROARLL, WRALL,
and WRTNM instructions since they always operate 1n
the WAIT mcde.

Standard implementation - see saction D.1.1.

Standard 1mplementation - see section D.I1.1. The
first display 1s the values when the last interrupt
occurred or al the termination of the last non-NPR
function (RDALL, WRALL, or WRTM).

Included with the standard display 13 the display of
the current contents of the word BLK. This value
does not necessarily reflect the current position on
tape, but merely the contents cf this word.

Standard 1mplementation - see¢ section D.1.1.

— e = - ——
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TC11 ERROR INFORMATION

This device routine processes errors 1n the standard fashion
described 1n section D.1.2. Note that the contents of the
device registers and the BLK word at the time of the error
will be “displayed for all errors except the “INV UNIT &~
ereor.

The unique error messages, which may occur 1n the use of this
device routineg, are as follows:

BLK SERRCH ERROR

While scarchxn? for the specified block prior to
performing an I/0 operation, tape direction has been
reversed six times without Tinding the block.
Possibly due to an tnvalid block number on tape.

DATA ERROR (STMNT 8 nnnn)

Standard 1mplementation - see seciion D.1.2.

INV BLK 8

Immediately prior to 1nitiating an 1/0 o
that requires block searching, the content
word BLK was not 1n the range "of decimal
Since block searching 1s 3 programmed func
would be futile to proceed. Ihcremenis
error count.

FeDwo

INV UNIT &

The current unit number, which s dlsglagcd in
octal, 18 not in the range of 0O-7. he RSSIGN
command may be used to correcl the erroneous wunit
number. Increments the data error count.

STATUS ERROR: dddd,dddd,etc.

This message i1ndicates that an error status bit has
been detected 1n the TCIL device registers. The
codes dddd 1dentify which bits were found with
mazimum of four be ng listed. The following are the
codes possible for the dddd fi1elds:

ENDZ = End Zone
PARE = Parity Error
MKTE = Mark *rlck Error

HOS
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Illegal Operation
Selection Error
Block Missed

Data Missed
Non-Existent Memory

@
=

TIMEOUT ON 140

Rfter 1nitiating an I/0 operation, the terminating
interrupt was "not received. The time allowed for
the interrupt Lo occur 1s agﬁrox1nat¢la two minutes
and 34 seconds when on the PDP-11/85 and with no
ather user programs executling.

TC11 SAMPLE PROGRAMS

The following are sample TCll programs that perform the
functions 1naxcat¢d in their descriplions:

1. Read block O of unit | 1n a forward direction and display
1ts contents 1n octal on the line printer.

Y0010 READ DSle2

Y0020 PRINT D512 AT RDIO IN OCTAL
y0030 END

) DONE

#ASSIGN LP11 TO LIST
¥RUN |

2. Using the above program, modify 1t sc that the read 1s

gﬁrforncd 1n the reverse direction on block number octlal
*MODIFY |

ENTER STMNT’S

)02 LOAD BLK WITH 20

»0S REV

»DONE

%¥RUN |

—— A —
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3.

Starting at octal block number 100 on unit 2, write SIl2
bytes ol random data, read 1t back, and compare 1t to the
data that was written. Then, gonnl to the next block and
repeat Lhe operation. Do thigs test for 1S blocks and
repeat the entire test on units 3, 1, and 4 1n that
order. Only pertinent messages are shown 1n this
example.

$ENTER 16 RS TCRDWR
?ASGN DEV: TUSG,2,3,1,4
?RDI0 =256 7 0

"WRI0 = 256 7 Sl12

>0010 LOAD BLK WITH 100

»0020 LORD TMOB WITH DIS

»0030 FILL D512 AT WRIO WITH RANDOM
Y0040 WRITE DSle

>80S0 RERD DS12 INTO FREE

>0060 VERIFY DS12 AT FREE WITH WRIO
>0070 INCR BLK

>0080 DECR TMOB

>0090 IF TMO8 > 0 GOTO 30

>0100 END

Read the two checksum words and all data words 1n block
number 1 on unit 7 as eighteen b1l words.

>0010 INCR BLK

»0020 RDALL D1032 INTO FREE
»0030 END

> DONE

#RUN §

——— . ——— e —— et e ties - st - — ——— — —-——
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TM11 MAGTRPE DEVICE ROUTINE

The TMI1 Device Routine, whose fi1lename 13 TTMAnm.MPG,
supports the ezecution of }s0 operations on the TULO magtape.

PRESET VALUES AND SUPPORT SUMMARY
- Valid Mode! Nomes and Unit Numbers

In rcgl to the “ASGN DEV:™ message, two model names (TM1I
and UYO) are acceptable and "may be accompanied by 2
mazimum of 16 unit numbers. For this device the umit
numbers must be 1n the range of O thru 7

- Interface Rddresses

The following are the values preset for the TMIl and ma*
be altered "from the console terminal following the "RSG
DEV:"™ message:

Device Register Base Rddress = 172520
Interrupt™Vector Rddress = 224
Bus Request Priority = 5

- Symbolic Register Names

The s¥-bollc names lisied below may be used to reference
the TM11 device registers 1n MPG instructions. The octal
displacement associated with cach name 1s the value that
will be added to the device register base address to
obtain the actual memory address of the desired register.

Name Displ Description

MTS +0 Status

MTC +2 Command

MBRC +4 Byte/Record Counter
MCMA +6 Current Memory Rddress
MTD +10 Data Buffer

MTRD +12 Read Lines

- Supported Instructions Summary

The follou:n! 1s_a summary of the instructions supported
by MPG for the TMILl. Delailed ezplanations are listed 1n
section D.B.2.

D e —————
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RERD SPFWD CRESET NOWRIT
WRITE SPREV EVEN WAIT

WREIRG REWIND 00D STATUS
WREOF OFFLIN BPI COUNTS

Information Words

The s1x words listed below are used io pass information
betuween the user program and the device routine.

RORB The contents of this word specifies the number of
times that MPG will attempt to re-read a block on
Uh‘ih a CRE or PRE error was detected. Preset value
13

WRRB Essentially the same as RORB bul spec:fies the
numsber of retries for MWRITE, WREIRG, and WREOF.

Preset value 18 3

EOF This word 1s cleared to zeroes before cach I/0
gperation and then set to a value of 1 1f the End Of
File b1t was sel 1n the MTS register_ when the
tcrnxnatnn? interrupt was processed. This allous
user deteclion of EOF'~ since they are_ not treated
as error conditions. Preset value 18 0

EOT  Utilized i1n the same manner as EOF butl reflects the
status of the End Of Tape b1l 1n the MTS register.
Preset value 13 O.

SIZE Standard 1mplementation - see_ section  D.1.1
Contenls are updated by READ, WRITE, and WREIRG.

ERR  Standard 1mplementation - see section D.1.1.

Statistical Information

Through use of the COUNTS statement or the REPORT command
statistical information for the program can be dis layed
on the MPG print device. This information consists of
octal formatted pinary counts under different catagories.
The catagories and the functions from which data will be
included under each are:
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BYTES RD:
BYTES WR:

RERD CMNDS
WRITE CMNDS:
MISC CMNDS:
RD ROLLBRCKS:
WR ROLLBRCKS:
8 OF EOF’S:

8 OF EOT’S
DEV ERRORS:
DHTA ERRORS:

INTERRUPTS:

MO9S
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(Cont’d)

RERD
RERD

HRITE.
SPFWD,
RERD

WREIRG

WREIRG, WREOF
SPREV, REWIND, OFFLIN, CRESET

WRITE, HREIRG| WREOF

Number of EOF's encountered during program
execution.

Number of EOT’s encountered during program
ezecution.

A1l hard errors and unrecoverable rollbacks
Invalid unit number and i1nvalid BPI errors

- OPSKK Special Operation Bit Support

Bit 7 of the OPSW (SPOPER) 1s not supp
routine

device

and  errors delected by the VERIFY
statement.
Number of e¢ntries 1nto the interrupt
routine.

orted by the THMII

and 11s setting has no effect upon device

routine operation.

D.8.2

language
shown
values 1f

Rppendiz B.2

DESCRIPTION OF TM1l INSTRUCTIONS

The TM11 Device Routine supports
statements,

enclosed within
nothing
The v 13 used to 1ndicate a variable operand as

exscution of sizteen MPG
following dcscr:gtnon:, data

indicates lhe default
18 entered for the statement’s operands.
defined 1in

In "the
parentheses

READ (D2S6_INTO RDIO)
RERD v (INTO RDIO)
READ v INTO v

This 1astruction
specified
beginning

second
this

command,

transfers
by the first v
at the memory location

Note that when reading
the BYTES RD count

the number of bytes,
from magtape to memory
indicated bE the
an EOF block with
will not Dbe

incremented.
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WRITE (D256 FROM WRIC)
WRITE v (FROM WRIO)
WRITE v FROM v

) WREIRG v

SPFUID v

SPREV v

REWIND

OFFLIN

Same as the RERD except that the number of byles
will be written to lape from memory. If necessary
to perform write roliback on thi3 command, the
Device Routine will utilize the Write with Extended
Interrecord Gar command for the writes performed
during rollback.

FROM v

This i1nstruction 1s similar to the WRITE statement
excepl that oan one statement format 13 supported
and 1t uses the TMIl Write with Extended Interrecord
Gap command.

This command 1s used to write an End of File record
on tape al 1ts current position.

The number of records specified by the operand v
will be spaced over 1n a forward direction.

The number of records specified by the operand v
will be spaced over 1n & reverse direction.

Use of this instruction causes Lhe tape to be
rewound to the BOT marker. This 1nstruction does
not terminate unty]l BOT 138 reached and the second
interrupl 13 processed.

Couses the tape to be rawourd and ther unloaded.
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CRESET

BPI v

EVEN

NOWRAIT

WRIT

STRTUS

BIO
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This 1nstruction 1s used to perform a control reset
to the controller and tape units., Sets the Power
Clear b1t 1n the MTC regaster.

Used to set the proper Bits Per Inch values into_the

DEN 8 and DEN S bits 1n the MTIC register. Four
:alrig are valid for v and are as follows: (Preset
0

00 = 200 BPI (7 Level)

0] = 556 BPI (7 Level)

10 = 800 BPI (7 Level)

11 = 800 BPI (9 Level or core dump
mode for 7 Level)

Sets the ;ar:tg mode to aven for reading and
writing. RIfects all subsequent I/0 operations.

Similar to EVEN but sets the parity mode to o0dd.
00D 13 the preset mode.

Standard 1mplementation - see section D.1.1.
Standard 1mplementation - ses section D.1.1.

Standard 1mplementation - see section D.1.1.

Included with the standard display 13 the display of
the current contents of the EOF and EOT words.

—— - — —o———
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COUNTS

Standard implementation - see section D.1.1.

TM11 ERROR INFORMRTION

This device rouling procgsses arrors 1n the standard fashion
descrabed 1n section D.1.2. Note that the contents of the
device registers and the EOF and EOT words will be displayed
for all errors except the "INV BPI” and "INV UNIT 8" errors.

The unique error messages, which may occur 1n the use of this
device routine, are as follows:

DATA ERROR (STMNT 8 nnnn)

Standard 1mplementation - see section D.1.2.

INV BPI VALLE

The operand supplied with the BPl statement was not
one ol the values which are_valid for the TMI1. The
valid octal values for the "M11 are 00, 0L, 10, and
11. Increments the data error count.

INV UNIT 8

The current unit number, which 18 displayed 1n
octal, 1s not 1n the range cf 0-7. he RSSIGN
command may be used to correct the erroneous unit
nusber. Increments the data error count.

ROLLBRCK EXH.

This error 1ndicates that the TMI1 device routine
has failed v sucessfully perform a read or write
type of operation. The number of retries atlempted
% controlled by the contents of RORB and

This error will not occur 1f & rollback t,pc of
error occurs and the number of reiries specilied bg
the applicable word 13 2e4ro. In this case only th
STRTUg ERROR message will be dispiayed.

—— —— ——— —— -
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D.8 - TM11 Device Routine (Lont'd)

STRTUS ERROR: ddd,ddd,etc.

This message indicates that an arror status bat has
been datected 1n the TMILl device registers. The
codes ddd identify which bits were {found with
mazimum of f{ive bcnng listed. The following are the
codes possible for the ddd f1elds:

Illc’al Command

Cycllc Redundancy Error
Parity Error

Bus Grant Late

Record Length Error

Bad Tape Error

Non Existent Memory
Select Remote

Write Lock

SLR

P RAL

-

TIMEOUT ON I/0

Rfter 1nitiating an 1/0 operation, the terminating
interrupt was "not received. The time allowed fof
the 1interrupt to occur when an the PDP-11/4S and
with no other user programs execuling 13 as follows:

WREOF, OFFLIN = 22 Seconds
READ, WRITE, WREIRG =] Minute b Seconds
SPFI, SPREYV = 2 Minutes 12 Seccnds

REWIND 7 Minutes

- - ——

— - —

— e ——— -
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D.8 - TMl]l Device Routine (Cont'd)

0.8.4

TM11 SAMPLE PROGRAMS

The lollouln’ are sample TMIl programs that perform the
functions i1ndicated 1n their descriplions:

1. Beg nnnnn! on unit 2, write 100 blocks of 1000 bytes of
randoms data, rewind the tape, read all blocks, and then
rewind the tape again. Repeat the program on units 4, S,

and b.

#ENTER 6

"QSGN DEV: TM11.2.4-6
'RDIC = 266 ~ 1000
"WRI0 = 256 / 1000
"DEV REG = 172520 /
*INT VEC = 000224 /
'BUS REQ =5 /

ENTER STMNT’S

>0010 LOARD TMOM WITH DIOC
>0020  FILL DI100C0 AT WRIO WITH RANDOM

>0040  DECR TMOM
>OCS0  IF TMOM > 0 GOTO 20
»0060 REWIND

>0070 LOAD TMOS WITH D130
>0080 READ Di0OO

0030 DECR TMOS

»0100 IF TMOS > 0 GOTC 80
»0110 REKIND

»0120 END

) DONE

#RUN b

2. Write 4096 *,tc hlocks of all one bits to end of legs d
an

unit rminate the tape by writing two E
doxn! a ‘rewind. Read the tape fofward until detecting
the two EOF’s and then rewind the tape.

$ENTER 9

?RSGN DEV: TUlQ,!
"ROI0 = 266 / O
?WRI0 = 256 7 O

>0010 FILL D4096 AT FREE WITH 177777
»0020  WRITE D409 FROM FREE

>0030 IF EOT = 0 GOTO 20

»O04C  WREOF

»00S0  WREOF

»0060  REWIND

»0070  READ D4098 INTO FREE
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>0080 IF EOF = 0 GOTO 70
>0090 INCR TMO3
»0100 IF TMO3 <> 2 GOTO 7C

0110  REWIND
0120 END

> DONE

*RUN 9

3. Test the spacing capabilities of all

units h!klnlllallg rewinding the tape and writing a 20UC
]

byte blolk of randlim data whdse data 1
write another block of different ra
reverse two blocks, read the data 1n the
compare 11 to the data that was save
over the block last written and save
Repeat this procedure wunti] End Of Ta
which time, read and compare the final b
rewinding the tape.

ENTER 8 RS GRINDR
?ASGN DEV: TUlQ,0-7

"RDI0 = 266 7 2000

"WRI0 = 266 / 2000

>0010 REWIND

»0020 FILL D000 AT WRIO WITH RANDOM
50040 =85EE- ---:nT WRIO TQ FREE
»0050  FILL AT WRIO WITH RANDOM
>0060 HWRITE D2000

>0070 SPREV 2

»0080 READ D2000

»0090 VERIFY 02000 AT ROIO WITH FREE
»>0100 IF EOT = 1 GOTO 130

>0110 SPFWD 1

>0120 GOTO 40

0130 READ D2000

>0140 VERIFY D2000 AT RDIC WITH WRIO
>0150  REWIND

0160 END

> DONE

o ——— — . —— ————r a8 et iy | g— —_— —aa— -t e — —rc——— W —— - - 1
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s1ght TUIC tape

s saved. Nezt,
ndom data, space

first block and
d. Space foruward
1ts write data.
T. 18 detected at
ock followed by
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LP11/LS11/LVI] PRINTERS' OEVICE ROUTINE

The LP11/LS11/LVI]l Device Routine, whose {ilename 1t
TLPRnm.MPG, suptorts the erecution of I/0 operations on the
LP11, LS11, and LVI1 printers.

FRESET VRLUES AND SUPPORT SUMMRRY
- Valid Model Names and Unit Numbers

In reply Lo the ASGN DEV: ncssaic three model names
(LP1l, "LSI1l, and LVI1l) are accep able. Unit numbers are
not needed and are not interrogated by the Device Routine.
However, wup to sixteen may be entared and will result in
the program being repeated on the current printer for sach
unit number entered. Effectively acts as 2 pass count.

- Interface Rddresses

The following are the values preset for all three printers
and may be a?tcrcd from the console tarminal following the
RSGN D!V: message:

Device Register Base Rddress = 177514
Interrupt ™Vector Rddress = 200
Bus Request Priority = 4

- Symbolic Register Names

The symbolic names Jisted below may be used to refarence
the printers’ device regisiars 1n instructions. The
octal displacement associated with each name 13 the value
that will be added to the device register base address to
obtain the actus] memory address of the desired register.
Note that symbolic names for all three printers are aluays
;uppgrtcd, even though they may relerence the same
ocation.

Name Displ Description

LPS +0 LPL1 Control and Status
LPB +2 LP11 Data Buffer

LPCS +0 LP11l Control and Status
LPDB +2 LP1]l Data Buffer

LSCS +0 LSI1 Control and Status
LSDB +2 LSI1 Data Buffer

LvCS +0 LV1l Control and Status

LvDB +c LVI] Data Buffer
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0.9 - LPI11 LS11/LV]1] Device Routine (Cont’d)

Supporied Instructions Summary

The following 18 & summary of the ins
by MPG for™ the LP1l, LSIl, and Lglé

tructions :Bpgortcd
‘
etplanations are listed 1n section

grlntcrs. ailed

WRITE BUFCLR NOWRIT

SPACE PLOT WRIT
TOF NOPLOT STATUS
EOT COUNTS

Information Words

The two words listed below are used to pass 1nformation
from the device routine to the user progranm.

SIZE Standard implementation - see section D.1.1.
Contents updated by WRITE, SPACE, TOF, and EOT.

ERR  Standard i1mplementation - see section D.1.1.

Statistical Information

Through use of the COUNTS statement or the REPORT command
stati3tical information for the program can be dis lagca
on the MPG print device. This information consists “of
octal formatted binary counts under different catagories.
The catagories and the MPG functions from which data will
be 1ncluded under cach are:

BYTES WR: WRITE, SPRCE, (TOF 8 EOT 1n NOPLOT mode)

WRITE CMNDS:  WRITE

MISC CMNDS: SPACE, TOF, EOT, BUFCLR

DEV ERRORS: R1l printer errors

DATR ERRORS: Errors detected b! the VERIFY statement and
PLOT commands to the LPll or LSII.

INTERRUPTS: Nun?cr of entries 1nto the sinterrupt
rouline.

ADDITIONAL XFERS DURING INT:
The number of additional bytes transferred
to the printer durnna one interrupt
servicing. Varies according to printer
buffer size and the data being printed.

OPSW Special Operation Bit Support

Bit 7 of the OPSW (SPOPER) 1s inlerrogated only while
performing WRITE commands. Normally, lhe Device Routine
will automatically 1ssue a carriage relurn and line feed
(CR/LF} following each WRITE while 1n NOPLOT (printer)
mode and a L:ne Terminate 1n PLOT mode wher the data

T
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D.9 - LPI1-LS11-LV]1] Device Routine (Cont’d)

length 13 not a multiple of decimal 128. If the SPOPER
bit 1s sat, neither of these automatic features will b«
performed.

0.9.2 DESCRIPTION OF LPL1/LS11/LVI1 INSTRUCTIONS

The LP11/LS11/LVI1 Device Roulxnc :upgor!s cxccutxon of
¢leven MPG lan uage statements. he following
descriptions shown enclosed within parenthases
indicates the dc!aull values 1f nothing 15 entered for the
statement’s cperands. The v 1s used to 1ndicate a2 variable
operand as delined 1n RAppendix B.2.

WRITE (D256 FROM WRIO)
WRITE v (FROM WRIQ)
WRITE v FROM v

This instruction dtransfers the number of byles
specified b the first v, from memor hchnnlng al
t ¢ memory ldcation defined b y the selond v, the
printer. Unlcss inhibited by the SPOPER hxt 1n the
g ram’s OPSW, a CR/LF will autonalx:allg be 13sued
ollowing the data when Ptrlntcr mode or Line
crnlnatc will be set when 1n mede with the
data length not a multiple of decimal 128.

SPRCE v

The number of lines specified by v will be advanced
in  either print or plot mode. In print mode thc
two CR and LF bytes (OIS and 012) will _be senl

the printer for each line specified. In plot nodc,
twc byles of O's are sent to the plotter followed b

Line "Terminate being set. This occurs for eac

plotter line to be advanced.

TOF

Pcrtorns a Tog Of Form funcllon 1n e1ther print or
plot mode. gn print mod c, the Form Feed byte (O1Y)
18 sent to the rxntcr Elol mode, the Remote
Form Feed bt ns set 1n thc /S device register.

EcT

Performs an End Of Transmission function 1n e1t
rint or plot mode. In print mode, the End

gr
0f
ransmission byte (004) 1s sent to the prxntcr In
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! plot mode, the Remote End Of Transmission b1t 1s set

in the C/8 device register.

‘ BUFCLR

This 1nstruction allows the
pgro:rlltc buffer 1n the LVI1L.
11l prxnt mod
ed 1f

¢ clesred 1

a
W n
buffer will be c‘cl

user

in

effect 1f used on the LPI1 or LSII.

PLOT

Specifies to the Device Routine that

170 functions are to be performed
section of the LVI1. Hhen

execution of all previously

wil]l be altered to accommodatse
and

the device's interface

in
the

The
¢ while
plot
instruction does not use interrupts

plot

te clear the
printer buffer

the
mode. This

plotter

and has no

all

following

on the plotie?

statement results 1n an error 1f used with
or LS11 assigned to the program.

NOPLOT

Resets the PLOT mode and causes all
operations to be executed 1n print

the preselt mode of operation

prog-am.

NOWARIT

Standard 1mplementation - see

WAIT

Standard 1mplementation - see

STRTUS

Standard 1mplementation - see

COUNTS

Standard 1mplementation - see

section

section

section

section

when

mode.

mode, tha
described 170 functions

differences 1n
operation. This

an LPI!

subsequent I/0

This 13

starting a

D.1.1.

D.1.1.

D.1.1.

D.1.1.
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0.9.3 LP11/LS11/LV1l ERROR INFORMARTION

This device routine processes errors 1n the standard
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fashion

described 1n section D.1.2. Note that the contents of ths
device registers at the time of the error will be displayed

for all errors except the “PLOT INV* ¢rror.

The unique error messages, which may occur 1n the use of this

device routine, are as follows:

DATR ERROR (STMNT 8 nnnn)

Standard implementationr - see section D.].2.

“PLOT™ INV FOR LP11/LSl1l

When executing the pr?gran, 8 PLOT statement has

been encountired.

18 command is valid only when

an LVI1 has been assigned as the device type.

Increments the data error count.

ROY NOT SET

Before 1n1ti1ating an I/0 transfer, the READY b1t was

not set 1n the printer’s device register.

STATUS ERROR

This message indicates |
detecled 1n the LP11/LS]
register.

hat
17LV]

TIMEOUT ON I/0

the ERROR b1t has been
1 Control/Status device

Rfter 1nitiating an I/0 operation, the terminating
interrupt was not received. The time allowed for
the interrupt to occur when an the POP-11/4S and

with no other user programs execut
approximately 22 seconds.

ing 18
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0.9.4

LP11/LS11/LV1l SAMPLE PROGRAMS

The lollouln, are sample printer programs
functions 1ndicated 1n their descriplions:

character on a

1. Starting with sésccs print a 132
line, 1ssue¢ an End

$ENTER 3 RS ALPHAB

7QSGN DEV: LP1l

"RDI0 = 256 7 132

?WRI0 = 256 / 132

'DEV REG = 177514 /

?7INT VEC = 000200 /

"‘BUSREQ =Y 7/

ENTER STMNT’S

0010 LOAD TMOO WITH DS6

0020 FILL D132 AT RDIO WITH 401
Y0030 FILL D132 AT WRIO WITH 20040
>00M0 WRITE D132 FROM WRIC

»00S0 ADD D132 AT RDIO TO WRIO
»0060 DECR TMOO

»0070 IF TMOO » 0 GOTO 40

»0080 EOT

0090 END

> DONE

#RUN 3

2. Utilize the plot and print modes of

b
char*ctcr LP11 prnntgr. Riter
ransmission character.

L10
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that perform the

te line o each
t st

{
he la

an LV11l by first

lott|n¥h 3 6 bit by 16 b1t checkerboard pattern for one
en

a vancc to the next page,

shilt 1o printer

no ¢ and grxn page of 132 byte 1Tnes consisting of the

standard

4 charoctcr RSCII sel with each line precessed

one position. Follow this with an EOT charactler.

ENTER § RS PRPLOT
?ASGN DEV: LVI]

’RDI0 = 256 7 O
"WRIO = 256 s 132
>0010  PLOT

»>0020 LORD TMOO WITH D25
>0030 FILL D128 AT WRIO WITH PATH
>0040 LOAD TMOLl WITH D1

>0050 WRITE Dles

>0060 DECR TMOI

>0070 IF TMO1 > 0 _GOTO 50

»>0080 FILL D128 AT WRIO WITH PRT?
>0030 LORD TMO2 WITH Dlb
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>0100 WRITE D128

>0110 DECR TMO2

>0120 IF TM02 > O GOTO 100
»0130 DECR TMOO

0140 IF TMOO > O GOTO 30
20150 TOF

0160 NOPLOT

Y0170 FILL D132 RT WRIO WITH RSCII
>0180 LOAD TMOJ3 WITH D60
»0190 WRITE D132

»0200 ROTATE D132 AT WRIO
»0210 DECR TMO3

0220 IF TMO3 > 0 GOTO 190
0230 EOT

0240 END

) DONE

¥RUN S

3. Test the line spacing capabilities of an LS11 by printing
lines of E's with™ various spacing between them. Then
check for correct Form Feed operation by 1ssuing a TOF.
Repeal the test three times on the assigned printer by
using dummy unit numbers. Note that this  test can_ be
used” on an LVIl in plot mode merely by inserting a PLOT
statement at line number 000S. If this™is done, £'s will
not be printed but 1nstead, the plotter’'s ﬂnnarg bit
representation of E's.

ENTER B

?ASGN DEV: LSI1,1,2,3
?RD10 = 256 7/ O

?WRI0 = 256 / 126
>0010 FILL Dl2b AT WRIO WITH 42505
>0020 WRITE D126
>0030 SPRCE |

>0040 WRITE Dlegb
>00S0 SPARCE 2

>0060 WRITE D126
>0070  SPARCE 3

>0080 WRITE D126
»0030 SPRCE D10
>0100 WRITE Dl2b

>0110  TOF
»3120 END
> DONE

#RUN 8
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D.10 DH1l PROGRAMMABLE RSYNCHRONOUS 16-LINE MULTIPLEXER

PRESET ADDRESS - 160020
| PRESET INTERRUPT VECTOR - 300
PRESET BUS REQUEST - 5,5 (RERD/WRITE)

R. REGISTER NAMES RECOGNIZED

SCR BYCR

NRC BAR

LPR BCR
1 CAR SSR

B. MPG INSTRUCTIONS SUPPORTED

RERD FDUPLX ALARM
WRITE HOUPL X SETUP
BRERK EVEN RBAUD
CRESET 0DD TBAUD
NOWAIT NOPAR BAUD

WARIT ONESTP ECHO

STRTUS TWOSTP NOECHO
COUNTS BITS PRESET

C. STATISTICAL INFORMARTION

BYTES: Read, Written

CMNDS: Read, Write, Break, Misc.

INTERRUPTS: Read, Write

ERRORS: Non-existent Men(NEM), Overrun(QVR),
Framing(FRM) Par:lg(PRR), Sile
Over{10w(SOF), Data

D. OPSK SPECIAL OPERRTION BIT SUPPORT

When Bat 7 (SPOPER) of the OPSW 13 set, the Maintenance Mode
Bit (Bit 9 SCR) will be set prior tc 13suing each 170 data
transfer command.

E. 1.0 TImMEOUT

If » terminatin ancrrugt 18 not received 3 minutes after
inttiating an !/0 o'cra 1on, the progras will be aborted and
‘the user informed. This time 13 approzimatle, calibrated 2n a
PUP-1145 .1th nc other user programs runring.
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0.10 - Drill Device Routine (Cont'd)

t.

INSTRUCTION DESCRIPTIONS

(D256 INTO RDIO) () = default values

53
RE v (INTO RDIO)
READ v INTQ v

This 1nstruction will couse & data transfer to occur
between the unit previcusly assigned to this Device
Routine and the memory 2re¢a speciliad by the second
var1able. The firsl variable contains the byte
count for the transier.

RERC v INTO v FROM u

Same as above read ezcepl u specifies the wunits or
line numbers. Whatever unil numbers were assigned
have no effect. This allows simultanecus data
transfers on_up to 16 lines. R typical form of u 13
47811 or 8 T 7 AND 11.

WRITE (D2S6 FROM WRIO)

WRITE v (FROM WRIO)
WRITE v FROM v
WRITE v FROM v TO u
The description for the RERD 1nstruction ap'lxcs to
the WRITE except for the direction of dates llou.
SREAK v
BREAK v ON u

CRESET

This i1nstruction causes a break (SplCln? condition)
on the assigned umit or 5n those specified by u as
in the RERD 1nstruction. The duration al the "break
13 determined by v which specifies the number of
character times to hold the spacing condition.

This instruction sets the Master Clear b1t 1n the
gaétcn Control Register, then clears all bits in the

- - —_— -
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NOWRIT

STATUS

RLARM

SETUP

RBAJD

“BAUD
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Standard 1mplementation - see section D.].1.
Standard 1mplementation - see section D.1.1.
Standard 1mplementation - see section D.1.1.
Standard 1mplementation - see section D.1.1.

This i1nstruction loads the si1lo alarm level 1n the
Silo Status Register. The only acceptable values of
v are 0,1,2,4,1I0 or D8, 20 or 516 sand N0 or .
A1l other 'values will be intercepted when the
rogram 18 run. Riter an grror message 1s printed,
he  program will take the normal grror action as
determingd by the OPSK

Al1 of the following 1instruclions ligted, set _or
resel bits in the Line Parameter Register. The
SETUP instruction selects which line parameter
registers will be wupdated by these instructions,
The unit u can be any line_or cOmbination of lines
between O and 1S, such as 3 T 7 AND 1S,

Sets the Receiver speed a3 1ndicated 1n the table.

Cets the Transmitter speed as 1ndicated in the
tacie.
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BRUD

EVEN
000
NOPARR
ONESTP

TWOSTP
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v
Sets both Receiver and Transmilter specd as

indicated 3n the tabdle.

Speed Table for Receiver and Transmitter

v(Octal) v(Decimal) Baud Rate
0 DO 0
1 D1 SO
e De 75
3 D3 110
0] [0y} 134.5
S DS 150
& 0;°] 200
7 D7 300
10 08 600
11 DS 1200
1e DIO0 1800
13 D1l 2400
14 Dl12 9800
1S D13 9600
16 DIN EXT INP R
17 DIS EXT INP B

Sets Even Parity.

Sets 0dd Parity.

Disables Parity.

Sets number of stop bits =1

Sels number of stop bits =2

P — — —
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D.13.1

BITS

ECHC

NOECHO

PRESET

v
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Sets bits per character occording to v. Valid
entries are 5,6,7 and 10 or DB

Enables Rulo-Echo

Disables Auto-Echo

Sets 8 Bits per Character, disables Parity, sels 2
Stop Bits, 110 Baud, and Full Dupler with Mo Echo.

DH11 ERROR INFORMATION

This device routine processes errors 1n the standard fashion
described 1n section D.1.2.

The unique error messages which may occur 1n the use of this
device routine are as Tollcus:

OH1l TIMEOUT ON I/0

An 170 operation was begun, but 1the terminating
interrupl was noi rece ved. The time allowed fof
this 1nt¢rrugt te occur 1s approzimately thres
minutes when the program 1s run on the POP-11/45 and
no other programs are running.

OWl] ERROR:  ddd,ddd,etc.

to 1ndicate which error bits were set. The message
may contain from one to five codes. The following

!
1
The codes ddd represent mnemonics which are printed I
mnemonics may be printed i1n this message: ;

!

PAR = Received Data Parity Error

FRM = Framing Error

OVR = Data QOverrun Error

NEM = Non-existent Memory Error

SOF = Silo Overflow Error (storage interrypt)
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£.10 - DHil Device Routine (Cont'd)

D.10.2

BRUD SELECTION CODE > IS

The user program entered a value with the RBAUD or
TBRUD statement to select a baud rate. This_value
nu:i h: from O to 1S. R value greater than 1S was
entered.

8 OF CHAR BITS NOT 5,6,7 OR 8

The user program ¢nter
stotemert to seleact the
value must be S5, B, 7, ¢
range was entered.

3 value with the BITS
ngth of a character. This
8. R value not 1n that

ed
le
,

SILO ARLARM LEVEL OTHER THAN 0,1,2,4,8,16 OR 3¢

The user program entered o value with the ALARM
statement 1o set the silo alarm level. This value
must be an integral power of 2 between O and 32. A
value not 1n that range was entered.

DH1l SAMPLE PROGRAMS

1. Write same data sequentially to units 3,4,5 and ll.

*ENTER 1
?RSGN DEV: DHII,3,4,5,11

>0010 FILL D64 AT WRIO WITH ASCII
>0020 CRESET
>0030 SETUP 3-5811

PRESET

Y0050 WRITE DeY
» 0060 gﬁéTE 2 FROM CRLF

2. Wrile same data simultaneously to units 3,4,5 and 11.

#ENTER 1
?RSGN DEV: DHIL

»0010 FILL D64 AT WRIO WITH ASCII
»0020 CRESEY

»0030 SETUP 3-5311

»0040 PRESET

—_—— ————————— . e —— — - ——————
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Y00S0 WRITE De4 FROM WRIO YO 3-S811
Y0060 WRITE 2 FROM CRLF TO 3-S811
0070 END

> DONE

¥RUN 1

Wrile different data sequentially to units 5,9 and IS
at 300 Baud.

RENTER 1
?ASGN DEV: DHl1l

¥RUN 1

Write different data simultaneously to units 5,9 and 1S,

Setup for 7 bits per character, aven parity ] stop bits

?t lg?Sbaud to line S, 150 baud to line S and 300 baud to
ine

*ENTER |
?ASGN DEV: DHil

>0010 CRESET

>0020 SETUP 539315
»0030 15 7

»0040 EVEN

i

MMM

D16 FROM BFOC 10 S
Dib FROM BFOI TO 9
Dib FROM BFO2 TO 1S

e

O
—
~
o
m
4

Gl1

-
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®FILL BFOO WITH *TEST MSG NBR 1
®FILL BFOl WITH ®TEST MSG NBR 2
:sakLIBFOE'HITﬁ #TEST MSG NBR 3

S. Read 1 character from unit 3 and write 1t to units 3,7,8
and 9. Use the operation swilch to loog on this program.
Note- The PRESET 1nstruction sets the daud rate at [10.
?dd thclncccssarg BRUD 1nstruction to match the available

erminals.

#ENTER 1
7ASGN DEV: DHIL

CRESET
>0020 SETUP 3 AND 7 THRU 9
PRESET

SE
>O040 READ 1 INTO TMOO FROM 3
»00S0 EﬁéTE I FROM TMOC TO 337-9

#0PSHW1 140020

B. Tast the DHII using the maintenance bit to cause data
wraparound. Writz the same data slnultancouslv te lines
0,1,2 and 3 and read back the data i1nto separale memory
areas. Print the data recerved.

#ENTER |

?ASGN DEV: DH11l

»0010 FILL Db4 AT BFOO WITH S0IS
0020 CRESET

0030 SETUP O THRU 3

0040 PRESET

Y0050 NOWRIT

0060 READ D16 INTO BFOO FROM O

>0070 READ D16 INTO BFO]1 FROM |

0080 READ D16 INTQ BFO2 FROM 2

0090 READ Dl INTO BFO3 FROM 3

0100 WRITE D16 FROM COMO TO 0-3
>0110 WAIT

0120 PRINT D16 AT BFOO0 IN ASCII
>0130 PRINT D16 AT BFO1 IN ASCl1
»0140 PRINT D16 AT BF02 IN ASCII
>01S0 PRINT Dlb AT BFO3 IN ASCII
>0160 END

> DONE

#$FILL COM WITH #DH11 TST MSG |
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-,

*0PSW 200

¥RUN |

Modify Program & to run at 9600 Baud.
¥MODIFY |

ENTER STMNT'S

45 BRUD 1S

> DONE

#RUN |

Modify Programs 7 to receive and transmit at
dlffcrcnt gaud ratcs, causing a framing error.

#MODIFY |
ENTER STMNT'S

Y45 RBAUD S
47 TBRUD 4
> DONE

¥RUN |

Using the Special Operation bit 1n the OPSWU to set the
maintenance bit, loop back ali lines and run at 3500 Baud
to test silo overflow error detection.

*ENTER 1
?ASGN DEV: DH11l

>0010 FILL D64 AT WRIO WITH RSCII
CRESET

>0030 SETUP 0-1S
PRESET

»00S0 BAUD 1S5

»0060 NOWAIT

»>0070 READ D64 INTQO RDIO FROM 0-1S
» 0080 HRI;E D64 FROM WRID TO 0-1S

WAl
Y0100 PRINT D64 AT RDIO IN RSCII
y0110 END

> DONE

¥0PSW 200
#RUN 1

J—— — e — ——
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Modify Program 9 to run at 4800 Baud and therefore run
wilhout error.

®¥MODIFY |
ENTER STMNT'S

S0 BAUD 1M
» DONE

#RUN |

Test the si1lo alarm for progcr operation. Use the
Special Operation b1t 1n the OPSW for data loopback.

¥ENTER |
?RSGN DEV: DHI11,0

0010 FILL DI& AT WRIO
>0020 FILL Di6 AT RDIO
>0030 CRESET
0040 PRESET
»0050

WITH ASCII
WITH 20040

5
7

RDIO IN ASCII
RLF IN RSCII

Do
—
O—

16 RT ROIO IN RSCII
AT CRLF IN RSCII

33E5IIRES

3
&

Comments: The first :r1nt¢d line should be blank because
not «<nou characters were received to cause
an interfupt by exceeding the silo alarm
level. The second line “should contain 1B
ASCII characters. This test can be repeated
for all valid alarm levels.

— L ————
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PC11/PR1l HIGH SPEED PAPER TRPE READER PUNCH

PRESET RDDRESS - 177550
PRESET INTERRUPT VECTOR - 70
PRESET BUS REQUEST - 4,4 (RERD/WRITE)

REGISTER NRMES RECOGNIZED

PRS
PRB
PPS
PP8

MPG INSTRUCTIONS SUPPORTED

RERD
WRITE
LERDER
NOWARIT
WRIT
STATUS
COUNTS

STATISTICAL INFORMATION

BYTES: Read, Write

CMNDS: Read, Write, Misc.
INTERRUPTS: Read, Write

ERRORS: Reader (RDR), Punch(PUN), Data

OPSW SPECIAL OPERATION BIT SUPPORT

The setting of Bit 7 (SPOPER) of the OPSW, has no effect on
this Device Routine.

170 TIMEOUT

I1 a terminating interrupt 13 not received 3 minutes after
initiating an 1/0 ogcra 1on, the program will be aborted and

the user informed. This time 1s approximate, calibrated on o
PDP-11/45 with no other user programs running.

K11
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F. INSTRUCTION DESCRIPTIONS

RERD (D2Sek INTO RDIO)
RERD v (INTO RDIO)
RERD v INTO v

This i1nstruction will cause a data transfer to accur
between the Paper Tape Reader and the memory area
specified by the second variable. The “first
variable conlains the byte count for the transfer.

WRITE (D256 FROM WRIOC)

WRITE v (FROM WRIO)

WRITE v FROM v
This 1nstruction will cause a data transfer to occur
between the memory area _specifizd by the second
variable and the "Paper Tape Punch. ™ The first
variable contains the byte count for the transfer.

LERDER v
This 1nstruction causes a blank strip of tape to be
punched, whose length 1n inches 1s specified by the
variable.

NOWRIT
Standard 1mplementation - see section D.1.1.

WAIT
Standard 1mplementation - see section D.1.1.

STATUS
Standard 1mplementation - see section D.1.1.

COUNTS

Standard implementation - see section D.1.1.
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''D.11.1 PCl1/PR11 ERROR INFORMATION

This device routine processes errors in the standard fashion
described 1n section D.1.2.

The unique error ncssa,cs which may occur 1n the use of this
device rouline are as Tollouws:

PC11/PR11 TIMEOUT ON I/0

An 170 operation was begun, but the terminating
interrupl was not rece ved. The time allowed for

| this 1nt¢rrugt to occur 1s approrimately three
minytes when the program 1s run on the POP-11/45 and
no other programs are¢ running.

PC11/PR1]1 ERROR:  ddd,etc

The codes ddd represent mnemonics which are printed
to 1ndicate which error bits were set. The message
may contain one or two codes. The following

mngmonics may be printed 1n this message:

PUN = Punch Error (PPS)
RDR = Reader Error (PRS)

D0.11.2 PCl1/PR11 SRMPLE PROGRAMS

1. Punch s 64 byte RSCII character siring, preceeded
by a 10 inch leader and STX code.

$ENTER 1
?ASGN DEV: PCll

»0010 LORD TMOD WITH 2

>0020 FILL D64 AT WRIO WITH ASCII
>0030 LEADER D10

>0040 WRITE 1 FROM TMOO

»0050 WRITE D&M

»0060 LEADER DIO

>0070 END

DONE

¥RUN 1
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2.

Read and grxnt the tape produced 1n (1),
1gnoring the leader and STX character.

*ENTER 1
?ASGN DEV: PCll

>0010 RERD |

»0020 IF 1 AT ROIO ¢ 2 GOTO 10
»0030 RERD DeM

>004Q PRINT D64 AT RDIO IN RSCII
68&%0 END

#RUN |

Read and punch simultaneously.

¥ENTER 1
?ASGN DEV: PCll

>0010 FILL D256 AT WRiO WITH ASCII
>0020 NOWRIT

»0030 RERD

>0040 WRITE

>0050 WAIT

>0060 END

M.P.G.
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RPOY/RPOS/RPO6 DISKS' DEVICE ROUTINE

ngn RPON/RPOS/RPOB  Device Routine, whose filename 1
ThPAnm. PG, su“orts the operation of RPOM, RPOS, and RPOS
disk drives on the standard RH.] MASSBUS conltroller and on
the 11770 version (RH70) of the RMII.

This Device Routine will aulonattca!l! adjust 1ts operation
based upon the device assigned to 1t and the CPU that it 1
ogcralzn? on. For the RPO6 It will adjust to a2 mazimum of
815 cylinders. Error bits dlssla,cd 1n the ERROR BITS
message will be aptllcablc to the device and the controller.
Error bits will Be ircluded as necessary for common arrors,
RPOM errors, RPOS/RPOB errors, and RH70 errors. Rlso, two
additional device registers are supported for ths RH70.

PRESET VALUES AND SUPPORT SUMMARY
- Valid Model Names and Unit Numbers

In reply to the “RSGN ggv:' messags, three model nomes
(RPON, ~ RPOS  and ) are dcceptable and_ may be
accompanied by & mazimum of 16 unit numbers. For "Lhis
device the unit numbers must be 1n the range of O thru 7.

- Interface Rddresses

The lollounn, are the values preset for the RPO4/RPOS/RPOG
and naaEbc altered from the console terminal following the
- V:" message:

Device Register Base Rddress = 17670C
Interrupt Vector Rddress = 254
Bus Request Priority = S

- Symbolic Register Names

The sa;bollc names listed below may be used to reference
the 11/R470 -~ RPON/RPOS/RPOb  device registers 1n MPG
instructions. The octal displacement associated with cach
name 138 the valus that will be added 1o the device
register base address to obtain the aclual memory address
of the desired register. Note that the last two (RPRE and
RPC3) wil] be supporied only when running on an 11/70,

Name Displ  Regaster
RPCI +0 Contro] and Status !
RPWC +2 Word Count

- - -— o om— et —m s —— o ———— o ——
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RPBR +4 Unibus Address

RPDOR +6 Desired Seclor/Track Rddrass
RPC2 +10 Contro]l and Status 2
RPOS +l2 Drive Status

RPE1 +I14  Error Register |

RPRS +16  Attenlion Summary
RPLA +20 Look Rhead

RPOB +22 Data Buffer

RPMR +24 Maintenance

RPOT +26 Drive T“ ¢

RPSHN +30 Serial Number

RPOF +32 Offset

RPDC +34 Desired Cylinder

RPCC +36 Currcnl C linder

RPE? +40 rror Reg Tstcr

RPE3 42 Error Rc,l:tcr

RPPO +44 ECC Positlion

RPPR +6 ECC Pattarn

RPARE +50 Bus Rddress Extension

RPC3 +52 Control and Status 3

Supported Instructions Summary

The follcaxn!h summary of the 1nstructions supported
¢ ’RPOG

MPG for RPOW/ Detarled ezplanations are
lystcd 1n section D.12.2.
RERD UNLORD NOWARIT ECIOFF
WRITE RECAL STATUS HCION
RDHD CRESET COUNTS HCIOFF
WRHD DRESEY APORT BAION
WRCK PRKACK BPORT BAIOFF
WRCKHD RDPSET FMT22 CORON
SEEX REL FNT20 COROFF
SEARCH STEPUP 000 VVON
OFFSET STEPDN EVEN VVOFF
RETCTR WAIT ECION

Certain of the abcove instructions control the setting of
internal Ilag bits. The preset states of these bits are
the same as though the following instructions were 1ssued:

WAIT 000 BRIOFF
APORT ECIOFF CORON
FMT22 HCIOFF VVON

information Words

The 812 words listed below are used to pass informat:
between the wuser program and_ the device routine. A
words are prese! to E s except RTRY which 18 presel to 3.

on
11
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0.12 - RPCY RPOS-/RPO6 Device Routine (Cont'd)

CYL R one word locatign that contains the cylinder
number 1n bits 0-9 that will be used tn subequent
170 operations. The contents of CYL will be loaded
into RPOC for all I/0 operstions that require a
cylinder address.

HERD The word location that follows CYL and contains the
value of the head (track) number to be used in bitls
O-4. The value in this word and in SECT wi!i be
merged and loaded into RPDR for all 1/0 operations
thal require 2 head and sector address.

SECT This word contains the seclor number :1n bits 0O-M,
Located 1mmediately following HERD 1n memory.

RTRY This word sxccxfxc: the number of additional
attempts thal the Device Routine wall try on an I/0
operalion before decrding that 1t 18 wunrecoverable.
Rpplicable only to those 1types of errors that
normally have a possibility of recovery.

SIZE Standard 1mplementation - see section D.l.1l.
Contents are updated by READ, WRITE, ROHD, WRHD,
WRCK and WRCKHD.

ERR Standard 1mplementation - see section D.1.1.

Statistical Information

Through wuse of the COUNTS statement and the REPORT
command, statistical information for the pro?ral can be
displayed on the MPG print device. This Information
consisls of gctal formalied Binary counts under different
catagories. The catagories and the functions from which
data“will be i1ncluded under cach are:

BYTES RD: RERD, ROHD
BYTES WR: WRITE, WRHD

BYTES CK: WRCK, * WRCKHD

RERD CMNDS: RERD. ROHD

WRITE CMNDS: WRITE, WRHD

CHECK CMNDS: WRCK, ' WRCKHD

SEEK CMNDS: SEEK. SEARCH, OFFSET, RETCTR, RECAL
MISC CMNDS: %gt“r) CRESET, PAKAlK, ROPSET, REL,
DEV ERRORS: A1l hardware errors that resulted 1n an

error report. Correctable ECC ¢rrors
and errors thal were recoverable whan
retried will not increment this count.
CORR ECC ERRORS: Nu?gcr of ECC errors corrected Dby
softusre.
URTA ERRORS: Invalid unit number errors and arrors
detected by the VERIFY statement.

— . — ——— -
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RETRYS: The number of occurrences for
of errors.

the seven ratryable type
Counts are maiftained lor
HCRC, FER, HCE, DCK, and WCE.

E12
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each of
OLT, OTE,

TOTAL RETRYS: Total number ol rctr: attempts on all
s.

far1ling I/0 operatio
INTERRUPTS: Number of enlries into the
rouline.

- Correctable ECC Errors

When encountering & correctable ECC error
device routine “will autalaticall! correct the
contents of the ECC Position rc?ts ¢

Pattern register (RPECE) wil

interrupt

K), this
ata. The

r (RPEC]1) and the ECC
be used to detarmine the

bits to be modified and their placement 1n the data f14ld.
Rfter the correction has been apglxcd the CORR ECC count

will be 1ncremanted and the data
at 1ts point of interruption.

ranster will be resumed

This automatic data correction wil] not be performed 1if
the ECI b1t :s set, 1f the word lenglh 1s 1B bits (FMT22

reset), or 1f the user has entered the COROFF

statement.

In these cases, the DCK wil! be treated the same as the

other retryable errors.

= Retryable Errors

Seven errors are classified as retryosble by this device
T, 0T,

routine. When one occurs (DL

HCRC, "FER,

HCE

or WCE), the retry count contained 1n the  interface’ word
RTRY 13 checked for & 2¢r0 value. If 2zero, an /0

Termination error 18 reported. If non-2¢ro,
count for the error and the total retr

the ratry

error count are

incremented by one and the 1/0 operation !; re-1ssued. If

the retry 13 successful, the program wi

next statement in the wuser’s program. If it

proceed o the

was not

successful, the retry count from RTRY 13 decremented, the
total retry count 13" incremented, and the command 13

re-i1ssued. This continues untll sither the

successiul or the RTRY count °*ﬁ to z2ero.
latter occurs, the “"EXMAUSTED aE IES™ ¢

reiry 1s
When “the

rror message wil!l

be 1ssued and the DEV error count will be incremented.

When processing retries on failing I/0 operations, the

griginal funclion will just be re-1ssued,

The use of

OffSets and Recalibrate commands are not employed during

errcr recovery in this device rouline.
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Disk Types

This device routine does not 1nterrogate the Drive Type
register to determine which l,pc ol disk 1l 1 opcrlt?n
on. It relias solcla on Lthe model number assigned to the
pro&;ll. If an RPOS has been assigned but it s aatucllg
an RPO6, the device routine will prdcess 1t as an RPOM.

Dual Controller Operation

This device routine sup{orls operalion of disks connected
to two systemss through the dual contreller option. If the
disk 13 Busy on the othes coatroller when the device
routing 13" ready to 1ssue an [/0 operation, 1t will wait
up to 22 seconds Tor the disk to become avarlable. If 1t
does not acquire the disk within that time, o timeout
error will be reportad. In order to make efficient use of
the disk on a dual cantroller system, bolh programs
opcratxn? the disk should issue Release commands through
use of the REL statement provided by this device routine.

Instructions And Interrupts

Certain of the 170 functions for the RPOM/RPOS/RPOE disks
€o not normally terminate with interrupts and wil] not
have Interrupt Enable set when thcy are 1ssued. These
functions are termed Non-Interrupt Tunctions and are:

DRESET REL
PRKACK UNLORD
RDPSEY

Rfter 13suing the above funclions, the device routine will
delay o few microseconds and then check the status of the
errof bits. RAny found to be set will be reported as o
Non-Int Terminalion error.

The remaining I1/0 funclions, which are listed below,
utilize 1nterrupts 1n their operations:

READ WRCK OFFSEY
WRITE WRCKHD RETCTR
ROHD SEEK RECAL
WRHD SERRCH

For the above instructions, tests for error conditions
will be made when the terminating interrupl 13 received.

When operating with a dual controller disk and the disk 1s
busy on tne other controller, interruptls will be enabled
to 3llow ATA tc signal when the disk has been acquired.
This feature 1s “utili2ed for both groups of functions
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listed previously. Therefore, the interrupt count may be
incrementad on 8 PAKACK 1nstruction, for azample, ¢ven
though 1t 13 not a result of the command.

- Rccessing The Data Buffer Register

The contents of the Data Buffer (RPDB) register will be
stored only when processing an interrupt with the Output
Ready (OR) $11 sel in the RPES2 register, AU all other
times, {this reqister will not Be read and 1ts contents
will be displayed as O’s.

- OPSW Special Operation Bit Support

Bit 7 of the OPSK (SPOPER) 1s not sugportcd by this device
routine and 1ts setting has no effect on disc operation.

DESCRIPTION OF RPO4/RPQOS/RPO6 INSTRUCTIONS

The RPOM/RPOS/RPOb Device Routing supports execution of
thirty nine MPG language statements. For certain functions
(READ, WRITE, ROHD, IAPO, HRCK, WRCKHD, SEEX and SERRCH), the
desired disk address must be losded 1nto CYL, HERD, and SECT
before performing those functions. In the followin
descrigtions, dadts shown enclosed within parenthese
indicates the default values 1f nothing 1s entered for the
statement’s operands. The v 1s used to indicate 2 variable
operand as dclgncd 1n Appendix B.2. Note that 1f an odd byte
count 1 :up?lncd in any of the following 1nstructions, "1t
will effectively be decramerted by | before being used.

RERD (D2S6_INTO RDIO)
RERD v (INTO RDIO)
RERD v INTO v

This instruction transfers the number of bytes,
indicated by the first v, from the disk to memory
bcglngxng at the memory location specified by the
second v.

ARITE (D256 FROM WRIO)
WRITE v (FROM WRIO)
WRITE v FROM v
Transfer the number of bytes from memory to disk

beginning at the memory location indicated by the
second v.

Gl2
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The following statements do nol have default values for therr
operands.

ROMD v INTO v

Reads the four words of sector header data and the
data field nto ncnor! using the Read Header and
Data command. In order Yo read a complete sector,
the byte count must reflect the 4 header words.

WRHD v FROM v

Perforas a format type of operation h¥ us;ng the
Wri1te Header and ata command to wrile the header
words and data fi1¢ld on disk.

WRCK v AT v

Compares Lhe number of data f1¢ld bytes 1n memory to
those at the specified disk location. Uses the
Mrite Check Data command.

WRCKHD v AT v
Similar to the WRCK command but also ccmpares the

header data through wuse of the Write Check Header
and Data command.

SEEK
Performs a seek function Lo the disk location
speci1fied by CYL, HERD, and SECT. This instruction
does nol terminate until the seek 13 finished.
SEARRCH

Similar to SEEK but uses the Search command.

— e e —_—— _—— e—— - .
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The following I/0 commands do not wutilize the contents of
CYL., HERD, and SECT 1n their operations.

OFFSET v

The least sxgnlllcant ¢l b:ts of the quantit
specified g loaded 1into thc !f:c'
register fo loucd bg the Offset command bein
1ssued. Examples of the offset oblained wit
different octal valucs of v ars:

v Microinches
010 +200
el0 -200
020 +400
ccl =400
030 +600
230 -600
040 +800
240 -800
060 +1200
260 -1200
RETCTR
This statement 138 normall 1ssued after OFFSET
statements and results i1n the Return to Center Line
command being 1ssued.
UNLORD

Places the drive 1n the Standby state aﬂxssuxng thc
Unload command. Note that thxs colman
constdered to be terminated wuntil the drive 1:
brought back on-li1ne. MWhile the drive 18 off-line,
the “device rouline will check on _ 1ts status
approzrimately once every second. Timeoul 13 not
enabled for this command and the device routine will
wail an indefinile amount of time for thc drive to
become operable. Upon determining that the drive 1s
Ecrablc again, the device routine uxll proceed to
the next :toicncnt in the user's program.

—— . m —— e
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RECAL
Results i1n the Recalibrate command being 1ssued.
CRESET
This statement performs a controller clear function
by setting the CLR bit 1n the RPCS2 register.
DRESET
Housekeeping of the drive 18 accomplished h! this
statement’s 1ssuing of the Drive Clear command.
PRKACK
Causes the Pack Rcknowledge command to be 1ssued.
ROPSET
Causes the Read-1n Preset command to be 1ssued.
REL

Performs a drive clear ard rﬁlcascs the drive for
another port by issuing the Release command.

The following 1nstructions do notl perform I/0 operations:

STEPUP v

This command does not perform an* I/0 functions. [t
rovides cas* nncrclcntxna of the contents of CYL
RD, and SECT. The operand v 18 the number of
sectors that these values are to be i1ncremented.
When the SECT word exceeds 1ts mazimum valid value,
1t will be set to O and the contents of HERD will be
incremented. MWhen HERD overflows, 1t wil]l be setl to
O and CYL will be 1ncremented. MWhen i1ncrementin
ast the last sector on disk, all three values w1l
¢ sel Lo 0's. Rutoualxcallg ad’usts to the number
of seclors on a track (20 or  22) based ¥§on the
current setting defined by the FMT2O0/FMT2Z
statements and to the number of cylinders (411 for
the RPO4/RPOS vs. B1S for the RPOB).

- —— . s————t—n e = ———— i —— - — -
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Note that this instructicn and STEPDN will o cra!c
with 1nvalid values :1n CYL and SEC on
stecution. Regardless of thelr lntlnal contcn s,
the contents "of all three words will be valid when
this instruction completes. This allows the use of
the “FILL 6 RT CYL WITH RANDOM™ statement followed
by “STEPUP 0" to generate random disk addresses.

STEPDN v

Similar to STEPUP but provides a decrementin
capability. When all three values are 0, the ne:
decrement ulll result 1n the decimal values for the
three words of 410/814, 18, 21/19.

WRIT
Stendard 1mplementation - see section D.1.1.
NOWRIT
Standard 1mplementation - see section D.1.1.
STATUS
Standard 1mplementation - see section D.1.1.
Included with the standard display 1s the display of
the current contents of the EY HERD and SECT
words. These values do not reflect the current
osition of the disk, butl merely the contents of the
hree words.
COUNTS

Standard 1mplementation - see section D.1.1.

The follouxn stalcncnts define to the Device Routine the
desired set 1ngs certain bitls 1n the device registers.
These statementd do not immediately alter the reqister bits
but  all subsequent 1/0 funcltions and other applicable
statements wil] be performed with the bits set as defined.

APORT

Indicates ¢
to be set ¢t

o r
-

he PSEL bit 1n RPCSI 1s
) (Preset mode)

_k_l__a_

/7
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BPORT

FMT22

FMT20

000

EVEN

ECION

ECIOFF

HCION

HCIOFF

PSEL will be set to a | (UNIBUS Port B) on
subsequent functions.

Sets the number of sectors on a track to 22 and the
number of bits i1n the data fi1eld words to 16. FMT22
18 the preset mode and results 1n the FMT22 b1t 1n
the RPOF register being set to a .

Sets the number of sectors on a track to 20 and the
number of bits for the data fi1¢ld words to 18.
Resets the FMT22 b1t 1n RPOF to a O.

Causes the Parity Select (PAT) b1t 1n RPCS2 to be 1
the O state on subsequent functions. (Preset mode)

n

Causes PAT to be set to a l.

Inhibits the Error Correclion Code logic by setting
the ECI bit 1n the RPOF register to a'l.

Allows ECC operation by resetting ECI to 0. (Preset
mode)

1ts the Header Compare function by setting the
1t in the RPOF register to a l.

Indicates that the Header Compare function 1s to be
performed by resetting HCI to o 0. LPreset mode)
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BRION

BRIOFF

CORON

COROFF

VVON

VVOFF

Specifies that bus address incrementing 1s not to be
performed by setting the BRI bit "1n the RPCS2
register to a 1.

Results 1n BAI being reset to a 0 and bus address
incrementing being performed. (Preset mode)

This statement activates the device routine's
programmed function of correcting data on which a
correctable ECC error was detected. When the disk
detects an error and determines that 1t coan be
corrected, the device routine will acrioru the
correclion procedures, increment the CORR ECC error
count, and continue running. (Preset mode)

Disables the pro?rnmncd recovery of correctable ECC
errors. When This t?gc of error 13 detected, an
error display will resull unless 1t 1s recoverable
on retries.

This statement instructs the device routine to 1ssue
the Pack Acknowledge command prior to any subsequent
I1/0 functions, other than PAKRCK, ROPSET, or DRESET,
1{ the Volume Valid (VV) bit 13 not already setl.
This 13 the preset mode and allows the program to
run withoul modification on a pack which has just
been mounted.

Inhibits the automatic 1ssuing of the Pack
Acknowledge command.
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D.12.3

RPO4/RPOS/RPO6 ERROR INFORMATION

This device routine processes errors i1n the standard fashion
described 1n section D.1.2. However, due to the nature of
this device, additional i1nformation 18 provided to the user.

The 1/0 functlon Y instructions are considered to
executle 1n two s ag Thc Iirst 18 the time it takes to
acquire the disk and ousckcc 1 needed. The second 1
after the point the spcclflcd }unclxon 1s issued and untal
after the funclion terminates. Since error conditions ma

occur 1n either stage, this device routine 1ndicates whic

stage 1t was 1n uhcn Lhe error was detected. This 1s
accomplished by 1nclud1n! the appropriate message of the
following two ncsslgcs \n the error dxsplag

BEFORE ISSUING 1/0 CMND
RFTER ISSUING I/0 CMND

If the error 1s detected before 1ssuing the specified [/0
command and MPG’s Continue (CONT) command 18 13sued, the
program will be resumed at the statement on which the error
was™ detecled. If an AFTER error, the program will resume at
the next statement 1n the user’s progran

Alsc i1ncluded with every error display, other than the
invalid unit number error, 1s the folloulng message:

ERROR BITS:
ddd,ddd,ddd,ddd,ddd,ddd,etc.

This message 1ndicates that one or more error _status bits
have been detected 1n the device rchstcr: Thc codcs ddd
1dentify which error bits were found. sizty four

field will be used to list all or as nan of the arror h ls
as possible. In the Iollouxnf list sonc codes are
distinguished by an asterisk (%) These codes will be

included 1n the message 1f therr b1t values are 0. All other
codes are i1ncluded 1T they have 2 value of 1. The following
sre tne mnemonic codes supported for the ddd fields:

Error bitls common to all devices:

SC Speci1al Condition
TRE Transfer Error
MCPE Massbus Control Bus Parity Errar

+0VAR Drive Rvailable
Data Late

Write Check Error
Unibus Parity Error
Nongzistent Drive

Nonezistent Memory

5
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PGE Progron Error

MXF Mis Transfer

MOPE Massbus Data Bus Parity Error
ATA Attention Active

ERR Error

PIP Posntnonxae In Progress
#MOL Medium On-Lin

#DPR Drive Prcscn!

#DRY Drive cad¥
#VV Volume Valid

oCK Data Check

Unsafe

Drive Timin

Header
ECC Hard Error

Fcrnat Error
arii! rror
er

DDDDDDDDrer
PO PO G e GO O Gle e St bt
o P gt g P P g gt e
L X N W W )

> >

o o= g

- [ 2

[ -] o

> >

PLO Unsafs
Indez Error

Mrite Rcad
Trangition

Write Select
Current Sink

rror
Write Lock Err
Invalid Address Errar
Address Overflow Error
Header CRC Error
Compare Error

Write Clock Fail

No Head Selection
Multiple Head Selection
Unsafe

Unsafse
Transitions Deteclor Fairlure
Current Switch Unsafe
nsafe
s1lure

Opcralxon Inconplctc

Drive
Drive
Drive
Drive
Drive

WCU Write Current Unsafe
OCYL Off Cylinder

Sk 1 Seek Incomplate

DCL C Low

ACL RC Low

O Lo

, Hodillcatlon Refused
sgal Register

c|al Functlon
Retive Drive
ention Active Drive
ention RActive
Active
Active
Active
Retive
ntion Active Drive

- A —— et A et~ At i ——
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Error bits unique to the RPOM:

AC Unsafe

30 Volls Unsafe
Failsafe Enablcd
Hotor Sc,ucncc reor

52

Unsalfe Except Read/Write
VUF Vc ocity Unsafe
PSU Pack Speed Unsale

Error bits unique to the RPOS/RPOG:

RBS = Rbnormal Slog
RAW = Read And Wrile
OPE = Operator Plug Error
WRO = Write And OfTset
DCU = DC Unsafe
Error bits unique to the RH70:
APt s Addrcss Parity Error
DPEOM = Data Parity E ror, Odd Word
DPEEW = Datas Par:t Error, Even Word
WCEOW = MWrite Chcc! Error, 0dd MWord
WCEEW = WMrite Check Error, Even HWord

The unique error messages, which may occur 1n the use of this
device routing, are as follows:

DRTA ERROR (STMNT 8 nnnn)

Standard 1mplementation - see section D.1.2.

DISK IS OFF-LINE

Immediately prior to xnxtxalln, an 1/0 operation,
the Hcdlu- On Line b1t (MOLY in the RPDS register
was found to be reset.

OPR NOT SET
While waiting to acquire the disk from the other
controller, “an anfarrupt with the drive’s RTA b1t
wds received but the Drive Present (DPR) b1t 1n the

RPDS register was not set.
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ERROR ON INITIRTION

Prior o 1n|iia!ln? an [/Q operation, & condition
that sets the SC bit 1n RPCSL, other [han an Unsale,
did not clear after five attempts 1o reset 1t. The
error bits that coaused SC to be set will be listed.

EXHRUSTED RETRIES

U:on dctcctxn’ one of the seven rc(r!ablc errors
the device Poutine has re-13sued the farling 1/0
oparation the number of times s‘ccxfxcd 1n "RTRY
without successful completeron of the operation. [f
RTRY 1s 1ni1tially O, this message will not occur.

INT WITHOUT ATA

This message 1ndicates that an interrupt was
received without the drave’s RTA bit being set and
1t was expected to be set. This error may occur
before or after 1ssuing the 1/0 functioh. When
operating a dual controller disk and 1% 13 busy on
the other controller, the device routine waits for
an interrupt with ATR set to 1ndicate that 1t has
acquired the disk. If! an :nterrupt is received and
RTH 13 not set, this error 1s reported. The other
case 18 where an 170 function [SEEK, SEARCH, etc),
that normally terminates with ATR, 13 1ssued and an
interrupt was received without ATA being sel.

INV ECC BIT PATTERN

when ready to spply the corraction to the data on
corrcclah’t EEE srror, the RPEC2 Bit Pattern
register was found to conlain all O's.

INV ECC BIT POSITION

INV UNIT

Mhen ready to lEElg the correction to the data on
correctable E error, the RPEC!I Bit Position
register was found to contain a value greater than
octal 100M41.

The current wunit number, which 18 dx:glagcd in
octal, 13 not 1n the range of 0-7. The RSSIGN
ccamand may be used to correct the erronsous unmit
number. Increments the data error count.

— . - —— 1
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1 0 TERMINATION ERROR
Error bits have been detected 10 the device
;:?1stcrs when processing & termination interrupt.

his message occurs for all non-retryable errors and
retryable ¢rrors when RTRY 13 set 1070

NON-EXISTENT DRIVE
Imnediately after loading a valid unit number (0-7)
into RPCSZ, the Non-Existent Drive bit (NED) :r
RPCSE was found to be set.

NON-INT 1/0 TERMINRTION ERROR

Error bits were found set 1n the device registers

fes microseconds after 18suln ong of the
Ngn;lnlcrrupt type of I/0 functions (PAKACK, REL,
etc).

TIMEQUT ON 1/0

After 1ni1tiating an 170 operation, the terminating
interrupt was "not received. The time allowed fof
the interrupt {0 occur 1s approximately 22 seconds
when on the POP-11/45 and with nd other wuser
programs executing.

v/0 ON CRESET

This error, which 1ndicates that Ready (RDY) did not
set within a few milliseconds after setting the CLR
b1t ns RPCS2, may cccur when the CRESET statement 1s
13sued.

1/0 ON DISK RCGUIRE

When ready to 1ssue an 170 operation to o disk that
138 busy on the olher controller 1n a dual controller
configuration, the disk did not become available
within apgroxxnatclg 22 seconds. Either the disk is
nct 1n the programmable mode or the program
cperating the disk on the other controller should be
2cdif1ed to 1nclude Release commands.
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JNEXF RTR COND

When processing an interrupt after 1ssuing an /0

function that should not cause an RTR condition, the
disk’s RTR bit was found set.

NSAFE ERROR ON INITIATION

Prior to 1a1t1ating an 170 operation, the Unsafe bit
(UNS) 1n RPER] was found to be set. If the previous
170 operation d1d not result 1n an error, this error
18 reported 1mmediately. If there was an error on
the previous operation, 8 drive clear wili be 13sued
to resel the condition. If UNS 1s stil]l set after
the drive clear, this error 18 reported.

RPO4/RPOS/RPOE SRMPLE PROGRAMS
The following are sample RPOM/RPOS/RPOB Qrograns that perform

the functions indicated 1n their descrip

1gns:

1. The {ollowing program will vcrlf! all tracks on the entire
3

d1sk

by writing 1 bits to the
be lnhlgxt

ta f1elds. Retries wi!ll
ed so as to 1solate marginal tracks:

*ENTER | RS TRKCK
?ASGN DEV: RPOM,0
"RDI0 = 256 7/ 0
’WRI0 = 256 / 11264
’DEV REG = 176700 /

?INT VEC = 000254 /

"BUS RRQ =5 /

ENTER STMNT'S

»001C  LOAD RTRY WITH O

»0020 FILL D11264 AT WRIO WITH 177777
»0030 WRITE D1l264 FROM WRIO
>O040  WRCK D1]1264% AT WRIO
»00SC  STEPUP De?2

»0060 IF & AT CYL © 0 GOTO 3C
»0070  END

»DONE

$C N

——————— —— -
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2.

Do 200 pairs of random seeks to an RPOb disk by using 1the
STEPUP instruction to generate valid disk addresses from
random data. Interspersé other instructions to perform
data transfers of random data and do data validation at
these disk addresses:

*ENTER 3 QS RPRAND

ENTER STMNT’

>0010 LOAD TMOO WITH D200
23020 FILL 6 AT CYL WITH RANDOM

>0060  SEEK
>0070 WRITE DS12 FROM WRIO

>0080  WRCK DS12 AT WRIQ

>0030 FILL 6 AT CYL WITH RANDOM
>0100  STEPUP 0

>0110 IF B AT CYL = TMO3 GOTO 90
>0120 MOVE 6 AT CYL TO TMOE

>0130  SERRCH

>0140  MWRITE DS12 FROM WRIO

)01S0  WRCK D512 AT WRIO

>0160 MOVE 6 AT TMO3 TO CYL

>0170  SEARCH

>0180  READ DS12 INTO RDIO )
>0130  VERIFY DS12 AT RDIO WITH WRIC
>0200 MOVE b AT TMOG TO CYL

»0210  SEEK

>0220 READ DS12 INTO ROIO

»0230  VERIFY D512 41 RDIO WITH WRIO
>0240 DECR TMOD _

»0250 IF_TMOC > O GOTO 20

)0260  END

) CONE

- ——————— -
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3. Modify the pravious Erogran to run on a2 dual controller
system and share disk time with the other controller:

#MODIFY 3
ENTER STMNT'S

*0235  ReL
> DONE

#RUN 3
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DUI1 SYNCHRONOUS LINE INTERFACE DEVICE ROUTINE

The DULl Device Routine, whose filename 18 TDURnm.MPG,
supports hl!h level 1/0 operations for the DUIL Single Line
Synchronaus Intarface.

PRESET VALUES AND SUPPORT SUMMRRY

Valid Mcdel Name and Unit Numbers

In reply to the “"RSGN DEV:™ message, one model name (DULI)
1s acceptable _and may be accompanied by 2 mazrimum of 16
unit numbers. For this device unit numbers are 1gnored by
the Device Routine butl effectively act as a pass count for
the number of times to repeat the program.

Interface Rddrasses

The following are the values preset for the DULIl and ma
be altered from the console terminal following the “RS
DEV:™ message:

Device Register Base ARddress = 160010
Interrupt™Vector Rddress = 300
Bus Request Priority = 5,5 (Read/Write)

Sympolic Register Names

The salbollc names listed below may be used to reference
the DUILl device registers 1n MPG instructions. The oclal
displacement associdted with cach name 1s the value that
wil]l be added to the device register base address to
obtain the actual memory address of Uhe desired register.

Name Displ Register

RCSR +0 Recerver Status

RBUF +2 Receiver Data Buffer
PCSR +2 Parameter Control

TCSR +4 Transmitter Status

TBUF +b Transmitter Data Buffer

Supported Instructions Summary

The Ioliow:n? 13 a summary of the 1nstructions supported
by MPG for The DULL. Delailed explanations are lnsgcd 1N
section D.13.2.
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READ RERDY BITS FDUPLX CVSYNC
WRITE SEND EVEN HOUPLX WRIT
BREAK RECV 00D NORMAL NOWRIT
CALL HANGUP NOPAR SYSTST STATUS
LISTEN CRESET STRIP PRESET COUNTS
ANSWER MODE NSTRIP GENPAR

Information Words

The four words listed below are used to pass 1nformation
betueen the user program and the device routine.

SYNC R one word location that contains the sync characler
that will be loaded _into PCSR whenever PCSR’s
contents are changed. Preset to an octal 026 byte.

SCNT The word location that follows SYNC and contains the
count for the number of sync characlers to be
transmitied when beginning 2 HHITE or & BRERK and 1n
a mode other than Isochronous. Preset value 13 S.

SIZE Standard 1mplementation - see  section D.1.1.
Contents are updated by RERD, WRITE and BRERK.

ERR  Standard implementation - see section D.1.1.

Statistical Information

Through wuse of the COUNTS statement and the REPORT
command, statistical information for the program can be
displayed on the MPG grnn! device. This information
consists of octal formatted binary counts under differant
catagories. The catagories and the functions from which
data will be 1ncluded under cach are:

BYTES RD: RERD
BYTES WR: WRITE, BRERK
MNDS: READ

RERD C

WRITE CMNDS: WRITE

BREAK CMNDS: BRERAK

MISC CMNDS: CALL, LISTEN, ANSWER, RERDY,
SEND, RECV, HANGUP

ERRORS: Hardware errors that rerulied 1n an
error  report. Separate counts are
maintained for Parily (PAR), Framing
(FRM), Overrun (OVR), Data Set Chan;c
(DSC), Data Not Available (DNRY and 170
Timeout (T7/0). The DATA error counter
18 incrementad h! invalid BITS codes
invalid MODE codes, and arrors de'ected
by the VERIFY statement.

J13
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INTERRUPTS: Number of entries intos the Read and
Write interrupt routines.

OPSK Speci1al Operation Bat Support

1t 7 of the OPSW (SPOPER) 1s not interrogated by {ihis
evice Routine and 1ts setting has no effect upgn DUll
operation.

Parameter Control Register

This Device Routine does not load the PCSR register wuntil
one of the stalements, that affects PCSR’s contents, 1s
encountered. Since 1t 13 8 write only register, o base
value word 13 maintained by the Device Routine. When one
of the a gllcablc stltcncntg 1s processed, the aggroprlatc
bits u:g be modified 1n the base value and the entire
word will be loaded 1nto PCSR. This base value word s
inati1ally set to a value (037026) equivalent to the PRESET
instruction being 1ssued. ARlso, since the sync character
18 part of the PCSR register, the user musl 13sue one of
the instructions that load PCSR (other than PRESET) after
he has spcc:lxcd & new sync character. The instructions

that load PCSR are:
MODE 0DD
BITS NOPAR

EVEN PRESET

K13
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D.13.2 DESCRIPTION OF DUll INSTRUCTIONS

The DULL Device Routine supports execution of twenty nine MPG
language statements. In  the followin dcscrngtlons. data
shown “e¢nclosed within parentheses 1ndicates the defaull
values 1f nothing 18 enlered for the statement’s operands.
The v 18 used to 1ndicate a variable cperand as defined 1n
Appendaz B.2.

RERD (D256 INTO RDIO)
READ v (INTO RDIO)
READ v INTO v

Transfers the number of data bytes specified by the
first v from the receiver to the memory address
specified b? the second v. All desired DULL
parameters (mode, sync character, which duglcz,
character length, parity, etc.) must be set up
before issuing this statementi. Retions performed b

this statemenl consist of setting Search Sync an

Receiver Interrupt Enable in RCSR and the :roccssxn

of the resulting interrupts. ARfter the firs

interrupt 13 rocessed the Data Set Change
Interrupt Enable bit 1n RCSR is also set. MWhen the
last data_byte has_been received, Search Sync,
Receiver Intérrupt Enable, and Dala "Set Change
Interrupt Enable will ail be reset.

Transfers the number of data bytes specified by the
first v from the memory location specified by the
second v to the (transmitter. Rl] desired "DULI
parameters (Clear To Send, mode, sync character

which duplex, character lcng‘h, aritg, elc.) mus

be set up before issuing this statement. Initially
resets the Break bit and sets the Send bit 1n TCSR.
Then, 1the Transmitter Interrupt Enable and Data Not
Available Interrupt Enable bits are set in TCSR.
Khen processing Lhe transmitter interrupts, the
specified number of the current sync character are
1ssued unless 1n_ Jsochronous "mode. Next, the
specified number of data bytes are transmitted.
Following the last data byle, o pad byte of O's 13
1ssued. "On the interrupt following the pad byte, no
data 13 transmitted bul the Send, Transmilter
Interrupt Enable, Data Not Available Interrupt
Enable, and Break bits 1n TCSR are all reset
!ollgwcd by Request To Send 1n RCSR also being
reset.




BREAK v

CALL

LISTEN

ANSKER

READY

SEND

RECV
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In ogcratxon this statement 13 very similar 1o the
WRITE statement with a couple of exceptions. The v
13 used Lo specify a byte count for data bytes and a
memory address 1s not needed. The Break bit 1n TCSR
will "be set rior to enablin Transmitier
interrupts.  Inslead of getling dita byles from
memory, @ bgtc of all 1 bits (3777 will be “sent as
the data bByte. RAIl other actions performed are
1dentical to WRITE.

Sels Data Terminal Ready 1n RCSR and then tesis Data
Set Ready. Does notl” returan to the user progran
unti] DSR is sel. Used to wait while a call” s
being initirated from the DUIL's MODEM.

Tests the Ring bit 1n RCSR and returns to the wuser
program when” Ring 13 set. Used to warl for an
incoming call.

Sets Data Terminal Ready 1n RCSR and then tests Data
Set Ready. Does not” return to the user program
unti] DSR™1s set. Used to wait until the conneclion
has been completed for an 1ncoming call.

Tests the Carrier bit 1n RCSR. Returns to the wuser
program when Carrier 1s set.

Sets the Rc;ucst To Send b1t 1n RCSR and then tests
the Clear To Send bit. Returns to the user proaram
when CTS 1s set. This prepares the MODEM for
transmission.

ata

Resets the Request To Send b1t 1n RCSR. This
prepares the MODEM to receive data.
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HANGUP

CRESET

MODE v

BITS v

EVEN

Resets !hc Rc ucst To Send bit 1n RCSR, cl s

apgroxlna ¢l Y milliseconds and then resets the

a Termina Rcadg bit. This causes the call to bc
erminate 1sconnectin ¢ .
t ted by d ting the MODEM

Clears the DULL b sctt:na the ﬁastcr Reset b1t 1n
TCSR. . After setfin ST, a2 20 microsecond delay
will occur to allow ?or the one-shot in the DULL.

Sels the Mode Select bits in_ PCSR to the value
specified by the operand v. The three valid values
for v and the modes they select are:

0 = Isochronous
2 = External Synchronous
3 = Internal Synchronous

Sets the Word Length Select bits 1n PCSR to the
codes  for the number of bits which 13 specified by
v. The valid values for v and the bits per
characler selected are:

S
)

7
10
08

Sets the character parity mode to_ aven scltnn?
both the Parity Enable and the Parity Scnsc Selec
bits 1n PCSR.

Scts the character parity mode to cdd by setling the
arxt% Eratle_ b1t oand reseiting the’ Pacity Sense
Select Bat 1n PCSR.
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NOPRR

NSTRIP

FOUPLX

HOUPL X

NORMAL

SysisY

Disablas characler parity generation and checking
rcsctt:n, both the Parily Enable and the Par
e

by
ty
t bitls 1n PCSR.

Sense Se l

recaiver data characters ] he Strip Sync

Inhibits sync characters frim beaing gasscd on_ as
y selting
bit 1n RCSR

Permits sync characters to fbe recognized as receiver
data characters by resetfing the Strip Sync bit in

Enables Full Duplex mode

{ operation by resetting
the Half Duples b1t 1n TOSR,

Enables Half Duplex mod

of operation by setting the
Half Duplexz B1t in TCSR

Sets the DUIL1’s mode ¢

Normal _by reseiting bBoth
Maintenance Mode Selegt Bi1ts 1n 7c§n

to O0's.

Sets the DULL’s mode/ to System Test b! setting both
Maintenance Mode Selfect b?ts 1n TCSR 1o 1°'s.
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PRESET

GENPRR v

CVSYNC v

This statcncnt sets all OULI control Dbits ond
*aranclcr: preset values with one statement,
his statcncnt 18 equivalent to resetting the Break
it  i1n  TCSR and then 1ssuing the {following
1individual statements:

LORD SYNC WITH 026

LORD SCNT WITH S

MODE 3 (Internal Synchronous)
BITS D8

00D

STRIP
FOUPLX
NORMAL

AT v

Using the byle count specified by the first v and
beginning al the memory address specified by the
second v, this 1nstruction will convert the data
bytes to the correct parxtg bit placement and
cgarwclcr lcagth currently in “effect. Effectively
ene ates nrll! the sam¢ as would be sean when the
ata 18 transmilted oand recearved. Rulo-clxcally
usts to the number of character bits currently
icct (BITS or PRESET) and the current parity lodc
EVEN, or PRESET). Useful for
convcrtln, write data so that it may be compared
with the data actually received.

AT v

Using the byte count specified by the first v and
the "memory address specified by the second v, this
instruction will scan the data bytes and conqlcncnt
an data b!tcs that nalch thc curren s!nc
character. comparison based “f he
character length currcnll! effect I(BITS or
PRESET). Useful for eliming xng s‘nc characters 1n
random data or characters hat baecome sync
characters when the character length 1s changed.

Standard impiementation - see section D.1.1.

S e ——— ——
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W

.13.3

NOWRIT

Standard 1mplementation - see section D.1.1.
STRTUS

Standard implementation - ses section D.1.1.
cOUNTS

Standard 1mplementation - see section D.}.1].

DULI1l ERROR INFORMATION

This device routine processes errors 1n the standard fashion
described 1n section D.1.2. Refer to that gection for
general 1nformation concerning error reporting.

The following message may accompany any hardware type of
error message:

ERROR BITS: ddd,ddd,ddd,etc.

This message 1ndicates that one or more error _status bils
have been detected 1n the device registers. The codes ddd
1dentify which error bits were found with codes being
included 1f they have a value of 1. The following are the
mnemonic codes supported for the ddd fields:

RX = Receiver Error

OVR = QOverrun Error

FRY = Framing Error

PAR = Parsty Error

DNAR = Dats “ot Available

The unique error messages, which may occur 1n the use of this
device routine, are as follows:

DATA ERROR (STMNT 8 nnnn)

Standard 1mplementation - see section D.1.2.
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DRTR SET CHG INT ON RERD

Indicates that the Data Set Change b1t 1a RCSR was
set when proccssxn? an interrupt during read data
transfers. On the first anterrupt for "esach RERD
ingtruction, this bit 13 i1gnored; however, 1t 1s
tested on all subsequent i1ntefrupts.

ERROR ON READ DATR XFER

When processing & receiver interrupt during data
translers, one or more error bits were found set 1n

RBUF. The error bit mnemonics will be displayed
with the ERROR BITS message.

ERROR ON WRITE DATA XFER

When processing & transmitter 1nterrupt during dats
transTers, the Data Nol Rvailable dit was set 1n
TCSR. This bit's mnemonic will be displayed 1n the
ERROR BITS amessage.

MODE NOT 0, 2 OR 3

While executing the pro?rnn, the MODE statement was
being groccsscd and the operand squllcd for the
instruction did not have a value of 0, 2, or 3.
This 13 an operator programming error and increments
the DATR error counter.

8 OF CHAR BITS NOT 5, 6, 7 OR B

While executing the pro?ral, the BITS statement was
being processed and the operand supgllcd for the
instruclion did not have a value of S, b, 7, or DB
(octal 10). This 1s an operalor programming error
and incremants the DRATR error counter.

TIMEOUT ON 1/0

After 1nitiating a RERD, WRITE, or BRERK operation,
the tcrllnatxn, interrupt was not received. Tne
time allowed Tor the interrupt to occur 1
ng:roxnnatclg 3 minutes on the POP-11/45 and with_no
other user programs executing. Increments the T/0
error counter.
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DUL1l SRMPLE PROGRAMS

sample DULL prograns that perform the

coted 1n their descriplions:

stng 201R MODEMS and 4 Ruto-Answer Daty Set, the
wing two programs will establish a connection between

two DUll s on hc same CPU. Messages will be 1ssued to

list the Yrcss of each program. Note that these

programs nay also be used on separdte CPU's.

*ENTER | AS CALLEE

?ASGN DEV: DULl

RDI0 = 256 7 0

"WRI0O =2Sb 7 0

*DEV REG = 160010 - 163120
?INT VEC = 000300 7 470
"BUS REQ = 5,5 /

ENTER STMNT'S

»0010 CRESET

»0020 PRINT #WAITING FOR CALL
0030 LISTEN

Y>O0M0 PRINT #I GOT A RING
YO00SO  ANSHER

Y0060 PRINT %I ANSWERED
>0070 RECV

»0080  READY

>0090 PRINT =CALLEE IS RERDY
>0100 END

> DONE

#+ENTER 2 RS CALLER

7ASGN DEV: DULL

"RDI0 = 256 7/ O

’WRI0 = 256 / 0

"DEV REG = 160010 - 160130
?INT VEC = 000300 - 500

"BUS REQ = 5,5 /

ENTER STMNT'S
0010  CRESET

»>0020 PRINT #INITIATE CALL
y0030 CRLL

»0040 PRINT #CONTACT MADE
»00S0 RERDY

20060 SEND

»0070 PRINT #CALLER IS RERDY
»0080 END

» DONE

*PUN ;.2

F14
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2. With a connection established between two DUIL's, have one
rogram (89) send RSCII data to another (88) and then have
he same datc sent back to the originating DULL where ‘he

recerved data will be compared with the original data.
The preset nodc provides for 8 bits, odd parity, and
Internal Synchroncus mode.

#ENTER 8 RS DURDBM

"RSGN DEV: DUL}

"RDIQ = 256 7/ BM

’WRI0 = 250/ 0

?DEV REG = 160010 - 160120
?INT VEC = 000300 - 470
?8US REQ = 5,5 ~

ENTER STMNT'S

>0010 PRESET

»0020  RECV

>0030 FILL D&Y AT RDIO WITH O
>O0040 RERD D6 INTO RDIO

>00S0 PRINT De4 AT RDIO IN ARSCII

0060 SEND

0070 WRITE Dé4 FROM RDIO
0080 END

> DONE

$ENTER 9 RS DUKREY

7QSGN DEV: DUl

"RDI0 = 286 7 bM

7WRI0 = 256 7 B4

DEV REG = 160010 - 160130
7INT VEC = 000300 / S00
"BUS REQ = 5,5 /

ENTER STMNT'S
>0010 PRESET

»0020 FILL Db4 AT WRIO WITH RSCII
»0030 CVSYNC Db4 AT WRIO

»0040 SEND
»00S0 HRITE D64 FROM WRIO
» 0060

RECV
>0070 FILL D64 AT RDIO WITH O
»0080 RERD D64 INTO RDIO
>0090  PRINT D64 AT RDIO IN RSCII
>0100 GENPAR Db4 AT WRIO
0110 gﬁgIFY De4 AT RDIO WITH WRIO

#RJN E,9
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3. Modify the Yrograns 1n Sample 8 2 so that & bils with no
ar:l! wil used. 1nce 8132 bxt information 18 not
directly printable, also nodnlv the data print format.

Note t the GENPAR statcncn will aulonallcallg convert
the or: 1nal transmit data 1o the same formatl™ as the
received data for the comparison. Rlso, the CVSYNC
statement will ensure that the siz data bits of each data
character does not match the sync character.

$MODIFY 8
»0012  BITS &

>0014  NOPAR

>0050  PRINT D& AT RDIO IN OCTAL

) DONE

£MODIFY 9

»0012  BITS b

»0014  NOPAR

»0030  PRINT DG4 AT RDIO IN OCTAL

) DONE

#RUN 8,9 |

4. Using the System Test mode, wrap random data within the
DULL™ to test the different parity modes of the receiver
and the transmitter. Rlter lhc nungcr of and value of the i
sync characters sent. Use the CVSYNC instruction to '
ensure that sync characters are not included 1n the random
data. Use the GENPAR 1nstruction to convert the original
write data to the same format as what should have “been
recelved. Idcntlfs and print the first 14 byles of the
data sent and the data receirved. Fxnallg repsat the

program three times by using dummy unit numBers.

*ENTER S RS ourssr
"QSGN DEV: DUI1,0
"RDI0 = 266 ~ 200’
"WRI0 = 266 ~ 200

ENTER STMNT'S

)00i0  CRESET
»0020  PRESET i
)0030  LOAD SYNC WITH 0
)0040  LOAD SCNT WITH DI
)00S0  BITS 7

»0060  SYSTST

»0070  PRINT #0DD PARITY
/0080  0DD

0090 LINK 2000

4
2
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Sample program 8 4 to uti1]12¢ S bits and operate in

>0100 PRINT #EVEN PARITY
0110 EVEN
0120 LINK 2000
>0130  PRINT ¥NO PARRITY
0140  NOPAR
0150 LINK 2000
0160  GOTO 3000
»2000  FILL D200 AT WRIO WITH RANDOM
2010 CVSYNC D200 AT WRIO
2020  FILL D200 AT RDIO WITH O
»2030  NOWAIT
»2040  RERD D200 INTO RDIO
»2050  WRITE 0200 FROM WRIO
>2060  WAIT
»2070  PRINT SWRIO =
»2080 PRINT DI4 AT WRIO IN OCTAL
>2090 PRINT 8RDIO =
»2100  PRINT DI4 AT RDIO IN OCTAL
»2110  GENPAR D200 AT WRIO
»2120  VERIFY D200 AT RDIO WITH WRIO
>2130  RETURN
»3000 END
> DONE
#RUN S
S. Modify
the ISochronous mdde 1nstead of Internal Synchroncus.
#MODIFY S
»0050 BITS S
»0055  MODE G
> DONE

*#RUN €
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RKO& DISK'S DEVICE ROUTINE

The RKOB Device Routine, whose filename 1t TRBEAnm.MPG
supports the operation of RKOB disk drives on the RKbI]
UNEEUS controller.

PRESET VALUES AND SUPPORT SUMMARY
- Vali1d Model Name and Unit Numbers

In reply to the “"RSGN DEV:"™ message, one model name (RKOB)
1s acceptable _and may be accompanied by 2 mazimum of 16
unit numbers. For this device the unit numbers must be in
the range of O thru 7.

- Interface Rddresses

The following are the values preset for the RKOE and ma
be altered "from the console terminal following the ”QSGN
DEV:™ message:

Device Register Base Rddress = 177440
Interrupt™Vector Address = 210
Bus Request Priority = S

- Symbolic Register Names

The sﬂ;holxc names listed below may be used to reference
the bl1 - RKO6 device registers 1n MPG instiructions.
The octal displacement associated with each name 13 the
value that will be added to the device register base
addrc:s lo obtain the actual memory address of the desired
register.

Name Displ  Regqister

RKCl +0 Control and Status |
RKWC +0 Word Count

RKBA +4 Unibus Rddress

RKDA +b Desired Sector/Track Rddress
RKC2 +10 Control and Status 2
RKDS +le Drive Status

RKER +14  Error Regigter |

RKAS +16 Attention Summary/Offset
RKDC +20 Desired Cylinder

NOTU +22 Not used

RKDB +o4 Data Buffer

RKM] +2b Maintenance |

RKPO +30 ECC Position
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RKPA +32 ECC Pattern
RKM2 +34 Maintenance 2
RKM3 +36 Maintenance 3

Supported Instructions Scamary

The follouxn! 1s_a summary of the insiructions supported
by MPG for the RKOb. Delailed cxplanations are listed 1n
section D.14.2.

READ UNLORD WRIT BRION
WRITE RECAL NOWAIT BRIOFF
ROHD CRESET STATUS CORON
WRHO DRESETY COUNTS COROFF

WRCK SRESET FMTC2 00D
SPIN STEPUP FMT20 EVEN
SEEK STEPDN PRKACK REL

OFFSET SELDRI BROSEC

Certain of the sbove i1ngtructlions control the setting of
internal flag bits. The preset states of these bits are
the same as though the following i1nstructions were 1ssued:

WRIT 00D BRIOFF
CORON FNT22

Information Words

The si1z words listed below are used to pass informat:
between the wuser program and_ the device routine. A
words are preset to ﬁ’s excepl RTRY which 1s preset to 3.

en
11

CYL R one word location that contains the cylinder
number 1n bits 0-9 that will be used 1n subsequent
170 operations. The contents of CYL will be loaded
into RKDC for all I1/0 operations that require a
cylinder address.

HEAD The word location that followe CYL and contains the
value of the head (track) number to be used 1n bits
C-2. The value i1n this word and 1n SECT will be
merged and loaded 1nto RKDR for all I1/0 operations
thal require & head and seclor address.

SECT This word containg the sector number 1n bits O-4.
Located 1mmediately following HERD 1n memory.

MSGA This word contains the Message-R obtained with the
SELDRI command.

MSGB This word contains the Message-B oblained with the
SELDRI command.
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RTRY This word specifiss the_ number of additional
atiempts thal the Device Routine will try on an [/0
operation before deciding that 1t 18 wunrecoverable.
Rpplicable only to those types of errors that
normally have a'possibility of recovery.

SIZE Standard implementation -  se¢_ section D.I1.1.
8&6&¢nts are updated by READ, WRITE, ROHD, WRHD, and

ERR  Standard implementation - see section D.1.1.

- Statistical Information

Through use of the COUNTS statement and the REPORT
command, statistical information for the pro?ran can be
dlspla¥cd on the MPG grnnt device. This information
consisls of octal formatted binary counts under different
catagories. The catagories and thé functions from which
data will be 1ncluded under ecach are:

BYTES RD: READ, ROHD

BYTES WR: WRITE, WRHD

BYTES CK: WRCK

READ CMNDS: RERD, RDHD

WRITE CMNDS: WRITE, WRHD

CHECK CMNDS: WRCK

SEEK CMNDS: SEEK, OFFSET, RECAL

MISC CMNOS: DRESET, CRESET, SRESET, PAKACK, REL,
UNLOAD, BADSEC, SPIN, SELDRI

DEV ERRORS: A1l hardware errors ‘hat resulted 1n an

error report. Correctable ECC errors
and errors that were recoverable when
retried will not increment this count.

CORR ECC ERRORS: Nu?gcr of ECC errors corrected by
software.

DATA/OPER ERRORS: Invalid unit number errors and errors
detected by the VERIFY statement, or
invali1d drive numbers entered by the
operator.

RETRYS: The number of occurrences for each of
the si1x  retryable type of _errors.
Counts are maintained "for OLT, DTE,
HVRC, FER, DCK, and WCE.

TOTAL RETRYS: Total number of retry attempls on all
failing I/0 operations.

INTERRUPTS: Number of entries into the interrupt
routine.
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Correctable ECC Errors

When encountering & correctable ECC error (DCK), this
device routine “wil] automatically correct the data. The
contents of the ECC Position register (RKECPS) and the ECC
Pattern register (RKECPT) will be used to determine the
bits to be modified and their placement in the data field.
Rfter the correction has been |pglxcd the CORR ECC count
will be incremented and the data ‘ransber will be rasumed
at 1ts point of 1nterruption.

This automatic data correction will not be performed 1f
the word length is 18 bits (FMT22 reset), or 1f the user
has entered the COROFF statement. In these cases, the DCK
will be treated the same as the other retryable errors.

Retryable Errors

Siz errors are classified as retryable by this device
routine. When one occurs (DLT, DTE, HVRC, FER, DCK, or
WCE), the retry count conlained 1n the 1nterlace word RTRY
18 checked for a 2ero value. If z¢ro, an I/0 Termination
error 1s reported. If non-zero, the retry count for the
error and the total retry error count are incremented by
ane and the I/0 operation ?s re-1ssued. If the retry 13
successful, the program will proceed to the zext statement
1n the user’s program. If 1t was not successful, the
rctr‘ count Trom RTRY 1s decremanted, the total reiry
count 1s 1ncremented, and the command 138 re-1ssued. This
continues until either the relry is successful or Lthe RTRY
count goes Lo zero. When the latter occurs, the
“"EXHRUSTED RETRIES™ e¢rror message will be 1ssued and the
DEV error count will be i1ncrementad.

When processing retries on failing I/0 operations, the
eriginal funclion will ust be re-1ssued. The use of
Offset and Recalibrate commands are not employed during
error recovery 1n this device routine.

Jual Controiler Operation

This device routine supgorts operation of disks connected
to two systems through the dual controller option. If the
disk 18 us! on the other controller when the device
routine attempts to 1ssue¢e an I/0 operation, 1t will
receive a grive not avarlable (b1t O 1n RKDS will be
reset). In order to make efficient use of the disk an a
dual controller system, both programs operating the disk
should 3ssue Release commands™ through wuse of the REL
statement provided by this device routine.
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Instructions And Interrupts

Certain of the I/0 functions for the RKOB disks do not
normally terminate wilh anterrupts and will nol have
Interrupt Enable sel when thc! are 1ssued. These
functions are termed Non-Interrupl functions and are:

DRESET CRESET SRESET
PAKACK UNLORD SPIN
REL SELDRI

After 1ssuing the above funclions, the device routing will
delay & few microsecands and then check the status of the
error bits. Any found to be set will be reported as
Non=Int Terminaltion error.

The remaining 1/0 functions, which are listed below,
utilize 1nterrupls 1n their operations:

RERD WRCK OFFSET
WRITE BRDSEC RECAL
ROHD SckK WRHD

For the above i1nstructions, tests for error conditions
will be made when the teminaling interrupt 13 received.

Rccessing The Data Buffer Register

The contenis of tne Data Buffer (RKDB) register will be
stored only when proccssxna an interrupt with the Output
Ready (OR) klt set 1n the RKCS2 register. Rt all other
times, Lhis register will not be read and 1ts contents
will be displayed as 0's.

OPSW Special Operation Bit Support

Bit 7 of the OPSW (SPOPER) 13 not :ugportcd by this device
routine and 1ts setting has no effecl on disk operation.
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D.14.2

DESCRIPTION OF RKO® INSTRUCTIONS

The RKOb Device Routine supports execution of thirty one MPG
language statements. For certain {functions (RE!D. WRITE,
Rt}d, WRCK, and SEEK), the desired disk address must be
loaded 1nlo CYL, HEAD, and SECT before perfarming those
functions. In the !olloutn, descriptions, data =~ shown
enciosed within parenthescs Indicates the defoult values 1!
nothxa' 18 entered for the statement’s operands. The v 13
J43¢d Yo indicate o variable operand as defined 1n Rppendiz
B.2. Note that 1f an odd byte count i3 supgllad in_ any of
the follOuxn, instructions except ROHD, 1t wil] cffcct¥vclg
be decremented by | before being used.

RERD (D2S6_INTO ROIO)
RERD v (INTO RDIO)
RERD v INTO v

This instruction transfers the number of bytes,
indicated by the first v, from the disk to memory
beginning at the memory location specified by the

second v.
WMRITE (D2S6& FROM WRIO)
WRITE v (FROM WRIO)
MRITE v FROM v

Transfer the number of bytes from memory to disk
beginning at the ICIOP? location 1ndicated by the
second v. This command will not allow transfers 1o
write data onto the last track of the disk (see
description of STEPUP command for further
information about this last track.)

The fcllowing statements do not have default values for their
operands:

RDOHD v INTO v

Reads the three words of sector header data nto
memory using the Read Header command. In order to
read 2 complete sector, the h!tc count must be 20 or
22, for 20 or 22 sectors per Urack.

WRHD v

Performs a format type of operation h! uslng the
Write Header conn!nd to write the hedder wofds on
disk. The device routine sets up RKWC to be -B0 or

B S T —
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66, for 20 or 22 sectors par track. The data i3
wrilten on the disk from the address specified by v.

If this command 18 used, the standard format program
should be used to recreate valid header data on the
disk pack.

KRCK v RT v

Compares the number of data f1ald bytes 1n memory to
those at the specified disk location. Uses the
Write Check command.

Performs a seek functpon to the disk cylinder
specified b, YL. This instruction doses not
terminate unti] the seek 13 finished.

The following 1/0 commands do not wutilize the contents of
CYL, HERD, and SECT 1n their operations:

OFFSET v

The least significant e1ght bBits of the quantit
specified by v will be loaded 1ntlo the lower byle o
the Rttention Summary and Offsel regisier.” The
cffset command will bé used. Examples 01 (he o0'fset
obtained with different octal values of v are:

v Microinches
Ci0 +200
2ll -200
020 +400
220 -400
030 +600
230 -600
040 +800
240 -800
Cel +1200
{0 -1200

SE.OFI v

This statement 13sues the Select Drive command. The
cperand v 1s the number of the messages R and B to
te returned by the drive and has values cf 0-3. The
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UNL ORD

SPIN

Rl

cRESET

ORESET

SRESET

PRKACK

REL

Message-R will be stored 1n the MSGA interface word.
Thcdchsagc-B will be stored 1n the MSGB interface
word.

Places the drive 1n the Standby state by 1ssuing the
Unlocad command. This command 13 terminated as soon
as the Unload begins.

Starts the spirdle by 1ssuing the Start Spindle
command. This command 13 natl terminated unti] the
drive 18 on line.

Results 1n the Recalibrate command being i1ssued.
Ihxs command 18 nol terminated unti] the dfive 13 on
1ne.

This statement gerforms a controller clear function
by setting the CCLR bit 1n the RKCSI register.

Houscicc{lng of the drive 18 accomplished by this
statement’s 1ssuing of the Drive Clear command.

Performs a subsystem clear funclion by setting the
SCLR b1t 1n the RKCS2 register.

Causes the Pack Rcknowledge command to be 1ssued.

Couses the drive to become deselected and releases
the drive for snother port by setting the RLS bit 1n
the RKCS2 register,
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The following i1nstructions do not perform I/0 cperations:

STEPUP v

STEPON v

This con-and does not perfora an' 170 functions. It
rovides cas¥ 1ncr¢|¢ntxn’ of tThe contents of CYL

RD, and SE The operan 1s the number ol
sectors that thase valucs arc to be incremented.
When the SECT word excaeds 1ls mazimum valid value,
1t will be set to O and the contents of HERD will be
incremented. Khen HERO overflows, 1t will be set to
0 and CYL wil]l be 1ncremented.

The last track avairlable to this command has an
address of cylinder 410, head 1, and secior 21/19.
This 13 not the last trac‘ on !hc disk. The last
track has an address of 4102, 21719 and 1s not
accessed via this command; this track contains datas
about the disk pack and must not be changed with MPG
softuarc The operand v nav be of any value aliowed
ﬂ the disk harduarc this co-nand recegnizes
that the last track would be 1ncluded 1n the
transfer, 1t forces CYL, HERD, and SECT to be O.

Qutonatxcall ad usts to the number of sectors on
track (20 2) based wupon the current setting
defined by thc FMT20/FMT22 statements.

Note that this i1nstruction and STEPDN uxll operate
with 1nvalid values 1n CYL  HERD d SECT upon
execution. Regardless of thair nnxlial contents,
the contents “of all three words will be valid when
this ingtruction completes. This allows the use of
the “FILL 6 AT CYL WITH RANDOM™ statement followed
by "STEPUP 0" to generate random disk addresses.

However, one-sector transfers (S12 bytes) should be
used 1o avoid any possibility of the gro ram being

?ho:t:d d:c to translcrs !rg?ng to wrilte aata on thc

ast trac

Similar to STEPUP but provides a decrementing
capabiltty. The srand v may c of any value
allowed bg the dxs; hardware. this  dommand
recognizes that the transfer uould begin below 3
d1sk address of 0,0,0, the disk addreas 13 forced to
be 410,1,21/19, "and the decrementing resumes from
that address.

- ——
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WARIT |
Standard implementation - see section D.1.1.
NOWRIT
Standard implementation - see section D.1.1.
STATUS
Standard i1mplementation - see section D.1.1.
Included with the standard display 13 the display of
the current contents of the EY HERD and SECT
words. These values do not reflect the current
osition of the disk, but merely the contents of the
hree words.
COUNTS

Standard 1mplementation - see section D.1.1.

The following statemenis define to the Device Routing the
desired sellings of certain bils 1n the device registers.
These statements do not nnncdlatclz alter the reg lstcr bits
but  all subsequent I/0 functidns and othcr plicable
statements will be performed wilh the bits set as dc xncd.

FMT22
Setls the number of sectors on a track to 22 and the
number of bits 1n the data [1¢]d words to %6. FMT22
18 the preset mode and results 1n the CFMT b1t n
the RKCgI register being sel to a l.

FMT20
Sets the number of sectors on a track to 20 and the
number of bils for the data {fi1¢ld words to 1B.
Resets the CFMT b1t 1n RKCSI tec 2 O.

o0i0]

Causes the Parity Select (PAT) bit 1a RKMRLI to be in
the O state on sub:cqucnt functions. (Preset mode!
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D.i4 - Rk0& Device Routine (Cont’d)

EVEN

BRION

BRIOFF

CORCFF

BROSEC

Couses PRT Lo be set to a l.

Specifies that bus address i1ncrementing 18 not to be
performed by setting the BAI bit "1n the RKCS2
register to a 1.

Results 1n BRI being reset to a O and bus address
incrementing being performed. (Preset mode)

This statement activates the device routine’s
programmed function of correcting data on which a
correctable ECC arror was detected.” When the disk
detects an error and determines that 1t can be
corrected, the device routine will erform the
correction procedures, increment the C ECC error
count, and continue running. (Preset mode)

Disables the pro?ranncd recovery of correctable ECC
errors. When This t?gc of error 1s detected, an
error display will resull unless 1t 13 recoverable
on retries.

This command causes 8 list of the sectors, which are
flagged bad bg manufacturing, 1o be printed on the
LIST "device. The sectors Ila’ ¢ed bad b! operating
sysiems are nol printed. ¢ 1nformation used by
this command 13 taken from the first ten sectors on
the last track on the disk.




M.P.G. Page 189

D.14 - Rk0O6 Device Routine (Cont’d)

D.14.3

RKO6 ERROR INFORMATION

This device routine processes errors 1n the standard fashion
described 1n section D.1.2. However, due to the nature of
this device, additional information 1s provided to the user.

execute 10 tuwo es. The first 13 the time 1t takes to
housckccs the disk. "The second 13 after the point the
specifi1ed function 13 1ssued and unti]l after the function
terminates. Since error conditions may occcur 1n either
stage, this device routine indicates which stage 1t was 1n
when the error was detected. This 13 acconglxshcd by
including the appropriate message of the following two
messages 1n the error display:

BEFORE ISSUING 1/0 CMND
RFTER ISSUING I/0 CMND

If the error 1s detected before issuing the specified [/0
command and MPG's Continue (CONT) Command 18 1ssued, the
program will be resumed at the statement on which the error
was detected. If an AFTER error, the program will resume at
the next statement 1n the user’s progranm.

The I/0 fu -tion l'pc of instructions are considered to
stag

The following message may also be printed:

ERROR BITS:
ddd,ddd,ddd,ddd,ddd,ddd,etc.

This message 1ndicates that one or more error _status bits
have been” delected 1n the device registers. The codes ddd
1dentify which error bits were found.” R sizty four b¥tc
field wil] be used to list all or as many of the error bits
as possible. In the lollouln? list_ “some codes are
distinguished by on asterisk (%), These codes will be
included in the message 1f their bit values are 0. AIll other
codes are included 1T they have a value of 1. The following
are the mnemonic codes supported for the ddd fi1elds:

CERR = Controller Error

SPAR = Serial Parity Error

CT0 = Coniraller Timeout Error
DLY = Dats Late

WCE = Write Check Error

UPE = Unibus Parity Error

NED = Nonexistent Drive

NEM = Nonexistent Memory

PGE = Program Error

MOS =

Mul :Elc Drive Select

JFE Unit Field Error

HIS
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ATA]
ATAC

The unique error messages
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Write Locked

Drive Read

Volume Valid

Drive Off Track
Drive Speed Loss
Drive Low

Data Check

Unsafe

Operatjon Incomplete
Drive 1n1ng Error
Write Lock Error
Invalid Disk Rddress Error
Cylinder Overflow Error
Header VRC Error

Bad Sector Error

ECC Hard Error

Drive Type Error

Format Error

Drive Parity Error
Non-executable Function Error
Seek Incomplete Error
gal Function
tention Rctive Drive
tention Rctive Drive
tention Rctive Drive
tention Active Drive
:cnllon Rctive Drive
t
t

-
—
S—
»

ention Active Drive
ention Active Drive
ention Active Drive

DDDDDDODDODD
O—nwWwLunNor-~
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which may occur 1n the use of this

device routineg, are as follows:

DATA ERROR (STMNT & nnnn)

Standard implementation - see section D.1.2.

EXHAUSTED RETRIES

Upon detecting one of the six retryable errors, the
device routine has re-1ssued "the failing /0
operation the number of times :gccif:cd 1n~ RTRY
without successful completeion of the operation. If
RTRY 1s 1nitially O, this message will not cccur.
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INT RITHOUT RTR

This message 1ndicates that _an  interrupt was
received without the drive’s RTR bit being sel when
1t was expecled to be set.

INT WITHOUT DI

This message 1ndicates  that an xnlgrrupt was
received without the DI bit i1n the RKCSI being sat
when 1t was expected to be set.

INV ECC BIT PRTTERN

When ready to apply the correction to the data on a
correctable EEE error, the RKECPS Bit Pattern
register was found to contain all O’s.

INV ECC BIT POSITION

When ready te aEplg the correction Lo the data on o
cor~ectable ECC error, the RKECPT Bit Pasition
rtglstcr was found to contain a value greater than
octal 100M1.

INV UNIT @

The current umit number, which 1s displayed in
octal, 13 nol 1n the range of 0-7. The RSSIGN
command may be used to correclt the erroneous unmit
number. Increments the data/oper error count.

I/0 TERMINATION ERROR

Error bils have been detected 1n  the device
registers when processing a termination interrupt.
This message occurs for all non-relryable errors and
retryable errors when RTRY 13 set 1o 0.

NON-INT I/0 TERMINATION ERROR

Error bits were found set 1n the device registers a
few microseconds after 1ssuing one” of the
Ngn;lntcrrupt type of 170 functions (PRKACK, REL,
ete),

——— . ——a— -
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TIMEOUT ON I-0

Rfter 1niti1ating an 1/0 operation, the terminating
interrupt was not received. The time allowed fof
the interrupt to occur 1s approximately ten seconds
when on the PDP-11/45 and with no other user
programs executing.

T-0 ON CRESET

This error, which 1ndicates that Ready (RDY) did not
set within a few milliseconds after saetting the CCLR
bit 13 RKCS1, may occur when the CRESET statement i1s
1ssued.

T/0 ON SRESET

This error, which indicates that Ready (RDY) did not
set within a few milliseconds after setting the SCLR
bit 12 RKCS2, may occur when the SRESET statement 1s
1ssued.

T/0 ON REL

This error, which indicates that Ready (ROY) did not
set within a few milliseconds after setiing the RLS
bit 13 RKCS2, may occur wher the REL statement 1
1ssued.

UNEXP ATA COND

When proccsslng an interrupt after lssuln? an I/0
function that should not cause an RTA condition, the
disk’'s RTA b1t was found set.

UNKNOWN ERROR CONDITION

If the CERR bit of RKCSlI 1s sel, the program
examines the various error bits to determine the
cause of the error. 1f no other error b1t 1s {found
to be set, this message 13 printed.

SVAL BIT NOT SET IN RKDS

When interrupts are serviced, the SVAL bit of RKDS
18 checked.” If the bit 13 reset, this message 1s

iven. This message 1s not prinied 1f the interrupt
s the 2nd one from a SEEK, OFFSET, or RECAL.

K15
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OUTPUT NOT REARDY ON RDHD COMMAND

When the RDHD command 13 executed, the OR b1t of
RKCS2 18 checked. If the bit 1s reset, this message
1s printed.

SELDRI COMMAND HAS INVALID CODE

The operand entered for the SELDRI command 1
checked for a value of 0, 1, 2, or 3. If the value
1s not 1n this range, this message 1s printed.

gggKSECTORS (OCTAL DATR)

THIS IS AN RLIGNMENT PACK

RDIO IS TOO SMALL FOR “BADSEC™ COMMRND
CAN NOT RERD LAST TRACK

NONE
END OF BRD SECTORS
These messages may be printed when the BADSEC

command 1s executed. Each message describes the
condition which caused 1t to occur.

- N |
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D.14.4
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RKO& SAMPLE PROGRAMS

The Iollouln’ are sample RKOE programs that perform the
functions i1ndicated 1n their descriplions:

1. The following program will vcrnl! all tracks on the entire
disk by writing'l bits o the Jata f1elds. Ratries will
be 1nh1bited so as to 1s0late marginal tracks:

$ENTER | AS_TRKCK
?TASGN DEV: RK0OG6,0
"RDI0 = 256 7 O
"WRI0 = 256 7 5632
?DEV REG = 177440 /
?INT VEC = 000210 /
BUS REQ =5 /

ENTER STMNT’S

>0010 LORD RTRY WITH O

>0020 FILL DS632 RT WRIC WITH 177777
>0030 WRITE DS632 FROM WRIO

>0040  WRCK DS632 AT WRIO

»00S0  STEPUP Dll

>0060 IF & AT CYL ¢> 0 GOTO 30

»0070 END

)DONE

¥RUN |

2. Do 200 pairs of random seeks to an RKOb disk by using the

STEPUP " 1nstruction to generate valid disk addresses from
random data. Intersperse other instructions to perform
data transfers of random data and do data validation at
these disk addresses:

¥ENTER 3 RS RKRAND
?ASGN DEV: RKO06,S
2RDIO = 266 ~ Sl2
?WRI0 = 266 / 512

ENTER STMNT’S

>0010 LORD TMOO WITH 0200

»0020 FILL 6 AT CYL WITH RANDOM
>0030 STEPUP O

>0040 MOVE 6 AT CYL TO TMO3

>0050 FILL DS12 AT WRIO WITH RANDOM
»0060  SEEK

»0070  WRITE DS12

»00B0 WRCK DS12 AT WRIO

>0090 FILL 6 AT CYL WITH RANDOM
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O000000000
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88388F “8:8

STEPUP O
IF 6 AT CYL = TMO3 GOTO 80
MOVE & RT CYL TO TMO&

SEEK

WRITE DSl12

WRCK DSl AT WRIO
MOVE & AT TMO3 TO CYL

SEEK oS
GEQQFY 6818 AT RDIO WITH WRIC
MOVE 6 RT TMO6 TO CYL

SEEK

RERD DS12 INTO RODIO

VERIFY DSl2 AT RDIO WITH WRIC
DECR TMOO

IF_TMOO > 0 GOTO 20

END

M.P.G.
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RPC2-RPO3 DISKS® DJEVICE ROUTINE

The RPOC/RPO3 Device Routine, whose filaname 18 TR3ANm.MPG,
supports the operation of RPO2 and RPO3 disk drives op the
standard RPL11 contrsoller.

This Device Routine will automaticall adgast i1t opcr&txon
tased wupon the device assigned to 1Y, For the RPO3 1t will
adjust to a mazimum of 406 cylinders.

PRESET VALUES AND SUPPORT SUMMARY
- Valid Model Names and Unitl Numbers

In reply to the "ASGN DEV:™ message, two model names (RPOC
and ) are acceplable and "may be accompanied by o
mazimum of 16 unit numbers. For this device each unit
number must be 1n the range of O thru 7

- Interface Rddresses

The following are the values preset for the RPO2/RPO3  and
may be altered {from the conscle terminal following the
" DEV:" message:

Device Register Base Rddress = 176710
Interrupt Vector Address = 254
Bus Request Priority = §

- Symbolic Register Namas

The symbolic names listed below may be used 1o reference
the /RPO3 device registers 1n MPG 1nstructions. The
cctal displacement associdted with cach name 138 the value
that will be added to the davice register base address to
obtain the actual memory address of the desired register.

Name Displ Register

RPDS +0 Device Status

RPER +2 Error

RPCS +4 Control and Statys
RPWC +6 Word Count

RPBA +10 Bus Rddress

RPCA +i2 Cylinder Rddress
RPOR +19  Disk Address

RPM] +16 Maintenance |

RPM2 +20 Maintenance g

RPM3 +22 Maintanance

Such +24 Selected Unit Cylinder Rddress

CiLl +26 Sile Memory

Bl6
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5.18 - RPOZ RPOJ Davice Rouling (Cont'd:

Suppcrtied Instructions Summary

The following 13 a summary of the instructions supported
by MPG for” the RPQ2/ . Detarled axplanations are
listed 1n section D.15.2.

READ SEEK HORON STEPON
NRITE HOME SK OFF WAIT

RONOSK RECAL 11 NOWAIT
WRNOSK IOLE MODE 10 STATUS
WRCK CRESET STEPUP COUNTS

Certain of the above 1ngtructions control the setting of
internal flni bits. The preset states of these bi1ts are
the same as though the following instructions were 1ssued:

HOROFF
MODE1l
WAIT

Information Werds
The s12 words listed below are used to pass informat

1
betueen the wuser Brogran and the device routine. R
words are preset to U's except RTRY which 13 preset to 3.

on
1

CYL R one word location that contains the cylinder
nusber 1n bi1ts 0 - 8 that will be used 1n sublequent
170 operations. The contents of CYL will be loaded
inte RPCR for all 1I/0 operstions thal require a
cylinder address.

HERD The word location that follows CYL and contains the
value of the head (track) number to be used i1n bits
0-4. The value 1n this word and 1a SECT will be
merged and locadeéd iat: RPDR for all 1/0 operaticns
thal require & heat and sector address.

SECT This word contains the sector number 1n bits (O-Y.
Located immediately following HERD 1n memory.

RTRY This word sgccxllﬁs the number of additional
atiempts that the Device Routine will try on an [/0
operation before deciding that 1t 13 unrecoverable.
Applicable only to those types of errors that
normally have a"possibility of recovery.

SIZE Stendard 1mplementation -  see  section D.l.l.
Cc:taséé are updated by RERD, WRITE, RONOSK, WRNCSK,
and WRCK.

ERF  Standard implementation - see section D.1.1.
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Statistical Information

Through wuse of the COUNTS statement and the REPORT
command, statistical information {for the program can be
dlsplafcd on the MPG print device. This ?nfurnatlon
consists of octal formalted binary counts under different
calagories. The catagories and the functions {from which
data’will be 1ncluded under cach ars:

BYTES RD: READ, RONOSK
: WRITE, WRNOSK
WRCK

READ CMNOS:  READ, RONOSK
WRITE CMNDS: g&t, WRNOSK

SEEK CMNDS: SEEK, HMOMESK, RECAL

MISC CMNDS: IDLE, CRESET

DEV ERRORS: Al hardware errors that resulted 1n an
error report. Errors  that were
recoverable when retried wi]l not
increment this count.

DATA ERRORS: Invalid unit number errors and errors
detected by the VERIFY statement.

RETRYS: The number of occurrences for each of
the five retryable type of errors.
Counts are maintained for TIMEE, CSME,
WPE, LPE, and .

TOTRL RETRYS:  Total number of retry attempts on all
farling 1/0 operations.

INTERRUPTS: Nulecr of entries 1nto the interrupt
routine.

Retryable Errors

Five errors are classified as rctrgaglc by this device
routineg. When one occurs (TIMEE, C WPE, LPE, or WCE),
the retry count contained 1n the interface word RTRY 13
checked "for & 2zero value. If 2erc, an 170 Termination
ercor 18 reported. If non-zero, the retry count for the
srror and Lthe total rctr, error count are incremenied by
one and the 1/0 operstion Is re-1ssued. If the retry 13
successful, the program will proceed to the next statement
in the user’s program. If 1t was not successful, the
rctr! count Trom RTRY 13 decremented, the total retry
count 18 1ncremented, and the command 18 re-13sued. This
continues unts]l e1ther the retry 18 successful or the RIRY
count goes o 2e¢ro. KWhen The latter occurs, the
"EXHAUSTED RETRIES™ error message will be 1ssued and the
DEV error count will be 1ncremented.

- - - —
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D.:S - RPO2/RPO3 Device Routine (Cont’d]

D.!1E.

= Disk Types

This device routine does not i1nterrogate the Device Status
register to determine which t,pc of disk 1t 13 operating
on. It relies solely on the model number assigned to the
program. If an has been assxgncd but 11718 actually
an RPO3, the device routine will process it as an RPOC.

- Rccessing The Data Bulfer Register

The Data Buffer (RPDB) rcglslcr will nolt be accessed by
this device routine and therefore will not be 1ncluded 11
any displays.

- OPSW Special Operation Bit Support

Bit 7 of the OPSW (SPOPER) 13 not sugportcd by this device
routine and 1ts setting has no effec! on disk operation.

DESCRIPTION OF RPO2/RPO3 INSTRUCTIONS

The FPO2/RPQ3 Device Routine supports ezecutlion of tucn&a MPG
Xan!uagc statements. For certain {functions (RERD ITE

WRCK, and ), the desired disk address must be Joaded inte
CylL, HERD, and SECT before performing those functions. For
the RDNOSK and MWRNOSK funclions, CT must contain the
desired sector rumber.

In lhe following descriptions, data showun aenclosed within
parentheses indicates the default values 1f nothing s
entered for the statement’s operands. The v
indicate a variable operand as defined 1n RAppend:
that 1f an odd b,!c count 13 supglxcd in any of ¢
instructions, 1t will effectively be decremented
being used.

1s_ used to
1 B.2. Note
he following
by 1 bafore

READ (D2S6 INTO RDIO)
READ v (INTO RDIO)
REAC v INTO v

This instruction translfers the number of bytes,
indicated by the first v, from the disk to memory
bchngxng 8t the memory location specified by the
seccnd v,

— —— —— v -
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WRITE (D256 FROM WRIO)
WRITE v (FROM WRIO)
WRITE v FROM v

Transfer the number of bytes from wmemor
beginning at the memcfy location xndzc!tc
second v.

The following statements do naot have default values f
operands:

RDNOSK v INTO v

Similar to the RERD statement but 1ssues ¢
(No  Seek) command and does nol have
cperands. Reading will begin on the pr
selected head and cylinder and at the
currently specified by SECT.

Note: The use of RONOSK and WRNOSK should be
when executing multiple programs on
drive. In thi13 situation I/0” operat
interlaced and since these command
perform 1mplied seeks, another prog
position the drive to o c,llndcr and/o
cther than the one desired for these ¢

WRNOSK v FROM v
Similar to the WRITE statement but 1ssues th
(No Seek) command and does not have
cperands. Comments for RONOSK also apply
statement.

WRCK v RT v

Compares the number of data byles i1n memory

F16
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to disk
d by the

or thair

he Read
default
eviously

seclor

avoided
the same
ons are
s do not
ram ma
r & hea
ommands.

e MWrite
default
to this

to those

at the specified disk location. Uses the Write

Check command.

SEEK

Performs o sgek functicn to _the_ disk
specified by CYL, HEAD, and SECT. This 1ns

does not terminate until the seek 13 finished

location
tructian

U — —_— ———
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D.1S - RPO2.-'RPO3 Device Routire (Cont’d)

HOME SK

RECAL

IOLE

CRESET

Performs a drive restore operation by 1ssuing the
Home Seek command.

Identical to HOMESK.

This statement perfcrms a controller clear function
by 1ssuing the Idle command.

Identical to IDLE.

The foliowing instructions do not perform I/0 operaticns:

STEPUP v

This cclnnnd does not perform an! 1/0 functions. It
rovides cas¥ 1ncrca¢ntnns of The contents of CYL
AD, and SEC The operan 1s the number of
sectors that these valucs orc to be 1ncremented.
Khen the SECT word cxcccds 1ts magzimum valid value,
1t will be set to O and the contents of HERD will] be
incremented. When HERD overflows, 1t will be set to
and CYL will be 1ncremented. MWhen i1ncrementin
ast the last sector on disk, all Lthree values w1l
¢ set to O's. Rutona!xcallﬂpad)usts to the number
aéO§¥ltndcr: (203 for the vs. 406 for the

Note that this instruction and STEPON will o cratc
with 1nvalid values 1n CYL, HERD, and SEC
execution. Regardless of their inilial contcn s,
the contents “of all three uords will be valid when
this instruction cona letes. his allows the use of
the “FILL 6 AT CYL WITH RQNDOF“ statement followed
by "STEPUP 0* to generate random disk addresses.

- e e
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D.1S - RPO2/RP0O3 Device Routine (Cont’d)

STEPDN v

Similar tos STEPUP but provides o dccrcncntxn'
capability. When all three values are 0, the nex

decrement will result 1n the dacimal values for the
three words of 202/40S, 19, 9.

WAIT
Standard 1mplementation - see section D.1.1.
NOWRIT
Standard implementation - see section D.1.1.
STATUS
Standard implementation - see section D.1.1.
Included with the standard display 1s the display af
the current contents of the EYL HERD and SECT
words. These values do not reflect the current
osition of the disk, bul merely the contents of the
hree words.
COUNTS

Standard i1mplementation - see section D.1.1.

The following statements define to the Device Routine the

desired setlings of certain bits in the device registers.

These statementis do notl immediately alter the register bits

but #11 subsequent I/0 functions and other agplxcablc
1

statements will be performed with the bits set as delined.
MODEL!
Sets the data word format to 1b bits (PDP-11 mode)
by resetting the MODE b1t 1n RPCS 1o 0. (Preset
mcde)
MCOELD
Sets the data word format to 36 bits (PDP-10/15
mcde) by setting the MODE bit 1n RPCS to a .

—— — —— —— —
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HORON
Rllows for Header operations on data transfer
commands by setting both the Header b1t (HDR) arnd
the Mode u.? (MODE) Tn RPCS to [’s.

HOROFF

Indicates that Header oncratxons are not to be
pc;lgrncd by resetting HOR and MODE to 0. (Preset
mode

RPO2/RP03 ERROR INFORMATION

This device routine processes errors 1n the standard fashion
described 1n section D.1.2.

If error bits are present 1n the device's registers on any
hardware error, the following message will be included:

ERROR BITS:
ddd,ddd,ddd,ddd,ddd, ddd, etc.

The codes ddd 1dentify which error bits were found. R sizty
four byte f1eld un?l be used to Jist all or as many of the
error bits as possible. In the !ollounn? l1st some codes are
distinguished by an asterisk (¥). hese codes will be
included i1n the message 11 their b1t values are Q. RI] other
codes are included 1T they have a2 value of 1. The following
are tha mnemonic codes supported for the ddd fields:

ERR = Error
HE = Hord Error
WPV = Write Protect Violation
FUvV = Fi1le Unsafe Violation
NXC = Non-exi1stent Cylinder
NXT = Non-existent Track
NXS = Non-existent Sector
PROGE = Program Error
FMTE = Formai Error
MODEE = Mode Error
LPE = Lonaxtudlnal Parity Error
WPE = Word Parity Error
CSME = Checksum Parity Error
. TIMEE = Timing Error
WCE = Write Check Error
NXME = Non-ezistent Memory Error
EOPE = End Of Pack Error
OSKERR = Disk Error
#SURDY = Selected Unit Ready

Pl
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#SUOL = Selected Unit On Line

HNF = Meader Not Found

SUSI = Selected Unit Seek Incomplete
SUFU = Selected Unit File Unsafe
SUWP = Selected Unit Write Protected
RTTN? = Attention Drive 7

RTING = Rttention Drive &

ATTNS = Attention Drive §

RTTNY = Attention Brxvc 4

RATTN3 = Rttention Drive 3

ATTNZ = Attention Drive 2

ATTNl = Attention Drive |

ATTNO = Attention Drive O

The unique error messages, which may occur 1n the use of this
device routine, are as follows:

RTTN NOT SET

This message 1ndicates that an attention interrupt
on 8 SEEK, HOMESK, or RECAL instruction was received
without the drive’s RTTN bit hcnn% set and 1t was
expected to be set. Before reporting this error, 1t
has been ascertained that another drive’'s RTIN did
not cause the interrupt.

DRTR ERROR (STMNT & nnnn)
Standard i1mplementation - see section D.1.2.

EXHAUSTED RETRIES ON z:x:11:

Upon detecting one of the five retryable errors
indicated by zz3x, the device routine has re-13sued
the faxlxn? 1/0 operation the number of times
specified In RIRY without :ucccssfull% completing
the operation. If RTRY 1s inmitzally O, th

18 message
will not occur. The codes for zx12 are:

TMEE = Timing Error

CSME = Checksum Error

WPE = Word Parity Error

LPE = Loniltudxnal Parity Error

¢ Check Error

WCE Wry

-
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INV UNIT 8

The curreat unmit number, which 1% d::;lagcd 1n
octal, 1s not 1n the ran‘c of 0-7. The RSSIGN
command 'fﬂ be used to caorrec the erroneous wunit
number. crements the data error count.

10 TERMINRTION ERROR

Error bits have been detecled 1n  the device
registers when processing a termination interrupt.
This message occurs for all non-retryable errors and
retryable errors when RTRY 13 set to™0

TIMEOUT ON 140

Rfter 1nitiating an 170 operation, the terminating
interrupt was "not received. The time allowed for
the interrupt to occur 1s approzimately 10 seconds
when on the POP-11/45 and with no other wuser
programs executing.

T/0 ON IDLE/CRESET

This error, which 1ndicates that Ready (ROY) did not
set within o few milliseconds after 1ssuing the Idle

command, may occur when e¢1ther the IDLE or the
CRESET statements are 1ssued.

UNIT OFF-LINE
Immediately prior to xnxlxatxng an_[/0 operation
the Sclcc%cd Unit On Line Bat (SUOL) 1n the RPDS
register was found to be reset.

UNIT NOT RDY
Inncdxatclv prior to 1nmitiating

¢ (

the Selecled Unit Ready b1
register was found to be reset.

n I/0 operation
SURDY) 1n the RPDS

UNSAFE ON INITIATION

Prior to initiating an 1/0 oscratxon the Selected
Unit Unsafe bit (§UFU) i1n RPDS was found to be sel.

K16

T
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D.15.4

RPO2/RP03 SAMPLE PROGRAMS
The !allounna are sample RPO2/RPO3 programs that perform the
1

functions 1n

1.

caled 1n their descriptions:

veri1fy the ability to read and write the header words on
all _sectors on cylinder octal 123 and head 3. Use the
PRINT instruction tg display the before and afler data:

*ENTER 3 RS ngmsr
"ASGN DEV: RPO3,3
"RDI0 = 256 7 B
"WRIO = 256 / 60

*DEV REG = 176710 /
?INT VEC = 000254 ~
BUS REQ =5 /

ENTER STMNT'S

»0010 LORD CYL WITH 126
>0020 LORD HERD WITH 3
»0030 ON

HOR

>0040 RERD D60 INTO RDIO

»0050 PRINT *ORIG_HDR DATA:

>0060 PRINT D60 AT RDIO IN OCTAL

>0070 FILL D60 AT WRIO WITH 177777

>0080 WRITE D60 FROM WRIO

>0090 FILL D60 AT WRIO WITH O

>0100 RERD D60 INTO WRIO

>0110 PRINT *TEST HDR DATA

>012C  PRINT D60 AT WRIO I

>0130  WRITE D6C FROM RDIO

>O140 RERD D60 INTO ISRIOI
1

»0150  PRINT #*RESTORED ORIG HDR DARTA:
»0160 PRINT D60 AT WRIO IN OCTAL
>0170  VERIFY D60 AT WRIO WITH RDIO

»0180 HDOROFF
0190 END
Y DONE

*RUN 3
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2. The following program will vera1iy all tracks on the enlire
disk by wr llng 1 bits to the 3010 fields. Retries will
be 1nhibited so &s to 1solate marginal tracks:

*ENTER 1 RS TRKCK
?ASGN DEV: RP02,0
?RDI0 = 256 7 0

"WRI0 = 256 7 5120

ENTER STMNT’S

»0010 LOAD RTRY WiTH O
0020 FILL D5120 AT WRIO WITH 177777
>0030 WRITE D5]20 FROM WRIO

l >0040 WRCK DS)20 AT WRIO
»0050  STEPUP 010
>0Ce0 IF b AT CYL ¢ O GOTO 30
00670 END
> DONE

¥RUN 1

3. Do 200G pairs of random seeks to an RPO3 disk by using the
STEPUP " instruction to generate valid disk address.s from
random data. Intersperse other instructions to perform
deta transfers of random data and do data validation at
thnese disk addresses:

$ENTER 7 RS R3RAND
7ASGN DEV: RP03,5
'RDI0 = 266 ~ 512
"WRI0 = 266 / 512

ENTER STMNT’S

»0010 LOARD TMOO WITH D200

»0020 FILL & AT CYL WITH RANDOM
>0030 STEPUP O

>0040 MOVE 6 AT CYL TO TMO3

>00S0  FILL DS12 AT WRIO WITH RANDOM
>0060  SEEK

>0070  WRNOSK DS12 FROM WRIO

>0080  WRCK DS12 AT WRIO

>0090 FILL 6 AT CYL WITH RANDOM
>0100 STEPUP O

>0110  IF & AT CYL = TMO3 GOTO 90
>0120 MOVE 6 AT CYL TO TMO6

>0130 WRITE DS12 FROM WRIO

>0140  WRCK DS12 AT WRIO

»01S0 MOVE 6 AT TMO3 TO CYL

»0160 RERD DS12 INTO RDIO

»3170  VERIFY DS12 AT RDIO WITH WRIO
+0180 MOVE b AT TMO& TO CYL
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RSO3/RSOM DISKS® DEVICE ROUTINE

Thc RSO3/RSOM Device Poutine, whose f1lenama 138 TRSAnm.MPG,

pports the Hngcrailon of RSO3 and RSOY disk drives on the
stanilrd RM11 SBUS controller and on the 11/70 version
(RH70) of the RMI11.

This Device Routine will luto-atxcall' adjust 1t operation
based upon the device assigned to 1 the CPU that it 1s
aperating cn. Error bits displayed 1n !hc ERROR BITS message
will be applicadle to the device and the controller. Error
Bits will be 1ncluded as necessary for common errors and RH70
errors.  Also, two additional device registars are supported
for the RH7O.

PRESET VALUES AND SUPPORT SUMMARY
- Vali1d Model Nomes and Unit Numbers

In reply to the “ASGN DEV:™ message, two mode]l names (RSOB
and ) are acceptable and "may be accompanied by 2
mazimum of 16 unit numbers. For this device the unit
numbers must be 1n the rangs of 0 thry 7

- Interface Rddresses

The following are the values preset for the RSO3/RSON and
be altered from the conscle terminal fallowing the
DEV:" message:

Device Register Base Rddress = 172040
Interrupt Vector Rddress =
Bus Request Priority =

- Symbolic Register Names

Tre symbolic rames licted below may be used to reference
the RHIIIRH7U RSCI/RSOM  device registers 1n MPG
instructions. The octal displacemen! assécisted with each
name 13 the value that will bz added to the device
register base address to obtain the actua! memory addrass
cf the desired register. Note that the last two (RSRE ard
RSC3) will be supporied only when running on an 11/70

Name Displ  Register
RSCl +] Control and Status !
RSWC +c Word Count

RSBA 4 Unibus Address

— - e

— — - = .
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RSDA +6 Desired Sector/Track Rddress
RSCe :{g Conlroltnzd Status 2
rive Status

QEEB 2 h Error egister
RSAS +16 Attention Summary
5363 ¢Sg ook Rhead

+ ata Buffer
RSMR +24 Maintenance
RSOT +26 Drive Type
RSAE +30 Bus Rddress Extension
RSC3 +32 Control and Status 3

- Supperted Instructions Summary

The following 13 a :unnnr of the 1nstructions supported

by MPG for” the RSQOI/R Detarled explanations are
listed 1n section D 16 e.

RERD CRESET  MWRIT BRION

WRITE DRESET NOWAIT BRIOFF

WRCK STEPUP  RPORT 000

SEARCH STEPDN BPORT EVEN
STATUS COUNTS

Certain cf thc above i1nstructions control the seltin of
internal a bits. The preset states of these bi1td are
the same as though the following 1nstructions were 1s8sued:

WAIT 00D BRIOFF RPORT

- Information MWords

The s1x words listed below are used to pass informaty
betuween the wuser pragram and the device routine. R
words are preset to O's excepl RTRY which 13 preset to 3.

TRAK or HERD A one word location that contaings the track
number 12 bits 0-S that will be used :n
subsequent I/0 operations. The contents of

will be loaded into RSDA for all I/0
operations that require a track address.

on
11

SECT This word contains the sector number in bitls
0-5. Located immediately following TRAK 1n

memory.
RTRY This wcerd specifies the number of addxtxonal
attempts that the Device Routine wil] tr
an 170 operation before dcc:dxn that 1t xs
unrecovarable. Rpplicable to those
types ¢! errors that nornallg have

possibility of recovery.

- wm ——
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SIZE Standard :mpiementation - see section D.1.1.
ﬁ&e}cnts are updated by RERD, WRITE, ard

ERR  Standard implementaticn - see section D.1.1.

- Statistical Information

Through use of the COUNTS statement and the REPORT
commafd, statistical information for the pro?ran can be
dxspla!cd on the MPG print device. This finformation
consisls of octal formatted binary counts under diffarent
catagories. The catagories and the functicns from which
data"will be 1ncluded under ecach are:

BYTES RERD
BYTES WRITTEN
BYTES CHECKED

READ COMMAND
WRITE COMMAND
CHECK COMMAND

SEARCH COMMAND
DRIVE CLEAR COMMAND

DEV ERRORS: Rl] harduware errors that resulled 1n an
error report. Errors  that were
recoverable when relried will not
increment this count.

DRTR/0PER ERRORS: Invalid unil number earrors and errors
detected by the VERIFY statement, |

RETRYS: The number of occurrences for each of
the four retryable type _of _errors. ,
Counts are maintained for DLT, DTE, DCK, |

and WCE.
TOTAL RETRYS: Total number of retry atlempts on all
failing 1/0 operations. |
INTERRUPTS: Number of entries 1ntc the 1interrupt |
routine. i

= Ratryable Errors

Four errors are classified as retryable h! this device !
routire. When one occurs (DLT, DTE, DCK, or WCE), the
relry count contained in the interface word RIRY 13
checked for 8 2ero value. If 2erc, an 1/0 Termination
error 13 reporied. If non-2erc, the relry count for the
error and the total retry arror count are sncremented by
ore and the 1/0 operation 1s re-1ssued. If the retry 13
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successful, ,the pro ram utll ‘rocacd to the next statement
in the user's g 2r ", it was not successful, the
rctrg count TRY 1: decremented, the total retry
count 18 incremented, and the command 1 re-1ssued, This
coatnnucs untal sither the rotr‘ 13 succcsslul or ihe RTRY
coun *ocs 2ero. latter occurs, the

XHRUSTED RE RIES’ crror message will be issued and the
DEV error count will be 1ncremented.

Khen p roccs'ln? rctrirs on laxlxn? 170 operations, the
0 s

original fu.ctlon will just be re-Tssued.

Disk Types

This device routine does not 1ntcrro ate the Drive ¥p¢

register to determine which type disk 1t 13 op crat ng

on. It relies solely on the model nuubcr assxgncd 0 }?c
Y

proﬂran I{ an RSO3 has been assigned but 1t 1s aclua
the device routine will process 1t as an RSOS.

Instructions Rnd Interrupts

Tuo of the 170 functions for the RSO3/RSOM disks will not
terminate with interrupts and will not have Interrypt
Enable set whern they are 1ssued. These funclions are
termed Non-Interrupl functions and are:

DRESET CRESET

After 1ssuing the above functions, the device routine will
del a¥ 2 feu nlcroscconds and then check the status of the
errof bits. ARAny found to be set will be raported as a
Non-Int Terminalion error.

The remaining 170 functions, which are listed below,
utilize 1nterrupts 1n their operations:

RERD WRITE WRCK SEARCH

For the above 1nstructions, tests for error conditicns
will be made when the tcrnxnatlng interrupt 13 rcccxvcd

Rccessing The Data Buffer Register

Thc contcnts ol the Dats Buf!cr (RSDB) regisier will be
stored hen processing an interrupt with the Quiput
Ready KOP) !xt set i1n the RSUS2 register. At all other
tlncs this register wili not be read and 1ls contents
will be displayed as 0's.
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- OPSW Special Operation Bit Support

Bit 7 of the OPSW (SPOPER) 13 not supported by this device
routine and 1ts satting has no effecl on disk operation.

CESCRIPTION OF RSO3/RSO4 INSTRUCTIONS

The RSO3/RSO4 Device Routine supporis execution of eighteen
MPG language statements. For certain functlions (RERD, RRITE
WRCK, and SERRCHM), the desired disk address must be loaded
into’ TRAK and SECY before performing those functions. In the
following descriptions data shown enclosed within
parentheses 1ndicates the default values 1f nothing 1s
entered for the statement’s operands. The v 13 used to
indicate a vari1able operand as defined 1n Appendiz B.2. Note
that 1f an cdd byte count 13 sup?lxcd in any of the following
instructions, 11 will effectively be decremented by 1 before
being used.

READ (D2S6_INTO RDIO)
READ v (INTO RDIO)
RERD v INTO v

This 1nstruction transfers the nrumber of bytles,
indicated by the first v, from the disk to memory
bchn:xng at the memory location specified by the
second v.

KRRITE (D256 FROM WRIO)
WRITE v (FROM WKIO)
WRITE v FROM v

Transfer the number of bytes {rom memory to disk
hchngxng at the memory location indicated by the
second v.

The following statements do not have default values for thearr
cperands:

WRCK v AT v
Compares the number of data {141d byles i1n memory to

those at the specified disk lolation. Uses the
Write Check Dala command.

ST T
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‘ SERRCH

Performs o search function to the sector specified
by SECT. This instruction does notl terminate unt:l
the search 13 finished.

The folloaxn; 1/0 commands do not wut:li2e the contents of
TRAK and SECT 1n their operations:

CRESET

This statement Ecrforus a controller clear function
by setting the CLR bit 1n the RSCSE register,

DRESET

Housekeeping of the drive 138 accomplished b! this
statement’ s 1ssu1ng of the Drive Clear command.

The following 1nstructions do not perform 170 operations:

STEPUP v

This command does not perform an! 170 functions. It
provides easy incrementing of the contents of TRAK
and SECT. The operand v 18 the number of sectors
that these values are 1o be incremented. When the
SECT word exceeds 1ts mazimum valid value, 1t will
be set to O and the contents of TRAK will be
incremented. KWhen i1ncrementing past the last sector
on disk, both values will be g4t to O

Note that this instruction and STEPDN will operate
with 1nvalid values 1n TRAK and SECT upon execution.
Regardless of their 1ni1tial contents, the contlents
of both words will be valid when Lhis instruction
completes. This_ allows the uss of the
“FILL 4 AT TRAK WITH RANDOM™ statement followed by
“STEPUP 0" to generate random disk addresses.

STEPON v

Similar to STEPUP but provides a decrementin
capability. When both values are 0, the nex
decrement will result 1n the decimal values for the
two words af B3.
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WAIT
Standard 1mplementation - see¢ section D.1.1.
NOWAIT
Standard 1mplementation - see section D.1.1.
STATUS
Standard i1mplementation - see section D 1.1.
Inzluded with the standard dx:pla 1s the dx#pla of
the current contents of the T and SEC
These values do not reflect thc current position of
the disk, but merely the contents of the two words.
COUNTS

Standard 1mplementation - see section D.].1.

The following statements define to the Device Routine the
desired setlings of certain bits i1n the device rchstcrs
These statements do not lllldllttl! altcr \hc rc ls er bx!s
but all subsequent I/0 {functidns her plicable
statements will be performed with the blts sct s dc lncd

RPORT
Indicates that the value o hc PSEL b1t 1n RSCS] 1
to be set to 0 (UNIBUS Po R). (Preset mode)
gPORT
PSEL will be se! to a8 1 (UNIBUS Port B) on
subsequent funclions.,
CD0
Causes thc Par1ty Select (PAT) bit 1n RSCSE to be 1n
the O state on subscqucnt functions. (Preset mode)
EVEN

Causes PRT to be set to 2 .

_—— e ——— g




- e —— e —— - - ——

- J01

M.P.G. Pags 216

C.16 - RSO3/RSOM Device Routine (Cont’d:

' D.16.3

BRION
Spezifies that bus address incrementing 13 not to be
performed by setting the BRI bit "1n the RSCS2
register to 3 1.

SRIJFF

Results 1n BRI being reset to a O and bus address
incrementing being performed. (Preset mode)

RSO3/RSO4 ERROR INFORMATION

This device routine processes errors 1n the standard {fashion
described 1n section D.1.2. However, due to the nature of
this device, additional 1nformation 1s provided to the user.

The 170 function lch of jnstructions are considered to
ezecute 1n two s a?cs. he first 13 the time 3t takes to
housekeep the disk prior to the output of the specified
command. The second 13 after the point the specified
function 13 1ssued and unti1]l after the IJTunction terminates.
Since error conditions may occur in gither sloic, this device
routine 1ndigates which slage 1t was 1n when 1The error was
detected. This is lccolgl shed by 1ncluding the approgr:atc
message of the following lwo messages in the error display:

BEFORE ISSUING I/0 CMND
RFTER ISSUING 170 CMND

I{ the error 1s detecled before

1ssuing the specified I/0
command and MPG’'s Continue (CONT) go

naand 18 1ssued, the
program will be resumed at the statement on which the error
was™ detected. If an RFTER error, the progrem will resume at
the next statement 1n the user’s progranm.

Rlso 1ncluded with every error di1splay, other than the
invalid unit number error, 18 the following message:

ERROR BITS:
ddd,ddd,ddd,ddd,ddd,ddd,etc.

This message 1ndicates that one or more error _status bits
have been detected 1in the device registers. The Lodes ddd
1dent1fy which error bits were {found. R snxtg four bytle
field will be used to i1st all or as many of the error bits
as possible. In the iollounng list  “some codes are
distinguished by an asterisk (#). These codes will be
inciuded 1n the message 1f their b1t values are 0. Rll other




codes are i1ncluded
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1{ they have 2 valua of 1. The following
¢ ddd f1elds:

common to all] devices:

pecial Condition

ran:lcr rror
Massbus Contral Bus Parity Error
grxvc Available

eady
Data Late
Write Check Error
Unibus Parity Error
Nenezistent Drive
Nonezistent Memory
Program Error
Missed Transfer
Massbus Data Bus Parity Error
Rttention RActive
Error
Pos:t:onlnE In Progress

Medium On-LCin
Drive Prcscnt
Drive Read
Data Check
Unsafe
Operation Incomplete
Drive Timing Error
Write Lock Error

Invalid Rddress Error
Address Overflow Errar
Parity Error
Rc’ cr Modification Refused

¢gal Registier

Illcgal Function
Attention Active Drive
tention RActive Drive
tention Retive Drive
tention Retive Drive
tention Rctive Drive
tention Active Drive
tention Active Drive
tention Active Drive

O—nWwrunoe-~N

unique to the RH70:

Rddress Pariiy Error

Data Parlt Error 0dd Word
Dats arlt Error, Evcn Word

Write C hccg Error d Word

Write Check Error Evcn Kord

- = 1
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The unique error messages, which may sccur 1a the use of this
device routing, are as follows:

DATA ERROR (STMNT & nnnn)

Standard 1mplementation - see section D.1.2.

DISK IS OFF-LINE

Immediately prior to initiating an I/0 operation,
the Medium On Line bit (MOLJ in the RSDS register
was found to be reset.

ERROR CN INITIARTION

Prior to 1n1tiating an 1/0 operation, & condition
that sets the SC dit 1n RSCS1, other than an Unsafe,
did not clear after five attempts to reset 1t. The
error bits that caused SC to bBe set will be listed.

EXHAUSTED RETRIES

Upon detecting one of the four retryable errors, the
device routine has re-1ssued the fairling 1/0
operation the number of times sgcc1flcd in~ RTRY
without successful completeson of the operation. If
RTRY 1s 1nitially 0, this message will not occur.

INT WITHOUT ATA

This -cs:aic indicates that an interrupt was
receivaed wilhout the drive’s ATA bit being set, when
1t was expected to be set. This error occurs where
8 SERRCH command_ 18 1ssued and an interrupt was
received without RTA being set.

INV UNIT #

The current unit number, which 1 dxs*ilgcd in
octal, 1s not 1n the range of 0-7. The RSSIGN
command may be used to correct the «erronsous umit
number. Increments the datasoperator error count.
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I1-0 TERMINARTION ERROR

Error bits have been detecled 1n  the device
registers when processing a termination interrupt.
This message occurs for all non-retryable errors and
retryable errors when RTRY 13 set to0 0

NON-EXTSTENT DRIVE

Immedrately after loading a valid unit number (0-7)
into RSCSZ2, the Non-Existent Drive bit (NED) 1n

RSCS2 was found to be set.

NON-INT I/0 TERMINARTION ERROR

Error bits were found set 1n the device registers o
few microseconds after 1ssuing one cf the
Non-Interrupt type of I/0 functions (DRESET or

CRESET)

TIMEOUT ON /0

After 1ni1tiating an 1/0 cperation, the terminating
interrupl was "not received. The time allowed for
the 1nterrupt to occur 1s «pproximately ten seconds
when on the POP-11/45 and with nd other wuser

programs executing.

T/0 ON CRESET

This error, which 1ndicates that Ready (RDY) did not
set within a few milliseconds after setting the CLR
bit 1n RSCS2, may occur when the CRESET stalement 1s

18sued.

UNEXP ATA COND

When processing an interrupt after _1ssuing an /0
function that should not cause an RATA condition, the
disk's ATA b1t was found set.
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UNSRFE ERROR ON INITIRTION

Prior to 1ni1tiating an 1/0 operation, the Unsafe bit
(UNS) 1n RSER was found to be set. If the previous
170 operation did not result _in an error, this error
18 reported 1mmediately. If there was an error on
the previous operation, a drive clear will be 13sued
to reset the condition. If UNS 1s stil] set after
the drive clear, this error 1s reported.

RSO3/RSOM SAMPLE PROGRAMS
The follou:na are sample RSO3/RSOM programs that perform the
|

functions 1n

cated 1n their descriptions:

1. The tollowing program will v¢r1f! all tracks on the entire
)

disk

by writing 'l bits to the
be 1nhlgxl

ta fields. Retries will
¢ed so 2s to 1s0late marginal tracks:

¥ENTER 1 RS TRKCK
?ASGN DEV: RSO4,0

?RDI0 =256 7

7WRI0 = 256 7 16384

7DEV REG = 172040 /

?INT VEC = 000204 s

"BUS REQ =§ /

ENTER STMNT’S

>0010 LOARD RTRY WITH O

>0020 FILL DI16384 AT WRIO WITH 177777
0030 WRITE D16384 FROM WRIO
0040 KWRCK D16384 AT WRIO

»00S0 STEPUP DEM

0060 IF 4 AT TRAK ¢» 0 GOTO 30
>0070 END

> CONE

¥RUN !

— ——— -
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2. Use ai1ght-sector transfers to write random data on the i
disk. ~ Read each block of eight sectors after 1t 13
wrilien, and softuware compare Lhe dats for accuracy.

*ENTER 3
7QSGN oev RSO, §
"ROI0 = 7 2048

"“WRI10 = ess ; 2088
ENTER STMNT'S
0010  FI 8 AT WRIO WITH RANDOM
m%ﬁosg'ma
READ D20M8
>O0M0  VERIFY D20M8 RT WRIO WITH RDIO
»00S0 STEPUP 08

»3060 IF 4 AT TRRK <> 0 GO TC IC
>0070 END




E.l

E.2

- C0?

M.P.G. Page 222

RPPENDIX E

ERROR MESSAGES

GENERAL INFORMATION

The error messages described in this apscndxx are independent of
those 1ssued B the 1ndividual device routines. For a
descr:ption of the errors produced b: a particular davice

aoutlnc, refer to that routine’s sectiof 1n Rppendiz D - Device
outines.

Upon detecting improper dats entries, invalid sequences, or
device errors will dnsglay messages on the console terminal
that dascribe lhe rature of Yhe error.” These messages, which are
aluways printed in upper case RSCII, are prefixed wilh the code
$ER% s0 that they way be distinguished from normal console
messages 1ssued by MG

The error messages dascribed 1n this appendix naY be divided 1nto
four classes according to the MPG component that 1ssues them.
These four components are as follous:

Stand Rlone Executive

Command Processor and Control Reutline
MPG Memory Management Version

Language Processor and Compiler

The following sections contain o Jist of the error messages that
can bs lsauca by each component and a description of each srror.

EXECUTIVE ERROR MESSAGES

The following 13 a list of the maessages that can be 1ssued by

MPG's Stand” Alone Ezsculive. Each message 13 prefized with the

error 1.0. code of #ER* and the name of the device, when 1t 13 0

device tgg; of error, 1n the format of "zrzr DEV:" where srix
er

will be either SAVE, FTCH, LOAD, or LST.
Message Description
CKSUM ERR When reading » device rouling or & saved

Jser progran from the LORD or FETCH
device, the checksum byle compuled cn
the read dats does not match the
checksum byte contained 1n the data.

— — - e - -
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JEL ERR

CE. AL

DEV ERR

DEV FULL

END OF FILE

FILE NOT FND

HiK ERR

INSUF MEM FOR MPG

INV CMNC FOR DEV

D02
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When deleting » user proiran the MRP
bit blocks "were exhaus cd before all
bits were processed. An  tllogical
ereor; robably due to some type of
device malfunction,

MPG has been instructed to save o user

program but the name which §t 13 to be

saved as already exisis. The user must

s1ther re-enter !hc /SAVE command with @

?l{(trnnt name or delete the erxisting
1le.

A device error (INOP, read error, writs
rotected, atc.) has been detected on
he 1ndicated device.

When attempting to save 8 user program,
e¢i1ther all direclory entries are 1n use
or all data blocks are 1n use.

Occurs when reading o f1le and a read
for the next block 13 13s5ued and there
18 not a next block. Rn 1llogical error
which may be caused b! the previous
block being read 1ncorrectly

This message, which 138 precedead by the
nine character RSCII file “name
indicates that the named fi1le was nol
found on the LORD or FETCh device.

Issued for the LIST device, this message
indicates that an error condition (out
of paper olllinc. stc.) arxists. When
the condition corrected, prinling
will resume luto-atxcallg

A minimum of 16K words 18 required for
MPG. Unless additional memory can be
brought on-line, You can not proceed an
further. Hﬂa be caused by a ba
read of the G ram {1le from the
load device. hls rror message will be
followed by a haldt. Aftef  taking
corrective action, 1f possible, deprass
CONTINUE for a retry.

This error occurs when a directory tyge
of command (/LIST, /OELETE, /Z8RC)"is
1ssued to 2 non- d:rcctorg lgpc of device
(paper tape,.

— ——— - —-— -
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INV DRTR The g for the console terminai
constan s wat ¢ither not 1n octal format
or 1ls value was larger than 377

INV DRTE Rn incorrect reply was made for the date
request. The férmat of the repiy 13

DO-MMM-YY,

MPG COMMRND PROCESSOR AND CONTROL ROUTINE

The messages listed 1n this section occur during execution of
user aentered commands and/or user programs. Other than a couplc
of cxcc txons all ICSSC,OS are prefized with the error

code . For erfors ihat occur on commands that ms havc
-ultxplc progra- numbers, the error message 1s prefized wilh the
program’s number 1n the format of nn”. Rlso lnr

-cs:aacs that report 1nvalid data, the arror message w1l 1]

1ssue then fcllowed bY ano(hcr message that Jisplays thc
data on uhxch the error was delected
Messages Description
nannnn ADJ TO EVEN An oct“&ﬂlcnorg dress (nnnnnn) for the
commands was found to
bc 0d 18 adjusted to the next

loucst cvcn addrcss and then used as the
address. The #ER® code 138 not i1ncluded
with this message.

RDR > MEM An octal memory address, anlered on the
ROM, WRM, or commands, 1s not within
available memory or the range of device
register addresies.

"RS' NOT SPECIFIED The separator word RS was not specified
in the /SAVE or /FETCH commands.

B8UF /COM NOT SPECIFIED The destination name of BUF or COM was
not Rccxfxcd in the FILL command., The

data ¢t should be BUF/COM will be
displayed.

DRTH CONV ERROR Data cntcrcd b the wuser, which was
expected gc 1n e1ther octal or

decimal fornat contained characters
other than 0-7 or 0-9. The 1nvalid data
will be displayed.
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DATR ERROR (STMNT 8 nnan)

DATR NOT SPECIFIED

DOESN'T EXIST

INRCTIVE

IN CONTROL

INSJF MEM FOR DEV ROUT 8

INV ADR RANGE

INV BUF/7(0M @

INV CMND

FO2
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R data miscompare has been detected by
the VERIFY ~ statement 1n a2 wuser’s
program.

Nei1ther pattern, octal nor RSCII data
was specified on the FILL command.

R command, which performs an operation
on an existing program, 1s diracted at a
program slot which does not have a
resident program.

R STOP, CONT, or KILL command was
directed ot a program that had not baen
specified for execution.

The user has 1ssued a RUN command, while
at the user program interrupted command
level, for a program that 18 currently
running and was 1n control at the time
of interrupt. Due to stack conirel,
this an invalid cperation. The STOP or
KILL commands must be 1ssued for the
program, execution resumed, and then
anolher user interrupt 13sued before the
RUN command will be accepted for that
program.

1/0 ARERS

When 1n the process of entering cr
fetching a2  new pro?ra-, MPG™ has
determined that there Is insufficient
memory space available.

The octal memory address entered for the
device register address 1s not equal to
or gqreater than 160010 or, for the
interrupt vector address, 1s not less
than 1000. The invalid addrass will be
displayed.

The value entered on  the FILL command
was not ei1ther 0-1S for the BF operand
or 0-9 for the COM cperand. The 1nvalid
number will be displayed.

When scanning the keyboard data for
command cntr!, the” first word of data
doss not match any command name «1ther
in full or the {first two characters.
The 1nvalid command entered will be
displayed.
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INV DATA = r11...11

INV DEV TYPE

INV LINE 8

INV MDL NRME

INV NAME

INV NUMBER
INV FAT &

INV PRCG 8

INVY STK ARDR

INY UNIT s

LINE 8 NOT SPECIFIED

M.P.G. Page 226

The display of the invalid data. This
message will always be preceded by a
descriptive error message.

Either a2 device which does not have
device routine support or the keywords
KBOO, KYBD or LORD have been entered as
& program’s device type. Or, a device
type has been entered for SAvE,  FETCH,
of LIST and 1s not applicable For those
functions.

The program statement line number
entered on the RUN command does not

match any line number 1n the wuser’s

gro ram.” The 1nvalid line number will
¢ displayed.

The device's model name entared 13 not
supsortcd h! MPG. The name entared will
be displayed.

Thcvgrogral name entered on the ENTER,
/SAVE, /FETCH, or /DELETE commands
¢1ther does not consist of | to b
chaaagtcr: or the characters are not R-Z
or 0-9.

The decimal number entered for the CDB
command could not be convarted to a one
word binary number,

The pattern number entered on the FILL
éa?aand was not e¢i1ther PATO thry PATY or

The program numbered entered 13 not 1n
the range of decimal 1 thru ib.

The vaiue of the stack pointer was
greater than Lhe mazimum allowsble value
when a_user program returned control o
MPG. Ezecution of the user program will
be terminated 1mmediately.

R unit number entered while assigning
device _1s not within the range of
decimal O thru 15,

R program statement line number d1d not
follow the separator word 'RAT' 1n the
RUN command.

602
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MOL NRME NOT SPECIFIED

NAME NOT SPECIFIED

N 0BJ CODt

NC PROG’S FND

NO REPT AVAIL

000 ARDR

OFERAND NOT SPECIFIED

PRCG 8 NOT SPECIFIED

RESTRICTED CMND

HO2
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R device's mode] name was not entered in
reply the ASGN DEV messags.

R one to si1x character name to be wused
as the save I.D. was not entered
following the separator word 'RS’ on the
/SAVE command.

Erther the RUN command or the DISPLAY
command with the CODE option specified o
progrem which does nol have generatsd
object cods.

The OPSW command was 13sued for all
grograns (program number not supplied),

ut there were no user programs
resident.

The REPORT command has been :1ssued to
program whose device routine_does not
support the report facility. The #ER#
code 1s nol 1ncluded 1n this message.

The memory address entered for cither a
device register address or interrupt
vector address was odd.

An cperand was not entered for a command
that' requires at least one operand
(other than the command 1.D.).

R program number was not entered on
e1ther the /FETCH or the RSSIGN

commands.

While entering commands at the wuser

program interupt level, 8 command that

would alter the contents of memory was
:ntcr:d. Refer to section 4.3 for more
etails.

eND OPERAND NOT SPECIFIED

STK T0O BIG

R command that requires two or more
operands did not have a second operand.

This error occurs when a user program
returns control to MPG and has lelt more
than thirty words on the stack. Since
space 18 reserved for no more than 30
words, data would be lost for the
program. Therefore, this 1s reported as
an &rror condition and the program’s
execution 13 terminated.

C —— -

—— -y




M.P.u. Page 228
Error Messages (Cont'd? J

JNNEC OPERRND Rfter processing command, an
unnecessary operand was found 1n the
command statement.

viD DEV TBL LD ERR, PRESS “CONT"™ TO RETRY

When attempting to read the Valid
Dcvnic: Table "file (TVDRnm.MPG), the
handler has delected an error on the
LORD device. The type of error will be
identified by & handler error message
1ssued before this one. Rttempt 1o
corract the condition and press the
“CONTINUE™ switch to retry the read.

"WITH' NOT SPECIFIED Tne WITH  separator word was not
specified 1n the FILL command.
E.4 MPG MEMORY MANAGEMENT VERSION ERRORS
The error messages listed 1n this secticn are generated by the

Command Processor and Control Routine bul are aﬁsllcablc only to
the HCIOP* Management version of MPG (TMMAnm.MPG) Th can
Y

sccur on 1n” the sections of code that are unique td this
version.

Messages Description

RADR WITHIN MPG The memory address entered for the

{
ro!ran’s ares on the ENTER, /FETCH, or
EHI T commands 13 within MPG's program
space.

DESTINATION NOT SPECIFIED
The destination for the SHIFT command
(program number, memory address, or MPG)
was not entered on the command.

INSUF REGS AVAIL After loading & device routing, which
utilizes the Unibus Map, on the ENTER or
/FETCH commands, there were not
sufficient number of contiguous Unibus
Map registers available to satisfy the
program’s needs. Eilher other prigrams
will have to be deleted or the registers
assigned to other grogran: will have to
be reassigned with the UBMAP command to
make ¢ ou*h contiguous registers
avarlable. This error aborts the ENTER
or /FETCH comwand.
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INSUF ROOM FOR PROG When using the SHIFT command to move @
program To a new address, the program
would not be able to f1t 1n the space
available. This space 18 from the
supplied starting address (o the nerxt
highest program in memory or {o the and
of memory.

INV REG & (SHC BE 7 - 28.29,30)

The register number entered on the rapl
to the Unibus Map register reques
message wag not in the range of decimal
7 thru 30. Will also “occur_ 1! two
registers are required and 30 was
entered or 1! three registers are
required and 29 or 30 was enlered.

PROG AREA IN USE The memory address entered as 2
pro?ral's slarting address on the ENTER,
/FETCH, or SHIFT commands specified an

area which 13 already occupired by
another user program.

RDIO+WRIO » 24,250 The combined si12¢ specifi1ed for RDIC and
WRIO exceed the decimal number of byles
indicated. R pragram’s area, which

éncé’gcs RDIO and” WRIO cannotl exceed
Y, bytes (12K words) 10 this

version,
REGS IN USE The registers specified on the reply to
the Unibus Map reqister request nc:sagc
are already " beihg used by othir
programs.
'TO® NOT SPECIFIED The 'TO' separator word 1n the SHIFT

command was not entered.

WARNING!®' PROG I/0 AREA > 18 BIT AODR - MAY NOT RUN
This message can occur only on a program
that wouid normally use the Unibus Map.
It 13 conditioned by 22 b1t addressing
being used and the Unibus Hag not being
used. Rfter a program 13 Entered of
Fetched or after 11 has been Shifted to
a2 new address, the end of the WRIO areas
will be checked to determine 1f 1t 1
?rcatar than octal 1000000. If 1t s,
his message 13 13sued. The prosron Y

still run” 1f 1t does not o I
operations or 1{ the 1/0 operations do
not exceed the octal 1000000 address

boundary.
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E.S MPG LANGURGE PROCESSOR RND COMPILER

The messages listed 1n this seclion would be encountersd while
entering "MPG ﬁaagran instructions from the console or retreiving
them from the save f1le storage medra. In addition to the
specific messages listed below, which are preceded by %ER®, any
user entry thal™ cannot be interpreted will be echoed back,
preceded !g #ER* and surrounded by question marks.

SYNTRX ERROR ON SAVED PROG - END FORCED

An MPG program statement that was 1n a proper format when
stored on the SAVE media, was not 1n _the &ropcr format when
retrieved using o FETCH command. An END "statement was
substituted, and all preceeding statements wers compiled.

LAST STMNT NOT AN END

The MPG statement with the highest sequence number 13 not an
END statement. This message only appears after the user
attempts to ex1t using a DONE statement. Since an automatic
Compile takes place after the DONE 1s accepted. the user 1s
n?t allowed to exit unt1]l an END statement 1s 1n the proper
place.

nnnn NOT FOUND

The line number nnnn could not be located 1n response to an
nnnn DELETE statement.

MEM LIMIT EXCEEDED - END FORCED

The storage requirement for tne program being defined
including both the packed source stalements an resul tani
object code, will etceed available memor 1f the current
statement 13 included. An END statement 13 substituted, and
al]l previcus statements are compiled.

INV LINE »
The first four characlters entered by the user are not valid
43 & line number (not one to four dgclnal digits).

CAN'T 1311 ON dddd
The MPG 1nstruction zx131 18 valid, but 13 not su?pcrttd by

the assigned Device Routine dddd. An example ol this 1s 2
FEWIND 1n3truction when o Disk 13 assigned.

— e — —
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NON-EXISTENT LINE REF ON LINE nnrn

The MPG instruction with sequence number nnnn referenced
ancther MPG sequence number that didn’t exist. This 1s the
only arror that cannot be delected when statements are
entered, and only appears after a DONE statement, while o
compile 18 1n progress.

INV FMT ON SAVED FILE
When reading & user program file from the FETCH device, the

end of the f1le has Been reached and an END statement has
not been processed.
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RPPENDIX F

USER PROGRAM SUBMITTAL FORM

Since MPG provides the ability to generate programs designed to
test various arecas of lhe hardware, 1t was feit that a mechanism
was needed to distribute selected programs written by the MPG
users. By wusing the folloulng form, & wuser thdl writes a
program, which he” feels would be uselul to other technical
ersonnel 1n the factory and/or the f1¢ld, nag submit the program
o the Diagnostic Group for review and 1nclusion i1n a manual That
consists of a catalog of these user programs. This manual w1ll
be available through normal distribution” and will be wupdated

periodically.

You, as users of MPG, are by far the best source for realistic
user programs. Due to your detailed knowledge of the harduware
and the obvious fact that the program wouid not have been written
unless there was_ a need for 21t, iour programs have meaning for
their existence. Therefore, why nol share your pet programs with
other wusers and thereby reduce duplication of effort.” So, keep
those cards and letters coming 1n folks.

Since thi1s manual contains only one form, 1t 13 suggested that 1t
be removed from the manual and be copred. This way, 1f you later
hav: a second program to submit, you will still have the form
master,

Please {11l 1n all items an the form. If your Trogran 18
lcnathg, add extira pages as needed. Or, attach™a lisling of the
stalements produced gy the DISPLAY command. When completed, mail
the farm through internal ma1l to:

DIAGNOSTIC ENGINEERING - MPG

ML 21-4 7 EIO
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Page 1 of ...
MPG USER PROGRAM SUBMITTAL FORM

DIAGNOSTIC ENGINEERING - MPG ML 21-4 /7 EIO

Cevize Tasted:......... P.D.P.-..... Systen
Ruthor’ s Name:.....ooviiinnnneennennnns Date:..........
Office Location:.. .o vennen.. Mai1l Code:.........

Brief descriptions of:
A) Area of the hardware tested:

B) Purpose of the program:

Program Name:...............
Name of associated program, 1f any:...............
Device assigned to the program:............
RDIC Size:........ WRIC Size:........ OPSW Setting:........
Uses: COM......... FREE......
BUF/BF...... MIOL......

Py )

T 3




BO3

M.P.G. Page 234

Page ... of ...
Program®s Source Statements:

tIrcivde ling numbers and use additional pages if needed.)

L e —
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RPPENDIX G

MPG CODING FORM GENERRTION

olloaing this description 13 a short user program which can be
used to quxcklg gancratc coding forms formatted for MPG. Its
operation vcr’ !ll‘ ¢ and onl' rcquxr NONE as the assigned
device. hc fifst atcnc i s¢ls b1t thet 1nhibits the
printing of the 'PROG ‘ lcssagc The nest tuwo
statements set up thc Forl Fccd character and then issuss 1t

The remaaning lines 1njtialize the decimal number 10, prints it
in  decimal, “spaces a lxnc, increments the number by 10, and then

rcpcats the sc uence. This semple will rxnt lxnc nunbcr; 10
thru chang 1n' the constant 1n Ji1ne number of
lines can “be gxnlcd his form will be dxrcctcd lo t ¢ MPG LIST

device uhxch 18 ei1ther the conscle terminal or optionally, the
printer.

0010 SET OPSKW BIT O

0020 LORD TMOOQ WITH IM

0030 PRINT 1 AT TMOO IN ASCII
0340 LORD TMOl WITH DIO

00s0 PRINT TMOl IN DECIMAL
0060 PRINT #

0C70 INCR TMO1 BY DiO

0082 IF TMGL < (310 GOTG 0OCSG
8:00 10 ENC
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RPPENDIX H

MPG REVISION MISTORY

The first section of this Appendit contains & summary of the
support provided on the lirst release of MPG. The rcnalnxng
sections summari2¢ the more visable differences belween sac
subsaquent release and the previous one. MWhere applicable, the
uwser will Be directed to more detailed 1nformation contained
slsewhers 1n this manual.

INITIAL RELERSE OF MPG (VERSION 8 1)

The first release of MPG became availabie from SDC 1n Rugust of
Being an 1ni1ti1al release, 1t 3ugporlcd » basic complement
of devices and features which are li1sted next

Exccu!xvcs and Load Med:d

Four Executives, each of which supports a different primary load
device, were supplied on this release. The load media cf the

different versions, each of which supports the PClI1/PR1l Paper
Tape as secondary SAVE/FETCH devices, are as follows:

TCMPG TCi1 DECtape
RKMPG  RX1l Disk

PG TM11 Magtape
THPG TMO2 Magtape

Hlso contained 1n each of the Exacutives 1s the driver for the
PG LIST device. The differant printers supported for this are
the LP11, LSI1!, and LVI1.

MPG Program

The MPG rcﬂra- consists basically o thc Command Processor

Lang ua ¢ rocessor Compiler, on gra- Dispatcher. |

ESJUlr‘%h. sinimum ol 16K words of lclcr d will suppert up to
¢

commands lxstcd n g cndlx and the uscr program
stotements 1n Rppendiz B are supporled by this program.

Device Routings

Sxx full 3ugpnrt device routines and tuwelve -:nsnun support
device routings are included on this releass. The {ul gcr!
device routings grovxdc high laevel I/0 statements fRERD

SEE¥., etc.) for the followlng devices:

— . ——————
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MOS Revision History (lont’d)

M.2

DJ11 16 Line Rsync Multiplexzer
DLIL Single Line Rsync Interface
0Gll PR Sync Interlace

RK11 Disk

TCL1 DECtape

™1l Magtape

The minimum support device roulines provide symbolic names for
device regisiers and an alterable device register base addrass
for the registers. The model names for the twelve routines are:

coll LP11/LS1isLVE]
CR11/CN11 PCl1/PR11

DClL RC1l

DH11 RF11

DNLL RPL1

KWll TRl

VERSION 8 2 RELERSE

Version 8 2 of MPG became available from SOC 1n April of 1976.
The prlnar“ thrust of this update was toward Memory Management
and Unibus Rap support. However, additional load medi1a and
device routines were also 1ncluded.

Befors llltlng the changes for each section of MPG, 1t should_ be
noted that one modificdiion pertained to all MPG sections. This
13 the support for operation on an LSI-11. RIl areas of
incompatibility were modif1ed for compatibility across the POP-11
ser1es of procéssors.

Executives

Tuo new versions of the Executive, cach of which suEports 8 New
losd medium, have been added. The names of the Execulives and
the medium cach supports are:

RXMPG RX11 Flotpg Disk
RBMPG RPOY Dis

R bug, which occurred when an LVI]l was assigned as the MPG LIST
device, has been corrected 1n all versions of the Ezecutive.
Rlso, all versions will now determine 1f Memory Management 13
present and 1f 1t 13, wil]l ask 1f 1t 18 to be used.

MPG Program

With this release there are now two versions of the MPG grogran.
The original version_has been retained and has approzimalagly ths
same capdbilities. Tne second and newest version (DTMAR-A,
1rcludes support for Memory Management, Unibus Map, and 22 bit
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addressing. Several enhancementis have been lncoraoratcd into the

inal “version and have also been included 1n the Memory

Management version. These changes ars:

The

The table of valid device names 18 no longer a part of

MPG gro ram. It 13 now a separate f1]e (TVDARAC.MPG) a

Tx{% ¢ ,oadcd by MPG 1mmediately after the typing of MP
itle.

Corrected a bug with the IF instruction.

Rdded the WORD instruction. This allows the user to spec:iy
binary code 1n his program. Refer to Appendiz B.3.

he
gd
]

When specifying a program name, the user may now wuse from
one 1o si1t characters. Previously, 1t was required to be
s1x characters.

The FAST option has been added to the /LIST command. This
results 1n only the filenames being listed.

The FILL command will now accept the symbolic names PRTO
thru PRTA 1n 1ts operation. This provides for filling the
buffers with the predefined b1t patterns.

Rngthcr redgfined b1t pattern has been added. Its name 5:
PATA an! unfl genarate count words. Refer to Rppendiz C.3.

Immediately after loadnn? a device routine for a wuser
program, will display 1ts filename 1n full on the
console terminal.

R test 13 made for the Cache Memory's Hit/Miss register and
1f found, the timing constants for the DELRY instruction and
the 170 timeout will be adjusied.

Bus addresses genarated for all NPR I/0 instructions and the
REAC and WRITE 1nstructions will be two words i1n length.

Memory Management version of MPG has some additional

capabilities and some restriclions, For more detairls, refer to
Section 9 which has detailed 1nformation aboutl this version.
brief summary of these additional features follows:

-

Two additionsl commands are supported. The SHIFT command
allows the user to move his programs around 1n ncnor' and to
change their program slots. The UBMAP command lets The user
change the Unibus Map registers assigned to his program.

An ex1sting command has been cxpanded. The MM (Memory Map)
command will now accept program numbers. When this format
18 used, additional deta:led information about the specified
programs 33 i1sted,

FO3
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- The ROM, WRM, BOC, ADD, and SUB ccmmands will accept up to
22 bits for lheir addresses and/or operands.

~ The user can now oplionally specify the starting memory
address for cach of his programs.

- The RESET and VECTOR instructions are not supported 1n this
version.

- A common trap catcher has been added. This routine will
display gcrl:ncnl information when traps occur at vectors M,
10, 34, 114, and 250.

Device Routines

Four full suppcrt device routines and two minimum support device
routines have been added on this release. Rlso, al]l minimum
support device routines have been merged 1nto one file which
tailors 1tself to the specified device when loaded.

The four new full support device routines are for the following
devices:

OHIL1 16 Line Programmable Rsync Multiplazer
LPI11/LS11/LV]i] Printers

PCl11/PR11] S;ﬁar Tarc Resders and Punch
RPOY/RPOS/ Disks

The twc new minimum support devices ars:

RX11/RX01 Flopp! Disk
TMO2/TULE Magnelic Tape

The criginal s1x device routinegs were modif1ed lor con;atlh:lnt%
with the Memory Management varsion of MPG. Other changes tha
were included are:

- An 170 timeoutl error 18 now treated the same a3 othar device
errors. The wuser may now 1ssue Lhe “CONT p™ command i3
resume execution.

- R bug wilh the BRERK instruction for communication devices
was Tized.

= All device routines will display the unit number 1n octal
when reporting 1nvalsd unit number errors.

= The RKIl device routine will now validate the device I.0.
bits 1n RKDS on search complete interrupts.

= The DJ11 ond DL11 device routings now keap counts for the
number of Read and Write 1nterrupts.
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4.3 VERSION 8 3 RELERSE

Version 8 3 of MPG became available from SDC 1n Rugust of 1976.
This releass consisted of the addition of four new device
routines and the fizing of three bugs in the MPG programs. Rlso,
a new Pattern format has been added.

MPG Programs

The three bugs corrected applied to both versions of the MPG
program and are:

- The binary code generated b? the compiler {for reiative
“IF" 1nstructions (IF >, «, =}, =¢), contained signed branch
instructions. These have baer changed to unsigned branch
instructions.

- The "BREAK v™ and "BREAK v ON v i1nstructions could nol be
compiled.

= Octal addresses entared for 1/0 1nstructions requiring tuwo
word addresses (RERD, LRITE, etlc.), were nct compiled

properly.

A new Pattern format (PRTB) has been added and wili generate the
following twec ward gattern:

165555
133333
165585

133333
elc.

The Valid Devices Table file (TVDRBO.MPG), which 18 loaded by the
progrems, has been revised to include the model names
supporied by the four new Device Routinas.

Device Routines

Four new full sugport Device Routines have been added on this
rcl1a:?. Thetr Tilenames and the devices that ecach supports, are
8s fcllous:

TOURRD.MPG = DUIL Synchronous Line Interface
TRSARD.MPG = RSO3/RSO4 Disks
"R3RAR0D.MPG = RPO2/RPO3 Disks

TREARD. MPS FKOB Disk

— - - _—
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(End of M.P.G. Users’ Manyal)
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