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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 wlith the
ability to easily generate and execute programs on the PDP-1]
seri1es of computers. While these programs .‘f be written so as
to perform any type of task, the major application ezpected are
sro?rals that aid in the mainlenance and repair of peripheral
svices.

stcndxx M of this manual contains o sumamary of the capabilities
and support provided on the 1nitial release of . Rlsc
contained 1n  this Rppendiz 1s the changes 1ncorporated 1n
subsequent 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 medi1a and therefore 13 preceded
by execulion of the spplicable XXDP Monitor.

RELATED DOCUMENTS

For details concerning the operation of the XXDP Monitor and the
?TDDZ ro ra?, refer to the XXDP User’s Manual (MARINDEC @

There 13 now available from SOC an MPG  Summary Manual
(11-DTSM3-R-D) which consists of excerpts from this document. It
13 considirably smaller 1n s12¢ and contains  summarized
information concerning MPG loading, commands, 1insiructions,
buffer areas, patterns, and Device Roulines. This manual assumes
2 knowledgable MPG user.

ORDERING INFORMATION

The f1les which comprise MPG are 1ntegral components of the XXDP
Multi-Media sysiem. When all 1tems of certain XXDP packages are
ordered, MPG's hxna;a files will be i1ncluded. However, MPG
lxstxn‘: and/or binary files can be ordered separately from
the Soltware Distribution Center (SOC). When binary fi1les are
ordered, they will be supplied on the single XXDP medium on which
they reside Tor that package. For example, 1f the OECTAPE
versicn of MPG is ordered, you would get orly TCOP DECTARPE ® 18.
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The listing kit supplied for MPG consists of the program listings
for all Device Roulines, this Users’ Manual, and the XXDP Users’
1an?a{i The SOC Checklist numbers that are applicable to MPG are
as follows:

Checklist Description

2]

ZJ197-RC Listing K1t and TCOP gECTRPE s 18
ZJ197-RD Listing Kit and TMDP 9 Track MAGTAPE 8 3
Z2J197-Rt Listing Kit and RKDP DECPACK 8 2
ZJ197-RF Listing Kit and TMDP 7 Track MAGTRPE 8 3
ZJ197-RY Listing Kit and RXDP Diskette 8 b

R checklist entry for *he RPOY was not included 1n the above list
since XXDP 13 "not available on that type of medium. The user
aust build the system on his own &ack from one of the available
media. In the case of the RPOY for MPG, all thatl 13 needed 1s

the Listing Kat.
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2.0 GENERRL INFORMATION

Since the principal wusers of MPG will be non-{ro ramming
personnel, a special language Mas been developed to llplifg
rogram dafinition and cntr,. Thi: language consisis of En?lis
anguage format statements Yar data processing and /0 functions.
Chafaclteristics of this lan,uagc include flezability, machine

1ndependence, and ecasy learning.

In addition to the program language, the user i3 furnished 2 sel
of commands that allow him™ to contrgl MPG's operations and
utilize the su?port functions provided with MPG.  These support
functions 1nclude program modification, storage and retrieval of
defined programs, device assignment, efc.

The combination of the grogra- language and the wuser commands
rovide the foundation Tor MPG's usefulness as a diagnostic tool.
1th case of use being a major consideration in 's design,

these components were oriented towsrd relieving the user of as

many tedious oscrallons as possible. For example, 1/0 operations
may be defined ot a hx,h 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 may sti1l]l have MPG handle the "device interface

but define as cc?(nc memory address and byte count for the I/0

function. Or, the user may ‘rogra- the device at the 1nterface

level himself with complete Ireedom of device usage.

Another consideration was the elimination of associated programs
or libraries that would tend 1to complicate MPG’s wusage.
Therefore, MPG contains all routines required to support the user
and his programs. Even though 1t performs a compile function,
MPG does not require additionsl assembly programs or macro
libraries during 1ts operations. MPG" 13 completely self
contained 1n the stand alone version. In the operating “sysiem
;cr:ion 1t will utili1z¢ only the componenis required, such as I/0
andlers.

In keeping with the sase of wuse philosophy, all commands and
program statements are entered to via ihe keyboard. For
instance, the user, after dctcrnlnnn? the task to be grograuncd
maker 3 series of keyboard entries which consist of briel
sltatements that define the task Lo MPG. Upon conplctxna these
entries, the user can then use the MPG commands to execule these
statements (qrogran) with & variety of oplions without changing
the statements he entered.

——— — t——— -
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MPG FEARTURES

USER PROGRAMS

The user 18 required to spccllg the tasks and/or data operations

that are o be performed by his program. These are entered in

thc Igrn 0 propran langu gc :tatcncn s which arc efined 1n
pen refize each statement will be ine number
which 13 uscd for branching and for stalcncnt nodxfacations. The

uscr enter his own values for the line numbers or enter a

space lﬂ! have MPG colculatc and dil;ll? the next highest line

number which will have an increment faclor of ten.

MULTIPLE USER PROGRAMS

MPG will support sxlullancous cxccutxon of up to sixleen wuser
programs. This capabilst Y useful "1n troubleshooting
interaction problems or for a ouln! concurrent troubleshoolin
of 1ndividual device problems by lwo or more technicians. Eac
grogral controls one device and 13 trealed as a separate entily

! o!rans are_ di1stinguished by having & number (1, 2,

c) assigned to ecach. The format of various commands utilize
thcsc nulbcrs and allow the user to perform operations on any
program without affecling the other programs.

USER PROGRAM DATA ARERS

In the course of writing & program, the user may have need of
nclor? loca ions  whic ng gc used as countcrs storage areas,
data inp etc. While MPG allows the user acfxnc specific
memor adarcsscs 1f ulntcd it alseo provxdc: the user with
predelined areas which are ralerenced by symbolic names. These
areas are of two types with the first being a series of sixteen
contigugus 1 word loCations that are wuniqud_ to each progranm,
These™ locations, whose names are TMOO thru THIS are useful for
dats meaningful onl! to that program. The second type of data
sreas 1s co-on o all programs and is useful when passing
information betuween programs or for supply 1ng or altering data
(ro- the command level. This second as two formats which

may be used as the need dictates. Thc first formatl is ten
contiguous | word locations with the :gnbolxc names of COMO thru
COM3." The second format 138 a buffer consists of sizteen
contiguous 16 byle areas (256 bytes total) with the names of BFOO
thry BF15. Any COM or BF arcas be accessed by ‘'‘¢ user
progra:s and al:o sltered from tgc command level with the FILL
command.
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1/0 ARERS

Since many I70 oparations wil] not be dcpcndcnt upon wusage of
specific memory locations HPG providcs two types of I/0 areas
which have Trcdc!xncd s!-holl mes. For cach ro ram there 13

s varisdle Tength read drea ( I ) followed immedia ely in -cnorg

by var:ablc length write area (WRIQ). Hhen Entcrtn'

Fetching aeach pro;ra- the user §s astc loaggccil' the s12¢

these afeas. The pFesel values, which are

changed to .RB valuc from 0 o 32766 or the Inrgc:t alloucd bg

memory size. I0 and WRIO are uniquc to each :ro ram and aven

thoug luo or = rc !ra-s na bz g} the sa ! mbolic nan*s,
each’p ran wl ferenc ifferdnt arcas of "memory

othcr arca uhxch 18 inoun as FREE, e¢xtends {rom thc end of

MPG to thc end ol nclor! Its s12¢ will be determined by the

si12¢ lcnor! he number and length of user programs.

I-portant aspects of FREE are its use as an area for large I1/0

opcratnons and as a common ares where 1/0 data is passed between

programs. Caution should Eg exercised when nultl!lc programs are
arbltrarily usin area since the data redd by one

program could dcs'rog another program’s data.

Note: In the Memory Management version of the combined
s12¢s of RDIH and RRIO cannol exceed Eﬂ éSO bytes. FREE
will have 2 mazximum s12¢ of 24,576 byte (12K words) and
will ez1st at the lowest 12K words 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 defaull to ROIO
and WRIO, respectively, with byte counts of 256. When the FREE
area 1s referenced as the memory location 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 freedom ln dcfxnxng spccxflc memory
dddresses and b tt counts for his operations. course,
this freedom tempered by the ncccssxtg of dxscrctnon in the
user’s sclcctlon of lclor areas. They should not be within MPG
or other user Brogra-s *f within hls program area, thc! must be
within hi1s RD] hin Fres

and WRIO areas. They may Be anywhere w1
Hclorg

the wuser 1s doing only read operations or only write
:crl’lons and their length cxcccds the s12¢ of RDIO but arc less
than the combined s12¢ »7 RDIO and WRIO, he na specify RDIO as
the 1/0 ares. Since WRIO follows ROIO gn memofy and 1
contiguous, the user has 1n cffcct an 170 area the siz¢ of RDIO
lus "WRIO. Care must be taken to never perform reads, whose
ength exceeds the s12¢ of RDIO plus WRIO, 1nto ROIO or reads,
whose length exceeds the sx:c of WRIO, 1nto WRIO. If this
occurs, the program’s source statements and possibly 1ts object
code will be destroyed.
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3.5 OPERATION SWITCHES

Since there are several functions common to the lype of programs
written with MPG (printing of error information, stopping after
an error, eic), these functions are rovided as  integral
componentis of NPG. However, 1n ccrta%n situations some or all of
these functions may not be desired. Therefore, MPG has for each
grogran o set 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 {two methods are through commands.
With one format of the OPSW command, the user can change the
switch settings for a particuler frogral while the other™ OPSW
fermat grovl ¢s for setting _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 That relerence its OPSN and modify
he switch values at any time during ezecution of the program.

Rs will be seen, certain bits 1n the OPSKR word are not wused by
MPG. If the user wishes, he may utlilize these bits for his own
urposes. Since each OPSH word 1% modifiable from the command
evel and the user program can interrogate any bits 1n 1t, thase
bits ll! 3¢ used to conlrol the execution of a program 1n 2
manner To be determined by the user.

The switch (bi1t) meanings of each Rrogron': one word OPSW have
been defined 1n accordance with the standard bit usage listed in
the Dia n?:tnc Engineering Standards Document 8 175-003-009~0 and
are as Tollows:

OPERATION SWITCHES
Presel value 1s: 100000
BIT VALUE FUNCTION

1IS= 0 Continue program execulion on error.
1 Cease program execution on error. (Preset)
4= 0 Go to next device at end of program.
1 Cycle program on current device.
13=0 Print on error.
1 Do not print on error.
12= 0 Not used.
i1= 0 Not used.
10= 0 StoT when the device list 1s exhausted.
1 Cycle the device list.

————— e et
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ontinue on current device on error.
o to next device on error.

Bit 9 1s effective only when

bit 1S = 0.)

Perform error checking.
Do not perform error checking.

¢
G
(

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

Not used.

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

Rutomatically display device counts
based upon tgc 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 31ssued and after cach

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

the PUN command 18 18sued

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

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

Print 'PROGRAM COMPLETED' message afler
the final pass of the Erﬁarau.
Do not print 'PROGRAM COMPLETED’ maessage.
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4.0 DESCRIPTION OF OPERATION

MPG 1s provided on XXDP media and may be loaded bg the XXDP
Monitor or UPDl/2 programs. 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 functions.
Refer to Section 8 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
";gncatcd media and to Section 7 for an example of 1nitiating

Riter bcin? loaded, the MPG Stand Rlone Executive’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
r‘flg is Y, <CR>, or <LF), the name of the MPG file to be loaded
will be sel to THMAnm.MPG. 1! MMRO was not found or 1f the reply
was N, the file name will be set Lo TMGAnm.MPG.  Next, new
c?nsoic terminal constants are requested followed by the loading
0

Note: The remainder of Section 4 (Description of Operation)
ertaing to the non-Memory Management version of MPG.
he Memory Management version s ncarl? identical 1in

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

Once loaded, MPG wil]l assume conlrol of the processor.
Housekeeping will be performed followed by the Lyping of MPG’s
title line which includes_1ts version number and the addresses of
the restart points. (The restart point RSTl provides for
complete clearing of internal MPG flagwords, tables, and user
programs while "RST2 performs the same funclions excepl that any
user programs are left intact.) After the_ title message 13
dlsalagc p PG uwill load the Valid Devices Table, which 18 fi1le
TVORne MPS, from the load device and place it in MPG's program
space. fext, o Memory Map, which lists the Free Memory
available, will be dlsplagcd. ngﬁon completion of the Memory Ma
display, HPG t!pcs 1ts ENTER C message followed by an aslter:s
and 13 now ready lo receive its first command.

The MPG user commands provide a variety of services such as
operation control, user program definition and execution, progran
modification :rogral storage and relrieval, etc. These
commands, whic re listed 1n Rppendiz A, result 1n 1mmediate
action by MPG. RIter ecach command 13 entered, 1t 13 checked for
valnd:é# and then the task 1t specifies 13 performed. Following
this, MPG t¥:¢s an asterisk and waits for the next command to bt
entered. 18 continues unti]l the user has entered all desired
ccamands escep! RUN. At this point, a RUN command or a2 null




— — ——— m——— . ——— - —————— e e = - —— - ———

M.P.G. Page 1Y

" Dascription of Operation (Cont’d)

9.1

keyboard cntr= (carrlagc return only) will cause MPG to proceed
to user prograd execution. Khen all programs have compleled or
1f no progroms were available for execution, MPG will return to
request additional commands.

ENTERING R PROGRAN

Upan recognizing the ENTER command, MPG will issue the ?ASGN DEV:
message which “requests an entry that is either the tc,uord NONE
ar the model number and if applicable, the decimal umtl numbers
(from 1 to 16 wunit numbers spccifncd individually and/or as
strings) of the supported device for which the progrem is to be
written. Following this wmessage and rcp&a w0 B0re messages,
which display the preset sizes of ROIO and WRIO and request new
values, are issued. For each message either a null keyboard
entry, which 1ndicates that the preset values are to be used, or
2 decimal number, which spscifies the desired size of sach area
in bytes, may be entered.

If the reply to the "ASGN DEV: message was NONE, & small dummy
device rouling, which occupies mifimum memory space, will be
generated followed by MPG proceeding o program statement
groccss:ng. If o wmode]l number was entered, the device routine
or the model specified will be losaded into memory with 1ts
filename being dis laycl on the console terminal. "RActing upon
information contained within the device routing, MPG will “issus
the {first of thres messages. These messages, ecach of which
require & reply, will ident1ly and display the preset volues for
the davice’s device register address, interrupt vector address,
and bus request priority in thatl order. RAfler cach is displayed,
8 read will be issued to the console tc’boarl. If dats 13
entered, 1t will] ba used to replace the axisting data. If a null
antry (corr:a'c return or line feed only), the original data will
be Jaft intact. The first two messages process one word of data
while the third has the capahtltt* of displaying and receiving
two words (separated by a comma). This feature 13 requircd f{or
communication devices which require different bus priorities for
read and write. If the second bus priority word (write’s) 1
:crol oglg the first word (read’s or the gnlg priority) will be

1splayed.

Note: If the rcslr to the ASGN DEV message is terminated by o
line feed Uinstead of & carrirage return), the subsequent
ncssaics and replies for RDIO size, MWRID size, device
register oaddress, nterrupt vector address, and bus
priority will be b passed and rasults in their preset
values bcln! utilized. Rlso, 1! the rcrl! to any one of
the five mesSages just mentioned 13 termindted by a line
feed, any remaining messages will be bypassed.

When device rouline processing 1s completed, MPG allocates room
for the RDIO and WRIO arecas, 1ssues 2 -csaogc indicating that it
18 resdy to receive program statementis and then types 2 “’greater

BO2
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than’ 0O slaa. At this time the user bagins antering thess
statements. (Refer to the somple proara-s included with sach
Device Routine description 1in Rppendiz D.) Since all ‘ro!ran
statements must hove o line number as their first component, this
must be the first cnlr’ for the statement. The user may enter 2
1 to Y4 character decinal number followed by a tad (or 36 ce) and
MPG will use that as the stalement’s llne number. Or, he may
enter 3 space and MPG wil] generate o new line number which has
the value of the current line number ¢ 10. Rfter the line number
1s defined (by either method), the :ro!ral stotement is entered
on the same line and followed by 3 carriage ratuen. As cach
entry 18 recerved, it 18 validated and then stored 1n memory in 2
condensed formal. This continues without on! other_actions until
the END and DONE statements have been procesled. Following the

MPG will scan the stored program statemenis, 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 / MEM REFORMATTED™ message
and then types an asterik to indicate that it is ready for the
next command. If the user desires, he may enler the MM command
and have displayed on the consols lerminal 2 memor nap, which 13
a series of messages listing the starling and ¢nding addresses
for ecach wuser program oand for Free Memory. Included for sach
aa;aaa- 138 1is neme 1f 1t was fetched or the default name of

1f 1t has been entered without a name hcnn! specified.
Rlso i1ncluded 18 the mode] code of the device assighed (o the
progrom. Hhether the memory map 13 displayed or not, the user
sy now execule the program just defined, list {ihe program
statements oand the octal machine code generated for the progfam,
define another program in a different program slot, or i1mtiate
any other MPG command.

Mhen the ENTER command or the FETCH command 13 issued, MPG makes
no checks as to whether 2 program alresdy exists for that slot.
If one does exist, 1t will be destroyed by the new program.

EXECUTION OF R PROGRAM

Once the user has defined one or more programs, he may initiate
their ezecution through wuse of the command. Tha format of
this command :rovldcs for activating a single gro!ral or multiple
programs with each program being started at 1ls beginning or,
cptionally, #! & specilic statement on the first unit, fter
entering "ail desired commands, the entry of the RUN command will
inttiate pregram ezecution.

Note: If desiring to cort:nue execution of & previously stopgcd
program without nitiating any olher programs, lhe
1ssuing of the Continue command (CONT p) followed by
e1ther s null keyboard entry or the RUN command without 3
program number will initiate program execution,

-
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Ugon recognizing any of these entries, MPG will begin 3
the program siots utnlnxing ’ pollin! loop technique. S
with slol 8 1, MPG will check each slot and ascertain
program 1s present. If not, jt proceeds to the nezt slot.
rogrom 13 present, an internal progrem fla'uord will be tested
o determine 1f the program has beén specilied for ezecution and
1f 1t has, whether 1% hos baen slopped the user or by an error
occurrence. If neither of the sto! conditions are present and {f
the pro!ra- 1s not uattln‘ for an 1/0 termination, then contirol
will bé& transferred to Uhe program’s odject code at 1ts current
address. The program will retain control (c:acutin') unti1l one
of the following Conditions causes it to return conlrol to MPG:

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

- The Davice Routine attempled 2 high level I1/0 command but
the control unit was already busy.

- The Device Routine detected an error during a high level 1/0
operation.

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

= The user program has completed.

Upon receiving control again, MPG performs the ncccssarv
functions for suspcndln, hat progrem and then proceeds to tes

the next program slot. RIter processing the last ‘ro,ran slot,
the scanning wil] resume at program slot 8 1. I all programs
are waiting for I/0 termination, MPG will continue lodpin

through the program slots looking for s program that is ready

continue execution. MWhen one of The I1/0° functions terminales,
the next time that 1ts associatled program slot is scanned,
program ezeculion will be resumed. When a Bevice 13 already busy
or "when a control release (LETGO) 13 1ssued, ¥rogran ezecution
will be resumed on the next program slot scen. This allows all
other programs at least one chance al execution before these
programs regain control.

Program slot scanning continues until all programs have either
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. MKhen
Eroccssésl s progrem’s termination, MPG wil] 13sue 80 * g
OMPLET message for that ﬁ;agran. Upon determining that al
programs slots are 1nactive, will return to the command
section and request new commands.

An automatic feature provided h¥ MPG at program termination 13
the display of the applicable slatistic counls accumulated by the
the program’s device routine. These counts, which 1nclude” the
commands 1ssued, bytes read and/or urx‘tcn, and errors, ars




|

M.P.G. Page 17

Dascription of Operation (Cont'd)

4.3

displayed at the end of each progran pass or when contiauing _to
the next unit upon detacling aft error on Lhe currgal unit. The
automatic display of these counts and when they will be displayed
are controlled by bits in the program’s word. RAnother
method to ‘}:pla h* ¢ counts at anytime is with the REPORT
sommand. he opfran will ls:la the same information
that 1s automatically displayed at the end !f & program pass.

1ts  ezecution will suspende This congists of sloring the

contents of registers through and the in a reserved ared

within the program’s space. Rlso slored in this space are any

words left on the stack by the user program. When determines

that :roaral is to be given control again, it will reload the
ahy

Rs mentionad prcnouslgé when a program returns contirol to MPG

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 rrogran returns control with more
tha: %0 words on the stack, 1t will™ be aborted with an arror
conditzon.

Khenever a program 1s specified for erxecuticn with the RUN
command or when 1t 13 repeated for the next device 1n the device
list, all storage areas for the registers, stack words, temporary
work areas (TﬂDO through THM1S), “the device rouline words (BLK,
CYL, SECT, etc.), and the agplica‘lc device routine counters are
cleared 1o 2eros or sel lo their preset values before starting
the program. Clearing of the device rouline counters can be
controlled by the user with b1t 2 1n the program’s OPSW. The
user may specify that thase counts are to be reset only when the
command 13 jssued.

INTERRUPTING USER PROGRAMS

While user programs are ¢xcculxn? the user may enler 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 user progrims are executing, MPG will suspend execution
of the user programs and abort any oulstanding read or write
1ssued by wuser programs to the console terminal. Rs an added
debugging a1d, MPG will display the values of the PC and SP at
the "time of interrupt and whether a user pro!ral (ident1fied b
1ts nusber) or MPG had coniroi. Followin his message,
types _1ts ENTER CMND message and the astefisk which 13 preceded
by an I o 1ndicate that MPG 1s at the xntcrrug! command level.
R! this time the user may enter any command with the exceplion of
those that could change the position in memory of the currently
¢xecuting programs or the current device number for a user
prcgram.” The Commands which will not be honored are:

E02
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4.4

ENTER FM

/FETCH ASSI (directed to a pro ram)
MODIFY SHIFT  (Memory Mgant only)
DELETE UBMAP (Memory Mgant only)

After all desired commands have baen entered (changing of OPSW
values, stopping a program, elc) and the RUN command or the null
entry made, execulion o lhc user programs will be resumed ot
their ponnl of interruption

I{f the user wishes to use one of the restricted commands, he must
1ssue¢ the STOP command for all cxccutiuz prograns and then let
program execution resume. Return to the Comm entry section
will occur 1mmediately 1f a program did not have control at the
t'me of 1nterruption or 1f one d1d, when 1l releases control.

One command has hccn includ%d s!ccifxcall' for use when
interrupling wuser progroems, command provides the user
with the abllity to clt er abort a program that has hung 1n

loop which docs not allow rcturn to or to force an 1mmediate
termination of a program. {ro'ran stopped with the KILL
command can be rcstortcd onlg with coanand

USER PROGRAM MODIFICATIONS

Rfter a user program has been entered, the need moy arise for
replacing or delating ezisting statements or for the insertion of
new ones. Rather than require the user to re-enter his entire
‘ro gram with updates : plied, MPG contains & source correction

acility which provxdcs the functions necessary for this purpose.

Once the user has defined a program, he na' alier lls statements
through use of the MODIFY command. When this command 'y uhxch can
specily only one {rn,rnl, is entered, MPG sets 11self accept
progran statemen from the kcgboard Each statclcnt entered
nust contain & Jine number (slatements have a ! to 4 digit line
number as their first component) and 1t is this that 1dentifies
the %!pc of update required. R line number followed by the word
DELETE will cause_the deletion of the latchtn‘ nu-hcrc stalcncnt
in the program. If o rogran statement is enlered and 113 line
number matChes an existing statement, the original statclcnl will
be replaced wilh the new statement. "If there 1s not a matchin
line number, the new statement will be inserted xn correc
nussrical sequence. Rfter all corrections have been entered, the
user 1ssues the DONE command which causes MPG to rc-colpilc the
nod:lx:d program. Following this, MPG returns to request another
command.

II the user desires a llstxn? of all statements 1n his wupdated
Qra- he may 1ssue the DISPLAY command which will disp Ia! all

sta ements and Optxonall the octal maching code generate

the compiler, cn the consolc terminal or alternate pr:nt dcvncc
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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 :rogran or even chan!c the device
constants for the program. If the user wishes to chdnge only the
device conslanls (dédvice register address, 1ntcrrugt véclor
address, or bus priority), "all that is needed is the RSSIGN
command 1ssued with the orlslnal model and unit numbers. The
et1sting 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 usar programs ua! be rather large and under various

conditions ll! nesd to Be keyed-i1n 8" number of times, MPG

provides the ability to save and then later retrieve the wuser

grogran’s stalemenls on «¢i1ther the system load device or gaEcr
gsc. This cagabxlxtg 13 accomplished Through use of the RSSIGN
VE, and /FE

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

/ CH commands.

The /SAVE command 1dentifies the rcviou:l! entered program whose
statements are 1o be saved and the name that they will be saved
under. Rfter receiving this information, PG will extract each
?ro ram statement stdred in the condensed format, expand 1t to
ull format, and then write 1t to the SAVE device i1n the correct
blocked format. This continues unti] all statements have been
processed. MPG then returns for the next command entry.

The /FETCH command 1dentifies the stored program 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 is
searched for the named program and that the grogral statements
are read from it instead of the keyboard. Other functions such
as device assignment, statement ~ validation, and progroam
compilation are performed 1n the same manner.

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

and {etching of his programs. The /LIST command provides 2

directory of the programs resident on the FETCH device while the

/DELETE “command allows the user to deletle programs from the SAVE

ga;éc;. The /ZERO command will 1ni1ti1alize 2 new medium on the
evice.

———es - —— —
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5.0 DEVICE SUPPORT INFORMATION

5.1 DEVICES REQUIRED FOR MPG

The devices required b! the stand alone version of MPG are
necessary for 1ts lo dln? and communication with the user. Rny
other devices required would be the wunits to be tested. The
following are the minimum requirements:

- One POP-1]1 seri1e¢s centiral :roccssor
(LSI-11 throgah 11770} with a

minimum of 16K words of memory.

= Rny one of the following load medira
devices:

- TUSE DECtape transport and
associated TCIl control unit.

- RKOS DECPACK disk drive and
associated RK11l control unit.

- TU10 MAGTAPE transport and
associated TM1l control unit.

- TU16 MAGTAPE transpart and
associated TMO2 control unit,

- RXOl Floppy Disk drive and
associated RX11 control unit.

- RPOM Disk drive and associated
RHI1l 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 in section 5.1 are rc,ulrcd for MPG and 1is
Executive. There are, however, additional devices which may
optionaily be used for certain MPG funclions. The :upgorl for
these devices 13 completely 1ndependent of the high level 1/0
device routines.

The LIST device, which 1s 1nitially assigned to the consol
terminal, con be assigned to :r:ntcr (LP11, LS11, or LVI}
through use of the ASSIGN comand. When this option 1s used, fi

¢
|
print” information generated by the user programs, high leve!l 1/0
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| device routines, progrem source displays (DISPLAY command), and
the d:ractor, disp a! (7LIST command) will be directed 1o the
rinter. If Gesiring 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 redirected to other *cvlcc through use
of the RSSIGN command. Either or both the SAVE and the FETCH
device ll! be assigned to another unit on the lgad dcvifc. This
13 accomplished by entering the load lcv&gg éﬂ model number
followed by the dc!xrcd unit number with the IGN command. The

FETCH device can be assigned to the paper tape reader (PCI1 or
PR11) and the SAVE davice to the paper tagc punch (PCl1). It
should be noted that when using paper tape, the wuse of certain
WG commands (/LIST,  /DELETE,’ /B00T, and /ZERO) will result 1n
errors being reported. Rlso, even though not used, the one to
s1x  characler program name used in the /SAVE and /FETCH commands
must stil] be supplied when using paper tape. Rfter assigning an
alternate or FETCH device, reassignment to the load device
can be acco-gllshcd b! assigning e1ther LORD, NONE, or 1ils model
name and unit number to the desired device.

5.3 MPG DEVICE USAGE DETAILS
Sections 5.1 and 5.2 last the devices that can be used by MPG for
1ts own functions. This section provides the details ghout MPG
usage and also general information about the devices.

Console Terminal

The console terminal driver 1s located 1n the Executive and
operates 1n an interrugl driven mode. The preset values for 1is
device constants are:

Read: Device Register Rddress = 177560
Interrupt™Vector Rddress = 60
Interrupt Proc. Status Word = 200 (BR W)

Write: Device Register Rddress = 177584
Interrupt Vector Address = bY
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 13 not sel, "the Executive will halt. (This 13
the nnl’ halt 1n the Execulive thal 1s not preceded by an error
message.) When stopping at this halt, register RO contains an
sddress which points at the word containing the read device
register address. The five words follou:na this word are 1n the
same order as listed above. At this lime, the user may chan?c
any or all of the si1 words and thereby direct MPG to an cperable
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console terminal. Riter the changes have been made, depressin
CONTINUE will cause MPG to repeat the console terminal test wil
the new values.

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

RUBCUT

CONTROL/U

CONTROL/C

CONTROL/0

CONTROL /S

The last character entered on the current read will
be deleted. The character or characters deleted are
‘?T‘d and enclosed 1n backslash (\) charactlers. If
: entered characters have already been deleted, a
carriage relurn/line feed wili be typed.

Types the “tU™ characters, deletes all data entared
on the current read, and then types o CR/LF,
Effectively re-1n1t1alizes the currenl read.

This entry 18 honored only if user programs are
runnln!. When processed, 1t causes ln¥ read or
wrile to the console terminal to be aborled, the
- characters to be typed, and entry 1nto MPG's
User Interrupt Mode to be made.

Causes all further writes lo the console terminal to
be sugprcsscd. This action remains 1n effect until
MPG returns to request a2 new command or wuniil an
error 1s detecled by MPG componenis other than the
Device Routines. If used while wuser programs are
running, all messages issued to the consgle terminal
are suppressed and will remain sup:rcsscd until all
user rograms have either een stopped or
terminated. If desiring ‘8ﬂ7"’u.. t’pin durin

user program execution, a CONTROL/C entfy will rese

the i1ntefnal software flag wused for “suppressing
typeouts. Durxn? command entry there is no way to
resume typing until the currenl command completss.

This entiry i1nstructs MPG to suspend all further
writes to the _console terminal afier the current one
completes. The console Llerminal is put in
simulated busy condition _and remains g0 until any
character, olher than a CONTROL/S, 13 entered on the
keyboard. This characler 18 discarded and typing
will resume at the point of 1nterruption with no
loss of data. This feature can be used while user
pro‘ra-s are running and will have the same effect
on their output.

For console terminal writes bul{crrnn? 1s provided for up Ho
0

twenty bytes.

There 18 ns ‘u!fcrrlng r read datas.
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PRINTER

Any of three printers (LPLI, LSIl, or LVI1) can optlionally be
assigned as the MPG LISt "device and will be used for certarn
display functions. The driver for the printer 1s interrupt
driven and operates with the following preset constantis:

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

:lll b: 1splayed after each RSSIGN command and can be changed 1
esired.

PAPER TRPE AND LOARD MEDIR HANDLERS

The handlers contained 1n MPG perform the services required for
rogram and f1le maintenance. This includes the loading of MPG
1les, the savxna and felching of wuser programs, directory

displays, etc. Currently, MPG supports seven handlers which are

for the !ollouxng devices:

PC11/PR11 Paper Tape

RK11 DE gack 18k
TC11 DEC aaé
TMO2 MAGT

TM11 MAGTAPE

RX11 Flotpg Disk
RPO4 Dis

Due to s12¢ requirements, the MPG Executive will contain the
Paper Tape handler and only one of the other handlers which will
be 1ts load med1a. This results in six versions of the Executive
with gach supportin, s differenl load medium. Refer to Section 7
for further details conccrnin? the various Ezxecutives and
instructions for generating MPG Toad media.

These handlers are modified versions of the XXDP Program
handlers. They are not interrupt driven and require only device
register addrcs!cs for their operation. Due 1o their original

X implementation, the device register addresses are f11x4d and
iannot be changed. The following grc the addresses for each
evice:

177550 = PC11/PR1l Paper Tape Reader
177554 = PC11 Paper Tape Punch
177400 = RK11 DECpack Disk

177340 = TC11 DEC .B‘

172440 = TMO2 MAGTAPE

172520 = TM11 MAGTAPE
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177170 = RXll Flo D1sk
176700 = 1skPY

: S.4 DEVICES SUPPORTED FOR USER PROGRAMS

The ti1tle of this seclion i3 somewhat lislcading Devices
considered a3 supported under MPG are those for whic hiah level
170 functions (Read, Write, Seek, elc.) are available. owever,
due to the Ilcxa‘:litg and power of the low level language, 2
knoulcdgcahlc user md ogram at the device lntcrfacc level and

therefore, in a lcs:cr scnsc ol the word, has support for
practxcall any POP-11 devics. even though the dcvacc ou
list, do not 1dse

. wish to cxcr lsc may not be ln lhc follows
heart. You will jus !avc to work a little hardcr than i the
high level I/O iunctions were available for the desired device.
Even so, 1t 13 still easier to program the device interface with
MPG 1nstead of comp os:ng the necessary instructions 1n octal
machine language and writifg them to memory.

Supported Devices:
- DHI1 16 Line Programmable Asynchronous Multiplezor
- DJ11 16 Line Asynchronous Multiplexer
- DL11 Single Line Interface
- D@11 NPR Synchronous Line Control
- DU11 Single Line Synchronous Interface

LP11/LS117LV1l Printers

PC11/PR11 Paper Tape

RKO® Disk

RK11 Cartridge Disk

RPO2/RPO3 Disks

RPO4/RPOS/RP06 Disks

RSO3/RS04 Disks

TC11 DEC Tape

TMI1 Magnetic Tape
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S.S DEVICE SUPPORT SUMMRRY TARBLE

The following table reflects the type of support provided by MPG
for each device. Note that some devices ars sup*ortcd for MPG
functions but nat for hi!h level 1/0 operations. hese devices
and the other devices that are listed bul 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. Rlso,
devices that are sugportcd as SAVE and FETCH devices, other than
paper tape, are applicable only 1f they are the MPG load device.

DEVICE HIGH
MODEL LOARD LEVEL LIST FETCH SAVE
NAME DEVICE I-/0 DEVICE DEVICE DEVICE

CD11
CM1L
CR11
DCil
DH1!

ABBO<n ISP ol
Ps s Pt et Pt s s Pt Pt Pt ot Pt P
L Y Y Sy S G Sy Gy Gry G
MMM I MM MHXKX
b & _d

RR
RR

RK11 X
RPO2

P o)
h
@
b 4

oQ
W =
P P B S O & & ¢ P 4
>
>

—

= 4

o

n
MHHXHX X I M
X XX X
KAHKHKXKIHX XX
MAIIHIHII XX
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MPG LORDING INSTRUCTIONS

As stated prcviousl,, MPG 1s supplied on XXDP media bul has the
ability to operate Trom media which 1s dedicated to 3. 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 e1ther XXDP or dedicated MPG media. Convcrsolg,
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 will
perform 1ts housekeeping functions, request the date, 1ssue 1ts
intial1zation messages, and then type an asterisk to signify 1ts
readiness for the firslt user command.

LORDING VIR XXDP

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

followed by a carriage return:
R TCMPG (TC11 version)
R RKMPG (RK1l versian)
R TMMPG (TM11/TUID version)
R THMPG (TMO2/TULG version)
R RXMPG (RX11 version)
R RBMPG (RPOMY version)

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

The difference 1n the versions listed asbove consists of the type
of device that will be used as the primary SAVE/FETCH device.
Paper Tape 13 the secondary device 1n 21l versions.

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

programs. Instead ol loading MPG™ directly as just
described, enter e1ther “R UPDL™ or "R UP as the rcgl! te the
Monitor. The selected UPD program will be loaded 3nd will
request the date. RAfter making this reply, an asterisk 13 tggcd
and Lhe program waitls for & command enlry. AL this point the
user must enter two commands 1n order to 1nitiate . The
first command specifies that o program 13 to 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 astensions. The second command 1niti1ates execution of the
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b.2

6.3

lcaded pre Rn ezample of loading and 1nitiating the RK1I]
varsion gl fron an XXDB RK11 pack x! as follows: !

LORD DKO:RKMPG.BIN

START

The only difference 1n MPG’s cperation when loaded under XXDP 13
that after MPG requests the date, 1t will request the unit
number of the drive fhat 13 to be assigned as the initial
SAVE/FETCH/LORD device. When loading dedicated version of
MPG, 1t 13 aluays set 1o the load device. In the prior cxanax

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 will
destroy the XODP Monitor and any UPD Yrogran 1n core. In order

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

DEDICATED MEDIR LORDING INSTRUCTIONS
The following sections contaln thc information and :nstruct:ons
neccessary for the loadxn, ef Each section will Ops to o
specific type of MPG 1npu ncdxun As additional 13 are
supporled, their 1nstructions will be added.
TC11 DECTRPE INPUT
The following are the 1nitial steps for loading from DEClape:
1. Mount the MPG tape on unmit 0.
. Set the REMOTE/OFF/LOCAL swilch to
REMOTE.
3. If hardware hootstraa loaders BM792-YB,
MR11-08, or BMB73-YR/YB are present, go
to section 6.3.1.

4. If not present, go to section 6.3.2.

£.3.1 TC11 HARDWARE BOCTSTRAP

1. Set the Suitch Register to:

773100 far the BM792-YB or,
773120 for the MR11-DB or,
773030 for the BM873-YA or,
773070 for the BMB73-YB.

2. PFPress the LORD RDDR switch.
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£.3.2

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 LORD ROBR switch,

2. Set the Suitch Register to the first of
the Iolloa:ng values and press tLhe
DEPosit switc Continue epositing
unti] al] values are entered.

10000= 12700 MOV 8TCWC,RO
1773
12710 MOV 8-256., TCWC
177400
10010= 1240 MOV 84002, TCCH
4002
5710 R: TST TCCM
100376 BPL A
10020= 1271g MOV 83, TCCH
105710 B: T1SIB TCCM
100376 BPL B8
i 12712 MOV 8S, TCCH
105710 C: TSTB TCCH
100376 BPL C
10040= 5007 CLR PC

3. Set the Switch Register to 010000 and
press the LORD QDBR suwitch.

4. Press the START switch.

RK11 DECPACK DISK INPUT
The following are the initial steps for loading from disk:
1} Mount the MPG DECpack on drive O.

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

2) If harduare bootstras loaders BM792-YB,
MR11-DB, or Bﬂ873-Y /Y8 are present, go
to section 6.4,

coa'
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If not present, go to section 6.4.2.

b.4.] RKl] HARDWARE BOOTSTRAP
Set the Suitch Register tc:
773100 for the BM792-YB or,
773110 for the MR11-DB or,
773010 for the BMB73-YR or,
773030 for the BM873-YB.

Press the LORD RDR switch.

9

e)
3)

4)

to

Press the START switch.

£.4.2 RK1] S0FTURARE BOOTSTRAP
Set the Suitch Register to 010000 and

1)

2)

3)

press the LORD

switch.

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

Set the Switch Register to the first af
values and grcss the

the followsn
DEPosit  switch.

Continue

epositing

unti] all values are entered:

10000= 12700
177406

12710

177400

13010= 1274%
105710

100376

10020= S007

MOV
MOV
MOV
R: T1STB

BPL
CLR

SRKXWC , RO
8-256.,RKWC
85, KCS
RKCS

A
PC

Cet the Suilch Register to 010030 and

press the LORD

switch.

Fress the START switch.

—— v e e amee St me
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6.5 TM1l MAGTAPE INPUT
The following are the 1nitial steps for loading from magtape:
1) Mount the MPG tape on drive O and make
1t rcad¥ 8“. rewinding 1t to BOT and
placing it LINE.
) If hardwars bootstrap loaders MR11-DB or
EHE??-YR/YB are present, go to section

3) If not, go to section 6.5.2.

£.5.1 TM]]l HARDWARE BOOTSTRAF
1) Set the Switich Register to:
773136 for the MR11-DB or,
773050 for the BMB73-YR or,
773110 for the BM873-YB.
2) Press the LORD RDR switch.

3) Press the START switch.

6.5.2 TM11 SOFTWARE BOOTSTRAP

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

2) Set the Switch Register to the first of
the following values and press the

DEPosit switch. Continue depositing
until all values are entered:
10000= 12700  R: MOV sMTBRC, RO
172524
S310 DEC MTBRC
12740 MOV 860011 ,MTC
10010= 60011
105710  B: TSTB MTC
100376 BPL 8
5710 18T MTC
10020= 100767 BMI A
12710 MOV #60003,MTC
60003
105710  C: TSTB MTC
10030= 100376 BPL C
§710 15T MTC
100777  D: BMI 0

S007 CLR PC
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MPG Loading Instructions (Cont’d)

6.6

6.6.1

B.6.2

3) Set the Swilch Register to 010000 and
press the LORD switch,

4) Press the START suwitch.

TMO2 MAGTAPE INPUT
The following are the 1ni1tial steps for loading from magtape:
1) Mount the MPG tape on drive O and make

1t ready 8“ rewinding 1t to BOT and

placing 1t OR-LINE.

@) If hardware bootstrap loader BMB?3-YB 1s
present, go to section 6.56.1.

3) If not, go to section 6.b.2.

TMO2 HARDWARE BOOTSTRAP

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

3) Press the START switch.

TMOZ2 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 sMTCS!,RO
172440
12760 MOV $1300,MTTC
1300
10C10= 32
12760 MOV s-1,MTFC
17777Z
10020= 1275? MOV #31,MTCS!
57?2 R: TST MTDS
10030= 100375 BPL R
12760 MOV #-256. ,MTWC

177400
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10040= 127%? MOV 871,MTCS1
105710 B: TSTB MTCSI
10050= 100;?& ?g% gTCSI
) 108749 C: BMI ¢
S007 CLR PC
3} Set the Switch Register 1to 010000 and
press the LORD switch.

4Y) Press the STRRT switch.

6.7 RX11 FLOPPY DISK INPUT

shckfollouxng are the initial steps for loading from the
18

1) Insert the MPS 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 to section 6.7.2.

RX1l HARDWARE BOOTSTRAP

1) Set the Suitch Register to 173400.
©) Press the LORD RDR switch.

3) Press the START switch.

6.7.1

RX1l SOFTWARE BOOTSTRAP

1} Set the Suitch Re
press the LORD

Set the Switch Register to the first of
lhc follouxng valucs and press the
DEPosit suwiic Continue depositing
until all values are entered:

.7.¢

1ster to Q10000 and

switch.
Z)

GO3
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MPG Loading Instructions (Cont’d)
10000= 5000 CLR
12701 MOV
177170
105711 R: TSTB
10010= 1776 BEQ
12?15 MOV
5711 B: TST
10020= 1776 BEQ
100406 BMI
105711 TSTB
100003 BPL
10030= 11512g MOVB
770 BR
5007 C: CLR
10040= 0 HALT
776 BR
3) Set the Switch Register
press the LORD switch.
4) Press the START switch.
RPOM DISK INPUT

6.8

b.8.1

£.8.2

to

RO
#RXCS, RI
RXCS

A
#3,RXCS
RXCS

8

D
gXCS
RXDB, (RO)+

B
PC

D

010000 and

The following are the a1nitial steps for loading from disk:

Q)
2)

J)

4)

Mount the MPG pack on drive 0.

Load the drive, write lock 1t, and then

waitl until the drive 13 ready.

If hardware bootstrap loader BMB73-YB 1s

present go to section 6.8.1

If not present, go to section B.8.2.

RPO4 HARDWARE BOOTSTRAP
Set the Switch Register to 773320.
Press the LORD RDR switch.
Press the START switch.

1}
2}
3)

RPO4 SOF TWARE BOOTSTRAP

1)

Set the Switch Register

press the LOAD ADR switch.

to

010000 and

—— i ——p—
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2)

3)

4)

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

DEPosi1t switch. Continue epositing
until all values are entered:
10000= ;87&; MOV SRPCS1,RO
176700
127ég MOV 823,RPCS!
10010= 5033 CLR RPOC
SDBE CLR RPDA
10020= 12760 MOV 8-256.,RPWC
17790g
12710 MOV #71,RPCSI
10030= 71
105710 R: T1S78 RPCS1
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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INITIARTING MPG

When the Executive and MPC are nltlall loadc* the
display information pertinent to M qcr tion ﬁc wi
allow him to sp c f'hlf HPG

request 1nformation Trom the user and
are

1s to wutilize certain optional hardware lclturcs it
available on the system. The folloutn! cxang lists the
-csfa es that can dccur durnnl this ] itjalidati n process.
ed after sach message is a Brief explanation of the ncssogc
and 1is o{tlonal res onscs, if any. Note that any rcstonsc aust
be termina ctthcr 8 Carriage Return <CR> or ine Feed
<LF> and that dclaull values are supported when e1ther of these
are the only entry made. For this example, the loading of MPG’s
RK1l Ezecutive on an 11/70 sysiem 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 13 the Executive’s title message and l1sts 1ts MAINDEC
number, revision number, and type of load device. This
message will be different’ for each version of the Ezecutive.

?DATE  (DD-MMM-YY)
%10-FEB-76 (CR>

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

?LORD/SAVE/FETCH DEV UNIT & / 0 (CR>

This 3s an optional message and will occur only 1f the
Execulive has been loaded By e1ther an XXDP Monitor or XXDP's
UPDL/2 programs. Since another ?ran has Jloaded the
Exccut:vc 1t hag no way of dctcrnnn n% the unit number of

losd device. Therefore, 1t requests thatl the unit number
be cntcrod This number will aluags be retained for the LORD
device but the SAVE and FETCH devices may be rcassxgncd later
with the R%SIGN command. The dclault unit numbef for this
rcsponsc 18 This message will not occcur 1f the Exzecutive

the program that 1s booted. In this case, the Executive
-atrncvcs thc current unit number from the device registers
and stores 1t as the unit number for all three devices.
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?USE MEM MGMNT (Y/N) 7 Y (CR»

This -cs:agc will occur only if the Ezecutive has _detected
the presedce of the Memdry Management feature. The repl
entered will determine which versioh of the MPG program 1s 0
be loaded. If Memory Management 1s not present or 1f N 13
entered, the non-Memgry Management version of MPG (DTMGAn)
will be loaded. h* entfy of Y or a defaultl entry will
result 1n DTMMAR being loaded.

CONS TERMINAL CONSTANTS:

This 1s a header message which precedes a series of four
messages that allow 'modification of the qrcsct values for
constints used with the console terminal. If a <P
terminator was entered on the reply to any of the three
preceding messages, Lhis message and the following four
ll::lgl: will fot be 1ssued and their default values uwill be
used.

?FILL ARFTER: 012 7 012 <CR>

Requests the oclal value for the_byte after which {11l
characters are to be transmitted. The default character 13 a
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 0 <CR»

Requests the octal value of the character to be 1ssued when
transmitting fi1ll characters. The default character 13 a
null (octal 000 byte).

?FILL COUNT: 002 7/ 2 <«CR>

ests an octal count for the number of {11l characters

Requ
thgt 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 to

automatically convert console keyboard data from lower case

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

console terminal is an LR36. If the rcpl! is N, the dats
[ 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 Executive will load the appropriate version of
MPG and turn control over to 1t. The rcnaxnlnz ncssa?cs listed
are 1ssued by the MPG program. For 8 C(CR> or a <(LF> may be
used to terminate any responses enlered.  However, a <LF
terminator will nol cause bypassing of any subsequent messages.
Also, default values are supported for all responses.

DTMMA-n M.P.G. RST1: «xxxxxx; RST2: 1xx111

This 1s MPG's title message and lists 1ts MAINDEC number and
revision number. Also "included are the oclal addresses of
the two restart go:nis available within MPG. Refer to
Section 4.0 for details concerning the two restart points.

MPG BRSE RDDRESS = zx:1x11:

The starting memory address of the MPG program, which
immedi1ately follows the Executive 1n memory, 1is 1spiagcd In
this message.

?USE UNIBUS MAP (Y/N) 7 Y <CR)

This message will occur only 1f the Memory Management version
of MPG 13 being executed and_1f 1t has detected the presence
of the Unibus Hag feature. The reponse tc this message,
which has o delault value of Y, will determine 1f MPG 158 to
utilize the Unibus Map.

?USE 22 BIT ADRS (Y/N) 7 Y (CR>

This message will occur only 1 the Memory Management version
of MPG 13 being executed and 3f 1t has determined thatl the
processor has 22 gxt addrcssxn? capabilities. The Y response
or the default response will insiruct MPG to use 22 bit
addressing. Otherwise, 1t will use 18 b1t addressing.
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¥ MEM MRP %

ABS ADRS: FREE MEM = rzxxrrzrxxr TO rzrxxzzzx (MIDL) = zxxzzgxi)

END OF MEM = xzxizzrzx

The above messages are produced by the MM (Memory Map)
command which _1s performed as the last step 1in
in1ti1alization. The starting and ending addresses of the

memory area anc the address of its mid point (MIDL) are
displayed. "The third message displays the end of actual
memory. This third message does not occur in the non-Memor
Management version. For that version, the and address o
FREE 13 the end of actual memory.

#1st czmmand

The asterisk indicates that MPG has completed 1nitialization
and 18 now ready to receive 1ts first command.

— - e e e e———— v — - apcm——
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| 8.0 GENERRTING MPG MEDIR

NPG supsorls operation when lcaded from various media as
specified 1n section 6. This support includes :avin‘ and
fetching of user programs on the load device or other unmils on
1ts cohAtrol unit or on paper tape. ARlso i1nclided is the 1nitial
loading of MPG and the loading ol the Device Routines for wuser
programs.

The f1les required by MPG and any user programs are stored 1n
absolute format which 1s compatible wilh the file structure
utilized by the XXDP gro ram. Since this conpatlbllita exisis
and since rovides file maintenance services, XXDP 13 used
to create and maintain MPG media. This use of XXDP sngni!icanlls
reduces the si12¢ of MPG b, not rcqunrin? additional commands an

routines for functions use cxclusxvcl* n MPG media maintenance.
It should be noted that the user stil]l has adequate maintenance
capahxgntcs for h1s programs through use of the MPG slash (/)
commands.

MPG and 1ts Device Routines res:de on the XXDP/MPG media 1n
agiolutc format with .MPG extensions while the Executives have
.BIN extensions. User programs are also stored 1in 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 fi1le names.

The format of the filenames assigned to MPG components adhere to
XXDP multimedia standards with the exception of the Executives.
Since they are the files specified 1n LORD statements, their
names more readily indicale their differences and the fact that
they are part of MPG. Rlso, they do not contatn revision numbers
so that the same name may be usc! regardless of revision.

For MPG components, & new series of MAINDEC numbers have _been
allocated and are 1dentified by the first two_letiers DT. These
two letters indicate that MPG i3 a Diagnostic Tool. As a general
rule, the MAINDEC numbers malch the componeni’s fi1lenames cxcc:t
for Lhe XXDP convenlions of dropgnng the D and the adding of the
MCO level. Once again, the only exceplions are the Exacutives.

The following are the filenames and INDEC numbers far the
Ezecutives UTwhere n 1s the revision number and m 1s the MCO
level):
Filename MRINDEC & Version
TCMPG. BIN 11-DTEOR-n TC11 DECtops Executive
RKMPG.BIN 11-DTE1R-n RK11 DECpack Ezecutive
TMMPG. BIN 11-DTE2R-n TM1l Maglape Ezecutlive
THMPG. BIN 11-DTE3R-n TMO2 Magtape Ezecutive
RYMPG.BIN 11-DTE4R-n Rx1l Florp Disk Executive
REMPG.BIN 11-0TESR-n RPO4 Dis gxcclevc
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numbaers:

Filename

TMGAna . MPG
TMMRAn. MPG

The following ars the
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prograns, which can operatle onl, when loaded bE
en

ames and MRINDE

MPG (Non Memory Managament)
MPG (Memory Hazagcncnt)

and MAINOEC numbers for the

Device Routines currently provided with MPG:

Filename

TDHRnra . MPG
TDJAna.MPG

na. PG
TDQRaa. MPG
TDURas . MPG
TLPRnaa . MPG

gn.HPG

TPCRan.MPG
TRKAnn. MPG

A T

¥

Device(s)

N
gor‘
X<

[ N ¥ =)
et Pt Pp—a

Q0

11,KKll

Pt Pt e P
S
e
> e
32
o=

Pt Pt Pt P Pt Pt Pt P s Pt
-
Pt Pt Pt Pt

A33SLESFSE
23
R

TM11/TULO

The following sections contain the :nstructions to enerate \he
varicds MPG med1a using the
assume DECtape input but can be used as 2 basis (or generatling

from any lcdxun

Note that

transfers the MPG Ezxeculives

nccc:sar% for
t2 have the

pragram of XXDP ¢se axamples

the last command 1n gach ¢xam lc

f1les. This 1s not red g

MPG operation but 13 shown 1n case the user wishe
se f1les on the cutput medium.

. -—— — —
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Rs:unxni the MPG nnput mediun 13 on drive O and the output wili
¢

be crea

ZERQ DT1:
LOAD 8T0 TCHPG.BIN

SAVM
FILE DT1:<DTO:%.MPG
FILE DT1:<D70: *2MPG.BIN

RK11 DECPRCK MEDIR

d on drive 1, 1ssue the following UPD2 commands:

Inttializes oulput medium
oads Cta,c ze¢ :r!a core
uls baotah ¢ txec on tape

Puts all MPG files on tape

Puts all MPG Exec’'s on taps

ﬂssu-xn? the MPG 1nput medium 18 DECtape drive QO and that the
s

cutput
COMMAND

- e i > e

ZERO DKO

LORD DTU RKMPG.BIN
SAVH DKO:

FILE DKO:<DT0: %.MPG
FILE DKO:<DTO: ??MPG.BIN

TM11 MRGTAPE MEDIR

DECpack drive 0, 1ssue the lullouxng UPD2 commands:

FUNCTION

Initializes output DECpack disk
Loads disk Ezec 1nto core

Puts boolable Exec on disk

Puts all MPG files on disk

Puts all MPG Exec’s on disk

Assuming the MPG 1nput medium 13 DECtape drive O and that the

output 18 MAGTAPE drive

0 (can be scvcn level or nine level),

1ssue the following UPD2 commands:

FILEF HTO <DTO: &.MPG
FILEF MTO:<DTD: 7 ?MPG.BIN

Initializes output MAGTAPE

Loads TMO2 MAGT zec 1nto core
Puts bootable TMOZ Exec on taps
Loads TM1l MAGTAPE kxec 1nto core
Puts TM1! Exec on tape

Puts al]l MPG f1les on tape

Puts all MPG Exec’s on tape

M — r——— i ————— - — S ——— o amsr— e e e -




aenerating MPG Media (Cont’d)

8.4

8.5

8.6

g.7

TMO2 MAGTAPE MEDIR

DOM

M.P.G. Page 42

The UPD2 commands necessary to gcncratc 3 _TMO2 version of HPG are

1dentical Lo those nccdcd
difference 1s that instead of

used. The MRGTAPE media produced for

loaded on e1ther the TMI] or

detarmines the load device type and then loads cither

for the *6 vcrston The onl

spefify |nl M MMO: should b!

the TMIl or the TMO2 may

the TMOC. The boolslrlg loadcr
he first

or the second Executive on tape.

RX11 FLOPPY DISK MEDIA

Assuming the MPG 1nput lcdxul 18 DECI!: drive and that the
output ?s Floppy stk drive 0, 1ssue the follouxng UPDE commands:
COMMAND FUNCTION

ZERO DXO Inxlxalxzcs output Disketta

LORD DTO:RAPG.BIN

SAVM DX0:

FILE DXD:<DTO:*.MPG
FILE DXD:<DTO:"*?"MPG.BIN
RPOM DISK MEDIA

Rssuming the MPG 1npul medium
output 1s RPOM drxvc 0, 1ssue

CoMMAND

ZERO DBO:

LOAD DTO:RBMPG.BIN

SAVM DBO:

FILE DBO:<DT0:#. MPG

FILE DBO:<DY0:??MPG.BIN
USER PROGRAMS

The UPDS program can also

Loads F gy Disk Exec 1nto core

Puts boo Ezec on Disketlte
Puts all HPG files on Diskette
Puts all MPG Exec’s on Diskette

18 DEClape drive O and that the
the following UPD2 commands:

Inttializes output disk
Loads disk Exec 1nto core
Puts bootable Exec on disk
Puts all MPG f1les on disk
Puts all MPG Ezec’s on disk

be wused o transfer stored wuser

prograls be uccn differant MPG med1a. idhen doing this, the LORD

nd commands may be used
FILE or FILEF dev:# 85
Jser programs.

R commands may be used

for 1ndi1vidual gro grams while

the
or transferring all

—_— - - . ——
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MEMORY MANAGEMENT VERSION OF MPG

The Memory Management version of MPG, which has a filename of
TMMAnS. HPE requires 18K words for loading and occupies 16K words
or less afler housckccpxn Notl only does it 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 restrictions.

RODITIONAL COMMANDS AND FERTURES

The following are the more visable diffarences betlween the tuwo
versions of :

= During 1ts housckccpan’ the Memory Hana ement version of
MPG wil] determine 1T the Unxbus Hap 22 b1t addrcss:n&
are avarlable on the s‘slcl { either or bolh are,
will ask 1if thcg are o be uscd Rt this Lime the user may
specify any combination of usage for these features.

- When Entering or Fetching a user ‘rogran, the user 13 given
thc opportunity immediately ofler entering the command to
cclfg the starting addrcss (alngncd to a word boundar“

his pro,ra- s lcnor' ares. an address is entered ¢
rn ram will begin at hal location and will remain at that
xxcd address untll deleted or moved o a2 new address
through use of the SHIFT command. I{ an address is not
entered, MPG will assign 2 memory address 1n the same manner
as the non-ﬂcnorg Management version. Note that fized
address pronrals 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 cplional
formats are listed 1n Rppendiz A.Y

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

The UBMAP command can be used to change the Unibus Map
registers assigned to 8 user program.

The MM command wilh & program number specified, will list
the following detarled 1nTormation aboul the pragran

-~ The standard 1nformation line which consists of the
absolute program area addresses, the program’s nome,
and the device assigned to the program.

== The values that will be loaded into the User Mode PAR
and POR registers when the program 18 running.

== The absolute addresses for RDIO and WRIO.

— e m—— — - e meemee e ma e v w——
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== The absolute addresses of FREE, MIDL, and the ¢nd of
memory.

I{ the Unibus Hcg 18 hcln’ used by the program, ths
following will also be displayed:

-- The Unibus addresses for RDIO and WRIO.

== The numbers of the Unibus Hog registers, which are
assigned to the program, and their contenls.

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

The “DISPLAY p CODE™ command will display the absolute
adﬂra:scs and the virtual addresses of the program’s object
code.

The ROM, WRM, BOC, RDD, and SUB commands will supgorl up to
22 bits for their addresses and/or operands. The CBD and
COB commands still support only 16 bats.

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 a user program while 1t 18 running, an attempt w1l

rograms.
he display.

made tg kill that program and continue running any resainin
f! Becs HSG a halt

the trap occurred in will ofcur afte
ressing the "CONTINUE’ switch afler the halt

De
will cause & jump go the restart (RST2) point. When the trap
catcher 13 enlered, 1t will display the following i1nformation:

The vector address of the trap.

The contents of registers O thru 7 and the PSH at the time
of the trap.

The contents of the Memory Management registers (MMRO-MMR3).
The contents of the failing mode’s PRR and POR registers.
Whether a user’s interrupt was baing processed.

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

— e —— e ————
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9.3 RESTRICTIONS

The following restrictions apply only to the Memory Management
varsion:

- The s12¢ of each :ro!ra-’s ares (device rouline + RDIO
WRIO + source + objelt code) cannot ezceed 12K words.

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

- The VECTOR 1nstruction 18 not supported. Therefore, the
user will not be able to write and include an 1nterrupt
service rouline 1n his program. MPG’s generation of
absolute addresses {for the user program’s object code
prohibits this feature 1n a virtual envifonment.

-~ Ezxtreme care must be taken 1f the wuser 13 wusing absoluls
octal addresses in his program. Oclal addresses, which
reference the device registers or other registers in the 1/0

age, are supported. ~ However, if outsi8e of these areaas,
raps may occur 1f the area they reference 13 not mapped.

= The mazimum s12¢ of an absolute octal address entered on
user program statements 13 1b bits. This includes high
level f/O statements.

9.4 MEMORY MANAGEMENT IMPLEMENTATION DETRILS

MPG utilizes the Memory Management feature 1n 2 manner that 13
compatible with all 903-11 "s. This results 1n the Data Space
and Supervisor Mode copabtlities not being used 1 prasent.

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

control, the User Mode PAR/PDR rc,nstcr: are mapped to tha

user's areas. When the user A;ag am gives control back, Kernel
Mode will be entered again and will remain 1n thatl mode until
1t gives control back to the same program or to another progrom.
Interruptls generaled by user program device roulines are serviced
1n Kernel Mode. Rlso, certain rovided functions utilized by
the device routines and program stalements (PRINT for ezample)

will result in Kerns] Mode being entered for o very brief period
to initiate the function.

To 218 1n the undcrstandlng of MPG’s operation, the followirng
tables l1st the usage of the PRR/PDR registers for ecach mode:
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9.5

Kernel
PRR/PDR Usage
-3 Rluays mapped to MPG’s program space.
Y-8 General work and also used during
interrupt servicing.
7 170 Page
User
PRR/POR Usage
B -¢ User’s ro,ran area
3-5 The F I70 area
6 Shared code area within MPG
7 1/0 Page

The values loaded 1ntc the User Mode PRR/PDR registers are
initialized only when the RUN command is 13sued 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 agdin. This
allows the user to set up his own values 1n certain registers and
operate without being concerned that MPG will change 1Them back.
However, certain registers must never be changed or the resuils
will be unpredictable. So, keep your hands” off of PRR/POR
registers U, 1, 2, 6, and 7 since they are holy. If you must use
2 /PDR ganr, use one or more of the 3, 4, and S group.  These
are__normally for FREE, but 1! lhe program never references FREE
or MIDL, they can be used for other purposss.

If the user has a program which must know whether 3t 1s running
under Hcaor’ Management or not, the following two statements ma
be used to Belermine this fact. The second statement wil
perform the GOTO 1f Memory Management 1s being used:

LOAD TMCO WITH OPSW
IF TMO0 = 2 GOTO nnnn

UNIBUS MAP IMPLEMENTARTION DETARILS

When a device rouline 13 loaded for a user’s program, a flag 13
interrogated to delermine 1f tne device requires the Unibus Map.
1f 1t does and 1f the Map 13 being used will determine houw
many contiguous registers are needed (1 to 3) and then ask for a
first rc?xs ¢r number. The valid register numbers are 1n the
range ol decimal 7 thru 30. If three registers are needed, the
hl% est valid rc?lsicr number would be 28. If & number 13 not
entered, MPG will select the lowest avarlable registers and then
display the number of the first register chosen.” If (the wuser

—
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later wishes 10 use different registers wilh his program, he may
1ssue the UBMRP command and change the registers.

The following table lists the wutilization of the Unibus Map

registers:
Registars Usage

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

2 Never used within HPE. 3vaxla le as
8 work register.

3-5 The FREE 1/0 arsa.
Y Shared code area within MPG.

7 - 30 Rssignable to user programs.

Registers O, 1, and & are initialized by MPG wupon_ 1ts 1nitia]
lodding and whenever MPG 13 restarted.” Registers 3 thru S and 7
thry are re-1ni1ti1ali12¢d whenever the UB command 13 i1ssued
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 A
USER COMMARNDS

MPG COMMAND SUMMARY

For dctaalad descriptions of the following commands, refer to

ENTER p

ENTER p RS namse

RUN

RUN p

RUN p AT In

STOP p

CONT p
KILL
assich mdl TO 5
RSSIGN mdl,u,u,u TO p
RSSIGN mdl | u'TO LIST (also SAVE and FETCH)
DELETE p
REPORT p
REPORT p COUNTS (also STRTUS)
OPSW o000
SR

FT p TO bbbk (Memory Mgmnt on]

UBMAP (Hclorg Hgnn! only)
FILL BEnn WITH %asa...a
FILL BFnn WITH oo0o00,0000,¢tc
FILL BFnn WITH Sasa...a
FILL BUF WITH PRTn
FILL COMn WITH ocoo0
FILL COM WITH *aaa2...2
MODIFY »p
DISPLAY p
DISPLARY p CODE
/SAVE p

/SAVE p AS name

/FETCH name RS p

/D%%ETE name

/LIST ALL,FAST

/ZERO

/B0OT

MM

P: PyPsP (Memory Mgmnt only)

RDM bbbb,ccce
WRM bbbb,oooco
BOC bbbb,ccce
ROD oo000,0000
SUB 0020,0000
CBD o000

COB dddd

. — —— e d——
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R.2 MPG COMMAND ENTRY INFORMATION

The following 1s 1nformation concerning the detarls and options for
entry of MPG commands:

-- ?lldconnand entries are terminated by a carriage return or a line
eed.

-- A1l command names (RSSIGN,DISPLAY,ENTER,RUN,/LIST,etc) may be
entered a1ther 1n full or in their shortened form which 1 ghcnr
first two characters (RS,DI,EN,RU,/L).

-~ Separator words (AT, TO,WITH RS) and certain keywords
(BL¥ , BF nn, COM, COMn, LIST’ SAVE, FETCH, CODE, STATUS, COUNTS)  may  be
entered 1n full or 1n their shortened form which consists o only
their first character (R, T,W,A) and (8,Bn,C,Cn,L,S,F,C,S,C).

For ezample, “FILL BFO2 WITH 1,2,3" could be entered as
“FI1B2W1I,e3"

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

== In the command sunnar, and definitions, commas are shoun as
operand separator characters; spaces may be used i1nstead.

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

== Multiple commas and/or spaces will be trealed as & single comma
or space.

-- Leading 2¢ros 1n program numbers, octal data, decimal data, wunit
numberd, line numbdrs, and buffer numbers do not need to be
entered. If they are ‘hcg will be 1gnored, regardless of the
number of them entered.

== Sevaral commands accept multiple program numbers and 1n some
cases, intermixed formats. These commands are:

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

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

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

=~ A}l commands that perform I/0 operations on e¢i1ther the SAVE
d;vxcct or the FETCH device are pref:zed wilh the slash (/)
character,
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(Cont’d)

' R.3 MPG COMMAND OPERAND DEFINITIONS

P

line number
In

mdl

0000

232...32

name

bbbb
ceee

dddd

nn

The decimal program number 1n the range af 1 to 16
that 1s assigned to a user program 10 MPG

The one to four digit decimal line number
prefixed to each statement 1n 2 user progranm.

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

The one or two digit decimal unit number 1n  the
range of 0 thry IS for a specific unit on a
multiple unit control electironics.

R word of data expressed 1i1n one to si1x octal
digits.

gn{ or more ASCII characters used to define ASCII
ata.

One to six alpha-numeric characters. Usad to
1dentify saved user prograams.

RAn absolute memory address sgccxflcd in one to 312
octal digits. May be one o ei1ght digits (22
bits) on the Memory Managsment version,

A decimal number 1n the range of O thru 65,535.
One digit number 1n 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 | -~ PROGRAM RSSOCIATED COMMANDS

ENTER ¢
ENTER p RS name

RUN ¢
RUN p AT line number

EUN Y- AT |
n,
RUN Prf P

STOP
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 (1-16).
If a program name is not supplied, the
default name of ORPHAN will be assigned
to the program.

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

This command 1ni1tiates program execution
at the first statemenl ol the program
indicated by p. R second formatl, T
line number, provides for starting a
rogram at a specific statement which'1s
1dentifi1ed by its line number. R single
command may Be used to start one or _more
programs with an, mix of formatls. If no
program number s supplied, MPG w1l
scan the program slots and start
execution of any user programs that are
active. For example, a CONT command has
just been 13sued Yor a program.

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 h! 2
user command or have ceased ezeculion
due to the occurrence of an error.
RActual progrem execution does not resume
unti] 8 RUN command 33 entered or a null
keyboard eniry 13 made.

This command is used primiarily to force
termination of wuser programs” that are
hung in an 1nternal loop "and Lherefore
do "not release control 1o MPG which
would allow the STOP command to cease
their execution. KILL can also be used
to stop a program that is not in o loo:.
However, any program stopped with the
KILL command will be stopfcd 1nm¢dxatcla
and can be restarted only with the RU
command.
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DELI
DELI

vy

TE p
TE p.p,p

ASSIGN mdl TO p

RSSIGN md!,u,u 10 B

RSSIGN mdl,u,u-u TO p
RSSIGN md]l,u TO SAVE
ASSIGN mdl,u TO FETCH

ASSIGN NONE TO LIST

REPORT p

REPORT p,p STATUS, p
REPORT p’ COUNTS

NO4
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Instructs MPG to delete the indicated
programs and deallocate the memory they
occupiled.

Allows 1the wuser to change the wunit
numbers assigred to an existing program
and/or to chiange the device's Constants,
If & single “unit_ device, no unil
number 18 needed. If o nultiplc unit
device, such as magnetic tape, e1ther 2
single unit number, & series of single
unil numbers, andzor string of
conseculive umit numbers (maximum of
sixteen) na* be specified. When wusing
this commad to change unit numbers, 2
line feed terminator on the rcglg will
cause MPG {o bypass requesting new
device constants.

The NONE entry 1s used to g*asglsn the
current dcv:gc for the LIST, SAVE, and
FETCH devices. Other keywords which ma
be wused {or dcassiaasgnt are KYBD an!
KBOO for LIST and L for SAVE and
FETCH. It should be noted that for the
LIST, SAVE, and FETCH operands cntr’ of
only their farst character IL,S,FT 1s
acceptable.

Forces the display of all device
registers, error information, and
statistics for the program or programs
sgccnflcd. This command applies only to
those programs that utilize high level
I/0 langudge statements and = device
roulines” whic provide reports.

variation of this command allows the
user to di pla! specific  report
information. The operand will
display only the counts while the STATUS
operand will_ display only the device
reqisters. If neither of these operands
ard specified, bcth reports will be
displayed. Enlra of only the first
letter for COUNTS and = STRTUS 1

acceptable.

$
h
h
s
h
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OPSW agco
OPSip s035¢

SHIFTY p
SHIFT
SHIF’

UBMAF ¢

TO bbbb

13 Bec

{(Carnt'd)
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Used to sel the MPG crat:on Switches
to the valuss lndlcatc 0600 which i3
sn oclal word (Refer Sccllon 3.5).

If Lhe progrom nuaicr s not entered,
the Operation Switches lor all currently
resident progroms will be set to thc
indicated value. Hhen is entgred,
only that nrogran $ switches will be
modified. hen cntcriug program
nusber, only one may be ehtered.

This command 18 supported onlnpon tha
Memory Management version
first  formal 13 uccl to move thc
specified progrom 8 new ared In
-c-or whose s;ortln, addrcss 18 _defined
? ¢ oclal addréss DbbBD. The move
will be performed as long as the area 1
not alrcaly occupied and there 13 anough
room. The secon !or-ot ¢llows the user
to change Mhis program’s number and
consequanliall i!s ollxn loop slot.
If this commang is d rcclc at a rogram
whose memory address is controlled
MPG, the program may Dbe relocated 1n
memory in order to retain the seguential
memor addressing _common ]
controlled programs. The third foraat
allows the wuser to return a program
which 38 located at a fi1xed address tha
wos defined earlier, to MPG control of
its address.

This command 13 supporied only on the
Memory Management version of . Hith
this command the wuser may changc the
Unxhu: Map registers o::t, ro ran

. The first action lornc to
¢~ assx,n the rcglstcrs currcntl
assignc to thc ro ro- Next, 1t w1l
ask “for new ter assignmentis 1n a
manner which 13 1 cnlicol to the way 1t
rcqucstcd the register assignments when
the gro- was Entered or Fetched.
Q!tcr ¢ assignments are received, all
progrems will bc recompiled.
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CLRSS 2 ~- DATA PROCESSING COMMANOS

FILL BFnn WITH oco00o0.0c00,etc Allows the wuser to load one of the
sixteen common data buffers with gi1ther

FILL BFan WITH ®asa...aa octal words or RSCII date. The value
FIL. BUF WITH oooo, oooo etc  of nn may be O thru 1S and specifies
FILL BFan W]TH Saaa. uhnch 16 !tc buffer is to be 1lled.
FILL 8SUF WITH PRTn f less th bytes of octal uord: or

RSC data lc spccif:cd the entered

data will be propagated tﬁroughout the
16 bytes. f wore than 16 bytes are
entered, the dotas will be (truncated
after the first 16 bytes. In the third
format, where n is ndt specified, all
sizteen buffers will be Yrealed 2s one
2Sh b tc buffer. Octal or ARSCII data
will ropagalcd throu houl its entire
lcngth with n ’strlcli (other than
the s12¢ of the byte keyboard read-in
area) on the number of bgtcs entared.

The prefiz codes ® and 8 for the RSCII
data formats provide the wuser with
contro]l over the inclusion of carrlagc
return and line feed characters at the
end of his data. The # format will
aulolatxcall include the CR/LF while
the 8 format uill result in only the
data entered by the user.  When
grnpagat:n data,” the CR/LF will be
reated the some as user data.

The PRTn format will f1]l the 1indicated
buffer with the bit patiern specified by
PATa. The various patlerns available
are listed 1n Rppendix C.3. For this
lorsat n con have & value of 0 -9, R,
or
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FILL COMn WITH coeos

FILL COM WITH #pa..3
FILL COMn WITH #aa
FILL CCM WITH PRTn

— . ———
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M.P.G. Page 55
This 18 an alternate format of the FILL
command and allows the wuser to access

the ten common work areas which are two
bytes cach. The number n represents the
work area number and may hc n the ran
of O thru 9. The data ma nlcr ;!
a pattern or in either o ta

format. If & number is not sup lici
COMO through COMI wil) b: treated t
twenty byle ares with data propagation
taking place if less than tucnlg bytes
of dota is entered.

The codcs # 8, and PATn are treated the

same in "the FILL BFnrn command.
Houcvcr uhcn fillin specific COM
word (LOMa) and ?u the #as format,

the resulting conlcnt: of the COMn  wors
will be 8 CR/LF, regardless of the
number of data characters entered.

CLASS 3 -- USER PROGRAM SOURCE MAINTENANCE COMMANDS

MCOIFY 3

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

/SAVE p RS name

/FETCH name RS p

Instructs MPG to
subsequent keyboard antries as progran
statements which are to be applied
corrcctxons to the progrem :pccxflcd b!

he program p musl alresdy o113
c!orc using this command.

interprat the

Causes the dxs! ay of the ?ran ?
statements on print device he
second format causcs the display of
program statements and the octal nachxnc
code generated for ecach statement.

Instructs MPG to write the progrom
statements of progran : to the currcnt

VE device. They will be saved under
the ons to :lx character [.0. code
furnished by neme. Il a2 name is not
specified, !ha statements will be saved
under the name_assigned to the progrom
In_ memor Program p will st}

relained !n memory.

Used to rcl# pro!rans ‘rcvxouslg saved
by MPG. ame en furniShes the
1. D of the saved pro ram on the
current FETCH device while indicatas
}hcdpzo;ron slat 1nte which 1 will be
caded.

—— — et —— —— - —— — — ———t - —— o —————
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" /DELETE name

/DELETE name,name,nanme
P /LIST

/LIST ALL

/L§Er FRST
/LI8T ALL.FRST

|

+ZERC

/8007

EQS
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This command s wused to delete wuser
ro arons stored on the SRVE gcvicc One
ore names may be supplie

The directory of the FETCH device may be
listed through usc of thls command. If
the kcluord its not , lied, only
the ved user lro!rans .l be listed]
[f ALL 13 entere files, including
those rcqulrcd ‘ PG, will be listed.
If FAST 1§ nlcrcd only the filenames
of the !i ez will be'listed. L and

T are 1ndependent of cach other. The
information roduccd b this command
will be dis ll,td the curreantl LIST
device (eithe the console terminal or
the printer).

Uze of this co-land will 1nitialize_the
dxrcctor" the SR device. It s
useful when crcatnn, slternale progrim
library media. Extrc-c care must be
taken “when uslaac this command. It
dxrcctcd at the load device, it wil}
cstrog the data on that device. It s
for 13 rcason thct o uarnxug nessage
which rcqunrcs , displaye
before crlorlxn' gn functidn.
This message displays th: VE device's
mode! and unxt nunhcra and requires a
es reply before performing the Zero
unction.

Couses MPG to perform & simulated
bootstrap_ function on the current FETCH
device. The first data block read by
normal bootstrat will be read by MPG
into memory starling at location "2ero
with hranch to locat:on 2ero afler the
read completes. This destroys the
memory resident MPG.

CLASS 4 -- SERVICE COMMANDS

Disp lag the limits of the nc-or:
locatidns occupied b? each user progra
and the addrasses of Free Memory.

stands for Memory Map)

——— —— A ——
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MM
MM

FM

RDM

BOC

RDD

SJB

CBo

coB

P.F

bbbb
bbbb,ccce

bbkb,oosoo
bbbb,o0cco.0000,etc

bbbb,cccec

0000,0000C,8tc
2€00,0600

goo0

dddd

— i —————
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This command 1 pported °n$ on the
Memory Mana cncnt v¢r31on of ! With
this ‘command the user may disp lay more
detarled nnlornation about 8 sxn, ¢ or

eries uscr rograms.
eclion 8 1 Ic ! f as to uhat
information is dnsplayc

This connnnd formats menory by
clllnnalHPE ’ nused ncnor’ space
beluwesn conl olle uscr pro sms and
then racompiling a use !ro rams.

This s1tuation shouldn t occur but undcr

som¢ unxquc error or abort conditions 1t
might.

Display the conlents of the word at the
octal nclnr¥ address specified by bbbb.

the 1ona] second address 1
supplxcd :spla up to and 1ncluding
the second addraes

Write the single or strlng of octal
words (oo0oo) " beg lnnxn, the octal
memory address specified by hhbb

Used to calculate the branch offset
value between 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 the _destination
address of the branch. The ansuer
produced must be visually checked for an
out of range conditicn 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 result.

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

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

' FOS
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APFENDIX B

USER PROGRAM LANGUAGE
8.1 MPG PROGRAM LANGURGE SUMMARY

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

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 T0 v

ADD v RT v TO v

SUB v FROM v

SUB v AT v FROM

NEGRTE v

SET v BlT n

SET v BIT »n THRU n AND n (-,8)

CLEAR v BIT n

CLEAR v BIT n AND n THRU n (3,-)

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

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

IF v =v GO TO In (=,),¢,2),¢(2,0

IF v AT v = v GO T0 In (=) ¢$)

GO 70O In

LINK In

RETURN

PRINT & text-text-tezt-terxt

PRINT 8 text-text-text-text

PRINT v IN BINARY (BINARY,OCTAL,DECIMAL ,ASCII)
PRINT v AT v IN ASCII mg%&bcmf b?cxmn. BINARY)
FILL v WITH RANDOM (R ASCIY [var1able),PATn)
FILL v AT v WITH RSCII (RSCII,RANDOM. [variable) PRTn)
ROTATE v

ROTATE v AT v

PRAUSE

DELAY v

VERIFY v WITH v

VERIFY v AT v WITH v

VECTOR v TC In (NR for Memory Mgmnt)
LETGO

ENTRY

EXIT

RESET (N/R for Memory Mgmnt)
MORD v

END

For specific gcr:phcral instructions such as READ, WRITE, REWIND, SEEK
etc., see writeup listed under appropriate device name, 1n Appendix D

i m—— ——r
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B.2 MPG PROGRAM LANGUARGE - VALID PRRAMETERS

VRRIRBLES (v) - RAny of the following are equally i1nterchangeable:
Symbols -~ RAny 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 be
considered a decimal number. The acceptable
range 1s from: DO thru DESS3S.

SIT NUMBERS (n) - RAny decimal number from O thru 1S.

LINE NUMBERS (ln) - Any decimal number from O thru 9999.
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B.3 PROGRAM LANGUAGE DETRILED DESCRIPTION

LORD [variable! WITH [variable)

’ INCR [variablel

INCR [variable! BY [variablel

! DECR Ivariablel
OECR [variable] BY [variable!

MOVE

MOVE (vari1able] TO [varsable]

Load the value of the second
variable into the memory address

specified by the first.

Increment the contents of the
memory word locption indicated b

the fIrst variable by the amoun

specified by the second. Increment
by 1 1f the second variable 13 not
specified.

Decrement the contents of the
mamory 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 18 contained 1n location NBR.
Location SRC contains the starting
address of the data, while location
DST points to where 1t 13 to be
stored.

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

MOVE [variable] AT [vari1able] TO [variablel

ADD [variable) TO {variable]

Same as basic MOVE exc
vartable specifies
bytes to be moved.

ept the first
he number of
Add one word located at the memor
location 1ndicated by the firs
variable to the word “residing at
the location 1ndicated by the

second. Replace the second with
the result.

RDD [variable) AT [variablel TO [variablel

Seme 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 [vari1able] BIT [n) - [nl8[n]

JO5
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Subtract one word located at the
memory locatxon indicated by the
f:rss vari1able from the “word
residing at the location indicated
by the sccord Replace the second
with the resull.

SUB [variable] RT [variable]l FROM [variablel

Same as basic SUB ezcepl the first
variable specifies the number of
bytes to be subtracted.

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

Set the bt fnllflld b the
number n 1In lhc ocation :p!cxf;cd

by variable.

Bit combinations (AND,3) or b1t
groups (THRU,-) can also be set.

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

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

Bit combinations (AND,8) or b1t
groups (THRU,-) can alsc be reset.

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

If the bil 1dentif1ed by the number
n 1n the location specified b
variable meels the condition calle
for (Set or Clear) then perform a
?ran branch to the statement
1nd cated by line number.

ir [varsable) BIT [n] AND (n%gén] THRU [n]CSET GOTO (line number)

3

LEAR

Bit combinations (AND,3) or b1t
?roug (THRU,-) can be 1dentified
or lest.
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IF [variablel

=)
(=
O

!

KOS
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[variable]) GOTO [line numberl

If the relationshi (=,> etc),
between the contents of memor
specified by the variables, 1
true, perform a ?roaran brancﬁ to
the statement jdehtified by line

number. Unsigned ranch
instructions will be used.

NOTE- There 18 one difference
between this instruction and all
others. If the second variable 1t
a decimal or octal number, 1t is

used as a value, not as an address.
It 1t 1s a symbolic name C(tag), 1t
18 used as an address that contains
the value to be compared.

| IF [vari1able] AT [variable] = [variable) GO TO [line number]

O

GOTO [line number]

LINK [line number]

RETURN
PRINT #[text-text-text]

PRINT #ltext-text-text]

Seme as chcccdlng IF operation
except  that the "first variable
specifies the number of bytes to be
compared. Note that ei1ther GOTO or
GO TO 13 acceptable, and only o
compare for = or O 1s valid.

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

Used as & jump to subroutine to a
subroutine beginning at  the
statement 1ndicated by line number.

Used as a return from a subroutine.

When this statement 13 encountered,
print the text message on the
display device assigned to this
Erogran. Follow the text with a
arriage Return and Line Feed.

Same as PRINT ¥, except that the
text 13 pr:ntca withoul a carriage
return and line feed following.
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PRINT [vari1able] IN géNRRY

FILL [vari1able] WITH RANDOM
ASCII

f {variablel
ATn

FILL [variable) AT [variable) WITH

ROTATE [variable]

ROTATE [(variable) AT [variablel

VECTOR [variable] TO [line number])

LOS
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Convert one word of data located 1n

memory at the address specified h’
Vlfll le to the format rcqucstc
prxnt it on _the assigned
dcvxcc First character

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

PRINT (variable] AT [variable) IN BINARY
OCTAL

DECIMAL
RSCII

The farst varnablc spccnlxcs the
number * be printed
(starting at the ocatlon specified
by the second variable). A decimal
or octal number 18 valid.

Fill the area of ncnor' start:n
with the location specilied lhc
first variable with 256 thcs of
random data, the ASCII sractler
set, the bit combination specified

"the second variable, or the
Epsg:llcd pattern (see Appendiz

RANDOM

RSCII

[vari1able]
ATn

Specify the number of byles 1o be
filled by the first variable.

Rotate th ¢ number of hvtcs
spcc:fxc v variabl! ¢ in this

program’s wrile buffer ( WRIO), one
place to the right.

Rotate the number of bytes
sgcc:f:cd bY the first variable
artin he Jocation specified
by thc sccond variable, one place
to the right.

Store the address of the line
number 1n the location spccx!:cd bg
the variable. This Jocation

normally an  interrupt  vector
addrcss (Note: Not supported on
éga )Hcmorg Mansgement 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 ocleal along with the byte
number if Lhey do not compare.

VERIFY [variable] RT [variable) WITH [variablel

PRUSE

DELRY [variable)

ENTRY

EXIT

LETGO

RESET

Congxlcs as

Delay the

nemory

Save registers RO thru RS on

Same as previous erxcept first
variable specifies 1the number of
bytes to be comparad.

Wait for Interrupt

instruction.
number of mylliseconds
indicated b? variable. This should
be » decimal value_ such as DI1000C
for 1 second. This instruction
uses & simple time-out loop, and
the actual delay will vary with
and procéssor speed. {
accurac! 18 criticael, the User
should time a delay of B0 Seconds
(060000) adjust the value he
desirss ‘y the percentage deviation
from the one minuie delay.

the

stack. "This instruction 13 for use

at the start of an intcrrust

gservice routine written 1n MPG

language.

Restore registers RO thru RS from

the stack then do a return {;on
18

1nl¢rrugt {RTI) instruction.
instruction 1s for use at the end
of an MPG interrupt routine.

Causes a control release as
described 1n Section
Execution resumes inline when
coniral 18 returned to this
progran.

Issue 8 Bus Initialize to the
harduare. (Note: Not supported on

the Memory Management version of

MPG.)
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WORD v Store the binary value of the
variable specified as the next word
in the wuser ro!ran Octal and
decimal values for v,
Rlso, if a symbolic nanc ls cntcrcd
for v, the a!drcss !or the sgnbo éE

name will be generated.
AT YOUR OWN R!
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 NRMES

USER PROGRARM EXCLUSIVE STORAGE

Each MPG user pragram has access to 16 locations that are part of
the program and that have predefined symbolic names. Each
program uses the same :¥abollc names, butl when two or more
programs are co-residenl, these common names reference difierent
physical locations internal o each program. The valid
predefined symbols are as foliows:

THMOO TMOM MO8 THMi2

TMO) THOS ™09 TMI3
™G2 ™06 THI0 MY
™G3 TMO? ™1l TMIS

Likewise, the symbolic names ROIO and WRIO refer to each of the
two 170 areas_ _1included as part of each program area. The
locations NBR, SRC, and DST, which are used b‘ he indirect move
instruction (MOVE), and lhe operation swilch word (OPSW) alse
exist separately wilhin cach program area.

RDIO NBR
WRIO SRC
OPSH DST

USER PROGRAM COMMON STORRGE

Each MPG user program also has access to 10 locations that are
¥hgsxcall common fto all :roprals resident al any given time.

hty are !lso sccessable by the FILL command. These mdy be wused
for"communication belween programs, or variation of parametars by
command. The valid predefine Sgl‘OIS are as follows:

coMO0 COMS

coml COoMe

cone comMz

comM3 coms

Com4 com9
The common or shared 1/0 arca 13 referenced by the symbolic name
;?55. The middle of this area 13 referenced !y the symbolic name

FREE CRLF

MIDL

A ccmmon Jocation containing the RSCII code for a Carriage Return
and Line Feed can be referenced as CRLF, and used for formatting
messages.

— m——————— ——
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Symbolic Names (Cont'd)

()

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

following symbols:

BUF /BF D0 BF 04 BF 08 BF1
BF 0l BFOS 09 ggl
BF 02 BF 06 10 14
BFO3 BFO? BF11 BF 1S

Far the FILL command, this buffer can be referenced a3 a single
256 byle buffer by u:xn? the name BUF or just B. If BUF 13 uled
in a pfogram sta!cncat t 13 equivalent td BFOO.

MPG PREDEFINED BIT PRTTERNS

Inherent within MPG 13 the ability to cas:l! cncratc variable
length dal* fields with any !l 3 seriés redefined bit
patterns hese f16lds may bc cncratcd with cxt er the FILL
program statement or the command and are useful when
checking for failures due to doia scnsxtlvxt!. These patterns
are 1dentified by symbalic names that are listed below along with
the bit patterns that each produces:

PATO 100000 HALKING ONES

&

010000
stc.

PRT1 WALKING ZEROES

3

137777

157777

167777
elc.

PRT2 100000 EXPANDING ONES
140000
160000

170000
ste
PART3 Q77777 EXPANDING ZEROES
037777
017777

. - e — —




Symbolic Namas

PATY

PRTS

PRTE

PART?

PRTE

PATY

PATA

PRTE

{Cont'd)

000001

etc.

165555
133333
165555
133333

ete.

M.P.G. Pasétéss
RLTERNATE ONES (MORIZ.)

ALTERNATE ZEROES (MORIZ.:

ALTERNATE ONES (VERT.)

RLTERNATE ZEROES (VERT)

OCTAL CHECERBORRD

BINARRY CHECKERBORRD

COUNT WORDS

RPO4 DISK SERIAL DARTA

— e ———
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RPPENCIX D

DEVICE ROUTINES

DEVICE ROUTINES - GENERARL INFORMATION

The 1nformation unique to & 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 sagaenl referred to .'Hﬁ Device
Routine. The Device Routines ard resident on the G load
device and are automatically loaded by MPG when the 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 cther services to the user
lndlh;: program and also to MPG. Services for the wuser
include:

= High level language functions

- Statistic accumuldtion and display
- Error detection and display

- Device registars display

- Symbolic names for device registers

Services for MPG are actually extensions of MPG and are
activated by MPG  when ncccssar’. These services 1nclude
housekeeping™ functions, rcsort tsplays, oand functions
required for the KILL command.

The device routines serve as add on components to the basic
MPG progrem. HWithout them 1t s still possible to write
grograns for any device by wusing the low-level language.
his basic feature allows programming al the device 1ntarface
level. MWith them, higher lével functions such as Read
Hzx:a, ?cck, Rewind,” etc., con be 1nvoked with one MPé
statement.

R feature provided by the device routines 13 the specifying
of device registers by symbolic nam¢. In order to referdnce
a device's registers by name, the MPG user must assign that
device fto the program he is defining. Rs an extension of
this support, abbreviated device roulines exist for all
devices mentioned 1n section D.2 even though high level
functions have not yet been programmed.

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

_—— e e mar e ——— e e ——
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D.1 = Device Routines - General Info (Cont'd)

D.l.1

CONMON FERTURES IN DEVICE ROUTINES

Rlthough each device routine 13 tailored to the device it
supporlts, several features are common among ’ll full support
device roulines wunless olherwise noted. hese features,
which will be documented only once to avoid redundancy, are
described 1n this section. When a device routine description
lists one of these features, it will direct the user to this
section for detarled informalion.

OPSK Special Operation Bit

One bit 1n the Operation Switches (OPSW) word asscciated with
each wuser program_has been reserved for use as 2 flag to the
device routines. This bit, which 13 called the Special
Cperations (SPOPER) flag, 18 bit 7 of the OPSH and may or may
not be supported by a device routine. R typical application
of this Dit’s usdge would be 11s control of the Maintenance
bit 1n the device’s registers. KWhen SPOPER 13 set b, the
user, 1t would i1ndicate to the device routine that all [/0
operations are to be 1ssued wilh the device’s Maintenance bit
set. For other devices it l.* have a completaly different
implementation and meaning. herefore, refer to the
agplxcablc device routine section to determine 1f this b1t 1
ulilized and 1n what manner.

Remember that the OPSHW 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 Kords

R total of e1ght words are available to each device routine
for use 1n pdssing 1nformation between 1tself and the user’s
rogram. Siz of these words may be 1mplementied as needed for
he” device rouline’s own requirements. Examples of these
words are CYL, HEMD, and SECT for o disk. The other two
words, which have been as:t,ncd specific symbolic names and
functions for all device routines, are as follows:

Name Definition

SIZE R one word location which 1s loaded by the device
routineg with the number of h* es actuall
transferred on an 1/0 operation that pcrfornas
data transfers.

ERR R one word location which 1s cleared to 0’s before

each I/0 operation. MWill be set to a value of !
1{ an error was detected on the [/0 operation.
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Statements

The following statemenis will be accepted b
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all full support

device roulines and will produce similar results:

NOWRIT  This statement 1nstructs the device routine Lo go
into o mode whare 1t returng 1mmediately to the

next statcncnt ln the wuser's
in1tiating ! 170 operations.
¢ an I/O operation and then sample

user to inltlo

rogram  afler
his allows the

the device rc,nslcrs while 1t 13 1n progress or to

perform concu

reat data operations.

For communication dcviccaﬁ this mode also allows a

simultanesous

E 1n order to test the

data loop back provided h! the hardware. Multiple
r

170 cralxons can bs st

ted in

parallel as long

as d:f erant units (lines) are cclcctcd When any

subsequent statement attempts

to select 2 ling

that is already 1n use, the progrem wi1ll wait at

this point until the 1mitia
line 13 completed.

1/0 on any common

I{ NOWRIT 13 1ssued on a non-communications type

of device and another /0

statement 13 133ued

before a previously 1ssued one has terminated, the

device routine will automatically

wait until the

operation 1n progress is compléted and then

in1ti1ate the next operation.

When using this statement, care must be taken to

ensure that a WAIT 13 l1ssued

after the last 1/0

operation 1n thc program. Othcrulsc, an_error

display

m133ed and the final counts will

not bc upda!cd for the last 170 operation.

WRIT Resets the NOWRIT mode and i1nstructs the device
routine to return to 1ts preset mode of operation.
In 1ts preset mode, the device routine will wait
until the currenl 170 operation has terminated

before returning to the nerxt
user’s program.

COUNTS  This statement roduces »

statistical counts accunulatcd
opcratxon of the wuser’s ﬂao gram.
G LIST device (console

will be direcled to the

statement 1n the

display of the

thus far 1n the
This display

terminal or printer) with the information produced
being dependent upon the device routine.

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

2.1.2

STATUS  With this statement the wuser can display the
contents of the device registers associated with
the device assigned to his program.  The dxsplag
will be directad to the MPG LIST device with eac
register’s contents being identified by the
regisier’s symbolic name. Normally, two sels of
contents will be displayed. The Iirs‘ set is the
registers’ contents “uwhen the last interrupt
occurred. If there has not baen 5rcv1ou:
interrupt, these will nol be displa ¢ The
second scl consists of their current conlents and
will always be displayed. For the second display,
the contents of the rcg::tcr: are retrieved wupon
processing this statement.

COMMON ERROR INFORMATION FOR DEVICE ROUTINES

When cncauntcrln' an error and if permitted to do so by bits

and he program’s the dcvlcc routine will

display information pcrtaxnxn Lo he arror. This

information will be directed to the MPG LIST device and as a

atnimum will consist of an error 1. D and the line number of

the current statement 1n the uscr s progran Dcpcndln! upon
1

the device routine and the error addi1t10nal
information also be display c’ Thxs usually consists of
the current unn, number, the contcnts of the device registers

at the time the error was detected, and thc error bt

mnemonics. For details as to what 13 ‘roduccd by specific
device routine, refer to that rouline's scctxon in this
appendix.

There exists within MPG thres error -assagcs which na' be
1ssued during execulion of a wuser program. While The

errors will be displayed with the n;o gram's number as an
1dentifier, lhc, sre 1ssusd by G and not by the device
routine. irst message lag occur when “the VERIFY
statement ls being used within the user’s progrem. The other
luwo messages may occur when a user program or device routine
1s giving control back to MPG with 1t3 stack having improper
;t}q:hutcs. These messages and their explanations are s

ollows:

DATR ERROR (STMNT & nnnn)

A dats -xscongarc has been detected by the VERIFY
statement he data that did not congarc wil

disp la,cd following Lthis message. Whelher to lxst
onl first n:scon:arc or all nnscon ares 18
controlled by bit 1 1n the program’s The
data error count within the dcv:cc routlnc uxll be
incremented when this error occurs.

—— —————— —— g e e e s ——
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*ERx INV STk RDR

106

Page 73

The value of the stack pointer was 2r¢at¢r than

the mazimum allowable value when a us

r program or

device routine returned control to MPG. The wuser
trn gram will be terminated 1mmediately and cannot
¢ continued through use of the CONT cimmand.

#ER* STK TOO BIG

This srror occurs when a user program or device
routine returns control to and has Jeft more
than thirty words on the stack. Since storage

space resérved for stack information 1s thirly

words long, stack dats would be lost

for ths

program.  Therefore, this 18 reported as an error

condition and the program 1s terminated.

Riter any error 1s 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

dxrcctcd to continue on error b being reset
E ram’s OPSW. If the progran stops altcr an error

command 1s then \ssucd execution will resume
next statement 1n the user’s program.

tn the
and the
al the
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MINIMUM SUPPORT DEVICE ROUTINES

For certain devices MPG provides a mintmum level of support.
This support consists ol symbolic names for device regisiers
when programming a device at the interface level.” This
capability eliminates the nccd lor octal addresses when
accessing these rca-:tcrs Also, g altcring the dcvxcc
re axslcr ' base aldress, the same gr ‘ran may B¢ run without
ddxflcatlon on a similar device bu different Unibus
address

In order to reduce f{1le usaac the 1nformation for all
minimum  support devices has been included in one {f1le which
has the {i1lename of THSﬂnl MPG. bWhen one of these devices 1s
specified for a ,ral this file will be loaded as 1ts
device routine. I-ncd atc] after loadxn? the f1le, code
wili be executled that dclctcs the xn!oruat on for all 3¢v1c¢s
other than the one specified. The lcng of the routine’s
area 1n memory is then adjusied to the size needed for only
the specified device’s 1nformation.

The device model names and the symbolic names sup &ortcd {for
each device are listed 1n the Tollowing table. lso listed
1s the displacement that will be added to the device
registers’ base address for sach symbolic name.

DEVICE NAME DISPL DESCRIPTION

Cbll CDST +0 Card Status
CDCC +c Column Count
CcDBA + Current Rddress
(002} +6 Card Data
CR11 CRS +0 Card Statys
CMll CRB1 +2 Card Data
CRB2 +4 Card Data Compressed
DCI1 RCSR +0 Receiver Status
RBUF +2 Receiver Data Buffer
TSCR +4 Transmitter Status
TBUF +6 Transmitter Data Buffer
DNL1 ACU +0 Ruto Call Unst
KWll KWSC +0 R.T. Clock Status
KWBR +2 R.T. Clock Buffer
KWCR +4 R.T. Clock Counter

LKS +S006 Line Time Clock Status
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t

RCIl RCLA +0 Look Rhead
RCDRA +2 Disk Rddress
RCER +4 Error Status
RCCS +b Conirol and Status
\ RCWC +10 Word Count
RCCRA +le Current Rddress
RCMN +1N Maintenance
RCDB +15 Data Buffer
RF11 DCS +0 Control and Statlus
WC + Word Count
CMA +4 Current Memory Address
DRR +6 Disk Rddress
DRE +10 Address Extensicn Error
DBR +12 Disk Data
MA +14 Maintenance
RDS +16 Rddress of Disk Segment
RX11 RXCS +0 Command and Status
Rx01 RXDB + Data Buffer
RXTA +* Track Rddress
RXSA +* Sector Address
RXES +2 Error and Status
TR11 TACS +0 Control and Status
TROB +* Data Buffer
TMO2 MTCL +0 Control and Status |
TUuls MTWC +2 Word Count
MTBA +4 Unibus Rddress
MTFC +6 Frame Count
MTCe +10 Control and Status 2
MTDS +12 Drive Status
MTER +14 Error
MTAS +16 Attention Summary
MTCC +20 Character Check
MTDB +22 Data Buffer
MTMR +24 Maintenance
MTDT +2b Drive THpc
MTSN +30 Seri1al Number

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

S} S

PRESET BUS REQUEST - (REQD/HRITE)

REGISTER NAMES RECOGNIZED

CSR
RBUF
TCR
BCR
TBUF

MPG INSTRUCTIONS SUPPORTED

RERD NOWARIT HDUPL X
WRITE WRIT STATUS
BRERK FOUPLX COUNTS
CRESET

STATISTICAL INFORMATION

BYTES: Read, Written

CMNDS: Rcad Write, Break, Misc.
INTERRUPTS: Rcad Krite

ERRORS: Overrun(QVR), Framing(FRM),

Par1ty(PAR), Data

OPSW SPECIAL OPERATION BIT SUPPORT

When Bit 7 (SPOPER) of the OPSW 18 set, the Maintenance Mode
Bit (Bit 2 CSR) will be sel prior to 1ssuing each 170 data
transfer command.

170 TIMEOUT

If a tcrn:natxn interrupt 1s not received 3 minutes after
lnxlxatzn? /0 o*cra ion, the program will be aborted and

he user nformcd his time 1s apprizimale, calibrated on a
POP-11/45 with no other user programs running.
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D.3 - DJI! Device Routine (Cont’d)

F. INSTRUCTION DESCRIPTIONS

READ
READ
RERD

RERD

WRITE
WRITE
WRITE
WRITE

BREAK
BRERK

CRESET

(
v
v

INTO RDIO)
NTO v

This instruction will cause & data transfer to occur
between the unit previously assigned to this Device
Routine and the memory area specified by the second
vari1able. The first variable contains the byte
count for the transfer.

D%SG INTO RDIO) () = default values
I

v INTO v FROM u

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

(D256 FROM WRIO)

v
v
v

<

(FROM WRIO)
FROM v
FROM v TO wu

The description for the Read Instructlion ap;lxcs to
the Write except for the direction of data low.

ON u

This i1nstruction causes a break (spacing condition)
on the assigned unit or on those specified by u as
in the Read Instruction. The duration al the "break
18 determined by v which specifies the number of
character times to hold the spacing condition.

This instruction 1nitiates an MOS clear sequence
which clears the silo and all 16 URRT's, It then
clears all of the bits 1n the Contral Register.
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0.3.1

NOWRIT

WAIT

FDUPLX

HDUPL X

STRTUS

COUNTS

NO6
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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
1n1tial mode cf a DJI1 after a RESET or CRESET.

Places the DJ11 1n a Half Duplex Mode.
Standard 1mplementation - see section D.1.1.

Standard 1mplementation - see section D.1.1.

DJ11 ERROR INFORMATION

This device routine processes errors i1n 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 Tollous:

DJ11 TIMEOUT ON I/0

An 1/0 operation was begun, but the terminating
interrupl was not received. The time allowed fof
this :ntcrrugt to occur 1s approzimately three
minules when the program 1s run on the POP-11/45 and
no cther programs are running.
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" D.3 - DJI11 Device Routine (Cont'd)d

DJ!1 ERROR: ddd,ddd,elc

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

mngmonics may be printed in this message:

PAR = Received Data Paraty Error
FRM = Framing Error
OVR = Overrun Error

3.2 CJ11 SAMPLE PROGRAMS

L&
(¢
[}

L.

Q)

Write same data sequentially to units 5,6,7 and 1M

'SGN DEV: DJ11,5,6,7,14
0010 FILL De4 AT WRIO WITH ASCII
»0020 MWRITE D64 FROM WRIO

»0030 WRITE 2 FROM CRLF

»O040 END

> DONE

FRUN |

Write same data simultanecusly to units 5,6.7, and 1Y

*ENTER 1

"ASGN DEV: DJ11

»0010 FILL D64 AT WRIO WITH ASC1I

»0020 MWRITE D64 FROM WRIO TO 5-7814

>0030 MWRITE 2 FROM CRLF TO S THRU 7 AND 1M
»OC40 END

> DONE

#RUN 1

Write different data sequentially te units 1,4 and Il

*ENTER |
?7RSGN DEV: DJ11

»0010 WRITE D16 FROM BFOQ 10 |
>0020 WRITE Di6 FROM BFOI ;8 T

>0030 WRITE D.& FROM BFO2 !

#FILL BFOC WITH #TEST MSG NBR |

— e o e—————
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*FILL BFOL1 WITH #TEST MSG NBR 2
:;6#LIBFDE WITH #TEST MSG NBR 3

Write daifferent data simultanecusly to units 1.4 ard 1l

¥ENTER |
*RSGN DEV: DJ11I

T
D
D.
DI

5
5555

1
)
)
)

Read 1 character from unit 12 and Write 1t to wunits 12
and I4. Use the ocperation switch to losp on this
prograa.

#ENTER |
"RSGN DEv: DJ1I

>0010 READ 1 INTO TMOQO FROM 12
» 0020 EﬁéTE 1 FROM TMOO TO 12 AND 1Y

#0PSU ] {40320

Test the DJL1 using the Special Operation Bi* 1o coause
data wrap-around.” Sel ghc OPSW to loop the program and
turn on the Maintenance Bit. Use 256 g tes of random
dats each time, and sequentially check all 16 lines.
$ENTER |

7ASGN DE'/: DJ11,0-15

>0010 FILL D256 AT WRIO WITH RANDOM

»0020 NOMATT

>0030 FERD
> 0040 bRI%E

HAI
> 0060 EESIFY 025t AT RDIO WITH WRIC

#0PSW] 100214
#RUN |

-— —— e - — - — ——— ————— - E——
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DLI1 SINGLE RSYNCHRONOUS SERIAL LINE INTERFWCE

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

REGISTER NAMES RECOGNIZED
RCSR
RBUF

XCSR
XBUF

MPG INSTRUCTIONS SUPPORTED

READ WAIT SEND
WRITE CALL RECV
BRERK LISTEN STATUS
CRESET RNSKER COUNTS

STATISTICAL INFORMATION

BYTES: Read, Written

CMNDS: Read, Write, Break, Misc.

INTERRUPTS: Read, Write

ERRORS : Overrun(QOVR), Framing(FRM},
Pari1ty(PAR), Data

OPSW SPECIAL OPERATION BIT SUPPORT

Mhen Bit 7 (SPOPER) of the OPSW 13 setl, the Maintenance Mode
Bit (Bit 2 XCSR) will be set prior to i1ssuing each I/0 data
transfier command.

1,0 TIMEOUT

If o terminating interrupt 13 not received 3 minutes after
1n1ti1ating an 1/0 ogcro 10n, the program will be aborted and
the user iInformed. This time 13 approzimate, calibrated on o
POP-11/45 with no cther user programs running.

— -

—

— - a—
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F. INSTRUCTION DESCRIPTIONS

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

This i1nstruction will cause & data transfer to occur

between the device connected to this DLII
memory ared specified by the second
first” variable contains the byte

transfer.

WRITE (D256 FROM WRIO)
KRITE v (FROM WRIO)
WRITE v FROM v

The description for the Read Instruction a
the Write except for the direction of data

and the

var:ab’c. The

count

This instruction causes a break (spacing
The duration of
specifies 1the

on the line connected to this DLILI.
the break 13 detlermined h! V which
es kold

number of character 1 to

cendition.

the

for the
lies to
low.

cendition)

spacing

recelive

CRESET
This 1nstruction clears all the bits 1n the
control register RCSR and transmil control register
XCSR.
NOMAIT
Standard 1mplementation - see section D.1.1.
WAIT
Standard 1mplementation - see section D.1.1.
CALL

Used to initiate 2 call thry o MODEM from

Sets Data Terminal Ready,
Detected.

wdils

for

DLLLE.

Carrier
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D.4 = DL11 Device Routine (Cont'd)

LISTEN

RNSKER

HANGUP

SEND

RECV

ROROFF

STATUS

CCUNTS

Used to wait for an 1ncoming call. Test the Ring
Indicator and does not procsed unti]l 1t 13 detacted.

Used to answer an i1ncoming call to a OLIIE by way of
a MODEM. Sets Data Tarminal Ready, walts “for
Carrier Detected.

Used to terminate o call. Lowers Request To Send
g.l:ys 1S 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.

Sets up line for data reception. 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 a DLI1-A and DL1I-C.

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

Standard 1mplementation - see saction D.1.1.

Standard 1mplementation - see section D.1.1.

e - —r———— . ———_—" . W w———  ————
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C.8.1 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 1n the use of this
device rouline are as follouws:

DL11 TIMEOUT ON I/0

An 170 operation was begun, bul the terminating
interrupl was not race ved. The time allowed for
this 1ntcrru‘! to occur 1 cpproxluatcl! 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 1ndicate which error bits were set. The message
may contain from one to three codes. The followirg
mngmonics may be printed 1n this message:

PRR = Received Data Parity Erroar
FRM = Framing Error
OVR = Overrun Error

D.4.2 DL1l SAMPLE PROGRAMS

1. Wait for the phone to ring, answer 1%, send & message ‘o
the calling station, then echo back ecach chafacter
received until a "rubout’ 1s delected. Riter 2 ’rubout
18 delected disconnect and terminate the program.

¥FILL BUF WITH *READY FOR DL11 ECHO TEST
*ENTER 1
?ASGN DEV: DLIL

>0010 LISTEN
ANSHER

» 0020

0030 SEND

Y0040 MWRITE D26 FROM BUF
>0050 RECV

»0060 RERD 1 INTQO TMOQ
»0070 éENBHOO = 377 GOTO 110

»0090 KWRITE ] FROM TMOC
GOT0 S0
»0110  HANGUP
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D.4 - DL1I Device Routine (Cont’'d)
»Q120 END
DONE

#RUN |

2. Provide 2 progrom cong:lxhlc with sample number 1, that

will 1mitiate o ca
print 1t. It should then transmit, the R
set one character_ at o time and print

receive the 2b byte message and
gCII character

the echoed

character string. This should be followed by 2 ’rubout’

and a disconnect.

ENTER |
?ASGN DEV: DLIL

Y0010 CALL
0020
»0030

READ Deb
>0040 PRINT Deb R

T IN RSCII
»0050 LOAD TMOO H%

>0108 HRI&E 1 FROM TMOO
READ 1 INTO TMOI

¢ 140 GOTO 90
»0170 PRINT D64 AT RDIO IN ASCII
L 0 WITH 377

¥RUN 1

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

Madintenance Mode for data loopback, do a
Read and Write, and then verify the data.

*ENTER 1
TASGN DEV: DL1!

>0010 FILL D256 AT WRIO WITH RANDOM
»0020 NOWARIT

>0030 READ
»0040 WRITE

simyltaneous

—— —— —— ——— Y s e - - 1

— ——————ra——




0.9 - DLI! Device Routine (Cont'd)

»00S0
» 0060
»0070
»DONE

#*0PSKH]
*RUN

WRIT
EESIFY D256 AT RDIO WITH WRIO

{00200

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

PRESET RDDRESS - 160030
PRESET INTERRUPT VECTOR - 300

PRESET BUS REQUEST - 5,5 (RERD/WRITE)

307
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REGISTER NRMES RECOGNIZED BY ALL INSTRUCTIONS

RCSR
TCSR
RERR
REG

REGISTER NAMES RECOGNIZED BY SELREG INSTRUCTION

RBAP
RCCP
1BAP
TCCP

MPG INSTRUCTIONS SUPPORTED

SELREG
SELSEQ
RERD
WRITE

RBAS
RCCS
TBAS
TCCS

CALL

LISTEN
RANSKER
HANGUP
SEND

RECV

FOUPLX
HOUPL X
STATUS
COUNTS

COET
SYNC
MISC
TBUF

SEQ

RBCC
TBCC
POLY
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D. STATISTICAL INFORMATION

BYTES: Read, Written

CMNDS: Read, Write, Misc.

INTERRUPTS: Read, Wrate

ERRORS: Vertical Redundancy Check (
Block Check Character (BCC)
Rcve Non-Exzistent Mem (RN
Xmir Non-txistent Mem (TNEM)
Rcve and Xmir Latency (RLAT, TLAT),
gc:r and Xmtr Clock Coss (RELK, TCLK),

ata

E. OPSW SPECIAL OPERATION BIT SUPPORT

When Bit 7 (SPOPER) of the OPSW 1s 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 i1nterrupt 1s notl recerved 3 minutes after
in1tiating an 170 ogcra 1on, the program will be aborted and
the user informed. This time 1s approzimate, 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 1nstruction enhances the low level language of
' allowing the reference of DGl1 Secondary
Registers by name. The names recognized by thid
instruction are listed 1n section C, and cause the
appro riate 4 bit code to be loaded in the REG/ERR
egister.

Y

This instruction simplifies grogran access Lo the
iwo 16 by 16 registers thal are available when the
Protocol! option is added. The variable v should be
the register_number i1n decimal or octal. If 1t 13 a
tag such as TMOO, the contenls will be used as the
register number. This instruction will place that
number 1n the proper bils 1n RCSR

RERAD (De2Sk INTO RDIO) () = default values
RERD v (INTO RDIO)
RERD v INTO v

WRITE
WRITE
WRITE

CRESET

NOWRIT

This i1nstruction will cause a data transfer to occur

between the device connecled to this DQll, and the

memory area specified bﬂ the second variable. The
{lrst‘ variable contaifis the byte count for the
ransfer.

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

The description for the Read i1nstruction app
the Write, except for the direction of data

lies to
flow.

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

Standard implementation - see secticn 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 1n TCSR allowing the
transmission of IDLE characters whenever T2 GO 1
2¢ero.

Used to 1nitiate a call thru a MODEM from a DQ1l.
Sets Data Terminal Ready, wairts for Data Set Ready.

Used to wait for an 1ncoming call. Tests the Ring
Indicator and does not proceed unti]l 1t 18 delected.

Used to answer an _1ncoming call to a DQLll by way of
a8 MODEM. Sets Data Terminal Ready, waits for Data
Set Ready.

Used to terminate a call. Lowers Request to Send
g:l;gs 15 milliseconds, then lowers Data Terminal
cady.

Sets up line for transmit. Does not cause any data
transfer. Raises Request 1o Send, then waits for
Clear to Send.

Sels up line for data reception. Does not cause any
data transfer. Lowers Request to Send.




—

NO7

M.P.G. Page 91
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D.5.1

FOUPLX
Places the DQL1l 1n a Full Ouplex Mode. This 1s the
initi1al mode of a DQIl after a CRESET or a RESET.
HOUPLX
Places the DQI1 1n a Half Duplex Mods.
STATUS
Standard 1mplementation - see section D.1.1.
COUNTS

Standard 1mplementation - see section D.1.1.

DQ11 ERROR INFORMATION

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 {his
device routine are as Yollows:

DG11 TIMEOUT ON I/0

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

this |nt¢rrugt to occur 1s approximately three
minutes when the progrem 18 run on the PDP-IY/HS and

no other programs are running.

0Gll ERROR:  ddd,ddd,elc.

The codes ddd represent mnemonics which are printed
to 1ndicale which error bits ware set. The message
may contain from one to ei1ght codes. The following
mnemonics may be printed 1n this message:

TCLK = Transmitter Clock Loss Error

RCLK = Receiver Clock Loss Error

TLRT = Transmitter Latency Error

RLAT = Receiver Latency Error

TNEM = Transmitter Non-ex13tent Mesmary Error
RPNEM = Receiver Non-existent Memory Error
PBCC = Receiver Block Check Error

RYAC = Recerver Vertical Redundancy Error
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c.5.2 DQ11 SAMPLE PROGRARMS

1.

Test the 0011 usxng the Tast Loog Bit to cause data
wraparound. Set the OPSW to loog he program and turn on
the Test Loog bit. Use 2 printabie charactcr as 2 sync
character ([).

*ENTER |
?RSGN DEV: DQl1I

>0010 CRESET
>0020 SE.REG SYNC

MOVE COMO TO REG
) ;ét% D6 AT BFOC WITH 20040
»0060 NOWAIT

»0070 READ D16 INTO BFOQ
»0080 =§{¥E D16 FROM BfF OO

>0100 MNOIDLE

>0110 PRINT DI& R BFO2 IN RSCII
>0120 EMO

» DONE

#ILL CCMO WITH s(!

ILL BFDO WITH #[[DQ@ ST MSG )
#OPSH 4214

*#RUN |

Hod:f sample program number 1 to have the DQILl strip off
gqn characters as they are received. Mole- Ruad
bgtc count must be decreased.

#MODIFY 1

ENTER STMNT'S

45 SET RCSR BIT 1|

370 READ D14 INTO BFCe

> DONE
#RUN 1

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

3.

Test the automatic switchover {rom p rllar* secondary
write registers and back again. Use the cst Loop bit as
1n program 1.

#ENTER |
?RSGN DEV: DO11

»0C10 CRESET

»0020 SELREG SYNC

0030 MOVE COMO TO REG

»0040 Fétt DeMN AT BFOM WITH 20040
0050 1

Y000 NOWRIT

0070 READ DBY INTO BFOM

>0080 MWRITE D16 FROM

»009) WRITE D16 FROM BFO)
»0100 WRITE Di6 FROM BFQOc
»0110 MWRITE D1& FROM BFO3
»012C WAIT

0130 NOIDLE

Y0IN0 PRINT D64 RT BFOM IN RSCII
>0150 END

) DONE

# 1Ll COMO WITH sl

#FILL BF0O0 WITH #([(DQ@ TST MSG !
#FILL BFO] WITH #[[DG TST MSG 2
#ILL BFO2 WITH #[[DQ TST MSG 3
#ILL BFO3 KITH #[[DQ@ TST MSG 4
#0PSd 200

#HRUN |

Modify Frogram 3 to test the switchover of the read
rchs'crs while using only the primary urite registers.

#MODIFY 1
ENTER STMNT'S

»70 READ D16 INTO BFQM
>80 REAL D16 INTO BFOS
»90 MRITE D4 FROM BFOO
»100 READ D16 INTO BFO6
>110  RERD D16 INTO BFO7
> GONE

#$RUN |

A e —————— e —— -
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S.

For systems with the DG11-BB (PROTOCOL) Option, display
the contents of the Character Datection and Sequence
Registers.

*ENTER |
?ASGN DEV DR1l

»0010 PRINT !CHRRQCTER DETECTION REGISTER CONTENTS
>0020 LOAD TMOC WITH O

SEQ TMOO
>0130 PRINT REG IN OCTAL
>0140 INCR TMOO
»0150 EEDTHOO « 20 GOTO 120
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RK11 DISK DEVICE ROUTINE

The RKI1 Device Routine, whose filename 13 TRKRnm. MPG,
supports the operation of RKOS and RKO3 disk drives. Other
types of disk drives na! be utilized a2 long as they do not
require special considerations 1n  the manipulation of the
device registers.

PRESET VRLUES AND SUPPORT SUMMARY
- Valid Model Names and Unit Numbers

In reply to the “RASGN DEV:™ message, two model names (Rkll
and 5«35) are acceptable and -o! be accomparied by »
maxinum of 16 unit numbers. For this

numbers must be 1n the range of O thru 7.

device the unit

- Interface Rddresses

The following are the values preset for the RKIl and nah
be altered from the console tarminal following the “ASG
DEV:™ message:

Device Register Base Rddress = 177400
Interrupt Vector Address = 220
Bus Request Priority =5

- Symbolic Register Names

The s!;bolic names listed below |a¥ be used to reference
the 11 device registers 1n MPG Instructions. The octal
displacement associated with sach name 18 the value that
wil be oadded to the device register base address to
cbtain the actual memory address of the desired register.

Name Displ Description

RKDS +0 Drive Status

RKER +c Error

RKCS + Control and Status
RKWC +b Word Count

RKBA +10 Bus Rddress

R¥DAR +l2 Disk Rddress

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

Supported Instructions Summary

The Iollounn‘ 18 2 suanarg of the 1instructions supported
by MPG for lhe RKI1. Detailed azplanations are lxsgcd 1n
section D.6.2.

RERD ROFMT CRESET STEPUP
WRITE WRFMT DRESET STEPON
SEEK RDCK NOWAIT STATUS
WRLOCK WRCK WRIT COUNTS

Information Words

The five words listed below are used to pass 1nformation
between the user program and the davice routine. The
first three are related and are wused to spccnlg the
location on the disk where the 1/0 operation 1s to begin.
The last two words are used to pass information back™ to
the user program. RI] words are 1nitially preset to 0’s.

CYL & one word location that contains the cylinder
nusber 1n bits 0-7 that will be used 1n subdequent
1/0 operations. The contenls of CYL and HEARD will
be shifted to the gEEroprxatc bit positiong, nc&acd
into one word with T, and then loaded 1nto RKDR
This occurs for all 1/0 operations that require 2
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 0O-3.
Located 1mmediately following HERD 1n memory.

SIZE Standard 1mplementation - see  section D.1.1.
Co:lﬁaéé are updated by READ, WRITE, RDFMT, WRFMT,
an .

ERR Standard 1mplementation - ses section D.1.1.

Statistical Information

Through use of the COUNTS statement or the REPORT command
statistical information for the program can be dis 1.;.&
on the MPG prant 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:

0
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0.6.2

BYTES RD: RERD, RDFMT

BYTES WR: WRITE, WREMT

RERD CMNDS: RERD, RDFMT

WRITE CMNDS:  WRITE, WRFMT

SEEK CMNDS: SEEK

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

DEV ERRORS: A1l Rardware errors

DATA ERRORS: Invalid umit number errors and errors
detected by the VERIFY stalement.

INTERRUPTS: Nulgcr of " entries 1nto the 1nterrupt
routine.

- OPSW Special Operation Bit Support

When b1t 7 (SPOPER) of the OPSW 13 set, the Inhibit
Increment (INH BR) b1t 1n RKCS will be set prior to
1ssuing e¢ach 170 command.

DESCRIPTION OF RKI1 INSTRUCTIONS

The RK11 Device Routine supports execution of sizteen MPG
lani%Agc statements. For certain functions (RERD, WRITE,
ROFAT, "WRFMT, SEEK, RDCK, and WRCK), the desired disk address
must be loaded 1nto (YL, HERD, and SECT before performing
those functiaons. In the lollounn’ descriptions, datla shoun
enclosed within parentheses tndicates the default _values 1f
nothnn! 138 entered for the statement’s operands. The v 13
used Rto indicate a variable operand as defined 1n Rppendiz
B.2. Note that 1f an odd byle count 1s supplied 1n any o

the following instructions, it w1l effectively be
decremented h! 1 before being used. RII1 I/0 operations are
Eérforncd wilh the Stop on Soft Error (SSE) bit set 1n the

CS register.

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

This instruction transfers the number of bytles,
indicated by the first v, from the disk to memaory
bcglngxng at " the memory location specified by the
second v.

608
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WRITE (D256 FROM WRIO)
WRITE v (FROM WRIOQ)
WRITE v FROM v

Transfer the number of bytes

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 wuntil the Search
Complete Interrupt 1s received.

WRL OCK

Causes the current disk drive to be write protected.

RDFMT v INTQ v

This 18 a read instruction bul with the RKCS Format
(FMT) b1t

set. Same as READ except that only tuwe
bytes per sector (Header Word)

are transferred to
memory and default operands are not supported.
WRFMT v FROM v

Same as the WRITE instruction

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 al the location specified by the
second operand.
CRESET

A Contrel Reset

command 18 performed by
instruction.

this
No interruptls are 1nvolved.

R
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The Drive Reset command 1s 13sued to the current
unit with this 1nstruction. This i1nstruction does
not tcr:nnatc until Search Complete Interrupt 13
received.

The following 1nstructions do not perform any I70 functions
on the RKII.

NOWAIT

WAIT

STEPUP v

STEPDN v

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

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

provided with this statemant. "The variable
vy 13 8 coun! of the number of sectors that these
values are 1o be incremented. Incrementing of the

value will occur when the value of SECT ¢zxceeds
decimal 11 and incrementing of CYL wil] occur when
HERD exceeds 1. When the values of the 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 seclor on disk: 1{ v = decimal
12 (D12), the new address will bc the same sector
but on the next head; 1! = decimal 24, the
rc:ultnnz address wil]l be the salc sector and head
but on the next cylinder.

Note that this 1nstruction (and STEPON) will o cratc
with 1avalid values n v on
execution. Regardless of thelr inilial contcn s,
the contents “of all lhrcc uords will be valid when
this xnstrucl:on COIﬂ ¢les. This allows the use of
“FILL AT CYL WIT RRNDOH‘ statements followed by
“STEPUP U“ to generate random disk addresses.

This statement 18 essentially the same as STEPUP but
provides a decrementin facllxt? for the three
values. When wrap around occurs, It will go from

0,0,0 te 202,1,11.
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D.6.3

Since the values of CY# HERD, and SECT are preset
o zeroes, STEPUP or STEPON may be used to set these
words 1o their desired 1nitial values with one
statement. For cxanglc, STEPUP D496 would result in
the decimal values CYL = 20, HERD = |, and SECT = 4,

STRTUS
Standard 1mplementation - see section D.1.1.
Included with the standard display 1s the dnsalag of
the current contents of the ugrds CYL, HERD, "and
SECT. These values do nol necessarily reflect the
current os:tion of the disk, but merely the
contents of the three words.

COUNTS

Standard implementation - see section D.1.1.

RK11 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 CYL, HERD, and SECT words at the
time of the error will be dl:plagca for all errors except the
“INV UNIT 8% error.

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

Standard i1mplementation - see section D.1.2.

INV DEV I.D.

When processing & search complete type of interrupt
the drive 1dentity 1n bits 13 thru 15 of RKDS d1d
not match the current unit number.

INV UNIT &

The current unmit number, which 18 dlsgllycd in
octal, 18 not in the range of 0-7. he "RSSIGN
command may be used to correc! the erroneous wunit
number. Increments the datas error count.

j08
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STATUS ERROR: ddd,ddd,etc.

This massage 1ndicates that an error status bat has
been delected in the RKIl device registers. The
codes ddd identify which bits were {found with
mazimun of five bcxng 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 = QOverrun

WLO = Write Lock Out

SKE = Seek Error

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 1/0

Rfter 1ni1tiating an I1/0 operation, the terminating
interrupt was "not received. The time allowed fof
the interrupt to occur 1s approzimately 22 seconds
when on the PDP-11/45 and with nd other wuser
programs ereculing.

T/0 ON CRESET

This error, which 1ndicates that Ready (RDY) did not
set within a few milliseconds afler lssuxn, the
Control Resel command, may occur under eilher ol two
conditions. The first is when the CRESET statement
18 1ssued and the other 13 for the 1nitiation of any
other I/0 {function. When i1nitiating any functlion,
the device registers are tested for efror conditions
left over from previous functions. If present, the
Control Reset command 1s 1ssued to clear these
conditions and timeoutl may occur 1n this situation.
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UNEXP SRCH COMP INT

Rn  unexpecied 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 interrupt (RERD, WRITE, etc). 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 b1t (DRY) in the RKDS register was
found to be rcsc!.

D.6.4 RK11l SAMPLE PROGRAMS

The following are sample RKL1 programe that perform the
functions lnaxcatcd in their descriplions:

1. This program will start at cylinder O, head O, sector O of
unit 2 and wrate a sector witlh random data, read 1t back
and then verify the read data with the write data. 1l
will then 1ntrement to the next sector and repeat the
operation with different random data. This ~ entire
sequence will be repeated 20 times.

WRI0 = 256 / §
?DEV RE
;INT VEC

BUS RE
ENTER STMNT'S

>0010 LOAD TMOO WITH D20

>0020 FILL DS12 AT WRIO WITH RANDOM
»0030 WRITE D512

>0C40 RERD DSl1e2

>0050  VERIFY DS12 AT RDIO WITH WRIO
»0060 STEPUP |

>0070  DECR TMOO

>0080 IF TMCO > O GOTO 20

>0090 END

»DONE

#RUN 1

"M
m%
NN
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2. The following program 13 an cxaT:lc of using the low level

language an ﬁro,rannxnf at the interface level without
the use of hig evel 170 statemenis. An equivalent
program could Be written using the SEEK instruction and 1t
would automatically include statistic gathering and error
reporting.

The purpose of this sro!ran is lo imtially 1ssue
Control™ Reset comman o unit O followed by a seek to
cylinder B, head O, sector 0. MWhen this seek completes
then 1ssue a2 seek to cylinder 128, head O, sector O and
wait for 1l to complete. "The dual seeks will be repeated
ten }1:0:. Oaly the pertinent messages are shown in ihe
example.

*ENTER

?ASGN DEV: RKOS

?RDI0 = 256 7 O

?WRIO = 256 7 O

>0010 (OAD RKCS WITH 1

>0020 LOARD TMIO WITH 12

>0030 LOAD RKDA WITH 400

>0040 LOAD RKCS WITH 11

>00S0  IF RKCS BIT 7 CLEAR GOTO SO
>0060 IF RKDS BIT & CLEAR GOTO 60
> LORD RKDA WITH 10000

>0080 LOAD RKCS WITH 11

>0090 IF RKCS BIT 7 CLEAR GOTO 90
>0100 IF RKDS BIT & CLEAR GOTO 100
>0110 DECR TMIO

>0l1e0  IF TM10 > O GOTO 30

>0130 END

YDONE
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3. The following example consisis of lwo programs which will

cop
cop

s4C

? the datas from one disk to another. Data will be
¢d 1n four sector blocks from unit O to untt 1. Since
h program can process only

one device at a time, two

programs that synchronize themselves are neceded.

¥ENTER 1 RS RKCPYI
?ASGN DEV: RK11,0
’RDIO = 256 7 O
?WRIO = 256 7 O

>0010 LOAD COMO WITH O
»0020 RERD D2048 INTO FREE
>0030 LOAD COMO WITH 1

>0040  LETGO
>00SC IF COMO = 1 GOTO 40
»0060 STEPUP 4

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

*ENTER 2 RS RKCPYZ
?RASGN DEV: RK1l,!
"ROI0 = 256 7 O
WRI0O = 256 7 O

»0010 IF COMO = ! GOTO 40
»0020 LETGO

>0030  GOTO 10

>0040 WRITE D2048 FROM FREE

»0050  STEPUP M

>0060 LORD COMO WITH O
»0070 IF CYL > 0 _GOTO 20
>0080 IF HERD > 0 GOTO 20
»0090 IF SECT » 0 GOTO 20
>C100 END

> DONE

#RUN 1.2
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TC11 DECTRPE DEVICE ROUTINE

The

TCl1l Device Routine, whose fi1lename 1s TTCRam.MPS,

supparts the erecution of }/0 operaticns on the TUSE DECtape.

PRESET VALUES AND SUPPORT SUMMARY

Valid Model Nomes and Unit Numbers

In reply to the “"ASGN DEV:"™ message, two model names (TClY
and ) are acceptable and llg be accompanied by o
marimum of 16 umit numbers. For this_ device the unit
numbers must be 1n the range of O thru 7,

Interface Rddresses

The following are the values preset for the TCll and ma
be altered from the console terminal following the ”RSGN
DEV:" message:

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

Symbolic Register Names

The s;nbol:c names Jlisted below ll' be used to reference
the TCl1 device registers 1n MPG Instructions. The octal
displacement associ1ated 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

TCST +0 Control and Status
TCCH +c Command

TCWC +4 Mord Count

78R +b Bus Rddress

TCDT +10 Data Buffer

Supporied Instructions Summary

The !o!louxn’ 18_a summary of the instructions supgortcd
by MPG for the TCIl. Dc!a:lcd sxplanations are listed 1n
section D.7.2.

- BOS
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FiWD RONUN STOP STATUS
REV RDALL STPALL COUNTS
RERD HRALL NOWARIT

WRITE WRTH KAIT

Information Mords

The three words listed below are used to pass information
batween the wuser arograu and the device routing and are
in1tially preset to U’

BLK ﬂ one word location used by the wuser progrem to
specify to the device routing the number of the

Ctape block on which the 170 operation 13 o

begin. Thc |cc§,?lbl*hran ¢ of values for this word

13 icclna ¢ commands that utilize the
contents of BLK are:
RERD RDALL
WRITE WRALL
SIZE Standard 1mplementation - see section D.1.1.
Contents are updated by RERD, WRITE, ROALL, WRALL,
RONUM, and WRTM.

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 la «d
on the MPG print device. This 1nformation consis of
gctal formatted binary counts under different cata orlcs

The catagories and the functions from which data will be
included under cach are:

BYTES RD: READ, ROALL, RDNUM
BYTES WR: WRITE, WRALL, WRTM
READ CMNDS:  READ, ROALL, RONUM
WRITE CMNDS: WRITE, WRALL, WRTM

MISC CMNDS: STOP, 'STPALL’

DEV ERRORS: A1l Rardware errors

DATA ERRORS:  Invalid unmit and BLK number e¢rrors and
errore detected by the VERIFY statsment.

INTERRUPTS: Nun%cr of entrigs 1nto the interrupt
reutine.

- = ————————————— A . rimean . . —— e W A S W S - — ————— +—————— G T A
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- OPSW Special Operation Bit Support

Bit 7 of the OPSW (SPOPER) 13 not supported by the TCIlI
device routine and its setting has_no effect upon device
routine operation., Support for the TCll maintenance b1t
was not included due to the complexity of providing
meaningful functions with the varicty of op*ratxon nesded.
MPG's “low laevel language lends itselfl to this type of
application and does not require seldom used code 1n the
device routing.

DESCRIPTION OF TC11 INSTRUCTIONS

The TC11 Device Routine _supports execution of tuwelve MPG
language statements. For certain funclions (RERD, WRITE

RDREL and WRALL), the desired block number wmust be loaded
into BLK before performing those functions. In the following
descriptions, data shown enclosed within parenthesss
indicates the defaull_ values 1f nothing 13 entered for the
statement’s operands. The v 13 uged to 1adicate a2 variable
operand as delined 1n Rppendiz B.2. Note that 11 an odd byte
count 13 supplied 1n any of the following instructions, it
will effectively be decremented by 1 before being used.

FuD

The tagc direction of all subsequent commands 13
controlled with this slatement. FWO, which 13 the
&Ecsct direction, indicetes that all subsequent

AD , ROA(L ) and WRTM commands
are Lo be pcrlorlca with’ the ltape moving in @
forward direction during deta transfers.” Block
searching will st1ll 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 i1nstruction butl 1ndicates that
all data transfers are to be done while nvan? tape
1n the reverse direction. FKD/REV also controls the
initial  tape direclion when searching for @
specified block.

— r— - -
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RERD
RERD
RERD

bk
A

:

ROALL

{DeS6 INTO RDIO)
v (INTO RDIO)
v INTO v

This instruction transfers the number of bytles,
specified by the first v {from DEClape to memory
beginning at the IIIOf' localion 1indicated b! the
sefond v. Data will Be transferred startxn t thc
block whose number 13 stored at BLK with ¢ :c
direction controlled by FWD/REV. Scorch:ng for t

block will occur, 1f nccdcd

(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 nunhcr cf the next block into memory

at the location 1ndicated by the second v. Tape
direction 1s controlled by !HD/REV and  block

searching does not occur.” The first v 13 2 byte
count and 1n cflcct controls how many block numbers
will be read. the block number of only the
first dblock 1s rcad ii for example, the numbers

of the next 3 blocks will bc stored 1n memory.

INTO v

This instruction 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 2 non-NPR level, special considerations had
to be taken., Block :clrchxng and dats iransfers
take place without 1nterrupts. The entire processor
1s dedicated to this instructjon during the search
and during dats transfers. [/0 opcra ions on other
devices should nol be xn progrc when inttiating
this command. This to the tight timing
requirements 1mposed u on dats servicin The time
used o service another device's 1n crrupt could
possibly resull 1n errors on this command. Also,
since the data consists of cl thteen Bits,
dxifxcultaopos encountered 1n try :n? stuff them
irto 11 sixteen b1t word. The method chosen
was to place data bits 16 and 17 into bits O and !
of the lirst word of 2 pair of ncnor* words and data
bites O thru iS 1n the second word. This results 1n
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WRALL

KRTM

STOP

STPALL

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

eightaen Dbit words., With a sizleen bat word
this would result 1n a byte count of S16.  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 data in !nc
block. Byte count totals will reflect four byles
read for every eighteen b1t word.

FROM v

Esscnl:all! the same as the RDALL 1nstruction except
for the direction of data transfer. The mode of
cperation and all special considerations pertaining
to the ROALL statement apglg to WRALL. Data 13
expected to have bits 16 and 1771n bits O and | of
the first word of a pair of words with bits O thru
1S i1n the second word.

v FROM v

This instruction 13 used to write the timing track
on DECtapes. FWO/REV controls the tape direction
and block searching 1s not performed. Since this 1s
a non-NPR  funclion and 13 performed without
interrupts, the restrictions for ROALL/WRALL
concerning processor control and the operation of
other devices lpglg to WRTM. Since the data words
are sixteen bilts, the byte count 13 handled 1n the
same manner as  for HRIT!. Data transfers begin
occurring 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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WAIT

STRTUS
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Standard 1mplementation - see section D.1.1.

The NOWRIT mode has no effect upon the ROALL, WRALL,
and WRTM 1nstructlions since they always operate 1n
the WRIT mode.

Standard 1mplementation - see section D.1.].

Standard 1mplementation - see section D.1.1. The
first display 138 the values when tha last 1nterrupt

occurred or at 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 reflact the current position on
tape, but merely the contents cf this word.

Standard 1mplementation - sec section D.1.1.

— — - - ——
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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 routine, are as follows:

BLK SERRCH ERROR

While scarchxn? for the specified block prior Hlo
performing an 1/0 operation, tape direction has been
reversed siz times without linding the block.
Possibly due to an i1nvalid block numbér on taps.

DATR ERROR (STMNT & nnnn)

Standard 1mplementation - see section D.1.2.

INV BLK 8

Immediately prior to initiating an 1/0 operation
that requires block searching, the contents of the
word BLK was not in the range "of decimal 0 - 577,
Since block searching 13 3 programmed funclion, it
would be futile to proceed.  Incrementis the data
error count.

INV UNIT &

The current unit number, which 1 dlsgllgld in
octal, 1s not in the range of 0-7. The ASSIGN
command may be used to caorrect the erronecus unit
number. Incremants the data error count.

STATUS ERROR: dddd,dddd,etc.

This message 1ndicates that an error status b1t has
been detected 1n the TCl! device registers. The
codes dddd i1dentify which bits were found with
marimum of four be ng listed. The following are the
codes possible for the dddd fi1elds:

ENDZ = End Zone
PRRE = Parity Error
MKTE = Mark *rack Error

HOS
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ILOP = Illegal Operation
SELE = Selection Error
BLKM = Block Missed

DATM = Data Missed

NEXM = Non-Existent Memory

TIMEOUT ON 1/0

Rfter 1n1ti1ating an I/0 ocperation, the terminating
interrupt was "not received. The time allowed for
the interrupt to occur 13 agﬁrox1nakcla two minutes
and 34 seconds when on the POP-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 1 1n » forward direction and display
1ts contents 1n octal on the line printer.

#ENTER 1
?RSGN DEV: TCI

»0010 READ DSl12

Y0020 PRINT DSi2 AT RDIO IN OCTAL
Y0030 END

) DONE

¥ASSIGN LP11 TO LIST
¥RUN |

2. Using the above program, modify it sc that the read 13

sﬁrforncd 1n the reverse direction on block number octal
*MODIFY |

ENTER STMNT'S

)02 LOARD BLK WITH 20

»0S REV

»DONE

%#RUN |

— — —
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3.

Starting at octal block number 100 on unit 2,

709

Page 113

write

Si2

bytes of random data, rcad 1t back and conparc 1t to the
data that was written. cn, goln to the next block and

repeat the operation.

repeat the entire test on unll: 3, I, and M
order. Only pertinent messages are shown

example.

$ENTER 16 RS TCRDWR
?ASGN DEV: TUS6,2,3,1,4
"RDI0 = 256 / 0

WRI0 = 256 s Sl12

>0010 LORD BLK WITH 100
>0020 LORD TMO8 WITH DIS
>0030 FILL DS12 AT WRIO WITH RANDOM

0 FREE
0060 VERIFY DS12 RT FREE WITH WRIO
0070 INCR BLK
Y0080 DECR TMOB
0090 IF TMO8 » 0 GOTO 30
>0100 END

Read the two checksum words and all data words
number | on unit 7 as erghteen b1t words.

#ENTER 9

>0010 INCR BLK

»0020 RDALL D1032 INTO FREE
>0030 END

> DONE

¥RUN 9

- ———— - E——— S ——————————————— > e— - — —— —
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TM11 MAGTRPE DEVICE ROUTINE

The TMI1l Device Routine, whose filename 13 TTMAnm.MPG,
supports the ezecution of ts0 operations on the TULO magtlape.

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

In rcgl! to the “ASGN DEV:" message, two model names (TMI]
and TUIO) are acceptable and "may be eccompanied by »
mazimum of 16 unit numbers. For 1this device 1the umt
numbers must be 1n the range of O thru 7

- Interface Rddresses

The following are the values preset for the TMIl and maa
be altered "from the console terminal following the "ASG
DEV:" message:

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

- Symbolic Register Names

The s¥-bollc names listed below may be used to reference
the TM11 device registers 1n MPG instructions. The octal
displacement associated with cach name 13 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 TMI1l. Delailed explanations are listed 1n
section D.B.2.

-t e — —— -
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READ SPFWD CRESET NOWARIT
WRITE SPREV EVEN WRIT

WREIRG REWIND 00D STATUS
WREOF OFFLIN 8PI COUNTS

Information Words

The s11 words listed below are used 1o pass information
between the user program and the device rouline.

RORB The contents of this word specifies the number of
times that MPG will attempl to re-read a block on
Uhlih 8 CRE or PAE error was detected. Preset valus
1s 1.

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

Preset value 18 3

EOF This word 1s cleared to a2e¢rces before each 1/0
gperation and then set to a value of 1 1f the End Of
File bit was set 1n the MTS register_ when the
tcrnxnat:ng interrupt was processed. This allous
user deteclion of EOF'~ since they are not treated
as error conditions. Presel valut 18 0

EOT  Utili2ed 1n the same manner as EOF but reflects the
status of the End Of Tape bit 1n the MTS register.
Preset value 18 0.

SIZE Standard 1mplementation - see¢_ section D.1.1.
Contents are updated by RERD, WRITE, and WREIRG.

ERR  Standard 1mplementation - see section D.1.1.

Statistical Information

Through use of the COUNTS statement or the REPORT command
statistical anformation for the program can be dis lagca
on the MPG print device. This information consists of
octal formatted vinary counts under dafferent catagories.
The catagories and the functions from which dats will be
included under cach are:
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BYTES RD:
BYTES WR:

RERD CMNDS:
WRITE CMNDS:
MISC CMNDS:
RD ROLLBACKS:

WR ROLLBACKS:
8 OF EOF’S:

8 OF EOT’S
DEV ERRORS:
DATR ERRORS:

INTERRUPTS:

MO9
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RERD
WRITE, WREIRG
RERD

WRITE, WREIRG, WREOF
ggruo, SPREV, 'REWIND, OFFLIN, CRESET

RD
WRITE, WREIRG, WREOF
Number of EOF's encounltered during program
execution.
Number of EOT’s encountered during program
srecution.
R11 hard errors and unrecoverable rollbacks

- OPSK Special Operation Bit Support

Invalid unit number and 1nvalid BPI errors
and  errors delected by the VERIFY
statement.
Number of entries into the interrupt
rouline.

Bit 7 of the OPSW (SPOPER) 1s not supported by the TMII

device

rouline

and 1ts setting has no effect upon device

routine operation.

D.8.2 DESCRIPTION OF TM11 INSTRUCTIONS
The TM11 Device Routine supports execution of sixteen MPG
language statements. In the {following descriptions, data
shown “enclosed within parentheses 1ndicates 1lhe default

values if

Rppendiz B.2

nothing
The v 18 used to 1ndicate a variable operand as

18 entered for the statemeni’s operands.
defined in

READ (D2S6_INTO RDIO)

READ v (INTO RDIO)

REARD v INTO v
This 1astruction transfers the number of byles,
specified by the first v, from na?ta ¢ Lo memory
beginning al the memory localion 1ndicaled hE the
second Note that when reading an EOF block wilh
this command, the BYTES RD count will not be

incremented.
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WRITE (D256 FROM WRIC)

WRITE v
WRITE v

) WREIRG v

SPFUID v

SPREV v

REWIND

OFFLIN

(FROM WRIO)
FROM v

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

FROM v

This instruction 1s similar to the WRITE statement
except that onlﬂ one statement format 13 supported
and 1t uses the TRI1 Write with Extended Interrecord
Gap command.

This command 18 used to write an End of File record
on tape at 1ts current position.

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

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

Use of this instruction coauses Lthe tape to be
rewound to the BOT marker. This i1nstruction does
not terminate unti] BOT 13 reached and the second
interrupt 13 processed.

Causes the tape to be rawourd and ther unlcaded.
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CRESET

BPI v

EVEN

NOWRIT

WRIT

STRATUS

' BIO
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This 1nstruction 13 used to perform a control resat
te the controller and tape units. Sets the Power
Clear Bit 1n the NTC register.

Used to set the proper Bits Per Inch valuss into_the

DEN B and DEN S bits in the MTC register. Four
:al;;g are valid for v and are as follows: (Preset
0

00 = 200 BPI (7 Level)

0l = SS6 BPI (7 Level)

10 = 800 BPI (7 Level)

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

Sets the ?arxtg mode to even_ for reading and
writing. HIfectd all subsequent 1/0 operations,

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

Standard 1mplementation - sae section D.1.1.
Standard 1mplementation - see 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.
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0.8.3

COUNTS

Standard 1mplementation - see section D.1.1.

TM11 ERROR INFORMATION

This device rouling processes errors 1n the standard fashion
descrabed 1n section D.1.2. Note that the contents of the
device registars 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 annn)

Standard 1mplementation - see section D.1.2.

INV BP] VALLE

The o,crand supplied with the BPI statement was not
one of the values which are_valid for the TMIl. The
valid octal values for the "M1] are 00, Ol, 10, and
11. Increments the data error count.

INV UNIT 8

The current unit number, which 13 displayed 1n
octal, 13 not i1n the rangse cf 0-7. The RSSIGN
command may be used to correcl the erroneous wunit
number. Increments the data error count.

ROLLBACK EXH.

This error 1ndicates that the TMI1 device routine
has fai1led v sucessfully perform a read or write
type of operation. The nun!cr of retries attempted
13" controlled by the contents of RORB and

This error will not occur 1f o rollback t,pc of
error occurs and the number of relries specilied bg
the Ggpllcahlc word 13 2¢ro. In this case only th

STATUS ERROR message will be dispiayed.

———, - ——— —— i — -
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STRTUS ERROR: ddd,ddd,etc.

This message indicates that an error status bit has
been datected 1n the TMIl device registers. The
codes ddd 1dentify which bits wers found with
mazimum of five bc:ng listed. The following are the
codes possible for the ddd fi1elds:

Illc'al Command

Cycllc Redundancy Error
Pari1ty Error

Bus Grant Late

Record Length Error

Bad Tape Efror

Non Existent Memory
Select Remote

Write Lock

SLR

P RAL

2

TIMEOUT ON I/0

Rfter 1ni1tiating an I/0 operation, the Llerminating
interrupt was “not received. The time allowed fof
the 1nterrupt to occur when on the PDP-11/45 and
with no other user programs ezeculing 1s as follows:

WREOF, OFFLIN = 22 Seconds
READ, WRITE, WREIRG =1 Minute 6 Seconds
SPFil, SPREV s @ Minutes 12 Seccnds

REWING 7 Minutes

— e ————
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D.8.M

TMILl SAMPLE PROGRAMS

The follou:n’ are sample TMLI1 programs that perform the
functions i1ndicated 1n their descriplions:

1. Beg 1nnxn, on unit 2, write 100 blocks of 1000 bytes of
random 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-b
'RDI0 = 266 / 1000
"WRI0 = 266 # 1000
*DEV REG = 172620 -
*INT VEC = 000224 /
'8US REQ = § /

ENTER STMNT'S

>0010  LOAD TMOM W]
>0020 FILL D10Q8 R
0030 WRITE D1000

WITH RANDOM

>0070 LOAD TMOS WITH 0100
» 0080 REQD 01000
>0090 DECR TMOS
>0100 IF TMOS > 0 GOTC 80

»0110 REKIND
0120 END

) DONE

#RUN b

c. Hrn!c 4096 ?gtc blocks of all one bits to cnd of t:g d
s an

unit rminate the tape by writing two
dnxn! a ‘rewind. Read the tape foruward untxl dctcctlng
the two EOF’s and then rewind the tape.

$ENTER 9
7RSGN DEV: TUlU l

»0010 FILL D409 AT FREE WITK 177777
»0020 WRITE D4096 FROM FREE
>0030 IF EOT = 0 GGTO 20

»004C  WREOF
>0050  WREDF
» 0060

REWIND
»0070  RERD 04096 INTY FREE

—— ——
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»0080 IF EOF = 0 GOTO 70 !
>0090 INCR TMO3
»0100 IF TMO3 © 2 GOTO 70
0110 REWIND
0120 END
> DONE
*RUN 9
3. Test the spacing capabilities of all a1ght TUIO tape
units by 1n1ti1ally rewinding the tape and writing a 2000
byte hlo!k of randgn data whlse data 13 saved.” Next,
write another block of different random data, space
reverse two blocks, read the data in the first block and
compare 1t to the data that was saved. Space forward
over the block last writien and save_1ts write data.
Repeat this procedure wunti] End Of Tape 1s detected at
which time, read and compare the final block followed by
rewinding he tape.

ENTER 8 RS GRINDR
?ASGN DEV: TUl1Q,0-7

"ROI0 = 266 7 2000

"WRI0 = 266 / 2000

>0010 REWIND

»0020 FILL D2000 AT WRIC WITH RANDOM
>0030 WRITE D2000

>0040  MOVE 2000 AT WRIO TO FREE
Yy00SO0 FILL D2000 AT WRIO WITH RANDOM
>0060 WRITE D000

»0070 SPREV 2

»0080 RERD D2000

»0090 VERIFY D2000 AT RDIO WITH FREE
»0100 IF EOT = 1 GOTO 130

>0110 SPFWD 1

»0120 GOTO 40

0130 RERD 02000

»0140  VERIFY D2000 AT RDIO WITH WRIO
>0150  REWIND

»0160 END

> DONE
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LP11-/LS11/LVl] PRINTERS’ DEVICE ROUTINE

The LP11/LS117LV]1] Device Routine, whose filename 18
TLPRnm.MPG, 8upforls the ezecution of I/0 sperations on the
LP11, LSI11, and LVI] printers.

FRESET VRLUES AND SUPPORT SUMMARRY
- Valid Model Names and Untt Numbers

In reply to the ASGN DEV: message, (threes model names
(LP1l, "LSIl, and LVI1l) are accep able. Unit numbers are
not needed and are not interrogated by the Device Routine.
However, wup to sizteen may be entered and will result 1n
the program being repeated on the current printer for ecach
unit number entered. Effectively acts as a pass count.

- Interface Rddresses

The following are the values preset for all three printers
and may be a?tcrcd from the console terminal 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 listed below may be used to refarence
the printers’ device regisiers 18 MPG instructions. The
octal displacement associated with each name 13 the value
that will be added to the device register base address to
obtain the actual memory address of The desired register.
Note that symbolic names for all three printers are aluways
supported, "even though they may relerence the same

location.

Name Displ Description

LPS +0 LP11 Control and Status
LPB +2 LP11 Data Buffer

LPCS +0 LP11 Control and Status
LPDB +2 LP11 Data Buffer

LSCS +0 LSI11 Control and Status
LSDB +2 LSII Data Buffer

LvCS +0 LVil Control and Status

LvOB +2 LVII Data Buffer

TN
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Supporied Instructions Summary

The following 18 & summary of the instructions supported
by MPG for the LPLl, LSIl, and LVII gr:ntcrs Detailed
explanations are listed 1n section 0.9

WRITE BUFCLR NOWRIT

SPACE PLOT WRIT
TOF NOPLOT STATUS
EoT COUNTS

Information Words

The two words l1sted below are used to pass information
from the device routine to the user program,

SIZE Standard implementation - see sect 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

statistical information for the program can be dis la ed
on the MPG prant device. This information consis of
octal formatted binary counts under differant catagor:cs

The catagories and the MPG functions from which data will
be 1ncluded under cach are:

BYTES MR: HRITE SPRCE, (TOF & EOT 1n NOPLOT mode)

WRITE CMNDS:  WRITE'

MISC CMNDS: SPACE, TOF, EOT, BUFCLR

DEV ERRORS: A1l printcr errors

DATA ERRORS: Errors detected h! the VERIFY statement and
PLOT commands to the LP1l or LSII.

INTERRUPTS: Nuntcr of entries 1nto the interrupt
routine.

ADDITIONAL XFERS DURING INT:
The number of additional bytes transferred
to the printer durnna one interrupt
servicin Varies according to printer
buffer size and the data being printed.

OPSW Special Operation Bit Support

Bit 7 of the OPSW (SPOPER) 1s 1nterrogated only while
performing WRITE commands. Normally, the Device Rou.xnc
will automatically 1ssue a carriage rclurn and line feed
(CR/LF) !ollownng ¢ach WRITE while 1n NOPLOT (printer)
mode and a L:ne Terminate 1n PLOT mode wher the data

———— e ——————— e

T
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length 13 nol a multiple of decimal 128. I{f the SPOPER
bit 1s set, neither of these automatic features will be
performed.

0.9.2 DESCRIPTION OF LPL1/LS11/LVI1 INSTRUCTIONS

The LPL11/LS11/LVI1 Device Routine supforls execution of
¢leven MPG  language statements. he following
descriptions, dat shown enclosed within parentheses
indicates the default values if nothing 1s entered for the
statement’s operands. The v 1s used to 1ndicate a variable
cperand as delined 1n Appendiz B.2.

WRITE (D2S6 FROM WRIO)
KRITE v (FROM WRIO)
WRITE v FROM v

This instruction transfers the number of bytes
specified b the first v, from memor hcg:nnxng al
t ¢ memory ldcation defined b g the selond v, the
printer, Unlcss inh1bited by the SPOPER hlt 1n the
? ram’s OPSW, a CR/LF will automatically be 1ssued
olTowing the data when 1n printer mode or Line
crnlnatc will be set when 1n 0T mode with the
data length not a multiple of decimal 128.

SPRCE v

The number of lines specified by v will be advanced
in ei1ther print or plot mode. In print mode thc
two CR and LF bytes (01S and 012) will _be sent

the printer for each line specified. In plot uodc,
two bytes of O's are sent to the plotter followed bﬂ
Line "Terminate being set. This occurs for cac

plotter line to be advanced.

TOF

Pcriorns a Tog Of Form functlon in ¢1ther print_ or
plot mode. ,n print mod c, the Form Feed byte (OIY)
18 sent to the rxntcr Elot mode, the Remote
Form Feed bt 13 set 1n thc /S device register.

ECT
Performs an End Of Transmission function 1n ¢1th
rint or plot mode. In print mode, the End

¢r
of
ransmission byte (004) 1s sent to the printer. In
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BUFCLR

PLOT

NOPLOT

NOWRIT

WAIT

STATUS

COUNTS

plot mode, the Remote End Of Transmission b1t 1s set
in the C/8 device register.

This 1nstruction allows the wuser to clear the
pgro:r:atc buffer 1n the LVIL. The printer buffer
11] be clesred 1f in pr:nt mode while the oploiter
uffer will be cleared 1f 1n plot mode. This
instruction doses not use interrupts and has no
effect 11 used on the LPI1 or LSII.

]
w
b

Specifies to the Device Routine that all following
170 functions are to be performed on the plotte’
section of the LVil. Whea 1n plot mode, the
execution of all previously described I/0 functions
will be altered to accommodate the differences_ 1n
the device's interface and operation. This
statement results 1n an error 1f used with an LPII
or LS11 assigned to the progranm.

Resets the PLOT mode and causes all subsequent I/0
operations to be executed 1n print mode. This 1s
the preset mode of operation when starting
prog-am.

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

Standard i1mplementation - see section D.1.1.
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0.9.3 LP11/LS11/LV1l ERROR INFORMATION

This device routine processes errors 1n the standard

KIO

Page 127

fashion

described 1n section D.1.2. Nole that the contents of the
device registers at the time of the error will be displayed

for all errors except the “PLOT INV™ qrror.

The unique error messages, which may occur 1n the use of this

device routine, are as follows:

DATA ERROR (STMNT & nnnn)

Standard implementation - see section D.1.2.

“PLOT™ INV FOR LP11/LSll

When ezecuting the pr?gran, 8 PLOT statement has

been encountired.

1s command i3 valid only when

an LV11l has been assigned as the device “type.

Increments the data error count.

ROY NOT SET

Before 1ni1tiating an I/0 transfer, the RERDY bit was

not set 1n the printer’s device register.

STATUS ERROR

This message indicates |
detected 1n the LP11/LS]
register.

hat ¢
17LV1

TIMEOUT ON I/0

he ERROR bit has been
1 Control/Status device

After 1nitiating an 1/0 operation, the terminating
interrupt was "not received. The time allowed for
the interrupt to occur when on the PDP-11/45 and

with no other user programs execut
approzimately 22 seconds.

ing 1t
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0.9.4

LP117LS11/LV1] SAMPLE PROGRAMS

The fnllounn’ are sample printer programs that perform the
1

functions 1n
1.

cated 1n their descriplions:

Starting with spaces, print a 132 byte line of each
character on a éﬁ chor*ctcr LPLl prantar. Riter the last
line, 1ssue an End ransmission character.

$ENTER 3 RS ALPHAB

7QSGN DEV: LP11

"RDIQ = 256 7 132

?WRI0 = 256 / 132

"DEV REG = 177514 /

?7INT VEC = 000200 /

"MUSREQ =Y

ENTER STMNT’S

0010 LOAD TMOO WITH D96

0020 FILL D132 AT RDIO WITH 40!
Y0030 FILL D132 AT WRIO WITH 20040
>O0M0 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

Utilize the plot and print modes of an LVIL by first

lott:n* 3 16 bit by 16 bit checkerboard pattern for one

hen, advancc to ths next pa? shilt to printer

no ¢ and grnn page of nes consisting of the

standard bY charactcr RSCII sc uxth each line precessed
one position. Follow this with an EOT character.

¥ENTER S RS PRPLOT
?ASGN DEV: LVl
?RDI0 = 256 7 O
WRI0O = 256 7 132

>0010 PLOT

>0020 LORD TMOO WITH D25

»0030 FILL D128 AT WRIO WITH PATH
>0040 LOAD TMOl WITH Dl&

>0050 WRITE Dle8

»0060 DECR TMOI

>8070 IF TMOl > 0 _GOTO SO

»>0080 FILL D128 AT WRIO WITH PAT?
>0080 LORD TMO2 WITH DI6
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»0100 WRITE Dle8

>0110 DECR TMOR

>0120 IF TM02 > 0 GOTO 100
»0130 DECR TMOO

>0I40 IF TMOC > 0 GOTO 30
20150  TOF

0160 NOPLOT

Y0170 FILL D132 AT WRIO WITH RSCII
»0180 LOAD TMOJI WITH D60
>0190 HRITE D132

»0200 ROTQTE D132 AT WRIO
»0210 DECR TMO3

0220 IF TMO3 > 0 GOTO 190
0230 EO7

0240 END

) DONE
#RUN S

3. Test the line spacnng capabilities of an LSI11 by printing
lines of E's with™ varsous 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  lest can_ be
used” on an LVl in plot mode merely by inserting a PLOT
statement at line number 000S. If this™1s done, E’s will
not be printed but 1nstead, the plotter’s ﬁxnarg bit
representation of E's

ENTER 8

?ASGN DEV: LSI1,1,2,3
?RD10 = 256 7 O

?WRI0 = 256 / 12b
»>0010 FILL D126 AT WRIO WITH 42505
>0020 WRITE D126
>0030 SPACE |

»0040 WRITE D126
>0050 SPACE 2

>0060 WRITE D126
>0070  SPACE 3

>0080 WRITE D126
>0030 SPACE D10
»0100 WRITE Dl126
>0110  TOF

»0120  END

» DONE
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D.10 DH1l PROGRAMMABLE RSYNCHRONOUS 16-LINE MULTIPLEXER

PRESET ADDRESS - 160020
| PRESET INTERRUPT VECTOR - 300
PRESET BUS REQUEST - 5,5 (READ/WRITE)

R. REGISTER NAMES RECOGNIZED

SCR BYCR

NRC BAR

LPR BCR
1 CAR SSR

B. MPG INSTRUCTIONS SUPPORTED

RERD FDUPL X RLARM
WRITE HOUPL X SETUP
8RERK EVEN RBAUD
CRESET 0DD TBAUD
NOWARIT NOPAR BAUD

WAIT ONESTP ECHO

STRTUS TWOSTP NOECHO
COUNTS BITS PRESET

C. STRTISTICAL INFORMRTION

BYTES: Read, Written
CMNDS: Read, Write, Break, Misc.
INTERRUPTS: Read, Write
ERRORS: Non-existent Men(NEM), Overrun(QOVR),
Framing(FRM) ParltgtﬁﬂR), Silo
Over {10w(SOF), Data

D. OPSK SPECIAL OPERATION BIT SUPPORT

When Bat 7 (SPOPER} of the OPSW 13 set, the Maintenance Mode
Bit (Bat 9 SCR) will be set prior tc 1ssuing each I/0 data
transfer command.

E. 1.0 TImeOUY

If o terminating interrupt 18 not received 3 minutes after
inttisating an I/0 speration, the progras will be aborted and
the user informed. This time 18 appronimatle, coalibrated 2n 2
PUP-11"4S 41th ng other user programs runring.
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t.

INSTRUCTION DESCRIPTIONS

REgg (DSSE INTO RDIO) () = default values
ggno v (INTO ROIOD)

v i

NTO v

This 1nstruction will couse o data transfer to occur
between the unit previcwcsly assigned to this Device
Routine and the memory 2re¢a specifiad by the second
variable. The firsl variable contains the byte
count for the transier.

RERC v INTO v FROM u

Same as above read except u specifies the wunits or
line numbers. Whatever unil numbers were assigned
have no effect. This allows simultaneous data
transfers on_up to 16 lines. R typical form of u 13
4-7811 or 8 T 7 AND 11.

WRITE (D256 FROM WRIO)

WRITE v
MRITE v
WRITE v

CRESET

(FROM WRIO)
FROM
FROM v TO

The description for the RERD 1nstruction apglxcs to
the WRITE except for the direction of data 1lou.

<

ON u

This 1nstruction causes a break (splc1n? condition)
on the assigned unit or zn those specified by u as
in the READ 1astruction. The duration at the break
13 determined by v which specifies the number of
character times to hold the spacing condition,

This 1nstruction sets the Master Clear b1t 1n the
ggétcn Control Register, then clears all bits 1n the

- - — ——
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NOWAIT

STATUS

RLARM

SETUP

RBRJID

“BRUD

u

v

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

This 1nstruction loads the si1]o alarm level 1a the
Sile Status Rc,xstcr The onla acccptahlc values of
v are 0,1,2,4,10 or D8 16 nd 40 or D32.
R1l otﬁcr values uxll be intercepled when the
rogram 18 run. Riter an error message 1s printed,
he” program will take the normal error action as
determined by the OPSK

A1l of the following 1instructions listed, set _or
reset bits 1n (h8 Line Parameter Register. The
SETUP xnstructxon selects which line™ parameter
registers will u’dalcd bg these 1nstructions.
The unit u can bc ln 1ne or ¢ nblnatxon of lines
betuween O and 1S, such as 18,

Sets the Recesver speed as 1ndicated 1n the table.

Sets the Transmitter speed as 1ndicated in the
tasie.
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EVEN
000
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v

Sets both Receiver and Transmiliter speed as
indicated 1n the table.

Speed Table for Receiver and Transmitter

v(Octal) v(Decimal) Baud Rate
0 DO 0
1 Dl SO
e De 75
K| D3 110
Y DN 134.5
S DS 15C
b 200
7 D7 300
10 08 600
11 09 1200
12 D10 1800
13 D1l 2400
14 D12 4800
1S D13 9600
16 DI EXT INP R
17 DIS EXT INP B

Sets Even Parity.

Sets 0dd Parity.

Disables Parity.

Sets number of stop bits =1

Sets number of stop bits = 2

| e o—— —
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BITS v
Sets bits per character according to v. Valid
entries are 5,6,7 and 10 or D8
ECHO
Enables Ruto-Echo
NOECHO
Disables Ruto-Echo
PRESET

Sets 8 Bits per Character, disables Parity, sels 2
Stop Bits, 110 Baud, and Full Duplex with fNo Echo.

DHI1 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 Tollcws:

OH1l TIMEOUT ON I/0

Rn 1/0 operation was begun, but the terminating
interrupt was noi rece ved. The time allowed for
this xntcrru{t to occur 1s approzimately thres
minutes when the program 13 run on the POP-11/45 and
no other programs ar¢ running.

OM1l ERROR:  ddd,ddd,etc.

The codes ddd represent mnemonics which are printed
to 1ndicate which error bits were set, The message
may contain from one to five codes. The following
mnemonics may be printed in this message:

PAR = Recerved Data Parity Error

FRM = Framing Error

OVR = Data Overrun Error

NEM = Non-existent Memory Error

SOF = Silo Overflow Errof (storage interrupt)

E11

- -———— e — e - - - - ——
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D.10.2

BRUD SELECTION CODE > IS

The user program entered a value with the RBRUD or
TBRUD statement 1o select a baud rate. This value
nu:t h; from O to IS. R value greater than IS was
entered.

8 OF CHAR BITS NOT S,6,7 OR 8

The user program enter
stotement to select Lhe
value must Be S, 6, 7, ¢
range was entered.

a value with the BITS
ngth of & character. This
8. A value nrot 1n that

ed
le
r

SILO RLARM LEVEL OTHER THAN 0,!,2,4,8,16 OR 32

The user program entered o value with the RLARM
statement to sel the silo alarm level. This value
must be an integral power of 2 betlween O and 32. A
value not 1n that range was entered.

DH1l SAMPLE PROGRARMS

1. Wrate same data sequentialiy to units 3,4.5 and 1l.

*ENTER 1
?ASGN DEV: DH11,3,4,5,11

>0010 FILL D64 AT WRIO WITH ARSCII
CRESET

>0030 SETUP 3-S311
PRESET

>0050 WRITE D&Y

» 0060 gﬁéTE 2 FROM CRLF

€. Wrile same data simultaneously to units 3,4,5 and 11.

#ENTER |
7GSGN DEV: DHIL

>0010 FILL DeY AT WRIO WITH ASCII
/0020 CRESET

»0030 SETUP 3-5811

»0040 PRESET

—_—— ————————— . e — — - ———
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»00S0 WRITE DEY FROM WRIO YO 3-S811
>0060 WRITE 2 FROM CRLF TO 3-S31!
'0070 END

> DONE

¥RUN 1

Writle different data sequentially to units 5,9 and 1S
at 300 Baud.

$ENTER |
?ASGN DEV: DM1l

ITE D16 FROM BFOO 1O S
ITE D16 FROM BFOL T0 9
ITE D16 FROM BFO2 TO 1S

#HRUN 1

Write different data simultaneously to units 5,9 and 1S,
Setup for 7 bits per character, even parity e stop bitls
at 110 baud to line 5, 150 baud to line 9 and 300 baud to

line 1S

*ENTER |
7ASGN DEV: DHIl

>0010 CRESET

>0020 SETUP 539315
»0030 BITS 7

>00M0 EVEN

>00S0 TWOSTP

>0060 SETUP S

>0070 BAUD 3

>0080 SETUP 9

SSOO80E
S T BERNEa
0

mMmme—

D16 FROM BFOC YO S
Dib6 FROM BFOL T0 9
Dib FROM BFQ2 TO 1S

bhhbh
O r—er—t 0004
— e =

m
- 4

/D

611

=
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®FILL BFOO WITH *TEST MSG NBR 1
®FILL BFOl WITH *TEST MSG NBR 2
:E&kLIBFOE'HITﬁ #TEST MSG NBR 3

S. Read ! character from unit 3 and write 1t to unmits 3,7,8
and 9. Use the operation switch to loog on this program.
Note- The PRESET 1nstruction sets the baud rate at 110,
?dd thclncccssorg BAUD 1nstruction to match the available

erminals.

*ENTER 1
?ASGN DEV: DHIl

CRESET
> 0020 SETUPT3 AND 7 THRU 9

PRESE
>O040 READ 1 INTO TMOO FROM 3
»00S0 EﬁéTE I FROM TMOO TO 387-9

*¥OPSW] 140020

B. Test the DHI1 using the maintenance bit to cause data
wraparound. HWrite the some data slnultancousl! to lines
0,1,2 and 3 and read back the data into separale memory
areas. Print the data received.

#ENTER |

?RSGN DEV: DM1l

»0010 FILL DeM AT BFOO WITH SOIS
0020 CRESET

»0030 SETUP O THRU 3

Y0040 PRESET

Y00S0 NOWARIT

0060 READ D16 INTO BFOO FROM O

0070 READ D16 INTO BFOL FROM |

Y0080 READ Di6 INTO BFO2 FROM 2

Y0090 READ D16 INTO BFO3 FROM 3

0100 WRITE D16 FROM COMO TO 0-3
»0110 WAIT

»0120 PRINT D16 AT B8FO0 IN ARSCII
>0130 PRINT D16 AT BFOL IN ASCL]
Y0140 PRINT D16 RY BF02 IN RSCII
>01S0 PRINT D16 AT 8F03 IN RSCII
>0160 END

> DONE

#FILL COM WITH #DH1l TST MSG |
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-,

*0PSW 200

*RUN 1

Modify Program & to run at 9600 Baud.
*MODIFY 1

ENTER STMNT’S

Y45 BAUD 1S5

» DONE

#RUN |

Modify Progrems 7 to receive and transmit at
dlffcrcnt aaud ratcs, causing a framing error.

#MODIFY |
ENTER STMNT’S

YNE RBAUD S5
1L Y4 TBAUD H
) DONE

¥RUN |

Using the Special Operation bit 1n the OPSW to set the
maintenance bit, loop back ali 'ines and run at 3600 Baud
to test silo ovcrflou error detection.

ENTER |
?ASGN DEV: DH11

0010 Fé%gsobq AT WRIO WITH ASCII
)0030 SETUP 0-15
PRESET

»00S0 BAUD 1S

>0060 NOWAIT

»0070 READ D64 INTO RDIO FROM 0-1S
»0080 HRI;E D64 FROM WRIO TO O-1S

WAl
>0100 PRINT D4 AT RDIO IN RSCII
»0110 END
> DONE

*0PSW 200
#RUN |

——— _——— — —
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Modify Program 9 to run at 4800 Baud and therefore run
uxlhout error.

®¥MODIFY |
ENTER STMNT’S

»S0 BRUD 14
Y DONE

*RUN |
Test the si1lo alarm for g operation. Use the
Special Operation bit 1n the OP W for data loopback.

$ENTER |1
?RSGN DEV: DH11,0

>0010 FILL D16 AT WR

IO WITH RSCII
>0020 FILL D16 AT ROIO WIT

H 20040

>0030 CRESET

>0040 PRESET

»00S0 BRUD 1S

>0060 ALARM DIb

0070 NOWAIT

>0080 READ Dl6

»>0080 WRITE DIS

>0100 DELAY DI000

>0110 PRINTY D16 AT RDIO IN ASCII

0120 PRINT 2 AT CRLF IN RSCII

0130 MWRITE 3

0140 WAIT

>0150 PRINT D16 AT RDIO IN ASCII

Y0160 PRINT 2 AT CRLF IN RSCII

0170 END

>DONE

*0PSW 200

¥RUN |

Comments: The first printed line should be blank because
not «<nou characlers were received to cause
an interfupt by exceeding the silo alarm

level. The second line “should contain lb&
ASCII characters. This test can be repeated
for all valid alarm levels.
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PC11/PR11 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
LEADER
NOWARIT
WAIT
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.

1/0 TIMEOUT

If a terminating 1nterrupt 18 not received 3 minutes after
inttiating an T/O operation, the program will be aborted and

the user informed. This time 18 approximate, calibrated on o
PDP-11/45 with no other user programs running.

K11
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INSTRUCTION DESCRIPTIONS

RERD (D2Se INTO RDIO)
READ v (INTO RDIO)
RERD v INTO v

This 1nstruction will cause a data transfer to occur
between the Paper Tape Reader and the memory area
specified by the second varjable. The “first
vari1able conlains the byte count for the transfer.

WRITE (D256 FROM WRIO)

WRITE v (FROM WRIO)

WRITE v FROM v
This 1nstruction will cause a data transfer to occur
betueen 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 i1nstruction causes & blank strip of tape to be
punched, whose length 1n i1nches 1s specified by the
variable.

NOWRIT
Standard 1mplementation - see section D.1.1.

WAIT
Standard 1mplementation - see section D.1.1.

STATUS
Standard implementation - see section D.1.1.

COUNTS

Standard implementation - see section D.1.1.

— ——— -
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' 0.11.1 PCl1/PR1] ERROR INFORMATION

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 Jollows:

PC11/PR11 TIMEOUT ON I/0

An 170 ogcrat:on was begun, but the terminating
interrupl was not received. The time allowed for

’ this 1nl¢rrugt to occur 1s approrimately three
minutes when the program 1s run on the PDP-11/45 and
no other programs are running.

PCl11/PR1l ERROR:  ddd,etc

The codes ddd represent mnemonics which are printed
to i1ndicate which error bits were set. The message
may contain one or two codes. The following

angmonics may be printed 1n this message:

PUN = Punch Error (PPS)
RDR = Reader Error (PRS)

D.11.2 PCl1/PR11 SAMPLE PROGRAMS

1. Punch a B4 byte RSCII character string, preceeded
by & 10 inch leader and STX code.

*ENTER 1
?ASGN DEV: PCIl

»0010 LORD TMOO WITH 2

>0020 FILL D&Y AT WRIO WITH ASCII
»>0030 LEADER D10

>0040 WRITE 1 FROM TMOO

»0050 WRITE D&Y

»0060 LEADER D10

>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 |

?ASGN DEV: PCl1

»0010

RERD |

»0020 IF 1 AT RDIO <> 2 GOTO 10
RERD Db4

> 0040 EzéNT D64 AT RDIO IN RSCII

Read and punch simultaneously.

*ENTER 1
?ASGN DEV: PCll

>0010 FILL D256 AT WRi0 WITH ASCII
>0020 NOWARIT

READ
>0040 WRITE
>0050 WAIT
>0060 END

M.P.G.
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RPOY/RPOS/RPO6 DISKS' DEVICE ROUTINE

Thg RPON/RPOS/RPOB Device Routine, whose filename 13
Tﬂ&ﬂnn.ﬂ’c, :u“crls the aoaperation of RPOM, RPOS, and RPOB
disk drives on Yhe standard RH.1 MASSBUS conltroller and on

the 11770 version (RH70) of the RMI1I.

This Device Routine will IUQOIOQlC.ll‘ adjust 1ts operation
s

based upon the device assigned to 11 and the CPU that it 1

cperating on. For the RPO6 It will adjust to 2 mazimum of

BlS cylinders. Error bits dtsslc,cd 1n the ERROR BITS
ey

message will be applicable to the ce and the controller.

Error bits will be ircluded as necessary for common errors,
RPOY errors errors, and RH70 arrors. RAlso, tuwo
additional device registers are supported for ths RH70.
PRESET VALUES AND SUPPORT SUMMARY
= Valid Mode] Names and Unit Numbers
In reply to the “RSGN EEV:' message, three model nomes
(RPON, ~ RPOS  and ) are dcceptable and_ may be
accompanied by & maximum of 16 unmit numbers. For “this

device the unit numbers must be 1n the range of O thru 7.

- Interface Rddresses

The follounn, are the values presel for the RPO4/RPOS/RPOB
and -aaebc altered from the console terminal following the
- V:® message:

Device Regisier Base Rddrass = 17670C
Interrupt Vector Rddress = 254
Bus Request Pricrity = 5

- Symbolic Register Names

The symbolic names listed below may be used to reference
the 11/RH70 - RPON/RPOS/RPOE device registers 1n MPG
instructions. The octal displacement associated witlh cach
name 13 the value thet will be added to the device
register base address to obtain the actual memory address
of "the desired register. Note that the last two (RPAE and

RPC3) will be supported only when running on an 11/70,
Name Displ  Register
RPCI +0 Control and Status !
RPWC +2 Word Count

Bl12
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(Cont’d)

RPBR +4 Unibus Rddress

RPOR +6 Desired Seclor/Track Rddress
RPC2 +10 Contro]l and Status 2
RPDS +12 Drive Status

RPE1 +14 Error Register |

RPRS +16  Attention Summary
RPLA +20 Look Rhead

RPOB +22 Data Buffer

RPMR +oM Maintenance

RPOT +26 Drive Type

RPSN +30 Serial “unhcr

RPOF +32 Offset

RPDC + 3N Desired Cylinder

RPCC +36 Currcn! Cflindcr

RPE? +40 Error Register 2

RPE3 42 Error Re lstcr 3
RPPO +44 ECC Posilion

RPPA *46 ECC Pattaera

RPARE +50 Bus Rddress Extension
RPC3 +52 Control and Status 3

Supported Instructions Summary

The followin summary of the 1nstructions supported
b? MPG for hc RPOH/ ’RPOG. Detailed explanations are
l11sted 1n section D.12.2.

RERD UNLORD NOWAI T ECIOFF

MRITE RECAL STRTUS HCION

ROHD CRESET COUNTS HCIOFF

WRHD DRESET RAPORT BRION

WRCK PRKACK BPORT BRIOFF

WMRCKHD ROPSET FMT22 CORON

SEEX REL FMT20 COROFF

SERARCH STEPUP 00D VVON

OFFSET STEPDN EVEN VVOFF

RETCTR WARIT ECION

Certain of the abcve insiruclions control the setting of

internal flag bits. The preset states of these bits are
the same as though the following i1nstructions were 18sued:
WRIT 000 BRIOFF
APORT ECIOFF CORON
FMT22 HCIOFF VVON

information Words

The s1x words listed below are used to pass informat)
between the wuser program and the device routing. A
words are praset to B s except RTRY which 1s preset to 3.

on
11
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0.12 - RPCY RPOS/RPO6 Device Routine (Cont’d)

CYL A one word locatlan that contains the cylinder
number 1n bits 0-9 that will be used tn sublequent
170 operations. The contents of CYL will be loaded
into RPOC for all I/0 operations that require a
cylinder address.

HERD The word location that follows CYL and contatns the
value of the head (track) number to be used in bits
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 a head and sector address.

SECT This word contains the sector number 1n bits O0O-Y.
Located 1mmediately following HEAD 1n memory.

RTRY This word sqcc:lxcs the_ number of additional
sltempts that the Device Routing will try on an I/0
operation before deciding thatl 1l 18 wunrecoverable.
Rpplicable only to those HLypes of errors that
normally have a possability of recovery.

SIZE Standard mplementation - see section D.1.1.
Contents are updated by RERD, WRITE, RDHD, WRHD,
WRCK and WRCKHD.

ERR  Standard 1mplementation - see section D.1.1.

Statistical Information

Through wuse of tha COUNTS statement and the REPORT
command, statistical information for the pro?ral can be
displayed on the MPG print device. This Information
consi1sls of gctal formalted binary counts under different
catagories. The catagories and the functions {rom which
data’will be included under cach are:

BYTES RO: READ, ROHD
BYTES iR: WRITE, WRHD

BYTES CK: WRCK, ' MRCKHD

READ CMNDS: READ. ROHD

WRITE CMNOS: WRITE, WRMD

CHECK CMNDS: WRCK, ' MRCKHD

SEEK CMNDS: SEEK. SEARCH, OFFSET, RETCTR, RECAL
MISC CMNDS: %% CRESET, PAKALK, ROPSET, REL,
DEV ERRORS: Rl1] hardware errors that resultled 1n an

error report. Correctable ECC e¢rrors
and errors that were recoverable when
retried will not increment this count.
CORR ECC ERRORS: Nu??cr of ECC errors corrected by
softuare.
DRTA ERRORS: Invalid unit number errors and errors
detected by the VERIFY statement.

— e —— ——— -
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RETRYS: The number of occurrences for
of «errors.

the seven retryable type
Counts are nai!lclncd or
HCRC, FER, HCE, DCK, and WCE.

E12
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each of
OLT, OTE,

TOTAL RETRYS: Total numbgr ol retr z atiempts on all
s.

farling 170 operatio
INTERRUPTS: Number of entries into the
routine.

- Correclable ECC Errors

When encountering a correclable ECC error (
device rouline "will aulalaticall correct the

interrupt

K), this
ata. The

contents of the ECC Position rcfi: er (RPEC]) and the ECC

Pattern register (RPEC2) wil

be used to detarming the

bits to be modified and their placement 1n the data f1ald.
Rfter the correction has bscn ap glxcd the CORR ECC count

will be i1ncremantied and the dats
at 1ts point of interruption.

ranster will be resumed

This automatic data correction will nol be erformed 1

the ECI bat ;s set, 1f the word length 33 |
reset), or 1f the user has antered the COROFF

bits (FMT22

statement.

In these cases, the DCK wil] be treated the same as the

other retryable errors.

= Retryable Errors

Seven errors are classified as rctr able by
routine. When one occurs (DL ! HCRC FER,

this device

HCE,

r WCE), the retry count contanncd in the interface word
RTRY 13 checked for a 2¢ro value. If 2ero, an [/0

Tersination error 13 reported. If non-zero,

the ratry

count for the error and the total rctrv error count are
s

incremented by one and the 170 operation

re-i1ssued. If

the relry 18 successful, the progran will proceed to the

next statement in the user's program. If 1t

wags nol

successful, the retry count from RTRY 13 decremented thc
total rctrg count 13  incremented, and the command

re-issued. This continues untxl cxthcr the

suc:css.ul or the RTRY count *a 2ero.
latter occurs, the "EXMRUSTED &E IES“ ¢

relry 13
When “the

rror message will

be 1ssued and the DEV error count will be incremenied.

When proccssln? retries on fai1ling I/0 operations, the
10

griginal func will just be re-i1ssued,

The use of

Offets and Rccalnbratc commands are nol cnplogcd during

errcr recovery in this device routine.

- —— - ———
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D.12 - RPOM 'RPOS-RPO6 Device Routine (Cont'd)

Disk Types

This device routine does not interrogate the Drive Type
register tc determine which t,pc ol disk 1t 1 apcrat?n
on. It relias :olcla on the model number assigned to Lhe
proa;an. If an RPOS has been assigned but it s aﬁtuallg
an RPOb, the device routine will précess 1t as an RPOM.

Dual Controller Operation

This davice routine sup‘nrts operation of disks connected
to two systems through the dual controller option. If the
disk 13 busy on the other controller when the device
routing 13 rcad' to 13sue an 1/0 operation, 1t wil] wait
up to 22 seconds Tor the disk to become avarlable. It 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 dusl cantroller system, both programs
opcrat:n? 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 sel when thc, are 1ssued. These
functions are termed Non-Interrupt Tunctions and are:

DRESET REL
PRAKACK UNLORD
ROPSET

Rfter 13suing the above funclions, the device routine will
delay a few microseconds and then check the status of the
errof bits. Any found to be set will be reported as a
Non-Int Terminalion error.

The resaining I/0 funclions, which are listed below,
utilize 1nterrupts 1n their opsrations:

READ WRCK OFFSEY
WRITE WRCKHD RETCTR
RDHD SEEK RECAL

WRHD SEARCH

For the above instructions, tests for error conditions
will be made when the terminating inlerrupt 13 received.

When operating with a dual controller disk and the disk 1s
busy on tne other controller, interrupts will be enabled
to allow ATA to signal when the disk has been acquired.
This feature 13 “ulilized for both groups of funclions
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(Cont’d)

Therefore, the interrupt count may be

listed previously. for example, even

incremented on 2 PRKACK instruclion
though 1t 13 not a result of the command.

- Rccessing The Data Buffer Register

The contcnts of the Data Buifer (RPOB) register will be
stored g when processing an interrupt with the Output
Ready (OR) 11 set in the RPLS2 register. At all other
tlncs this register Ulll not Be read and 1ls 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 setling has no effect on disc operation.

DESCRIPTION OF RPOM/RPOS/RP0S INSTRUCTIONS

The RPUN/RPUS/RPOB Device Routlnc sup ports execution of
thirty nine or certain functions

la ge statements.
(READ, WRITE RDHJ i&'l) WRCK, WRCKHD, SEEK and SERRCH), the
desired disk addrass must be loaded into CYL, HERD, and "SECT

before crlornxn! those functions. In the followin
dcscrnftxons, ta  shown enclosed within parenthese
indicates the default valucs 1{ nothing 1s entered for the

The v 13 used to indicate a variable
oporand as dcf ned 1n Rppendix B.2. Note that 11 an odd byte
count 1 T in any of the {ollou1ng instructions, 1t
will cl!cctlvc y bc dccrcncntcd by 1 before being used.

statement’s gcrands

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

This 1nstruction
indicated by the
beginning at the memory location
second v.

transfers the number of bytes,
first v, from the disk to memory
specified by the

ARITE (D256 FROM WRIO)
WRITE v (FROM WRIO)
WRITE v FROM v

Transfer the number of bytes from memory to disk
bchngxng at the memory location i1ndicated by the
second v.

612
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D.12 - RPO4-RPOS/RP0S Device Routine (Cont’'d)

The following statements do not have default values for theair
operands.

ROMD v INTO v

Reads the four words of sector header data and the
data field 1nto ncnor, using the Read Header and
Data command. In order 1o read™a complete sector,
the byte count must reflect the 4 header words.

WRHD v FROM v

Performs a format type of operation h, usxng the
Write Header and ata command to wrile the header
words and data field on disk.

WRCK v AT v

Compares the number of data field bytes in memory to
those at the specified disk Jocation. Uses the
Write Check Data command.

WRCKMD v AT v
Similar to the WRCK command but also compares the

header data through wuse of the Write Check Header
and Data command.

SEEK
Performs a seek function Lo the disk location
specif1ed by CYL, HEAD, and SECT. This instruction
does not terminate unts] the seek 13 finished.
SERRCH

Similar to SEEK but uses the Search command.

- — —r— -
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The following I/0 commands do not wutilize the contents of
CYL, HERD, and SECT in their operations.

OFFSET v

RETCTR

UNLORD

The least sxgnllxcant ¢l bits of the quantit
speci1fied g loaded 1nto thc llsc!
regisier !o loucd h the Offset command bein
158ued. Examples of the offset obtained wit
different octal valuc: of v are:

v Microinches
010 +200
cl0 -200
020 +400
el -400
030 +600
230 -600
040 +800
240 -800
060 +1200
260 -1200

This statement 13 normall 1ssued after OFFSET
statements and results in the Return to Center Line
command being 1ssued.

Places the drive 1n the Standbg statc :ﬂxssuxng thc
Unload command. Note that "this cofman
consitdered toc be terminated untnl the drive x:
brought back on-line. While the drive 13 off-line,
the device routine will check on 1ts  status
approzimately once every second. Timeoul 313 not
enabled for This command and the device routine will
wait an 1ndefinite amount of time for thc drive to
become operable. Upon delermining that the drive 1s
:crablc again, the device routing uxll proceed to
the nert stalcncnl in the user’s progranm.
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RECAL
Results in the Recalibrale 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 13 accogmplished b! this
statement’s 1ssuing of the Drive Clear command.
PRKACK
Causes the Pack Rcknowledge command to be 1ssued.
ROPSET
Causes the Read-in Preset command to be 1ssued.
REL

Performs a drive clear and releases the drive for
another port by issuing the Release command.

The following 1nstructions do not perform I/0 operations:

STEPUP v

This command does not perform an¥ 170 functions. It
rovides cas* incrementing of the contents of CYL
RD, and SECT. The operand v 13 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. When HERD overflows, 1t will be set to
0 and CYL will be 1ncremented. When i1ncrementin
ast the last sector on disk, all three values wil
¢ sel Lo O’s. Rutonatxcally ad,ust: to the number
of sectors on & track (20 or 22) based ¥50n the
current setting defined by the FMT20/FMTEZ
statements and to the number of cylinders (411 for
the RPO4/RPOS vs. 815 for the RPOB).

- —— —— ————— e e o e s~ e . e -

— — —— -




- e oo

M.P.G. Page 153
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Note that this i1nstructicn and STEPDN will o crotc
with invalid values 1n CYL and SEC on
sxecution. Regardless of thelr ini‘nal contcn s,
the contcnts of all thres uords will be valid when
this instruction cona letes. 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 byt provides a  decrementin
capability. When all three values are O, the ne:

decrement will result 1n the decimal values for the
three words of 410/814, 18, 21/19.

WRIT
Standard i1mplementation - 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 SECY
words. These values do not reflect the current
gosxllon of the disk, bul merely the contents of the
hree words.

COUNTS

Standard 1mplementation - see section D.1.1.

Thc folloulni slatcucnts define to the Device Routine the
in

desired gs certain biils 1n the device registers.
These statementt do not immedrately alter the reg lstcr bits
but all subsequent I/0 functions and othcr plicable

statements will be performed with the bits set as dc 1n¢d.

APORT

Indicates tha
0

t ¢ he PSEL bit 1n RPCSI 1
to be set to O ( ) (Preset mode)

_k_l__a_

]
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BPORT

FMT22

FMT20

00D

EVEN

ECION

ECIOFF

HCION

HCIOFF

PSEL wil]l be set to a 1 (UNIBUS Port B) on
subsequent functions.

Sets the number of sectors on a track to 22 and the
number of Bits 1n the data field words to 16. FMT22
1s the presetl 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 fi1e¢ld words to 18.
Resets the FMT22 bit 1n RPOF to & 0.

Causes the Parity Select (PAT) b1t 1n RPCS2 to be 1n
the O state on subsequent functions. (Preset mode)

Causes PAT to be set to a |.

Inhibits the Errcr 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)

?lhli! the Header Compare function by setiing the

In
HCI bit in the RPOF register to a 1.

Indicates that the Header Compare function 13 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 “i1n the RPCS2
register to a 1.

Results 1n BRI 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 can be
corrected, 1he device routine will perform the
correction procedures, 1ncrement the CORR ECC error
count, and continue running. (Preset mode)

Disables the pro?rammcd recovery of correctable ECC
errors. When This t?gc of error 18 delected, on
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 1s notl already set.
This 1s the preset mode and allows the program to
run without modification on a pack which has just
been mounted.

Inhibits the automatic 1ssuing of the Pack
Rcknowledge command.
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D.12.3 RPO4/RPOS/RPO6 ERROR INFORMATION

This device routine processes errors 1n the standard {ashion
described 1n section D.1.2. However, due to the nature of
this device, additional i1nformation 1s provided to the user.

The 1/0 Iunctnon Y instructions are considered to
execule 1n two s .! Thc first 18 the time it takes to
acquire the disk and ousckcc 1f needed. The second 13
affer the point the spcc:lncd }unctxon 18 issued and until
after the function terminates. Since e¢rror conditions ma

occur 1n either stage, this device routine i1ndicates whic

stage 1t was 1n uhcn the error was detected. This s
accomplished by 1ncludxn! the appropriate message of the
following two ucssogcs 1a the error dxsplag

BEFORE ISSUING I/C CMND
AFTER ISSUING I/0 CMND

If the error 1s detected before 1ssuing the specified 1/0
command and MPG’s Continue (CONT) command 18 13sued, 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 progran

Rlso 1ncluded with every error display, other than the
invalid unit number error, 1s the Iollouxng message:

ERROR BITS:
ddd,ddd,ddd,ddd,ddd,ddd,etc.

This message 1ndicates Lthal one or more error _status bils
have been detected 1n the device rcglstcr: Thc codca ddd
1dentify which error bits were found. sitly four

field will be used to list all or as nang of the error h ts
as possible. In the follouxn? list_ “"some codes are
distinguished by an asterisk (#).  These codes will be

included 1n the message 1f their bit values are 0. All other
codes are included 1T they have 2 value of 1. The following
sre tne mnemonic codes supported for the ddd fields:

Error bits common to all devices:

SC Special Condition

TRE = Transfer Error
MCPE = Massbus Control Bus Parity Error
#DVA = Drive Availabdle
DLY = Dats Late
WCE = Write Check Error
JPE = Unibus Parity Error
o = Nonesistent Drive
NE™M = Nonezistent Mamory
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PGE = Progran Error

MXF = Transfar

MOPE = Massbus Data Bus Parity Error
ATA = Attention Retive

ERR = Error

PIP = Positioning In Progress
*MOL = Medium On-Line
*DPR = Drive Present
#DRY = Drive cad?
BVV = Volume Valid

oCK = Data Check

UNS = Unsafe

0Pl = Opcral:on Inconplctc

DTE = Drive T intng rror

WLE = Write Lock Erro

IRE = Invalid Address Errar
ROE = RAddress Qverflow Error
HCRC = Header CRC Error

HCE = Header Compare Error

ECH = ECC Hard Error

WCF = Write Clock Fail

FER = Forlat Error

PARR = arit! rror

RMR = , er Modification Refused
ILR = egs] Register

ILF = Il c;al Functnon

RTR7 = Attention Retive Drive 7
ATRE = Attention Rective Drive &
RATRS = Attention Active Drive S
ATAY = Attention Rctive Drive 4
RTR3 = RAttention Rctive Drive 3
RTA2 = Rttention Active Drive 2
ATAl = Attention Active Drive |
ATAROD = Attention Active Drive O
PLU = PLO Unsafs

IXE = Indesx Error

NHS = No Head Selection

MHS = Multiple Head Selection
WRU = Hrite Rcad Unsale

TUF = Transitions Unsafe

TOF = Transiti1ons Detector Farlure
csu = Current Switch Unsafe
KSU = Write Select Unsatfe

CSF = Current Sink Failure

WCU = Write Current Unsafe
OCYL = 0ff Cylinder

Sk1 = Seek Incomplete

DCL = DC Low

ACL = RC Low

A ——— ettt "t . St
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D.12 - RPONRPOS/RPOE Device Routing (Cont'd)

Error bits unique to the RPOM:

AC Unsafe

30 Volts Unsafe
Failsale Enahlcd
Hotar Sc,ucncc reor

52

Unsafe Ezcept Read/irite
VUF elocity Unsafe
PSU Plck Spccd Unsafe

Error bits unique to the RPOS/RPOG:

RBS 2z RAbnormal Slo{
RAW = Read And Write
OPt = Operator Plug Error
WAO S Hrltc And Offset
DCU = DC Unsafe
Error bits unique to the RH70:
APE s Rddrcss Parity Error
DPEOM = Oota Parity E ror, Odd Word
DPEEN = Datas Plrll Error, Even Hord
WCEOW = MWrite Chcc! Error. 0dd MWord
WCEEW = Mrite Check Error, Even Word

The unique error messages, which may occur 1n the use of this
device routing, are as fc!lou::

DATR ERROR (STMNT 8 nnnn)

Standard 1mplementation - see section D.1.2.

DISK IS OFF-LINE

Immediately prior to :nxtnalxn? an 170 oqperation,
the Medium On Line bit (MOLY 1n the RPOS register
wads found to be reset.

OPR NOT SET

While waiting to acquire the disk {rom the o
controlier, "an infterrupt with the drive’s RTA
was received but the Drave Prasent (DPR) Bit in
RPDS register was not set.

ther
bit
the

P— ——— ——
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ERROR ON INITIRTION [

Prigr to 1n|til!xn? an I/0 operation, a condition
that sets the SC bit 1n RPCS1, other [han an Unsafe,
did not clear after five attampts to reset 1t., The
error bits that coused SC to be set will be listed.

EXHRUSTED RETRIES

U:on dctcctxn’ one of the seven rctr!ablc errors
the device foutine has re-1ssued the fatrling 1/ |
operation the nuamber of times s*ccllncd in "RTRY

without successful completeron of the operation. [
RTRY 1s 1nitially O, this message will not occur.

INT WITHOUT ATA

This message 1ndicates that an interrupt was
received without the drive’s ATA bit being set and \
1t was expected to be set. This error mady occur

before or after 1ssuing the I1/0 functioh. MWhen

operating a dual controller disk and 1t 13 busy on

the other controller, the device routing waits for

an 1nterrupt with ATR set to 1ndicate that 1t has

scquired the disk. If an interrupt is received and

RTH 13 not set, this grror 13 reported. The other

csse 13 where an [/70 function USEEK, SERRCH, etc),

that normally terminates with ATA, 13 1ssued and an

interrupt was received without ATA being set.

iNV ECC BIT PATTERN ;

when ready to aEElg the correction to the dat
correctable E error, Lhe RPEC2 Bit
register was found to contain all O's.

INV ECC BIT POSITION

Mhen ready to aEEIg the correction to the data on
correctable E error, the RPEC1I Bit Position
register was found to contain & value greater than
octal 10041.

INV UNIT &

The current unit number, which 18 displayed in
octal, 12 not 1n the range of 0-7. The RSSIGN
ccmmand may be used to correct the erronsous unmit
number. Increments the data error count.
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I 0 TERMINATION ERROR

Error bits have been detected 1n the device
rcgn:tcr: when processing a termination interrupt.
This message occurs for all non-retryable errors and
retryable errors when RTRY 13 set to 0

NON-EXISTENT DRIVE

Immediately after loading a valid unit number (0-7)
into  RPC the Non-Existent Drive b1t (NED) :r

RPCS2 was found to be set.

NON-INT 1/0 TERMINATION ERROR

Error bits were found set in the device registers
few microseconds after 1ssuing one” of the
Non-Interrupt type of I/0 functiond (PRKRCK, REL,

etc).

TIMEOUT ON I/0

Rfter 1ni1tiating an 170 operation, the Llerminating
interruptl was "not received. The time allowed fof
the interrupt to occur 1s approxrimately 22 seconds
when on the PODP-11/45 and with nd other wuser
programs executing.

Y70 ON CRESET

This error, which 1ndicates that Ready (RDY) d:1d not
set within a few milliseconds after setting the CLR
b1t 13 RPCS2, may occur when the CRESET statement 1s
1ssued.

T/0 ON DISK RCGUIRE

When ready to 1ssue an 170 operation 1o 8 disk that
1s busy on the olther controller 1n » dual controller
configuration, the disk did not become available
within apgroxxnatclg 22 seconds. Either the disk 1s
nct 1n  the 5ro!ronmablc mode or the progrem
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 ATR b1t was found set.

NSAFE ERRON ON INITIATION

Prior to 1n1tiating an 1/0 ogcratnon, the Unsafe bit
(UNS) 1n RPER] was found to be set. If the previous
170 operation di1d not resultl 1n an error, this error
1s reported 1mmediately. If there was an error on
the previous operation, & drive clear wili be 13sued
to resel the condition. If UNS 1s still set after
the drive clear, this error 1s reported.

RPO4/RPOS/RPOE SRMPLE PROGRAMS
The following are sample RPO4/RPOS/RPOB grcgrams that perform

the functions indicated 1n their descrip

ions.

1. The following program will vcrxfg all tracks on the entire
:

disk

bg writing | bits to the
be 1nh1bit

ta f1elds. Retries will
¢d so a3 to 1solate marginal tracks:

?ASGN DEV: RPOM,0

"RDI0O = 256 7/ 0

’MRI0 = 256 7 11264

’DEV REG = 176700 /

?INT VEC = 000254 /

"BUS REQ =5

ENTER STMNT'S

»001C  LORD RTRY WITH O

»0020 FILL D11264 AT WRIO WITM 177777
»0030 WRITE D11264 FROM WRIO
>O040  WRCK D11264 AT WRIO
0050 STEPUP D2e

»0060 IF & AT CYL ¢ 0 GOTO 30
»J070  END

» DONE

&N

e — -
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2.

Do 200 pairs of random seeks to an RPOb disk by using Uhe
STEPUP instruction to generate valid disk addresses {rom
random data. Interspersé other instructions to perform
data transfers of random dats and do data validation at
these di1sk addresses:

:ENTER 3 RS RPRAND
7ASGN DEV:

"RDIQO = 256
"WRIO = 256

ENTER STMNT’

>0010 LORD TMOO WITH D200
23020 FILL 6 RT CYL WITH RANDOM

/
/
S

>0060  SEEK

>0070 WRITE DS12 FROM WRIO

>0080  WRCK DS12 AT WRIO

>0090 FILL 6 AT CYL WITH RANDOM

>0100  STEPUP O

>0110 IF & AT CYL = TMO3I GOTO 96

>0120 MOVE 6 AT CYL TO TMOE

>0130  SEARCH

>0140  WRITE DS12 FROM WRIO

)0150  WRCK D512 AT WRIO

>0160 MOVE 6 AT TMO3 T0 CYL

»0170  SEARCH

>0180  READ D512 INTO RDIO )
DS12 AT RDIO WITH WRIG

»0200 HOVE & AT TMO6 TO CYL

»0220 READ DS12 INTO RDIO

»0230 VERIFY DS12 41 RDIOC WITH WRIC
>0240 DECR TMOO

C2S0  IF TMOO » 0 o070 20

)0260 END

— ————————



H13

M.P.G. Page 183
C.12 - RP0OY RPOS RPOB Device Routirne (Cont’d)

3. Modify the previous program to run on & dual controller
system and share disk time with the other controller:
¥MODIFY 3
ENTER STMNT'S

*0e35 ReL
»DONE

#RUN 3
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DUI1 SYNCHRONOUS LINE INTERFACE DEVICE ROUTINE

The DULl Device Routine, whose filename 138 TDURnm.MPG,
supports hl!h level 1/0 operations for the DUII Single Line
Synchronaus Interface.

PRESET VALUES AND SUPPORT SUMMARY
- Valid Model Name and Unit Numbers

In reply to the “RSGN DEV:* message, one model name (DULL)
1s acceptable _and may be accompanied by 2 mazimum of 1b
unit numbers. For this device unit numbers are 1gnored by
the Device Routine bul effectively act as a pass count for
the number of times to repeat the program.

- Intarface Rddresses

The following are Lthe values preset for the DULL and ma
be altered from the conscle terminal following the "RS
DEV:" message:

Device Register Base Rddress = 160010
Interrupt™Vector Address = 300
Bus Request Priority = 5,5 (Read/Write)

- Symbolic Register Names
The SBIHOllC names listed below may be used to reference

the DUILl device registers 1n MPG instructions. The octal
dnsflaccncnt sssocidted with cach name 1s the value that

wll be added to the device register base address to
cbtain the actual memory address of the desired register.

Name Displ  Register

RCSR +0 Receiver Status

RBUF +2 Receiver Data Buffer

PCSR +2 Parameter Control

TCSR +4 Troansmitter Status

TBUF +6 Transmitter Data Buffer

-~ Supported Instructions Summary

The Iollouxn? 13 a summary of Lthe nstructions supported
by MPG for the DULL. Delailed explanations are ll!gld 1n
section D.13.2.
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READ RERDY BITS FOUPLX CVSYNC
WRITE SEND EVEN HOUPL X WRIT
BRERK RECV 00D NORMAL NOWRIT
CARLL HANGUP NOPAR SYSTST STATUS
LISTEN CRESET STRIP PRESET COUNTS
ANSWER MODE NSTRIP GENPRR

Information Words

The four words listed below are used to pass 1nformation
betuween the user program and the device routine.

SYNC R one word lacation that contains the sync character
that will be loaded i1nto PCSR whengever 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 characters to be
transmitied when beginning 2 HHITE or a BRERK and 1n
a mode other than Isochronous. Preset value 18 S.

SIZE Standard 1mplemantation - see section D.1.1.
Contents are updated by RERD, WRITE and BRERK.

ERR  Standard 1mplementation - see section D.1.1.

Statistical Information

Through use of the COUNTS statement and the REPORT
command, statistical information for the program can be
displayed on the MPG grnnt device. This information
consists of octal formattied binary counts under differant
catagories. The catagories and the functions from which
data will be i1ncluded under cach are:

BYTES RD: REARD
BYTES WR: WRITE, BREAK
RD_CMNDS: READ

RE

WRITE CMNDS:  WRITE

BREAK CMNDS:  BREAK

MISC CMNDS: CALL, LISTEN, ANSWER, REANY,
SEND. RECV, HANGUP

ERRORS: Hardware errors thal rexulied 1n an
error  report. Separale counts are
maintained for Pari (PAR), Framing

(FRM), Overrun (OVR), Data Set Chan;c
(DSC), Data Not Available (DNAY and 170
Timeout (T/0). The DATA error counter
13 incremented b’ invalid BITS codes
invalid MODE codes, and errors delected
by the VERIFY statement.

J13
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INTERRUPTS: Number of entries i1ntc the Read and
Write interruptl routines.

OPSW Special Operation Bit Support

1t 7 of the OPSW (SPOPER) 13 not interrogated by this
evice Routine and 1ils setting has no elfect Jpgh 11
operation.

Parameter Control Register

This Device Routine does not load the PCSR register wuntil
one of the statements, thatl affects PCSR's contcnts 1
cncauntcrcd Since 1t 1s a write only register, base
value word 1 naxnta:ncd by the Device Routinc Hhcn one
of the a glxcab ¢ statementd 13 processed, the aggroprtolc
bitls g modified 1n the base value and the entire
word ux!l be loaded into PCSR. This base value word s
inatially set to a value (037026) equivalent to the PRESET
xnslruc!?on being 13sued. Rlso, ssncc the sync character
13 part of the PCSR register, the uzer musl 1ssue one of
thc xnstruct:ons that load PCSR (other than PRESET) aftler
he ssccnfxc a new sync character. The instructions
that load CSR are:

MODE 00D
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 dcscrngtxons, data
shown cnclostd within parentheses 1ndicates default
values 1f nothing 13 entered for the statement’s operands.
The v 18 used to 1ndicate a variable cperand as defined 1n
Rppendiz B.2.

RERD (D256 INTO RDIO)
READ v (INTO RDIO)
RERD v INTO v

Transfers the number of data bytes specified by the
first v from the receiver to the memory address
specified hr thc second v. Al]l desired DUIIL
paralctcrs mod sync character, uhxch duglc
character length arltg etc.) must

before lssuin! tﬂ:s statement. Actions crforucd h
this statemen consnst of setting Search Sync an
Receiver Interrupt Enable in RCSR and the roccssxn

of the rcsultxn interrupts. After l c firs
interrupt groccsscd the Data Set Changc
Intcrru Enablc it 1n RCSR is also set. When

last data byte has_been received Scarch Sync,

Recaiver Interrupt Enable, and Dala “Set Change
Interrupt Enable will all be reset.

WRITE (D2S6 FROM WRIO)
WRITE v (FROM WRIG)
WRITE v FROM v

Transfers the number of data bytes specified by the
first v {from the memory location specified by the
second v to the transmitter. Rl1l desired "DULI
parameters (Clear To Scn mode, sync character

which duplex, character | cng ari y, elc.) mus

be sel up before issuing this stalement. Initxall

resets the Break b1t and sets the Send bit 1n CSR

Then, the Transmitier Interrupt Enable and Data Not
Available Interrupt Enable b:ts are set in TCSR.

When processing thc transmitter interrupts, the
specified number of the current sync character are
1ssued unless 1n_ Isochronous "mode. Next, the
specified number of data bytes are transmitted.

Following the last dnta byte, a pad byte of O’s 13
1ssued. "On the interrupt follounng thc pad byte, no
data 13 transmitted but the Sen Transn:ltcr
Interrupt Enable, Data Not ﬂvanlablc Interrupt
Enable, and Break bits 1n TCSR are all reset
lollgucd by Request To Send 1n RCSR also being
rese




BREAK v

CALL

LISTEN

ANSKER

READY

SEND

RECV

M13
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In operation this statement 138 very similar to_ the
WRITE statement with & couple of exceptions. The v
18 used to specify a byte count _for data byles and a
memory address i1s not needed. The Break bit 1n TCSR
will "be  set rior o cnablin! Transmitter
interrupts. Instead of getling didta bytes from
ncnor!, 2 hgtc of all 1 bits (377) will be “sent as
the data byte. AIl other actions performed are
1dentical to WRITE.

Sets Data Terminal Ready 1n RCSR and then tesis Data
Set Ready. Does not” return to the user program
unti1] DSR 1s set. Used to wait while a call™ 1s
being ini1tiated from the DULL’s MODEM.

Tests the Ring bit 1n RCSR and returns to the wuser
program when” Ring 1s set. Used to wait for an
incoming call.

Sets Data Terminal Ready 1n RCSR and then tests Data
Set Ready. Does not” return 1{o the user program
unti] DSR 13 set. Used to wait unt1] the conneclion
has been completed for an incoming call.

Tests the Carr1er 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 18 set. This prepares the MODEM for
transmission.

ata

Resets the Request To Send bit 1n RCSR. This
prepares the MODEM to receive data.
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HANGUP

CRESET

MODE v

BITS v

EVEN

Resets the Request To Send bit 1n RCSR, delays
apgroxnnalcly 1S milliseconds and then resets t!c
Data Terminal Ready bit. This causes the call to be
terminated by disconnecting the MODEM.

Clears the DULL b scttxna the Master Resel b1t 1n
TCSR. . Rfter setling MST ST, 2 20 microsecond delay
will occur to allow Tor the one-shot 1n the DUILL.

Sets 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 = lIsochronous
2 = Ezterna] Synchronous
3 = Internal Synchronous

Sets the Word Length Select bits 1n PCSR to the
codes  for the number of bits which 1s specified by
v. The valid values for v and the bits per
character selected are:

S = § bhits
6 = b bits
7 = 7 bits
10 = B bits
DB = B bits

Sets the character parity mode to_ even by scll:n'
both the Parity Enable and the Parity Sense Selec
bits 1n PCSR.

Sets the charactar paritly mode to cdd by setting the
Parxt‘ Enasle b1t and rasetting the Parity Sense
Select bt 1n PCSR,
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NSTRIP

FOUPLX

HOUPL X

NORMAL

SysTsY

Disables characler parity generation and checking by
resetting bolh 1the Parily Enable and the Parity
Sense Saelect bits 1n PCSR.

Inhibits sync charactlers frim
receiver data characters py se

being gasscd on_ as
tting
bit 1n RCSR

he Strip Sync

Permits sync characters to joe recognized as receiver
geta characters by resetfing the Strip Sync bBit 1n

Enables Full Duplex mode

{ cperation by resetiing
the Half Dupler bit 1n TOSR.

Enables Half Duplex mod

of operation by setting the
Half Duplez b1t in TCSR

Sets the DUILl’s mode ¢

Normal by reseiting Ddoth
Maintenance Mode Selegt Bits n Tcgﬁ

to 0's.

Sets the DUIL’s modej to System Test b! setting both
Maintenance Mode Selfect b?ts 1n TCSR to 1°'s

. e e e e e — - —— - — . - — e g — ——
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PRESET

GENPRR v

C‘!’SYNC v

This slatcncnt sets all OULL control Bits and
¥arllclcrs preset values with one statement.
his statcncnl 18 equivalent to resetting the Break
it  in  TCSR and then 1s3suing the following
individual statements:

LOAD SYNC WITH 026

LORD SCNT WITH §

MODE 3 (Internal Synchronous)
BITS D8

00D

STRIP
FOUPLX
NORMAL

AT v

Using the byte count specified by the {first v and
beginning at the memory address specified by the
second v, this 1nstruction will convert ths dcta
bytes to the correct parstg bit placement and
cgarwc!cr lcngth currently in “effect. Effectively
ene ates arnl, the sam¢ as would be seen when the
ata 18 transmilted oand recerved. Rutolatlcallg
usts to the number of characler bits currently
icct (BITS or PRESET) and the current parity nodc
EVEN, or PRESET). Useful for
convcrtnna write data so that 1t may be compared
with the Jata actually received.

AT v

Using the bylte count specified by the first v and
the "memory address specified by the second v, this
instruction will scan the data byles and co-glcncnt
an dats bytes that match the curren s‘nc
character. * comparison 1s based ug he
character langth currently 1n effect I(BITS or
PRESET). Useful for eliminaling s‘nc characters 1n
random data or characters hat baecome sync
characters when the character length 13 changed.

Standard 1mpiementation - see section D.1.1].

W e o ——— ——
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[ 8n )

.13.3

NOWRI T

Standard 1mplementation - see section D.1.1.
STRTUS

Standard i1mplementation - see¢ saction D.1.1.
OUNTS

Standard 1mplementation - see section D.1.1.

DUl11 ERROR INFORMATION

This device routine processes errors 1n the standard fashion
described 1n section 0.1.2. Refer to that section 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 thatl one or more error _status it
have bBeen delected 1n the device registers. The codes dd
1dentify which error bils were found with codes bein
included 1f they have a value of 1. The following are th
mnemonic codes supported for the ddd fields:

RX = Recerver Error

OVR = Qverrun Error

FRM = Framing Error

PAR = Parity Error

DNA = Data “nt Available

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

DATA ERROR (STMNT 8 nnnn)

Standard implementation - see section D.1.2.

— s e R o— - o e em—— ——
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DRTR SET CHG INT ON RERD

Indicates that the Data Set Change b1t 1n RCSR was
set  when proccssxa, an interrupt during read data
transfers. On the first anterrupt for “each RERD
ingtruction, this b1t 13 1gnored; however, 1t 13
tested on all subsequent 1nterrupts.

ERROR ON READ DATR XFER

When processing o receiver inlerrupt 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 DRTA XFER

When processing a transmitler 1nterrupt during data
transTers, the Data Not Available b1t was'set in
TCSR. This bit's mnemonic will be displayed 1n the
ERROR BITS message.

MODE NOT 0, 2 OR 3

While executing the pro?ran, the MODE statement was
Being grocc:scd and the operand suapllcd for the
ingstruction did not have a value of 0, 2, or 3.
This 13 an operator programming arror and increments
the DATA error counter.

8 OF CHAR BITS NOT 5, 6, 7 OR 8B

While executing the pra'ral, the BITS statement was
being processed and lhe operand supgllcd for the
ingiruction did not have a value of 5, b, 7, or D8
(octal 10). This 1s an cperator programming arror
and increments the DATA error counter.

TIMEOUT ON I/0

After initiating 2 READ, WRITE, or BREAK operation,
the terminating interrupt was not received. Tne
time allowed ?or the interrupt to  occur 18
ag:roxxnotclg 3 minutes on the POP-11/45 and with_no
other user programs executing. Increments the T/0
error counter,
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D.13.4 DUll SAMPLE PROGRAMS

The 10110u|n! are semple DUIL prograns that perform the
functions 1ndicated in lhcnr descriplions:

l. stn! 20lA MODEMS and 4 Rutg-Answer Dats Set, the
Tol18wing two programs will establish a connection between
twe DULL"s on hc same CPU. Messages will be 1ssued to
list the ?rcss of each program. Note that these

programs -ag also be used on separate CPU’s.

*ENTER 1 RS CALLEE
?ASGN DEV Dull

*RDI0 = 256 7 0

*WRI0 = 256 7 O

"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

>0040  PRINT #I GOT R RING
>00S0  RNSHER

Y0060 PRINT %] ANSKERED
>0070  RECV

»0080 RERDY

>0090 PRINT #CALLEE IS RERDY
>0100 END

> DONE

#+ENTER 2 RS CALLER

"RSGN DEV: DUIL

"RDI0 = 2586 7/ O

WRI0 = 256 / O

"DEV REG = 160010 - 160130
?INT VEC = 000300 - 500
?BUS REQ@ = 5,5 /

ENTER STHNT'S

0010  CRESET
»0020 PRINT ®#INITIRTE CALL

0030  CARLL

»0040 PRINT #CONTACT MADE
»00SC  REROY

»0060 SEND

»0070  PRINT #CALLER IS RERDY
»0080 END

» GONE

*RUN .2

F14
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2. With a conneclion established betlween two DULL's, have one
rogram (89) send ASCII datas to another (88) and then have
he same data sent back to the originating DULL where ‘the

received dota will be compared with the original data,
The presel mode provides for B bits, odd parity, and
Internal Synchronous mode.

*ENTER 8 RS DURDEY

"RSGN DEY: DUL}

’RDI0 = 256 7/ &M

?WR10 = 250/ O

?DtV REG = 160010 - 160120
?INT VEC = 000300 7 470
?8US REQ@ = 5,5 ~

ENTER STMNT'S

>0010  PRESET

»0020  RECV

>0030 FILL Dé4 AT RDIO WITH O
>00M0  READ DEM INTO RDIO

>00S0  PRINT Db4 AT RDIO IN ARSCII

0060 SEND

0070 MWRITE Dé4 FROM RDIO
0080 END

> DONE

$ENTER 9 RS DUKREM

7ASGN DEV: DU11

’ROI0 = 266 7 &M
"WRI0 = 256 / &M

’DEV REG = 160010 - 16013C
7INT VEC = 000300 - 500
’BUS REQ = 5,5 /

ENTER STMNT'S

0010

PRESET
>0020 FILL D64 AT WRIO WITH RSCII
>0030 CVSYNC D&Y RT WRIO

20040 SEND
»00S0 HRITE D64 FROM WRIO
>0060 RECV

>0070 FILL D&Y AT RDIO WITH O
»0080 RERD D64 INTO RDIO

>0090 PRINT Db4 RT RDIO IN ARSCII
>0100 GENPAR D64 AT WRIO

»0110 EESIFY D64 AT RDIO WITH WRIO

#RJN E,9
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3. Modify the grogran: itn Sample 8 2 so that & bils with no
arll! wil used. 1nce 811t blt information 18 not
direct] rintable, also nodnf‘ the data print format.

Note the GENPAR statancn will autonalxcallg convert
the or: xnal transmit data to the same formatl™ as the

received data for the comparison. Rlsc, the CVSYNC
statement wil]l ensure that the si1z data bits of cach data
character does not match the sync character.

#MODIFY B

0012 BITS &

>00I4 NOPARR

0050 PRINT D64 AT RDIO IN OCTAL
» DONE

#MODIFY 9

»001e BITS b

»0014 NOPAR

»0090 PRINT D&Y AT RDIC IN OCTAL
YDONE

*RUN 8,9 !

4. Using the System Test mode, wrap random data within the
DULI™ to test the dlf!trcnt lrltg modes of the receiver
and the transmitter. ARlter the number of and value of the |
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
received. Idcn!nl, and print the first I4 bytes of the
data sent and the data received. Fxnallg repsat the

program three times by using dummy unit numbers.

*ENTER § RS ourssr
"ASGN DEV: DUIL,0
"RDI0 = 266 + 200"
"WRI0 = 256 7 200

ENTER STMNT®S

>00i0  CRESET

»0020 PRESET

»0030 LOAD SYNC WITH 044
>004C LORD SCNT WITH Dl2
»00S0  BITS 7

»006Q  SYSTST

»0070 PRINT #0DD PARITY
»3080  0DD

0080 LINK 2000




D.13 - DULL Device Routine ({Cont'd)

M.P.G.

Il4

Page 177

Sample program 8 4 to uli]12¢ S bits and operate in

>0100 PRINT *EVEN PARITY
0110 EVEN
0120 LINK 2000
>0130  PRINT #NO PRRITY
0140  NOPAR
0150  LINK 2000
0160  GOTO 3000
»2000 FILL D200 AT WRIO WITH RANDOM
2010  CVSYNC D200 AT
»2020  FILL D200 AT RDIO WITH O
»2030  NOWAIT
»2040  RERD D200 INTO RDIO
>2050  WRITE 0200 FROM WRIO
>2060  WAIT
»2070  PRINT SWRIQ =
»2080 PRINT DI4 AT WRIO IN OCTAL
»2090  PRINT 8RDIQ =
»2100  PRINT DI4 AT ROIO IN OCTAL
»2110  GENPAR D200 AT WRIO
»2120  VERIFY D200 AT ROIO WITH WRIO
>2130  RETURN
»3000 END
»DONE
#¥RUN S
S. Modify
the Isochronous mdde i1nstead of Internal Synchronous.
#MODIFY S
»0050 BITS S
»0055  MODE O
»DONE

#RUN S
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RKO& DISK'S DEVICE ROUTINE

The RKO6 Device Routine, whose {ilename 18 TRBAnm.MPG
supports the operation of RKOB disk drives on the RkbI]
UNEEUS controller.

PRESET VALUES AND SUPPORT SUMMARY
- Valid Model Name and Unit Numbers

In reply to the “RSGN DEV:™ message, one model name (RKOB)
13 acceplable _and may be accompanied by a mazimum of 16
unit numbers. For this device the unit numbers must be 1n
the range of O thru 7.

- Interface Rddresses

The following are the values preset for the RKO6 and ma
be altered from the console terminal following the ”QSGA
DEV:™ message:

Device Register Base Rddress = 177440
Interrupt™Vector Address = 210
Bus Request Priority = 5

- Symbolic Register Names

The sﬂzbolxc names listed below may be used to reference
the bl1 - RKO6 device regisiers 1n MPG instructions.
The octal displacement associated with ¢ach name 13 the
value that will be added to the device rchstcr base

address to obtain the actual memory address of the desired
register.

Name Displ Register

RKC1 +0 Control and Status |

RKWC +2 Word Count

RKBR +4 Unibus Rddress

RKDAR +6 Desired Sector/Track Rddress

RKC2 +10 Control and Status @

RKDS +l2 Drive Status

RKER +14 Error Register |

RKRS +16 Attention Summary/Offset

RKDC +20 Desired Cylinder

NOTU +22 Not used

RKDB +24 Data Buffer

RKM!1 +26 Maintenance |

RKPO +30 ECC Position
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RKPA +32 ECC Pattern

RKM2 +34 Maintenance 2

RKM3 +36 Maintenance 3
Supported Instructions Summary

The follouxn‘h a_summary of the instructions 3upgortcd
¢

by MPG for RKOB. Delailed explanations are listed 1n
section D.1

REARD UNLORD  WAIT BRION

WRITE RECAL NOWAIT BRIOFF

RDHD CRESET  STATUS  CORON

WRHD DRESET  COUNTS  COROFF

WRCK SRESET  FMT22 00D

SPIN STEPUP  FMT20 EVEN

SEEK STEPDN  PAKRCK  REL

OFFSET SELDRI BROSEC

Certain of thc abovc ingiructions control the setting of
internal g bits. The preset states of these bils are
the same as though the following i1nstructions were 1ssued:

WARIT 00D BRIOFF
CORON FNT22

Information Words

The siz words listed below are uscd to pass informat
between the wuser program and_the device routine. A
words are preset to B s except 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
inte RKDC for all 1/0 operations that require a
cylinder address.

HEAD The word location that follows CYL and contains the
value of the head (track) number to be used 1n bits
C-2. The value 1n this word and 1n SECT will be
merged and locaded into RKDR for all I/0 operations
thal require a head and sector address.

SECT This word containg the sector number 1n bits 0-4.
Located 1mmediately following HEAD 1n memory.

MSGA This word contains the Message-R obtained with the
SELDRI command.

MSGB This word contains the Message-B obtained with the
SELDRI command.
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RTRY This word specifies the number of additional
attempts 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 -  see_ section D.I1.1.
Sﬂg&tnts are updated by READ, WRITE, ROHD, WRHD, and

ERR  Standard 1mplementation - see section D.1.1.

- Statistical Information

Through use of the COUNTS statement and the REPORT
command, statistical information {or the pro?ran can be
dlsplavcd on the MPG annt device. This information
consists of octal formalted binary counts under different
catagories. The catagories and thi functions from which
data will be 1ncluded under cach are:

BYTES RD: REARD, ROHD

BYTES WR: KRITE, WRHD

BYTES CK: WRCK

RERD CMNDS: RERD, RDHD

WRITE CMNDS: WRITE, WRHD

CHECK CMNDS: WRCK

SEEK CMNDS: SEEK, OFFSET, RECAL

MISC CMNDS: DRESET, CRESET, SRESET, PAKACK, REL,
UNLORD, BRDSEC. SPIN, SELDRI

DEV ERRORS: Rl11 harduware errors lhat resulted 1n an

error report. Correcltable ECC errors
and errors that were recoverable when
retried will notl 1ncrement this count.

CORR ECC ERRORS: Nu??cr of ECC errors corrected by
software.

DATR/OPER ERRORS: Invalid unit number errors and «errors

detecled by the VERIFY stlatement, or

invalid drive numbers entered by the

o:crator.

The number of occurrences for ecach of

the s12 retryable type of _errors.

Counts are maintained "for DLT, DTE,

HVRC, FER, DCK, and WCE.

TOTAL RETRYS: Total number of retry attempts on all
farling 170 operations.

INTERRUPTS: Number of entries into the 1nterrupt
routine.

RETRYS:
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Correctable ECC Errors

When encountering a 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 1n the data field.
Rfter the correction has been apglxcd the CORR ECC count
will be incremented and the data transter will be resumed
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 retlryable errors.

Retryable Errors

Six errors are classified as retryable by this device
routine. When one occurs (DLT, DTE, HVRC, FER, DCK, or
WCE), the retry count contained in the interlace word RTRY
18 checked for a zero value. If zero, an [/0 Termination
error 1s reported. If non-zero, the retry count for the
error and the total retry error count are incrementied by
ane and the [/0 operation 1s re-1ssued. If the retry 1
successful, the program will grocccd to the next statement
1n the user’s program. If 1t was not successful, the
rctr* count TYrom RTRY 1s decremented, the total retry
count 1s incremented, and the command 138 re-13sued. This
continues until either the retry is successful or the RTRY
count goes to 2ero. When the latter occurs, the
“"EXHRUSTED RETRIES™ e¢rror message will be 1ssued and the
DEV error count will be incremented.

When processing retries on fairling 170 operations, the
griginal 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 supgort: operation of disks connected
to two systems through the dual controller option. If the
disk 18 Busy on the other controller when the device
routine attempts to 1ssue¢e an I/0 operation, 1t will
receive a drive not available (bat O 1in RKDS will be
reset). In order to make efficient use of the disk an a
dual controller system, both programs operating the disk
should 1ssue Release commands™ through wuse of the REL
statement provided by this device rouline.
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Instructions RAnd Interrupls

Certain of the I/0 functions for the RKOb6 disks do not
normally terminate with interrupts and will not 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 functions, the device routine will
delay & few micraosecands and then check the status of the
error bils. Any found to be set will be reported as
Non-Int Terminalion error.

The remaining 1/0 functions, which are listed below,
utilize 1nterruptis 1n their operations:

RERD WRCK OFFSET
WRITE BROSEC RECAL
ROHD SckK WRHD

For the above instructions, tesls for error conditions
will be made when the te: nxnalxng interrupt 13 received.

Rccessing The Data Buffer Register

The contents of the Data Buffer (RKDB) register will be
stored only when processing an inlerrupt with the Output
Ready (OR) Bit set ln the RKCS2 register. Rt all other
txlcs Lthis register u:ll not Be read and 1ts contents
will be displayed as 0’s

OPSW Special Operation Bit Support

Bit 7 of the OPSW (SPOPER) 1s neotl sugportcd this device
routine and 1ts setting has no effact on disk oparation.
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D.14.2

DESCRIPTION OF RKO® INSTRUCTIONS

The RKOb Device Routine gsupports executton of thirty one MPG
language statements. For certain functions (RE&D. WRITE,
RD\J, WRCK, and SEEK), the desired disk address must be
loaded 1nle CY(, HERD, and SECT before parforming those
functions. In Uha Iollouin, descriptions, data = shown
enciosed within parenthescs Tndicates the defoult values 1f
nothxn! 1s antered for the statement’s operands. The v 13
43¢d Yo 1ndicate @& variable operand as defined 1n Appendis
B.2. Note that 1f an odd byte count is supglxcd in any of
the follouxn’ instructions sxcept ROHD, 1t will ctlcct?vclg
be decremented by 1 before being used.

RERD (D2S6_INTO ROIO)
RERD v (INTO RDIO)
RERD v INTO v

This instruction transiers the number of bytes,
indicaled by the first v, from the disk to mamory
beginning at the memory location specified by the

second v.
WRITE (D2Sk FROM WRIO)
WRITE v (FROM WRIO)
WRITE v FROM v

Transfer the number of byles from memory o disk
beginning at the memofy location indicated by the
second v. This command will not allow transfers to
write data onto the Jast track of the disk (see
description of STEPUP command for further
information aboutl this last track.)

The fcllowing statements do not have default values for their
operands:

RDHD v INTO v

Reads the three words of seclor header dats 1nto
memory using the Read Header command. In order to
read a complete sector, the b!tc count must be 20 or
22, for 20 or 22 sectors per lrack.

WRHD v

Performs a format type of operation b! using the
Write Header coun!nd to write the hedder wofds on
disk., The device routing sets up RKWC to be -60 or

— e e e a— — - ———
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-bb, for 20 or 22 sectors per track. The data ts
wrilten on the disk from the address specified by v.

If this command 1s used, the standard format program
should be used to recreate valid header data on the
disk pack.

WRCK v RT v

Compares the number of data fi1e¢ld bytes 1n memory to
those at the specified disk Jocation. Uses the
Write Check command.

Performs a seek  function to the disk cylinder
specified UY YL. This instruction does not
terminate unti]l the seek 13 finished.

The following I1/C commands do not utilize the contenls of
CYL, HERD, and SECT 1n their operations:

OFFSET v

The least significant e1ght bits of the gquantat
specified by v will be l10aded 1nte the lowser byte o
the Attention Summary and Offset register.” The
cffset command will be used. Examples of (he o'fsat
obtained with different octal values of v are:

v Microinches
Cig +200
el0 -200
020 +400
223l -400
030 +600
230 -600
080 +800
240 -800
06C +1200
20 -1200

SE-DPI \J

Tris statement 13sues the Select Drive command. The
cperand v 13 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

CRL

cRESET

ORESET

SRESET

PRKACK

REL

Message-A will be stored 1n the MSGR interface word.
ThcdHcssagc-B will be stored in the MSGB interface
word.

Places the drive 1n the Standby state by 13suing the
Unload command. This command 13 terminated as soon
as the Unload begins.

Starts the spirdle by 1ssuing the Start Spindle
command. This command 18 nal terminated until the
drive 18 on lirne.

Results 1n the Racalibrate command being i1ssued.
{hxs command 1s nol terminated unti] the drive 13 on
1ne.

This statement gerforms a controller clear function
by setting the CCLR Bit 1n the RKCSI register.

Hou:ciccglng of the drive 18 accomplished by this
statement’s 1ssuing of the Drive Clear command.

Performs a subsystem clear function by setting the
SCLR b1t 1n the RKCS2 register.

Causes the Pack Acknowledge command to be 1s3sued.

Couses the drive to become deselected and releases
the drive for another port by setting the RLS bit 1n
the RKCS2 register.
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The following instructions do not perform I/0 cperations:

STEPUP v

CYEPDN v

This con-and does not perforam an' I70 functions. It
rovides cas* xncrcncnt:n’ of The contents of CYL

RD, and SE The operan 13 the number ol
sectors that thase valucs arc to be incremented.
When the SECT word exceeds i1ls mazimum valid value,
1t will be set to O and the contents of HERD will be
incremented. When HERD overflows, 1t will be set o
0 and CYL will be 1ncremented.

The last track avairlable to this command has an
address of cylinder 410, head 1, and sector 21/19,
This 13 not the last track on the disk, The last
track has an address of M10,2, 21719 and 1s not
accessed via this command; this lrack contains dats
about the disk pack and must not be changed with MPG
soituarc The operand v nav be of any value allowed
H the disk harduarc th:s con-and recognizes
that the Jast track would be included 1n the
transfer, 1t forces CYL, HERD, and SECT to be O.

Rutomatically adjusts to the number of sectors on 2
track (20 or 2) based wupon the current setting
defined by the FMT20/FMT22 statements.

Note that this 1nstruction and STEPDN will ocperate
with 1nvalid values 1n CYL, HERD, and SECT upon
execution. Regardless of their initial contents,
the contents “of all three words will be valid when
this iastruction completes. This allows the use of
the “FILL & RT CYL WITH RANDOM™ statement followed
by "STEPUP 0" to generate random disk addresses.

However, ons-seclor transfers (S12 bytes) should be
used to avoid any possibility of the gro ram being

aborted due to transicrs lrg?ng to wrile aota on thc
last track.

Similar to STEPUP but provides l decrementing
capability The srand v may c of any value
allowed hg the dxsz hardware. this  lommand
recognizes that the ftransfer uould begin below 2
disk address of 0,0,0, the disk address 1s forced to
be 410,1,21/19, and the decrementing resumes from
that address.

- ——————
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WRIT
Standard implementation - see section D.1.1.
NOWRIT
Standard implementation - see section D.1.1.
STRTYS
Standard 1mplementation - se¢ 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
csi1tion of the disk, butl merely the contents of the
hree words.
COUNTS

Standard 1mplementation - see section D.1.1.

The following statements define to the Device Routine the
desired setlings of certain bits 1n the device registers.
These statements do not 1mmedrately alter the rcglstcr bits
but all subsequent I/0 {functidns and other plicabls
statements will be performed with the bits set as dc xncd.

FMT22
Sels the number of secteors on a track to 22 and the
number of hnts xn the data {1¢]1é words to %6 FMT22
18 the preset mode and results 1n the CFMT b1t in
the RKCgI register being set to a I.

FMT20
Sets the number of sectors on a track to 20 and the
number of bits for the data {1¢ld words to 18.
Resets the CFMT b1t 1n RKCSL tec » 0.

o0i0]

Causes the Parity Select (PAT) bit 1a RKMRL to be 1n
the O state on suhscqucnt functions. (Preset mode)

F15
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D.i¥ - Rk06 Device Routine (Cont'd)

EVEN

BRION

BRIOFF

CORCFF

BROSEC

Causes PRT to be set to a 1.

Specifies that bus address incrementing 1s not to be
performed by setting the BAI bit "1n the RKCS2
register to a 1.

Results 1n BRI being reset to a 0 and bus address
incrementing being performed. (Preset mode)

This statement activates the device routing’s
programmed function of correcting data on which @
correctable ECC arror was detlected.” When the disk
detects an error and determines that 1t can be
corrected, the device routine Hlll erform the
correction procedures, increment the C ECC error
count, and continue running. (Preset mode)

Disables the prograuncd recovery of correctable ECC
errors. When this gc of error 13 detected, an
error display will rcsu? unless 1t 1s recoverable
on retries.

This command causes 2 li1st of the seciors, which are
flagged bad hg manufacturing, to be printed on the
LIS dcvncc ¢ sectors 110;;06 bad b! operating

systems are not printed ¢ informalion uscd bg
t 18 command 13 taken from the first ten sectors on
the last track on the disk.
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D.14 - RKOB Device Routine (Cont’d)

D.14.3

RKOb ERROR INFORMATION

This device routine processes erraors 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.

erecute 10 tuwo es. The first 13 the time it takes to
housekeep Lhe disk. "The second 13 after the point the
specified function 18 1ssued and until after the function
terminates. Since error conditions may occur in aither
stage, this device routine 1ndicates which stage 1t was 1n
when the error was detected. This 13 accon?llshcd by
including the appropriate message of the following two
messages 1n the error display:

BEFORE ISSUING I1/0 CMND
RFTER ISSUING I/0 CMND

If the error 18 detected before issuing the specified I/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 RFTER error, the program will resume at
the next statement 1n the user’s program.

The I/0 fu -tion t'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 sixty four b¥tc
field will be used to list all or as many of the error bits
as possible. In the !ollou:n? list_ “some codes are
distinguished by an asterisk (%), These codes will be
included 1n the message 1f their bit values are 0. All other
codes are included 11 they have o value of 1. The following
are the mnemonic codes supported for the ddd fi1elds:

CERR = Controller Error

SPAR = Serial Parity Error

CT0 = Coniroller Timeout Error
DLY = Datls Late

WCE = Write Check Error

UPE = Unibus Parity Error

NED = Nonexistent arlvc

NEN = Nonexistent Memory

ggg = Program Error

Mul 1£lc Drive Select

JFE Unit Field Error

HI5
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WRL = Write Locked
#DRCY = Drive Read

¥ = Volume Valld

DROT = Drive Off Track

OSL = Drive Speed Loss

ACLO = Drive Low

DCK = Data Check

UNS = Unsafe

oP = Qperatjon Incomplete

o7 = Drive 1n1ng Error

WLE = Write Lock Error

IDRE = Invalid Disk Rddress: Error
COE = Cylinder Overflow Error
HVRC = Hesader VRC Error

BSE = Bad Seclor Error

ECH = ECC Hard Error

DTYE = Drive T!pc Error

FMTE = Format Error

DRPAR = Drive Parity Error

NXF = Non-executable Function Error
SK] = Seek Incomplete Error
ILF = Illegal Function

ATR? = Attention RActive Drive 7
RTRE = Attention Active Drive &
RTRS = Attention Active Drive S
ATARY = Attention Active Drive N
ATA3 = Attention Active Drive 3
ATRE = Attention Active Drive @
ATAl = Attention RActive Drive |
ATARD = Attention Rctive Drive O

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

DATA ERROR (STMNT & nnnn)

Standard 1mplementation - see section D.1.2.

EXHRUSTED RETRIES

Upon detecting one of the six retryable errors, the
device routine has re-issued "the failing I/0
operation the number of timas chctfxcd 1n" RTRY
without successful completeion of the operation. If
RTRY 1s 1nitially O, this message will nol osceur.
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INT WITHOUT RTR

This message 1ndicates that _an  interrupt was
recetved without the drive’s ATA bit being set when
1t was expected to be set.

INT WKITHOUT DI

This message 1ndicates that an 1nl§rrupt was
received without the DI bit in the RKCSI being seat
when 11 was expected to be set.

INV ECC BIT PATTERN

When ready to apply the correction to the data on a
correctable EEE error, the RKECPS Bit Patilern
register was found to contain all O's.

INV ECC BIT POSITION

When ready te aEply the correction to the data on
correctable ECC error, the RKECPT Bit Position
rcilstcr was found to contain a value greater than
octal 100M1.

INV UNIT @

The current wunit number, which 13 displayed 1n
octal, 13 not 1n the range of 0-7. The ASSIGN
command may be used to correct the erroneous wunit
number. Increments the data/oper error count,

10 TERMINATION 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 1s set to 0.

NON-INT 1/0 TERMINARTION ERROR

Error bits were found set 1n the device registers a
few microseconds after 1ssuing one” of the
Non-Interrupt type of I/0 functions (PRKRCK, REL,

ete).

—— e —a— -
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TIMEOUT ON I-0

Rfter 1nitiating an 170 operation, the terminating
interrupt was not received. The time allowed fof
the interrupt to occur 1s approzimataely ten seconds
when on the PDP-11/45 and with no other wuser
programs execuling.

T-0 ON CRESET

This error, which 1ndicates that Ready (RDY) di1d not
set within a few milliseconds after seiting the CCLR
bit 12 RKCS1, may occur when the CRESET statement s
18sued.

T/0 ON SRESET

This error, which 1ndicates that Ready (RDY) did not
set within a few milliseconds after setting the SCLR
bit 13 RKCS2, may occur when the SRESET statement 1s
1ssued.

T/0 ON REL

This error, which 1ndicates that Ready (RDY) did not
set within a few milliseconds afler 3etling the RLS
b1t 13 RKCS2, may occur wher the REL statement 1
1ssued.

UNEXP RTA COND

When processing an interrupt after _1ssuing an I/0
function that ghould not cause an RTA condltion, the
disk’s ATA bit was found set.

UNKNOWN ERROR CONDITION

If the CERR bit of RKCS! 1s sel, the program
examings the various error bits to determine the
cause of the error. If no other error bit 1s {ound
to be set, this message 13 printed.

SVAL BIT NOT SET IN RKDS

When 1nterrupts are serviced, the SVAL bit of RKDS
13 checked.” If the bit 1s resel, this message 1

given. This message 18 not Brnntcd 1f the interrupt
1s the 2nd one from a SEEK, OFFSET, or RECAL.




L15S

M.P.G. Page 193
D.14 - RKO& Device Routine (Cont’d)

OUTPUT NOT READY ON RDHD COMMAND

When the RDHD command 1s executed, the OR b1t of
RKCS2 18 checked. If the bit 1s reset, this message
18 printed.

SELDRI COMMAND HRS 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 18 printed.

gggKSECTORS (OCTRL DATR)

THIS IS AN RLIGNMENT PACK

RDIO IS TOO SMALL FOR “BADSEC"™ COMMRND
CAN_NOT RERD LARST TRACK

NONE
END OF BAD SECTORS
These messages may be printed when the BADSEC

command 1s executed. Each message describes the
condition which caused 1! to occur.

- = 3
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D.14.4
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RKO& SAMPLE PROGRAMS

The follounna are sample RKOb programs that perform the
functions 1ndicated 1n thcnr descriplions:

l. Th‘ follouxng progran will vcrlfa all tracks on the entire
disk writing 'l bits to the data f1elds. Retries will
be 1nhx 1ted so as to 1sclate marginal tracks:

$ENTER | RS TRKCK
’QSGN DEV: RKO6,0
"RDI0 = 266 / 0
"WRI0 = 256 / 5632
1DEV REG = 177940 /
?INT VEC = 000210 7
8US REQ =5 /

ENTER STMNT’S

>0010 LORD RTRY KWITH O

>0020 FILL DS632 AT WRIO WITH 177777
»0030 WRITE DSE32 FROM WRIO

0040 WRCK DS632 AT WRIO

0050 STEPUP DII

>0060 IF 6 AT CYL <> 0 GOTO 30

>0070 END

» DONE

¥RUN |

2. Do 200 pairs of random seeks to an RKOb disk by using the

STEPUP 1nstruct|on to generate valid disk addresses {rom
random data. Intersperse other instructions {to perform
data transfers of random data and do data validation at
these disk addresses:

¥ENTER 3 AS RKRAND
?ASGN DEV: RKO6,5
*RDIO = 266 ~ Sl2
?WRI0 = 266 / S12

ENTER STMNT’S

>0010 LOARD TMOO WITH 0200
»0020 FILL 6 AT CYL WITH RANDOM
STEPUP 0

>0040 MOVE 6 AT CYL TO TMO3
»00S0 gékk DS12 AT WRIO WITH RANDOM

»0070  WRITE DSle2
»0080  WRCK DS12 AT WRID
>0090 FILL & AT CYL WITH RANDOM
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Oo0000OC ”“888

OO NT N LW

(Cont'd)

STEPUP O
IF 6 AT CYL = TMO3 GOTO 80
MOVE & AT CYL TO TMOB

SEEK

WRITE DS!2

WRCK DSl AT WRIO
MOVE & AT TMO3 TO CYL

SEEK 05
GEQ?FY 6812 AT RDIO WITH WRIG

MOVE 6 AT TMOE TO CYL
SEEK

RERD DS12 INTO RDIO

VERIFY DSl12 AT RDIO WITH WRIO
DECR TMOO

IF TMOO > 0 GOTO 20

END

M.P.G.
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C.1S RPC2-RPO3 DISKS® DJtVICE ROUTINE

The RPO2/RPO3 Device Routing, whose filename 18 TR3ARAm.MPG,
supports the operation of RPO2 and RPO3 disk drives op the
standard RP11 controller.

This Device Routine will automaticall adg;:t i1t opcr&txon
tased wupon the device assigned to 1Y, For the RPO3 1t will
adjust to a mazimum of 406 cylinders.

<.:S.1 PRESET VALUES AND SUPPORT SUMMARY
- Valid Model Names and Unit Numbers

In reply to the "RSGN DEV:™ message, two model names (RPOC
and ) are acceptable and "may be accompanied by a
mazimum of 16 unit numbers. For this device e¢ach unit
nusber must be 1n the range of O thru 7

- Interface Rddresses

The following are the values preset for the RPO2/RP03 and
may be altered {from the console terminal following the
" DEV:" message:

Device Register Base Rddress = 176710
Interrupt Vector Rddress = 254
Bus Request Priority = 5

- Symbolic Register Names

The symbolic names listed below may be used 1to reference
the /RPO3 device registers 1n MPG i1nstructions. The
cctal displacement associdted with cach name 13 the value
that will be added to the device 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 Status
RPUWC +b Word Count

RPBA +10 Bus RAddress

RPCA +12 Cylinder Rddress
RPOA +15  blsk Address

RPM| +16 Maintenance |

RPM2 +20 Maintenance S
PPM3 20 Mainlanance

SucCh +cY4 Selected Unit Cylinder Address

CiLs +2b Silc Memory

S G e ————— e &
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>.18 - RPO2 RPO3 Davice Routine (Cont'd)

Supperied Instructions Summary

The following 13 a summary of the 1nstructions supported
by MPG for” the RPQ2/ . Detarled axplanstions are
listed 1n section D.15.2.

RERD SEEK HORON STEPDN
NRITE HOME SK %SFF WAIT

RONQSK RECAL 11 NOWAIT
HRNOSK IDLE MODE 10 STATUS
WRCK CRESET STEPUP COUNTS

Cartain of the above nns!ructlonz conirol the setting of
internal !lag bits. The presetl states of these Bi1t3 are
the same as though the follouxng instructions were 13sued:

HOROFF
MODE 11
WAIT

Information Werds

The s1z words listed below are uscd to pass information
betueen the user Erogran and_the device routine. Rll
words are preset to U’s except RTRY which 13 preset to 3.

CYL R one word location that contains the cylinder
nusber 1n bils O - B that will be used 1n sudlequent
170 operations. The contents of CYL will be loaded
inte RPCR for all 1/0 operations that regquire o
cylinder address.

HERD The word location that follows CYL and contains the
value of the head (track) number to be used 1n bits
0-4. The value 1n this word and 1an SECT will be
merged and locaded iat: RPDA for all I/0 operations
thal require & hea? and sector address.

SECT This word contains the sector number 1n bits 0-4.
Located immediately following HERD 1n memory.

RTRY This word gccx!la the number of additional
attemgts thal the Device Rouline will try on an [/0
opcra 1on before deciding that 1t 13 unracoverable.

plicable only o those types of errors that
nornallg have a“possibility of recovery.

SIZE CStondard 1mplementation - see  section D.].1.
Cogtasés are updated by RERD, WRITE, RDNOSK, WRNCSK,
an .

ERF  Standard 1mplementation - see section D.1.1.

— e - e e e —— — = -— — . —— ey o —— . —— -
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o.15 - RPI2 RPO3 Davice Routine (Cont'd}

Statistical Information

Through wuse of the COUNTS statement and the REPORT
command, statistical information {for the program can be
dxsplo!cd on the MPG print device. This ?nfurnatlon
consists of octal formatled binary counts under different
catagories. The catagories and ths functions {rom which
data’will be included under cach ars:

BYTES RD: READ, RDNOSK
BYTES WR: WRITE, WRNOSK
BYTES CK: WRCK

RERD CMNDS: READ, RONOSK

WRITE CMNOS:  WRITE, WRNOSK

CHECK CMNDS:  WRCK

SEEK CMNDS: SEEK, MOMESK, RECAL

MISC CMNOS: IDLE, CRESET

DEV ERRORS: All hardware errors that resulted i1n an
erraor report. Errors that were
recoverable when retried will ot
increment this count.

DATA ERRORS: Invalid unil 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 170 operations.

INTERRUPTS: Nulecr of entries 1nto the interrupt
routine.

Retryable Errors

Five errors are classified as relrysble by this device
routing. When one occurs (TIMEE, C WPE, LPE, ar WCE),
the retry count contained 1n the interlace ‘word’ RTRY 13
checked "for a 2ero value. If zera, an 170 Termination
arror 13 reported. If non-2ero, the retry count for the
srror and Lhe total rctr, error count are i1ncremented by
one and the I/0 operation Is re-1ssued. If the retry 13
successful, the program will proceed tc the next statement
in the user’s program. If 1t was not successful, the
rctr! count Trom RTRY 13 decremented, the total relry
count 18 1ncremented, and the command 13 re-t1ssued. This
continues unti]l e1ther the retry 18 successful or the RIRY
count ¥o¢s to 2ero. When 1tThe latter occurs, the
"EXHAUSTED RETRIES™ error message will be 1ssued and the
DEV error count will be 1ncrementad.

- - —— —



El6

M.P.G. Page 199

D.1S - RPO2/RPO3 Device Routine (Cont'd}

D.1t.2

- 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
proﬂaan. If an has been ass:gncd but 1t 18 actually
an RPO3, the device routine will process 1t as an RPOZ.

- Rccessing The Data Buffer Register

The Data Buffer (RPDB) rcglslcr will not 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 effect on disk operation.

DESCRIPTION OF RPO2/RP03 INSTRUCTIONS

The FPO2/RPO3 Device Routing supgort: execution of twenty MPG
lan,uagc statements. For certain functions (RERD HHITE

WRCK, and ), the desired disk address must be Joaded 1nto
CYL, HERD, and SECT before performing those functions. For
the RONOSK and WRNOSK functlions, CT must contain the
desired sector rumber.

In lhe following descriptions, data shown enclosed within
parentheses 1ndicates the default values 1f nothing 13
¢ntered for the statement’s operands. The v 13 used 1o
indicate a variable operand as defined 1n Rppendix B.2. Note
that 1{ an odd b‘!c count 13 supyl:cd in any of the foilowing
instructions, 1V will effectively be decremented by | bafore
being used.

RERD (D2Sk INTO RDIO)
RERD v (INTO RDID)
REARC v INTO v

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

— ——— e e s
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WRITE (D2Sb FROM WRIO)
WRITE v (FROM WRIO)
WRITE v FROM v

Transfer the number of bytes {from wmemor
beginning at the memory location 1nd|cgt¢
second v.

The following statements do nat have default values f
cperands:

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 thi1s situation 1/0" operat:
interlaced and since these command
perform 1mplied seeks, another prog
position the drive to a c!lxndcr and/o
cther than the one desired for these ¢

WRNOSK v FROM v

Similar to the WRITE statement butl 1ssues th
(No Seek) command and doss not have
ogcrand:. Comments for RONOSK also apply
statement.

WRCK v AT v
Compares the number of data bytes in memory

at the specified disk location. Uses' t
Check command.

SEEK

Performs a seek funclion to the disk
specified by CYL, HERD, and SECT. This 1ns
does not terminate untxi the seek 13 finishe

el
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D.1S - RPO2.'RPO3 Device Routline (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 teo IDLE.

The foliowing instructions do not perform I/0 operations:

STEPUP v

This ccmmand does not perform an! 170 functions., It
rovides ¢a:¥ incresaenting of Vre contents of CYL
RD, and SECT. The opcran, v 1s the number of
sectors that these values are to be i1ncremented.
When the SECT word exceeds 1tls mazimum valid valug,
1t will be set to O and the contents of HERD will be
incremenied. When HEARD overflows, 1t will be set to
and CYL wil] be incremented. When i1ncrementin
gast the last sector on disk, all three values w1l
¢ set to Q's, Rutonat:callﬂpadjusts to the number

of cylinders (203 {for the 02~ vs. 406 for the
rReoay.

Note that this instruction and STEPDN will operate
with 1nvalid values 1n CYL, HERD, and SECT upon
execution. Regardless of their intbial contents,
the contents "of all three words will be valid when
this instruction conalctcs. This allows the use of
the “FILL & AT CYL WITH RANDOM™ statement followed
by "STEPUP 0" to generate random disk addressss.

— - e
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D.1S - RPO2/RP0O3 Device Rouline (Cont’d)

STEPDN v

Similar to STEPUP but provides o dccrcncnl:n'
capability. When all three values are 0, the nex
decrement will result 1n the dccnual values for the
three words of 202/40S, 19,

WAIT
Standard 1mplementation - see section D.1.1.
NOWRIT
Standard implementation - see section D.1.1.
STATUS
Standard i1mplementation - see section D.1.1].
Included wilh the standard display 1s the display of
the current contents of the EY HERD and SECT
words. These values do not reflezt the current
osition of the disk, bul merely the contents of the
hree words.
COUNTS

Standard 1mplementation - see section D.1.1.

The following statements define to the Device Routine the
desired setlings of certain bits 1n the device registers.
Thess statemenis do nol immediately alter the reg lstcr bits
but r1] subsequent I/0 functions and othcr plicable
statements will be performed with the bits set as dc 1ncd.

MODEL!
Sets the data word format to 16 bits (PDP-11 mode)
by resetting the MODE b1t 1n RPCS to 0. (Preset
mcde)

MCOELD

Sets the data word format to 36 bits (PDP-10/1S
mcde) by setting the MODE bit 1n RPCS to a .

S — —
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HORON
Rllows for MHeader operations on data transfer
commands by setting both the Header bit (HDR) and
{he Mode b:! (MODE) In RPCS to 1’s.

HOROFF

Indicates that Header Oﬂcralxons are not to be
pc;lgrncd by resetting HOR and MODE to 0. (Preset
mode

RPO2/RPO3 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 freld u:?l be used to list all or as many of the
error bits as possible. In the !ollounn* l1st some codes are
distinguished by an aslerisk (¥). hese codes will be
included in the message 1f their bit values are Q. Al other
codes are 1ncluded 1, they have 2 value of 1. The following
are the mnemonic codes supported for the ddd fields:

ERR = Error
HE = Hard Error
WPV = Write Protect Viclation
FUv = Fi1le Unsafe Violation
NXC = Non-exisient Cylinder
NXT = Non-existent Track
NXS = Non-e¢xistent Sector
PROGE = Program Error
FMTE = Format Error
MODEE = Mode Error
LPE = Longxtudnna! Parity Error
WPE = Word Parity Error
CSME = Checksum Parity Error
. TIMEE = Timing Error
WCE = Wrile Check Error
NXME = Non-existent Memory Error
EOPE = End Of Pack Error
OSKERR = Disk Error
#SURDY = Selected Unit Ready
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#SUOL = Selected Unit On Line

HNF = Header Not Found

SUSI = Selected Unit Seek Incomplete
SUFU = Selected Unit File Unsafe
SUWP = Selected Unit Write Protected
RTIN? = Attention Drive 7

RTTING = Rttention Drive b

ATINS = RAttention Drive S

RTTNY = Attention Brxvc 4

ATTN3 = Rtteation Drive 3

ATTNZ = Attention Drive 2

ATTN]l = Attention Drive ]

ATTNO = Attention Drive O

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

RTTN NOT SET

This message indicates that an attention interrupt
on a SEEK HOHESK, or RECAL instruction was received
without the drive's ATTN b1t bcxn? set and 1t was
expected to be set. Before reporlting this error, 1t
has been ascertained that another drive’'s RATTN did
not cause the interrupt.

DATA ERROR (STMNT 8 nnan)

Standard i1mplementation - see section D.1.2.

EXHAUSTED RETRIES ON zx1:

Upon detecting one of the five retryable errors
indicaled by zx1z, the device routine has re-1ssued
the fallxn? 1/0_"operation the number of times
specified In RTRY without :ucccss!ull% completing
the operation. If RTRY 1s initially O, this message
will not occur. The codes for xzx1’are:

TMEE = Timing Error

CSME = Checksum Error

WPE = Word Parity Error

LPE = Longitudinal Parity Error

WCE Writle Check Erraor

-
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INV UNIT »

The curreat unmit number, which 13 d:sglagcd In
octal, 1s not 1n the rangc of 0-7. The RSSIGN
command 'fﬂ be used to correc the erroneous wunit
number. crements the data error count.

10 TERMINRTION ERROR

Error bits have been detected i1n  the device
registers when processing a termination interrupt.
This message occurs for all non-retryable errors and
retryable ¢rrors when RTRY 13 set to™0

TIMEOUT ON 1/0

Rfter 1nitiating an 170 operation, the terminating
interrupl was not received. The time allowed fof
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 indicates that Ready (ROY) did not
set within o few milliseconds afler 1ssuing the Idle
command, may occur when e¢1ther the IDLE or the
CRESET statements are 1ssued.

UNIT OFF-LINE
Immediately prior to lnxlxatxng an_1/0 operation
the Selected Unit On Line Bit (SUOL) 1n the RPDS
register was found to be reset.

UNIT NOT RDY
Immedirately prior to 1ni1ti1ating o

1cd (

the Selec Unit Ready b1
register was found to be reset.

n I/0 operation
SURDY) 1n the RPDS

UNSRFE ON INITIATION

Prior to 1nitiating an I/0 operation the Selected
Unit Unsafe bit (§UFU) 1n RPDS was found to be sel.

K16

T




M.P.G. Page 206
D.1S - RPO2/RP0O3 Device Routine (Cont’d)

0.15.4 RPO2/RPO3 SAMPLE PROGRAMS

The lallouxna are sample RPO2/RPO3 programs that perform the
furctions 1ndicated 1n their descriptions:

1. Verify the ability to read and write the header words on
al]l _sectors on cylinder octal 123 and head 3. Use the
PRINT 1nstruction tg display the before and after data:

*ENTER 3 RS ngmsr
"QS5GN DEV: RP03,3
"RDI0 = 256 7 B0
"WRI0 = 256 / B0

*DEV REG = 176710 /
?INT VEC = 000254 /
"BUS REQ =5 /

ENTER STMNT'S

»>0010 LORD CYL WITH 126
>0020 LORD HEAD WITH 3
>0030 HORON

>0040 RERD D60 INTO RDI

»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 READ D60 INTO WRIO

>0110  PRINT *TEST HDR DATA:

>0120 PRINT D60 AT WRIO IN OCTAL
>0130  WRITE D6C_FROM RDIO

>Q140 READ D60 INTO WRIO

»01S0  PRINT *RESTORED ORIG HOR DATA:
»0160  PRINT D60 AT WRIO IN OCTAL
>0170  VERIFY D60 AT WRIO WITH RDIO

>0180 HOROFF
»0180 END
) DONE

*#RUN 3

——
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? progran will v¢r14, all tracks on the enlire
disk tin bits to ths dats fields. Retries will
be xnhi xlcd 30 As to 1s0late marginal tracks:

#ENTER | RS TRKCK

= 256 0
"WRI0 = 256 7 5120
ENTER STMNT’S

>0010  LOAD RTRY WiTH O

>0020  FILL DS120 AT WRIO WITH 177777
>0030  WRITE_DSJ20 FROM WRIO

>0040  WRCK DS]20 AT WRIO

>0050  STEPUP 010

>0C60 IF 6 AT CYL ¢ 0 GOTO 30

>0070  END

> DONE

¥RUN 1

. Do 200 pairs of random seeks to an RPO3 disk by using the

STEPUP " instruction to generate valid disk addresses from
random data. Intersperst olher 1nstructions to perform
dota transfers of random data and do data validation at
these disk addresses:

$ENTER 7 RS R3RAND
"ASGN DEV: RP03,5
"RDI0 = 266 ~ 512
"WRIO = 266 / 512

ENTER STMNT’S

>0010 LORD 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 RT CYL TO TMO6

>0130 WRITE DS12 FROM WRIO

»0140  KWRCK DS12 AT WRIO

»01S50  MOVE & AT TMO3 TO CYL

»0160 RERD DS12 INTO RDIO

»3170  VERIFY DS12 AT RDIO WITH WRIO
+0180 MOVE b AT TMO6 TO CYL
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SEEK
RONOSK DSlg INTO ROIO
gEg%F; D512 AT RDIO WITH WRID

MO0
IF TM00 > 0 GO0 20
ENC

ufit
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RSO3/RSOM DISKS® DEVICE ROUTINE

The RSO3/RSOM Device Poutine, whose filename 13 TRSAnm.MPG,
supparts the Hagcrat:on of RSO3 and RSOY disk drives on the
standard RM1! SBUS controller and on the 11/70 version
(RH70) of the RHII.

This Device Routine will automatically adjust 1ts operation
basad upon the device assx!ncd to 11 and the CPU that it 1
sperating cn. Error bits displayed 1n the ERROR BITS message
will be applicable to the device and the controller. Error
bits will be 1ncluded as necessary for common errors and RH70
errors.  Rlso, two additional device registars are supported
for the RH7O.

PRESET VALUES AND SUPPORT SUMMARRY
- Valid Mode! Names and Unit Numbers

In reply to the "RSGN DEV:™ message, two mode]l names (RSO3
and ) are acceptable and "may be accompanied by 2
mazimum of 16 unit numbers. For this daevice the unit
numbers must be 1n the range of 0 thru 7

- Interface Rddressses

The following are the values preset for the RSO3/RSOY4 and
may be altered from the console terminal fallowing the
© DEV:" messsge:

Device Register Base Rddress = 172040
Interrupt Vector Address =
Bus Request Priority = S

- Symbolic Register Nomes

Tre symbolic names lisled below may be used 1o relerence
the “RHII/RH70 - RSCI/RSQ4  device registers 1n MPG
instructions. The octal displacemen! assdciated with cach
name 13 the value that will bs added 1o the device
register base address to obtain the asctua! memory address
cf the desired register. Note that the last two (RSRE ard
RSC3! will be supportied only when running on an 11/70.

Name Displ Register
RSCI +J Control and Status |
RSWC +2 Word Count

RSEH +4 Unibue Rddress

— — . —————— - e




M.P.G. Page 210
D.16 - RSGI‘RSOM Device Routine (Cont’d)

RSDR +b Desired Sector/Track Rddress
RSCe ¢}g Conlrol‘a:d Status 2
+ rive atug
sgga +14 Error egister
RSRS +16  Attention Summary
sgts +Sg ook Rhead
+ ata Buifer
RSMR +24 Maintenance
RSOT +26 Drive Type
RSAE +30 Bus Rddress Extension
RSC3 +32 Control and Status 3

- Suppcrted Instructions Summary

The following 13 a summary of the instructions supported
by MPG for” tha RSO3/RE0Y.  Detanled explanations are
I1sted 1n section D.16.2.

RERD CRESET WAIT BRION
WRITE DRESET NOWARIT BRIOFF
WRCK STEPUP RAPORT 000

SERRCH STEPDN BPORT EVEN
STATUS COUNTS

Certain cf the above i1nstructions contrel the setting of
internal flaa bits. The preset states of these bi1td are
the same as though the following 1nstructions were 1ssued:

WAIT 00D BRIOFF RPORT

- Information Mords

The 8131 words Jisted below are used 1o pass informaty
betuween the user pragram and_ the device routine. R
words are preset to O's except RTRY which 18 preset to 3

TRAK or HERD A one word location that contaings the track
number 1n bits 0-S5 that will Be used :n
subsequent I/0 operations. The contenis of

will be loaded i1nto RSDR for all 1/0
operations that require a track address.

on
11

SECT This word containg the sector number in bits
0-5. Located 1mmediately following TRAK 1n

memory.
RTRY This werd specifies the number of additional
attempts that the Device Routine wil] try on
an I/0 operation before deciding that 1t™ 1
unrecovarable. ﬂpgllcnblc only to those
types ¢! errors that normally  have

possibility of recovery.

— e w— ———
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SIZE Standerd :mpiementation - see section D.1.1.
E&Eécnts are wupdated by RERD, WRITE, ard

ERR  Standard i1mplementaticn - se¢a section D.1.].

- Statistical Information

Throuzh use of the COUNTS statement and the REPORT
commafid, statistical 1information for the pro?raa can be
displayed on the MPG print device. This Information
consists of octal formalted binary counts under different
catagories. The catagories and tha functicns from which
data"will be 1ncluded under cach are:

BYTES RERD
BYTES WRITTEN
BYTES CHECKED

REQAD COMMAND
WRITE COMMAND
CHECK COMMAND

SEARCH COMMAND
DRIVE CLEAR COMMAND

DEV ERRORS: Rl]l harduware errors that resultied 1n an
error report. Errors  that  were
recoverable when retried will not
increment this count.

DRTR/0PER ERRORS: Invalid unil number errors and errors
detected by the VERIFY statemant.

RETRYS: The number of occurrences for each of
the four retryable type _of _arrors. .
Counts are maintained for DLY, DTE, OCK, |

and WCE.
TOTAL RETRYS: Total number of retry oattlempts on all
failing 1/0 operations. |
INTERRUPTS: Number of «entries 1ntc the 1interrupt |
routine. i

- Retryable Errors

Four errors are cloassified as refryable ba this device
routire. When one occurs (DLT, DTE, DCK, or WCE), the

rclr? count contained in the 1interface word RTRY 1
checked for a 2ero value. If 2ero, an I/0 Termination
error 1s reported. If non-2ero, the retry count for the
error and " the tolal retry error count afe 1ncremented by
ore and the 1/0 operation 1s re-1ssued. If the retry 13
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successful, the program will ‘rocacd to the nest statement
1n the user's grozr m. If 1t was not successful, the
rclrg count Trom RTRY 1is decremented, the tota] retry
count 13 incremented, and the command 1s re-1ssued. This
continues until sither the rctr‘ 18 successful or the RTRY
count *ocs to 2ero. When The latter occurs, the
“"EXHRUSTED RETRIES™ e¢rror message will be issued and the
DEV error count will be i1ncremented.

When proccssxn? rctrirs on !axl:n? 170 operations, the
original fu.ctfon will just be re-Tssued.

Disk Types

register to determine which type ol disk 1t 13 operat
on. It relies solely on the model number assigned to

program. If an RS03 has been assigned dut 1t 13 actua
an RSO4, the device routine will process it as an RSOJ.

This device routine does not interrogate the Drive T¥
t
l

Instructions And Interrupls

Tuo of the 170 functions for the RSO3/RSOM disks will not
terminate with interrupts and will not have Interrupt
Enable set when the are 1ssued. These functions are
termed Non-Inlcrrup! functions and are:

DRESET CRESET

Ffter 1ssuing the above functions, the device routine will
dcla¥ 8 feuw microseconds ard then check the status of the
errof bits. Any found to be setl will be reported as 2
Non-Int Terminatlion error.

The remaining 170 functions, which are listed below,
utilize interrupts 1n their operations:

RERD WRITE WRCK SEARCH

For the above i1nstructions, tests for error conditicns
will be made when the terminating interrupt 13 recerved.

Rccessing The Data Buffer Register

The contents of the Data Buffer (RSDB) register will be
stored only when proccssxne an interrupt with the Ouiput
Ready (OR) gxt set 1n the RSUS2 register. RU all other
times, this register wili not be read and 1ts contents
will be displayed as O's.
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- OPSW Special Operation Bit Support

Bit 7 of the OPSW (SPOPER) 13 not sugportcd by this device
routine and 1ts satting has no effecl on disk operation.

CESCRIPTION OF RSO3/RSOM INSTRUCTIONS

The RSO3/RSO4 Device Routine supports execution of eighteen
MPG language statements. For certain funclions (READ, RRITE
WRCK, and SERRCH), 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 1! nothing 1
entered for the statement’s operands. The v 13 used to
indicate a variable operand as defined 1n Rppendiz B.2. Note
that 1f an odd byte countl 1s supplied 1n any of Lhe following
instructions, 11 will effectively be decremented by 1 before
being used.

READ (D2S6 INTO RDIO)
REARD v (INTO RDIO)
RERD v INTO v

This 1nstruction transfers the nrumber of bytes,
indicated by the first v, from the disk to memory
hchn:xng at"the memory location specified by the
second v.

WRITE (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
setond v.

The following statements do not have default values for thair
sperands:

WRCK v AT v
Compares the number of data f1ald byles 1n memory to

those at the specified disk lofation. Uses the
Write Check Dats command,

L e e ad—

-
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‘ SERRCH

Performs a search function to the saector specified
by SECT. This instruction does notl terminate until
the search 138 finished.

The fullouln* I1/0 commands do not wut:li2e the contents of
"RAk and SECT 1n their operations:

CRESET

This statement Ecr!orns a controller clear function
by setting the CLR bit 1n the RSCSE register.

DRESET

Housekeeping of the drive 138 accomplished b! this
statement s 1ssuing of the Drive Clear command.

The following instructions do not perform 1/0 operations:

STEPUP v

This command does not perform nng 170 functions. It
pravides easy incrementing of the contents of TRAK
and SECT. The operand v 1s the number of sectors
that these values are to be incremented. MWhen the
SECT word exceeds 11s mazimum valid valueg, 1t will
be set to O and the contents of TRAK will be
incremenied. MKWhen incrementing past the last soctor
on disk, both values will be sat to O

Note that this instruclion and STEPDN will operate
with 1nvalid values 1n TRAK and SECT upon execution.
Regardless of their initial contents, ~the contents
of both words will be valid when Lhis instruction
completles. This_  allows the use of the
"FILL 4 AT TRAK WITH RANDOM™ statement followed by
“STEPUP 0" to generate randcm disk addresses.

STEPDN v

Similar to STEPUP but provides » _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 implementation - see section D.1.1.
STATUS
Standard 1mplementation - see¢ section D 1.1.
Included with the standard dxspla 18 the dx*pla of
the current contents of and S
These values do not reflect thc currcnl position of
the disk, but merely the contents of the two words.
COUNTS

Standard 1mplementation - ses section D.1.1.

The followirng statements define to the Device Routine the
desired setlings of certain bits i1n the device registers.
These statements do not 1mmediately alter the reg lstcr bx!s
but  all subsequent I/0 functidns and oth cr plicadle
statements will be performed with the bits set as dc lncd

RPORT
Indicates that the value of the PSEL b1t 1n RSCSI 1
to be set to O (UNIBUS Port R). (Preset mode)
8PORT
PSEL wil]l be set to o 1 (UNIBUS Port B} on
subsequent funclians.
CDO0
Causes the Par1ty Select (PAT) b1t 1n RSCS2 to be 1n
the O state on subscqucnt functions. (Preset mode)
EVEN

Causes PRAY to be set to o I.

_—— e ———
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BRION
Specifies that bus address incrementing 1s not to be
performed by setting the BRI bit "1n the RSCS2
register ts a I.

8RIDFF

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. Howsver, due to the nature of
this device, additional 1nformation 1s provided to the user.

The I/0 function l!pc of jnstructions are considered to
execute 1n two stages he first 13 the time 31t takes to
housekeep the disk prior to the output of the specified
command. The second 1s after the point the specified
function 1s 1ssued and unti1] after the TJuncltion terminates.
Since error conditions -a? occur 1n either stagc, this device
routine 1ndicates which stage 1t was 1n when the error was
detected. This is accongl shed by 1ncluding the approgr:alc
message of the following two messages in the error display:

BEFORE ISSUING 1/0 CMND
AFTER ISSUING I/0 CMND

If the error 18 detected before 1s uxng the specified 1/0
command and MPG’s Continue (CONT) {Lommand 13 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 stalzment 1n the user's progran.

Rlso included with every error display, other than the
invalid unit number error, 1s the following message:

ERROR BITS:
ddd,ddd,ddd,ddd,ddd,ddd, etc.

This message 1ndicates Lhat one or more error _status bits
have been” detected 1n the device registers. The Lodes ddd
1dentify which error bits were found. R slxtg four byte
field will be used to l:st all or as many of the error bits
as possible. In the iollouxn? list “some codes are
distinguished by an asterisk (%), These codes will be
inciuded 1n the message 1f their bit values are 0. RII other
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- = 1

WCEEW

ccdes are included 1f they have a value of 1. The following
ars the mnemonic codes supported Ior the ddd f1elds:
Error bits common to all] devices:
?C = ? pecial anditlon
RE = Transfer Error
MCPE = Massbus Control Bus Parity Error
#0QVA = grxvc Rvailable
¥ROY = Ready
DLY = Data'Late
WCE = Write Check Error
JPE = Unibus Parity Error
NED = Nonezistent Drive
NEM = Nonezistent Memory
PGE = Program Error
MXF = Missed Transier
MOPE = Massbus Data Bus Paraty Error
ATA = Rttention Active
ERR = Error
PIP = Pos:tlonlne In Progress
#MOL = Medium On-L1n
*DPR = Drive Prc:cnt
#DRY = Drive Ready
DCK = Data Check
UNS = Unsafe
0PI = Qperation Incomplete
DTE = Drive Timing Error
WLE = Write Lock Error
IRE = Invalid Address Error
RAOE = Address 0v¢r110u Error
PRR = Parity Error
RMR = Rc’ cr Hodx{lcatnon Refused
ILR = egal Registier
ILF = Illegal Function
RTR7? = Attention RActive Drive 7
RTAE = Attention Retive Drive b
ATAS = Attention Rctive Drive S
RTAY = Attention Active Drive M
ATA3 = Attention Active Drive 3
RTR2 = Attention Active Drive 2
ATA1 = Attention Active Drive |
RTAC = Attention Active Drive O
Error bits unique to the RH70:
RPE = Address Parity Error
DPEOK = Data Parity Error 0dd Word
DPEEW = Data Parxt Error, Evcn Word
WCEOW = Write C hccg Error 0dd Word

Write Check Error Even Word
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The unique error messages, which may occur 1n the use of this
device routine, are as follows:

DATA ERROR (STMNT 8 nnnn)

Standard implementation - see section D.1.2.

DISK IS OFF-LINE

Immediately prior to initiating an 170 operation,
the Medium On Line bat (MOLJ in the RSDS register
was found to be reset.

ERROR CN INITIATION

Prior to 1n1tiating an I/0 operation, a condition
that sets the SC bit 1n RSCS1, other than an Unsafe,
did not clear after five attempts to reset 1t. The
error bits that caused SC to be set will be listed.

EXHAUSTED RETRIES

Upon detecting one of the four rctrfablc errors, the
device routine has re-1ssued The farling I1/0
opsration the number of times sgccxflcd in~ RTRY
without successful completeion of the operation. It
RTRY 1s 1nit1ally O, this message will not occur.

INT WITHOUT ATA

This lt!!l%l indicates that_ an intercupt was
received wilhout the drive’'s RTA bitl being set, when
1t was expected to be set. This error octurs where
s SEARCH command_1s 1ssued and an interrupt was
received without ATA being set.

INV UNIT #

The current unit number, which 1 dxs*ilgcd 10
octal, 1s not 1n the range of 0-7. The ASSIGN
command may be used to correcl the erronsous umit
number. Increments the data‘operator error count.
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10 TERMINATION ERROR
Error bits have been detected 1n  the device
registers when processing a termination 1nterrupt.

This message occurs for all non-retryable errors and
retryable errors when RTRY 13 set 100

NON-EXISTENT DRIVE
Imnedrately after loading a valid umit number (0-7)
into RSCSZ, the Non-Existent Drive bit (NED) in
RSCS2 was found to be set.

NON-INT I/0 TERMINATION ERROR

Error bits were found set 1n the device registers a

few microseconds after 1ssuing one of the
Non-Interrupt type of I/0 functions (DRESET or
CRESET)

TIMEOUT ON /0

Rfter 1nitiating an I/0 operation, the terminating
interrupt was "not received. The time allowed fof
the 1nterrupt to occur 1s «pproximately len seconds
when on the POP-11/45 and with ng other wuser

programs executing.

T/0 ON CRESET

This error, which indicates that Ready (ROY) did not
set within a few milliseconds after setting the CLR
bit 1n RSCS2, may occur when the CRESET stalement 1s

13sued.

UNEXP RTR COND

When processing an interrupt after 1ssuing an [/0
function that should not cause an ATA condition, the
disk’s ATA b1t was found set.




D.16 - RSO3/RS0M Device Routine (Cont’d)

' D.16.4

" NOL

M.P.G. Page 220

UNSAFE ERROR ON INITIRTION

Prior to 1niti1ating 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
1s reported 1mmediately. If there was an error on
the previous operation, & drive clear wi]l be 1ssued
to reset the condition. If UNS 1s still set after
the drive clear, this error 1s reported.

RSO3/RSOM SAMPLE PROGRAMS
The fnllou:na are sample RSO3/RSO4 programs that perform the
1

functions 1n

cated 1n their descriptions:

1. The following program will v¢r1f! all tracks on the entire
)

di1sk

by writing ]l bits to the
be xnhx!xt

ta fi1elds. Retries will
ed so 2s tc 1sclate marginal tracks:

*¥ENTER 1 RS TRKCK
7ASGN DEV: RSOM,0

"RDI0 = 256 7 ©

7WRIO = 256 7 16384

DEV REG = 172040 /

?INT VEC = 000204 /

"BUS REQ =§ 7

ENTER STMNT’S

0010 LORD RTRY WITH O

>0020 FILL D16384 AT WRIO WITH 177777
0030 WRITE D16384 FROM WRIO
0040 WRCK D16384 AT WRIO

>00S0 STEPUP D&M

0060 IF 4 AT TRAK <> 0 GOTO 30
»0070 END

>CONE

¥RUN !

— ——
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2. Use ar1ght-sector transfers to write random data on the i
disk. ~ Read each block of eight sectors after 2t 1s
wriiten, and softuware compare Lhe dats for accuracy.

*ENTER 2
7QSGN oev RSO, §
"ROI0 = 7 2048

“WRIO = ass ; 2088
ENTER STMNT'S
»001C  FI 8 AT WRIO WITH RANDOM
m%ﬁoggqme
READ D208
>O0M0  VERIFY D2048 AT WRIO WITH RDIO
»00S0 STEPUP DS

3060 IF 4 AT TRAK <> 0 GO TC IC
>0070 END

RN 2
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RPPENDIX E

ERROR MESSAGES

GENERAL INFORMATION

The error messages described in this lpscndlx are independant of
those 1ssued B the 1ndividual device routines., For a

description of the errors produced b: a8 particular device

§Ou:|nc, refer to that routine’s sectiof 1n Rppandiz D - Device
outines.

Upon detecting improper data entries, invalid sequences, or
device errors will d:sglay messages on the console terminal
that describe Yhe rature of the error.” These messages, which are
always printed 1n wupper case ASCII, are prefixed wilh the code
#ER% " s0 that they wmay be distinguished from normal console
messages 1ssued by MG

The error messages described 1n this appendix na! be divided 1nto
four classes according to the MPG component that 1ssues them.
These four components afe as follous:

Stand Rlione Executive

Command Processor and Control Reutline
MPG Memary Management Varsion
MPG Canguage Processor and Compiler

The Iollouxn’ sections contain & Jist of the error messages that
can be 13sued by sach component and a description of each error.

EXECUTIVE ERROR MESSAGES

The following 13 a list of the messages that can be 1ssued by

MPG's Stand™ Rlone Exscutive. Each message 1s prefized with the

error 1.D. code of #ER%® and the name of the device, when 1t 13 2

device tgg; of error, 1n the format of “zrzz DEV:" where rrzx
er

wiil be el SAVE, FTCH, LOARD, or LST.
Message Description
CKSUM ERR When reading o device routing or a saved

Js¢r program from the LOAD or FETCH
device, the checksum byte compuled on
the read data does not match the
checksum byte contained 1n the data.

L e m—— - - — o~ -
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OEL ERR

CE. L

DEV ERR

DEV FULL

END OF FILE

FILE NOT FND

HW ERR

INSUF MEM FOR MPG

INY CMNC FOR CEV

- — — - ——
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When deleting 2 user proiran the MARP
bit blecks ware exhaus cd before all
bits were processed. Ar  1llogical
error; robably due to some type of
device malfunction.

MPG has been instructed to save a8 user

program but the name which 1t 13 to be

saved as already exists, The user must

¢1ther rc-cutcr the /SAVE command with a

g:{lcrcnt name or delete the erxisting
1le.

A device error (INOP, read error, write
rotected, atc.) has been detected on
he indicated device.

When attempting to save & user progran,
e1ther all direclory entries are 1n use
or all data blocks are 1n use.

Occurs when reading a f1le ond 8 raad
for the naxt block 13 13sued and there
1s not a nezt block. Rn 1llogical error
which may be caused h¥ the previous
dblock being read incorrectly

This message, which 18 preceded by the
nine character RSCII file “name
indicates that the named file was nol
found on the LORD or FETCh device.

Issued for the LIST device, this message
indicates that an error condition (out
of paper offlinc, etc.) exists, MWhen
the condition corrected, printing
will resume autolatxcallg

A minymum of ]BK words 18 required for
MP 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. h:s rror message will be

ollowed by a halt, After  taking
corrcctlvc action, 1f possible, depress
CONTINUE for a retry.

This error occurs when a director
A P b TS . 1 a7 S
1ssued to 2 non- d:rcctorg tgpc ol device
(paper tape..

— ——— - a——
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INV DRTR The g for the console terminal
con:tan s wat elther not 1n octal format
or 1is value was larger than 377

INV DRTE RAn i1ncorrect reply was made for the date
request. The férmat of the repiy 13
DD-MMM-YY.

MPG COMMAND PROCESSOR AND CONTROL ROUTINE

The messages listed 1n this section occur during execution of
user antered commands and/or user programs. OQOther than a couplc
of cxcc txons all ncssagcs are prefized with the error 1.

code . For errors lhat occur on commands that ma havc
-ultxplc progra- numbers, the error ncssa 18 ‘rcll:cd with the
program’s number 1n the format of Riso lor
-cssaacs that report 1nvalid data, the error message w1l 1

133ue then {fcllowed b! ano!hcr message that Juisplays lhc
data on uhxch the error was delected
Messages Description
nannnn ADJ TO EVEN Ar octu&“ncnorg dress (nnnnnn) for the
commands was found to
bc od 1s adjusted to the nerxt

loucst cvcn addrcss and then used as the
address. The RER® code 13 not 1ncluded
with this message.

RDR > MEM An octal memory address, entered on the
ROM, WRM, or con-anas. 18 not within
availasle memory or the range of device
register addresses.

"RS' NOT SPECIFIED The separator word RS was not specified
in the /SAVE or /FETCH commands.

28 F /COM NOT SPECIFIED The destination name of BUF or COM was
not :ccx!xcd in the FILL command. The

data ¢ should be BUF/COM will be
displayed.

OR"A CONV ERRCR Data ¢nt¢r¢d hg the wuser, which was
expected ¢ 1n ei1ther octal or

decimal fornat contained characters
other than 0-7 or 0-9. The 1nvalid data
will be dlsplagcd

- ———— . — ———— | — - ——— — . —
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DATR ERROR (STMNT 8 nnnn)

ORTR NOT SPECIFIED

DOESN'T EXIST

INRCTIVE

IN CONTROL

INSJF MEM FOR DEV ROUT &

INV ADR RRANGE

INV BUF/COM »

INV CMND

FO2
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R data miscompare has been detected by
the VERIFY ~ statement 1n a wuser’s
program.

Nei1ther pattern, octal nor ASCII data
was specified on the FILL command.

R command, which performs an operation
on an exisling program, 1s directed at a
program slot which does notl have
resident progran.

A STOP, CONT, or KILL command  was
directed ot a program that had not been
specified for execution.

The user has 1ssued a RUN command, while
at the user program interrupted command
level, for a program that 13 currently
running and was 1n control al the time
of interrupt. Due to stack contrel,
this an invalid cperation. The STOP or
KILL commands must be 1ssued for the
program, execution resumed, and then
anolher ‘user interrupt 1ssued before the
RUN command wil] be accepled for that
program.

1/0 RARERS

When 1n the process of antering cr
fetching 2  new pro?ra-, MPG™ has
determined Lthat there s insufficient
memory space available.

The octal memory address entered for the
device register addrass 1s not equal to
or greater than 160010 or, for the
interrupt veclor address, 13 not less
than 1000. The snvalid addrass will be
displayed.

The value entered on_ the FILL command
was not e1ther 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 entry, the first word of data
does nol match any command name e1ther
in full or the {first two characters.
The 1nvalid command e¢ntered will be
displayed.
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INV DATA = 111...1X

INV DEV TYPE

INV LINE 8

INV MDL NARME

INV NAME

INV NUMBER
INV FAT &

INV PRCG 8

INV STK ADR

INV UNIT &

LINE 8 NOT SPECIFIED

M.P.G. Page 226

The display of the i1nvalid data. This
message will always be preceded by a
descriptive arror massage.

Either a device which does not have
device routine supporil or the keywords
KBOO, KYBD or LORD have been entared as
& program’s device type. Or, a device
type has been entered for savé 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

Ero ram.” The 1nvalid line number will
¢ displayed.

The device's model name entered s not
supsortcd b, MPG. The nome entered will
be displayed.

The program name entered on the ENTER,
/SQVE, /FETCH, or /DELETE commands
¢1ther does not consist of 1 to b
chaaagtcr: or the charactars are not A-Z
or 0-9.

The decimal number entered for the CDB
command could not be converted to a one
word binary number.

The pattarn number entered on the FILL
éa?aand was not e¢i1ther PATO thru PATY or

The program numbersd ¢ntered 13 not 1n
the range of decimal 1 thru 16.

The value of the stack pointer was
greater than the mazimum allowsble value
when a_user program returned conirol to
MPG. Ezecution of the user program will
be terminated 1mmediately.

R unit number entered while assigning
device 18 not_ within the range of
decimal O thru IS.

A program statement line number d1d not
follow the separator word 'RT’ 1n the
RUN cocmmand.

G2
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'

MOL NRME NOT SPECIFIED

NAME NOT SPECIFIED

No 0BJ CODt

NO PROG'S FND

NO REPT AVAIL

OCO ARDR

OFERAND NOT SPECIFIED

PRCG 8 NOT SPECIFIED

RESTRICTED CMND

— o c————
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R device’s mode] name was not entered in
reply the ASGN DEV message.

R one to si1x character name to be used
as the save I.D. was not gentered
following the separator word 'RS’ on the
/SAVE command.

Either the RUN command or the DISPLAY
command with the CODE option specified o
program which does notl have generated
object code.

The OPSK command was 1s3sued for all
grograns (program number not supplied),
ul there weére no user programs
resident.

The REPORT command has been 1ssued to o
program whose devicse routine_does not
support the report facility. The *ER#
code 13 notl 1ncluded 1n this message.

The memory address entered for ci1ther
device register address or interrupt
vector address was odd.

An cperand was not entered for a command
that' requires at Jleast one operand
(other than the command 1.D.).

R program number was not «entered on
e1ther the /FETCH or  the ASSIGN
commands.

While entering commands atl the wuser

program interrupt level, a command that

would alter the contents of memory was

:ntcr?d. Refer to section 4.3 fof more
etarls.

eND OPERAND NOT SPECIFIED

STK 700 BIG

R command that requires two or mors
operands did not have a second operand.

This error occurs when 8 user program
returns control to MPG and has lelt more
than thirty words on the stack. Since
space 13 reserved for no more than 30
words, datas would be lost for the
program. Therefors, this 18 reported as
an &rror condition and the praogram’s
execution 13 terminated.

——— - 5
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Error Messages (Cont'd?

E.H

JNNEC OPERRND Rfter processing commend, an
unnecessary operand was found 1n Llhe
command statement.

viD DEV TBL LD ERR, FRESS "CONT™ TO RETRY

When attempting to read the Valid
Dcvnscs Table "f1le (TVORnm.MPG), the
handgler has detected an error on the
LORD device. The type of error will be
1dentified by a handler error massage
1ssued before this one. Attempt 1o
correct the condition and press the
“"CONTINUE™ swilch to retry the read.

"WITH' NOT SPECIFIED The WITH  separator word was not
specified 1n the FILL command.

MPG MEMORY MANAGEMENT VERSION ERRORS

The error messages listed 1n this secticn are generated by the

Command Processor and Control Routing bul are agsllcablc only to
the Hcaor¥ Management version of MPG (TMMAnm. MPG) Th can
y

occur on in- the sections of code that are unique t& this
version.

Messages Description

RDR WITHIN MFG The memory address entgred the

for
rogram’s “area on the ENTER, /FETCH, or
IFT 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 Rfter loading & device routine, which
uti1lizes the Unibus Map, on the ENTER or
/FETCH commands, there were not
sufficient number of contiguous Unibus
Map registers avatlable to satisfy the
program’s needs. Either other prdgrams
will have to be deleted or the registers
assigned to other grogrcns will have to
be reassigned with the UBMAP commard to
make ¢ ou*h contiguous regisiers
available. This error aborts the  ENTER
or /FETCH comwand.




~Error Messages

INSUF ROOM

INV REG 8 (

(Cont'd)

FOR PROG

SHC BE 7 - ¢8.

PROG RREA IN USE

RDIO+WRIO »

REGS IN USE

"TC* NOT SP

WARNING! !

4,250

ECIFIED

PROG I/0 RRER

—_ - —— e — e
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Hhcn usxn! thc SHIFT command to move @

rem 1o new address, the program
uou d not be ablc to f1t 1n the space
available. This space 1t from the
supplied starting address to the next
highest program in memory or {o the end
of memory.

29,30)
The register number entered on the rapl
to the Unibus Map register reques
message was not 1n Lthe range of decimal
7 thfu 30. HWill also “ocecur_ 1f two
1sters are required and 30 was
cn ered or 11 three registers are
required and 29 or 30 was enlered.

The memory address  entered a3

pro ran s starting address on the ENTER
FE or SHIFT commands specified an
area uhxch 1s already occupred by
another user program.

The combined si12¢ specified for ROIO and
WRIO exceed the dccnnal number of byles
indicated. R program’s area, which

ncé gcs and” WRIO cannot exceed
é ’ by tcs (12K words) 1n this

vergsion.

The registers specified on the reply to
the Unibus Map register request nc:so;c
are already beifg used by th
programs.

The 'TQ’ separator word 1n the SHIFT
command was not entered.

> 18 BIT RDR - MAY NOT RUN

This message can accur only on a program
that wouid normally use the Unibus Map.

It 18 conditioned bg 22 b1t addressing
being used and the Unibus HaE not bcxn

used. RAfter a program ntered or
Fetched or after 1t has hccn Shlftcd to
a new address, the end of the WRIO areas
will be checked to determine 1f 1t 1s
?rcatcr than octal 1000000 If 1t s,

his message 1s 1ssu¢d The p roaran na
still run” 1f 1t does not

operations or 1f the 1/0 operations do
not exceed the octal 1000 00 address

boundary.
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E.S MPG LANGURGE PROCESSOR AND COMPILER

The messages listed 1n this section would be encountersd while
entering "MPG ﬁﬁagron instructions from the console or retreiving
them from the save f1le storage media. In addition to the
specific massages listed below, which are preceded by *ER¥*, any
user cntrg that™ cannot be 1nterpreted will be echoed back,
preceded By *ER® and surrounded by question marks.

SYNTRX ERROR ON SAVED PROG - END FORCED

Rn MPG program statement that was 1n a proper format when
stored on the SAVE media, was not 1n_the &ropcr format when
retrieved using 8 FETCH command. An END "statement was
substituted, and all preceeding statements were 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 13 accepted, the user 1s
n?t allowed to exit unti] an END statement 1s 1n the proper
place.

rann 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 proiran bcxng defined
including both the packed saurce stalements an resul tanl
object code, will exceed avarlable memor 1{ the current
statement 13 1ncluded. An END statement ?: substituted, and
all previous statements are compiled.

INV LINE »

The first four characters entered by the user are not valid
as 8 line number (notl one to four dgclnal digits).

CAN'T 11311 ON dddd

The MPG 1nstruction zx1z 18 valid, but 18 not :u?portcd by
the assxgncd Device Routine dddd. An example ol this 1s 2

FEWIND 1n3truction when & Disk 1s assigned.

—— —— ¢ — —
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NON-EXISTENT LINE REF ON LINE nnrnn

The MPG 1nstruction with sequence number nnnn referenced
another MPG sequence number that didn’'t exist. This 1s the
cnly arror that cannot be detected when statements are
entered, and only appears after a DONE statement, while 2
compile 13 1n progress.

INV FMT ON SRVED FILE
When reading a user program file from the FETCH device, the

end of the file 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 arcas of the hardware, 1t was felt that a mechanism
was needed to distribute selected programs written by the MPG
users. By wusing the folloulng form, & wuser thdtl writes
program, which he” feels would be uselul to other technical
ersonnel 1n the factory and/or the field, nay submit the program
o the Diagnostic Group for review and 1nclusion i1n a manual That
consists 0of a catalog of these user programs. This manual will
be available through ncrmal 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 writien
unless there was_ 2 need for 1t, !our programs have meaning for
their existence. Therefore, why not share your pet programs with
other wusers and thereby reduce duplication of effort.” So, keep
those cards and letters coming 1n folks.

Since this manual containg only one form. 1t 1s suggested that 1t
be removed from the manual and be copied. This way, 1f you later
hav: a second program to submit, you will still have the form
master.

Please f1ll 1n all i1tems an the form. If your grOgram 1s
lcngthg, add extra gagcs as needed. Or, attach a listing of the
stalements produced by the DISPLAY command. When completed, mail
the farm through i1nternal mail to:

DIAGNOSTIC ENGINEERING - MPG

ML 21-4 7 EI1O
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Page 1 of ...
MPG USER PROGRAM SUBMITTAL FORM

DIRGNOSTIC ENGINEERING - MPG ML 21-4 /7 EID

Cevize Tested:......... P.D.P.-..... Sysiem
Ruthor’s Name: ... ..ot einnnnreennns Date:..........
Office Location:.....c.cvvunn.. Mai1] 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:............
ROIC Size:........ WRIC Size:........ OPSW Setting:........
Uses: COM......... FREE......
BUF/BF...... MIOL......

ey

T =
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Page ... of ...
Program®s Source Statements:

tIrzivde ling numbers and use addational pages if needed.)

- —
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RPPENDIX G

MPG CODING FORM GENERRTION

©ollowing this descripltion 13 a short user program which can ba
used to quickly gancratc coding forms formatted for MPG. Its
opcratxon *: vcr’ Sll‘ ¢ and onl' rcqunr NONE as the assigned
device. he st ctcnc $ bit that 1nhibits the
printing of the °'PROG ’ lcssagc The nest  tuwo
statements set wup thc Forl Fccl character and then issues 11,
The remaining lines 1njti1alaze the decimal number 10, prints it
in  decimal, "spaces a l:nc, incremenis the number by 10, and then

rcpcats the :c uence. This semple will rxnl lxnc nulbcrs {10
thry chang ln’ the constant 1n line number of
lines can “be ?lntcd his form will be dxrcctcd lo t ¢ MPG LIST

device uhxch 18 ei1ther the conscle terminal or optionally, the
printer.

0010 SET OPSW BIT O

0020 LORD TMOO WITH 14

0030 PRINT 1 AT TMOO IN RSCII
0a40 LORD TMO] WITH D10

00s0 PRINT TMC1 IN DECIMAL
0060 PRINT #

0C70 INCR TMO1 BY DIO
0080 IF TMG! < 0310 GOTG 0OCSC
acao ENC
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RPPENDIX H

MPG REVISION HISTORY

The first section of this Appendiz contains & summiry of the
support provided on the Tirst release of MPG. The rc-alnnng
sections summari12¢ the more visable differences beluween sac
subsequent release and the previous one. MWhere applicable, the
uwsar will be directed tc more detsiled 1nformation contained
slsewhere 1n this manval.

INITIAL RELERSE OF MPG (VERSION 8 1)

The first release of MPG became avarlable from SDC 1n August of
1 Being an 1n1t1al release, it suspor!cd d basic complement
of devices and faatures which are listed next

Exccutlvcs and Load Media

Four Executives, cach of which supportls a different primary load
device, were supplied on this release. The load media of the
different versions, each of which supports the PCII/PRIL Paper
Tape as secondary SAVE/FETCH devices, are as follows:

TCMPG TC11 DECtape
RKMPG  RX1I1 Disk

TMPG TM11l Magtape
THPG TMO2 Magtape

Flso containgd 1n each of the Executives 1s the driver for the
MPG LIST device. The differant printers supported for this are
the LP11, LSI1, and LVI11.

MPG Progras

The MPG prcara- consists basically ol thc Command Processor
Language rocessor Compiler, on gran Dispatcher. {
eeduxrcs 2 minimum o} 16K words of lclor d will suppert up to

commands lxstcd n !pcndlx and the user progrom
statclcnts in Rppendiz B are supporled by this program.

Device Routines

Sxx full sugpnrt device routines and tuelve llnllul support
device routines are included on this release. The {ul gcrt
device routines grOvl‘l high level 170 statemants fREQD

SEE¥, etc.) for the following devices:

e v —
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MOS Revision History (Cont'd)

M.2

DJ1l 16 Line Rsync Multiplexzer
DLIL Single Line Rsync Interface
0611 PR Sgnc InterTace

RK11 D13k

TCl! DECtap

™11 Magtap

The minimum support device roulines provide symbolic names for
device registers and oan alterable device register base address
for the registers. The model names for the twelve routines ara:

Ch1l LP11/LS1L/LVLl
CRIl/CM11 /PR11

11
11
11
11
11

[
Pt Pomo Pt Puma

VERSION 8 2 RELERSE

Vcr:xon 82 of MPG became available from SOC 1a Rpril of 1976.

pr1nar“ thrust of this update was toward Memory Management
and Unibus Map support. MHowever, additional load medra and
device routines ware alto included!

Before lxst:n! the changes for cach section of MPG, 1t should_ be
noted that one modificdlion 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-1]
series of prociassors.

Executives

Two new versions of the Executive, cach of which suEports 8 new
load medium, have been added. The names of the Executlives and
the medium sach supports are:

RXMPG RX11 Flo:py D1sk
RBMPG RPO4 D

R bug, which occurred when an LVl was assigned as the MPG LIST
dcvlcc. has been corrected 1n all versions of the Executive.
Rlso, all versions will now determine 1f Memory Management 13
prcscnt and 1f 1t 13, will ask 1f 1t 13 to be used.

MPG Program

Mith this release there are now two versions of the MPG ro ram.
The original version has been retained and has approzimately the
sam¢ capabilities. Tne second and newest version (DT H R-A)
1rcludes  support for Memory Management, Unibus Map, and 22 b1t
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saddressing. Saveral enhancementis have been |ncoraoratcd into the
or1ginal “version and have also been included 1n the Memory
Management version. These changes ara:

- The table of valid device names 18 no longer a part of t
MPG program. It 18 now a separate f1le (TVORAO.MPG) 6
?1{{ ¢ Toaded by MPG 1mmadiately afler the typing of MP

1tle.

he
gd
]

- Corrected a bug with the IF 1nstruction.

-~ Rdded the WORD i1nstruction. This allows the user to specify
binary code 1n his progrem. Refer to Appendiz B.3.

- When specifying a program name, the user may now wuse from
one to 311 characters. Previously, 1t was required to be
s1z characters.

- The FAST option has been added to the /LIST command. This
results 1n only the filenames being listed.

= The FILL command will now accepl the symbolic names PRTO
thry PRTA 1n 1ts cperation. This provides for filling the
buffers with the predefined bit patterns.

- ﬂn*thcr redefined bit pattarn has been added. Its name 5:
PRTA an! ulfl generate count words. Refer to Rppendiz C.3.

- Immediately after load:n? a device routine for a user
program, will display 1ts filename 1n full on the
console terminal.

= R test 13 made for the Cache Memory's Hil/Miss reqister and
1f found, the timing constants for the DELAY instruction and
the 170 limecut will be adjusted.

- Bus addresses generated for all NPR I/0 1nstructions and the
REAC and WRITE 1nstructions will be lwo words in length.

The Memory Management version of MPG has some additional
capabilities and some restrictions. For more detarls, refer to
Section S which has detailed information aboul this version. R
Eri1ef summary of these additional features follows:

- Two additional commands are supported. The SHIFT command
allows the user to move his programs around 1n lcnor' and to
change their program slots. The UBMAP command lets The user
change the Unibus Map registers assigned to his program.

- An exi1sting command has been cxpanded. The MM (Memory Map)
command will now accept program numbers. When this format
1 used, additional detarled information about the specified
programs 13 i1sted.
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- The ROM, WRM, BOC, ADD, and SUB ccemands will accept wup to
22 bits for their addresses and/or operands.

~ The user can now optionally specify the starting memory
address for each of his programs.

- The RESET and VECTOR instructions are not supporied 1n this
version.

- A common trap catcher has been added. This routine will
display gcrlnncnt information when traps occur at vectors M,
10, 34, 114, and 250.

Device Routines

Four full suppert device routines and two minimum support device
routines have been added on this release. Rlso, all minimum
support device routines have been merged 1nto one fi1le which
tailors 1tself to the specified device when loaded.

The four new full support device routines are for the following
devices:

OHI1 16 Line Programmable Rsync Multiplexer
LPI11/LS11/LV]] Printers

PCl1/PR11 ;;ﬁér Ta:c Readers and Punch
RPON/RPOS/ Disks

The two new minimum support devices are:

RX11/RX01 Flopp! Disk
TM32/TULE Magnetic Tape

The criginal si1x device routines were modifi1ed for con;ctlbxlnt‘
with the Memory Management version of MPG. Other changes tha
were 1ncluded are:

- An 170 timeoutl error 18 now treated the same a3 othar device
errors. The user may now 13sue Lhe “CONT p” command ta
resume execution.

- R bug with the BREAK i1nstruction for communication devices
«23 Ti1zed.

= All device roulines will display the unit number 1n octal
when reporting invalid unit aumber errors.

- The RK11 device routing will now validate the device 1I1.0.
bits 1n RKDS on search complate 1nterruptls.

= The DJ11 and DL1! device routings now keep counts for the
number of Fead and Write 1nterrupts.
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4.3 VERSION 8 3 RELERSE

Version 8 3 of MPG bacame available from SDC 1n Rugust of 1976.
his releass consisted of the addition of four new device
routines and the fizing of three bugs in the MPG programs. Riso,
a new Pattern formatl has been added.

MPa Programs

The three bugs corrected applied to both versions of the MPG
grogram and are:

- The binary code generated b? the compiler for reiative
“IF" instructions (IF >, <, =3, =<), contained signed branch
instructions. These have baer changed to unsigned branch
instructions.

- The "BREAK v" and "BRERK v ON v" instructions could not be
compiled.

- Octal addresses enterad for 1/0 instructions requiring two
word addresses (RERD, ACITE, etc.), were nct compiled

properly.

new Pattern format (PRTB) has been added and wili generate the
ollowing twe word pgattern:

165555
133333
165555

133333
elc.

The Valid Devices Table file (TVDRBO.MPG), which 15 loaded by the
progrems, has been revised to 1nclude the model names
supported by the four new Device Routines.

R
{

Device Routines

- > e i > S > S . -

Four new full lu‘port Device Routines have been added on this
r.l?‘?" Their 11lenames and the devices that cach supports, are
ss fcllous:

TOURRG.MPG = DULL Synchronous Line Interface
TRSARD.MPG = RSO3/RSO4 Disks
"R3RAD.MPG = RPC2/RPO3 Disks

TREAAD. MPS PrOE Disk

i - — —
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