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1.0 

1.1 

1.2 

M.P.G. USERS’ MANUAL 

INTRODUCTION 

This Manual contains all information necessary for use and 
operation of the Maintenance Program Generator (MPG) program. 

provides hardware oriented tethnical personnel with the 
ability to easily generate and execute programs on the POP-11 
series of computers. While these programs may be written so as 
to perform any type of task, the major application expected are 
prograns that aid in the maintenance and repair of peripheral 
evices. 

Appendiz H of this manual contains a summary of the capabilities 
and support provided on the initial release of - Also 
contained in this Appendiz 18 the changes incorporated in 
subsequent releases (versions) of MPG. 

RELATED PROGRAMS 

The XXDP Update Program & 2 (UPD2 - MAINDEC # 11-DZQUB-H) 18 used 
for certain MPG media maintenance and creation functions. In 
addition, MPG 1s supplied on XXDP media and therefore 13 preceded 
by execution of the applicable XXDP Monitor. 

RELATED DOCUMENTS 

For details concerning the cperation of the XXDP Monitor and the 
en ro ras, refer to the XXDP User’s Manual (MAINDEC 8 

There 33 now available from SOC an MPG Summary Manual 
(11-DTSM9-A-D) which consists of excerpts from this document. It 
1s considerably smaller in size and contains summarized 
information concerning MPG loading, commands, instructions, 
buffer areas, patterns, and Device Roulines. This manual assumes 
a knowledgable MPG user. 

ORDERING INFORMATION 

The files which comprise MPG are integral components of the XXOP 
Multi-Media system. When all items of certain XXDP packages are 
ordered, MPG’s binary files will be included. However, G 
jistings and/or npe binary files can be ordered separately from 
the Software Distribution Center (SOC). When binary files are 
ordered, they will be supplied on the single XXOP medium on which 
they reside Tor that package. For example, if the vOECTAPE 
versicn of MPG is ordered, you would get only TCOP DECTAPE # 18. 



GOL 
6 M.P.G. Page 

The listing kit supplied for MPG consists of the program listings 
for all Device Routines, this Users’ Manual, and the XXDP Users’ 
Manual The SOC Checklist numbers that are applicable to MPG are 
as follows: 

Description Checklist 

2J197-RZ Listing Kit 
£J197-RC Listing Kit and TCOP DECTAPE 8 18 
2J197-RO Listing Kit and TMOP 9 Track MAGTAPE 8 3 
2J197-RE Listing Kit and RKOP DECPACK 8 2 
2J197-RF Listing Kit and TMOP 7 Track MAGTAPE # 3 
ZJI97-RY Listing Kit and RXDP Diskette 8 6 

A checklist entry for ‘he RPOY was not included in the above list 
since XXDP 1:3 not available on that type of medium. The user 
must build the system on his own pack from one of the available 
media. In the case of the RPO for MPG, all that 18 needed is 
the Listing Kit. 



HO1 
M.P.G. Page 7 

2.0 GENERAL INFORMATION 

Since the principal users of MPG will be non-pro ramaing 
personnel, a special language has been developed to pap lity 
rogram definition and entry. Thi: language consists of Englis 
anguage format statements for data processing and 1/0 functions. 

Chafacteristics of this language include flexzability, machine 
independence, and easy learning. 

In addition to the program language, the user is furnished a set 
of commands that allow him to control MPG’s operations and 
utilize the support functions provided with MPG. These support 
functions include program modification, storage and retrieval of 
defined programs, device assignment, etc. 

The combination of the progr aa language and the user commands 
rovide the foundation Tor MPG’s usefulness as a diagnostic tool. 
ith ease of use being a major consideration in *s design, 

these components were oriented toward relieving the user of as 
many tedious operations as possible. For example, I/0 operations 
may be defined at a high 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 still have MPG handle the device interface 
but define as ecific memory address and byte count for the 1/0 
function. Or, the user may progras the device at the interface 
level himself with complete Ireedom of device usage. 

Another consideration was the elimination of associated programs 
or Ilibraries that would tend to complicate MPG’s usage. 
Therefore, MPG contains all routines required to support the user 
and his programs. Even though it performs a compile function, 
MPG does not require additional assembly programs of macro 
libraries during its operations. MPG 18 Completely self 
contained in the stand alone version. In the operating system 
version st will utilize only the components required, such as 1/0 
andlers. 

In keeping with the ease of use philosophy, all commands and 
program statements are entered to via the keyboard. For 
instance, the user, after determining the task to be progranned 
makes 8 series of keyboard entries which consist of brie 
statements that define the task to MPG. Upon completing these 
entries, the user can then use the MPG commands to execute these 
statements Cer ogram) with a variety of options without changing 
the statements he entered. 
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3.2 

3.3 

MPG FEATURES 

USER PROGRAMS 

The user 18 required to specify the tasks and/or data operations 
that are {to be performed by his program. These are entered in 
the {gre 0 progras language statements which are defined in 
Apoendix B. refized 6 each statement will be a line number 
which 18 used for branching and for statement modifications. The 
user may enter his own values for the line numbers or enter a 
space and have MPG calculate and display the next highest Jine 
number which will have an increment factor of ten. 

MULTIPLE USER PROGRAMS 

MPG will support simultaneous execution of up to sixteen user 
programs. This capability 1s suseful in troubleshooting 
interaction problems or for a lowing concurrent troubleshootin 
of individual device problems by two or more technicians. Eac 
progras controls one device and 18 treated as a separate entity 

y MPG. Programs are distinguished by having a number (1, 2, 
etc) assigned to each. The format of various commands utilize 
these numbers and allow the user to perform operations on any 
program without affecting the other programs. 

USER PROGRAM DATA AREAS 

In the course of writing a program, the user may have need of 
memory locations whic will Be used as counters, storage areas, 
data input, etc. While MPG allows the user to define specific 
memory addresses if wanted, it also provides the user with 
predefined areas which are reterenced by symbolic names. These 
areas are of two types with the first being a series of sixteen 
contiguous 1 word loCations that are unique to each program. 
These locations, whose names are TMOO thru TM1S, are useful for 
data meaningful only to that program. The second type of data 
areas 18 Common fo all programs and is useful when passing 
information between programs or for supplyin or altering data 
from the command level. This second type has two formats which 
may be used as the need dictates. The first format is ten 
contiguous 1 word locations with the syabolic names of COMO thru 
COMS." The second format 13 a buffer that consists of sixteen 
contiquous 16 byte areas (256 bytes total) with the names of BFOO 
thru BF15. Any COM or BF areas may be accessed by ‘Ye user 
prograns and “also altered from the c th the FILL 
command. 

ommand level w 
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1/0 ARERS 

Since many I/0 operations will not be den tue ty upon usage of 
specific memory locations, MPG provides two types of 1/0 areas 
which have agin res ayabolic s aes. For each Ha ram there 138 
a varisble length read Brea (ROIO) followed immedia ely in yet 
by a variables length write area (WRIQ). When Entering 0 
Fetching each projran the user is aske tonapeeity the size 
these afeas. The p eset values, which are es, may ba 
changed to ony value from O to 32766 or the largest bllowsd by 
memory $126. IO and WRIO are unique to each pro ram and even 
though two or a re pprogyans may bg usin the sa Fmbol ic hangs, 

g differ cach! program wi ferenci nt areas of memory 
other aa. enaeh 18 Known as FREE, extends from thy end of 
MPG te the end of menor Its size will be determined by the 
size memory 3 he number and Jength of user programs. 
Tapertent aspects of “FREE are its use as an area for large 1/0 
operations and as a common area where I/0 data is passed etween 
programs. Caution should exercised when mul tigie programs are 
arb trarily usiA area since the date redd by one 
program could destroys another program’s data. 

Note: In the Memory Management version of the combined 
sizes of ROIG and BRIO cannot exceed ty oer bytes. FREE 
will have @ maximum size of 24,576 byte (1cK dords) and 
will exist at the lowest lek words of available memor 

{ 12K words are not available, FREE will be at ¢t e 
largest area available. 

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

It should be noted that the user is nct required to use these 
areas and has complete freedom if eeratns specific memory 
addresses and b te counts for h 1s operations. course, 
this freedom tempered by the nacessety of liscretion in the 
user’ s selection. of memory areas. They should not be within MPG 
or other user progcans. Ys within his® program area, they must be 
ui thin his ROIO and WRIO areas. They may Se anywhere within Free 
emory. 

If the user 18 doing only read operations or only write 
operations and their length exceeds the size of ROIO but ire less 
than the combined size 9% ROIO and WRIO, he om specify ROIO as 
the 1/0 area. Since WRIO follows tn memory and 18 
contiguous, the user has in effect an I/0 area the size of ROIO 
lus WRIO. Care must be taken to never perform reads, whose 
ength exceeds the size of ROIO plus WRIO, into ROIO or reads, 

whose length exceeds the size of WREO, into WRIO. If this 
occurs, the program’s source statements were possibly its object 
code will be destroyed. 
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MPG Features (Cont'd) 

3.5 OPERATION SWITCHES 

Since there are several functions common to the type of programs 
written with MPG (printing of error information, stopping after 
an error, etc), these functions are provide as integral 
components of . However, in certain situations some or all of 
these functions may not be desired. Therefore, MPG has for each 
progran a set of software switches (bits) that are interrogated 
hr oughout execution of the user’s program. These switches are 

preset to default 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 particular progras while the other” OPSW 
fermat provi es for setting all resident programs to the same 
value with one command entry. The third method is by statements 
in the user’s program. By Using the symbolic name , the user 
progran can contain statements that reference its OPSW and modify 
he switch values at any time during execution of the program. 

As will be seen, certain bits in the OPSW word are not used by 
MPG. If the user wishes, he may utilize these bits for his own 
urposes. Since each OPSW word 13 modifiable from the command 
evel and the user program can interrogate any bits in it, these 

bits may de used to control the execution of a program in a 
manner to be determined by the user. 

The switch (bit) meanings of each program’s one word OPSW have 
been defined in accordance with the Standard bit usage listed in 
the Diagnostic Engineering Standards Document # 175-003-009-0 and 
are as follows: 

OPERATION SWITCHES 

Preset value is: 100000 

BIT VALUE FUNCTION 

is= 0 Continue program execution on error. 
1 Cease program execution on error. ‘Preset) 

14= O 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. 

le = O Not used. 

ll= 0 Not used. 

id= QO atop when the device list 1s exhausted. 
1 Cycle the device list. 
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tinue on current device on error. 
to next device on error. 

bit 18 = 0.) 

Perform error checking. 
Do not perform error checking. 

o not perform special operations. 
erform special operations as indicated in 

the device routine’s documentation. 

Not used. 

Check for I/O timeout. 
Do not check for I/O timeout. 

Automatically display device counts 
based upon the value of Bit 3. 
Do not display device counts. 

Display device counts at the 
end of each program pass. 
Oi:splay the counts only after the 
final program pass. 

Clear the device counts when the 
RUN command is issued and after each 
progres pass except the final pass. 
lear the counts only when 

the RUN command is 13sued 

Print all data non-compares detected 
with the VERIFY statement. 
Print only the first date non-compare 
detected with the VERIFY statement. 

Print ’PROGRAM COMPLETED’ message after 
the final pass of the pocar aa. 
Do not print ’PROGRAM COMPLETED’ message. 
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OPSW BIT LAYOUT 
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Preset Value = 100000 
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4.0 DESCRIPTION OF OPERATION 

MPG 1s provided on XXDP media and may be loaded by the XXDP 
Monitor or UPD1/2 programs. However, inherent with MPG is the 
ability to operate on media which 18 dedicated solely to MPG. In 
this Case, MPG provides its own boot and loading functions. 
Refer to Section 8 for instructions concerning creation of MPG 
dedicated media. Also, refer to Section 6 for instructions 
ertaining to the loading of MPG by XXDP or from its own 
gdicated media and to Section 7 for an example of initiating 

After being loaded, the MPG Stand Alone Executive’s housekeeping 
section will initialize vector locations O through 276, determine 
the memory size, clear higher memory, and request the date. 
After receiving the date, the Execulive will attempt to access 
Memor Management 3 MARO register. If found, a message will be 
issued that asks if Memory Management is to be used. If the 
reply is Y, <CR>, or <LF>, the name of the MPG file to be loaded 
will be set to ThMAnm.MPG. If MMRO was not found or if the reply 
was N. the file name will be set to TMGAnm.MPG. Next, new 
console terminal constants are requested followed by the loading 
) . 

Note: The remainder of Section 4 (Description of Operation) 
ertains to the non-Memory Management version of MPG. 
he Memory Management version is nearly identical in 

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

Once loaded, MPG will assume control of the processor. 
Housekeeping will be performed followed by the typing of MPG’s 
title line which includes its version number and the addresses of 
the restart points. (The restart point RST1 provides for 
complete clearing of internal MPG flagwords, tables, and user 
programs while RSTe performs the same functions except that any 
user programs are left intact.) After the title message i8 
displ aye , MPG will load the Valid Devices Table, which 18 file 
TVORna.MPs, from the load device and place it in MPG’s program 
space. ext, a Memory Map, which lists the Free Memory 
available, will be displayed. alpen completion of the Memory Ma 
display, APG types its ENTER C message followed by an asteris 
and 18 now ready to receive its first command. 

The MPG user comaands provide a variety of services such as 
operation control, user program definition and execution, progran 
modification program storage and retrieval, etc. These 
commands, whic re listed in Appendix A, result in immediate 
action by MPG. After each command is entered, it 18 checked for 
ralidi ty and then the task it specifies 18 performed. Following 
this, MPG types an asterisk and waits for the next command to be 
entered. 1s continues until the user has entered al] desired 
coumands except PUN. At this point, a RUN command or a null 
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4.1 

keyboard entry (carriage return only) will cause MPG to proceed 
to user progrem@ execution. When all programs have completed or 
1f no programs were available for execution, MPG will return to 
request additional commands. 

ENTERING A PROGRAM 

Upon recognizing the ENTER commend, MPG will issue the 7ASGN DEV: 
message which requests an entry Ihat is either the keyword NONE 
or the mode] number and if applicable, the decimal unit numbers 
(from 1 to 16 unit numbers specified individually and/or as 
strings) of the supported device for which the grogran is to be 
written. Following this message and reply wo more messages, 
which display the preset sizes of ROIO and WRIO and request neu 
values, are issued. For each message either a null keyboard 
entry, which indicates that the preset values are to be used, or 
a decimal number, which specifies the desired size of each area 
in bytes, may be entered. 

If the reply to the *ASGN DEV: message was NONE, 2 small dummy 
device routine, which occupies mifimum memory space, will be 
generated followed by MPG proceeding to program statement 
processing. If a model number was entered, the device routine 
or the model specified will be loaded into memory with its 

filename being dis layed on the console terminal. Acting upon 
information contained within the device routine, MPG will issue 
the first of three messages. These messages, each of which 
require a reply, will identity and display the preset values for 
the device’s device register address, interrupt vector address, 
and bus request priority in that order. After each is displayed, 
a read will be issued to the console Keyboard. If data is 
entered, it will be used to replace the existing data. If a null 
entry (carriage return or line feed only), the Original data will 
be left intact. The first two messages process one word of data 
while the third has the capability of displaying and receiving 
two words (separated by a comma). This feature 19 required for 
communication devices which require different bus priorities for 
read and write. If the second bus priority word (write’s) 18 
zero, only the first word (read’s or the Snly priority) will be 
isplayed. 

Note: If the reply to the ASGN DEV message is terminated by a 
line feed (instead of 2a carriage return), the subsequent 
messages and replies for ROIO size, wRIO size, device 
register address, interrupt vector address, and bus 
priority will be b passed and results in their preset 
values being utilized. Also, 1f the reply to any one of 
the five mesSages just mentioned 13 terminated by a line 
feed, any remaining messages will be bypassed. 

When device routine processing 18 completed, MPG allocates room 
for the ROIO and WRIO areas, issues a message indicating that :t 
1s ready to receive program statements and then types a ‘greater 
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than’ (>) sign. Ar this time the user begins entering these 
statements. (Refer to the sample programs included with each 
Device Routine description in Appefdiz DO.) Since all progres 
statements must have a line number as their first component, this 
must be the first entry for the statement. The user may enter a 
1 to 4 character decimal number followed by a tab (or 8 ce) and 

will use that as the statement’s ITne number. Or, he may 
enter a space and MPG will generate a new line number which has 
the value of the current line number + 10. After the line number 
1s defined (by either method), the progres statement is entered 
on the same line and followed by & carriage return. As each 
entry 18 received, it 18 validated and then stored in memory tn a 
condensed format. This continues without any other actions until 
the END and DONE statements have been procesSed. Following the 

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

Nezt, MPG issues 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 enter the MM command 
and have displayed on the console terminal a memor map, which 18 
a series of messages listing the starting and ending addresses 
for each user program and for Free Memory. Included for each 
proaren 1s its name if it was fetched or the default name of 

if at has been entered without 8 name being specified. 
Also included 18 the mode! code of the device assigned to the 
program. Whether the memory nee 1s displayed or not, the user 
May now execute the program just defined, list the program 
statements and the octal machine code generated for the progres, 
define another program in a different program slot, or initiate 
any other MPG command. 

When the ENTER command or the FETCH command 18 issued, MPG makes 
no checks as to whether a program already exists for that slot. 
If one does exist, it will be destroyed by the new program. 

EXECUTION OF A PROGRAM 

Once the user has defined one or more progr ans. he may initiate 
their execution through use of the command. The format of 
this command provides for activating oa single grogran or multiple 
programs with each progran being started at ifs beginning or, 
optionally, at & specific statement on the first unit. {ter 
entering ai: desired commands, the entry of the RUN command wil! 
initiate program execution. 

Note: If desiring to cont:nue execution of a previously stopped 
program without initiating any other programs, the 
issuing of the Continue command (CONT p) followed by 
either a null keyboard entry or the RUN command without a 
program number will initiaté program execution. 

J 
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tee" recognizin any of these entries, MG will begin scanning 
t rams ait aitiliaing a pol Jing te loop technique. Starting 
with to #1, check each and ascertain if a 
program 13 presents If not, it sroceeds. to the next slot. Ifa 
rogeae 1s present, an internal program laguord will be tested 

determine if the program has Phe n specilied for execution and 
if rt has, whether it hes been stopped the user or by an error 
occurrence. If neither of the stop Peond tions are present and if 
the ¢ program 1s not waiting for an 1/0 termination, then contro) 
wil) he prog gram’s object code at its current 
address. The program will retain control arecuting) until one 
of the following Conditions causes it to return contro} to : 

- The Device Routine has initiated a high level 1/0 command 
and 18 waiting for device termination. 

transferred to 

~ The Device Routing attempted a high level I/0 command but 
the contro] unit was already busy. 

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

- The user program contains a Control Release (LETGO) 
statement ubre 13 being performed. 

- The user program hes ae 

Upon receiving control again in, performs the necessary 
functions for’ suspendin ha progr ree Pand then proceeds to tes 
the next program slot. Alter processing the last frogs rama slot, 
the scanning will resume ath progres rot $1 pro raai 
are waiting for I/0 termination, MPG will “continue 
through the program slots looking for _s program that is ready 
continue execution. When one of the 170 functions terminates 
the next time that its associated program slot is scanned, 
program execution will be resumed. When a device 18 already busy 
or when a control release (LETGO) 18 188uUed, progran execution 
will be resumed on the next program slot scan. This allows all 
other programs at least one chance at execution before these 
programs regain control. 

Program slot scanning continues until all programs have either 
terminated or been stopp the user or because of errors. If 
multiple units were eeitied for the ford gram’s device, the 
program will be run on each unit before terminating. When 
processing a program’s termination, MPG will issue a ” p 

nessig e for that peesran. Upon determining that al 
program slots sree inactive, will return to the command 
section and request new commands. 

An automatic feature provided t MPG at program termination 18 
the display of the applicable statistic ebun s accumulated by the 
the program’ s device routine. These counts, which include the 
commands issued, bytes read and/or written, and errors, are 
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displayed at the end of each program pass or when continuing to 
the next unit upon detecting af error on the current unit. The 
automatic display of these counts and when they will be displayed 
are controlled by bits in the progran’s word. Another 
method to displa he e counts at anytime is with the REPORT 
command. he operand wil] isplay the same information 
that 1s automatically displayed at the end Of a program pass. 

As mentioned previously, when a program returns control to MPG 
its execution will be suspende This consists of storing the 
contents of registers through and the in a reserved area 
within the program’s space. Also stored in this space are any 
words left on the stack by the user program. When determines 
that a progran is to be given control again, it will reload the 
stack with afy 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 is thirty. If a user progran returns control with more 
than 30 words on the stack, it will be aborted with an error 
condition. 

Whenever @ program is specified for executicn with the RUN 
command or when 1¢ 18 repeated for the next device in the device 
list, all storage areas for the registers, stack words, temporary 
work areas (TADO through TM1S), the device routine words (BLK, 
CYL, SECT, etc.), and the a plicable device routine counters are 
cleared to zeros or set to their preset values before starting 
the program. Clearing of the device routine counters can be 
controlled by the user with bit 2 in the program’s OPSW. The 
user may specify that these counts are to be reset only when the 
RUN command 18 issued. 

INTERRUPTING USER PROGRAMS 

While user programs are executing the user may enter commands by 
first garning MPG’s attentior with an CONTROL ’C’ entry from the 
keyboard. Upon recognizing this entry, which will be honored 
on y if user programs are executing, MPG will suspend execution 
of the user programs and abort any outstanding read or write 
issued by user programs to the console terminal. As an added 
debugging aid, MPG will display the values of the PC and SP at 
the time of interrupt and whether a user progran (identified b 
sts number) or MPG had control. Following this message, 
types sts ENTER CMND message and the asterisk which 18 preceded 
by an I to indicate that MPG 18 at the interrupt command level. 
AY this time the user may enter any command with the exception of 
those that could change the position in memory of the currently 
executing programs or the current device number for a user 
program. The Commands which will not be honored are: 

E02 
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ENTER FM 
“FETCH ASSI (directed to a program) 
MODIFY SHIF (Memory Mgmnt only 
DELETE UBMAP (Memory Mgant only) 

After all desired commands have been entered (changing of OPSW 
values, stopping a progras, etc) and the RUN command or the null 
entry made, execution of the user programs will be resumed at 
their point of interruption. 

If the user wishes to use one of the restricted commands, he must 
issue the STOP command for all executin programs and then let 
program execution resume. Return to the Command entry section 
will occur immediately if a program did not have control at the 
time of interruption or if one did, when it releases control. 

One command has been included specifically for use when 
interrupting user programs. The KILL command provides the user 
with the ability to e:ther abort a program that has hung in a 
Joop which does not allow return to or to force an immediate 
termination of a program. Any program stopped with the KILL 
command can be restarted only with The RUN command. 

USER PROGRAM MODIFICATIONS 

After a user program has been entered, the need may arise for 
replacing or deleting existing statements or for the insertion of 
new ones. Rather than require the user to re-enter his entire 
progras with updates applied, MPG contains a source correction 
acility which provides the functions necessary for this purpose. 

Once the user has defined a program, he may alter its statements 
through use of the MODIFY command. When this command, which can 
specify only one progran, is entered, MPG sets itself to accept 
program statements from the keyboard. Each statement entered 
must contain a ling number (statements have a 1 to Y digit Jine 
number as their first component) and it is this that identifies 
the Lupe of update required. A line number followed by the word 
DELETE will cause the deletion of the matching numbered statement 
in the program. If a program statement is entered and its line 
number matches an existing statement, the original statement will 
be replaced with the new statement. If there 18 not a matchin 
line number, the new statement will be inserted in correc 
numerical sequence. After all corrections have been entered, the 
user issues the DONE command which causes MPG to re-compile the 
modified program. Following this, MPG returns to request another 
command. 

If the user desires a listing of all statements in his updated 
program, he may issue the DISPLAY command which will display all 
statements and optionally, the octal machine code generated by 
the compiler, cn the console terminal or alternate print device. 
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| Another form of progras modification is accomplished with the 
ASSIGN command. ith this command the user can change the unit 
numbers assigned to an existing progran or even change the device 
constants for the program. If the user wishes to change only the 
device constants (dévice register address, interrupt véctor 
address, or bus priority), all that is needed ts the ASSIGN 
command issued with the original model and unit numbers. The 
existing values for the addresses and priority will be displayed 
and then changes, if any, can be entered. 

SAVING AND FETCHING OF USER PROGRAMS 

Since some user programs may be rather Jarge and under various 
conditions may need to be keyed-in e number of times, MPG 
provides the abit to save and then later retrieve the user 
programs statements on either the system load device or paper 
ape This capability 1s accomplished Through use of the ASSIGN 

VE, and /FETCH commands. 

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 1s the preset device for these commands. 
Refer to section S.2 for more details. 

7 

The /SAVE command identifies the reviously entered program whose 
statements are to be saved and the name that they will be saved 
under. After receiving this information, MPG will extract each 
rogram statement stidred in the condensed format, expand it to 
ull format, and then write 1¢t to the SAVE device in the correct 

blocked format. This continues until all statements have been 
processed. MPG then returns for the next command entry. 

The /FETCH command identifies 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 1h section 
3.1. The one major difference 18 that the FETCH device 1s 
searched for the named program and that the program statements 
are read from it instead of the keyboard. Other functions such 
as device assignment, statement validation, and program 
compilation are performed in the same manner. 

Additional commands are provided to aid the user in the saving 
and fetching of his programs. The /LIST command provides a 
directory of the programs resident on the FETCH device while the 
/DELE command allows the user to delete programs from the SAVE 
device. The /ZERO command will initialize a new medium on the 

evice. 



M.P.G. Page 20 

5.0 DEVICE SUPPORT INFORMATION 

5.1 DEVICES REQUIRED FOR MPG 

The devices required by the stand alone version of MPG are 
necessary for its lodding and communication with the user. Any 
other devices required would be the units to be tested. The 
following are the miniaum requirements: 

- One POP-11 series central processor 
(LSI-11 through 11/70) with a 
minimum of 16K words of memory. 

- Any one of the following load media 
devices: 

- TUS DECtape transport and 
associated TC1! control unit. 

- RKOS DECPACK disk drive and 
associated RK11 contro! unit. 

- TU10 MAGTAPE transport and 
associated TM11 control unit. 

- TUL& MAGTAPE transport and 
associated TMO2 control unit. 

- RXO01 Floppy Disk drive and 
associated RX11 control unit. 

- RPOW Disk drive and associated 
RH11 control unit. 

- One console terminal (LA3O, LASS 
LT33, or VTOS) and its associated 
control unit. 

- Device to be tested 

S.2 OPTIONAL DEVICES FOR MPG 

The devices listed in section 5.1 are required for MPG and its 
Executive. There are, however, additional devices which may 
optionally be used for certain MPG functions. The support for 
these devices 18 completely independent of the high level 170 
device routines. 

The LIST device, which is initially assigned to the consol 
terminal, can be assigned to a printer (LP11, LS11, or LVI1 
through use of the ASSIGN comand. When this option is used, al 

¢ 

print information generated by the user programs, high level 1/0 
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device routines, program source displays (DISPLAY command), and 
the directory disp “y (/LIST command) will be directed bo the 
rinter. if desiring Yo resume use of the console terminal as 
he LIST device, @ 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 device through use 
of the ASSIGN command. Either or both the SAVE and the FETCH 
device may be assigned to another unit on the load device. This 
1s accomplished by entering the load device by model number 
followed by the delired unit number with the IGN command. The 
FETCH device can be assigned to the paper tape reader (PCi1 or 
PRI1) | and the ratte yievice to the paper i punch Cred). It 
shou ¢ note at when using paper tape ¢ use of certain 
MPG commands (/LIST,  /DELETE, “BOOT, end /ZERO) will result in 
errors being reported. Also, even though not used, the one to 
six character program name used in the /SAVE and /FETCH commands 
must still be supplied when using paper tape. After assigning an 
alternate SAVE or FETCH device, reassignment to the load device 
can be accomplished by assigning either LORD, NONE, or its model 
name and unit number fo the desired device. 

MPG DEVICE USAGE DETAILS 

Sections 5.1 and S.2 list the devices that can be used by MPG for 
its own functions. This section provides the details dbout MPG 
usage and also general information about the devices. 

Console Terminal 

The console terminal driver :3 located in the Executive and 
operates in an interrupt driven mode. The preset values for its 
device constants are: 

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

Write: Device Register Address = 177564 
Interrupt Vector Address = 64 
Interrupt Proc. Status Word = 200 (BR 4) 

During its one time housekeeping, the Executive samples the 
console terminal by testing the write status register. If not 
there or 1f READY 18 not set, the Executive will halt. (This 1s 
the only halt in the Execulive that is not preceded by an error 
message.) When stopping at this halt, register RO contains an 
address which points at the word containing the reed device 
register address. The five words following this word are in the 
same order as Jisted above. At this time, the user may change 
any or all of the siz words and thereby direct MPG to an operable 
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console terminal. After the changes have been made depressing 
CONTINUE will cause MPG to repeat the console terminal test wit 
the new values. 

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

RUBOUT The last character entered on the current read will 
be deleted. The character or characters deleted are 
typed and enclosed in backslash (\) characters. If 
a entered characters have already been deleted, a 
carriage return/line feed will be typed. 

CONTROL/U Types the “fU" characters, deletes all data entered 
on the current read, and then types a CR/LF. 
Effectively re-initializes the current read. 

CONTROL/C This entry 18s honored only if user programs are 
running. When processed, it causes any read or 
write to the console terminal to be aborted, the 
"#0" characters to be typed, and entry into MPG’s 
User Interrupt Mode to be made. 

CONTROL/O Causes all further writes to the console terminal to 
be suppressed. This action remains in effect until 
MPG returns to request a new command or until an 
error 18 detected by MPG components other than the 
Device Routines. If used while user programs are 
running, al] messages issued to the console terminal 
are suppressed and will remain suppressed until all 
user rograms have either een stopped or 
terminated. If desiring 9 hesuae typing during 
user program execution, a CONTROL/C entry will rese 
the intefnal software flag used for suppressing 
typeouts. During command entry there is no way to 
resume typing until the current command completes. 

CONTROL/S This entry instructs MPG to suspend all further 
writes to the console terminal after the current one 
completes. The console terminal is put in a 
simulated busy condition and remains so until any 
character, other than a CONTROL/S, 18 entered on the 
keyboard. This character 18 discarded and typing 
will resume at the point of interruption with no 
loss of data. This feature can be used while user 
programs are running and will have the same effect 
on their output. 

For console terminal writes bul ferring 1s provided for up to 
twenty bytes. There 18 ns bufferring or read data. 
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; PRINTER 
Any of three printers (LP1i, LSI1, or LVI1) can optionally be 
assigned as the MPG LIST device and will be used for certain 
display functions. The driver for the printer is interrupt 
driven and operates with the following preset constants: 

Device Register Address = 177514 
Interrupt Vector Address = 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 
wilt be isplayed after each ASSIGN command and can be changed if 
esired. 

PAPER TAPE AND LOAD MEDIA HANDLERS 

' The handlers contained 1n MPG periorm the services required for 
rogram and file maintenance. This includes the loading of MPG 

' iles, the saving and fetching of user programs, directory 
ur displays, etc. rently, MPG Supports seven handlers which are 

for the following devices: 

PC11/PR11 Pager Tape 
RK11 DECpack Disk 
TCil DEC ape 
TeO2 MAGT: 
TM11 MAGTAPE 
RX11 Floppy Disk 
RPO4 Dis 

Due to size requirements, the MPG Executive will contain the 
Paper Tape handler and only one of the other handlers which wil] 
be its load media. This results in siz versions of the Executive 
with each supporting a different load medium. Refer to Section 7 
for further details concerning the various Executives and 
instructions for generating MPG load media. 

These handlers are modified versions of the XXDP Progran 
handlers. They are not interrupt driven and require only device 
register addrestes for their operation. Oue to their original 
x implementation, the device register addresses are fixed and 
cannot be changed. the following ire the addresses for each 
evice: 

177550 = PC11/PR11 Paper Tape Reader 
177SS4 = PCI1 Paper Tape Punch 
177400 = RK11 DECpack Disk 
77 = TC11 DEC ape 

172440 = TMO2 MAGTAPE 
172520 = TM11 MAGTAPE 
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70 = RX11 Flo Disk 
= RPOY Disk’? 

ES SUPPORTED FOR USER PROGRAMS 

itle of this section is somewhat misleading. Devices 
dered as suppor ted under MPG are those for whic high level 
unctions (Read, Write, Seek, etc.) are available. Owever, 
to the tlerability and power of the low level Jenguage, a 
edgeable user may program at the device interface level and 
fore, in a lesser sense of the word, has support for 
really any POP-11 device. So, even though the device you 
fo @xertise may not be in the follows g list, do not lose 

-. You will just Rave to work a little harder than if the 
level 170 lunctions were available for the desired device. 

so, 1t 18 still easier to program the device interface with 
instead of composing the necessary instructions in octal 
ne language and writing them to memory. 

ported Devices: 

DHii 16 Line Programmable Asynchronous Multiplexor 

DJ11 16 Line Asynchronous Multiplexer 

DL11 Single Line Interface 

DQil NPR Synchronous Line Control 

DUL1 Single Line Synchronous Interface 

LPLI/LSII/LVI11 Printers 

PCLI/PR11 Paper Tape 

RKO6 Disk 

RK11 Cartridge Disk 

RPO2/RPO3 Disks 

RPOY/RPOS/RPOG Disks 

RSO3/RSO4 Disks 

TC11 DEC Tape 

TM11 Magnetic Tape 
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S.S DEVICE SUPPORT SUMMARY TABLE 

The following table reflects the type of support provided by MPG 
for each 
functions 
and the other devices ¢t 

device. Note that some devices are supported for MPG 
but not for high level I/O operations. hese devices 

at are listed but which do not have high 
level I/0 support indicated, all have small basic device routines 
which contain the symbolic names of the device registers. Also, 
devices that are supported as SAVE and FETCH devices, other than 
paper tape, are app 

DEVICE 
MODEL 
NAME 

Q
e
 

fe
e 

Gen
et 

Sa
at
 

Ha
e 

Pi
et
 

Hu
me
 
Ha

d 
ms
e 

Pan
e 

Hu
s 

Ha
ne
 
Gu

s 
fa

me
 

Pr
ee

 
Pe
 

Qe
ne

 
fn

e 
He

ws
 

Ga
ne
 

fu
e 

Pu
n 

fa
me
 

fa
me

 
Ham

eo 
ae
 

Ga
ne
 
fu

e 

RKOS 

icable only if they are the MPG load device. 

HIGH 
LOAD LEVEL LIST FETCH SAVE 

DEVICE 1/70 DEVICE DEVICE DEVICE 

X 
xX 
X 

X 
X 

X xX 
x x 
X X 
X X x 
X x 

x 
X 
x x 
x 
x 

x xX X 
x X x xX 
x xX x 

X 
Xx 

X X x 
x x xX 

xX xX xX X 
x x x 
xX x X Xx 
X x X x 
X X x 
X X Xx x 
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MPG LOADING INSTRUCTIONS 

As stated previously, MPG 18 supplied on XXOP media but has the 
ability to operate Trom media which 18 dedicated to it. Section 
6.1 contains the information concerning loading of MPG through 
XxDP while sections 6.2 through 6.8 pertain to MPG dedicated 
media. 

The boot procedures contained in sections 6.2 through 6.8 may be 
used to load either XXDP or dedicated MPG media. Conversely, 
the boot procedures listed in the XXDP User’s Manual may also be 
used for loading both types of media. 

Upon completing any of the following load procedures, MPG will 
perform its housekeeping functions, request the date, issue its 
intialization messages, and then type an asterisk to signify its 
readiness for the first user command. 

LOADING VIA XXDP 

After loading the XXDP Monitor by using the instructions in 
either the "s User’s Manual or in sections 6.2 through 6.8 
the Monitor will type its title line and usage information and 
then wait for a keyboard entry. At this point the user may 
directly load MPG by typing one of the following command 

e followed by a carriage return: 

R TCMPG (TC11 version) 
R RKMPG (RKI1 version) 
R TMMPG C(TMLI/TUIO version) 
R THMPG (TMO2/TULB version) 
R RXMPG (RX11 version) 
R RBMPG (RPOY version) 

This entry results in the specified version of MPG being loaded 
and contro] being transferred directly to it. / 

The difference in the versions listed above consists of the type 
of device that will be used as the primary SAVE/FETCH device. 
Paper Tape 1s the secondary device in all versions. 

An alternate method of loading MPG 18 through XXDP’s UPD] or 
programs. Instead of loading MPG directly as just 

described, enter either “R UPOI™ or “°R UP as the reply tu the 
Monitor. The selected UPD program will be loaded and will 
request the date. After making this reply, an asterisk 1s typed 
and the program waits for a command entry. At this point the 
user must enter two commands in order to initiate .. The 
first command specifies that e program is to be loaded, the 
device from which 1t will be loaded, and the program's fame. 
The valid program names are those listed previously but with 
.BIN extensions. The second command initiates execution of the 
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6.2 

6.3 

loaded progran. An ezen is of { loading and initiating the RKII 
version of from an 1 pack 18 as follows: 

LORD _DKO:RKNPG.BIN 
START 

The only difference in MPG’s operation when loaded under XXDP 13 
that after MPG requests the date, it will request the unit 
number of the drive that 18 to be assigned as the initial 
SAVE/FETCH/LOAD device. When loading dedicated version of 
MPG, it 18 always set to the load device. In the prior example 
areply of O will set the SAVE/FETCH assignment to the same RKIL 
unit as which MPG happened to be loaded from. 

It should be noted that when re assumes control, it will 
destroy the XXDP Monitor and any UPD iprogran in core. In order 
to resume XXDP operation, the lodd medium must be rebooted or 
MPG’s /BOOT command used. 

DEDICATED MEDIA LOADING INSTRUCTIONS 

The following sections contain mae information and instructions 
neccessary for the eG iapal ef Each section will ap to a 
specific type of MPG input med fice. As additional a are 
supported, their rastructions will be added. 

TC11 DECTAPE INPUT 

The following are the initial steps for loading from DECtape: 

1. Mount the MPG tape on unit O. 

eC. Set the REMOTE/OFF/LOCAL switch to 
REMOTE. 

3. If hardware bootstrap loaders BM7S2-YB, 
MRI1-08, or BMB73-YR/YB are present, go 
to section 6.3.1. 

4. If not present, go to section 6.3.2. 

6.3.1 TC11 HARDWARE BOOTSTRAP 

1. Set the Switch Register to: 

773100 for the BM7S2-YB or, 
773120 for the MR11-0B or, 
773030 for the BN873-YA or, 
773070 for the BM873-YB. 

c. Press the LORD ADOR switch. 
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6.3.2 

6.4 

3. If the BM792-YB, set the Switch Register 
to 7773944 (word count register for 
DECtape). 

4. Press the START switch. 

TC11 SOFTWARE BOOTSTRAP 

1. Set the Switch Register to Q10000 and 
press the L ADBR switch. 

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

10000= 12700 MOV STCWC RO 
177344 
12710 MOV 8-256. , TCWC 

177400 
100:0= 12740 MOV 84002, TCCM 

$710 A: TST TCCM 
100376 BPL A 

10020= te7ig MOV 83, TCCM 

10S710 8: ITSTB TCCM 
100376 BPL B 

i 12710 MOV aS, TCCM 

105710 C: ITSTB TCCM 
100376 BPL C 

10040= 5007 CLR PC 

3. Set the Switch Register to Q10000 and 
press the LOAD ADBR switch. 

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 Jock 1t, and then 
wait until the drive 13 ready. 

2) «If hardware bootstrap loaders BM792-Y8, 
MRi1-DB, or BM873-YR/YB are present, go 
to section 6.4.1. 
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4) If not present, go to section 6.4.2. 

6.4.1 RK11 HARDWARE BOOTSTRAP 

1) Set the Switch Register tc: 

773100 for the BM7S2-YB or, 
773110 for the MRI1I-D8 or, 
773010 for the BMB73-YA or, 
773030 for the BM873-YB. 

2) Press the LORD AOR switch. 

3) If the BM7S2-YB, set the Switch Register 
to 777406. 

4) Press the START switch. 

6.4.2 RK11 SOFTWARE BOOTSTRAP 

1) Set the Switch Register to O10COO and 
press the LOAD switch. 

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

10000= 12700 MOV BRKWC , RO 
177406 . 
12710 MOV 8-256. , RKWC 

177400 
10010= lene MOV aS, 2KCS 

105710 A: ISTB RKC5 
100376 BPL A 

10020= 5007 CLR PC 

33 Set the Switch Register to 010030 and 
press the LOAD switch. 

4, Fraess the START switch. 
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6.5 

6.5.3 

6.5.2 

TM11 MAGTAPE INPUT 

The following are the initial steps for loading from magtape: 

1) 

2) 

3) 

Mount the MPG tape on drive O and make 
it ready ba rewinding it to BOT end 
placing it LINE. 

If hardware bootstrap loaders MR11-08 or 
BMg73-YA/YB are present, go to section 

If not, go to section 6.5.2. 

TM11 HARDWARE BOOTSTRAP 

1) 

2) 

3) 

Set the Switch Register to: 

773136 for the MR11-DB or, 
7730S0 for the BMB73-YA or, 
773110 for the 88873-YB. 

Press the LORD ADR switch. 

Press the START switch. 

TM11 SOFTWARE BOOTSTRAP 

1) 

2) 

Set the Switch Register to Q10000 and 
press the LOAD switch. 

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

1o0000= 12700 A: MOV SMTBRC, RO 
172524 

$310 DEC MTBRC 
12740 MOV #60011, MTC 

10010= 60011 
105710 B: TSTB MTC 
100376 BPL B 

$710 TST MTC 
10020= 100767 BMI A 

12710 MOV #60003, MTC 
60003 

105710 C: TSTB MTC 
10030= 100376 BPL C 

M.P.G. 
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6.6 

6.6.1 

6.6.2 

3) Set the Switch Register to O10000 and 
press the LOAD switch. 

4) Press the START switch. 

TMO2 MAGTAPE INPUT 

The following are the initial steps for loading from magtape: 

1) Mount the MPG tape on drive O and make 
it ready by rewinding it to BOT and 
placing it OR-LINE. 

2) If hardware bootstrap loader BM873-YB 1s 
present, go to section 6.6.1. 

3) If not, go to section 6.6.2. 

TMO2 HARDWARE BOOTSTRAP 

1) Set the Switch Register to 773150. 

2) Press the LOAD ADR switch. 

3) Press the START switch. 

TMOG2 SOFTWARE BOOTSTRAP 

1) Set the Switch Register to O10000 and 
press the LOAD switch. 

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

10000= 12700 MOV sMTCS1,RO 
172440 
12760 MOV #1300, MTTC 
1300 

10010= 3e 
12760 MOV 8-1, MTFC 

177777 

10020= 12740 MOV #31, MTCS1 

5760 A: TST MTOS 

10030= 100375 BPL A 
12760 MOV #-256. , MTWC 

177400 
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6.7 

6.7.1 

6.7.2 

2 
10040= 12710 MOV #71, MTCS1 

105710 8: TSTB MTCS1 

100S0= 100378 art TCs! 
~ 10879 C: BAI C 

CLR PC 

3) Set the Switch Register to O10000 and 
press the LOAD switch. 

4) Press the START switch. 

RX11 FLOPPY DISK INPUT 

ane, following are the initial steps for loading from the Floppy 
isk: 

1) Insert the MPS Diskette in drive OQ. 

2) Insure that the drive is ready. 

3) If hardware bootstrap loader BM792-YL is 
present, go to section 6.7.1. 

4) If not present, go to section 6.7.2. 

RX11 HARDWARE BOOTSTRAP 

1) Set the Switch Register to 173400. 

2) Press the LORD AOR switch. 

3) Press the START switch. 

RX11 SOFTWARE BOOTSTRAP 

1) Set the Switch Register to OQ10000 and 
press the LOAD switch. 

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

oe 

e
s
 

e
e
 

a 
e
e
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6.8 

6.8.i 

6.9.2 

10000= S000 CLR RO 
12701 MOV sRXCS,R1 

177170 
10S711 A: ITSTB RXCS 

10010= 1776 BEQ A 
1271} MOV 83,RXCS 

$711 B: TST RXCS 
10020= 1776 BEQ 8 

100406 BMI 0) 
10$711 TSTB RXCS 
100003 BPL C 

10030= 1161) MOVB RXDB, (RO) + 

770 BR 8 
S007 C: CLR PC 

10040= 0 HAL T 
776 BR D 

3) Set the Switch Register to O10000 and 
press the LOAD switch. 

4) Press the START switch. 

RPOY DISK INPUT 

The following are the initial steps for loading from disk: 

1) Mount the MPG pack on drive O. 

2) Load the drive, write lock it, and then 
wait until] the drive is ready. 

3) If hardware bootstrap loader BM873-YB is 
present go to section 6.8.1. 

4) If not present, go to section 6.8.2. 

RPO HARDWARE BOOTSTRAP 

1} Set the Switch Register to 773320. 

2} Press the LOAD AOR switch. 

3) Press the START switch. 

RPOY SOFTWARE BOOTSTRAP 

1) Set the Switch Register to QO10000 and 
press the LOAD ADK switch. 

~— | 
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2) 

3) 

4) 

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

10000= 42700 MOV sRPCS1,RO 
176700 
1e740 MOV #23,RPCS1 

10010= S0§o CLR RPOC 

S060 CLR RPDA 

10020= 12760 MOV #-256. , RPWC 
177400 

12710 MOV #71,RPCS1 
10030= 71 

105710 A: TSTB ~~ RPCS} 
100376 BPL A 

5007 CLR PC 

Set the Switch Register to OQO10000 and 
press the LOAD switch. 

Press the START switch. 
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7.0 INITIATING MPG 

When the Executive and MPG are nitiall loaded the 
disp play information pertinent to MPG'’s operdtion hey wi 
request information Trom the user and allow him to sp rf: if I ale 
1s to utilize certain optional hardware features if nie are 
available ee the systea. The following exanple lists’ the 
mesya 463 cen Occur during this itjeli ation p process. 

ed rief explanation of the message after each message is a 
and its tea’by responses, if any. Note that any y response a aust 
be termina either a Carriage Return <CR) or ine Feed 
(LF> and that Yaetault values are supported when either of these 
are the only entry made. For this example, the loading of MPG’s 
RK11 Executive on an 11/70 system has been chosen and all user 
responses have been underlined. Also, even though they may be 
the same as the default values, responses are shown for all 
messages requiring them. 

DTE1A-n RKMPG - RKI1 EXECUTIVE FOR MPG 

This is the Executive’s title message and lists its MAINDEC 
number, revision number, and type of load device. This 
message will be different for each version of the Executive. 

DATE (OD-MMM-YY) 

#10-FEB-76 <CR> 

The current date in standard DEC format is requested by this 
message. A valid date must be entered as the response. 

*LORD/SAVE/FETCH DEV UNIT # 7 0 <CR> 

This 18 an optional message and will occur only if the 
Executive has been loaded By either " XXDP Monitor or XXDP’s 
UPD1/2 programs. Since another ogram has loaded the 
Executiys 1t has no way of determin ning th the unit number of 
the load device. Therefore, 1 eaves! s that the unit number 
be entered. This number will al ways be retained for the LOAD 
device but the SAVE and FETCH devices may be rnuabet fo later 
with the ABSIGH command. The default unit numbef for this 
response is This message will not occur if the Executive 
1s the program that 18 booted. In this case, the Executive 
retrieves” the current unit number from the device registers 
and stores it as the unit number for all three devices. 
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?USE MEM MGMNT (Y/N) 7 Y <CR> 

This message will occur only if the Executive has detected 
the prese ce of the Memdry Management feature. The rep] 
entered will determine which version of the MPG program 3 to 
be loaded. If Memory nanagenent is not present or if N 
entered, the non-Nengr Management version of MPG (DTNGAR) 
will be loaded j entfy of Y or a default entry will 
result in DTMMAn being loaded® 

CONS TERMINAL CONSTANTS: 

This 13 a header message which precedes a series of four 
messa that allow modification of the preset values for 
const nts used with the console terminal. If a  <LF> 
terminator was entered on the reply to any of the three 
preceding messages, this message and the following four 
messages will mot be issued and their default values will be 
used. 

FILL AFTER: Ol2 / Ol2 <CR> 

Requests the octal value for the byte after which f111 
characters are to be transmitted. The default character 1s a 
Line Feed (O12). A <LF> terminator on any one of these four 
messages will cause the Executive to Bypass the remaining 
messages. 

FILL WITH: O00 / O <CR> 

Requests the octal value of the character to be issued when 
transmitting fill characters. The default character is a 
null (octal OOO byte). 

7FILL COUNT: O02 / 2 <CR> 

Requests an octal count for the number of f11] characters 
th ata are to be transmitted. Defaults to two characters. 
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7CONVERT LOWER CASE TO UPPER (Y/N) 7 Y <CR> 

This message asks the user sf he wishes the Executive to 
automatically convert console keyboard data from lower case 
to upper casé. This would be applicable if, for ¢zanple, the 
console terminal is an LASE. If the reply is N, the data 

| will not be converted and the user will have fo use the Shift 
key when making all MPG entries. Default value is Y 

At this point the Executive will load the appropriate version of 
and turn control over to it. The remaining messages listed 

are issued by the MPG program. For MPG, a (CR Or a <LFD may be 
used to terminate any responses entered. However, a <LF) 
terminator will not cause bypassing of any subsequent messages. 
Also, default values are supported for all responses. 

OTMMA-n 3 oM.P.G.  RST1: xxxzxz; | RST2: xxxzzxzx 

This 18 MPG'’s title message and lists sts MAINDEC number and 
revision number. Also included are the octal addresses of 
the two restart points available within MPG. Refer to 
Section 4.0 for details concerning the two restart points. 

MPG BASE RODRESS = xxx3xxxz 

The starting memory address of the MPG program, which 
immediately follows the Executive in memory, is isplayed in 
this message. 

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

This message will occur only if the Memory Management version 
of MPG 18 being executed and sf 1t has detected the presence 
of the Unibus rae feature. The reponse to this message, 
which has a default value of Y, will determine if MPG 1s to 
utilize the Unibus Map. 

?USE 22 BIT ADRS (Y/N) 7 Y «(CRD 

This message will occur only 1f the Memory Management version 
of MPG 18 being executed and 1f it has determined that the 
processor has ee Bat addressing capabilities. The Y response 
or the default response will instruct MPG to use ee bit 
addressing. Otherwise, 1t will use 18 bit addressing. 
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* MEM MAP # 

ABS ADRS: FREE MEM = xxrxzxxzzx TO xxrxuxxzzx (MIOL) = xxxxzzzz) 

END OF MEM = xuzurrrr 

The above messages are produced by th 
command which 1s performed as ¢ 
initialization. The starting and ending addresses of the 
FREE memory area ang 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 end address 06 
FREE’ 1s the end of actual memory. 

¢ MM (Memory Map) 
he last step in 

#1st command 

The asterisk indicates that MPG has completed initialization 
and 1s now ready to receive its first command. 
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| 8.0 GENERATING MPG MEDIA 

NPG supports operation when loaded from various media as 
specified in section 6. This support includes saving and 
fetching of user programs on the load device or other units on 
its control unit or on paper tape. Also included is the initial 
loading of MPG and the loading of the Device Routines for user 
programs. 

The files required by MPG and any user programs are stored in 
absolute format which 1s compatible with the file structure 
utilized by the XXDP pre ram. Since this compatibility exists 
and since XXOP provides file maintenance services, XXOP 13 used 
to create and maintain MPG media. This use of XXDP significantly 
reduces the size of MPG by not requiring additional commands an 
routines for functions use exclusively n MPG media maintenance. 
It should be noted that the user still has adequate maintenance 
capabilites for his programs through use of the MPG slash (/) 
commands. 

MPG and its Device Routines reside on the XXDP/MPG media in 
absolute format with .MPG extensions while the Executives have 
-BIN extensions. User programs are also stored in the same 
format but with .USR extensions. This allows the user to easily 
distinguish between his stored programs and the files provided as 
components of MPG. It also eliminates the possibility of 
duplicate file 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 in LOAD statements, their 
names more readily indicate their differences and the fact that 
they are part of MPG. Also, they do not contain revision numbers 
so that the same name may be used regardless of revision. 

For MPG components, # new serigs of MAINOEC numbers have been 
allocated and are identified by the first two letters DT. These 
two letters indicate that MPG if a Diagnostic Tool. As a general 
rule, the MAINDEC numbers match the component’s filenames except 
for lhe XXDP conventions of dropping the D and the adding of the 
MCO level. Once again, the only exceptions are the Executives. 
The fol lowing are the filenames and INDEC numbers for the 
Executives Cwhere n is the revision number and mis the MCO 
level): 

Filename MAINDEC 8 Version 

TCMPG. BIN 11-DTEOA-n TC11] DECtape Executive 
RKMPG.BIN 11-DTELA-n RK11 DECpack Executive 
TMMPG. BIN 11-OTE2A-n TM11 Magtape Executive 
THMPG. BIN 11-DTE3A-n TMOC Magtape Executive 
RYMPG.BIN LI-OTEYA-n R¥11 Flop Oisk Executive 
REMPG. BIN L1-DTESA-n RPOY Dis brecutive 



oererating MPG Media 

The actual MP 
one of the Executives, have the following {1 
numbers: 

Filename 

TMGAna. MPG 
TMRAna. MPG 

The following are the 

(Cont'd) 

11-DTNGA=n 
L1-DTMMA-n 

filenames 

programs, which can operate only when loaded ba 
en ames and MAINO 

MPG (Non Memory Management) 
MPG (Memory Makagenest) 

and MAINDOEC numbers for the 
Device Routines currently provided with MPG: 

Filename 

TOHAna. MPG 
TOJAna. MPG 

na. MPG 
TOQAaa . MPG 
TDURaa. MPG 

Device(s) 

R
S
A
C
o
L
S
F
P
S
L
 

Om
e 

Ha
e 

Pe
 

Pe
et
 

Qu
e 

He
me
 

ae
 

Ha
w 

Ha
w 

Qe
 

>
 

B
R
B
 

RKO6 
TC11/TUSE 
TM11/TULO 

The following sections contain the instructions to rpenerate the 
various MPG media using 
assume DECtape input but can be used 
from any mediua. Note that 
transfers the MPG Executives 
necessary for MPG operation but 18 shown in case the user wishe 

¢ to have 

the UPD2 program of XXDP. ese examples 
asa basis for generating 

the last command in each example 
files. This is not rea ly 

se files on the cutput medium. 
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Generating MPG Media (Cont'd) 

8.1 

G.2 

8.3 

TC11 DECTAPE MEDIA 

Assuming the MPG input medium is on drive O and the output wili 
e be created on drive 1, issue the followi:ng UPDC commands: 

COMMAND FUNCTION 

ZERO OT1: Initializes output mediue 
LOAD B10: TCHPG. BIN oads DEC tape rec into core 
SAVM OT1: uts bootable Exec on tape 
FILE OT1:<DTO:#. MPG Puts all MPG files on tape 
FILE DT1:<OTO: ??MPG.BIN Puts all MPG Exec’s on tape 

RK11 DECPACK MEDIA 

Assuming the MPG input medium is DECtape drive O and that the 
s output OECpack drive OQ, issue the following UPD commands: 

COMMAND FUNCTION 

ZERO DKO: Initializes output D€Cpack disk 
LORD DTO:RKMPG.BIN Loads disk Exec into core 
SAVM DKO: Puts bootable Exec on disk 
FILE DKO:<DTO:#.MPG Puts all MPG files on disk 
FILE DOKO:<OTO:?7MPG.BIN Puts all MPG Exec’s on disk 

TM11 MAGTAPE MEDIA 

Assuming the MPG input medium is D€Ctape drive O and that the 
output 1s MAGTAPE drive O (can be seven level or nine level), 
issue the follow:ng UPO2 commands: 

COMMAND FUNCTION 

ZERO MTO: Initializes output MAGTAPE 
LOAD OTO: THMPG.BIN Loads TMOe MAGT rec into core 
SAVE MTO: THMPG. SAV Puts bootable TMOG Exec on tape 
LORO OTO: TMMPG.BIN Loads TM11 MAGTAPE Exec into core 
SAVE _MTO: TMMPG. SAV Puts TM11 Exec on tape 
FILEF MTO: <DTO: #.MPG Puts al] MPG files on tape 
FILEF MTQ:<OT0:7?MPG.BIN Puts all MPG Exec’s on tape 
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8.4 

8.5 

8.6 

&.7 

TMOe MAGTAPE MEDIA 
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The UPDe commands necessary to generate a TMOG version of MPG are 
identical to those needed 
difference is that instead of 
used. The MAGTAPE media produced for ¢ 
loaded on either the TM11 or 
determines the load device type and then loads either 

for the TM 4 version. The only 
spetifying MTO:, MMO: should b 

e TMi! or the TMO2 may be 
the TMOe. The bootstrap loader 

he first 
or the second Executive on tape. 

RX11 FLOPPY DISK MEDIA 

Assuming the MPG input medium is DECtape drive O and that the 
8 output 

COMMAND 

ZERO DXD: 
LOAD OTO:RXMPG.BIN 
SAV DXO: 
FILE DXO:<OTO:#.MPG 
FILE OXD:<OTO:7?MPG.BIN 

RPON DISK MEDIA 

Assuming the MPG input medium 
output 1s RPON drive O, issue 

COMMAND 

ZERO 080: 
LOAD OT0:RBMPG.BIN 
SAVM DBO: 
FILE DBO: <OTO:#. MPG 
FILE DBO:<DTO:?°?MPG.BIN 

USER PROGRAMS 

The UPDe program can also 

Floppy Disk drive O, issue the following UPOc commands: 

FUNC TION 

Initializes output Diskette 
Loads F lope Disk Exec into core 
Puts boota te Exec on Diskette 
Puts all MPG files on Diskette 
Puts all MPG Exec’s on Diskette 

1s DECtape drive O and that the 
the followsng UPD2 commands: 

Initializes output disk 
Loads disk Exec into core 
Puts bootable Exec on disk 
Puts all MPG files on disk 
Puts all MPG Exec’s on disk 

be used to transfer stored user 
programs belween different MPG media. When doing this, the LOAD 
and DUMP commands may be used 
FILE or FILEF dev:#.0S 
user programs. 

R commands may be used 
for individual prograns while the 

or transferring all 

a ee es ee 
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9.0 MEMORY MANAGEMENT VERSION OF MPG 

Oo
 

The Memory Management version of MPG, which has a filename of 
THPAne. MPO requires 16K words for loading and occupies 16K words 
or less afler housekeeping. Not only does it have all of the 
features described for the non-Memory Management version, but it 
also has some additional features unique to its application and 
some restrictions. 

RODITIONAL COMMANDS AND FEATURES 

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

- During its housekeeping, the Memory Management version of 
will determine if the Unibus Map and 22 bit addressing 

are available on the systen. If either or both are, 
will ask if they are to be used. At this time the user may 
specify any combination of usage for these features. 

- When Entering or Fetching a user program, the user 18 given 
the opportunity immediately after entering the command to 
specify the starting address (aligned to a word boundary) 
of his progras's memory area. If an address is entered, the 
progeam will begin at That location and will remain at that 
ized address until deleted or moved to a new address 

through use of the SHIFT command. If an address is not 
entered, MPG will assign a memory address in the same manner 
as the non-Memory Management version. Note that fized 
address programs will be identified by an F in their ling of 
the Memory Flap display. 

- Two commands have been added and an existing one expanded 
for this version. Their full descriptions and optional 
formats are listed in Appendizs A.4. 

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

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

The MM command with a program number specified, will list 
the following detailed information about the program: 

-~- The standard information line which consists of the 
absolute program ares addresses, the program's name, 
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 RDOIO and WRIO. 

eee eee 
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-- The absolute addresses of FREE, MIDL, and the end of 
memory. 

If the Unibus Map 18 being used by the program, the 
following will also be displayed: 

-- The Unibus addresses for ROIO and WRIO. 

-- The numbers of the Unibus mee registers, which are 
assigned to the program, and their contents. 

-- The Unibus addresses for FREE and MIOL. 

-- FREE’s Unibus Map register numbers and their contents. 

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

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

9.2 TRAP ROUTINE 

A 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 in a user program while it 18 running, an attempt wil 
be made tg kill that program and ggntinus running any remainin 
rograms. If the trap occurred in ahalt will ofcur afte 
he display. Depressing the ‘CONTINUE’ switch after the halt 

will cause &@ jump to the restart (RST2) point. When the trap 
catcher 18 entered, it will display the following snformation: 

- The vector address of the trap. 

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

- The contents of the Memory Management registers (MMRO-MMR). 

- The contents of the failing mode’s PAR and POR registers. 

- Whether a user’s interrupt was being processed. 

- Whether the trap occurred within MPG or a user program. If 
a user program, its number will be displayed. 

eee 
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Memory Management Version (Cont'd) 

9.3 RESTRICTIONS 

The following restrictions apply only to the Memory Management 
version: 

- The size of each program’s area (device routine + ROIO + 
IO + source + objelt code) cannot exceed 12K words. 

- The size of FREE will be a maximum of 12K words. 

- The RESET instruction 1s a no-no and is not supported. 

- The VECTOR instruction 18 not supported. Therefore, the 
user will not be able to write and include an interrupt 
service routine in his progran. MPG’s generation of 
absolute addresses for the user program’s object code 
prohibits this feature in a virtual envifonment. 

~ Extreme care must be taken if the user 18 using absolute 
octal addresses in his program. Octal addresses, which 
reference the device registers or other registers in the 1/0 
age, are supported. However, if outside of these areas, 
raps may occur if the area they reference 18 not mapped. 

- The mazimum size of an absolute octal address entered on 
user program statements is 16 bits. This includes high 
level i statements. 

9.4 MEMORY MANAGEMENT IMPLEMENTATION DETAILS 

MPG utilizes the Memory Management feature in a manner that 18 
compatible with all POP=11 "3. This results in the Data Space 
and Supervisor Mode capabilities not being used 1f present. 

MPG operates in Kernel] Mode and then transfers the mode to User 
Mode when it gives control to a user program. Prior to givin 
contro], the User Mode PAR/POR registers are mapped to tha 
user's areas. When the user pees am gives contro] back, Kernel 
Mode will be entered again and will remain in that mode unti! 
it gives control back to the same program or to another progran. 
Interrupts generated by user program device routines are serviced 
in Kernel Mode. Also, certain provided functions utilized by 
the device routines and program statements (PRINT for example) 
will result in Kernel Mode being entered for a very brief period 
to initiate the function. 

To aid in the understanding of MPG’s operation, the following 
tables list the usage of the PAR/PDR registers for each mode: 
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9.5 

Kernel 
PAR’“POR Usage 

Q- 3 Always mapped to MPG’s program space. 
4-6 General work and also used during 

interrupt servicing. 
? 1/0 Page 

User 
PAR/POR Usage 

Q-e User’s program area 
3-5 The FREE 190 area 

6 Shared code area within MPG 
7 1/0 Page 

The values loaded into the User Mode PAR/POR registers are 
initialized only when the RUN command is issued or when starting 
the next pass of the program. When the user program is running 
and gives up control, the current contents of these registers are 
stored and then reloaded when it gains control again. This 
allows the user to set up his own values 1n certain registers and 
operate without being concerned that MPG will change them back. 
However, certain registers must never be changed or the resuits 
will be unpredictable. So, keep your hands off of PAR/POR 
registers 0, 1, 2, 6, and 7 since they are holy. If you must use 
a /POR pair, use one or more of the 3, 4, and S group. These 
are normally for FREE, but 1f the program never references FREE 
or MIDL, they can be used for other purposes. 

If the user has a program which must know whether it 1s running 
under Memory Management or not, the following two statements ma 
be used to determine this fact. The second statement wil 
perform the GOTO if Memory Management is being used: 

LORD TMOO WITH OPSW 
IF TMOO = 2 GOTO nnnn 

UNIBUS MAP IMPLEMENTATION DETAILS 

When a device routine 18 loaded for a user’s program, a flag i138 
interrogated to determine if tne device requires the Unibus Map. 
If 1t does and 1f the Map is being used, MPG will determine how 
many contiguous registers are needed (1 to 3) and then ask for a 
first regis er number. The valid register numbers are in the 
range of decimal 7 thru 30. If three registers are needed, the 
highest valid register number would be 28. If a number 18 not 
entered, MPG will select the lowest available registers and then 
display the number of the first register chosen. If the user 

a
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later wishes to use different registers with his program, he may 
issue the UBMAP command and change the registers. 

The following table lists the utilization of the Unibus Map 
registers: 

Registers Usage 

0-1 Lower area of MPG’s program space. 
2 Never used within nee. Avarla le as 

a work register. 
3-5 The FREE I/0 area. 

6 Shared code area within MPG. 
7- 30 Assignable to user programs. 

Registers O, 1, and 6 are initialized by MPG upon its initial 
lodding and whenever MPG is restarted. Registers 3 thru S and 7 
thru are revinitialized whenever the UB command 1$ issued 
and when memory’s format is changed. The latter occurs after a 
program has been Entered, Fetched, Deleted, Modified, or Shifted.
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APPENDIX A 

USER COMMANDS 

R.1 MPG COMMAND SUMMARY 

For detailed descriptions of the 
section A.4. 

ENTER p 
ENTER p AS name 

ees °#6 bbbb 
FILL Lene WITH aaa. 
FILL BFan WITH oooo, 0000, etc 
FILL BFan WITH faaa...a 

ILL COMn WITH cooo 
ILL oe 

7ZERO 
qgoot 

ROM bbbb,ccce 
WRM bbbb, coco 
BOC bbbb,ccce 
ROD 0000,0000 
SUB 0090,0000 
CBD oo00 
COB dddd 

following commands, refer to 

(also SAVE and FETCH) 

(also STATUS) 

(Memory Mgmnt onty) 
(Menor 4 Hgant only) 

(Memory Mgant only) 
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Commands (Cont'd) 

MPG COMMAND ENTRY INFORMATION 

The following 1s information concerning the details and options for 
entry of MPG commands: 

All command entries are terminated by a carriage return or a line 
eed. 

All command names (ASSIGN, OISPLAY,ENTER,RUN,/LIST, etc) may be 
entered either in full or in their shortened form which 138 their 
first two characters (AS,DI,EN,RU,/L). 

Separator words (AT,TO,WITH,AS) and certain keywords 
(BUF, BF nn, COM, COMn LIST SAVE, FETCH, CODE,STATUS, COUNTS) maybe 
entered in full or an their shortened form which consists o only 
their first character (A,T,W,A) and (B,8n,C,Cn,L,S,F,C,S,C). 

For example, “FILL BFO2 WITH 1,2,3° could be entered as 
"FI Be W 1,e,3”. 

Device model numbers and the keywords NONE, KYBD, KBOO, and LOAD 
must be entered as four characters. 

In the command sumaary and definitions, commas are shown as 
operand separator characters; spaces may be used instead. 

Leading and trailing commas and/or spaces will be ignored. 

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

Leading zeros in progran numbers, octal data, decimal data, unit 
number$, line numbérs, and buffer numbers do not need to be 
entered. If they are they will be ignored, regardless of the 
number of them entered. 

Several commands accept multiple program numbers and in some 
cases, intermixed formats. These commands are: 

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

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

ENTER MODIFY SHIFT (Memory Mgmnt only) 
ASSIGN /SAVE UBMAP (Memory Mgmnt only) 
OPSilp /FETCH 

All commands that perform I/0 operations on either the SAVE 
device or the FETCH device are prefixed with the slash (/) 
character. 
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(Cont’d) 

' @.3 MPG COMMAND OPERAND DEFINITIONS 

p 

line number 
In 

ad] 

The decimal progran number in the range of 1 to 16 
that is assigned to a user program in MPG 

The one to four digit decimal line number 
prefixed to each statement in a user progran. 

The four character model number of a device that 
will be used within MPG. This may be the control 
electronics’ model number or the unit’s model 
number. 

The one or two digit decimal unit number in the 
range of O thru 15 for a specific unit on a 
multiple unit contro! electronics. 

A word of data expressed in one to siz octal 
digits. 

Qne or more ASCII characters used to define ASCII 
ata. 

One to six alpha-numeric characters. Used to 
identify saved user programs. 

An absolute memory address ee eh rn one to siz 
octal digits. ay be one ht digits (22 
bits) on the Menody Management version. 

A decimal number in the range of O thru 65,535. 

One digit number 1n the range of O thru 9. 

A. two digit decimal number in the range of OO thru 
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A.4Y MPG COMMANDS - DETAILED DESCRIPTIONS 

CLASS 1 -- PROGRAM ASSOCIATED COMMANDS 

ENTER p Indicates that the user wishes to enter 
program statements that will be 

ENTER p AS name identified as program number p (1-16). 
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 with this command. 

RUN p This command initiates pre ram execution 
at the first statement of the program 

RUN p AT line number indicated by p. A second format, AT 
line number, provides for starting a 

RUN p,p program at a specific statement which 18 
RUN p,p AT In, p identified by its line number. A single 
RUN command may be used to start one or more 

programs with any mix of formats. If no 
program number Js supplied, MPG will 
scan the program slots and start 
execution of any user programs that are 
active. For example, a CONT command has 
just been issued for a progran. 

STOP p Used to stop the execution of one or 
more programs. Each program will remain 

STOP p,p.p intact and may be resumed from the point 
1t was stopped. 

CONT p Used to resume execution of one or more 
programs that have been stopped by a 

CONT p,p,p user command or have ceased execution 
due to the occurrence of an error. 
Actual program execution does not resume 
until a RUN command 18s entered or a nul! 
keyboard entry 1s made. 

KILL p This command is used primiarily to force 
termination of user programs that are 

KILL p,p,p hung in an internal loop and therefore 
do not release contro) to MPG which 
would allow the STOP command to cease 
their execution. KILL can also be used 
to stop a program that is not ina | oop. 
However, any progran stopped with the 
KILL command will be stopped immediately 
and can be restarted only with the RU 
command. 
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DELETE p Instructs MPG to delete the indicated 
DELETE p.p.p programs and deallocate the memory they 

occupied. 

ASSIGN md] TO p Allows the user to change the unit 
numbers assigned to an existing program 
and/or to change the device’s Constants. 

u 0 R If a single unit. device, ao unit 
u-u TO » number 18 needed. If a multiple unit 
TO SAVE device, such as magnetic tape, either a 
TO FETCH single unit number, a series of single 
0 LIST unit numbers, and/or a string of 

consecutive unit numbers (maximum of 
sixteen) may be specified. When using 
this command to change unit numbers, & 
line feed terminator on the reply will 
cause MPG to bypass requesting new 
device constants. 

The NONE entry 18 used to dgasgign the 
current devite for the LIST, SAVE, and 
FETCH devices. Other keywords whic may 
be used for deassignadnt are KYBD an 
KBOO for LIST and L for SAVE and 
FETCH. It should be noted that for the 
LIST, SAVE, and FETCH operands entry of 
only their first character (L,S,FY 1s 
acceptable. 

REPORT p Forces the display of all device 
registers, error information, and 

REPORT P>B STATUS, p statistics for the program or programs 
REPORT p COUNTS specified. This command applies only to 

those programs that utilize high level 
1/0. language statements and device 
routines which provide reports. 
variation of this command allows the 
user to disple specific report 
information. The fount operand will 
display only the counts while the STATUS 
operand will display only the device 
registers. If neither of these operands 
ard specified, beth reports will be 
displayed. Entry of only the first 
letter for COUNTS and STATUS i138 
acceptable. 
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OPSH s0c0 

OPSHp soos 

UBMAP p 

Pro bbbb 

PTO hes 

- em ee - + — ee 
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Used to set the MPG Operation Switches 
to the values indicated oY 0000 which is 
an octal word (Refer Section 3.5). 
If the progres suber. 1s not entered, 
the Operation Switches Tor all currently 
resident programs will be set to the 
indicated value. —bhen is entered, 
only that program’s switches will be 
modified. hen enterin progran 
number, only one may be ehtered. 

This command 1s supported only on the 
Memory Management version of APG. The 
first format 18 used ' move the 
specified progran few area in 
menor whose starting’ s address 18 yfetined 
by! be octel addréss bbbb. The nove 
r performed as long as the area is 
not altenty occupied and there 18 enough 
room. The second format allows the user 
to change his program’s number and 
consequential] itt Sitin loop slot. 
If this command is d racte at a program 
whose memory address is controlled by 
MPG, the program may be relocated in 
memory in order to retain the sequential 
menor addressing common 
controlled programs. The third format 
allows the user to return @ program 
which 18 located at a fized address the 
was defined earlier, to MPG control of 
its address. 

This command 1s supported only on the 
Memory Management version of - With 
this command the user may change the 
Unibys Map registers sasighed to prog ran 
B- The f ests action formed to 
ewassign the registers current] 

assigned to the | pro ran. Next, 1t wil 
ask for new regi ter assignments in a 
manner which 18 identical to the way it 
the oreg the register assignments when 
he rogram was Entered Or Fetched. 

Alter’ @ assignments are received, all 
programs wil] be recompiled. 



- mee ee el Se 

COS 
M.P.G. Page S4 

User Commands (Cont'd) 

CLASS 2 -- DATA PROCESSING COMMANOS 

FILL BFnn WITH oooo,oco0,etc Allows the user to load one of the 
sizteen common data buffers with either 

FILL BF an WITH #eaa...aa octal words or ASCII data. The value 
FIL. BUF WITH oo00, 0000, etc of nn may be O thru 15 and specifies 
FILL BFan WITH Saaa. which 16 yte buffer is to be filled. 
FIucL SUF WITH PATA f less thin 16 bytes of octal words or 

acl data is Specified the entered 
data wi . be prope ated throughout the 
16 byte aire than 16 bytes are 
entered, the data will be truncated 
after in first 16 bytes. In the third 
format, where nis ndt specified, all 
1izteeh buffers will be treated as one 

byte buffer. Octal or ASCII data 
mi ropagated throughout its entire 
length with ne St ite ke (other than 
the? size of t te keyboard read-in 
area) on the number t bytes entered. 

The prefiz codes # and 8 for the ASCII 
data formats provide the user with 
control over the inclusion of carriage 
return and line feed characters at the 
end of his data. The # format wil! 
automatically include the CR/LF while 
the @ format will result in only the 
data entered by the user. When 
propagating data, the CR/LF will be 
reated the same as user date. 

The PATn format will fill the indicated 
buffer with the bit pattern specified by 
PATn. The various patterns available 
are listed in Appendsz C.3. For this 
format n can have a value of O- 9, A, 
or 
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FILL COMn WITH coos 

a COM WITH t#ea..3 
FILL COMn WITH Baa 
ILL COM WITH PATn 

M.P.G. Page SS 

This 18 an alternate format of the FILL 
command and allows the user to access 
the ten common work areas which are two 
bytes each. The number n represents the 
work area number and may be in the range 
of O thru 9. The data ma be enter fh 
a pattern or in either ofta or 
format. If a number is not supplied, 
COMO through COMS will be treated af a 
twenty byte area with data propagatios 
taking place if less than twenty bytes 
of data is entered. 

The codes #, 8, and PAT are treated the 
same as in the FILL BFnn command. 
However, when fyliing a specific COM 
word (COMn) and us ng the #aa format, 
the resulting contents of the COMn wore 
will be a CRALF, regardless of the 
number of data characters entered. 

CLASS 3 -- USER PROGRAM SOURCE MAINTENANCE COMMANDS 

MCDIFY p 

DISPLAY p 

DISPLAY p CODE 
DISPLAY p,p CODE,» 

/SAVE 5 

/SAVE p AS name 

/FETCH name AS p 

Instructs MPG to interpret the 
subsequent keyboard entries as program 
statements whith are to be applied as 
corrections to the program specified b 
P. The program p must already exis 
efore using this command. 

Causes the display of the rogram g3 
statements on the MPG print device. The 
second format causes tha display of 
program statements and the octal machine 
code generated for each statement. 

Instructs MPG to write the progran 
statements of program p to the current 
SAVE device. They will be saved under 
the one to siz character 1.0. code 
furnished by name. If a name is not 
specified, the statements will be saved 
under the name assigned to the program 
in memory. Program p will still be 
retained fs memory. 

Used to reag programs reviously saved 
MPG. he flame entry furnishes the b 

1p. of the saved program on the 
current FETCH device while indicates 
the program slot inte which 3 will be 
oaded. 

pos 
me eee 

ee 7 
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/DELETE name 

/DELETE name,name,name 

/LIST 

“ZERC 

/BOOT 

CLASS 4 - 

M.P.G. Page S6 

This command is used to delete user 
programs stored on the SAYE device. One 
or more names may be supplied. 

The directory of the FETCH device may be 
listed through use of this commend. If 
the keuword is not sup lied, only 
the skved user grograns will be listed: 
If ALL is entere 1] files, includin 
those required by MPG, will be listed. 
If FAST is entered, only the filenames 
of the files will be listed. L and 
FAST are independent of each other. The 
information produced by this command 
will be displayed on thé current LIST 
device (Ceithe the console terminal or 
the printer). 

Use of this command will initialize the 
directory of the SA device. It is 
useful when creating alternate progran 
library media. Extreme care aust be 
taken when using this command. If 
directed at the load device, it will 
destroy the data on that device. It 18 
for this reason that a warning message 
which requires a reply, is displays 
before performing the Zerg function. 
This message displays ths SAVE device’s 
mode! and unit numbers and requires a 
yes reply before performing the Zero 
uaction. 

Causes MPG to perform a simulated 
bootstrap function on the current FETCH 
device. The first data block read by a 
normal bootstrap will be read by MPG 
into memory starting at location zero 
with a branch to location zero after the 
read completes. This destroys the 
memory resident MPG. 

- SERVICE COMMANDS 

Display the limits of the memor 
locations occupied by each user progra 
and the addresses of Free Memory. = (MM 
stands for Memory Map) 

£05 
~~ ee ee me ee 
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FM 

ROM 

BOC 

ROO 

SJB 

CBO 

COB 

bbbb 

bbbb,ccec 

bbbb, coco 

bbbb,ooo0,0000,etc 

bobb, cece 

0000,0000,etc 

0006,0605 

0000 

dddd 

M.P.G. Page 57 

This command 18 supported on} on the 
Memory Management version of a With 
this command the user may display more 

¢ detailed information about a sin or 
eries g! user rograns. Refer to 
ection l= for etdils as to what 
information is displayed. 

This command formats memory by 
eliminatin any pnused menory space 
between contfeol ams and ed user pro 
then recompiling all use Prograns. 
This situation shouldn’t occur but under 
some unique error or abort conditions it 
might. 

Display the contents of the word at the 
octal memory address specified by bbbb. 
If the optional second address is 
supplied, display up to and including 
the second address. 

Write the single or string of octal 
words (0000) beginaing at the octal 
memory address specified by bbbb. 

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 answer 
produced must be visually checked for an 
out of range condition by the user. 

Add 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 to 
decimal and display the dedinal result. 

Convert the decimal number to binary and 
display it in octal. 

FOS 
ee 

~T 
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USER PROGRAM LANGUAGE 

B.1 MPG PROGRAM LANGUAGE SUMMARY 

See the following pages for detailed description and definition of v, 
n, and In. ( J indicates other valid symbolic operators. 

LORO v WITH v 
INCR sv 
INCR v BY v 
DECR vy 
DECR vy BY ¥ 
MOVE 
MOVE v TO v 
MOVE v AT v TO v 
ADD v TO v 
ADO v AT wv TO v 
SuB v FROM v 
SUB vy AT v FROM + 
NEGATE v 
SET v BIT a 
SET v BIT » THRU vn RAND a 
CLEAR v BIT vn 
CLEAR v BIT mn AND n THRU n 
IF v BIT n SET GO TO In 
IF v BIT n&n-n CLEAR GO TO In 
IF v =v GO TO In 
IF v AT v => v GO TO In 
GO TO In 
LINK In 
RE TURN 
PRINT # terxt-texrt-text-tert 
PRINT 8 terxrt-tert-tert-tert 
PRINT v IN BINARY 
PRINT v AT v IN ASCII 
FILL v WITH RANDOM 
FILL v AT v WITH ASCII 
ROTATE v 
ROTATE v AT v 

—
 

n~
" 

=<
 

«
<
<
<
 

4
D
p
x
z
 

o
O
m
m
 

(NBR, SRC, DST) 

Eat cat are 
(RENDOM CTA DECIMAL BINARY) 
(ASCII, RANDOM? [variable], PATA) 

(N/A for Memory Mgmnt) 

(N/A for Memory Mgmnt) 

For specific peripheral instructions such as READ, WRITE, REWIND, SEEK 
etc., see wri eup listed under appropriate device name, in Appendix O. 

—_— eee 
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B.c MPG PROGRAM LANGUAGE - VALID PARAMETERS 

VARTABLES .v) - Any of the following are equally interchangeable: 

Symbols - Any predefined symbolic name listed in 
Appendix C or Appendiz DO. Includes those for 
temporary storage, common storage and device 
register names. 

Octal Numbers - Any octal number from O thru 177777. 

Decimal Numbers - Any number preceded by a ‘D’ will be 
considered a decimal number. The acceptable 
range 18 from: OO thru DG&SS3S. 

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

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

LORD Cvariable!: WITH (variable) 

: INCR (variable) 

INCR [variable} BY [variable] 

DECR [variable] 

DECR [variable] BY [variable] 

MOVE 

MOVE (variable] TO [variable] 

Load the value of the second 
variable into the memory address 
specified by the first. 

Increment the contents of the 
memory word location indicated b 
the fIrst variable by the amoun 
specified by the second. Increment 
by 1 if the second variable is not 
specified. 

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

The MOVE instruction with no 
parameters implies an indirect 
move. The number of bytes to be 
moved 1s contained in location NBR. 
Location SRC contains the starting 
address of the data, while location 
OST points to where it 18 to be 
stored. 

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

MOVE [variable] AT [variable] TO (variable) 

ADO (variable) TO [variable] 

Same as basic MOVE exc 
variable specifies ¢ 
bytes to be moved. 

ept the first 
he number of 

Add one word located at the memor 
location indicated by the firs 
variable to the word residing at 
the location indicated by the 
second. Replace the second with 
the result. 

ADD [variable] AT (variablei TO (variable) 

Same as basic ADD except the first 
variable specifies the number of 
bytes to be added. 

105 
— eee 
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SUB (variable) FROM [variable] 

NEGATE [variable] 

| SET {variable} BIT ([n] - [n]8&[{n] 

JOS 
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Subtract one word located at the 
memory location indicated by the 
first variable from the word 
residing at the location indicated 
by the second. Replace the second 
with the result. 

SUB [variable] AT (variable) FROM [variable] 

Same as basic SUB except 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 bit identi fied b the 
number nin the location splcified 
by variable. 

Bit combinations (AND,8) or obit 
groups (THRU,-) can also be set. 

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

Reset the bit identified by the 
number nin the location specified 
by variable. 

Bit combinations (AND,&) or obit 
groups (THRU,-) can also be reset. 

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

If the bit identified by the number 
n in the location specified b 
variable meets the condition calle 
for (Set or Clear) then perform a 
program branch to the statement 
indicated by line number. 

IF Cvars:able) BIT [n] AND [n}8{n] THRU [n}] SET GOTO [line number) 
& AND - CLEAR 

Bit combinations (AND,&) or obst 
groups (THRU,-) can be identified 
or test. 
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IF (variable) = [variable] GOTO Cline number] 

If the relationshi (=,> ete), 
between the contents of wmemor 
specified by the variables, 1 
true, perform a program branch to 
the statement dehtified by line 

r number. Unsigned anch 
instructions will Be used. 

NOTE- There 18 one difference 
between this instruction and all 
others. If the second variable is 
a decimal or octal number, it is 
used as a value, not as an address. 
If itisa symbolic name (tag), it 
1s used as an address that contains 
the value to be compared. 

IF [variable] AT (variable) z,ivariable] GO TO [line number) 

GOTO (line number] 

LINK [line number] 

RE TURN 

PRINT #(text-text-terxrt] 

PRINT #(text-text-tert] 

Same as preceeding IF operation 
except that the first variable 
specifies the number of bytes to be 
compared. Note that either GOTO or 
GO TO 1s acceptable, and only a 
compare for = or «> 18 valid. 

Causes an unconditional program 
branch to the statement indicated 
by line number. E:ther GOTO or 
Go TO are valid. 

Used as a jump to subroutine to a 
subroutine beginning at —s the 
statement indicated by line number. 

Used as a return from a subroutine. 

When this statement 18 encountered, 
print the text message on the 
display device assigned to this 
progran. Follow the text with a 
arfiage Return and Line Feed. 

Same as PRINT #, except that the 
text 18 printed without a carriage 
return and line feed following. 
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PRINT [variable] IN BINARY 
OCTAL 

PRINT (variable) AT [variable] IN 

FILL (variable) WITH RANDOM 
ASCII 

| (variable) 
ATn 

FILL [variable] AT (variable) WITH 

ROTATE [variable] 

ROTATE [variable] AT [variable] 

VECTOR [variable] TO [line number) 

LOS 
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Convert one word of data located in 
memory at the address specified by 
variable to the format requeste 
and print it on the assigned 
display device. First character 
only (B,0,D,A) 1s acceptable. 

BINARY 
OCTAL 
DECIMAL 
ASCIT 

The first variable specifies the 
number of bytes to be printed 
(starting at the location specified 
by the second variable). A decimal 
or octal number 1s valid. 

Fill the area of memory starting 
with the location specified by the 
first variable with 256 bytes of 
random data, the ASCII character 
set, the bit combination specified 

the second variable, or the 
specified pattern (see Appendix 

RANDOM 
ASCIT 
[variable] 
ATA 

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

Rotate the number of bytes 
specified by variable in Uhis 
program’s write buffer (WRIO}, one 
place to the right. 

Rotate the number of bytes 
specified by the first variable 
starting at The location specified 
by the second variable, one place 
to the right. 

Store the address of the line 
number in the location specified by 
the variable. This location 1 
normally an so interrupt vector 
address. (Note: Not supported on 
tne Memory Management version of 

LL
. 
e
e
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VERIFY [variable] WITH [variable] 

MOS 
M.P.G. Page 64 

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

VERIFY (variable) AT (variable) WITH (variable) 

PAUSE 

DELAY [variable] 

LETGO 

RESET 

except first Same as previous 
the number of variable specifies 

bytes to be compared. 

Wart Interrupt Compiles asa for 
instruction. 

Delay the number of milliseconds 
indicated by variable. This should 
be a decimal value such as 01000 
for 1 second. This instruction 
uses a simple time-out loop, and 
the actual delay will vary with 
memory and processor speed. 
accuracy 1s critical, the User 
should Time a delay of 60 Seconds 
(D60000), and adjust the value he 
desires by the percentage deviation 
from the one minute delay. 

Save registers RO thru RS on the 
stack. This instruction 1s for use 
at the start of en interrupt 
service routine written in MPG 
language. 

Restore registers RO thru RS from 
the stack then do a return from 
interrupt (RTI) instruction. This 
instruction 18 for use at the end 
of an MPG interrupt routine. 

Causes a8 contro} release as 
described in Section 4.2. 
Execution resumes inline when 
contro] 18 returned to this 
program. 

Issue a Bus Initialize to the 
hardware. (Note: Not supported on 
the Memory Management version of 
MPG. ) 
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WORD v 

END 

(Cont’d) 
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Store the binary value of the 
variable specified as the next word 
in the user program. 1Ogtal and 
decimal values lid for v. 
Also, if a symbolic name is entered 
for v, the address for the symbol bg 
name will egenerated. Not tf: U 
AT YOUR oun RISK 

End of program. Must have the 
highest line number. Causes return 
to' the Control Routine when its 
object code is executed during 
program execution. 



mo
 

APPENDIX C 

PREDEFINED SYMBOLIC NAMES 

USER PROGRAM EXCLUSIVE STORAGE 

Each MPG user program has access to 16 locations that are part of 
the program and that have predefined symbolic names. Each 
program uses the same symbolic names, but when two or more 
programs are co-resident, these common names reference different 
physical locations internal to each progran. The valid 
predefined symbols are as follows: 

TMOO TMOY TMOS Tle 
THO1 TMOS THOS T™13 
Tue TMOG TH10 TM14 
THOS THO? TMI TM15 

Likewise, the symbolic names ROIO and WRIO refer to each of the 
two I/0 areas included as part of each program area. The 
locations NBR, SRC, and OST, which are used by he indirect move 
instruction (MOVES, and the operation switch word (OPSW) also 
exist separately wilhin each program area. 

ROIO NBR 
WRIO SRC 
OPSHW DST 

USER PROGRAM COMMON STORAGE 

Each MPG user program also has access to 10 locations that are 
physicall common to ail programs resident at any given time. 
hay are diso accessable by the FILL command. These may be used 

for communication between programs, or variation of parameters by 
command. The valid predefine symbols are as follows: 

COMO COMS 
COM! COME 
COM2 COM? 
COM3 COME 
COMM COMS 

The common or shared 1/0 area 18 referenced by the symbolic name 
eee. The middle of this area is referenced by the symbolic name 

FREE CRLF 
MIOL 

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

. 

The common data buffer is accessable both by MPG command and by 
each progran, and allows the user to generate and change data 
without modifying the program itself. The buffer is 256 bytes 
Long and can be referencéd in subdivisions of 16 bytes using the 

Ow following symbols: 

BUF “BF 00 BF ON BF 08 BF 1 
BFO1 BFOS 09 | 
BF Oe BF OG 10 14 
BFO3 BFO7 BF 11 BF 1S 

For the FILL command, this buffer can be referenced as a single 
256 byte buffer by using the name BUF or just 8. BUF 1s used 
In a program statement, it 1s equivalent td BFOO. 

MPG PREDEFINED BIT PATTERNS 

Inherent within MPG is the ability to easily generate variable 
length date fields with any 1 a seriés of predefined bit 
patterns. These fields may be generated with either the FILL 
program statement or the FICL command and are useful when 
checking for failures due to data sensitivity. These patterns 
are ideAtified by symbolic names that are listed below along with 
the bit patterns that each produces: 

PATO 100000 WALKING ONES 

PAT 077777 WALKING ZEROES 

PAT2 100000 EXPANDING ONES 

PAT3 077777 EXPANDING ZEROES 

7 



Symbolic Names 

PATY 

PRTS 

PATS 

PAT? 

PATE 

PATS 

PATA 

(Cont'd) 

etc. 

165555 

ALTERNATE ONES (HORIZ. ) 

ALTERNATE ZEROES (HORIZ. } 

ALTERNATE ONES (VERT. ) 

ALTERNATE ZEROES (VERT) 

OCTAL CHEC“ERBORRD 

BINARY CHECKERBOARD 

COUNT WORDS 

RPOY OISK SERIAL DATA 

es 
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APPENDIX D 

DEVICE ROUTINES 

DEVICE ROUTINES - GENERAL INFORMATION 

The information unique to a particular device and the 
routines necessary to perform the operations indicated by its 
high level language statements (RE WRITE, SEEK, etc.) are 
contained if an MPG progran seqment referred to ay Device 
Routine. The Devise Routines aré resident on the G load 
device and are automatically loaded by MPG when the device 1s 
specified by model name for a user progran. 

While device routines are primarily drivers for the various 
“11 devices, they also provide other services to the user 

and his program and also to MPG. Services for the user 
include: 

~ High level language functions 
~ Statistic accumulation and display 
- Error detection and display 
- Device registers display 
- Symbolic names for device registers 

Services for MPG are actually extensions of MPG and are 
activated by MPG when necessary. These services include 
housekeeping functions, report tsplays, and functions 
required for the KILL command. 

The device routines serve as add on components to the basic 
program. Without them it is still possible to write 

programs for any device by using the Jow-level language. 
his basic feature allows programming at the device interface 

level. With them, higher level functions such as Read 
Write, Seek, Rewind, etc., can be invoked with one MPG 
statement. 

A feature provided by the device routines 18 the specifying 
of device registers by symbolic name. In order to reference 
a device’s registers by name, the MPG user must assign that 
device to the program he is defining. As an extension of 
this support, abbreviated device routines exist for all 
devices mentioned in section D.2 even though high level 
functions have not yet been programmed. 

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

a eee ee Oe ee 
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D.1. CONNON FEATURES IN DEVICE ROUTINES 

Although each device routine 18 tailored to the device it 
supports, several features are common among gil full support 

| device routines unless otherwise noted. hese features, 
which will be documented only once to avoid redundancy, are 
described in this section. When a device routine description 
lists one of these features, it will direct the user to this 
section for detailed information. 

OPSW Special Operation Bit 

One bit in the Operation Switches (OPSW) word associated with 
each user program has been reserved for use as a fleg to the 
device routines. This bit, which 18 called the Special 
Operations (SPOPER) flag, 18 bit 7 of the OPSW and may or may 
not be supported by a device routine. A typical application 
of this bit’s usage would be its control of the Maintenance 
bit in the device’s registers. When SPOPER 18 set by the 
user, it would indicate to the device routine that atl I/0 
operations are to be issued with the device’s Maintenance bit 
set. For other devices :t mey have a completely different 
implementation and meaning. herefore, refer to the 
applicable device routine section to determine if this bit is 
utilized and in what manner. 

Remember that the OPSW can be modified either at the command 
level with the OPSW command cr in the user’s programs with 
the LOAD, SET, or CLEAR instructions. 

Information Words 

A total of eight words are available to each device routine 
for use 1n passing information between itself and the user’s 
rogram. Siz of these words may be implemented as needed for 
he device routine’s own requirements. Examples of these 

words are CYL, HEAD, and SECT for a disk. The other two 
words, which have been assigned specific symbolic names and 
functions fcr al] device routines, are as follows: 

Name Definition 

SIZE A one word location which 18 loaded by the device 
routine with the number of bytes actuall 
transferred on an I/0 operation that performed 
data transfers. 

ERR A one word location which 18 cleared to O’s before 
each 1/0 operation. Will be set to a value of 1 
if an error was detected on the I/O operation. 
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0.1 - Device Routines - General Info (Cont'd) 

Statements 

The following statements will be accepted by all full support 
device routines and will produce simi 

NOWAIT 

WAIT 

COUNTS 

ar results: 

This statement instructs the device routine to po 
into a mode where it returns immediately to the 
next statement in the user’s progran after 
initiating any 1/0_ operations. This allows the 
user to initiate an 1/0 operation and then sample 
the device registers while it 18 1n progress or to 
perform concurrent data operations. 

For communication devices, this mode also allows a 
simultaneous READ and WRITE in order to test the 
data loop back provided by the hardware. Multiple 
1/0 operations can be started in parallel as long 
as differant units (lines) are selected. When any 
subseguent statement attempts to select a line 
that is already in use, the program will wait at 
this point until the initial 170 on any common 
line 18 completed. 

If NOWAIT 18 1ssued on a non-communications type 
of device and another I/0 statement is issued 
before a previously issued one has terminated, the 
device routine will automatically wast until the 
operation in progress 18 completed and then 
initiate the next operation. 

When using this statement, care must be taken to 
ensure that a WAIT 18 issued after the last 170 
operation in the program. Otherwise, an error 
display may be missed and the final counts will 
not be updated for the last 1/0 operation. 

Resets the NOWAIT mode and instructs the device 
routine to return to its preset mode of operation. 
In its preset mode, the device routine will wast 
until the current 170 operation has terminated 
before returning to the next statement in the 
user’s program. 

This statement produces a display of the 
statistical counts accumulated thus far in the 
operation of the user's pecaran. This display 
will be directed to the MPG LIST device (console 
terminal or printer) with the information produced 
being dependent upon the device routine. 

—— en omy 
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D.1 - Device Routines - General Info (Cont'd) 

D.1.2 

STATUS With this statement the user can display the 
contents of the device registers associated with 
the device assigned to his program. The display 
will be directed to the MPG LIST device with eac 
register’s contents being identified by the 
register’s symbolic name. Normally, two sets of 
contents will be displayed. The fies set is the 
registers’ contents when the last interrupt 
occurred. If there has not been a previous 
interrupt, these will not be displayed. The 
second set consists of their current contents and 
will always be displayed. For the second display, 
the contents of the registers are retrieved upon 
processing this statement. 

COMMON ERROR INFORMATION FOR DEVICE ROUTINES 

When encountering an error and if permitted to do so by bits 
and 13 in the program’s the device routine will 

display information pertaining lo the error. This 
information will be directed to the MPG LIST device and as a 
minimum will consist of an error 1.0. and the line number of 
the current statement in the user’s program. Depending upon 
the device routine and the type of error additional 
information may also be displayed. This usually consists of 
the current unit number, the contents of the device registers 
at the time the error was detected, and the error bit 
mnemonics. For details as to what 18 produced by a specific 
device routine, refer to that routine’s section in this 
appendix. 

There exists within MPG three error messages which may be 
issued during execution of a user program. While these 
errors wil] be displayed with the progr an s number as an 
identifier, they are issued by Gand not by the device 
routine. The Tirst message may occur when the VERIFY 
statement 18 being used within the user’s program. The other 
two messages may Occur when a user program or device routine 
13 giving control back to MPG with 1t8 stack having improper 
attrtbutes. These messages and their explanations are as 
ollows: 

DATA ERROR (STMNT & nnann) 

A data miscompare has been detected by the VERIFY 
statement. he data that did not compare will be 
displayed following this message. Whether to list 
onl he first miscompare or all miscompares 18 
controlled by bit 1 in the program’s OPSW. The 
data error count within the device routine will be 
incremented when this error occurs. 
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#ER% INV STk AOR 

106 
Page 73 

The value of the stack pointer was greater than 
the marimum allowable value when a us r program or 
device routine returned contro] to MPG. The user 
program will be terminated jane diately and cannot 

a ¢ Continued through use of the CONT c 

*#ER# STK TOO BIG 

This error occurs when a user oprogean or 
routine returns control to 
than thirty words on the stack. Since 

device 
and has left more 

storage 
space reserved for stack information is thirty 
words long, stack data would be lost for the 
program. Therefore, this 18 reported as an error 
condition and the program is terminated. The CONT 
command cannot be used after its occurrence. 

After any error 1s displayed, other than the stack control 
errors, execution of the user progran will cease, unless 
directed to continue on error by b1 being reset in. the 
peegrams OPSW. If the program stops after an error and the 

command 18 then issued, execution will resume 
next statement in the user’s program. 

atthe 
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MINIMUM SUPPORT DEVICE ROUTINES 

For certain devices MPG provides a minimum level of support. 
This support consists of symbolic names for device registers 
when programming a device at the interface level. This 
capability eliminates the need for octal addresses when 
accessing these registers. Also, by altering the device 
register3’ base address, the same pr en may De run without 
modification on a similar device but a a different Unibus 
address. 

In order to reduce file usage, the information for al] 
minimum support devices has Been included in one file which 
has the f:lename of TMSAnm.MPG. When one of these devices is 
specified for a program, this file will be loaded as its 
device routine. Immed ately after loading the file, code 
wili be executed that deletes the information for all devices 
other than the one specified. The length of the routine’s 
area in memory is then adjusted to the size needed for only 
the specified davice’s information. 

The device model names and the symbolic names suppor ted for 
each device are listed in the Tollowing table. Also listed 
1s the displacement that will be added to the device 
registers’ base address for each symbolic name. 

DEVICE NAME DISPL DESCRIPTION 

COl1 COST +0 Card Status 
cOocc +2 Colurmn Count 
COBA +4 Current Address 
co08 +6 Card Data 

CRil CRS +0 Card Status 
CM11 CR81 +2 Card Data 

CRBe +4 Card Data Compressed 

OC11 RCSR +0 Receiver Status 
RBUF +2 Receiver Data Suffer 
TSCR +4 Transmitter Status 
TBUF +6 Transmitter Data Buffer 

ON11 ACU +0 Auto Call Unit 

KW11 KWSC +0 R.T. Clock Status 
KWBR +2 R.T. Clock Buffer 
KWCR +4 R.T. Clock Counter 
LKS +5006 Line Time Clock Status 
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RC11 RCLA +0 Look Ahead 
RCDA +2 Disk Address 
RCER +4 Error Status 
RCCS +6 Control and Status 

, RCWC +10 Word Count 
RCCA +le Current Address 
RCMN +14 Maintenance 
RCOB +15 Data Buffer 

RF11 oCcS +0 Control and Status 
WC +2 Word Count 
CMA +4 Current Memory Address 
DAR +6 Disk Address 
DAE +10 Address Extensicn Error 
DBR +le Disk Data 
MA 414 Maintenance 
ADS +16 Address of Disk Segment 

RX11 RXCS +0 Command and Status 
RXO1 RXDB +2 Date Buffer 

RXTA +2 Track Address 
RXSA +2 Sector Address 
RXES +2 Error and Status 

TALI TACS +0 Control and Status 
TROB +2 Data Buffer 

TMOe MTC1 +0 Control and Status 1 
TUIE MTWC +2 Word Count 

MTBA +4 Unibus Address 
MTFC +6 Frame Count 
MTCe +10 Control and Status 2 
MTOS +12 Drive Status 
MTER +14 Error 
MTAS +16 Attention Summary 
MTCC +20 Character Check 
MTOB +22 Data Buffer 
MTMR +24 Maintenance 
MTOT +26 Orive Type 
MTSN +30 Serial Number 
MTTC +32 Tape Control 
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DJ11 16-LINE ASYNCHRONOUS SERIAL LINE MULTIPLEXER 

ESET DERG TTR au 
PREGET BUS REQUEST - 5,5 (READ /URITE) 

REGISTER NAMES RECOGNIZED 

MPG INSTRUCTIONS SUPPORTED 

READ NOWAIT HDUPLX 
WRITE WAIT STATUS 
BREAK FDUPLX COUNTS 
CRESET 

STATISTICAL INFORMATION 

BYTES: Read, Written 
CMNOS: Read, Write, Break, Misc. 
INTERRUPTS: Read, Write 
ERRORS: Overrun(OVR), Framing(FRM), 

Parity(PAR), Data 

OPSW SPECIAL OPERATION BIT SUPPORT 

When Bit 7 (SPOPER) of the OPSW 18 set, the Maintenance Mode 
Bit (Bit 2 CSR) will be set prior to issuing each I/0 data 
transfer command. 

1/0 TIMEOUT 

If a terminatin interrupt 18 not received 3 minutes after 
pnatsatin a 1/0 opera ion, the p eracie will be aborted and 
he user nformed. his time 18s approximate, calibrated on a 

POR 11/45 with no other user programs running. 
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F. INSTRUCTION DESCRIPTIONS 

READ (D2S6 INTO RDIO) () = default values 
READ v CINTO ROIO) 
READ v INTO v 

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

READ v INTO v FROM u 

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

WRITE (D256 FROM WRIO) 
WRITE vy 
WRITE v 
WRITE v 

BREAK vy 
BRERK v 

CRESET 

(FROM WRIO) 
FROM v 
FROM v TO u 

The description for the Read Instruction applies to 
the Write except for the direction of data flow. 

ON u 

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

This instruction initiates an MOS clear sequence 
which clears the silo and al] 16 UART’s. If then 
clears all of the bits in the Control Register. 



NO6 
M.P.G. Page 78 

D.3 - DJ11 Device Routine (Cont'd) 

0.3.1 

NOWAIT 

WAIT 

FDUPLX 

HDUPLX 

STATUS 

COUNTS 

Standard implementation - see section 0.1.1. 

Standard implementation - see section 0.1.1. 

Places the DJ11 in_a Full Duplex Mode. This 31s the 
initial mode cf a DJ11 after a RESET or CRESET. 

Places the DJ11 in a Half Duplex Mode. 

Standard implementation - see section D.1.1. 

Standard implementation - see section 0.1.1. 

DJ11 ERROR INFORMATION 

This device routine processes errors in the standard fashion 
described in section D0.1.2. 

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

DJi1 TIMEOUT ON 1/0 

An 1/0 operation was begun, bul the terminating 
interrupt was not received. The time allowed for 
this interrupt to occur 18 approzinately three 
minutes when the program is run on the POP-1I/4S and 
no other programs are running. 
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OJ11 ERROR:  ddd,ddd,etc 

o)
 A 

i. 

Gd
 

printed 
message 
llowing 

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

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

23.2 DJ11 SAMPLE PROGRAMS 

Werte same data sequentially to units S,6,7 and 14 

°RSGN DEV: 0711,5,6,7,14 
,O010 FILL 064 AT WARIO WITH ASCII 
)0020 WRITE 064 FROM WRIO 
10030 WRITE 2 FROM CRLF 
»O040 END 
> DONE 

#RUN 1 

Write same data simultanecusly to units 5,6.7, and 14 

#ENTER 1 
°ASGN DEV: DJ11 

0010 FILL D64 AT WRIO WITH ASCII 
0020 WRITE D64 FROM WRIO TO 5-7814 
0030 WRITE 2 FROM CRLF TO S THRU 7 AND 14 
ee 6° > 

#RUN | 

Write different data sequentially te usits 1,4 and Ll 

#ENTER 1 
?ASGN DEV: DJ11 

»0010 WRITE O16 FROM BFOO TO 1 
0020 WRITE 016 FROM BFO! TO 4 
>0030 WRITE 0:6 FROM BFOe TO 1 
>004O END 
> DONE 

*#FILL BFOO WITH #7EST MSG NBR } 

I 
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“FILL BFOL WITH #TEST MSG NER 2 
FPILL BFGe WITH #TEST MSG NBR 3 

Write different data simultaneously to units 1,4 ard 11 

*ENTER 1 
2ASGN DEV: DJ11 

Read 1 character from unit 12 and Write it to units le 
and 14%. Use the operation switch to loop on this 
program. 

1 
7ASGN DEV: DJ11 

90010 READ 1 INTO TMOO FROM le 
» 0020 WRITE 1 FROM TMOO TO le AND 14 

#0PSW1 140320 

Test the DJ11 using the Special Operation Bit to cause 
data wrap-around. Set the OPSW to Joop the program and 
turn on the Maintenance Bit. Use 256 tes of random 
data each time, and sequentially check all 16 lines. 

#ENTER 1 
7ASGN DEY: DJ11,0-15 

0010 FILL DeS& AT WRIO WITH RANDOM 
0020 NOWAIT 
»>0020 FEAD 
0040 SRITE 

WAIT 
> 0060 fERIFY Oe2S& AT RDIO WITH WRIC 

#OPSW1 100214 



qo
 

( 
) 

DL11 SINGLE ASYNCHRONOUS SERIAL LINE INTERFACE 

PRESET ADDRESS - 175610 
PRESET INTERRUPT VECTOR - 300 
PRESET BUS REQUEST - 4,4 (READ/WRITE) 

REGISTER NAMES RECOGNIZED 

RCSR 
RBUF 
XCSR 
XBUF 

MPG INSTRUCTIONS SUPPORTED 

READ WAIT SEND 
WRITE CALL RECV 
BREAK LISTEN STATUS 
CRESET RNSWER COUNTS 

STATISTICAL INFORMATION 

BYTES: Read, Written 
CMNOS : Read, Write, Break, Misc. 
INTERRUPTS: Read, Write 
ERRORS : Overrun(OVR), Framing(FRM), 

Parity(PAR:, Data 

OPSW SPECIAL OPERATION BIT SUPPORT 

When Bit 7 (SPOPER) of the OPSW 18 set, the Maintenance Mode 
Bit (Bit 2 XCSR) will be set prior to issuing each I/0 data 
transfer command. 

1/0 TIMEOUT 

If a terminating interrupt 18 not received 3 minutes after 
initiating an 10 opera 1on, the program will be aborted and 
the user informed. This time 18 approzimate, calibrated on a 
POP-11/4S with no cther user programs running. 
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INSTRUCTION DESCRIPTIONS 

REAO 
READ 
READ 

WRITE 
WRITE 
WRITE 

CRESET 

NOWATT 

WAIT 

CALL 

(D2S6 INTO RDIO) () = default values 
v (INTO ROIO) 
v INTO v 

This instruction will cause a data transfer to occur 
between the device connected to this OLII, and the 
memory area specified by the second variable. The 
first, variable contains the byte count for the 
ransfer. 

(D2eS6 FROM WRIO) 
v (FROM WRIO) 
v FROM v 

The description for the Read Instruction applies to 
the Write except for the direction of data Tlow. 

This instruction causes 8 break (spacing condition) 
on the line connected to this DLI1. The duration of 
the break 18 determined by Vi which specifies the 
number of character times to hold the spacing 
condition. 

This instruction clears all the bits in the receive 
eneiral register RCSR and transmit control register 

Standard implementation - see section 0.1.1. 

Standard implementation - see section 0.1.1. 

Used to initiate a call thru a MODEM from a OLIJIE. 
nets ' Date Terminal Ready, waits for Carrier 
etected. 
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D.4 - DLII Device Routine (Cont'd) 

LISTEN 

ANSWER 

HANGUP 

SEND 

RECV 

ROROFF 

STATUS 

COUNTS 

Used to wait for an incoming call. Test the Ring 
Indicator and does not proceed until it 18 detected. 

Used to answer an incoming call to a OLIIE by way of 
ae MODEM. Sets Data Terminal Ready, waits for 
Carrier Detected. 

Used to terminate a call. Lowers Request To Send 
delays 1S milliseconds then lowers Data Terminal 
eady. 

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 DLII-A and DOLII-C. 

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

Standard implementation - see section O.1.1. 

Standard implementation - see secticn 0.1.1. 

ee ee eee 
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DL11 ERROR INFORMATION 

This device routine processes errors in the standard fashion 
described in section 0.1.2. 

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

OL11 TIMEOUT ON I/0 

An 1/0 operation was begun, but the terminating 
interrupt was not rece ved. The time allowed for 
this interrupt to occur 18 approximately three 
minutes when the program is run on the POP-1I/4S and 
no other programs are running. 

DL11 ERROR: ddd,ddd,etc. 

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

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

DL11 SAMPLE PROGRAMS 

1. Wait for the phone to ring, answer it, send a message to 
the calling station, then echo back each character 
received until a ’rubout’ 18 detected. After a ‘rubout 
1s detected disconnect and terminate the program. 

*FILL BUF WITH #READY FOR DL11 ECHO TEST 
#ENTER 1 
7ASGN DEV: DL11 

0010 LISTEN 
»0020 ANSWER 
»0030 SEND 
»0040 WRITE Deb FROM BUF 
»00SO0 RECV 
>0060 READ 1 INTO TMOO 
>0070 he = 377 GOTO 110 

>0090 WRITE 1 FROM TMOC 
GOTO SO 

»0110 HANGUP 

G07 
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0120 END 
DONE 

#RUN 1 

2. Provide a program compatible with sample number 1, that 
will initiate a call, receive the 26 byte message and 
print it. It should then transmit, the ascir character 
set one character at a time and print the echoed 
character string. This should be followed by a ‘rubout’ 
and a disconnect. 

xENTER 1 
*ASGN DEV: OL11 

»0010 CALL 
»0020 RECV 

READ Deb 
>0040 PRINT Deb aT ROIO IN ASCII 

RE 
READ 1 INTO TMO1 

#RUN 1 

3. By using the Special Operation bit in the OPSW, use the 
Maintenance Mode for data loopback, do a simultaneous 
Read and Write, and then verify the dala. 

#ENTER 1 
?ASGN DEV: OL11 

0010 FILL DeS& AT WRIO WITH RANDOM 
>0020 NOWAIT 
»0030 READ 
0040 WRITE 
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»00SO0 WAIT 
90060 VERIFY DeSb AT ROIO WITH WRIO 
»0070 END 
» DONE 

*#OPSW1 100200 
#RUN 1 

M.P.G. 
107 
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DOil NPR SYNCHRONOUS LINE INTERFACE 

PRESET ADORESS - 160030 
PRESET INTERRUPT VECTOR - 300 
PRESET BUS REQUEST - 5,5 (READ/WRITE) 

REGISTER NAMES RECOGNIZED BY ALL INSTRUCTIONS 

REGISTER NAMES RECOGNIZED BY SELREG INSTRUCTION 

RBAP RBAS COET SEQ 
RCCP RCCS SYNC RBCC 
TBAP TBAS MISC TBCC 
TCCP Tccs TBUF POLY 

MPG INSTRUCTIONS SUPPORTED 

SELREG ALL 
SELSEQ LISTEN 

AD ANSWER 
WRITE HANGUP 
CRESET SEND 
NOWATT RECV 
WAIT FDUPLX 
NOTOLE HDUPL X 
IDLE STATUS 

COUNTS 
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STATISTICAL INFORMATION 

BYTES: Read, Written 
CMNOS : Read, Write, Misc. 
INTERRUPTS: Read, Write 
ERRORS: Vertical Redundancy Check (VRC), 

Block Check Character (BCC) 
Reve Non-bzistent Mea (RNEA) 
Xmte Non-bzistent Mem (TNEM) 
Reve and Xatr Latency (RLAT, TLAT), 
Revr and Xmtr Clock Coss (RCLK, TCLK), 
ata 

OPSW SPECIAL OPERATION BIT SUPPORT 

When B1t 7 (SPOPER) of the OPSW is set, the Test Loop Bit 
(Bit 3 MISC) will be set prior to issuing each 1/0 data 
transfer command. 

1/0 TIMEOUT 

If a terminating interrupt is not received 3 minutes after 
initiating an 1/0 opera ion, the program will be aborted and 
the user informed. This time 33 approzimate, calibrated on a 
POP-11/45 with no other user programs running. 
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G. INSTRUCTION DESCRIPTIONS 

SELREG 

SELSEQ 

v 

This instruction enhances the low level language of 
by allowing the reference of DQi1 ac ndary 

Registers by name. The names recognized by this 
instruction are listed 1n section C, and cause the 
appro riate 4 bit code to be loaded in the REG/ERR 
egister. 

v 

This instruction simplifies program access to the 
two 16 by 16 registers that are available when the 
Protocol option is added. The variable v should be 
the register_number in decimal or octal. If itis a 
tag such as TMOO, the contents will be used as the 
register number. This instruction will place that 
number in the proper bits 1n RCSR 

READ (DeS& INTO RDIO) () = default values 
READ v CINTO RDIO) 
READ v INTO v 

WRITE 
WRITE 
WRITE 

CRESET 

NOWAIT 

This instruction will cause a data transfer to occur 
between the device connected to this DQ11, and the 
memory area specified by the second variable. The 
first variable contaifis the byte count for the 
ransfer. 

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

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

s to 
Ww. 

1 lie 
{lo 

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

Standard implementation - see secticn 0.1.1. 
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WAIT 

NOIDLE 

IOLE 

CALL 

LISTEN 

ANSWER 

HANGUP 

SEND 

RECV 

Standard implementation - see section 0.1.1. 

Resets the Idle Mode bit in TCSR. 

Sets the Idle Mode bit in TCSR allowing the 
transmission of IDLE characters whenever Tx GO 1s 
zero. 

Used to initiate a call thru a MODEM from a OQ11. 
Sets Data Terminal Ready, waits for Data Set Ready. 

Used to wait for an incoming call. Tests the Ring 
Indicator and does not proceed until it 18 detected. 

Used to answer an incoming cal! to a DQ11 by way of 
a MODEM. Sets Data Terminal Ready, waits for Data 
Set Ready. 

Used to terminate acall. Lowers Request to Send 
delays 15 milliseconds, then lowers Data Terminal 
eady. 

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. 
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D.S.1 

FOUPLX 

Places the DQ11 1n a Full Duplex Mode. This 1s the 
initial mode of a DQ11 after a CRESET or a RESET. 

HDUPLX 

Places the DQI1 in a Half Duplex Mode. 

STATUS 

Standard implementation - see section 0.1.1. 

COUNTS 

Standard implementation - see section 0.1.1. 

0Q11 ERROR INFORMATION 

This device routine processes errors in the standard fashion 
described in section O.1.2. 

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

DQ11 TIMEOUT ON 1/0 

An 1/0 operation was begun, but the terminating 
interrupt was not received. The time allowed for 
this interrupt to occur 18 approximately three 
minutes when the program is run on the POP-11/4s and 
no other programs aré running. 

DQ11 ERROR: ddd,ddd,etc. 

The codes ddd represent mnemonics which are p 
to indicate which error bits were set. The message 
may contain from one to eight codes. The following 
mnemonics may be printed 1A this message: 

TCLK = Transmitter Clock Loss Error 
RCLK = Receiver Clock Loss Error 
TLAT = Transitter Latency Error 
RLAT = Receiver Latency Error 
TNEM = Transmitter Non-existent Memory Error 
PNEM = Recetver Non-existent Memory Error 
POCC = Receiver Block Check Error 
RVAC = Receiver Vertical Redundancy Error 
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2.5.2 DQ11 SAMPLE PROGRAMS 

1. Test the 0011 using the Test Loop bit to cause date 
wraparound. Set the OPSW to oop he program and turn on 
the Test Loop bit. Use a printabie character as a sync 
character ({). 

MO OMO TO REG 
) Fatt Di6 AT BFO2 WITH 20040 

0060 NOWAIT 
0070 READ D016 INTO BFOe 
> 0080 wee Dib FROM BFOO 

NOTOLE 
0110 Print D16 AT BFOe IN ASCII 

{ 
[00 ‘ST MSG 1 

2. Modify sample program number 1 to have the DQI1 strip off 
all Sync characters as they are received. WNote- Read 
byte count must be decreased. 

#MODIFY 1 

ENTER STMNT’S 

r4S SET RCSR BIT 1 
»70 READ D14¥ INTO BFOe 
+ DONE 
#RUN 1 

-_ - a a eo aes - ee ee ee om —— ae 

— Oe ee 
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3. Test the automatic switchover from primary to secondary 
write registers and back again. Use the Test Loop bit as 
in program 1. 

#ENTER 1 
"RSGN DEV: DQ11 

»0C10 Gres! 
»0020 SELREG SYNC 
»0030 COMO TO REG 

D64 AT BFOY WITH 20040 w
w
 

7"
 

» 0090 

w
T
 
P
O
 
O
o
 
w
w
 

O
o
O
o
d
o
0
0
o
O
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po
 

po
 

be
 

S
S
8
R
6
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; 
Rik

aho
nih

 
FE
FF
E 

+ 

UR
 R

RS
 

BR
eB
e 

Ss 

ef 8 

Modify Frogram 3 to test the switchover of the read 
registers while using only the primary write registers. 

HMODIFY 1 

ENTER STMNT’S 

#PUN 1 

me ee ee ee 



pos 
M.P.G. Page 94 

0.5 - DQ1] Device Routine (Cont'd) 

S. For systems with the DQL1-BB (PROTOCOL) Option, display 
the Contents of the Character Detection and Sequence 
Registers. 

0010 PRINT _X#CHARACTER DETECTION REGISTER CONTENTS 
»0020 LOAD TMOO WITH O 

»0070 IF TMOO < 20 GOTO 40 
0080 PRINT # 
0090 PRINT #SEQUENCE REGISTER CONTENTS 
10100 LOAD TMOO WITH 0 

»0120 QT 
0130 PRINT REG IN OCTAL 
0140 INCR TMOO 
»01S0 IF TMOO « 20 GOTO 120 
0160 ENO 
) DONE 
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RK11 DISK DEVICE ROUTINE 

The RK11 Device Routine, whose filename is TRKAnm. MPG, 
supports the operation of RKOS and RKOS disk drives. Other 
types of disk drives may be utilized ag long as they do not 
require special considerations in the manipulation of the 
device registers. 

PRESET VALUES RAND SUPPORT SUMMARY 

- Valid Model Names and Unit Numbers 

In repl to the “ASGN DEV:" message, two model names (RK11 
and fs; are acceptable and may be accomparied by 8 
maximum of 16 unit numbers. For this device the unfit 
numbers must be in the range of O thru 7. 

- Interface Addresses 

The following are the values preset for the RKil and Bay 
be altered from the console terminal following the “ASG 
DEV:" message: 

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

- Symbolic Register Names 

The syabolic names listed below aey be used to reference 
the 11 device registers in MPG Instructions. The octal 
displacement associated with each name 1s the value that 
wil be added to the device register base address to 
obtain the actual memory address of the desired register. 

Name Disp) Description 

RKOS +0 Orive Status 
RKER +e Error 
RKCS +4 Control] and Status 
RKWC +6 Word Count 
RKBA +10 Bus Address 
RKDA +1e Disk Address 
RKOB +16 Data Buffer 
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Supported Instructions Summary 

The following 18 a summary of the instructions supported 
by MPG for the RK11. Detailed explanations are listed in 
section 0.6.2. 

READ ROF MT CRESET STEPUP 
WRITE WRF MT DRESET STEPON 
SEEK ROCK NOWATT STATUS 
WRLOCK WRCK WATT COUNTS 

Information Words 

The five words listed below are used to pass information 
between the user program and the device routine. The 
first three are related and are used to specify the 
location on the disk where the I1/0 operation 1s to Begin. 
The last two words are used to pass information back to 
the user program. All words are initially preset to O's. 

CYL Rone word location that contains the cylinder 
number in bits O-7 that will be used in subsequent 
1/0 operations. The contents of CYL and HEAD wil! 
be shifted to the appropriate bit positions, merged 
into one word with T, and then loaded into RKBA 
This occurs for all {70 operations that require a 
disk address. 

HEAD 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 in bits OQ-3. 
Located immediately follow:ng HEAD in memory. 

SIZE Standard implementation - see section 0.1.1. 
Contents are updated by READ, WRITE, RDFMT, WRFMT, 
an . 

ERR Standard implementation - sca section 0.1.1. 

Statistical Information 

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

| 
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BYTES RO: READ, ROFMT 
BYTES WR: WRITE, WREMT 
READ CMNOS: § READ, ROFMT 
WRITE CMNOS: WRITE, WREMT 
SEEK CMNOS : SEEK 
MISC CMNOS: RDCK, WRCK, WRLOCK, DRESET, CRESET 
DEV ERRORS: All hardware errors 
DATA ERRORS: Invalid unit number errors and errors 

detected by the VERIFY statement. 
INTERRUPTS: Nuaber of entries into the interrupt 

routine. 

- OPSW Special Operation Bit Support 

When bit 7 (SPOPER) of the OPSW is set, the Inhibit 
Increment (INH BA) bit in RKCS will be set prior to 
issuing each I/O command. 

DESCRIPTION OF RK11 INSTRUCTIONS 

The RK11 Device Routine supports execution of sixteen MPG 
Language statements. For certain functions (READ, WRITE, 
ROFAT, WRFMT, SEEK, ROCK, and WRCK), the desired disk address 
must ‘be loaded into CYL HEAD, and SECT before performing 
those functions. In the fol lowing descriptions, date shown 
enclosed within parentheses indicates the default values if 
nothing 1s entered for the statement’s cperands. The v 18 
used {to indicate a variable operand as defined in Appendix 
B.2. Note that 1f an odd byte count 18 supplied in any of 
the following instructions, it wil effectively be 
decremented by 1 before being used. All 1/0 operations are 
performed with the Stop on Soft Error (SSE) Bit set in the 

CS register. 

READ (0256 INTO RDIO) 
READ v (INTO ROIO) 
READ v INTO v 

This instruction transfers the number cf bytes, 
indicated by the first v, from the disk to memory 
beginning at the memory location specified by the 
second v. 
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WRITE (0256 FROM WRIO) 
WRITE v (FROM WRIO) 
WRITE v FROM v 

Transfer the number of bytes from memory to disk 
beginning at the memory location indicated by the 
second v. 

SEEK 

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

WRLOCK 

Causes the current disk drive to be write protected. 

ROFMT v INTO v 

This 18 a read instruction but with the RKCS Format 
(FMT) bait set. Same as READ except that only two 
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) bit set. 

ROCK 

This instruction issues the Read Check command on 
the sector addressed by CYL, HEAD, and SECT 

WRCK v AT v 

Performs the Write Check command at the current 
sector with the number of data bytes specified by 
the first operand at the iocation specified by the 
second operand. 

CRESET 

A Control Reset command is performed by 
instruction. 

this 
No interrupts are involved. 

| 
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The Orive Reset command 1s issued to the current 
unit with this instruction. This instruction does 
not terminate until Search Complete Interrupt 18 
received. 

The following instructions do not perform any 1/0 functions 
on the RKI1. 

NOWATT 

WAIT 

STEPUP + 

STEPDN v 

Standard implementation - see section 0.1.1. 

Standard implementation - see section 0.1.1. 

Easy incrementing of the values of CYL, HEAD, and 
1s provided with this statement. "The variable 

v 1s a count of the number of sectors that these 
values are to be incremented. Incrementing of the 

AD value will occur when the value of SECT exceeds 
decimal 11 and incrementing of CYL will occur when 
HEAD exceeds 1. hen the values of the three words 
exceed CO2,1,11, wrap around to 0,0,0 will occur. 
For example, if vil, the resull ‘will be the 
address of the next sector an disk: 1f v = decimal 
le (Dl2), the new address will be the same sector 
but on the next head; 1f = decimal 24, the 
resul ting address will be the same sector and head 
but on the next cylinder. 

Note that this instruction (and STEPON) will o erate 
with invalid values in CYL, HEAD, and SEC on 
execution. Regardless of their initial conten s, 
the contents of all three wer ds will be valid when 
this instruction comp letes. This allows the use of 
“FILL AT CYL WITH RANDOM” statements followed by 
STEPUP” O” to generate random disk addresses. 

This statement 18 essentially the same as STEPUP but 
provides a decrementin facility for the three 
values. When wrap around occurs, it will go from 
0,0,0 to 202,1,11 
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Since the values of Cr HEAD, and SECT are preset 
to zeroes, STEPUP or STEPON may be used to set these 
words to their desired initial values with one 
statement. For eranple, STEPUP D496 would result in 
the decimal values CYL = 20, HEAD = 1, and SECT = Y. 

STATUS 

Standard implementation - see section 0.1.1. 

Included with the standard display is the daspiay of 
the current contents of the words CYL, HERD, and 
SECT. These values do not necessarily reflect the 
current osition 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 in the standard fashion 
described in section 0.1.2. Note that the contents of the 
device registers and the CYL, HEAD, and SECT words at the 
time of the error will be displayed for all errors except the 
“INV UNIT 8° error. 

The unique error messages, which may occur in the use of this 
device routine, are as follows: 

DATA ERROR (STMNT #& nnnn) 

Standard implementation - see section 0.1.2. 

INV DEV I.D. 

When processing a search complete type cf interrupt 
the drive identity in bits 13 theu 1S of RKOS did 
not match the current unit number. 

INV UNIT 8 

The current unit number, which 18 displayed in 
octal, 18 not in the range of O-7. The ASSIGN 
command may be used to correct the erroneous unit 
number. Increments the data error count. 

Jog 
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STATUS ERROR: ddd,ddd,etc. 

This message indicates that an error status bit has 
been detected in the RK11 device registers. The 
codes ddd identify which bits were found with a 
mazimum of five being listed. The following are the 
codes possible for the ddd fields: 

ORY = Drive Not Ready 
OPL = Drive Power Low 
DRU = Drive Unsafe 
SIN = Seek Incomplete 
DRE = Drive Error 
OVR = Overrun 
WLO = Write Lock Out 
SKE = Seek Error 
PGE = Programming Error 
NXM = Non-Existent Memory 
OLT = Data Late 
TME = Timing Error 
NXD = Non-Existent Disk 
NXC = Non-Existent Cylinder 
NXS = Non-Existent Sector 
CSE = Checksum Error 
WCE = Write Check Error 

TIMEOUT ON I/0 

After initiating an I/O operation, the terminating 
interrupt was not received. The time allowed for 
the interrupt to occur 1s approximately Ce seconds 
when on the PDP-11/4S and with no other user 
programs executing. 

T/0 ON CRESET 

This error, which indicates that Ready (ROY) did not 
set within a few milliseconds after issuing the 
Control Reset command, may occur under either of two 
conditions. The first is when the CRESET statement 
is issued and the other 18 for the initiation of any 
other 1/0 function. When initiating any function, 
the device registers are tested for efror conditions 
left over from previous functions. If present, the 
Control] Reset command 18 issued to clear these 
conditions and timeout may occur in this situation. 
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UNEXP SRCH COMP INT 

An unexpected search complete interrupt has 
occurred. This error may occur from either of two 
conditions. The first is when this interrupt occurs 
on an I/Q operation that should not result in this 
type of interrupt (READ, WRITE, etc). The second 
condition 18 when the search complete interrupt 
occurs before the normal interrupt on the SEEK and 
DRESET functions. 

UNIT NOT RDY 

Immediately prior to initiating an 1/0 operation, 
the Drive Ready bit (DRY) in the RKOS register was 
found to be reset. 

RK11 SAMPLE PROGRAMS 

The fol lowing are sample RKi1 programs that perform the 
1 functions in 

1. 

cated in their descriptions: 

This program will] start at cylinder 0, head O, sector O of 
unit 2 and write a sector with random data, read it back 
and then verify the read date with the write data. a} 
will then intrement to the next sector and repeat the 
operation with different random date. This entire 
sequence will be repeated 20 times. 

XENTER 1 
2ASGN DEV: RK11,2 
7ROIO = 256 / Sle 
?WRIO = 256 / Sle 
DEV REG = 177400 / 
7INT VEC = Q00220 / 
BUS REQ =5S / 
ENTER STMNT’S 

0010 LOAD TMOO WITH Ded 
10020 FILL DSl2 AT WRIO WITH RANDOM 
0030 WRITE OSle 

READ DSie 
0050 VERIFY OSle AT RDIO WITH WRIO 

STEPUP 1 
20070 OECR TMOO 
»0080 if a0 >» 0 GOTO 20 
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2. The following program 1s an example of using the low level 
language an progranaing at the interface level without 
the use of hig evel I/0 statements. An equivalent 
program could Be written using the SEEK instruction and it 
wou d automatically include statistic gathering and error 
reporting. 

The purpose of this program is to initially issue a 
Control Reset comman o unit O followed by a seek to 
cylinder 8, head O, sector O. When this seek completes 
then issue a seek to cylinder 128, head O, sector O an 
wait for it to complete. The dual seeks will be repeated 
ten times. Only the pertinent messages are shown in the 
example. 

“ENTER 1 
?ASGN DEV: RKOS 
*RDIO = 256 / 0 
TWRIO = 256 / O 

10010 LORD RKCS WITH | 
0020 LORD TM10 WITH le 
0030 LOAD RKDA WITH 400 
>0040 LOAD RKCS WITH 11 
»00SO0 IF RKCS BIT 7 CLEAR GOTO SO 
»0060 IF RKDS BIT & CLEAR GOTO 60 
»0070 LORD RKDA WITH 10000 
0080 LOAD RKCS WITH 11 
»0090 IF RKCS BIT 7 CLEAR GOTO 90 
0100 IF RKDS BIT 6 CLEAR GOTO 100 
0110 DECR TM10 
0120 IF TM10 > O GOTO 30 
»0130 END 
> DONE 
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3. The following example consists of two programs which will 
copy the date from one disk to another. 

ed in four sector blocks from unit O to unit 1. 
Data will be 

Since 
each program can process only one device at a time, two 
programs that synchronize themselves are needed. 

*#ENTER 1 AS _RKCPYI 
2ASGN DEV: RK11,0 
"RDIO = 2S& ” O 

0010 LOAD COMO WITH O 
0020 READ Oe2048 INTO FREE 
0030 LOAD COMO WITH 1 
0040 LETGO 
»00S0 + IF COMO = 1 GOTO 40 
0060 STEPUP 4 
»0070 IF CYL >» O GOTO 20 
»008O0 IF HEAD > O GOTO 20 
»0090 IF SECT > O GOTO 20 
»0100 END 

#ENTER 2 AS _RKCPYC 
?QSGN DEV: RKI1,1 
?ROIO = 2S6 / O 
°WRIO = 256 / O 

>0010 IF COMO = 1 GOTO 40 
0020 LETGO 

GOTO 10 
0040 WRITE DeO48 FROM FREE 

STEPUP 4 
0060 LOAD COMO WITH 0 0 

0080 IF HEAD » O GOTO 20 
0090 +=OIF SECT > O GOTO 20 
>0100 ND 
>» DONE 

#RUN 1,2 
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TC11 DECTAPE DEVICE ROUTINE 

The TC11 Device Routine, whose filename is TTCAnm. MPS, 
supports the execution of 1/0 operations on the TUSG DECtape. 

PRESET VALUES AND SUPPORT SUMMARY 

Valid Model Names and Unit Numbers 

In reply to the “ASGN DEV:" message, two mode] names (TCI1 
and ) are acceptable and may be accompanied by a 
marigum of 16 unit numbers. For this device the unit 
numbers must be in the range of O thru 7 

Interface Addresses 

The following are the values preset for the TC11 and nay 
be altered {rom the console terminal following the “AS 
DEV:" message: 

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

Symbolic Register Names 

The symbolic names listed below may be used to reference 
the TC1l device registers in MPG {nstructions. The octal 
displacement associated with each name is the value that 
wil be added to the device register base address to 
ebtain the actual memory address of the desired register. 

Nase Disp] Description 

TCST +0 Control and Status 
TCCM +2 Command 
TCC +4 Word Count 
TCBA +6 Bus Address 
TCOT +10 Date Buffer 

Supported Instructions Summary 

The {allowing 13_a summary of the 
by MPG for the TC11. Detailed explanations are 118 
section 0.7.2. 

instructions supported 
ed in 

Bog 
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FWO RONUM STOP STATUS 
REV RDALL STPALL COUNTS 
READ WRALL NOWATT 
WRITE WRTM WAIT 

- Information Words 

The three words listed below are used to 

M.P.G. 

pass information 
between the user proaran and the device routine and are 

s. initially preset to 

BLK A one word location used by the 
specify to the device routine 

Ctape block on which the 1/70 

user program to 
the number of the 
Operation 3s to 

begin. The ecceptable ran e of values for this word 
1s decimal O - 
contents of BLK are: 

READ ROALL 
WRITE WRALL 

SIZE Standard implementation - se 
Contents are updated by READ, 
RONUM, and WRIM. 

e commands that 

¢ 
WRIT: 

utilize the 

section 0.1.1 
E, ROALL, WRALL, 

ERR Standard implementation - see section 0.1.1. 

- Statistical Information 

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

BYTES RO: READ, ROALL, RONUM 
BYTES WR: WRITE, WRALL, WRTM 

CMNOS: § READ. ROALL, RONUM 
WRITE CMNDS: WRITE, WRALL, WRTM 
MISC CMNOS: STOP, STPALL 

All hardware errors 
DATA ERRORS: Invalid unit and BLK number 

will be 

errors and 
errors detected by the VERIFY statement. 

INTERRUPTS: Number of entries into 
routine. 

the interrupt 

a | ees eee em ee ee ee ee ee ee a eee oe ee 
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- OPSH Special Operation Bit Support 

Bit 7 of the OPSW (SPOPER) 13 not supported by the TCil 
device routine and its setting has no effect upon device 
routine operation. Support for the TC11 maintenance bit 
was not included due to the complezity of providing 
meaningful functions with the variety of opdration needed. 
MPG's low level language lends [tself to this type of 
application and does not require seldom used code in the 
device routine. 

0.7.2 DESCRIPTION OF TC11 INSTRUCTIONS 

The TC1l Device Routine supports execution of twelve MPG 
language statements. For certain functions (READ, WRITE 

and WRALL), the desired block number must be loaded 
into BLK before performing those functions. In the followtng 
descriptions, data shown enclosed within parentheses 
indicates the default values if nothing 18 entered for the | 
statement’s operands. The v 18 used to indicate a variable | 
operand as defined in Appendiz B.e2. Note that if an odd byte 
count 18 supplied in any of the following instructions, it 
will effectively be decremented by 1 before being used. 

FWD 

The tape direction of all subsequent commands i138 
controlled with this statement. FWD, which 18 the 
preset direction, indicates that all subsequent 

AD, WRITE, ROALL WRALL, RONUM, and WRIM commands 
are lo be performed with the Lape moving if a 
forward direction during data transfers. Block 
searching will still be done in whichever direction 
1s needed to arrive at the specified block. This 
command does not cause any tape movement. 

REV i 

Similar to the FWO instruction but indicates that I 
all data transfers are to be done while moving tape ' 
in the reverse direction. FUO/REV also controls the 
initial tape direction when searching for a 
specified block. ;
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RERD (0eS& INTO ROIO) 
READ v (INTO ROIO) 
READ v INTO v 

This instruction transfers the number of bytes, 
specified by the first v, from DEC tape to memory 
beginning at the menory location indicated by the 
seCond v. Data will Be transferred starting St the 
block whose number 18 stored at BLK with the tape 
direction controlled by FWO/REV. Searching for the 
block will occur, if needed. 

WRITE (DeS& FROM WRIO) 
WRITE v (FROM WRIO) 
WRITE v FROM v 

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

RONUM v INTO v 

Reads the block number cf the next block into memory 
at the location indicated by the second v. Tape 
direction 1s controlled by FWO/REV and block 
searching does not occur. The first v is a byte 
count and in effect controls how many block numbers 
will be read. If 2, the block number of only the 
first block 1s read. {16 for example, the numbers 
of the next 3 blocks will be stored in memory. 

ROALL v INTO v 

This instruction 18 very similer to the READ 
statement. However, since the TC11 Read All command 
includes two checksum words and transfers 18 bits of 
data at a non-NPR level, special considerations had 
to be taken. Block searching and data transfers 
take place without interrupts. The entire processor 
1s dedicated to this instruction during the search 
and during data transfers. 1/0 operations on other 
devices should not be in progress when initiating 
this command. This is dué to the tight timing 
requirements imposed upon date servicing. The time 
used to service another device’s interrupt could 
possibly result in errors on this command. Also, 
SINCE he data consists of eigthteen bits, 
difficulty gas encountered in trying tO stuff them 
into a 11 sixteen bit word. The method chosen 
was to place data bits 16 and 17 into bits O and 3 
of the first word of a pair of memory words and data 
bits O thru iS in the second word. This results in
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two memory words for every eighteen bit word. 
Therefore, the byte count for the L Cand WRALL) 
command must be doubled. The reading of one block 
with the RORLL command results in the transfer of 

eighteen bit words. With a sixteen bit word 
this would result in a byte count of S16. However, 
due to the double word storage format already 
mentioned, the ROALL command aus specify a byte 
count of 1032 in order to read all data in Sne 
block. Byte count totals will reflect four bytes 
read for every eighteen bit word. 

WRALL v FROM v 

Essentially the same as the ROALL instruction except 
for the direction of data transfer. The mode of 
operation and al! special considerations pertaining 
to the ROALL statement apely to WRALL. Data is 
expected to have bits 16 and 17° 1n Bits O and 1 of 
the first word of a pair of words with bits O thru 
1S in the second word. 

WRTM v FROM v 

This instruction 18 used to write the timing track 
on ODECtapes. FWO/REV controls the tape direction 
and block searching 18 not performed. Since this 1s 
a non-NPR function and 13 performed without 
interrupts, the restrictions for ROALL/WRALL 
concerning processor contro] and the operation of 
other devices apply to WRTM. Since the data words 
are sizteen bits, the bute count 1s handled in the 
same manner as for WRITE. Data transfers begin 
occurring as soon as READY sets. 

STOP 

This command stops tape movement on the current 
unit. 

STPALL 

Used to stop tape movement cn all units. 
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NOWAT T 

WAIT 

STATUS 

COUNTS 
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Standard implementation - see section 0.1.1. 

The NOWAIT mode has no effect upon the ROALL, WRALL, 
and WRIM instructions since they always operate in 
the WAIT mode. 

Standard implementation - see section 0.1.1. 

Standard implementation - see section O.1.1. The 
first display is the values when the last interrupt 
occurred or at the termination of the last non-NPR 
function (RDALL, WRALL, or WRIM) 

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

Standard implementation - see section 0.1.1. 
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*» 
€ 3 TC11 ERROR INFORMATION 

This device routine processes errors in the standard fashion 
described in section 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 8” 
error. 

The unique error messages, which may occur in the use of this 
device routine, are as follows: 

BLK SERRCH ERROR 

While searching for the specified block prior to 
performing an 1/0 operation, tape direction has been 
reversed six times without finding the block. 
Possibly due to an invalid block number on tape. 

DATA ERROR (STMNT @ nnnn) 

Standard implementation - see section D.1.2. 

INV BLK 8 

Immediately prior to initiating an 1/0 o 
that requires block searching, the contents 
word BLK was not in the range of decimal 0 

h 

peration 
of the 
- 577. 

Since block searching 18 & programmed function, it 
would be futile to proceed. Increments the data 
error count. 

INV UNIT 8 

The current unit number, which is displayed in 
octal, 1s not in the cange of O-7. The ASSIGN 
command may be used to correct the erroneous unit 
number. Increments the data error count. 

STATUS ERROR: dddd,dddd,etc. 

This message indicates that an error status bit has 
been detected in the TCll device registers. The 
codes dddd identify which bits were found with a 
matimum of four be HH listed. The following are the 
codes possible for the dddd fields: 

ENDZ = End Zone 
PARE = Parity Error 
MKTE = Mark ¥eack Error 

HOS 
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Illegal Operation 
Selection Error 
Block Missed 
Data Missed 
Non-Eristent Memory 

@ 3 

TIMEOUT ON 170 

After initiating an 1/0 operation, the terminating 
interrupt was not received. The time allowed for 
the interrupt to occur 18 approximately two minutes 
and 34 seconds when on the POP-11/55 and with no 
other user programs executing. 

TC11 SAMPLE PROGRAMS 

The fol lowing are sample TCll programs that perform the 
functions indicated in their descriptions: 

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

»0010 READ DSie 
»0020 PRINT DSl2 AT RDIO IN OCTAL 
»0030 END 
> DONE 

#ASSIGN LP11 TO LIST 
¥RUN 1 

2. Using the above program, modify it so that the read is 
performed in the reverse direction on block number octal 

#MODIFY 1 
ENTER STMNT’S 

02 LOAD BLK WITH 20 
»05 REV 
» DONE 

*#RUN 1 

mee — ee UY 
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3. Starting at octal block number 100 on unit 2, write Sie 
bytes of random data, read 1t back, and compare it to the 
date that was written. Then, oint to the next block and 
repeat the operation. Do this test for 15 blocks and 
repeat the entire test on units 3, 1, and 4 in that 
order. Only pertinent messages are shown in this 
example. 

*ENTER 16 AS TCROWR 
?ASGN DEV: TUS6,2,3,1,4 
*ROIO = eS& / O 
°WRIO = 256 / Sle 

»0010 LOAD BLK WITH 100 
0020 LOAD TMO8 WITH 01S 
0030 FILL _DSile AT WRIO WITH RANDOM 
0040 WRITE O0Sie 
»00S0 READ OSle INTO FREE 
0060 VERIFY DSle AT FREE WITH WRIO 
»0070 INCR BLK 
»0080 DECR TNOB 
»0090 IF THOS > O GOTO 30 
»0100 END 
> DONE 

#RUN 16 

Read the two checksum words and all data words in block 
number 1 on unit 7 as etghteen bit words. 

#ENTER 9 
2QSGN DEV: TC11,7 
7ROIO = 256 ” QO 
°WRIO = 256 / 0 

»0010 INCR BLK 
90020 RDALL 01032 INTO FREE 
»0030 END 
> DONE 

#RUN 9 
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TM11 MAGTAPE DEVICE ROUTINE 

The TM11 Device Routine, whose filename 1s TTMAnm. MPG, 
supports the execution of {7/0 operations on the TULO magtape. 

PRESET VALUES AND SUPPORT SUMMARY 

- Valid Mode! Names and Unit Numbers 

In repl to the “ASGN DEV:" message, two model names (TMI1 
and ufo) are acceptable and may be eccompanied by a 
marimum of 16 unit numbers. For this device the unit 
numbers must be in the range of O thru 7 

- Interface Addresses 

The following are the values preset for the TM11 and nay 
be altered from the console terminal following the “ASG 
DEV:" message: 

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

- Symbolic Register Names 

The symbolic names listed below may be used to reference 
the IM11 device registers in MPG instructions. The octal 
displacement associated with each name is 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 Address 
MTD +10 Data Buffer 
MTRO +le Read Lines 

- Supported Instructions Summary 

The following 1$_3 summary of the instructions supported 
by MPG for the TM11. Detailed explanations are listed in 
section 0.8.2. 

Te cone ae ag 
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READ SPF WD CRESET NOWATT 
WRITE SPREV EVEN WAIT 
WRETRG REWIND 000 STATUS 
WREOF OFFLIN BPI COUNTS 

- Information Words 

The siz words listed below are used to pass information 
between the user program and the device routine. 

RORB The contents of this word specifies the number of 
times that MPG will attempt to re-read a block on 
which a CRE or PAE error was detected. Preset value 
18 

WRRB Essentially the same eas RORB but specifies the 
number of retries for WRITE, WREIRG, and WREOF. 
Preset value is 3 

EOF This word is cleared to zeroes before each I/0 
operation and then set to a value of 1 if the End Of 
File bit was set in the MTS register when the 
terminating interrupt was processed. This allows 
user detection of EOQF’~ since they are not treated 
as error conditions. Preset valué is 

EOT Utilized in the same manner as EOF but reflects the 
status of the End Of Tape bit in the MTS register. 
Preset value is 0. 

SIZE Standard implementation - see section 0.1.1 
Contents are updated by READ, WRITE, and WREIRG. 

ERR Standard implementation - see section 0.1.1. 

- Statistical Information 

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

RO ROLLBACKS: 
WR ROLLBACKS: 
& OF EOF’S: 

# OF EOT’S 

DEV ERRORS: 
DATA ERRORS: 

INTERRUPTS: 

MO9 
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READ 
WRITE, WREIRG 
READ 
WRITE, WREIRG, WREOF 
SPE SPREV, REWIND, OFFLIN, CRESET 
RE 
WRITE, WREIRG, WREOF 
Number of EOF’s encountered during program 
execution. 
Number of EQT’s encountered during program 
execution. 
All hard errors and unrecoverable rollbacks 

- OPSW Special Operation Bit Support 

Invalid unit number and invalid BPI errors 
and errors detected by the VERIFY 
statement. 
Number of entries into the interrupt 
routine. 

Bit 7 of the OPSW (SPOPER) 1s not supported by the TM11 
device routine and its 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 indicates the default 
values if nothing 18 entered for the statement’s operands. 
The v 18 used to indicate a variable operand as defined in 
Appendix B.2 

READ (DeS6 INTO RDIO) 
READ v (INTO RDIO) 
READ v INTO v 

This instruction transfers the number of bytes, 
specified by the first v, from magtape to memory 
beginning at the memory location indicated by the 
second Note that when reading an EOF block with 
this command, the BYTES RD count will not be 
incremented. 



NO9 
M.P.G. Page 117 

0.8 - TM11 Device Routine (Cont'd) 

WRITE (DeS& FROM WRIC) 
WRITE v (FROM WRIO) 
WRITE v FROM v 

Same as the READ except that the number of bytes 
will be written to ol peed from menor If necessary 
to perform write ack on hid command 
Device Routine will fititize the lirite with Etlended 
Interrecord Gap command for the writes performed 

: during rollback. 

° WREIRG v FROM v 

This instruction 1s similar to the WRITE statement 
except at only one statement format is supported 
and iT uses the TALI Write with Extended Interrecord 
Gap command. 

WREOF 

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

SPFWD v 

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

SPREV v 

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

REWIND 

Use of this instruction causes the tape to be 
rewound to the BOT marker. This instruction does 
not terminate until BOT 18s reached and the second 
interrupt 18 processed. 

JFFLIN 

Causes the tape to be rewourd and then unloaded. 
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CRESET 

BPI vy 

EVEN 

NOWATT 

STATUS 

ee ee ee 
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This instruction 18 used to perform a control reset 
to the controller and tape units. Sets the Power 
Clear bit in the MTC register. 

Used to set the proper Bits Per Inch values into the 
and DEN S bits in the MTC register. Four 

values are valid for v and are as follows: (Preset 
) 

00 = 200 BPI (7 Level) 
01 = SSG BPI (7 Level) 
10 = 800 BPI (7 Level) 
11 = 800 BPI (9 Level or core dump 

mode for 7 Level) 

Sets the parity mode to even for reading and 
writing. Affects all subsequent 1/0 operations. 

Similar to EVEN but sets the parity mode to odd. 
OOD 1s the preset mode. 

Standard implementation - see section D.1.1. 

Standard implementation - see section 0.1.1. 

Standard implementation - see section 0.1.1. 

Included with the standard display is the display of 
the current contents of the EOF and EOT words. 
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0.8.3 

COUNTS 

Standard implementation - see section 0.1.1. 

TM11 ERROR INFORMATION 

This device routine processes errors in the standard fashion 
described in section O.1.e. Note that the contents of the 
device registers and the EOF and EOT words will be displayed 
for all errors except the “INV BPI” and “INV UNIT 8” errors. 

The unique error messages, which may occur in the use of this 
device routine, are as follows: 

DATA ERROR (STMNT 8 nannn) 

Standard implementation - see section 0.1.2. 

INV BPI VALUE 

The operand supplied with the BPI statement was not 
one of the values which are valid for the TM11. The 
valid octal values for the 1M1i are OO, O1, 10, and 
ll. Increments the data error count. 

INV UNIT 8 

The current unit number, which 18 displayed in 
octal, is not in the range cf 0-7. The ASSIGN 
command may be used to correct the erroneous unit 
number. Increments the data error count. 

ROLLBACK EXH. 

This error indicates that the TM11 device routine 
hes failed iv sucessfully perform a read or write 
type of operation. The number of retries attempted 
ft controlled by the contents of RORS and 
This error will not occur 1f a rollback type of 
error occurs and the number of retries specified by 
the applicable word is zero. In this case only th 
STATUS ERROR message will be dispiayed. 

ne ee ae ee ee 

ee | 
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STATUS ERROR: ddd,ddd,etc. 

This message indicates that an error status bit has 
been detected in the TM11 device registers. The 
codes ddd identify which bits were fdund with 2 
mazimum of five being listed. The following are the 
codes possible for the ddd fields: 

ILC = Al legal Command 
CRE = Cyclic Redundancy Error 
PRE = Parity Error 
BGL = Bus Grant Late 
RLE = Record Length Error 
BTE = Bad Tepe Error 
NXM = Non Existent Memory 
SLR = Select Remote 
WRLE = Write Lock 

TIMEOUT ON 1/0 

After initiating an 170 operation, the terminating 
interrupt was not received. The time allowed for 
the interrupt to occur when on the PDP-11/4S and 
with no other user programs executing 18 as follows: 

WREOF, OFFLIN = 22 Seconds 
READ, WRITE, WREIRG = 1 Minute 6 Seconds 
SPF, SPREV = 2 Minutes 12 Seccnds 
REWIND 7 Minutes 

_ mee ee 
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0.8.4 TM11 SAMPLE PROGRAMS 

The fol lowing are sample TM11 programs that perform the 
functions indicated in their descriptions: 

1. Beg ginning 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 6. 

#ENTER 6 
2ASGN DEV: TM11.2.4-6 
"ROIO = 256 / 1000 
°WRIO = 2S& / 1000 
°DEV REG = 172520 / 
2INT VEC = O002c4 / 
"BUS REQ =S / 

ENTER STMNT’S 

19010 LOAD TMOY WITH D100 
10020 FILL DIO0O AT WRIO WITH 9ANDOM 
10030 WRITE 01000 
»0040  DECR T MO4 
}00SO =F TMOY >» 0 GOTO ed 
0060 REWIND 
0070 LOAD TMOS WITH 0100 
»0080 READ 01000 

DECR T' > 0030 MOS 
»0100 IF TMOS > O GOTO 80 
»0110 REWIND 
0120 END 
> DONE 

#RUN 6 

e. Write 1096 % te blocks of all one bits to end of tape on 
unit irminate the tape by writing two EOFs and 
doing R “pewind. Read the tape forward until detecting 
the two EOF’s and then rewind the tape. 

#ENTER 9 
°ASGN DEV: TUIO,1 
*ROIO = 256 7 0 
°WRIO = 256 / 0 

0010 FILL DYO096 AT FREE WITH 177777 
0020 WRITE D4096 FROM FREE 
0030 +=IF EOT = 0 GOTO 20 

WRE OF 
90050 = MRE OF 

REWIND 
70070 READ 04096 INTO FREE 
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0080 =iIF EOF A 0 GOTO 70 
0090  INCR TMO3 
0100 IF TMO3 <> 2 GOTO 70 
90110 REWIND 
0120 ENO 
> DONE 

#RUN 9 

3. Test the spacing capabilities of al] eight TUIO tape 
units Paitaall] rewinding the tape and writing a 2000 
byte bind of randdm data whise data is saved. Next, 
wiite another block of different random data, space 
reverse two blocks, read the data in the first block and 
compare it to the date that was saved. Space forward 
over the block last written and save its write data. 
Repeat this procedure until End Of Tape is detected at 
which time, read and compare the final block followed by 
rewinding lhe t tape. 

ENTER 8 AS GRINOR 
7 ASGN DEVE TUrg Q-7 
?ROTO 
7WRIO 

»0010 
> 0020 
> 0030 

2600 
256 / 2000 

AT WRIO TO FREE 
AT WRIO WITH RANDOM 

02000 
VERIFY DeQ00 AT RDIO WITH WRIO 

a
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LPLI“LSLI/LVI1 PRINTERS’ DEVICE ROUTINE 

The LPLI/LSII/LVI1 Device Routine, whose filename 18 
TLPAna. MPG, supports the execution of I/O operations on the 
LP11, LS11, and LVI] printers. 

PRESET VALUES AND SUPPORT SUMMARY 

- Valid Model Names and Unit Numbers 

In reply to the ASGN DEV: message, three model names 
(LP11, “LS11, and LV11) are accep able. Unit numbers are 
not needed and are not interrogated by the Device Routine. 
However, up to sixteen may be entered and will result in 
the program being repeated on the current printer for each 
unit number entered. Effectively acts as a pass count. 

- Interface Addresses 

The following are the values preset for all three printers 
and may be altered from the console terminal following the 
ASGN DEV: message: 

Device Register Base Address = 177514 
Interrupt Vector Address = 200 
Bus Request Priority = 4 

- Symbolic Register Names 

The symbolic names listed below may be used to reference 
the printers’ device registers in MPG instructions. The 
octal displacement associated with each name is 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 always 
supported, even though they may reference the same 
location. 

Name Displ Description 

LPS +0 LP11 Control and Status 
LPB +2 LP11 Date Buffer 
LPCS +0 LP11 Control and Status 
LPOB +2 LP11 Date Buffer 
LSCS +0 LS11 Control] and Status 
LSDB +2 LS11 Data Bulfer 
LYCS +0 LV11 Control and Status 
LYVOB +2 LV11 Data Buffer 

| 
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Supported Instructions Summary 

The following 18 @ summary of the ins 
by MPG for the LPI1, L511, and LVI] 
eXplanations are listed in section 0.9 

WRITE BUF CLR NOWATT 

tructions supported 
printers. Detailed 

SPACE PLOT WAIT 
TOF NOPLOT STATUS 
EOT COUNTS 

Information Words 

The two words listed below are used to pass information 
from the device routine to the user program. 

SIZE Standard implementation - see section D.1.2. 
Contents updated by WRITE, SPACE, TOF, and EOT. 

ERR Standard implementation - see section 0.1.1. 

Statistical Information 

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

BYTES WR: WRITE, SPACE, (TOF & EQT in NOPLOT mode) 
WRITE CMNDS: WRITE 
MISC CMNDS: SPACE, TOF, EQT, BUFCLR 
DEV ERRORS: All printer errors 
DATA ERRORS: Errors detected by the VERIFY statement and 

PLOT commands to The LP11 or LS11. 
INTERRUPTS: Number of entries into the interrupt 

routine. 
ADDITIONAL XFERS DURING INT: 

The number of additional bytes transferred 
to the printer during one interrupt 
servicing. Varies according to printer 
buffer size and the data being printed. 

OPSW Special Operation Bit Support 

Bit 7 of the OPSW (SPOPER) 18 interrogated only while 
performing WRITE commands. Normally, the Device Routine 
will automatically issue a carriage ralurn and line feed 
CCR/LF) following each WRITE while in NOPLOT (printer) 
mode and a Line Terminate in PLOT mode wher the data 
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length is not a multiple of decimal 128. If th 
bit'is set, neither of these automatic features 
performed. 

0.9.2 DESCRIPTION OF LPLI/LSI1/LV11 INSTRUCTIONS 

The LPIIZLSLIZLVI11 Device Routine supports execu 
eleven MPG Janguage statements. n the f 
descriptions, dat shown enclosed within = par 
indicates the default values if nothing 18 entered 
statement’s operands. The v 1s used to indicate a 
operand as defined in Appendix B.2. 

WRITE (D2S& FROM WRIO) 
WRITE v (FROM WRIO) 
WRITE v FROM v 

This instruction transfers the number of 
specified by the first v, from memory, beg: 
the memory lacation defined by the setond v, 
printer. Unless inhibited by the SPOPER bi 
rogram’s OPSW, a CR/LF will automatically b 

Fol owing the data when in printer mode 
Terminate will be set when in OT mode w 
data length not a multiple of decimal 128. 

SPACE v 

The number of lines specified by v will be 
in either print or plot mode. In print am 
two CR and LF bytes (O15 and Ole) will be 
the printer for each line specified. In p 
two bytes of O's are sent to the plotter fol 
Line Terminate being set. This occurs 
plotter line to be advanced. 

TOF 

Performs a Top Of Form function in either 
plot mode. In print mode, the Form Feed by 
is sent to the printer. In plat mode, the 
Form Feed bit 18 set in the C/S device regis 

ECT 

Performs an End Of Transmission function in 
rint or plot mode. In print mode, th 
ransmission byte (O04) is sent to the print 
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BUF CLR 

PLOT 

NOPLOT 

NOWATT 

WALT 

TATUS 

COUNTS 

plot mode, the Remote End Of Transmission bit is set 
in the C/§ device register. 

This instruction allows the user to clear the 
appropriate buffer in the LVIL. The printer buffer 
will be cleared if in print mode while the plotter 
buffer will be cleared if in plot mode. This 
instruction does not use interrupts and has no 
effect 1f used on the LPI1 or LS11. 

Specifies to the Device Routine that all following 
1/0 functions are to be performed on the plotte? 
section of the LVII. When in plot mode, the 
execution of all previously described 1/0 functions 
will be altered to accommodate the differences in 
the device's interface and operation. This 
statement results in an error 1f used with an LPI1 
or LS11 assigned to the program. 

Resets the PLOT mode and causes al] subsequent 1/0 
operations to be executed in print mode. This is 
the preset mode of operation when starting a 
prog-an. 

Standard implementation - see section 9.1.1. 

Standard implementation - see section 0.1.1. 

Standard implementation - see section O.1.1. 

Standard implementation - see section D.1.1. 
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0.9.3 LPLI/LSII/LVI1 ERROR INFORMATION 

This device routine processes errors in the standard 

K10 — 
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fashion 
described in section O.1.2. Note that the contents of the 
device registers at the time of the error will be displayed 
for all errors except the “PLOT INV™ error. 

The unique error messages, which may occur in the use of this 
device routine, are as follows: 

DATA ERROR (STMNT & nnnn) 

Standard implementation - see section D.1.2. 

“PLOT" INV FOR LP11/LS11 

When executing the pro 
been encountéred. T 

gram, a PLOT statement has 
1s command is valid only when 

an LVI11 has been assigned as the device type. 
Increments the data error count. 

RDY NOT SET 

Before initiating an I/0 transfer, the READY bit was 
not set in the printer’s device register. 

STATUS ERROR 

This message indicate 
detected in the LP11/ 
register. 

C o
m
 

wn
 
a
 

TIMEOUT ON I/0 

ERROR bit has been 
ontrol/Status device 

After initiating an 1/0 operation, the terminating 
interrupt was not received. The time allowed for 
the interrupt to occur when an the POP-11/4S and 
with no other user programs erxecut 
approximately 22 seconds. 

Ing 18 
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LP1II/LS11/LV11 SAMPLE PROGRAMS 

The fol lowing are sample printer programs 
functions indicated in their descriptions: 

132 

0.9.4 

1. Starting with spaces, print a 
| charactér ona be character LP11 

line, 1ssue an End Of 

*#ENTER 3 AS ALPHAB 

0010 
0020 

2. Utilize the plot and 
Ped a 16 bit by 

hen, sdvance: to the next page, 
fo e and print a page of 132 byte | 
standard 64 character ASCIT se 
one position. 

*#ENTER 5S AS PRPLOT 
?ASGN DEV: LV11 

print modes of 

*ROIO = 256 7 0 
PWRIO = 256 / 132 

0010 PLOT 
0020 LOAD TMOO WITH DeS 
0030 FILL D128 AT WRIO WITH PATE 
>0040 LORD TMO] WITH Dlb 
}00S0 WRITE 0128 
0060 ODECR TMOl 
0070 IF TMO1 > O GOTO SO 
0080 FILL Dle8 AT WRIO WITH PAT7 
>0090 LOAD TMO2 WITH O16 

yte 
printer. 

ransmission character. 

an LVII by 
attern for one 

printer 
of the 

precessed 

16 bit checkerboard 
shift to 

nes consisting 
with each line 

Follow this with an EOT character. 
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»0100 WRITE Dles 
90110 DECR TMOe 
0120 IF TMOe > O GOTO 100 
»0130 #ODECR TNOO 
»0140 IF TMOO > O GOTO 30 
10150 TOF 
40160 NOPLOT 
10170 =FILL O132 AT WRIO WITH ASCII 
»0180 LOAD TMO3 WITH 060 
»0190 WRITE 0132 
»>0200 ROTATE D132 AT WRIO 
»0210 ODECR TMO3 
»0220 IF TMO3 > O GOTO 190 
»0230 E0T 
»02e40 END 
> DONE 

#RUN S 

3. Test the line spacing capabilities of an LS11 by printing 
lines of E’s with various spacing between them. Then 
check for correct Form Feed operation by issuing a TOF. 
Repeat the test three times on the assigned printer by 
using dummy unit numbers. Note that this test can_ be 
used on an LV1l in plot mode merely by inserting a PLOT 
statement at line number OOOS. If this is done, E’s will 
not be printed but instead, the plotter’s binary bit 
representation of E’s. 

ENTER 8 
?ASGN DEV: LS11,1,2,3 
*ROIO = 2S& / 0 
°WRIO = 256 / 126 

0010 FILL Dle& AT WRIO WITH 42505 
0020 WRITE Dleb 
0030 SPACE | 
0040 WRITE Dleb 
»00S0 SPACE 2 
»0060 WRITE 0126 
0070 SPACE 3 

0100 WRITE Oleb 
10110 TOF 
10120 END 
> DONE 
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DH11 PROGRAMMABLE ASYNCHRONOUS 16-LINE MULTIPLEXER 

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

REGISTER NAMES RECOGNIZED 

SCR BYCR 
NRC BAR 
LPR BCR 
CAR SSR 

MPG INSTRUCTIONS SUPPORTED 

READ F DUPLX ALARM 
WRITE HDUPLX SETUP 
BREAK EVEN RBAUD 
CRESET ODD TBAUD 
NOWATT NOPAR BAUD 
WAIT ONESTP ECHO 
STATUS TWOSTP NOECHO 
COUNTS BITS PRESET 

STATISTICAL INFORMATION 

BYTES: Read, Written 
CMNOS: Read, Write, Break, Misc. 
INTERRUPTS: Read, Write 
ERRORS: Non-existent Mem(NEM), Overrun(OVR), 

Framing(FRM) Parity (PAR), Silo 
Overflow(SOFS, Data 

OPSW SPECIAL OPERATION BIT SUPPORT 

When Bit 7 (SPOPER) of the OPSW 1s set, the Maintenance Mode 
Bit (Bit 9 SCR) will be set prior tc issuing each 1/0 date 
transfer command. 

1.0 TIMEOUT 

If a terminating interrupt 18 not received 3 minutes after 
initiating an 1/6 operation, the program will be aborted ard 
the user Informed. This time 18 approximate, calibrated on a 
POP-11 45 with no other user programs runring. 
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D.10 - Dell Device Routine (Cont'd) 

e. INSTRUCTION DESCRIPTIONS 

v (INTO ROIO) 
v INTO v 

This instruction will couse a data transfer to occur 
between the unit previcusly assigned to this Device 
Routine and the memory ereca specified by the second 
variable. The first variable contains the byte 
count for the transfer. 

Ree (DeS6 INTO RDIO) () = default values 
RE 
RERO 

RERC v INTO v FROM u 

Same as above read except u specifies the units of 
line numbers. Whatever unit numbers were assigned 
have no effect. This allows simultaneous data 
transfers on_u tg Je tines. A typical form of u is 
4-7811 of YT 

WRITE (D2S& FROM WRIO) 
WRITE v (FROM WRIO) 
WRITE v FROM v 
WRITE v FROM v TO u 

The description for the READ instruction applies to 
the WRITE except for the direction of data Tlow. 

BREAK oy 
BREAK v ON u 

This instruction causes 3 break spacing condition) 
on the assigned unit or sn those specified by u as 
in the READ instruction. The duration at the break 
1s determined by v_ which specifies the number of 
character times to hold the spacing condition. 

CRESET 

This instruction sets the Master Clear bit in the 
auaten Control Register, then clears al] bits in the 
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NOWATT 

STATUS 

RLARN 

SETUP 

RBA 

"BAUD 

Standard implementation - see section 0.1.1. 

Standard implementation - see section 0.1.1. 

Standard implementation - see section 0.1.1. 

Standard implementation - see section 0.1.1. 

This instruction loads the silo alarm level in the 
Silo Status Register. The only acceptable values of 
v are 0,1,2,4,10 or D8, 20 or bie and 4O or . 
All other values will be intercepted when the 
progras 1s run. After an error message 13 printed, 
he program will take the normal error action as 

determined by the OPSW. 

All of the following instructions listed, set or 
reset bits in the Line Parameter Register. The 
SETUP instruction selects which line perameter 
registers will be updated by these instructions. 
The unit _u can be any line or combination of lines 
between O and 15, such as 3 THRU 7 ANDO 1S. 

Sets the Rece:ver speed as indicated in the table. 

Sets the “ransmitter speed as indicated in the 
tavie. 
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BRUO 

EVEN 

ODD 

ONESTP 

TWOSTP 
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1ce Routine (Cont'd) 

Vv 

Sets both Receiver and Transmitter speed as 
indicated in the table. 

Speed Table for Receiver and Transmitter 

v(Octal) v(Decimal) Baud Rate 

0 DO 0 
1 01 $0 
r De 75 
3 03 110 
4 DY 134.5 
5 OS iSO 
6 200 
7 07 300 

10 08 600 
ll 09 1200 
le 010 1800 
13 O11 2400 
14 Die 4800 
1S 013 9600 
16 O14 EXT INP A 
17 01S EXT INP B 

Sets Even Parity. 

Sets Odd Parity. 

Disables Parity. 

Sets number of stop bits = 1 

Sets number of stop bits = 2 
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BITS v 

Sets bits per character according to v. Valid 
entries are 5,6,7 and 10 or 08 

ECHO 

Enables Auto-Echo 

NOE CHO 

Disables Auto-Echo 

PRESET 

Sets 8 Bits per Character, disables Parity, sets e 
Stop Bits, 1f6 Baud, and Full Duplex with No Echo. 

DH11 ERROR INFORMATION 

This device routine processes errors in the standard fashion 
described in section 0.1.2. 

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

DH11 TIMEOUT ON 1/0 

An 1/0 operation was begun, but the terminating 
interrupt was not rece ved. The time allowed for 
this interrugt te occur 18 approximately three 
minutes when the program is run on the POP-1I/4S and 
no other programs aré running. 

OH11 ERROR:  ddd,ddd,etc. 

The codes ddd represent mnemonics which are printed 
to indicate which error bits were set. The message 
may contain from one to five codes. The following 
mnemonics may be printed in this message: 

Received Data Parity Error 
FRM = Framing Error 
OVR = Dats Overrun Error 
NEM = Non-existent Memory Error 
SOF = Silo Overflow Error (storage interrupt) 
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D.19.2 

BRUD SELECTION CODE > 15 

The user program entered a value with the RBAUD or 
TBAUD statement to select a baud rate. This value 
must be from 0 to 15. A value greater than 15 was 
entered. 

& OF CHAR BITS NOT S,6,7 OR 8 

The user program enter 
statement to select the 
value must be S, 6, 7, © 
range was entered. 

a value with the BITS 
ngth of a character. This 
8. A value not in that 

ed 
le 
r 

SILO ALARM LEVEL OTHER THAN 0,1,2,4,8,16 OR 3e 

The user program entered a value with the ALARM 
statement to set the silo alarm level. This value 
must be an integral power of 2 between O and 32. A 
value not in that range was entered. 

DH11 SAMPLE PROGRAMS 

1. Write same data sequentially to units 3,4,5 and 11. 

#ENTER 1 
"ASGN DEV: DH11,3,4,5,11 

0010 FILL D64 AT WRIO WITH ASCII 
CRESET 

0030 SETUP 3-S811 
PRESET 

0050 WRITE D64 
> 0060 WRITE 2 FROM CRLF 

CC. Write same data simultaneously to units 3,4,5 and 11. 

*#ENTER 1 
?ASGN DEV: DH11 

0010 FILL D64 AT WRIO WITH ASCI! 
/0020 CRESET 
»0030 SETUP 3-S811 
»0040 PRESET 

~~ ~~ 
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»00SO WRITE O64 FROM WRIO TO 3-5811 
90060 WRITE 2 FROM CRLF TO 3-S811 
»0070 END 
>» DONE 

#RUN 1 

Weite different data sequentially to units 5,9 and 15 
at 300 Baud. 

#ENTER 1 
?ASGN DEV: DH11 

WRITE D16 FROM BFOO TO S 
0060 WRITE 016 FROM BFOI TO 9 

WRITE 016 FROM BFO2 TO 15 

urate different data simultaneously to units 5,9 and 15S. 
Setup for 7 bits per character, even parity e stop bits 
at io. baud to Jine 5, 150 baud to line 9 9 and 300 baud to 
line l 

*ENTER 1 
2ASGN DEV: DH11 

0010 CRESET 
0020 SETUP S8&9815 
> 0030 TS 7 

B 
AB
R 

GO
S : 

Eec
6 

ie
al

aa
l 

as
to

n)
 

Dl6 FROM BFOO 10 S 
Di& FROM BFO! 10 9 
Dio FROM BFOe TO 15 

55
54
5 

ag
e 

e
e
 

m
 

=z
 

G11 
_ 
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*FILL BFOO WITH #TEST MSG NBR 1 
“FILL BFO] WITH #TEST MSG NBR 2 
BEALL BF Oe: WI TA #TEST MSG NBR 3 

S. Read 1 character from unit 3 and write it to units 3,7,8 
and 9. Use the operation switch to | oop on this program. 
Note- The PRESET instruction sets the baud rate at 110. 
Add the necessary BAUD instruction to match the available 
erminals. 

#ENTER 1 
?QSGN DEV: DH11 

CRESET 
»0020 SETUP 3 AND 7 THRU 9 

PRESE 
0040 READ 1 INTO TMOO FROM 3 
»00S0 ere 1 FROM TMOO TO 387-9 

*OPSW1 140020 

b. Test the DH11 using the maintenance bit to cause data 
wraparound. Write the same data simultaneously to lines 
0,1,2 and 3 and read back the data into separate memory 
areas. Print the data received. 

*ENTER 1 
7ASGN DEV: DH11 

90010 FILL D&4 AT BFOO WITH S015 
0020 CRESET 
0030 SETUP O THRU 3 
0040 PRESET 
0050 NOWAIT 
0060 READ D16 INTO BFOO FROM O 
0070 READ 016 INTO BFO] FROM 1 
0080 READ 016 INTO BFO2 FROM 2 
0090 READ 016 INTO BFO3 FROM 3 
0100 WRITE D1&6 FROM COMO TO 0-3 
0110 WAIT 
0120 PRINT 016 AT BFOO IN ASCII 
10130 PRINT D016 AT BFO! IN ASC11 
0140 PRINT 016 AT BFOe IN ASCII 
>01S0 PRINT D1l6 AT BFO3 IN ASCII 
>0160 END 
> DONE 

#FILL COM WITH #0H11 TST MSG 1 
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“ 

*OPSW 200 
#RUN 1 

Modify Program & to run at 9600 Baud. 

MODIFY 1 

ENTER STMNT’S 

»4S BAUD 15 
>» DONE 

#RUN 1 

Modify Prograas 7 to receive and transmit at 
different Baud rates” causing a framing error. 

#MODIFY 1 

ENTER STMNT’S 

»45 RBAUD S 
»47 TBAUD 4 
» DONE 

#RUN | 

Using the Special Operation bit in the OPSW to set the 
maintenance bit, loop back ali 'ines and run at 9600 Baud 
to test silo overflow error detection. 

#ENTER 1 
2ASGN DEV: DH11 

»0010 Paik eH AT WRIO WITH ASCII 

0030 SETUP 0-15 
PRESET 

»00S0 BAUD 15 
NOWAIT 

0070 READ D64 INTO RDIO FROM 0-15 
0080 WRITE D64 FROM WRID TO 0-15 

WAIT 
»0100 PRINT 064 AT RDIO IN ASCII 

x0PSW 200 
#RUN 1 

ren ey
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Modify Program 9 to run at 4800 Baud and therefore run 
without error. 

#MODIFY 1 

ENTER STNNT’S 

»S0 BAUD 14 
>» DONE 

#RUN 1 

Test the silo alarrm for operation. Use the 
Special Operation bit in the Pope” for data loopback. 

#ENTER 1 
7RSGN DEV: 0H11,0 

>0010 FILL O16 AT WRIO WITH ASCII 
»0020 FALL p46 AT ROIO WITH 20040 

: ae
 

4 

a: sh
y 

> 0030 

42
x 

T RDIO IN ASCII 
T CRLF IN ASCII 

16 AT ROIO IN ASCII 
AT CRLF IN ASCII BE

ER
UI
RE
A 

i
 

e
n
 

a
4
 

m
4
 

0170 
» DONE 

3 

Comments: The first printed line should be blank because 
not nou characters were received to cause 
an interfupt by exceeding the silo alarm 
level. The second line should contain 16 
ASCII characters. This test can be repeated 
for all valid alarm levels. 
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PC11/PR11 HIGH SPEED PAPER TAPE READER PUNCH 

PRESET ADDRESS - 177550 
PRESET INTERRUPT VECTOR - 70 
PRESET BUS REQUEST - 4,4 (READ/WRITE) 

REGISTER NAMES RECOGNIZED 

STATISTICAL INFORMATION 

BYTES: Read, Write 
CMNOS: Read, Write, Misc. 
INTERRUPTS: Read, Write 
ERRORS: Reader (ROR), 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 interrupt 1s not received 3 minutes after 
initiating an 1/0 opera lon, the program will be aborted and 
the user informed. This time 18 approximate, calibrated on a 
PDP-11/45 with no other user programs running. 
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INSTRUCTION DESCRIPTIONS 

READ 
READ 
READ 

WRITE 
WRITE 
WRITE 

LEADER 

NOWAIT 

WAIT 

STATUS 

COUNTS 

(DeS& INTO RDIO) 
v CINTO ROIO) 
v INTO v 

This instruction will cause a data transfer to occur 
between the Paper Tape Reader and the memory area 
specified by the second variable. The first 
variable contains the byte count for the transfer. 

(DeS& FROM WRIO) 
v (FROM WRIO) 
v FROM v 

This instruction will cause a data transfer to occur 
between the memory area specified by the second 
variable and the Paper Tape Punch. The first 
variable contains the Byte count for the transfer. 

This instruction causes a blank strip of tape to be 
punched, whose length in inches 18 Specified by the 
variable. 

Standard implementation - see section O.1.1. 

Standard implementation - see section D.1.1. 

Standard implementation - see section D.1.1. 

Standard stmplementation - see section O.1.1. 
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PC11/PR11 ERROR INFORMATION 

This device routine processes errors in the standard fashion 
described in section O.1.2. 

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

PC11/PRi1 TIMEOUT ON 170 

An I/0 operation was begun, but the terminating 
interrupt was not rece ved. The time allowed for 
this interrupt to occur 18 approximately three 
minutes when the program is run on the POP-1I/4S and 
no other programs are running. 

PC11/PR11 ERROR: ddd,etc 

The codes ddd represent mnemonics which are printed 
to indicate which error bits were set. The message 
may contain one or two codes. The following 
mnemonics may be printed in this message: 

PUN = Punch Error (PPS) 
ROR = Reader Error (PRS) 

PC11/PR11 SAMPLE PROGRAMS 

1. Punch a 64 byte ASCII character string, preceeded 
by a 10 inch leader and STX code. 

*#ENTER 1 
?ASGN DEV: PCI1 

0010 LOAD TMOO WITH 2 
0020 FILL D64 AT WRIO WITH ASCII 
0030 LEADER 010 
0040 WRITE 1 FROM TMOO 
»00S0 WRITE 064 
0060 LEADER D10 
»0070 END 
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2. Read and print the tape produced in (1), 
e Ignoring leader and STX character. 

*ENTER 1 
°ASGN DEV: PC11 

»G010 READ 1 
»0020 IF 1 AT ROIO <> 2 GOTO 10 

READ D6&4 
7 pot PRINT D64 AT RDIO IN ASCII 

Read and punch simultaneously. 

#ENTER 1 
7ASGN DEV: PC11 

10010 FILL DeS& AT WRiO WITH ASCII 
0020 NOWAIT 

READ 
0040 WRITE 

WAIT 
0060 END 

M.P.G. 
Nil 
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RPOY/RPOS/RPOG DISKS’ DEVICE ROUTINE 

Thg RPOY/RPOS/RPOG Device 
TREA the 

{filename 13 
POS, and RPOb 

Routine, whose 
nn. MPG, supports bperation of RPOY 

éisk drives on the standard RH:1 MAS controller and on 
the 11/70 version (RH70) of the RH11. 

This Device Routine will automatically adjust its operation 
based upon the device assigned to if and the CPU that it rs 
operating on. For the RPOG It will adjust to 2a mazimum of 
81S cylinders. Error bits displayed in the ERROR BITS 

ev message will be opplicable to the ce and the controller. 
Error bits will be included as necessary for common errors, 
RPON errors errors, and errors. Also, two 
additional device registers are supported for the RH70. 

PRESET VALUES AND SUPPORT SUMMARY 

- Valid Model Names and Unit Numbers 

In reply to the “ASGN pe message, three model names 
(RPOY, " RPOS and ) are Acceptable and may be 
accompanied by a marimum of 16 unit numbers. For this 
device the unit numbers must be in the range of O thru 7. 

- Interface Addresses 

The following are the values preset for the RPOY/RPOS/RPOG 
and may be altered from the console terminal following the 
“ASGN fev: = message: 

Device Register Base Address = 176700 
Interrupt Vector Address = 2S4 
Bus Request Priority = 5 

- Symbolic Register Names 

The syabolic names listed below may be used to reference 
the 11/RH70 - RPOY/RPOS/RPOG device registers in MPG 
instructions. The octal displacement associated with each 
name 18 the value that 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 Oisp] Register 

RPC1 +0 Control and Status | 
RPWC +2 Word Count 

Bio 



D.le - RPOY-RPOS.’RPOG Device Routine 

Cle 
M.P.G. Page 14S 

(Cont'd) 

RPBA +4 Unibus Address 
RPDA +6 Desired Sector/Track Address 
RPCe +10 Control and Status 2 
RPOS +le Drive Status 
RPE 1 +14 Error Register 1 
RPAS +16 = Attention Summary 
RPLA +20 Look Ahea 
RPOB +22 Data Buller 
RPMR +24 Maintenance 
RPOT +26 Orive T 
RPSN +30 pertal Avaber 
RPOF +32 Offset 
RPOC +34 Desired € ylinder 
RPCC +36 Current cy linder 
RPE2 +40 Error Register 2 
RPE +42 Error Register 3 
RPPO +44 ECC Position 
RPPA +46 ECC Pattera 
RPAE +50 Bus Address Extension 
RPC3 +S2 Control and Status 3 

Supported Instructions Summary 

The followin summary of the instructions supported 
by MPG for the. RPOY/RPOS SRDS Detailed explanations are 
listed in section D.l2.2. 

READ UNL OAD NOWAT T ECIOFF 
WRITE RECAL STATUS HC ION 
ROHO CRESET COUNTS HC IOFF 
WRHD ORESET APORT BAION 
WRCK PAKACK BPORT BAIOFF 
WRCKHD RDPSET FMT22 CORON 
SEEK REL FMTeO COROF F 
SEARCH STEPUP 000 VVON 
OFFSET STEPON EVEN VVOFF 
RETCTR WAIT ECION 

Certain of the abcve ingtructions control the setting of 
internal flag bits. The preset states of these bits are 
the same as though the folleuing instructions were issued: 

WAIT 000 BAIOFF 
APORT ECIOFF CORON 
FMT2e HC IOFF VVON 

Information Words 

The siz words listed below are used to pass informat: 
between the user program and the device routine. A 
words are preset to O's except RTRY which 18 preset to 3. 

on 

1] 

ee ee ee ee ce ee ee ee ee eee we oe a S
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CYL Aone word location that contains the cylinder 
number in bits QO-9 that will be used in subsequent 
1/0 operations. The contents of CYL will be loaded 
into RPOC for all I/0 operations that require a 
cylinder address. 

HERO The word location that follows CYL and contains the 
value of the head (track) number to be used in bits 
O-4. The value in this word and in SECT wili be 
merged and loaded into RPDA for all 1/0 operations 
that require a head and sector address. 

SECY This word contains the sector number in bits OQ-4. 
Located immediately follows:ng HEAD 1n memory. 

RTRY This word speci figs the number of additional 
attempts that the Device Routine will try on an 1/0 
operation before deciding that 1t 18 unrecoverable. 
Applicable only to those types of errors that 
normally have a possibility of recovery. 

SIZE Standard implementation - see section O.1.1. 
Contents are updated by READ, WRITE, ROHO, WRHD, 
WRCK and WRCKHO. 

ERR Standard implementation - see section 0.1.1. 

Statistical Information 

Through use of the COUNTS statement and the REPORT 
command, statistical information for the progran can be 
displayed on the MPG print device. This Information 
consists of octal formatted binary counts under different 
catagories. The catagories and the functions from which 
data will be included under each are: 

BYTES RD: READ 
BYTES WR: WRITE, WRHD 
BYTES CK: WRCK,  WRCKHO 

CHNDS: READ: ROHO 
WRITE CMNOS: WRITE, WRHD 
CHECK CMNOS: WRCK, ’ WRCKHD 
SEEK CMNOS: SEEK: SEARCH, OFFSET, RETCTR, RECAL 
MISC CMNDS: RESET, CRESET, PAKACK, ROPSET, REL, 

DEV ERRORS: All hardware errors that resulted in an 
error report. Correctable ECC errors 
and errors that were recoverable when 
retried will not increment this count. 

CORR ECC ERRORS: Nuaber of ECC errors corrected by 
software. 

DATA ERRORS: Invalid unit number errors and errors 
detected by the VERIFY statement. 
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RETRYS: The number of occurrences for each of 
the seven retryable type of errors. 
Counts are maifiteined for OLT, OTE, 
HCRC, FER, HCE, DCK, and WCE. 

TOTAL RETRYS: Total number of retry attempts on all 
failing 1/0 operations. 

INTERRUPTS: Number of entries into the interrupt 
routine. 

- Correctable ECC Errors 

When encountering a correctable ECC error (DOCK), this 
ata. The device routine will] automatically correct the 

contents of the ECC Position ragiale 
Pattern register (RPEC2) wil 

ec (RPEC1) and the ECC 
be used to determing the 

bits to be modified and their placement in the data field. 
After the correction has been applied the CORR ECC count 
will be incremented and the data 
at its point of interruption. 

ranster will be resumed 

This automatic data correction will] not be erformed if 
the ECI bit is set, if the word length is 1 
reset), or if the user has entered the COROFF 

bits (FMT22 
statement. 

In these cases, the DCK will be treated the same as the 
other retryable errors. 

- Retryable Errors 

Seven errors are classified as retruable 
T, OTE, 

b 
routine. When one occurs (OL HCRC, FER, 

this device 
HCE 

or WCE), the retry count contained in the interface word 
RTRY 18 checked for a zero value. If zero, an 1/0 
Termination error 1s reported. If non-zero, the retry 
count for the error and the total retry error count are 

8 incremented by one and the 1/0 operation re-issued. If 
the retry 18 successful, the program will proceed to the 
next statement in the user’s program. If it was not 
successful, the retry count from RIRY 18 decremented, the 
total retry count is incremented, and the 
re-issued. This continues until either the 
successful or the RTRY count o¢3 to zero. 
latter occurs, the "EXHAUSTED Ae IES” e 

command i$ 
retry is 

When the 
rror message wil) 

be issued and the DEV error count will be incremented. 

When processing retries on failing I/0 operations, the 
griginal function will just be re-issued. 

errcr recovery in this device routine. 

The use of 
ets and Recalibrate commands are not employed during
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Disk Types 

This device routine does not interrogate the DOrive Type 
register to determine which type of disk it is operatin 
on. It relies solely on the model number assigned to the 
progeas. If an RPOS has been assigned but itis actually 
an RPOG, the device routine will prbcess it as an RPOY. 

Dual Controller Operation 

This device routine supports 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 18 ready to issue an I/0 operation, it will wait 
up to 22 seconds Tor the disk to become available. If it 
does not acquire the disk within that time, a timeout 
error will be reported. In order to make efficient use of 
the disk on a dual controller system, both prograns 
operating the disk should issue Release commands through 
use of the REL statement provided by this device routine. 

Instructions And Interrupts 

Certain of the I/O functions for the RPOY/RPOS/RPOG disks 
do not normally terminate with interrupts and will not 
have Interrupt Enable set when they are issued. These 
functions are termed Non-Interrupt functions end are: 

DRESET REL 
PRKACK UNLOAD 
ROPSET 

After issuing the above functions, the device routine will 
delay a few microseconds and then check the status of the 
error bits. Any found to be set will be reported as a 
Non-Int Termination error. 

The remaining I/O functions, which are listed below, 
utilize intefrupts in their operations: 

READ WRCK OFFSET 
WRITE WRCKHO RETCTR 
RDHO SEEK RECAL 
WR SEARCH 

For the above instructions, tests for error conditions 
will be made when the terminating interrupt 18 received. 

When operating with a dual controller disk and the disk 18 
busy on tne other controller, interrupts will be enabled 
to allow ATA to signal when the disk has been acquired. 
This feature is utilized for both groups of functions 

F12 
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listed previously. Therefore, the interrupt count may be 
incremented on ea PRKACK instruction, for example, even 
though 1t 18 not a result of the command. 

- Accessing The Data Buffer Register 

The contents of the Data Buffer (RPDB) register will be 
stored pny yinen processing an interrupt with the Output 

: Ready (OR) set in the 
times, this register will not Be read and its 
will be displayed as O's. 

- OPSW Special Operation Bit Support 

Bit 7 of the OPSW (SPOPER) 1s not supported by thi 
routing and its setting has no effect on disx oper 

D.l2.2 DESCRIPTION OF RPOY/RPOS/RPO& INSTRUCTIONS 

The RPOY/RPOS/RPOG Device Routine supports execu 
thirty nine MPG language statements. For certain { 

ROHD, WHO WRC 

Se register. At all other 
contents 

s device 
ation. 

tion of 
unctions 

(READ, WRITE K, WRCKHO, SEEK and SEARCH), the 
desired disk address aust be loaded into CYL, HEAD, and SECT 
before performing those functions. In the followin 
descriptions, dita shown enclosed within par 
indicates the default values if nothing is entered 
statement’s operands. The v 18 used to indicate a 
operand as defined in Appendix B.2. Note that if an 
count 18 supplied in any of the following instruct 
will effectively be decremented by 1 before being use 

READ (DeS6_INTO ROIO) 
READ v (INTO RDIO) 
READ v INTO v 

This instruction transfers the number of 
indicated by the first v, from the disk t 
beginning at the memory location specified 
second v. 

ARITE (D2S6 FROM WRIO) 
WRITE v (FROM WRIO) 
WRITE v FROM v 

Transfer the number of bytes from memory 
beginning at the memory location indicate 
second v. 

enthese 
for the 
variable 
odd byte 
pons, it 

bytes, 
0 memory 
by the 

to disk 
d by the 
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The following statements do not have default values for their 
operands. 

ROHD v INTO v 

Reads the four words of sector header data and the 
data field into menory using the Read Header and 
Data command. In order Yo read a complete sector, 
the byte count must reflect the 4 header words. 

WRHD v FROM v 

Performs a format type of operation by using the 
Write Header and Data command to urile 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 location. Uses the 
Write Check Data command. 

WRCKHD v AT v 

Similar to the WRCK command but also compares the 
header data through use of the Write Check Header 
and Data command. 

SEEK 

Performs a seek function to the disk location 
specified by CYL, HEAD, and SECT. This instruction 
does not terminate until the seek 1s finished. 

SERRCH 

Similar to SEEK but uses the Search command. 

e
e
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The following 170 commands do not utilize the contents of 
CYL, HEAD, and SECT 1n their operations. 

OFFSET y 

RETCTR 

UNLOAD 

The least significant, ry bags of the quantit 
specified fy v qe! loaded into the Offse 
register lowed” hy the Offset command bein 
1ssued. Examples of the offset obtained wit 
different octal Pvalues of v are: 

v Microinches 

010 +200 
210 -200 
020 +400 
220 -400 

+600 
230 -600 

+800 
240 -800 
060 +1200 
260 -1200 

This statement 18 normal) issued after OFFSET 
statements and results in the Return to Center Line 
command being issued. 

Places the drive in the Standby state by isguing the 
Unioad command. Note that Ythis comman not 
considered to be terminated until the drive 18 
brought back on-line. While the drive 18 off-line, 
the device routine will check on rts status 
approximately once every second. Timeout 18 not 
enabled for This command and the device routine wil] 
wait an indefinite amount of time for the drive to 
become operable. Upon eviee rout that the drive is 
operable again, the device routine will proceed to 
the next stitement in the user’s program. 

eee en,
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RECAL 

Results in the Recalibrate command being issued. 

CRESET 

This statement performs a controller clear function 
by setting the CLR bit in the RPCS2 register. 

DRESET 

Housekeeping of the drive 1s accomplished by this 
statement’s issuing of the Orive Clear command. 

PAKACK 

Causes the Pack Acknowledge command to be issued. 

ROPSET 

Causes the Read-in Preset command to be issued. 

REL 

Performs a drive clear ard releases the drive for 
another port by issuing the Release command. 

The following instructions do not perform 1/0 operations: 

STEPUP v 

This command does not perform any I/O functions. It 
rovides e234 incrementing of the contents of CYL 
RD, and SECT. The operand v is the number of 

sectors that these values are to be incremented. 
When the SECT word exceeds 1ts mazimum valid value, 
it will be set to O and the contents of HEAD will be 
incremented. When HEAD overflows, 1st will be set to 
O and CYL will be incremented. When incrementin 
ast the last sector on disk, ali three values wil 
e set to O’s. Automatically adjusts to the number 

of sectors on a track (20 or ee) based ay the 
current setting defined by the FMTeO/FMTee 
statements and to the number of cylinders (411 for 
the RPOW/RPOS vs. B15 for the RPOG). 



M.P.G. Page 153 
0.12 - RPOY-“RPOS’RPOG Device Routine (Cont'd) 

Note that this instruction and STEPON will operate 
with invalid values in CYL, HEAD, and SECT upon 
execution. Regardless of thelr initial contents, 
the contents of all three words will be valid when 
this instruction completes. This allows the use of 
the “FILL 6 AT CYL WITH RANDOM" statement followed 
by “STEPUP 0” to generate random disk addresses. 

STEPON v 

Similar to STEPUP but provides a decrementin 
capability. When all three values are O, the nex 
decrement will result in the decimal values for the 
three words of 410/814, 18, 21/19. 

WAIT 

Standard implementation - see section 0.1.1. 

NOWATT 

Standard implementation - see section 0.1.1. 

STATUS 

Standard implementation - see section 0.1.1. 

Included with the standard display is the display of 
the current contents of the dye: HEAD and SECT 
words. These values do not reflect the current 
osition of the disk, but merely the contents of the 
hree words. 

COUNTS 

Standard implementation - see section 0.1.1. 

The following statements define to the Device Routine the 
desired settin s of certain bits in the device registers. 
These statementS do not immediately alter the register bits 
but all subsequent I/O functions and other applicable 
statements will be performed with the bits set as defined. 

APORT 

Indicates that the val he PSEL bit in RPCSI 1s 
to be set to Q (UNIBUS ) (Preset mode) 

“es 
~~ 7 
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BPORT 

PSEL will be set to a 1 (UNIBUS Port 8B) on 
subsequent functions. 

FMT22 

Sets the number of sectors on a track to 22 and the 
number of bits in the data field words to 16. FMTe2 
1s the preset mode and results in the FMT2e bit in 
the RPOF register being set to a 1. 

FMTeO 

Sets the number of sectors on a track to 20 and the 
number of bits for the data field words to 18. 
Resets the FMT22 bit in RPOF to a O 

ODD 

Causes the Parity Select (PAT) bit in RPCS2 to be in 
the O state on subsequent functions. (Preset mode) 

EVEN 

Causes PAT to be set to al. 

ECION 

Inhibits the Error Correction Code logic by setting 
the ECI bit in the RPOF register to al. 

ECIOFF 

Allows ECC operation by resetting ECI to O. (Preset 
mode) 

HCION 

Inhibits the Header Compare function by setting the 
HCI bit in the RPOF register to al. 

HCIOFF 

Indicates that the Header Compare function 18 to be 
performed by resetting HCI to a O. Preset mode) 
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BAION 

Specifies that bus address incrementing 18 not to be 
performed by setting the BAI bit in the RPCS2 
register to al. 

BAIOFF 

Results in BAI being reset to a O and bus address 
incrementing being performed. (Preset mode) 

CORON 

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 1% can be 
corrected, the device routine will perform the 
correction procedures, increment the CORR ECC error 
count, and continue running. (Preset mode) 

COROFF 

Disables the progranned recovery of correctable ECC 
errors. When this type of error 1s detected, an 
error display will result unless 1t 18 recoverable 
on retries. 

VVON 

This statement instructs the device routine to issue 
the Pack Acknowledge command pero to any subsequent 
I/O functions, other than PAKACK, ROPSET, or DRESET, 
1f the Volume Valid (VV) bit 18 not already set. 
This 18 the preset mode and allows the program to 
run without modification on a pack which has just 
been mounted. 

VVOFF 

Inhibits the automatic issuing of the Pack 
Acknowledge command. 
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0.12.3 RPOY/RPOS/RPO& ERROR INFORMATION 

This device routine processes errors in the standard fashion 
described in section O0.1.2. However, due to the nature of 
this device, additional information 18 provided to the user. 

The 170 function type of instructions are considered to 
execute in two stages. The first 1s the time it takes to 
acguire the disk and fousekeep it, 1f needed. The second 18 
after the point the specified function 18 issued and until 
after the function terminates. Since error conditions ma 
occur in either stage, this device routine indicates whic 
stage it was in when lhe error was detected. This 1s 
accomplished by including the appropriate message of the 
following two messages in the error display: 

BEFORE ISSUING 1/0 CMND 

AFTER ISSUING I/0 CMND 

If the error 1s detected before issuing the specified I/70 
command and MPG’s Continue (CONT) Command 13 issued, 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 in the user's progran. 

Also 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 indicates that one or more error status bits 
have been detected in the device registers. The codes ddd 
identify which error bits were found. A sixty four byte 
field will be used to list all or as many of the error bits 
as possible. In the following list_ some codes are 
distinguished by an asterisk (#). These codes will be 
included in the message if their bit values are O. All other 
codes are included 11 they have a value of 1. The following 
are tne mnemonic codes supported for the ddd fields: 

Error bits common to all devices: 

Special Condition SC = 
TRE = Transfer Error 
MCPE = Massbus Control Bus Parity Error 

#OVA = Drive Available 
OLY = Date Late 
WCE = Weite Check Error 
PE = Unibus Parity Error 

o = Nonezsistent Orive 
NE = Nonezistent Memory 
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frogras Error 
ed Transfer 

Massbus Data Bus Parity Error 
Attention Active 
Error 
Positioning In In Progress 
Medium On-Cin 
Orive Present. 
Drive Ready 
Volume Valid 
Data Check 
Unsafe 
Operation Incomplete 
Drive T ining E rror 
Write Lock Erro 
Invalid Address Error 
Address Overflow Error 
Header CRC Error 
Header Compare Error 
CC Hard Error 

Write Clock Fail 
Format Error 
Parity Error 

er Modification Refused 
Thegal Register 
Illegal Function 

ention Active Drive 
ention Active Orive 
ention Active Drive 

O
P
 
L
U
I
 

Indez Error 
No Head Selection 
Multiple Head Selection 
Mrite PRead Unsafe 
Transitions Unsafe 
Transitions Detector Failure 
Current Switch Unsafe 
Write Select Unsafe 
Current Sink Farlure 
Write Current Unsafe 
Off Cylinder 
peek Yrcomplete 

C Low 
ot Low 

am es oe ee tee ee ee ae nen te 
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Error bits unique to the RPOY: 

ACU = RAC Unsafe 
SVU = 30 Volts Unsafe 
FEN = Failsafe Enabled 
Hr = Motor Sequence Error 

= Unsafe Except Read/Write 
VUF = Velocity Unsafe 
PSU = Peck Speed Unsafe 

Error bits unique to the RPOS/RPOE: 

RBS = Abnormal Stog 
RAW = Read And Write 
OPE = Operator Plug Error 
WAO = Write And Offset 
DCU = OC Unsafe 

m
 > a o 7 or
 

La
d 

>
 

« unique to the RH70: 

Address rye Error 
Date Parit ror, Odd Word 
Data Parity E reor, Even Word 
Write Chec Error, Odd Word 
Weite Check Error, Even Word 

=
 

The unique error messages, which may occur im the use of this 
device routine, are as follows: 

DATA ERROR (STMNT 8 nannn) 

Standard implementation - see section 0.1.2. 

DISK IS OFF-LINE 

Immediately prior to rertiating an I/O _ operation, 
the Medium On Line bit (MOL) in the RPDS register 
was found to be reset. 

DPR NOT SET 

While waiting to acquire the disk from the other 
controlier, an interrupt with the drive's ATA bit 
was received but the Drive Present (OPR) bit in the 

S register was not set. 
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ERROR ON INITIATION 

Prior to inrtiating an I/Q operation, a condition 
that sets the SC bit in RPCS1, other than an Unsafe, 
did not clear after five attempts to reset it. The 
error bits that caused SC to be set will be listed. 

EXHAUSTED RETRIES 

Upon detecting one of the seven retryable errors 
the device foutine has re-issued the failing 1/6 
operation the number of times specified in RTRY 
without successful completeion of the operation. If 
RTRY 1s initially O, this message will not occur. 

IN? WITHOUT ATA 

This message indicates that an interrupt was 
received without the drive’s ATA bit being set and 
it was expected to be set. This error may occur 
before or after issuing the 170 function. When 
operating a dual controller disk and it 18 busy on 
the other controller, the device routine waits for 
an interrupt with ATA set to indicate that it has 
acquired he disk. If an interrupt is received and 
ATA 18 not set, this error is reported. The other 
case 1s where an I/O function (SEEK, SEARCH, etc), 
that normally terminates with ATA, 13 issued and an 
interrupt was received without ATA being set. 

INV ECC BIT PATTERN 

hen ready to apply the correction to the 
correctable eFe error, the RPECe 8B: 
register was found to contain all O's. 

INV ECC BIT POSITION 

Mhen ready to a gly the correction to the data on a 
correctable €£ error, the RPEC] Bit Position 
register was found to contain a value greater than 
octal 10041 

INV UNIT 8 

The current unit number, which 13 displayed in 
octal, is not in the range of O-7. The ASSIGN 
command may be used to correct the erroneous unit 
number. Increments the data error count.
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I 0 TERMINATION ERROR 

Error bits have been detected in the device 
registers when processing a termination interrupt. 
his message occurs for all non-retryable errors and 

retryable errors when RTRY is set to 0 

NON-EXISTENT DRIVE 

Immediately after loading a valid unit number ( 
into RPCSS, the Non-Existent Orive bit (NED 
RPCS2 was found to be set. 

NON-INT I/0 TERMINATION ERROR 

Error bits were found set in the device registers a 
few microseconds after issuing one of the 
Non~Interrupt type of 170 functions (PAKACK, REL, 
etc). 

TIMEOUT ON 170 

After initiating an 170 operation, the terminating 
interrupt was not received. The time allowed for 
the interrupt to occur 18 approximately Ce seconds 
when on the POP-11/4S and with nod other user 
programs executing. 

*/0 ON CRESET 

This error, which indicates that Ready (ROY) did not 
set within a few milliseconds after setting the CLR 
bit 18 RPCSe, may occur when the CRESET statement is 
issued. 

T/0 ON DISK ACQUIRE 

When ready to issue an 1/0 operation to a disk that 
1s busy on the other controller in a dual controller 
configuration, the disk did not become available 
within approximately 22 seconds. Either the disk 18 
not in the programmable mode or the program 
cperating the disk on the other controller should be 
modified to include Release commands. 
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9.12.4 

JNEXP ATA COND 

When processing an interrupt after issuing an 170 
function that should not cause an ATA condition, the 
disk’s ATA bit was found set. 

~NSAFE ERROR ON INITIATION 

Prior to initiating an 1/0 operation, the Unsafe bit 
(UNS) in RPER] was found to be set. If the previous 
1/0 operation did not result in an error, this error 
1s reported immediately. If there was an error on 
the previous operation, a drive clear wili be issued 
to reset the condition. If UNS 1s still set after 
the drive clear, this error 1s reported. 

RPOY/RPOS/RPOS SAMPLE PROGRAMS 

The following are sample RPOW/RPOS/RPO6 programs that perform 
the functions indicated in their descriptions: 

1. The following program will verity all tracks on the entire 
disk by writing 1 bits to the data fields. Retries wil) 
be inhibited so as to 1:solate marginal tracks: 

#ENTER 1 AS TRKCK 
2QSGN DEV: RPOY,0 
°ROIO = 256 7 0 
?WRIO = 256 / 11264 
?DEV REG = 176700 / 
*INT VEC = O002S4 / 
"BUS REG =S / 

ENTER STMNT’S 

0010 LOAD RTRY WITH O 
70020 = FILL D11264 AT WRIO W 
10030 WRITE 011264 FROM WRI 
0040 WRCK 911264 AT WRIO 
/00SO0 STEPUP Dee 
»0060 rye AT CYL <> O GOTO 30 

ITH 177777 
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e. Do 200 pairs of random seeks to an RPOG disk by using the 
STEPUP instruction to generate valid disk addresses from 
random data. Interspersé other instructions to perform 
data transfers of random data and do date validation at 
these disk addresses: 

*ENTER 3 aS RPRAND 

»0010 LOAD TMOO WITH De00 
10020 FILL 6 AT CYL WITH RANDOM 
»0030 STEPUP 0 
‘0040 MOVE 6 AT CYL TO TMO3 
)00SO «FILL DSle AT WRIO WITH RANDOM 
0060 SEEK 
0070 WRITE DSle FROM WRIO 
»0080 WRCK DSle AT WRIO 
10090 FILL 6 AT CYL WITH RANDOM 
0100 STEPUP 0 
0110 IF & AT CYL = T03 GOTO 96 
10120 MOVE & AT CYL TO TMOG 
»0130 SEARCH 
0140 WRITE DSle FROM WRIO 
0150 WRCK DSl2 AT WRIO 

o
 

0160 MOVE & AT TMO3 TO CYL 
00170 SEARCH 
0180 READ D512 INTO RDIO . 
0190 VERIFY O0S12 AT ROIO WITH WRIO 
0200 MOVE & AT TMOG TO CYL 
0210 SEEK 
0220 READ 0512 INTO ROIO 
0230 VERIFY 0512 31 ROIO WITH WRIO 
C240  DECR TMOO 
0250 IF TMOO > G GOTO 20 
0260 END 
» DONE 
#RUt 3
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3. Modify the previous program to run on a dual controller 
system and share disk time with the other controller: 

*MODIFY 3 

ENTER STNNT'S 

‘0235 REL 
> DONE 

#RUN 3
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DU11 SYNCHRONOUS LINE INTERFACE DEVICE ROUTINE 

The DULL Device Routine, whose filename 1s TOUAnm. MPG, 
supports high level 1/0 operations for the DULL Single Line 
Synchronous Interface. 

PRESET VALUES ANO SUPPORT SUMMARY 

Valid Model Name and Unit Numbers 

In reply to the "ASGN DEV:" message, one model name (DUI1) 
1s acceptable and may be accompanied by a maximum of 16 
unit numbers. For this device unit numbers are ignored by 
the Device Routine but effectively act as a pass count for 
the number of times to repeat the program. 

Interface Addrasses 

The following are the values preset for the DUL1 and ma 
be altered from the console terminal following the ” 
DEV:" message: 

Device Register Base Address = 160010 
Interrupt Vector Address = 300 
Bus Request Priority = 5,5 (Read/Write) 

Symbolic Register Names 

The syabolic names listed below may be used to reference 
the DULL device registers in MPG instructions. The octal 
displacement associated with each name is the value that 
will be added to the device register base address to 
obtain the actual memory address of the desired register. 

Name Disp] Register 

RCSR +0 Receiver Status 
RBUF +2 Receiver Data Buffer 
PCSR +2 Parameter Contro} 
TCSR +4 Transmitter Status 
TBUF +6 Transmitter Data Buffer 

Supported Instructions Summary 

The foliouing 13 a summary of the instructions supported 
by MPG for the DU11. Detailed explanations are listed in 
section 0.13.2. 
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READ READY BITS FDUPLX CVSYNC 
WRITE SEND EVEN HOUPLX WAIT 
BREAK RECV ODD NORMAL NOWAIT 
CALL HANGUP NOPAR SYSTST STATUS 
LISTEN CRESET STRIP PRESET COUNTS 
ANSWER MODE NSTRIP GENPAR 

Information Words 

The four words listed below are used to pass information 
between the user program and the device routine. 

SYNC A one word location that contains the sync character 
that will be loaded into PCSR whenever PCSR’s 
contents are changed. Preset to an octal Ocb byte. 

SCNT The word location that follows SYNC and contains the 
count for the number of sync characters to be 
transmitted when beginning a WRITE or a BREAK and in 
a mode cther than Isochronous. Preset value is S. 

SIZE Standard implementation - see section O.1.1. 
Contents are updated by READ, WRITE and BREAK. 

ERR Standard implementation - 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 print device. This information 
consists of octal formatted binary counts under different 
catagories. The catagories and thé functions from which 
data will be included under each are: 

BYTES ROD: READ 
BYTES WR: WRITE, BREAK 
RERO_CMNOS: READ 
WRITE CMNOS: WRITE 
BREAK CMNOS: BREAK 
MISC CMNDS: CALL, LISTEN, ANSWER, READY, 

SEND, RECV, HANGUP 
ERRORS: Hardware errors that resulted in an 

error report. Separate counts are 
maintained for Parity (Ph9), Framing 
(FRM), Overrun (OVR), Data Set Change 
(OSC), Data Not Available (DNA! and 170 
Timeout (7/0). The DATA error counter 
1s incremented by invalid BITS codes 
invalid MODE codes, and errors delected 
by the VERIFY statement. 

J13— 
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INTERRUPTS: Number of entries into the Read and 
Write interrupt routines. 

OPSK Special Operation Bit Support 

1t 7 of the OPSW (SPOPER) 1s not interrogated by this 
evice Routine and its setting has no effect updn DUI1 

operation. 

Parameter Control Register 

This Device Routine does not load the PCSR register until 
one of the statements, that affects PCSR’s contents, 18 
encountered. Since 1t 18 a write only register, a base 
value word 1s maintained by the Device Routine. When one 
of the a plicable statement? 1s processed, the appropriate 
bits wif be modified in the base value and the entire 
word will be loaded into PCSR. This base value word 18 
initially set to a value (037026) equivalent to the PRESET 
instruction being issued. Also, since the sync character 
1s part of the PCSR register, the user must issue one of 
the instructions that load PCSR (other than PRESET) after 
he has specified a new sync character. The instructions 
that load BésR are: 

MODE ODD 
BITS NOPAR 
EVEN PRESET 

K13 | 
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0.13.2 DESCRIPTION OF DULI INSTRUCTIONS 

The DULL Device Routine supports execution of twenty nine MPG 
language statements. In the followin descriptions, data 
shown enclosed within parentheses indicates the default 
values if nothing 18 entered for the statement’s operands. 
The v 18 used to indicate a variable operand as defined 1n 
Appendix B.2 

READ (02S6 INTO RDIO) 
READ v (INTO RDIO) 
READ v INTO v 

Transfers the number of data bytes specified by the 
first v_ from the receiver to the memory address 
specified by the second v. All desired Oull 
parameters (mode, sync character, which dupler, 
character length, parity, etc.) must be set up 
before issuing this statement. Actions performed b 
this statement consist of setting Search Sync an 
Receiver Interrupt Enable in RCSR and the processin 
of the resulting interrupts. After the firs 
interrupt 18 processed the Data Set Change 
Interrupt Enable bit 1n RCSR is also set. When the 
last data byte has been received, Search Sync, 
Receiver Interrupt Enable, and Data Set Change 
Interrupt Enable will ail be reset. 

S6 FROM WRIO) 

a
f
 

Transfers the number of data bytes specified by the 
first v from the memory location specified by the 
second v to the transmitter. All desired DUll 
parameters (Clear Yo Send, mode, sync character 
which duplex, character length arity, etc.) mus 
be set up before issuing this statement. Initially 
resets the Break bit and sets the Send bit 1n TCSR, 
Then, the Transmitter Interrupt Enable and Data Not 
Available Interrupt Enable bits are set in  TCSR. 
When processing the transmitter interrupts, the 
specified number of the current sync character are 
issued unless in Isochronous mode. Next, the 
specified number of data bytes are transmitted. 
Following the last data byte, a pad byte of O’s 18 
issued. On the interrupt following the pad byte, no 
data 1s transmitted but the Send, Transmilter 
Interrupt Enable, Data Not Available Interrupt 
Enable, and Break bits in TCSR are all reset 
followed by Request To Send in RCSR also being 
reset. 



BREAK v 

CALL 

LISTEN 

ANSWER 

READY 

SEND 

RECV 
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In operation this statement 18 very similar to_ the 
WRITE statement with a couple of exceptions. The v 
1s used to specify a byte count for data bytes and a 
memory address is not needed. The Break bit in TCSR 
will “be set rior to enabling Transmitter 

ta bytes from interrupts. Instead of getting d 
memory, a byte of all 1 bits (377) will be “sent as 
the data Byte. All other actions performed are 
identical to WRITE. 

Sets Data Terminal Ready in RCSR and then tests Data 
Set Ready. Does not return to the user program 
until DSR is set. Used to wait while a call is 
being initiated from the DUI1’s MODEM. 

Tests the Ring bit in RCSR and returns to the user 
program when Ring is set. Used to wait for an 
incoming call. 

Sets Data Terminal Ready 1m RCSR and then tests Data 
Set Ready. Does not return to the user program 
until DSR'is set. Used to wait until the connection 
has been completed for an incoming call. 

Tests the Carrier bit in RCSR. Returns to the user 
program when Carrier is set. 

Sets the Request To Send bit in RCSR and then tests 
the Clear to Send bit. Returns to the user program 
when CTS 1s set. This prepares the MODEM for data 
transmission. 

Resets the Request To Send bit in RCSR.~ This 
prepares the MODEM to receive data. 
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HANGUP 

Resets the Request To Send bit in RCSR, delays 
approximately 15 milliseconds and then resets the 
Data Terminal Ready bit. This causes the call to be 
terminated by disconnecting the MODEM. 

CRESET 

Clears the DUL1 b setting the Master Reset bit in 
TCSR Alter setting MST ST, a 20 microsecond delay 
will occur to allow for the one-shot in the OUL. 

MODE v 

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: 

OQ = Isochronous 
2 = External Synchronous 
3 = Internal Synchronous 

BITS v 

Sets the Word Length Select bits in PCSR to the 
codes for the number of bits which 18 specified by 
v. The valid values for v and the bits per 
character selected are: 

S = 5S bits 
6 = 6 bits 
7 = 7 bits 
10 = 8 bits 
DB = 8 bits 

EVEN 

Sets the character parity mode to even by settin 
both the Parity Enable and the Parity Sense Selec 
bits in PCSR. 

Sie)e) 

Sets the character parity mode to cdd by setting the 
Parity Enaple bit and resetting the Sarity Sense 
Setect bit in PCS 
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NOPAR 

NSTRIP 

FOUPLX 

HOUPL X 

NORMAL 

SYSTST 
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Disables character aperaty 
resettin he Parity 
Sense Se ect rts in PCSR. 

eneration and checking b by 
Enable and the Parity 

Inhibits sync characters {rgm being passed on as 
pecaiver 6 ata characters fy setting the Strip Sync 
itin 

Permits sync characters to fe recognized as receiver 
fata characters by resetfing the Strip Sync bit in 

Enables Full Duplex mode resetting b 
the Half Duplex bit in T 4 

{ operation 

Enables Half Ouplex mod of operation by setting the 
Half Duplex bit in TCSR 

Sets the DUI1’s mode th Norma resetting both 
Maintenance Mode Selegt bits in | ster if . 

Sets the DULI’s mode; to System Test by setting both 
Maintenance Mode Select bf oil's. ts in TCSR 

we ee ee a ee ee eee eee | 
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PRESET 

This statement sets all OUI] control bits and 
parameters to preset values with one statement. 
his statement 18 equivalent to resetting the Break 

bit ain TCSR and then issuing the following 
individual statements: 

LOAD SYNC WITH O26 
LOAD SCNT WITH S 
MODE 3 (Internal Synchronous) 
BITS 08 
00D 
STRIP 
FOUPLX 
NORMAL 

GENPAR v AT v 

Using the byte count specified by the first v and 
beginning at the memory address specified by the 
second v, this instruction will convert the data 
bytes to the correct parity bit placement and 
char icter length currently in effect. Effectively 
ene ates parity the same as would be seen when the 
ata is transmitted and received. Automatically 
djusts to the number of character bits currently in 
tect (BITS or PRESET) and the current parity mode 
O00, EVEN, NOPAR, or PRESET). Useful for 

conver ting write data so that it may be compared 
with the data actually received. 

a 
e 
( 

CYSYNC v AT v 

Using the byte count specified by the first v and 
the memory address specified by the second v, this 
instruction will scan the data bytes and complement 
an data bytes that match the curren sync 
character. the comparison is based upon he 
character length currently in effect (BITS or 
PRESET). Useful for eliminating syne characters in 
random data or characters hat become sync 
characters when the character length 18 changed. 

Standard impiemantation - see section O.1.1. 
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NOWAT T 

Standard implementation - see section O.1.1. 

STATUS 

Standard implementation - see section O0.1.1. 

COUNTS 

Standard implementation - see section 0.1.1. 

DU11 ERROR INFORMATION 

This device routine processes errors in the standard fashion 
described in section O.1.2. Refer to that section for 
general information concerning error reporting. 

The following message may accompany any hardware type of 
error message: 

ERROR BITS: ddd,ddd,ddd,etc. 

This message indicates that one or more error status bit 
have been detected in the device registers. The codes dd 
identify which error bits were found with codes bein 
included if they have a value of 1. The following are th 
mnemonic codes supported for the ddd fields: 

RX = Receiver Error 
OVR = Overrun Error 
FRM = Framing Error 
PAR = Parity Error 
DNA = Data Not Available 

The unique error messages, which may occur in the use of this 
device routine, are as follows: 

DATA ERROR (STMNT & nnnn) 

Standard implementation - see section 0.1.2. 

ee Me een 
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DATA SET CHG INT ON READ 

Indicates that the Data Set Change bit in RCSR was 
set when processing an interrupt during read data 
transfers. On the first interrupt for each READ 
instruction this bit 18 Ignored; however, it 18 
tested on all subsequent interrupts. 

ERROR ON READ DATA XFER 

When processing a receiver interrupt during data 
transfers, one or more error bits were found set in 
RBUF. The error bit mnemonics will be displayed 
with the ERROR BITS message. 

ERROR ON WRITE DATA XFER 

When processing a transmitter interrupt during data 
transfers, the Data Not Available bit was set in 
TCSR. This bit’s mnemonic will be displayed in the 
ERROR BITS message. 

MODE NOT 0, 2 OR 3 

While executing the progran, the MODE statement was 
being processed and the operand suppligd for the 
instruction did not have a value of 9, 2, or 3 
This 13 an operator programming error and increments 
the DATA error counter. 

8 OF CHAR BITS NOT 5S, 6, 7 OR B 

While executing the program, the BITS statement was 
being processed and the operand supplied for the 
instruction did not have a value of S, 6, 7, or 
(octal 10). This 1s an operator programming error 
and increments the DATA error counter. 

TIMEOUT ON 1/0 

After initiating a READ, WRITE, or BREAK operation, 
the terminating interrupt was not received. Tne 
time allowed for the interrupt to occur 18 
approximately 3 minutes on the POP-11/4S and with no 
other user programs executing. Increments the T/0 
error counter. 
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DUL1 SAMPLE PROGRAMS 

The fol lowing are sample ODU11 programs that 
functions indicated in their descriptions: 

Auto-Answer Data Set, the 
establish a connection between 

too DULI"s or hes same CPU. Messages will be issued to 
list the rogress of each program. Note that these 
programs nal also be used on separate COU’s. 

*ENTER 1 AS CALLEE 

0.13.4 

perform the 

1. Usie 201A MODEMS and en 
ll dwin two programs wil 

?QASGN Dev: OU1LI 
?ROIO = 2S / O 
°WRIO = 2S6 / 0 
DEV REG = 160010 ” 160120 
?INT VEC = 000300 ’ 470 
"BUS REQ = S,5 / 

ENTER STMNT’S 

10010 CRESET 
>00e0 PRINT #WAITING FOR CALL 
»0030 LISTEN 
>004O0 PRINT #I GOT A RING 
»00SO ANSWER 
»0060 PRINT #I ANSRERED 
»0070 RECV 
»0080 READY 
>0090 PRINT *CALLEE IS READY 
»0100 ENO 
» DONE 

#ENTER 2 AS CALLER 
7QASGN DEV: DULI 
*ROIO = eS6 / 0 
°WRIO = 2SE / 0 
DEV REG = 160010 / 160130 
?INT VEC = 000300 / S00 
7BUS REQ = S,S / 

ENTER STMNT’S 

»0010 CRESET 
0020 PRINT #INITIATE CALL 
0030 CALL 
»0040 PRINT #CONTACT MADE 
»00SO0 READY 
00680 SEND 
90070 PRINT #CALLEP IS READY 
»9080 END 
» DONE 

Fly 
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2. With a connection established between two DULI’s, have one 
rogram (89) send ASCII data to another (#8) and then have 
he same data sent back to the originating DUL] where ‘he 

received data will be compared with the original data. 
The preset mode provides for 8 bits, odd parity, and 
Internal Synchronous mode. 

#ENTER 8 AS DURDEY 
"ASGN DEV: DULL 
"ROIO = 2S& / 64 
°WRIO = 2S0/ 0 
*DEV REG = 160010 ” 160120 
?INT VEC = goo300 / 470 

25,5 / 

ENTER STMNT’S 

0010 PRESET 
0020 + RECV 
»0030 FILL D64 AT RDIO WITH O 
0040 READ D64 INTO ROIO 
»00S0 PRINT D64 AT ROIO IN ASCII 
»0060 
0070 WRITE 064 FROM RDIO 
0080 €ND 
> DONE 

#ENTER 9 AS DUWREY 
7ASGN DEV: DUL! 
?ROIO = 256 /” 64 
"WARIO = 2S6 / 64 
"DEV REG = 160010 ” 160130 
?INT VEC = Q00300 ” SOO 
"BUS REQ = 5,5 / 

ENTER STMNT’S 

PRESET 
»0020 =FILL D64 AT WRIO WITH ASCII 
0030 CVSYNC D&4 AT WRIO 

SENO 
»00S0 WRITE D64 FROM WRIO 
O060 REC 
0070 FILL D64 AT ROIO WITH O 
>0080 READ D4 INTO RDIO 
»0090 PRINT D&4 AT ROIO IN ASCII 
»0100 GENPAR D&Y AT WRIO 
70110 VERIFY D64 AT RDIO WITH WRIO 

#RJN E,9 
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3. Modify the programs in Sample &® 2 so that & bits with no 
parity wil e used. ince siz bit information is not 
directly printable, also modify the data print format. 
Note that the GENPAR statement will automatically convert 
the original transmit data to the same format as é 
received data for the comparison. Also, the CVSYNC 
statement will ensure that the siz data bits of each data 
character does not match the sync character. 

#MODIFY 8 

»00le BITS & 
»0014 NOPAR 
»00S0 PRINT D&4 AT RDIO IN OCTAL 
» DONE 

“MODIFY 9 

»00le BITS 6 
»0014 NOPAR 
»0090 PRINT D&4 AT RDIO IN OCTAL 
» DONE 

#RUN 8,9 

4. Using the System Test mode, wrap random data within the 
DULL to test the different parity modes of the receiver 
and the transmitter. Alter the number of and value of the | 
sync characters sent. Use the CVSYNC instruction to 
ensure that sync characters are not included in the random 
data. Use the GENPAR instruction to convert the original 
write data to the same format as what should have been 
received. Pdentity and print the first 14 bytes of the 
data sent and the data received. Finally, repeat the 
program three times by using dummy unit numBers. 

xENTER S AS DUTEST 
°ASGN DEV: DUI1,0,1,2 
? 256 7 200 

256 / 200 

ENTER STMNT’S 

»00i0 CRESET 
»0020 PRESET 
»0030 LOAD SYNC WITH O44 
0040 LOAD SCNT WITH Die 

te
 

»00S0 «BITS 7 
»0060 SYSTST 
»0070 PRINT #0DD PARITY 
79080 000 
‘0090 LINK 2000



0.13 - DULL Device Routine (Cont'd) 
M.P.G. 

T14 
Page 177 

Sample program 8 4 to utilize S bits and operate in 

»0100 PRINT #EVEN PARITY 
0110 EVEN 
0120 LINK 2000 
»0130 PRINT #NO PARITY 
>0140 NOPAR 
0150 LINK 2000 
0160 GOTO 3000 
2000 FILL De0O AT WRIO WITH RANDOM 
»2010 CVSYNC De00 AT WRIO 
2020 FILL De00 AT ROIO WITH O 
>2030 NOWAIT 
»2040 READ D200 INTO ROIO 
»2050 WRITE 0200 FROM WRIO 
»2060 WAIT 
>2070 PRINT 8WRIO = 
»2080 PRINT D14 AT WRIO IN OCTAL 
»2090 PRINT 8ROIO = 
»2100 PRINT D14 AT ROIO IN OCTAL 
»2110 GENPAR D200 AT WRIO 
»el20 ~=9VERIFY De0O AT RDIO WITH WRIO 
»2130 RETURN 
»>3000 END 
> DONE 

#RUN S 

S. Modify 
the ISochronous mode instead of Internal Synchronous. 

MODIFY 5 

»00S0 «BITS S 
»005S MODE 0 
> DONE 

#RUN S 
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RKO& DISK’S DEVICE ROUTINE 

The RKOG Device Routine, whose filename 1s TREAnm. MPG 
supports the operation of RKOG disk drives on the RKOLI 
UNTBUS controller. 

PRESET VALUES AND SUPPORT SUMMARY 

- Valid Model Name and Unit Numbers 

In reply to the “ASGN DEV:” message, one model name (RKO6) 
1s acceptable and may be accompanied by a maximum of 16 
unit numbers. For this device the unit numbers must be in 
the range of O thru 7. 

- Interface Addresses 

The following are the values preset for the RKO6 and ma 
be altered from the console terminal following the “ASCN 
DEV:" message: 

Device Register Base Address = 177440 
Interrupt Vector Address = 210 
Bus Request Priority = 5S 

- Symbolic Register Names 

The symbolic names listed below may be used to reference 
the 611 - RKOG device registers in MPG instructions. 
The octal displacement associated with each name 1s the 
value that will be added to the device register base 
address to obtain the actual memory address of the desired 
register. 

Name Disp] Register 

RKC1 +0 Control and Status 1 
RKWC +2 Word Count 
RKBA +4 Unibus Address 
RKOAR +6 Desired Sector/Track Address 
RKC2 +10 Control and Status 2 
RKDS +le Drive Status 
RKER +14 = Error Register 1 
RKAS +16 Attention Summary/Offset 
RKOC +20 Desired Cylinder 
NOTU +22 Not used 
RKDB +24 Data Buffer 
RKM1 +26 Maintenance 1 
RKPO +30 ECC Position 

S14 
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RKPA +32 ECC Pattern 
RKM2 +34 Maintenance 2 
RKM3 +36 Maintenance 3 

- Supported Instructions Suamary 

The following 1s a summary of the instructions supported 
by MPG for the RKO6. Detailed explanations are listed in 
section D.14.2. 

UNLOAD WAIT BAION 
WRITE RECAL NOWAIT BAI OFF 

CRESET STATUS 
WRHD SET COUNTS COROFF 
WRCK SRESET FMT2e 000 
SPIN STEPUP FMT2O EVEN 
SEEK STEPDN PAKACK REL 

Certain of the above instructions contro] the setting of 
internal flag bits. The preset states of these bits are 
the same as though the following instructions were issued: 

WAIT 00D BAIOFF 
CORON FNT2e 

- Information Words 

The siz words listed below are used to pass informat: 
between the user program and the device routine. A 
words are preset to O’s except RIRY which 1s preset to 3. 

on 
1] 

CYL Aone word location that contains the cylinder 
number in bits O-9 that will be used in subsequent 
1/0 operations. The contents of CYL will be loaded 
into 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 in bits 
C-e. The value in this word and in SECT will be 
merged and loaded into RKDA for all 1/0 operations 
that require a head and sector address. 

SECT This word contains the sector number in bits O-4. 
Located immediately following HEAD 1n memory. 

MSGA This word contains the Message-A 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 
attempts that the Device Routine will try 
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additional 
on an I/0 

operation before deciding that 1t 18 unrecoverable. 
Applicable only to those types of errors that 
normally have a possibility of recovery. 

SIZE Standard implementation - $3 D ee section el.t. 
Gantents are updated by READ, WRITE, ROHD, WRHD, and 

ERR Standard implementation - see section D.1.1. 

- Statistical Information 

Through use of the COUNTS statement and 
command, statistical information for the prog 
displayed on the MPG print device. This 
consists of 
catagories. The catagories and thé functions 
data will be included under each are: 

REPORT 
ram can be 
nformation 

octal formatted binary counts under different 
from which 

BYTES RD: READ, ROHD 
BYTES WR: WRITE, WRHD 
BYTES CK: WRCK 
READ CMNDS: READ. RDHD 
WRITE CMNOS: WRITE, WAHD 
CHECK CMNDS: WRCK 
SEEK CMNDS: SEEK, OFFSET, RECAL 
MISC CMNOS: DRESET, CRESET, SRESET, PAKACK, REL, 

UNLOAD; BADSEC; SPIN, SELORI 
DEV ERRORS: All hardware errors that resulted in an 

error report. Correctable ECC errors 
and errors that were recoverable when 
retried will not increment this count. 

CORR ECC ERRORS: Number of ECC errors corrected by 
software. 

DATA/OPER ERRORS: Invalid unit number errors errors 
detected by the VERIFY statement, or 
invalid drive numbers entered by the 
operator. 

RETRYS: The number of occurrences for 
the siz retryable type 
Counts are maintained for 
HVRC, FER, DOCK, and WCE 

failing I/0 operations. 
INTERRUPTS: Number of entries into the 

routine. 

each of 
errors. 

OLT, OTE, 

TOTAL RETRYS: Total number of retry attempts on all 

interrupt 
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- Correctable ECC Errors 

When encountering a correctable ECC error (DCK), this 
device routine will automatically correct the data. The 
contents of the ECC Position register (RKECPS) and the ECC 
Pattern register (RKECPT) will be used to determing the 
bits to be modified and their placement in the data field. 
After the correction has been applied the CORR ECC count 
will be incremented and the data transfer will be resumed 
at its point of interruption. 

This automatic data correction will not be performed if 
the word length is 18 bits (FMTe2 reset), or if the user 
has entered the COROFF statement. In these cases, the OCK 
will be treated the same as the other retryable errors. 

| - Retryable Errors 

Siz errors are classified as retryable by this device 
routine. When one occurs (DLT, DTE, HVRC, FER, OCK, or 
WCE), the retry count contained in the interface word RTRY 
1s checked for a zero value. If zero, an I/0 Termination 
error 1s reported. If non-zero, the retry count for the 
error and the total retry error count are incremented by 
one and the I/0 operation is re-issued. If the retry 18 
successful, the program will proceed to the sext statement 
in the user’s progran. If 1t was not successful, the 
retry count from RTRY is decremented, the total retry 
count 18 incremented, and the command 18 re-issued. This 
continues until either the retry is successful or the RTRY 
count gous to zero. When the latter occurs, the 
“EXHAUSTED RETRIES” error message will be issued and the 
DEV error count will be incremented. 

When processing retries on failing I/0 operations, the 
original function will sust be re-issued. The use of 
Offset and Recalibrate commands are not employed during 
error recovery in this device routine. 

- Qual Controiler Operation 

This device routine supports 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 issue an I/0_ operation, 1¢ will 
receive a drive not available (bit O in RKDS will be 
reset). In order to make efficient use of the disk on a 
dual controller system, both programs operating the disk 
should issue Release commands through use of the REL 
statement provided by this device routine. 
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Instructions And Interrupts 

Certain of the I/0 functions for the RKOG disks do not 
normally terminate with interrupts and will not have 
Interrupt Enable set when they are issued. These 
functions are termed Non-Interrupt functions and are: 

DRESET CRESET SRESET 
UNLOAD SPIN 

REL SELDORI 

After issuing the above functions, the device routine will 
delay a few microseconds and then check the status of the 
error bits. Any found to be set will be reported as a 
Non-Int Termination error. 

The remaining 1/0 functions, which are listed below, 
utilize interrupts in their operations: 

READ WRCK OF FSET 
WRITE BADSEC RECAL 
RDHD ScEK WRHD 

For the above instructions, tests for error conditions 
will be made when the terminating interrupt is received. 

Accessing The Data Buffer Register 

The contents of tne Data Buffer (RKOB) register will be 
stored only when processing an interrupt with the Output 
Ready (OR) Bit set in the RKCS2 register. At all other 
times, this register will not Be read and its contents 
will be displayed as O's. 

OPSW Special Operation Bit Support 

Bit 7 of the OPSW (SPOPER) 1s not supported by this device 
routine and its setting has no effect on disk operation. 
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0.14.2 DESCRIPTION OF RKO& INSTRUCTIONS 

The RKOG Device Routine supports execution of thirty one MPG 
language statements. For certain functions (REHO, WRITE, 
ROH, WRCK, and SEEK), the desired disk address must be 
loaded inte CYC, HEAD, and SECT before performing those 
functions. In the tol lowing descriptions, data shown 
enclosed within parentheses Indicates the default values if 
nothing 18 entered for the statement’s operands. The v 138 
used Yo indicate a variable operand as defined in Appendiz 
B.c. Note that 1f an odd byte count 18 supplied in any of 
the following ,ingtructions except ROHD, 1% will effectively 
be decremented by 1 before being used. 

READ (D2S6_INTO ROIO) 
READ v (INTO RDIO) 
READ v INTO v 

This instruction transfers the number of bytes, 
indicated by the first v, from the disk to memory 
beginning at the memory location specified by the 
second yv. 

WRITE (D2S& FROM WRIO) 
WRITE v (FROM WRIO) 
WRITE v FROM v 

Transier the number of bytes from memory to disk 
beginning at the memory location indicated by the 
second v. This command will not allow transfers to 
write data onto the last track of the disk (see 
description of STEPUP command = for further 
information about this last track.) 

The following statements do not have default values for their 
operands: 

ROHD v INTO v 

Reads the three words of sector header data into 
memory using the Read Header command. In order to 
read & complete sector, the byte count must be 20 or 
22, for 20 or 22 sectors per track. 

WRHO v 

Performs a format type of operation by using the 
Write Header commind to write the hedder words on 
disk. The device routine sets up RKWC to be -60 or 
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~66, for 20 or 22 sectors per track. The data is 
urilten 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. 

wWREK v AT v 

Compares the number of data field bytes in memory to 
those at the specified disk location. Uses the 
Write Check command. 

Performs a seek function to the disk cylinder 
specified by . This instruction does not 
terminate until the seek 18 finished. 

The following I7C commands do not utilize the contents of 
CYL, MEAD, and SECT in their operations: 

OFFSET v 

The least significant eight bits of the quantit 
specified by v will be loaded into the lower byte o 
the Attention Summary and Offset register. The 
offset command wil] be used. Examples Of the o'fset 
obtained with different octal values of v are: 

v Microinches 

010 +200 
210 -200 
920 +400 
220 -400 
030 +600 
230 -600 
O40 +800 
240 -800 
060 +1200 
260 -1200 

SELOFI v 

This statement issues the Select Drive command. The 
cperand v is the number of the messages A and B to 
be returned by the drive and has values cf O-3. The 
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UNL ORD 

SPIN 

RECAL 

CRESET 

ORESET 

SRESET 

PAKACK 

REL 

Message-A will be stored in the MSGA interface word. 
The Message-€ will be stored in the MSGB interface 
word. 

Places the drive in the Standby state by issuing the 
Unload command. This command 1s terminated as soon 
as the Unload begins. 

Starts the spindle by issuing the Start Spindle 
command. This command 1s nat terminated until the 
drive 1s on line. 

Results in the Recalibrate command being issued. 
pnts command is not terminated until the drive is on 
ne. 

This statement cerforms a controller clear function 
by setting the Etir bit in the RKCSI register. 

Housekeeping of the drive is accomplished by this 
statement’s issuing of the Drive Clear command. 

Performs a subsystem clear function by setting the 
SCLR bit in the RKCS2 register. 

Causes the Pack Acknowledge command to be issued. 

Causes the drive to become deselected and releases 
the drive for another port by setting the RLS bit in 
the RKCS2 register. 
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The following instructions do not perform 1/0 operations: 

STEPUP v 

STEPON v 

This command does not perfora any 1/0 functions. It 
rovides ea3y tncrementing of The contents of CYL 
AD, and SECT. The operand v 18 the number of 

sectors that these values are to be incremented. 
When the SECT word exceeds its maximum valid value, 
1t will be set to O and the contents of HEAD will be 
incremented. When HEAD overflows, 1t will be set to 
O and CYL will be incremented. 

The last track available to this command has an 
address of cylinder 410, head 1, and sector 217/19. 
This 1s not tha last track on the. disk. The lest 
track hes an address of 410,2,e1/19 and is not 
accessed via this command; this track contains dats 
about the disk pack and must not be changed with MPG 
software. The operand v may be of any value allowed 
by the disk hardware. IT this command recognizes 
that the last track would be included in the 
transfer, 1t forces CYL, HEAD, and SECT to be O. 

Automatically adjusts to the number of sectors on a 
track (20 or ce) based upon the current setting 
defined by the FMTCO/FMT2e statements. 

Note that this instruction and STEPON will operate 
with invalid values in , HEAD, and SECT upon 
execution. Regardless of their initial contents, 
the contents of all three words will be valid when 
this instruction completes. This allows the use of 
the “FILL & AT CYL WITH statement followed 
by “ST O” to generate random disk addresses. 
However, one-sector transfers (Sle bytes) should be 
used to avoid any possibility of the progras being 
aborted due to transfers trying to write data on the 

ast track. 

Similar to STEPUP but provides 2a decrementing 
capability. The operand v may be of any value 
allowed by the disk hardware. If this Command 
recognizes that the transfer would begin below a 
disk address of 0,0,0, the disk address 18 forced to 
be 410,1,21719, and the decrementing resumes from 
that address. 

E15 
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WATT 

Standard implementation - see section 0.1.1. 

NOWATT 

Standard implementation - see section 0.1.1. 

STATUS 

Standard implementation - see section 0.1.1. 

Included with the standard display is the aise of 
the current contents of the dye d dct 
words. These values do not reflect at seat 
csition of the disk, but merely the contents of the 
hree words. 

COUNTS 

Standard implementation - see section 0.1.1. 

The following statements define to the Device Routine the 
desired settings of certain bits in the device registers. 
These statements do not immediate alter | the reg ister bits 
but all subsequent 1/0 functidns and others plicable 
statements will be performed with the bits set as de ined. 

FMT22 

Sets the number of secters on a track to ee and the 
number of bits in the data field words to 16. FMT2e2 
1s the preset mode and results in the CFMT bit in 
the RKCEL register being set to al. 

FMT2O 

Sets the number of sectors on a track to 2O and the 
number of bits for the data field words to 18. 
Resets the CFMT bit in RKCS] to a O. 

00 

Causes the Parity Select (PAT) bit in RKMRI to be in 
the O state on subsequent functions. (Preset mode) 
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EVEN 

BATON 

BAI OFF 

COROFF 

BADSEC 

Causes PAT to be set to al. 

Specifies that bus address incrementing 1s not to be 
performed by setting the BAI bit in the RKCS2 
register to al. 

Results in BAI being reset to a O and bus address 
incrementing being performed. (Preset mode) 

This statement activates the device routine’s 
programmed function of correcting data on which a 
correctable ECC error was detected. When the disk 
detects an error and determines that it can be 
corrected, the device routine will perform the 
correction procedures, increment the C ECC error 
count, and continue running. (Preset mode) 

Disables the progranaed recovery of correctable ECC 
errors. When This t be of error 18 detected, an 
error display will resuf unless it 18 recoverable 
on retries. 

This command causes a list of the sectors, which are 
flagged bad by manufacturing, to be printed on the 
LIST device. The sectors lagged bad by operating 
systems are not printed. ¢ information used by 
this command is taken from the first ten sectors on 
the last track on the disk. 
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0.14.3 RKO& ERROR INFORMATION 

This device routine processes errors in the standard fashion 
described in section D.1.2. However, due to the nature of 
this device, additional information 13 provided to the user. 

The 1/0 fu ction type of instructions are considered to 
execute in two stages. The first 18 the time it takes to 
housekeep the disk. The second 18 after the point the 
specified function 18 issued and until after the function 
terminates. Since error conditions may occur in either 
stage, this device routine indicates which stage 1t was in 
when the error was detected. This 18 accomplished by 
including the appropriate message of the following two 
messages in the error display: 

BEFORE ISSUING 1/0 CNNOD 

RAFTER ISSUING 1/0 CMND 

If the error 18 detected before issuing the specified 1/0 
command and MPG’s Continue (CONT) Command 18 issued, 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 in the user’s program. 

The following message may also be printed: 

ERROR BITS: 
ddd, ddd, ddd, ddd, ddd, ddd,etc. 

This message indicates that one or more error status bits 
have been detected in the device registers. The codes ddd 
identify which error bits were found. A sixty four byte 
field will be used to list all or as many of the error bits 
as possible. In the following list some codes are 
distinguished by an asterisk (#). These codes will be 
included in the message 1f their bit values are QO. All other 
codes are included 17 they have a value of 1. The following 
are the mnemonic codes supported for the ddd fields: 

Program Error 
Multiple Drive Select 
Unit 

CERR = Controller Error 
SPAR = Serial Parity Error 
CTO = Controller Timeout Error 
OLT = Data Late 
WCE = Write Check Error 
UPE = Unibus Parity Error 
NEO = Nonezistent Drive 
NEM = Nonexistent Memory 

ield Error 

HIS 
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WRL = Write Locked 
#DRDY = Drive Read 
#VV = Volume Valid 
DROT = Drive Off Track 
OSL = Drive Bpeed Loss 
ACLO = Drive Low 
OCK = Data Check 
UNS = Unsafe 
OP = Gperation Incomplete 
OT = Drive ving Error 
WLE = Weite Lock Error 
IDAE = Invalid Disk Address Error 
COE = Cylinder Overflow Error 
HVRC = Header VRC Error 
BSE = Bad Sector Error 
ECH = ECC Hard Error 
DTYE = Drive Type Error 
FMTE = Format Error 
DORPAR = Drive Parity Error 
NXF = Non-executable Function Error 
SKI = Seek Incomplete Error 
ILF = Illegal Function 
ATA7 = Attention Active Drive 7 
ATAG = Attention Active Drive 6 
ATAS = Attention Active Drive S 
ATAS = Attention Active Drive 4 
ATAS = Attention Active Drive 3 
ATR2 = Attention Active Drive e 
ATA = Attention Active Drive 1 
ATAD = Attention Active Drive O 

The unique error messages, which may occur in the use of this 
device routine, are as follows: 

DATA ERROR (STMNT & nnnn) 

Standard implementation - see section D.1.2. 

EXHAUSTED RETRIES 

Upon detecting one of the six retryable errors, the 
device routine has re-issued the failing 170 
operation the number of times specified in’ RTRY 
without successful completeion of the operation. If 
RTRY 1s initially O, this message will not occur. 
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INT WITHOUT ATA 

This message indicates that an interrupt was 
received without the drive’s ATA bit being set when 
14 was expected to be set. 

INT WITHOUT DI 

This message indicates 
received without the 8) 

at oan bn kerrupt was 
I RKCS1 ber 

when 1% was expected to be 

th 
bit in the 
set. 

INV ECC BIT PATTERN 

When ready to apply the correction to the data on a 
correctable é error, the RKECPS Bit Pattern 
register was found to contain all O’s. 

INV ECC BIT POSITION 

When ready tc apply the correction to the data on a 
correctable ECC error, the RKECPT Bit Position 
register was found to contain a value greater than 
octal 10041. 

INV UNIT 8 

The current unit number, which 1s displayed in 
octal, sis not in the range of O-7. The ASSIGN 
command may be used to correct the erroneous unit 
number. Increments the data/oper error count, 

1/0 TERMINATION ERROR 

Error bits have been detected in the device 
registers when processing a termination interrupt. 
This message occurs for al] non-retryable errors and 
retryable errors when RTRY is set to O 

NON-INT 1/0 TERMINATION ERROR 

Error bits were found set in the device registers a 
few microseconds after issuing one of the 
Non-Interrupt type of IYO functions (PAKACK, REL, 
etc). 

wee 
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TIMEOUT ON 1-0 

After initiating an 1/0 operation, the terminating 
interrupt was not received. The time allowed for 
the interrupt to occur 18 approximately ten seconds 
when on the POP-11/4S and with no other user 
programs executing. 

T-0 ON CRESET 

This error, which indicates that Ready (ROY) did not 
set within a few milliseconds after setting the CCLR 
bit in RKCS1, may occur when the CRESET statement is 
issued. 

T/0 ON SRESET 

This error, which indicates that Ready (RDY) did not 
set within a few milliseconds after setting the SCLR 
bit in RKCS2, may occur when the SRESET statement 1s 
issued. 

T/0 ON REL 

This error, which indicates that Ready (ROY) did not 
set within a few milliseconds after setting the RLS 
bit in RKCS2, may occur wher the REL statement 18 
issued. 

UNEXP ATA COND 

When processing an interrupt after pssuing an 170 
function that Should not cause an ATA condition, the 
disk’s ATA bit was found set. 

UNKNOWN ERROR CONDITION 

If the CERR bit of RKCS1 18 set, the program 
examines the various error bits to determine the 
cause of the error. If no other error bit 1s found 
to be set, this message 18 printed. 

SVAL BIT NOT SET IN RKDS 

When interrupts are serviced, the SVAL bit of RKDS 
1s checked. If the bit is reset, this message is 
given. This message is not printed if the interrupt 
is the end one from a SEEK, OFFSET, or RECAL. 
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OUTPUT NOT READY ON RDHD COMMAND 

When the ROHD command is executed, the OR bit of 
RKCSe 1s checked. If the bit is reset, this message 
1s printed. 

SELDRI COMMAND HAS INVALID CODE 

The operand entered for the SELORI command 138 
checked for a value of O, 1, 2, or 3. If the value 
1s not in this range, this message 1s printed. 

BAD SECTORS (OCTAL DATA) 

THIS IS AN ALIGNMENT PACK 
RDIO IS TOO SMALL FOR “BADSEC” COMMAND 
CAN NOT READ LAST TRACK 
NONE 
END OF BAD SECTORS 

These messages may be printed when the BADSEC 
command is executed. Each message describes the 
condition which caused 1! to occur. 

LIS — 
—_— oe 
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D0.14.4 RKO& SAMPLE PROGRAMS 

The fol lowing are sample RKOG programs that perform the 
functions indicated in their descriptions: 

1. The following program will verity all tracks on the entire 
disk by writing 1 bits to the data fields. Retrses will 
be inhibited so as to 1solate marginal tracks: 

#ENTER i AS TRKCK 
7ASGN DEV: RKO6,0 

*DEV REG = i77440 / 
7INT VEC = 000210 / 
"BUS REQ =S / 

ENTER STMNT’S 

>0010 LOAD RTRY WITH O 
»0020 FILL DS&32 AT WRIO WITH 177777 
»003G0 WRITE DS&3e FROM WRIO 
»0040 WRCK 0S632 AT WRIO 
»00S0 STEPUP Dll 
»0060 +=2OIF 6 AT CYL «> O GOTO 30 
»0070 END 
> DONE 

#RUN 1 

2. Do 200 pairs of random seeks to an RKOG disk by using the 
STEPUP instruction to generate valid disk addresses from 
random data. Interspersée other instructions to perform 
data transfers of random data and do data validation at 
these disk addresses: 

#ENTER 3 AS RKRAND 
2ASGN DEV: RKO6,S 
2RDIO = 256 / Sl2 
2WRIO = 256 / Sle 

ENTER STMNT’S 

10010 LORD TMOO WITH 0200 
0020 + FILL 6 AT CYL WITH RANDOM 

STEPUP 0 
>0040 MOVE 6 AT CYL TO TMO3 
»0050 Fatt DSi2 AT WRIO WITH RANDOM 

EEK 
0070 + WRITE DSie 
70080 WRCK DSl2 AT WRIO 
0090 «= FILL 6 AT CYL WITH RANDOM 



D.14 - RKOGB Device Routine (Cont'd) 

w
w
 
M
w
 

O
w
 

w
e
e
 

w
e
 

O
D
D
O
 

V
D
0
0
0
0
0
O
0
 

b+
 

0 
me

 
me
 
pe
 

Pe
 

Pan
e 

Ge
 

Fam
e 

Pe
 

S
8
d
6
e
7
 
2
8
6
8
 

»0200 

STEPUP _O 
IF & AT CYL = TMO3 GOTO 90 
move & AT CYL TO TMOb 
SE 
WRITE DSl2 
WRCK DSle AT WRIO 
fove 6 AT TMO3 TO CYL 

VERVEY Bele AT ROIO WITH WRIG 
MOVE 6 AT TMOG TO CYL 
SEEK 
READ DSle2 INTO ROIO 
VERIFY DSl2 AT RDIO WITH WRIO 
DECR TMOO 
IF TMOO > O GOTO 20 
END 

M.P.G. 
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RPG2RPO3 DISKS* DEVICE ROUTINE 

The RPO2/RPOS Device Routine, whose filename is TR3Anm. MPG, 
supports the operation of RPO and RPO3 disk drives op the 
standard RP11 controller. 

This Device Routine will automaticall adgast its operation 
based upon the device assigned to 3%. For the RPO3 it will 
adjust to a maximum of 4O6 cylinders. 

PRESET VALUES AND SUPPORT SUMMARY 

- Valid Model Names and Unit Numbers 

In reply to the “ASGN DEV:” message, two model names (RPOC 
and ) are acceptable and may be accompanied by a 
maximum of 16 unit numbers. For this device each unit 
number must be in the range of O thru 7 

- Interface Addresses 

The following are the values preset for the RPO2/RPOS and 
may be altered from the console terminal following the 
. DEV:" message: 

Device Register Base Address = 176710 
Interrupt Vector Address = 2S4 
Bus Request Priority = 5 

- Symbolic Register Names 

The symbolic names listed below may be used to reference 
the /RPOS device registers in MPG instructions. The 
octal displacement associdted with each name is the value 
that will be added to the device register base address to 
obtain the actual memory address of the desired register. 

Name Disp] Register 

RPOS +0 Device Status 
RPER +2 rror 
RPCS +4 Control and Status 
RPwWC +6 Word Count 
RPBA +10 Bus Address 
RPCA +12 Cylinder Address 
RPOA +15 Ofek Address 
RPM! +16 Maintenance 1 
RPM2 +20 Maintenance 
RPN3 +22 Maintenance 
SUCA +24 Selected Unit Cylinder Address 
Sid +26 Silo Memory 

B16
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Supported Instructions Summary 

The following 18 @ summary of the instructions supported 
by MPG for the RPQe/ - Detailed explanations are 
listed in section 0.15.2. 

READ SEEK HORON STEPDN 
WRITE HOME SK OFF WAIT 
RONOSK RECAL 1] NOWAT T 
WRNOSK IDLE MODE 10 STATUS 
WRCK CRESET STEPUP COUNTS 

Certain of the above ingtructions control the setting of 
internal flag bits. The preset states of these bits are 
the same as though the follbaing tastructions were issued: 

HDROF F 
MODE 11 
WAIT 

Information Words 

The siz words listed below are used to pass information 
between the user program and the device routine. All 
words are preset to O’s except RIRY which 18 preset to 3. 

CYL Aone word location that contains the cylinder 
number in bits O - 8 that will be used in subsequent 
1/0 operations. The contents of CYL will be loaded 
into RPCA for all 1/0 operations that require a 
cylinder address. 

HERD The word location that follows CYL and contains § the 
value of the head (track) number to be used in bits 
O-4. The value in this word and in SECT will be 
merged and loaded iat: RPDA for al} 1/0 operations 
that require s heat and sector address. 

SECT This word contains the sector number in bits 0-4. 
Located immediately following HEAD in memory. 

RTRY This word speci figs the number of additional 
attempts that the Device Routine will try on an 170 
operation before deciding that 1 18 unrecoverable. 
Applicable only to those types of errors that 
normally have a possibility of recovery. 

SIZE Standard implementation - see section O.1.1. 
Contents are updated by READ, WRITE, RONOSK, WRNCSK, 
an . 

ERF Standard implementation - see section 0.1.1. 

ee ee ee ee a ee ee eee
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Statistical Information 

Through use of the COUNTS statement and the REPORT 
command, statistical information for the program can be 
displayed on the MPG print device. This information 
consists of octal formatted binary counts under different 
catagories. The catagories and the functions {rom which 
data will be included under each are: 

BYTES RD: READ, RONOSK 
BYTES WR: WRITE, WRNOSK 
BYTES CK: WRCK 
READ CMNOS: READ, RONOSK 
WRITE CMNOS: WRITE, WRNOSK 

SEEK CMNOS: SEEK, HOMESK, RECAL 
MISC _CMNOS: IDLE, CRESET 
DEV ERRORS: All hardware errors that resulted in an 

error report. Errors that were 
recoverable when retried will not 
increment this count. 

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

RETRYS: The number of occurrences for each of 
the five retryable type of errors. 
Counts are maintained for TIMEE, CSME, 

, LPE, and WCE. 
TOTAL RETRYS: Total number of retry attempts on all 

failing 1/0 operations. 
INTERRUPTS: Nugber of entries into the interrupt 

routine. 

Retryable Errors 

Five errors are classified as retryable by this device 
routine. When one occurs (TIMEE, C WPE, LPE, or WCE), 
the retry count contained in the interface word RTRY 18 
checked for a zero value. If zero, an 1/0 Termination 
error 1s reported. If non-zero, the retry count for the 
error and the total retry error count are incremented by 
one and the 1/0 operation Is re-issued. If the retry 13 
successful, the program will proceed tc the next statement 
in the user's program. If it was not successful, the 
retry count from RTRY 18 decremented, the total retry 
count 18 incremented, and the command 18 re-issued. This 
continues unts] esther the retry 18 successful or the RTRY 
count goes to zero. When the latter occurs, the 
“EXHAUSTED RETRIES” error message will be issued and the 
DEV error count will be incremented. 
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0.15.2 

- Disk Types 

This device routine does not interrogate the Device Status 
register to determine which type of disk st 18 operating 
on. It relies solely on the model number assigned to the 
progean. If an has been assigned but it 1s actually 
an RPO3, the device routine will process 1t as an RPO. 

- Accessing The Data Buffer Register 

The Data Buffer (RPDB) register will not be accessed by 
this device routine and therefore wili not be included in 
any displays. 

- OPSW Special Operation Bit Support 

Bit 7 of the OPSW (SPOPER) 1s not supported by this device 
routine and its setting has no effect on disk operation. 

DESCRIPTION OF RPO2/RPO3 INSTRUCTIONS 

The RPOC/RPOS Device Routine suppor ts execution of twenty MPG 
janguage statements. For certain functions (READ WAITE 
MRCK, and ), the desired disk address must be loaded into 
CYL, HEAD, and SECT before performing those functions. For 
the RDNOSK and WRNOSK functions, CT must contain the 
desired sector rumber. 

In the following descriptions, data shown enclosed within 
parentheses indicates the default values if nothing is 
entered for the statement’s operands. The v 18 used to 
indicate a variable operand as defined in Appendix B.e. Note 
that 1f an odd byte count 18 supplied in any of the following 
instructions, 10 will effectively be decremented by 1 before 
being used. 

READ (D2S& INTO ROIO) 
READ v (INTO ROIS) 
FEAC v INTO v 

This instruction transfers the number of bytes, 
indicated by the first v, from the disk to memory 
beginning at’ the memory location specified by the 
second v.
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WRITE (02S& FROM WRIO) 
WRITE v (FROM WRIO) 
WRITE v FROM v 

Transfer the number of bytes from memory to disk 
beginning at the memory location indicated by the 
second v. 

The following statements do nat have default values for their 
operands: 

RONOSK v INTO v 

Similar to the READ statement but issues the Read 
(No Seek) command and does not have default 
operands. Reading will begin on the previously 
selected head and cylinder and at the = sector 
currently specified by 

Note: The use of RONOSK and WRNOSK should be avoided 
when executing multiple programs on the same 
drive. In this situation I/O operations are 
interlaced and since these commands do not 
perform implied seeks, another program ma 
position the drive to a cylinder and/or a hea 
other than the one desired for these commands. 

WRNOSK v FROM v 

Similar to the WRITE statement bul issues the Write 
(No Seek) command and does not have default 
0 erands, Comments for RONOSK also apply to this 
statement. 

WRCK v AT v 

Compares the number of data bytes in memory to those 
at the specified disk location. Uses the Write 
Check command. 

SEEK 

Performs a seek function ¢t the disk location 0 
specified by CYL, HEAD, and SECT. This instruction 
does not terminate until the seek is finished. 
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HOME SK 

REAL 

IOLE 

CRESET 

Performs a drive restore operation by issuing the 
Home Seek command. 

Identical to HOMESK. 

This statement perfcrms a controller clear function 
by issuing the Idle command. 

Identical to IDLE. 

The foliowing instructions do not perform 1/0 operations: 

STEPUP y 

This command does not perform any I/O functions. It 
rovides easy incrementing of the contents of CYL 

feAD, and SECT. The operand v is the number of 
sectors that these values are to be incremented. 
When the SECT word exceeds its mazimum valid value, 
it will be set to O and the contents of HEAD will be 
incremented. When HEAD overflows, 1t will be set to 
0 and CYL will be incremented. When incrementin 
ast the last sector on disk, ali three values wil 
e set to O's. Automatically adjusts to the number 

of gylinders (203 for the Oe’ vs. 406 for the 

Note that this instruction and STEPON will operate 
with invalid values in CYL, HEAD, and SECT upon 
execution. Regardless of their initial contents, 
the contents of all three words will be valid when 
this instruction completes. This allows the use of 
the “FILL 6 AT CYL WITH RANDOM” statement followed 
by “STEPUP 0” to generate random disk addresses. 
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STEPON v 

Similar to STEPUP but provides a decramanting 
capability. When all three values are O, the nex 
decrement will result in the decimal values for the 
three words of 202/405, 19, 9 

WAIT 

Standard implementation - see section D.1.1. 

NOWATT 

Standard implementation - see section D.1.1. 

STATUS 

Standard implementation - see section 0.1.1. 

Included with the standard display is the display of 
the current contents of the bye: HEAD and SECT 
words. These values do not reflect the current 
position of the disk, but merely the contents of the 
hree words. 

COUNTS 

Standard implementation - see section D.1.1. 

The following statements define to the Device Routine the 
desired settings of certain bits in the device registers. 
These statements do not immediately alter the register bits 
but ll subsequent 1/0 functions and other applicable 
statements will be performed with the bits set as defined. 

MODEL! 

Sets the data word format to 16 bits (POP-11 mode) 
by resetting the MODE bit sn RPCS to QO. (Preset 
mode) 

MCGE 10 

Sets the data word format to 36 bits (POP-10/15 
mode) ty setting the MODE bit in RPCS to al. 
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HORON 

Rilows for Header operations on data transfer 
commands b settin both the Header bit (HDR) and 
the Mode bil (MODE) In RPCS to l’s. 

HDROFF 

Indicates that Header operations are not to be 
performed by resetting HOR and MODE to 0. (Preset 
mode 

RPO2/RPO3 ERROR INFORMATION 

This device routine processes errors in the standard fashion 
described in section 0.1.2. 

If error bits are present in 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 identify which error bits were found. A sixty 
four byte field will be used to list all or as many of the 
error bits as possible. In the following list some codes are 
distinguished by an asterisk (#). hese codes will be 
included in the message if their bit values are 0. All other 
codes are included if they have a value of 1. The following 
are the mnemonic codes supported for the ddd fields: 

ERR = Error 
HE = Hard Error 
WPV = Write Protect Violation 
FUY = File Unsafe Violation 
NXC = Non-existent Cylinder 
NXT = Non-existent Track 
NXS = Non-eristent Sector 
PROGE = Program Error 
FMTE = Format Error 
MODEE = Mode Error 
LPE = Long: tudinal Parity Error 
WPE = Word Parity Error 
CSME_ = Checksum Parity Error 

. TIMEE = Timing Error 
WCE = Write Check Error 
NXME = Non-existent Memory Error 
EOPE = End Of Pack Error 
OSKERR = Disk Error 

#SURDY = Selected Unit Ready 
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Selected Unit On Line 
Header Not Found 
Selected Unit Seek Incomplete 
elected Unit File Unsafe 
elected Unit Write Protected 
{tention Drive 

Retention Orive 
Attention Orive 
Aitention Brive 
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ATTN Attention Drive 
ATTNe Attention Drive 
ATTNI Attention Drive 
ATTNO Attention Drive 

The unique error messages, which may occur in the use of this 
device routine, are as follows: 

ATTN NOT SET 

This message indicates that an attention interrupt 
on a SEEK HOME SK , or RECAL instruction was received 
without the drive's ATTN bit being set and it was 
expected to be set. Before reporting this error, it 
has been ascertained that another drive’s ATTN did 
not cause the interrupt. 

DATA ERROR (STMNT ® nnnn) 

Standard implementation ~ see section D.1.2. 

EXHAUSTED RETRIES ON xzxx 

Upon detecting one of the five retryable errors 
indicated by xzxzx, the device routine Ras re-issued 
the failing I/Q_ operation the number of times 
specified In RTRY without successfully completing 
the operation. If RTRY 1s initially O, this message 
will not occur. The codes for xxxz are: 

TMEE = Timing Error 
CSME = Checksum Error 
WPE = Word Parity Error 
LPE = Longitudinal Parity Error 

Write Check Error 

~y 
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INV UNIT 8 

The current unit number, which 1s displayed in 
octal, as not in the range of O-7. The ASSIGN 
command my be used to correc the erroneous unit 
number. crements the data error count. 

1/0 TERMINATION ERROR 

Error bits have been detected in the device 
registers when processing a termination interrupt. 
This message occurs for all non-retryable errors and 
retryable errors when RTRY 18 set to 0 

TIMEOUT ON 1/0 

After initiating an I/0 operation, the terminating 
interrupt was not received. The time allowed for 
the interrupt to occur 18 approximately 10 seconds 
when on the POP-11/45 and with no other user 
programs executing. 

T/0 ON IDLE/CRESET 

This error, which indicates that Ready (ROY) did not 
set within a few milliseconds after issuing the Idle 
command, may occur when either the IDLE or the 
CRESET statements are issued. 

UNIT OFF-LINE 

Inmedyately prior to ana tiating an 1/0 operation 
the Selected Unit On Line Bit (SUOL) in the RPDS 
register was found to be reset. 

UNIT NOT RDY 

Innediately prior to initiatin , 
e the Selected Unit Ready 1 

register was found to be reset. 

n 1/0 operation 
SURDY) 1n the RPDS 

UNSAFE ON INITIATION 

Prior to initiating an I/O operation, the Selected 
Unit Unsafe bit (euFU) in RPDS was found to be set. 

KI6 
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0.15.4 RPO2“RPO3 SAMPLE PROGRAMS 

The fol lowing are sample RPO2/RPO3 programs that perform the 
1 fucctions indicated in their descriptions: 

1. Verify the ability to read and write the header words on 
all sectors on cylinder octal 123 and head 3. Use the 
PRINT instruction t8 display the before and after data: 

*ENTER 3 AS HORTST 
?ASGN DEV: RPO3.3 
"RDIO = 256 / 60 

ENTER STMNT’S 

0010 LOAD CYL WITH 126 
0020 LOAD HEAD WITH 3 

HORON 
0040 READ D&O INTO RD I0 
0050 PRINT #ORIG HOR DATA: 
>0050 PRINT D060 AT RDIO IN OCTAL 
0070 + =FILL D60 AT WRIO WITH 177777 
0080 WRITE 060 FROM WRIO 
0090 FILL O60 AT WRIO WITH O 
0100 RERD D&0 INTO WRIO 
10110 PRINT *TEST HOR DATA: 
0120 PRINT D60 AT WRIO IN OCTAL 
>0130 WRITE D6C FROM ROIO 
»0140 READ D&O INTO WRIO 
0150 PRINT #RESTORED ORIG HOR DATA: 
0160 PRINT D60 AT WRIO IN OCTAL 
0170 VERIFY D60 AT WRIO WITH RDIO 
0180 HOROFF 
0190 END 

#RUN 3 

~
a
d
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2. The following progr as will veraiy all tracks on the entire 
a disk by 1 bits to the data fields. Retries will 

be inhibited so ds to isolate marginal tracks: 

#ENTER 1 AS TRKCK 
?ASGN DEV: RPOC 0 
°ROIO = 256 / 0° 
°WRIO = eS6 7 S120 

ENTER STMNT’S 

0010 LOAD RTRY WiTH O 
10020 FILL DS120 AT WRIO WITH 177777 
0030 WRITE 05J20 FROM WRIO 
0040  WRCK DS)20 AT WRIO 
0050  STEPUP vI0 
oreo Tk AT CYL © 0 GOTO 30 

206 pairs of random seeks to an RPO3 disk by using the - Do 
STEPLP Piastruction to generate valid disk address. from 
random data. Interspersé other instructions to perform 
data transfers of random data and do data validation at 
tnese disk addresses: 

#ENTER 7 AS R3ORAND 
mney OEM: DEV: RPO3,S 

256 / Sl2 
°WRIO = 2S6 / Sle 

ENTER STMNT’S 

»0010 LOAD TMOO WITH D200 
0020 «FILL & AT CYL WITH RANDOM 
0030 STEPUP 0 
}0040 MOVE 6 AT CYL TO TMO3 
»00S0_ =~ FILL DSle AT WRIO WITH RANDOM 
»0060 SEEK 
0070 WRNOSK DSl2 FROM WRIO 
0080 WRCK DSl2 AT WRIO 
0090 ~=s« FILL & AT CYL WITH RANDOM 
0100 STEPUP _O 
0110 IF 6 AT CYL = TMO3 GOTO 90 
0120 MOVE 6 AT CYL TO TMO6 
0130 WRITE DSl2 FROM WRIO 
0140 WRCK DSle AT WRIO 
>01S0 MOVE & AT TMO3 TO CYL 
>0160 READ DSle INTO ROIO 
70170 VERIFY DSle AT ROIO WITH WRIO 
0180 MOVE 6 AT TMOG TO CYL 
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SEEK 
RONOSK DOSle INTO ROIO 
venir Y 0512 AY ROIO WITH WRIO 

CR TMOO 
IF TMOO » 0 GO70 20 
ENC 
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RSG3/RSO4 DISKS* DEVICE ROUTINE 

The RSO3/RSOY Device Soutine, whose filename 18s TRSAna.MPG, 
supports the operation of RSO3 and RSOW disk drives on the 
standard RH11 S8US controller and on the 11/70 version 
(RH70) of the RH11. 

This Device Routine will automatically adjust its operation 
based upon the device assigned to if end the CPU that it 1s 
operating on. Error bits displayed in the ERROR BITS message 
will be applicable to the device and the controller. Error 
bits will be included as necessary for common errors and RH70 
errors. Also, two additional device registers are supported 
for the RH7O. 

PRESET VALUES AND SUPPORT SUMMARY 

- Valid Model Nemes and Unit Numbers 

In reply to the “ASGN DEV:” message, two acde] names (RSO3 
and ) are acceptable and may be accompanied by a 
marimuma of 16 unit numbers. For this device the unit 
numbers must be in the range of O thru 7 

- Interface Addresses 

The following ere the values preset for the RSO3/RSOY and 
may be altered from the console terminal following the 
° DEV:" message: 

Device Register Base Address = 172040 
Interrupt Vector Address = 204 
Bus Request Priority = S 

- Symbolic Register Names 

Tre symbolic names listed below may be used to reference 
the RHII/RH70_- RSCQ/RSOY device registers in MPG 
instructions. The octal displacement! associated with each 
name is the value that will bs added to the device 
register base address to obtain the actua! memory address 
of the desired register. Note that the last two (RSAE and 
RSC3) will be supported only when running on an 11/70. 

Name Disp] Register 

RPSC1 +9 Control and Status 1 
RSWC +2 Word Count 
RSBA +4 Unibus Address 

— eee 
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+6 Desired Sector/Track Address 
RSCe +10 Control and Status 2 

+12 rive Status 
R +14 rror Register 
RSAS +16 Attention Summary 
Rabe $59 ook Ahead 

+ ata Buffer 
RSMR +24 Maintenance 
RSOT +26 Drive Type 
RSAE +30 Bus Address Extension 
RSC3 +32 Control and Status 3 

- Supported Instructions Summary 

The following 18 a summary of the instructions supported 
y for’ the RSC3/REO4. Detailed explanations are 

listed in section 0.16.2. 

READ CRESET WAIT BAION 
WRITE ORESET NOWAIT BAI OFF 
WRCK STEPUP APORT ODD 
SEARCH STEPDN BPORT EVEN 
STATUS COUNTS 

Certain cf the above instructions control the setting of 
internal flag bits. The preset states of these bit are 
the same as though the following instructions were issued: 

WAIT 00D BAIOFF APORT 

- Information Words 

The six words listed below are used to pass informats 
between the user program and the device routine. A 
words are preset to B's except RTRY which 18 preset to 3 

TRAK or HEAD A one word location that contains the track 
number in bits O-S that will be used in 
subsequent I/0 operations. The contents of 
TRAK will be loaded into RSOA for all 1/70 
operations that require a track address. 

on 
1] 

SECT This word contains the sector number in bits 
O-S. Located immediately following TRAK in 
memory. 

RTRY This werd specifies the number of additional 
attempts that the Device Routine will try on 
an I/O operation before deciding that it 1s 
unrecoverable. Applicable only to those 
types cf errors that normally have a 
possibility of recovery. 

- ee ee ee eee ee 
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SIZE Standard :mpiementation - see section Pel, 
Contents are updated by READ, WRITE, ard 

ERR Standard implementaticn - see section 0.1.1. 

Statistical Information 

Through use of the COUNTS statement and the REPORT 
commafd, statistical information for the progras can be 
displayed on the MPG print device. This nformation 
consists of octal formatted binary counts under different 
catagories. The catagories and the functions from which 
data will be included under each are: 

BYTES READ 
BYTES WRITTEN 
BYTES CHECKED 

COMMAND READ 
WRITE COMMAND 
CHECK COMMAND 
SEARCH COMMAND 
DRIVE CLEAR COMMAND 

DEV ERRORS: All hardware errors that resulted in an 
error report. Errors that were 
recoverable when retried will not 
increment this count. 

DATA/OPER ERRORS: Invalid unit number errors and errors 
detected by the VERIFY statement. 

RETRYS: The number of occurrences for each of 
the four retryable type of errors. 
Counts are maintained for DLT, OTE, OCK, 
and WCE 

TOTAL RETRYS: Total number of retry attempts on all 
failing 1/0 operations. 

INTERRUPTS: Number of entries into the interrupt 
routine. 

Retryable Errors 

Four errors are classified as retryable by this device 
routire. When one occurs (OLT, DTE, OCK, or WCE), the 
retry count contained in the interface word RTRY 18 
checked for a zero value. If zero, an 1/0 Termination 
error 1s reported. If non-zero, the retry count for the 
error and the total retry error count are incremented by 
one and the 1/0 operation is re-issued. If the retry 18 
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successful, the progran will proceed to the next statement 
in the user's progr m. Jf it was not successful, the 
retry count Trom RTRY is decremented, the total retry 
count 19 incremented, and the command is re-issued. his 
continues until either the retry 1s successful or the RTRY 
count goes to zero. When the latter occurs, the 
“EXHAUSTED RETRIES” error message will be issued and the 
DEV error count will be incremented. 

When processing retries on failing 1/70 operations, the 
original fu.ction will just be re-Sssued. 

Disk Types 

register to determine which type of disk 1t 18 operat 
on. It relies solely on the mode] number assigned to 
program. If an RSOJS has been assigned but it 1s actua 
an RSOW, the device routine will process it as an RSOJ. 

This device routine does not interrogate the Orive iy 

t 
] 

Instructions And Interrupts 

Two of the I/70 functions for the RSO3/RSOY disks will not 
terminate with interrupts and will not have Interrupt 
Enable set when they are issued. These functions are 
termed Non-Interrupt functions and are: 

DRESET CRESET 

After issuing the above functions, the device routine will 
delay a few microseconds ard then check the status of the 
errof bits. Any found to be set will be reported as a 
Non-Int Termination error. 

The remaining I/0 functions, which are listed below, 
utilize interrupts in their operations: 

READ WRITE WRCK SEARCH 

For the above instructions, tests for error conditicns 
will be made when the terminating interrupt is received. 

Accessing The Data Buffer Register 

The contents of the Data Buffer (RSDB) register will be 
stored only when processing an interrupt with the Output 
Ready (OR) Bit set in the RSCSC register. At all other 
times, this register wili not de read and its contents 
will be displayed as O's. 
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- OPSW Special Operation Bit Support 

Bit 7 of the OPSW (SPOPER) 13 not supported by this device 
routine and its setting has no effect on disk operation. 

SESCRIPTION OF RSO3/RSOY INSTRUCTIONS 

The RSO3S/RSOY Device Routine supports execution of eighteen 
MPG language statements. For certain functions (READ, WRITE 
WRCK, and SEARCH), the desired disk address must be loaded 
into TRAK and SECT before performing those functions. In the 
following descriptions data shown enclosed within 
parentheses indicates Ihe default values if nothing 18 
entered for the statement’s operands. The v 18 used to 
indicate a variable operand as defined in Appendix B.2. Note 
that 1f an odd byte count 18 supplied in any of the following 
instructions, it will effectively be decremented by 1 before 
being used. 

READ (0256 INTO RDIO) 
READ v (INTO ROIO) 
READ v INTO v 

This instruction transfers the number of bytes, 
indicated by the first v, from the disk to memory 
beginning at’ the memory location specified by the 
second v. 

WRITE (D2S& FROM WRIO) 
WRITE v (FROM WRIO) 
WRITE v FROM v 

Transfer the number of bytes from memory to disk 
beginning at the memory location indicated by the 
second v. 

The following statements do not have default values for their 
sperands: 

WRCK v AT v 

Compares the number of data field bytes in memory to 
those at the specified disk Jotation. Uses the 
Write Check Data command. 
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SEARCH 

Performs a search function to the sector specified 
by SECT. This instruction does not terminate unti] 
the search is finished. 

The following 1/0 commands do not utilize the contents of 
"RAK and SECT in their operations: 

CRESET 

This statement pepforas acontroller clear function 
by setting the CLR bit in the RSCSC register. 

DRESET 

Housekeeping of the drive 1s accomplished by this 
statement’s issuing of the Drive Clear command. 

The following instructions do not perform 1/0 operations: 

STEPUP v 

This command does not perform any I/O functions. It 
provides easy incrementing of the contents of TRAK 
and SECT. The operand v is the number of sectors 
that these values are to be incremented. When the 
SECT word exceeds its maximum valid value, 1¢ will 
be set to O and the contents of TRAK will be 
incremented. When incrementing past the last sector 
on disk, both values will be sat to O 

Note that this instruction and STEPON will operate 
with invalid values in TRAK and SECT upon execution. 
Regardless of their initial contents, the contents 
of both words will be valid when this instruction 
completes. This. allows the use 0 the 
“FILL 4 AT TRAK WITH RANDOM” statement followed by 
“STEPUP O” to generate random disk addresses. 

STEPON v 

Similar to STEPUP but provides a decrementin 
capability. When both values are QO, the nex 
decrement will result in the decimal values for the 
two words of 63. 
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WAIT 

Standard implementation - see section 0.1.1. 

NOWATT 

Standard implementation - see section D.1.1. 

STATUS 

Standard implementation - see section D 1.1. 

Included with the standard display ts the display of 
the current contents of the T and SECT wofds. 
These values do not reflect the current position of 
the disk, but merely the contents of the two words. 

COUNTS 

Standard implementation - see section 0.1.1. 

The following statements define to the Device Routine the 
desired settings of certain bits in the device registers. 
These statements do not immediately alter the register bits 
but all subsequent I/0 functidns and other” applicable 
statements will be performed with the bits set as defined. 

RPORT 

Indicates that the value of the PSEL bit in RSCS! is 
to be set to O (UNIBUS Port A). (Preset mode) 

BPORT 

PSEL will be set to a 1 (UNIBUS Port 8B) on 
subsequent functions. 

ODD 

Causes the Parity Select (PAT) bit in RSCSe to be in 
the O state on subsequent functions. (Preset mode) 

EVEN 

Causes PAT to be set to al. 
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9.16.3 

BATON 

Specifies that bus address incrementing 18 not to be 
performed by setting the BAI bit in the RSCS2 
register to al. 

BAI OFF 

Results in BAI being reset to a Q and bus address 
incrementing being performed. (Preset mode) 

RSO3/RSO4 ERROR INFORMATION 

This device routine processes errors in the standard fashion 
described in section O.1.e2. However, due to the nature of 
this device, additional information 18 provided to the user. 

The 1/0 function type of gnstructions are considered to 
execute in two s ages. he first 1s the time 1t takes to 
housekeep the disk prior to the output of the specified 
command. The second 1s after the point the specified 
function 18 issued and until after the TYunction terminates. 
Since error conditions mey occur in either stage, this device 
routine indicates which stage 1{ was in when the error was 
detected. This is accompl shed by including the appropriate 
message of the following two messages in the error display: 

BEFORE ISSUING 1/0 CMNO 

AFTER ISSUING 1/0 CMND 

If the error 18 detected before 1 guing the specified I70 
command and MPG’s Continue (CONT) Command 18 issued, 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 in the user's program. 

Also included with every error display, other than the 
invalid unit number error, is the following message: 

ERROR BITS: 
ddd,ddd,ddd,ddd,ddd,ddd,etc. 

This message indicates that one or more error status bits 
have been detected in the device registers. The codes ddd 
identify which error bits were found. A sizty four byte 
field will be used to jist all or as many of the error bits 
as possible. In the following list “some codes are 
distinguished by an asterisk (#). These codes will be 
included in the message if their bit values are O. All other 
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codes are included if they have a value of 1. The following 
are the mnemonic codes supported for the ddd fields: 

Error bits common to all] devices: 

pecial Condition 

IlTegal Register 

RE = Ponst er Error 
MCPE = Massbus Control Bus Parity Error 

#0VA = Drive Available 
#RDY = y 
DLT = Data Late 
WCE = Write Check Error 
UPE = Unibus Parity Error 
NED = Nonezistent Orive 
NEM = Nonexzistent Memory 
PGE = Program Error 
MXF = Missed Transfer 
MOPE = Massbus Data Bus Parity Error 
ATA = Attention Active 
ERR = Error 
PIP = Fogitioning In In Progress 

#MCL = Medium On-Lin 
xDPR = Drive Present. 
*#DRY = Drive Ready 
DOCK = Data Check 
UNS = Unsafe 
OPI = Gperation Incomplete 
OTE = Drive T iming Error 
WLE = Write Lock rro 
IAE = Invalid Address Error 
AOE = Address plvert low Error 
PAR = Parity E rror 
RMR = Regis er giiedi fication Refused 

ILF = Tlegal Function 
ATA7 = Attention Active Drive 7 
ATRE = Attention Active Drive 6 
ATAS = Attention Active Drive S 
ATAY = Attention Active Drive Y¥ 
ATAZ = Attention Active Drive 3 
ATR2 = Attention Active Drive 2 
ATAL = Attention Active Drive 1 
ATAD = Attention Active Drive O 

Error bits unique to the RH70: 

APE = Address Parity Error 
DPEQM = Data Parity Efror, Odd Word 
DPEEW = Date Parity Error, Even Word 
WCEOW = Write Check Error, Odd Word 

Write Check Error, Even Word 
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The unique error messages, which may occur in the use of this 
device routine, are as follows: 

DATA ERROR (STMNT & annn) 

Standard implementation - see section D.1.2. 

DISK IS OFF-LINE 

Immediately prior to initiating an I/0 operation, 
the Medium On Line bit (MOL) in the RSOS register 
was found to be reset. 

ERROR CN INITIATION 

Prior to initiating an 1/0 operation, a condition 
that sets the SC bit in RSCS1, other than an Unsafe, 
did not clear after five attempts to reset it. The 
error bits that caused SC to be set will be listed. 

EXHAUSTED RETRIES 

Upon detecting one of the four retryable errors, the 
device routine has re-issued the failing 170 
operation the number of times specified in’ RTRY 
without successful completeion of the operation. If 
RTRY 1s instially O, this message will not occur. 

INT WITHOUT ATA 

This message indicates that an interrupt was 
received without the drive’s ATA bit being set, when 
it was expected to be set. This error occurs where 
a SEARCH command ss issued and an interrupt was 
received without ATA being set. 

INV UNIT # 

The current unit number, which 13 displayed in 
octal, 1s not in the range of O-7. The ASSIGN 
command may be used to correct the erroneous unit 
number. Increments the data/’operator error count. 
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1/0 TERMINATION ERROR 

Error bits have been detected in the device 
registers when processing a termination interrupt. 
This message occurs for all non-retryable errors and 
retryable errors when RTRY 18 set to O 

NON-EXISTENT DRIVE 

Immediately after loading a valid unit number (0-7) 
into RSCS¢, the Non-Eristent Drive bit (NED) in 
RSCS2 was found to be set. 

NON-INT I”0 TERMINATION ERROR 

Error bits were found set in the device registers a 
few microseconds after 1Ssuing one of the 
Non-Interrupt type of I/0 functions (DRESET or 
CRESET) 

TIMEOUT ON 1/0 

After initiating an 1/0 operation, the terminating 
interrupt was not received. The time allowed for 
the interrupt to occur is spproximately ten seconds 
when on the POP-1174S and with no other user 
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 in RSCS2, may occur when the CRESET statement is 
issued. 

UNEXP ATA COND 

When processing an interrupt after issuing an [70 
function that should not cause an ATA condition, the 
disk’s ATA bit was found set. 
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UNSAFE ERROR ON INITIATION 

Prior to initiating an I/0 operation, the Unsafe bit 
(UNS) im RSER was found to be set. If the previous 
1/0 operation did not result_in an error, this error 
1s reported immediately. If there was an error on 
the previous operation, a drive clear will be issued 
to reset the condition. If UNS 1s still] set after 
the drive clear, this error 1s reported. 

RSO3/RSO4 SAMPLE PROGRAMS 

The fol lowing are sample RSO3/RSOY programs that perform the 
1 functions in cated in their descriptions: 

1. The following program will verity all tracks on the entire 
a disk by writing 1 bits to the 

be inhibit 
ta fields. Retries will 

ed so as to isolate marginal tracks: 

#ENTER 1 AS _TRKCK 
?ASGN DEV: RSOY,0 
®ROIO = 256 / 3 
PWRIO = 256 / 16384 
?DEV 172040 / 
INT VEC = ong204 / 

S 

ENTER STMNT’S 

»0010 
>002e0 
»0030 
»0040 
»00S0 
»0060 
>0070 
> DONE 

¥RUN | 

LORD RTRY WITH O 
FILL D16384 AT WRIO WITH 177777 
WRITE 016384 FROM WRIO 
WRCK D16384 AT WRIO 
STEPUP_D64 
Iho AT TRAK <> 0 GOTO 30 
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2. Use eight-sector transfers to write random data on the i 
disk. Read each block of eight sectors after it 1s 
written, and software compare the date for accuracy. 

ENTER STMNT’S 

0010 «FI 8 AT WRIO WITH RANDOM 
0020 MATTE Socgs 

READ Det4s 
>0040 VERIFY D2048 AT WAIO WITH RDIO 
»00S0  STEPUP 0S 
> 0060 Tee aT TRA © 0 GO TO 20 

#RUN 2 ' 
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APPENDIX E 

ERROR MESSAGES 

GENERAL INFORMATION 

The error messages described in this appendix are independent of 
those issued by the individual device routines. For a 
description of the errors produced by a particular device 
poutine, refer to that routine’s section in Appendiz D - Device 
outines. 

Upon detecting improper date entries, invalid sequences, or 
device errors will display messages on the console terminal 
that describe the nature of the error. These messages, which are 
always printed in upper case ASCII, are prefixed with the code 
HERE so that they say be distinguished from normal console 
messages issued by MG. 

The error messages described in this appendix ney be divided into 
four classes according to the MPG component that issues them. 
These four components are as follows: 

Stand Alone Executive 
Command Processor and Control Reutine 

MPG Memory Management Version 
Language Processor and Compiler 

The follows:ng sections contain a list of the error messages that 
can be issued by each component and a description of each error. 

EXECUTIVE ERROR MESSAGES 

The following 18 a list of the messages that can be issued by 
MPG’s Stand Alone Executive. Each message 18 prefized with the 
error I.D. code of #ER# and the name of the device, when it 18 a 
device type of error in the format of “rrzx DEV:” where rrzz 
wit] be either SAVE, FTCH, LOAD, or LST. 

Message Description 

cKSJM ERP When reading a device routine or a saved 
user program from the LOAD or FETCH 
device, the checksum byte computed on 
the read data does not match the 
checksum byte contained in the data. 

~_— we wee 
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O£L ERR 

DE. LC 

DEV ERR 

DEV FULL 

END OF FILE 

FILE NOT FNO 

Hid ERP 

TNSUr MEM FOF MPG 

INY CMND FOR DEV 

D0e 
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When deleting a user program, the MAP 
bit blecks were exhausted before all 
bits were processed. An illogical 
error; robably due to some type of 
device maifunction. 

MPG has been instructed to save a user 
program but the name which it 18 to be 
saved as already exists. The user must 
either re-enter the /SAVE command with a 
different name or delete the existing 
ile. 

A device error (INOP, read error, write 
protected, etc.) has been detected on 
he indicated device. 

When attempting to save a user progran, 
either all directory entries are in use 
or all data blocks are in use. 

Occurs when reading a file and a read 
for the next block 13 1ssued and there 
is not a next block. An sllogical error 
which may be caused by the previous 
block being read incorrectly. 

This message, which 13 preceded by the 
nine character ASCIT file “name 
indicates that the naaed file was nol 
found on the LOAD or FETCH device. 

Issued for the LIST device, this message 
indicates that an error condition Cout 
of paper, offline, etc.) exists. When 
the condition 18 corrected, printing 
will resume automatically. 

A minigum of 16K words is required for 
MPG. sless additional memory can be 
brought on-line, you can not proceed an 
further. Moy also be caused by a ba 
read of the MPG program file from the 
load device. This érror message will be 
followed by a2 halt. After taking 
corrective action, 1f possible, depress 
CONTINUE for a retry. 

This error occurs when a directory type 
of command (/LIST, /DELETE, /ZERC) 1s 
issued to a non-directory type of device 
(paper tapes. 

He wee $l. ~= =~ 
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INV DATA 

INV DATE 

£02 
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The reply for the console terminal 
constants was either not in octal format 
or its value was larger than 377 

An incorrect reply was made for the date 
request. The fdrmat of the repiy is 
DOD-MMM-YY. 

MPG COMMAND PROCESSOR AND CONTROL ROUTINE 

The messages listed in this section occur during execution of 
user entered commands and/or user programs. Other than a couple 
of aire trons, all paesss 
code . For er 
multiple eRe numbers 
program’s number in the format of 

es are prefized with the error I.0 
ors that? occur on commands that may have 
the error messa 18 prefized wit the 

Also for 
messages that report invalid data, the error message will 
issued and then followed by another message thai displays the 

¢ data on which the error was de 

Messages 

nanann ADJ TO EVEN 

ADF > MEM 

“AS’ NOT SPECIFIED 

BUF/COM NOT SPECIFIED 

JR~A CONV ERROR 

cted 

Description 

Ar Pome ilamemery dress (nannann) for the 
commands was found to 

fe odd. {ft 18 adjusted to the next 
lowest even address> and then used as the 
address. The #ER# code 18 not included 
with this message. 

An octal memory address, entered on the 
WRM, or commands, 13 not within 

available memory or the range of device 
register addresses. 

The separator word AS was not specified 
in the /SAVE or /FETCH commands. 

The destination name of BUF or COM was 
not specified in the FILL command. The 
data t should be BUF/COM will be 
displayed. 

Data entered b the user, which wes 
expected Be in either octal or 
decimal fonsat. contained characters 
other than O-7 or 0-9. The invalid data 
will be displayed. 



_ Error Messages (Cont'd) 

DATA ERROR (STMNT 8 nanan) 

DATA NOT SPECIFIED 

DOESN’ T EXIST 

INACTIVE 

IN CONTROL 

INSJF MEM FOR DEV ROUT & 

INV ADR RANGE 

INV BUF/COM 8 

INY CMND 

FOe 
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A data miscompare has been detected by 
the VERIFY statement in a user's 
program. 

Neither pattern, octal nor ASCII data 
was specified on the FILL command. 

A command, which performs an operation 
On an existing program, is directed at a 
program slot which does not have a 
resident program. 

A STOP, CONT, or KILL command was 
directed ata program that had not been 
specified for execution. 

The user has issued a RUN command, while 
at the user program interrupted command 
level, for a program that 18 current] 
running and was in control at the time 
of interrupt. Due to stack control, 
this an invalid operation. The STOP or 
KILL commands must be issued for the 
program, execution resumed, and then 
another user interrupt issued before the 
RUN command will be accepted for that 
program. 

1/0 AREAS 
When in the process of entering cr 
fetching a fnew program, MPG has 
determined that there Is insufficient 
memory space available. 

The octal memory address entered for the 
device register address is not equal to 
or greater than 160010 or, for the 
interrupt vector address, is not less 
than 1000. The invalid address will be 
displayed. 

The value entered on the FILL. command 
was not esther O-1S for the BF operand 
or O-39 for the COM operand. The invalid 
number will be displayed. 

When scanning the keyboard data for a 
command entry, the first word of data 
does not match any command name either 
in full or the first two characters. 
The invalid command entered will be 
displayed. 
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INV DATA = xrrz.. xx 

INV DEV TYPE 

INV LINE 8 

INV MDL NAME 

INV NAME 

INV PROG 8 

INV STK ADR 

INY UNIT #& 

LINE 8 NOT SPECIFIED 

ae — ee ee ee 
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The display of the invalid data. This 
message will always be preceded by a 
descriptive error message. 

Either a device which does not have 
device routine support or the keywords 
KBOO, KYBO or LORD have been entered as 
& program’s device type. Or, a device 
type has been entered for save, FETCH, 
or LIST and 1s not applicable bor those 
functions. 

The program statement line = number 
entered on the RUN command does not 
match any line number in the user’s 
pro ram. The invalid iine number will 

e displayed. 

The device’s model name entered is not 
suppor ted by MPG. The name entered will 
be displayed. 

The program name entered on the ENTER, 
/SAVE., /FETCH, or /DELETE commands 
either does not consist of 1 to 6&6 
characters or the characters are not A-Z 
or 0-9. 

The decimal number entered for the COB 
command could not be converted to a ane 
word binary number. 

The pattern number entered on the FILL 
command was not either PATO thru PATI or 

The program numbered e ed 3s not in 
the range of decimal 1 

ter 
thru 16. 

The vaiue of the stack pointer was 
greater than the mazimum allowable value 
when a user program returned contro] to 
MPG. Execution of the user program will 
be terminated immediately. 

n 

A unit number entered while assigning a 
device 1s not within the range of 
decimal O thru 1S. 

A program statement line number did not 
follow the separator word 'AT’ in the 
RUN command. 

7 
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' MOL NAME NOT SPECIFIED 

NAME NOT SPECIFIED 

NO OB! CODE 

NO PROG’S FND 

NO REPT AVAIL 

OOD ADR 

OPERANO NOT SPECIFIED 

PROG # NOT SPECIFIED 

RESTRICTED CMND 

ee ee 
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A device’s model name was not entered in 
reply the ASGN DEV message. 

A one to siz character name to be used 
as the save I.0. was not entered 
following the separator word °AS’ on the 
/SAVE command. 

Either the RUN command or the DISPLAY 
command with the CODE option specified a 
program which does not have generated 
object code. 

The OPSW command was issued for all 
programs (program number not supplied), 
ut there were no user programs 

resident. 

The REPORT command has been issued to a 
program whose device routine does not 
support the report facility. The #ER® 
code is not included in this message. 

The memory address entered for either a 
device register address or interrupt 
vector address was odd. 

An cperand was not entered for a command 
that requires at least one operand 
Cother than the command 1.0.). 

A program number was not entered on 
either the /FETCH or the ASSIGN 
commands. 

While entering commands at the user 
program interrupt level, a command that 
would alter the contents of memory was 
entered. Refer to section 4.3 for more 
etails. 

2ND IPERAND NOT SPECIFIED 

STK TOO BIG 

A command that requires two or more 
operands did not have a second operand. 

This error occurs when a user program 
returns control to MPG and has left more 
than thirty words on the stack. Since 
space 18 reserved for no more than 30 
words, data would be lost for the 
program. Therefore, this 18 reported as 
an é@rror condition and the program's 
execution 18 terminated. 
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E.4 

UNNEC OPERAND After processing a commend, an 
unnecessary operand was found in the 
command statement. 

VLS DEV TBL LD ERR, PRESS “CONT” TO RETRY 
When attempting to read the Valid 
Devices Table file (TVDAna.MPG), the 
handler has detected an error on the 
LOAD device. The type of error will be 
identified by a handler error message 
issued before this one. Attempt fo 
correct the condition and press the 
“CONTINUE” switch to retry the read. 

"WITH® NOT SPECIFIED Tne WITH separator word was not 
specified in the FILL command. 

MPG MEMORY MANAGEMENT VERSION ERRORS 

The error messages listed in this section are generated by the 
Command Processor and Control Routine but are applicable only to 
the Memory Management version of MPG (TMMAnm.MPG). They can 

y occur on in the sections of code that are unique td this 
version. 

Messages Description 

ROR WITHIN MPG The memory address entered the for 
grogran's area on the ENTER, /FETCH, or 

IFT commands 1s within MPG’s program 
space. 

DESTINATION NOT SPECIFIED 
The destination for the SHIFT command 
(program number, memory address, or MPG) 
was not entered on the command. 

INSUF REGS AVAIL After loading a device routine, which 
utilizes the Unibus Map, on the ENTER or 
/FETCH commands, there were not a 
sufficient number of contiguous Unibus 
Map registers available to satisfy the 
program's needs. Exther other programs 
will have to be deleted or the registers 
assigned to other programs will have to 
be reassigned with the UBMAP command to 
make e ough contiguous registers 
available. This error aborts the ENTER 
or /FETCH comnand. 



Oe 
M.P.G. Page 229 

Error Messages (Cont'd) 

INSUF ROOM FOR PROG When using the SHIFT command to move a 
program {to a new address, the program 
would not be able to fit in the space 
available. This space 18 from the 
supplied starting address to the nert 
highest program in memory or to the end 
of memory. 

INV REG # (SHD BE 7 - 28,29,30) 
The register number entered on the raply 
to the Unibus Map register reques 
message was not in the range of decimal 

thru 30. Will also “occur 1:f two 
registers are required and 30 was 
entered or if three registers are 
required and 29 or 30 was entered. 

PROG AREA IN USE The memory address entered asa 
prograa’s starting address on the ENTER, 
“FETCH, or SHIFT Commands specified an 
area which 18 already occupied by 
another user program. 

RDIO+WRIO >» 24,250 The combined size specified for RDIO and 
WRIO exceed the decimal number of bytes 
indicated. A program’s area, which 
Anclyges RDIO and WRIO cannot exceed 
4, bytes (10K words) in this 

version. 

REGS IN USE The registers specified on the reply to 
the Unibus Map register request message 
are already beiig used by other 
programs. 

*TO’ NOT SPECIFIED The 'TO’ separator word in the SHIFT 
command was not entered. 

WARNING?! PROG I/0 AREA > 18 BIT ROR - MAY NOT RUN 
This message can occur only on a program 
that would normally use the Unibus Map. 
It 1s conditioned by ce bit addressing 
being used and the Unibus Map not being 
used. After a program is Entered or 
Fetched or after 1% has been Shifted to 
a new address, the end of the WRIO area 
will be checked to determine if it is 
reater than octal 1000000. If it is, 
his message 18 issued. The program ma 

still run if it does not 0 |v 
operations or 3f the 1/0 operations do 
not exceed the octal l1000000 address 
boundary.
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£.S MPG LANGUAGE PROCESSOR AND COMPILER 

The messages listed in this section would be encountered while 
entering MPG ppggren instructions from the console or retreiving 
them from the save file storage media. In addition to the 
specific messages listed below, which are preceded by #ER#, any 
user entry that cannot be interpreted will be echoed back. 
preceded By #ER# and surrounded by question marks. 

SYNTAX ERROR ON SAVED PROG - END FORCED 

An MPG program statement that was in a proper format when 
stored on the SAVE media, was not in the popes format when 
retrieved using a 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 exit using a DONE statement. Since an automatic 
Compile takes place after the DONE 1s accepted, the user 18 
not allowed to exit until an END statement is in the proper 
place. 

nnnn NOT FOUND 

The line number nnonn could not be located in response to an 
nann DELETE statement. 

MEM LIMIT EXCEEDED - END FORCED 

The storage requirement for tne program being defined 
including both the packed source statements an resultant 
object code, will exceed avaslable memor if the current 
statement 1s included. An END statement is substituted, and 
all previous statements are compiled. 

INV LINE 8 

The first four characters entered by the user are not valid 
as a line number (not one to four décinal digits). 

CAN’* xzzz ON dddd 

The MPG instruction xzzx 18 valid, but is not supported by 
the assigned Device Routine dddd. fn example of this is a 
FEWIND inStruction when a Disk 1s assigned. 
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NON-EXISTENT LIN€ REF ON LINE nnna 

The MPG instruction with sequence number nnnn referenced 
another MPG sequence number that didn’t exist. This is the 
only error that cannot be detected when statements are 
entered, and only appears after a DONE statement, while a 
compile 18 1m progress. 

INV FMT ON SAVED 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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APPENDIX F 

USER PROGRAM SUBMITTAL FORM 

Since MPG provides the ability to generate programs designed to 
test various areas of the hardware, it was felt that a mechanism 
was needed to distribute selected programs written by the MPG 
users. By using the following form, a user that writes a 
program, which he feels would be uselul to other technical 
personnel in the factory and/or the field, may submit the program 

o the Diagnostic Group for review and inclusion in a manual That 
consists Of a catalog of these user programs. This manual will 
be available through normal distribution and will be updated 
periodically. 

You, as users of MPG, are by far the best source for realistic 
user programs. Due to your detailed knowledge of the hardware 
and the obvious fact that the program wouid not have been uritten 
unless there was_ a need for it, your programs have meaning for 
their existence. Therefore, why not share your pet programs with 
other users and thereby reduce duplication of effort. So, keep 
those cards and letters Coming in folks. 

Since this manual contains only one form, it 18 suggested that if 
be removed from the manual and be copied. This way, if you later 
have a second program to submit, you will still have the form 
master. 

Please fill in all items on the form. If your program 1$ 
lengthy, add extra pages as needed. Or, attach a listing of the 
statements produced ey the DISPLAY command. When completed, mail 
the form through internal mail to: 

DIAGNOSTIC ENGINEERING - MPG 

ML 21-4 7 E10 
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Page l of ... 
MPG USER PROGRAM SUBMITTAL FORM 

DIAGNOSTIC ENGINEERING - MPG ML 21-4 7 E10 

Device Tested:......... P.D.P.- System 

Author’s Names... ccc ccc ccc cece nee Date:.......... 

Office Location:...........000- Mail Code:......... 

Brief descriptions of: 

A) Area of the hardware tested: 

B) Purpose of the program: 

Program Name:.........-.60.- 

Name of associated program, if any:............56- 

Device assigned to the program:............ 

ROIG Size:........ WRIO Size:........ OPSW Setting:........ 

Uses: COM......... FREE...... 

BUF /BF...... MIOL...... 

a
o
 

— ~y 
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Page ... 
Prsgram's Source Statements: 

\Inciude ling numbers and use additional pages if needed.) 

of ... 

—
 + 
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APPENDIX G 

MPG CODING FORM GENERATION 

Following this description 18 a short user program which can be 
used to quickly generate coding forms formatted for MPG. Its 
operation 18 very simple and only requires NONE as the assigned 
device. he firsts atengnt se s_the bit that inhibits the 
printing of the ‘PROG C TED’ message. The next two 
statements set up the Form Feed character and then issues it. 
The remaining lines initialize the decimal number 10, prints it 
in decimal, spaces a line, increments the number by 10, and then 
repeats the sequence. This semple will print line numbers 10 
theu 300. 8 changing the constant in line 8 80, any number of 
lines can be piinted: his form will be directed to the MPG LIST 
device which 18 either the console terminal or optionally, the 
printer. 

0010 SET OPSW BIT 0 
0020 LOAD _TMOO WITH 14 
0030 PRINT 1 AT TMOO IN ASCII 
0040 LOAD_TMO] WITH DIO 
0050 PRINT TMOL IN DECIMAL 
0060 PRINT # 
0070 INCR TMQ1 BY D010 
Q080 IF TMQ: <> 6310 GOTO OCSG 
aC30 ENC
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APPENDIX H 

MPG REVISION HISTORY 

The first section of this Appendiz contains a summary of the 
support provided on the first release of MPG. The remaining 
sections summarize the more visable differences between eac 
subsequent release and the previous one. Where applicable, the 
user will be directed to more detailed information contained 
elsewhere in this manual. 

INITIAL RELEASE OF MPG (VERSION 8 1) 

The first release of MPG became available from SOC in August af 
Being an initial release, it suppor led a basic complement 

of devices and features which are listed next. 

Four Executives, each of which supports a different primary load 
device, were supplied on this release. The load media of the 
different versions, each of which supports the PCII/PRI1 Paper 
Tape as secondary SAVE/FETCH devices, are as follows: 

TCMPG TC11 DECtape 
RKMPG = RKI1 Disk 
TMMPG TM11 Magtape 
THMPG TMOe Magtape 

Ffilso contained in each of the Executives 13 the driver for the 
MPG LIST device. The different printers supported for this are 
the LPI1, LSII, and LVI1. 

MPG Progras 

The MPG progran consists basically of the Command Processor 
Language rocessor Compiler, and Progean Dispatcher. { 
requires @ minimum of 16K words of memory and will support up to 

- The commands listed in Appendix A and the user program 
statements in Appendizs B are supported by this program. 

Device Routines 

imum support a 
full suppert 
E 

Siz full support device routines and twelve 

ReaD, ‘WRETE, 
ain 

device routines are included on this release. The 
device routines provide high level 1/0 statements | 
SEEY, etc.) for the follow!ng devices: 
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H.e 

DJ11 16 Line Async Multiplexer 
OL11 Single Ling Async Interface 
O@11 NPR Sync Interface 
RK1L1 Disk 
TC1l DEC tape 
TM11 Magtape 

The minimum support device routines provide symbolic names for 
device registers and an alterable device register base address 
for the registers. The model names for the twelve routines are: 

cD11 LPLI/LSII/LV11 
CR11/CM11 PC11/PR11 
OC11 RC11 
DH11 RF 11 
ON11 RP1} 
KW1i TALI 

VERSION ® 2 RELEASE 

Version 8 2 of MPG became available from SOC in April of 1976. 
The primary thrust of this update was toward Memory Management 
and Unibus Map support. However, additional load media and 
device routines were also included. 

Before Jisting the changes for each section of MPG, 1¢ should be 
noted that one modificition pertained to all MPG sections. This 
1s the support for operation on an iLSI-11. All areas of 
incompatibility were modified for compatibility across the POP-11 
series of procéssors. 

Executives 

Tuo new versions of the Executive, each of which supports a new 
load medium, have been added. The names of the Executives and 
the medium each supports are: 

RXMPG RX11 Floppy Disk 
RBMPG RPOY Dis 

A bug, which occurred when an LV11 was assigned as the MPG LIST 
device, has been corrected in all versions of the Executive. 
Also, all versions will now determine if Memory Management 13 
present and if it 18, will ask if 1t 18 to be used. 

MPG Program 

With this release there are now two versions of the MPG progras. 
The original version has been retained and has approxima ely the 
same capabilities. Tne second and newest version (DTMAA-A, 
ircludes support for Memory Management, Unibus Map, and 2c bit 
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addressing. Several enhancements have been incorporated into the 
original version and have also been included in the Memory 
Management version. These changes are: 

- The table of valid device names 18 no longer a part of the 
MPG program. It 18 now a separate file (TVDAAO. MPG) and 
will be Toaded by MPG immediately after the typing of MPG's 
title. 

- Corrected a bug with the IF instruction. 

- Added the WORD instruction. This allows the user to specify 
binary code in his program. Refer to Appendix 8.3. 

- When specifying @ program name, the user may mow use from 
one to siz characters. Previously, it was required to be 
siz characters. 

- The FAST option has been added to the “LIST command. This 
results in only the filenames being listed. 

- The FILL command will now accept the symbolic names PATO 
thru PATA in its operation. This provides for filling the 
buffers with the predefined bit patterns. 

- Bag ther redefined bit pattern has been added. Its name 43 
PATA and will generate count words. Refer to Appendix C.3. 

- Yomediately after loading a device routine for a user 
program, will display its filename in full on the 
console terminal. 

- A test 18 made for the Cache Memory’s Hit/Miss register and 
1f found, the timing constants for the DELAY instruction and 
the 1/0 bimeout will be adjusted. 

- Bus addresses generated for all NPR 1/0 instructions and the 
READ and WRITE instructions will be two words in length. 

The Memory Management version of MPG has some additional 
capabilities and some restrictions. For more details, refer to 
Section 9 which has detailed information about this version. A 
trief summary of these additional features follows: 

- Two additional commands are supported. The SHIFT command 
allows the user to move his programs around in memory and to 
change their program slots. The UBMAP command lets the user 
change the Unibus Map registers assigned to his program. 

- fin existing command has been expanded. The MM (Memory Map) 
command will now accept program numbers. When this format 
is used, additional detailed Information about the specified 
programs is iisted.
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- The ROM, WRN, BOC, ADD, and SUB commands will accept up 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 supported in this 
version, 

- A common trap catcher has been added. This routine will 
display pertinent information when traps occur at vectors 4, 
10, 34, 114, and 2eS0. 

Device Routines 

Four full suppert device routines and two minimum Support device 
routines have been added on this release. Also, all minimua 
support device routines have been merged into one file which 
tailors itself to the specified device when loaded. 

The four new full support device routines are for the following 
devices: 

OH11 16 Line Programmable Async Multiplexer 
LPLI/LSII/LVI1 Printers 
PC11/PR11 Paper Tape Readers and Punch 
RPO4 /RPOS/RPDE Disks 

The two new minimum support devices are: 

RX11/RXO1 Floppy Disk 
TMO2/TUIG Magnetic Tape 

The criginal six device routines were modified for compatibility 
with the Memory Management version of MPG. Other changes tha 
were included are: 

- An 1/0 timeout error 18 now treated the same a8 other device 
errors. The user may now issue the “CONT p” command to 
resume execution. 

- A bug with the BREAK instruction for communication devices 
was YTized. 

- All device routines will display the unit number in octal 
when reporting invalid unit number errors. 

- The RKI1 device routine will now validate the device [.0. 
bits in RKDS on search complete interrupts. 

- The DJ11 and OLI1 device routines now keep counts for the 
number of Read and Write intercupts. 

tee 
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.3 VERSION 8 3 RELEASE 

Version 8 3 of MPG became available from SOC in August of 1976. 
“his release consisted of the addition of four new device 
routines and the firing of three bugs in the MPG programs. Also, 
anew Pattern format has been added. 

MPG Programs 

The three bugs corrected applied to both versions of the MPG 
program and are: 

- The binary code generated by the compiler for reiative 
“IFW instructions (IF >, ¢, =3, =0), contained signed branch 
instructions. These have beer changed to unsigned branch 
instructions. 

- The “BREAK v™ and “BREAK v ON v™ instructions could not be 
compiled. 

- Octal addresses entered fer 170 instructions requiring two 
word addresses (READ, SPITE, etc.), were nct compiled 
properly. 

new Pattern format .PATB) has been added and wili generate the 
Cllowing two word pattern: 

165555 
133333 
165555 
133333 
etc. 

The Valid Devices Table file (TVDABO.MPG), which 1s loaded by the 
MPG programs, has been revised to include the model names 
supported by lhe four new Device Routines. 

A 
{ 

Device Routines 

Four new full support Device Routines have been added on this 
release. Their Yilenames and the devices that each supports, are 
as fcllows: 

TOUARO.MPG = DUII Synchronous Line Interface 

TRSARO.MPG = RSO3/RSO4 Disks 

“R3ARO.MPG = RPO2/RPOS Disks 

*REAAO. MPS PKOG Disk
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(End of M.P.G. Users’ Manuel)
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